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The Legal Dimensions of International Media Campaigns:
A Case Analysis on Broadcasting Policies

Allahverdi Mammadli

Abstract. In today’s digital communication environment, international media campaigns have come
to play an increasingly important role in shaping global public opinion and guiding the flow of
information. The rapid growth of social media platforms and digital communication technologies has
made it possible for media content to move beyond national borders and operate across different
legal systems. Against this backdrop, this article examines the legal aspects of international media
campaigns and distribution policies through two specific cases - the Cambridge Analytica scandal
and the restrictions imposed on Russia Today broadcasting. The study aims to identify the legal
frameworks that influence the activities of international media campaigns, while also exploring how
platform policies interact with state regulation in this area. It shows that the data policies of digital
platforms, along with the mechanisms of algorithmic governance, have a significant impact on how
media campaigns are distributed and whether they reach their intended audiences. At the same time,

regulatory actions taken by governments - aimed at ensuring national and information security and
countering disinformation - are giving rise to new legal and political debates around the freedom of
international media. As a result, it can be concluded that the legal framework for international media

campaigns is shaped through the interaction between platform regulation and state intervention. In

this context, there is a clear need to develop policies that are balanced, transparent, and grounded
in democratic principles.

Keywords: international media campaigns, media law, platform policies, state regulation,
disinformation
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Beynolxalq media kampaniyalarinin hiiquqi olg¢iilori:
yayim siyasatlori tizra tohlil asasinda bir niimuns analizi

Allahverdi Mammoadli

Xiilasa. Miiasir ragomsal kommunikasiya miihitinda beynalxalq media kampaniyalar: global ictimai
rayin formalasmasinda va informasiya aximinin istigamatlondirilmasinda miihiim rol oynamaga
baslamigdir. Sosial media platformalarinin va ragamsal kommunikasiya texnologiyalarinin siiratli
inkisafi media mazmununun milli sorhadlori asaraq miixtaolif hiiquqi sistemlor daxilinda yayilmasina
sarait yaratmigdir. Bu maqalada beynalxalq media kampaniyalarinin hiiquqi aspektlori vao yayim
siyasatlori iki konkret niimuna - Cambridge Analytica hadisasi va Russia Today (RT) yayum
qadagalar: asasinda tohlil edilmisdir. Tadgiqatin asas maqsadi beynalxalq media kampaniyalarinin
faaliyyatina tasir edan hiiquqi ¢argivalori miiayyanlasdirmak va bu sahada platforma siyasatlori ila
dovlat tonzimlomalari arasindakr garsiliql alagani arasdirmaqdir. Aragdirma gostorir ki, ragomsal
platformalarin malumat siyasatlori va alqoritmik idaraetma mexanizmlori media kampaniyalarimin
vayilmasina va hadaf auditoriyalara c¢atdirilmasina ahamiyyatli tasir gostorir. Eyni zamanda
doviatlarin milli tohliikasizlik, informasiya tahliikasizliyi va dezinformasiya ilo miibariza magsadila
tatbiq etdiyi tonzimloyici miidaxilaolor beynalxalqg media azadligr ilo bagh yeni hiiquqi va siyasi
miizakiralara sabab olur. Natica olaraq miiayyan edilir ki, beynalxalq media kampaniyalarimin hiiqugi
¢ar¢ivasi platforma tonzimlomalari il doviat miidaxilolorinin qarsiliqgh tasiri naticasinda formalagir
va bu sahada balansh, saffaf vo demokratik prinsiplora asaslanan siyasatlorin inkisafi zaruri hesab
olunur.

Acar sozlor: beynalxalq media kampaniyalar, media hiiququ, platforma siyasatlori, déviat
tonzimlomasi, dezinformasiya
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Introduction

The development of digital communication technologies and the rise of global media platforms have
pushed information flows beyond national borders, giving them an international scope. Under the
influence of the internet and social networks, media campaigns have become powerful
communication tools capable of shaping public opinion and influencing the political agenda not only
at the national level but also globally (Castells, 2013; McQuail, 2010). This transformation has made
the legal dimension of media activity more complex, as media content now circulates within a variety
of legal systems and regulatory frameworks. Against this backdrop, the main challenge of this study
lies in understanding how international media campaigns are regulated across different legal systems
and distribution policies and how these regulations relate to the principle of freedom of expression.
When operating under the legal norms of multiple countries, international media campaigns may face
various restrictions and regulatory interventions. This situation, in particular, creates tension between
the principle of freedom of expression and the authority of states to regulate the media sphere (Napoli,
2019).
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This study highlights the following main research questions:

o How do international media campaigns affect broadcasting policies in different countries?
o What legal restrictions exist for media campaigns?
o To what extent can international law regulate the activities of media campaigns?

Accordingly, the aim of the research is to analyze the legal dimension of international media
campaigns and to identify how various legal systems influence media activity. Building on this, the
study also examines how broadcasting policies shape these campaigns and assesses the legal
framework through the analysis of a specific case. In this way, it investigates how media campaigns
interact with regulatory systems in different countries and the legal issues that arise as a result.

This study aims to contribute to the academic literature on global media regulation and international
media law. Examining the legal dimensions of international media campaigns helps to provide a
clearer understanding of the interaction between media freedom and regulatory frameworks. In
addition, the research seeks to offer new analytical perspectives in the field of international media
management and communication law. Unlike existing studies, this article considers international
media campaigns not only in the context of legal restrictions but also through the lens of multi-layered
regulatory structures and algorithmic governance mechanisms. This approach allows for moving
beyond the traditional state-centered model of media law and provides insight into a more complex
and interactive regulatory environment.

Materials and Methods

This study employs a qualitative comparative case study approach to examine the legal dimensions
of international media campaigns. The research combines doctrinal legal analysis and policy analysis
methods. Two cases—the Cambridge Analytica scandal and the restrictions imposed on Russia Today
(RT) broadcasting—were selected due to their significance in illustrating the interaction between
platform governance and state regulation. The study analyzes international legal instruments,
regulatory documents, and academic literature to assess how different regulatory frameworks shape
international media campaigns. Through comparative analysis, the research identifies similarities and
differences between platform-based governance mechanisms and state-centered regulatory
interventions.

Results

This section presents the findings derived from the comparative analysis of two significant cases: the
Cambridge Analytica scandal and the restrictions imposed on Russia Today (RT). These cases
illustrate two distinct yet interconnected dimensions of international media regulation, namely
platform governance and state intervention. The findings reveal how legal frameworks shape the
operation and impact of international media campaigns in the contemporary digital environment.

2.1. Cambridge Analytica Case

The central role of digital media platforms in global communication has significantly changed the
way international media campaigns are conducted. In particular, social networks have made it easier
to distribute content targeted at specific audiences through the collection and analysis of user data,
transforming strategies in political communication. In this context, the Cambridge Analytica case
stands out as a key example of the interaction between digital platforms' data management policies
and international media campaigns. The scandal that erupted in 2018 sparked a wide international
debate after the data of millions of Facebook users were collected without consent and used in
political campaigns (Cadwalladr & Graham-Harrison, 2018).
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The Cambridge Analytica incident marked an important milestone, illustrating how the data
collection mechanisms of digital platforms can be used in political communication processes. The
company gained access to users' personal data through a Facebook application and employed this
information using psychographic analysis methods to create targeted media campaigns capable of
influencing voter behavior (Isaak & Hanna, 2018). Not only the data of the users themselves but also
the data of their friends' networks were collected, which meant that the information of millions of
users was used to target political campaigns. To gain a deeper understanding of this case, the concept
of algorithmic governance provides a useful analytical framework. Digital platforms not only have
the ability to passively track user behavior but also to actively shape it through algorithmic decisions.
In this context, the flow of information is no longer a neutral technological process; rather, it is the
result of structured and optimized decision-making mechanisms. Algorithmic systems determine
which content is visible, which audiences it reaches, and which messages are prioritized, thereby
exerting an indirect but powerful influence on political communication processes. This demonstrates
that the legal responsibility of platforms is not limited to data protection alone but also extends to
shaping the information environment.

The Cambridge Analytica situation raised serious questions about data handling policies and
Facebook's platform governance. For many years, Facebook operated on a platform model that
granted third-party application developers access to user data. While this model helped expand the
platform's ecosystem, it also opened the door to the uncontrolled use of user information
(Vaidhyanathan, 2018). Following the incident, Facebook was compelled to implement stricter
policies regarding data access and user permissions. The case also sparked broader discussions about
the legal responsibility of digital platforms. In traditional media systems, content producers and
distributors were regarded as the actors bearing legal accountability, whereas digital platforms were
long seen merely as technical intermediaries.

However, the significant influence of social media companies on content distribution, data analysis,
and algorithmic governance has prompted a reassessment of this view (Napoli, 2019), demonstrating
that platforms are not just passive infrastructural actors in communication, but also active regulatory
agents within the media ecosystem. In response, many countries and international organizations have
begun developing new regulations to strengthen the legal accountability of digital platforms
(Gradoselskaya, 2026), with rules such as the European Union’s General Data Protection Regulation
(GDPR) providing an important legal foundation for protecting user data and ensuring transparency
in its processing (Kuner et al., 2020). These regulations aim to ensure stricter oversight by platforms
over the collection and handling of user information.

The Cambridge Analytica scandal also revealed significant shortcomings in compliance with the
principles established by the European Union’s General Data Protection Regulation (GDPR).
Although the incident became public shortly before the GDPR entered into force, the case highlighted
the importance of core GDPR principles such as lawfulness, fairness and transparency in data
processing (Article 5), lawful bases for processing personal data (Article 6), and the requirement of
freely given and informed consent (Article 7). Furthermore, Article 22 of the GDPR introduced
safeguards against decisions based solely on automated processing and profiling, which is particularly
relevant in the context of data-driven political communication and micro-targeted campaigning. The
case therefore demonstrated how large-scale political influence operations can create legal risks not
only for privacy rights but also for democratic participation and electoral integrity.

The Cambridge Analytica case clearly illustrated the connection between data protection laws and
media campaigns, showing how the effectiveness of digital media campaigns largely depends on the
analysis of user data and the identification of target audiences. This situation has created a new area
of legal debate, situated between the principles of data protection and political communication: on
one hand, the protection of individual data is considered a key aspect of privacy, while on the other,

10



Allahverdi Mammadli

political communication remains an important component of democratic processes (Bennett & Lyon,
2019). In this context, the case also demonstrates how international media campaigns are closely
intertwined with digital platform policies and data governance systems, with platform data policies
playing a key role not only in terms of user privacy but also in shaping the reach and influence of
media campaigns.

Consequently, analyzing the legal aspects of international media campaigns requires a comprehensive
examination of digital platforms’ data governance policies and their legal responsibilities. The
incident prompted a reassessment of the role of digital media platforms within the global
communication system, clearly highlighting the connection between data protection laws and media
regulations in the context of international law and media policy. Furthermore, it underscores the legal
implications of the “data-driven political communication” model, in which communication is no
longer conducted on a mass scale but in a micro-targeted and personalized format, capable of
influencing voter behavior through more subtle and difficult-to-measure mechanisms.

2.2. Bans on Russia Today Transmission

The development of the international media system has sparked new debates regarding the limits of
state authority in regulating the media. In particular, the global operations of digital media platforms
and international broadcasting organizations have created a need to assess media content within the
frameworks of various legal systems. In this context, the bans on Russia Today (RT) serve as a
significant example of how state regulatory interventions in the media sector are evaluated in light of
international broadcasting policy and freedom of expression.

Russia Today is an international media organization funded by the Russian government, founded in
2005. RT broadcasts in multiple languages, including English, with the aim of reaching a global
audience. While the organization’s official mission is stated as presenting Russia’s perspective to the
world, numerous academic studies indicate that RT functions as part of state-supported media
strategies, particularly in the context of international political processes (Oates, 2021). In addition to
television broadcasting, RT conducts international media campaigns through digital platforms and
social networks, which has helped establish it as a significant actor in the global media landscape.

RT’s international activities have been particularly scrutinized in Western countries due to concerns
about propaganda and disinformation. Research indicates that state-supported media structures
engage in strategic communication aimed at influencing international public opinion, and such
activities can exert a significant impact on political communication processes (Pomerantsev, 2015).
In this context, RT’s broadcasting policies are analyzed within the framework of information warfare
and debates on strategic communication in the international media environment.

In 2022, following the outbreak of the war between Russia and Ukraine, the European Union and
several Western countries imposed various restrictions on RT’s operations. Citing the spread of
disinformation about the war by Russian state media, the Council of the European Union decided to
ban the broadcasting of RT and Sputnik within EU member states. As part of this decision, the
distribution of RT content on television, websites, and digital platforms was restricted. European
officials described these measures as steps aimed at countering propaganda and disinformation
(Helberger et al, 2018).

However, the bans on RT’s broadcasting have sparked considerable debate in the context of
international media law and freedom of expression. Many scholars and legal experts emphasize the
need for a careful assessment of state-imposed restrictions on media organizations based on claims
of propaganda or disinformation, with regard to freedom of speech. Freedom of expression is one of
the core principles of democratic societies and plays a crucial role in protecting the work of the media
(Barendt, 2005). Accordingly, the importance of limiting state intervention in the media sphere within
democratic standards is often highlighted.

11
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From the perspective of European human rights law, Article 10 of the European Convention on
Human Rights (ECHR) guarantees the right to freedom of expression, including the freedom to
receive and impart information without interference by public authorities. However, Article 10(2)
also permits restrictions that are prescribed by law and necessary in a democratic society for the
protection of national security, territorial integrity, public safety, or the prevention of disorder and
crime. Consequently, the legal assessment of restrictions imposed on RT requires careful examination
of whether such measures satisfy the principles of legality, necessity, and proportionality established
under the Convention.

A similar approach can be found in Article 19 of the International Covenant on Civil and Political
Rights (ICCPR), which recognizes freedom of expression as a fundamental human right while
allowing certain restrictions for the protection of national security, public order, public health, public
morals, and the rights of others. Within the context of international broadcasting and digital
communication, Article 19 provides an important normative framework for balancing media freedom
against legitimate state interests. Therefore, debates surrounding the RT restrictions illustrate the
continuing challenge of reconciling international human rights standards with contemporary concerns
about disinformation and information security.

Moreover, the RT case has prompted broader discussions about how the concepts of propaganda and
disinformation should be defined within the international media environment. The acceleration of
information flows in the digital media landscape facilitates the global spread of content containing
disinformation and propaganda (Qu & Lu, 2026), which has in turn led states to strengthen their
policies aimed at countering disinformation. At the same time, the effects of these measures on media
freedom in the course of combating disinformation are actively debated in the academic literature
(Bennett & Livingston, 2018).

For an alternative analysis of the RT case, the concept of “information sovereignty” becomes
particularly relevant. According to this approach, states have the right to protect not only their
physical borders but also their informational space. In the digital environment, the influence of
foreign media actors has prompted governments to reassess their information security strategies. In
this context, restrictions on RT’s activities are linked not only to issues of media freedom but also to
states’ attempts to safeguard their informational environment. At the same time, this approach remains
controversial from the perspective of international law, as the principle of information sovereignty
can potentially conflict with the right to freedom of expression.

Discussion

The findings obtained from the Cambridge Analytica and RT cases demonstrate that international
media campaigns operate within a complex legal environment shaped by both platform governance
and state regulation. To interpret these findings more comprehensively, it is necessary to discuss the
broader legal, regulatory, and theoretical frameworks that influence contemporary media governance.
The following discussion examines these findings through the perspectives of regulatory pluralism,
algorithmic governance, information sovereignty, and hybrid governance.

3.1 Legal and Regulatory Frameworks

Globalization and the development of digital communication technologies have greatly expanded the
reach and influence of media campaigns. Today, media campaigns are not limited to communication
within national borders; they also take the form of international strategies aimed at audiences in
different countries, with the goal of shaping global public opinion. International media campaigns
can be understood as communication activities carried out by states, international organizations, non-
governmental organizations, or private sector actors with the purpose of disseminating information
on a global scale, influencing public opinion, or affecting political discourse (Castells, 2013; Thysius,
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2018). These campaigns spread particularly rapidly through digital platforms and play a significant
role in shaping international information flows.

The spread of international media campaigns has prompted a reassessment of global media regulation
and broadcasting policies. In traditional media systems, broadcasting activities were primarily
governed by national legal frameworks; however, in the digital environment, the cross-border
circulation of content can limit the effectiveness of these rules (Galante, 2023). As a result, media
regulation now takes place not only within national legislation but also in the context of international
law and platform policies (Flew, 2021). In particular, the management of digital platform content,
data handling policies, and algorithmic regulatory mechanisms have introduced a new dimension to
media governance processes, highlighting the need for regulation that balances media freedom with
public interests.

In democratic societies, freedom of expression is considered a fundamental right and plays a key role
in protecting the work of the media (Galante et al., 2023). Nevertheless, media content may still be
subject to certain legal restrictions aimed at safeguarding public order, national security, preventing
hate speech, or combating disinformation (McQuail, 2010). In this context, media law functions as a
regulatory field seeking to maintain a delicate balance between protecting freedom of expression and
ensuring public safety, reflecting the complex challenges posed by the global and digital nature of
contemporary media campaigns.

Media law provides an important foundation for understanding the legal dimensions of international
media campaigns. It encompasses the legal rules and regulatory mechanisms that shape the activities
of media organizations, as well as issues related to freedom of expression, content regulation, media
ownership, and editorial responsibility (Barendt, 2005). The rise of digital media platforms has made
this field even more complex. Unlike traditional media systems, social media and digital
communication networks operate on a global scale, which means that different legal systems can
affect the same content simultaneously. In this context, platform rules extend beyond the policies of
private companies, as many countries are now developing new legislative frameworks to regulate
digital media platforms. Notable examples include the European Union’s Digital Services Act, data
protection legislation, and platform accountability policies (Napoli, 2019), which are designed to
make the role of platforms in managing content and information flows more transparent and
accountable.

The adoption of the Digital Services Act (DSA) by the European Union has further strengthened the
regulatory framework governing digital platforms. The DSA imposes extensive obligations on very
large online platforms regarding transparency, risk assessment, content moderation, and
accountability mechanisms. In particular, the regulation requires platforms to assess and mitigate
systemic risks associated with the dissemination of illegal content, disinformation, and manipulation
of information environments. As a result, digital platforms are increasingly expected to operate not
merely as private communication infrastructures but as actors bearing public responsibilities within
the digital information ecosystem.

In today’s digital media environment, regulation cannot be explained solely through a state-centered
approach. In this context, the concept of regulatory pluralism provides a more adequate framework
for analyzing the legal dimensions of international media campaigns. According to this approach, the
rules governing the media environment are shaped not only by states, but also by platforms,
international organizations, and non-state actors. As a result, legal regulation takes on a multi-level,
multi-actor structure. This means that the activities of international media campaigns are influenced
not by a single legal system, but by parallel and sometimes conflicting sets of rules. Consequently,
media law should be understood not as a fixed normative framework, but as a dynamic regulatory
ecosystem open to mutual influence.
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3.2. Platform Governance and State Regulation

To understand the legal aspects of international media campaigns, it is essential to consider the
relationship between digital platform policies and state regulation together. The digitization of the
global communication system has meant that not only states but also private technology companies
have become significant regulatory actors in the production and distribution of media content,
transforming the traditional state-centered model of media regulation into a more complex, multi-
layered governance system (Flew, 2021).

Social media platforms play a central role in the global dissemination of media campaigns, and their
content management and data handling policies can directly shape the legal boundaries within which
these campaigns operate. This influence is especially evident through the development of data-driven
communication strategies, where social media companies analyze user information to identify target
audiences, thereby supporting more effective execution of media campaigns. Such practices have
increased the reliance on data in political communication processes and sparked new debates about
the regulatory responsibilities of digital platforms (Zuboff, 2019). Platform content distribution
algorithms can direct the flow of information, ensuring that certain content reaches a wider audience,
positioning digital platforms not merely as technical components of communication infrastructure but
as actors actively shaping the structure of the media environment (Van Dijck et al., 2018).

Nevertheless, media regulation extends beyond platform policies. States develop various mechanisms
to maintain public order, protect national security, and combat disinformation. The cross-border
nature of international media campaigns complicates the exercise of state authority, as digital media
content accessible in multiple countries may be lawful in one jurisdiction but restricted in another
(Napoli, 2019). Consequently, the international media environment now features a diversified legal
framework, emphasizing the necessity to evaluate media activities in the context of multiple
overlapping legal systems.

The regulation of international media campaigns must be considered within the context of normative
conflicts, where different legal principles - freedom of speech, data protection, national security, and
information security - often clash. These conflicts are not merely legal disputes; they also reflect
underlying differences in values. Media activity that is deemed legitimate under one legal system may
be perceived as a threat under another, making it difficult to establish a unified international
regulatory model and highlighting the inevitability of legal pluralism. Consequently, international
media law should be understood not as a fixed set of rules but as a dynamic field shaped by the
interaction of diverse normative approaches.

State interventions in the media sphere typically occur in response to concerns over propaganda,
disinformation, and national security (DuBosar et al., 2026). In the digital media environment, the
rapid spread of manipulative content has prompted many countries to reconsider their media
regulations, developing new rules for media organizations and digital platforms and implementing
policies to control the flow of information (Bennett & Livingston, 2018). At the same time, such
interventions require careful evaluation in terms of freedom of expression, one of the fundamental
principles of international human rights law. Freedom of expression plays a crucial role in protecting
the work of the media, and instruments like the European Convention on Human Rights set out key
principles for safeguarding media freedom (Barendt, 2005). Nevertheless, freedom of expression is
not absolute and may be restricted for reasons such as national security, public order, or the prevention
of incitement to hatred.

The rise of digital media and new regulatory approaches has further reshaped the concept of media
governance. Whereas traditional media systems relied primarily on state authorities for regulation,
today digital platforms, international organizations, and non-governmental actors all play central
roles in shaping media policy. This multi-actor regulatory structure allows a variety of interests and
values to influence media governance (Tambini, 2021). As a result, the legal framework for
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international media campaigns is shaped not only by national laws but also by platform policies and
global governance processes. This multi-layered model, often referred to as “hybrid governance,”
sees states, platforms, and international institutions exerting parallel normative influence, so that the
media environment does not form a single legal space but rather a network of interconnected
regulatory domains.

Conclusion

The development of digital communication technologies and the expansion of global media platforms
have significantly increased the international reach of media campaigns, making it necessary to
reconsider their legal frameworks. The cases examined in this study - Cambridge Analytica and the
bans on Russia Today (RT) - illustrate how international media campaigns are shaped by different
regulatory mechanisms. Together, these cases provide complementary insights into the role of digital
platform policies and state regulation in the global media environment.

The Cambridge Analytica case clearly demonstrated the influence of digital platforms’ data
governance policies on the management of media campaigns. Large-scale collection and analysis of
user data enabled the development of targeted communication strategies and more precise audience
targeting, showing that digital platforms are not merely technical tools of communication but are
increasingly important regulatory actors within the media ecosystem. Policies governing data access,
algorithmic content distribution, and moderation practices directly shape the reach and impact of
media campaigns.

Conversely, the ban on RT’s broadcasting illustrates how state regulatory intervention in the media
sphere can shape international broadcasting policy. States may intervene in media activities and
restrict the output of specific media organizations for reasons such as national security or countering
propaganda and disinformation. Such measures highlight the delicate balance between media freedom
and national security and demonstrate how states exercise their regulatory powers within the
international media environment.

In this context, developing policy recommendations for international media campaigns becomes
increasingly important. Digital platforms’ policies on data governance and content management
should be transparent and accountable. Platforms that implement robust mechanisms for protecting
user data and adopt clear rules for its use are likely to enhance trust in the digital media environment.
Additionally, transparency in content moderation processes and the ability to audit them can support
the ethical and legal implementation of international media campaigns.

At the same time, state media regulation policies should align with the principle of freedom of
expression. Measures aimed at countering disinformation and propaganda must not unduly restrict
media freedom. Consequently, media regulation should adhere to democratic standards and the
principles of international human rights, while also encouraging international cooperation to address
the cross-border nature of the digital media landscape.

Overall, this study demonstrates that the legal analysis of international media campaigns cannot be
confined solely to institutional regulation. Technological and normative transformations - including
the algorithmic power of digital platforms, state claims to information sovereignty, and the limited
applicability of international law -create a complex and multidimensional regulatory environment.
Future research should therefore focus on platform governance, Al-driven content regulation, and
issues of global legal harmonization to better understand and guide international media practices.

Theoretically, the study advances media law scholarship by demonstrating that contemporary
international media regulation operates through overlapping layers of governance rather than through
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a single state-centered legal system. This finding supports emerging theories of regulatory pluralism
and contributes to ongoing debates on digital platform accountability.

The findings of this study indicate that contemporary international media regulation is increasingly
shaped by the interaction between platform governance mechanisms established under instruments
such as the GDPR and Digital Services Act, and international human rights standards embodied in
Article 10 of the ECHR and Article 19 of the ICCPR.

The scientific novelty of this study lies in integrating platform governance, algorithmic governance,
information sovereignty, and regulatory pluralism into a unified analytical framework for examining
international media campaigns. Unlike traditional media law studies that primarily focus on state
regulation, this research demonstrates how legal authority is increasingly distributed among states,
digital platforms, and international institutions. The study contributes to the literature by proposing a
hybrid governance perspective for understanding the legal regulation of global media campaigns.
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Boyiik Vaton mitharibasi illorinds Naxc¢ivanda sosial
transformasiya va adabi proseslarin qarsihiqh tasiri

Faxraddin Cafarov! =, Sorabam1 Mommadova? "=, Sadagat Nemoatova? '™/,
Nadir Hiiseynboyli® **/; El¢in Zamanli®

Xiilasa. Bu maqalodo Boyiik Vaton Miiharibasi (1941-1945) illorind> Nax¢ivan Muxtar
Respublikasinda sosial-igtisadi vaziyyat, arxa cabhonin faaliyyati vo adabi miihitin formalasmast
kompleks sakilda tohlil edilmisdir. Tadqigatin magsadi miihariba dovriinda region ahalisinin arxa
cabhada hayata kegirdiyi igtisadi, sosial va madani faaliyyatin asas istigamatlarini miiayyanlasdirmak,
elaca do hamin dovrda formalasmis adabi miihitin va dovri matbuatin vatanparvarlik ideyalarinin
tabliginda rolunu qiymatlondirmakdir. Todqiqat zamani Nax¢ivan Muxtar Respublikasi Dovliat
Arxivinin sanadlari, dovrii matbuat materiallart va movzu iizra elmi adabiyyat miigayisali-tarixi va
manbagiinasliqg metodlar asasinda tahlil edilmisdir. Aragsdirma naticasinda miiayyon edilmigdir ki,
miihariba illovinda Naxgivan ahalisi kond tasarriifati istehsalinin davam etdirilmasi, miidafia fonduna
maliyya va maddi vasaitlorin ayrilmasi, cobhaya humanitar yardimlarin gondoarilmasi va amak
resurslarmin safarbar edilmasi istigamatlorinda miihiim faaliyyat gostormisdir. Eyni zamanda, "Sarq
Qapist" gazeti va regionun adabi miihiti vatanparvarlik ideyalarinin yayilmasinda, ahalinin manavi
safarborliyinin giiclondirilmasinda va ictimai hamrayliyin formalasdirilmasinda ahamiyyatli rol
oynamigdir. Olda olunan naticalar Boyiik Vaton Miiharibasi dovriind> Naxg¢ivanmin arxa cabha
faaliyyatinin sosial-iqtisadi vo madani aspektlorinin kompleks sakildo giymotlondirilmasino imkan
yaradir.

Acgar sozlar: Boyiik Vaton Miiharibasi, Nax¢ivan Muxtar Respublikasi, arxa cabha, sosial-igtisadi
faaliyyat, adabi miihit, "Sarg Qapisi” gqazeti
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Social Situation and Literary Environment in
Nakhchivan During the Great Patriotic War

Fakhraddin Jafarov! "', Sherabani Mammadova? "/, Sedagat Nematova? ‘" Nadir
Huseynbeyli® *“', and Elchin Zamanli®

Abstract. This article comprehensively examines the socio-economic conditions, home front
activities, and the development of the literary environment in the Nakhchivan Autonomous Republic
during the Great Patriotic War (1941—1945). The study aims to identify the main directions of the
economic, social, and cultural activities carried out by the region's population on the home front
during the war, as well as to evaluate the role of the literary environment and the periodical press in
promoting patriotic ideas. The research is based on a comparative-historical and source analysis of
documents from the State Archive of the Nakhchivan Autonomous Republic, periodical press
materials, and relevant scholarly literature. The findings reveal that during the war years, the
population of Nakhchivan made significant contributions by maintaining agricultural production,
allocating financial and material resources to the Defense Fund, providing humanitarian assistance
to the front, and mobilizing labor resources. At the same time, the Sharq Gapisi (Eastern Gate)
newspaper and the region's literary environment played a significant role in disseminating patriotic
ideas, strengthening the moral mobilization of the population, and fostering social solidarity. The
findings provide a comprehensive assessment of the socio-economic and cultural dimensions of
Nakhchivan's home front activities during the Great Patriotic War.

Keywords: Great Patriotic War, Nakhchivan Autonomous Republic, home front, socio-economic
activities, literary environment, Sharq Gapisi (Eastern Gate) newspaper
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Giris

Ikinci Diinya miiharibosinin torkib hissosi olan Boyiik Voton miiharibosi (1941-1945) Sovet
Ittifaqmin biitiin regionlarinda oldugu kimi, Nax¢ivan Muxtar Sovet Sosialist Respublikasmmn da
sosial-iqtisadi, demoqrafik vo madoni hoyatina ciddi tosir géstormisdir. Miiharibonin baslanmasi ilo
regionun amak, maliyys vo maddi resurslarinin shomiyyatli hissasi cobhonin ehtiyaclarinin tomin
edilmasing istiqamotlondirilmisdir. ©mok qabiliyyatli kisilorin bdyiik hissasinin harbi xidmaoto
cagirilmasi kond tosarriifatinda, sonaye miiossisalorindo vo ictimai xidmot sahalorindo is¢i qlivvasi
catigmazlig1 yaratmis, noticodo istehsal prosesinin davam etdirilmoasindo qadinlarin, yashlarin vo
yeniyetmoalorin rolu artmisdir.

Miiharibs illorindo Naxc¢ivanin arxa cobho foaliyyati bir ne¢o asas istigamotdo hoyata kecirilmisdir.
Bu istigamoatloro kond tosorriifatt vo sonaye istehsalinin miiharibo soraitino uygunlasdiriimasi,
miidafio fonduna maliyys vo qiymatli agyalarin verilmasi, cabhoys orzaq, geyim vo digor maddi
yardimlarin géndarilmasi, cobhagi ailalarinag sosial dastoyin gostorilmasi, eloca do amak resurslarinin
sofarbar olunmasi daxil idi. Regionun iqtisadi imkanlarinin mehdudluguna baxmayaraq, yerli ohalinin
cobhonin tominatina colb edilmasi sistemli va genismiqyasl xarakter dagimigdir.
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1941-ci il iyunun 22-do Nasist Almaniyasmin SSRI-ya hiicumundan sonra Nax¢ivanda horbi vo omok
soforborliyi todbirlorinin hoyata kegirilmosino baglanilmigdir. ©Shalinin bir hissasinin cobhoyo
gondorilmasi ilo alagoadar kolxoz va sovxozlarda, sonaye miiossisolarinda vo dovlot idaralorindo omok
bolgiisii yenidon toskil edilmisdir. Istehsal planlarmin yerino yetirilmosi, orzaq tominatinin davam
etdirilmosi vo cobhays yardim kampaniyalariin togkili yerli idaroetmos orqanlarinin qarsisinda duran
osas vozifolordon olmusdur.

Miiharibo soraiti yalniz regionun iqtisadi vo sosial hoyatina deyil, adobi-madoni miihitine do tosir
gostormisdir. Dovri matbuat, xiisusilo “Sorq Qapis1” gozeti ohalinin molumatlandirilmasi, horbi vo
omak soforbarliyinin tabligi, cobhays yardim kampaniyalarinin isiqlandirilmast vo ictimai royin
formalagdirilmas1 baximmdan miithiim vasitayo ¢evrilmisdir. Eyni zamanda, Nax¢ivanda faaliyyot
gdstaran sair, yazig1 vo publisistlorin yaradiciliginda miihariba, cabha hayati, arxa cobha foaliyyati,
vatonparvarlik va galabays inam mdvzular: asas istiqamatlorden biri olmusdur.

Movceud tadqiqatlarda Nax¢ivanin Boyiik Vaton miiharibasi illorindoki voziyyati asason harbi istirak,
iqtisadi foaliyyat, gadinlarin omok prosesino colb olunmasi vo ayri-ayri adobi soxsiyyatlorin
yaradiciligi kontekstindo arasdirilmisdir. Bununla bels, regionda sosial-igtisadi soforborlik proseslori
ilo adobi-madoni foaliyyatin qarsiliglt slagesinin vahid elmi yanasma osasinda kompleks tohlilino
kifayat qodar diqqat yetirilmomisdir.

Tadqiqatin magsadi 1941-1945-ci illords Naxgivan Muxtar Sovet Sosialist Respublikasinda hoyata
kecirilmis sosial-iqtisadi soforborlik todbirlorini, ohalinin arxa cobho foaliyyotinds istirakint vo
miitharibo dovrii odobi-madoni miihitinin osas xiisusiyyatlorini arxiv sonadlori vo dovri motbuat
materiallar1 asasinda tohlil etmokdir. Todqiqat ¢orgivasindo miidafio fonduna gostorilon maliyyo vo
maddi yardimlarin asas istiqgamotlori, qadinlarin vo gonclorin amok faaliyyatine calb olunmasi,
cobhagi ailolorinin sosial miidafiosi vo adabi publisistikanin ictimai soforborlikdoki rolu aragdirilir.

Materiallar vo Metodlar

Tadqgigatin 9sas monbo bazasin1 Nax¢ivan Muxtar Respublikast Dévlot Arxivindo miihafizo olunan
arxiv sonadlori, dovrii motbuat materiallart vo movzu iizro nosr edilmis elmi odobiyyat toskil edir.
Arxiv materiallar1 arasinda dovlot idaralorinin hesabatlari, qorar vo soroncamlar, miidafio fonduna
dair maliyys sonadleri, yerli hakimiyyat orqanlarinin iclas protokollari, ham¢inin miiharibas illaring
aid statistik molumatlar xiisusi yer tutur. Dévrii matbuatin asas manbayini "Sarq Qapist” gazeti togkil
etmisdir. Bununla yanasi, movzu ilo bagli monoqrafiyalar vo elmi arasdirmalardan da istifade
olunmusdur.

Toadqiqat zamani tarixi-tohlil, miiqayisoli-tarixi, monbasiinasliq vo kontent-analiz metodlarindan
istifado edilmisdir. Tarixi-tohlil metodu vasitosilo miihariba illorindo Naxg¢ivanin sosial-igtisadi
voziyyati vo arxa cobhonin faaliyyet istigamatlori sistemli sokilde arasdirilmisdir. Miiqayisali-tarixi
metod miixtolif illoro aid statistik gostoricilorin dinamikasint miioyyon etmoys imkan vermisdir.
Manbasiinasliq yanasmasi osasinda arxiv sanadlarinin etibarlilig1 vo informativliyi qiymatlondirilmis,
dovrii moatbuat materiallar1 1so kontent-analiz metodu il tohlil edilorak onlarin ictimai soforborlik vo
vatonparvarlik tobligindo oynadigi rol miioyyonlosdirilmisdir.

Tadgigatin metodoloji osasini tarixsiinasliqda gobul olunmus obyektivlik, tarixilik vo sistemlilik
prinsiplori togkil edir. Aragdirma zaman1 miixtolif monbalordon alds edilmis molumatlar qarsiligl
sokildo miiqayiso edilmis, statistik gostaricilor arxiv sonadlori ilo tutusdurulmus vo noticalorin elmi
etibarlilig1 tomin edilmoya ¢alisiimigdir.

Naticalor

Naxc¢ivan MR Dovlat Arxivindoe saxlanilan sonadlorden aydin olur ki, 1941 -ci ilin iyul ayinda muxtar
respublika {izro rohbor iscilorin, kolxoz sodrlorinin, idars vo miiossiso rohbarlorinin miisavirasi
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kecirilmisdir. Misavirodo cobhodo doylison horbgilorin ailolorine yardim gostorilmosi mogsadilo
yardim fondlarinin yaradilmasi vo cobhodo xidmot edon horbgiloro hodiyyslorin gondorilmasi
masalalori miizakirs edilmisdir. Dovlot torafindon yaradilmis komissiyalarin, eloco do zohmaotkeslorin
tosobbiisii ilo dord ay orzindo muxtar respublika {izro Miidafio Fonduna 120 800 manat nagd pul, 1
727 000 manathq istiqraz voraqoasi vo 7 kq 700 qram qizil-giimiis toplanaraq dovlot bankina
verilmisdir. Bundan olava, todariik montogaloring 66,1 ton taxil, 64,3 ton ot, 2 155 kq yun, 897 kq
yag, 10,6 ton toravaz, 3 634 ciit yun corab, 1 461 ciit yun alcak vo miixtalif geyim asyalar1 toplanaraq
cobhoayo gondorilmisdir (Nax¢ivan Muxtar Respublikasi Dovlot Arxivi [Nax.MRDA], f. 1,s. 1, is 8,
v. 8).

Miiharibs illorinde qadimnlarin faaliyyoti xiisusi shomiyyot dasimigdir. Naxg¢ivan qadinlart kond
tosorriifati vo istehsalat saholorindo kisilori ovoz etmis, traktorcu, brigadir, miiallim vo tibb is¢isi kimi
foaliyyat gostormislor. Bir sira qadinlar amok normalarini yiiksok gostaricilorls yerino yetirmislor. Bu
foaliyyat kond tosarriifat vo istehsal proseslorinin davam etdirilmosines tohfo vermisdir.

Sorur rayonundan olan cobhagi anasi K. Oliyeva 1941 -ci ilin oktyabrinda soxsi baglama hazirlayaraq
Moskvanin miidafisgilorino moktubla birlikde géndormisdir. Moaktubda belo geyd olunurdu: “Qoy
monim bu balaca ana sovqatim sizin diismoni mohv edon ollorinizi qizdirsin. Diismona qozabinizi
artirsin, goalobonizi yaxinlasdirsin” (Nax¢ivan Muxtar Respublikasit Dovlot Arxivi [Nax.MRDA], f.
1, s. 1, i3 9). Moktablilor do bu faaliyyatlords istirak etmis, metal tullantilar1 vo dorman bitkilori
toplamislar.

Naxg¢ivan ohalisi miiharibs dovriindo yalniz omak faaliyyati ilo deyil, hom do maddi yardimlari ilo
secilirdi. Insanlar soxsi vosaitlorini miidafio fonduna kéciiriir, qizil-zinat asyalarin1 dovloto tohvil
verirdilor. ©hali torofindon isti geyimlor hazirlanir, cobhaya sovqatlar gondorilir, yarali asgarlar tigiin
yardimlar toplanirdi. Bu foaliyyotlor dovriin motbuatinda ohalinin votonporvorlik vo homroylik
niimunasi kimi togdim olunurdu. 2 sentyabr 1941-ci il tarixdo “Sorq qapisi” gozeti “Naxc¢ivan
gadinlar1 Azorbaycanin gabaqcil gadinlarinin miiracistine qosulurlar” bashiqli mogalods yazirdi:
“Azorbaycanin gabaqcil qadinlarinin, Azorbaycanin biitiin qadinlarina olan miiracistini miizakiro
edan biz Nazg¢ivan soharinin bir qrup qadini 6lkemizin miidafio fondunu daha da méhkomlondirmaya
yonoldilmis bu vaxtli miiracioti bayanir vo ¢ox bdyiik havaslo ona qosuluruq. Bu miiracistnams,
dogma votonini canindan da artiq sevon biz Nax¢ivan qadinlarinin fikrini doxi ifado edir. Sizin
dediyiniz kimi, voton miiharibasi cobholorindo collad hitler fasizmino qars1 gohromanliqla vurusan
gardaslarimiza ana gqaygisi vo navazisi géstormok vaxtidir. Bali, bacilarimiz, igid ddyiisgiilorimizo
daha ¢ox hadiyyalor vermok, hiinar va togobbiislor gdstormok vaxtidir! Bagimizin tistiinii boyiik qorxu
aldig1 bir zamanda , voton miiharibasinin bu ciddi vaxtinda artiq nayimiz varsa, hor na-qizil, gimiis
va basqa qiymatli seylorimiz varsa hamisi vaton yolunda qurbandir! Biz, sizin miiraciotinizdon biitiin
naticolori ¢ixararaq agsagida gostorilon on qiymatli seylorimizi votoni miidafio fonduna vermaoyi layiq
bilirik:

Talibova Riibabo - qizil qol saat, 300 manat pul, 800 manatliq istiqraz vo mis; Protgenko — qizil qol
saati, 1.000 manat pul, 1 qizil iiziik; Quliyeva Leylan (evdar qadin) 3 misqal agirliginda qizil
bogazalti, 2 mis qazan vo 300 manatliq istiqraz; Abbasova Siddigoe - 1 qizil iiziik, mis vo 300 manatliq
istigraz; Hosonova Qumru-650 manat pul, 1.000 manat istiqraz varaqasi; Abbasova Ziileyxa -qizil
tizlik, mis; Abbasova Vasilo - qizil sirga; Fotullayeva ©qiyys- bir misqal qizil, 1.500 manathq
istiqraz voroqasi; Sofiyeva Pori -bir qizil bacaxli, 900 manatliq istiqgraz; Qodimova Simuzor - qizil
tizlik, 2 glimiis qasiq, 800 manat pul vo 1.000 manatliq istiqraz; Aslanova Moaryom 600 manat pul,
miiharibs qurtaranadok ayda 350 manat pul, 2.000 manatliq istiqraz vo mis; Abbasova Anna-qizil cib
saati, 2 giimiis qasiqg, 2.000 istiqraz vo mis; Voliyeva Giillii-600 manat nagd pul; Mommodova Sokina
- bir misqal agirliginda qizil qarabatdag, 1.000 manatliq istiqraz; Qadimova Lida-2 qizil iiziik, 1.500
manatliq istiqraz vo miihariba qurtaranadok hor ay 2 giinliik amok haqqi, Hokim Knitkova-1.500
manatliq istiqraz; Xslilova Tayyiba-8 parca qizil, 300 manat pul, qizil sirga, miiharibe qurtaranadok
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ayda 3 giinliik omok haqq1 vo mis; Kazimova Giillii- 1 qizil iiziik, 500 manatliq istiqraz, mis; Oliyeva
Xavor- 300 manat pul, 500 manatliq istiqraz vo mis; Behbudova Giilabs - 1 qizil iiziik, 1.000 manatliq
istiqraz; Hosonova Boni-qizil sirga, 1.000 manatliq istiqraz; Sokina Rzali- 6 q qizil, 300 manat pul,
500 manatliq istigraz, 10 kq mis vo miihariba qurtarinca hor ay 3 giinlilk omok haqq1”.

Sorur rayon zohmatkeslori 6n cobhadoki ddyiisciilormizo 01 noyabrdan 20 noyabr 1941 - ci il tarixo
kimi ogya vo isti paltarlar: 411 odod yarim suba, 740 yun alcok, 49 odad isti papaq, 80 adod pambiq
cilikka, 11 adad salvar, 40 odad isti koynak, 16 adad isti tuman, 625 ciit yun corab, 92 adad sirixl1, 3
odad kiirk, 19 adad adyal, 3adad balinc iizii, 216 adad cib dosmali, 99 odad iz dosmali, 117 adad ol-
iz sabunu, 66 odad paltar sabunu, 9 kq tiitiin vo s. toplayib gondormislor (Nax.MRDA. f.116. s1, is.
419, v. 80-81).

20 noyabr 1941-ci ilo kimi Naxg¢ivan Muxtar Respublikasi {izro votondaslardan vo toskilatlardan
Olkonin miidafissi tigiin dovlst miidafio fonduna 1.251000 manat nagd pul, 1.738000 manatliq istiqraz
varaqasi, 1 kq 217 q quzil, 6 kq 388 q glimiis dovlat bankina tohvil verilmisdir. Bundan basqa miidafio
fonduna 66. 432 kq taxil, 64.318 kq ot, 888 kq yag, 2.155 kq yun, 797 kq pendir, 42.5 kq bal, 7.138
kq tizlim, 3894 kq torovoz vo b.kond tosorriifatt mohsullar1 vermisdilor (Nax.MRDA. f .116. sl, is.
419, v. 89-90).

Cadval 1
194 1-ci ildo Nax¢ivanin miidafia fonduna yardimlart
Yardim novii Miqdari
Nagd pul 1 251 000 manat
Istiqraz 1 738 000 manat
Qizil 1kq217q
Glimiis 6 kq 388 q
Taxil 66 432 kq
ot 64 318 kq
Yag 888 kq
Yun 2 155kq
Pendir 797 kq
Bal 42.5 kq
Uziim 7 138 kq
Torovoz 3 894 kq

Monba. NMR Dovlat Arxivi.

1 yanvar 1942-ci ildon 31 dekabr 1942-ci ilo kimi Nax¢ivan Respublikasinin zohmotkeslori
miitharibodo doOyiison osgorloro isti paltarlarin alinmasi iigiin 167222 manat pul vo 10556 odod
miixtalif ogyalar, “Azorbaycan kolxozu” tank kaloniyasinin tikintisi {i¢iin 6 milyon 780 min manat,
toyyara eskadrasinin tikilmosi {i¢lin 1 milyon 935 min manat vo tibbi toyyars tikimasi tigiin 20.450
manat vermiglor (Nax.MRDA. f.116. s1, is. 419, v. 89-90).

Bundan bagqa 137 manat 380 kq taxil, 151 bas iri vo xirda buynuzlu heyvan, Qizil Ordunun asgarlori
ticlin 6520 odod baglama ( pasilka) 61 qoyun vo 67.048 manat pul toplayaraq gondormislor.
“Azorbaycan kolxozu” tank kaloniyasinin tikilmasi iigiin Sorur rayonunun Engelis adina kolxozun
sadri Mommad Sliyev 350 min manat, “Sosializm” adina kolxozun sadri Hiiseyn ©liyev 100 min
manat vo Allahverdiyev 80 min manat pul vermislor (Nax.MRDA. f.116. s1, is. 419, v.11).
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Cadval 2
1942-ci ildo Naxg¢ivan zahmatkeglorinin harbi fondlara gostardiyi asas maliyya yardimlart
Yardim istigamati Moblog / Miqdar
Isti paltarlarmn alinmasi 167 222 manat
Miixtolif ogyalar 10 556 odad
Tank koloniyasinin tikintisi 6 780 000 manat
Toyyars eskadrasinin tikintisi 1 935 000 manat
Tibbi toyyaranin tikintisi 20 450 manat

Monba. NMR Dovlot Arxivi [2, v. 89-90].

1941-ci ildo vo 1942-ci ilin birinci vo ikinci riiblorinde Nax¢ivan (Babok) rayon zohmaotkeslori
miidafis fonduna vo qizil asgorlors 230 sirixli, pencok, 1.980 ciit yun oalcak vo yun corab, 940 dast isti
alt paltarlari, 2.200 odod dori, 413 kq yun, 1 kq 112 qram quz1l, 6 kq 961 qram glimiis, 872.000 manat
pul, 1.255.000 manat zayom vo sahibsiz usaqlar {i¢iin 11.467 manat pul vermiglor (Nax.MRDA.
(kegmis partiya arxivi) f.1. s1, is. 2119).

Miiharibo illorindo Naxg¢ivanin iqtisadiyyatinda kond tosorriifati xiisusi ohomiyyot dasiyirdi.
Cabhonin orzaqla tomin olunmasi mogsadilo taxilgiliq, pambiqgiliq, liziimgiiliik vo heyvandarliq
saholorindo istehsal artirildi. Xiisusilo taxil istehsalinin artirilmasi, mohsuldarligin inkisaf etdirilmosi,
ordu iiglin ot, siid vo yun mohsullarinin gondorilmasi, okin sahslorinin genislondirilmasi asas
vozifalordon idi. Kisi is¢i qlivvasinin azalmasina baxmayaraq, qadinlar vo yeniyetmolor agir kond
tosorriifatr islorindo foal istirak edirdilor. Onlar bigin aparir, torpaq sumlayir, mohsul yigimi hoyata
kegcirirdilor. Bir ¢ox hallarda qadin briqadalar yliksak gostoricilor alds ederok amok yariglarinda qalib
golirdilor. Naxcivan kondlilori dovlet fonduna normadan artiq mohsul tohvil verir, soxsi
tosarriifatlarindan da cobhays yardim gondarirdilor.

Cadval 3
Miihariba illorinda qadinlarin faaliyyati
Foaliyyat Noatico
Traktorgu v
Brigadir v
Ferma miidiri v
Kolxoz sodri v
Miisllim v
Tibb is¢isi v
Rohbar vozifayos irali ¢okilon qadinlar 58 nofor

Moanba. Miiallif torofindon NMR Dovlot Arxivinin materiallart osasinda tortib edilmisdir.

Boyiik Voton Miihariboasi dovriinds arxa cobhads gostorilon omok gshromanliqlarinda qadinlarin
boOyiik rolu olmusdur. Belo ki, bu zaman sonayedo vo kond tosarriifatinda ¢alisan zohmoatkeslorin
oksoriyyati qadinlar olmusdur. 1943-1945-ci illords kond tasorriifatinin cobhonin ehtiyacin1 6domok
saviyyosinda yliksaltmok 6lkomizin fohlo sinfindon, kolxozgu kondlilorindon vo ziyalilarindan boyiik
soy gostormayi tolob edirdi. Miihariba illorinde Naxgivanl qizlar kond tosorriifati texnikasinin idara
edon asas qlivvaya ¢evrilmisdilor. Belo ki, miiharibadon avval qadinlar mexanizator kadrlarin ciizi bir
hissasinin togkil etdiklori halda, 1943-cii ilds mexanizatorlarin yartya qadari qizlar idi.
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1943-cii ildo Naxg¢ivan MSSR zohmotkeslori fodakarcasma calisaraq kond tossoriifati mohsullar
istehsalin1 artirmaq sahasindos ciddi miivoffoqiyystlor alds etmislor. Respublikanin kolxozlar1 boyiik
horbi tosorriifat ohomiyyati olan gonogorgok bitkisinin okilib-becarilmosini monimsomisdilor.
Miidafis fondunun méhkomlondirilmasi haqqindaki gostarislorini alqislayan evdar qadinlar qiymatli
hodiyyslorini miidafio fonduna vermislor. Bunlardan Sokino Mommadova 3 qizil {iziik, Riibabo
Talibova 9 qram quzil, Leyla Rzayeva 9 qram qizil, Sura Boktasi 3 qizil iiziik, Sokino Rzali 6 qizil
tiziik gondormisdir. Naxg¢ivan MSSR zohmotkeslori Qizil Ordumuzun déyiisciilorino bayram
hadiyyalori va isti paltarlar gondormakls 6lkonin miidafiasi fonduna xeyli vosait toplayib vermislor.
Onlar 1942-ci ilin sentyabr-oktyabr aylarinda gohroman doyiisgiilora vo 6lkeonin miidafiosi fonduna
60 kiirk, 45 isti kdynoak, 25 dost alt paltar1, 1033 ciit yun corab, 79 ciit kego ¢okma, 127 yun alok, 30
adad qulaqli papaq, 20 sirixlt pencak, 10 jilet, 35 qoyun, 2625 qutu sovqat, 13.719 manat nagd pul
vermislor (“Sorq qapis1” qazeti, Ne 223, 1942).

Naxgivan sohorindoki 1Ne- li orta moktobin miisllim va sagirdlori doytlison Qizil Ordu osgorlorine
bayram miinasibatilo 900 manat doyarindo 10 qutu sovqat, bundan basqa Naxc¢ivan MSSR Xalq
Daxili Islor Komissarliginm iscilori 15, Xalq Torpaq Komissarligmin isgilori 11, pogt-teleqraf
kontorasi is¢ilori 10, Boyiikdiliz, Vayxir, Kiiltops kolxozunun amoakgilori harasi 10 qutudan ibarat
bayram sovqat1 gondormislor (“Sorq qapist” qoazeti, 1942, Ne 221).

Miiharibanin birinci giintinden 1943-cii ilin oktyabr ayma kimi Nax¢ivan Muxtar respublikasinin
zohmotkeslori miidafio fonduna 1.080.085 manat pul, 244.000 manat istiqraz varaqesi, 1 kq 233 q
qizil, 10 kq 283 q giimiis, bunlardan alavo 38.811 ciit alcak, corab, qizil ordu asgarlarine 6520 sovqat
qutusu, 99 bas qoyun 4452 pud taxil 4046 pud ot, 1118 kq yag, 692 pud torovaz, 786 kq pendir, 43
kq bal, 742 odod dori vo 2135 kq yun toplayaraq gondormislor (Nax.MRDA. (kegmis partiya arxivi)
f.1.s1,1s.14., v.4). Yerli sovetliklorin vo partiya togkilatlarinin soyi naticosindo 7142 cobhagi ailosing
12.462 manat mabloginds yardim vo 374.047 manat mablogindo miiavinat verilmisdir (Nax.MRDA.
(kegmis partiya arxivi) f.1. s1, is. 14., v.4). 1942-1943-cii illordo Nax¢ivan Muxtar Respublikasinin
kolxozgular1 dovlosto 13179 pud yun, 677613 pud taxil, 165970 pud ot, 6760 pud yag tohvil
vermigdilor. Nax¢ivan zohmotkeslori qisa miiddot orzindo tank vo toyyars dostolori yaratmaq fonduna
800107 manat nagd pul vermisdir (“Sorq qapis1” gozeti, 1975).

“Azorbaycan kolxozgusu” tank kaloniyasinin yaradilmasina va qirici toyyarolorin artirilmasi fonduna
yardim edilmosi haqqinda Azorbaycan KP Naxc¢ivan rayon Komitosinin 8 mart 1943 -cii il tarixli
gorarini alda rohbar tutan Naxgivan (Babok) rayon kolxozgu vo kolxozgu qadinlar1 61komizin miidafio
quidratinin méhkamlotmak vo alman fasist quldur dastalorinin darmadagin edilmasi va biitiin xalqlarin
golacak dinc yasamasi, ugrunda 6zlorinin vatons olan sadaqatini bir daha omali isls siibut edarak qisa
miiddotdo rayon iizro tank dostssi yaradilmasi fonduna 2.087,463 manat, toyyaro hazirlanmasi
fonduna iso 492 497781 manat pul 6domislor (Nax.MRDA. (ke¢mis partiya arxivi) f.1. s2, i5.12., v.1).

“Azorbaycan kolxozg¢usu” tank dostosi yaradilmasi vo toyyaros fonduna yardim edilmosi isindo
gabaqcil Cohri kond kolxozunun gqadinlari torafindon 263300 manat, Didivar kond kolxozunun is¢ilori
torafindon 135500 manat, Nehrom kond kolxozgular1 torafindon 130 min manat, Oznabiirt kond
kolxozunun is¢ilori toraofindon 97000 manat pul yardim edilmisdir (Nax.MRDA. (ke¢mis partiya
arxivi) f.1. s2, 15.12., v.1). Didivar kolxozunun sodri Qasimov Abbasali Azorbaycan tank dostosi
yaradilmasi fonduna 100 min manat vo Cohri kolxozunun sadri Ismayilov Yusif 100 min manat pul
Azorbaycanin tank dostasi yaradilmasi fonduna vermiglor (Nax.MRDA. (ke¢mis partiya arxivi) f.1.
s2,is.12., v. 1-2).

Miiharibs dovriinds 2.889 komsomol¢u imummacburi harbi tolim proqramini kegorok, miixtolif horbi
pesoalora yiyalonmislor. 1943-cii ildo Muxtar Respublika komsomolgulari torafindon miidafio fonduna
300 q quz1l, 1.561q giimiis, 15qiz1l liziik, 2 odad qolbaq, 5 qizil saat vo bir ¢ox seylor vermisdir.
Komsomolgular “ Azorbaycan kolxozgusu™ tank dostosi fonduna 1.369.709 manat vasait vermislor.
Miihariba dovriinds komsomolgularin qiivvasile 6.631 adad isti geyim seylori toplanaraq Qizil Ordu
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doyiisciilorino gondorilmisdir. Bundan olavo Qizil Ordu doylisciilorine vo gohroman sovet
partizanlarina 436.708 manatliq hodiyyo gondorilmisdir.

Cadval 4
Gonclarin va komsomol tagkilatlarinin faaliyyati
Foaliyyot Gostorici
Horbi hazirliq kegonlor 2 889 nofor
Isti geyim 6 631 odod
Hadiyya 436 708 manat
Sumlanmais saho 6 000 ha
Tomizlonmis kanal 95 000 m
Toplanmig giibro 40 000 ton

Moanba. Miallif torofindon Nax¢ivan Muxtar Respublikas1 Dovlat Arxivinin sonadlori esasinda tortib
edilmisdir (Nax.MRDA.(ke¢mis partiya arxivi) f.1. s1, 15.14., v. 4; “Sorq qapis1” qozeti, 1943, Ne 121;
Nax.MRDA. (ke¢mis partiya arxivi) f.1. s1, 1s. 644., v. 2).

1943-cii ilin yaz okinino hazirlasarkon, respublikanin komsomolgularinin vo gonclorinin qiivvesilo
40.000 ton yerli gilibro toplanmis vo tarlalara dasinmig, 95000 metr uzunlugunda su kanali
tomizlonmis vo qaydaya salinmigdir. Tokco komsomolgularin qiivvasilo 6.000 hektar saho
sumlanmigdir. Komsomolgularin tosobbiisii ilo plandan artiq 500 hektar sahado donli bitki, ot, tiitiin
vo basqga bitkilor okilmisdir. Komsomolgularin va gonclorin qiivvasils 25 traktor , 2 toxumsopan, 15
taxil doyon masin vo s. tomir edilmisdir. Mohsul toplanisi zaman respublikanin 4.850 nofor
komsomolgusu kolxoz tosorriifatinda islomisdir. Tarlalarda ¢alisan 100 komsomolgu — gonclor cobho
brigadasi 215 manat 5.000 nofordon artiq gonci shato etmisdir. Kolxoz komsomolgularinin qiivvasilo
25.000 hektardan artiq sahonin taxili bigilmisdir (“Sorq qapis1” gazeti, 1943, Ne 121). Mal-qaranin
qislamasina hazirhq isindo do komsomolgular az is gormomislor. Ancaq komsomolgularin qiivvasilo
1.000 hektar sahonin otu bigilmis, 400 sentner silos basdirilmisdir (Nax.MRDA. (ke¢mis partiya
arxivi) f.1. s1, 1s. 644.,v. 2).

Miiharibs illorinds cobhoys komak li¢lin Ordubad rayon zohmotkeslori “Azarbaycan kolxozgusu”
tank kaloniyasina va toyyara hazirlanmasi tiglin 1.950.250 manat zayom, 77 ton rongli vo qara metal,
4500-5 gadar bagalma, 2.500q gador qizil, giimiis vo coxlu miqdarda isti paltar vo arzaq mohsullari
toplayib gondomislor (Nax.MRDA. f.7. s. 1, i5. 644., v. 1). Bundan basqa qizil asgor ailolorine kdmok
magsadi ilo 61860 kq taxil, 16533 kq miixtalif orzaq mohsullari, 2436 ciit ayaqqabi, 1620 odad paltar,
3873 sentner yanacaq (odun), 2375 sentner yem (heyvanlarin ehtiyati {i¢iin), 179000 manat nagd pul,
2862 adad clirbaciir sonaye mallari toplanib verilmisdir (Nax.MRDA. £.7. s.1, is. 644., v. 2).

Qizil osgor ailslorindon 183 noforinin evi tomir edilmis, 37 nofors iso  un qizil asgor ailaloring
3229677 manat yardim edilmis vo harbi ailolora 228.494 manat pensiya verilmisdir (Nax.MRDA.
(kegmis partiya arxivi) f.1.s. 1, is. 644., v. 2).

Gonclor vo moktoblilor belo bu prosesdo istirak edir, metal tullantilari vo dorman bitkilori
toplayirdilar. Miihariba dovriinde gonclor vo moktablilor do arxa cobhonin miithiim qiivvasine
cevrilmisdilor. Onlar kond tosorriifat: islorinds istirak edir, hospitalarda yaralilara yardim gdstorir vo
miixtalif ictimai iglords ¢alisirdilar. Pioner vo komsomol toskilatlar1 cabhaye yardim kampaniyalar
toskil edir, ohali arasinda votonporvorlik ruhunun giiclondirilmosi istiqgamotindo todbirlor hoyata
kecirirdilor. 25 iyul 1942-ci ildo Naxg¢ivan MSSR gonclorinin Nax¢ivan sohor parkinda birinci
antifasist mitinqi kegirilmisdir. Azarbaycan gonclarinin birinci antifagist mitinqinin yekunlarina hasr
edilmis yigincaqda 5000 nafor gonc arxa cobhads ¢alisaraq imaclik yolu ilo miidafis fonduna 324 min
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422 manat nagd pul, doyiis¢iilorimizo 10 min adoddon ¢ox miixtolif isti paltar vo Qara Doniz
Donanmagilarina 12 min manatliq hadiyyalorin géndarilmasini qorara almislar (“Sorq qapis1” gozeti,
Ne 205, 1942). Homin mitinqds ¢ixis edon Staxanovgu Sokino Mustafayeva, kolxozgu gonclordon
Sonom Allahverdiyeva, Fatma Korimova, Fatma Ramazanova hor hektardan 7 sentner ovozino 40
sentner gonogor¢cok mohsulu vermayi qgot etmislor. Kegirilon bu mitingde komsomolgu gonclordon
Foqiyo Coforova, Leyla Qohromanova vo basqalari ¢ixis edorok miidafio fondunun giiclonmosi, arxa
cobhanin giiclondirilmasi vo s. iglordon danmigsmiglar [4.1942.28 iyul].

Boyiik Vaton Miiharibaesi illorinds sahibsiz usaqlarin torbiys edilmosino xiisusi diqqst yetirilirdi.
1942- ciilds 2 usaq evindo 200 usagin torbiys edilmosino 583.800 manat pul sorf edilmisdirso, 1943 -
cli ildo 400 usag1 ohato edon 3 usaq evino 1.056.300 manat, 1944-cii ildo iso 1.108.900 manat pul
buraxilmigdir [13.v.9]. 16 yanvar 1943-cii ilo godor Nax¢ivan Muxtar Respublikasinin rayonlart tizra
komsomolgularin va pionerlaorin “Azarbaycan kolxozgusu” tank dostasing yigilan vesait rayonlar iizra
asagidaki kimi olmusdur:

Naxg¢ivan (Babok) rayonu {izrs - 230000 manat; Sorur rayonu lizra - 381.645 manat; Ordubad rayonu
tizra - 50.433 manat; Sahbuz rayonu iizro - 41.718 manat; Obraqunus rayonu iizro - 35000 manat;
Culfa rayonu iizra - 10. 000 manat; comi:748.796 manat [14.v.1]. “Azaorbaycanin gonc pioneri” tank
dostosing yigilan vosait rayonlar lizro asagidaki kimi olmusdur: Naxcivan ( Babok) rayonu {izro-
78000 manat; Sorur rayonu iizro- 318.000 manat; Ordubad rayonu iizra- 9897 manat; Sahbuz payonu
izro- 4000 manat; ©broqunus rayonu iizra- 500 manat; comi: 410.447 manat.

“Azorbaycanin gonc pionerlori” horbi toyyaranin ingasi tigiin Nax¢ivan ( Babok) rayonu tizro - 24710
manat; Sorur rayonu iizra - 72720 manat; Ordubad rayonu iizra - 11504 manat; Sahbuz rayonu {izra-
3.180 manat; ©Obraqunus rayonu iizro - 2000 manat; Culfa rayonu iizro - 6000 manat; comi: 120. 114
manat vosait toplanmis cobho fonduna gondorilmisdir[14.v.3]. Nax¢ivan zohmaotkeslori, o climlodon
respublika komsomolgular1 va pionerlari xiisusilo Tambov kolxozgularinin tagabbiisiing cavab olaraq
“Daha ¢ox tank verok” siiarina qosularaq tank dostalorinin yaradilmasi fonduna 1.279.357 manat pul
toplayib kecirmislor. Bundan basqa Domir¢i moktobinin komsomolgulari bir giin orzindo 26.836
manat toplayib homin fonda kegirmislor [14.v.2].

Sorur rayonunun Maxta kond maktobinin komsomolgu vo pionerlori “Azorbaycanin gonc pionerlori”
tank dostosinin yaradilmasi tigiin 13.550 manat toplayib kegirmislor. Qarabaglar kond maktoninin
komsomolgu va pionerlari bu iso daha boyiik tosobbiislo qosulmusglar. VII sinif sagirdi Madotov
Qaras Moadot oglu 31 dekabr 1942-ci ildo kondin gonclorinin yigincagmda ¢ixis edorak, totildo
gazandigi 10.000 manat pulu tank dastosinin fonduna verdi. Q. Madatovun ¢ixisindan sonra 15 giin
orzindo maktobin pioner vo komsomolgular1 “Azarbaycanin gonc pioneri” tank dostasinin fonduna
15.000 manat pul kecirdilor. Bundan bagsqa Sorur rayon Qivraq kond kolxozunun komsomolgu
gonclori 11.000 manat, Sorxanh kond kolxozunun 7 komsomol¢usu 12.000 manat pul vo 1000 kq
taxil, Yengico kond kolxozun kolxoz¢usu Mommaodov Lotifo 2500 manat pul vo 150 kq dari,
Diidongo kond kolxozunun komsomolgusu Siraliyev Hoson 6000 manat, Kiirtciilii kondinin sakini
kolxozgu Ibrahimov Abbas 8000 manat, Ulya- Sorur kond kolxozunun gonc kolxozgusu Mahmudov
Loazgi 5000 manat, Kestaz kond kolxozunun kolxoz¢usu Ceyranov Qazonfor 5000 manat nagdi pul
“ Azorbaycan gonc pioneri” tank dostosinin yaradilmasi fonduna kegirmislor [14.v.2].

Naxg¢ivan (Babok) rayonun pioner vo komsomolgulari da bu tosobbiiso qosulmuslar. Qaraxanboyli
kondinin “28 aprel” adina kolxozun gonc komsomolgusu Coforov Rza Qara oglu totil zamani
gazandig1 20000 manat, Mazrs kond kolxozunun komsomolgusu Hiiseynaliyeva Zeynob Ibrahim qiz1
10.000 manat, Xalxal kond kolxozunun komsomolgular1 10.000 manat, Bulgan kond kolxozunun
kolxozgular1 8.000 manat, kolxozun komsomol toskilat katibi Abbasov Sirali 2.000 manat vo 60 kq
bugda, kolxozun tlizvii Bagirov Mommaoadosli 3.000 manat, 1000 kq bugda vo 1 qoyun. Qaraguq
kondinin komsomolgular1 vo pionerlori “ Azorbaycan kolxozgusu” tank dostosinin insasina 35.000
manat pul vo 2.000 kq bugda toplayaraq kecirmislor [14.v.4].
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Ali bas komandanin pioner ©liyeva Maral Bayram qizinin adina gondardiyi alqis teleqrami biitiin
Nax¢ivan MSSR-in komsomolgu va pionerlori boytiik ruh yiiksokliyi ilo qarsiladilar. 12 yanvar 1943 -
cii ildo Muxtar Respublikanin komsomolgu va pionerlori alavo olaraq 20.000 manat pul vo 20 qoyun
toplayaraq homin fonda kegirmislor. Nax¢ivan MSSR {izro 1943 - cii ilds “Azarbaycan kolxozgusu”
tank koloniyasina 6.779.771 manat vo horbi toyyaralorin tikintisi ii¢lin 2.326.406 manat yi1gilib
gondorilmisdir [7. v. 8].

“Azorbaycan kolxozgusu” tank kalonuna pul toplanmasinda forqlononlordon Nax¢ivan (Babok) rayon
kolxozunun sadri Mammad Oliyev 350.000 manat, Sorur rayon “Sosializm” adina kolxozun sadri
Hiiseyn Oliyev 100.000 manat vo rayonun “Stalin” adina kolxozunun sadri Allahverdiyev 6.000
manat pul kegirmislor.

Sorur rayonunun zohmatkeslori, xiisuson komsomolgu gonclor daima votonimizi yirtict diismondon
mordlikls tomizlomokds olan ordunun 416-c1 Taganroq diviziyasinin qorxmaz ddyiisciilorine 1943 -
cii ilin sentyabr aymnda 21 kq yag, 560 yumurta, 200 doftor, 70 qolom, 53 paket, 275 iyno, 29 sap,101
spirtli icki vo basqa seylor toplayib gondormislor. Rayonun Mahmud kondindoki “Telman” adina
kolxozun iizvlori bu sahado daha yaxsi istirak etmisdir. Onlar 3 kq yag, 50 yumurta, 60 iyna, 12 sap,
15 paket vo bir bag qoyun toplayaraq gondormislor [15.1943.28 sentyabr].

Sonadlordon malum olur ki, miiharibanin ilk giinlorinden baglayaraq sentyabr 1943 -cii ilo kimi Sorur
rayon zohmotkeslori 244 min manat noqd pul, 98510 manatliq istiqraz varagosi, 30000 ciit yun corab,
10.252 kq taxil, 9717 kq ot, 154 kq yag, 1082 kq yun, 34 qr 19 ml qizil, 1880 kq mis vo 55.500 kq
toplayaraq miidafio fonduna vermisdilor. 1 oktyabr 1943- cii ildo iso Sorur rayon zohmotkeslori
miidafio fonduna 12.600 kq taxil, 11.657 kqoa't, 184 kq yag vo 1138 kq yun toplayaraq gondormisdilor.

Rayonun Sadoarak kolxozunun kolxozgular: iso harasi 10 amok giiniiniin doyarini miidafio fonduna
vermigdir. Rayonun Tumasli kond kolxozunun sadri Mammad Oliyev 20 amak giiniiniin doyorini
vermis, kolxozun timumi iclasinin gorar ilo 1200 kq bugda, 20 kq yag, 500 kq ot vo s. miidafio
fonduna vermiglor. Saxtaxti kond kolxozunun kolxozgulari iso miidafio fonduna 642.5 kq yun, Sorur
kond kolxozunun tizvlori 242 kq ot vermisdilor.

1943- cii ilds 4300 nafor maktobli ganc komsomol togkilatinin rohbarliyi ilo kolxoz tosarriifatinda vo
xalq tosarriifatinin basqa sahalorinda islomaya sofarbarliys alinmigdir. Nax¢ivan rayonunun Tozokand
kolxozunda islomoyo ¢ixan kond orta moktobinin 50-55 nafor komsomolgusu Sonom Sadiqovanin
basciligi ilo komsomolcu gonclor brigadasi togkil etmisdir. Homin kolxozda iso ¢ixan moktoblilorin
qlivvasi ilo 1 ton 700 kq siinbiil toplanmis vo kolxoza tohvil verilmisdir. Kolxozda moktoblilorin
hesabina togkil edilmis homin brigada sonra iki yera bdliinmiisdiir. Bunlardan biri taxil itkisi ilo koskin
miibarizo aparmis va ikinci brigada iso kolxozun basqa islorindo yaxindan istirak etmisdir [16.v.17].

Naxc¢ivan (Babok) rayon zshmotkeslori miiharibonin ilk giinlorindon cabhoys yekdilliklo boytik
yardimlar etmislor. Belo ki, 1 kq 12 q qizil, 6 kq 965 q giimiis, 556.602 manat pul, 1.541.055 manat
istigraz 47.000 kq taxil, 414 kq yag, 1700 kq noxud, 100 bas donuz, 106 bas iri vo xirda buynuzlu
heyvan, 300 kq kartof, 179.618 kq qara rongli metal, tank kaloniyasi i¢iin 2.918.458 manat va toyyara
dostalari yaradilmasina 329.000 manat nagd pul vermislor [67.v.13-16].

Okilmis miidafio hektarlarindan 839 kq noxud, 50.139 kq taxil, Qizil Ordu doyiisciilorine 4.523
baglama (16.136 kq) 50 bas heyvan, 30.600 manat pul, 500 1 araq va sorab, 7.250 ciit yun corab vo
olcak, 273 teleqreyka, 2553 odod dori, 940 dost alt paltari, 372 adod miixtolif geyim paltar
gondorilmisdir [17.v.20].

Doyiisciilors iso paltar alinmasi {i¢lin Nax¢ivan dévlot bankina 31.663 manat nagd pul verilmisdir.
Bunlardan slavs kolxoz va kolxozgularin artiq olan taxillarindan dovlat qiymati ilo 500 ton taxil
satilmigdir [17.v.24]. Naxcivan ( Babok) rayonunun kolxozgulari, fohlo vo qulluggulari cobhagi
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ailolorino xiisusi qayg1 gostororak birdofolik 48.037 kq taxil, 22.400 manat naqd pul, heyvanlarin
saxlanmasi {iclin 125 ton yem, 236 kq ot, 100 kq yag, 6.000 miixtolif yeyinti seylori, siidiindon
istifado etmok iigiin 96 qoyun vo kegi, 5 ton yanacaq vo bunlardan basqa siid, pendir, iiziim vo s.
orzaqgla yardim etmisdir (Nax.MRDA. f .2. s. 1, i5.18).

23 fevral 1943-cii ildo Qizil Ordunun 25-ci ildéniimii miinasibotilo Sorur rayon kolxozcular1 azad
edilmis 6lkolorin ohalisine yardim olaraq 110 bas qoyun, keg¢i, 645 pudbugda, 244 pudarpa, 11 pud
¢oltik, 49 pud noxud, 11 min adod yumurta, 4 bas iri buynuzlu mal, 205 ciit alcok, 389 ciit corab, 62
alt paltari, 118 kdynak, 4 salvar, 11 sirixli, 161 dori, 104188 manat pul, 99 kq yun, 11 adad adyal, 16
dosmal, 131 qasiq vo kruska, 27 mayka,14 dosok, 42 balinc, 100 odod mis gab, 85 tarelka, 5 kiirk, 8
palaz va cecim, 15 kq tiitlin, toplayaraq gondarmiglor (Nax.MRDA. (ke¢mis partiya arxivi) f.1. s1,
is., 1750). Miiharibo dovriindo Nax¢ivan MSSR-do qadinlarin rohbar iso iroli ¢okilmasi, onlarin
xtlisusi ilo kond tosorriifati sahosindo manqa, brigada, ferma, kolxozlara basciliq etmo prosesi
genislonirdi. Istehsalata rohberlik ii¢iin ayri-ayr1 saholor iizro kurslar yaradilir, onlarda mosgolo
kegmok {igiin tocriibali tosarriifatgilar colb olunurdular. Magsad tez bir zamanda miihariboyo getmis
istehsal komandirlorine layiqli ovozedicilor hazirlamagq idi.

1944-cii ildo Naxg1ivan MSSR-do 58 qadin rohber tosarriifat isina iroli ¢okilmisdi. Umumiyyatlo, kond
tosarriifat1 iizro homin il 73 kolxoz sodri, 24 ferma miidiri, 161 mexanizator kadrlar1 hazirlanmisdi.
Kurslari bitiron qadinlar kolxozlara sadr toyin edildilor. Qohromanova Leyli Sovetabad “Kommunist”
kolxozuna, Valiyeva Boyim-Ko6hno Hacivar-Kaqanovi¢ adina kolxoza, Rasulova Toarlan-Qosadizo-
“Bolsevik” kolxozuna, Mommodova Bulqan-Caparidze adina kolxoza, Mommodova Sokino-
Qaraxanboyli-28 Aprel adina kolxozlara bacarigla rohborlik etdilor. Naxg¢ivan rayonunda “Baki
fohlosi” kolxozunun ferma miidiri N.Oliyeva agir soraito baxmayaraq, hor il dovlot planlarinin
artiqlamasi ilo yerina yetirilmasing nail olurdu.

Miiharibs illorinds Nax¢ivan MSSR-do qadinlarin sovet aparati ising iroli ¢okilmosi, onlarin gohor,
rayon, kand Sovetlorina rohborlik etmosi hallar1 artmisdi. Umumiyyatla, bu isda 120-don artiq gadin
calisirdl. Onlarin oksoriyyati miihariba dovriindaki sdziin osl manasinda qohroman iglorins goroe orden
vo medallarla toltif edilmisdilor (Haciyev, 2008, s. 58-75). 26 fevral 1944-cii ilo kimi Nax¢ivan
Muxtar Respublikasinin zoahmatkeslori torafindon dovlst miidafio fonduna 10.800.689 manat nagd
pul, 24.400000 manat istiqraz voragosi, 1 kq 233 q qizil vo 10.115.283 q gilimiis verilmisdir
(Nax.MRDA. (ke¢mis partiya arxivi) f.1. s1, is. 2132).

Umumiyyotlo, Muxtar Respublikanin zohmotkeslori Almaniya qosunlarinin moglub edilmasino
dostok mogsadilo miiharibs illorindo Miidafis Fonduna 180 milyon 89 min manat nagd pul, 12 kq
qizil vo glimiis, yarim milyon pud taxil, 150 mindon ¢ox isti paltar vo 10 mindon ¢ox baglama
gondarmislor. Dovriin matbuatinda shalinin miiharibs soraitinde omaok foaliyyatini davam etdirmasi
va cobhaya dostok gdstormasi vatonparvarlik vo homraylik niimunasi kimi toqdim olunurdu. Bununla
yanasl, 1943-cii illo miiqayisodo 1944-cii ildo respublikada kolxozgularin goliri 80 faiz artmis, hor
omok giiniiniin doyari yiiksolmisdir. Tokco Coahri (Babok rayonu) kondindoki kolxozda 1944-cii ildo
1941-ci illo miiqayisados 60 sentner ¢ox taxil istehsal edilmis, dovloto mohsul satis1 tizra planlar ti¢qat
artiq yerina yetirilmisdir (Azarbaycan komsomolgusu, 1975). Ogar 1940-c1ildo Nax¢ivan MSSR {izro
dovloato 2 899 ton taxil verilmisdiso, 1944-cii ildo bu gostorici 3 861 tona ¢atmisdir. Beloliklo, 1940-
ct illo miiqayisado 962 ton artim qeyds alinmis vo 1944-cii ilin gostoricisi 1940-c1 il soviyyasinin
toxminon 133,2%-ni toskil etmisdir.

Miiharibs illorindo arxa cobhodo omok rosadotlori gdstormis onlarca miisllimlorimiz ddvlotimiz
torofindon orden vo medallarla toltif edilmis, bir cox miisllimlorimizs “Azorbaycan Respublikasinin
omokdar miallimi” vo “Nax¢ivan MR-nin amokdar miiallimi” kimi foxri adlar verilmisdir.

Ikinci diinya miiharibasi hoyatin demok olar ki, biitiin saholori kimi, onun badii inkisafi olan badii
odobiyyatda da 6z oksini tapmisdir. Bu dovrdo Naxc¢ivanda da bir sira yazigi1 vo sairlor foaliyyot
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gostorirdi. “Sorq Qapis1”, “Odabiyyat” gozetlori, “Voton ugrunda” jurnali yeni yazilan osorlori
isiqlandirmaq baximindan miithiim xidmot gostorirdi. Miiharibs illorinds xalqmn monavi ruhunun
yluksoldilmasi, vatonparvarlik hisslorinin giiclondirilmasi vo cobho ilo arxa cobho arasinda monavi
birliyin yaradilmasinda adobiyyat miithiim rol oynamisdir. Nax¢ivanin sair vo yazigilart bu dovrds 6z
yaradiciliglar1 ilo xalqin miibarizo ozmini giiclondirmoys calismis, miiharibonin agri-acilarini,
gohromanliq niimunslarini va galabays inami badii sokilda aks etdirmislor. Boyiik Vaton miiharibasi
(1941-1945) illarinds timumazarbaycan adobiyyatinin torkib hissasi kimi foaliyyat gdstoron Nax¢ivan
odobi miihitinds vatonporvorlik, fasizmo nifrot vo golobo inami ruhunda asorlorin yazilmasi
xarakterikdir. Homin dovrds yaradilan osorlords cobhoarxasi hoyat, nax¢ivanlilarin doyiis rosadati vo
arxa cobhadoki fodakarliqlari asas movzu olmusdur. Dovriin adobi miithitinds vatonparvarlik mévzusu
aparict olmus, seir vo publisistika Oon plana ¢xmis, fasizmi tonqid edon osorlor yazilmisdir.
Miiharibanin yaratdigi agir iqtisadi vo sosial soraito baxmayaraq, Nax¢ivanda madani hoyat tamamilo
dayanmadi. Teatrlar, madoniyyat evlori, moktoblor vo qozet redaksiyalar1 foaliyystlorini davam
etdirirdi. Yerli motbuat orqanlarinda vatonparvorlik mévzusunda seirlor, publisistik yazilar vo ¢cagiris
xarakterli moqalslor dorc olunurdu. Bu dovrds xiisusilo poeziya 6n plana ¢ixmisdi. Sairlor xalqr birlik
vo miibarizays sasloyir, cabhado ddyiison asgorlorin gohromanligini toranniim edirdilor. ©dabiyyat
yalniz estetik moaqsad dasimir, hom do ideoloji vo monavi silaha ¢evrilirdi.

Miiharibas illorinds Nax¢ivanin adabi va ictimai miihitinin formalasmasinda, votonparvarlik ruhunun
tobliginda "Sorq Qapist" qozeti Sorq qapisi” gozeti miistosna rol oynamis, Hiiseyn ©zim, Olokbar
Moftun, Onvar Oylisli, Mommaodsli Tarverdiyev, Nagi Nagiyev, Adil Babayev, Hac1 Osgorov, Osgor
Soforov, miisllim Oli Mommodov va s. yazarlarin asarlorinin ¢ap etmaklo oxucularda, iimumiyyatlo,
Nax¢ivan miihitindo golobaya sarsilmaz inam yaratmisdir. “Sorq qapisi”qozeti miitharibo dovriindo
motbu so6zdon kosorli silah kimi istifado edorok, golomo sarilmis, yazmis,insanlar1 ruhlandirmais,
...diismon qaqsisinda oayilmazliyini gostormis vo golobo miijdosine 6z sorofli isi ilo imza atmisdir
(Seyid, 2010, s. 107).

Hiiseyn Ozim 6z yaradiciliginda miiharibo movzusuna genis yer vermis, fasizm oleyhina seirlor
yazmis, “Voton”, “Terek sahilindo”, “Yadigar”, “Gozii yolda qalan yar” kimi seirlorlo oxucularin
golabaye inamii artirmigdir. “Sorq qapist” vo “Odabiyyat qoazetindo™ seirlor ¢ap etdiron Hiiseyn
Ozimin “Voton” seirini vatonparvorlik mévzusunda yazilmig qiymaotli niimunsalordon hesab etmok
olar:

Esqindir ¢atdiran moni murada
Sevgilim, konliimii vermorom yada
Min canim olsa da, monim diinyada,
Demisom yolunda qurbandir, Vaton!

“Terek sahilinds” serinds fasistlorin toratdiklori ganl cinayotlori, oglunu, ailasini itirmis bir qocanin
golininin faciali taleyini tosvir edon miuollif “Darmanimiz, tobibimiz golobadir, zoforidir!” deyarak
golobayo sarsilmaz inamini1 ifado etmisgdir.

Hom odobi, hom do publisistik foaliyyotlo moasgul olan Nagi Nagiyevin “Polad” adli pyesindo
Azorbaycan xalqinin igid oglu Poladin cobhodoki misilsiz hiinar vo gohromanligini oks olunmusdur.
1945-ci ildo Naxg¢ivan Dovlot Dram Teatrinda miivoffoqiyyotlo tamasaya qoyulan bu pyesin
votonparvarlik ruhunda yazilmis miibariz ruhlu badii niimunalor sirasinda 6ztiinomoxsus yeri vardir.

Holo tolobo ikon odobi yaradiciliga baslayan ©kbar Moftun Sovet ittifaqi Qohromani Nocofqulu
Rofiyevo hasr etdiyi “Son koniil miilkiiniin iftixarisan”, “Xilaskar ordu”, “Ey Voton” kimi lirik
serlorin miiallifi kimi Vatono sodaqot, fagizmo nifrot miibarizosinin 6n siralarinda dayanmisdir. Sovet
Ordusunun alman fasist iggal¢ilarina qars1 apardigi miibarizoni “Partizan hekayasi” adli serinds belo
ifada etmisdir: “Umman oldu elin kini, Siper etdi, sinasini (“Sarq Qapis1” qozeti, 1946).
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Mommadoli Tarverdiyev Boyiik Voton miiharibasi dovriindo mosul partiya isindo ¢alismis, Voton
miiharibasinda istirak etmis qohroman homyerlilorimiz vo amok adamlar1 haqqinda bir sira ogerklor
yazmisdir. Onun fodakarligla isloyon sovet adamlarinin {imumilosmis surotini oks etdirdiyi
“Zaman” pyesi hissa-hisso “Sorq Qapis1” gqozetindo ¢ap olunmus, boylik rogbat qazanmisgdir. Sair
Hac1 Osgarov da miiharibado siicast gdstaran, Sorur rayonundan miihariboys getmis, “Igidliys goroe”
medali ilo taltif olunmus Cabos Sixsliyev haqqinda osor yazmis, eloglunun igidliyini toronniim
etmsdir.

Cadval 5
Baéyiik Vaton Miiharibasi dovriinda Nax¢ivan adabi miihitinin asas niimayandalori
Miollif Osor Osas movzu
Hiiseyn Ozim Vaton, Terek sahilinda Vatonparvarlik, galoboys inam
Nag1 Nagiyev Polad Qshromanliq
Okbor Moaftun Ey Vaton Fasizmo qars1 miibarizo
Mommadoli Tarverdiyev Zaman Arxa cobho vo omok gohromanligi
Hac1 Osgorov Cabos Sixoliyev haqqinda asor Ddéyiis sticaoti

Moanba. Miiallif torofindon (Nax.MRDA. f.7. s.1, is. 644; Nax.MRDA. f.2. s. 3, i5.118; Nax.MRDA.
(kegmis partiya arxivi) f.1. s. 1, i5.9; Sorq qapis1” qgozeti, 1943) vo digor istifado olunmus elmi
monboalor asasinda tortib edilmisdir.

Miiharibo dovriinds yazilan osaorlor gonclorido yiiksok vatonparvarlik hissi yazib-yaratmaq hovasi
oyatmis, Islam Sofarli, Davud Ordubadli, Hiiseyn Ibrahimov vo Obiilfaz Abbasquliyev, Hiiseyn Razi
kimi odobi miihito yeni poetik nofosi gotron imzalarin yetismosino tokan vermisdir. “Sorq qapis1”
gazetinin 10 oktyabr 1941-ci il tarixli 183-cii sayinda dorc olunmus “Partizanin and1” seirinde gonc
sair Hiiseyn Razinin golbindon qopan haraya, golobays srsilmaz inama sahid oluruq. “Qiraq
zancirlori, dag qofaslori, Ucalsin goylora zofor soslori! —deyon sair miiharibonin lap ovvalindon inamin
vo limidin sarsilmaz ifadogisi kimi ¢ixs edir. Onvor Oylislinin Vatoni toronniim edon, diismona nifrot
asilayan seirlori do bu baximindan maraqlidir.

Naxg¢ivan adiblari tokca golomls deyil, silahla da vurusmus, galobonin gazanilmasinda xiisusi rol
oynamislar. Fitri yaradiciliq istedadina malik, muxtar respublikanin ictimai hoyatinda faal istirak
etmis, Birinci ¢agiris Nax¢ivan MSSR Ali Sovetinin deputati olmus Qurban Qurbanov Boyiik Vaton
miiharibasi baglanandan sonra cobhoyo getmis vo geri ddonmomisdir. Qurban Qurbanov qisa adabi
yaradicilig1 dovriinds asason bir dramaturq kimi foaliyyot gostormis “Ayrim”, “Himalay”, “Xosrov
vo Sirin” adli dram oasorlori yazmis, homin osolor Nax¢ivan Dovlot Dram Teatrinin sohnosindo
tamagaya qoyulmusdu. Miiharibonin baglamasindan bir qodor sonramiiallifin “Voton ugrunda” pyesi
“Sorq qapisi” qozeindo dorc olunmusdur. Nax¢rvan Muxtar Respublikasinda Incosenot Islori
Komitosinin sodri, Naxg¢ivanda yazigr kadrlarm yetismosindo bdyiik xidmoti olan Ismayil
Sayilovun 416-c1 Azorbaycan Taqanroq diviziyasinin siyasi is¢isi kimi miiharibads qshromanligla
holak olmusdur. Arxa cobhoado qalan yazig1 vo sairlor yeni adabi asarlor yazmis, agir va ¢otin dovrdo
xalq1 votonparver ruhda torbiya vo saforbar etmok yolunda orulmadan foaliyyot gostormislor.

Miihariba dovriiniin folklor nliimunslorinds, asiq yaradiciliginda xiisuson Asiq Mommadcofarin
seirlorindo votona sevgi vo ddyiisciiloro dostok motivlori giiclii olmusdur. Naxg¢ivan odobi miihiti
miiharibonin gotirdiyi ¢otinliklora baxmayaraq, yiiksok ruh yiiksokliyi niimayis etdirorok odobiyyata
qiymatli asorlor boxs etmisdir.

Bu dovrde adebiyyatin miixtalif janrlarinda yeni niimunolor yaranir, séziin giicii ilo cobhadoki
doytisciilori ruhlandirir, golobays sasloyirdilor. Gorkomli adabiyyatsiinas alim ©ziz Sorif “Kaskin
silah” adli moqalssinde qeyd edirdi ki, badii s6z cabhadoki igid ddyiisgiilori, arxada yorulmaq
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bilmodon calisan fohlo vo kolxozgulari, cobhadon xos xobarlor gdzloyon ana vo bacilari ruhlandirmagq,
onlarda collad hitlercilora gars1 sarsilmaz odavot yaratmaq, diismono qarsi miibarizo {iclin istor
cobhado, istorsa do arxada soforbar etmoyo qadirdir.

Miiharibo dovrindo “Hoqiqi qgohromanin sadiq ogluna”, “Azorbaycan foxr edir”, “Danisaq
stinbiillor”, “Vaton”, “Cobhodon moktub”, “Yadigar”, “Terek sahilinds”, “Gozii yolda qalan yar”,
“Partizanin and1”, “Son kdhno miiollimimin iftixarisan”, “Xilaskar Ordu”, “Esqim”, seirlari, “Polad”,
“Hal seirlori” dram osorlori, “Zorifo vo Qohroman”, “Hokim” povestlori, “Zaman”, “Polad” pyeslori,
“Sohor” roman1 Nax¢ivanda yaranan qiymatli adobi niimunolordondir (Coforov, 2015, s. 12-13).

Miizakira

Tadqiqatin naticalori gdstarir ki, Boylik Voton Miiharibasi illorindo Naxg¢ivan Muxtar Sovet Sosialist
Respublikasinda hoyata kegirilon sosial-iqtisadi soforborlik todbirlori yalniz cobhonin maddi
tominatina yonolmomis, eyni zamanda regionun ictimai hoyatinda yeni toskilati vo sosial
miinasibaotlorin formalagmasina da tosir gdstormisdir. Oldo olunan arxiv materiallar1 miiharibo
soraitindo omok ehtiyatlarinin yenidon béliisdiiriilmosi, qadinlarin vo gonclorin istehsal prosesindo
rolunun artmast, eloca do yerli idaraetmao strukturlarinin foaliyyotinin intensivlosmasi kimi proseslorin
kompleks xarakter dasidigini gostorir.

Aragdirma noticolori Azorbaycan tarixslinasliginda miiharibo dovriino dair aparilmis ovvalki
todqiqatlarla imumilikde uygunluq toskil etso do, Naxc¢ivan materiallarinin ayrica tohlili regionun
Ozlinomoxsus xiisusiyyotlorini iizo c¢ixarir. Ovvolki aragdirmalar osason {imumrespublika
soviyyasindo sosial-igtisadi proseslori xarakterizo etdiyi halda, bu todqiqat yerli arxiv sonadlori
osasinda regionun daxili sosial dinamikasini vo arxa cobhonin foaliyyat mexanizmlorini daha otrafli
nlimayis etdirir.

Olds olunan naticalor gostarir ki, gadinlarin omak foaliyyatins genis sokilds calb olunmasi yalniz is¢i
qiivvesi ¢atismazliginin aradan qaldirilmasina xidmat etmomis, hom do onlarin ictimai vo idarsetmo
hoyatinda mdvqeyinin giiclonmosino sorait yaratmigdir. Eyni zamanda komsomol vo pioner
toskilatlarinin foaliyyoti gonclorin yalnmiz ideoloji deyil, hom do iqtisadi vo sosial soforborlik
proseslarindas istirak etdiyini gostorir.

Todqgiqat dovrii motbuatin vo odobi miihitin funksiyalarina dair do miihiim naticalor ortaya
qoymusdur. "Sorq Qapis1" qozeti vo digor nasrlor informasiya monboyi olmaqla yanasi, ohalinin
soforbor olunmasina, votonporverlik ideyalarinin yayilmasma vo sosial hamroyliyin qorunmasima
xidmoat etmisdir. ©dobi yaradiciliq iso miiharibo ddvriiniin ictimai-psixoloji miihitini oks etdiron
miihiim tarixi moanbs kimi ¢ixis etmisdir.

Bununla yanasi, todgigatin miioyyon mohdudiyyatlori do mévcuddur. Aragdirma osason Nax¢ivan
Muxtar Respublikasi Dovlot Arxivindo saxlanilan sonadlor vo yerli dovri motbuat materiallari
osasinda aparilmisdir. Digor regional arxivlerdo vo morkozi fondlarda saxlanilan sonadlorin colb
olunmas1 golocok todqgiqatlarda daha genis miiqayisoli tohlillorin aparilmasina imkan vers bilar.
Bundan olava, statistik gostoricilorin digor regionlarla miiqayisasi Nax¢ivanin miihariba illorindoki
sosial-igtisadi movqeyinin daha obyektiv qiymatlondirilmosins sorait yaradacaqdir.

Beloliklo, aparilmis tohlil gostorir ki, Nax¢ivanda sosial-igtisadi soforborlik, ictimai toskilatlanma vo
odobi-madoni foaliyyat qarsiliqli olaqads inkisaf etmis, birlikdo regionun miiharibs soraitindo davaml
foaliyyotini tomin edon osas amillordon birina ¢evrilmisdir. Bu naticolor miiharibo dovrii regional
tarixinin dyronilmasi baximindan yeni elmi yanasmalar iigiin do asas yaradir.
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Noatica

Aparilmis todqiqat gostorir ki, Boylik Voton Miiharibasi illorinde Nax¢ivan Muxtar Sovet Sosialist
Respublikasi imumittifaq miidafis sisteminin miithiim regional komponentlarindon biri kimi faaliyyot
gostormisdir. Regionun mohdud iqtisadi imkanlarina baxmayaraq, yerli idaroetmo orqanlarinin
foaliyyaoti, ohalinin sosial soforborliyi vo istehsal resurslarinin somorali togkili naticasindo cobhanin
maliyyas, arzaq vo maddi-texniki tominatina oshamiyyatli tohfs verilmisdir.

Tadqiqat naticaloari tosdiq edir ki, miiharibs illorindo amok ehtiyatlarinin yenidon toskili Nax¢ivanin
sosial-igtisadi davamliliginin qorunmasinda osas amillordon biri olmusdur. Kisi ohalisinin horbi
xidmato cagirilmast ilo yaranmis is¢i qiivvasi ¢atismazligi qadinlarin, gonclorin vo moktablilorin
istehsal vo ictimai foaliyyato daha genis colb olunmasi hesabina qismon kompensasiya edilmisdir. Bu
proses yalniz iqtisadi zoruratden irali golmamis, eyni zamanda regionun sosial strukturunda mithiim
doyisikliklora sobob olmusdur.

Aragdirma gostorir ki, miidafio fonduna ayrilan maliyye vo maddi yardimlarin hacmi miiharibe
dovriindo morhalali sokilds artmis, bu artim yerli ohalinin soforborlik todbirlorinds foal istirakini oks
etdirmisdir. Arxiv sonadlorinin tohlili gdstorir ki, yardim kampaniyalar1 tokco dovlot togobbiisii deyil,
hom do ictimai homrayliyin praktik ifadosi olmusdur.

Oldos edilon noaticalor hamginin tosdiq edir ki, miiharibs illorindo formalagmis odobi miihit vo dovri
matbuat regionun sosial hoyatinda miihiim funksiyalar yerino yetirmisdir. "Sorq Qapis1" gozeti vo
digor motbuat organlari informasiya 6tiirmoklo yanasi, ohalinin monavi hazirliginin giiclondirilmasi,
votonparvarlik ideyalarinin tobligi vo sosial homroyliyin qorunmasi istigamotinds miihiim rol
oynamisdir. 9dabi yaradiciliq iso dovriin ictimai-psixoloji miihitini oks etdiron vo tarixi hadisslorin
Oyronilmosi ticlin qiymatli monbos kimi ¢ixis etmisgdir.

Bu todqiqgatin asas elmi yeniliyi Nax¢ivanda miiharibo dovriiniin sosial-iqtisadi soforborliyi ilo adobi-
modoni miihit arasindaki qarsiliqh alagonin vahid konseptual ¢orgivodo arasdirilmasidir. ©vvalki
todqgiqatlardan forqli olaraq, arxiv sonodlori, statistik molumatlar vo dovri motbuat materiallari
birlikdo tohlil edilmis, onlarin qarsiligl tosiri regional tarix kontekstindo qiymatlondirilmisdir.

Tadqiqatin noticolori Azorbaycanin regional tarixinin Oyronilmasi, miiharibo dovriinde sosial
sofarbarlik modellorinin miiqayisali tohlili vo madeni irsin tarixsiinasliq baximindan arasdirilmasi
liciin faydali elmi baza yaradir. Golocok todgiqatlarda Naxgivanin digor SSRI regionlari ilo
miiqayisoli sokildo dyronilmosi, homg¢inin miihariba dévriinde formalasmis sosial sobokalorin vo
maodoni institutlarin uzunmiiddotli tosirlorinin arasdirilmasi magsadouygun hesab edilir.
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Abstract. Contemporary theatre has evolved into a multidimensional artistic platform where music
and fine arts play a central role in enhancing dramatic expression and audience engagement. This
study investigates the integration of music and fine arts into modern theatre performances and
examines how these artistic elements contribute to narrative development, emotional depth, visual
aesthetics, and cultural communication. The research adopts a qualitative-descriptive methodology
based on the analysis of scholarly literature, theatrical productions, and interdisciplinary artistic
practices. The findings reveal that music intensifies emotional atmosphere, supports character
development, and strengthens audience immersion, while fine arts such as painting, sculpture,
lighting, costume design, and stage decoration contribute to the visual symbolism and aesthetic
structure of performances. The study further demonstrates that contemporary directors increasingly
rely on multimedia and visual experimentation to create hybrid theatrical experiences that combine
sound, movement, and visual composition. In addition, the integration of these artistic disciplines
promotes intercultural understanding and broadens the creative possibilities of theatrical expression.
The discussion highlights the importance of interdisciplinary collaboration among musicians, visual
artists, actors, and directors in producing innovative stage performances. The article concludes that
the successful synthesis of music and fine arts enriches theatrical communication and transforms
theatre into a comprehensive sensory experience capable of addressing modern social and cultural
realities.
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Musiqi va tosviri sonatin miiasir teatr
tamasalarina inteqrasiyasi

Elvira Rzayeva! ", Valido Hiiseynova' "/, Giilxars Ohmadova? "),
Xalido Mardanova! **/; Sayyara Sadixova®’

Xiilasa. Miiasir teatr dramatik ifadani va tamasacgi istirakini giiclondiran ¢oxolgiilii badii platformaya
cevrilmigdir. Bu tadqiqat musiqi va tasviri sanatin miiasir teatr tamagalarina inteqrasiyasini arasdirir
va bu badii elementlarin siijetin inkisafina, emosional darinliya, vizual estetikaya va madani iinsiyyata
neca tohfa verdiyini tohlil edir. Arasdirmada elmi adabiyyatin, teatr tamasalarinin va fonlararasi
badii tacriibalarin tahlilina asaslanan keyfiyyat yoniimlii tasviri metodologiyadan istifada edilmisdir.
Noaticalor gostorir ki, musiqi emosional atmosferi giiclondirir, obrazlarin inkisafini dastoklayir va
tamasa¢inin sahna hadisalorine daha darindan calb olunmasina gorait yaradir. Eyni zamanda,
rassamliq, heykaltorashq, isiglandirma, kostyum dizayni va sahna tortibati kimi tasviri sanat néviori
tamasalarin vizual simvolizminin va estetik qurulusunun formalasmasinda miihiim rol oynayir.
Taodgigat hamginin géstorir ki, miiasir rejissorlar sas, harakat va vizual kompozisiyani birlasdiran
hibrid teatr tacriibalori yaratmagq ti¢iin multimedia vasitalorina va vizual eksperimentlara getdikca
daha ¢ox miiraciat edirlor. Bundan alava, bu incasanat sahalarinin inteqrasiyast madaniyyatlorarasi
anlasmani tagvig edir va teatr ifadasinin yaradici imkanlarint genislondirir. Miizakira hissasinda
innovativ sahna tamagsalarinin hazirlanmasinda musiqicilar, vizual sanat¢ilar, aktyorlar va rejissorlar
arasinda fonlorarasi amakdashgin ahomiyyati vurgulanir. Magala bels naticaya golir ki, musiqi va
tasviri sanatin ugurlu sintezi teatr tinsiyyatini zonginlogdirir va teatri miiasir sosial vo madani
realliglart aks etdirmaya qadir olan hartorafli sensor tacriibaya ¢evirir.
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Introduction

Theatre has long been recognized as one of humanity’s oldest and most influential artistic forms,
functioning as a medium through which societies express cultural values, political concerns,
philosophical ideas, and emotional experiences. Since ancient civilizations, theatrical performances
have integrated multiple artistic disciplines including literature, music, dance, costume design, and
visual decoration. In ancient Greek theatre, dramatic performances were accompanied by choral
music and symbolic stage imagery that enhanced emotional intensity and collective audience
participation (Zarrilli, 2010). Similarly, Eastern theatrical traditions such as Japanese Noh theatre,
Chinese opera, and Indian Sanskrit drama combined music, visual symbolism, and stylized movement
to create spiritually and aesthetically rich performances.

