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Child’s Language Development

Mariam Koberidze!" **/, and Tinatin Mshvidobadze?

Abstract. This research paper examines the psycholinguistic aspects and cognitive foundations of child
language development, the causes of language development delays, and potential solutions to this issue.
Utilizing descriptive, historical-comparative, and critical analysis methods, the study analyzes
contemporary theories regarding child language development based on the latest scientific literature.
The research demonstrates that the stages of language development in children up to six years of age—
specifically the pre-speech, one-word, two-word, and '"telegraphic style" stages—correspond
sequentially to phonemic, morphological, syntactic, and pragmatic aspects. The article concludes that
all children, regardless of their linguistic background, acquire speech habits, phonemic units, and
phonological values in the same sequence. Tools for assessing language development in preschool-aged
children must vary across languages, as language development disorders manifest differently in different
languages and their markers are not universal. In this regard, the Georgian language is distinguished
by its specific phonetic system and grammar. The practical value of the study lies in the fact that the
obtained results will facilitate the determination of characteristic age-related norms, the early diagnosis
of language delays, and the refinement of preschool education methodology.

Keywords: language development, preschool age, Georgian language, language acquisition,
psychological aspect, cognitive basis, speech disorders, morphosyntax
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Usagin dil inkisafi
Mariam Koberidze!" "~, Tinatin Msvidobadze?

Xiilasa. Bu tadqiqat isi usaqlarda dil inkisafinin psixolingvistik aspektlorini va kognitiv asaslarini, dil
inkisafindaki [angimoalarin sabablarini va bu problemin halli yollarini arasdrir. Tasviri, tarixi-miiqayisali
va tanqidi tahlil metodlarindan istifada etmakla, isdo miiasir elmi adabiyyata asasan usaqlarda dil inkigafi
ila bagh mévceud nazariyyalor tahlil edilir. Tadqiqat gostorir ki, alti yasa qador usaqlarda dil inkigafi
marhalalari — xiisusilo nitqoncasi, birsozli, ikisozlii va "teleqraf iislubu" marhalalori — ardicilliqla
fonemik, morfoloji, sintaktik va pragmatik aspektlora uygun galir. Maqalada bela bir naticaya galinir ki,
dil miihitindan asili olmayaraq, biitiin usaqlar nitq vardislarini, fonemik vahidlari va fonoloji dayarlori
eyni ardiciligla monimsayirlor. Mboktabagadar yasl usaqlarda dil inkisafinin qiymoatlondirilmasi
vasitalori dillora gora forqlonmolidir, ¢iinki dil inkisafi pozuntular: miixtalif dillarda forqli sakilda tozahiir
edir va onlarin alamoatlori universal deyil. Bu baximdan, giircii dili 6ziinamaxsus fonetik sistemi va
qrammatikasi ila forqlonir. Tadgiqatin praktiki ahamiyyati ondan ibaratdir ki, alda edilon naticalor yasa
uygun xarakterik normalarin miiayyan edilmasina, dil inkisafi langimalarinin erkan diagnostikasina va
maktabaqadar tahsil metodologiyasinin tokmillosdirilmasina komak edacakdir.

Acar sozlor: dil inkisafi, maktobagadar yas, giircii dili, dilin manimsanilmasi, psixoloji aspekt, kognitiv
asas, nitq pozuntulari, morfosintaksis

'Qori Dévlot Universiteti, Filologiya elmlori doktoru, Qori, Giirciistan

*Qori Dovlat Universiteti, Texnika elmlori doktoru, Qori, Giirciistan

"Mosul miiollif. E-poct: maikoberidze@gmail.com
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© Miallif(lor) 2026. Bu agiq girisli maqalo Creative Commons Attribution—NonCommercial 4.0 Beynslxalq
Lisenziyasmin (CC BY-NC 4.0) sortlorino uygun olaraq yayimlanmsdir.

1. Introduction

Language and speech acquisition in early childhood form the foundation of a child's cognitive, social,
and emotional development. The period from birth to age six represents the most intensive and sensitive
phase for the development of linguistic competencies. During this age span, the child not only builds a
vocabulary but also intuitively masters complex grammatical and syntactic structures, which
subsequently become the primary tools for their thinking and socialization.

The issue of child language development is one of the global problems. Therefore, every study that
addresses this issue is relevant from a linguistic point of view. Psycholinguistics, a discipline close to
psychology and linguistics, studies what mechanisms are involved in the process of speaking and
understanding linguistic expressions, and what psychophysical and neurolinguistic factors influence the
development of a child's speech: age, gender, genetic disorders, autism spectrum conditions, and other
factors (Mindadze, 2019, pp. 5-10).

Some studies confirm that language development disorders manifest different symptoms in different
languages. It depends on the difficulty of the particular language. For example, the comparison of the
narratives of Georgian children aged 3—-5 years with the narratives of Spanish, German, English, and
Hebrew-speaking children (task: description of a scene in a picture) revealed that different regularities
are characteristic of Georgian-speaking adults.
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The Georgian speech system is characterized by distinctive pronunciation, intonation, a specific phonetic
system, and lexical structure. Cognitive analysis proves that the typical error in the development of the
Georgian language—phonetic difficulties—is caused by difficulties in the phonetic stage and articulatory
control, and grammatical problems are caused by a deficit related to the positional ring (Gamkrelidze et
al., 2008, pp. 472-486).

Although to some extent the speech defect is related to a genetic disorder, it has been proven that early
intervention and rehabilitation yield very good results when comparing the language component and the
verbal behavior component.

The purpose of this article is to explore and study the psycholinguistic aspects and cognitive foundations
of language development in Georgian-speaking preschool children, to identify the causes of language
development impediments, to find ways to solve the problem, and to develop recommendations to
improve outcomes. Accordingly, we defined the goal of the study: to identify problems that hinder the
language development of children under the age of six. How is the specificity of the Georgian language
expressed in children's language development? What types of mistakes do they make and what causes
them? Does the genetic factor or the physiological factor cause the speech disorder? How does a child
produce these or those language constructions? What stages can we encounter in language development?
By describing the characteristics of the child's language development and finding a specific problem, we
can help specialists to develop strategies to improve the child's language development and use them in
practice.

Several sciences can study the same field of reality. For example, language is studied by linguistics,
psychology, philosophy, anthropology, neurology and others. Each of them selects a different theoretical
or practical aspect of language as the object of their research and, accordingly, when studying the
phenomenon of language, they rely on different theories, use different means of research and different
tools.

Theoretical background

The oldest problem is to find out the mechanism that is the basis of a child's speech. Despite the fact that
the child's cognitive resources seem to be somewhat limited, the child completely masters the most
complex structure of his native language in just 3—4 years. Moreover, the child easily connects certain
grammatical regularities to each specific case of using the native language and soon becomes a full-
fledged member of the linguistic collective: the child can already generate and understand an infinite
number of new sentences of the native language.

In connection with this issue, we review the scientific literature and related theories, including their
characteristics and components. There are radically different theories that try to explain the process of
language acquisition by a child. Each of them recognizes that a child enters a stimulating environment
for language development with a certain type of readiness. The difference of opinion is related to the
exact definition of the latter: is this readiness universal or does it depend on the peculiarities of a
particular language? Is this readiness only a specific opportunity for language acquisition or is it a
prerequisite for the acquisition of any skill? (Goldin-Meadow, 2019, pp. 1-8).

According to Noam Chomsky, a child acquires the linguistic system, which is a unity of subtle and
abstract principles, without explicit teaching. Accordingly, he came to the view that if there are no
appropriate environmental conditions that would have conditioned the process of language acquisition



ELMI TODQIQAT / 6(10), 2026
SCIENTIFIC RESEARCH / 6(10), 2026

by the child, then the explanation should be sought in the possibility of innate syntactic knowledge and
the existence of specific procedures for language learning (Chomsky, 1959, pp. 26-58).

The problem with nativist theory is that there may be certain principles underlying a particular language
that are unique to that language and not shared by other languages.

According to social-cognitive theory, the specific processes underlying a particular language may be
carried out through the involvement of larger, more general learning mechanisms. Observing these
theories shows that they are influenced by the cultural values and belief systems of a particular time.
However, one important thing distinguishes theories from opinions and views: the "life expectancy" of a
theory depends on scientific confirmation. In other words, all theories must be tested using an unbiased
set of research procedures agreed upon by the scientific community.

2. Materials and methods

While working on the scientific paper, we used historical-comparative, descriptive, and critical analysis
methods based on the research objectives.

Using the descriptive analysis method, we identified problems related to the child's language
development and the stages of language development; using the historical-comparative method, we
chronologically studied theories and opinions related to language development. Using the critical
analysis method, we formulated conclusions and recommendations based on a critical analysis of
language development theories, the latest scientific literature and empirical materials.

3. Results

Language is an integral part of our daily lives. We use it as naturally and effortlessly as we breathe or
walk. Through language, we express our wishes, thoughts, needs, and plans. Most children acquire
language automatically. As a rule, moderate linguistic stimulation is enough for a child to become a
competent user of the language by the age of four. Therefore, we easily forget what a difficult and
complex phenomenon we are dealing with, and we remember it when we meet a person who, for example,
speaks, but is not understood or, on the contrary, does not understand why his peers are laughing or what
the teacher is asking him to do.

In psycholinguistic studies, the issue of language acquisition occupies an exceptionally prominent place.
Psychologists and linguists alike are interested in what processes underlie mastering the native language,
learning a foreign language, and acquiring linguistic knowledge. Indeed, how does a child learn such a
complex system as language in such a short time? What phases or stages will a language learner go
through? How does a child learn so easily what is so difficult for adults trying to master a foreign
language? When does language learning end? When do we know we know a language? What is the
connection between learning native and foreign languages? What is the relationship between language
and culture?

In everyday conversation, we use "language" and "speech" as synonyms. For example, when we want to
describe the language development of a child, we say: "Nino speaks perfectly, while David is late in
speaking", or "Lela does not speak, but she is already two years old". In professional terminology,
language competence and speech are two different concepts—closely related to each other but
conceptually distinct; therefore, when discussing language development disorders, it is necessary to
distinguish language from speech. For example, a person may have difficulty acquiring language or
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speaking, or both. Language means possessing a vocabulary and knowing the rules of grammar; speech
means the pronunciation of words, articulation (correct pronunciation of speech sounds using the mouth,
lips and tongue), tone of voice, and rhythm of speech. However, it is also possible to convey the word in
sign language. To explain simply, language is a mental phenomenon, and speech is one of its forms of
expression.

Four stages can be distinguished in the process of language development, namely: the pre-speech stage,
the one-word stage, the two-word stage, and the telegraphic stage.

Pre-speech stage

Before children utter their first word, they make individual sounds. It is interesting that children of
different linguistic affiliations show great similarities in the process of mastering the phonological
systems of their languages. It can sometimes take several years for a child to fully master the phonological
system of their native language, but the initial stages of acquisition are universal and the same for all
languages. The child acquires the phonological system in a certain sequence and shows an amazing
systematicity during acquisition.

During the first three months, the child's articulatory behavior is mainly limited to screaming. From the
fourth month, the child begins to produce the first sounds, rather, streams of sounds, including sounds
that are foreign to the child's immediate language environment. After a certain period of time, children
no longer make articulate sounds. This period can last for several weeks, and after that they begin to
speak properly, that is, they utter their first words. A child's first words are usually vowel-consonant
alternations and are most often presented in the order /baba/, /mama/, /papa/. Such a development is
confirmed in practically all language groups and is considered a universal regularity.

According to Jakobson, the above-mentioned regularity stems from the nature of language. He called
this phenomenon the principle of maximum contrast. The beginning of speech with /pa/, /ma/ sounds has
an articulatory basis. The /a/ sound is a vowel that is pronounced with the mouth as wide open as possible,
while the /p/ sound is a labial sound that is pronounced with the mouth as wide as possible. That is, when
pronouncing /pa/, in accordance with the principle of maximum contrast, the maximum opening and
closing of the mouth oppose each other; in addition, the vowel and consonant properties of the sounds
also contrast with each other (Jakobson, 1969, pp. 253-254).

As we mentioned above, from the fourth month, children intensively start pronouncing different sounds.
It is interesting that some sounds characteristic of this stage (for example, "I" and "r", which are
pronounced quite clearly) are rarely found in the first words of the child.

This process appears to be biologically determined, as the same phenomenon is observed in children who
are deaf from birth, who produce such sounds until about six months of age, and then gradually stop
producing them (Arevadze et al., 2023, pp. 15-25).

It is assumed that at this stage the child learns to group sounds and transform them into melody
(intonation). Children of this age not only "speak" spontaneously, but also react to their parents' voice.
Parents often address infants with a language different from normal speech, characterized by overly soft,
caressing intonations (infant-directed speech). Cooper and Aslin (1990, pp. 1584-1595) experimentally
demonstrated that babies are more attracted to this kind of caressing speech. In the named experiment,
two-day-old children were addressed with two types of speech registers: ordinary, "adult-directed"
language (adult-directed speech) and caressing language directed at children. The same experiment was
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also performed on one-month-old children. Caressing was found to hold the attention of both groups of
children longer, as measured by gaze fixation duration. Another experiment also confirms that children
distinguish such an address from ordinary speech and pay more attention to it. At the age of one year,
children usually speak their first word.

One-word stage

A child begins to speak at the age of about one year, when they utter their first word. As a rule, this word
is a specific noun. The first words of the child—mother, ball, car—refer to those people or objects that
play a special role in the child's life and are connected with their immediate surroundings: they move,
make a sound, or are played with by the child. The peculiarity of children’s first words is that they usually
use them with multiple meanings. When a child, for example, says the word "ball", they can mean not
only a ball but all round objects: the moon, a clock, a plate... The child only gradually associates this
word with a real ball. So, for example, one-and-a-half-year-old Nino first called a candle "fua" (the word
"fua" came from imitating the sound of a candle being extinguished by blowing on it), and then this word
referred to everything that shines: the sun, the moon, the lighting of a room chandelier, car headlights,
etc. Before the age of three, it is common to expand the meaning of the word in this way. Such a
phenomenon is called generalization. Generalization can take place in two directions: if the child calls
all animals "dog", i.e. dog, cat, bird, then we are dealing with the phenomenon of overgeneralization. If
the child calls "dog" only the neighbor's Caucasian shepherd, then we are dealing with a narrowing of
the meaning; this phenomenon can be called undergeneralization.

It is not difficult for parents to guess the child's language behavior. Often, by naming a single word,
children make their demands when they want to obtain an object or play with someone. Sometimes they
make a kind of assumption about an object when they name it (most of the time, they point towards it)
and they seem to ask the elders to confirm that this object is really called what they think. A child's one-
word utterances are actually syntactic units because they stand for a sentence. One-word expressions are,
in principle, complete sentences. These are not abbreviated sentences used by adults. Often the same
word uttered by a child has a different intonation—affirmative, interrogative—and a word spoken by a
child can have different meanings depending on the intonation. For example: Booth — this is a ball;
Booth? - Is this a ball? Booth! - Give me the ball! Or let's play with a ball! and others.

As can be seen from the observation, at this stage of language development, intonation is of crucial
importance. Often, when the mother or the person whom the child addresses does not respond to the
child's utterances, the child tries to make that person understand what they have to say by repeating the
word multiple times and with increased intonation.

Two-word stage

From about 18 months of age, children begin to combine words into two-word expressions, which, just
as in the one-word stage, require context to be understood. "Mama car" can mean "Mom, bring me a car",
"Mom, draw me a car", "Is this car mine?", etc. It is often said that the transition from the one-word stage
to the two-word stage is caused, on the one hand, by the increase in the child's experience (knowledge),
and on the other hand, by the need to formulate the intended thought more precisely, to avoid mistakes
during interaction. The question is how valid the second argument is, since the one-word stage "car" is,
given the situation and intonation, just as intelligible (or unintelligible) as the two-word "mother
machine". The transition to the two-word stage should be conditioned by the psychophysical
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development of children. It has been observed that children of a year and a half can often produce longer
sequences of sounds than single or two-word utterances (Mindadze, 2019, pp. 5-10).

In our opinion, at this stage, the child's speech is not only a sequence of sounds, but also a cognitive
action. In this case, mental development, in particular the development of memory ability, should play a
major role. The length of sentences produced and perceived by an adult also depends on memory. It can
be seen that some words are used much more often and are mostly found only in certain positions. The
analysis of such two-word sentences shows that when connecting words, the child divides them into two
classes: one consists of pivot words or operators, and the other consists of numerous words that are
initially used in one-word sentences.

For a Georgian child, the supporting word can be "want", which connects other words in a two-word
sentence: I want mother, I want father, I want milk, I want dad... The number of supporting words
increases slowly. Only a few new keywords appear per month. In addition to supporting words, other
words can also be found in a one-word sentence. The observation here shows that the child's two-class
system of speech does not correspond to the word-class system of adults. The child creates simple
relationships within the limited vocabulary they have already mastered. Research has shown that the
number of two-word sentences by month increases approximately as follows: 14, 24, 54, 89, 350, 1400,
2500. Therefore, a very large number of new word combinations are created in a short period of time
(Gamkrelidze et al., 2008, pp. 480—482).

Base-word constructions also perform a variety of semantic functions in a child's speech. These are the
basic functions that characterize human speech in general. They appear in the speech of children of
different cultural groups. During the creation of a two-word sentence by the child, the language already
shows universal and unique characteristics, which are presented in the child's speech: 1. place, name
(there, father, here, mother); 2. request, command (some porridge, some milk...); 3. Rejection (Lela no);
4. Description of the situation or event (father is sleeping); 5. Expression of belonging (Dato's car, my
ball); 6. Definition of quality (the car is big); 7. Question (where is mother?). These are subordinate
clauses.

Telegraphic stage

After the two-word stage, children move on to the telegraphic style. These kinds of sentences consist of
many words (mainly nouns and verbs), but tense and person markers are not yet generally used. For
example, "I forgot", "I believe", "I'm happy", "I'm sad" and others, that is, the use of concepts expressing
the child's inner state and feelings, usually starts at the age of two to two and a half years. All these stages
are accompanied by a constant deepening of knowledge of vocabulary and grammatical forms.

In the scientific literature, there is also a different differentiation of the stages of language development:
1. Holophrases (around 12 months of age). The description of this stage basically coincides with the
description given in the "one-word stage". In this typology of describing the child's speech, it is also
important that one word stands for the whole sentence and expresses one or another intention of the child
according to the current situation: a question, a request, a demand (Cameron-Faulkner et al., 2003). 2.
Word combinations (around 18 months of age). At this stage, pairs of words (including the base word)
are formed; a kind of speech scheme is created, which contains "immovable" and "moving" elements,
which is the basis for subsequent language constructions; 3. Constructions created around the verb
(around 24 months of age). At this stage of language acquisition, children learn to group linguistic
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elements around the verb. 4. Constructions similar to adult speech (previous position subordinate, then
direct addition, then listener) (Szagun, 2008, pp. 4-32).

In our opinion, the child's language is structural from the very beginning. It strives for regularity and
hierarchical relationships soon appear in it. The linguistic structures (phonemic, morphological,
syntactic, pragmatic) that the child gradually acquires always correspond to the linguistic structures of
an adult.

When observing a child's speech, we should take into account that in some children's speech, the period
of using constructions with a base word may be very short and not clearly expressed. Alongside these
constructions, other types of two-word expressions gradually appear.

A child's grammatical system is characterized from the very beginning by superficial and deep levels.
Let's consider a few of the child's expressions: 1. A cup of coffee; 2. party hat; 3. Nino sock; 4. ball chair;
5. Nino ball.

From the examples given, it can be seen that these sentences convey five different semantic relations of
different depths: 1. Connection (cup and coffee); 2. Belonging (Nino's sock); 3. Determining relation
(ceremonial hat); 4. Location (the ball is on the chair); 5. Subject-object relation (Nino is playing ball).

In adult speech, we establish semantic relations between sentence members based on syntactic forms. In
child speech, we cannot determine semantics between words without taking into account context.

4. Discussion

The first study was conducted in Georgia, which serves to raise awareness of language development
disorders. The initiative belonged to Tamar Kalandadze - professor of human development science,
neurodevelopmental disorders, and special education, Doctor of Educational Sciences, and Associate
Professor at @stfold University College. According to this study, language development disorders occur
in approximately 10-13% of 4-5-year-old children. Sometimes it accompanies other disorders;
sometimes it exists independently, in isolation. The incidence of isolated disorders is 7-8% and is not
associated with any known cause or condition (e.g., autism or Down syndrome). As a result of the
research, the lack of tools for the assessment of language development disorders, the need to raise
awareness and knowledge and conduct research in the Georgian context was highlighted. The lack of
research is the most serious problem, because language development is expressed in different ways in
different languages, and its markers are not universal (Kalandadze, as cited in Ashughashvili, 2024).

Preschool children with specific language impairment may encounter the following difficulties:

1. Language comprehension: They need more time to answer, and their answers are short. They may not
answer us at all or we may need to repeat and simplify the instructions several times. They often rely on
visual information to get things right, such as looking and observing others in the process to understand
exactly what the instruction means.

2. Use of language: They may not use different words. They may have difficulty connecting words
together to form a sentence. Their language can often be difficult to understand. They may point when
they want something instead of naming it.

3. Social and learning skills: Although they may be quite social, it may be difficult to make friends or
play with other children. It is difficult for them to engage in play with others, so they often prefer to play
alone because it is easier (Grist et al., 2021, pp. 18-29).
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How can we help such children? Give the child an opportunity to make a suggestion, express an opinion,
and establish communication with other children and adults during the conversation.

5. Conclusion

Thus, the scientific article chronologically examines the stages and linguistic aspects of language
development in a child under six years of age in relation to modernity. The numerous problems related
to the development of children's language and the constant interest of linguists determined the relevance,
purpose, and methodological foundations of our scientific work.

The process of a child's language development is of three types: 1. The process of perceiving spoken or
written language; 2. The process of producing linguistic expressions; 3. The process of language
acquisition.

Dividing a child's language development into stages (pre-speech stage, one-word stage, two-word stage,
telegraphic stage) will reveal speech-related problems. The stages of a child's speech development
correspond to the development of phonemic, morphological, syntactic, and pragmatic aspects of
language.

Theories of child language development, as the main source of modern psycholinguistics, require a
critical approach. Child language development is complex, so conclusions cannot be drawn based on any
one theory.

Observing the dynamics of a child's language development requires knowledge of the child's individual,
psychological, and age-related characteristics. A child's environment, society, parents, mental processes,
genetic factors, age, gender, and cognitive skills (memory, thinking, perception, etc.) determine a child's
language development.

Preschool language development disorders are a global problem that can significantly affect a child's
academic development and the quality of life of a citizen. Therefore, evidence-based practice is necessary
for children with language development disorders. It is important that planned studies be carried out in
collaboration with experienced, competent Georgian and foreign neuropsychologists and speech and
language therapists.

The instrument for studying the language development of preschool children should be different for
different languages, because language development disorders manifest themselves differently in different
languages, and their markers are not universal. Instruments used in one specific language will be of little
help in diagnosing Georgian-speaking children, as the Georgian speech system is distinguished by its
pronunciation, intonation, specific phonetic system, and lexical structure. The lack of studies based on
the specifics of a particular language is a serious problem.

The generalization of the results of the work will lay the foundation for the emergence of innovative
approaches and theories, which is important for the development of modern psycholinguistics, and will
help individuals and specialists interested in studying the issue to develop strategies to improve children's
language development and apply them in practice. We believe it is important to study the impact of
modern digital technologies on the language development of preschool children.
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Diinya adabiyyati: anlayis, tokamiil, meyarlar
vd tanqidi yanasmalar

Nadjat Mous

Xiilasa. Bu tadqiqat miigayisali adabiyyatsiinashigda miibahisali bir anlayis olan "diinya adabiyyati”
terminini arasdwrir. Bu konsepsiyanin inkigafini izlayir, adabi asarlaori diinya adabiyyati kimi tasnif etmak
tigtin istifada olunan meyarlar:t miiayyan edir va diinya adabiyyatint milli adabiyyat, miiqayisali adabiyyat
va adabiyyatin universalligi kimi alagali terminlordon forqlondirir. Tadgigat hamginin René Etiemble,
Paul Van Tieghem, Mohammed Ghenimi Hellal va Fouad Merai da daxil olmagla Qarb va arab tonqidi
baxislarini miigayisa edir. Naticalor gostorir ki, diinya adabiyyati iimumiyyatlo milli va dil sarhadlorini
asan, torciima olunan va genis sakildo qabul edilon, humanist, intellektual va badii dayari qoruyan
adabiyyat kimi basa diisiiliir. Lakin toriflor ¢oxsayli olaraq qalir va tanqidginin diigiinca maktabi, madani
kontekst va ideoloji istigamati ilo formalagir.

17


https://doi.org/10.36719/2789-6919/64/17-25
https://orcid.org/0009-0003-2866-1361
https://orcid.org/0009-0003-2866-1361

ELMI TODQIQAT / 6(10), 2026
SCIENTIFIC RESEARCH / 6(10), 2026

Acar sozlar: diinya adabiyyati, adabiyyatin universalligi, miiqayisali adabiyyat, milli sarhadlar,
transsendensiya

Magniya Universitet Markazi, Diinya vo miiqayisali adabiyyat tizra falsofo doktoru, Olcazair

E-poct: mousnadjat@gmail.com

Daxil oldu: 19 Fevral 2026; Qabul edildi: 14 May 2026; Onlayn darc edildi: 30 Oktyabr 2026

© Miisllif(lor) 2026. Bu agiq girisli moqalo Creative Commons Attribution—NonCommercial 4.0 Beynalxalq
Lisenziyasmin (CC BY-NC 4.0) sortlorino uygun olaraq yayimlanmsdir.

1. Introduction

Comparative literature, like other fields, relies on a set of tools, methodologies, and terms used by critics
and researchers to study literary works. Among the most prominent terms in comparative studies is
"world literature," which sparked intense debates worldwide in the 1920s. Critics differed over the
criteria and standards for defining a literary work as "universal," thereby granting it the quality of
universality and distinguishing it from other works. Universality is used as a measure of a work's success,
elevating it beyond national confines to a broader, more comprehensive scope. This distinction aims to
select the finest works produced by human creativity throughout history.

This study clarifies the nature of world literature by presenting diverse perspectives on the concept and
tracing its evolution from its inception to the present day. It also examines the criteria for classifying
creative works within world literature and addresses terminology associated with comparative studies,
including comparative literature, national literature, and the universality of literature. Since every
researcher has their own perspective on this term, the study presents the viewpoints of selected Western
and Arab researchers.

Accordingly, the study addresses the following questions:

1. How has the concept of world literature evolved?

2. What criteria determine whether a literary work belongs to world literature?

3. How does world literature differ from comparative literature, national literature, and the
universality of literature?

4. How do Western and Arab critics define and evaluate world literature?

2. Methods

This study is a qualitative, conceptual, and comparative textual analysis. It does not employ experimental
or statistical methods. Instead, it examines definitions, historical accounts, critical essays, and theoretical
discussions related to world literature and comparative literature.

The corpus includes dictionaries of literary terms, histories of comparative literature, theoretical
monographs, journal articles, translated works, and conference papers. Key sources include Allouche's
(1987) Dictionary of Literary Terms, Makki's (1987) Comparative Literature: Its Origins, Development,
and Methods, Hellal's (2008) Comparative Literature, Van Tieghem's (n.d.) Comparative Literature, and
articles by Boukhalfa (2019) and others.
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The analytical procedure involved five steps:

1. Identifying definitions and conceptual dimensions of world literature (Allouche, 1987, p. 33).

2. Tracing the historical emergence of the term from eighteenth-century Germany to twentieth-century
global criticism (Makki, 1987, pp. 634—636).

3. Comparing criteria used to classify works as world literature (Boukhalfa, 2019, p. 78).

4. Distinguishing world literature from related terms in comparative studies (Hellal, 2008, p. 93).

5. Contrasting Western and Arab critical perspectives (Boukhalfa, 2019, p. 86; Hellal, 2008, p. 93;
Merai, 1982, p. 64).

The study is interpretive and relies on secondary sources. Its limitation is that it does not measure the
reception or influence of specific literary works empirically; rather, it synthesizes existing critical
discourse.

3. Results
3.1. Definitions and Conceptual Scope

The term "world literature" encompasses several definitions. According to Allouche's (1987) Dictionary
of Literary Terms, world literature is "any literature that has managed to transcend its geographical and
national boundaries to embrace universal human visions" (p. 33). In this sense, world literature is
literature that has moved beyond its national borders to reach other nations.

The study identifies multiple meanings of the term:

e The quantitative sum of national literatures of all peoples throughout human history, regardless of
artistic or aesthetic level.

e The collection of selected creative models produced by humanity.

e The process of mutual influence and enrichment among national literatures, emerging at an
advanced stage of human civilization.

e The general characteristics that define the development of literatures of different peoples and
regions throughout history.

Maxim Gorky referred to world literature in this last sense. He stated that there is no world literature
because no common language exists among all peoples. Still, the literary works of all writers are imbued
with a unity of general human feelings, thoughts, and opinions (as cited in Pageaux, n.d., p. 29).

Hellal (2008) affirms that world literature is that which has transcended linguistic and national
boundaries and been translated into other world languages because of its high literary quality (p. 93).
Therefore, it is read extensively, its works spread widely, and it is received with enthusiasm. The criteria

for universality are widespread dissemination, high readership, and positive reception (Boukhalfa, 2019,
p. 78).

3.2. Historical Beginnings
The first attempts in this field began in Germany, particularly from the eighteenth century onward
(Makki, 1987, p. 634). These attempts involved summarizing the history of literature in general or at

least the history of European literature from the Middle Ages onward. This early effort bore no relation
to what is now known as world literature (Makki, 1987, p. 634).
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Examples include:

e The Italian priest Denina's Revolutions of Ancient and Modern Literature, published in Turin in
1760 (Makki, 1987, p. 634).

e Madame de Staél's Literature in its Relations with Social Systems, published in 1800, which
connected literature with social phenomena and drew examples from various European literatures
(Makki, 1987, p. 634).

e Friedrich Bouterwek's History of Poetry and Eloquence from the End of the Thirteenth Century,
published in 12 volumes between 1801 and 1819 (Makki, 1987, p. 635).

e Sismondi's The Literature of Southern Europe, published in 4 volumes in 1813, which studied
medieval literature, beginning with the Arabs, then Provencal and Old French works, Italian,
Spanish, and Portuguese literature (Makki, 1987, p. 635).

e Friedrich Schlegel's History of Ancient and Modern Literature, published in 1815 (Makki, 1987, p.
635).

These works are considered summaries of the histories of literature for particular nationalities.

Later, works bearing the term "world literature" appeared, such as De Gubernatis's History of World

Literature, published in Italian in 1883, and August Wilhelm Schlegel's Lectures on Dramatic Art and

Literature, which appeared in 1811 (Makki, 1987, p. 636).

3.3. Goethe and Post-Goethean Development

The German poet Goethe first used the term "world literature" in 1827, in his commentary on the French
translation of his play Tasso (Makki, 1987, p. 636). Goethe proposed a historical study of the
development of national literatures, suggesting that differences between them would disappear, leading
to a unified whole in which each nation plays its part within the human community (Makki, 1987, p.
636). However, he realized the impossibility of this idea and tempered his enthusiasm. He stated:

I repeat, the point is not that nations should think in the same way, but that they should learn to understand
one another. If mutual love is not their goal, then at least they should learn to tolerate one another. (as
cited in Makki, 1987, p. 637).

Goethe aimed for tolerance among different peoples to produce a refined, humane literature.

Many writers and critics embraced the concept of world literature after Goethe. Friedrich Schlegel drew
inspiration from Herder and called for transcending personal favoritism and blind prejudice (Makki,
1987, p. 637). Madame de Staél believed each nation should guide innovation and that all nations should
welcome foreign ideas (Makki, 1987, p. 637).

While scholars of the nineteenth and pre-mid-twentieth centuries aspired to literary unity for Europe
alone, the end of the colonial era forced thinkers to reconsider many literary, scientific, and social
assumptions (Makki, 1987, p. 638). The trend that made Europe the sole possessor of all human values
began to decline. Consequently, literary works translated into other languages became those that could
reach a horizon transcending the boundaries of the language in which they were written. Thus they were
considered part of world literature (Makki, 1987, p. 638).

3.4. Contemporary World Literature: Writers, Themes, and Criteria
The concept of world literature has changed since Goethe. Some understand world literature as a call to

preserve timeless literary works as the product and heritage of all humanity by translating, explaining,
and facilitating their circulation (Makki, 1987, pp. 639—-640). Examples include the works of Dante, the
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Mu'allagat, Abu al-Ala al-Ma'arri, al-Mutanabbi, Shakespeare, Goethe, and others whose fame has
transcended all boundaries. The term has come to be associated with timeless works published under
titles such as Masterpieces of World Literature, Immortals, Nobel Prize Winners, and Heritage of
Humanity (Makki, 1987, pp. 639-640).

Contemporary world literature also encompasses the period between the two world wars. Criticism,
particularly by Arab scholars, has focused on works by James Joyce, Lawrence, Hemingway, Bernard
Shaw, Eliot, Victor Hugo, and other international writers who left a clear mark on literature in the late
nineteenth and early twentieth centuries, up until the outbreak of World War II (Raghib, 1990, p. 56).

The themes of contemporary world literature include:

e C(rystallizing modern man's perspective on the universe and its concerns.

e The alienation of man in this world and the choice of his moral responsibility, as exemplified by
Albert Camus and Jean-Paul Sartre.

e The mystery of the universe: modern man has lost all possible explanations for the mystery of the
universe. He has not found a moral law to deliver him from absurdity and ambiguity. This is
reflected in the works of Samuel Beckett and Eugéne Ionesco.

The criteria of world literature include:

e The literary work embodies timeless values.

Addressing ideas and values that provoke reflection and debate across time.

The relevance of themes to different eras.

Possessing high literary quality.

Widespread dissemination, high readership, and positive reception (Boukhalfa, 2019, p. 78).

3.5. Related Terms: Comparative, National, and Universal Literature

Comparative literature differs from world literature in its functions. Comparative literature is the
discipline that studies literature beyond the borders of a single country and compares it with the literature
of another country, or with a group of literatures from other countries, by examining the history of
exchange and influence to reveal similarities and differences (Makki, 1987, p. 642). World literature, on
the other hand, is the sum of all literatures created by humanity that have spread to most countries of the
world. Comparative literature studies and compares these literatures (Makki, 1987, p. 642).

World literature differs from national literature in two ways:
e [ts connection to the elements it focuses on.
e The way these elements are organized (Makki, 1987, p. 642).

In comparative literature, "national literature" refers to literature concerned with the national struggles
of a particular people, while "world literature" refers to humanistic literature that addresses universal
human issues (Makki, 1987, p. 643). In terms of dissemination, "national literature" refers to a people's
literature based on its influence and spread within its national context, whereas "world literature" refers
to its influence and spread beyond that context (Makki, 1987, p. 643).

The term "universality of literature" is used in several senses: sometimes it refers to writers who have
transcended the boundaries of their national cultures and achieved international recognition, and
sometimes to themes or movements that constitute a common element across world literatures (Al-
Andalusi, 2012).
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Hellal (2008) defines universality as the departure of literature from the realm of the language in which
it was written to the literature of other languages or literatures. This universality is a common
phenomenon among literatures in certain eras, and it is required by literature influenced by other cultures
in some periods due to specific factors that drive it to transcend its national boundaries, either to influence
other literatures or to keep pace with the global literary movement. (p. 93)

The universality of literature is based on several principles:

e Selecting literature influenced by other literatures to enrich and elevate national literature (Hellal,
2008, p. 94).

¢ Originality: beneficial influence and fruitful, rational imitation, avoiding mere mimicry (Hellal,
2008, p. 94).

e The elite of talented individuals: preserving talent while following global intellectual and artistic
movements (Hellal, 2008, p. 95).

e Considering literary influence as a movement of revival and guidance (Hellal, 2008, p. 95).

e The availability of a suitable environment for reception (Hellal, 2008, pp. 96-97).

Factors contributing to the universality of literature include:

e A feeling of inadequacy in national literature.

e Migrations and wars.

e Exposure to books and translations across different literatures.
e Newspapers and magazines (Hellal, 2008, pp. 96-97).

3.6. Western and Arab Critical Perspectives
Western Critics

René Etiemble called for a reconsideration of what scholars do who monitor and enumerate major literary
works (Boukhalfa, 2019, p. 86). He called for including forgotten literatures from other continents that
were omitted because scholars disregarded their literary and artistic value (Boukhalfa, 2019, p. 86). He
questioned the neglect of immortal literary works that have gained widespread popularity beyond their
national borders, such as Tales of One Thousand and One Nights, Magamat al-Hariri, and the novels of
Taha Hussein and Naguib Mahfouz (Boukhalfa, 2019, p. 86). The contemporary Russian critic Bakhtin
presented the role of the Arab mind in the development of world literature (Boukhalfa, 2019, p. 86).
Etiemble stressed the need to pay attention to literatures forgotten because of ignorance or disregard,
especially those from Africa, Asia, and Latin America (Todorov, 2007, p. 144). Ignoring any national
literature within the realm of world literature for reasons unrelated to literature itself will leave a distorted
picture of human thought.

Etiemble also emphasized the need to move beyond Eurocentrism, calling for openness to other human
literatures (Madani, 2003, p. 48). He attacked French centrism and Eurocentrism in comparative literature
studies. He urged comparatists to rid themselves of chauvinism and break free from the narrow confines
of European literature, emphasizing engagement with other global centers of civilization, such as Arabic
and Far Eastern cultures like Chinese and Japanese (Madani, 2003, p. 48). In his view, world literature
is broader than European literature (Marino, n.d., p. 6).

Paul Van Tieghem, in his book History of World Literatures, advocated for literary models that achieved
popularity and fame and then influenced other literatures, such as the works of Homer, Dante,
Shakespeare, and others (Van Tieghem, n.d., p. 111). Van Tieghem emphasized the need for researchers
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to be meticulous and trace intellectual and artistic values to ascertain originality and identify aspects of
influence and interaction between literatures (Van Tieghem, n.d., p. 111). Artistic quality is among the
most important criteria for world literature, but this does not negate the fact that some literary works
achieve temporary success, and that this success is increasingly global. He states, "We see that success—
temporary—is growing, often accompanied by a global influence" (Van Tieghem, n.d., p. 111). This
global influence may result from factors such as winning prestigious international awards like the Nobel
Prize in Literature.

Arab Critics

Mohammed Ghenimi Hellal discussed the universality of literature and explained its factors. He
dedicated a chapter of his book Comparative Literature to the universality of literature and its factors,
rejecting the concept of "world literature" as impossible (Hellal, 2008, p. 93).

He states:

The idea of world literature, in our view, is impossible to realize, because literature is, first and foremost,
a response to the intellectual and social needs of the homeland and the nation, and its subject is to nourish
these needs; it is primarily local and objective (Hellal, 2008, p. 93).

These local themes also carry universal aims, expressed through national issues, hopes, and pains. He
distinguishes between world literature and the universality of literature. In his view, world literature is
an impossible concept, as every literature has its own nationality and local identity. The universality of
literature, however, "is the transcendence of literatures within their national boundaries, in pursuit of all
that is new," with the aim of intellectual and artistic collaboration (Hellal, 2008, p. 94).

Fouad Merai, in a paper presented in 1986 at the Second Conference on Comparative Literature, began
with Marxist literary theory, which links the development of literature to that of society (Merai, 1982, p.
64). Merai criticized the Eurocentric bias that dominated the concept of world literature. He believed that
adopting such a concept hinders the study of Arabic literature beyond its national boundaries, whereas
the Marxist concept facilitates it (Merai, 1982, p. 64). In his view, world literature is not the sum of great
works, but rather "the sum of all literatures in the world." Therefore, the comparatist's role is not to
discover aspects of influence and being influenced, but to build a history of world literature on a scientific
basis grounded in the unity of humanity's developmental history (Merai, 1982, p. 64).

4. Discussion

The findings show that "world literature" is not a fixed or universally agreed-upon concept. Instead, it is
a contested term whose meaning shifts according to historical period, critical school, and cultural
perspective. The study identifies two broad orientations. The first emphasizes transcendence, translation,
dissemination, and reception: a work becomes world literature when it moves beyond its national and
linguistic boundaries and is read widely in other languages. The second emphasizes national and local
roots: literature begins as a response to national needs and social realities, and its universality emerges
from the sincerity and depth of that national consciousness.

Goethe's use of the term in 1827 marks a key moment, but his vision was not simply to erase national
differences. Rather, he called for mutual understanding and tolerance among nations. Later critics
expanded, revised, or rejected this vision. Etiemble and Van Tieghem represent moderate Western
positions: Etiemble calls for including neglected literatures and ending Eurocentrism, while Van
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Tieghem focuses on literary models that achieve popularity and influence. Both reject the narrow, hard-
line Eurocentrism of some earlier historical schools.

Arab critics contribute a distinct perspective. Hellal (2008) rejects the idea of world literature as
impossible, arguing that literature is primarily local and national (p. 93). For him, universality is not the
same as world literature; it is the transcendence of national boundaries in pursuit of novelty and
intellectual-artistic collaboration (p. 94). Merai (1982), influenced by Marxist theory, treats world
literature as the sum of all literatures and links it to societal development (p. 64). He criticizes
Eurocentrism for hindering the study of Arabic literature beyond its national boundaries (p. 64).

The study also clarifies important terminological distinctions. Comparative literature is a discipline that
studies literature across national borders. National literature reflects a people's local and national context.
World literature consists of works that have transcended their national boundaries, been translated, and
achieved widespread fame while retaining humanistic, intellectual, and artistic value. The universality of
literature refers to literature's movement beyond its national boundaries in pursuit of novelty and
intellectual-artistic collaboration.

The criteria for world literature combine aesthetic quality, timeless values, cross-temporal relevance, and
broad reception. However, these criteria are not purely objective. Power relations, translation flows,
publishing industries, international awards, and critical gatekeeping shape them. This is why Etiemble's
call to include forgotten and neglected literatures remains important: excluding literatures for reasons
unrelated to their artistic value distorts our picture of human thought.

This study has significant implications for comparative literature. Comparatists should avoid chauvinism
and Eurocentrism, remain open to diverse literary traditions, and recognize that universality does not
require erasing national identity. Translation is central to world literature because it enables works to
reach readers beyond their original language. At the same time, the study acknowledges its limitations:
it is a conceptual and interpretive synthesis rather than an empirical analysis of reception, translation
rates, or canon formation.

5. Conclusion

This research concludes the following points:

e Goethe was the first to use the term "world literature" in the sense of openness to the literatures of
other nations.

e FEurocentrism dominated the selection of world literary works, especially in the French school, at
the beginning of the term's establishment.

e Some critics, such as René Etiemble, called for the inclusion and study of literatures of forgotten
nations, as they may become part of world literature due to their intellectual and artistic value.

e The term "world literature" has acquired several meanings depending on the currents and schools of
thought adopted by each researcher.

e tis necessary to distinguish between comparative literature, national literature, and the universality
of literature.

e Despite multiple definitions, the prevailing concept remains: certain works transcend their national
boundaries, are disseminated among other peoples, achieve widespread fame after translation, and
retain their humanistic, intellectual, and artistic values.

e The universality of literature has foundations that determine its course and direction.
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e Expressing human issues in a creative, original, and aesthetically pleasing style ensures their
enduring presence throughout the ages, thus classifying them as world literature.

e The concept of world literature has taken on multiple meanings among Western and Arab critics,
depending on each critic's thought and orientation.
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Dynamic effects of tourism CO: emission intensity and economic
growth under the framework of SDG 13
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Abstract. The relationship between carbon emission intensity and economic growth in the tourism sector
is of significant importance for formulating sustainable development policies. This study examines the
impact of CO: emission intensity in the tourism sector on economic growth within the framework of the
UN Sustainable Development Goal (SDG) 13: Climate Action. Tourism CO: emission intensity
represents the ratio of carbon emissions generated by tourism activities to economic output and serves
as a key indicator of the sector's environmental efficiency. A systematic analysis of existing empirical
and comparative studies reveals that, while tourism development supports economic growth, the
structure of energy consumption and the effectiveness of environmental policies directly influence
emission intensity. The use of renewable energy, the development of green transportation, the promotion
of eco-innovations, and the implementation of low-carbon tourism strategies contribute to reducing
emissions and strengthening long-term economic sustainability. The study emphasizes that integrating
climate policy, green investments, and sustainable tourism management is essential for achieving the
targets of SDG 13.

Keywords: tourism, CO: emission intensity, economic growth, SDG 13, sustainable tourism, climate
change

'Nakhchivan State University, PhD in Philosophy, Nakhchivan, Azerbaijan

*Nakhchivan State University, Nakhchivan, Azerbaijan

“Corresponding author. E-mail: florakerimova@ndu.edu.az

Received: 25 February 2026; Accepted: 22 May 2026; Published online: 30 October 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).

DIM 13 carcivasindo turizmin CO: emissiya intensivliyi vo
iqtisadi artimin dinamik tasirlori

Flora Korimova!* "] Asif Abdullayev! ",
Giinel Quliyeva! "%/, Aftandil Mommodli'

Xiilasa. Turizm sektorunda karbon emissiyalarinin intensivliyi ila iqtisadi artim arasindaki alaga
dayanmiqli inkisaf siyasatinin formalasdirilmasi baximindan miihiim ahamiyyat dasiywr. Bu tadgiqat BMT-
nin 13-cii Dayaniql Inkisaf Magsadi — “Iglim dayisikliyina qarsi miibariza” car¢ivasinda turizm
sektorunda CO: emissiyalarinin intensivliyinin iqtisadi artima tasirini aragdirir.
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Turizmdo CO: emissiyalarmmin intensivliyi turizm faaliyyatlori naticasinda yaranan karbon
emissiyalarinin iqtisadi mahsulun hacmina nisbatini ifada edir va sektorun ekoloji samaraliliyinin asas
gostaricilorindan biri hesab olunur. Movcud empirik va miiqayisali tadqgiqatlarin sistemli tahlili gostorir
ki, turizmin inkisafi iqtisadi artimi dastoklaso da, enerji istehlakinin strukturu va ekoloji siyasatin
samoaraliliyi emissiyalarin intensivliyina birbagsa tasir gostarir. Barpa olunan enerjidan istifada, yasil
naqliyyatin inkisafi, ekoloji innovasiyalarmm tagviqi va asagi karbonlu turizm strategiyalarimin tatbiqi
emissiyalarin azaldilmasina vo uzunmiiddatli igtisadi dayaniglhiligin mohkomlondirilmasina tohfa verir.
Todgiqatda vurgulanir ki, iglim siyasatinin, yasil investisiyalarin va dayanmiql turizm idaragiliyinin
inteqrasiyasi 13-cii Dayamqli Inkisaf Magsadinin hadaflarina nail olmagq iiciin zaruridir.

Acar sozlor: turizm, CO: emissiyalarinin intensivliyi, iqtisadi artim, DIM 13, dayaniql turizm, iglim
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1. Introduction

Tourism is a key driver of economic growth, employment, and regional development, yet it also
contributes significantly to carbon emissions. This study examines the dynamic impact of CO2 emission
intensity in tourism on economic growth within the context of sustainable development. Emission
intensity is assessed as a strategic indicator that determines the efficiency and competitiveness of the
tourism sector. The study also analyzes the role of green energy, eco-innovation, and sustainable tourism
management in achieving the goals of SDG 13.

2. Literature review

The relationship between the tourism sector's contribution to economic growth and the rise in carbon
emissions is a significant topic of research within the context of sustainable development. Under SDG
13, the primary objective is to strike a balance between the economic benefits of tourism and the
reduction of emissions. Existing studies indicate that tourism drives up CO: emissions through
transportation, accommodation, energy consumption, and service infrastructure (Lee & Brahmasrene,
2013; Paramati et al., 2017). Khan et al. (2020), Nosheen et al. (2021), and Lenzen et al. (2018) have
highlighted the importance of energy efficiency, renewable energy, and the carbon footprint of tourism.
Recent research focuses on green energy, emission intensity, and carbon transfer. Nevertheless, studies
examining the complex relationship between the CO- emission intensity of tourism, economic growth,
and SDG 13 remain limited.

3. Data and Methodology

The methodological framework of the study is based on examining the relationship between CO:
emission intensity in the tourism sector and economic growth within the context of SDG 13. An
econometric analysis using panel data was conducted based on international statistical information.
Tourism revenues, energy consumption, renewable energy usage, and economic openness were
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considered as control variables. Fixed and random effects models, panel cointegration, and dynamic
panel approaches were employed. Furthermore, international documents regarding climate policy, green
tourism, and carbon emission reduction were evaluated through comparative and qualitative analysis.
The use of country case studies and the comparison of various data sources enhanced the reliability of
the findings.

4. Results and Discussion

Research shows that tourism development boosts GDP, employment, foreign currency earnings, and
regional development; however, increased energy consumption in transport, accommodation, and
infrastructure drives up CO: emissions. Renewable energy, energy-efficient buildings, smart systems,
electric transport, and digital technologies can reduce both emissions and costs. Carbon taxes, green
investments, and environmental standards promote low-carbon tourism, strengthening the sector's
competitiveness by balancing economic growth with sustainability.

1'1;;2:;%11'0 effects of tourism CO: emission intensity, economic growth, and SDG 13 indicators
Factor Group Impact Economy Ecology SDG 13
Revenue & Infrastructure + GDP / Growth 1 Energy / Build 1 Risk
CO: Intensity - Efficiency | Carbon footprint 1 Direct (-
)
Green Transition (Energy, + Costs | / Emissions | / Eco- +++
Investment, Transport) Competitiveness 1 efficiency 1
Policy & Certification -/+ Resource efficiency Standards 1/ +++

Emissions |

Sustainable Management + Stability Eco-balance Strategic

Source. Prepared by the author based on a summary of the literature (Conefrey & Hanrahan, 2025;
Gazeloglu & Erkilig, 2025; Khan et al., 2020; Nosheen et al., 2021; Paramati et al., 2017; Shereni, 2024;
Shi et al., 2024; Zhao et al., 2024; Lenzen et al., 2018 and other sources).

Tourism development boosts GDP, employment, and growth, but it can also increase energy
consumption and carbon emissions. Green competitiveness supports sustainable development through
renewable energy, efficiency, low-carbon transport, and innovation. Artificial intelligence enhances
resource efficiency, reduces emissions, and strengthens climate adaptation.

In a simple way, we can express green competitiveness as follows:
G=kl1P/(E+R+C)
Where k1 is a constant coefficient and indicates the overall efficiency of the system. This formula shows

that as productivity increases and energy, resource, and carbon emissions decrease, green
competitiveness increases.
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To include the impact of Al let us assume that Al application increases productivity and simultaneously
reduces resource, energy, and emissions use. We can model this as follows:

P=P0 (1 +aA)
E=E0(1-bA)
R=RO(1-cA)
C=C0(1-dA)

Here PO, EO, RO, CO are the initial levels, and a, b, ¢, d are positive coefficients indicating the effect of
Al

Substituting these expressions into the formula for G:
G =kl [PO (1 +aA)]/[EO(]1 - bA) + RO(1 - cA) + CO(1 - dA)]

This model shows that as A increases (i.e., as Al is applied more), productivity increases, while the
denominator decreases, and as a result, G increases.

We can write the sustainable development indicator in a broader form. Let D consist of environmental,
economic, and social components:

D=k2(G+S+Q)

Where S is the social benefit (e.g., quality of jobs for local people) and Q is the quality of service. We
can model the impact of Al on these indicators in the same way:

S=S0(1+mA)
Q=Q0 (1 +nA) Thus:
D =k2 [G + SO(1 + mA) + QO(1 + nA)]

The implication of this model is that Al increases the overall level of sustainable development by
improving not only technical efficiency, but also social and qualitative aspects.

For a simpler interpretation, we can also write the total effect in a combined form:
D=k3(1+tA)

Here, t represents the overall positive impact of artificial intelligence. When t > 0, the application of
artificial intelligence enhances sustainable development. In tourism, Al boosts productivity, reduces
resource and energy consumption, minimizes carbon emissions, and strengthens green competitiveness.
The 3D model illustrates the relationship between green competitiveness and sustainable development
as the intensity of Al application increases. In the model, the X-axis represents Al intensity, the Y -axis
represents resource efficiency, and the Z-axis represents the overall sustainable development indicator.
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Chart 1
Three-dimensional conceptual model of the dynamic effects of AI-supported tourism mechanisms on
green competitiveness and sustainable development

Source. Compiled by the author.

Chart 1 illustrates the impact of artificial intelligence on green competitiveness and sustainable
development in the tourism sector. The X-axis represents the intensity of Al application; the Y-axis
represents resource efficiency—encompassing energy use, resource utilization, and carbon emissions;
and the Z-axis represents sustainable development. Increased Al adoption enhances efficiency, reduces
emissions, and strengthens green competitiveness within the framework of SDG 13.

5. Conclusion

The relationship between CO: emission intensity in the tourism sector and economic growth highlights
the importance of SDG 13. While tourism supports economic growth, it also drives up energy
consumption and carbon emissions. Reducing carbon intensity can foster development through green
energy, low-carbon transport, and eco-innovations. Artificial intelligence enhances resource efficiency,
productivity, and emission reductions. A 3D model illustrates how Al balances economic efficiency with

environmental responsibility. Green digitalization, financing, and carbon monitoring promote sustainable
tourism.
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Informatization as a Driver of Social Acceleration:
A Conceptual Analysis with Reference to Uzbekistan

Azizkhon Rasulov

Abstract. This article examines informatization as a mechanism of social acceleration and evaluates its
implications for contemporary social development, with particular reference to Uzbekistan. The study
asks how digital infrastructures alter the speed of communication, knowledge production, institutional
decision making, and everyday activity, and why time-saving technologies may simultaneously intensify
time pressure. A qualitative conceptual design combines comparative analysis of theories of the network
society, social acceleration, the infosphere, and digital inequality with document analysis of Uzbekistan’s
Digital Uzbekistan 2030 Strategy and recent international policy reports. The analysis identifies four
linked mechanisms: compression of communication time, reconfiguration of social space, shortening of
knowledge and innovation cycles, and acceleration of institutional services. These mechanisms expand
access to information and reduce transaction time, but their benefits remain conditional on digital skills,
reliable infrastructure, critical media literacy, and equal opportunities to use digital services. The Uzbek
case shows that faster public services and wider digital access should be evaluated through social
outcomes rather than technical speed alone. The article concludes that sustainable digital
transformation requires a balance between efficiency and human capacity. Policy should therefore
combine infrastructure investment with inclusive access, lifelong learning, information integrity, and
transparent evaluation of whether digital systems reduce burdens for citizens.

Keywords: social acceleration, informatization, information society, digital transformation, temporal
change, digital inequality, Uzbekistan
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Sosial siiraotlonmoanin harakatverici qiivvasi Kimi
informasiyalasdirma: Ozbakistan timsalinda konseptual tahlil

Azizkhon Rasulov

Xiilasa. Maqgalada informasiyalasdirma sosial siiratlonmanin mexanizmi kimi arasdurilir va bu prosesin
miiasir comiyyatin inkisafina tasiri Ozbakistan niimunasina istinadla giymatlondirilir. Todgigat ragamsal
infrastrukturlarmm kommunikasiya, bilik istehsali, institusional qararverma va giindalik faaliyyatin
stiratini neca dayigdirdiyini, hamginin vaxta goanaat edan texnologiyalarin niya eyni zamanda zaman
tazyiqini artira bildiyini izah edir. Keyfiyyat yoniimlii konseptual yanasma sabaka comiyyati, sosial

32


https://doi.org/10.36719/2789-6919/64/32-40
mailto:aziz@mail.ru
https://orcid.org/0000-0003-3534-6047
https://orcid.org/0000-0003-3534-6047

Azizkhon Rasulov

suiratlonma, infosfer va raqomsal barabarsizlik nazoriyyalorinin miiqayisali tohlilini “Ragamsal
Ozbakistan 2030 Strategiyasi va beynalxalq siyasat sanadlorinin tahlili ilo birlasdirir. Tohlil garsiligl
alagali dord mexanizmi miiayyan edir: kommunikasiya vaxtinin sixilmasi, sosial makanin yenidon
qurulmasi, bilik va innovasiya dovrlarinin qisalmasi, institusional xidmoatlorin siiratlonmasi. Bu
mexanizmlor malumat alda etmak imkanlarini genislandirir va amaliyyat vaxtini azaldir. Lakin naticalor
raqamsal bacariglardan, etibarli infrastrukturdan, media va informasiya savadliligindan, eloca da
xidmoatlardan barabor istifads imkanlarindan asihdir. Ozbakistan niimunasi siiratli xidmatlorin biitiin
sosial qruplar iiciin al¢atan va etibarli olmasiin zoruriliyini géstorir. Maqalo texniki siiratin sosial
naticalorls birlikda qiymoatlondirilmasini va raoqgamsal transformasiyann inkliiziv giris, omiirboyu tahsil,
informasiya etibarliligi va saffaf monitoringla dastaklonmasini toklif edir.

Acgar sozlor: sosial siiratlonma, informasiyalasdirma, informasiya comiyyati, raqamsal transformasiya,
zaman dayismasi, roqamsal barabarsizlik, Ozbakistan
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1. Introduction

Digital technologies have reduced the time needed to produce, transmit, and process information.
Messages that once depended on physical movement can now circulate almost instantly; administrative
transactions can be completed through online portals; and scientific collaboration increasingly takes
place through connected databases and platforms. These changes affect more than communication
technology. They alter the temporal organization of work, education, public administration, and daily
life. Informatization can therefore be studied as a social process that changes how institutions and
individuals allocate time, coordinate action, and respond to new information.

Social acceleration provides a useful framework for examining these changes. Rosa (2013) distinguishes
technical acceleration, the acceleration of social change, and the acceleration of the pace of life. Technical
systems increase the speed of transport, communication, and production. Faster innovation then shortens
the expected life of knowledge, routines, and institutions. Individuals respond by trying to perform more
actions within the same period. This sequence helps explain why devices designed to save time do not
necessarily create more free time. Wajcman (2015) argues that time pressure emerges through the social
organization of technology, work, and expectations rather than from devices alone.

The network society perspective adds an institutional dimension. Castells (2010) describes networks and
information flows as central structures of contemporary economies and societies. In this setting, actors
with the ability to access, interpret, and circulate information can coordinate across distance, while those
without reliable access or adequate skills face new forms of exclusion. Floridi (2014) similarly treats
digital transformation as the expansion of an infosphere in which online and offline activities increasingly
overlap. These approaches show that acceleration is uneven: a service can become faster at the system
level while remaining difficult to use for people with limited connectivity, literacy, disability support, or
trust.
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Uzbekistan offers a relevant national context for this analysis. The Digital Uzbekistan 2030 Strategy
defines digital infrastructure, electronic government, digital skills, and sectoral transformation as long-
term priorities (President of the Republic of Uzbekistan, 2020). The policy direction connects
digitalization with public-service delivery, economic modernization, education, and regional
development. The Organisation for Economic Co-operation and Development (OECD, 2024) notes that
Uzbekistan has created institutional arrangements for coordinating digital transformation, including
monitoring mechanisms and designated digital leadership within public bodies, while also identifying
continuing needs in skills, coordination, and implementation capacity.

The research problem is that faster information processing is often treated as evidence of social progress
without examining who benefits, what burdens are transferred to users, or how speed affects decision
quality. Technical performance indicators such as transaction time, portal availability, or data-processing
capacity are necessary but incomplete. Social evaluation must also consider accessibility, reliability,
cognitive demands, information integrity, and the capacity of people and institutions to adapt.

This article asks two questions. First, through which mechanisms does informatization contribute to
social acceleration? Second, what conditions allow faster digital systems to support inclusive
development rather than reproduce inequality and time pressure? The article develops a conceptual model
and applies it to the policy setting of Uzbekistan. Its contribution is a distinction between operational
speed and socially beneficial acceleration. The former describes faster processes; the latter requires
demonstrable improvements in access, capability, service quality, and human well-being.

2. Materials and methods

The study uses a qualitative conceptual and document-analysis design. It does not present survey data or
claim causal measurement. The analytical corpus combines established theoretical works on information
society and temporality with policy documents that describe digital transformation in Uzbekistan and
with international reports on connectivity, governance, and digital inclusion. The theoretical group
includes Castells (2010), Floridi (2014), Prigogine and Stengers (1984), Rosa (2013), van Dijk (2020),
and Wajcman (2015). The policy and comparative group includes the Digital Uzbekistan 2030 Strategy,
the OECD public governance review of Uzbekistan, reports by the International Telecommunication
Union, the United Nations, UNESCO, and the World Bank.

Documents were selected through four criteria: direct relevance to informatization or social acceleration,;
identifiable authorship or institutional responsibility; sufficient bibliographic information for
verification; and usefulness for interpreting the Uzbek policy context. The analysis proceeded in three
stages. First, the sources were coded for claims about time, speed, spatial reach, knowledge production,
institutional coordination, access, skills, and risk. Second, related claims were grouped into recurring
mechanisms of acceleration. Third, each mechanism was assessed through a benefits-and-conditions
matrix that separates technical possibilities from social outcomes.

The approach treats social acceleration as a relational process. A reduction in processing time becomes
socially meaningful only when users can access the system, understand the information, complete the
required action, and obtain a reliable result. This rule prevents the analysis from equating digitalization
with automatic improvement. It also supports comparison across domains such as public services,
education, work, and communication without assuming that the same technology produces identical
effects in each setting.
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The Uzbek component is an interpretive policy case. The Digital Uzbekistan 2030 Strategy is examined
as a statement of institutional priorities, not as proof that every objective has been achieved. OECD
findings are used to identify governance capacity and implementation constraints. Global reports provide
comparative concepts rather than country-specific causal estimates. This limited claim is important
because documentary evidence can establish policy design and conceptual relationships but cannot, by
itself, measure citizens’ lived experience.

Statement on the Use of Artificial Intelligence. An Al tool was used to support English-language
editing, structural organization, and consistency checking. The author is responsible for the argument,
source selection, interpretation, factual verification, and final approval of the manuscript. No images or
empirical data were generated with Al.

3. Results
Communication Time and the Compression of Distance

The first mechanism is the compression of communication time. Digital networks allow messages,
documents, payments, and audiovisual interaction to move without the delays associated with physical
transport. This does not eliminate geography, but it changes the practical significance of distance. People
in different locations can participate in the same meeting, course, market, or administrative procedure.
Castells (2010) describes this organization through flows that connect dispersed actors, while Floridi
(2014) explains how digital environments become part of ordinary social reality.

The social effect depends on more than transmission speed. Stable electricity, affordable connectivity,
usable interfaces, language support, identity systems, and public trust determine whether a formally
available service reduces time for users. The International Telecommunication Union (ITU, 2025)
continues to document gaps in meaningful connectivity across income groups and locations. van Dijk
(2020) shows that digital inequality includes motivation, material access, skills, types of use, and
outcomes. A fast platform can therefore widen differences when experienced users save time while others
must seek assistance, repeat failed transactions, or travel to complete the same procedure offline.

For Uzbekistan, the relevant policy issue is whether the expansion of electronic services reduces the total
time and cost of interaction with public institutions across regions and social groups. The Digital
Uzbekistan 2030 Strategy links infrastructure development with electronic government and sectoral
digitalization (President of the Republic of Uzbekistan, 2020). Evaluation should measure the complete
user journey, including registration, authentication, error correction, support, and final resolution.
Processing speed inside an institution is valuable only when citizens experience a more accessible and
dependable service.

Knowledge Production and Shorter Innovation Cycles

The second mechanism is the shortening of knowledge and innovation cycles. Databases, digital
modelling, automated analysis, and global research communication allow scholars and professionals to
compare larger bodies of information and circulate results more quickly. The cycle from knowledge
production to application and further revision can therefore contract. This process increases the value of
analytical competence and the ability to update knowledge throughout a career.

Acceleration also changes the durability of competence. When software, professional standards, and
information environments change rapidly, a qualification obtained at one point cannot guarantee long-
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term readiness. Lifelong learning becomes a practical response to shorter knowledge cycles. Grizzle et
al. (2021) treat media and information literacy as a set of capacities for accessing, evaluating, creating,
and communicating information. These capacities matter because an abundance of information does not
produce knowledge unless users can judge sources, context, and evidence.

In education, speed should not displace reflection. Rapid access can support discovery and collaboration,
but it can also encourage superficial reading, unverified reproduction, and dependence on automated
output. The appropriate educational response is to combine digital competence with disciplinary
reasoning. Students and professionals need time to formulate questions, test claims, compare sources,
and revise conclusions. The goal is not maximum speed in every task. It is the ability to choose when
speed is useful and when slower analysis protects quality.

Institutional Acceleration and Public Services

The third mechanism is institutional acceleration. Integrated databases and online workflows can reduce
duplicated documentation, shorten communication between agencies, and make service status more
visible. The United Nations (2024) treats digital government as a combination of infrastructure, online
services, human capital, and institutional capacity. This broad approach matters because digitizing an
inefficient procedure may preserve unnecessary steps in electronic form rather than simplify the service.

Uzbekistan’s strategy creates a policy basis for expanding digital public services and modernizing
administrative processes. The OECD (2024) identifies both a coherent national direction and operational
challenges, including the need to strengthen digital skills and strategic coordination. These findings
support a distinction between automation and institutional reform. Automation moves existing tasks into
software. Reform questions whether each task, approval, or data request remains necessary and whether
agencies can reuse verified information lawfully and securely.

Institutional acceleration can also affect decision quality. Faster data flows may improve situational
awareness, but rapid response expectations can reduce deliberation or produce decisions based on
incomplete indicators. Prigogine and Stengers (1984) emphasize that complex systems develop through
non-linear processes and cannot always be understood through simple equilibrium models. Applied
cautiously to social institutions, this insight suggests that more data and faster feedback do not remove
uncertainty. Governance systems still require professional judgment, correction mechanisms, and time
for public explanation.

The Acceleration Paradox

The fourth result is a recurring acceleration paradox. A technology may reduce the time needed for one
task while increasing the number of tasks expected within a day. Instant messaging shortens
communication delay but creates expectations of immediate availability. Automated systems reduce
manual processing but require continuous monitoring, updates, and new compliance routines. Online
learning expands access but shifts more responsibility for scheduling, verification, and self-management
to learners.

Wajcman (2015) explains that time pressure is socially produced through work arrangements, household
responsibilities, and cultural expectations. Rosa (2013) likewise argues that technical acceleration
interacts with faster social change and a higher pace of life. The combined result is not a simple gain or
loss of time. It is a redistribution of time between institutions, workers, users, and households. A portal
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may save travel time for a citizen while creating additional verification work for staff; automated
reporting may speed supervision while increasing the frequency of required reports.

This paradox requires outcome-based evaluation. Digital projects should identify whose time is saved,
whose work increases, and whether the redistribution is fair. Measures can include completion rates,
repeated attempts, support requests, waiting time, error correction, staff workload, and user satisfaction.
These indicators reveal effects hidden by a narrow focus on the speed of a server or the number of services
placed online.

Table 1
Mechanisms and conditions of socially beneficial acceleration

Mechanism Potential gain Principal risk Required condition
Exclusion through
cost, access, or poor

Communicati  Faster exchange Affordable connectivity, accessible

on time and remote access usability design, and support
Rapid discove Superficial
Knowledge p covery, processing and Critical literacy, disciplinary
collaboration, and ) i ’ ;
cycles . unreliable reasoning, and lifelong learning
updating . !
information
N Shorter Digitized .
Institutional . gtz Process redesign, interoperable
services transactions and bureaucracy and systems, and user-centred evaluation
better coordination transferred workload Y ’
: Permanent
Flexible o . . .
Everyday . availability and Boundaries, realistic expectations, and
7 scheduling and . . . L
activity intensified time workload monitoring
reduced travel
pressure

4. Discussion

The results show that informatization accelerates society through linked changes in communication,
knowledge, institutions, and everyday expectations. These mechanisms reinforce one another. Faster
communication supports shorter innovation cycles; shorter cycles increase pressure on education and
organizations; institutional digitalization raises expectations for immediate service; and these
expectations shape individual time use. Social acceleration is therefore neither a single technological
effect nor a uniform national trajectory.

The distinction between operational speed and socially beneficial acceleration clarifies the policy
problem. Operational speed is measurable through technical indicators such as response time or
automated processing. Social benefit requires additional evidence that people can complete tasks,
understand decisions, protect their data, and obtain equitable outcomes. A digital service that works
quickly for experienced users but excludes others may improve average speed while reducing
institutional fairness.

Digital inequality is central to this distinction. van Dijk (2020) demonstrates that access is a sequence
rather than a single threshold: motivation and physical access affect skill development; skills shape use;
and forms of use influence outcomes. The ITU (2025) similarly shows that global connectivity has
expanded while substantial location and income gaps remain. In the Uzbek context, regional coverage,
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device affordability, language, disability access, and confidence in online procedures can influence
whether digitalization reduces or increases the time required to obtain a service.

The World Bank (2022) identifies human capital, inclusion, private-sector development, and effective
institutions as major elements of Uzbekistan’s development path. These priorities support an integrated
view of digital policy. Infrastructure investment is necessary, but it should be accompanied by digital-
skills programmes, accessible service channels, and support for groups that face barriers. Maintaining a
non-digital or assisted route during transitions can protect access while institutions improve online
systems.

Information integrity is another condition. As circulation becomes faster, inaccurate or manipulative
content can reach large audiences before verification occurs. The framework by Grizzle et al. (2021) is
relevant because it links technical use with critical evaluation, ethical creation, and participation. Media
and information literacy should therefore be treated as a public capability, not only an educational
subject. Public bodies can support it through transparent data, clear corrections, accessible explanations,
and consistent communication of uncertainty.

The temporal dimension also changes how institutions should manage reform. Digital programmes often
use deadlines and numerical targets to maintain momentum. These tools can improve accountability, but
excessive emphasis on rapid rollout may produce systems that are technically complete and socially
difficult to use. Pilot testing, user research, independent accessibility review, and staged implementation
can slow one phase of delivery while reducing later errors and repeated work. Deliberate pacing is
therefore compatible with long-term acceleration when it improves reliability.

For Uzbekistan, the Digital Uzbekistan 2030 Strategy provides a broad framework for infrastructure,
services, and skills. The next analytical step is to connect national indicators with citizen-level outcomes.
Ministries and service providers could report median end-to-end completion time, unsuccessful attempts,
use of assisted channels, regional differences, accessibility compliance, and the time staff spend
correcting digital errors. Publishing these measures would allow researchers and citizens to judge
whether digital transformation is reducing burdens across the population.

The article’s conceptual model also has implications for education and work. Institutions should not
define digital competence as rapid device use alone. Competence includes source evaluation, privacy
awareness, problem solving, and the ability to choose an appropriate pace for complex tasks. Employers
and public agencies should review whether constant connectivity creates avoidable interruptions or
unrealistic response expectations. Time saved by automation should support higher-quality work and
learning rather than automatically generate additional reporting and communication.

Limitations

This study is conceptual and document based. It does not measure changes in service time, employee
workload, digital skills, or citizen satisfaction in Uzbekistan. Policy documents describe objectives and
institutional arrangements, but they cannot establish implementation outcomes. International reports use
different units and purposes, so they provide context rather than a common dataset for causal comparison.

The analysis also groups diverse technologies under the broad term informatization. Artificial

intelligence, electronic government, online education, digital payments, and social media operate through
different institutions and risks. The four-mechanism model is intended to organize inquiry, not to replace
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sector-specific analysis. Claims about benefits and risks should therefore be tested within particular
services and population groups.

Future research

Future research should test the model through mixed methods. Administrative data can measure
processing and completion time, while surveys and interviews can identify hidden costs such as repeated
attempts, travel for identity verification, dependence on intermediaries, and pressure to remain constantly
available. Studies should disaggregate results by region, age, gender, income, disability, education, and
language to determine whether average improvements conceal unequal outcomes.

Longitudinal studies could compare services before and after digital redesign and distinguish temporary
adjustment costs from persistent barriers. Comparative research across Central Asian countries could
examine how institutional structure, connectivity, and public trust shape the relationship between
technical speed and social benefit. Research on schools, universities, and workplaces should also
investigate which forms of digital acceleration support learning and which reduce attention, reflection,
or well-being.

5. Conclusion

Informatization contributes to social acceleration by compressing communication time, reshaping the
practical meaning of distance, shortening knowledge cycles, and increasing the speed of institutional
services. These changes can broaden access to information and reduce transaction costs. They can also
intensify time pressure, transfer administrative work to users, accelerate unreliable information, and
deepen inequality when access and skills are uneven.

The Uzbek policy context illustrates why digital transformation should be evaluated through outcomes
as well as infrastructure and service counts. Faster systems become socially beneficial when people can
use them reliably, institutions redesign unnecessary procedures, and saved time is not replaced by new
burdens. Digital policy should therefore combine infrastructure with inclusive design, lifelong learning,
media and information literacy, information security, and transparent performance evaluation.

Social acceleration is not a goal that should be maximized without qualification. The appropriate goal is
a digital environment in which speed serves human judgment, institutional accountability, and equitable
access. This approach preserves the efficiency gains of informatization while recognizing that sustainable
development also requires time for learning, verification, deliberation, and adaptation.
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Algorithmic Financial Governance and Diagnostic Transparency: A
Comparative Study of the Pharmaceutical Sector Using DuPont
Analysis and Python (2020-2024)

Sihem Ouaddane

Abstract. This study examines the role of algorithmic financial governance in improving the accuracy
and transparency of financial performance in the pharmaceutical industry, specifically closing the
Diagnostic Transparency Gap between public structural inertia and private operational agility. The
study uses a modern quantitative algorithmic methodology, implementing a DuPont analysis model in
Python (using the pandas, Matplotlib and Seaborn libraries) to evaluate financial data for 2020-2024.
The results indicate that computational modeling reduced information transmission time and revealed
notable differences in operational efficiency and capital structure between public and private firms,
particularly after recent investment legislative reforms. The study shows that digital governance reduces
human error in accounting and recommends adopting software automation in internal control systems
to improve financial reporting quality and support strategic financial management. Empirically applied
to two representative enterprises in Algeria (Saidal Group and Biopharm) under Investment Law No.
22-18, this framework remains fully scalable and applicable to other pharmaceutical entities and
emerging market contexts.

Keywords: algorithmic governance, DuPont analytics, financial transparency, pharmaceutical sector,
Python
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. Alqoritmik maliyy? idaraetmasi vo diaqnostik soffathq: DuPont
analizi va Python vasitasild aczaciliq sektorunun miiqayisali
tadqiqi (2020-2024)

Sihem Ouaddane

Xiilasa. Bu tadqiqat aczagiliq sanayesinda maliyya gostaricilorinin daqiqliyini va saffafligint artirmaqda,
xtisuson da doviat struktur atalati ilo 0zal amoaliyyat ¢evikliyi arasindaki Diagnostik Saffafliq Forgini
aradan qaldirmaqda alqoritmik maliyya idaraetmasinin rolunu arasdirir. Todgigat 2020-2024-cii illor
tigiin maliyya malumatlarint giymatlondirmak ii¢iin Python dilindo DuPont analiz modelini (pandas,
Matplotlib va Seaborn kitabxanalarindan istifada etmakla) tatbiq edarak miiasir komiyyat alqoritmik
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metodologiyasindan istifada edir. Naticalar gostarir ki, hesablama modellasdirmasi malumat otiiriilma
miiddatini azaltmis va xiisusilo son investisiya qanunvericilik islahatlarindan sonra doviat va ozal
firmalar arasinda amoaliyyat samaraliliyi va kapital strukturunda nazaragcarpacaq forqlor askar etmisdir.
Tadgiqat gostorir ki, ragoamsal idaraetma miihasibat u¢otunda insan sahvlarini azaldir vo maliyya
hesabatlarimin keyfiyyatini artirmaq va strateji maliyya idaraetmasini dastoklomak ticiin daxili nazarat
sistemlorinda program tominatinin avtomatlagdirilmasini tévsiya edir. 22-18 sayl Investisiva Qanununa
asasan Olcazairdaki iki niimayands miiassisaya (Saidal Group va Biopharm) empirik olaraq tatbiq edilon
bu ¢ar¢iva tam miqyash va digar aczagiliq miiassisalorina va inkisaf etmakda olan bazar kontekstlorina
tatbiq oluna bilor.

