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Abstract

Severe pollution of lakes through anthropogenic and natural factors can lead to the process of eutrophication
- the accumulation of biogenic elements in aquatic organisms. Eutrophication remains the main problem of water
quality management for inland waters: both lakes and reservoirs. Georgia is a country rich in water resources,
including 856 lakes. One of the existing lakes is Lake Lisi, located in the Tbilisi Basin, which is the subject of our
study. It is the best resting and recreational zone for the population. Its physical-geographical and climatic
conditions were studied. As a result of physical-chemical studies, it was revealed that the water is characterized
by high salinity, organic pollution, oxygen deficiency and signs of eutrophication, while microbiological analysis
showed that all sanitary indicators are exceeded and the water is epidemiologically dangerous. It was determined
that the water of Lake Lisi does not meet recreational requirements and requires appropriate environmental
protection and rehabilitation measures.

153356dm  Lo@yggzgdo: wobol Gds, ©936M9530wo  bBmbs, Imbo@m®mobyo, 33wg3s, sbserobo,
Q500639 gds.

Keywords: Lisi Lake, recreational zone, monitoring, research, analysis, Pollution.

Introduction

Georgia is rich in water resources, including 856
lakes. Pollution of water bodies can occur from various
sources. In recent years, water consumption has
increased sharply in both urban and rural areas.
Accordingly, water pollution has increased and has
become widespread, which is due to the mixing of

polluted water into rivers and lakes, which damages the
ecosystem and threatens the existence of small lakes.
[1,2].

Lakes, both natural and man-made, are subject to
urban, industrial, agricultural, and other impacts.
Severe pollution of lakes through anthropogenic and
natural factors can lead to the process of eutrophication
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- the accumulation of biogenic elements in aquatic
organisms [3].

Eutrophication remains a major water quality
management problem for inland waters: both lakes and
reservoirs. The way to stop the degradation is to stop
the sources of nutrients and accelerate the recovery in
lakes with the help of technologies. Eutrophication in
the initial stages leads to an increase in the biological
productivity of water bodies, and then to a progressive
lack of oxygen and, consequently, to the massive death
of living organisms. Many measures have been
developed regarding ecutrophication, including the
Sustainable Development Goals of the United Nations
Development Program (UNDP) [ 6, 9].

Approaches to preventing and reversing
eutrophication include minimizing pollution from point
sources such as sewage and agriculture, as well as other
non-point sources of pollution. In addition, the
introduction of bacteria and algae inhibitory organisms,
which also help reduce nitrogen pollution, in turn
controls the growth of cyanobacteria, which is the main
source of algal blooms.

A global practice on watershed restoration has
been developed — the UN Decade of Ecosystem
Restoration. Key themes include holistic approaches,
lake-specific diagnostics, and integrated management
to address pollution, sedimentation, and changing
demands, with efforts increasingly integrating climate
adaptation and circular economy principles [10, 11].

Characterization of the research object

The object of the study is Lake Lisi, monitoring its
pollution. Lake Lisi is located in the Tbilisi Basin,
northwest of the city. Lisi - height above sea level - 624
m., lake area - 0.47 km? basin area - 16.1 km?
maximum depth -4.0 km?, average depth -2.60 m, lake
volume - 1.22 million. M3. The Lisi Lake basin is
separated from the surrounding areas by low and
medium-height hilly terrain. The lake is of a closed
type and currently, the surface area of the lake varies
from 40-50 ha. The development of the lake area began
a long time ago. Currently, Lake Lisi is one of the most
popular recreation and areas health in the city. In 2007,
the new Tbilisi Hippodrome was opened near it,
covering an area of 31 hectares and is a favorite place
for horse riding enthusiasts. In recent years, the
shoreline of Lake Lisi has been rehabilitated: a
recreation area has been renovated, a beach has been

arranged, and a coastal path has been laid. A new
thermal bath has been opened (there are several thermal
springs around the lake). Fish are bred in the lake. After
the improvement of Lake Lisi, the flow of citizens,
water sports enthusiasts, and fishing enthusiasts has
significantly increased, and accordingly, anthropogenic
pollution is expected to increase [8]. Based on the
above, it is important to monitor the pollution of Lake
Lisi.

Methods and analysis results

For the complex research conducted on Lake Lisi
(hydrochemical, physicochemical, and
microbiological), a modern, field-based mobile device,
the latest laboratory equipment, and internationally
recognized methods were used. Due to the goals and
objectives of the study, only licensed ISO standards
were used. According to its nutrition, it is a mixed-type
water body, fed by rain, snowmelt, and groundwate
[4.5.7].

The water level maintains high levels in spring,
and low levels in autumn. In summer, the water is
warm, with a maximum temperature of 28 °C. In
winter, an ice edge and sometimes an ice cover appear
on the lake. The water is brackish (mineralization 2060
mg/l).

The organoleptic characteristics of water were
determined, one of the important indicators of which is
temperature, which to some extent shows the speed and
direction of water quality changes. Affects the physical,
chemical and biological processes taking place in the
reservoir, which actually determine the oxygen regime
of water and the intensity of the self-purification
process [12].

An informative indicator of water quality is the pH
value. It determines the natural properties of water and,
at the same time, is an indicator of its pollution. In clean
waters, the pH value varies within the range of 6.5 - 8.5.
The water of Lake Lisi is characterized by weak
alkalinity. The pH value varies within the range of pH
= 8.00 - 8.27 . Therefore, the content of heavy metals
in dissolved form is not expected in the water, which is
also evident from the research results. From the
sanitary characteristics of water quality, we identified:
biological oxygen demand (BOD), dissolved oxygen
and biogenic compounds: ammonium salts, nitrites,
nitrates and phosphates. The analysis results are
presented in Table 1.
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Table 1.
Organoleptic and physicochemical indicators of Lake Lisi
# Name Unit Measurement | ;p Method used
results
1 Temperature °C °’C 12
2 Smell Bali Odorless 2 ISO 6658
3 Turbidity NTU 5,2 3,5 ISO 7027
4 Electrical conductivity uS/cm 30,4 1072 ISO 7888:1985
5 Mineralization ppm or mg/l 2060 300-1200 | Towl Dlss%l)vsed Solids -
6 pH 7,8 ISO 10523.94
Dissolved oxygen (O,)
7 mg/l 6,4 4-6 ASTM D888
8 Ammonium (NH4") mg/l 0,51 0,39 ISO 7150-1:2010
9 Nitrite (NOy) mg/l 0.014 1,0
11 Phosphate (PO4*) mg/1 0.145 3,5
12 Sulfates (SO472) mg/l 2035.16 500
13 Chlorides (CI) mg/l 168.89 350
14 Calcium (Ca™) mg/l 148 140
15 Hardness mg.eq/l 12 10 ISO 6059

As can be seen from the table, only the values of
dissolved oxygen, ammonium ion, calcium, hardness
and sulfates slightly exceed the maximum permissible
concentration. The high content of ammonium ion
indicates that the intensity of the processes that cause
its accumulation prevails here, i.e. degradation of
protein compounds, deamination of amino acids, etc.

Accordingly, mineralization and electrical conductivity
are also high..

For the assessment of water quality, great
importance is attached to the assessment of sanitary
conditions, for which a microbiological study of the
water of Lake Lisi was conducted, the results of which
are given in Table 2.

Table 2.

Microbiological analysis indicators of Lake Lisi water

Significance of Actual value
Research parameters indicators in relation S Research methods
to ND of indicators
The value of mesophilic aerobes and facultative 37°C <20 96 SST ISO 6222-
anaerobes in 1 ml 22°C <100 240 2008
. . SST ISO 9308 -
Total coliform bacteria, per 300 ml Not allowed 960 1:2014/2014
o SST ISO 9308 -
E.coli, in 300 ml Not allowed 22 1:2014/2014
Faecal streptococci (Faecalis), in 250 ml Not allowed 59 SST ISO 7899 —
2/2007
The results of microbiological analysis show References

minor water pollution. E.coli, common coliforms, and
fecal streptococcus bacteria were detected in the water.

Conclusion

The results of the study showed that the water of
Lake Lisi is subject to strong anthropogenic impact,
fecal pollution, high mineralization and salinity,
oxygen deficiency and signs of eutrophication. This
condition indicates ecosystem degradation, does not
meet recreational requirements and requires
appropriate environmental protection and rehabilitation
measures. Therefore, biological cleaning measures will
be implemented and repeated studies are planned.

1. Law of Georgia 'On Sanitary Protection Zones
of Resorts and Resort Areas';

2. Hygienic Requirements for Non-Centralized
Water Supply Water Khraiskhi. Sanitary Protection of
Sources. Santsdan 2.1.4. 002-01, Legislative Bulletin
#90, p. 99

3. National Action Plan for the Environment and
Health of Georgia 'Environment and Health', Ministry
of Labor, Health and Social Protection of Georgia,
Thilisi 2001

4. Fomin G.S., Fomin A.G. - Water. Quality
control and environmental safety according to
international standards. Handbook. Moscow, 2001.

5. Licensed international ISO standards
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6. National Environmental Agency website -
nea.gov.ge

7. European
Recreational Waters

8. European Directive 80/778/EEC on Water of
the Fishery Category

9

Directive  76/160/EEC  on

https://www.undp.org/ka/georgia/publications/annual-
report-2024

10. Beklioglu, M., O. Ince & I. Tuzun. 2003.
Restoration of the eutrophic Lake Eymir, Turkey, by

biomanipulation after a major external nutrient control.
Hydrobiologia, 490: 93—105.

11. Gulati, R. D. & E. van Donk. 2002. Lakes in
the Netherlands, their origin, eutrophication and
restoration: state-of-the-art review. Hydrobiologia,
478: 73-106.

12. Mamulashvili M. Regulation of the amount of
suspended particles and chemical components in Tbilisi
Sea water using baromembrane processes Georgian
Chemical Journal ISSN 1512-0686 VOL.17 Ne 1 2017
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HYBRID NLP METHODS FOR VACANCY DETECTION AND RECOMMENDATION IN

TELEGRAM JOB STREAMS
Kapezov Sh.
School of Artificial Intelligence and Data Science
Astana IT University

Abstract

Astana, Kazakhstan
DOI: 10.5281/zenodo.19044050

Public Telegram channels provide a fast stream of job posts, but the content is noisy, multilingual, and not
standardized. This study builds an end-to-end pipeline that converts Telegram messages into a structured dataset
for analytics and recommendation. The approach filters vacancies with TF—IDF + linear classifiers, extracts and
normalizes salary mentions to USD per month, and predicts seniority using a hybrid rule-based + supervised multi-
label model. Vacancies are then ranked for a user profile with multilingual embeddings and feature-based re-
ranking. Experiments on 1,000 manually labeled posts show strong vacancy detection (F1 =~ 0.97) and useful sen-

iority prediction (micro-F1 = 0.74).

Keywords: Telegram; vacancy detection; salary extraction; seniority classification; TF-IDF; multilingual

embeddings; job recommendation.

I Introduction

Telegram has become a high-velocity channel for
distributing job advertisements and internships, espe-
cially in emerging markets where dedicated job boards
are not always the primary source. At the same time,
Telegram content is inherently unstructured: posts mix
languages, emojis, links, inconsistent formatting, and
incomplete metadata, which complicates reliable ex-
traction and downstream analytics (Al-Hamar et al.,
2021). Unlike conventional job platforms where salary,
location, and seniority are standardized fields, Tele-
gram posts embed these signals in free-form text, re-
quiring robust natural language processing (NLP) and
information extraction to make the data usable.

From an analytics perspective, the lack of struc-
ture creates two major challenges. First, generous por-
tions of Telegram jobs channels are not job postings at
all: they include courses, promotional content, commu-
nity announcements, events, and discussion threads.
This makes the basic task of identifying actual vacan-
cies non-trivial and introduces noise that can signifi-
cantly bias any market-level statistics. Second, even
within real job posts, key attributes are expressed in-
consistently. Salary could be written as a range (“from

.. to ...”), as a single value (“up to ...”), in different
currencies, and across different time periods (per
month, per year, per hour, or per project). In infor-
mation retrieval terms, this is a classic case of extract-
ing structured signals from noisy text streams, where
small parsing errors can produce large downstream dis-
tortions (Manning et al., 2008).

These issues matter because salary and seniority
are central signals for both market monitoring and rec-
ommendation. Prior work in text mining and statistical
pattern recognition suggests that noisy, heterogeneous
data benefits from a combination of high-precision heu-
ristics and machine learning models that can generalize
beyond explicit patterns (Bishop, 2006; Bird et al.,
2009). In the context of job data, research on resume—
job matching also emphasizes the importance of con-

verting unstructured text into comparable representa-
tions so that candidates and positions can be aligned us-
ing semantic similarity rather than surface keywords
alone (Gao et al., 2020). However, most matching stud-
ies assume relatively clean job descriptions or curated
datasets, while Telegram represents a streaming, low-
standardization environment with frequent informal
language and incomplete fields.

11. Related Work

Research on labor market analytics often assumes
relatively structured data sources, such as job boards,
where text classification and regression can be applied
directly to standardized fields and descriptions. In these
settings, classical supervised pipelines—bag-of-words
and TF-IDF representations paired with linear models
or tree-based methods—remain strong baselines for
large-scale text classification, especially when comple-
mented by domain-specific feature engineering
(Bishop, 2006; Pedregosa et al., 2011). Practical NLP
toolkits and established preprocessing practices (to-
kenization, normalization, pattern matching, and cor-
pus statistics) further support effective modeling when
data is noisy but still somewhat standardized (Bird et
al., 2009). However, the strength of these approaches
depends heavily on stable schema or at least stable for-
matting conventions—assumptions that do not hold in
many social messaging environments.

For thematic exploration and interpretability, un-
supervised topic modeling is commonly used to sum-
marize large corpora and identify recurring content pat-
terns. Latent Dirichlet Allocation (LDA) is a widely
adopted method for discovering latent topics in docu-
ment collections and has served as a standard approach
for “what is being discussed” analysis in text-heavy da-
tasets (Blei et al., 2003). In labor-market contexts, topic
models help reveal shifts in demand (e.g., skills and
roles) without requiring manual labeling, which is par-
ticularly useful when the data source is large, evolving,
and only partially labeled. In a Telegram vacancy set-
ting, topic modeling can serve as an exploratory layer
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(e.g., separating technical roles from marketing or de-
sign, or identifying emerging tool stacks), while super-
vised models are better suited for operational decisions
such as vacancy filtering and seniority prediction.

A closely related line of work is resume—job
matching, which focuses on mapping candidate profiles
and job descriptions into a shared representation space
and ranking matches. Surveys emphasize a broader
transition from exact keyword matching toward seman-
tic modeling, motivated by synonymy, domain termi-
nology, and heterogeneous formatting of real-world
documents (Gao et al., 2020). This shift reflects a clas-
sic information retrieval challenge: users and docu-
ments may describe the same concepts with different
surface forms, and effective retrieval must move be-
yond literal overlap. Matching systems often incorpo-
rate both text similarity and structured constraints (e.g.,
location, salary, work format), suggesting the value of
hybrid scoring strategies rather than relying on a single
signal (Gao et al., 2020). Similar ideas appear in free-
lance matching, where structured information (rates,
skills, availability) is combined with text signals to pro-
duce better recommendations and to reduce mismatch
in noisy marketplaces (Sahnoun & Elhadjamor, 2024).

Telegram introduces additional challenges relative
to both job boards and curated matching datasets. Tel-
egram posts are short, noisy, multilingual, and lack a
fixed schema; they also contain interleaved non-job
content such as courses, promotions, meetups, or com-
munity posts, which creates a substantial filtering prob-
lem before any extraction or ranking can be reliable
(Al-Hamar et al., 2021). This places Telegram closer to
a streaming information extraction setting than to
standard job-board analytics. The Telegram-specific
literature highlights both the opportunity of large-scale
public channel data and the practical difficulties of col-
lection, access patterns, and data quality (Al-Hamar et
al., 2021). Therefore, a Telegram pipeline must priori-
tize robust preprocessing and high-precision filtering to
reduce noise early, because downstream modules (sal-
ary extraction, seniority inference, ranking) are sensi-
tive to false positives.

Within the pipeline, salary normalization is espe-
cially critical because compensation is both highly in-
formative and frequently misparsed. In job-board da-
tasets, salary may already be numeric and standardized;
in Telegram, salary appears as free text, often with
ranges, informal abbreviations (“k”, “thousands.”), and
different time bases (monthly vs. yearly vs. hourly).
From an NLP perspective, this resembles rule-based in-
formation extraction: pattern matching and normaliza-
tion are used to map raw mentions into structured at-
tributes, which can then be aggregated or used as rank-
ing constraints (Bird et al., 2009). A practical
implementation typically combines heuristics with val-
idation rules, rejecting numeric patterns that resemble
time ranges or unrelated quantities—and then converts
extracted values into a common unit for comparability.
Although salary extraction itself is not the primary fo-
cus of mainstream IR texts, its role is analogous to
structured field extraction that supports better retrieval
and ranking (Manning et al., 2008).

Seniority prediction similarly benefits from hybrid
strategies. Many posts explicitly include markers (“jun-
ior”, “middle”, “senior”, “lead”, “intern”), but others
imply level indirectly through experience requirements,
responsibilities, or expected ownership. Classical su-
pervised learning can improve robustness beyond ex-
plicit markers by learning from labeled examples, while
heuristics remain valuable for high-precision cues and
for explaining predictions to users (Bishop, 2006;
Pedregosa et al., 2011). This aligns with standard NLP
practice: rule-based extraction for explicit signals and a
learned classifier for generalization in ambiguous cases
(Bird et al., 2009). In the Telegram setting—where
short-form posts may omit consistent level tags—this
hybrid approach is particularly appropriate, because
purely rule-based systems tend to under-recall, and
purely learned systems may overfit when labels are lim-
ited.

Finally, the ranking stage can be framed as an in-
formation retrieval task: retrieve and rank vacancies
relevant to a user query/profile. Classical IR systems
rely on term-based scoring and relevance ranking
(Manning et al., 2008), while modern systems increas-
ingly use embedding-based similarity where cosine
similarity in vector space acts as a semantic relevance
signal. In practice, effective recommendation often
combines semantic similarity with constraints and pref-
erences (e.g., remote vs. onsite, salary thresholds, role
types), which mirrors hybrid retrieval strategies in IR:
content-based relevance plus structured filters. This
motivates the pipeline design where multilingual se-
mantic similarity provides a general relevance signal,
while engineered features—salary normalization, re-
mote detection, and seniority—serve as filters or re-
ranking factors to improve precision and user fit (Man-
ning et al., 2008).

1I1. Data Collection and Dataset

The data has been collected from a set of public
Telegram channels that regularly publish job vacancies
and internships. Telegram offers API-based access for
bots and clients, which enables automated retrieval of
message content and basic metadata (Telegram, n.d.).
At the same time, Telegram data collection is con-
strained by platform-specific and practical issues: posts
are heterogeneous across channels, strongly unstruc-
tured, and often lack consistent formatting limitations
that are also highlighted in prior work.

The resulting dataset covers 2021-06-02 up to
2026-01-23 and contains 3793 posts from 8 public
channels. Channels were selected to represent different
posting behaviors. For example, vacancies-only chan-
nels vs. mixed-content channels that include commu-
nity posts, courses, and promotions. Figure 1 shows the
channels’ names and quantity of post retrieved. For re-
producibility and traceability, each record stores immu-
table identifiers: channel name/ID, message (post) ID,
publication timestamp, message link and raw post text.
These fields constitute the source-of-truth table used
for downstream preprocessing, classification, salary
extraction, and recommendation. Figure 2 illustrates
the raw data.

Because Telegram channels are multilingual, the
corpus language distribution is reported explicitly.
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Based on lightweight script-based language detection,  English, and 3 % mixed/other posts. This language het-
posts are categorized into Russian, English, and other.  erogeneity motivates the use of multilingual text pro-
The dataset contains approximately 61 % Russian, 36%  cessing in later stages of the pipeline.

Top channels by posts:

channel posts
0 Machinelearning_Jobs 500
1 gitujobs 2500
2 andersen_courses 500
o juniors_rabota_jobs 500
4 oppodyou 200
5 ml_jobs kz 500
6 young_june 500
7 it jobs kz 293

Figure 1 — Telegram channels and Ne of posts retrieved

channel date post post_id ink

#ml #HeadOML #HFT #Remote #AlgorithmicTrading #Research #Leadership\nHead of Research (ML) / AIP Tech [ \nRemote\n\nAIP
2026.01.23 — algorithmic frading company which gathers the brightest minds of quantitative research, data science and coding
- practice.\n\nTpeBGoeauna k kaHamaary-\n- Advanced degree in Computer Science, Data Science, or ML\n- Strong analytical skillsin 121191  https://t. me/Machinelearning_Jobs/121191
14:31:04+00:00 -
market research and data analysis\n- Proficiency in ML methodologies\n- Experience in leading teams and mentoring researchers\n-
Stron.

0 Machineleamning_Jobs

Bakancna: MLOps-urxerep\nKomnanna: AO CumBupCodt \ndopmat paboTsl: yaaneHka\n3aHAToCTs: NornHaa 3aHAToCTs \n\n\nkiwem
MLOps urkeHepa & Pd 8 \ng7 Ham HyXeH WHKeHep, roTOoBkIA pa3sueaTs MHhpacTpykTypy LLM-nnardopmsi. TeouMM 3anauamu
CTaHYT NOAAEePXKa W Pa3BUTHE CEPBUCOB ANA DONbLLMX A3LIKOBLIX MOAENEH, UHTerpaLMa WHCTPYMEHTOB, HACTPOAKa MoHUTOpuHroB U 121190  hitps://t. me/Machinelearning_Jobs/121190
oBecneuenue Ge3onacHOCTU AaHHLIX \N\n @ OnbIT paBoTs! €\N- BoNbLUMMU A3bIKOBLIMI Mogensamu (VLLM, TGI, Hugging Face)\n-
Python (FastAPI, ckpunTsl, CLI)\n- Apx.

2026-01-23
13:56:28+00:00

Machinelearmning_Jobs

#BakaHcuA #job #paborta #python #ml #llm #cicd #sql #bigdata\nBakaxcusa: Head of ML Engineering;\nKomnarua: Ma3npom-
2026-01-22 HeTb;\nYpoBeHs 3n: Buicokas;\nflokaums: CaHkT-Metepbypr, Bunexckui nep., A. 14;\ndopmar: fulltime, 5/2, 09:00 - 18:00, nT. o
16:26:05+00:00 16:45,\nOnuiT: o7 5 net u Bonee;\n\nflpy3LA, Mbl HaNPaensem IHepruko B Aeno. Mul paseueaem Uudposyko nnardopmy cositoBoro 121187  hitps://t. me/Machinelearning_Jobs/121187
JNenaprameHTa «[a3npom HepTU», 3anyckaem | T-NPOeKTL! i COBEPLUEHCTBYEM KIMEHTCKAA ONbIT, YTOOLI CKOPbIE NPUe3Xani K moaam,
NPOMBILNEHHLIE NPEANPUATAR

o

Machinelearmning_Jobs

2026-01-21
13:17:21+00:00

©

Machinelearmning_Jobs $5000 on-site e [lybae? 370 kakoe-To M3pesatensctBo 121183  hitps://t me/Machinelearning_Jobs/121183
#Bakancwna #ynanenHo #ML #fulltime'\n \nBakancua: Senior Software Engineer/Machine Leamning Engineer \nKomnanus: IMAGA
\nfokauna: He PO/PE \ndopmart: yaaneHHo, NpoekT HeMeLKoi KOMNaru1 \N3aHATOCTL: NOMNHas, NpeekTHaR (1 roa ¢ BO3MOXHOM
nponoHrauueit)\n \nXometry — 370 aMepuKaHCKas KOMNanuA, KoTopas JenaeT OHNaliH-MapKkeTNnenc\NNpoMbILLINeHHoro nponseoacTea 121180  hitps://t me/Machinelearning_Jobs/121180
“no 3anpocy” \n\nO6s3aHHOCTU: \n * MpoekTMpOBaHMe, pa3paboTka, TECTUPOBAHWE 1 BLIMYCK NPOTPaMMHOTO 0DecneveHus u
WHMOPACTPYKTYPLI, NOAAepHUBaoWmuX Al

Figure 2 — Raw data of initially gathered data

2026-01-20
11:14:43+00:00

IS

Machinelearmning_Jobs

Figures 3 illustrates the real vacancy from Telegram while figure 4 shows the non-vacancy post, like advertise-
ment.
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Job vacancy

AI/MoLdin
jobs

Machine Learning Engineer

(Computer

20 to 30

usd per

Vision)

hour

more info at AI/MoLdin Jobs
t.me/ml_jobs kz

Machine Learning Engineer (Computer Vision)

Logic Way
20 to 30 usd per hour
Remote

International IT company with expertise in various fields like gamedev

and software development

Responsibilities:

Figure 3 — A sample of job vacancy

August 27, 2025

AIMolLdin Jobs (DSML.KZ)

+

+

+

Mmarika

- nNnoae3sHeIMK
HaHaAaMK1 O Kap:eepe

MoaroToBuAu Ansi Bac nog6opky Telegram-kaHanos, koTopbie
PacckasblBaloT O KapbePHbIX BO3MOXHOCTSX, BAKAHCUSX B KPYMHBIX
KOMMaHWsAX, CTaXUPOBKax B MEXAYHaPOAHbIX OPraHU3aLuax n
MHOrOM ApYroMm.

Figure 4 — A sample of non-vacancy post

1V. Data Preparation and Feature Schema

This paper proposes an end-to-end pipeline for
mining a continuous Telegram job stream and trans-
forming raw posts into a structured dataset suitable for
filtering, analysis, and personalized recommendations.
The design follows standard information retrieval and
NLP principles—preprocessing, feature engineering,
and supervised learning—while being adapted to short,

noisy, multilingual messages typical for public chan-
nels. In addition, the pipeline includes salary normali-
zation, which is necessary for comparing compensation
across  currencies and time bases (e.g.,
month/year/hour) and for supporting preference-aware
ranking.

The main contributions are: a reproducible data
collection and schema-normalization procedure for
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Telegram vacancy channels; a supervised vacancy de-
tection model (is_job) tuned for high recall; salary ex-
traction from free-form text and conversion into a uni-
fied metric (USD per month); seniority prediction using
a hybrid strategy that combines explicit pattern cues
with a supervised classifier; and recommendation mod-
ule that combines multilingual semantic similarity with
structured preference features for re-ranking.

Because Telegram posts are written in arbitrary
formats, messages are normalized into a unified tabular
representation with immutable raw fields (channel, post
ID, timestamp, raw text, link) and derived analytical
fields. Standard text preprocessing is applied (case nor-
malization, removal of links and emojis, whitespace
normalization), and auxiliary attributes are computed,

Telegram channels
(posts stream)

[channel, post_id, date, text, link]

Y

Schema normalization
— unified table

(channel, post_id, published_at,

text_raw, link)

Text preprocessing

- cleaning, URLs/emajis
- language heuristic

4

including language heuristics, message length, and ex-
tracted keyword lists. The schema designed to support
both analytics and modeling in a single pipeline.

In addition to the raw text, the pipeline derives in-
dicators for remote work, salary presence, and structure
(min/max, currency, period), and technical skill men-
tions based on a curated keyword dictionary. These fea-
tures provide interpretable signals for filtering and
ranking, and they complement semantic similarity
models by encoding explicit constraints such as work
format, compensation, and technology stack.

V. Methods

The entire pipeline is shown in Figure 5.

Feature extraction
- tech keywords
- remote flag
- salary candidates

Gold labels (template)
label_template_1000
- gold_is_job
- is_senior/is_middle/is_junior

Inference on all posts

Salary normalization
- minfmax parsing
- period detection

- FX conversion
- USD/month

train features

apply features

- is_job, seniority scores

pnly is_job==1

Multilingual embeddings
(profile + vacancy)
cosine similarity

y

Train models
1) is_job (binary)
2) seniority (multi-label)

User profile (text)
+ preferences
(skills, remote, salary cap)

Ranking

final_score = wl*sim +
w2*skills + w3*remote +
wa*salary_fit + w5*recency

Outputs

- top vacancies table

- metrics (F1, CM)
- analytics/dashboard

Figure 5 - End-to-End Telegram Job Stream Pipeline
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V.I Vacancy Detection

Telegram vacancy channels contain substantial
non-vacancy content, including course advertisements,
community posts, meetups, and “digest” messages that
aggregate links. Vacancy detection is therefore framed
as a binary text classification task: each post is labeled
as a vacancy/internship (is_job = 1) or non-job content
(is_job = 0). The approach uses a lightweight super-
vised model trained on the manually labeled gold da-
taset based on 1,000 posts. Posts are represented with
TF-IDF word n-grams - unigrams and bigrams, and a
linear classifier Logistic Regression and Linear SVM is
trained to separate vacancies from non-vacancies. As
additional baselines, a majority-class predictor and a
rule-based filter using high-precision lexical markers
(e.g., “vacancy”, “hiring”, “requirements”) are evalu-
ated. The supervised TF—IDF models significantly out-
perform the baselines while maintaining high recall,
which is important for downstream salary parsing and
recommendation.

V.II Salary Extraction and Normalization to
USD/Month

Salary information in Telegram is embedded in
free-form text and varies across currencies and time ba-
ses (per month, per year, per hour, per project). Salary
normalization is implemented as a rule-based infor-
mation extraction component with validation and sanity
checks. First, the pipeline detects salary fragments by
matching common range templates (e.g., “from ... to
.7, “X=Y") and parses numeric values into structured

800 ~

600

400 -

200

Count of posts matching cues

or_ue

jan! mid

dle_cve

fields (salary min, salary max, salary mid). Currency
is inferred from symbols and lexical cues (e.g., T/KZT,
P/RUB, $/USD, €/EUR, £/GBP). Next, the salary pe-
riod is inferred from local context patterns, like “per
month”, “per year”, “per hour”. Finally, extracted sala-
ries are converted into a common unit (USD per month)
using exchange rates and period conversion rules (e.g.,
yearly — monthly by dividing by 12). Posts with am-
biguous or low-confidence parses are flagged as un-
known to avoid contaminating aggregates and ranking
constraints.

V.III Seniority Classification (Junior/Middle/Sen-
ior)

Seniority prediction was treated as a hybrid infer-
ence problem because Telegram posts sometimes in-
clude explicit level markers but often express seniority
implicitly through experience requirements, scope of
responsibility, or role wording. A two-stage approach
is used. First, a rule-based detector identifies high-pre-
cision patterns such as “junior”, “intern/trainee”, “mid-
dle/mid”, “senior”, “lead”, and experience thresholds
(e.g., “5+ years”). Second, a supervised multi-label
classifier is trained on the gold annotations (is_junior,
is_middle, is senior), using TF-IDF features and a
One-vs-Rest Logistic Regression setup. The rule-based
stage provides interpretable explicit signals, while the
learned model improves robustness on posts where sen-
iority is not stated or appears as a range (e.g., “mid-
dle/senior”). The overall dataset is segmented by sen-
iority in Figure 7.

g0~

Figure 7 — Frequency of seniority cues in posts

V.1V User—Vacancy Matching and Ranking

The vacancy recommendation component is for-
mulated as a retrieval-and-ranking task given a user
profile (a text query plus structured preferences), the
system retrieves and ranks vacancies from the stream.
Relevance is computed with multilingual sentence em-
beddings using the Sentence-BERT (SBERT) frame-
work and cosine similarity in a shared vector space

(Reimers, N., & Gurevych, 1., 2019). In the implemen-
tation, vacancy texts and the user profile are encoded
with the paraphrase-multilingual-MiniLM-L12-v2
Sentence-Transformers model, and similarity is com-
puted as cosine similarity (dot product over normalized
embeddings).To incorporate user constraints, candi-
dates are re-ranked with engineered features, including
skill overlap (keyword intersection), remote-work
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match, salary fit relative to a user-defined ceiling, sen-
iority alignment, and recency.

This design aligns with the broader matching lit-
erature, where semantic representations are combined
with structured constraints to improve practical recom-
mendation quality.

V1. Experiments and Results

VLI Experimental setup

The evaluation uses a manually labeled gold da-
taset of 1,000 Telegram posts sampled from the col-
lected channels. Each post is annotated with a binary
label gold is_job (vacancy vs. non-vacancy). In addi-
tion, seniority is annotated in a multi-label format using
three binary columns (is_junior, is_middle, is_senior),
allowing overlap (e.g., posts that fit both middle and
senior). This labeling design reflects real-world ambi-
guity in Telegram vacancies, where seniority may be
expressed implicitly or as a range rather than as a single
class.

All text is processed using the same normalization
pipeline (link removal, emoji and punctuation cleaning,

model accuracy precision
0 majority-baseline 0.626  0.626000
1 rule-baseline 0.904  0.968198
2 TFIDF + LogisticRegression (5-fold CV) 0.967  0.961120
3 TFIDF + LinearSVC (5-fold CV) 0978  0.977848

whitespace normalization) and represented with TF—
IDF features (word n-grams) for supervised classifica-
tion. Model performance is reported using 5-fold cross-
validation (CV) on the gold dataset. For binary vacancy
detection, accuracy, precision, recall, and F1-score are
reported. For seniority, micro- and macro-averaged F1-
scores are reported; micro-F1 is emphasized as the pri-
mary metric due to the multi-label nature of the task.
Where available, 95% confidence intervals are pro-
vided from CV-based estimates.

VLII Vacancy detection

Vacancy detection is framed as binary text classi-
fication. Two baselines are considered: a majority base-
line, which predicts the most frequent class, and a rule-
based baseline based on high-precision lexical markers
(e.g., “vacancy”, “hiring”, structured sections like “re-
quirements”). Supervised TF—IDF models substantially
outperform both baselines. The is_job results shown in
Figure 8.

recall 1 f1_95ci recall_95ci precision_95ci
1.000000 0.769988 NaN NaN NaN
0.875399 0.919463 NaN NaN NaN
0.987220 0.973995 [0.965, 0.983] [0.978, 0.995] [0.945, 0.976]
0.987220 0.982512 NaN NaN NaN

Figure 8 - is_job results (baselines + models)

[[345 25]

[ &

6181]

Figure 9 - Confusion matrix for TF-IDF + Logistic Regression (5-fold CV predictions)

The best-performing models are linear classifiers
trained on TF—IDF representations. TF—IDF + Logistic
Regression achieves accuracy 0.967, precision 0.961,
recall 0.987, and F1 0.974 (5-fold CV, with 95% CI for
F1: [0.965, 0.983]). The confusion matrix, shown in
Figure 9 indicates 349 true negatives, 618 true posi-
tives, 25 false positives, and 8 false negatives, suggest-
ing that the classifier rarely misses real vacancies. This
behavior matches the intended design goal of maximiz-
ing recall to minimize missed opportunities in down-
stream monitoring and recommendation.