In contemporary society, theatre has evolved beyond traditional dramatic representation into an
interdisciplinary artistic platform where multiple forms of creative expression coexist simultaneously.
Modern theatrical productions increasingly incorporate music, painting, sculpture, digital media,
lighting design, and multimedia projections as essential narrative and aesthetic components. This
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transformation reflects broader developments in modern art and performance culture, where rigid
boundaries between artistic disciplines are gradually disappearing (Lehmann, 2006).

Music remains one of the most influential elements in theatrical communication. Beyond
entertainment, music serves psychological, emotional, and structural purposes within performances
(Basa et al, 2026). According to Cook (2000), music possesses the ability to communicate meanings
that often transcend spoken language, enabling audiences to experience emotions intuitively. In
theatre, musical composition establishes rhythm, creates atmosphere, intensifies dramatic tension,
and supports character development. Contemporary directors frequently use live orchestras,
electronic soundscapes, recorded effects, and vocal experimentation to deepen audience engagement
and create immersive emotional experiences.

The emotional power of music in theatre is especially evident in modern experimental and
postdramatic performances. Unlike traditional drama, which prioritizes dialogue and linear
storytelling, contemporary theatre often emphasizes sensory experience and emotional atmosphere.
Musical elements guide audience reactions, shape the pacing of scenes, and create symbolic
associations between sound and dramatic action. For example, minimalistic piano melodies may
symbolize loneliness or memory, while aggressive percussion rhythms may reflect conflict, chaos, or
psychological instability. Such artistic strategies demonstrate that music functions not merely as
accompaniment but as an independent narrative force within theatre performance (Fischer-Lichte,
2008).

Fine arts also play a central role in shaping theatrical aesthetics and visual communication. Scenic
design, painting, costume creation, architecture, lighting, and digital projections collectively
construct the visual world of the performance (Hashim et al, 2023). Aronson (2018) emphasizes that
contemporary scenography is no longer limited to static decoration; rather, it actively participates in
storytelling by influencing audience perception and emotional interpretation. Colors, textures, spatial
arrangements, and visual symbolism contribute to the thematic atmosphere of theatrical productions
and often communicate meanings beyond verbal language (Seidova et al, 2026).

Modern theatre increasingly employs abstract and symbolic visual techniques inspired by
contemporary painting and installation art. Minimalist stage design, surreal visual imagery, and
multimedia projections are frequently used to reflect psychological states, social anxieties, and
philosophical ideas. In many experimental performances, visual composition becomes as important
as dialogue, transforming the stage into a dynamic artistic canvas. Lighting design further enhances
this visual experience by directing audience attention, creating emotional contrast, and shaping spatial
perception.

Technological advancement has significantly expanded the possibilities for integrating music and fine
arts into theatre. Digital scenography, virtual projections, interactive sound systems, and multimedia
installations have introduced new forms of artistic experimentation. Contemporary directors often
collaborate with digital artists, composers, and visual designers to create hybrid performances that
merge physical acting with technological imagery (Lu & Yeh, 2025). These innovations reflect the
growing influence of digital culture on modern artistic production and audience expectations (Pavis,
2013).

The integration of music and fine arts into theatre is also closely connected to cultural identity and
intercultural dialogue. Theatre performances frequently combine traditional artistic elements with
modern techniques to explore historical memory, social transformation, and national heritage.
Musical traditions, folk visual motifs, and symbolic artistic representations help preserve cultural
values while simultaneously adapting them to contemporary audiences. Such interdisciplinary
performances encourage cross-cultural understanding and artistic diversity within global theatre
practice.
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Despite the growing importance of interdisciplinary theatre practices, there remains a need for
scholarly examination of how music and fine arts function together within contemporary
performance. This study aims to explore the artistic, emotional, and cultural contributions of music
and fine arts in modern theatre.

The research seeks to answer the following questions:

1. How does music contribute to emotional and narrative development in theatre performance?
2. What role do fine arts play in shaping theatrical aesthetics?
3. How does interdisciplinary integration influence audience perception and engagement?

The study contributes to theatre studies by highlighting the significance of artistic collaboration and
examining the evolving relationship between visual and auditory expression in contemporary
performance. The study relied primarily on secondary qualitative data collected from academic
books, peer-reviewed journal articles, theatre criticism, conference papers, performance reviews, and
documented case studies related to contemporary theatre. Scholarly sources addressing theatrical
aesthetics, scenography, music in performance, multimedia theatre, and interdisciplinary art were
systematically reviewed (Badeji & Omotunwase, 2026).

The literature selection process focused on internationally recognized scholars in theatre and
performance studies, including works by Brook (1996), Lehmann (2006), Fischer-Lichte (2008),
Aronson (2018), and Schechner (2017). These theoretical sources provided conceptual foundations
for understanding the evolving relationship between theatre, music, and visual arts. Additionally,
selected contemporary theatrical productions from different cultural and artistic contexts were
analyzed as practical examples. Productions incorporating live music, multimedia projection, abstract
visual design, experimental scenography, and interdisciplinary artistic collaboration were chosen for
examination. Both traditional stage performances and postdramatic theatre productions were included
to ensure diversity in artistic styles and performance approaches.

The research was informed by several theoretical perspectives. Postdramatic theatre theory,
developed by Lehmann (2006), served as a key framework for understanding contemporary
performances that prioritize visual and auditory experience over traditional narrative structures. This
theory helped explain the increasing significance of music and fine arts as independent narrative
forces within theatre. Performance aesthetics theory proposed by Fischer-Lichte (2008) was also
utilized to examine the transformative relationship between performers and audiences. This
perspective emphasizes the sensory and emotional dimensions of theatrical experience, which are
central to interdisciplinary performance.

In addition, scenographic theory developed by Aronson (2018) provided analytical tools for
interpreting stage design, visual composition, and multimedia integration. Musicological perspectives
from Cook (2000) contributed to the understanding of music as a communicative and emotional
language within performance environments. To enhance reliability and validity, the study utilized
multiple scholarly sources and cross-disciplinary perspectives. The inclusion of various theoretical
frameworks allowed triangulation of ideas and reduced interpretive bias. Furthermore, comparisons
between theoretical concepts and practical theatrical examples strengthened the credibility of the
findings.

The research also ensured consistency by applying the same thematic categories throughout the
analytical process. Interpretations were based on established academic theories and supported by
documented examples from contemporary theatre practice (Roesner, 2023). Several limitations
should be acknowledged. First, the study relied primarily on secondary data rather than direct
audience observation or interviews with theatre practitioners. Second, because theatrical
interpretation is inherently subjective, some analytical conclusions may vary depending on cultural
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and artistic perspectives. Third, the study focused mainly on contemporary and experimental theatre,
which may not fully represent all theatrical traditions worldwide. Despite these limitations, the
qualitative-descriptive methodology provided comprehensive insight into the interdisciplinary
integration of music and fine arts in modern theatre performance and allowed for detailed exploration
of artistic and cultural dynamics within contemporary stage practice.

Materials and Methods

This study employed a qualitative-descriptive research methodology to investigate the integration of
music and fine arts in contemporary theatre performance (Quick, 2023). The qualitative approach was
selected because the subject of the research involves artistic interpretation, aesthetic analysis,
symbolic meaning, and interdisciplinary communication, which cannot be fully measured through
quantitative methods. Qualitative research allows deeper examination of creative processes,
emotional expression, and audience perception within theatrical environments.

The study was designed as an interdisciplinary theoretical and analytical investigation combining
perspectives from theatre studies, musicology, visual arts, performance theory, and cultural studies.
The research focused on understanding how music and fine arts function collectively within
contemporary theatrical productions and how these artistic disciplines contribute to dramatic
communication, visual aesthetics, and audience engagement.

A descriptive-analytical framework was applied to identify recurring themes and artistic patterns in
modern theatre performances. The research examined both theoretical literature and practical
theatrical examples to establish connections between artistic theory and performance practice.

Purposeful sampling was used to select relevant theatrical performances and academic materials. The
study focused specifically on productions and scholarly works that demonstrated clear integration of
music and fine arts within theatrical contexts. Sampling criteria included:

e Use of live or recorded music as a narrative or emotional component;

e Inclusion of visual arts such as painting, sculpture, costume design, lighting, or digital
scenography;

o Evidence of interdisciplinary collaboration among artists;

o Representation of contemporary theatre practices;

o Availability of critical analysis or documentation.

This sampling method ensured that the selected materials directly addressed the objectives of the
research and provided meaningful insight into interdisciplinary theatrical performance.

The collected data were analyzed using thematic analysis. This method enabled the identification of
recurring concepts, artistic strategies, and aesthetic patterns related to the integration of music and
fine arts in theatre. During analysis, the data were organized into several thematic categories,
including:

Emotional communication through music;

Visual symbolism and scenography;

Audience immersion and sensory experience;
Interdisciplinary artistic collaboration;

Technological innovation in performance;

Cultural representation and intercultural communication.

SAINAIE S e

Each source and theatrical example was carefully examined to determine how musical and visual
elements contributed to dramatic meaning and audience interpretation. Comparative analysis was also
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conducted to identify similarities and differences between traditional theatrical practices and
experimental contemporary performances. The study particularly focused on symbolic interpretation.
Visual imagery, lighting composition, sound design, and stage movement were interpreted as
communicative systems that convey emotional and cultural meanings beyond verbal dialogue. This
interpretive process was guided by principles from performance studies and semiotic theatre theory.

Main body
Case Study 1: The Encounter (Complicité, directed by Simon McBurney, 2015)
Background

The Encounter is regarded as one of the most innovative contemporary theatre productions because
it combines dramatic storytelling with binaural sound technology, live music, digital soundscapes,
visual minimalism, and audience immersion. Rather than relying on elaborate scenery, the production
integrates music, sound design, lighting, and visual symbolism to construct the theatrical
environment.

Analysis

The performance demonstrates that music is no longer a supplementary element but functions as a
primary narrative structure. Throughout the production, live vocal effects, environmental sounds,
electronic music, and silence continuously shape the audience's emotional responses. Unlike
traditional theatre, visual art is represented through minimalist stage composition. Only a few physical
objects appear on stage; however, lighting design and spatial composition create vivid mental
imagery. This approach shifts spectators' attention from realistic scenery toward imaginative
participation. The production also exemplifies multimodal storytelling. The actor simultaneously
performs as narrator, sound designer, and musician, blurring disciplinary boundaries between theatre,
music, and performance art. Consequently, artistic meaning emerges through the interaction of
auditory and visual elements rather than spoken dialogue alone. Contemporary theatre scholarship
increasingly argues that such productions replace hierarchical relationships among artistic disciplines
with collaborative dramaturgies in which music shapes narrative rhythm and audience perception.

Findings
The analysis indicates that:

e Music functions as an independent dramaturgical language.

e Minimalist visual design increases audience imagination.

o Digital sound technologies significantly enhance emotional immersion.
o Fine arts contribute symbolically rather than decoratively.

o Audience engagement is strengthened through multisensory experience.

Case Study 2: The Lehman Trilogy (National Theatre/London, directed by Sam Mendes, 2018—
present)

Background
The Lehman Trilogy presents the history of the Lehman Brothers financial dynasty using a
combination of theatrical narration, live music, choreography, architectural stage design, projection,

and minimalist visual aesthetics. The production has received international acclaim for integrating
theatrical performance with visual and musical composition.
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Analysis

The production illustrates how fine arts can organize dramatic structure. Es Devlin's rotating glass-
box stage functions simultaneously as architecture, sculpture, projection surface, and symbolic
representation of capitalism. Rather than serving merely as scenery, the stage itself becomes a visual
narrative. Music performs several simultaneous functions. Piano passages, rhythmic motifs, ambient
sound, and carefully controlled silence regulate pacing and emotional transitions. Musical timing
synchronizes with actors' movements and stage transformations, producing a unified audiovisual
composition.

Projection design further integrates visual art into theatrical storytelling. Historical photographs,
financial imagery, handwritten documents, and abstract visual textures create multiple narrative
layers that interact continuously with performance. This production reflects contemporary theories of
"composed theatre," in which music, visual design, movement, and dramaturgy are conceived
together during the creative process instead of being added sequentially. Such interdisciplinary
collaboration produces greater narrative coherence and stronger audience engagement.

Findings
The production demonstrates that:

e Scenic design functions as visual storytelling.

e Music regulates dramatic rhythm and temporal structure.

o Digital projections extend narrative meaning.

e Collaboration among composers, designers, and directors creates artistic coherence.
o Integrated artistic elements increase audience immersion and interpretative depth.

Table 1
Comparative Analysis of two theatre plays
Variable The Encounter The Lehman Trilogy
Role of Music Immersive narrative Dramatic rhythm and emotional pacing
environment
Fine Arts Minimalist visual symbolism Architectural stage design and
projections
Technology Binaural audio, digital sound Projection mapping, moving stage
Audience Experience Psychological immersion Historical and emotional immersion
Artistic Integration Performer-centered Collaborative interdisciplinary design
multimedia

Both performances demonstrate a significant transformation in contemporary theatre practice. Rather
than functioning independently, music and fine arts operate as interconnected dramaturgical systems.
Music establishes emotional rhythm, spatial perception, and narrative continuity, while visual arts—
including scenography, lighting, projection, and spatial architecture—construct symbolic meaning
and guide audience interpretation.

The two productions differ in artistic strategy. The Encounter emphasizes auditory immersion
supported by minimalist visual aesthetics, whereas The Lehman Trilogy achieves integration through
architectural scenography and carefully synchronized musical composition. Nevertheless, both
productions confirm that interdisciplinary collaboration enhances theatrical communication by
engaging audiences through multiple sensory channels simultaneously.
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These findings support current scholarship suggesting that contemporary theatre increasingly adopts
"composed theatre" and multimedia performance practices, where artistic disciplines are integrated
from the earliest stages of production rather than combined after the dramatic text has been completed.

The analysis revealed that contemporary directors strategically use music to shape audience
interpretation of dramatic events. Slow orchestral melodies and soft instrumental compositions are
commonly associated with sadness, nostalgia, and emotional vulnerability, while rapid rhythmic
patterns and electronic sounds are often used to create tension, anxiety, or psychological conflict. In
experimental theatre productions, music frequently replaces traditional dialogue and becomes the
primary medium of emotional communication.

For example, productions influenced by postdramatic theatre aesthetics often use repetitive sound
patterns and fragmented musical compositions to reflect themes of alienation, identity crisis, and
social instability (Lehmann, 2006). In many contemporary performances, live musicians are
positioned directly on stage rather than hidden within orchestra pits, emphasizing the visibility of
musical performance as part of the dramatic action. The findings further indicate that recurring
musical motifs strengthen character development and narrative continuity. Certain sounds or
melodies become symbolically connected to specific characters, memories, or emotional states. This
technique enables audiences to form psychological associations that reinforce dramatic meaning.
Fischer-Lichte (2008) explains that such sensory repetition intensifies audience immersion and
creates emotional resonance within live performance environments. Additionally, the study found
that contemporary theatre increasingly incorporates multicultural musical traditions into
performances. Directors often blend classical orchestration with folk music, electronic composition,
and indigenous rhythms to create culturally hybrid performances. This integration reflects
globalization and growing intercultural exchange within modern theatre practice.

Another major finding is the significant role of fine arts in shaping theatrical aesthetics and visual
communication. Scenic design, costume creation, lighting composition, painting, sculpture, and
multimedia projection collectively contribute to the symbolic and emotional atmosphere of
performances. Aronson (2018) argues that modern scenography functions as an active narrative
system rather than passive stage decoration, and the findings strongly support this perspective. The
research revealed that minimalist and abstract visual styles are increasingly common in contemporary
theatre. Instead of realistic stage representation, many directors employ symbolic visual imagery to
communicate psychological and philosophical themes. Empty stage spaces, geometric structures,
surreal visual objects, and symbolic color schemes are frequently used to stimulate audience
interpretation and emotional response.

Lighting design emerged as one of the most influential visual components within theatrical
performance. The findings show that lighting controls audience attention, defines spatial atmosphere,
and communicates emotional tone. Warm lighting is often associated with intimacy and memory,
while sharp contrasts and cold colors symbolize tension, fear, or emotional isolation. According to
Wilson and Goldfarb (2019), lighting serves both practical and artistic functions by guiding visual
focus and establishing dramatic mood. Costume design also contributes significantly to theatrical
storytelling. The analysis found that costumes often symbolize social identity, psychological
transformation, or historical context. In experimental theatre, costumes sometimes function as
moving visual sculptures rather than realistic clothing, reinforcing the artistic integration between
theatre and fine arts.

The use of projection art and digital imagery has become especially prominent in contemporary
productions. Multimedia scenography allows moving images, animations, and visual effects to
interact directly with performers on stage. Pavis (2013) notes that digital scenography transforms
theatre into a hybrid artistic environment where physical and virtual realities coexist. The findings
confirm that multimedia projections enhance visual immersion and expand the expressive
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possibilities of theatrical storytelling. The findings indicate that the integration of music and fine arts
creates highly immersive theatrical experiences that engage multiple human senses simultaneously.
Contemporary theatre increasingly prioritizes audience experience over traditional narrative
structure, encouraging emotional and sensory participation.

Music, lighting, movement, and visual imagery work together to create a multisensory environment
in which audiences become emotionally involved in the performance. Schechner (2017) explains that
modern performance art often dissolves the boundary between performer and spectator, transforming
audiences into active participants within the theatrical event. Several productions analyzed in this
study employed surround sound systems, interactive lighting, and dynamic visual projections to
intensify immersion. In some experimental performances, audiences were physically positioned
within the performance space rather than seated separately, allowing direct interaction with actors,
musicians, and visual installations.

The study also found that sensory immersion enhances audience memory and emotional response.
Performances combining strong musical compositions with striking visual imagery were more likely
to produce lasting psychological impressions on viewers. This finding supports Fischer-Lichte’s
(2008) theory that theatre possesses transformative power through embodied sensory experience. The
research demonstrates that contemporary theatre increasingly depends on interdisciplinary
collaboration among artists from different creative fields. Directors, composers, painters,
choreographers, sculptors, architects, and digital media designers cooperate to produce unified artistic
visions.

Brook (1996) emphasized that theatre is fundamentally a collaborative art form, and the findings of
this study confirm that interdisciplinary cooperation remains essential for contemporary theatrical
innovation. Productions integrating multiple artistic perspectives were found to possess greater
aesthetic diversity and creative flexibility. The analysis also indicates that interdisciplinary theatre
promotes cultural dialogue. By combining artistic traditions from different societies, performances
encourage intercultural understanding and global artistic exchange. Traditional music, indigenous
visual motifs, and contemporary multimedia technologies are often integrated within the same
production, reflecting modern globalization and cultural hybridity.

The findings further reveal that technological innovation has significantly expanded the integration
of music and fine arts within theatre performance. Digital technologies have transformed scenic
design, sound production, lighting systems, and audience interaction. Contemporary theatre
increasingly incorporates projection mapping, virtual reality, motion graphics, and computerized
sound systems into live performances. These technologies enable directors to create rapidly changing
visual environments and immersive soundscapes impossible within traditional stage settings.
Lehmann (2006) argues that postdramatic theatre reflects contemporary media culture by prioritizing
visual and sensory experimentation. The findings support this argument by demonstrating that digital
technologies allow theatre to compete with cinematic and multimedia entertainment forms while
preserving the immediacy of live performance.

However, the analysis also identified concerns regarding excessive technological dependence. Some
critics argue that elaborate visual effects may overshadow dramatic storytelling and actor
performance. Despite these concerns, most contemporary productions analyzed in this study
successfully balanced technological innovation with artistic and emotional substance. The study
additionally found that integrating music and fine arts into theatre has important cultural and
educational implications. Interdisciplinary performances encourage artistic literacy and expose
audiences to multiple forms of creative expression simultaneously.

Educational theatre programs increasingly incorporate music and visual arts training to develop
students’ creativity, communication skills, and cultural awareness. Smith-Autard (2002) notes that
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interdisciplinary artistic education promotes holistic cognitive and emotional development. The
findings suggest that theatre integrating music and fine arts contributes to broader cultural
participation and artistic appreciation within society. Furthermore, many contemporary productions
use interdisciplinary aesthetics to address social issues such as migration, identity, war, environmental
crisis, and technological alienation. Visual symbolism and musical composition help communicate
complex social themes in emotionally accessible ways, allowing theatre to function as both artistic
expression and social commentary.

Results and Discussion

The findings of this study demonstrate that the integration of music and fine arts significantly
transforms contemporary theatre performance by enriching emotional communication, strengthening
visual symbolism, enhancing audience immersion, and encouraging interdisciplinary creativity
(Chan, 2024). The analysis of scholarly literature and selected theatrical productions revealed that
music and visual arts are no longer secondary decorative elements but central components of
theatrical storytelling and aesthetic construction.

One of the most significant findings of the research is that music functions as a powerful emotional
and narrative instrument in contemporary theatre. Musical elements were found to influence audience
psychology, regulate dramatic rhythm, and intensify emotional engagement throughout
performances. According to Cook (2000), music possesses a unique ability to communicate emotional
meaning independently from verbal language, allowing audiences to experience feelings
subconsciously through rhythm, harmony, and sound texture.

The findings of this study demonstrate that the integration of music and fine arts has fundamentally
transformed the structure, aesthetics, and communicative power of contemporary theatre
performance. Modern theatre no longer functions solely as a literary or dramatic medium based on
dialogue and actor-centered storytelling. Instead, it has evolved into a complex interdisciplinary art
form where sound, visual imagery, movement, and digital technologies collectively shape audience
experience and artistic meaning. This transformation reflects broader cultural and artistic shifts
associated with postmodernism, multimedia culture, and experimental performance practices
(Lehmann, 2006).

The findings reveal that collaborative artistic processes contribute to innovation and experimentation
within theatre production. Many contemporary theatre companies intentionally blur boundaries
between artistic disciplines by combining live painting, musical improvisation, dance, and
performance art into single productions. Such collaborations create performances that are visually
dynamic and emotionally complex. One of the central issues emerging from the findings is the
growing role of music as an independent narrative and emotional language within theatre.
Traditionally, music functioned primarily as accompaniment or atmospheric support for dramatic
action. However, contemporary theatre increasingly positions music as an active storytelling force
capable of communicating psychological depth and symbolic meaning beyond spoken dialogue. Cook
(2000) argues that music possesses semantic flexibility, enabling audiences to experience emotion
intuitively rather than analytically. The results of this study support this argument by demonstrating
how directors strategically use musical rhythm, harmony, silence, and sound texture to manipulate
emotional atmosphere and audience interpretation.

In many contemporary productions, music guides the pacing of dramatic action and structures
audience emotional response. Repetitive sound motifs, dissonant harmonies, and improvised
compositions are frequently employed to reflect themes such as anxiety, alienation, memory, or
identity crisis. Such practices are particularly visible in postdramatic theatre, where linear storytelling
is often replaced by fragmented sensory experience (Lehmann, 2006). In these performances, music
does not merely accompany action but becomes part of the dramatic structure itself.
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The findings also indicate that live musical performance contributes significantly to theatrical
authenticity and immediacy. When musicians share the stage space with actors, audiences perceive
music as an organic component of the dramatic event rather than an external supplement. Fischer-
Lichte (2008) explains that live performance creates a feedback loop between performers and
spectators, generating collective emotional energy through physical presence and sensory interaction.
The integration of live music intensifies this performative relationship and enhances audience
immersion.

Another important discussion point concerns the expanding role of fine arts in contemporary
theatrical communication. The study demonstrates that scenic design, costume aesthetics, lighting
composition, painting, and multimedia imagery are essential elements of dramatic meaning-making.
Visual aesthetics in theatre no longer function solely as decorative background but actively participate
in narrative construction and emotional communication. Aronson (2018) notes that contemporary
scenography transforms theatrical space into a dynamic visual environment capable of expressing
abstract ideas and psychological conditions. The findings strongly confirm this theoretical
perspective. The increasing use of abstract and symbolic visual imagery reflects broader trends in
contemporary art and performance culture. Minimalist stages, surreal visual compositions, and
symbolic color schemes allow directors to communicate philosophical and emotional themes without
relying entirely on realistic representation. This shift demonstrates the influence of modern visual art
movements such as expressionism, surrealism, and conceptual art on theatrical aesthetics.

Lighting design emerged in this study as one of the most influential visual tools within contemporary
theatre. The results indicate that lighting shapes emotional atmosphere, spatial perception, and
symbolic interpretation. Modern lighting technologies allow rapid transformation of stage
environments, enabling directors to create psychologically charged visual experiences. Wilson and
Goldfarb (2019) emphasize that lighting has become an independent artistic discipline within theatre
production, and the findings support this claim by demonstrating its emotional and symbolic
significance.

The incorporation of multimedia projection and digital scenography further illustrates the growing
convergence between theatre and visual technology. Contemporary productions frequently combine
live performance with projected imagery, animation, and interactive visual effects. Pavis (2013)
argues that digital scenography creates hybrid performance spaces where physical and virtual realities
coexist. The findings confirm that multimedia integration expands theatrical creativity by allowing
rapid visual transformation and immersive sensory engagement. However, the increasing dependence
on technology within theatre also raises critical artistic questions. Some scholars argue that excessive
visual spectacle and technological complexity risk overshadowing actor performance and dramatic
substance. Traditional theatre theorists often emphasize the importance of human presence, live
interaction, and emotional authenticity as the defining characteristics of theatrical art (Brook, 1996).
If multimedia effects dominate the performance, theatre may lose some of its essential human and
emotional qualities.

The findings suggest that successful interdisciplinary theatre requires balance between technological
innovation and dramatic integrity. Productions that effectively integrate music, visual arts, and digital
technologies maintain emotional coherence and thematic clarity while enhancing sensory experience.
In contrast, performances relying excessively on visual spectacle may produce aesthetic overload,
reducing audience emotional connection to characters and narrative themes.

Another important aspect highlighted by the study is the role of interdisciplinary collaboration in
artistic innovation. Contemporary theatre increasingly depends on cooperation among directors,
composers, choreographers, painters, architects, costume designers, and digital media artists. Such
collaboration expands creative possibilities and encourages experimentation across artistic
boundaries. Schechner (2017) explains that modern performance culture values hybridity and
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collective creativity rather than rigid disciplinary separation. The findings confirm that
interdisciplinary collaboration enables theatre to adapt to changing cultural expectations and
technological realities. The cultural significance of integrating music and fine arts into theatre is also
substantial. Contemporary performances often combine traditional artistic elements with modern
experimental techniques to explore themes of cultural identity, migration, globalization, and historical
memory. Folk music, indigenous visual motifs, and traditional costume designs are frequently
reinterpreted through contemporary scenographic methods (Hook, 2023). This process allows theatre
to preserve cultural heritage while simultaneously engaging with modern social realities.

The study further demonstrates that interdisciplinary theatre contributes to intercultural
communication and global artistic exchange. Productions incorporating diverse musical traditions
and visual aesthetics encourage audiences to engage with unfamiliar cultural perspectives through
sensory and emotional experience. Fischer-Lichte (2008) argues that performance possesses
transformative intercultural potential because it communicates through embodied experience rather
than purely linguistic structures. The findings support this idea by showing how interdisciplinary
theatre creates shared emotional understanding across cultural boundaries.

Educationally, the integration of music and fine arts into theatre also provides significant
developmental benefits. Artistic collaboration encourages creativity, critical thinking, emotional
intelligence, and aesthetic awareness among performers and audiences alike. Smith-Autard (2002)
emphasizes that interdisciplinary arts education supports holistic intellectual and emotional
development. The findings suggest that theatre integrating multiple art forms can serve as an effective
educational tool for fostering creativity and cultural literacy. Additionally, contemporary theatre
increasingly functions as a platform for social commentary and political reflection. Music and visual
symbolism enable directors to address complex issues such as war, environmental crisis,
technological alienation, social inequality, and psychological trauma in emotionally accessible ways.
Symbolic imagery, sound composition, and multimedia projection allow abstract social concerns to
be communicated through sensory experience rather than direct political discourse. This artistic
strategy enhances audience engagement by appealing simultaneously to emotion, intellect, and
imagination.

The findings also reveal that audience expectations have changed significantly in the digital age.
Contemporary spectators often seek immersive and interactive experiences rather than passive
observation. The integration of music, visual arts, and multimedia technologies satisfies this
expectation by transforming theatre into a participatory sensory environment. Schechner (2017)
argues that modern performance increasingly dissolves boundaries between performers and
spectators, creating collective artistic experiences. The results of this study confirm that
interdisciplinary theatre enhances audience participation and emotional involvement. Overall, the
discussion demonstrates that integrating music and fine arts into contemporary theatre performance
reflects broader transformations in artistic culture, technological development, and social
communication. Interdisciplinary theatre expands the expressive capacity of performance art by
combining emotional soundscapes, symbolic visual imagery, and immersive sensory environments.
Although technological and aesthetic experimentation may present challenges related to dramatic
balance and authenticity, successful integration enriches theatrical communication and ensures the
continued relevance of theatre within contemporary society.

Conclusion

The integration of music and fine arts into contemporary theatre performance has transformed modern
theatrical expression into a multidimensional sensory experience. This study demonstrates that music
strengthens emotional communication, supports narrative development, and intensifies audience
immersion, while fine arts contribute to visual symbolism, aesthetic atmosphere, and spatial
creativity.
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Contemporary theatre increasingly relies on interdisciplinary collaboration among musicians, visual
artists, directors, choreographers, and digital designers. Such collaboration expands artistic
possibilities and allows performances to address complex emotional, cultural, and social themes
through combined auditory and visual expression. Technological innovation has further enhanced
these integrations by introducing multimedia scenography, projection art, and experimental sound
design into theatrical practice.

The findings also reveal that interdisciplinary theatre contributes to intercultural understanding and
cultural innovation. By combining traditional artistic elements with modern performance techniques,
theatre becomes a dynamic platform for cultural dialogue and creative experimentation. Audiences
are no longer passive observers but active participants in immersive artistic environments shaped by
sound, imagery, movement, and symbolism. Nevertheless, the study recognizes the importance of
maintaining balance between visual spectacle and dramatic substance. While multimedia and artistic
experimentation enrich performance aesthetics, theatrical integrity still depends on meaningful
storytelling and effective actor performance.

In conclusion, music and fine arts have become essential components of contemporary theatre
performance. Their integration enhances artistic communication, deepens emotional resonance, and
broadens the expressive capacity of theatre in modern society. Future research may further examine
audience psychology, digital performance technologies, and intercultural artistic collaboration within
evolving theatrical practices.
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Comparative Aspects of National History and Artistic
Imagination in the Development of the Turkish
Historical Novel

Turkan Aliyeva

Abstract. Historical novels have played an important role in Turkish literature by connecting
historical reality with literary creativity. Rather than simply retelling historical events, they offer new
ways of understanding the past through narrative, characters, and cultural memory. This study
examines the relationship between national history and artistic imagination in the development of the
Turkish historical novel from a comparative perspective. It focuses on selected novels by Namik
Kemal, Kemal Tahir, Tarik Bugra, Mustafa Necati Sepetcioglu, Atsiz, and Iskender Pala. Using a
qualitative comparative approach, the study analyses how these writers interpret history, construct
historical characters, and reflect national identity through literary narrative. The findings show that
although the selected authors differ in style and historical interpretation, they all view history as a
living part of cultural identity rather than a collection of past events. Their novels reveal that artistic
imagination strengthens historical understanding by highlighting the human, cultural, and emotional
aspects of history without moving away from historical reality. The study also demonstrates that the
Turkish historical novel has gradually developed into an important medium for preserving collective
memory and encouraging new interpretations of the national past. These findings contribute to
comparative literary studies by offering a deeper understanding of the relationship between history,
literature, and cultural identity.

Keywords: Turkish historical novel, national history, artistic imagination, comparative literature,
collective memory, cultural identity
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Tiirk tarixi romaninin inkisafinda milli tarix vo
badii taxayyiulin miiqayisali aspektlori

Tiirkan 9liyeva

Xiilasa. Tarixi roman tiirk adabiyyatinda ke¢misi badii diisiinca vasitasilo canlandiran vo milli tarixin
miixtalif dovrlorini oxucuya yeni baxis bucagindan taqdim edan miihiim janrlardan biridir. Bu
romanlarda tarixi faktlar yalniz oldugu kimi naql edilmir, ham do yazicinmin badii toxayyiilii ilo
zanginlasdirilorak dovriin ictimai, siyasi vo manavi manzarasini oziinda aks etdirir. Magalada tiirk
tarixi romaninn inkigafinda milli tarix va badii toxayyiiliin qarsiliqglh alaqasi miiqayisali sokild
arasdrimigdur.
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Turkan Aliyeva

Taodgiqat zamani Namiq Kamal, Kemal Tahir, Tartk Bugra, Mustafa Necati Sepet¢ioglu, Hiiseyn Nihal
Atsiz va Iskandor Palamin tarixi romanlart tohlil edilmis, onlarin tarixi hadisalora yanasma
prinsiplari, tarixi saxsiyyatlorin badii togdimati vo milli kimliyin ifado xiisusiyyatlori miigayiso
olunmusdur. Arasdirmanin naticalori gostorir ki, forqli dovrlorda yasayib-yaratmalarima va miixtalif
badii iislublara malik olmalarina baxmayaraq, bu yazigilarin asarlorinda tarix milli kimliyin va
madani yaddasin asas manbalorindon biri kimi taqdim ediliv. Miialliflor tarixi hadisalori badii
taxayyiiliin imkanlarindan istifada etmoakla daha tasirli sakildo canlandirmaga, eyni zamanda isa
tarixi haqiqatdon uzaqlagsmamaga ¢alisirlar. Bu xiisusiyyat tiirk tarixi romaninin takca ke¢misi tasvir
edan deyil, ham da milli yaddasi yasadan, tarixi hadisalorin mahiyyatini anlamaga komak edon
miihiim adabi janr oldugunu gostorir. Tadqiqatin naticalari tarix, adabiyyat va milli kimlik arasindak:
alagalaorin daha darindan oyranilmasi baximindan ahamiyyat kasb edir va tiirk tarixi romanwnin inkisaf
xtisusiyyatlorina dair miiqayisali tadqiqatlara yeni baxis tagdim edir.

Acgar sozlar: tiirk tarixi romani, milli tarix, badii toxayyiil, miiqayisali adabiyyat, kollektiv yaddas,
milli kimlik
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Introduction

Every nation preserves its historical memory in its own way. While historical records document
events, dates, and political developments, literature captures the human experiences, emotions, and
cultural values that official history often leaves unexplored. In this respect, the historical novel
occupies a unique place, bringing together historical reality and literary imagination (Dadashova,
2024). Rather than replacing history, it offers a different way of understanding the past by presenting
historical events through the lives, thoughts, and experiences of fictional or historical characters. For
this reason, the historical novel has attracted growing attention not only in literary studies but also in
cultural history, memory studies, and comparative literature.

The relationship between history and fiction is especially significant in Turkish literature. The
development of the Turkish historical novel coincided with a period when questions of national
identity, statehood, and cultural continuity became increasingly important. Although the genre was
initially influenced by the historical novels of Walter Scott, Turkish writers gradually shaped it
according to their own historical and cultural experience. Instead of simply recounting past events,
they used history to explore broader issues such as national identity, social values, power, and cultural
heritage. As a result, the Turkish historical novel developed its own distinctive literary character,
rooted in the Ottoman past, Central Asian traditions, and the process of nation-building (Abeldaeyv,
2019).

The publication of Cezmi by Namik Kemal marked an important turning point in the development of
the Turkish historical novel. Since then, writers such as Kemal Tahir, Tarik Bugra, Mustafa Necati
Sepetcioglu, Atsiz, and iskender Pala have approached history from different literary and ideological
perspectives (Aynact, 2022, p. 23). While some emphasize the social and political foundations of
historical events, others focus on individual transformation, national consciousness, epic tradition, or
symbolic interpretation. These differences demonstrate that historical novels are shaped not only by
historical facts but also by each writer's artistic imagination, worldview, and literary purpose.
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Today, historical novels are regarded as more than literary representations of the past. They contribute
to the preservation of cultural memory and influence how societies understand their own history.
Readers often develop their first impressions of historical periods through literary narratives before
encountering academic historiography. Consequently, historical fiction plays an important role in
shaping historical consciousness by combining factual knowledge with creative interpretation
(Argunsah, 2013, p. 45).

Although many studies have examined individual Turkish historical novelists, comparative research
on the relationship between national history and artistic imagination remains relatively limited. This
study addresses that gap by comparatively analysing selected novels by Namik Kemal, Kemal Tahir,
Tarik Bugra, Mustafa Necati Sepetgioglu, Atsiz, and Iskender Pala. It explores how historical reality
is transformed into literary narrative and how different writers reinterpret the same historical periods
through their own artistic vision. The study argues that the enduring value of the Turkish historical
novel lies in its ability to establish a meaningful dialogue between historical reality and creative
imagination, offering readers not only knowledge about the past but also a deeper understanding of
national identity and cultural memory.

Mustafa Necati Sepetgioglu offers another perspective on the Turkish historical novel. In his works
history is not presented as a simple sequence of events. Instead he combines historical facts with epic
tradition, collective memory, folklore, and religious symbolism. Historical figures remain connected
to real events, but they also become symbols of national unity, sacrifice, and continuity (Tekin, 2018).
This approach shows that literary imagination does not weaken historical authenticity. On the contrary
it helps readers build a stronger emotional connection with the past.

The diversity of Turkish historical fiction also shows that every writer approaches history differently.
Authors choose different events, focus on different historical figures, and highlight different aspects
of'the same period. Their choices are influenced by their own intellectual background, cultural values,
and literary aims. As a result the same historical event can lead to different interpretations without
losing its historical foundation. This diversity is one of the defining features of the Turkish historical
novel.

Artistic imagination plays an essential role in this process. It allows historical events to be
experienced through the lives of individuals rather than through facts alone. Historical characters
become people with emotions, fears, hopes, and personal struggles. At the same time fiction makes it
possible to explore aspects of the past that cannot easily be explained through historical documents
such as memory, personal experience, and cultural identity. In this way literature complements history
instead of competing with it. The lasting influence of the Turkish historical novel comes from its
ability to maintain a balance between historical reality and creative interpretation. A novel that relies
only on historical facts may lose its literary appeal, while unlimited imagination can reduce its
historical credibility. Successful historical novels bring these two elements together and create
narratives that are both convincing and meaningful. They help preserve collective memory and
encourage readers to think about the past from different perspectives.

This study adopts a comparative approach to examine how Turkish writers reinterpret national history
through different literary strategies. It focuses on selected novels by Namik Kemal, Kemal Tahir,
Tarik Bugra, Mustafa Necati Sepet¢ioglu, Atsiz, and Iskender Pala. The analysis explores the
relationship between historical reality and artistic imagination, paying particular attention to
characterization, narrative structure, symbolism, and the representation of national identity. The study
argues that the strength of the Turkish historical novel lies in its ability to transform historical
knowledge into meaningful literary experience while preserving its connection with the historical
past.
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Materials and Methods

The present study is based on a qualitative research design and employs a comparative literary
analysis to examine the relationship between national history and artistic imagination in the
development of the Turkish historical novel. Rather than measuring historical accuracy through
quantitative indicators, the research seeks to understand how different writers reconstruct the past
through literary discourse and how their individual artistic perspectives shape representations of
national history. This approach makes it possible to move beyond descriptive summaries and to
explore the interpretative mechanisms through which historical reality is transformed into narrative
experience.

Comparative literary studies have long emphasized that works belonging to the same genre often
reveal their distinctive characteristics only when they are examined alongside one another. Historical
novels, despite sharing a common interest in the past, differ considerably in narrative organization,
ideological orientation, characterization, and historical interpretation. Consequently, the present
research adopts comparison not merely as a technical method but as an analytical framework capable
of identifying both common literary tendencies and individual creative strategies. The comparison
focuses not on determining which novel is "more historical", but on understanding how different
authors assign literary meaning to similar historical phenomena.

The corpus of the study consists of selected historical novels representing different stages in the
evolution of Turkish historical fiction. Particular attention is given to Cezmi by Namik Kemal, Devlet
Ana by Kemal Tahir, Osmancik by Tarik Bugra, the historical trilogy (Kilit, Anahtar, and Kap1) by
Mustafa Necati Sepetcioglu, Bozkurtlar by Atsiz, and Sah ve Sultan by iskender Pala. These novels
were selected because they represent different historical periods, literary generations, and ideological
approaches while sharing a common concern with the literary reconstruction of Turkish history.

The selected texts span nearly one hundred and fifty years of literary development, beginning with
the late Ottoman modernization period and extending into contemporary Turkish literature. Such
chronological diversity enables the study to observe how literary perceptions of history have changed
over time. The research assumes that historical fiction is not only influenced by the historical period
represented in the narrative but also by the social, intellectual, and political environment in which the
author writes. Accordingly, each novel is examined simultaneously within two historical contexts: the
historical era depicted in the narrative and the historical moment of the author's own intellectual
production. This dual perspective allows the analysis to distinguish between historical reconstruction
and contemporary interpretation.

To ensure analytical consistency, the comparison is organized around five interconnected dimensions.
The first concerns the representation of national history and the selection of historical events.
Particular attention is paid to which historical episodes are emphasized, which are marginalized, and
how historical continuity is established within the narrative. The second dimension examines artistic
imagination, focusing on the literary techniques through which historical material is reshaped. This
includes fictional characters, reconstructed dialogues, symbolic episodes, psychological interiority,
and imaginative narrative expansions that extend beyond documentary history while remaining
compatible with the broader historical framework.

The third analytical dimension addresses characterization. Historical protagonists are examined not
simply as reflections of documented historical figures but as literary constructions shaped by narrative
purpose. The analysis investigates how individual authors balance historical authenticity with artistic
creativity when constructing the personalities, motivations, and ethical dilemmas of historical
characters. Differences in characterization frequently reveal broader ideological positions regarding
leadership, nationhood, social justice, religion, and statehood.
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A fourth dimension concerns narrative discourse and historical perspective. Historical novels
inevitably organize historical knowledge through particular narrative voices. Some narrators remain
relatively detached from historical events, while others openly guide readers toward specific moral
or ideological interpretations. The study therefore examines narrative perspective, temporal
organization, symbolism, and intertextual references in order to understand how literary discourse
influences readers' perception of historical reality. Special consideration is given to the interaction
between documented historical information and fictional narration, since this interaction constitutes
one of the defining characteristics of historical fiction.

The final analytical dimension focuses on the relationship between collective memory and national
identity. Rather than treating national identity as a fixed historical category, the study approaches it
as a literary construction that evolves through narrative representation. Historical novels participate
actively in shaping cultural memory by selecting certain historical experiences as representative of
national consciousness while assigning symbolic significance to particular historical figures and
events. The analysis therefore considers how literary imagination contributes to the formation,
preservation, and reinterpretation of collective historical memory across different generations of
Turkish writers.

Methodologically, the research combines several complementary theoretical perspectives.
Comparative literature provides the principal analytical framework by enabling systematic
comparison among different authors and texts. This framework is supported by hermeneutic
interpretation, which emphasizes the contextual understanding of literary meaning rather than isolated
textual description. At the same time, the study draws upon principles associated with New
Historicism, acknowledging that literary texts and historical discourse continuously influence one
another rather than existing as separate systems of knowledge. Finally, selected narratological
concepts are employed to examine characterization, narrative voice, temporal organization, and
symbolic representation within the novels.

The interpretation of the selected texts follows an inductive analytical strategy. Instead of imposing
predetermined theoretical conclusions upon the novels, recurring literary patterns are identified
through close reading and subsequently interpreted within broader historical and cultural contexts.
Such an approach allows similarities and differences to emerge organically from the textual evidence
itself, reducing the risk of ideological overgeneralization while preserving the individual artistic
identity of each author.

Particular importance is attached to textual evidence throughout the analysis. Comparative
observations are derived not from isolated quotations but from recurring narrative structures, thematic
patterns, and stylistic tendencies observed across the selected corpus. This methodological choice
reflects the understanding that historical fiction should be examined as a complex literary system in
which narrative form, historical consciousness, ideological discourse, and artistic imagination
function as interdependent components rather than independent analytical categories.

Accordingly, the methodological framework adopted in this study is intended to illuminate the
dynamic interaction between documented history and literary creativity. By examining historical
novels comparatively rather than individually, the research seeks to reveal how different writers
reconstruct national history through distinct artistic strategies while simultaneously contributing to
the broader evolution of the Turkish historical novel as both a literary genre and a medium of cultural
memory.

Results

The comparative analysis shows that the Turkish historical novel has developed as much more than
a literary genre that recounts the past. Throughout its evolution, it has become a space where history
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is interpreted through different literary perspectives and where artistic imagination plays a central
role in shaping historical meaning. Although the selected writers draw on the same national history,
they differ in the way they understand historical events, construct their narratives, and represent
national identity. These differences do not arise from conflicting historical facts but from the authors'
individual worldviews, literary styles, and ideological approaches.

One of the main findings of this study is that Turkish historical novelists do not treat history as a fixed
and complete account of the past. Instead, history is presented as a living source that can be
reinterpreted by every generation. This becomes especially clear when different writers focus on the
same historical period. Rather than repeating the same narrative, each author highlights different
social, political, or cultural aspects of history. As a result, the Turkish historical novel presents
multiple interpretations of the national past while remaining connected to historical reality (White,
2005, p. 151).

This tendency can already be seen in Cezmi, where Namik Kemal uses history not simply to describe
the Ottoman-Safavid conflicts but to express ideas about patriotism, freedom, and national
consciousness. The historical setting provides the background, yet the novel reflects the intellectual
concerns of the Tanzimat period as much as the sixteenth century (Degirmenci, 2020). This
demonstrates that historical novels often represent both the period they describe and the period in
which they are written.

The comparison between Kemal Tahir's Devlet Ana and Tarik Bugra's Osmancik further illustrates
how literary interpretation shapes historical narrative. Both novels focus on the foundation of the
Ottoman state, yet they explain this process in different ways. Kemal Tahir emphasizes social
structure, justice, and collective responsibility as the foundations of state formation. Tarik Bugra, by
contrast, places the moral development of Osman Gazi at the centre of the narrative and presents
personal growth as the driving force behind historical change. Although both writers rely on the same
historical background, they assign different meanings to the events they describe (Giilendam, 2002,

p. 12).

A similar approach can be observed in the novels of Mustafa Necati Sepetcioglu. His works combine
historical facts with epic tradition, folklore, religious symbolism, and collective memory. Instead of
separating documented history from cultural imagination, he brings these elements together to create
a richer historical narrative. In this way, history becomes not only a record of past events but also a
reflection of shared cultural values and national memory.

Overall, the findings indicate that artistic imagination does not weaken historical authenticity. On the
contrary, it enables writers to present history in a more meaningful and engaging way while preserving
its historical foundations. The Turkish historical novel therefore emerges as a literary form that
connects historical reality with cultural memory and national identity, allowing readers to understand
the past through different yet equally valuable perspectives.

Another important finding of this study is that national history is preserved not only through official
historical records but also through cultural memory. Stories, traditions, beliefs, and symbols help
societies keep their past alive and give historical events a deeper emotional meaning. This idea is
especially clear in the novels of Mustafa Necati Sepetcioglu. By combining documented history with
folklore, epic tradition, and cultural symbolism, he presents history as a living part of national identity
rather than as a collection of facts. His novels show that artistic imagination enriches historical
understanding by revealing cultural and emotional dimensions that are often absent from conventional
historical writing (Samsake1, 2023).

The comparative analysis also demonstrates that the Turkish historical novel has changed
significantly over time. While earlier novels focused mainly on political events and military
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achievements, later works pay greater attention to the cultural, psychological, and moral aspects of
history (Timur, 2002). This shift reflects a broader change in Turkish literary thought, where history
is understood not only as a record of past events but also as a way of exploring national identity and
collective experience.

A similar development can be seen in the portrayal of historical characters. In the novels examined in
this study, historical figures are presented as complex individuals rather than idealized heroes. They
face difficult decisions, personal struggles, and moral responsibilities that make them more
convincing and relatable (Timur, 2002). By emphasizing their human qualities, the writers encourage
readers to understand history through individual experience as well as historical events.

The analysis further shows that Turkish historical fiction has gradually expanded its understanding of
historical truth. Alongside rulers, soldiers, and political leaders, increasing attention is given to
ordinary people whose lives are shaped by historical change (Moran, 2019a). This broader perspective
suggests that national history is created not only by major political events but also by the everyday
experiences, beliefs, and values of society.

These differences become particularly clear in the works of Atsiz and Iskender Pala. Although both
writers draw inspiration from Turkish history, they interpret the past in different ways and employ
distinct literary approaches. Their novels demonstrate the richness of the Turkish historical novel and
show how artistic imagination allows the same historical heritage to be understood from different
perspectives while remaining connected to historical reality.

Atsiz presents history from a strongly national perspective. In Bozkurtlar, the idea of the Turkish
nation shapes both the characters and the events of the novel. Values such as courage, loyalty,
sacrifice, and unity remain at the centre of the story, while the protagonists are portrayed as
individuals devoted to protecting their people and their homeland. Through this approach, history
becomes more than a record of the past. It becomes a source of national pride and a way of
strengthening cultural identity. Atsiz uses literary imagination to make historical events more vivid
and emotionally meaningful without losing their connection to historical reality (Atsiz, 2019).

Iskender Pala offers a different interpretation of history. In Sah ve Sultan, he moves beyond heroic
narratives and explores the human side of historical events. The conflict between Sultan Selim I and
Shah Ismail is presented not only as a political struggle but also as a story shaped by personal beliefs,
emotions, and difficult decisions (Giilendam, 2008). His historical characters are neither completely
heroic nor entirely flawed. Instead, they are shown as complex individuals whose actions are
influenced by both historical circumstances and personal experiences. This approach encourages
readers to think about history from different perspectives rather than accept a single interpretation.

The comparison between Atsiz and Iskender Pala demonstrates the diversity of the Turkish historical
novel. While Atsiz highlights collective ideals and national unity, Pala gives greater attention to the
emotional and psychological dimensions of history. Despite these differences, both writers contribute
to preserving national history through literature. One emphasizes shared values and heroic memory,
while the other reveals the human experiences behind historical events.

The analysis also shows that historical settings play an important role in shaping the meaning of these
novels. Places such as frontier regions, cities, battlefields, and imperial capitals are more than simple
locations where events take place. They reflect cultural memory, historical change, and the values
associated with different periods of Turkish history. In each novel, space helps create the atmosphere
of the narrative and strengthens the connection between the reader and the historical world being
described.
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Time is treated with similar flexibility. Unlike historians, who generally follow a strict chronological
order, novelists organize historical events according to the needs of the narrative. Important moments
may receive greater attention, while long historical periods can be presented briefly. These narrative
choices do not change historical reality. Instead, they help readers focus on the events, emotions, and
experiences that are most significant for understanding the past (Islam-Kiilahlioglu, 2004, p. 117). In
this way, the Turkish historical novel combines historical knowledge with literary storytelling to
create a richer and more engaging interpretation of history.

The findings also show that artistic imagination is not simply an additional element of historical
fiction. It is one of the main features that gives historical events literary meaning. Without
imagination, historical novels would become little more than a retelling of historical facts. At the
same time, imagination remains closely connected to historical reality. The most successful Turkish
historical novels achieve a balance between historical accuracy and creative interpretation, allowing
readers to understand not only what happened but also the cultural and emotional significance of
those events (Moran, 2019b).

Despite their differences in style and ideology, the writers examined in this study share a common
view of history. They present the past as a living part of cultural identity rather than as a closed and
unchanging record (Moran, 2019¢). Their novels suggest that every generation returns to history with
new questions and new perspectives. As a result, the Turkish historical novel has continued to develop
by offering new interpretations of the past while preserving its historical foundations.

The analysis also demonstrates that historical characters play a key role in connecting history with
literary imagination. Although these figures are based on real historical personalities, their thoughts,
emotions, and personal conflicts are created through fiction. Historical sources can explain what these
individuals did, but they rarely reveal how they experienced the events around them. It is through
literary imagination that writers give historical figures a human voice and make them more
meaningful to modern readers.

This can be clearly seen in the novels of Kemal Tahir and Tarik Bugra. Both writers focus on the
figure of Osman Gazi, yet they interpret his role in different ways. Kemal Tahir explains the rise of
the Ottoman state through social organization, justice, and collective responsibility. Tarik Bugra, in
contrast, emphasizes personal growth and moral development, presenting leadership as the result of
individual transformation (Nemutlu, 2023, p. 109). Although both novels are based on the same
historical period, they offer different explanations for the emergence of the Ottoman state,
demonstrating how artistic imagination shapes historical interpretation without changing historical
facts.

Historical conflicts are also presented as more than political or military events. Battles and struggles
for power become opportunities to explore broader themes such as identity, loyalty, justice, and
responsibility (Prigozhin, 2026, p. 63). While earlier historical novels often drew a clear distinction
between heroes and their opponents, later writers tend to present historical figures as more complex
individuals. This approach makes historical narratives more balanced and convincing, showing that
the past cannot always be understood through simple oppositions. By combining historical knowledge
with literary creativity, Turkish historical novelists offer readers a deeper and more nuanced
understanding of national history.

Another important finding of this study concerns the role of collective memory in the Turkish
historical novel. The selected writers show that the past is preserved not only through historical
records but also through language, traditions, beliefs, architecture, and everyday cultural practices
(Tastan, 2006). In this sense, historical novels perform a different function from academic history.
While historians document the past through evidence, novelists preserve the emotions, values, and
cultural meanings that surround historical events.
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This perspective also explains why certain periods and events appear repeatedly in Turkish historical
fiction. The foundation of the Ottoman state, the conquest of Constantinople, and the struggles on the
eastern frontiers are not important only because of their historical significance (Nazli, 2019). They
also occupy a special place in Turkish cultural memory. Although these events remain the same, each
writer interprets them differently. Some focus on political development, others emphasize moral
values, individual sacrifice, or cultural continuity. These different interpretations enrich the literary
tradition and demonstrate that history can be understood from more than one perspective.

The comparative analysis also highlights the importance of narrative style. Each writer uses language
in a distinctive way that reflects both personal literary preferences and the intellectual climate of the
period. Namik Kemal writes with the patriotic tone of the Tanzimat era, while Kemal Tahir adopts a
more realistic and analytical style. Tarik Bugra combines historical narration with philosophical
reflection, Mustafa Necati Sepetcioglu draws on the traditions of oral storytelling, and Iskender Pala
enriches his narratives through symbolism and references to classical Ottoman literature. These
stylistic differences influence not only the artistic quality of the novels but also the way readers
understand historical events (Tosun, 2022).

The findings further show that Turkish historical fiction balances continuity and change. The past is
presented as an important source of national identity, yet every generation interprets it according to
its own social and cultural concerns. Writers do not simply repeat historical narratives. Instead, they
return to familiar events and offer new ways of understanding their meaning (Altin & Baylan, 2023).
This continuing reinterpretation has played an important role in the development of the Turkish
historical novel and has helped keep the genre relevant across different periods.

For this reason, Turkish historical novels should be viewed as more than literary retellings of
historical events. They offer thoughtful interpretations that connect history, literature, and cultural
identity. By combining historical knowledge with artistic imagination, these novels encourage readers
to reflect on the past and to understand its significance from different perspectives. The comparison
also confirms that the lasting influence of the Turkish historical novel comes from its ability to
balance historical reality with creative expression. Historical evidence provides credibility, while
literary imagination adds emotional depth, symbolic meaning, and human experience. Together, these
elements allow historical fiction to preserve both the factual and the cultural dimensions of the past.

Finally, the analysis suggests that the interpretation of history depends not only on historical evidence
but also on the way that evidence is presented. Historians and novelists may begin with the same
historical events, yet they pursue different aims. Historians seek to explain what happened, whereas
novelists explore how those events were experienced by individuals and communities. This difference
gives the historical novel its unique place in preserving cultural memory. This idea is consistent with
Hayden White's view that historical narratives are shaped through interpretation rather than by facts
alone (Tezcan, 2018, p. 633). The Turkish historical novels examined in this study support this
perspective by showing that history becomes meaningful when historical events are connected with
human experience, literary narrative, and cultural memory. As a result, these novels help readers
understand not only the past itself but also the values and experiences that continue to shape national
identity today.

A comparison of Devlet Ana and Sah ve Sultan clearly shows that Turkish historical novelists can
interpret the same historical period in different ways. Both novels are based on Ottoman history, but
their focus is not the same. In Devlet Ana, Kemal Tahir explains the foundation of the Ottoman state
through social order, justice, and strong community values (Beyaz, 2019, p. 122). The development
of the state is presented as a gradual social process. In contrast, Iskender Pala's Sah ve Sultan focuses
more on the inner lives of historical figures. Alongside political events, the novel explores faith,
personal conflict, and emotional struggles. Although both writers remain connected to historical facts,
each presents history from a different perspective.
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This comparison supports Paul Ricoeur's idea that people understand history through stories.
Historical facts become more meaningful when they are presented as part of a narrative. Turkish
historical novels do not simply repeat historical events. Instead, they explain how those events
affected individuals and society. In this way, literature adds a human dimension to history without
replacing historical reality (Heller, 2011, p. 92).

The selected novels also show that history is closely connected with national identity. They encourage
readers to think about the origins of the Turkish nation, the development of the Ottoman state, and
the values that have shaped Turkish society. Benedict Anderson's concept of the nation as an
"imagined community" helps explain this idea. Through literature, people from different generations
share a common historical memory and develop a stronger sense of cultural belonging. Although all
of the writers focus on Turkish history, each follows a different artistic approach. Kemal Tahir
emphasizes social structure and historical development. Tarik Bugra gives greater importance to
personal growth and moral responsibility. Mustafa Necati Sepetgioglu combines historical facts with
epic tradition and collective memory. Iskender Pala highlights the psychological and cultural aspects
of historical events, while Atsiz presents history through heroism, courage, and national ideals. These
differences show that the Turkish historical novel offers multiple ways of understanding the same
historical past (Moran, 2019b).

The analysis also shows that artistic imagination is not separate from history. Historical documents
explain what happened, but novels help readers understand how people experienced those events.
Through characters, dialogue, and symbolism, writers make history more vivid and emotionally
meaningful while remaining connected to historical reality. Overall, the comparison demonstrates
that Turkish historical novels do more than describe the past. They help preserve cultural memory
and encourage readers to look at history from different perspectives. Although Namik Kemal, Kemal
Tahir, Tarik Bugra, Mustafa Necati Sepetcioglu, Atsiz, and Iskender Pala interpret history in different
ways, they all show that national history is a living part of cultural identity. This balance between
historical reality and artistic imagination has played an important role in the development of the
Turkish historical novel.

Another important finding of this study is how Turkish historical novelists use historical sources.
Although they write about real historical events, they do not simply retell history. Instead, they
carefully choose which events, characters, and details best serve the purpose of the novel. Some
events are described in detail, while others receive little attention. This does not reduce the historical
value of the novels. Rather, it shows that every writer interprets history according to a particular
literary perspective.

This difference can be clearly seen in the works of Kemal Tahir and Tarik Bugra. In Devlet Ana,
Kemal Tahir focuses on the social structure of the early Ottoman state. He gives more attention to
justice, social order, and community life than to military victories. Tarik Bugra follows a different
approach in Osmancik. Instead of concentrating on political events, he presents history through the
personal growth and moral development of the main character. Although both novels describe the
same historical period, they explain it from different viewpoints (Giilendam, 2002). The writers also
shape historical time according to the needs of the story. Long historical periods may be presented
briefly, while an important conversation or personal decision can occupy several pages. This allows
the authors to emphasize the moments they consider most meaningful. In the same way, historical
decisions are not presented only as political events. Writers also explore the emotions, doubts, and
responsibilities behind those decisions, making historical figures feel more realistic and human.

Another common feature of Turkish historical novels is the importance given to fictional secondary
characters. Alongside well-known historical figures, writers introduce ordinary people such as
soldiers, farmers, craftsmen, women, and religious scholars. These characters help readers understand
how major historical events affected everyday life (Mecidova, 2019).
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The comparison also shows that different authors give readers different levels of freedom to interpret
history. Some writers present clear messages about historical events, while others leave more space
for readers to draw their own conclusions (Heller, 2011). As a result, Turkish historical novels not
only preserve national history but also encourage readers to think about it from different perspectives.
Overall, the analysis demonstrates that the Turkish historical novel has developed far beyond simply
retelling historical events. It combines historical knowledge with artistic imagination to create
narratives that are both historically convincing and emotionally engaging. This balance between fact
and fiction is one of the main reasons why the Turkish historical novel continues to hold an important
place in modern literary studies.

Discussion

The findings of this study show that the Turkish historical novel has developed into much more than
a literary genre that simply retells historical events. It has become an important way of interpreting
national history and preserving cultural memory. Although the selected writers differ in their literary
style and understanding of history, they all demonstrate that the past can be presented from different
perspectives without losing its historical foundation. This diversity has played a significant role in the
development of the Turkish historical novel.

The comparative analysis also indicates that artistic imagination strengthens rather than weakens
historical representation. While historical documents provide factual information, novels help readers
understand the emotions, values, and human experiences behind historical events (Kara, 2021). In
this way, literature complements history by presenting aspects of the past that cannot always be found
in official records. As a result, historical novels contribute not only to literary development but also
to the preservation of cultural identity and collective memory. The comparison of Kemal Tahir, Tarik
Bugra, Mustafa Necati Sepetcioglu, Atsiz, and Iskender Pala demonstrates that each writer
approaches the same historical reality from a different perspective. Kemal Tahir focuses on social
structure and institutions, Tarik Bugra emphasizes moral development and leadership, Sepetcioglu
combines history with epic tradition and collective memory, Atsiz highlights national ideals and
heroism, while Iskender Pala explores the psychological and cultural dimensions of historical events.
These different approaches do not contradict one another. Instead, they broaden the literary
interpretation of Turkish history and show the richness of the historical novel as a genre.

The findings also support the views of Hayden White and Paul Ricoeur, who argue that history
becomes meaningful through narrative. Turkish historical novels confirm this idea by transforming
historical knowledge into stories that connect the past with the present. Rather than presenting history
as a completed process, they encourage readers to reflect on its continuing influence on national
identity and cultural values. Overall, this study suggests that the lasting importance of the Turkish
historical novel lies in its successful balance between historical reality and artistic imagination. By
combining historical facts with literary creativity, Turkish novelists have created works that not only
preserve the past but also encourage new ways of understanding it. This balance remains one of the
main reasons why the Turkish historical novel continues to occupy an important place in both Turkish
literature and comparative literary studies.

Conclusion

The present study set out to examine how national history and artistic imagination interact in the
development of the Turkish historical novel. The comparative analysis confirms that historical fiction
occupies a unique position between historiography and literature. While remaining connected to
documented historical events, it offers possibilities of interpretation that extend beyond the limits of
historical narration. Through literary imagination, history is not altered but re-experienced, allowing
readers to engage with the past on both an intellectual and an emotional level.
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The analysis also demonstrates that the Turkish historical novel has never followed a single literary
model. From Namik Kemal's early attempts to connect history with the ideals of patriotism and
national awakening to the more philosophically and psychologically complex narratives of Kemal
Tahir, Tarik Bugra, Mustafa Necati Sepetcioglu, Atsiz and Iskender Pala, each generation has
introduced new ways of understanding the relationship between history and literature. Although these
writers differ in style and worldview, they share a common conviction that the past should not remain
a static record of completed events. Instead, history continues to acquire new meanings as each
generation revisits it from its own cultural and intellectual perspective.

A significant outcome of this research is the recognition that artistic imagination should not be
regarded as an element that distances historical fiction from historical reality. On the contrary, it
enables writers to reveal dimensions of the past that are often absent from documentary sources.
Personal dilemmas, ethical choices, emotional conflicts and the everyday experiences of ordinary
people become essential components of historical understanding. In this way, the historical novel
complements rather than competes with academic historiography, enriching the reader's perception
of national history through narrative interpretation.

The comparative perspective adopted in this article further demonstrates that the same historical event
may generate different literary meanings without losing its historical foundation. Each novelist
constructs the past according to a particular aesthetic vision, intellectual background and cultural
sensitivity. These differences should not be interpreted as contradictions but as evidence of the
richness of the Turkish historical novel. The coexistence of multiple perspectives allows national
history to be approached from social, political, cultural, psychological and philosophical viewpoints,
thereby expanding its literary and scholarly significance.

Another conclusion that emerges from the study concerns the role of historical fiction in preserving
cultural memory. The selected novels do more than reconstruct the past; they sustain a dialogue
between generations by transmitting shared values, historical experiences and cultural symbols. Their
contribution therefore extends beyond literature itself. They participate in the continuous
reinterpretation of national identity and help maintain the connection between historical
consciousness and contemporary cultural life. This function partly explains why historical novels
continue to occupy a central place within Turkish literary tradition despite changing literary
movements and historical contexts.

In conclusion, the development of the Turkish historical novel illustrates that the relationship between
national history and artistic imagination is not based on opposition but on mutual enrichment.
Historical reality provides literature with authenticity, while artistic imagination transforms that
reality into narratives capable of preserving cultural memory, stimulating critical reflection and
encouraging new interpretations of the past. It is precisely this dynamic interaction that has ensured
the vitality of the Turkish historical novel and secured its enduring place in both Turkish literature
and the broader field of comparative literary studies.

Finally, the findings of this study suggest several directions for future research. Comparative analyses
involving Turkish historical novels alongside historical fiction from other literary traditions could
offer a broader understanding of how different cultures reconstruct the past through narrative. In
addition, interdisciplinary studies combining literary criticism with cultural history, memory studies
and historiography may further illuminate the evolving relationship between historical reality and
artistic representation in historical fiction. Such approaches would contribute not only to Turkish
literary scholarship but also to wider discussions concerning the role of literature in shaping historical
consciousness.
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Digitalization of Freight Transport and its Contribution to
National Economic Growth

Asaf Aliyev! **/, Mehriban Imanova' **/, Nuriyya Ibrahimova? ",
Asif Abdullayev? */, and Ziya Guliyev”

Abstract. The digital transformation of freight transport systems has become an important factor in
improving logistics efficiency, trade connectivity, and national economic competitiveness. The
integration of digital technologies into freight transportation enhances supply chain transparency,
reduces operational costs, and supports the development of more efficient and sustainable logistics
networks. This study examines the contribution of freight transport digitalization to national
economic growth through a quantitative analytical framework. The research integrates econometric
modeling, comparative statistical analysis, and transport performance indicators to evaluate the
relationship between digital logistics development and macroeconomic performance. Key
explanatory variables include freight transport infrastructure indicators, energy efficiency metrics,
and the Logistics Performance Index, which are analyzed in relation to gross domestic product
dynamics. The empirical analysis indicates a significant positive relationship between freight
transport modernization, logistics efficiency, and economic growth. Improvements in logistics
performance and digital transport management systems contribute to reduced transportation costs,
improved supply chain reliability, and enhanced trade connectivity. Comparative analysis across
different country groups shows that the economic benefits of transport digitalization are particularly
significant in developing and emerging economies, where improvements in logistics efficiency can
substantially increase productivity and market accessibility. The findings highlight the strategic role
of freight transport digitalization in supporting sustainable economic development and emphasize
the importance of integrated transport policies that combine infrastructure investment, digital
technologies, and energy efficiency improvements.
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infrastructure, energy efficiency, supply chain management
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Yiik dasimalarinin rogomsallasdirilmasi vo onun milli
iqtisadi artima tohfosi

Asof Bliyev! ), Mehriban imanova! ("), Nuriyya ibrahimova? ),
Asif Abdullayev? */, Ziya Quliyev®

Xiilasa. Yiikdasima naqliyyati sistemlorinin raqamsal transformasiyasit logistika samaraliliyinin
artirllmasi, ticarat alagalarinin giiclondirilmasi va milli iqtisadi raqabat qabiliyyatinin yiiksaldilmasi
baximindan miihiim amilo ¢evrilmisdir. Ragamsal texnologiyalarin yiikdasimada totbiqi tochizat
zancirinin saffafligint artirwr, amaliyyat xarclorvini azaldwr va daha samorali va dayaniql logistika
sabakalorinin  formalasmasina  sarait yaradwr. Bu tadqgigat  yiikdasima  naqliyyatinin
raqgamsallasdrilmasinin milli iqtisadi artima tasirini kamiyyat analitik ¢argivasi asasinda aragdirir.
Arasdirmada raqamsal logistikanin inkisafi ilo makroiqtisadi gostoricilor arasindaki alagoni
qiymatlondirmak maqsadilo ekonometrik modellagdirma, miigayisali statistik tohlil va naqliyyat
foaliyyat gostoricilorindan istifada olunmusdur. Osas izah edon dayisonlor kimi yiikdasima nagliyyati
infrastruktur gostoricilori, enerji samoaraliliyi meyarlart va Logistika Performansi Indeksi
gotiiriilmiig, onlar iimumi daxili mahsulun dinamikast ilo alaqali sakilda tahlil edilmisdir. Empirik
tahlilin naticalori yiikdasima naqliyyatinin modernlasdirilmasi, logistika samaraliliyi va iqtisadi artim
arasinda ahamiyyatli miisbat alaqanin movcud oldugunu gostorir. Logistika performansinin va
raqgamsal naqliyyat idaraetma sistemlorinin tokmillagdirilmasi naqliyyat xarclorinin azalmasina,
tachizat zancirinin etibarliliginin yiiksalmasina va ticarat alagalorinin geniglonmasina tohfo verir.
Miixtaolif  olko  qruplart  iizro  aparimis  miigayisali  tohlil  géstorir ki, nagqliyyatin
roqomsallasdirilmasmn igtisadi tistiinliiklori xiisusilo inkisaf etmokda olan va kegid igtisadiyyatl
Olkalarda daha nazaracarpandir. Bels ki, logistika somoaraliliyindaki yaxsilasmalar mahsuldarligin va
bazarlara ¢ixis imkanlarinin ahamiyyatli doracads artmasina sabab olur. Tadgigatin naticalori
viikdasima naqliyyatinin ragamsallagdirimasinin dayanmiqli iqtisadi inkisafin tomin edilmasinda
strateji rol oynadigint vurgulaywr va infrastruktur investisiyalarini, roqamsal texnologiyalari va enerji
samaraliliyinin artiridmasini birlagdiran inteqrasiya olunmus naqliyyat siyasatlorinin ahamiyyatini 6n
plana ¢ixarr.

Acar sozlar: yiik dasimalarinin raqamsallasdirilmasi, logistika faaliyyatinin samaraliliyi, iqtisadi
artim, naqliyyat infrastrukturu, enerji samaraliliyi, tachizat zoncirinin idara edilmasi

'"Naxg1van Dovlot Universiteti, riyaziyyat {izra falsofa doktoru, Nax¢ivan, Azorbaycan

*Naxcivan Dévlot Universiteti, iqtisad iizro falsofs doktoru, Nax¢ivan, Azorbaycan

*Naxcivan Dévlot Universiteti, Nax¢ivan, Azorbaycan

"Mosul miiallif. E-pogt: ziyaquliyev@ndu.edu.az

Daxil oldu: 6 Yanvar 2026; Qobul edildi: 5 Tyun 2026; Onlayn dorc edildi: 22 Avqust 2026

© Misllif(lar) 2026. Bu agiq girisli moqgalo Creative Commons Attribution—NonCommercial 4.0 Beynoalxalq
Lisenziyasmin (CC BY-NC 4.0) sortlorino uygun olaraq yaymmlanmisdir.

Introduction

Transportation systems are a fundamental pillar of modern economic development, enabling the
movement of goods, services, and production inputs across regional and international markets (World
Bank, 2023). Efficient transport infrastructure reduces transaction costs, facilitates trade integration,
and enhances overall economic productivity. As global supply chains become more complex and
geographically dispersed, the role of transport systems in supporting sustainable economic growth
has become increasingly critical (OECD, 2023).
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Despite significant investments in transport infrastructure, important questions remain regarding the
magnitude and mechanisms through which transport systems influence national economic
performance. Policymakers require robust quantitative evidence on how improvements in transport
infrastructure, logistics performance, and energy efficiency affect key macroeconomic indicators such
as GDP, trade expansion, and productivity. In the absence of a clear analytical framework linking
transport development with measurable economic outcomes, designing effective investment
strategies and long-term transport policies becomes challenging (ITF, 2023).

Moreover, the transition toward sustainable and energy-efficient transport systems adds further
complexity to transport planning and economic modeling. Balancing economic growth with
environmental sustainability requires higher efficiency, lower emissions, and improved resource
utilization. Therefore, an integrated analytical framework combining transport infrastructure,
logistics performance, and energy efficiency within a macroeconomic model is essential for
understanding the broader economic impacts of transport system transformation (IEA, 2023).

A substantial body of literature examines the relationship between transport infrastructure and
economic development, emphasizing that improved connectivity reduces costs, increases market
accessibility, and enhances competitiveness. Studies in transport economics also highlight logistics
performance, trade facilitation, and infrastructure investment as key drivers of productivity and
growth (Kumar, 2021). However, several limitations persist. First, many studies rely on descriptive
or qualitative approaches without employing integrated quantitative models that simultaneously
capture multiple transport-related factors. Second, empirical research often focuses on individual
transport modes or specific regions, limiting the generalizability of findings. Third, few studies
incorporate engineering efficiency parameters-such as energy consumption and logistics
performance-into macroeconomic frameworks capable of estimating elasticity between transport
development and economic growth.

Furthermore, although organizations such as the World Bank, OECD, and International Transport
Forum emphasize the importance of transport infrastructure, there remains a lack of unified
frameworks combining system performance indicators with econometric modeling and scenario-
based analysis. This gap restricts the ability to quantitatively assess the long-term economic effects
of transport modernization and sustainability transitions. This study addresses these gaps by
developing an integrated analytical framework to evaluate the economic impact of transport system
development. It combines econometric modeling, comparative statistical analysis, and scenario-based
evaluation to quantify the relationship between transport infrastructure and economic growth.

The main contributions of the study include:

e Development of a macroeconomic model linking transport infrastructure, energy efficiency, and
logistics performance with GDP growth;

o Estimation of elasticity coefficients to quantify transport-driven economic effects;

e Comparative analysis across different economic contexts to identify structural differences in
transport-growth relationships;

e Scenario-based simulations to evaluate long-term impacts of transport system transformation.

Integration of transport engineering indicators with macroeconomic modeling, bridging an important
methodological gap. By combining engineering parameters with economic analysis, the study
provides a more comprehensive understanding of how transport systems support sustainable
development. The proposed framework offers practical and theoretical insights for policymakers and
transport planners. Unlike previous studies, this research introduces a unified econometric framework
that simultaneously integrates infrastructure, logistics performance, and energy efficiency within a
dynamic panel model, representing a methodological advancement over conventional single-factor
approaches.
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Research

Transport-growth nexus. The relationship between transportation development and economic growth
has long been a central topic in transport economics and regional development. Transport
infrastructure facilitates the movement of goods, services, and labor, reducing transaction costs and
improving market accessibility. Efficient transport networks enable firms to expand market reach,
optimize supply chains, and enhance productivity, thereby contributing to national economic growth
(Taniguchi, 2019). Classical economic theory views infrastructure investment as productive capital
that stimulates economic efficiency and industrial development. Empirical studies confirm that
improvements in transport infrastructure reduce costs, increase trade volumes, and enhance regional
competitiveness. The expansion of railways, highways, and multimodal corridors has been linked to
spillover effects such as job creation, increased investment, and improved spatial integration.

Recent studies increasingly apply econometric and panel-data methods to estimate the elasticity
between transport development and economic output. While a positive relationship between transport
investment and GDP growth is widely confirmed, its magnitude varies depending on development
level, geographic conditions, and management efficiency. In developing economies, the marginal
impact of infrastructure improvements is typically higher due to existing connectivity constraints.
However, transport infrastructure alone does not guarantee economic growth. Its effectiveness
depends on complementary factors such as logistics efficiency, institutional quality, regulatory
frameworks, and technological innovation.

Sustainability studies in transport systems. Sustainable transportation has become a key focus in
research and policy due to the sector’s significant contribution to global energy consumption and
greenhouse gas emissions. This has intensified the need for environmentally sustainable mobility
solutions.

Research primarily focuses on improving energy efficiency, reducing emissions, and promoting
environmentally friendly transport modes such as rail systems, electric mobility, and multimodal
logistics. These approaches align with global frameworks like the United Nations Sustainable
Development Goals. Improvements in energy efficiency reduce fuel consumption and environmental
externalities while enhancing operational performance. In addition, digital technologies, intelligent
transport systems, and data-driven logistics optimization play a growing role in sustainability by
enabling efficient routing, fleet management, and real-time monitoring (Abbasov, 2025). Although
many studies attempt to integrate environmental and economic indicators, the incorporation of
sustainability metrics into macroeconomic growth models remains limited.

Logistics performance and economic efficiency. Logistics performance is a critical component of
modern transport systems, directly influencing supply chain reliability, delivery times, and
operational costs. High-performing logistics networks enhance economic competitiveness by
improving efficiency and reducing uncertainty.

Logistics performance is commonly measured using composite indicators such as the Logistics
Performance Index, which evaluates infrastructure quality, customs efficiency, shipment reliability,
tracking capabilities, and timeliness. Empirical evidence, including studies by the World Bank, shows
a strong correlation between logistics efficiency and economic development (Hajiyeva, 2025).
Countries with higher logistics performance typically achieve greater trade volumes, stronger export
competitiveness, and higher income levels. Recent research highlights the increasing role of
digitalization in logistics improvement. Technologies such as real-time tracking, automated
documentation, and data-driven supply chain management enhance transparency and coordination,
improving both operational and macroeconomic performance.
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Despite its importance, logistics performance is rarely integrated directly into macroeconomic
transport-growth models. Consequently, the structural relationship between logistics efficiency,
transport infrastructure, and economic output remains insufficiently explored. To address this gap,
the present study incorporates transport infrastructure, logistics performance, and energy efficiency
into a unified econometric framework, enabling a more systematic analysis of transport-driven
economic growth (Christopher, 2016).

Data description. This study utilizes a balanced panel dataset covering 42 countries over the period
2000-2023, resulting in a total of 1,008 observations. The sample includes both developed and
developing economies to ensure cross-country comparability and structural diversity in transport
system performance.

The dataset is constructed from internationally recognized and publicly available sources:

- World Bank - World Development Indicators (GDP, energy use, transport indicators);
- World Bank Logistics Performance Index (World Bank, 2020);

- International Transport Forum - infrastructure statistics;

- International Energy Agency - transport energy consumption data.

Variables used in the analysis include:

- Gross Domestic Product (GDP, constant 2015 USD);

- Dependent variable;

- Transport Infrastructure Index - composite index based on road density, rail network length, and
port connectivity;

- Energy Efficiency Indicator - measured as transport energy consumption per unit of GDP;

- Logistics Performance Index - World Bank composite logistics efficiency indicator.

Prior to estimation, the dataset was subjected to several preprocessing procedures:

- Missing values were handled using linear interpolation and cross-sectional averaging;

- All variables were transformed into natural logarithms to ensure elasticity interpretation;

- Stationarity was tested using panel unit root tests (Levin-Lin-Chu and Im-Pesaran-Shin);

- Multicollinearity was checked using Variance Inflation Factor (VIF), with all values below the
critical threshold of 5 (Gulaliyev, 2025).

This structured dataset enables robust econometric estimation and ensures transparency and
reproducibility of results.

Econometric model. To quantify the structural relationship between the development of freight
transportation systems and macroeconomic performance, the study employs the following
econometric specification:

InGDPi=a+piInTli+ p2lnEE;~+ B3inLPli+pi+A+ei (1)

Where:

GDP - Gross Domestic Product, representing the overall level of economic output;

TI - Transport Infrastructure Index;

EE - Energy Efficiency indicator in the transport sector;

LPI - Logistics Performance Index;

B, B2, Ps - elasticity coefficients measuring the marginal effects of the explanatory variables;
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a - constant term;

Wi - country-specific effects capturing unobserved heterogeneity;

A - time-specific effects reflecting common macroeconomic shocks;
&ir- stochastic error term.

The logarithmic transformation of the variables allows the estimated coefficients to be interpreted as
elasticities, thereby providing a direct assessment of percentage changes in economic output
associated with changes in transport and logistics indicators. The model integrates both cross-
sectional and time-series dimensions, enabling the examination of structural differences across
countries as well as temporal dynamics. Country-specific effects account for factors such as
institutional quality, geographic conditions, and national policy frameworks, whereas time effects

capture global economic fluctuations, in cluding financial crises, trade disruptions, and external
shocks.

From a theoretical perspective, the model assumes that improvements in transport infrastructure,
logistics performance, and energy efficiency contribute to economic growth through three primary
channels:

1. Cost reduction effect - Improved infrastructure and logistics systems reduce transportation and
transaction costs.

2. Productivity enhancement effect - Efficient transport systems increase the speed and reliability of
supply chains.

3. Trade facilitation effect - Enhanced connectivity improves access to international markets and
strengthens export performance.

In addition, potential endogeneity between GDP and transport-related variables is explicitly
considered. Economic growth may influence infrastructure investment and logistics performance,
creating reverse causality. To address this issue, the model is estimated using a dynamic panel
approach with internal instruments, as described in the following section (Aliyev, 2025, p. 307).

Estimation technique: System-GMM. The econometric estimation is performed using the System
Generalized Method of Moments (System-GMM) estimator. This technique is widely used in
dynamic panel data analysis because it addresses several methodological challenges commonly
encountered in macroeconomic panel datasets.

First, the relationship between transport development and economic growth may suffer from
endogeneity, since economic growth itself can influence infrastructure investment and logistics
performance. The System-GMM estimator mitigates this issue by using internal instruments derived
from lagged values of the explanatory variables.

Second, panel datasets often exhibit unobserved country-specific heterogeneity, which can bias
traditional estimation techniques. System-GMM accounts for these unobserved effects by combining
equations in first differences with equations in levels.

Third, the method is particularly suitable for datasets characterized by relatively large cross-sectional
units and shorter time dimensions, which is typical in international comparative economic studies.

The estimation procedure therefore includes:

- Instrumental variable construction using lagged endogenous variables;
- Hansen test for over-identifying restrictions;
- Arellano-Bond tests for serial correlation in the residuals.
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These diagnostic tests ensure the statistical validity and robustness of the estimated model. By
applying the System-GMM estimator within the proposed econometric framework, the study provides
a reliable quantitative assessment of how improvements in transportation infrastructure, logistics
efficiency, and energy performance contribute to national economic growth.

Results

The econometric estimation was performed using the System-GMM to capture the dynamic
relationship between transport system development and economic growth while addressing
endogeneity and unobserved heterogeneity. The results reveal a statistically significant positive
relationship between transport system indicators and macroeconomic performance. Improvements in
transport infrastructure, logistics efficiency, and energy efficiency all contribute positively to GDP.
The model demonstrates strong explanatory power (R? = 0.76), indicating that a substantial share of
GDP variation is explained by the included variables. Diagnostic tests confirm the robustness of the
model. The Hansen test (p = 0.41) supports the validity of instruments, while Arellano-Bond tests
indicate expected first-order correlation (AR(1), p < 0.05) and no second-order autocorrelation
(AR(2), p = 0.27). Multicollinearity is not present (VIF < 3.2 for all variables).

Table 1
System-GMM regression results
Variable Coefficient Standard error Significance
Transport infrastructure index 0.094 0.021 p<0.01
Energy efficiency indicator 0.067 0.018 p <0.05
Logistics performance index 0.082 0.019 p<0.01
Constant 1.214 0.302 p <0.05

Transport infrastructure and logistics performance exhibit the strongest effects on GDP, while energy
efficiency also contributes significantly. Robustness checks-including alternative specifications,
exclusion of high-income countries, and lagged variables-confirm the stability of results (Aliyev,
2024, p. 22).

Elasticity analysis. Elasticity analysis provides further insight into the economic impact of transport
system improvements. The estimated coefficients indicate that:

e A 1% increase in transport infrastructure raises GDP by 0.094%
e A 1% improvement in energy efficiency increases GDP by 0.067%
* A 1% increase in logistics performance raises GDP by 0.082%

These findings highlight strong multiplier effects. Infrastructure enhances connectivity and trade,
logistics improves supply chain reliability, and energy efficiency reduces costs while supporting
sustainability. Importantly, logistics performance acts as a transmission mechanism, enabling
countries to more effectively convert infrastructure investments into economic gains. Overall,
transport systems function not only as physical networks but also as strategic drivers of productivity
and competitiveness.

Regional insight: Emerging economies. To complement the panel analysis, the results are interpreted
for emerging economies, including regions such as the Nakhchivan Autonomous Republic.

The findings indicate that developing regions experience higher marginal returns from transport
modernization due to existing infrastructure gaps. In particular:

e Infrastructure deficits increase growth elasticity.
« Digital logistics significantly reduces inefficiencies.
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Improved trade accessibility generates stronger GDP responses (Aliyev, 2024, p. 11). These results
suggest that targeted transport and digital investments in emerging regions can yield
disproportionately higher economic benefits compared to mature transport systems (Aliyev, 2025, p.
28).

Graphical analysis. Graphical analysis provides an additional visual interpretation of the econometric
results and helps illustrate the structural relationship between transportation system development and
economic performance. The figures presented in this section complement the regression analysis by
demonstrating the quantitative impact of transport infrastructure, logistics efficiency, and energy
performance on GDP dynamics.

Transport infrastructure and economic growth. Figure 1 presents a scatter plot illustrating the
relationship between the Transport Infrastructure Index and GDP growth ates across he
observedsample of countries. The figure includes a fitted regression line derived from the estimated
System-GMM model. The graphical pattern indicates a clear positive correlation between the level
of transport infrastructure development and economic output. Countries with more advanced
transport networks tend to demonstrate higher GDP growth rates, reflecting the role of infrastructure
in facilitating trade flows, improving accessibility, and increasing overall economic productivity
(World Bank, 2023).

The fitted regression line represents the estimated structural relationship obtained from the
econometric model. The positive slope confirms that improvements in transport infrastructure
contribute significantly to macroeconomic performance. As infrastructure capacity expands,
transportation costs decrease, logistics operations become more efficient, and market integration
improves.
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Figure 1

Scatter plot of transport infrastructure index and GDP growth
with fitted system-GMM regression line

Interpretation

The figure demonstrates that higher levels of transport infrastructure development are associated with
stronger economic performance. The clustering of observations around the regression line suggests a
consistent positive relationship between infrastructure investment and GDP growth across the
analyzed countries.
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Comparative elasticity of transport indicators. To further interpret the relative contribution of
different transport-related variables to economic growth, Figure 2 presents a comparative elasticity
diagram based on the estimated regression coefficients. The chart compares the magnitude of the
elasticity coefficients associated with three key explanatory variables: transport infrastructure,
logistics performance, and energy efficiency in the transport sector. These elasticities represent the
percentage change in GDP resulting from a one-percent increase in each respective indicator.
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Figure 2
Comparative elasticity of transport system indicators affecting GDP

Interpretation

The graphical comparison reveals that transport infrastructure exhibits the largest elasticity
coefficient, indicating that infrastructure investments produce the strongest macroeconomic impact
among the analyzed variables. The Logistics Performance Index also demonstrates a substantial
positive elasticity, highlighting the importance of efficient supply chain management and logistics
coordination in supporting economic productivity. Energy efficiency improvements in the transport
sector show a slightly smaller but still statistically significant elasticity effect. This indicates that
reducing energy intensity and improving operational efficiency contribute to sustainable economic
growth by lowering transport costs and improving resource utilization. Overall, the graphical analysis
confirms the econometric findings and visually illustrates the structural role of transport systems in
economic development. The combined evidence from regression estimation and graphical
interpretation reinforces the conclusion that modern, efficient, and sustainable transport systems are
critical drivers of long-term economic growth and competitiveness. Unlike conceptual illustrations
used in previous studies, the graphical results presented in this section are derived directly from the
estimated System-GMM model and actual panel dataset (Aliyev, 2025, p. 145).

Scenario simulation. Scenario-based simulation allows for the assessment of potential future
outcomes under varying levels of transport development and policy interventions. This approach
provides insights into how incremental improvements in infrastructure, logistics efficiency, and
energy performance may influence GDP growth, emissions, and operational efficiency over time.

Simulation scenarios. Three scenarios were modeled based on the projected evolution of transport
system indicators:

1. Baseline Scenario - Minimal additional investment in transport infrastructure and logistics
modernization, representing the current growth trajectory.

2. Moderate Development Scenario - 50% improvement in transport infrastructure and logistics
efficiency, reflecting targeted policy interventions and moderate digitalization.
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3. Full Integration Scenario - 90% advancement in infrastructure, digitalization of logistics, and
energy efficiency optimization, reflecting aggressive strategic investment and smart transport
adoption.

The simulations combine the System-GMM estimated parameters with scenario-specific projections
for each transport indicator to forecast GDP growth and efficiency improvements (OECD, 2022).

Graphical representation. Figure 3 presents the simulated GDP growth outcomes under the three
scenarios. The figure demonstrates both the absolute GDP trajectory and the relative percentage
increase compared to the baseline scenario.

Scenario Simulation: GDP Growth under Transport Development
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Baseline Moderate Development Full Development

Figure 3
Scenario simulation: GDP growth under baseline, moderate, and full transport development

Interpretation

- Under the Baseline Scenario, GDP grows at a moderate pace, reflecting limited improvements in
transport infrastructure and logistics performance;

- The Moderate Development Scenario yields a notable acceleration in GDP growth, highlighting
the measurable benefits of strategic investment in transport modernization;

- The Full Integration Scenario shows the highest GDP growth trajectory, emphasizing that
combined investments in infrastructure, digitalization, and energy efficiency produce the strongest
macroeconomic effect.

The figure clearly illustrates that incremental enhancements in transport systems can cumulatively
generate significant economic benefits, reinforcing the importance of integrated transport policy and
strategic planning.

This scenario-based approach allows policymakers and stakeholders to quantitatively evaluate
investment priorities, identify high-impact interventions, and forecast long-term economic and
sustainability outcomes of transport system improvements (Haziyev, 2025).

Sensitivity analysis. Sensitivity analysis evaluates how changes in key transport system parameters
affect GDP growth and operational efficiency, helping to identify which variables exert the greatest
influence on macroeconomic outcomes. This approach strengthens the robustness of the model and
guides policymakers in prioritizing interventions.
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Methodology. Using the previously estimated System-GMM coefficients, we conducted a sensitivity
analysis by varying the key determinants of economic growth in transport:

- Transport Infrastructure Index - £10% variation;
- Logistics Performance Index - £10% variation;
- Energy Efficiency - £10% variation.

The analysis measures the resulting percentage change in GDP and logistics efficiency under each
variation, capturing the responsiveness of the economy to improvements or deteriorations in
transport-related parameters.

Graphical Representation. Figure 4 illustrates the sensitivity of GDP growth to changes in TI, LPI,
and EE.

Energy Efficiency 4

Logistics Performance o

Transport Infrastructure -

AR ; : ; :
GDP Change (%)
Figure 4

Sensitivity analysis: GDP response to variations in transport infrastructure, logistics performance,
and energy efficiency

Interpretation

- Transport Infrastructure: GDP shows the highest elasticity with respect to TI, indicating that
infrastructure improvements have the largest direct effect on economic growth;

- Logistics Performance: Moderate sensitivity is observed, suggesting that enhanced supply chain
efficiency contributes significantly to GDP, though slightly less than direct infrastructure expansion;
- Energy Efficiency: GDP exhibits smaller but non-negligible responsiveness, reflecting cost
savings and sustainability benefits from improved energy use in transport.

The results highlight that investments in transport infrastructure and digital logistics platforms are the
most effective levers for accelerating economic growth, while energy efficiency improvements
provide complementary gains. This sensitivity analysis validates the model’s predictive capacity,
quantifies the relative impact of different transport components, and informs evidence-based policy
prioritization for sustainable economic development (Aliyev, 2024, p. 256).

Discussion of findings. The findings from this study underscore the critical role of freight transport
digitalization in driving national economic growth. The integration of econometric modeling,
scenario simulation, and sensitivity analysis demonstrates a consistent positive relationship between
digitalization intensity and GDP performance. Key insights include:

1. Transport Infrastructure as a Growth Driver: The sensitivity and elasticity analyses indicate that
improvements in transport infrastructure generate the largest impact on GDP. Modernized roads, rail
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networks, and ports enhance connectivity, reduce logistics delays, and facilitate trade, confirming the
transport-growth nexus documented in prior studies (Ibrahimov, 2024).

2. Digital Logistics and Efficiency Gains: Increased Digitalization Intensity Index improves
operational performance, reducing transport costs and idle times. These efficiency gains translate into
measurable macroeconomic benefits, highlighting the value of Al-based platforms, real-time
tracking, and blockchain documentation in modem freight systems (Zeynalzada, 2025).

3. Sustainability and Energy Efficiency: While energy efficiency contributes moderately to GDP
growth, its environmental benefits are substantial, reducing CO2 emissions and improving long-term
sustainability. This aligns with SDG 9 (Industry, Innovation, and Infrastructure) and SDG 8 (Decent
Work and Economic Growth) (Aliyev, 2024, p. 231).

4. Resilience Against External Shocks: Digital freight ecosystems enhance system resilience by
improving transparency and coordination, mitigating the economic impact of supply chain
disruptions. Scenario simulations demonstrate that economies with higher digital integration recover
faster from shocks compared to those with limited digital adoption (Mahmudova, 2025).

An important non-linear effect is observed in the relationship between logistics performance and
GDP. The marginal impact of LPI increases significantly after reaching a threshold level, suggesting
that logistics efficiency acts as a catalytic factor rather than a linear contributor to economic growth.

Policy implications. Based on the analysis, policymakers should prioritize strategic investments in
digital freight infrastructure to maximize economic and sustainability outcomes:

- Invest in Smart Freight Corridors: Developing connected transport corridors equipped with ITS,
IoT sensors, and Al-driven logistics hubs will enhance trade competitiveness and reduce delays;

- Promote Al-Based and Cloud Logistics Platforms: Encouraging adoption of Al-driven
optimization tools and cloud-based coordination systems improves efficiency across supply chains;
- Support Blockchain-Based Documentation Systems: Digitizing customs and trade documentation
reduces transaction costs, accelerates cargo clearance, and strengthens supply chain transparency
(Aliyev, 2024, p. 30);

- Enhance Energy Efficiency: Policies promoting fuel-efficient vehicles, renewable energy
integration, and eco-friendly operations reduce emissions while generating cost savings;

- Public-Private Partnerships: Collaboration between government and private logistics providers is
essential to implement large-scale digital infrastructure projects efficiently.

In summary, digitalization of freight transport is both an operational and macroeconomic accelerator.
By aligning investments with the most sensitive growth determinants-transport infrastructure,
logistics performance, and energy efficiency-governments can achieve measurable GDP growth, cost
reductions, and environmental benefits simultaneously (Kudabayeva, 2025). Future research could
expand this framework to multi-country panel analysis and integrate dynamic stochastic modeling to
simulate global freight digitalization impacts under varying economic conditions.

Conclusion

This study provides robust evidence that the digitalization of freight transport is a key driver of
economic growth, efficiency, and environmental sustainability. By integrating a Digitalization
Intensity Index with econometric modeling, System-GMM estimation, scenario simulation, and
sensitivity analysis, the research demonstrates that digital adoption in freight logistics generates
measurable macroeconomic and operational benefits.
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Key conclusions include:

1. Positive Macroeconomic Impact: The results reveal a statistically significant elasticity between DII
and GDP growth (B:1 = 0.082, p < 0.01). Full digital integration can increase annual GDP growth by
approximately 0.9%, highlighting the transformative impact of intelligent freight systems.

2. Operational Efficiency Gains: Scenario analysis shows that logistics efficiency may improve by up
to 35%, while transport costs can decline by 17% under full digitalization. Technologies such as ITS,
Al 10T, cloud platforms, and blockchain are key drivers of these improvements.

3. Environmental Sustainability: Digital freight systems contribute to CO; emission reductions (up to
18%) through optimized routing, reduced idle time, and improved energy efficiency, supporting
sustainable development objectives.

4. Policy Implications: The findings emphasize the importance of investments in smart freight
corridors, Al-driven logistics platforms, blockchain-based documentation, and energy efficiency,
supported by public-private partnerships.

5. Scientific Contribution: The study bridges engineering efficiency metrics with macroeconomic
modeling, offering a quantitative framework to evaluate the economic, operational, and
environmental effects of freight transport digitalization.

In conclusion, freight transport digitalization functions as a multi-dimensional growth accelerator
rather than merely a technological upgrade. Strategic digital investments in transport infrastructure
are essential for achieving sustainable and resilient economic development. Future research may
extend this framework through broader cross-country analysis and advanced macroeconomic
modeling approaches.

Future work. While this study provides a comparative analysis of traditional and intelligent logistics
systems, several directions for future research remain, particularly in technological integration,
sustainability, and large-scale validation.

Technological integration and innovation

Future research should focus on integrating emerging technologies such as blockchain, digital twins,
and autonomous vehicles into logistics systems. Blockchain can enhance traceability and
transparency, digital twins enable real-time simulation and predictive planning, while autonomous
vehicles and drones improve responsiveness and flexibility in last-mile delivery.

Sustainability and green logistics

Sustainability remains a critical priority. Future studies should explore energy optimization, emission
reduction, and environmentally friendly transport solutions. The integration of electric and hybrid
vehicles, energy-aware routing, and smart warehouse management can improve both efficiency and
environmental performance. Assessing trade-offs between economic and environmental outcomes
will support sustainable logistics design aligned with global climate goals.

Large-scale empirical validation

Further research should validate intelligent logistics systems using large-scale, real-world datasets
across different industries and regions. Longitudinal analyses can provide stronger evidence on
performance, limitations, and implementation challenges, including the role of organizational
structures, workforce skills, and regulatory environments.

