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Small and medium-sized enterprises are important for
employment, competition and economic diversification in
Azerbaijan. Their development, however, depends on more than
the number of registered businesses. Sustainable growth requires
firms to improve product quality, strengthen internal processes
and introduce new products, services and methods. These
activities need finance before their economic return becomes
visible. A firm must pay for equipment, software, employee
training, certification, testing and market research while
continuing to cover wages, rent and supplier obligations.
Financial barriers therefore influence both the capacity to
improve quality and the willingness to undertake innovation.
SME:s face a structural disadvantage in financial markets.
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Banks and investors usually have less information about small
firms, particularly when financial records are incomplete or
business decisions remain highly informal (Sulistianingsih &
Santi, 2023). Younger enterprises may have limited credit
histories and insufficient assets for collateral.

These conditions increase perceived lending risk and raise the
difference between the cost of internal and external finance.
Research shows that access to finance is a stronger growth
constraint for SMEs than for large firms because smaller
enterprises have fewer opportunities to reallocate capital
internally (Bakhtiari et al., 2020). Financial constraints can
consequently delay investment even when a proposed quality or
innovation project has economic value.

The Azerbaijani context reflects this general problem. The
OECD reported that 58 percent of SMEs covered by an earlier
enterprise survey considered insufficient access to finance their
main barrier to growth (OECD, 2022, p. 48). The same report
explains that intangible digital projects are especially difficult to
finance because they provide limited physical collateral and
their expected returns are uncertain (OECD, 2022). More recent
policy assessment indicates progress in Azerbaijan's access to
finance framework, but the country's innovation policy score for
SMEs remains below the regional average. This difference
suggests that greater availability of financial products does not
automatically produce stronger innovation outcomes. The
design, targeting and practical accessibility of finance are as
important as its nominal existence.

Within this context, artificial intelligence-based financial tools
may help Azerbaijani SMEs manage some of the barriers
affecting access to finance, quality improvement, and innovation
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(Ispas et al., 2025). Al-supported credit assessment can analyse
transaction records, payment behaviour, sales patterns, and cash-
flow information when conventional financial statements or
sufficient collateral are unavailable.

Such analysis may reduce information asymmetry between
financial institutions and SMEs and support a broader
assessment of creditworthiness. Al-based forecasting tools can
also help enterprises estimate future liquidity needs and plan
expenditure on technology, employee training, quality
certification, and product development.

Quality improvement has both immediate costs and longer-term
financial benefits. Process documentation, staff training,
supplier controls, and customer complaint systems require
managerial time and sometimes external consultancy.
Certification may create additional audit and compliance
expenses. Small firms with limited cash flow may treat these
activities as optional, particularly when daily operating costs are
urgent. This decision can create a costly cycle. Weak process
control increases defects, rework, delivery delays, and customer
complaints, which reduce liquidity and leave even less money
for improvement. Evidence on effective total quality
management shows that quality programmes can strengthen
operating income and that smaller firms may obtain substantial
benefits when implementation is mature and suited to their
characteristics (Toke & Kalpande, 2020). The financial problem
is therefore not that quality lacks economic value. The main
difficulty is financing the period between implementation costs
and measurable returns.

Innovation creates a similar but more uncertain financing gap. A
quality initiative can often be connected to visible indicators
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such as defect rates or delivery time. Innovation projects involve
technical and market uncertainty, and many ideas do not produce
commercial returns. Lenders may hesitate to finance projects
based on knowledge, new processes, or digital capability
because these assets are difficult to recover if the project fails.
Direct empirical research has found that financial constraints
significantly reduce the likelihood of firms engaging in
innovative activity (Chundakkadan & Sasidharan, 2020). For
Azerbaijani SMEs, this may encourage a preference for short-
term survival expenditure over investments whose benefits
appear after a longer period.

Table 1
Main financial barriers and practical responses

Financial barrier ~ Effect on SMEs Possible response

Credit guarantees and

redit rejection or
Credit rejection o cash-flow-based

Limited collateral higher borrowing

assessment
cost
Weak financial Greater information Accounppg support
and digital record
records asymmetry .
keeping
Uncertain Delayed or Matching grants and
innovation returns cancelled projects  staged financing
High quality Postponed training Vouchers, advisory
implementation and process support, and gradual
cost improvement quality systems

Source. Compiled by the author based on the reviewed literature.

The relationship between finance and management capability
requires a critical interpretation. Lack of finance can restrict
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innovation, but financial pressure may sometimes encourage
low-cost management innovation. Evidence from European
SMEs shows that financially constrained firms can adopt cost-
saving organizational practices that improve efficiency and
support revenue growth (De Blick et al., 2024). This does not
mean that financial constraints are beneficial. Severe constraints
still reduce investment and growth. It means that effective policy
should not assume that every improvement requires expensive
technology. Simple dashboards, complaint records, supplier
checks, and short pilot projects can create measurable gains with
modest financial resources.

Public support can reduce risk, yet poorly designed assistance
may create dependency or finance weak projects. General
subsidies may reward firms that would have invested without
support, while highly complex application procedures can
exclude the smallest enterprises. A more balanced approach
combines credit guarantees, concessional loans, matching
grants, and advisory services. Matching requirements can ensure
that firms share part of the risk and select projects more
carefully. OECD policy recommendations similarly support
risk-sharing elements in grants and soft loans for innovation.
Osuji et al. (2023) state that financial institutions could assess
cash-flow quality, digital transaction records, and project
milestones alongside traditional collateral.

Firm-level action remains necessary. Better accounting records
and clearer separation between personal and business finance
can reduce information asymmetry. Quality indicators can
provide lenders with evidence of lower operational risk, stable
customer relations, and stronger repayment capacity. Firms
should connect each funding request to a defined business
problem, expected cost, implementation period, and measurable

11
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outcome. An inventory system, for example, should be justified
through expected reductions in stock losses. Employee training
should be connected to fewer errors or shorter delivery time.
This approach makes external finance more credible and
improves internal investment decisions.

Financial barriers limit quality improvement and innovation in
Azerbaijani SMEs through restricted credit, expensive external
finance, weak collateral, and uncertainty about returns. Their
effect is strongest when financial limitations interact with
informal management and inadequate records. Access to
funding is therefore necessary but insufficient. Sustainable
improvement requires finance to be combined with managerial
discipline, practical advisory support, and measurable
implementation plans. A policy framework based on risk sharing
and gradual capability development can help SMEs convert
limited financial resources into stronger quality, innovation, and
economic performance.
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Artificial intelligence has become one of the most
transformative technologies in modern education. Al-powered
applications such as ChatGPT, Grammarly, Duolingo Max,
intelligent tutoring systems, and automated writing assistants are
increasingly integrated into English language teaching (ELT).
These tools can explain grammar, generate learning materials,
assess written assignments, and provide instant feedback. As a
result, educators and researchers are increasingly asking whether
Al can eventually replace English teachers. This question is
particularly important because language education extends far
beyond grammar instruction and vocabulary acquisition.
Effective English teaching also involves communication,
motivation, emotional support, intercultural competence, and
critical thinking. Therefore, the pedagogical value of teachers
must be considered alongside technological innovation.

Azerbaijan Sports Academy, Baku, Azerbaijan
E-mail: zumrud.mahmudova@sport.edu.az
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Artificial Intelligence in English Language Teaching
Artificial intelligence offers several important advantages in
English language education. Al systems can analyze students'
learning  progress, identify = weaknesses, recommend
individualized learning materials, and provide continuous
practice opportunities. Unlike traditional classrooms, Al is
available at any time, allowing students to learn at their own
pace.

Al also supports language learning through adaptive exercises,
pronunciation analysis, automated essay evaluation, and
conversational practice. Students can receive immediate
corrections and explanations without waiting for teacher
feedback. Such technologies increase learner autonomy and
improve access to educational resources.

Furthermore, Al reduces teachers' workload by assisting with
lesson planning, quiz generation, grading objective assignments,
and preparing teaching materials. This allows educators to
devote more attention to interactive classroom activities and
individual student support.

Why Al Cannot Replace English Teachers

Despite these advantages, artificial intelligence cannot fully
replace English teachers. Language learning is a social and
human-centered process that requires empathy, emotional
intelligence, cultural understanding, and effective interpersonal
communication. Al can process information but cannot establish
genuine human relationships with learners.

Teachers motivate students, recognize emotional difficulties,

adapt classroom management strategies, and create meaningful
communicative environments. They also encourage creativity,

15
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collaboration, ethical decision-making, and critical thinking—
skills that cannot be developed solely through automated
technologies.

Another limitation concerns cultural and contextual
understanding. Al-generated responses may occasionally
contain inaccurate information, inappropriate examples, or
cultural misunderstandings. Teachers evaluate educational
content critically and ensure that learning activities correspond
to students' linguistic, cultural, and developmental needs.
Moreover, academic integrity has become an important
challenge in Al-supported education. Excessive dependence on
Al may reduce students' independent thinking and writing
abilities. Teachers therefore play an essential role in promoting
responsible and ethical use of artificial intelligence within
educational settings.

Human-AI Collaboration: The Future of English Language
Teaching

Rather than replacing teachers, Al should function as a
collaborative educational partner. Human—Al collaboration
combines technological efficiency with human expertise. Al
performs repetitive and data-driven tasks, while teachers focus
on mentoring, communication, assessment, and student
development.