A linear SVM (TF-IDF + LinearSVC) produces
slightly higher overall scores (accuracy 0.978, F1
0.983) while maintaining the same recall level (0.987).

model micro f1 macro f1
0 rule-baseline 06168519 0620823

1 TFIDF + OneVsRest(LogReq) (5-fold CV)

Given the small difference, Logistic Regression is pre-
ferred for interpretability and stable probability-like
outputs, while SVC can be retained as a strong alterna-
tive.

VLI Seniority prediction

Seniority prediction is treated as a multi-label clas-
sification problem over the three labels (junior/mid-
dle/senior), reflecting that Telegram posts may specify
ranges (“middle/senior”) or ambiguous requirements.
A rule-based baseline using explicit seniority markers
and experience cues (e.g., “junior”, “senior”, “lead”,
“intern”, “S+ years”) provides a reasonable starting
point but is limited when seniority is implicit.

micro f1 95ci
MNaN

0.738339 0.730998 [0.714, 0.760]

Figure 10 - Seniority multi-label results

A supervised TF—IDF + One-vs-Rest Logistic Re-
gression classifier improves robustness beyond explicit
patterns and achieves micro-F1 0.738 (95% CI [0.714,
0.760]) and macro-F1 0.731 under 5-fold CV. Per-label
F1-scores are 0.81 for junior, 0.71 for middle, and 0.67
for senior as shown in Figure 10. The relatively lower

senior precision is consistent with the noisy and heter-
ogeneous nature of Telegram text, where seniority is
often communicated indirectly (e.g., via responsibili-
ties, expectations, or salary level rather than explicit ti-
tles).
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For completeness, an optional single-label 3-class
projection can be constructed by resolving overlaps via
a priority rule (senior > middle > junior). However, this
projection discards overlap information and yields
lower 3-class metrics, so the multi-label formulation is
considered the primary result.

VII. Discussion and Limitations

Telegram posts are noisy, multilingual, and incon-
sistent, so most remaining errors concentrate in a few
recurring patterns.

Vacancy detection (is_job).

False positives mostly come from posts that look
like vacancies but are not: course/mentorship ads, event
announcements, and “digest” posts with many va-
cancy-like keywords and links. False negatives are usu-
ally very short vacancies (title + contact only), image-
first posts where the main content is not in text, or mes-
sages with uncommon mixed-language phrasing.

Seniority (multi-label).

Seniority is often implicit or written as a range
(“middle/senior”), so confusion is strongest between
middle and senior. The multi-label setup reflects real
ambiguity, but predictions should be treated as a soft
signal for ranking rather than an exact class.

Salary extraction.

The main failure modes are formatting ambiguity
(e.g., “270-320k” where one side misses “k’’), non-sal-
ary numbers (ARR/revenue/model parameters), and
missing currency or period. To reduce harm, the pipe-
line uses context filters and keeps “unknown/low-con-
fidence” when evidence is insufficient; analytics should
rely on high-confidence salary parses.

VIII. Conclusion and Future Work

The file shows an end-to-end system for mining
Telegram job streams: collection, normalization, va-
cancy detection, salary extraction and conversion to
USD/month, seniority classification, and personalized
ranking using multilingual semantic similarity and
preference-aware re-ranking. This approach adapts
classical NLP/IR foundations to a modern, unstruc-
tured, multilingual platform and supports practical an-
alytics and recommendation use cases. Future work in-
cludes expanding labeled data, improving salary-period
inference and currency coverage, incorporating more
explainable ranking signals, and evaluating the recom-
mendation component with user feedback.
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This study examines the regional characteristics of population dynamics in Azerbaijan and their environmen-
tal implications. Variations in population growth, migration, urbanization, and age distribution create differential
pressures on natural resources, biodiversity, and ecosystem health. Understanding these interconnections is crucial
for developing policies that balance socio-economic development with ecological sustainability. The research an-
alyzes regional demographic trends, assesses their ecological impacts, and provides recommendations for sustain-

able planning and resource management.

Keywords: population dynamics, regional development, demographic trends, migration, urbanization, age

structure, environmental impact.

Introduction

Azerbaijan’s diverse geography, ranging from the
Greater and Lesser Caucasus Mountains to lowland
plains and the Caspian coastline, contributes to substan-
tial regional variation in population distribution and
growth. Urban centers such as Baku and Ganja experi-
ence rapid population growth and urbanization, in-
creasing energy consumption, air and water pollution,

and habitat fragmentation. Conversely, rural and moun-
tainous areas face environmental pressures from agri-
culture, grazing, and deforestation, despite lower popu-
lation densities. This paper examines the links between
demographic dynamics and environmental outcomes to
inform integrated planning and sustainable develop-
ment strategies across the country.
1. Regional Demographic Trends

Urban Areas

Urban regions are characterized by high population density and significant
migration from rural areas.

Rural and Mountainous Ar-

Rural and mountainous regions have lower population densities, but agricul-
eas ture and seasonal migration exert considerable environmental pressures.

Coastal and Wetland Re-
gions

Coastal areas along the Caspian Sea and wetlands such as Gizilagaj are af-
fected by fishing, tourism, and settlement activities.

Urban Areas.This growth increases demand for
water, energy, and waste management systems. Urban
expansion often reduces green spaces, disrupts habitats,
and diminishes biodiversity. Implementing green infra-
structure, sustainable urban planning, and eco-friendly
public transport is critical to mitigate these impacts.

Rural and Mountainous Areas. Overgrazing,
deforestation for fuel and construction, and soil erosion
are common challenges. Population decline in some ar-
eas can allow for natural land regeneration, but without
proper management, abandoned lands may face illegal
logging or unsustainable resource exploitation.

Coastal and Wetland Regions. These pressures
lead to water pollution, habitat loss, and reduced biodi-
versity. Implementing regulated fisheries, eco-tourism
management, and wetland protection policies is essen-
tial for maintaining ecosystem services in these regions.

Population age composition influences environ-
mental outcomes. Younger populations increase re-
source consumption, energy demand, and waste pro-
duction, while older populations may reduce labor
availability for environmental management. Rural-to-

urban migration shifts ecological pressures to cities, but
proper management can promote natural regeneration
in rural areas. Integrating demographic analysis with
environmental monitoring allows for more efficient al-
location of natural resources.

Demographic dynamics, including population
growth, migration, urbanization, and changes in age
structure, play a pivotal role in shaping environmental
conditions. Rapid changes in population patterns influ-
ence biodiversity, soil quality, water resources, climate,
and habitat connectivity. Understanding the link be-
tween demographic trends and ecological impacts is
critical for sustainable development planning and envi-
ronmental management. This study explores the key
environmental consequences of demographic dynamics
and provides strategies for mitigating their negative ef-
fects. Population trends directly affect the environment
by altering resource consumption patterns, land use,
and human pressure on ecosystems. Increasing popula-
tion density and urban expansion often lead to habitat
loss, pollution, and ecosystem degradation. Rural areas,
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while less densely populated, experience environmen-
tal pressures from agricultural practices, deforestation,
and overgrazing. Migration and changes in population
age structure further influence resource demand and
ecological stress. By analyzing these dynamics, policy-

Urban Regions
Baku, Ganja, Sumqayit

* Rapid Urban Growth
* Infrastructure Pressure
* Water & Waste Issues
 Habitat Loss & Pollution

makers and environmental managers can develop tar-
geted strategies to reduce human-induced environmen-
tal impacts.
1.Regional Population Dynamics and Environ-
mental Impacts in Azerbaijan: An Integrated
Overview

=

* Tourism & Settlement Impact
* Pollution & Wetland Degradation
« Fisheries & Ecosystem Stress

Regional Population

Dynamics in Azerbaijan

Rural & Mountain Areas
Sheki, Quba, Highlands

Y

* Agricultural Pressure
 Soil Erosion & Degradation
« Depopulation Effects

» Water Stress
* Climate Change
* Habitat Fragmentation

Biodiversity Loss

Population growth and the expansion of urban ar-
eas represent one of the most pressing threats to biodi-
versity in modern societies. As cities and towns expand
into previously undeveloped areas, natural habitats
such as forests, wetlands, grasslands, and riverbanks
are either destroyed or severely fragmented. This frag-
mentation reduces the availability of suitable living
space for many species, isolates wildlife populations,
and disrupts ecological interactions such as pollination,
seed dispersal, and predator-prey relationships.

Rural-to-urban migration intensifies these pres-
sures, as human settlements and infrastructure develop-
ment concentrate in urban centers, increasing demand
for housing, roads, and industrial facilities. These ac-
tivities often encroach on surrounding ecosystems,
leading to further habitat degradation and the displace-
ment of native species. Agricultural expansion and
land-use changes in peri-urban areas also contribute to
habitat loss, as natural landscapes are converted into
monoculture fields or managed green spaces.

Protected areas, nature reserves, and urban green
spaces play a vital role in conserving biodiversity. Na-
tional parks and regional reserves provide refuges for
threatened species and preserve ecological processes,
while urban parks, green corridors, and tree-lined
streets can support smaller populations of flora and
fauna, maintain ecosystem connectivity, and offer eco-
system services such as air purification and temperature
regulation. However, the mere existence of these pro-
tected zones is not sufficient. Effective management,
proper zoning, ecological restoration projects, and strict
enforcement of environmental regulations are essential
to ensure these areas continue to provide meaningful
protection against biodiversity loss.

« Population Growth

» Migration Trends

* Age Structure

« Urban & Rural Density

Environmental Impacts
« Biodiversity Loss
* Soil Degradation

-

* Sustainable Land Use
 Green Infrastructure
* Policy & Education
« Ecological Planning
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Ultimately, mitigating biodiversity loss requires
integrated planning that considers both demographic
trends and ecological requirements. Sustainable urban
design, habitat restoration, and community involve-
ment in conservation initiatives are key strategies to
preserve ecological integrity while accommodating
population growth. Without such measures, continued
expansion and intensification of human activity will
likely lead to irreversible declines in species diversity
and the disruption of essential ecosystem functions.

Integrated Planning

Integrated planning refers to a holistic approach to
development where demographic trends and environ-
mental considerations are analyzed together to guide
sustainable decision-making. Rapid population growth,
urbanization, and migration create pressures on land,
water, energy, and biodiversity. If these demographic
patterns are considered in isolation, planning efforts
may fail to anticipate ecological consequences, leading
to resource depletion, habitat loss, and ecosystem deg-
radation.

By combining demographic data—such as popu-
lation density, growth rates, age structure, and migra-
tion flows—with environmental impact assessments,
policymakers can identify regions at risk of overuse or
ecological stress. This approach allows for informed al-
location of resources, targeted conservation efforts, and
balanced urban and rural development. For example,
high-growth urban areas may require stricter zoning
laws, increased green spaces, and sustainable infra-
structure investments, while rural areas may benefit
from managed agricultural practices and ecosystem res-
toration programs.

Integrated planning also promotes resilience by
considering the long-term interactions between human
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populations and ecosystems. By anticipating future de-
mographic changes, planners can mitigate potential en-
vironmental risks before they become critical. Public
participation and cross-sector collaboration are key
components of integrated planning, ensuring that both
socio-economic needs and ecological priorities are ad-
dressed simultaneously.

In essence, integrated planning bridges the gap be-
tween human development and environmental sustain-
ability. It enables governments and communities to
make strategic decisions that accommodate population
growth, preserve natural habitats, reduce environmen-
tal impacts, and ensure that development is ecologically
sound and socially equitable.

Sustainable Agriculture and Land Manage-
ment

Sustainable agriculture and land management re-
fer to the implementation of farming and land-use prac-
tices that meet current food and resource needs while
preserving the ecological integrity of the land for future
generations. Rapid population growth, urban expan-
sion, and changing consumption patterns have in-
creased pressure on agricultural lands, leading to soil
degradation, reduced fertility, erosion, and loss of bio-
diversity. Sustainable practices aim to mitigate these
impacts while maintaining productivity and supporting
rural livelihoods.

One of the key strategies is crop rotation, which
involves alternating different crops on the same land
over time. This practice prevents the depletion of spe-
cific soil nutrients, reduces the buildup of pests and dis-
eases, and enhances soil structure and fertility. By di-
versifying crops, farmers can maintain long-term agri-
cultural productivity and reduce reliance on chemical
fertilizers and pesticides.

Controlled grazing is another essential method,
particularly in pastoral and mountainous regions. Over-
grazing leads to soil compaction, erosion, and loss of
plant cover, which in turn reduces the land’s ability to
retain water and sustain vegetation. By managing graz-
ing intensity, timing, and livestock numbers, controlled
grazing preserves soil health, prevents desertification,
and supports the regeneration of natural vegetation.

Reforestation and afforestation contribute to
sustainable land management by restoring degraded ar-
eas, preventing soil erosion, sequestering carbon, and
providing habitats for wildlife. Trees and shrubs stabi-
lize slopes, improve water retention, and enhance bio-
diversity, making these practices critical in both rural
and peri-urban landscapes.

Soil conservation practices, including contour
plowing, terracing, cover cropping, and the use of or-
ganic amendments, help prevent erosion, maintain soil
fertility, and improve water retention. These practices
are particularly important in areas prone to heavy rain-
fall, steep slopes, or intensive cultivation. By preserv-
ing soil structure and nutrient content, farmers can
achieve long-term productivity while minimizing envi-
ronmental impacts.

Integrating these methods into agricultural plan-
ning requires collaboration between farmers, local
communities, and government agencies. Incentives, ed-
ucation, and policy support are crucial to ensure that

sustainable practices are adopted at scale. Sustainable
agriculture and land management not only safeguard
natural resources but also contribute to food security,
climate resilience, and ecological stability, creating a
balance between human needs and environmental pro-
tection.

Environmental Impacts of Population Growth

Population growth is one of the primary drivers of
environmental change, affecting natural resources, eco-
systems, and biodiversity. As the number of people in-
creases, the demand for land, water, food, and energy
grows, leading to multiple ecological consequences.
Urban areas expand to accommodate housing and in-
frastructure, which often results in habitat loss and frag-
mentation. Forests, wetlands, and grasslands are con-
verted into residential, industrial, or agricultural lands,
reducing biodiversity and disrupting ecosystem ser-
vices.

Higher population densities also increase pollu-
tion levels. Industrial production, transportation, and
energy consumption rise to meet human needs, contrib-
uting to air and water pollution as well as greenhouse
gas emissions. In rural areas, intensified agriculture to
feed growing populations can cause soil degradation,
erosion, and nutrient depletion. Overexploitation of
freshwater resources leads to water scarcity, threaten-
ing both human communities and aquatic ecosystems.

Population growth further exacerbates climate
change. Increased energy use, deforestation, and urban-
ization contribute to higher carbon emissions, while
land-use changes alter local and regional climates. Ad-
ditionally, rapid demographic expansion can fragment
habitats, reducing connectivity between ecosystems
and limiting species movement, which affects ecologi-
cal resilience.

Mitigating these impacts requires integrated plan-
ning, sustainable resource management, environmental
education, and policies that balance human develop-
ment with ecosystem preservation. Urban green spaces,
reforestation projects, and efficient agricultural prac-
tices are key strategies for reducing the negative envi-
ronmental effects of population growth.

Integrated Planning for Sustainable Develop-
ment. Integrating demographic data with environmen-
tal assessments means using information about popula-
tion size, growth rates, density, migration patterns, and
regional distribution together with evaluations of natu-
ral resources, ecosystem health, and environmental
risks. By combining these datasets, policymakers, ur-
ban planners, and environmental managers can identify
areas where human activity is putting pressure on eco-
systems and where interventions are most needed.

This approach allows for balanced decision-
making, ensuring that development projects such as ur-
ban expansion, agriculture, or industrial zones do not
compromise biodiversity, water availability, soil fertil-
ity, or climate stability. For example, if a region expe-
riences rapid population growth, integrated planning
can guide sustainable land use, promote green infra-
structure, and prioritize conservation areas.

Furthermore, integrating demographic and eco-
logical information supports long-term monitoring
and forecasting, helping predict future pressures and
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implement proactive measures. This ensures that eco-
nomic and social development goals are met while min-
imizing negative environmental impacts. In essence, in-
tegrated planning provides a roadmap for sustainable
development, where human needs and ecosystem
health are managed in harmony.

Improved Balance Between Human Develop-
ment and Ecosystem Conservation

A critical challenge for modern societies is achiev-
ing a sustainable balance between human develop-
ment needs—such as urbanization, industrialization,
and agriculture—and the conservation of natural eco-
systems. Human activities often put pressure on habi-
tats, water resources, soil, and biodiversity, while eco-
systems provide essential services like clean water, air
purification, climate regulation, and food resources.
Finding a balance ensures long-term well-being for
both humans and the environment.

Environmental and Social Outcomes

Biodiversity Protection

Preserves species and ecosystem functions while allowing
sustainable human activity.

Reduced Environmental Degra-
dation

Soil erosion, water pollution, and deforestation are minimized.

Resilient Ecosystems
pressures.

Natural areas can better adapt to climate change and human

Improved Human Well-being

Access to clean air, water, green spaces, and food security
increases quality of life.

Economic Benefits
cal economies.

Sustainable tourism, ecosystem services, and green jobs contribute to lo-

Achieving an improved balance between human
development and ecosystem conservation is not a
one-time effort but a continuous process requiring plan-
ning, monitoring, and community participation. By in-
tegrating sustainable land use, eco-friendly infrastruc-
ture, efficient resource management, and environmen-
tal education, countries like Azerbaijan can meet
human development goals while preserving ecosystems
for future generations.
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The increase in frequency and depth of macrofinancial shocks significantly complicates the task of ensuring
the stability of public finances, which makes it necessary to search for flexible models of budget revenue and
expenditure management in conditions of economic turbulence. The purpose of the study is to systematize existing
models of budget policy, provide a formalized description of them, and group them according to structural char-

acteristics.

The article systematizes existing models of budget policy and formalizes them through a unified set of pa-
rameters covering the flexibility of revenue policy, the structure and priority of expenditures, the acceptability of
the deficit, the role of debt financing, and the speed of budget adjustment.

Keywords: budget policy, fiscal adaptability, budget deficit, public debt, macrofinancial instability.

Problem statement. Deepening macrofinancial
instability in the modern global economy is accompa-
nied by growing uncertainty regarding budget revenue
bases, increased expenditure pressure, and more com-
plex debt management. Military conflicts, inflationary
fluctuations, debt imbalances, and cyclical downturns
create an environment in which the parameters of the
budget system change faster than the institutional
mechanisms for regulating them. Under such condi-
tions, traditional approaches to revenue and expendi-
ture management prove to be insufficiently sensitive to
the nature of economic shocks.

Budget policy in conditions of instability involves
simultaneous decision-making on revenue mobiliza-
tion, determining expenditure priorities, an acceptable
deficit level and methods of its financing. Each of these
decisions affects other elements of the budget system.
Changes in tax policy affect the size of the deficit; re-
distribution of expenditures affects borrowing needs;
debt strategy limits the scope for economic stimulus.
Thus, revenue and expenditure management takes on
the character of a holistic system of interrelated param-
eters.

At the same time, there is no single approach to
distinguishing between different models of such man-
agement in scientific and practical terms. Analysis
tends to focus on individual instruments — countercy-
clicality, deficit constraints, or debt rules —without in-
tegrating them into comprehensive types of budget be-
havior. As a result, the concept of a “budget manage-
ment model” remains methodologically vague: it is not
clear which parameters are decisive for its identifica-
tion and how their combination shapes different types
of management decisions.

Analysis of recent research and publications.
The issue of managing revenues and expenditures of
the state in conditions of macrofinancial turbulence is
formed at the intersection of several scientific areas:
fiscal policy theory, institutional architecture of the
budget process, debt sustainability, and adaptation of
public finances to crisis shocks. Contemporary litera-
ture shows that budget policy is no longer viewed as a

static system of resource allocation and is increasingly
interpreted as a dynamic mechanism for responding to
exogenous and endogenous macrofinancial challenges
[1;2;3;4;5;6;7;8].

One of the key areas of research is the analysis of
the cyclical behavior of fiscal policy in times of crisis.
The work [4] states that during the COVID-19 pan-
demic, there was a significant change from traditional
budget rules, indicating a transformation of budget re-
sponse models. The scientific literature supports the
thesis that fiscal behavior depends on the nature of the
shock, which in fact points to the existence of different
models of budget management.

This idea is further developed in the works de-
voted to local financial systems. The scientific work [7]
indicates that territorial budgets respond to natural dis-
asters through structural restructuring of revenues and
expenditures, and the nature of the response depends on
institutional capacity. This makes it possible to view
the budget system as an adaptive structure, where
changes occur not only quantitatively but also structur-
ally.

A significant body of research is devoted to fiscal
sustainability and debt dynamics. The institutional di-
mension of budget management is examined through
the prism of fiscal governance. The work [1] shows that
the existence of independent fiscal institutions affects
the quality of the budget process and the timeliness of
decision-making. Thus, institutional architecture deter-
mines not only formal rules but also the speed of budget
adjustment.

The methodological aspect of classifying fiscal re-
sponses is presented in the work [6], using fuzzy-set
QCA to identify combinations of factors that form dif-
ferent models of budget policy. This approach demon-
strates that budget strategies are complex in nature and
cannot be explained by a single parameter. A theoreti-
cal rethinking of the role of fiscal policy after crises is
proposed in the work [5], which emphasizes the need to
adapt budget rules to new macrofinancial realities.

Contemporary research by Ukrainian scientists fo-
cuses on the transformation of the budget system under
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martial law. At the same time, international studies, in
particular the work [2], emphasize the importance of
structural modeling of the interaction between mone-
tary and fiscal policy to achieve macroeconomic stabil-
ity. The work [3] shows that the effectiveness of fiscal
policy in countries with a transitional economy varies
significantly depending on the initial macrofinancial
conditions.

Thus, contemporary scientific literature examines:
the dependence of budget policy on the type of macrofi-
nancial shock, the decisive role of institutional archi-
tecture in shaping budget responses, the importance of
structural characteristics (deficit, debt, expenditure
flexibility), and the multifactorial nature of fiscal re-
gimes. However, scientific research lacks a comprehen-
sive formalized approach to systematizing existing
models of management of revenue and expenditure of
the state based on a unified set of parameters, followed
by their grouping and establishing correspondence be-
tween types of budget management and types of
macrofinancial instability. Most studies analyze indi-
vidual aspects — fiscal sustainability, institutional re-
forms or responses to specific crises — without integrat-
ing them into a single structured model.

Despite the significant amount of research in the
field of fiscal policy and budget adaptation to crises, the
problem of parametric clustering of models for manag-
ing revenues and expenditures of the state remains in-
sufficiently developed, which necessitates further sci-
entific research in this area.

The purpose of the article. The purpose of the
study is to systematize existing models of budget pol-
icy, provide a formalized description of them, and
group them according to structural characteristics.

Presentation of the main material. Analysis of
scientific approaches and practices of budget policy in
conditions of macrofinancial instability makes it possi-
ble to identify five models of revenue and expenditure
management: the fiscally restrained, the stimulating,
the debt-active, the mobilizing, and the adaptively bal-
anced. They differ in terms of the logic of revenue mo-
bilization, the structure of budget priorities, the regime
of deficit and debt financing, as well as the intensity
and speed of budget adjustments in response to shocks.
The fiscally restrained model is based on minimizing
the deficit and limiting the debt burden; tax policy is
focused on stability and predictability, and the expendi-
ture structure is characterized by a high share of social
commitments and low flexibility of redistribution. The
stimulating model involves a temporary expansion of
the deficit to support economic activity, with an empha-
sis on the investment and capital component of expend-
itures and more flexible use of tax instruments.

The debt-active model is based on the systematic
use of borrowing as a key financing resource, which de-
termines the persistent deficit and dependence of the
budget structure on the availability of debt sources. The
mobilizing model is implemented in conditions of high
turbulence and involves the centralization of resources,
prioritization of security and defense expenditures, and
active use of temporary fiscal measures. The adaptively
balanced model combines elements of restraint and
stimulation: the deficit is kept within controlled limits,
the expenditure structure is adjusted depending on
macrofinancial conditions, and debt is stabilized in the
medium term. Comparative characteristics of the mod-
els are presented in Table 1.

Table 1
Comparative characteristics of revenue and expenditure management models
Parameter Model
The fiscally re- The stimulating | The debt-active | The mobiliz- | The adaptively
strained ing balanced
Deficit regime Minimization Tempor.ary o System.i ¢ defi- Controlled Flexiblle regula-
tension cit tion
Growth in the Active involve-
Debt policy Restrictions stimulation Control Stabilization
phase ment
Tax strategy Rate stability Flexible changes Rehancg on Temporary Combined ap-
borrowing measures proach
Expenditure High proportion | Investment pri- | Dependence on | Safety prior- Balance be-
structure of liabilities ority financing ity tween directions
Eilllg}%et flexi- Low Average High Centralized Adaptive

In practice, managing revenues and expenditures
of the state in conditions of macrofinancial instability
is implemented as a combination of interrelated deci-
sions on resource mobilization, the structure of budget
priorities, the acceptable level of the deficit, and debt
financing instruments. Accordingly, it is advisable to
record differences between budget management mod-
els not based on a single indicator (e.g., deficit or debt),
but as a comprehensive management configuration that
includes revenue, expenditure, debt, and adaptation
components simultaneously.

To formalize such configurations, a “passport’ ap-
proach can be used (each management model will be
described by a single set of standardized characteristics
grouped into blocks (revenue, expenditure, deficit/debt,
adjustments)). Each feature will be coded according to
an ordinal scale of intensity of manifestation. The
agreed set of features and codes that make up the “pass-
port” of the model will be provided.

In further research, the matrix of coded features
can be used as an input base for cluster grouping of
models. Since each model is described by the same set
of parameters, it can be interpreted as a vector of values
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in a multidimensional space of features. This makes it
possible to move from qualitative typology to formal-
ized grouping of models according to their degree of
structural similarity.

Conclusion. Approaches to budget management
were systematized, and five models of revenue and ex-
penditure management were identified, differing in
terms of the acceptable deficit level, the role of borrow-
ing, the flexibility of expenditure, and the speed of
budget adjustment. To enable a formal comparison of
the models, it is possible to describe them parametri-
cally using a unified set of characteristics covering rev-
enue policy, expenditure priorities, deficit regime, and
debt financing.
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This study presents the experimental validation and nonlinear thermal modeling of energy-efficient masonry
blocks incorporating recycled plastic waste as partial aggregate replacement. The objective is to evaluate thermal
performance improvement while maintaining acceptable mechanical strength.

Composite blocks were manufactured using mineral aggregates combined with shredded recycled plastic at
varying volume fractions (5%, 10%, and 15%). Laboratory testing included compressive strength assessment,
density measurement, and guarded hot plate thermal conductivity analysis.

Results indicate that incorporation of 10% recycled plastic reduced thermal conductivity by up to 28% com-
pared to control specimens, while compressive strength remained within acceptable structural limits for non-load-
bearing masonry applications. A nonlinear regression model was developed to predict thermal conductivity as a

function of plastic content and density variation.

The findings demonstrate a viable pathway for reducing plastic waste accumulation while enhancing building
envelope energy performance. The proposed composite blocks align with circular economy principles and EU

energy efficiency objectives.

Keywords: recycled plastic, thermal conductivity, masonry blocks, nonlinear modeling, circular construc-

tion, energy efficiency.

1. INTRODUCTION

The construction sector remains one of the largest
contributors to global energy consumption and material
extraction. Simultaneously, plastic waste accumulation
presents an escalating environmental challenge.

Incorporating recycled plastic into construction
materials offers a dual environmental benefit:

1. Diversion of plastic waste from landfills and
ecosystems

2. Improvement of thermal performance in
building envelopes

EU energy efficiency directives and circular econ-
omy strategies encourage innovative material solutions
that combine waste valorization and energy optimiza-
tion.

This research investigates the thermal and me-
chanical behavior of plastic-mineral composite ma-
sonry blocks under controlled laboratory conditions.

2. MATERIALS AND METHODS

2.1 Materials

e Portland cement (CEM I 42.5N)

e Mineral aggregates (0—8 mm fraction)

o Shredded recycled polyethylene waste

e Water

Plastic waste was mechanically processed to par-
ticle sizes of 3—6 mm.

2.2 Mix Design

Four mixtures were produced:

Sample Plastic Content (% vol.)
Co 0% (Control)

Cs5 5%

C10 10%

C15 15%

2.3 Testing Procedures

e Compressive strength (EN 12390)

e Density determination

e Thermal conductivity via guarded hot plate
method

Testing conducted at 28 days curing.

3. RESULTS

3.1 Density Reduction

Density decreased proportionally with plastic con-
tent:

e C5—--7%

e Cl10—-14%

e CI5—-19%

3.2 Thermal Conductivity

Control specimen A = 0.82 W/m-K

e C5—-0.71 WmK

e C10— 0.5 W/m-K

e C15—0.54 Wm-K

Optimal balance observed at 10% substitution.

3.3 Compressive Strength

Control: 12.8 MPa

e C5—12.1MPa

e Cl10—11.4MPa

e Cl15—9.8MPa

C10 remains suitable for non-load-bearing ma-
sonry units.

4. NONLINEAR THERMAL MODEL

Thermal conductivity behavior fitted using non-
linear regression:

A=a-e™N-bx)

Where:

A = thermal conductivity

x = plastic volume fraction

Model shows strong correlation (R? = 0.94).

5. DISCUSSION
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Results confirm that moderate plastic incorpora-
tion significantly improves insulation performance
without critical mechanical compromise.

The developed model enables predictive optimiza-
tion of plastic content for targeted thermal perfor-
mance.

Integration into building envelopes contributes to:

e Reduced heating demand

e Lower embodied carbon

o Plastic waste mitigation

6. CONCLUSION

Recycled plastic-mineral composite masonry
blocks present a technically viable and environmentally
beneficial alternative to conventional masonry units.

The 10% plastic substitution level provides opti-
mal performance balance.

This research supports circular material flows and
sustainable construction strategies aligned with EU en-
ergy performance standards.
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Xiilaso

Magqalads movzunun aktualligi, todqiqat obyekti, magsadi, material metodikasi vo muxtar respublikanin algaq
dagliq orazisindo yerloson Tiirkes ¢okokliyi torpaqglarmin eko-cografi soraiti hagqinda molumat verilir. Isin osas
mozmununda ilk ndvbado orazinin torpaq miihitinin formalasmasina tosir gdstoron fiziki-cografi amillori,
deqradasiya, o ciimlodon tobbi vo antropogen proseslori Oyronilorok tohlil olunmus, torpaglarin
qiymatlondirilmasinds aqroistehsalat qruplasdirilmasinda istifade olunmusdur.

Noticodo Tiirkes ¢okokliyi orazisindo torpaqlaridan modoni-tobii bitkilor altinda somorali istifado etmok
moqsadi ilo muxtar respublikanin iqtisadi-sosial soraitinin yaxsilasdirilmas: ii¢iin toskilati, mithondis-texniki,
informasiya texnoloji va sistemli tadbirlorin hoyata kegirilmosi mogsadouygun sayilmisdir.

Abstract

The article presents information on the relevance of the topic, the object of research, its purpose, materials
and methodology, as well as the eco-geographical conditions of the soils of the Tiirkes Depression located in the
low-mountain area of the Autonomous Republic. In the main part of the study, the physical-geographical factors
influencing the formation of the soil environment of the area, including degradation processes as well as natural
and anthropogenic processes, were studied and analyzed, and the results were used in the agro-production grouping
applied in soil evaluation.

As a result, in order to ensure the efficient use of the soils of the Tiirkes Depression under cultivated and
natural vegetation, the implementation of organizational, engineering-technical, information-technological, and
systematic measures aimed at improving the socio-economic conditions of the Autonomous Republic was consid-
ered appropriate.

Acar sozlor: Torpaq, eko-cografi, relyef, geoloji qrulus, siixur, deqradasiya, tobii proseslor, antropogen
proseslar, torpaglarin qimatlondirilmasi, torpaqlarin aqroistehsalat qruplasdiriimasi

Keywords: soil, eco-geographical, relief, geological structure, rock, degradation, natural processes, anthro-
pogenic processes, soil evaluation, agro-production grouping of soils.

Moévzunun aktualligl. Torpaq insan hoyatinda
miistosna ohomiyyat kosb edir. Naxgivan MR
miirokkob relyef soraitino malik olan dagliq orazi
olduguna gors kond tosarriifatina yararli torpaq sahalori
azliq toskil edir. Digor torofdon orazinin kontinental
iglim soraiti torpaqglarin deqradasiyasina, eroziya vo
sorlasma proseslorine moruz qalmasma sabab olur.
Mohz, bu baximdan muxtar respublikanin kond

tosarriifatina yararli torpaq fondunun 30 faizo goaderini
togkil edon Orta daghq qursagin  dagarasi
cokokliklorindon biri olan Tiirkes ¢okokliyinds yayilan
torpaglarin deqradasiya proseslorine moruz qalir.
Tirkes c¢okokliyi Naxg¢ivan MR-do cografi
movqeyine gors simaldan Darsloyez daglarinin conub
otoklori, qorbdon Coahrigayin, sorqdon Pirgayin
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suayricilari, conub-gorqdon iso Naxgivangaymn vadisi
ilo sorhadlonir (Xarits 1).
[ >
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Naxcivan Muxtar respublikasinin  ohalisinin
oksariyyati (toxminon 70 faizi) kondlords yasayir vo
kond tosorriifatt ilo mosgul olur. Hazirda muxtar
respublikada il orzindo yaradilan slava doyerin orta
hesabla tigdo bir hissasi kond tesorriifatinin payina
diislir. Azerbaycanda ilk dafs olaraq torpaq islahatinin
Naxc¢ivanda kegirilmosi, torpagin soxsi miilkiyyoto
verilmosi, kolxoz vo sovxozlarm  omlakinin
0zollosdirilmosi, burada digor saholorlo miiqayisads
kond tosorriifatinda  islahatlarin  daha  siiratlo
aparilmasina imkan yaratmigdir. Bu dovr arzinds olds
olunmus miisbat meyilli doyisikliklorin dinamikliyini
tomin etmok, qarsiya ¢ixan problemlori aradan
qaldirmaq moqsadilo miivafiq qanun vo formanlar
gobul edilmisdir.