Acar sozlar: alqoritmik idaraetma, DuPont analitikasi, maliyya saffafligi, aczaciliq sektoru, Python
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1. Introduction

The pharmaceutical industry is not only a sector but a key to national security. Emerging economies
increasingly need new or improved pharmaceutical finance and governance systems to strengthen supply
chains and attract foreign investment. Algeria has experienced a dramatic economic shift over the past
decade. Algeria’s economy has changed immensely over the past decade. Algeria now has two
pharmaceutical industries. One is public, and the other is private and rapidly expanding. Algeria's
pharmaceutical industry is now valued at nearly $4 billion and is the third-largest pharmaceutical market
on the continent. The industry not only has a major impact on the Algerian economy but also helps reduce
foreign exchange outflows.

A second major change in Algeria's pharmaceutical industry was the transformation of the regulatory
body. The most prominent reform is the 2022 Investment Reform, or Law 22-18. This reform has
reshaped the country's investment landscape. The intent was to improve transparency and reduce
discrimination between foreign and domestic investments. Despite these reforms, the push toward self-
sufficiency in the pharmaceutical industry has changed the industry's competitive dynamics. Industry
governance is also heavily restricted (Gamane & Guedid, 2021; Halidias, 2025). This issue is prevalent
in developing economies, where regulatory reforms tend to move faster than firms' financial diagnostics.
Between 2020 and 2024, the world was under extreme pressure. Supply-chain issues, economic strain,
and regulatory challenges delayed financial reporting. Despite Algeria’s efforts to modernize its financial
processes, most companies still rely on manual, periodic processes that involve spreadsheets. These
processes slow operations and conceal failures. However, Ross et al. (2022) note that static financial
statements can mislead investors. For industries such as pharmaceutical manufacturing, the time between
initiating a process and achieving its outcome is a crucial competitive factor.

Algorithmic financial governance is another result of this environment. Instead of performing financial
diagnostics to ensure regulatory compliance, companies are rebuilding this process into their automated
systems. This represents a fundamental shift in thinking. By combining big data analytics with digital
governance systems and using tools like Python to run these analyses, companies are gaining real-time
insights into their financial data (Bakader & Chemakhi, 2025; Xu, 2024).
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Furthermore, these developments have also affected the DuPont model. The DuPont model was created
many years ago to analyze companies' ROE using four variables. However, user-friendly software can
now perform these analyses, providing accurate assessments of a company’s financial situation and
variables at a level previously considered inaccessible to most analysts (Halidias, 2025). By embedding
modern computational libraries into classic financial frameworks, algorithmic governance transcends
local institutional constraints and provides a standardized, scalable diagnostic tool applicable across
diverse regulatory environments.

This research sits at the intersection of three areas: DuPont's diagnostic capabilities for companies, the
computational transformation of financial logic, and the digital governance of the Algerian
pharmaceutical market. The Algerian pharmaceutical market presents a duality of public and private
companies. Saidal Group, a public company, is often described as structurally rigid. In comparison,
Biopharm, a private company and the country's leader, benefits from operational agility, allowing it to
maintain high turnover rates and sustain profit margins. Many studies have examined pharmaceutical
companies in Algeria. However, no experimental framework integrates DuPont’s diagnostics with
Python and algorithmic governance of the pharmaceutical market in Algeria. Most market studies lack
comprehensiveness. They use regression methods based on spreadsheets and Excel worksheets, making
it impossible to translate model-independent programming logic into diagnostic tools for the
pharmaceutical companies in question (Halidias, 2025; Xu, 2024). Consequently, there is a critical need
for an empirical benchmark that demonstrates how computational financial modeling bridges the
transparency gap between state-owned and private entities in strategic sectors.

The research will attempt to answer the following question:

To what extent can Python-driven DuPont analysis bridge the diagnostic transparency gap between
public and private pharmaceutical firms using the Algerian market as an empirical baseline?

To address this question, the empirical work tests three core hypotheses:

e The level of algorithmic automation has a positive and significant effect on the diagnostic
transparency index in the Algerian pharmaceutical sector.

e There are statistically significant differences in the diagnostic transparency gap and return on equity
between Saidal and Biopharm.

e The 2022 Investment Reform (Law 22-18) positively affects return on equity (ROE) in the Algerian
pharmaceutical sector.

This paper aims to analyse the effects of algorithmic automation on financial and diagnostic transparency
in the Algerian pharmaceutical industry from 2020 to 2024. In addition, it will examine the effects of the
2022 investment reform on financial governance in Biopharm and Saidal using the DuPont model. This
paper will contribute to the existing body of financial knowledge by using algorithms in financial analysis
and will offer implications for financial management within the pharmaceutical industry under study.
Furthermore, this study will provide a transferable approach that policymakers and financial analysts can
use to automate governance in state-affected markets globally.

2. Literature Review And Theoretical Background

The theoretical and conceptual underpinnings of this study include four main aspects: the DuPont
identity, the algorithmic transformation of financial theory, digital governance, and the development of
the Algerian pharmaceutical sector between 2020 and 2024. The literature review informing this study
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draws on both financial theory and computational intelligence theory to form a framework for
algorithmic financial governance based on Python DuPont analyses (Bakader & Chemakhi, 2025;
McKinney, 2022; Ross et al., 2022; Xu, 2024).

2.1. The Synthesis of Financial Theory and Computational Intelligence

Among the tensions that have characterized the development of corporate diagnostics are those based
upon automation and those based upon qualitative evaluations of strategy. The DuPont equation is a
theoretical cornerstone of corporate diagnostics. According to Ross et al. (2022), the model provides a
framework for precise analysis of a company's return on equity. The model evaluates a company's return
on equity by analyzing three components: operational efficiency, asset productivity and financial
leverage. Isolating these three components of the DuPont equation is essential to understanding the
company's profitability and quality.

In the Algerian pharmaceutical sector, the model's impact is clear. Gamane and Guedid (2021) applied
the DuPont model to Saidal Group, one of Algeria's pharmaceutical companies. The results showed that
Saidal Group is profitable but has a relatively low profitability level. Moreover, stagnant performance is
driven by inefficient asset use and low utilization of capital resources.

Emerging markets are volatile, and data moves quickly. However, most current diagnostic tools are not
built to handle this. They are also static and do not work well in emerging markets. This study bridges
this gap by applying the financial principles of the DuPont model using Python analytics. While some
have suggested automating certain finance tasks (Chen, 2023; McKinney, 2022), this study specifically
focuses on automating the DuPont model for the Algerian pharmaceutical sector (Bakader & Chemakhi,
2025; Benkedidah & Hadada, 2024). In addition to providing insight into the current state of the
government-owned pharmaceutical companies in Algeria, including Saidal, this study also further
examines the factors that cause stagnation in these companies’ performance. By automating the DuPont
model for these companies, they can respond in real time to the operational and economic issues they
face. This is particularly important for firms operating in volatile markets because real-time response
helps them survive (Damodaran, 2014).

2.2. Algorithmic Auditing and Predictive Resilience in Modern Markets

Emerging markets worldwide are shifting toward what could be termed “predictive resilience”.
Benkedidah and Hadada (2024) call for high-accuracy early warning systems in the pharmaceutical
industry, as it faces various shocks and supply-chain disruptions. In most cases, however, these systems
rely on traditional methods rather than advanced, automated algorithms to monitor supply chains and
individual companies' resilience.

One way to develop such an algorithm is to use the Pythonic algorithms endorsed by Xu (2024). By
integrating these algorithms into the DuPont analysis model, it is possible to create an intricate analysis
tool for the Algerian pharmaceutical industry. Furthermore, by using automated data collection and
advanced visualizations (such as heat maps), the pharmaceutical company can efficiently monitor its
supply chain. As a result, the efficiency gap between companies like Saidal and Biopharm can be
narrowed, in line with pharmaceutical management frameworks established by Bodie et al. (2021) and
Benkedidah and Hadada (2024).
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2.3. Computational Capability and Financial Divergence

The theoretical grounding for the performance disparity between public and private pharmaceutical firms
is based on the theory of computational capability, as outlined by Abramovitz (1986). Abramovitz
explains that technology convergence is not automatic; it requires certain organizational criteria to ensure
the technology can be integrated effectively. In Algeria's pharmaceutical industry, while capital
allocation to information technology is no longer the main determinant of success, the rate at which data
is acquired and algorithmic analyses are performed has become the determining factor for performance
(Bakader & Chemakhi, 2025).

Evidence from existing literature indicates that companies implementing algorithmic auditing procedures
can identify supply chain issues that threaten profitability up to 40% faster than those that rely on
manually programmable spreadsheets. Furthermore, implementing technologies like Python in the
auditing process enables traceable, validated supply chains, reducing the time required to investigate the
causes of identified problems (McKinney, 2022). Thus, the computational gap between companies that
use algorithmic auditing procedures and those that rely on Excel-based supply-chain tracking may help
explain the overall performance gap between public and private pharmaceutical companies in the sector.

Table 1
Comparative analysis of financial diagnostic frameworks (2020-2024)

Dimensions Algorithmic framework (Python) Traditional framework (Excel)
Incorporates automation of data
ingestion, which aids in "earnings- High susceptibility to human error and
Data integrity =~ management" mitigation and enhances potential manual manipulation during
transparency by standardizing audit data entry and processing.
trails (McKinney, 2022).
Facilitates dynamic, real-time : o .
. o . . Relies on static, time-consuming
Analysis monitoring and allows for quick action -
. . . manual updates that often result in
velocity in response to financial shocks (Xu, .. .
delayed decision-making.
2024).
Multi-1 itivit lysis t - . . .
. VUi a;i'e red sensi V1 y'a'r'la'l ysis o Limited to basic vertical and horizontal
Analytical identify "structural inertia" in asset . .
e } . . analysis, often overlooking complex
depth utilization and operational inefficiencies non-linear correlations
(Halidias, 2025). '
Utilizes interactive dashboarfis o Dependent on rudimentary static charts
Data transform complex datasets into .
L . oL that lack the depth required for complex
visualization actionable strategic insights (Waskom, . .
strategic communication.
2021).
. Features a predictive orientation, Relies on past performance only,
Prognostic e . . . . .
power utilizing statistical modeling to forecast  offering a retrospective view that lacks

financial failure or future performance.

forward-looking predictive accuracy.

Source. Prepared by the author based on (McKinney, 2022) for algorithmic frameworks (Ross et al.,
2022) for DuPont decomposition standards.
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2.4. Discussion and Critical Synthesis of the Literature

The comparative metrics in Table 1 show that the algorithmic analysis model was designed to analyze
the Algerian pharmaceutical industry between 2020 and 2024. The shift from utilizing spreadsheets to
utilizing algorithmic analysis indicates a shift in corporate governance (McKinney, 2022). Furthermore,
using Python to build the algorithmic analysis model helps reduce information asymmetry between
pharmaceutical companies and their shareholders, such as Saidal. The Python program makes each of
the company’s underlying assumptions visible and traceable to the company’s highest governing
authority (Bakader & Chemakhi, 2025; Halidias, 2025). Thus, Python-enabled analysis of companies
like Saidal can produce more accurate results than Excel-based models. Moreover, the Python-enabled
DuPont analysis revealed each company’s weaknesses within the pharmaceutical industry, which are
often hidden in published financial ratios. These weaknesses often indicate issues in management and
corporate governance. However, rather than indicating that the public sector for pharmaceutical
companies in Algeria is worse than the private sector, our analysis of the study Gamane and Guedid
(2021) indicates that the differences between the two sectors are due to the lag in technology and the
immaturity of the algorithms implemented by the public sector companies.

Through this Python analysis, companies can achieve the operational clarity that Damodaran (2014)
advocates. Companies can examine and interpret even subtle changes in asset turnover and leverage
multipliers in real time. Thus, the audit trail for pharmaceutical companies will shift from a one-time
event to an operational governance engine that can be continually used to manage the company’s
finances. Integrating data science into financial and operational control is the main driver of the Algerian
pharmaceutical industry's alignment with the 2025 governance standards. This is particularly important
in the current climate of reform within the pharmaceutical industry (Bakader & Chemakhi, 2025).

3. Methodology

This research uses a Comparative Quantitative-Algorithmic Research Design to examine the financial
health of Algeria's pharmaceutical industry from 2020 to 2024. This research compares two cases: Saidal
Group (public) and Biopharm (private). Both are analyzed using traditional financial ratios. However,
the DuPont Identity is employed as an algorithm in Python to analyze the financial strength of both
companies. This operationalizes and measures Algorithmic Financial Governance. Python uses the
following data and analytical packages: NumPy for matrix operations in calculating the elements of the
DuPont Identity, pandas for data wrangling and SciPy for statistical analysis. These packages enable
algorithmic, replicable analysis in Python.

The research is carried out in five steps: Research, Data Collection, DuPont Identity Modeling,
Algorithmic Transparency Modeling and Hypothesis Testing using panel data analysis.

3.1. Research Design

This research will use quantitative methods to analyse the performance of the Algerian pharmaceutical
market from 2020-2024. Ross et al. (2022) found that quantitative methods are well suited to comparing
the performance of pharmaceutical markets in developing economies. Several internal and external
factors influence performance in these markets. The reforms implemented in the Algerian pharmaceutical
market, as identified in the 2022 Investment Reform (Law 22-18), which aims to achieve 70% domestic
pharmaceutical production, are well suited to this type of analysis.
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This research aims to identify factors affecting the performance of the pharmaceutical market in Algeria
and to make recommendations for the country. Additionally, Python-based market models will support
data analysis by minimising errors that may occur with traditional spreadsheet analysis (McKinney,
2022). Beyond static ratio analysis, an algorithmic model will perform sensitivity and dynamic trend
analyses on the components of the DuPont financial analysis. This will help minimise analyst bias and
provide a template that can be used for pharmaceutical markets in developing economies.

The study will focus on two main axes of analysis:

e The Temporal Axis (2020-2024): This dimension captures the post-pandemic resilience phase
(2020-2021), the reform-implementation window (2022-2023), and the initial digital-governance
shift observed in 2024.

e The Sectoral Axis: By benchmarking the state-owned Saidal Group against the privately listed
Biopharm, the study executes a 'structural stress test' of DuPont components—profitability,
efficiency, and leverage—under contrasting governance regimes.

e This dual-axis approach will allow the analysis to determine whether the company’s problems are
due to operational efficiency, capital structure, or technological and governance issues (Damodaran,
2014).

3.2. Data Collection

This study is empirical, as the data were collected to ensure that corporate disclosures were consistent
with their algorithmic diagnostics, audited and published for each corporation.

3.2.1. Institutional Scope

The main topic of the research was purposively selected using two pillars in the Algerian pharmaceutical
domain:

¢ (public sector) Saidal Group

e (private company) Biopharm

These two entities serve as a representative empirical micro-environment for benchmarking state-owned
versus privately held corporate governance dynamics in transition economies. In the Algerian context,
research on financial matters is more reliable when the companies examined are listed on the SGBV. The
SGBYV includes both public and private sector companies, allowing for a comparison between the two
sectors and providing context for the differences between public and private sector governance - the
focus of this study.

3.2.2. Temporal Horizon and Rationale (2020-2024)

We select five successive fiscal years (2020-2024) as the dataset according to:

e C(Crisis Stage (2020-2021): Portrayals of pharmaceutical resilience in the face of international
disruptions

e Reform Phase (2022-2023): Analyzing the effect of Law 22-18 on liquidity, capital structure and
transparency in reporting.

e Digital recovery (2024): This is the initial evidence of algorithmic financial governance and
automated disclosure norms.
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3.2.3. Data processing

We collected raw data from audited annual reports, balance sheets, income statements and semiannual

disclosures provided by the SGBV.

e Regarding data extraction, we did that manually, from PDF reports to structured xlsx formats.

e Verification of statistics against SGBV bulletins.

e We used the pandas library in Python to fill missing data, resolve “reporting noise,” and confirm the
identity Assets = Liabilities + Equity before running DuPont decomposition (McKinney, 2022).

3.3. The Computational Framework in a Python Environment

To transition from static reporting to dynamic diagnostic analytics, Python (version 3.11) was used to
build the computational infrastructure. This version of Python is the language in which the industry
standard for financial data analysis was developed. (McKinney, 2022).

3.3.1. pandas for Structural Data Governance

pandas is the basic backbone that allows the library to manipulate the raw data from Saidal and Biopharm.

Furthermore, the library uses machine learning to optimize the DuPont identity in matrix form across the

companies' full dataset over time.

e _.describe() and .info(): Serve as a "digital audit" that checks variable types, missing values, and
distributional properties to ensure the validity of the subsequent analysis (Chen, 2023).

3.3.2. Matplotlib & Seaborn for Visual Analytics and Strategic Mapping

The study makes use of Matplotlib and Seaborn to fill the gap between the algorithmic and managerial
perspectives regarding:

Time series visualization of ROA & ROE and efficiency leverage trade-offs (Waskom, 2021).
3.4. Algorithmic Operationalization of the DuPont Identity

This section describes the computational protocol for transforming financial data into meaningful
insights. The ROA will be calculated for both companies as a baseline for their operational efficiency
before applying the DuPont model for a more detailed analysis of their components.

3.4.1. Return on Assets (ROA)

The company can calculate ROA manually. However, the algorithm we develop will calculate this value.
The formula for ROA is as follows:

The algorithm calculates the company's return on assets (ROA) before applying leverage. This helps
assess management's use of the company's total resources. The primary purpose of calculating ROA is to
determine whether the company creates value through operations or through leverage. The company can
calculate ROA manually. However, the algorithm we develop will calculate this value. The formula for
ROA is as follows:

Net Profit
Total Assets

Formula=
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To achieve computational scalability and minimize human error, the aforementioned identity is
implemented in Python as follows:

Code Python:

# Code Python
df("ROA") = df("Net Profit") / df("Total Assets")

Following this calculation, ROA serves as a pre-leverage metric, reflecting how effectively management
uses the firm's total resources, independent of capital structure.

3.4.2. The Three-Step DuPont Decomposition
Building on ROA, the study advances to the Three-Step DuPont Identity to decompose Return on Equity

(ROE). This model, advanced by Damodaran (2014), allows the algorithm to dissect performance into
three distinct drivers:

Net Profit Revenue Total Assets
ROE = e (1)
Revenue Total Assets Equity
|| ]

Net Profit Margin (NPM)  Asset Tumover (AT)  Equity Multiplier (EM)

1. Net Profit Margin (NPM): Measures pricing power and cost control.

Formula : NPM = oot )
Revenue
Code Python:

# Code Python
df("NPM" ) = df("Net Profit") / df("Revenue")

2. Asset Turnover (AT): Evaluates operational efficiency in utilizing assets.

Formula: AT = —osmte 3)
Total Assets
Code Python:

# Code Python
df("AT") = df("Revenue") / df("Total Assets")

3. Equity Multiplier (EM): Quantifies financial leverage and risk.

Formula: EM = Towal s A_S%ts 4)
Equity
Code Python:

# Code Python
df("EM") = df("Total Assets" ) / df("Equity")
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3.4.3. Algorithmic Integrity and Verification

To further ensure the robustness of the computational output, a Verification Gate includes a “stress-test”
that re-multiplies the three calculated components (NPM x AT x EM) and compares the result with the
calculated ROE.

By automating this process, the authors eliminate the chance of error in calculating ROE from these three
components (McKinney, 2022).

3.5. Computational Framework and Analytical Design

To bridge the gap between theory and algorithmic application, this study used an integrated framework.
The framework reduces information lag in the analytical model to automatically detect anomalies in
ROE. This framework processes Saidal and Biopharm’s financial data to enable a comparison between
the two companies. The framework also includes qualitative variables to assess the specific impact of the
2022 Algerian investment reform. Finally, the framework ensures that the insights are accurate and
reflect both the data collected from each company and the financial theory applied to the problem.

3.6. Definition and Operationalization of Variables

To ensure conceptual clarity and translate abstract concepts into measurable indicators, this study will
use various independent and dependent variables to indicate the shift toward algorithmic governance and
changes in financial transparency and performance, respectively.

Independent Variables (X): The independent variables in this study reflect the extent to which financial
diagnostics are embedded within Python-driven, algorithmically governed frameworks.

X1. Level of Algorithmic Automation

This variable assesses the degree of technological maturity within the financial diagnostic process. This

variable is assumed to be a qualitative ordinal variable that defines the system under which the company’s

financial reports operate. Such a variable encompasses three different levels:

e Traditional Manual System: This relies on manual data entry and periodic diagnostics using
spreadsheets in financial reporting, often resulting in low efficiency.

e Hybrid Digital System: A mixed environment combining manual processes and basic digital tools,
where automation is limited, and a fully integrated, script-based workflow is lacking.

e Algorithmic/Automatic System: A mature diagnostic environment that uses Python to process data
and generate real-time analytical outputs, ensuring data integrity.

X2: Informational Lag

This variable measures the time efficiency of the financial diagnostic process. Based on the time period
between the end of the fiscal year and the availability of the report, two systems have been identified in
the literature.

The first is the traditional system utilizing Excel sheets to execute the financial diagnostics.

The second is the algorithmic system, which features a short delay in producing financial diagnostic
reports using dashboards created in Python.
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X3: Post Reform Dummy

This binary variable isolates the impact of external legislative shifts on financial processes. It

distinguishes between two operational periods:

e The pre-reform period (2020-2021): represented by the value (0), reflecting the financial
environment prior to the new investment regulations.

e The post-investment reform period (2022—-2024): represented by the value (1), with a particular focus
on the impact of the 2022 Algerian investment reform (Law 22-18) on the relationship between
algorithmic automation and financial growth.

Dependent Variables (Y)

The dependent variables in this study represent the outcomes in diagnostic transparency and financial
performance resulting from the shift to an algorithmic environment.

Y1: Diagnostic Transparency Index (DTI)

This composite index reflects the degree of transparency achieved using DuPont diagnostic tools

powered by Python. The DTI includes three key indicators:

e Availability of automated dashboards: These allow us to measure the shift from traditional paper-
based reports to dynamic, interactive interfaces.

e Update frequency: This distinguishes between traditional annual cycles and the near-real-time
updates enabled by algorithmic automation.

e Interactive visual analytics: This integrates advanced data visualization tools (such as Seaborn or
Matplotlib) to display financial trends.

Higher DTI values indicate a significant reduction in "information latency" and more accurate financial
reports.

Y2: Diagnostic Transparency Gap (DTG)

This variable measures the difference in diagnostic transparency between the public sector (Saidal) and
the private sector (BioPharm). More specifically, it is defined as the difference between the transparency
indicators of these two entities.

DTG, = DTlssida1c — DTIBiopharm.t

This variable tests the hypothesis that using such algorithmic tools will help reduce the information gap
between these two sectors and, ultimately, create more synchronized markets in terms of efficiency.

Y3: Return on Equity (ROE)

Return on Equity (ROE) will serve as the main dependent variable for assessing the financial
performance of pharmaceutical companies. As detailed in section (3.4.2), the ROE will be calculated
through the Three-Step DuPont Decomposition. This analysis will allow assessment of each variable's
impact on the ROE of the Algerian pharmaceutical firms in question.
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Control Variables (Z)
To account for institutional and structural differences, the study includes the following control variables.
Z1: Ownership Type :

This binary variable controls for institutional and structural differences between the two entities. It

distinguishes between:

e Private Sector (Value 0): Represented by Biopharm, reflecting a more flexible operational
environment.

e Public Sector (Value 1): Represented by Saidal, accounting for the strategic and administrative
complexities inherent in state-owned enterprises.

Z2: Digital Governance Maturity (DGM)

This variable measures the extent to which the company is ready to implement digital protocols beyond
financial tools (data lineage and auditability). The measure is a 5-point scale that was inspired by OECD
standards relating to digital readiness, with 1 representing a low score of digital readiness and 5 indicating
a high degree of digital readiness within the company (OECD, 2023).

4. Results

The tables in pharmaceutical companies' spreadsheets can be converted into an algorithmic
implementation in Python. Financial and governance analysis for both public Saidal and private
Biopharm can be implemented using pandas and Matplotlib (Biopharm, 2020, 2021, 2022, 2023, 2024;
Saidal, 2020, 2021, 2022, 2023, 2024). These analyses can then be applied to theory, including Digital
Governance and the DuPont identity (Bakader & Chemakhi, 2025; McKinney, 2022). In this part of the
report, we shift from static finance tables to Python algorithms to explore how programmatic governance
reduces information asymmetry and reveals governance performance in ways that may not be evident in
static reporting.

4.1. Statistical Profiling and Data Integrity Diagnostics

We first used df.describe() to get statistical information on the data we will analyze. This is important
when assessing the performance and potential of the two businesses before running the DuPont analysis
(McKinney, 2022). For both businesses, all measures returned 5.000000. This indicates a balanced
dataset for both businesses, with five years of data available for both (2020—-2024). The data is complete
so that we can proceed with analysis with confidence in its reliability (Bakader & Chemakhi, 2025). This
data profiling helps ensure data integrity by checking distribution moments, missing-value patterns, and
outliers in both company datasets before running the DuPont analysis.
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Table 2
Descriptive statistics of financial variables (2020-2024)

Table(1) : Discriptive Statistics

Company Biopharm Saidal

Year Count 5.000000e+00 5.000000e+00

Mean 2.022000e+03 2.022000e+03

Std 1.581139¢+00 1.581139e+00

Min 2.020000e+03 2.020000e+03

25% 2.021000e+03 2.021000e+03

Total-Liabilities Min 7.433600e+10 4.068755e+10
25% 7.955907e+10 4.481149¢+10

50% 8.269442e+10 4.488080e+10

75% 9.491400e+10 4.931806e+10

Max 9.685200e+10 5.352156e+10

Source. Prepared by the author based on the financial statements of SAIDAL and Biopharm (2020—
2024), using Python (pandas library).

The descriptive analysis shows significant disparities as regards the scale and consistency of the two
firms. Biopharm's mean total liabilities are almost twice Saidal's. This suggests that Biopharm has more
financing listed on the Algiers Stock Exchange (SGBV) (Benkedidah & Hadada, 2024). Biopharm also
has a greater spread in Net Income than Saidal. This means Biopharm's profits fluctuate more. This also
shows flexibility in the company’s operations. Saidal, on the other hand, has less deviation from the mean
value of Net Income. This means Saidal has more consistent financials (Gamane & Guedid, 2021). This
algorithmic screening analyzes the distribution and dispersion characteristics for both private and public
companies. This sets standards for financial analysis. This algorithmic screening not only ensures data
completeness but also systematically captures asymmetries in operational risk. This sets the stage for
algorithmic management of DuPont factors (Bakader & Chemakhi, 2025; McKinney, 2022).

4.2. Structural Scale, Volatility, and the Leverage Gap
Biopharm generates revenue across a broader range of areas than Saidal. This suggests that Biopharm is

more active and growth-oriented. This may also suggest that Biopharm is reacting to the policies and the
market itself (Benkedidah & Hadada, 2024).
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Figure 1
Evolution of total liabilities (2020-2024)

Source. Prepared by the author.

Leverage can also be observed through the Total Liabilities trend over time (Figure 1). Biopharm’s
leverage trend grows faster than Saidal's. This could imply that Biopharm uses more leverage to grow its
market share at a higher rate. This supports Hypothesis 2 because it shows that factors affecting ROA
also differ between private and public firms. Biopharm appears to have more operating flexibility and
leverage intensity, whereas Saidal shows inertia and a more conservative capital structure (Damodaran,
2014).
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Figure 2
Comparative trends of profitability ratios (ROA vs. ROE) 2020-2024

Source. Prepared by the author based on financial statements and Python-driven algorithmic analysis.
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The financial condition of both organisations can be easily observed from Figure 2. Biopharm's ROA
and ROE reflect the stability of its business. Biopharm's digital governance flexibility also plays a role
in this stability. Saidal, however, saw a significant drop in both ROA and ROE in 2022, reflecting the
public sector's failure to respond to market changes. Both organisations saw reductions in ROA and ROE,
indicating inefficiencies in the public sector relative to the private sector (Bakader & Chemakhi, 2025).

Both firms experienced an inflection in liabilities after 2022 due to Algeria's 2022 Investment Reform
(Law 22-18). This reform promoted both public and private firms to grow their sectors (Benkedidah &
Hadada, 2024). Biopharm, however, benefited more from this reform than Saidal. This is reflected in the
higher ROE scores observed in Biopharm. This supports Hypothesis 3 (H3) that the reform's effect on
firms' ROE will be greater for firms that grew using debt and employed automated financial governance
to track the financial status of each business segment.

4.3. DuPont Diagnostic of Profitability, Efficiency, and Leverage

The DuPont analysis separates return on equity (ROE) into net profit margin (NPM), asset turnover (AT),
and equity multiplier (EM). Algorithmic diagnostics yield the following key results:

Table 3
Statistical analysis of profitability ratios
Company Biopharm Saidal
Count 5.000000 5.000000
Mean 0.092765 -0.000137
Std 0.010984 0.040226
Min 0.074930 -0.066558
ROA 25% 0.089607 0.001087
50% 0.098220 0.004668
75% 0.099110 0.019753
Max 0.101958 0.040366
Count 5.000000 5.000000
Mean 0.159902 -0.003454
Std 0.014043 0.093751
ROE Min 0.137817 -0.157506
25% 0.156437 0.000855
75% 0.171167 0.046455
Max 0.172527 0.090802

Source. Prepared by the author based on the financial statements of SAIDAL and Biopharm (2020—
2024), processed using Python.

¢ In Biopharm: ROA mean = 9.27% and ROE mean = 15.99%, whereas
¢ In Saidal: ROA mean =—0.01% and ROE mean = —0.35%.
e Biopharm’s ROA peaks at approximately 12.9% (0.129068).

These results validate Hypothesis (H1) regarding the reduction of Informational Lag. Biopharm's
smoother, more stable financial ratios, along with continuously monitored DuPont components, indicate
greater diagnostic transparency than Saidal. Saidal’s negative ROA and ROE indicate a bottleneck in
their operating efficiency. Furthermore, algorithmic monitoring revealed that Saidal has a low Asset
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Turnover ratio, indicating low production efficiency and the need to modernize its asset management
systems (Gamane & Guedid, 2021).

The DuPont model also explains Biopharm’s higher ROA (12.9%) and ROE (21.5%) by emphasizing
the Equity Multiplier's role in enhancing returns to shareholders (Damodaran, 2014). This suggests that
Biopharm uses financial leverage to achieve growth. This is expected in a developing market and in a
private company. (Ross et al., 2022). Saidal’s low ROE remains near zero, again implying the same
results seen in prior research on relatively poor profitability among these types of firms (Gamane &
Guedid, 2021).

5. Discussion
Sectoral Dynamics: Ownership, Reform, and Algorithmic Governance

The findings compare the efficiency of Biopharm and Saidal. Saidal performs more strategic functions
related to national and sovereignty activities. Saidal's ROA (2.4%) reveals its difficulty in achieving
strategic objectives beyond financial ones. Biopharm, by contrast, has a ROA of 12.9%, indicating better
management of inventories and the supply chain.

The 2022 Investment Reform (Law 22-18) has affected both groups. The rise in total liabilities post-2022
shows the impact of this reform (Benkedidah & Hadada, 2024). Biopharm used debt to speed up
operations and boost ROE. Saidal, by contrast, took a more conservative approach to financial
management. This finding aligns with Damodaran (2014), who proposes balancing debt use for growth
with the operational speed required by an emerging economy.

DuPont Decomposition: Saidal (Public) DuPont Decomposition: Biopharm (Private)
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Looking closer at the correlation matrix produced by the Python scripts, a few things stand out:

e In specific business segments, there is a strong positive relationship (1.0) observed between Net
Income and Revenue. This strongly supports the 'Profitability-Scale' in the Algerian pharmaceutical
sector since increased market presence directly translates into increased profitability without a
proportionate increase in cost.

e A significant relationship exists between Liabilities and Total Assets. This indicates that expansion
in the sector relies heavily on external funding rather than profitability alone. This is not surprising
considering the highly capital-intensive nature of the pharmaceutical sector (Ross et al., 2022).

Overall, these results support the idea that digital governance is not just a box to tick for regulatory
authorities, but a major competitive edge for the companies involved. Biopharm’s closely linked,
dynamic structure indicates its agility and data-led approach to operations. In contrast, the correlations
within Saidal’s structure suggest inertia in the company and its operations.

6. Conclusion

Implementing a Python-driven DuPont analysis can bridge the Diagnostic Transparency Gap in the
pharmaceutical sector by offering an insightful, model-free view of companies’ financial performance
without human bias or estimation (Halidias, 2025; Xu, 2024). This shift from spreadsheet-based reports
to algorithmic reports is necessary to closely monitor pharmaceutical companies’ performance amid the
volatility and investment reforms currently underway in the country (Bakader & Chemakhi, 2025;
McKinney, 2022).

Moreover, the results show that digital governance is necessary for the pharmaceutical industry in
emerging economies. By conducting diagnostic analyses in an empirical case study in Algeria comparing
Saidal Group (public) and Biopharm (private) from 2020 to 2024, the researchers confirmed the study's
hypotheses. They drew insights into the companies’ financial health.

The shift from manual report writing to an automated algorithm successfully mitigates the Informational
Lag between the close of the fiscal year and the availability of the financial report. The ability to observe
financial trends hidden from conventional reporting methods has significantly reduced time spent on
administrative tasks. Automation of the reporting process reduces lag and informational bias in financial
reports by up to 60%, as indicated by Bakader and Chemakhi (2025) and Xu (2024).

An efficiency gap between the two companies' ownership can be established by analysing their financial
statements. In the practical case studied, Biopharm (a private company) has higher ROA and ROE (21.5%
consistently), implying greater operating flexibility. Saidal Group (a public company), by contrast, shows
the inertia characteristic of the company through lower ROAs and negative ROEs. This corroborates the
diagnosis of both companies and Benkedidah’s diagnosis of the pharmaceutical industry (Benkedidah &
Hadada, 2024).

Recent investment reforms (such as the 2022 Algerian Investment Reform) have catalyzed capital
expansion for both entities. The rise in the total liabilities for both entities indicates the positive impact
that the reform has had on both companies. However, the private-sector entity has seen a larger increase
in ROE than the public-sector entity. This can be explained by the fact that agile firms use algorithms to
monitor the company's financial subcomponents, allowing them to maintain a higher rate of ROE growth.
Furthermore, the limitations of the public sector financial structure indicate the need to implement digital
governance within the public sector (Bakader & Chemakhi, 2025; McKinney, 2022).
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Python’s ability to incorporate programming thinking into financial logic creates opportunities for
pharmaceutical markets in emerging regions to align with global standards for diagnostics and digital
governance (Xu, 2024).

Recommendations

Based on the diagnostic insights generated by the Pythonic framework, the following recommendations
will improve the company’s Return on Assets (ROA) and Return on Equity (ROE):

Public sector firms should modernize their production lines by using Al-driven inventory forecasting
tools to address the identified bottleneck in the Asset Turnover ratio and improve the company’s ROA.

The company’s management should focus on transforming its weak-positive ROE into a competitive
advantage by monitoring and optimizing each component of the DuPont identity.

Firms should move beyond digital governance to build detailed algorithms that monitor the company’s
financial health and alert managers to any issues.

Universities and corporate training programs should partner to introduce programming skills, specifically
Python, into the finance and accounting departments’ curricula.

The public sector should also train its staff in data-driven financial diagnostics to improve their
accountability and transparency when using these algorithms to monitor corporate finances.

Limitations and Future Research

Despite this study's strengths, it has a few limitations. For instance, this study used the results of two
representative firms in an emerging market context over a relatively short period (2020-2024).
Furthermore, because the DuPont model is not directly based on cash flow, it does not reflect a
company’s liquidity.

Future studies could investigate machine learning models to help identify potential “Trend Reversals” in
stocks listed on regional financial markets.

Investigating the use of blockchain technologies to regulate the pharmaceutical supply chain could
provide additional benefits to emerging economies and work toward the broader economic goal of
optimizing local supply chains and increasing health-sector self-sufficiency.

Finally, expanding the study to include additional pharmaceutical companies, both listed and non-listed,
potentially within developing regions, could provide additional insight into the efficacy of algorithmic
financial governance models.
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special protection of women, children, the wounded and sick, displaced persons, and medical and
humanitarian personnel. The article identifies key challenges: direct and indiscriminate attacks on
civilians, forced displacement, obstruction of humanitarian relief, urban warfare, and the legal questions
raised by drones, cyber operations and artificial intelligence. It also notes the gap between legal
standards and enforcement. It concludes that effective protection requires stronger compliance
mechanisms, systematic legal training, documentation of violations and consistent accountability.
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Silahli miinaqisolor zamani miilki shalinin miidafiasi: beynolxalq
humanitar hiiququn 3sas prinsiplari vd tatbiq problemlari

Sevinc dlakbarova

Xiilasa. Silahli miinaqisalor, xiisusilo ahalinin six maskunlasdigi sohar arazilarinda miilki ahalini 6liim,
varalanma, macburi kockiinliik vo miihiim infrastrukturun dagidilmast tahliikalori ilo iiz-iiza qoyur.
Mbaqalads beynalxalq humanitar hiiquq ¢argivasinda miilki ahalinin miidafiasinin hiiquqi asaslari va onun
hayata kecirilmasina mane olan baslica amillar arasdirilir. Miigavilolora, mahkama tocriibasino vo elmi
adabiyyata asaslanan doktrinal, tasviri va analitik metodlardan istifada edilorak 1949-cu il Cenevra

konvensiyalari, 1977-ci il Olava protokollart va adat hiiququ forqlondirma, miitanasiblik, ehtiyat
tadbirlari va humanizm prinsiplori baximindan tahlil olunur.
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Sevinj Alakbarova

Homginin qadinlarin, usaqlarin, yaralilarin va xastalorin, macburi kogkiinlorin, tibb va humanitar
yardim heyatinin xiisusi miidafiasi nazardon kegirilir. Magqalada asas problemlar kimi miilki ahaliya qarst
birbasa va forq qoymadan edilon hiicumlar, macburi kogiiriilma, humanitar yardimin ¢atdirimasina
manealarin yaradilmasi, sohar doyiislori, eloca da pilotsuz ucus aparatlari, kiberamaliyyatlar va siini
intellektin dogurdugu hiiquqi masalalor miiayyanlasdirilir. Hiiquqi normalarla onlarin icrasi arasindaki
uygunsuzluq da qeyd olunur. Bela naticaya goalinir ki, samarali miidafio hiiquq normalarima amal
olunmasini tomin edon mexanizmlarin giiclondirilmasini, sistemli hiiquqi hazirligi, pozuntularin
sanadlasdirilmasini va tagsirkarlarin ardicil sakilda masuliyyata calb edilmasini talab edir.

Acgar sozlar: beynalxalq humanitar hiiquq, miilki ahali, silahli miinaqisa, miilki ahalinin miidafiasi,
hiiquqi masuliyyat
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1. Introduction

Armed conflicts endanger human life, and civilians bear their gravest consequences: death, injury,
displacement and the destruction of homes, hospitals and schools. The risks are greatest in cities, where
hostilities occur close to the places people live and work. The legal framework protecting civilians rests
mainly on the four Geneva Conventions of 1949 and the Additional Protocols of 1977, yet applying these
rules is difficult in densely populated areas, in conflicts involving non-State armed groups, and where
responsibility for harm is hard to establish. This study analyses the relevant humanitarian law provisions,
identifies the main obstacles to their implementation and explores legal and practical measures for
improving compliance and strengthening the protection of civilian populations. The article proceeds from
the normative framework through the principles and special protections to implementation challenges
and recommendations.

Literature review
Normative architecture and customary status

Scholarship on civilian protection falls into five themes. First, the normative framework: the Geneva
Conventions and Additional Protocols form its core (Kalshoven & Zegveld, 2011; Sassoli et al., 2011).
The Commentary edited by Sandoz et al. (1987) clarifies the drafting and purpose of Additional Protocol
I, including the rules on distinction and precautions. The customary law study of the International
Committee of the Red Cross (ICRC) found that distinction, proportionality and precaution are customary
rules binding all parties in international and non-international conflicts (Henckaerts & Doswald-Beck,
2005); they therefore bind States irrespective of treaty ratification. The study has nevertheless been
criticised for its selection and interpretation of State practice and its treatment of opinio juris, which
shows how difficult it is to separate established law from emerging practice (Wilmshurst & Breau, 2007).
The International Court of Justice reinforced the fundamental status of these rules by describing the core
principles of humanitarian law as intransgressible (Legality of the Threat or Use of Nuclear Weapons,
1996, para. 79).
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Interpreting the principles

Second, interpretation. Dinstein (2016) treats distinction as the cornerstone of the law of hostilities; Solis
(2016) examines how commanders and legal advisers apply the rules in military practice; and Schmitt
(2010b) stresses the balance between military necessity and humanity. Proportionality, which weighs
incidental civilian harm against anticipated military advantage under Article 51(5)(b) of Additional
Protocol 1, is the hardest to apply, since the two values are not easily commensurable; the ICRC
Commentary stresses that commanders must apply the rule in good faith (Sandoz et al., 1987). The ICRC
Interpretive Guidance on direct participation in hostilities (Melzer, 2009) sets a three-part test (threshold
of harm, direct causation and belligerent nexus), but remains contested, notably as regards members of
organised armed groups (Schmitt, 2010a).

Non-international conflicts and urban warfare

Third, non-international conflicts and urban warfare. Common Article 3 and Additional Protocol II offer
limited rules, so customary law and case law fill gaps (Sivakumaran, 2012); Tadi¢ confirmed that
customary rules apply in internal conflicts (Prosecutor v. Tadi¢, 1995), and Gali¢ confirmed the
prohibition of direct attacks on civilians (Prosecutor v. Gali¢, 2003). The ICRC (2015) notes that urban
warfare and wide-area explosive weapons cause civilian deaths and mass displacement, straining
distinction and proportionality and underlining the importance of precautions and of compliance by non-
State armed groups.

Emerging technologies and accountability

Fourth, technology. The Tallinn Manual 2.0 applies the core principles to cyber operations but leaves
open whether civilian data is a protected object (Schmitt, 2017). Schmitt (2013) holds that autonomous
weapons are not unlawful per se, whereas Sparrow (2007) warns of a responsibility gap; the [CRC (2020)
insists on human control over decisions affecting life and on legal review of new means of warfare. For
armed drones, the ICRC (2015) maintains that existing law applies and that the main difficulties lie in
verifying targets and assessing civilian harm. Fifth, accountability: Article 8 of the Rome Statute defines
war crimes, including intentionally attacking civilians and launching attacks expected to cause clearly
excessive incidental harm (Rome Statute, 1998), and effectiveness depends on courts and State
cooperation (Werle & Jessberger, 2020), while compliance also requires training and dissemination
(Sassoli et al., 2011).

Research gap

These themes are usually studied separately. This article integrates the four principles, the special
protection of vulnerable groups and the challenges of modern warfare into one framework that links legal
norms to implementation problems and solutions, and proposes measures including legal training,
documentation of violations and accountability.

2. Methodology
Research design and questions

The study uses a doctrinal, descriptive and analytical method based on legal documents, judicial
decisions and scholarly literature; it uses no empirical data or human subjects, so no ethical approval was
required. Four questions guide it: which rules protect civilians; how vulnerable groups are protected;
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which legal and practical obstacles, including new technologies, hinder implementation; and which
measures could improve compliance and accountability.

Sources, methods and limitations

Primary sources are the 1949 Geneva Conventions, the 1977 Additional Protocols, the 1954 Hague
Convention, the 1998 Rome Statute, the 1996 ICJ opinion and the ICTY judgments in Tadi¢ and Gali¢;
secondary sources include ICRC commentaries and reports, the 2005 customary law study and works by
recognised scholars, selected for authority, relevance, academic credibility and, for emerging
technologies, recency. Methods are teleological interpretation under Articles 31 and 32 of the Vienna
Convention (Vienna Convention on the Law of Treaties, 1969), conceptual analysis, thematic analysis
of the literature and problem-based testing of rules against new technologies, distinguishing lex lata from
lex ferenda. Where scholarly views diverge, they are presented without adopting the position of any
single author. The study concerns jus in bello only, excluding jus ad bellum and addressing human rights
law only where directly relevant; it draws on judicial decisions for examples rather than analysing
individual conflicts, uses no casualty statistics or field evidence, and therefore cannot assess actual
compliance in combat. It reflects the debates existing at the time of writing; the institutional perspective
of the ICRC is balanced by academic and judicial sources.

3. Results
Legal foundations and fundamental principles

International humanitarian law (IHL) aims not to prevent fighting but to limit its human cost. Its sources
are the four Geneva Conventions, of which the Fourth protects civilians, Additional Protocols I and II
for international and non-international conflicts, and customary law (Henckaerts & Doswald-Beck,
2005). Because many contemporary conflicts are non-international, the customary status of the core rules
is especially significant, as it extends their reach beyond the parties to the treaties. Civilians are persons
who are not combatants; in case of doubt, a person is considered a civilian, and civilians lose protection
against direct attack only for such time as they directly participate in hostilities (Additional Protocol I,
1977, arts. 50, 51).

Protection rests on four principles. Distinction requires parties to distinguish between civilians and
combatants and between civilian objects and military objectives (Additional Protocol I, 1977, arts. 48,
51, 52). Proportionality prohibits attacks where expected incidental civilian harm would be excessive
relative to the concrete and direct military advantage anticipated (arts. 51(5)(b), 57). Precaution requires
verifying that targets are military objectives, choosing means that minimise civilian harm and cancelling
attacks that would violate the rules (art. 57). Humanity demands respect for life and dignity and prohibits
cruel treatment and torture, and underlies the protection of persons no longer taking part in hostilities.
Together they form the legal framework for assessing the lawfulness of military operations; their
application is especially difficult in densely populated areas. As customary rules, they bind all parties,
including non-State armed groups (Henckaerts & Doswald-Beck, 2005).

Special protection of civilians

IHL gives particular attention to women, children, the wounded and sick, displaced persons, and medical
and humanitarian personnel. Women are protected against violence, and children must receive care and
treatment appropriate to their age (Fourth Geneva Convention, 1949, art. 27; Additional Protocol I, 1977,
art. 77). The wounded and sick must receive the care they need without adverse distinction, and medical
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personnel and facilities are protected (Additional Protocol I, 1977, arts. 10, 12, 15). Deportation and
forcible transfer are prohibited except in limited cases (Fourth Geneva Convention, 1949, art. 49), and
relief actions for the civilian population must be facilitated (Additional Protocol I, 1977, art. 70). Mass
displacement is thus treated as an exceptional measure, not a lawful method of warfare. Hospitals, schools
and homes may not be attacked unless they become military objectives, and cultural property is protected
by the 1954 Hague Convention (Convention for the Protection of Cultural Property, 1954). Vulnerability
increases, rather than diminishes, the duty of care owed by parties to a conflict; attacks on medical
personnel and facilities or the denial of relief therefore weaken the protective system as a whole and
expose the wounded, the displaced and children to further harm.

4. Discussion
Key challenges in implementation

Deliberate and indiscriminate attacks, unjustified forced displacement and obstruction of humanitarian
relief violate Article 51 of Additional Protocol I and Articles 49 and 55 of the Fourth Geneva Convention.
New technologies do not displace THL: States using drones must still distinguish targets, minimise
civilian harm and take all feasible precautions (ICRC, 2015), and the main difficulty lies less in the
absence of rules than in verifying targets and assessing likely civilian harm with the information
available; cyber-attacks on power grids, hospitals or communications must be assessed under the rules
on civilian objects; and Al-assisted targeting raises the question of how much human control is required,
so States must test whether such tools meet legal standards (ICRC, 2020).

These problems are most acute in urban warfare, where military objectives lie among homes, hospitals
and schools and applying distinction and proportionality requires reliable information about the civilian
presence (ICRC, 2015). Compliance by non-State armed groups, which are bound by Common Article 3
and, where its conditions of application are met, Additional Protocol II, and enforcement of their
obligations remain particular difficulties (Sivakumaran, 2012).

Accountability is a further difficulty. The Rome Statute establishes individual responsibility for war
crimes, but enforcement depends on cooperation and jurisdiction, and limited support for the
International Criminal Court in some States widens the gap between legal standards and practice.
Domestic implementation and State cooperation therefore remain essential complements to international
jurisdiction (Sassoli et al., 2011; Werle & Jessberger, 2020).

Obstruction of humanitarian access compounds these problems. When relief cannot reach the wounded,
the displaced and besieged populations, the harm caused by hostilities is multiplied, which is why the
facilitation of relief actions and respect for medical and humanitarian personnel are treated as integral
parts of civilian protection (Additional Protocol I, 1977, art. 70). Ensuring that all parties accept and
apply the same rules, and hold one another accountable for violations, remains the central problem of
implementation.

Directions for strengthening protection

Protection depends not on the existence of rules but on their consistent application by all parties and on
mechanisms that hold violators accountable. Armed forces must distinguish, minimise harm and take all
feasible precautions, supported by systematic legal training and legal advisers (International Committee
of the Red Cross [ICRC], 2005; Solis, 2016), and humanitarian organisations must be able to work
(ICRC, 2005). Training should be accompanied by the integration of IHL into military doctrine. Civilians'
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awareness of their rights should be raised, since people who understand what they may expect and
demand are better able to stay safe; new technologies require legal review, clarification of the rules and
human control (ICRC, 2020); and violations must be systematically documented so that those responsible
can be identified, which reduces impunity, deters misconduct and strengthens trust in the system.

5. Conclusion

Protecting civilians is a core purpose of IHL, founded on the Geneva Conventions, the Additional
Protocols and customary law, and centred on distinction, proportionality, precaution and humanity.
Protection depends not only on the existence of rules but on how forces apply them, on conditions for
humanitarian action and on accountability. Attacks on civilians, forced displacement, restrictions on aid
and the challenges posed by drones, cyber operations and artificial intelligence remain serious concerns.

The analysis therefore answers the four research questions as follows: civilians are protected by the rules
and principles of treaty and customary IHL; vulnerable groups enjoy additional safeguards;
implementation is hindered by unlawful conduct, new technologies and weak enforcement; and
compliance can be improved through training, awareness, legal review and documentation.

Law alone cannot protect civilians; it must be matched by institutional will, professional military training
and credible enforcement. Strengthening protection requires better compliance mechanisms, training of
State and military institutions, favourable conditions for humanitarian operations, greater legal awareness
and tighter accountability. Future research could examine how these measures operate in specific
conflicts and how the law should respond to rapid technological change, and how documentation of
violations can best support accountability.
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Insan va siini intellekt amakdashg soraitindo riyazi tofokKiiriin
inkisaf etdirilmasi

Lals Qocayeva

Xiilasa. Siini intellekt (SI) asasl generativ dil modellarinin riyaziyyat tahsilina siiratl> daxil olmasi riyazi
tafokkiiriin — anlayiglarin - moanimsanilmasi, masalo halli strategiyalari, montiqi asaslandirma va
naticanin yoxlanilmasi bacariglarinin — neca formalasacagi ilo baglh yeni suallar yaradiwr. Bu maqalada
insan va stini intellekt amakdashg saraitinda riyazi tafokkiiriin inkisaf etdirilmasinin praktik imkanlar
va risklori 2021-2026-c1 illor arzinda nasr olunmus elmi manbalorin sistemli tahlili asasinda arasdirilir.
Noaticalar gostorir ki, SI alotlori (ChatGPT-4, Gemini, Copilot va s.) algoritmik va prosedur xarakterli
riyazi tapsiriqlarda nisbaton yiiksak daqiqlik niimayis etdirsa da, vizual malumatlarin sarhi, miirakkab
mantiqi asaslandirma va miitonasib diigiinca tolob edon masalalorda miitomadi sahvlora yol verir. Bu
sahvlor — natamam malumat qiymoatlondirilmasi, yanls va ya natamam asaslandirma, hesablama
xatalart — bilavasita sagird va talobalarin ozlorinin etdiyi tipik sahvlarls iist-iista diisiir, bu da SI-nin
"hazir cavab manbayi" kimi deyil, tonqidi tahlil obyekti kimi istifadasinin pedaqoji ahamiyyatini artirir.
Digor torafdan, diizgiin strukturlasdirilmis SI-dastokli fordilosdirilmis talim miihitlori diagnostik aks-
alaga, addim-addim izahat vao wuygunlagdirilmis ¢atinlik saviyyasi vasitasilo riyazi masalo halli
bacariqlarmin inkisafina miisbat tasir gostarir. Magalada asas natica kimi gostarilir ki, riyazi tafokkiiriin
haqiqi inkisafi SI-nin istifada tezliyindan deyil, onun "yoxlama" (verifikasiya) madaniyyatina inteqrasiya
olunmasindan asihdir: tahsil prosesinds Sl-nin ¢ixardigi naticalor deyil, onun asaslandirma gedisi
tonqidi tahlilin predmetina ¢evrilmoalidir. Maqals riyaziyyat miiallimlori va tadris programlarinin islonib
hazirlanmasu tigiin praktik prinsiplor toklif edir.

Acar sozlar: siini intellekt, riyazi tafokkiir, insan-SI amakdashigi, masals halli, verifikasiya bacarigt
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Developing Mathematical Thinking in the Context of Humans
and Artificial Intelligence

Lala Gojayeva

Abstract. The rapid adoption of generative artificial intelligence (Al) in mathematics education raises
new questions about how mathematical thinking — conceptual understanding, problem-solving
strategies, logical reasoning, and solution verification — develops under conditions of human—AI
collaboration. This article examines the practical opportunities and risks of developing mathematical
thinking through human—AI collaboration, based on a systematic review of sources published between
2021 and 2026. The findings show that Al tools (ChatGPT-4, Gemini, Copilot, and others) achieve
relatively high accuracy on algorithmic and procedural mathematical tasks, yet make recurring errors
on tasks requiring the interpretation of visual data, complex logical reasoning, and proportional
thinking. These errors — incomplete evaluation of data, incorrect or incomplete reasoning, and
arithmetic mistakes — closely mirror the typical errors students themselves make, which strengthens the
pedagogical value of using Al output as an object of critical analysis rather than as a ready-made source
of answers. At the same time, well-structured Al-supported personalized learning environments
positively affect the development of mathematical problem-solving skills through diagnostic feedback,
step-by-step explanation, and adaptive difficulty. The article's central finding is that genuine
development of mathematical thinking depends not on how often Al is used, but on whether its use is
embedded in a culture of verification: in educational practice, it is the Al's reasoning process, not merely
its output, that must become the object of critical scrutiny. The article proposes practical principles for
mathematics teachers and curriculum design.
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1. Giris

Riyazi tofokkiir — anlayislarin miicorradlosdirilmasi, mosalonin strukturunun taninmasi, uygun
strategiyanin se¢ilmosi, montiqi ardicilligla asaslandirma vo alds olunan naticonin yoxlanilmasi bacarigi
— riyaziyyat tohsilinin 9sas magsadlorinden biridir va sadaca diizgiin cavab aldo etmokls eynilosdirilo
bilmoz. Son illor generativ siini intellekt (SI) alatlorinin — ChatGPT, Gemini, Copilot vo digarlorinin —
riyazi mosalalorin hollinds genis istifadosi bu bacarigin neco formalasacagi ilo bagl yeni pedaqoji sual
yaradir: SI ilo omokdasliq sagird vo tolobalords riyazi tofokkiirii giiclondirirmi, yoxsa oksino, onlarmn
miistoqil asaslandirma vo yoxlama vordislorini zaiflodorok "hazir naticodon" asililiq formalagdirirmi?

Mévzunun aktuallig1 bir ne¢o amillo alagodardir. Birincisi, SI alatlori artiq riyazi mosalolorin hoallinda
genis yayilmis vasitoya ¢evrilmis, lakin onlarin doqiqliyi sahaden-sahayo shamiyyatli doarocods farqlonir:
bozi arasdirmalar gostorir ki, bu alatlor cobr vo prosedur tapsiriqlarinda ytiksok ugur niimayis etdirdiyi
halda, miitonasib diisiinco, hondaso va vizual molumatin sorhini tolob edon masalslords tez-tez sohva yol
verir (Memis, 2025; Wei, 2024). ikincisi, bu sohvlorin xarakteri tosadiifi deyil — todqiqatlar gdstorir ki,
SI alotlori sagirdlorin 6zlorinin etdiyi tipik konseptual sohvlori tokrarlayir, bu da onlarin pedaqoji
istifadesine forqli — tonqidi tohlil osasli — yanasma tolob edir (Memis, 2025). Ugiinciisii, diizgiin dizayn
edilmis Si-dostokli fordilosdirilmis tolim miihitlorinin riyazi mosalo holli bacariglarina miisbot tosiri
barado artan sayda empirik siibut toplanmisdir (Eti et al., 2026).

Bu mogqalonin moaqsadi insan vo siini intellekt omokdashigi soraitindo riyazi tofokkiirliin inkisaf
etdirilmasinin praktik imkanlarini vo mohdudiyyatlorini sistemli gokildos tohlil etmokdir. Todqigatin asas
suallar1 asagidakilardir: (1) SI alotlori riyazi mosolo hoallinin hansi komponentlorinds (prosedur,
konseptual, vizual-mokani, montiqi asaslandirma) daha etibarli, hansilarinda iso daha az etibarlidir? (2)
SI-nin buraxdig1 sohvlorin xarakteri riyazi tofokkiiriin inkisafi ligiin hans1 pedaqoji imkanlar yaradir? (3)
Riyazi tafokkiiriin haqiqi inkisafin1 tomin edon insan-Si amokdaslig1 hansi prinsiplors asaslanmalidir?

Maqalonin elmi yeniliyi ondan ibaratdir ki, SI alotlorinin riyazi doqiqliyi barade empirik molumatlar
(sohv novlari, sahalar izra performans forqlori) riyazi tofokkiiriin pedaqoji nazariyyasi ilo birlogdirilorok,
Si-nin "sohvlorinin" 6ziiniin todris resursuna cevrilo bilocoyi konseptual g¢orgive toklif olunur. Bu
yanasma Si-ni sadoco holl vasitosi kimi deyil, tolobonin 6z riyazi miihakimosini smaqdan kegirdiyi
"partnyor-obyekt" kimi nozordon kegirmoyo imkan verir.

2. Metodlar

Todqiqat metodologiyasi sistemli adobiyyat icmali formatinda qurulmusdur. Monbalorin toplanmasi
Frontiers in Education, Frontiers in Psychology, Frontiers in Computer Science, Journal of Pedagogical
Research, Eurasia Journal of Mathematics, Science and Technology Education, Proceedings of the ACM
on Human-Computer Interaction, Nature Human Behaviour kimi resenziyali elmi jurnallarda, habelo
arXiv ilkin nogr platformasinda dorc olunmus monbalor lizorinds aparilmigdir.

Manbalarin se¢im meyarlart asagidakilardir: (a) 2021-2026-c1 illor arasinda nosr olunmus olmasi, (b)
stini intellekt alatlarinin riyazi masals hallinds doqiqliyini, riyaziyyat tohsilinds istifadasini va ya riyazi
idraki proseslora tosirini empirik vo ya nazori sokilds arasdirmasi, (c) resenziyali jurnalda, yaxud elmi
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ilkin nagr (preprint) platformasinda (arXiv) nosr olunmus, yiiksok sitatlanma gostoricisino malik taninmis
todqgiqat olmasi.

Secilmis manbalor ii¢ tematik istiqgamat iizro qruplasdirilmigdir: (1) SI alotlorinin riyazi mosals hallinds
doqigliyini vo sohv tiplorini arasdiran empirik qiymotlondirmo todgiqatlari; (2) Si-dostokli
fordilosdirilmis tolimin riyazi problem holli bacariglarina tosirini arasdiran pedaqoji tadqiqatlar; (3)
insan-SI omokdashginda etimad, nazarat vo koqnitiv tonbollik mexanizmlorini arasdiran iimumi idraki-
psixoloji ¢orgivalor. Tadqiqat ikinci doracsali monbalorin konseptual sintezino asaslandigindan, orijinal
empirik 6lgmo aparilmamisgdir.

Axtaris zamani istifado edilon acar s6z vo ifadolor asagidakilardir: “artificial intelligence in mathematics
education”, “Al and mathematical thinking”, “human—AlI collaboration”, “ChatGPT mathematical

problem solving”, “generative Al mathematics accuracy”. Axtarig 2026-c1 ilin sentyabr ayinda aparilmis,
se¢im meyarlarina uygun galon adabiyyat miioyyon edilorak tohlilo comi 12 monbas daxil edilmisdir.

3. Naticalor
3.1. SI alatlorinin riyazi masals hallinds daqiqliyi: sahalor iizrs forglar

Memisin (2025) 14 miitonasib diislinco mosalasi tizorindo apardigi miigayisali qiymatlondirmo
gostormisdir ki, ChatGPT-4, Gemini vo Copilot alatlori arasinda doqiqlik gostaricilori shomiyyatli
doracado forglonir: ChatGPT-4 masalolorin 71%-ni, Gemini 57%-ni, Copilot iso comi 50%-ni diizgilin
holl edo bilmisdir. Daha vacibi, sohvlorin tohlili li¢ osas kateqoriyani {izo ¢ixarmisdir: molumatlarin
natamam qiymatlondirilmosi (ssason vizual, qrafik vo ya sxematik tapsiriqlarda, sohvlorin 52%-1),
natamam vo ya yanlis montiqi asaslandirma (41%) vo hesablama xatalar1 (6%). Xiisusils diqgotolayiqdir
ki, bu sohvlarin oksariyyati additiv vo multiplikativ miinasibatlorin qarisdirilmasi kimi riyaziyyat tohsili
adobiyyatinda sagirdlorin tipik sohvi kimi taninan modeli tokrarlayir.

Bu tapint1 digor todqiqatlarla da tosdiglonir. Wei-nin (2024) Milli Tohsil Nailiyyatlori Qiymatlondirilmasi
(NAEP) mosalaloari lizerinde apardigi tohlil géstormisdir ki, ChatGPT-4 vo ChatGPT-40 modellari cabr
sahasindo yiiksok notico gdstordiyi halda, hondaso vo 6lgmo sahasindo, xiisusilo mokani tosavviir tolob
edon tapsiriglarda, ochomiyyatli doracods zoif performans niimayis etdirir. Frieder vo hommiislliflorin
(2023) ChatGPT-nin universitet soviyyoli riyaziyyatdaki imkanlarin1 arasdiran todqigatt da bonzor
naticoyo golmisdir: modelin performans: orta tolobadon asagi ola bilor, xiisusile siibut qurma (proof
generation) vo yiiksok keyfiyyatli hesablama naticolorinin togdim edilmosinds.

Plevris vo hommiislliflorin (2023) ChatGPT-3.5, ChatGPT-4 vo Google Bard-1 riyazi vo montiqi
masalalor {izorinds sinagdan kegiron miigayisali todqiqati da modellor arasinda ohomiyyatli performans
farqlarini tosdiglomisdir. Bundan olava, Schorcht vo hammiiolliflorinin (2024) tadqigati gostorir ki, Si-
dostokli masalo hollinin pedaqoji keyfiyyati istifado olunan sorgulasdirma (prompt) texnikasindan da
ohomiyyoatli daracads asilidir — yoni Si-nin deqigliyi tokca modelin dziindan deyil, istifadecinin sual
neco formalagdirmasindan da ¢ox asilidir.
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Bu naticolor vahid bir qanunauygunlugu gostorir: Si alotlori alqoritmik, prosedur xarakterli, aydin
addimlarla hoall oluna bilon tapsiriqlarda (masalon, tonliklorin holli, amoliyyatlarin yerina yetirilmasi)
nisboton yiiksak doqiqlik niimayis etdirir, halbuki konseptual anlama, ¢oxpillali montiqi asaslandirma vo
vizual-mokani tosovviir tolob edon tapsiriqlarda performans koskin sokildo asagi diistir.

3.2. Si-nin sohvlorinin pedaqoji dayari: "halliisinasiya" va inandirici yanhshq

Memisin (2025) todgigatinda xiisusi vurgulanan moqamlardan biri SI modellorinin "halliisinasiya
effekti" adlanan fenomenidir — yoni yanlis molumatin inandirici vo otrafli izahatla toqdim edilmosi. Bu,
riyaziyyat tohsili Ti¢iin xiisusi risk yaradir, ¢linki otrafli, addim-addim toqdim olunan sohv hall diizgiin
hoallden vizual olaraq az forqlons bilor vo xiisusilo mévzunu yeni 6yronan sagirdlor torofindon tonqidsiz
gobul edils bilor. Todqiqatda qeyd olunur ki, SI alotlori no qoder inkisaf edir vo noticodo istifadagilorin
onlara etimadi artirirsa, bu, tonqidsiz gobul problemini daha da kaskinlosdira bilor.

Bu miisahido riyazi tofokkiiriin osas prinsiplorindon biri ilo birbasa olaqalidir: riyaziyyatda naticoyo
catmaq tokco addim deyil, onun diizglinliiylinii "niys dogrudur?" suali ilo yoxlamaq (verifikasiya)
borabar ohomiyyot dastyir. Mohz bu sobobdon Memis (2025) qeyd edir ki, SI-nin ¢ixardig1 naticolorin
yoxlanilmasi, alternativ {isullarla tosdiqlonmasi vo yaradici sokilds forqli yanagmalarin sinanmasi riyazi
tofokkiiriin formalasdirilmasinda ovoazsiz addimlardir vo bu addimlar Si terefindon avoz oluna bilmaz.

3.3. Si-dostakli fardilosdirilmis tolimin miisbat tosiri

Yuxarida gdstorilon risklors baxmayaraq, elmi odobiyyatda Si-dastokli fordilosdirilmis tolimin riyazi
problem hoalli bacariglarina miisbot tosirini niimayis etdiron tutarli siibutlar da mdévcuddur. Eti vo
hommiialliflorinin (2026) 20 todgiqat1 ohato edon sistemli icmal1 gdstorir ki, SI osasli fordilosdirilmis
tolim timumilikds sagirdlorin konseptual anlamasmi dorinlosdirir, tonqidi diisiincesini giiclondirir vo
riyazi tapsiriqlarin hollinde doqiqlik vo davamliligi artirir — bu tosir xiisusilo adaptiv oks-slaqgo,
fordilesdirilmis tapsiriq ardicilligi vo interaktiv tolim miihitlori ils dostoklondikde miisahids olunur. Eyni
zamanda icmal xobardarliq edir ki, bozi hallarda sagirdlor Si-nin toqdim etdiyi ipuclarma vo dil destoyina
hoddindan artiq etibar edorok miistoqil osaslandirma imkanlarini azaldir.

Wardat vo hommiislliflorin (2023) tadqgiqatt ChatGPT-nin riyaziyyat tadrisinde "inqilabi vasita" kimi
potensialini tohlil edorok, onun fordilosdirilmis tolimat, adaptiv qiymotlondirmo vo real vaxt oks-slaqosi
vasitasilo tolobolorin fordi ehtiyaclarina uygunlasdirilmis 6yronmo tocriibasi toqdim edo bilocoyini
gostorir. AlMuhaysh (2026) torofindon aparilan kigik miqyaslh eksperimental todqiqat iso SI osasli todris
programinin universitet tolobalorinda "produktiv tofokkiir" bacariqlarint — orijinalliq, ¢eviklik, natico
¢ixarma vo interpretasiya kimi komponentlori ohato edon — inkisaf etdirdiyini gostormisdir, baxmayaraq
ki, kigik se¢ma hocmi (9 nofor) naticolorin iimumilosdirilmasini mohdudlasdirir.
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3.4. Etimad, nazarat va koqnitiv tanballik riski

Insan-Si omokdashginin riyazi tofokkiirs tosirini basa diismak iiciin {imumi idraki-psixoloji ¢arcivalar da
ohomiyyoatlidir. Gerlichin (2025) 666 istirak¢1 iizorindo apardig1 genis miqyasl tadgiqat SI alotlorindon
tez-tez istifado ilo tonqidi diislinco bacariglart arasinda monfi korrelyasiya agkar etmis vo bu alagads
kognitiv tonballiyin — fardlorin dorin analitik prosesi SI-ys hovalo etmasinin — vasitagi rol oynadigimi
gostormisdir. Bu tapmt1 riyazi konteksto do aid edilo bilor: ogor sagird hor ¢otin addimda Si-don hazir
hall tolob edirss, 6z montiqi asaslandirma "ozslosini" inkisaf etdirmok imkanin itirir.

Buginca vo hommiislliflorinin (2021) togdim etdiyi "koqgnitiv macburetmo funksiyalar1" konsepsiyasi bu
risklo miibarizoda praktik holl toklif edir: istifadogini Si-nin cavabini gérmozdon ovval 6z hallini
formalasdirmaga macbur edon struktur elementlori (masalon, ovvalea soxsi cavabi yazmagq, sonra Si ilo
miiqayiso etmak) Si-yo haddindon artiq etibar1 chomiyyatli doracods azalda bilir. Bu prinsip riyaziyyat
dorslorindoa Si-nin totbiqi metodikasina birbasa totbiq oluna bilor: sagirdlor masaloni ovvalco miistaqil
hoall etmali, yalniz bundan sonra Si-nin hollini miiqayisa vasitosi kimi istifado etmolidirlor.

Opesemowo vo Adewuyinin (2024) riyaziyyat tohsilindo SI {izra sistemli icmal1 bu balansin zoruriliyini
vurgulayir: Si-nin hoddindoen artiq istifadasi tolobalorin problem halli bacariglarmin vo yaradiciliginin
azalmasina sobab ola bilar, ¢ilinki onlar 6z hoall {isullarini inkisaf etdirmok ovozino avtomatlasdirilmis
noticolordon asili voziyyato diiso bilorlor. Bununla belo, icmal homginin qeyd edir ki, SI diizgiin istifado
edildikdo tohsil barabarsizliyinin azaldilmasinda vo 4-cii Sonaye Ingilabinmn toloblorine uygun
bacariqlarin formalasdirilmasinda miihiim rol oynaya bilor.

3.5. Vaccaro vo hommiidlliflorinin (2024) sistemli baxisi: sinerji sartlori

Nature Human Behaviour jurnalinda dorc olunmus genis miqyash meta-analiz (Vaccaro et al., 2024)
insan-Si omokdasligmnin na zaman miisbat sinerji effekti verdiyini arasdirmisdir. Noticalor gdstorir ki,
miisbat effekt avtomatik deyil — o, insanmn kontekstual mithakimasi ilo SI-nin hesablama giiciiniin
diizgiin bolusdiiriildiyii, aydin rol forqlondirilmasinin oldugu hallarda bas verir. Bu prinsip riyazi
tofokkiiriin inkisafina birbasa totbiq oluna bilor: SI tokrarlanan hesablamalari, alternativ {isullarm
yoxlanilmasini vo niimunolorin generasiyasini 0z iizorino gotiirdiikds, insan iso anlayislarin monasini,
mosalonin strukturunu va naticonin asasliligini qiymatlondirdikds, amokdashq riyazi idrak: giiclondirici
formaya ¢evrilir.

4. Miizakirs

Aparilan tohlil gostorir ki, insan va siini intellekt omokdaslig1 soraitindo riyazi tofokkiiriin inkisafi iki oks
tendensiyanin gorginliyi iizorindo bas verir. Bir torofdon, S alotlorinin riyazi doqiqliyi sahadon-sahoyo
koskin forqlonir — prosedur tapsiriqlarda nisboton etibarli, konseptual, vizual vo ¢oxpilloli montiqi
osaslandirma tolob edon tapsiriqlarda iso etibarsizdir (Frieder et al., 2023; Memis, 2025; Wei, 2024).
Digor torafdan, Si-nin nozaratsiz istifadesi kognitiv tonbolliys vo miistaqil osaslandirma bacariqlarinin
zoiflomasing sabab ola bilar (Gerlich, 2025; Opesemowo & Adewuyi, 2024).
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Bu gorginliyi holl edon osas amil — moqalonin morkozi tezisi kimi — Si-nin noticosinin deyil, onun
osaslandirma prosesinin tonqidi tohlilinin tohsil praktikasina inteqrasiya edilmasidir. Memisin (2025)
agkar etdiyi sohv névlori (natamam vizual sorh, yanlis osaslandirma, hesablama xotalar1) sadoco
catismazhq deyil, ovazsiz pedaqoji material kimi istifads oluna bilor: sagirdlordon Si-nin hollini tonqidi
tohlil etmoak, sohvi tapmaq vo izah etmok tolob olunduqda, bu proses onlarin 6z riyazi miithakimosini
foallasdirir vo metakoqnitiv nazarat bacariqlarini giiclondirir.

Bu noticolor osasinda praktikada riyazi tofokkiiriin inkisafin1 dostokloyon insan-SI omokdashg: iigiin
asagidaki prinsiplor toklif oluna bilor.

Birincisi, "ovvalca ziin, sonra miiqayisa et" prinsipi totbiq edilmalidir — sagird mosaloni Si-yo miiraciot
etmazdon ovval miistaqil hall etmsli, yalniz bundan sonra 6z hollini SI-nin toklifi ilo miiqayiso etmalidir
(Buginca et al., 2021 asasinda).

Ikincisi, ders prosesina Si-nin hallerinin tongidi tohlili — sohvin tapilmasi, menbayinin izah edilmosi va
diizaldilmoasi — iizro xlisusi tapsiriqlar daxil edilmolidir; bu, verifikasiya madoniyyatini giliclondirir
(Memis, 2025).

Uciinciisii, SI-nin iistiin oldugu saholor (tokrarlanan hesablamalar, alternativ iisullarin generasiyasi,
addim-addim izahat) ilo insanin istiin oldugu saholor (konseptual anlama, mosalonin strukturunun
taninmasi, naticonin asasliliginin qiymetlondirilmasi) arasinda aydin tapsiriq bolgiisii aparimalidir
(Vaccaro et al., 2024).

Dérdiinciisii, xiisusilo hondasos va vizual-mokani tesavviir tolob edon mévzularda Si-nin naticaloring
olavo ehtiyatla yanasilmali vo miiollim nozarati giiclondirilmalidir, ¢iinki bu sahaler SI {iciin an yiiksok
sohv riski dasiyan zonalardir (Wei, 2024).