This partnership enables more personalized learning
experiences, increases classroom efficiency, and creates
opportunities for innovative teaching practices. Successful
implementation requires teachers to develop digital
competencies and integrate Al tools responsibly into their
instructional strategies.

16
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Educational institutions should therefore prepare future teachers
to work alongside artificial intelligence instead of viewing it as
a competitor. Professional development programs, ethical
guidelines, and digital literacy training will become increasingly
important components of teacher education.

Artificial intelligence has transformed English language
teaching by making learning more personalized, flexible, and
accessible. Nevertheless, technology cannot replace the
pedagogical expertise, emotional support, creativity, and
professional judgment provided by teachers. The future of
English language education lies not in replacing teachers with
artificial intelligence but in establishing effective collaboration
between human educators and intelligent technologies. Such a
balanced approach can improve learning outcomes while
preserving the human values that remain central to quality
education.
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Ingilis dili 6yronmosinin effektivliyinin
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Ingilis dili miiasir dovrde beynolxalq iinsiyyat, elm, texnologiya
va pesokar inkisaf iigiin osas dillordon biri hesab edilir. Buna
goro do ingilis dilinin somoroli todrisi vo Oyronilmosi tohsil
sisteminin  prioritet  istiqgamatlorindon  biridir.  Ononavi
miisllimmorkazli metodlar miioyyan naticalor verss do, miiasir
Oyrananlarin maraq vo ehtiyaclarina tam cavab vermoya bilar.
Bu sobabdon dors prosesino innovativ va interaktiv metodlarin
inteqrasiyast aktuallasmisdir. Son illords genis totbiq olunan
oyunlagdirma yanasmasi 0yronmo prosesini daha calbedici vo
motivasiyaedici edir. Oyun elementlorinin todriso daxil edilmasi
tolobolorin dorso maragini artirmaqla yanasi, onlarin dyronmo
prosesinda daha foal istirak etmasino gorait yaradir.

Bak1 Dovlot Universiteti, Baki, Azorbaycan
E-pogt: mehriban.mehdiyev1970@gmail.com
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Oyunlasdirmanin pedaqoji shamiyyati

Oyunlagdirma dedikdo xal toplama, nisanlar oldo etmo,
soviyyalor  lizro irolilomo, missiyalar, cagmngslar vo
miikafatlandirma  kimi  oyun  mexanizmlorinin  todris
mogsadlorine uygun totbiqi nozords tutulur. Bu yanasma
Oyronanlords daxili motivasiyani giliclondirir vo onlarmn tolim
prosesindo davamli istirakini tomin edir.

Ingilis dili dorslorindo oyunlasdirma xiisusilo liigot ehtiyatinimn
zonginlogdirilmasi, qrammatik strukturlarin monimsonilmasi,
dinlayib-anlama vo oxuyub-anlama bacariqlarmin inkisafi, eloco
do danisiq foaliyyatinin stimullagdirilmasi baximindan effektiv
noticolor verir. Interaktiv tapsiriglar tolobalorin sohvlorden
gorxmadan Oyronmasing, Oziinligiymotlondirmo bacariqlarinin
inkisafina va saglam roqabot miihitinin formalasmasina komaok
edir.

Ragamsal platformalarin tatbiqi

Rogomsal platformalar oyunlagsdirmanin praktik totbiqini
asanlagdirir. Kahoot! biliklorin operativ yoxlanilmasmna va
sinifdaxili rogabotin yaradilmasina imkan verir. Quizizz fordi
tempdo Oyronmoni dastokloyir vo naticolorin avtomatik tohlilini
togdim edir. Quizlet s6z ehtiyatinin dyronilmosi {i¢lin yaddasi
giiclondiron miixtalif masqlor toklif edir. Wordwall iso miixtalif
interaktiv oyunlarin hazirlanmasma imkan yaradaraq dorslorin
daha dinamik toskilino sorait yaradir. Bu platformalar
miiollimlore Oyrononlorin nailiyyatlorini izlomayo, onlarin
inkisaf dinamikasini qiymotlondirmoys vo fordi ehtiyaclara
uygun tapsiriqlar hazirlamaga komok edir. Noticodo hom
todrisin keyfiyyati yiiksalir, hom do dyrononlorin dorso maragi
artir (Kapp, 2012; Hamari et al., 2014; Wang & Tahir, 2020;
Zainuddin et al., 2020).
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Oyunlasdirmann iistiinliiklari vo mahdudiyyatlori
Oyunlasdirmanin asas istiinliiklori motivasiyanin yiiksalmasi,
dorsdo foalligin artmasi, omokdasliq bacariglarinin inkisafi vo
Oyronmo prosesinin daha maraqli toskil olunmasidir. Bundan
olave, davamli geribildirim Oyrononlorin 6z inkisafimi
izlomosina imkan verir.

Bununla yanasi, oyunlasdirmanin somorali totbiqi {i¢iin
miiollimin pedaqoji planlagdirma bacariqlart vo roqomsal
savadliligr mithiim ohomiyyet dasiyir. Hoddindon artiq roqabot
bozi dyrononlords stress yarada, texniki imkanlarin mohdudlugu
iso rogomsal platformalarin istifadasini ¢otinlogdirs bilor. Buna
goro oyun elementlori tolim mogsadlorine uygun vo balansl
sokilda totbiq edilmalidir.

Oyunlasdirma ingilis dili dyronmosinin effektivliyini artiran
milasir pedaqoji yanagmalardan biridir. O, Oyrononlorin
motivasiyasini yiiksoldir, dorsdo foal istiraki tosviq edir vo dil
bacariqlarinin inkisafina miisbot tosir gostorir. Rogomsal
platformalarin imkanlarindan magsadydnlii istifade miiollimlara
daha cevik vo interaktiv tolim miihiti yaratmaga sorait yaradir.
Bununla bels, oyunlasdirmanin ugurlu totbiqi miisllimin pesokar
yanasmasi, dlizgiin metod se¢imi vo texnologiyanin pedaqoji
magsadlors uygun istifadasi ilo six baghdir.
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Artificial intelligence has become one of the most influential
innovations in  contemporary education. Al-powered
applications such as ChatGPT, intelligent tutoring systems,
automated assessment tools, and adaptive learning platforms
have significantly changed the way English is taught and
learned. These technologies enable learners to receive
personalized instruction, instant feedback, and unlimited
opportunities for language practice.

Despite these technological advances, effective English
language teaching cannot rely solely on artificial intelligence.
Language learning is not only the acquisition of vocabulary and
grammar but also the development of communication, cultural
awareness, creativity, and critical thinking. These dimensions
require the guidance, empathy, and professional judgment of
qualified teachers.
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Therefore, the future of ELT should be based on collaboration
rather than competition between humans and Al.

Human—Al collaboration combines the strengths of both
partners. Al can analyze learners' performance, identify
individual weaknesses, generate learning materials, and provide
immediate corrective feedback. Teachers, on the other hand,
interpret students' emotional needs, encourage motivation,
facilitate classroom interaction, and develop higher-order
thinking skills. This complementary relationship allows
educators to spend less time on repetitive administrative tasks
and more time on meaningful teaching and student support.

One of the greatest advantages of Al-supported language
instruction is personalized learning. Students have different
learning styles, proficiency levels, and educational needs. Al
systems can automatically adapt learning materials according to
individual progress, making instruction more efficient and
accessible. Personalized learning increases student motivation
and supports independent learning while enabling teachers to
monitor learners' development more effectively.

Al also contributes to the improvement of speaking, writing,
reading, and listening skills. Learners can practice conversations
with Al chatbots, receive immediate corrections for grammatical
errors, improve pronunciation through speech recognition
technologies, and develop academic writing skills with
intelligent feedback systems. Such opportunities extend
language learning beyond the traditional classroom and promote
continuous practice. However, the integration of Al into English
language teaching also presents several challenges.
Overdependence on Al may reduce learners' independent
thinking and problem-solving abilities. Concerns regarding data
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privacy, algorithmic bias, academic integrity, and unequal
access to digital technologies remain significant issues.
Furthermore, Al cannot fully understand learners' emotions,
cultural backgrounds, or social interactions, all of which are
essential components of effective language education.

For these reasons, teachers should not be viewed as competitors
to Al but as professionals who guide its responsible use.
Teachers play a crucial role in evaluating Al-generated content,
selecting appropriate learning activities, encouraging ethical
technology use, and ensuring that educational objectives remain
learner-centered. Al should function as an educational assistant
rather than an autonomous instructor. The emergence of human—
Al collaboration represents a new educational paradigm in
English language teaching. Instead of replacing traditional
pedagogy, Al expands teachers' instructional possibilities and
supports more innovative learning environments. Successful
implementation  requires  digital literacy, continuous
professional development, and institutional support for teachers.
Educational systems should prepare future educators to work
confidently alongside intelligent technologies while maintaining
the human values that define quality education.

Human—AlI collaboration has the potential to reshape English
language teaching by combining technological innovation with
pedagogical expertise. Artificial intelligence enhances
personalization, efficiency, and accessibility, whereas teachers
contribute creativity, ethical judgment, emotional intelligence,
and meaningful communication. The future of English language
education should therefore embrace collaborative intelligence,
where humans and Al work together to create more engaging,
inclusive, and effective learning experiences.
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Miiasir dovrdo rogomsal texnologiyalarin inkisafi tohsil
sistemindo yeni yanasmalarin meydana ¢ixmasina sabab
olmusdur. Xiisusilo siini intellekt texnologiyalar1 todris
prosesinin daha c¢evik, interaktiv vo fordilosdirilmis sokilds
togkilino genis imkanlar yaradir. Bu yeniliklor yalnmz xarici
dillorin deyil, hom do Azorbaycan dilinin todrisinds yeni
metodoloji yanagmalarin totbiqini aktuallagdirir.