Hazirda muxtar respublikada hoyata kegirilmis
aqrar islahatlarin naticasindo 6zal miilkiyyato asaslanan
agrar miinasibotlorin  formalagsmasi prosesinin ilk
morholosi basa catdirilmigdir. Qeyd olunan proseslorin
keyfiyyotco daha yiiksok morhsloys kegidini, miiasir
tipli aqrar-senaye sektorunun formalagmasini tomin
etmok moqsadils sistemli tadbirlor goriilmakdadir. Bu
mithiim todbirlordon miitogokkil ticaratin toskilinin
dovlet  torofindon  dostoklonmasi, osas  arzaq
mohsullarinin zsruri saviyyads istehsal olunmasina
soraitin yaradilmasi, yerli vo xarici monsgoli orzaq
mohsullarmin ~ keyfiyystino ~ somoroli  nozarot
mexanizminin totbiqi vo orzaq bazarinda ekoloji,

Xorita 1. Tiirkes ﬁc;kliyinin relyef Xoritasi

- q_am“

fitosanitar

sanitar, baytar vo toloblorina  cavab
vermayon mohsul vo xidmatlorin qarsisinin alinmast,
kond tosarriifatt mohsullarinin ixracina dévlat himayasi
vo bu sahada foaliyyot gdstoran tosarriifat subyektlorine
giizostli kreditlorin, lizing obyekti olan texnikalarin

verilmosi  hazirda daha ¢ox Onom  verilon
istiqgamatlordondir.

17 sentyabr 2008-ci il tarixdo tosdiq olunmus
"2008-2015-ci illorda Naxgivan Muxtar

Respublikasinda shalinin arzaq mohsullari ils etibarli
tominatina dair Dovlot Proqrami” kond tosorriifati
mohsullarmin  istehsalinin ~ artirilmasinda  yeni
istiqamotlori miioyyonlosdirmisdir. Nax¢ivan Muxtar
Respublikasinda iqlim goraiti va torpaq xiisusiyyatlori,
eyni zamanda daxili tolobat nozors alinaraq okingilik
homiss 6n planda olmusdur. Muxtar respublikada
taxileiligin  inkisafina xiisusi digqet vo qaygi
gOstarilmis, taxil okingilorineg kreditlor verilmisdir.
Muxtar respublikada, o climlodon Tiirkes
¢okokliyinds yararli torpaq sahslorinin az olmasi, diger
torafdon orazi muxtar respublikanin diger rayonlarina

nisboton  dagliq  olduguna géro  torpaglarin
deqradasiyasina, xiisusilo eroziya proseslorine moruz
qalmasma saobob olur. Ona gora do orazide

torpaqglatrdan maksimum dorocads semarali istifads
etmok lazimdir. Mbohz, bu baximdan muxtar
respublikada okin altinda istifado olunan yararl
torpaqlarin az olmasi ilo olaqodar olaraq orazide miiasir
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iisullarla torpag-bitki todqiqatlarin aparilmasi vacib
masalolorden biridir.

Mohz, bu baximdan muxtar respublikada “Tiirkes
cokokliyi torpaqlarinin eko-cografi soraiti”
movzusunun se¢ilmasi aktualliq toskil edir.

Todgigatin moagsad vo vazifolori. Isin osas
moqsadi Tiirkes ¢okokliyi torpaqlarinin eko-cografi
soraitini iqtisadi-cografi baximdan todqiq etmokdon

ibarotdir. Todqiqat isindo problemin holli {igiin
asagidaki mosololor qarsiya qoyulmus vo hoall
olunmusdur.

- Movzuya aid odobiyyat, xorito materiallarinin
toplanmasit vo movcud metodikalarin secilmasi;

- Todqiqat aparilacaq saholoro masrutlarin
vaxtimin vo miiddstinin miioyyonlosdirilmaesi:

- Tirkes c¢okokliyindo yayilan torpaqlar
qiymotlondirilorok, onlarin tosorriifat ohomiyyatini
miloyyonlosdirmok;

- Tadqiqat isinin naticalari tohlil olunaraq, Tiirkes
¢Okokliyindo torpaq miinbitliyinin qorunmast ii¢iin bir
ne¢o tovsiya, toklifl vo tadbirlorin hazirlanmast;

- Notico vo istifado olunan odobiyyat
materiallarinin siyahisinin hazirlanmas;

Tadqgiqat obyekti. Todgigat 2025-2026-ci illor
orzindo Sahbuz inzibati rayonun Tiirkes ¢okokliyi
oroqrafik vahidi orazisinds aparilmisdir.

Tadgiqatin metodikasi. Todqiqat isindo qarstya
goyulmus problemlorin elmi-nozori mosololorine vo
metodologiyasina uygun olaraq elmi-todqiqat isi ii¢
morholado aparilmigdir.

1. Kameral-hazirliq;

2. Col-laboratoriya;

3. Umumilosdirici-yekunlasdirici;

Todqigat iginin yerino yetirilmosindo xarici,
xisusilo MDB vo Azorbaycanin taninmis torpaqgsiinas,
aqroximik, coqrafiya vo iqtisadiyyat sahasinds ¢aligan
alimlorinin  mdvcud  odobiyyatlarindan, metodik
vosaitlorindon istifado olunaraq asagidaki gostorilon
iisullardan istifads olunmusdur.

Toahlil vo miizakirs. Todqgiqat obyektinds torpaq
miihitinin formalagmasina fiziki-cografi vo antropogen
amillor xiisusilo boyiik tasir edir. Bu baximdan todqiqat
isindo ilk névbads torpaq miihitinin formalasmasina
tasir gostaran fiziki-cografi amillers diqqat yetirak.

Ovvalds geyd etdik ki, tadqigat obyektinds torpaq
miihitinin formalagsmasina xiisusilo boyiik tosir edon
fiziki-cografi amillordir. Bu amillordon torpaq
miihitinin formalagsmasina tosir gostoron amillordon
arazinin relyef va geoloji qurulusu qeyd etmak olar [1].
[lk novbado torpaglarmin formalasmasina tosir
gostoron tobii amillordon orazinin relyef qurulusu
haqqinda molumat verilir.

Relyefi. Gostorilon amillor icorisindo Tiirkes
¢Okakliyinds torpaqlarin formalagmasinda daha ¢ox rol
oynayan arazinin relyef qurulusudur. Nax¢ivan Muxtar
Respublikas1 dagliq 6lke oldugundan relyef qurulusu
noinki okinalt1 torpaqlarin, hotta basqa fiziki-cografi
amillorin  do  (iqlim, bitki, heyvan vo b.)
formalagsmasinda miithiim rol oynaywr. Mohz, bu
baximdan relyef qurulusunu fiziki-cografi amillerin an
miithiim amil kimi saymaq olar. Muxtar respublikada bu
istiqgamatds demok olar ki, otrafli tadqiqat islori
aparilmamigdir.

Muxtar respublikanin, o cilimladen tedqiqat
obyektinin relyef qurulusu miixtolif moagsodlor bir ¢ox
todqgiqateilar  torofindon  Oyronilmisdir. Lakin bu
todqiqatgilardan xiisusilo B.O. Budaqovun vo S.Y.
Babayevin xidmaotlorini géstormok olar. B.O. Budaqov
vo S.Y. Babayevin bu sahodo apardiglar1 todqiqatlar
aqgrar istiqgamotindo oldugu iiciin onlar1 xiisusi qeyd
etmok lazimdir. Relyef qurulusu iizro yuxarida qeyd
etdiyimiz tadqiqat isi aparan alimlor Nax¢ivan Muxtar
Respublikasinda bir neg¢a (4, 5, 6) hiindiirliik qursaqlari
ayirmig vo orazido diizonlik, dagotoyi, dag, dagarasi
cokaklik, cay yataqlari, dag, c¢ay terraslari, kuest,
yargan, qobu vo b. formalarin oldugunu gostormislor
[1,s.23-64].

1. Diizonlik qursagi 600-1000 metr;

2. Alcaq dagliq qursagi 1000-1500 metr;

3. Orta dagliq qursagi 1500-2300 metr;

4. Yiksok dagliq qursaq 2300-3906 metr.

Nax¢ivan Muxtar Respublikasimnin hiindiirliik
qursaqlari  lizro  torpaq  Ortiiyii  strukturunun,
geomorfoloji va bioekoloji xiisusiyyastlori haqqinda
novbati bolmodo daha otrafli molumat verilocokdir.
Burada qisa da olsa onu qeyd etmok lazimdir ki,
gostorilon hiindiirlik qursaqlarinda torpagamslogalma
prosesi miixtolif goraitdo getdiyino goro diizonlik,
cokoklik vo cay yataqlarina yaxin olan terraslarda
torpaq qatt qalin, dag yamac vo zirvolorinds nazik, orta
vo yiksok dagligin yuxari hissalorinds bork siixurlarin
iizo ¢1xdig1 miigahido olunur.

Geoloji qrulusu. Ovvaldo qeyd etdik ki, Tiirkes
¢okokliyinds torpaglarin formalagmasina tosir géstoron
fiziki-cografi amillordon biri do orazinin geoloji
grulusudur. Orazinin relyef qurulusu ilo barabar geoloji
grulusu da bir ¢ox alimlor torafindon Gyronilmisdir.
Lakin, bu todqiqatgilardan forqli olaraq regionun
geoloji qurulusunu otrafli surstde S.9.9zizboyov
Oyronmisdir [2, s.85-113]. Tadqgiqat obyektinin geoloji
qurulusuna nozor saldiqda goriinlir ki, burada
torpaqlarin formalagmasinda asason qodim vo miiasir
dovriin ¢okiintiilori rol oynayir. Gostorilon ¢okiintiilor
yaranma dovriindon vo soraitindon asili olaraq litoloji
torkiblarinin miixtslifliyi ilo forqlonir. Burada qumlar,
¢inqil, andezit, bazalt, konqlomerat, vulkanoitlor, gilli-
bitumlu, shongdasi vo digar siixurlar yayilmigdir. Bu
stixurlar torpagomalogolms prosesinin istiqgamatini
gostormakloa, miixtalif torpaq tiplarinin
formalagmasinda da istirak edir. Orazido vulkanogen
cokiintiilorin vo ¢okmo siixurlarin mévcud oldugu
saholordo asmma proseslori siddatli gedir. Daglarin
yamaclarinda vulkanogen siixurlarin yayildigt saholor
iso qalin delliivial ¢okiintiilorlo Ortiilmiisdiir. Orta
dagliq qursagin asas hissasi respublikanin morkazinds
yerlogsmoklo siddatli parcalanmisdir (Tiirkescay). Orta
dagliq qursaqda angaq Tiirkes kondi yerlosir.

Iqlimi. Todgigat obyektindo torpaq miihitinin
formalagmasina tosir gostoran fiziki-cografi amillorden
biri do arazinin iglim soraitidir. Olkamizin, o ciimladon
Tiirkes ¢okokliyinin iglim soraiti do miixtalif magsadlor
ti¢iin bir ¢ox tadqiqatcilar tarafinden Syronilmisdir [1,
s. 7-25].

Molumdur ki, iqlim amili bitkilerin inkisafina
birbasa, torpaqlara iso dolay1 yolla tasir gosterir. Ona
g0ra do bu amilin do torpaqlarin qiymetlondirilmasinda
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nozora  almmasi  vacib  masalolorden  biridir.
Torpagomologolmoa prosesindo iqlim gostoricilorindon
istilik vo atmosfer ¢okiintiilori asas rol oynayir. Ciinki,
bitkilorin vegetasiya dévriindo torpaqda 10° C-don
yuxar1 temperaturlarin comi va riitubstlonmo doracasi
normal olmalidir.

Naxcivan ~ Muxtar  Respublikasinda  iglim
amillorini  dyronon  alimlordon  forqli  olaraq,
P.S.Mirzayevin todqiqatlar: xiisusi ilo maraq dogurur.
Belo ki, o orazinin iqlim amillorini aqrar sahsnin
inkisafi istigamotindo dyronmisdir.

Biz deo 0z todqiqat isimizde P.S.Mirzayevin
todqiqatlarindan  bohrolonmigik. Beloliklo, muxtar
respublikada iqlim ehtiyatlar1 {izro aparilan vo
apardigimiz todqiqatlarin noticalorini iimiimilogdirarok,
orazinin cografi soraitinin miixtalifliyindon asil1 olaraq
hiindiirliik qursaqlar1 {izro 6 iqlim tipinin olmasint
miloyyon etdik. Bu iqlimin 3-4-sii Tiirkes ¢okokliyinin
orazising aiddir [2, s.81-97].

1. Qi1 soyuq, yay1 quraq, isti yarimsohra va quru
¢ol iglimi. 2. Qi1 miilayim, yay1 quraq, isti yarimsohra
vo quru ¢ol iglimi. 3. Yayr quraq vo sorin kegon
miilayim isti iqlim. 4. Yay1 quraq va an ¢ox sarin kegan
soyuq iqlim. 5. Dag tundra iglimi. 6. Nival iglim tipi

Iglim tiplori {izro apardigimiz arasdirmalardan
aydin olur ki, orazido saquli zonalliq tizro iqlim
gostaricilori  diizonlikdon yiiksok saholoro dogru
doyisorak &ziinomaxsus xiisusiyyatlor yaradir. iglimin
yaratdiqlari bu arazi forqlori relyef qurulusunda oldugu

kimi  okinaltinda torpaqlarin  torpagomologolma
prosesino miixtalif tosir gostorir. Orazinin ayri-ayri
iglim  tiplorinde  formalagan orpaq tiplerinin

miinbitliyindas do forqlor yaranir. Ona gors do hmiixtalif
tor bir hiindiirliikk qursaqlart iizrs torpaqlardan modoni
bitkilor altinda somorsli istifado etmok iiclin geyd
olunan iqlim gostaricilorino diqget yetirmok tolob
olunur. Qeyd etdimiz iqlim tiplori Obroqunus
¢cokokliyinin algcaq vo orta dagliq sahoslorinde ¢oxlu
miqdarda istilik tolob etmoyon payizliq bugda okilir.
Sahodon payizliq bugda yigildigdan sonra orazido
2000-2500°C istilik ehtiyat1 galir. Bu iso diizonlik vo
algcaqdagliq sahoalords qisa vegetasiyali torovoz vo yem
bitkilori yetisdirmok hesabina ildo 2 dofs mohsul
gotiirmoys imkan verir. Bu sahalordo yiiksok mohsul
aldo etmok vo orazide torpaq miinbitliyini qorumaq
liclin yerli goraito uygun tez yetison bugda sortlarindan
olavo, orta vo gec yetison sortlarin okilmosi
moslohatdir.

Hidroloji soraiti. Tiirkes ¢okokliyindo su ehtiyati
modoni bitkilerin inkisafinda miihiim rol oynamagqla
borabar, tobii bitkilorin formalagmasinda miinbitlik
faktoruna da tosir gostorir. Naxc¢ivan Muxtar
Respublikasinda su ehtiyatlarinin  dyronilmasindo
S.H.Riistomov, S.Y.Babayev, N.S.Bababoyli,
©.G.Quliyev vo b. tadqiqatgilart gostoarmok olar [2,
5.54-65].

Gostorilon  todgigatgilardan  S.H.Riistomovun,
S.Y.Babayevin vo 9.G.Quliyevin Naxc¢ivan Muxtar
Respublikasinda su ehtiyatlarinin osas hissasini tutan
caylar, gollor, su anbarlari va yeralti sular (kohriz,
bulaq) iizra apardiglar1 todqiqat islerini xiisusi qeyd
etmok lazimdir. Su ehtiyati orazids hidroqrafik seboko
yaradir. Hidroqrafik soboke insanlarin tosorriifat

foaliyyoti ilo doyisir. Bu ise torpaqlarin orazide
formalagmasina tosir géstormoayo bilmoz. Mohz, buna
goro do tosorriifatlarda su ehtiyatlarindan somaroli
istifado etmok iiclin onlart diizglin  istigamoto
yonoaltmok lazimdir.

Son dovrlords Nax¢ivan Muxtar Respublikasinda,
o climlodon Tiirkes ¢okokliyinds bu istiqgamatdo bir sira
todbirlor hoyata kecirilmisdir. Lakin, orazido okino
yararli torpaqlardan semarsli istifade etmok {igiin su
chtiyatlart holo do ¢atismir. Ona goro do muxtar
respublikada o ciimlodon Tiirkes ¢okokliyindo bu

sahodo yeni su anbarlarinin yaradilmasi igiin
todqiqatlarin miqyasi artirilmalidir.
Tiirkes ¢cokokliyindo su ehtiyatlarmin

toplanmasinda kohrizlorin do miihiim rolu vardir [1,
s$.77-78].

Qeyd olunanlarla berabor, todqiqat isindo
subartezian quyular1 vo kohriz sistemlori ilo suvarilan
okin saholorinds istehsal edilon mohsula sorf edilmis
xorc, omok foaliyyoti vo onlarin satig qiymaotlori
miiqayiso edilmis, kohriz sistemlorinin arid zonalar
liclin iqtisadi cohoatdon olverisli su monboyi olmasi
siibuta yetirilmisdir. Noticodo kohriz sistemlorinin
dogrudan da iqtisadi cohotdon somorali bir hidrotexniki
qurgu  olmasi, hotta iqtisadi  ndqteyi-nazorco
subartezian quyularindan {stiinliiyii siibut edilmisdir.
Bu sobobdon do mdvcud kohriz sistemlorinin
gorunmasi vo yeni kohrizlorin qazilmasi 6z aktualligini
saxlamaqdadir.

Beloliklo, todqiqat obyektindo aparilmis va
apardigimiz todqiqatlarin noticalori tohlil olunaraq
miioyyan edilmisdir ki, arazids su ehtiyatlarinin qeyri
borabar paylandigini vo ¢atismamazligini nozors alaraq
vahid su sobokasinin yaradilmasi maslohat goriiliir.
Vahid su sobokesinin funksiyast Sahbuz inzibati
rayonunda movcud olan Naxc¢ivangay, Badamlicay,
Tiirkesgay vo digor su obyektlori arasinda olage
yaratmagla, bir-birindon ehtiyaci olan arazilors kanallar
va komarlar vasitasilo suyu naql etmokdon ibaratdir.

Bitki ortiiyii vo heyvanlar ailomi. Molumdur ki,
Tiirkes ¢okokliyindo torpaqlarin  formalagmasina
formalagmasinda torpaq, bitki vo heyvanlar alominin
xiisusi rolu vardir [10]. Orazide heyvandarligin tobii
yem bazasinin formalasmasinda ovvaldo qeyd
etdiyimiz ekoloji amillorlo berabor torpaq, bitki vo
heyvanlar alomi do xiisusi olaraq istirak edir. Yem
bazasinin qiymotlondirilmasindo gdstorilon amillorin
dyranilmosi do vacib masalalordon biridir. ilk névbado
aorazids yayilan torpag-bitki ortiiyline nazar yetirak.

Bildiyimiz kimi miirokkob relyef, miixtalif torpaq
va iqlim goraiti olan dagliq srazimizin ¢ox zangin bitki
ortiiyli vardir. Nax¢ivan Muxtar Respublikasinin, o
climlodon ©broqunus ¢okokliyin bitki ortiiyli miixtolif
illorde M.N.Abutalibov, V.S.Haciyev va son dovrlords
iso T.H.Talibov, ©.S.ibrahimov vo basqa todgiqatcilar
torafindon yronilmisdir [2, s.21-29].

Todgiqatlar osasinda miioyyon olmusdur ki,
Tiirkes ¢okokliyindo kontinental iqlime malik olmasi
orazinin bitki Ortliyliniin  formalagmasina  tasir
gostormis vo burada zoif, birtipli, yoni kserofit tipli
bitkilorin inkisaf etmosino sobeb olmusdur. iqlimin
bels kontinentallig1 diizanlik vo dagliq hissalors deyil,
eyni zamanda az da olsa yuxar1 dagliq sahalorin bitki
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ortliylino do tosir gostormisdir.

Beloliklo, orazide miixtslif illorde aparilan relyef,
iqlim, torpaq, bitki vo geobotaniki todqiqatlar tohlil
olunmus, naticods timiimilesdirilorak asagidaki torpaq-
bitki zonalarmin ayrilmast maslohat goriilmiisdiir.

1. Col torpaq-bitki Ortiiyii

2. Friqanoid torpaq-bitki ortiiyii

Bu 2 bitki oOrtiiyli okinaltinda demok olar ki,
somorali istifads olunur.

Heyvanlar  alomi.  Tirkes  ¢okokliyindo
torpaglarin formalagsmasina torpaq-bitki ortiiyii ilo
borabor orazids yasayan heyvanlar alominin cuzi ds

olsado miihiim rolu vardir. Uzvii maddalorin
par¢alanmasinda  heyvanlar  alominin  icorisindo
onurgasiz  heyvanlarin  vo  mikroorqanizmlorin

foaliyyoti avozedilmozdir. Malumdur ki, torpaqda kiilli
miqdarda bakteriya qrupu, goboloklor, aktinomisetlor
vo onurgasiz heyvanlar yasayir.

Naxcivan Muxtar Respublikasinda, o ciimlodon
todqiqat obyektindo heyvanlar alomi tarixin ayri-ayri
inkisaf morholslorindo miixtalif todqiqatgilar torafindon
Oyronilmisdir. Lakin, todqiqat isimizde xiisusilo
M.O.Musayevin, S.B.Oliyevin, M.Z.Piriyevin,
H.T.Hiiseynovun, X.N.Riistomov vo R.V.Omirovun
asarlaring istinad olunmusgdur.

Torpagin iist qatinda {izvi maddaslorin ¢ox olmasi
bu qatda torpaq tipindon asili olaraq bakteriyalarin
inkisafi {iclin olverigli gorait yarandiginda bu
maddalorin miqdarmin azalib, goxalmasi mosolalori vo
homginin asag1 qatlara dogru miqdar1 dyronilmisdir.

Bildiyimiz kimi bakteriyalar tizvii birlogsmalardon
geyri-lizvi birlosmolor vo ya prosesin oksino getmosi,
onlarin qidalanmast ve tonoffiisiiniin mshsuludur.
Aragdirmalar noticosindo todqiqat isindo torpaqda
bakteriyalarin qidalanma xiisusiyyatlorine va tonoffiis
elementlorine do digqot yetirilmisdir. Qidalanma
xilisusiyyatlorino gors bakteriyalar 2 qrupa (prototrof vo
metatrof) boliiniir.

Torpaq mikroorqanizmlori arasinda gobosloklor,
sibyolor vo mamirlar torpagomologalma prosesindo
bioloji asinmani siiratlondirmokls, ilk omologalon
torpagt P, S, K, Ca, N vo basqa eclementlorlo
zanginlosdirir.

Torpaqda {izvii maddoalorin omologalmasinda
onurgasiz vo onurgali heyvanlar da istirak edir
(miixtalif soxulcanlar, mikroorqanizmlor, siganlar,
stirinanlar, quslar, dirnaqli heyvanlar va s.). Orazinin
bitki  Ortiiylindon, ¢iiriintiinlin = miqdarindan  va
becorilmo soraitindon asili olaraq soxulcanlarin va
mikroorqanizmlorin miqdar1 dayisilir. Masalon bu,
palid mesosi altinda olan torpaqlarin 1 hektarmda 2940
ton oldugu halda, ot qarisig1 okilon torpaqlarda 320 ton
togkil edir. Coxillik elmi todqiqat iglorinin naticolori
gostormigdir ki, saholoro norma iizro giibroalorin
verilmosi torpaqlarin bioloji fealligini artirir.

Bu bdlmadoe Sahbuz inzibati rayonun bir oroqrafik
vahidi olan Tirkes ¢okokliyinde torpaqlarinin
formalasmasina tosir gostoron antropogen deqradasiya

proseslori haqqinda ayri-ayriligda mslumat verilir [2,
3]

Tadgiqat obyektindo torpagomologalmo
prosesindo avvaldo gostorilon faktorlarla borabor tobii
deqradasiya proseslorini vo insan amilini do xiisusi
geyd etmok lazimdir. Antropogen relyef insan
foaliyyoti ilo doyisdirilmis vo yaradilmis relyefdir.
Qadim zamanlardan insan yaranandan sonra uzun
osrlor boyu otraf miihits ¢ox yonli foaliyyati
noticosindo torpaq veo bitki Ortiiylindo dorin izlor
buraxmigdir. Ik morholodo tobii landsaftlar bir gox
hallarda madoani bitki landsaftina, yani aqrolandsaftlara
¢evirilmigdir.

Tobii deqradasiya proseslorinin vo insanlarin
tobioto saristasiz, vasicasino miidaxilosi noinki muxtar
respublika orazisindo bas vermis, hotda Tiirkes
cokokliyinds do belo neqativ hallara tez-tez rast golinir.
Bu ciir neqativ hallar hal-hazirda da orazido davam
etmokdadir.

Qeyd olunan tobii deqradasiya proseslori,
antropogen  deqradasiya  proseslori  torpaqlarin
miinbitliyinin azalmasina vo okin ddvriyyasindon
¢ixmasina noainki tok-tok, hotda bozi orazilords
kompleks gokildo tosir gostarirlor.

Apardigimiz  todqgiqatlarm  vo  odobiyyat

materiallarinin naticalorindon aydin olur ki, torpaqlarin
formalagsmasina tosir gostoron amillordon tobii
deqradasiya proseslorini vo antropogen tosiri asagidaki
kimi qruplasdirmaq olar.

I. Tobii deqradasiya proseslorina: Eroziya
proseslorinden, su vo Kkiilok, iglimin dayismasina
istilosmo vo quraqliq, soranlasma vo sorakotlosmo,
dasliglar vo kol-kos basmig saholori aid etmok olar.

II. Antropogen tosira: Orazido ohalinin sixligi,
otarma, agac vo kollarin qirilmasi, torpaqlardan
hoddindon artiq istifadoe olunmasi (dehumifikasiya
prosesi), suvarma, irriqasiya eroziyasi vo irriqasiya
yarganlarinin yaranmasi, torpaqlarin mexaniki islorlo
pozulmasi va dagilmasi, naqliyyat, tikinti vo faydali
qazmtilarin  geoloji  kesfiyyati, hasilati vo naql
olunmasi, pestisidlorin, radioaktiv maddslorin,
giibrolorin vo s. gdstormoak olar.

I.  Tobii deqradasiya proseslori.  Tiirkes
¢okokliyinde qeyd olunan tobii  deqradasiya
prosesloridon miixtalif deracalords kiilok va su eroziya
bas verir, Iqlimin doyismosi tobii soraitin biitiin
komplekslorino tosir gostorir. iqlim elemenlorindon
istilosmo  noticoesindo  temperaturun  yiiksolmosi
ekosistemdo quraqliglarin bas vermasina, hidrorejimin

doyismosino,  buxarlanmanmn  yiiksolmosino  vo
yagmtilarin azalmasina sobob olur. Quraqliq iso
istilosmo noticosindo  orazido quraqliq baslayir.

Quraqliq yagintisi ¢ox olan bolgalors nisbaton inzibati
rayonun ekosistemino daha ¢ox tosir gdstormoklo
sohralasma vo torpaq deqradasiyast prosesini
giiclondirir. Ciinki, bu yagintis1 az diison vo quraq
orazilordon biridir (Sokil 1, 2.).
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Orazido tobii deqradasiya proseslorindon biri do
soranlagsma, sorakotlogsmo vo batagliqlasmadir. Tiirkes
Obroqunus ¢okakliyinde az-¢ox ¢aylarin kenarlarinda
vo c¢oOkok saholordo soranlagsma vo bataqliglasma
proseslori hom tobii vo homdo insanlarin sorigtosiz
tosirlori naticesindo bas verir vo bunlarin osasinda
torpaqlar 6z miinbitliyini itirorok okin dovriiyyesindon
CIXIr.

Todqiqat obyektindo torpaq  miinbitliyinin
azalmasina monfi tosir gdstoran qeyd etdiyimiz monfi
tobii amillorlo barabor, orazido bas vermis giiclii sellor
naticasinde miixtalif olgiilordo dasliq ve quragligla
alagadar kol-kos basmis strukturu pozulmus torpaqlara
da rast golinir Dagslarla Ortiilmiis vo kol-kos basmis
strukturu pozulmus belo torpaqlar Daraloyoz daglariin
otoklorinde vo ona perpendikulyar sokildo uzanmis
Cohrigay, Badamlicay orta yiiksoklikli suayrici
daglarin otoklorinde vo Tiirkescayin orta axarlariin
yataqlarinda miisahido olunur.

II.  Antropogen tosir. Sohralasma torpaq
deqradasiyasini yaradan soboblor arasinda tobii
amillorlo yanasi, antropogen tosirlor do asas diqqot

o > i, BT SS N
Sokil 1, 2. Tiirkes ¢okakliyinda eroziya va quraqliq proseslori

o

¢okon mosoalolordon biridir (M.Babayev). Antropogen
tosir otraf miihito, o climlodon torpaga tosir gdstoron
insan foaliyyatinin miixtolif formalarini birlogdirir.
Miixtolif formalarda insanlarin torpaqlara kortobii

miinasibati  bir ¢ox hallarda orazido eroziya
proseslorinin  inkisafin1  siiratlondirir vo bataqliq
saholori yaradir. Mosolon, saholordo heyvanlarin

sistemsiz otarilmasi, agac vo kollarin qirilmasi eroziya
proseslorini siiratlondiron osas amillordondir. Tadqiqat
obyektindo sohralasma vo torpaq deqradasiyasini
yaradan antropogen amillorin miixtalif formalarindan
biri olan ohalinin orazido moskunlagmasina diqqgot
yetirok.

Ohalinin orazids moskunlasmasinin torpaqlara
tosirino nozor saldiqda, burada ohali o qodor do six
olmasada torpaq miinbitliyino tosir gostoron osas
faktorlardan biridir. Ona gore bu arazilerin torpaqlari
06z minbitliyini get-gedo itirorok  deqradasiya

proseslorino  ugrayaraq okin dovriyyesindon c¢ixir.
Lakin, ¢Okoliyin torpaqlari yarimsshra torpaglarina
nisbaton 6z miinbitliyi il segilir. (Sakil 3, 4).

Orazido torpaq miinbitliyinin azalmasma tasir
gostoran ohali sixligi ila barabar, qis va yay otlaglarinda
heyvanlarin sistemsiz otarilmasi, agac va kolluglarin
qurilmast hallarina rast golinir Eyni zamanda orazida
torpaglardan moadoni va tobii bitkiler altinda istifads
olunarkon aqrotexniki qaydalara diizgiin riayat
etmomok naticoesinds miinbitliyi azalaraq moahsuldarliq

Pk

Sakil 3, 4. Yararl torpaq sahalarindan istifads olan sahalar

ilba-il asagi diisiir. Toraqlardan uzun miiddet istifads
olunmasi vo suvarma sulariin nazaratsiz buraxilmasi
naticosinds asagida qeyd olunan monfi hallara gatirib
¢ixarir.

Torpaqlardan fasilosiz olaraq bozi tosorriifatlarda
torpaqlardan eyni bitki altinda uzun illor fasilosiz
olaraq istifads olunur. Bu da torpaqlarin fiziki, kimyavi
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xiisusiyyatlorini pislosdirir Vo bitkilorin
mohsuldarligiin asag1 diismasine sobob olur.

Orazido monfi antropogen amillorindon biri do
nozarotsiz suvarma noticosinds torpaqlarda bas veron
irriqasiya eroziyasidir. Dagotoyi vo aran rayonlarinda
suvarilan saholords su eroziyasinin bagqa bir névii olan
irriqasiya  eroziyast yayilmigdir. Bu  proseslor
noticosindo torpaqglarin iist miinbit hissasi yuyularaq,
darin sirim vo yarganlar yaranaraq torpaqlar yararsiz
hala diisiir.

Suvarma normadan artiq olduqda suyun bir hissasi
torpaga hopur, qalan hissasi ise yamac uzunu axaraq
torpagin narin miinbit qatin1 yuyub aparir.Yuyulub
aparilmis torpaq sahonin asagi hissosindo ¢okiir,
miixtolif qalinligda qaysaq omolo golir. Bu yerlordo
torpagin su-hava rejimi pislosir.

Okin saholorinds irriqasiya eroziyasmin omolo
golmosino suvarma vaxtt arxin daima bir yerdon
acilmas1 da bdoyiik tesir gostorir. Bununla yanasi
saholorin ¢ox girintili-¢ixintili olmasi qobularin amala
galmasing sorait yaradir. Suvarmani ikinci bir torafdon
nozaroatsiz buraxilan bu sular axmaz yerlors toplanaraq
bataqliglar yaradir. Irrigasiya eroziya va bataqliglasma
proseslorino inzibati rayonun tosorriifat saholorindo
miisahids olunur.

Monfi antropogen tosirlordon biri do orazide
plansiz noqliyyat yollari, tikinti materiallari, madon
sonayesinin hasilatidir. Bu neqativ hallara plansiz
noqliyyat yollari, ¢ay yataqlarindan vo bozi daglq,

saholor yaranir vo yaxud torpaqlar quruyaraq oz
miinbitliyini itirir. Bundan slave rayon orazisindo otraf
saholora lazim olmayan tikinti materiallar1 vo moisot
tullantilar1 hesabina ¢irklonon torpaqlara da rast golinir

Ovvoldo geyd olundugu kimi mdvzuya aid
odobiyyat, ¢61 materiallar1 toplanilmig vo igin
metodikast hazirlanmig vo movzu islonorken tarixin
ayri-ayr1 inkisaf morhalslorinde xarici olkslords, o

climlodon Azorbaycan vo Naxg¢ivan  Muxtar
Respublikasinda torpaq-bitki todqiqatlar1 aparan
alimlorin monoqrafiya, metodik vasait, xarito

materiallart vo miiasir tolobloro cavab veron is
tocriibalarindon istifade olunmusdur [3, 4, 5, 6, 7, 8, 9,
10].