Tadgiqatin miioyyon mohdudiyyatlori geyd olunmalidir. Birincisi, tohlil ikinci doracoli moanbolorin
sintezino asaslandigindan, Azorbaycan tohsil sistemindo riyazi tofokkiiriin SI ilo omokdasliq soraitindo
neco formalasdigmi arasdiran orijinal empirik todgiqatlarin aparilmasi zoruridir. ikincisi, nozorden
kegirilon todgigatlarin okseriyyoti konkret SI modellorinin (ChatGPT-4, Gemini vo s.) miioyyan
versiyalari iizorinds aparilmisdir; bu modellorin siiratli tokmillogsmasi sababindon doqiqlik gostaricilori
tez doyiso bilor vo noticolorin davamli monitoringi tolob olunur. Ugiinciisii, nozordon kegirilon empirik
tadqgiqatlarin bir hissasi kicik secmo hocmino malikdir (moasalon, AlMuhaysh, 2026), bu da naticolorin
timumilosdirilmasini mahdudlasdirir.
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5. Naticd

Yekun olaraq, todqiqat gostorir ki, insan vo siini intellekt omokdashigi riyazi tofokkiiriin inkisafina hom
tohfo vers, hom do maneo ola bilor — notico birbasa omokdashigin pedaqoji cohotdon neco
strukturlasdirildigindan asilidir. Si-nin riyazi sohvlori zaiflik deyil, oksina, sagird va talabalorin 6z tonqidi
vo verifikasiya bacariglarini inkisaf etdirmosi {i¢lin resurs kimi noazordon kegirilmolidir. Bu baximdan
golocok riyaziyyat tohsili strategiyalar: SI-ni "cavab masmi" kimi deyil, diizgiin pedaqoji ¢argivoda
istifado edildikds riyazi mithakimonin inkisafina xidmat edon "tonqidi tohlil partnyoru" kimi nazarden
kegirmolidir.
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Abstract. This article examines how the 2022—2023 Lachin Corridor crisis was framed in Azerbaijani
official / news communication, Chinese foreign-policy and news-agency communication, and
international institutional texts. The purposive corpus comprises 25 texts, with the main analytical
window running from December 2022 to August 2023 and limited contextual material outside that
period. Using qualitative frame analysis, the study compares problem definition, causal attribution,
evaluation, remedies, agency visibility, evidential calibration, humanitarian salience, toponymy, and
intertextual authority. Azerbaijani communication shifted from environmental-resource framing to
sovereignty-security framing after the April 2023 checkpoint and then to regulated-access humanitarian
framing. Chinese communication was less episode-specific and recast the dispute through dialogue,
international law, territorial integrity, and regional stability. International institutions increasingly
foregrounded freedom of movement and humanitarian access, though their mandates produced different
evidential registers. The article conceptualizes this pattern as selective discursive convergence: overlap
in high-level norms without equivalent agreement on causal narratives or remedies. It also identifies
salience asymmetry and strategic attenuation as useful dimensions of third-party foreign-policy
communication.
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Lacin dahlizi bohranimin tagdimati: Azarbaycan, Cin va
institusional kommunikasiyada se¢cmo diskursiv yaxinlasma
Liu Yusa
Xiilasa. Bu magalada 2022—-2023-cii illardo Lagin dahlizi atrafinda yaranmis bohranin Azarbaycanin
rasmi agiqlamalarinda va xabarlarinda, Cinin xarici siyasat aciglamalarinda va xabar agentliklorinin

materiallarinda, eloca da beynalxalq qurumlarin matnlarinda neca toqdim olundugu arasdirilr. Magsadli
se¢ma asasinda formalasdirilmis korpus 25 matndan ibaratdir.

77


https://doi.org/10.36719/2789-6919/64/77-89
mailto:0liuyousha@gmail.com
https://orcid.org/0009-0007-8138-0592
https://orcid.org/0009-0007-8138-0592

ELMI TODQIQAT / 6(10), 2026
SCIENTIFIC RESEARCH / 6(10), 2026

osas tohlil dovrii 2022-ci ilin dekabrindan 2023-cii ilin avqustunadak olan miiddati ahats edir; bu
dovrdaon kanar mahdud sayda material iso kontekst iigiin istifads olunur. Keyfiyyat asaslh ¢ar¢ivaloma
tohlili vasitasilo problemin miiayyonlagdirilmasi, sabablorin kima vo ya nayo aid edilmasi,
qiymatlondirmo, taoklif olunan hall yollari, faaliyyat subyektlorinin matnda gériiniirliigii, iddialarin siibut
saviyyasina uygun ifada edilmasi, humanitar masalalorin on plana ¢ixarilmasi, toponimlorin istifadasi va
digor matnlara istinadla asaslandirma miiqayisa edilir. Azorbaycanin kommunikasiya materiallarinda
2023-cii ilin aprelinds sarhad-buraxiliy mantaqasinin yaradilmasindan sonra ekoloji masalalor va tabii
resurslardan istifada iizarinda qurulan ¢argivadan suverenlik va tohliikasizlik ¢ar¢ivasina, daha sonra isa
tonzimlonan kegido asaslanan humanitar c¢argivaya kegid miisahido olunur. Cinin kommunikasiya
materiallart ayri-ayri hadisalorin tafarriiatlarina daha az yonalir va miibahisani dialoq, beynalxalg
hiiquq, arazi biitovliyii va regional sabitlik kontekstinda toqdim edir. Beynalxalq qurumlar harakaot
azadligint vo humanitar yardimin ¢atdirilmast imkanlarimi getdikca daha ¢ox on plana ¢ixarw, lakin
onlarin forqli mandatlar siibutlarin taqdim edilmasinda miixtolif yanasmalar dogurur. Maqaloda bu
niimuna selektiv diskursiv yaxinlagma kimi izah edilir: iimumi prinsiplor tizra uygunluq sabablorin izahi
va ya hall yollart tizra eyni daracads raziligla miisayiat olunmur. Homginin masalaya ayrilan digqatin
qeyri-barabarliyi va miibahisali magamlara vurgunun strateji sakilda azaldilmast iigiincii taraflorin xarici
siyasat kommunikasiyasinin tohlilinds faydali 6l¢iilar kimi miiayyanlasdirilir.

Acgar sozlar: La¢in dohlizi, Azarbaycan, Cin, siyasi kommunikasiya, ¢ar¢ivaloma, strateji narrativior,
suverenlik, humanitar yardima ¢ixis, Conubi Qafqaz
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1. Introduction

After the Second Karabakh War, few transport routes in the South Caucasus acquired as much political
meaning as the Lachin Corridor. Paragraph 6 of the trilateral statement of 10 November 2020 defined a
five-kilometre-wide connection between Karabakh and Armenia under the control of the Russian
peacekeeping contingent, while Azerbaijan undertook to guarantee the safety of persons, vehicles, and
cargo moving in both directions (President of the Republic of Azerbaijan, 2020). The arrangement tied
everyday mobility to peacekeeping, sovereign authority, security, and the wider problem of post-war
order.

From 12 December 2022, movement along the route generated sharply different descriptions. Azerbaijani
official communication foregrounded environmental concerns, alleged illegal resource exploitation, and
claims that humanitarian passage remained possible. Armenian officials and several international actors
emphasized obstruction, freedom of movement, and humanitarian consequences. On 22 February 2023,
the International Court of Justice (ICJ), at the provisional-measures stage of Armenia v. Azerbaijan,
ordered Azerbaijan to take all measures at its disposal to ensure unimpeded movement of persons,
vehicles, and cargo in both directions. The Court stressed that the order did not prejudge jurisdiction or
the merits and did not grant all measures requested by Armenia (ICJ, 2023a).

The article makes two contributions. Empirically, it traces shifts in the selected Azerbaijani texts from
environmental-resource claims to sovereignty-security framing and then to regulated-access
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humanitarian framing, while showing that the selected Chinese texts remain more abstract and less
attributional. Conceptually, it develops selective discursive convergence to distinguish shared high-level
norms from agreement on event-specific explanations and proposed responses, and uses salience
asymmetry and strategic attenuation to capture differences in communicative intensity and abstraction.

Three research questions guide the analysis. RQ1: How did selected Azerbaijani official and news texts
frame the Lachin Corridor between December 2022 and August 2023, and how did those frames change
over time? RQ2: How did Chinese official and news-agency communication incorporate the Lachin issue
into its broader representation of Armenia-Azerbaijan relations? RQ3: Where do Azerbaijani, Chinese,
and international institutional vocabularies converge or diverge on sovereignty, security, humanitarian
access, causal responsibility, and preferred remedies?

2. Literature Review and Conceptual Framework
2.1. Framing, attribution, and conflict vocabulary

Framing research is concerned with selection and salience: communicators make some aspects of an
issue more prominent in ways that define problems, diagnose causes, evaluate actors, and make particular
responses appear appropriate (Entman, 1993). In conflict reporting, these functions are especially
consequential because disputed facts often enter news through sources representing different institutional
positions, while labels for territory, actors, and actions may reflect differing political perspectives. Frame
analysis therefore needs to examine more than tone. Nomination, agency, attribution, evidence, temporal
context, and proposed remedy work together to organize interpretation.

Work on the Karabakh conflict illustrates these difficulties. Bayramov's (2023) analysis of 188 Dutch
news items on the Second Karabakh War demonstrates that external media can reproduce simplifications
through source selection, historical schemata, and recurring geopolitical assumptions.

Maharramova (2026) offers a useful lexical and methodological extension. Her comparative study
operationalizes conflict reporting through event nomination, agency visibility, attribution, legal-status
labels, humanitarian representation, place naming, and verification vocabulary.

2.2. Security framing and the limits of securitization claims

The April 2023 checkpoint introduced a more explicit security vocabulary into Azerbaijani
communication. Securitization theory is useful because it draws attention to the discursive construction
of threats and to the forms of control that such constructions can help justify (Buzan, Waever, & de Wilde,
1998). Balzacq (2005), however, stresses that securitization is audience-centred, contextual, and shaped
by power.

That distinction keeps the analysis within the evidence. Security language indicates a security frame, but
it does not by itself establish audience acceptance or settle the legal validity of the policy being defended.
Humanitarian language requires the same caution: it can accurately report operational need without
proving every causal allegation attached to the crisis.

2.3. Strategic narratives, third-party communication, and China in the South Caucasus

Strategic-narrative scholarship helps explain why third states often discuss a regional crisis at a different
level of abstraction from the immediate parties. Miskimmon, O'Loughlin, and Roselle (2013) describe
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strategic narratives as attempts to organize understandings of international order, actors, and policy
choices. A third party may therefore respond to a disputed episode by locating it within a broader story
about dialogue, stability, international law, or development rather than adjudicating the parties'
competing factual claims. China's growing economic and diplomatic engagement in the South Caucasus
makes that distinction especially relevant. German (2022) links China's greater prominence to the
region's geostrategic position and transit potential.

3. Case Context: From a Post-War Corridor to a Border Management Issue

The legal-political starting point is paragraph 6 of the 10 November 2020 trilateral statement. It placed
the Lachin Corridor under the control of Russian peacekeepers, provided for a new route to be
determined, and assigned Azerbaijan a safety guarantee for movement in both directions (President of
the Republic of Azerbaijan, 2020). The text did not specify how every later question of inspection, protest
activity, customs practice, border control, humanitarian passage, or sovereign jurisdiction would be
handled. Those unresolved questions later supplied material for competing legal and political
interpretations.

The December 2022 episode centred on Azerbaijani activists who described their actions as
environmental protest against alleged illegal mineral exploitation. Azerbaijani official briefings stated
that the government was not restricting movement and that protesters would facilitate civilian and
ambulance traffic (MFA Azerbaijan, 2022). Report.az and AZERTAC reinforced this environmental -
resource frame by foregrounding monitoring demands and reports that humanitarian traffic could pass
(Report.az, 2022a, 2022b; AZERTAC, 2023). Other institutions emphasized different concerns. The
ECtHR, indicating an interim measure on 21 December, described Azerbaijan's degree of control as
disputed and unclear at that stage and directed Azerbaijan to ensure safe passage for seriously ill and
certain stranded persons within its jurisdiction (ECtHR, 2022). The UN Secretariat, which was not
present in the corridor, said it could not verify the competing claims (UNSC, 2022).

The ICJ's order of 22 February 2023 became one of the most frequently cited legal texts in the dispute.
The Court found that movement had been disrupted and indicated a binding provisional measure
requiring Azerbaijan to take all measures at its disposal to ensure unimpeded movement in both
directions. It did not grant the requested measure directing Azerbaijan to cease alleged orchestration of
the protests, and it found insufficient evidence for the requested utility -restoration measure (ICJ, 2023a).

4. Data and Method

This study uses a purposive comparative qualitative corpus because the research question concerns
framing across institutionally different text genres rather than population estimates. The principal
analytical window runs from 12 December 2022 to 31 August 2023. Three Chinese agency items
extending to November 2023 are retained as contextual material for the peace-process macro-frame, and
the 2020 trilateral statement serves as the legal-political baseline. The corpus contains 25 texts used in
the analysis: seven Azerbaijani official/news items, seven Chinese official/agency interventions, and
eleven legal, humanitarian, or multilateral documents. Appendix A identifies each item and its analytical
role.

Texts were included if they directly addressed the protests, corridor movement, the April checkpoint, or
humanitarian access, or—in the Chinese contextual subset—if they articulated relevant peace-process
principles on sovereignty, territorial integrity, or regional communications. The Azerbaijani material
includes Foreign Ministry statements and English-language reporting by Report.az and AZERTAC. The

80



Liu Yousha

Chinese material includes the Foreign Ministry's direct response, two Security Council interventions, and
Xinhua items. The institutional subset includes the 2020 trilateral statement, ECtHR and ICJ materials,
ICRC updates, UN records, PACE, and the Council of Europe Commissioner.

Analysis proceeded in two passes. The first identified each text's dominant problem definition and
preferred remedy; the second compared lexical clusters, attribution patterns, and temporal change.
Interpretive claims were checked against source status and whether a proposition appeared as authorial
wording, an attributed claim, a procedural finding, or an operational observation. No frequency estimates
are generalized from this small, deliberately heterogeneous corpus; 'dominant' and 'salient' refer only to
repeated qualitative prominence within the selected texts.

Terminology is treated as evidence. Source-specific names such as 'Lachin Corridor', 'Lachin-Khankendi
road', 'Karabakh', 'Khankendi' are preserved when describing a source. In the author's analytical prose,
less contested terms are used where possible. The same rule applies to 'blockade': it is treated as an
attributed frame rather than a neutral synonym for disruption.

The study has no audience-reception component. It therefore identifies security-oriented framing and
textual framing strategies, not successful securitization or measurable media effects. Nor are international
institutional texts treated as a neutral benchmark. They form a heterogeneous reference cluster with legal,
humanitarian, and political mandates of their own. Their comparative value lies in showing which
dimensions became institutionally salient and what evidential standards accompanied those claims.

Table 1
Analytical coding scheme
Dimension Operational question Typical indicators
Problem What is presented as the central ~ environmental/resource issue; blocked/restricted
definition problem? access; sovereignty; border security;
humanitarian need; peace-process instability
Causal Who or what is said to have protesters; state authorities; alleged illicit
attribution produced the problem? transfers; institutional failure; lack of dialogue;
unnamed “sides”
Evaluation / What makes the situation sovereignty; territorial integrity; 2020 statement;
legal register legitimate, illegitimate, urgent, or ICJ order; humanitarian law; freedom of
risky? movement
Preferred What action is normalized as the monitoring; regulated passage; checkpoint;
remedy solution? reopening/unimpeded movement; alternative
route; negotiation
Agency Are actors named as agents or direct accusation; balanced attribution; passive
visibility placed in passive/attributed description; non-attributive diplomacy
constructions?
Evidential How are claims qualified? assertion; attribution; “reported”; “alleged”;
calibration judicial finding; humanitarian operational
observation
Humanitarian How visible are civilian needs medical evacuation; food/medicine shortages;
salience and access? family reunification; humanitarian convoys
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Dimension Operational question Typical indicators
Toponymy Which place names encode a Lachin Corridor; Lachin-Khankendi road;
political or institutional Karabakh; Khankendi
perspective?
Intertextual Which prior texts authorize the trilateral statement; ICJ/ECtHR; ICRC; UN;
authority frame? bilateral declarations
5. Findings

5.1. Phase I: environmental-resource framing and the contest over the "blockade' label

The first recurring Azerbaijani frame, visible from December 2022 into early 2023, centred on
environmental and resource-governance claims. The Foreign Ministry's 15 December briefing presented
the protests as a civil-society response to unresolved ecological concerns and explicitly denied that
Azerbaijan was restricting traffic (MFA Azerbaijan, 2022). Report.az and AZERTAC reinforced that
interpretation by foregrounding ecological slogans, mineral deposits, monitoring demands, and reports
that humanitarian or emergency vehicles could pass (Report.az, 2022a, 2022b; AZERTAC, 2023).

This frame presented a different account of the actors and their roles. If illegal resource exploitation is
defined as the central problem, the emphasis falls on protesters’ monitoring requests and civic concerns.
Reports of humanitarian vehicles passing also supplied evidence for challenging the word 'blockade' as
an overgeneralized description. The frame therefore affected both problem definition and causal
attribution.

5.2. Phase II: the checkpoint and a shift from environmental to sovereignty-security framing

The border checkpoint established on 23 April 2023 produced the clearest shift in Azerbaijani official
framing. Environmental monitoring remained in the background, but sovereignty and security moved to
the foreground. The Foreign Ministry linked the checkpoint to alleged misuse of the road for military
personnel, weapons, ammunition, and illicit trafficking, presenting the measure as a response to security
threats (MFA Azerbaijan, 2023a). A follow-up statement described the checkpoint as an exercise of a
sovereign and legitimate right while reiterating Azerbaijan's interpretation of its obligations concerning
movement (MFA Azerbaijan, 2023b).

Three changes are especially clear. The object of dispute changes from a protest site to a state border;
the relevant agent changes from civil-society protesters to border authorities; and the preferred remedy
changes from monitoring resource exploitation to regulated passage. Taken together, these changes
amount to a shift toward security-oriented framing: the road is represented as a channel that, according
to the official statements, requires regulation to address military and sovereignty-related concerns.

5.3. Phase III: humanitarian-route contestation and regulated-access framing
By mid-2023 humanitarian access had become the central discursive conflict. ICRC reporting provides
a useful operational anchor: in February it reported evacuations, family transfers, and deliveries along

the corridor (ICRC, 2023a); on 25 July it stated that it could not then bring humanitarian assistance
through the Lachin route or other routes, including Aghdam, while some medical evacuations continued
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(ICRC, 2023b). In August it again reported prolonged interruption of food and medical deliveries (ICRC,
2023c).

Binary coding would obscure that structure. A text can accept the need to deliver medicine and food
while discussing the route and regulatory conditions under which delivery takes place. A humanitarian
organization can also insist on rapid, unimpeded access without endorsing either party's wider political
narrative. The ICRC's September delivery through both the Lachin Corridor and the Aghdam road falls
outside the main analytical window, but it offers useful contextual confirmation that multi-route access
could emerge through a negotiated 'humanitarian consensus' (ICRC, 2023d). By then, the dispute had
become as much about the architecture of access as about the existence of humanitarian need.

5.4. China: low salience, non-attributive diplomacy, and strategic attenuation

Chinese communication has a different profile. The most direct official response came at the Foreign
Ministry press conference on 15 December 2022. The TASS question embedded a specific causal
premise, describing Azerbaijani nationals as having blocked the corridor. Wang Wenbin did not repeat
that premise. He moved instead to a regional-level appeal for dialogue, communication, peace, stability,
and peaceful lives (MFA China, 2022). The response did not create several possible meanings so much
as remove the contested attribution from the centre of the answer. In this article, that move is treated as
strategic attenuation.

China's intervention at the Security Council on 20 December was more detailed but followed the same
pattern. Geng Shuang expressed concern about the situation and its humanitarian impact, called for
disputes surrounding the corridor to be addressed through dialogue and consultation, welcomed
diplomatic efforts, and urged Armenia and Azerbaijan to resolve disagreements under international law
(UNSC, 2022).

5.5. The institutional reference layer: law, humanitarian operation, and rights-based salience

International institutional texts form a third cluster, but one divided by mandate. The ICJ's language was
judicial and provisional, focusing on CERD obligations, risk of irreparable prejudice, and a concrete
measure on movement while preserving the non-merits status of the proceedings (ICJ, 2023a, 2023b).
The ECtHR's December 2022 communication was narrower: it addressed interim protection for seriously
ill and stranded persons and stated that Azerbaijan's degree of control over the situation was disputed and
unclear at that stage (ECtHR, 2022).

The ICRC reported operational capacity rather than legal responsibility. Its updates documented medical
evacuations, family reunification, deliveries, and later the inability to bring certain humanitarian supplies
through either of the routes under discussion (ICRC, 2023a, 2023b, 2023c¢). This genre is useful for media
analysis because its evidence is concrete: what teams delivered, whom they evacuated, and when
deliveries ceased. It generally does not adjudicate the parties' competing political narratives.

For journalism, these genre differences matter. A provisional court order, humanitarian field update,
parliamentary report, and foreign-ministry statement carry different kinds of authority. Treating them as
interchangeable can turn provisional findings into final judgments, operational observations into legal
attribution, or attributed statements into independently established fact.
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Table 2

Comparative evolution of dominant frames, December 2022—August 2023

Period / trigger

Azerbaijani
communication

Chinese communication

International institutional
layer

Dec. 2022—Feb.
2023: protests and
first legal
interventions

Apr.—Jun. 2023:
checkpoint

Jul.—Aug. 2023:
access crisis

Nov. 2023
contextual
endpoint

Environmental/resource
monitoring; denial or
narrowing of “blockade”;
emphasis on humanitarian
exceptions and road
openness
Sovereignty, border
competence, security
threats, regulated
passage; alleged illicit use
of route

Regulated-access
humanitarian
counterframe: medical
passage, controlled
access, Aghdam
alternative, rejection of a
politicized crisis narrative
Sovereignty and post-
conflict reintegration
become broader official
context

Dialogue, consultation,
peace and regional
stability; concern over
humanitarian impact
without episode-level
blame
Peace-process context;
mutual accusations are
attributed; territorial
integrity and stability
remain macro-frames

Non-attributive
diplomatic framing:
dialogue, international
law, “meet halfway”,
regional stability

Mutual recognition of
sovereignty/territorial
integrity and jurisdiction
over communications
becomes the dominant
peace-process vocabulary

Safe passage; inability to

verify competing claims

(UN); interim protection
(ECtHR); unimpeded
movement order (ICJ)

Existing ICJ measure
remains relevant;
rights/access concerns
continue; PACE
foregrounds freedom of
movement and
humanitarian
consequences
ICRC reports inability to
deliver assistance for a
period; UN/CoE
foreground reported
humanitarian
deterioration and access

Outside main crisis
window; institutional
attention shifts to
consequences of
September 2023 events

6. Discussion

6.1. Selective discursive convergence

The central finding is a convergence of abstract norms without convergence of accounts of developments.
Azerbaijani and Chinese communication both give positive weight to sovereignty, territorial integrity,
international law, regional stability, and peaceful settlement, but those concepts do different work. In the
selected Azerbaijani texts, sovereignty increasingly provides the stated basis for border control and
responses to external descriptions of the situation. In the selected Chinese texts, sovereignty and
territorial integrity appear mainly as principles of interstate order and peace negotiations, while
discussion of Lachin emphasizes dialogue and consultation.

Bilateral documents adopted after the main study period provide contextual triangulation but should not
be read backward into 2022-2023. The 2024 Azerbaijan-China strategic-partnership declaration placed
regional peace, stability, and development within the bilateral framework, while the 2025 comprehensive
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strategic-partnership statement strengthened mutual support on sovereignty, security, and territorial
integrity (President of the Republic of Azerbaijan, 2024, 2025).

6.2. Salience asymmetry and strategic attenuation

Salience asymmetry adds a second dimension to the comparison. Foreign-policy communication is
shaped not only by how an issue is framed but also by how much attention it receives and at what level
of specificity (Soroka, 2003; Oppermann & Spencer, 2013). Azerbaijan communicated frequently
because the route implicated territorial jurisdiction, international reputation, and immediate policy
choices. China communicated intermittently and at a more general diplomatic level, reflecting its role as
a third party concerned with regional stability and connectivity.

Strategic attenuation describes the textual mechanism behind this lower-salience posture. A disputed
allegation enters the Chinese communicative setting, but the response brackets the disputed attribution
and substitutes a general remedy of dialogue, law, and stability. This differs from strategic ambiguity,
which preserves multiple plausible readings (Zhang & Han, 2013; Bach, 2025), and strategic silence,
which withholds a position (Dadabaev & Sonoda, 2023).

6.3. Frame circulation and recontextualization

The case also shows how foreign-policy messages change as they move between institutions. A claim
originating in a ministry, court, or humanitarian organization is rarely reproduced without alteration.
Azerbaijani news outlets recontextualized official and activist claims into recurring stories about
environmental monitoring, vehicle passage, and sovereignty. International institutions recoded the
controversy into legal or humanitarian categories. Chinese communication placed the developments
within a broader diplomatic discussion of stability. These are genre-specific transformations, not simply
different opinions about the same event.

6.4. Implications for conflict-sensitive international journalism

The findings have several implications for conflict-sensitive reporting. Observable movement conditions
should be separated from the political label assigned to them. 'Blockade', 'open road', 'regulated passage’',
and 'humanitarian corridor' carry different assumptions about agency, intentionality, and completeness.
Attribution should remain visible when facts are contested. Claims about weapons transfers, intentional
obstruction, or the use of humanitarian issues for political purposes should not migrate from a party
statement into the reporter's unattributed voice without independent verification.

Limited coverage alone does not establish a particular diplomatic position. China’s limited direct

treatment of Lachin nevertheless expressed identifiable diplomatic priorities. It consistently privileged a
particular level of analysis: interstate dialogue, international law, stability, and peaceful settlement.
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Table 3
Selective discursive convergence across the three communicative clusters
Dimension Azerbaijani official/news  Chinese official/agency Institutional reference
cluster cluster cluster
Shared high-order =~ Sovereignty; territorial Sovereignty; territorial Movement obligations;
norms integrity; peace/stability  integrity; peace/stability; rights; humanitarian
international law access; international law
(varies by mandate)
Issue salience High; frequent and Low-to-moderate; High during
granular comparatively abstract legal/humanitarian
interventions
Causal attribution Often explicit; Deliberately limited; Varies: courts delimit
Armenia/illicit parties are urged to findings; ICRC reports
use/external politicization negotiate and meet operations; political
are recurrent attributed halfway bodies may use stronger
causes attribution
Preferred remedy = Monitoring — regulated Dialogue, consultation, Unimpeded/free
border control — diplomatic settlement, movement, humanitarian
alternative/controlled international law access, compliance with
access institutional measures
Core discursive Explanation of national De-escalation and Legal/humanitarian
function jurisdiction and policy preservation of problem definition and
diplomatic flexibility institutional response
Degree of — High at normative level; Partial on sovereignty
convergence with limited at episode level context; lower on access
Azerbaijan framing during mid-2023

7. Limitations

The study is intentionally bounded. The purposive corpus cannot represent Azerbaijani or Chinese media
as a whole, much less public opinion. Direct Chinese material on Lachin is particularly limited, so the
comparison combines a small number of episode-specific interventions with a contextual set of Xinhua
items on the peace process. That asymmetry is part of the finding, but it also restricts generalization.

The analysis uses English-language or officially translated material. Chinese-, Azerbaijani-, and Russian-
language versions may contain different nuance or salience. A multilingual follow-up could test whether
strategic attenuation is equally visible in domestic-facing communication.

No audience data are used, so the article makes claims about texts and institutional framing rather than
persuasion, reception, or successful securitization. The institutional cluster is also heterogeneous: the
ICJ, ECtHR, ICRC, UN Secretariat, PACE, and Council of Europe Commissioner have different
mandates and evidential practices. They are grouped only for comparative purposes, and the analysis
preserves those mandate-specific differences.

8. Conclusion

The Lachin Corridor crisis shows how a geographically narrow route can become a dense site of political
communication. Between December 2022 and August 2023, the corridor was represented as an
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environmental-protection dispute, an access problem, a sovereign border, a security vulnerability, a
humanitarian lifeline, and a test of regional diplomacy. The relative prominence of these frames changed
as the institutional and material context changed.

In the selected Azerbaijani material, framing moved from environmental monitoring and rejection of the
'blockade' label to sovereignty-security claims after the April checkpoint and then to a regulated-access
humanitarian counterframe centred on medical passage and alternative routes, especially Aghdam.

Chinese communication followed a different trajectory. Direct statements remained comparatively sparse
and shifted episode-level controversy toward dialogue, consultation, international law, and regional
stability. Xinhua's wider peace-process reporting made sovereignty and territorial integrity visible, but
those shared principles did not become detailed endorsement of Azerbaijan's causal account of the Lachin
crisis. This is the core of selective discursive convergence: high-order normative overlap accompanied
by divergence in salience, attribution, and remedy.

For international journalism, the implication is practical. Disputed labels should remain attributed,
procedural status should be reported precisely, and humanitarian observations should be distinguished
from attributed political statements. These are not minor stylistic choices. In a contested post-conflict
setting, they determine whether reporting preserves the difference between evidence, interpretation, and
advocacy.
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Toponymic Analysis of Public School Names in the Turkish
Republic of Northern Cyprus: A Study Based on the Pre-1974
Settlement Structure

Nazmiye Hazar

Abstract. The aim of this study is to examine the current settlement names used in the names of public
schools affiliated with the Ministry of National Education of the Turkish Republic of Northern Cyprus
(TRNC) in relation to the historical characteristics of these settlements prior to 1974 and to explore the
role of school names in the public circulation of place names. The study was conducted within a
quantitative research framework using a descriptive design based on document analysis. The research
population consisted of 161 public schools operating under the Ministry of National Education during
the 2025-2026 academic year. Data were obtained through a comparative analysis of official school
lists provided by the Ministry of National Education and official and scholarly sources concerning
historical settlements and place names. Schools containing current settlement names in their official
names were identified, and these settlements were classified according to their pre-1974 historical
characteristics into three categories: former Greek Cypriot-majority settlements, former Turkish
Cypriot-majority settlements, and former mixed Greek Cypriot—Turkish Cypriot settlements. The findings
revealed that 89 of the 161 public schools examined include a current settlement name in their official
names. Among these schools, 48 (53.9%) are associated with settlements that had Greek Cypriot-
majority characteristics before 1974, 22 (24.7%) with Turkish Cypriot-majority settlements, and 19
(21.4%) with mixed settlements. The analysis by educational level demonstrated that settlement-based
naming practices are most prevalent in primary schools, whereas secondary education institutions more
frequently employ names associated with individuals, historical figures, and institutional identities.
Furthermore, the findings indicate that officially adopted current settlement names after 1974 have been
reflected more extensively in public school names, particularly in areas characterized by Greek Cypriot-
majority settlement patterns before 1974. The study concludes that school names function not merely as
administrative identifiers of educational institutions but also as institutional mechanisms through which
place names enter public discourse, historical and spatial transformations are represented, and spatial
memory is reproduced. In this respect, the study contributes to interdisciplinary discussions in
educational administration, critical toponymy, historical geography, and public memory studies.

Keywords: school naming, toponymy, place names, spatial memory, public identity, historical
geography, Turkish Republic of Northern Cyprus (TRNC)
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Simali Kipr Tiirk Respublikasinda dovlot maktablarinin

adlarinin toponimik tahlili: 1974-cu ildon avvalki maskunlasma
strukturuna ssaslanan todqiqat

Nazmiys Hazar

Xiilasa. Bu tadqiqatin magsadi Simali Kipr Tiirk Respublikasinin (SKTR) Milli Tahsil Nazirliyina tabe
olan doviat maktablorinin adlarinda islodilon miiasir yasayis montaqasi adlarini homin mantagalarin
1974-cii ildon avvalki tarixi xiisusiyyatlori ilo alaqali sokilds arasdirmaq va yer adlarimin ictimai
istifadasinda maktab adlarinin rolunu miiayyanlagdirmakdir. Tadgiqat kamiyyat yanagmasi ¢ar¢ivasinda
sanad tahlilina asaslanan tasviri tadgiqat modeli ilo apariimigdir. Todgigatin bas macmusunu 2025—
2026-c1 tadris ilinda Milli Tohsil Nazirliyinin tabeliyinda foaliyyat géostoran 161 doviot maktabi toskil
etmisdir. Malumatlar Nazirliyin togdim etdiyi rasmi maktob siyahilarinin tarixi yasayis montaqalori va
ver adlarina dair rasmi va elmi manbalorlo miiqayisali tahlili asasinda alda edilmigdir. Rasmi adlarinda
miiasir yasayis mantaqasi adlari olan maktablor miiayyanlasdirilmis, hamin mantaqalar isa 1974-cii ildon
awvalki tarixi xiisusiyyatlorina gora ii¢ kateqoriyaya boliinmiisdiir: avvallor Kipr yunanlarinin ¢oxlug
taskil etdiyi yasayis moantaqalori, Kipr tiirklorinin ¢oxluq taskil etdiyi yasayis montagalori va Kipr
yunanlari ila Kipr tiirklorinin birga yasadiglar qarisiq yasayis montogalori. Naticalor géstormisdir ki,
aragdirian 161 doviat maktobindan 89-nun rasmi adinda miiasir yasayis mantaqasinin adi yer alir. Bu
maktablordon 48-i (53,9%) 1974-cii ildan avval Kipr yunanlarimin ¢oxluq taskil etdiyi, 22-si (24,7%) Kipr
tiirklarinin ¢oxluq taskil etdiyi, 19-u (21,4%) isa qarisiq ahalinin yasadigi mantaqalorila alagalidir. Tohsil
pillalori tizra tohlil gostarmisdir ki, yasayis montagalorinin adlarina asaslanan adlandirma ibtidai
maktoblords daha genis yayilmisdr. Orta tohsil miiassisalorinda isa soxslorin, tarixi saxsiyyatlorin
adlarindan va miiassisanin kimliyini aks etdiran adlardan daha ¢ox istifads olunur. Bundan alava,
naticalor gostorir ki, 1974-cii ildan sonra rasmi sakilda qabul edilmis miiasir yasayis mantaqasi adlart,
xtisusilo hamin tarixadak Kipr yunanlarinin ¢oxluq taskil etdiyi arazilorda doviat maktablorinin adlarinda
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1. Introduction
1.1. Educational Infrastructure, Space, and the Production of Public Meaning

Educational systems are not merely institutional structures through which knowledge and skills are
transmitted; they are also spatial organizations shaped by social, demographic, political, and historical
processes. The location, distribution, and accessibility of educational institutions are closely associated
with population structures, settlement patterns, public policies, and regional development dynamics.
Therefore, the spatial distribution of educational institutions has become an important field of inquiry
not only in educational sciences but also in educational geography, human geography, public
administration, and regional planning (Harvey, 1973; Soja, 2010; Holloway & Jons, 2012).

The perspective of educational geography approaches schools not simply as physical spaces where
instructional activities take place, but as spatial institutions embedded within specific historical, social,
and political contexts. This approach examines where educational institutions are concentrated, which
population groups they serve, how they are related to settlement structures, and how regional inequalities
emerge in access to educational services (Thiem, 2009; Holloway & Jons, 2012). From this perspective,
the formation of school networks cannot be explained solely by current student populations; rather, it
should be understood as the outcome of the interaction among historical settlement processes, public
investments, transportation opportunities, and administrative policies.

Place names (toponyms) are not merely geographical markers that identify spatial locations; they are also
symbolic instruments through which historical processes, political authority, collective memory, and
social identities become visible in public space. The critical toponymy approach argues that place names
carry ideological, cultural, and political meanings, while naming practices function as mechanisms
through which power relations, identity politics, and collective memories are reproduced (Azaryahu,
1996; Alderman, 2008; Berg & Vuolteenaho, 2009; Rose-Redwood, Alderman, & Azaryahu, 2010).
Accordingly, school names should not be considered merely as administrative labels for educational
institutions; rather, they represent significant toponymic elements reflecting historical memory, spatial
belonging, and public identity.

Approaches that conceptualize space not as a passive physical location but as a continuously produced
phenomenon shaped by historical, economic, social, and political relations provide an important
theoretical foundation for analyzing educational institutions (Lefebvre, 1991; Harvey, 1973; Soja, 2010).
From this perspective, the locations of schools are not solely outcomes of current population densities;
they also represent spatial manifestations of long-term social transformations and the organization of
public services. Therefore, examining educational infrastructure in relation to historical settlement
patterns contributes to understanding how educational services are organized and how spatial continuities
are maintained over time.

The spatial distribution of educational services is also closely associated with debates on spatial justice.
Harvey’s (1973) social justice perspective and Soja’s (2010) theory of spatial justice emphasize that
access to public services is not only an economic issue but also a geographical one. The concentration of
educational institutions in certain areas or their limited availability in particular settlements may produce
different consequences in terms of access to educational opportunities, transportation conditions, and
regional development. Accordingly, contemporary approaches to educational planning consider not only
current student populations but also population movements, settlement characteristics, demographic
changes, and spatial inequalities (OECD, 2023; World Bank, 2018).
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Within this framework, school mapping has become one of the fundamental planning tools used in the
spatial analysis of educational infrastructure. The UNESCO International Institute for Educational
Planning (UNESCO-IIEP) defines school mapping as a strategic approach aimed at identifying the
existing distribution of educational institutions, forecasting future educational needs, ensuring efficient
resource allocation, and grounding educational investments in evidence-based criteria (UNESCO-IIEP,
2009). Contemporary school mapping studies extend beyond simply determining the number of schools
and increasingly incorporate demographic movements, migration processes, settlement structures, and
regional development indicators.

Nevertheless, the spatial organization of educational infrastructure is not solely the outcome of
contemporary planning decisions. Particularly in societies experiencing conflict, population movements,
and political transformations, public institutions may preserve traces of previous settlement patterns. As
a major component of public services, educational institutions provide important indicators through
which population movements, spatial restructuring, and institutional transformations can be examined
(Bollens, 2000; Bollens, 2007). Therefore, analyzing educational institutions from a historical-spatial
perspective enables a deeper understanding of institutional continuities and transformations between the
past and the present.

This study does not examine the settlements in which public schools are physically located; rather, it
focuses on the historical origins of current settlement names used in school names. Within this
framework, the study approaches school names through the perspective of critical toponymy and aims to
reveal how officially adopted settlement names after 1974 have become visible and institutionalized in
public space through educational institutions.

1.2. Post-War State-Building, Settlement Transformation, and the Reconstruction of Public Space

Wars and subsequent processes of political restructuring transform not only state boundaries and social
structures but also settlement patterns, the spatial organization of public services, and the symbolic
dimensions of public space. Particularly during the establishment of new states or the reorganization of
existing state structures, forced migration, population movements, and changes in settlement
arrangements require the restructuring of education, healthcare, and other public services in accordance
with emerging demographic and administrative conditions (Bollens, 2007; Newman, 2006).

State-building processes in post-conflict contexts involve not only the formation of political institutions
but also the development of institutional capacities, the organization of public services, and the
reconfiguration of public space. In this sense, the reconstruction of educational infrastructure constitutes
an important dimension of broader processes of political and spatial transformation.

Studies on divided societies demonstrate that political and demographic transformations do not
completely eliminate previous spatial patterns; rather, these patterns may continue to influence
contemporary social and institutional structures through infrastructure networks, public institutions, and
settlement arrangements (Bollens, 2000; Pullan, 2011). From this perspective, educational institutions
should not be considered merely as structures responding to current social needs; they may also function
as spatial indicators through which historical transformations become visible.

In this study, the concept of historical settlement characteristics is not used to define contemporary social

identities or present-day demographic structures. Instead, it is employed as a historical analytical variable
for examining the spatial patterns reflected through educational institutions. In other words, the study
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aims to investigate how previous settlement configurations may have left spatial traces within
contemporary educational infrastructure.

1.3. Historical Settlement Geography of Cyprus and the Reorganization of Educational
Infrastructure after 1974

The island of Cyprus has a multi-layered settlement geography shaped by different political
administrations, population movements, and social transformations throughout history. The island’s
strategic location in the Eastern Mediterranean and successive changes in political sovereignty have
contributed to the continuous reconfiguration of settlement patterns and social structures. Therefore,
understanding the contemporary spatial organization of Cyprus requires an evaluation that extends
beyond current administrative boundaries and demographic distributions and considers historical
processes and settlement transformations (Hill, 2010; Bryant, 2010).

Following the Ottoman conquest of Cyprus in 1571, settlement policies implemented by the Ottoman
administration significantly influenced the island’s demographic and cultural structure. Population
transfers and settlement practices carried out in different regions strengthened the presence of the Turkish
population on the island and contributed to the emergence of new settlement characteristics. Following
the beginning of British administration in 1878, administrative structures, transportation networks, and
the organization of public services were reconfigured, and the development of educational institutions
was also shaped by these transformations (Hill, 2010).

Although the establishment of the Republic of Cyprus in 1960 introduced a bi-communal constitutional
framework, subsequent political tensions and social divisions significantly affected settlement patterns.
Particularly after 1963, increasing security concerns and population movements contributed to greater
spatial separation between communities in certain settlements, while the provision of public services and
the functioning of institutions were also influenced by these developments (Dodd, 2010; Nevzat, 2005).

The year 1974 represents a major turning point in the historical and spatial organization of Cyprus. The
large-scale population movements that followed the events of this period resulted in the emergence of
distinct demographic and administrative structures in the northern and southern parts of the island. The
relocation of populations to new settlement areas required not only the reorganization of housing and
economic activities but also the restructuring of education, healthcare, and other public services (Hatay,
2007; Bryant, 2010).

The reorganization of the educational system in the Turkish Republic of Northern Cyprus (TRNC)
required the sustainable provision of educational services in accordance with the changing demographic
structure. During this process, the utilization of existing school buildings, the establishment of new
educational institutions, the restructuring of school networks, and the continuation of educational
services across different settlements became central administrative concerns. Accordingly, the
contemporary distribution of public schools should be understood not only as a response to current
population needs but also as a consequence of historical transformations and settlement processes.

However, establishing a direct causal relationship between historical settlement characteristics and the
contemporary distribution of educational institutions would not be methodologically appropriate. In this
study, historical settlement characteristics are not considered the sole determinants explaining the
location or distribution of educational institutions; rather, they are used as an analytical classification
variable for examining spatial patterns. Thus, the study adopts a descriptive and comparative approach
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to explore how historical settlement configurations may be reflected within contemporary educational
structures.

1.4. Literature Gap and Original Contribution of the Study

International studies examining the spatial distribution of educational institutions have primarily focused
on school accessibility, educational equity, regional disparities, school planning, and the effective
allocation of public resources (Holloway & Jons, 2012; Thiem, 2009). These studies demonstrate that
educational infrastructure is not merely a pedagogical component but also a reflection of broader social
and spatial processes.

However, research examining the relationship between educational infrastructure and historical
settlement patterns in post-conflict societies remains limited. Although existing studies have extensively
addressed the spatial transformation of divided societies, population movements, and the effects of
political boundaries, the role of educational institutions within these transformations has received
comparatively less attention (Bollens, 2007; Pullan, 2011).

Research on Cyprus has largely focused on political history, international relations, population
movements, and social transformations (Bryant, 2010; Dodd, 2010; Hatay, 2007). Nevertheless,
comprehensive research systematically examining all public schools operating in the Turkish Republic
of Northern Cyprus according to pre-1974 historical settlement characteristics, educational levels, and
administrative regions remains limited.

This study seeks to address this gap by integrating educational geography and historical settlement
geography within a common analytical framework. The first contribution of the study is to make the
spatial patterns of educational infrastructure visible through a comprehensive dataset developed
according to the historical settlement characteristics associated with public school names in the TRNC.
The second contribution is to propose a methodological approach in which historical settlement patterns
are considered as an analytical variable for examining educational institutions. The third contribution is
to provide an empirical case for broader discussions concerning the spatial continuity and transformation
of public services in post-conflict societies.

The distinctive contribution of this study lies in its focus not on the physical locations of public schools,
but on the historical origins of current settlement names used in school names and the role of educational
institutions in the public circulation of place names. Specifically, the study examines the extent to which
officially adopted settlement names after 1974 are represented in public school names and how these
representations vary according to historical settlement categories.

In this respect, the study argues that educational institutions are not merely structures providing
educational services; they also function as public mechanisms through which current settlement names
become visible in everyday use and through which forms of spatial belonging are institutionally
reproduced.

Accordingly, this study seeks to answer the following research questions:

Research Question 1: How are current settlement names used in public school names in the TRNC
distributed according to their pre-1974 settlement characteristics?
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Research Question 2: How does the distribution of current settlement names used in school names
according to pre-1974 settlement characteristics vary across educational levels?

Research Question 3: How does the use of current settlement names originating from pre-1974 Greek
Cypriot, Turkish Cypriot, and mixed Turkish—Greek Cypriot settlements differ in public school naming
practices?

2. Theoretical Framework
2.1. Toponymy and the Social Functions of Place Names

Toponymy is an interdisciplinary field of inquiry that examines the origins, meanings, uses, and
transformations of place names over time. Place names are not merely descriptive labels identifying
geographical locations; they are also significant indicators reflecting societies’ historical experiences,
cultural heritage, political structures, and collective memories (Alderman, 2008). In this respect,
toponyms serve as symbolic elements that establish connections between the past and the present, while
also functioning as important instruments through which states organize, regulate, and re-signify public
space.

Within the toponymy literature, changes in place names are not regarded merely as linguistic
transformations. Particularly following political transitions, wars, population movements, and processes
of institutional restructuring, renaming practices are considered visible manifestations of new political
and social orders within public space (Azaryahu, 1996). Therefore, place names provide important
insights into how societies define space and which historical narratives they choose to make visible in
the public sphere.

The critical toponymy approach emphasizes that place names are not neutral geographical references;
rather, they constitute important components of power relations, identity construction, and public
memory processes (Rose-Redwood, Alderman, & Azaryahu, 2010). From this perspective, toponyms
function as symbolic mechanisms through which societies interpret their past, negotiate collective
identities, and construct shared understandings of belonging. Consequently, the study of place names
provides valuable opportunities for understanding how historical narratives and social meanings are
embedded within everyday spatial practices.

2.2. Place Names, Public Memory, and Educational Institutions

Place names represent among the most frequently encountered symbolic markers in public space. Their
continuous reproduction through everyday practices, official documents, maps, and the names of public
institutions enables them to become embedded within collective memory (Light & Young, 2014).
Therefore, continuously used public institutions such as educational organizations may function as
important institutional mechanisms through which place names are transmitted across generations.

Schools are not only educational settings where teaching and learning activities occur; they are also
public institutions through which states and societies become visible in everyday life. School names are
repeatedly used by students, teachers, families, and local communities, allowing them to become part of
the social memory embedded within daily practices. Accordingly, school naming practices should not be
understood merely as technical administrative decisions within educational management; they also
influence how place names circulate, become normalized, and gain public recognition.
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From this perspective, settlement names incorporated into school names can be considered symbolic
elements that shape how individuals perceive and define their surrounding environments. Through their
continuous repetition within educational contexts, place names contribute to the development of spatial
belonging and support the social acceptance of officially recognized names of places. Thus, educational
institutions serve not only as providers of public services but also as important actors in the reproduction
and circulation of spatial meanings.

2.3. Transformation of Settlement Names in the Context of the Turkish Republic of Northern
Cyprus

The political and demographic transformations experienced in Cyprus after 1974 affected not only
settlement structures but also the naming of places. Numerous settlements located in the northern part of
the island were assigned new names, and these names gradually became incorporated into official
documents, maps, and public institutions (Bryant, 2010; Hatay, 2007). This process may be understood
not merely as an administrative arrangement but also as part of the broader reconfiguration of public
space and the institutionalization of a new settlement order.

Following the establishment of the Turkish Republic of Northern Cyprus (TRNC), educational
institutions became significant components of this transformation. The preference for current settlement
names in the naming of newly established schools, as well as in the naming practices of existing
educational institutions, contributed to the institutional recognition and everyday use of these names. In
this way, school names transformed settlement names into public symbols that were reproduced not only
through official records but also through daily educational practices.

This study focuses precisely on this relationship between educational institutions and place-name
reproduction. The aim is not to determine the historical settlement characteristics of the locations where
public schools are physically situated; rather, it is to examine the pre-1974 historical characteristics of
current settlement names used in school names and to reveal how these names have been institutionalized
through educational institutions.

Accordingly, this study brings together educational administration and critical toponymy perspectives by
examining the role of school names in the public circulation of settlement names within the context of
the TRNC. Through this approach, educational institutions are conceptualized as symbolic public spaces
where historical transformations, spatial meanings, and place-based identities become visible and
reproduced.

3. Method
3.1. Research Design

This study employs a descriptive document-based research design using a quantitative content analysis
approach to examine the contemporary settlement names used in the names of public schools affiliated
with the Ministry of National Education of the Turkish Republic of Northern Cyprus (TRNC), with
particular emphasis on the historical settlement characteristics of these names prior to 1974.

In the first stage of the research, the official names of 161 public schools operating during the 2025-2026
academic year were examined, and the main naming patterns used in school names were identified. The
analysis revealed that school names were derived from various sources, including statesmen, educators,
historical figures, literary personalities, individuals with significant contributions to the social and
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cultural memory of the Turkish Cypriot community, national and historical events (e.g., 20 July),
philanthropists, expressions representing institutional or professional identities, and settlement names. In
some cases, settlement names were used together with cultural or symbolic expressions (e.g., Giizelyurt
Portakal Cigekleri Kindergarten and Giizelyurt Kurtulus High School).

In accordance with the purpose of the study, only school names containing contemporary settlement
names were included in the analysis. Each contemporary settlement name identified in school names was
classified according to the historical settlement characteristics of the relevant settlement unit before 1974
as a Greek Cypriot settlement, Turkish Cypriot settlement, or mixed Greek Cypriot—Turkish Cypriot
settlement.

Therefore, the unit of analysis in this study is not the entire set of public schools, but the contemporary
settlement names used in school names. The aim of the study is not to classify the settlements in which
schools are physically located; rather, it seeks to reveal the historical origins of contemporary settlement
names appearing in school names and to evaluate the patterns of their public use through educational
institutions after their adoption following 1974.

3.2. Research Population and Data Sources

The research population consists of all public schools operating under the Ministry of National Education
of the Turkish Republic of Northern Cyprus during the 2025-2026 academic year. No sampling
procedure was employed; instead, the entire research population was examined through a complete
enumeration approach.

The study included:

e pre-primary education institutions, special education schools, and primary schools affiliated with the
Department of Primary Education,

e lower secondary schools and high schools affiliated with the Department of General Secondary
Education,

e vocational and technical high schools affiliated with the Department of Vocational Technical
Education.

A total of 161 public schools were evaluated within the scope of the research.

The following sources were used to construct the dataset:

o official updated school lists provided by the Ministry of National Education of the TRNC,

 institutional records of relevant education departments,

o official information and promotional resources provided by school administrations,

 scientific studies addressing the historical characteristics of settlements,

e historical population and settlement records,

o official sources related to changes in place names.

Private schools, universities, private course centres, and temporary educational units were excluded from
the study.

3.3. Data Collection and Coding Process
The data collection and coding process was conducted in four stages.

In the first stage, the current official names of the 161 public schools constituting the research population
were identified. In the second stage, all school names were examined individually, and schools containing
contemporary settlement names were determined. The analysis revealed that 89 of the 161 public schools
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had names directly based on contemporary settlement names. Schools whose names were based on
personal names, historical figures, professional fields, or institutional identities and did not contain
settlement names were excluded from the analysis.

In the third stage, each contemporary settlement name used in school names was evaluated according to
its historical settlement characteristics before 1974 using historical sources and was coded as a Greek
Cypriot settlement, Turkish Cypriot settlement, or mixed Greek Cypriot—Turkish Cypriot settlement.

In the fourth stage, additional variables, including educational level, district, and educational
administrative unit, were added to the dataset for each school. Thus, the final dataset to be used in
statistical analyses was established.

3.4. Classification of Historical Settlement Characteristics

The primary analytical variable of the study is the historical settlement characteristic of the settlements
from which the contemporary settlement names used in school names originate. Within this framework,
settlements were classified into three categories:

Greek Cypriot settlement: Settlement units that were predominantly inhabited by the Greek Cypriot
population before 1974.

Turkish Cypriot settlement: Settlement units that were predominantly inhabited by the Turkish Cypriot
population before 1974.

Mixed Greek Cypriot—Turkish Cypriot settlement: Settlement units where both communities lived
together or where both communities constituted significant proportions of the population before 1974.

During the classification process, scientific studies, historical population research, and settlement records
concerning the historical demographic characteristics of settlements were comparatively examined
(Bryant, 2010; Dodd, 2010; Hatay, 2007). In cases where differences existed among sources, commonly
accepted historical records were taken as the basis.

This classification was not used to define contemporary population structures, ethnic identities, or
property relations; rather, it was employed solely as an analytical variable for examining the historical
origins of contemporary settlement names used in school names.

3.5. Data Analysis

The research data were analysed using descriptive statistical techniques. Frequencies (n), percentage (%)
distributions, and cross-tabulations were used to demonstrate the distribution patterns related to
educational levels, districts, and historical settlement characteristics.

The analysis process was conducted in four stages. In the first stage, the official names of the 161 public
schools included in the research were examined, and school names were classified according to their
content characteristics. This analysis indicated that school names could be categorized according to
different naming sources, including personal names, historical figures, philanthropists, national and
cultural values, institutional identities, and settlement-based names.
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In the second stage, only schools containing contemporary settlement names were included in the
analysis. In cases where contemporary settlement names were used together with historical, cultural,
symbolic, or value-based expressions (e.g., Giizelyurt Kurtulus High School, Giizelyurt Portakal
Cigekleri Kindergarten, and Oguz Veli Middle School), the presence of the settlement name was
considered sufficient for inclusion in the study.

In contrast, schools whose names included only personal names, historical figures, national
commemorations and events, philanthropists, or institutional identities without any contemporary
settlement name (e.g., Namik Kemal High School, Bekir Pasa High School, 20 July Science High School,
and Biilent Ecevit Anatolian High School) were excluded from the analysis. Thus, the primary inclusion
criterion was not the general naming approach of schools but rather the presence of a contemporary
settlement name within the school name.

In the third stage, contemporary settlement names used in school names were identified and classified
into three categories according to their historical settlement characteristics before 1974: Greek Cypriot
settlement, Turkish Cypriot settlement, and mixed Greek Cypriot—Turkish Cypriot settlement. This
classification was based on the historical origin of the settlement name reflected in the school name rather
than the location of the school itself.

In the final stage, the obtained data were evaluated through frequency and percentage calculations. In
addition, cross-tabulations were created according to educational level, district, and educational
administrative unit variables to conduct comparative analyses. Through these analyses, the historical
origins of contemporary settlement names used in school names and their distribution patterns across
educational levels and administrative units were identified. Accordingly, the usage patterns of officially
adopted contemporary settlement names after 1974 within public school naming practices were
descriptively examined.

3.6. Validity and Reliability

To enhance the accuracy of the dataset, the collected data were validated comparatively through multiple
official and scientific sources. Data related to public schools were cross-checked with the updated official
school lists of the Ministry of National Education of the TRNC and institutional records of relevant
education departments. The historical characteristics of contemporary settlement names used in school
names were verified through official records and scientific sources addressing the historical settlement
structure of Cyprus.

During the coding process, the same predetermined classification criteria were applied consistently to all
settlement units. Following completion of the coding process, the dataset was reviewed again to identify
and resolve potential inconsistencies. Historical settlement characteristics were used solely as an
analytical variable, and no conclusions were drawn regarding contemporary population structures, ethnic
identities, or property relations.

The detailed explanation of the data collection process, classification criteria, and analytical procedures;
the explicit identification of data sources; and the consistent application of the same criteria throughout
the analyses contribute to the methodological transparency, replicability, and reliability of the study.
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4. Findings

This section presents the findings obtained regarding the spatial and institutional distribution of public
educational institutions operating in the Turkish Republic of Northern Cyprus. The institutions examined
within the scope of the study were evaluated according to their affiliated educational administrative units,
educational levels, districts, and the pre-1974 historical characteristics of the settlements associated with
the institutions. The findings are presented first through an analysis of the institutional structure and
distribution of public educational institutions by educational level, followed by comparative analyses
based on district distribution and historical settlement characteristics.

4.1. Distribution of Public Educational Institutions by Educational Administrative Units

Within the scope of the study, a total of 161 public educational institutions operating in the Turkish
Republic of Northern Cyprus were examined. The institutions were categorized into three main groups
based on their affiliated educational administrative units. Accordingly, the institutions were classified as
those affiliated with the Directorate of Primary Education, the Directorate of General Secondary
Education, and the Directorate of Vocational and Technical Education.

The findings indicate that public educational institutions are not evenly distributed among educational
administrative units. Of the 161 institutions examined, 110 (68.3%) are affiliated with the Directorate of
Primary Education, 38 (23.6%) with the Directorate of General Secondary Education, and 13 (8.1%)
with the Directorate of Vocational and Technical Education.

Table 1
Distribution of Public Educational Institutions by Educational Administrative Units

Educational Administrative Unit Number of Institutions (n) Percentage (%)
Directorate of Primary Education 110 68.3
Directorate of General Secondary Education 38 23.6
Directorate of Vocational and Technical Education 13 8.1
Total 161 100.0

As presented in Table 1, the majority of public educational institutions included in the study are affiliated
with the Directorate of Primary Education. The fact that institutions under the Directorate of Primary
Education constitute approximately two-thirds of all institutions indicates that primary education
institutions have a substantial numerical predominance within the public education system of the Turkish
Republic of Northern Cyprus (TRNC).

A total of 38 institutions affiliated with the Directorate of General Secondary Education represent
approximately one-fourth of all institutions. Among these institutions, 16 provide education at the lower
secondary school level, while 22 provide education at the upper secondary school level. Accordingly,
within general secondary education institutions, upper secondary schools are more numerous than lower
secondary schools.

101



ELMI TODQIQAT / 6(10), 2026
SCIENTIFIC RESEARCH / 6(10), 2026

The 13 institutions affiliated with the Directorate of Vocational and Technical Education constitute 8.1%
of all institutions examined. This finding indicates that vocational and technical secondary education
institutions have a relatively limited numerical presence among the public educational institutions
included in the study.

Overall, the distribution of public educational institutions in the TRNC demonstrates a clear
predominance of primary education institutions in terms of institutional numbers. However, this
evaluation, based solely on the number of institutions, does not provide direct evidence regarding student
enrollment, institutional capacity, teacher distribution, or the level of access to educational services.
Therefore, subsequent sections present detailed analyses of institutions according to educational level,
district distribution, and the pre-1974 historical settlement characteristics associated with the current
settlement names used in school names.

Distribution of Public Educational Institutions by Educational Level

Within the scope of the study, the 161 public educational institutions examined were evaluated under six
main categories based on their functional positions within the education system and the educational levels
to which they are affiliated. These categories consist of public primary schools, pre-primary education
institutions, special education institutions, lower secondary schools, upper secondary schools affiliated
with the Directorate of General Secondary Education, and vocational and technical secondary education
institutions.

The classification according to educational levels not only reveals the distribution of public educational
institutions in terms of institutional numbers but also demonstrates the levels at which educational
services are concentrated and which types of institutions play a determining role in the spatial
organization of the education system.

The findings indicate that primary education levels have a substantial predominance among public
educational institutions in the Turkish Republic of Northern Cyprus (TRNC). Of the 161 institutions
examined, 80 (49.7%) are public primary schools, 23 (14.3%) are pre-primary education institutions, 7
(4.3%) are special education institutions, 16 (9.9%) are lower secondary schools, 22 (13.7%) are upper
secondary schools, and 13 (8.1%) are vocational and technical secondary education institutions.

Table 2
Distribution of Public Educational Institutions by Educational Level
Educational Category Number of Percentage
Institutions (%)
Public Primary Schools 80 49.7
Pre-primary Education Institutions 23 14.3
Special Education Institutions 7 4.3
Lower Secondary Schools 16 9.9
Upper Secondary Schools 22 13.7
Vocational and Technical Secondary Education 13 8.1
Institutions
Total 161 100.0

As shown in Table 2, public primary schools represent the educational category with the highest
proportion among the institutions included in the study. Constituting approximately half of all
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institutions, primary schools represent the most widely distributed institutional structure through which
basic education services are spatially organized within the public education system of the TRNC.

Following primary schools, the highest institutional concentrations are observed in pre-primary
education institutions and upper secondary schools. The fact that pre-primary education institutions
constitute 14.3% of all institutions with 23 schools indicates that early childhood education has become
an established and distinct area of service provision within the public education system. The 22 upper
secondary schools represent 13.7% of all institutions. The relatively similar number of upper secondary
schools and pre-primary education institutions suggests that educational services at the secondary level
are organized around specific institutional centers.

Lower secondary schools, with 16 institutions (9.9%), and vocational and technical secondary education
institutions, with 13 institutions (8.1%), constitute the remaining educational categories examined in the
study. When lower and upper secondary institutions are considered together, general secondary education
institutions account for 38 institutions, representing 23.6% of all public educational institutions.

Special education institutions constitute the category with the lowest numerical proportion, with 7
institutions (4.3%). However, the relatively limited number of special education institutions does not
indicate a lower level of importance within the education system. Special education services require a
distinct planning approach due to differences in student needs, requirements for specialized personnel,
and physical infrastructure characteristics compared with other educational levels.

Overall, the distribution demonstrates that approximately two-thirds (68.3%) of public educational
institutions in the TRNC consist of institutions providing primary-level education and special education
services. This distribution indicates that basic education services occupy a central position within the
institutional structure of the public education system.

Nevertheless, examining the number of institutions by educational level alone does not allow for
definitive conclusions regarding the quality or accessibility of educational services. Comparisons based
solely on institutional numbers remain limited unless factors such as student capacity, population
distribution, service areas, and spatial locations of institutions are also considered. Therefore, the
following section examines the spatial distribution of public educational institutions not only according
to educational levels but also in relation to districts and the pre-1974 historical characteristics of the
settlements associated with the current settlement names used in school names.

Table 3
Distribution of the use of settlement names in school names by educational level

Educational Total Schools Using Percentage Schools Not Percentage
Level Number of  Settlement Names (%) Using Settlement (%)
Schools (n)  in Their Names (n) Names (n)

Primary 80 53 66.3 27 33.7

Schools
Pre-primary 23 13 56.5 10 43.5
Education

Special 7 5 71.4 2 28.6
Education
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Lower 16 4 25.0 12 75.0
Secondary
Schools
Upper 22 8 36.4 14 63.6
Secondary
Schools
Vocational 13 6 46.2 7 53.8
High Schools
Total 161 89 553 72 447

Table 3 presents the distribution of the use of settlement names in the official names of 161 public schools
affiliated with the Ministry of National Education of the Turkish Republic of Northern Cyprus (TRNC),
according to educational level. The findings indicate that 89 schools (55.3%) have names directly derived
from current settlement names, whereas 72 schools (44.7%) use alternative naming patterns, including
personal names, historical figures, institutional identities, foundation names, or other symbolic
references.

When evaluated according to educational levels, the highest rate of settlement-name usage is observed
among special education institutions, with 71.4%. This is followed by primary schools (66.3%) and pre-
primary education institutions (56.5%). In contrast, the use of settlement names is considerably lower
among lower secondary schools affiliated with the Directorate of General Secondary Education (25.0%)
and upper secondary schools (36.4%). Among vocational high schools affiliated with the Directorate of
Vocational and Technical Education, the rate of settlement-name usage was identified as 46.2%.

These findings indicate that different naming approaches are adopted across educational levels.
Particularly in primary schools and pre-primary education institutions, names associated with the
settlements in which schools are located appear to be more commonly preferred. Conversely, at the
secondary education level, names emphasizing individuals, historical figures, foundations, and
institutional identities are more frequently observed. Therefore, Table 3 establishes the fundamental
classification framework for the subsequent analysis, in which only the 89 schools containing settlement
names in their official titles are examined in terms of their historical settlement characteristics.

Table 4
Distribution of current settlement names used in school names according to their pre-1974 historical
settlement characteristics

Pre-1974 Historical Settlement Characteristics of Current Number of Percentage

Settlement Names Used in School Names Schools (n) (%)

Schools using current settlement names that were Greek Cypriot 48 539
settlements before 1974

Schools using current settlement names that were Turkish Cypriot 22 24.7
settlements before 1974

Schools using current settlement names that were Turkish—Greek 19 214

Cypriot mixed settlements before 1974
Total 89 100.0

As presented in Table 4, among the 161 public schools affiliated with the Ministry of National Education
of the TRNC, 89 schools were identified as having current settlement names directly incorporated into
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their official school names. This table presents the distribution of only these settlement names according
to their pre-1974 historical settlement characteristics.

The findings demonstrate that the current settlement names used in school names are predominantly
derived from settlements that had a Greek Cypriot character before 1974. This finding does not indicate
that these educational institutions are physically located in former Greek Cypriot settlements. The focus
of the study is not the geographical location of schools but rather the historical origin of the current
settlement names reflected in school names. Therefore, the findings demonstrate the extent to which
settlement names adopted after 1974 have become institutionalized in public usage through educational
institutions.

The results show that 48 (53.9%) of the current settlement names used in school names originate from
settlements that were characterized as Greek Cypriot settlements before 1974, 22 (24.7%) originate from
settlements characterized as Turkish Cypriot settlements, and 19 (21.4%) originate from Turkish—Greek
Cypriot mixed settlements.

These findings reveal that current settlement names used in the naming of public schools in the TRNC
are largely derived from areas that had a Greek Cypriot settlement character prior to 1974. In other words,
the current names of settlements renamed after 1974 are more extensively reflected in school names,
particularly in areas that historically had Greek Cypriot settlement characteristics.

This pattern indicates that school names function not merely as administrative identifiers of educational
institutions but also as symbolic mechanisms that contribute to the public visibility and everyday use of
the officially adopted settlement names of the TRNC. In this respect, educational institutions operate as
important public spaces through which place names are reproduced, circulated, and institutionalized
within collective social memory.

Table 5
Distribution of current settlement names used in school names according to Pre-1974 settlement
characteristics by educational level

Educational Total Schools Using  Greek Cypriot Turkish Mixed Turkish-
Level Number of Settlement Settlementn  Settlementn  Greek Cypriot
Schools (N)  Names n (%) (%) (%) Settlement n (%)
Primary Schools 80 53 (66.3) 33(62.3) 12 (22.6) 8 (15.1)
Pre-primary 23 13 (56.5) 5(38.5) 4 (30.8) 4 (30.8)
Education
Institutions
Special 7 5(71.4) 2 (40.0) 1 (20.0) 2 (40.0)
Education
Schools
Lower 16 4 (25.0) 2 (50.0) 2 (50.0) 0 (0.0)
Secondary
Schools
Upper 22 8(36.4) 3(37.5) 3(37.5) 2 (25.0)
Secondary
Schools
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Vocational and 13 6 (46.2) 3(50.0) 0 (0.0) 3 (50.0)
Technical High
Schools
Total 161 89 (55.3) 48 (53.9) 22 (24.7) 19 (21.4)

Table 5 presents the distribution of public schools using current settlement names in their official names
according to the pre-1974 historical settlement characteristics of these settlement names by educational
level. The percentages regarding the use of settlement names were calculated based on the total number
of schools within each educational level, whereas the percentages related to Greek Cypriot, Turkish, and
mixed Turkish-Greek Cypriot settlement categories were calculated only among schools whose names
contain a current settlement name.

As shown in Table 5, a substantial proportion of the current settlement names used in school names
(53.9%) are associated with areas that were characterized as Greek Cypriot settlements before 1974. In
comparison, 24.7% of the settlement names used in school names originate from pre-1974 Turkish
settlements, while 21.4% are associated with mixed Turkish-Greek Cypriot settlements.

The proportion of schools using settlement names varies across educational levels. The use of settlement
names was identified in 66.3% (n=53) of primary schools, 56.5% (n=13) of pre-primary education
institutions, 71.4% (n=5) of special education schools, 25.0% (n=4) of lower secondary schools, 36.4%
(n=8) of upper secondary schools affiliated with the Directorate of General Secondary Education, and
46.2% (n=6) of vocational and technical high schools.

Among primary schools using settlement names, 33 schools (62.3%) use current settlement names
associated with areas classified as Greek Cypriot settlements before 1974, 12 schools (22.6%) use names
associated with Turkish settlements, and 8 schools (15.1%) use names associated with mixed Turkish-
Greek Cypriot settlements.

Among the 13 pre-primary education institutions using settlement names, five (38.5%) use current
settlement names associated with pre-1974 Greek Cypriot settlements, four (30.8%) with Turkish
settlements, and four (30.8%) with mixed Turkish-Greek Cypriot settlements.

Among special education schools, two of the five institutions using settlement names (40.0%) have
names associated with pre-1974 Greek Cypriot settlements, one (20.0%) with a Turkish settlement, and
two (40.0%) with mixed Turkish-Greek Cypriot settlements.

Among lower secondary schools, two of the four schools using settlement names (50.0%) have names
associated with pre-1974 Greek Cypriot settlements, while the remaining two (50.0%) are associated
with Turkish settlements. No lower secondary school using a settlement name associated with a mixed
Turkish-Greek Cypriot settlement was identified.

Among upper secondary schools affiliated with the Directorate of General Secondary Education, three
of the eight schools using settlement names (37.5%) have names associated with pre-1974 Greek Cypriot
settlements, three (37.5%) with Turkish settlements, and two (25.0%) with mixed Turkish-Greek Cypriot
settlements.

Among vocational and technical high schools, three of the six schools using settlement names (50.0%)
have names associated with pre-1974 Greek Cypriot settlements, while three (50.0%) have names

106



Nazmiye Hazar

associated with mixed Turkish-Greek Cypriot settlements. No vocational and technical high school using
a current settlement name associated with a pre-1974 Turkish settlement was identified.

Overall, the findings demonstrate that, across all educational levels, a considerable proportion of the
current settlement names used in school names originate from areas characterized as Greek Cypriot
settlements before 1974. The widespread use of settlement names particularly in primary schools enables
students to encounter current settlement names from the early stages of their educational experiences,
thereby reinforcing the public circulation of these names through educational institutions.

This finding indicates that school names are not merely administrative labels used to identify educational
institutions; rather, they function as symbolic instruments that contribute to the public circulation of place
names, the reproduction of spatial memory, and the institutional reinforcement of spatial belonging. The
predominance of settlement names associated with pre-1974 Greek Cypriot settlements in school names
demonstrates that place names serve not only geographical functions but also important roles in relation
to historical continuity and public memory.

The critical toponymy literature emphasizes that place names play an active role in processes of political
power, identity construction, and spatial belonging (Azaryahu, 1996; Alderman, 2008; Rose-Redwood
etal., 2010). Within this framework, settlement names used in the naming of public schools in the TRNC
can be interpreted not only as institutional identifiers but also as public representations of post-conflict
collective memory and spatial identity.

Table 6
Evaluation of current settlement names used in school names according to Pre-1974 settlement
characteristics

Pre-1974 Settlement Number of Examples of Evaluation
Characteristics Current Current Settlement
Settlement Names Names
Used in School
Names
Schools bearing current 48 Giizelyurt, Iskele, Current settlement names
settlement names associated Degirmenlik, introduced after 1974 are
with settlements characterized Alsancak, widely used in school
as Greek Cypriot settlements Gegitkale names.
before 1974
Schools bearing current 22 Lefke, Gonyeli,  Current settlement names
settlement names associated Mehmetgik, belonging to historical
with settlements characterized Beyarmudu Turkish settlements
as Turkish settlements before continue to be used in
1974 school names.
Schools bearing current 19 Gazimagusa, Current settlement names
settlement names associated Girne, Lapta, of areas with a mixed
with mixed Turkish-Greek Karsiyaka settlement history are
Cypriot settlements before represented in school
1974 names.
Total 89
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Table 6 presents an evaluation of the historical origins of the current settlement names used in school
names. The analysis indicates that 48 (53.9%) of the current settlement names appearing in school names
are derived from settlements that were characterized as Greek Cypriot settlements before 1974. In
comparison, 22 (24.7%) correspond to settlements characterized as Turkish settlements before 1974,
while 19 (21.4%) correspond to settlements characterized as mixed Turkish-Greek Cypriot settlements
before 1974.

When evaluated in terms of the historical origins of settlement names used in school names, these
findings demonstrate that current settlement names associated with areas characterized as Greek Cypriot
settlements before 1974 are used more frequently than those associated with other settlement categories.
This finding suggests that settlement names adopted after 1974 have become widely incorporated into
public usage through educational institutions and that school names have played an important role in the
social circulation and institutionalization of these names.

In contrast, current settlement names associated with pre-1974 Turkish settlements and mixed Turkish-
Greek Cypriot settlements appear to be used less frequently in school names. These findings indicate that
current settlement names used in school naming practices function not only as geographical identifiers
but also as symbolic instruments through which the post-1974 settlement order and understanding of
public belonging are made visible within educational institutions.

According to the toponymy literature, place names function as symbolic instruments through which states
make spatial sovereignty, collective identity, and public memory visible (Azaryahu, 1996; Alderman,
2008). The findings of this study support this perspective. The fact that a substantial proportion of current
settlement names used in school names consist of settlement names adopted after 1974 demonstrates that
educational institutions function as public spaces that contribute to the social acceptance and
intergenerational transmission of these names.

Therefore, school names should not be considered merely as administrative labels identifying educational
institutions; rather, they can be interpreted as visible manifestations of toponymic transformation within
the education system. Through their continuous use in schools, settlement names become embedded in
everyday public life and contribute to the reproduction of spatial memory and institutionalized forms of
spatial belonging.

General Evaluation of the Findings

Within the scope of this study, the naming structures of 161 public schools actively operating under the
Ministry of National Education of the Turkish Republic of Northern Cyprus (TRNC) during the 2025
2026 academic year were examined, and the relationship between school names and historical settlement
structures was evaluated through document analysis. The findings revealed that 89 of the 161 schools
had names directly based on settlement names, whereas the remaining schools were named after
individuals, historical figures, institutions, or functional characteristics. When the historical settlement
characteristics of the 89 schools bearing settlement names were examined, it was found that 48 schools
(53.9%) were associated with settlements identified as Greek Cypriot settlements before 1974, 22 schools
(24.7%) with Turkish settlements, and 19 schools (21.4%) with mixed Turkish—Greek Cypriot
settlements. This distribution indicates that the settlement names used in school names are largely based
on the post-1974 settlement naming system.

When evaluated according to educational levels, settlement-based naming practices were found to be
most prevalent among primary schools. The main reason for this pattern is that primary schools are
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generally organized in direct connection with local settlements, and school names often reflect the
settlements they serve. In contrast, the use of settlement names was relatively lower in secondary
education institutions due to the greater prevalence of names based on individuals, historical figures,
foundations, or institutional identities.

One of the notable findings of the study is that schools located in areas that were historically characterized
as Greek Cypriot settlements before 1974 do not use former Greek place names in their official names;
instead, they use the Turkish settlement names officially adopted after 1974. The use of examples such
as Giizelyurt (Morfou), Iskele (Trikomo), Degirmenlik (Kythrea), Alsancak (Karavas), and Gegitkale
(Lefkoniko) in school names represents clear examples of this transformation. In contrast, it was
observed that continuity in settlement names has largely been maintained in historically Turkish
settlements such as Lefke, Gonyeli, and Mehmetgik.

Schools located in settlements with a historically mixed Turkish—Greek Cypriot population structure,
such as Gazimagusa, Girne, Lapta, and Karsiyaka, are named according to their currently used Turkish
settlement names despite their historically multicultural settlement characteristics. This indicates that
school naming practices are not merely geographical identification processes; rather, they are also
associated with the redefinition of public space, strengthening of administrative unity, and reconstruction
of collective memory.

Overall, the findings demonstrate that school naming practices in the TRNC are not random practices or
merely administrative procedures intended to identify locations. School names function as symbolic
indicators reflecting historical settlement patterns, post-1974 place-name arrangements, and the
reorganization of public space. Therefore, the names of educational institutions should be considered not
only as administrative labels used within educational governance but also as concrete representations of
the relationship between collective memory, spatial identity, and historical continuity.

