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IMPORTANT, PLEASE READ CAREFULLY
% To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or Personal
Link Name” and solidify the session.
The Zoom application is free and no need to create an account.
The Zoom application can be used without registration.
The application works on tablets, phones and PCs.
The participant must be connected to the session 5 minutes before the presentation time.
All congress participants can connect live and listen to all sessions.

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the session.
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Points to Take into Consideration - TECHNICAL INFORMATION
+ Make sure your computer has a microphone and is working.
+ You should be able to use screen sharing feature in Zoom.
+ Attendance certificates will be sent to you as pdf at the end of the congress.

¢ Requests such as change of place and time will not be taken into consideration in the congress program.

Onemli, Dikkatle Okuyunuz Liitfen
« Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gecen bildiriler icin online (video
konferans sistemi tizerinden) sunum imkani saglanmustir.
+«+ Online sunum yapabilmek i¢in https://zoom.us/join sitesi tzerinden giris yaparak “Meeting ID or Personal Link
Name” yerine ID numarasini girerek oturuma katilabilirsiniz.
«+ Zoom uygulamas: Ucretsizdir ve hesap olusturmaya gerek yoktur.
«+ Zoom uygulamasi kaydolmadan kullamilabilir.
+« Uygulama tablet, telefon ve PC’lerde ¢aligiyor.
¢+ Her oturumdaki sunucular, sunum saatinden 5 dk 6ncesinde oturuma baglanmis olmalar1 gerekmektedir.
¢ TUm kongre katilimcilari canli baglanarak tlim oturumlari dinleyebilir.
+«+ Moderatdr — oturumdaki sunum ve bilimsel tartigma (soru-cevap) kismindan sorumludur.
Dikkat Edilmesi Gerekenler- TEKNIK BILGILER
¢ Bilgisayarinizda mikrofon olduguna ve ¢alistigina emin olun.
¢ Zoom'da ekran paylasma 6zelligine kullanabilmelisiniz.
+ Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasinda olusturdugumuz oturuma ait ID
numarasi gonderilecektir.
+ Katilim belgeleri kongre sonunda tarafiniza pdf olarak génderilecektir

¢ Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir
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Odlar Yurdu Universitesi
Koroglu Rahimov caddesi 13, Baki/Azerbaycan
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Ankara saatiile: 10:00-11:00

Prof. Dr. Ahmet VELIYEV
Odlar Yurdu Universitesi Rektor(,
Kongre Onursal Baskani

Prof. Dr. Samir VELIYEV
Odlar Yurdu Universitesi, Yonetim Kurulu Baskan1
Kongre Bagkan

Prof. Dr. Fahreddin MEMMEDOV
Odlar Yurdu Universitesi, Rektdr Yardimcist
Kongre Bilim Kurulu bagkan

Dog. Dr. Hasan CIFTCI
Harran Universitesi,
IKSAD Enstitiisi, Meetcon,
Kongre Es Bagkani
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27 OCAK 2026/ YUZ YUZE / SESSION-2 / HALL-1

ﬂ Odlar Yurdu Universitesi. Bakii/Azerbaycan

Ankara Local Time:12.00-
Baku Local Time:13.00-15:30

Authors

Cuma AKBAY

Hamdi AYYILDIZ

Affiliation

Kahramanmaras Sutcu Imam

University

HEAD OF SESSION: Aytac 9ZIMOVA

Presentation Title
THE IMPACT OF INCOME DISPARITIES
ON FOOD CONSUMPTION PATTERNS IN
TURKEY: AHOUSEHOLD-LEVEL
ANALYSIS

Cuma AKBAY

Hiseyin DIKICi

Kahramanmaras Sutcu Imam
University

HEAVY METAL POLLUTION iN
AGRICULTURAL SOiL SURROUNDING
THE
LIGNIiTE-FiRED THERMAL POWER
PLANT

Prof. Dr. Yasar AYAZ

Prof. Dr. Hakan YALCINER

Inénii University

Erzincan Binali Yildirnm

THE EFFECT OF HIGH TEMPERATURE
ON THE MECHANICAL PROPERTIES
OF RAW PERLITE AGGREGATE

University CONCRETE
Assoc.Prof.Dr.Atila
KUMBASAROGLU
Odlar Yurdu Universiteti FORENSIC DNA ANALYSIS AND
Aytac 9ZIMOVA IDENTIFICATION OF A DECEASED
PERSON
Narmin SEVERE COMBINED
TANARVERDIYEVA Odlar Yurdu Universiteti IMMUNODEFICIENCY (SCID) AND THE
MUSHFIQ CASE OF DAVID PHILLIiP VETTER

Sevinf MAHARRAMOVA
TELMAN

“BUBBLE BOY”

Sara ABBASZADE Y.H.Mamedaliyev’s Institute of | THE CORROSION INHIBITION EFFECT
Ayaz MAMMADOV Petrochemical Processes OF NITRO PRODUCT-ETHANOLAMINE
Saida AHMADBAYOVA of the Ministry of Science and COMPLEXES DERIVED FROM THE
Rufana ALIZADE Education LIGHT FRACTION OF COKING IN AN H2S
Sevda Asadova ENVIRONMENT

Dr.SC.prof. Eldar Institute of Petrochemical EFFECT OF IMIDAZOLINE BROMIDE
MAMMADBAYLI Processes named after acad. Y.H.| COMPLEX BASED ON NORBORN-5-ENE-

Vafa BABAYEVA
Narmin MAMMADOVA
Samira ISMAYILOVA
Kamila HASANOVA

Mammadaliyev

2- CARBOXYLIC ACID AGAINST H-S
CORROSION

Assoc. Prof QOCAYEVA
ELMiRA MEHEMMED

Assoc. Prof. IBRAHIMOVA

SADAQAT VELI

Azerbaijan State Economic
University

Azerbaijan State Oil Industry
University,
Baku, Azerbaijan

PROSPECTS FOR THE DEVELOPMENT
OF ARTIFICIAL INTELLIGENCE IN
MODERN INDUSTRIAL PRODUCTION

(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and

dynamics.

il



27 OCAK 2026/ ONLINE / SESSION-1/ HALL-4

Odlar Yurdu Universitesi. Bakii/Azerbaycan

Ankara Local Time:09.30-12:00
Baku Local Time:10.30-13:00

HEAD OF SESSION: Asst. Prof. Dr. Musa YILMAZ

Authors

Affiliation

Presentation Title

Omer Faruk CICEK

Assoc. Prof. Dr. Yasar AYAZ

Inonii University

INVESTIGATION OF THE EFFECT OF
POLYUREA
THICKNESS ON THE BALLISTIC
PERFORMANCE OF POLYMER/METAL
COMPOSITE ARMOR
USING THE FINITE ELEMENT METHOD

Omer Faruk CICEK

Assoc. Prof. Dr. Yasar AYAZ

Inénii University

THE EFFECT OF POLYUREA LAYER
POSITION ON BALLISTIC PROTECTION
PERFORMANCE IN
HYBRID ARMOR SYSTEMS: A
NUMERICAL

APPROACH

Asst. Prof. Dr. Musa
YILMAZ

Naci Topcuoglu VVocational
School

THE EFFECT OF THERMAL SURFACE
TREATMENT AT DIFFERENT
TEMPERATURES ON SURFACE
OXIDATION AND MORPHOLOGICAL
PROPERTIES OF METAL WIRE

Ali JAFAROV

National Aerospace Agency

SOLAR THERMAL DESALINATION
EFFICIENCY WiTH PHASE CHANGE
MATERIALS AND NANOFLUID
COLLECTORS:ENERGY-STORAGE
STRATEGIES FOR CASPiAN SEA WATER

Do¢.Namig MURADOV

Carkoz OHMODLI

National Aerospace Agency

COMPENSATION OF DYNAMIC ERRORS
iN HIGH-SPEED MEASURING CHANNELS

Zulfiyya ISMAYIL

Nakhchivan State University

COGNITIVE ASPECTS OF
DERIVATOLOGY iN THE AZERBAIJANI
LANGUAGE

(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and

dynamics.



27 OCAK 2026/ ONLINE / SESSI

Odlar Yurdu Universitesi. Bakii/Azerbaycan

N-1/HALL-5

Ankara Local Time:09.30-12:00
Baku Local Time:10.30-13:00

Authors
Sevil NAMAZOVA

Aysel ASLANLI

Azerbaijan State Oil and Industry

HEAD OF SESSION: Lect. Oya OZEL GURBUZ

Affiliation
University

Lomonosov Moscow State
University

Presentation Title
CONVERSION OF LOW-MOLECULAR-
WEiGHT HYDROCARBONS USING
ZEOLITE-SUPPORTED MiCROBIAL
BiOCATALYSTS ISOLATED FROM OIiL-
CONTAMINATED SiTES iN BAKU,
AZERBAIJAN

Lect. Oya OZEL GURBUZ

Nigde Omer Halisdemir
University

ALTERNATIVE RAW MATERIAL FOR
ENERGY: WASTE AND BIOMASS

Assist. Prof. Orhan Atakan
GURBUZ )
Assoc. Prof. Gulden GOK

Nigde Omer Halisdemir
University
Aksaray University

THE ROLE OF ENVIRONMENTAL
IMPACT ASSESSMENT IN SUSTAINABLE
DEVELOPMENT AND ENVIRONMENTAL

MANAGEMENT

Assist. Prof. Ceyhun

Yozgat Bozok University

NUTRITiONAL VALUE OF CORN SILAGE

YUCEL iN RUMINANT
NUTRITION:IMPLiCATiONS FOR
ANIMAL PERFORMANCE AND
SUSTAINABILITY
Izzet PIRIYEV Azerbaijan State Oil and ANALYSIS OF FACTORS AFFECTNIG

Assoc. Prof. Akif
KHIDIROV

Industry University

SIGNAL QUALITY IN REMOTE ECG
MONITORING SYSTEMS

Esmira GASIMZADE

Molecular Biology Institute
Public Legal Entity

INVESTIGATION OF CELLULOSE-
DEGRADING MICROORGANISMS IN THE
UPPER REACHES OF THE QUDYALCHAY

RIVER

Hakan BAG

Prof. Dr. Seval YILMAZ

Firat University

THEPROTECTIVE EFFECT OF
SYRINGIC ACID
AGAINST ACRYLAMIDE TOXICITY

Assoc.Prof. Atif
NOVRUZOV

Assoc.Prof. Sevda Binyat
MAMEDOVA

Atif Tural AKBARZADE

Azerbaijan State Oil and Industry

UniversityOdlar Yurdu
University

Tashkent State Technical
University

FACTORS IN THE FORMATION OF
MANAGEMENT SYSTEMS FOR OIL
AND GAS ENTERPRISES IN THE
CONTEXT OF DIGITALIZATION

Prof. Safar Purhani

Assoc.Prof. Sevda Binyat
MAMEDOVA

Aliyeva Vusalya
Safar

Western Caspian University
Odlar Yurdu University

National Aviation Academy

THE APPLICATION OF ARTIFICIAL
INTELLIGENCE IN BUSINESS:
CURRENT STATUS AND PROSPECTS IN
THE CONTEXT OF DIGITALIZATION

(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and

dynamics.



27 OCAK 2026/ ONLINE / SESSION-1/ HALL-6

Ankara Local Time:09.30-
Baku Local Time:10.30-13:00
HEAD OF SESSION: Firuze ABDULLAZADE

Odlar Yurdu Universitesi. Bakii/Azerbaycan

Authors Affiliation Presentation Title
Firuze ABDULLAZADE Azerbaijan State Oil and ENERGY-AWARE HASH FUNCTION
Industry University DESIGN FOR BATTERY-CONSTRAINED
DEVICES
Firuze ABDULLAZADE Azerbaijan State Oil and APPLICATION OF HASHING
Industry University ALGORITHMS FOR USER
AUTHENTICATION IN BRAIN-
COMPUTER
INTERFACE SYSTEMS
Assoc. Prof. Dr. Hamid Istanbul Arel University A BIOMECHANICAL PERSPECTIVE ON
ASADI DERESHGI PORTABLE FOOT AND ANKLE
Neziha CILLI REHABILITATION TECHNOLOGY
Mina COLAK
Buse Ayse Gul YILMAZ
Bahadir SENTURK
Revan KERIMOV Azerbaijan State Oil and Industry THE USAGE OF ZERO-TRUST
University ARCHITECTURE IN CLOUD SECURITY
Assoc. Prof. Akif Azerbaijan State Qil and INTELLIGENT INFORMATION SYSTEM
KHIDIROV Industry University FOR MONITORING THE CONDITION OF
OIL RIG STRUCTURES USING
Sitara SULEYMANOVA PIEZOELECTRIC SENSORS
Ofqan OBULFAZ OGLU Odlar Yurdu University ANALYSIS OF THE SITUATION OF
MUSAYEV INTERNATIONAL FINANCIAL CENTERS
IN 2020-2025 EASTERN COUNTRIES
Mehriban ALIYEVA Azerbaijan University of FEMINISM IN HISTORY AND
Languages LITERATURE: FROM LEGAL

EMANCIPATION TO
THE PROBLEM OF IDENTITY

Siddige HACIYEVA Nakhchivan State University THE CONCEPT OF VISUAL
INTEGRITY IN VISUAL ART
Assoc. Prof. Cavid Nakhchivan State University THE PROBLEM OF
ISMAYILOV COMPOSITION AND
AESTHETIC INTEGRITY iN
PAINTING
Assoc.Prof.Dr. Javadkhan Nakhchivan State University ISSUES OF INCREASING AND
QASIMOV REGULATING THE LEVEL OF
Jafarova Narmin Tavakkul EMPLOYMENT IN THE CONDITIONS OF
gizi NEW ECONOMIC REALITIES
Solmaz llham Odlar Yurdu University THE APPLICATION OF ARTIFICIAL
MEMMEDOVA INTELLIGENCE IN SMALL BUSINESS

DEVELOPMENT STRATEGY: CURRENT
STATUS AND PROSPECTS
(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and
dynamics.
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FOTO GALERY

zoom
Workplace & Toplanu AyseqUl Yilmaz adli kisinin ekrani (%) @ Gorntile &

Coordinator Se... o ceyhun YUCEL ... Meetcon Yusuf... m Bahadir Sentiirk @

¥ Coordinator Semim Ze. % ceyhun_YUCEL_HALL-2 % Meetcon Yusuf Can % Mina Colak % Bahadir Sentirk

Hareketin Biyomekanik Temelleri

Lokomotor Sistem

insan lokomotor sistemi; kemikler, eklemler,
kaslar ve bag dokularinin koordineli galismasiyla
hareketin gerceklestigi karmasik bir biyomekanik
yapidir. Bu sistem, yurime, denge saglama ve
postir kontrolinin surdartlebilmesi agisindan
kritik 6neme sahiptir.

Dorsifleksiyon

Plantar Fleksiyon
Kritik Rol

Ayak bilegi eklemi, vicudun yer ile olan
temasini  duzenleyen ve yuk aktarimini
saglayan temel eklemlerden biridir. Sagital Plantar fleksiyon, yirimenin itme fazinda viicut
duzlemde gergeklesen plantar fleksiyon ve agirhginin  zemine etkin sekilde aktanimasini saglar.
dorsifleksiyon hareketleri, yiirime déngisiniin Dorsifleksiyon ise ayagin yerden vyeterli aciklk

= P . ice kazanmasina katki saglayarak hareketin akici sekilde
surekliligi agisindan belirleyici rol oynar. gy
devam etmesini mumkun kilar.

zoom R P———
Workplace v Toplanti & Ali Jafarov adl kiginin ekrani oruntile &

pos
Coordinator Se...

L]
¥ Coordinator Semim Ze.. % Aysegil Yilmaz Ali Jafarov ceyhun_YUCEL_HALL-2 % DR. HASANICIFTCI 2 Min

Freshwater Scarcity

or the ¢

The Critical Cha

Global Urgency
Freshwater scarcity is one of the most pressing global challenges today, affecting billions of peo|

worldwide and t 3 g tainable development.

Coastal Paradox

y arid coastal regions suffer from severe water short pite being located next to vas

, primarily due to lack of efficient desalination infrastru

The Caspian Sea Context

Holds an enormous volume of water, but its high salinity renders it unusable for drinking or agr

without advanced treatment.

Xl
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Coordinator Se... ‘o MEETCON Yusuf... H-5 Giilden GOK

% Coordinator Semim Ze. % MEETCON Yusuf Can 5 Gilden GOK

H-
Wen @ Tr Kong num pdf ® Girig yap

Tumaraler Dizenke Donostar  E-imza Metin veya arag bul Q

Siringik asit - Etkileri Soa.

-
Siringik asit ozellikle diiiik toksisite profiliyle genis bir tedavi potansiyeli sahiptir (Cao et al., 2016;
Rashedinia et al.. 2021).

Siringik asit ¢esitli fonksiyonel gruplar iceren fenolik ¢ekirdeginden dolay: giilii antioksidan 6zelliklerine
sahiptir (Ji et al., 2019; Shimsa et al., 2024).

Siringik asit 4. karbonunda bulunan hidroksil grubundan dolay: hidroksil radikalini (HOs) siipiirme aktivitesi
uldukga yiiksektir (Vo et al., 2020).

Siringik asidin in vivo ve in vitro ¢aligmalarinda giiglii bir antioksidan olarak kullamildigi malondialdehit
(MDA) diizeyini diisiirerek GSH diizeyi ile GSH-Px, KAT, SOD gibi antioksidan aktiv itelerini artttirdign ve
oksidatif strese kars: hiicresel savunmay: diizenleyen tr 1mkr|p<won faktoru olan Niikleer Faktor Eritroid 2 ile
Iligkili Faktor 2’nin ekpresyonu ve niikleer translokasyonu arttirdigi bildirilmistir (Cikman et al., 2015;
Haneef & Chadha, 2018: Ji et al.. 2019 Li et al.. 2019 Liu et al.. 2024: Sabahi et al.. 2020)

Fenolik Ceklirdek ve
4.C -OH Grubu
Diisiik Toksisite Profili Hidrokall kadiall

(HO") Supuiriici Etkisi
" t

Nrf2
Transkripsiyon = < Lipit Peroksidasyonu
[ Taneshen | \j { N—s MDA '

#

Katilimailar Sohbet Tepki ver Paylas Toplant: bilgileri Daha fazla Odadan cik

zoom - 5
Workplace v Toplanti @ Einur Shafizadeh adh kiginin ekrar () @ Gorntile

Coordinator Se... \ ELNURZADEH Monb3oearens...

% Coordinator Semim Ze..." 2 usa YIU AAZ Elnur ShafizadeR atens Zoom

Social and Economic
Dimensions of ESG
Integration in Green Economy

Post-COP29 Perspectives from Azerbaijan
Elnur Shafizada

e University of E

X1



INTERNATIONAL CONFERENCE NETWORK

REF: Akademik Tegvik 10.02.2026

ILGILI MAKAMA

MEETCON-BAKU ULUSLARARASI UYGULAMALI BILIMLER KONGRESI 27-30 OCAK 2026,
tarihleri arassnda BAKU-AZERBAYCAN ‘de online olarak 5 farkli iilkeden (TUrkiye:10 ve Diger
Ulkeler: 24; Toplam: 34) akademisyen/arastirmacilarin katilimu ile gerceklesmistir. Kongre, 16 Ocak 2020
Akademik Tesvik Odenegi Yonetmeligine getirilen ‘Tebliglerin sunuldugu yurt icinde veya yurtdigindaki
etkinligin uluslararasi olarak nitelendirilebilmesi i¢in Tiirkiye disindan en az 5 iilkeden farkli teblig sunan
konugmacinin katilim saglamasi ve tebliglerin yaridan fazlasinin Tiirkiye disindan katilimcilar tarafindan
sunulmasi esastir. * degisikligine uygun diizenlenmistir.

Bilgilerinize arz edilir. Saygilarimla.

A

Assoc. Prof. Dr. Hasan CIFTCI
Head Of MeetCon Conference

MeetCon

www.meetcon.org

INTERNATIONAL CONFERENCE NETWORK

XV



T.C.
HARRAN UNIVERSITESI REKTORLUGU
Pazarlama ve Reklamcilik Boliim Bagkanligi
Halkla liskiler ve Tanitim Program Baskanlig
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THE IMPACT OF INCOME DISPARITIES ON FOOD CONSUMPTION PATTERNS
IN TURKIYE: A HOUSEHOLD-LEVEL ANALYSIS
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ABSTRACT

The aim of this study is to examine the level and structure of food expenditures of households
in Turkiye according to income groups and to reveal the effects of income growth on food
consumption behaviors. In the study, households were divided into five income groups; both
the absolute level of total food expenditures and expenditures on food subgroups were
analyzed, as well as their proportions within total expenditures. One-way analysis of variance
(ANOVA) was used to test whether the differences between income groups were statistically
significant. The findings show that as income level increases, the absolute total food
expenditures of households increase, while the share of food expenditures within total
expenditures decreases significantly. This result confirms the validity of Engel's Law for the
Turkish case. Analyses conducted by food subgroups reveal that basic and essential food
products have a higher weight in low-income households; and that the share of meat and meat
products and out-of-home food expenditures increases with income growth. The research
results show that in addition to the quantity of food expenditure, the increase in income will
also change the quality of nutrition patterns, which has a significant impact on food security
and nutrition policies.

Key Words: Food Consumption; Income Disparities; Household Data; Turkiye

INTRODUCTION

Household food expenditure is one of the most informative consumption indicators reflecting
well-being, living standards, and nutritional quality. For decades, the relationship between
income and food expenditure has been a central topic in economic research. The theoretical
foundation of this relationship is provided by Engel’s Law, which states that as income rises,
the share of food expenditure in total household expenditure declines, even if absolute food
spending increases (Engel, 1857). This regularity has been widely confirmed across countries
and time periods and is generally interpreted as evidence that food is a basic necessity, while
rising income enables households to allocate a larger share of their budget to non-food goods
and services and to improve diet quality.