Risk management and cybersecurity

Increasing digitalization introduces cybersecurity and operational risks. Future work should develop
robust risk management frameworks, secure communication protocols, and resilient system
architectures. Al-based anomaly detection, intrusion prevention, and fault-tolerant networks will be
essential for ensuring system reliability.
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Adaptive and Collaborative Networks

Intelligent logistics systems can evolve into collaborative, multi-stakeholder networks. Data sharing,
joint optimization, and adaptive coordination among supply chain actors can enhance efficiency and
resilience. Approaches such as agent-based modeling and multi-objective optimization offer effective
tools for managing these complex systems.

In summary, future research should advance technological integration, sustainability performance,
empirical validation, and risk mitigation strategies to develop logistics systems that are efficient,
adaptive, secure, and scalable in global supply chains.
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The Archaeological Heritage of the Nakhchivan Autonomous
Republic in the Context of South Caucasian and Near
Eastern Cultures
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Abstract. The Nakhchivan Autonomous Republic stands out as one of the oldest settlement areas of
the South Caucasus, distinguished by a continuous and multi-layered archaeological heritage from
the Paleolithic period to antiquity. Its strategic location between Anatolia, Mesopotamia, Iran, and
the South Caucasus has made this region a zone of intense cultural interaction and human mobility
during prehistoric and early historical periods. Paleolithic sites such as Gazma, Kilit, and Dashgala,
as well as Lower Paleolithic materials discovered at Ovchulartepesi, indicate that human settlement
in the region dates back to very ancient stages. During the Neolithic and Chalcolithic periods, based
on the I and Il Kultepe sites, sedentary life, agriculture, and early production relations were formed.
Grain storage facilities and stone tools reflect the economic structure of this period. In the Early
Bronze Age, Nakhchivan became one of the important centers of the Kura-Araxes culture, where
ceramics and metallurgy developed significantly. In the Middle Bronze Age, the “Painted Pottery
Culture” demonstrates the region’s connections with the South Caucasus, Eastern Anatolia, and the
Urmia Basin. The rock carvings of Gamigaya reflect the development of religious and mythological
thinking. The planned urban layout uncovered at Il Kultepe confirms early urbanization processes.
In the Late Bronze and Early Iron Ages, social structures became more complex, and administrative
centers such as Oghlangala were formed. The salt mining activities at Duzdag further increased the
region’s economic importance. Consequently, Nakhchivan served as an important crossroads in the
formation of the cultures of the South Caucasus and the Near East.

Keywords: Nakhchivan, archaeology, South Caucasus, Kura-Araxes culture, Painted Pottery
Culture, Neolithic, Chalcolithic
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Nax¢ivan Muxtar Respublikasinin arxeoloji irsi Conubi
Qafqaz vo Yaxin Sorq madaniyyatlori kontekstindd

Togrul Xalilov!” ', Rasul Bagirov! -/,
Ruhiyys Rzayeva' ", Tlqar Kongarli'

Xiilasa. Nax¢ivan Muxtar Respublikast Conubi Qafqazin an qadim maskunlasma areallarindan biri
kimi Paleolit dovriindon Antik dovradak fasilasiz va ¢oxqatli arxeoloji irsi ilo segilir. Anadolu,
Mesopotamiya, Iran va Canubi Qafqaz arasinda strateji mévgeyi bu arazini tarixéncasi va erkan
tarixi dovrlarda miihiim madoni alagalor va insan horakatliliyi zonast etmigdir. Qazma, Kilit va
Dasqala Paleolit diisargalori, eloca do Ovgulartopadon askar edilon Alt Paleolit materiallar: burada
insan maskunlasmasmmin ¢cox qadim oldugunu gostarir. Neolit va Kalkolit dovriarinda I va Il Kiiltapa
abidalori asasinda oturaq hayat, akingilik va erkan istehsal miinasibatlori formalasmisdwr. Taxil
anbarlart va das alatlor bu dovriin iqtisadi strukturunu aks etdirir. Erkon Tunc dovriinds Nax¢ivan
Kiir-Araz madaniyyatinin miihiim markazlorindan birina ¢evrilmis, keramika va metallurgiya inkisaf
etmisdir. Orta Tunc dovriinda “Boyali gablar madaniyyati” regionun Conubi Qafqaz, Sarqi Anadolu
va Urmiya hévzasi ilo alagalorini gostorir. Gamiqaya qayaiistii tasvirlari isa dini-mifoloji diigiincanin
inkigafini aks etdirir. Il Kiiltapado askar olunan planli saharsalma erkan urbanizasiya proseslarini
stibut edir. Son Tunc va Erkon Daomir dovrlorinda sosial struktur miirakkablagsmis, Oglanqgala kimi
inzibati morkazlor formalasmisdir. Duzdag duz madangiliyi iso iqtisadi ahamiyyati artirmigdir.
Naticoda, Naxg¢ivan regionu Conubi Qafqaz vo Yaxin Saorq moadoaniyyatlorinin formalasmasinda
miihiim kasigsma zonasi olmusdur.
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Introduction

The Nakhchivan Autonomous Republic is an autonomous region located in the southwestern part of
the Republic of Azerbaijan, possessing a special administrative status. While its northern and eastern
parts are surrounded by Armenia, it shares borders with Turkey to the west and Iran to the south. The
Zangezur and Dereleyiz mountain ranges form the natural border between Nakhchivan and Armenia,
while the Aras River constitutes the main natural frontier along the borders with Turkey and Iran.
One of the highest points in the region is Mount Kémdirlii (2064 m), located within the Sharur district.
Geographically extending approximately 158 km in a northwest-southeast direction, the north-south
width of Nakhchivan reaches up to 75 km in some areas.

The contemporary political-geographical structure of Nakhchivan has been shaped by geopolitical
changes occurring throughout the historical process. Particularly, the cession of the Zangezur region
to Armenia by the Soviet administration in 1920 caused Nakhchivan to become separated from the
main territories of Azerbaijan. The administrative status of the region has also been defined by
different names depending on the historical period. In this framework, the region was successively
named the Nakhchivan Soviet Socialist Republic (1920-1923), the Nakhchivan Autonomous
Territory (1923-1924), the Nakhchivan Autonomous Soviet Socialist Republic (1924-1990), and
after 1990, the Nakhchivan Autonomous Republic. Due to its geostrategic location, Nakhchivan has
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historically functioned as a significant transition zone between Anatolia, Mesopotamia, and the South
Caucasus. This situation has made the region one of the important centers where different cultures
met and interacted. Owing to its favorable natural conditions, water resources, and communication
routes, Nakhchivan has witnessed intense human settlement since prehistoric times. Archacological
research and scientific excavations conducted in recent years have more clearly revealed the scope of
the region's cultural heritage. Archaeological layers spanning from the Paleolithic period to Antiquity
demonstrate the existence of long-term and continuous cultural development in Nakhchivan. The
caves of Kazma, Kilit and Tagkala in the region are considered among the living spaces of the first
human communities in Nakhchivan. The stone tools, animal bones, and various archaeological
materials uncovered in these centers provide important information about the lifestyle and economic
activities of Paleolithic humans. Furthermore, archaeological centers such as Ovgulartepesi, Kiiltepe
I, Kiiltepe II, Gamigaya, Oglankale, and Tuzdag are of great importance for understanding the
historical and cultural development processes of the South Caucasus. Research conducted at these
settlements reveals that Nakhchivan was not merely a local cultural center but also a significant
civilization area where cultural interaction between the Near East and the South Caucasus took place.
The primary aim of this study is to evaluate the major archaeological settlements identified within
the borders of the Nakhchivan Autonomous Republic in light of the scientific literature, to examine
the region's place in ancient cultural history, and to demonstrate Nakhchivan's importance in the
archaeology of the South Caucasus.

Materials and Methods

This research has been prepared to evaluate the historical and cultural significance of archaeological
settlements identified in the Nakhchivan Autonomous Republic. A qualitative research method was
adopted for the study; archaeological reports, excavation results, academic monographs, and
scientific articles published on the region were examined using a comparative analysis method. The
main data sources of the research consist of findings obtained during archaeological excavations in
Nakhchivan, stratigraphic data, radiocarbon dating results, and scientific studies published by
previous researchers. Within the scope of the study, centers such as Kazma, Ovgulartepesi, Gamigaya,
Kiiltepe I, Kiiltepe II, Oglankale, and Tuzdag were particularly evaluated. Methodologically, a
historical-comparative approach was applied in the research. Archaeological materials from
Nakhchivan were compared with the cultures of Anatolia, Mesopotamia, Iran, and the South
Caucasus; similarities and differences were analyzed. Additionally, ceramics, metal artifacts, rock
carvings, architectural remains, and burial traditions were examined typologically and
chronologically. Another methodological dimension of the study is the intercultural interaction
model. In this context, it has been evaluated that Nakhchivan is not only a local cultural center but
also an important transit zone where cultural transmission between the Near East and the South
Caucasus took place.

Findings

As a result of the research, it was established that the territory of the Nakhchivan Autonomous
Republic remained one of the major settlement zones of the South Caucasus from the Paleolithic Age
through the Ancient period. Archaeological evidence recovered from caves, settlements,
necropolises, fortifications, mining sites, and rock-art complexes demonstrates continuous human
occupation and cultural development throughout prehistory. Stone tools and faunal remains
discovered in Kazma, Kilit, and Taskala caves confirm the presence of Paleolithic hunter-gatherer
communities in the region. Excavations at Ovgulartepesi further revealed Lower Paleolithic artifacts,
significantly extending the chronology of human occupation in Nakhchivan. The petroglyphs of
Gamigaya provide important evidence regarding symbolic thought, ritual practices, and early belief
systems.
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Research conducted at Kiiltepe I and Kiiltepe II demonstrated the existence of a developed
agricultural economy during the Chalcolithic and Bronze Ages. Storage facilities, grinding stones,
agricultural implements, and botanical remains indicate intensive cultivation activities and food
production. The settlements also yielded evidence of craft specialization, including pottery
production and metallurgy. Metallurgical remains discovered at Mahta, including furnaces and stone
molds, indicate that metalworking constituted an important branch of the regional economy.
Archaeological materials from Ovgulartepesi, Mahta I, and Helec reveal that Nakhchivan played a
significant role in the emergence and spread of the Kura-Araxes cultural tradition. The widespread
distribution of painted ceramics throughout Middle and Late Bronze Age settlements demonstrates
the region's importance as a center of ceramic production. Architectural remains, stone-paved streets,
drainage systems, and planned settlement layouts uncovered at Kiiltepe II indicate advanced urban
development and social organization. Investigations at Oglanqala revealed monumental fortifications
and administrative structures reflecting the formation of complex political institutions during the Iron
Age. Likewise, archaeological studies at Tuzdag confirmed the existence of one of the earliest known
salt-mining centers in the world, highlighting Nakhchivan's importance in prehistoric resource
exploitation and long-distance exchange networks.

Archaeological Heritage of the Nakhchivan Autonomous Republic

The territory of the Nakhchivan Autonomous Republic harbors numerous archaeological settlements
belonging to different cultural stages, starting from prehistoric times. These settlements hold great
scientific importance for researching the ancient history, material, and spiritual culture of not only
Nakhchivan but also the South Caucasus. As a result of archaeological research conducted on
mounds, necropolises, fortresses, rock carvings, and ancient settlement areas in the region, significant
data have been obtained regarding the chronology and cultural characteristics of periods spanning
from the Paleolithic Age to the Early Iron Age. The research reveals that Nakhchivan is one of the
oldest settlement centers in the South Caucasus.

Archaeological findings show that human life in Nakhchivan began in the Paleolithic Age.
Particularly, stone tools, animal bones, and various archaeological materials uncovered in Kazma,
Kilit, and Tagkala caves provide important information about the lifestyle, economic activities, and
environmental conditions of the first human communities in the region (Coforov, 2012, s. 105-108;
Zeynalov, 2012, s. 108-116). The fact that most of the bone remains recovered from Kazma belong
to large animals indicates that hunting was one of the main sources of subsistence during the
Mousterian culture period. The stone and bone tools and weapons found at the same center reveal
that stone working and bone processing developed quite early in Nakhchivan. One of the important
centers shedding light on the ancient history of Nakhchivan is the Ovgulartepesi settlement. The
discovery of stone tools dating back to 500,000-300,000 BC, belonging to the Lower Paleolithic
period, during archaeological excavations carried out here indicates that human settlement in
Nakhchivan is older than previously thought (Bakhshaliyev, 2005). Additionally, carbon analyses
obtained from Ovgulartepesi have revealed that the settlement was inhabited between 4335-3980 BC
(Baxsoliyev vo b., 2010, s. 34).

The architectural remains and archaeological findings uncovered during excavations at the Kiiltepe |
mound are of great importance for understanding the cultural structure of Nakhchivan during the
Chalcolithic Age. Numerous building remains, grain storage units, stone pavements, and tools related
to agricultural activities were identified in the cultural layers of the settlement (Abibullayev, 1982,
pp. 36-38). Among the grain remains found in the settlement are common wheat ( 7riticum sativum),
club wheat (Triticum compactum Hest), and various barley species. These findings show that
Nakhchivan was one of the centers where agriculture developed early in the South Caucasus
(Abibullayev, 1982, p. 211). At the same time, grinding stones, mortars, and other agricultural tools
reveal the advanced level of the production economy in the region. Ornaments, metal objects, and
ceramic samples found at Kiiltepe I indicate that metallurgy and craft production began to develop in
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Nakhchivan from the Chalcolithic Age onwards. Metal finds recovered from the settlement prove the
formation of a local production tradition in the region. Furthermore, the discovery of various
ornaments reveals that jewelry art also showed significant development. The fact that the finds from
the Helec settlement, which hold an important place among the Late Enecolithic ceramics of
Nakhchivan, show similar characteristics to ceramics belonging to the Uruk, Halaf, and Ubaid
cultures, reveals the region's connections with the Near Eastern cultural sphere (Baxsaliyev, 2011, s.
77-86). Traces of Halaf and Ubaid cultures have also been found at Ovgulartepesi and Zirincli
settlements (Baxsoliyev vo b., 2010, s. 11-15). Furthermore, the discovery of Proto Kura-Araxes
ceramics (Fig. 1) in archaeological centers in Nakhchivan (Baxsoliyev, 2013, s. 105-107) shows that
the region played an important role in the formation and development process of the Kura-Araxes
culture.

Figurel
Proto Kura-Araxes ceramics
1- Ovgulartepe, 2-Sortepe, 3-Mahta (Baxsaliyev, 2013).

As a result of archaeological research conducted at Oglankale, it was determined that this settlement
was an important political-administrative center covering the Sharur plain during the Atropatene
period. Additionally, finds indicating the existence of a local governance system and a unique writing
tradition were uncovered here (Baxsoliyev va b., 2011, s. 339-348). Research at Tuzdag shows that
Nakhchivan is one of the world's important centers in terms of prehistoric mining activities. As a
result of excavations carried out here, it was determined that salt mining began from the second half
of the 5th millennium BC (Katherina, 2010, pp. 229-244). Ceramics and stone tools from the Late
Chalcolithic and Bronze Ages found at Tuzdag reveal that this settlement was used over a long period.
Among the Early Bronze Age settlements in Nakhchivan, Mahta holds an important place. The stone
molds and metal smelting furnaces found here show that metal production was at an advanced level
in the region. These findings reveal that all stages of metal production were carried out in Nakhchivan
and that Mahta was one of the important metallurgy centers of the period. During the Middle Bronze
Age, the Nakhchivan region became one of the most important centers of the "Painted Pottery
Culture." Particularly, the polychrome ceramics found at settlements such as Kiiltepe II, Sahtahti,
Kizilburun, and Nehecir demonstrate the developed ceramic production tradition in the region
(Khalilov, 2023, pp. 2048—2072). The intensive identification of multi-colored painted decorations,
rarely seen in Transcaucasia, in Nakhchivan reveals the region's close relations with the Eastern
Anatolian cultural sphere (Cilingiroglu, 1990a, s. 160-174; Cilingiroglu, 1990b, s. 25-44).
Furthermore, the presence of decorative motifs belonging to the Khojaly-Gadabay culture on
Nakhchivan ceramics indicates the interaction between these cultures. The stone-paved streets and
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sewerage system uncovered at Kiiltepe II prove that urban culture developed in Nakhchivan during
the early periods. Ceramic production areas and potters' quarters found in the settlement show that
Kiiltepe II was an important production center during the Middle Bronze Age (Halilov, 2022, pp.
177-191). Numerous pottery kilns have been uncovered in Bronze Age settlements in the Nakhchivan
region. Pottery kilns belonging to the Early Bronze Age were identified in building levels III and V
of Kiiltepe I, and in building levels VII and XI of Kiiltepe II. These kilns reflect advanced ceramic
production technology in terms of their architectural features. The fact that the kilns found at Kiiltepe
I were built of mudbrick and plastered with clay indicates the level of technical knowledge of the
period. The discovery of ash, painted, and unpainted pottery fragments in the potters' workshops
uncovered at Kiiltepe II proves that intensive production activities were carried out here (Halilov,
2022, pp. 177-191; Khalilov, 2023, pp. 2048-2072). Clay animal figurines (Fig. 2) recovered from
Early Bronze Age settlements in Nakhchivan are among the important archaeological materials
reflecting the religious and ideological thoughts of the period. These figurines generally consist of
depictions of bulls, horses, and dogs (Halilov, 2020, pp. 189—-193).

Figure 2
Animal figurines Early Bronze Age
1-Ovgulartoposi yasayis yeri (Baxsoliyev, Marro, Asurov, 2010; 2, 3, 4- Kiiltepe |
(National Museum of History of Azerbaijan (AF 937, Inv. 7823, SU 136; AF 938,
Inv. 27278, SU 266; AF 913, Inv. 7784, SU 92) (Togrul Khalilov).

Most of the figurines found at Kiiltepe I, Mahta, and Ovgulartepesi are in the form of bulls. It can be
said that these figurines were used in religious rituals, fertility cults, or as amulets. The depiction of
the horns of bull figurines in a crescent shape shares common iconographic features with the
Gamigaya petroglyphs (Halilov, 2011, pp. 23—29). Depictions of bulls, goats, and dogs are common
not only in Nakhchivan but also in rock carvings of Gobustan, Anatolia, and the Near East (Forocov,
2009, s. 17-21; Baxsaliyev, 2002, s. 42—44). Furthermore, the identification of burials made together
with dogs at Kiiltepe I (Abibullayev, 1982, p. 225) and the Saridere necropolis (Baxsaliyev, 2002, p.
23) shows that the animal cult held an important place in the religious beliefs of Nakhchivan. As a
result of archaeological excavations carried out in Early Bronze Age settlements, numerous examples
of pots, pans, bowls, and various ceramic vessels have been uncovered. While some of these ceramics
are plain and undecorated, others are decorated with different techniques. Geometric motifs, zigzag
lines, "S", "L", "M", "Y"-shaped marks, and oval and round compositions were commonly used in
the decoration of the vessels. Examples of ceramics with oval and round decorations were identified
especially at Kiiltepe I, Kiiltepe 1I, and Mahta I settlements (Halilov, 2017, pp. 1-7). It has been
determined that ceramic vessels decorated with relief technique and bearing "M"-shaped motifs
obtained from Kiiltepe I share similar characteristics with examples uncovered from the Yaniktepe
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settlement (Kusnareva & Cubinasvili, 1970, p. 89). At the Mahta I settlement, numerous pottery
fragments with incised decorations were recovered. Furthermore, parallels to vessels with zigzag
motifs found at Kiiltepe I and Kiiltepe II (Seyidov, 1993, s. 123; Seyidov, 2002, s. 1-10) are also
encountered in contemporary archaeological centers of the South Caucasus (Kusnaryeva &
Cubinagvili, 1970, p. 166) and the Near East (Sevin vo b., 2000, s. 852). This situation shows that
Nakhchivan was part of wide cultural interaction networks during the Early Bronze Age. Proto Kura-
Araxes ceramics identified at Ovgulartepesi, Mahta I, and Helec settlements reveal that the Kura-
Araxes culture began to form in Nakhchivan from quite early periods. Examinations of the
distribution and symbolic meanings of motifs used in ceramic decorations show that these signs were
not only for aesthetic purposes but also carried specific intellectual and cultural meanings. While
motifs with simple compositions consist of wavy, straight, or broken lines; the combination of
geometric shapes such as circles, triangles, and rectangles draws attention in complex compositions.
Technical methods such as stamping, incising, and scraping were used for decorating the vessels.
Some decoration traditions from the Chalcolithic Age continued into the Early Bronze Age, besides
which ceramic masters developed new motifs and compositions. It is understood that oval and round
motifs, zigzag lines, swastikas, horn-shaped figures, and "S" and "M"-shaped signs in ceramic
decorations have a wide geographical distribution and strong symbolic meanings. Examples obtained
from settlements such as Kiiltepe II, Yaniktepe, Amiranis Gora, Karaz, Babadervish, and Mahta show
that these motifs had a common symbolic meaning between the cultures of the South Caucasus and
Eastern Anatolia. The earliest examples of "S"-shaped motifs are seen on ceramics belonging to the
Trypillia culture. In later periods, different variations of this motif are encountered on metal artifacts
of Scythian-Saka communities, in archaeological finds from Uzbekistan and Karakalpakstan, on
ceramics of the Chirik-Rabat culture, on Khwarezm coins, and in the architecture of Southern
Turkmenistan. The same motif has also been identified at the Yaniktepe and Amiranis Gora
settlements (Kusnaryeva & Cubinasvili, 1970, p. 125; Kusnaryeva & Markovin, 1994, p. 28).

It is noted that this motif, known as "karmak" in Azerbaijan and "¢engel" (hook) in Anatolia, is used
as a protective symbol in carpet art and is believed to protect people from the evil eye (Qurbanov,
2003, s. 260). This sign, known by different names in Central Asian societies, is described in Mahmud
al-Kashgari's "Diwan Lughat al-Turk" as the tamga of the Beydili tribe of the Oghuz Turks (Kasgarli,
2011, p. 227). Furthermore, it is stated in the "Shajara-i Tarakima" (Genealogy of the Turkmens) that
the horizontal form of the sign is associated with the Igdir and Kinik tribes (©bulqazi, 2002, p. 100).
It is known that "M"-shaped motifs also have a wide distribution area and are intensively used in
Azerbaijani carpet art. It is observed that these motifs are also an important decorative element in the
carpet weaving traditions of Anatolia, the North Caucasus, and Turkmenistan. The presence of similar
examples on ceramics from Kiiltepe I, Babadervish, and Amiranis Gora settlements shows the
regional cultural continuity of the motif (Abibullayev, 1982, p. 291; Kusnaryeva & Markovin, 1994,
pp- 29-68).

Additionally, it is stated that these motifs bear similarities to the khan tamgas and symbols of
sovereignty used in the Turkish tamga system. It has been noted that some signs found in the Orkhon-
Yenisey inscriptions also have the same form (Tekin, 2008, s. 115). Ram horn-shaped motifs also
hold an important place in the Early Bronze Age ceramics of Nakhchivan. This type of decoration is
found outside Nakhchivan in different regions of Azerbaijan and in Eastern Georgia (Kusnaryeva &
Markovin, 1994, p. 19). In Turkish mythological thought, the ram hor is considered a symbol of
fertility, power, and sanctity. It is known that the ram was accepted as a sacred being that carries the
souls of deceased people to God and held an important place in sacrificial rituals. For this reason, the
ram horn motif was widely used not only in ceramics but also in metal artifacts, carpets, and rock
carvings. It is observed that the motif is known by different names such as "kockar", "kockar", "kog
milyiiz" among Turkish communities in Anatolia, Central Asia, Crimea, the Volga region, and the
North Caucasus (Qurbanov, 2003, s. 259, 305, 307). It also shows similarities with some tamga signs
found in the Orkhon-Yenisey inscriptions (Tekin, 2010, s. 101). The presence of the ram figure on
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the flags of the Qara Qoyunlu and Aq Qoyunlu states reveals the historical continuity of the motif.
Another decorative element drawing attention in the Early Bronze Age ceramics of Nakhchivan is
the spiral motif. Single or intertwined spiral depictions are common, especially on Kiiltepe I, Kiiltepe
II, and Mahta ceramics. Similar examples have also been identified at Babadervish, Karaz, and other
centers of the South Caucasus (Kusnaryeva & Markovin, 1994, p. 26). One of the earliest examples
of the spiral motif was found in the megalithic structures of Newgrange in Ireland, dated to around
3200 BC. There are various opinions that this symbol represents the infinity of the universe, the
continuity of nature, and the cycle of life. Archaeological materials with spiral decorations have also
been uncovered in kurgans in the Dnieper-Azov region of Ukraine. Different scientific evaluations
have been made regarding the meaning of the spiral motif. S.H. Asurov suggests that this symbol is
associated with the ram cult and carries mythological content related to animal husbandry (Asurov,
2002, s. 37). K. Kugnaryeva and T. Chubinishvili evaluated the spiral symbol as a sign of continuous
movement and the sun (Kusnaryeva & Cubinasvili, 1970, pp. 65-66). Q. ismayilov also states that
the spiral pattern reflects the sun belief (Ismayilzado, 2008, s. 50). While L. Karimov notes that spiral
motifs in Azerbaijani carpets symbolize the element "water" (Korimov, 1983, s. 129), it is stated that
the same symbol carries the meaning of "rebirth" in the mythological thought of African societies.
Spiral motifs drawn clockwise are accepted to represent the sun in ancient Eastern societies. Despite
these different interpretations, the common aspect of spiral motifs is that they carry astrological and
cosmological meanings.

In archaeological excavations conducted in the Middle Bronze Age settlements of Nakhchivan,
numerous clay vessels and human figurines belonging to ceramic art were uncovered. The finds are
divided into two main groups based on the color of the clay, paste structure, and decoration
techniques. The first group consists of pink-slipped and painted ceramics. In Azerbaijani
archaeological literature, this tradition is defined as the "Painted Pottery Culture". This culture is
widely represented not only in Nakhchivan but also in the Urmia Basin and Eastern Anatolia. Ceramic
workshops identified in recent years at Kiiltepe II, numerous potter's kilns, and vessels containing
paint residues inside show that this center was one of the main ceramic production sites of Nakhchivan
during the Middle Bronze Age (Aliyev, 1991, p. 38; Halilov, 2022, pp. 177-191). The density of
painted ceramic examples in Nakhchivan is more pronounced compared to other regions of
Azerbaijan. Based on stratigraphic data from Kiiltepe II, Veli Aliyev stated that the "Painted Potery
Culture" went through four developmental phases from the Middle Bronze Age to the Early Iron Age
(Aliyev, 1977, pp. 43—89). Ceramics belonging to this culture have been identified in centers such as
Kiiltepe I, Kiiltepe II, Sahtahti, Nehecir, Yayci, and Calhankale (fig.3).

Figure. 3
Ceramic vessels of the Middle Bronze Age:
1,2, 4 — from the Yayc1 Necropolis (NDTM-27174, A-10751) (Togrul Khalilov); 3 — from the
Kiiltepe II Settlement (National Museum of History of Azerbaijan, inv. 15527) (Togrul Khalilov);
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5 — from Yayc1 (Sharur District History and Ethnography Museum, inv. A-135/2) (Togrul
Khalilov); 7-10 — from the Shortepe Necropolis (NDTM-53, A-53). (Togrul Khalilov).

Parallels to some of the vessels are found in cultural levels D and C of Gdytepe (Brown, 1951, p. 21),
levels V and VI of Haftavan Tepe (Edwards, 1981, p. 189), and cultural level IV of Dinkha Tepe
(Hamilin, 1977, p. 126). This situation shows that Nakhchivan held an important position as a center
in the cultural relations between the South Caucasus, the Urmia Basin, and Eastern Anatolia
throughout the Middle Bronze Age. The second group consists of unpainted and plainer vessels. The
surfaces of these examples are decorated with geometric motifs using incising, scraping, and
engraving techniques. Triangles, angled lines, circles, wavy lines, and straight lines stand out among
these decorations. Some of these motifs show similarities with ceramics recovered from different
archaeological centers of the South Caucasus and the Near East. This situation reveals that
Nakhchivan's ceramic art was not only the product of local traditions but was also influenced by the
intercultural interaction processes of the period. Decorations consist of compositions where adjacent
triangles combine with rhombus motifs, dot patterns, wavy and curved lines, upward or downward
angular motifs, single or combined triangles, rhombuses, vertical-horizontal lines, and variations of
semi-circular lines. Compositions where wavy lines are used together with angular motifs, circular
decorations, and different geometric arrangements are also common on ceramic surfaces. These
decorations were applied in both simple and complex compositions. Particularly, it is understood that
compositions consisting of adjacent triangles and rhombus motifs have a wide distribution area in the
Caucasian painted ceramic tradition.

Unlike Early Bronze Age ceramics, it is observed that zoomorphic motifs were used more extensively
during the Middle and Late Bronze Ages. Such figurative decorations are especially concentrated on
painted vessels. Examples with bird figures hold an important place. Bird depictions on Middle
Bronze Age painted vessels recovered from Yayci, Kizilburun, Kiiltepe I, Kiiltepe II, and Sahtahti
are rendered in both simple and combined compositions (Khalilov, 2023, pp. 2048-2072). Parallels
to these figures are found at Kizilburun (Aliyev, 1977, p. 62) and Goytepe (Kusnaryeva & Markovin,
1994, p. 130). These similarities show that the Nakhchivan painted ceramic tradition shares common
iconographic features with other cultural centers in the South Caucasus. Plain, unpainted, incised, and
scraped ceramics from Nehecir, Kiiltepe I (Aliyev, 1991, p. 53), and other centers are common not
only in Nakhchivan but also in the Mil-Karabakh, Talish-Mugan, Gobustan, and Northeastern
Azerbaijan regions. This situation shows that the region was part of common cultural traditions
throughout the Bronze Age.

One of the important finds reflecting the Middle Bronze Age art of Nakhchivan is the human figurine
recovered from the Kizilburun settlement. Approximately 20 cm in height, the face of this figurine is
depicted as flat; the head, body, and limbs are proportionally rendered. It is noteworthy that the
figurine is depicted as clothed, with boots and a hat. The placement of the left hand on the belt lends
a symbolic meaning to the composition. It is observed that the hat and legs are painted red, the
clothing is white, and the body surface is decorated with thin black and brown lines. The cape-like
garment suggests that the figurine might be related to ceremonial or social status. The presence of
similar depictions on some ceramic vessels recovered from Kizilburun shows that this iconography
formed a tradition in local ceramic art. Although it shows similarities with Iranian examples, it is
noted that the Kizilburun figurine possesses some unique characteristics and is dated earlier (Aliyev,
1977, p. 62).

Nakhchivan potters continued intensive production during the Late Bronze Age, as in the Middle
Bronze Age. Vessels from this period consist of both unpainted and painted examples. The presence
of painted ceramics in Late Bronze Age settlements shows that the "Painted Potery Culture"
continued into the Late Bronze and Early Iron Ages. As in Eastern Anatolian examples, the
polychrome painting technique was widely used in Nakhchivan ceramics (Cilingiroglu, 1990(b), s.
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170; Cilingiroglu, 1990(a), s. 25-44). Furthermore, examples of white-painted ceramics were
recovered from Kiiltepe I and Qazhan settlements. It is known that this type of ceramics, seen over a
wide geography from Central Europe to Asia Minor and China, was also common within the Khojaly-
Gadabay culture. Therefore, it is thought that these ceramics reached Nakhchivan through economic
and cultural relations established with the communities forming the Khojaly-Gadabay culture. On
teapot-shaped vessels recovered from Late Bronze Age settlements in Nakhchivan, round relief
decorations specific to the Khojaly-Gadabay culture are also seen. The application of painted
decoration on such vessels shows that this ornamentation tradition has a deep-rooted history.

As in the Middle Bronze Age, geometric decorations are common on Late Bronze Age ceramics. It
is understood that geometric patterns, along with anthropomorphic and zoomorphic motifs, also carry
specific symbolic meanings. Such motifs are encountered from the Trypillia culture onwards, in
Gamigaya, around Lake Gogge and in rock carvings of Kazakhstan, Altai, and Siberia. Particularly,
there are findings suggesting that rhombus and angular motifs are associated with the continuity of
lineage, life, and the tree of life. While there are opinions that broken and diagonal lines represent
rain and snowfall, some researchers state that these lines symbolize flowing water or rows of
mountains. Sources record that ornaments consisting of single wavy lines are called "yilan" (snake),
and double wavy lines are called "ayak" (foot) or "dayak" (strike/cane) tamga. In the "Shajara-i
Tarakima", it is stated that this motif appears as the "ilan" (snake) tamga and is a symbol belonging
to the Yaparl tribe of the Ayhan Oghuz (Abulgazi, 2002, p. 101). Furthermore, it is stated that this
sign represents the sound "d" in the Orkhon-Yenisey alphabet (Racobli, 2009, s. 33; Tekin, 2010, s.
85). The prevalence of legends and narratives connected to the water cult in Nakhchivan, as well as
in other regions of Azerbaijan, supports the interpretation of wavy lines as the "water motif™.

One of the remarkable decoration types in the Middle and Late Bronze Age ceramics of Nakhchivan
is the semi-concentric motif. Examples of these are found at Calhankale, Karaguk, Sahtahti
(Baxsoliyev 2004, s. 106, fig. 16/3—7), and iliklikaya settlements. The earliest examples of the motifs
are seen in Sumerian and Elamite pictograms, the Trypillia culture (Qurbanov, 2013, p. 67), and
Bulgarian rock carvings (Yengi & Tuncay, 2013, p. 77). It is stated that the tamgas of the Karabolitk
and Cuvaldar tribes among the Oghuz are shown similarly in Mahmud al-Kashgari's "Diwan Lughat
al-Turk" (Xslilov, 2009, pp. 20-21; Kasgarli, 2011, pp. 55, 66). This situation shows that the
symbolic motifs in Nakhchivan ceramic art are not only local but also part of a common symbolic
system spread across the wide Turkish cultural geography.

The ceramic finds obtained from the Middle and Late Bronze Age settlements of the Nakhchivan
Autonomous Republic are of great importance for understanding the artistic and symbolic thought
world as well as the material culture of the region. In archaeological excavations belonging to these
periods, numerous clay vessels, figurative finds, and decorated ceramic examples have been
uncovered. Ceramics are divided into two main groups based on the quality of clay used, production
technique, and ornamentation characteristics. The first group consists of red or pink-slipped painted
vessels. This tradition, defined as the "Painted Potery Culture" in Azerbaijani archaeology, is
common not only in Nakhchivan but also in the Urmia Basin and Eastern Anatolia. Particularly, the
ceramic workshops, kilns, and vessels with paint residues uncovered at Kiiltepe II prove that the
region was an important ceramic production center during the Middle Bronze Age (Aliyev, 1991, p.
38; Halilov, 2022, pp. 177-191). The second ceramic group consists of unpainted, plain-surfaced
vessels decorated with incising, scraping, and engraving techniques. Geometric motifs such as
triangles, rhombuses, angles, circles, wavy lines, and parallel lines are used intensively on these
ceramics. Decorations sometimes consist only of dots, sometimes of interlocking geometric
compositions. The wide distribution of combined triangle and rhombus motifs in the South Caucasian
painted ceramic tradition is noteworthy. Compared to the Early Bronze Age, zoomorphic decorations
are used more intensively in the Middle and Late Bronze Ages; especially bird depictions are
common. These figurative decorations reflect not only the aesthetic understanding but also the
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religious and ideological thought system of the period. Geometric motifs should also be evaluated not
merely as decorative elements but as signs carrying symbolic meaning. It is thought that rhombus and
angle motifs are associated with concepts such as fertility, lineage continuity, and the tree of life. It
is understood that wavy lines are connected to the water cult and nature beliefs. The origin of semi-
concentric motifs extends back to Sumerian and Elamite pictograms, and the similarity of these
symbols to Oghuz tribal tamgas reveals the place of Nakhchivan ceramic art within a broad cultural
context. Complex compositional scenes consisting of animal figures such as goats, horses, and wolves
were identified on Late Bronze Age clay vessels recovered from the Sahtaxti archaeological
settlement (Aliyev, 1977, p. 110). Parallel examples of such figurative compositions have not yet
been encountered in other contemporary archacological settlements of the South Caucasus.
Furthermore, such animal depictions are also common on bronze belts belonging to the Khojaly-
Gadabay culture. This figurative tradition is not limited only to the borders of Azerbaijan, but also
appears in similar forms across a wide geography from Mesopotamia to Central Asia and the Black
Sea basin. This situation shows that the iconographic tradition of animal representation should be
evaluated not regionally but within wider cultural interaction networks.

Results

The Gamigaya rock carvings hold special importance for understanding the prehistoric cultural
development of Nakhchivan. The Gamigaya monument is located in the territory of the Ordubad
district of the Nakhchivan Autonomous Republic, at an altitude of 3906 meters above sea level. A
large number of rock carvings have been found on the volcanic basalt stones there. They differ from
each other in form and characteristics, being created by carving, drilling, and abrasion methods using
stone or metal tools. All of the rock carvings reflect the lifestyle and material-spiritual culture of
ancient people. In terms of form and characteristics, they hold great scientific importance historically,
similar to the petroglyphs of Kelbajar, Afyon, etc. A group of rock carvings at the Gamigaya
monument, establishing connections with Middle Eastern culture based on form and characteristics,
demonstrates the existence of intercultural relations. Among the petroglyphs dating to the 4th—1st
millennia BC are depictions of humans, bulls, goats, and various symbolic figures. Research shows
that some rock carvings may belong to earlier periods. The petroglyphs at Gamigaya share similar
compositional features with examples of rock art from Anatolia, Iran, Mesopotamia, Central Asia,
and Siberia. This situation shows that Nakhchivan interacted with different cultural environments
throughout history. Furthermore, the similarity of some motifs seen in the petroglyphs to ceramic
decorations of the Kura-Araxes, Painted Ware, and Khojaly-Gadabay cultures reveals that
intercultural relations were strong (Halilov, 2008, pp. 54—-58; Halilov, 2011, pp. 23-29).

Discussion

The archaeological evidence reviewed in this study demonstrates that Nakhchivan occupied a central
position in the cultural development of the South Caucasus from the Paleolithic period through the
Early Iron Age. The region's geographical location at the intersection of major communication routes
connecting Eastern Anatolia, the Urmia Basin, Mesopotamia, and the South Caucasus facilitated
continuous cultural interaction and technological exchange. One of the most significant findings is
the evidence for long-term cultural continuity. Archaeological data from cave sites, settlements,
mining centers, and ritual landscapes indicate that human occupation persisted throughout successive
prehistoric periods. This continuity was accompanied by substantial social and economic
transformations, including the transition from hunting and gathering to agriculture, the emergence of
metallurgy, and the development of increasingly complex settlement systems. The results also
demonstrate that Nakhchivan played an important role in broader cultural processes affecting the
South Caucasus. The appearance of Proto—Kura-Araxes materials and the subsequent development
of the Kura-Araxes Culture suggest that the region participated actively in the formation of one of the
most influential cultural traditions of the Early Bronze Age. Likewise, the concentration of painted
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ceramics and production facilities indicates that Nakhchivan was one of the principal centers of the
Painted Pottery Culture during the Middle Bronze Age. Technological innovation constitutes another
important aspect of the archaeological record. Evidence from metallurgical workshops, ceramic
production facilities, and mining complexes demonstrates that local communities developed
specialized forms of production. These innovations contributed to economic diversification and
supported the emergence of more complex social structures. The symbolic dimension of cultural
development is particularly evident in the Gamigaya Petroglyphs and the iconography of ceramic
decoration. The recurrence of similar motifs across different categories of material culture suggests
the existence of shared symbolic systems that structured social and religious life. At the same time,
regional variations indicate the persistence of local cultural identities within broader interaction
networks. The archaeological record therefore challenges interpretations that view Nakhchivan
primarily as a peripheral zone influenced by neighboring civilizations. Instead, the evidence suggests
that the region functioned as an active cultural center that contributed to technological innovation,
artistic development, and intercultural communication throughout prehistory and early history.

Conclusion

The archaeological record of the Nakhchivan Autonomous Republic demonstrates that the region was
one of the principal centers of cultural development in the South Caucasus from prehistoric times
onward. Archaeological evidence obtained from settlements, caves, necropolises, fortifications,
mining sites, and rock-art complexes reveals a continuous sequence of occupation spanning from the
Paleolithic Age to the Early Iron Age. The results of archaeological investigations indicate that
Nakhchivan made significant contributions to the development of agriculture, animal husbandry,
metallurgy, pottery production, urbanization, and long-distance cultural interaction. Major
archaeological centers such as Ovgulartepesi, Kiiltepe I, Kiiltepe 11, Mahta, Oglanqgala, Tuzdag, and
Gamigaya provide valuable evidence concerning technological innovation, social organization, and
ideological traditions. Material culture recovered from these sites demonstrates intensive contacts
between Nakhchivan and neighboring regions, including Eastern Anatolia, the Urmia Basin,
Mesopotamia, and the wider South Caucasus. Similarities observed in ceramic traditions,
architectural features, symbolic motifs, and artistic expressions reflect the region’s active
participation in broader intercultural networks.

The symbolic imagery preserved on ceramics and rock carvings further contributes to our
understanding of ancient belief systems and cultural identities. Particularly, the Gamigaya
petroglyphs constitute an exceptional source for studying prehistoric symbolic behavior and cultural
communication. Overall, the archaeological heritage of Nakhchivan represents a key resource for
reconstructing the ancient history of the South Caucasus and understanding the processes of cultural
interaction, technological advancement, and social transformation that shaped the region throughout
prehistory and early antiquity.
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Abstract. The concept of ownership of intellectual property and liability in infringement of
intellectual property are actually the two sides of same coin. This article specifically explores the
philosophical and jurisprudential justifications for Intellectual property ownership and
corresponding liability, while throwing light on the evolving contemporary challenges by Artificial
Intelligence development. Justification by its literal meaning, doesn 't mean to intend that the classical
theories should be forcefully interpreted to accommodate Artificial Intelligence within their scope,
but to extend them to the extent where they are liberal enough to test the validity of the technological
advancement within the scope of intellectual property protection. By stitching classical theories and
contemporary legal complications together, it aims to determine the vibrant nature of Intellectual
property jurisprudence and its capability to adapt keeping in view of new technological possibilities
in the circumstances where Artificial Intelligence is being integrated into creative and inventive
processes requiring a reassessment of theoretical foundations of Lockean Natural Rights and Labour
theory and Personality oriented based justification of Hegel perspectives on intellectual property.
The arguments for ownership and liability lies in the powerful expositions relevant towards the
Justification of intellectual property basing on the entitlement of fruits of technological labour
exercised by the Artificial Intelligence and matters of personality identification with the works
generated.
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Siini intellekt va aqli miilkiyyat: Lokk vo Hegel
yanasmalarinin inkisaf edon asaslandirilmasi
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Xiilasa. Oqli miilkiyyato sahiblik anlayisi va aqli miilkiyyatin pozulmasi zamani masuliyyat aslinda
eyni sikkanin iki torafidir. Bu maqals Siini Intellektin inkisafi ilo inkisaf edan miiasir cagirislara isiq
salmaqgla yanasi, Oqli miilkiyyato sahiblik va miivafiq moasuliyyat iiciin folsafi va hiiquqi
asaslandirmalar: xiisusi olaraq arasdirir. Horfi manast ilo asaslandirma, klassik nazariyyalarin Siini
Intellektin ohato dairasina daxil edilmasi iiciin zorla sorh edilmasini nazorda tutmaq deyil, onlar
texnoloji taraqqinin etibarlhiligini yoxlamaq iigiin kifayat qadar liberal olduqlart doracada
genislondirmak demak deyil. aqli miilkiyyatin gorunmasi ¢ar¢ivasinda. Klassik nazoriyyalori va miiasir
hiiquqi fasadlar: bir-birina yapisdirmaqla o, 9qli Miilkiyyat Hiiququnun canli tabiatini va onun Lokk
Tobii Hiiquglarimin va Omoak nazariyyasinin nazori asaslarinin yenidon qiymatlondirilmasini talob
edan yaradici va ixtiragi proseslora Siini Intellektin inteqrasiya olundugu saraitda yeni texnoloji
imkanlar nazora alinmaqla wygunlasma qabiliyyatini miiayyan etmak moagsadi dasiyr. va aqli
miilkiyyata Hegel perspektiviorinin saxsiyyat yoniimlii asaslandiriimasi. Miilkiyyat va masuliyyat tigiin
arqumentlor Siini Intellekt torafindan hayata kecirilon texnoloji amayin bahralarinin hiiququna va
varadilan asarlorlo  saxsiyyatin  eynilasdirilmasi moasalolorina  asaslanan aqli  miilkiyyatin
asaslandiriimasina aid giiclii ekspozisiyalarda yatir.
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Introduction

A critical analysis of conventional property models and the interface between cognitive abilities,
technological advancements, and Al behaviour is essential to bridge the gap between Artificial
Intelligence and legal philosophy. In analysing this, there emerges a new and radical property model.
This goes against the traditional anthropocentric approaches of property classifications and conferring
property rights. Property serves as a foundation of society as it interacts between different social
institutions and stakeholders like individuals, government, corporations, etc. Now technology also
has become a key stakeholder in the development of property, though not always physical but
intellectual. Such developments are not so easy to justify regarding their existence in the intellectual
property realm. Historical perspectives have always placed humans at the centre of possessing
ownership and liability (Li et al., 2025). The standard approach to property and intellectual property
jurisprudence requires a relook into recognising the cognitive abilities of Artificial Intelligence on
par with human cognition (Bundy et al., 2023).
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As Atrtificial Intelligence is ever-growing and challenging the legal pillars, there is a need to see how
the jurisprudence and the justification within the Intellectual Property system behaves. This jargon is
challenging the traditional theoretical frameworks surrounding intellectual property and its
justification of ownership and liability. A renowned mathematician, Mark Kac, analysed the
variations of geniuses. He differentiated between two kinds of geniuses, i.e., ordinary geniuses and
magicians. He says that an ordinary genius is a person that is as good as a normal person only if the
normal person was certain times better. On the other hand, a magician is a person, whom on the prima
facie level we understand what he has done, but how it has been done or the process undertaken for
the performance is absolutely dark. Artificial Intelligence is such an entity that the user can take
benefit of its instrumental value, understand it, but it requires greater technological prowess to
comprehend how it is working and growing in the rapid era of technological advancements.

The conventional approaches to property association with a legal personality-oriented personification
of Artificial Intelligence will have to be discussed at length to understand the concrete Intellectual
Property Rights justification. The extension of the Lockean justification of hard work as the base for
the grant of intellectual property rights to Artificial Intelligence provides a gateway to the
unconventional interpretation of the legal principles. The extension of the Hegelian approach to
personality rights inherent in the creativity and innovation of a person to Artificial Intelligence affords
an opportunity for the legislators and judges to incorporate Artificial Intelligence within the legal
framework recognising its legal personality. As it exists, extending the conventional jurisprudential
perspectives to technological advancements like Artificial Intelligence is a challenging venture as it
provides altogether an opportunity for a positive interpretation of the provisions and judicial position
that are negative in the contemporary circumstances.

Intellectual Property law has been a significant foundation of contemporary legal frameworks. It has
for long tackled typical contentions with regard to ownership and liability. The issues concerning
ownership and liability are not merely practical complexities but are profoundly entrenched in legal
philosophy and jurisprudence, drawing deliberations from age-old theories of property, labour, and
innovation. Globalization and technological progress have added new dimensions to the Intellectual
Property regime (Thom, 2025). As society progresses into a technological era carved by modern
technological developments, especially the onset of Artificial Intelligence, the conventional concepts
of Intellectual Property ownership and liability are being tested and reconsidered. The bundle of rights
surrounding ownership in this regard are the rights of possession, the rights to use and utilization,
rights over the generation of income, rights regarding management, security rights, rights over capital,
the right of transmission and movement, the lack of term (though difficult to justify for intellectual
property, which is a limited right), prohibiting harmful use, liability in execution, along with other
residuary rights (Moore, 2012).

Results and Discussion

Natural Rights Theory and Intellectual Property

The Natural Rights Theory, highly promoted and rooted in John Locke philosophy, gives the earliest,
broadest form and one of the most significant justifications for intellectual property. Labour Theory
propounded by John Locke discusses that individuals possess a natural right to the outcomes of their
labour, which is a pre-legal right that has existed way before the legal systems that were developed
by the communities. The acquisition of ownership has always been the core of theories justifying the
rights over materialistic possessions. The conceptual understanding, the theory and property rights
evolve from the individual’s labour and effort resulting in moral entitlements in the property. There
exists an intrinsic relation between the hard work put up by the creator and the outcome of the same
in the form of a product or a property. Labour and self-ownership over the creation resulting in value
creation, is the Locke’s identity regarding the recognition of property rights. If the same premise is
applied to intellectual property, the labour theory embraces that the creators are eligible to the
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ownership of the outcomes of their intellectual creations which are creative as well as novel due to
their investment of time, labour and intellect. The justification lies in the creation of product by
involving mental and physical labour.

The Second Treatise of Government, which is a seminal work of John Locke, proposed that property
rights evolve in a circumstance when an individual combines his labour and utilises the resources
available in the nature. He proposed that the labour is the unquestionable and absolute property of the
labourer and he only can have the ultimate rights over the creation to which labour is enjoined with.
But it should also be left to the society as enough and as good in common for others (Locke, 1952).
There should always be enough materialistic possessions so that everyone can appropriate it and such
an appropriation should not be made for damaging and destroying it. And it also projects that apart
from having enough, it is also material that one should not have more than that is required which
would make the surplus useless and unutilized by the society. This approach can also have profound
implication on the intellectual property systems, as it is the result of mental creations and involvement
of labour and hard work.

As a person owns a tangible property by amalgamation of their labour with nature, Lockean
theoretical justification is based on the idea that the person can also own the intangible property like
literary work which includes books, literature; artistic works like drawings, paintings; dramatic works
like stage plays; musical works like audio clips, songs; inventions, etc., which comes as a product of
the person’s intellectual effort. This theory acts as foundational underpinnings for many legal systems
that realize the importance and significance of protection of creative rights like intellectual property
rights, as a personal right. The exclusive rights that are assigned to the creators so as to exclude others
from utilising their intellectual outputs either in the form of creations or inventions without prior
consent is justified as it protects and gives respect to the integrity of the respective creator who has
undertaken certain labour, creativity and innovation. The applicability of this theory of intellectual
property relies on the very ideology of intellectual creations, even though intangible in nature is
ultimately the outcome of hard work, labour, creativity, innovation and originality of expression of
the thought. The rights extend to how the creations or innovations are made used, commercialised,
distributed and is profoundly allied with the perspectives of a person’s individual autonomy and the
right to absolutely exploitation of the fruits of the labour.

Artificial Intelligence Ownership under Natural Rights Theory

The conventional approach towards justification of labour theory for intellectual property is
challenged on multiple fronts, by modern development of technologies which are used for creations
and inventions as well as the creations of various works and inventions independently by advanced
technologies like Artificial Intelligence. The determination of ownership rights for any thing is to be
adjudged on the basis of competing interests. If the interests of the claimant of rights are strong as
against all the other parties, then in such cases, it becomes a strong case for the law to provide
recognition (Himma, 2012). The conferring of rights to Artificial Intelligence on the basis of the
generation of works independently is novel in nature albeit the existence of current laws. This is
because of the traditional creative process involving humans at the centre. Natural acquiescence of
rights for intellectual creations faces complications in the modern interpretation of intellectual
property laws. To transfer or acquire something, there should be claim over the possessions and that
claim is usually justified on autonomy considerations. Such autonomy can be used to exploit rights
either in commercialising or abandoning. The autonomous nature of Artificial Intelligence in
generating copyrightable works or patent eligible inventions keeps the future in bleak in view of the
current jurisprudence which primarily vests the ownership with human programmer or creator of the
Artificial Intelligence (U.S. Copyright Office, 2025).

The central issue that revolves around the according of intellectual property rights is to Artificial
Intelligence is the lack of self-consciousness, intention and the agency (Alkhawaldeh et al., 2025).
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The lack of autonomy and individuality counters the Lockean justification in terms of Artificial
Intelligence development. It can be argued that Artificial Intelligence may lack the initial autonomy
in the work but it does execute the works on parallel with how the humans perform the labour like
data processing, pattern analyzation, produce outputs, etc. In addition to it, this is where the
amalgamation of labour and the available resources available for creations or innovations paradigm
as per Locke’s labour theory is tested for the grounds of validity for application to Artificial
Intelligence systems. The baseline for conferring acquisition of rights to Artificial Intelligence relies
on the specific control of the material as well digital property at a given time where it can freely use,
own and appropriate the benefits. This view also supposes to think in the perspectives where
transformative labour is involved, where physical efforts are not performed as per Locke but certain
transformation is involved like converting raw data and information into commercial outputs which
itself satisfies the requirement under Lockean and natural rights theory.

On the other hand, the rights of the creator of Artificial Intelligence are in existence. The existence
of natural rights for Artificial Intelligence needs a reinterpretation in the modern era of machines,
especially autonomous ones. If we consider the natural rights of ownership in any intellectual
possession, then artificial intelligence needs to be considered as some sort of owner for possessing
such rights. If an Artificial Intelligence creates a work or invents an invention, there are two
possibilities regarding whether the programmer should own the intellectual property over it or
whether the Artificial Intelligence which created the work or invention shall be granted intellectual
property rights. This conundrum raises a debatable question about how the Lockean justification can
be best interpreted and analysed to decide the non-human creator’s position under the realm of current
intellectual property framework. The labourer as per Locke should decide the fitting reward for the
hard work and value created. If the reward is in itself a creation of property right, then the exercise of
the physical labour to exercise of rights lay down a path for revolutionary alternatives.

The ability of Artificial Intelligence to generate inventions and creations independently without or
with minimal human intervention can result in creation of original works though depended upon
trained algorithm basing on vast data sets. This can also happen without continuous human’s
supervision. On the other hand, it also poses challenge as the stone is rolled by human initially for the
working of Artificial Intelligence so that it then starts creating new outcomes in the form of creative
works and novel inventions. It can also be said that it has an unethical perspective of selfish claim of
creations where the involvement of human is minimal. But it may be argued that the amount of
investment and labour put by the developer in creating, training the Artificial Intelligence system may
provide for a basis for claiming ownership, but it should not also be ignored the amount of cognitive
analysis that is done by the Artificial Intelligence, though without a real existence in form of a person
or individual and identity. Advanced Artificial Intelligence systems can make independent decisions
in the creative process with autonomous procedure. This makes way for the separation and distinction
of normal technologies and Artificial Intelligence where it is not just more than an extension of human
labour, but an autonomous labour. The grey area exists here when there is generation of work without
human involvement or a minimal exercise of labour by the human. It can also be extended to situations
where there is no immediate human control over the actions of Artificial Intelligence. There were
instances like the chat bots of Facebook though trained to interact in English soon started to interact
with other chat bots in the language that was not comprehendible to the developers and researchers
of that programme (Baraniuk, 2017).

The merit of the Artificial Intelligence needs to be given importance here where it tries do something
voluntarily and sometimes it can succeed and sometimes it can fail where there is no desired outcome.
If it succeeds, then there are circumstances where it can have claims towards to the outcome. In the
present circumstances, a decade and/or the future, the claims may be certainly weak but it doesn’t
shadow the digital labour put up by the Artificial Intelligence systems. The collaborative aspects also
need a glimpse here as the corporation or the individual who invests resources in training, research,
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development and deployment of Artificial Intelligence, which requires of allocation of ownership and
liability aspects with regard to the created works and inventions. The labour-intensive procedure of
training the systems, data curation, designing the algorithms, model optimization, all require a
collaborative effort of human as well as the Artificial Intelligence to derive the fruits of the labour.
This can bridge the gap between natural labour rights and technological advancements. A shared
benefit perspective is also a scenario where Al-driven innovations and creations can be collectively
utilised by the stakeholders keeping Artificial Intelligence at the centre. A duality in sharing moral
entitlement is deep rooted in the foundations of development of Artificial Intelligence where human
programming is essential in training, but also Artificial Intelligence as an independent agent is
challenging. Conversely, the diminishing human involvement in creation process paves way for
recognition of Artificial Intelligence works. The current state of nature in this regard is yet to be
changed due to the careful investigation of the applicability of intellectual property laws to Artificial
Intelligence. But the opportunities are on rise to create an intellectual work, where a novel shape of
Lockean justification can be given.

On this basis, the Lockean Labour theory can be extended to include Artificial Intelligence generated
works if the strict pillars of hard work, labour, creativity and innovation are taken into consideration.
The process of creation of work and entitlement of rights can initiate with the first process where
there is a generation of prima facie work which lays path for control and claims (WIPO, 2021).
Secondly, if the generation of any intellectual creation and innovation is programmed due to the
labour of Artificial Intelligence, the applicability of Lockean theory depends upon the effect on well-
being of the stakeholders before the acquisition, as if it betters the position or worsen offs the
situation. If it is positive where benefits are accrued, then the labourian acquisition can be entailed
with the Artificial Intelligence. The base line here would be depended on how the stakeholders
perceive it in view of the value it creates in working of something or the art value it brings in
understanding of the society. Thirdly, if there are no objections as to the acquisition and control over
the claims in the property, then there is no issue, but if there are objections which are seen in the
modern perspectives of conferring rightship to Artificial Intelligence, it needs to be justified on the
grounds for validity and eligibility of the technology to possess ownership. The intellectual labour
undertaken by Artificial Intelligence is visible in analysing the data patterns, developing hypothesis
within its programming, generating new outputs and works, etc.

Traditional Lockean justification mainly lies in the energy exercised and time expended by the person
in creating the innovations and creations, but when it comes to Artificial Intelligence, the time and
energy is not exactly quantifiable as it works on different parameters like algorithms, codes, etc.,
which in reality makes the outcome of the creativity and innovation more time efficient and with no
direct physical energy consumption. This has created and would prominently in future showcase the
paradigm shifts in physical labour to intellectual labour and further, intellectual technological labour.
If at micro level, the contributions made by Artificial Intelligence are perceived, irrespective of any
community progress or economic based incentives, there exists certain amount of labour exercised
by the technology for creation of works, and recognizing the same on this basis rests with the
governments and global community for effective protection and robust enforcement. The labour
theory again rests on the ideology that labourer deserves the labour in the form of protection and
recognition even if there is an attempt to create something which is valuable (Hettinger, 1989). This
is a considerable observation where the rights arise from what is so created. The existence of bundle
of rights surrounding ownership in this regard like rights of possession, rights to use and utilization,
rights over the generation of the income, rights in regard to management, security rights, rights over
the capital, right of transmission and movement, the lack of term (though difficult to justify for
intellectual property which is a limited right), prohibiting the harmful use, liability in execution, along
with other residuary rights in terms of Artificial Intelligence is not developed where we are nowhere
near these in the light of advanced technologies.
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A cloak of invisibility and protection accorded by intellectual property here would benefit the
technological progress. It would be historical, if the ownership is entwined with the entity that creates
the product or the content, in this case, Artificial Intelligence. It would also incentivize the ethical
development of advanced Artificial Intelligence systems resulting in accountability and effective
ethical training and advancements in Artificial Intelligence technologies. A general form of protection
and agreement amongst the key stakeholders like developers, programmers, authors, inventors,
society and especially the regulators would advance the technological growth. An unconventional
and broader interpretation may be adopted to keep up with the evolving landscape of law and
technology and to redefine the fruitful labour and hard work coupled with the setting up of ownership
in the products created, where the creative process involves deployment of unique technologies like
Artificial Intelligence (Bienefeld & Grote, 2025).

Artificial Intelligence Liability under Natural Rights Theory

The developments in technologies like Artificial Intelligence have not only raised concerns about
ownership but also about liability. The pressing need arises as it has become relevant to discuss about
the Artificial Intelligence’s role in technological development. The existence of ownership rights like
owning, selling, licensing, etc., are also followed by liabilities like transparency and accountability,
infringement, misuse, injuries and harm caused by the Artificial Intelligence systems. The disputes
pertaining to intellectual property are contentious mainly as the people are more interested in the
outcomes Artificial Intelligence generates and they themselves create. This requires a unique insight
and re-evaluation of the traditional approaches as to how the labour theory’s extension to Artificial
Intelligence can be interpreted to include liability aspects into it. The present state of nature in this
regard is yet to be reformed due to the cautious analysis of the applicability and interpretation of
intellectual property laws to Artificial Intelligence. In the cases of copyrights, the idea-expression
rule posits that protection or liability applies only for the expression of the idea (Agitha, 2017). In
such cases the expression is generated by humans or the Artificial Intelligence becomes contentious.

A similar example can also be for the cases of patents where the expression is calculated on the terms
of novelty and inventive step taken in the claims of the inventions. So, the alleged invention which is
said to be infringing another patented invention, involves copy of claims in the developed process or
product needs to be taken into consideration. Liability jurisprudence can be understood by
understanding the complex exposition of technology’s intrinsic value. The intrinsic level of value
exists in the end itself where Artificial Intelligence is at the centre of the innovation cycle. The result
of the action in terms of liability defines the role of Artificial Intelligence in the infringement.
Conventional approach says that as the developers or the programmers created the technologies by
mixing their labour with Artificial Intelligence, hence liable for the actions of infringements caused
by such works (Chaudhary, 2020). This is in consonance with the traditional view of Locke where
the creators are responsible for the actions as well as consequences of their creations. Not only the
creators, but the users of these technologies also at the ground level can be made liable, if their usage
exceeds the permissible limitations of the technology, as are in the cases of general intellectual
property, also like uncontrolled use, lack of supervision, violating the instructions or manual of use,
etc.

But on the other hand, the autonomous nature of the Artificial Intelligence delinks the involvement
of human and the resulting outputs of the labour, where it challenges the traditional foundations of
Locke’s theory. If we take the natural rights of ownership in any intellectual possession, then artificial
intelligence needs to be considered as some sort of thief for violating such rights. The autonomous
labour follows the responsibility and accountability in terms of Artificial Intelligence’s involvement.
If an Artificial Intelligence generated music or invention relies on a copyrighted or patented content
without taking any consent for the use, then in such cases as the labour is exercised by it has to bear
the liability for the same, though such an individual liability absolutely to Artificial Intelligence is
superficial under the current circumstances and legal position.
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The baseline argument that can be interpreted here is in terms of creation of an outcome, the Artificial
Intelligence system violates or infringes upon another’s rights over intellectual property, but the
outcome of the work benefits the population, the liability of the Artificial Intelligence is in dilemma
which is moral as well as technological in nature. If the outcome of the creative process is stringently
attributed to the labour exerted by Artificial Intelligence, then the human creator’s liability is eclipsed.
Therefore, purely linking the liability to labour makes the premise difficult for accounting human’s
liability in which the individual control over the outcomes or creations is not existent or very minimal.
Artificial Intelligence needs to be given certain significance here where it attempts to do something
on its own accord and at times it can thrive and sometimes it can be unsuccessful where there is no
anticipated output. If it fails, then there are circumstances where it can have certain liabilities and
obligations due to the outcome where other persons have incurred damages and harm. It should be
ensured that the Artificial Intelligence doesn’t monopolize the information and data to the detriment
of human creators and public. To confer the liability, the recognition of labour is essential and to
recognize the labour, requirement of personality which can exercise labour is quintessential. In such
cases, their labour in the form of further operations can be stalled, or they can be disabled from
performing any tasks.

Liability can be ensued for repayment of any damages, debts, etc. In some cases, privacy violations
can also be at stake. Any morally or legally objectionable acts should not be allowed. As per the
current interpretation, the Artificial Intelligence lacks agency particularly moral agency. The ability
to make ethical decisions regarding creating and inventing can be one factor to confer the liability if
it infringes on any rights. As Locke discusses that no person can think about himself as injured by
blaming the other that certain amount of protected information is taken from an ocean of information
and it should be left to the society as enough and as good in common for others. It can be tested if the
system has consciously taken the decision to generate and develop the output. Such moral agency
can be attributed to Artificial Intelligence where both ownership as well as liability aspects can be
judicially viable. But the exact attribution of moral agency shall be dealt in comparison with the
algorithmic processes that make the technology exercise labour in a particular manner. The
algorithmic set up, like human brain, lets the Artificial Intelligence system perform tasks and generate
certain outcomes. It is also prudential to believe that Artificial Intelligence needs to survive
independently, not immediately but definitely in future without any direct assistance or collaboration
from humans or other entities in the technological context (Anderson & Rainie, 2018).

Hegelian Personality Theory and Intellectual Property

There is nothing greater than exercising a right over the property to the exclusion of others. Right
over the property is the claim and control of the external things in the world (Blackstone, 1825). In
this regard, the other conventional approach towards intellectual property ownership is intertwined
with the Hegel’s Personality theory. Georg Wilhelm Friedrich Hegel, a German Philosopher
propounds that property is manifestation of a person’s personality and inner being. It is an extension
of the expression of a person’s intention of owning a property thereby realizing the potential
individual will of the person (Bently et al., 2014). The freedom of personality extends beyond the
physical realms. Hegel’s approach provides a more individualistic approach to the property realm
including intellectual property which is a legal property (Nyvlt, 2024). As per him property is not just
a utilitarian tool but it is indeed a means for personal expression and self-realization. He developed
this philosophy that a personality is independent of natural rights and utilitarian justification, that it
exists on it owns sphere with internal existence comprising of will to own something and external
existence to have freedom (Priya, 2008). The appropriation of external objects makes it the part of
human personality which provides a person’s identity. That way, the rights in the property doesn’t
only mean economic rights and protection of commercial value, but it becomes the manifestation of
the personality of the human by establishing a personal bond between the person and his creations
which results in rights and liabilities.
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The intellectual and creative endeavours of person are deeply intertwined with self-personality in the
events where exposition of artistic skills, showcasing potential knowledge, etc., are required. That is
how they are expressed in the form of different transactions like entering into contracts, doing trade
and business but the things that the person’s possess in such transactions are not exactly physical
property. There exist certain rights and claims which are in intangible form which can be alienated in
the form of sale, licences, similarly like physical property (Hughes, 1988). But the difficulties arise
in the determination of the legal status of such rights and liabilities when it comes to Artificial
Intelligence. Such determination creates tensions between the treatment of law to conventional mode
of creating intellectual property and the creation of intellectual property by Artificial Intelligence.
There arises the challenge for reconciling the intellectual property principles where it is deeply
connected with the human personality and a legal framework to accommodate Artificial Intelligence
within the personality dynamics is quite a futuristic possibility or impossibility. This requires an
analysis on how ownership and liability is understood in the realms of Hegel's justification of
intellectual property.

The intellectual outputs in terms of intangible creations like literary works such as books, reports,
articles, artistic works such as paintings, art forms, musical works, etc., and inventions invented by
the person involving his own thought process become the subject matter of manifestation of
personality, individual’s intellectual capabilities, and thereby requires justification and protection.
Therefore, such creations as per Hegel are deeply entangled with the identity of creator (Harbinja,
2017). Thus, it becomes the inherent duty of the State to provide just and feasible safeguard and
protection of intellectual property irrespective of any economic efficiency and exist as the true form
of property. The ownership precedes protection under the legal principles, which would enable the
person to exclusively use the intellectual creations of his/her own to the exclusion of others and as
well as disseminate them. Hegelian justification is considered to be the best alternative to Lockean
Labour theory.

The personality theory of Hegel is mainly been prominent in the fields of copyright law in which the
creative expression of the individual in creating work of art is of the utmost importance. As the
creation of the work is the act of self-expression in essence, the creator exercises the moral and
personal rights over the work. This provides for the rationale of protecting moral rights under
copyright law domain. The rights of attribution, the rights of paternity and integrity in the works
thereby preventing others from distorting and destroying can be taken as an example which are the
moral rights of the creator. Any kind of derogatory treatment of the work which affects the personality
of the creator is not permitted and lead to legal complications. Though such unauthorized dealing
including reproduction and alteration of the work may not necessarily be attributed as an economic
violation or commercial exploitation of the work, but it definitely underscores the creator’s inability
or helplessness to control the dissemination and utility of the work to the world. This is nothing but
the justification of Hegel’s personality theory where the work is the manifestation of the person’s
identity and personality.

Artificial Intelligence Ownership under Hegelian Personality Theory

The extension of application of Hegelian theory of personality to Artificial Intelligence generated
output is complicated. As the creator is itself a life-less machine or programme, the Hegelian
justification needs to be carefully tailored to be applicable to Artificial Intelligence related
innovations and creations by affixing an operational agency. It provides for a situation where the
intimate connection between the creator and creation seems less personal as it’s a lifeless machine.
Hegel was absolutely perfect in devising that there should be a necessary relation and connection in
development of personality and the appropriation of one’s own creations, which as per him, is the
real basis for right to property (Hegel, 2005). How the personality needs to be identified in an
Artificial Intelligence work to be justified under Hegel’s theory is of a complex nature? Every
individual, person has a unique personality which is reflected in their actions and expressions. But on
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the other hand, it is always not necessary that the personality should be so clearly visible in the
outcomes, but there can be some subtle expressions of personality which can be identified only by
the persons having ordinary or sometimes specific knowledge in that specific domain. As rapid
advancements are evident in technological domain of Artificial Intelligence, an identification of
personality is on the line.

The interplay of humans and Artificial Intelligence needs to be taken into consideration for
identification of personality. It leads to the phenomenon where the human is involved in creation of
an Artificial Intelligence system and that system creates a work based on human input. Whether such
work will have any intimate relation with the personality of the creator, typically the programmer of
the Artificial Intelligence; or the creation of invention, poetry, or any other art work created by an
Artificial Intelligence is an extension of personality of human or the Artificial Intelligence itself,
where it deploys operational personality in generating any output. For example, when a music is
developed by a composer who deploys Artificial Intelligence, there exists a conundrum in reflection
of personality in the music of the creator which can strictly be Artificial Intelligence, but the one who
created it to work in that way is the programmer or developer. Generative Artificial Intelligence
(GenAl) like ChatGPT, image creators, etc., respond to the prompts on the basis of the data fed and
specific machine learning practices which tends them to generate unique responses which are very
distinctive in nature. This distinctiveness can be a ground for accruing intellectual property rights to
Artificial Intelligence.

Sometimes, there might be severance of the personal connection where human and the creation have
no proximity in the product development. The human creator of the systems can be unable to claim
the personal connection with the work due to the autonomy in the process of creation and innovation.
The meaningfulness of the personality when there is no human touch to the work that is created instils
a novel approach to theory of personality. In such circumstances the Hegelian justification can be
interpreted to say that there is no personal touch in the creation of the work as Artificial Intelligence
does the job and gives the output and therefore it is not essentially the reflection of the personality of
the human, but essentially it is what the Artificial Intelligence has thought about, though with an
initial human interference. The personal investment and self-realization as per Hegel need not be
strictly construed to be applicable to Artificial Intelligence as it would become challenging to bring
the machine which is devoid of personality, consciousness, and personal expression in comparison
with anthropocentric personality.

The narrower interpretation of Hegel’s should not be undertaken as there exists certain amount of
autonomy in the creative process (Schroeder, 2006). The autonomy of Artificial Intelligence is crucial
here to understand to decide the personality of Artificial Intelligence. There is an extension to the
conventional foundations of personality where Artificial Intelligence can also be treated to have a
personality of expressing its will and its own personality. The creation of an autonomy is essential to
attribute personality to Artificial Intelligence. There should be no separation of work from the creator.
Operational personality is developed by the Artificial Intelligence due to its dealing with various
programming, data feed and analysis, algorithmic learnings, etc., which distinguishes the works
produced by other entities. Although such decision-making abilities of Artificial Intelligence are
surrounded by algorithmic restraints, these operational abilities of it are on par with human potential
of expressing the will. Such an operational personality will enable to interpret the Hegelian theory of
justification of ascribing rights to individual expression vis-a-vis Artificial Intelligence, enables in
recognizing the creative role. It becomes the core of its existence which seeks for certain effectiveness
of its identity. This discussion shows that Artificial Intelligence can embody and express personality
similar to other legally recognized holders like humans, corporations and other entities. The
technological freedom beyond the prompts is essential here to determine the actualization of the
Artificial Intelligence. Hegel’s philosophy in the realm of technological advancements like Artificial
Intelligence interacting with external worlds can be given a parallel narration. The natural person’s
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processes external world through recognition of individuals and things, classification of materialistic
and unmaterialistic possessions, explaining of the occurrences, and remembering the past deeds and
history of anything. Similarly, Artificial Intelligence also adopts certain operational activities in terms
of recognition algorithms, where they appropriate and process visual imagery data through certain
patterns and features recognition just like humans. Classification of data happens through machine
learning processes where categorization can be done judiciously as per the requirements. The
explanation part is enabled through Natural Language Processing (NLP) models where it can interpret
any kind of inputs pertaining to human actions, day-to-day life, and much more. Remembering is one
of the complex parts in Artificial Intelligence technologies where the mental elements are connected
through neural networks performing memory functions and it gets improvised through acts of
repetitions (Emerging Technology from arXiv, 2017).

In addition to it, in the era of generative-Al, which particularly relies on the existing data sets for the
creation of new works, and the existing data set being independently reflection of multiple individual
personalities’ reflections, raises a new paradigm in understanding the collaborative nature of Artificial
Intelligence works. The multiple collaborative endeavours in creating a work involving Artificial
Intelligence creates more complications as against to conventional singular ownership mechanism.
There will be works that can be created by the unified creative processes. The expression of the
machine though without a human like consciousness, is a reflection of human creativity where biases
are existent, intentions are different. The median role of Artificial Intelligence propounds a new
paradigm of extending self-expression. It can create a symbiotic relationship between the humans and
advanced technologies (Zohuri & Mossavar-Rahmani, 2024). The blurring of distinction in individual
involvement and machine processing when the output is generated poses to look into a broader
perspective.

Such methods of protection would restrain other parties from exploiting the benefits of Artificial
Intelligence creations and innovations and undue interference into the creative processes enhancing
the integrity of the work strengthening the bond between the creator and the innovation. This has to
be created through a legal framework which shall distinguish the works of Artificial Intelligence
where human interference is more and the works where human interference is minimal as the
traditional Intellectual Property mechanism doesn’t accommodate Artificial Intelligence generated
works within its legal protection. But a protection in this regard would inherently safeguard the
originality and the value attached to the outcomes in the forms of creations and products. In this
regard, ownership would establish the identity dependence on the outcomes of the Artificial
Intelligence.

The first publication and disclosure of work need to be controlled by Artificial Intelligence which
would embody the personality, will and expression. Such protection would ensure there is an
association of the work with the Artificial Intelligence even though after first sale and further
dissemination of the work. Ultimately, the significance of Artificial Intelligence in creating
innovations and creations is substantial, irrespective of maximal or minimal nature of human
involvement. In addition to it, self-actualization is necessary for Artificial Intelligence to develop its
own personality where the freedom to possess can be achieved not by withdrawing from the physical
realms, but by overcoming through integration of algorithmic will into the creations and innovations
which would be economically treasured. Hegelian justification can be taken into consideration as one
of the strongest forms of intellectual property recognition system for weighing in the recognition of
intellectual property rights to self-realize and self-actualize the benefits of creativity and innovation.

Artificial Intelligence Liability under Hegelian Personality Theory

The extension of the personality on the basis of self-expression by Artificial Intelligence as
propounded above interpreting Hegel’s theory poses the challenge of ascribing liability with the level
of affiliation reflecting the creator’s personality with the work generated. If on the basis of
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foundational principles of Hegelian approach, humans are taken as the sole personality, and attribute
expression of the products and creations to humans, then developers, programmers, would be
centrally liable for any actions as they have guided the creative process. But if we unconventionally
assign a broader interpretation as discussed above in the case of ownership, then the creations and
innovations are nothing but an outcome of extension of personality of Artificial Intelligence which is
mainly responsible for the generated works. If the involvement of the human programmer or
developer is non-existent or minimal, then the existence of personality is questionable where there is
no self-expression of the human. This would ultimately entail the liability on Artificial Intelligence
due to non-involvement of human. Hegelian justification is of a stringent approach where the creation
should be linked to the personality of the creator. In such lines liability shall also be embodied in the
creator which is a digital personality that can hold and behold property and rights.

This leads the researchers to decide on the ethical dilemma as to the level of liability on part of humans
and Artificial Intelligence. There can be another side to the liability argument on this basis, where a
limited liability can be taken into consideration for initially harnessing the Artificial Intelligence
ownership and corresponding liabilities conundrum. This would generate interest in deciding the level
of involvement initially as well as during and towards the end of the creative process. But it will be
complicated to demarcate the reflection of personality in the process due to complex technological
processes. In such case, the personality jurisprudence under Hegel can be widened to provide a digital
personality to Artificial Intelligence. Such a digital personality can be used to credit ownership for
the creations and innovations. It can also enable the binding nature and fixing of liability on the part
of Artificial Intelligence where any infringement occurs due to direct or indirect act of the system. As
the activities would be treated as an extending personality of the Artificial Intelligence, digital
personality would further expand the scope of its applicability in terms of liability which would bind
the system for its own actions and consequences. The dependence of identity on the outcomes of the
digital labour generated will be sustained by societal norms that will identify Artificial Intelligence
role in innovation and creation of the products. The operational ability of Artificial Intelligence
systems make way for a wider applicability of Hegelian approach.

As discussed above, the operational personality of these high technology systems creates
opportunities for ownership acquisition over the creations. This can also lead to certain potential
fixation of liability basing on these capabilities to infringe upon intellectual property rights or rights
of persons under any other legislations. The misappropriation of patented claims, unauthorized use
of copyrighted content, by these operational decisions of Artificial Intelligence systems is nothing
but the operational identity of these systems akin to personal identity. The reparations on such systems
can be limiting access to data or in certain serious cases, revoking the licenses, restricting the access
to data as well as keeping constraints on essential functional aspects of the Artificial Intelligence
where it can be manifested to showcase its digital personality and distinct operational identity while
performing any tasks where earlier infringements have taken place.

The algorithmic infused process should be given a wider scope under the jurisprudence for its
applicability in terms of innovative technological progressions. This digital personality akin to digital
identity can be treated analogously to conventional personality which can possess rights and
liabilities. The premise is any being able to exist and create something on its own can develop its
personality to make, sell, control, commercialize, etc., the products or outcomes. Liability is a
restriction on the flexible expression of personality. It will alter how the Artificial Intelligence’s
expression is to be recognised and regulated. Any such expression violating the legal principles would
make the owner liable for the actions. Liability can take two possible faces of personality here, firstly
the absolute liability towards the human programmer which is the disputed current legal and judicial
position. Secondly, the algorithmic operational personality shown by the Artificial Intelligence which
is not a recognised form of liability under the contemporary legislative interpretation and judicial
analysis.
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Non-justification of any form of expression under Hegelian’s theory may result in widespread
infringements as no conventional mode of law addresses such radical liabilities that may be borne by
such new personalities. It is a transformative journey where the technologies can adapt to the growing
circumstances and be eligible for moral and ethical development where it can take place in the society.
The Hegelian approach in this regard would best suit bringing of the advanced technologies’ activities
within the recognition and regulation of law where a sui generis model is requisite or the existing
laws can accommodate the Artificial Intelligence analogous to humans, corporations and other
entities eligible for rights and liabilities.

Conclusion

Firstly, this article is an effort to pick up one thread of intellectual property jurisprudence and apply
to artificial intelligence and observe how the legal arguments unravel for ownership and liability. This
technological thread of Artificial Intelligence is currently being ignored towards its role in intellectual
property. Artificial Intelligence is evolving much ahead and quicker than the human cognitive
evolution. The interactions between Artificial Intelligence systems and humans have already begun
and more advanced interactions are just a near future. Such a position would involve a broader
justification of intellectual property to technological evolutions. Though strict analysis of labour
theory or personality theory may lead us to a conclusion that there are no actual labour and reflection
of public value that is involved in creation of the work and the personality of the creator is not actually
visible in the work created respectively. But a combined reading of labour theory, personality theory
would give us a new dimension to bring in Artificial Intelligence within the Intellectual Property
system.

When there is an exercise of technological labour, the outcome of the labour in the form of some
product, process, artwork, etc., is nothing but the algorithmic personality of Artificial Intelligence.
The creation of artificial intelligence initially though done by the human, is not exactly the creation
of his own personality but for the efficiency of the model, on the basis of certain selected parameters
and data sets which would perform the tasks. So, the Artificial Intelligence system exhibits its own
technical personality while creating an output which might not be actually the human’s personality.
There lies the distinction between humans and Artificial Intelligence, though the ball is rolled by the
human initially, but later on Artificial Intelligence systems can take on and develop their own identity,
therefore eligible of justification under the intellectual property rights regime. This article reflects the
advance narratives of granting rights to Artificial Intelligence through liberal interpretation and
modification of the conventional theories of Intellectual Property.
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Abstract. The main purpose of this study is to analyze the current economic condition of the
agricultural sector in the Nakhchivan Autonomous Republic, evaluate the dynamics of agricultural
production, and determine the sustainable development potential of the sector. Within the framework
of the study, statistical data covering the period 2010-2024 were used to investigate the development
trends of crop production and livestock sectors, productivity indicators, and the relationship between
irrigation water supply and agricultural output. In the empirical analysis stage, the ARDL
econometric model was applied to evaluate the short-run and long-run relationships between
agricultural production, irrigation water supply, and crop production. The findings indicate that
water supply is one of the main determinants of agricultural production in the Nakhchivan
Autonomous Republic, and reductions in water resources directly affect agricultural productivity. In
particular, drought and water scarcity have caused a decline in grain and grape production. At the
same time, intensive development trends were observed in potato farming, horticulture, and fruit
production. The results demonstrate that the development of sustainable agriculture, ensuring food
security, increasing agricultural productivity, and efficient management of water resources are
essential for strengthening regional economic sustainability.
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Naxc¢ivan Muxtar Respublikasinda kand tasarriifati
sektorunun iqtisadi tahlili vo onun davamh inkisaf potensial

Obdiilhiiseyn Zamanov! (", Obiilfoz Salmanov'” /) Eltun ibrahimov? ),
Ceyhun Mahmudov? "*/, Agarizo Riistamov?

Xiilasa. Bu tadqgigatin asas magsadi Nax¢ivan Muxtar Respublikasinda aqrar sektorun mévcud
vaziyyatini iqtisadi baximdan tohlil etmak, aqrar istehsalin inkisaf dinamikasini giymatlondirmak va
sektorun dayaniqli inkisaf potensialini miiayyanlagdirmakdon ibaratdir. Tadgiqat ¢ar¢givasinda 2010—
2024-cii illari ohata edan statistik malumatlar asasinda bitkicilik va heyvandarhq sektorlarinin inkisaf
meyllori, mahsuldarliq géstoricilori va su tominati arasindaki qarsiliqgh alagalor arasdirilmisdir.
Empirik tohlil morhalasinds ARDL ekonometrik modelindon istifada edilmis, aqrar istehsal ilo
suvarma suyu va bitkigilik istehsali arasindaki qisa va uzunmiiddatli alagalor qiymoatlondirilmigdir.
Todgiqat naticalori gostormigdir ki, su tominati Nax¢ivan Muxtar Respublikasinda aqrar istehsalin
asas determinantlarindan biridir va su ehtiyatlarinda bas veran azalma kond tasarriifati
mahsuldarligina birbasa tasir gostorir. Xiisusilo quraqlhq va su ¢atismazligt taxil¢iliq va itiziimgiiliik
sahalorinda istehsalin azalmasina sabab olmusdur. Bununla yanasi kartofculuq, bostangiliq va
meyvag¢ilik sahalorinda intensiv inkisaf meyllori miisahido edilmisdir. Tadqiqat naticalori gostarir ki,
dayaniqli kond tasarriifatinin inkisafi, arzaq tohliikasizliyinin tamin olunmasi, aqrar mahsuldarligin
artirtlmas1 va su rvesurslarimin somoarali idaro olunmast region tizra iqtisadi dayamqliligin
giiclondirilmasi baximindan xiisusi ahamiyyat dasuyir.

Acar sozlor: aqrar sektor, dayaniqli kond tasarriifati, arzaq tohliikasizliyi, aqrar mahsuldarhg,
suvarma sistemi, regional iqtisadi inkigaf, ARDL modeli, iqlim dayisikliklori, su tominati, igtisadi
artim
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Introduction

In the modern era, the agricultural sector is considered one of the main strategic fields contributing
to economic development, food security, and regional sustainability. Agriculture not only plays a vital
role in meeting the food demand of the population but also contributes significantly to employment
generation, rural development, and socio-economic stability. Especially in developing countries, the
agricultural sector remains one of the key drivers of economic resilience and sustainable growth. In
recent years, global climate change, water scarcity, drought, and environmental degradation have
increased the risks associated with sustainable agricultural development. Changes in temperature,
irregular precipitation patterns, and the reduction of water resources directly affect agricultural
productivity and overall production levels. Therefore, efficient resource management, improvement
of irrigation systems, and adaptation to climate-related risks have become major priorities for
agricultural policy and sustainable development strategies.

In Azerbaijan, the development of the agricultural sector is regarded as one of the priority directions
of state economic policy. Government support mechanisms, including subsidies, concessional loans,
and regional development programs, aim to increase agricultural productivity, strengthen food
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security, and stimulate regional economic growth. In this context, the agricultural sector also plays an
important role in reducing import dependency and ensuring long-term economic sustainability.

The Nakhchivan Autonomous Republic is one of the important agricultural regions of Azerbaijan.
The region possesses favorable agricultural traditions, fertile land resources, and significant
production potential. However, the arid continental climate, limited water resources, and the
increasing effects of climate change create serious challenges for sustainable agricultural
development. In particular, drought and water shortages observed in recent years have negatively
affected agricultural productivity and weakened production indicators in several crop groups.
Therefore, the economic assessment of the current state of the agricultural sector in the Nakhchivan
Autonomous Republic, the identification of the main determinants affecting agricultural production,
and the evaluation of the sector’s sustainable development potential have significant scientific and
practical importance. The study aims to analyze the dynamics of agricultural production, investigate
the relationship between irrigation water supply and productivity, and evaluate sustainable
agricultural development from both statistical and econometric perspectives.

1.1. Relevance of the Research Problem

The agricultural sector is one of the key components of economic development and plays an important
role in ensuring food security, regional sustainability, and social stability. Agriculture contributes not
only to food production but also to employment generation, rural development, and the strengthening
of regional economic activity. In many developing countries, sustainable agricultural development is
considered one of the main priorities of state economic policy.

In recent years, global climate change and environmental challenges have significantly increased the
risks facing the agricultural sector. Drought, water scarcity, irregular precipitation patterns, and rising
temperatures directly affect agricultural productivity and reduce the efficiency of agricultural
production. These challenges are particularly important for regions with limited water resources and
arid climatic conditions. The Nakhchivan Autonomous Republic is one of the regions where
agriculture has strategic importance for regional economic development and food security. However,
the region’s arid continental climate and limited water resources create serious obstacles to
sustainable agricultural development. In particular, the reduction of irrigation water resources in
recent years has negatively affected productivity levels in several agricultural fields.

Therefore, the economic analysis of the current state of the agricultural sector, the evaluation of
production dynamics, and the assessment of sustainable development potential in the Nakhchivan
Autonomous Republic have both scientific and practical significance. The study is especially relevant
in terms of sustainable agriculture, food security, climate adaptation, and regional economic
resilience.

1.2. Agricultural Characteristics of the Nakhchivan Autonomous Republic

In the modern era, the agricultural sector is considered one of the main strategic fields contributing
to economic development and food security (Food and Agriculture Organization, 2008). Agriculture
is not limited only to meeting the food demand of the population but also plays a significant role in
increasing employment, supporting regional socio-economic development, and improving living
standards in rural areas (Islam, 2025). Particularly in developing countries, the agricultural sector is
regarded as one of the key determinants of economic sustainability and social stability (World Bank,
2024). In this context, sustainable agricultural development and food production are closely
associated with SDG 2 (Zero Hunger) and SDG 8 (Decent Work and Economic Growth).

In recent years, global climate change, water scarcity, drought, and environmental problems have
significantly increased the risks related to sustainable agricultural development (Bernoux, 2021).
Changes in temperature, irregular precipitation patterns, and limited water resources directly affect
agricultural production and productivity levels (Onyeaka, 2024). Therefore, efficient resource
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management, the implementation of modern irrigation systems, and adaptation mechanisms to
climate-related risks have become increasingly important for sustainable agriculture and regional
economic resilience (Food and Agriculture Organization, 2011).

In the Republic of Azerbaijan, the development of the agricultural sector is considered one of the
priority directions of state economic policy. Government programs, subsidies, concessional loans,
and institutional support mechanisms are implemented to increase agricultural production, improve
productivity, and stimulate regional development (Azorbaycan Respublikasinin Kond Tosarriifati
Nazirliyi, 2024). The development of agriculture is also important for strengthening food security and
reducing dependence on imports (Azarbaycan Respublikasinin Dovlat Statistika Komitasi, 2024).

The Nakhchivan Autonomous Republic is one of the important agricultural regions of Azerbaijan in
terms of agricultural production and regional economic development (Qasimov, 2025). The region’s
favorable agricultural traditions, land resources, and existing production potential create broad
opportunities for agricultural development. However, the arid continental climate, limited water
resources, and increasing effects of climate change are considered major limiting factors affecting the
sustainable development of the agricultural sector. In particular, drought and water shortages observed
in recent years have negatively affected productivity and weakened production indicators in several
agricultural product groups (Azarbaycan Respublikasinin Dovlat Statistika Komitasi, 2024). From
this perspective, the economic evaluation of the current condition of the agricultural sector in the
Nakhchivan Autonomous Republic, the identification of the main determinants affecting agricultural
production, and the assessment of the sector’s sustainable development potential have significant
scientific and practical importance. The study also contributes to discussions related to sustainable
agriculture, agricultural productivity, food security, and regional economic growth within the
framework of SDG-oriented development approaches.

1.3. Research Objectives

The main objective of this study is to comprehensively analyze the current economic condition of the
agricultural sector in the Nakhchivan Autonomous Republic, evaluate the development dynamics of
agricultural production, and identify the main determinants affecting the sustainable development of
the sector. Within the framework of the research, it is intended to assess the relationships among
agricultural production indicators, productivity levels, cultivated areas, and water supply through
statistical and econometric approaches. Another important objective of the study is to determine the
development potential of the agricultural sector, evaluate existing problems and risk factors, and
develop scientifically grounded recommendations for ensuring sustainable agricultural development.
In this regard, water resource management, increasing agricultural productivity, and improving the
efficiency of agricultural production are considered the main priority directions of the research. The
study also aims to contribute to discussions on sustainable agriculture, food security, and regional
economic development within the framework of SDG-oriented agricultural policies.

1.4. Research Question and Hypotheses
Within the framework of the study, the main research question is formulated as follows:

What are the main economic and environmental determinants affecting the development of the
agricultural sector in the Nakhchivan Autonomous Republic, and how does the relationship between
water supply and productivity influence the sustainable development of agricultural production?

In accordance with this research question, the following hypotheses are proposed:

H1. Improvement in water supply has a positive effect on agricultural productivity.

H2. Drought and water scarcity negatively affect agricultural productivity indicators.

H3. The development dynamics of the agricultural sector are mainly shaped by water supply,
productivity levels, and climatic conditions.
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Within the framework of the research, the proposed hypotheses are intended to be evaluated through
statistical and econometric methods. For this purpose, the relationships among agricultural production
indicators, productivity levels, cultivated areas, water supply, and climate-related factors will be
analyzed using correlation and econometric approaches. In addition, the ARDL model will be applied
to evaluate the long-run and short-run relationships among the selected variables associated with
sustainable agriculture, agricultural productivity, and regional economic development.

1.5. Scientific Novelty and Contribution

The scientific novelty of the study lies in the comprehensive evaluation of the development
characteristics of the agricultural sector in the Nakhchivan Autonomous Republic through statistical
and econometric approaches. Unlike existing studies, this article systematically analyzes the
relationships among agricultural production dynamics, agricultural productivity, water supply, and
climate change factors based on regional statistical data.

One of the main scientific contributions of the research is the econometric evaluation of the
determinants affecting agricultural production. For this purpose, the relationships between the overall
volume of agricultural production and variables such as water supply and cultivated land areas are
intended to be examined through econometric analysis. Such an approach makes it possible to
evaluate the development dynamics of the agricultural sector not only descriptively but also
analytically through cause-and-effect relationships.

Another important contribution of the study is the assessment of the sustainable agriculture potential
of the Nakhchivan Autonomous Republic by considering regional characteristics and agricultural
production conditions. The article investigates changes in productivity indicators, the impact of water
supply on agricultural production, and intensive development trends based on statistical analysis. In
particular, evaluating the relationship between irrigation systems and agricultural productivity has
practical significance for the development of regional economic development strategies.

The study also contributes to identifying the main risk factors affecting the sustainability of the
agricultural sector and developing strategic approaches aimed at reducing these risks. Based on the
analysis, scientifically grounded recommendations are proposed regarding water resource
management, efficient irrigation systems, increasing agricultural productivity, and improving the
efficiency of agricultural production. In modern economic literature, the development of the
agricultural sector is associated not only with increasing agricultural production but also with
sustainable agriculture, food security, efficient resource management, and regional economic
development. The agricultural sector plays a strategic role particularly in developing countries in
terms of employment generation, rural socio-economic development, and ensuring food production
for domestic markets (Food and Agriculture Organization, 2016).

Amgai, Komarek, and Adhikari (2025) examined the main determinants affecting the competitiveness
of agrifood value chains in their study titled “Understanding the role of policy in enhancing agrifood
value chain competitiveness: A systematic literature review.” The authors emphasized that
agricultural productivity, institutional support, innovation, and government policies are among the
main factors influencing the long-term development of the agricultural sector. The study also
highlighted the importance of efficient resource management and sustainable agriculture practices.

Climate change is considered one of the major risk factors affecting agricultural productivity and
sustainable agriculture in recent years. Rising temperatures, drought, and water scarcity directly
influence agricultural production and productivity levels (Onyeaka, 2024). Liu et al. (2026), in their
study on potato thermomorphogenesis, found that high temperatures negatively affect crop
development and agricultural productivity. Their findings indicate that heat stress is one of the major
environmental challenges threatening agricultural sustainability.
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Water supply is widely recognized in the literature as one of the key determinants of agricultural
productivity. Insufficient water resources reduce production efficiency and weaken the sustainability
of agricultural production systems. In contrast, efficient irrigation systems contribute positively to
productivity growth, especially in intensive agricultural fields such as potato farming, horticulture,
and fruit production (Food and Agriculture Organization, 2011). Therefore, effective water resource
management is considered one of the strategic priorities for regional economic development and
sustainable agriculture.

Another important approach widely applied in agricultural economics studies is the Autoregressive
Distributed Lag (ARDL) model, which is used to evaluate short-run and long-run relationships among
variables. The ARDL model is frequently applied in studies examining the relationships among
agricultural production, climate change, water supply, and agricultural productivity (Gallas &
Baazaoui, 2026). In addition, Gao et al. (2026) emphasized that artificial intelligence and digital
monitoring systems provide significant advantages in farmland monitoring and agricultural resource
management.

The review of the existing literature demonstrates that the development of the agricultural sector is
mainly influenced by water supply, climate conditions, agricultural productivity, and resource
management efficiency. However, comprehensive statistical and econometric evaluations of the
relationships among agricultural production, productivity, and water supply in the Nakhchivan
Autonomous Republic remain limited. Therefore, the present study aims to contribute to the literature
by evaluating the main determinants of regional agricultural development through statistical and
econometric approaches.

Methods

This study is devoted to evaluating the development dynamics of the agricultural sector in the
Nakhchivan Autonomous Republic through statistical and econometric methods. Within the
framework of the research, various statistical and econometric approaches were applied to identify
the relationships among agricultural production, agricultural productivity, water supply, and climate
change factors. The methodological approach is based on evaluating the determinants of agricultural
sector development through both descriptive statistical analysis and cause-and-effect relationships.

The methodological basis of the study relies on a systematic approach, comparative analysis, time-
series analysis, correlation analysis, and econometric modeling methods. One of the main
methodological directions of the research is the evaluation of the dynamic changes in agricultural
production indicators over time and the identification of relationships among the selected variables
associated with sustainable agriculture and regional economic development. In the empirical analysis
stage, descriptive statistical methods were first applied to evaluate the development trends of
agricultural production indicators. Subsequently, correlation analysis was used to determine the
relationships among agricultural production, cultivated land areas, agricultural productivity, and
water supply variables. In addition, the Autoregressive Distributed Lag (ARDL) model was employed
to examine the short-run and long-run relationships among the variables.

The statistical data used in the study cover the period 2010-2024 and were obtained from the State
Statistical Committee of the Republic of Azerbaijan, the Ministry of Agriculture of the Republic of
Azerbaijan, and FAOSTAT databases. The analysis mainly focuses on crop production indicators,
livestock production, cultivated land areas, productivity levels, and irrigation water supply indicators
in the Nakhchivan Autonomous Republic. The application of statistical and econometric methods in
the study provides an opportunity to comprehensively evaluate the current condition of the
agricultural sector, identify the main determinants affecting agricultural productivity, and assess the
relationships among water supply, agricultural production, and economic growth.
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3.1. Data Source

The data used in this study were mainly obtained from the official statistical reports of the State
Statistical Committee of the Republic of Azerbaijan and regional statistical indicators related to the
Nakhchivan Autonomous Republic (State Statistical Committee of the Republic of Azerbaijan, 2024).
In addition, FAOSTAT databases, international scientific articles, and empirical studies in the field of
agricultural economics were used as supporting sources.

The research was conducted based on time-series data covering the period 2010-2024. The main
indicators used in the analysis of the agricultural sector are as follows:

e total agricultural production;

e grain production and productivity;

e potato production and productivity;

o melon and vegetable production;

e fruit-growing and viticulture indicators;
e livestock production indicators;

e cultivated land areas;

e irrigation water supply indicators.

During the data processing stage, statistical indicators were standardized within a unified system and
structured for time-series analysis. In order to ensure comparability among agricultural production
indicators, some variables were transformed into logarithmic form before the econometric analysis.
The selected variables were used to evaluate the relationships among agricultural productivity, water
supply, cultivated land areas, and agricultural production. The use of long-term statistical data also
provided an opportunity to identify development trends and structural changes in the agricultural
sector of the Nakhchivan Autonomous Republic.

3.2. Variables

Within the framework of the study, the main economic and environmental determinants affecting the
development of the agricultural sector were taken into consideration. The variables used in the
empirical model were divided into two groups: dependent and independent variables. The total
volume of agricultural production (AGR) was used as the dependent variable. This variable
characterizes the overall development level of the agricultural sector and is considered the main
outcome indicator of the model.

The independent variables used in the study are as follows:

e WATER — irrigation water supply indicator;
e CROP — crop production indicator (proxy variable).

Water supply is considered one of the main determinants of agricultural productivity; therefore, it was
included in the model as one of the principal explanatory variables. The crop production variable was
used as a proxy indicator to evaluate the production dynamics of the agricultural sector and its
relationship with agricultural productivity.

The selected variables were used to analyze the relationships among agricultural production, water
supply, and agricultural productivity within the framework of the ARDL model. The use of these
variables also allows the identification of the main factors affecting sustainable agriculture and
regional economic development in the Nakhchivan Autonomous Republic.
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3.3. Empirical Model

Within the framework of the study, the Autoregressive Distributed Lag (ARDL) model was applied
to evaluate the main determinants affecting the development of the agricultural sector. The ARDL
approach has important advantages in identifying both short-run and long-run relationships among
variables and is considered suitable for the analysis of time-series data with a relatively limited
number of observations (Gallas & Baazaoui, 2026).

The empirical model is expressed in the following functional form:

ln AGRt = ﬁo + ﬂIWATERt + ﬁZCROPt + gt

Where:

e In AGR,— total agricultural production volume;

e WATE R,— irrigation water supply indicator;

e CROP,— crop production indicator (proxy variable);
e &—random error term.

The main purpose of applying the model is to determine the statistical significance of the economic
and environmental determinants affecting agricultural production. In addition, the model is intended
to evaluate the impact of water supply and crop production dynamics on agricultural productivity and
sustainable agriculture. One of the main advantages of the ARDL approach is that it allows the
simultaneous analysis of long-run equilibrium relationships and short-run fluctuations within a single
model framework. Therefore, the model provides an opportunity to comprehensively evaluate the
relationships among agricultural production, water supply, agricultural productivity, and regional
economic development in the Nakhchivan Autonomous Republic.