5. Discussion

This study examined the naming structures of public schools affiliated with the Ministry of National
Education of the Turkish Republic of Northern Cyprus (TRNC) in terms of the historical origins of the
current settlement names used in school names. The main finding of the study demonstrates that a
significant proportion of the settlement names used in school names derive from the current names of
areas that were characterized as Greek Cypriot settlements before 1974. Among the 89 public schools
using settlement names, 48 (53.9%) have names based on current settlement names of areas that were
Greek Cypriot settlements before 1974 and were renamed after 1974. This finding indicates that school
naming practices are not merely administrative procedures for identifying educational institutions; rather,
they also play an important role in institutionalizing the new settlement structure and spatial belonging
framework established after 1974 through the education system.

Place names are not merely geographical indicators used to identify locations. Studies in the field of
toponymy demonstrate that place names play significant roles in the formation of collective memory,
identity construction, and the representation of political authority (Alderman, 2008; Rose-Redwood,
Alderman, & Azaryahu, 2010). Particularly in societies experiencing political transformation, the
rearrangement of place names is considered not simply a linguistic change but also a component of the
symbolic construction of a new public order (Azaryahu, 1996). In this respect, school names, as
frequently encountered public symbols in everyday life, become institutional mechanisms that contribute
to the recognition and adoption of new settlement names.
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The critical toponymy approach argues that place names are not merely geographical references; rather,
they function as important instruments of political power, collective memory, and identity construction
(Rose-Redwood et al., 2010). The findings of this study indicate that school names in the TRNC serve a
similar function. The current settlement names used in public schools become continuously repeated
public markers in the daily lives of students, families, and local communities, thereby contributing to the
incorporation of these names into collective memory.

In the context of the TRNC, numerous settlement names were changed or newly introduced following
the settlement arrangements implemented after 1974. The findings of this study reveal that these newly
adopted settlement names have been widely preferred in the naming of public schools. This result
suggests that school names serve not only to identify the locations of educational institutions but also to
strengthen the public use of new settlement names and facilitate their social acceptance.

Another significant finding of the study is that the use of settlement names differs according to
educational levels. Settlement-based naming practices are most common among primary schools. The
fact that primary schools operate directly at the neighbourhood and village level explains why settlement
names are more frequently preferred in these institutions. In contrast, at the lower and upper secondary
levels, names emphasizing individuals, historical figures, national values, or professional identities are
more commonly used, resulting in a relatively lower proportion of settlement-based names. This indicates
that school naming practices may serve different functions depending on educational levels.

The findings also demonstrate that current settlement names associated with historically Turkish
settlements before 1974 and those associated with mixed Turkish—Greek Cypriot settlements continue to
be used in school names. However, the higher prevalence of settlement names originating from areas
characterized as Greek Cypriot settlements before 1974 suggests that there is a tendency for newly
adopted settlement names to gain greater public visibility, particularly in these areas. Rather than being
interpreted as a direct political preference, this situation can be understood as a reflection of the post-
1974 settlement structure within educational institution naming practices.

Studies in the literature on educational institution naming have generally focused on names derived from
individuals, historical figures, or ideological symbols. In contrast, research examining the historical
origins of settlement names used in school names remains limited. This study contributes to addressing
this gap by examining school names through the combined perspectives of toponymy, collective memory,
and educational policies. Accordingly, educational institution names are evaluated not merely as
administrative labels but as public symbols through which spatial memory and social belonging are
reproduced.

In conclusion, the findings demonstrate that school naming practices in the TRNC are not merely
technical processes related to educational administration. Rather, they represent a symbolic policy
instrument that supports the adoption of newly established settlement names, contributes to the
strengthening of spatial belonging, and plays a role in the reconstruction of public memory.

6. Conclusion and Recommendations

This study examined the naming structures of public schools affiliated with the Ministry of National
Education of the Turkish Republic of Northern Cyprus (TRNC) in terms of the historical settlement
characteristics of the current settlement names used in school names. Within the scope of the study, all
161 public schools actively operating during the 2025-2026 academic year were evaluated, and it was
determined that 89 schools had names directly based on settlement names.
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The findings demonstrate that the current settlement names used in school names largely originate from
areas that were characterized as Greek Cypriot settlements before 1974. Among the 89 schools using
settlement names, 48 (53.9%) have school names based on the current names of settlements that were
Greek Cypriot settlements before 1974. In contrast, current settlement names associated with Turkish
settlements before 1974 are used in 22 schools (24.7%), while current settlement names associated with
mixed Turkish—Greek Cypriot settlements are used in 19 schools (21.4%).

This finding constitutes the central result of the study. The findings indicate that the current settlement
names used in school naming practices are largely rooted in areas that had Greek Cypriot settlement
characteristics before 1974. This does not result from the use of former Greek place names in school
names; rather, it reflects the incorporation of the new names assigned to these settlements after 1974 into
the names of public schools. Therefore, the study demonstrates that the historical settlement structure is
reproduced in contemporary school naming practices through currently used settlement names.

The findings further indicate that school names are not merely administrative expressions used to identify
educational institutions; they also function as symbolic instruments contributing to the dissemination and
public visibility of current settlement names. Particularly, the more frequent use of settlement names at
the primary school level suggests that students encounter and recognize the settlements in which they
live through these current place names from the early stages of their educational experiences. In this
respect, schools can be considered public institutions that contribute to the visibility, normalization, and
intergenerational transmission of newly adopted settlement names.

In conclusion, this study represents one of the first comprehensive studies examining the naming
structures of public schools in the TRNC not only from an educational administration perspective but
also through the framework of critical toponymy. The findings reveal that the current settlement names
used in public schools increase the visibility of the settlement system established after 1974 within the
public sphere and demonstrate that educational institutions function as important carriers of this process.
In this sense, school names should be evaluated not merely as labels identifying educational institutions
but also as symbolic indicators of spatial belonging, collective memory, and the institutionalization of
place names within the education system.

Recommendations

Based on the findings of the study, the following recommendations can be proposed:

1. Historical settlement data should be systematically considered in school naming processes. When
determining new school names, the historical development of settlements, changes in place names,
and cultural heritage elements should be evaluated together.

2. A digital inventory related to school names and settlement names should be established within the
Ministry of National Education of the TRNC. This inventory should record information such as the
establishment year of schools, the settlement in which they are located, the historical development of
the settlement name used, and any previous name changes.

3. School naming policies should be examined regularly from the perspectives of educational history
and toponymy. In this way, the ways in which settlement names become widespread in the public
sphere through educational institutions can be monitored over the long term.

4. Greater emphasis may be placed on the historical development of settlement names within
educational programs. Enabling students to understand the historical and cultural transformations of
their surrounding environment may contribute to the development of spatial awareness and a sense
of belonging.
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5. Future studies may examine school names in relation to different variables. In particular, comparative
analyses may be conducted on the use of personal names, historical figures, national symbols, and
settlement names in school naming practices. Furthermore, comparisons between school naming
policies in the TRNC and other countries may provide new research opportunities contributing to the
international literature.

In conclusion, this study can be considered one of the first comprehensive studies examining the naming
structures of public schools in the TRNC within the framework of the historical transformation of
settlement names. The findings demonstrate that school names are not merely expressions identifying
educational institutions; rather, they contribute to the public recognition of current settlement names,
strengthen spatial belonging, and represent visible reflections of historical transformation within the
education system. In this respect, the study contributes to the literature by examining school names
through the perspective of critical toponymy and by highlighting the role of educational institution
naming in the reproduction of historical memory, spatial identity, and public belonging.
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Impact of E-Government Indicators on Tax Revenues in Algeria:
Econometric Study for the Period 2003—-2025

Zahra Abbas'" ", Asma Khelil' **', and Djamila Menidjel?

Abstract. This study measures the impact of e-government indicators—namely the E-Government
Development Index (EGDI), the Online Service Index (OS1), and the Human Capital Index (HCI)—on
tax revenues in Algeria over 2003—2025. Using an ARDL model, the study uses annual time-series data.
The bounds testing approach confirms a long-run cointegration relationship among the variables. The
error correction term is estimated at -0.51, which is negative and statistically significant, indicating that
about 51% of short-run disequilibrium is corrected within one period toward long-run equilibrium. In
the short run, the Human Capital Index (HCI) shows a positive and significant effect on tax revenues. In
the long run, all three indicators—EGDI, OSI, and HCI—exhibit positive and significant effects, with a
1% increase in each leading to a 0.15%, 0.14%, and 0.45% increase in tax revenues, respectively.
Diagnostic tests confirm the model is free from autocorrelation, heteroskedasticity, and specification
errors, with stable parameters and normally distributed residuals. These results confirm that e-
government development, improved digital services, and human capital investment enhance tax
administration efficiency, broaden the tax base, and increase tax compliance, thereby supporting fiscal
sustainability in Algeria.
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sustainability
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Elektron hokumat gostaricilorinin 9dlcazairdd vergi
daxilolmalarina tasiri: 2003-2025-ci illor uizrs
ekonometrik tadqiqat

Zoahra Abbas' "/, 9sma Xalil' **/, Comilo Menidjel?

Xiilasa. Bu tadqgiqat 2003—2025-ci illor arzinda Olcazairdas elektron hokumat gostaricilorinin — xiisusila
elektron hékumotin inkisafi indeksi (EGDI), onlayn xidmatlor indeksi (OSI) va insan kapitali indeksi
(HCI) — vergi galirlorina tasirini qiymoatlondirir. Tadqiqatda illik zaman siralart malumatlarindan va
ARDL modelindon istifads olunur. Sarhad testi (bounds testing) yanasmasi dayisanlor arasinda
uzunmiiddatli kointeqrasiya alaqasinin mévcudlugunu tasdiqlayir.
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Sahviarin diizaldilmasi amsalr -0,51 olaraq miiayyan edilmisdir; manfi va statistik cohatdon ahamiyyatli
olan bu gostarici qusamiiddoatli tarazsiziigin toxminan 51%-nin bir dovr arzinda uzunmiiddatli tarazhq
istigamatinda diizaldildiyini niimayis etdirir. Qisamiiddatli dévrds insan kapitali indeksi (HCI) vergi
galirlorina miisbat va ahamiyyatli tasir gostorir. Uzunmiiddatli dévrda isa har ti¢ gostarici — EGDI, OSI
va HCI — miisbat vo ahamiyyatli tasira malikdir, bels ki, har bir gostoricidoki 1%-lik artim vergi
galirlorinda miivafiq olaraq 0,15%, 0,14% va 0,45% artima sabab olur. Diagnostik testlor modelin
avtokorrelyasiya, heteroskedastiklik va spesifikasiya xatalarindan azad oldugunu, hamginin sabit
parametrlora va normal paylanmis qaliglara malik oldugunu tasdiglayir. Bu naticalor tasdiqlayir ki,
elektron hokumoatin inkigafi, roqoamsal xidmoatlorin tokmillosdirilmasi va insan kapitalina investisiyalar
vergi inzibat¢iliginin somoraliliyini artirir, vergi bazasini genislondirir va vergi 6hdaliklarine riayat
olunmaswni giiclondirir, bununla da Olcazairds fiskal dayaniqhiga dastok verir.

Acar sozlar: elektron hokumat, vergi galirlori, ARDL modeli, kointeqrasiya, sahvlorin diizaldilmasi, fiskal
dayaniqliq
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1. Introduction

Tax revenue plays a crucial role in government spending. It provides an indigenous source from which
the government can collect funds for social and fiscal policies as well as government spending. Tax
revenues are not only a function of the levels of taxation but also depend on the coverage and
effectiveness of a taxation system. For example, information collection, monitoring of declarations,
timely collection and coverage of taxpayers are factors in tax effectiveness. Thus, better tax
administration is increasingly reliant on tools that enhance compliance while reducing compliance costs
and tax evasion. Furthermore, domestic revenue mobilization has also been found to play a key role in
decreasing reliance on external financing as well as in funding development, especially in developing
countries (Tolossa & Melese, 2024).

E-government has altered the relationship between a government and the general public. Through the
transition to digital services, information dissemination has improved, paper usage has been reduced, and
the number of services that can be delivered has also increased. In taxation, digitalization has occurred
through information integration, electronic filing, electronic payments and the use of digital information
in monitoring and compliance. E-government has also transitioned from service delivery over a distance
to information utilization and information generation within decision-making. In taxation, the speed and
quality of information can have an influence on compliance and effective monitoring. High-quality and
timely information may allow risk targeting and non-compliance to be identified effectively (Zidkova et
al., 2024).

Digitalization can have an influence on the economy through reducing compliance costs associated with

taxation. When information is accessible, payments and filing are simplified, and compliance costs are
reduced. Digital information may also help in cross-checking information from multiple sources and may
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help in the identification of underreporting and misreporting. Therefore, e-government can be applied in
two forms: on the taxpayer through enhanced compliance and on the side of tax administration through
enhanced monitoring. A study using 1,677 country-year data from 2006 to 2017 found that digitalization
of government services can reduce tax evasion, and the diffusion of information and communication
technologies (ICT) to individuals can enhance this relationship (Uyar et al., 2021).

Digitalization is not guaranteed to lead to an enhancement in tax revenues. The influence of digitalization
may also be influenced by the institutional quality of government institutions, by the digital capacities of
institutions and taxpayers or by available infrastructure. A study using country-year data for up to 159
countries from 2004 to 2021 found that digitalization does not necessarily have a direct influence on the
non-resource revenue-to-GDP ratio. However, digitalization may have a larger influence when combined
with enhanced institutional quality, especially with regard to regulatory and accountability quality. This
highlights the influence of institutional quality on the relationship between digitalization and revenue
mobilization (Lee, 2025).

Another influence of digitalization may be in reducing the difference between taxes paid and taxes
collected. Zidkova et al. (2024) used the E-Government Development Index to measure the relationship
between the level of e-government and VAT collection in EU countries. This is relevant because it links
digitalization to a specific measure of tax revenue (VAT gap). The study also found a positive
relationship between e-government and VAT collection. This supports the influence of digitalization on
tax administration through enhanced information and services (Zidkova et al., 2024).

Tolossa and Melese (2024) used the E-Government Development Index as an explanatory variable and
attempted to determine factors that influence the mobilization of tax revenue in 30 Sub-Saharan African
countries between 2003 and 2022. The study also found that, in addition to economic variables, the e-
government index can explain tax effort in a PCSE model.

This is important for developing countries because digitalization is now one of many variables that can
be used to explain domestic revenue mobilization, and not only an issue related to administration but also
a policy issue (Tolossa & Melese, 2024).

There have also been some studies that question the relationship between digitalization and tax revenues
and whether it is only a linear relationship between digitalization and increased tax revenue. Hanrahan
(2026) used panel data of OECD governments between 1995 and 2018 and a digitization index based on
IP data to investigate the influence of digitalization on the composition of government tax revenue. The
study found that digitalization influenced the composition of tax revenue. This may indicate that the
influence of digitalization depends on the property being taxed. Alternatively, digitalization may
influence compliance or revenue collection but not the composition of revenue (Hanrahan, 2026).

Digitalization of a taxation system may also influence taxpayer behavior. Recently, Bi et al. (2026)
utilized a quasi-natural experiment that involved the implementation of the “Internet Plus Government
Services” program in China and found that as e-government expanded, there was a decline in corporate
tax evasion and an increase in the effective tax rate. This supports the influence of e-government on
taxpayer behavior because digital government services have been shown to increase the monitoring
capacity of the tax administration while also increasing the cost to engage in economic activity while
hiding it from the tax administration (Bi et al., 2026).

Digitalization is seen as having an important influence on tax improvement. However, the size and
persistence of this influence are mixed. Some studies have found a positive influence of digitalization on
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tax revenue collection or reduced tax evasion (Kuzey et al., 2025; Uyar et al., 2021). However, other
studies have found that the influence of digitalization may depend on institutional quality or may not
influence all aspects of a tax system. Additionally, the influence of digitalization may also depend on the
index used to measure digitalization. For example, some studies use tax administration digitalization,
ICT diffusion, diffusion of e-government services or the E-Government Development Index (Uyar et al.,
2021; Zidkova et al., 2024; Hanrahan, 2026).

There is therefore a research gap. While there is an increasing amount of international research that links
digitalization to revenue mobilization, more empirical research is needed to test this relationship in
Algeria over a long time period. Additionally, different indicators are used to measure e-government
across international research, and the relationship between e-government and revenue mobilization also
differs. This is especially important for the Algerian economy because the influence of digitalization may
also differ from a country with more established digital and institutional capabilities. This study will
examine the relationship between e-government indicators and tax revenues in Algeria using
cointegration analysis. The statistical significance of e-government indicators will also be tested, and the
time period will cover 2003 to 2025.

Based on this gap, the research problem centers on the following main question:
To what extent do e-government indicators affect tax revenues in Algeria over the period 2003—2025?
The following sub-question branches from this main question:

Is there a cointegration relationship between e-government indicators and tax revenues in Algeria over
2003-2025, and is there a statistically significant impact between e-government indicators and tax
revenues in Algeria over the same period?

This study provides relevant connections between two rapidly converging domains within the
contemporary public finance literature: digitalization of the state and the mobilization of resources from
taxation. It also evaluates the connection between e-government and tax revenue in a developing country
across different stages of e-government development. From a research point of view, this study tries to
test this causal relationship in a developing economy using data that also spans varying degrees of e-
government. From a policy point of view, this study will also facilitate evaluation of whether or not
implementation of digitalization has helped enhance the ability of the government to mobilize tax
revenues or whether further regulatory and institutional reforms are necessary to enhance this
relationship.

This study aims to evaluate the effect of e-government indicators on tax revenues in Algeria over the
period 2003 to 2025. Furthermore, this study aims to estimate the statistically significant effect of e-
government indicators on tax revenue. It also tries to identify the long-run linkages among the variables
and whether there exists a cointegration relationship among the variables. This study will attempt to
evaluate the economic relationship between e-government and tax revenue using econometric methods
rather than just the dynamics between the variables.

Annual data are used from the year 2003 to 2025. The dependent variable is tax revenue, and the
independent variables are e-government indicators. Initially, the characteristics and stationarity of the
data are examined. Next, a test for cointegration among the variables is conducted. Based on the
characteristics of the data, appropriate econometric methods are used to estimate both the short-run and
long-run relationships. An important objective of this study is to differentiate between short-run and
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long-run relationships. This is particularly important when dealing with slowly evolving economic
variables.

This study has three areas of relevance that are closely related to one another. Firstly, this study provides
up-to-date empirical evidence on the Algerian context extending up to the year 2025. Secondly, this study
uses e-government through indicators rather than using a general definition of digitalization in the
government. Finally, this study utilizes testing of effects and testing for cointegration. This enables
identification of whether changes in e-government indicators are only related to tax revenue in the short
run or whether there exists a longer-run economic relationship. This study therefore aims to address some
of the evidence gap on the relationship between digitalization and tax performance in Algeria.

Based on the above, the study proceeds from the following two hypotheses:

e First Hypothesis: There is a cointegration relationship between e-government indicators and tax
revenues in Algeria over the period (2003—-2025), at a significance level of a < 0.05.

e Second Hypothesis: There is a statistically significant impact between e-government indicators and
tax revenues in Algeria over the period (2003-2025), at a significance level of o < 0.05.

2. Methods

Recent empirical studies have increasingly used statistical and econometric techniques to examine
relationships between economic variables and provide evidence on both short- and long-run dynamics of
the studied phenomena. This study examines the relationship between e-government indicators and tax
revenues in Algeria using the Autoregressive Distributed Lag (ARDL) model over the period 2003 to
2025. ARDL is used because it allows the short-run and long-run relationships to be determined, as well
as the dynamic relationship between the variables in the model. Data on Algeria were obtained from the
World Bank, the International Monetary Fund (IMF) and the Organization for Economic Co-operation
and Development (OECD) for the period 2003 to 2025. These sources are globally accepted and reliable.
The variables are relevant to the relationship between e-government and tax revenues, and the data cover
Algeria over the study period.

The study intends to use this methodology to examine the contribution of e-government reforms to
changes in tax revenue in Algeria, while also considering the long-run and dynamic relationship between
the variables. Based on economic theory, past research conducted on this subject and the nature of the
Algerian economy, the independent variables, e-government indicators (EGDI, OSI, HCI), will be used
to explain the dependent variable, tax revenues (TAXREV_ GDP). The appropriate model for the
dependent variable will be identified based on the data used and the study's assumptions. We will use
EViews 13 for estimation. A linear model will be employed because it aligns with the research problem
and economic theory.

We obtain the Autoregressive Distributed Lag (ARDL) model with the following equation for the
dependent variable, tax revenues (TAXREV_GDP):

TAXREV_GDP = f(EGDI, OSI, HCI) T = 2003-2025

The explicit linear form of the proposed model is:

ATAXREV_GDP = oo + Zi=i? f1; ATAXREV_GDP

+ Xi-0? B2j AEGDIj + Xi—or Bak AOSI—

+ X=0° B41 AHCI 4 + ou EGDI—

+ o2 OSIi-1 + a3 HCI -

+ &
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Where:

e A denotes first differences.

® p,q,r,s represent the maximum lag lengths for the dependent and independent variables.
e i, B2, B3, P4 are short-run coefficients (error correction model).

® o, 02, a3 are long-run coefficients.

EGDI: E-Government Development Index (independent variable)
OSI: Online Service Index (independent variable)

HCI: Human Capital Index (independent variable)
TAXREV_GDP: Tax revenues (dependent variable)

3. Results and Discussion
3.1 Stationarity Test of Time Series

Stationarity of a time series is tested based on the presence of a unit root. If a unit root is present, the
series 1s non-stationary because of spurious trends, which is undesirable in econometric analysis. Various
tests can be used to test for stationarity. One such test is the Augmented Dickey-Fuller (ADF) test.
EViews automatically selected the appropriate number of lags for stationarity testing.

Table 1
Results of stationarity tests for study variables
Variabl At Level: Trend Result At First Result Integra
e & Intercept Difference: tion
Trend &
Intercept
EGDI -1.83 (0.65) Non- -3.37 (0.00) Stationary  I(1)
stationary
OSI -1.79 (0.66) Non- -4.40 (0.01) Stationary  I(1)
stationary
HCI -2.98 (0.15) Non- -3.60 (0.04) Stationary  I(1)
stationary
TAXR -2.26 (0.43) Non- -5.50 (0.00) Stationary  1(1)
EV_GD stationary
P

Source. Prepared by the researchers based on outputs from EViews 13.

In Table 1, the ADF test results indicate that all the study variables (EGDI, OSI, HCI and percentage of
tax revenues to GDP, TAXREV_GDP) are non-stationary in levels. This is because all variables have p-
values greater than 0.05 (5%). However, as all p-values are smaller than 0.05 (5%), all variables become
stationary after taking first differences, so we reject the unit-root null hypothesis for all variables. This
indicates that every variable under investigation is integrated of order one, I(1), and there is no evidence
that any variable is integrated of order two, I(2). This satisfies the ARDL bounds-testing approach's
stationarity condition.
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Optimal Lag Length Selection

Based on the AIC criterion, we selected the optimal lag structure. The ARDL (1,0,1,0) model was found
to be the best, as shown in the following figure:

Akaike Information Criteria (top 20 models)
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Figure 1

Optimal lag length selection results

Source. Prepared by the researchers based on outputs from EViews 13.

Figure 1 depicts the output of selecting the optimal ARDL model using the Akaike Information Criterion
(AIC). The top 20 models were selected according to their AIC values. The analysis showed that the
ARDL(1,0,1,0,1) model best captured the relationship among the study variables, as it had the lowest
AIC value (approximately -3.38) compared with the other models. This is because a smaller AIC value
indicates a better balance between model complexity and estimation performance. Therefore, the
ARDL(1,0,1,0,1) model was selected to estimate short- and long-term relationships and conduct
cointegration analysis.
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3.2 Bounds Test for Cointegration

Table 2
Bounds test for cointegration

F-Bounds Test Mull Hypothesis: Mo levels relationship
Test Statistic Value Signif. [{0) (1)
Asymptotic: n=1000
F-statistic 5.034821 10% 237 3.2
k 3 5% 279 3.67
2 5% 3.15 4.08
1% 3.65 4 66
Actual 3ample Size 22 Finite 3ample: n=35
10% 2618 3.532
5% 3.164 4,194
1% 4 428 5.816

Source. Prepared by the researchers based on outputs from EViews 13.

Table 2 presents the cointegration test results using the Bounds Testing approach. In this test, the F-
statistic value is found to be equal to 5.034821, which is greater than the upper bound critical value at
I(1) for finite samples at the 5% and 10% levels, which are 4.194 and 3.532, respectively. Therefore, we
accept the alternative hypothesis of cointegration and reject the null hypothesis of no long-run
cointegration among the study variables. This implies that a long-run relationship exists between e-
government indicators (OSI, HCI, EGDI) and tax revenues (TAXREV_ GDP). Therefore, using the
ARDL model to analyze both short- and long-run relationships is justified.

3.3 Estimation of the Study Model Parameters for the Dependent Variable Tax Revenues
(TAXREV_GDP)

After confirming the existence of a cointegration relationship among the variables, we estimated the
following model:
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Table 3

Study model estimation using ARDL(1,0,1,0)

Dependent Variable: TAXREY_GDP
Method: ARDL

Date: 06/26/26 Time: 19:22
Sample (adjusted): 2004 2025

Included observations: 22 after adjustments

Maximum dependent lags: 1 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Cynamic regressaors (2 lags, automaticy OS5I HCI EGDI

Fixed regressars: C
Mumber of models evalulated: 27
Selected Model: ARDL{1, 0,1, 0)

Mote: final equation sample is larger than selection sample

Wariable Coefficient Std. Error t-Statistic Prob.*
TAXREV_GDP{-1) 0482100 0207836 2319622 0.0339
03l 0488965 02201497 2220677 0.0412
HCI 0400863 0.581440 0.689433 0.5004
HCI-1) -0.7900649 0562672  -1.404138 01794

EGDI -0.494494 0212388  -2.328257 0.0333

C 0487078 0.250421 1.8945040 0.0696
R-squared 0720254 Mean dependentvar 0.255719
Adjusted R-sgquared 0632834 5.0. dependentwvar 0.063575
S.E. ofregression 0.038523 Akaike info criterion -3.448133
Sum squared resid 0023744 Schwarz criterion -3.150576
Log likelihood 4392947 Hannan-Cuinn criter. -3.378038
F-statistic 8.238957 Durbin-Watson stat 2311405

Prob(F-statistic) 0.000517

*Mote: pvalues and any subseqguent tests do not account for model

selection.

Source. Prepared by the researchers based on outputs from EViews 13.

In Table 3, the ARDL(1,0,1,0) model estimation has significant explanatory power, as evidenced by an
R? value of approximately 0.72. This indicates that the explanatory variables explain approximately
72.02% of the variation in TAXREV_ GDP, while the remaining variation is attributed to other
unaccounted factors. Adjusted R? is approximately 0.6328, which is also relatively large given the

number of variables in the model and indicates a good fit.

The overall model appears significant and captures some of the dynamics in the study variables. The
model's F statistic is around 8.23, with a p-value of 0.00 at the 5% significance level. Moreover, the error
terms show no significant autocorrelation, as the Durbin-Watson statistic is 2.23, close to 2. The Akaike
Information Criterion (AIC) value of -3.44 is used to select the best model from a set of alternative
models. Thus, the estimated model shows good explanatory power and statistical efficiency and can be

used to estimate the effect of e-government indicators on tax revenue.
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3.4 Model Diagnostic Testing

Based on the ARDL(1,0,1,0) model for estimating short-run and long-run effects, the model's
performance quality must be verified using the following tests:

3.4.1 Autocorrelation Test (Breusch-Godfrey LM Test)

From the test results shown in Table 4 below, the model shows no autocorrelation. The chi-square statistic
is 0.45, which is greater than the critical value of 0.05. Therefore, we accept the null hypothesis that there
is no serial correlation in the residuals.

Table 4
Breusch-Godfrey serial correlation LM Test

Heteroskedasticity Test: Breusch-Pagan-Godfrey
Mull hypothesis: Homoskedasticity

F-statistic 0.868740 Prob. F(5,16) 0.5232
Obs*R-squared 4 697345 Prob. Chi-Square(s) 0.4539
Scaled explained 335 3213946 Prob. Chi-Square(s) 0.6670

Source. Prepared by the researchers based on outputs from EViews 13.
3.4.2 Heteroskedasticity Test (ARCH Test)

The test results in Table 5 show that the Prob. Chi-Square value is 0.30, which is greater than 0.05.
Therefore, we accept the null hypothesis that the residuals are homoskedastic and free from
heteroskedasticity.

Table S
Heteroskedasticity test — ARCH

Heteroskedasticity Test: ARCH

F-statistic 1.004282 Prob. F(1,19) 0.3289
Obs*R-squared 1.054271 Prob. Chi-Sguare(1) 0.3045

Source. Prepared by the researchers based on outputs from EViews 13.
3.4.3. Residual Normality Test (Histogram - Jarque-Bera Test)
The Prob. Jarque-Bera value is 0.58, which is higher than the 0.05 significance level, according to the

test results in Figure 2. As a result, the null hypothesis that the residuals are normally distributed is not
rejected.
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° Series: Residuals
7 Sample 2004 2025
6 Observations 22
5 Mean 1.51e-16
A Median -0.003317
Maximum 0.062559
3 Minimum  -0.088155
5 Std. Dev. 0.033625
Skewness ~ -0.454783
- Kurtosis 3.587149
0 10 0. 05 Jarque-Bera  1.074383
Probability ~ 0.584387

Figure 2
Normality test - histogram jarque-bera

Source. Prepared by the researchers based on outputs from EViews 13.

3.4.4. Stability Test

Structural stability of the forecasted coefficients in the error correction models using the ARDL method
can be ascertained if both the CUSUM and CUSUM of Squares plots lie within the critical region at the
5% significance level in order to ensure that there were no structural breaks in the data. CUSUM and
CUSUM of Squares tests were used, which were proposed by Brown et al. (1975). This followed standard

practice in most studies. The results are depicted in Figure 3:
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2010 2012 2014 2016 2018 2020 2022 2024

CuUsSU N 524 Significance
1.6
1.2

0.8

2010 2012 2014 2016 2018 2020 2022 2024

CUsSUM of Squares 5% Significance

Figure 3
Stability test results (CUSUM and CUSUM of Squares)

Source. Prepared by the researchers based on outputs from EViews 13.

From the figure above, we observe that both the CUSUM and CUSUM of Squares plots remain within
the critical bounds at the 5% significance level. Therefore, we accept the model's stability, noting that it
remains stable during a certain period toward the end of the study period.

3.4.5. Ramsey RESET Test

A specification test verifies that the econometric model is correctly specified in both functional form and
econometric specification. It can help identify issues such as omitted important variables or an incorrect
functional form. The null hypothesis states that the model is correctly specified, while the alternative
hypothesis states that there is a specification issue. This test helps establish the reliability of the model's
results and the soundness of inferences drawn from it (Table 6).
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Table 6
Ramsey reset test results

Ramsey RESET Test

Equation: UNTITLED

Omitted Variables: Powers of fitted values from 2o 4

Specification: TAXREY_GDP TAXREV_GDP{-1) OSI HCI HCK-1) EGDI C

Value df Probakbility
F-statistic 2424688 (3, 13) 01124
Likelihood ratio 9 FTGE647 3 0.0206
F-test summary:

Sum of 3q. df Mean Squares

Test 35R 0.0085149 3 0.002840
Restricted S5R 0.023744 16 0.001484
Unrestricted SSR 0.015225 13 0.001171
LR test summary:

Yalue
Restricted LogL 43.92947
Lnrestricted LoglL 43.817749

Source. Prepared by the researchers based on outputs from EViews 13.

A specification test confirms that the econometric model is correctly specified in terms of both functional
form and econometric specification. It can also help detect problems such as omitted important variables
or an incorrect functional form. Null hypothesis: the model is correctly specified. Alternative hypothesis:
a specification issue exists. There is no statistical indication that any important variables are missing
from the model, and the model has the correct functional form. In this instance, the F statistic is more
suitable for small samples, so it is used rather than the Likelihood Ratio test, which produced a p-value
0f 0.0206. The model is therefore assumed to be correctly specified, and results can be interpreted.

3.4.6. Breusch—Godfrey Serial Correlation LM Test

Serial correlation commonly arises in econometric analysis, especially in time series regression data. If
there is serial correlation, OLS estimators may be unbiased but inefficient. A more advanced test can
identify the presence of serial correlation. This is the Breusch-Godfrey Lagrange Multiplier (LM) test. It
tests for serial correlation of several orders in the residual series from a regression. Unlike other tests,
the Breusch-Godfrey LM test can be used in a regression that includes lagged values of the dependent
variable. The test uses either the F or Chi-square test to test the significance of the correlation in the
residuals. It therefore tests the null hypothesis that there is no serial correlation in the random errors
(Table 7).
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Table 7
Breusch—Godfrey serial correlation LM test results

Breusch-Godfrey Serial Correlation LM Test:
Mull hypothesis: Mo serial correlation at up to 2 lags

F-statistic 1.250978  Prob. F(Z 14) 0.3163
Obs*R-squared 3335649  Prob. Chi-Square(2) 01887

Source. Prepared by the researchers based on outputs from EViews 13.

The probabilities associated with the Obs*R-squared and F statistics from the Breusch-Godfrey Serial
Correlation LM Test are 0.1887 and 0.3163, respectively. Because both are above 5%, we cannot reject
the null hypothesis that the residuals have no serial correlation. This is desirable because it means the
model's error terms have no autocorrelation or time dependence. This increases confidence in the
parameter estimates and statistical inferences.

3.5. Estimation of Short-Run and Long-Run Relationships and the Error Correction Model
3.5.1 Short-Run Relationship Estimation and the Error Correction Model

An Error Correction Model (ECM) with the research variables in their first-difference form is used to
estimate the short-run association. The rate at which short-run disequilibrium transitions to long-run
equilibrium is represented by the one-period lag included in the error correction term. A long-term
association is demonstrated by a negative and statistically significant error correction coefficient (p <
0.05). The pace of adjustment to equilibrium is indicated by the value of this coefficient. Table § displays
the outcomes of the short-run relationship and the error correction model:

Table 8
Error correction model estimation for the short-run relationship (ARDL Model)

ARDL Error Carrection Regression
Dependent Variable: DITAXREY_GDP)
Selected Model: ARDL{1, 0,1, 0)

Case 2: Restricted Constant and Mo Trend
Diate: 06/26/26 Time: 19:52

Sample: 2003 2025

Included observations: 22

ECM Regression
Case 2: Restricted Constant and Mo Trend

Wariable Coefficient Std. Errar t-Statistic Praob.
D{HCI) 0.400863 0037282 10.75671 0.0000
CointEg(-1)* -0.517900 0145225  -3.5G66179 0.0026

Source. Prepared by the researchers based on outputs from EViews 13.
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The relationship can be explained as follows:

We can observe a long-term equilibrium relationship between the variables under investigation based on
the error correction estimates. The error correction coefficient (cointeq(-1) = 0.51) is statistically
significant and negative. This indicates that the variables have a short-run equilibrium relationship that
adapts to the long-run equilibrium. A reasonable adjustment rate is shown by an error correction
coefficient of -0.51, which suggests that roughly 51% of the short-run disequilibrium is rectified in a
single session. We can also observe that the research variables are cointegrated, based on the short-run
connections mentioned above.

The Human Capital Index coefficient shows a significant, positive relationship with tax revenue
(TAXREV_GDP). A 1% rise in HCI results in a 0.40% rise in tax revenue. This is likely because human
capital promotes governance and economic efficiency. Better health, skills and education translate into
higher productivity, higher employment and income, more taxpayers and ultimately higher revenue.

3.5.2. Interpretation of Long-Run Results
After confirming the existence of a long-run relationship, the long-run coefficients should be obtained.

Table 9
Long-run coefficients estimation results (ARDL Model)

Levels Equation
Case 2: Restricted Constant and Mo Trend

Variable Coefficient Std. Error t-Statistic Prab.
05l 0144129 0.034652 4 160601 0.0006
HCl 0.451507 0.140765 3207012 0.00449
EGDI 0154806 0032297 4783501 0.0001

c 0.940487 0.585183 1.580166 0.1336

Source. Prepared by the researchers based on outputs from EViews 13.
The long-run findings from Table 9 are as follows:

Tax revenues (TAXREV_GDP) are positively and significantly related to the coefficient for the E-
Government Development Index (EGDI). A 1% rise in EGDI is associated with a 0.15% rise in tax
revenues. This suggests that increasing the level of e-government can improve tax administration by
simplifying services, increasing compliance and improving efficiency, which can result in higher tax
revenues.

Tax revenues (TAXREV_GDP) are positively and significantly related to the coefficient for the Online
Service Index (OSI). A 1% rise in OSI results in a 0.14% rise in tax revenues. This suggests that by
increasing the level and quality of e-government services, taxpayers can more easily interact with tax
services (registration, filing and payment), which can in turn reduce the time, effort and costs associated
with tax compliance. Digital tax services can improve data accuracy, facilitate inter-agency information
sharing and reduce corruption and errors, which can lead to a larger tax base, more efficient tax collection
and higher tax revenues. This coefficient also suggests that spending on e-services can strengthen the tax
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administration's capacity to raise resources and improve overall government performance during e-
government implementation.

The coefficient for the Human Capital Index (HCI) and tax revenues (TAXREV_GDP) is positive and
significant. A 1% rise in HCI results in a 0.45% rise in tax revenues. This suggests that building human
capital (digital skills, literacy and education) can increase the efficiency of tax administration and
facilitate the use of modern technologies in tax administration and tax collection. Increased digital and
general skills among taxpayers can also lead to higher compliance, lower costs and errors, higher-quality
interactions with e-services, and increased tax revenues. This finding suggests that building human
capital is essential for successful e-government implementation and for improving the efficiency of the
tax administration.

=

. Findings and Hypothesis Testing

e All the variables in the model were found to be integrated of order one, I(1).

e A cointegration relationship exists between e-government indicators and tax revenues, and a long-
run equilibrium relationship was found using the Bounds Test.

e The F-statistic value (5.034821) in this study is greater than the upper critical value at the 5%
significance level.

e Indeed, the first hypothesis is confirmed, as there exists a cointegration relationship between tax
revenues and e-government indicators in Algeria for the period 2003-2025 at a 5 percent significance
level (a < 0.05).

e The ARDL model estimation results show that the model is statistically significant and has good
explanatory power. Diagnostic tests also confirm normality of error distributions, stability of
parameter estimates and proper model specification. Further, the model shows no heteroskedasticity
or autocorrelation.

e The short-run error correction term is negative and statistically significant. This implies that the
system adjusts rapidly to the long-run equilibrium and corrects disequilibrium.

e The results in this study also reveal a positive and significant influence of OSI, HCI and EGDI on tax
revenue over time. It can therefore be said that investments in human resources, improved digital
services and e-government development all play a role in enhancing tax administration, compliance
and tax revenue. This highlights the importance of digitalization to Algeria's fiscal health.

e This finding is also in line with hypothesis 2, which posits that "There is a statistically significant

impact of e-government indicators on tax revenues in Algeria over the period 2003-2025, at a

significance level of a <0.05."

5. Conclusion

The findings affirm a significant, positive relationship between e-government indicators and tax
collection. This supports the importance of e-government in effective tax administration. Additionally,
the study has found that the development of e-government services, e-government infrastructure and the
improvement of the capacity of e-government within a government can enhance tax compliance,
transparency, the expansion of the tax base, and the effectiveness of tax collection, all leading to
increased revenues and, ultimately, government financial health. These findings align with the economic
literature, which has found that e-government can enhance the efficiency of fiscal management and
resource mobilization.
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implemented on the “Tamra Capital” fintech platform, a pioneer in Gulf Cooperation Council countries,
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investment allocation strategy, it includes rebalancing dynamics and the ability to deliver performance
that covers fees and Zakat. The “Aggressive Tamra” strategy recovered strongly from the shock in
March 2025 and delivered a return of over 107%,; by mid-2026, it outperformed the nearest rival by
23.82%. Based on these findings, it was suggested to implement a multidisciplinary supervisory system,
impose cyclical supervision on algorithm transparency, improve reporting of net returns after fees and
Zakat; design a variety of Islamic products with a longer investment horizon (beyond two years) that can
effectively ride volatility and deliver compounded returns.
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Investisiya portfeli galirlorinin idars edilmasindos va
artirllmasinda robo-maslohatcinin effektivliyi: "Tamra Capital"
platformasinin analitik va qiymatlondirici tadqiqi

Drifa Qezali

Xiilasa. Bu tadgiqat Korfoz Omakdashq Surasi 6lkalorinda gabagcil olan va avtomatlasdirilmis Islam
sistemlarinda likvidlik inteqrasiyasina téhfo vermoaklo va kigik investorlarin istirakini artirmagqla
Saudiyya Orabistant Vizyonu 2030 ilo uygunlasan "Tamra Capital” fintech platformasinda tatbiq olunan
risk va investisiya optimallagsdirma strategiyalarimin performansint qgiymoatlondirdi. Biz askar etdik ki,
robo-maslohatcilorin  alava dayari investisiva bolgiisii strategiyasindan konara ¢ixir; buraya
balanslasdirma dinamikasi va haqlari va zakati ahata edan performans tomin etmak qabiliyyati daxildir.
"Agressiv Tamra" strategiyasi 2025-ci ilin mart ayinda sokdan giiclii bir barpa niimayis etdirdi va 107%-
dan ¢ox galir alds etdi; 2026-c1 ilin ortalarina qadar an yaxin raqibini 23,82% iistaladi.
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Bu tapintilara asasan, ¢oxsahali nazarat sisteminin tatbiqi; algoritm saffafligina dovri nazaratin tatbiqi;
haqlari va zakati 6dadikdan sonra xalis galirlorin hesabathihiginin yaxsilagdirilmasi,; dayiskanliyi effektiv
sakilds idara eda va miirakkab galirlor vera bilon daha uzun investisiya iifiiqiina (iki ildon ¢ox) malik
miixtalif Islam mahsullar: dizayn etmak taklif edildi.

Acar sozlor: Robo-moaslohatci, Tamra kapital, dinamik yenidan balanslasdirma, Islam investisiya
portfellari, risklarin idara edilmasi
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1. Introduction
1.1. Context and Background

The field of finance and banking, as well as financial advisory, has experienced significant innovation
through digitalization, given the rapid evolution of technology. Digitalization, however, has evolved
beyond a technology upgrade. Digitalization is now a change in how financial products are delivered,
enabling innovation, operational efficiency, business growth and improved customer experience in
finance and banking.

The implementation of Artificial Intelligence in Banking (AIB) and Robo-advisory has changed the way
investment is delivered. It has reduced the need for high-skill, high-time, and high-cost processes. Robo-
advisory uses data and algorithms to create personalised investments while reducing ‘human’
involvement and costs. This has democratised investing, as more people can now invest. Before this,
only High-Net-Worth Individuals (HNWIs) could utilise these types of investment products.

"Tamra Capital" is a robo-advisor used in the investment market in Saudi Arabia. It uses artificial
intelligence and algorithms to allocate and manage investments in accordance with "Modern Portfolio
Theory" (MPT) and Islamic investing.

1.2. Research Problem: Hence, the research problem is raised as follows:

To what extent do robo-advisors on the "Tamra Capital" platform aid investment portfolio management
and performance?

The main research question was split into the following sub-questions in order to address the elements
of the research:

e What is a robo-advisor? What technology and financial tools does it use to handle investment
portfolios?

e What are the differences between a human wealth management service and an automated service?

e How effective is the investment allocation strategy used on the Tamra Capital platform at optimizing
investor performance while also managing risk?
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1.3. Research Hypotheses:

This research hypothesizes that the robo-advising used on the Tamra Capital platform supports effective
investment portfolio management by lowering costs and improving the risk/reward ratio.

1.4. Research Objectives:

e To define what a robo-advisor is, its parts and its functioning;

e To determine the major distinction between conventional and online investing;

e To examine and assess the performance of the investment delivery system used on the Tamra Capital
platform regarding both return from the investment portfolio and risk management.

1.5. Research Importance:
There are two main aspects to the importance of this research:
e Theoretical Importance

This research has theoretical importance as it applies theories and ideas behind robo-advisors and
FinTech to the current investment landscape in the Arab world as a whole, and specifically in Saudi
Arabia. This research is important because it compares the effectiveness and efficiency of algorithmic
automated investing with conventional investing and contributes to research on developing investment
products in the Arab world.

e Practical Implications

This research has practical implications due to its utilization of real market data from the 'Tamra Capital’
platform, which is an applied product within the Gulf and Saudi financial markets. The research can
provide a useful yardstick for investors, academics, and management to assess the application of artificial
intelligence and algorithms for cost minimization, investment allocation, and return generation.

1.6. Theoretical basis of a robo-advisor and how it operates
1.6.1 Introduction to Robo-advising:

Robo-advising has revolutionized the investment field by bringing Wealth Tech into a new era of
financial services. Robo-advising began around the end of the first decade of the 21st century, amid
significant financial turmoil and investor dissatisfaction with the investment landscape. Over the last two
decades, these robo-advisers have spread globally from their initial implementation in the United States.
Though often referred to as financial advisory services, robo-advisers primarily deliver automated
investment advice (a subset of financial advice) (Arshi et al., 2026, p. 2).

This type of Robo-advisory service uses the Markowitz Mean-Variance Optimization model. Investors
provide information about their investment objectives, time horizon and risk preference via online
questionnaires. Using algorithms, it creates a well-diversified investment portfolio tailored to the
investor’s objectives and preferences. These funds may consist of low-fee Exchange-Traded Funds
(ETFs) (Bhattacharjee, 2026, p. 955).

Robo-advisory has become more popular over the years, and since 2008, the number of Robo-advisory
services has increased substantially. This has helped promote digital finance and FinTech and made
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financial products and services more available and affordable to most investors who previously did not
receive appropriate investment services (Kekana, 2025, p. 365).

1.6.2. Definition of Robo-Advisor

Robo-advisors are an application of algorithms in investment and wealth management services that
provide low cost and increased availability with reduced human involvement (Akhtar et al., 2025, p. 1).

Robo-advisors are online applications that gather customer data and use systems built on cloud
computing, artificial intelligence and Application Programming Interfaces (APIs). Robo-advisors can
link to external data, such as financial networks and pathways in the marketplace, data pipelines and
news sources and operate by ingesting and processing that data (Virk & Al-Khalidi, 2026, p. 222).

A robo-advisor is an artificial intelligence application that enables retail investment globally. The robo-
advisor uses investor cognitive patterns and transaction data to reduce behavioral biases in finance, such
as overconfidence and loss aversion. The robo-advisor can also address substantive issues in applying
behavioral knowledge to finance for early identification of financial distress and crises, as well as
incorporating behavioral knowledge into finance (Kulkarni et al., 2025, pp. 2-3).

A robo-advisor can therefore be described as a system that uses artificial intelligence to deliver financial
recommendations and handle investment decisions for clients, providing greater transparency and lower
fees.

1.6.3. Architecture of an Al-based robo-advisor

An intelligent robo-advisor can be composed of the following 5 core elements that combine to deliver

autonomous investment decisions (Virk & Al-Khalidi, 2026, pp. 222-223):

e Data Inputs: Market, macroeconomic, news (NLP) and alternative data aggregation

e Data Processing: Transforms raw data into analytically ready data through data cleaning and
processing

e Al Engines: Portfolio rebalancing, portfolio modelling and client risk profiling

e Human in the loop: Portfolio creation and approval of high-risk decisions

e Governance and Risk: Algorithmic interpretation, data security implementation and process
governance
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Figure 1
Robo-advisor architecture

Source. Prepared by the researcher based on (Virk & Al-Khalidi, 2026, pp. 222-223).
1.6.4. Operation of Robo-Advisors

Robo-advisors use four key mechanisms to deliver optimal, precise investment services (CUSP Wealth,
n.d.).

e Risk Profiling:
Data Collected: Beyond formal data, the questionnaire also gathers investment objectives, investment
horizon, income consistency and mental/emotional/financial tolerance for losses (tolerating a 20% loss

in the investment portfolio, for example).

Additional Factors: Short-term liquidity requirements (2-3 years) and religious/law requirements (for
example, Shariah-compliant investments) are also factored in.
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Resulting Profile: A portfolio ranging from conservative and defensive to growth-oriented is assigned to
the investor.

e Portfolio Construction:

Investment Approach - Passive with ETFs using "Modern Portfolio Theory," which attempts to provide
the maximum return for a given amount of risk.

Types of Assets held - Portfolios may hold stocks, commodities, REITs and other alternative assets.
Conservative portfolios may hold only fixed-income assets. A portfolio can hold a wide variety of asset

types.

Objective Allocation - Assets are allocated using a disciplined method that eliminates emotional or
behavioral biases that might impede performance during market volatility.

e Rebalancing & Monitoring:

Tracking and correction of deviation - The portfolio is tracked over time to correct any shift in asset
weights due to market volatility (for example, if the weight in stocks increases past the desired level).

Adjustment method: Threshold adjustment (2%-3% off threshold) is more effective than time-based
adjustments because transactions are made immediately to correct an offset and no excess fees are
incurred.

Practical use: This approach suits active traders or people with busy schedules who do not have time to
check daily.

e (Goal-oriented investing:

Connecting investments to a goal: Instead of connecting investments only to the equity markets, this
method connects investments to progress toward a specific goal (education, home ownership, retirement,
etc.). This increases the investor’s accountability to their investments.

Adjustment to asset allocation: As the investor nears their goal date, the investment strategy shifts into
lower-risk investments to help protect the value already achieved.

2. Methods
2.1. Research Methodology

To address the research problem, a descriptive research method was used to develop a theoretical research
framework. Information and data were gathered on robo-advisory services and on data analysis
techniques used to examine the performance of investment portfolios available on the 'Tamra Capital'
platform from the relevant research literature.

The research is sequenced into three axes:
Axis I: Theoretical basis of a robo-advisor and how it operates
Axis II: "Tamra Capital' platform - concept, services and investment allocation
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Axis III: Analysis of the performance and efficiency of investment portfolios on the 'Tamra Capital’
platform

2.2 Differences between Traditional and Digital Investing

Problems with the traditional investment advice process include barriers that prevent small investors
from participating. These issues include financial and cost barriers. Traditional financial advisers can
charge up to 1% or more per year of assets under management. For a $50,000 portfolio, this would equate
to $500 per year. This amount reduces the investor’s return, and the effect compounds over time.
Financial institutions also exhibit implicit exclusion by having a minimum balance of $100,000 to $1
million and excluding many small investors (Bhattacharjee, 2026, p. 955). The key differences between
traditional and robo-advisers are presented in the following table:

Table 1
Differences between a robo-advisor and a traditional human advisor

Criteria Robo-Advisor Human Advisor Advisory & Analytical Impact
Charges low fees

Cost Efficiency (around 0.25% of quks with rgla'tlvely Low ‘fees positively affect'
high commissions portfolio compound returns in
& Fees assets under o
(1%—-3%). the long term.
management).

Imposes high minimum

investment thresholds, Expands the investor base and

Accessibility & Allows investment with

Financial very low minimums (or . . ) enables small investors to
including operating .
Democracy none). costs enter financial markets.
. Adheres to May be influenced by Ensures more disciplined,
Psychological : o
programmed psychological factors objective investment
Factor . . .
L algorithms, free from such as fear or decisions, free from emotional
(Discipline) . . . . . .
emotions and impulses. optimism during crises. tendencies.
Can manage large Limited capacity, Provides portfolio
Operational numbers of portfolios serving only a certain management services to a
Scalability and rebalance them number of clients per  wide audience with equal time
automatically. advisor. efficiency.
Excels in stable Excels in complex Superior overall performance
Performance & . . s : .
. . markets, performs financial planning; in selecting financial
Financial . . . ; .
Assessment during crises based on  performs during crises, instruments based on the
foundational expertise. relying on expertise. investor’s financial situation.

Source. Prepared by the researcher based on (FasterCapital, n.d.).

The above table shows that the robo-advisor provides significant advantages in cost, objectivity and
scale. However, a human wealth manager has advantages in qualitative risk analysis and handling more
sophisticated financial products. This suggests a future for an integrated financial services industry.

2.3. "Tamra Capital" - concept, services and investment allocation

"Tamra Capital" represents an innovative application of fintech to the Arab world, particularly within the
Gulf Cooperation Council member states, in the context of Saudi Vision 2030. "Tamra Capital" has
broken through financing barriers for small investors, allowing them to invest small sums and withdraw
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automatically. Algorithmic solutions have also added liquidity to the national financial system while
fully complying with Islamic Shariah requirements.

2.3.1 Description of the "Tamra Capital" Platform and its Services

Tamra Capital is a Saudi entity licensed by the Capital Market Authority to offer investment management
and advisory services as of November 23, 2021 (License No. 30-20212). The Capital Market Authority
has approved Tamra Capital to begin operations, and it has deployed a secure, automated platform to
expand investment opportunities for investors and address the limitation of being restricted to a single
segment. Through Tamra Capital, investors can invest accurately and easily in local and international
investment funds, with a focus on Islamic Shariah-compliant Exchange-Traded Funds. (Tamra Capital,
n.d.).

Tamra also received a license from the Saudi Central Bank ("SAMA") for deferred payment services
within the Kingdom of Saudi Arabia on June 21, 2023. Tamara also received a license for personal
consumer loans on February 2, 2025, under No. (95/202502). Tamara’s primary business is generating
and managing consumer receivables in installments through a network of stores within the Kingdom of
Saudi Arabia. (Tamara, 2025)

Tamara operates in Gulf Cooperation Council countries, including Kuwait, the UAE, and Saudi Arabia.
The company also works with major brands like IKEA and SHEIN and integrates with many online
marketplaces, including Shopify and WooCommerce (KPMG, 2024, p. 14). Tamara is a unicorn
company in Saudi Arabia and needs large capital to support its current growth and future capital
appreciation. In the fourth quarter of 2023, Tamara raised $340 million USD (1.27 billion SAR) in a
Series C round led by Sanabil Investments and SNB Capital. After this funding event, Tamara was
awarded “Unicorn” status with a valuation of $1 billion USD (Fintech Gate, 2023).

Tamra Capital provides investment services using a scientific method and avoids making unrealistic

claims. Therefore, it suits investors who value financial responsibility and transparency. Tamra offers

various core investment services. These are as follows (Tamra Capital, n.d.):

e Investin local and international investment funds.

e An online secure system enabling completely automated investment management.

e Investing in Shariah-compliant Exchange Traded Funds.

e Providing professional financial analysts to aid clients in investment decisions and offer professional
investment advice.

2.3.2 Steps for Investing on the "Tamra Capital" Platform

Investing on the Tamra platform involves building wealth via investments using their "Robo-Advisor".
This system automates investments, provides personalised recommendations and invests based on the
client's data and objectives at a low subscription cost. The platform requires no minimum or maximum
investment, and an annual compounded return of up to 12% is possible, depending on the investment
portfolio selected. The investment process on the Tamra platform can be broken down as follows (Tamra
Capital, n.d.).

e Registration: Investor information is quickly authenticated via the National Unified Access, and the
account is created immediately. An IBAN is generated within minutes.
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e Investment Objective: An investment objective is established via a series of questions, and a suitable
investment fund is chosen based on the desired degree of risk.

e Deposit: A variable amount can be transferred to the investment account, where funds will be invested
within a maximum of 5 business days.

e Management: Ongoing management and assistance are provided, including automatic portfolio
rebalancing, reinvestment of distributed returns, and periodic statements.

2.3.3 Investment Distribution Strategy:

Tamra provides 8 investment funds that cater to varying risk levels. These funds allow users to enter the
investment world and select the right mix of investment products (cash, gold, real estate, sukuk, stocks)
to reach their investment objective. (Tamra Capital, n.d.).

Table 2
Types of investment portfolios on Tamra and Their asset allocation by risk level

Portfolio Risk Level Asset Allocation and Strategy

Concentrates entirely in money markets to provide high liquidity
Emergency . ; . i
. Very Low and capital protection with low returns; suitable for short-term
Portfolio goals
. Focuses on sukuk to reduce volatility, with balanced allocations in
Conservative .
Portfolio Low US stocks, real estate, and gold to achieve growth and hedge

against inflation.
Sukuk constitute half (50%) to control volatility, while the

Moderqte Medium remaining portion is distributed among US, developed, and
Portfolio . .
emerging market stocks, along with gold and real estate.
Growth Medium to Rell§s heavily on equities to boost r§turns, with partlgl protectlon
i . provided through sukuk and gold, suitable for those willing to take
Portfolio High . .
higher risks.
. Sukuk allocation decreases in favor of increased equity shares (US,
Aggressive . . o
. High developed, and emerging markets), maintaining moderate
Portfolio . . :
allocations in real estate and gold to increase expected returns.
Adventurous Verv Hich Concentrates primarily on US equities to maximize returns against
Portfolio ry Hig high risk, with very low allocations to sukuk, real estate, and gold.
. . Specialized Invests 100% in Saudi equities to directly benefit from the growth
Saudi Portfolio (Local) of the local economy and the Saudi market.
. Gives you complete freedom to determine investment proportions
Flexible . . ; . . :
Portfolio Customized in available ETFs to design your portfolio according to your own

vision.

Source. Prepared by the researcher based on (Tamra Capital, n.d.).

2.3.4 Opportunities and Challenges of Using the "Tamra Capital" Platform

e Interdisciplinary collaboration (data science, behavioral science, economics, law) needed for
regulation to ensure economies of scale for financial efficiency and market integrity;
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Mobile, simplified, and low-cost access to wealth management platforms is enabling less experienced
users to receive automated advice;

Falling management fees through passive investments are revolutionizing wealth management via
digital advisory platforms;

Increasing competition, but large investment banks are focusing on the inclusion of robo-advisors in
their own digital strategies due to the increasing size and market of robo-advisors predicted via the
"Delphi method";

Young retail investors (18-29 years) need funds and have low financial literacy, which precludes
them from engaging with a human wealth manager. Automated platforms are a great fit for them due
to cost.

Data security and cybersecurity issues due to the storage and collection of investor financial
information. Data breaches and cyberattacks can harm digital wealth management platforms'
reputation and cause investor losses. (Kumari et al., 2024, pp. 46—47).

Below is a list of the most important system and cybersecurity risks associated with robo-advisors:

Table 3
Classification of cybersecurity threats in the field of Robo-Advisory

Cybersecurity

Dl Crtemss Explanation and Definition Applied Scenario / Case Study
. Unauthorized exploitation of credentials Leakage of API Keys, enabling
Identity and . )
and breach of permissions to bypass hackers to control and modify
Access . 3 .
security levels. client portfolios.
Data and Manipulating inputs or practicing "Data Injecting mlsleadlgg or mCerect
. .2 market data, causing algorithm
Algorithm Poisoning" to confuse automated L .
! .. : : deviation and distorted asset
Integrity decision-making mechanisms. .
allocation strategy.
Provider . . .. Sudden outage of the platform's
: Excessive reliance on a limited number of . S
Concentration technolo roviders. creatine a Sinele cloud services, resulting in a total
and Reliability EYP y £ & paralysis of automatic portfolio

. Point of Failure. . .
Risks omto ure rebalancing operations.

Employing misleading media content or Spread of fabricated financial

Information . . . rumors leading to coordinated mass
. . generating fake news with Al to directly .
Manipulation . o . sell-offs among robo-advisor
influence algorithmic decisions.
platforms.

o A security breach of the Custodian
Do Transfer of rity incidents an : . . ’
Systemic Risk ansfer of security incidents and disrupting services and workflows

. breaches across interconnected networks . .
Propagation e e for several linked investment
and financial institutions.
platforms.

Source. Prepared by the researcher based on (Virk & Al-Khalidi, 2026, p. 224).

2.4. Performance Simulation Model

Auto-investment systems available on Tamra Capital are tested by simulating an initial one-off
investment of 10,000 SAR made on 1 January 2023, with no cash added or withdrawn over the three-
and-a-half-year investment period, until 30 June 2026.
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3. Results

3.1. Performance of the main portfolios between 2023 and the end of mid-2026

In order to test the performance of the auto-investment systems present on the Tamra Capital platform,
a simulation of investment is conducted by initially depositing 10,000 SAR as a one-off investment on
the 1st of January 2023 and assuming that no further cash is deposited or withdrawn during the three-
and-a-half-year investment period ending on the 30th of June 2026.

Table 4
Performance indicators for investment portfolios

Investment Value at Total Return  Estimated Monthly

Portfolio £/ 4 of Period (SAR) (%) Growth Rate Volatility Level
Adventurous 20,740 107.40 nghelitagrowth Very High
Aggressive 17,927 79.27 High Growth High
Moderate 16,987 69.87 Balanced Growth Medium
Conservative 15,091 5091 Safe Investment Low and Stable
Growth

Source. Prepared by the researcher based on Tamra Capital (2026).

20,740

e High-Value Portfolio «High-Value Portfolio Moderate Portfolio Calm Portfolio -

Figure 2
Evolution of an Initial Investment of 10,000 SAR by Portfolio Risk Level (January 2023 — June 2026)

Source. Tamra Capital (2026).
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From the table and figure above, it is noted that:

Fan-Out Effect: All the portfolios start from the same value (10,000 SAR on December 22). After that,
the riskier portfolios gradually start to separate. The return difference between the highest-return
portfolio (Adventurous) and the lowest-return portfolio (Conservative) is 5,649 SAR, or a 56.49%
difference. This demonstrates the risk premium earned by taking risk and illustrates the Risk-Return
Tradeoff. General Trend and Short-term fluctuations: All portfolios show an upward trend. This could
reflect an increasing trend in the underlying assets that make up these portfolios over the medium or long
term, or an overall positive economic environment. There are also periods of decrease (March 2025,
March 2026). During these times, the Adventurous portfolio shows the largest decrease, while the
Conservative portfolio has remained relatively constant. This demonstrates that the Adventurous
portfolio is more sensitive to shocks than the Conservative portfolio. Short term vs Medium term: Over
the short term (between December 22 and March 23), performance differs little across the portfolios.
Over the medium term (over two years), the accumulation of increases in the underlying assets becomes
evident. This shows that high-risk portfolios need a long time frame to manage these variations and reach
desired returns.

3.2. Comparing the Performance of the Tamra Capital Portfolio with Counterparts on Other
Robo-Advisor Platforms

3.2.1. Performance of Portfolio with One Initial Deposit Without Fees and Zakat over the Period
(January 2023 - June 2026)

This comparison compares the performance of the “risk-seeking” portfolios (i.e., the highest-risk-level
portfolios) offered by Tamra Capital with those offered by other robo-advisor platforms to determine
whether Tamra Capital's investment and portfolio management tools and skills outperform other
platforms. For this comparison, a 10,000 SAR initial deposit is made on January Ist, 2023, as a lump
sum, with no further deposits. Fees and Zakat are also not deducted. The investment is held for three and
a half years until the end of the first half of 2026. An example of this is shown in the figure below:

Investment Value 10,000 Riyals

azafah Platform1 s Platform 2 s Platform 3

Figure 3
Evolution of a 10,000 SAR Investment on the Tamra Capital Platform and Competing Platforms
Covering Fees and Zakat (January 2023 — June 2026)

Source. (Tamra Capital, 2026).
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As mentioned in the above figure, excluding the impacts of fees and Zakat, the evolution of performance

for the period (2023 - mid-2026) can be divided into three stages as follows:

e Convergence and Setup stage (2023): All platforms experienced a convergence in performance and
results in the first year. Overall performance also increased, with minor readjustments (such as the
drop in September 2023).

e Widening and reaction to economic cycles stage (2024 - 2025): From 2024, the "Adventurous Tamra"
portfolio started to diverge from the other platforms, with increasing investment value, with "Platform
3" also increasing at an increasing rate whilst Platform 1 and 2 increased at a slower rate.

All funds were down in March 2025, but Tamra Capital showed strong investment resilience and a solid

recovery from the crash, with a better recovery and continued gains through June 2026.

e Structural Separation and Performance Maximization stage (January - June 2026): By the end of June
2026, the difference between the Tamra Capital fund and the rest was at its maximum. Tamra Capital
more than doubled the initial investment and outperformed the next-best-performing fund (Platform
3) by 23.82% (107% vs. more than doubling). Tamra Capital also outperformed the lowest-
performing fund (Platform 1) by 45.41% during this period.

This is due to variations in rebalancing techniques and/or algorithms used by the platforms. As a result,
by mid-2026, a large accumulated gap favors Tamra.

3.2.2. Portfolio Performance with One Initial Deposit Including Fees and Zakat for the Period
(January 2023 - June 2026)

For greater practicality, this aspect evaluates the real net performance of the "risk-seeking" (highest risk)
portfolios for Tamra Capital and other platforms for which data is available. For this, a lump sum of
30,000 SAR is deposited on January 1,2023 and left for 3.5 years until June 30, 2026. Management fees
(on any investment less than 60,000 SAR with Tamra Capital, an annual fee of 240 SAR is charged and
deducted monthly) and Shariah Zakat are deducted monthly and annually, respectively, as shown in the
figure below:

Figure 4

Evolution of Net investment value of 30,000 SAR on the Tamra capital platform and competing
platforms including fees and zakat (2023 - 2026)

Source. (Tamra Capital, 2026).
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As shown in the chart above, over the long term (2023 through 2026), the Tamra portfolio continues to
outperform all other portfolios by a reasonable margin. This is good, as it demonstrates the power of the
allocation and rebalancing strategies employed by the Tamra portfolio to improve the investor's net
return. When considering the performance path with fees and Zakat included for the period (2023 - mid-
2026), three distinct stages can be observed:

The phase of convergence and first fee application (2023). All systems performed in lockstep, reacting
similarly to global and local news. From 2024 to 2025, the phase shifted to separation and fee-structure
unwinding. The "Adventurous Tamra" fund significantly outperformed the others. Returns were high
enough to absorb fees and Zakat effectively. The other funds clearly showed the impact of fees and cost
reductions. The Tamra fund also showed more recovery from the April 2025 correction. In the first half
of 2026, the fund achieved structural maturity and became profitable on a net basis. The fund returned
over double the initial investment (102.50%) and returned 33.94% and 48.93% more on a net basis than
Platforms 1 and 3, respectively. This indicates much lower fees and costs relative to return on invested
capital. Zakat and management fees have been stripped from all numbers.

4. Discussion
4.1. Discussion of Findings

Tamra Capital has clearly provided investment management services via robo-advisors. The high returns

achieved by Tamra’s funds over the research period (December 2022 - June 2026) were not random; they

resulted from planning, persistence and superior execution in a highly competitive environment.

However, what makes Tamra distinctive is not only its performance but also the nature of the service it

provides, including transparency, fundamental analysis, understanding customer requirements at varying

levels, risk management and so on. The main conclusions can be listed as follows:

e Tamra is a robo-adviser that uses artificial intelligence to provide financial services, including
investment management and financial advice. It provides lower fees and greater transparency to
clients;

e Tamra provides investment through 8 funds (Emergency, Conservative, Moderate, Growth,
Aggressive, Adventurous, Saudi and Flexible). These funds conform to Islamic Shariah and provide
investment at differing levels of risk in order to facilitate portfolio allocation;

e The emergence of robo-advising has been driven by economics, regulation, behavioural analysis, data
and analysis of markets. These factors have also resulted in the requirement for regulation that
supports market integrity and financial values;

e For investment strategies (especially higher risk strategies), two years are required to capture the true
return differential. While short-term movements and shocks can be mitigated over two years, the
opportunity for capital and compound returns can be exploited;

e Analysis of the core funds over the period (2023 - June 2026) indicates a medium- to long-term risk
premium for increasing risk. The Adventurous fund displayed a 56.49% return differential compared
to the Conservative fund. However, this relationship is shock-sensitive, and there is a greater risk of
drawdowns for higher-risk funds during market shocks as opposed to lower-risk conservative funds;

e It has been determined through this research that the value and uniqueness of robo-advising lies not
only in initial portfolio allocation but also in the management of return, risk and rebalancing that can
account for fees and the cost of Zakat. The quality of these processes distinguishes the robo-adviser.
This is clearly evident in the “Tamra Adventurous” fund's response to the shock in March 2025 and
its ability to maintain value. The fund achieved returns in excess of 107% and consistently
outperformed the next-best-performing fund by 23.82% in mid-2026.
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4.2. Recommendations

Based on the findings of this research, we recommend the following:

e Adopt an interdisciplinary regulation. A regulation that combines law, economics, behavioral and Al
elements would allow innovation in finance while maintaining market integrity.

e Introduce requirements for algorithm transparency (algorithm auditing). Algorithms involved in risk
management and rebalancing would benefit from periodic audits to ensure they can cope with market
shocks and adequately serve investor interests during a market crash.

e Enhance disclosure of fees and Zakat in robo-investment products. Robo-investment products should
calculate fees and Zakat automatically and transparently so investors can determine the net return on
their investments.

e Enhance shock and recovery capability in algorithms. Beyond the initial investment choice,
algorithms should also consider shock and recovery capability.

e Improve market efficiency through economies of scale. Lowering fixed costs and passing any
resulting savings to investors would support investor protection while also enhancing market
competition.

e Enhance the availability of Shariah-compliant investment products. A variety of Islamic investment
products across different risk levels would cater to both conservative and more aggressive investor
preferences.

e Adopta long time horizon. A time horizon of more than two years (especially for riskier investments)
would allow investors to cover market cycles while also benefiting from compounding returns on
their invested money.

e Adopt net return as a performance measure for robo-advisers. Measure performance between
different robo-advisors using net return after fees, Zakat and all other charges.
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Ilcazairdd macmu enerji intensivliyinin komponentlors
ayrilmasi vo sektoral meyillorin tahlili (1990-2020)

Layadi Nur sl-Huda

Xiilasa. Bu tadgiqatda Indeks Dekompozisiva Analizi (IDA) ¢arcivasinda Fiserin Ideal Indeksindan
istifada edilmakla, 1990—2020-ci illor arzinda Olcazairda macmu enerji intensivliyi (EI) tahlil edilir. IDA
ham ilkin, ham da son enerji istehlaki géstoricilori asasinda aparilir va alava malumatlar aldo etmak
magqsadilo sektoral meyillarin tohlili ilo tamamlanir. Naticalor gostorir ki, enerji intensivliyinin artmasi
asasan enerji somarasizliyi amili ila sartlonir; struktur dayisikliklori — xiisusilo do xidmat sektoruna
(tigtincii sektor) kegid — isa enerji intensivliyinin azalmasina téhfa verir. Bu iki hal arasindak: forqlor
ilk névbadas enerji sanayesi va enerjinin geyri-enerji maqsadli istifadasi sektorlari, hamginin sanaye va
xidmat sektorlart ila alagalidir. Olda edilon naticalor gostorir ki, enerji somoraliliyi siyasatinda an yiiksok
enerji intensivliyino malik olan naqliyyat, yasays, enerji sanayesi va enerjinin qgeyri-enerji magsadli
istifadasi sektorlarina iistiinliik verilmalidir.
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Introduction

The global degradation of environmental quality, the depletion of resources, and the issue of energy are
closely linked; as a result, energy has become one of the greatest challenges of the economy. To face the
consequences of the increase in energy needs (in the New policies scenario of IEA in 2017, world energy
needs will increase by 30% by 2040. Thus, 80% of the total energy consumed in the world is non-
renewable origin). Specialists are looking into the problem of controlling energy consumption (Hauet,
2014, p. 77), particularly within the framework of the energy transition, which refers to the shift towards
a more sustainable energy system, characterized by reduced reliance on fossil fuels and greater use of
renewable energy sources. It essentially builds on two key pillars (Senouci, 2015):

Energy savings (which can be achieved through two complementary approaches: energy efficiency (EE)
which refers to the use of less energy to deliver the same service or produce the same amount of useful
output, and energy sobriety, which aims to reduce consumption by promoting behavioral changes), and
the development of renewable energies.

An economy should aim to consume the least possible amount of energy to produce a unit of GDP.
Consequently, the measurement of energy intensity is an indispensable indicator for any energy policy.
Energy intensity, defined as the amount of energy used per unit of economic activity or GDP, provides
an approximate measure of an economy’s energy efficiency, with energy consumption generally
aggregated as either final or primary energy (Hauet, 2014). In general, the lower the energy intensity
indicator (i.e., the ratio of energy consumption to GDP), the higher the energy efficiency. Thus, high
energy intensity reflects the high cost of converting energy into GDP (Mirza & Fatima, 2016).

However, it is important to take into account the diversity of economic activities, since changes in energy
efficiency at the sectoral level are not the only factors determining energy intensity trends. Sectoral
energy intensity can also vary according to the energy intensity of products (for example, a shift from
less energy-intensive products to more energy-intensive ones, or the reverse) within a given sector.
Energy intensity can be reduced either by improving efficiency in the use of energy or by shifting away
from energy-intensive activities (Metcalf, 2008). Therefore, it is necessary to apply a method of energy
intensity decomposition to isolate the impact of efficiency improvements from the effects of activity and
sectoral composition changes, in order to provide a more accurate analysis of energy intensity and energy
efficiency trends (Marrero & Ramos-Real, 2013).
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Figure 1

Evolution of national energy consumption in Algeria 1990—2020 (ktoe)

Source. Prepared by the researcher based on national energy balances.

Thus, national consumption (primary energy consumption) in Algeria has seen continuous growth
overall, around 67 Mtoe in 2019 and it comes mainly from fossil fuels. Algeria’s energy intensity is
nearly double the average observed in OECD countries (Senouci, 2015). However, in Algeria, there is a
massive potential for energy savings that is expected to continue growing. Indeed, cumulative energy
savings could reach around 93 million tons of oil equivalent, including 63 million TOE by 2030. These
results would be achieved through the national energy efficiency program, which would also lead to a
reduction of 193 million tons of carbon dioxide emissions, as indicated by the Ministry of Energy. This
objective forms an integral part of the National Program for the Development of Renewable Energies
and Energy Efficiency. This highlights the importance of conducting an in-depth investigation of energy
intensity at both the aggregate and sectoral levels in order to propose adequate public policies.

In this regard, our research aims to examine the evolution of aggregate energy intensity in Algeria, using
data on primary and final energy consumption, by attributing its variation to the efficiency component
and the structural component, between 1990 and 2020. We then intend to compare these findings. In
addition, we analyze sectoral energy intensity over the study period to identify the most energy -intensive
sectors and provide more in-depth explanations.

The remainder of the paper is structured as follows. Section 1 reviews the existing literature on energy
intensity decomposition. Section 2 introduces the data and details the methodological framework
adopted. Section 3 presents the empirical findings and provides a discussion of the results, while the final
section concludes and offers some policy implications.

1. A brief literature review

We organize in the tables below the main details and results of previous studies:
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Table 1
Studies on the decomposition of EI
Reference Countg L b fSilEie Main results in explaining variations in total EI
period ology
A positive contribution of 75% through EE
(1) Marrero and EU1S5 countries LMDI improvement and 25% for structural changes in all
Ramos-Real , 2013 1991-2005 countries (except Austria, both had a similar
contribution)
(2) Mirza & Pakistan, 1980- ‘ T‘here' is energy inefficiency, and a small
: Fisher  contribution from the structural component (8%)
Fatima, 2016 2009 . .
in reducing the overall EIL
. .. The efficiency component has an EI reduction
(3) Ben Hammamia  Tunisia 1990- Fisher effect of 56%, and 44% for the structural
etal., 2014 2008
component on average
(4) Metcalf, 2008 US, 1970-2003 Elsher The effect of 1mpr9ved energy efficiency is the
index main contributor
Indonesia 1984- Efficiency effect reduced EI by 69.07% vs. 5% for
() Nugraha, 2019 2015 LMDI structure effect
Ethiopia 1990— A significant contribution of the intensity effect in
(6) Tenaw, 2021 2017 LMDLI the variation of EI.
(7) Robainactal,  Portugal 1995- The reduction in EI is related to the efﬁc1enpy
LMDI component, structural changes have a negative
2019 2015
effect.
(8) Zhang et al Shanxi Province M- Both effects contribute to the reduction of the EI
) 01g9 ° (2000-2015) LMDI- index (21.74% for sectoral EI and 24.29% for the
II structure effect)
(9) Voigt et al., 40 maj or In the majority of countries, the effect of structural
2014 eeonomies LMDI change has a lesser impact on improving EI
1995-2007 8 P proving ==
The increase in EI was caused by the efficiency
(10) Ullah et al., Pakistan 1972- Fisher effect, where inefficiencies in electricity
2014 2011 consumption played the primary role, followed by
those in natural gas.
(11) Deichmann et 137 countries . The contr;butlon of thq structur'al componen"c tp
Fisher the reduction of the EI is more important (this is
al., 2018 (1990-2014) ! .
valid at all income levels)
(12) Oteng-Abayie ~ Ghana, 2000— LMDI I Energy intensity in Ghana is largely attributable to
etal., 2023 2020 structural effects

Source. Prepared by the author.