Early empirical studies for Turkiye confirm the strong explanatory power of Engel-type
models in capturing food budget shares (Tansel, 1986), while subsequent demand-system
analyses show that expenditure elasticities differ substantially across food groups, with meat
and meat products exhibiting particularly high responsiveness to income growth (Akbay et al.,
2007 and 2008; Armagan & Akbay, 2008; Akbay & Bilgi¢, 2011; Bilgi¢ and Yen, 2013 and
2014; Aytop et al., 2015). These findings suggest that income growth not only affects the level
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of food expenditure but also reshapes its internal composition. Therefore, understanding food
consumption behavior requires examining not only total food spending, but also how
expenditures are distributed across different food categories.

In low-income households, basic and essential food products account for a relatively large
share of the food budget, reflecting both necessity and budget constraints. As income
increases, spending shifts toward animal-based products, processed foods, and food away
from home (FAFH), indicating a process of dietary diversification. While this transformation
is often associated with improved living standards, it also raises important concerns related to
nutrition, health outcomes, obesity, and food security. In Turkiye, rising food prices, persistent
income inequality, and increasing pressure on household budgets make the analysis of food
expenditures by income group particularly relevant. For low-income households, food
expenditures absorb a substantial portion of total resources, limiting the capacity to spend on
other essential needs, whereas for high-income households the relative importance of food
declines despite higher absolute spending.

From a policy perspective, income growth typically increases absolute food expenditures
while reducing their budget share; however, the more relevant question is how dietary
structures evolve under changing economic conditions. International evidence shows that
inflationary pressures and distributional dynamics can amplify or dampen dietary
transformation. Food price surges tend to worsen inequality because low-income households,
with higher food budget shares, are more exposed to food inflation, while high-income
households are better able to absorb price shocks (Marson & Saccone, 2025). As a result,
nutritional disparities between income groups may widen even when overall food spending
increases.

A growing strand of the literature emphasizes the affordability of healthy diets as a core
dimension of food security. Recent studies demonstrate that cost and affordability indicators
are sensitive to methodological choices and that conventional poverty measures may
underestimate deprivation when nutritionally adequate diets are unaffordable (Headey et al.,
2024; Stehl et al., 2025). In parallel, country-level monitoring systems based on routine price
data increasingly link income dispersion, inflation, and diet quality in policy design (Herforth
et al., 2024). These approaches provide an important conceptual framework for interpreting
income-related differences in food consumption in Turkiye.

Finally, research on structural demand change and FAFH consumption offers a mechanism-
based explanation for income-related shifts in food patterns. FAFH expenditures tend to rise
with income due to time constraints, lifestyle changes, and socio-demographic factors, and are
increasingly associated with nutritional risks and health outcomes rather than lifestyle
preferences alone (Koomson et al., 2025; Strupat et al.,, 2021; Akbay, 2025a). Turkish
evidence similarly shows that FAFH consumption increases with income and varies across
household profiles, age groups, and income quantiles (Bozoglu et al., 2013; Aykag, 2018;
Sengiil & Sigeze, 2023;). Recent national data further confirm that food-at-home expenditure
shares decline while FAFH shares increase with income, highlighting the vulnerability of low-
income households that devote a disproportionately large share of their budgets to essential
food expenditures (Akbay & Ayyildiz, 2025; Baez et al., 2021).

Against this background, the main objective of this study is to analyze the level and structure
of household food expenditures in Turkiye by income group. Specifically, the study examines
(i) how the share of food expenditures in total household expenditures varies across income
groups, (ii) differences in the absolute level of expenditures across food subgroups, and (iii)
changes in the proportional distribution of food expenditures. By combining descriptive
analysis with income-based comparisons, the study aims to contribute to the literature on food
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consumption, inequality, and nutrition, while offering policy-relevant insights for food and
social policy design in Turkiye.

MATERIAL AND METHODS

Microdata from the 2023 Household Budget Survey (HBS) of the Turkish Institute of
Statistics (TUIK) provides information on household income and consumption patterns across
Tirkiye. The survey is designed to be representative of Turkiye and contains detailed
information on household income levels, consumption expenditures, and socio-economic
characteristics. In this study, the analyses were conducted using a household sample
consisting of valid and complete observations for the relevant year. Households were divided
into five income groups according to their total monthly income levels. This grouping was
done to more clearly reveal the reflections of differences in income distribution on food
expenditures. Income groups are referred to as “income groups™ in the analysis and findings
section of the study; the sampling and classification approach was addressed within the
framework of income strata in the methodological context. The main variables used in the
study consist of total household income, total expenditure, and indicators related to food
expenditures. Total food expenditures were analyzed through both absolute values
(TL/month) and ratio indicators. Food expenditures were examined in twelve subgroups.
These groups are: Breads and grains, meat and meat products, milk and dairy products, eggs,
cooking oils, fruits, vegetables, sugar and sugary products, processed foods, non-alcoholic
beverages, spices and other foods, and out-of-home food expenditures. One-way ANOVA
tests were used for comparisons by income groups.

RESULTS AND DISCUSSION

Table 1 shows the levels of total income, total expenditure, and total food expenditure of
households by income group, and the share of food expenditure in the budget. The findings
reveal that as income level increases, both total expenditure and total food expenditure of
households increase in absolute terms. While the average monthly food expenditure is 3,489
TL in the lowest income group, this amount reaches 9,126 TL in the highest income group.

In contrast, the share of food expenditure in total expenditure decreases significantly with
increasing income. While the share of food expenditure in total expenditure is 43.15% in the
lowest income group, this rate gradually decreases in middle income groups and falls to
24.35% in the highest income group (Table 1 and Figure 1). This result shows that Engel's
Law is strongly applicable to the Turkish case.

Furthermore, the fact that total expenditure exceeds total income in the low-income group
(112.71%) suggests that these households cannot save and maintain their consumption
through borrowing or dissolving their savings. In contrast, a decrease in the ratio of total
expenditures to income among high-income groups indicates a stronger fiscal balance. This
clearly shows that food expenditures create significant welfare pressure on low-income
households.



Table 1. Household food expenditures and their ratio to total expenditures by income group

Household Household Total food | Total expenditure |Food expenditure

Income Groups |income expenditure expenditure  |[share of income|share  of total
(TL/ Month) (TL/Month) (TL/Month) | (%) expenditures (%)

1 Income

Group 8080,1 8765,8 3489,0 112,71 43,15

2nd Income

Group 14587,4 14703,6 4906,1 101,15 36,04

d

3" Income | 511413 202735 5623,8 96,00 31,33

Group

4 Income

Group 30539,1 27528,1 6691,4 90,57 28,30

5t Income

Group 61170,7 46514,8 9126,7 80,26 24,35

Average 27102,3 23556,4 5967,3 96,14 32,63

8000 1

6000 1

4000 -

Food expenditures (TL per month)

2000

Income group

Figure 1: Household Food Expenditure and Shares by Income Group

- 42.5

- 37.5

- 35.0
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Table 2 shows how much different groups of people with different income levels spend on
different types of food each month. The results showed that as income increased (p<0.01), the
level of expenditure in all food categories increased significantly at the same time. This




increase is particularly pronounced in meat and meat products, milk and dairy products, fruit,
and out-of-home food expenditures.

For example, meat and meat product expenditure is 555 TL in the lowest income group, while
it increases approximately fourfold to 1,989 TL in the highest income group. Similarly, out-
of-home food expenditure is one of the items where the sharpest differentiation is observed
among income groups. Out-of-home food expenditure, which is 162 TL in the lowest income
group, rises to 1,861 TL in the highest income group.

These findings show that income increase transforms not only the quantity of food
consumption but also the consumption pattern. High-income households can allocate more
resources to more expensive food products and out-of-home consumption. In contrast, food
consumption for low-income households is mostly limited to household and essential food

products.

Table 2. Household expenditures on food subgroups (TL/Month)

First Second Third Fourth Fifth F-test
Income Income Income Income Income Average (P-value)
Quintile Quintile Quintile Quintile Quintile
. 130,36
Grains 659,9 866,2 945,0 987,2 1099,9 9116 (0,000)
Meat and meat 77,85
oroducts 555,2 902,9 1015,9 1351,7 1988,7 1162,9 (0,000)
Milk and dairy 149,68
products 399,4 544,2 618,0 684,7 779,9 605,3 (0,000)
85,95
Eggs 109,7 138,3 148,1 157,6 176,3 146,0 (0,000)
Cooking oils | 215,4 255,3 2795 302,5 3264 2758 (13 ’51050)
Fruits 307,4 4255 501,3 560,0 716,8 504,0 ?g(())ozoz)
Vegetables | 613,0 7814 8230 898,9 972,8 817,8 ?07 *&50)
Sugar and 113,21
sugary 215,3 285,8 324,7 352,9 4493 3256 (0,000)
products '
Processed 35,83
foods 17,9 30,3 41,3 61,2 112,9 52,7 (0,000)
Non-alcoholic 96,17
beverages 184,2 270,7 336,3 408,5 520,0 344,0 (0,000)
Spices and 48,86
other foods 48,8 83,2 92,1 110,6 123,0 91,5 (0,000)
364,82
FAFH 162,6 322,2 498,5 806,6 1860,7 730,1 (0,000)
Total 3489,0 4906,1 5623,8 6691,4 9126,7 5967,3 520,50
, , , , ' ' (0,000)

Table 3 shows the proportions of food expenditures within total food expenditures by
subgroup. The results reveal a significant transformation in the food consumption pattern
depending on income level. While the share of basic food groups such as cereals, vegetables,
cooking oils, and eggs decreases as income increases, the share of meat and meat products
and out-of-home food expenditures increases.



For example, the share of cereals in total food expenditures is 20.75% in the lowest income
group, while it falls to 13.83% in the highest income group. Similarly, the share of vegetables
decreases from 18.68% to 11.92%. In contrast, the share of out-of-home food expenditures is
4.53% in the low-income group, while it rises to 19.51% in the highest income group.

This structural change indicates that nutrition in low-income groups is more based on
essential and energy-based foods; while in high-income groups, a more diversified, animal
protein-heavy diet that includes consumption outside the home is dominant. The findings
reveal that income growth increases the quality and variety of nutrition, but also brings about
new health and policy debates regarding out-of-home food consumption.

Table 3. Household food subgroup expenditure rates (%)

First Second Third Fourth Fifth F-test
Income Income Income Income Income Average (P-value)
Quintile Quintile Quintile Quintile Quintile
Grains 20,75 19,25 18,35 16,46 13,83 17,73 (1(?%)(?02)
Meat and 37,56
meat products 11,28 13,28 13,32 15,22 16,41 13,90 (0,000)
Milk and 41,18
dairy products 12,29 11,94 11,69 10,95 9,63 11,30 (0,000)
Eggs 3,77 333 2,97 2,75 2,33 3,03 Z(;lg(;[O)
T 40,72
Cooking oils | 5,87 5,20 4,89 4,33 3,95 41t (0,000)
Fruits 9,38 9,34 9,36 9,14 8,65 9,17 ?64301)
168,07
Vegetables 18,68 16,79 15,26 14,34 11,92 15,40 (0,000)
Sugar and 822
sugary 6,00 592 580 548 521 568 (6 000)
products ’
Processed 39,34
foods 0,47 0,73 0,80 1,02 1,20 0,85 (0,000)
Non-alcoholic 9,76
beverages 5,57 6,01 6,42 6,31 6,19 6,10 (0,000)
Spices and 5,33
other foods 1,42 1,80 1,71 1,80 1,56 1,66 (0,000)
FAFH 4,53 6,41 9,42 12,19 19,51 10,41 347,11
, ) : ; ; ' (0,000)
Total 100,00 100,00 100,00 100,00 100,00 100,00

These findings confirm the classical view of food as a basic necessity, whereby its share in the
household budget declines as purchasing power increases, a result that has been repeatedly
documented for Turkiye using Engel-curve and demand-system approaches (Tansel, 1986;
Akbay et al., 2007; Aykag, 2018). The decline in food expenditure shares observed across
income groups in this study is therefore fully consistent with the existing literature. At the
same time, the evidence that low-income households allocate a disproportionately large share
of their total expenditures to food indicates that high food shares reflect vulnerability rather
than preference. In line with recent studies, this implies greater exposure of low-income
households to food price shocks and inflationary pressures, particularly in periods of
economic instability (Baez et al., 2021; Marson & Saccone, 2025).



Beyond expenditure shares, the subgroup analysis reveals a clear structural transformation in
food consumption patterns as income rises. Consistent with the dietary diversity literature,
higher income levels are associated with a gradual shift away from staple and energy-dense
foods toward more diverse and higher-value food groups, including animal-based products
and food consumed away from home (Mohammad & Akbay, 2020; Demirddgen et al., 2022;
Bouyssou et al., 2023; Headey et al., 2024; Akbay, 2025a; Akbay, 2025b). The strong income
gradient observed in food away from home (FAFH) consumption in this study closely mirrors
recent evidence from Tulrkiye and other countries, which links FAFH growth to income,
lifestyle changes, time constraints, and socio-demographic characteristics (Bozoglu et al.,
2013; Ahmed, 2023; Sengiil & Sigeze, 2023; Akbay & Ayyildiz, 2025; Koomson et al., 2025).
Importantly, the literature suggests that FAFH carries heterogeneous welfare implications:
while higher FAFH shares among high-income households may reflect convenience and
service-oriented consumption, low FAFH shares among low-income households coexist with
high food budget pressure and constrained food environments, reinforcing the need for
distribution-sensitive interpretation.

CONCLUSION AND RECOMMENDATIONS

This study examines the level and structure of food expenditures of households in Tirkiye by
income groups, revealing the effects of income growth on food consumption behaviors. The
findings show that as income levels rise, the total food expenditures of households increase in
absolute terms; however, the share of food expenditures in total expenditures decreases
significantly. This result confirms the validity of Engel's Law for the Turkish case and is
consistent with previous national and international studies.

The study makes a significant contribution by focusing not only on the total level of food
expenditures but also on their distribution by sub-food groups. The findings reveal that in
low-income households, food consumption is mostly based on essential and energy-based
products; and that with income growth, animal products, fruits, and out-of-home food
consumption gain prominence. In particular, the rapid increase in out-of-home food
expenditures in high-income groups indicates a significant transformation in lifestyle and
consumption habits along with income.

From a policy perspective, the high burden of food expenditures on the total budget in low-
income groups reveals that these households are in a vulnerable position in terms of
nutritional quality and food security. In this context, it can be said that targeted food support
and nutrition-focused social transfers for low-income households are important, as well as
social policy tools aimed at reducing income inequality. In particular, support programs aimed
at increasing the consumption of animal protein and fresh fruits and vegetables can contribute
to reducing nutritional deficiencies. Conversely, the increase in out-of-home food
consumption among high-income groups indicates that food and nutrition policies should be
addressed not only in-home consumption but also the food services sector. The increase in
out-of-home food consumption is closely related to issues such as obesity, unhealthy eating,
and food waste, and regulatory and guiding policies are needed in these areas. Menu labeling
practices, nutritional information, and the promotion of healthy food options can be evaluated
in this context.

Finally, this study also has some limitations. The analysis is based on expenditure data and
does not provide direct information about the quantity and nutritional content of the food
consumed. In future studies, food expenditures should be considered together with
consumption quantities, nutritional value, and health indicators; Furthermore, using demand



system models to estimate income and price elasticities will enable the development of more
comprehensive policy recommendations.
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ABSTRACT

The objectives of this study were to determine the distribution of heavy metal in agricultural
soil and environmental pollution caused by the Afsin-Elbistan Thermal Power Plant (TPP) in
Tirkiye. Soil samples were collected from fields around the TPP and with a distance from
them in the dominant wind direction to determine their effect on the environment. Soil
samples were grouped based on their distance from the TPP, and analysis of variance and
Duncan’s multiple comparison test were performed among groups for the measured pollution
parameters. The results indicated that among the measured parameters, total uranium and
plant available SOs-S concentrations were higher near the TPP and decreased with a distance
from them. Total Cr and Ni concentrations of the samples were generally higher than critical
levels of the Soil Pollution Control Regulation, but high levels were found to be parent
material related. The levels of DTPA extractable micronutrients and heavy metals were not
high enough to cause toxicity or yield loss. Plant uptake of some measured parameters was
high but not high enough to result in yield loss. Although pollution levels in the soils were not
high enough to cause yield reductions, wind-blown materials from ash deposits and fly ashes
with high S, heavy metals, and high pH properties emitting from the TPP may cause yield
reductions especially if they fall down on sensitive crops and plant parts such as flowers.

Key words: Heavy metal, fly ash, thermal power, soil, pollution, Turkiye

INTRODUCTION

Thermal power plants that use coal and lignite provide an important part of world electricity
production. About 80% of Turkiye's electric energy production is provided by thermal power
plants using fossil fuels. Electricity production in Tirkiye is mainly generated by natural gas
(35.1%), hydropower (19.4%), coal and lignite (36.0%). The contribution of geothermal,
wind, solar and other renewable energies for electricity production, on the other hand, is quite
low (TEIAS, 2020; Enerjatlasi, 2020).

Total lignite reserves of Tirkiye is 8.26 billion tones, of which 3.25 billion tones (40%) are
located in the Afsin-Elbistan lignite basin in Kahramanmaras. These lignite reserves are
mainly used in thermic power plants because the quality of Turkish lignite is generally poor,
69% of the reserves have a heat content of less than 2,000 kcal/kg and only around 6% more
than 3000 kcal/kg (Unalan, 2003; Euracoal, 2011). The properties of the lignite used in TPP is
given in Table 1.
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Table 1 The proposed properties of the lignite to be used in TPP (TEK, 1992)

Basic calorific value(kcal/kg) 1050 = 100
Minimum calorific value(kcal/kg) 750
Maximum calorific value (kcal/kg) 1350

Ash (%) 8-23
Water content (%) 50-64

CaO Content of Ash (%) 20-40

Two coal-fired thermal power plants are currently operating in the region, and three power
plants are in the planning phase. The plants are built very close to residential areas in Afsin
and Elbistan districts, where the population is more than 200 thousand. With the activation of
thermal power plants, they cause important environmental problems by releasing gas (SO,
CO, NOX, etc.) liquid (high temperature etc.) or solid (fly ash, ash, etc.) wastes into the
environment (Tiwari et al., 2019).

Thermal power plants create significant environmental pollution in their environment with
many interdependent processes from the extraction of lignite coal to the storage of the ash
formed by the coal burned. Moreover, people, animals and plants are affected by this
pollution. The environmental impacts of thermal power plants can be listed as air, water, and
soil pollution (Basol et al., 2007; Uyar et al., 2009; Arslan, 2014; Manisalidis, 2020; Akbay,
2020; Akbay & Bilgig, 2020).

While some of the effects of thermal power plants on the environment are formed with flue
gases, another part is due to the dispersion of the discarded ashes to the environment, their
improper storage and mixing with water and soil. The most important of the flue gases that
come out of the thermal power plants and harm the environment is sulfur. “Flue Gas
Desulphurization” system placed in the chimneys of thermal power plants can purify up to
99.4% of the sulfur and small ash particles coming out of the chimneys (Goncaloglu et al.,
2000; Roy & Sardar, 2015).

Harmful elements such as lead, zinc, cadmium, nickel and cobalt, which are produced as a
result of the burning of low-quality lignite, not only pollute the surface and groundwater but
also cause soil contamination (Baba 2002; Baba & Usmen, 2006).

Since the lignite used in thermal power plants contain high levels of sulfur, sulfur dioxide,
which exits from the plants that do not have a flue gas desulphurization plant or which has
been disabled by malfunction, has many negative effects on living things. One of them is its
effect on plants. According to the results of studies in Turkiye and other countries, with the
passage activate the lignite-fired thermal power plants, the cumulative effects of pollutants in
the areas of agriculture and forestry is concerned (Deepak and Agrawal, 1999; Goncaloglu et
al., 2000; Avci, 2004; Cicek and Koparal, 2004; Avci, 2005). Acid rains from pollutant gases
that will come out of the plant chimney can change the pH of the water. Heavy metals such as
Fe, Mn, Co, Cu, Zn, Pb, U found in fly ash can also reach the receiving environment through
groundwater over time (Sheng, 1994; Singh et al., 1995; Goncaloglu et al., 2000).

Storage of the primary energy source used in thermal power plants appears to be a problem. It
is known that especially lignite enterprises cause more negative environment (Karaca, 2001,
Avci, 2005). Leaks that may occur have negative effects on soil and water resources. Apart
from the storage of the primary energy source, the disposal of large quantities of ash from
thermal power plants is always a problem, as mentioned above. There is also the possibility
that ashes are contaminated by heavy metal and radioactive elements. As a result of
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combustion, 35-55% ashes in lignite coal are stored on the soil in the ash dam and cause soil
pollution (Goncaloglu et al., 2000). In addition, soil removal from large areas during the
extraction of coal is considered to be a kind of soil pollution as it causes misuse of land
(Goncaloglu et al., 2000; Baba, 2002; Baba & Usmen, 2006).

TPP-A was planned as four units, each has a capacity of 344 MW. The construction of the
Plant started in 1973, and it was completed and electricity production began between1984 and
1988. The TPP-A was one of the biggest thermic power plant in Turkiye and the world at the
time it was built, and it generated 98 billion KW/h energy by burning over 200 million tones
lignite (Cedbik, 2011; Basaran 2009). TPP-B was originally planned to be constructed in 16
units, each has a capacity of 344 MW in the Afsin-Elbistan lignite basin. The power plants A
and B burned 10.8 and 15.8 million tones lignite, respectively (Basaran, 2009).