Fordilosdirilmis tolim hor bir dyronanin fordi xiisusiyyatlorini
nozoro alan miiasir tohsil modelidir. Siini intellekt sistemlori
Oyronanin avvalki naticolorini tohlil edorak onun zaif vo giiclii
toroflorini miioyyonlosdirir, uygun tapsiriglar togdim edir vo
davamli geribildirim verir. Belo yanasma ononovi "hami iigiin
eyni dors" modelindon forqli olaraq hor bir Oyrononin
ehtiyaclarina uygun inkisaf trayektoriyasi formalasdirir.
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Azorbaycan dili tolimindo bu yanasma xiisusilo orfoqrafiya,
durgu isarslori, qrammatika, leksika, matnin qurulusu vo yazil
nitqin inkisafi baximindan shomiyyatlidir. Siini intellekt asash
platformalar sagird vo tolobalorin yazdiglart matnlori avtomatik
tohlil edo, qrammatik vo iislubi sohvlori miioyyonlosdirs,
diizalislor toklif edo vo fordi inkisaf istigamatlori gostors bilir.
Bundan alava, adaptiv testlor vasitasilo Oyrononin bilik soviyyasi
davamli qiymotlondirilir vo naticolora uygun yeni tapsiriglar
hazirlanir.

Siini intellekt danisiq ve oxu bacariqlariin inkisafinda da
mithiim rol oynaya bilor. Nitqin taninmasi texnologiyalari
vasitosila toloffiiziin qiymotlondirilmasi, matnlorin miirokkablik
soviyyasino uygun sec¢ilmosi vo oxudugunu anlama
bacariglarinin fordi sokilds inkisaf etdirilmosi miimkiindiir. Bu
1S9 Oyrononin motivasiyasint artirir vo miistoqil Syronmo
bacariglarinin formalagmasina komok edir.

Bununla bels, siini intellekt miisllimin rolunu ovoz etmir.
Azorbaycan dilinin todrisindo miisllim dilin iislubi incoaliklorini,
milli-madoni xiisusiyyatlorini, kommunikativ bacariglar1 vo
tonqidi diisiinmo vordislorini formalagdiran osas soxs olaraq
galir. Siini intellekt miiallimin foaliyyatini dostokloyon, dorso
hazirliq prosesini asanlasdiran vo qiymotlondirmoni daha
somoarali edon komokei vasito kimi ¢ixis etmolidir.

Golocokdo Azorbaycan dili iizro siini intellekt platformalarinin
hazirlanmasi, milli dil korpuslarinin zonginlosdirilmasi vo
Azorbaycan dilinin xiisusiyyatlorino uygun adaptiv dyronmo
sistemlorinin yaradilmasi bu sahonin inkisafina miithiim tohfa
vera bilor. Eyni zamanda, miisllimlorin ragomsal bacariqlarinin
artirtlmasi va siini intellektdon etik istifads prinsiplorinin todris
prosesina inteqrasiyasi xiisusi shomiyyat dasiyir.
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Stini intellekt osasli fordilosdirilmis Azorbaycan dili tolimi
miiasir tohsil sisteminin perspektivli istiqgamatlorindon biridir.
Bu yanagma Oyrononlorin fordi ehtiyaclarini nozoro alaraq
tolimin keyfiyyatini yiiksoldir, motivasiyan1 artirir vo dyronma
prosesini daha somorali togkil etmoyo imkan verir. Bununla
yanasi, miollimin pesokar rohborliyi, etik prinsiplorin
gorunmast vo milli dil xiisusiyyatlorinin nazare alinmasi bu
modelin ugurlu totbiqi iigiin osas sortlor hesab olunur. Insan
amili ilo stini intellekt texnologiyalarinin vohdati Azarbaycan
dili taliminin galocak inkisafinda yeni imkanlar yarada bilor.
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The rapid development of artificial intelligence (Al)
technologies over the past few years has significantly
transformed the field of foreign language education. Large
language models such as ChatGPT, DeepAl, Claude.ai, and
QuillBot are now capable of producing coherent, context-
appropriate texts within seconds, and this capability has opened
a new avenue for language teachers who traditionally struggled
to find or adapt sufficiently authentic materials for their
classrooms (Kasneci et al., 2023). Authentic texts, that is, texts
originally produced for real-life communicative purposes rather
than for pedagogical drilling, have long been considered
essential for developing learners' communicative competence
(Nunan, 1999). However, teachers working with lower-
resourced languages, specific age groups, or narrow thematic
areas often face a shortage of texts that are simultancously
authentic, level-appropriate, and topically relevant.
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This study examines the extent to which Al-based tools can help
bridge this gap and outlines both the opportunities and the risks
associated with using Al-generated texts as substitutes for, or
supplements to, traditionally authentic materials.

The aim of this study is to analyze, on the basis of recent research
literature and classroom observation, how generative Al tools
can be used to create texts for foreign language instruction and
to what degree such texts can be regarded as "authentic" within
the pedagogical sense of the term. The study draws on a review
of recent scholarly work on Al-generated content in language
education (Alharbi, 2023; Lee et al., 2023) as well as the author's
own practical experience of using Al tools to prepare reading
materials for German-language learners.

Opportunities of AI-Generated Texts

First, Al tools allow teachers to generate texts tailored to a
specific proficiency level, topic, and length within minutes,
which is far more time-efficient than searching for or adapting
existing authentic sources. Second, Al-generated texts can be
customized to reflect learners' personal interests, which has been
shown to increase motivation and reading enjoyment among
young learners (Lee et al., 2023). Third, teachers can request
multiple versions of the same content at different levels of
difficulty, which supports differentiated instruction within
mixed-ability classes. Fourth, Al tools can illustrate specific
grammatical structures or vocabulary items in a natural
communicative context, functioning as an on-demand materials
generator rather than a static textbook resource. In the case of
less commonly taught languages such as German in the
Azerbaijani school context, these advantages are especially
valuable, since commercially published authentic materials
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adapted to local learners' interests and curricular requirements
are often limited in number and variety.

Challenges and Limitations

Despite these advantages, several challenges must be
acknowledged. Al-generated texts, however fluent, are not
produced for genuine real-world communicative purposes; they
simulate authenticity rather than possess it in the traditional
sense, and this raises questions about whether they can fully
replace texts written by native speakers for real audiences
(Alharbi, 2023). Furthermore, large language models may
occasionally produce factually inaccurate content, culturally
inappropriate references, or stylistically unnatural phrasing,
especially in languages other than English, which requires
teachers to carefully review Al-generated output before using it
in class. There is also a risk of overreliance: if teachers substitute
all authentic materials with Al-generated ones, learners may be
deprived of exposure to genuine sociocultural and linguistic
variation found in real-world texts. Finally, questions of
academic integrity and appropriate attribution arise when Al-
generated texts are used in learner writing tasks, since the
boundary between human and machine authorship becomes
increasingly blurred (Kasneci et al., 2023).

Practical Implications for the Classroom

Based on the reviewed literature and classroom practice, a
balanced approach is recommended: Al-generated texts should
be used as a complement to, rather than a replacement for,
authentic materials. Teachers can use Al tools to fill specific
gaps, for example, by producing a short dialogue illustrating a
particular grammatical structure or a reading passage on a topic
of'interest to a specific class, while continuing to expose learners
to genuinely authentic sources such as news articles, literary
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excerpts, and real-life correspondence. Teachers should also
critically evaluate Al output for linguistic accuracy and cultural
appropriateness before use and should be transparent with
learners about the origin of Al-assisted materials.

Artificial intelligence offers foreign language teachers a
powerful and time-efficient tool for generating texts adapted to
learners' level, interests, and instructional goals. At the same
time, Al-generated texts differ fundamentally from authentic
texts produced for genuine communicative purposes, and their
use requires careful pedagogical judgment. Further research is
needed to determine the long-term impact of Al-generated
materials on learners' language competence and their ability to
engage with genuinely authentic discourse.
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Riyaziyyatda loqarifm qiivveto yiiksoltmo omoliyyatinin
torsidir. Verilmis miisbat x odadinin b asasina gors loqarifmi, x
ododini almaq li¢lin b osasinin yiiksaldilmoli oldugu qiivvet
gostaricisidir. Bagqa sozlo, agor bY = x olarsa, onda log,x =y
boraborliyi dogrudur. Sado sokildo ifado etsok, loqarifm
miloyyon ododin alinmasi {iglin osasm nec¢o dofo qiivvoto
yiksoldilmoli oldugunu gostorir. ©On sado halda logarifm eyni
vurugun tokrar vurulma saymi ifads edir. Masolon, 1000 =
10x10x10 = 103 olduguna géro, 1000 ododinin 10 osash
logarifmi 3-o5 borabordir: log,0 1000 = [In1000 =3. X
adadinin b asast iizrs loqarifmi logy, (x) soklinds isars olunur.
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Bozi hallarda iso motorizolordon istifado  edilmadon
logyx formasinda yazilir. 9sas1 10 olan logarifm (yoni b=10)
onlug vo ya dekadik loqarifm adlanir vo elm, texnika,
miihandislik saholorinds genis totbiq olunur. Natural logarifmin
osast iso e ododidir (e ~2,718). Toromo vo inteqral
hesablamalarinda daha sado xassoloro malik olduguna goro
natural loqarifm riyaziyyat vo fizika elmlorindo genis istifado
edilir. Osas1 2 olan loqarifm iso ikilik logarifm adlanir (b=2) vo
osason  informatika, proqramlasdirma vo  informasiya
texnologiyalar1 saholorinds totbiq olunur.