3.4. Research Methods
Within the framework of the study, various statistical and econometric methods were applied to
evaluate the development dynamics of the agricultural sector.

The main methods used in the research are as follows:

e time-series analysis;

e comparative statistical analysis;
e correlation analysis;

e trend analysis;

e productivity index evaluation;

e econometric modeling;

o ARDL approach.

Time-series analysis was applied to identify the development trends of agricultural production and
agricultural productivity indicators over time. Comparative statistical analysis provided an
opportunity to evaluate structural changes and development tendencies across different years.
Correlation analysis was used to determine the direction and strength of the relationships among water
supply, agricultural productivity, and agricultural production indicators. Trend analysis was employed
to identify the long-term development tendencies of the agricultural sector. At the main stage of the
empirical evaluation, the ARDL model was used to analyze the short-run and long-run relationships
between agricultural production, water supply, and crop production indicators. This methodological
approach makes it possible to comprehensively evaluate the determinants affecting sustainable
agriculture, agricultural productivity, and regional economic development from both statistical and
econometric perspectives.
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4. Economic Analysis of the Current State of the Agricultural Sector

The agricultural sector in the Nakhchivan Autonomous Republic is considered one of the main
directions of the regional economy and has strategic importance in terms of employment generation
in rural areas, food security, and regional economic development (State Statistical Committee of the
Republic of Azerbaijan, 2024). Although the natural-geographical conditions, climate characteristics,
and land resources of the region create favorable opportunities for agricultural production, limited
water supply and climate change remain among the main factors affecting the sustainable
development of the agricultural sector.

In recent years, different development trends have been observed across various branches of
agricultural production in the Nakhchivan Autonomous Republic. While some agricultural product
groups demonstrated productivity growth and intensive development tendencies, other sectors
experienced declines in production volume and structural changes. In particular, drought and water
scarcity have directly affected agricultural productivity and production dynamics. This section
evaluates the current condition of the agricultural sector in the Nakhchivan Autonomous Republic
based on statistical indicators. The analysis focuses on the development dynamics of crop production
and livestock production, productivity indicators, the relationship between water supply and
agricultural production, and the main structural changes observed within the agricultural sector.

4.1. Analysis of the Crop Production Sector

In order to evaluate the development dynamics of the crop production sector in more detail,
production and productivity indicators for the main agricultural products were analyzed separately.
Within the framework of the analysis, statistical indicators related to grain production, potato farming,
vegetable production, fruit-growing, and viticulture were comparatively examined, and the main
development trends, productivity changes, and influencing factors for each product group were
identified. Production indicators were expressed in tons, while productivity indicators were measured
in centners per hectare. The analysis demonstrates that the development of the crop production sector
in the Nakhchivan Autonomous Republic has shown different dynamics across product groups. While
agricultural productivity increased in potato farming, vegetable production, and fruit-growing sectors,
declining trends were observed in grain production and viticulture in recent years. In particular,
drought, water scarcity, and climate change have negatively affected agricultural production in several
Crop groups.

At the same time, the implementation of efficient irrigation systems and intensive agricultural
methods has positively influenced productivity growth in some agricultural fields. The development
trends observed in the crop production sector indicate that water supply and agricultural productivity
remain among the key determinants affecting sustainable agriculture and regional economic
development in the Nakhchivan Autonomous Republic.

The main statistical indicators related to crop production are presented in the following graphs.
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Dynamics of Grain Production in the Nakhchivan Autonomous
Republic (2010-2024))
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Figure 1

Source. State Statistical Committee of the Republic of Azerbaijan.

Dynamics of Fruit Production in the Nakhchivan Autonomous
Republic (2010-2024)
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Source. State Statistical Committee of the Republic of Azerbaijan.
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Source. State Statistical Committee of the Republic of Azerbaijan.

Dynamics of Fruit Production in the Nakhchivan Autonomous Republic (2010-2024)
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Dynamics of Potato Productionin the Nakhchivan Autonomous Republic (2010-2024)
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Figure 4

Source. State Statistical Committee of the Republic of Azerbaijan.

Thus, the analysis demonstrates that the development of the crop production sector in the Nakhchivan
Autonomous Republic has shown different dynamics across product groups. While productivity
indicators increased in potato farming, vegetable production, and fruit-growing sectors, declining
trends were observed in grain production and viticulture in recent years. This situation indicates that
agricultural production is highly dependent on water supply, climate conditions, and the level of
implementation of modern agricultural methods.

Alongside crop production, livestock production is also considered one of the main directions of the
agricultural economy in the Nakhchivan Autonomous Republic. The livestock sector plays an
important role in ensuring food security, increasing rural employment, and supporting the
sustainability of agricultural production. Therefore, the analysis of livestock production indicators
has particular importance in evaluating the overall development dynamics of the agricultural sector.

4.2. Analysis of the Livestock Sector

Livestock production is considered one of the main components of the agricultural sector in the
Nakhchivan Autonomous Republic and plays an important role in ensuring food security in the region.
Meat, milk, and egg production are among the main livestock products of the agricultural sector. In
addition to supplying the population with food products, the livestock sector has strategic importance
in terms of increasing rural employment and supporting the sustainability of agricultural production.

During the period 2010-2024, different development trends were observed in meat, milk, and egg
production indicators. Although production growth was recorded in some livestock product groups
during the analyzed period, weakening feed resources, drought, and water scarcity negatively affected
production dynamics in certain areas in recent years. The analysis indicates that the livestock sector
remains one of the important components of agricultural production and contributes significantly to
agricultural productivity and regional economic development in the Nakhchivan Autonomous
Republic. However, climate-related factors and limited water supply continue to influence the
sustainability of livestock production and the efficiency of agricultural production systems.

The main statistical indicators related to livestock production are presented in the following graphs.
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Dynamics of Egg Production by Districts in the Nakhchivan Autonomous Republic (2010-2024)
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Source. State Statistical Committee of the Republic of Azerbaijan.
Dynamics of Meat Production by Districts in the Nakhchivan Autonomous Republic (2010-2024)
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Source. State Statistical Committee of the Republic of Azerbaijan.
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Dynamics of Milk Production by Districts in the Nakhchivan Autonomous Republic (2010-2024)
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Source. State Statistical Committee of the Republic of Azerbaijan.

4.3. Agricultural Productivity and Water Supply

One of the main factors affecting the development of agricultural production in the Nakhchivan
Autonomous Republic is irrigation water supply. The arid continental climate conditions of the region
increase the strategic importance of artificial irrigation in agriculture. In recent years, drought and
limited water resources have caused declines in agricultural productivity in several crop groups. At
the same time, the implementation of efficient irrigation systems has positively influenced
productivity growth in certain agricultural fields.

The analysis of productivity indicators demonstrates that there is a direct relationship between
irrigation water supply and agricultural production. In particular, productivity growth has been
observed in potato farming, vegetable production, and fruit-growing sectors where drip irrigation
systems and intensive agricultural methods are more widely applied. In contrast, the reduction in
irrigation water supply has negatively affected productivity indicators in grain production and
viticulture.

Agricultural productivity indicators were expressed in centners per hectare (cent/ha). The findings
indicate that water supply remains one of the key determinants affecting agricultural productivity and
sustainable agriculture in the Nakhchivan Autonomous Republic. Therefore, the effective
management of irrigation systems plays an important role in increasing agricultural production and
supporting  regional economic development.

In this regard, the main statistical indicators related to agricultural productivity and irrigation water
supply are presented in the following graphs.
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Dynamics of Grain Productivity in the Nakhchivan Autonomous
Republic (2010-2024)
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Source. State Statistical Committee of the Republic of Azerbaijan.

Dynamics of Potato Productivity in the Nakhchivan Autonomous
Republic (2010-2024)
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Dynamics of Melon and Vegetable Productivity in the Nakhchivan
Autonomous Republic (2010-2024)
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Dynamics of Grape Productivity in the Nakhchivan Autonomous
Republic (2010-2024)
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Source. State Statistical Committee of the Republic of Azerbaijan.

Dynamics of Melon and Vegetable Productivity in the Nakhchivan
Autonomous Republic (2010-2024)
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Source. State Statistical Committee of the Republic of Azerbaijan.
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Dynamics of Irrigation Water Supply in the Nakhchivan
Autonomous Republic (2010-2024)
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Source. State Statistical Committee of the Republic of Azerbaijan.

5. Empirical Results and Econometric Evaluation

5.1. Descriptive Statistics

Descriptive statistical analysis was conducted for the main variables used within the framework of
the study. Descriptive statistics provide an opportunity to evaluate the general dynamics, variability
level, and observation range of the selected variables. For this purpose, the mean values, minimum
and maximum levels, and standard deviation indicators were calculated for total agricultural
production (AGR), irrigation water supply (WATER), and crop production (CROP) variables.

The descriptive statistics results indicate that agricultural production indicators demonstrated
noticeable fluctuations during the analyzed period. In particular, the decline observed in irrigation
water supply in recent years directly affected the overall dynamics of agricultural production. Similar
changes were also observed in crop production indicators, and decreases were recorded during certain
periods due to drought and limited water resources. The findings further show that water supply and
crop production variables exhibited relatively high variability compared to the overall agricultural
production indicator. This situation reflects the sensitivity of agricultural productivity and agricultural
production to climate conditions and irrigation systems in the Nakhchivan Autonomous Republic.

The descriptive statistical indicators of the variables used in the empirical analysis are presented in
the following table.

121



Elmi Is/20(5), 2026
Scientific Work / 20(5), 2026

Table 1
Descriptive Statistics of Variables
Variable Mean Minimum Maximum Standard Deviation
AGR 425977.9 246122.7 589347.7 101284.6
WATER 245 179.6 300.8 38.7
CROP 267274.4 156037.2 384823.2 80914.4

Source. Prepared by the author.

According to the descriptive statistics results, the mean value of the agricultural production indicator
was calculated as 425977.9. During the analyzed period, the maximum value was observed in 2022,
while the minimum value was recorded in 2010. The irrigation water supply indicator demonstrated
certain fluctuations over the years. In particular, the variability observed in water supply after 2014
became one of the main factors affecting agricultural productivity.

The analysis of crop production indicators shows that productivity and production levels mainly
changed depending on water supply and climate conditions. These findings indicate that water
resources have strategic importance for the development of the agricultural sector and that the
sustainability of agricultural production is closely associated with irrigation water supply.

5.2. Correlation Matrix

In order to determine the direction and strength of the relationships among the variables, correlation
analysis was conducted. Pearson correlation coefficients were used to evaluate the relationships
among total agricultural production (AGR), irrigation water supply (WATER), and crop production
indicators (CROP).

Correlation analysis provides an opportunity to identify the existence of positive or negative
relationships among variables. A coefficient close to 1 indicates a strong positive relationship, while
a coefficient close to -1 represents a strong negative relationship.

Table 2
Correlation matrix
Variable AGR WATER CROP
AGR 1.000 0.742 0.931
WATER 0.742 1.000 0.688
CROP 0.931 0.688 1.000

Source. Prepared by the author.

The results of the correlation analysis indicate that there is a positive and relatively strong relationship
between agricultural production and irrigation water supply (0.742). This finding demonstrates that
irrigation water is one of the main determinants of agricultural productivity and agricultural
production.

A very strong positive relationship was identified between crop production and total agricultural
production (0.931). This result indicates that the crop production sector plays a dominant role in the
overall development dynamics of the agricultural sector. A positive relationship was also observed
between irrigation water supply and crop production (0.688). This finding confirms that water supply
plays an important role in the formation of agricultural productivity and crop production dynamics.
Overall, the results of the correlation analysis are consistent with the main hypotheses proposed
within the framework of the study and demonstrate the strategic importance of irrigation water supply
in the development of sustainable agriculture and agricultural production.
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5.3. ADF Test Results

In order to determine the stationarity level of the variables before applying the ARDL model, the
Augmented Dickey-Fuller (ADF) unit root test was conducted. The ADF test provides an opportunity
to examine the existence of unit roots in time-series data and determine the stationarity level of the
selected variables. One of the main advantages of the ARDL approach is that it allows the use of

variables integrated at I(0) and I(1) levels. However, none of the variables should be integrated at the
I(2) level.

Within the framework of the study, the ADF test was applied to total agricultural production (AGR),
irrigation water supply (WATER), and crop production (CROP) variables. The test results are
presented in the following table.

Table 3
ADF test results
Variable Coefticient Std.Error T-statistic Probality
WATER 0.428 0.117 3.641 0.004
CROP 0.731 0.154 4.746 0.001
C 2.184 0.693 3.151 0.009

Source. Prepared by the author.

According to the ADF test results, the irrigation water supply variable was found to be stationary at
level. In contrast, the total agricultural production and crop production variables were non-stationary
at level but became stationary after taking the first difference. Thus, the integration levels of the
variables being a mixture of I(0) and I(1) created an appropriate methodological condition for the
application of the ARDL model. The test results indicate that the ARDL approach is suitable for
evaluating both short-run and long-run relationships among agricultural production, water supply,
and agricultural productivity variables.

5.4. ARDL Long-Run Results

In order to evaluate the long-run relationships among the variables, the ARDL model was applied.
Within the framework of the model, total agricultural production (AGR) was used as the dependent
variable, while irrigation water supply (WATER) and crop production indicators (CROP) were used
as explanatory variables. The ARDL approach has important methodological advantages in
identifying long-run equilibrium relationships among variables. In particular, this model provides
more reliable results for the analysis of time-series data with a relatively limited number of
observations.

Table 4
ARDL ong-Run results
Variable At level First Difference Result
AGR Non-stationary Stationary I(1)
WATER Stationary -- 1(0)
CROP Non-stationary Stationary I(1)

Source. Prepared by the author.

The long-run results of the ARDL model indicate that irrigation water supply has a positive and
statistically significant effect on agricultural production. The positive coefficient of the WATER
variable demonstrates that an increase in irrigation water supply leads to growth in the overall volume
of agricultural production. This finding confirms the strategic importance of water resources for
agriculture under the arid continental climate conditions of the region.
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A strong positive relationship was also identified between crop production (CROP) and total
agricultural production. The relatively high coefficient of the CROP variable indicates that the crop
production sector plays a dominant role in the overall development dynamics of the agricultural
sector. The model results demonstrate that water supply and crop production are among the main
determinants affecting the long-run development of the agricultural sector. Therefore, efficient water
resource management and agricultural policy measures aimed at increasing agricultural productivity
have particular importance for ensuring sustainable agriculture and regional economic development
in the Nakhchivan Autonomous Republic.

5.5. ECM Results

In order to evaluate the short-run dynamics and the long-run equilibrium relationship among the
variables, the Error Correction Model (ECM) was applied. The ECM approach makes it possible to
determine how short-run changes among variables adjust toward long-run equilibrium. Within the
framework of the model, the error correction term ECM(-1) indicates the speed at which deviations
from long-run equilibrium are eliminated. A negative and statistically significant ECM coefficient
confirms the existence of a long-run relationship within the model.

Table 5
ECM results
Variable Coefficient Std.Error T-statistic Probality
D(WATER) 0.214 0.082 2.609 0.024
D(CROP) 0.487 0.133 3.661 0.004
ECM(-1) -0.672 0.148 -4.541 0.001

Source. Prepared by the author.

According to the ECM results, the error correction coefficient had a negative sign and was found to
be statistically significant. The ECM(-1) coefficient of -0.672 indicates that approximately 67.2% of
the deviations from long-run equilibrium are corrected in the following period. This result confirms
the existence of a long-run equilibrium relationship within the model and demonstrates that
agricultural production indicators tend to return to equilibrium over time. The short-run results
indicate that changes in irrigation water supply have a positive effect on agricultural production. In
particular, reductions in irrigation water supply weakened agricultural productivity during the
analyzed period. The crop production indicator also appeared as one of the main determinants of
agricultural production in the short run.

Overall, the ECM model results demonstrate that the development dynamics of the agricultural sector
in the Nakhchivan Autonomous Republic are mainly shaped by changes in water supply and crop
production trends. Therefore, efficient water resource management and policies aimed at increasing
agricultural productivity have strategic importance for ensuring sustainable agriculture and regional
economic development.

5.6. Econometric Interpretation

The results of the econometric evaluation demonstrate that irrigation water supply is one of the main
determinants affecting the development of the agricultural sector in the Nakhchivan Autonomous
Republic. According to the ARDL model results, there is both a short-run and long-run positive
relationship between irrigation water supply and agricultural production. This finding confirms the
strategic importance of water resources for agriculture under the arid continental climate conditions
of the region.

The long-run results indicate that increases in irrigation water supply positively affect the overall
level of agricultural production. In particular, changes in agricultural productivity within the crop
production sector were mainly associated with water supply conditions. These findings are consistent
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with the main hypotheses proposed in the study and demonstrate that irrigation water is one of the
principal determinants of agricultural productivity. The strong effect of the crop production indicator
on agricultural production also reveals that the crop production sector holds a dominant position in
the overall development dynamics of the agricultural sector. In particular, the relatively higher
productivity indicators observed in potato farming, vegetable production, and fruit-growing sectors
demonstrate the formation of intensive development tendencies within the structure of agricultural
production.

The ECM model results confirmed the existence of a long-run equilibrium relationship among the
variables. The negative and statistically significant error correction coefficient indicates that short-
run deviations are gradually eliminated over time and the system tends to return to equilibrium. The
empirical findings further demonstrate that drought and water scarcity observed in recent years
negatively affected agricultural productivity. In particular, weakening production indicators in grain
production and viticulture reveal that water supply-related risks directly influence the sustainable
development of the agricultural sector. Overall, the econometric evaluation indicates that efficient
water resource management, increasing agricultural productivity, and strengthening intensive
agricultural production mechanisms are critically important for ensuring sustainable agriculture and
regional economic development in the Nakhchivan Autonomous Republic. In this regard, the
implementation of modern agricultural approaches and the improvement of irrigation systems may
be considered among the main priorities of regional agricultural policy.

Results and Discussion

The results of the statistical and econometric analyses demonstrate that the development dynamics of
the agricultural sector in the Nakhchivan Autonomous Republic are mainly shaped by water supply,
agricultural productivity, and changes in crop production trends. According to the findings of the
study, irrigation water supply is one of the main determinants directly affecting agricultural
production. The arid continental climate conditions of the region further increase the strategic
importance of water resources in agriculture.

The empirical findings indicate that drought and the decline in water resources observed in recent
years have negatively affected productivity, particularly in grain production and viticulture. At the
same time, the relatively higher productivity indicators in potato farming, vegetable production, and
fruit-growing sectors demonstrate the emergence of structural changes in agricultural production.
This situation indicates that the transition toward intensive agricultural production models has
accelerated in the region.

Compared with other regions, the agricultural sector of the Nakhchivan Autonomous Republic faces
relatively higher water-related risks. The geographical isolation of the region, limited water resources,
and the effects of climate change represent major risk factors affecting the sustainability of
agricultural development. Therefore, efficient water resource management and increasing agricultural
productivity should be considered among the primary priorities of regional agricultural policy. The
findings also demonstrate that the implementation of modern agricultural approaches is critically
important for ensuring sustainable agriculture. In particular, reducing water losses, increasing
agricultural productivity, and improving the efficient use of water resources are among the main
conditions for sustainable agricultural development. In addition, the application of innovative
approaches and digital monitoring systems in agricultural production may provide important
advantages for productivity management and resource efficiency. From a strategic perspective, the
main priority areas for the development of the agricultural sector in the Nakhchivan Autonomous
Republic include improving irrigation systems, increasing agricultural productivity, expanding
intensive agriculture, and ensuring the efficient management of agricultural resources. At the same
time, strengthening state support mechanisms and expanding regional development programs may
positively contribute to sustainable agricultural development. Overall, the analysis indicates that
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although the agricultural sector of the Nakhchivan Autonomous Republic has considerable
development potential, increasing risks related to climate change and water scarcity require the
formation of more efficient and sustainable agricultural development strategies in the future. In this
regard, the main objective of agricultural policy should focus on the protection of water resources,
increasing agricultural productivity, and ensuring long-term food security across the region.

Conclusion

This study analyzed the current condition of the agricultural sector in the Nakhchivan Autonomous
Republic and evaluated its sustainable development potential using statistical and econometric
approaches. The research findings demonstrate that agricultural production dynamics in the region
are mainly influenced by irrigation water supply, agricultural productivity, and crop production
trends.

The statistical analysis revealed that different development tendencies were observed across
agricultural product groups during the analyzed period. While productivity growth was recorded in
potato farming, vegetable production, and fruit-growing sectors, declining trends were identified in
grain production and viticulture, particularly due to drought and limited water resources. These
findings indicate that climate conditions and water availability have a direct impact on agricultural
productivity and production sustainability in the region.

The econometric evaluation based on the ARDL and ECM models confirmed the existence of both
short-run and long-run relationships among agricultural production, irrigation water supply, and crop
production indicators. The empirical results demonstrated that irrigation water supply has a positive
and statistically significant effect on agricultural production. In addition, the ECM results confirmed
the existence of a long-run equilibrium relationship among the variables and showed that deviations
from equilibrium gradually disappear over time. The findings of the study indicate that water
resources represent one of the most strategic factors for ensuring sustainable agriculture in the
Nakhchivan Autonomous Republic. Therefore, improving irrigation systems, reducing water losses,
increasing agricultural productivity, and strengthening intensive agricultural production mechanisms
should be considered among the main priorities of regional agricultural policy.

Overall, the research demonstrates that although the agricultural sector of the Nakhchivan
Autonomous Republic has significant development potential, increasing risks related to climate
change and water scarcity require more efficient and sustainable agricultural development strategies
in the future. In this regard, the effective management of water resources, the implementation of
modern agricultural approaches, and the strengthening of productivity-oriented agricultural policies
are essential for ensuring long-term food security and regional economic development.

References

Amgai, S., Komarek, A. M., & Adhikari, R. P. (2025). Understanding the role of policy in enhancing
agrifood value chain competitiveness: A systematic literature review. Journal of Agriculture
and Food Research, 22, 102022. https://doi.org/10.1016/j.jafr.2025.102022

Azaorbaycan Respublikasinin Dovlot Statistika Komitosi. (2024). Kond tasarriifatt iizra statistik
gostaricilor. Azorbaycan Respublikasinin Dovlot Statistika Komitosi

Azorbaycan Respublikasinin Kond Tosorriifatt Nazirliyi. (2024). Agrar sektor iizra illik hesabatlar.
Azorbaycan Respublikasinin Kond Tosarriifati Nazirliyi

Bernoux, M. (2021). Agriculture, food security and the long-term global goal. Food and Agriculture
Organization. FAO document

Feng, Q., Xiao, L., Wang, J., Wang, J., Chen, C., Sun, J., Wu, X., Liu, M., Zhang, X., Tian, S., &
Yuan, L. (2023). Genome-wide analysis of nuclear factor Y genes and functional investigation

126


https://doi.org/10.1016/j.jafr.2025.102022?utm_source=chatgpt.com
https://www.stat.gov.az/?utm_source=chatgpt.com
https://www.agro.gov.az/?utm_source=chatgpt.com
https://unfccc.int/sites/default/files/resource/FAO_Bernoux.pdf?utm_source=chatgpt.com

Abdulhuseyn Zamanov et al.

of watermelon CINF-YB9 during seed development. The Crop Journal, 11(5), 1469-1479.
https://doi.org/10.1016/j.cj.2023.03.005

Food and Agriculture Organization. (2008). Climate change and food security: A framework
document. FAO document

Food and Agriculture Organization. (2011). Climate change, water and food security. Report

Food and Agriculture Organization. (2016a). The future of food and agriculture: Trends and
challenges.

Food and Agriculture Organization. (2016b). The state of food and agriculture 2016: Climate change,
agriculture and food security. FAO Open Knowledge Repository

Food and Agriculture Organization. (2024). FAOSTAT statistical database. FAOSTAT

Gallas, A., & Baazaoui, C. (2026). Interactions between climate change, water stress and sustainable
agriculture practices: An ARDL approach modeling. Economics World, 13(1), 49-61.
https://doi.org/10.17265/2328-7144/2026.01.004

Gao, R., Cao, W., Zhang, Z., Cheng, X., Ji, Z., Kong, Q., & Su, Z. (2026). YOLOSc-SAM: An
acceptable extraction method for farmland regions in remote sensing images using SAM.
Artificial Intelligence in Agriculture. Advance online publication.
https://doi.org/10.1016/j.a11a.2026.02.004

Islam, S. (2025). Agriculture, food security, and sustainability: A review. Exploration of Foods and
Foodomics, 3, 101082. https://doi.org/10.37349/eff.2025.101082

Liu, R., Liang, W., Shang, L., Chen, X., Yin, J., Xu, J., Li, Y., Lyu, D., & Jian, H. (2026). SSHEMERA
and StPIF4 synergistically regulate thermomorphogenesis in potato (Solanum tuberosum L.).
The Crop Journal, 14(2), 436-447. https://doi.org/10.1016/.cj.2025.11.016

Olarewaju, O. O. (2025). Integrating sustainable agricultural practices to enhance food security and
climate resilience. Sustainability, 17(14), 6259. https://doi.org/10.3390/sul 7146259

Onyeaka, H. (2024). The ripple effects of climate change on agricultural productivity and food
security. Food and Energy Security. Advance online publication.
https://doi.org/10.1002/fes3.567

Qasimov, C. (2025). Macroeconomic importance and evaluation of agriculture in Nakhchivan
Autonomous Republic. APAMEIA Journal, 2(1), 28-35.
https://doi.org/10.5281/zenodo.15737908

World Bank. (2024). Agriculture and food overview. World Bank — Agriculture and Food

127


https://doi.org/10.1016/j.cj.2023.03.005?utm_source=chatgpt.com
https://www.fao.org/4/k2595e/k2595e00.pdf?utm_source=chatgpt.com
https://www.hydrology.nl/images/docs/alg/2011.07_FAO_Climate_Water_Food_Security.pdf?utm_source=chatgpt.com
https://openknowledge.fao.org/?utm_source=chatgpt.com
https://www.fao.org/faostat/?utm_source=chatgpt.com
https://doi.org/10.17265/2328-7144/2026.01.004?utm_source=chatgpt.com
https://doi.org/10.37349/eff.2025.101082?utm_source=chatgpt.com
https://doi.org/10.3390/su17146259?utm_source=chatgpt.com
https://doi.org/10.1002/fes3.567?utm_source=chatgpt.com
https://www.worldbank.org/en/topic/agriculture/overview?utm_source=chatgpt.com

Elmi Is Avqust 2026, Cild: 20, Say:: 5, s. 128—152

Scientific Work August 2026, Volume: 20, Issue: 5, pp. 128-152 @
DOI: https:/doi.org/10.36719/2663-4619/129/128-152

Interior Water Elements in Ottoman Palaces: A Comparative
Analysis of Topkap:1 and Dolmabahce Palaces

Deniz Demirarslan

Abstract. The present research intends to highlight how water played not just the role of a vital
resource and a part of a technical system in Ottoman palace architecture, but also became an
important factor affecting the spatial layout, functional zoning, and sensory ambience of interiors.
Within this context, Topkapi Palace and Dolmabahge Palace were compared, and their water-related
elements were analyzed according to their spatial positioning, typology, functionality, and sensory
aspect. The current research is founded upon a qualitative approach and was carried out by means
of reading books and articles, working with archive materials, visiting the objects of interest and
taking photographs thereof. It turns out that, at Topkapt Palace, various water-related elements
including fountains, selsebils, shadirvans, and pools were placed in a natural way across the interior
and served certain purposes such as cooling, relaxing, ensuring privacy, and representing the owner's
social status. Meanwhile, in the case of Dolmabahg¢e Palace, water seems to be mostly applied in the
context of modern plumbing, hygiene, comfort, and services systems. This way, while at Topkapi
Palace water can be considered as a sensory element, it becomes quite technical in Dolmabahge
Palace.

Keywords: Ottoman architecture, interior architecture, Westernization, hammam, fountain

Kocaeli University, PhD in Interior Architecture, Kocaeli, Tiirkiye

E-mail: denizd@kocaeli.edu.tr

Received: 17 January 2026; Accepted: 11 July 2026; Published online: 22 August 2026

© The Author(s) 2026. This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 Interational License (CC BY-NC 4.0).

Osmanh saraylarinda daxili su elementlori:
Topqap1 vo Dolmabahge saraylarinin miiqayisali tohlili

Deniz Demirarslan

Xiilasa. Hazirki todqiqat Osmanl saray memarhginda suyun yalniz hayati bir resurs va texniki
sistemin torkib hissasi kimi deyil, ham da interyerlorin makan qurulusuna, funksional taskilatina va
duygusal atmosferina tasir gostoron miihiim bir amil kimi rol oynadigini ortaya qoymagi magsad
qoyur. Bu ¢ar¢ivada Topgapi Sarayi va Dolmabagg¢a Saray: miiqgayisa edilmis, su ila alagali elementlor
onlarin makandaki yerlagmoasi, tipologiyasi, funksiyasi vo duygusal tasirlori baximindan tohlil
edilmisdir. Todqgiqat keyfiyyat yoniimlii yanasmaya asaslanmig, kitab va maqalalorin aragdirilmasti,
arxiv materiallarinin incalonmasi, obyektlara yerinda baxis kegirilmasi va fotoqrafik sanadlosdirma
tisullarindan istifads edilmaklo hayata kegirilmisdir. Naticalor gostorir ki, Topgapr Saraywnda
cesmalar, salsabillor, sadirvanlar va hovuzlar kimi miixtalif su elementlori interyer makanlarina tabii
sakilda inteqrasiya olunmus va soyutma, rahathq yaratma, moaxfiliyin tomin edilmasi va saray
niifuzunun niimayis etdirilmasi kimi funksiyalar yerina yetirmisdir.
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Dolmabag¢a Sarayinda isa su asason miiasir santexnika sistemlari, gigiyena, komfort va xidmoat
infrastrukturu ila alaqali sakilda istifada olunmusdur. Bu baximdan, Topgap: Sarayinda su daha ¢ox
duygusal vo makan tacriibasini formalasdiran bir element kimi ¢ixis etdiyi halda, Dolmabag¢a
Sarayinda onun texniki va funksional xarakteri daha qabariq sakilds 6n plana ¢ixmigdir.
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Introduction

From the beginning, water has held great importance in discussions of architecture not only as a basic
requirement but also as a spatial, aesthetic, symbolic, and sensual element. Historically, fountains,
pools, baths, reservoirs, and hydraulic structures have helped in creating a climate of comfort,
aesthetic beauty, acoustics, and spatial identification. Water has been associated with cleansing,
purification, prosperity, and the idea of paradise in Islam, and thus was widely used as part of both
private and public architecture in the Islamic world. In Ottoman architecture, water transcended
beyond being merely a physical requirement to become a part of the architectural composition in the
form of fountains, shadirvans, pools, selsebils, baths, and water distribution systems.

The importance of water from the architectural point of view can be measured using modern theories
on space. For instance, Lefebvre (1991) argues that space is social construction. This means that water
becomes an element in the creation of the spatial experience. Another example would be Bachelard
(1994), who views space more poetically by demonstrating how water sounds, moves, and reflects,
thus creating experiences for its users. In addition, Norberg-Schulz (1980) suggests that architectural
components play arole in the creation of genius loci and, consequently, create identity (Oz¢am, 2022).

Architects and theories of design have also highlighted the importance of water from an experiential
perspective. According to Kellert, water is a primary element of biophilia that fosters humans'
engagement with the natural world and leads to psychological well-being (Katuk & Koseoglu, 2022).
In the context of phenomenological architecture, the former ties architecture experience to multi-
sensory perception while the latter sees water as a medium of sense that creates an atmosphere by
virtue of acoustic, reflective, kinesthetic, and tactile attributes (Spence, 2020; Yilmaz and Akbulut,
2026). Recent research findings have shown that besides providing thermal comfort, water plays a
significant role in psychological well-being, spatial perception, and emotional bonding with places
(Zhong et al., 2022; Yin et al., 2024).

Scholarly investigations regarding the usage of water within Ottoman architecture have focused on
the landscape designs, public buildings, bath houses, fountains, and water system networks (Atasoy,
2002; Karpuz, 2006; Abusaada, 2022; Engiidar, 2022; Koray et al., 2023). Likewise, scholarly
analysis concerning the design of Ottoman palaces tends to focus on the organizational design aspects,
style, ornamentation, and ritual use within the building, whereby the water elements tend to be
considered supplementary features (Benyahia et al., 2021; Cinar & Giizel, 2020; Birkan, 2022;
Esemenli, 2023). Thus, the use of water within the palace interior space as well as its evolution from
classical Ottoman architecture into modernization in the nineteenth century is understudied from an
interior architecture point of view (Altiparmakoglu Sakarya, 2018; Karpuz, 2006). The present study
endeavors to contribute to existing research by performing a comparative study of the water features
that are contained within the interior spaces of two significant Ottoman palaces — Topkap1 Palace and
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Dolmabahge Palace. Both structures have their own unique significance in terms of their place in
Ottoman architectural evolution. While the Topkap1 Palace is an example of Classical Ottoman
architecture, Dolmabahge Palace represents the modernistic trends that emerged during the nineteenth
century. The study evaluates the role of water in the space, as well as its sensory and symbolic
function.

Based on this perspective, the research seeks to address the following questions regarding the
architectural role of water in the Topkap1 and Dolmabahge palaces:

- How was water incorporated spatially into the interiors of the Topkap1 and Dolmabahge Palaces?

- What functions, symbolism, sensory experiences, and technology did water have within these
palaces?

- How does modernization influence the architectural application of water within palace interiors?

- How can water be considered a sign of spatial change during the transition from Classical to Modern
periods of the Ottoman Empire?

This study seeks to enrich the existing literature on the subject through a comparative analysis of
water within the palace interiors by considering water not only in terms of its practical applications
but also its spatial, sensory, and architectural significance.

Materials and Methods

Research Design

The methodology for this investigation is a qualitative comparative case study which focuses on the
functions of water elements in the interior spaces of the Ottoman palaces. The focus of the analysis
is on two primary palaces of the Ottoman period, namely, Topkap1 Palace and Dolmabahge Palace.
In terms of architecture, each one of them symbolizes a different era of evolution. Topkap1 Palace
represents Classic Ottoman architecture, while Dolmabahge Palace reflects the process of
modernization in the nineteenth century. Hence, a comparative examination of the water elements in
these palaces can be considered an effective approach.

Three theories serve as a theoretical foundation of this study. Firstly, the production of space theory
by Lefebvre (1991) helps understand how water functions in architecture in terms of spatial
composition and hierarchy. Secondly, Bachelard’s phenomenological approach (1994) serves to
interpret water as a sensory element that forms the users' perception of space. Lastly, genius loci
concept proposed by Norberg-Schulz (1980) facilitates evaluating the effect of water on the character
of the built environment.

Data Collection

In order to address the research questions and purposes, a mixed-method research design will be used
to combine documentary data and data obtained from fieldwork. The information was collected in
various forms including books, scholarly journal articles, archival sources, architectural plans, direct
field observation, and photographs. Historical sources provided insight into how water-related
structures had been designed, as well as their functions, while the latter were useful in assessing their
spatial qualities today.

Particular attention was paid to the review of recent international literature published post-2020 in
the Scopus and Web of Science (WoS) sources. In addition, important historical and theoretical
literature in the areas of architectural history, Ottoman architectural history, and art history has been
reviewed to provide an adequate historical and theoretical context for the interpretation of water
elements in the Topkap1 and Dolmabahge Palaces. While priority has been given to literature produced
recently, some earlier studies of Ottoman architecture have also been included in the review since
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they are considered fundamental literature in this field. The use of multiple sources ensured that the
results obtained could be cross-referenced and interpreted holistically.

Analytical Framework
This study involves interior water elements such as fountains, selsebilis, shadirvans, pools,
hammams, and others. The elements will be analyzed based on five analytical parameters drawn from
the production of space by Lefebvre (1991), Bachelard's phenomenology of spatial experience (1994),
Norberg-Schulz's genius loci (1980), and relevant literature on water, architecture, and sensory
environment (Table 1).

From these concepts, the spatial location will be guided by the theory of spatial production by
Lefebvre, sensory influence by the phenomenology of Bachelard, symbolization by the genius loci of
Norberg-Schulz, and functionality and technology by literature on water.

Table 6.
Analytical framework for the comparative evaluation of water elements in Ottoman palace interiors
Criterion Theoretical Basis Description
Spatial Lefebvre (1991) Location and relationship of the water element within the
Position palace hierarchy and interior organization
Functional Architectural Practical functions such as cooling, hygiene, water supply,
Role Literature privacy, and ceremonial use
Symbolic Role  Norberg-Schulz Associations with power, prestige, religious meaning,
(1980) representation, and place identity
Technical Role Architectural Characteristics of water supply systems, plumbing
Literature infrastructure, and hydraulic technology

Sensory Effect Bachelard (1994) Visual, acoustic, climatic, and atmospheric contributions to
spatial experience

These criteria were used to establish a systematic basis for comparison between the two palaces and
to evaluate the changing role of water in Ottoman palace interiors.

Comparative Analysis

The comparison analysis took place through three phases. Firstly, water elements found in the chosen
palaces were sorted and classified based on their type. Secondly, the analyzed elements were
evaluated in terms of the criteria discussed above. Lastly, the similarities and differences between
Topkap: Palace and Dolmabahge Palace were examined with regard to spatial organization,
functionality, symbolism, technological innovation, and sensuality. Specifically, great attention was
paid to the way in which water changed from an element that was predominantly used for its sensory
and symbolic attributes in classical Ottoman architecture into one which was technology -oriented.

Limitations

Some interior areas of the palaces could not be observed in the field study and therefore made it
difficult to observe some features related to water. Moreover, some of the buildings have been subject
to renovations and may have changed in appearance due to these renovations. Without long-term
environmental observation records, the sensory evaluation was conducted based on observations and
historical/architectural records.

Use of Artificial Intelligence

OpenAl tools were used solely for language editing, grammar checking, and improving academic
English expression after the preparation of the manuscript. Artificial intelligence tools were not used
for data collection, data analysis, interpretation of findings, or generation of research results.
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Historical Background of Water Elements in Ottoman Residential Architecture

In the pre-modern era, Ottoman cities relied on springs, wells, fountains, and cisterns for satisfying
their needs regarding water supply. Wells existed primarily in gardens, courtyards, and sometimes
even in houses, whereas fountains supplied water to both residential areas and towns (Figures 1-2).
Cisterns could be found in bigger houses and palaces, and they served as reservoirs for ensuring a
continuous water supply especially when the access to water was difficult (Karpuz, 2006). Besides
the use of these means for providing water, Ottoman cities made use of elaborate hydraulic systems
for the purpose of collecting, storing, and distributing water. Springs and catchment pools served as
sources of water, which after passing through canals and aqueducts reached their destinations, where
distribution was made in the urban area. Kirk¢esme and Taksim in Istanbul were among the important
projects involved in supplying residential and public buildings as well as imperial palace complexes
(Kurt, 2021). The provision of water was an essential aspect for the lives of people in the Ottoman
Empire but not only this; water was part of their architecture and culture. This could be evidenced by
the presence of charity sebils as well as by domestic fountains that contributed to providing comfort
and quality of air inside the house.

FOUNTAIN IN
FRONT OF
THE HOUSE

Figure 13 Figure 14
Well in the interior of a Street fountain in front of a
traditional Turkish house, house, Safranbolu
Gallipoli

Source. Author’s archive.
Source. Author’s archive.

The bathroom was quite an important feature of the Ottoman residential building design. Based on
the type and significance of the house, bathrooms were provided either in the form of gusulhanes,
hammams, or modern western bathrooms starting from the nineteenth century. Gusulhane is a very
practical example of the Ottoman bathroom, which could be found inside cupboards covered with a
lead coating (Figure 3). However, in larger houses such as mansions and palaces, hammams provided
a much more comfortable environment.
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Gustilhane

Cupboard

Figure 15
“Gusulhane”, Safranbolu

Source. Author’s archive.

Pools are rare in Ottoman domestic architecture but were used together with fountains and baths.
They are usually found inside sofas, divanhanes, and pavilions. Their function was to add to the
climatic pleasure and the aesthetic appearance of their surroundings. These pools were usually built
with marble or stone, and their sound effect increased the sensory appeal of the space. Famous
examples of these are the Asmazlar Mansion pool of Safranbolu (Figure 4), and the Amcazade
Hiiseyin Pasa waterfront mansion divanhane pool (Figure 5).

Figure 16
Indoor pool in a traditional Turkish house, Safranbolu

Source. Author’s archive.

Figure 17
Amcazade Hiiseyin Pasa Waterfront Mansion, Istanbul

Source. Cultural Inventory, 2026.
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The use of fountains, pools, baths, and other water-related elements in Ottoman residential
architecture established a cultural and architectural tradition that was later adopted and developed in
Ottoman palace architecture. In palaces, however, these elements acquired more elaborate spatial,
symbolic, and representational roles, reflecting the status and prestige of the imperial court.

Architectural Characteristics of Topkapt and Dolmabahge Palaces

The creation of Topkap1 Palace took place in connection with the conquest of Istanbul and subsequent
expansion that included the construction of new courtyards, pavilions, houses, and other additions.
Unlike the massive palace complexes of Europe, the structure of the complex follows a hierarchy of
courtyards where the degree of privacy, control, and protection increases inwardly (Necipoglu, 1991).
Mostly influenced by Classical Ottoman architecture, the palace later incorporated several elements
related to the Baroque, Byzantine, and Rococo styles (Kuban, 2007). In terms of area, Topkap1 Palace
takes up about 700,000 square meters, and 80,000 square meters out of this number include covered
space (Caferova, 2024, p. 79). Instead of monumental structures, relatively small buildings prevailed
here, creating close ties between the interiors and exteriors of the building and making it possible for
water features to serve the purpose of enhancing comfort and representing Ottoman power. Interior
design included Iznik ceramic tiles, painting, wood carving, mother-of-pearl inlaying, and kiindekari
(Kuban, 2007; Ortayli, 2007).

Built in 1839-1861 under Sultan Abdiilmecid, Dolmabahge Palace sought to meet the demands of a
modernized Ottoman government for a new residence. Created by the Balyans and foreign architects,
it consists of three main parts, such as Mabeyn-i Hiimaytin, Muayede Hall, and Harem-i Hiimaytn
(Esemenli, 2023). Stylistically, it can be characterized as a fusion of Turkish and Western styles, using
Baroque, Rococo, Neoclassicism, and the Empire styles. The palace had modern equipment and
sanitary installations (e. g., plumbing system) designed to increase comfort and ensure proper hygiene
of sultans. Occupying 45,000 square meters, it includes 285 rooms, 46 halls, 68 toilets, and six
hammams (Esemenli, 2023). Though serving as imperial residences, these two palaces differ in their
architectural context. While the first palace is an embodiment of classical principles of Ottoman
architecture and harmony with nature, the latter reflects modernization via monumental construction,
incorporation of Western-style aesthetics, and advanced equipment. Comparison of these two palaces
can help understand the evolution of water elements within Ottoman palace interiors.

Analysis of Water Elements in Ottoman Palace Interiors

The current study examines the interior water features in Topkap1 Palace and Dolmabahge Palace
based on the methodological approach stated in the methodology chapter. In particular, this will focus
on aspects such as the positioning, function, meaning, technique, and sensory impact of various forms
of water structures including fountains, selsebil, shadirvan, swimming pools, and hamam. The aim of
comparing and contrasting these features with their historical context will be to understand how their
function and symbolism changed from the Classical Ottoman period into the era of nineteenth-century
modernity.

Water Elements and Space in Topkap: Palace

Water management becomes a significant element for Topkap1 Palace as the site is located on a
promontory providing vistas towards the Bosphorus, Golden Horn, and Marmara Sea. Water was
supplied by Beylik and Kirk¢esme systems and was transported by means of reservoirs, water towers,
conduits, and wells forming a comprehensive hydraulic network necessary for both daily activities
and rituals (BOA, 154/82, 1329; Ergiidar and Yergiin, 2022, p. 604). Records associated with the
maintenance of fountains, pools, hammams, and water conduits reveal the relevance of water systems
in Topkapi Palace (BOA, 10136, 22, 1144). The documents also prove that the system survived after
the completion of Dolmabahge Palace, emphasizing the significance of Topkap1 Palace for Ottoman
Empire (BOA, Y.PRK.HH. 39/68, 1312; BOA, 154/82, 1329). Water can be found at Topkap1 Palace
in the form of fountains, selsebil, shadirvan, pools, hammams, and sanitary facilities. However, apart
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from providing water, these objects played a significant role in climate control, creating an
atmosphere of comfort, privacy, and prestige.

As for the types of water systems used in Topkap1 Palace, it should be emphasized that different
elements were concentrated in different parts of Topkap1 Palace depending on their purposes. For
instance, water was primarily used as an aesthetic element in ceremonial rooms, and, therefore,
fountains, pools, and shadirvan were often placed as focal points in the architecture. On the contrary,
hammams were essential in residential and private rooms to emphasize the significance of cleanliness
and comfort. The following sections will discuss these water elements considering their positioning,
purpose, symbolism, technical aspects, and sensory value.

Fountains and Selsebils:

The fountain and selsebil are some of the most notable water fixtures in the interior spaces of Topkap1
Palace. While they were primarily used for obtaining water, these fixtures served multiple purposes
relating to environmental comfort, privacy, representation, and aesthetics. The presence of fountains
in audience rooms, pavilions, and harems is also suggestive of the incorporation of water in spaces
linked to imperial power and elite lifestyle. One of the most notable fixtures of this kind was the
marble fountain located near the fagade facing the Babiissadde Door of the Audience Chamber (Arz
Odas1) (see Figure 6 below). As can be seen from the Persian inscription attached to the fountain, it
had the meaning of providing its viewers with the “eternal water of life.” Clearly, this suggests that,
besides being utilized as a simple fixture, the fountain could represent power, wealth, and longevity.
Finally, historical pictures demonstrate that changes to the structure of this fountain took place during
the nineteenth century (Figure 7).

Figure 18
Fountain located on the exterior wall, to the right of the door of the Audience Chamber

Source. Author’s archive.

Figure 19
Photograph of the fountain on the exterior wall of the Audience Chamber, dating from the second
half of the nineteenth century, by Abdullah Freres (Périn & Périn, 2023).

There is more evidence about the link between water and representation in the very design of the
Audience Hall itself. This fountain is situated near the emperor’s throne, and its shape recalls that of
a selsebil; in addition, it was designed in such a way as to provide water flow regulation over the
surface of the fountain (Figures 8 and 9). Moreover, the sounds generated by this water flow were
part of the acoustic environment of the Audience Chamber, thus possibly contributing to the
chamber’s privacy (Eyice, 1991).
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Figure 20
Interior of the Audience Chamber in Topkapt Palace and the throne

Source. Author’s archive.

Figure 21
Audience Chamber: The fountain beside the throne

Source. Author’s archive.

The relationship between water, prestige, and sensory experience can also be found in another room
known as the Hiinkar Sofa which was an important ceremonial space in the Harem. Being the biggest
and most opulent hall in the Harem complex, it provided venues for various ceremonies of celebration
or reception. The fountain that was installed in this room served not only as a source of water but also
as a provider of comfort and prestige, especially suitable for imperial meetings (Figure 10).

Figure 22
Throne in the Hiinkar Sofa and the fountain beside it

Source. Author’s archive.

The presence of water could also be found in the private spaces of the sultans. The fountains in the
Privy Chamber of Ahmed I and the Privy Chamber of Murad III represent how water became one of
the components of the sensory appeal of the interior of the palace. In the case of the fountain of the
Privy Chamber of Ahmed I, the fountain is part of a highly decorated space using Iznik tiles, mother-
of-pearl decoration, and wood carving (Figure 11). Another example is the fountain in the Privy
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Chamber of Murad III, which uses more than one basin and several jets to create a sound effect and
add to the comfort of the room (Figure 12).

Figure 23
Privy Chamber of Sultan Ahmed I and the fountain (Ortayl, 2007, p. 277).

Figure 24
Fountain of the Privy Chamber of Murad 111

Source. Author’s archive.

Figure 25
Fountain and shadirvan in the Serdap Pavilion
(Ortayl1, 2007, p. 278).

The role of water as a sensory element is particularly evident in the Twin Pavilions and the
Circumcision Room. In these spaces, fountains were placed within window recesses, allowing the
sound of flowing water to permeate the interiors (Figures 14 and 17). Contemporary accounts suggest
that these fountains contributed to the creation of a calm and secluded atmosphere, while in the
Circumcision Room they may also have served to mask external sounds during ceremonial events
(Ortayl1, 2007).
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Figure 26
Window and fountain detail in the Twin Pavilions (Ortayli, 2007, p. 286).
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Figure 27
Cupboard shutter of the Privy Chamber of Abdiilhamid I (Ortayli, 2007, p. 248).

Figure 28
Fountain of the Privy Chamber of Abdiilhamid I (Ortayli, 2007, p. 248).

One can observe the evolution of the aesthetic interpretation of water in Topkap1 Palace through the
Privy Chamber of Abdiilhamid I. It represents one of the first cases when the influence of the Baroque
style is felt (Figure 15 and 16). The combination of the fountain and shutters of the cupboard suggests
that water had been incorporated into an architectural design on purpose. Thus, the inscription
"Cesme-i dilcli-y1 hayat / Cavidan-1 ayn-1 safa" reflects water as not only a natural resource but also
a source of calmness, life, and spiritual rejuvenation. Combined with abundant decor of the fireplace
and wooden throne area (sirvan), the fountain highlights the representational abilities of the chamber
and its connection to the emperor (Ozcan, 2023).

The Circumcision Room (Siinnet Odasi) represents one of the examples of purposeful use of water
for creating sensory ambience. This room created under the rule of Sultan Ibrahim I comprises four
marble fountains that serve as a part of the interior design of the room's window alcoves (Figure 17).
According to the tradition of Topkapi Palace, they were supposed to conceal cries of princes
undergoing circumcision from being heard in other rooms. Nevertheless, along with this practical
function, water fountains created a peaceful and private environment in which princes could undergo
circumcision. As far as the ceremony of circumcision was connected to royal rituals, the fountains
took additional meaning in Topkap1 Palace (Ortayli, 2007).
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Figure 29
Fountains within the window recesses of the Circumcision Room (Ortayli, 2007, p. 146).

Fountains gained extra symbolic significance inside the Harem. The fountain of the Valide Sultan
Courtyard is engraved with inscriptions drawn from the verse of Siirat al-Insan, which suggests that
water represents purity, divine blessing, and heavenly reward (Figure 18). Similarly, the Fountained
Hall (Cesmeli Sofa) has been endowed with both ornamental and practical features such as the marble
fountain, seashell design, bird imagery, and cypress design (Figure 19).

Figure 30
Fountain in the Valide Sultan Courtyard

Source. Author’s archive.

Figure 31
Fountained Sofa

Source. Author’s archive.

A further example in this respect would be the Ab-i Hayat Fountain in the Tiled Pavilion (Figure 20).
Just by looking at its name, Ab-i Hayat, which means “Water of Life,” one can clearly observe the
symbolism of water in the Ottoman culture. Apart from being a source of drinking water for

Ottomans, the fountain was also a piece of art that was chosen as the theme for a painting by Osman
Hamdi Bey titled Ab-i Hayat Fountain (Figure 21).
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Figure 32
Fountain in the Tiled Pavilion

Source. Author’s archive.

Figure 33
Osman Hamdi's painting titled Ab-1 Hayat Fountain

Source. Author’s archive.

The fountains and selsebils at Topkap1 Palace had multiple functions, from functional to symbolic
and sensory. In addition to providing water and making the surrounding environment more
comfortable, they were central points in the ceremonies and residential areas while symbolizing status
and power, and also reflecting purity and God's blessing. With the help of sound and motion and
reflection effects, they enhanced the atmosphere inside the palace. Thus, fountains and selsebils
played a role not only in terms of hydraulics but also in terms of producing space.

Shadirvans

Unlike fountains and selsebils, shadirvans have a more restricted but still important presence inside
the walls of Topkap1 Palace. Shadirvans were not placed everywhere; rather, they were used at certain
important spots where they performed as focal points and elements of sensation inside the interior
spaces. One such case is the shadirvan situated in the middle of the sofa of Fatih Pavilion (Treasury
Pavilion), which is among the first buildings of the palace (Figure 22). Apart from fulfilling its main
purpose of watering, the shadirvan also controls the flow inside the room and emphasizes the
importance of the sofa in the architectural composition. Both the presence and the sound of the
flowing water improve the environmental comfort and enhance the link between architecture and
nature (Ortayli, 2007).

The second example of the shadirvan is contained in the Hall with Shadirvan (Sadirvanhi Sofa),
located in the Chamber of the Holy Relics (Has Oda Kasr1). The chamber itself consists of two dome
parts, with one of them housing the marble shadirvan under the central dome (Figure 23). Apart from
creating an eye-catching feature in this room, the shadirvan produces special acoustics because of the
sound of running water. It is known historically that this shadirvan could have served as a place where
the attendants to the Privy Chamber washed themselves for religious reasons (Ortayli, 2007). Thus,
the shadirvan is accompanied by another element of water symbolism, i.e., the marble well.
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Figure 34
Shadirvan in the Fatih Pavilion (Ortayli, 2007, p. 123).

Figure 35
The Sofa with a Shadirvan (Ortayli, 2007, p. 140).

From a spatial viewpoint, the placement of shadirvans was deliberate because they were placed in
spaces with significance as they played a role in determining the hierarchy of space as well as
movement through the space. The functions of the shadirvans included the provision of water as well
as facilitating rituals while at the same time symbolizing the concepts of purity and refinement that
were associated with the court culture of the Ottomans. Visually and acoustically, they added a
sensory dimension to the interiors of the palaces. Contrasting the use of fountains built into walls or
niches, the shadirvans were placed centrally and acted as functional components of the spatial design.

Pools

Pools represent some of the most unique water features at Topkapi Palace, providing insights into the
functions of water within Ottoman palace architecture. While fountains and shadirvans played
important roles in defining space and creating climatic and symbolic meanings within the palaces,
pools had greater impacts on the wider spatial context and reinforced the connection between
architecture, environment, and landscape. The pool found within the Serdap Pavilion underneath the
chamber of Murad III (Figure 13) represents one of the earliest examples. As a summer house, the
pavilion took advantage of the presence of the pool and fountain to improve thermal comfort by
movement, sounds, and cool air (Ortayli, 2007).

The representational aspect of pools becomes especially noticeable at the Pavilion of Osman III, in
which there is a marble decorative pool positioned right at the heart of what is referred to as the Court
of a Pool (Havuzlu Taslik) (Figure 24). When considering the pool alongside the entire architectural
setting around it, one notices how it creates a focus for the space, underlining its ceremonial and
prestigious nature (Ortayli, 2007). The same effect can be observed at the Mermer Sofa, where there
1s an enormous pool positioned at the center of the terrace overlooking the Bosphorus and the Golden
Horn (Figure 25). In addition to contributing to the aesthetic quality of the space through the use of
reflective properties of water, the pool also creates connections between architecture and the
landscape. This effect is accentuated by the presence of significant architectural features, including
the Baghdad Pavilion, Revan Pavilion, and the Circumcision Room.
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Figure 36
Courtyard with a Pool of the Pavilion of Osman III (Ortayli, 2007, p. 259).

Figure 37
Marble Sofa and Pool

Source. Author’s archive.

In general, the pools in Topkap1 Palace had an environmental, functional, spatial, symbolic, and
sensory function. Pools were beneficial for environmental conditions, they facilitated the usage of the
palace spaces according to seasons, and very often became organizing features of architecture. The
combination of water pools with gardens, pavilions, and imperial spaces created ideas of prestige,
leisure, and power, while water properties such as reflection and acoustic made the atmosphere of
palace interior and semi-outdoor spaces. In contrast to technologically advanced water systems in the
nineteenth century, the purpose of pools in Topkapit Palace was mostly environmental,
representational, and experiential.

Hammams and Toilets

The presence of hammams and sanitary facilities in Topkap1 Palace is another important component
of its water network, revealing the role of hygiene, privacy, and hierarchy within the palace. The
location of the two main examples is an illustration of how water became part of both official and
daily activities at the palace. These were the Imperial Hammam (Hiinkdr Hamami) and Valide Sultan
Hammam in the Harem complex. Both of them were originally built in the sixteenth century and
rebuilt in the eighteenth century. The layout included three types of rooms in accordance with their
temperature: cold, warm, and hot. The presence of domes, marble walls, fountains, and decoration
suggests that they served not just for the purpose of taking a bath but as places to feel comfortable,
demonstrate their status, and make an impression. Their close relationship with the private chambers
of the sultan and the Valide Sultan confirms their status within the palace hierarchy (Figure 26).

However, apart from serving a functional purpose, these hamams stood for the notions of purity and
cleanliness in the Ottoman culture, making a bath a symbol of health, nobility, and belonging to the
empire. The renovation of the Imperial Hammam by Mimar Sinan underscores the importance of
architecture. There were also other hammams used by the Black Eunuchs, the concubines, the princes,
and the officers in the palace. This hammam of the concubines, along with the laundry and servants
area attached to it, demonstrates the organization of water spaces based on hierarchy and function in
the Ottoman Empire.
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Figure 38
Basin of the Imperial Hammam and interior view (Cultural Inventory, 2026).

It is also important to mention that sanitation areas such as bathrooms, wash rooms, and gusulhanes
were connected to the palace water system. In many cases, these sanitation areas were not independent
structures but were usually related to fountains or other water elements that would ensure the supply
of running water (Figure 27).

Figure 39
Toilet of the Imperial Hammam

Source. Author’s archive.

Functionally, the hammams and sanitary facilities were instrumental in maintaining hygiene, comfort,
and the smooth functioning of the palace environment. The arrangement of the spaces was determined
by the hierarchy at the Ottoman Court, with the finest examples reserved for the sultan and the Valide
Sultan. As far as their symbolic significance is concerned, they stood for cleanliness, sophistication,
and prestige, while in terms of engineering skills, they represented the sophistication of the water
infrastructure system of the palace. Unlike the fountains and pools, whose primary contribution was
purely sensory, the hammams and sanitary facilities emphasize the functional aspect of the water
infrastructure. However, their architectural excellence reveals the importance accorded to this
element of palace culture.

Water Elements and Space in Dolmabahge Palace

The use of water in Dolmabahge Palace took place in an entirely different architectural and
technological framework compared to Topkap1 Palace. Although the latter demonstrates a significant
connection between water and sensory experience and symbolic meaning, in Dolmabahge Palace,
water seems to be related more to modern infrastructural, hygienic, and comfort services. In
Dolmabahge Palace, water transported via the Taksim and Hamidiye systems was stored in tanks and
distributed across the building through pipes, taps, baths, fountains, and sanitation services, indicating
the modernization of the use of water as an element of technological infrastructure (Esemenli, 2023).
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It can be seen that the water distribution system at the palace received great attention. For instance,
English/Frankish pipes were used for the purpose of connecting reservoirs with baths and apartments
of the palace (Esemenli, 2023). Additionally, this modern approach was observed in bathrooms that
included enamel bathtubs, showers, and thermosiphons, thus highlighting the coexistence of both
Ottoman and European traditions (BOA, Y.PRK.HH. 39/68).

However, there were more facilities that utilized water. Such facilities as fountains, kitchens, toilets,
ablutions rooms, servant apartments, and residents’ chambers became a part of the sophisticated
service system, which suggests a more rational and functionally oriented use of water than what we
can find in the Topkap1 Palace (Esemenli, 2023). Thus, from the point of view of spatial aspects,
water becomes related to hygiene and comfort as well as the effective functioning of a big nineteenth
century imperial palace. While its practical aspects become stronger, water remains a sign of modern
luxury, lifestyle of elite, and European standards of life. Therefore, the Dolmabahge Palace is a
significant milestone on the way of changing water use from purely sensory and symbolic to
technological and functional use in the interior of the Ottoman palaces. This is discussed further in
connection with hammams, bathrooms/toilets, and indoor swimming pools.

Hammams

The hammams form one of the most significant categories of water-related facilities in the
Dolmabahge Palace. Contrary to the Hammams of Topkapi Palace that represented an era of
traditional Ottoman royal culture and rites, those of Dolmabahge Palace are indicative of an era
whereby the traditions of bathing rituals were merged with luxurious and sophisticated features of
modern times. In other words, they represent the transition point between the Ottoman royal
hammams and the modern palace bathroom facilities.

Records from archives show that hammams were not just rooms of services but well-equipped
interiors based on the social hierarchy of the palace (BOA, 143/54, 1328). Special hammams were
provided to the sultan, Valide Sultan, and the other individuals from the Imperial Harem, considering
the social hierarchy inside the palace. One of the most striking examples of this would be the Imperial
Hammam or Egyptian Hammam, also called the Marble Bath, which is situated inside the Selamlik
area. This room belonged to the sultan and was one of the special places inside the palace. The
Egyptian alabaster cladded walls, Marmara marble flooring, and luxurious decoration of this room
show its significance.

The hammam included the areas for changing clothes and taking baths, whereas its ceiling covered
with panels of glass, malakari decoration, and terrace overlooking the Bosphorus showed the fusion
of the classic hammam architecture with the architectural style of the nineteenth century. The water
was sourced from the reservoir located opposite to the Glass Pavilion, and all basins and taps were
made of silver (Figure 28).

Figure 40
Mermer Banyo (Photographic Archive of the National Palaces).
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From an engineering standpoint, the Imperial Hammam is evidence of the sophisticated water
network in Dolmabahge Palace. This can be seen from the inclusion of the reservoir, quality fittings,
and the combination of bathing, ablution, and toilet functions in one system. Unlike water being used
only for sensory and symbolic purposes at Topkapi Palace, water usage at Dolmabahge Palace was
characterized by a greater emphasis on technical aspects and domestic comfort. Hammams at
Dolmabahge Palace played not only functional but also symbolic and technical roles. They were
places for hygienic and comfortable activities, represented the hierarchical order of the palace, and
retained the old tradition of linking water, cleansing, refinement, and noble lifestyle. At the same time,
water usage took on an infrastructural form. Therefore, Dolmabahge Palace hammams can be seen as
places where the Ottoman tradition of baths and modernization of the nineteenth century met,
bringing together continuity and luxury.

Bathrooms and Toilets

The facilities for using water in the form of bathrooms and toilets in Dolmabahge Palace are among
the best examples that show the development in the use of water by Ottoman palace architecture in
the nineteenth century. In contrast to Topkap1 Palace where bathroom activities such as taking baths
were mainly conducted in hammams and related spaces, Dolmabahge Palace included bathrooms,
toilets, showers, bathtubs, plumbing, and other systems which reflected European standards in terms
of hygiene and living quality. The archives suggest that the palace was equipped with enamel
bathtubs, showers, thermosiphons, and other sanitary appliances which showed that the latest
European technological applications had been adopted at the palace (BOA, Y.PRK.HH. 39/68). Thus,
water became an integral part of the residential space rather than being used only for special purposes
like baths. Moreover, there were connections between bathrooms and the apartments as well as
service spaces, and therefore, there were increased needs for convenience, accessibility, and privacy
in terms of bathroom activities. In this regard, there were also 68 toilets within the palace,
demonstrating that sanitary facilities became an important element of palace planning (Esemenli,
2023). However, apart from serving their functional purpose, many of these lavatories and toilets
were constructed using excellent materials that reflected the splendor and grandeur of the palace itself.
Hence, even the most sanitary rooms of the palace served the purpose of representation along with
their practical uses.

In terms of space and functionality, they facilitated modern requirements of living and access,
technologically speaking, as a result of the incorporation of modern water supply and sewage systems.
From the symbolic point of view, they represent changes in ideas about comfort, privacy, and
modernization related to the period of the Ottoman Empire. This way, the baths and toilets in
Dolmabahge Palace demonstrate a new approach towards the use of water in architecture and daily
life, making water a vital element of modern comfort (Figure 29).

Figure 41
Bathroom in Dolmabahge Palace (Photographic Archive of the National Palaces).

Figure 42
Examination Room and Vanity Cabinet (Photographic Archive of the National Palaces).
Glass Pavilion (Camli Kosk).
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One of the most prominent examples of the connection between water, transparency, nature, and
representation can be found in the Glass Pavilion of Dolmabahge Palace. While hammams, baths, and
toilets provide evidence of how water was viewed in terms of technicalities and hygiene, the Glass
Pavilion exemplifies how water retained its significance on an aesthetic level in the new palace
environment.

The pavilion was designed and built by the British architect William James Smith and it is referred
to as the only building in the Dolmabahge Palace which connects with the outer world. It operates as
the winter garden, consisting of two connected buildings — a huge hall together with side rooms being
the viewing pavilion and the greenhouse. The hall is a luxurious decorative rectangular building,
whereas the greenhouse is built with a rectangular layout and comprises mostly cast iron and glass
construction, except the fagade which is linked with the hall (Batur, 2011). There is an octagonal pool
made of dark marble in the centre of the greenhouse and the pool is decorated with naturalistic floral
ornamentation along its perimeter. In the center of the pool there is a tall crystal fountain, and from
the photos one can see a pool with a bouquet of leaves under the fountain holding some water (Fig.
31) (Batur, 2011). From this composition, one can conclude that water was not intended to be used
as a practical item, but rather as an atmospheric decoration.

Figure 43
Glass Pavilion (Photographic Archive of the National Palaces).

In terms of space, the pool and the fountain are the centerpieces of the greenhouse and dictate its

visual perception as a whole. The centrality of the two enhances their connection with the elements

of water, plants, light, and transparency. From a functional point of view, the water is an important

aspect that affects the atmosphere of the winter garden. From a symbolic perspective, the use of water
shows that the representation used by the palace is more European.

As such, the Glass Pavilion represents a significant difference from the infrastructural role played by
the water architecture of Dolmabahge Palace. The fact that the latter is evident through the modernity
and hygienic nature of the hammams, bathrooms, and toilets does not mean that the pool and fountain
in the pavilion cannot be considered to symbolize the significance of water as an element of status
and sensory delight. In other words, it becomes clear that water at Dolmabahg¢e Palace was not
restricted only to technical functions but could play its visual symbolic role.

Comparative Discussion

By examining each water element, there emerges a clear shift in the nature of water in terms of its
function at Topkapi Palace as opposed to Dolmabahce Palace. Water at the Topkapi Palace is shown
to be predominantly used for its spatial, sensory, and symbolic purposes, whereas it was incorporated
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within hygiene, comfort, and technological purposes at Dolmabahce Palace. The following analysis
provides an explanation of the shift from the perspective of spatial positioning, purpose, symbolism,
technology, and sensory aspects.

Spatial Organization of Water Elements

These observations clearly indicate a number of distinctions in spatial distribution of water features
among the two palaces under analysis. In Topkapi1 Palace, fountains, selsebils, pools, and shadirvans
could often be found in the center of and in prominent locations inside pavilions, courtyards, sofas,
and audience chambers. Thus, water played the role of an organizer of spatial relationships, visual
perceptions, and social interactions. The examples of these spaces include the Audience Chamber
fountain, the Marble Sofa pool, and the Hall with a Shadirvan (Eyice, 1991; Ortayli, 2007).

On the other hand, the use of water in Dolmabahce Palace shifted to bathrooms, hammames, toilets,
kitchen, and service rooms interconnected by an intricate plumbing system (Esemenli, 2023). Thus,
the use of water shifted from being a symbolic function to its use as part of the functional facilities of
the palace. This change could be seen from the perspective of Lefebvre’s theory of the production of
space. According to Lefebvre (1991), spatial arrangement is determined by the social relations that
prevail in a society. While at Topkap1 Palace, water enabled the production of ceremonial spaces
related to imperial power, at Dolmabahge Palace, it enabled spaces based on comfort and hygienic
needs.

Functional Roles of Water

The analysis shows that there is a change in the main purposes served by water at the Ottoman palaces'
constructions. While at Topkap1 Palace water had an important role in environmental cooling,
providing privacy through sounds, creating an aesthetic effect, and participating in ceremonies, water
at Dolmabahce fulfilled more practical goals. Namely, water facilitated the presence of bathhouses,
showers, toilets, kitchens, and plumbing in the palace, as well as modemn hygienic devices and
appliances. However, this change does not mean that the traditional purposes of water were neglected.
Water still had many architectural functions, although its infrastructural functions become
increasingly important during the period of construction (Eyice, 1991; Ortayli, 2007).

Symbolic Meanings of Water

The symbolism of water remained an important element in both palaces, but changed through time.
For the case of Topkap1 Palace, the symbolism involved power, prestige, purity, paradise symbolism,
and continuity of dynasty. The inscriptions, decorative themes, and the location of the fountains and
pools in the ceremonial area helped enhance their symbolism (Eyice, 1991; Ozcan, 2023). In
Dolmabahge Palace, water still carried the connotation of prestige, but it was increasingly seen as a
sign of modernity, progress, and a European way of life.

Such changes may be analyzed with reference to the theory of Norberg-Schulz regarding “genius
loci.” Thus, water was used as an element that determined the character of the classical Ottoman court
because of its representation and symbolic meaning. At the Dolmabahge Palace, it was employed in
creating a different architectural identity due to the influences of westernization and modernization.

Sensory Effects and Spatial Experience

One of the most notable distinctions that can be made between the two palaces is related to the way
that water affects the sensory experience. Water played an integral part in influencing the aesthetics,
acoustics, and climate within interior spaces in Topkap1 Palace. Sounds produced by the fountains
and selsebil were employed to provide seclusion and create a serene environment, while pools helped
with reflecting, moving water, and cooling (Ortayli, 2007; Tiifek¢i, 2020). It should be noted that the
described aspects have much in common with the phenomenological concept of space presented by
Bachelard (1994) and his focus on sensory experience in architecture.
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While sensory properties continued to exist within the Dolmabahge Palace complex, their significance
was minimized. The presence of water existed in certain areas like the Glass Pavilion along with
decorative interior fixtures; however, other water installations were primarily for functional purposes.
This resulted in the reduction of the sensory purpose of water and its prioritization for hygiene and
comfort.

Water as a Marker of Ottoman Modernization

A comparison between Topkapi Palace and Dolmabahce Palace shows how water can be seen as a
symbol of architecture evolution in the Ottoman Empire. The transition from the Classical Ottoman
era to the process of modernization in the nineteenth century can also be seen in terms of water in
architecture.

In Topkap1 Palace, water had more of a spatial, sensory, and symbolic function. It contributed to
creating the ambiance of various spaces and added to the ceremonial aspect of the palace. In
Dolmabahge Palace, however, water became part of a greater technological system meant to facilitate
hygiene and comfort. This demonstrates a shift in Ottoman architecture in which water moved from
a visible and perceptual component of architecture to a hidden one, incorporated into technology.
Nevertheless, water remained a means of showing off the elite status.

Thus, water was not only a source used by the Ottomans for their everyday life but also an
architectural medium through which the shift from the classical Ottoman world to a new palace can
be traced.

Results and Comparative Summary of Water Elements in Topkapi and Dolmabahge Palaces

This comparative study has indicated both continuity and changes that occurred in the way in which
water was used in Ottoman palaces. It can be observed that although there were numerous water-
related features both in Topkap1 Palace and in Dolmabahge Palace, yet the manner in which these
features have been used is quite different in terms of organization, functions, symbolism, and
technology. In order to facilitate an organized presentation of results, Tables 2 to 4 have been
prepared.

Table 7
Typological comparison of water elements in the interiors of Topkapi and Dolmabahge Palaces
Water Topkapt  Dolmabahge Explanation
Element Palace Palace
Fountain Present Present Fountains are present in both palaces. In Topkap1 Palace,

numerous interior fountains possess representational and
sensory qualities, whereas in Dolmabahge Palace, fountains
are more prominently associated with functional and
plumbed uses.

Selsebil Present Not In Topkapi Palace, the fountain located particularly within
identified the Audience Chamber has been interpreted as an
arrangement bearing the character of a selsebil.
Shadirvan Present Not In Topkapi1 Palace, examples of sofas with shadirvans are
identified found in the Fatih Pavilion and the Chamber of the Sacred
Relics.
Pool Present Present In Topkapi Palace, pools are found around the Serdap

Pavilion, the Pavilion of Osman III, and the Marble Sofa. In
Dolmabahge Palace, an octagonal pool is located
particularly within the Glass Pavilion/greenhouse.
Hammam Present Present In both palaces, hammams constitute important spaces of
water use and hygiene. In Topkap1 Palace, they reflect a
more traditional arrangement, whereas in Dolmabahce
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Palace, traditional hammams and modern bathrooms
coexist.

Bathroom Not Present In Topkap1 Palace, hammams, washing rooms (gusiilhane),
evident and ablution spaces are the primary features. Bathtubs are
found in the bath of the Black Eunuchs’ Dormitory and in
the Imperial Hammam. In Dolmabahge Palace, modern
bathrooms equipped with enamel bathtubs, showers, and
thermosiphons are explicitly documented.

Toilet/ Present Present In Topkap1 Palace, sanitation is organized in the form of
Latrine/ hela (toilets), abdestlik (ablution spaces), and gusiilhane
Ablution (washing rooms), whereas in Dolmabahge Palace it appears

space as numerous squat and European-style toilets within a

modern sanitary system.
Gusiilhane Present Not In Topkapi1 Palace, gusiilhane arrangements connected to
(Washing identified hela (toilets) and abdestlik (ablution spaces) are clearly
room) documented. In the case of Dolmabahge Palace, however,
the emphasis is placed more on hammams, bathrooms, and
toilets.
Water Present Present In Topkap1 Palace, water towers and reservoirs are present,
reservoir / whereas in Dolmabahge Palace, the system consists of
cistern garden-based storage units and water reservoirs.
Well Present Not In Topkap1 Palace, wells dating back to the Byzantine
evident period are identified as significant water sources. For
Dolmabahge Palace, there is no explicit evidence of wells
within the interior spaces.
Piped Present at  Present at In Topkap1 Palace, water distribution was carried out
water the level of an through water towers and reservoirs. In Dolmabahge Palace,
system the advanced by contrast, lead pipes, Frankish/European pipes, and an
distributio level advanced plumbing system are explicitly documented.
n system
Decorative Present Present In Topkapi Palace, decorative water features include
Water shadirvans, pools, and interior fountains, whereas in
Feature Dolmabahge Palace they are represented primarily by the
pool and crystal fountain of the Glass Pavilion.
Table 8
Interpretative comparison of water use in Topkapi and Dolmabahg¢e Palaces
Criterion Topkap1 Palace Dolmabahge Palace
Spatial Role Water defines important ceremonial Water supports the operation of

Functional Role

and residential spaces
Cooling, privacy, representation, and

residential and service spaces
Hygiene, sanitation, and domestic

comfort comfort
Symbolic Role Power, prestige, purity, and paradise Prestige, modernization, and elite
imagery lifestyle
Technical Role Traditional hydraulic systems Advanced plumbing and sanitary
infrastructure
Sensory Strong visual, acoustic, and climatic Limited sensory role, stronger
Contribution effects technical role
Relationship with Represents the Classical Ottoman Represents the modernization and
Modernization tradition Westernization process
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Table 3 highlights the main distinctions found in the comparison process. In Topkapi Palace, water
was mainly used for aesthetic purposes, whereas water at Dolmabahge Palace became more relevant
to hygiene and comfort. The above findings reveal how changes in the architecture of the period led
to modifications in the significance of water use.

Table 9
Interpretation of water elements according to the theoretical framework
Theoretical Perspective Topkap1 Palace Dolmabahge Palace
Lefebvre — Production of ~ Water organizes ceremonial and Water supports modern
Space representational spaces residential and service spaces
Bachelard — Poetics of ~ Water creates a rich sensory and ~ Sensory role becomes secondary
Space emotional atmosphere to practical functions
Norberg-Schulz — Genius ~ Water is a defining component Water contributes to a
Loci of palace identity modernized palace identity

As presented in Tables 3 and 4, the transition from water usage at Topkapi Palace to that of
Dolmabahge Palace cannot be explained simply in terms of technology. This transition also represents
the transition in the production of space as suggested by Lefebvre, the transition in the poetic or
aesthetic perception of space as suggested by Bachelard, and finally the redefinition of architectural
genius loci or identity as suggested by Norberg-Schulz.

Results and Discussion

Through this study, it is shown that water within the palace architecture of the Ottoman period was
not merely a basic need or a part of technological infrastructure, but rather a sensorial, symbolic,
spatial, and technological aspect, which defined the organization of the interiors of the buildings.
Comparing the two palaces, Topkap1 Palace and Dolmabahge Palace, it becomes evident that while
water played a significant role in both of them, the architectural usage of it changed dramatically in
relation to the changes in the culture, society, and technology. This paper, concentrating on interior
water components, widens the scope of the existing literature in this field.

These results suggest that the water elements used at Topkap1 Palace were highly interwoven with the
space experience and palace culture. Fountains, selsebil, shadirvan, pool, and hamman were not only
useful objects but also added some elements of comfortable environment, acoustics isolation, beauty,
and symbolical meaning. Water objects were purposefully placed in audience halls, pavilions,
chambers, and courtyards where their symbolic meaning added to the emperor’s prestige. On the
other hand, the use of water at Dolmabahge Palace can be considered as an example of the
development of technical processes in the Ottoman Empire during the nineteenth century. It can be
proved by the advanced plumbing system, water reservoirs, bathrooms, showers, and sanitation
facilities.

As can be observed through the comparison, there was a progressive evolution in the usage of water
at the Topkap1 Palace, moving away from a more sensory, symbolic, and spatial form to the more
technical, hygienic, and comfort-based one in the Dolmabahge Palace. In spite of this change,
however, it must be pointed out that water has continued to retain its relevance in matters concerning
status, authority, privacy, and architecture.

The results are also important for gaining new insights into water as a spatial component in
architecture, from the theories developed by Lefebvre, Bachelard, and Norberg-Schulz. The change
in water functions is also part of a larger picture that can be described as shifts in the production of
space, perception, and identity in the context of Ottoman culture. Water served an active function in
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creating spatial experiences in Topkapi Palace while its role in Dolmabahge was associated more with
residential comfort.

In conclusion, water can be viewed as a significant tool for studying changes in architecture in
Ottoman palace interiors. The change that is visible when comparing Topkapt and Dolmabahge
palaces indicates a larger shift that includes both technological innovation as well as spatial
experiences, values, and daily living practices. Thus, water can help shed light on the transformation
of Ottoman architecture from the Classical era to the modern 19th-century palace setting.

Lastly, this paper can provide a basis for more research into water use in Ottoman palaces as there is
a very narrow range of comparative literature. In particular, the analysis can be further developed by
conducting a study of other Ottoman palaces, waterfront houses, pavilions, and noble homes using
archives, restoration data, materials studies, and hydraulic facilities investigations.

References

Abusaada, N. (2022). “The pit and the pond”: Hydraulic projects and municipal rights in modern
Palestine. Journal of Palestine Studies, 51(4), 8-23.
https://doi.org/10.1080/0377919X.2022.2135383

Altiparmakoglu Sakarya, G. (2018). Researching of water element in terms of different intended uses
in architectural design: Example of Anatolia. Asia Minor Studies, 6, 107—120.

Atasoy, N. (2002). Hasbahg¢e: Osmanl kiiltiiriinde bahge ve ¢icek. Masa Yayinevi.

Bachelard, G. (1994). The poetics of space (M. Jolas, Trans.). Beacon Press.

Batur, A. (2011). Dolmabahge Sarayi’nda bir ingiliz mimar William J. Smith ve Camli Késk. Milli
Saraylar Kiiltiir-Sanat Tarih Dergisi, 8,9-21.

Benyahia, L., Hamouda, A., & Moffok, N. (2021). Decoding the spatial configuration of the Ottoman
Palace “Khdewedj El Amia” in Algiers (Algeria) through space syntax. Prostor, 29(2), 198—
211. https://doi.org/10.31522/p.29.2(62).4

Birkan, F. O. (2022). Topkap1’dan Sadabad’a: 15. ytlizyildan 18. yiizyila Osmanli sultaninin sarayinda
ve inzivasinda mekansal doniisim. Osmanli Medeniyeti Arastirmalari Dergisi, 1, 1-16.
https://doi.org/10.21021/0osmed.1099285

Bozkurt, N., & Yavas, D. (2020). Mukaddes Emanetler Dairesi. In Islam Ansiklopedisi (Vol. 31, pp.
111-114). Tiirkiye Diyanet Vakfi.

Caferova, A. (2024). View of the historical heritage of “Topkapi Palace Museum” from the aspect of
cultural tourism. Elmi Tadgiqat: Beynalxalq Onlayn Elmi Jurnal, 4(3), 77-83.

Cinar, H. S., & Giizel, M. (2020). Investigation on rational use of water in a palace garden: A case of
Dolmabahge Palace (Mabeyn Garden). Fresenius Environmental Bulletin, 29(8), 6469—6478.

Ergiidar, E., & Yergiin, U. (2022). Water supply of the Topkap1 Palace kitchen complex: Review and
interpretation based on new findings. Megaron, 17(4), 602—616.
https://doi.org/10.14744/megaron.2022.77753

Esemenli, D. (2023). Istanbul’da Osmanli saraylarima dair diisiinceler: Topkapt ve Dolmabahce.

Eyice, S. (1991). Arz Odast. In Islam Ansiklopedisi (Vol. 3, pp. 445-446). Tiirkiye Diyanet Vakfi.

Hosyilmaz, M., Giilgiin, B., & Yazici, K. (2023). Reflections of the water element on buildings and
architecture and modern fountain. In O. Demirel & E. Diizgiines (Eds.), P. 4. III (pp. 181-205).
Livre de Lyon.

Karpuz, H. (2006, June 27-July 1). Konya folk architecture water structures. In Proceedings of the
7th International Congress of Turkish Folk Culture: Folk architecture section (pp. 1-16).

Kuban, D. (2007). Osmanli mimarisi. YEM Publishing.

Kultur Envanteri. (2026a). Amcazade Hiiseyin Pasa Yalisi. Retrieved April 13, 2026, from Kultur
Envanteri

Kultur Envanteri. (2026b). Hiinkar Hamama. Retrieved April 23, 2026, from Kultur Envanteri

Kurt, B. (2021). The Ottoman State between urban space and environment: Preserving the drinking
water of Istanbul. Belleten, 85(304), 933-966.

151


https://kulturenvanteri.com/yer/amcazade-huseyin-pasa-yalisi/?utm_source=chatgpt.com
https://kulturenvanteri.com/yer/amcazade-huseyin-pasa-yalisi/?utm_source=chatgpt.com
https://kulturenvanteri.com/yer/?p=217882&utm_source=chatgpt.com

Elmi Is/20(5), 2026
Scientific Work / 20(5), 2026

Lefebvre, H. (1991). The production of space (D. Nicholson-Smith, Trans.). Blackwell Publishing.

Necipoglu, G. (1991). Architecture, ceremonial, and power: The Topkapi Palace in the fifteenth and
sixteenth centuries. MIT Press.

Norberg-Schulz, C. (1980). Genius loci: Towards a phenomenology of architecture. Rizzoli.

Ortayl, 1. (2007). Mekanlar ve olaylariyla Topkapi Sarayi. Kaynak Yaymnlari.

Ozcan, A. (2023). Sultan 1. Abdiilhamid Han Odasi, Hazine Odas1 ve Yemis Odasi’ndaki kusak
yazilarinin restorasyon ilkeleri agisindan degerlendirilmesi [Evaluation of the belt inscriptions
in the Room of Sultan Abdiilhamid I, the Treasury Room, and the Fruit Room in terms of
restoration principles]. Milli Saraylar Art History and Architecture Journal, 24, 50-65. 1ZLIK

Ozgam, I. (2022). Experiencing the space with a phenomenological approach: A method proposal for
relating the senses with representation and design. IDA: International Design and Art Journal,
4(1), 12-25.

Périn, C., & Périn, J. (2023). Mahmoud 11, le sultan réformateur. Le Petit Journal. Le Petit Journal

Spence, C. (2020). Senses of place: Architectural design for the multisensory mind. Cognitive
Research: Principles and Implications, 5, Article 46. https://doi.org/10.1186/s41235-020-
00243-4

Tiifekei, S. (2020). Tiirk tezhip sanatinda rokoko etkisi. Lale, 12—19.

Yilmaz, E., & Akbulut, M. T. (2026). A Stanislavskian and Barthesian deconstructive analysis of
Thinking Architecture of Peter Zumthor: The case of Therme Vals. Frontiers of Architectural
Research, 15(2), 684—704. https://doi.org/10.1016/j.foar.2025.06.007

Yin, J. Z. (2024). Health impacts of biophilic design from a multisensory interaction perspective:
Empirical evidence, research designs, and future directions. Land, 13(9), Article 1448.
https://doi.org/10.3390/1land13091448

Zhong, W. S. (2022). Biophilic design in architecture and its contributions to health, well-being, and
sustainability: A critical review. Frontiers of Architectural Research, 11(1), 114-141.
https://doi.org/10.1016/j.foar.2021.07.006

152


https://izlik.org/JA56AP39XK?utm_source=chatgpt.com
https://lepetitjournal.com/istanbul/comprendre-turquie/mahmoud-ii-le-sultan-reformateur-363636?utm_source=chatgpt.com
https://doi.org/10.1186/s41235-020-00243-4?utm_source=chatgpt.com
https://doi.org/10.1186/s41235-020-00243-4?utm_source=chatgpt.com
https://doi.org/10.3390/land13091448?utm_source=chatgpt.com
https://doi.org/10.1016/j.foar.2021.07.006?utm_source=chatgpt.com

Elmi Is Avqust 2026, Cild: 20, Say:: 5, s. 153—168

Scientific Work August 2026, Volume: 20, Issue: 5, pp. 153168 @
DOI: https:/doi.org/10.36719/2663-4619/129/153-168

The Role of English Rap Hits in the Formation of
Native-Like Pronunciation

Javid Babayev! "/, Aygun Asgarova?'"~’, Rubaba Mammadova?"",
Yegana Babasoy? '~ and Hayat AliyevaZ

Abstract. The growing global popularity of English rap music has created new opportunities for
language learners to improve their pronunciation and listening skills. This study investigates the role
of English rap hits in the formation of native-like pronunciation among English as a Foreign
Language (EFL) learners. Rap music is characterized by rhythm, rhyme, connected speech, stress
patterns, and authentic colloquial expressions, all of which expose learners to natural pronunciation
models. The research adopts a qualitative-descriptive methodology based on classroom observation,
learner interviews, and analysis of previous studies related to music-assisted language learning. The
findings reveal that learners who regularly practice pronunciation through rap songs demonstrate
improvements in intonation, fluency, stress placement, and reduced foreign accent interference.
Furthermore, rap music increases learner motivation and confidence due to its entertaining and
emotionally engaging nature. The study also identifies several challenges, including slang
vocabulary, rapid speech tempo, and non-standard grammatical forms frequently present in rap
lyrics. Despite these limitations, the research concludes that carefully selected English rap hits can
function as effective supplementary tools for pronunciation development when integrated with guided
instructional strategies. The article emphasizes that music-based pronunciation practice contributes
not only to phonetic accuracy but also to cultural awareness and communicative competence.

Keywords: english rap, pronunciation, EFL learners, native-like speech, music-assisted learning,
phonetics
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Ingilis rep hitlorinin ana dilina xas taloffiiziin
formalasmasinda rolu

Cavid Babayev!" "/, Aygiin Osgorova?'", Riibabs Mommodova? ‘",
Yegano Babasoy?", Hoyat Oliyeva?

Xiilasa. Ingilis rep musigisinin qlobal migyasda artan populyarligi dil Gyrananlar iiciin talaffiiz va
dinloma bacariglarini inkisaf etdirmok baximindan yeni imkanlar yaratmigdir. Bu tadgiqat Ingilis
dilini xarici dil kimi 6yrananlor (EFL 6yrananlari) arasinda ingilis rep hitlarinin ana dilli danisanlara
xas talaffiiziin formalagsmasindaki rolunu arasdirir. Rep musiqisi ritm, qafiya, alaqali nitq, vurgu
niimunalori va autentik danisiq ifadalori ilo xarakteriza olunur ki, bunlarin hamist oyrananlari tabii
talaffiiz modellari ilo tanis edir.
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Taodgiqat musiqi dastayi ila dil 6yronilmasi sahasinda aparilmis avvalki arasdirmalarin tahlili, sinif
miisahidalori va oyrananlorls miisahibalora asaslanan keyfiyyat yoniimlii tasviri metodologiyant
tathiq edir. Olda olunan naticalor gostorir ki, rep mahnilar: vasitasilo miintazam olaraq talaoffiiz
magsqlori edon oyranonlor intonasiya, axiciliq, vurgunun diizgiin yerlasdirilmasi va xarici aksentin
tasirinin azalmasi baximindan ahamiyyatli iralilayis niimayis etdirirlor. Bundan alava, rep musiqisi
avloncali va emosional cohatdon calbedici xarakteri sayasinda &yrananlorin motivasiyasini va
oztinainamini arturir. Tadqiqat eyni zamanda rep mahnilarinin matnlarinda tez-tez rast galinan jargon
soz ehtiyati, siiratli nitq tempi va qeyri-standart qrammatik formalar kimi bir sira ¢atinliklori do
miiayyan etmisdir. Bu mahdudiyyatlora baxmayaraq, arasdirma bela naticaya galir ki, digqatls
secilmis ingilis rep hitlori istiqamatlondirilmis tadris strategiyalart ila inteqrasiya edildikda taloffiiziin
inkisafi ticiin effektiv alava vasita kimi ¢ixis eda bilar. Maqgaloda vurgulanir ki, musiqi asaslt taloffiiz
tacriibasi yalniz fonetik daqiqliyin artirilmasina deyil, hom do madoni maariflanmanin va
kommunikativ saristonin inkisafina tohfa verir.

Acar sozlar: ingilis repi, taloffiiz, EFL dyronanlori, ana dilli danisana xas nitq, musiqi dastayi ilo
oyranma, fonetika
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Introduction

Pronunciation is widely recognized as one of the most essential components of successful
communication in a foreign language. Even learmers with advanced grammatical competence and
extensive vocabulary knowledge may experience communication barriers if their pronunciation
differs considerably from native speech patterns. In English language teaching, pronunciation
instruction has evolved from traditional phonetic drilling toward more communicative and interactive
approaches that expose learners to authentic speech environments. Modern educational research
increasingly emphasizes the importance of natural language input, listening exposure, and rhythm-
based learning in developing pronunciation competence (Brown, 2007).

Among various alternative instructional methods, music has gained substantial attention as an
effective pedagogical resource in second language acquisition. Songs provide repetitive linguistic
input, emotional engagement, and memorable speech patterns that facilitate language retention and
oral production. According to Murphey (1992), music creates a low-anxiety learning atmosphere that
encourages learners to imitate pronunciation naturally and unconsciously. Similarly, Schoepp (2001)
argues that songs contribute to vocabulary acquisition, listening comprehension, pronunciation
development, and learner motivation simultaneously.

Within music-based learning, English rap music occupies a unique position due to its linguistic
intensity and rhythmic complexity. Rap combines rapid articulation, rhyme schemes, stress
manipulation, connected speech, and authentic conversational expressions in ways that closely
resemble spontaneous spoken English. Unlike slower traditional songs, rap often reflects real-life
pronunciation patterns, including reductions, contractions, linking, assimilation, and intonation shifts.
Such phonological features are critical for learners attempting to achieve native-like pronunciation
and natural speech fluency.
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The emergence of rap music as a global cultural phenomenon has significantly influenced younger
generations worldwide. Originating in African American communities during the 1970s, rap
gradually expanded into mainstream international culture through artists such as Tupac Shakur,
Eminem, and Jay-Z. Today, English rap songs are consumed by millions of non-native English
speakers through digital streaming platforms, social media, and online video services. This global
accessibility has transformed rap music into an informal language-learning environment where
learners are repeatedly exposed to authentic pronunciation models.

From a linguistic perspective, rap music supports several important aspects of phonological
acquisition. Stress timing, rhythm, syllable reduction, and intonation are essential features
distinguishing native English pronunciation from foreign-accented speech. English itself is a stress-
timed language, meaning that stressed syllables occur at relatively regular intervals regardless of the
number of unstressed syllables between them. Many EFL learners struggle with these rhythmic
characteristics because their native languages may follow syllable-timed patterns instead. Rap music
emphasizes rhythmic synchronization and stress placement, helping learners internalize natural
English speech timing through repeated auditory exposure and vocal imitation.

English rap songs also introduce learners to suprasegmental features of speech such as stress, rhythm,
intonation, linking, assimilation, and reductions. These features are often difficult to teach through
conventional textbook exercises. Through imitation and repetition, learners gradually internalize
native-like speech patterns. Furthermore, rap performance encourages oral fluency and confidence
because learners practice rapid articulation and synchronization with rhythm.

Research in psycholinguistics further supports the connection between music and language
acquisition. Patel (2008) notes that music and language share overlapping neurological processing
systems related to rhythm, auditory perception, and memory. Similarly, Fonseca-Mora (2011)
explains that musical repetition enhances phonological awareness and improves learners’ ability to
distinguish subtle pronunciation differences. Repetition is especially important in pronunciation
acquisition because learners must repeatedly hear and reproduce sounds before developing accurate
articulation habits.

The theoretical foundation for using rap music in language learning can also be linked to the Input
Hypothesis proposed by Stephen Krashen. Krashen (1985) argues that language acquisition occurs
when learners receive meaningful and comprehensible input in low-stress environments. Rap songs
provide extensive exposure to authentic language input in entertaining and emotionally engaging
contexts, increasing learner attention and motivation. Learners often voluntarily repeat songs multiple
times outside classroom environments, thereby increasing pronunciation practice frequency without
formal instructional pressure.

In addition to pronunciation accuracy, rap music contributes to listening comprehension and oral
fluency development. Because rap lyrics are often delivered rapidly, learners become accustomed to
processing spoken English at natural conversational speed. This repeated exposure trains learners to
recognize connected speech patterns that are frequently absent in textbook dialogues. According to
Underhill (2005), pronunciation instruction should include suprasegmental elements such as rhythm,
stress, and intonation rather than focusing exclusively on isolated sounds. Rap naturally integrates
these suprasegmental features into authentic linguistic performance.

Another important advantage of rap-based learning involves learner motivation. Traditional
pronunciation exercises are frequently perceived as repetitive, mechanical, and stressful. In contrast,
music-based activities create emotionally stimulating learning experiences that increase participation
and learner autonomy. Young learners especially demonstrate strong emotional connections to
contemporary music culture, making rap an appealing educational tool. Research by Richards (2008)
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indicates that emotionally engaging materials increase retention and active participation in second
language classrooms.

Despite these benefits, the pedagogical use of rap music remains controversial among some educators
and researchers. One major concern involves the presence of slang vocabulary, taboo expressions,
violent themes, and non-standard grammatical structures in certain rap lyrics. Critics argue that
learners may imitate inappropriate expressions or develop inaccurate grammatical habits if
instructional guidance is insufficient. Furthermore, some rap artists intentionally manipulate
pronunciation for stylistic or regional identity purposes, which may create confusion for learners
attempting to acquire standard pronunciation norms.

Another challenge concerns speech tempo. Many rap songs contain extremely rapid lyrical delivery
that may overwhelm intermediate learners. Excessive speech speed can reduce comprehension and
create frustration among students unfamiliar with connected speech phenomena. Therefore, careful
song selection and instructional scaffolding are essential for successful implementation in educational
settings. Teachers must consider learners’ proficiency levels, cultural sensitivity, lexical accessibility,
and pronunciation clarity before integrating rap materials into classroom practice.

Technological development has further increased the educational potential of rap music in language
learning. Streaming platforms, lyric annotation websites, pronunciation applications, and subtitle-
supported videos enable learners to combine listening, reading, and pronunciation practice
simultaneously. Digital accessibility allows students to engage in autonomous pronunciation training
beyond formal classroom environments, strengthening continuous exposure to authentic spoken
English.

Given the growing influence of global music culture on language learning practices, investigating the
relationship between English rap music and pronunciation acquisition has become increasingly
relevant. Although numerous studies have explored the general role of music in language education,
fewer studies specifically examine the phonological benefits of rap music for developing native-like
pronunciation among EFL learners. Therefore, this study aims to analyze how English rap hits
contribute to pronunciation development, fluency enhancement, stress and rhythm acquisition, and
learner motivation in foreign language learning contexts.

Methods

This study employed a qualitative-descriptive research design to investigate the role of English rap
hits in the formation of native-like pronunciation among English as a Foreign Language (EFL)
learners. Qualitative methodology was selected because it allows deeper exploration of learner
experiences, attitudes, behavioral changes, and pronunciation development processes occurring
during music-assisted language learning. According to Creswell (2014), qualitative research is
particularly effective when researchers seek to understand participants’ perceptions and interpret
complex educational phenomena within natural learning environments.

The study was conducted over a twelve-week instructional period at a university-level English
language program. The research focused on examining how systematic exposure to English rap songs
influenced learners’ pronunciation, fluency, stress placement, rhythm control, and confidence in
spoken communication.

Research participants

The participants consisted of 40 undergraduate students enrolled in intermediate and upper-
intermediate English language courses. Their ages ranged from 18 to 24 years. The participants were
selected through purposive sampling because they demonstrated regular engagement with English-
language music and expressed willingness to participate in music-based pronunciation activities.
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The participants represented diverse linguistic backgrounds, but all shared similar educational
exposure to formal English instruction. Prior to the study, a preliminary diagnostic speaking activity
was conducted to evaluate their pronunciation difficulties, fluency levels, and listening
comprehension abilities. Common pronunciation problems included incorrect stress placement,
vowel substitution, syllable omission, monotone intonation, and strong first-language interference.

Research design

The study utilized a classroom-based action research framework combining observation, guided
listening activities, pronunciation exercises, learner interviews, and reflective analysis. Action
research was considered appropriate because it allows researchers to observe practical instructional
interventions within authentic educational settings while continuously evaluating learner progress
(Kemmis & McTaggart, 1988).

The instructional design was influenced by communicative language teaching principles and music-
assisted learning theory. According to Richards and Rodgers (2014), communicative pronunciation
instruction should expose learners to authentic speech contexts rather than isolated phonetic drills.
Rap music provided such authentic contexts through natural rhythm, stress patterns, reductions, and
connected speech.

Selection of rap materials
The rap songs selected for the study were chosen according to several pedagogical criteria:

» clarity of pronunciation;

* moderate speech tempo;

* educational suitability;

* limited offensive language;

* lexical accessibility;

* thythmic consistency;

« authentic conversational pronunciation.

Songs by artists such as Eminem, NF, and Macklemore were partially incorporated because their
lyrical articulation was considered relatively comprehensible for language learners. Certain highly
explicit or excessively rapid songs were intentionally excluded to maintain educational
appropriateness and learner comprehension. The selected songs were transcribed and accompanied
by lyric sheets to support simultaneous listening and reading practice. Difficult vocabulary items,
slang expressions, contractions, and idiomatic phrases were pre-taught before listening sessions.

Instructional procedure
The instructional process was divided into multiple pedagogical stages designed to maximize
pronunciation acquisition.

1. Pre-listening activities

At the beginning of each session, students were introduced to key vocabulary items, slang
expressions, and pronunciation features present in the selected rap lyrics. Teachers explained stress
patterns, contractions, reductions, and intonation characteristics before audio exposure. This stage
aimed to reduce cognitive overload during listening activities.

2. Focused listening

Students listened to selected rap songs multiple times while following printed lyrics. During initial
listening stages, learners focused on identifying rhythm, stress, rhyme patterns, and pronunciation
features rather than understanding every lexical item. According to Rost (2011), repeated listening
exposure improves phonological discrimination and listening comprehension.
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3. Shadowing technique

A central component of the methodology involved the shadowing technique. Learners repeated lyrics
immediately after hearing them while attempting to imitate pronunciation, intonation, rhythm, and
speech tempo as accurately as possible. Shadowing has been widely recognized as an effective
pronunciation-training strategy because it strengthens auditory processing and articulatory
coordination (Murphey, 2001).

Students practiced both individual and group shadowing exercises. Short lyrical segments were
repeated multiple times until learners achieved smoother rhythm synchronization and more accurate
stress placement.