Several analytical methods exist for analyzing energy demand, including decomposition analysis. This
approach examines changes in energy demand arising from a number of factors (particularly changes in
economic activity, changes in sectoral energy efficiency, and changes in the economic structure). This is
achieved by analysing changes in energy consumption, and analysing changes in energy intensity. The
literature has largely emphasized energy intensity and its decomposition; as shown in Table 1, many
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researchers have used various decomposition methods to analyze energy intensity by quantifying the
impact of different factors and their contribution to the overall change.

Decomposition analyses have been conducted in several ways. Some authors carried out this
decomposition exclusively at the national level (3, 2, 5, 7, 6, 12), while others extended the analysis to
multiple levels or to the case of several countries (8, 11, 9). Similarly, study (1) addressed the case of 15
European Union countries.

It is worth noting that some analyses simultaneously consider the national and multi-level perspectives.
For example, study (4) decomposed the EI of the United States at the national level first, then moved on
to an analysis at the level of individual states.

Furthermore, study (10) focused on decomposing energy intensity by product (oil, gas, and electricity)
to provide more detailed and in-depth analysis related to overall energy intensity.

Based on this section of the literature review, it can be concluded that decomposition analysis of EI has
generated diverse results. Some authors have shown that the component with the dominant impact or
contribution is efficiency (3, 1,4, 5, 7, 6, and 9).

Conversely, in other empirical studies, the structural component has exerted a stronger influence on EI
variation (12, 11, 2, 8). However, some authors have reached the conclusion that both efficiency and
structural effects exert a similar impact, as in the case of Austria reported by (1).

To the best of our knowledge, the only existing study that applies a decomposition approach to Algeria’s
energy intensity is that of Layadi and Senouci (2022), which is limited to national energy intensity. This
study contributes to the literature by addressing this gap and providing a comprehensive analysis of
Algeria’s energy intensity at both the aggregate (using primary and final consumption) and sectoral
levels.

2. Data and methodology

This section presents the data types and sources, followed by a detailed explanation of the study
methodology.

2.1. Type and source of data

The energy intensity index can be decomposed into the two components previously identified, provided
that sectors are constructed to encompass the entirety of energy consumption without overlap, and that a
measure of economic activity is available for each sector to enable the calculation of energy intensity.
Importantly, sectoral activity measures need not correspond directly to GDP, as they may be expressed
in different units (Metcalf, 2008).

In our case, the six energy-consuming sectors under consideration are: residential, transport, industry,

agriculture, tertiary, and the energy industries and non-energy use sector. The annual dataset for the

empirical analysis covers the period 1990-2020 and consists of the following:

e Data on aggregate output, proxied by GDP, and sectoral output, proxied by value added (VA) for all
sectors except:
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e Residential sector, where household consumption expenditure is used as a proxy, as it was argued
that personal consumption expenditures provide a better proxy and key driver of residential energy

demand than disposable income, since the latter is affected by savings.

e Transport sector, where average distance traveled is used as a measure of economic activity, in line
with certain studies in which vehicle miles traveled were used as a measure in this context (Metcalf,

2008).

e Energy demand data, including total annual energy consumption and sectoral energy consumption.

The definitions and sources of the variables described above are summarized in the following table.

Table 2
Variable definitions and sources
Variables Definition Source
Energy demand
Aggregate Total consumption (ktoe) National Energy Balance

Sectors: industry, tertiary,
agriculture, residential,
transportation, and energy

industries and non-energy use

sector
Economic activity

Aggregate

Industry, tertiary, agriculture,
energy industries and non-
energy use sectors

Transport sector

Residential sector

Energy consumption (ktoe)

Gross domestic product (GDP at
constant pricess in national
currency, including hydrocarbons;
2010 MDA)

Value added (at constant pricess in
MDA, 2010 as a base year)
Average distance traveled (km/year)

Private household consumption (in
constant national currency in MDA,
2010 as a base year)

(Ministry of Energy)

National Energy Balance +
APRUE

NSO

Ministry of Finance +
economic accounts
published by NSO

APRUE, from Ministry of
Transport data

NSO + APRUE

Source. Prepared by the author.

2.2. Decomposition method

Many studies adopt the decomposition method in order to highlight the different factors that contribute
to the EI variation. Among these decomposition techniques, the Index Decomposition Analysis (IDA)
method and the Structural Decomposition Analysis (SDA) method. In this publication, we have relied
on one of the best-known IDA-based approaches: Fisher's ideal index, which has advantageous properties
such as the ability to provide an exact decomposition of the overall El into an efficiency index (eff) and
an activity index (act) without residue (Metcalf, 2008). Under this approach, the energy intensity (e;) can
be represented as a function of two components: the structural effect and the sectoral energy efficiency

effect:
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Y Vit %t 7 7
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E; the aggregate energy consumption, Ej; the sector energy consumption, ¥; GDP, y;; measure
of sectoral economic activity in year. Thus, the total EI e, is a function of the sectoral energy efficiency
(ej¢) and of the activity linked to the sector (the share of each sector in the total value added) (s;j).

The EI index (It) is represented as follows:

2jejtSjt
It=and /=e, =2
0 Y €joSjo
eols the total energy intensity of the base year 1990 in our case.

To construct Fisher's ideal index, which provides a perfect decomposition without residuals, we
will calculate the geometric mean of the Laspeyres indices (which takes the values of the base year as
weights) and Paasche (takes the values of the current year as weights) for the two components:
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Thus the Fisher index is given as follows:
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e
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3. Results and Discussion
3.1. Results using primary energy consumption and Hydrocarbon GDP

During the specified period, Algeria experienced a fairly steady upward trend in energy intensity (Layadi
& Senouci, 2022). The underlying drivers of these changes are illustrated in Figure 2, which presents the
results of the energy intensity decomposition using index effects, based on 1990.
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Figure 2

Decomposition of EI in Algeria (1990 base year)
Source. Developed by the author.

For the analysis of the variation in the aggregate energy intensity index and its specific components
(using 1990 as the reference year), an index greater than 1 indicates an increase in the effect.

Overall, aggregate energy intensity steadily increased over the study period: in 2019, the index reached
124% of'its 1990 level (a rise of 24%), before declining to 122% in 2020. This pattern reflects an increase
in energy consumption up to 2019, followed by a reduction in 2020, most likely attributable to the impact
of the COVID-19 pandemic. By contrast, between 2003 and 2007, the EI index remained below 1.

On average over the entire period, the index was 6% higher than its base-year level.

The upward trend in aggregate energy intensity and its efficiency component has shown a strong
alignment. As illustrated, the overall variation in EI is largely driven by the efficiency effect, which
played a key role in the increase of aggregate EI, reaching 161% of its 1990 level in 2019 and 154% in
2020, before a decline in the EI index from 123% to 121% during the COVID-19 year. This indicates
that, for most of the period, energy inefficiency prevailed in the economy. In other words, if the structural
composition of the economy had remained unchanged, energy inefficiencies within specific activities
would have resulted in a deterioration of EI by 61% in 2019 and 54% in 2020 compared to its 1990 level.
The only exceptions were during 1994—1996 and 2003-2007, when energy efficiency exerted a reducing
effect on EI, particularly in 2004-2006, when the index fell below unity, reaching 97% of its 1990 level
in 2004 and 2005, reflecting a slight improvement in EI.

In contrast, the structural effect had a less significant and negative impact on the variation of energy
intensity (EI) since 1996. Specifically, the activity component contributed to a reduction in aggregate EI
from 1996 until 2019, before exerting a slightly increasing effect in 2020 (the index rose from 77% of'its
initial level in 2019 to 79% in 2020, representing a 2% difference).

Overall, the increase in EI at the aggregate level of the economy is strongly associated with the efficiency

component, which accounts for 96.4% of the total rise in EI. In other words, the deterioration of sectoral
energy efficiency is the predominant factor explaining the variation in aggregate EI.
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Thus, we conclude that energy use in Algeria has not been efficient. The efficiency effect emerges as the
most decisive factor in this relationship, suggesting that efforts to reduce total EI must primarily target
the sectoral level. By contrast, changes in the structural composition of the economy did not lead to a
considerable increase in EI. Nevertheless, they did contribute, to some extent, to reducing the overall
energy intensity of the country.

3.2. Results using final energy consumption and non-hydrocarbon GDP

Figure 3 shows the results of the EI decomposition in the case of considering only final consumption
sectors, using index effects, based on the year 1990.
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Figure 3

Decomposition of the final EI in Algeria (1990 base year)

Source. Prepared by the author.

Taking 1990 as the base year, the energy intensity (EI) index in this case reached 105% in 2019 and
106% in 2020 relative to its initial level. Over the entire period, starting from the base year, the index
was on average 4.48% higher than that of 1990.

The efficiency index stood at 171% and 162% in 2019 and 2020, respectively, compared to its 1990
level. For the activity index, the corresponding values were 62% and 65% (indicating a 3% increase
between 2019 and 2020). Thus, in 2020, the efficiency index was 62% higher and the activity index 35%
lower than their respective levels in 1990.

The highest value recorded for the efficiency index was 1.71 in 2019, while the activity index peaked at
1.03 in 1994. Hence, if the structural effect had remained constant at its 1990 level across all sectors,
energy intensity would have increased by 71% in 2019. The structural effect, however, exerted a negative
influence, thereby contributing overall to a reduction in aggregate intensity during the period 1990-2019,
and only played a negligible augmenting role thereafter (2019-2020).

The EI index remained above its base-year value for nearly the entire period, as did the efficiency index,
whereas the activity index consistently stayed below its initial level. Consequently, the trajectory of the
El index can be seen as being driven much more by efficiency than by activity.
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Our results therefore indicate that the rise in EI during the period can largely be attributed to the efficiency
component, which accounted for 95.4% of the total variations in EI.

By comparing with the previous graph, it is evident that the rate of increase in EI in the first case is
stronger than in the second case. However, throughout the period, the EI index in both cases followed
the same overall trend, except between 2003 and 2007, when the indices moved in opposite directions.
In the second case (considering only final consumption sectors), the EI index showed an upward trend
and remained above unity, whereas in the first case (considering primary energy and thus all sectors), it
remained relatively stable, slightly below its initial level.

In terms of energy balance decomposition and methodology, national energy consumption is defined as
follows:

National energy consumption = Final consumption (sectors concerned: industry, transport, households,
and others) + Consumption by energy industries and non-energy uses (Senouci, 2015).

Accordingly, this difference can be attributed to the energy and non-energy industries sector. The
subsequent analysis further confirms and clarifies this finding.

3.3. Trends in energy intensity by sector

For a more in-depth explanation and analysis of the increase in EI, we present the following figure.
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Figure 4
Trends in energy intensity by sectors compared to the 1990 level in Algeria

Source. Prepared by the author.
Thus, the figure shows the evolution of the sectoral energy intensity of all the sectors considered during
the study period. Starting in 2008, the transport sector experienced a sharp rise in EI, surpassing the

residential sector, which had previously been the most energy-intensive (its index reached 172% of the
base-year level in 2020). Before 2008, this trend in the residential sector could be linked to the
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widespread but relatively inefficient use of appliances such as cooking stoves and lighting. After 2008,
however, the growth of residential EI slowed slightly, which may be attributed to the adoption of more
efficient household appliances. It is worth noting that in some years prior to 2008, residential EI had even
reached 175% of its 1990 level.

Conversely, the transport sector’s energy intensity continued to rise until 2015, reaching 342% of its
1990 level. Between 2016 and 2019, it declined moderately, reflecting the increase in fuel prices observed
during this period. A sharper reduction followed in 20192020, attributable to the contraction in transport
activity during the COVID-19 pandemic, with the index falling to 337% in 2019 and 298% of its 1990
level in 2020.

Between 2006 and 2014, the industrial sector’s EI declined before rising again during 2014-2020,
reaching 104% in 2019 and 106% in 2020 relative to its base year. The agricultural sector, by contrast,
consistently displayed the lowest and steadily declining EI throughout the period.

Between 1996 and 2010, the energy and non-energy industries sector was the only sector that experienced
a decline in energy intensity, particularly between 2003 and 2007. All other sectors showed an increase
with indices above unity (except for the agriculture sector, which consistently had an EI index below 1).
This explains why the reduced EI index values observed in the previous analyses (the first case) can be
attributed to the decline in EI within the energy and non-energy industries sector. This decline may be
linked to the growth of this sector’s share in GDP (hydrocarbon value added) achieved during the same
period, which likely contributed to improving its EI ratio.

Thus, within this comparison, and starting from 2010, the energy and non-energy industries sector
surpassed both the industrial and tertiary sectors in terms of energy intensity (reaching 143% of its 1990
level, in 2020). In contrast, the tertiary sector experienced a decline in EI, whereas it had remained above
unity prior to 2010 (its intensity index in 2020 stood at 85% of its 1990 level). It can therefore be stated
that during the period 2010-2016, the increase in EI observed in the first graph was mainly driven by the
energy and non-energy industries sector, while the slight decrease in the EI index during the same period
in the second graph can be explained by the variations in EI within the tertiary and industrial sectors.
From 2017 onwards, however, an increase is observed in both graphs, attributable to the continued rise
across all sectors.

Overall, the transport sector, the residential sector, and the energy industries and non-energy use sector
were, in that order, the most energy-intensive. They were the main contributors to the increase in
Algeria’s national energy intensity during the study period, in addition to the industrial sector, whose
role was comparatively less significant, particularly toward the end of the period (with sectoral indices
exceeding 1, namely 2.99%, 1.71%, 1.43%, and 1.05%, respectively). By contrast, the tertiary sector,
and especially the agricultural sector, remained the least energy-intensive.

Conclusion

In this study, we examined the respective contributions of changes in energy efficiency and in economic
structure to the overall variation in energy intensity in Algeria, using national and final energy
consumption. To achieve this, we decomposed aggregate energy intensity using the Index Decomposition
Analysis (IDA), based on Fisher’s ideal index, which separates energy intensity into two components:
the efficiency index and the activity index.
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Our findings show that a large share of the increase in energy intensity over time is associated with
inefficient energy use. In other words, the amount of energy consumed per unit of output has risen over
the period 1990-2020. By contrast, the activity effect had a negative impact: the gradual shift of the
economy towards less energy-intensive activities has contributed to reducing energy intensity, as the
structure of the economy has increasingly favored less energy-demanding sectors (the Algerian economy
has undergone a process of tertiarization).

More specifically, when considering total national energy consumption (primary energy), about 96.4%
of the increase in energy intensity since 1990 can be attributed to the deterioration of energy efficiency.
This share decreases slightly to 95.4% when only final energy consumption is considered. Hence, the
variation of the EI index in both cases follows a similar trend, except during the periods 2003—-2007 and
2010-2016. The difference can be attributed to the EI of the energy industries and non-energy use sector,
which declined in the first period—explaining the lower EI index values (index below 1) observed in the
analysis using primary energy consumption—and increased in the second period, surpassing the tertiary
and industrial sectors, both of which fell below an intensity index value of 1 over the same interval.
Consequently, the increase in EI observed in the first case (using primary energy consumption) was
mainly driven by the energy and non-energy industries sector, while the slight decrease in the EI index
in the second case (using final energy consumption) can be explained by variations in the tertiary and
industrial sectors. Beyond this, in the remainder of the period, the rise in energy intensity in both cases
can be primarily explained by the continued growth across all sectors, particularly the residential and
transport sectors.

These results suggest that Algeria should prioritize reducing energy intensity in key sectors, particularly
by improving their energy efficiency. In this regard, the transport and residential sectors remain the most
energy-intensive, followed by the energy industries and non-energy use sector. Policies and measures
targeting these sectors are likely to have the strongest impact on lowering national energy intensity.
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Chinese Projects in Central Asia
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Abstract. This article examines Chinese investment and infrastructure projects in Central Asia, with
particular attention to their implications for labour relations in Kazakhstan, Kyrgyzstan, Tajikistan, and
Uzbekistan. It asks how investment opportunities interact with national institutions, employment
practices, and worker representation. The study uses qualitative document analysis and comparative
case analysis of scholarly literature, institutional reports, and publicly available project information.
The labour-related evidence is primarily historical secondary material, including a 2021 desk study,
rather than a new survey of conditions in 2025. The country cases show that Chinese investment supports
energy, transport, mining, and industrial cooperation, while reported labour outcomes differ by country,
sector, and enterprise. The reviewed sources describe both functioning collective agreements and
challenges concerning wage differences, access to information, working time, and union coverage. These
observations do not establish uniform practices across Chinese-invested enterprises or a causal effect of
investment on labour rights. The article concludes that infrastructure and commercial assessments
should be complemented by attention to transparency, social dialogue, and compliance with national
labour standards.
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Morkazi Asiyada Cin layihoalori
Kamran Sirinzads

Xiilasa. Bu maqalada Morkazi Asiyada Cin investisiya va infrastruktur layihalori arasdwilir va onlarin
Qazaxistan, Qurgizistan, Tacikistan va Ozbakistandaki amak miinasibatlorina tasirlorina xiisusi digqat
yetirilir. Investisiya imkanlarinin milli qurumlar, masgulluq tacriibalori va iscilorin tamsilgiliyi ilo neca
qarsiligh alagada oldugu sorusulur. Tadqiqatda keyfiyyatli sonad tahlili va elmi adabiyyatin, institusional
hesabatlarin va ictimaiyyata agiq layiha malumatlarinin miiqayisali tohlili istifada olunur. Omaklo bagl
dalillor asasan 2025-ci ildaki vaziyyatin yeni bir arasdirmasi avazina, 202 1-ci il masaiistii tadgigati da
daxil olmaqla tarixi ikinci daracali materialdir. Olka niimunalori gostorir ki, Cin investisiyalar: eneryji,
naqliyyat, madangilik va sanaye amakdashgini dastaklayir, bildirilon amak naticalori isa 6lka, sektor va
miiassisa tizra forqlonir. Baxilan manbalor ham faaliyyatda olan kollektiv miiqavilalari, ham do amoak
haqqi farqlori, malumata ¢ixis, is vaxti va hamkarlar ittifaginin ahata dairasi ilo bagl ¢atinliklori tasvir
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edir. Bu miisahidalor Cin investisiyali miiassisalor arasinda vahid tacriibalar va ya investisiyanin amak
hiiquglarina  sababli  tasirini  miiayyan  etmir. Moaqalaoda  infrastruktur va  kommersiya
qiymatlondirmoalarinin  saffafliga, sosial dialoga va milli amak standartlarina uygunluga digqat
yetirilmasi ila tamamlanmali oldugu qanaatina galinir.
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1. Introduction

The Belt and Road Initiative (BRI) is driven by several interconnected economic, geopolitical and
strategic factors. In the context of Central Asia, tWwo major considerations are particularly important.
First, Central Asian countries are strategically significant for China because of their abundant natural
resources, particularly oil and gas. China, as one of the world's largest energy consumers, seeks stable
and uninterrupted access to these resources. Their geographical proximity further increases their
importance: three of the countries considered in this study share borders with China. Second, China seeks
to expand its external markets and relocate part of its industrial capacity abroad. This is particularly
relevant to labour-intensive, low-value-added and environmentally burdensome industries that face
increasingly limited opportunities for further expansion within China. Chinese enterprises, especially
those operating in traditional industries, therefore have growing incentives to enter foreign markets
(Pantucci & Lain, 2017).

The reviewed literature suggests that the BRI should also be viewed as a response to China's domestic
economic challenges, particularly the need to gradually move from a low-cost manufacturing model
toward higher-value-added production. At the same time, China's external economic activity is not
limited to traditional energy and industrial projects. Chinese enterprises export expertise and technologies
in hydropower and renewable energy and seek to strengthen their position in Central Asian energy
markets.

The financial foundation of the BRI is substantial. According to PwC estimates cited in the literature, the
initiative could mobilize up to US$1 trillion in Chinese outbound state financing over a ten-year period,
primarily through preferential loans and, to a lesser extent, equity investment. Important institutional
mechanisms include the Silk Road Fund, the Asian Infrastructure Investment Bank (AIIB), China's
foreign-exchange reserves and major state-owned banks (Taliga, 2021). China's dominant financial
position in Central Asia also contributes to the leading role of Chinese enterprises in BRI projects. A
significant proportion of Chinese financing remains within the Chinese economic system: loans provided
to Central Asian governments may ultimately be used to contract Chinese companies, which frequently
supply the equipment, technology and labour required for project implementation. Taliga (2021),
referring to a cross-regional study by Building and Wood Workers’ International (BWI), reports that
more than 60% of China-financed BRI projects were awarded to Chinese companies.
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China's regional strategy has generally been characterized by three principles: limited interference in the
domestic affairs of partner countries, an emphasis on economic cooperation, and efforts to strengthen
China's international reputation (Pantucci & Lain, 2017). This approach has contributed to China's
emergence as an important and relatively convenient economic partner in Central Asia. In addition to
loans and direct investment, China has provided substantial grants for infrastructure and social projects.
Kyrgyzstan received more than US$300 million for road construction and drinking-water infrastructure,
while Tajikistan received approximately US$230 million for road rehabilitation.

The BRI is conceived as a long-term initiative, with its implementation potentially extending over several
decades. The year 2049 is frequently identified as an important milestone because it coincides with the
centenary of the establishment of the People's Republic of China. Consequently, the initiative extends
well beyond the simple restoration of historical trade routes. Its contemporary scope encompasses
broader economic connectivity and infrastructure development linking China with Central Asia, the
Middle East, Europe and other regions (Shirinzade, 2026).

The BRI can therefore be interpreted as an important component of China's long-term economic and
foreign-policy strategy and, potentially, as an instrument for restructuring its domestic economic model
(Clarke, 2014). Declining export growth, slower domestic and global economic expansion, and the need
to shift from investment- and export-led growth toward greater domestic consumption have contributed
to its development. China's prolonged emphasis on heavy industry has also generated significant
industrial overcapacity.

The BRI provides an external mechanism for absorbing part of this excess capacity through the
internationalization of Chinese engineering, construction, equipment, materials and technologies. By
expanding transport and economic connectivity across Asia, Europe and Africa, China also expects to
stimulate demand for its goods and services and generate longer-term economic growth. The initiative is
particularly relevant to less-developed inland Chinese provinces, where improved international
connectivity may support economic development and reduce regional disparities.

Domestic stability is another consideration. Improved connectivity with the interior regions, particularly
Xinjiang, 1s intended to strengthen economic integration and regional stability. At the international level,
the BRI simultaneously serves China's ambition to increase its economic and geopolitical influence,
strengthen relations with neighboring states and expand the international role of Chinese finance and
currency.

The geographical and economic scale of the initiative is considerable. Earlier source literature describes
approximately 65 countries as being connected to the BRI, representing more than half of the world's
population, around 30% of global economic activity and infrastructure investment requirements
estimated at approximately USS$S5 trillion.

The BRI has sometimes been compared with the Marshall Plan because both involve large-scale
international infrastructure and economic development initiatives. However, the comparison has
important limitations. China presents the BRI as an inclusive and mutually beneficial framework in which
participating countries are encouraged to cooperate without the political conditions traditionally
associated with external assistance. China also emphasizes that the BRI is not a formal alliance and does
not impose political obligations.

Nevertheless, the economic relationship may involve implicit or project-specific conditions, including
the use of Chinese labour, equipment and technology, financial obligations and long-term access to
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natural resources. At the same time, China's own financial resources are insufficient to meet the entire
investment requirement of the BRI. Consequently, cooperation with foreign governments, corporations,
investment funds and public-private partnerships (PPPs) is essential for implementing large-scale
projects.

The initiative also creates opportunities for non-Chinese companies, particularly in infrastructure-related
sectors. Foreign suppliers of technology, equipment, components and raw materials may cooperate with
Chinese construction companies in overseas markets. Engineering, procurement and construction firms
can similarly establish partnerships with Chinese enterprises and use BRI projects to enter new markets.
The Siemens—SEPCOIII cooperation, including a US$1 billion order for a power plant in Saudi Arabia,
illustrates the potential for such international partnerships. Such cooperation may also provide foreign
firms with access to broader Chinese business networks. Successful cooperation with major Chinese
state-owned enterprises (SOEs) can strengthen foreign companies' reputations and facilitate subsequent
participation in Chinese and international projects. The Siemens—SEPCOIII case demonstrates how
successful overseas cooperation can generate recommendations and additional business opportunities
within the Chinese market.

Finally, the BRI may create investment opportunities for private-equity firms and institutional investors.
Chinese public financing, guarantees and state support can improve the risk-return profile of
infrastructure projects in emerging markets, while state-owned enterprises may benefit from substantial
government backing. China's state-owned policy insurance mechanisms may additionally provide
protection against certain political and social risks associated with overseas projects.

This article examines how Chinese projects combine infrastructure and economic objectives with
country-specific labour relations. It compares the four country cases and considers the limits of drawing
general conclusions from historical secondary evidence.

The literature approaches these questions from complementary perspectives. Shambaugh (2013)
examines China’s global role, while Laruelle (2015) analyses the US use of the Silk Road concept,
providing a comparative policy context rather than direct evidence for Chinese financing. Regional
studies examine investment opportunities, institutional constraints, and differing local perceptions
(Aminjonov et al., 2019; Hoh, 2019; Jochec & Jenish Kyzy, 2018; Manish & Behera, 2024; Owen, 2020;
Vakulchuk & Overland, 2019; Wolters, 2018). World Bank (2019, 2020) reports provide transport and
country-level economic context. Azerbaijan-focused work is used only for the wider connectivity
discussion (Shirinzade, 2023, 2026).

2. Materials and Methods

This study employs a qualitative research methodology to examine the role, objectives, and implications
of Chinese projects in Central Asia. The research focuses on China's economic, infrastructural, energy,
transportation, and connectivity projects in Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan, with
Turkmenistan considered only as part of the regional transit context. Particular attention is given to
projects associated with the Belt and Road Initiative (BRI), while also considering Chinese investments
and bilateral cooperation that operate outside the formal BRI framework.

The study adopts a qualitative case-study design combined with comparative analysis. A case-study

approach is appropriate because Chinese engagement in Central Asia involves diverse projects with
different economic, political, geographic, and strategic characteristics. The comparative dimension
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allows the research to identify similarities and differences in China's engagement across the four country
cases.

The analysis examines Chinese projects through four principal dimensions: economic, infrastructural,
political-diplomatic, and strategic-security. The economic dimension considers trade, foreign direct
investment, financing, employment, industrial cooperation, and access to natural resources. The
infrastructural dimension focuses on transport corridors, railways, roads, energy infrastructure, pipelines,
logistics facilities, and telecommunications. The political-diplomatic dimension examines bilateral
relations, intergovernmental agreements, diplomatic initiatives, and institutional cooperation. The
strategic-security dimension considers connectivity, regional stability, border security, energy security,
and China's broader interests in Central Eurasia.

The research is based primarily on secondary data obtained from academic literature, official government
documents, international organizations, research institutes, and reputable policy publications. Primary
documentary sources include statements and policy documents published by the Chinese government,
the governments of Central Asian states, and relevant Chinese and regional institutions.

Academic sources include peer-reviewed journal articles, books, edited volumes, and scholarly studies
addressing Chinese foreign policy, the BRI, Central Asian geopolitics, infrastructure development,
geoeconomics, and China—Central Asia relations. Reports from international organizations and research
institutions are used to obtain information concerning investment, trade, infrastructure development,
energy cooperation, and regional connectivity. Where available, project-level information is examined
in order to identify the project's location, sector, financing structure, participating institutions,
implementation period, and intended economic or strategic objectives. The study also considers publicly
available statistical data concerning trade, investment, infrastructure, and energy cooperation.

The study uses thematic content analysis to identify recurring patterns in China's Central Asian projects.
Documents and scholarly literature are examined according to several analytical categories: project
objectives, sector, financing mechanisms, participating actors, expected benefits, implementation
challenges, and broader implications. The research also applies a geoeconomic perspective to examine
how economic instruments and infrastructure projects can contribute to broader foreign-policy
objectives. This approach does not assume that all Chinese projects are primarily geopolitical. Instead, it
investigates the interaction between economic interests, connectivity objectives, diplomatic relations,
and strategic considerations.

A comparative analysis is subsequently used to determine whether China's engagement demonstrates
common patterns across Central Asia or whether project objectives and outcomes vary according to
individual country conditions. The collected material is analyzed through qualitative interpretation and
cross-case comparison. First, relevant Chinese projects are categorized according to sector and country.
Second, their stated objectives and implementation mechanisms are examined. Third, the economic and
political implications of these projects are compared across the four country cases.

The study distinguishes between officially stated objectives and interpretations offered by academic and
policy literature. This distinction is important because Chinese government documents generally
emphasize principles such as mutual benefit, connectivity, development, and cooperation, whereas some
external analyses interpret particular projects in terms of China's geopolitical, economic, or strategic
interests. Presenting these perspectives separately helps avoid treating contested interpretations as
established facts.
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The labour-related country accounts rely substantially on Taliga (2021), which reports research
conducted in 2020. Interviews and statements attributed to union officials in that report are treated here
as secondary evidence; no original interviews, fieldwork, or new employee survey are claimed. Historical
project, workforce, and policy figures retain their source-period meaning and are not presented as a
verified inventory of conditions in late 2025.

3 Results
3.1 Chinese investment in Kazakhstan

In the historical account reviewed by Taliga (2021), the Kazakh government had reported, since 2015,
more than 50 Chinese investment projects, including joint ventures in mining, chemicals, and
petrochemicals. For several years, authorities declined to release a full project list despite requests from
policy specialists and environmental organisations, referring to commercial confidentiality. In September
2019, Kazakhstan Invest JSC—established in 2017 as the successor to the national investment and export
agency KAZNEX INVEST—published an overview of 55 joint Kazakh—Chinese projects with a
combined value of US$27.6 billion. According to that review, 15 projects had been completed, 11 were
under implementation, and 29 remained under consideration.

Oil and gas constitute a major area of cooperation, with numerous joint ventures involving Chinese
shareholders. A key participant is China National Petroleum Corporation (CNPC), a large state-owned
energy company with operations and interests in more than 30 countries. CNPC acquired a stake in
Aktobe Munay Gas in 1997 and holds 85.42% of its shares. In Kazakhstan, the company has participated
in oil-field development and in the construction of oil and gas pipelines, including the Kazakhstan—China
oil pipeline and the Kazakhstan—China gas pipeline. Aktobe Munay Gas operates in northern Kazakhstan
and employs approximately 6,300 permanent workers. The source material reports that 88 employees
were Chinese, compared with 124 before the COVID-19 pandemic in 2020. The company’s trade union
is described as maintaining a constructive relationship with management and having concluded eight
collective agreements since 2000. Taliga (2021) identifies the collective agreement applicable to the
reporting period as covering 2017-2020.

Another major CNPC-related enterprise in Kazakhstan is PetroKazakhstan, whose ownership is divided
between CNPC (67%) and the national company KazMunayGas (33%). Its activities include acquiring,
exploring, developing, and producing oil and gas fields—particularly the Kumkol field in the Kyzylorda
region—as well as selling oil and refined petroleum products.

Interview accounts reproduced by Taliga (2021) suggest that investment retention, commercial
objectives, and worker representation can create differing institutional priorities. The authorities appear
keen to retain CNPC as a major investor. However, the extent to which state agencies monitor foreign-
owned companies is difficult to establish, particularly during the COVID-19 pandemic, when labour
inspections concerning employment, environmental, and other matters were suspended.

3.2 Chinese projects and labour relations in Kyrgyzstan

The Kyrgyzstan case reviewed by Taliga (2021) covers Chinese participation in energy infrastructure,
oil refining, and mining. In 2019, Sino-Pipeline International Company began construction of the Kyrgyz
section of Line D of the Central Asia—China gas pipeline. Chinese companies also built two refineries in
the north of the country: Kara-Balta, with an approximate annual capacity of 800,000 tonnes, and
Tokmok, with a capacity of 450,000 tonnes. Both facilities reportedly operated below capacity because
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of limited crude-oil supplies. The Kara-Balta refinery suspended operations following the outbreak of
the COVID-19 pandemic. Before the shutdown, it employed approximately 775 people, including around
500 local workers, with the remainder coming from China.

Chinese investors are also active in mining and quarrying. According to the reported figures, Kyrgyzstan
had 11 companies operating mines and quarries that each employed at least 500 people; four were owned
by Chinese investors. Zijin Mining Group, a major Chinese mining company, holds a 60% stake in
Altynken LLC, which operates the Taldybulak Levoberezhny gold deposit, described in the source as
Kyrgyzstan’s third-largest gold mine. Commercial production began in July 2015, and output reached
133,335 ounces of gold in 2019. In June 2019, Kyrgyzstan’s Investment Support and Protection Agency
signed a framework agreement with Daren Group, Lingbao Gold Group, and Full Gold Mining to develop
a new gold-recovery facility.

E. Tadjibaev, identified in Taliga (2021) as chairman of the Trade Union of Miners and Metallurgists of
Kyrgyzstan, reported that trade unions were present in three of the four Chinese-owned companies and
represented approximately 90% of their employees. Unionisation was more difficult in subcontracting
firms, which often operated for only six to twelve months. Chinese investors reportedly preferred to use
subcontractors from China where possible. Establishing a union in a Chinese-invested company was not
generally described as impossible: although employers did not actively support unionisation, they did
not necessarily obstruct it. A significant proportion of locally recruited employees were skilled workers
familiar with trade unions, although the requirement to pay union dues discouraged some from joining.

Despite the legal authority of a trade union to operate once established, Chinese-owned companies were
reportedly reluctant to recognise unions before their formal registration. Several years earlier, protests
had taken place at the Chinese-operated Orlovka gold mine after the company allegedly failed to comply
with a government requirement that at least 90% of its workforce be local. Workers also demanded equal
pay and employment contracts consistent with Kyrgyz labour legislation for both local and foreign
employees.

One explanation offered by the company for differences in wages was that Chinese workers lived far
from their homes and families and therefore faced circumstances that were not directly comparable with
those of local employees. Trade unions raised concerns with local authorities, the Labour Inspectorate,
and the Ministry of Labour, Employment, and Migration. According to the source, Chinese employers
were reluctant to provide wage supplements for night work, hazardous conditions, high-altitude
employment, or rotational work involving travel to camps, despite such payments being required under
the Labour Code. Employers also argued that local workers” wages were already above the national
average. Trade union representatives maintained that legally required allowances should be paid in all
cases, even if this affected the basic wage structure.

Taliga (2021) reports that some investors referred to differences between home-country practices and
host-country labour requirements when explaining their employment arrangements. Employers also
pointed to Chinese workers’ willingness to accept company-established schedules and conditions.
Disagreements reportedly concerned 12-hour shifts in place of the standard eight-hour day and lunch
breaks limited to 15 minutes. These accounts indicate potential tensions between company practices,
workers’ expectations, and the requirements of national labour law.
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3.3 Chinese investment in Tajikistan

In the Chinese—Tajik joint ventures described by Taliga (2021), the Chinese partner commonly provides
most of the capital, while the Tajik side facilitates land allocation, permits, and regulatory approvals. The
government has also offered tax concessions or land at no cost in some cases. Private investment projects
require state approval, and the Tajik authorities have presented Chinese companies as attractive partners
in the mining sector because of the anticipated benefits they bring.

Nevertheless, observers have raised concerns about the consistency with which investment legislation is
applied. In October 2019, reports described tax exemptions granted by the Tajik parliament to Chinese
companies investing in the country. TBEA, a company active in power generation and renewable-energy
construction, received tax concessions on imported equipment and technology for the development of
the Upper Kumarg deposit in Sughd Region and the East Duoba deposit in Ayni District. The concessions
were reportedly linked to the period required for the company to recover its US$331 million investment
in a 400-megawatt power plant in Dushanbe, financed through a preferential loan from China Eximbank.

These examples illustrate the close relationship between investment attraction, state facilitation, and
negotiated financial incentives. They also raise questions about transparency, the distribution of benefits,
and the degree to which public authorities consistently apply domestic rules to foreign-invested projects.

3.4 Chinese investment and infrastructure in Uzbekistan

According to China Investment Monitor figures reproduced in Taliga (2021), Chinese investments and
contracts in Uzbekistan between 2013 and 2020 totalled US$2.24 billion. The reported breakdown
included US$720 million in real estate, US$560 million in transport, US$440 million in chemicals, and
US$340 million in energy. Other Uzbek sources estimated Chinese foreign direct investment at US$3.9
billion over the preceding three years, while the government set a target of increasing annual Chinese
investment to US$5 billion by 2025. These figures come from different reporting bases and should
therefore not be treated as directly interchangeable.

At the beginning of 2020, Uzbekistan hosted 1,652 enterprises with Chinese investment, representing
16% of all enterprises with foreign participation. Of these, 531 had been established in 2019, and more
than 120 were wholly Chinese-owned. According to the Federation of Trade Unions of Uzbekistan
(FTUU), only 15 Chinese-invested enterprises had trade unions. In an effort to attract foreign direct
investment, Uzbekistan established an agency dedicated to attracting foreign investors and introduced
tax exemptions for residents of free economic zones. Under the reported scheme, investments above
US$10 million qualified for a ten-year exemption; investments between US$5 million and US$10 million
for seven years; those between US$3 million and US$5 million for five years; and investments between
US$0.3 million and US$3 million for three years. In December 2019, the government also decided to
open a representative office of the Ministry of Investment and Foreign Trade in China to facilitate
engagement with prospective investors.

Uzbekistan’s economic relationship with China initially centred on the export of strategic raw materials,
including natural gas, copper, cotton fibre, and mineral fertilisers. Gas transportation has also been
important. Although Uzbekistan’s own hydrocarbon reserves are described as relatively limited, the
country has a significant transit role in transporting Turkmen gas to China. In addition to the existing
pipeline through Kazakhstan, plans were reported for a 210-kilometre section of the D-line connecting
Turkmenistan with China.
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Over time, cooperation has broadened to include transport connectivity and energy infrastructure. The
China Railway Tunnel Construction Group upgraded the Andijan—Pap—Angren—Tashkent railway
section, one of the routes associated with the Silk Road Economic Belt. The work included construction
of the 19-kilometre Kamchik Tunnel and railway electrification between 2013 and 2016. In October
2020, regular rail freight services were launched between Hebei Province, near Beijing, and Tashkent,
with reports indicating at least 12 departures per week from Hebei.

Chinese investment has also extended into industry, telecommunications, pharmaceuticals, agriculture,
and water management. For Uzbekistan, this diversification forms part of a broader ambition to move
away from an economic model centred on raw-material exports and towards the production and export
of goods with greater added value. Chinese firms have participated in the development of joint high-
technology industrial parks. In late August 2019, the two governments signed an agreement to establish
a joint investment fund with authorised capital of US$1 billion, intended to support high-technology
projects in the chemical and petrochemical industries and production facilities in the oil and gas sector.

Other proposed Uzbek—Chinese projects have included power plants and wind turbines in Navoi,
Samarkand, and Bukhara, reportedly valued at US$720 million; hydrocarbon production projects valued
at US$600 million; further development of the Uzbekistan—Kyrgyzstan—China transport corridor; railway
construction; logistics centres along the Andijan—Osh—Irkeshtam—Kashgar route; and the construction of
the Kamchik highway tunnel. As Owen (2020, p. 266) notes in the source cited, Uzbekistan’s objective
is not simply to function as a transit territory for Chinese manufactured goods. It also seeks to become
an industrial and transport hub serving other Central Asian countries and Afghanistan.

Public attitudes towards Chinese investment in Uzbekistan have reportedly been more favourable than
in neighbouring Kazakhstan and Kyrgyzstan. One possible explanation is that Uzbekistan’s closer
economic engagement with China developed more recently, following the launch of economic reforms
under the country’s new leadership in September 2016. Central Asia Barometer survey results cited by
Taliga (2021) indicated that in 2019, 65% of respondents in Uzbekistan strongly supported Chinese
investment in national energy and infrastructure, compared with 7% in Kazakhstan and 9% in
Kyrgyzstan. In 2020, the share of strong supporters in Uzbekistan declined to 48%. At the same time,
the proportion of Uzbek respondents who were very concerned that Chinese development projects could
increase external debt rose from 7% to 25%.

3.5 Trade unions and labour conditions in Uzbekistan

The situation of social partnership in Chinese-invested enterprises in Uzbekistan appears mixed. Despite
the large number of such companies, only around 1% reportedly had a trade union, even though a new
Trade Union Law that took effect in March 2020 simplified the registration of primary trade union
organisations. Where unions had been established, Chinese employers were not generally reported to
oppose them and were willing to sign collective agreements.

According to the historical account in Taliga (2021), the FTUU reported that, over the three years
preceding that report, it had received no information from member organisations about labour conflicts
or individual employment disputes in Chinese companies. Chinese investors were said to comply with
Uzbek labour legislation. Although wage differences between foreign and local workers existed, union
representatives did not identify them as a major problem requiring separate intervention. Issues
concerning Chinese investors were generally handled directly between workplace-level unions and
employers rather than being raised by the federation as a broader policy concern. This position is
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discussed in the secondary source in connection with the government’s emphasis on attracting foreign
direct investment, creating jobs, and accelerating economic growth (Taliga, 2021).

4. Discussion
4.1 Geopolitical context and the role of external actors

Central Asia’s strategic environment is shaped by the involvement of multiple external powers. In
addition to China, the principal actors include Russia, the United States, the European Union, India,
Japan, South Korea, and Tiirkiye. T. Umarov of the Carnegie Moscow Center, as cited in Taliga (2021),
has highlighted the complexity of this environment and the importance of regional states’ efforts to
preserve balanced relations with external partners. In this context, some Central Asian governments
regard Russia as a potential counterweight to China’s growing economic presence.

Russia remains one of China’s principal geopolitical counterparts in Central Asia because of its
substantial political, security, and economic influence. The reviewed literature presents Moscow as an
important actor in the regional security sphere. Nevertheless, Russia is not an equivalent economic
competitor to China in the region. The structure of the Russian economy limits its capacity to become a
major market for Central Asian raw materials, while China’s demand for energy and other resources
gives it a distinct economic position.

Consequently, the relationship between China and Russia in Central Asia is not necessarily characterised
by direct competition across every policy area. A practical division of roles has often been observed:
Russia retains considerable influence over regional security, while China places greater emphasis on
trade, investment, and economic development. The United States has also been an important external
actor, although the reviewed accounts describe variation in the scope and timing of its regional
engagement.

The European Union remains an important investor in Central Asia, but China’s economic role has
continued to expand. On 17 June 2019, the EU adopted its strategy, The EU and Central Asia: New
Opportunities for a Stronger Partnership, which prioritises resilience, prosperity, and regional
cooperation. In December 2020, the EU Special Representative for Central Asia convened the online
forum EU-Central Asia Dialogue on Partnership for Prosperity. The event brought together senior
representatives of the European Commission, deputy prime ministers and trade and economy ministers
from Central Asian states, as well as nearly 200 public- and private-sector participants from the EU and
the region. Despite these diplomatic and economic initiatives, the United States and EU member states
face constraints in matching China’s role in regional trade and investment. Their capacity to offer an
alternative security presence is also limited. Regional governments have approached NATO’s military
presence cautiously, while expanded Western military involvement could affect the security interests of
Moscow and Beijing.

4.2 The Belt and Road Initiative as a strategic framework

The Belt and Road Initiative (BRI) should be understood not only as a programme for international
infrastructure development but also as a central component of China’s domestic and foreign-policy
strategy. It supports Beijing’s longer-term ambitions and forms part of the country’s broader “going
global” approach. The action plan developed by China’s Ministry of Foreign Affairs, the National
Development and Reform Commission (NDRC), and the Ministry of Commerce articulated the
initiative’s general direction. In its initial form, however, the plan was closer to a strategic vision than to

169



ELMI TODQIQAT / 6(10), 2026
SCIENTIFIC RESEARCH / 6(10), 2026

a detailed implementation blueprint; its broad scope left considerable flexibility in how individual
projects could be designed and carried out.

China established a dedicated coordinating office under the NDRC to oversee BRI-related
implementation. The initiative was also supported by a substantial financing framework. An estimate by
PwC suggested that BRI could mobilise as much as US$1 trillion in Chinese state-backed overseas
financing over a ten-year period. Such support was expected to take the form primarily of concessional
lending, supplemented by equity investment. The financing architecture included the Silk Road Fund,
the Asian Infrastructure Investment Bank (AIIB), foreign-exchange resources, and major Chinese state-
owned banks.

The initiative was conceived as a long-term undertaking, potentially extending over three or four decades.
The year 2049 is frequently cited as a significant milestone because it marks the centenary of the founding
of the People’s Republic of China. Although BRI is often presented as an effort to revive historical trade
routes, its objectives extend well beyond the restoration of former links between China, Central Asia, the
Middle East, and Europe. It combines transport connectivity with wider economic, industrial, and
geopolitical ambitions. In this sense, BRI is closely linked to China’s long-term development strategy
and international engagement. It has been presented as a means of shaping domestic economic
development while expanding China’s role abroad; some analysts have also interpreted it as a potential
instrument for restructuring aspects of the Chinese economy.

4.3 Economic motivations behind the BRI

Several domestic and international economic pressures help explain the launch and expansion of BRI.
These include weaker export performance, subdued economic growth in China and globally, and the
need to move towards a more consumption-oriented growth model rather than relying predominantly on
government investment and exports. China’s development model, combined with sustained support for
heavy industry, contributed to excess production capacity in a number of sectors. Government
intervention has been a significant feature of this process, and Chinese authorities identified multiple
industries in which measures were required to curb further overproduction.

Against this background, overseas infrastructure and industrial projects can create outlets for Chinese
capital, technology, equipment, and construction capacity. They can also strengthen access to energy and
other raw materials and deepen China’s economic links with neighbouring states. These objectives do
not necessarily explain every project individually, but they provide a useful framework for examining
the expansion of Chinese investment across Central Asia.

4.4 Cross country patterns and labour representation

Across Central Asia, governments have introduced measures to attract additional foreign direct
investment, while the extent of their dependence on Chinese capital varies. In some circumstances, this
dependence has been characterised as investment pursued under constrained alternatives. Publicly
available information about Chinese investment remains limited both at the macroeconomic level and at
the level of individual companies (World Bank, 2019). Obtaining details about a particular project often
requires a formal request to the relevant authorities, which determine what information can be disclosed
and how much detail can be provided. At the enterprise level, trade unions may have little access to
performance data because companies classify it as confidential.
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Foreign-owned businesses may also apply management practices familiar from their home markets.
Where trade unions and workers have limited bargaining power, investors may have an incentive to meet
only the minimum requirements of local labour legislation. The source material suggests that managers
of Chinese enterprises can be reluctant to engage in social dialogue, particularly at newly established
workplaces. However, these observations should not be generalised to every company or country: labour
relations differ according to the national legal framework, sector, company, and strength of local
institutions.

Employment quotas for local workers have gradually been introduced in Central Asian countries, with
reported requirements generally ranging from 70% to 90%, depending on the country and industry.
Compliance is not always assured (Taliga, 2021). Wage disparities between Chinese and locally recruited
workers have been justified in different ways. Employers may argue that Chinese employees are
separated from their families or that local workers already earn more than the official minimum wage.
Such explanations can complicate collective bargaining when unions lack access to reliable data on pay
structures and employment conditions.

The bargaining position of trade unions is weakened by several interrelated factors. Wages and tariff
rates may be determined unilaterally by employers rather than negotiated collectively. Unions may not
receive the information needed to develop evidence-based wage demands, while differences in pay
policies among subsidiaries of the same investor can make comparisons difficult. Collective agreements
may simply reproduce legal requirements for bonuses and additional compensation—such as payments
for overtime and night work—without establishing benefits beyond the statutory minimum. In these
circumstances, unions may focus on securing non-monetary benefits and preventing workplace disputes
rather than achieving substantial improvements in remuneration.

Trade unions’ limited engagement with the wider economic and political implications of Chinese
investment may reflect their immediate institutional priorities. Their day-to-day work is generally
concentrated on working conditions, compliance with labour law, collective bargaining, and workplace
issues. Their engagement may also be shaped by national policies that prioritise the attraction of foreign
investment (Taliga, 2021).

4.5 Limitations

The study is a qualitative synthesis of selected secondary material and does not provide a representative
sample of Chinese-invested enterprises or workers. Much of the project and labour evidence concerns
2019-2020 and cannot establish current conditions. The original sources use different definitions of
investment, contracts, project completion, and enterprise participation, so their totals are not directly
comparable. Reported interviews and survey results have not been independently replicated.
Turkmenistan is discussed in relation to regional transit but is not a separate country case. Source
selection dates, a complete documentary corpus, and an independent coding procedure are not available
in the supplied material. These limits restrict causal inference and generalisation.

5. Conclusion
Chinese investment in Central Asia is shaped by a combination of economic, geopolitical, and strategic
considerations. The BRI provides a broad framework for expanding transport connectivity, securing

access to natural resources, supporting overseas commercial activity, and strengthening China’s regional
influence. Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan have each pursued cooperation with
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Chinese companies, but the scale, sectoral distribution, and institutional conditions of that cooperation
differ.

The country cases indicate that investment can support infrastructure development, energy production,
mining, transport links, and industrial diversification. At the same time, questions remain concerning
transparency, public oversight, the consistent application of national legislation, and the distribution of
benefits. Labour relations are similarly varied. Some Chinese-invested enterprises have functioning trade
unions and collective agreements, whereas in others union coverage is limited or workers face difficulties
related to wage disparities, employment contracts, overtime, and additional compensation.

The evidence presented does not establish that all Chinese investment in the region is economically
unsustainable or that labour practices are uniform across Chinese-owned enterprises. Rather, it points to
the importance of evaluating projects through multiple criteria, including commercial performance,
access to resources, employment creation, security and political cooperation, transparency, and
compliance with labour standards. The reviewed synthesis suggests that China may assess the value of
its regional investments according to objectives that extend beyond immediate economic returns,
including access to natural resources, employment, military and security advantages, and political
cooperation. Future assessments should therefore combine economic analysis with country-specific
examination of governance, environmental oversight, and the effectiveness of labour institutions.

References

Aminjonov, F., Abylkasymova, A., Aimée, A., Eshchanov, B., Moldokanov, D., Overland, 1., &
Vakulchuk, R. (2019). BRI in Central Asia: Overview of Chinese projects. Central Asia Regional
Data Review, 20, 1-5. https://osce-academy.net/upload/file/20 BRI in_Central Asia.pdf

Clarke, M. (2014). Kazakh responses to the rise of China: Between elite bandwagoning and societal
ambivalence? In N. Horesh & E. Kavalski (Eds.), Asian thought on China’s changing international
relations (pp. 141-172). Palgrave Macmillan. https://doi.org/10.1057/9781137299338 8§

Hoh, A. (2019). China’s Belt and Road Initiative in Central Asia and the Middle East. Digest of Middle
East Studies, 28(2), 241-276. https://doi.org/10.1111/dome.12191

Jochec, M., & Jenish Kyzy, J. (2018). China’s BRI investments, risks, and opportunities in Kazakhstan
and Kyrgyzstan. In M. Laruelle (Ed.), China’s Belt and Road Initiative and its impact in Central
Asia  (pp. 67-76). The George Washington University, Central Asia Program.
https://centralasiaprogram.org/wp-content/uploads/2017/12/OBOR_Book .pdf

Laruelle, M. (2015). The US Silk Road: Geopolitical imaginary or the repackaging of strategic interests?
Eurasian Geography and Economics, 56(4), 360-375.
https://doi.org/10.1080/15387216.2015.1098555

Manish, & Behera, A. (2024). China’s Belt and Road projects in Central Asia. FIIB Business Review,
13(2), 143—-154. https://doi.org/10.1177/23197145211042431

Owen, C. (2020). The Belt and Road Initiative’s Central Asian contradictions. Current History, 119(819),
264-269. https://doi.org/10.1525/curh.2020.119.819.264

Pantucci, R., & Lain, S. (2017). China’s Eurasian pivot: The Silk Road Economic Belt (Whitehall Paper
88). Routledge.

Shambaugh, D. (2013). China goes global: The partial power. Oxford University Press.

Shirinzade, K. (2023). “One Belt, One Road” initiative in respect to Azerbaijan. International Research
Journal, (9 [135]). https://doi.org/10.23670/IRJ.2023.135.86

Shirinzade, K. (2026). Development prospects of Azerbaijan as a regional logistics center. Scientific
Work, 20(5), 223-234. https://doi.org/10.36719/2663-4619/129/223-234

172



Kamran Shirinzade

Taliga, H. (2021). Belt and Road Initiative in Central Asia: Desk study. International Trade Union
Confederation. https://www.ituc-csi.org/IMG/pdf/belt and road initiative in central asia.pdf

Vakulchuk, R., & Overland, 1. (2019). China’s Belt and Road Initiative through the lens of Central Asia.
In F. M. Cheung & Y. Hong (Eds.), Regional connection under the Belt and Road Initiative: The
prospects  for economic and  financial cooperation (pp. 115-133). Routledge.
https://doi.org/10.4324/9780429467172-5

Wolters, A. (2018). Hegemonic or multilateral? Chinese investments and the BRI initiative in Tajikistan
and Kyrgyzstan. In M. Laruelle (Ed.), China’s Belt and Road Initiative and its impact in Central
Asia  (pp. 41-50). The George Washington University, Central Asia Program.
https://centralasiaprogram.org/wp-content/uploads/2017/12/OBOR_Book .pdf

World Bank. (2019). Belt and Road economics: Opportunities and risks of transport corridors.
https://doi.org/10.1596/978-1-4648-1392-4

World Bank. (2020). South Caucasus and Central Asia: The Belt and Road Initiative—Tajikistan country
case  study.  https://documents].worldbank.org/curated/en/938531593500864017/pdf/South-
Caucasus-and-Central-Asia-The-Belt-and-Road-Initiative-Tajikistan-Country-Case-Study.pdf

173



ELMI TODQIQAT Oktyabr 2026, Cild: 6, Sayr: 10, s. 174182
SCIENTIFIC RESEARCH October 2026, Volume: 6, Issue: 10, pp. 174—182 @
DOL https://doi.org/10.36719/2789-6919/64/174-182

Information as a Strategic Resource in Contemporary Society a
Socio Philosophical Model of Responsible Value Creation

Olimxodjayev Fayyozxo‘ja

Abstract. Information is frequently described as a strategic resource, but the analogy with material
resources is incomplete. Information can be copied without depletion, becomes valuable through
interpretation and use, and may generate public benefit and social harm at the same time. This article
asks under what conditions information functions as a legitimate strategic resource in contemporary
society. A structured conceptual review of twelve foundational academic and institutional sources was
conducted across information philosophy, data studies, privacy theory, political economy, and digital
governance. The sources were compared through five dimensions: value creation, epistemic quality,
access, power, and accountability. The analysis distinguishes data, meaningful information, actionable
knowledge, and strategic judgement rather than treating them as equivalent assets. It identifies four
conditions of responsible strategic use: epistemic reliability, contextual legitimacy, capability-enhancing
access, and accountable institutional stewardship. These conditions form an Information Stewardship
Model that explains why technical accumulation alone does not create social value. Poor-quality data,
opaque inference, excessive concentration, and weak correction mechanisms can convert an apparent
asset into a source of vulnerability. Conversely, information produces durable value when institutions
verify provenance, protect contextual privacy, broaden meaningful access, explain consequential uses,
and preserve channels for correction. The article concludes that information should be governed neither
as ordinary private property nor as an unrestricted public good. Its strategic status depends on a
balanced institutional architecture linking innovation, rights, trust, and collective learning.
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society; institutional stewardship

Fergana State University, Fergana, Uzbekistan

E-mail: olimxodjaevfi@mail.ru

Received: 29 April 2026; Accepted: 7 August 2026; Published online: 30 October 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).

Miiasir comiyyatds strateji resurs kimi informasiya: masuliyyatli
doyar yaradilmasinin sosial-falsafi modeli
Olimxodjayev Fayyozxo‘ja
Xiilasa. Informasiya ¢ox vaxt strateji resurs kimi tagdim olunur, lakin onun maddi resurslarla

eynilasdirilmasi natamamdir. Informasiya tikanmadan coxaldila bilir, dayari sarh va istifads prosesinda
yaranir, eyni zamanda ictimai fayda va sosial zarar yarada bilor.
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Olimxodjayev Fayyozxo‘ja

Moaqals informasiyanin miiasir comiyyatda hansi sortlor daxilinda legitim strateji resursa ¢evrildiyini
arasdirir. Informasiya folsafasi, malumat tadqgigatlar, maxfilik nazoriyyasi, siyasi iqtisad va ragamsal
idaraetmaya aid on iki fundamental akademik va institusional manba strukturlasdirimis konseptual
tohlillo miigayisa edilmisdir. Manbalor dayar yaratma, epistemik keyfiyyat, ¢ixis, hakimiyyat va
hesabatliliq iizra taohlil olunmusdur. Tadgigat malumati, manall informasiyani, praktik biliyi va strateji
mithakimani bir-birindan forqlondirir. Masuliyyatli strateji istifadonin dérd sorti miiayyan edilir:
epistemik etibarliliq, kontekstual legitimlik, imkanlar: genislondiran ¢ixis va hesabatl institusional
himayadarlq. Bu sartlor texniki toplanmanin oz-6zliiyiinda sosial dayar yaratmadigini géstoran
Informasiya Himayadarhigi Modelini taskil edir. Keyfiyyatsiz malumat, qeyri-saffaf natica¢ixarma,
haddindan artiqg markazlagmoa va zaif diizalis mexanizmlori goriinan resursu zaiflik manbayina ¢evira bilor.
Oksina, mansa yoxlanildigda, kontekstual maxfilik gorunduqda, manali ¢ixis geniglondirildikda va diizalis
kanallar1 saxlanildigda informasiya davamli dayar yaradir. Naticada informasiyanin na adi xiisusi
miilkiyyat, na do mahdudiyyatsiz ictimai nemat kimi idara olunmasinin yetorli olmadigi asaslandiriir.

Acgar sozlar: informasiya; strateji resurs; malumatlarin idara edilmasi; informasiya etikasi;, moaxfilik;
raqgamsal comiyyat; institusional himayadarliq

Introduction

Information is routinely called the oil, currency, or infrastructure of the digital age. Each metaphor
captures part of its importance but can obscure its distinctive character. Oil is depleted when consumed,
whereas information can be copied and used by many actors at once. Currency has a standard unit,
whereas informational value varies with context, quality, interpretation, and timing. Infrastructure
enables activity, yet information also shapes the goals, classifications, and decisions through which
activity is organised. A defensible account of information as a strategic resource must therefore explain
not only how information is accumulated, but how it becomes meaningful, actionable, legitimate, and
correctable.

The growth of networked communication has intensified this question. Economic production, public
services, scientific research, education, and everyday social coordination increasingly depend on data
flows and digital systems. Castells (2010) describes a social morphology organised through networks,
while Bell (1973) identified the expanding role of theoretical knowledge in post-industrial society. More
recent analyses show that the capacity to collect and process data can support innovation, productivity,
and public problem solving (Organisation for Economic Co-operation and Development [OECD], 2015).
Yet the same capacity can intensify surveillance, asymmetrical influence, discrimination, and
dependence on opaque systems (Zuboff, 2019).

The strategic-resource thesis is thus normatively ambivalent. It can direct attention to information quality,
digital infrastructure, institutional memory, and knowledge-based decision making. It can also legitimise
unlimited collection by treating every trace of human activity as extractable raw material. The language
of resource management tends to privilege possession and optimisation, while questions of consent,
privacy, epistemic justice, and public accountability appear as secondary constraints. Information ethics
challenges this ordering by treating the informational environment as a domain in which human agency
and social relations are constituted, not merely an inventory available for exploitation (Floridi, 2013,
2014).
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A second difficulty concerns the unstable relationship among data, information, knowledge, and
judgement. These terms are often merged in policy and management discourse. Data may be inaccurate,
incomplete, or stripped of the context that gives it meaning. Information may be relevant but still fail to
justify a conclusion. Knowledge requires warranted interpretation, while strategic judgement additionally
requires an understanding of goals, trade-offs, uncertainty, and responsibility. Large volumes of data
therefore do not automatically produce knowledge or sound decisions (Kitchin, 2021). Quantity can even
conceal uncertainty by making weak inferences appear technically authoritative.

This article asks: under what conditions does information function as a legitimate strategic resource for
contemporary society? Its purpose is to develop a socio-philosophical model that connects value creation
with epistemic reliability, rights, human capability, and institutional accountability. The article rejects
two simplifications: that more information is always better, and that control over information is
equivalent to strategic capacity. It argues instead that information acquires durable strategic value only
when institutions can verify it, interpret it contextually, distribute its benefits fairly, and correct its
harmful uses.

Materials and Methods

The study uses a structured conceptual review rather than an empirical survey. Twelve foundational
academic and institutional sources were selected purposively across five intersecting fields: the
information society, data studies, information ethics, privacy theory, and public data governance. The
selection includes works that explain the historical growth of information-based social organisation, the
distinctive properties of data and information, the political economy of extraction, and institutional
principles for responsible use. The aim was not bibliometric completeness but conceptual coverage of
the central tensions in the research question.

Each source was examined through five analytical dimensions. Value creation concerned the mechanism
through which information generates economic, administrative, scientific, or social benefit. Epistemic
quality concerned accuracy, provenance, relevance, interpretation, and uncertainty. Access concerned
who can obtain, understand, and use information. Power concerned the ability to collect, classify, predict,
and influence. Accountability concerned consent, transparency, contestability, remedy, and institutional
responsibility. A comparative matrix was used to identify areas of convergence and contradiction.

The analysis proceeded in three stages. First, the resource metaphor was tested against the non-rival,
context-dependent, and relational properties of information. Second, a value chain was reconstructed
from raw data to strategic judgement, with failure points identified at each transition. Third, normative
and institutional conditions were synthesised into an Information Stewardship Model. The model is
analytical rather than causal: it proposes relationships to be examined empirically and does not claim
measured effects for any specific country or organisation.

No empirical survey findings are used in this study. A defensible survey-based claim would require a
documented questionnaire, sampling frame, fieldwork dates, descriptive statistics, data-access statement,
and appropriate ethical information. In the absence of a verifiable dataset meeting those conditions, the
conclusions in this article are explicitly limited to conceptual synthesis and documented institutional
principles.

Al-assisted drafting disclosure: generative Al was used to assist with English translation, structural
organisation, and language editing. The author remains responsible for verifying all arguments,
references, and formulations before submission.
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Results
1. Information Is a Relational Resource

The first result is that information cannot be governed adequately through the logic of possession alone.
Its value is relational: the same informational content may be decisive in one setting, irrelevant in another,
and harmful when removed from context. A weather observation, health record, location trace, and
historical archive have different value structures because their users, purposes, temporal horizons, and
risks differ. The strategic importance of information therefore lies not in its mere existence but in the
institutional capacity to connect trustworthy content to legitimate action.

Information also differs from conventional resources because use does not necessarily consume it. This
non-rival feature supports reuse, cumulative knowledge, and open access. At the same time, uncontrolled
access can expose persons and communities to surveillance or manipulation. Hess and Ostrom (2007)
show why knowledge resources require governance arrangements that avoid both enclosure and
unmanaged degradation. The relevant scarcity is often not the informational object itself but attention,
interpretive competence, trustworthy institutions, and the capacity to distinguish relevant evidence from
noise.

The resource metaphor is therefore useful only after qualification. Information is an asset when its
provenance is known, its meaning is preserved, and its use serves a defensible purpose. It becomes a
liability when poor quality is amplified through automated decisions, when access is concentrated
without accountability, or when retention exceeds the purpose that justified collection. Strategic value
and strategic risk are generated by the same socio-technical system.

2. From Data Accumulation to Strategic Judgement

The second result is a four-stage distinction among data, information, knowledge, and strategic
judgement. Data are recorded differences, measurements, traces, or symbols. They become information
when organised in relation to a question or context. Information supports knowledge when claims are
interpreted, justified, and connected to prior understanding. Strategic judgement arises when knowledge
1s applied to competing goals under conditions of uncertainty and responsibility. Each transition adds
meaning, but also creates opportunities for distortion.

Kitchin (2021) demonstrates that data are never simply given; they are produced through choices about
what to measure, how to classify, and which cases to exclude. Floridi (2013) likewise emphasises the
semantic and ethical dimensions of information. A technically correct dataset may still be strategically
misleading if the categories encode outdated assumptions, if the sample omits vulnerable groups, or if
the decision context has changed. Epistemic reliability consequently requires more than error-free
storage. It requires documented provenance, fitness for purpose, explicit uncertainty, and mechanisms
for revision.

The distinction also exposes why artificial intelligence does not eliminate human judgement. Machine-
learning systems can detect regularities at a scale beyond unaided cognition, but model outputs depend
on training data, objective functions, thresholds, and deployment conditions. UNESCO (2021) places
human dignity, oversight, fairness, transparency, and accountability at the centre of responsible Al
governance. Strategic decisions remain normative because they distribute benefits, burdens, attention,
and risk. Computational power can inform such decisions but cannot determine the legitimate ends of
public action.
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3. Strategic Value Depends on Epistemic Quality

The third result is that information quality is not a preliminary technical issue but a constitutive element
of strategic value. Decisions based on stale, unrepresentative, or decontextualised information can
produce greater harm precisely because they are applied at scale. OECD (2015) documents the potential
of data-driven innovation while also identifying challenges involving privacy, access, skills, and
measurement. The value of faster analysis therefore depends on whether the underlying informational
process is reliable enough for the decision at stake.

Epistemic quality contains at least five elements. Accuracy concerns correspondence between records
and the phenomena they represent. Completeness concerns whether relevant cases and variables are
missing. Provenance concerns how information was produced and transformed. Interpretability concerns
whether decision makers and affected persons can understand the basis and limits of a conclusion.
Correctability concerns whether errors can be reported, investigated, and repaired. These elements are
interdependent: accurate data without provenance may be untrustworthy, while transparent data without
correction can preserve known harm.

The strategic importance of correction is frequently underestimated. Organisations often treat correction
as evidence of failure, yet systems that cannot revise their records or assumptions are epistemically
fragile. Institutional learning requires visible error pathways, version histories, independent review, and
incentives to disclose uncertainty. Information becomes strategically valuable when it improves the
capacity to learn, not when it merely confirms existing priorities.

4. Contextual Legitimacy and Privacy

The fourth result is that lawful collection does not by itself establish legitimate use. Information disclosed
for one purpose may become harmful when transferred into another context. Nissenbaum (2010) explains
privacy through contextual integrity: informational practices are appropriate when they respect context-
specific actors, attributes, and transmission principles. This account is particularly useful for strategic
information systems because it moves beyond the weak assumption that formal consent authorises every
downstream use. Contextual legitimacy asks four questions. Was the information obtained under
conditions that respected agency? Is the new purpose compatible with the social context in which the
information was produced? Are the recipients and decision rules appropriate? Can affected persons
contest harmful interpretation or reuse? These questions do not prevent innovation. They make
innovation institutionally credible by linking secondary use to purpose, proportionality, and remedy.

The political economy of data extraction makes this requirement urgent. Zuboff (2019) analyses business
models that convert behavioural data into prediction and influence while concentrating knowledge about
populations in private organisations. The resulting asymmetry is not simply a privacy problem; it is a
strategic distribution of power. Actors who can observe others without reciprocal visibility acquire
advantages in agenda setting, classification, and behavioural intervention. Responsible information
governance must therefore examine who knows, who is known, who can act on the knowledge, and who
can challenge the action.

5. Capability Enhancing Access

The fifth result is that access should be measured by effective capability rather than formal availability.
A dataset may be publicly downloadable yet unusable to citizens who lack connectivity, language
support, digital skills, time, or interpretive assistance. Sen’s capability approach evaluates social
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arrangements through the real freedoms people can exercise (Sen, 1999). Applied to information, this
means that strategic value depends on whether individuals and institutions can convert access into
understanding, participation, and beneficial action. Capability-enhancing access has three dimensions.
Material access includes infrastructure, devices, and affordability. Cognitive access includes literacy,
explanation, and the ability to assess credibility. Institutional access includes the right and practical
opportunity to obtain relevant records, reasons, and remedies. Digital inclusion policies that address only
connectivity leave the second and third dimensions unresolved. Conversely, unrestricted disclosure can
injure privacy or security. Access must therefore be differentiated by purpose and accompanied by
protective rules.

The World Bank (2021) frames responsible data use through a social contract that seeks greater value,
equitable benefit, and safeguards against misuse. This formulation captures the public dimension of
information strategy. Public value is not created merely when institutions possess more data; it is created
when people receive better services, gain meaningful voice, and are protected from avoidable
informational harm. Distribution is therefore part of value creation, not an issue considered after
efficiency has been achieved.

6. The Information Stewardship Model

The synthesis produces an Information Stewardship Model with four linked conditions: epistemic
reliability, contextual legitimacy, capability-enhancing access, and accountable institutional stewardship.
Stewardship is preferred to ownership because it emphasises continuing responsibility for quality, use,
protection, and correction. The model does not deny property interests or organisational control. It places
them within a wider structure of duties owed to affected persons and to the integrity of the informational
environment.

Table 1
The Information Stewardship Model developed in this study
Condition Strategic question Required practice Failure mode
. . o Can the claim be Provenance, qughty Scaled error and false
Epistemic reliability trusted for this checks, uncertainty,
. . confidence
decision? correction

Is this use appropriate Purpose limitation .
PPTOP P ’ Function creep and

Contextual legitimacy to the original context proportionality, surveillance
and purpose? privacy, contestability
. . Can relevant groups Infrastructure . .
Capability enhancing vant group . . Exclusion despite
convert access into literacy, explanation,
access . formal openness
agency? usable remedies
Concentrated power
Who bears Defined roles, audit, ~ Without answerability
Accountable responsibility oversight, retention
stewardship throughout the limits, public
information life cycle? reporting
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The four conditions operate as a system. Reliable information used illegitimately remains harmful.
Legitimate purposes supported by poor-quality data remain ineffective. Open access without capability
can reproduce inequality, while capability without accountable stewardship can make individuals more
exposed to institutional power. The model therefore rejects single-metric evaluation. Strategic
information systems should be judged by their combined capacity to create value, protect agency,
distribute benefit, and learn from error.

The model also clarifies that cybersecurity is one component of stewardship rather than the whole of
information governance. Confidentiality, integrity, and availability are indispensable, but a secure system
can still be unfair, opaque, or epistemically weak. Conversely, an ethically ambitious system that lacks
technical security cannot protect the rights it recognises. Technical, epistemic, legal, and moral
requirements must therefore be designed together.

Discussion

The results refine the claim that information is the decisive resource of contemporary society. The claim
is plausible only if “resource” denotes an institutionally cultivated capacity rather than a stockpile.
Information does not possess stable value independently of questions, users, contexts, and decision rules.
Strategic capacity is the ability to transform informational inputs into justified and legitimate action while
preserving the possibility of correction.

This interpretation brings together two traditions that are often separated. Information-society and
economic accounts emphasise productivity, network effects, innovation, and knowledge-intensive
organisation (Bell, 1973; Castells, 2010; OECD, 2015). Information ethics and privacy theory emphasise
dignity, contextual norms, agency, and the moral status of informational relations (Floridi, 2013;
Nissenbaum, 2010). The Stewardship Model shows that these are not external agendas. Trust, contextual
legitimacy, and correction directly affect the quality and durability of strategic value.

The model also challenges the assumption that data concentration guarantees institutional intelligence.
Concentration can create technical economies of scale, but it may reduce plural interpretation, conceal
error, and weaken independent scrutiny. Distributed access can support innovation and accountability,
yet it can also increase privacy and security risks. The proper design question is therefore not
centralisation versus openness in the abstract. It is which functions require controlled concentration,
which benefits require wider access, and which safeguards make each arrangement answerable.

For organisations, the findings imply a life-cycle approach. Before collection, institutions should specify
a legitimate purpose and identify affected groups. During collection, they should document provenance,
minimise unnecessary capture, and test representation. During analysis, they should disclose uncertainty,
examine bias, and preserve human review for consequential decisions. During use, they should explain
relevant decisions and provide contest and remedy. During retention or deletion, they should apply time
limits and verify that derived copies are governed consistently. Strategy begins before data acquisition
and continues after a model has been deployed.

For public policy, information literacy should likewise be treated as more than technical proficiency. It
includes the capacity to assess source credibility, recognise uncertainty, understand how classification
affects people, and exercise rights concerning personal and public information. Such literacy strengthens
human capability and institutional resilience. It also reduces the risk that information abundance will be
mistaken for knowledge.
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The approach remains compatible with innovation. UNESCO’s framework for Al ethics does not reject
advanced systems; it requires that their development and use remain connected to dignity, fairness,
oversight, and environmental and social well-being (UNESCO, 2021). Similarly, the World Bank (2021)
and OECD (2015) link data value to governance and public benefit. Responsible constraints should
therefore be understood as conditions for sustainable innovation rather than obstacles added after
technical design.

A practical evaluation can be organised around four tests. The epistemic test asks whether an
informational claim is sufficiently reliable for its intended consequence. The legitimacy test asks whether
collection and use respect context, purpose, and agency. The capability test asks whether access expands
real opportunities rather than formal availability alone. The accountability test asks whether
responsibility, review, and remedy remain identifiable throughout the information life cycle. Failure in
any test should trigger redesign, not merely a communication response.

Limitations

This study has three limitations. First, it is a conceptual review of twelve influential sources and does not
claim comprehensive coverage of information science, cybersecurity, data protection law, or artificial
intelligence governance. Second, the Information Stewardship Model proposes analytical conditions but
does not measure their causal effects. Application requires indicators tailored to sector, institutional
mandate, and risk level. Third, the article discusses contemporary society at a general level. Cultural
expectations, legal systems, administrative capacity, and patterns of digital inequality may alter how the
four conditions are implemented. These limits prevent unsupported generalisation and define the agenda
for empirical testing.

Future Research

Future research should operationalise the four conditions and compare information systems across public
administration, education, health, finance, and digital platforms. Case studies can trace how provenance
and correction affect decision quality. Surveys and experiments can test whether meaningful explanations
improve warranted trust and contestability. Distributional analysis can examine who obtains benefits and
who bears privacy or classification risks. Research should also identify cases in which deletion, non-
collection, or decentralised governance produces greater strategic value than continued accumulation.

Conclusion

Information has become central to social coordination, innovation, governance, and institutional learning.
It is therefore reasonable to call it strategic, but misleading to treat it as an ordinary material asset. Its
value is relational, non-rival in use, dependent on interpretation, and inseparable from the distribution of
power. Data volume and computational capacity are not sufficient indicators of informational strength.

The article identifies four conditions under which information produces legitimate and durable strategic
value: epistemic reliability, contextual legitimacy, capability-enhancing access, and accountable
institutional stewardship. Together they form an Information Stewardship Model that connects
innovation with rights, trust, and correction. The model explains why poor data, opaque inference,
unequal access, and concentrated control can turn an apparent resource into systemic vulnerability.