Loqarifmik funksiyalar miiasir riyaziyyatin vo totbiqi elmlorin
miihiim anlayislarindan biridir. Bu funksiyalar boytik vo kigik
komiyyaotlorin daha sado formada toqdim edilmosino imkan
verdiyindon elm vo texnikanin miixtolif saholorindo genis
istifado olunur. Todqgiqat zamani elmi odobiyyatin tohlili,
miigayiso vo timumilogsdirmo metodlarindan istifado edilmis,
loqarifmik funksiyalarin nozori osaslar1 vo praktik totbiq saholori
aragdirilmisdir. Molumatlarin emali, algoritmlorin
miirokkabliyinin qiymatlondirilmasi, signallarin tohlili vo
miixtolif proseslorin  modellosdirilmosi zamani logarifmik
yanagmalardan genis istifads edilir. Bu xiisusiyyatlor loqarifmik
funksiyalarin miiasir elmdoe shomiyyatini daha da artirir.

Logqarifmik skalalar ¢ox boyiik vo ya ¢ox kigik qiymatlorin daha
kompakt formada ifado edilmosino imkan verir. Masalon,
desibel giic vo signal amplitudalarinin nisbotini loqarifmik
formada ifads edon 6l¢ii vahididir. Bunun on genis yayilmis
nlimunslorindan biri sas tozyiqinin l¢iilmasidir. Kimyada pH
gostoricisi sulu mohlulun tursuluq dorocasini xarakterizo edon
loqarifmik dl¢iidiir.
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Logqarifmlor elmi diisturlarda, alqoritmlorin miirokkabliyinin
qiymatlondirilmasinda va fraktallar adlanan hondasi obyektlorin
todqiqinds genis totbiq edilir. Onlar musiqi intervallarinin tezlik
nisbatlorinin izahinda, sade adadlorin sayinin hesablanmasi ilo
bagl diisturlarda vo faktoriallarin yaxmn qiymotlondirilmasi
metodlarinda miithiim rol oynayir. Bundan olavas, logarifmik
funksiyalar psixofizikanin bazi modellsrinds istifads olunur vo
kriminalistika sahasindo statistik ucot vo moalumatlarin tohlili
proseslorindo do totbiq edilir.

Loqgarifm anlayis1 qilivvoto yliksoltmo omoliyyatinin tors
funksiyasi kimi yalniz real adodlor ¢oxlugu ilo mohdudlagmur,
homginin digor riyazi strukturlara da samil olunur. Lakin daha
tiimumi hallarda logarifm ¢oxqiymatli funksiya xarakteri dasiyir.
Masolon, kompleks loqarifm kompleks eksponensial
funksiyanin c¢oxqiymotli tors funksiyasi hesab edilir. Eyni
zamanda, diskret loqarifm sonlu qruplarda eksponensial
funksiyanin ¢oxqiymotli torsidir vo agiq agarli kriptoqrafiya
sistemlorinda genis totbiq olunur. Toplama, vurma vo qiivvato
yiliksoltmo arifmetikanin on fundamental omsliyyatlar1 hesab
edilir. Toplama omoliyyatinin torsi ¢ixma, vurma omoliyyatinin
torsi bolmo oldugu kimi, loqarifm do qilivveto yiiksaltmo
omoliyyatinin torsidir. Loqgarifmlor arasinda qarsiliqli olagolori
ifado edon bir sira miithiim disturlar mévcuddur ki, bunlar
loqarifmik eyniliklor vo ya loqarifm qanunlart adlanir.
Kalkulyator vo kompiiterlorin meydana ¢ixmasindan ovval
miirokkob hesablamalarin  sadologdirilmosindo  logarifmlor
mithiim rol oynamig vo elmin, xiisusilo astronomiyanin
inkisafina oshomiyyatli tdhfo vermisdir. Geodeziya, astronomik
naviqasiya vo digor totbiqi saholords slds olunan nailiyyatlorin
osas riyazi vasitolorindon biri mohz logarifmlor olmusdur.
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Logqarifmlorin hom riyaziyyat daxilinds, hom do miixtalif elm
saholorindo c¢oxsayli tatbiglori mévcuddur. Bu totbiglorin bir
gismi miqyas invariantligi anlayist ilo olaqodardir. Masalon,
nautilus molyuskasmin gabigindaki hor bir kamera ovvalkinin
sabit omsalla boyiidiilmiis toxmini suratidir. Bu xiisusiyyot
logarifmik spiralin yaranmasina sobab olur. Aparici roqgomlorin
paylanmasimi izah edon Benford qanunu da miqyas invariantligi
prinsipi ilo olagoalondirilir. Loqgarifmlor 6ziinobonzorlik (self-
similarity) anlayist ilo do six baghdir. Masolon, miirokkob
mosolonin daha kigik, lakin oxsar alt mosalolora boliinarak hall
edildiyi alqoritmlarin tohlilinds loqarifmik funksiyalar miithiim
rol oynayir. Bundan olava, hissalori biitév qurulusu xatirladan
Ozlinabonzor hondosi fiqurlarin Slgiilorinin hesablanmasi da
loqarifmlore asaslanir.

Loqarifmik skalalar qiymotin miitlaq forqini deyil, nisbi
doyismosini qiymoatlondirmok baximindan xiisusi ohomiyyat
dastyir. Homginin, log(x) funksiyas1 boyiik x qiymatlorinds ¢cox
yavas artdigindan, iri hacmli elmi molumatlarin sixlagdirilmasi
vo daha olverisli formada toqdim edilmasi ii¢lin loqarifmik
miqyaslardan genis istifado olunur. Loqarifmlor bir ¢ox elmi
diisturlarda da miihiim yer tutur. Bunlara Tsiolkovski raket
tonliyi, Fenske tonliyi vo Nernst tonliyi kimi miixtalif elm vo
miihondislik saholorinds totbiq olunan fundamental riyazi
modellor daxildir. Elmi va texniki sahalords bir cox kamiyyatlor
loqarifmik skala vasitosilo diger komiyyatlorin logarifmlori
soklindo ifado olunur. Masolon, desibel loqarifmik miqyasla
olagoli 6l¢ii vahididir. O, giic nisbatinin ongat onluq logarifmino
va ya gorginlik nisbatinin iyirmiqat onluq logarifmino osaslanir.
Desibel elektrik signallarmin 6tiiriilmasi zamani gorginlik
saviyyalarinin itkilorinin qiymaetlondirilmasinda, akustikada sas
glicii  soviyyolorinin  xarakterizo edilmosindo, homginin
spektrometriya vo optika saholorindo isigin  udulmasinin
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Olcililmasinda genis istifado olunur. Signalin faydali hissasinin
arzuolunmaz sas-kiiya nisbotini ifado edon signal-sos-kily
nisboti (Signal-to-Noise Ratio, SNR) do desibellorlo 6l¢iiliir.
Eyni zamanda, pik signal-sas-kiily nisbati (Peak Signal-to-Noise
Ratio, PSNR) sos yazilarinin, roqomsal tosvirlorin vo miixtolif
sixlasdirma alqoritmlorinin keyfiyyastinin qiymatlondirilmosindo
genis totbiq edilir.

Logqarifmlor ehtimal nazariyyasinda do miithiim yer tutur. Boyiik
odadlor ganununa osason, tesadiifi Bernulli smnaqlarinin say:
artdigca hadisonin miisahido olunan nisbi tezliyi onun nazari
ehtimalina yaxmlasir. Bu yaxinlasma prosesindo yaranan
toroddiidlorin  xarakteristikas1 iterasiya olunmus logarifm
ganunu (Law of the Iterated Logarithm) vasitasilo tosvir edilir.
Logarifmlor homg¢inin logarifmik-normal paylanmalarin nazari
asasini togkil edir. ©gor tosadiifi doyisonin loqgarifmi normal
paylanmaya malikdirso, homin doyison logarifmik-normal
paylanmig doyison adlanir. Loqarifmik-normal paylanmalar
coxsayli miistoqil miisbot tosadiifi doyisonlorin hasilindon
yaranan proseslorin modellogdirilmasinda genis istifads olunur.
Bu tip paylanmalar iqtisadiyyat, biologiya, maliyya,
miihondislik vo fizika saholorindo miisahido edilir. Xiisusilo
turbulentlik hadisslorinin dyronilmosindo logarifmik-normal
modellor mithiim nozari va praktik shomiyyato malikdir.