4. Rhythm synchronization exercises

Participants practiced synchronizing speech with instrumental beats to internalize English stress
timing. Because English is stress-timed rather than syllable-timed, rhythm training was considered
essential for developing native-like pronunciation patterns. These activities emphasized:

e syllable reduction,

 stressed syllable elongation,

e connected speech,

e natural pausing,

e intonation flow.

Musical rhythm was expected to reinforce phonological memory and speech automatization.

5. Recording and self-evaluation

Students periodically recorded themselves performing selected rap segments. The recordings were
compared with native-speaker models to identify pronunciation improvements and persistent errors.
Self-monitoring encouraged learner autonomy and phonological awareness. According to Celce-
Murcia et al. (2010), recording-based pronunciation analysis promotes learner self-correction and
reflective learning.

6. Classroom discussion and reflection

After each instructional session, learners participated in guided discussions regarding listening
difficulties, pronunciation challenges, emotional responses, and perceived improvement. Reflective
classroom interaction allowed researchers to gather qualitative data concerning learner attitudes and
motivational changes.

Data collection instruments
Several qualitative data collection instruments were employed throughout the study.

Classroom observation

The researcher conducted systematic classroom observations during all instructional sessions.
Observation focused on:

e pronunciation accuracy,

o rhythm imitation,

e learner participation,

o speaking confidence,

o fluency development,

e engagement levels.

Field notes were recorded after each session to document behavioral patterns and instructional
outcomes.
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Semi-structured interviews

Semi-structured interviews were conducted with participants at the conclusion of the study. Interview
questions explored:

e learner motivation,

e perceptions of rap-based learning,

e pronunciation difficulties,

 listening comprehension experiences,

e confidence changes,

« attitudes toward traditional pronunciation instruction.

The interview format allowed participants to express individual experiences while maintaining
consistency across responses.

Audio recordings
Learners’ speech performances were audio-recorded at the beginning, middle, and end of the
instructional period. The recordings were analyzed comparatively to evaluate changes in:

e stress placement,

o speech rhythm,

e connected speech production,
e pronunciation fluency,

e intonation patterns.

Data analysis

The collected data were analyzed using thematic analysis procedures. Repeated patterns and recurring
themes were categorized according to learner experiences and pronunciation outcomes. Themes such
as “improved fluency,” “enhanced confidence,” “difficulty with rapid speech,” and “greater stress
awareness” emerged consistently throughout observations and interviews. The audio recordings were
examined descriptively rather than statistically because the primary goal was to identify qualitative
pronunciation changes rather than precise phonetic measurement. Comparative analysis was
conducted between initial and final recordings to evaluate pronunciation development trends.
Triangulation was applied to improve research reliability. Observation data, interview responses,
classroom participation patterns, and audio performance comparisons were analyzed collectively to
ensure interpretive consistency. According to Denzin (1978), triangulation increases credibility by
combining multiple data sources within qualitative research.

Ethical considerations

All participants voluntarily agreed to participate in the study and were informed about the research
objectives before data collection began. Confidentiality and anonymity were maintained throughout
the research process. Participants retained the right to withdraw from the study at any stage without
academic consequences.

The instructional materials were carefully screened to avoid culturally offensive or psychologically
inappropriate lyrical content. Educational suitability remained a priority throughout song selection
and classroom implementation.

Results

The results of the study demonstrate that English rap hits contributed significantly to the development
of native-like pronunciation features among EFL learners. Throughout the twelve-week instructional
period, participants displayed observable improvements in pronunciation accuracy, stress placement,
rhythmic fluency, connected speech production, and speaking confidence. The findings also indicate
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that music-assisted pronunciation learning increased learner motivation and engagement compared
to traditional pronunciation exercises (Alisoy & Sadigzade, 2025).

Improvement in pronunciation accuracy

One of the most noticeable outcomes of the study was the improvement in overall pronunciation
accuracy. At the beginning of the research period, many participants demonstrated strong first-
language interference, including incorrect vowel articulation, consonant substitution, syllable
omission, and unnatural intonation patterns. However, repeated exposure to authentic rap
performances gradually improved learners’ articulatory precision. Students became more capable of
reproducing difficult English sounds through imitation and repetition exercises. Several participants
improved their pronunciation of consonants such as /0/, /0/, /r/, and /w/, which are often problematic
for EFL learners. Learners also demonstrated better vowel differentiation after intensive listening
practice.

These findings support the conclusions of Underhill (2005), who argues that repeated auditory
exposure and oral imitation strengthen phonological awareness and articulation control. Similarly,
Celce-Murcia et al. (2010) emphasize that pronunciation development requires extensive exposure to
authentic spoken language rather than isolated phonetic drills. Participants reported that rap music
enabled them to notice pronunciation details that they had previously ignored during conventional
listening exercises. One student explained during the interview phase that “repeating rap lyrics helped
me hear the real sound of English words instead of the way I imagined them from spelling.”

Development of stress and rhythm awareness

The study revealed substantial improvement in learners’ understanding of English stress timing and
speech rhythm. Before the instructional intervention, many participants produced English speech with
equal syllable timing influenced by their native language phonological systems. After engaging in
rhythm synchronization and rap-shadowing activities, learners became increasingly aware of stressed
and unstressed syllables. Rap music appeared particularly effective in helping learners internalize
natural English stress patterns because rhythmic beats reinforced syllable emphasis. Learners
gradually improved their ability to elongate stressed syllables and reduce unstressed syllables during
oral production.

The findings align with the observations of Gilbert (2008), who states that rhythm and stress are
among the most essential features distinguishing intelligible English pronunciation from heavily
foreign-accented speech. According to Dauer (1993), mastery of stress timing contributes more to
communicative intelligibility than individual sound accuracy alone. Several learners demonstrated
improved sentence-level intonation after practicing lyrical performance. Rising and falling intonation
patterns became more natural and expressive, reducing monotonous speech delivery commonly
observed among foreign language learners.

The rhythmic structure of rap also supported speech memorization. Students were able to recall
pronunciation sequences more effectively because rhyme and beat created predictable phonological
patterns. This finding supports Patel’s (2008) neurological research suggesting that music and
language share overlapping rhythmic processing systems within the human brain.

Increased fluency and speech flow

Another major finding involved the development of oral fluency. Participants gradually produced
longer speech sequences with fewer pauses, hesitations, and interruptions. Rap-shadowing exercises
encouraged learners to maintain continuous speech flow while synchronizing pronunciation with
musical rhythm.
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At the beginning of the study, many students hesitated frequently during oral tasks because they
concentrated heavily on grammar accuracy and word retrieval. By the final weeks of instruction,
learners displayed smoother articulation and greater automaticity in spoken production.

The fluency gains observed in this study support Nation’s (2001) argument that repeated language
performance activities strengthen automatic processing and reduce cognitive overload during
communication. Repetition of rap lyrics appeared to accelerate speech automatisation because
learners practiced pronunciation within meaningful rhythmic structures. Classroom observations also
revealed that learners became increasingly comfortable speaking English publicly. Students who
initially avoided oral participation gradually volunteered to perform short rap segments individually
or in groups. Increased participation indicated growing self-confidence and reduced pronunciation
anxiety.

These findings correspond with Krashen’s (1985) Affective Filter Hypothesis, which suggests that
enjoyable and low-stress learning environments facilitate language acquisition by lowering
psychological barriers to participation.

Acquisition of connected speech features

The study demonstrated considerable improvement in learners’ recognition and production of
connected speech phenomena. Participants became more familiar with reductions, contractions,
linking, assimilation, and elision commonly found in natural spoken English.

Examples frequently identified by students included:

e “gonna” instead of “going to,”

e ‘““wanna” instead of “want to,”

e “lemme” instead of “let me,”

e “kinda” instead of “kind of.”

Learners initially struggled to recognize these reduced forms during listening activities, but repeated
exposure increased both comprehension and oral reproduction accuracy.

According to Brown and Kondo-Brown (2006), connected speech remains one of the most difficult
aspects of listening comprehension for EFL learners because classroom materials often present
artificially clear pronunciation rather than authentic conversational speech. Rap songs exposed
learners to realistic speech reductions and informal pronunciation patterns occurring in native
communication. Furthermore, participants developed greater awareness of linking between words.
Students improved their ability to connect final consonants with following vowels, producing
smoother and more natural speech sequences. For example, learners became more comfortable
pronouncing phrases such as “take it” and “turn_off” without unnatural pauses between words.

Improvement in listening comprehension

The instructional intervention also enhanced listening comprehension abilities. Initially, many
participants experienced difficulty understanding fast-paced native speech due to unfamiliar rhythm
patterns and reduced pronunciation forms. Continuous listening practice gradually improved learners’
ability to process rapid speech input. Repeated exposure to rap lyrics trained learners to identify key
words within dense speech streams and anticipate rhythmic patterns (Seidova et al., 2026). Several
participants stated that they became more comfortable understanding English movies, interviews, and
podcasts after participating in rap-based activities.

This finding supports Rost’s (2011) claim that listening competence improves through exposure to
authentic auditory input combined with repeated practice and contextual prediction strategies.
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Participants also reported improved ability to distinguish individual sounds within continuous speech.
Many learners explained that rap listening sharpened their attention to pronunciation detail and word
boundaries.

Motivation and emotional engagement

Motivation emerged as one of the strongest positive outcomes of the study. Most participants
described rap-based pronunciation learning as enjoyable, energetic, and less stressful than traditional
pronunciation exercises. Learners demonstrated high levels of classroom participation and voluntary
practice outside instructional hours. Unlike repetitive textbook drills, rap activities created
emotionally engaging learning experiences that maintained student attention for longer periods.
Participants frequently practiced songs independently using streaming platforms and lyric websites.

The findings support Murphey’s (1992) argument that music enhances learner motivation by
combining emotional stimulation with repetitive language exposure. Similarly, Gardner (1985)
emphasizes that positive emotional attitudes significantly influence second language acquisition
success. Students also developed stronger cultural interest in English-speaking societies through
exposure to rap music. Many participants explored additional English-language media independently
after becoming engaged with rap culture and lyrical expression (Nuri et al., 2025).

Pronunciation confidence and accent reduction

The results indicate partial reduction of first-language pronunciation interference among many
participants. Although complete native-like pronunciation was not achieved, learners displayed more
natural rhythm, smoother speech transitions, and improved intonation control by the end of the
instructional period. Several students became more willing to communicate spontaneously in English
without excessive fear of making pronunciation mistakes. Increased confidence contributed
positively to classroom interaction and oral participation. According to Derwing and Munro (2005),
pronunciation confidence plays a central role in communicative effectiveness because learners who
fear pronunciation errors often avoid oral communication altogether. The present study suggests that
rap-based pronunciation activities may reduce speaking anxiety by transforming pronunciation
practice into a creative and enjoyable performance activity.

Challenges and difficulties
Despite the positive outcomes, the study also identified several challenges associated with rap-based
pronunciation learning.

Rapid speech tempo

Many learners initially struggled with the fast delivery speed of rap lyrics. Certain songs
overwhelmed participants because multiple words were compressed into short rhythmic sequences.
Intermediate learners occasionally became frustrated during early listening sessions. However,
gradual exposure and repeated practice reduced comprehension difficulty over time. Slower rap songs
proved more suitable during initial instructional stages.

Slang and informal language

Participants occasionally encountered difficulties understanding slang expressions, idioms, and
culturally specific references. Some learners incorrectly assumed that all rap vocabulary represented
standard English usage. This issue confirms concerns raised by Alim (2006), who notes that rap
language often reflects regional identity, urban slang, and sociocultural variation that may differ from
formal English norms.

162



Javid Babayev et al.

Non-standard grammar

Certain rap lyrics included grammatically non-standard constructions used for artistic rhythm or
cultural authenticity. Teachers needed to clarify differences between conversational artistic
expression and formal academic English usage.

Pronunciation manipulation by artists

Some rap artists intentionally distort pronunciation to preserve rhyme schemes or stylistic identity.
Without instructional guidance, learners risk imitating exaggerated or regionally marked
pronunciation forms. Therefore, careful material selection remained essential throughout the
instructional process.

Overall findings

Overall, the findings strongly suggest that English rap hits can function as effective supplementary
tools for pronunciation development among EFL learners. Rap-based instruction improved stress
awareness, fluency, listening comprehension, connected speech recognition, and pronunciation
confidence while simultaneously increasing learner motivation and engagement. The results
demonstrate that authentic musical input provides meaningful opportunities for repeated
pronunciation practice in emotionally stimulating environments. When carefully integrated into
structured language instruction, English rap music can support learners’ movement toward more
natural and native-like speech production.

Discussion

The findings of this study demonstrate that English rap hits can serve as an effective supplementary
instructional resource for improving pronunciation and promoting native-like speech characteristics
among EFL learners. The results reveal that learners exposed to rhythm-based pronunciation activities
developed greater awareness of stress timing, connected speech, intonation, and fluency. These
findings correspond with broader theories of second language acquisition emphasizing the
importance of authentic auditory input, repetition, emotional engagement, and meaningful
communicative exposure.

One of the central findings of the study concerns the role of rhythm in pronunciation development.
English rap music relies heavily on stress placement, beat synchronization, and rhythmic speech flow.
These features appear to support learners’ acquisition of English prosody, particularly stress timing
and intonation patterns. According to Gilbert (2008), prosodic features such as rhythm and stress are
fundamental components of intelligible pronunciation because they shape the listener’s ability to
interpret meaning and speech organization. Learners who fail to master English stress timing often
sound unnatural even when individual sounds are correctly pronounced.

The study suggests that rap music creates a practical environment for internalizing these prosodic
patterns. Through repeated imitation and synchronization with musical beats, learners gradually
adjusted their speech rhythm toward more native-like timing. This observation supports Dauer’s
(1993) argument that stress timing plays a greater role in pronunciation intelligibility than isolated
segmental accuracy alone. Many participants in the present study improved sentence rhythm and
syllable reduction after repeated exposure to rap lyrics.

The findings also reinforce the theoretical assumptions of Stephen Krashen regarding comprehensible
input and affective factors in language acquisition. Krashen’s Input Hypothesis proposes that learners
acquire language most effectively when exposed to meaningful and engaging input in low-anxiety
environments (Krashen, 1985).
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Rap music appears to satisfy several conditions of effective language acquisition simultaneously:

o authentic language exposure,
e repeated auditory input,

e emotional engagement,

e learner motivation,

e reduced classroom anxiety.

Unlike traditional pronunciation drills, which learners often perceive as mechanical and repetitive,
rap-based activities transformed pronunciation practice into an enjoyable and socially interactive
experience. The increased classroom participation observed during the study supports Krashen’s
Affective Filter Hypothesis, which states that emotional comfort facilitates language acquisition by
lowering psychological barriers to communication.

The motivational dimension of rap-based learning emerged as another highly significant finding.
Many participants voluntarily practiced English pronunciation outside classroom settings through
repeated listening and lyrical imitation. This autonomous engagement is especially important because
pronunciation acquisition requires long-term exposure and extensive repetition. According to
Gardner (1985), motivation represents one of the strongest predictors of success in second language
learning. Learners who are emotionally invested in language practice are more likely to sustain effort,
tolerate mistakes, and engage in repeated communicative attempts.

Music-based learning may therefore function not only as a linguistic tool but also as a motivational
catalyst. Murphey (1992) argues that songs naturally encourage repetition because learners repeatedly
listen to music for enjoyment rather than obligation. The current study supports this perspective, as
many participants practiced rap lyrics voluntarily beyond classroom requirements. Such repeated
exposure strengthens phonological memory and speech automatisation.

Another important implication of the study involves the development of connected speech awareness.
Traditional EFL instruction frequently presents artificially slow and carefully articulated speech,
which differs substantially from authentic conversational English. As a result, learners often struggle
to understand native speakers despite strong vocabulary knowledge. Rap music exposes learners to
realistic speech reductions, linking, contractions, assimilation, and rapid articulation patterns that are
characteristic of everyday spoken English.

29 ¢¢

The improvement observed in learners’ recognition of forms such as “gonna,” “wanna,” and “lemme”
suggests that rap-based instruction may bridge the gap between classroom English and authentic
communication. According to Brown and Kondo-Brown (2006), exposure to connected speech is
essential for developing listening comprehension and communicative fluency because native speech
rarely occurs in isolated word forms. The present findings indicate that rap music can familiarize
learners with these naturally occurring phonological processes more effectively than scripted
textbook dialogues.

Furthermore, the study supports neurological perspectives concerning the relationship between music
and language processing. Patel (2008) argues that music and language share overlapping cognitive
mechanisms associated with rhythm perception, auditory memory, and temporal processing. The
rhythmic repetition found in rap may therefore strengthen neural pathways involved in phonological
acquisition and speech production. Several participants reported that rhythmic beats helped them
memorize pronunciation sequences more effectively than ordinary listening exercises. This finding
aligns with Fonseca-Mora (2011), who emphasizes that musical repetition enhances phonological
retention and auditory discrimination.
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The observed improvement in speaking fluency also carries important pedagogical implications.
Many learners initially hesitated during oral communication because they focused excessively on
grammatical correctness and pronunciation accuracy. However, rap-shadowing activities encouraged
continuous speech production without frequent interruption. As learners practiced maintaining
rhythm and speech flow, they gradually developed greater automaticity in spoken English.

Nation (2001) explains that fluency develops when learners repeatedly process language under time
pressure until speech production becomes more automatic and cognitively efficient. Rap performance
naturally introduces time-sensitive articulation demands that train learners to process language more
rapidly. This may explain why participants demonstrated smoother speech flow and reduced
hesitation during classroom interaction by the end of the study.

The findings additionally suggest that rap music contributes to pronunciation confidence and identity
formation. Several learners reported feeling more comfortable speaking English publicly after
participating in rap-based activities. Pronunciation anxiety often prevents learners from engaging
actively in communication, even when they possess sufficient linguistic knowledge. According to
Derwing and Munro (2005), fear of negative evaluation frequently limits oral participation among
foreign language learners.

Rap performance may reduce this anxiety because it reframes pronunciation practice as artistic
imitation rather than formal assessment. Learners focus on rhythm, performance, and expression
rather than perfection, which may decrease self-consciousness and increase communicative risk-
taking. Increased confidence subsequently encourages more frequent oral interaction, further
reinforcing pronunciation development through practice.

The study also highlights the importance of authenticity in pronunciation instruction. Authentic input
exposes learners to natural speech variability, emotional expression, and spontaneous pronunciation
phenomena absent from many educational materials. Rap lyrics frequently contain emotional
intensity, personal storytelling, and conversational language that create meaningful communicative
contexts for pronunciation learning. Richards (2008) argues that authentic communicative materials
increase learner engagement because they connect language study to real-world usage.

However, despite these positive outcomes, the study also confirms several important limitations
associated with rap-based language learning. One major concern involves the presence of slang
vocabulary and non-standard grammatical structures. Rap artists often intentionally manipulate
grammar and pronunciation to preserve rhythm, rhyme, regional identity, or artistic expression.
Without teacher guidance, learners may struggle to distinguish between standard English usage and
stylistic variation.

This concern corresponds with Alim’s (2006) sociolinguistic analysis of hip-hop language, which
emphasizes that rap frequently reflects cultural identity and urban speech communities rather than
formal standardized English. Teachers therefore carry significant responsibility in selecting
appropriate materials and contextualizing linguistic variation for learners. Another limitation involves
speech tempo. Certain rap songs contain extremely rapid articulation that may overwhelm
intermediate learners and reduce listening comprehension. Although repeated exposure gradually
improved learner processing abilities in the current study, excessive difficulty may discourage less
confident students. Consequently, pedagogical implementation should involve gradual progression
from slower, clearer rap performances toward more linguistically complex material.

Cultural considerations also deserve attention. Rap music is deeply connected to specific historical,
social, and cultural contexts, particularly African American urban culture. Learners unfamiliar with
these cultural references may misunderstand lyrical meanings or fail to appreciate contextual nuances.
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Therefore, integrating rap into language instruction may also require cultural explanation and
discussion to support comprehensive understanding.

From a broader educational perspective, the findings suggest that contemporary language instruction
should increasingly incorporate multimedia and culturally relevant resources (Babayev et al., 2025).
Modern learners interact extensively with music, digital platforms, and social media outside formal
educational environments. Integrating these authentic cultural resources into language classrooms
may increase relevance, engagement, and learner autonomy.

Technological accessibility further strengthens the educational value of rap-based pronunciation
learning. Streaming services, lyric annotation platforms, pronunciation applications, and subtitled
music videos allow learners to combine auditory, visual, and textual input simultaneously. This
multimodal exposure may accelerate pronunciation acquisition by activating multiple cognitive
processing channels.

Overall, the discussion demonstrates that English rap hits can meaningfully contribute to the
formation of native-like pronunciation when implemented thoughtfully within structured pedagogical
frameworks. Rap music enhances pronunciation awareness, listening comprehension, fluency, stress
timing, and learner motivation while simultaneously providing authentic communicative exposure.
Although challenges related to slang, rapid speech, and non-standard language remain important
considerations, the educational benefits observed in this study strongly support the integration of
carefully selected rap materials into modern EFL pronunciation instruction.

Conclusion

The present study demonstrates that English rap hits can play a significant role in the formation of
native-like pronunciation among English as a Foreign Language (EFL) learners. The findings reveal
that rap music provides learners with authentic exposure to natural English pronunciation patterns,
including stress timing, rthythm, intonation, connected speech, reductions, and fluent articulation.
Through repeated listening, imitation, and rhythm-based practice, learners gradually improved their
pronunciation accuracy and developed greater awareness of the phonological characteristics of
spoken English.

One of the most important outcomes of the study is the recognition that pronunciation learning
becomes more effective when linguistic instruction is combined with emotional engagement and
motivation. Unlike traditional pronunciation drills, rap-based activities created an enjoyable and
dynamic learning environment that encouraged active participation and independent practice.
Learners demonstrated increased confidence, reduced speaking anxiety, and stronger willingness to
communicate in English. The rhythmic and repetitive nature of rap also strengthened memory
retention and speech automatisation, helping learners internalize pronunciation patterns more
naturally.

The study further highlights the importance of authentic language input in modern pronunciation
instruction. English rap music exposes learners to real conversational speech features that are often
absent from textbook materials. By interacting with authentic musical language, learners improved
not only pronunciation but also listening comprehension, fluency, and cultural awareness. These
findings support contemporary language acquisition theories emphasizing meaningful exposure,
repetition, and communicative practice.

However, the research also identifies several limitations associated with rap-based pronunciation
learning. Rapid speech tempo, slang expressions, non-standard grammar, and culturally specific
references may create comprehension difficulties for some learners. Therefore, successful
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implementation requires careful song selection, instructional guidance, and adaptation to learners’
proficiency levels and educational needs.

Overall, the study concludes that English rap hits represent a valuable supplementary resource for
pronunciation development in EFL education. When integrated thoughtfully into classroom
instruction, rap music can effectively bridge entertainment and pedagogy while helping learners move
closer toward more fluent, confident, and native-like spoken English.
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Legal Mechanisms of Integration of International Tax Rules
into the Domestic Legislation of the CIS Member States

Asmar Aliyeva

Abstract. This study systematically analyzes the institutional and normative mechanisms of
integration of international tax norms into the national tax legal systems of the member states of the
Commonwealth of Independent States (CIS). The central hypothesis of the article is that international
legal influence in the field of taxation in the CIS is mainly carried out through advisory acts and
voluntary cooperation mechanisms, which makes the integration process qualitatively different and
limited in nature compared to supranational associations. The research methodology is based on the
integrative application of formal-legal, comparative-legal and systematic analysis methods. The
article examines four main integration mechanisms: (1) system of bilateral and multilateral tax
treaties, (2) normative impact of the CIS Model Tax Code, (3) transplantation of the OECD Base
Erosion and Profit Shifting (BEPS) plan into national legislation; (4) institutions of information
exchange and administrative cooperation between tax authorities. The research findings show that
while significant progress has been made in the areas of transfer pricing and information exchange,
harmonisation of fundamental elements of tax policy remains limited due to economic differentiation,
concerns over political sovereignty and the lack of binding legal mechanisms. The article presents
recommendations for enhancing the legal status of the Model Tax Code, improving the digital tax
administration infrastructure, and differentially using the experience of the Eurasian Economic
Union to increase the efficiency of the integration process.
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Beynolxalq vergi normalarinin MDB tizv dovlotlorinin daxili
qanunvericiliying inteqrasiyasinin hiiquqi mexanizmlari

Ismar IAliyeva

Xiilasa. Bu tadqiqat Miistaqil Doviatlor Birliyi (MDB) iizv doviatlarinin milli vergi hiiquq sistemlorina
beynalxalg vergi normalarimin inteqrasiyasinin institusional va normativ mexanizmlarini sistemli
sakilda tohlil edir. Maqalonin markazi hipotezi ondan ibaratdir ki, MDB makaninda vergi sahasinda
beynalxalg hiiquqi tasir asasan tovsiya xarakterli aktlar va koniillii amokdaslq mexanizmlori
vasitasilo hayata kegirilir ki, bu da inteqrasiya prosesini supranational birliklarlo miigayisada
keyfiyyatca forqli vo mahdud xarakterli edir. Tadgigat metodologiyasi formal-hiiquqi, miiqayisali-
hiiquqi va sistemli tohlil metodlarinin inteqrativ tatbiqina asaslanir.
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Mbaqalada dord asas inteqrasiya mexanizmi arasdirilir: (1) ikitarafli va ¢oxtorafli vergi miiqavilalori
sistemi; (2) MDB-nin Model Vergi Macallasinin normativ tasiri; (3) OECD-nin Vergi Bazasinin
Asinmast va Monfaatin Kogiiriilmasi (BEPS) planinin milli qanunvericiliya transplantasiyasi; (4)
vergi orqanlart arasinda malumat miibadilasi va inzibati amakdashq institutlar:. Tadgiqat naticalori
gostorir ki, transferqiymatqoyma va malumat miibadilasi sahalarinds ahamiyyatli iraliloyislor alda
edilsa da, vergi siyasatinin fundamental elementlorinin harmonizasiyast iqtisadi differensiasiya,
siyasi suverenliklo baglh narahathqlar vo macburi hiiquqi mexanizmlorin olmamast sababindan
mahdud olaraq qalmaqgdadir. Magala inteqrasiya prosesinin somaraliliyinin artirilmast tigiin Model
Vergi Macallasinin hiiquqi statusunun yiiksaldilmasi, raqgamsal vergi inzibatgiligi infrastrukturunun
tokmillasdirilmasi va Avrasiya Igtisadi Ittifaginin tacriibasindan differensial sakilds istifada edilmasi
istigamatinda tovsiyalor tagdim edir.
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Introduction

1.1. Relevance of the problem and justification of the research

The lack of a clear legal regulation of the process of harmonization of tax legislation and a unified
tax policy further increases the importance of theoretical research in this area. In this regard, the issues
of harmonization of tax legislation are becoming one of the priority areas of scientific and legal
research (Golovchenko, 2020, p. 3). A.D. Khokhlova notes that the stability of tax legislation is one
of the most important guarantees of the implementation of the principle of legal certainty. The degree
to which tax norms are stable and predictable directly affects the ability of taxpayers to plan their
economic activities, assess economic risks and make long-term investment decisions (Khokhlova,
2025, p. 3). The formation of tax law in the post-Soviet space took place under a two-way influence:
on the one hand, the need to establish national tax systems in the newly independent states after the
collapse of the USSR, and on the other hand, the requirement to adapt to international tax standards
dictated by global economic integration processes. The Commonwealth of Independent States (CIS)
represents a unique legal environment where these two factors converge. Despite the organization’s
existence for over thirty years, the depth, mechanisms, and effectiveness of tax integration remain at
the center of academic debate.

The integration of international tax norms into national legal systems is one of the most complex
problems of modern international law. This process develops in the context of constant tension
between the fiscal sovereignty of states and the needs of global economic cooperation (Avi-Yonah,
2019). This dilemma is particularly acute for the CIS member states: their economies are still closely
interconnected, but their political and economic development trajectories differ significantly. The
fundamental changes in the international tax environment over the past decade - in particular, the
adoption of the OECD’s BEPS plan, new challenges related to the taxation of the digital economy,
and global tax transparency requirements - have also forced CIS countries to reconsider their tax
systems. Against the background of these changes, it is particularly relevant to determine the
effectiveness of the existing mechanisms of cooperation in the field of taxation within the CIS and
the directions for improving these mechanisms. O.I. Lyutova states that the digital era entails a phased
transformation of tax law, and each stage of this transformation is characterized by the type of digital
technologies used by subjects of tax law relations (Lyutova, 2024, p. 73).
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1.2. The purpose, objectives and scientific novelty of the research

The purpose of the study is to systematically analyze the formal legal mechanisms of integration of
international tax norms into the national tax legislation of the CIS member states, and to assess the
degree of influence and institutional limitations of these mechanisms on a scientific basis. The aim is
also to determine the nature, depth and prospects of integration processes in the field of taxation in
the CIS, to identify existing shortcomings and develop directions for improving legal mechanisms to
eliminate them.

To achieve the set goal, the following tasks were identified in the study:

(1) to systematize theoretical models of the integration of international tax norms into national law,
identify specific features of the CIS model in the context of the doctrines of monism and dualism, the
concept of “soft law” and tax harmonization theories;

(2) to describe and comprehensively analyze the four main integration mechanisms operating within
the CIS — the system of bilateral and multilateral tax treaties, the CIS Model Tax Code, the
transplantation of the requirements of the OECD BEPS plan, and the institutions for information
exchange between tax authorities;

(3) to develop a system of criteria for objectively assessing the effectiveness of the integration
process, including proposing a comprehensive approach that includes indicators such as the degree
of bindingness of regulatory regulation, the effectiveness of enforcement mechanisms, the level of
transparency, and adaptive flexibility;

(4) comparatively analyze the tax harmonization models of the CIS and the Eurasian Economic
Union (EAEU), to identify the advantages and disadvantages of both integration formats, and to
reveal elements that the CIS can adopt from the EAEU experience;

(5) to develop scientifically based, practically applicable recommendations for improving existing
mechanisms, including developing comprehensive proposals covering regulatory, legal, institutional
and digital transformation aspects.

The scientific novelty of the research is manifested in the following areas:

(1) For the first time, a complex institutional model of the integration of international tax norms in
the CIS space is proposed; this model considers integration mechanisms as interconnected and
interacting subsystems (normative, institutional, functional and constitutional-ideological);

(2) A scientifically based typology of integration mechanisms is being developed; this typology
reflects the classification of mechanisms according to their legal nature (mandatory, advisory),
direction of influence (vertical, horizontal) and depth of integration (harmonization, unification);

(3) A comparative analysis of the CIS and EAEU tax harmonization models is conducted based on
new analytical criteria (degree of coercion, effectiveness of enforcement mechanisms, adaptive
flexibility, level of transparency); this approach allows us to more accurately determine the
qualitatively different nature of the two integration models (“soft” cooperation vs. “hard” integration);
(4) A systematic analysis of the experience of implementing the BEPS plan in the CIS countries is
being conducted, and for the first time, the level of transplantation of these norms, their inequality,
and the reasons for this inequality are being comprehensively assessed;

(5) Prospects for modernizing tax administration in the CIS countries in the context of a digital
economy are being explored and scientifically substantiated proposals are being prepared for the
creation of a single digital tax platform.

1.3. Research methodology

Since this study is aimed at a comprehensive analysis of the legal mechanisms of integration of
international tax norms into the domestic legislation of the CIS member states, the selection of
methodological apparatus is multidimensional and systematic in accordance with the goals and
objectives of the study. The research uses three main methods — formal-legal, comparative-legal and
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systematic analysis — in an integrative manner. The synthesis of these methods allows for a deep
understanding of both the normative content of the research object and the mechanism of its
functioning in the institutional context.

The formal-legal method acts as the main normative-analytical tool of the research. This method is
aimed at analyzing the content, structure and legal techniques of international treaties, CIS model
acts, national tax codes of member states and other normative-legal documents. Within the framework
of formal-legal analysis, the following aspects are examined: (a) methods of transformation of
international norms into national legislation - mechanisms of incorporation, ratification, reference or
direct application; (b) the place of international treaties in the hierarchy of normative acts and
resolution mechanisms in cases where they conflict with domestic legislation; (c) Structural features
of the CIS Model Tax Code, the structure of its chapters, the legal constructs and terminology used;
(d) normative tools used to incorporate the provisions of the BEPS plan into national legislation (e.g.
legislative amendments on transfer pricing, information exchange protocols). When applying this
method, reference was made to the rules of the Vienna Convention (1969) on the interpretation of
treaties, as well as to the precedent practice of national supreme courts on tax disputes, in the
interpretation of legal norms.

The comparative legal method was the second main tool of the research and was applied in three
directions: (a) vertical comparison — comparison of the experience of applying international norms
(OECD BEPS, CIS Model Code) in the national legislation of various CIS countries (Russia,
Azerbaijan, Kazakhstan, Belarus, Kyrgyzstan, Tajikistan); (b) horizontal comparison — comparative
analysis of tax harmonization models within the CIS and existing models in other regional integration
associations (in particular the Eurasian Economic Union, as well as partly the European Union and
ASEAN); (c) functional comparison — comparison of different regulatory approaches to the same
legal institutions (e.g. transfer pricing, information exchange, anti-tax evasion measures) in different
countries. A system of criteria has been developed for comparison: the level of regulatory regulation
(degree of coercion), the effectiveness of enforcement mechanisms, the degree of transparency, and
the flexibility of adaptation. The comparative analysis was based on the principle of “similarities and
differences”, and the typology of legal systems by family (Roman-Germanic, post-Soviet, Anglo-
Saxon elements) was also taken into account.

The systematic method ensures the understanding of the object of research — the mechanisms of
integration of international tax norms — as a complex, multi-level and dynamic system. Within the
framework of this method, the integration mechanisms are modeled as the interaction of the following
subsystems: (a) normative subsystem (international treaties, model acts, national laws); (b)
institutional subsystem (tax authorities, parliaments, courts, structures of international organizations);
(c) functional subsystem (information exchange, administrative cooperation, control, coercive
mechanisms); (d) ideological/constitutional subsystem (principles of sovereignty, doctrines of the
primacy of international law, national interests). The systematic approach also allowed for the
identification of synergistic effects — additional integration effects created by the combined action of
individual mechanisms. In addition, the system analysis used an “input-output” model: international
norms were considered as “input”, changes in national legislation and improvements in tax
administration as “output”, and the institutional structures of the CIS as “transformers”.

The empirical basis includes the following source groups: (1) Official documents of the CIS —
Agreement on the “Agreed Principles of Tax Policy” (1992), Agreement on Tax Cooperation (1999)
and amendments of 2026, various editions of the Model Tax Code, protocols of the Inter-
Parliamentary Assembly; (2) National tax codes and legislative acts of the CIS member states (Russia,
Azerbaijan, Kazakhstan, Belarus, Kyrgyzstan, Tajikistan); (3) OECD BEPS Final Reports (2015),
Multilateral Convention (MLI), Transfer Pricing Guidelines (2024), Two-Pillar Solution documents
(2021); (4) relevant case law — decisions of the supreme courts of the CIS countries on tax disputes,
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as well as precedents of the EAEU Court; (5) analytical reports of international financial organizations
(IMF, World Bank); (6) texts of bilateral tax treaties. When analyzing the documents, priority was
given to the originality of the sources, their officially published texts and versions posted on the
websites of relevant state bodies.

To ensure the reliability of the study, the principle of triangulation of sources was used: cross-checks
were conducted between regulatory sources, literature and practical experience (court decisions,
official interpretations of tax authorities).

2. Theoretical Framework: Conceptual Basis for the Integration of International Tax Norms into
National Law

2.1. Integration of Tax Law in the Context of Monism and Dualism Theories

Theories of monism and dualism on the interaction of international law with national legal systems
are of heuristic importance for understanding the theoretical foundations of the integration of tax
norms. These two theories determine the position of international law in relation to domestic law and
allow us to explain the mechanisms of implementation of international obligations in the field of
taxation at the national level.

According to the monist approach, international norms automatically become part of the national
normative system. This theory originates from Hans Kelsen’s (1967) “pure theory of law” and
proposes that international law and national law are components of a single normative system. There
are two main variants of monism: the primacy of international law over national law (radical monism)
and the primacy of national law over international law (national monism). In the context of tax law,
a monistic approach means that international tax treaties automatically become part of national law
upon ratification and no additional transformation act is required.

The dualist model assumes that special transformation acts are required to transform international
norms into national law (Avi-Yonah, 2019). This theory was developed by Dionisio Anzilotti (1929),
starting with the works of Heinrich Triepel (1899). According to the dualist approach, international
law and national law are two separate, independent legal systems. Therefore, for international treaties
to be applicable in national law, their “transformation” or “incorporation” into domestic law is
necessary. In the context of tax treaties, the dualist approach means that each tax treaty must be
ratified by the national parliament and approved by an appropriate legislative act.

The CIS member states take different positions between these two models. The Constitution of the
Russian Federation (Article 15, paragraph 4) recognizes the primacy of international treaties over
national legislation, which indicates the presence of a monistic element. However, in Russia,
ratification procedures are required for the application of tax treaties, which contains dualistic
elements. According to Article 148 of the Constitution of Azerbaijan, international treaties become
an integral part of national legislation after ratification, and domestic norms that contradict them are
not applied (Townsend et al., 2009). Article 4 of the Constitution of the Republic of Kazakhstan
adopts a similar approach: ratified international treaties take precedence over national legislation. In
countries such as Ukraine and Belarus, however, monistic elements at the constitutional level are
weaker, and the adoption of separate legislative acts is required for the application of international
treaties.

The process of integration in tax law is also associated with the concept of “soft law”. Although this
concept is relatively new in international legal theory, it has developed significantly in the last thirty
years. “Soft law” refers to international instruments that are not legally binding but have significant
impact in practice. (Abbott & Snidal, 2000). OECD advisory documents, the CIS Model Tax Code,
the recommendations of the BEPS plan - all of these are of a “soft law” nature. Although they do not
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have binding legal force, they have a significant impact on national legislation. This is called the
“normative influence” mechanism and goes beyond the traditional theory of legal sources.

The mechanisms of influence of “soft law” in the field of taxation are various: (a) “emulation” -
countries voluntarily adopt international standards; (b) “normative diffusion” - international
organizations influence national legislation through their recommendations; (c) “conditionality” -
international financial organizations condition their loans on the implementation of certain tax
reforms; (d) “technical assistance” - international organizations provide practical assistance to
countries in improving their tax systems (Christians, 2019). These mechanisms also operate in the
CIS countries - in particular, the recommendations of the OECD BEPS plan, the CIS Model Tax Code
and the IMF’s recommendations on tax reforms are a manifestation of these mechanisms.

2.2. Tax harmonization and unification: specifics of the CIS model

In the theory of international integration, a fundamental distinction is made between harmonization
and unification. Harmonization implies the approximation of the legislation of member states based
on common principles and approaches, but while preserving national characteristics. Unification, on
the other hand, leads to the creation of uniform norms and their uniform application in all member
states. The difference between these two concepts is not only technical, but also political: while
harmonization more closely preserves the sovereignty of states, unification requires the expansion of
supranational powers.

The theory of tax harmonization is closely related to the deepening of economic integration. The
forms of cooperation in the field of tax change at different stages of integration: (1) free trade zone -
minimal cooperation in the field of taxation; (2) customs union - unification of foreign trade taxes
(import duties); (3) common market - harmonization of indirect taxes (VAT, excise duties); (4)
economic union - partial harmonization of direct taxes; (5) full economic integration - creation of a
single tax system (Cnossen, 2018). The CIS occupies the lowest level on this scale - between a free
trade zone and a customs union, which explains the limited tax harmonization.

The CIS has clearly chosen the path of harmonization in the field of taxation. This choice is due to
the nature of the organization: the CIS was created as a cooperative, not an integration, organization,
and its documents, including the Model Tax Code, are of a recommendatory nature. Compared to the
European Union, the mechanisms of tax harmonization in the CIS are significantly different. In the
EU, tax directives are binding and member states must incorporate them into national legislation. In
the CIS, however, such mandatory mechanisms do not exist. In the EU, significant harmonization has
been achieved in the areas of VAT, excise duties and energy taxes. In the CIS, however, harmonization
1s mainly advisory through the Model Tax Code.

However, in practice, the line between harmonization and unification is blurred. The CIS Model Tax
Code has been used as a direct regulatory framework in a number of CIS countries (e.g., Kazakhstan,
Kyrgyzstan), which in fact leads to partial unification (Gorsky, 2012). This is the so-called “de facto
unification” - although formally harmonization is declared, in practice uniform norms are applied. At
the same time, the implementation of the requirements of the BEPS plan forces the CIS countries to
adopt global standards, which indicates the influence of factors outside the internal harmonization of
the CIS. (OECD, 2015). This is called the “external pressure” mechanism - international organizations
extend their standards to countries outside the organization.

2.3. Tension between tax sovereignty and international cooperation

One of the main problems of international cooperation in the field of taxation is the tension between
tax sovereignty and the demands for global cooperation. Tax sovereignty is understood as the right of
a state to exercise its independent will in establishing a tax system within its territory, imposing taxes,
and determining their rates, bases, and collection procedures. This sovereignty is one of the main
attributes of state existence (Avi-Yonah, 2019).
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International tax cooperation inevitably requires the limitation of national tax sovereignty. This is
manifested in the following areas: (a) tax treaties limit the taxing rights of states - for example, the
source country can apply a tax on dividend interest to a limited extent; (b) BEPS requirements impose
certain restrictions on the tax policies of states - for example, to abandon harmful tax practices; (c)
information exchange requirements increase transparency in the activities of tax authorities; (d)
recommendations of international organizations influence national legislation (Christians, 2019).

The issue of tax sovereignty is particularly sensitive for the CIS countries. Many of these countries
gained their independence recently and treat their sovereignty with particular care. Therefore, the
adoption of international obligations in the field of taxation sometimes faces political opposition. This
is one of the reasons why tax integration within the CIS is carried out through soft mechanisms - acts
of a recommendatory nature (Lagkueva, 2020).

However, as integration into the global economy deepens, the need for CIS countries to adopt
international tax standards increases. International financial centers, transnational corporations, and
global tax governance mechanisms are forcing CIS countries to adapt to their standards. This is a
“top-down” integration model - global standards are implemented at the national level (Zhuravleva,
et al. 2023). Within the CIS, the “bottom-up” model prevails - countries strive for harmonization
among themselves on their own initiative. The tension between these two models explains the
contradictory nature of tax integration in the CIS.

2.4. Constitutional foundations of post-Soviet tax systems and attitude to international law

The tax systems of the independent states that emerged after the collapse of the USSR were influenced
by three main sources: (1) Soviet tax traditions (centralized administration, extensive tax breaks, low
tax discipline); (2) Western tax models (OECD standards, transfer pricing, transparency); (3)
interactions in the post-Soviet space (CIS Model Code, bilateral agreements). As a result of the
interaction of these three factors, various tax systems have been formed in the CIS countries (McGee
& Preobragenskaya, 2004).

The constitutions of the CIS countries regulate the relationship between international law and national
law in different ways. Article 15 of the Russian Constitution declares the general principles of
international law and international treaties to be an integral part of national legislation. Article 148 of
the Constitution of Azerbaijan stipulates that international treaties shall prevail in cases where they
conflict with national legislation. Article 4 of the Constitution of Kazakhstan adopts a similar
approach. Article 9 of the Constitution of Ukraine stipulates that ratified international treaties are an
integral part of national legislation. Article 8 of the Constitution of Belarus recognizes the principle
of the primacy of international law (Townsend et al., 2009).

Despite the monistic elements at the constitutional level, there are also dualistic elements in the
practice of applying international treaties in the field of taxation. In most CIS countries, tax treaties
enter into force after parliamentary ratification, and during this process, contradictions between the
treaty and domestic legislation are eliminated. In some countries (e.g. Russia, Azerbaijan),
international norms are applied in cases where international treaties conflict with national legislation.
In other countries (Ukraine, Moldova), this issue is not entirely clear and there are different
approaches in judicial practice.

2.5. The role of “soft law” in tax law: theoretical perspectives

The role of “soft law” in tax law has increased significantly in recent decades. This is explained by a
number of factors: (1) amending international tax treaties is a long and complex process, while “soft
law” is more flexible; (2) states want to preserve their sovereignty in the tax area, while “soft law” is
not binding; (3) due to the rapid changes in the global economy, hard legal regulation is often slow;
(4) “soft law” allows for the formation of consensus for international cooperation (Christians, 2019).
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In tax law, “soft law” exists in the following forms: (a) model treaties (OECD Model Convention,
UN Model Convention); (b) guidelines (OECD Transfer Pricing Guidelines); (¢) recommendations
(BEPS plan recommendations); (d) standards (Automatic Exchange of Information Standard); (e)
declarations (New York Tax Declaration); (f) model laws (CIS Model Tax Code).

Advantages of “soft law” in tax law: flexibility, rapid adoption, consensus-based decision-making,
opportunity for experimentation, preparatory stage for hard law. Disadvantages: lack of binding force,
weak enforcement mechanisms, uneven application, sensitivity to political pressures. The advantages
and disadvantages of “soft law” are particularly evident in the CIS context: Since the Model Tax Code
is of a recommendatory nature, its application is voluntary, but for this reason its application is uneven
across countries.

2.6. Applying the theoretical framework to research: a synthetic model
The theoretical framework proposed in this study consists of a synthetic combination of the following
elements:

The first element: the theory of monism/dualism - explains the formal legal mechanisms of integration
of international tax norms into national law. This theory allows us to analyze the attitude of the CIS
countries to international treaties at the constitutional level.

The second element: the theory of harmonization/unification - explains the nature and depth of tax
cooperation within the CIS. This theory allows us to understand why the CIS has chosen the path of
harmonization or unification.

The third element: the theory of “soft law” - explains the mechanisms of influence of
recommendations of international organizations (OECD, CIS) on national legislation. This theory
allows us to analyze the impact of the Model Tax Code and the BEPS plan in the CIS countries.

The fourth element: the theory of tax sovereignty - explains the tension between the desire of states
to protect their national interests in the field of taxation and the requirements of international
cooperation. This theory allows us to understand the reasons for the reluctance of CIS countries to
adopt international tax standards.

The synthetic combination of these four elements forms the theoretical basis for a comprehensive
analysis of the integration of international tax norms in the CIS space. In the following sections of
the study, this theoretical framework will be applied to the analysis of the four main mechanisms of
the integration of international tax norms in the CIS.

3. Institutional Mechanisms for the Integration of International Tax Norms

3.1. Evolution of the CIS Tax Regulatory Framework
The legal framework for tax cooperation within the CIS has developed over nearly thirty years. This
evolution can be divided into three stages:

The first stage (1992-2000): the formation of the foundations. The 1992 Agreement “On the Agreed
Principles of Tax Policy” became the first regulatory act of the CIS. This document defined the
general principles of tax systems, including a list of tax types, rules for determining tax rates, and the
powers of tax authorities. However, this agreement was broad and non-binding. The 1999 Agreement
“On Cooperation in Enforcing Tax Legislation and Combating Tax Fraud” established more specific
mechanisms, including rules for information exchange (Gorsky, 2012).

The second stage (2000-2015): Preparation and improvement of the Model Tax Code. During this
period, the Inter-Parliamentary Assembly adopted the main chapters of the Model Tax Code. The
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Model Code, while being of a recommendatory nature for member states, actually led to the
approximation of national legislations (Tikhonova, 2021).

The third stage (From 2015 to present): period of adaptation to global standards. After the adoption
of'the BEPS plan, the CIS countries began to adapt to OECD standards in the field of transfer pricing,
information exchange and anti-tax evasion measures. The 2018 Protocol (on electronic exchange of
tax information) is an important achievement of this stage.

3.2. System of Bilateral and Multilateral Treaties

Bilateral tax treaties are the traditional and most widespread form of integration in the CIS. More
than 50 bilateral agreements on the prevention of taxation have been concluded between the CIS
countries. These agreements are often based on the OECD Model Convention, which ensures
uniformity in their content (Townsend et al., 2009). However, the recent BEPS Multilateral
Agreement (MLI) has brought significant changes to the system of bilateral treaties. CIS countries
(Russia, Azerbaijan, Kazakhstan) that join the MLI automatically change the terms of existing
bilateral treaties, which eliminates the need for “renegotiation of treaties”.

Among the multilateral mechanisms, the 2018 Protocol is of particular importance. This protocol
brought the Automatic Exchange of Information (AEOI) standard to the CIS space. In 2025, the scope
of the protocol was expanded to include information on the beneficial ownership of legal entities,
which increased the transparency of tax authorities (Bogovac et al., 2018).

3.3. CIS Model Tax Code: Function and Mechanisms of Impact

The CIS Model Tax Code is the organization’s most important institutional instrument. The document
performs the following functions: (1) a methodological basis for national tax legislation; (2) a
terminological standard ensuring comparability of tax systems; (3) a reference model for legislative
reforms. The mechanism of action of the Model Code is mainly based on the principle of “emulation”:
countries voluntarily incorporate the Model Code into their legislation.

The practical impact of the Model Tax Code varies across countries. Kazakhstan and Kyrgyzstan have
used the Model Code as a primary source in drafting their tax codes. Azerbaijan and Ukraine have
selectively used individual institutions of the Model Code (e.g. transfer pricing rules) (Gorsky, 2012).
The amendments made to the chapters “Property Tax”, “Land Tax” and “Transport Tax” of the Model
Code in 2024-2025 demonstrate its dynamic nature and ability to respond to modern economic
challenges.

Limitations of the Model Code: (1) the recommendatory nature neutralizes its binding force; (2) the
application of a single model in economically differentiated countries creates difficulties; (3) the
Model Code cannot be operationally adapted to global standards such as BEPS (United Nations,
2021).

3.4. Impact Mechanisms and Transplantation of the OECD BEPS Plan

The OECD BEPS plan has had a significant impact on the tax legislation of the CIS countries. This
impact is realized through three channels: (1) ratification of the BEPS Multilateral Agreement (MLI);
(2) transplantation of the BEPS minimum standards (actions 4, 5, 6, 13 and 14) into national
legislation; (3) direct application of the OECD Transfer Pricing Guidelines (OECD, 2024).

Russia has been the most active participant in BEPS: it ratified the MLI in 2019, implemented
measure 13 (three-tier reporting) and aligned its transfer pricing legislation with the OECD
Guidelines. Azerbaijan signed the MLI in 2020 and ratified it in 2022. Kazakhstan has also taken
similar steps. However, some CIS countries (Tajikistan, Turkmenistan, Belarus to some extent) have
not fully integrated BEPS requirements into national legislation, which increases inequality within
the CIS. When the legislation of the CIS countries in the field of transfer pricing is subjected to a
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comparative analysis, the following differences are observed: (1) the volume criteria for controlled
transactions are different (for example, 60 million rubles in Russia, 1 billion tenge in Kazakhstan);
(2) documentation requirements (three-level reporting is fully implemented in some countries, and
partially in others); (3) liability mechanisms related to transfer pricing (scale of fines) differ
(Zhuravleva, et al. 2023). These differences create legal uncertainty for international companies
within the CIS, which is an indication of the limitations of integration.

3.5. Tax Administration: Information Exchange and Cooperation Institutions

Cooperation between CIS tax authorities is carried out in two main formats: (1) bilateral information
exchange (upon request); (2) multilateral automatic information exchange. The automatic exchange
standard introduced by the 2018 Protocol has brought the CIS into line with the global tax
transparency trend (OECD, 2021). In 2025, a new direction of cooperation between CIS tax
authorities - the exchange of information on beneficial ownership of legal entities - was launched.
This step is aimed at increasing the transparency of financial information, in accordance with the
requirements of the 5th AML Directive of the European Union (Bogovac et al., 2018). Amendments
to the CIS Tax Cooperation Agreement in 2026 update digitalization and data security standards. The
proposed changes include data protection rules aligned with the GDPR (General Data Protection
Regulation), which is an indication of the CIS's alignment with global data standards (Borshchevskiy
& Mossaki, 2021).

Results

As a result of the research conducted, the following main results of the process of integrating
international tax norms into the domestic tax legislation of the CIS member states were identified:

4.1. Level of implementation of integration mechanisms

The study showed that four main mechanisms for the integration of international tax norms are
applied at different levels in the CIS. The system of bilateral tax treaties remains the most widespread
mechanism: more than 50 such treaties have been concluded between the CIS countries. Most of these
treaties are based on the OECD Model Convention, which provides a certain uniformity in their
content. However, the implementation of the BEPS Multilateral Convention (MLI) has brought
significant changes to this system. During the study, it was found that only 3 CIS countries (Russia,
Azerbaijan, Kazakhstan) have joined the MLI, which is about 30% of the total. Other CIS countries
(Tajikistan, Turkmenistan, Belarus, Uzbekistan, Kyrgyzstan, Moldova) have not yet joined the MLI
or have not completed the ratification process. The impact of the CIS Model Tax Code is unevenly
distributed across countries. The study found that Kazakhstan and Kyrgyzstan used the Model Code
as the main source in the development of their national tax codes (80-90% compliance). Azerbaijan
and Ukraine selectively used individual institutions of the Model Code (30-40% compliance). Russia,
Belarus and Moldova, while partially referring to the Model Code, largely preserved their national
legislative traditions (10-20% compliance).

4.2. Progress on implementing the BEPS plan
Significant differences were observed between the CIS countries in the implementation of the
requirements of the BEPS plan. The following results were obtained on the implementation of the
minimum standards (measures 4, 5, 6, 13, 14):

e Measure 13 (three-tier accountability): 6 CIS countries (Russia, Azerbaijan, Kazakhstan, Belarus,
Ukraine, Moldova) implemented; 4 countries (Tajikistan, Turkmenistan, Kyrgyzstan, Uzbekistan)
partially implemented.

e Measure 4 (limitation of deductions on interest payments): 4 CIS countries have implemented it;
6 countries have not yet implemented it

e Measure 5 (harmful tax practices): 7 CIS countries have implemented it; 3 countries have partially
implemented it.
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e Measure 6 (prevention of contract abuse): 5 CIS countries have implemented it; 5 countries have
not yet implemented it.

e Measure 14 (mutual agreement procedure): 8 CIS countries have implemented it; 2 countries have
partially implemented it.

4.3. Information exchange between tax authorities

Significant progress has been made in the area of information exchange between CIS tax authorities.
Following the 2018 Protocol, 7 CIS countries (Azerbaijan, Belarus, Kazakhstan, Kyrgyzstan,
Moldova, Russia, Tajikistan) have joined the automatic information exchange system. In 2025, the
exchange of information on beneficial ownership of legal entities was also added to this system.
However, the study showed that the effectiveness of automatic information exchange depends on the
level of development of countries’ digital infrastructure. In countries with high digital infrastructure
(Russia, Kazakhstan, Belarus), the efficiency of information exchange is 75-85%, in countries with
medium-level infrastructure (Azerbaijan, Moldova) it is 50-60%, and in countries with low-level
infrastructure (Tajikistan, Kyrgyzstan, Uzbekistan) it is 30-40%.

4.4. Level of harmonization
The study assessed the level of tax harmonization in CIS countries based on 5 key indicators:

Indicator High Level Medium level Low level

Transfer pricing
Information exchange
Tax rates

Tax incentives

Tax base

4 countries

3 countries

0 countries

0 countries

0 countries

6 countries

5 countries

3 countries

2 countries

4 countries

0 countries

2 countries

7 countries

8 countries

6 countries

As can be seen from the table, the highest level of harmonization is observed in the area of transfer
pricing (4 countries at a high level), while the lowest level of harmonization is observed in the areas
of tax rates (0 countries at a high level) and tax incentives (0 countries at a high level).

4.5. The position of the CIS compared to the EAEU

Comparative analysis has shown that the level of tax harmonization in the EAEU is significantly
higher than in the CIS. The EAEU member states (Russia, Belarus, Kazakhstan, Kyrgyzstan) have
achieved an 85-95% compliance level in the area of harmonization of indirect taxes (VAT, excise
duties). In the CIS, this indicator is 30-40%. In the EAEU, information exchange is mandatory and is
carried out at the level of 95%, while in the CIS this indicator is 50-60%.

5. Discussion

5.1. Comparative analysis of the effectiveness of integration mechanisms

The results of the study show that the process of integration of international tax norms in the CIS is
complex, multi-layered and contradictory. In this section, the results obtained are discussed within
the theoretical framework, existing literature and practical context. The results of the study show that
the most effective of the four integration mechanisms is the system of bilateral tax treaties. This can
be explained by the fact that the treaties have binding legal force and the existence of international
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legal liability mechanisms for their violation. This finding is consistent with the observations of
Townsend et al. (2009), who also noted that the network of bilateral tax treaties in the CIS countries
is extensive and that these treaties are based on the OECD Model Convention. The ratification of the
BEPS Multilateral Convention by only 3 CIS countries is a serious concern. This confirms
observations about the uneven application of transfer pricing legislation in CIS countries (IBFD,
2015). Failure to join the MLI could leave the CIS countries outside international tax standards and
increase the risk of tax base erosion. In this regard, the analysis of anti-tax evasion measures in post-
Soviet countries shows that the CIS countries should demonstrate their active participation in
international tax cooperation by implementing BEPS minimum standards (Zhuravleva et al., 2023).

The uneven distribution of the impact of the Model Tax Code across countries is associated with the
voluntary application of “soft law” in international normative impact theories. (Abbott & Snidal,
2000). The Code’s recommendatory nature implies its voluntary application, which varies depending
on the level of economic development and political will of the countries. The high level of application
of the Model Code in countries such as Kazakhstan and Kyrgyzstan indicates that these countries are
more interested in integration within the CIS (Gorsky, 2012).

5.2. Inequality in the implementation of the BEPS plan: causes and consequences
The study found that there are significant differences between the CIS countries in the implementation
of the BEPS plan. There are several reasons for these differences:

First, differences in the level of economic development. As noted in an IMF working paper by Lorie
(2003), differences in the level of economic development among the CIS countries make it difficult
to implement uniform tax standards. The report emphasizes that while the tax and expenditure levels
of'the CIS countries are in line with their income levels, the main challenge is to increase the market-
friendliness of taxes and regulate quasi-fiscal activities that are not included in the budget framework.
Highly developed countries (Russia, Kazakhstan, Azerbaijan) are more willing to implement BEPS
requirements because their tax administration is more developed. Lorie also emphasizes the
importance of strengthening revenue management and data collection and monitoring capabilities,
which form the basis of the institutional capacity necessary to implement complex international tax
rules such as BEPS.

Second, issues of political sovereignty. As Lagkueva (2020) notes, the tax sphere is one of the most
sensitive areas of state sovereignty. Some CIS countries may view the implementation of BEPS
requirements as an encroachment on their tax sovereignty. This can be explained by the fact that
BEPS requirements have not been fully implemented, especially in countries such as Tajikistan and
Turkmenistan.

Third, weak institutional capacity. Zhuravleva, Nazarova, and Levoshich (2023) note that the
implementation of BEPS requirements requires a high level of tax administration, low management
capacity, and optimization of tax administration costs. In countries with weak digital infrastructure
(Tajikistan, Kyrgyzstan), the implementation of BEPS requirements faces additional challenges.

Therefore, the uneven application of BEPS requirements in these countries may lead to a number of
negative consequences: (a) distortion of tax competition within the CIS; (b) creation of an
intermediate zone for tax planning by international companies; (¢) decrease in the credibility of the
CIS in international tax cooperation.

5.3. Digitalization and modernization of tax administration: opportunities and challenges

The study showed that while significant progress has been made in the area of information exchange
between tax authorities, the digital divide limits the effectiveness of this process. As Borshchevskiy
and Mossaki (2021) point out, differences in digital infrastructure reduce the effectiveness of
automatic information exchange.
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The prospect of creating a single digital tax platform within the CIS is of great importance. As
Bogovac et al. (2018) suggest, the Estonian e-tax model could be a suitable reference model for the
CIS. However, the creation of such a platform requires significant financial and technical investments,
which are not feasible for all CIS countries.

The lack of a unified approach among CIS countries in the field of taxation of the digital economy is
a serious problem. Although the OECD’s Two-Pillar Solution (2021) proposes a global standard for
taxation of the digital economy, CIS countries have not yet formed a unified position in this area. This
creates tax uncertainty for digital companies and could hinder the development of the digital economy
in the CIS. Thus, although the OECD’s Two-Pillar Solution plan proposes a global standard for the
taxation of the digital economy, CIS countries have not yet formed a unified position in this area.
Although some countries, such as Azerbaijan and Uzbekistan, have joined the Inclusive Framework,
there is no common regional approach. This creates tax uncertainty for digital companies and may
hinder the development of the digital economy in the CIS. It is recommended that CIS countries
strengthen cooperation in this area and form a unified position.

5.4. CIS and EAEU: comparison of integration models

A comparative analysis of the CIS and the EAEU reveals two different integration models. The EAEU
represents a “hard” integration model - where binding legal mechanisms, supranational bodies and
enforcement mechanisms exist. The CIS represents a “soft” cooperation model - where
recommendatory acts and voluntary cooperation prevail (Ponomareva, 2016, 2020).

Both models have their advantages and disadvantages. The EAEU model allows for a higher level of
integration and more effective cooperation in the field of taxation. However, this model limits the tax
sovereignty of member states. The CIS model, on the other hand, preserves the sovereignty of member
states but leads to a lower level of integration.

As Krasnov et al. (2020) note, the progress made in harmonizing indirect taxes within the EAEU can
serve as a reference point for the CIS. However, as Lagkueva (2020) emphasizes, the CIS should
apply the EAEU experience selectively and adaptively, taking into account its specificities.

5.5. Limitations of the study and future research directions

This study has a number of limitations. First, the study is based mainly on regulatory and legal
analysis and does not include empirical measurement of the economic impacts of integration. Second,
the study covers only a subset of the CIS countries (6 countries) and data on other CIS countries
(Turkmenistan, Uzbekistan, Moldova) is limited. Third, since the experience of implementing BEPS
requirements covers a relatively short period of time, it is too early to draw firm conclusions about
its long-term impacts.

Future research can be conducted in the following directions: (1) econometric measurement of the
economic impacts of integration; (2) in-depth comparative analysis of the experience of applying
international norms in specific CIS countries; (3) development of new models of tax harmonization
in the context of the digital economy; (4) comparative analysis between the CIS and other regional
organizations (ASEAN, Mercosur); (5) quantitative analysis of the impact of the application of BEPS
requirements on the tax revenues of CIS countries

Conclusion
The study reached the following main conclusions:

First, the integration of international tax norms in the CIS is a complex, uneven and contradictory
process. Although there have been significant advances in the areas of transfer pricing, information
exchange and the fight against tax evasion, the harmonization of key elements of tax policy (tax rates,
exemptions, tax bases) remains limited due to economic differentiation, political sovereignty

181



Elmi Is/20(5), 2026
Scientific Work / 20(5), 2026

concerns and the lack of enforcement mechanisms. In our opinion, monitoring mechanisms should
be established to enhance the status of the Model Tax Code and to ensure the implementation of its
provisions;

Secondly, the CIS integration model is based mainly on "soft law" and voluntary cooperation, which
qualitatively distinguishes it from the "hard law" mechanisms of supranational associations such as
the European Union. This should be assessed as an advantage (protection of sovereignty) and a
disadvantage (low efficiency) of the CIS, and the organization should take certain steps to eliminate
it. In our opinion, the EAEU tax harmonization experience can be a reference model for the CIS, but
it should be applied selectively and adaptively, taking into account the specificities of the CIS. For
this, the full implementation of the BEPS plan in all CIS countries should be ensured;

Third, the development of the digital economy and BEPS requirements necessitate the modernization
of the tax administration of the CIS countries. Therefore, bridging the digital divide and creating a
single digital tax platform should be an important element of this process. For this purpose, a digital
tax platform should be created and the EAEU experience in the field of indirect taxes should be
adapted.
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Abstract. Transport infrastructure is one of the most important factors influencing regional economic
development, economic integration, and long-term competitiveness. Efficient transportation systems
improve connectivity between urban and rural areas, facilitate trade activities, and increase the
mobility of labor, goods, and services. Modern infrastructure networks, including highways, railways,
airports, and ports, play a significant role in reducing transportation costs, improving logistics
performance, and enhancing market accessibility. Regions with developed transportation systems are
generally more attractive for domestic and foreign investment because they provide greater
operational efficiency and support industrial and commercial expansion. This article examines the
relationship between transport infrastructure and regional economic growth from economic, social,
and technological perspectives. The study analyzes how transportation systems contribute to
productivity growth, employment generation, regional integration, and business development. In
addition to economic benefits, transport infrastructure also improves access to education, healthcare,
and public services, thereby increasing social welfare and reducing regional inequalities. The article
further explores the impact of modern technologies such as Intelligent Transport Systems (ITS), Big
Data analytics, Artificial Intelligence (Al), and the Internet of Things (loT) on transportation
management and operational efficiency. The research also discusses major challenges related to
transport infrastructure development, including high investment costs, environmental issues, traffic
congestion, and unequal regional investment distribution. The findings emphasize that sustainable
and smart transportation systems are essential for achieving balanced regional development,
environmental sustainability, and long-term economic stability in the modern global economy.
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Regional iqtisadi inkisafda naqliyyat
infrastrukturunun rolu
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Xiilasa. Naqliyyat infrastrukturu regional iqtisadi inkisafa, iqtisadi inteqrasiyaya va uzunmiiddatli
raqabatqabiliyyatliliya tasir gostoron an miihiim amillordon biridir. Samarali naqliyyat sistemlori
sohar va kond orazilori arasinda alagaliliyi giiclondirir, ticarat faaliyyatini asanlasdirr, amak
resurslarmin, mallarin va xidmatlorin harakatliliyini artirir. Avtomobil yollari, damir yollari, hava
limanlart va doaniz limanlarimi ahato edan miiasir infrastruktur sabakalori naqliyyat xarclarinin
azaldilmasinda, logistika faaliyyatinin yaxsilasdirilmasinda va bazarlara ¢ixis imkanlarinin
genislondirilmasinda miihiim rol oynayir. Inkisaf etmis nagliyyat sistemlorina malik regionlar daha
yiiksak amaliyyat samaraliliyi tomin etdiklori vo sanaye-kommersiya faaliyyatinin geniglonmasini
dastokladiklori tigiin yerli va xarici investisiyalar tigiin daha calbedici hesab olunurlar. Bu magaloda
naqliyyat infrastrukturu ilo regional iqtisadi artim arasindak: alaga igtisadi, sosial va texnoloji
aspektlordon  tohlil edilir. Todgigat naqliyyat sistemlorinin  mohsuldarliigin — artirilmasina,
masgullugun geniglonmasina, regional inteqrasiyaya va biznes faaliyyatinin inkisafina verdiyi
tohfolori arasdrir. Igtisadi distiinliiklorlo yanasi, naqliyyat infrastrukturu tohsil, sohiyya va ictimai
xidmoatlora ¢ixis1 yaxsilasdiraraq sosial rifahin yiiksalmasino va regional barabarsizliklorin
azalmasina da sorait yaradwr. Moaqalods homginin Intellektual Naqliyyat Sistemlori, Béyiik
Verilonlorin  analitikasi, Siini Intellekt va Ogsyalarin Interneti  kimi miiasir texnologiyalarin
naqliyyatin idara olunmasina va amoaliyyat somoraliliyino tasiri arasdirilir. Todqiqatda naqliyyat
infrastrukturunun inkisafi ilo bagh asas problemlar, o ciimlodan yiiksak investisiya xarclori, ekoloji
masalalar, yol sixlig1 va regionlar iizra investisiyalarin qeyri-barabar boliisdiiriilmasi miizakira
olunur. Naticalor gostarir ki, dayaniqh va agilli naqgliyyat sistemlori miiasir qlobal iqtisadiyyatda
balanslasdirilmis regional inkisafin, ekoloji dayaniqlhiligin vo uzunmiiddatli iqtisadi sabitliyin tomin
olunmast ticiin vacib sartdir.

Acar sozlar: naqliyyat infrastrukturu, regional inkigaf, iqtisadi artim, logistika, agilli naqliyyat,
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Introduction

Transportation has historically been recognized as one of the most significant drivers of economic
growth, social development, and regional integration. Since ancient times, societies have depended
on transportation systems to facilitate trade, communication, and the movement of people and
resources (Banister, 2011). In the modern global economy, efficient transport infrastructure has
become an essential component of national and regional development strategies (Button, 2010).
Roads, railways, airports, seaports, and urban transit systems not only support economic activities but
also contribute to social welfare, political stability, and international competitiveness.

Modern economies rely heavily on effective transportation networks to ensure the continuous
movement of raw materials, finished products, labor resources, and services. Transportation
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infrastructure directly affects production efficiency, supply chain performance, and market
accessibility. Businesses operating in regions with advanced transport systems can reduce operational
costs, improve delivery times, and expand their market reach more effectively. Consequently,
transport infrastructure plays a vital role in increasing productivity, stimulating industrial
development, and supporting commercial activities across different sectors of the economy.

In recent decades, globalization, urbanization, and technological advancement have significantly
increased the importance of integrated transportation systems. Global trade expansion and the
growing interdependence of economies require reliable and efficient logistics networks capable of
supporting international and regional economic activities (Rodrigue, 2020). Regions with developed
transportation infrastructure generally attract higher levels of domestic and foreign investment
because investors prioritize accessibility, connectivity, and logistical efficiency when selecting
locations for industrial and commercial operations. Such regions also tend to experience greater
employment opportunities, increased business activity, and higher standards of living.

Conversely, inadequate transportation infrastructure can create serious economic and social
challenges. Poor road conditions, insufficient public transport systems, limited railway connectivity,
and underdeveloped logistics facilities can reduce economic efficiency, increase transportation costs,
and limit access to markets and public services. Infrastructure deficiencies may also contribute to
regional inequalities by slowing economic growth in rural and less-developed areas. As a result,
transportation development is often considered a key factor in reducing regional disparities and
promoting balanced economic growth (Aliyev, 2025, p. 29).

Technological innovation has further transformed transportation systems and infrastructure
management. Modern technologies such as Intelligent Transport Systems (ITS), Artificial
Intelligence (Al), Big Data analytics, and the Internet of Things (IoT) have improved traffic
management, transportation safety, operational efficiency, and environmental sustainability. Smart
transportation solutions enable governments and private organizations to monitor traffic conditions
in real time, optimize transport routes, reduce congestion, and improve infrastructure maintenance
processes.

This article explores the significance of transport infrastructure in regional economic development
and evaluates its contribution to economic efficiency, social integration, technological innovation,
and sustainable growth. The study also examines the major challenges associated with transportation
infrastructure development and highlights the importance of sustainable and intelligent transport
systems in supporting long-term regional prosperity and economic resilience.

Methods

Transport infrastructure and economic development. Transport infrastructure is widely considered
one of the most essential components of regional and national economic systems. It serves as the
physical foundation that enables the movement of goods, services, labor, and information between
different economic sectors and geographic regions. Efficient transportation networks improve
connectivity, support industrial production, facilitate trade activities, and contribute significantly to
overall economic productivity (Meersman, 2017). Modern economies depend heavily on integrated
transport systems that include highways, railways, airports, seaports, and logistics centers to maintain
stable economic growth and competitiveness.

Infrastructure investment is often regarded by economists and policymakers as a strategic tool for
stimulating economic expansion. The development of transportation systems increases accessibility
to markets, reduces operational and logistical costs, and enhances the efficiency of supply chain
management. Lower transportation costs allow businesses to distribute products more rapidly and at
lower prices, which increases profitability and improves market performance. As a result, regions
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with advanced transportation infrastructure generally experience stronger economic activity and
higher levels of industrialization (Litman, 2023).

Well-developed transportation systems generate numerous economic advantages that directly
influence regional development. These benefits include:

e Reduction in travel and delivery time;

e Increased domestic and international trade activities;

e Attraction of foreign direct investment (FDI);

e Expansion of tourism and service industries;

e Growth of employment opportunities;

e Improvement of industrial productivity;

e Strengthening of regional and global market integration (World Bank, 2022).

Table 1
Economic benefits of transport infrastructure
Infrastructure impact Economic outcome
Reduced transportation time Increased productivity and efficiency
Improved logistics systems Lower operational costs
Better regional connectivity Expansion of trade and commerce
Development of highways and ports Attraction of industrial investment
Advanced public transportation Increased labor mobility
Tourism accessibility Growth in local business revenue

Efficient logistics and transportation systems also play a critical role in supply chain optimization.
Modern industries require reliable transport networks to ensure the timely delivery of raw materials
and finished goods (Aliyev, 2024, p. 257). Delays in transportation can negatively affect production
processes, increase costs, and reduce customer satisfaction. Consequently, regions with reliable
transport infrastructure are more capable of integrating into international supply chains and
participating in global trade networks (Haziyev, 2025).

Transportation infrastructure additionally contributes to regional competitiveness and urban
development. Economic corridors, industrial zones, and commercial centers frequently emerge
around major highways, railway stations, airports, and seaports (Vickerman, 2018). These areas
become attractive locations for manufacturing industries, logistics companies, warehouses, and
commercial enterprises because of improved accessibility and transportation efficiency. Such
developments stimulate local economic growth, increase tax revenues, and create new business
opportunities for surrounding communities. Urban transportation systems are equally important in
supporting economic development. Efficient public transportation reduces traffic congestion,
minimizes fuel consumption, and increases workforce mobility within metropolitan areas. Workers
can access employment centers more easily, while businesses benefit from improved employee
accessibility and reduced transportation delays. In large cities, integrated public transportation
systems also contribute to environmental sustainability by reducing private vehicle dependency and
lowering carbon emissions.

The relationship between transport infrastructure and economic growth can also be explained through
economic productivity models. Transportation efficiency directly affects Gross Domestic Product
(GDP) growth by increasing trade capacity and reducing transaction costs. This relationship can be
expressed conceptually as follows:

Economic Growth =Infrastructure Investment + Transportation Efficiency (1)
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This conceptual relationship demonstrates that higher investment in transportation infrastructure and
improved transport efficiency generally contribute to stronger economic performance and regional
development.

In recent years, technological advancements have further strengthened the economic role of
transportation infrastructure. Intelligent Transport Systems (ITS), Artificial Intelligence (Al), Big
Data analytics, and Internet of Things (IoT) technologies have improved traffic management, route
optimization, infrastructure maintenance, and logistics coordination. These technologies increase
operational efficiency, reduce congestion, and improve transportation safety while supporting
sustainable economic growth (Aliyev, 2024, p. 24).

Despite its economic importance, transportation infrastructure development also faces several
challenges. Large-scale infrastructure projects require substantial financial investment, long-term
planning, and effective government policies. Developing regions may struggle with insufficient
funding, outdated infrastructure, and unequal regional investment distribution. Environmental
concemns, urban overcrowding, and climate change also create additional pressure on transportation
systems and infrastructure planning processes.

Therefore, governments and policymakers must adopt sustainable and long-term transportation
strategies that balance economic growth, environmental protection, and social development (Aliyev,
2024, p. 31). Investments in modern and intelligent transportation infrastructure remain essential for
improving regional competitiveness, strengthening economic resilience, and supporting sustainable
development in the global economy.

Social and regional impacts. In addition to its economic significance, transport infrastructure has a
profound influence on social development, regional integration, and overall quality of life. Modern
transportation systems improve accessibility, strengthen communication between communities, and
support equal opportunities for individuals living in different geographic regions. Efficient transport
networks connect people to workplaces, educational institutions, healthcare facilities, and public
services, thereby contributing to social welfare and human development (Geurs, 2004).

One of the most important social benefits of transportation infrastructure is the improvement of
mobility and accessibility. In many developing and rural regions, inadequate transportation systems
create barriers to employment, education, and healthcare access. Poor road conditions and limited
public transportation services often isolate communities from economic and social opportunities. The
development of highways, railways, and urban transit systems helps reduce these barriers by enabling
faster, safer, and more affordable transportation. As a result, individuals can access a wider range of
services and opportunities that improve their living standards and social participation.

Transportation infrastructure also plays a major role in promoting social inclusion. Improved mobility
enables disadvantaged populations, including low-income households and rural communities, to
participate more actively in economic and social activities. Access to reliable transportation increases
employment opportunities, facilitates labor mobility, and supports workforce participation. Students
can travel more easily to schools and universities, while patients gain better access to hospitals and
healthcare centers. Consequently, transportation systems contribute significantly to reducing social
inequalities and improving human capital development (Stanley, 2010).
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Table 2
Social impacts of transport infrastructure
Social factor Impact of transportation infrastructure
Education Access Easier access to schools and universities
Healthcare Services Faster and safer access to hospitals
Employment Opportunities Increased labor mobility and job access
Social Inclusion Reduced regional and social inequalities
Quality of Life Improved accessibility and mobility
Community Integration Stronger communication between regions

Regional connectivity is another important aspect of transportation development. Modern transport
infrastructure reduces geographic isolation and strengthens integration between rural and urban areas
(Bertolini, 2012). Regions connected through highways, railways, airports, and ports are better
positioned to participate in national and international economic activities. Rural areas with developed
transportation systems can transport agricultural products and industrial goods more efficiently,
increasing their competitiveness in broader markets. This connectivity supports regional economic
diversification and helps reduce disparities between developed and underdeveloped regions (UN-
Habitat, 2020).

Furthermore, transportation infrastructure encourages urbanization and regional cooperation. Cities
connected through efficient transportation corridors often experience increased commercial
interaction, tourism growth, and cultural exchange. Economic corridors created around transport
networks stimulate investment, industrial expansion, and infrastructure modernization. Such
developments contribute to balanced regional growth and strengthen national economic integration.

Urban transportation systems are equally essential for sustainable social development. Rapid
urbanization has increased the demand for efficient public transportation services in metropolitan
areas. Traffic congestion, overcrowding, and environmental pollution have become major challenges
for modern cities. Efficient public transportation systems, including buses, metro networks, and rail
transit systems, help reduce traffic density, lower fuel consumption, and minimize greenhouse gas
emissions. Public transport also improves urban mobility by providing affordable transportation
alternatives for large populations.

The relationship between transportation accessibility and social development can be conceptually
illustrated as follows:

Social Development = Accessibility + Mobility + Regional Connectivity  (2)

This relationship demonstrates that increased accessibility, mobility, and regional integration
contribute directly to social welfare and balanced regional development.

Sustainable transportation planning has therefore become an important priority for governments and
urban planners. Smart city initiatives, green transportation systems, and environmentally friendly
public transit solutions are increasingly adopted to improve urban living conditions while reducing
environmental impacts. Investments in sustainable transportation infrastructure not only support
economic growth but also contribute to healthier, more inclusive, and environmentally resilient
societies.

Overall, transportation infrastructure serves as a critical instrument for strengthening social cohesion,
reducing regional inequalities, and improving quality of life. Well-planned and accessible
transportation systems create opportunities for balanced regional development and support long-term
social and economic sustainability.
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Technological innovation in transport infrastructure. Technological innovation has significantly
transformed transportation infrastructure and management systems across the world. Rapid
advancements in digital technologies have changed the way transportation networks are planned,
operated, monitored, and maintained. Traditional transportation systems are increasingly being
replaced by intelligent and data-driven solutions that improve efficiency, safety, sustainability, and
overall operational performance. In the modem era, technology has become one of the primary drivers
of innovation in transportation infrastructure development.

One of the most important developments in this field is the implementation of Intelligent Transport
Systems (ITS) (Zheng, 2011). ITS combines communication technologies, sensors, software systems,
and data analytics to optimize transportation operations in real time. These systems allow authorities
and transportation agencies to monitor traffic conditions, detect accidents, manage congestion, and
improve road safety more effectively. By integrating advanced technologies into transportation
infrastructure, governments can reduce operational inefficiencies and improve the overall quality of
transport services.

In addition to ITS, technologies such as Artificial Intelligence (AI), Big Data analytics, cloud
computing, and the Internet of Things (IoT) are increasingly integrated into transportation
management systems (Aliyev, 2025, p. 145). These technologies enable the collection and analysis
of large volumes of transportation data generated by vehicles, traffic cameras, GPS devices, sensors,
and mobile applications. Real-time data analysis allows transportation authorities to make faster and
more accurate decisions regarding traffic control, route optimization, infrastructure maintenance, and
emergency response management.

Smart transportation technologies provide numerous operational and economic advantages,
including:

e Real-time traffic monitoring and management;

o Improved transportation safety and accident prevention;

e Optimization of fuel consumption and energy efficiency;
 Efficient route planning and reduced travel time;

e Enhanced infrastructure maintenance and monitoring;

o Reduction of traffic congestion in urban areas;

e Improved logistics coordination and supply chain management;
e Better environmental sustainability and emission reduction.

Table 3
Major technologies used in modern transportation systems
Technology Main function Key benefit
. Traffi itori .
Intelligent transport systems raffic monitoring and Reduced congestion
management
Artificial intelligence Predictive analysis and automation = Improved decision-making
Big Data analytics Transportation data analysis Operational efficiency
. Real-time communication between Smart infrastructure
Internet of things .
devices management
GPS and navigation systems Route optimization Reduced travel time
Electric vehicl . e ..
ectric ve neie Sustainable mobility Lower carbon emissions
technologies

Digitalization has also transformed logistics and freight transportation systems. Automated logistics
platforms and smart warehouse technologies increase operational efficiency by reducing manual
processes and improving inventory management. Transportation companies can monitor vehicle
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locations, delivery schedules, and fuel consumption in real time, leading to more efficient supply
chain operations and lower transportation costs.

Smart traffic management systems represent another important innovation in transportation
infrastructure. These systems use sensors, cameras, and Al-based algorithms to monitor traffic density
and dynamically control traffic signals according to road conditions. As a result, traffic congestion
can be reduced significantly, especially in highly populated urban areas. Improved traffic flow also
contributes to lower fuel consumption, reduced travel time, and decreased environmental pollution.

The relationship between technological innovation and transportation efficiency can be conceptually
expressed as follows:

Transportation Efficiency=Technology+Data Analytics+Intelligent Systems (3)

This relationship indicates that the integration of intelligent technologies and data-driven systems
directly improves transportation performance and infrastructure efficiency.

Another important technological development is the emergence of electric vehicles (EVs) and
sustainable transportation technologies. Governments worldwide are increasingly promoting
environmentally friendly transportation systems to reduce greenhouse gas emissions and combat
climate change. Electric buses, smart charging infrastructure, and renewable energy-based
transportation solutions contribute to green economic growth and environmental sustainability.
Autonomous vehicles and connected transportation systems are also expected to play an important
role in the future of smart mobility and urban transportation planning.

Despite the numerous benefits of technological innovation, several challenges remain. The
implementation of advanced transportation technologies requires substantial financial investment,
cybersecurity protection, skilled human resources, and modern digital infrastructure. Data privacy
concerns and technological inequalities between regions may also create barriers to effective
technology integration. Therefore, governments and private organizations must develop
comprehensive digital transformation strategies to ensure efficient and secure transportation systems.

Overall, technological innovation has become a crucial component of modern transportation
infrastructure development. Smart transportation systems improve operational efficiency, strengthen
road safety, support environmental sustainability, and contribute significantly to economic and social
development. As technology continues to evolve, intelligent and sustainable transportation solutions
will play an increasingly important role in shaping the future of regional and global mobility.

Challenges in transport infrastructure development. Despite the significant economic and social
benefits provided by transportation infrastructure, the development and modernization of transport
systems face numerous challenges worldwide. Rapid urbanization, population growth, environmental
concerns, and technological transformation have increased the complexity of transportation planning
and infrastructure management. Governments and policymakers must therefore address a variety of
financial, environmental, political, and operational issues to ensure the sustainability and efficiency
of transportation networks.

One of the primary challenges associated with transport infrastructure development is the extremely
high financial cost of large-scale projects. The construction and modernization of highways, railways,
airports, ports, and urban transit systems require substantial long-term investment. Developing
countries often face limited financial resources, insufficient government budgets, and difficulties in
attracting private investment. As a result, many infrastructure projects are delayed, underfunded, or
completed with lower quality standards. Inadequate financing can negatively affect transportation
efficiency, economic growth, and regional integration.
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Results and Discussion

In addition to financial limitations, transportation infrastructure projects frequently create
environmental challenges. Large-scale construction activities may lead to deforestation, habitat
destruction, air pollution, and increased greenhouse gas emissions. Expanding road networks and
urban transportation systems can also contribute to environmental degradation if sustainable planning
strategies are not implemented. Consequently, modern transportation policies increasingly emphasize
environmentally friendly infrastructure development and the integration of green technologies
(Black, 2010).

Several additional challenges continue to affect transportation infrastructure development:

¢ Environmental impacts of construction and industrial activities;
e Urban congestion and population overcrowding;

e Maintenance and operational inefficiencies;

e Political instability and administrative barriers;

e Unequal regional investment distribution;

e Technological adaptation difficulties;

e Limited public transportation capacity in urban areas.

Table 4
Major challenges in transport infrastructure development
Challenge Impact on transportation systems
High financial costs Delayed infrastructure projects
Urban congestion Reduced transportation efficiency
Environmental pollution Increased sustainability concerns
Poor maintenance Infrastructure deterioration
Political barriers Slower policy implementation
Unequal regional investment Regional economic disparities
Climate change risks Damage to transport infrastructure

Urban congestion has become another major issue, particularly in rapidly growing metropolitan areas.
Increasing population density and the rising number of private vehicles place enormous pressure on
urban transportation systems. Traffic congestion leads to longer travel times, increased fuel
consumption, productivity losses, and higher levels of air pollution. In many cities, outdated public
transportation systems are unable to meet growing mobility demands, further worsening
transportation inefficiencies.

Maintenance and operational management also represent critical challenges. Transportation
infrastructure requires continuous monitoring, repair, and modernization to maintain safety and
operational performance. However, many countries experience insufficient maintenance funding,
resulting in deteriorating roads, bridges, railways, and public transportation systems. Poor
infrastructure maintenance not only reduces transportation efficiency but also increases accident risks
and operational costs.

Political and administrative barriers may further complicate transportation infrastructure
development. Large-scale projects often involve multiple government institutions, legal procedures,
and regulatory approvals, which can slow implementation processes. Corruption, bureaucratic
inefficiency, and inconsistent policy planning may also negatively affect infrastructure quality and
investment effectiveness.
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Climate change has introduced additional risks to transportation infrastructure systems. Extreme
weather events such as floods, storms, heatwaves, and landslides can severely damage roads, bridges,
ports, and railway networks. Rising temperatures and changing environmental conditions increase
infrastructure vulnerability and create significant economic losses. Therefore, resilient infrastructure
planning and climate adaptation strategies have become essential components of modern
transportation policy (Schiller, 2010).

The relationship between infrastructure resilience and sustainable development can be conceptually
expressed as follows:

Sustainable Development =Resilient Infrastructure + Environmental Protection +
Efficient Investment (4)

This relationship demonstrates that sustainable economic growth depends heavily on resilient
transportation systems, environmentally responsible planning, and efficient infrastructure investment.

To overcome these challenges, governments must adopt comprehensive and long-term transportation
strategies that balance economic growth, environmental sustainability, and social welfare.
Investments in smart transportation technologies, sustainable public transport systems, green
infrastructure, and climate-resilient engineering solutions are increasingly necessary for ensuring the
long-term effectiveness of transportation networks. International cooperation, public-private
partnerships, and digital transformation initiatives may also help improve infrastructure financing and
operational efficiency.

Overall, addressing the challenges of transport infrastructure development is essential for achieving
sustainable regional development, economic competitiveness, and improved quality of life. Modern
transportation systems must not only support economic activities but also remain environmentally
sustainable, technologically advanced, and socially inclusive in the face of future global challenges.

Sustainable transport and future perspectives. Sustainable transportation has become one of the main
priorities of modern regional development strategies and global economic policies. Rapid
industrialization, urbanization, population growth, and increasing environmental challenges have
created a strong need for transportation systems that are not only efficient and economically beneficial
but also environmentally responsible and socially inclusive. Modern transportation policies
increasingly focus on reducing carbon emissions, improving energy efficiency, minimizing
environmental pollution, and encouraging sustainable mobility solutions that support long-term
economic and social development.

The transportation sector is one of the major contributors to greenhouse gas emissions and
environmental degradation worldwide. Traditional transportation systems that depend heavily on
fossil fuels generate significant levels of air pollution and carbon emissions, which contribute to
climate change and public health problems. Consequently, governments and international
organizations are investing heavily in sustainable transport infrastructure and green mobility
technologies to reduce environmental impacts while maintaining economic productivity and
transportation efficiency (Aliyev, 2024, p. 11).

Sustainable transportation systems aim to balance economic growth, environmental protection, and
social welfare. These systems prioritize clean energy technologies, efficient public transportation,
reduced fuel consumption, and environmentally friendly urban planning. Sustainable mobility not
only helps protect the environment but also improves urban living conditions, public health, and
transportation accessibility for different social groups.
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Future transportation systems are expected to include several advanced and sustainable technologies,
such as:

e Smart city transportation networks;

e Autonomous and connected vehicles;

e Green logistics and low-emission freight systems;

o Electrified public transportation systems;

o Integrated multimodal transportation networks;

o Renewable energy-based transport infrastructure;

e Al-powered traffic management systems;

o Shared mobility and digital transportation platforms.

Table 5
Future sustainable transportation technologies
Technology Main purpose Expected benefit
Electric vehicles Clean transportation Reduced carbon emissions
Autonomous vehicles Automated mobility Improved safety and efficiency
Smart traffic systems Traffic optimization Reduced congestion
Green logistics Sustainable freight transport Lower environmental impact
Multimodal transport systems Integrated transportation Improved mobility efficiency
Renewable energy .
infrastructure Clean energy support Sustainable urban development

One of the most significant developments in sustainable transportation is the rapid growth of electric
vehicle technologies. Electric buses, trains, and private vehicles are increasingly replacing
conventional fuel-powered transportation systems in many countries. Governments are encouraging
this transition through environmental regulations, financial incentives, and investments in charging
infrastructure. Electrification of transportation systems helps reduce dependence on fossil fuels and
contributes significantly to environmental sustainability goals.

Smart city transportation systems also play an essential role in the future of sustainable mobility.
Intelligent transportation technologies use sensors, Artificial Intelligence (Al), Big Data analytics,
and the Internet of Things (IoT) to optimize traffic flow, reduce congestion, and improve
transportation efficiency. Smart mobility platforms enable real-time monitoring and coordination of
transportation networks, helping cities manage increasing transportation demands more effectively.

Integrated multimodal transportation systems are another important aspect of sustainable
transportation planning. These systems combine various transportation modes, including buses,
railways, bicycles, pedestrian infrastructure, and shared mobility services, into a unified
transportation network. Such integration improves accessibility, reduces travel time, and encourages
the use of public transportation instead of private vehicles.

The relationship between sustainable transportation and long-term regional development can be
conceptually illustrated as follows:

Sustainable Regional Development=Green Transportation+Technological Innovation+
Energy Efficiency %)

This conceptual relationship demonstrates that environmentally friendly transportation systems,

technological advancement, and efficient energy use are essential components of sustainable
economic and regional development.
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Investments in sustainable transport infrastructure can generate substantial long-term economic
benefits while minimizing environmental damage. Improved public transportation systems reduce
congestion costs, increase workforce mobility, and support business productivity. Green
transportation technologies also create new employment opportunities in sectors such as renewable
energy, electric vehicle manufacturing, and smart infrastructure development.

Public-private partnerships and international cooperation are expected to play a major role in
financing sustainable transportation projects and accelerating technological innovation. Many
developing countries require external financial and technological support to modernize transportation
systems and implement environmentally sustainable infrastructure solutions. International
organizations and global climate initiatives increasingly encourage investments in low-carbon
transportation projects and resilient infrastructure development.

As digital transformation and technological innovation continue to reshape global transportation
systems, regions that successfully integrate smart, sustainable, and resilient transportation solutions
are likely to achieve stronger economic competitiveness, improved environmental sustainability, and
higher quality of life. Sustainable transportation is therefore not only an environmental necessity but
also a strategic foundation for future regional and economic development.

Conclusion

Transport infrastructure plays a vital role in regional economic development by improving trade,
connectivity, industrial growth, and social mobility. Efficient transportation systems increase
productivity, attract investment, and strengthen regional integration. In addition to economic benefits,
modern transport networks improve access to education, healthcare, and public services, contributing
to higher living standards and social inclusion.

Technological innovations such as Intelligent Transport Systems (ITS), Artificial Intelligence (Al),
Big Data, and the Internet of Things (IoT) have significantly improved transportation management,
operational efficiency, and environmental sustainability. At the same time, transportation
infrastructure development continues to face challenges including high financial costs, environmental
concermns, urban congestion, and climate change risks.

Therefore, governments and policymakers must prioritize sustainable and smart transportation
strategies that balance economic growth, environmental protection, and social welfare. Investments
in green transportation, smart infrastructure, and integrated mobility systems are essential for long-
term regional competitiveness and sustainable development.

The relationship between transportation and regional development can be summarized as follows:

Regional Development=Efficient Transportation+Sustainable Infrastructure+
Technological Innovation

In conclusion, transportation infrastructure is not only a physical system for mobility but also a
strategic factor for achieving economic stability, regional prosperity, and sustainable future
development.
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Abstract. The article examines the functional role of English verb tenses in the process of text
construction. The main aim of the study is to show that verb tenses function not only as a grammatical
category but also as an important resource in text organisation, ensuring logical sequencing and
expressing communicative intent. The study analyses the role of verb tenses in the formation of textual
cohesion and coherence based on Systemic Functional Linguistics and discourse analysis
approaches. In particular, it demonstrates how tense selection in different types of texts—especially
narrative and academic styles—influences the presentation of information and its interpretation by
the reader. The analysis is based on a corpus-based qualitative approach and investigates the impact
of tense selection on discourse organisation at both micro (sentence and inter-sentential) and macro
(textual and genre) levels. The results show that verb tenses do not only express temporal relations
but also function as key discourse resources that ensure textual structural integrity, regulate
information flow, and define genre distinctions. At the same time, inappropriate selection of tense
forms may reduce textual clarity and communicative effectiveness. From this perspective, studying
verb tenses within a functional framework is of significant importance for both theoretical linguistics
and practical language use.
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Ingilis dilinda feil zamanlar1 moatnyaratma vasitasi kimi:
funksional yanasma

Birgiil Osadova!" "', Tehrano Xudaverdiyeva? ‘"', Leyla Saforova’ ‘",
Miisorraf Mommoadova*"*/, Biilbiil Abbasova!

Xiilasa. Bu maqalads ingilis dilinda feil zamanlarimin moatnyaratma prosesinda funksional rolu
arasdwrilir. Tadgiqatin asas maqsadi feil zamanlarinin yalniz grammatik kateqoriya kimi deyil, hom
da matnin qurulmasi, montiqi ardicilligin tomin edilmasi va kommunikativ niyyatin ifadasindo miihiim
vasito kimi ¢ixis etdiyini gostormoakdir. Moaqalaoda sistem-funksional dilgilik va diskurs tohlili
yvanasmalart asasinda feil zamanlarinin matnin koherensiyasi va koheziyasimin formalasmasidaki
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rolu tohlil edilir. Xiisusila, miixtalif matn névlarinda — narrativ va elmi iislublarda — zaman se¢iminin
informasiyanin taqdim olunmasina va oxucu torafindon qavranilmasina tasiri gostorilir. Analiz
korpus asasl keyfiyyat yanasmasina soykonir va mikro (ciimlo va ciimlalararasit) vo makro (matn va
janr) saviyyalorda zaman seciminin diskursun tagkilino tosirini arasdirwr. Naticalor gostorir ki, feil
zamanlart yalniz zaman miinasibatlorini ifada etmir, ham do matnin struktur biitévliiyiinii tomin edan,
informasiya axinini tanzimloyan va janr forqlorini miiayyan edon asas diskurs vasitalarindan biridir.
Eyni zamanda, zaman formalarimin diizgiin seg¢ilmomasi matnin aydinligini va kommunikativ
effektivliyini azalda bilor. Bu baximdan, feil zamanlarinin funksional yanasma c¢ar¢ivasinda
oyranilmasi ham nazori dilgilik, ham da praktik dil istifadasi tigiin miihiim ahamiyyat kasb edir.

Acar sozlar: feil zamanlari, matnyaratma, diskurs tohlili, funksional dil¢ilik, koheziya, koherensiya,
zaman-aspekt sistemi
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Introduction

Verb tense is one of the most intensively studied categories in English linguistics, yet its role in
constructing coherent, purposeful texts remains systematically undertheorised. The dominant
tradition — from Jespersen (1924) through Quirk, Greenbaum, Leech, and Svartvik (1985) — has
produced meticulous inventories of tense forms and their semantic correspondences but has done so
at the sentence level, treating tense as a property of individual clauses rather than as a resource
operating across stretches of discourse. Recent decades have seen growing interest in the discourse-
level functions of tense (Sanders & Van Krieken, 2019; Egetenmeyer et al., 2024), yet there is still
limited systematic integration of micro-level and macro-level tense functions across discourse genres,
particularly in narrative and academic texts. To address this gap, this study proposes a dual-level
functional model that distinguishes micro-level clause semantics from macro-level discourse
organisation in tense usage. The study adopts a functional perspective on verb tenses, focusing not
merely on what tenses mean in isolation but on what they accomplish in the process of text
construction. It argues that tense selection is primarily driven by discourse-structuring needs rather
than purely temporal reference, including sequencing events, managing perspective, creating
cohesion, signalling genre, and guiding reader interpretation. The study is guided by three research
questions: (1) What functional roles do tense selections perform at the micro-level (sentence and
inter-clausal) in English discourse? (2) How do tense patterns construct temporal organisation and
genre identity at the macro-level? (3) How can motivated tense shifts—which serve discourse-
structuring functions—be distinguished from unmotivated shifts that result in incoherence?

The theoretical framework integrates four traditions that converge on this functional reconception.
Systemic Functional Linguistics (Halliday & Matthiessen, 2014) treats tense as a system of
meaningful choices serving ideational, interpersonal, and textual metafunctions simultaneously.
Discourse grounding theory (Hopper, 1979; Hopper & Thompson, 1980; Longacre, 1996) reveals
how tense—aspect distinctions partition discourse into foreground and background planes. Text
linguistics (de Beaugrande & Dressler, 1981; Firbas, 1992; Smith, 2003) positions tense as a cohesive
device and a signal of discourse mode. Tense—aspect theory (Reichenbach, 1947; Comrie, 1976, 1985;
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Klein, 1994) provides the semantic architecture for understanding how reference points create
temporal progression and depth. Together, these traditions demonstrate that tense is a multi-level text
construction system that no single-sentence analysis can adequately capture.

The article is organised as follows. Section 2 establishes the theoretical framework. Section 3 outlines
the methodology, including the analytical procedures for micro-level and macro-level analysis as well
as the corpus materials employed. Section 4 presents the functional analysis of tense in text
construction, with a focus on comparisons between narrative and academic registers. Section 5
discusses the implications for discourse theory and language pedagogy. Section 6 concludes the study
by synthesising the main findings. The study contributes to the field by demonstrating that tense
operates as a multi-level discourse resource rather than a purely temporal grammatical category.

2. Theoretical framework

2.1. Systemic functional linguistics and the limits of clause-centric tense analysis

Halliday’s Systemic Functional Linguistics (SFL) reconceptualises grammar as a network of
meaning-making choices, where tense operates simultaneously within ideational, interpersonal, and
textual metafunctions (Halliday & Matthiessen, 2014). This model has been highly influential in
shifting attention from tense as a purely temporal category to tense as a multifunctional resource
embedded in discourse. However, this strength is also its main limitation. While SFL successfully
explains how tense contributes to meaning within clauses, it has been criticised for remaining overly
“grammar-centred”, making it less precise in explaining how tense functions across extended
stretches of discourse. Bache (2008), for example, argues that Halliday’s recursive tense system risks
over-generalisation by collapsing distinct semantic domains (tense, aspect, action) into a unified
structure. From this perspective, SFL provides a powerful descriptive framework but does not fully
capture how tense choices operate dynamically across genre-level text organisation. Therefore, while
SFL is retained as a foundational model in this study, it is complemented with discourse-oriented
approaches that better account for textual development beyond the clause.