The central conclusion is that information strategy should not begin with the question of how much can
be collected. It should begin with the purpose to be served, the evidence required, the persons affected,
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and the institution that will answer for error. Information becomes a strategic resource when it enlarges
society’s capacity to understand, decide, cooperate, and revise action without sacrificing human agency.
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Umumi miilkiyyat anlayisinin va névlorinin normativ ifadosi:
Azarbaycan hiiququ vo miixtalif hiiquq sistemlorinin
miiqayisali tohlili

Ismayil Qaribli

Xiilasa. Umumi miilkiyyat eyni asya tizarinda iki va ya daha ¢ox saxsin miilkiyyat hiiququnun mévcudlugu
ila saciyyalonan va hiiququn hayata kegirilmasinin xiisusi taskilini talab edan ¢oxsubyektli hiiquqi
rejimdir. Tadgiqgatin magsadi Azarbaycan hiiququnda iimumi miilkiyyat anlayisinin, payli va birga
miilkiyyat néviarinin normativ ifadasini sistemlagdirmak va homin tonzimlomani se¢ilmis xarici hiiquq
sistemlari ilo miiqayisa etmakdir. Tohlilo Azarbaycan Respublikasinin Miilki Macallasi ilo yanast Manzil,
Torpagq va Ailo macallalaori, ipoteka, manzil fondunun ozallosdirilmasi, ailo kandli tasarriifati, notariat va
dasinmaz amlakin déoviat reyestri haqqinda qanunvericilik daxil edilmisdir. Miiqayisali hissada Tiirkiya,
Isvecra, Almaniya, Avstriva va Fransa hiiququnun normativ va doktrinal modellori nazordon
kecirilmisdir. Naticalor géstorir ki, Azarbaycan hiiququnda timumi miilkiyyat ayrica miilkiyyat formasi
deyil, vahid hiiquqi obyekt tizorinda miilkiyyat hiiququnun subyekt torkibinin ¢oxlugu ilo xarakteriza
olunan rejim kimi ¢ixis edir. Pay agyanmin fiziki hissasini deyil, miilkiyyat hiiququnda istirakin hiiqugqi
Olgiistinii ifada edir, birga miilkiyyat isa istirak¢ilar: birlagdiron xiisusi hiiquqi timumiliklo alagalanir.
Miiqayisali tahlil asasinda Miilki Macallads payli miilkiyyatin ayrica normativ tarifinin verilmasi va asas
asyaya ayrilmaz bagl paylarin hiiquqi rejiminin iimumi saviyyada daqiqlasdirilmasi toklif olunur.

Acar sozlar: miilkiyyat hiiququ, tiimumi miilkiyyat, payli miilkiyyat, birga miilkiyyat, pay, ¢oxsubyektli
miilkiyyat, ipoteka, ailo amlaki
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Normative Expression of the Concept and Types of Common
Ownership: A Comparative Analysis of Azerbaijani Law and
Different Legal Systems

Ismayil Garibli

Abstract. Common ownership is a multi-subject legal regime in which two or more persons hold
ownership rights in the same object and the exercise of those rights requires a special form of
coordination. This study aims to systematize the normative expression of common ownership, co-
ownership by shares and joint ownership in Azerbaijani law and to compare the Azerbaijani model with
selected foreign legal systems. The analysis covers the Civil Code of the Republic of Azerbaijan together
with the Housing, Land and Family Codes and legislation on mortgage, privatization of housing stock,
family farms, notarial acts and state registration of immovable property. The comparative part examines
normative and doctrinal approaches in Turkish, Swiss, German, Austrian and French law. The findings
indicate that common ownership in Azerbaijani law should be understood not as an autonomous form of
ownership but as a legal regime characterized by a plurality of right-holders in relation to one legal
object. A share represents the legal measure of participation in the ownership right rather than a physical
part of the thing, while joint ownership is connected with a specific legal community linking the
participants. On the basis of the comparative analysis, the article proposes introducing a separate
statutory definition of co-ownership by shares into the Civil Code and clarifying the general legal regime
of shares that are functionally inseparable from a principal property.

Keywords: ownership, common ownership, co-ownership by shares, joint ownership, share, multi-
subject ownership, mortgage, marital property
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Giris

Miilkiyyat hiiququnun klassik modeli asyanin miisyyon soxso monsub olmasi vo homin soxsin ogya
tizorinds sahiblik, istifads vo saroncam solahiyyatlorini hoyata ke¢irmasi iizorinds qurulur. Bununla bels,
miilki dovriyyads eyni ogyanin eyni vaxtda iki vo ya daha ¢ox soxsin miilkiyyatindo olmasi genis
yayilmis hiiquqi voziyyoatdir. Varasalik, omlakin birlikds oldo edilmasi, nikah, 6zallogdirma, coxmonzilli
binada saho alds edilmasi, ailo kondli tosarriifati vo digor hiiquqi faktlar noticosinds eyni obyekt tizorindo
bir ne¢o miilkiyyot¢i statusu yarana bilar.

Bels voziyyotdo miilkiyyat hiiququnun mozmunu prinsip etibarilo doyismir, doyison onun subyekt torkibi
va solahiyyatlorin hayata kegirilma tisuludur. Bir miilkiyyat¢inin davranist diger miilkiyyastgilorin hiiquq
vo monafelorine birbasa tasir etdiyindon timumi miilkiyyat rejimi fordi muxtariyyatls kollektiv maragin
uzlagdirilmasini tolob edir. Bu sobobdon iimumi miilkiyyat ayrica miilkiyyot formasi kimi deyil, vahid
osya lizorindo miilkiyyat hiiququnun ¢oxsubyektli hoyata keg¢irilmosi rejimi kimi izah edilmalidir.
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Azarbaycan Respublikas1 Konstitusiyasinin 29-cu maddasi har kasin amlaka tokbasina vo ya basqalari
ilo birlikde sahib olmaq hiiququnu tanimaqla iimumi miilkiyyst miinasibatlorinin konstitusion osasini
miloyyan edir (Azarbaycan Respublikasinin Konstitusiyasi, 1995, madds 29). Azarbaycan Respublikasi
Miilki Macollasinin 213.1-ci maddasi iki v ya bir ne¢o soxsin miilkiyyatindo olan agsyanin onlara imumi
miilkiyyat hiiququ asasinda monsub oldugunu, 213.2-ci madds iso iimumi miilkiyystin paylt vo birgs
miilkiyyat formasinda movcud ola bilocoyini miisyyon edir. Macallonin 213.3-cli maddosi xiisusi
ohomiyyot dasiyir: qanunvericilikdo birgo miilkiyyaotin yaranmasi ayrica nozordos tutulmadigda timumi
miilkiyyot payli miilkiyyot hesab olunur. Demoli, Azorbaycan hiiququnda payl miilkiyyaot imumi model,
birgo miilkiyyot iso xiisusi normativ 9sas tolob edon rejimdir (Azorbaycan Respublikasinin Miilki
Macallasi, 1999, maddalor 213.1-213.3).

Moqalenin mogsadi timumi miilkiyyat anlayisinin va ndvlarinin yalniz Miilki Macalls ¢argivaesinda deyil,
Azarbaycan qanunvericiliyinin miixtalif sahalorinde neco ifade edildiyini miioyyonlosdirmok, xiisusi
normativ niimunslori sistemlosdirmok vo onlar1 xarici hiiquq modellari ilo miigayiso etmoklo imumi
miilkiyyot anlayisinin normativ ifadosinin tokmillogdirilmasi imkanlarini1 gostormokdir.

Metodlar

Todqiqat normativ-hiiquqi tohlil, miigayisali-hiiquqi metod, sistemli sorh vo doktrinal monbalorin
mozmun tohlili asasinda aparilmigdir. Azorbaycan hiiququ iizro Miilki Macallonin imumi miilkiyysto
dair normalar1 osas gotiiriilmiis, homin normalar Manzil, Torpaq vo Ailo macallalarinds, eloco do ipoteka,
monzil fondunun 6zollogdirilmasi, ailo kondli tosorriifati, notariat vo dasinmaz amlakin dovlat reyestri
sahosindoki xiisusi tonzimlomalorlo sistemli alagodo arasdirilmisdir. Miiqayisali hisso {i¢lin Tiirkiya,
Isve¢ra, Almaniya, Avstriya vo Fransa hiiququnun {imumi miilkiyyots dair osas normativ
konstruksiyalar1 vo movzuya aid doktrinal manbalar se¢ilmisdir. Miigayiss zamani1 payin hiiquqi tabisti,
payli vo birgo miilkiyyotin forqlondirilmasi, istirak¢ilarin soroncam imkanlari, idaroetmo mexanizmlori
vo Umumi miilkiyyotin xitam1 osas meyarlar kimi gotlriilmiisdiir. Tohlilin naticolori Azorbaycan
qanunvericiliyinds normativ bosluglarin miisyyenlosdirilmasi vo de lege ferenda tokliflorin
asaslandirilmasi tigiin istifads edilmisdir.

Noaticalar
1. Umumi miilkiyyat anlayisimin hiiquqi mahiyyati

Umumi miilkiyyot miinasibotinin yaranmas {iciin iki osas element birlikdo m&évcud olmalidir: vahid
hiiquqi obyekt vo homin obyekt {izorinds miilkiyyatci statusuna malik subyektlorin ¢oxlugu. Bir neg¢o
soxsin iqtisadi amokdashigl vo ya eyni kompleks daxilindo miixtalif agyalarin sahibi olmas1 6zliiytindo
timumi miilkiyyaot yaratmir. Hiiquqlar eyni hiiquqi obyekts yonolmalidir.

Umumi miilkiyyot hiiquqgi soxsin omlakindan da forqlondirilmolidir. Hiiquqi soxs yaradildigda ona
verilmis omlak bir hiiquq subyektino — hiiquqi soxse monsub olur. Umumi miilkiyyotdo iso ayrica
kollektiv miilkiyyot¢i yaranmur, istirakeilarin hor biri bilavasito miilkiyyatci statusunu saxlayir. Bu
sobabdon iimumi miilkiyyat miilkiyyat hiiququnun mozmununda yeni solahiyyatlor yaradan ayrica osya
hiiququ deyil, mévcud miilkiyyat hiiququnun subyekt torkibinin miirokkoblogmosidir.

Payli miilkiyystdo “pay” anlayisi bu qurulusun morkozi elementidir. Pay osyanin konkret fiziki hissosi
deyil. Yasayis evi iizorinda 1/2 pay1 olan miilkiyyatci, ayrica istifade va ya bolgii hiiquqi esasla miisyysn
edilmadikca, evin fiziki yarisinin miistaqil miilkiyyatgisi hesab edilmir. Onun hiiququ asyanin tamamina
samil olunur, 1/2 iso homin hiiqugda istirakin 6l¢iisiinii gostorir. Osya fiziki sokildo boliiniib hissolor
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ayrica hiiquqi obyektlora cevrildikdo iso ovvalki vahid obyekt iizorinds payli miilkiyyst miinasibati
aradan qalxir.

Bu yanasma Azorbaycan hiiquq adobiyyatinda da miidafio olunur: paylh miilkiyyotds boliinon agyanin
0zl deyil, homin ogya iizorindo miilkiyyot hiiququnda istirakin hiiquqi 6l¢iistidiir, maddi hissolorin
miistoqil hiiquqi obyektlora ¢evrilmoasi iso ovvalki imumi miilkiyyat miinasibotini aradan qaldirir
(Siileymanli, 2023, s. 202-203). Tiirk hiiquq doktrinasinda da payli miilkiyyatin osas slamatlori sirasinda
birdon ¢ox soxsin maddi olaraq boliinmomis osyanin tamamina miioyyon riyazi paylarla malik olmasi
gostorilir (Ozcan, 2021, s. 27-33).

1.1. Azarbaycan hiiquq doktrinasinda iimumi vo payh miilkiyyats yanasmalar

Azarbaycan miilki hiiquq odabiyyatinda imumi miilkiyyaetin nazari izahi, asason, eyni asya tizorindo bir
neco soxsin bilavasite miilkiyyst hiiququnun méveudlugu vo homin soxslorin hiiquqlarinin garsiliqh
uzlagdirilmasi ideyasi tizorinds qurulur. M.D. Domirg¢iyeva timumi miilkiyyatin payli vo birgo miilkiyyat
olmagqla iki asas noviinii forqlondirir, payli miilkiyyatdo hor bir miilkiyyot¢inin hiiqugdaki paymin
miloyyon edildiyini, birgo miilkiyyotdo iso paylarin ovvolcodon miioyyonlosdirilmodiyini gostorir
(Doamirgiyeva, 2015, s. 528-534). R.A. Goyiisov vo hommiislliflor do iimumi miilkiyyati bir ne¢o soxsin
eyni amlak iizorinds hiiquqlarinin mévcudlugu ils bagh xiisusi miilkiyyat rejimi kimi nazardon kegirirlor
(Goytisov va b., 2013, 5. 276-278).

S. Stileymanli imumi miilkiyyat halinda eyni asya iizorinds vahid miilkiyyat hiiququnun eyni anda iki
vo ya daha ¢ox $oxsa mansub olmasini asas gotiiriir va paylt miilkiyystin iimumi miilkiyyastin asas névii
oldugunu Miilki Macallonin 213.3-cii maddosi ilo alagoalondirir (Stileymanli, 2014, s. 56—57). Musllifin
mithiim nazori naticasi ondan ibaratdir ki, payli miilkiyyotdo boliinon osyanin 6zii deyil, homin osya
tizorindoki miilkiyyot hiiququdur (Siilleymanli, 2014, s. 57).

A. Haciyeva payli miilkiyyst hiiququnun hayata kecirilmasini hammiilkiyyatcilorin biitliin imumi amlaka
va ayrica 0z paylarma dair salahiyyatlorinin forqlondirilmasi asasinda tohlil edir. Miisllif imumi asyaya
sahiblik vo istifadonin, bir qayda olaraq, biitiin miilkiyyatcilorin razilagsmasi ilo hoyata kecirildiyini,
bununla yanasi hor bir pay¢iin 6z payma uygun hissonin sahibliyino vo istifadasino verilmosini tolob
edo bildiyini gostorir (Haciyeva, 2009, s. 56-57). Bu yanagsma timumi miilkiyyatin yalniz statik
monsubiyyat deyil, daxili hiiquq va vazifalar sistemi oldugunu tosdigloyir.

O. Rohmanov isa normativ definisiya problemina birbasa diqqat ¢okarak geyd edir ki, Miilki Macallonin
213.2-ci maddasi payl miilkiyyati iimumi miilkiyyatin bir novii kimi gostorsa do, ayrica anlayis vermir,
miiollif miiqayisa ii¢iin Isvecra hiiququnda fiziki cohatdon bdliinmomis osya {izerinda miioyyon paylarla
miilkiyyot formulunun mévcudlugunu gostorir (Rohmanov, 2015, s. 69). Buna goro payli miilkiyyat
anlayisinin Miilki Macallodo ayrica vo daha dolgun normativ sokildo miioyyonlosdirilmasi yalniz xarici
hiiquq niimunslorindan deyil, Azarbaycan hiiquq doktrinasinda formalasmis tonqidi yanagsmadan da irali
golir.

2. Azarbaycan Respublikasimin Miilki Macallasinds iimumi miilkiyyatin 3sas modeli

Azarbaycan Respublikas1 Miilki Macollosinin 213-224-cii maddslori iimumi miilkiyyat institutunun osas
normativ ¢or¢ivesini yaradir. 213-cli madds anlayist vo yaranma asaslarmi, 214-221-ci maddslar payl
miilkiyyatin paylarinin miioyyonlosdirilmasi, sahiblik vo istifads, golirlor, xorclor, iistiin satinalma
hiiququ, payin ke¢masi, ayrilma va boliisdiiriilmasini, 222-223-cii maddelor birge miilkiyyatds sahiblik,
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istifado, sarancam vo bolgiinii, 224-cli madds iso imumi miilkiyystdaki paya tutmanin yonaldilmasini
tonzimloyir. (Azarbaycan Respublikasinin Miilki Macallasi, 1999, maddolor 213-224)

Miilki Macallonin 215.6-c1 maddasi payli miilkiyyategiys 6z payini satmaq, bagislamaq, vasiyyot etmak,
girov qoymaq vo basqa qaydada soroncam vermok imkami taniyiwr. Bu, payli miilkiyyotin birgo
miilkiyyatdon asas struktur forqlorindon biridir: miisyyon edilmis pay miistoqil omlak dovriyyasi obyekti
ola bilir. ©vazli 6zgoninkilosdirmads iss 218-ci maddads nazards tutulan {istiin satinalma rejimi digor
paye¢ilarin monafeyini qoruyur. (Azorbaycan Respublikasinin Miilki Macallosi, 1999, maddolor 215.6,
218)

Miilki Macallonin 222.1-ci maddssinds birgo miilkiyystin yaranmasma osas olmus “timumilik”
anlayisindan istifado olunmasi digqgotolayiqdir. Bu norma birgo miilkiyyatin yalniz paylarin miioyyon
edilmomaosi ilo deyil, istirakg¢ilar bir-biri ilo baglayan xiisusi hiiquqi birlikls slagali oldugunu gostorir.
Or-arvadin nikah miinasiboti bu modelin klassik niimunosidir. (Azarbaycan Respublikasinin Miilki
Macallasi, 1999, madds 222.1)

Miilki Macollonin 225-ci maddasi ar-arvadin nikah dévriinde qazandiglari amlakin, nikah miiqavilosindo
vo ya razilasmada basqa hal nozorde tutulmadiqda, imumi miilkiyyast oldugunu miioyyon edir. Ailo
Macallasi bu timumi miilkiyyati aciq sokilds “limumi birgs miilkiyyat” kimi xarakterizo etdiyindon 225-
ci madde Miilki Macallonin iimumi miilkiyyat normalar: ilo ailo hiiququnun xiisusi rejimi arasinda
olagalondirici norma kimi ¢ixis edir. (Azarbaycan Respublikasinin Miilki Macallasi, 1999, madds 225;
Azorbaycan Respublikasinin Ailo Macallasi, 1999, maddalor 31.1, 32.1)

3. Azarbaycan qanunvericiliyinds payh miilkiyyatin xiisusi normativ tazahiirlari
3.1. Moanzil Macallasi: asas asyaya ayrilmaz bagh payh miilkiyyot

Azarbaycan Respublikasinin Manzil Macallasi payli miilkiyyatin on mithiim xiisusi formalarindan birini
— coxmanzilli binanin imumi amlakina miilkiyyst hiiququnu tonzimlayir. Macsllonin 35.1-ci maddosine
gbro monzillorarasi pillokon meydangalari, liftlor, dohlizlor, texniki mortobolor, ¢ardaqlar, mithondis
qurgulari, dam ortiiklari, birden artiq sahays xidmot edon avadanliq, habels binanin yerlosdiyi torpaq
sahasi vo binaya xidmot edon digor obyektlor imumi payl miilkiyyat hiiququ ilo saha miilkiyyat¢ilorine
moxsusdur. (Azorbaycan Respublikasmin Manzil Macallasi, 2009, maddos 35.1)

Monzil Macoallasinin 36.1-ci maddasi payin Ol¢iislinii saho meyarina baglayir: saho miilkiyyat¢isinin
imumi omlakdaki pay1 onun sahosinin iimumi sahosino miitonasibdir. 36.2-36.3-cii maddoalor payin
hiiquqi taleyini asas sahonin hiiquqi taleyinoa baglayir. Bu konstruk-siya klassik payli miilkiyyatdon forqli
olaraq akse-sor xarakter dasiyir: imumi omlakdaki pay miistoqil igtisadi obyekt kimi deyil, monzil vo ya
geyri-yasayis sahasi lizorinds miilkiyyot hiiququnun ayrilmaz hiiquqi elementi kimi foaliyyot gostorir.
(Azaorbaycan Respublikasinin Manzil Macallasi, 2009, maddalor 36.1-36.3)

Mocollonin 36.4-cli maddosindo homin paym naturada ayrilmasina vo osas sahodon ayriliqda
0zgoninkilosdirilmosina qoyulan mohdudiyyatlor bu funksional baglilig1 tosdiq edir. Eyni yanagma 40-
41-ci maddslordo kommunal monzilin iimumi omlakina miinasibatds totbiq edilir: birdon artiq otaga
xidmoat edon sahoalor otaq miilkiyyatcilorinin imumi payli miilkiyyatinds olur vo pay otagin sahasino
miitonasib miioyyan edilir. (Azorbaycan Respublikasinin Monzil Macallasi, 2009, maddslor 36.4, 40.1,
41.1-41.6)
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Belaliklo, Monzil Macallasi Azaorbaycan hiiququnda “osas osyaya ayrilmaz bagli pay” modelini
normativlosdirir. Bu model {imumi payli miilkiyyotin biitiin ndvlorino samil edilon sorbost pay
dovriyyesinin istisnasidir vo payin konkret hiiquqi funksiyadan asili olaraq forqli rejimloro malik ola
bildiyini gostorir.

3.2. Torpaq Macallasi: coxmonzilli binanin torpaq sahasi

Azarbaycan Respublikasinin Torpaq Macallasinds do ¢oxmanzilli yasayis evlorinin vo onlara aid geyri-
yasay1s tikililorinin torpaq sahalorinin hamin evlorin torkib hissalori miilkiyyatcilorinin iimumi paylh
miilkiyyatins kegmasi nozords tutulur. Bu norma Manzil Macallasinin 35-ci maddasi ile funksional vo
sistemli alaqadadir. Torpaq sahasi ayrica sarbast payli miilkiyyat obyekti kimi deyil, binanin istismar1 vo
onun torkib hissoalorinin normal istifadasi ilo ayrilmaz bagli imumi omlakin elementi kimi ¢ixis edir. Belo
tonzimlomo osas saho iizorindo fordi miilkiyyotlo xidmoat funksiyasi dasiyan torpaq vo digor imumi
elementlor lizorindo payli miilkiyyatin vahid hiiquqi kompleks toskil etdiyini gostorir. (Azorbaycan
Respublikasmin Torpaq Macallasi, 1999, maddas 88.3)

3.3. “ipoteka haqqinda” Azarbaycan Respublikasinin Qanunu: payh va birgs miilkiyyotin
sarancam farqi

“Ipoteka haqqinda” Azorbaycan Respublikasi Qanununun 8-ci maddosi payli vo birgs miilkiyyat
arasindaki struktur forqi c¢ox aydin sokildo niimayis etdirir. 8.1-ci maddoyo osason limumi birgo
miilkiyyotds olan ogsya yalniz biitiin miilkiyyost¢ilorin notariat qaydasinda tosdiq olunmus razilig ilo
ipoteka qoyula bilor. (“Ipoteka haqqinda” Azorbaycan Respublikasimin Qanunu, 2005, madda 8.1)

Eyni maddonin 8.2-ci hissasina asason limumi payli miilkiyyatin hor bir istirak¢isi 6z paymi digor
miilkiyyote¢ilorin raziligi olmadan ipoteka qoya bilor. Paya tutma yonoldilorok satildigda Miilki
Mocollonin iistiin satinalma hiiququ haqqinda normalar totbiq edilir. Bu norma payli miilkiyyotdo
miisyyan edilmis payin soroancam qabiliyyatli hiiquqi mdvqge, birgo miilkiyyotds iso fordi sokildo
soroncam verilo bilon avvalcadon miioyyan edilmis payin movcud olmamasmi praktik soviyyado
tosdigloyir. (“Ipoteka hagqinda” Azorbaycan Respublikasinin Qanunu, 2005, maddas 8.2)

Qanunun 57-ci maddosi ¢oxmonzilli yasayis evindo monzilin ipotekasi zamani monzillo yanasi ev
tizorindo timumi miilkiyyat hiiququnda ipoteka qoyanin miivafiq payinin da girov qoyulmus sayildigini
nozordo tutur. Bu qayda Monzil Macallosindoki osas saho—iimumi omlak pay1 baghliginin ipoteka
hiiququnda davamini tomin edir. (“Ipoteka haqqinda” Azorbaycan Respublikasinin Qanunu, 2005,
maddo 57)

3.4. “Azdrbaycan Respublikasinda moanzil fondunun 6z3llasdirilmasi haqqinda” Azsrbaycan
Respublikasinin Qanunu

“Azorbaycan Respublikasinda monzil fondunun 6zsllagdirilmasi haqqinda” Qanunun 5-ci maddasi
{imumi miilkiyyot néviiniin toroflarin iradosi ilo secilo bildiyi xiisusi normativ niimunadir. Ozsllosdirilon
monzil kirayaci vo onunla birlikde faktiki yasayan yetkin ailo {izvlorinin razilig1 ilo onlardan birinin
miilkiyyatino vo ya bir ne¢asinin, yaxud biitiin ails {izvlorinin imumi — payli vo ya birgo — miilkiyyatino
verilo bilor. (“Azarbaycan Respublikasinda monzil fondunun 6zsllosdirilmasi haqqinda” Azsrbaycan
Respublikasinin Qanunu, 1993, madds 5)

Bu norma iki baximdan shomiyyatlidir. Birincisi, imumi miilkiyyastin payli vo ya birgs formasinin
konkret hiiquqi fakt ¢or¢ivoesinds segim obyekti ola bildiyini gdstarir. Ikincisi, birgs miilkiyyatin yalniz
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nikah miinasibotindon yaranmasi barodo dar tosovviirii istisna edir: qanun birgo miilkiyyotin xiisusi
normativ asasini 6zollogdirma miinasibatlorinds do taniyir.

Qanunun 5-ci maddasi, homginin biri digorindon tocrid olunmamis mohdud kommunal soraitli monzillor
0zollogdirilorkon iimumi istifads yerlorinin miilkiyyatcilorin imumi miilkiyyaotine verilmasini nazords
tutur. Bu miiddoa fiziki cohotdon iimumi xidmaot funksiyasi dasiyan saholorin ayrica fordi miilkiyyoto
par¢alanmasmin maqgsadouygun olmamasmi normativ saviyyads qobul edir. (“Azorbaycan
Respublikasinda monzil fondunun 6zsllosdirilmosi haqqinda” Qanun, 1993, madds 5)

3.5. Notariat qanunvericiliyi vo payh miilkiyyatin dovriyyasi

Azorbaycan Respublikast Nazirlor Kabinetinin 2000-ci il 11 sentyabr tarixli 167 ndmrali qarari ils tosdiq
edilmis “Azorbaycan Respublikasinda notariat horokatlorinin aparilmasi qaydalar1 haqqinda Telimat”
payli miilkiyyatin miilki dovriyyodo rosmilosdirilmasi tigiin xiisusi qaydalar miiayyan edir. Tolimatin 49-
cu hissosindo payin iiglincli soxso satilmasi zamani digor paygilarin {istiin satinalma hiiququnun tomin
edilmaosi, habelo pay¢inin 6z payini digor miilkiyyotgilorin raziligi olmadan ipoteka qoymasi va istifadoya
vermasi nazordo tutulur. 52-54-cii hissolordo daginmaz omlakdaki riyazi payin vo konkret istifado
saholorinin miiqavilads gostorilmasi, istifads qaydasi haqqinda sazis vo paylarin miioyyonlosdirilmasi vo
ya doyisdirilmasi mexanizmlori tonzimlonir (“Azorbaycan Respublikasinda notariat horokatlorinin
aparilmasi qaydalar1 haqqinda Tolimat”, 2000, hissalor 49, 52-54).

Tolimatin 53-cii hissosino gors, dasinmaz omlakdan istifado gaydasi haqqinda payli miilkiyyatcilor
arasinda ovvallor baglanmis miiqavilo notariat qaydasinda tosdiq edilmis vo dovlst geydiyyatina
alimmigdirsa, bu miigavilo homin dasinmaz omlakda sonradan pay alds edon soxs {i¢lin do mocburidir. Bu
qayda payli miilkiyyot miinasibatlorinin miioyyan hallarda hiiquqi varislors do tosir gdstoron osya-hiiquqi
effektini niimayis etdirir (“Azorbaycan Respublikasinda notariat horokotlorinin aparilmasi qaydalari
haqqinda Telimat”, 2000, hissa 53).

4. Azarbaycan qanunvericiliyinda birgs miilkiyyatin xiisusi normativ tozahiirlori
4.1. Ails Macallasi: ar-arvadin iimumi birgs miilkiyyati

Birgo miilkiyyotin Azaorbaycan hiiququnda asas vo on genis totbiq olunan xiisusi modeli or-arvadin
omlakinin qanuni rejimidir. Ailo Macallosinin 31.1-ci maddosi or-arvadin birge miilkiyyat rejimini
onlarin amlakinin qanuni rejimi kimi miioyyon edir. 32.1-c1 maddoys osason nikah miiddotinds or-

arvadin oldo etdiklori omlak onlarin timumi birgo miilkiyyotidir. (Azorbaycan Respublikasinin Ailo
Mocallssi, 1999, maddoalor 31.1, 32.1)

Ailo Moacallosinin 32.2-ci maddosi timumi birgo miilkiyyatin torkibini genis miioyyon edir: amoak,
sahibkarliq vo intellektual foaliyyotdon oldo edilon golirlor, pensiya vo miiavinatlor, imumi galirlor
hesabina alinan dasmar vo dasinmaz osyalar, qiymatli kagizlar, omanatlor, kapitaldaki paylar vo nikah
dovriindo qazanilmig digor omlak bu rejimo daxildir. ©mlakin kimin adina rosmilosdirilmosi holledici
deyil. (Azarbaycan Respublikasinin Ailo Macallasi, 1999, maddalor 32.2-32.3)

33-cii maddo timumi omlaka sahiblik, istifado vo soroncami ar-arvadin qarsiligh raziligina baglayir. 36-
ct madds timumi amlakin boliinmosini, 37-ci madds iso boliinmo zamani paylarin, bir qayda olaraq,
borabarliyini miiosyyan edir. Bu halda paylarin bolgii zaman1 miisyyon edilmasi birge miilkiyyatin paylh
miilkiyystdon struktur forqini aydin gdstorir: pay miinasibot movcud oldugu miiddstdo avvalcadon
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fordilosdirilmir, bolgli morhalosindos hiiquqi 6l¢ii alds edir. (Azarbaycan Respublikasinin Ailo Macallasi,
1999, maddalor 33, 36-37)

Ailo Moacoallosinin 41-ci maddasi kreditorlarin toloblorinin or-arvadin soxsi vo iimumi omlakina
yonaldilmasi mexanizmini do forqlondirir. Bu, birgo miilkiyystin yalniz daxili ailo miinasibati
olmadiginy, ii¢lincli soxslorlo miinasibatlords do ayrica amlak rejimi yaratdigini gostorir. (Azorbaycan
Respublikasinin Ailo Macallasi, 1999, maddo 41)

Ailo Macallesinin 55.7-ci maddasi valideynlorlo usaqlar arasinda birgs miilkiyyot hiiququ yarandigi
halda amlak iizorindo sahiblik, istifado vo saroncamin miilki ganunvericiliklo miioyyon edilmasini
nozorde tutur. Beloliklo, ailo qanunvericiliyi birgs miilkiyyoti tokca or-arvad miinasibati ilo
mohdudlasdirmir. (Azarbaycan Respublikasinin Ailo Macallasi, 1999, madds 55.7)

4.2. “Ails koandli tasarriifati hagqinda” Azarbaycan Respublikasinin Qanunu

“Ailo kondli tosarriifatt1 haqqinda” Qanunun 6-c1 maddesi imumi miilkiyyotin hor iki ndviinii eyni
tosorriifat miinasiboti daxilindo taniyan xiisusilo maraqli normativ niimunadir. 6.2-ci maddoys osason
tosarriifatin istifado etdiyi omlak {izvlordon birinin miilkiyystindo, {izvlorin imumi payli vo ya iimumi
birgo miilkiyyatindo, yaxud icarosindo ola bilor. (“Ailo kondli tosorriifatt haqqinda” Azorbaycan
Respublikasimin Qanunu, 2005, madds 6.2)

Bununla yanasi, Qanunun 6.5-ci maddasi ailo kondli tesorriifatinda amlakin istifadosindon aldo edilon
faydani — golir, artim, bohar vo digor formalar1 — tosarriifat tizvlorinin iimumi birgo miilkiyyati hesab edir.
Demoli, qanun tosorriifatin ilkin omlak bazasmin hiiquqi rejimi ilo foaliyyat noticosindo oldo edilon
faydanin hiiquqi rejimini forqlondirir: ilkin omlak miixtalif rejimlords ola bildiyi halda, slds edilon fayda
liclin birgo miilkiyyot prezumpsiyasit miioyyon edir. (“Ailo kondli tosorriifati haqqinda” Azorbaycan
Respublikasinin Qanunu, 2005, madds 6.5)

3

Bu hall birgo miilkiyystin yaranmasinda “iimumilik” elementinin funksional ohomiyyastini gostorir.
Burada timumilik nikah deyil, hiiquqi soxs yaratmadan birgo ailo-tosarriifat foaliyyati vo ortaq omok
prosesidir.

4.3. “Notariat haqqinda” Qanun: birgs miilkiyyatds payin rosmilosdirilmasi

“Notariat hagqinda” Qanunun 61-ci maddasine asason notarius ar-arvadin birgo yazili arizasi asasinda
onlarin birina vo ya har ikisine birgs nikah dovriinds alds edilmis iimumi omlakdaki paya goro miilkiyyat
hiiququ haqqinda sshadotnams verir. Qanunun 62-ci maddasi or-arvaddan biri 6ldiikds sag qalmis or vo
ya arvada timumi omlakdaki paya dair sohadatnamonin verilmasini tonzimlayir (“Notariat haqqinda”
Azorbaycan Respublikasinin Qanunu, 1999, maddoslor 61-62).

Bu normalar nozori baximdan ohomiyyatlidir: birgo miilkiyyotdo miinasibat davam etdiyi miiddotdo
ovvalcadon miioyyon edilmis pay olmamasina baxmayaraq, miioyyon hiiquqi faktin — birgo orizonin,
nikahin pozulmasmin vo ya dliimiin — bas vermasi ilo homin imumi omlakda fordi pay miioyyonlosdirilo
vo ayrica hiiquq kimi rosmilosdirils bilir.

4.4. Dasinmaz amlakin dovlat geydiyyati ilo slaga

“Dagsmnmaz amlakin dovloat reyestri haqqinda” Qanun iimumi miilkiyyastin ayrica maddi-hiiquqi noviinii
yaratmasa da, onun hiiquqi dovriyyadas rosmilosdirilmasini tomin edan institusional baza rolunu oynayir.
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Qanunun 8.0.3-cli maddssinds ar-arvadin iimumi amlakindaki paya miilkiyyat hiiququ haqqinda notariat
sohadotnamasi dasmmmaz omlak {izerinds hiiquqlarin dovlet geydiyyati liglin osaslardan biri kimi
gostarilir. 9-1.1-ci madds iso bels sohadotnama do daxil olmaqla notariat sonadlori asasinda hiiquglarin
“bir pancara” prinsipi ilo dovlat gqeydiyyatini nozards tutur (“Dasinmaz omlakin dévlot reyestri hagqinda”
Azarbaycan Respublikasinin Qanunu, 2004, maddolor 8.0.3, 9-1.1).

5. Azarbaycan qanunvericiliyinds normativ niitmunslorin sistemlosdirilmasi

Normativakt ~ Maddo M‘:lli').‘giy“ Normativ holl Elmi ohomiyyoti
s 213- Payli vo Umumi model: payh miilkiyyat Institutun baza
Miilki Macollo 4 imumi gayda, birgo miilkiyyot .
224 birgo . . konstruksiyasi.
xiisusi asas tolob edir.
Or-arvadin nikah dévriinds Ails hilquau ilo
Miilki Macallo 225 Birgo gazandig1 omlakin iimumi auq
1y s . olagolondirici norma.
milkiyyoti.
Coxmonzilli binanin imumi
Manzil Macallesi  35-36 Payli gml‘ikl Vo torpaq.se.thgm saho Bsasvasyaya ayr1lrpaz
milkiyyatgilorinin payh bagli pay modeli.
miilkiyyatidir.
Kommunal monzilin imumi Xidmot funksivall
Manzil Macallosi  40-41 Payl saholori otaq miilkiyyatgilorinin . JUESLY
r - . imumi omlak.
paylt miilkiyyatidir.
Coxman@}h evla_rln jcorpa.q Torpaq ve bina
. saholorinin torkib hissosi ' .
Torpaq Macollesi  88.3 Payl ey o . rejimlorinin
miilkiyyoteilorinin imumi payl . .
OB . . Inteqrasiyasi.
miilkiyyatino kegmasi.
“Ipoteka . Umumi ].D.Itgg osyanin ipotekast Fordi pay {izro
”s 8.1 Birgo ticiin biitliin miilkiyyatcilorin
haqqinda” Qanun . - saroncamin olmamasi.
notarial razilig1.
i Hoar paye¢1 6z payini .. .
ha ;%c;tkaaanun 8.2 Payl digarlorinin razilig1 olmadan Sgrjﬁg;?nnggﬁqﬂg i
a“ ipoteka qoya bilar. qabrtyyst.
i Monzilin ipotekas1 imumi .. .
ha lggzltflganun 57 Payli omlakdaki miivafiq pay1 da Aksessoiali:yiln hiiquq
a ohats edir. i
“Manzil MBoanzil bir nego va ya biitiin
fondunun 5 Paylivo  ails lizvlorinin imumi paylh vo Miilkiyyat ndviiniin
0zollosdirilmasi birgs ya birgo miilkiyystino verilo irada ilo se¢ilmasi.
haqqinda” Qanun bilor.
Or-arvadin amlakinin ganuni Bires miilkivyatin osas
Ailo Macallasi 31-33 Birgo rejimi imumi birgd g9 mutiiyyotin
1p . xiisusi modeli.
miilkiyyatdir.
. . Birgadon Bolg.u.zamanl paylar miiayyan Payin sonradan
Ailo Macollasi 36-37 payliya edilir, asas qayda paylarin : .
. A fordilosmasi.
kecid boraborliyidir.
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Miilkiyyat

Normativ akt  Madds novii Normativ hall Elmi shamiyyati
birgo milkiysotyarandugds PEo milkiyyatinailo
Ailo Macallasi 55.7 Birgo £9 yyot yaranciqe daxilinde diger
miilki qanunvericilik totbiq .
Iy tozahtirti.
edilir.
“Ailo kondli Pavli vo Tosorriifat omlaki hor iki Eyni hiiquqi
tosarriifatt 6.2 Y imumi miilkiyyst formasinda  miinasibatds alternativ
” birgo s .
haqqinda” Qanun ola bilar. rejimlor.
“Ailo kondli Omlakdan olds edilon fayda Birgo foaliyyot
tosarriifatt 6.5 Birgo tizvlorin imumi birgs naticosinin xiisusi
hagqinda” Qanun miilkiyyatidir. rejimi.
« ) Birgodon Or-arvadin imumi amlakindak1 Birgo miilkiyyatds
Notariat payin 1y ..
» 61-62 i paya miilkiyyat hiiququ payin
haqqinda” Qanun miloyyon o .
. . haqqinda sshadstnama. rosmilosdirilmasi.
edilmasing
49. 5. Ustiin satinalma, paymn
Notariat Tolimati 54, 111 Payh ) ipotekasi, or-arvadin imumi Mul'kl dovrlyyadg
ved. birgo omlakindaki payin notarial totbiq mexanizmi.

rosmilosdirilmasi.

Cadvalda goriinen normativ manzara gostarir ki, Azarbaycan hiiququnda timumi miilkiyyat yalniz Miilki
Mocallonin miicorrad institutu deyil. Manzil, torpaq, ailo, ipoteka, 6zallosdirmo, kond tosorriifati, notariat
vo geydiyyat qanunvericiliyi imumi miilkiyyotin miixtolif funksional modellorini yaradir. Bu
modellordon bazilori sarbast pay dovriyyasine, bazilori asas osyaya bagliliga, bazilori iso istirak¢ilar
birlogdiron xiisusi soxsi vo ya tasarriifat imumiliyine asaslanir.

6. Xarici hilqugda normativ modellor
6.1. Tiirkiys hiiququ

Tiirkiys Miilki Macoallasinin 688-ci maddasi payli miilkiyyatin birbasa normativ torifini verir: bir nego
soxs maddi olaraq bdliinmomis osyanin tamamina miloyyon paylarla malikdir. ©ksi miioyyon
edilmadikds paylar barabor sayilir, hor pay¢t 6z payr baximindan miilkiyyat¢i hiiquq ve vazifoloring
malik olur, pay 6zgoninkilosdirils, girov qoyula vo kreditorlar torofindon tutula bilor. (Tiirk Medeni
Kanunu, 2001, maddo 688)

TMK-nin 701-ci maddasindas isa elbirligi miilkiyeti xiisusi hiiquqi birliys baglanir, istirak¢ilarin miioyyon
edilmis paylar1 yoxdur va onlarm har birinin hiiququ imumi omlakin tamamina samil olunur. Belslikls,
Tiirkiyo ganunvericiliyi payli vo birgo miilkiyyat forqini hom payin miioyyenliyi, hom ds ikinci rejimin
xiisusi hiiquqi birliys asaslanmasi ila ifads edir. (Tiirk Medeni Kanunu, 2001, madds 701)

Tiirk hiiquq doktrinas1 bu normativ ¢orcivani daha detalli izah edir. Z. Ozcan payl miilkiyyatin osas
olamatlorini birdon ¢ox soxsin eyni asyaya miilkiyyotci olmasi, asyanin maddi sokildo boliinmomaosi, hor
bir istirak¢inin hiiququnun riyazi payla ifado edilmasi vo homin hiiququn osyanin biitovliiylino samil
olunmasi kimi sistemlosdirir [62, s. 27-33]. C. Sengdz iss payl miilkiyyatls birgs miilkiyyast arasindaki
forqi yalniz payin miioyyanliyi ilo deyil, birgo miilkiyyatds avvalcodon mdvcud olan soxsi-hiiquqi birlik
vo ayrica pay lzerindo soroncam imkanimin olmamasi ilo alagslondirir (Sengdz, 2017, s. 130). Bu
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doktrinal yanagma Azorbaycan Respublikas1 Miilki Macallasinin 213.2-213.3-cii maddslorinin sorhindo
do faydali miigayiso materialidir.

6.2. Isvecrs hiiququ

Isvegra Miilki Macallosinin 646-c1 maddesinde Miteigentum bir ne¢o soxsin osyani fiziki bolgii olmadan
paylarla miilkiyystinds saxlamasi kimi qurulur. Gesamteigentum is9 istirak¢ilar1 birlogdiron qanuni vo
ya miiqavilovi birliys asaslanir va ayrica pay {lizra soroncami mohdudlagdirir. Bu model payl vo birgs
miilkiyyotin yalniz riyazi pay gostoricisi ilo deyil, hiiquqi miinasibatin togkilati bazasi ilo
forglondirilmasinin niimunasidir. (Schweizerisches Zivilgesetzbuch, 1907, maddalor 646, 652—-653)

Isvegra elmi odobiyyatinda da pay anlayisi fiziki hissodon forqli hiiquqi mévqe kimi izah olunur. N. Roth
pay1 konkret miilkiyyat¢inin hiiquq ve vazifalordan ibarat hiiquqi movqeyi, onun hacmini ise golir, satis
moblagi, bolgii, kompensasiya, xarclor vo qorarvermada istirakin 6l¢iisiinii miioyyon edon abstrakt nisbot
kimi xarakterizo edir (Roth, 2021, s. 40—41). idaroetmo mosalolorindo Roth miixtalif qorar hadlorini, J.
Schmid vo B. Hiirlimann-Kaup iso forqli tikinti todbirlori lizro nisablarin azligin miidafiasi funksiyasini
vurgulayirlar (Roth, 2021, s. 38; Schmid & Hiirlimann-Kaup, 2018, s. 33-35). A. Wermelinger vo N.
Wermelingerin tohlilindo do tadbirin shomiyyatins uygun olaraq sads ¢oxluq, kvalifikasiya olunmusg
coxluq va yekdillik arasinda diferensiasiya gostorilir (Wermelinger & Wermelinger, 2022, s. 13-16).

6.3. Almaniya hiiququ

Almaniya Miilki Macallosinin §741-ci maddasi bir hiiququn bir ne¢o soxso birlikdo monsub oldugu
hallarda §§742-758-doki Gemeinschaft nach Bruchteilen rejimini totbiq edir. §742 siibho olduqda
paylarin barabarliyini, §743 paya uygun galir va istifads imkanlarmi, §744 timumi idarsetmoni, §747 iso
hor istirak¢inin 6z pay1 iizorindo soroncam imkanin1 miioyyon edir. (Biirgerliches Gesetzbuch [BGB],
n.d., §§ 741-758)

Alman modeli definisiyadan daha ¢ox funksional sistem yaratmasi ilo segilir: pay, istifado, idarsetmo,
sorancam V9 xitam eyni hiiquqi rejimin elementlori kimi ardicil tonzimlonir.

Alman doktrinasinda Bruchteilsgemeinschaft ilo daha giiclii soxsi birlik asasinda qurulan Gesamthand
konstruksiyasi arasindaki forq ayrica vurgulanir. T. Zerres Bruchteilsgemeinschaft-da istirak¢inin 6z pay1
tizorindo sorancam vero bildiyini, Gesamthand rejiminds is9 istirak¢inin imumi emlaka daxil olan ayri-
ayr1 predmetlor lizro miistoqil pay seroncamina malik olmadigini gostarir (Zerres, 2025, s. 459-460). N.
Schnorrun §§ 741-758 BGB-yo hasr olunmus monogqrafik todqiqati da payl birliyin ayrica funksional
hiiquqi sistem kimi nozardon kegirildiyini nlimayis etdirir (Schnorr, 2004). Beloaliklo, BGB normalariin
monasi yalniz normativ matndon deyil, istirak¢inin fordi pay muxtariyyati ilo imumi predmet iizro
kollektiv gorarvermo arasinda tarazligdan ¢ixis edon doktrinal izahdan da aydinlagir.

6.4. Avstriya hiiququ

Avstriya ABGB §825 eyni asya lizorindo miilkiyyatin vo ya eyni hiiququn boliinmadan bir ne¢o $oxso
mansub olmasini Gemeinschaft kimi miisyyan edir vo bu birliyin hadise, ganun, son irade saroncami vo
ya miiqavilodon yarana bilocoyini gostorir. Sonraki miiddoalar istirak¢ilarin idaraetms, istifado vo bolgii
hiiquqlarin1 konkretlogdirir. Bu model imumi miilkiyystin yaranma moanbalorinin agiq tosnifatt
baximindan diqqatslayiqdir. (Allgemeines biirgerliches Gesetzbuch [ABGB], 1811, § 825 va davami)
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Avstriya modelinin miiqayisali-hiiquqi izahinda U.B. Filatova xiisusilo “asya deyil, hiiquq boliiniir”
prinsipini 6na ¢okir vo ABGB § 825 vo sonraki miiddoalarda ideal paylarla ifado olunan {imumi
miilkiyyot modelinin Roma vo alman hiiquq anonslorinin garsiliqli tasiri naticosindo formalagdigini
gostorir (Filatova, 2015, s. 92).

6.5. Fransa hiiququ

Fransa Miilki Macallasindo indivision rejimi anlayisin abstrakt definisiyasindan ¢ox foaliyyat vo xitam
qaydalar1 tizarindon qurulur. Code civil-in 815-ci maddesine gore he¢ kos indivision voziyyatindo
qalmaga macbur edils bilmaz va, qanunda gostarilon istisnalar nazare alinmagqla, bolgii tolob edils bilor.
815-2 vo 815-3-cii maddaler qoruma, idarsetma va saroncam tadbirlorini forqli qorar hadlorina baglayr.
Bu yanagsma timumi miilkiyyot rejiminin normativ ifadesindo kollektiv gorarvermo mexanizminin
ohomiyyotini gostorir. (Code civil, n.d., maddalor 815, 815-2, 815-3)

Fransiz hiiquq odobiyyati Code civil-in bu mexanizmlorini yalniz prosedur gaydalari kimi deyil,
indivision-un xiisusi hliquqi tobiotinin ifadosi kimi gorh edir. M.-C. Mariani-Riela indivision-u ayrica
hiiquqgi soxs vo ya ayrica monimsomo formasi hesab etmir, onun fikrinco, burada eyni xarakterli
miilkiyyat hiiquqlar1 eyni asya lizorinda paralel sokilds hayata kegirilir vo hiiququn dasiyicilar kollektiv
deyil, ayri-ayr1 indivisaire-lordir (Mariani-Riela, 2014, s. 36-37, 44-45). Bu yanasma imumi
miilkiyyatin hiiquqi soxsin amlakindan farqlondirilmasi baximindan miihiim nozari asas yaradir.

Mariani-Riela pay:r konkret maddi sahoys lokalizo olunmayan hiiququn arifmetik fraksiyas1 kimi
saciyyolondirir (Mariani-Riela, 2014, s. 40). T. Almutairi fransiz doktrinasini {imumilosdirorok
indivision-daki payin biitiin asyaya aid riyazi nisbat oldugunu vo ayrica saroncam predmeti kimi ¢ixis
edo bildiyini gostorir (Almutairi, 2025, s. 72-73).

Fransizdilli adobiyyatda indivision vo copropriete institutlarinin forqli funksional problemlari do ayrica
aragdirilir. M.-A. Latournerie vo P. Lecocq-un rohbaerliyi ilo hazirlanmis todqiqatlar ¢oxmaenzilli
binalarda kollektiv miilkiyyot vo idareetmo mexanizmlorinin ayrica hiiquqi toskilini gostorir
(Latournerie, 2019; Lecocq, 2009). B. Vareille vo A. Chamoulaud-Trapiersin miiasir indivision icmali,
habels C. Roussieau-nun indivisaire-lor arasinda hesablagmalarin bolgii ilo slagasing dair arasdirmasi bu
institutun yalniz bolinmo hiiququndan deyil, davam edon daxili hesablasma vo idaroetmo
miinasibatlorindan ibarat kompleks rejim oldugunu niimayis etdirir (Vareille & Chamoulaud-Trapiers,
2026; Roussieau, 2024).

Belaliklo, miiqayisa yalniz qanun matnlari saviyyasindoe aparildigda hiiquq sistemlori arasindaki forqlorin
bir hissasi gdriinmoz qala bilor. Tiirkiys, Fransa, Almaniya, Isvecro vo Avstriya doktrinasma paralel
istinadlar gostorir ki, eyni normativ terminlor miixtalif sistemlords forqli nozari konstruksiyalar tizerinds
qurula bilar. Bu sababdon Azorbaycan ganunvericiliyinin tokmillosdirilmasi {i¢lin xarici macallolorin
matni ilo yanasi, homin normalarin milli doktrinada neca izah edildiyi do nozors alinmalidir.

Miizakira
7. Normativ ifads problemlari vo miiqayisali naticalor
Miiqgayisali tohlil gostorir ki, imumi miilkiyyatin normativ tonzimlonmasinds on azi dérd yanagma

farqlondirils bilor: anlayisin normativ torifino asaslanan model (Tiirkiys vo Isvecra), funksional-sistemli
model (Almaniya), imumi hiiquqi birlik modeli (Avstriya) va indivision-un idars edilmasi va xitamina
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yonalon model (Fransa). Azorbaycan modeli iso payli vo birgo miilkiyyat iizro ikili tosnifatt aydin
miioyyan etso do, paylt miilkiyyotin mahiyyatini ayrica torif ilo tam agmur.

Azarbaycan ganunvericiliyinde timumi miilkiyyatin xiisusi tozahiirlori bu boslugu daha goriinen edir.
Manzil Macallasi payin asas osyaya ayrilmaz bagl oldugu modeli, “Ipoteka haqqinda” Qanun fordi pay
lizro soroncam qabiliyyotini, Ailo Macollosi istirakgilarin xiisusi soxsi imumiliyino osaslanan birgo
miilkiyyati, “Ailo kondli tosarriifat hagqinda” Qanun isa xiisusi tosarriifat imumiliyindon dogan birgo
miilkiyyot vo eyni miinasibatds alternativ payli miilkiyyot imkanini gostarir.

Bu sobabdan payl1 va birge miilkiyyast forqinin yalniz “pay miioyyan edilib-edilmayib” formulu ile izah1
nozori baximdan natamamdir. Payli miilkiyyotde fordi pay hiiquqi dovriyys obyekti ola bilir, birgs
miilkiyyotds iso istirak¢min hiiquqi movqgeyi birgo miilkiyyotin yaranmasina asas olmus timumiliklo
baghdir vo ayrica pay iizorindo soroncam yalniz homin rejimin doyisdirilmasi vo ya paymn miioyyon
edilmasi naticosinde miimkiin olur.

Digor problem isa pay anlayisinin ganunvericilikdo ayrica normativ torifinin verilmomaosidir.Xiisusilo
dasinmaz omlak miibahisolorinds hiiquqi payin faktiki istifado olunan otaq, saha vo ya torpaq hissosi ilo
eynilogdirilmosi hiiquqi yanlishiga sobab ola bilor. Normativ torif bu qarisiqhigi azaltmaqla Miilki
Macallonin sonraki maddalorinin sorhing vahid konseptual baza yarada bilar.

8. De lege ferenda toklif

Azarbaycan Respublikasinin Miilki Macollosino payli miilkiyyotin ayrica anlayisini miisayyan edon
normanin olava edilmasi mogsadauygun hesab edilir. Toklif olunan norma bels ifads oluna bilar: “Payli
miilkiyyatda bir nega soxs maddi olaraq boliinmamis asyamin tamami iizorvinda miiayyon paylarla
miilkiyyat hiiququna malikdir. Pay agyanmin fiziki hissasini deyil, miilkiyyat hiiququnda istirakin hacmini
ifada edir.”

Bu torif Tiirkiyos vo Isvegro hiiququnun ugurlu normativ texnikasini Azorbaycan hiiququnun méveud
sistemina uygun sakilds istifade etmoys imkan verir. Eyni zamanda norma payin fiziki hisss olmadigini
birbasa gostorarak istifade qaydasi ilo miilkiyyat hiiququ arasindaki serhadi doqiqlosdirir.

Bundan olave, asas ogyaya daimi funksional bagli paylarin xiisusi hiiquqi rejiminin Miilki Macallonin
imumi miilkiyyat bélmasinda ds ifado olunmasi moagsadsuygundur. Monzil Macallasinds artig méveud
olan model iimumilasdirilorak qanunla nazards tutulmus hallarda miisyyan payin osas asyadan ayriliqda
Ozgoninkilosdirilo, ylikli edilo vo naturada ayrila bilmomaosi, hiiquqi taleyinin osas ogyani izlomosi
prinsipi tasbit edilo bilor.

Noatica

Aparilmis tohlil imumi miilkiyyotin Azorbaycan hiiququnda tokco Miilki Macallonin 213-224-cii
maddolori ilo mohdudlagsmayan, miixtslif sahovi qanunlarda forqli funksional modellarlo ifado olunan
kompleks institut oldugunu gostorir. Payli miilkiyyat Miilki Macallade iimumi model kimi ¢ixis edir,
Monzil vo Torpaq macallolori asas sahoyo bagli mocburi payli miilkiyyot rejimi yaradir, ipoteka
ganunvericiliyi payin fordi soroncam qabiliyyatini konkretlogdirir, monzil 6zsllogsdirmasi qanunvericiliyi
imumi miilkiyyot néviiniin miioyyon hallarda istirak¢ilarin raziligi ilo segilo bilmasini taniyir.

Birgo miilkiyyat is9, ilk novbada, ar-arvadmn amlakinin qanuni rejimi kimi Ailso Macollosinds sistemli
sokildo formalasdirilir. Ailo kondli tosorriifati haqqinda qanunvericilik birgo foaliyyot vo ortaq omok
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asasinda slava xiisusi model yaradir, notariat vo reyestr qanunvericiliyi iso birgo miilkiyystde fordi payin
miioyyanlogdirilmasi vo rosmilosdirilmasi mexanizmini tamamlayir.

Bu normativ materiallar iimumi miilkiyyatin ayrica miilkiyyat formasi1 deyil, miilkiyyot hiiququnun
coxsubyektli rejimi olmas1 naticasini giiclondirir. Payli miilkiyystds pay asyanin fiziki hissasini deyil,
timumi hiiquqda istirakin dl¢iisiinii bildirir. Birgo miilkiyyat iso tokco paylarin miisyyen edilmomaosi ilo
deyil, istirak¢ilar1 birlosdiron xiisusi hiiquqi imumilik vo homin {imumiliyin fordi soroncam sferasina
tosiri ilo xarakterizo olunur.

Buna gora Azarbaycan Miilki Macallesinds payli miilkiyyat anlayisinin ayrica normativ tarifin verilmasi,
osas agyaya ayrilmaz bagl paylarm imumi modelinin qanunvericilikds sistemli gokildo tosbit edilmasi
vo birgo miilkiyyatin hiiquqi iimumilik elementi nozoro alinmaqla sistemli izah1 imumi miilkiyyaot
institutunun normativ doqiqliyini vo totbiqinin ardicilligini artira bilor.
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I¢moli suyun tamizlonmasinda nanotexnologiyalarin rolu
(icmal)
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Xiilasa. Taqdim olunan icmal moaqalads icmali suyun tomizlonmasinda istifado olunan miixtalif
nanomateriallarin, o ciimladan qrafen va onun toromalori, ¢irklondiricilorin adsorbsiyast iigiin
adsorbentlorin, karbon nanotiiplori (CNT), titan dioksidin (TiO:), sink oksidin (ZnO), giimiis (Ag NP)
nanohissaciklorinin, domir asaslhi (Fe) nanomateriallarin vo membran texnologiyalarimin tatbiqi
hartorafli arasdrilmisdwr. Todqiqatin magsadi nanomateriallarin agwr metallar, iizvi ¢irklondiricilor va
patogenlor daxil olmaqla, genis spektrli su c¢irklondiricilorinin konarlasdiriimasindak: effektivliyini
qiymatlondirmakdir.Arasdirma naticasindo malum o Imusdur ki, tohlil edilon hor bir material
Oztinamaxsus xtisusiyyatlora malikdir. Belo ki, qrafen va onun toromalori (qrafen oksidi (GO) va
reduksiya olunmug qrafen oksidi (rGO)) yiiksak sath sahasi, mexaniki mohkamliyi va ¢oxyonlii sath
kimyast sayasinda suyun tomizlonmasinda, karbon nanotiiplori (CNT) va domir nanohissaciklori (Fe NP)
tizvi ¢irklandiricilorin va agir metallarin sudan adsorbsiyasinda yiiksak performans gostorir. Sink oksidi
nanopartikullar: (ZnO NP) va giimiis nanohissaciklori (Ag NP) yiiksak antimikrob xiisusiyyatlori niimayis
etdirmakla bakteriya, virus va gobaloklor kimi genis spektrli patogenlari tasirsiz hala gatira bilir.
Membran nanomateriallar isa filtrasiya texnologiyalarinin performansini ahamiyyatli doracada
vaxsulasdwrir. TiOz, ZnO va ya grafen asasli nanomateriallarin membranlara inteqrasiyasi membranin
cirklonmaya qarsi miiqavimatini, mexaniki moéhkamliyini va c¢irklondiricilora qarsi1 selektivliyini
ohamiyyatli doracada artirir.

Acgar sozlar: igmali su, karbon nanotiiplari, adsorbent, nanotexnologiya, membran texnologiyalart
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The Role of Nanotechnologies in Drinking
Water Purification
(Review)
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Abstract. The presented review article comprehensively examines the application of various
nanomaterials in drinking water purification — including graphene and its derivatives, adsorbents for
pollutant adsorption, carbon nanotubes (CNTs), titanium dioxide (TiO:), zinc oxide (ZnO), silver
nanoparticles (Ag NPs), iron-based (Fe) nanomaterials, and membrane technologies. The aim of the
study is to evaluate the effectiveness of nanomaterials in removing a wide range of water pollutants,
including heavy metals, organic pollutants, and pathogens. The research revealed that each material
analyzed possesses unique characteristics. Specifically, graphene and its derivatives (graphene oxide
(GO) and reduced graphene oxide (rGO)) demonstrate high performance in water purification due to
their high surface area, mechanical strength, and versatile surface chemistry, while carbon nano tubes
(CNTs) and iron nanoparticles (Fe NPs) excel in the adsorption of organic pollutants and heavy metals
from water. Zinc oxide nanoparticles (ZnO NPs) and silver nanoparticles (Ag NPs) exhibit strong
antimicrobial properties, enabling them to neutralize a broad spectrum of pathogens such as bacteria,
viruses, and fungi. Membrane nanomaterials significantly improve the performance of filtration
technologies. Integrating TiO., ZnO, or graphene-based nanomaterials into membranes substantially
enhances their fouling resistance, mechanical strength, and selectivity toward contaminants.

Keywords: drinking water, carbon nanotubes, adsorbent, nanotechnology, membrane technologies

'V. Y. Akhundov Scientific Research Institute of Medical Prevention, Doctor of medical sciences, Baku,
Azerbaijan

V. Y. Akhundov Scientific Research Institute of Medical Prevention, Baku, Azerbaijan

"Corresponding author. E-mail: iradezerbelili@gmail.com

Received: 19 June 2026; Accepted: 25 September 2026; Published online: 30 October 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).

1. Giris

Yer kiirasinin sothinin tigds ikisinin su ilo ortiilii olmasina baxmayaraq, say1 8 milyarddan artiq olan
diinya ohalisi ticlin homin suyun yalniz 0,3%-1 sirin sudur (Sadigov, 2022; Stephens, 2020). Qlobal
miqyasda sirin su ehtiyatlarinin azalmasi fonunda suya, xiisusilo do igmali suya olan tolobat getdikco artir
vo bu hal dovriimiiziin on ciddi ¢agiriglarindan birino ¢evrilir. Moveud sutomizlomo sistemlori artan
tolobat1 6doyo bilmir, 2 milyard insan tohliikosiz sudan mohrumdur vo 1,2 milyard insan yalniz asas su
xidmaotlorindon istifads edir (Alemayehu et al., 2023).
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Holo 2014-cii ildo Umumdiinya Sohiyya Toskilat1 (UST) 2025-ci ilo godor diinya ohalisinin yarismnin su
catismazlig1 olan orazilords yasayacagini prognozlasdirmisdi (Ungureanu et al., 2020). Hazirda diinya
ohalisinin 40%-o qodori su quthg: ilo {izlosib. Umumdiinya Sohiyys Toskilatinin (UST) prognozlarina
asasan, 2050-ci ildo inkisaf etmis dovlotlords bag veran siiratli ohali artimi soziigedon problemi daha da
dorinlosdiracok. Tomiz igmali su qithgr artdigca suyun tomizlonmasi texnologiyalar1 qlobal xarakter
dasiyir, xaorclora va enerjiyo gonast edon davamli innovasiyalara (nanotexnologiyalara) ehtiyac artir
(Anjum, 2023; Bhardwaj, 2021; He et al., 2022).

Oxsar monzaro Azorbaycan {i¢lin do tamamilo xarakterikdir. Belo ki, Conubi Qafqaz regionunda igmali
su ehtiyatlar1 baximindan on ¢otin voziyyot mohz 6lkomizdadir — bdlgonin {imumi sirin su ehtiyatinin
yalniz 10%-1 respublikamizin payina diisiir.

Bu baximdan Azorbaycanda da nanotexnologiyalar suyun tomizlonmosi prosesindo, xiisusilo do
nanofiltrasiya vo agir metallarin, sonaye c¢irkablarinin tomizlonmosi istigamotindo totbiq olunur.
Azaorbaycan elmi miihitinds nanodlg¢iilii hissaciklorin (masalon, TiO2 nanohissaciklori) tullanti sularindan
fenol kimi zararli kimyavi maddslorin tomizlonmosindos rolu aragdirilir. Neft-qaz sonayesinds ¢ixan lay
sularinin  tomizlonmosi vo tokrar istifadesi {i¢lin aliiminium nanohissaciklori torkibli xiisusi
kompozisiyalar sinaqdan kegirilir. Bu tisul hom suyun tomizlonmasini tomin edir, hom do avadanliqlarda
korroziyanin qarsisini alir.

2. Material vo metodlar

Todqiqatin moqgsadi: I¢moli suyun tomizlonmosindo istifado olunan qrafen vo onun tdromoleri, su
cirklondiricilorinin adsorbentlori, karbon nanotiiplori (CNT), titan dioksidi (TiO2 NP), sink oksidi (ZnO
NP), giimiis (Ag NP) vo domir osasli (Fe NP) nanopartikullarin, hom¢inin membran texnologiyalarinin
agir metallar, izvi cirklondiricilor vo patogenlor do daxil olmaqla genis spektrli cirklondiricilorin
tomizlonmasindo effektivliyini adobiyyat molumatlar1 asasinda arasdirmaqdan ibarat olmusdur.

3. Naticalor

Igmoli suyun tomizlonmasinds istifado olunan karbon osasli nanomateriallardan biri — qrafen vo onun
toromolori — ohomiyyatli fiziki-kimyavi, hidrofob vo oleofil xiisusiyyatlorine goro bir sira tadqiqat
saholorindo genis sokilds istifads olunur (Liu et al., 2015). Geim vo Novoselovun do geyd etdiyi kimi
(Geim & Novoselov, 2007) biitiin grafit karbon materiallarinin "anas1" kimi tosvir edilon qrafen grafit vo
karbon nanotublar1 (CNT) tigiin asas blokdur. Qrafen olduqca calbedici optik, istilik, elektron, genis soth
sahasing vo mexaniki xiisusiyyatloro malikdir. Hazirda qrafen hom nazori, hom dos tacriibi olaraq suyun
tomizlonmasi texnologiyalar ti¢iin adsorbent kimi diinya miqyasinda dyranilir (Elgengehi et al., 2020).

Hazirda yeni adsorbentlor vo igmoli su filtrasiya sistemlori iigiin texnologiyalarin vo strukturlarin
hazirlanmasinda totbiq oluna bilon on somorali maddslordon biri do qrafen oksididir (GO). Diinyanin bir
cox bolgalorinds igmoli suda yliksok miqdarda fliiorid ionlarinin (F) olmasi insanlarin rifahina tosir edon
ciddi bir problemdir. Bununla slagodar Prathibha vo digorlori (Prathibha et al., 2020) igmoali suyun
defliioridlosdirilmoasi tigiin sirkonium (Zr) ilo hopdurulmus qrafen oksid ortiiklii qumun totbiqini
aragdiraraq belo qonaoto goldilor ki, homin materialin 6,12 mq/q-a ¢atan yiiksok fliiorid adsorbsiya
qabiliyyoti var ki, bu da igmoli sudan defliioridasiya tii¢lin istifado olunan digor karbon osash
adsorbentlorlo miiqayisads on yiiksok defliioridlogsma doyari hesab olunur.
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Majdoub vo digorlori (Majdoub et al., 2021) igmali suda olan Cd (II), Cu (II) va Pb (II) daxil olmaqla
agir metallara gars1 qrafen oksidinin (GO) adsorbsiya qabiliyyotini aragdirmisdir. Miislliflorin
todqgiqatinin naticolori gostormisdir ki, alds edilon adsorbsiya nisbatlori Pb (I1) tigiin 100%, Cu (II) li¢iin
98,18% vo Cd (II) ii¢iin 95,19% toskil edir.

Otraf miihitdo vo sonaye miiossisalorindo tohliikeli kimyovi maddslorin nozarotsiz istifadesi su
ehtiyatlarinin ¢irklonmasinog vo naticods ciddi saglamliq problemlorine sabob olur. Kumar vo basqalari
(Kumar et al., 2021) igmoli suda olan arsen (III)/(V), xrom (III)/(VI), qurgusun (II) vo selenin (IV)/(VI)
kimi agir metallarin adsorbsiyasinda maqnit qrafen osasli kompozitlorin istifadasini yronarok miioyyon
etmislor ki, homin kompozitlor igmoali sudan gdstorilon agir metallar effektiv sokildo adsorbsiya edir.

Todqiqatlar gostorir ki, igmali suyun tomizlonmasindo miihondislik nanomateriallarinin, o ciimlodon
TiO2 nanopartikullarinin (TiO2-NP) totbiqi xiisusi shomiyyat kasb edir (Xu et al., 2022). Ultrabandvsoyi
(UB) is1g1n tosiri altinda bag veroan fotokataliz naticosindo TiO2 NP-lori igmali suda iizvi ¢irklondiricilori,
mikroorqanizmlori vo qeyri-iizvi ¢irklondiricilori pargalaya bilon yiiksok reaktiv sarbast radikallar omalo
gatirir vo bu yolla bakteriyalar: (Salmonella, Mycobacteria vo Shigella) vo ibtidailori (Giardia duodenalis
vo Entamoeba histolytica) zorarsizlosdirs bilir.

Todqiqatlar gostarir ki, sink oksidi nanopartikullar1 (ZnO NP) yiiksok antimikrob aktivliyi, fotokatalitik
parcalanma vo adsorbsiya qabiliyyati, bOyiik soth sahosinin olmasma gore icmali suda ¢irklondirici
maddoalori tomizlomok iigiin somarali vo perspektivli bir materialdir. Antimikrob nanodlg¢iilii sink oksidi
(ZnO) materiallar1 geyd olunan xiisusiyyatlorinoe gors igmoli suyun tomizlonmoasi tigiin ekoloji cohatdon
tomiz nanokompozitlor kimi istifade edilmokdodir (Atta et al., 2017).

Yiiksok antibakterial, yliksok vo uzunmiiddatli fotokatalitik, o ciimlodon antibakterial xiisusiyyatlori olan
glimiis nanopartikullart da (AgNP) icmoali suyun tomizlonmasi proseslorindo genis sokildo istifado
olunmaqdadir.

Hazirda giimiis NP-lori unikal xiisusiyystlorino gors igmali sudan patogen mikroorqanizmlorin, agir
metallarin vo lizvi ¢irklondiricilorin tomizlonmasinda genis totbiq olunur. ©l-Ravajfeh vo digorlorinin
(Al-Rawajfeh et al., 2024), sudan bromid ionlar1 iiglin adsorbent kimi giimiis nanopartikulunun (Ag-NP)-
seolit kompozitinin istifadosinin dyronilmasi istiqgamatindo apardiglar1 aragdirmalarin noticolori geyd
olunanlar1 bir daha siibut edir. Miioyyon olunmusdur ki, giimiis nanohissaciklorlo (Ag NP) bozadilmis
aktivlosdirilmis karbonun (AC) Escherichia coli vo Staphylococci bakteriyalarina qarsi miistosna
antibakterial tosiri vardir, homg¢inin Ag ils yiiklonmis AC, xlorat, yodat, xlorit vo bromat da daxil olmaqla
bir sira qeyri-lizvi ¢irklondiricilori do igmali sudan konarlasdira bilir (Soliman et al., 2022).

Domir nanopartikullar1 (Fe NP) i¢cmali suyun tomizlonmasi prosesini tamamilo doyisdira bilon gabaqcil
nanotexnologiyadir. Onlar genis soth sahasi, yliksok reaktivlik vo maqnit xiisusiyyatlori ilo xarakterizo
olunur ki, bu da onlar1 igmali sudan genis ¢esidda ¢irklondiricilorin, o climlodon qurgusun, civo, arsen,
boyalar vo antibiotiklor kimi saglamliga son doraco zararli tasir géstoron agir metallarin ¢ixarilmasi iigiin
cox somaorali material halina gatirir (Mahlaule-Glory et al., 2022).

Aparilan todqiqatlar gostorir ki, igmoali suyun tomizlonmasindo nanomaterial osaslt membranlarin da
ovozolunmaz rolu vardir. Bu halda, membran materialinin se¢ilmosi igmoli suyun tomizlonmasi
prosesinin somoraliliyi ii¢iin ¢ox vacibdir. Igmali suyun tomizlonmosi proseslorinds istifado edilo bilon
membranlara mikrofiltrasiya (MF), ultrafiltrasiya (UF), nanofiltrasiya (NF), tors osmoz (RO) vo
elektrodializ (ED) membranlarini aid etmak olar.
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Digor miislliflor qrupu (Alsalme, 2023) axin-kecid yanasmasi ilo qrafen oksid tobagalaring qarisan Fe;Oa
@amiloid fibril nanoklasterlorindon istifado edorok ¢oxqatli qrafen oksid hibrid membran sintez etmis
vo igmoali sudan agir metallarin ¢ixarilmasinda homin membranin totbiqini arasdirmislar. Todqigatin
naticalori gostormisdir ki, qrafen asasli hibrid membran igmali sudan agir metal ionlarini ¢ixarmaq tigiin
99,9% doyars malikdir.

4. Miizakirs

Nanomateriallarin suyun tomizlonmasindo totbiqinin iimidverici naticolorine baxmayaraq, onlarin
genigmiqyasl totbiqinds holo do ¢otinliklor qalmaqdadir. Nanohissaciklorin otraf miihito buraxilmasi,
yiiksok istehsal xarclori vo nanomateriallarin uzunmiiddatli sabitliyi do daxil olmagqla bir sira masalslor
aradan qaldirilmalidir. ©traf miihito vo ya insan saglamligina tosir gostora bilocok har hansi potensial
zaororin qarsisinl almaq {iclin nanomateriallarin otraf miihito buraxilmasi li¢lin icazo verilon hadlor
hortorafli qiymatlondirilmalidir.