Aparilmis tohlil gbstorir ki, loqarifmik funksiyalar yalniz nazari
riyaziyyatin osas anlayislarindan biri deyil, hom do miiasir elm
vo texnikada genis totbiq olunan miihiim riyazi vasitodir.
Logarifmik miqyaslar boyiik diapazonda doyison komiyyatlorin
daha yigcam vo anlasighi formada togdim edilmosino imkan
verir. Desibel, pH, signal-sas-kily nisboti, alqoritmlorin
miirokkabliyi, ehtimal paylanmalart vo miixtolif fiziki
proseslorin modellosdirilmosi logarifmik funksiyalarin praktik
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ohomiyyoatini gdstorir. Todqigat naticosindo miioyyon edilmisdir
ki, logarifmik funksiyalar malumatlarin tohlili, miiqayisasi vo
modellosdirilmasi proseslorini sadalosdirir, elm vo miihandislik
sahalorindo miirokkob komiyyatlor arasindaki olagolorin agkar
edilmosing gorait yaradir. Beloliklo, loqarifmik funksiyalarin
Oyronilmasi hom riyazi nozoriyyonin inkisafi, hom do miiasir
elmi vo texnoloji problemlorin halli baximindan miihiim
ohomiyyot dasiyir.
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Kond tosorriifatinin osas istehsal vasitasi olan torpaq vo onun
miinbitlik potensialindan somorsli istifado olunmasi miiasir
aqrar elmin qarsisinda duran osas moqsadlordon biri hesab
olunur. Son illordo dovlat torofindon ¢ay¢iligi daha da inkisaf
etdirmok va ¢ay plantasiyalarinin sahasini genislondirmok kimi
todbirlor garsiya qoyulmusdur. Azarbaycanin riitubatli subtropik
zonast olan Lonkoran-Astara bolgasinin torpaq-iglim soraiti cay
bitkisinin inkisafi iigiin boyiik aqroekoloji potensiala malikdir.
Burada c¢ay kolundan daha yiiksok vo keyfiyyotli yasil yarpaq
mohsulu alds etmak tigiin alverisli, yararl torpaqlarin aqrofiziki
xlisusiyyatlorinin elmi asaslarla dyronilmasi mithiim nozori vo
praktik todbirlorin istehsalata totbiqine imkan vers bilor.

'Lonkaran Dévlat Universiteti, agrar elmlari izrs folsofs doktoru, Lankaran, Azarbaycan
2Lankoran Dévlot Universiteti, magistrant, Lonkaran, Azarbaycan
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Todqiqat aparilan orazi intensiv istifade olundugu tiiglin vo
insanin tosarriifat foaliyyoti sobabindon miixtolif doracads
deqradasiyaya ugramisdir. Bu baximdan gay bitkisi altinda olan
podzollu-sar1 torpagin potensial vo effektiv miinbitliyinin
aqrofiziki xiisusiyyotlorinin miiqayisoli Oyronilmasi xiisusi
ohomiyyot kasb edir. Torpaqlarin eroziyadan miithafizosini tomin
etmak vo ¢ay bitkisinin mahsuldarligini yiliksaltmayo nail olmaq
liclin okin saholorinin eroziyaya qarst dilizgiin toskili osas
mosaladir. Torpagda miinbitliyin yaradilmast vo onun
nizamlanmas: yiiksok aqrotexniki todbirlor kompleksi ilo
xarakterizo olunur. Gostorilon masalalori hall etmok {icilin
todqiqat islori 2024-2026-c1 illor orzindo Meyvagilik vo
Cayciliq Elmi-Todqiqat Institutunun Lonkoran Elmi-Tocriibo
Bazasinda vo «Yasil cay» fermer tosorriifatinda yerino
yetirilmigdir. 2026-c1 ildo qis vo yaz fasillorinds ¢6l todqiqat
islori secilmis stasionar tocriibo saholorindo davam etdirilir.

Tocriibado ¢ay bitkisinin Cin noviiniin (Thea sinensis L.)
“Azorbaycan-2” sortundan istifado edilmisdir. Todqiqat isinin
obyekti kimi eroziyaya ugramamis vo orta dorocads eroziyaya
ugramis c¢ay bitkisi altinda olan podzollu-sar1 torpaqlar
secilmisdir. Mexaniki torkibi agir gillicali vo gilli torpaqlardir.
Tacriibo vo todqgiqatlar ic morhoaloda: kameral-hazirliq, ¢6l vo
laboratoriya tisullarindan istifads edilmakle yerina yetirilmisdir.

Todgiqatin metodikasinda akad. Q. S. Mommodov (1992),
C.G.Giilaliyev (2006), S. Z. Mommodova (2005) vo basqa
todqgiqatcilarin metodiki islorino istinad edilmisdir. Homginin,
apardigimiz  todqigat zamani torpagin osas aqrofiziki
gostaricilorinin kegmis vo miiasir vaziyyatini dyronmokdon otrii
A. P. Gorayzado, C. G. Giilaliyev (2006), S. Z. Mommodova
(2005) torofindon aparilmis todqigat molumatlar1 toplanmis vo
miasir voziyyoti (2024-2026-c1 illorin molumatlar1) homin
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yanasma ilo miiqayisali tohlil olunmusdur. Todqigatin moagsadi
Lonkoran-Astara bolgosinin dag maili yamaclarinda ¢ay
plantasiyalarinin  podzollu-sar1  torpaqlarinda deqradasiya
prosesinin torpagin aqrofiziki xiisusiyyatlorino tosirini todqiq
etmok vo miinbitlik amillorinin artirilmasi tgiin todbirlor
sistemini isloyib hazirlamaqdan ibarotdir.

Tadqiqat aparilan maili dagotoyi yamaclarda deqradasiyanin on
miihiim novii olan eroziya prosesi naticosinda okinalti qatlarin
kiplosmasi artaraq torpaqlarin struktur aqreqatlart vo timumi
mosamoliliyi azalmig vo noticods aqrofiziki xassalorinin
pislosmosino sobab olmusdur. Todqiqat obyekti kimi se¢ilmis
eroziyaya ugramamis podzollu-sar1 torpaqlar aqrofiziki
xilisusiyyatlorine goéro orta dorocodo eroziyaya ugramis
torpaqlardan koskin forqlonirlor. Torpaqlarda ohomiyyatli
aqrofiziki gostaricilordon biri do suyadavamli 0,25 mm-don
boyiikk aqgreqatlarin miqdarnidir. Son illordo aqrotexniki
tadbirlorin  pozulmasi, suvarma vo gilibrolomonin diizgilin
aparilmamasi noticosindo torpaqglarin aqrofiziki xassolorinin
miqdarmin  azalmasmma sabab  olmusdur. Suyadavamli
aqreqatlarin miqdari eroziyaya ugramamis torpaqlarda 65,20 %
oldugu halda, orta doracods yuyulmus névlords 6,30 % azalaraq
58,90 % toskil edir.

Todqiqat dovriiniin miixtalif fasillorindo su, hava veo istilik
rejimlorinin ~ doyismosi miioyyon edilmisdir. Eroziyaya
ugramamis torpaqlarda 20—40 sm dorinlikdo sixliq il arzindo
1,23—1,28 g/sm?, orta doracads eroziyaya ugramis torpaqlarda
iso 1,38—1,45 q/sm? toskil edir.

Aparilan todqiqatlar gostorir ki, deqradasiyaya ugramamis

torpaqlarda cay bitkisinin inkisafi iigiin torpagin aqrofiziki
xassolori  gonaotboxsdir. Torpaq suyu yaxst sizdirmaq

40



Xaligverdi Babayev vo Hoson Volizado

qabiliyyatina malikdir (saatda 100 mm) vo yiliksok masamaliliyi
ilo (50-55 %) forqlonir. Orta dorocads eroziyaya ugramis ¢ay
bitkisi alt1 torpaqlarda masamolilik 5,10 %, imumi su tutumu
3,90 %, su kecirma qabiliyyati iso 0,8 mm/doq azalmigdir.

2024-2026-ct illorin tadqiqat dovrii arzinds alinmis rogomlorden

gorlinlir ki, podzollu-sari, orta doracado eroziyaya ugramis

torpaqlarin aqrofiziki xassoalorinin doyismosini aqrotexniki vo
meliorativ todbirlorin diizgiin miioyyon edilmomasi ilo izah
etmok olar.

e Loankoran rayonu arazisinds podzollu-sari torpaqlar tigiin zaif
turs vo turs torpaq reaksiyasi miioyyon edilmisdir vo bu, ¢ay
bitkisinin inkisafi liclin alverisli hesab edilir.

e (Cayayararl ehtiyat torpaglarin se¢ilmosindo vo torpaqlarin
keyfiyyotco qiymatlondirilmosindo aqrofiziki xassolorinin
Oyronilmasinin boylik shomiyyati vardir. Belo halda hansi
torpagin digorindon na dorocodo miinbit vo ya c¢ay kolunun
tolobino daha olverigli olmast miioyyonlosdirilir. Bunu
torpaq-bonitet islorinin naticolari do tosdiq edir.

e Deqradasiyaya ugramamis vo orta dorocodo deqradasiyaya
ugramis novlords torpagin aqrofiziki gostoricilorinin illor
iizro doyismosi vo qida maddslorinin dinamikasi ilk dofs
kompleks sokildo 6yronilmisdir.

o Torpaglarin miinbitliyinin  aqrofiziki  gostaricilorinin
kompleks aqrotexniki qaydalara osason artirilmasi yollari
gostorilmis vo somorali istifado soviyyasi ekoloji-iqtisadi
cohotdon giymatlondirilmisdir.