The state-owned TPP-A causes public concern for its possible effects on the environment
since it has been working without an effective and modern filtering system ever since it was
built. The storage of ashes also creates problems, since wind-blown materials from small ash
mountains fall on farmers’ ficlds.

Different studies have linked the heavy metal pollution in the soil and plant surrounding a
thermal power plant (Adriano et al., 1980; Ghuman et al., 1994; Karaca, 2001; Sajwan et al.,
2003; Sushil & Batra, 2006; Huang, 2017; Pastrana-Corral et al., 2017; Akbay et al., 2023).

Karaca (2001) studied the effects of TPPs on the environment by collecting soil samples four
times based on the dominant wind direction to a distance of 30 km. The findings showed that
the measured biological indices such as urease and alkaline phosphatase enzyme activities,
and CO: release increased and elemental concentrations of S, Fe, Cu, Zn, Cd, Pb, Ni, and Fe
decreased with a distance from the power plants.

The management of ashes produced by lignite burning thermic power plants is an important
problem. The application of fly ashes to fields provides soils many plant nutrients such as K,
Ca, S, B, Mo, and Zn with the exception of N and P. The fly ashes can also be used for
correcting acid soil pH due to alkaline nature of fly ashes. Despite all these beneficial effects,
the fly ash use in agricultural land is not common, because it may contain elements in toxic
concentrations such as Cd, Cr, Pb, Ni, B, Mo, and Se (Adriano et al., 1980). Sajwan et al.
(2003), on the other hand, reported that application of fly ashes up to 280 tones/ha did not
cause any statistically significant growth retardation on grasses in pot and field experiments.
They also reported that fly ash applications at 8-16 tones/ha range did not cause any pollution
thread for groundwater. The application of fly ashes in combination with compost in differing
ratios also was shown to increase crop yields (Ghuman et al., 1994). Pastrana-Corral et al.
(2017) reported that the heavy metal concentrations such as Cd, Cr, Cu, Hg, Ni, Pb, and V in
soil around thermal power plant were low compared to the maximum allowable
concentrations stated by Mexican legislation. Huang (2017) found that coal-fired power Plant
is a point pollution source of Cd, Hg, As, Cu and Cr in nearby soils. Hg pollution in soils from
both croplands and forestlands is caused mainly by fly ash from the power Plant. Sushil &
Batra (2006) investigates the heavy metal contamination of fly ash and bottom ash from three
major power plants in North India and found that the concentrations of Crand Zn were highest
while Co concentration was less. Farooq et al. (2008) studied heavy metals (Pb, Cu, Cr, Zn
and Cd) in plant leaves and determined that Cu, Zn, Cr, Pb and Cd amounts are below the
maximum values recommended by FAO/WHO experts.

This study was performed to determine possible effects of TPPs on the environment. The
research findings are expected to contribute to the public and private sector by providing
results based on original data on the damage caused by the thermal power plant to the
environment.
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MATERIALS AND METHODS

TPP is located in Afsin-Elbistan plain, which is in the East Anatolian Region of Tirkiye, 154
km north of Kahramanmaras City Center. Soil samples were collected from 52 sampling
points near both TPP and to a distance of 15 km in the dominant wind direction. Deep
sampling was performed for the first 12 points to a depth of 1m (at the surface, 0.5 m, and 1
m). Thus, a total of 76 soil samples were collected. The purpose of the deep sampling was to
determine whether changes in soil properties were parent material or the TPP related. If the
concentrations of any measured soil property increased near the TPP and decreased with depth
significantly, the soil property was accepted as affected from the TPP.

The soil samples were air-dried and crushed to pass a 2-mm sieve. The samples were
analyzed for ammonium acetate-extractable K (Helmke and Sparks, 1996), organic carbon by
wet oxidation (Nelson and Sommers 1996), Olsen P (Kuo 1996), soluble salts (Rhoades,
1996), pH (Thomas, 1996), total CaCOs (Loeppert and Suarez, 1996), available SO4-S with
the turbidimetric method (Kacar, 2009), DTPA extractable Fe, Zn, Cu, Pb, and Ni (Lindsay
and Norwell 1978), and total concentrations of Fe, Zn, Cu, Pb, Ni, Cr, Th, and U. Soil
samples were prepared with wet oxidation method using a mixture of HNO3s, HCIO4, and HF
for total elemental analysis. Perkin Elmer 3110 atomic absorption spectrophotometer
(PEAAS) and Optima SP3000 spectrophotometer were used to determine total and extracted
soil elements (Carter & Gregorich, 2007; Kacar, 2009). Total Th and U analysis were run by
the Turkish Atomic Energy Agency using the XRF method (TAEK, 2020).

Soil samples were grouped based on distance and direction from the TPP-A, and differences
among the groups were tested by using ANOVA and Duncan multiple range test. The
differences were accepted as significant if the p-value was smaller than 0.05 (p<0.05).

RESULTS AND DISCUSSION

Chemical and physical analysis of ash samples collected from the TPP ash deposition area
indicate that 74-85 % of ashes were mainly CaO, SiO2, Fe;O3, and Al>0s (Ural 2005). The
CaCOs contents were between 7 and 38%, and bulk densities of the samples ranged from 0.63
to 1.36 g/cm®. Ural (2005) also reported that ash samples contained 2.3-9.68 % S, 362-759
mg/kg Cr, and 275-330 mg/kg Ni.

The ash samples collected from the TPP-B ash deposition area for this study also indicate that
ash samples contain significant amounts of total S, Cr, and U (Table 2).

Table 2 Elemental composition of ash samples collected from the TPP-B ash deposition area

Total Total Total Total Total Total Total
Th U Cr Ni Cu Pb S
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg %
7.2 29.8 345 123 33.9 14.6 5.260

The results of the analysis of soil samples collected from 52 sampling points are given in
Table 3. Water saturation values of samples show that soils are clay-loam in texture. Soil pH
was alkaline, soil CaCO3 content ranged from moderate to very high, and soils contained
moderate levels of organic carbon. Both plant available P and K concentrations were high in
the soils.

The total elemental analysis of soil samples showed that the values with the exception of total
Ni, Cr, and U were lower than maximum allowable levels of the Turkish Soil Pollution
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Control Regulation (TKKY) and in accord with generally found concentrations of these
elements in most soils (Mengel et al., 2001). Although the total Cu levels were lower than the
limits of TKKY, the concentrations measured were higher than average values given for most
soils. Kabata-Pendias and Pendias (2001) reported measured total U levels around the globe
as between 0,79-11 mg/kg. The total U levels in some soils were higher than the limits of the
TKKY, which is 5mg/kg.

Table 3 Description statistics of some soil properties analyzed in surface soil samples

Saturatio| Total CaCo Organic | Olsen Availabl | Available |DTPA- |DTPA-
n Salt pH %) ® |carbon |P eK SOsS  |Cu Zn
%) | (%) (%) (mg/kg) | (mg/kg) |(mglkg) |(mglkg) |(mg/kg)

Mean 61,49 | 0,15 8,02 29,52 | 2,55 28,59 643,62 | 69,48 0,95 2,18

Min. 52,20 | 0,07 7,80 13,26 | 1,57 8,92 119,0 | 11,70 0,39 0,60
Max 74,10 | 0,25 8,76 49,44 | 474 116,50 | 1256,0 | 637,60 | 2,49 6,44
Std. Dev.| 4,23 | 0,04 0,14 9,02 | 0,65 18,04 210,93 92,29 0,39 1,30

CV (%) 6,88 | 26,66 | 1,74 30,55 25,49 | 63,10 32,77 | 132,83 41,05 59,63

DTPA- |DTPA- |DTPA- |Total Total Total Total Total Total Total

Fe Ni Pb U Th Cu Zn Fe Cr Ni

;mg/kg (mg/kg) | (mg/kg) |(ma/kg) |(mg/kg) | (ma/kg) |(mglkg) | (%) (mg/kg) | (mg/kg)
Mean 3,28 1,21 1,09 2,83 7,97 38,50 102,18 | 3,19 191,73 | 189,84
Min. 1,34 0,07 0,53 2,15 4,37 20,64 65,88 2,32 51,50 106,81
Max 8,51 3,64 1,58 5,81 10,35 | 69,71 145,89 | 4,55 375,50 | 286,70
Std. Dev. | 1,53 0,77 0,24 0,75 1,40 10,42 17,15 0,47 75,02 37,16

CV (%) 63,64 | 22,01 26,50 17,56 | 27,06 16,78 14,73 | 39,13 19,57

46,64

As mentioned before, soil samples were placed into six groups based on their distance from
the TPP (Table 4). The group I and group Il represent soil samples collected near the TPP-A
and TPP-B, respectively. The group Il samples were taken between the two TPP units. The
groups IV, V, and VI were considered far samplings. Group IV was collected from north of the
TPP, the groups V and VI were taken in areas far from the TPP in the dominant wind
direction, which is from south to southeast. The furthest sampling point was 15 km away from
the TPP-A. The idea behind the sampling is that if the TPP related pollution existed for any
measured parameter, the concentration of the element would be higher for the group I and 11,
and the lowest for group VI.

Among the measured parameters, the total uranium and available SOs-S concentrations
statistically significantly increased near the TPP-A and decreased with a distance. When
groups were compared for the plant available SO4-S, the concentration of groups I-1V were
significantly higher than that of group V and VI. Although they were statistically in the same
group and not different, the available SO4-S concentrations of groups | and Il were nearly
twice as much of that for groups Il and IV (Table 4). This was due to very high coefficient of
variation values of sulfate measurements. The sulfate distribution map of the study area also
reveals the thermic power plant induced pollution.

Total Cr and Ni concentrations in the study area were higher than the limits of TKKY, but
statistical analysis revealed that there were no significant differences among the groups for
these two elements (Table 4). Farmers in the region have been complaining about decreasing
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soil fertility and filing lawsuits against the government for compensation. The farmers based
their claim on high levels of total Cr and Ni concentrations. Similar to this study a previous
study with unpublished data was not able to find any relation between the distance from the
TPP and total Cr and Ni concentrations. Although statistically not significant, the highest total
Ni content was measured for group VI samples. All these findings suggest that total Cr and Ni
concentrations are naturally high in the region, and the effect of the power plant cannot be
determined.

Table 4 ANOVA statistics of soil analyzes taken from the study area and divided into groups

according to their distance from the power plants

Distance .| Total Organic Olsen | Available |Available |DTPA- |DTPA-
from the Satéj ration’ gyt pH CaC0: | carpon  |P K sors | Zn

e | O oo | MM mgikg) | (mgikg) | 9O | MO
I 61,59 0,13b 8,07 25,52 2,88a 30,76 678 94,48a 1,03 3,04a
I 62,52 0,19a 7,95 31,43 2,61ab 25,43 688 98,87a 1,04 1,95ab
" 64,06 0,14b 8,13 37,22 3,12a 37,68 507 55,84a 0,66 2,16ab
v 60,14 0,12b 8,00 28,09 2,13b 30,58 675 54,22a 1,11 1,82ab
\Y 61,85 0,15b 7,98 34,67 2,24b 20,06 520 27,26b 0,77 1,76ab
Vi 58,80 0,14b 8,00 27,49 2,03b 25,15 668 25,56b 0,68 1,15b
P-value | 0,363 0,005 0,149 0,075 0,002 0,650 0,388 0,005 0,089 0,028
Distanc |DTPA- |DTPA- |DTPA- |Total Total Total Total Total Total Total
e from |Fe Ni Pb U Th Cu Zn Fe Cr Ni

the TPP | (mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) |(mgrkg) |(mglkg) |(mg/kg) | (%) (mgkg) | (mg/kg)
I 2,96b 1,10abc | 1,05ab | 3,11a 7,76 48,09a | 103,86 3,03b 210,34 | 200,12
I 5,16a 1,81a 1,16a 3,30a 7,87 36,40b | 102,52 3,57a 189,09 | 189,94
Il 3,42b 0,88bc | 1,19a 2,64ab | 8,02 34,41b | 105,40 3,24ab 175,67 | 179,72
v 3,10b 1,44ab | 1,24a 2,39b 8,22 33,95b | 99,82 3,22ab 202,27 | 178,47
\Y 2,04b 0,52c 0,83b 2,63ab | 7,95 33,65b | 114,28 2,84b 164,90 | 170,92
VI 2,23b 1,05abc | 0,98ab | 2,37b 8,34 31,04b | 83,12 3,26ab 164,65 | 212,25
P-value | 0,000 0,014 0,012 0,011 0,961 0,000 0,075 0,028 0,743 0,322

*. Averages are compared with Duncan test, if p-value is less than 0.05 (p <0.05) it is
considered important.

Total Cr and Ni concentrations in the study area were higher than the limits of TKKY, but
statistical analysis revealed that there were no significant differences among the groups for
these two elements (Table 4). Farmers in the region have been complaining about decreasing
soil fertility and filing lawsuits against the government for compensation. The farmers based
their claim on high levels of total Cr and Ni concentrations. Similar to this study a previous
study with unpublished data was not able to find any relation between the distance from the
TPP and total Cr and Ni concentrations. Although statistically not significant, the highest total
Ni content was measured for group VI samples. All these findings suggest that total Cr and Ni
concentrations are naturally high in the region, and the effect of the power plant cannot be
determined.

Deep soil sampling was done to a depth of 1 m with 0,5 m increments for the first 12
sampling points near the TPP-A (Table 5). The reason for deep soil sampling was that the TPP
related pollution would show itself as increases in the concentration at the surface for

15




especially immobile elements. Total Cr and Ni concentrations were not affected by soil depth,
and their values were higher than limits of TKKY even at 1 m depth indicating again total Cr
and Ni are naturally high in the region. The total uranium levels decreased with depth but this
decrease was statistically significant if the p-value was set to 10% (p<0.1). The changes in
the available sulfate were not statistically significant, but numbers increased with depth. This
can be explained with the mobile nature of sulfate anions in the soil (Table 5).

Table 5 ANOVA statistics of soil samples taken according to soil depth*

. |Total Organic |Olsen Available | Available | DTPA- |DTPA-
Depth S"Z‘(f/‘:)ra“on salt  |pH (002503 Carbon |P K SO-S |Cu Zn
(%) (%) (mg/kg) | (mg/kg) | (mg/kg) | (mglkg) |(mg/kg)

Surface | 59,66 0,12b | 8,07 26,33 2,82a 19,74a | 631,08a | 114,94 | 1,24 3,76a

0,5 meter | 60,97 0,15b 8,05 31,63 1,93b 10,51b | 265,83b | 178,63 121 1,86b

1 meter | 63,89 0,18a | 8,07 31,08 1,31c 436¢c | 226,17b | 167,63 1,18 1,85b

P-value | 0,151 0,001 0,894 0,598 0,000 0,000 0,000 0,613 0,969 0,001

DTPA- |DTPA- |DTPA- |Total Total Total Total Total Total Total
Depth Fe Ni Pb U Th Cu Zn Fe Cr Ni

(mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) |(mg/kg) |(mglkg) | (%) (mg/kg) | (mg/kg)
Surface | 3,24 1,5la | 1,04 3,03 7,33 51,25 | 114,39 | 2,96 218,62 | 196,31
0,5 meter | 2,98 1,180 | 0,99 2,51 7,01 4206 | 10511 | 3,03 179,95 | 181,69
1 meter | 3,45 1,09 | 0,88 2,31 6,72 4120 | 10523 | 3,07 183,72 | 200,15

P-value | 0,743 0,018 0,313 0,057 0,723 0,167 0,428 0,842 0,562 0,690

*. Averages were compared with Duncan test, if p-value is less than 0.05 (p <0.05) it is
considered important.

CONCLUSION AND RECOMMENDATIONS

In this study, the environmental impact of Afsin-Elbistan Thermal Power Plants was
examined. Since the lignite used in these thermal power plants contain high amounts of sulfur,
sulfur dioxide, especially from plants without flue gas desulphurization plant which exits from
the plants that do not have a flue gas desulphurization plant or from facilities that have been
disabled by malfunction, has many negative effects on living things.

Acid rains from pollutant gases coming out of the power plant chimney can change the pH of
the water. Heavy metals such as Fe, Mn, Co, Cu, Zn, Pb, U found in fly ash can also reach the
receiving environment through groundwater over time. Wastes from thermal power plants
have an impact on the environment as well as people.

The analysis of soil samples collected for this study shows that concentrations of some of the
measured elements increased near the TPP indicating pollution originating from the TPP.
Total uranium and plant available sulfate were the main sources of pollution.

Although TPP-B has a more modern operation and filter system than TPP-A, there is dirt
around both power plants. This situation reveals that the pollution is not only caused by
chimneys but also the transport and storage of the released ash is a serious problem. More
studies are needed to determine the potential environmental and human health impacts of
thermal power plants.
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ABSTRACT

High temperatures negatively affect the mechanical properties of concrete. This study
examines the effect of elevated temperature on the mechanical properties of concrete
produced with raw perlite aggregate. In the research, high temperature tests (25°C, 200°C,
400°C, and 600°C) were conducted on four different concrete mixtures (C25, C40, P25, and
P40) produced using two different aggregate types (raw perlite aggregate and conventional
coarse aggregate). Experimental results showed that as the temperature increased to 600°C,
the compressive strength of conventional concrete samples decreased by 34.91% for C25 and
41.79% for C40, while the raw perlite aggregate samples (P25 and P40) exhibited
significantly lower strength reductions of only 9.91% and 12.80%, respectively. These
findings clearly demonstrate that raw perlite aggregate significantly enhances thermal
resistance compared to conventional aggregates. Additionally, although the flexural strength
of P25 and P40 samples at 25°C was initially lower due to the more limited stress-strain
relationship of perlite, their post-exposure performance showed similar flexural behavior
under increasing temperature. Microstructural analyses further confirmed that raw perlite
aggregates contribute to minimizing micro-crack propagation and are more resistant to
thermal degradation. In conclusion, raw perlite aggregate provides a sustainable and
economical alternative for fire-resistant structures.

Keywords: Concrete mechanical properties, high temperatures, raw perlite aggregate.

INTRODUCTION

Rapid growth in urbanization and industrialization has increased the demand for concrete.
This increased demand creates both economic and ecological problems in the process of
sourcing raw materials from natural aggregate sources for commercial ready-mix concrete
production. While concrete production processes are more cost-effective and have lower
carbon emissions than other building materials, high production volumes negate these
advantages [1]. Perlite concrete, considered a potential alternative to traditional concrete in
terms of mechanical properties, is expected to reduce the weight of reinforced concrete
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structural elements with similar cross-sectional properties and, consequently, the seismic
forces acting on the reinforced concrete structure.

For perlite to replace traditional aggregate and be used in the production of reinforced
concrete elements, concrete compressive strength values alone are not sufficient. In this
context, experimental studies on full-scale reinforced concrete elements are crucial for
understanding the load-bearing properties of concrete produced with perlite. It is necessary to
compare experimental data under the same loading type for full-scale reinforced concrete
elements produced with traditional aggregate and natural perlite aggregate, which have the
same concrete compressive strength, and to determine design principles for perlite's use based
on these studies. As is well known, while full bond between concrete and reinforcement is
assumed based on the design and bearing capacity assumptions of reinforced concrete
elements, the bond strength-reinforcement pullout relationships are not reflected in the design.
Calculating the bond stress and reinforcement shear stress, which act as contact elements
between concrete and reinforcement, is only possible by knowing the true bond length of the
reinforced concrete element.

The use of waste and/or alternative materials in concrete, which aim to significantly reduce
the damage to the ecological system and can both save energy and contribute to the material-
mechanical properties of concrete, is becoming increasingly common. Improvements in
concrete properties and the environmental benefits resulting from the use of waste and/or
alternative materials encourage further research on green concrete production. Bulut et al.
(2017) [2] reported that as the e-plastic ratio increased, the compressive, flexural, and splitting
tensile strength values of concrete decreased, but an improvement in ductility was observed.
Similarly, Patra et al. (2022) [3] emphasized that the use of recycled aggregates caused
decreases in both compressive and tensile strengths. Rahal and Alrefaei (2017) [5] found that
the use of recycled aggregates caused a 13-18% decrease in the shear strength of reinforced
concrete beams. In contrast, Shakir and Alghazali (2024) [8] showed that precast deep beams
containing 1% steel fiber and various proportions of recycled concrete aggregates (RCA)
exhibited significant improvements such as 100% increase in energy capacity, 11% increase in
stiffness, and 46% increase in ductility. Furthermore, Fayed and Mansour (2023) [12]
concluded that the addition of waste plastic fibers limits the deterioration of the cover layer in
reinforced concrete columns and reduces the risk of sudden collapse. Additionally, Naser et al.
(2025) [13] reported that recycled concrete aggregates had no significant effect on crack
distribution, damage patterns, or energy capacity on reinforced concrete cantilevers,
exhibiting comparable behavior to conventional concrete cantilevers.

As an alternative to recycled aggregates, volcanic products have significant potential but have
not yet been adequately evaluated [17]. Volcanic rocks such as pumice, zeolite, and perlite
offer significant advantages over natural river aggregates due to their lightness, fire resistance,
and pozzolanic properties [18]. Perlite ore, the subject of this study, is used for various
purposes in many sectors such as construction, agriculture, and medicine. Perlite, in its raw or
expanded form, fulfils functions such as insulation, filtration, and disinfection [19]. The use
of raw and expanded perlite should be encouraged in the construction industry. There are few
studies on the usability of perlite, either raw or expanded, in cement production.