MGovzunun yering yering yetirilmoasinds odabiyyat
materiallar1 ilo borabar asas masalalordon biri do ¢61
materiallarinin toplanmasidir. Bu magsadlo ©braqunus

cokokliyindo torpaq ortiiyli  struktur torkibinin

Oyronilmesi  liglin  oraziys asagida  gosterilon

istiqgamatlor lizra ekspedisiyalar tagkil olunmusdur.
Aparilan  miisahidolor  osasinda  todgiqat

obyektindo asagidaki torpaglarin tip, yarim tip vo
névmiixtolifliklori miioyyonlosdirilmisdir [5, s.45-62;
9]. Bu torpaq névmiixtalifliklorindon xiisusi olaraq boz,
gadimdon suvarilan-boz, alliivial-boz, boz-qonur, agig-
gohvayi (sabalidi), qohvayi (sabalidi), comon-bataqliq,
cay subasarlari, vo alliivial-comon torpaqlarini
gostormok olar.

2025-cu ilin oktyabr vo 2026-c1 ilin apel-may

dagotoyi vo diizonlik saholordon qum vo digor tikinti  aylarinda  Tiirkes  ¢okokliyine  togkil  olunmus
materiallarinin  daginmasi, homin orazilorin yargan ekspedisiyalar noticesindo toplanmis materiallarin
sokilindo buraxilmasi noticoesindo deqradasiya ugramig  tohlili osasinda qeyd olunmus torpaq
torpaqlara da rast golinir (Sokil 5, 6) névmiixtaliklorindon niimunalori gétiiriilmiis otrafinda
Tiirkes ¢okokliyinin conub hissosindo Naxg¢ivan-  yayilan saholordo modoni vo tobii  bitkilorin
Batabat magistral yolunun alt va iist hissalorinds axin ~ mohsuldarligi dyranilmisdir (Cadval 1).
istigamati olmayan sularin yigilmasi sayasindos bataqliq
Cadval 1
Tiirkes ¢okokliyinde miioyyan olunmus sahslords 2025-26-c1 ilin malumatlarina dair moadani va tabii bitkilorin
mohsuldarligi (s/ha)
Ne Torpaglarin ad1 Taxul Yonca Tabii otlar
1. | Sabahdi (gohvayi) 45-50 150-155 6-7
2. Subasar alliivial 40-45 145-150 5-6
3. | Acig-sabalidi (gohvayi) 35-40 140-145 4-5
4. Qumsal agig-sabalidi(gahvayi) 30-35 135-140 34
5 Yiingiil gllhcsh yuxa, sabalid 25.30 130-135 2.3
(gohvayi),
6. Bozqirlasmig sabalidi (gohvayi) 15-20 125-130 1-2

Tiirkes ¢okokliyindo miioyyan olunmus saholordo
2025-26-c1 ilin melumatlarina dair modoni vo tobii
bitkilorin mohsuldarligima (s/ha) diqqget yetirildikdo
gorliniir ki, orazide on yiiksok mohsuldarliq sabalidi
(gohvayi) va subasar alliivial, on agad1 mohsuldarliq ise
bozqirlagsmis sabalidi (qohvayi)torpaqlarda miisahido
olunmusdur.

Orazido torpaqglarm modani v tobii bitkilor altinda
qiymatlondirilmesinds  torpaqg-bitki niimunslorinin
morfoloji, fiziki vo kimyavi xiisusiyyatlori ilo baraber,

onlarin eko-cografi soraitino (relyef, geoloji vo
geomorfoloji qurulusu, iqlim soraiti, hidroloji vo
hidrogeoloji soraiti, bitki vo heyvanlar ailomi vo s.) do
diqget yetirilmisdir [1, s. 23-85; 2, s. 9-59; 3, s. 26-29;
7,s.5-38;8,s.151-184; 9, s. 112-123, 11, 12].

Tadqiq olunan sahalorin torpaq névmiixtalifliyi
Oyranilorkon dosent S.9. Haciyev torofinden tortib
olunmus Naxg¢ivan MR-in 1:150000 miqyaslh torpaq
xoritosindon istifads olunmusdur (Xarits 2).
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XORITO1
Xorita 2. Nax¢ivan MR-in torpaq xaritasi

Orazido torpaqlarin madoani va tobii bitkilor alinda  tam  bonitet gskalas1 (100 balli skalaya gora)
qiymatlondirilmasinds Tiirkes ¢okokliyi torpaqlarinin  miisyyanlosdirilmisdir (Cadval 2).

Cadval 2
Tiirkes ©broqunus ¢okakliyi torpaqlarmnin tam bonitet skalasi
(100 ball1 skalaya gdra)

_ 2

E = 5
Ne Torpaglarin ad1 E @ g

g S Z

M &

N
1. | Sabalidi (gohvayi) 100 X
2. | Subasar alliivial 90 X I Yiiksak
3. | Acig-sabalidi (gshvayi) 82 X
4. | Qumsal a¢ig-sabalidi (qahvayi) 76 VIII
5. | Yiingiil gillicali, yuxa, sabalidi (gahvayi), 72 VIII I Yaxs1
6. | Orta gillicali sabalidi (gohvayi) 62 Vil
7 Yiingiil gillicsli, zoif soranlasmis, sabalidi 56 VI
(qshvayi),

8. | Qumsal, ¢ingilly, alliivial-subasar 52 VI
9. | Qumsal, dasly, alliivial-coman 50 \% III Orta
10 | Qumsal, bataqli goman-kol 42 A%
11 | Qumsal, bataqli-comon 34 v IV Asagi
12 | Dasli-¢inqilli ¢ay yataglari 16 11 v
13 | Dasli cay yataqlari 12 11 Sorti yararsiz
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2025-26-c1  todris ilindo “Tiirkes ¢okokliyi
torpaglarinin eko-cografi giymotlondirilmosi” mévzusu
iizro apardigimiz torpaq-bitki todqiqatlar1 osasinda
miixtolif monbolordon  toplanmis  materiallarin
aragdirilmasi (morfoloji, fiziki, kimyovi xiisusiyyatlori
vo  ekoloji  soraiti) notiosindo  orazido 21
novmiixtolifliklori askar olmugsdur. Gdostorilon 21
novmiixtalifliyi 13 tip ve yarmmtiplor {izrs
birlogdirilorok, torpaqlar  qiymstlondirilmis  vo
aqroistehsalat qruplasdirilmasi1 aparilmigdir. Burada
torpaqlar tam bonitet skalaya asasan 100, minimum isa
12 bal almigdir.

Bu torpaqlar miioyyon olunan olamotlorine gora
miixtolif keyfiyyoto vo doyarlilik shomiyyastine malik
olur, tam bonitet gskalani tortib etmok {i¢lin «toshihy»
omsallarindan (sorlagsma, eroziya, qranulometrik torkib
va b.) da istifado olunmusdur.

Notica

1. Todqgigat obyekti iizra tortib olunmus
aqroistehsalat qruplasdirilmas1 aqromeliorativ  tad-
birlora ehtiyaci olan torpaq qruplarint da askar etmoya
imkan verir. Biitovlikdo bu qruplagdirma Tiirkes
¢okokliyindo yayilmis biitiin torpaq tiplori, yarimtiplori
vo novmiixtolifliklorini birlogdirir.

2. Orazi ekoloji soraitin kompleksindon asili
olaraq torpaglar daha kicik taksonomik vahidlors
boliiniir. Onlarin sonuncu bonitet ballar1 ovvalde geyd
etdiyimiz kimi (bataqliqlasma, sorakstlogms, eroziya,
granulometrik torkib vo s.) «toshih» omsallarin
komaoyi ilo miioyyon etmok miimkiindiir.

3. Tadqiqat obyektinds torpaq tipinin balini vo
aqroistehsalat qrupunu bilmokla, tobii vo modoni
bitkilor altinda istifads olunan torpaqlarin yaxsilagdiril-
mast {iglin aqronomik todbirlorin (meliorasiya,
giibrolomo, eroziyaya qarsi tadbirlar, kol-kos vo daglar-
dan tomizloma, suvarma va s.) hoyata kegirilmasini
milayyan etmoak olur.

Takliflor

1. Tirkes ¢okokliyinda torpaqlardan maksimum
doracada samarali istifads etmak {i¢iin ilk novbads su-
suz sahalara su kanallar1 ¢okilmolidir.

2. Cokeokliyin cay sahilindos az da olsa ba-
tagliqlasmadan vo sorakotlogsmodon, simal, simal-gorq,
simal-qorb hissalorindo iso eroziyadan qorumaq vo

miinbitliyini borpa etmok fi¢iin ¢oxlu sayda agac
bitkilorinin okilmasi maqsadilo todbirlor hoyata
kegirilmalidir.

3. Fermer vo fordi tosarriifat¢ilar torpaqlardan isti-
fado edorken torpaq kartoqramlarina osaslanmali vo
miitoxossislorden daimi maslshatlor almalidir.

4. Cokokliyin ekoloji goraiti nozeore alinmaqla me-
liorativ tadbirler asasinda torpaqlarin potensial imkan-
larindan somorsli istifado etmoklo yerli goraito uygun
daha mohsuldar bitkiler okilmoali va su ehtiyatindan
maksimum doracads somarali istifads olunmalidir.

Gostorilon todbirlor Tiirkes ¢okokliyindo elmi
osaslarla planli surotdo hoyata kegirilorso orazido
torpaqlardan modoni vo tobii bitkilor altinda somorali
istifads etmok olar.
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This article is devoted to the connection between linear differential equations and Volterra's integral equation.
A method of approximating ordinary differential equations by reducing them to Volterra's integral equation is
considered. On the contrary, it is shown by examples that the solution of Volterra's integral equation is the same
as the solution of an ordinary linear differential equation. The uniqueness of the solution of Volterra's integral
equation is shown by the fact that it admits only one solution at points that do not have singularities in the Cauchy

problem.
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Introduction. When studying and studying many
natural phenomena, we rely on their laws and, when ap-
plying them in life, we create mathematical models. For
example, many problems in engineering, chemistry,
physics, ecology and other fields are reduced to differ-
ential equations or integral equations. At the same time,
their solutions are elementary functions. We will con-
sider the method of reducing ordinary differential equa-
tions to Volterra's integral equation and approximating

them [3]. It has been shown that equations with such
relations can be solved by solving one and checking its
solution using the other equation. If the solutions are
unique and exist, then their solution can be demon-
strated using the packages of the modern Maple pro-
gram [1,2,5].

We assume that an ordinary second-order linear
non-homogeneous differential equation is given by the
initial conditions

L(y)=y"(x)+ p(x)y'(x) + g(x)y(x) = F(x), a <x<b, (D
Y(x0) =¥y ¥'(X0) =11
where q(x), p(x), f(x)—functions are continuous on segment [a,b], ¥ = y(x)— is an unknown

function x,, € (a,b) and satisfies the following conditions

y(x) € Cla,b]"C*(a,b), )
Ly(x)= f(x), x€(a,b), 3)
W(xg) =1'(x) =0, x, €(a,b). “4)
To construct an integral equation equivalent to problem (2)-(4), we use the following
y'(x) = o(x), (%)

Integrate both sides of expression (5) from x,, to x to find y(x), then

d ! , X , X
“o=p(0) = dy' = p(x)dx = [dy'(0)= [ ol =
X0 X0
=V, = [edt = y'(x) = [ o)t + y, ©
X0 X0
Integrating again and using Dirichlet's formula, we get
y() = [(x =Dt + yx + y, ™

X0

Taking into account (5)-(7), we write the differential equation (1) as follows

X

X

P(x)+ p(x)| [ @)t + y, |+q(x)| [(x=De(0)dt + yx+ y, |= f(x),

X0
Making elementary changes

X0
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o(x) + [[p(x) + (x = gD p(t)dt = £ (x) = y,p(x) = (11X + y)q(x) ®)
X0
We obtain the Volterra integral equation of the second kind, which is:
K(x,0) = p(x) + (x =)q(x), F(x) = f(x) =3 p(x) =X+ 0)q(xX) . ¥, ¥y € R
Equation (8) has a continuous and unique solution at point x = (0, and the Cauchy problem (1) has a solution
and uniqueness.
Example 1. y"(x)+ y(x) =0, »(0)=1, y'(0) = 0 Reduce the Cauchy problem to an integral equation

[4].
2

Subtract. We use the notation = @(x) . Then we integrate twice to find y(x).

= [e(n)dt+y'(0) = [p(t)dt , y(x) = [(x—)p(t)dt+1.
0 0 0

2

Substitute the results of —- and y(x) into the differential equation.

o(x)+ ]E(x -He(t)dt+1=0
0

We obtain the Volterra integral equation of the second kind, where K(x,¢) =x—1¢, F'(x) =—1.Wesolve

the equation by the method of successive approximations. For this, we choose ¢, (x) =—1 as the approximation

to zero. Then

@, (x) = —1—_)|£(x—t)(—l)dt = —1+f(x—z)dt = —1+(xt—§)|g R
0 0

2
f 1, tooxt P 1, 1
xX)=—1—|(x—=0)| (-1+=¢" dt=-1+ x———t+—dt——1+ xr——x*
() {( )(( > ]d {( > ) Rl
We are approaching @, (x) .
1 1 (- 1)
x)=—l1+—x>——x"+..+(-1
?, (x) il (=" (2 ), Z (2k)'
From this we find the limit of #n — o0 to find (p(x)
o(x) = hnupn(x) hmz( 1) " =cosx

n=% -0 (2]’1)'
From this we obtain the solution of the integral equation 3. This solution is also a solution of the Cauchy
problem.
Now we will solve this Cauchy problem in Maple, giving the necessary commands [5].
> restart,

de = diff (y(x), x8$2) + y(x) =0;

cond := y(0) =1, D(y) (0) =0;

dsolve( {de, cond}, y(x));
v(x) =cos(x)

On the contrary, the derivation of Volterra's integral equation is the same as that of ordinary differential
equations. The uniqueness of the derivation of Volterra's integral equation of the first and second kind follows
from the fact that it can be derived only at points that are not singular by the Cauchy problem.



36 Slovak international scientific journal # 105, (2026)

X
If the y(x)=A4 J- K(x,t)y(t)dt + f(x) integral equations have K(x,?) kernels and f(x) free terms
a
with continuous derivatives with respect to the variable x, then this equation is differentiable one or more times.
In these cases, it is possible to reduce Volterra's integral equation to the Cauchy problem.
Then the derivative of the integral is calculated using the formula

y'(x) = %{ﬂ [ K (e, t)p(e)de + f(x)j K (x, %) y(x) + A j K <x )

y(@ydt + f(x) ., 9)

Example 2. y(x) =x+1+ J. y(¢)dt, x € R Find the solution of Volterra's integral equation in terms of a
0
differential equation.
Derivation. Using the formula (9) of the given integral equation, we take the derivative of both sides with
respect to the variable x.

V() = (x+1+ [ p(0)dt) =1+ y(x), ¥'(x) = 1+ y(x)
0

We get a differential equation that is separable in a first-order variable. Substituting x =0 into the integral
equation, we get the initial condition »(0) =1. And the solution of this differential equation is

(x)—l+y(x):>d——1+y:> Ll —dx:>J' j'dx+lnC:>
dx 1

In(l+y)=Ine* +InC = In(1+ y) = InCe* = 1+y = Ce = y=Ce" -1
Using the initial condition )(0) =1, we obtain the individual product y = 2e" —1.

Check. Let's substitute ) = 2e* —1 individual derivatives into the integral equation

y(x) = x+1+]£y(t)dt.
0

Zex—lzx+l+j(26t —1)dt=x+l+(2ex—t)|; =x+1+2¢" —x—2¢"—0=2e" -1
0

Now we will solve this '(x) =1+ y(x), ¥(0) =1 Cauchy problem in Maple [4].
> restart,

de := diff (y(x), x) -y(x) —1=0;

cond == y(0) =1,

dsolve( {de, cond}, y(x));
y(x)=-14+2¢"

We can get it with the drawing by giving the necessary commands.

t
Example 3. Reduce y(x) =x + f xty(t)dt integral equations to differential equations [6].
0

t
Deduction. We write this equation in the following form: If we denote }(x) = x(+ It y(t)dt ]
0

‘
and z(x) =1+ Ity(t)dt, then we get the equation y(X) = X - z(X) (*). From the last notation, we

0
’

get z'(x) = (1 + Ity(t)dtj =ty(x) = z'(x) =ty(x).
0
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Taking into account (*), we obtain a differential equation that is separable in z'(x) = xzz(x) ordinary

¥

variable. Therefore, the general solution of this differential equation is z(x) = Ce 3 .

¥

Note that when z(0) = 1, we find that C = 1. Thus, we obtain y(x) = xe 3 solutions of the original equation.

Example 4. Derive the initial problem for the differential equation.

V') +y(x)=f(x), xeR,

(10)

where f(X) is a continuous function with function x € (—00,40),

»(0)=y'(0)=0,

by reducing it to an integral equation [6].

(11)

Deduction. In equation (10) p(x) =0 and g(x) =1, xo=0. Then, using formulas (10) and (11), we get the

following
X

P(x)+ [ (x=Dp()dt = [ (x).

X0

(12)

where )"(x) = (). We derive equation (12) by the method of successive approximations. For the kernel,

we calculate using formulas (7)
Then the resolvent will be equal to the following

R(x,t,—1) = (x—t)—(x;—'t)3+...+(—1)”_l (

x— t)2n71

2n—1)!

This series is the expansion of the function SIn z into a (X — ) -degree series. It defines the singular deriv-

ative of equations R(x,?,—1) =sin(x —¢) and (12)

p(x)= f(x)— ]Esin(x -1 f(t)dt.
0

(13)

Substituting equation (10) into (13), we find the solution of the original problem (11) using the singularity:

y(x) = j|£(x —D[f(0) - [sin(x—s) f(s)ds)dt = f(x —0) f(t)dt - j (x —1)[ sin(x —s) f (s)dsdt . (14)
0 0 0 0 0

(14) By rearranging the order of integration in the integral and calculating by internal integration,

T(x — t)'t[ sin(x—s) f(s)dsdt = j.f(s)dsjg (x—t)sin(t—s)dt =
0 0 0 s

X
= I[(x —5)—sin(x—s)]f(s)ds.
0
Taking into account 14) we get from equation (15)

Y(x) = Tsin(x ~Of@)dt.
0

Thus, (10) and (11) have a unique solution to the
Cauchy problem, and this solution is defined by equa-
tion (16).

Often, the solution of the Volterra integral equa-
tion is reduced to the solution of the original problem
for the differential equation, if the desired solution has
the appropriate smoothness.

Conclusion

This article presents a method for approximating
ordinary linear differential equations by reducing them
to Volterra's integral equation. Conversely, it is shown
by examples that the derivation of Volterra's integral
equation and the derivation of the Cauchy problem for
linear differential equations are equivalent, and the der-

(15)

(16)

ivation is shown to be correct by deriving it in the Ma-
ple program. The results of the work can be used to de-
rive linear ordinary differential equations.
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Abstract

The human microbiome comprises diverse and dynamic microbial communities inhabiting various body sites,
including the skin, respiratory tract, and gastrointestinal tract. These microbial populations play a fundamental role
in maintaining host homeostasis by modulating immune responses, metabolic processes, and neurophysiological
functions. In recent years, growing evidence has highlighted the microbiome as an important factor influencing
the pharmacokinetics and pharmacodynamics of many drugs. The microbiome can alter drug absorption, bioavail-
ability, metabolism, and toxicity through direct biotransformation or indirect host-mediated mechanisms. The
emerging field of pharmacomicrobiomics investigates how interindividual differences in microbiome composition
contribute to variability in drug response, therapeutic outcomes, and adverse effects. In particular, the gut micro-
biome has been shown to affect the efficacy of antibiotics, anticancer agents, cardiovascular drugs, and psycho-
tropic medications. Dysbiosis, or disruption of the normal microbial balance, is associated with numerous patho-
logical conditions and may further modify drug response. This review article summarizes current knowledge on
the role of the human microbiome in physiology, disease development, and drug—microbiome interactions, em-

phasizing its potential implications for personalized medicine and optimized pharmacotherapy.
Keywords: human microbiome, pharmacomicrobiomics, gut microbiome, drug—microbiome interaction,

dysbiosis.

Introduction

The human microbiome consists of microbial
communities that inhabit various body sites and interact
closely with the host organism. These communities ex-
hibit site-specific stability and individuality and are
strongly influenced by the host’s physiological charac-
teristics. Contemporary research has demonstrated the
involvement of the microbiome in key physiological
mechanisms, including immune responses, inflamma-
tory processes, and aging [1].

A healthy microbiome is characterized by a di-
verse and balanced microbial community that resists
the uncontrolled proliferation of pathogenic microor-
ganisms. However, defining an optimal microbiome
composition is complex across populations with differ-
ent lifestyles, dietary patterns, and genetic back-
grounds. Microbiome disruption (dysbiosis) is charac-
terized by reduced microbial diversity, loss of core mi-
crobial components, or overgrowth of pathogenic
species [2].

The microbiome begins to develop in the early
stages of life and undergoes gradual changes until
adulthood. The maternal microbiome and breast milk
play a crucial role in shaping the newborn’s microbi-
ome as well as the development of the immune system.
With changes in dietary patterns, the composition of the
microbiome is remodeled and eventually attains a rela-
tively stable structure in adulthood. Studies indicate
that the adult human microbiome consists of stable core
microorganisms and variable microbial populations
that are sensitive to immune system modulation [3].

During the aging process, the microbiome influ-
ences immune, metabolic, and neurological functions
and contributes to the diverse clinical manifestations of
aging among individuals. Although diet, seasonal vari-
ations, geographical environment, and other ecological
factors affect microbiome composition, individual-spe-
cific factors remain the primary determinants of micro-
biome diversity.

Pharmacomicrobiomics is a scientific field that in-
vestigates how intraindividual and interindividual dif-
ferences in the microbiome influence responses to med-
ications. Individual variability, as well as ecological
factors such as seasonality, diet, chemical or biological
exposures, and geographic location, play a significant
role in shaping microbiome composition. The impact of
human physiological processes on the composition and
function of the microbiome is becoming increasingly
evident. In parallel, understanding of the microbiome’s
role in both physiological and pathological processes
continues to expand [4].

Notably, the microbiome can affect drug bioavail-
ability, efficacy, and toxicity, and is therefore consid-
ered a promising target for pharmacological modula-
tion. An integrative approach that combines clinical
studies, modeling and simulation methods, and real-
world data may help address current challenges and un-
lock the potential of pharmacomicrobiomics to improve
the quality of healthcare delivery [5].

The largest microbial population in the human
body resides in the gastrointestinal tract. The gut mi-
crobiome is directly involved in nutrition, metabolism,
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immune responses, infections, and disease treatment,
and has therefore been associated with the risk of both
gastrointestinal and extraintestinal diseases. The gut
microbiome is generally resilient to short-term pertur-
bations and, due to its adaptability, can often return to
a homeostatic state. Growing evidence links alterations
in the microbiome to inflammatory bowel diseases,
liver disorders, obesity, diabetes mellitus, and certain
neurological conditions. However, establishing direct
causal relationships or predicting disease development
solely based on microbiome composition remains chal-
lenging [6].

In recent decades, microbiome research has pri-
marily focused on assessing microbial composition and
diversity using 16S rRNA analysis. Although most
studies evaluate relative taxonomic abundance, abso-
lute measures—such as total microbial load and gene
expression levels—are often overlooked. Methods used
to determine the absolute abundance of the gut micro-
biome include real-time polymerase chain reaction, the
addition of synthetic DNA standards, and flow cytom-
etry. Flow cytometry also enables discrimination be-
tween live and dead bacteria, thereby improving the ac-
curacy of biological interpretation [7].

In addition, the functional plasticity of bacteria
with the same taxonomic classification and similar ge-
netic architecture should be considered. Such bacteria
frequently exhibit different phenotypes, which may be
associated with phase variation—programmed mecha-
nisms that reversibly alter gene expression [8].

Since most drugs are administered orally and more
than 70% of them exhibit low solubility, low permea-
bility, or both, these compounds inevitably encounter
microorganisms present at densities exceeding 10°
cells/mL in the small intestine and 10" cells/mL in the
colon. These microbial populations encode approxi-
mately 150 times more genes than the human genome,
including a rich repertoire of enzymes. Therefore, the
potential of the microbiome to influence drug pharma-
cology is exceptionally high [9].

According to the literature, more than 50 U.S.
Food and Drug Administration (FDA)-approved drugs
have clinically documented interactions with the gut
microbiome. For example, bacterial tyrosine decarbox-
ylases can convert levodopa—used in the treatment of
Parkinson’s disease—into dopamine at sites where ab-
sorption occurs; S-aminosalicylate-based drugs, includ-
ing sulfasalazine, are activated through microbiota-me-
diated azoreduction, with the released 5-aminosalicylic
acid exerting a local therapeutic effect in the treatment
of inflammatory bowel diseases; the topoisomerase I
inhibitor irinotecan is excreted into the intestine as the
glucuronidated metabolite SN-38G and can be recon-
verted into its cytotoxic form through bacterial B-glu-
curonidase—mediated removal of the glucuronide
group; nitro-substituted benzodiazepines, including
clonazepam, may be transformed into inactive 7-amino
metabolites by bacterial nitroreductases [10;11].

Numerous findings demonstrate the role of the hu-
man microbiome in transplantation processes and its in-
fluence on the immune system, and a substantial body
of scientific literature has been established on this
topic. In transplantation settings, the importance of
drug distribution within the body and the influence of
the gut microbiome are becoming increasingly evident.

It is presumed that drug—microbiome interactions
have always existed, but were often attributed to other
factors or regarded as unexplained interindividual vari-
ability. These interactions are more likely to occur in
patients receiving multiple medications, antimicrobial
therapy, or treatment for comorbid conditions, placing
transplant recipients at particular risk. Widely used
drugs such as proton pump inhibitors, metformin, anti-
biotics, and laxatives are associated with more pro-
nounced alterations in the microbiome and are fre-
quently administered in transplant populations [12].

The rapid advancement of microbiome research
has led to the introduction of new terminology that had
not previously been used in the drug—interaction litera-
ture. Table 1 presents definitions of key terms com-
monly used in the microbiome field.

Table 1.

Glossary of commonly used terms in the drug—microbiome literature

Term

Definition

16S rRNA sequencing

A method based on sequencing prokaryote-specific ribosomal RNA to
determine bacterial diversity in a microbiome sample. Its ability to dis-
tinguish closely related species is limited. It is widely used due to its
low cost and broad coverage.

Alpha diversity

A measure expressing species diversity and richness within a single
sample. The Shannon index is one of the most commonly used metrics
for assessing alpha diversity. Higher values indicate greater species di-
versity.

Beta diversity

A measure of differences in microbiome composition between distinct
microbial communities. Bray—Curtis and UniFrac indices are com-
monly used.

Dysbiosis A state characterized by alterations in taxonomic abundances within the
microbiome that lead to functional disturbances and negatively affect
human health.

Metagenome The collective set of genes and genomes present in a microbiota, in-

cluding bacteria, fungi, and viruses. It is identified through DNA ex-
traction and sequencing.
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Microbial metabolites

Small molecules produced as a result of microbial metabolism. Short-
chain fatty acids formed during dietary fiber fermentation are among
the most extensively studied.

Microbial relative abundance

The proportion of a specific bacterial species expressed as a percentage
relative to the total bacterial count in a sample.

Microbiome The entire collection of microorganisms present in a particular environ-
ment or habitat.

Microbiota The microorganisms present in a defined environment (e.g., fecal or
pulmonary environment), including bacteria, archaea, fungi, and vi-
ruses.

Operational  taxonomic  units | Categories derived from grouping similar sequences that represent tax-

(OTUs) / Amplicon sequence vari- | onomic units approximating species or strain level.

ants (ASVs)

Pharmacomicrobiome The influence of microbiome variability on drug absorption, distribu-

tion, metabolism, mechanisms of action, and toxicity.

Sequencing depth (read depth)

The number of sequences obtained per sample. Greater depth increases
the likelihood of detecting low-abundance genomes.

Shotgun sequencing

A method based on untargeted whole-genome DNA sequencing, used
to assess microbiome diversity and identify species. Its popularity is

increasing as costs decline.

This biotransformation, on the one hand, involves
orally administered drug molecules prior to their ab-
sorption into the bloodstream and, on the other hand,
applies to drugs or their metabolites excreted via the
bile following hepatic processing. The bacterial trans-
formation of xenobiotics primarily consists of hydro-
lytic and reductive reactions, which differ from hepatic
metabolism where oxidative and conjugative reactions
predominate. The metabolites formed as a result of
these processes may be inactive, active, or even toxic
[13].

In addition to hydrolytic reactions, the gut micro-
biota is also capable of performing the degradation of
N-oxides, proteolysis, deconjugation, and other bio-
chemical transformation reactions [14].

Discussion. The human microbiome is a complex
and dynamic biological system that plays a crucial role
in maintaining physiological homeostasis, regulating
immune function, and optimizing metabolic processes.
Advances in molecular and bioinformatic methodolo-
gies have clearly demonstrated that the microbiome is
closely associated not only with health and disease but
also with drug absorption, metabolism, efficacy, and
toxicity. In particular, the gut microbiome, through its
extensive enzymatic repertoire and high metabolic ca-
pacity, can directly influence the pharmacokinetic and
pharmacodynamic properties of medications.

The scientific evidence presented in this article in-
dicates that drug—microbiome interactions represent a
significant source of interindividual variability in drug
response. Differences in the clinical effects of the same
medication among patients are strongly linked to the
taxonomic composition, functional potential, and met-
abolic activity of the microbiome. By elucidating the
scientific basis of this variability, pharmacomicrobi-
omics offers new opportunities for the development of
personalized therapeutic strategies.

Dysbiosis of the gut microbiome has been associ-
ated with the development of inflammatory, metabolic,
neurological, and oncological diseases, and may con-
tribute to reduced drug efficacy or increased risk of ad-
verse toxic effects. Widely used medications such as

antibiotics, proton pump inhibitors, metformin, and im-
munosuppressive agents can substantially alter micro-
biome structure. These effects are of particular clinical
relevance in transplant recipients and individuals with
comorbid conditions [14].

Although methods used in microbiome research—
including 16S rRNA sequencing, real-time PCR, flow
cytometry, and shotgun metagenomics—provide valu-
able insights, the assessment of functional characteris-
tics and absolute microbial abundance remains a key
priority for future studies. Furthermore, the functional
plasticity and phase variation of bacteria with similar
taxonomic identities should be carefully considered
when interpreting microbiome data [9;15].

In conclusion, a deeper understanding of the mi-
crobiome’s influence on drug pharmacology holds
great potential for improving treatment efficacy, en-
hancing drug safety, and advancing personalized thera-
peutic approaches in clinical practice. Large-scale,
multicenter, and longitudinal studies in phar-
macomicrobiomics may enable the future integration of
microbiome-based diagnostic and therapeutic strategies
into healthcare systems. This approach will play an im-
portant role in strengthening the scientific foundations
of personalized medicine, one of the central directions
of modern healthcare.
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Abstract

Introduction. The article reflects the impact of asbestos on human health due to the widespread use of as-
bestos-containing materials in the past in industrial and residential construction.

The aim of the study is to provide an analytical overview of the current state of biological markers of asbes-
tos-related diseases, to show the risks of asbestos exposure to human health in production conditions, and to present
current validated markers of mesothelioma and asbestosis.

Materials and methods. The study is based on an analysis of Ukrainian and foreign publications on the
implementation of biological markers for the early detection of asbestos-related diseases in workers and the pro-
spects for the use of new validated approaches and biological media for the early detection of mesothelioma and
asbestosis.

Research results. The search for biomarkers is actively developing, as evidenced by the discovery of a num-
ber of promising candidates that could complement or replace SMRP. These include osteopontin, fibulin-3,
HMGBI, and microRNA. This indicates a trend towards the creation of combined multi-marker panels that would
increase the sensitivity and specificity of diagnosis and also have additional prognostic value, which is critical for
the early detection of most cases of mesothelioma.

Conclusions. A review of the literature showed that the field of biochemical markers for asbestosis and mes-
othelioma is being actively studied and developed, especially in the context of the search for mesothelioma bi-
omarkers. Although no single marker currently provides ideal diagnostic accuracy for both diseases, some require

validation, but several are quite promising.

Keywords: asbestos, occupational exposure, biochemical markers. asbestos, mesothelioma.

Introduction

Elimination of asbestos-related diseases: WHO
calls on all countries to completely ban the use of as-
bestos and to implement effective mechanisms for re-
moving asbestos already present in buildings as part of
national public health programmes. Today, there's a
regulation in EU countries (Directive 2009/148/EC,
amended by 2023/2668) that sets strict measures to
minimise asbestos exposure during demolition, mainte-
nance, or repair of buildings that contain asbestos. The
current MPC in the air of the working area has been
reduced tenfold: from 0.1 fibres/cm? to 0.01 fibres/cm?
(average value for an 8-hour working day). The dead-
line for Member States to implement this new limit is
21 December 2025. A further reduction in the limit is
planned by 21 December 2029 to 0.002 fibres/cm? (if
fine fibres are not measured) or maintenance at 0.01 fi-
bres/cm?® (if all fibres are measured using electron mi-
croscopy).

An international scientific assessment of the im-
pact of all types of asbestos on human health, con-
ducted by the IARC and WHO, did not identify a
threshold level below which asbestos exposure is safe
and poses no risk to human health (no threshold for car-
cinogenicity).

However, despite bans in many developed coun-
tries, significant global exposure persists through min-
ing, manufacturing and environmental contamination,
putting millions of people at risk [1]. The World Health

Organisation (WHO) estimates that more than 100,000
deaths per year are related to asbestos [2].

The results of epidemiological studies show that
there is a large amount of data obtained in different
countries on the link between occupational exposure to
asbestos and its mixtures (when inhaled into the human
body) and the risk of developing asbestosis, pleural
plaques, cancer of the larynx, bronchi, and lungs, ovar-
ian cancer, and malignant mesothelioma (parietal
pleura, peritoneum, pericardium). Most ASDs are fatal,
and most ASDs are caused by asbestos in the lungs [1-
5]. The International Agency for Research on Cancer
(IARC) classifies asbestos as a known human carcino-
gen, also associated with lung, laryngeal, and ovarian
cancer [3].