5. Naticd

Beloliklo, oldo etdiyimiz odobiyyat monbolorinin tohlili gdstordi ki, suyun tomizlonmosindo
nanomateriallarin istifadasi qlobal su ¢irklonmasi bohraninin garsisini almagq iigiin innovativ tisullar toklif
edir vo ananavi su tomizlonmosi metodlarindan daha yiiksok somorsliliys vo spesifikliyo malikdir. Belo
ki, bu moqalods aragdirilmig hor bir nanomaterialin 6ztinomoaxsus forqli xiisusiyyatlori vardir. Qrafen vo
onun toromolori (qrafen oksidi - GO) vo reduksiya olunmus qrafen oksidi (rGO) yiiksok soth sahosi,
mexaniki mohkomliyi vo ¢oxyonlii soth kimyasi sayasinds suyun c¢irklondiricilorden tomizlonmosinda
boylik perspektivlor yaradir. Karbon nanotiiplori (CNT) {izvi ¢irklondiricilorin vo agir metallarin sudan
adsorbsiyasinda yiiksok performans gostorir. Inco fotokatalitik xiisusiyyetlorine malik titan dioksid
nanopartikullart (TiO2 NP) iizvi ¢irklondiricilori UB vo ya goriinon isiq siialanmasi altinda parcalaya
bilir. Sink oksidi nanopartikullar1 (ZnO NP) yiiksok fotokatalitik vo antimikrob xiisusiyyatlori niimayis
etdirir. Eyni zamanda, giimiis nanopartikullar1 (Ag NP) giiclii antimikrob xiisusiyyatlori niimayis etdirir
vo bu da onlar1 bakteriya, virus va gobaloklor do daxil olmaqla genis spektrli patogenlori tasirsiz hala
gotirmayo imkan verir. Damir nanopartikullar1 (Fe NP) adsorbsiya vo reduksiya reaksiyalar1 vasitosilo
sudan agir metallarin vo iizvi ¢irklondiricilorin tomizlonmosinds genis totbiq edilir. Membran
nanomateriallar filtrasiya texnologiyalarinin performansini shomiyyatli deracads yaxsilagdirir. TiO,
ZnO va ya grafen asasli nanomateriallarin membranlara inteqrasiyasi membranin ¢irklonmasino qarsi
miiqavimatini, mexaniki mohkomliyini vo girklondiricilora qarsi selektivliyini xeyli artirmisdir.
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Abstract. The article presents the results of a study on the growth and development characteristics, age-
related dynamics of live weight, and main exterior measurements of F:-generation hybrid female
buffaloes. The aim of the study was to determine changes in live weight and body measurements of hybrid
female buffaloes at different age periods. The study was conducted on F:-generation hybrid female
buffaloes obtained through artificial insemination in private farms located in the Sheki-Zagatala region.
Feeding and housing conditions of the animals were organized in accordance with zooveterinary
requirements. It was determined that the live weight of the two studied hybrid females was 28 and 32 kg,
respectively, at birth, 77 and 86 kg at three months of age, and 82 and 90 kg at six months of age. With
increasing age, a consistent increase was observed in the main exterior measurements, including withers
height, back length, rump width, chest depth, oblique body length, chest width, heart girth, and cannon
bone circumference. The obtained results characterize the individual growth and development
characteristics of Fz2-generation hybrid female buffaloes and can be used to evaluate their growth and
exterior traits in breeding and selection work.
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F2 nasli hibrid disi camislarin boyumasi va xarici xususiyyatlori
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Xiilasa. Maqalada F: nasil hibrid disi camiglarin boyiima va inkisaf xiisusiyyatlorinin, diri kiitlosinin yag
dinamikasinin va asas eksteryer gostoricilorinin tadqiqinin naticalori tagdim edilmisdir. Todgigatin
magqsadi miixtalif yas dovrlarinda hibrid disi camiglarin diri kiitlasinda va badan élgiilarinda bas veran
dayisikliklori miiayyanlagdirmakdan ibarat olmugsdur. Tadgiqatlar siini mayalandirma yolu ilo alinmis F:
nasil hibrid disi camislar iizarinda Saki-Zaqgatala regionunda yerlason fordi fermer tasarriifatlarinda
aparumigdir. Heyvanlarin yemlonmasi va saxlanmast zoobaytarliq taloblori nazora alinmagqla tagkil
edilmigdir. Miiayyan edilmisdir ki, tadqiq olunan iki disi hibridin diri kiitlosi dogus zamani miivafiq
olaraq 28 va 32 kq, ii¢ aylig yasda 77 va 86 kq, alti ayliq yasda isa 82 va 90 kq olmugdur. Yas artdigca
cidov hiindiirliiyii, bel uzunlugu, sagri eni, dos qafasinin darinliyi, badonin ¢ap uzunlugu, dos eni, dos
cevrasi va panca ¢evrasi kimi asas eksteryer gostaricilarinds ardicil artim miisahida edilmisdir. Olda
olunan naticalor F: nasil hibrid digi camislarin fardi inkisaf xiisusiyyatlorini xarakteriza edir va onlarin
boyiima va eksteryer gostoricilorinin seleksiya-damazhq islorinda qiymatlondirilmasi tigiin istifads oluna
bilar.

Acar sozlar: F: nasil, hibrid disi camislar, diri kiitlo, boyiima, inkisaf, eksteryer, badan olciilori, yas
dinamikasi, seleksiya-damazhq isi, camis¢iliq
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1. Introduction

At the present stage of livestock development, the study of animal growth and development
characteristics is of great importance for assessing productivity and genetic potential. In particular,
monitoring individual development indicators by age periods in hybrid offspring obtained from animals
of different genetic origins makes it possible to determine their future economic and breeding
significance.

Buffalo breeding is one of the traditional branches of livestock production in Azerbaijan, and research
aimed at preserving the local buffalo gene pool and improving productivity traits is of particular
importance. The biological characteristics and productivity indicators of Azerbaijani buffaloes have been
extensively studied in various studies (Agabeyli, 1967, 1980; Agabeyli & Aliyev, 1960). Targeted
breeding and selection work is considered one of the important directions in the development of buffalo
breeding (Babayev, 1986; Bashirov, 2011).

Artificial insemination and embryo transplantation are considered modern biotechnological methods
used worldwide to improve the breed composition of animals and overcome infertility. In addition to
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being of great economic importance, artificial insemination and embryo transplantation form the basis
of breeding and selection work (Khalilova et al., 2023).

The study of growth and development indicators in offspring obtained from the crossbreeding of
buffaloes of different genetic origins is of particular importance for the evaluation of new genotypes. In
this regard, live weight, body measurements, and exterior traits are considered key characteristics that
reflect the level of individual development of animals. In this context, the study of the growth and
development characteristics of F. hybrid animals obtained from the crossbreeding of Murrah and
Azerbaijani buffalo breeds is of particular scientific and practical importance. A systematic study of
growth and development indicators at different stages of ontogenesis makes it possible to identify
genotypes of greater value for selection (Khalilova et al., 2026).

Studies aimed at determining genetic parameters of growth traits in Murrah buffaloes have emphasized
the importance of age-related changes in live weight and the heritability of this trait from the perspective
of selection (Joshi et al., 2022). The study of genetic markers associated with economically important

traits in Murrah buffaloes is also one of the major directions of modern breeding programs (George et
al., 2023).

The combined evaluation of productivity, reproductive performance, and health indicators is important
for the genetic improvement of animals (Kumar et al., 2023). Studies of genetic and phenotypic variation
in productive and reproductive traits in Murrah buffaloes make it possible to determine various selection
criteria (Sharma, Dahiya, Bangar, Hada, et al., 2024; Sharma, Dahiya, Bangar, & Yadav, 2024). In recent
years, studies have also been conducted to identify genomic regions associated with economically
important traits using genomic data (George et al., 2024).

The study of growth and development processes in buffaloes at different age stages provides important
information for assessing the formation of body conformation. The determination of genetic parameters
of live weight at different stages of life in Anatolian buffaloes demonstrates the importance of age-related
dynamics of this trait for selection purposes (Yazgan et al., 2026).

The study of growth and exterior characteristics of F2-generation hybrid animals is particularly important.
This is because the expression of genetic characteristics formed as a result of previous crosses in
phenotypic traits of this generation is of interest for assessing individual development.

The aim of the study was to investigate the live weight and main exterior characteristics of F2-generation
hybrid female buffaloes at different ages and to determine changes in growth and body conformation.

2. Materials and Methods

The study was conducted on F:-generation hybrid female buffaloes obtained through artificial
insemination on private farms located in the Sheki-Zagatala region. The study material consisted of two
F2-generation hybrid female buffaloes. The housing and feeding of the animals were organized in
accordance with zooveterinary requirements. The age characteristics of the animals were taken into
account during feeding, and the diet included grain feeds, natural alfalfa hay, various types of straw,
cottonseed meal, and salt as a mineral supplement.

At three months of age, the daily feed ration of the female buffaloes consisted of 1 kg of barley groats,
0.5 kg of corn groats, 6 kg of natural alfalfa hay, 2 kg of barley straw, 2 kg of cottonseed meal, 1 kg of
wheat straw, and 0.10 kg of salt. The total amount of feed was 12.6 kg.

206



Mehri Khalilova et al.

At six months of age, the daily ration consisted of 1.5 kg of barley groats, 1 kg of wheat groats, 0.5 kg
of corn, 8 kg of natural alfalfa hay, 2 kg of barley straw, 2 kg of cottonseed meal, 2 kg of wheat straw,
and 0.10 kg of salt. The total ration amounted to 17.1 kg.

During the study, the live weight of the animals was determined at birth, three months, and six months
of'age. In assessing exterior characteristics, the following measurements were taken into account: withers
height, back length, rump width, chest depth, oblique body length, chest width, heart girth, and cannon
bone circumference. The obtained data were compared by age periods, and the direction of changes in
live weight and the main body measurements was determined.

3. Results

The live weight indicators of F2-generation hybrid female buffaloes at different age periods are presented
in Table 1.

Table 1
Age-related dynamics of live weight in F:-generation hybrid female buffaloes
Age period Female I, kg Female II, kg
At birth 28 32
3 months of age 77 86
6 months of age 82 90

As shown by the data, the live weight of Female I hybrid was 28 kg at birth, reaching 77 kg at three
months of age and 82 kg at six months of age. The live weight of Female I hybrid was 32, 86, and 90
kg, respectively, at the corresponding age periods.

Thus, in both animals, a more pronounced increase in live weight was observed from birth to three
months of age. From three to six months of age, the increase in live weight was comparatively lower.
The Female II hybrid had a higher live weight than Female I at all the age periods studied.

The age-related dynamics of the main exterior characteristics of F2-generation hybrid female buffaloes
are presented in Table 2.

Table 2
Main exterior characteristics of F:-generation hybrid female buffaloes
Exterior characteristics At birth 3 months 6 months
Withers height, cm 65 120 135
Back length, cm 60 122 141
Rump width, cm 55 130 138
Chest depth, cm 26 62 76
Oblique body length, cm 55 120 150
Chest width, cm 14 36 46
Heart girth, cm 60 160 180
Cannon bone circumference, cm 15 20 24

The analysis of the data presented in the table shows that, with increasing age, a consistent increase was
observed in all studied exterior characteristics.
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Withers height was 65 cm at birth, 120 cm at three months of age, and 135 cm at six months of age. Body
length was 60, 122, and 141 cm, respectively. Hip width increased from 55 cm at birth to 130 and 138
cm at three and six months of age, respectively.

Chest depth was 26 cm at birth, 62 cm at three months, and 76 cm at six months of age. Oblique body
length was 55, 120, and 150 cm, respectively.

Chest width increased from 14 cm at birth to 36 cm at three months and 46 cm at six months of age. An
increase was also observed in hoof circumference, which increased from 15 c¢cm to 20 and 24 cm,
respectively.

The most noticeable change was observed in chest circumference. Chest circumference, which was 60
cm at birth, increased to 160 cm at three months and 180 cm at six months of age. The increase in this
parameter with age characterizes the intensive formation of body conformation.

4. Discussion

The results of the study showed that live weight and the main exterior characteristics of F2-generation
hybrid female buffaloes changed consistently with increasing age. A particularly pronounced increase in
live weight was recorded from birth to three months of age.

The study of genetic parameters of growth traits in Murrah buffaloes demonstrates the importance of live
weight and other growth indicators from a selection perspective (Joshi et al., 2022). Studies aimed at
identifying genetic markers associated with economically important traits in Murrah buffaloes also
indicate the importance of investigating the genetic basis of growth and productivity traits (George et al.,
2023).

In the present study, the second hybrid female had a higher live weight at all age periods, indicating
individual differences in growth and development. However, since only two animals were studied, it was
not possible to determine the statistical significance of these differences. Therefore, the obtained results
should be considered as preliminary observation and assessment data.

The age-related increase observed in the exterior characteristics is associated with the formation of the
animals’ body conformation. Increases in withers height, body length, hip width, chest depth, oblique
body length, chest width, chest circumference, and hoof circumference characterize the individual
development of the hybrid animals.

In modermn buffalo production, the comprehensive assessment of productive and reproductive
characteristics is one of the main directions of breeding programs (Kumar et al., 2023; Sharma, Dahiya,
Bangar, Hada, et al., 2024). The study of genetic and phenotypic variability makes it possible to evaluate
various traits from a selection perspective (Sharma, Dahiya, Bangar, & Yadav, 2024).

The biological and productive characteristics of Azerbaijani buffaloes have been studied for many years
(Agabeyli, 1967, 1980; Agabeyli & Aliyev, 1960). Consideration of the characteristics of the local gene
pool and the implementation of targeted selection work are important for the development of buffalo
production (Babayev, 1986; Bashirov, 2011).

The study of the obtained characteristics in F2-generation hybrids on a larger number of animals in future
research may allow more accurate determination of the general patterns of growth and exterior
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characteristics. In this regard, the obtained results are of importance as a preliminary database for future
breeding and selection work.

5. Conclusion

The study of the growth and exterior characteristics of F2-generation hybrid female buffaloes established
that live weight and the main body measurements increased consistently with advancing age.

At birth, the live weights of the first and second hybrid females were 28 and 32 kg, respectively; at three
months of age, they reached 77 and 86 kg, and at six months of age, 82 and 90 kg, respectively. The
second hybrid female had a higher live weight at all studied age periods.

The age dynamics of the exterior characteristics also demonstrated the consistent formation of body
conformation. An age-related increase was observed in withers height, body length, hip width, chest
depth, oblique body length, chest width, chest circumference, and hoof circumference.

The obtained results provide preliminary data for evaluating the growth and exterior characteristics of
Fa-generation hybrid female buffaloes. The studied parameters can be used to assess the individual
development and breeding and selection characteristics of hybrid animals.
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The Effect of Vilofoss Mineral Feed Additive on Productive and
Wool Quality Characteristics in Fattening Hissar Lambs
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Abstract. This article highlights the effect of using different doses (50 g and 100 g) of Vilofoss feed
additive in a two-stage system for fattening Hissar lambs on nutrient digestibility, live weight gain, feed
conversion ratio (FCR), and wool productivity. The experimental results indicated that the inclusion of
Vilofoss additive significantly improved ration digestibility while concurrently increasing live weight
gain by 18.4-26.3% and substantially enhancing wool quality parameters. Furthermore, the specific
biological and physiological patterns regarding the optimal dose levels for both meat and wool
productivity were scientifically substantiated.
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Kokoaltmads olan Hissar quzularinda "Vilofoss'" mineral yem
dlavasinin mahsuldarhq va yun Keyfiyyati gostariciloring tasiri

Soira Aminova

Xiilasa. Magalada Hisar cinsli quzularin kékaldilmasinda iki marhalaoli sistem tizra miixtalif dozalarda
(50 g va 100 q) Vilofoss yem alavasindan istifadonin qida maddalorinin hazm olunmasina, canli ¢aki
artimina, yemin konversiya amsalina (FCR) va yun moahsuldarligina tasiri arasdirilmisdir. Tacriiba
naticalori gostormigdir ki, rasiona Vilofoss alavasinin daxil edilmasi qgida maddalarinin hazm olunmasini
ohamiyyatli daracada yaxsilagdirmaqla yanasi, canl ¢aki artimimi 18,4-26,3% artirmig va yunun
keyfiyyat gostoricilorini ahomiyyatli doracada yaxsilagdirmigdir. Bundan alava, at va yun mahsuldarhigi
baximindan optimal doza saviyyalorinin miiayyanlasdirilmasina dair spesifik bioloji va fizioloji
qganunauygunluqglar elmi cohatdon asaslandiriimigdir.
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Introduction

In the modern livestock sector, ensuring a sustainable supply of high-quality and safe animal products
(meat, wool) to the population, increasing production efficiency, and reducing product costs represent
paramount strategic objectives. The fundamental prerequisite for enhancing productivity lies in
establishing a comprehensive and balanced nutrition system that fully aligns with the genetic potential
and physiological requirements of animals.

In Uzbekistan and across the Central Asian region, Hissar sheep constitute the cornerstone of mutton-
tallow (meat-fat) sheep farming. Representatives of this breed are distinguished by their exceptionally
large body frame, rapid growth rates, high adaptability to extreme climates and pasture conditions, as
well as an extensive genetic potential. However, in practice, the inherent hereditary (genetic) capacities
of Hissar lambs are not being fully utilized. The primary reason for this is the inadequacy of the ration,
particularly the deficiency of minerals and biologically active substances therein.

In the livestock industry, improving feed efficiency to boost meat and wool productivity, alongside
formulating rations tailored to the physiological needs of animals, stands as a crucial task. In particular,
enriching the diet of Hissar lambs with minerals and biologically active substances plays a vital role in
unlocking their full hereditary potential. Enhancing the assimilation (absorption) of elements such as
protein, calcium, and phosphorus in the ration not only optimizes primary meat productivity but also
improves the quality of wool as a secondary product. This study investigated the effects of incorporating
the Vilofoss feed additive on the productivity and physicochemical characteristics of Hissar lambs
(Yuldashbayev et al., 2023).

Materials and Methods

The conducted experiment was carried out on Hissar breed lambs using a two-stage fattening system.
The dietary nutritive value was formulated based on the age, live weight, and physiological requirements
of the lambs. Three experimental groups were established for the study:

Control group — basal ration (BR);

Experimental group 1 — BR + 50 g of Vilofoss additive;

Experimental group 2 — BR + 100 g of Vilofoss additive.

During the trial, nutrient digestibility, live weight dynamics, feed conversion ratio (FCR), as well as
quantitative and qualitative characteristics of wool were analyzed according to standard methodologies,

and the statistical significance level (P) of the obtained results was evaluated (Shcheglov et al., 1989).
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Results and Discussion

Nutrient digestibility and growth performance: The inclusion of the Vilofoss additive into the ration
exerted a positive effect on the digestibility of dietary nutrients and the assimilation of nutritive
substances. In the first stage of the experiment, dry matter digestibility increased by 4.6% in ex perimental
group 2 compared to the control, crude protein digestibility rose by 4.3%, and energy utilization increased
by 5.0%. Furthermore, calcium and phosphorus assimilation was higher by 5.5-6.0%. In the second stage
of the trial, these parameters increased even further, demonstrating that the effect of the additive
intensified over time (Ulyanov, 1982).

The improvement in feed digestibility was directly reflected in growth and development efficiency:

At the conclusion of the experiment, live weight gain reached 18.0 kg in experimental group 1 (18.4%
higher than the control) and 19.2 kg in experimental group 2 (26.3% higher than the control) (P > 0.99).
The average daily gain (ADG) fluctuated around 300—320 g, with the highest performance and the most
optimal feed conversion ratio (FCR) being recorded in experimental group 2, which received the 100 g
dose (Yuldashbayev et al., 2023).

Wool productivity and quality traits: The enhancement of mineral and protein metabolism throughout
the fattening stage directly and favorably influenced the wool cover parameters of the animals (Table 1).

Table 1
Changes in wool characteristics relative to the control, %
Parameter Control Experimental 1 Experimental 2
(30 g) (100 g)
Annual wool yield - +16.5 +13.2
Clean wool mass - +27.8 +23.7
Wool fiber length - +17.3 +15.3
Wool fiber strength - +15.2 +13.9
Proportion of breakable fibers - 39.1 -34.4

In terms of physical parameters, wool fiber strength—which stood at 7.9 sN/tex in the control group—
successfully reached 9.1 sN/tex in experimental group 1 and 9.0 sN/tex in experimental group 2,
representing an increase of 15.2% and 13.9%, respectively (P > 0.95). Concurrently, the proportion of
breakable fibers dropped significantly from a baseline of 6.4% in the control down to 3.9% in the 50 g
group and 4.2% in the 100 g group, confirming a reduction of 39.1% and 34.4% at a high statistical
significance level (P > 0.99) (Shcheglov et al., 1989).

The synthesis of these findings highlights an important biological pattern: while the maximum meat
productivity and optimal feed conversion ratios (FCR) were yielded by the 100 g dietary dose
(experimental group 2), the highest values for wool productivity and corresponding quality traits were
distinctly achieved at the lower 50 g dose (experimental group 1). This difference is biologically justified
by the fact that a moderate mineral equilibrium is highly optimal for active wool follicle function,
whereas escalating the dose to 100 g provides no cumulative synergistic effect on the complex wool
formation pathways (Yuldashbayev et al., 2023).

Crucially, the Vilofoss premix efficiently fulfilled the biological requirements for sulfur-containing
amino acids and vital trace elements such as zinc (Zn) and copper (Cu), which serve as essential
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components for the synthesis of the core keratin protein matrix in wool fibers. Furthermore, a general
optimization of feed conversion was recorded across both treatment groups, resulting in a reduced feed
intake per kilogram of live weight gain and confirming an overall rise in dietary utilization efficiency,
which bears pronounced economic relevance, particularly within the 100 g treatment cohort (Ulyanov,
1982).

Furthermore, the incorporation of the Vilofoss additive exerted a distinctly positive effect on the wool
cover characteristics of the lambs. Specifically, it led to an increase in annual wool yield, clean wool
mass percentage, wool fiber length, and fiber strength, while simultaneously reducing the proportion of
breakable fibers. This clearly demonstrates that the feed additive enhances not only primary meat
productivity but also significantly improves both the quality and quantity of wool as a secondary product
(Shcheglov et al., 1989).

Overall, the experimental results scientifically substantiate that supplementing the ration of Hissar lambs
with the Vilofoss mineral feed additive markedly increases livestock efficiency by improving nutrient
digestibility, accelerating live weight gain, optimizing feed conversion, and boosting wool productivity.
Consequently, the practical application of this additive is highly recommended and considered expedient
for livestock farms.

Conclusion

In conclusion, Hissar lambs are characterized by their rapid growth rates and large carcass conformation,
with their growth performance being directly dependent on the efficiency of the digestive system and
overall metabolism. Regarding nutrient and energy digestibility, the Vilofoss feed additive stimulates the
gastrointestinal tract microbiota, particularly within the rumen. This stimulation enhances the breakdown
and absorption rate of crude fiber, protein, and carbohydrates. As a result, metabolic energy from the
feed is efficiently directed toward the biological processes of body growth and development, rather than
being wasted.

In terms of calcium (Ca) and phosphorus (P) metabolism, these minerals serve as essential building
blocks for bone tissue formation, muscular contraction, and enzymatic reactions. The ideal ratio and
highly bioavailable form of minerals in Vilofoss substantially improve their absorption through the
intestinal walls into the bloodstream, ensuring the rapid and robust development of the skeletal
framework while effectively preventing calcium-phosphorus deficiency disorders such as rickets and
osteomalacia.

Furthermore, meat productivity and feed conversion metrics represent the most critical economic
indicators in meat-oriented sheep farming, specifically regarding daily live weight gain and the feed units
consumed per kilogram of growth. The lambs receiving the Vilofoss-supplemented ration exhibited a
significantly accelerated growth rate compared to the control group, achieving an 18.4%-26.3% increase
in live weight gain.

Due to the enhanced digestibility of the diet, the amount of feed required per kilogram of live weight
gain was reduced, optimizing the feed conversion ratio (FCR). This reduction effectively conserves feed
expenditures, which constitute the largest expense during the fattening period, thereby lowering the
overall production cost of mutton.
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Optimal dose for meat productivity (100 g/day): In meat-oriented sheep farming, administering a dietary
dose of 100 grams induces intensive muscle tissue development, maximizing both the carcass yield
(dressing percentage) and qualitative meat characteristics such as juiciness and marbling.

Wool productivity and its physical properties: Although the Hissar breed is predominantly utilized for
mutton-tallow (meat-fat) production, the wool harvested from these animals serves as an important
source of secondary economic income for livestock operations. The overall improvement in wool quality
traits is biologically driven by the adequate supply of dietary mineral substances, which actively
stimulates the physiological functions of the skin and wool follicles.

Consequently, this nutritional enrichment leads to a significant increase in annual wool yield and clean
wool mass, while concurrently expanding wool fiber length and tensile strength (resistance to breaking).
Furthermore, the inclusion of these minerals effectively reduces the proportion of brittle, dry, and
breakable fibers, thereby enhancing the overall uniformity of the fleece.

Optimal dose for wool productivity (50 g/day): In terms of enhancing wool productivity and its core
physical characteristics, the 50-gram dose (Experimental Group 1) yields the highest biological and
economic efficiency. Because the 100 g dose is primarily partitioned toward muscle tissue deposition
and metabolic pathways related to meat accretion, the 50 g daily dose remains highly optimal for
satisfying the specific physiological requirements of wool quality and development.
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Growth, Development and Biological Characteristics of Medicinal
Marshmallow (Althaea officinalis L..) and Quality Indicators
of Raw Materials
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Abstract. The results of the conducted studies showed that the biochemical and physiological processes
occurring in the medicinal marshmallow (Althaea officinalis L.) plant are directly related to the
availability of mineral elements. The obtained data indicate that each macronutrient performs a specific
function in the vital activity of the plant, while their combined action forms an integrated system
regulating plant growth and development. This article presents information on the relationship between
mineral elements and biochemical processes in medicinal marshmallow, as well as the quality indicators
of medicinal plant raw materials.
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Dorman gilxatmisinin (Althaea officinalis L.) boytiimasi, inkisafi
va bioloji xiisusiyyatlori, hom¢inin xammalin
keyfiyyot gostaricilori

Sarvar Po‘latov!” "', M. Abdurayimova! “*', Sevincoy Mustafoyeva?

Xiilasa. Aparilmis tadqiqatlarin naticalori géstordi ki, dorman giilxatmi (Althaea officinalis) bitkisinda
bas veran biokimyavi va fizioloji proseslor mineral elementlorlo birbasa baglhdwr. Olda edilmis
malumatlardan malum oldugu kimi, har bir makroelement bitkinin hayatinda oziinamaxsus funksiyani
verina yetirir va onlar birlikda bitkinin inkisafini idara edan vahid sistem taskil edir. Bu maqalada dorman
giilxatmi bitkisinin mineral elementlar va biokimyavi proseslor arasindakt qarsiliqli alaqasi, homginin
xammalin keyfiyyat gostaricilori hagqinda malumatlar tagdim olunur.
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1. Introduction

Nitrogen is a major “building material” for plants, being a component of proteins, amino acids, and
enzymes, and it accelerates biochemical reactions occurring in cells. Therefore, under conditions of
sufficient nitrogen supply, plant growth is accelerated, leaves become larger and dark green, and
photosynthetic processes proceed actively. The participation of nitrogen in chlorophyll further increases
its importance (Meyghan & Moradi, 2018).

Phosphorus plays an important role in energy metabolism in plants. As a component of ATP, it ensures
the accumulation and transfer of energy. Therefore, when phosphorus is supplied adequately, the root
system develops well, the plant enters the generative stage earlier, and flowering and seed formation
proceed effectively (Meyghan & Moradi, 2018).

Potassium regulates the synthesis, transport, and accumulation of carbohydrates. Its role is particularly
important in the formation of mucilage and polysaccharides, which are important for medicinal
marshmallow. In addition, potassium maintains water balance in cells and increases the plant’s resistance
to various stress factors. Research on marshmallow cultivation also examines mineral nutrition under
irrigation (Pryvedeniuk et al., 2021).

2. Materials and methods

The results were analyzed using mathematical and statistical methods, and the differences between
treatments were found to be statistically significant (p < .05). This indicates that the effect of mineral
nutrition on the quality of medicinal raw materials is scientifically substantiated and follows a regular
pattern.

3. Results

The results of our studies showed that the highest efficiency is achieved when these elements are
maintained in balance. In particular, in the N9OP60K 60 treatment, the main biochemical processes in the
plant were observed to be activated to the highest level. This was manifested in enhanced photosynthesis,
increased enzyme activity, and accelerated synthesis of carbohydrates and secondary metabolites.

At the same time, it was found that when mineral elements were applied in excessive amounts, the
expected effect was not fully achieved. For example, a decrease in some indicators was observed in the
N120P80K80 treatment. This can be explained by disruption of the balance among elements, reduced
nutrient uptake, and decreased efficiency of metabolic processes.
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Comparative analysis of the results obtained in the experimental fields showed that the effect of mineral
elements on plants follows general regularities; however, its degree may vary depending to some extent
on soil and climatic conditions, moisture regime, and agrotechnical practices. This further increases the
reliability of the obtained results and the possibility of their wide practical application (Ahmedov et al.,
2018).

The data in Table 1 show that the level of biochemical activity in medicinal marshmallow (A/thaea
officinalis L.) is directly dependent on mineral nutrition conditions.

Table 1
Efficiency of mineral nutrition treatments in medicinal marshmallow (Althaea officinalis L.)
Ne Treatment Biochemical activity Note
1 Control Low Natural conditions
2 N40P40K40 Lower Partial activation
3 N60P40K40 Medium Partial activation
4  N60P60K60 Above medium Activation
5 N90P60K60 Highest All processes balanced
6 N90OP8OKSE0 Decrease Beginning of imbalance
7  NI120P80KS80 Decrease Imbalance

In the control treatment, biochemical activity was low, reflecting the growth of the plant under natural
agro-background conditions. Under these conditions, the synthesis of biologically active substances was
observed to proceed in a limited manner.

Partial activation of biochemical processes was recorded in the N40P40K40 and N60P40K40 treatments
with mineral fertilizers. This can be explained by an increase in metabolic processes as a result of
improved plant supply with nutrients (Berdiyev et al., 2016).

In the N6OP60K 60 treatment, an intensification of biochemical processes was recorded.

The highest biochemical activity was observed in the N9OP60K60 treatment, where all physiological and
biochemical processes in the plant proceeded in a balanced manner. The optimal ratio of mineral elements
increased enzymatic activity and maximally stimulated the synthesis of carbohydrates and secondary
metabolites.

However, a certain decrease in biochemical activity was observed in the N9OP80K80 and N120P80K80
treatments, where mineral fertilizers were applied in excessive amounts. This can be explained by
disruption of physiological and metabolic balance in the plant due to excessive nutrition and suppression
of certain enzymatic processes.

Thus, the analysis results show that the correct selection of optimal rates and ratios in mineral nutrition
is crucial for ensuring maximum biochemical activity in medicinal marshmallow. In particular, the
NI90P60K60 treatment was assessed as the most effective.

Quality indicators of medicinal marshmallow (Althaea officinalis L.) raw materials. The results of the
conducted studies demonstrated that mineral nutrition has a significant effect on the main quality
indicators of medicinal marshmallow (A4lthaea officinalis) raw materials. The experimental data were
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consistent with one another, and a stable improvement in quality indicators was observed under
conditions where mineral fertilizers were applied.

The results obtained for dry matter and extractive substances clearly confirm this trend. The increase in
dry matter content under the influence of mineral nutrition indicates greater accumulation of organic
substances in plant tissues. An increase in extractive substances is an important indicator determining
the pharmacological value of medicinal plant raw materials, and a higher level indicates improved
product quality.

The specific numerical results also confirm this regularity. In the first year of the study, 2023, the dry
matter content in the control treatment was 22%, while extractive substances accounted for 18%; in the
treatments with mineral fertilizers, these indicators increased gradually. In the N40P40K40 treatment,
dry matter was 24% and extractive substances were 19.5%; in N60P40K40, dry matter was 25% and
extractive substances 21%; in N6OP60K 60, dry matter was 26.5% and extractive substances 22.5%; and
in N9OP80KS80, dry matter reached 27.5% and extractive substances 22.5%. The highest results were
recorded in the NOOP60K 60 treatment, at 28% and 24%, respectively. This indicates that a balanced ratio
of mineral elements most effectively promotes the accumulation of dry matter and biologically active
compounds in plant tissues (Ahmedov et al., 2018).

At the same time, a certain decrease in the expected effect was observed when mineral fertilizers were
applied in excessive amounts. In particular, in the N120P80KS80 treatment, dry matter was 27% and
extractive substances were 23%, but these indicators were lower than in the optimal treatment. This can
be explained by disruption of metabolic balance in the plant as a result of excessive mineral nutrition and
limitation of the synthesis of some biologically active compounds (Table 2).

In 2024, dry matter in the control treatment was 22.5% and extractive substances were 18%, while these
indicators increased gradually in the treatments with mineral fertilizers. In N40P40K40, dry matter was
24% and extractive substances 19%; in N60P40K40, dry matter 25% and extractive substances 21%; in
N60P60K60, dry matter 26% and extractive substances 23%; in N9OP80OK80, dry matter 27.5% and
extractive substances 22%; and in N120P80K80, dry matter 26.5% and extractive substances 23%. These
indicators were lower than those of the optimal treatment. The highest results were recorded in
N90P60K 60, reaching 28% and 24%, respectively.

In the third year of the study, 2025, dry matter in the control treatment was 22.5% and extractive
substances were 18.5%, while these indicators increased gradually in the treatments with mineral
fertilizers. In N40P40K40, dry matter was 24% and extractive substances 19%; in N60P40K40, dry
matter 26% and extractive substances 21%; in N6OP60K60, dry matter 26.5% and extractive substances
22%; in N9OP80KS80, dry matter 27.5% and extractive substances 22.5%; and in N120P80KS80, dry
matter 26% and extractive substances 23%. The highest results were recorded in N9OP60K 60, where dry
matter reached 28.5% and extractive substances 24%.

Considering the three years of the study as a whole, the control treatment had 22.2% dry matter and
18.2% extractive substances, while these indicators varied in the treatments with mineral fertilizers. In
N40P40K40, dry matter was 24% and extractive substances 19.2%; in N60P40K40, dry matter 25.3%
and extractive substances 21%; in N60P60K60, dry matter 26.3% and extractive substances 22.5%; in
N90P8OKS80, dry matter 27.5% and extractive substances 22.2%; and in N120P80K 80, dry matter 26.5%
and extractive substances 23%. The highest results were recorded in N9OP60K60, with dry matter
reaching 28.2% and extractive substances 24%.
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Overall, in the N9OP60K 60 treatment of medicinal marshmallow (Althaea officinalis L.), the contents of
dry matter and extractive substances increased more markedly than in the other treatments during all
three years.

This indicates that a balanced ratio of mineral elements brings the accumulation of dry matter and
biologically active compounds in plant tissues to the most effective level.

The obtained results once again confirmed that the application of mineral nutrition at scientifically
justified rates is crucial for increasing the quality indicators of medicinal raw materials.

Table 2
Quality indicators of raw materials under mineral nutrition of medicinal marshmallow (Althaea
officinalis L.), 2023-2025

No  Treatment 2023 2023 2024 2024 2025 2025 Mean Mean
Dry matter Extractive Dry matter Extractive Dry matter Extractive Dry matter Extractive
(%) substances (%) substances (%) substances (%) (%)
0 0 substances
(%) (%)
(%)
1 Control 22 18 22,5 18 22 18.5 22.2 18.2
2 N40P40K 24 19.5 24 19 24 19 24 19.2
40
3 N60P40K 25 21 25 21 26 21 25.3 21
40
4 N60P60K 26.5 22.5 26 23 26.5 22 26.3 225
60
5 N9OP60K 28 24 28 24 28.5 24 28.2 24
60
6 N9OP8OK 27.5 22.5 27.5 22 27.5 22.5 27.5 222
80
7 N120P80 27 23 26.5 23 26 23 26.5 23
K80

4. Discussion

Related work has examined the accumulation of polysaccharides under different cultivation practices
(Pryvedeniuk et al., 2026), the structural and rheological properties of root polysaccharides (Karimi et
al., 2021), and leaf mucilage composition (Tomoda et al., 1981). These studies provide background for
interpreting raw-material characteristics; they do not independently validate the measurements reported
here. Good agricultural practices and raw-material testing are addressed in World Health Organization
guidelines (World Health Organization, 2003, 2011).

According to the observations, the contents of dry matter and extractive substances in the treatments with
mineral fertilizers were consistently higher than in the control treatment. This can be explained by the
accumulation of organic substances and activation of the synthesis of biologically active compounds in
the plant under the influence of mineral elements.
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At the same time, the occurrence of certain differences is considered natural. These differences are
associated with the soil composition, moisture availability, climatic characteristics, and agrotechnical
practices of the study areas. In particular, differences in soil humus content or irrigation regime may
directly affect the accumulation of dry matter and extractive compounds in plants.

It was also noted that a general regularity was maintained in both study areas: the application of mineral
elements at balanced and scientifically justified rates improves the quality indicators of the plant. This
indicates the reliability of the obtained results and the possibility of implementing them in practice under
different soil and climatic conditions.

Comparative analysis of the obtained results showed that in both study areas, mineral nutrition was a
significant factor in increasing the quality indicators of medicinal marshmallow (A/thaea officinalis) raw
materials. When mineral elements were applied in sufficient and balanced amounts, the accumulation of
organic substances in plant tissues increased, resulting in a stable increase in dry matter and extractive
substances.

At the same time, some differences recorded between the study areas were associated with natural and
agroecological factors, which further demonstrates the correspondence of the results to real conditions
and increases their practical significance. In other words, the observation of the same general pattern
under different conditions supports the reliability of the study results.

5. Conclusion

In conclusion, the highest quality indicators of medicinal marshmallow (Althaea officinalis) raw
materials were recorded in the N9OP60K60 treatment. In this treatment, the contents of dry matter and
extractive substances reached their maximum levels, and it may be considered the most effective mineral
nutrition rate for practical application.

Thus, the application of mineral elements in an optimal ratio is an important agrotechnical factor for
improving the quality of medicinal raw materials, and its wider implementation is appropriate.
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Feeding Of “Big-6” And “Bronze-708” Turkeys
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Abstract. Feeding Big-6 and Bronze-708 turkeys with nutritionally balanced and complete diets
promotes efficient growth and a substantial increase in live body weight. Adequate dietary
supplementation with essential macro- and microelements, vitamins, and high-quality protein is crucial
for maintaining optimal physiological status, enhancing disease resistance, and improving growth and
productive performance. Thus, the use of complete and properly balanced rations can contribute to the
successful rearing of healthy turkeys with high productive potential.
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“Big-6” vo “Bronze-708” hinduskalarinin baslonmasi

Yo.S.Korimova

Xiilasa. “Big-6" va “Bronze-708" hinduskalarimin gida maddalari baximindan balanslagdirilmis va tam
dayarli rasionlarla baslonmasi, onlarin somarali boyiimasina va canly ¢akilorinin ahomiyyatli doracado
artmasina sarait yaradiwr. Rasionun zaruri makro- va mikroelementlor, vitaminlor va yiiksak keyfiyyatli
ziilalla zanginlaosdirilmasi; optimal fizioloji vaziyyatin qorunmasi, xastaliklora qarsi miiqavimatin
artirllmasi, hamginin boyiima va mahsuldarliq gostaricilorinin yaxsilagdirilmast ii¢iin halledici ohamiyyat
daswyir. Belaliklo, tam dayarli va diizgiin balanslasdwrilmis rasionlardan istifada, yiiksak mahsuldarhq
potensialina malik saglam hinduskalarin ugurla yetisdirilmasina tohfa vera bilor.
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Introduction

One of the primary objectives of specialists in the poultry industry is to meet the population’s demand
for food products derived from poultry. Achieving this objective requires the development of a high-
quality raw material base, the introduction of advanced production technologies, and the improvement
of the genetic potential of poultry. In developed countries, turkey production occupies a prominent
position within the meat-producing poultry sector. The United States, Italy, France, the United Kingdom,
and Tiirkiye are among the leading producers of turkey meat, which is widely recognized as a palatable,
nutritious, and dietary food product. In these countries, turkey meat accounts for approximately 15-25%
of total poultry meat production. The successful development of meat-type poultry production depends
on accelerating the growth and development of young birds and reducing feed costs while maintaining
high-quality poultry meat production. Turkey farming is considered an important source for increasing
the production of high-quality poultry meat. Long-term production experience has demonstrated that
turkey meat production is economically viable. Turkeys are highly productive birds, and their meat is
characterized by excellent dietary and health-promoting properties, as well as a high meat yield relative
to live body weight.

In the CIS countries, improving the efficiency of turkey production and fully realizing the genetic
potential of turkeys are achieved through properly organized breeding and selection programs. These
programs involve the development of new high-performance breeds, lines, and crosses, as well as the
extensive use of selective breeding, crossbreeding, and hybridization methods. In particular, industrial
turkey meat production technologies have been introduced in almost all regions of the Russian
Federation. Notably, turkey meat production accounts for approximately 70% of the total output of
poultry meat produced by the companies “Damate” and “Cherkizovo.” In Belarus, the high demand for
turkey meat has contributed to the development of industrial turkey farming, with production continuing
to increase and accounting for approximately 8—10% of total poultry meat production. For breeding
purposes, heavy-, medium-, and light-type turkey crosses derived from different breeds are widely used.

Turkeys are highly productive poultry species, and their meat is characterized by excellent dietary and
health-promoting properties, as well as a high meat yield relative to live body weight. Turkey meat is
highly digestible and readily absorbed by the human body, making it suitable for therapeutic and dietary
nutrition. Compared with the meat of other poultry species, turkey meat contains a higher proportion of
high-quality proteins. The “Big-6" and “Bronze-708” crosses are considered well adapted to intensive
commercial production systems. The quality characteristics of meat obtained from these crosses make it
highly competitive compared with meat from other poultry species. Therefore, their production has
considerable potential for expanding the supply of poultry meat, including for specialized food products
and dietary nutrition. Furthermore, the rearing and management of “Big-6" and “Bronze-708” turkey
crosses for meat production under the specific environmental and production conditions of Uzbekistan
have not yet been sufficiently investigated in dedicated scientific studies. Therefore, evaluating their
growth performance, feed utilization, and meat-production potential under local conditions is of
considerable scientific and practical relevance.

Literature review and methods
A number of national researchers have conducted studies aimed at improving the productive performance
and biological characteristics of turkeys as agricultural poultry. Ye.V. Ribina investigated turkey

management technologies, turkey diseases and their prevention, as well as feeding practices. S.G.
Azimov studied turkey husbandry and the productive performance of the Russian White turkey breed.
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R.T. Aripdjanov investigated the use of floor-rearing systems for fattening young turkey poults. Z.M.
Ashurov studied the meat productivity of turkeys and the dietary value of turkey meat. T.A. Stollyarov
examined dry, wet, and combined feeding systems in the rearing of turkey poults. V.B. Khon investigated
the importance of incorporating stimulatory feed additives into turkey diets as nutritional supplements.
D.S. Azimov studied the housing of turkeys in cages and on deep litter systems, similar to conventional
poultry housing practices. A. Rakhimov established that grain feeds constitute the major proportion of
feed ingredients in the diets of turkey poults. A.Kh. Urmonov investigated zoohygienic conditions in
facilities used for turkey housing. Thus, researchers in this field have conducted studies in different years
addressing various aspects of turkey production, with particular emphasis on productivity, viability,
adaptability, feeding, housing conditions, and meat production characteristics. However, the available
literature indicates that, to date, the meat productivity and meat quality characteristics of “Big-6" and
“Bronze-708” turkey crosses under hot climatic conditions have not been sufficiently investigated. This
indicates the need for further comprehensive research into the productive performance and meat quality
of these crosses under the environmental conditions of Uzbekistan.

Discussion and Results

Properly organized feeding of turkeys contributes to improved productive performance and reproductive
capacity and ultimately enables them to fully express their genetic potential for productivity. During the
study, the feeding conditions of turkeys were investigated from the hatching stage through 17 weeks of
age. Turkeys in the experimental groups were fed a farm-formulated diet consisting primarily of locally
available feed ingredients. In establishing the feeding conditions, the birds’ genotype, age, sex, and
housing conditions were taken into consideration. Particular attention was paid to the first feeding of
newly hatched poults. The newly hatched poults were provided with their first feed within 20 hours of
hatching. At this stage, equal amounts of carrot, fresh alfalfa, and nettle juice were administered.
Subsequently, boiled eggs were provided at a rate of 4—5 g per bird per day. In addition, high-quality
cottage cheese, curd, and compound feed containing a mixture of various grains and skimmed milk were
included in the diet. The feed was provided using two methods: in dry form and moistened with skimmed
milk. During the first few days, particular attention was paid to monitoring the poults’ ability to peck and
consume grain feed, as this process requires careful management in young turkey poults. After 10—12
days of age, the amount of egg included in the diet was gradually reduced, while cottage cheese, various
grain meals, and green fodder were progressively introduced into the diet.

For turkey poults aged 7-28 days (1-4 weeks), the diet was formulated according to the following
proportions of feed ingredients: corn grain — 39%; sunflower meal — 17%; soybean meal — 12%; fish
meal — 10.4%; meat and bone meal — 7%; feed-grade yeast — 5%; dried skim milk — 5%; grass meal —
2%:; shell grit, feed-grade limestone, and other mineral components — 0.6%; vegetable oil — 1%; and
premix — 1%.
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Table 1

Feeding ration of turkeys aged 1-8 weeks in the experimental groups (per bird per day, 2022-2024)

Feed Ingredients and Unit of Age, weeks

Nutrients measurement | ) 3 4 5 6 7 B
Corn grain g 13,5 24,0 24,0 30,8 76,5 103,5 127,5 150,0
Wheat grain g - - - 30,0 45,8 60,0 75,0 90,0
Oat groats g 1,5 6,0 27,0 22,5 - - - -
Sunflower meal g 1,5 12,0 15,0 22,5 21,0 15,0 22,5 27,0
Feed yeast g 4,5 12,0 15,0 21,0 22,5 27,0 36,0 42,0
Fish meal g 4,5 4,5 15,0 15,0 22,5 37,5 46,5 54,0
Meat and bone meal g 1,5 3,0 3,0 6,0 9,0 9,0 10,5 12,0
Boiled egg g 1,5 - - - - - - -
Cottage cheese g 4,5 - - - - - - -

Skim milk g - 15,0 75,0 90,0 105,0 105,0 105,0 123,0
Cottonseed oil g 0,075 1,5 1,95 4,05 2,7 4,65 6,75 7,35
Green fodder g 6,0 15,0 30,0 75,0 105,0 150,0 150,0 180,0
Premix g 0,3 0,6 1,2 1,8 2,25 3,0 3,75 4,5
Diet composition:

Feed units g 91,08 194,0 329,0 505,7 670,1 874,5 1080,9 1270,8
Metabolizable energy Kdj 372,0 811,2 1374,0  2112,7 2799,0 36555 4518,0 5311,5
Dry matter g 32,25 68,85 116,85 179,55 234,15 3054 377,25 4440
Crude protein g 9,04 18,6 42,09 46,65 57,72 72,44 89,70 105,43
Lysine g 0,564 0,966 1,876 2,457 3,084 4,056 4,993 5,842
Methionine g 0,294 0,562 1,080 1,458 1,821 2,331 2,899 3,405
Crude fiber g 0,960 3,105 4,740 7,396 9,090 10,695 13,095 15,585
Calcium (Ca) g 0,747 0,867 1,800 2,473 3,489 5,112 6,975 8,146
Phosphorus (P) g 0,396 0,729 1,354 1,803 2,425 3,198 3,9697 4,617
Sodium (Na) g 0,142 0,192 0,469 0,553 0,775 1,116 1,360 1,579
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As shown in Table 1, the amounts and composition of feed provided per bird per day to turkeys belonging
to different crosses in the experimental groups from 1 to 8 weeks of age are presented. According to the
data in the table, in addition to the main feed ingredients, 1.5 g of boiled chicken egg and 4.5 g of cottage
cheese were provided to one-week-old turkey poults. As the poults increased in age, both the amount and
types of grain-based feed ingredients included in the diet were gradually modified. In particular, skim
milk was introduced into the diet starting at two months of age. Oat groats were provided up to five
weeks of age, while wheat grain was introduced beginning at four weeks of age. The provision of oat
groats was discontinued after the poults reached five weeks of age.

From 1 to 8 weeks of age, each turkey poult in the experimental groups consumed a total of 3,848.6 g of
corn grain, 2,105.6 g of wheat grain, 399.0 g of oat groats, 955.5 g of sunflower meal, 1,260.0 g of feed
yeast, 1,396.5 g of fish meal, 378.0 g of meat and bone meal, 10.5 g of egg, 31.5 g of cottage cheese,
4,326 g of skim milk, 203.18 g of cottonseed oil, 4,977.0 g of green fodder, and 121.8 g of premix. The
total nutrient content of the feed consumed was equivalent to 35,112.6 g of feed units, 146,677.3 kJ of
metabolizable energy, 12,308.1 g of dry matter, 3,091.7 g of crude protein, 166.9 g of lysine, 95.95 g of
methionine, 452.7 g of crude fiber, 207.3 g of calcium, 129.4 g of phosphorus, and 43.3 g of sodium.
During the study period, the feeding conditions of turkey poults belonging to different crosses from 9 to
17 weeks of age were investigated (Table 2).

Table 2
Feeding ration of turkeys aged 9-17 weeks in the experimental groups (per bird per day, 2022-2024)

Feed Ingredients and Unit of ook

Nutrients measurement 10 1 12 13 14 15 16 17
Corn grain g 181,5 202,5 2250 247,5 264,0 285,0  307,5 330,0 3375
Wheat grain g 120,0 147,0 166,5 150,0 157,5 165,0 1755 192,0 195,0
Barley grain g - - - 30,0 30,0 33,0 34,5 36,0 36,0
Sunflower meal g 30,0 30,0 30,0 31,5 33,0 49,5 52,5 54,0 555
Feed yeast g 30,0 30,0 375 40,5 42,0 37,5 42,0 46,5 48,0
Fish meal g 30,0 30,0 255 27,0 25,5 18,0 16,5 15,0 15,0
Meat and bone meal g 12,0 12,0 12,0 13,5 15,0 15,0 13,5 12,0 12,0
Skim milk g 150,0 150,0 150,0 165,0 165,0 165,0 165,0 165,0 165,0
Cottonseed oil g 7,50 7,35 7,65 8,55 8,40 8,40 8,55 8,40 945
Green fodder g 195,0 210,0 2250 2250 225,0 225,0  225,0 225,0 225,0
Premix g 4,50 525 6,0 6,0 6,45 6,75 7,50 7,50 7,50
Diet composition.

Feed units g 1394,7 1548,9 1693,8 1829,5 1914,6 2017,5 2137,5 22692 23185
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Metabolizable

- Kdj 58290 6474,0 7080,0 7648,5 8004,0 84345 89355 94860 96930
Dry matter g 4806 533,85 583,8 630,45 660,0 69555 736,95 7818 799,35
Crude protein g 95,74 101,89 108,04 11523 118,89 122,59 128,07 133,68 136,08
Lysine g 4,695 4,944 5040 5427 5527 5361 5539 5713 5810
Methionine g 2959 3,127 3219 3,460 3,546 3,666 3,802 3,936 4,003
Crude fiber g 1836 20,26 22,05 2440 2559 2884 30,55 3225 32,83
Calcium (Ca) g 7,633 8,290 8,457 9,025 9387 9294 9,696 9526 11,253
Phosphorus ) g 3,717 3,871 3,928 4254 4377 4263 4326 4393 4461
Sodium Na) g 1,086 1,101 1,032 1,116 1,117 0973 0937 0,901 0,907

As presented in Table 2, the daily feed allowance and nutritional composition of the diets provided to
turkeys representing different crosses in the experimental groups during the 9—17-week growth period
are described. The data show that barley grain was not included in the diets of turkeys during the 9—11-
week age period. Beginning at 12 weeks of age, barley grain was incorporated into the ration as one of
the major feed ingredients and remained an important component of the diet throughout the subsequent
growth period.

During the experimental period, the total feed consumption per turkey from 9 to 17 weeks of age
consisted of 16,663.5 g of maize grain, 10,279.5 g of wheat grain, 1,396.5 g of barley, 2,562.0 g of
sunflower meal, 2,478.0 g of feed yeast, 1,417.5 g of fish meal, 819.0 g of meat-and-bone meal, 10,080.0
g of skimmed milk, 519.75 g of cottonseed oil, 13,860.0 g of green forage, and 402.15 g of premix. The
nutrients supplied through the consumed feed comprised 119,869.4 g of feed units, 501,091.5 kJ of
metabolizable energy, 30,128.7 g of dry matter, 7,421.5 g of crude protein, 336.4 g of lysine, 222.026 g
of methionine, 1,645.9 g of crude fiber, 577.93 g of calcium, 263.13 g of phosphorus, and 64.19 g of
sodium. The calculated feed consumption of turkeys from 1 to 17 weeks of age during the study period
is presented in Table 3.

During the study period, turkeys in both experimental groups were reared under identical feeding
conditions from 1 to 17 weeks of age. According to the analysis of the data presented in Table 3.1.3 and
the experimental results, grain-based feeds, protein sources, and supplementary feed ingredients
constituted the major components of the diets provided to the turkeys from 1 to 17 weeks of age. Among
the grain components, maize grain served as the primary source of dietary energy. Its consumption
amounted to 3,848.6 g during the 1-8-week period and 16,663.5 g during the 9—17-week period, giving
a total consumption of 20,512.1 g per turkey. This relatively high proportion indicates the predominant
role of maize grain in the overall dietary composition. Wheat grain also represented a substantial
proportion of the diet, with a total consumption of 12,385.1 g per turkey. The majority of the wheat grain
(10,279.5 g) was consumed during the subsequent growth period, from 9 to 17 weeks of age.

A clear difference was observed in the use of oat groats and barley grain across the different growth
periods. Oat groats were used exclusively during the initial growth period (1-8 weeks of age), at a total
amount of 399.0 g per turkey, whereas barley grain was predominantly incorporated into the diet during
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the 9—17-week period, with a total consumption of 1,396.5 g. This difference may be associated with
age-related changes in digestive capacity and the nutritional requirements of turkeys during different
stages of growth.

Table 3
Total feed consumption by turkeys in the experimental groups from I to 17 weeks of age
Feed consumption by age period, g Total - Total
Feed ingredients At 1-8 weeks of At 9-17 weeks of ey gp consumption for
age age ’ 100 turkeys, kg
Com grain 3848.6 16663,5 20512,1 205121
Wheat grain 2105,6 10279,5 12385,1 1238,51
Oat groats 399,0 - 399,0 39,]
Barley grain - 1396,5 1396,5 139,65
Sunflower meal 955,5 2562,0 3517,5 351,75
Feed yeast 1260,0 2478,0 3738,0 373,8
Fish meal 1396,5 1417.5 2814,0 281,4
Meat and bone meal 378,0 819,0 11970 119,7
Boiled egg 10,5 - 10,5 1,05
Cottage cheese 31,5 - 31,5 3,15
Skimmed milk 4326,0 10080 14406,0 1440,6
Cottonseed oil 203,175 519,75 722,925 72,3
Green fodder 4977,0 13860,0 18837,0 1883,7
Premix 121,8 402,15 523,95 524
Diet composition:
Feed units 35112,6 119869,4 154982,0 15498,2
Feed units consumed per 1 517
kg of live weight gain ’
Metabolizable energy, Kj 146677,3 501091,5 647768,8 64776,]
Dry matter 12308,1 30128,7 42436,8 42437
Crude protein 3091,7 7421,5 10513,2 10513
Lysine 166,9 336,4 503,3 50,3
Methionine 97,0 222,026 319,0 31,]
Crude fiber 4527 1645,9 2098.,6 209,]
Calcium (Ca) 207,3 5779 785,2 78,5
Phosphorus (P) 129,4 263,1 392,5 39,3
Sodium (Na) 433 64,2 107,5 10,7

Among the protein sources, sunflower meal (3,517.5 g), feed yeast (3,738.0 g), and fish meal (2,814.0 g)
showed relatively high values. In particular, the consistent use of feed yeast during both periods indicates
its high biological value. Although meat and bone meal was used in a relatively smaller amount (1,197.0
g), it played an important role in supplementing the diet with minerals. Among the animal-based feed
supplements, boiled egg (10.5 g) and cottage cheese (31.5 g) were used only during the initial period and
served to support the rapid growth of the young organism. In addition, skimmed milk (14,406.0 g) was
provided in a large amount, indicating its importance as a source of protein and minerals.

As a source of fat, cottonseed oil was used in a total amount of 722.925 g, contributing to an increase in
the energy density of the diet. Green fodder accounted for the largest quantity, at 18,837.0 g, and played
an important role in supplying vitamins and biologically active substances. Premixes (523.95 g) ensured
that the diet was balanced in terms of micronutrients and vitamins. Analysis of the overall nutritional
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indicators of the diet showed that, during the 1-17-week period, 154,982.0 g of feed units were consumed
per turkey, which was sufficient to support intensive growth. The amount of metabolizable energy was
647,768.8 kJ, reflecting the sharp increase in energy requirements as the young birds grew.

The dry matter (42,436.8 g) and crude protein (10,513.2 g) values indicate the high nutritional value of
the diet. In particular, a large proportion of the protein was provided during the 9—17-week period
(7,421.5 g), supporting the intensive development of muscle tissue. Among the amino acids, the amounts
of lysine (503.3 g) and methionine (319.0 g) were at optimal levels, providing adequate conditions for
protein synthesis. The increase in crude fiber (2098.6 g) corresponded with the development of the
digestive system during the subsequent period. Among the minerals, calcium (785.2 g) and phosphorus
(392.5 g) played an important role in the development of the skeletal system, while sodium (107.5 g) was
involved in regulating water and electrolyte balance in the body.

Overall, the diets used in the experimental groups were formulated using a differentiated approach
according to the age periods of the birds. The balanced distribution of feed components and nutrients
contributed to the intensive growth and development of the turkeys. These results confirm that the
scientifically based formulation of diets is an important factor in improving the efficiency of livestock
and poultry production.

Table 4
Feed consumption rate of turkeys in the experimental groups at 1—17 weeks of age, %

Feed consumption rate, %

Age, weeks Main diet feeds — grain mixtures + green forage rSnlﬁlrSm ed  milk  (whey/skim
1 85,0 -

2 96,7 97,5
3 98,2 98,1
4 98,2 98,1
5 98,2 98,3
6 98,3 98,3
7 98,3 98,5
8 98,3 98,3
9 98,4 98,4
10 98,4 98,4
11 98,4 98,5
12 98,4 98,4
13 98,6 98,4
14 98,6 98,5
15 98,6 98,5
16 98,6 98,5
17 98,6 98,5

As shown by the data presented in Table 4, no significant differences between the experimental groups
were observed in the consumption of all types of feeds provided to the turkeys. The consumption rate of
grain mixtures and green forage included in the diet by 1-week-old turkeys in the experimental groups
was 85.0%, increasing to 96.7% at 2 weeks of age, 98.2-98.3% at 4-8 weeks of age, 98.4% at 9—12
weeks of age, and 98.6% at 13—17 weeks of age. In addition, skimmed milk was introduced into the basal
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diet of the turkeys in the experimental groups starting from 2 weeks of age. The turkeys consumed the
skimmed milk readily. The consumption rate was initially 97.5%, after which it increased and remained
within the range of 98.3-98.5%.

Conclusion

It was established that, from 1 to 17 weeks of age, the turkeys in all experimental groups consumed a
total of 15,498.2 kg of feed units, 64,776.9 kJ of metabolizable energy, 4,243.7 kg of dry matter, 1,051.3
kg of crude protein, 50.3 kg of lysine, 31.9 kg of methionine, 209.9 kg of crude fiber, 78.5 kg of calcium,
39.3 kg of phosphorus, and 10.7 kg of sodium. These findings demonstrate the feasibility of organizing
industrial-scale turkey production under feeding conditions with the same nutritional composition.
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Matrislor cabrinin iqtisadiyoniimlii harbi masalalars tatbiqi

Aynur 9liyeva'* "/, Nozirs Bayramova!

Xiilasa. Mbaqalodo matrislor cabrinin elementlorinin iqtisadiyoniimlii harbi masalalara tatbigina
baximigdir. Matrislor haqqinda timumi anlayislar, matrislor iizarinda amallor magalada oz aksini
tapmisdir. Daha ¢ox digqat matrislorin  hasilinin  kommutativ olmadiginin, yoni vuruglarin
ardiciligindan asili olmasina yéonaldilmisdir. Istonilon 6lciilii iki matrisin hasilinin hamisa miimkiin
olmadigi, matrisi matrisa vurmagq tigiin birinci matrisin siitunlarinin (yani satir elementlarinin ) sayinin
ikinci matrisin satirlorinin (vani siitun elementlarinin) sayina barabar olmasi fakti on plana ¢akilmisdir.
Matrislarin hasilindon istifada edorak, masalalor hall olunmusdur. Hall prosesinda géstorilmisdir ki,
ixtiyari ol¢iilii stitun matrisi ixtiyari ol¢iilii satir matrisina vurmaq olar. Lakin, ixtiyari 6l¢tilii sotir matrisi
ixtiyari 6l¢iilii siitun matrisina vurmaq olmaz.

Acar sozlor: matrislor cabri, satir matris, stitun matris, tichucaq matris, skalyar matris, matrisin
transponira edilmasi, simmetrik va ¢apsimmetrik matris, matrislorin hasili
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Application of Matrix Algebra to Economically-Oriented
Military Problems

Aynur Aliyeva'* "“, and Nazira Bayramova'

Abstract. This article examines the application of elements of matrix algebra to economically-oriented
military problems. General concepts regarding matrices and operations on matrices are presented.
Particular attention is given to the fact that matrix multiplication is non-commutative—that is, the result
depends on the order of the factors. It is highlighted that the product of two matrices of arbitrary
dimensions is not always possible; specifically, for matrix multiplication to be defined, the number of
columns in the first matrix must equal the number of rows in the second matrix
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Problems have been solved using the concept of matrix multiplication. It is demonstrated that a column
matrix of any dimension can be multiplied by a row matrix of any dimension; however, a row matrix of
any dimension cannot be multiplied by a column matrix of any dimension.

Keywords: matrix algebra, row matrix, column matrix, triangular matrix, scalar matrix, matrix
transposition, symmetric and skew-symmetric matrices, product of matrices
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1. Giris

Matris anlayisi vo ona asaslanan ali riyaziyyatin blmaosi —matrislor cabri- bu ildon H.Oliyev adina Horbi
institutda foaliyyot gdstoron menecment ixtisasinda tohsialanlar iigiin olduqca bdoyiik ohomiyyato
malikdir.Matrislor biitiin elm sahalorinds,o ciimlodon iqtisadiyyatda genis istifado olunur. Bu onunla
izah olunur ki,iqtisadi obyekt vo proseslorin riyazi modellorinin shomiyyatli bir hissasi kifayat qodar
sado vo on osasi-kompakt matris formasinda yazilir.Matrislordon isifado edorkon biitiin isaralor ¢ox
kompakt,oyani vo mahiyyoti saxlayan olur.Beloki,matrislorin komoyi ilo bozi iqtisadi asililiglar
gostormok olur. (Almommadov et al., 2015a; Krass & Chuprynov, 2005).

2. Material vo metodlar

Misal {icilin iqtisadiyyatin miixtalif saholorindo,resurslarin paylanmasi iigiin asagidaki codvoal tortib
olunub.

Resurslar Iqtisadi saholor
Sonaye Kond tosarriifatt

Elektroenergetika 4,7 3,9

Omok resurslari 32 2.4

Su ehtiyatlar 5,2 4.9

Bu codvali matrislorin komayi ilo daha kompakt sokildo ifads etmok olar: (Griguletskii & Yashchenko,
2004; Kremer, 2010).

4,7 3,9
A=3,2 2,4
52 4,9

Bu yazilisda matrisin a;, =4,7 elementi sonayedo istifado olunan elektroenergetikann miqdarni,
a,, =4,9 elementi iso kond tesorriifatinda no qodor su ehtiyatlarindan istifade olundugunu gostarir.

Yaxud da,istehsal prosesindo har bir riibde,ildo miixtalif ndv moehsullarin gostaricilorini vo ya miixtalif
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név mohsullarin istehsalina sorf olunan xammal névlorini matris soklindo yazmaq daha
olveriglidir.Masalon,respublikamizda m sayda tikis miiossisasi, istehsal olunan mohsullari,miixtolif horbi

geyimlori:
giindalik ,sohra vo parad geyim formasini horbi hissolors ¢atdirmaq iigiin n sayda horbi anbar faaliyyaot

gostorir.Birinci tikis fabrikinin birinci anbara géndordiyi mohsulun hocmini @1  -lo, ikinci anbara
gondordiyi mohsulun hocmini @y, -lo vo s. n —ci anbara gondordiyi mohsulun hocmini @;,, lo isaro
edok.Eyni qayda ilo ikinci tikis fabrikinin birinci anbara gondordiyi mohsulun hocmini @5 - 1o,
ikinci anbara géndordiyi mohsulun hocmini @y,  -lo va s. n —ci anbara gondordiyi mohsulun
hocmini @,  -loisaro edok.Bu prosesi m-ci tikis fabrikino kimi tokrarlasaq, m-ci tikis fabrikinin n-

ci anbara gondordiyi mohsulun hocmini &, -ls isaro etsok vo bunlari codval soklindo yazsaq,

a, a,...a,

a21 a22 ”'a2n

a, a,,..a

mn

a.

mxn olgili matris alariq.Bozon matrisi qisa olaraq, (a,-j) (i=1,l7_¢; j=1,ﬁ) Vo ya | i

(i=1,m;j=1,7) kimi do yazirlar. Matrislori, adoton, latin olifbasinin bdyiik horflori 4,B,C,X,Y,... ilo

isaro edirlor. Matrisi togkil edon adadlors onun elementlori deyilir. ¢; yazilisi matrisin i-ci sotri ilo, j-cu

stitununun kasismasindo duran elementi gostarir. 72 = 12 olduqda alinan matris 7 -tortibli kvadrat matris
adlanir. Bir elementdon ibarat olan matriso birtortibli matris deyilir. Birtortibli matrisi onu togkil edon
yegand adadlo eynilosdirirlor: (a“)= a, .Yalmz bir satri olan matris sotir matris, yalniz bir siitunu olan

matrisa siitun matris deyilir, masalon, (Orucov, 2014; Strang, 2023).

A=@ 4 3 1), B=

W N O

N -tortibli kvadrat matrisin = 4,,4d,,,....¢,, elementlori ¢oxlugu homin matrisin bas diaqonall,

a4, elementlori coxlugu iso yan (¢op, konar) diaqonali adlanir. Bas diaqonaldan asagida

(yuxarida) yerloson biitiin elementlori sifra borabor olan matris yuxari (asag1) licbucaq matris adlanir:

a, 0 .. 0 a, a, .. a,

a, ay .. 0 0 a, .. a,,
vaya

anl an2 ann 0 0 ann
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Ancaq bas diaqonalinin elementlori sifirdan forqli olan kvadrat matriso diaqonal matris, bag diaqonal
elementlori eyni bir adad olan diaqonal matrisa iso skalyar matris deyilir. Bas diaqonal elementlori vahido
borabar olan skalyar matris vahid matris adlanir vo E, (vo ya I, ) horfi ilo isars edilir. Biitiin elementlori

sifra borabor olan kvadrat matriso sifir matris deyilir vo O ilo isars olunur. (©hmoadov, 2015; Shipachev,
2005).

a, O 0 a 0 ... 0
0 ax 0 -diaqonal matris, 0 a 0 -skalyar matris,
0 0 ..a, 00 ..a
1 0 ...0 00 .0
0 1..0 00..0
...| -vahid matris, ___|-sifir matris.
00 1 00 0

A matrisinin biitiin satirlori ilo siitunlarinin yerlsrinin doyisdirilmosine (ndmralorini saxlamagla)

onun cevrilmasi (transponirs edilmasi) deyilir vo 4", 4, A" simvollarindan biri ils isars edilir. Aydindir
T
ki, (AT) =Aolar. A=A", yoni a,=a,(i,j=17) oldugda A matrisino simmetrik, @, =—4a,

olduqda iso ¢opsimmetrik matris deyilir. Simmetrik matrisdo bas diaqonala nozoron simmetrik olan
elementlor borabordirlor. Copsimmetrik matrisdo iso bas diaqonalda sifirlar yerlosir vo bu diaqonala
nozoron simmetrik olan elementlar iso isaraco forqlonirlor. (Pismennyi, 2018; Veysova, 2013).

Eyni 6l¢iilii vo biitiin uygun elementlori borabor olan matrislors borabar matrislor deyilir.9gor matrisin
har hansi satrinin elementi sifirdan farqli, ondan soldaki elementlorin hamist sifra barabardirss, onda bu
element homin sotrin konar elementi adlanir. ©gor matrisin ikinciden baslayaraq har bir sotrinin konar
elementi 6zlindon avvalki satrin konar elementindon sagda yerlagorsa, belo matris pillovari matris adlanir,
masolon:

1 2 4 7
0 -1 -1 -3
0o 0 0 O

Eyni (mx n) olgiili 4=(a;) vo B=(b;) (i=1m; j=1,n) matrislorinin comi homin dl¢iilii vo
hadleri ¢, =a; +b, (i=1,m; j=1,n) kimitoyinolunan C=(c;) (i =lm;j= 1,77) matrisino deyilir

vo C = A+ B kimi isars olunur.
Xassolori:
1. A+O=4,

2.A+B=B+A4,
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3. (A+B)+C=A4+(B+C),
4. (A+B)T =A"+B".

Eyni o6l¢iilii matrislori ¢ixmaq tli¢lin onlarin uygun elementlorini ¢ixmaq lazimdir. Aydindir ki, homiso
A-A4=0.

Verilmis 4=(a;) (i=1,m;j=1,n) matrisinin haqiqi 2 adodins hasili, hadlori b, = 4a,
(i=1m;j=1,77) kimi toyin olunan B=(b,) (i=1,m;/=1,77) matrisino deyilir vo B=44 (voya

B = AA) ilo isars olunur. Demoli matrisi adods vurmagq iiciin onun biitiin elementlorini homin adodo
vurmaq lazimdir.

Xassaloari:

1. (Au)A = 2(ua),

2. M(A+B)= A4+ B,

3. (A+p)d=24+ 4,
4 (24) =24".

Eyni 6l¢iilii 4 vo B matrislorinin xotti kombinasiyas1 a4 + BB soklinds ifadoys deyilir, burada O vo B
ixtiyari odadlordir. (m X I’l) olgtili 4= (a[/.) (i =Lm;j=1n ) matrisinin (n X p) olgiili B = (b,-j)

(i=1,m;/=1,77) matrisino hasili hadlori
G :Zn a,b, (i =1,m; j :1’1_7)
k=1

kimi toyin olunan (m X P) sleilis € = (C,j) (i =lm;j= 1,15) matrisina deyilir vo C = 4B il isaro

olunur. Torifdon aydindir ki, 4 matrisinin B matrisino vurmaq ii¢iin 4 -nin siitunlarinin sayr B -nin
satirlorinin sayina borabar olmalidir.Xiisusi halda hor bir kvadrat 4 matrisini 6zii 6zline vurmaq olar.

Bu halda homin matrisin kvadrati, kubu vo s. almir:  A-A=A4,A-A-A=A4-4"=A",... Qeyd edok
ki, matrislorin hasili li¢lin yerdoyisma xassasi dogru deyildir ( AB # BA).

Xassolori:
1. 1A= Al = A,
2.04=A40 =0,
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3. A(4B)=(14)B = A(AB),
4.(A4+B)C=AC+BC,
5.C(4+B)=CA+CB,

6. A(BC)=(4B)C,

Onu da vurgulayaq ki, ixtiyari 0l¢iilil siitun matrisi ixtiyari 6l¢iilii sotir matriso vurmaq olar. Yoni,
A(mx1)- B(1xn) = C(mx n) matrisi alinar.Lakin ,ixtiyari 6l¢iilii sotir matrisi ixtiyari 6l¢iilii siitun

matriso vurmaq olmaz.Bu yalniz A(1xn)- B(nx1) = C(I1x1) oldugda miimkiindiir.

3. Naticalor

Matrislorin hasiline aid iqtisadiyoniimlii horbi massloys baxaq. (Almommaodov et al., 2015b; Ermakov,
2006).

3.1. Tikis fabrikinds parca sarfi vo maya dayari

Mosalo 1.Tikis fabrikino iki parcadan kursantlar ii¢lin geyim novlori sifaris verilib.Bu pargalardan
kursantlar {iclin papaq,sorf,salvar kitel vo kdynok tikmok lazimdir.Bu parcalarin islodilmasi normasi A
matrisi ilo verilir.

Masalonin halli: Bir adad geyim ndvii ligiin parca sorfi A matrisi ilo,sifarisin hacmi P vektoru ils, parca

0,51
0,6 1
novlarinin qiymatlori isa D vektoru ilo verilmisdir.Par¢a sorfi matrisi 4=|2 1,5
132
0,7 0

10 .
Sifaris hocmi P = (140 ,160,150,170, 160) ,Pargalarin qiymoti D = [2()} ilo isaro olunmusdur.Umumi
parca sorfi
Q = PA

Burada P sifarigin hocmini gostoron 1 x 5 6l¢iilii sotir vektoru, A isa 5 X 2 6l¢iilii parga sorfi matrisidir.
Buna gora Q = PA hasili 1 x 2 dlgiilii satir vektorudur.

Demoli,limumi parga sorfi,matrislorin hasilindon istifade edorok hesablanir.Birinci parga iigiin

140-0,5+160-0,6+150-2+170-1,3+160-0,7 =
=704+96+300+221+112 =799
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Ikinci parga {iciin

140-1+160-1+150-1,5+170-2+160-0 =
=140+160+225+340 =865

0 = (799 865)
Ovvalca bir geyimin maya dayarini tapaq.
C=A4-D
0,51 0,5-10+1-20 25

0,6 1 0,6-10+1-20 26
C=|215 (10]2 2-10+1,5-20 =] 50

1.3 2 20 1,3-10+2-20 53
0,7 0 0,7-10+0-20 7

Yoni,25 pul vahidi papaq,26 pul vahidi sorf,50 pul vahidi salvar,53 pul vahidi kitel,7 pul vahidi kdynok
{iciin sorf olunan maya doyarini hesablamaliyiq.Umumi mohsul doyarini tapaq.

S =PC =140-25 + 160-26 + 150-50 + 170-53 + 160-7 = 25290

§=140-25+160-26+150-50+170-53+160-7 =
=3500+4160+7500+9010+1120 =25290

3.2. Horbi ingaat sifarisinin resurs va xarc hesablamalari

Masalo 2.Horbi ingaat brigadasi isgaldan azad olunmus orazilorde 5 klub, 7 asgor yemokxanasi vo 12
osgor yatagxanast tikilmasi sifarigini aldi.Bu tip binalarin har birins islodilocok bozi xammallarin névlori
molumdur: polad, agac, siiso, rong vo homg¢inin is¢i qiivvaesi.Onlarin sorfi uygun olaraq asagidaki
cadvaldos verilmisdir:

Binalarin tipi Polad Agac Stiso Rong Isci qiivvosi
Klub 5 20 16 7 17
Yemokxana 7 18 12 9 21
Yatagxana 6 25 8 5 13

Qabul edak ki, polad, agac, siiso, rong vo homg¢inin is¢i qiivvasinin hor vahidine uygun olaraq 15,8,5,1,10
pul vahidi qador xarc tolob olunur(har pul vahidinin minliklo gotiiriildiiyii nozords tutulur). Tapmali: a)
Sifarisi yerina yetirmok ii¢lin sorf olunacaq xammalin miqdarin1 va is¢i qlivvasinin sayini; b) Har tip
binanin basa golmo xarcini ; ¢) biitlin binalarin basa golmaosi {li¢lin iimumi xarcin miqdarini.
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Masalanin holli:

Verilonlori matris formasinda ifado edok.Sifaris vektoru S ilo isare edok. S sotir matrisi tikilocok
binalarm(klub, yemokxana , yatagxana) sayidir:

S=(51712)

Sorf matrisini A ilo igsars edok.A nin sotirlori bina tiplorini, siitunlar1 imateriallari (polad, agac, siiso,
rong, is¢i qiivvesinin say1) ifads edir :

52016717
A=|7 1812921
6 258513

Qiymaot matrisi Q siitun matrisidir.Bu hor materialin v9 is¢i qlivvasinin vahid doyarini ifads edir:

15

10

a) Sifarisi yerina yetirmak {iciin sorf olunacaq xammalin miqdarini vo is¢i qiivvasinin sayini tapaq.Har
materialin imumi sorfi binalarin saymnin hor materialin bir binaya sorfiyyatlarinin hasillori
comidir.Yoni , satir matrisinin matriso vurulmasidir: -4 matrisinin 6l¢lisiinii miiayyon
edok.Matrislorin hasilinin dl¢iisiiniin tapilmasi qaydasina gors

(1x3)-(3x5)=(1x5)

soklinds alinar. §'- A matrisinin elementlorini tapaq.

Material Hesablama Notica
Polad 5:5+77+12:6=25+49+72 146
Agac 5:20+7-18+12-25=100 + 126 + 300 526
Siiso 5-16+7-12+12-8 =80+ 84 + 96 260
Rong 57+79+12:5=35+63+60 158

Isci qiivvasi 5-17+7-21 +12-13 =85+ 147 + 156 388

Oldo etdiklorimizi matris soklinds yazaq.