This study investigated the use of raw perlite aggregate in concrete production as a
sustainable alternative, and comprehensively examined the effects of these concretes at high
temperatures. Perlite, a lightweight and heat-resistant volcanic material, has the potential to
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improve the thermal and mechanical properties of concrete, while also contributing to
sustainable concrete production by reducing its environmental impact.

MATERIALS AND METHODS
Materials

The experimental study, cube (150 x 150 x 150 mm) and prismatic beam (100 x 100 x 400
mm) specimens with the same concrete compressive strengths were produced using
conventional and raw perlite aggregates. The concrete mixes were designed to achieve
compressive strengths of 25 MPa and 40 MPa, representing two concrete classes.

Sample Preparation

Four different concrete mixes were prepared: C25 and C40 (with conventional aggregates),
and P25 and P40 (with raw perlite aggregates). The specimens were cured for 28 days under
standard curing conditions. Subsequently, the specimens were exposed to four different
temperature levels (25°C, 200°C, 400°C, and 600°C)

Test Methods

Both destructive (compressive strength, flexural strength, modulus of elasticity) and non-
destructive (ultrasonic pulse velocity, mass loss, SEM analysis) testing methods were applied
to the samples. High-temperature tests were conducted in an oven with a temperature increase
rate of 2.5°C/minute. After reaching the target temperature, the samples were held at this
temperature for 1 hour and then allowed to cool to room temperature.

EXPERIMENTAL RESULTS AND DISCUSSION
Compressive strength

The compressive strength results of samples exposed to high temperatures are shown in
Figure 1. As temperatures increased up to 600°C, the compressive strength of conventional
concrete samples decreased by 34.91% for C25 and 41.79% for C40. In contrast, strength
losses in samples with raw perlite aggregate (P25 and P40) were only 9.91% and 12.80%,
respectively.
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Figure 1. Compressive strength loss (%) of concrete samples at different temperatures

These results clearly demonstrate that raw perlite aggregate significantly increases thermal
resistance compared to conventional aggregates. The better performance of perlite aggregate
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concrete at high temperatures can be attributed to its porous structure, which allows for easier
release of vapor pressure at high temperatures and reduced crack formation.

Flexural strength

The flexural strength of P25 and P40 samples at 25°C was initially lower due to perlite's more
limited stress-strain relationship. However, after exposure to high temperatures, perlite
aggregate concrete exhibited flexural performance similar to conventional concrete.

At temperatures up to 600°C, the rate of decrease in flexural strength of perlite aggregate
concrete was lower than that of conventional concrete. This can be explained by the thermal
expansion properties of perlite aggregates limiting crack formation in the cement matrix at
elevated temperatures.

[ cas ] ca0 P25 [ P40

Flexural Strength (MPa)

25°C 200°C 400°C 600°C
Temperature

Figure 2. Flexural Strength Changes with Temperature Increase

CONCLUSION

This study investigated the behavior of raw perlite aggregate concrete at high temperatures
and reached the following conclusions:

1. Raw perlite aggregate concrete exhibited less strength loss at high temperatures than
conventional concrete. At 600°C, the compressive strength loss of perlite aggregate concrete
(9.91% vs. 12.80%) was significantly lower than that of conventional concrete (34.91% vs.
41.79%).

2. The porous structure of perlite aggregate concrete facilitates the release of vapor pressure at
high temperatures, reducing crack formation.
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ABSTRACT

Forensic DNA analysis, a branch of genetics, plays a key role in the investigation of
biological identity by law enforcement agencies, as well as in other forensic sciences. Such
methods are considered indispensable tools, especially in the search for identities in cases
involving deceased persons, in solving serious crimes and in the search for missing persons
after mass disasters. Modern forensic genetics allows obtaining accurate and verifiable results
with high-precision molecular analysis.

The history of forensic DNA analysis dates back to the end of the twentieth century. The idea
of "DNA fingerprinting” was introduced to the public in 1984 by the English geneticist Sir
Alec Jeffrey. Jeffrey showed that certain regions of DNA, known as repeat sequences, are
unique to each individual and are important in forensic genetics. Its first successful use was in
a 1986 double murder case in the United Kingdom, where forensic DNA analysis enabled the
exoneration of a wrongly accused person while simultaneously identifying the real
perpetrator.

Short Tandem Repeats (STRs) are used primarily in the forensic identification of deceased
individuals. STR markers are highly polymorphic nucleotide sequences, making them useful
in identifying genetic differences between individuals. A genetic profile is created by
amplifying DNA extracted from the remains of a deceased individual, such as bone tissue,
teeth, soft tissue, hair follicles, or blood, using polymerase chain reaction (PCR). The genetic
profile is then checked against DNA databases.

Forensic DNA analysis differs from traditional or general DNA analysis in several ways. For
example, while traditional DNA analysis focuses on health risks or genealogical purposes, the
primary reason or focus of DNA analysis in a forensic context is identification. In addition,
while traditional DNA analysis is governed by protocols, DNA analysis in a forensic context
is governed by strict procedures, including internationally recognized standards. The results of
DNA analysis in a forensic context have the scientific integrity to be considered as evidence
in court.

In cases where DNA is not of high quality, such as long-buried remains or fire victims,
mitochondrial DNA, or mtDNA, can be used. Since more than one copy of mtDNA is found
in each cell, it has a higher chance of being extracted, especially in difficult circumstances.
STR analysis of the Y chromosome is also used to determine paternal relationships, especially
in cases where the DNA is in the male line.
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The application of forensic DNA is important in the investigation of sex crimes. In cases of
rape and sexual assault, a sample of sperm, blood and epithelial cells obtained from the crime
scene or from the victim is used to create a genetic identification profile of the perpetrator.
This ensures that the suspect is found and that no innocent person is wrongly accused. The use
of mixed DNA samples requires high accuracy in short tandem repeat analyses.

At the current stage of scientific development, forensic DNA analysis is carried out in various
places: in crime laboratories, crime scene facilities, police forensic departments and
international identification facilities. The FBI's CODIS database in the USA and the DNA
banks in various European countries significantly promote the development of forensic DNA
analysis. The above-mentioned facilities use automated systems for DNA analysis, as well as
modern genetic equipment.

Forensic DNA analysis ultimately represents a scientifically supported tool for post-mortem
identification, as well as for solving serious and sexual crimes. The rapidly expanding
frontiers of genetic research ensure that what can be achieved in these processes are
constantly expanding and promise that forensic science will develop even further in the
future.

Keywords: Forensic genetics, DNA analysis, deceased person identification, STR markers,
sexual crimes.

XULASO

Genetikanin bir qolu olan forensik DNT analizi, hliqug-miihafizo orqanlari torafindon aparilan
aragdirmalarda, eloco do digor mohkoms tibb elmlorinds bioloji soxsiyystin miloyyan edilmasi
ticlin osas rol oynayir. Bu ciir iisullar, xiisuson do 6lon soxslorls bagh islords soxsiyyatlorin
axtariginda, agir cinayatlorin hallindo vo kiitlovi falakotlordon sonra itkin diismiis soxslorin
axtariginda ovozolunmaz vasitolor hesab olunur. Miiasir mohkomo genetikasi yiiksok
doaqiqlikli molekulyar analizlorls tasdiglona bilon vo doqiq naticalor oldo etmays imkan verir.

Kriminalistika DNT analizinin tarixi iyirminci asrin sonlarma gedib ¢ixir. "DNT barmaq izi"
ideyas1 1984-cii ilds ingilis genetiki Ser Alek Cefri torofindon ictimaiyyoto toqdim edilmisdir.
Cefri gostormisdir ki, tokrarlanan ardicilliglar kimi taninan DNT-doki miisyyan boélgalar hor
bir ford ii¢lin unikaldir vo mahkoma genetikasinda iz buraxir. Onun ilk ugurlu istifadosi 1986-
c1 ildo Boyilik Britaniyada bas vermis ikiqat gotl hadisoesindo forensik DNT analizlorinin
totbiqi noticosindo yanlis ittitham irali siiriilmiis soxs giinahsiz hesab edilmis, eyni zamanda
cinayati toratmis real togsirkarin identifikasiyasi miimkiin olmusdur.

Qisa Tandem Tokrarlamalar1 (QTT) asason 6lon soxslorin mohkomso tibbi identifikasiyasinda
istifado  olunur. STR markerlori yiiksok soviyyads polimorfizms malik nukleotid
seqmentloridir vo bu da onlart insanlar arasinda genetik forglorin miioyyon edilmasindo
faydali edir. Olon soxsin qaliglarindan siimiik toxumasi, dis toxumasi, yumsaq toxuma, sag
follikullar1 vo ya qgan soklindo ¢ixarilan DNT-nin polimeraza zoncirvari reaksiyasi (PCR)
vasitasilo giliclondirilmasi yolu ilo genetik profil yaradilir. Daha sonra genetik profil DNT
verilonlar bazalarina qars1 yoxlanilir.
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Mohkomo DNT analizi anenovi va ya timumi DNT analizlorindon bir ne¢o cohatdon forglonir.
Masalan, anonavi DNT analizi saglamliq tigiin tohliikalara va ya genealoji magsadlara yonalso
doa, mohkomo kontekstindo DNT analizinin asas sobabi va ya fokusu identifikasiyadir. Bundan
alava, anonovi DNT analizi protokollarla tonzimlonsa do, mahkomos kontekstinds DNT analizi
beynolxalq soviyyado taninmis standartlar da daxil olmaqla ciddi prosedurlarla tonzimlonir.
Mohkomo kontekstindo DNT analizinin naticolori mohkomads siibut kimi giymotlondirilmok
ticiin elmi biitovlilys malikdir.

DNT-nin yiiksak keyfiyyatli olmadig1 hallarda, masalon, uzun miiddst basdirilmis qaliglar vo
ya yangindan zoror ¢okmislor, mitoxondrial DNT vo ya mtDNT kimi hallarda analizdon
istifado etmok olar. Hor hiiceyrado birdon ¢ox mMtDNT niisxoasi tapildigi {igiin, xiisuson do ¢otin
soraitdo onun ¢ixarilma sansit daha yiiksokdir. Y xromosomunun STR analizi, xiisuson do
DNT-nin kisi xattino aid oldugu hallarda, ata oalagslorinin miioyyon edilmasi {i¢iin ds istifado
olunur.

Cinsi cinayetlorin arasdirilmasinda mohkomo DNT-sinin totbiqi vacibdir. Tocaviiz va cinsi
tocaviizlordo cinayat yerindon vo ya qurbandan oldo edilon sperma, gan vo epitel
hiiceyralarinin niimunssi cinayatkarin genetik identifikasiya profilini yaratmaq ii¢lin istifado
olunur. Bu, siibholinin tapilmasim1 vo he¢ bir gilinahsiz soxsin haqgsiz yers itttham
olunmamasmi tomin edir. Qarisig DNT niimunolorinin istifadesi qisa tandem tokrar
analizlorindo yiiksok doqiqlik tolab edir.

Elmi inkisafin hazirki morhslosindo mohkomo DNT analizi miixtolif yerlords aparilir:
kriminalistika laboratoriyalarinda, cinayet yeri miiossisalorinda, polisin miiayina sdboalorindo
vo beynolxalq identifikasiya miiassisalorinda. ABS-da FTB-nin CODIS verilonlor bazasi vo
miixtolif Avropa Olkolorinde DNT banki mohkomo DNT analizinin inkisafin1 shomiyyatli
doracado tosviq edir. Yuxarida geyd olunan miiossisalordo DNT analizi {i¢lin avtomatik
sistemlor, eloco do miiasir genetik avadanliglar istifads olunur.

Mohkomo DNT analizi natico etibarilo 6limdon sonra soxsiyystin miiayyonlogdirilmasinin,
eloco do agir vo cinsi cinayatlorin hollinin elmi cohotdon dostoklonon bir alotini tomsil edir.
Genetik todqiqgatlarin siiratlo artan sorhadlori bu proseslords alds edilo bilocok seylorin daim
geniglonmosini tomin edir vo golocokdo mohkomo elminin daha da inkisaf edocoyino dair
vadloar verir.

Acar sozlor: Forensik genetika, DNT analizi, 6lmiis soxsin identifikasiyasi, STR markerlori,
cinsi cinayatlor.
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XULASO

SCID-Agir Kombins olunmug immun catismazligi birincili immun ¢atismazliglarinin on agir
formalarindan biridir. SCID adaptiv immun sistemi hiiceyralori olan T vo B-limfositlorin
miixtalif sabablordon &tiirii saymin azalmasi vo ya funksiyasinin pozulmasi ilo xarakterizo
edilon genetik xostolikdir. Miixtalif genlordo (IL2RG, ADA, RAG1 vo RAG2) bas veron
mutasiyalar sobab ola bilor. Bu xastolorin immun sistemi ¢ox zoif inkisaf edir bu da onlarin
orqanizmini xaricdon golon istonilon infeksiyaya qarsi miidafissiz edir. X-SCID zamani
mutasiya “X” xromosomu iizorindo yerloson IL2RG genindo bas verir. Bu gen limfosit
hiiceyralorinin sothindoki IL-2, IL-4, IL-7, IL-9, IL-15, IL-21 reseptorlarinin ortaq struktur
vahidi olan “CD132” ziilalm1 kodlayir. Bu ziilalin osas funksiyas: sitokinlordon golon
signallarin 6tiirticlisii kimi ¢ixis etmokdir. IL2RG genindo mutasiya bas verdikdos, reseptorlar
funksional olmur va noticods sitokinlordon golon inkisaf vo foaliyysto dair signallar hiiceyra
daxilins otiiriilo bilmir. Bu zaman T-limfositlor inkisaf etmir, B-limfositlor iso mévcud olur,
amma foaliyyot gostormirlor. David Phillip Vetter 21 sentyabr 1971-ci ildo X-SCID ila
diinyaya goldi. Bu iso onun orqanizminds hor hans1 xastoliklo miibarizo apara bilocok immun
sistemininin olmamas1 demok idi. David Vetter {izorinde aparilan testlor naticosinde onda
goruyucu immun hiiceyrolorinin saymin normal soviyyonin onda birino borabor oldugu
miioyyon edildi. Onun diinyaya goldiyi doévrdo SCID iigiin yegono effektiv miialico metodu
uygun donorun siimiik iliyi transplantasiyasi idi. Amma onun ailesinde David ii¢iin uygun
donor tapilmamisdi. David, onun {i¢iin uygun donor ya da xostoliyi ii¢iin miialico metodu
tapilana qodar onu xarici miihitin biitlin mikroblarindan qoruyacaq xiisusi izolyatorda qaldu.
Vofatina qadar 12 il boyunca steril izolyatorda yasadig li¢iin “Bubble Boy” laqabini qazandi.
Todqiqatgilar David Vetter iizorindo tez-tez miisahidolor aparirdilar, ¢iinki onun voziyyati
mikrobsuz goraitdo bodyliyan insan orqanizminin inkisafinin neco bas verdiyini miisahido
etmok {i¢iin nadir bir fiirsot yaradirdi. ABS Milli Sohiyys Inisitutu David Vetterin {izorindo
aparilan aragdirmalar ticlin har il 200.000 ABS dollart mablaginds grant ayirdi. 1980-ci illarin
ovvalindon artiq uygunlagsmayan fordlor arasinda slimiik iliyi transplantasiyasi omaliyati
etmok miimkiin idi. Vo 1983-cii ildo 12 yasindaki David Vetter iizorinds bacis1 Katherinin
stimiik iliyindon istifado edorok transplantasiya omoliyyati edildi. ©Omoliyyatdan bir nego ay
sonra Vetterin voziyyati pislosmayas basladi, bagirsaq qanamasi kegirdi, qan qusdu, siddotli
qarin agrilar1 yasadi vo horarati 40.6 °C qader qalxdi. Zamanla simptomlart daha da agirlagdi
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vo hokimlor onu miialico edo bilmak {iciin izaliyatordan ¢ixarmaq macburiyyatindo qaldilar.
Edilon miidaxilslorin heg biri iso yaramadi vo David Vetter 22 fevral 1984cii ildo Texas Usaq
Xostoxanasinda hoyatini itirdi. Baslarda Sliimiiniin sobobinin orqan transplantasiyasi roddi
oldugu diisliniiliirdii. Amma 6liimiindon sonra Vetterin badoninds autopsiya aparan hakimlor
olim sobabinin bacisinin siimiik iliyindo geyri-aktiv voziyyotdo olan Epstein-Barr virusu
oldugunu askar etdilor. Autopsiya zamani hokimlor hamginin Vetterin badoninds ¢ox sayda sis
hiiceyralori agkar etmisdirlor. Bu virus Vetterin badonindo limfomaya (limfa sisteminin
hiiceyralarindan baslayan xor¢ong ndvii) yaranmasina sabab olmusdu. Vo Vetterin bu hadisasi
virusun insanlarda xorgcongo sobab ola bilocoyini tostigloyon vacib niimunolordon biri idi.
David Vetter hadisasi o donom {igiin qaranliq olan bir ¢ox elmi sualin cavabi oldu. Yasadigi
donomdo aparilan todqgiqatlar naticosindo tam siteril miihitdo vo immunitet sistemi olmadan
insan orqanizminin inkisafi Oyronildi. Oliimiindon sonra X-SCID xostoliyinin genetik
sobababi IL2RG geni kosf edildi.

Acar sozlor: SCID, X-SCID, David Phillip Vetter, IL2RG, Epstein-Barr, “Bubble Boy”

ABSTRACT

Severe Combined Immunodeficiency (SCID) is one of the most severe forms

of primary immunodeficiency disorders and is characterized by profound defects in cellular
and humoral immunity. It results from genetic mutations that impair the development and
function of T and B lymphocytes, leaving affected individuals highly susceptible to infections.
Among the different types of SCID, X-linked SCID is the most common and is caused by
mutations in the IL2RG gene located on the X chromosome. This gene encodes the CD132
protein, a shared subunit of several interleukin receptors essential for lymphocyte
development and immune signaling. This study focuses on SCID with particular emphasis on
the well-documented case of David Phillip Vetter, widely known as the “Bubble Boy.” Born
in 1971 with X-SCID, David lacked a functional immune system and was therefore raised in a
completely sterile environment to protect him from infections. His condition provided a
unique opportunity to study human development in the absence of immune function. In 1983,
David underwent a bone marrow transplantation from his sister, Katherine. However, the
transplanted bone marrow contained a latent Epstein—Barr virus (EBV), which was
transmitted to David during the procedure. Due to his severely compromised immune system,
the virus triggered the development of EBV- associated lymphoma, leading to severe
complications and ultimately to his death in 1984. The case of David Vetter contributed
significantly to the understanding of SCID, viral oncogenesis, and immune system
development. Moreover, posthumous studies led to the identification of the IL2RG gene as
the genetic cause of X-SCID, marking an important milestone in immunology and genetic
medicine.

Keywords: SCID, X-SCID, David Phillip Vetter, IL2RG, Epstein—Barr virus, Bubble Boy
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ABSTRACT

This piece of work focuses on checking how well certain mixes can protect against rust.
These mixes are made from a special substance taken from the lighter part of a process using
heat to turn coal into coke, and three substances called MEA, DEA, and TEA, all in places
where there is a gas called hydrogen sulfide (H-S). Because H-S can really hurt machines and
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pipes in the oil and gas business, making them not last as long, it is important to find good
ways to stop this from happening.

For this study, the special substance was mixed with MEA, DEA, and TEA in different
amounts to make new mixes. Then, these mixes were put into a liquid made of alcohol, either
by itself or with water. The ability of these liquids to stop rust was tested in a place with H.S
by measuring how much weight steel pieces lost when the mixes were added at different
amounts, from 500 to 2000 mg/L.

The tests showed that how well the mixes worked depended a lot on which of the three
substances (MEA, DEA, or TEA) was used, how they were mixed, and how much of the mix
was put in the liquid. The mix with TEA worked better than the others. The liquid with the
TEA mix (1:1 ratio) protected the steel by 70.4% when 1000 mg/L was added, 83.9% when
1500 mg/L was added, and 91.3% when 2000 mg/L was added. But the mixes with MEA and
DEA did not protect as well under the same conditions.

The findings show that mixes with TEA could be a better choice for keeping steel things from
rusting in places where there is H>S, when compared to mixes with MEA or DEA.

Keywords: H2S environment, corrosion inhibitors, nitro derivatives, steel corrosion, weight
loss method
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ABSTRACT

Hydrogen sulfide corrosion is a phenomenon of damage to metal surfaces caused by hydrogen
sulfide, which is widespread in the oil, gas and petrochemical industries. This process poses a
very serious threat, especially to steel pipes, pumps and technical devices and equipment. It is
of great importance to systematically investigate various aspects of H.S corrosion, including
its sources, corrosion sites, mechanisms, and resulting corrosion products.

First, imidazoline was synthesized from norborn-5-ene-2-carboxylic acid and
triethylenetetramine. Then, a complex of imidazoline with hexylbromide in 1:2 molar ratio is
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obtained. The bromide complex of imidazoline based on norborn-5-ene-2-carboxylic acid was
tested as an anti hydrogen sulfide corrosion inhibitor. The complex was added to a hydrogen
sulfide environment at four different concentrations. It was found that the corrosion protection
ability of the complex increases with increasing concentration. The complex causes a decrease
in the corrosion rate and an increase in the retardation coefficient (Table 1.)

Table 1. Results of the effect of the complex on H.S corrosion at different concentrations.