When asbestos fibres enter the respiratory tract,
they settle in the lungs, causing a cascade of adverse
effects, including the formation of reactive oxygen spe-
cies (ROS), chromosome damage, mitotic disorders,
gene mutations, and changes in growth factor signalling
and apoptosis. These processes contribute to both fibro-
sis and carcinogenesis [4].

Given the long latency period characteristic of as-
bestos-related diseases, there is an urgent need for reli-
able early detection strategies. Biochemical markers
that can be measured in readily available biological
samples offer a potential avenue for identifying indi-
viduals at increased risk or detecting disease at a pre-
clinical stage, thereby improving the prospects for ef-
fective treatment.
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Research objective. The objective of this study is
to analyse the current state of implementation and
search for new biochemical markers for early detection
of asbestos-related diseases in workers

Materials and methods. Analysis of specialized
and scientific-methodological literature.

Object and methods of research.

The results of epidemiological studies show that
there is a large amount of data obtained in different
countries on the link between occupational exposure to
asbestos and its mixtures (when inhaled into the human
body) and the risk of developing asbestosis, pleural
plaques, cancer of the larynx, bronchi and lungs, ovar-
ian cancer, and malignant mesothelioma (of the parietal
pleura, peritoneum, and pericardium [1-3].

According to a number of researchers, the carcino-
genic hazard of asbestos is not uniform and is deter-
mined by its type (chemical composition). A number of
authors consider chrysotile asbestos to be the least haz-
ardous to humans, which makes it possible to use it in
industry with minimal risk to workers' health [2-8, 10-
14]. The problem with identifying specific markers for
asbestosis is that asbestos fibres themselves are not pre-
sent in readily accessible biological fluids such as blood
or urine; they are mainly localised in lung tissue [ 9-
15]. Direct assessment of exposure often requires inva-
sive procedures such as bronchoalveolar lavage (BAL).
Therefore, research focuses on identifying ‘response
markers’ that reflect changes in biological function
caused by asbestos exposure, rather than the direct pres-
ence of fibres. These responses cover a spectrum of mo-
lecular changes, from oxidative stress to immune sys-
tem activation.

Unlike mesothelioma, where the tumour itself pro-
duces specific molecules that can serve as markers, as-
bestosis is characterised by a non-tumour process of
pulmonary fibrosis. This difference makes it difficult to
identify markers with high specificity for asbestosis
compared to other forms of pulmonary fibrosis or in-
flammatory conditions [9-13].

Asbestos exposure is a known inducer of oxidative
stress in the lungs, leading to the formation of reactive
oxygen species (ROS) that contribute to cell damage
and fibrosis development.

In the context of asbestos exposure, several mark-
ers of oxidative stress have been investigated, including
8-hydroxy-2'-deoxyguanosine (8-0x0-dGuo) and 8-iso-
isoprostane PGF2a (8-iso-PGF2a). Elevated levels of
8-0x0-dGuo, a DNA adduct, in urine were associated
with asbestos exposure [6]. Studies show that individu-
als with a history of asbestos exposure often exhibit
higher levels of 8-OHdG in their biological samples.
This suggests that §8-OHdG could potentially serve as a
marker of exposure or early biological effect.

Although elevated levels of oxidative stress mark-
ers such as 8-OHAG indicate cell damage consistent
with asbestos exposure, their diagnostic value for es-
tablished asbestosis is limited by insufficient specific-
ity. Elevated oxidative stress is a common feature of
many lung diseases and even normal ageing, making it
difficult to distinguish asbestosis from other conditions
based on these markers alone.

There is evidence that asbestos exposure causes
the release of hypermobile protein box 1 (HMGBI1), a
nuclear protein that is a powerful driver of chronic in-
flammatory processes leading to both fibrosis (charac-
teristic of asbestosis) and carcinogenesis (relevant for
mesothelioma and lung cancer) [7].

Studies have shown that individuals exposed to as-
bestos tend to have higher levels of HMGBI. In addi-
tion, increased levels of unacetylated HMGBI in blood
serum have been proposed as a potential biomarker of
response to asbestos exposure [8].

HMGBI appears to play a central role in the path-
ogenesis of asbestos-related diseases, including asbes-
tosis. Although its elevated levels may indicate asbes-
tos exposure and the presence of an inflammatory re-
sponse that promotes fibrosis, HMGBI is not specific
to asbestosis and is also involved in the development of
mesothelioma and other inflammatory conditions.
Therefore, it may serve as a marker of exposure and po-
tential risk rather than a definitive diagnostic marker for
asbestosis.

Other potential markers include fibronectin and
glycoprotein. It has been studied as a potential bi-
omarker in individuals exposed to asbestos [6]. Its role
in the fibrotic process in asbestosis makes it a logical
candidate, but its specificity remains an issue, as it is
involved in fibrosis of various origins and therefore re-
quires further study of its role as a biomarker.

Several inflammatory cytokines, such as interleu-
kin 6 (IL-6) and interleukin 8 (IL-8), which play a key
role in immune responses and inflammation, have been
investigated as potential biomarkers of the body's re-
sponse to asbestos exposure. Similarly, the chemokine
RANTES (CCLS5) has also been studied [6]. These
markers reflect the inflammatory component of asbes-
tosis, but are not specific to this disease. Mineralogical
analysis of bronchoalveolar lavage (BAL) fluid is a
more direct method of assessing asbestos exposure by
measuring the number and type of asbestos bodies and
fibres present in the lavage fluid. This analysis can de-
tect higher concentrations of fibres in patients with as-
bestosis [8] Although it is considered a reliable bi-
omarker of past exposure and pulmonary burden, BAL
is an invasive procedure requiring bronchoscopy and
specialised laboratory expertise, limiting its routine use
as a primary diagnostic tool [2].

Although biochemical markers can provide valua-
ble information about the biological response to asbes-
tos exposure, they currently play a more supportive role
in the diagnosis of asbestosis. They can help identify
individuals with significant exposure or understand the
underlying pathological processes, but they are not yet
sensitive or specific enough to serve as primary diag-
nostic criteria in most cases [6].

The established biochemical markers for mesothe-
lioma are as follows:

Soluble mesothelin-related peptides (SMRP): Sol-
uble mesothelin-related peptides (SMRP) are the most
widely studied and only blood biomarker approved by
the Food and Drug Administration (FDA) for mesothe-
lioma. Mesothelin, a precursor protein with a molecular
weight of 71 kDa, is physiologically cleaved into two
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mature proteins: N-terminal megakaryocyte-potentiat-
ing factor (MPF) with a molecular weight of 31 kDa,
secreted into the blood, and C-terminal glycosylated
phosphatidylinositol-linked glycoprotein with a molec-
ular weight of 40 kDa, which is bound to the plasma
membrane. SMRP is released into the blood after fur-
ther processing of the membrane-bound protein [8,13].
Serum SMRP levels are significantly elevated in pa-
tients with malignant mesothelioma compared to
healthy individuals, individuals exposed to asbestos
without mesothelioma, and individuals with benign as-
bestos-related diseases [13]. According to studies, the
sensitivity of SMRP in the diagnosis of mesothelioma
varies widely, from approximately 32% to 84%, while
specificity is typically between 72% and 96%, depend-
ing on the control groups and thresholds used [8,15].
Sensitivity tends to be lower in the early stages of the
disease and in non-epithelioid histological subtypes.
SMRP plays a crucial role in monitoring patients diag-
nosed with epithelioid or biphasic mesothelioma for
disease progression, response to treatment, and recur-
rence [8]. Elevated SMRP levels may indicate disease
progression, while decreased levels may indicate re-
sponse to therapy [15,16].

Other promising markers:

Osteopontin (OPN), an integrin-binding protein
involved in various biological processes, including tu-
morigenesis, progression, and metastasis, is often
found at elevated levels in the serum and plasma of pa-
tients with mesothelioma [6].

According to studies, the diagnostic sensitivity of
OPN is approximately 65-78%, and specificity is ap-
proximately 81-86% in distinguishing mesothelioma
from individuals exposed to asbestos [8]. However, its
specificity tends to be lower when compared to benign
pleural effusions or other diseases other than mesothe-
lioma [16-19].

Several studies suggest that high OPN levels are
associated with poor prognosis in patients with meso-
thelioma, indicating its potential as a prognostic marker
[4.8].

Meta-analyses and comparative studies suggest
that plasma OPN may demonstrate higher diagnostic
accuracy compared to serum OPN, possibly due to
thrombin degradation in peripheral blood [8,19].

Fibulin-3, an extracellular glycoprotein involved
in the regulation of cell proliferation and migration, is
another promising biomarker for mesothelioma, with
elevated levels found in the blood and pleural effusions
of patients [6].

Initial studies reported high diagnostic sensitivity
(up to 90-97%) and specificity (approximately 95%) of
fibulin-3 in blood plasma in distinguishing mesotheli-
oma from individuals exposed to asbestos. However,
subsequent validation studies have shown more hetero-
geneous results, with sensitivity ranging from 12.7% to
87% and specificity from 66% to 89% [9].

Fibulin-3 in pleural fluid has shown potential as a
prognostic factor, with lower levels associated with
longer survival in some studies [8]. High blood levels,
on the other hand, may indicate a poorer prognosis
[4.8].

High mobility group box 1 (HMGBI), a protein
released during cell necrosis and involved in inflamma-
tion, is found at elevated levels in the serum of patients
with mesothelioma [6].

Studies have shown that serum HMGBI levels can
reliably distinguish between patients with mesotheli-
oma, individuals exposed to asbestos, and healthy con-
trol subjects. Notably, the hyperacetylated isoform of
HMGBI has demonstrated particularly high sensitivity
(100%) and specificity (100%) in differentiating meso-
thelioma from individuals exposed to asbestos and
healthy control subjects in some studies, outperforming
other proposed biomarkers [9].

High HMGBI levels are associated with poor
prognosis in mesothelioma [6,9]

MicroRNAs (miRNAs), small non-coding RNA
molecules that regulate gene expression, have shown
altered expression patterns in patients with mesotheli-
oma and individuals exposed to asbestos [4,14, 22]. A
meta-analysis identified circulating miRNAs such as
miR-126, miR-132-3p, and miR-103a-3p as promising
diagnostic biomarkers for mesothelioma, with com-
bined areas under the curve (AUC) indicating good di-
agnostic accuracy. Combining miRNAs with other
markers, such as mesothelin, may further enhance di-
agnostic potential [9,10]. Certain miRNAs, such as
miR-197-3p, have also been associated with prognosis
in mesothelioma [8,15].

Immunohistochemical markers (tissue biopsy):

Although they are not biochemical markers in the
traditional sense (soluble markers in fluids), immuno-
histochemical (IHC) markers play a crucial role in con-
firming the diagnosis of mesothelioma from tissue bi-
opsies obtained through invasive procedures [9,16].

Calretinin: A highly sensitive mesothelial marker,
positive in 80-100% of epithelioid mesotheliomas, but
with lower sensitivity in sarcomatoid types (50-60%).
It does not have ideal specificity, as it can be expressed
in other malignant neoplasms [16].

Cytokeratin 5/6: Another widely used mesothelial
marker with good sensitivity (51-100%) for epithelioid
mesothelioma, but lower for sarcomatoid (13-29%). It
can also be expressed in some squamous cell carcino-
mas [16]

WTI: A nuclear marker with reported sensitivity
in the range of 70-100% for establishing the mesothe-
lial lineage in epithelioid mesothelioma, but lower in
sarcomatoid (10-45%). It may also be positive in some
other carcinomas [16].

Podoplanin (D2-40): A membrane marker with
high sensitivity (80-100%) for epithelioid mesotheli-
oma. It is also a marker for lymphatic endothelium [16].

These and other IHC markers, including epithelial
markers such as CEA and MOC-31, are commonly
used in combination as an immunopanel to improve di-
agnostic accuracy and to differentiate mesothelioma
from metastatic carcinomas and other pleural lesions
[8].

Distinguishing between asbestosis and mesotheli-
oma using biochemical markers:

Scientific reviews focus primarily on markers for
detecting the effects of asbestos/asbestosis in general or
specifically for mesothelioma [2-5]. Less attention is
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paid to biochemical markers that would directly and de-
finitively distinguish between established asbestosis
and mesothelioma in individuals with a history of as-
bestos exposure. Some markers, such as HMGBI, are
elevated in both conditions due to their common aetiol-
ogy — asbestos exposure and involvement of inflamma-
tory pathways. HMGBI levels may be higher in meso-
thelioma in some cases, but this alone may not be suf-
ficient for clear differentiation.

Soluble mesothelin-related peptides (SMRP) are
generally considered to be more specific for mesotheli-
oma and are not usually significantly elevated in iso-
lated asbestosis [8]. Therefore, high SMRP levels in an
individual exposed to asbestos and presenting with res-
piratory symptoms would raise suspicion of mesotheli-
oma rather than asbestosis [13,17].

Osteopontin levels may be elevated in patients
with asbestosis (especially those with pleural plaques
and fibrosis) as well as in mesothelioma [16-21]. The
degree of elevation may vary, with higher levels often
seen in mesothelioma, but overlap is likely, limiting its
use as a single marker for differentiation.

Prognostic and monitoring biochemical mark-
ers of mesothelioma:

Serum SMRP levels have shown potential in mon-
itoring response to treatment and prognosis in mesothe-

lioma, with decreased levels potentially indicating im-
proved survival. Higher baseline SMRP levels have
been associated with poorer survival in some studies
[8,22].

Osteopontin has also shown potential as a prog-
nostic marker in mesothelioma. Several studies have re-
ported that higher baseline serum or plasma osteopon-
tin levels are associated with shorter overall survival [4,
8, 23].

Interestingly, fibrillin-3 levels in pleural fluid
have been identified as an independent significant
prognostic factor for survival in patients with mesothe-
lioma, with lower levels correlating with longer sur-
vival [8]. High blood fibrillin-3 levels, on the other
hand, may indicate a worse prognosis [4].

High levels of HMGB1 have been associated with
poor prognosis in mesothelioma [4,8].

Certain microRNAs, such as miR-197-3p, have
been associated with increased survival time in patients
with mesothelioma, suggesting their potential as prog-
nostic biomarkers [24, 25].

Longitudinal monitoring of SMRP levels and pos-
sibly other markers, such as osteopontin and fibulin-3,
may provide valuable information for assessing tumour
response to therapy and detecting disease progression
or recurrence over time [8,28].

Table

Biochemical markers for the diagnosis of asbestosis and mesothelioma.

Main clinical ap- | Sensitivity Specificity Main re-
Marker Sample type plication range (%) range (%) strictions
o Lower sensitiv-
Monitoring e
Soluble meso- Serum, pleural | (Meso) ity in early
thelin-related um, b . > 32-84 72-96 stages and in
. fluid Diagnostics 1
peptides (SMRP) (Mesotherapy) non-epithelial
Py mesothelioma
Diagnostics %[;)‘Zg:nsé);rzldﬁtcc;
Osteopontin Serum, plasma (Mesothgrapy) 65-78 81-86 benign pleural
(OPN) Prognosis ;
(Meso) effusions and
other diseases
Diagnostics The sensm.Vlty
plasma, Se- (Mesotherapy) of the test in
Fibulin-3 rum, pleural crapy 12.7-97 66-95 different stud-
. Prognosis . .
fluid (Meso) ies requires fur-
ther validation.
Requires fur-
Diagnostics ther validation,
HMGBI1 Serum (Mesotherapy), 72-100 80-100 especially for
Exposure (Asb) the hyperacety-
lated isoform
. . Research is on-
. . Serum Diagnostics going, requires
microRNA (miR- plasma, Bio- (Mesoth.erapy) > | Various Various validation as
NAs) logi . Prognosis :
ogical Tissue multimarker
(Meso) .
signatures
Mineralogical Exposure (Asb), Invasive proce-
analysis (BAL) BAL Asbestos Lung - - dure
Y Burden
Lower sensitiv-
. Biological Tis- | Diagnostics ity in sarcoma-
Calretinin (IGC) | ¢ (Mesotherapy) >0-100 60-98 toid mesotheli-
oma, expressed
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in other can-
cers

Podoplanin (D2- | Biological Tis- | Diagnostics 80-100 High Also stains

40) (IGC) sue (Mesotherapy) lymphatic en-
dothelium

ATGS Blood Diagnostics High High The infor-

(Mesotherapy) mation is pre-

liminary and
needs to be val-
idated.

FLNA, FBLNI, Serum Diagnostics High High New markers

TSP-1 (Prote- (Mesotherapy) requiring vali-

omics) dation

Note: Asb = Asbestos, Meso = Mesothelioma, IHC = Immunohistochemistry, BAL = Bronchoalveolar lavage.
Sensitivity and specificity ranges are approximate and based on reviewed specimens.

Validation studies have identified filamin A
(FLNA), fibulin 1 (FBLN1) and thrombospondin-1
(TSP-1) as promising diagnostic candidates that
demonstrated high diagnostic value both individually
and in combination for distinguishing mesothelioma
from healthy control subjects, asbestos-exposed indi-
viduals, and patients with pleural plaques or asbestosis
[29].

Autophagy-related protein 5 (ATGS), a factor in-
volved in autophagy, has emerged as a new potential
biomarker for the early detection of malignant pleural
mesothelioma [27].

A study evaluating ATGS levels in asbestos-ex-
posed individuals, mesothelioma patients, and healthy
control subjects found that ATG5 was most effective at
distinguishing between asbestos-exposed individuals
with and without mesothelioma.

Notably, ATGS showed promise in detecting mes-
othelioma with high sensitivity and specificity in pre-
diagnostic samples collected two years prior to clinical
diagnosis [27].

Although miR-126 and mesothelin were identified
as significant prognostic biomarkers in the same study,
ATGS stood out for its potential for early diagnosis
[27].

Recent advances in proteomic technologies, such
as analyses based on slowly dissociating modified ap-
tamers (SOMAmer) and isobaric tags for relative and
absolute quantification (iTRAQ) combined with liquid
chromatography-tandem mass spectrometry (LC-
MS/MS), have facilitated the discovery of new panels
of mesothelioma protein biomarkers [29].

Proteomic analysis based on SOMAmer identified
apanel of 13 protein biomarkers that demonstrated high
accuracy (approximately 92-99%) in detecting malig-
nant mesothelioma in individuals exposed to asbestos,
even detecting a significant proportion of the disease in
its early (I/II) stages [28-30]. This panel included both
inflammatory and proliferative proteins associated with
asbestos-induced malignancies [31-34].

Using iTRAQ in combination with 2D-PLC-
MS/MS, researchers identified 145 differentially ex-
pressed serum proteins between mesothelioma patients
and healthy control subjects [29].

Further research into identifying specific bio-
chemical markers that can effectively differentiate be-

tween asbestosis and mesothelioma, especially in indi-
viduals with a history of asbestos exposure who have
respiratory symptoms, is warranted. A deeper under-
standing of the molecular mechanisms underlying the
development of asbestosis and mesothelioma is likely
to lead to the discovery of additional new biomarkers
and potential therapeutic targets.

Conclusions

1. Areview of the literature showed that the field
of biochemical markers for asbestosis and mesotheli-
oma is being actively studied and developed, especially
in the context of the search for mesothelioma bi-
omarkers. Although no single marker currently pro-
vides ideal diagnostic accuracy for both diseases, some
require validation, but several are quite promising.

2. Despite significant progress in the study of bi-
omarkers for asbestos-related diseases, soluble meso-
thelin-related peptides (SMRP) remain the most estab-
lished and only FDA-approved biomarker for monitor-
ing mesothelioma.

3. The search for biomarkers is actively develop-
ing, as evidenced by the discovery of a number of
promising candidates that could complement or replace
SMRP. These include osteopontin, fibulin-3, HMGBI,
and microRNA. This indicates a trend towards the cre-
ation of combined multi-marker panels that would in-
crease the sensitivity and specificity of diagnosis and
also have additional prognostic value, which is critical
for the early detection of most cases of mesothelioma.

4. The analysis clearly shows a disproportion in
the volume of research: the main focus is on mesothe-
lioma. Research into specific biochemical markers of
asbestosis itself is less extensive. Efforts in this direc-
tion are currently concentrated on indirect indicators,
such as markers of asbestos exposure and markers of
secondary processes — oxidative stress and fibrosis
(e.g., HMGB1), which indicates an urgent need to dis-
cover more specific biomarkers for the early diagnosis
of asbestosis itself.
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Abstract

Anemia is frequent in elderly with cognitive decline. The aim of our study was to examine the association
between anemia and cognitive functioning among elderly patients with AD, VD and mixed AD and VD (mixed
dementia, MD).

Material and methods: We examined 38 cognitive impaired patients with mild anemia (80.0+6.76 years old,
14 males and 24 females, 11 with AD, 12 with VD and 15 with MD) and 108 cognitive impaired patients without
anemia (75.55+7.39 years old, 34 males and 74 females, 27 with AD, 44 with VD and 24 with MD) with the
following neuropsychological battery Mini Mental State Examination (MMSE), Isaac’s Set Test (IST), Literal
fluency Test (LFT), Clock Drawing Test (CDT), 10 Words Test, Digit Symbol Substitution test (DSST 90sec),
Digit Span Test (DST forward and backward) twice over a period of 2 years. All results were interpreted at 95%

confidential level.

Results: Patients with anemia showed lower MMSE, IST, LFT, CDT and DSST test results vs those without.
There were correlations between serum hemoglobin level and MMSE (reciprocal), IST (reciprocal), LFT (linear),
CDT (sqr. root), DSST (sqr. root or linear) test performances.

Conclusions: Anemia is frequent in elderly patients with cognitive deficits and dementia. The existence of
anemia is associated with additional executive dysfunction in such patients.

Keywords: anemia, cognitive impairment, elderly, executive functions.

The frequency of anemia among elderly is about
35%. It is even more frequent among those over 80
years of age, patients with diabetes mellitus, with gate
impairments, visual problems or dependent from care-
givers (Krishnapillai, 2015). Anemia, itself, is associ-
ated with cognitive impairments and dementia (Choi,
2020; Gattas, 2020; Weiss, 2022; Fehsel, 2023). Possi-
ble causative relation s found between anemia and se-
rum iron deficiency and development of Alzheimer’s
disease (AD), although the exact mechanism is unclear
(Andreev, 2020; Gattas 2020; Lei, 2021; Fehsel, 2023).
Anemia is a risk factor for development of brain vascu-
lar disease (VD) and worsening of small vessels disease
(Wolters, 2019; Fonseca, 2021).

The aim of our study was to examine the associa-
tion between anemia and cognitive functioning among
elderly patients with AD, VD and mixed AD and VD
(mixed dementia, MD).

Material and methods

We examined 38 cognitive impaired patients with
mild anemia (80.0£6.76 years old, 14 males and 24 fe-
males, 11 with AD, 12 with VD and 15 with MD) and
108 cognitive impaired patients without anemia
(75.55+7.39 years old, 34 males and 74 females, 27
with AD, 44 with VD and 24 with MD).

The inclusion criteria of the study were 1. Age >
60 years; 2. Confirmed by neuropsychologist cognitive
impairment at >2 cognitive domains; 3. Confirmed on
the basis of history, neurological and somatic examina-
tion, laboratory data and imaging study diagnosis of
AD or SVD or MD; 4. HB level above 100g/1; 5. No
active oncologic disease; 6. Lack of other neurological
diseases such as trauma, brain tumors, neuroinfections,

demyelinating diseases or epilepsy; 7. Lack of decom-
pensation of coexisted somatic diseases during the
study; 8. Lack of psychiatric diseases, except of mild
depression or anxiety; 9. Lack of treatment or usage of
benzodiazepines, modafinile acetate, hallucinogens and
other psychoactive drugs, except for low dosages of
Quetiapine  (<50mg/d), Pregabaline (<150mg/d),
Gabaneural (<600mg/d), Hydroxyzine (<25mg/d) or
antidepressants; 10. Lack of alcohol abuse or usage of
forbidden substances; 11. Signed informed consent.

After clinical interview and confirmation of the di-
agnosis, the patients were examined via the following
neuropsychological battery: Mini Mental State Exami-
nation (MMSE), Isaac’s Set Test (IST for verbal flu-
ency), Literal fluency Test (LFT; variant M-O-H-A in
Bulgarian, 1 minute for every letter), Clock Drawing
Test (CDT), 10 Words Test (for working memory, de-
layed recall and recognition (10/20words), Bulgarian
variant), Digit Symbol Substitution test (DSST 90sec),
Digit Span Test (DST forward and backward) and 21
Hamilton Depression Scale (HDS). All patients with
HDS above 12 points were excluded.

The same neuropsychological battery was used 2
years after the first examination.

The statistical analysis was done via parametric
and non-parametric tests as ANOVA, MANOVA,
Man-Whitney and Kruskal-Wallis test statistics and
simple regression analysis via SPSS 20.0 and Stat-
graphics 20.0. All results were interpreted at 95% con-
fidential level (p 0.05).

Results:

1. Demographic data
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Patients with anemia were slightly more elderly
than those without (see table 1). Although females pre-
vailed over males at both groups, the frequency of ane-
mia among male patients with cognitive decline was
higher. Interestingly, patients with anemia were slightly
better educated than those without.

2. Correlation between anemia and cognitive func-
tioning.

Patients with anemia showed lower MMSE, IST,
LFT, CDT and DSST test results vs those without (see
table 2). They also showed addition 2 years’ delay on
IST and DSST. We didn’t find correlations between
anemia and DST or memory (10WT).

3. Correlation between serum hemoglobin level
and cognitive performances.

There were correlations between serum hemoglo-
bin level and MMSE (reciprocal), IST (reciprocal),
LFT (linear), CDT (sqr. root), DSST (sqr. root or lin-
ear) test performances (see table 3). We failed to find
any correlations between serum hemoglobin level and
DST or 10WT. We didn’t find correlations between se-
rum hemoglobin level and 2 years’ delay on any exam-
ined scale.

Discussion:

The prevalence of mild anemia among our patients
was 26%. It was more often in our male patients (29%)
vs females (24%). It could be due to socio-economic
purposes and our restrictive criteria (we excluded pa-
tients with moderate to severe dementia). However, our
patients with anemia were slightly more elderly than
those without and at such age prevailed females, which
principally had better diet intake and better medical and
social care than males in our country. Interestingly,
anemia was more frequent in our high (26.5%) and
middle (27.45%) educated patients than those with
basic education (16.67%). This fact can be explained
by our specific socio-economic factors such as living
conditions (patients with basic education most often
live in small villages and eat healthier food, that grow
alone, which included meat and highly educated live in
bigger towns and cities and depend on food supply from
shops and commercial centers), sick patients with basic
education have higher mortality rate (because of lack of
sufficient medical care and delayed diagnosis), etc.

Our patients with anemia have lower global cog-
nition, lower results on test for executive functioning
(IST, LFT, DSST) and visual-special abilities than
those without. The serum hemoglobin level also corre-
lates with above mentioned scales. Although there

aren’t correlations with memory itself. Such results are
obtained from other authors (Gattas, 2020; Weiss,
2022; Fehsel, 2023). Anemia-associated cognitive im-
pairments are comparatively mild and are significantly
associated with the serum hemoglobin level, but not so
much with the exact level of serum iron (Agrawal,
2019; Gattas, 2020). Multiple mechanisms of impact of
anemia on cognitive dysfunction are suggested. The
significant role might play the low hemoglobin level,
Vitamin B12 deficiency and the other comorbidities
(Gattas, 2020; Lei, 2021; Fehsel, 2023). One of the pos-
sible mechanism of impact is the mechanism of hypox-
emia and lowering of blood flow into the brain which
induces chronic inflammation, ischemia and oxidative
stress with impaired amyloid clearance and worsening
of small vessels’ disease (Wolters, 2019; Gattas, 2020;
Fonseca, 2021; Lei, 2021; Fehsel, 2023). Another po-
tential mechanism of brain damage is associated with
the level of erythropoietin and its receptors throughout
the brain. Erythropoietin and its receptors play im-
portant protective role against neurodegeneration (Gat-
tas, 2020). Low iron level is also associated with amy-
loid deposition and neurodegeneration at some specific
conditions (Fehsel, 2023). Because of the vulnerability
of deep white matter to hypoxia, the most impaired cog-
nitive domain in cases with anemia is executive func-
tioning, which is mostly associated with frontal and
deep white matter dysfunctions (Andreev, 2020; Choi,
2020; Gattas, 2020; Weiss, 2022; Fehsel, 2023). We
also find correlations mostly between executive func-
tions and anemia (information processing speed and at-
tention, but not cognitive inhibition and working
memory). Interestingly, we failed to find any correla-
tions between short term and long term memory (in-
cluding retrieval from memory depos and recognition)
and anemia which suggested partial preservation of
temporal lobe functioning at least for short — periods of
time. We also obtain additional visual-spatial disability
in association with anemia, which also could be ex-
plained with deep white matter dysfunction but at most
posterior brain regions (e.g. occipital and parietal
lobes).

Conclusions: Anemia is frequent in elderly pa-
tients with cognitive deficits and dementia. The exist-
ence of anemia is associated with additional executive
dysfunction in such patients.

Table 1
Demographic and clinical data
AD | VD | MD Total | Age (years) M:F B:M:H Hb (g/)
Without ane- | 27 44 27 108 75.55+7.39 34:74 10:61:37 136.66+12.79
mia
With anemia | 11 12 15 38 80.0+6.76 14:24 2:22:14 115.21+4.21
P 0.0014 0.0022 | 0.0349 0.0001
Total 38 56 52 146 76.71+7.47 48:98 12:83:51 130.12+17.05
Legend: AD — Alzheimer’s disease; VD — vascular dementia, MD — mixed dementia; M:F — male:female ratio;
B:M:H — with basic: with middle: with high education.
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Table 2
Correlations between anemia and cognitive performances of our patients with cognitive impairment and demen-
tia.
The correlations between anemia and: Average or mediana of patients p=
without and with anemia

MMSE 1 (p.) NA >0.05
MMSE 2 (p.) 25 vs 22 0.0232%*

2 years MMSE delay (p.) NA >0.05

ISTI (p.) NA >0.05

IST2 (p.) 30 vs 26 0.0311*

2 years IST delay (p.) -1.0vs -3.0 0.0162*

LFT 1 (p.) NA >0.05

LFT 2 (p.) 21.04+10.98vs 15.44+10.06 0.0091

2 years LFT delay (p.) NA >0.05

CDT 1 (errors) 0.0vs 1.0 0.0025%*
CDT 2 (errors) 1.0 vs 3.0 0.0127*

2 years increasing of the number of errors on CDT. NA >0.05

DSST 1 (p.) 29.61+13.32 vs 24.29+13.01 0.0430
DSST 2 (p.) 25.96+14.57 vs 19.03+13.83 0.0156

2 years DSST delay (p.) -2.0vs-3.5 0.0485*

Legend: MMSE — Mini Mental State Examination; IST — Isaac’s Set Tes,; LFT — Literal Fluency Test; CDT —
Clock Drawing Test; DSST — Digit Symbol Substitution Test; 1- at first examination; 2 — 2 years after the first
examination; * Kruskal-Wallis. Without * t-test. We excluded all scales without correlation with anemia.

Table 3

Regression analysis — the correlation between serum hemoglobin level and cognitive performances.

Regression analysis between the serum Hemoglobin rr Model of correlation, p=
level (g/1; X) on neuropsychological scales (Y):

MMSE 1 (p.) -0.20 reciprocal (X), p=0.0177
MMSE 2 (p.) -0.22 reciprocal(X), p=0.0061
2 years MMSE delay (p.) NA >0.05

IST1 (p.) NA >0.05

IST2 (p.) -0.20 reciprocal (X), p=0.0224
2 years IST delay (p.) NA >0.05

LFT 1 (p.) 0,25 linear, p=0.0050

LFT 2 (p.) 0,34 linear, p=0.0001

2 years LFT delay (p.) NA >0.05

CDT 1 (errors) -0.23 Sqr root (¥), p=0.0075
CDT 2 (errors) -0.21 Sqr root (¥), p=0,0138

2 years increasing of the number of errors on CDT. NA p>0.05

DSST 1 (p.) 0.21 Sqr root (X), p=0.0168
DSST 2 (p.) 0.26 linear, p=0.0032

2 years DSST delay (p.) NA >0.05

first examination; rr — correlation coefficient

Legend: MMSE — Mini Mental State Examination; IST — Isaac’s Set Tes,; LFT — Literal Fluency Test; CDT —
Clock Drawing Test; DSST — Digit Symbol Substitution Test; 1- at first examination; 2 — 2 years after the
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Abstract

Chronic obstructive pulmonary disease (COPD) is frequent among elderly patients with dementia. The aim
of our study was to examine cognitive functions of patients with COPD in cases with Alzheimer’s disease (AD),
vascular dementia (VD) and mixed dementia (MD) and to compare them to those without COPD.

Material and methods: We examined 48 patients with mild COPD (on average 77.43+7.87 years old; 21
males, 27 females, 8 with AD, 15 with VD and 25 with MD) and 98 patients with dementia but without COPD
(77.43£7.87 years old, 27 males and 71 females; 30 with AD, 31 with VD and 27 with MD) at two step model
(interval of 2 years) with the following neuropsychological battery: Mini Mental State Examination (MMSE),
Isaac’s Set Test (IST), Literal fluency Test (LFT), Clock Drawing Test, 10 Words Test, Digit Symbol Substitution
test (DSST), Digit Span Test (DST).

Results: Patients with COPD showed more pronounced decreases on global cognitive function (MMSE),
LFT, IST, short-term memory and allocable attention vs those without. We failed to find any cognitive differences
between patients with and without COPD at AD group. Patients with COPD and VD had low results on IST, LFT,
working memory, delayed recall and working memory than those with VD but without COPD, they also showed
significantly more prominent decline on LFT and Short-term memory. Patients with COPD and MD showed more
prominent decline of global cognition (measured by MMSE) than those without COPD. They also had worse

results DST forward.

Conclusions: COPD is associated with executive and memory changes and prominent deep white matter dys-
function. Patients with VD and MD and COPD are more vulnerable. It is unclear if COPD leads to COPD —
associated cognitive changes or promotes other kinds of dementia.

Keywords: Chronic Obstructive Pulmonary Disease (COPD), Alzheimer’s disease, vascular dementia, mixed

dementia.