Alinmis somorali naticolor Lonkaran-Astara iqtisadi rayonunun
cayciliq fermer  tosorriifatlarinda  torpagin  aqrofiziki
gostaricilorinin  yaxsilagdirilmast  iigiin ~ digor kompleks
aqrotexniki tadbirlorls birlikde totbiq olundugda miihiim rol
oynaya bilar.
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Son onilliklordo cografiya elmindo bas veron on miihiim
doyisikliklordon biri mokan mslumatlarinin raqgomsal formada
toplanmast vo tohlili imkanlarinin genislonmasidir. Cografi
Informasiya Sistemlori (GIS) bu prosesdo morkazi rol oynayr,
clinki o, cografi obyektlor haqqinda molumatlar1 hom mokan,
hom do atribut baximindan birlogdirmays imkan verir. GIS
yalniz xoritologdirmo vasitasi deyil, hom do miirokkob mokan
proseslorinin -~ modellosdirilmasi, prognozlasdirilmast  va
gorarlarin gabulu tigiin analitik alotdir.

Cografi todqiqatlarda GIS-in totbiqi metodikast aydin struktura
malik olmalidir: molumatlarin toplanmasi, onlarin uygun
formata gotirilmasi, tohlil metodlarinin se¢ilmasi vo naticalorin
interpretasiyasi.

' Azarbaycan Dovlst Pedaqoji Universitetinin Quba filiali, Quba, Azarbaycan
*Mosul miiallif. E-pogt: Bikefermanzade@gmail.com
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Bu moqalonin moagsadi homin morhaloalori ardicil sokilds izah
etmok vo GIS osash todqiqatlarin keyfiyyotino tosir edon
metodoloji amillari miisyyanlosdirmakdir.

Moalumatlarin toplanmast va manbalari

GIS osashi todqiqatin ilk morholosi mokan malumatlarinin
toplanmasidir. Malumat manbolori adaton ii¢ qrupa boliiniir:
peyk goriintiilori vo uzagdan zondlama molumatlari, saho
todqiqatlari zamani toplanan GPS 6l¢gmolori vo statistik-inzibati
molumat bazalari (ehali siyahiyaalinmasi, torpaq kadastr1 va s.).
Hor bir monbonin doqiqliyi, mokan ayirdetma qabiliyysti vo
zamansal aktuallig1 tohlilin noticalorino birbasa tosir edir. Ona
goro do monbo se¢imi todqgiqatin ilkin morholosindo diggatlo
osaslandirilmalidir.

Mbalumat modellari: vektor va rastr

GIS-do cografi obyektlor iki a9sas model vasitasilo tomsil olunur.
Vektor modeli obyektlori ndqte, xott vo poliqon formasinda,
doqiq koordinatlarla tosvir edir vo inzibati sorhadlor, yol
sobokolori, hidroloji obyektlor kimi diskret elementlor {i¢lin
olverislidir. Rastr modeli iso mokani borabar 6l¢iilii hiiceyralor
(piksellar) sobokosi kimi toqdim edir vo relyef, temperatur, bitki
ortiiyti sixligi kimi davamli doyison hadisslorin tohlili li¢lin daha
uygundur. Metodik baximdan tadqiqat¢i hanst modeldaon istifada
edocoyini tadqiq olunan hadisonin tobistine goro se¢molidir;
bozi hallarda hor iki modelin inteqrasiyas: (masolon, vektor
sorhadlor daxilinds rastr tohlili) daha doqiq naticolor verir.

Koordinat sistemlari va proyeksiya secimi

Forqli monbolordon toplanan molumatlar ¢ox vaxt miixtoalif
koordinat sistemlorinds olur. Buna goro do tohlilo baglamazdan
ovval biitiin qatlarin vahid koordinat sistemino gatirilmasi
zoruridir. Proyeksiyanin sec¢imi todqiqatin miqyasindan vo
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cografi orazidon asilidir: kicik miqyash (qlobal) tadqiqatlarda
tohrifi minimuma endiron proyeksiyalar, iri miqyash yerli
todqiqatlarda iso masafa vo saho 6lgmolorinin doqiqliyini tomin
edon yerli proyeksiya sistemlori istiinliik toskil edir. Bu
morholonin sohv aparilmasi sonraki biitlin mosafs, saho vo
istigamat hesablamalarinda sistematik xotalara sabab ola bilor.

Mokan tahlili metodlart

Mbokan tohlili GIS metodikasinin niivasini toskil edir. ©On ¢ox

istifado olunan metodlara asagidakilar daxildir:

o Ust-iisto qgoyma (overlay) tohlili — miixtalif tematik qatlarin
birlosdirilmosi yolu ilo yeni mokan miinasibatlorinin
askarlanmasi;

e Yaximnliq vo bufer tohlili — obyektlordon miioyyan
mosafodoki zonalarin miisyyanlosdirilmasi;

e Soboko tohlili — noqliyyat vo ya ¢ay sobokolori tizorindo
optimal marsrutlarin hesablanmasi;

e Mokan interpolyasiyas1— mohdud sayda 6lgmo ndqtesindan
istifado edorok davamli soth yaratmaq (mosslon, yaginti vo
ya temperatur xoritolori tiglin);

e Rogomsal relyef modeli (DEM) tohlili — meyllik,
ekspozisiya va hidroloji axin istigamatinin hesablanmasi.

e Bu metodlarin se¢imi todqigat sualinin xarakterindon asilidir
va ¢ox vaxt bir ne¢d metodun ardicil totbiqini tolab edir.

Mobalumatin keyfiyyatino nazarat

GIS metodikasinin etibarli olmasi tigiin malumatin keyfiyyatino
nozarat zoruri marholodir. Bura movqe doqiqliyinin (positional
accuracy) yoxlanilmasi, atribut malumatlarinin tamligimin tomin
edilmasi vo topoloji xotalarin  (masolon, Tlst-listo diison
poligonlar vo ya agiq xatlor) askarlanib diizoldilmosi daxildir.
Keyfiyyoto nozarot addimi digqgotdon konarda qalarsa, sonraki
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tohlil naticalori — hatta diizglin metod se¢ilso belo — yanlis ola
bilor.

Yuxarida tosvir olunan metodik morhololorin ardicil totbiqi
gostorir ki, GIS asasli cografi todqgiqatlarin keyfiyyati li¢ osas
amildan asilidir: malumat monbayinin uygunlugundan, secilmis
tohlil metodunun todqiqat sualina adekvatligindan vo molumatin
keyfiyyotino nozaratin ardicilligindan. Praktikada todqiqatcilar
tez-tez miqyas uygunsuzlugu problemi ils iizlogirlor — miixtalif
doqiqlikds  toplanmig qatlarin  birlosdirilmosi  naticalorin
etibarliligini azalda bilor. Bu sobobdon metodika segorkon yalniz
analitik imkanlar deyil, hom do moévcud molumatlarin real
keyfiyyoti nozors alinmalidir.

Digor miihiim aspekt GIS-in digor metodlarla — statistik tohlil,
uzaqdan zondlama va saha miisahidolori ilo — inteqrasiyasidir.
Belo kompleks yanagma mokan hadisolorinin daha dorin izahin
tomin edir vo yalniz GIS-in 6ziindan istifade etmokls alds edilo
bilmayon naticalar verir.

Cografi todqgigatlarda GIS metodikasinin diizgiin totbiqi
todqgigatin elmi keyfiyyatini miioyyon edon baslica amillordon
biridir. Moslumat modelinin se¢imindon tutmus koordinat
sisteminin uygunlasdirilmasina, tohlil metodunun se¢ilmasindon
keyfiyyoto nazarato qador hor bir marhalo metodoloji ardicilliq
tolob edir. Golocok todqgiqatlarda siini intellekt osasli tohlil
algoritmlorinin GIS ilo inteqrasiyast mokan todqigatlarinin
doqiqliyini va prognozlasdirma imkanlarini1 daha da artira bilor.
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Federated learning (FL) redefines how machine learning models
are trained across distributed data sources: rather than
centralizing raw data, it keeps data local and shares only model
updates. This design provides a natural degree of privacy
protection.
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However, a closer examination reveals that classical FL
architectures carry structural weaknesses — centralized
aggregation servers create single points of failure and trust,
while the absence of verifiable audit trails leaves systems
exposed to Byzantine attacks and coordinated data poisoning
campaigns. Blockchain addresses precisely these gaps. Its
tamper-resistant  ledger, peer-to-peer consensus, and
programmable smart contracts offer a foundation for
transparent, accountable model aggregation  without
reintroducing central authority. Rather than treating blockchain
as a simple add-on, researchers have begun designing FL
systems where the two technologies are architecturally
intertwined. This paper surveys that body of work.

Our analysis covers dominant architectural patterns, the trade-
offs imposed by different consensus protocols in FL-specific
deployment contexts, practical constraints that currently limit
real-world adoption, and the application domains where
blockchain-enabled FL has gained the most traction. The review
is structured to serve both researchers entering the field and
engineers evaluating deployment options.

Foundational Architecture of Blockchain-Enabled FL
Combining blockchain with FL produces a three-tier system.
The bottom tier comprises the participating nodes — IoT
sensors, smartphones, or edge servers — each of which trains a
local model on its own data. The middle tier is the blockchain
itself: a distributed ledger that records model updates, node
credentials, and aggregation events as immutable transactions.
The top tier handles the distribution of the resulting global model
and the enforcement of incentive mechanisms.
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Within this general structure, two distinct architectural
philosophies have taken shape:

(a) Chain-Based FL Architecture

Here, blockchain is not merely an observer but the aggregation
mechanism itself. Each training round produces a batch of model
updates; these are committed to the chain as transactions, and
the global model is updated only after validators reach
consensus on their validity. FLChain (Qu et al., 2021) and
BlockFL (Kim et al., 2020) exemplify this approach, eliminating
the central aggregation server entirely and distributing its role
across the consensus layer.