Concentration of compounds C, | Corrosion rate p, | Protective  effect | Retardation
mg/l g/m?2-hour Z, % coefficienty

Corrosion rate in an inhibitor-free environment p=5.2639 g/m?-hour

250 1.9923 62 2.64
500 1.8745 64.3 2.80
1000 1.2030 77 4.37
1500 0.1005 98 52.4

According to Table 1, it can be said that while the protective efficiency of the NKT and
TETA-based imidazoline bromide complex at a concentration of 250 mg/l was 62%,
increasing the concentration to 500, 1000, 1500 mg/l led to an increase in the protective effect
of the substance to 64.3; 77 and 98%, respectively. While the corrosion rate for the complex at
a concentration of 250 mg/l was 1.9923 g/m?eh, a sharp decrease in the corrosion rate was
observed at a concentration of 1500 mg/I (0.1005 g/m?eh). In this case, the value of the
retardation coefficient reached its maximum value (y=52.4).
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ABSTRACT

In today's world, artificial intelligence (Al)-based tools and technologies are being
implemented in many sectors of the economy. The use of Al has long attracted the interest of
specialists across various fields. This is due to the increasing opportunities for implementing
Al solutions in businesses, and entrepreneurs' awareness of its advantages, which enable the
automation of many business tasks, is growing.

The current stage of industrial development is characterized by the active implementation of
digital technologies, among which Industry 4.0 technologies occupy a special place. These
technologies are becoming key tools for increasing efficiency, reducing costs, and ensuring
the competitiveness of enterprises in a globalized market. Industry 4.0 is based on the
integration of digital technologies into production processes and opens up new opportunities
for enhancing competitiveness and ensuring sustainable business development. It aims to
create "smart factories™ capable of self-organization, self-learning, and adaptation to changing
conditions. These technologies enable enterprises to become more flexible and adaptive,
which, in turn, increases their competitiveness in the global market and ensures sustainable
business development. As a result, creating an effective information systems infrastructure is
becoming a key factor determining business success in today's marketplace. Al is thus a
valuable tool for increasing efficiency, optimizing, and automating many business processes.

As Industry 4.0 advancements are being implemented in industrial manufacturing, artificial
intelligence (Al) is becoming increasingly important, becoming an integral element of the
modern era, deployed to optimize production processes. Artificial intelligence is rapidly
transforming production processes, opening up new opportunities for improving efficiency,
productivity, and quality. In this context, Al represents a powerful tool capable of
transforming traditional production processes, optimizing them, and making them more
adaptive to changing market conditions. The purpose of this article is to examine the potential
for using artificial intelligence in production processes, analyze the key issues and challenges
that arise, and assess prospects for further development. The novelty of this study lies in its
attempt to examine the patterns and trends in the implementation of artificial intelligence
technologies in industrial production processes, based on current realities and prospects for
further development. The relevance of this work stems from the fact that the introduction of
Al into industry not only improves production performance but also opens up new horizons
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and opportunities for business. Therefore, this work aims to comprehensively explore the
potential of artificial intelligence, enabling not only an assessment of the current state of
affairs but also the identification of paths for further development and optimization of
production processes. Artificial intelligence technologies continue to evolve, and their impact
on various industries will only increase. These technologies offer new opportunities for
increased efficiency, decision-making, and innovation.

Keywords: artificial intelligence, Al, Al technologies, Al solutions, industry, industrial
enterprises, technological progress, digitalization.
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OZET

Hibrit zirh sistemlerinde Titanyum (Ti6Al4V) plakanin balistik performansini desteklemek
amaciyla arka yiizeye uygulanan polilire katmaninin kalinlik varyasyonlari, darbe enerjisinin
yonetiminde ve plaka biitiinliigiiniin korunmasinda kritik bir rol oynamaktadir. Sayisal
analizler sonucunda, titanyum plakanin arkasina uygulanan 2 mm kalinligindaki politire
katmaninin, merminin ¢arpma aninda olusan yiiksek frekansli sok dalgalarini soniimlemede
ve metalik plakadaki dinamik gerilmeleri smirlamada yeterli kapasite sunamadigi
gozlemlenirken; poliiire kalinliginin 4 mm seviyesine c¢ikarilmasinin, titanyumun darbe
etkisini daha genis bir alana yaymasina olanak tamidigi ve viskoelastik soniimleme
mekanizmasi sayesinde plakanin arka ylizeyinde meydana gelen kalic1 deformasyonu (BFS)
belirgin sekilde azalttigi tespit edilmistir. 6 mm kalinligindaki polilire uygulamasinin ise
maksimum yapisal destek saglayarak, titanyum plakadaki parga kopma (spall) riskini
minimize ettigi ve mermiden aktarilan kinetik enerjiyi elastomerik fazda plastik sekil
degistirme enerjisine doniistiirerek sistemin toplam durdurma giiciinii en iist diizeye ¢ikardig:
akademik olarak degerlendirilmektedir. Sonug olarak, titanyumun rijitligi ile politrenin stinek
sonlimleme yeteneginin birlestirildigi bu konfigiirasyonda, artan polimer kalinligmin sok
dalgasi iletimini kontrol altina alarak titanyum plakanin balistik verimliligini optimize eden
temel bir tasarim parametresi oldugu saptanmaigstir.

Anahtar Kelimeler: Titanyum, Polilre, Balistik Zirh, Sonlu Elemanlar Y6ntemi

ABSTRACT

The thickness variations of the polyurethane layer applied to the rear surface of the Titanium
(Ti6AIl4V) plate used in hybrid armour systems play a critical role in managing impact energy
and preserving plate integrity to support the ballistic performance of the plate. Numerical
analyses revealed that the 2 mm thick polyurethane layer applied to the back of the titanium
plate did not provide sufficient capacity to dampen the high-frequency shock waves generated
upon bullet impact and to limit the dynamic stresses in the metallic plate. increasing the
polyurethane thickness to 4 mm was found to allow the impact effect of the titanium to spread
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over a wider area and significantly reduce the permanent deformation (BFS) occurring on the
rear surface of the plate thanks to the viscoelastic damping mechanism. The application of 6
mm thick polyurethane is academically evaluated as providing maximum structural support,
minimising the risk of spall in the titanium plate, and maximising the system's total stopping
power by converting the Kkinetic energy transferred from the bullet into plastic deformation
energy in the elastomeric phase. Consequently, in this configuration, which combines the
rigidity of titanium with the ductile damping capability of polyurethane, it has been
determined that the increased polymer thickness is a fundamental design parameter that
controls shock wave transmission and optimises the ballistic efficiency of the titanium plate.

Keywords: Titanium, Polyurea, Ballistic Armor, Finite Element Method

GIRIS

Son zamanlarda, poliiire kaplamalarin koruyucu uygulamalarda kullanimi, hafifligi, yiiksek
mukavemeti, esnekligi, korozyon ve asmmma direnci gibi olaganiistii 6zelliklerinin yani sira
darbe azaltma 6zelligi nedeniyle dikkat ¢cekmistir (Mcshane et al., 2008; Roland et al., 2010;
Xue et al., 2010). Arastirmacilar, hem metal hem de metal olmayan levhalar iizerindeki
politire kaplamanin kalinhigin1 (Mohotti et al., 2013, 2014), sertligini (Mohotti et al., 2015) ve
kaplama konumunu (Zhang et al., 2019) incelemis olup, bu faktorlerin tamponlama ve ¢gekme
adsorpsiyon etkileri yoluyla darbe direncini artirmada ¢ok oOnemli bir rol oynadigini
belirtmislerdir. Politire kaplamanin sert levhalarin balistik limitini ve enerji emilimini
artirmadaki etkinligi cesitli ¢aligmalarda gosterilmistir (Chu et al., 2022; Liu et al., 2021;
Sazhenkov et al., 2020; Sun et al., 2021). Sonug¢ olarak, politre kaplamalar koruma alaninda
umut verici sonucglar sergilemis ve gelecekteki uygulamalar i¢in miikemmel beklentiler
sunmustur.

Politlire ile yapilan sonlu elemanlar yontemi destekli balistik analizler son yillarda artis
gostermistir. Ornegin Si vd. (2023), poliiire katmaninin seramik/metal zirh sistemlerinin
balistik performans: tiizerindeki etkilerini hem deneysel hem de sayisal ydntemlerle
incelemiglerdir (Si et al., 2023). Arastirmacilar, poliirenin farkli konum ve
kalinliklarinin mermi durdurma kapasitesini ve enerji emilimini nasil degistirdigini sistematik
bir sekilde analiz etmislerdir. Bulgular, ©6n yiizeye uygulanan ince bir polilre
tabakasinin seramigin kirilma modunu degistirerek ve smirlama basincimi artirarak zirh
korumasini 6nemli 6l¢lide giiglendirdigini gostermektedir. Ancak ¢aligmada, polilirenin orta
katman olarak kullanilmasinin korumayi zayiflatabilecegi ve kalinlik artisinin her zaman
dogrusal bir iyilesme saglamadigi vurgulanmaktadir. Chu vd. (2023) calismalarinda, poliiire
kapl gelik plakalarin balistik ve patlama direncini degerlendirmek amaciyla, kurulan sonlu
elemanlar modeli, problemin simetrik yapis1 gz onilinde bulundurularak yarim model
seklinde kurgulanmis ve analizler ABAQUS yazilimi kullanilarak gergeklestirilmistir (Chu et
al., 2023). Modelde, birinci dereceden indirgenmis entegrasyona sahip 8 digiimli kati
elemanlar kullanilmis; mermi (FSP) ile darbe bolgelerinde 0,3 mm gibi oldukga hassas, uzak
bolgelerde ise 3 mm nominal kenar uzunluklarina sahip bir ag (mesh) yapisi tercih edilmistir.
Plaka ve kaplama kalinli§1 boyunca en az 6 katman eleman bulunmasi saglanarak kalinlik
yoniindeki deformasyonlarin dogrulugu korunmus; ¢elik malzeme Johnson-Cook mukavemet
ve hasar modeliyle, polilire ise hiperelastik ve viskoplastik bilesenlerden olusan 6zel bir
biinye denklemiyle tanimlanmustir.

Sonlu elemanlar yontemi, yliksek maliyetli deneysel testlere gerek duyulmadan karmagsik
yapili miihendislik problemlerinin analizinde siklikla kullanilmaktadir. Oniimiizdeki yillarda,
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bircok yerde sonlu elemanlar yonteminin katkilarini hem zaman hem maliyet hem de is giicii
kazanci olarak gérmek miimkiin olacaktir.

MALZEME VE YONTEM
Titanyum

Giliniimiizde diisiik agirlikta yiiksek mukavemet ve olaganiistii korozyon direnci gibi istisnai
ozellikler gosteren titanyum ve alagimlari, koruyucu yapilarda siklikla kullanilabilir bir
duruma gelmistir (Rahimijonoush & Bayat, 2020). Sonlu eleman analizlerinde kullanilan
titanyum plakaya ait mekanik 6zellikler Tablo 1’de gosterilmistir.

Tablo 1. Ti6Al4V malzeme modeline ait mekanik 6zellikler

Ozellik Deger Birim
Ozgiil 1s1 sabit basing (C) 525 J/kg.C
Baslangi¢ akma gerilmesi (YY) 1,33E+09 Pa
Maksimum akma gerilmesi (Y max) 2,12E+09 Pa
Sertlesme sabiti (B) 12

Sertlesme Ussul (n) 0,1

Erime sicakligt 1836,9 c
Kayma modli 4,19E+10 Pa
Gruneisen katsayisi 1,23

Parametre (C1) 5130 m/s
Parametre (S1) 1,028

Parametre (S2) 0 s/m
Politire

Politire, mermilerin ve yiiksek hizli pargaciklarin kinetik enerjisini emme konusundaki iistiin
yetenegi sayesinde balistikte yaygin olarak kullanilir. Carpisma esnasinda darbe etkisiyle
kauguksu halden camsi bir faza gegerek enerji soniimleme kapasitesini en iist diizeye cikarir.
Metal ve kompozit yapilarda kirilma ve catlama olusumunu geciktiren bu malzeme, ayni
zamanda penetrasyon sirasinda etrafa yayilabilecek sarapnel parcalarimi kendi icinde
hapsederek ikincil yaralanmalar1 6nleyen bir gilivenlik kalkani iglevi goriir. Sonlu eleman
analizlerinde kullanilan Poliiire tabakaya ait teknik 6zellikler Tablo 2’de gosterilmistir.

Sonlu eleman analizinde kullanilan politre tabaka kalinliklar1 2, 4 ve 6 mm olarak se¢ilmistir.
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Tablo 2. Polilreye ait mekanik ozellikler

Ozellik Deger Birim
Elastisite Modulu, E 245 MPa
Poisson Orani, v 0,41

Bulk Moddli, K 4,537x108 Pa
Kayma Modiilti, G 8,6879x107 Pa

7.62x51 mm M80 tipi FMJ mermi

Sonlu eleman analizlerinde kullanilacak olan 7.62x51 mm kalibreli merminin i¢ ¢ekirdegi
kursun dolgu ve dis kaplamasi ise bakir ceketten olusmaktadir. S6z konusu mermiye ait i¢
cekirdek ile dig ceketin Solidworks programinda birbiriyle montajlanmig halinin kesiti Sekil
1’de gosterilmistir.

Kursun dolgu
Bakir ceket

Sekil 1. 7.62 x 51 mm FMJ M80 mermi Solidworks model kesiti

Sonlu Elemanlar Metodu (FEM)

Sonlu Elemanlar Yo6ntemi, karmagik mithendislik yapilarini ve fiziksel problemleri daha basit,
sonlu sayida kiigiik elemanlara bolerek ¢ozen sayisal bir analiz yontemidir. Bu yontemle her
bir parcadaki fiziksel degisimler matematiksel denklemlerle ifade edilir ve ardindan tiim
sistemin genel davranigi bu pargalarin birlestirilmesiyle yiiksek hassasiyetle tanmin edilir.

Bu ¢alismada, 150 x 150 mm boyutlarinda modellenen titanyum (Ti6Al4V) levha ile politire
tabakalar birbiri ile montajlanarak carpmaya uygun hale getirilmistir. 3 mm kalinlikli
titanyum levhanin arka yiiziine sirasiyla 2 mm, 4 mm ve 6 mm poliilire tabakalar
montajlanarak 3 farkli tiirde kompozit zirth olusturulmustur. Her zirh 7.62 x 51 mm FMJ
mermi ile montajlanarak Ansys/Explicit Dynamics programinda igeri aktarimistir. 2 mm
mesh boyutu secilerek tim modeller sonlu elemanlara boliinmiistiir. Analize hazir hale
getirilen 3 adet kompozit zirh numuneleri ve mermi modelleri Sekil 2°de gosterilmistir.
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(a) (b) (c)

Sekil 2. Sonlu elemanlara boliinmiis 3 boyutlu modeller (a) titanyum ve 2 mm kalinlikli
poliiire, (b) titanyum ve 4 mm kalinlikli poliiire, (c) titanyum ve 6 mm kalinlikl1 poliiire

SAYISAL SONUCLAR

Sayisal analizlerde kullanilan mermi ¢ekirdegi “-z” yoniinde 838 m/s hizla kompozit zirhlara
carptirilmistir. Carpisma sonucunda tiim zirh modelleri delinerek merminin zirh arka tarafina
gectigi goriilmiistiir. Carpisma sonrasinda arka yiizeylerde bulunan poliiire tabakalarinin
delinme durumu ve esdeger Von-Mises gerilme goriintiileri sirasiyla Sekil 3-5’te
gosterilmistir.

Time: 1,7e-004 s
Cycle Number: 11370
28.12.2025 22:05

127,99 Max
113,77
99,557

85,343

71,129

56,914

427

28,486

14,272
0,057412 Min

B
0
1
B
|
B
&
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Sekil 3. 2 mm kalinlikl1 politre tabaka arka ylzeyine ait Esdeger Von-Mises Gerilmesi

A: Explicit Dynamics

Equivalent Stress _

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1,1e-004 s

Cycle Number: 13292

28.12.2025 22:04

315,05 Max
E 280,07
245,08

— 210,1

— 175,12

— 140,13

— 105,15

70,164
E 35,18
0,1962 Min

Sekil 4. 4 mm kalinlikli politre tabaka arka ylzeyine ait Esdeger Von-Mises Gerilmesi

A: Explicit Dynamics

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1,1001e-004 s

Cycle Number: 13425

28,12.2025 22:02

256,55 Max
E 228,06
199,57

—— 171,09

L1 1426

1 114,11

—— 85,624

57,136
H 28,648
0,16052 Min

Sekil 5. 6 mm kalinlikli politre tabaka arka ylzeyine ait Esdeger Von-Mises Gerilmesi
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SONUC VE TARTISMA

Sonlu elemanlar yontemiyle gerceklestirilen analizler sonucunda, arka ytizde yer alan 2 mm, 4
mm ve 6 mm polilire tabakalarina ait Esdeger Von-Mises maksimum gerilmeleri sirasiyla
127.99, 315.05 ve 256.55 MPa olarak tespit edilmistir. Bu degerlere bakildiginda, 4 mm
polilire tabakaya sahip zirhin en yiiksek gerilme degerine ulastig1r anlasilmaktadir. 6 mm
kalinlikl1 poliiirenin gerilme degeri, 4 mm olana gore yaklasik %18.57 oraninda diigmiistiir.
Chu ve ark. (Chu et al., 2022) ile Si ve ark.'nin (Si et al., 2023) calismalari, poliiirenin belirli
bir kalinliga kadar artmasinin Kritik bir gliglendirme sagladigini, ancak sonrasinda verimliligin
distligiinii veya "doyuma" ulastigini acikca ifade etmektedir. Dolayisiyla polilire kalinliginin
artirtlmasinin performanst bir noktaya kadar iyilestirdigi ancak belirli bir esikten sonra bu
artisin sinirh fayda sagladigi, hatta performansi olumsuz etkileyebildigi sonucuna varilmstir.
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OZET

Modern savunma sistemlerinde hafiflik ve yiiksek balistik koruma ihtiyaci, hibrit zirh
yapilarinin  kullanimin1 artirmigtir. Bu tiir hibrit yapilarda politire, yiiksek gerilme hizi
hassasiyeti ve dinamik yiikler altinda sergiledigi faz gegisi Ozellikleri sayesinde kritik bir
enerji sonimleyici katman olarak 6ne ¢ikmaktadir. Poliiirenin mermi ¢arpmasi gibi asiri
yiksek hizlarda kauguksu halden camsi hale ge¢mesi, darbe enerjisinin yanal olarak
yayilmasini saglayarak ana zirh plakasinin hasarini azaltmaktadir.

Bu ¢alisma, hibrit bir zirh sisteminde poliiire tabakasinin konumunun (6n veya arka) balistik
koruma performans: iizerindeki etkisini sayisal bir yaklagimla incelemektedir. Polilirenin
hiper-viskoelastik davranigini ve yiiksek gerilme hizlarindaki dinamik tepkisini dogru
modellemek amaciyla gelismis yapisal denklemler kullanilarak sonlu elemanlar analizleri
gerceklestirilmistir. Sayisal analiz sonuglari, polilire tabakasinin konumunun mermi niifuz
direnci ve enerji sonlimleme mekanizmalar1 tiizerinde belirleyici bir rol oynadigini
goOstermektedir.

Poliurenin zirhin en arka yiizeyine yerlestirilmesi durumunda metal tabakalardaki bogazlanma
stirecini geciktirerek enerji emilimini artirdig1 ve ikincil hasarlar tutmada Ustilinliik sagladig:
goriilmiistiir. Ote yandan, seramik tabanli sistemlerde poliiirenin darbe tarafina (6n yiize)
yerlestirilmesinin seramik koni hacmini koruyarak mermi asinma siiresini uzattig1 ve tepe
gerilmelerini dagittigi saptanmigtir. Caligma kapsaminda poliiirenin dinamik faz gecisi ve
tabaka diizeninin mermi durdurma gucl Uzerindeki kritik roll analiz edilerek, farkli tehdit
seviyelerine yonelik en verimli hibrit zirh konfigiirasyonlar1 arastirilmistir. Elde edilen
bulgular, zirh tasarimlarinda poliiire katmaninin sadece bir kaplama degil, sok dalgasi
yonetiminde aktif bir miihendislik bileseni olarak kullanilmasinin Onemini ortaya
koymaktadir.

Anahtar Kelimeler: Kompozit Zirh, Politre, Balistik Performans, Sonlu Elemanlar Ydntemi
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ABSTRACT

In modern defence systems, the need for lightness and high ballistic protection has increased
the use of hybrid armour structures. In such hybrid structures, polyurea stands out as a critical
energy-absorbing layer due to its high stress rate sensitivity and phase transition properties
under dynamic loads. Polyurea’s transition from a rubbery state to a glassy state at extremely
high speeds, such as during bullet impact, allows the impact energy to be dissipated laterally,
reducing damage to the main armour plate.

This study investigates the effect of the position of the polyurea layer (front or rear) in a
hybrid armour system on ballistic protection performance using a numerical approach. Finite
element analyses were performed using advanced structural equations to accurately model the
hyper-viscoelastic behaviour of polyurea and its dynamic response at high strain rates. The
numerical analysis results show that the position of the polyurea layer plays a decisive role in
bullet penetration resistance and energy dissipation mechanisms.

It has been observed that placing polyurea on the rear surface of the armour delays the
choking process in the metal layers, thereby increasing energy absorption and providing
superior protection against secondary damage. On the other hand, in ceramic-based systems, it
has been determined that placing polyurea on the impact side (front surface) extends the bullet
wear time by preserving the ceramic cone volume and distributes peak stresses. Within the
scope of the study, the critical role of polyurea's dynamic phase transition and layer
arrangement on bullet stopping power was analysed, and the most efficient hybrid armour
configurations for different threat levels were investigated. The findings highlight the
importance of using the polyurea layer in armour designs not merely as a coating but as an
active engineering component in shock wave management.