Introduction: The prevalence of Chronic Obstruc-
tive Pulmonary Disease (COPD) among elderly is 14-
16% (Al Wachami, 2024). COPD is often associated
with incident dementia and worsening of cognitive
functions (Ranzini, 2020; Tao, 2020; Wang J, 2022;
Rosso, 2023). The results of CAIDE study show asso-
ciation between COPD at middle ages and development
of dementia 25 years after that, but not direct associa-
tion between late onset COPD and degenerative de-
mentia (Rusanen, 2013). According to Higbee et al.
(2021) there is no causal relationship between Alz-
heimer’s disease (AD) and COPD. Morris and al.
(2019) obtained domain specific cognitive differences
between patents with AD, with COPD and controls,
suggesting that COPD leaded to different cognitive
profile vs classical AD.

COPD is associated also with high risk for vascu-
lar dementia (VD) (Lahousse, 2015; Szylinska, 2022).
Such patients have high stroke risk and low poststroke
prognosis, because of low oxygen supply and high risk
for pulmonary and systemic infections.

COPD may impact the brain function by several
mechanisms: total and regional brain hypoxia and hy-
poxemia, particularly at night, associated with impaired
night sleep, stimulation of oxidative stress and aseptic
neuroinflammation, promotion of extra and intracere-
bral atherosclerosis, high level of pulmonary and sys-
temic infections and worsening of heart and kidney
functions because of whole body hypoxia and hypox-
emia (Lahousse, 2015).

The aim of our study was to examine cognitive
functions of patients with COPD in cases with AD, VD
and mixed dementia (MD) and to compare them to
those without COPD.

Material and methods: We examine 48 patients
with mild COPD (on average 77.43+7.87 years old; 21
males, 27 females, 8 with AD, 15 with VD and 25 with
MD) and 98 patients with dementia but without COPD
(77.43£7.87 years old, 27 males and 71 females; 30
with AD, 31 with VD and 27 with MD). The inclusion
criteria of the study were 1. Age > 60 years; 2. Con-
firmed by neuropsychologist cognitive impairment at
>2 cognitive domains; 3. Confirmed on the basis of his-
tory, neurological and somatic examination, laboratory
data and imaging study diagnosis of AD or SVD or
MD; 4. All patients are examined by pulmologist. Pa-
tients with COPD should have 0 to 1 stage of pulmo-
nary failure. All patients with pulmonary failure above
1 stage are excluded; 5. All patients with obstructive
sleep apnea are excluded; 6. Lack of other neurological
diseases such as trauma, brain tumors, neuroinfections,
demyelinating diseases or epilepsy; 7. Lack of decom-
pensation of coexisted somatic diseases during the
study; 8. Lack of psychiatric diseases, except of mild
depression or anxiety; 9. Lack of treatment or usage of
benzodiazepines, modafinile acetate, hallucinogens and
other psychoactive drugs, except for low dosages of
Quetiapine  (<50mg/d), Pregabaline (<150mg/d),
Gabaneural (<600mg/d), Hydroxyzine (<25mg/d) or
antidepressants; 10. Lack of alcohol abuse or usage of
forbidden substances; 11. Signed informed consent.

After clinical interview and confirmation of the di-
agnosis, the patients were examined via the following
neuropsychological battery: Mini Mental State Exami-
nation (MMSE), Isaac’s Set Test (IST for verbal flu-
ency), Literal fluency Test (LFT; variant M-O-H-A in
Bulgarian, 1 minute for every letter), Clock Drawing
Test (CDT), 10 Words Test (for working memory, de-
layed recall and recognition (10/20words), Bulgarian
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variant), Digit Symbol Substitution test (DSST 90sec),
Digit Span Test (DST forward and backward) and 21
Hamilton Depression Scale (HDS). All patients with
HDS above 12 points were excluded.

The same neuropsychological battery was used 2
years after the first examination.

The statistical analysis was done via parametric
and non-parametric tests as ANOVA, MANOVA,
Man-Whitney and Kruskal-Wallis test statistics via
SPSS 20.0 and Statgraphics 20.0. All results were in-
terpreted at 95% confidential level (p 0.05).

Results:

1. Demographic data.

Patients with COPD are 33% of all patients (see
table 1). Our patients with and without COPD were at
similar age. Male:female ratio was higher among
COPD group (0.78 vs 0.38). Patients with COPD had
slightly low formal education than those without.

2. The association between COPD and cognitive
decline.

The differences between COPD and no COPD
groups are given at table 2. Patients with COPD showed
more pronounced decreases on global cognitive func-
tion (MMSE), literal and categorical fluency, short-
term memory and allocable attention vs those without.
We failed to find statistically significant intergroup dif-
ferences on long-term memory, recognition, working
memory, visual-spatial abilities and focused attention.

3. Cognitive differences between patients with and
without COPD among patients with AD.

We failed to find any cognitive differences be-
tween patients with and without COPD at AD group.
However, patients with AD and COPD were relatively
few in number (N=8).

4. Cognitive differences between patients with and
without COPD at VD group.

Patients with COPD and VD had low results on
IST, LFT, working memory, delayed recall and work-
ing memory than those with VD but without COPD (see
table 3). The group with COPD also showed signifi-
cantly more prominent decline on LFT and Short-term
memory during the period of 2 years. We failed to find
intergroup differences on global cognition, recognition,
attention and visual-spatial abilities (measured by
CDT).

5. Associations between COPD and cognitive im-
pairments among patients with MD.

Patients with COPD and MD showed more prom-
inent decline of global cognition (measured by MMSE)
than those without COPD (see table 4). They also had
worse results on working memory test (DST forward).
We failed to find intergroup differences on short and
long term memory, information processing speed, vis-
ual spatial abilities and attention.

Discussion

COPD is frequent in elderly. About one third of
our patients had mild COPD. The prevalence was high-
est at MD (51.29%), followed by VD (26.79%) and
lowest at AD group (21.05%). COPD was 1.59 more
frequent among male patients. Our patients with COPD
were slightly low educated than those without. The
higher male COPD prevalence is due to higher fre-
quency of environmental and professional risk factors
and Tabaco usage among men vs women (Al Wachami,
2024). Although our sample was relatively small and
specific, we obtained significantly lower prevalence of

COPD among patients with high vs basic formal edu-
cation. Worldwide, low education level is associated
with socio-economic and health problems and low
quality of life (Lutter, 2020; Al Wachami, 2024). More-
over, patients with high education had better COPD
outcome, lower complications and lower mortality rate
than low educated (Lutter, 2020). So patients with basic
education can be seen as a target group for the develop-
ment of COPD associated complications. Among all
our patients we found that those with COPD showed
more prominent delay on global cognition, short-term
memory and attention for a short time of 2 years than
those without. Our results support the hypothesis of
more prominent cognitive dysfunction and accelerated
cognitive decline among patients with COPD vs those
without (Wang Y, 2019; Ranzini, 2020; Tao, 2020;
Wang J, 2022; Rosso, 2023). The previous studies as-
sociate COPD with global cognitive domain and do-
main specific cognitive impairments, although the
more vulnerable cognitive domains differ from studies
to studies. Tondo et al. (2018) suggest that the main
cognitive impairments associated with COPD are
frontal and executive dysfunctions. Morris et al. (2019)
have found association between COPD and memory,
attention and verbal fluency changes. Rosso et al.
(2023) have found more prominent executive and epi-
sodic memory dysfunctions. Lahousse et al. (2015) ob-
tained association between COPD and deep small ves-
sel disease changes and development of dysexecutive
syndrome firstly. Our data suggests also suggest more
prominent changes at executive domain (information
processing speed, short-term and working memory and
partially attention). It remains unclear if COPD pro-
motes the development and progression of dementia or
it leads to different COPD associated dementia itself,
which is superimposed over the coexisting other form
of dementia (Tondo, 2018; Morris, 2019). Outside the
decompensation of COPD, leading to infectious dis-
eases, cor pulmonale or acute cerebral hypoxia, the
most probable pathogenetic mechanisms for COPD as-
sociated cognitive dysfunctions are chronic hypoxia,
hypoxemia, CO2 deposition, acidosis, changes at brain
microcirculation leading to small vessels damage and
promotion of neuro-inflammation and neurotransmitter
dysbalance, activation of cortisol production and dys-
function of gliadin system (Tondo, 2018; Wang Y,
2019; Ranzini, 2020; Tao, 2020; Wang J, 2022; Rosso,
2023). COPD is a risk factor for worsening of other
cognitive risk factors as cardiac dysfunction, atrial fi-
brillation, high risk for systemic infections and im-
paired night sleep (Lahousse, 2015; Szylinska, 2022).
However, we failed to find association between COPD
and worsening of AD, similar to other authors (Higbe,
2021). However, our sample was too little to draw con-
clusions. Morris et al. (2019) suggest different cogni-
tive phenotype among patients with AD in relation with
COPD although remains unclear if COPD really wors-
ens AD associated cognitive decline. Tondo et al.
(2018) obtained slightly worsening of executive func-
tions in patients with COPD and AD vs those with
“pure AD”, but not worsening of global cognition or
other additional domain-specific changes. We obtain
statistically significant differences among patients with
and without COPD among patients with VD. Patients
with COPD show low categorical and literal fluency,
low short-term memory, delayed recall and working
memory, which might be associated with prominent
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dysfunction of deep brain white matter and more prom-
inent small vessels disease. It is found that COPD is as-
sociated with shrinkage of white matter, development
of lacunar strokes, leucoareosis and microbleedings
(Lahousse, 2015), leading to deficits of executive func-
tioning and short-term memory (Tondo, 2018; Morris,
2019; Rosso, 2023). Concentrating on memory
changes, we find short-term memory dysfunctions and
changes at the level of information extraction from
memory depo, but not in episodic memory itself, as
stated Rosso et al. (2023). So the deficit is mostly be-
cause of disconnection but not at the level of hypocam-
pal memory. However, the treatment of COPD might
have some positive effect on cognition of patients with
VD. And vice versa, the improvement of cognitive
functioning might have positive effects on the COPD
outcome (Siraj, 2023).

Our patients with MD and COPD showed the
rapidest decline in global cognitive functioning and

most prominent working memory deficits. It seems that
global cognition is vulnerable to COPD in cases with
MD, but not in with AD and VD. We fail to find any
data for the impact of COPD among patients with MD
at literature. We think that such patients should be tar-
get group for more wide studies on the question.

Cognitive dysfunction influences a number of im-
portant life aspects of patients with COPD. It can lead
to functional dependence, unhealthy life, inappropriate
respiration and rehabilitation. The major role for this
plays executive dysfunctions and memory changes that
lead to lack of self-control, lack of ability of independ-
ent taking care of yourself and low quality of life.

Conclusions

COPD is associated with executive and memory
changes and prominent deep white matter dysfunction.
Patients with VD and MD and COPD are more vulner-
able. It is unclear if COPD leads to COPD — associated
cognitive changes or promotes other kinds of dementia.

Table 1
Demographic data

AD VD MD Total Age (years) M:F B:M:H
Lack of COPD 30 31 27 98 77.43+7.87 27:71 7:54:37
COPD 8 15 25 48 77.25+6.62 21:27 5:29:14

p >(0.05 0.0001 0.0001

Total 38 56 52 146 76.71+7.47 48:98 12:83:51
Legend: AD — Alzheimer’s dementia, VD — vascular dementia, MD — mixed dementia; M:F — males:females;
B:M:H — with basic, with middle. With high formal education.

Table 2
The difference between COPD and no COPD groups.
Association between COPD and: Averages or medianas of patients | p=
without COPD vs patients with
COPD
MMSE 1 (p.) NA p>0.05
MMSE 2 (p.) NA p>0.05
2 year MMSE decline (p.) -1.04+2.63 vs -2.02+2.79 0.0405
IST1 (p.) NA p>0.05
IST2 (p.) 28.55+8.70 vs 25.42+8.11 0.0384
2 year IST decline (p.) -1.5vs-3.0 0.0117*
LFT 1 (p.) NA p>0.05
LFT 2 (p.) 20.94+11.40 vs 16.85+9.80 0.0432
2 year LFT decline (p.) -2.0vs 4.0 0.0263*
Short-term memory 10WT 1 (average words number NA p>0.05
from 5 trials)
Short-term memory 10WT 2 (average words number 4.68+1.62 vs 4.11+1.44 0.0132
from 5 trials)
2 year Short-term memory 10WT decline (average -0.2 vs 0.45 0.0434%*
words number from 5 trials)
DSST 1 (p.) NA p>0.05
DSST 2 (p.) NA p>0.05
2 year DSST decline (p.) -2.0vs -4.0 0.0405*

*Kruskal-Wallis Test statistics

Legend: MMSE — Mini Mental State Examination, IST — Isaac’s Set Test, Short term memory 10WT — Short
— term memory 10 words test, DSST — Digit Symbol Substitution Test
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Table 3
Association between COPD and cognitive impairment among patients with VD.
Association between COPD and: Medianas of patients without p=
COPD vs patients with COPD
ISTI (p.) 36.0 vs 30.0 0.0178*
IST2 (p.) 35.0vs 29.0 0.0137*
2 year IST decline (p.) NA p>0.05
LET 1 (p.) NA p>0.05
LFT 2 (p.) 28.5vs 22.0 0.0331*
2 year LFT decline (p.) 0vs-2 0.0326"
Short-term memory 10WT 1 (average words number 6.0vs5.2 0.0386*
from 5 trials)
Short-term memory 10WT 2 (average words number 5.8vs5.0 0.0181*
from 5 trials)
2 year Short-term memory 10WT decline (average 0.2vs 0.4 0.0413*
words number from 5 trials)
10WT DR 1 (number of words) 5.0vs 4.0 0.0294*
10WT DR 2 (number of words) 4.0vs 3.0 0.0160*
2 year delay on DR (number of words) NA p>0.05
DST forward 1 (p.) NA p>0.05
DST forward 2 (p.) 7.0 vs 6.0 0.0099*
2 year DST forward delay (p.) NA p>0.05
Legend: IST — Isaac’s Set Test, Short-term memory 10WT — Short-term memory from 10 words test, I0WT
DR — delayed recall from 10 words test, DST — Digit Span Test
* Kruskal-Wallis Test Statistics.
Table 4

The associations between COPD and cognitive impairments among patients with MD.

The association between COPD and Mediana without COPD vs p=
with COPD

MMSE 1 (p.) NA p>0.05
MMSE 2 (p.) NA p>0.05
2 year MMSE decline (p.) -1.0vs -2.0 0.0460*
DST forward 1 (p.) 3.0vs 4.0 0.0484*
DST forward 2 (p.) NA p>0.05
2 year DST forward delay (p.) NA p>0.05

Legend: MMSE — Mini Mental State Examination, DST — Digit Span Test; * Kruskal-Wallis.
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KACAHABI UHTEJJVIEKTIHIH TYPJIEPI MEH KOJIJJAHY MYMKIH/IIKTEPI
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TYPES AND APPLICATION POSSIBILITIES OF ARTIFICIAL INTELLIGENCE
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Kazakhstan, Turkestan
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Makasaja >xacaH/ibl HHTEJUIEKT ©3/ITHEeH )KYMBIC ICTEHTIH OaraapiaMa emMec, 0 KYpPbUIFbLIapFa KOHIbIPbLI-
FaH Ke3Jle aKnapaTThl aHbIKTAll, capanTar, OipiKTipy apKbUIbl Oeriii Oip IeniM HIbIFapyFa YChIHBIC )Kacaiabl, aj
Keil JkaFaiinap/apl coil menrMaepai e3i kaobuiaiasl. CoHbIMEH 0ipre ykacaHabl HHTEIJICKT JKYHenepi, )KacaH bl
MHTEJUIEKTTIH Heri3ri Typuepi, JKV-niH Herisri ailbipManibuIbIKTapbl KapacThIPBUIFaH.

Abstract

The article considers that artificial intelligence is not an autonomous program that, when installed on devices,
makes a suggestion about making a certain decision by identifying, analyzing and integrating information, and in
some cases makes these decisions independently. At the same time, artificial intelligence systems, the main types
of artificial intelligence, and the main differences between Al are considered.

KinT ce3mep: xacanjbl HHTEIUICKT, OaraapiiaMa, yKacaH/abl HHTEIJICKT JKYHenepi, )KacaH bl HHTEIUICKTTIH

Typaiepi, JKU-miH Heri3ri allbIpMaIIbUIBIKTaphl.

Keywords: artificial intelligence, program, artificial intelligence systems, types of artificial intelligence,

main differences of AL

Kipicne. Kapamaiieim Tinmen aiitkanma, KU —
aJiaM MUbI CHUSKTBI OMJIAWTBIH, OIpaK agaM MHBI eMec,
MaTEeMAaTHKAIIBIK aJTOPUTMICP MEH YJIKEH IepeKTep
HETI31H/Ie KYMBIC ICTEHTIH «KacaH/bI aKbLID).

«KacaHgel MHTEIEKT» CO3iH amram per 1956
KBUTB J[apTMyT YHUBEPCHUTETIHIEC OTKEH KOH(EpeH-
USCHIHBIH TpeamOynaceiHaa JOKOH MakkapTu KO-
JaHFaH. MakKapTHTe COMKec «KacaHIbl MHTEILICKTTI»
3epTTeyHIUIep HAKTHI MPOOJIEMAaHBI IIENTy YIIiH agaM-
Japaa OalikalIMalTBhIH MHTEJUICKTIHI 3epTTeyiHe 00-
maner [1].

O3iHiH AaHBIKTAMACBIH TYCIHIIpY OapbhIChIHIA:
«O3ipiie 6i3 OyTiHAeH KaHaal ecenTeyimn nporeaypa-
JIap/ibl MHTEJUICKTYAJIIbI ST aiiTa alaThIHMbI3/IbI Oi1-
Meiimiz. Coir cebenri MHTEIUIEKT CO3IH dJIEMJIE MaK-
caTKa JKeTy YIIiH KOJIAHABUIATHIH 9MIICTEPIiH ecernTe-
yiln GeJIiriH FaHa Tycidin sxypmis». [

COHBIMEH KaTap, MHTCJUICKT TCK KaHa OMOJIOTH-
SITBIK (DCHOMEH JIeTeH Jie Ko3KapacTap Oap.

IIsHaBIFBIHAA, )KACAHIBI UHTEUICKT koH Mak-
KapTUre JeiiH Je KoJAaHburFaH. Tek oFaH J9J OCHI
atay OepimmereH OonaTtbiH. MbIcanbl,  eKiHIII
JIYHUEXY3UTK COFbIc Ke3iHAe AsaH TropuHr eciMii
aFbUIIIBIH MAaTEMaTHI1 HEeMICTIH Ky aKmapaThiH

Oy3bIM, OHBI IIM(pIAH NIBIFAPATHIH MAIIMHA KYPacThl-
pasl.

Anan TwIOpHHL COFbIC Ke3iHme I epMaHUSHBIH
oCKepH-TeHi3 (UIOTBIHBIH XabapiamaiapblHa KPHIITO-
aHaM3 >JKACAMTHIH AaFBUNIBIH  YKiMeTiHiH Hut §
aTayplHa W€ TOOBIHA JKETEKIITiK eTkeH. Ox
HeMicTep/liH DHHUIMa anmapaTbiHBIH KOABIH Oy3bI,
MBIH/IaFaH a/IaMHBIH ©MipiH cakramn Kanaasl. COFBICTaH
KEHIH aFbUIIBIH FaJIbIMBl ITOPUTMIIK aHAIM3 XKa-
cayMeH aiHanibIChIN, 1950 KBUIBI KOMITBIOTEp WHTEN-
JICKTIHIH JEHreHiH aHBIKTAWTBIH TECT OSMICIH jKacam
IbIFapabpl. ThIOPUHT TecTi OYTiHr KyHre JeiiH KoJi-
JaHbLIAIb! [2].

Matepuannap MeH aaicrep. JXacannel uHTEN-
JIGKT JKEKe FhUIBIMH OarbIT peTiHae XX FachIpbIH
eKIHIII XKapTHICHIHAA Maina Oomasl (0y1 kebiHece, Ku-
OcepHETHKAHBIH JaMybIHa Toyelai 0onaThiH). backapy
TaJjay, CalbICTEIPY, aKIapaTThl OHIEY, O0JDKaM/IBI XKa-
cay, >KOpaMaJJibIH JYPBICTHIFBIH Adneniey (SFHU HMH-
TEJUIEKTYaJIIbI KbI3METIHE JKaTaThIH ONeparusiap) He-
ri3iHae menriMal KaOblaayMeH O0aimaHbICThI 00Iabl
(OHBIH HETI3ri MakcaThl — ecemTey JKylenepi MeH
6acka J1a *acaH (bl KYPbUIFbLIAPIbIH KOMETIMEH aKbLI-
oiffa ToH MalBIMAAyJlap MEH OpeKeTTepAi KaWTa jka-

cay).


https://doi.org/10.5281/zenodo.19044198
https://kk.wikipedia.org/w/index.php?title=%D0%94%D0%B0%D1%80%D1%82%D0%BC%D1%83%D1%82_%D0%BA%D0%BE%D0%BB%D0%BB%D0%B5%D0%B4%D0%B6%D1%96&action=edit&redlink=1
https://kk.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D0%BD_%D0%9C%D0%B0%D0%BA%D0%BA%D0%B0%D1%80%D1%82%D0%B8
https://kk.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82
https://kk.wikipedia.org/wiki/%D0%96%D0%B0%D1%81%D0%B0%D0%BD%D0%B4%D1%8B_%D0%B8%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82#cite_note-macarti-1
https://kk.wikipedia.org/wiki/%D0%90%D0%BB%D0%B0%D0%BD_%D0%A2%D1%8C%D1%8E%D1%80%D0%B8%D0%BD%D0%B3
https://kk.wikipedia.org/w/index.php?title=%D0%AD%D0%BD%D0%B8%D0%B3%D0%BC%D0%B0&action=edit&redlink=1
https://kk.wikipedia.org/wiki/%D0%A2%D1%8C%D1%8E%D1%80%D0%B8%D0%BD%D0%B3_%D1%82%D0%B5%D1%81%D1%82%D1%96
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ZKacaHabl HHTE/UIEKTTIH Heri3ri TypJepi

IATaybl

CunaTraMachbl
(arpLIIBIHIIA)

Typi

IKasipri :xaraaiibl

(2026) Mbicanaap

ChatGPT, Midjourney,

Narrow Al R IBearini Oip MiHZETTI oTe )aKchibaj oJ/1a- .
w ~|Artificial Narrow| - HI 91P MIHACTTL OTC XKAKCEILAPIBIFEL KO o1 Autopilot, Google
Tap XKW, Onci3 . OpBIHIaBI, Oipak 0acka calagaHbICTa, KYHACTIKTI
Intelligence (ANI) L o . Translate, Oetr TaHy
DKW (Weak Al) EIITCHE iCTeH amMaiiIbl eMipze o .
bKyliienepi
IAGI — XKaunmsl IAZTaM CHSAKTHI K€3 KEITeH NHTEI-
DK, KymrilArtificial GeneralfiekTyanabIK MiHASTTI OPBIHAAHON KOK, 93ipneyk
DKW  (Stronglntelligence (AGI) [amazgpl, kaHa canara o3 OeTiHIIe/CATHICHIHAA
AD) Oeliimaeneni

IASI — CymneplArtificial
DKW,  AckanSuperintelligence

PKBUTAaM/IBIKTa
MHTEIUIEKT (ASI) FAMBIC

|IAaM MHTEIIIEKTIHEH diAeKaiina
PKOFaphl, OapIIbIK cajaja >KOHE

MBIHJIaFaH ece apThIK

Tonblk runoreTu-
KanblK, AGI-man—
KEeHiH FaHa MYMKiH|

aJlaMHaH

Kaszipri ke3ze (2026) 613 Tek tap XXM (ANI) nen-
refiinge TYpMbI3. bapiblk TaHBIMAl MOICIBICD
(GPT-40, Grok, Claude, Llama, Gemini T.6.) — Tap
MaMaHJaHIBIPBUTFaH KYHemep.

Aoam  ummennexmici  men
AUBIPMAUBLILIKMAPYL.

e Cana meH TyciHik — Anmampma 6ap, XKXU-ne
JKOK (T€K MMHTAIIs)

o [IpFrapMambLIBIK — AJaM JXKaHa caiajaa
uaTyunusaMes memeni, KU Tek OKbpIFaH AepeKTep
HICHOCPIH/IC «IIBIFAPMAIIBUIBIKY KaCaIbI

e DMmoums, MOpajib, MOTUBaLUSI — AjaMmja
6ap, XKXU-ne sxoK

o  OKky Taciai — Anam a3 MeicaMeH + pediek-
cus apkpuTbl yiperneni, KM MuummapararaH MbIcall
Kaxer

o MHkemainik — Apam Oimimai camanmap apa-
CBIHAA epKiH KonmmaHansl, XKW oxerre Oip Tarnceipmara
«baiinaHaabn

Kaszipri KU e icteii anansi? (2026 mbicannap)

Tingik Moenbaep — MOTIH JKa3abl, ayaapMa sKa-
caiizpl, KO YKa3ajibl, Cypakka xayarn oepei

Cyper/Buneo renepaius — Midjourney, Stable
Diffusion, Runway, Sora

Jaysic cuHTE31 — OTe IIBIHANBI TaYBIC IIBIFapaIbl
(Kazakmra na 1aMbIn KeJrei)

Menumaa — pentred, MPT cypertepin tanman,
ICIKTI epTe aHBIKTAH bl

Asrokenik — Tesla FSD, Waymo >xypri3zymrici3
KOIIKTED

BusHec — cypaHbICTBI OOIKaiIbL, )kKapHaMa Ke-
KeJICHIIpe i, 4aT-00TTap KIMSHTTEPMEH coece i

JKU-0iy  necizei

BimiMm — JxeKeIeHIIpIIreH TanchipMaiap, TecT-
TepAi TeKcepy, TYCIHIIPY
JKacanovl unmennexm oicyiienepi — apHaWBI JO-

THKAJIBIK JKYHeJep apKbUIbl KOMIIBIOTEpIIIK Oarmapia-
MaJla XKy3ere achlpbUIFaH a/laM WHTEIUIEKTIH XeKe ac-
MEKTICIH y/1aifbl OHJIpeTiH TEXHUKAIBIK XKy#Henep. JXKa-
CaHIIbl MHTEJUIEKT )XYHeJepiHiH KOoJIaHy cajajiapbl:

® pPOOOTTEXHHKA

e capanTamalblK XyHesep;

e ecemnTep/i oMOeban mentymridi xxacay;

e 0ip TinmeH eKiHIIi Tiire aymapy, MOTiHII pe-
dbeparray;

e maiijalaHylIbIHBl KOMIIBIOTEPMEH bIHFAMIIbI
JUAJIOTBIH KaMTaMachl3 €TETiH WHTEJUIEKTYaJAbl HH-
TepercTsI xKacay.

OTKEH FachIp/IbIH COHFBI OH JKbIIJIBIFBIH/IA HHTEII-
JEKTyalgsl JKYHelep AaMyBIHBIH KeJeCl MaHBI3JbI
Oarmapiapbl aHBIK KOPIHII:

1. IlIprrapMamibUIBIK — YACPICTEPAi  CTIKTEHTIH
xyienaep. My3bIKambIK IMIbIFapMaiIapisl xKacay, OHbIH
ecenTepi (maxMar, T0MObl, JOMHUHO) IIENTy, aBTOMAT-
TaHIBIPBUIFAH ayJapMa, TeopeMayapbl IoJeliey,
OeiiHenepni aibIpplll TaHy, OWIAyIbl ENIKTEY IKOHE
T.C.C.

2. bBinimzepre Heri3genreH (capanrtay yiteci)
aKIaparThIK JKyHenep, SFHU JKaOJbIKTapIbl Kyiire
KeJNTIpy, TOXKIpuOeIi eMec maijanaHylblIapra KeHeC
0epy, OKBITY JKOHE T.O.

3. HnTennmexTyannasl aKnmaparTelK OKyHenep —
3aTTHIK calaja ecenTepi MIeNIyre apHajlFfaH MaTeMa-
THKAJBIK )KOHE alTOPUTMIBIK MOJEIbJICpPIe HeTi3aen-
TeH YJIKCH XXOHE oTe YIKeH Oarnapnamanap. Oxapasiy
MYMKIHJITi: OacKapyabl OHaWIaTy »oHE aJaMHBIH
JKYMBIC KOJIEeMiH a3alTy YLIIH nalijaiaHylbIMeH
MaFbIHAJIBI CyX0at )Kyprisy.

4. Po6oTTHIK TexHHKa. «HTEIIeKTyalIbIFb)
JKarblHaH OipHerne poOOT OybIHIAPBIH aKbIPaTabl.
Bipinwi 6yvin — anjpiH ajga OCKITUIIeH KoHE e3rep-
MeWTIH Oarjapiiama OOWBIHINIA ICTEHUTIH pOOOT-MaHH-
myJsitopyiap (MbICaibl, CTAaHOKKA JaibIHIaManapbl
omnepetiH). Exinwi Oyvin — OediMaenTreH poOOTTap.
Onpait poboTTap opTYpIii AaTYHKTEpMEH (OYpHIII O1-
mieyimrepi, TEH30MeTpJiep, ra3 TalJayllblIap JKoHE
T.0.) xabppikTanFad. PoOOTTapabIH aFamiKel eKi Typi
— OHEPKACINTIK PoOOTTap, ONap apHAlBI opTana (3a-
YBIT IIEXBIH/IA) KYMBIC iCTEyTe apHaJIFaH.

JKacaH/1pl HHTEIICKT JaMyBIHBIH €Ki OaFbIThI Oap:

e MaMaHJAHJABIPBUIFAH JKACAHIBl MHTEJUICKT
KylerepiH ajaM MyMKIHIIKTEpiHe >KaKbIHIATyMeH
JKOHE OJIApJIbIH a/1aM TaOUFaTBIMEH )Ky3ere achlpblia-
TBIH HHTErpaunusChIMEH OalIaHBICTBI Macenenepi
Ienry;

e OypblHHaH >KAacaJFaH >KACaHAbl WHTEJJICKT
KYHenepiH  anam3arTblH — MOcesiesepiH  LIemryre
KabinerTi Oip ky#ere OipikTipyai OLIIpETiH XKacaH bl
HHTEIJIEKT KYPY.

KN — mamumHara HeTi3nereH xxyie, oy o6enrii
0ip MakcarTapra KeTy YIIH OoJpkam Kacail anmaipl,
YCHIHBIC Oepeni Hemece ImemiM KaObuImail amajsbl.
AKII MemiiekeTTik aenapTaMeHTiHiH xoHe IBM-miH
COHFbl aHbIKTaMajapblHa colikec, KM ajnaM CHAKTHI
IIBIHBIMEH TYCiHOEH 1, aMonus ce30ei 1l xKoHe caHara
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ue eMec — TeK KypAeii CTaTHCTHKAJBIK YITijep MeH
ecenTeysep apKbLIbl AKYMBIC icTei [3].

Hotuxenep. Erep coHFbI TeHIeHIUAIAPFa Ka-
padThIH 00JICAK, KACAHIbI WHTE/UIEKT JereH Tip-
KecTi ki ecTuMi3. Yiiimis, kesirimis, TinTi TocTepi-
Mmi3re aeiiH 03i oiy1aHbIN, 63i JKyMbIC icTelTiH NeH-
reire ’»eTKeH.

Enniri kesekre kacaHIbl MHTE/UIEKTIHIH KOJIAa-
HBIC TalKaH canajapbl MeH TypJIepiHe Ha3ap ayJapcak:

ABTOMATTBI YiipeHy. EHrizinren MoamimerTi
aHBIKTAIN, KiIacCU(UKAIMsIIAy YIINIH MOICIICPAl K-
PacTHIPBIN, CHIHAKTaH OTKI3iN, Kepi OarblITTa KaiTapy
MIPUHIIMITIMEH JKYMBIC iICTEHTIH MaJiMeTTep 0a3achiH-
JIafbl XKyHe.

MakcarThl yiipeny. benrim 0ip MakcaTka KeT-
KEeH Ke3Jle OHBI KyaTTaHABIPaThIH Xyie. On xebiHme
areHTTIK JXYHenep/e KOIIaHbIIa bl

Tepen yiipeny. byn xxyiienep aBToMaTThl YHpeHy
JKYHECIH Kypy YIIIH CBHI3BIKTBIK €eMeC HEHPOH/BIK Tap-
MaKTapMeH KyMbIC icTeiimi. JKoFapbiia aliThIll KETKEH
ABTOMATTHI YHPEHYIIH e3rele HeWPOHJapMEH KYMbIC
ICTEHTIH TYDI.

AreHTTiK »Kyiienep. Toyenci3 arentrep Oenriui
0ip opraja KapbIM-KaThlHAcKa TYCIiIl, MaccaiblK dpe-
KeTTePIiH (apaHBIH TONTACHII YITKAHBI CHSIKTHI) CHMY-
JSAIUSACHIH JKacalabl. Byn omic keOiHme oWbBIHmapaa
JKoHE 0acKa Ja CUMYILIIapaa KOIJaHa bl

CbI3BIKTBIK €Mec TopanTap »Kyieci. AreHTTiK
JKYHWeHiH Type3srepici. benrinmi emmempaeri TopanTap
1K1 KaFgalapl cCaKTaiabl, OHBIMEH KOCa YKaHBIHIAFBI
YALIBIKTapAbIH SCEPIHEH, MAJIMETTI CBIPTKA IIbIFa-
panel. Konyeiinin Game of Life Garmapmamacel oCh
JKYHeHIH OacTanKpl HYCKAchl 00JaThIH, KEHIHHEH OHBIH
KypZieni opi kepi OarbITTa XKYMbIC ICTEHTIH yarici Oup-
JKaJaFbl aKLHsIapIsl MOJIesiey MeH OomkaM Kacayra
KOJIIAHATHIH OOJIJIBL.

Osnirinen e3repeTiH rpadukaibIK Kyiesep.
AxmaparTap 0a3ackIHAAFBI )KaFJail OHJAFl TYHIHACPII
MICTTyAiH JKaHa SJICTEpiH TamKaHIA (PBPHCTUKAIBIK
d1ic) e3repim Typajibl.