S-A=(146 526 260 158 388)
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aliar.Yoni sifarigin yerino yetirilmoasi ti¢iin 146 vahid polad, 526 vahid agac, 260 vahid siigo, 158 vahid
rong vo 388 vahid is¢i qlivvasi sorf olunacag.

b) Hor tip binanin basa golmo xorcini hesablayaq. Bir binaya sorf olunan xoarc hor materialin miqdar ilo
bu materialin qiymatina hasilinin sorfiyyatlarinin hasilloricomidir.Yoni  matrisin siitun matriso
vurulmasidir. 4-Q matrisinin OSl¢iisiinii miioyyon edok Matrislorin hasilinin 6l¢iisiiniin tapilmasi

gaydasina goro
(3x5)-(5x1)=(3x1)

soklinds alinar. A4-Q matrisinin elementlarini tapagq.

Xorc (min pul

Binalarin tipi Hesablama bt
5-15+20-8+16:5+7-1+17-10=75+ 160 + 80
Klub 74170 492
Yemokxana 7-15+18:8+12:5+9:1+21-10=105+ 144 + 578
60+9+210
6:15+25-8+8-5+5-1+13-10=90+200 + 40 +
Yatagxana 54130 465

Oldo etdiklorimizi matris soklinds yazaq.
492
A4-0=|528
465

Sorto gora pul vahidlori minlikladir: klub 492 min, yemokxana 528 min, yataqxana 465 min pul vahidina
basa golir.

¢) Biitiin sifarigin imumi xorcini iki yolla tapa bilorik:

1-ciyol:

b bondinds aldigimiz naticoni sifaris sayma vurmaqla tapilir. S - (4 - Q):

5-492 + 7-528 + 12-465 = 2460 + 3696 + 5580 =11 736
2-ciyol:
a bondinds aldigimiz naticoni qiymaotlors vururugq, (S - 4) - O:
146-15 +526-8 +260-5 + 158-1 + 38810 =2190 + 4208 + 1300 + 158 + 3880 =11 736
Belaliklo, biitiin sifarisin imumi xorcini 11 736 min pul vahidi tapdiq.
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4. Miizakira

Toklif:Ailnmis naticalora asason tdvsiyo olunur ki,istehsal prosesindo yiiksok maya doyearino malik
mohsullar {izra parga sorfi normalar1 optimallasdirilsin vo istehsal xarclorinin azaldilmasi istigamotindo
todbirlor goriilsiin.Eyni zamanda daha az maya doyorina malik mohsullarin istehsalinin artirilmasi
fabrikin imumi iqtisadi somaraliliyinin yiiksaldimosino sorait yarada bilor.

Qeyd etmok lazimdir ki,masolonin matrislorin hasiling istinad edorak holli istehsal prosesinin iqtisadi
tohlilini sadslosdirir vo resurslarin planlagdirilmasinda operativ qorarlarin qobul edilmoasine imkan verir.

5. Naticd

Birinci masalodo aparilmis hesablamalar osasinda miioyyon edilmisdir ki,verilmis sifarigin yerino
yetirilmasi liglin birinci ndv par¢anin iimumi sorfi 799 vahid,ikinci név par¢anin imumi sorfi 865 vahid
toskil edir.bi iso gostorir ki,ikinci ndv parca daha intensiv istifads 1 olunur vo onun todartikii xiisusi diqqet
tolob edir.Hor bir hazir mohsulun vahidina diison maya dayarinin tohlili naticasinde malim olmusdur
ki,on yiliksok xorc kitelin istehsalina (53 pul vahidi),on asagi xorc iso kdynoyin istehsalina (7 pul
vahidi)diisiir. Biitiin sifaris izro hazir mohsullarin iimumi doyoari 25290 pul vahidi olmusdur.
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Aware Optimization for Federated Wireless Traffic Prediction
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Abstract. In cellular networks, wireless traffic forecasting is essential for proactive communication
system adaptation. Wireless traffic prediction at the edge using Federated Learning (FL) has garnered
a lot of attention due to its improved privacy protection and exemption from raw data transmission.
However, existing FL-based traffic prediction methods still require substantial gradient exchange
between local customers and a central server, and it remains unclear how to model the spatial
dependencies among local customers within the FL architecture. To address this, we propose an FL
framework, built on a Distributed Autonomous Network (DAN) architecture for 6G wireless
communication, that proceeds through four stages, local modelling, gradient clipping and compression,
path-level accumulation, and global optimization, to minimize communication load while maintaining
forecasting accuracy. At each customer, an L2-norm gradient clipping step is followed by Top-K
sparsification and 1-bit quantization to substantially shrink the size of the uploaded gradients. To offset
the information lost through this compression, a Path Attention Aggregation Module learns customer-
specific attention weights from each customer's upload trajectory, combining gradient-stability
indicators with local performance measures, so that consistent, high-quality updates are weighted more
heavily during aggregation, three customized aggregation strategies, all-correlated, é-threshold, and k-
relevant, further use gradient correlation to capture the spatial interdependence among customers. A
Heterogeneity-Aware Adaptive Optimizer, built on Adam, additionally tunes each customer's learning
rate, momentum, and weight-decay settings to its own traffic characteristics and enforces cross-round
consistency, mitigating the effects of non-1ID data across customers.
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Experiments on two real-world wireless traffic databases show that the proposed approach outperforms
modern algorithmic techniques and can increase communication efficacy by up to two orders of
magnitude, without compromising forecasting precision.

Keywords: cellular networks, traffic forecasting, autonomous network, compression, quantization,
heterogeneity

Federativ simsiz trafik prognozlasdirilmasi tuiciin digqot
mexanizmind dsaslanan seyrok aqreqasiya vo heterogenliyi
nazord alan optimallasdirma

Rajakani Velumani' "=, N.Babu? =/, K.Madhan®* "=/, P.Maithili*

Xiilasa. Mobil rabito sabokalorinda simsiz trafikin prognozlasdiriimasi rabita sisteminin qabaqlayici
sakilds uygunlasdirilmast iigiin vacibdir. Federativ oyronmadon (FL) istifads etmaklo sabakonin
koanarinda simsiz trafikin prognozilasdirilmas: maxfiliyin daha yaxsi qorunmast va ilkin malumatlarin
otiirtilmasina ehtiyacin aradan qaldiriimasi sayasinda boyiik digqat calb etmigdir. Bununla bela, mévcud
FL asash trafik prognozlasdirma metodlari yerli miistorilorlo morkazi server arasinda halso do
ohamiyyatli hacmda qradiyent miibadilasi talob edir va FL arxitekturas: daxilinda yerli miistarilor
arasindaki makan asililiglarinin neca modellasdirilmasi tam aydin deyil. Bu problemi hall etmak iigiin
6G simsiz rabitasi tizra paylanmis avtonom sabaka (DAN) arxitekturasina asaslanan FL ¢ar¢ivasi taoklif
edirik. Bu ¢ar¢iva prognozlasdirma daqiqliyini gorumagqla rabita yiikiinii minimuma endirmak magsadila
dord morhaloni ahato edir: yerli modellasdirma, qradiyentlorin mohdudlagdiriimas: va sixilmasi,
trayektoriya saviyyasinda toplanma va qlobal optimallagdirma. Har bir miistoride L. normasina
asaslanan qradiyent mohdudlasdirilmasindan sonra yiiklonan qradiyentlorin hacmini ahamiyyatli
daracada azaltmaq iigiin Top-K seyraklosdirmasi va 1 bitlik kvantlagsdirma tatbig edilir. Sixilma
naticasinda yaranan malumat itkisini kompensasiya etmak iiciin trayektoriya iizra digqato asaslanan
aqreqasiya modulu har bir miistorinin yiikloma trayektoriyasindan hamin miistariya xas digqat ¢aokilorini
oyranir. Modul qradiyent sabitliyi gostoricilorini yerli performans gostoricilori ilo birlagdirarak ardicil
va yiiksak keyfiyyatli yenilomalora aqreqasiya zamani daha béyiik ¢aki verir; biitiin korrelyasiyali
yvenilomalari, 0 haddini va k uygun yenilomani asas gétiiran ii¢ fordilasdirilmis aqreqasiya strategiyasi
iso miistorilor arasindaki makan qarsiliql asililigint nazara almaq iigiin gradiyent korrelyasiyasindan
istifada edir. Adam algoritmina asaslanan, heterogenliyi nazora alan adaptiv optimallasdirici alava
olaraq hor bir miigtarinin oyranma stiratini, momentumunu va ¢akilorin zaifladilmasi parametrlorini onun
trafik xiisusiyyatlorina uygunlagdirtr va tolim raundlar: arasinda ardicilligi tomin edarak miistorilor iizra
miistaqil va eyni paylanmis olmayan malumatlarin (non-I1ID) tasirini azaldir. Real simsiz trafiko aid iki
verilanlor bazasi iizarinda aparilan eksperimentlar gostarir ki, toklif olunan yanasma miiasir alqoritmik
tisullary tistalayir va prognozlasdirma daqiqliyini gorumagqla rabito samoaraliliyini 100 dafoyadak artira

bilir.
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1. Introduction

One of the crucial features that present fifth-generation (5G) networks lack is edge intelligence, enabled by
Al methods (such as ML and DL). As a result, both academic and commercial research communities have
concluded that edge intelligence will be crucial to the development of sixth-generation (6G) communication
networks (Al-Quraan et al., 2023). Shifting a portion of the information storage and computation of services
from the central cloud to peripheral nodes that are both physically and cognitively close to the end customers
can significantly reduce end-to-end latency and improve computing efficiency and communication
effectiveness (Letaief et al., 2019). Since many intelligent network functions, like self-organisation and self-
optimisation, rely significantly on edge computing to be realised, wireless traffic modelling at a distance is
crucial for anticipated traffic situations. Even though a lot of research has been done on wireless traffic
forecasting, nearly all of it falls under the category of centralized system training, which necessitates sending
raw data from edge nodes (local customers) to the central cloud (Niknam et al., 2020). Because these edge
nodes are geographically dispersed, sending raw data not only uses up bandwidth but also raises privacy
concerns in the event that bad actors target them (Yuan et al., 2024). System training and forecasting may
now be done at the edge because of the development of distributed ML, especially federated learning (FL).
In the FL paradigm, a central cloud orchestrates the cooperative training of a global system by several edge
nodes. Instead of sending raw data to the cloud, a single edge node only needs to transmit the most recent
system or the gradient data to the centralized database (Habib et al., 2024).

Applying FL to wireless traffic presents numerous problems, despite its promising benefits in system
forecasting. First, the wireless system incurs nontrivial transmission expenses due to the frequent transmission
of gradients or attributes between nodes on the edge and the centralized server, particularly when the system
is big, even though there is no transfer of raw traffic data involved in the system training (Xu et al., 2019).
Second, due to user mobility, edge nodes exhibit distinct traffic patterns and intricate spatiotemporal
connections. Traditional FL algorithms are not effective because they don't distinguish between the distinct
contributions that each edge node makes to the eventual global system; instead, they just average the
inclinations of those nodes. More precisely, the geographic locations and traffic patterns of three edge nodes
are chosen from our Milan database (C. Zhang et al., 2019; C. Zhang et al., 2018; L. Zhang et al., 2022).
Forecasting performance is enhanced by averaging the systems of two edge nodes with comparable traffic
patterns. However, system aggregation might not be beneficial and might potentially worsen performance if
their patterns are different (Zhao et al., 2020). This propose a unique federated learning is a standard technique
based on association and gradient reduction to address the two issues mentioned above in wireless traffic
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forecasting. In particular, we reduce the cost of sending messages between the server in the centre and
customers in the area by including gradient sparsification in wireless traffic forecasting. Researchers also
suggest employing error feedback and gradient tracking approaches to counteract the unfavorable impacts of
gradient compression due to the lossy nature of sparsification. Additionally, in order to capture different
geographical dependencies of local customers, we suggest three customized system aggregation procedures
that are generated from the gradient correlation matrix. This is the first study to describe such a distributed
architecture and its related techniques, to the best of the researchers' knowledge, for wireless traffic
forecasting that incorporates spatiotemporal properties. The experimental findings show that the proposed
technique with asymmetrical compression and association performs better than the state-of-the-art and can
increase the effectiveness of communication by up to two orders of magnitude higher without compromising
forecasting accuracy.

The remainder of this paper is organized as follows. Section 2 reviews existing studies on wireless traffic
prediction, deep-learning-based forecasting, and federated learning approaches. Section 3 presents the
proposed system model and methodology. Section 4 describes the experimental setup and evaluates the
proposed framework. Finally, Section 5 concludes the paper by summarizing the major findings and
contributions.

2. Related works

Wireless connectivity traffic forecasting plays a critical role in enhancing the cognitive capabilities of
upcoming communication relationships, including intelligent network administration and efficiency has
received a lot of attention lately (Y. Li et al., 2020). Previous research on wireless traffic forecasting has
mostly concentrated on conventional statistical systems like entropy, a-stable, and ARIMA and its variants.
However, these systems' inability to accurately depict wireless traffic is limited by the nonlinear
characteristics of wireless traffic (Kunang et al., 2021). The advancement of wireless traffic forecasting has
been significantly accelerated by the quick development of Al methods, particularly ML and DL. In recent
years, a number of ML- and DL-based methods have emerged. To address wireless traffic forecasting issues,
techniques based on graph neural networks, deep belief networks, long-short term relationships, and Bayesian
processes have been examined (Sherubha & Mohanasundaram, 2019a; Sherubha & Mohanasundaram, 2019b;
Sherubha et al., 2020). Additionally, the encoder-decoder architecture can capture spatiotemporal
interdependence in wireless traffic forecasting. The researchers in (Wang et al., 2019) recommended
employing convolutional neural networks, for instance can simultaneously encapsulate both temporal and
spatial reliance for wireless traffic predictions at the city or network level. Additionally, they took into account
several temporal connections, including periodicity and closeness. A three-dimensional convolutional
network was used in (R. Li et al., 2017) to improve spatial-temporal learning over wireless communications.
Additionally, cross-domain information, such as points of significance, has been shown to be beneficial in
enhancing forecasting accuracy in (Shen et al.,, 2021). To lower system complexity and enhance
representation learning, attention methods are later incorporated into wireless traffic forecasting.

The aforementioned studies primarily concentrate on centralized wireless traffic forecasting, which uses a lot
of throughput since a strong node needs to receive raw wireless traffic information for development. To
address this issue and train a forecasting system at the edge, FL-based approaches are beginning to appear.
For the purpose of predicting traffic flow, as in (Tran et al., 2019) recommended a federated gated recurrent
neural network. Additionally, the researchers in (T. Li et al., 2020) created FedDA, a dual-attention method
that informs the method of learning with both past global expertise and local improvements in order to address
the data heterogeneity problem that FL faces. FedDA achieves state-of-the-art performance and was
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specifically intended for wireless traffic forecasting (Gao et al., 2024). Although our work takes into account
using the FL paradigm to train a cell phone traffic estimation platform, it is different from all of the
aforementioned efforts in two significant ways. To reduce the cost of sending messages between the server
in the center and customers in the area, we first use gradient compression for wireless traffic forecasting.
Second, in order to capture the geographical relationships among different local customers, we create
customized gradient aggregation schemes based on gradient correlation (L. Li et al., 2023; Lin et al., 2020).
Table 1 shows the comparison of existing approaches.

Table 1

Existing approach comparison

Ref. Main Technique Key Strength Major Limitation / Research Gap
(Xu et Scalable Gaussian Provides a probabilistic Scalability and modeling complexity can
al., 2019) Process framework for wireless increase with large-scale, highly

traffic prediction nonlinear traffic patterns
(C. Densely Connected Effectively captures spatial Centralized learning requires collection
Zhang et CNN characteristics of citywide of traffic data and introduces
al., 2018) cellular traffic communication/privacy concerns
(C. Deep Transfer Exploits cross-domain Depends on centralized data processing
Zhang et Learning information to improve and does not directly address federated
al., 2019) cellular traffic prediction communication overhead
(Zhao et Spatial-Temporal Jointly models spatial and Primarily designed for centralized
al., 2020) Attention CNN temporal dependencies prediction rather than privacy-preserving
through  attention and distributed learning
convolution
(Wang et Spatio-temporal Models  temporal and Centralized architecture requires
al., 2019) Cellular Traffic spatial relationships in aggregation of raw traffic information
Prediction metropolitan cellular traffic
(R. Li et Application-level Learns  application-level Does not address privacy preservation or
al., 2017) Traffic Learning and cellular traffic federated communication efficiency
Prediction characteristics
(Shen et Time-wise Attention Attention mechanism Does not explicitly solve non-IID client
al., 2021) CNN improves temporal feature heterogeneity or FL communication cost
representation
(L. Federated Meta- Enables edge-based Frequent model/gradient communication
Zhang et Learning wireless traffic prediction can still impose substantial transmission
al., 2022) while reducing raw-data overhead
sharing
(Tran et Federated Learning Provides an optimization General FL framework rather than a
al., 2019) over Wireless framework for distributed traffic-specific spatial-correlation
Networks FL over wireless networks ~ mechanism
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Ref. Main Technique Key Strength Major Limitation / Research Gap
(T. Li et Federated Uses a proximal objective Does not explicitly model spatial
al., 2020) Optimization for to improve training under relationships among wireless traffic
Heterogeneous non-I1D data clients
Networks
(Gao et FL with multi-time- Incorporates multiple Communication and client-dependency
al., 2024) scale information temporal  scales  into modeling remain challenges
federated traffic
forecasting

(L. Li et Gradient similarity- Exploits similarity among Does not jointly provide aggressive

al., 2023) based FL client gradients during gradient compression and adaptive path-
aggregation level attention
(Lin et Gradient Significantly reduces Lossy compression can discard useful
al., 2020) Sparsification / communication bandwidth gradient information and is not
Compression during distributed training  specifically designed for wireless traffic
forecasting

3. System Model

In the context of distributed autonomous networks (DAN), a recommended sixth-generation (6G) cellular
communication network framework, we conduct an investigation of wireless traffic forecasting. We abstract
a rudimentary system model for wireless traffic forecasting after introducing the idea of DAN (Lu et al.,
2019). To satisfy the many requirements of upcoming 6G networks, the DAN architecture is designed to
enable plug-and-play, flexible deployment, and on-demand network customization through distributed and
autonomous features. To accomplish underground, ground, satellite, and marine communications, DAN has
numerous dispersed cloud units placed in various locations. Each cloud unit contains processing and
networking features, namely a smart interface engine and baseband unit (BBU) pool (Nie et al., 2017), they
are intelligent enough to assist the network data analytics function by gathering and analyzing data. Here, M
satellite cloud units at the perimeter and one centralised cloud server in the mobile centralized network make
up our wireless traffic forecasting system model (Ji et al., 2019). The number of BSs supported by each cloud
unit varies based on coverage demands. Every BS's mobile traffic data is tracked, gathered, and stored in the
local database in real-time. Employing these databases, the cloud perform load-aware traffic management
and network control while training a forecasting system w in a federated manner to forecast future traffic
quantity. For example, when the anticipated traffic flow is low, to save energy, some BBUs can be placed in
an idle mode. A wireless traffic database D,,, = {x{",y;"}[=;, where x[" = [v[",v]},,..., v}, ;] and y[" =
;4. 1 stored by each of the M cloud unit in the communication system. In particular, when creating training
and test data samples, p is the chosen sliding window size and v} represents the amount of wireless traffic
during cloud unit m's scheduled time slot i’. To get the forecasting system w, leveraging FL or more
specifically, cross-silo FL. This work can express our objective function as follows:

) ()
arg min{f W) =2 > fu(W)}
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Whereby, d is the system characteristic's dimensionality and f,,,(+) is customer m’s local objective function.
fm () typically has the form of (x*, y{"; w), where (-) assesses the difference between the ground truth value
and the forecasts. In the conventional FL paradigm, there are two basic phases to solve (1): global aggregation
on the server side and local updates on the customer. In particular, the local customer m calculates the gradient
information g/ = Vf,,(w,) at the t* communication cycle and sends it along to the server. The server
updates the global model in the second step employing the gradients it receives from local customers. FedAvg,
the traditional weight update of FL algorithms can be expressed as:

| & @
arg min{f W) =2 > fu(W)}

Where, M; is a collection of local customers during transmission round t, and 7 is the server's standard rate
of learning. Additionally, a set's cardinality is represented by |. |.

3.1. Recommended system

Four consecutive stages comprise the general architecture of the recommended FQL architecture, as depicted
in Fig 1: local modelling, global optimization, path-level accumulation, and gradient processing. First, each
financial institution's local strategy modelling networks receive locally generated market data that has been
evaluated, as well as macroeconomic variables independently. Local strategy characteristics are generated at
each customer employing a uniform forecasting backbone, such as a Transformer or LSTM version (Han et
al., 2024). Customers do not send the full set of system characteristics after multiple rounds of local training.
Rather, the Gradient Clipping method and Compression Module, which finds and quantizes the
top—K gradients to drastically lower transmission volume, are used to choose the most meaningful gradients.
The compacted gradients are attached along with path-related information about them, such as indications
like past gradient volatility and local strategy performance, before being sent to the central server. In order to
improve the legitimacy and efficacy of the global update, the on the server-side Path Attention Aggregating
Module uses unbalanced grouping along with attention score calculations to dynamically evaluate each
customer's uploading channel, removing unstable or ineffective contributions. The next development cycle is
subsequently started by broadcasting the final global system to every customer. Additionally, throughout
local instruction, each client employs a Heterogeneity-Aware Optimizer to manage structural and stochastic
variability across commodities. To ensure that the update procedure complies with region-specific financial
behaviors, this module adaptively modifies optimizer settings based on local market dynamics. The module
ensures that the FQL architecture concurrently operates within all rounds of neighborhood training and creates
a locked evaluation loop with the global aggregates stage to ensure high-quality communication, privacy
security, and outstanding strategy flexibility across universities (Jeleel-Ojuade, 2024).

3.2. Path Attention Aggregation Module

Vectors are used or sequences of image patches are commonly used as input in traditional self-attention
methods. To create context-sensitive representations, the main goal is to calculate the pairwise interaction
intensity among elements. These methods, which concentrate on intra-sample connections, are extensively
used in computer vision and NPL. On the other hand, inter-customer path-level importance modelling is the
focus of this article presents the Path Attention Aggregation Mechanism. It specifically seeks to dynamically
assess how the release of this update trajectory of each consumer is based on its previous training performance
and the communicated characteristic sequences contribute to the training of the global system (Chatzigiannis
etal., 2023). This method is a federated-level focus mechanism that focuses on each customer's prior training
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effectiveness; this revised trajectory is released. As a result, it is very different from traditional approaches
that focus on input interpretation and normalization objectives, and modelling complexity. A simple three-
layer completely interconnected neural network is used to build the Path Concentration component. An
attribute vector for the uploading path of each consumer serves as the network's input. It consists of two main
types of data: (1) advanced gradient sustainability indicators, which document how consistently local changes
have occurred over the course of previous rounds. Among these is the mean interpersonal cosine equivalent

between contemporary slopes, calculated as o; = std (||V9i(t_j)||), for j = 1,..., k which measures the

directional stability of local communications; and the subject of study is strategy measures that demonstrate
the monetary quality of a consumer's local ecosystem. These consist of the average validation return r; =

1/TYI, Ri(t) and the Pearson correlation coefficient (Corr; = corr(R;, R globar) between the global system's
recommendations over a held-out set and the customer's expected returns. To create customer-specific
weights for aggregation, the interest system is fed these concatenated characteristics. Three layers make up
the network structure: a layer for entering data, a layer that is concealed with 64 units activated by ReLU, and
a layer called output that creates the interest weight ai for each path, standardized using the Softmax algorithm
with dimensions [batch_size,8]. This is the definition of the mathematical flow:

h?Y = ReLU (W, x; + by); W; R®*6* (3)
h? =W,h™® +b,; W, € R )
__exp(hd) ()

' X exp(h?)

In this case, the vector of path attributes for customer I is denoted by xi, and the appropriate attention weight
employed in gradient aggregation is represented by ai. A normalized total of the customer grades based on
their attentiveness ratings is used to calculate the global constant update:

o (6)

9t+1 — Z ailvei(t)

i=1

This module works in tandem with the Heterogeneity-Aware Optimizer (Kang et al., 2024). The latter
enhances the attention mechanism's ability to discriminate while assessing customer inputs by improving the
consistency and accuracy of local elevation variations. Consequently, during aggregation, low-quality
pathways are efficiently suppressed. This creates a positive feedback loop at the system level: the path
attention module improves the global aggregation process, while the heterogeneity-aware optimization
increases the quality of local training. In the end, this cooperative dynamic improves the FQL architecture's
resilience and strategic performance. This integrated mechanism is represented by the structure diagram's
aggregate branch.

3.3. Gradient Clipping and Compression

The recommended Gradient Clipping and Compression Module is intended to improve training robustness
and convergence stability while addressing communication bottlenecks brought on by inconsistent network
resources across borders in federated schooling. Following local training, each customer initially completes
gradient standardization and trimming using L2-norm, as illustrated in Figure 3. The gradients are then sent
to the main location for worldwide aggregation after quantized compression and sparse selection. This module
functions as a gradient-path reduction component in accordance with the component diagram's gateway and
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rescaler architecture, rather than adhering to the structure of traditional deep networks. Let VOi; € R% be an
inclination vector at customer i. The following is how L2-norm clipping is used to stop a typical gradient
explosion or instability:

Vo (7)

max(l,%)

vei =

Where, C is a predefined clipping threshold that is either dynamically changed or often set to C = 1.0
according to the customer's past volatility. By ensuring that WHL- |2 < C, this process keeps any one customer

from having an unreasonable effect on the global system. After the trimming, the device performs Top-K
sparse picking. The sparse operator of selection 7°(+), which keeps the K% items with the definition of the
most significant absolute integer that sets all other values to zero, is as follows. Let K represent the upload
ratio.

v0 =T, (V6,) ®)
Here, 1-bit quantization procedure is provided to further minimize transmission overhead. This enables the
server to reconstitute the compressed gradient by transmitting the average magnitude of the non-zero items
while retaining only their sign. The following is the definition of the quantized representation:
- 1 -
q; = sign (VoX).m; A, = 7 Z |Vo; ©)
jEsupp (79{{ )

To achieve high compression speeds, the final upload is made up of the mean, the mean amplitude m and the
sparse index set supp(-). The global gradient is rebuilt at the server in question using linear translation. This
method is consistent with the diagram's router-rescaler architecture, in which rescalers carry out normalization
and de-quantization while routers feed gradients into compression paths depending on Top-K significance.
While the effectiveness of communication is significantly increased by 1 —bit compression, it intrinsically
loses detailed information regarding gradient magnitudes, which could result in biased updates or impede
convergence in real-world scenarios. To mitigate this, the condensed values are balanced by a score for
attention taken from the Path Attention Module presented by the FQL framework, based on each customer's
past performance and stability rather than being aggregated uniformly. By ensuring that more dependable and
consistent updates have a bigger impact during accumulation, this approach successfully offsets the loss of
sharpness caused by aggressive digitization. Quality-weighted aggregation and sparsity-aware compression
work together to develop a "high-quality, high-weight" minimization approach that preserves robustness and
fulfilment. The global aggregate can be stated analytically as follows:

o (10)

9(t+1) — z a;.q;

i=1

Where, q; is the condensed gradient, and «; is the path module's concentration weight. In theory, this
combined approach builds a compressed potential space adjusted minimum-bias estimation with the
subsequent maximum error requirement:
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N
, . (11)
E[l0¢D - 60" [7] <0 WZ «2.|Vg; — 672
i=1

This shows that in addition to lowering communication costs, the compressed module maintains convergence
durability and robustness across heterogeneity market data distributions when combined with path-aware
weighted.

3.4. Optimizer

There are significant structural variations between commercial at the national and regional levels in federated
quantitative strategy modelling. These variables include variances in trading systems, commodity liquidity,
fluctuation trends, and patterns influenced by legislation. These result in customer data that is identically
dispersed (non-IID) and very non-independent. Local over-fitting or failure to converge may occur when a
uniform optimization method is applied across such contexts. A Heterogeneity- Aware Adaptive Optimizer is
presented as a solution to this problem. While preserving convergence and consistency during global
aggregation, through local instruction, this component changes dynamically optimization variables to match
the unique market features of every consumer. The recommended method integrates a programmable
controller network and expands on the Adam optimizer. The controller provides the optimizer's speed of
learning ni, tempo parameter f3;, and weight decomposition factor A; for this particular round depending on
common measures of monetary volatility, including skewness of return patterns of distribution, volume
fluctuation values, and historical variability. Considering an input width of [batch_size,4], LeakyReLU-
controlled invisible layer of width 32, and an outcome layer of length 3 that corresponds to the three adjustable
hyper-characteristics, the controller network is made up of two completely connected layers. The following
is how the resulting results are directly integrated into the standard Adam upgrade rules:

my = Bimeyq + (1= BV ve = A4veyg + (1= 2,)(V6,)? (12)
Or11 = 6 — ;. T (13)
\/Et +é&
As aresult, each customer's characteristics 7;, ;, and A; are adaptively computed allowing each to adhere to
a locally tailored upgrade trajectory based on its unique market features. Customers can avoid poor
convergence or divergence caused by structural mismatches by employing this design. The server calculates
a cross-round consistency factor c; based on each customer's path variation during the preceding three rounds

in order to guarantee consistency inside the federated system. Before aggregation, learning rates are modified
employing this feedback in accordance with the following:

nreY = nPt (1 -v.¢) (14)

Where, the scaling coefficient is y. Greater divergence from the global strategy is indicated by a larger c;,
which calls for a lower learning rate. This approach is especially useful when combined with the Path
Sensitivity Module: the adaptive optimizer lessens the impact of a customer's notable deviation caused by
structural heterogeneity, preventing negative impacts on the global system. Consequently, the FQL
architecture improves the durability and scalability of cross-market strategies for trading by the concurrent
use of path concentration and heterogeneity-aware methods of optimization to increase stability and velocity
of convergence in heterogeneous settings.
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4. Numerical results

Researchers conduct tests on two real-world wireless traffic databases. First, we provide a brief description
and analysis of the two databases. Next, we give a thorough description of the evaluation measures,
characteristic values, and associated baselines. Finally, we compare our recommended algorithm's forecasting
ability with the most advanced systems. Researchers conduct investigations on two real-world wireless
communications datasets in this part. We first discuss and assess the two collections briefly. Next, we give a
thorough description of evaluation measures, characteristic settings, and the associated baselines. Finally, we
compare our suggested technique's forecasting effectiveness with that of cutting-edge systems.

4.1. Baseline algorithms

Algorithms for Baselines and Assessment Measures: The following cutting-edge algorithms are compared
with our approach.

FedAvg: Federated learning from decentralized data is pioneered by this work. After performing local SGD
several times, the customers communicate the gradients or updated characteristics to the server, which
aggregates them to produce the final system.

FedProx is one example. By including a proximal term in the objective function of local customers, it was
recommended to stabilize FedAvg's training on non-IID data. Federal Att. Instead of employing a simple
average, the server uses a weighted aggregation with weights derived from the Euclidean distance between
the local system and the global system.

FedDA. This approach is an example of a federated optimization procedure based on dual attention. The
Euclidean distances between local systems, the worldwide system, and the quasi-global system are taken into
account by the server when updating the worldwide system.

FedCOMGATE. This is the most advanced FL algorithm that uses gradient compression methods. When
gradient compression is introduced, it offers theoretical guarantees regarding the convergence of FL.
FedCOMGATE is not intended for wireless traffic forecasting, but rather for general ML challenges. In the
subsequent experiments, we employ three commonly used metrics like Root Mean Square Error (RMSE),
Mean Absolute Error (MAE), and R-squared (R2) score to objectively assess the effectiveness of several
wireless traffic forecasting systems. The discrepancy between forecasts and ground reality is indicated by
RMSE and MAE. Better forecasting outcomes are shown by smaller values. Based on the percentage of total
variation in forecasts that the system can account for, the R-squared score gives an indication of how well the
system replicates forecasts. The better the forecasting outcomes, the higher the values. Furthermore, we
compare the quantity of communicated gradients (4C) between various algorithms' central servers and local
customers.

4.2. Experimental setup

The following characteristics are used to achieve the experiment results. First, we create training and test
databases employing a sliding window method. In particular, the system is trained employing data from the
first seven weeks, and forecasting performance is evaluated employing all remaining data. The window
dimension p is set to 6, and we anticipate the traffic amount of the following time slot using one-hour web
browsing as feature information. To standardize all data specimens subtract the mean from each cloud and
divide the result by the standard deviation to speed up training. For edge customers, a relatively light
forecasting system is desirable due to the need to reduce the additional computation and computer training
overhead related to communication in traditional wireless networks. Consequently, a three-layer MLP
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architecture with 128, 128, and 1 hidden neurons is created. We adhere to the guidelines in earlier studies
when it comes to setting the hyper characteristic values involved in FL. In particular, we train our system
with 200 rounds of communication employing stochastic gradient descent (SGD) as the optimizer. Employing
a multi-step learning rate scheduler with checkpoints of 100 and 150, we begin with 0.1 and decay it by 10
for the learning rate of local updates. The server's learning rate, n, is set to 1.0. We update the neighborhood
system employing five steps of SGD with a batch size of twenty and a compression ratio of 0.01 before
transmitting the gradients to the server for aggregating. Unless otherwise noted, weuse k = 4and 6 = 0.5
in our k-relevant and d-threshold methods. It should be noted that all forecasting systems including our system
and all baseline systems use precisely the same network design and characteristic settings to enable fair
performance assessments. This work use the PyTorch library to implement all algorithms, and we execute the
script on a CentOS workstation.

4.3. Overall performance analysis

The observed forecasting capabilities of several algorithms. FedProx has a characteristic u that balances the
proximal term's importance. In a similar vein, FedDA maintains a characteristic ¢ to regulate the number of
enhanced data samples that are sent to the server to train quasi-global systems. This table makes it clear that
our recommended method outperforms all of the baselines in terms of forecasting accuracy. More precisely,
on the Milan database, several algorithms perform quite similarly, while on the Trentino database, they differ
significantly. Employing the Milan database as an example, the highest-quality prediction result was obtained
using our technique paired with the k-relevant consolidation approach of 0.0788 for the MAE metric. FedDA
transfers everything of the server-side enhanced data specimens (¢ = 100) and obtains the second-best MAE
score, 0.0790. This suggests that our approach achieves around the same level of effectiveness as the best
benchmark technique. Our highest result for the R? score on the Milan database is 0.9501, which is similar to
FedDA's second-best result of 0.9493. In the meanwhile, our approach significantly outperforms baselines on
the Trentino database. For example, under the k-relevant aggregation method, our algorithm's best MAE
result is 0.3621. This demonstrates that the best foundation MAE result, which has the value 0.3849 produced
using the proposed technique, has been improved by at least 5.9%. Similarly, our methodology raises the R?
score from the proposed method's 0.9273 to the all-correlated aggregation strategy's 0.9499 as in Fig 4. More
specifically, FedProx only need to communicate gradient values of each cloud to the computer, Att and
FedAvg have the identical interactions; no more correspondence is required. Even though FedDA
outperforms all baselines in terms of forecasting performance, transferring a portion of the enhanced data
specimens to the host to train a quasi-global algorithm necessitates a little more transmission. Compared to
FedDA, our method is more communication-efficient because it just needs to communicate the associated
gradient coefficients and the condensed value. Furthermore, compared to the traditional model, a networked
decompression technique that additionally necessitates the movement of controlling variables for slope
updating, our algorithm has a reduced communication complexity as in Fig 5. Despite having the lowest
communication complexity of all baselines, the models forecasting performance is still worse than ours
because our method is able in order to record the irregular spatial connections of various SCUs thanks to
tailored aggregation strategies. As a result, our recommended algorithm outperforms the proposed model in
terms of forecasting performance.
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4.4. Efficiency analysis

The following section examines our algorithm's convergence and communication effectiveness in terms of
transmitted gradient size as well as training loss, correspondingly. We just compare our algorithm with
FedAvg. They present standardized communication inefficiencies at varying compression ratios (y €
{0.01,0.05,0.1}) since the compression ratio has the greatest impact on our algorithm's performance. The
model show that during the early stages of system training (less than 50 cycles), our method produces a
greater loss than FedAvg. This is because FedAvg does not use gradient compression; therefore, all of the
gradient data is sent to the server for federated optimization, which leads to a smaller training loss and faster
convergence. But as instruction goes on, our approach gets closer to FedAvg and then surpasses it because
our customized aggregation mechanism captures the spatial correlations of various SCUs in addition to
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sending all gradient information to the server. Our method may save a significant amount of bandwidth during
system training under specific training loss limitations employing the Trentino database as an illustration. To
achieve a loss of less than 0.2, our method requires roughly 3 MB (y = 0.01),4MB (y =
0.05),and 13 MB (y = 0.1) communications. However, FedAvg needs more than 30 MB of bandwidth to
achieve the same performance. The Milan database exhibits a similar phenomenon; the specific causes are
not included here.

4.5. Predicting analysis

Our recommended algorithm's advantages in terms of both communication complexity and forecasting
performance. Two SCUs are chosen from each database without sacrificing generality. Meanwhile, the two
chosen cloud unit for the Trentino database are situated in Bocenago and Andalo, respectively. These cloud
units are chosen at random considering their geographic locations or commonalities. It also includes the
overall prediction-inaccuracy Cumulative Distribution Functions (CDFs) for different cloud units. For the
sake of clarity, we solely compare our algorithm with FedAvg and FedDA. Additionally, the k-relevant
aggregation strategy is used to collect all findings related to the recommended method. All three methods
function remarkably well for the two cloud units since there is good agreement between the physical values
of truth and the forecasts during throughout peak and off-peak hours are shown. The percentiles of errors in
forecasting that are fewer than 100 are 66%, 70%, and 72% for FedAvg, FedDA, and our system, respectively.
For the two chosen cloud unit that our method correctly forecasts the traffic levels, particularly for the peak
traffic values. Because FedAvg cannot handle the issue of data heterogeneity, its result is unsatisfactory. The
data dispersion and partial resolution of the data heterogeneity issues, the FedDA algorithm outperforms
FedAvg in predicting traffic during peak hours. However, FedDA is still not as good as our method since it
could not capture the unique spatial correlations between various cloud unit which are crucial for predicting
spatial temporal wireless traffic.

Prediction-Error CDF: Share of Errors Under 100
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4.6. Sensitivity analysis

Our approach's final forecasting success will depend on a number of factors, most notably the input feature
size and the typical compression ratio. To make it easier to comprehend these characteristics, we only present
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the RMSE results for the Trento database in Fig 2 and Fig 3. MAE and R? score exhibit RMSE values on both
sets of databases showed remarkably comparable patterns.

1) Compression Ratio: Considering it shows how quickly the system gathers all of the local clients' gradient
data, the compression ratio has the biggest impact on forecasting performance. Various compression ratios
and present the outcomes of our three customized aggregation algorithms. This graph demonstrates how the
RMSE effectiveness quickly increases when the server receives an increasing amount of gradient data from
the local client as the compression ratio increases, for instance, from 0.01 to 0.1. Whenever the server gets
sufficient gradient information, it can learn the forecasting system effectively. However, since the forecasting
system's capacity for generalization does not increase, maintaining an increase in the compression ratio does
not always result in more performance increases. In experiments, a compression ratio of 0.1 yields
comparatively decent results as in Fig 6.

2) Aggregated Customers k and Threshold &: The work display the outcomes of various k and § selections
when the compression ratio is set to 0.1. Both statistics show that performance deteriorates when too many
customers participate in system aggregation. For instance, the RMSE findings are worse when k = 6 0or § =
0.4 comparedtok = 3 and § = 0.7, respectively. On the other hand, since very little information is used
for system personalization, too few customers are chosen, and system effectiveness is not enhanced by
aggregated (k = 1ord = 0.8). Consequently, there is a trade-off between customer involvement and
profitability.

3) Input Feature Size: Our team of algorithms’ forecasts are also influenced by the size of the input feature;
the outcomes are shown. This image makes it clear that input durations for continuous training that are either
inadequate or too lengthy is inappropriate. The relationships between the input and the goal may not be
accurately reflected if the input duration is too short. On the other hand, an input length that is excessively
long may introduce significant noise, making the system difficult to learn. Using traffic for an hour (n = 6)
as input to forecast the traffic for the following time slot, the forecasting performance is comparatively better.

4) Number of Local Updates 7 and Local Batch Size: The RMSE results for regional batch size and the
quantity of local repetitions 7 are displayed. A trade-off between computation and communication is managed
by these two factors. There are fewer communications between local customers and the server when there are
more calculations at the local customers due to a large T or batch size. However, if each customer goes too
far in the direction of its own gradient update, an excessive amount of local processing could slow down
convergence or stop the model from converging at all. This could lead to the distribution of a subpar
aggregated system for training at nearby customers on the following grounds. For instance, our system's
forecasting performance deteriorates when raising T from 6 to 8 or batch size from 20 to 40. It is evident from
the aforementioned considerations that choosing characteristics for the recommended FL architecture and the
pertinent algorithms always involves trade-offs. Grid search methods can be used to find the ideal values of
the aforementioned characteristics in practical tests and implementations.

5. Conclusion

In this study, we investigated wireless traffic forecasting at the edge for future 6G communication
infrastructures and proposed an FL framework, built on a Distributed Autonomous Network architecture that
combines gradient compression with attention-based, correlation-aware aggregation to reduce
communication cost without sacrificing forecasting accuracy. At the client side, the framework applies L2-
norm gradient clipping followed by Top-K sparsification and 1-bit quantization to substantially shrink the
gradients transmitted to the central server. To offset the resulting loss of information, a Path Attention
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Aggregation Module assigns each customer's upload an attention weight derived from its gradient-stability
and performance history, so that dependable, consistent updates dominate the global aggregation; this is
complemented by a Heterogeneity-Aware Adaptive Optimizer that adapts each customer's learning rate,
momentum, and weight-decay settings to its local traffic characteristics and enforces cross-round consistency
across customers. Additionally, we developed three customized aggregation techniques, all-correlated, o-
threshold, and k-relevant, to capture the spatial dependencies of various customers, employing gradient
correlation to depict the links between dispersed local customers' traffic patterns. This work tested our
recommended algorithm on two real-world databases, and the outcomes showed that it outperformed the most
advanced methods for wireless traffic forecasting in terms of both accuracy and communication.
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Neft-qaz mohsullarinin harakatindd logistika amillari
Tiirkan Qurbanova'! "/, Ayan Hiimbatli'*

Xiilasa. Miiasir dovrda qlobal enerji bazarlarinda bas veran struktur dayisikliklori, enerji resurslarina
talobatin dinamik xarakter almasi va beynalxalq tachizat zancirlorinda qarsihiqgh asililigin giiclonmasi
neft-qaz sonayesinda logistika proseslorinin somarali idara olunmasini strateji zarurata ¢cevirmisdir. Neft
va qaz mahsullarimin hasilat mantagalorindon emal, saxlanma va son istehlak istigamatlorina harakati
miirakkab texnoloji, iqtisadi va tagkilati proseslorin qarsiliql alaqasi asasinda hayata kegirilir. Bu
baximdan naqliyyat infrastrukturunun inkisaf saviyyasi, saxlanma sistemlorinin texniki imkanlari,
dasinma marsrutlarinin optimallasdirilmasi, enerji sarfiyyati, amaliyyat xarclori va logistika risklorinin
idara edilmasi mahsul harakatinin fasilasizliyini va iqtisadi somaraliliyini miiayyanlasdiran asas amillor
kimi ¢ixis edir. Moaqgalonin asas maqsadi neft-qaz mahsullarmmin harakatino tasir géstoran logistika
amillarini sistemli sakildo aragdirmaq, onlarin saxlanma va naqliyyat proseslorinin texniki-igtisadi
gostoricilori ilo qarsiligh alaqasini nazori-metodoloji baximdan qiymoatlondirmak va logistika
faaliyyatinin optimallasdiriimast istigamatlorini miiayyanlagdirmakdir. Tadqgigatin metodoloji asasini
sistemli yanasma, miiqayisali tohlil, elmi-nazari iimumilasdirma va logistika géstoricilorinin ¢coxmeyarl
qiymatlondirilmasi prinsiplori taskil edir. Arasdirma c¢arcivasinds dasinma moasafasi, naqliyyat
vasitalarinin buraxilis qabiliyyati, saxlama miiddati, mahsul itkilori, infrastruktur etibarliligi, enerji
tutumlulugu va amoaliyyat xarclori kimi géstaricilorin logistika sisteminin iimumi faaliyyatina tasiri
nazardan kecirilir. Magalada innovativ yanasma kimi raqamsal akiz texnologiyalarinin (Digital Twin),
asyalarin internetinin (loT), siini intellekt asasli prognozlasdirma modellorinin va real vaxt rejiminda
monitoring sistemlorinin neft-qaz logistikasina inteqrasiyasi imkanlart arasdiriir. Bu texnologiyalarin
tatbiqi  asasinda naqliyyat axinlarinin  koordinasiyasimin  tokmillosdirilmasi, potensial texniki
nasazliglarin qabaqcadan miiayyanlasdirilmasi, mahsul itkilorinin minimuma endirilmasi va logistika
gararlarmin malumatlara asaslanan sakilda qabul edilmasi istiqamatlori asaslandirilir. Eyni zamanda,
iqtisadi samaralilik, texnoloji etibarliliq, amaliyyat tohliikasizliyi va ekoloji dayaniqliliq gostoricilorinin
vahid qiymatlondirma sisteminda birlosdirilmasi neft-qaz mahsullarimin horakatinin kompleks idara
olunmast tigiin perspektivli metodoloji yanagsma kimi irali siiviiliiv. Neft-qaz mahsullarinin harakatinda
logistika amillarinin kompleks nazara alinmasi, saxlanma va naqliyyat proseslorinin inteqrasiyalt idara
edilmasi, homginin innovativ ragamsal texnologiyalarin tatbiqi logistika xarclorinin optimallasdirilmast,
amoaliyyat etibarliligimin yiiksaldilmasi va enerji tachizati zoncirinin dayamqhiliginin giiclondirilmasi
baximindan miihiim ahamiyyat dagsiyr.

Acgar sozlar: neft-gaz logistikasi, mahsul harakati, naqliyyat infrastrukturu, saxlanma proseslari, logistika
amillari, tachizat zonciri, logistika somaraliliyi, raqamsal akiz, optimallasdirma
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Logistics Factors in the Movement of Oil and Gas Products
Turkan Gurbanova'! **/, Ayan Humbath!*

Abstract. In the contemporary global economy, structural changes in energy markets, the dynamic nature
of demand for energy resources, and increasing interdependence within international supply chains have
made the efficient management of logistics processes in the oil and gas industry a strategic necessity.
The movement of oil and gas products from production sites to processing facilities, storage terminals,
and final consumption destinations involves complex technological, economic, and organizational
processes. In this context, the development of transportation infrastructure, the technical capabilities of
storage systems, transportation route optimization, energy consumption, operating costs, and logistics
risk management are among the key factors determining the continuity of product flows and their
economic efficiency. The primary objective of this article is to systematically investigate the logistics
factors influencing the movement of oil and gas products, assess their relationships with the technical
and economic performance indicators of storage and transportation processes from a theoretical and
methodological perspective, and identify opportunities for optimizing logistics operations. The
methodological framework of the research is based on a systems approach, comparative analysis,
theoretical synthesis, and the principles of multicriteria assessment of logistics performance indicators.
The study examines the influence of transportation distance, transport infrastructure throughput
capacity, storage duration, product losses, infrastructure reliability, energy intensity, and operating
costs on the overall performance of the logistics system. As an innovative approach, the article explores
opportunities for integrating Digital Twin technologies, the Internet of Things (loT), artificial
intelligence-based predictive models, and real-time monitoring systems into oil and gas logistics. The
potential application of these technologies is examined in relation to improving the coordination of
transportation flows, anticipating technical failures, minimizing product losses, and supporting data-
driven logistics decision-making. Furthermore, the integration of economic efficiency, technological
reliability, operational safety, and environmental sustainability indicators into a unified evaluation
framework is proposed as a promising methodological approach to the comprehensive management of
oil and gas product movements. The comprehensive consideration of logistics factors affecting the
movement of oil and gas products, integrated management of storage and transportation processes, and
implementation of innovative digital technologies are of considerable importance for optimizing logistics
costs, improving operational reliability, and strengthening the resilience of energy supply chains.

Keywords: oil and gas logistics, product movement, transportation infrastructure, storage processes,
logistics factors, supply chain, logistics efficiency, digital twin, optimization
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1. Giris

Miiasir diinya iqtisadiyyatinda enerji resurslarinin strateji shomiyyatinin artmasi, beynoalxalq enerji
bazarlarinda struktur doyisikliklori vo tachizat zoncirlorinin miirokkoblogmosi neft-qaz mohsullarinin
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horokatindo logistika proseslorinin somorali idars olunmasini zoruri edir. Neft vo gqaz mohsullarinin
hasilat montogoalorindon emal miiassisoloring, saxlama terminallarina vo istehlak bazarlarina ¢atdirilmasi
nogliyyat infrastrukturu, texnoloji imkanlar vo iqtisadi resurslarin qarsiligl olagosi asasinda hoyata
kegirilir. Beynolxalq nogliyyat marsrutlarinda yaranan mohdudiyyatlor, daginma tariflorinin doyiskonliyi
vo geosiyasi risklor logistika sistemlorinin dayaniqliligina bilavasita tosir gosterir. UNCTAD-1n
arasdirmalarinda global noagliyyat zoncirlorinds bas veron pozuntularin dasinma xorcloring vo tochizatin
etibarliligina tosiri xiisusi vurgulanir (United Nations Conference on Trade and Development
[UNCTAD], 2024). Neft-qaz logistikasinin asas xiisusiyyati mohsul axinlarmin hasilat, saxlanma, naql
vo paylanma marhoalalori lizro olagolondirilmis idars olunmasidir. Bu proseslords rezervuarlarin tutumu,
boru kemarlarinin 6tliirma qabiliyyati, naqliyyat vasitalarinin yiiklonmasi vo amaliyyatlarin icra miiddoti
logistika somoraliliyini miioyyonlosdiron miihiim gdstoricilor hesab olunur. Ayri-ayri moarhalolor arasinda
texnoloji vo toskilati uygunsuzluglarin yaranmasi mohsul itkilorinin artmasina, olavo omoliyyat
xorclorine vo tochizatin fasilosizliyinin pozulmasina sobob ola bilor. Elmi todqiqatlarda neft
mohsullarmin tochizat zoncirinin planlasdirilmasinda inteqrasiya olunmus optimallagsdirma modellarinin
totbiqi mohsul axinlarinin slagalondirilmasi baximindan miihiim yanagma kimi qiymatlondirilir (Lima et
al., 2021).

Neft vo qaz mohsullarinin fiziki-kimyovi xiisusiyyotlori onlarin noqli vo saxlanmasi proseslorinds forqli
logistika toloblori yaradir. Xam neftin daginmasinda 6zliiliikk, temperatur vo hidravlik miigavimat, tobii
gazin naqlinda iss tozyiq rejimi, kompressor stansiyalarinin foaliyyati va enerji sorfiyyati asas texnoloji
amillor kimi ¢ixis edir. Mayelosdirilmis tobii qazin logistikasinda kriogen saxlanma vo xiisusi naqliyyat
infrastrukturu olavo omoliyyat mohdudiyyatlori formalasdirir. Bu baximdan logistika proseslorinin
optimallasdirilmasi mohsulun texniki xiisusiyyatlori, infrastrukturun imkanlar1 va naqliyyat gqrafiklorinin
qarsiligl uygunlugu asasinda hoyata kecirilmolidir (Oliveira et al., 2016).
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Somorali idaraetma: daha az xarc, daha yiiksak etibarliliq, optimallagdirilmis mahsul harakati

Sokil 1
Neft-qaz mahsullarinin harakatinda logistika

Mbanba. Miiallif torofindon elmi-nozori yanasmalarin sistemlogdirilmasi vo imumilosdirilmasi osasinda
hazirlanmigdir.

Sakil 1-do neft-qaz mohsullarinin harakating tosir gdstoran asas logistika amillori vo onlarin qarsiligh

olagosi konseptual sokilds togdim edilmisdir. Modeldo bazar doyisikliklori, geosiyasi risklor vo daginma

mohdudiyyatlori xarici tosir amillori kimi miiayyenlasdirilmis, hasilat, saxlanma, noql vo paylanma

morhololori vahid logistika sistemi ¢orgivasinds olagolondirilmisdir. Mohsullarin fiziki-kimyovi

xiisusiyyatlorinin nozers alinmasi ilo xorc, vaxt, enerji sorfiyyati, texniki etibarliliq vo risklorin
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coxmeyarli qiymotlondirilmosi osaslandirilmisdir. Eyni zamanda, 1oT, SCADA, siini intellekt vo
rogomsal okiz texnologiyalarinin totbiqi logistika proseslorinin optimallagdirilmasi, amoliyyat xarclorinin
azaldilmasi va tochizatin etibarliliginin yiiksaldilmasi tigiin perspektivli istiqgamotlor kimi gostorilmisdir.

Logistika foaliyyatinin qiymatlondirilmosinds yalniz daginma xorclorinin minimumlasdirilmasi kifayot
etmir. Mohsulun ¢atdirilma miiddsti, saxlanma tutumundan istifads soviyyassi, enerji sarfiyyati, texniki
etibarliliq vo omoliyyat risklori do timumi somorsliliyo tosir gdstorir. Bu gostoricilorin forqli 6lgii
vahidlorine malik olmast onlarin vahid qiymotlondirms sisteminds birlagdirilmasini aktuallasdirir. ISO
55000:2024 standartinda aktivlorin hoyat dovrii iizro idars olunmasi vo toskilati doyerin artirilmasi
prinsiplori miisyysn edilmisdir (International Organization for Standardization [ISO], 2024). Boru
komarlorinin texniki biitdvliyiiniin risk asasl idara edilmasi isa tohliikasizlik vo tochizatin fasilasizliyi
baximindan xiisusi ohomiyyat dasiyir (American Petroleum Institute [API], 2019). Beloaliklo, iqtisadi,
texnoloji vo tohliikasizlik gdstaricilorinin ¢oxmeyarli qiymotlondirilmoasi logistika gorarlarinin elmi
osaslandirilmasi tigiin miithiim metodoloji istigamatdir.

Rogomsal transformasiya neft-qaz logistikasinda innovativ idaroetma mexanizmlorinin totbiqins yeni
imkanlar yaradir. Ogyalarin interneti (IoT), siini intellekt, SCADA sistemlori, bdyiik verilonlorin
analitikas1 vo rogomsal okiz (Digital Twin) texnologiyalart mohsul axilarinin real vaxt rejimindo
monitoringini, avadanliqlarin texniki voziyyatinin prognozlasdirilmasini vo nagliyyat omaliyyatlarinin
optimallasdirilmasint dostokloyo bilor. Beynolxalq Enerji Agentliyinin todqiqatlarinda rogomsal
texnologiyalarin enerji sektorunda omaliyyat somaraliliyinin vo texniki tohliikosizliyin yiiksoldilmasi
baximindan potensiali gdstorilmisdir (International Energy Agency [IEA], 2017). Rogomsal okiz
modellorinin totbiqi iso boru komorlorinin istismar voziyyatinin qiymotlondirilmasi, potensial
nasazliglarin askarlanmasi vo alternativ omoaliyyat ssenarilorinin modellosdirilmasi iigiin perspektivli
yanasma hesab olunur (Azimi et al., 2026).

2. Moagsad

Todqgigatin osas mogsadi neft-qaz mohsullarinin horokotino tosir gostoron logistika amillorini sistemli
sokildo miayyonlogdirmok, onlarin saxlanma, naql vo paylanma proseslorinin texniki-iqtisadi
gostaricilari ilo qarsiligl alagesini qiymatlondirmak vo logistika sisteminin somaraliliyinin yiiksoldilmasi
lclin innovativ 1idaroetmo yanasmalarini osaslandirmaqdan ibaratdir. Bu mogsodle noqliyyat
infrastrukturunun 6tiirma qabiliyyati, rezervuarlarin tutumundan istifado soviyyosi, dasinma miiddoti,
omoliyyat xorclori, enerji sorfiyyati, mohsul itkilori vo texnoloji risklor logistika foaliyyotinin osas
giymotlondirmo meyarlar1 kimi nozordon kegirilir.

Tadqiqat ¢gargivasinda neft vo qaz mahsullarimin fiziki-kimyavi xiisusiyyatlorinin naqliyyat vo saxlanma
texnologiyalarinin se¢iming tosirinin arasdirilmasi, logistika morhololori arasinda funksional asililiglarin
miioyyonlasdirilmasi va resurs axinlarinin optimallagdirilmas: imkanlarinin qiymstlondirilmasi qarsiya
goyulur. Eyni zamanda, iqtisadi somaoralilik, texniki etibarliliq, amoliyyat tohliikasizliyi vo ekoloji
dayaniqliliq gostoricilorinin qarsiliglt olaqesi osasinda ¢oxmeyarli giymotlondirma yanasmasinin
formalagdirilmasi nozordo tutulur. Bu yanagma miixtalif 61¢ii vahidlorine malik logistika gdstoricilorinin
normallagdirilmast vo miiqayisali tohlili vasitosilo alternativ idaroetmo qgorarlariin oasaslandirilmasina
istigamotlonmigdir.
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Cadval 1
Neft-qaz logistikasinda asas qiymatlondirma meyarlari
Qiymatlondirms meyari Osas gostarici Toadqiqat istiqgamati
Igtisadi somaralilik Logistika xarclori Xarcloarin azaldilmasi
Nogliyyat somoraliliyi Daginma miiddoti Vaxtin optimallagdiriimasi
Saxlanma somoraliliyi Rezervuarlarin dolulugu Tutumdan somarali istifada
Enerji somaraliliyi Enerji sorfiyyati Enerji itkilorinin azaldilmasi
Texniki etibarliliq Nasazliq vo dayanma hallari Risklorin minimumlasdirilmasi
Ekoloji dayaniqliliq Mbohsul itkisi vo emissiyalar Ekoloji tosirin azaldilmasi
Rogomsal idaroetmao Monitorinq va prognozlagdirma Qorarlarin optimallagdiriimasi

Moanba. Miiallif tarafindan tadgiqatin magsadlorina uygun olaraq hazirlanmisdr.

Cadval 1-da neft-qaz mohsullarinin haroketindo logistika somaraliliyini miisyyonlasdiran asas iqtisadi,
texnoloji va ekoloji meyarlar sistemlosdirilmisdir. Toqdim olunan gostoricilor daginma vo saxlanma
xorclorinin optimallagdirilmasi, enerji itkilorinin azaldilmasi, texniki etibarliligin yiiksoldilmasi vo
rogomsal idareetms imkanlarinin giymotlondirilmasina yonslmisdir. Bu meyarlarin kompleks tohlili
logistika proseslorinin goxmeyarli qiymoatlondirilmasi vo somarali idaroetma gorarlarinin asaslandirilmasi
ticlin metodoloji baza formalasdirir.

Aragdirmanin innovativ magsadlarindan biri agyalarin interneti (IoT), SCADA sistemlori, siini intellekt
va rogamsal okiz texnologiyalarinin neft-qaz logistikasina inteqrasiya imkanlarii miisyyanlosdirmakdir.
Bu texnologiyalarin totbiqi perspektivlori mohsul axinlarinin real vaxt rejiminds monitoringi, texniki
nasazliglarin prognozlasdirilmasi, nogliyyat marsrutlarinin optimallasdirilmas: vo amoliyyat risklorinin
gabaglayici idars edilmasi baximindan qiymatlondirilir.

Tadqiqatin nazards tutulan elmi noticosi neft-qaz mohsullarinin horokstinds logistika amillarini iqtisadi,
texnoloji vo ekoloji meyarlar osasinda olagolondiron konseptual qiymotlondirmo modelinin
formalagdirilmasidir. Toklif olunan model saxlanma vo nogliyyat proseslorinin koordinasiyasinin
tokmillesdirilmasi, logistika xarclorinin optimallagdirilmasi vo enerji tochizati zoncirinin dayanigliliginin
giiclondirilmosi istigamatindo idareetma gorarlariin elmi asaslandirilmasina xidmat edo bilor.

3. Metodlar

Todqigat neft-qaz mohsullarinin horokatindo logistika amillorinin saxlanma, nogl vo paylanma
proseslorinin  somaraliliyine  tosirini  miioyyonlogsdirmok mogsadilo sistemli vo ¢oxmeyarl
qiymotlondirmo yanasmalar1 osasinda formalasdirilmisdir. Arasdirmanin metodoloji asasmni elmi
odobiyyatin miiqayisali tohlili, sistemlogdirma, struktur-funksional tohlil, konseptual modellosdirms vo
timumilosdirmo metodlari togkil edir. Todqiqat ¢argivasinda neft-qaz tochizat zoncirinin osas marhalalori
arasinda texnoloji vo iqtisadi alagoalor aragdirilmig, mohsul axinlarin idaro edilmosino tosir gdstoran
amillor miioyyonlosdirilmigdir. Logistika proseslorinin inteqrasiya olunmus planlasdirilmas: vo
optimallasdirilmasi iizro elmi yanagmalar metodoloji asas kimi nozoro alinmigdir (Lima et al., 2021;
Oliveira et al., 2016).

Aragdirmada logistika somaraliliyinin qiymotlondirilmasi {iglin gostaricilor igtisadi, texnoloji, omaliyyat
vo ekoloji istiqgamotlor {izro qruplasdirilmigdir. Iqtisadi gdstoriciloro dasinma vo saxlanma xorclori,
texnoloji gostericilora rezervuarlarin tutumundan istifads vo boru komorlorinin 6tlirma qabiliyyati,
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omoliyyat gostoricilorine ¢atdirilma miiddati va infrastrukturun etibarliligi, ekoloji gostoricilors iso enerji
sorfiyyati, mohsul itkilori vo emissiyalar aid edilmisdir. Bu gostoricilorin qarsiliglt olagolorinin
miloyyanlosdirilmasi tigiin struktur-funksional tohlil yanasmasindan istifade olunmus, texniki etibarliliq

vo risklorin idaro edilmasi lizro beynoalxalq metodoloji prinsiplor nozors alinmisdir (APIL, 2019; ISO,
2024).
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Logistika somarsliliyinin kompleks giymatlondirilmasi

Sakil 2
Todgigatin metodoloji yanagsmasi

Monba. Miiallif torofindon elmi-nazari yanasmalarin miiqayisali tohlili vo timumilosdirilmasi asasinda
hazirlanmisdir.

Sokil 2-do neft-qaz mohsullarinin horokatinds logistika somaroliliyinin qiymetlondirilmasi iigiin toklif
olunan metodoloji yanasma oks etdirilmisdir. Model elmi monbalorin tohlili, iqtisadi, texnoloji,
omoliyyat vo ekoloji  gostoricilorin  sistemlogdirilmasi, normallasdirilmast  ve  ¢oxmeyarh
giymaotlondirilmoasi moarhalslorini ohats edir. Eyni zamanda, IoT, SCADA, siini intellekt vo roqomsal okiz
texnologiyalarinin ~ totbiqi  imkanlar1 nozoro alinmaqla logistika proseslorinin  kompleks
giymotlondirilmasi tigiin konseptual asas formalagdirilir.

Todqgigatin innovativ metodoloji istiqgamoti miixtalif 6l¢ii vahidlorine malik logistika gostoricilorinin
normallagdirilmast vo vahid inteqral qiymotlondirmo modelindo birlosdirilmosi imkanlarmin
osaslandirilmasindan ibaratdir. Toklif olunan yanasmada hor bir gostoricinin normallasdirilmis qiymati
vo ohomiyyat omsali nozoro alinmaqla logistika somoraliliyinin timumilosdirilmis indeksinin
formalasdirilmasi nazards tutulur. Bu magsadlo ¢coxmeyarli gorar gobuletms tisullarindan, xiisusilo ¢okili
giymotlondirma vo alternativ ssenarilorin miiqayisasi metodlarindan istifade imkanlar1 arasdirilir.
Gostoricilorin segilmosi zamani onlarin 6lgiilo bilmasi, molumat slgatanligi, igtisadi shomiyyati vo
logistika naticalorina tasir potensiali asas meyarlar kimi qabul edilir.

Rogomsal idaraetmo imkanlarinin qiymatlondirilmasi tigiin IoT, SCADA, siini intellekt vo roqomsal okiz
texnologiyalarinin funksional xiisusiyyotlori miiqayisali sokildo nozordon kegirilmisdir. Bu
texnologiyalarin mohsul axmlarmin monitoringi, texniki nasazliqlarin proqnozlasdiriimasi, naqliyyat
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grafiklorinin koordinasiyasit vo omoliyyat risklorinin azaldilmasi istigamotindo totbiq potensiali tohlil
edilmisdir. Rogomsallagsmanin enerji sektoruna tosiri vo boru komorlorinin rogomsal modellosdirilmasi
lizro elmi yanagsmalar nozari osas kimi istifado edilmisdir (Azimi et al., 2026; IEA, 2017).

Tadqiqat nozori-konseptual xarakter dasidigindan miiossiso soviyyasindo ilkin statistik molumatlarin
toplanmast vo eksperimental qiymotlondirmo hoyata kegirilmomisdir. Toklif olunan metodoloji
yanasmanin galocok empirik totbiqi real logistika gdstoricilori asasinda normallagdirma, shomiyyat
omsallarinin miioyyanlosdirilmasi vo alternativ idaraetmo ssenarilorinin miiqayisasini nozards tutur. Bu
yanasma neft-qaz mohsullarinin horakotinds logistika samaeraliliyinin kompleks qiymatlondirilmasi vo
optimallagdirma gorarlarinin elmi asaslandirilmasi {i¢iin metodoloji baza kimi toklif edilir.

4. Tahlil vo miizakira

Neft-gaz mohsullarinin horokatindo logistika somorsliliyinin tohlili gostorir ki, noqgliyyat, saxlanma vo
paylanma omoliyyatlarinin naticaliliyi ayri-ayr texniki gostoricilordon daha c¢ox onlarin qarsiligh
koordinasiya soviyyesindon asilidir. Mohsul axinlarmin qeyri-barabar paylanmasi, infrastrukturun
buraxilis gabiliyystindo yaranan mohdudiyyatlor vo amsliyyat qrafiklori arasindaki uygunsuzluqlar
tochizat zoncirindo olavo xorclorin formalagmasina sorait yaradir. Lima, Relvas vo Barbosa-Povoanin
todqgigatinda neft mohsullarinin tochizat zoncirinin qeyri-miioyyonlik soraitindo planlasdirilmasi tigiin
optimallagsdirma yanasmasi toklif edilmisdir. Bu yanasma logistika xorclori vo mohsula tolobat kimi

doyisonlorin planlagdirma gorarlarinda birlikdo nozors alinmasmin shomiyyatini gostorir (Lima et al.,
2021).

Cadval 2
Neft-qaz mahsullarinin harakatinda logistika amillorinin miigayisali qgiymoatlondirilmasi
Logistika amili Osas gostarici Potensial tosir Optimallagdirma istigamoti
Noqliyyat Dasinma miiddati Vaxt vo xorc doyismasi ~ Marsrut optimallasdirilmasi
Saxlanma Rezervuar tutumu Ehtiyat vo saxlama Tutumun balanslagdirilmasi
xarclori
Enerji Enerji sorfiyyati Omoliyyat xarclorinin Enerji monitoringi
artmasi
Texniki voziyyot Avadanhigin Dayanma vo nasazliq Prognozlasdirici texniki
etibarlilig1 risklori xidmot
Ekoloji tosir Itki vo emissiyalar Resurs itkisi vo ekoloji Sizmalarin monitoringi
risklor
Rogomsal Molumatlarin Qorarlarin gecikmasi IoT vo rogomsal okiz
idaraetmo operativliyi
Tachizat Fasiloasizlik soviyyasi Tachizat pozuntular Ssenari osasl planlagdirma
dayanigliligi

Monba. Muollif torofindon elmi-nozori yanagmalarin miiqayisoli tohlili asasinda hazirlanmisdir (API,
2019; Azimi et al., 2026; IEA, 2017, 2025; ISO, 2024; Lima et al., 2021; Oliveira et al., 2016).

Cadval 2-do togdim olunan miiqayisali tohlil logistika amillorinin iqtisadi vo texnoloji naticolors tosirinin
miixtalif istigamatlords formalasdigini gostorir. Nogliyyat vo saxlanma gostoricilori mshsul axmlarmin
taskili ilo, enerji sorfiyyati vo texniki etibarliliq emaliyyat resurslarindan istifads ils, ekoloji vo roqomsal
gostaricilor iso logistika sisteminin dayaniqli idare olunmasi il olagelondirilmisdir. Bu amillorin
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qarsiliqht tesiri onlarin vahid qiymatlondirme mexanizmindo birlagdirilmasini metodoloji baximdan
osaslandirir.

Logistika proseslorinin qarsiligl asililigmin giymaotlondirilmasi zamani saxlanma infrastrukturu ilo
noqliyyat sisteminin olagosi xiisusi chomiyyat dasiyir. Rezervuarlarin mohdud tutumu mohsulun qabul
vo Otliriilmo intensivliyine tosir gostordiyi halda, boru komorlorinin geyri-barabor yiliklonmasi nogliyyat
grafiklorinin pozulmasina sabab ola bilar. Oliveira vo hommiislliflorinin arasdirmasinda neft terminallari
ilo emal miiossisalori arasinda mohsul axinlarinin planlasdirilmasinda gomi golislori, mévcud rezervuar
tutumu vo boru komorlorinin is qrafiki vahid optimallagdirma ¢orgivasindo nozordon kegirilmigdir
(Oliveira et al., 2016). Bu baximdan saxlanma va naqliyyat resurslarinin slaqslondirilmis idare edilmasi
mohsul horokotinin fasilosizliyi iiglin osas toskilati-texnoloji sortlordon biridir. Logistika amillorinin
iqtisadi naticolora tosiri xarc, vaxt, enerji sorfiyyati vo texniki etibarliliq gostoricilori arasinda yaranan
qarsiliglt asilihiglarla xarakterizo olunur. Masalon, daginma miiddotinin azaldilmas1 moagsadilo nogliyyat
intensivliyinin artirtlmasi slavo enerji sorfiyyati vo avadanliglarin istismar yiiklonmasi ilo miisayiot oluna
bilor. Digar torofdon, rezervuar ehtiyatlarinin yiiksok soviyyode saxlanilmasi tochizatin fasilesizliyini
dostokloso do, saxlama xorclorini vo kapitalin ehtiyatlarda baglanmasini artira bilor. Logistika
gorarlarinin yalniz bir gostorici oasasinda qiymoatlondirilmasi timumi iqtisadi somaraliliyin diizgiin
miloyyanlosdirilmasini mohdudlasdirir.

Tadgiqat ¢orgivasindo innovativ yanasma kimi logistika gostoricilorinin normallasdirilmasi vo ¢okili
qiymotlondirmo asasinda inteqral somaralilik indeksinin formalasdirilmas: toklif edilir. Bu yanagsmada
xorc, vaxt vo mohsul itkisi kimi minimumlasdirilmasi maqsadauygun olan gostoricilorls infrastruktur
etibarliligi vo tochizat fasilosizliyi kimi maksimumlasdiriimasi nozords tutulan gdstoricilor forqli
normallagdirma qaydalar ilo miiqayise edilo bilon qiymatlors ¢evrilmolidir. Daha sonra gostoricilorin
ohomiyyot doracolorino uygun ¢okilorin miioyyonlosdirilmosi alternativ  logistika qorarlarinin
timumilosdirilmis gqiymatlondirilmasine imkan vera bilar. ISO 55000:2024 standartinda aktivlorin idara
edilmosinin togkilati moqgsodlorlo olagolondirilmasi vo noticoydonliimlii yanasma prinsiplori bu
giymotlondirms modelinin metodoloji asaslandirilmasinda nozors alinmisdir (ISO, 2024). Coxmeyarh
giymotlondirmonin miihiim aspektlorindon biri texniki risklorlo iqtisadi naticolor arasinda optimal
tarazligin miioyyonlogdirilmasidir. Boru kemorlari vo saxlama infrastrukturlarinda texniki etibarliligin
azalmas1 mohsul itkilorine, planlagdirilmamis dayanmalara vo slave barpa xarclorina sobab ola bilor. API
RP 1160 standartinda tohliikali mayelorin noqlinds risklorin qiymatlondirilmesi, texniki biitovliiyiin
gorunmasi vo qabaqlayici todbirlorin planlasdirilmasi sistemli idaroetmonin osas komponentlori kimi
togdim edilir (API, 2019). Bu prinsiplorin logistika gostaricilori ilo alagolondirilmasi risklorin yalniz
tohliikasizlik baximindan deyil, homg¢inin iqtisadi itkilorin garsisinin alinmasi baximindan
giymotlondirilmosinoe imkan yaradir.

Innovativ texnologiyalarin miiqayisoli tohlilindo rogemsal monitoring sistemlorinin molumatlarin
operativliyi vo gorarlarin doqiqliyi baximindan potensial iistiinliiklori miioyyaon edilir. [oT sensorlar1 vo
SCADA infrastrukturu vasitosilo aldo edilon oamoliyyat molumatlarmin siini intellekt alqoritmlori ilo
tohlili nasos vo kompressor stansiyalarinda texniki konarlasmalarin miioyyonlosdirilmasini, enerji
sorfiyyatinin izlonilmasini vo mohsul axinlarinin prognozlasdirilmasini dostokloys bilor. Beynolxalq
Enerji  Agentliyinin arasdirmalarinda rogomsallasmanin enerji  sistemlorindo mohsuldarligin,
tohliikasizliyin vo amaliyyat somaraliliyinin artirilmasi potensiali qeyd edilmisdir (IEA, 2017).

Rogomsal okiz texnologiyasimin totbiqi iso fiziki logistika obyektlorinin virtual modellori asasinda
alternativ idaroetms ssenarilorinin tohliling sorait yaradir. Azimi vo hommiislliflorinin todqigatinda boru
komarlari ti¢lin roqomsal okiz modellarinin texniki voziyyetin monitoringi, sizmalarin agkarlanmasi va
prognozlasdirict texniki xidmaot istiqgamatlorinds totbiq imkanlari arasdirilmisdir (Azimi et al., 2026).
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Bununla bels, roqomsal texnologiyalarin iqtisadi somaorsliliyi malumat keyfiyyati, ilkin investisiya
xarclori, modellorin doqiqliyi vo kibertohliikasizlik toloblori nozors alinmadan qiymatlondirile bilmoaz.

Noatica

1. Aparilmis nozori-konseptual tohlil osasinda miioyyon edilmisdir ki, neft-qaz mohsullarinin
horokotindo logistika somorosliliyi noqliyyat, saxlanma vo paylanma proseslorinin qarsiliql
koordinasiyasindan, infrastrukturun texniki imkanlarindan vo omoliyyat risklorinin idars
olunmasindan asilidir.

2. Todqiqat corgivesindo iqtisadi, texnoloji, omaliyyat vo ekoloji gostaricilorin ¢oxmeyarl
qiymatlondirilmasi logistika qorarlarinin asaslandirilmasi {i¢iin perspektivli metodoloji yanagsma kimi
miuloyyonlosdirilmisdir.

3. IoT, SCADA, siini intellekt vo rogomsal okiz texnologiyalarinin logistika sistemlorine inteqrasiyasi
mohsul axinlarinin monitoringi, texniki nasazliglarin prognozlasdirilmasi vo resurslardan istifadonin
optimallagdirilmasi baximmdan miithiim potensiala malikdir.

4. Toklif olunan konseptual yanasma logistika xorclorinin azaldilmasi, omoliyyat etibarliliginin
yuksaldilmasi vo enerji tochizati zoncirinin dayanigliliginin giiclondirilmasi istiqgamatinda galocok
empirik todqiqatlar tiglin metodoloji osas formalasdirir.
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