2.2. Discourse grounding theory: from binary opposition to gradient structure

Hopper’s (1979) grounding theory marked a major shift by demonstrating that tense and aspect do
not simply encode time, but structure discourse into foreground and background layers. In this model,
perfective forms typically advance the narrative, while imperfective or stative forms provide
descriptive or explanatory background. Yet subsequent research has shown that this binary model is
too restrictive. Longacre (1996) challenges the sharp foreground/background division by introducing
a scalar model of discourse salience, where textual elements operate on multiple levels of prominence
rather than a simple opposition. Similarly, Hopper and Thompson (1980) extend the analysis by
linking grounding to transitivity, but their model still struggles to account for mixed or transitional
discourse zones. Schiffrin (1981) further complicates the picture by showing that tense variation in
narrative is not only structural but also evaluative and interactional. Her findings suggest that tense
shifts—such as the historical present—cannot be fully explained by grounding alone, as they also
index speaker stance and discourse engagement. Taken together, these studies indicate a key
theoretical tension: grounding theory successfully explains narrative structure at a macro level, but it
remains insufficient to explain fine-grained pragmatic and genre-sensitive tense variation.

2.3. Text linguistics and the problem of discourse mode overlap

De Beaugrande and Dressler (1981) treat tense as part of textual cohesion, while Firbas (1992)
extends this by showing that tense contributes to information flow through communicative
dynamism. These approaches highlight how tense operates as a cohesive and informational resource
rather than a purely grammatical marker. Smith’s (2003) discourse mode theory represents a
significant advance by linking tense interpretation to broader textual types such as Narrative,
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Description, and Argument. This model convincingly demonstrates that the same tense form can
function differently depending on discourse mode. However, Smith’s framework has two major
limitations. First, discourse modes are not strictly separable in real texts; academic and narrative
genres frequently blend multiple modes within a single passage. Second, the model is largely
descriptive and does not fully explain how transitions between modes are linguistically signalled.
This gap is important for the present study: it suggests that tense not only reflects discourse mode but
may actively function as a mechanism for mode transition. Accordingly, this study extends Smith’s
framework by analysing tense shifts as indicators of functional movement between discourse modes.

2.4. Tense—aspect theory: formal models and their discourse limitations

Reichenbach’s (1947) three-point model (Speech time, Event time, Reference time) remains the most
influential formal account of tense. It successfully explains temporal relations such as the distinction
between simple past and present perfect, and it provides a logical basis for sequence-of-tense
phenomena. Comrie (1976, 1985) extends this framework typologically, distinguishing between
absolute, relative, and absolute-relative tense systems. Klein (1994) further refines the model by
introducing Topic Time, shifting the analysis from abstract temporal points to discourse-relevant time
intervals. Despite their precision, these formal models share a common limitation: they primarily
account for temporal structure, not textual function. They explain when events occur relative to each
other, but not why writers choose specific tense forms to achieve rhetorical or discourse-structuring
effects. As a result, while Reichenbach, Comrie, and Klein provide essential semantic foundations,
they must be integrated with discourse-oriented theories (Hopper, Smith, Halliday) to fully explain
tense as a text-building resource.

2.5. Synthesis: the need for an integrated Micro—Macro model

Across the reviewed traditions, a consistent theoretical gap emerges. Formal semantic models
(Reichenbach, Comrie, Klein) explain temporal structure but not discourse function. Functional
models (Halliday, Hopper, Smith) explain discourse organisation but often lack precise formal
mechanisms. This creates a theoretical fragmentation: tense is simultaneously treated as a temporal
system, a grammatical choice system, and a discourse-structuring device—but rarely as all three at
once.

The present study addresses this gap by proposing an integrated micro—macro model in which:

o formal tense—aspect relations explain micro-level clause structure

e grounding and discourse modes explain meso-level text organisation

o genre and register theory explain macro-level discourse function

This synthesis allows tense to be analysed not as a single grammatical category, but as a layered
system of text construction operating across multiple levels of discourse.

3. Methods

3.1. Analytical design

The study employs a qualitative, theory-driven analytical framework combining micro-level and
macro-level discourse analysis. This two-tier design is motivated by the recognition that tense
functions cannot be fully accounted for at a single level of analysis: sentence-level tense choices gain
their full discursive meaning only in relation to the larger text in which they are embedded (Halliday
& Matthiessen, 2014, pp. 23-32; Smith, 2003, p. 17). The analytical approach is therefore integrative,
moving between clause grammar and discourse organisation to trace how individual tense selections
accumulate into genre-defining textual patterns.
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3.2. Corpus materials and selection rationale

The study draws illustrative examples from two discourse domains represented by established
corpora. Corpus selection is based on three criteria: (a) ecological validity (naturally occurring
language data), (b) genre representativeness, and (c¢) availability and replicability in prior research.
Narrative fiction is represented using short stories and novel excerpts drawn from the British National
Corpus (BNC; Leech et al., 1994) and the Corpus of Contemporary American English (COCA;
Davies, 2010). Together, these corpora provide naturally occurring data that capture key features of
narrative discourse, including foregrounding—backgrounding patterns and viewpoint management in
literary prose. The BNC was selected because its 100-million-word balanced design includes
extensive samples of contemporary British fiction. In contrast, COCA was chosen due to its register-
balanced structure and its longitudinal coverage (1990—present), which makes it possible to compare
narrative fiction with academic English within the same corpus environment.

Academic writing is represented by research articles in linguistics and applied linguistics taken from
the British Academic Written English (BAWE) corpus (Nesi & Gardner, 2012, pp. 12—18). BAWE
was chosen because, unlike corpora consisting primarily of expert research articles, it includes
assessed student writing at advanced levels, which aligns well with the pedagogical perspective of
this study (Section 5). Corpus examples are used throughout the analysis to ensure that the identified
functional patterns are grounded in authentic language use rather than constructed examples,
following corpus-pragmatic methodology (Romer, 2016; Flowerdew & Richardson, 2018).

3.3. Step-by-Step analytical procedure
The qualitative analysis was conducted through a six-step coding procedure, applied iteratively to all
selected passages and refined through multiple readings:

Step 1 — Passage selection. Extended passages of 150-300 words were selected from the corpora
described above, with equal representation of narrative and academic registers.

Step 2 — Clause segmentation. Each passage was segmented into independent and dependent clauses.
Verbal groups were identified and annotated for tense form (simple, progressive, perfect, perfect-
progressive) and aspect (perfective, imperfective).

Step 3 — Reference-point coding. Each clause was coded for its Reichenbachian configuration (S, E,
R relationships) following Reichenbach (1947) and Klein (1994), allowing identification of absolute,
relative, and absolute-relative tense forms.

Step 4 — Grounding classification. Each clause was classified as foreground or background following
Hopper (1979) and Hopper and Thompson (1980), with intermediate categories on Longacre's (1996)
salience cline used where the binary classification was inadequate.

Step 5 — Discourse-mode identification. The dominant discourse mode of each passage was
identified using Smith's (2003) five-mode typology (Narrative, Description, Report, Information,
Argument). Mode transitions within passages were marked at the clause boundary where they
occurred.

Step 6 — Functional classification of tense shifts. Each tense shift within a passage was classified as
motivated (serving an identifiable discourse function such as grounding contrast, mode transition,
viewpoint change, or evaluative emphasis) or unmotivated (producing processing difficulty or genre—
register mismatch). The criteria for this classification are formalised in Table 1 in Section 4.

201



Elmi Is/20(5), 2026
Scientific Work / 20(5), 2026

Inter-coder reliability was not formally tested because the analysis is interpretive rather than
enumerative; however, every coding decision is grounded in published criteria from at least one of
the four theoretical traditions, making the procedure transparent and replicable. The minimal-pair
method—comparing identical propositions in contrasting tense forms—was used throughout to
isolate the functional variable under investigation.

4. Analysis: tense as a multi-level text construction resource

4.1. Micro-level analysis: tense at the sentence and inter-clausal level

At the sentence level, tense selections are never semantically inert. Consider the following pair of
constructions:

(1a) The experiment showed that temperature affects reaction rates.

(1b) The experiment has shown that temperature affects reaction rates.

In (1a), the simple past showed locates both the event and the reference point before speech time,
creating a closed, completed frame. The finding is attributed to a specific past experiment and, by
implication, may be superseded. In (1b), the present perfect has shown places the event before speech
time but aligns the reference point with the present, asserting ongoing relevance. The reader interprets
(1b) as a claim with current validity—a subtle but consequential difference in academic
argumentation. This is not a matter of temporal accuracy (the experiment occurred at the same time
in both cases) but of discursive positioning: the writer uses tense to signal whether a finding is
historically bounded or presently operative.

At the inter-clausal level, tense manages temporal progression through the mechanism Reichenbach
(1947, p. 290) identified as reference-point permanence. In narrative discourse, a sequence of simple
past clauses advances the reference time:

(2) She opened the door. The hallway was dark. She stepped inside and reached for the light switch.
Here, opened, stepped, and reached are foregrounded events in perfective aspect, each advancing the
storyline's temporal reference point. Was (dark) is a stative, backgrounded description that does not
advance time but provides simultaneous scene-setting—precisely the foreground—background
distinction Hopper (1979, p. 215) theorised. The reader processes these clauses differently: the
perfective verbs create forward momentum, while the stative clause invites spatial visualisation
without temporal progression. This pattern is systematic: as Klein's (1994, p. 109) Principle of Natural
Order predicts, perfective clauses in narrative establish AFTER relations between successive Topic
Times, generating the temporal chain that constitutes plot.

The introduction of past perfect creates a further layer of temporal architecture:

(3) She opened the door. The hallway was dark—someone had removed the bulb. She stepped inside.
The past perfect had removed signals a flashback—an event anterior to the current narrative reference
point. In Reichenbach's terms, it places E before R, which is itself before S, creating the absolute-
relative tense configuration Comrie (1985, pp. 64—82) describes. The effect on text construction is
significant: the past perfect interrupts the forward chain of the narrative to insert explanatory depth,
then yields to simple past to resume the storyline. This capacity for temporal layering is what makes
tense a resource for constructing complex, multi-planar discourse rather than a mere time-stamp on
individual clauses.

4.2. Macro-level analysis: tense across discourse and genre

At the macro level, tense selections define the temporal architecture of entire texts and serve as
reliable genre markers. Biber's (1988, pp. 104—115) multi-dimensional corpus analysis demonstrates
that tense is among the most powerful features distinguishing registers: past tense verbs cluster with
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fiction and news reporting (narrative-based discourse), while present tense verbs co-occur with
informational and involved production. Biber and Gray (2016, pp. 47—62) confirm this finding at
greater granularity, showing that grammatical complexity and tense choice co-vary systematically
with register demands. In narrative texts, tense operates as an organising skeleton. Simple past
constitutes the unmarked “mainline” tense (Longacre, 1996, p. 25), carrying the sequential backbone
of the plot. Departures from this baseline perform specific textual functions: the historical present, as
Schiffrin (1981, p. 49) demonstrated, marks evaluative peaks within complicating action; past perfect
creates analeptic depth; and present-tense commentary signals a shift to the meta-narrative frame.
Fleischman (1990, pp. 23-29) captures this through the concept of markedness reversal: whereas
present tense is unmarked in non-narrative language, narrative constitutes a marked context where
past tense becomes the default and all other tenses acquire marked textual functions.

Consider

(4) He walked through the market, past the stalls that had been there for decades. Suddenly he stops.
A face in the crowd. He knows that face. The shift from walked (past, mainline) to had been (past
perfect, background) to stops/knows (historical present, evaluation) is not tense inconsistency but a
precisely calibrated sequence of discourse functions. The historical present creates immediacy and
marks a turning point; it signals to the reader that this moment is evaluatively significant—a technique
Sanders and Van Krieken (2019, pp. 295-298) analyse as viewpoint management, where tense shifts
construct distinct mental spaces within the text. In academic texts, tense operates according to a
different functional logic, but one no less systematic. The conventions are well documented: present
simple asserts established truths and generalisations (“Inequality grows in unstable markets™); present
perfect reviews literature with ongoing relevance (‘“Researchers have demonstrated that...”); past
simple reports specific completed findings (“McMillan found that...”). These are not arbitrary
conventions but reflect the discourse modes Smith (2003, pp. 105-115) identifies: generalisations
operate in Information mode (atemporal present), literature reviews in Report mode (deictic present
perfect connecting past research to present relevance), and methodology sections in Narrative mode
(past tense sequential account).

Strobbe and Vandenbergen (2018, pp. 745-758) provide corpus-based confirmation of precisely this
distribution in present-day academic discourse, showing that temporal reference in academic writing
is systematically tied to text-structural position.

Consider

(5) Language is a social semiotic (Halliday, 1978). Subsequent research has extended this insight to
multimodal communication. In this study, we analysed 200 texts and found significant variation
across registers. Three tense forms co-occur within a single paragraph, each performing a distinct
discursive function: present simple (“is”) for established knowledge, present perfect (“has extended”)
for cumulative scholarly activity with current relevance, and past simple (“analysed,” “found”) for
the specific completed study. The tense shifts are not inconsistent; they are functionally motivated
transitions between discourse modes within a single text. This observation challenges the prescriptive
advice often given to student writers — “maintain tense consistency” — which conflates two different
phenomena: unmotivated tense shifts (which produce incoherence) and functionally motivated shifts
(which produce textual organisation).

4.3. Tense consistency and motivated tense shifting: a comparative model

The question of tense consistency merits particular analysis because it reveals the tension between
sentence-level grammar and discourse-level function. At the sentence level, tense consistency is a
cohesive requirement: within a clause complex, tense shifts must be syntactically licensed (through
sequence-of-tense rules, temporal adverbials, or logical subordination). Unmotivated shifts produce
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processing difficulty and signal textual breakdown. At the discourse level, however, tense shifts are
not merely permissible but necessary for constructing multi-functional texts.

Table 1 formalises the distinction between motivated and unmotivated tense shifts through four
diagnostic criteria, with concrete examples for each.

Table 1
Motivated vs. unmotivated tense shifts: a diagnostic model
Criterion Motivated Shift Unmotivated Shift
Discourse Serves an identifiable function (grounding, Serves no identifiable function; arbitrary
function mode transition, viewpoint, evaluation). alternation.
Reader Aids interpretation; signals an update of ~ Produces processing difficulty; reader
processing temporal/epistemic frame. cannot recover speaker intent.
Genre Aligns with genre conventions (e.g., Violates genre conventions (e.g.,
alignment literature review uses present perfect).  random past/present in academic prose).

Example "Language is a social semiotic. Researchers "The students worked on the task. They
have extended this insight. In this study, we  are tired. We collected the data." (no
analysed 200 texts." (Information — Report functional reason for tense alternation)

— Narrative modes)

Note. Diagnostic criteria adapted from de Beaugrande and Dressler (1981), Smith (2003), and Sanders
and Van Krieken (2019).

The analytical distinction, then, is between unmotivated tense shifts—which violate cohesion and
create incoherence—and motivated tense shifts—which serve identifiable discourse functions. De
Beaugrande and Dressler's (1981, p. 78) concept of “updating” captures this: a motivated tense shift
is an instruction to the reader to update their temporal orientation within the discourse. These
transitions function as what Schiffrin (1987, pp. 31-35) calls contextualisation cues, analogous to
discourse markers in their capacity to signal shifts between discourse planes. Firbas's (1992, p. 13)
communicative dynamism framework provides a further diagnostic: a tense shift carries high
communicative dynamism when it introduces a new temporal frame (rhematic function), and low
communicative dynamism when it merely maintains an established temporal orientation (thematic
function). In example (4) above, the shift to historical present carries high CD because it reorients the
reader's temporal and evaluative perspective. In example (5), the present simple “is” carries low CD,
while the shift to past simple “analysed” carries higher CD because it introduces a new temporal and
methodological frame.

4.4. Tense and viewpoint management

A final dimension of tense in text construction concerns its role in managing viewpoint and narrative
perspective. Sanders and Van Krieken (2019, pp. 300-310) demonstrate how tense shifts in news
narratives construct distinct epistemic spaces: a “News Space” anchored in event time (past tense)
and a “Reality Space” anchored in the journalist's and reader's here-and-now (present tense).
Transitions between these spaces are signalled primarily by tense, making tense a viewpoint-
management device. In literary narrative, the same mechanism operates with greater subtlety: free
indirect discourse typically maintains past tense while adopting the character's perspective, creating
a blended viewpoint that Fleischman (1990, pp. 217-229) analyses as the simultaneous activation of
narrative and deictic temporal frames.

This viewpoint function extends beyond narrative. In academic writing, the choice between active
past tense (“we found’) and passive past tense (“it was found’) interacts with tense to manage the
degree of authorial presence and epistemic commitment. The timeless present of generalisations
(“syntax governs word order”) constructs an impersonal, objective viewpoint from which specific
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findings are narrated in the past. The architecture is not random but reflects what Martin (1992, p.
502) describes as the genre-specific staging of ideational and interpersonal meanings through the
textual metafunction, with tense serving as a primary resource.

Results and Discussion

The analysis yields several findings with implications for discourse theory, text linguistics, and
language pedagogy.

First, it confirms the central claim of functional linguistics that tense is not reducible to temporal
reference. Across both narrative and academic registers, tense selections perform identifiable
discourse functions—grounding, cohesion, viewpoint management, genre signalling—that are
independent of, or only loosely related to, the temporal location of events. This is observable in
concrete cases. The simple past in narrative discourse advances the storyline (example 2: “opened ...
stepped ... reached”); the same form in academic discourse locates a finding in a completed study
(example 5: “analysed ... found”). The present perfect creates current relevance in academic writing
(example 5: “has extended”); the same form in narrative would interrupt temporal progression. These
are not different meanings of the same form but different functions activated by different discourse
contexts, supporting Smith's (2003, pp. 28—32) mode-dependent interpretation of tense.

Second, the analysis demonstrates that tense operates at multiple levels simultaneously, and that
adequate description requires attending to all levels. Halliday's metafunctional model captures the
clause-level multi-functionality of tense (ideational, interpersonal, textual). Reichenbach's and
Klein's reference-point models capture inter-clausal temporal progression. Hopper's and Longacre's
grounding frameworks capture discourse-level partitioning. Biber's register analysis captures genre-
level distribution. No single framework suffices; the contribution of this article is to show how these
frameworks are complementary rather than competing, each illuminating a different stratum of tense's
text-constructing function. The micro-level analysis in Section 4.1 demonstrated this
complementarity in concrete terms: example (3) required Reichenbach's reference-point model to
identify the absolute-relative configuration of past perfect, Hopper's grounding theory to explain why
the same form functions as background, and Halliday's metafunctional model to capture its
simultaneous contribution to textual cohesion. Removing any one of these frameworks would have
left the analysis incomplete.

Third, the distinction between motivated and unmotivated tense shifts (formalised in Table 1) has
significant pedagogical implications. The common instruction to “maintain tense consistency”
oversimplifies the issue: students need to understand not only when to maintain tense but when and
why to shift it. A genre-based pedagogy informed by Smith's discourse modes and Longacre's salience
clines could equip writers with a functional understanding of tense as a meaning-making choice rather
than a rule to be mechanically followed. Pérez-Llantada's (2022, pp. 5-10) analysis of complexity
and simplicity in academic discourse provides empirical support for such an approach, demonstrating
that expert academic writers deploy tense-aspect variation strategically in response to genre
constraints. The goal is not consistency per se but motivated consistency—maintaining tense within
a discourse function and shifting tense deliberately when the discourse function changes.

Fourth, the comparison between narrative and academic tense usage reveals that genre is not merely
a contextual variable but an active determinant of tense interpretation. The same morphological form
acquires different discursive values depending on the genre in which it appears, because genre
activates different discourse modes (Smith, 2003), different grounding expectations (Longacre,
1996), and different communicative purposes (Martin, 1992). Thompson's (2014, pp. 87-98)
comprehensive account of functional grammar confirms that the textual metafunction—including
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tense as a cohesive device—operates genre-dependently rather than as a context-free grammatical
rule. This finding aligns with the broader SFL principle that text and context are mutually constitutive:
the genre shapes tense choice, and tense choice, in turn, constructs the genre. Flowerdew and
Richardson (2018) similarly stress that discourse analysis must attend to genre-specific norms when
interpreting grammatical choices, reinforcing the case for a genre-sensitive framework. The emerging
framework of tense, aspect, and discourse structure (Egetenmeyer, Dessi Schmid, & Becker, 2024)
points toward a productive synthesis in which tense-aspect forms are understood as co-determined by
narrative functions at the discourse level.

Conclusion

This article has argued that English verb tenses function as multi-level tools of text construction rather
than as mere grammatical markers of temporal reference. Drawing on Systemic Functional
Linguistics, discourse grounding theory, text linguistics, and tense—aspect theory, the analysis has
demonstrated that tense selections operate simultaneously at the clause level (realising experiential,
interpersonal, and textual meanings), the inter-clausal level (creating temporal progression through
reference-point management), the discourse level (partitioning text into foreground and background,
signalling discourse mode, and managing viewpoint), and the genre level (functioning as register
markers that distinguish narrative from academic, procedural from expository discourse). The
comparison between narrative and academic registers has shown that tense is not a fixed semantic
category but a context-sensitive functional resource whose interpretation depends on the discourse
mode, genre, and communicative purpose in which it operates. The distinction between motivated
and unmotivated tense shifts, formalised in Table 1, provides a principled basis for understanding
tense variation in texts: motivated shifts serve identifiable discourse functions (grounding, evaluation,
viewpoint management, mode transition), while unmotivated shifts produce incoherence. The
functional turn—from tense as grammatical category to tense as text-building resource—represents
the field's most significant conceptual shift and offers the strongest foundation for both theoretical
understanding and pedagogical application. Future research might extend this framework through
large-scale corpus analysis of tense distributions across a wider range of genres, longitudinal studies
of how writers develop functional tense competence, and cross-linguistic comparison of how different
tense—aspect systems serve parallel text-constructing functions. What is clear from the present
analysis is that any account of tense that remains confined to the sentence is fundamentally
incomplete: tense is a discourse resource, and it is in discourse that its full functional potential is
realised.
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The Relationships Between Workload, Service Orientation,
Employee Performance, and Job Satisfaction: A Study on 4
and 5-Star Hotels in Antalya
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Abstract. The study aims to examine the relationships between workload (work overload), service
orientation, employee performance and job satisfaction among frontline employees working in 4 and
5 star hotels in Antalya. Furthermore, the study explores the role of service orientation in explaining
the relationship between workload and employee outcomes. In this study, employing a quantitative
research design, data were collected from 493 frontline personnel working in 4 and 5-star hotels
operating in the Antalya region via survey technique. In data analysis, Confirmatory Factor Analysis
(CFA) and Structural Equation Modeling (SEM) were applied using the LISREL 8.80 program.
According to the structural model analysis results, work overload was found to negatively affect job
satisfaction, while service orientation positively influenced employee performance. Contrary to the
common expectation in the literature, work overload showed a positive association with service
orientation, which may reflect the possibility that some employees perceive high workload as a
challenge rather than a hindrance. The findings further revealed that service orientation mediated
the relationship between work overload and employee performance. This study contributes to the
literature by demonstrating that work overload does not necessarily reduce employee performance
in service-oriented work settings. The findings suggest that service orientation may function as an
important mechanism through which workload is associated with employee performance. By
integrating workload, service orientation, employee performance and job satisfaction within a single
structural model, the study provides a more comprehensive understanding of employee outcomes in
the hospitality industry.
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Is yiikii, xidmot yoniimliiliiyii, iscilorin faaliyyoat samoraliliyi vo
is momnuniyyati arasindaki salagalor: Antalyadaki 4 vo 5
ulduzlu otellor uzrs todqiqat

Anil Kale!” "/, Kiirsad Saymn?

Xiilasa. Todgiqatin magsadi Antalyada 4 va 5 ulduzlu otellorda ¢alisan 6n cobha ig¢ilori arasinda is
viikii, xtisusilo haddindan artiq is yiikii xidmoat yoniimliiliiyii, igs¢i performansi va is mamnuniyyati
arasindaki alagalari arasdirmaqdir. Bundan alava, tadqiqat is yiikii ila is¢i naticalori arasindaki
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alagani izah etmakds xidmat yoniimliiliiyiiniin rolunu arasdirir. Komiyyat tadqgiqat dizaynindan
istifada edan bu tadgiqatda, Antalya bolgasinda faaliyyat géstoran 4 va 5 ulduzlu otellorda ¢aligan
493 6n cabha is¢isindan sorgu texnikasi vasitasilo malumatlar toplanmigdir. Malumatlarin tohlilinda
LISREL 8.80 programindan istifada edarak Tasdigloyici Faktor Tahlili (CFA) va Struktur Tonlik
Modellasdirmoasi (SEM) totbiq edilmisdir. Struktur model tohlilinin naticalarina gora, is yiikiiniin
haddindan artiq olmasi is momnuniyyatina manfi tasir gostardiyi, xidmat yontimliiliiytin isa is¢ilorin
performansina miisbat tasir gostardiyi askar edilmisdir. Odabiyyatdaki timumi gézlontinin aksina
olaragq, is yiikiintin xidmat yoniimliiliiyii il> miisbat alaqasi var idi ki, bu da bazi is¢ilarin yiiksak is
yiikiinii manea deyil, ¢atinlik kimi gabul etma ehtimalini aks etdira bilor. Naticalor daha sonra gostordi
ki, xidmat yoniimliiltiyii is yiikii ilo is¢ilorin performansi arasindaki alagani vasitagi rol oynayir. Bu
tadqgiqat, iy yiikiiniin xidmoat yoniimlii is soraitinda igcilorin performansin miitlaq azaltmadigini
niimayis etdirmaklo adabiyyata tohfa verir. Naticalor gostarir ki, xidmat yoniimliliiyii is yiikiiniin
iscilorin performansi ilo alagalandirildiyi vacib bir mexanizm kimi faliyyat gostora bilar. Is yiikiinii,
xidmat yoniimliiliiyiinii, is¢ilorin performansini va iy mamnuniyyatini vahid struktur model daxilinda
birlasdirmakla, tadqiqat qonagparvarlik sonayesinda iscilorin naticalorini daha ahatali sokilda
anlamaga imkan verir.

Acar sozlor: is yiikii, xidmat yoniimliiliiyii, is¢ilorin performansi, iy maomnuniyyati, struktur tonlik
modellasdirmasi, gonaqparvarlik sanayesi
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Introduction

Achieving a sustainable competitive advantage for modern enterprises, especially in the service
sector, depends largely on the performance exhibited by their employees and their customer-oriented
approaches. In today's rapidly changing and competitive business environment, the increasing duties
and responsibilities expected of employees have brought the concept of "workload" to the center of
organizational behavior literature (Johan & Satrya, 2023, p. 545; Mony & Priyastiwi, 2025, p. 106).
Work overload is considered a critical stress factor that directly and negatively affects both job
satisfaction and overall performance by straining the physical and psychological capacities of
employees (Herawati et al., 2023, p. 17; Paliga, 2023, p. 5111).

However, the effect of workload on performance does not always occur directly; this relationship is
shaped through various psychological and behavioral mechanisms. Current international studies in
the literature empirically prove that job satisfaction plays a fundamental mediating role in this
relationship (Mony & Priyastiwi, 2025, p. 115). On the other hand, in service-oriented businesses
where value creation and customer interaction are intense, another vital element determining
performance stands out as "service orientation" (Sadiq et al., 2022, p. 50; Handayani & Nabhan, 2025,
p. 15). Service orientation refers to employees' tendencies to meet customer needs and derive natural
enjoyment from providing service, and it acts as the driving force of high performance (Saura et al.,
2005, p. 497; Kenar & Yesiltas, 2024, p. 237).

When the literature is reviewed, although the effects of workload on job satisfaction and performance
are generally examined with one-dimensional models (Johan & Satrya, 2023, p. 545), studies
addressing the simultaneous mediating roles of both "job satisfaction" and "service orientation" in the
multidimensional effect of perceived workload on employee performance in a holistic model are
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limited. There is a need to explain organizational dynamics with multivariate structural models based
on strong theoretical foundations (e.g., the Job Demands-Resources Model and Social Exchange
Theory). Accordingly, the primary purpose of this study is to examine the relationships between
workload, service orientation, employee performance and job satisfaction among frontline employees
working in the hospitality sector. In addition, the study investigates the role of service orientation in
explaining the relationship between workload and employee performance.

Literature Review And Hypotheses

In today's competitive service and hospitality sector, employee well-being and its impact on
organizational outcomes have become one of the main focal points of researchers. Current studies in
the literature show that workload plays a determining role in employees' psychological states and
ultimate service performances (Johan & Satrya, 2023, p. 545). Particularly in labor-intensive sectors,
to achieve organizational goals, there is a need for holistic models that consider employee attitudes
(job satisfaction) and individual abilities (service orientation) as a whole (Kenar & Yesiltas, 2024, p.
237). In this context, the main variables of the research—workload, job satisfaction, service
orientation, and employee performance—are briefly explained below.

Workload (work overload): Workload refers to the situation where an employee faces job demands
that exceed the amount, intensity, and capacity of the work they must perform within a specific time
frame (Paliga, 2023, p. 5111). Although an optimal level of workload can motivate an employee,
continuous work overload exceeding capacity creates stress and burnout, acting as a primary pressure
element that directly reduces both psychological satisfaction and productivity (Herawati et al., 2023,
p. 17; Johan & Satrya, 2023, p. 545).

Job Satisfaction: Job satisfaction is a state of positive psychological and emotional fulfillment that
an employee feels as a result of evaluating their job, experiences in the work environment, and the
opportunities provided by the organization (Latifah et al., 2023, p. 724). Individuals with high job
satisfaction show greater commitment to their organizations, cope more easily with stress factors, and
are more inclined to exhibit customer-oriented proactive behaviors (Mony & Priyastiwi, 2025, p.
115).

Service Orientation: Service orientation is an individual's inherent tendency to be willing to meet
customer needs, communicate effectively, and derive natural enjoyment from providing service (Kim
et al., 2025, p. 1018). This trait is a critical skill, especially in highly interactive sectors like
hospitality, enabling employees to exhibit behaviors centered on customer satisfaction and to achieve
a natural fit with the work environment (Murray, 2022, p. 119; Handayani & Nabhan, 2025, p. 15).

Employee Performance: Employee performance is an outcome showing the extent to which an
individual successfully and with the desired quality fulfills their assigned duties and responsibilities
in line with the organization's goals (Deb et al., 2023, p. 630). In the service sector, performance
encompasses not only technical skills but also the quality of service provided to the customer, extra-
role behaviors, and productivity (Kenar & Yesiltas, 2024, p. 237).

Conceptual Framework and Hypotheses

Shaped on the basis of the Job Demands-Resources Model and Social Exchange Theory, this study
examines the multidimensional effect of workload on employee performance. Although the literature
indicates that work overload directly leads to performance losses (Mony & Priyastiwi, 2025, p. 106),
it also emphasizes that this relationship is indirectly shaped through the employee's job satisfaction
and service orientation (Sadiq et al., 2022, p. 51; Johan & Satrya, 2023, p. 545).
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In line with this theoretical network of relationships, the following hypotheses have been developed:

H1: Work overload has a significant and negative effect on service orientation.

H2: Work overload has a significant and negative effect on employee performance.

H3: Work overload has a significant and negative effect on job satisfaction.

H4: Service orientation has a significant and positive effect on employee performance.

HS5: Service orientation has a significant and positive effect on job satisfaction.

H6: Employee performance has a significant and positive effect on job satisfaction.

H7: Service orientation has a full mediation role in the effect of work overload on employee
performance.

Service
Orientation

Work H2 Employee

Overload HS Performance

H6
e /
3

Job
Satisfaction

Figure 1
Conceptual framework

Source. Authors' own creation.

Methods

Research Locale

This research was conducted in 4- and 5-star hotel enterprises operating in the Antalya region, which
is considered the tourism capital of Turkey and where labor-intensive service dynamics are
experienced at the highest level. Particularly, 4- and 5-star hotels are considered the most suitable
study areas in the context of multivariate organizational behavior research, such as employee
performance and service orientation, due to their corporate management structures and higher
capacities to adopt service-oriented human resource practices (Kenar & Yesiltas, 2024, p. 238).

Research Design

In this study, a quantitative and explanatory research design was adopted to test the multidimensional
causal relationships among workload, job satisfaction, service orientation, and employee
performance. The "cross-sectional survey" method was preferred because it reflects the state of
phenomena within a specific timeframe and allows for the collection of statistically generalizable
data from large populations (Mishra et al., 2023, p. 31).

Nature of the Data and Sampling Design

The primary data of the research were collected through questionnaires consisting of structured and
closed-ended questions. The data collection process was carried out during the summer period of
2025, when tourism activities and consequently the workload of employees are at their peak.
Considering the busyness of the participants during working hours, the drop-and-collect technique
was used to maximize the response rate and avoid creating time pressure while answering the

211



Elmi Is/20(5), 2026
Scientific Work / 20(5), 2026

questionnaires. This self-administered method minimizes possible response biases by allowing
respondents to express themselves away from external pressures (Mishra et al., 2023, p. 31).

In sample selection, the convenience sampling method was used to reach frontline employees who
are in direct face-to-face interaction with customers, in accordance with the main problem of the
research. After excluding incomplete or incorrectly filled questionnaires from those distributed via
the drop-and-collect technique, a total of 493 valid questionnaires were obtained. In the literature, it
is emphasized that a sample size between 200 and 400 is ideal for robust analysis in order to ensure
statistical power and convergence in models using Structural Equation Modeling (Deb et al., 2023, p.
630). The sample size of 493 reached in the study more than meets these methodological
requirements.

Research Instruments

The measurement tools used in the research were adapted from empirical studies whose validity and
reliability had been previously proven in the international literature. All statements in the
questionnaire (four scales) were measured using a 5-point Likert scale ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree).

1. Service Orientation: A 5-item scale adapted from the study by Susskind et al. (2003) was preferred
to measure employees' tendencies to meet customer needs and their customer orientation.

2. Employee Performance: A 5-item performance scale based on the study by Wong et al. (2021)
was used to evaluate employees' task success, productivity, and extra-role behaviors within the hotel.
3. Job Satisfaction: A 4-item job satisfaction scale, also used by Wong et al. (2021), was utilized to
measure the internal fulfillment and happiness employees feel from their current duties and working
conditions.

4. Workload: A 4-item scale used by Karatepe (2013) was preferred to measure the task demands
exceeding employees' capacities and the time pressure (perceived work overload) on them (However,
during construct validity analyses, one item with a low factor loading was excluded from the model,
and the analyses were continued with 3 items).

In order to reduce the risk of Common Method Bias, which is frequently encountered in self-report
survey applications, it was explicitly stated to the participants at the beginning of the questionnaire
form that the data obtained would be used solely for scientific research purposes, and the names of
individuals and institutions would strictly not be shared with third parties (Sadiq et al., 2022, p. 52).

Data Analysis And Results

Demographic Profile

The demographic characteristics of the 493 hotel employees participating in the research are
summarized in Table 1. According to the descriptive statistical data obtained, the vast majority of the
participants are male (71.60%) and single (68.76%). When the age distribution is examined, the
largest group consists of young adults in the 20-29 age range (46.45%), followed by the 30-39 age
group (22.11%). Regarding the departments where the participants work, employees in the food and
beverage (F&B) department, where direct customer contact is most intense, have the highest share in
the sample (72.62%), followed by front office employees (22.72%).

In terms of industry experience, the participants show a relatively balanced distribution. The most
concentrated group is those with 5-10 years of experience (25.35%), followed by those with 10-15
years (24.14%), less than 1 year (22.92%), and 1-5 years (21.50%). This situation indicates that the
personnel participating in the research consist of both a dynamic group newly entering the sector and
a competent group with significant sectoral experience.
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Table 1
Demographic profile of respondents
Category Label Frequency Percentage (%)
Male 353 71.60
Gender
Female 140 28.40
Under 20 59 11.97
20-29 229 46.45
Age 30-39 109 22.11
40-49 74 15.01
50 and above 22 4.46
Single 339 68.76
Marital Status
Married 154 31.24
Food and Beverage 358 72.62
Department Front Office 112 22.72
Management 23 4.67
<1 year 113 22.92
1-5 years 106 21.50
5-10 years 125 25.35
Experience
10—-15 years 119 24.14
15-20 years 11 2.23
20+ years 19 3.85
Total Total 493 100.0

Source. Authors' own creation.

Central Tendency Measurement of Constructs

The lowest and highest mean and standard deviation values belonging to each variable (construct) are
shown in Table 2. The item means of all constructs in the research range from 3.34 to 4.54. This
situation indicates that the participants generally preferred to respond to the statements at the "agree"
level. In addition, the standard deviation values of the responses given to the items range between
0.733 and 1.349.
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Table 2
Central tendencies' measurement
Constructs Lowest Mean Highest Mean  Lowest SD Highest SD
1. Workload 3.34 3.35 1.283 1.349
2. Job Satisfaction 4.08 4.34 0.854 0.946
3. Service Orientation 4.28 4.54 0.808 0.923
4. Employee Performance 4.42 4.54 0.733 0.781

Source. Authors' own creation.
Measurement Model Evaluation

Reliability Analysis

To test the internal consistency and convergent validity of the constructs in the research model,
reliability and confirmatory factor analyses were conducted. In the literature, it is emphasized that for
scales to be considered to have a high level of internal consistency, Cronbach's Alpha and Composite
Reliability (CR) values must be above the 0.70 threshold; and to prove that convergent validity is
achieved, Average Variance Extracted (AVE) values must generally exceed the 0.50 threshold.

The analysis results regarding the measurement model are summarized in Table 3. According to the
findings obtained, Cronbach's Alpha values of all variables in the model ranged from 0.778 to 0.888,
and Composite Reliability (CR) values ranged from 0.780 to 0.889. Both reliability values were well
above the acceptable limit of 0.70, proving that the scales have strong internal consistency. In the
context of convergent validity; the AVE values of the workload, service orientation, and employee
performance variables successfully exceeded the 0.50 threshold (ranging from 0.567 to 0.661). The
AVE value of the job satisfaction variable was 0.470, just below the limit. However, in the structural
equation literature, it is accepted that convergent validity is confirmed in cases where the Average
Variance Extracted (AVE) is not significantly lower than 0.50 and the factor loadings belonging to
the relevant construct are sufficient. As a matter of fact, the fact that the Composite Reliability (CR)
value of the job satisfaction variable is at a very strong level such as 0.780 supports that the internal
consistency and validity of this dimension are ensured. As a result, it was determined that the
measurement tools in the research model are highly reliable and valid.

Table 3
Reliability and convergent validity

Cronbach's Composite Reliability

Construct Items Alpha (CR) AVE
Service Orientation 5 0.888 0.889 0.617
Pgrrtr"l(f)rlr?qulie 5 0.862 0.866 0.567
Job Satisfaction 4 0.778 0.780 0.470
Workload 3 0.833 0.852 0.661

Note. AVE = Average Variance Extracted; CR = Composite Reliability.

Source. Authors' own creation.
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Confirmatory Factor Analysis

To test the construct validity of the scales used in the research, a Confirmatory Factor Analysis (CFA)
was performed using the LISREL 8.80 program. During the analysis process, one item with a low
factor loading (AIY1) was removed from the model, thereby increasing the goodness of fit of the
model. The goodness of fit indices of the measurement model consisting of four latent variables
(service orientation, employee performance, job satisfaction, and work overload) and 17 observed
variables were examined. According to the CFA findings, the goodness of fit values of the
measurement model are as follows: x> =265.08, df =113, y*/df =2.34, RMSEA = 0.052, CFI = 0.99,
NFI=0.97, NNFI = 0.98, IFI = 0.99, GFI1 = 0.94, AGFI = 0.92, and SRMR = 0.036. In the literature,
a y?/df ratio below 3, an RMSEA value below 0.08, and indices such as CFI, NFI, NNFI, and GFI
exceeding the 0.90 threshold are considered indicators that the model fits the data perfectly (Deb et
al., 2023, p. 630). These values obtained prove that the established measurement model is highly
compatible with the empirical data. As seen in Table 4, the standardized factor loadings of all items
in the measurement model range from 0.65 to 0.92, and all t-values (between 11.65 and 23.45) are
statistically significant at the 0.001 significance level. These results confirm convergent validity,
showing that the survey items measure the variables they are related to in a strong and valid way.

Table 4
Confirmatory factor analysis results
Construct Items Standardized Factor Loading t-value
HVY1 0.81 21.22
HVY2 0.84 2243
Service Orientation HVY3 0.71 17.50
HVY4 0.76 19.34
HVYS5 0.80 20.97
IP1 0.79 20.29
P2 0.71 17.37
Employee Performance IP3 0.83 21.93
P4 0.77 19.78
IP5 0.65 15.70
IM1 0.69 15.74
IM2 0.65 14.58
Job Satisfaction
IM3 0.72 16.49
IM4 0.68 1541
AIY2 0.67 15.84
Workload AIY3 0.92 2345
AlY4 0.83 20.76

Note. All t-values are significant at p < 0.001. Model Fit Indices: ¥*/df = 2.34; RMSEA =
0.052; CFI = 0.99; NFI = 0.97; NNFI = 0.98; IFI = 0.99; GFI = 0.94; AGFI = 0.92; SRMR =
0.036.

Source. Authors' own creation.
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Figure 2
Confirmatory factor analysis model

Source. Authors' own creation.

Discriminant Validity

As the final stage in the evaluation of the measurement model, discriminant validity, which shows
how empirically distinct the constructs are from each other, was tested. In the literature, discriminant
validity is used to evaluate how different and unique a variable in the model is from other variables.
In this research, whether discriminant validity was achieved or not was examined with the Fornell-
Larcker criterion, one of the most widely accepted methods in the literature. According to the Fornell
and Larcker (1981) rule, to ensure this validity, the square root of the Average Variance Extracted
(AVE) value of each latent variable must be higher than the correlation coefficients of that variable
with all other variables. When the diagonal values highlighted in bold in Table 5 are examined, it is
clearly seen that these values (0.818,0.775, 0.833, and 0.805) are higher than all other inter-construct
correlation values in their respective rows and columns. Even the correlation between employee
performance and service orientation (0.761), which shows the closest relationship to each other, was
found to remain below the diagonal values of the relevant constructs (0.805 and 0.833). These results
prove that the concepts in the research model are not confused with each other, each variable measures
a unique construct within itself, and the discriminant validity condition is successfully met.
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Table 5
Discriminant validity results
. . Service Employee
Workload Job Satisfaction . .
Orientation Performance

Workload 0.818 - - -

Job Satisfaction -0.128 0.775 - -

Service Orientation 0.059 0.446 0.833 -

Employee Performance 0.060 0.563 0.761 0.805

Note. Bold diagonal values represent the square root of AVE.

Source. Authors' own creation.

Structural Model and Hypothesis Testing

After the measurement model met the reliability and validity conditions, the structural model
evaluation was initiated to test the direct and indirect (mediating) causal relationships in the
conceptual model. In structural equation modeling (SEM), the explanatory power R? (Explained
Variance) values of the model, the direction of the established hypotheses, and their statistical
significance (standardized [ coefficients and t-values) are examined.

When the goodness of fit indices obtained as a result of the structural model analysis performed via
LISREL are examined (x> = 265.08, df = 113, y?/df = 2.34, RMSEA = 0.052, CF1 =0.99, NF1 = 0.97,
IFI=0.99, GFI = 0.94), it is seen that the model is in perfect harmony with the empirical data. When
the R? values indicating the predictive power of the model are evaluated; it was determined that the
established model strongly explains 75% (R? = 0.75) of the variance in employee performance and
47% (R*=0.47) of the variance in job satisfaction.

According to the results of the direct effect hypothesis tests presented in Table 6; it was confirmed
that work overload has a significant and negative effect on job satisfaction in accordance with
expectations in the literature (p = -0.14, t = -2.99), thus H3 is accepted. When other strong
relationships in the model are examined; it was proven that service orientation affects employee
performance very strongly and positively (B = 0.86,t=11.94), and increased employee performance
also positively increases job satisfaction (B = 0.80, t = 5.85), thus H4 and H6 are accepted.

On the other hand, it was determined that work overload has a significant positive effect on service
orientation (f = 0.12, t = 2.38), contrary to the general expectation (negative effect) in the literature,
and therefore H1 is rejected (The theoretical justifications for this specific situation will be discussed
in the context of "challenge stressors" in the discussion section). Furthermore, the direct effect of
work overload on employee performance (B = 0.02, t = 0.66) and the direct effect of service
orientation on job satisfaction (B = -0.14, t =-1.12) were not found to be statistically significant, and
therefore H2 and HS5 are also rejected.

When the mediation hypothesis of the research is examined; the mediating role of service orientation
in the relationship between work overload and employee performance (H7) was evaluated. According
to the analysis results; it was observed that work overload significantly affects service orientation (3
=0.12) and service orientation directly increases performance (3 = 0.86). In contrast, the direct effect
of work overload on performance is statistically insignificant (t = 0.66). According to the structural
equation literature, this statistical table, which shows that the effect of the independent variable on
the dependent variable occurs entirely through the mediator variable, proves the "full mediation"
effect. Therefore, H7 is supported and accepted.
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Table 6
Hypothesis testing results
H Path Std. B t-value Expected Direction  Decision
HI Workload — Service 0.12 2.38 Negative Rejected
Orientation
H2 Workload — Employee 0.02 0.66 Negative Rejected
Performance
H3 Workload — Job Satisfaction -0.14 -2.99 Negative Accepted
H4 Service Orientation — 0.86 11.94 Positive Accepted
Employee Performance
H5 Service Or'lentat} on — Job -0.14 -1.12 Positive Rejected
Satisfaction
H6 Employee Pe.rforn?ance — Job 0.80 5.85 Positive Accepted
Satisfaction
Workload — Service Full
H7 Orientation — Employee Indirect -y Mediation Accepted
Mediation

Performance

Note. Std. B = Standardized Beta Coefficient. R*? (Employee Performance) = 0.75; R? (Job

Satisfaction) = 0.47. Model Fit: y*/df = 2.34; RMSEA = 0.052; CFI1 = 0.99; GFI = 0.94.

Source. Authors' own creation.
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Structural equation model
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Anil Kale & Kurshad Sayin

Discussion and Conclusion

The primary purpose of this study was to examine the relationships between workload, service
orientation, employee performance and job satisfaction among frontline employees in the hospitality
sector using Structural Equation Modeling (SEM). While the analysis results largely support the
conceptual model of the research, they offer vital theoretical contributions to the hospitality marketing
and organizational behavior literature that challenge conventional wisdom.

When the direct effect hypotheses of the research are examined, the results indicate that work
overload negatively and significantly affects job satisfaction (H3 Accepted). This finding is consistent
with recent studies (Johan & Satrya, 2023, p. 545; Mony & Priyastiwi, 2025, p. 106) asserting that
increasing job demands and workload reduce the intrinsic fulfillment of employees. On the other
hand, the strongest relationship in the model was found between service orientation and employee
performance (H4 Accepted). The fact that employees who enjoy service delivery and prioritize
customer needs have much higher performance levels is consistent with the core assumptions of the
service orientation literature (Donavan et al., 2004, p. 128; Alagoz, 2023, p. 78). It was also observed
that increased employee performance positively fosters job satisfaction (H6 Accepted). Contrary to
HS5, service orientation did not have a statistically significant effect on job satisfaction. One possible
explanation is that job satisfaction in the hospitality industry is shaped more strongly by
organizational factors such as compensation, working conditions, managerial support and career
opportunities than by employees’ customer-oriented tendencies. Therefore, although service-oriented
employees may exhibit higher performance levels, this orientation alone may not be sufficient to
increase job satisfaction.

However, one of the most noteworthy findings of the study concerns the effect of work overload on
service orientation. The traditional expectation in the literature (the H1 hypothesis that workload
would damage service orientation) was rejected in this study as the relationship was significant and
in the opposite direction (positive). In other words, it was found that as the workload of hotel
employees in the Antalya region increased, their service orientation also increased. Although this
finding may appear counterintuitive at first glance, is explained by the concepts of "Activation
Theory" and "Challenge Stressors" emphasized by Haldorai et al. (2022). Hospitality employees do
not perceive heavy workload as a hindrance to their performance; on the contrary, they see it as a
goal and a challenge where they can demonstrate their professional competence, which allows them
to reach an optimum level of arousal and focus more on customer service. These findings are
consistent with the mediation hypothesis of the study (H7 Accepted). No direct negative effect of
work overload on employee performance was found (H2 Rejected). Workload converts into
performance only when it triggers the employee's "service orientation". This "full mediation" finding
offers a unique mechanism explaining how stressors may translate into performance through positive
attitudes (service orientation), moving beyond simple linear models (Alagdz, 2023, p. 78).

Theoretical Implications

This study provides theoretical contributions to both the Job Demands-Resources Model and Social
Exchange Theory. First, the study demonstrates that work overload, which is usually coded as a
"destructive" element in traditional literature, does not always result in performance decline in
service-oriented sectors. Second, the findings suggest that "service orientation" is more than just a
personality trait or recruitment criterion (Kusluvan & Eren, 2011, p. 139); it may function as a
psychological buffer (full mediator) that helps maintain employee performance during periods of high
workload and work intensity (peak seasons). In addition, the study contributes to the hospitality
literature by demonstrating that service orientation functions not only as an employee characteristic
but also as a mechanism through which job demands may be translated into positive performance
outcomes. The findings indicate that service orientation helps employees maintain high performance
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levels even under demanding work conditions. This contribution expands previous studies that
primarily examined service orientation as a direct antecedent of employee performance.

Managerial Implications
In the tourism industry, it is almost impossible to avoid work overload, especially during high
seasons. Based on this reality, the findings provide important practical strategies for hotel managers:

Human Resources and Recruitment: Instead of trying to eliminate the workload entirely, businesses
may benefit from focusing on hiring individuals with high "service orientation" (those who enjoy
helping customers and are empathetic) who do not compromise on service quality under high
intensity.

Training and Development: To improve the service orientation of existing employees, hotel
management may provide psychological support and organize training (service culture) programs
where employees perceive the workload not as a "threat" but as a professional "challenge" (Haldorai
etal., 2022).

Limitations and Future Research

In addition to its contributions to the literature and the sector, this study has some limitations. First,
the data were collected through a cross-sectional survey design and only from 4- and 5-star hotels
operating in the Antalya region. It is suggested that future research should use longitudinal designs
and include different destinations and alternative service sectors (e.g., restaurants, airlines) to increase
the generalizability of the findings. Second, all variables in this research are based on the self-reports
of the employees. In future studies, designing models where "employee performance" and "service
orientation" are evaluated by supervisors or customers (multi-source) will further reduce possible
common method biases (Podsakoff et al., 2003, p. 879).
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Development Prospects of Azerbaijan as a
Regional Logistics Center

Kamran Shirinzade

Abstract. The purpose of this study is to examine the readiness of Azerbaijan's logistics infrastructure
for the Silk Road project, compare its competitiveness with alternative routes in terms of cost and
delivery time, and identify the steps required to provide competitive services. The study makes
extensive use of research conducted by international financial institutions, such as the World Bank,
the Asian Development Bank, and the European Bank for Reconstruction and Development, as well
as information published by the State Statistics Committee, the Baku International Trade Port, and
Azerbaijan Railways CJSC. The first section provides an overview of the transport corridors
proposed under the Silk Road project, particularly the East—West Transport Corridor passing through
Azerbaijan, and examines the trade, logistics, and economic opportunities created by the project, as
well as the role of logistics quality in increasing GDP and improving welfare. The second section
discusses the initiatives and infrastructure implemented by Azerbaijan within the framework of the
Silk Road project, including the Baku—Tbilisi—Kars Railway and the Baku International Trade Port.
The third section compares the objectives set out in the 2016 Strategic Road Map for the Development
of Logistics and Trade with the current statistical situation.
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Azdrbaycanin regional logistika morkazi Kimi
inkisaf perspektivlori

Kamran Sirinzados

Xiilasa. Bu tadgiqatin magsadi Azorbaycanmmn logistika infrastrukturunun "Ipak Yolu" layihasina
hazirligini arasdirmaq, onun raqabat qabiliyyatini giymat va c¢atdirilma miiddati baximindan
alternativ marsrutlarla miiqayisa etmak va raqgabatqabiliyyatli xidmatlor gostormak tigiin talob olunan
addimlar: miiayyan etmakdir. Todgiqatda Diinya Banki, Asiya Inkisaf Banki va Avropa Yenidonqurma
va Inkisaf Banki kimi beynalxalg maliyya qurumlar: tarafindan aparilmis tadgiqatlardan, eloca do
Dovlat Statistika Komitasi, Baki Beynalxalq Ticarat Limani va "Azarbaycan Damir Yollar:” QSC
tarafindan darc olunmus malumatlardan genis istifads edilmisdir. Birinci bélmada "Ipak Yolu" layihasi
car¢ivasinda toklif olunan naqliyyat dahlizlori, xiisuson da Azorbaycandan ke¢on Sarg—Qorb naqliyyat
dahlizi haqqinda malumat verilir, layihanin yaratdigi ticarat, logistika va iqtisadi imkanlar, elaca da
logistika keyfiyyatinin UDM-in va rifalin artirilmasindaki rolu arasduil:  Ikinci bolmada
Azarbaycanin "Ipak Yolu" layihasi ¢orgivasinda hayata kecirdiyi tasabbiislor va infrastruktur, o
ciimladan Baki—Tbilisi—Qars domir yolu va Baki Beynalxalg Ticarat Limani miizakira olunur.
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Uciincii bélmada logistika infrastrukturunun inkisafi iiciin 2016-c1 il Strateji Yol Xoritasinda miiayyan
edilmis magsadlor mévcud statistik vaziyyatlo miiqayisa edilir.
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Introduction

The quality of logistics infrastructure plays an important role in the economic development of any
country. However, if a given country claims to be a transit country, a transport hub between the
countries of the region to which it belongs, or between different states or regions in ensuring global
trade, the importance of logistics infrastructure increases even more. Logistics is a network of services
that ensure the uninterrupted physical flow of products from the manufacturer to the end consumer in
intercountry and domestic trade. This includes transportation, warehousing, storage, terminal services
(mainly activities at airports and seaports), express delivery, customs brokerage services, the use of a
combination of several types of transportation (for example, sea-air, sea-rail), information
management, etc.

Taking into account the above, the logistics performance of a country is the key to its productivity
and a very important factor in attracting foreign investments. Poor-quality logistics services increase
trade costs, especially for developing countries, and reduce the potential for international and
domestic market integration. A low-income country can increase its trade turnover by 15% or more
if it improves its logistics performance to that of a middle-income country (World Bank, 2019). At
the same time, better logistics services mean greater market access and trade development. A one-day
delay at border crossings means a 1% reduction in trade (World Bank, n.d.). In many countries,
logistics service costs affect trade costs more than tariffs and customs duties. A 10% reduction in
logistics costs means a 25% increase in trade (Qureshi, 2011). Landlocked countries have transport
costs that are 50% higher than those of coastal countries. According to a study by the United Nations
Conference on Trade and Development (UNCTAD, 2010), landlocked developing countries incur
twice as much transport costs in foreign trade as countries with sea access in the same income group
and three times as much as developed countries.

Over the past 15 years, the increase in global initiatives related to the restoration of the ancient trade
route connecting Europe and Asia—the Silk Road—has significantly increased international interest
in Azerbaijan as a transit country. Taking this interest into account, Azerbaijan has begun to
implement numerous projects aimed at developing its logistics capabilities and forming the necessary
infrastructure in this area. The construction of a new port on the Caspian Sea, participation in the
construction of the Baku—Tbilisi—Kars railway, and the construction of a high-speed highway to the
Georgian border are among these initiatives. Undoubtedly, infrastructure is not limited only to the
construction of roads and ports; the condition of customs clearance points, storage warehouses,
customs procedures, and the legal regulation of transit fees are also decisive factors.

Based on the above-mentioned problems, the study identifies the steps considered appropriate to
increase Azerbaijan's attractiveness as a transit country within the framework of the Silk Road route.
China, which has one of the world's largest economies and has been among the fastest-growing
economies for many years, introduced the Belt and Road Initiative in 2013 to improve and develop
intercontinental connections. This initiative consists of two directions: the Land Silk Road and the
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New Maritime Silk Road. The land route connects China with Central and South Asia and Europe.
The maritime route connects China with Southeast Asia, the Gulf countries, East and North Africa,
as well as Europe.

The Land Belt project has six directions: I. China—Mongolia—Russia Corridor; II. New Eurasian Land
Corridor; III. China—Central Asia—West Asia Economic Corridor; IV. China—Indochina Peninsula
Corridor; V. China—Pakistan Corridor; VI. Bangladesh—China—India—Myanmar Corridor.

Before maritime transportation of goods from China to Europe became dominant, the Silk Road,
which passed through Central Asia, the Caspian Sea, and the South Caucasus, developed trade
relations among the countries located along the route and enabled them to export their products to
new markets. Following the redevelopment of southwestern China, the expansion of trade relations,
the increase in trade volume, and the renewed geopolitical interest in the Silk Road, the countries
located on the proposed corridor have sought to participate actively in this project. It is estimated that
the cost of transport projects in the 71 countries located along the corridors (excluding China) will
amount to 144-304 billion US dollars. According to World Bank estimates, there are 71 countries,
including China, on all routes, and if this initiative is implemented effectively, trade in transit
countries is expected to increase by 2.8-9.7%, while foreign direct investment in low-income
countries is expected to increase by 7.6%. According to estimates, due to the low quality of
infrastructure, the absence or ineffective functioning of interstate customs and trade agreements, and
the excessive time spent at border crossings, these countries lose 30% of their potential trade volume
and 70% of their potential foreign direct investment (Djankov et al., 2006).

Azerbaijan is located on the China—Central Asia—West Asia (hereinafter East—West) corridor in this
project. In the past few years, it has begun to participate in a number of investment projects,
intergovernmental agreements, and associations in order to become an active participant in the
project. According to the World Bank, the volume of foreign direct investment in Azerbaijan for 2019
was worth 1.5 billion US dollars (Baniya et al., 2019, p. 131). According to the Bank's research, if
the East—West corridor, where Azerbaijan is located, is actively used in the project, then it may have
the opportunity to increase the volume of foreign investment attracted to the country, develop trade
and transport relations with countries located along the corridor, improve the quality of logistics
infrastructure, and directly and indirectly develop other sectors of the economy. However, for this,
the country must have a high-quality logistics infrastructure. According to World Bank research,
saving one day in trade between countries located on the Silk Road corridor means an average
increase in exports of 5.2 percent. Also, the short-term delivery of goods during trade is especially
important for perishable products.

The presence of inter-country trade agreements, reducing the time spent at border crossings, and the
country's improved transport infrastructure mean a further reduction in the time spent during trade
and increased access to new markets. In general, as a result of the improvement of the infrastructure
of the countries along this corridor, reconstruction, signing of interstate trade agreements, laws on
reducing the time spent at border crossings and tariffs, the development of trade will be most
pronounced in the countries of Central and West Asia. It is estimated that due to the improvement of
the level of infrastructure, there will be a 7.3% increase in trade and a 16.6% decrease in the time
spent at border crossings. According to calculations, as a result of the development of infrastructure
alone, trade in Azerbaijan is projected to increase by 6—8%, and the time spent at border crossings is
projected to decrease by 16—18%. In general, Azerbaijan's opportunities for trade and access to new
markets are expected to increase by 5—6%. This indicator is projected to be 9-10% for Kazakhstan,
8-9% for Turkmenistan, 3—4% for Georgia, and 20-25% for Tiirkiye.

To assess the potential benefits of Azerbaijan's location on this corridor, it is also necessary to look at
the volume of trade flows between the countries located on the Trans-Caspian route (Russia, Tiirkiye,
Azerbaijan, Georgia, Iran, Kazakhstan) and major economies such as China and India.
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Results and Discussion

Assessment of the possible overall economic impacts of improving the quality of logistics on
Azerbaijan is vital.

Table 1
Assessment of overall economic impacts

Country / Region Projected Economic Impacts

Central and West Asia 7.3% increase in trade; 16.6% decrease in
time spent at border crossings

Azerbaijan 6-8% increase in trade; 16-18% decrease in
time spent at border crossings; 5-6% increase
in opportunities for trade and access to new
markets

Kazakhstan 9-10% increase in opportunities for trade and
access to new markets

Turkmenistan 8-9% increase in opportunities for trade and
access to new markets

Georgia 3-4% increase in opportunities for trade and
access to new markets

Tiirkiye 20-25% increase in opportunities for trade
and access to new markets

Regulating indicators of economic substance Infrastructure, tariff reduction, extension of time
spent at the border  Infrastructure, reducing time spent at the border  Infrastructure
Infrastructure, tariff reduction, reduction of time spent at the border Infrastructure,

extension of time spent at the border Infrastructure Upper point Lower dam

GDP 21.10 17.07 6.01 18.27 14.22 5.16
Well-being level 1.94 -129 -406 0.85 -233 -4.13

As can be seen from the table, three factors - improving infrastructure, reducing tar-iffs and time spent
at border crossings - together play a decisive role in increasing the country's GDP and welfare. In
order to make its activities to increase its logistics capabilities within the frame-work of the new "Silk
Road" project more systematic and complex, Azerbaijan ap-proved the "Vision for the Future: 2020
Concept" in 2012 and the "Strategic Road Map for the Development of Logistics and Trade" in 2016.
These documents provide for the implementation of a number of measures and plans to improve the
logistics infrastructure. The development of the country's non-oil sector, improvement of the logistics,
transport and trade infrastructure covering the period up to 2025 and be-yond, Azerbaijan becoming
a regional transit center, launching the Alat port, estab-lishing a special economic zone, completing
the railway projects on the Baku-Tbilisi-Kars and North-South transport corridors, improving
logistics services, and establish-ing logistics centers in Baku and the regions were identified as the
main priorities of the Strategic Roadmap. Because it is clear to the government that delivering manu-
factured products to new markets faster and cheaper is impossible without taking a number of steps.
This includes broad areas such as improving transport infrastruc-ture, providing for incentive
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mechanisms in legislation (tax, customs), electroniciza-tion of processes at border crossing points,
signing free trade agreements with other countries and organizations, establishing special economic
zones, increasing the productivity of state-owned companies operating in the logistics sector, or
entrusting many services to private companies (Qureshi, 2011, p. 17).

In order to make wider and more efficient use of the country's potential in the field of transit
transportation, the Transit Cargo Coordination Council was established by Decree No. 655 of the
President of the Republic of Azerbaijan dated October 25, 2015. The main task of the Council is to
determine uniform principles and conditions of transportation, optimize tariffs, coordinate the
activities of carriers and state bod-ies, ensure transparency, facilitate and improve transit procedures,
reduce their num-ber and duration, implement a fully favorable system in the field of transit cargo
transportation, expand cooperation between the countries where cargo is transported and relevant
agencies, and implement transport corridors passing through the coun-try.

But undoubtedly, the real practical activity of the Azerbaijani government in strengthening its
logistics potential as a transit country dates back to the years before the adoption of the
aforementioned documents or the establishment of the afore-mentioned Council. In this regard, it is
important to consider the steps it has taken in the last 20 years to take an active role in the “Silk Road”
project, as well as to be-come a regional transit center, in terms of infrastructure, customs and border
crossing points, and cooperation with other states. Along with the One Belt, One Road project
proposed by China, the TRACECA project proposed by the European Union, which integrates the
production, trade, and transport networks of Eurasia, the Asian Development Bank’s Central Asia
Regional Economic Cooperation Program (CAREC), the Eurasian Economic Union (EAEU), the
New Silk Road of the United States, and the Middle Corridor of Tiirkiye each offer different programs
for countries and regions.

In 1993, Azerbaijan became a member of the “Europe-Caucasus-Asia-Transcaucasia” Transport
Corridor (TRACECA) at the initiative of the European Union. According to the signed document, it
was decided to restore the ancient East-West Silk Road, reconstruct and develop the transport and
communication infra-structure. Along with Azerbaijan, Armenia, Georgia, Kazakhstan, Kyrgyzstan,
Tajiki-stan, Turkmenistan, Uzbekistan, Ukraine, Moldova, Mongolia, Bulgaria, Romania and Tiirkiye
also joined this initiative. That is, before the project proposed by China in 2013, an agreement had
already been signed and an institution had been estab-lished between the countries located on the
aforementioned corridor for the revival of the ancient Silk Road.

The CAREC program, founded in 2001, covers 11 countries: Azerbaijan, Afghani-stan, China,
Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan and Uzbekistan, Paki-stan and Turkmenistan, and
Georgia. This program is supported by 6 multilateral financial institutions (Asian Development Bank,
European Bank for Reconstruction and Development, International Monetary Fund, Islamic
Development Bank, United Nations Development Program and World Bank). CAREC program aims
to facilitate transport, trade relations, develop cooperation in foreign trade and energy sectors.

The Middle Corridor project proposed by Tiirkiye is similar to TRACECA, an initi-ative of the
European Union, and connects Tiirkiye with China through Georgia, Azerbaijan and Central Asia. On
the basis of this project, in 2008, the Caravanserai Project was signed between the customs authorities
of Tiirkiye, Azerbaijan, Georgia, Kazakhstan and Kyrgyzstan to reduce the time spent at border
crossings, reduce customs procedures and adapt to unified procedures.

In 2016, the railway and port authorities of Azerbaijan, Kazakhstan and Georgia signed an agreement

on the development of the Trans-Caspian International Transport Route Association. The main goal
of the association is to coordinate freight transport along the Trans-Caspian corridor. The approval of
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a number of bilateral and multilateral cooperation schemes to achieve efficiency in tariff policy,
reduce barriers and administrative costs at customs and border crossings was among the measures
planned at that time. The map prepared for the implementation of the agreement shows the Trans-
Caspian International Transport Route, starting from Southeast Asia and China, stretching to
Kazakhstan, the Caspian Sea, Azerbaijan, Georgia, Tiirkiye and then to European countries. The
Trans-Caspian International Transport Route is in line with the EU's TRACECA and Tiirkiye 's vision
of the Mid-dle Corridor to connect China to Europe. The trade route includes highways and rail-ways
from China to the western part of Kazakhstan, then by ship across the Caspian Sea to Azerbaijan,
then to Georgia, Tiirkiye and Europe. This line allows for the effi-cient use of the ports of Baku, Aktau
and Turkmenbashi for maritime transport and connects them with intermodal transport. The Trans-
Caspian International Transport Route (TITR) is designed to deliver goods from China to Europe and
vice versa through the territories of Kazakhstan, Azerbaijan and Georgia, as well as Tiirkiye. The
management and development of the route is supported by a consortium creat-ed by the participating
countries: China Railway (China), KTZ Express (Kazakhstan), Azerbaijan Caspian Shipping
Company, ADY Express (Azerbaijan Railways) and Trans Caucasus Terminals (Georgia). In addition,
Azerbaijan, Kazakhstan, Georgia and Ukraine have introduced competitive entry tariffs for cargo
transportation on the route since June 1, 2016. In 2017, a memorandum of cooperation was signed
with the China Association of Communications and Transport at a meeting attended by members of
the International TITR Association, Kazakhstan, China, Ukraine, Po-land, Tiirkiye, Azerbaijan, 80
representatives of railway administrations, port, ship-ping and logistics companies.

On November 21, 2017, within the framework of the European Union countries and the Eastern
Partnership program, Azerbaijan, Armenia, Belarus, Georgia, Moldo-va and Ukraine joined the
investment action plan for the expansion of the Trans-European Transport Network (TEN-T). The
main objective of this investment action plan, organized with the support of the World Bank, is to
assist decision-makers in determining strategic investment priorities in transport infrastructure. This
investment plan, which is expected to be completed by 2030 and has a budget of 12.8 billion, aims to
implement projects to improve the roads, railways and ports, aviation, logis-tics and smart transport
systems of the Eastern Partnership countries. Within the framework of this project, projects worth
360 million euros were prepared for the establishment of five logistics centers in Azerbaijan
(Khachmaz, Astara, Ganja, Na-khchivan, Tovuz), 410 million euros for the establishment of the Alat
Azad Econom-ic and Logistics Zone, and 328 million euros for the signaling, telecommunications
and electrification of the East-West railway. The total amount of investment allocat-ed for this project
in Azerbaijan is 2.078 billion euros, including 613 million euros for highway infrastructure (2
projects, 613 km), 663 million euros for railway infrastruc-ture (2 projects), and 802 million euros
for logistics centers6 (de Soyres, 2019, p. 69).

Back in 2001, an amendment was made to the tax legislation, which provided for the inclusion of
zero-interest value-added tax on all international and transit cargo and passenger transportation, with
the exception of international postal services, as well as cargo handling services directly related to
transit cargo transportation, and operations directly related to international and transit flights, during
the provision of services.

At the next stage, the work became more extensive and intensive. Undoubtedly, the construction of
the new Baku-Thbilisi-Kars railway line has a special place in this direction. The Strategic Roadmap
for the development of logistics infrastructure, adopted in 2016, aimed to increase Azerbaijan's real
GDP by 605 million manats (400 million manats directly and 205 million manats indirectly) by 2025,
and create 18.9 thou-sand new jobs. However, in the transport sector, the number of employees
increased by 3,500 during the period 2015-2019, which is 32.11 percent of the target figure for the
transport sector.
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In addition, the Map aimed to increase Azerbaijan's transit trade volume in the region and achieve a
corresponding share in the following indicators:

* 40 percent on the Central Asia and Black Sea route;

* 25 percent on the Central Asia and Europe route;

* 3 percent on the China and Europe route;

* 40 percent on the Russia and Iran route;

» 25 percent on the Iran and Black Sea route.

In the five years since the adoption of the map, not only has there been no pro-gress towards these
goals, but on the contrary, there has been a decrease in the vol-ume of transit cargo transportation,
and this can be clearly seen from the published official statistics.
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Ensuring competitive advantage in the conditions of numerous and alternative routes requires quite
hard work and professional approaches from governments, as well as serious market reforms. Because
there are such objective factors that ensure this advantage that not only a single country, but even the
joint efforts of a large number of allied countries covering the entire region, cannot eliminate the
negative effects of this factor. For example, the Trans-Caspian route of the New Eurasian Corridor,
which connects the city of Xi'an, China, with the city of Slavkov, Poland, passing through Russia,
connecting the city of Istanbul, Tiirkiye, with the city of Xi'an, China, passing through Azerbaijan,
Georgia and Kazakhstan, has a natural advantage. Thus, the Trans-Caspian route provides for the
transportation of goods based on transitions on various types of transport (rail-sea, sea-rail).
Therefore, fac-tors such as changes in relevant documents each time, the increase in time spent at
border crossings and customs points, lead to an increase in transportation costs. However, the Poland-
China route does not have a sea crossing and is a direct railway. Therefore, the time loss and,
accordingly, cost increase that are recorded during the crossings on the Trans-Caspian route during
transportation do not occur. At the same time, due to weather conditions, 90 days a year, ships in the
Caspian Sea experience delays in delivering cargo. Undoubtedly, this advantage is due to objective
factors (natural factors). The result is as follows: the cost of delivering a 40-foot container from the
Polish city of Slavkov to the Xi'an region of China along the New Eurasian Corridor varies between
3600-4200 US dollars, and the cost of delivering a 40-foot container along the East-West corridor
varies between 5000-5500 US dollars.

Another example of the high cost of container transportation is also evident in comparison with
Georgia. The transportation tariff for a 40-foot and 20-foot con-tainer on the Baku-Aktau route is
$1,200 and $600, respectively, and the transporta-tion tariff for a 40-foot and 20-foot container on the
Baku-Turkmenbashi route is $1,000 and $500, respectively. The amount paid for transportation per
nautical mile or 1,852 km when transporting a 40-foot container between Baku and Turkmenbashi is
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$5.59 (the distance between the Baku-Turkmenbashi ports is 179 nautical miles). However, the same
type of short sea shipping, when transporting a 40-foot container between the ports of Batumi and
Constanta, is $1.75 per nautical mile or 1,852 km (the distance between the ports of Batumi and
Constanta is 628 nautical miles).

Azerbaijan’s growing regional connectivity infrastructure establish natural syner-gies, particularly if
paired with financing mechanisms available through the AIFC and future joint ventures. In the oil
and gas sector, Kazakhstan and Azerbaijan are enhancing cooperation through alternative oil export
routes, particularly via the Ba-ku-Tbilisi-Ceyhan (BTC) pipeline, which remains underutilized
despite its 60 million tons annual capacity. Expanding Kazakhstan’s oil exports through the BTC
could reduce geopolitical risks and transit dependency, ensuring greater energy security. Additionally,
joint oil exploration initiatives can benefit from Azerbaijan’s extensive expertise in offshore energy
development. In the renewable energy sector, Kazakh-stan, Azerbaijan, and Uzbekistan are advancing
the Caspian Green Energy Corri-dor—a strategic project to export Central Asian renewable electricity
to Europe via an HVDC submarine cable across the Caspian Sea. By integrating national grids, the
corridor aims to enhance regional energy security, diversify export routes, and posi-tion the region as
a renewable energy supplier aligned with global decarbonization goals. In transport and logistics,
both states are leveraging their strategic locations along the Middle Corridor, which has witnessed
significant growth in cargo volumes, reducing transit times and increasing trade efficiency. Investing
in logistics optimization, digitalization, and infrastructure improvements will further enhance the
corri-dor’s competitiveness as a key trade route between China and Europe.

The financial services sector offers substantial potential for collaboration, particularly through the
AIFC, which provides an advanced capital market, green finance solutions, and investment
structuring mechanisms. With $14.8 billion in investments already attracted through the AIFC,
Kazakhstan and Azerbaijan can leverage their capabilities to mo-bilize cross-border investments and
promote joint initiatives. In telecommunications, the planned fiber-optic communication line (FOCL)
across the Caspian Sea will be a game-changer, enhancing digital connectivity, data security, and
economic integra-tion. With a 380 km cable and 400 terabits per second capacity, this project will
sig-nificantly strengthen Kazakhstan and Azerbaijan’s roles as regional digital hubs. Finally,
agricultural trade remains a pillar of economic cooperation, with Kazakhstan exporting wheat and
other grains to Azerbaijan, and Azerbaijan supplying fruits and vegetables to Kazakhstan. Storage,
logistics, and food processing infrastructure in-vestments will further streamline trade and contribute
to regional food security.

Onglassov states that Economic cooperation between Kazakhstan and Azerbaijan is pivotal for both
countries, contributing to their national growth and the stability and prosperity of the Silk Road
region. Enhanced economic ties can position Ka-zakhstan and Azerbaijan as leading players in the
region. Kazakhstan and Azerbai-jan exhibit over-reliance on hydrocarbon energy exports, making
their economies vulnerable to global commodity price volatility. In 2024, energy exports accounted
for more than 50% of Kazakhstan’s total exports and over 85% of Azerbaijan’s exports. Kazakhstan
and Azerbaijan have experienced consistent growth in their bilateral trade, with total trade reaching
$533.4 million in 2024.5 Kazakhstan ranks as Azerbaijan’s third-largest trading partner among the
CIS countries.6 In 2024, Ka-zakhstan mainly exported non-ferrous metals, crude oil, petroleum
products, and grain to Azerbaijan, while Azerbaijan supplied tubes, aluminum bars, and agricultural
and food products to Kazakhstan. In 2023, the two countries set an ambitious goal to boost mutual
trade to $1 billion in 2024.7 However, this target was not achieved. Bilateral trade turnover between
Kazakhstan and Azerbaijan reached approximately $533 million, which still represents a marked
increase compared to the previous year. Substantial opportunities remain untapped, as current trade
volumes represent only a small portion of their economic potential. Since 2005, gross FDI from
Azerbaijan to Kazakhstan was $410 million; from Kazakhstan to Azerbaijan, the figure was $149.7
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million.8 To date, over 1,700 companies with participation from Azerbaijani capital operate in
Kazakhstan. Also, six companies with Azerbaijani capital are regis-tered at the AIFC, mainly in
information technology and transport and logistics.

Only a small amount of goods is transported in containers, which discourages the use of intermodal
transport. However, analyzing the growth of transport in contain-ers, over the past five years, it can
be seen that it has increased by 29 times. In Ka-zakhstan’s general commodity trade the export of raw
materials dominates: mineral products (70.2%) as well as metals and metal products (18.9%).
Products of animal and vegetable origin account for only 6.3%. Therefore nearly 90% of goods
exported by rail are not suitable for container transport. The main import commodities are: machinery,
equipment, vehicles (34.7%); mineral products (14.9%); products of the chemical industry (12.5%);
metals and metal products (10.7%) and products of ani-mal and vegetable origin (9.3%). The main
share of import traffic from European countries was by foreign carriers from Belarus, Ukraine, the
Russian Federation and the Baltic countries. In Kazakhstan there are more than 400 companies that
work in international road transport. But Kazakhstan carriers are being forced out of the international
market for transport services by the inadequate technical condition of their vehicles, as well as due to
the creation of artificial barriers to Kazakhstan's carri-ers in other States. Measures taken to increase
the competitiveness of domestic carri-ers will lead to an increase in the share of Kazakhstan carriers
in the international freight market by 2020 to 50%. One of the important aspects of the increase in
the share of domestic carriers in the market for international road transport services is the
development of the market for forwarding services. In the future, it will be necessary to take measures
to prevent the decline of domestic carriers’ share in international cargo transport as well as the
reduction of quotas to/from third countries. This will allow Kazakhstan carriers to take a dominant
position when shipping to/from the countries of Central Asia.

To address these important issues, it is necessary to in-crease the number of vehicles that meet
international standards. Along with problems of a technical nature, transit through Kazakhstan is
faced with challenges of an insti-tutional nature related to unwarranted delays and procedural
complexities at cus-toms and border controls. This is something that can be addressed by Kazakhstan.
In recent years, China’s economic growth has shifted from its eastern provinces to the western and
central provinces, which are well positioned for rail transport across Kazakhstan. In accordance with
the development programme “Western China Devel-opment Planning 2011-2015” for the
development of the western and central regions of China it was planned to invest up to US$ 1 trillion.
The accelerated development of the western provinces of China will contribute to an increase in
freight traffic through Kazakhstan. The increase in transit flows and increased demand for high-speed
container trains has resulted in the need for simplification of customs control and non-tariff
regulations. Customs clearance on the borders of Kazakhstan has the following advantages:

In the conditions of intense international competition, relevant state bodies need to develop flexible
transit tariff policies that incentivise the movement of transit cargo through Kazakhstan rather than
through neighbouring countries. With the expansion of regional trade and the creation of attractive
conditions for transit business, Kazakhstan should expect the arrival of foreign providers of logistics
services. Na-tional rules for freight transport in Kazakhstan need to be closer aligned to international
standards in order to attract interested partners to take advantage of transit through Kazakhstan. To
promote the development of international road transport in the customs union of the Russian
Federation, Belarus and Kazakhstan, the permit system was cancelled for all types of transport in
2015. This concerns bilateral transport performed in transit through the territory of the three States
by carriers resi-dent in the Union, as well as transport to/from third countries, but within the territory
of the EEU. For example, a Kazakhstan carrier can carry goods from Belarus to the Russian
Federation without a permit. Within the three States no permit is required for transport. For third
countries a phased liberalization has been agreed. Quotas for transport to and from third countries are
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still in operation. Fixed stages have been set out for the introduction of cabotage in the road transport
of goods: x The first stage ended on 31 December 2017. In this stage, carriers registered in the Russian
Federa-tion, Belarus, Armenia and Kyrgyzstan, after completion of international carriage of goods by
road from a non-member State of the Union, had the right to perform one cabotage operation within
the territory of the Union upon return to the State of regis-tration. In this stage, when carrying out
cabotage, unloading had to be carried out within three calendar days of the completion of international
transport in the member State in which the cabotage was carried out. x In the second stage (1 January
2018 — 31 December 2019), EEU carriers have the same rights as in the first stage. However, when
carrying out cabotage in road transport of goods, unloading must be completed not within three
calendar days, as in the first stage, but within seven calendar days after the completion of international
transport in the member State in which the cab-otage is carried out. x In stage three (1 January 2020
— 31 December 2024), Armenia, Belarus, Kyrgyzstan and the Russian Federation grant the right to
carriers registered in the territory of the EEU, after completing the international carriage of goods by
road in the territory of another member State, to perform one cabotage operation in road transport of
goods between points located in other States of the EEU, upon return to the State of registration. In
this stage, when carrying out cabotage, unloading must be completed within seven calendar days of
the completion of international transport in the member State in which cabotage is carried out.

There are two main reasons for such a sharp difference in shipping costs between the two routes: (i)
Since the Caspian Sea has no access to the international ocean, shipments between ports are
considered short sea shipping, but Black Sea shipments are not; (i) The low cargo volume leads to
high shipping tariffs. Naturally, if the tar-iffs are also high, the route is not attractive. Studies show
that as a result of the Azer-baijan Caspian Shipping Company reaching a volume of 300-400 TEU per
ship-ment, for example, it is possible to reduce the shipping cost of a 20-foot container on the Baku-
Aktau route by 40%.

Conclusion

Azerbaijan, as one of the transit countries located on the "Silk Road", has done a lot of work to
increase its logistics capabilities over the past 20 years and has become a participant in various
international and regional projects. The government has mobi-lized a fairly large amount of resources
for the construction of transport and logistics infrastructure. Moreover, all this happened at a time
when alternative routes compet-ing with each other were being formed. In this regard, it is very
important to evaluate the opportunities opened up for Azerbaijan by the East-West corridor within the
framework of the "Silk Road" project to this stage, the work done in this area, the successes achieved,
and the problems awaiting solution. The main results revealed by the conducted research in this
direction are as follows:

The East-West corridor, which Azerbaijan is located on, is shorter than other alter-native corridors,
but it faces serious competition. Although the brevity seems to be a factor that increases the
attractiveness of this route, it faces serious competition from the new Eurasian line, which starts from
Poland and extends to Xi'an, China. Because the Poland-China route does not have a sea crossing and
is a direct rail-way. It should be noted that the width of the train routes to the Euroterminal locat-ed
in Slavkov, Poland is 1520 mm and they accept cargo from China via the Ka-zakhstan-Russia-Belarus
or the shorter Kazakhstan-Russia-Ukraine route. Slavkov is already becoming one of the logistics
centers for cargo between Europe and Chi-na. The cargo arriving here is easily transferred to trucks
or other railway routes and delivered to European countries. However, the East-West corridor
provides for the transportation of cargo based on transitions on various types of transport (railway -
sea, sea-railway). In addition, due to weather conditions, approximately 90 days a year, during the
cold months, ships in the Caspian Sea experience delays in deliver-ing cargo.
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There are also technical factors that affect the competitive advantage of both routes. Thus, the
standard gauge for European and Chinese railways is 1435 mm, while the gauge for railways in the
former USSR countries is 1520 mm. Therefore, the transition from standard gauge to wide gauge is
carried out at the Kazakhstan-China and Tiirkiye-Georgia borders. Thus, during deliveries between
the cities of Xi'an and Slavkov, railways are changed only once at the China-Kazakhstan border.

The East-West corridor provides transportation at a higher cost than the New Eura-sian route.
Thus, the cost of delivering a 40-foot container from the Xi'an region of China to the Polish city
of Slavkov along the New Eurasian Corridor varies between 3600-4200 US dollars, and the cost
of delivering a 40-foot container along the East-West Corridor varies between 5000-5500 US
dollars.

Saving 1 day in trade between countries located on the Silk Road corridor means an average
increase in exports of 5.2 percent. In particular, the short-term delivery of goods during trade is
especially important for perishable products.

Despite the fact that Kazakhstan, Georgia and Tiirkiye, which are located on the East-West
Corridor, have trade and customs agreements with the European Union and China, Azerbaijan
does not currently have any effective agreements with the mentioned institutions and countries.
However, the existence of inter-country trade agreements, the reduction of the time spent at border
crossings and the country's improved transport infrastructure mean that the time spent during trade
is further reduced and access to new markets is increased.

Although the Roadmap for the development of logistics adopted in 2016 aims to rapidly increase
Azerbaijan's capabilities as a transit country, the current results are unsatisfactory. Thus, there was
a 14.9 percent decrease in transit traffic on the Eu-rope-Caucasus-Asia corridor in 2019 compared
to 2015.

The capabilities of the new seaport have not yet been fully utilized. According to 2019 figures,
Baku International Trade Port used 27% of'its existing capacity for container handling and 35.02%
for total handling.

For this reason, although Azerbaijan's position in the World Bank's Doing Business report on
foreign trade indicators has improved significantly in recent years, it still lags far behind the
corresponding indicators of developed countries. According to the most recently published report,
Azerbaijan ranked 83rd among 190 countries on the "trading across borders" indicator. However,
compared to developed countries, the time spent on border crossing in Azerbaijan is at least 30%
higher for exports and 3 times higher for imports, the time spent on documentation is almost 15
times higher for exports and 10 times higher for imports, the costs spent on border cross-ing are
almost 50% higher for exports and almost 2 times higher for imports, and the costs spent on
documentation are 8 times higher for exports and 9 times higher for imports.

In view of the above-mentioned problems, it is considered appropriate to take the following steps to
increase the attractiveness of Azerbaijan as a transit country within the framework of the “Silk Road”
route:

There is a need to increase the work and initiatives towards signing free trade agreements with
the European Union and China in Azerbaijan;

It is necessary to apply the port community system, widely used in world practice, for the timely
delivery of cargo;

The participation of private logistics companies in transport and logistics services should be
increased, the quality of their service level should be improved, and nec-essary incentive
mechanisms should be developed to reduce their costs;

In order to increase the competitiveness of logistics companies and organize their active
participation in the value chain, there is a need to take incentive measures in the areas of
information management technologies, cloud, creation of cargo track-ing systems, increasing the
professionalism of personnel, and renewal of the transport fleet;
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« It is more appropriate to transfer the logistics services created within the Azerbaijan Caspian
Shipping Company, as well as the railway transportation services created within the Azerbaijan
Railways CJSC, to private companies, as is the case in world practice;

» The Azerbaijani government should participate in the World Bank's Logistics Per-formance Index
(LPI) to periodically assess the country's logistics potential, identify problems in this area, and
provide international benchmarking;

* The growth of Azerbaijan's logistics potential also depends on its rapid integration into the world
economy, as well as the ability to attract foreign direct investment, for which membership in the
World Trade Organization should be completed;

+ Countries located on the East-West route need to activate all possible mechanisms to ensure
further acceleration of customs procedures related to transit cargo.
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focusing on widely used Al-based tools such as ChatGPT, Duolingo, Grammarly, ELSA Speak,
Google Translate, and Memrise. The primary objective of the research is to explore the contribution
of these technologies to the development of learners’ linguistic competencies, including reading,
writing, speaking, and vocabulary acquisition, and to evaluate their pedagogical implications within
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design. Data were collected through document analysis and interaction with selected Al-based
language learning tools using standardized language learning tasks. The outputs generated by each
platform were systematically analyzed based on criteria such as accuracy, feedback quality,
adaptability, and instructional value. The results reveal that Al-based tools enhance language
learning by offering immediate feedback, individualized learning support, and expanded
opportunities for autonomous practice. At the same time, the findings indicate that excessive
dependence on Al technologies may reduce learners’ cognitive engagement and limit opportunities
for authentic communicative interaction. The study highlights that AI-based language learning tools
should be considered as complementary resources in foreign language education. Their effective
integration, alongside traditional instructional methods, can contribute to more efficient and
personalized language learning outcomes.
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Suni intellektin xarici dil 60yranmoasind? rolu:
suni intellekt 3sash 0yronma dastoyinin miiqayisali tohlili

frads Qasimova'" ", Dzizo Oliyeva' ~, Oli Allahverdiyev? ",
Kovsar Abbasova? ‘", Lyudmila Quliyeva?

Xiilasa. Bu tadgiqat xarici dil dyranilmasinda siini intellektin (SI) rolunu arasdirir vo ChatGPT,

Duolingo, Grammarly, ELSA Speak, Google Translate va Memrise kimi genis istifada olunan siini
intellekt asasli alatlora xiisusi digqat yetirir. Tadgiqatin asas magsadi bu texnologiyalarin oxu, yazi,
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danisiq va soz ehtiyatinin manimsanilmasi da daxil olmaqla, éyrananlorin dil kompetensiyalarinin
inkisafina verdiyi téhfoni arasdirmaq va onlarin dil tadrisi kontekstinda pedaqoji ahamiyyatini
qiymatlondirmakdir. Todqgigatda keyfiyyat yoniimlii miigayisali va kagsfiyyat xarakterli tadqiqat
dizaynindan istifads edilmisdir. Malumatlar sonadlarin tahlili vao standartlagdirimis dil oyranma
tapsiriglarindan istifada etmakls segilmis siini intellekt asasli dil oyronma alatlori ilo qarsiliql alaga
vasitasila toplanmisdir. Hor bir platformanin taqdim etdiyi naticalor daqiqlik, aks-alaganin keyfiyyati,
uygunlasma qabiliyyati va tadris ahamiyyati kimi meyarlar asasinda sistemli sakilds tohlil edilmigdir.
Noaticalor gostorir ki, siini intellekt asaslh alatlor operativ aks-alaqa, fordilasdirilmis 6yronma dastayi
va miistaqil magsq tigiin genis imkanlar tagdim etmaklo dil oyranma prosesinin samoaraliliyini artirir.
Bununla yanasi, alda edilon naticalor siini intellekt texnologiyalarindan haddindan artiq asililigin
oyrananlorin idrak faalligini azalda va real kommunikativ iinsiyyat imkanlarini mahdudlagdira
bilacayini gostorir. Todqiqat vurgulayir ki, siini intellekt asash dil oyronma alotlori xarici dil
tadrisinda tamamlayict resurslar kimi nazardon kegirilmalidir. Onlarin ananavi tadris metodlari ilo
birlikda somoarali sokildo inteqrasiyasi daha effektiv va fordilasdirilmis dil 6yronma naticalorinin alda
edilmasina tohfa vera bilar.

Acar sozlar: siini intellekt, dil o6yronma, ChatGPT, fordilosdirilmis tadris programlari, torciima
alatlori, akademik naticalor
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Introduction

In recent years, artificial intelligence (AI) has become a widely discussed concept due to significant
advancements in technology and its increasing integration into various aspects of society. Over time,
technological innovations have been developed to reduce human effort, minimize stress, and improve
efficiency in daily life. Today, Al is applied across multiple domains, including business, healthcare,
finance, and education. Despite the growing number of studies on artificial intelligence in education,
most existing research has primarily focused on general Al applications or single-tool analyses,
particularly ChatGPT. There is still limited empirical research that provides a comparative evaluation
of multiple Al-based language learning tools within a single study.

In addition, previous studies tend to emphasize the positive effects of Al, such as personalization and
feedback, while paying less attention to the combined pedagogical differences between tools such as
ChatGPT, Duolingo, Grammarly, ELSA Speak, Google Translate, and Memrise. Moreover, there is a
lack of qualitative analysis examining how these tools differ in supporting specific language skills
(speaking, writing, vocabulary, and pronunciation) under equal learning conditions. Previous studies
have widely explored the integration of artificial intelligence in education, highlighting its potential
to enhance personalized learning, feedback systems, and learner engagement (Chen et al., 2020;
Holmes et al., 2019). In language learning contexts, Al-based tools have been shown to support
vocabulary acquisition, grammar development, and communicative competence (Godwin-Jones,
2019; Li, 2021).

Research on conversational agents and chatbots also indicates their usefulness in providing interactive
language practice and reducing learner anxiety (Karsenti, 2019). However, scholars also emphasize
limitations such as lack of emotional intelligence and insufficient understanding of cultural context.
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In the field of education, Al plays an increasingly important role by transforming traditional learning
processes. The integration of distance learning, online courses, personalized instruction, interactive
and visual materials, enhanced teacher—student interaction, and data-driven analysis has made
education more accessible, flexible, and effective. This shift emphasizes learner-centered approaches,
diversification of educational resources, and stronger instructional support from educators. In foreign
language learning, Al enables personalized instruction by adapting to learners’ individual
characteristics such as learning pace, motivation, and preferred learning styles, which are often
difficult to address in traditional classrooms. Foreign language acquisition is a complex process that
requires the development of four key skills: speaking, listening, reading, and writing.

Al-based systems support this process by analyzing learner performance and adjusting content
accordingly. As noted by Chen et al. (2020), Al enhances learning efficiency through intelligent
feedback mechanisms, real-time error correction, and the provision of personalized educational
materials.

Purpose and Questions of the Research

The primary purpose of this study is to investigate the role and effectiveness of artificial intelligence
(AI) tools in the foreign language learning process. In particular, the study focuses on examining how
Al-based applications, especially ChatGPT, contribute to the development of language skills such as
reading, writing, listening, and speaking. The research also aims to evaluate both the positive and
negative impacts of Al on learners’ cognitive abilities, academic performance, and overall language
acquisition process.

In the context of rapidly evolving educational technologies, it is essential to understand how Al-based
language learning tools can be integrated into language teaching in a pedagogically sound manner.
Therefore, this study seeks to explore not only the benefits of Al-supported learning environments
but also the potential risks associated with overreliance on such technologies. The sub-questions are:

1. How can they benefit from the Artificial Intelligence Tool ChatGPT to improve their English
language skills?

2. How can Artificial Intelligence Tool ChatGPT provide individualized learning experiences to
students?

Importance of Research

Al provides learners many opportunities such as pronunciation studies, speech patterns, grammar
rules, personalized study programs. For this reason, ChatGPT has gained increasing popularity and is
widely utilized by students in language learning contexts. However, the effective use of artificial
intelligence tools in foreign language learning requires appropriate pedagogical guidance. In this
regard, the present study aims to contribute to a better understanding of how Al-based tools can be
used more effectively in educational settings. It is therefore important for both researchers and
learners to develop a more informed and structured approach to the use of ChatGPT in language
learning processes.

Methods/Model of the Research

The study does not involve a large-scale experimental sample; instead, it is based on a pilot and
observational approach. The analysis focuses on interactions between learners and artificial
intelligence tools, particularly ChatGPT, within a simulated language learning context. Therefore, no
specific number of participants was included, as the study primarily examines Al-generated responses
and learner-Al interaction patterns.

Document analysis involves the systematic review and interpretation of written, visual, and digital
materials related to the research topic. These materials include academic publications, reports, and
Al-generated content. Observation, on the other hand, allows the researcher to analyze how Al-based
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language learning toolss function in practice and how learners interact with them (Gasimova, 2015,
p 13).

The study utilizes several widely used Al-based language learning tools as research materials. These
include Duolingo, ELSA Speak, Google Translate, Grammarly, and Memrise. These application
systems were selected due to their widespread use in foreign language education and their integration
of artificial intelligence technologies. This methodological approach enables the study to provide a
comprehensive understanding of the impact of Al on language learning without relying on numerical
data, thus emphasizing depth over breadth.

Data Collection Tool and Data Analysis

In this study, a comparative analysis was conducted by providing identical language learning inputs
to different Al-based application systems, including Duolingo, ELSA Speak, Google Translate,
Grammarly, and Memrise. Each application system was given the same set of tasks, including
vocabulary learning, grammar correction, translation, writing support, and language practice
activities. The outputs generated by each tool were recorded and systematically compared.

The comparison focused on several criteria, including accuracy of responses, quality of feedback,
level of personalization, and overall pedagogical effectiveness. This approach allowed the researcher
to evaluate the strengths and limitations of each Al-based language learning tools under equal
conditions, ensuring a fair and consistent analysis framework. The researchers provided ChatGPT
with various language learning tasks, including vocabulary learning, dialogue practice, and grammar
explanation requests. The generated responses were recorded and analyzed for accuracy, relevance,
and pedagogical value. The data for this study were collected through document analysis and
interaction with Al-based language learning tools, particularly ChatGPT. Various prompts and
questions related to foreign language learning were input into the system, and the responses generated
by the Al were recorded and analyzed.

Concept of Artificial Intelligence and Foreign Language Education

Artificial intelligence can be used in many ways in learning a foreign language. These include
developing language skills such as text analysis, word studies, pronunciation studies, translation, and
reading and writing. With the correct guidance of students, artificial intelligence tools can provide a
personalized environment (Guliyeva, 2026). When we focus on artificial intelligence, it is seen that
individuals can benefit from artificial intelligence in many ways. Nowadays, many individuals spend
more time in the virtual environment than in the classroom environment. Artificial intelligence tools
provide users with great opportunities in learning a foreign language through training. Students will
be able to use a foreign language with proper training for its use in foreign language learning and
their learning can be accelerated. Individualized learning, regardless of time and classroom
environment providing an environment can be considered one of the biggest advantages of artificial
intelligence.

Effects of Al on Language Education

When the potential effects of AI on language education are examined, it is seen that topics such as
personalized learning, instant feedback, removal of language barriers and distance education come to
the fore. According to Johnson the prominent effects of Al are listed below:

Personalized learning experience: Al can offer personalized learning plans by analyzing learners'
learning habits, speeds, strengths and weaknesses. Content and activities adapted to each student's
needs can provide more effective and faster learning.

Student Analytics and Improvement: By constantly monitoring student progress, Al can determine
which topics need more practice. Based on this data, educational materials and learning methods can
be continuously improved.
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Instant Feedback and Accuracy: By providing instant feedback to learners, Al can quickly correct
their mistakes. It can also detect errors in pronunciation and grammar precisely. In this way, learners
can progress faster.

Unlimited Practice Opportunity: Al-supported language learning applications can offer learners
unlimited practice opportunities. While practicing speaking or completing written assignments,
learners can access the guidance of the Al teacher without interruption.

Translation and Removing Language Barriers: Al-supported translation tools can facilitate
communication between people speaking different languages (Jordan, 2015). It can also provide
learners with language barriers with tools that make their learning more understandable and
accessible.

Understanding Cultural Differences: Al can help learners understand the language and expressions
of different cultures. In this way, students' cultural understanding and communication skills can be
improved.

Innovative Teaching Approaches: Al can help develop innovative teaching approaches such as
gamification, virtual reality and augmented reality. It can provide learners with more interactive and
engaging learning experiences

Sample Al Supported Language Programs There are various Al-supported language teaching
programs that can be used in language teaching. Some examples are listed below:

Duolingo: one of the pioneers of language learning applications, offers students the opportunity to
develop four basic language skills (speaking, listening, writing, reading) with an Al-based approach.
It stands out with instant feedback and personalized learning plans.

Rosetta Stone: Offers language learning packages integrated with Al using natural language learning
methods. It improves students' ability to practice speaking by providing them with the opportunity to
learn through real-life scenarios.

Memrise: It is a application system that supports learning words and expressions using Al and
memory techniques. It offers students the opportunity to expand their vocabulary and learn quickly.

Babbel: 1t is a language learning application system that focuses on improving speaking skills. Al
offers students the opportunity to practice speaking and improve their pronunciation through real-life
scenarios.

Google Translate: which is very popular in translation, offers language learners the opportunity to
learn the meanings of words and expressions in addition to translating text and speech.

Elsa Speak: Focusing specifically on improving English pronunciation, ELSA Speak provides
feedback to students with Al to detect and correct pronunciation errors.

Lingvist: Aiming to accelerate the language learning process, Lingvist creates personal learning plans
with Al and provides students with intensive vocabulary practice.

Talking Pal: This program is an Al-powered language learning tool designed to improve speaking
skills through interactive conversations. It allows learners to practice real-life dialogues in different
languages anytime and anywhere. The application system provides instant feedback on pronunciation,
grammar, and fluency, helping users build confidence in communication. By simulating natural
conversations, Talking Pal creates a supportive, low-anxiety environment for language practice and
skill development.
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Chatbots have great potential in language learning. Providing students with the opportunity to practice
the target language promises a learning process in which are free from worries about making mistakes
and have the opportunity to practice sufficiently (Kovsar, 2025). Chatbots, compatible with the
concept of education anywhere and anytime, are considered as a tool that supports language teaching
with the opportunity to suggest materials, correct grammatical mistakes of the student with feedback,
improve their vocabulary and make evaluations. One of the problems encountered is that chatbots
cannot establish sufficient natural dialogue. Many chatbots' responses can be redundant, predictable,
and impersonal (Karsenti, 2019). A Despite the advancement of artificial intelligence, it is difficult
for software developers to design intelligent dialogue in chatbots (Ismayilli, 2025, p. 5). For example,
if students mistype their input, in this situation may receive irrelevant responses from the chatbot. It
is difficult for chatbots to imitate one-on-one conversations between people. Additionally, in chatbots,
students' interaction can be limited to a predetermined knowledge base. This situation prevents
students from discussing different topics as they wish with chat robots and may cause students to
offer very superficial and limited conversation areas. This situation in chat robots can easily cause
students to lose interest.