(b) Hybrid Federated-Blockchain Architecture

This design retains a lightweight coordinator — typically an
edge server or a designated consortium node — for
computational efficiency, while delegating auditability and
access control to the blockchain. The BC-TAFL framework
follows this pattern. It accepts a degree of coordination overhead
in exchange for lower on-chain transaction volume, making it
better suited to bandwidth-constrained environments. The core
insight is that full decentralization and practical deployability
are not always simultaneously achievable; hybrid designs
occupy a deliberate middle ground.

Consensus Mechanisms in Federated Contexts

Consensus protocol selection is one of the most consequential
design decisions in blockchain-enabled FL, because the
protocol's computational and latency profile directly affects
training throughput. Proof of Work (PoW), the protocol
underlying early public blockchains, is poorly matched to FL
deployments: its computational demands are disproportionate
relative to the energy budgets of typical FL participants such as
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mobile devices or edge nodes. This incompatibility has directed
attention toward lighter alternatives. Proof of Stake (PoS) and
Delegated PoS substantially reduce computational cost, though
they introduce the risk that stake concentration leads to de facto
centralization — a concern that undermines one of blockchain's
core promises.

Practical Byzantine Fault Tolerance (PBFT) and related
protocols offer low latency and deterministic finality, making
them the preferred choice for permissioned blockchain FL
systems; the practical ceiling of roughly 100 participating nodes
limits their applicability to smaller, well-defined federations.
For large-scale IoT scenarios, Directed Acyclic Graph (DAG)
consensus architectures — such as those explored in IOTA-
integrated FL frameworks — provide asynchronous finality that
scales more gracefully. A more targeted line of research ties
consensus directly to FL-specific quality signals. Rather than
measuring stake in currency terms, these proposals weight a
node's consensus influence by the measured quality of its
gradient contributions, coupling validation with incentive
alignment (Awan et al., 2019; Pokhrel & Choi, 2020). This
direction is promising but requires robust gradient quality
metrics that are themselves resistant to manipulation.

Comparative Summary of Representative Systems

Key differentiators include the type of blockchain (public,
consortium, or private), the consensus mechanism, the
aggregation strategy, and the primary application focus. Systems
such as BlockFL (Kim et al., 2020) and BAFL (Awan et al.,
2019) operate on public chains with PoW/PoS variants, whereas
enterprise-oriented systems like FedChain (Passerat-Palmbach
et al., 2020) leverage permissioned Hyperledger Fabric with
PBFT consensus for higher throughput. Our own proposed BC-
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TAFL framework (Jafar-zada, 2025) extends this landscape by
introducing trust-aware aggregation weighting over a
consortium chain optimized for IoT edge environments.

Open Research Directions
Several research gaps remain underexplored in blockchain-
enabled FL:

(1) Dynamic Trust Modeling: Static reputation mechanisms are
insufficient for adversarial environments; adaptive trust scoring
informed by gradient quality metrics and historical participation
warrants further investigation.

(i1) Quantum-Resistant Cryptography: As quantum computing
advances, current blockchain cryptographic primitives
(ECDSA, SHA-256) underpinning FL node authentication face
long-term vulnerability. Post-quantum alternatives (e.g., lattice-
based signatures) must be integrated into FL-blockchain
protocols.

(i) Cross-Chain FL Interoperability: Federated participants
operating on heterogeneous blockchain networks require cross-
chain communication standards, an area nascent in current
literature.

(iv) Formal Verification of Smart Contracts: Aggregation and
incentive contracts must be formally verified to prevent
exploitable logic errors that could compromise model integrity.

This survey has systematically examined the architectural
landscape of blockchain-enabled federated learning, identifying
key design paradigms, consensus adaptations, and deployment
challenges. Blockchain integration addresses core FL
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vulnerabilities—particularly centralized aggregation trust and
audit transparency—while introducing new constraints around
scalability and smart contract design. Future work should
prioritize adaptive trust mechanisms, post-quantum security, and
cross-chain interoperability to further consolidate blockchain-
enabled FL as a robust foundation for decentralized Al.
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Magistral qaz kamarlaori vo kompressor
stansiyalarinda enerji somoraliliyinin
optimallasdirilmasi1 metodlarmin islonmasi
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Acar sozlar: magistral gaz kamoari, kompressor stansiyasi, enerji
samaraliliyi, hidravlik itkilor, SCADA sistemi, VFD, qaz
naqliyyati, texniki optimallasdirma
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transmission, operational optimization, predictive maintenance,
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Magistral qaz komorlori vo onlarin torkib hissasi olan
kompressor stansiyalart tobii qazin hasilat yataqlarindan
istehlak¢ilara qodor noql edilmosini tomin edon miirokkob
mithondislik sistemloridir. Qaz nogliyyati prosesi ohomiyyoti
dorocodo enerji  tutumlu oldugundan, sistemin {imumi
somaraliliyi hom istismar xarcloring, hom do otraf miihito atilan
tullantt qazlarin hocmino birbasa tosir gdstorir. Beynolxalq
tocriibo gostorir ki, kompressor stansiyalarinda istehlak olunan
enerjinin orta hesabla 10-25%-1 texnoloji proseslorin qgeyri-
optimal idars edilmasi, kohnolmis avadanliq vo hidravlik itkilor
sobobindon somorasiz istifads olunur.
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Aga Rosulzado

Bu sobobdon magistral qaz komorlorindo vo kompressor
stansiyalarinda somoraliliyin artirilmasi miiasir qaz naqliyyati
sonayesinin on aktual problemlorindon biridir. Qazin boru
komari boyunca horokati zamani yaranan siirtiinmo miigavimati
tozyiqin todricon azalmasina sobob olur. Bu itkilorin hocmi
borunun daxili diametrindon, daxili sathin kala-kotiirliiytindon
(relyefindon), qazin sixligindan vo axin siirotindon asilidir.

Qrafikdon goriindiiyti kimi, daxili diametrin artirilmas: itkilori
azaltsa da, bu, yalniz layihoalondirma marholosinds miimkiindiir.
Istismarda olan komorlor ii¢iin daha real holl daxili sothin
hamarlasdirict (epoksid osasli) ortiiklorlo islonmosidir — bu,
sirtinmo  omsalin1  15-25%  azaltmaga imkan verir.
Kompressorun adiabatik somoraliliyi sixilma nisbatindon
(P2/P1) asii olaraq doyisir. Yiiksok sixilma nisbatlorindo
somaralilik nazora ¢arpacaq doracods asagi diisiir, bu da olave
enerji sorfiyyatina sobab olur.

Boru kemeri diametri ve daxili ortiyiin
surtiinme itkilerine tesiri
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Boru kamari diametri va daxili értiiyiin siirtiinmo itkilorina
tosiri

55



Aga Rosulzado

Kompressorun mohsuldarliginin tolobata uygunlasdirilmasi
liclin ononovi olaraq bogma (drossel) tonzimlomadon istifado
olunur, lakin bu tisul bdyiik enerji itkilori ilo miisayiot olunur.
Miiasir hallor arasinda doyigon dovrlor say1 ile idareetms (VFD
— Variable Frequency Drive) vo intellektual idaroetma sistemlori
xlisusilo somaralidir. Drossel tonzimlomas ilo miiqayisads VFD
totbiqi enerji itkilorini 3 dofodon ¢ox azaltmaga imkan verir.

Yuxarida gostorilon iisullardan olave, asagidaki todbirlor do
magistral qaz komorlorinin vo kompressor stansiyalarinin
imumi somaraliliyinin artirilmasina xidmat edir:

* Boru komorlorindo vo qovsaqlarda gaz sizmalarinin vaxtinda
askar edilmasi vo aradan galdirilmasi;

* Tullant1 istiliyinin utilizasiyas1 (Waste Heat Recovery) — qaz
turbininin egzoz istiliyindon olave enerji istehsali vo ya
texnoloji ehtiyaclar {li¢iin istifads;

*  SCADA osasli intellektual idaroetma sistemlorinin totbiqi vo
real vaxt rejimindo monitoring;

* Prognozlasdirict texniki xidmot (predictive maintenance) —
avadanligin voziyyastinin sensorlar vasitasilo izlonmosi vo
planlagdirilmis dayanmalarin minimuma endirilmasi.

Aparilmis tohlilin naticalorine asason, miixtalif texniki-toskilati
todbirlorin totbiqi naticasinda alds edils bilon illik enerji qonaati
asagidaki diaqramda timumiloasdirilmisdir:

Diagramdan goriindilyli kimi, on boytik tok todbir kimi VFD
totbiqi (~14%) vo intellektual idarsetmo sistemlori (~11%)
secilir, lakin bu tadbirlorin kompleks totbiqi naticosindo timumi
genaot effekti sinergetik sokilds artir vo 30%-o gadar ¢ata bilor.

56



Aga Rosulzado

Semersliliyi artirma tedbirlerinin
potensial enerji genastine tesiri
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Samoraliliyi artirma tadbirlarinin potensial enerji ganaatina
tasiri

Magistral qaz komorlorindo vo kompressor stansiyalarinda
samoarsliliyin artirtlmast kompleks yanagma tolob edon vozifadir.
Aparilmis tohlil gosterir ki:

* Swixilma rejiminin optimal se¢imi kompressorun adiabatik
somorsliliyino birbasa tosir edir;

* Ononovi  bogma  tonzimlomodon — miiasir  tezlik
tonzimloyicilorino (VFD) kecid enerji itkilorini oshomiyyatli
doracados azaldir;

* Boru komarinin daxili sothinin hamarlagdirilmasi hidravlik
itkilori azaldaraq nagletma xarclorini diigiiriir;

* SCADA va prognozlasdirict texniki xidmot sistemlorinin
inteqrasiyast omoliyyat somoraliliyini sistemli sokildo
yliksaldir.