Keywords: Composite Armor, Polyurea, Ballistic Performance, Finite Element Method

GIRiS

Modern savunma sistemlerinde personel ve araglarin korunmasi, mithimmat teknolojisindeki
ilerlemelere paralel olarak hem hafif hem de yiiksek durdurma giicii sunan yeni nesil zirh
yapilarinin gelistirilmesini zorunlu kilmistir (Alexe vd., 2026). Geleneksel monolitik metalik
zithlar yiiksek balistik koruma saglasalar da, asir1 agirliklart nedeniyle askeri araglarin
mobilitesini  kisitlamakta ve operasyonel verimliligi diisiirmektedir (Si, 2023). Bu
kisitlamalar1 agsmak amaciyla gelistirilen hibrit zirh sistemleri, mermiyi deforme eden yiiksek
sertlikteki seramikler ile darbe enerjisini sonimleyen stinek metal veya lifli kompozit

tabakalar1 bir araya getirerek sinerjik bir koruma mekanizmasi olusturmaktadir (Alam ve
Aboagye, 2024; Samiee vd., 2010).

Son yillarda, izosiyanat prepolimeri ile amin bilesiginin hizli reaksiyonuyla sentezlenen
elastomerik bir kopolimer olan poliiire, bu tiir hibrit zirh konfigiirasyonlarinda kritik bir
bilesen olarak 6ne ¢ikmustir (Bai vd., 2016; Raman vd., 2012). Politire, yiiksek tokluk-
yogunluk orani, olaganiistii enerji soniimleme kapasitesi ve neme karsi direnci sayesinde
askeri yapilarin, araglarin ve kasklarin patlama ile mermi darbelerine kars1 guclendirilmesinde
yaygin olarak arastirilmaktadir (Zhang vd., 2022). Malzemenin enerji emme yetenegi, mikro
yapisindaki sert ve yumusak segmentlerin ayrigsmasiyla olusan nano-kompozit benzeri
morfolojisinden kaynaklanmaktadir (Zhang vd., 2022).
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Politirenin balistik korumadaki basarisinin temelinde, mekanik 6zelliklerinin gerilme hizina
(strain rate) olan yiiksek hassasiyeti yatmaktadir (Mohotti vd., 2014). Poliiire, diislik gerilme
hizlarinda kauguksu bir davranig sergilerken, mermi g¢arpmasi gibi asir1 yiiksek gerilme
hizlarinda camsi bir faza ge¢is yapar (Grujicic vd., 2010; Roland vd., 2010). Bu darbe
kaynakli cam gecisi sirasinda, merminin kinetik enerjisi polimer zincirlerinin i¢ siirtiinmesi
yoluyla mikrosaniyeler mertebesinde 1siya doniistiiriilerek dagitilir (Grujicic vd., 2010). Bu
dinamik tepki, politrenin Young modilunu GPa seviyelerine ¢ikararak darbe enerjisinin yanal
olarak yayilmasini saglar ve ana zirh plakasindaki yerel gerilmeleri azaltir (Mohotti vd., 2014;
Si, 2023).

Hibrit zirh tasariminda poliiire tabakasinin konumu, sistemin balistik verimliligi ve hasar
modlar1 iizerinde belirleyici bir etkiye sahiptir (He vd., 2023). Literatiirdeki calismalar,
politirenin metalik plakalarin arka yiizeyine (darbe tarafinin tersine) uygulanmasinin, metalin
bogazlanma siirecini geciktirerek enerji emilimini artirdigini ve fragmanlar1 tutmada ustiinlik
sagladigin1 gostermektedir (Amini vd., 2010; Xue vd., 2010). Diger yandan, poliiirenin
carpma yiizeyine (0n yiize) yerlestirilmesi, seramik tabanli sistemlerde merminin ¢arpma
anindaki tepe gerilmelerini yayarak seramigin ufalanma etkisini geciktirebilmekte ve seramik
parcalarini hapsederek mermiyi asindirma siiresini artirabilmektedir (Sarva vd., 2007; Si,
2023). Lifli kompozitlerde ise politre kaplamanin darbe tarafinda olmasi, lifler arasi
stirtlinmeyi artirarak balistik limiti %60'a varan oranlarda iyilestirebilmektedir (Li vd., 2024).

Deneysel balistik testlerin yiiksek maliyetli ve tahribatli dogasi, polilirenin hiper-viskoelastik
davraniginin analizinde gelismis sayisal analiz yontemlerinin kullanimint zorunlu kilmistir
(Samiee vd., 2010). Poliiirenin yiiksek gerilme hizlarindaki camsi faza gegisini ve non-lineer
tepkisini dogru bir sekilde modellemek i¢in genellikle Ogden gibi hiperelastik modeller ile K-
BKZ gibi viskoelastik biinye denklemleri kombine edilmektedir (Bai vd., 2016; Gamonpilas
ve McCuiston, 2012). Sayisal yaklasimlar, fiziksel testlerde gdzlemlenmesi zor olan sok
dalgas1 yayilimini ve tabakalar arasindaki enerji dagilimin1 detayl bir sekilde ortaya koyarak
tasarim optimizasyonuna olanak tanir (Alam ve Aboagye, 2024; Mohotti vd., 2014).

Bu baglamda sunulan ¢alisma, hibrit zirh sistemlerinde poliiire tabaka konumunun (6n, orta
veya arka) balistik koruma performansi {izerindeki etkisini sayisal bir yaklasimla incelemeyi
amaglamaktadir. Calisma kapsaminda, polilirenin dinamik faz gecisi ve tabaka diizeninin
mermi niifuz direnci tizerindeki kritik rolii analiz edilerek, hafif ve yiiksek performansli hibrit
zirh tasarimlari i¢in en verimli konfigiirasyonlar tartigilacaktir.

MALZEME VE YONTEM

Bu calisma kapsaminda, hibrit zirh sistemlerinin balistik performansini incelemek amaciyla
yiiksek mukavemetli bir metal plaka ile elastomerik poliilire tabakadan olusan kompozit bir
yap1 sayisal olarak modellenmistir. Analizlerde kullanilan malzemelerin mekanik 6zellikleri
ve sayisal modelleme metodolojisi asagida detaylandirilmistir.

Titanyum

Savunma sanayiinde diisiik yogunluk, yiiksek mukavemet ve yiiksek korozyon direnci gibi
avantajlar1 nedeniyle titanyum alagimlari zirh sistemlerinde yaygin bir kullanim alanina
sahiptir. Bu calismada kullanilan titanyum plaka, mermi ¢arpmasi sirasinda olusan yiiksek
kinetik enerjiyi soniimlemek ve yapisal biitiinliigli korumak i¢in tasarlanmistir.

Sayisal modellemede titanyum plakanin mekanik davranisini tanimlamak i¢in yiiksek sekil
degistirme hizlarin1 hesaba katan parametreler kullanilmigtir. Titanyumun sundugu yiksek
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rijitlik, mermi ucunun deforme edilmesinde ve poliiire tabakanin etkin soniimleme
yapabilmesi icin gerekli olan egilme direncinin saglanmasinda kritik rol oynamaktadir
(Roland vd., 2010). Calismada kullanilan titanyum plakaya (Ti6Al4V) ait mekanik 6zellikler
Tablo 1°de gdsterilmistir.

Tablo 1. Ti6Al4V malzeme modeline ait mekanik 6zellikler

Ozellik Deger Birim
Ozgiil 1s1 sabit basing (C) 525 Jkg.C
Baglangic akma gerilmesi (Y) 1,33E+09 Pa
Maksimum akma gerilmesi (Y max) 2,12E+09 Pa
Sertlesme sabiti (B) 12

Sertlesme Ussul (n) 0,1

Erime sicaklig 1836,9 c
Kayma modli 4,19E+10 Pa
Gruneisen katsayisi 1,23

Parametre (C1) 5130 m/s
Parametre (S1) 1,028

Parametre (S2) 0 s/m

Politire

Politire, mermilerin ve yiiksek hizli pargaciklarin kinetik enerjisini emme konusundaki iistiin
yetenegi sayesinde balistik ¢aligmalarda yaygin olarak kullanilir. Carpisma esnasinda darbe
etkisiyle elastomerik yapidan camsi bir faza gecerek enerji soniimleme kapasitesini en st
diizeye ¢ikarir. Metal-kompozit yapilarda kirilma ve catlama olusumunu geciktiren bu
malzeme, ayn1 zamanda penetrasyon sirasinda etrafa yayilabilecek sarapnel parcalarini kendi
icinde hapsederek ikincil yaralanmalar1 Onleyen bir gilivenlik kalkani islevi goriir. Bu
caligmada kullanilan kullanilan Polilire tabakaya ait teknik 6zellikler Tablo 2’de gosterilmistir.
Polilire kalinlig1 ise onceki analizlerde gozlemlenen en yiiksek gerilme degeri olan 4 mm
olarak belirlenmistir.

Tablo 2. Politreye ait mekanik ozellikler

Ozellik Deger Birim
Elastisite Modulu, E 245 MPa
Poisson Orani, v 0,41 -
Bulk Modulu, K 4,537x108 Pa
Kayma Modiilti, G 8,6879x107 Pa
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7.62x51 mm M80 tipi FMJ mermi

Sonlu eleman analizlerinde kullanilacak olan 7.62 x 51 mm kalibreli merminin i¢ ¢ekirdegi
kursun dolgu ve dis kaplamasi ise bakir ceketten olusmaktadir. S6z konusu mermiye ait i¢
cekirdek ile dig ceketin Solidworks programinda birbiriyle montajlanmig halinin kesiti Sekil
1’de gosterilmistir.

Kursun dolgu
Bakir ceket

Sekil 1. 7.62 x 51 mm FMJ M80 mermi Solidworks model kesiti

Sonlu Elemanlar Metodu (FEM)

Sonlu Elemanlar Yontemi, karmagik mithendislik yapilarini ve fiziksel problemleri daha basit,
sonlu sayida kiigiik elemanlara bdlerek ¢ozen sayisal bir analiz yontemidir. Bu yontemle her
bir parcadaki fiziksel degisimler matematiksel denklemlerle ifade edilir ve ardindan tim
sistemin genel davranisi bu pargalarin birlestirilmesiyle yiuksek hassasiyetle tanmin edilir.

Bu ¢alismada, 150 x 150 x 3 mm boyutlarinda modellenen titanyum (Ti6Al4V) levha ile yine
150 x 150 x 4 mm boyutlarinda poliiire tabakalar birbiri ile montajlanarak carpmaya uygun
hale getirilmistir. Oncelikle 6n yiizeye titanyum levha ve arka yiizeye poliiire tabakanin
montajlandigi ilk zirh numunesi hazirlanmigtir. Daha sonra 6n yliziine poliiire tabaka ve arka
ylze ise titanyum plakanin montajlandig ikinci zirh numunesi hazirlanmistir. Her zirh 7.62 x
51 mm FMJ mermi ile montajlanarak Ansys/Explicit Dynamics programinda analiz edilmek
iizere ‘import’ edilmistir. 2 mm mesh boyutu secilerek tiim modeller sonlu elemanlara
boliinmiistiir. Analize hazir hale getirilen 2 adet kompozit zirh numunesi ve mermi modelleri
Sekil 2°de gosterilmistir.

—w— ‘s = e
— — ]
250 7500
s 250 7500
(a) (b)

Sekil 2. Sonlu elemanlara boliinmiis 3 boyutlu modeller (a) titanyum ve 4 mm kalinlikli
poliiire (ti+pu) (b) 4 mm kalinlikl poliiire ve titanyum (pu-+ti)
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SAYISAL SONUCLAR

Bu calismada 2 farkli kompozit zirth modeli {izerinde sayisal analizler gerceklestirilmistir.
Bunlardan birincisi 6n yiizde 1 adet titanyum plaka ve arkasinda 1 adet poliiire tabakadan
olusmaktadir. Bu zirh ‘ti+pu’ seklinde isimlendirilmistir. Ikincisi ise 6n yiizde 1 adet poliiire
tabaka ve arkasinda 1 adet titanyum plakadan olusmaktadir. Bu zirth ise ‘putti’ olarak
isimlendirilmistir. Sayisal analizlerde kullanilan mermi ¢ekirdegi “-z” yoniinde 838 m/s hizla
kompozit zirhlara ¢arptirilmistir. Carpisma sonucunda tiim zirh modelleri delinerek merminin
zirh arka tarafina gectigi goriilmiistiir. Carpigsma sonrasinda arka yiizeylerde bulunan poliiire
tabakalarinin delinme durumu ve esdeger Von-Mises gerilme gorintuleri sirasiyla Sekil 3-4’te
gosterilmistir.

Equivalent Stress. :

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1,1e-004 s

Cycle Number: 13292

5.01.2026 22:03

315,05 Max

E 280,07

245,08

— 210,1
175,12

] 140,13

— 105,15

70,164

35,18

0,1962 Min

Sekil 3. ‘ti+pu’ kompozit zirha ait Esdeger Von-Mises Gerilmesi
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A: Explicit Dynamics

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1,1e-004 s

Cycle Number: 9927

5.01.2026 22:40

£ 291,36 Max

E 259,02
226,68

— 194,33

161,99
] 129,65

— 97,305

64,962
32,619
= 0,27646 Min

Sekil 4. ‘putti” kompozit zirha ait Esdeger Von-Mises Gerilmesi

Her iki kompozit zirha ait arka ylizde olusan toplam deformasyon miktarlar1 Sekil 5-6’da
gosterilmisgtir.

A: Explicit Dynamics
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1,1e-004 s

Cycle Number: 13292
5.01.2026 22:03

204,36 Max
E 181,65
158,95

— 136,24

— 113,53

— 90,827

— 68,12

45,413
ﬂ 22,707
0 Min

Sekil 5. ‘ti+pu’ kompozit zirha ait toplam deformasyon degeri
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Type: Total Deformation
Unit: mm

Time: 1,1e-004 s

Cycle Number: 9927
5.01.2026 22:41

93,3 Max
E 82,934

72,567
— 62,2
51,834
41,467
— 31,1

20,733
E 10,367

0 Min

[

Sekil 6. ‘putti” kompozit zirha ait toplam deformasyon degeri

Mermi cekirdeklerinin hedefleri delip gegmesinden sonra mermi gekirdeklerine ait 6lgtlen hiz

degisimleri Sekil 7-8’de gosterilmistir.

-450

-500

-550

-600

-650

-700

Hiz (m/s)

-750
-800
-850

-900
0 10 20 30 40 50 60

Zaman (ms)

Sekil 7. ‘ti+pu’ numunesine carpan mermi gekirdegine ait hiz degisimi grafigi
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-450

-500

-550

-600

-650

Hiz (m/s)

-700
-750
-800
-850
-900

0 10 20 30 40 50 60
Zaman (ms)

Sekil 8. ‘pu+ti’ numunesine ¢arpan mermi ¢ekirdegine ait hiz degisimi grafigi

Sayisal analizler sonucunda elde edilen maksimum Esdeger Von-Mises gerilmeleri
degerlerine bakildiginda, ‘ti+pu’ numunesinin arka yiizeyinde yer alan poliiire tabakasinin
maksimum gerilme degerinin, ‘pu+tti’ numunesinin 6n yiiziinde bulunan poliiire tabakasina
gore daha ylksek oldugu agik¢a gorilmektedir. Toplam deformasyon degerleri incelendiginde
ise, ‘ti+pu’ numunesinin arka yiizeyinde olusan maksimum deformasyon degeri miktarinin,
‘pu-+tti’ numunesinin arka yiizeyinde olusan degerden ¢ok daha yiiksek ¢iktig1 anlasilmaktadir.
Ayrica ‘ti+pu’ numunesine ¢arpan mermi ¢gekirdeginin zirh arka yiizeyine gectikten ve kinetik
enerjisinin bir miktarii kaybettikten sonra kalan hiz degeri, ‘putti’ numunesine carpan
merminin kalan artik hizindan daha diisiik ¢ikmustir.

SONUC VE TARTISMA

Sayisal ve deneysel analizler, hibrit zirh tasarimlarinda polilire tabakasinin konumunun
koruma kapasitesi tizerinde belirleyici bir faktoér oldugunu dogrulamaktadir. Literatiirdeki en
giincel ¢aligmalar, polilire katmaninin metal plakanin arka yiizeyinde kullanilmasinin, 6n yiiz
uygulamalarina gore ¢ok daha iistlin bir balistik performans sergiledigini ortaya koymaktadir.
Ozellikle gelik ve aliiminyum tabanli sistemlerde, arka tarafa yerlestirilen poliiire, yapisal
deformasyonu sinirlayarak ¢cokme miktarlarini, 6n yiize oranla 6nemli 6l¢iide azaltmaktadir.

Arka yiz konfiglirasyonunun basarisi, poliilirenin sergiledigi dinamik destek mekanizmalarina
dayanmaktadir. Fan ve ark. (2024) tarafindan yapilan ¢alismalar, 6n yizdeki poliirenin mermi
carpmasiyla hizla kesme hatasina ugrayarak koruyucu etkisini yitirdigini, ancak arka
yiizeydeki tabakanin "arka destek etkisi" sayesinde mermiyi sarmalayarak yiksek duzeyde
enerji soniimledigini gostermistir. Wu ve ark. (2024) ise aliiminyum kopiik kompozitlerde en
iyl darbe direncinin polilirenin arka tarafta konumlandirildigi modellerde elde edildigini
belirtmistir. Bu yerlesim stratejisi, metal katmandaki gerilme konsantrasyonlarini dagitmakta
ve malzemenin faz ge¢isini enerji emilimi lehine daha verimli kullanmaktadir.
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Sonug olarak, modern hibrit zirh sistemlerinde poliiire sadece bir yiizey kaplamasi degil,
sistemin toplam mukavemetini artiran aktif bir bilesen olarak kullanilmalidir. He ve ark.
(2025) tarafindan vurgulandig1 gibi, arka yiiz konfigiirasyonu kalic1 deformasyonu azaltmada
en etkili iyilestirme yontemidir ve mermi delinmesi sonrasi olusabilecek ikincil hasarlar
minimize etmektedir. Bu calisma, yliksek durdurma giicii hedeflenen askeri ara¢ ve gemi
yapilarinin korunmasinda, arka yiiz uygulamalarinin temel bir tasarim parametresi olmasi
gerektigini desteklemektedir.
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THE EFFECT OF THERMAL SURFACE TREATMENT AT DIFFERENT
TEMPERATURES ON SURFACE OXIDATION AND MORPHOLOGICAL
PROPERTIES OF METAL WIRE

FARKLI SICAKLIKLARDA UYGULANAN ISIL iISLEMIN METAL TELIN YUZEY
OKSITLENMESI VE MORFOLOJIK OZELLIiKLERi UZERINDEKI ETKISI

Asst. Prof. Dr. Musa YILMAZ
Naci Topcuoglu Vocational School, Gaziantep University, Gaziantep, Turkiye
ORCID ID: https://orcid.org/0000-0002-8278-8828

ABSTRACT

In this study, the effect of heat treatment at different temperatures in an air atmosphere
on the surface oxidation and microstructural properties of metal wire was investigated. In the
experiments, industrially produced, cold-drawn metal wire samples with over 99% purity
were used. The samples were subjected to heat treatment in a muffle furnace at two different
temperatures and evaluated comparatively with an untreated reference sample. After the heat
treatment, the surface morphologies of the samples were examined using Scanning Electron
Microscopy (SEM), and the presence and chemical composition of the oxide layer formed on
the surface were confirmed by Energy Dispersive X-ray Spectroscopy (EDS). While the
untreated metal wire surface exhibited a relatively smooth morphology with low roughness,
significant changes and new formations were observed on the surface of the heat-treated
samples. Elemental analysis results revealed that these surface changes were caused by the
formation of metal oxides. In samples treated at higher temperatures, a similar transformation
in surface morphology was observed; however, the surface became more textured and
heterogeneous.

The findings indicate that surface oxidation and morphological modifications can be
controlled through heat treatment. It is well known that the surface morphology and
roughness of metal wires directly affect performance criteria such as electrical contact, signal
transmission, electrochemical activity, and mechanical adhesion, depending on the area of
application. In this context, the surface morphologies obtained through controlled thermal
surface treatment may offer potential advantages in future studies, particularly in applications
where active surface area is critical, such as energy storage, electrochemical systems, and
functional surfaces

Key Words: Metal wire; Thermal surface treatment; Metal oxide; Surface morphology;
Functional surfaces

OZET

Bu ¢alismada, metal telin hava atmosferinde farkli sicakliklarda uygulanan 1sil islemin
ylizey oksitlenmesi ve mikroyapisal 6zellikler iizerindeki etkisi incelenmistir. Deneylerde,
endiistriyel dlgekte iiretilmis, soguk ¢cekme islemi uygulanmis ve %99 iizeri saflikta metal tel
numuneler kullanilmistir. Numuneler, iki farkli sicaklikta kiil firinda 1s1l isleme tabi tutulmus
ve 1s1l islem gérmemis olan numune ile karsilastirmali olarak degerlendirilmistir. Isil iglem
sonrasi numunelerin yiizey morfolojileri taramali elektron mikroskobu (SEM) ile incelenmis,
ylzeyde olusan oksit tabakasinin varligi ve kimyasal bilesimi elementel analizler (EDS) ile
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dogrulanmistir. Islemsiz metal tel yiizeyi nispeten diizgiin ve piiriizliiliigii diisiik bir morfoloji
sergilerken, 1s1l islem uygulanan numunede yiizey yapisinda belirgin degisimler ve yeni
olusumlar gdzlemlenmistir. Elementel analiz sonuglari, bu ylizey degisimlerinin oksit
olusumundan kaynaklandigin1 ortaya koymustur. Isil islem sicakligmin artirildig
numunelerde ise ylizey morfolojisinde benzer bir degisim gozlenmekle birlikte, yuzeyin daha
cikintil1 ve heterojen bir yapiya sahip oldugu belirlenmistir.