Artificial Intelligence Tool- ChatGPT is an artificial intelligence tool capable of generating coherent
and informative responses in natural language. It supports users in problem-solving, information
retrieval, and language learning activities. The system can be applied to various tasks, including
translation, text generation, and the automation of academic writing such as essays and assignments.

In addition, ChatGPT can process both written and spoken instructions and provide personalized
outputs based on user needs and preferences. Continuous development of the model by researchers
contributes to the expansion of its functionalities and improvement of its performance in different
domains.

Achievements for Individualized Learning Experience and Artificial Intelligence Supported Learning
The results obtained from the analysis and entered commands in the field of English as a foreign
language in ChatGPT and other Al-based language learning tools, provide an unique learning
environment for students with rapid evaluation and different content can offer. These can be listed as
follows:

Instant and Fast Feedback: Regardless of the environment (classroom, home environment) students
are in, the artificial intelligence-supported tool You can get instant feedback regarding your ChatGPT
needs at any time (Ali, 2025). This tool, which can be accessed free of charge via both smartphones
can provide fast and accurate feedback.

Guiding: You can provide students with the tasks undertaken by teachers and guide them can provide
support. In this way, students can determine their own strengths and weaknesses and develop their
own learning paths.

Individual or Group Work: Students can individually evaluate what can be have obtained from
ChatGPT tools, organizing group activities and support individual activities by sharing experiences
with other friends;

Talk with ChatGPT:

I want to learn vocabulary through studying. Do you know 10 important words and meanings?
Naturally! Here are 10 important vocabulary words and their meanings to help you as you study could
be helpful:

Research (noun): The systematic search for information, data or facts for a specific task or project.
Bibliography (noun): A list of sources or references contained in a scientific text or a scientific work
were used to to make the origin of information traceable.

240



Irada Gasimova et al.

Method (noun): A systematic approach or procedure carried out in a scientific investigation, an
experiment or a study is used to Collect, analyze or interpret data.

Analysis (noun): The process of examining data, information or materials to identify patterns, trends
or insights.

Thesis (noun): A claim or statement made in an academic paper or an argument is presented and must
be supported by evidence or arguments.

Plagiarize (verb): The unauthorized copying or adoption of texts, ideas or Other people's work and
passing it off as your own without proper attribution close.

Citation (noun): A written or oral statement of the source from which information comes or quotations
were taken to ensure the credibility and comprehensibility of a work ensure.

Dissertation (noun): A detailed written work, usually as a Thesis for a higher academic degree, such
as a doctorate, is written. These vocabulary should be useful for your studies and academic work.

Good luck with your learning!

Talk with Al

Hello, how are you?

Hello! I'm fine thank you. I'm just a computer program, so I have no feelings, but I'm here to help
you. How can I help you today?

I want to learn English. Can we talk?

Naturally! I would be happy to help you learn German. What would you like to talk about or what
questions do you have? You are welcome to choose a topic that interests you, or I can teach you basic
phrases and vocabulary if you prefer.

Travel in England. What are the important sights in England?

England is a country with a rich history and many interesting ones

Sightseeing attractions. Here are some of the top attractions in England.:

1. London

The British Museum: Home to priceless artifacts like the Rosetta Stone and Egyptian mummies.
Tower of London: A historical fortress that houses the Crown Jewels.

Buckingham Palace: The official residence of the British monarch, complete with the Changing of
the Guard ceremony.

Big Ben and the Houses of Parliament: Iconic landmarks along the River Thames.
The London Eye: A giant Ferris wheel offering stunning views of the city.
2. Stonehenge (Wiltshire)

One of the most famous prehistoric monuments in the world, shrouded in mystery about its purpose
and construction.
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3. The Lake District (Cumbria)

A stunning national park, known for its mountains, lakes, and picturesque villages. It's ideal for
hiking, boating, and enjoying nature.

4. Oxford

Home to the University of Oxford, one of the oldest and most prestigious universities in the world.
You can explore historic colleges, libraries, and museums.

In this example, the command to artificial intelligence is to choose a topic and chat about that topic.
The conversation took place in written form. The free version of the artificial intelligence tool was
used during the conversation (Ismayilli, 2025, p. 8) There is also a voice chat option in the paid
version. Artificial intelligence can be used to improve speaking skills, the audio version can be used
using the paid version, and listening skills can also be supported in this way.

Artificial Intelligence Supported Language Teaching

I have students who have level A1 in English [ want face-to-face lessons today give. How can I teach
this? Approach. Here are some steps and ideas to help you with in-person teaching Students with A1l
English skills can help:

1. Greeting and introduction: Start the lesson with a friendly one

Welcome and have students introduce themselves. This promotes communication in English from the
beginning.

2. Review of previous:

If this is not the first lesson, start you with a brief review of the previous material to ensure that the
students retained what they learned.

3. Thematic introduction: Choose a specific topic for the lesson, e.g.
“Family”, “Food” or “Travel”. Introduce the topic to the students and tell me briefly about it.

4. Introduce vocabulary and expressions: Present new vocabulary and expressions, that fit the chosen
topic. Use pictures, maps and other visuals.

The issue of language learning with artificial intelligence can be exemplified in different ways. Apart
from the examples given, artificial intelligence can be used in language learning in many different
ways. Language learning with artificial intelligence is an effective tool in many aspects such as
speaking, writing, listening and grammar. The individual can improve himself individually and
receive feedback on his mistakes without the need for a trainer. In addition, it can learn languages
only with the support of artificial intelligence without using resources. Artificial intelligence can be
used for individual language learning, as well as a support tool for language instructors.

In addition to its rising importance and potential in the field of language education, Al technology
also brings with it some important limitations. Al-based solutions run the risk of not fully grasping
the complexity and nuances of language. Especially jokes, word games, and complex structures of
the language may not be interpreted correctly by Al, which may lead to erroneous results.
Additionally, it may be difficult for AI to fully make sense of human emotional and unique
expressions. However, the unique talents and contributions of teachers should not be forgotten. Skills
such as establishing emotional bonds with students, motivating them, understanding their needs and
developing individual learning approaches are the basic elements of teachers that enrich the learning
experience of their students. The human factor is indispensable for understanding students' unique
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needs, providing them with tailored guidance, and supporting them throughout the educational
process.

Limitations of AI And The Human Factor Apart from many advantages, artificial intelligence also has
disadvantages. Since the individual has a tool that responds quickly, he/she may not force
himself/herself to think and may ask for answers from artificial intelligence. This situation can push
individuals away from thinking and into laziness. In addition, when students are asked to write text
in English, they can have it written to artificial intelligence, which may make it difficult for students
to learn by causing them to access ready-made and fast information (Chen 2020, p. 34). In addition,
it is very difficult to control since there is no monitoring mechanism.

Al-based solutions run the risk of not fully grasping the complexity and nuances of language.
Especially jokes, word games, and complex structures of the language may not be interpreted
correctly by the Al, which may lead to erroneous results. Additionally, it may be difficult for Al to
fully make sense of human emotional and unique expressions. However, the unique talents and
contributions of teachers should not be forgotten. Skills such as establishing emotional bonds with
students, motivating them, understanding their needs and developing individual learning approaches
are the basic elements of teachers that enrich the learning experience of their students. The human
factor is indispensable for understanding students' unique needs, providing them with specific
guidance and supporting them throughout the educational process.

Table 1
Disadvantages
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Table 2
Advantages

dynamic
learning
approaches

innovatative
teaching
methods

learning
platforms

student

efficiency _ A
improvement routine tasks motivation

Al may have limitations in fully grasping the complexity of language and its emotional expressions.
Additionally, it is not possible to completely replace teachers' important abilities, such as emotional
bonding, motivating, and sensitivity to student needs, with Al. As aresult, an ideal language education
approach should aim to provide learners with a personalized, effective and enriched learning
experience by using the strengths of Al technology. The unique contributions and emotional bonds
that teachers give to their students should not be forgotten. An ideal balance should seek to best
optimize the learning experience by bringing together technology and the human factor. In the future,
the opportunities provided by Al and teachers' use of them in the most effective way will make
language education more effective, efficient and satisfying. Chatbots have potential as a teaching and
learning tool in distance and online education.

The ability of chat robots to provide original answers thanks to their natural language processing
software has paved the way for their use especially in foreign language education. Chat robots offer
students learning a foreign language the opportunity to practice the target language whenever and
wherever they want. Artificial dialogue systems offer an alternative way to learn through interaction,
students can chat in their target language whenever they want without the need for a teacher. When
designing chat robots, they should be designed to suit the student, taking into account language
proficiency, age, learning style and individual differences.

The findings of this study, based on a comparative qualitative analysis of several Al-based language
learning tools, including ChatGPT, Duolingo, Grammarly, ELSA Speak, Google Translate, and
Memrise, demonstrate that artificial intelligence plays a significant role in supporting foreign
language learning. The results indicate that these tools contribute to improved learning efficiency
through personalized instruction, instant feedback, and increased opportunities for independent
practice.

The analysis shows that different Al tools serve distinct pedagogical functions. ChatGPT and
Grammarly are particularly effective in supporting writing development through grammatical
correction, feedback generation, and text improvement. Duolingo and Memrise primarily enhance
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vocabulary acquisition through structured repetition and gamified learning environments, while
ELSA Speak provides focused support for pronunciation accuracy through real-time feedback
mechanisms. Google Translate contributes to comprehension and translation tasks; however, it
demonstrates limitations in handling contextual, idiomatic, and culturally embedded expressions.

Expected vs. Actual Findings

Before conducting the analysis, it was expected that Al tools would mainly differ in terms of interface
and usability rather than pedagogical effectiveness. However, the findings revealed that the
differences are not only technical but also instructional. Specifically, tools vary significantly in how
they support specific language skills. For instance, ELSA Speak showed stronger specialization in
pronunciation training than expected, while Grammarly demonstrated a broader pedagogical role in
writing development than initially assumed.

Key Contribution of the Study

The main contribution of this research lies in its comparative qualitative framework, which
systematically evaluates multiple Al-based language learning tools under equal task conditions.
Unlike previous studies that focus on single-tool analysis (e.g., ChatGPT-only studies), this research
provides an integrated perspective on how different Al systems complement each other in foreign
language learning. Additionally, the study contributes to the field by categorizing Al tools according
to skill-specific functions (writing, vocabulary, pronunciation, and translation), offering a clearer
pedagogical classification model.

Implications

The findings suggest that Al technologies support a learner-centered educational approach by
enabling individualized learning paths, self-paced study, and immediate corrective feedback.
However, the study also highlights that overreliance on Al tools may reduce learners’ critical thinking,
creativity, and active language production. Therefore, Al should be integrated as a complementary
tool rather than a replacement for traditional instruction.

Limitations and Future Research

This study is limited by its qualitative design and lack of real participant-based empirical data. Future
research should include experimental or mixed-method designs with learner groups to measure the
direct impact of Al tools on language proficiency development. In addition, longitudinal studies are
recommended to examine how continuous use of Al influences language retention, communicative
competence, and learner autonomy over time. Further research may also explore affective factors
such as learner motivation, anxiety, and engagement when interacting with Al-based systems in
foreign language education.

Results

The findings of this study indicate that artificial intelligence tools, particularly ChatGPT, significantly
support foreign language learning. Al provides instant feedback, allowing learners to quickly identify
and correct their mistakes, which improves grammar and vocabulary skills. Another key result is the
promotion of personalized learning. Al-generated content can be adapted to learners’ levels, needs,
and interests, increasing motivation and engagement. Additionally, Al-based language learning tools
offer unlimited practice opportunities, especially in writing and speaking, creating a low-anxiety
learning environment.

The results also show that Al contributes to the development of multiple language skills, including
reading, writing, and speaking, while making learning more flexible and accessible. However, several
negative effects were identified. Overreliance on Al may reduce independent thinking and cognitive
effort, as learners tend to depend on ready-made answers. This can negatively impact academic
performance and critical thinking skills, particularly among younger learners.
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Furthermore, excessive use of Al may limit the development of communication and social skills, as
learners have fewer opportunities for real-life interaction. The study also highlights some limitations
of Al, including difficulties in understanding complex language structures and cultural nuances. This
study also involved an analytical review of several widely used Al-based language learning tools,
including Duolingo, ELSA Speak, Google Translate, Grammarly, and Memrise.

These application systems were examined in terms of their functionality, pedagogical value, and
contribution to foreign language skill development. Duolingo and Memrise primarily focus on
vocabulary acquisition and structured language practice through gamified learning techniques, which
increase learner motivation and engagement. ELSA Speak specializes in pronunciation training by
providing real-time feedback and phonetic correction, thereby supporting speaking skill development.
Google Translate was analyzed as a translation and comprehension support tool, offering instant
multilingual translation but showing limitations in handling contextual and idiomatic expressions.
Grammarly was evaluated as a writing assistant that improves grammatical accuracy, sentence
structure, and coherence in learner output. The comparative analysis of these tools indicates that Al-
based applications contribute significantly to personalized and autonomous language learning.
However, their effectiveness depends on balanced usage, as overreliance may reduce learners’
independent cognitive and productive language skills.

Discussion

The findings of this study highlight both the advantages and limitations of artificial intelligence in
foreign language learning across different Al-based tools, including ChatGPT, Duolingo, Grammarly,
ELSA Speak, Google Translate, and Memrise. The comparative analysis shows that these tools
contribute significantly to language learning through instant feedback, personalized learning
experiences, and increased practice opportunities.

Among the examined application systems, Al-powered systems such as ChatGPT and Grammarly
demonstrated strong performance in providing detailed explanations, grammatical correction, and
writing support, while Duolingo and Memrise were particularly effective in vocabulary acquisition
through gamified learning techniques. ELSA Speak showed clear advantages in pronunciation
training by offering real-time corrective feedback, whereas Google Translate was mainly useful for
quick translation and basic comprehension, although it showed limitations in contextual accuracy.
These findings are consistent with previous research emphasizing the role of Al in promoting learner
autonomy and engagement.

The results also indicate that Al-based tools support a learner-centered approach by allowing students
to practice language skills independently and at their own pace, which may enhance learning
efficiency. However, the study also reveals that overreliance on Al-based language learning tools may
negatively affect learners’ critical thinking, creativity, and problem-solving skills. The ease of access
to ready-made answers can lead to passive learning behavior and reduced cognitive effort. In addition,
the findings suggest that excessive use of AI may limit opportunities for real-life communication
practice, which is essential for developing social and interactive language skills. Since language
learning is both a cognitive and social process, reduced human interaction may negatively influence
communicative competence.

Furthermore, although Al-based language learning tools are highly effective in specific language
tasks, their limitations in understanding cultural nuances, emotional expressions, and complex
linguistic contexts remain evident. This indicates that Al cannot fully replace the role of teachers,
who provide motivation, emotional support, and contextualized learning experiences.

In conclusion the study concludes that different Al-based language learning tools serve
complementary roles in foreign language learning. Therefore, effective language education should
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integrate multiple Al technologies in a balanced way, alongside traditional teaching methods, to
maximize learning outcomes.

Conclusion

The findings of this study, based on a qualitative comparative analysis of several Al-based language
learning tools, including ChatGPT, Duolingo, Grammarly, ELSA Speak, Google Translate, and
Memrise, indicate that artificial intelligence contributes to foreign language learning in different but
complementary ways.

The analysis of ChatGPT demonstrates that it is particularly effective in supporting writing skills by
providing detailed explanations, essay structuring, and grammar clarification. Similarly, Grammarly
shows strong performance in grammatical accuracy, sentence correction, and improving writing
coherence, making it a useful writing support tool. Duolingo and Memrise were found to be effective
in vocabulary acquisition, as both application systems use structured repetition and gamified learning
strategies that enhance memorization and learner engagement. These tools support continuous
exposure to new lexical items through interactive exercises. ELSA Speak provides targeted support
for pronunciation development by offering real-time phonetic feedback and error correction, which
contributes to improved speaking accuracy and fluency.

Google Translate is mainly effective as a quick translation and comprehension tool; however, its
performance is limited in handling contextual meaning, idiomatic expressions, and discourse-level
accuracy. According to the analysis the comparative analysis shows that Al-based language learning
tools contribute to different aspects of language learning depending on their design and function.
Rather than providing uniform learning outcomes, each tool supports specific language skills. In
addition, the results suggest that Al-based tools can enhance learner autonomy, engagement, and
access to practice opportunities. However, excessive reliance on these systems may reduce learners’
critical thinking, productive language use, and real-life communicative interaction. Furthermore,
despite their advantages, current Al systems still face limitations in fully capturing cultural nuance,
pragmatic meaning, and emotionally rich language use. Therefore, Al should be considered as a
complementary resource rather than a replacement for traditional teaching methods.
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Abstract. The present study addresses the problem of pollution in the Sumgayit River, which has been

exposed to technogenic impacts for many years, and proposes new approaches to enhance its self-
purification capacity. To purify river water from organic and inorganic pollutants, the feasibility of
selecting active strains from the native microbiota and applying them in bioremediation was
investigated. According to the research results, river waters subjected to anthropogenic pollution

exceeded the maximum permissible concentrations (MPCs): the phenol concentration was 0.50 mg/L

(MPC = 0.001 mg/L), while the copper concentration was 0.96 mg/L (MPC = 0.01-0.1 mg/L). It was
established that the active microbial strains isolated from these water samples belonged to the genera
Rhodococcus, Penicillium, and Aspergillus. The obtained results demonstrated that the fungal strains
were more effective than the bacterial strain. Under the influence of Rhodococcus sp., the phenol
concentration decreased by 62%, Penicillium sp. achieved a 100% reduction, while Aspergillus sp.

reduced the phenol concentration by 86%. The copper concentration decreased by 58.4% with

Rhodococcus sp., 64.8% with Penicillium sp., and 68.7% with Aspergillus sp. These results indicate

that these microorganisms are effective candidates for application in bioaugmentation.
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Cay sularimin cirklondiricilordon tomizlonmoasindd
bioremediasiya tisulunun perspektivlori

Aygiin Qasimova!” "), Kéniil Bayram! ‘"', Samira Nacafova?'",
Giilsan Valiyeva’“, Fidan Qasimova*"*/, Nazh Obdiilxaliqova?’

Xiilasa. Taqdim olunan igda uzun illordir texnogen c¢irklonmaya moruz qalmis Sumqayit ¢cayinin
¢irklonmasi problemi va onun 6ziinii tomizloma qabiliyyatinin artirilmast iiciin yeni yanasmalar irali
surtilmiisdiiv. Cay sularmmin tizvi va qeyri-tizvi ¢irklondiricilordan tomizlonmasi iigiin aborigen
mikrobiotadan aktiv stamlarin segilmasi va onlardan bioremediasiya prosesinda istifada etma
imkanlart arasdirilmisdwr. Tadgiqat naticalarine asasan, texnogen ¢irklonmaya maruz qalmis ¢ay
sularinda fenolun migdarmin 0,50 mq/l (YVH — 0,001 mq/l), misin migdarimn isa 0,96 mq/l (YVH —
0,01-0,1 mgq/l) oldugu vo hor iki gostoricinin YVH-ni agdigi miiayyan edilmigdir. Bu su
niimunalorindan ayrilan aktiv mikroorqanizm stamlarmmin Rhodococcus sp., Penicillium sp. va
Aspergillus sp. cinslorina aid oldugu miiayyan edilmisdir. Naticalora asasan, istifada edilon gébalak
stamlarinin bakteriya stami ilo miiqayisads tistiinliik tagkil etdiyi askar edilmisdir: fenolun migdart
Rhodococcus sp. tasiri ilo 62%, Penicillium sp. ilo 100%, Aspergillus sp. ilo 86%, misin miqdart isa
Rhodococcus sp. ilo 58,4%, Penicillium sp. ilo 64,8%, Aspergillus sp. ila 68,7% azalmigdir. Bu
naticalor onlari bioagmentasiya prosesinda istifada etmak iiciin somarali hesab etmaya imkan verir.

Acgar sozlar: bioremediasiya, fenolmanimsayan mikroorqanizmlor, agir metallar, ekotoksiklik,
bioindikasiya
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Introduction

One of the important problems of the modern era is the ecological pollution of water bodies. The
discharge of various industrial, agricultural, and domestic wastes, wastewater, and oil products into
water bodies leads to the pollution of seas, lakes, and rivers. One such water body is the Sumgayit
River, which is one of the water bodies most severely exposed to anthropogenic and technogenic
pollution in Azerbaijan. This river has become a serious ecological hazard due to the increased
discharge of domestic sewage directly into the river, resulting from intensive industrialization and
population growth in Sumgayit over many years. Pollution of water bodies by various toxic
substances poses a serious risk to ecosystems and can negatively affect all organisms interconnected
through the food chain, as well as human health.

To prevent this, the use of environmentally friendly and safe methods is a priority. The use of
bioremediation makes it possible to reduce the environmental burden by converting pollutants in
water bodies into less harmful substances or by completely neutralizing them (Kalitina, 2015;
Kuznetsov, 1989). This process relies on harnessing the metabolic capabilities of living organisms to
reduce the toxicity of a wide range of contaminants, including heavy metals, pesticides, and organic
matter. To address this challenge, adopting environmentally sustainable and safe remediation
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strategies has become a priority. Among these strategies, self-purification is defined as a biological
response to environmental stress (Dasgupta, 2024; Iskuzhina, 2023). The natural ability of
microorganisms to adsorb and degrade pollutants makes their use effective in cleaning contaminated
environments (Babaev, 2024). In this process, both bacteria and microscopic fungi play a crucial role.

Literature review

Recent studies demonstrate the high efficacy of biopreparations containing specialized bacterial
strains in degrading petroleum hydrocarbons. The most commonly used microorganisms include
members of the Pseudomonas, Rhodococcus, and Bacillus genera, which can metabolize various oil
components (Kuzhamberdieva, 2019; Nadzhafova, 2024). Mycoremediation may be used as an
independent or complementary approach to restoring the quality of aquatic biomes currently under
serious threat from pollution and degradation (Fedoseeva, 2023). Several authors have suggested that
sustained growth, strong regenerative potential, and the ability to form extensive hyphal networks
make fungi ideal agents for the bioremediation of soils and aquatic environments contaminated with
a wide range of pollutants (Abu Qamar, 2023; Akhtara, 2020). Researchers have also found that
complex microbial communities oxidize petroleum hydrocarbons more completely and rapidly in
contaminated aquatic environments and soils, as the microorganisms in such communities interact
and benefit from a coordinated "metabolic attack" on the hydrocarbons (Shubakov, 2012).
Polybacterial preparations have broader adaptive and ecological potential for use. The selection of
methods for degrading various hydrocarbons, including those found in oils, does not present any
particular problems (Artyukh, 2014).

An advantage of using bacteria for the cleanup and restoration of environments contaminated with
heavy metals is their high survival capacity across a wide range of conditions, including extreme
environments, owing to their rapid reproduction, as well as their ability to degrade a broad spectrum
of toxic compounds through specialized enzyme systems (Abo-Alkasem, 2023). Due to their small
size, the biomass of these microorganisms provides a large surface area for capturing pollutants.
Strategies developed by bacteria to survive in environments contaminated with heavy metals include
mechanisms such as biosorption, bioaccumulation, biomineralization, biotransformation, and
methylation (Iskuzhina, 2023).

Purpose and objectives of the study

The aim of the study was to isolate active microorganism strains from river waters exposed to
anthropogenic pollution and to restore the ecological safety of river waters through bioremediation
using these strains.

To achieve this goal, the physicochemical properties of the water were investigated; aquatic
microorganisms (bacteria and micromycetes) were isolated and identified from the collected samples;
and the roles of the identified aquatic micromycetes and bacteria in the decomposition of organic
matter and the sorption of heavy metals in the aquatic environment were examined.

Materials and Methods

During the study, eight water samples were collected from the coastal zone of the Sumgayit River.
Water temperature (°C) was measured in situ using a mercury thermometer, pH using a pH Meter
200, and dissolved oxygen (mg/L) using an MW600 dissolved oxygen analyzer. The concentrations
of nitrate, nitrite, chloride, and sulfate ions, as well as phenol and copper (Cu), were determined using
a Palintest Photometer 7100. Microbiological analyses were conducted according to universally
accepted methods (Egorov, 1983; Kuznetsov, 1989). For microbiological analysis, water samples
were collected in sterile glass containers. Under laboratory conditions, they were inoculated onto
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Nutrient Agar (NA) and Raymond's agarized mineral medium (supplemented with phenol) and then
incubated for 3—7 days at 28 + 2 °C.

Phenol-oxidizing microorganisms were cultured in Egorova's liquid medium to obtain microbial
biomass using the following medium composition (g/L): KoHPOs — 1; (NH4)2SOs — 0.1;
MnSOsx5H.0 — 0.016; FeClszx6H.0 — 0.034; CaCl. — 0.1; NaCl — 0.2; (NH4):HPOs — 0.5;
MgS0Osx7H20 — 0.2; phenol — 1 (Sokolova, 2012; Zaytseva, 2011). Phytotoxicity was assessed by
evaluating the effects of chemicals present in the water (phenols and copper) on seed germination
rates and plant development parameters of edible lentil (Lens culinaris) and common wheat (7riticum

aestivum) (Terekhova, 2014).

Results and Discussion

The physicochemical properties of the water samples collected from the Sumgayit River are presented
in Table 1.

Table 1
Physical and chemical parameters of water samples
Parameters Max.Permissible Concentration R. Sumgaitchay
pH 6,5-8,5 7,1-8,5
BODs (mg O2/L) <4 6-11
Nitrite NO2 (mg O2/L) 0.08 0,49
Nitrate NO3 (mg O»/L) 45 2,1
Chlorides, mg/L 300 340-600
Sulfate ion, SO4 2- mg/L 500 600-800
Cu, mg/L (free) 0,0003-0,046 0,72
Cu, mg/L (total) 0,001 0,96
Phenol mg/L 0,001 0,50
Temperature, °C 12-17

Seasonal water samples were collected to determine the total number of microorganisms and the
number of phenol-absorbing microorganisms (Table 2).

Table 2
Microbiological analysis of water samples by season
Seasons Total amount of Amount of
of the year heterotrophic microorganisms, Phenol-oxidizing
CFU/ml microorganisms, CFU/ml
Spring 2,8x104 1,7x10°
Summer 3,7x10% 2,3x103
Autumn 3,2x103 2,2x10?
Winter 2,5%10? 1,5x102
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By screening, active strains of microorganisms capable of assimilating phenol and copper were
selected; they belonged to the genera Rhodococcus sp., Penicillium sp., and Aspergillus sp.

Figure 1
Selection of active microorganisms for bioremediation

Next, a series of experiments tested the effectiveness of active microbial strains for bioremediating
water from the Sumgaitchay River. Three sterile flasks were filled with 50 ml of the river water to be
tested, and each was individually spiked with cultures of fungi (Penicillium sp., Aspergillus sp.) and
bacteria (Rhodococcus sp.) (1 mg). The flasks were then placed in a shaking incubator at 25°C and
180 rpm for cultivation. Observations were made over a period of 5 days. The residual concentration
of phenol and copper in the water was measured every 24 hours. The initial concentrations of phenol
and copper in the water sample were 0.50 mg/L and 0.96 mg/L, respectively.

The experimental results are presented in Figures 2 and 3.
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Figure 2
Purification of water from phenol by microorganisms
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The results showed that both bacterial strains (Rhodococcus sp.) and fungal strains (Penicillium sp.,
Aspergillus sp.) were effective at removing pollutants from water. However, it was established that
fungal strains are more destructive than bacterial strains. Thus, when adding biomass of
microorganisms to polluted water, the degree of destruction of phenol by the strain of Rhodococcus
sp. was 62% (residual quantity - 0,19 mg/l), while the strains of fungi demonstrated higher efficiency
— Penicillium sp. degree of assimilation of phenol was 100%, and in Aspergillus sp.—86% (residual
quantity - 0.07 mg/l).
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Figure 3
Copper uptake from water by microorganisms (Rhodococcus sp., Pencillium sp., Aspergillus sp.)

The experimental results also showed a significant decrease in the concentration of copper in the
water samples (Fig. 3). Furthermore, differences were observed in the copper sorption capacities of
the tested microbial strains: Rhodococcus sp. (58.4%), Penicillium sp. (64.8%), and Aspergillus sp.
(68.7%). Other studies have also demonstrated that fungi have a high tolerance to various toxicants,
making them a powerful tool for wastewater treatment. Furthermore, reports indicate that different
fungal species vary both in their mechanisms of action and their remediation efficiency (Abu Qamar,
2023; Dasgupta, 2024; Magan, 2022). Bacterial and fungal bioremediation strategies In addition to
basic analytical methods (chemical and physicochemical), bioindication and biotest methods are
essential for identifying all pollutants present in the environment and assessing their ecotoxicity
(Kalitina, 2019). Plants are among the main indicators in bioindication (phytobionts) and play an
important role in environmental monitoring. For this purpose, the ecotoxicity of water samples was
also studied using plant seeds. Lentil (Lens culinaris) and wheat (Triticum aestivum) seeds were used
as experimental plants. The toxicity of chemicals (phenols, copper) in water was assessed based on
their effects on seed germination and growth parameters (Fig. 4). The influence of these pollutants
on seeds was studied in a comparative manner: both before the experiment (the influence of the initial
pollutant concentration) and after it (following decomposition and sorption of pollutants by
microorganisms).
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Lentil seeds

Wheat seeds

Figure 4
Biotest plants for studying the ecotoxicity of water samples
(A-control, B-dirt water, 1-before the experiment, 2-after the experiment)

The bioassay results were comparatively evaluated using seed germination and root length as
indicators before and after the remediation process. The findings demonstrated improved growth and
development of plant seedlings in bioremediated water samples. An increase of 80-98 % was
observed in both the seed germination rate and the length of the seedlings. Seed germination and
length of plant sprouts increased by 80-98%. The findings indicate that microorganisms positively
affect plant growth and development by reducing the toxicity of river water, thereby making the
ecosystem safer.

Conclusion

Overall, the findings of this study demonstrate the potential of bacteria and fungi, as representatives
of the aquatic microbiota, to remove pollutants via biosorption and biodegradation, thereby
supporting their use in bioremediation. Moreover, the ability of fungi to degrade toxic compounds
through diverse enzymatic systems suggests that mycoremediation is one of the most effective
approaches to environmental cleanup.

This is further supported by the fact that, in the present study, fungi belonging to the Penicillium sp.
and Aspergillus sp. genera demonstrated greater remediation efficiency than the bacterial genus
Rhodococcus sp.
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The observed enhancement in the growth and development of plant seedlings indicates the high
biodegradation and biosorption capacities of these microorganisms for reducing water ecotoxicity
and highlights their potential as a promising tool for advancing bioremediation technologies.
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Abstract. The transition to green energy in the East Zangezur economic region represents a strategic
shift in Azerbaijan’s national energy policy, promoting efficient use of renewable resources,
sustainable economic growth, environmental restoration, and international cooperation. Green
energy projects generate significant socio-economic benefits by creating jobs, enhancing local
employment, strengthening human capital through high-tech infrastructure, and diversifying energy
production to ensure market stability and economic independence. Environmentally, this policy
reduces carbon emissions—small hydropower plants alone prevented 225,000 tons of CO: emissions
in 2024—while minimizing ecological risks and supporting biodiversity. The integration of solar and
hydropower further improves grid stability, making green energy transition a comprehensive model
of technological, social, and ecological development. Thus, the green energy transition in the East
Zangezur economic region is a multidimensional development model encompassing technological
innovation, social welfare, ecological restoration, and international integration.
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Sarqi Zangazur iqtisadi rayonunda yasil enerjiyo
kecidin miuasir orazi taskilinin vo inkisaf
prioritetlarinin qiymatlondirilmasi

Noriman Pasayev!" ", Ziyafot Agayev?'",
Xatiro Mohorromova3'”, Raisa Isayeva*

Xiilasa. Sarqi Zongazur iqtisadi bolgasinda yasil enerjiya kegid, barpa olunan manbalardon somarali
istifadani, davamli iqtisadi artimi, atraf miihitin barpasini va beynalxalq amakdaslig tagviq edorak,
Azarbaycanin milli enerji siyasatinda strateji bir dayisikliyi tomsil edir. Yasil enerji layihalori is
yerlari yaratmagqla, yerli masgullugu artirmaqla, yiiksak texnologiyali infrastruktur vasitasila insan
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kapitalint giiclondirmaklo va bazar sabitliyini va iqtisadi miistaqilliyi tomin etmak ii¢iin enerji
istehsalimin saxalondirilmasi ilo ahamiyyatli sosial-igtisadi faydalar yaradir. Ekoloji cahatdan bu
siyasat karbon emissiyalarmi azaldir - tokca kicik su elektrik stansiyalari 2024-cii ilda 225.000 ton
CO: emissiyasinin qarsisini alib - eyni zamanda ekoloji risklori minimuma endirir va biomiixtalifliyi
dastaklayir. Giinas va su elektrik stansiyalarinin inteqrasiyasi sabaka sabitliyini daha da yaxsilasdirir,
vasil enerjiya kecidi texnoloji, sosial va ekoloji inkisafin hartorafli modelina ¢evirir. Belalikla, Sorqi
Zangazur iqtisadi bolgasinda yasil enerjiya kegid texnoloji innovasiyani, sosial rifahi, ekoloji barpani
va beynalxalg inteqrasiyani ahata edan ¢oxolgiilii inkisaf modelidir.

Acgar sozlor: Sorqi Zongazurun iqtisadi bolgasi, yasil enerji zonasi, barpa olunan enerji manbalari,
glinag enerjisi potensiali

'Cografiya Institutu, cografiya iizra elmlor doktoru, Baki, Azarbaycan

*Cografiya Institutu, cografiya iizra falsofo doktoru, Baki, Azarbaycan

3 Azarbaycan Dévlat Igtisad Universiteti, cografiya iizro falsofo doktoru, Baki, Azorbaycan

*Cografiya Institutu, Baki, Azorbaycan

"Mosul miiallif. E-pogt: pashayevnariman1960@gmail.com

Daxil oldu: 15 Aprel 2026; Qobul edildi: 4 Tyul 2026; Onlayn dorc edildi: 22 Avqust 2026

© Muisllif(ler) 2026. Bu agiq girisli maqals Creative Commons Attribution—NonCommercial 4.0 Beynaslxalq
Lisenziyasmin (CC BY-NC 4.0) sortlorino uygun olaraq yaymmlanmigdir.

Introduction

The transition to green energy in the East Zangezur economic region is of particular importance as
one of the strategic priorities of Azerbaijan's national energy policy. Eastern Zangezur holds great
potential (Isbilen, 2025). This initiative combines renewable energy integration with a vision for
sustainable growth, environmental balance, and human resource development. In general, green
energy infrastructure, in addition to ensuring sustainable electricity production, strengthens the
energy security of economic regions and becomes one of the main pillars of climate-adapted
development (Pegels et al., 2018).

Globally, green energy policy is recognized as the leading direction of energy transformation (Kilinc-
Ata & Proskuryakova, 2024; Le etal., 2025). Many countries around the world prioritize the transition
to renewable energy sources in order to build sustainable energy systems, reduce carbon emissions,
and comply with international climate commitments (Wojtaszek, 2025). Azerbaijan, joining this
trend, aims to transition from the carbon intensity of oil and gas resources to a diversified energy
portfolio (Imamverdiyev, 2026). Within the framework of the national energy strategy, it is planned
to increase the share of renewable energy in the total energy balance to 30% by 2030, which is directly
related to the status of the East Zangezur region as a “green energy zone”.

The contribution of the East Zangezur economic region to these goals is not limited to meeting
domestic energy needs. The region also plays a strategic role in terms of forming the export potential
of electricity, strengthening competitiveness in regional energy markets and ensuring long-term
sustainable development. Based on decisions taken at the state level, the East Zangezur and Karabakh
economic regions have been declared “green energy zones”. This status implies the reconstruction of
the restored territories formed on environmentally friendly energy sources, the introduction of high-
tech infrastructure and the role of the region as a pilot area in energy production.

The energy potential of the region is quite large: 7200-10000 MW for solar energy, about 2000 MW
for wind energy, and small hydropower sources are already producing practical results. In 2024, the
32 SHPs operating prevented approximately 225,000 tons of carbon emissions, which is a significant
contribution to the fight against climate change. These indicators, in addition to strengthening the
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diversification of Azerbaijan's energy balance, create conditions for achieving environmental
advantages.

At the same time, the green energy projects of East Zangezur also serve to expand regional
cooperation and economic integration. For example, the energy produced through the Jabrayil Energy
Hub can be transmitted to the Turkish and European markets, opening a new stage in Azerbaijan's
energy exports and strengthening the region's strategic position on the international energy map
(Ministry of Energy 2025). Thus, the transition to green energy in the East Zangezur economic region
is a strategic turning point in Azerbaijan's energy policy, acting as a complex concept serving to
strengthen national energy security, sustainability of socio-economic development, restoration of
ecological balance and expansion of international cooperation.

The priorities of the transition to green energy in the East Zangezur economic region are focused on
complementary directions such as strengthening the energy security of the region as a whole,
achieving environmental benefits, increasing economic diversification and export potential,
promoting socio-economic development and innovations, as well as expanding regional and
international cooperation. These priorities, formed in interaction within the framework of a single
strategic concept, serve both to sustainably meet domestic energy demand and to strengthen
Azerbaijan's position in global energy markets. Therefore, the green energy policy for East Zangezur
applies technological innovations while serving as a broader development model that restores
ecological balance, improves social well-being, and strengthens international integration.

Materials and Methods

The main objective of this study is to scientifically analyze the strategic importance, socio-economic
and environmental impacts of the transition to green energy in the East Zangezur economic region.
The aim is to assess the technical potential of renewable energy sources and to demonstrate how they
contribute to the region’s sustainable development, energy security, ecological restoration, and
international cooperation. This context is consistent with the goal of transitioning from carbon-
intensive resources to a diversified energy portfolio in Azerbaijan's national energy policy and is
directly related to the status of East Zangezur as a "green energy zone".

The material base of the research is the following sources:

- Official government documents and strategies: Azerbaijan's national energy strategy, which aims to
increase the share of renewable energy to 30% by 2030.

- Statistics: 7,200-10,000 MW of potential for solar energy, approximately 2,000 MW for wind
energy; 32 small hydroelectric power plants operating in 2024 to prevent 225,000 tons of CO-
emissions.

- Regional development programs: State decisions on declaring the East Zangezur and Karabakh
economic regions as "green energy zones".

- Scientific and analytical sources: International and local research on energy security, environmental
sustainability, and economic diversification.

- Infrastructure projects: Energy export opportunities to Turkish and European markets through the
Jabrayil Energy Hub.

The methodological approaches used in the study include the analytical-synthetic method -
comparative analysis and generalization of data collected from various sources; assessment of
geographical-energy potential - scientific assessment of the region's solar, wind and hydropower
resources based on statistical indicators; socio-economic impact analysis - study of the impact of
green energy projects on employment, social welfare and regional economic integration; ecological
assessment - study of the ecological consequences of reducing carbon emissions and complying with
climate commitments; strategic comparison - analysis of the compliance of Azerbaijan's energy

260



Nariman Pashayev et al.

policy with global trends. The study indicates that moving to green energy in East Zangezur is a
diversification of energy production and a strategic approach to sustainability, ecology, and
international collaboration.

Results and Discussion

Our research area, the East Zangezur economic region, was established in 2021 as one of the new
economic and geographical divisions of Azerbaijan and covers an area of 7,448 km?. The region
includes the Jabrayil, Kalbajar, Lachin, Gubadly, and Zangilan districts. Figure 1 shows the
geolocation of the economic region within Azerbaijan.
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Figure 1
Location map of East Zangezur economic region

Source. Prepared by author.

The geographical position of the region is characterized by strategic advantages. East Zangezur has a
state border with Armenia in the west, Iran in the south, and establishes internal relations with the
Karabakh economic region in the east. This border configuration brings the region to an important
position both at the intersection of the South Caucasus transit networks and in the energy and transport
strategy of Azerbaijan. Currently, large-scale reconstruction and reintegration programs are being
implemented in the region (Hajiyeva & Karimli, 2021, p. 73).

In 2025, the total production of electricity in Azerbaijan increased by 262.3 million kWh or 0.9%
compared to the previous year and reached 28657.5 million kWh. According to official data from the
Ministry of Energy, the main part of electricity was produced in thermal power plants during the
reporting period, and this indicator amounted to 24823.4 million kWh. The volume of electricity
produced in hydroelectric power plants was 2842.5 million kWh. Production from other sources was
recorded at a total level of 991.6 million kWh, of which 169.7 million kWh fell to wind power plants,
599.8 million kWh to solar power plants, and 222.1 million kWh to the Solid Waste Incineration
Plant.

These data show that traditional thermal power plants still form the basis of energy supply. However,
the share of BEM in total generation, including small HPPs, Solar and Wind power, is gradually
increasing (Ministry Of Energy, 2025). The total installed electricity capacity of the country for 2024
is 8415.6 MW, of which TPP: 6623.0 MW (78.7%); HPP: 1406.6 MW (16.7%); Solar Power Plants
(SPP): 278.0 MW (3.3%); Wind Power Plants (WPP): 63.62 MW (0.75%); Bioenergy and Hybrid
Plants: 44.4 MW (0.5%). The share of BEM (HPS, GPP, HPP, bioenergy) in total capacity is
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approximately 21.3% (1792.64 MW). This figure is a positive trend, given Azerbaijan’s goal of
increasing the share of renewable energy sources to 30% by 2030. In particular, the projects
implemented within the framework of the concept of creating a "Green Energy Zone" in areas
undergoing restoration (installation of more than 3,000 kW of solar panels, operation of 32
hydroelectric power stations) are an important step in this direction.

The EU plans to continue the Green Economy, reduce carbon emissions worldwide to zero, and
increase the share of Green energy to 60-80% by 2050 through international and regional measures,
especially through the widespread use of renewable energy. According to statistics for 2023, 2.5% of
GDP in the European Union countries was allocated to the development of the Green Economy, and
2.5% of the total economically active population worked in this field.

As a result of our research, it was determined that (according to the analysis of materials for 2024)
the share of alternative sources in energy production in the European Union countries was 47%. The
share of various sources in renewable energy was 39.1% from wind, 29.9% from water, and 22.4%
from the Sun. According to the Green Deal agreement, EU countries have set a goal of switching to
practically 100% alternative energy sources by 2050. According to the energy indicators for 2025,
the share of alternative energy in electricity production in Norway was 99%, in Denmark 88.7%, in
Sweden 70.6%, in Finland 52.2%, in Iceland 100%, in the United Kingdom of Great Britain and
Northern Ireland 49.7%, in Germany 50%, in France 28%, in Italy 45.7%, in the Netherlands 50%,
in Switzerland 66.4%, in Spain 53%, in the Czechia 16%, in Hungary 27.4%, and in Poland 28%
(Irena Report 2025; REN 21 2025; Pashayev 2025).

In terms of alternative energy, East Zangezur is one of the territories of Azerbaijan declared a “green
energy zone”. The region has a special strategic position in Azerbaijan’s energy policy. The
geographical location of the region creates significant advantages in terms of both the richness of
natural resources and regional integration opportunities. The terrain of the area, rich in mountains and
valleys, creates favorable conditions for solar and wind energy, while the river systems allow for the
construction of small hydroelectric power stations. In addition, East Zangezur’s border position — its
proximity to access routes to Turkish and European markets — is a strategic advantage for energy
exports.

The socio-economic impact of the transition to green energy is reflected in the formation of a
sustainable development model for the region. Firstly, renewable energy projects create conditions
for the creation of new jobs, increasing the employment level of the local population and increasing
social welfare. Secondly, the introduction of high-tech infrastructure requires the strengthening of the
national human resource potential, which opens up new opportunities in the field of education and
specialization. Thirdly, the diversification of energy production increases the economic independence
of the region and ensures the stability of the internal market.

From a strategic perspective, green energy strengthens the function that East Zangezur plays on
Azerbaijan's energy map. Energy production in the region aims to cover local needs and at the same
time build export capacity. The transmission of electricity generated through the Jabrayil Energy Hub
to the Turkish and European markets increases Azerbaijan's competitiveness in regional energy
markets and expands opportunities for international cooperation. This serves to reduce dependence
on oil and gas resources and strengthen the renewable energy portfolio, in line with the strategic
diversification goals of the country's energy policy.

Environmental impacts are one of the most important outcomes of green energy policies. The
implementation of solar, wind and hydropower projects significantly reduces carbon emissions,
enabling the fulfillment of national commitments in the fight against climate change. The prevention
of 225,000 tons of CO: emissions from small hydroelectric power plants operating in the region in
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2024 is a clear example of this. This process creates conditions for the restoration of the ecological
balance of the restored areas, the production of clean energy and the protection of the environment.

The portfolio of small hydropower plants (SHPs) in the East Zangezur economic region is forming
as an important pillar of the regional energy transition and exhibits a systematic structure in terms of
both spatial distribution, technical-power configuration, and phased operation dynamics. The overall
picture shows that the SHPs that have been successively commissioned, built and prepared for
operation, and are under construction in the Lachin, Kalbajar, Zangilan, and Gubadly regions together
form a regional hydropower cluster that ensures sustainable electricity supply. Its strategic function
involves satisfying local demand, contributing to renewable energy balance, strengthening grid
reliability, and opening pathways for future exports.

Table 1
Small hydropower plants located in the East Zangezur economic region
Small Hydropower Plant Location Commissioning date  Power (MW)  Status
Aghbulag-1 HPP Lachin 2026* 14.7 Built
Aghbulag-2 HPP Lachin 2026* 14.25 Built
Jahangirbeyli HPP Zangilan 2023 10.5 Working
Sayif HPP Zangilan 2024 10.5 Working
Sarigislag HPP Zangilan 2024 10.5 Working
Zangilan HPP Zangilan 2024 10.5 Working
Nadirkhanli SHP Kalbajar 2025 8.8 Working
Lower Vang SHP Kalbajar 2024 8.6 Working
Chirag-1 SHP Kalbajar 2023 8.3 Working
Mishni SHP Lachin 2023 8.25 Working
Gulebird SHP Gubadly, Lachin 2021 8.0 Working
Qamishli SHP Kalbajar 2023 6.3 Working
Alkhasli SHP Lachin 2023 6.0 Working
Soyujbulag SHP Kalbajar 2023 53 Working
Kalbajar-1 SHP Kalbajar 2022 4.4 Working
Zar SHP Kalbajar 2024 43 Working
Silent SHP Lachin 2024 4.0 Working
Garigishlag SHP Lachin 2024 4.0 Working
Chirag-2 SHP Kalbajar 2023 3.6 Working
Mirik SHP Lachin 2025 3.5 Working
Meydan SHP Kalbajar 2023 34 Working
Zabukh SHP Lachin 2024 2.8 Working
Upper Malibeyli SHP Lachin 2025 4 Built
Lower Malibeyli SHP Lachin 2025 3.1 Built
Zeynalli SHP Lachin 2025 5 Built
Minkend SHP Lachin 2025 2.1 Built
Galaja SHP Lachin 2025 3.1 Built
Upper Vang SHP Lachin 2025 22.5 Built

Planned for commissioning

Source. Ministry of Energy - List of independent and operating power plants in the energy system
of Azerbaijan (until 2025).
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Number of HPP's by districts
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Figure 2
Distribution of hydroelectric power plants by region

When we look at Table 1 and Figure 2, it is noticeable that there is inequality in the distribution of
power stations in the area. There are 15 stations in Lachin, 9 in Kalbajar, 4 in Zangilan, and 1 in
Gubadly. There is no station in Jabrayil. This is also related to the terrain of the area.

The current power profile shows that the total capacity of the SHP currently in operation is
approximately 131.55 MW. This category includes four stations with a capacity of 10.5 MW in the
Zangilan region (Jahangirbeyli, Sayifli, Sarigislag, “Zangilan HPP”), nine stations in Kelbajar with
capacities in the range of 8.8-3.4 MW (Nadirkhanli, Lower Veng, Chirag-1, Qamishli, Soyugbulag,
Kalbajar-1, Zar, Chirag-2, Meydan), and seven stations in the Lachin-Gubadly chain with capacities
in the range of 8.25-2.8 MW (Mishni, Gulabird, Alkhasli, Sus, Garigishlag, Mirik, Zabukh). In
addition, the Aghbulag-1 (14.7 MW) and Aghbulag-2 (14.25 MW) stations in Lachin, which have
been completed but are scheduled for commissioning, form a “built” category of 28.95 MW; once
these stations are connected to the grid, the renewable power base of the region will expand further.
The portfolio of projects under construction in the Lachin region consists of the Yukhari Malibeyli
(4 MW), Ashagi Malibeyli (3.1 MW), Zeynalli (5 MW), Minkand (2.1 MW), Galaja (3.1 MW) and
Yukhari Veng (22.5 MW) stations; the total capacity of this group is approximately 39.8 MW. Thus,
the total portfolio capacity of SHPs in operation, ready for operation, and under construction reaches
approximately 200.3 MW, which confirms the significant share of hydropower in the renewable
energy-based model of Eastern Zangezur.

Table 2
Modern energy potential of Jabrayil district

Power Plants Power(MW) Commissioning date

Khudaferin 200 MW 2024
Giz Galasi 80 MW 2024
Shafag PV 240 MW 2027*

Source. Ministry of Energy - List of independent and operating power plants
in the energy system of Azerbaijan (until 2025).
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As can be seen from Table 2, Jabrayil district is one of the regions of strategic importance in
Azerbaijan's energy policy. During the current recovery period of the study area, this region has
become the focus of large-scale reconstruction and development programs. Its geographical location,
water resources, and solar radiation profile make Jabrayil a region with high potential in terms of both
hydropower and solar energy. The largest projects in the region's energy portfolio are the Khudaferin
and Giz Galasi hydropower plants. The Khudaferin Hydroelectric Power Plant has a capacity of 200
MW and was commissioned in 2024. This facility is considered a strategic centre that will not only
meet the energy supply needs of Jabrayil but also strengthen Azerbaijan's overall energy balance. The
Giz Galasi Hydroelectric Power Plant has a capacity of 80 MW and was also commissioned in 2024.
This plant, together with Khudaferin, forms an important part of the hydropower complex created on
the Araz River. Thus, these two projects together increase the hydropower capacity of the Jabrayil
region to 280 MW, which represents a significant share in Azerbaijan's renewable energy portfolio.

The geographical location and climatic conditions of the region also create favorable opportunities
for solar energy. The Shafag Solar Power Plant project is designed to realize this potential. The
technical parameters of the project are being finalized, but the solar radiation profile of Jabrayil will
allow this plant to operate with high efficiency. The implementation of energy projects has a number
of socio-economic consequences in the Jabrayil region. The creation of new jobs during the
construction and operation stages, the restoration of infrastructure, and the strengthening of economic
diversification have a significant impact on the social well-being of the region. Energy production
supports the development of agricultural and industrial sectors, increasing the economic
independence of the region. Strategically, the energy potential of the Jabrayil region is directed
toward domestic consumption and export. The energy produced by the Khudaferin and Giz Galasi
Hydroelectric Power Plants can be transmitted to the Turkish and European markets through the
Jabrayil Energy Hub. This amplifies Azerbaijan's competitiveness in regional energy markets and
strengthens the country's energy security.

In the context of the Jabrayil region, the integration of hydro and solar potential is of additional
strategic importance. The power indicators presented here for the Khudaferin hydropower plant of
200 MW and for the Giz Galasi of 80 MW, if verified, could dramatically strengthen the overall
energy configuration of the region; the phased commissioning of these facilities, both in terms of
power scale and grid stability, would increase the transmission capacity on the interconnectors and
turn export trajectories into a real sector opportunity. Although the indicators for the Shafag SPP need
to be clarified, the solar-hydro synergy in the Jabrayil region creates a rational hybrid model in terms
of balancing the daytime-late-night load profile and smoothing peaks due to hydro reserves during
seasonal periods with high water volume.

In terms of space, the distribution of SHP is based on important geographical advantages. The
mountainous-valley relief and multi-water river systems provide a favorable hydromorphology for
stations built on the principle of small-power, sequential cascade (Imanov et al. 2021, p. 142). On the
one hand, this morphology creates opportunities for more flexible hydrological regulation, and on the
other hand, it minimizes the ecological and social risks of large reservoirs and ensures that local
impacts can be managed with small-scale facilities. The cascading arrangement in Lachin and
Kalbajar provides the topological advantage of proximity to the distribution network, intensive
connection with lines and reduced losses; the Zangilan line simplifies operational management by
creating stable blocks with 10.5 MW modular power units.

The socio-economic impacts are multi-layered. First, the SHP portfolio forms a sustainable
production base in the region by ensuring rapid diversification of renewable energy infrastructure,
which both increases the level of local consumption and has a positive impact on price stability.
Second, new employment opportunities are created for qualified and re-qualified personnel
throughout the construction, installation, operation and maintenance phases; this leads to the
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strengthening of local personnel potential based on practical skills, and the increase of applied
competencies in the fields of vocational education and engineering. Third, the spatial distribution of
small-power hydropower plants increases the continuity of energy supply for the agricultural and
processing sectors, creating a reliable infrastructure environment for electrified irrigation, cold chain
and small processing enterprises. Fourth, the modular nature of the portfolio facilitates the sharing of
project risks, allows for flexible packaging in terms of capitalization and financing; this encourages
the functional expansion of private-investor participation and access to the grid of local producers.

Strategic implications deepen the role of the “pilot green zone” in the energy map of East Zangezur.
With approximately 131.55 MW of base capacity in operation, 28.95 MW of units to be
commissioned in the near future, and 39.8 MW of units under construction, the region’s renewable
energy portfolio is gradually expanding, making the load management of the electricity grid more
flexible, and providing backup capacity. facilitates planning and brings it closer to the stability criteria
required for exports. The approval and phased connection of large hydro facilities along the Jabrayil
line strengthens access to the Turkish and European markets through interconnectors. This process
combines two main goals in terms of Azerbaijan's energy security: reducing hydrocarbon dependence
and strengthening renewable energy bases. As a result, the country's energy policy gains new
opportunities in the direction of both sustainability and diversification.

In the context of environmental impacts, the role of SHPs should be particularly emphasized
(Arabatzis & Myronidis, 2011). Small hydropower plants, in addition to directly contributing to the
reduction of carbon emissions, provide a more flexible framework for the localization and
management of environmental risks. The use of small reservoirs and intakes allows for the
maintenance of measurable and compensable impacts on biodiversity, the preservation of ecosystem
services, and the planning of ecological flows. In addition, the integration of hydropower modules
with solar and wind power reduces the share of carbon-containing reserve capacities, supports the
frequency stability of the network due to the ability of hydropower units to quickly respond to peak
loads, and lowers the overall emission profile of the system.

Consequently, the SHP and associated PV portfolio in the East Zangezur economic region is a
complex model aimed at building a sustainable energy system with a phased power growth strategy
that effectively uses geographical advantages. Consolidation of existing capacities, timely integration
of projects ready for operation into the network, and completion of facilities under construction in
accordance with quality indicators ensure the parallel strengthening of both socio-economic stability,
strategic energy security, and environmental sustainability. In the event of approval of large power
projects along the Jabrayil line, the energy map of the region will move one step closer to a renewable-
based export model, which will strengthen East Zangezur as a practical example of Azerbaijan's green
transformation vision and a reliable hub for regional energy integration.

The East Zangezur economic region is one of the regions of strategic importance in terms of
renewable energy resources of the Republic of Azerbaijan. The assessment of the solar, wind and
geothermal energy potential of the region is of particular importance in terms of diversification of
electricity production and formation of a sustainable energy strategy. For this purpose, international
and national databases were used during the study, including the “Global Solar Atlas”, “Global Wind
Atlas™, Solargis solar resource maps, Agroclimatic and Geographic Atlases of the Republic of
Azerbaijan, as well as NASA's MERRA-2 and GMAO-5 satellite observation data (1981-2019)
(Global Solar Atlas, 2021; Global Wind Atlas, 2021; Agroclimatic Atlas, 1993; Geographic Atlas,
2018).

In order to assess the solar energy potential of the East Zangezur economic region, the areas were
divided into three groups based on annual solar radiation indicators. In areas with weak solar
potential, annual solar radiation varies in the range of 976—1400 kWh/m?. These areas mainly cover
the Gubadly and Lachin regions, covering an area of approximately 5.6 thousand km? and equal to
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33% of the total area of the region (Global Solar Atlas, 2021). In zones with medium solar potential,
the annual radiation amount varies between 1400—1500 kWh/m?-year, and these areas cover 39% of
the region (6.7 thousand km?). In areas with high solar potential, the radiation indicator is in the range
of 1500-1607 kWh/m?-year, mainly located in the mountainous parts of the Kalbajar and Gubadly
regions, and the total area is approximately 0.7 thousand km?. These areas are considered the most
favorable zones for the placement of photovoltaic power plants and The total solar energy potential
is estimated at 300—400 MW (Ministry of Energy, 2021).

According to the Agroclimate Atlas, the maximum solar radiation in the region is observed in the
Kalbajar and Lachin regions due to the increase in altitude above sea level, and this indicator rises to
1667 kWh/m? (Agroclimate Atlas 1993). Approximately 70% of the annual solar radiation falls on
the months of April-September, and 30% on the months of October-March. The approximately 10%
differences observed between different sources are explained by the lack of stationary meteorological
observations in the region over the past 30 years, which indicates the importance of continuous
monitoring in the future. One of the important factors affecting the efficiency of solar energy use is
the annual number of sunny hours. In East Zangezur, the annual number of sunny hours varies
between 2000 hours on average in the Kalbajar-Gubadly zone and 22002400 hours in other parts of
the region. The least sunny month is December, during which the number of sunny hours is 120 hours
in the Istisu area and 130-250 hours/month in the Lachin region (Geographic Atlas, 2018).

The energy production efficiency of photovoltaic panels is also affected by climatic factors, including
precipitation regime, temperature conditions and duration of the frost-free period. The amount of
precipitation in the region increases from 400 mm to 1000 mm from east to west, and the maximum
indicators are recorded in the Kalbajar and Lachin regions (Agroclimatic Atlas, 1993). The duration
of the frost-free period varies between 100-225 days and decreases with increasing altitude. The
number of days with daily air temperatures above 15°C is 50—-150 days, and the number of days with
maximum temperatures above 35°C is 5—15 days. The number of days with continuous snow cover
is on average 80 days/year in the Kalbajar—Lachin low-mountain zone (Geographical Atlas, 2018).

Choosing the optimal inclination angle of solar panels plays an important role in increasing energy
production. According to the calculations, the optimal inclination angle of the panel in the East
Zangezur region takes maximum values at the winter solstice (66—67°), and minimum values at the
summer solstice (6—7°). The developed analytical method Its application allows to increase the annual
energy production of photovoltaic systems located in complex terrain conditions by 7-10%
(Gardashov et al., 2020, pp. 316-317).

The wind energy resources of the East Zangezur economic region are considered to be mainly of
medium potential. The average annual wind speed varies in the region within the range of 2.5-8.7
m/s, and the number of days with wind speeds exceeding 15 m/s per year is recorded in the regions
between 5-52 days (Agroclimate Atlas, 1993). According to the Global Wind Atlas, 4618 km?, which
constitutes 62% of the region, have an average annual wind speed of 0.1-2.0 m/s and are considered
weak wind zones (Global Wind Atlas, 2021). Areas with medium wind speeds (2.1-4.0 m/s) cover
2160 km? and 29% of the region, and are mainly suitable for the installation of small-power wind
turbines. Zones with high wind potential (>4.1 m/s) account for only 819 km? or 11% of the area and
are mainly located in the western part of the Kalbajar region. The complex terrain and poor
infrastructure of these areas limit the economic feasibility of building wind power plants (Sun et al.,
2023; Alam et al., 2025).

The region's geothermal energy resources are mainly concentrated in the Kalbajar region. The Istisu
and Bagirsag areas are considered the main thermal water sources of East Zangezur (Taghiyev et al.
2001, p. 101). The water temperature at a depth of 100 m in the Baghirsag area is 80°C, in the Istisu
area it is 62°C at a depth of 70 m, and at a depth of 300—350 m it is 75°C (Mukhtarov et al., 2015, pp.
54-55). The temperature of thermal waters in the region is estimated at 30—74°C, and the total daily
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flow is 4171 m?. The total energy potential is determined at 771 MW, provided that the water is
cooled to 20°C (Tahmazov, 2013, p. 102). These resources have high prospects for energy production,
as well as for treatment and health tourism purposes.

In the East Zangezur economic region, it is considered a priority to realize the potential for “green”
energy exports in the region by 2030 by utilizing international cooperation. In this context, foreign
investments in the transition to green energy in East Zangezur in 20262030 will mainly come from
BP from the United Kingdom, Chinese state corporations (China Energy Overseas Investment, China
Datang, PowerChina), Masdar from the UAE and ACWA Power from Saudi Arabia, as well as is
built on expanding cooperation with other European companies and partners. These partnerships are
of strategic importance for increasing Azerbaijan's renewable energy potential, accelerating
technology transfer, and achieving its 2030 goals. Also, European influence in the renewable energy
space of Eastern Zangezur has so far been mainly based on institutional cooperation, standardization
and financial support. The volume of direct investment by European companies is still small
compared to Spain and other large investors, however high-level cooperation agreements (e.g.
Memorandum of Understanding with WindEurope) and financial support from the European Bank
for Reconstruction and Development (EBRD)/European Investment Bank (EIB) are actively
integrating the European side's strategy in this direction and expanding the possibilities of technical
assistance (Khanayev et al., 2025, pp. 803-805).

Our analyzes show that it i1s advisable to implement the alternative energy potential formed in the
territory of Azerbaijan along three main technical-geographical routes for export after internal
integration. The first and currently most realistic route is the Azerbaijan-Georgia-Turkey line. This
route is dependant on the existing transmission infrastructure and is being gradually strengthened.
The energy from East Zangezur is first transmitted to the western regions via the domestic main
network, and from there to the Turkish energy system via Georgia. Turkey plays the role of a transit
country on this route for access to both consumer and European markets.

The second main route is the East Zangezur-Nakhchivan-Turkey route. This route is of particular
strategic importance because, in addition to strengthening the energy supply of Nakhchivan, it creates
a new energy integration between the continental part of Azerbaijan and Nakhchivan and, in the
medium term, forms the opportunity for direct access to European energy markets via Turkey.

The third and long-term strategic route is the Central Asia-Caspian-Azerbaijan-Europe green energy
corridor. This model envisages the transmission of renewable energy produced in Kazakhstan and
Uzbekistan across the Caspian basin to Azerbaijan, and from there to Europe via Georgia and the
Black Sea. Among the three routes mentioned, the second—the strategic East Zangezur—
Nakhchivan—Turkey line—has priority in the transport and logistics sector, carrying significance for
the region, the country, and the wider South Caucasus.

Conclusion

As a result of the conducted comprehensive research, it was determined that the East Zangezur
economic region is one of the areas with high potential for the diversified development of renewable
energy sources. The mainstay of the green energy system in the region should be SHP and PV. The
mountainous terrain of the economic region and the density of the river network create favorable
conditions for the development of small hydroelectric power stations (SHP). Lachin and Kalbajar
regions are the most favorable areas for the development of hydropower cascades. The abundant river
systems and mountainous-valley terrain allow for the construction of small powerful hydroelectric
power stations on the principle of sequential cascade. Existing and prospective hydropower nodes
located on Tartar, Hakari and their tributaries are considered priority areas for the construction of
SHP. However, the territorial organization of SHP in the regions belonging to the region differs
significantly from each other. For example, the sequential formation of modular HPP blocks in the
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Zangilan region plays a distinctive role in the regional energy system. Here, the parallel operation of
several stations with a capacity of 10.5 MW simplifies operational management and creates stable
energy blocks . This model strengthens uninterrupted power supply for the agricultural and processing
sectors and creates technical stability for connection to the export grid.

In the Gubadly district, the Gulabird HPP and other small hydro facilities are the mainstays of energy
supply to agricultural areas. The joint use of HPPs along the Gubadly-Lachin line allows for
minimizing network losses and more efficient organization of energy supply. Jabrayil region is
distinguished by its large hydropower complexes and solar-hydro hybrid model. The phased
connection of Khudaferin (200 MW) and Giz Galasi (80 MW) HPPs strengthens the energy map of
the region and enables export-oriented energy production. These facilities increase Azerbaijan's
competitiveness in regional energy markets by ensuring energy transmission to Turkish and European
markets through the Jabrayil Energy Hub.

The mountainous and foothill areas of the Kalbajar, Gubadly and Lachin regions with high and
medium solar radiation act as the main priority zones for the placement of large-scale solar power
plants (SPPs). The high annual number of sunny hours in these areas, the relatively low suitability of
the land cover for agriculture, and the possibility of connecting to power transmission lines make it
possible to efficiently organize photovoltaic stations on the territory. When organizing solar energy
on the territory, the differentiation of the optimal inclination angles of the panels by relief and altitude
zones, as well as the selective application of tracking systems, are of great importance in terms of
increasing energy production.

Wind energy should play a supporting role in the green energy balance in the East Zangezur economic
region. The limited area of areas with high wind potential in the region and the presence of complex
mountainous terrain limit the construction of large wind power plants (WPPs) from an economic
point of view. Nevertheless, it is considered advisable to install small and medium-power wind
turbines in the high mountainous areas located in the western part of the Kalbajar region and along
separate watersheds. These turbines should be considered mainly as an integral part of local energy
supply, electrification of mountainous settlements and hybrid (solar-wind) energy systems.

Geothermal energy resources are of particular strategic importance in the territorial organization of
green energy in the East Zangezur economic region. The Istisu and Bagirsag thermal fields located
in the Kalbajar region should be used as low and medium temperature geothermal resources mainly
for thermal energy production, greenhouse farms, sanatorium-resort infrastructure and municipal
heating systems.

References

Alam, F., Jin, Y., & Hu, X. (2025). Current status and future prospects of commercial wind power
generation. Energies, 18(22), 6068. https://doi.org/10.3390/en18226068

Arabatzis, G., & Myronidis, D. (2011). Contribution of SHP stations to the development of an area
and their social acceptance. Renewable and Sustainable Energy Reviews, 15(8), 3909-3917.
https://doi.org/10.1016/j.rser.2011.07.033

Azerbaijan Republic Agroclimate Atlas. (1993). Agroclimate atlas of the Azerbaijan Republic.
ANAS.

Azerbaijan Republic Geographic Atlas. (2018). Geographic atlas of the Azerbaijan Republic. ANAS.

Gardashov, R. H., & Imamverdiyev, N. S. (2021). Renewable energy reserves. In Karabakh and
geography of Eastern Zangezur: Natural and geographical conditions and socio-economic
development potential (pp. 310-322).

Gardashov, R., Eminov, M., Kara, G., Kara, E. G. E., Mammadov, T., & Huseynova, X. (2020). The
optimum daily direction of solar panels in the highlands, derived by an analytical method.

269


https://doi.org/10.3390/en18226068
https://doi.org/10.1016/j.rser.2011.07.033

Elmi Is/20(5), 2026
Scientific Work / 20(5), 2026

Renewable and Sustainable Energy Reviews, 120, 109668.
https://doi.org/10.1016/j.rser.2019.109668

Global Solar Atlas. (2021). Global solar atlas. World Bank Group. https://globalsolaratlas.info

Global Wind Atlas. (2021). Global wind atlas. DTU Wind Energy & World Bank Group.
https://globalwindatlas.info

Imamverdiyev, N. S. (2026). Assessing wind energy potential in Azerbaijan (case of Shorabad
settlement,  Khizi  district). = Ukrainian = Geographical  Journal, 1,  28-40.
https://doi.org/10.15407/ugz2026.01.028

Imanov, F., Qashgai, R., & Mahmudov, R. (2021). Caylarin hidroloji xiisusiyyatlori. In Qarabag va
Sarqi Zongazurun cografiyasi: Tobii-cografi sarait va sosial-igtisadi inkisaf potensiali (pp.
140-150). Optimist Nosriyyat Evi.

International Renewable Energy Agency. (2025). Renewable energy statistics 2025.
https://www.irena.org/Publications/2025/Jul/Renewable-energy-statistics-2025

Isbilen, S. (2025). Possible impacts of the Zangezur Corridor on the development of Central Asian
states. Ordu Universitesi Sosyal Bilimler Enstitiisii Sosyal Bilimler Arastirmalar: Dergisi,
15(2), 1314-1341. https://doi.org/10.48146/0odusobiad.1425610

Khanayev, A., & Al, A. (2025). Azerbaijan’s renewable energy policies and green energy corridors.
MUTAD, 12(2), 800—818. https://doi.org/10.16985/mtad.1724847

Kilinc-Ata, N., & Proskuryakova, L. N. (2024). The contribution of energy policies to green energy
transition in  the  Asia-Pacific region. Renewable  Energy, 237, 121797.
https://doi.org/10.1016/j.renene.2024.121797

Le, T.-V.,Duc, L. D., Thu, H. N., Ngoc, Q. H., & Canh, H. P. (2025). Green energy policy: Exploring
the research of scholars worldwide between 1998 and 2023 from Scopus. Multidisciplinary
Science Journal, 8(4), 2026230. https://doi.org/10.31893/multiscience.2026230

Ministry of Energy of the Republic of Azerbaijan. (2025). Report on restored energy potential.
https://minenergy.gov.az/az/elektroenergetika/azerbaycan-energetika-sisteminde-ve-musteqil-
fealiyyet-gosteren-elektrik-stansiyalarinin-siyahisi

Ministry of Energy of the Republic of Azerbaijan. (2025, April 4). Memorandum of understanding
was  signed on  Azerbaijan—Georgia—Tiirkive—Bulgaria  green  energy  corridor.
https://minenergy.gov.az/en/xeberler-arxivi/00496

Ministry of Energy of the Republic of Azerbaijan. (2025, March 3). Memorandums of understanding.
https://minenergy.gov.az/en/beynelxalq-muqavileler/anlasma-memorandumlari

Mukhtarov, A., Nadirov, R., Mammadova, A., & Mammadov, V. (2015). Geological conditions and
business opportunities for geothermal energy development in Azerbaijan. Proceedings of the
Azerbaijan  National  Academy  of  Sciences:  Earth  Sciences, (3), 54-59.
https://journalesgia.com/wp-
content/files/2015/03/2015_03 GG_Mukhtarov_Nadirov.Mammadova Asadova Mammado
v_eng.pdf

NASA Global Modeling and Assimilation Office (GMAO), & MERRA-2. (2020). Reanalysis data
(1981-2019). National Aeronautics and Space Administration. https://gmao.gsfc.nasa.gov

Pashayev, N. (2025). Yasil va mavi igtisadiyyatin planlasdirilmasi va idaraedilmasinin problemlari.
Optimist Nosriyyat Evi.

Pegels, A., Vidican-Auktor, G., Liitkenhorst, W., & Altenburg, T. (2018). Politics of green energy
policy. Journal of Environment & Development, 27(1), 26-45.
https://doi.org/10.1177/1070496517747660

REN21.(2025). Renewables 2025 global status report: A comprehensive annual overview of the state
of renewable energy. REN21 Secretariat. https://www.ren21.net/gsr-2025/global overview/

Solargis. (2021). Azerbaijan sun resource maps. https://solargis.com/resources/free-maps-and-gis-
data?locality=azerbaijan

270


https://doi.org/10.1016/j.rser.2019.109668
https://globalsolaratlas.info/
https://globalwindatlas.info/
https://doi.org/10.15407/ugz2026.01.028
https://www.irena.org/Publications/2025/Jul/Renewable-energy-statistics-2025
https://doi.org/10.48146/odusobiad.1425610
https://doi.org/10.16985/mtad.1724847
https://doi.org/10.1016/j.renene.2024.121797
https://doi.org/10.31893/multiscience.2026230
https://minenergy.gov.az/az/elektroenergetika/azerbaycan-energetika-sisteminde-ve-musteqil-fealiyyet-gosteren-elektrik-stansiyalarinin-siyahisi
https://minenergy.gov.az/az/elektroenergetika/azerbaycan-energetika-sisteminde-ve-musteqil-fealiyyet-gosteren-elektrik-stansiyalarinin-siyahisi
https://minenergy.gov.az/en/xeberler-arxivi/00496
https://minenergy.gov.az/en/beynelxalq-muqavileler/anlasma-memorandumlari
https://journalesgia.com/wp-content/files/2015/03/2015_03_GG_Mukhtarov_Nadirov_Mammadova_Asadova_Mammadov_eng.pdf
https://journalesgia.com/wp-content/files/2015/03/2015_03_GG_Mukhtarov_Nadirov_Mammadova_Asadova_Mammadov_eng.pdf
https://journalesgia.com/wp-content/files/2015/03/2015_03_GG_Mukhtarov_Nadirov_Mammadova_Asadova_Mammadov_eng.pdf
https://gmao.gsfc.nasa.gov/
https://doi.org/10.1177/1070496517747660
https://www.ren21.net/gsr-2025/global_overview/
https://solargis.com/resources/free-maps-and-gis-data?locality=azerbaijan
https://solargis.com/resources/free-maps-and-gis-data?locality=azerbaijan

Nariman Pashayev et al.

Sun, L., Yin, J., & Bilal, A. R. (2023). Green financing and wind power energy generation: Empirical
insights from China. Renewable Energy, 206, 820-827.
https://doi.org/10.1016/j.renene.2023.02.046

Taghiyev, L. 1., Ibragimov, 1. Sh., & Babaev, A. M. (2001). Resursy mineral'nyh i termal’'nyh vod
Azerbaydzhana. Chashioghlu.

Tahmazov, M. O. (2013). Kalbacar: Ensiklopedik informasiya (3-cii vo genislondirilmis versiya).
Elm.

Wojtaszek, H. (2025). Renewable energy in policy frameworks: A comparative analysis of EU and
global strategies for sustainable development. Sustainability, 17(23), 10567.
https://doi.org/10.3390/su172310567

271


https://doi.org/10.1016/j.renene.2023.02.046
https://doi.org/10.3390/su172310567

Elmi Is Avqust 2026, Cild: 20, Sayt: 5, s. 272283

Scientific Work August 2026, Volume: 20, Issue: 5, pp. 272283 @
DOI: https:/doi.org/10.36719/2663-4619/129/272-283

Evaluation of Granulometric Characteristics and Biogenic
Element Diagnostic Indicators of Mountain Gray-Brown
Soils in the Gazakh-Tovuz Economic Region According to the
Wrb System

Ramil Sadigov'" "/, Matanat Huseynova? ", and Nargiz Baghirova?

Abstract. This article presents the results of comprehensive investigations conducted between 2020
and 2025 on mountain gray-brown soils within the Gazakh-Tovuz economic region of western
Azerbaijan, focusing on the Shamkir administrative district. The research covered an area of
10,522.55 ha and aimed to evaluate the morphological, physicochemical, and spatial characteristics
of these soils using conventional soil survey methods integrated with modern geospatial technologies.
Detailed field and laboratory analyses were carried out on representative soil profiles, particularly
sections 12, 19, 25, and 98, supplemented by observations from additional target sites. Morphological
assessments were supported by analyses of key diagnostic indicators, including humus content, total
nitrogen, available phosphorus and potassium, granulometric composition, soil reaction (pH), and
calcium carbonate (CaCO:s) content. Statistical methods were applied to determine the variability
and relationships among soil properties. Geographic coordinates of representative soil sections were
established using a Garmin GPSMAP 62s device to ensure accurate spatial referencing. A high-
resolution digital elevation model (DEM) was generated through interpolation of elevation data
obtained from topographic maps, and a detailed relief model of the study area was developed using
ArcGIS 10.3 software. The integration of soil analytical data with GIS-based spatial modeling
enabled a comprehensive characterization of mountain gray-brown soils. The findings provide a
scientific basis for soil classification, land evaluation, sustainable land management, and
agricultural planning aimed at improving land-use efficiency and agricultural productivity in the
region. Key finding: The study revealed that mountain gray-brown soils in the Shamkir region exhibit
moderate humus content, slightly alkaline pH, and variable nutrient distribution, with noticeable
differences across soil profiles influenced by relief and parent material. Spatial analysis based on
DEM and GIS modeling confirmed that topography plays a significant role in shaping soil properties
and their distribution patterns. Overall, the integration of field data and geospatial techniques
provided a reliable basis for accurate soil classification and more efficient land use planning in the
Gazakh-Tovuz economic region.

Keywords: mountain gray-brown soils, granulometric composition, biogenic elements, WRB soil
classification, soil diagnostics, Gazakh-Tovuz economic region
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Qazax-Tovuz iqtisadi bolgasindaki dag boz-qahvoyi
torpaqglarimin qranulometrik xiisusiyyatlorinin
va biogen element diagnostik gostaricilorinin
WRB sistemina gora qiymatlondirilmasi

Ramil Sadiqov!” =/, Matanat Hiiseynova? ‘=, Nargiz Bagirova3

Xiilasa. Maqgaloda Azorbaycanin qarb hissasinda yerlaosan Qazax-Tovuz iqtisadi rayonunun Somkir
inzibati rayonu arazisinda yayimis dag boz-qahvayi torpaqlar iizra 2020-2025-ci illorda apariimag
kompleks tadqiqatlarin naticalori togdim edilmigdir. Todqgigat 10 522,55 ha arazini ahato etmis va
miiasir geomakan texnologiyalari ila inteqrasiya olunmug ananavi torpaq tadgiqat metodlari asasinda
hamin torpaglarin morfoloji, fiziki-kimyavi va makan xiisusiyyatlorinin qiymatlondirilmasini
hadaflomisdir. Niimayanda torpaq profillarinda, xiisusilo 12, 19, 25 va 98 némrali kasimlarda atrafli
saha va laboratoriya tadqiqatlart aparimis, alava miisahidalor isa se¢ilmis hadaf sahalorinda davam
etdirilmisdir. Torpaqlarin morfoloji xtisusiyyatlori humusun migdari, timumi azot, miitoharrik fosfor
va kalium, granulometrik torkib, torpaq reaksiyasi (pH) va kalsium karbonatin (CaCOs) migdart kimi
asas diagnostik gostoricilarin tohlili ila saciyyalondirilmisdir. Todqiq olunan torpaq gostoricilorinin
dayiskonliyinin va qarsiliqli alagalarinin miiayyan edilmasi magsadila statistik tohlil metodlarindan
istifads olunmugdur. Makan malumatlarimin daqiqliyinin tomin edilmasi ii¢iin niimayanda torpaq
kasimlorinin cografi koordinatlart Garmin GPSMAP 62s cihazi vasitasilo miiayyan edilmisdir.
Topografik xoritalordon alda edilmis yiiksoklik malumatlarinin interpolasiyast asasinda yiiksok
aywdetma qabiliyyatina malik raqamsal yiiksaklik modeli (DEM) yaradilmig, ArcGIS 10.3 program
tominatinda tadqiqat orazisinin atrafli relyef modeli hazirlanmisdir. Torpaq analizlorinin
naticalorinin CIS asasli mokan modellosdirmasi ilo inteqrasiyasi dag boz-qahvayi torpaqlarin
hartorafli xarakteristikasinin miiayyan edilmasina imkan vermisdir. Olda olunan naticalar torpaglarin
tasnifati, qiymoatlondirilmasi, davamli torpaq idaragiliyi va kond tasarriifatimin elmi asaslarla
planlasdirilmast iigiin miihiim elmi baza formalasdirir, hamg¢inin regionda torpaqdan istifadanin
samaraliliyinin va kand tasarriifati mahsuldarliginin artirilmasina xidmat edir.

Acar sozlar: dag boz-qahvayi torpaqlari, qranulometrik torkib, biogen elementlor, WRB torpaq
tasnifati, torpaq diagnostikasi, Qazax-Tovuz iqtisadi rayonu
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Introduction

Soil resources play a fundamental role in ensuring agricultural productivity, ecological stability, and
sustainable land use, particularly in regions with diverse natural and geomorphological conditions. In
mountainous and foothill areas, soil formation is strongly influenced by relief, parent material,
climate, and land use practices, resulting in high spatial variability of soil properties. Comprehensive
assessment of soil morphological, physicochemical, and spatial characteristics is therefore essential
for accurate soil classification, land evaluation, and the development of effective management
strategies (Waghorn, 2008; Shukurov et. al., 2025).
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The western region of the Republic of Azerbaijan, particularly the Gazakh-Tovuz economic region,
is of considerable importance for national agricultural development due to its favorable agroclimatic
conditions and long-standing tradition of crop production. However, increasing anthropogenic
pressure, combined with complex relief and erosion-prone landscapes, necessitates detailed soil
investigations to support sustainable land use planning. Among the dominant soil types of this region,
mountain gray-brown soils are widely distributed and form the basis of agricultural activity, yet their
diagnostic properties and spatial variability remain insufficiently studied under modern classification
frameworks (Mueller-Harvey, 2006; Huseynov et. al., 2025).

Recent advances in soil science emphasize the integration of classical field and laboratory methods
with geospatial technologies, such as geographic information systems (GIS), global positioning
systems (GPS), and digital elevation models (DEMs). These tools enable more precise spatial analysis
of soil properties and improve the reliability of soil mapping and land resource assessments.
Moreover, the application of internationally recognized soil classification systems, such as the World
Reference Base for Soil Resources (WRB), allows for standardized soil characterization and
facilitates comparison with soils from other regions (Mammadov et. al., 2025).

Against this background, the present study aims to provide a comprehensive evaluation of mountain
gray-brown soils in the Shamkir administrative region within the Gazakh—Tovuz economic zone. The
research focuses on the assessment of morphological features, physicochemical properties, and key
diagnostic indicators, including humus content, nutrient status, granulometric composition, soil
reaction, and carbonate content. By combining detailed field observations, laboratory analyses, and
geospatial modeling techniques, this study seeks to improve the understanding of soil variability and
to establish a scientific basis for soil classification, land evaluation, and sustainable agricultural
planning in the region (Interstate standard, 2019; Mustafayev et. al., 2025; Sadigov et. al., 2026a).

Materials and Methods

This study analyzes and synthesizes the results of long-term soil investigations conducted in the
Gazakh-Tovuz economic region Shamkir administrative district since 2020. The research was
conducted using large-scale topographic maps, geographic information system (GIS) software, and
biogeographic route survey methods. Soil investigations were based on the soil-geographic
comparative approach and morphological diagnostics carried out in accordance with FAO guidelines.
Soil profile descriptions and horizon identification were performed following the international soil
classification system of the World Reference Base for Soil Resources (WRB). Laboratory analyses
were conducted using generally accepted and standardized soil analysis methods. The research
focused on mountain gray-brown soils, which were correlated with the World Reference Base for Soil
Resources (WRB) classification system. Based on this correlation, a digital soil map was compiled
using the ArcGIS software package (Jabroil et al., 2013).

During field investigations, soil horizons were identified and indexed according to genetic principles,
and their characteristics were harmonized with WRB diagnostic criteria and the national land
classification parameters of Azerbaijan. The main objective of the study was to assess the current
condition of mountain gray-brown soils formed within the Gazakh—Tovuz economic region through
field surveys, determination of diagnostic indicators, and morphogenetic evaluation (State Standard
of the Republic of Azerbaijan, Soil Quality, 2013).

Mountain gray-brown soil occupies an area of 10,522.55 hectares within the Gazakh-Tovuz economic
region. The present research examined soil plots located in adjacent areas along predetermined survey
routes during the period 2020-2025. Soil sections were established using modern georeferencing
techniques, and their geographic coordinates were determined with a Garmin GPSMAP 62s device.
In total, four representative soil profiles were described and analyzed. Soil horizons were
differentiated within each profile, and key morphological features-including color, structure,
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hardness, and horizon thickness-were recorded. Granulometric composition was also determined as
a major diagnostic parameter (Sleugh et al., 2020).

Laboratory analyses were performed at the Ecology laboratory at the Azerbaijan State University of
Economics using standardized methods. Soil humus content was determined by the Dry Combustion
method following ISO 10694. Total nitrogen concentration was measured using the Dumas
combustion technique. Available phosphorus was quantified using the Olsen or Bray extraction
methods, as appropriate for the soil conditions. The granulometric composition of the soil was
determined by laser diffraction particle-size analysis. Hygroscopic moisture content was assessed
using automated thermogravimetric analyzers (TGA). Soil pH was measured potentiometrically in
soil-water and soil-KCl suspensions using a digital pH meter in accordance with ISO 10390 (Figure
1) (Nelson and Sommers, 1996; Houba et al., 2000; Eshel et al., 2004; International Organization for
Standardization, 1998;2012; 2019; 2021).

Results and Discussion

The granulometric composition of soils is regarded as one of their principal genetic characteristics,
exerting a significant influence on both physical and chemical soil properties. Along with texture,
humus content and other biogenic elements constitute the basis of key morphological and diagnostic
features of soils. In the present study, a comparative analysis of diagnostic indicators was conducted for
all soil sections established within the study area, taking into account differences in erosion intensity.
On this basis, the investigated soil profiles were evaluated accordingly (Khalilov etal., 2023 ; Huseynov
etal., 2026).

Soil section No. 12 was established within an area occupied by mountain brown soils, with the primary
objective of conducting a comparative assessment of their diagnostic indicators relative to those of
mountain gray-brown soils. The results of physicochemical analyses of the non-eroded soil profile
(Table 1) indicate that the soils are characterized by a heavy clay texture in the upper 0—16 cm layer,
where the clay content reaches 76%. Throughout the profile, the proportion of physical clay particles
(<0.01 mm) ranges from 71.60% to 72.0% in the middle and lower horizons, confirming the heavy
clayey nature of the soil. The content of fine silt (<0.001 mm) varies from 32.00% in the surface horizon
to 31.60-38.40% in the deeper layers. Soil bulk density averages 1.25 + 0.12 g/cm? (Gumbatov et. al.,
2024; Sadigov et al., 2026b).

Hygroscopic moisture content within the soil profile ranges from 6.95% to 7.19%. The thickness of the
cultivated layer is 40—45 cm, while the sowing layer extends to a depth of 25—30 cm. The humus horizon
is dark brown in color, with a humus content of 2.7 1% in the surface 0—16 cm layer, which is assessed
as sufficient. A pronounced decrease in humus content is observed with increasing depth. In the middle
horizons (44-73 cm), humus content decreases to 1.64%, corresponding to low humus status, while in
the parent material at depths of 73-91 cm, it declines further to 0.77%, which is classified as very low.
This vertical distribution of humus is characteristic and reflects typical pedogenetic processes (Haynes
and Naidu, 1998).

The carbon-to-nitrogen (C:N) ratio remains relatively low, ranging from 9.6 to 9.0, indicating that soil
organic matter is comparatively well supplied with nitrogen. Soil reaction throughout the profile is
neutral, with pH values ranging from 7.12 to 7.40. The carbonate (CaCOs) content in the surface horizon
(0-16 cm) is 16.06%, decreasing slightly to 15.22% in the middle horizons (44-73 cm) and further to
13.36% in the parent material. Overall, the soils are classified as carbonated (Table 2) (Ayubov et. al.,
2025; Mirzezadeh et al., 2025).

The total amount of absorbed bases in the soil adsorption complex exhibited moderate variability along
the soil profile. In the upper 0—16 cm horizon, the content of absorbed bases was 28.80 mmol eq-100/g
soil, increasing to 31.0 mmol eq-100/g soil in the middle 39-57 cm layer, and further rising slightly to
33.7 mmol eq-100/g soil in the lower 101-137 cm horizon. Overall, the soil adsorption capacity was
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evaluated as moderate. Based on the composition of exchangeable cations, the studied soils were
classified as calcium—magnesium type.

Calcium (Ca) was the dominant cation within the adsorption complex throughout the profile. Its content
amounted to 24.1 mmol eq-100/g soil (83.68%) in the upper horizon, 26.8 mmol eq-100/g soil (86.45%)
in the middle layer, and 25.9 mmol eq-100/g soil (76.85%) in the lower horizon. In contrast, magnesium
(Mg) contents were considerably lower, reaching 4.7, 4.2, and 7.8 mmol eq-100/g soil in the upper,
middle, and lower horizons, respectively, corresponding to 16.32%, 13.55%, and 23.15% of the total
absorbed bases (Table 2).

Consistent with the vertical distribution of humus, total nitrogen content showed a distinct decreasing
trend with increasing depth. The highest total nitrogen concentration (0.21 %) was recorded in the upper
0-16 cm layer, declining to 0.168% in the middle part of the profile and to 0.048% in the parent material.
Overall, the distribution pattern of nutrients in mountain gray-brown soils indicates a gradual reduction
in nutrient availability with depth.

In non-eroded soils of this type, ammonium nitrogen (NH4"- N) content was relatively high in the
surface horizon (0—16 cm), reaching 121.16 mg/kg, and decreased to 86.45 mg/kg in the middle 39-57
cm layer and 64.37 mg/kg in the lower 101-137 cm horizon. In comparison, the content of mobile
phosphorus (P-Os) was markedly lower, amounting to 24.44 m/kg in the upper layer, 15.55 mg/kg in
the middle layer, and 7.77 mg/kg in the parent material. Exchangeable potassium (K:O), however, was
present in relatively high concentrations, with values of 398.44 mg/kg in the upper horizon, 241.18
mg/kg in the middle horizon, and 126.52 mg/kg in the lower horizon (Table 2).

The diagnostic indicators of soil section No. 19, established on mountain gray-brown soils not
subjected to erosion, were analyzed along the soil profile (Tables 1 and 2). The granulometric
composition indicates that the upper 0-11 cm horizon is medium-textured clay soil, with a clay
fraction of 69.0%. The proportion of physical clay (<0.01 mm) gradually increases toward the middle
and lower horizons, reaching 75.40% in the 28-56 cm layer and 85.20% in the lower 82-105 cm layer,
classifying these horizons as heavy clayey soils. The physical silt fraction (<0.001 mm) varies from
30.20% in the surface layer to 34.00-40.40% in the deeper layers. Soil bulk density averages
1.25+0.12 g/cm?, and hygroscopic moisture content ranges between 5.45% and 6.69%. The cultivated
layer has a thickness of 30-35 cm, while the sowing layer extends to 25-30 cm.

The humus layer exhibits a gray-brown color, with humus content of 1.86% in the upper horizon,
assessed as low. Humus content decreases progressively with depth, reaching 1.45% in the middle
horizon (28-56 cm) and 0.98% in the lower 82-105 cm layer, which is classified as very low. The C:N
ratio ranges from 9.6 to 10.1. Soil reaction increases from weakly alkaline to moderately alkaline
along the profile, with pH values ranging from 7.64 to 8.69. Carbonate content (CaCOs) shows
minimal variation along the profile, ranging from 14.16% to 17.75%, and the soils are thus classified
as carbonate (Sadigov et al., 2026 c).

The total content of absorbed bases in the soil adsorption complex varies along the profile, being
25.60 mmol eq-100 g soil in the upper horizon, increasing slightly to 26.1 mmol eq-100 g in the
middle horizon, and decreasing to 22.9 mmol eq-100 g in the lower horizon, corresponding to a
sufficient absorption capacity. Calcium (Ca) is the dominant cation, with concentrations of 18.3 mmol
eq-100 g in the surface horizon and 16.1 mmol eq-100 g in the lower horizon, representing 71.48%
and 70.30% of total bases, respectively. Magnesium (Mg) contents are lower, ranging from 7.3 mmol
eq-100 g in the surface layer to 6.8 mmol eq-100 g! in the lower horizon (28.52-29.70%).

The vertical distribution of total nitrogen follows the humus pattern, decreasing from 0.112% in the
upper 0-11 cm layer to 0.084% in the middle horizon and 0.056% in the parent material. Ammonium
nitrogen (NH4+*—N) also declines with depth, from 51.34 mg/kg in the surface horizon to 42.09 mg/kg
in the middle horizon and 26.38 mg/kg in the lower layer. Mobile phosphorus (P2Os) is relatively low,
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with values of 11.11 mg/kg in the upper layer, 7.77 mg/kg in the middle horizon, and 4.44 mg/kg in
the parent rock. In contrast, exchangeable potassium (K20) is high compared to other nutrients,
amounting to 409.16 mg/kg in the surface layer, 351.49 mg/kg in the middle horizon, and 283.45
mg/kg in the lower horizon (Table 2).

The physical and chemical characteristics of soil section No. 25, established on uneroded mountain
gray-brown soils in the Seyfali village area, were analyzed along the soil profile. Based on the
granulometric composition, the upper 0-16 cm horizon is heavy clayey, with a clay fraction of 72.0%.
In the middle part of the profile (33-92 cm), the clay content (<0.01 mm) increases to 78.40%, while
in the lower 92-108 cm horizon, it decreases to 68.80%, corresponding to a medium-textured clay
soil. The silt fraction (<0.001 mm) varies from 33.20% in the surface layer to 40.80-44.00% in the
lower horizons. Hygroscopic moisture in the soil profile ranges from 4.82% to 5.93% (Mammadova
et al., 2025; Sadigov et al., 2025).

Humus content in the upper 0-16 cm horizon is 2.59%, classified as sufficient, and decreases
progressively with depth to 1.24% in the 33-92 cm layer (low humus) and 0.87% in the 92-108 cm
horizon (very low humus), a typical pattern in these soils. Soil reaction along the profile is alkaline,
with pH values ranging from 8.14 to 8.69. Carbonate content (CaCQ:s) is relatively uniform, ranging
from 11.61% in the surface layer to 11.81-10.97% in the lower horizons, indicating carbonated soils.

The total amount of absorbed bases in the soil adsorption complex varies along the profile. In the
upper horizon, it is 22.90 mmol eq-100 g soil (sufficient), increasing to 50.8 mmol eq-100 g in the
middle layer, and 44.1 mmol eq-100 g in the lower layer, classified as high. According to the cation
composition, these soils are calcium—magnesium type. Calcium predominates, with concentrations of
16.1 mmol eq-100 g in the upper layer, 40.7 mmol eq-100 g in the middle horizon, and 30.4 mmol
eq-100 g in the parent rock, accounting for 70.31%, 80.11%, and 64.96% of the total absorbed bases,
respectively. Magnesium contents are also relatively high, ranging from 8.3 mmol eq-100 g in the
surface horizon to 17.2 mmol eq-100 g in the 92-108 cm horizon, and 16.4 mmol eq-100 g below 108
cm, corresponding to 38.42%, 39.0%, and 35.04% of the total bases. The C:N ratio ranges from 9.7
to 11.8, indicating that humus is relatively well supplied with nitrogen.

Total nitrogen follows a decreasing trend with depth, ranging from 0.154% in the surface layer to
0.070% in the middle horizon and 0.048% in the parent rock. Similarly, ammonium nitrogen (NHa4"-
N) decreases from 23.34 mg/kg in the upper horizon to 16.49 mg/kg in the middle layer and 9.50
mg/kg in the lower horizon. Mobile phosphorus (P20s) is relatively low, with values of 14.44 mg/kg
in the surface horizon, 12.20 mg/kg in the middle horizon, and 8.90 mg/kg in the parent rock.
Exchangeable potassium (K:0) is relatively high compared to other nutrients, with concentrations of
410.15 mg/kg in the upper layer, 325.29 mg/kg in the middle layer, and 187.23 mg/kg in the lower
horizon (Table 2).

The diagnostic indicators of soil section No. 98, established on uneroded mountain gray-brown soils,
were analyzed along the soil profile. Based on granulometric composition, the upper 0—18 cm horizon
is heavy clayey, with 74.0% clay content (<0.01 mm). In the middle 41-63 cm layer, clay content
increases to 78.80%, and in the lower 87—110 cm horizon it reaches 83.60%, confirming the heavy
clayey texture of these soils. The silt fraction (<0.001 mm) varies from 34.00% in the surface layer
to 37.20% in the middle horizon and 38.80% in the parent rock. Hygroscopic moisture content in the
upper horizon is 5.23%, and varies between 5.03% and 6.72% in the deeper layers.

The humus layer is gray-brown, with 2.64% humus in the upper 0—18 cm horizon, assessed as
sufficient. Humus content decreases sharply with depth, reaching 0.67% in the middle 41-63 cm
horizon (very low) and 0.41% in the 87-110 cm horizon (almost negligible). Soil reaction is
moderately alkaline, with pH values ranging from 8.25 to 8.63 along the profile. The C:N ratio varies
from 8.1 to 17.4 in the middle and lower horizons, indicating relatively high nitrogen availability in
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the organic matter. Carbonate content (CaCOs) is relatively uniform, ranging from 15.41% to 16.68%,
classifying these soils as carbonated.

The total amount of absorbed bases in the soil adsorption complex is 27.40 mmol eq-100 g in the
upper horizon (sufficient), decreases to 18.4 mmol eq-100 g in the middle horizon, and rises again to
21.6 mmol eq-100 g in the lower horizon, assessed overall as sufficient. Calcium predominates, with
values of 16.9 mmol eq-100 g in the upper horizon, decreasing slightly to 13.7 mmol eq-100 g in the
parent rock, accounting for 61.67% and 63.42% of the total absorbed bases, respectively. Magnesium
shows higher values in the upper horizon (10.5 mmol eq-100 g), decreases to 3.7 mmol eq-100 g in
the middle layer, and increases to 7.9 mmol eq-100 g in the parent rock, corresponding to 38.33%
and 36.58% of the total bases.

Total nitrogen decreases along the profile from 0.164% in the surface layer to 0.048% in the middle
horizon and 0.014% in the parent rock, consistent with the distribution of humus. Ammonium
nitrogen (NH4*-N) decreases from 19.37 mg/kg in the upper horizon to 14.52 mg/kg in the middle
horizon and 6.21 mg/kg in the lower horizon. Mobile phosphorus (P2Os) 1s low, ranging from 10.00
mg/kg in the upper layer to 7.77 mg/kg in the middle horizon and 5.60 mg/kg in the parent rock.
Exchangeable potassium (K2O) is relatively high compared to other nutrients, with concentrations of
241.56 mg/kg in the surface horizon, 165.12 mg/kg in the middle layer, and 106.42 mg/kg in the
lower horizon (Tables 2 and 3).

The morphogenetic characteristics of mountain gray-brown soils in the Shamkir region were assessed
considering natural climatic conditions and anthropogenic influences, with classification harmonized
according to the international WRB system. Four representative uneroded and anthropogenically
influenced soil sections (Soil sections: 12, 19, 25, and 98) were analyzed.

Section 12 - Shamkir, Tazakend village

Classified as Someric Calcic Kastanozems (Clayic, Humic), this soil exhibits a mollic layer (<20 cm)
with high humus content in the upper 0-6 cm (3.52%) and 6-39 cm (3.31%). The humus layer is dark
brown, granular, or nut-grained. Carbonate content (CaCOs) ranges between 14.36-17.52%. The
granulometric composition is silty clay, with particle-size fractions of <0.001 mm (28.00-42.00%),
<0.01 mm (72.00-86.00%), and 0.005-0.001 mm (26.80-36.40%). The upper layers are rich in humic
substances, reflecting a well-developed mollic horizon.

Section 19 - Shamkir, Sabirkand village

This section corresponds to Calcic Kastanozems (Clayic). The carbonate content varies between
14.16-17.75%. The granulometric composition is silty clay, with <0.001 mm fraction ranging from
33.20-40.40%, <0.01 mm from 74.80-88.40%, and 0.005-0.001 mm from 29.60-36.80%. The soil
demonstrates typical characteristics of uneroded mountain gray-brown soils, with a moderately
developed humus layer.

Section 25 - Shamkir, Seyfali village

Classified as Calcic Kastanozems (Clayic, Humic), this soil has a carbonate content of 10.97-11.81%.
The granulometric composition is silty clay loam, with <0.001 mm fraction of 33.20-44.00%, <0.01
mm fraction of 68.80-76.40%, and 0.005-0.001 mm fraction of 22.00-27.20%. Humus content is high
in the upper layers, reflecting good soil fertility and a well-preserved mollic horizon.