Bu todbirlorin bir-biri ilo olagali sokildo, morhalali investisiya
plan1 asasinda totbiqi magistral qaz naqliyyati sistemlorinin hom
enerji, hom do iqtisadi somaraliliyini davamli olaraq
yiiksoltmaya imkan veracokdir.
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Ali tohsil miiassisalorinda tolim texnologiyalarinin inkisafi tarixi
baximdan morhololi xarakter dasiyir vo bu proses ononovi
yanasmalardan baglayaraq miiasir rogomsal vo siini intellekt
osaslt modelloro qgodor uzanan kompleks tokamiil yolu
ke¢misdir. ilkin morholodo tolim prosesi osason miiollim
morkozli model iizorinde qurulmus, biliklorin otiiriilmasi
miiollimin osas funksiyasi kimi gobul edilmisdir. Bu dovrdo
tolobolor daha ¢ox passiv istirak¢t rolunda ¢ixis edir, onlarin
miistoqil dyronma vo aktiv istirak imkanlar1t mohdud qalird:.
Istifada olunan tolim vasitalori iso osason 16vha, cap materiallari,
cadvallar va digar vizual elementlorlo mohdudlasirdi.
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XX osrin ilk yarisinda radio va kino kimi texnoloji vasitalorin
tohsilo  totbiqi informasiya toqdimatini miisyyan qodor
zonginlosdirso do, bu yanasma interaktivlik baximindan kifayot
gador inkisaf etmomis vo osason biristigamotli kommunikasiya
tizorindo qurulmusdur. XX osrin ortalarindan etibaron tolim
texnologiyalarina miinasibotdo keyfiyystco yeni yanagma
formalagsmaga baslamisdir. Bu dovrdo todris prosesi daha
sistemli, planli vo 0lgiilo bilon foaliyyot kimi dork edilmis,
davranis¢1 pedaqoji nozariyyoalor asasinda proqramlasdiriimig
tolim modeli genis yayilmigdir. Tolim materialinin morhalali
sokildo toqdim olunmasi, dorhal geribildirim mexanizmlorinin
totbigi vo naticolarin obyektiv qiymotlondirilmasi bu morhalonin
osas xlisusiyyatlorini togkil etmisdir. Tolim masinlarinin va ilkin
kompiiter texnologiyalarinin totbiqi Oyronmonin miioyyon
doracado fordilosdirilmasine imkan yaratmisdir. Lakin bu
yanagsma osason reproduktiv dyronmoni stimullagdirdigi {i¢lin
toloboalorin yaradici vo tonqidi diisiinmo bacariglarinin inkisafi
baximindan mohdudiyyatlors malik olmusdur.

1970-1990-c1 illorde kompiiter texnologiyalarinin inkisafi vo
multimedia vasitalorinin todriss inteqrasiyasi talim prosesindo
mithiim doyisikliklora sobob olmusdur. Bu dévrdo kompiiter
osasli tolim programlari vo elektron resurslar 6yronmo miihitini
daha cevik vo interaktiv hala gotirmisdir. Matn, grafika, audio
vo video materiallarin inteqrasiyas1 0yronmoani daha anlagilan vo
colbedici etmis, eyni zamanda miixtalif dyronms iislublarina
uygunlagma imkanlar1 yaratmigdir. Bu morhalodo konstruktivist
yanasmalarin yayilmasi ilo tolobalorin faal istirakina osaslanan
tolim modellari genis totbiq olunmaga baslamisdir. Belaliklo,
tolim  prosesi todricon miiollim  morkozli  modeldon
toloboyOniimlii modelo dogru transformasiya olunmusdur.
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1990-2010-cu illor internet texnologiyalarinin inkisafi ilo bagh
olaraq elektron tohsil miihitinin formalasmasi ilo xarakterizo
olunur. Bu dovrde e-learning platformalarinin vo Oyronmo
idaroetmao sistemlorinin totbiqi todris prosesinin togkili vo idars
olunmasini daha sistemli vo avtomatlagdirilmis hala gotirmisdir.
Virtual siniflor vo distant tohsil modellori ali tohsilin
olcatanligim1  artirmig,  toloboloro mokan vo  zaman
mohdudiyyatlorindon asili olmayaraq tohsil alma imkani
yaratmigdir. Miisllimlorin rolu da doyisorak bilik 6tiiriiciistindon
fasilitator vo istiqgamatlondirici funksiyaya ke¢misdir. Bununla
yanasl, texnoloji infrastrukturun qeyri-barabor inkisafi vo
rogomsal savadliliq saviyyasinin forqliliyi kimi problemlar bu
morhalonin asas ¢otinliklori kimi ortaya ¢ixmisdir (Abbasov,
2018; Quliyev, 2021).

2010-cu illordon etibaron tolim texnologiyalarinin inkisafi
roqomsal transformasiya marhalasine daxil olmusdur. Bu dévrda
mobil dyronmo, garisiq tolim modellori vo agiq onlayn kurslar
genis yayilmis, tohsil mihiti daha cevik vo olcatan hala
golmisdir. Xiisusilo siini intellekt texnologiyalarmnin tshsilo
inteqrasiyast tolim prosesindo keyfiyystco yeni morhslonin
baslangicint qoymusdur. Siini intellekt osaslhi sistemlor
tolobalorin dyronmo foaliyyotini tohlil edorok fordilosdirilmis
tolim trayektoriyalar: formalasdirir vo dyronmo prosesini daha
adaptiv edir. Eyni zamanda, tohsil analitikas1 vasitasilo boyiik
hocmli molumatlarin emali miimkiin olur vo bu da tolim
strategiyalarinin daha osaslandirilmis sokildo qurulmasina
imkan verir. Virtual vo artirilmis realliq texnologiyalarinin
totbiqi iso Oyronmoni daha praktik vo tocriibboyo osaslanan
miistoviyo kecirir (Anderson, 2016; Bates, 2019).

Bu xiisusiyyatlor ali tohsil miihitindo tolim prosesinin daha
cevik, adaptiv vo toloboydniimlii sokildos toskiline imkan yaradir.
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Ali tohsil miisssisalorinds siini intellektin totbiqi ilk ndvbada
Oyronmonin fordilogdirilmosi ilo xarakterizo olunur. Miasir
intellektual sistemlor tolobalorin foaliyyst gdstaricilorini,
Oyronmo siirotini vo mdvzu {izro monimsomo soviyyoasini
davamli  sokildo izloyorok fordi tolim trayektoriyalari
formalagdirir. Bu yanagma vahid standart proqgram modelindon
forqli olaraq, hor bir tolobonin potensialina uygun inkisaf
imkanlar1 yaradir vo dyronmonin effektivliyini artirir.

Siini intellekt texnologiyalarinin diger miithiim istiqgamati tohsil
analitikasi ilo baghdir. Tadris prosesinds yaranan boyiik hacmli
molumatlarin emali miisllimlora vo tohsil menecerlorino daha
osaslandirilmig qorarlar qobul etmoyo imkan verir. Bu
kontekstdo tolobalorin akademik iroliloyisinin
prognozlasdirilmasi, risk qruplarinin miisyyonlogdirilmasi vo
tolim strategiyalarmin optimallagdirilmast miimkiin olur.
Beloliklo, tohsil sistemi daha ¢ox data asasli idaraetma modelina
yaxinlagir.

Eyni zamanda, siini intellekt osasli virtual assistentlor va
interaktiv sistemlor tohsil prosesindo fasilosiz dostok mexanizmi
yaradir. Bu alatlor talabolorin suallarina operativ cavab vermoklo
yanas1, onlarin miistoqil dyronmo bacariglarini da inkisaf etdirir.
Digor torofdon, virtual vo artirilmis realliq texnologiyalar: ilo
inteqrasiya olunmus siini intellekt sistemlori dyronmoni daha
praktik vo tocriiboyo osaslanan miistoviya kegirir ki, bu da
xiisusilo totbiqi sahalor ii¢lin oshomiyyatlidir.

Bununla bels, siini intellekt texnologiyalarmin tohsildo genis
totbiqi bir sira problemlori do glindoma gotirir. Malumatlarin
moxfiliyi va tohliikasizliyi, etik normalarin qorunmasi, eloco da
akademik diiriistliik masaloalori bu sahads diqqot tolob edon osas
moaqgamlardandir. Bundan slavo, texnologiyadan haddindon artiq
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asililiq riski do nozore alinmali vo pedaqoji moagsadlor prioritet
olaraq saxlanilmalidir (Holmes et al., 2019; UNESCO, 2021).

Natico etibarils, siini intellekt texnologiyalar ali tohsilde yalniz
texnoloji yenilik deyil, eyni zamanda tolimin mezmununu vo
toskilini doyigson strateji amil kimi ¢ixig edir. Onlarin
mogsadyonlii vo balansli totbiqi tohsil prosesinin keyfiyyotinin
yiksoldilmosino,  fordilosdirilmis  dyronmo  miihitlorinin
formalagsmasina vo miiasir omok bazarinin toloblorino cavab
veran kompetensiyalarin inkisafina miihiim tohfs verir.
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