Elde edilen bulgular, 1s1l islemle yilizey oksitlenmesi ve yiizey morfolojisi degisiminin
kontrol edilebilecegini gostermektedir. Metal tel yiizey morfolojisinin ve piirlizliliigliniin,
kullanim alanma bagli olarak elektriksel temas, sinyal iletimi, elektrokimyasal aktivite ve
mekanik tutunma gibi performans kriterlerini dogrudan etkiledigi bilinmektedir. Bu baglamda,
kontrollii termal yiizey islemi ile elde edilen yiizey morfolojilerinin, ileriki ¢aligmalarda
ozellikle aktif yiizey alaninin 6nemli oldugu enerji depolama, elektrokimyasal sistemler ve
fonksiyonel yilizey uygulamalarinda potansiyel avantajlar saglayabilecegi
degerlendirilmektedir.

Anahtar Kelimeler: Metal tel, Termal ylizey islemi, Metal oksit, Y (izey morfolojisi,

Fonksiyonel yiizeyler
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SOLAR THERMAL DESALINATION EFFiCIENCY WITH PHASE CHANGE
MATERIALS AND NANOFLUID COLLECTORS: ENERGY-STORAGE
STRATEGIES FOR CASPiAN SEA WATER

Ali JAFAROV
National Aerospace Agency, Baku, Azerbaijan
ORCID ID: https://orcid.org/0009-0001-6008-9209

ABSTRACT

Freshwater scarcity and high salinity continue to challenge the sustainability of coastal
and arid communities. In the Caspian Sea region, solar-thermal distillation has emerged as a
promising method for producing potable water from saline sources.

However, the intermittent nature of solar radiation limits productivity, and conventional
flat-plate collectors cannot capture and store heat efficiently enough to meet continuous
demand. This article investigates the integration of phase change materials (PCMs) and
nanofluid heat-transfer media into solar-thermal desalination systems to enhance thermal
storage and improve daily water yield. We review the physical principles of latent-heat
storage, discuss the selection and encapsulation of PCMs for distillation, and evaluate
nanofluid collectors containing metal-oxide nanoparticles for increased thermal conductivity.

A conceptual multi-effect distillation (MED) unit with PCM-augmented storage and nanofluid
collectors is modelled; chemical and energy calculations are presented, including scaling
reactions of calcium carbonate and sulfate. Results suggest that integrating PCMs (e.g.,
paraffin or salt hydrates) can provide several hours of thermal buffering, enabling continuous
distillation after sunset, while nanofluids (0.5-1 % volumetric fractions of Al.Os or CuO) can
enhance collector efficiency by up to 10 %. Environmental analysis shows that these
modifications reduce carbon emissions by displacing fossil-fuel heat sources and that careful
selection and containment of nanomaterials minimises ecological risks.

This study concludes that PCM and nanofluid technologies offer a viable pathway to scale up
solar desalination for the Caspian region and support the long-term goal of sustainable water
supply

Key Words: Solar Thermal Desalination; Phase-Change Materials; Nanofluid Collectors;
Produced Water; Caspian Sea
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COMPENSATION OF DYNAMIC ERRORS iN HiGH-SPEED MEASURING
CHANNELS
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ABSTRACT

Due to the inertia of physical sensors used to measure rapidly changing processes, as well as
the limited dynamic characteristics of measurement channels, dynamic errors are inevitable.
This article explores the compensation of dynamic errors in a measurement system based on
piezoelectric vibration/pressure sensors in real time using machine learning (a neural
network). To this end, a neural network architecture is presented that enables real-time
reconstruction of the original signal from a vibration signal distorted by various influences
during rapid measurement.

High-speed measurement channels are components of information measurement systems
capable of converting, transmitting, and processing data at a high sampling rate or data
transfer rate. In technical applications, such channels include measurement channels based on
ARC converters with a sampling rate exceeding 10 Mbps and channels based on modern Hi-
Speed USB (USB 2.0), PCI Express (PCle), and Ethernet (LXI) interfaces with data transfer
rates from Mbps to Gbps. The causes of dynamic errors in high-speed measurement channels
include sensor and measurement path inertia, waveform distortion, latency, bandwidth
limitations, phase shifts, ARC clock instability, and electromagnetic noise.

A study of current industry trends has shown that traditional linear methods are insufficient to
compensate for dynamic errors in high-speed measurement systems based on piezoelectric
vibration/pressure sensors. These errors can be minimized using neural networks. For the first
time, we synthesized a hybrid neural network consisting of a combination of convolutional
neural network (CNN) and bidirectional short-term memory (Bi-LSTM) architectures, a
modification of recurrent networks, for deconvolution of piezoelectric sensor signals. The
CNN performs spectral resonance modeling, while the Bi-LSTM performs mechanical
memory modeling.

Keywords: dynamic errors, high-speed measurement channel, piezoelectric sensor, hybrid
neural network
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ABSTRACT

Derivatology, as a field of linguistics that studies word formation, reflects not only the
formal and structural mechanisms of language but also the cognitive processes related to
human thinking. In modern linguistics, the cognitive approach to derivatology examines word
formation in connection with how speakers perceive, categorize, and conceptualize the world.
From this perspective, derivational processes in the Azerbaijani language function as a means
of expressing the national mindset and the mental models of language users.

In cognitive derivatology, a derived word is regarded as a semantic and conceptual
continuation of its base word. In Azerbaijani, suffixes do not merely serve grammatical
functions but also contribute to the formation of new concepts. In such derivations, word
formation is based on human experience and associations.

From a cognitive point of view, derivational relations rely on the principle of
motivation. The logical and semantic connection between the motivating word and the
derived word is based on the speaker’s knowledge. In Azerbaijani, derivational nests and
chains are formed around a single concept, revealing the conceptual structure of the language
and reflecting the gradual development of thought.

In addition, cognitive derivatology explores the role of metaphor and metonymy in
word formation. Many derived words result from the comprehension of abstract concepts
through concrete experience. This contributes to the preservation of national and cultural
features in the lexical system of the Azerbaijani language.

This study investigates the cognitive aspects of the word formation process
(derivatology) in the Azerbaijani language. Derivation is presented not only as a
morphological mechanism but also as a way of perceiving the world, categorizing concepts,
and creating meaning. According to the cognitive linguistics approach, word formation is
closely connected with the speaker’s thinking, conceptual structures, and cognitive models.

The article explains the cognitive motivation of affixation, semantic extension, and
lexical derivation processes. The role of metaphorical and metonymic mechanisms in the
formation of new words in Azerbaijani is particularly emphasized. At the same time, the
formation of derived words across conceptual domains and their connection with worldview
are analyzed.

The study shows that derivational units are not merely formal linguistic elements but
also products of human cognition. This approach allows for a deeper understanding of the
Azerbaijani lexical system and the relationship between language and thought.

In conclusion, the cognitive aspects of derivatology in the Azerbaijani language make
it possible to interpret word formation not only as a morphological process but also as a
reflection of human consciousness, worldview, and conceptual system in language. This
approach provides insight into the dynamic nature and creative potential of the language.
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XULASO

Derivatologiya dilgilikde s6z yaradiciligini dyronan sahs kimi dilin yalniz formal-
struktur mexanizmlorini deyil, hom ds insan tofokkiirii ilo bagl koqnitiv proseslori oks etdirir.
Miiasir dil¢ilikds derivatologiyaya koqnitiv yanagma soz yaradiciligini linsiyyat quran insanin
diinyan1 qavramasi, kateqoriyalagdirmasi vo konseptuallagdirmasi ilo olagodo arasdirir. Bu
baximdan Azorbaycan dilindo derivasiya proseslori milli diislincs torzinin va dil dastyicisinin
mental modellarinin ifads vasitasi kimi ¢ixis edir.

Koqnitiv derivatologiyada téromo s6z asas soziin semantik vo konseptual davami kimi
doyorlondirilir. Azorbaycan dilindo sokilgilor yalniz qrammatik funksiya dasimir, eyni
zamanda yeni konseptlorin formalagmasina xidmot edir. Bu tip téroamslorde s6z yaradiciligi
insanin tocriiba vo assosiasiyalarina osaslanir.

Koqnitiv  aspektdon derivativ miinasibotlor motivasiya prinsipino sOykonir.
Motivlosdirici sozlo téromos séz arasinda montiqi vo semantik olage damisanin biliyine
asaslanir. Azarbaycan dilinds derivativ yuvalar va zancirlar bir konsept otrafinda formalasaraq
dilin konseptual strukturunu ortaya qoyur va diistinconin marhalsli inkisafin1 oks etdirir.

Bundan olavo, koqnitiv derivatologiya metafora vo metonimiyanin 6z
yaradiciligindaki rolunu da arasdirir. Bir ¢oX téroma s6zlor insanin abstrakt anlayislar1 konkret
tacriibo iizorindon dork etmasinin naticasidir. Bu hal Azarbaycan dilinin leksik sistemindo
milli-madani xiisusiyyatlorin qorunmasina sarait yaradir.

Bu todqgiqgat Azorbaycan dilindo séz yaradiciligi prosesinin (derivatologiyanin)
kognitiv aspektlorini arasdirir. Derivasiya yalniz morfoloji mexanizm kimi deyil, hom do
insanin diinyan1 gavrama, anlayislar1 kateqoriyalasdirma vo monalandirma tisulu kimi toqdim
olunur. Koqnitiv dilgilik yanagsmasina osason, soz yaradiciligr dil dastyicisinin tofokkrd,
konseptual strukturlar1 vo idrak modeli ilo s1x baghdir.

Mogqalods affiksasiya, semantik geniglonmo vo leksik téromo proseslorinin kognitiv
motivasiyast izah edilir. Azorbaycan dilinds yeni sdzlorin yaranmasinda metaforik vo
metonimik mexanizmlarin rolu xiisusi vurgulanir. Eyni zamanda, téromo sozlorin konseptual
sahalar lizra neca formalasdig: va dilin diinyagoriisii ils slagasi tohlil olunur.

Aragdirma gostorir ki, derivatoloji vahidlor yalmiz formal dil vahidleri deyil, hom do
insan idrakinin msahsuludur. Bu yanasma Azarbaycan dilinin leksik sisteminin daha dorindon
anlasilmasina vo dil-tofokkiir miinasibotlorinin izahina imkan yaradir.

Notico etibarilo, Azorbaycan dilinds derivatologiyanin koqnitiv aspektlori soz
yaradiciligini yalniz morfoloji proses kimi deyil, insan siiurunun, diinyagoriisiiniin vo
konseptual sisteminin dilo yansimasi kimi izah etmoyo imkan verir. Bu yanasma dilin
dinamikliyini ve yaradici potensialini daha dorindon anlamaga sorait yaradir
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ABSTRACT

Introduction and Purpose: The bioconversion of low-molecular-weight hydrocarbons (LMWH) is a
promising approach for addressing environmental pollution in regions affected by intensive oil
production, refining and processing. The immobilization of microorganisms on various supports can
significantly improve their catalytic stability and efficiency. The aim of this study was to investigate
the conversion of LMWH using microbial biocatalysts immobilized on ZSM-5 zeolite supports, with
microorganisms isolated from oil-contaminated soil samples collected in Baku, Azerbaijan.

Materials and Methods: Microbial consortia were isolated from soil samples collected at oil-
contaminated sites in the Baku, Azerbaijan (Balakhani, Surakhani and Sabunchu). Isolation was
performed using enrichment in hydrocarbon-containing media to select microorganisms capable of
utilizing LMWH as carbon and energy sources. The obtained microbial cultures were subsequently
immobilized onto ZSM-5 by adsorption. Catalytic conversion experiments were carried out in batch
mode using identical amounts of zeolite carrier and immobilized biomass for all samples. After the
catalytic tests, reaction mixtures were analyzed by chromatographic methods to determine substrate
conversion.

Results: The zeolite-supported microbial biocatalyst systems exhibited effective conversion of
LMWH. Significant variations in catalytic activity were observed among microorganisms isolated
from different sampling sites in the Baku region. In several cases, relatively high conversion
efficiencies were achieved, demonstrating the strong hydrocarbon-degrading potential of certain
microbial consortia when immobilized on ZSM-5 zeolite supports.

Discussion and Conclusion: The findings demonstrate that the combination of pentasil zeolites with
microorganisms isolated from oil-contaminated sites in Azerbaijan enhances the bioconversion of
LMWH. Such zeolite-based microbial systems are increasingly being considered as promising tools
for bioremediation, particularly in oil-producing regions. Overall, the study highlights the potential
application of zeolite-supported microbial biocatalysts for the sustainable hydrocarbon conversion and
remediation of oil-contaminated sites in Baku.

Key Words: Pentasil-type zeolite; Low-molecular-weight hydrocarbons (LMWH); Microbial
biocatalysts; ZSM-5; Bioremediation; Azerbaijan
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ABSTRACT

Increasing energy demand and environmental problems caused by fossil fuels have made the
shift to sustainable and renewable energy sources imperative. In this context, waste and
biomass have significant potential in terms of both reducing waste management problems and
diversifying energy production. Energy production from waste and biomass is considered one
of the fundamental components of sustainable energy policies.

This study examines methods of energy production from waste and biomass within the
framework of a sustainable energy approach. Primary methods such as biogas production,
thermal conversion technologies, and biofuel production are examined and evaluated within
the scope of sustainable energy. Furthermore, converting waste and biomass into energy
contributes to reducing greenhouse gas emissions and conserving natural resources. With
proper planning, appropriate technology selection, and effective regulatory support, energy
production from waste and biomass can make significant contributions to sustainable energy
goals. However, issues such as investment costs, technical infrastructure deficiencies, and
lack of social awareness need to be overcome. In this context, integrated waste management,
incentive mechanisms, and the active role of local governments are critical to the widespread
adoption of sustainable energy production.

Keywords: Waste, Biomass, Energy Production, Sustainable Energy.

OZET

Artan enerji ihtiyact ve fosil yakitlarin yol agtigi cevresel sorunlar, siirdiiriilebilir ve
yenilenebilir enerji kaynaklarina olan yonelimi zorunlu hale getirmistir. Bu kapsamda atik ve
biyokiitle hem atik yoOnetimi sorunlarmmin azaltilmast hem de enerji {retiminin
cesitlendirilmesi agisindan Onemli bir potansiyele sahiptir. Atik ve biyokiitleden enerji
Uretimi, stirdiiriilebilir  enerji  politikalarinin ~ temel  bilesenlerinden  biri  olarak
degerlendirilmektedir.

Bu ¢alismada, siirdiiriilebilir enerji yaklasimi ¢ergevesinde atik ve biyoktleden enerji tretim
yontemleri ele alinmistir. Biyogaz iiretimi, termal doniisiim teknolojileri ve biyoyakit {iretimi
gibi baglica yontemler incelenmis olup, siirdiiriilebilir enerji kapsaminda degerlendirilmistir.
Ayrica atik ve biyokiitlenin enerjiye doniistiiriilmesinin sera gazi emisyonlarinin azaltilmast,
dogal kaynaklarin korunmasi gibi katki saglamaktadir. Atik ve biyokiitleden enerji liretiminin
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dogru planlama, uygun teknoloji se¢imi ve etkin mevzuat destegi ile siirdiiriilebilir enerji
hedeflerine Onemli katkilar1 bulunmaktadir. Ancak yatirnm maliyetleri, teknik altyap:
eksiklikleri ve toplumsal farkindalik yetersizligi gibi sorunlarin asilmasi gerekmektedir. Bu
baglamda, entegre atik yonetimi, tesvik mekanizmalar1 ve yerel yonetimlerin aktif rol almasi,
stirdiiriilebilir enerji liretiminin yayginlastirilmasinda kritik 6neme sahiptir.

Anahtar Kelimeler: Atik, Biyoktle, Enerji Uretimi, Stirdtrtlebilir Enerji.

GIRIS

Diinya genelinde artan enerji talebi ve fosil yakit gibi yenilenemeyen enerji kaynaklarinin
kullanimin1 azaltma gerekliligi, yenilenebilir enerji kaynaklarina olan ilgiyi artirmistir. Bu
kapsamda biyokiitle, yenilenebilir ve esnek bir kaynak olmasi nedeniyle 6nemli bir alternatif
olarak degerlendirilmektedir. Ozellikle biyokiitlenin briket gibi kati yakit formlarmna
doniistiiriilmesi, enerji liretiminde kullanimin1 daha cazip hale getirmektedir. Briketler, tarim
ve ormancilik atiklarindan firetilerek hem atik yonetimi sorunlarinin azaltilmasina katki
saglamakta hem de siirdiiriilebilir bir enerji kaynag: sunmaktadir(Irawan et al., 2025). Tklim
degisikligi ve fosil yakit rezervlerinin azalmasi, siirdiiriilebilir ve yesil enerji kaynaklarina
yonelimi zorunlu kilmaktadir. Kiiresel tahminlere gore 2050’de gida, yakit ve su talebi
artarken, CO- emisyonlarmin %50-80 azaltilmas1 gerekmektedir. Fosil yakitlar halen kiiresel
enerji ihtiyaciin %80’ini karsilamakta ve biiyiik sera gazi kaynagi olup, bu baglamda,
biyokiitle atiklari, fosil yakitlara alternatif ve emisyonlar1 azaltict bir enerji kaynagi olarak
goriilmektedir. Yiiksek verim, diisiik kirletici igerigi ve diisiik maliyet gibi avantajlari,
biyokiitleyi endiistriyel, evsel ve ticari alanlarda uygulanabilmektedir. Ayrica, belediye kati
atiklarinin 2020’de 2,24 milyar tondan 2050°de 3,40-3,88 milyar tona ¢ikmasi beklenmekte
olup, etkili biyokiitle degerlendirme teknolojilerinin Gnemini artirmaktadir. Biyokiitle
atiklariin degerlendirilmesi alaninda, teknik, ekonomik ve g¢evresel zorluklar ele alan daha
fazla arastirmaya ihtiya¢g bulunmaktadir. Daha verimli ve maliyet etkin siiregler gelistirmek,
Olgeklenebilirligi artirmak ve gevresel etkileri degerlendirmek; ayrica hibrit sistemler ve yeni
katalizorler ile siirecleri optimize etmek siirdiiriilebilirligi artirabilmektedir. Bu inceleme,
pirolizin biyokiitle atiklarinin degerlendirilmesi i¢in uygun bir teknik oldugunu ve dongiisel
ekonomi ile fosil yakit bagimhiligin1 azaltacak siirdiiriilebilir enerji iiretimi ve etkili atik
yonetimi stratejilerine katki sagladigini gostermektedir (Konyannik & Lavie, 2025). Ulkeler,
cevreyi korumak ve enerjide disa bagimlilig1 azaltmak amaciyla petrole olan bagimliliklarini
azaltmak i¢in alternatif yakitlara yonelmektedir. Kara ve hava tasit1 iireticileri de motor ve
arag¢ tasarimlarin alternatif yakitlara uygun hale getirmektedir(Y1lmaz & Atmanli, 2016). Isi,
kiiresel nihai enerji tiikketiminin yaklasik %350’sini olusturmakta olup, en biiyiikk enerji
kullanim alani olarak 6ne ¢ikmaktadir. 2019 yilinda Uluslararasi Enerji Ajansi, yenilenebilir
enerjiyle 1sitmanin iklim degisikligiyle miicadele, c¢evre Kkirliligini azaltmak, enerji
doniistimiinii saglamak ve siirdiiriilebilir kalkinmay: tesvik etmekte yol gosterici oldugunu
belirtmektedir. Biyokditle enerjisi, yenilenebilir 1s1 kaynaklarinin gelistirilmesinde 0ncelikli bir
konumda bulunmakta olup, diinya ¢apinda bircok iilke tarafindan deger gérmekte ve AB
iilkelerinde biyokiitle 1sitma teknolojisi daha erken gelismekte, politika sistemi daha
olgunlagsmaktadir. Bu Ulkelerde biyotermal enerji, toplam yenilenebilir termal enerji
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tiikketiminin %86’sin1 olusturmakta ve 1sitma endiistrisinin karbonsuzlastirilmasinda nemli
bir rol oynamaktadir(Song et al., 2021). Niifus artisi ile birlikte enerji talebi hizla artmaktadir.
Ancak, fosil yakitlar gibi geleneksel ve yenilenemeyen enerji kaynaklari, bu artan talebi
karsilamada yetersiz kalmaktadir. Bu durum, siirdiiriilebilir ve yenilenebilir enerji
kaynaklarinin gelistirilmesine yonelik bir zorunluluk dogurmaktadir. Son yillarda, bu
alternatif enerji kaynaklari lizerine yapilan arastirmalar ve gelistirme ¢abalar1, Gnemli bir ivme
kazanmistir. Yenilenebilir enerji liretimi, ¢evre dostu ¢oziimler sunarak fosil yakitlara olan
bagimlilig1 azaltmaya yardimci olmakta olmaktadir(Baig & Wadje, 2007).Bu ¢aligmada
biyokiitleden enerjiye doniisiim yoOntemleri verilmis olup, iilkelerin uyguladigi biyokiitle
enerjisi kullanimina yer verilmektedir.
MATERYAL METOT
Biyokitle enerjisi, bitki ve hayvan kokenli organik maddelerin enerji Uretiminde
kullanilmasidir. Geleneksel odun gibi kaynaklardan, seker kamisi atiginin modern
biyoteknoloji yOntemleriyle etanole doniistiiriilebilen enerji bitkilerine kadar genis bir
yelpazeyi kapsamaktadir. Bu biyokutle kaynaklari, yakit olarak dogrudan kullanilabildigi gibi,
etanol {iretimi yoluyla benzine karigtirilarak ulagim sektoriinde de degerlendirilebilmektedir.
Boylece biyokiitle, yenilenebilir ve fosil yakitlara alternatif bir enerji kaynagi
sunmaktadir(Khilare & Gangawane, 2007). Biyokiitle kalintilar1 ve organik atiklar, enerji
tretimi i¢in iki temel doniisiim yoluna sahiptir: termokimyasal ve biyokimyasal siiregler
bulunmaktadir. Her iki yontem de farkli enerji trtinleri (biyogaz, biyoyakit, biyoelektrik) elde
etmeye olanak saglamaktadir.
1. Termokimyasal Ddniisiim: Bu siireg, biyokiitleyi yiiksek sicaklik ve kontrollii kosullar
altinda enerjiye doniistiirmekte ve baslica yontemler sunlardir:

e (QGazlastirma: Biyokiitle, sinirli oksijen veya buhar varliginda yiiksek sicakliklarda
reaksiyona girer ve karbon monoksit (CO), hidrojen (H:), metan (CHa4) gibi sentez
gazlar iretmesidir. Bu gazlar elektrik iiretimi veya kimyasal hammadde olarak
kullanilabilinmektedir.

e Piroliz: Oksijensiz ortamda biyokiitlenin 1sitilmasiyla biyo-yag, biyokdmiir ve sentetik
gazlar elde edilmektedir. Piroliz, ozellikle biyoyakit iiretiminde Oncelikli bir
yontemdir.

e Sivilastirma / Hidrolik Doniisiim: Biyokiitle, sicaklik ve basing altinda sivi biyoyakit
iiretmek icin parcalanmakta ve bu yontem, 6zellikle hidrokarbon agisindan zengin
yakit tiretimi i¢in kullanilmaktadir.

e Yanma: Biyokiitle dogrudan yakilarak 1s1 ve elektrik enerjisi tiretmektedir.Basit ve
yaygin bir yontem olmakla birlikte, verimlilik agisindan sinirlamalara sahiptir.