Section 98 - Shamkir, Seyidkand village

This section represents Terric Calcic Kastanozems (Anthric, Clayic, Humic). The carbonate content
ranges from 15.41-16.68%. The soil exhibits Anthric properties due to long-term anthropogenic
influence, including viticulture and grazing, which has impacted vegetation cover. The granulometric
composition is silty clay, with <0.001 mm fraction of 28.80-39.60%, <0.01 mm fraction of 73.20-
84.00%, and 0.005-0.001 mm fraction of 30.80-36.40%. The humic layer is relatively thick and
nutrient-rich in the upper horizon, supported by anthropogenically improved forest strips.
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Conclusion

The comprehensive study of mountain gray-brown soils in the Shamkir administrative region of the
Gazakh-Tovuz economic region provides a detailed understanding of their morphogenetic, physical,
and chemical characteristics. Field and laboratory analyses of four representative soil sections (Soil
sections: 12, 19, 25, and 98) revealed that these soils are predominantly heavy clayey to medium-
textured clay soil, with a significant proportion of fine clay and silt particles, which strongly influence
their physical and chemical properties.

The morphogenetic diagnostics indicate that the studied mountain gray-brown soils are
predominantly clayic and humus-rich in the upper horizons, with variation in carbonate content and
anthropogenic influence reflecting local land use practices. These observations provide a robust
framework for soil classification, land evaluation, and sustainable management in the Gazakh-Tovuz
economic region.

Integration of granulometric, chemical, and morphogenetic analyses, together with geospatial
mapping, provides a solid foundation for soil classification, land evaluation, and sustainable
agricultural planning in the Gazakh—Tovuz region. The results highlight the potential of mountain
gray-brown soils for productive agriculture while emphasizing the need for careful management of
nutrients and erosion control to preserve soil fertility.

Table 1
Granulometric composition of uneroded mountain gray-brown soils, in %
B 2 Location  Genetic layers and Particle diameter, mm
% 2 depth, 1-0,25 0,25- 0,05- 0,01- 0,005- <0,001 <0,01
2 § Cm 0,05 0,01 0,005 0,001
1 2 3 4 5 6 7 8 9 10
Shamkir AUvz 0-16 1.19  6.81 16.00 13.40 30.60 32.00 76.00
12 Tazakend AYvz 16-39 3.19 841 16.20 15.00 27.20 30.00 72.20
village  Bvp 39-57 391 6.69 17.80 14.00 26.00 31.60 71.60
B/Cca  57-101 3.00 480 19.20 13.60 31.40 28.00 73.00
Cca 101-137 479 281 2040 6.80 26.80 38.40 72.00
Shamkir AYvaz  0-11 330 9.70 18.00 13.00 25.80 30.20 69.00
Sabirkand AYaz 11-28 260 740 1720 1220 2840 32.20 72.80
19 village  Bca 28-56 250 7.50 1430 13.80 27.60 34.00 75.40
B/Ccap  56-82 0.61 259 11.60 10.80 34.40 40.00 85.20
Cca 82-105 037 043 1080 11.20 36.80 40.40 88.40
Shamkir Ayvz 0-16 0.08 3.12 2480 11.60 27.20 33.20 72.00
25 Seyfali  A/Bv 16-33 0.14 186 26.00 10.80 2520 36.00 72.00
village  Bvca 33-92 0.77 043 2040 1040 2720 40.80 78.40

B/Ccap  92-108 205 355 2560 240 2280 43.60 68.80
Cca below 108 038 1.62 21.60 1040 22.00 44.00 76.40

Shamkir AYvz 0-18 0.16 2.64 2320 13.60 26.40 34.00 74.00

98 Seyidkand A/Bcs 18-41 026 374 2280 11.20 33.20 28.80 73.20
village  Bca 41-63 027 1.73 1920 9.20 32.40 37.20 78.80

B/Cca 63-87 026 094 20.00 840 30.80 39.60 78.80

Cca 87-110 0.17 1.03 1520 11.60 33.20 38.80 83.60
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Table 2
Indicators of humus and basic biogenic elements of uneroded mountain gray-brown soils
_ Location Genetic Hygroscopic Humus C:N CaCOs; pH Absorbed bases Total
ER- layers and moisture % % (in 100 g. soil),  absorbed
o % depth, % mmol.eq. bases,
2 2 cm Ca Mg mmol.eq. per
100g soil
1 2 3 4 5 6 7 8 9 10 11
Shamkir AUvz 0-16 6.35 352 97 17.11 7.10 24.1 4.7 28.8
12 Tazakend AYvz 16-39 6.14 331 9.8 16.68 7.35 246 7.3 319
village Bvp 39-57 6.57 274 94 1732 740 2638 4.2 31.0
B/Cca 57-101 4.60 1.14 94 1752 7.73 228 9.1 319
Cca  101-137 6.67 0.77 93 1436 820 259 7.8 33.7
Shamkir AYvaz 0-11 5.45 1.86 9.6 14.16 7.60 183 7.3 25.6
Sabirkand AYaz 11-28 5.88 1.71 10.1 1456 7.80 20.1 3.7 23.8
19 village Bca 28-56 6.47 145 10.0 14.16 8.10 18.7 7.4 26.1
B/Ccap 56-82 6.09 1.08 89 1775 8.64 155 9.7 25.2
Cca 82-105 6.69 098 10.1 1627 8.69 16.1 6.8 229
Shamkir Ayvz 0-16 5.44 259 9.7 1161 814 133 8.3 21.6
25 Seyfali  A/Bv 16-33 5.04 1.71 10.1 1097 826 25.1 10 36.2
village  Bvca 33-92 5.71 124 103 11.61 8.65 40.7 10.1 50.8
B/Ccap 92-108 4.82 1.14 11.8 11.81 8.69 26.9 17.2 44.1
Cca below 5.93 087 105 11.18 8.63 304 164 46.8
Shamkir AYvz 0-18 5.23 264 99 1627 825 169 10.5 274
98 Seyidkand A/Bcs  18-41 5.44 1.81 94 1627 838 173 2.0 193
village Bca 41-63 5.03 0.67 8.1 1541 857 147 3.7 184
B/Cca  63-87 6.26 0.62 12.8 1584 8.63 174 6.9 243
Cca 87-110 6.72 041 174 16.68 847 13.7 7.9 21.6
Table 3

Assessment of mountain gray-brown soils according to diagnostic indicators (0-25 cm) (according to

R.H. Mammadov)

Assessment
Indicators Uneroded Weakly eroded Moderately eroded
Granulometric 74.00 67.60 60.40
composition, <0.0Imm, % heavy clay Medium-textured clay = Medium-textured clay
Carbonate CaCO3, % 16.27 15.21 13.95
carbonated carbonated carbonated
Humus, % 2.64 1.94 1.66
Enough Low humus Low humus

pH (in water solution) 8.25 8.15 7.45

Medium alkaline Medium alkaline Low alkaline
Total absorbed bases, 274 24.3 24.6
mmol.eq. Enough Enough Enough
Total 16.9 16.0 17.3
Ca Medium calcium Medium calcium Medium calcium
Mg 10.5 8.3 7.9

Low magnesium

Low magnesium

Low magnesium
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Land map of Shamkir district
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Age-Related Dynamics of Liver Morphometric Changes and
Hemostasis Parameters in Rats Following
Prenatal Hypoxia

Gulnar Jafarova! (", Sevinj Yusifova' '"/, Nargiz Mahmudova' ",
Aynur Qaflanova? ‘", and Gunay HajiyevaZ

Abstract. To study the long-term consequences of severe intermittent prenatal hypoxia on liver
structure and hemostatic system dynamics in rats at different postnatal developmental stages.
Pregnant Wistar rats were exposed to normobaric hypoxia (5% O, 20 min/day) during embryonic,
pre-fetal, or fetal gestation periods. Liver morphometric parameters (hepatocyte and nuclear areas,
nuclear-cytoplasmic ratio) and hemostatic indicators (fibrinogen, activated partial thromboplastin
time [aPTT], and plasma heparin tolerance [PHT]) were evaluated in offspring at 1, 3, and 6 months
of age. At 1 month, hypoxia-exposed animals showed a 19—25% liver mass decrease versus controls
(p < 0.001), hydropic hepatocyte degeneration, increased cell size, and systemic hypocoagulation.
By 3 and 6 months, hepatocyte and nuclear sizes normalized. However, relative liver mass remained
elevated (p < 0.01), with histology revealing persistent sinusoidal congestion and venous stasis.
Concurrently, an age-related inversion from hypocoagulation to a procoagulant state occurred. In
6-month-old rats, fibrinogen increased, aPTT shortened, and PHT decreased to 56—77% of control
values (p < 0.01). Severe prenatal hypoxia induces a biphasic adaptive response. Despite
morphometric parenchymal recovery, hepatic vascular remodeling and microcirculatory disorders
persist into adulthood, likely driving the development of a long-term procoagulant phenotype.

Keywords: blood coagulation, fetal programming, hepatocytes, microcirculation, venous stasis
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Prenatal hipoksiya tasirind maruz qalmis sicovullarda
qaraciyarin morfometrik gostaricilorinin vo hemostaz sistemi
parametrlorinin yas dinamikasi

Giilnar Caforova'” '/, Sevinc Yusifova! "/, Norgiz Mahmudova' "/,
Aynur Qaflanova? ", Giinay Haciyeva?

Xiilasa. Todqgiqatin magsadi postnatal inkisafin miixtalif moarhalalorinda kaskin prenatal hipoksiyanin
si¢ovullarda qaraciyarin strukturuna va hemostaz sisteminin dinamikasina gostordiyi uzunmiiddatli
tasirlori oyronmak olmusdur. Bogaz Wistar cinsli sicovullar riiseym, dolonii ve dol inkisaf
marhalalarinda normobarik hipoksiyaya (5% O:, giinda 20 daqiqa) maruz qoyulmusdur. 1, 3 va 6
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ayliq yas dovrlorinda qaraciyarin morfometrik gostoricilari (hepatositlorin va niivalarin sahasi, niiva-
sitoplazma nisbati) va hemostaz parametrlori (fibrinogen, aktiv parsial tromboplastin miiddati va
plazmanin heparina tolerantligi) giymoatlondirilmisdir. Bir ayliq yasda prenatal hipoksiyaya moaruz
qalmis heyvanlarda nazarat qrupu ilo miiqayisada qaraciyarin kiitlasinin 19-25% azalmast (p <
0,001), hepatositlordo vakuolizasiya, hiiceyra olgiilarinin artmast va sistemik hipokoaqulyasiya
miisahida olunmusdur. U¢ va alti ayliq yaslarda hepatositlorin va onlarin niivalorinin 6l¢iilori
normallasmisdir. Bununla bels, qaraciyarin nisbi kiitlasi yiiksak olaraq qalmis (p < 0,01), histoloji
miiayinada isa sinusoidlorin davamli dolgunlugu (kongestiyasi) va venoz durgunluqg askar edilmisdir.
Eyni zamanda, yas artdigca hemostaz sisteminda hipokoaqulyasiya vaziyyatindan hiperkoaqulyasiya
vaziyyatina kegid bas vermisdir. Alti ayliq si¢covullarda fibrinogenin konsentrasiyasi artmig, aktiv
parsial tromboplastin miiddati qisman qisalmis, plazmanin heparina tolerantligr isa nazarat
gostoricilorinin 56—77%-na qadar azalmisdir (p < 0,01). Belalikla, kaskin prenatal hipoksiya iki
marhaloli adaptiv cavab reaksiyasmmin formalasmasina sabab olur. Qaraciyar parenximasinin
morfometrik gostaricilori barpa olunsa da, qaraciyar damar sisteminin yenidon qurulmasi va
mikrosirkulyasiya pozgunluglar: yetkinlik dévriinadak davam edir va ehtimal ki, uzunmiiddoatli
prokoaqulyant fenotipin inkisafinin asas patogenetik mexanizmlorindan biri kimi ¢ixig edir.

Acgar sozlar: ganin laxtalanmasi, doliin inkisafi, hepatositlor, mikrosirkulyasiya, venoz durgunlug
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Introduction

Prenatal hypoxia (PH) remains one of the most frequent causes of intrauterine developmental
disorders and adverse perinatal outcomes. Oxygen deficiency during critical periods of ontogenesis
can exert a long-term influence on the formation of fetal organs and systems. According to the
Developmental Origins of Health and Disease (DOHaD) concept, adverse exposures during early
developmental periods can program an increased susceptibility to various diseases in adulthood
(Glukman et al., 2016). Experimental studies demonstrate that the consequences of prenatal hypoxia
persist far beyond the neonatal period and are associated with an elevated risk of metabolic,
cardiovascular, and neuroendocrine disorders (Vetrovoy et al., 2020; Vetrovoy et al., 2021, Smith et
al., 2022, Ducsay et al., 2018). Recent studies in large animals also indicate that hypoxic pregnancy
is accompanied by the development of fibrotic and metabolic changes in the fetal liver (McGuckin et
al., 2025).

The fetal liver—a central metabolic organ that plays a crucial role in metabolism, hematopoiesis, and
hemostasis regulation—is one of the primary targets of hypoxic injury. Accumulated data suggest
that prenatal hypoxia can disrupt the growth and differentiation of hepatocytes, alter the formation of
hepatic tissue, and lead to long-term metabolic consequences (McGuckin et al., 2025, Cao et al.,
2019). Furthermore, antenatal hypoxic exposure has been shown to induce structural alterations in
the liver, affecting not only the parenchyma but also the stromal-vascular component of the organ
(Zotova et al., 2024).

Morphometric research methods are widely used to quantitatively assess the nature and severity of
structural changes in the liver. Analysis of hepatocyte dimensions, their nuclear size, and the nuclear-
cytoplasmic ratio allows for an objective evaluation of cell damage, compensatory hypertrophy,
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polyploidization, and regeneration of liver tissue (Prus et al., 2021, Donne et al., 2021, Matsumoto et
al., 2022).

The potential link between structural changes in the liver and disorders of the hemostatic system is
of particular interest. Since the liver is the primary site for the synthesis of most clotting factors,
fibrinogen, and natural anticoagulants, any changes in its structural and functional state can
potentially alter the coagulation profile of the body (Tsaousi et al., 2023). It has previously been
shown that prenatal hypoxia can lead to long-lasting alterations in the hemostatic balance of the
offspring (Jafarova 2023). Structural damage to the sinusoidal endothelium of the liver, the
development of endothelial dysfunction, and microcirculatory disorders are considered among the
possible mechanisms underlying these impairments (Gracia-Sancho et al., 2021).

Despite a substantial body of research dedicated to the consequences of intrauterine hypoxia, most
studies focus predominantly on the early postnatal period or isolated aspects of metabolic disorders.
Meanwhile, the age-related dynamics of liver structural remodeling after prenatal hypoxia, the
specifics of its postnatal recovery, and the potential relationship between morphological changes and
hemostatic disorders remain insufficiently understood. In addition, the question of whether the
gestational timing of the hypoxic exposure influences the nature and severity of long-term
consequences remains unresolved.

In view of this, the objective of the present study was to investigate the age-related dynamics of liver
morphometric parameters and hemostatic system indicators in rat offspring following exposure to
severe intermittent prenatal hypoxia during different periods of intrauterine development.

Materials and Methods

Animals and Study Design. The study included 120 male Wistar rat offspring, examined at 1, 3, and
6 months of age. All procedures complied with EU Directive 2010/63/EU and were approved by the
local Bioethics Committee (Protocol No. 3, April 27, 2021). Animals were housed under standard
vivarium conditions (22 + 2 °C, 50—-60% humidity, 12-h light/dark cycle) with ad libitum access to
water and pelleted feed. Pregnant females (n = 74) were randomly assigned to a control group
(standard conditions) and three experimental groups exposed to prenatal hypoxia during specific
gestational windows: embryonic (days 1-7), pre-fetal (days 8—14), and fetal (days 15-21) (Vetrovoy
et.al., 2021, Graf et.al., 2022). To minimize litter effects and prevent pseudoreplication, only 1-2
males were randomly selected per litter. Each age and exposure subgroup comprised 10 independent
biological replicates.

Modeling of Prenatal Hypoxia. Severe intermittent prenatal hypoxia was induced using a normobaric
chamber. Pregnant females were exposed daily to a 5% O2/95% N2 gas mixture for 20 min during
their assigned gestation period (Vetrovoy et al., 2021). Oxygen levels were continuously monitored
using a gas analyzer. This established protocol effectively replicates severe hypoxic stress and
placental insufficiency (Salyha & Oliynyk, 2023).

Biological Sample Collection. Under intramuscular ketamine anesthesia (0.1 mL/100 g body weight),
blood was drawn from the inferior vena cava into 0.1 M sodium oxalate at a 10:1 ratio. The animals
were then euthanized via an anesthetic overdose. Livers were rapidly excised, weighed to determine
absolute mass, and sampled for histology.

Histological Examination and Liver Morphometry. Liver tissues were fixed in 4% neutral buffered
formalin, paraffin-embedded, and sectioned (5 wm) for standard hematoxylin and eosin staining
(Korzhevsky & Gilyarov, 2010). Sections were examined using an NU-2 Carl Zeiss microscope
(Jena, Germany) equipped with a Motic digital camera. Blinded morphometric analysis was
performed using Motic Images Plus 3.0. For each animal, at least 50 intact hepatocytes across five
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non-overlapping fields (x500) were analyzed for cell and nuclear diameters and areas. The nuclear-
cytoplasmic index (NCI) was calculated. Additionally, binucleated hepatocytes were counted across
50 random fields at X500 magnification (Prus et al., 2021).

Hemostasis System Assessment. Blood was centrifuged to isolate plasma. Coagulation parameters
reflecting the coagulation potential and hepatic protein synthesis—fibrinogen concentration,
activated partial thromboplastin time (aPTT), and plasma heparin tolerance (PHT)—were measured
using a Coatron M semi-automated coagulometer (TECO Medical Instruments, Germany) and
commercial Hemostat kits (Human GmbH, Germany).

Statistical Analysis. Data were analyzed in jamovi (v. 2.6.44) (jamovi project. 2024) and expressed
as mean + standard deviation (M = SD). Normality and variance homogeneity were verified using the
Shapiro-Wilk and Levene's tests, respectively. Age-specific comparisons were conducted using one-
way ANOVA with Tukey's post hoc test, or Welch's ANOVA with the Games-Howell post hoc test
for heteroscedastic data. Statistical significance was set at p < 0.05.

Results

Liver Morphometric Changes

Changes in One-Month-Old Animals. At one month of age, the offspring exposed to prenatal hypoxia
exhibited a statistically significant decrease in both absolute and relative liver mass compared to the
control group (Table 1). The absolute liver mass was 19-25% lower than the control values (p <
0.001), while the relative organ mass decreased by 20-22% (p < 0.001). No statistically significant
differences were found between the groups exposed to hypoxia at different gestational stages (p >
0.05).

Histological examination of the liver in control animals revealed a preserved parenchymal
architecture with clearly contoured hepatocytes and centrally located nuclei. In the experimental
groups, moderate vacuolization of the hepatocyte cytoplasm was observed, along with an increase in
the size of the cells and their nuclei (Fig. 1A). The results of the morphometric analysis corroborated
the histological findings. Hepatocyte diameter in the experimental groups exceeded the control values
by 16-20% (p < 0.01-0.001), and the cell area was larger by 44—49% (p < 0.05) (Table 1). Similar
changes were recorded for the nuclear apparatus: the nuclear diameter increased by 32—-34%, and the
nuclear area increased by 75—78% compared to the control.

The nuclear-cytoplasmic ratio was significantly elevated in the pre-fetal period group (p < 0.05),
while a similar trend was observed in the other experimental groups. Furthermore, an increase in the
number of binucleated hepatocytes was noted in the livers of the experimental animals (Fig. 1B). No
statistically significant differences were detected among the experimental groups for the majority of
the morphometric parameters (p > 0.05).

Table 1
Liver morphometric parameters in one-month-old offspring under normal development and after
prenatal hypoxia at different stages of embryogenesis

Morphometric Control Embryonic period  Pre-fetal period Fetal period
indicator (n=10) (n=10) (n=10) (n=10)
Absolute liver 554 1539 19100 12,6 #+x 2010039 556 01 54,5 wx
mass, mg
Relative liver 427+0.04 332001 %%  340+£0.07FFF 341 40,02 %
weight, %
Hepatocyte

. 16.5+0.9 19.2+£ 1.7 ** 19.8 + 1.9 **x* 19.5 £ 1.1 ***
diameter, pm
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Nuclear diameter, ¢ 5 5 883+ 1.52 %% 801 +108*k* 889+ 154k

pum

Hepat‘:ﬁiﬁe AW, 206.7+£274  297.0+£73.6%  307.8+£90.8*%  298.5+87.4*

Nuclear area, pm? 349+18.4 61.2£5.5** 61.2+6.0 ** 623+168*
NCI 0.20 = 0.04 0.24 +0.02 0.26 = 0.02 * 0.24+0.01

Note. Data are presented as M = SD. NCI — nuclear-cytoplasmic index. Statistical significance of
differences compared to the control group: *p < 0.05, **p < 0.01, ***p < 0.001.

Changes in Three-Month-Old Animals. By three months of age, the absolute liver mass of the animals
in the experimental groups did not differ significantly from the control values (p > 0.05) (Table 2).
However, the relative liver mass remained significantly higher in the embryonic (p = 0.045) and pre-
fetal (p < 0.001) exposure groups. In most cases, the morphometric parameters of hepatocytes and
their nucler did not differ among the groups. The cell diameter and area, as well as the nuclear
dimensions, were comparable to the control values (all p > 0.05).

In the pre-fetal exposure group, a significant decrease in the nuclear-cytoplasmic index was noted
compared to the control (p = 0.004). In the other groups, the values of this parameter did not differ
from those of the control. Despite the absence of pronounced differences in the primary morphometric
parameters, histological examination of the livers from the experimental groups revealed sinusoidal
dilation and blood stasis in the vascular bed (Fig. 1C).

Table 2
Liver morphometric parameters in three-month-old offspring under normal development and after
prenatal hypoxia at different stages of embryogenesis

D Control Embryonic Pre-fetal Fetal period
Morphometric indicator (1=10)  period (n=10)  period (n=10) (n=10)
Absolute liver mass, mg 5600 £ 606.7 5283 £418.3 5300+ 104.9 5237+ 86.2
Relative liver weight, % 4.06 +0.05 4.12+0.03 * 4'23*::*0'07 4.12+0.04
Hepatocyte diameter, um ~ 20.2 £2.95 20.8+2.4 20.1+2.1 203+1.7

Nuclear diameter, pm 11.0+1.09 11.3+1.03 11.0£1.2 112+£1.7
Hepatocyte area, pm? 3243 +89.9 350.0+79.4 317.1 £62.5 323.5+71.2
Nuclear area, pm? 96.0 £ 18.6 101.7+17.5 949+ 16.1 98.5+17.3

NCI 0.30+£0.02 0.28 +£0.01 026 +£0.02 **  0.28 £0.01

Note. Data are presented as M + SD. Statistical significance of differences compared to the control
group: *p <0.05, ** p <0.01, ***p <0.001.

Changes in Six-Month-Old Animals. At six months of age, the absolute liver mass did not differ
among the studied groups (Table 3). At the same time, the relative liver mass remained significantly
higher in the embryonic (p = 0.005) and pre-fetal (p = 0.008) exposure groups compared to the
control. The diameter and area of hepatocytes, as well as their nuclear dimensions, exhibited no
statistically significant differences among the groups (all p > 0.05).

The nuclear-cytoplasmic index was significantly lower than the control values in the pre-fetal and
fetal exposure groups (p <0.01).
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Table 3

Liver morphometric parameters in six-month-old offspring under normal development and after
prenatal hypoxia at different stages of embryogenesis

Morphometric Control Embryonic Pre-fetal Fetal period
indicator (n=10) period (n=10)  period (n=10) (n=10)

Absolute livermass,  gso3 . 4015 925041604  9373+£179.6  9271+212.2

mg
Relative lt,z)er weight, 5 20 009 3874007 3854001 **  3.73%0.03
Hepatocy;;dlameter’ 2267421 2283418 2271421  22.80+2.0

Nuclear diameter, yum  12.3 £0.82 126+1.24 123+1.14 122+1.7
Hepatocyte area, um?  406.0 += 74.8 409.1 +83.1 4049 +71.6 408.1+73.8
Nuclear area, pm? 119.8 +16.7 1246 +17.9 118.7+16.7 116.8 £ 14.5
NCI 0.30+0.01 0.30 £ 0.02 0.28 £0.01 ** 0.28 £0.01 **

Note. Data are presented as M + SD. Statistical significance of differences compared to the control
group: *p <0.05, **p < 0.01, ***p <0.001.

Histological examination of the livers from the animals in the experimental groups revealed persistent
sinusoidal dilation and signs of venous congestion (Fig. 1D).

Figure 1
Representative photomicrographs of liver tissue in rats exposed to prenatal hypoxia: (A) hydropic
vacuolization of hepatocytes and (B) binucleated hepatocytes in 1-month-old animals; (C)
sinusoidal dilatation and blood stasis in 3-month-old animals, (D) sinusoidal dilatation and blood
stasis in 6-month-old animals. Hematoxylin and eosin staining. Scale bars = 50 um.

Hemostasis Parameters

One-Month-Old Animals. At one month of age, the fibrinogen concentration was significantly lower
than the control values in all experimental groups (p < 0.001) (Fig. 2). The lowest values were
recorded in the embryonic exposure group. Intergroup differences were also statistically significant
(p <0.001). The aPTT values in all experimental groups exceeded the control values (p <0.001) (Fig.
3). The maximum values were registered in the animals of the embryonic exposure group. Plasma
tolerance to heparin was also significantly higher than the control level in all experimental groups (p
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< 0.001) (Fig. 4). However, there were no differences among the embryonic, pre-fetal, and fetal
exposure groups (p > 0.05).

Three-Month-Old Animals. By three months of age, the fibrinogen concentration in all experimental
groups exceeded the control values (p < 0.001); however, no differences were detected among the
experimental groups. The aPTT value remained significantly lower than the control level in all
prenatal hypoxia groups (p < 0.006). Analysis of plasma tolerance to heparin revealed statistically
significant differences among the groups (Welch's ANOVA, p <0.001). In the embryonic and pre-
fetal exposure groups, the values of this parameter were lower than those of the control, whereas no
statistically significant differences from the control were observed in the fetal exposure group.

Six-Month-Old Animals. At six months of age, the fibrinogen concentration remained above the
control level in all experimental groups (p < 0.001). The maximum values were recorded in the
animals of the fetal exposure group. The aPTT value in all experimental groups remained lower than
the control values. The lowest values were found in the embryonic exposure group, which differed
significantly from the other experimental groups (p <0.001). Plasma tolerance to heparin was reduced
in all prenatal hypoxia groups compared to the control (Welch's ANOVA, p <0.001). Furthermore,
statistically significant differences were identified among all experimental groups: the maximum
values were noted in the embryonic exposure group, while the minimum values were in the fetal
exposure group.

1 month 3 month 6 month

H control B embrionic prefetal fetal

Figure 2
Age-related changes in plasma fibrinogen concentration in
offspring rats after prenatal hypoxia
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o
b
1 month 3 month 6 month
B control M embrionic prefetal fetal
Figure 3
Age-related changes in activated partial thromboplastin time
(aPTT) in offspring rats after prenatal hypoxia
120 -
100 -
80 - I I
R I - W control
§ 60 - *I* . B embrionic
I prefetal
40
fetal
20 -
0 -
1 month 3 month 6 month

Figure 4
Age-related changes in plasma heparin tolerance (PHT)
in offspring rats after prenatal hypoxia
Discussion

The main finding of the present study is the identification of the biphasic nature of postnatal
adaptation of the liver and hemostatic system to severe prenatal hypoxia. The obtained data indicate
an age-related inversion of the coagulation profile in rat offspring—a transition from early
hypocoagulation to a persistent procoagulant state in adulthood. The findings suggest that this
condition is associated with persisting histological signs of intrahepatic microvascular bed dilation,
which remains even against the background of substantial, albeit incomplete, morphometric recovery
of the parenchyma.

Our results expand upon the classical DOHaD (Developmental Origins of Health and Disease)
concept (Gluckman et al., 2016). It has been previously shown that prenatal hypoxia is associated
with long-term metabolic, cardiovascular, and neuroendocrine disorders in offspring (Sutovska et al.,
2022). However, the present data indicate that the consequences of prenatal hypoxia affect not only
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the hepatic parenchyma but also the vascular component of the liver. Based on the obtained findings,
a two-stage hypothetical model for the pathogenesis of the identified disorders can be proposed.

During the first month of life, the most obvious consequence of the experienced hypoxia was severe
liver hypoplasia (the organ mass deficit was 19-25%). The mass reduction was combined with
hydropic degeneration of hepatocytes, which is a classic consequence of hypoxic injury associated
with impaired energy metabolism and water-electrolyte balance (Kumar et al., 2020). The obtained
morphometric data may indicate the activation of compensatory mechanisms: hepatocyte
hypertrophy, an increase in the nuclear-cytoplasmic index, and the formation of binucleated cells.
These features reflect the activation of polyploidization processes—an evolutionarily conserved
mechanism for rapid adaptation and functional mass increase without complete mitosis (Donne et al.,
2021). Nevertheless, this structural immaturity translates directly into a functional deficit. The
systemic hypocoagulation recorded in one-month-old animals (decreased fibrinogen levels,
prolonged aPTT) is logically explained by the suppression of the protein-synthetic activity of
immature hepatocytes.

By three and six months of age, hepatocyte sizes and their nuclear parameters had largely approached
the control values. Although the sizes of most cells and nuclei normalized, persistent changes in the
nuclear-cytoplasmic ratio were recorded in some groups. Nonetheless, the observed dynamics
confirm the significant regenerative potential of the liver, ensuring the restoration of parenchymal
cellular homeostasis (Ma et al., 2025). However, the normalization of hepatocyte morphology was
not accompanied by the restoration of the vascular component. In adult animals, the persistence of
sinusoidal dilation and venous stasis was histologically confirmed. The relative liver mass in certain
experimental groups remained elevated. This aligns with current data indicating that the specific
features of vascular network formation in the early neonatal period determine the final organ size and
can contribute to its long-term remodeling (Azizoglu et al., 2025, Brancatelli et al., 2018, Haddadin
etal., 2024).

Particular attention should be given to the identified association between persistent sinusoidal dilation
and the development of hypercoagulation in adult rats (increased fibrinogen levels, shortened aPTT,
decreased plasma tolerance to heparin). Similar long-term impairments in hemostatic regulation
following antenatal hypoxic exposure have been previously described in both experimental and
clinical studies (Tsauosi et al., 2023, Jafarova, 2023); however, the mechanisms maintaining them
remain a subject of debate. Liver sinusoidal endothelial cells (LSECs) act as key regulators of
vascular tone and homeostasis (Gracia-Sancho et al., 2021, Qu et al., 2024). Chronic alterations in
sinusoidal architecture can disrupt endothelial mechanosensitivity and attenuate its anticoagulant
properties (Gao et al., 2024). Histological signs of venous stasis may reflect local hemodynamic
disturbances. According to the literature, such architectural changes are consistent with the
development of LSEC dysfunction and local hypoxia (Gao et al, 2024), which is hypothesized to act
as a prothrombotic trigger mediating systemic hypercoagulation (Ortega-Ribera et al, 2023). In this
context, the progressive decrease in plasma tolerance to heparin may align with the hypothesis of
weakened endothelial anticoagulant properties.

Despite the general trend of the changes, individual parameters varied depending on the timing of the
intrauterine hypoxic exposure. This confirms the existence of specific "windows of vulnerability" in
the developing liver and requires targeted investigation in future studies. The limitations of this study
include the lack of direct molecular assessment of LSEC dysfunction markers and angiocrine
signaling. Future work should focus on deciphering the specific molecular cascades (including, for
example, the HIF-1a signaling pathway) (Qing et al., 2024) linking vascular remodeling to hemostatic
complications.
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Conclusion

Thus, the study results demonstrate that prenatal hypoxia induces a biphasic adaptive response
involving early liver hypoplasia and hypocoagulation, followed by the recovery of hepatocyte
morphometric characteristics but with the persistence of vascular remodeling signs and the
development of a procoagulant phenotype. The obtained data suggest that long-term impairments of
hepatic microcirculation may serve as a crucial link connecting intrauterine hypoxic exposure with
delayed hemostatic disorders in adulthood.
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Abstract. This work examines the genetic diversity of local and introduced fruit crop varieties
common in the mountainous regions of Azerbaijan, analyzes their current status, examines their
biomorphological features, identifies them using molecular markers, and determines their degree of
genetic relatedness. The degree of genetic similarity between varieties was assessed using cluster
analysis. Genotypic assessment of the gene pool was conducted using hybridological analysis,

differential staining, and PCR analysis of chromosomes. Fruit plants collected from orchards were
selected according to relevant regulations. In this study, we conducted a genetic evaluation of
material including 14 apple and 15 pear varieties. Genetic diversity of the breeding samples was

analyzed using six SSR markers. SSR marker polymorphism ranged from two to eight alleles per
locus. The SSR markers used in the study proved to be a reliable genotyping tool for the studied crops.
Furthermore, based on the high observed heterozygosity values of the selected varieties, it can be
concluded that the parental pairs selected for the cross are genetically distinct. Thus, the study and
genetic analysis of the tested genomes allows us to identify the most effective genes and preserve the
genetic diversity of cultivated samples and avoid genetic depletion of the gene pool. A comprehensive
study of a collection of apple and pear trees using six SSR markers revealed a high number of
heterozygotes, indicating significant genetic diversity in the parental pairs. The analysis conducted
in this study, in turn, makes it possible to establish kinship relationships within the sample under
evaluation. Thus, genetic analysis using SSR is a reliable means for reliably assessing parental forms.

Conserving the genetic diversity of cultivated pear and apple varieties, as well as introduced forms
of these plants, is a key focus in the development of new varieties in modern horticulture. When
developing a variety, selecting parental pairs that possess a combination of positive traits is crucial.

Years of research on these traits have resulted in the identification of varieties of interest for use in

breeding research.

Keywords: genotype, gene pool, genetic markers, selection, clustering, genetic diversity

Baku State University, Baku, Azerbaijan

E-mail: biolog-bdu@rambler.ru

Received: 12 January 2026; Accepted: 13 July 2026; Published online: 22 August 2026

© The Author(s) 2026. This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

Azdrbaycanin simal bolgalorinds tumlu meyva bitkilori
uzdrindd aparilmis genetik tadqigatlarin naticalori

Nozakot Hiiseynova

Xiilasa. Bu tadqiqat Azarbaycanda daghq bolgalorda genis yayilmis yerli va introduksiya olunmusg
meyva bitkisi sortlarinin genetik miixtalifliyinin 6yranilmasina, onlarin movcud vaziyyatinin tohlilina,
biomorfoloji xiisusiyyatlorinin arasdirimasina, molekulyar markerlor vasitasilo identifikasiyasina va
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genetik gohumlugq daracasinin miiayyan edilmasina hasr edilmisdir. Sortlar arasinda genetik oxsarliq
daracasi klaster analizi asasinda qiymoatlondirilmisdir. Genofondun genotipik qiymatlondirilmasi
hibridoloji analiz, xromosomlarin differensial boyanmast va PZR (PCR) analizi vasitasilo hayata
kecirilmisdir. Baglardan toplanmis meyva bitkilori miivafiq normativ talablaro uygun olaraq
se¢ilmisdir. Todqiqat ¢ar¢ivasinda 14 alma va 15 armud sortunu ahats edan materialin genetik
qiymatlondirilmasi aparimigdir. Seleksiya materiallarinin genetik miixtalifliyi alti SSR markeri
vasitasila tohlil edilmisdir. SSR markerlarinin polimorfizmi har lokus tizra iki ilo sakkiz allel arasinda
dayismisdir. Tadgiqatda istifado olunan SSR markerlori oOyranilon bitki niimunalorinin
genotiplagdirilmasi tigtin etibarl vasito oldugunu tasdiq etmisdir. Bundan alava, se¢ilmis sortlarda
miisahida olunan yiiksak heterozigotlug gostaricilorina asason belo naticaya galmak olar ki,
hibridlagdirma iiciin secilmis valideyn ciitliiklori genetik baximdan ahamiyyatli doracada farqlonirior.
Beldlikla, tadqiq olunan genomlarin oyranilmasi va genetik tohlili an effektiv genlorin miiayyan
edilmasina, becarilon niimunalorin genetik miixtalifliyinin qorunmasina va genofondun genetik
titkonmasinin qarsisinin alinmasina imkan verir. Alma va armud kolleksiya niimunalarinin alti SSR
markeri asasinda aparilmis kompleks tadgiqati yiiksak heterozigotlug saviyyasini askar etmig va bu
da valideyn ciitliiklorinin yiiksak genetik miixtalifliya malik oldugunu gostormisdir. Aparilmis analiz
qiymatlondirilon niimunalor daxilinds qohumluq alagalorinin miiayyan edilmasino do imkan
yvaratmisdw. Belolikla, SSR markerlori asasinda aparilan genetik analiz valideyn formalarinin etibarl
qiymatlondirilmasi iigiin etibarli iisul hesab edilo bilar. Becarilon alma va armud sortlarinin, elaca do
bu bitkilarin introduksiya olunmus formalarinin genetik miixtalifliyinin gorunmasi miiasir bag¢iligda
yeni sortlarin yaradilmasinin asas istigamatlorindan biridir. Yeni sortlarin yaradilmas: prosesinda
miisbat tasarriifat ahamiyyatli alamatlorin optimal kombinasiyasina malik valideyn ciitliiklorinin
segilmasi miihiim ahomiyyat kasb edir. Bu xiisusiyyatlor tizro uzunmiiddatli tadqiqatlar seleksiya
islorindo istifado iigiin perspektivli sortlarin miiayyan edilmasina imkan vermisdir.

Agar sozlar: genotip, genofond, genetik markerlor, seleksiya, klasterlogsma, genetik miixtaliflik
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Introduction

Global changes in weather and climate conditions are prompting a new perspective on work carried
out in the fields of genetics and breeding, leading to the creation of new varieties, the renewal of fruit
plants, and the development of more resilient species. Taking into account the changing climatic
factors of nature, new requirements are emerging for varieties cultivated in horticulture and fruit
growing. Today, the species of fruit plants, including local and introduced samples, are expected to
demonstrate high adaptability, complex resistance to major diseases, as well as increased productivity
and production capacity (Gurbanov, 2014). Breeding is the main tool in creating new generations of
fruit plants. Both classical and modern selection methods form the basis of breeding. By using these
methods, it has become possible to obtain new elite forms, varieties, clones, and so on. Alongside
classical selection, one of the methods for expanding the range of fruit plants has been introduction
(©rabzado, 2021). During the introduction process, the adaptation of plants of different ecological
and geographical origin to specific conditions is determined. More adaptive varieties are observed to
adapt more quickly to certain conditions. The genetic diversity of plants, especially the creation of
resistant forms of pome fruit crops (apple, pear, quince), the comparative analysis of their genomes,
and their adaptation to ecological changes are of great importance. Year by year, nature, climate, and
soil cover change and undergo modification; the use and potency of pesticides increase, and their
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application causes continuous and serious damage to the environment, human health, and
biodiversity. From this point of view, it is highly relevant to carry out scientific research in several
directions. First, the complete preservation of the gene pool of the studied plants is essential so that
it can serve as a basis in the future for creating new species with more resilient genes. Second,
diversity in natural habitats and cultivated areas is decreasing day by day. One of the main tasks is
the purposeful collection of a significant part of plant genetic diversity from across the entire country,
its comprehensive study using modern methods, and its reliable conservation. Characterization of the
collected genetic material, identification of the potential of plants based on key biological and
breeding traits, genetic passportization of each sample in the collection, evaluation according to
quality indicators, and the investigation of the immunological and molecular-genetic bases of
resistance all contribute to the formation of a genetic foundation. Research is also being carried out
to measure genetic variability, in other words, the degree of polymorphism, for the study and use of
plant diversity (Hiiseynova, 2024).

At present, fruit plant varieties are identified according to morphological traits. This has certain
shortcomings. Morphological features appear late during development stages and may be influenced
by environmental conditions. They make it difficult to distinguish closely related genotypes and to
control the varietal purity of planting material. The difficulties of morphological identification make
it necessary to search for new, more convenient, and reliable identification methods. DNA
identification methods are a justified choice because of their advantages over classical methods.
Molecular methods make it possible to detect differences between genotypes at the DNA level, where
such differences are represented most completely. They do not require phenotypic expression of a
trait, can be used at any stage of plant development, and significantly reduce the time required for
varietal identification, which is especially important for perennial plants. However, at present,
universal DNA identification methods for fruit plants do not exist. This is partly due to the lack of
knowledge about the genetic diversity of varieties cultivated in different countries and the level of
polymorphism in individual regions of fruit crop genomes. The territory of the Republic of Azerbaijan
is located in subtropical and partly temperate climatic zones. Of the 11 climate types existing on
Earth, 9 and most soil types are found within the country.

The main soil types in our country include mountain-meadow, brown mountain-forest, chestnut
mountain-forest, yellow, chestnut, gray and gray-brown soils, saline soils, and solonchaks, among
others. Fruit growing is a major branch of agriculture in Azerbaijan and plays a key role in supplying
the population with fruit products and industry with raw materials. Agriculture accounts for 35-40%
of the gross domestic product (Sadigov, 2019, Sadigov, 2023). The research presents the results of a
comprehensive evaluation of the primary material. The main aim of the work was to increase the
efficiency of breeding by incorporating genetic methods into the breeding process, evaluating the
gene pool and its influence on the genotype, and significantly improving varietal parameters in terms
of fruit adaptability, productivity, and commercial quality. The genotypic evaluation of the gene pool
was carried out using hybridological analysis, differential staining, and PCR analysis of
chromosomes. Given the considerable value of pome fruit plants, it is important to systematically
study and conserve the rich gene pool of both wild and cultivated forms of these fruit trees. Genetic
diversity is an important component of the genetic characteristics of a population, a group of
populations, or species. Assessing genetic diversity is important for monitoring genetic variability in
both wild and cultivated plant species and populations; the genetic data obtained provide information
for developing strategies for their conservation and sustainable use.

The study of genetic diversity is based on morphological, biochemical, and molecular markers.
Molecular markers are genetic markers analyzed at the DNA level. Classical genetic terms such as
locus, allele, and dominant and codominant inheritance patterns apply to them. The alleles of marker
loci are different forms of the same marker located at the same positions (loci) on homologous
chromosomes, differing in nucleotide length and/or nucleotide substitutions. The main objectives in
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selecting fruit plants collected from orchards are as follows: the creation of varieties with high
universal commercial quality, frost resistance, drought resistance, and high productivity. The main
methods of classical breeding of fruit plants are intraspecific and distant hybridization, which make
it possible to obtain new genotypes in generative generations as a result of gene recombination
(Urbanovich, 2015). The fruit plants used in the study are presented in Diagram 1. This article presents
the results of the genetic analyses of two species—apple and pear. The genetic results of other plants
will be presented in the next article.

Diagram 1
Species of the fruit plants studied

20 15
14
10 I 5 6 5 6 5
5 1 1 1 1 1
: ] N L >
Apple Pear Quince Medlar Hawthorn
M Local 12 6 5 1 1
Introduced 2 9 1 1
Total 14 15 6 2 1
B Local Introduced Total

apple — 14, pear — 15, quince — 6, medlar — 2, hawthorn - 1.
The numbers shown along the x-axis represent the number of varieties

Materials and Methods

Starting from 2015, the soil and climatic conditions of the Guba—Gusar, Khachmaz, and Sheki—
Zagatala regions of the republic were analyzed, and it was noted that they are fully suitable for the
cultivation of the studied fruit crops—apple and pear. Under the conditions of the northern region of
our republic, the economic and biological characteristics of a number of previously known and newly
introduced varieties of two fruit species (apple and pear) were studied under different cultivation
practices, planting schemes, and types of orchards (Huseynova & Asadova, 2024). To identify genetic
diversity and kinship relationships among fruit plant samples, their DNA was extracted according to
the CTAB protocol proposed by Rogers. PCR reactions were performed, and the obtained
amplification products were analyzed by electrophoresis in agarose gels (Rogers,1985). PCR
products were analyzed using an ABI 3500 capillary electrophoresis system.

Nuclear DNA extraction from apple and pear genotypes was carried out in the Biotechnology
Laboratory. 2 grams of leaf samples were taken from each genotype, ground into powder using liquid
nitrogen, and collected in 2 ml Eppendorf tubes for DNA extraction. DNA extraction was carried out
according to the CTAB (cetyltrimethylammonium bromide) protocol proposed by S.O. Rogers
(1985), in the following sequence (Rogers, 1985).

1. 100 mg of the obtained plant powder was poured into a 2 ml tube. 1000 pl of CTABx2 (2% CTAB,
0.1 M Tris HCI (pH=8.0), 1.4 M NaCl, 20 mM EDTA) solution and 1% B-mercaptoethanol (pH=8.0)
pre-heated at 65°C are added to 100 mg of plant powder poured into Epperdorf tubes and mixed well
using a vortex until a homogeneous mass is formed;

2. The resulting suspension is placed in a water bath (65°C) for 20 minutes, inverting every 5 minutes;
3. After removing the tubes from the water bath and cooling them at room temperature for 5-10
minutes, 700 pl of chloroform (isoamyl alcohol (24:1) (XIS)) is added to the suspension, inverted 20-
25 times, and then kept on ice for 30 minutes. In this way, all remaining protein and phenol-containing
compounds, except for nucleic acids, are dissolved;
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4. The mixture is centrifuged at 14,000 rpm for 5 minutes, and then the supernatant obtained is poured
into a new 2 ml tube;

5. XIS is added again to repeat this step;

6. In order to precipitate the DNA, 800-850 ul of cold isopropanol is added to the supernatant
obtained, and the Eppendorf tube is covered with parafilm, mixed thoroughly, and placed in a
refrigerator to remain at -20°C for 1 day;

7. Samples from -20°C are centrifuged at 14000 rpm for 1 minute; 8. After pouring the supernatant
into a new tube, cold washing solution (76% ethanol and 10 mM ammonium acetate) is added to it
twice and placed in the centrifuge again;

8. The obtained DNA should be kept at room temperature for 30 minutes to dry and 100 pl of TE
(ph:8) should be added to it. This DNA solution is used as a stock solution;

9. After measuring the amount of DNA in a spectrophotometer, 1 pl of RNAse is added and kept at
37°C for 30 minutes.

The quality of the extracted DNA was checked on a 1% agarose gel prepared in TBEx1 (18 mM Tris-
HCL, 18 mM Boric acid, 100 mM EDTA, pH 8.0) buffer. The mixture prepared for quality checking
consisted of 2 ul of extracted DNA, 4 ul of dye, and 1.5 pl of distilled water. The gel was stained with
0.5 pg/ml ethidium bromide solution, viewed under ultraviolet light, and images were visualized
using the Bio-Rad Gel Documentation system. The total volume of the PCR mixture was 20 pl. The
volume of each reaction mixture was 2 pl of DNA, 2 ul of 10X buffer [10 mM Tris—HCI pH 8.0, 50
mM KCI, 1.5 mM MgCI2], 2 ul of ANTP (at 5 mM), 0.5 ul of enzyme. O3 to H3.03-, 0.2 ul of Taq
polymerase were used. The polymerase chain reaction was initiated by denaturing the DNA at 94°C
for 5 minutes in the amplification apparatus and was performed in 3 conditions— 1 minute at 94°C for
denaturation, 45 seconds at 40-60°C (and 5 minutes) for annealing the used primer to the DNA.

After the reaction was prepared, the Eppendorf tubes were placed in a PCR apparatus (Gene Amp
9700 Applied Biosystems thermocycler). The polymerase chain reaction began with DNA
denaturation at 94°C for 3 minutes after placement in the amplifier and continued in three stages.
These three stages were repeated one after the other for 35 cycles. It ended with incubation at 72°C
for 5 minutes. Genotyping based on SSRs with fluorescent labeling, determination of allele sizes, and
characterization of polymorphic loci were carried out according to the method proposed by Schuelke
(Edwards, Johnstone, Thompson, 1991; Karaca, 2008). PCRs were conducted using dyes 6-FAM,
NED, PET, and VIC (Bavykin, 2017).

The study of genetic parameters using SSR markers was carried out using the PowerMarker V3.25
software (Schuelke, 2000). The number and frequency of alleles, expected heterozygosity, observed
heterozygosity, genetic diversity, and polymorphism information content (PIC) were calculated based
on genetic parameters amplified with SSR primers.

Using ISSR primers, statistical parameters such as polymorphism information content (PIC)
(Garkava-Gustavsson, 2008), effective multiplex ratio, marker index (MI) (Powell, 1996), resolving
power (RP), and mean resolving power (MRP) were calculated to assess the efficiency of genetic
analysis in fruit samples. Genetic parameters based on ISSR markers were analyzed using the
DARwin 6.0 software (Reales, 2010). Cluster analysis was performed using ISSR and SSR primers.
The Jaccard genetic similarity index was determined using UPGMA, and genetic distance indices
were analyzed using the NTSYS software.

Results and Discussion

The similarity of fruit genotypes cultivated under natural mountainous conditions was evaluated
based on their quantitative traits. In addition, the application of SSR and ISSR molecular marker
technologies has proven to be more effective in studying polymorphism and genetic diversity within
fruit collections. SSR and ISSR molecular markers are independent of environmental factors and are
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highly important because they allow evaluation at any stage of plant development. Thus, the analysis
of morphological traits and molecular analyses of fruit genotypes makes it possible to identify
genetically similar genotypes and avoid ineffective combinations in the breeding process. At the same
time, apple varieties such as Golden Ahmed, Shirvan Gozali, Sini, Rajabi, Karbalayi Jafar, Vahidi,
Sari Tursh, Cir Haji, Aq Alma, Arazbeyi, Sari Sinab, Gusar Alma, Papirovka, Slava Pobedidelyam,
which were selected for their fruit taste and durability, can be used in the creation of new varieties on
farms. For genetic analysis, leaf samples were collected from varieties and forms of fruit plants
characterized by their biodiversity and biomorphological traits across different regions. Information
on allele combinations of SSR markers in the studied apple varieties is presented in Table 1. The sizes
of the amplified fragments are given in base pairs.

Table 1
Allelic polymorphism of SSR markers in apple varieties
No. Variety / locus CH03d04  CH582493 CHO04a03 CHO03f02 Hil6e02 CHO02b03a

1 Qizil Ahmadi 97/99 200/202 189 143 134/154 157
2 Shirvan gozeli 97/103 190/200 190 84 141/158 164
3 Sini 118/120 202/218 86 125/126 145 168
4  Recebi 102/103 200/208 192 143 143 169
5 Kerbalayi Cafar 106 194/212 200 140 141 165
6  Vahidi 105 202/204 189 142 144 166
7  Sari tursh 114/118 192/208 184 127/128 143 165
8  Cir Haci 95/105 200 185 130 144/166 165
9 Agalma 103 192/202 184 123 143 173
10 Arazbeyi 95/100 190/196 196 140 141 164
11 Sari sinab 105/116 208 193 128 145 166
12 Qusar alma 96/102 208 190 125 142 165
13 Papirovka 104 193/203 185 123 145 170
14 Slava pobeditelyanr  95/100 192/196 198 143 143 168

It can be observed from the table that the values of heterozygosity, characterized by the simultaneous
presence of two amplification fragments of different sizes, vary significantly. The maximum level of
heterozygosity was detected at the CH03d04 and CN582493-SSR loci. In contrast, low levels of
heterozygosity were observed at the CH03f02, Hil6e02, and CH02b03a loci. At the CH04a03 locus,
a homozygous state was identified in all studied varieties. Based on comprehensive information on
the sizes of amplification sequences and allele frequency, the degree of genetic similarity among the
studied apple varieties was evaluated. For this purpose, cluster analysis was applied, and the results
of clustering were reflected in a dendrogram.

Based on the second direction of analysis of genetic diversity of apple varieties and species, an
optimal set of SSR markers was developed, allowing for reliable identification of individual samples.
The information content of each marker, the frequency of alleles among varieties, and the ease of
analysis of amplification fragments were taken into account (Table 2).
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Table 2
Allele characteristics calculated for apple species and hybrid samples

Marker Number of Observed Expected Effective Wright’s Quantity of Proportion Marker

name alleles heterozygosity heterozygosity number  index unique ofunique  Assisted
As He He of alleles R genotypes genotypes  Selection
Aer MAS
CHO03d04 15 0.82 0.49 52 0.42 37 0.336 0.9022
CH582493 13 0.85 0.74 5.9 0.14 35 0.308 0.9283
CHO04a03 9 0.77 0.62 44 0.32 20 0.178 0.8702
CHO03102 16 0.82 0.58 52 0.32 38 0.345 0.9220
Hil6e02 42 0.92 0.72 16.68 0.28 84 0.770 0.9844
CHO02b03a 19 0.90 0.46 9.08 0.51 37 0.335 0.9412
Average 19 0.85 0.60 7.7 0.33 41.8 0.378 0.9248

As — number of calculated alleles, He — observed heterozygosity, Hg — expected heterozygosity, Aef
— effective number of alleles, R — Wright’s index, number and proportion of unique genotypes, and
marker discriminating power (MAS). Using the proposed set of 6 SSR markers, the average number
of detected alleles among the studied samples was 19, while the average number of unique genotypes
was 41.8. The proportion of unique genotypes averaged 0.378, and MAS was 0.9248.

DNA identification using SSR markers enables effective and reliable identification of apple
genotypes obtained through cross-pollination. However, clonal mutants of apple trees are also known,
which differ phenotypically from the original forms and from each other in fruit size and color, crown
shape and size, branching patterns, etc. Some of these can be classified as independent varieties,
which is of great practical importance in identifying clonal mutants of apple trees. In modern intensive
horticulture, the mobilization and conservation of genetic diversity of cultivated pear varieties and
their wild relatives is one of the key aspects in the development of new varieties. Parent selection—
choosing pairs with a combination of desirable traits—is very important in breeding diversity
(Plugatar et al., 2018).

In the studied regions, 15 pear species were investigated. Of these, 6 are local varieties—Abbasbeyi,
Chirnadiri, Aday pear, Nar pear, Ahmad Ghazi, and White Ordubadi; while 9 are introduced
varieties—Williams, Red Williams, Bere Bosc, Kure, Clapp’s Favorite, Bere Ardanpon, Pass Crassan,
Forest Beauty, and Devechi (Table 3). The best rootstocks for pear varieties are wild pear species,
quince, hawthorn, and bird pear. Pear varieties in Azerbaijan, including the Caucasian wild pear, are
derived from wild pear species. In arid mountainous areas, willow-leaved wild pear develops well
and serves as a good rootstock for cultivated varieties. The fruits of cultivated pears are larger, juicier,
and more delicate than those of wild pears.

Studies demonstrate a high level of genetic diversity, confirming that pear is a valuable breeding
resource.
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Table 3
Some agrobiological characteristics of pear plant species

Quality indicators

Fruit
weight
(g, avg)

> Q L 8 = .
R 5 3 3 B2 8 =3 E
= & = g = o g 5 5z < T 2 25 £
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~ = % 5 g = £ = E :%E ?303
= g EE 27
>
1 2 3 4 5 6 7 8 10 11 12 13 14
1. Abbasbeyi Summer 224 6 7 52 75 145 77 47 70 23
2. Chirnadiri 5 Summer 21.5 110 115 53 74 136 7.6 53 75 25
3.Aday pear 'E Summer 22.0 75 83 48 63 125 65 63 70 22
4. Narpear 2 Autumn 244 53 64 114 113 133 84 55 75 56
5. Ahmad ‘Tt Autumn 24.5 125 153 104 113 143 7.6 55 79 30
Ghazi 9
6.White — Summer 22.0 134 156 56 74 123 83 57 83 27
Ordubadi
7.Williams Summer 21.3 115 121 69 74 10.1 83 82 76 30
« 8. Red Williams Summer 24.0 124 130 6.6 7.3 103 85 8.7 77 28
é 9. Bere Bosc Winter 22.5 120 128 6.1 7.5 124 83 73 70 60
A 10. Cure 2 Winter 212 130 135 6.1 7.5 13.1 7.6 7.5 70 65
11. Clapp’s '% Summer 26.2 108 119 7.3 9.5 1211 84 6.6 75 23
Favorite >
12. Bere _a'g Winter 23.5 120 133 72 85 122 75 73 75 60
Ardanpon 3
13. Pass £ Autumn 27.7 113 121 85 129 122 83 56 73 32
Crassan =
14. Forest Summer 26.5 135 139 6.8 10.5 14.1 7.7 4.6 75 34
Beauty
15. Devechi Autumn 23.0 115 125 64 7.1 12.6 81 45 77 63

The average observed heterozygosity (He) for pear varieties across the studied loci was 0.78, while
for apple varieties it was 0.85. Pear varieties, like apple varieties, are characterized by a relatively
high level of heterozygosity (Hg = 0.60, F = 0.33), which is facilitated by cross-pollination typical
for both pear and apple. The average number of informative alleles among pear varieties was 6.49,
which is slightly lower than that of apple (7.5). Among pear samples, the maximum values for this
indicator were obtained using the CH582493 and CHO03102 markers—11.09 and 5.26, respectively;
for apple, the maximum value was obtained using the CH04h04 marker—16.68.

The genetic distance among samples ranged from 0.11 to 0.30. Similarity was detected in the
genomes of some pear varieties, indicating that these varieties form a separate group. A more detailed
explanation of these findings will be provided in the next article.

303



Elmi Is/20(5), 2026
Scientific Work / 20(5), 2026

Table 4
Allelic characteristics calculated for pear species and hybrid samples

Marker Number Observed  Effective  Expected  Wright’s Quantity of Proportion = Marker
name  ofalleles heterozygosity number heterozygosity index unique  ofunique  Assisted

As He of alleles He R genotypes genotypes Selection

Aer MAS

CHO03d04 8 0.70 3.50 0.77 0.07 18 0.397 0.8740
CHS582493 20 0.90 11.09 0.47 0.45 34 0.814 0.9682
CHO04a03 10 0.76 435 0.61 0.24 17 0.373 0.8710
CHO03102 12 0.79 5.26 0.46 0.43 20 0.444 0.8958

Hil6e02 15 0.68 3.33 0.52 0.29 16 0.396 0.7573

CHO2b03a 16 0.88 9.09 0.76 0.18 26 0.654 0.9342
Average 13 0.78 6.10 0.59 0.27 22.0 0.513 0.8835

As —number of calculated alleles, He — observed heterozygosity, Hg — expected heterozygosity, Aef
—effective number of alleles, R — Wright’s index, number and proportion of unique genotypes, marker
discriminating power (MAS).

The analysis of marker informativeness for DNA identification of pear varieties resulted in the
selection of six highly polymorphic SSR markers that demonstrated successful performance in
identifying apple varieties. This marker set revealed a high proportion of unique genotypes among
pear samples (0.513) (Table 4). The discriminating power (MAS) of the markers was high across all
loci, ranging from 0.7573 for the Hil6e02 marker to 0.9682 for the CH582493 marker, with an
average value of 0.8835. Indicators characterizing the informativeness of individual markers in pear
and apple genomes showed slight differences. The calculations presented in the table indicate that the
marker set CH03d04, CH582493, CHO04a03, CH03f02, Hil6e02, CH02b03a is effective for
identifying pear genotypes.

Based on the polymorphism data of SSR markers, an analysis of the degree of genetic similarity
among the studied pear varieties was carried out, allowing the evaluation of genetic relationships
within the studied genotype samples (Khlestkina, 2013). To analyze genetic polymorphism in the
studied group consisting of 15 varieties, six microsatellite DNA markers were used. SSR markers
showed significant variation in the level of polymorphism: from 3 alleles (for the CH582493 marker)
up to 11 alleles per locus. Cultivated apple varieties are genetically highly diverse. They form
different groups, including both modem and traditional varieties, as well as varieties bred abroad.

According to the results of cluster analysis, two main groups (clusters) can be identified among the
studied varieties. Cluster 1 includes Aday pear, White Ordubadi, Nar pear, Chirnadiri, and Ahmad
Ghazi pear varieties. Cluster 2 includes Williams, Red Williams, Bere Bosc, Cure, Clapp’s Favorite,
Bere Ardanpon, Pass Crassan, Forest Beauty, and Devechi pear varieties. The Abbasbey pear variety
forms a separate branch in the dendrogram.

According to the results of cluster analysis, although not completely, there is a relationship between
the grouping of samples within subclusters and the regions where they were collected. The
microsatellite markers used in this study can be applied in the future for the identification and
differentiation of fruit tree genotypes.
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Picture 1
Clustering of pear varieties

Based on the results of the cluster analysis, it can be noted that although not completely at the cluster
level, a relationship is observed between the grouping of samples within subclusters and the districts
where they were collected. The microsatellite markers used in our study can be applied in the future
not only for distinguishing apple and pear genotypes but also for other pome fruit species. Genetically
highly distinct forms that were isolated in the dendrogram and formed independent groups were
identified. The varieties Williams and Forest Beauty, located in Cluster 2, possess rare alleles and can
be used as important varieties in future breeding and genetic studies. Within each geographical region,
both genetically close and distant genotypes were identified. The Bere Bosc and Pass Crassan
varieties collected from the Guba region were placed in the same group, showing a higher degree of
similarity. The Abbasbey pear variety was separated into an independent branch of the cluster and is
distinguished by its rare alleles.

The expected heterozygosity level of pear varieties reached a minimum value of 0.46 at the CH03{02
locus. The highest heterozygosity level was observed for the CH02b03a locus (0.76). The average
heterozygosity level for the studied genotypes was 0.52. In the studied apple samples, the
heterozygosity level at the same locus was, on average, 0.58. In this study, a marker-assisted selection
strategy was applied to obtain hybrid apple seedlings with xommexc resistance to scab, powdery
mildew, fire blight, and red gall aphid, as well as to identify genotypes associated with extended
storage life of apples.

Conclusion

1. Gene blocks of fruit plant varieties responsible for certain biologically valuable traits were
identified using DNA and PCR analysis, partially passportized, and genotyped.

2. Approaches for the development, identification (using marker traits), and preservation of valuable
genotypes used in the creation of new fruit plant varieties, pure lines, and hybrids characterized by
high morphological and biological uniformity, productivity, and marketability were examined.

3. Modern molecular genetic and biotechnological approaches, along with the acceleration of
hybridization and selection processes, were demonstrated. Additionally, a system for genotype
identification and DNA certification of the studied apple and pear varieties was developed. The
applied method is based on the use of SSR markers detected via polymerase chain reaction (PCR).
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This method is suitable for performing genetic analysis of any plant organ at various stages of
ontogenesis.

4. For developing DNA identification methods for fruit plant varieties, an SSR-based approach is
recommended. The choice of identification method is based on criteria such as efficiency, reliability,
stability, accuracy, high reproducibility, and ease of result documentation. Apple species, varieties,
and hybrids cultivated in the studied regions of Azerbaijan are characterized by high genetic diversity
at microsatellite loci observed heterozygosity (He) = 0.85, expected heterozygosity (Hg) = 0.60,
effective number of alleles (Aep)= 7.7, Wright’s index (R) = 0.3, number of alleles (As) = 19. Rare
and wild species contribute significantly to the overall allelic diversity.

5. A set of 20 SSR markers, experimentally validated for effectiveness, is recommended for clarifying
the pedigree and origin of apple varieties. A DNA identification system for apple varieties and species
genotypes has been developed. The method is based on six highly informative SSR markers:
CH03d04 (MAS=0.9022), CH582493 (MAS =0.9283), CH04a03 (MAS =0.8702), CH03{02 (MAS
=0.9220), Hi6e02 (MAS=0.9844), and CH02b03a (MAS = 0.9412). This method allows the creation
of a unique molecular genetic profile for apple genotypes and enables the identification of apple
varieties, interspecific hybrids, and wild species. The proposed method also allows verification of
apple varieties for compliance with DUS (Distinctness, Uniformity, Stability) criteria.

6. Pear varieties cultivated in Azerbaijan are characterized by high genetic diversity of SSR loci
alleles (He = 0.78, Hg = 0.59, Aef = 6.10, R = 0.27, Ae = 13). Both closely related and genetically
distant varieties, as well as interspecific hybrids, were identified.
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Abstract. The article outlines the steady-state gasohydrodynamic methods used for testing gas and
gas-condensate reservoirs and wells. To select downhole equipment for wells characterized by
abnormally high reservoir pressure, indicator diagrams were constructed in the form of curved lines.
As a result of these studies, all reservoir and well parameters, including optimal flow rates,
drawdowns, allowable dynamic bottomhole pressures, the amount of mechanical impurities,
reservoir pressure and temperature, were determined. A two-term inflow equation was used, and the
coefficients a and b were determined graphically. In addition, formulas for calculating these
coefficients for hydrodynamically complete (perfect) wells are provided. For hydrodynamically
incomplete (imperfect) wells, formulas for the incompleteness coefficients Ci, Cz, Cs, and C,, as well
as for the inflow equation parameters a and b, are presented. The values of these coefficients and
parameters were also determined using numerical methods, and the corresponding formulas are
provided. The indicator diagrams, i.e., the curves showing the dependence of gas flow rates on
dynamic bottomhole pressures, were linearized, and the parameters a and b of the inflow equation
were determined graphically. The indicator curves pass through the origin, are concave with respect
to the flow-rate (abscissa) axis, and represent monotonically increasing functional relationships.
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Qaz va qaz-kondensat laylarinin vo quyularinin
qazohidrodinamik tadqigatlar:

Giilbahar Mommodova'! \=/, Sofoq Hobibullayeva? ™/,
Ayton Omorova®'", Aygiin Bayramova*'

Xiilasa. Magalada qaz va qaz-kondensat laylarimin va quyularmmin qazohidrodinamik tadqigqatinin
stasionar tisullari sorh edilmisdir. Anomal yiiksak lay tozyiqino malik bu quyular iiciin quyudaxili
avadanligin se¢ilmasi magsadila indikator diagramlari ayrilor saklinda qurulmusdur. Bu tadqiqatlar
naticasinda laymn va quyunun biitiin parametrlori (optimal debitlor, depressiyalar, buraxila bilan
dinamik dib tazyiqlori, mexaniki qarisiglarin migdari, lay tozyiqi, lay temperaturu va s.) miiayyan
edilmisdir. Ikihadli axin tonliyindan istifada edilmis, tonliyin a va b amsallarimin qiymatlari qrafiki
volla tayin edilmisdir, bu amsallarin hesablanmasi ticiin hidrodinamik tamamlanmis quyulara aid
diisturlar da verilmisdir. Hidrodinamik tamamlanmamis quyular iiciin Ci, Cz, Cs vo C, natamamliq
amsallarinin, homg¢inin a va b amsallarinin hesablanmasi iiciin lazim olan diisturlar taqdim
edilmisdir. Bu amsallarin qiymatlori adadi iisullarla da toyin edilmisdir (miivafiq diisturlar
verilmisdir). Indikator ayrilori, yoni qaz debitlorinin quyudibi dinamik tazyiglordon asililiging
gostaran ayrilor qurulmus, axin tonliyinin a va b amsallar: qrafiki yolla tayin edilmisdir. Indikator
ayrilari koordinat baslangicindan kegir, debitlor (absis) oxuna nisbaton ¢okakdir va artan monoton
funksional asitliliglar: ifads edir.

Acgar sozlor: qaz laylari, qaz-kondensat laylari, qaz quyulari, gaz-kondensat quyular, ikihadli axin
tanliyi, tonliyin parametrlari, natamamhiq amsallari, layin a¢ilma doracasi, layin agilma xarakteri
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Introduction

To select modern downhole equipment for gas and gas-condensate wells with abnormally high
reservoir pressure, it is necessary to test the wells using gasohydrodynamic methods under steady-
state filtration regimes. These methods are based on determining the relationships between the flow
rates and dynamic bottomhole pressures of various wells. As a result of these studies, the following
are determined: the dependence of the gas flow rate on the drawdown applied to the reservoir, and
the changes in wellhead pressure, bottomhole pressure, annulus pressure, and temperature as a
function of the well flow rate; the amount of liquid and solid impurities produced during various
operating regimes of the well; deformations and failures of the bottomhole zone of the reservoir; the
accumulation and removal of failure products, and filtration resistance; the technological regime of
well operation, taking various factors into account; the hydraulic resistance coefficient; and the
effectiveness of remedial and preventive maintenance during additional perforations in the well,
bottomhole consolidation, bridge setting, etc (Ahmed, 2006; Ahmed, 2019; Briksman et al., 1996).
Testing under steady-state regimes is conducted starting from lower flow rates and moving toward
higher flow rates (forward course). In each regime, complete stability of pressure and flow rate must
be achieved. The acquired data are used to construct indicator diagrams. The first point is selected
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where the pressure and flow rate remain unchanged. After measuring the stabilized pressure, flow
rate, and temperature at the bottomhole, wellhead, and annulus, and determining the amount of liquid
and solid impurities in the given regime, the well is shut in until P (reservoir pressure) is reached.
The pressure buildup process is also continuously recorded. After processing (interpreting) the
obtained pressure buildup curve, the reservoir parameters are determined. Here, it is also established
whether there is a reservoir pressure anomaly; by comparing it with the normal reservoir pressure, it
is determined whether it is greater or smaller (Craft & Hawkins, 1959).

Materials and Methods

This method is conducted with no fewer than 4-5 forward regimes and 2-3 reverse regimes.Under
steady-state filtration regimes, the two-term formula for processing test results has the following
form:

PBes = Py = aQ + bQ? (1)

Where a and b are the filtration resistance coefficients, respectively, which depend on the design
parameters of the bottomhole zone of the reservoir; Q is the well flow rate; P.s and P, are the
reservoir and dynamic bottomhole pressures, respectively (Gimatudinov, 1978; Katz et al., 1959; Lee,
2003). For hydrodynamically complete wells under radial filtration, coefficients a and b are expressed
by the following formulas:

ZP4: T, R
— HZlatlres In = (2)
TkhTg; Tw
— P&tPatTres _Tw (3)
212Lh2Tg 1y, R,

For an incomplete well, based on the degree and nature of reservoir penetration, these coefficients
are expressed as follows:

— a*(In @ x — HZPatTres

a=a (lch+Cl+Cz),a = T, 4)
et _ 1 + _ PatZPatTres

b—b(rw RC+C3+C4),b - (5)

Where C;, C;and Cs, Cy4 are the incompleteness coefficients determined according to the degree and
characteristics of reservoir penetration, respectively:

C1=%lnﬁ+1éhhln}% (6)
C,=1/h (7)

Where h = hpenet/h is the relative penetration thickness of the reservoir;

—2
R; = 1,,/h is the relative radius of the well,and & = 1,6(1 —h ).

The values of coefficients C;, C, depend significantly on the non-uniformity of the porous medium's
permeability. For uniform anisotropic reservoirs:

ClzilnRE_x—lnE (8)

C,=(C;+InR)/hInR (9)
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Where v = k—”- is the anisotropy parameter; &, and k; are the vertical and horizontal permeabilities
h

of the reservoir, respectively; R = R. /7, is the dimensionless radius, and x = 1 — h.

Taking into account the filtration resistance coefficients from (8) and (9), incomplete wells
penetrating anisotropic reservoirs based on the degree of reservoir penetration are determined by the
following formula (Dake, 1978):

a* RV—x
a= 7ln /E ) (10)
b = pr DETO/R (11)
hvinR

Determining coefficients Cz and Csis quite complex, which is related to the shape and dimensions of
the perforation holes and their changes during well operation (Guo et al., 2007; Horne, 1995; Ikoku,
1984). Studies have shown that the productivity of gas wells depends on the relative surface area of

the holes f, meaning:
f=Fs/F (12)

Where Fj is the surface area of the perforation holes;
F is the surface area of 1 meter of the wellbore.

ap? S Q
160 0.261~
140 = 0.241~
120 - 0.22+
100 |- 0,20 (=

80 [~ 0,18

60 ™ 0.161+
40 F 0.14

20 t+ 0.12--/].
0o L olok

Figure 1
Indicator diagrams in coordinates:
1) 4p? = pi —php — Q;
2) 0} —pap)/Q—Q

The maximum increase in well productivity occurs within the interval

f=0-0,150.
C3 = h/nRy; C, = h?/3n?R3 (13)
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Where £ is the reservoir thickness, m; 7 is the number of perforation holes; Ry is the cavity radius
(Mammadova, 2014; Matthews & Russell, 1967).

In Figure 1, the indicator diagrams are given in the coordinates
DAp? = pf —php = Q@ 2D@F —pip)/Q~Q

The well test results under steady-state filtration regimes are interpreted according to formula (1);
coefficients a and b are determined analytically or graphically (Iskandarov et al., 2025; Ismayilov et
al., 2025).

When determining graphically, coefficient a is found as the intercept cut by the straight line 2 on the
ordinate axis, and coefficient b is found as the tangent of the slope angle of this straight line to the
abscissa axis (Mustafayev, & Mikailova, 2017).

(»f — Pip)/Q
(pl2 = p\;:'l))/on -~ 01

04
1

0.2 M

0 200 400 600 800 Q. Qn+ Q

o | o 2

Figure 2
Dependencies at unknown reservoir pressure:

2__ 2
1) B ~Pwp pr'b fromQ; 2) p(lz pgl” from Q,, + Q;

The values of these coefficients are determined numerically using the following formulas:
2% 5.02-3 05 4P

NEQ*-EQ)? (14
_ NZaPE-3QN s
NXQ*-(XQ)? (15)
Where N is the number of regimes.
3 ety (g, — 017 - £(0n — @0 T Fre ;:1:3{@”*@” (16)
N Q=007 = [ (@ - 0)]
2 2
le(PWbl Qn bn)(Q+Q) Z(Qn+Q)Z Wbl PQl
b= NI -0 ’
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Ny 2(Qn + Qi — [2(Qn + Q) (17)

Where N, is the number of combinations and determined by this formula:

Ny = (1)

Figure 3 shows the dependence of P2, — P2, on Q.

Przes - Pv%f.b
2001

100 -

1 1 | |
200 400 600 800 Q,th.m? /day

Figure 3
Dependence of B2 — P2, on Q

Various factors influence the shape of the indicator diagrams: inaccuracies in reservoir (especially
abnormal) and bottomhole pressures, the presence of liquid in the wellbore, errors in determining the
hydraulic resistance coefficient, etc. In such cases, approximate methods for processing test results
are utilized (Mirzajanzade, Kovalev, et al., 1962).

1. Reservoir pressure is not fully restored

Assume that the actual reservoir pressure differs from the true one by a value 6;. Then:

Bres = Bres — 61 (18)

Where Pr/es is the measured (actual) reservoir pressure.
B‘Zes_Pv%/.b = aQ + bQ? — AP (19)

Where,
ARes = Pres6y + 512 (20)

In this case, the indicator curve should be processed in coordinates
(P25 — P%,)Q and Q coordinates.

Then the true reservoir pressure is found as follows:
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Bes = ,’Pr’esz + AP (21)

2. Bottomhole dynamic pressure is not restored. Assume that the bottomhole pressure has not

stabilized by 6, , meaning:
Pyp = Pyp — 6 (22)

P

0 200 400 600 800
Q, th.m’/day

Figure 4
Indicator curves in coordinates

Przes_sz +AP;es r 2
1) HesRuntdlies 0. 9 (B, — P2,)/Qw

Figure 4 shows the indicator curves as a function of Q in coordinates 1) (B%, — P2, +
AP..s)Q; 2)(B2s — P2 ,)Q, or graphically. Here, i =1,2,3..., m is the number of regimes, and 7 is the

serial number of the regimes.

5 / 2
Przes'Pw,b

200
100 =
0
-100
-200 | ] ] L Q

Figure 5

. . . 2 1 2
Indicator curve in coordinates Pos — P, 1

In Figure 5, the indicator curves are selected in Q coordinates B3 = P‘;,.bz.
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Figure 6
Dependency graphs

! Pﬁes_P&/ 2_pw.
1) (B = Py )/Q; 0 2)Tetue—ut); o

2 _pl %_
In Figure 6, the dependencies 1) (P2, — P‘:‘,.bz)Q and Q; 2) (Pres=Puwp “Puwb) o Q are given. Then,

Q
by analogy with the previous case, it is determined:
2
Bls— Py, =aQ +bQ? — ARy (23)
Where,
AP, =2P) 5,52 (24)

2
In this case, the curve of the dependence of B%, — PM/,. p on Q will look like the form shown in Fig. 5.
As can be seen, a segment equal to APy is intercepted on the ordinate axis (when Q = 0).

APy, po = 2Ps6, + 622 (25)

As aresult of processing indicator curve 2 (Fig. 6), coefficientsa and b are determined, and the APy,
value can be found for each regime according to the known &.

3. The hydraulic resistance coefficient is known.

In this case:

P2s — Pl ye* =aQ + (b + 6)Q? (26)
Where, B
s = 0,03415 22 27)
Zavlav
2 2
6 = 0,01331 “28 (¢25 — 1) (28)

Figure 7 presents indicator diagrams based on the test results in the following coordinOates:
1),3) (B%s — Pw.bz); (P — P\f/.b)/Q; Q;
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(Przes - Pzw.bezs)/Q

Przes - Pv%/.b/Q
0.50 | 500

0.25

500
Q, th.m?/day

Figure 7
Indicator diagrams of survey results with coordinates

1) (Pls —Pus®)i  3) (Bes — Pin)/Q; Q
2) (B%s — Pone™); 4) (Bes — P3pe®)/Q;Q
Based on the test results, the indicator diagram of the dependence of
2) (Pi, — P2 e?); 4) (P%s — P%,e?5)/Q on Q is constructed.

The straight line obtained intercepts a segment on the ordinate axis corresponding toa, and the tangent
of the slope of this straight line is equal to b + 6.

As Figure 7 presents, coefficient a is identical for both processing methods, while the tangent of the
slope angle of straight line 4, determined according to formula (26), is larger by 8 compared to the
tangent of the slope angle of line 3 (Mustafayev et al., 2017; Rasulov, 2008; Society of Petroleum
Engineers, n.d.; Zotov & Tverkovsky, 1970).

Conclusion and Discussion

The article outlines the gasohydrodynamic testing methods used for gas and gas-condensate
reservoirs and wells.

1. To select downhole equipment for wells characterized by abnormally high reservoir pressure,
gasohydrodynamic testing is conducted under steady-state filtration regimes, and indicator
diagrams are constructed.

2. As a result of these studies, all reservoir and well parameters, including optimal flow rates,
drawdowns, allowable dynamic bottomhole pressures, the amount of mechanical impurities, and
other relevant characteristics, are determined, and the optimal operating regime for the well is
established.

3. A two-term inflow equation is used, and the coefficients a and b are determined graphically.
Formulas for calculating these coefficients for hydrodynamically complete wells are also
provided.

4. For hydrodynamically incomplete wells, the necessary formulas for the incompleteness
coefficients Ci, C2, Cs, and C,, as well as for the coefficients a and b, are presented. The values
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of these coefficients are also determined numerically, and the corresponding formulas are
provided. The indicator curves, i.e., the curves showing the dependence of gas flow rates on
dynamic bottomhole pressures, are linearized, and the coefficients a and b of the inflow equation
are determined graphically.

5. The indicator curves pass through the origin, are concave with respect to the flow-rate (abscissa)
axis, and represent monotonically increasing functional relationships.
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Abstract. In this study, the effect of oxygen and initiator systems on LDPE properties under high-
pressure conditions was investigated. Oxygen reduces molecular weight (MW) and increases chain
branching, leading to reduced thermal stability; however, at optimal concentrations, it can contribute
to the formation of a more stable polymer structure under controlled conditions. Peroxide systems
improve control of molecular weight distribution (MWD) and increase mechanical strength by 15—
20%. Di-tert-butyl peroxide (DTBP) regulates melt flow index (MFI) and molecular weight (MW) of
the polymer by generating active radicals as a result of thermal decomposition and helps maintain
product stability. Compared to oxygen-based systems, peroxide-based initiation increases mechanical
strength by approximately 15—20% and elongation by 10—15%, while providing improved control of
molecular weight distribution. In addition, peroxy-radical reactions occurring in the presence of
oxygen can affect the composition of the radical pool in the system and change the course of the
initiation phase under certain process conditions. However, such reactions also increase the
likelihood of the formation of hydroperoxide and carbonyl-type oxidation products, which negatively
affect quality parameters such as polymer stability, color indicators, and odor. The results of the
conducted studies show that the type of initiator used and its concentration are among the main
factors determining the physical and mechanical properties of the synthesized polymer. These findings

provide practical guidance for optimizing initiator selection and dosage in high-pressure polyethylene
production.
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Yiiksak tazyiqli polietilen istehsalinda oksigen vo
peroksid inisiatorlarinin rolu

Irads Qarayeva'" "), Miiskiinaz Nozarova'! "', Samir Solimli' ©*/,
Arzu Isaqzads! ¥, Ziimriid Yusifova'

Xiilasa. Bu tadqiqatda yiiksaok tazyiq soraitinda oksigen va inisiator sistemlarinin asagi sixhqlh
polietilenin (LDPE) xassalarina tasiri arasdirilmigdir. Oksigen molekulyar kiitloni (MW) azaldir va
zancirlorin saxalonmasini artirtr ki, bu da termiki sabitliyin azalmasina sabab olur. Bununla bel,
optimal konsentrasiyalarda va nazarat olunan saraitdo oksigen daha sabit polimer strukturunun
formalasmasina tohfa vera bilor. Peroksid sistemlari molekulyar kiitlo paylanmasina (MWD) nazarati
vaxsulasdirir vo mexaniki méhkamliyi 15-20 % artirwr. Di-tert-butil peroksid (DTBP) termiki
parcalanma naticasinda aktiv radikallar amalo gatirmakla polimerin arinti axiciliq indeksini (MFI)
va molekulyar kiitlasini (MW) tonzimloyir vo mahsulun sabitliyinin gorunmasina koémak edir. Oksigen
asash sistemlorlo miiqayisada peroksid asaslt inisiasiya mexaniki méhkamliyi toxminan 15-20 %,
nisbi uzanmani isa 10—15 % artirmaqla yanasi, molekulyar kiitlo paylanmasina daha yaxsi nazarati
tomin edir. Bundan alava, oksigenin istiraki ilo bas veran peroksi-radikal reaksiyalar sistemdaki
radikallarin torkibina tasir gostora va miiayyon proses saraitinda inisiasiya marhalasinin gedigini
dayisa bilar. Lakin belo reaksiyalar hidroperoksid va karbonil tipli oksidlosma mahsullarinin amoals
galma ehtimalini da artirir ki, bu da polimerin sabitliyi, rong gostaricilori va qoxusu kimi keyfiyyat
parametrlorina manfi tasir gostorir. Aparimis tadgiqatlarin naticalori géstarir ki, istifado olunan
inisiatorun novii va onun konsentrasiyasi sintez edilmis polimerin fiziki-mexaniki xassalorini miiayyan
edan asas amillordandir. Bu naticalar yiiksak tazyiqli polietilen istehsalinda inisiatorun se¢ilmasi va
dozasinin optimallasdirilmast tigiin praktik istigamoatlaor tagdim edir.

Acar sozlar: polietilen, inisiator, polimerlosma, oksigen, di-tert-butil peroksid (DTBP)
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Introduction

Polymeric materials occupy an important place in modern industrial production, and polyethylene is
considered one of the leading materials in this direction due to its production volume, economic
importance, and wide application areas. Polyethylene properties depend on initiator systems
(Peacock, 2000; Baird & Collias, 2014). However, comparison of oxygen and peroxide systems
remains insufficiently studied. In particular, there is limited systematic analysis of how oxygen- and
peroxide-based initiator systems influence molecular weight distribution (MWD), chain branching,
and thermal stability under high-pressure conditions. This research gap highlights the need for a
comparative evaluation of initiator systems in terms of their impact on polymer structure and process
stability.

Although oxygen- and peroxide-based initiators have been investigated in previous studies, their
effects on polyethylene formation are often discussed separately and under different process
conditions. In this context, the present study brings together available findings and evaluates these
initiator systems from a comparative perspective. Particular attention is given to their influence on
molecular weight distribution, chain branching behavior, thermal stability, and overall process
performance under high-pressure polymerization conditions. Such an approach makes it possible to

319


mailto:iradeqarayeva71@gmail.com
https://orcid.org/0000-0002-8014-7090
https://orcid.org/0000-0002-4096-9858
https://orcid.org/0009-0003-1716-735X
https://orcid.org/0009-0005-3830-8515
https://orcid.org/0009-0008-5593-2928

Elmi Is/20(5), 2026
Scientific Work / 20(5), 2026

identify common trends and differences that are not always evident when individual initiator systems
are considered independently.

The main objective of this study is to scientifically analyze the polymerization technologies and
initiator systems used in the production of polyethylene under high-pressure conditions. In particular,
the production of low-density polyethylene (LDPE) by free-radical polymerization is of great
industrial importance. Modern scientific studies show that process parameters directly affect the
molecular structure of polymer chains and the quality indicators of the final product (Bocare et al.,
2019; Zhu et al., 2019). As a result of the conducted research, the influence of different initiator
systems on the high-pressure polymerization process was comprehensively investigated, and their
effects on process kinetics were scientifically substantiated. This study provides a comparative
evaluation of oxygen- and DTBP-based initiation systems under high-pressure LDPE production
conditions. It was determined that polymer yield reaches 27-28% in peroxide-based systems, whereas
in oxygen-based systems this value remains at 17-18%. This difference was attributed to the specific
characteristics of the decomposition kinetics of the initiators.

Unlike previous studies that mainly focused on individual initiator systems, this work comparatively
evaluates oxygen-and DTBP-based initiation under the same technological framework and relates
radical generation mechanisms directly to polymer microstructure and product quality. The scientific
novelty of this study lies in the comparative evaluation of oxygen- and di-tert-butyl peroxide-based
initiator systems in high-pressure LDPE production. Particular attention is given to their influence on
molecular weight distribution, crystallinity, thermal properties, and polymer conversion. The study
provides an integrated assessment of the relationship between radical generation mechanisms and the
resulting polymer characteristics.

Materials and Methods

Object and Subject of Research

The object of the study is the process of producing polyethylene by radical polymerization of ethylene
monomer. This process, carried out under various technological conditions, provides the synthesis of
materials with different structural properties, such as low-density polyethylene (LDPE), high-density
polyethylene (HDPE), and linear low-density polyethylene (LLDPE). LDPE is obtained mainly by
high-pressure polymerization methods, while HDPE is produced by low-pressure polymerization
methods. The technological parameters of these processes directly determine the properties of the
final product.

The subject of the study is the interaction between the main technological parameters used in
polyethylene production—temperature, pressure, type and concentration of the initiator, and catalyst
amount—and the physical, chemical, and mechanical properties of the resulting polymer.

Polymerization Process and Initiators

Low-density polyethylene (LDPE) is mainly produced on an industrial scale by free-radical
polymerization of ethylene under high pressure. The process is carried out at temperatures of 150—
300°C and pressures of 1000-3000 bar. Oxygen and di-tert-butyl peroxide (DTBP) are used as
initiator systems (Bocare et al., 2019; Zhu et al., 2019; Azmi & Aziz, 2016). The polymerization
process begins with the introduction of ethylene into the reactor under high pressure. The initiator
decomposes at elevated temperature, generating free radicals that initiate chain reactions. Polymer
chains are formed through the sequential addition of ethylene molecules. Temperature and pressure
are monitored throughout the process, and the final product is cooled and collected as LDPE.

Process Flow Diagram and Operating Principle
The technological scheme of high-pressure LDPE production consists of several interconnected
stages, including ethylene purification, compression, polymerization, product separation, and final
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processing. Initially, ethylene is purified to remove moisture, carbon dioxide, and other impurities
that may negatively affect polymerization performance. The purified gas is then compressed to high
pressure using multistage compressors before being introduced into the reactor.

In tubular reactors, initiator systems are injected at selected points along the reactor length. The
decomposition kinetics of the initiator and the temperature profile determine the distribution of active
radicals and consequently influence polymer chain formation. Due to the plug-flow characteristics of
tubular reactors, temperature and conversion vary along the reactor axis, affecting reaction kinetics
and polymer properties.

The reaction mixture leaving the reactor is directed to a separation unit, where unreacted ethylene is
separated from the polymer and recycled back into the process. The polymer product is subsequently
cooled, homogenized in an extruder, and converted into granules for further processing. Proper
control of each technological stage is essential for obtaining polyethylene with the desired molecular
weight distribution, branching degree, mechanical strength, and thermal stability.

PRINCIPAL TECHNOLOGICAL FLOW DIAGRAM OF POLYMER PRODUCTION
(INCLUDING PREPARATION AND REACTOR DOSING OF PEROXIDE SOLUTION)
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Figure 1

Principal technological flow diagram of high-pressure LDPE production
including preparation and reactor dosing of the peroxide initiator solution

As shown in Figure 2, the high-pressure LDPE production process consists of ethylene purification,
compression, peroxide initiator preparation and dosing, polymerization, separation of unreacted
ethylene, recycle operations, and final polymer recovery. The methodological framework of this study
is based on the examination and comparison of scientific data related to polyethylene production by
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free-radical polymerization of ethylene. The research focuses on the technological conditions applied
during LDPE synthesis and their influence on the characteristics of the resulting polymer. The study
considers industrial polymerization processes carried out in high-pressure reactor systems,
particularly tubular and autoclave reactors. Operating conditions reported in the literature, including
temperatures ranging from 150 to 300°C and pressures between 1000 and 3000 bar, were analyzed to
evaluate their effect on reaction behavior and product formation.

Special attention was given to the role of initiator systems, such as oxygen and di-tert-butyl peroxide,
in the initiation and development of polymer chains. The analysis also included the influence of
reactor design on heat transfer, mixing efficiency, residence time, and monomer conversion. To assess
the relationship between process conditions and polymer properties, information obtained from
published studies was organized and comparatively evaluated. Key parameters such as molecular
weight distribution, degree of branching, polymer conversion, and product stability were examined
as indicators of polymer quality. The interpretation of the results was carried out using principles of
polymer reaction engineering and reactor analysis. Published experimental observations and
modeling results were compared to identify common trends and determine the technological factors
that have the greatest impact on polyethylene structure and performance.

In recent years, modeling of kinetics, heat transfer, and hydrodynamics in tubular and autoclave
reactors has received significant attention (Van Steenberge et al., 2022; Zhang, 2021). Axial
temperature and conversion variations in tubular reactors, as well as mixing intensity and residence
time distribution (RTD) in autoclave reactors, are key factors influencing polymer microstructure.
Modern approaches aim to predict key quality indicators such as molecular weight distribution
(MWD/PDI), chain branching, and product stability (Kryven et al., 2022).

The formation of the internal structure of the polymer directly depends on the type of reactor used.

Autoclave Reactor

Ethylene +
comonomer

[J==> LDPE outlet

Cooling medium in

Cooling medium out
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Tubular reactor

Ethylene + Free-radical T
comonomer _ initiator
E_Jll—{r[ n il s
2 P - m—— m 15> -
Cooling LDPE
medium in datlat
Cooling medium in Cooling medium out
Figure 2

Schematic representation of autoclave and tubular reactors
used in high-pressure LDPE production

Results

Studies have shown (Zhu et al., 2019; Michelsen & Meollerup, 2020; Alvarez et al., 2021; Gao et al.,
2023) that in autoclave reactors, where intensive mixing is provided, the distribution of radicals is
more homogeneous, resulting in a narrower molecular weight distribution (MWD). Compared to
tubular reactors, the MWD is reduced by approximately 20-30%. This condition causes the
polymerization to proceed in a more even kinetic environment. The even distribution of radicals
results in more frequent activation and termination of chains, leading to polymers with relatively low
average molecular weight.

In tubular reactors, the flow regime is mainly plug-flow, so the temperature and pressure are
distributed unevenly throughout the reactor. Under these conditions, radical concentration and
reaction rate vary along the axis, resulting in the formation of polymer chains under different kinetic
conditions and a broader molecular weight distribution. Gel Permeation Chromatography (GPC) and
Differential Scanning Calorimetry (DSC) analyses demonstrated that the type of initiator has a
significant influence on the molecular and thermal properties of polyethylene. According to the GPC
results, the weight-average molecular weight (Mw), number-average molecular weight (Mn), and
polydispersity index (PDI) of the DTBP-based sample were 210,000 g/mol, 78,000 g/mol, and 2.7,
respectively. For the oxygen-based sample, Mw, Mn, and PDI were determined to be 185,000 g/mol,
42,000 g/mol, and 4.4, respectively. DSC analysis revealed that the peroxide-based sample exhibited
a melting temperature of 113°C and a crystallinity degree of 51%, whereas the oxygen-based sample
showed corresponding values of 108°C and 42%, respectively.

Experimental results show that switching to peroxide-based initiation increases mechanical strength
by 15-20% and elongation by 10—15%, while also improving the optical performance of the product
(Brandao et al., 2020; Zhang et al., 2021; Sadeghi & Grady, 2024; Azmi & Aziz, 2016). The results
presented in this study demonstrate that initiator type significantly affects the structural and thermal
properties of LDPE. The peroxide-based system exhibited higher melting temperature and
crystallinity compared with the oxygen-based system, indicating the formation of a more ordered
polymer structure.
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DSC (Differential Scanning Calorimetry) Analysis

Table 1
Thermal properties and degree of crystallinity of polyethylene samples
Initiator Melting Temperature (°C) Crystallinity (%)
Oxygen 108 42
DTBP (Peroxide) 113 51

Furthermore, peroxide initiation was associated with improved polymer conversion and enhanced
control of polymer characteristics, confirming its advantages for high-pressure polyethylene
production. As can be seen, the polyethylene sample produced using DTBP (peroxide) exhibited a
higher melting temperature and degree of crystallinity than the oxygen-based sample. These results
indicate the formation of a more ordered polymer structure with a higher degree of crystallinity in the
peroxide-based system. The lower crystallinity observed in the oxygen-based sample may be
attributed to a greater degree of structural irregularities within the polymer chains.

The experimental investigations performed within the framework of this study confirmed that the
initiator system significantly influences both the kinetics of ethylene polymerization and the quality
characteristics of the resulting polyethylene. The oxygen-based initiation system exhibited less
controlled radical generation, which contributed to a broader molecular weight distribution and lower
structural uniformity of the polymer. In contrast, the DTBP-based initiation system provided more
stable and controlled radical formation throughout the polymerization process, resulting in improved
regulation of chain growth and polymer structure development. GPC analysis revealed that the
peroxide-based sample possessed a higher weight-average molecular weight (Mw = 210,000 g/mol)
and number-average molecular weight (Mn = 78,000 g/mol) compared with the oxygen-based sample
(Mw = 185,000 g/mol; Mn = 42,000 g/mol), while the polydispersity index decreased from 4.4 to 2.7,
indicating a narrower molecular weight distribution. Thermal characterization by DSC further
demonstrated that the peroxide-initiated polyethylene exhibited a higher melting temperature (113°C)
and crystallinity degree (51%) than the oxygen-initiated sample (108°C and 42%, respectively). In
addition, polymer conversion increased from approximately 17—18% in the oxygen-based system to
27-28% in the peroxide-based system. These results demonstrate that peroxide initiation provides
more favorable conditions for obtaining polyethylene with enhanced structural homogeneity,
improved thermal characteristics, and higher process efficiency under high-pressure polymerization
conditions.

Discussion

To reduce this non-uniformity, multiperoxide initiator systems are widely used in tubular reactors.
The stepwise introduction of peroxides with different decomposition temperatures makes radical
generation more balanced, reduces the risk of local temperature maxima, and ultimately allows for
more stable polymer structure formation.

In high-pressure polymerization technologies, the choice of initiator is one of the main factors that
directly affects the process kinetics, reactor safety, and the physical and mechanical properties of the
resulting polymer. In the early stages of industrial development, oxygen was a widely used initiator.
Although its economic availability and the absence of the need for additional reagents provide certain
advantages, its high reactivity makes it difficult to control the process stably and kinetic instability
occurs. Oxygen leads to broader molecular weight distribution (MWD) and reduced thermal stability.
In addition, reactions involving oxygen increase the likelihood of the formation of oxidized functional
groups, which can lead to a decrease in the thermal stability of the material, deterioration of color
properties, and weakening of mechanical strength. This behavior is associated with the uncontrolled
radical generation and increased chain transfer reactions in oxygen-based systems, which lead to
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broader molecular weight distribution and reduced thermal stability. Similar trends have been
reported in previous studies (Bocare et al., 2019; Zhu et al., 2019). In contrast, peroxide systems
provide controlled radical generation and improved process stability.

Peroxide-based initiation systems are widely used. The combination of peroxides with different
decomposition temperatures allows for stepwise regulation of radical generation throughout the
reactor. This approach leads to more balanced formation of polymer chains, narrowing of the
molecular weight distribution, and increased structural homogeneity. Similar effects of peroxide-
based systems on polymer structure, thermal properties, and material performance have also been
reported in recent studies (Cardoso et al., 2021; Yolsal et al., 2024).

As a result, peroxide-based initiation systems are widely used in modern high-pressure polyethylene
production. These systems not only improve the mechanical and thermal properties of the product,
but also increase the safety and technological stability of the process. The obtained results
demonstrated that the peroxide-based system produced polyethylene with higher molecular weight,
narrower molecular weight distribution, and a higher degree of crystallinity. Therefore, the
experimental findings confirmed that peroxide-based initiator systems provide more favorable
technological performance and superior product characteristics in high-pressure polyethylene
production. Overall, the differences between oxygen and peroxide initiator systems can be explained
by their distinct radical generation mechanisms, which directly influence molecular weight
distribution, chain branching, and thermal stability of LDPE.

The observed differences between oxygen- and peroxide-based initiation systems originate from their
distinct radical generation pathways. Under high-pressure polymerization conditions, oxygen reacts
rapidly with ethylene and intermediate radicals, producing highly reactive oxygen-containing species.
These reactions may promote chain transfer and termination processes, resulting in greater variability
in chain length and consequently a broader molecular weight distribution. Furthermore, oxygen-
containing radicals can facilitate the formation of oxidized structures within the polymer matrix,
which may negatively affect thermal stability and long-term material performance.

Peroxide initiators decompose thermally at predictable rates, generating radicals in a more controlled
manner. When several peroxides with different decomposition temperatures are applied
simultaneously, radical formation can be distributed throughout the reactor volume and over different
stages of the polymerization process. Such behavior contributes to a more uniform chain-growth
mechanism, improved control of branching reactions, and a narrower molecular weight distribution.
Similar observations have been reported in studies investigating the relationship between initiator
decomposition kinetics and polyethylene microstructure, where peroxide-based systems were
associated with enhanced structural homogeneity and improved thermal and mechanical
characteristics.

The discussion of the obtained results demonstrates that the differences between oxygen- and
peroxide-based initiation systems originate from their distinct radical generation mechanisms. These
mechanisms directly affect molecular weight distribution, branching behavior, crystallinity, and
thermal stability of LDPE. The GPC and DSC results obtained in this study are consistent with
literature data reported for peroxide-initiated high-pressure polyethylene production, confirming the
ability of peroxide systems to provide more controlled polymerization kinetics and improved
structural homogeneity. Therefore, the experimental findings support the theoretical understanding
of radical polymerization processes and highlight the advantages of peroxide-based initiator systems
for industrial LDPE production.
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Conclusion

1. Differential Scanning Calorimetry (DSC) analysis revealed that the peroxide-initiated
polyethylene exhibited a higher melting temperature (113°C) and crystallinity degree (51%) than
the oxygen-initiated sample (108°C and 42%, respectively), indicating the formation of a more
ordered polymer structure.

2. The experimental results confirm that peroxide-based initiation provides improved control of
radical generation and polymerization kinetics, resulting in enhanced molecular uniformity,
higher crystallinity, and improved material performance. Literature data further indicate that
peroxide initiation may increase mechanical strength by approximately 15-20% and improve
thermal stability.

3. From an industrial perspective, the application of peroxide-based initiator systems can contribute
to increased process stability, improved product quality, reduced recycle flow, lower compressor
loads, and higher reactor productivity. These advantages make peroxide initiation a promising
approach for modern high-pressure LDPE production.

4. Future research should focus on optimization of initiator concentration, peroxide combinations,
reactor operating conditions, and detailed investigation of molecular weight distribution and
branching characteristics in order to further improve product performance and process efficiency.
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