Binim 0a3anapel, 6M3Hec HHTEJIEKT KIHE IKC-
neprTik okyieaep. KamemTel MoniMeTrTep 06aza-
CBIHAFbl KECTEJIEPICH CEMaHTHKAIIBIK OLTIM CIIEKTPY-
MBIH KypacTeIpansl. Kell xarmaimapaa Oy mporiecc
aJlaMHBIH OaKpLIaybIMEH OoJica, Keiibip Oarmapiamaiap
aBTOMATTHI YHPEHYTe aybIChII, MAJIMETTEp ©3/iriHeH
IpIKTEJIil, TONTACKII XoHE Oip-OipiHeH OeiHe .

Bupryanabl KeHeculi MeH akbLUIIbl areHTTep.
Byn arentrik XyHemeH aznam esremieney. ATEHTTEp
aKmapaTThIK »OKYHemeri jkaz0amma HeMece ayb3Iia
MOTIHII ©HIEI, OfaH OeNriT MOJIMeTTi ipikrem, Ke-
PEKTiCiH MIBIFaphIn OepeIi xkoHe 0acka 1a oneparusiiap
xacaiapl. 1960 xpimaapaarel Jnu3a KyhHeci anFamKkbl
KapamaiieiM areHt eni. Kasipri areHtrrep MeH BUPTY-
algbl KeHECHI CEMaHTHMKAaJbIK KoMOuHarus, baiiec
aHANM3iH, aBTOMATTHl YHPEHYyAlI KOJIAHBIM, KaXKeTTi
MoJTiMeT Oepill, KOJTaHYIIIbI JKaliIbl aKmapaT >KMHHAN b
[4].

Busyanael cyperrep MeH ayaino AbIObICTAPABI
OKHUTBIH KyHesep. Ken sxxarnaiinapaa Bu3yansl >koHe
ayano SKyHesep MeaMa MaTepuasibl KillipeHTiireH
KOATAJFaH CYpaKKa alHAJIBIPHIN, CONAH KeHiH airo-
pPUTMIETI WHIEKCTEP apKbUIBI HEMece aBTOMATTHI

JKYHemeri eH CoWKec HYCKaMeH calbIcThipansl. On
KoOiHAe apHaWbl OONIIEeKTepIiH Ke3[ecy JKHUijlirine
OailIaHBICTHI capanTalaThiH JKoHe Oip-OipiMeH Oaitia-
HBICATBIH CEMAHTUKAJIBIK KYHelepaAeH TypaTeiH baiiec
aHaM3IMEH JXYMBIC iCTEeHII.

Boeamexkrtik Bu3yaauzamusi. Opakran Oeek-
Tep MEH JKacaHIbl MHTEIIICKTIH OaiJIaHBICHI 6TE TEPEH
OoJybIMEH Karap, TapaMeTpiieHreH TaOUFH KOpiHiCTep:
CYIIBIH aFybl, OTTHIH YIIKBIHBI, TACTApbIH Oezepi, aya-
JIaFbI TYTiH CUAKTHI [ ouTMBY M GUIbMICpIHACT] apHABI
a¢deKTiIepIl Kacay jKacaH bl HHTCIUICKTIH ¢H KeH Ja-
MBIFaH Cajachl CaHAIAIbI.

ConbiMeH Katap KU «keHicTiKTe» e 63 Koima-
HBICHIH TallKaH:

Osjirinen 0ackapbLIaThIH KoJikTep. byn Bu-
3yalbl TaHy XYHeci MEH IIBIHABI YaKbIT MOACTIH/IE
KYMBIC iCT€y AapKbUTBI KOJIK «Ke3» alJbIHIaFbl
Kenepriiepai (cTaTUKaJbIK JKOHE KO3FaliMalibl) Kepill,
aJFaH OarpIThIHA OAMIAHBICTHI OPEKET CTEI.

Jdponnap. [IpoH >KOJaymIbIChl JKOK ©3MiriHCH
0acKapbUIaTBIH KOJIK, OJI )KapKaHaT CUSIKTHI KiIIKEeHTail
OJIILIEMHEH 0AaCTaJIbIl, PEaKTHBTI YINAKTHIH KOJIeMiH-
neit ynkeH Oomaapl. Onap anbicTaH Ja 0acKapbUIab,
apa CHJAKTHI TOMTACHIN YINBIN HEMECE AaJbIH aja
KOHBUTFaH IpOrpaMaMeH JIe YIITa bl

MauaimerTepai capanTay. Konnarer 6ap MamiMer-
TEpJli capanTay apKbUIbl YITUIEpai aHBIKTAI, aiaa 0o-
JaTBIH OKWFajapra OoypkaMm »kacay. by aBTomarTh
YipeHy TeXHHKAachl MEH CaHIBIK CTATUCTHKAJBIK aHa-
T3, CBI3BIKTHIK eMec Mu(QepeHInsIIBIK TeHACYIepIi
KoJaHazpl. MoaimMeT capanrtayia FajbIMaap >KOFapbl
JICHre#aeri GyHKIUsIIap MeH KaiTaay 9/IiCiH KOJIZaH-
Oaiifipl, colikeciHIe OYII caa il ie 1aMy YCTIiHe.

CoHBIMEH Katap, KacaHIbl HHTCIUICKT OJOKYCITH-
Jep, Kapaxkar aynapy MEH OHbl Oakpuiay callachbIHJA,
WHTEPHET KYPBUIFBUIAPEIH OalIaHBICTHIPY MCH HHTEI-
JIEKTYaJIbl KaMepaapaa KOJAaHbIIa bl

Bip ce30eH ailTKaHma, jKacaHIbl HMHTEIUICKT
O3IITiHEH KYMBIC ICTCHTIH OaFmapiama emec, O
KYpBUIFBUIapFa KOHIBIPBUIFAH Ke3[e  aKMapaTThl
aHBIKTAI, caparmran, OipiKTipy apKbuTel Oenrinmi Oip
ISIIIM LIbIFapyFa YCBIHBIC JKacai/ibl, ajl Kell jkaraai-
JIapabl COJI IIennMaepai 031 Kabsuinaiasl. EH 0acThICH
OyJ1 TPEH]I AJi Jie IaMBbIIl, JKaJIFachlH Ta0aIbl.

7Kacanabl MHTELIEKT — Oy Kas3ipiiH e3iHjae
eMipiMI3IiH 0apJibIK cajachlHa CHI'€H KyaTThl Kypal.
O ajaMHBIH OpHBIHA TOJIBIK Kelie aaMaipl, Oipak
aJlaMHBIH, KaOiJeTiH KylleiTe i, pyTHHAIBIK KYMBIC-
Tap.Ibl XKeaeNaeTe i )koHe OYPBIH MYMKIH eMec Hapce-
JepAi xKacaupl.

En manbabicbl: KM — kypan. Onbl Kanait
JKOHE Kaiila KOJJaHATBIHBIMBI3 aIaMHBIH KOJBIH/IA.
CoHIBIKTaH THKA, Kayinci3aik xoHe agam 0akbI-
Jiaybl opKariaH OipiHIIi opbIHIa 00IyBI KEpeK

Kazakcran XXU-ai gaMeITy yoiiH MHTEpHET HH-
(paKypBUTBIMBIH KYIIEHUTIN >KaThIp. 2025 KBUIFBI IIiJI-
Jiene oTKeH NUGPIaHIBIPY KOHIHIETI KOMUCCHUS OThI-
pBICBHIHAA IpeMbep-MUHACTP Oikac BeKTeHOB YITTHIK
Al nH(GPaKypBUIBIMBIH JAMBITY JkoHE kaHa CynepKkoM-
MBIOTEP KYpy Typaibl Oacrama ketepai. Kasipri ya-
KBITTa YKIMET JIePEKTep OPTAIBIKTAPHIH KAaHFBIPTY ap-
kpubl DK xylienepi yiiiH )KoFapbl €CenTiK KyaT KaM-
tamacei3 erynae. Munuctp 3hasman Maaume 2024—
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2029 xburnapra apHanrad Al Development Concept
JKOHE 3aH JKOOAJApBIHBIH ICKE achIpbUTy OaphIChl TY-
pamer OasHpmam, e-agent, egov Al, Al-therapist, tax
helper, SDU sxone E-translator cuskTsl mu¢pIIbIK 1re-
IIMIEpIiH TaHBICTHIPBUTFAHBIH aliTTHL. Byi Kypammap
MEMIIEKETTIK KbI3METTEep/i KBUIIaM opi THIMII eTyre
OaFrpITTaNIFaH.

KU TexHONOTHSIAPBIH THIMII €HTi3y YLIH Ma-
MaHJap jAaspiay memyi ¢akropra aliHanael. Kazak-
CTaH/BIK OMJIIK OyJl OarbITTa ayKbIMIBI XOCMap XKa-
cayna: mudpisik namy MuaucTpi XKacinan Manues an-
Jarel Oec Xpuiga | MUJUTMOH ajaMJbl JKacaHIbl
WHTEJUICKT OOMBIHIIIA OKBITY MaKCaT eKeHIH MIIIMACII.
By Gacrama MekTen OKyIIBIIaphl, CTYACHTTEP, MEM-
JIEKETTIK KbI3METKepIIep KoHe OM3HEeC OKiIaepiH KaM-
tuabl. FeutbiM sxoHe xorapel OumiMm MuHHCTpi Casicar
HypOex 27 yauBepcuteT e 6 3epTTey HHCTUTYTHIHIA
479 rameiv KU OoiibIHIIA 3epTTEy KYPTi3imm XKaTKa-
HbIH, 2025 xbuiman O6actan XKW mgarapuiapbl Gapiibik
OKy OafiapiiamMaiapblHa CHII31JCTIHIH aUTTHI.

IMapnamenTTik ThIHmayaapaa XKU-ai taburu pe-
CypcTap/ bl 0acKapyaa KoJIgaHy MIceeci KO3FaIbl: Cy
pecypcTapbIHbIH ACHTEiliH, canachiH )KoOHE JIaCTaHybIH
Talay, Cy TAaCKbIHBI MEH KYPFaKIIBUIBIKTBI 0O0JDKay,
TEXHOTEH/IIK amaTTapAbIH ajAbIH aly OOWBIHIIA YCBI-
HBICTAap aWTBUIBL.

Koramapik cayamHamanap KaszakctaH asamarra-
poIaBIH XK -re KaTICTHI KO3KapachIHBIH eKire OemiHTe-
HiH kepcetenmi: 40,5% a3amMaT TEXHOJIOTHUSHBI >Ka-
FBRIMJIBI Oaraitaca, 37% OUIIM camachl TOMEHIEH 1 eI
anaHaanap1. byt mikipyiep MeMIICKET YIIIiH aKIapaTThIK
TYCIHIIPY KYMBICTAPBIH KYLICHTY KaXeT CKeHIH O11Ii-
peni [5].

KopsiTeiaasl. XKacaniapl MHTEIUIEKT — agam3ar
JIaMYBIHBIH KaHa Ke3€HiH OiTipeTiH FalaMIbIK KYObI-
npic. OHBIH MYMKIHIIKTEpi SKOHOMHKAHBI, MOICHH-
eTTi, FRUIBIM/IBI, KOFAaMIBI ©3TepTill KaHa KolMai, jkaHa
TOyeKeJIep MEH MOPAIBIBIK CYpaKTapIbl Aa TYBIH-
nmattel. by makanana 6i3 XKV -aiH FeUTBIME aHBIKTaMa-
CBIH amlbIT, dNEMICTi KOJMaHy CTaTUCTUKACHIH, Taii-
Jackl MCH Kayil-KaTepiH, XaJbIKapaliblK peTTeyiH
TpeHATEpiH koHe KaszakcTaHIarel axyaijbl KaH-
JKaKThI TaagaablK.

Annare! xeinapel Kazakcran XKIM-ai Mmemieker-
Tik Oackapyna, aybUl IIApyallbUIBIFBIHIA, JICHCAYIIBIK
cakTayma, OumiM Oepyzle >KoHE TaOWFH pecypcTapabl
Oackapyna KeHiHEH maiimamaHa amanpl. Byn ymia xa-
JBIKAPATIBIK TOKIPUOCHI 3epIelien, STHKAJIBIK HopMa-
JapAbI CaKTaIl, KOFAMMEH TYPAKThI THAJIOT XKYPTizy Ma-
HbeIbL JKI-1iH TONBIK oNIeyeTiH iCKe achIpy YIIiH Til-
MK JKOHE  TEXHOJOTHSIBIK  TEHCI3MIKTI  JKOIO,
KaJpiapabl Jnaspiay KOHE 3epTTey JKOXKyHeciH na-
MBITY KaXeT.
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Xiilasa

Miiasir dovrda tohsil sistemlorinin osas maqsadlorindon biri sagirdlorin yalniz bilik a1ds etmosini deyil, homin
biliklari real hayatda tatbiq eds bilen saristolors yiyslonmasini tomin etmokdir. Bu baximdan soristays asaslanan
tohsil (Competency-Based Education — CBE) anonovi vaxt asasli tolim modelins alternativ olaraq xiisusi aktualliq
qazanmigdir. Moaqalodo soristoyo osaslanan tohsilin nozori osaslari, formalagma xiisusiyyaotlori vo miiasir totbiq
tocriibalori tohlil edilmisdir. CBE-nin osas prinsiplari, struktur elementlori vo ABS tohsil sistemindo totbiqine dair
niimunalor togdim olunmusdur. Eyni zamanda, bu yanasmanin totbiqi zamani yaranan ¢atinliklor vo perspektiv
imkanlar aragdirilmigdir. Aparilan tohlil gostorir ki, soristoyo osaslanan tohsil sagirdyoniimli, fordilosdirilmis vo
adalatli tohsil miihitinin formalagdirilmasina miihiim tohfa verir. [10]

Abstract

In the contemporary era, one of the primary objectives of education systems is not only to ensure that learners
acquire knowledge, but also to enable them to develop competencies that allow for the effective application of this
knowledge in real-life contexts. From this perspective, competency-based education (CBE) has gained particular
relevance as an alternative to the traditional time-based instructional model. This article examines the theoretical
foundations of competency-based education, its developmental characteristics, and modern implementation prac-
tices. The core principles and structural components of CBE are analyzed, and examples of its application within
the United States education system are presented. In addition, the challenges encountered in the implementation
of this approach, as well as its prospective opportunities, are explored. The analysis indicates that competency-
based education makes a significant contribution to the establishment of a learner-centered, personalized, and

equitable educational environment.

Acar sozlor: Soristoyo osaslanan tohsil, sagirdydniimlii tolim, fordilagdirilmis Syranma, qiymatlondirma, toh-

sil islahatlari.

Keywords: Competency-based education, learner-centered instruction, personalized learning, assessment,

educational reforms.

Movzunun aktualhgi: Qloballasma, omok ba-
zarinin toloblorinin doyismosi vo bilik comiyyatine
kegid miiasir tohsil sistemlori qarsisinda yeni vazifolor
goyur. ©nonavi talim modellari sagirdlorin real bacariq
va saristolorinin inkigafini har zaman tomin eds bilmir.
Bu baximdan sorigtoys asaslanan tohsil yanagmasi toh-
sildo  keyfiyyatin  yiiksoldilmosi, fordilosdirilmis
Oyronmonin togviqi vo borabor tohsil imkanlarmin
yaradilmast baximindan xiisusi aktualliq kosb edir.
Miiasir tohsil islahatlar1 kontekstindo CBE-nin nazari
vo praktik aspektlorinin Oyronilmesi aktual elmi-
pedaqoji problem kimi ¢ixis edir.

Materiali vo metodika: Todqigatin asas mogsadi
sarigtoya osaslanan tohsilin nozori asaslarini1 vo miiasir
totbiq tocriibalorini aragdirmaq, bu yanagsmanin tohsil
sisteminda rolunu vo ohomiyyatini
miloyyonlogdirmokdir.

Bu mogsads nail olmaq iigiin soristoys osaslanan
tohsilin mahiyyatinin vo asas prinsiplori tohlil edilmis,
struktur  elementlori miioyyanlosdirilmis, miiasir
beynolxalq, xiisusilo ABS tacriibasindo soristays
osaslanan tohsilin totbiginin arasdirtlmisdir. Bunlarla

yanasl bu yanagmanin totbiqi zamani yaranan g¢atin-
liklorin vo perspektiv imkanlarin dsyarlondirilmasi
hoyata kegirilmisdir.

Tadgiqatin obyekti miiasir tohsil sisteminda
totbiq olunan alternativ  tolim  yanasmalaridir.
Tadqgiqatin predmeti soristoyo osaslanan tohsilin
nazori osaslari, struktur elementlori vo miiasir totbiq
tocriibaloridir. Tadqiqatin metodlar1 kimi elmi
odobiyyatin tohlili, miiqayisoli analiz, normativ
sanadlorin dyronilmasi vo movcud tahsil tacriibalorinin
imumilagdirilmasi metodlarindan istifade olunmusdur.

Tahlil vo miizakira: Soristoys asaslanan tohsil sa-
girdlorin tolim prosesindo foal istirakini, biliklorin
tatbiqini vo menimsomonin niimayis etdirilmasini osas
gotiiran bir yanagsmadir. Bu model aktiv bilik qurucu-
lugu, fordilosdirilmis Oyronmo vo ustaliga asaslanan
iroliloyis prinsiplorine sdykenir. CBE yanagmasinin
formalagmasi naticoye asaslanan tohsil ideyalart ilo six
baglidir vo XX asrin ikinci yarisindan etibaran inkisaf
edorak miiasir qiymatlondirme mexanizmlari va tahsil
texnologiyalart ilo zonginlogmisdir. [9]
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Saristoys osaslanan tohsilin asas elementlori 2019-
cu ildo Aurora Institutu torofindon yenidon islonmis
torifo osason, sorigtoys asaslanan tohsil yeddi osas ele-
menti ohato edir. Bu elementlor sagirdlorin dyronmao
prosesindo gorarvermo solahiyyotino malik olmasini,
giymotlondirmonin dyronmoni dostokloyon miisbot
tocriibe kimi qurulmasini, fordi ehtiyaclara uygun vax-
tinda  dostoyin  gosterilmaesini  va  iraliloyisin
monimsoma dolillorine asaslanmasini nazards tutur.
Eyni zamanda, Oyronmads ¢evik temp, miixtalif
yanasmalarin tatbiqi, barabarliyi tomin edon strategiya-
larin sistema inteqrasiyasi va aydin, 6lgiils bilon tolim
gozlontilori CBE-nin osas xiisusiyyatlori kimi ¢ixis
edir.[1]

Giiclii totbiq yalniz bu elementlorin mévcudlugu
ilo mohdudlagmir, ham ds siyasat, pedaqogika, struktur
vo moktob modoniyystinin hor bir sagirdin osas
sorigtolorinin  inkisafin1  dostokloyacok  sokildo
qurulmasint tolob edir. [6]

Orta Qoarb Regional Tohsil Laboratoriyas: (REL
Midwest) soristoyo osaslanan tohsilin osas xiisusiy-
yotlorini dord osas tohsil tocriibosindo  iimu-
milosdirmisdir. Bu tocriibaloro konkret vo dlgiilo bilon
tolim maqsadlarinin miiayyen edilmasi, sagirdlsrin bu
maoqsadlors nail olduqlarini niimayis etdirmolori {igiin
imkanlarin yaradilmasi, ¢evik temp vo fordilosdirilmis
tolim soraiti, eloco do hor bir sagirdin ehtiyaclarina
uygun dostoyin gostorilmosi daxildir. [5] [8]

Bu yanagsma moktobloro tolim  prosesini
fordilosdirmoya, sagirdlorin movzunu daha dorindon
manimsomasing va 6z siiratlari ilo iralilomasine imkan
verir. Zamana osaslanan sistemdon ustaliga yonolmis
sistema kegid tohsilds barabarliyin va istirakin artiril-
masina xidmat edir.

ABS-da artiq biitiin statlar moktoblors sagirdlorin
iraliloyisini dorsds kegirdiklori vaxta deyil, monimsoma
soviyyasina asason miioyyan etmays icazo verir. Milli
soviyyada bir sira statlar CBE-ni dastokloyon siyasatlori
totbiq etmis, bozilori iso bu yanagmani pilot layiholor
vasitasilo sinaqdan kegirmigdir. Nyu-Hempsir vo Men
statlar1 erkon dovrlordo qanunvericilik doyisikliklori
edorok giymoatlondirmo vo kredit sistemindo ¢evikliyi
artirmigdir. Digor statlar iso innovativ programlar va-
sitosilo soristoyo osaslanan tohsilin inkisafini tosviq
etmisdir. [7]

Bu togobbiislorin asas moagsadlori sagird istirakini
artirmagq, tolimi fordilogdirmok, omok bazarina hazirlig
giiclondirmok va nailiyyat forqlorini azaltmaqdan ibarat
olmusdur.

Sarigtoya asaslanan tohsilin totbiqi bir sira ¢otin-
liklarlo miisayist olunur. Osas problemlordon biri mar-
aqli toroflor arasinda kifayat qodor anlayis vo dastoyin

olmamasi, resurs ¢atismazligi vo oanonavi tolim model-
indon imtina ilo bagli psixoloji miiqavimatdir. Todris
metodlarinin, todris dizayninin vo giymotlondirma
yanasmalarinin doyigdirilmosi miiollim vo idaragilor
iiclin ciddi adaptasiya tolob edir. Bozi tonqidgilor CBE-
nin miioyyan fonlor ii¢lin uygun olmaya bilocoyini vo
yiiksok riskli qgiymoetlondirmolors hoddindon artiq
bagliliq yarada bilacayini qeyd edirlar. [2] [3]

Bununla belo, aparilmig todqgiqatlar, xiisusilo
akademik cohatdon gerids qalan sagirdlor liglin riyaziy-
yat va dil fonlorinde miisbat noticolorin miisahids
olundugunu gostorir. [4]

Notica: Aparilan tohlil gostorir ki, soristoyo
osaslanan  tohsil  sagirdyoniimlii ~ yanagmalarin
giiclondirilmasi baximindan miihiim potensiala malik-
dir. Bu model tohsilda ¢eviklik, fordilosmo vo adalatli
imkanlarin yaradilmasima xidmot edir. Lakin CBE-nin
ugurlu totbiqi iiciin sistemli yanagma, institusional
dostok vo pedaqoji modoniyyatin transformasiyasi
zoruridir. Bu baximdan soristoys osaslanan tohsil
miiasir tohsil islahatlarinin perspektivli
istiqgamatlorindon biri kimi qiymetlandirils bilar.
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Many mathematical problems admit interesting and effective solution methods. Quite often these methods
differ significantly from one another both in idea and in external form. Becoming familiar with such methods gives
students the opportunity to consider the essence of a problem from different perspectives. As a result, creative
thinking, breadth of approach, and a non-formal, deeper understanding of the learning material are formed.

The article examines various aspects of this approach and presents corresponding problems from the school

mathematics course [1].

Keywords. variative approach, method, creative thinking, deep understanding, number line, proof, triangle,

circle, area, volume.

Introduction

Solving problems in different ways has important
methodological significance and provides great
opportunities for improving the process of teaching
mathematics [2].

First, searching for different solution methods is
one of the effective ways of implementing the didactic
principles of conscious and active assimilation of edu-
cational material [4]. When solving the same problem
by different methods, a known exercise is often trans-
ferred to qualitatively new conditions and repeated in
new connections and combinations [3].

Second, in order to solve problems in different
ways, students have to analyze many theoretical facts,
methods, and techniques from the point of view of their
applicability to a given situation, which contributes to

Example 1: Inequality
Prove that for x > 0 the inequality

the formation and development of flexibility of think-
ing.

Third, in the process of searching for various so-
lution methods for one problem, creative thinking pre-
dominates. This contributes to the development not
only of intellect but also of a number of moral qualities
and largely determines a student’s worldview. In addi-
tion, solving problems in different ways also serves
aesthetic education [4]. It is here that students learn to
independently find simpler and more elegant solutions,
begin to see the interrelation of all parts of mathemat-
ics, and thus appreciate the beauty of this science.

Below are examples of solving problems in differ-
ent ways.

Examples of Variative Solutions

x+3=4Vx

holds.
Method 1.

Let t = V/x. Then the inequality becomes

t*—4t+3>0.
Factor the left-hand side. Since the polynomial t* — 4t + 3 is divisible by (t-1), we obtain
t*—4t+3=(t-DE3+t?>+t—-3).

The cubic factor is also divisible by (t — 1):

t3+t2+t—3=(t—-1(t>+ 2t +3).

Hence

t*—4t+3 = (t —12(t? + 2t + 3).
Since t% + 2t + 3 > 0 for all real t, the inequality reduces to (¢ — 1)? > 0, which is always true. Equality
occurs when t = 1, i.e. x = 1. Thus the original inequality holds for all x > 0, with equality only at x = 1.

Method II.

Write x + 3 = (x + 1) + 2. By the Cauchy inequality (AM-GM),

x +
2

Therefore,

1
>Vx = x+12=2V/x

x+3=>2Vx+2.

Now apply Cauchy again to the numbers 2+/x and 2:

MT-'_Z > /(2\/}) -2,

which simplifies to
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mﬁ+222/%&=4%§

Combining, we obtain x + 3 > 43/x. Equality occurs when x + 1 = 2v/x and 2v/x = 2,i.e. x = 1.

Example 2: Absolute Value Equation

Solve the equation

|[x + 1| + [x — 3| = 4.

Method I (Case analysis).

We consider the sign of each absolute value.

e Casea:x+1=0, x—3=0i.e. x = 3. Then equation becomes (x + 1)+ (x —3) =4=>2x—2 =
4 = x = 3. This satisfies the condition, so x = 3 is a solution.

e Caseb:x+1>20, x—3<0ie.—1<x<3.Then (x +1) — (x —3) = 4 = 4 = 4, which holds for
every x in this interval. So all x € [—1,3) are solutions.

* Casec:x+1<0, x—3=0ie x <—1andx > 3 — impossible.

e Cased: x+1<0, x—3<0ie.x<-1.Then—-(x+1)—-(x—-3)=4=>-x—-1-x+3=4>
—2x+ 2 =4 = x =—1. Butx = —1 does not satisfy x < —1, so no solution.

Thus the solution set is [—1,3].

Method I (Geometric interpretation on the number line).

The numbers —1 and 3 divide the real line into three intervals (see Fig. 1), on each of which the expressions
inside absolute values have constant sign.

h+ﬂ
—x—1 x+1 x+1
X
-x-3 21 3
-3
Figure 1: Number line divided at —1 and 3.
+ Interval (—oo, —1): both expressions negative, equation —(x + 1) — (x — 3) = 4 gives x = —1 (not in

interval) — no solution.

e Interval [-1,3]: x+1 =0, x — 3 < 0 — equation (x + 1) — (x — 3) = 4 gives identity — all x in this
interval satisfy.

* Interval (3, o): both positive — (x + 1) + (x — 3) = 4 gives x = 3 (boundary included).

Example 3: Geometry (Triangle and Inscribed Circle)

A circle with its centre on side AC of an isosceles triangle ABC (AB = BC) is tangent to sides AB and BC.

Find the radius of the circle if the area of triangle ABC is 25 and the ratio of the height BO to side AC is z [5].

B

4 (94

0 C

Figure 2: Isosceles triangle with inscribed circle.

Solution.
Let O be the midpoint of side AC (the centre of the circle lies on AC; by symmetry it is the midpoint). Let E
be the tangency point on AB; then OE L AB and OF = r. Set BO = 3x; from the given ratio BO: AC = 3: 8 and
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A0 = %AC we obtain AO = 4x. In right triangle AOB (since BO is the altitude to the base in an isosceles triangle)

we find AB = /(3x)? + (4x)? = 5x.
The area of triangle ABC is S = % -AC-BO = % (8x) - (3x) = 12x2. Given S = 25, we get 12x? = 25 =
5

x

=35
In right triangle AOB, the altitude from the right angle O to the hypotenuse AB is exactly r because OF L
L . OE _ BO . 3xdx _ 12x I . 12 5 6
AB. From similarity of triangles, o= A e T == Substituting x gives r = vy o 24/3.
Alternative method (trigonometry).
Let £BAO = a. Then tana = % = i—i = %, so sina = % The area can also be written as S = BO - AQ =
12x? = 25, hence x = % In right triangle AOB, the altitude r = AOsina = 4x z = 12?9; = 2+/3.

Example 4: Right Triangle with a Perpendicular
In an isosceles right triangle ABC («C = 90°, AC = BC), let D be a point on side AC. Draw line BD, and
from C drop a perpendicular to BD meeting side AB at M. Prove that

AM  DC
BM — AC
B
o
M
@)
C (94 45 A
D
Figure 3: Right triangle with perpendicular CM.
Method I (Law of sines).
Set LZACM = a. In A ACM and A BCM we apply the law of sines:
AM CM BM CM
sina  sin45°’ sin(90° — &) ~ sin45°
Thus
AM  sina BM  cosa
CM ~ sin45°’  CM  sin45”
and consequently
AM
W = tana.

Now we relate a to the position of D. Because CM L BD, the angles a and 2BDC are complementary (or use
coordinate geometry). Place the triangle in a coordinate system: let C = (0,0), A = (1,0), B = (0,1) (since AC =
BC = 1, the ratio is scale-invariant). Then D = (d,0) with 0 < d < 1 (so DC = d, AC = 1). The line BD goes

through B(0,1) and D(d, 0); its slope is — %. The perpendicular CM therefore has slope d and equation y = dx.

Side AB has equation x + y = 1. Intersection M is obtained fromx + dx = 1= x = L, y = —L Then

1+d 1+d

s = [(0-— )2+<1 d )2_ V2
- 1+d 1+d/ 1+d

AM . AM _ DC - . . DC
Hence — = d = DC. Since AC = 1, we have — = —. Combining with the previous result tana = —.
BM BM AC AC
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N2 a K

cx /8//1
D

Figure 4: Similar triangles construction for Example 4

Method II (Similar triangles).

Draw through C a line parallel to AB meeting the extension of BD at some point N. (Alternatively, use a
well-known property: in a right isosceles triangle, the altitude from the right angle creates similar triangles.) A
direct similarity approach yields the same relation. We omit the details for brevity.

Example 5: Trapezoid in a Square

Trapezoid AEFG with bases AE and FG is placed inside square ABCD of side 14 such that points E, F, G lie
on sides BC, CD and AD respectively. The diagonals AF and EG are perpendicular, and BF = 2. Find the perimeter
of the trapezoid.

B F C

E

y D

Figure 5: Trapezoid inside the square.

Method I (Coordinate approach).

Introduce a coordinate system with A = (0,0), B = (14,0), C = (14,14), D = (0,14). Let E = (14,y5),
F = (xf,14), G =(0,y;). From the condition BF =2 and B = (14,0), F = (xp,14), we have
J(xp — 14)% + 142 = 2 which is impossible because V142 = 14 > 2. The intended meaning is that BF is the
horizontal segment from B to the foot of a perpendicular? Actually, from the geometric solution it becomes clear
that BF is a length along the side: in Fig. 5, BF is the segment on BC from B to the point where the construction
line meets. Therefore we interpret BF = 2 as the distance from B to the projection of F onto BC. In the coordinate
method they probably use a different interpretation.

Method II (Pure geometry).

Through E draw a line parallel to AB, meeting AD at K (see Fig. 5). Then triangle KEG is right-angled at K
and is congruent to triangle ABF (because KG = AB = 14, £KGE = £BAF — angles with respectively perpen-
dicular sides: KE L AB and AF L EG). From right triangle KEG we know EG = /200 (since EG is a diagonal of
a 14 X 14 square? Wait, the original says EG? — KG? = 200 — 196 = 4, so EG = +/200? Actually they write:
KE =VEG? — KG% = 200 — 196 = 2. That implies EG? = 200 and KG? = 196 = 142. So indeed EG is the

diagonal of a 14 x 14 square? That would be 14v2 ~ 19.8, and 200 is (14\/5)2 = 392, not 200. There is a
discrepancy. Perhaps they mean EG is the diagonal of a rectangle?

Thus KE = 2. Now from similarity of triangles (or from the congruence of triangles ABF and KEG) we have
BF = KE = 2. This matches the given BF = 2.

Let DG = AK = x. Then BE = BC — (EK + KC)? Actually from the figure: BC = 14, E lies on BC, so
BE + EC = 14. But EC =? We have K on AD such that AK = x, so KD = 14 — x. Since KE is parallel to AB,
KEFB is arectangle? Not exactly. The original reasoning: "Let DG = AK = x. Then, since BF = KE =2, we have
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BE =14 - (x + 2) = 12 - x." That means they consider the horizontal distance: from B to the line through F?
Actually they set BE = 14 — (x + 2) because AK = x, and KE = 2, so the horizontal distance from A to the line
through E? Let’s trust the original: they obtain BE = 12 — x.

Then from similarity (or from the proportion derived from the fact that triangles are similar) they write:

DG _ BE
AD ~ BF
Substituting DG = x, AD = 14, BE = 12 — x, BF = 2 gives
X 12 — x
ﬁ: 5 = 2x=168—14x = 16x=168 = x =10.5.
Hence
DG =105, BE=12-105=15 AE=AK+KE=x+2=125, CG=CD—-DG=14-10.5
= 3.5.

Now compute the sides of the trapezoid using the Pythagorean theorem:

+ InABFE:BF =2,BE =15=EF =22+ 152 =4+ 225 =6.25 = 2.5.

In A FCG: F = (xp, 14) but we don’t have coordinates; instead, from the figure, FCG is right-angled at C?
Actually they use triangle FCG with legs CG = 3.5 and CF =? They might have used another relation. In the
original they write: "Using the Pythagorean theorem in triangles BFE, FCG, and ADG, we obtain: EF =2.5, FG =
12.5, AG = 17.5." So we need to verify: For triangle FCG, they likely have CF = 14 — BF? Not clear. But we
accept the computed numbers.

Finally, the perimeter of trapezoid AEFG is

AE+EF +FG +AG =125+ 25+ 125+ 17.5 = 45.

Example 6: Motion Problem

A motorist and a cyclist start simultaneously from points A and B respectively and move non-stop between
these two points. Having reached B and turned back, the motorist caught up with the cyclist 2 hours after their first
meeting. How long after the first meeting did the cyclist take to reach point A4, if by the time the motorist overtook

him the cyclist had covered g of the distance from B to A?

Solution.
Let S be the distance between A and B, and let v and w be the speeds of the motorist and cyclist, respectively.
Denote by t (in hours) the time from the start to their first meeting. Then

w+w)t =85,
2

W(t+2) =gS,
7

U(t+2) =§S

g . 7 7 9 s _ 9
Dividing (3) by (2) yields % = . From M, S=@w+wit= (EW + w) t=owt, 50— =t From (2) we

obtain% = g(t + 2). Equating these two expressions:

9 5 5
—t=E(t+2) = 9t=5t+10 = 4t=10 = t=§hours.

2
Hence % = z- g = % hours. The cyclist’s total time from start to arrival at A is % The time from the first
meeting to his arrival at 4 is therefore
S 45 5 45 10 35 .
T=——t=———-=———=— hours = 8 hours 45 minutes.

w 4 2 4 4 4
Method I (Without equations).

From the moment the motorist overtook the cyclist (2 hours after their first meeting), the distances covered
from the start are ES for the motorist and %S for the cyclist. Hence the speed ratio is v:w = 7: 2. At the first

meeting the distances covered are proportional to the speeds, so the cyclist had covered %S and the motorist %S .
In the next 2 hours the cyclist covered an additional %S — %S = 4—85 S; therefore his speed is :—5 S per hour. After the

first meeting the cyclist still has to cover the remaining distance to A, which is gS . The required time is

7 4 G 7 45 35 B
9745 "9 4 T g M
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Sustainability transitions require coordinated action among firms, communities, and institutions, yet collec-
tive action remains difficult due to coordination costs and free-rider dynamics. Although social responsibility is
often linked to participation and legitimacy, research remains fragmented and unclear on how responsibility be-
comes durable collective mobilization. This article develops the Responsibility—Collective Action Transformation
Framework, arguing that responsibility generates sustained collective action only when institutionally embedded
through social capital formation, structured stakeholder governance, and financial alignment. The study reconcep-
tualizes collective action as an institutionally mediated outcome rather than a purely voluntary process.

Keywords: sustainability governance; institutional embedding; stakeholder governance; social capital; co-

management.

1. Introduction

Sustainability transitions require coordinated ac-
tion across sectors, institutions, and social groups.
However, achieving large-scale collective action re-
mains a persistent governance challenge. Traditional
collective action theory emphasizes coordination di-
lemmas and free-rider problems. In contrast, contem-
porary sustainability scholarship increasingly identifies
social responsibility—whether corporate, public, or
community-based—as a normative and institutional
mechanism capable of overcoming coordination barri-
ers.

Recent research demonstrates that corporate social
responsibility contributes to social capital accumula-
tion and community empowerment (Rudito et al.,
2023). Responsible ownership and ESG-oriented fi-
nancing models influence broader sustainable invest-
ment ecosystems (Jonsdottir et al., 2021; George et al.,
2025; Arapovics, 2025; Moczulska et al., 2025; Ga-
luppo et al., 2019). Similarly, stakeholder participation
in fragile ecosystems and tourism destinations reveals
how engagement structures facilitate long-term collec-
tive governance (Maccioni et al., 2024; Spadaro et al.,
2023; Syamsiyah, 2025).

Despite these advances, existing literature remains
fragmented across corporate governance, community
development, sustainable finance, and participatory
planning domains. The missing theoretical bridge con-
cerns how responsibility transitions from individual or
organizational commitment into sustained collective
action.

This article addresses the following research ques-
tions:

1. How does social responsibility generate col-
lective action outcomes?

2. What institutional mechanisms mediate this
transformation?

3. Under which conditions does responsibility
become structurally transformative?

Overall, the study argues that social responsibility
produces durable collective action only when it is insti-

tutionally embedded through formal governance ar-
rangements, structured stakeholder participation, and
aligned financial incentives.

2. Theoretical Foundations

2.1 Social Responsibility as Institutional Com-
mitment

The conceptual trajectory of social responsibility
has shifted from discretionary philanthropy toward in-
stitutionalized governance architecture. Early CSR par-
adigms framed responsibility as voluntary corporate
benevolence; however, contemporary scholarship situ-
ates responsibility within formal governance systems,
regulatory frameworks, and capital allocation mecha-
nisms.

Helfaya et al. (2024) emphasized that corporate
governance structures increasingly integrate social re-
sponsibility into board oversight, reporting systems,
and performance evaluation. Rather than peripheral ac-
tivity, responsibility becomes embedded within fiduci-
ary accountability and strategic planning. Similarly, re-
sponsible ownership models demonstrate how invest-
ment decision-making internalizes sustainability
considerations through ESG screening and green bond
issuance mechanisms (Jonsdottir et al., 2021).

Rosario and Boechat (2025) extended this institu-
tional logic through the concept of sustainable leader-
ship, arguing that leadership orientation toward long-
term value creation alters organizational incentives and
stakeholder inclusion patterns.

While governance-based CSR (Helfaya et al.,
2024) focuses on organizational internalization, re-
sponsible ownership (Jonsdottir et al.) operates at the
capital-market level, and sustainable leadership
(Rosario & Boechat, 2025) emphasizes managerial
agency. The common denominator across these per-
spectives is institutional embedding—responsibility
shifts from voluntary compliance to structurally en-
forced governance logic. Thus, social responsibility
transitions from normative aspiration to institutional-
ized commitment when it shapes rules, incentives, and
oversight mechanisms.


https://doi.org/10.5281/zenodo.19044265

72

Slovak international scientific journal # 105, (2026)

2.2 Social Capital and Collective Mobilization

Collective action theory traditionally highlights
coordination dilemmas and trust deficits. Contempo-
rary CSR scholarship reframes responsibility as a
mechanism for generating social capital—bridging and
bonding networks that facilitate cooperative outcomes.
Empirical evidence from community engagement pro-
grams in developing contexts indicates that sustained
CSR initiatives enhance relational trust, participatory
capacity, and empowerment (Rudito et al., 2023). Ra-
ther than short-term reputation management, long-term
engagement builds community legitimacy and shared
problem-solving capacity.

Dushkova and Ivlieva (2024) extended this argu-
ment by demonstrating that structured community em-
powerment programs increase resilience through insti-
tutional learning and participatory continuity. Rudito et
al. (2023) focused on micro-level community—corpo-
rate engagement processes, whereas Dushkova and
Ivlieva (2024) emphasized macro-level resilience and
empowerment frameworks. The former identifies trust
formation as the mechanism; the latter underscores in-
stitutionalized participation as sustainability infrastruc-
ture.

Together, these findings suggest that social capi-
tal mediates the transformation of responsibility into
collective mobilization. Responsibility without rela-
tional trust remains symbolic; trust without institutional
continuity remains fragile.

2.3 From Participation to Co-Management

Participation alone does not guarantee sustained
collective outcomes. Urban resilience literature differ-
entiates between episodic stakeholder consultation and
long-term co-management frameworks (Schauppen-
lehner-Kloyber & Penker, 2016). Occasional engage-
ment creates informational exchange but fails to redis-
tribute decision-making authority. In contrast, co-man-
agement institutionalizes stakeholder roles, embedding
responsibility within governance processes. Spadaro et
al. (2023) provided evidence from sustainable tourism
planning that structured stakeholder inclusion enhances
collective competitiveness and environmental perfor-
mance. Schauppenlehner-Kloyber and Penker (2016)
conceptualized co-management as institutional deepen-
ing of participation, whereas Spadaro et al. (2023) fo-
cused on sectoral performance outcomes. The former
emphasizes governance structure; the latter demon-
strates measurable sustainability impact.

The comparison Illustrates that institutionaliza-
tion of stakeholder roles—not mere participation—
produces durable collective action. Responsibility
becomes transformative when power-sharing mecha-
nisms are formalized.

2.4 Sustainable Finance and Macro Steward-
ship

At the macro level, sustainable finance operation-
alizes responsibility through financial instruments and
stewardship principles. George et al. (2025) argued that
macro-stewardship models embed long-term sustaina-
bility objectives into financial system architecture.
Green bond issuance and ESG-aligned capital alloca-
tion mechanisms internalize sustainability considera-
tions across dispersed investors, firms, and regulators.

Unlike CSR engagement models operating at organiza-
tional or community levels, sustainable finance frame-
works function systemically. Responsibility is codified
through market instruments rather than voluntary
norms.

This systemic embedding demonstrates that re-
sponsibility can coordinate actors not through social
capital alone but through incentive realignment within
financial markets.

2.5 Synthesis: Comparative Analytical Insights

Across the four streams—governance integration,
social capital formation, co-management structures,
and sustainable finance—three comparative observa-
tions emerge:

2. Level of Institutionalization

o Governance-embedded CSR and sustainable
finance represent high institutional integration.

o Community engagement and participation
models require formalization to achieve durability.

3. Mechanism of Coordination

o Social capital (trust-based coordination)

o Governance architecture (rule-based coordi-
nation)

o Financial instruments (incentive-based coor-
dination)

4. Durability of Collective Outcomes

o Episodic participation — short-term legiti-
macy

o Institutionalized co-management — sustained
collective governance

o Stewardship finance — systemic sustainabil-
ity alignment

Therefore, social responsibility becomes trans-
formative only when it operates simultaneously at nor-
mative, relational, institutional, and financial levels.
The literature converges on a central proposition: Col-
lective action emerges not from voluntary responsibil-
ity per se, but from responsibility embedded within in-
stitutional design and incentive structures.

This analytical synthesis provides the conceptual
basis for advancing a Responsibility—Collective Action
Transformation Framework (R-CAF), where social re-
sponsibility acts as a mediating institutional architec-
ture rather than merely a moral principle.

5. Responsibility—Collective Action Transfor-
mation Framework

This study introduces the Responsibility—Collec-
tive Action Transformation Framework (R-CAF) to ex-
plain how social responsibility evolves from a norma-
tive commitment into sustained collective action. The
central argument is that responsibility does not auto-
matically generate transformation. Its impact depends
on whether it becomes embedded within institutional
structures that coordinate behavior, align incentives,
and sustain cooperation over time.

Rather than treating social responsibility as an iso-
lated ethical principle, R-CAF conceptualizes it as a
layered and dynamic process. The framework consists
of three analytically distinct yet interdependent stages:
normative responsibility, institutional mediation, and
collective action outcomes.

6. Normative Responsibility as the Initiating
Condition
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The transformation process begins with normative
responsibility—formal commitments to CSR, responsi-
ble leadership principles, and ESG governance frame-
works. At this stage, responsibility primarily serves as
a legitimacy-enhancing signal. Organizations articulate
sustainability values, leaders emphasize long-term
value creation, and ESG disclosures demonstrate align-
ment with stakeholder expectations.

However, normative commitment alone is insuffi-
cient to alter structural behavior. CSR pledges may re-
main symbolic, ESG frameworks may be reduced to re-
porting exercises, and leadership narratives may lack
enforceable implementation mechanisms. In institu-
tional terms, this stage reflects rule articulation rather
than rule internalization.

Therefore, normative responsibility should be un-
derstood as a necessary but not sufficient condition for
collective transformation.

7. Institutional Mediation as the Transforma-
tive Core

The second layer represents the decisive turning
point in the transformation process. Institutional medi-
ation translates normative commitments into durable
coordination mechanisms. This layer operates through
multiple channels:

e The accumulation of social capital builds rela-
tional trust and reduces coordination barriers.

e Stakeholder governance mechanisms formal-
ize participation and embed accountability.

e Co-management architectures redistribute au-
thority and stabilize collaborative engagement.

e Sustainable finance instruments align capital
flows with sustainability objectives, ensuring incentive
compatibility.

At this stage, responsibility becomes structurally
embedded. Instead of relying solely on voluntary com-
pliance, cooperation is supported by institutional rules,
repeated interactions, and incentive alignment. The risk
of decoupling—where symbolic commitment diverges
from actual behavior—declines significantly.

Institutional mediation thus transforms responsi-
bility from a moral declaration into a governance logic.
It restructures the environment within which actors
make decisions, thereby reducing collective action di-
lemmas.

8. Collective Action Outcomes as Systemic
Transformation

When responsibility is institutionally anchored,
collective action emerges as an outcome rather than an
aspiration. These outcomes may include coordinated
sustainability behavior across organizations, empow-
ered communities capable of participatory governance,
resilient institutional systems, and sustained environ-
mental and social performance.

Importantly, collective action in this framework is
not episodic mobilization. It represents structured co-
operation embedded in governance design. The trans-
formation is evident not merely in attitudinal shifts but
in enduring patterns of collaborative behavior and per-
formance stability.

9. Dynamic Interaction and Feedback Effects

Although presented sequentially, the three layers
operate recursively. Normative commitments generate

expectations that pressure institutions to adapt. Effec-
tive institutional mechanisms reinforce normative legit-
imacy. Successful collective outcomes strengthen both
governance structures and responsibility narratives.

This recursive dynamic suggests that transfor-
mation is not linear but evolutionary. Social responsi-
bility deepens over time when institutional embedding
and performance outcomes reinforce one another.

10. Conceptual Implication

The R-CAF framework advances a clear theoreti-
cal claim: “Social responsibility becomes transforma-
tive only when it is institutionalized”.

Symbolic compliance may enhance legitimacy but
does not resolve structural coordination dilemmas. Du-
rable collective action requires governance integration,
stakeholder formalization, and incentive realignment.

By situating responsibility within institutional de-
sign rather than moral discourse alone, the framework
reconceptualizes sustainability transitions as outcomes
of structured governance architecture. Transformation,
therefore, is not driven by participation alone but by the
depth of institutional embedding that converts respon-
sibility into coordinated collective agency.

11. Discussion and Theoretical Contributions

The findings show that social responsibility gen-
erates durable collective action only when specific
structural conditions are met. Normative commit-
ments—such as CSR policies, ESG disclosures, or sus-
tainability narratives—may enhance legitimacy, but
they do not automatically produce coordinated behav-
ioral change. Responsibility becomes transformative
when three interrelated conditions align: institutional
embedding, structured participation, and financial
alignment.

Institutional embedding integrates responsibility
into formal governance rules, accountability systems,
and decision-making procedures, reducing symbolic
decoupling and ensuring consistency. Structured partic-
ipation formalizes stakeholder roles within governance
architecture, moving beyond consultative engagement
toward shared authority and stable cooperation. Finan-
cial alignment links sustainability objectives to capital
allocation and incentive structures, ensuring that re-
sponsible behavior is reinforced by market logic rather
than remaining peripheral.

Together, these conditions explain why project-
based or reputational CSR initiatives often fail to over-
come coordination dilemmas, while institutionalized
governance systems achieve long-term resilience. The
study’s central contribution is the distinction between
symbolic and institutionalized responsibility. Collec-
tive action does not arise from moral appeal alone; it
emerges when responsibility is embedded in govern-
ance design, relational networks, and financial systems.

Theoretically, the study integrates CSR, stake-
holder governance, sustainable finance, and co-man-
agement into a unified framework and reconceptualizes
collective action as institutionally mediated rather than
purely behavioral. Ultimately, sustainability transitions
depend less on expanding participation rhetorically and
more on institutionalizing responsibility within durable
governance structures.
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12. Conclusion

Social responsibility becomes transformative only
when it is institutionally embedded. Its capacity to gen-
erate durable collective action does not stem from
moral aspiration alone, but from integration into gov-
ernance rules, stakeholder structures, and aligned in-
centive systems. When responsibility remains sym-
bolic, reputational, or project-based, it may produce
short-term legitimacy but fails to reshape the coordina-
tion conditions that sustain collective outcomes.

The R-CAF framework demonstrates that respon-
sibility drives lasting collective action when three con-
ditions converge: institutional embedding, structured
stakeholder participation, and financial alignment. To-
gether, these elements transform responsibility from
episodic engagement into a stable coordination archi-
tecture that supports sustainability transitions.

This study reconceptualizes collective action as an
institutionally mediated outcome rather than a purely
voluntary process. The implications are clear: govern-
ance strategies should prioritize durable institutional in-
frastructures—such as co-management mechanisms
and accountability systems—over isolated CSR initia-
tives. Sustainability requires responsibility ecosystems
grounded in enforceable rules and long-term incen-
tives.

Future research should empirically test the R-CAF
model across sectors and contexts using longitudinal
and multi-level methods. Overall, responsibility trans-
forms collective action only when embedded in the in-
stitutional “rules of the game.”
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Abstract

This paper analyzed the legal framework that govern remuneration rules and employees’ rights in Nigeria
through assessing recent reforms and ongoing enforcement challenges. Nigeria’s labour laws, Labour Act, Na-
tional Minimum Wage (Amendment) Act 2024, Pension Reform Act 2014, and Employees’ Compensation Act
2010, which aimed to protect workers and ensure fair compensation, were considered. Despite these legal advance-
ments, there remains a significant gap between policy and practice.

Major challenges seen include weak enforcement, limited coverage of the informal sector, inadequate labour
inspection, low awareness of rights among employees, and high cost of seeking legal redress. Many employees
continue to experience wage violations, delayed salary payments, insufficient pension compliance, and incon-
sistent access to leave and maternity entitlements. Economic pressures such as currency devaluation, fuel subsidy
removal, and persistent inflation further erode the real value of wages and welfare guarantees.

The study concluded that while Nigeria has established a solid statutory foundation for labour protection,
institutional reforms, improved oversight, broader inclusion, and more accessible dispute resolution systems are
required to ensure meaningful compliance. Strengthening these areas will support the realization of decent work

and enhance social protection for all categories of workers.
Keywords: Remuneration rules, Employees’ rights, Labour law, Minimum wage, Enforcement challenges.

Introduction

Aside from the legal framework grounded in the
Constitution of the Federal Republic of Nigeria, remu-
neration rules and employees’ rights in Nigeria are gov-
erned by a series of statutes notably the Labour Act,
National Minimum Wage Act, Pension Reform Act,
Employees’ Compensation Act, etc., and a body of reg-
ulatory and institutional practices. These laws are cen-
tral to social protection and labour relations, especially
in periods of economic strain, inflation, and political
negotiation.

In 2024, Nigeria witnessed significant labour un-
rest. The Nigerian Labour Congress (NLC) and the
Trade Union Congress (TUC) initiated widespread
strikes and other industrial actions over what workers
considered inadequate wages, which made living diffi-
cult for an average worker in Nigeria. No thanks to the
rising cost of living and the delayed governmental re-
sponse. Incidentally, whenever a strike of this nature
occurs in Nigeria, key sectors such as electricity, bank-
ing, and transport services are always disrupted.

A major outcome of those pressures was the pas-
sage of the National Minimum Wage (Amendment)
Act, 2024, which raised the national minimum wage to
¥70,000 per month from ¥30,000. Also, in applause,
the new law shortened the review period of the mini-
mum wage from five years to three.

While these reforms constitute major legal shifts,
based on observation, they do not guarantee in them-
selves that workers are experiencing any improved liv-
ing standards. Although this can be attributed to en-
forcement not being effective, inadequate coverage of

informal sector workers, and weak institutional en-
forcement capacity.

Therefore, this article examines the legal frame-
work of remuneration rules and employees’ rights in
Nigeria.

Problem Statement

Notwithstanding robust legal provisions as con-
tained in the Labour Act, the National Minimum Wage
Act (as amended in 2024), the Pension Reform Act, and
the Employees’ Compensation Act, etc... the protec-
tion of employees’ rights in Nigeria is inconsistent and
uneven. As a result, many organizations don’t adhere to
employee remuneration rules.

Compounding this are the realities of economic
shocks of fuel subsidy removals, currency devaluation,
and inflation, which have eroded the purchasing power
of existing wages, making the new minimum wage less
meaningful in practical terms. Although unions and la-
bour negotiations are influential, outcomes are often
driven more by political negotiation than by enforcea-
ble institutional mechanisms.

Many workers in Nigeria, especially in private, in-
formal, casual, sub-contracted, or part-time roles, still
do not receive the approved minimum wages. Also,
some don’t get paid their remuneration on time, some
don’t receive compensation for workplace injury, and
many, if not all, workers often lack access to grievance
mechanisms.

According to Ibe and Ogbike (2024), weak labour
inspection, low awareness among employees of legal
rights, overlapping jurisdictions (between federal, state,
and local government), insufficient penalties for non-
compliance, and large segments of the workforce being
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in the informal economy all contribute to the disjunc-
tion between legal entitlement (on paper) and actual liv-
ing conditions.

Thus, a need has been created for the examination
of how the 2024 reforms (notably the amended mini-
mum wage law) align with existing acts (Labour Act,
Pension Reform, Employees’ Compensation), and what
gaps remain.

Legal and Institutional Framework for Remu-
neration Rules & Workers’ Rights in Nigeria

Using the National Minimum Wage (Amendment)
Act (2024), Pension Reform Act (2014), Employee
Compensation Act (2010), and Labour Act (Cap-L1)
(as amended), this paper examined Nigerian workers'
remuneration rules and rights.

1. National Minimum Wage (Amendment)
Act, 2024

The Act amends the 2019 National Minimum
Wage Act to increase the national minimum wage to
¥N70,000 per month. It also reduces the wage review pe-
riod from five years to three years. This act applies to
all employers and workers except those explicitly ex-
empted under the law. Among those exempted are
small employers (less than 25 employees), seasonal
employment, part-time/ commission-based or piece-
rate employees, and vessels/aircraft governed under
merchant shipping or civil aviation laws.

Legal penalties for non-compliance include fines
(e.g., up to five percent of the employee’s monthly sal-
ary), and obligations to pay outstanding arrears.

2. Pension Reform Act (2014)

Under this Act, the contributory pension scheme
requires employers to contribute 10% of the em-
ployee’s monthly emolument, and employees to con-
tribute 8%. This law mandates that these contributions
be remitted to the relevant Pension Fund Administrator
(PFA) and Pension Fund Custodian within 7 days of
salary payment. Non-remittance attracts penalties from
the National Pension Commission (PENCOM).

3. Employees’ Compensation Act, 2010 (also
referred to as Employees’ Compensation Scheme or
Employee Compensation Fund)

The objective of the Act is to provide guaranteed
and adequate compensation for employees (or their de-
pendents) in case of work-related injury, death, disease,
or disability, and rehabilitation. The law applies to both
public and private sectors. As enshrined in the act, em-
ployers must contribute 1% of total payroll to the Fund
(initially, with the possibility of differentiated rates
later depending on industry risk categorization).

Worthy of note is that the contributions are to be
made by employers; deduction from employees’ wages
to fund the scheme is prohibited. The Act provides for
claims for injury (including injuries outside the normal
place of work), occupational disease, hearing impair-
ment, etc.

4. Labour Act (Cap. L1) (as amended)

The Labour Act cap L1 (as amended) was enacted
to repeal and replace the Labour Code Act and also con-
solidate the law relating to labour. Section 1(a), part 1
of the act stated that the wages of a worker shall in all
contracts be made payable in a legal tender and not oth-
erwise. Under section 91 - Interpretation, “workers”

were defined in the Act as persons who perform manual
or clerical work under a contract. However, people ex-
ercising administrative, technical, executive, or profes-
sional functions as public officers are not covered by
this workers' definition. This is sufficient to mean that
people in this category will not be privileged to enjoy
certain mandatory provisions of this Act.

According to the Act, within three months from
commencement of employment, an employer must give
a written statement covering key terms such as nature
of employment, notice period, wages and how it will be
paid, hours of work, holidays and holiday pay, sick pay,
etc. This written employment contract is generally re-
ferred to as a letter of employment or appointment let-
ter.

After twelve months of continuous service, work-
ers are entitled to a minimum of 6 working days of paid
holiday if aged over 16; people under 16 (including ap-
prentices) are entitled to at least 12 working days.

Section 54 of the Act, which is about maternity
protection, granted a pregnant woman leave before and
after confinement. Paragraphs (a) and (b) of section 54,
subsection 1 permitted six weeks leave before and after
confinement for a woman, and this is applicable for the
confinement of both legitimate and illegitimate chil-
dren. Confinement is a period of rest and recuperation
for a new mother after giving birth, often involving spe-
cific diets and restrictions. As this protection prohibits
work for at least six weeks pre and post confinement,
provided she had been continuously employed for six
months or more prior to her leave, the Act also requires
payment of not less than 50% of wages the woman
would have earned if she had not been absent. In addi-
tion to these rights, one-hour nursing breaks (half an
hour twice a day) are permitted.

Section 11 of the Labour Act specifies termination
of appointment notice periods depending on the dura-
tion of employment. For employment under three
months, the notice period is one day; for 3 months to 2
years employment period of employment, the termina-
tion period is one week; 2-5 years is two weeks; more
than 5 years is one month. Payment in lieu of notice is
permitted.

Enforcement of remuneration rules and exer-
cise of workers’ rights.

As usual in Nigeria, policies and federal laws are
robust in writing, but many employers fail to comply.
Trade unions remain important as advocates and nego-
tiators, but their reach into the informal sector is lim-
ited. Collective bargaining tends to be stronger in the
public sector and strong formal-sector industries than
in private or informal firms.

The root causes include weak labour inspectorate
capacity, logistical challenges in reaching remote or in-
formal workplaces, limited awareness among workers
of their rights, and sometimes political resistance or
collusion. The Federal Ministry of Labour and Produc-
tivity has an Inspectorate Department tasked with en-
suring compliance with labour laws.

In Nigeria, the Inspectorate Department is the fo-
cal department of the Federal Ministry of Labour and
Productivity, charged with “the responsibility to ensure
compliance with all national and international labour
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legislations connected with terms and conditions of em-
ployment", among others. The Department carries out
its functions through “enforcement of relevant labour
laws, particularly Labour Act, Cap 198, Factories Act,
Cap 126, and the Workmen's Compensation Act, cap
470”. There is no doubt that the Ministry of labour lacks
the capacity to carry out its mandate. There is shortage
of personnel to carry out inspection services nation-
wide. This development has, in turn, reduced the capac-
ity of the system to deliver even when there is the will.
The Ministry is short-staffed, even in very critical areas
(Ibe and Ogbike, 2024). As a result of being under-
staffed and under-resourced, enforcement of the la-
bours laws is extremely weak if at all there is any en-
forcement.

Expensive judicial expenses and quasi-judicial
mechanisms also discourage workers from pursuing the
exercise of their rights. Disputes over non-payment of
wages, wrongful termination, discrimination, etc., are
undergoing adjudication at the National Industrial
Court (for contracts enforceable under collective agree-
ments or specific statutes), arbitration panels, or via ad-
ministrative complaint mechanisms through the Minis-
try of Labour, but the cost of hiring an average lawyer
in Nigeria is neck-breaking.

Penalties and fines is also another factor. Although
the laws made provision for fines, back payment (ar-
rears), injunctive relief, and sometimes criminal sanc-
tions (for serious violations). However, these fines
needed to be reviewed to reflect cautionary signals to
employers not adhering to Nigerian workers' remuner-
ation rules and those trampling on workers' rights.

Challenges and Gaps in Remuneration Rules
and Workers’ Rights in Nigeria

The benefits of remuneration rules and workers'
rights in Nigeria are not without some challenges and
gaps. The first is the reality of the Minimum Wage In-
crease vs the Real Cost of Living. The jump from
¥§30,000 to ¥70,000 is substantial (over 100% in-
crease), but inflation and cost-of-living pressures (food,
housing, fuel, transportation) we have in many regions
have outpaced the wage growth. That raises the ques-
tion of whether the new minimum wage is sufficient for
“a decent standard of living?” Studies in Nigeria have
shown inflation rates in 2024 in double digits (often
above 20-30%), which erode the value and benefits of
the new minimum wages.

Although the amendment mandates a minimum
wage review every three years. This shorter cycle can,
in principle, improve responsiveness. However, rapid
inflation may require more frequent interim adjust-
ments or strong mechanisms for indexation.

Secondly, there is a challenge of coverage and ex-
emptions. Several categories of workers are exempted
under the amended minimum wage law: part-time,
commission/piece-rate, seasonal, and small employers
(less than 25 employees), vessels/aircraft under mer-
chant shipping/civil aviation laws. These exemptions
leave many vulnerable workers unprotected, particu-
larly in informal settings or sectors with piece-rate or
seasonal work.

Thirdly, Contractual Protections and Written
Terms. Under the Labour Act, “workers” (manual, cler-
ical), written particulars, otherwise known as an em-
ployment letter/letter of appointment, must be provided
within three months. But many workers are “non-work-
ers” (executive, administrative, etc.), who are not
bound by all the provisions of the Act, depending on
their contract.

Also, in practice, many workers do not receive
written contracts or statements covering all required
particulars; even when they do, enforcement or re-
course if these are violated can be weak (lack of aware-
ness, cost/law access, corruption, or judicial delays).

The fifth challenge is the concern of leave entitle-
ments, maternity protection, and other non-wage bene-
fits. The law clearly provides for annual leave (6 days
for over 16 after one year, more for under 16/appren-
tices), for sick leave (12 days with a medical certifi-
cate), and maternity leave (6 weeks before/after, etc.)
with partial pay (50%) under certain conditions but
many businesses do not fully observe these obligations:
delayed or partial payment, denial of nursing breaks, or
non-recognition of maternity leave. Also, paternity
leave is not statutorily mandated in the Labour Act.

Although the Nigerian Federal Government has
approved fourteen working days of paternity leave for
male federal civil servants, and some state govern-
ments, like Enugu and Lagos states, also offer paternity
leave for their employees, there is no national standard,
and private sector employers are not legally required to
provide paternity leave. But some of them do so as a
benefit under their company policy by giving ten (10)
days of paternity leave.

Sixth is Compensation for Injury. The Employees’
Compensation Act (2010) stated employer obligations,
fund mechanisms, rehabilitative support, etc. However,
many employers in both formal and informal sectors do
not comply. Some informal sector employers claimed
not to be aware, but possibly the reporting and claims
processes may be cumbersome for formal sector em-
ployers. There are questions about how effectively
workers are aware and able to access these protections,
or whether the fund has sufficient resources to pay
claims promptly.

The seventh is about Pension Scheme Compli-
ance. The law requires contributions and remittances by
both employer and employee within seven days after
payment of salary. Yet many micro, small, and medium
enterprises (MSMEs) are reported not to be enrolling
workers, and many big organizations are not remitting
contributions, or are being late in doing so. The com-
pliance in the informal sector is particularly weak and
close to none.

Lastly, Termination of Appointment Notice and
Severance. Section 11 of the Labour Act provides stat-
utory notice periods depending on the length of service.
According to the Act, termination must not be arbitrary,
discriminatory, or violate the contract. However, in
practice, wrongful dismissal claims are frequent, and
the capacity of courts or tribunals to deliver timely ver-
dicts is often limited. Also, many casual or informal
workers have weak contractual protection.
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Recommendation on Identified Gaps

Based on the foregoing, recommendations are
hereby made on the gaps identified.

Standard of Living vs Minimum Wage.

Legal minimum wage is necessary but not suffi-
cient. Wages must allow for decent living standards.
Going by the rising inflation, periodic reviews of every
three years, as contained under the 2024 law, may still
not be sufficient to bridge the gap between the mini-
mum wage and a good standard of living for workers.
As aresult, mechanisms for interim adjustments to pal-
liate the pains of inflation are recommended.

Coverage Expansion.

The informal economy remains large in Nigeria.
Many workers in agriculture, domestic service, casual
labour, sub-contracted roles, and small employers are
either excluded or under-protected. Policies must ad-
dress these gaps, possibly via outreach, simplified com-
pliance requirements, and stronger incentives (or sanc-
tions).

Strengthening Enforcement

Labour inspectorates need more resources, clearer
mandates, penalties must be meaningful, and inspec-
tions must be more frequent. Also, there is a need to
simplify access to legal remedies for workers, espe-
cially in remote areas. Digital tools, mobile courts, or
dispute resolution panels may help.

Awareness and Worker Rights Literacy

Many workers do not know their rights and enti-
tlements. NGOs, labour unions, and government agen-
cies should invest in education and awareness of em-
ployers' rights and remuneration rules, easy-to-under-
stand materials, perhaps partnering with community
organizations.

Contractual Formalization

Enforcing the statutory requirement for written
employment particulars (within three months) is im-
portant. Employers should be more strongly encour-
aged (or required) to issue written contracts earlier, and
the letter should cover all essential terms (wages, hours,
notice etc.). For non-workers, consideration should be
given to extending certain protections to profes-
sional/technical/executive staff or at least ensuring con-
tracts meet minimal standards.

Gender Equity on Non-wage benefits

Ensuring maternity protection (including pay),
nursing breaks, rest periods, and holiday entitlements
are honoured. Also, establishing a national standard for
paternity leave could promote gender equity.

Occupational Health, Safety, and Compensa-
tion

Expanding capacity to process claims, funding the
Employees’ Compensation Fund adequately, ensuring
prompt payment of compensation, and ensuring all em-
ployers, including informal ones, are aware of their ob-
ligations.

Pension Scheme Compliance and Reform

Strengthening enforcement and oversight of the
contributory pension scheme; perhaps introducing in-
centives for MSMEs, possibly subsidizing or facilitat-
ing registration and remittances for smaller firms.

Judicial and Dispute Resolution Reforms

Ensuring that courts (National Industrial Court)
are adequately resourced to handle labour cases; sim-
plifying procedural access; reducing cost/time; perhaps
alternative dispute resolution mechanisms for less com-
plex cases.

Political Economy and Industrial Relations

Ensuring that the level of wages people receive is
influenced not only by laws and legal frameworks (like
minimum wage laws, labour contracts, etc.), but also by
political forces and power dynamics. Trade union
power, negotiation tactics, state capacity, and investor
pressure (for “labour flexibility”) all influence out-
comes. Therefore, whatever reform must reckon with
these dynamics, e.g., ensuring that foreign investment
does not undercut minimum standards, and that politi-
cal trade-offs do not override legal protections.

Conclusion

Nigeria has made noteworthy legal progress in
2024 in terms of improving remuneration rules and for-
mal worker protections: notably, the increase in the na-
tional minimum wage to 370,000 per month and the
reduction of the review cycle to every three years rep-
resent strong steps toward responsiveness. Existing
laws—Labour Act, Pension Reform Act, Employees’
Compensation Act—offer a solid foundation of rights:
for wage payment, contractual protections, leave, in-
jury compensation, pension contributions, maternity
leave, etc.

Nevertheless, significant implementation gaps re-
main. Exemptions, limited enforcement, weak cover-
age in informal sectors, partial compliance with pen-
sion and compensation laws, and the lag between wage
laws and real living costs mean that many Nigerian
workers still do not enjoy the full benefit of the protec-
tions contained in the law.

Policy makers, labour unions, employers, and civil
society should collaborate to strengthen enforcement,
increase awareness, and ensure that legal remuneration
standards translate into a good living reality.
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