2. Biyokimyasal Donilisiim: Biyokiitle, mikroorganizmalar veya enzimler aracilifiyla
kimyasal olarak pargalanarak enerjiye doniistiiriilmektedir.

e Anaerobik Ciiritme: Organik atiklar oksijensiz ortamda biyogaza (¢ogunlukla metan)
doniistiiriilmekte ve bu siireg, hem atik yOnetimini hem de enerji iiretimini
desteklemektedir.

e Alkolli Fermantasyon: Seker ve nisasta acisindan zengin  biyokiitle,
mikroorganizmalar ile etanol gibi biyoyakit tiretmektedir.
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e Fotobiyolojik Hidrojen Uretimi: Fotosentetik mikroorganizmalar kullanilarak
biyokiitleden hidrojen gazi tiretilmektedir.

3. Transesterifikasyon:  Biyodizel (retimi icin yaygin ve ekonomik bir yontemdir.
Bitkisel yaglar veya hayvansal yaglar, alkol (etanol veya metanol) ve Kkatalizor
kullanilarak biyodizele déniistiiriilmektedir. Ozellikle yiiksek serbest yag asidi igeren
yaglar i¢in uygun olmaktadir.

4. Dogrudan Biyoelektrik Uretimi: Biyokiitle, mikrobiyal yakit hiicreleri veya biyokiitle
yakma tesisleri araciligiyla dogrudan elektrik enerjisine doniistiiriilebilmektedir. Bu
yontemler, atik yonetimini enerji iiretimi ile entegre ederek siirdiiriilebilir enerji saglama
potansiyeline sahiptir.

Bu yontemler, atik yonetimi sorunlarini azaltirken ayni zamanda fosil yakitlara bagimliligi

azaltarak c¢evresel fayda saglamakta fakat tiretim maliyetleri, teknolojik altyapt ve

olgeklendirme sorunlari, bu yontemlerin yaygin uygulanabilirligini sinirlamaktadir(Tran et al.,

2020).

SONUCLAR VE TARTISMA

Cevre biyoteknolojisi, Ozellikle gelismekte olan iilkelerde belediye atiklarinin bertarafi,

tarimsal atiklarin enerjiye doniistiiriilmesi ve kirlenmis alanlarin temizlenmesi gibi sorunlara

diisiitk maliyetli ¢6ziimler sunma potansiyeline sahip olmakla birlikte biyoteknoloji, ¢cevresel
kirliligin giderilmesinde ve siirdiiriilebilir ¢evre yonetiminde gucli bir ara¢c olarak
goriilmektedir(Khilare & Gangawane, 2007). Yapilan bir calismada Thermocol (genisletilmis
polistiren, EPS) atiklarinin ¢evreye verdigi zarar ve geleneksel geri doniisiim yontemlerinin
yetersizligi ele alinmaktadir. Coziim olarak katalitik piroliz kullanilmis; bu yontem, atiklari
stv1 yakitlara doniistiirerek hem plastik kirliligini azaltmak hem de alternatif enerji tiretmek
icin uygulanmistir. Calismada biyogazla calisan bir reaktdr ve cevre dostu isitma sistemi
kullanilmis, piring kabugu kiilii ve zeolit katalizorleri ile piroliz gerceklestirilerek pentan,
benzen ve toluen gibi faydali hidrokarbonlar iretilmistir. Bu yontem ile, hem atik
yonetiminde hem de yesil enerji iiretiminde ¢evre dostu ve verimli bir yaklagim sunmaktadir.

Atik termokolleri sivi hidrokarbona doniistiirmek i¢in siirdiiriilebilir bir yontem olarak

katalitik pirolizin potansiyelini géstermekte ve atik yonetimi ve kirliligin azaltilmasina 6nemli

Olclide katkida bulunmaktadir(Elangkathir et al., 2025). Yapilan bir bagka ¢alismada

elektronik atiklarin geri doniisiimiinde ¢evre dostu ve ekonomik bir yontem olarak piroliz 6ne

cikmaktadir. Plastik bilesenler 700-800 K sicaklikta termal olarak bozunarak ve yag, gaz ile
komdir {irtinlerine doniistliriilmektedir. Kapali reaktorlerde gerceklestirilen islem, tek asamali
kirma yontemleriyle yapilabilmekte ve sabit, akiskan yatakli veya boru tipi reaktorler
kullanilmaktadir. Piroliz tiirleri; geleneksel, hizli1 ve yavas piroliz olup, hizli ve yavas piroliz,
yanict ve bromlu plastikleri temiz yakitlara ve degerli {riinlere doniistirmede en etkili
yontemlerdir. Bu yontem, hem emisyonlar1 azaltir hem de degerli bilesenlerin geri
kazanilmasina olanak tanimaktadir(Islam et al., 2025). Myanmar {ilkesinde Yangon kentinde
hizl1 kentlesme, kontrolsiiz kat1 atik dokiimii ve kotli yonetilen sahalar nedeniyle ciddi ¢evre
ve saglik sorunlar1 yaratmaktadir. Arastirma, Myanmar’da atik yonetimi ve enerji kitligi
sorunlarina ¢0zUm olarak Atiktan Enerjiye teknolojilerini incelemektedir. Yakma, biyogaz geri
kazanimi gibi ¢esitli secenekleri degerlendirilmis ve diger iilkelerin uygulamalart Myanmar
baglamina uyarlanmistir. Buna gore , uygun WTE projelerinin ¢6p sahalarina bagimlilig
azaltabilecegini, karbon emisyonlarin1 ve asir1 metan tretimini diistirebilecegini ve boylece
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strdiiriilebilir, c¢evre dostu bir ¢6ziim sunabilecegini gostermektedir. Atiktan enerjiye
dontistiirme teknolojileri, atiklari elektrik, 1s1 veya yakit gibi enerji bicimlerine ¢evirerek hem
¢Op sahalarma gonderilen atik miktarini azaltmakta hem de enerji liretmektedir(Hset et al.,
2025). Biyolojik streclerden biri olan fermantasyon, organik maddelerin mikroorganizmalar
tarafindan daha basit bilesiklere doniistiiriilmesidir. Bu siiregte, sekerler (glikoz, seliiloz vb.)
mikroorganizmalar tarafindan fermente edilerek etanol ve karbondioksit (COx) iiretilmektedir.
Etanol, petrokimyasal yollarla sentetik olarak {iretilebilecegi gibi, biyokiitle malzemelerinin
mikroorganizma fermantasyonu ile de elde edilebilmekte ve bu tir biyokitlelerin
fermantasyonu, yenilenebilir enerji iretimi igin biiylk bir potansiyel sunmaktadir.
Fermentasyon siireci, Ozellikle seliilloz ve gibi organik bilesiklerin doniisiimii agisindan
oldukca 6nemlidir. Mikroorganizmalar, bu bilesenleri etkili bir sekilde parcalayarak, biyoyakit
dretiminde kullanilabilecek maddelere doniistiirmektedir(Baig & Wadje, 2007). Sera gazi
(GHG) emisyonlarinin artisi, basta fosil yakit kullanim1 ve arazi kullanim1 olmak {izere insan
faaliyetlerinden kaynaklanmaktadir. Karbondioksit (CO:), metan (CH4) ve azot oksit (N20)
gibi gazlar, kiiresel 1sinmanin baglica sebepleri olup tarim sektérii diinya capinda
emisyonlarin en az %?20’sine katkida bulunmakta, Ozellikle Asya’da bu oran %44’tin
tizerindedir. CO2 emisyonlarini azaltmak icin iyi bir ¢dziim, bitki veya biyolojik kaynakli
biyokiitlenin kullanimidir; bu, siirdiiriilebilir ve ¢evre dostu enerji iiretimi i¢in 6nemli bir
alternatiftir. Kahve, diinya ¢apinda petrolden sonra en biiyiik ikinci biyokiitle emtiasi olup,
iiretimi sirasinda O6nemli miktarda tarimsal atik ortaya cikarmaktadir. Kahve g¢ekirdeginin
yaklagik %90’1 kullanilmis kahve telvesi olarak atik haline gelmekte ve bu atik, hem ticari
isletmelerde hem de evlerde yilda milyonlarca ton iretilmektedir. SCG, antioksidanlar ve
organik bilesikler agisindan zengin olup, biyokiitle kaynagi olarak siirdiiriilebilir kullanim
potansiyeline sahiptir. Bu nedenle, kahve atiklarinin dogru yonetimi ve biyokiitle olarak
degerlendirilmesi, ¢evresel etkileri azaltmak ve verimli biyokiitle kullanim stratejileri
gelistirmek agisindan kritik Oneme sahiptir(Al Balushi et al., 2025). Fosil yakitlarin
yanmasiyla agiga c¢ikan CO: emisyonlar1 sera gazi etkisini artirarak iklim degisikligine yol
acmaktadir. Bu nedenle, siirdiiriilebilir ve yenilenebilir enerji kaynaklarma olan ihtiyag
giderek artmaktadir. Birlesmis Milletler’in siirdiiriilebilir kalkinma hedeflerinden biri olan
temiz ve uygun fiyatli enerji, iklim degisikliginin etkilerini azaltmayir amaglamaktadir. Bu
hedef dogrultusunda, atiklarin verimli sekilde geri donistiiriilmesi, stirdiiriilebilirlik ve
yenilenebilirlik hedeflerine katki saglamaktadir. Piroliz yontemi atik lastiklerden yakit (elde
etmek icin teknolojik olarak hazir bir yontemdir. Yapilan bir ¢aligmada atik lastik piroliz
yaglar1 havacilik gaz tiirbini motorlarinda test edilmistir , saf halde veya jet yakiti ile
karistirilarak  performans ve emisyonlar acisindan degerlendirilmistir. Ozellikle atik
biyokiitleden (atik lastik) havacilik jet yakiti iiretimi, arastirmacilarin ilgisini ¢eken bir alan
olarak 6ne c¢ikmaktadir. Fosil yakitlarin sinirli olmasi ve artan enerji talebi, yenilenebilir ve
stirdiiriilebilir yakitlara olan ihtiyaci artirmaktadir. Atik lastikler, yiiksek kalorifik degerleri
nedeniyle alternatif yakit tiretimi i¢in ideal hammadde olarak 6ne ¢ikmaktadir(Gunerhan et
al., 2023). Cin, 2030’da karbon emisyonlarini zirveye ulastirmayr ve 2060’da karbon
notrligiinii hedeflemektedir. Mevcut enerji tiikketimi biiyiik 6l¢iide fosil yakitlara (%88,19)
dayansa da, biyokiitlenin potansiyeli yillik 3,5 milyar ton ile stratejik bir kaynak olarak one
cikmaktadir. Bes Yillik Plan gercevesinde 2025°e kadar fosil olmayan enerjinin pay1 %15,9’a
cikarilmasi ongorilmistiir. Bu hedefler dogrultusunda, yesil biyokitle teknolojilerinin
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gelistirilmesi, temiz enerji eksikligini gidermek ve karbon notrliigii hedefleriyle uyumlu bir
enerji gegisi saglamak i¢in kritik dnemdedir. Atik biyokiitlenin termokimyasal doniisiimii, bu
stratejinin temelini olusturmaktadir. Ozellikle piroliz, anaerobik kosullarda biyokiitleyi biyo-
yag, biyokomiir ve H: agisindan zengin sentetik gaz gibi degerli enerji iiriinlerine doniistiiriir
ve reaksiyon kosullari iirtin verimi ile dagilimimi belirlemektedir (Qin et al., 2025). AB
iilkelerinde kiiresel yenilenebilir 1s1 tiiketimi 2019-2024 arasinda artmakta olup, biyokiitle
enerjisi en buyik paya sahip olmaktadir. Ancak biyokiitle 1sitmasi modern enerji taleplerini
tam karsilayamamis ve Kuresel iklim hedeflerine ulasmak igin yetersiz kalmaktadir. Cin Ulkesi
ise yenilenebilir enerji gelistirme konusunda destek ve politika rehberligini artirmakta ve
biyokiitleyi temiz, diigiikk karbonlu bir enerji kaynagi olarak kullanilabilir hale getirmektedir.
Avrupa {lkeleri, biyokiitle 1sitma sistemlerini erken gelistirmis olmalar1 nedeniyle olgun
teknolojilere ve kapsamli politika sistemlerine sahiptirler. Bu Ulkeler, uzun ve soguk kislar ile
yiiksek 1sitma talebi nedeniyle biyokiitle 1sitmay1 6ncelikli enerji kaynagi olarak gelistirmekte
ve yaygin sekilde kullanmaktadirlar. AB’de biyokiitle 1sitmasinin toplam 1sitma tedarikindeki
payt 2004’te %10’dan 2017°de %?20’ye ylikselmis olup, bazi lilkelerde son kullanicilarin
toplam enerji tiketiminin %10’undan fazlasin1i olusturmaktadir. Letonya en yiiksek
bagimlihig: sergilemekte (%33,21) ve Finlandiya, Isvec, Estonya, Danimarka ve Litvanya

%20’nin tlizerinde paylara sahiptir. Portekiz, Slovenya, Bulgaristan, Cek Cumhuriyeti ve
Macaristan’da ise oranlar yaklasik %11°de bulunmaktadir. Bu farkliliklar, cografi konum,
iklim kosullari, dogal kaynaklar ve enerji politikalarina bagli olarak {ilkeden iilkeye
degismektedir (Song et al., 2021). Tiirkiye’de yapilan bir ¢alismada kentsel kat1 atiklardan
elde edilen biyokiitle enerjisinin potansiyelini degerlendirmektedir. 2010-2020 verilerine
gore, atiklardan yaklasik 31.789 kt biyokiitle ve 379.698 GWh elektrik iiretilebilmekte, bu da
ulkenin elektrik talebinin %7,81’ine karsilik gelmektedir. Yasam Dongiisii Degerlendirmesi
(LCA) sonuglari, piroliz, gazlastirma ve anaerobik ¢iiriitme gibi atiktan enerjiye doniistiirme
teknolojilerinin sera gazi emisyonlarint onemli Olgiide azaltabilecegini gostermektedir.
Bolgesel analizler Marmara’nin en yiiksek potansiyele sahip oldugunu ortaya koymakta ve
2030 tahminleri, Tiirkiye’nin biyokiitle enerji potansiyelinin daha da artacagini
gostermektedir. Atik Enerjiye Donilisim (WtE) projeleri, hem Tiirkiye’de hem de diinya
genelinde giderek 6nem kazanmaktadir. Tiirkiye’de Canakkale ve Izmir WtE tesisleri yilda
sirastyla 20 MW ve 23 MW elektrik {iireterek hem enerji liretimi hem de atik ydnetimi
acisindan basarili ornekler sunmaktadir. Uluslararasi alanda, Londra Belvedere, Viyana
Spittelau ve Kopenhag Amager Bakke tesisleri de yiiksek kapasiteli elektrik ve 1s1 tiretimi ile
cevresel etkileri azaltarak WtE teknolojisinin etkinligini gostermektedir (Tokmakci et al.,
2025). Piroliz yoluyla tibbi atiklarin geri kazanimi, yesil ve yenilenebilir biyokiitle kullanim1
ile stirdiiriilebilir bir ¢oziim olarak 6ne ¢ikmaktadir. Yapilan bir ¢alismada ceviz ve piring
kabugu eklenerek tibbi atik siringalarin pirolitik iyilestirilmesi gergeklestirilmis ve Fes04-NiO
manyetik katalizor ile doniisiim verimi artirilmig, sonug olarak, biyokiitle destekli piroliz,
tibbi atiklarin teknik olarak uygulanabilir sekilde geri kazanimini saglayarak tibbi atik kirliligi
sorununa yeni bir ¢6zum sunmaktadir(Guan et al., 2026). Filipinler Iloilo kentinde yapilan bir
calismada, biyokutle briket GUretiminin teknik ve sosyo-ekonomik fizibilitesi incelenmis buna
gore belediye atik akisindan elde edilen atik kagit, talas ve karbonize piring kabugundan
tiretilen briketlerin, kalite ve enerji verimliligi acisindan uygulanabilir ve maliyet etkin bir
yakit kaynagi oldugu goriilmektedir. Sonuglar, basit ve dayanikli briketleme teknolojilerinin
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kiictik olgekli isletmeler icin ekonomik bir firsat sundugunu ve atiklarin alternatif yakit ve
hammadde olarak degerlendirilmesine katki sagladigini gostermektedir(Romallosa & Kraft,
2017). 2008-2018 yillar1 arasinda Tiirkiye’de yapilan bir arastirmada tarimsal Uriinlerden elde
edilebilecek biyokiitle potansiyeli ve elektrik iiretimi hesaplanmistir. Toplam tarimsal {iriin
miktar1 771.354 kt olup, bunun 599.166 kt’si tarla bitkileri, 172.188 kt’si bahce bitkileridir.
Tarla ve bahce bitkilerinden saglanan teorik biyokutle potansiyeli sirasiyla 522.875 kt ve
51.359 kt kuru kiitle olarak belirlenmistir. Orta Anadolu ve Akdeniz Bdlgeleri, maksimum
biyokutle potansiyeline sahiptir. 2008-2018 doneminde tarimsal iiriinlerden elde edilen
elektrik potansiyeli yaklagik 994 x 10° kWh olup, toplam elektrik ihtiyacinin %36’s1
karsilanabilmektedir(Ozdil & Caliskan, 2022).
Biyokiitle goriildiigii gibi yenilenebilir ve yerli bir enerji kaynagi olarak enerji arz
giivenliginin artirilmasi, fosil yakitlara bagimliligin azaltilmasi ve sera gazi emisyonlariin
diistiriilmesi agisindan 6nemli bir potansiyele sahiptir. Yapilan ¢alismalar, biyokiitleden enerji
iiretiminin ¢evresel etkileri azaltirken ayn1 zamanda kirsal kalkinmay1 destekledigini ve atik
yonetimi sorunlarina ¢o6ziim sundugunu gostermektedir. Bu nedenle, uygun politika
mekanizmalart ve teknolojik yatirimlarla biyokiitlenin enerji sistemlerine entegrasyonu,
stirdiirtilebilir kalkinma hedeflerine ulagsmada kritik bir rol oynamaktadir.
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ABSTRACT

Cleaning up a polluted environment is often an impossible or extremely costly process. In
contrast, measures to protect the environment can lead to economic problems in the short
term. However, implementing an effective environmental management strategy is essential to
ensure the continuity of ecosystems and preserve the natural balance. In this context, striking
a balance between development and environmental protection is of great importance.

The fundamental principle of sustainable development is to ensure progress while protecting
the environment. Identifying, reducing, and preventing potential environmental problems in
advance during economic decision-making processes plays a critical role in sustainability.
Therefore, preparing Environmental Impact Assessment (EIA) reports during the research and
planning stages of investment projects is an important tool for ensuring sustainable
development.

In environmental management, pollution must be addressed in terms of its environmental
dimension, and environmental management plans must be developed accordingly. Ensuring
coordination between local governments, civil society organizations, and environmental
legislation, supported by effective planning processes, will contribute significantly to solving
problems encountered in the environmental development process.

Keywords: Environmental management, Sustainable development, Environmental impact
assessment.

OZET

Kirlenen gevrenin temizlenmesi cogu zaman imkansiz ya da ¢ok yiiksek maliyetler gerektiren
bir siirectir. Buna karsilik ¢evrenin korunmasina yonelik onlemler, kisa vadede ekonomik
sorunlarin ortaya ¢ikmasina neden olabilmektedir. Ancak ekosistemlerin siirekliliginin
saglanmas1 ve dogal dengenin korunabilmesi i¢in etkili bir c¢evre yoOnetim stratejisinin
uygulanmasi zorunludur. Bu baglamda kalkinma ile ¢evre koruma arasindaki dengenin
saglanmasi biiyiik onem tagimaktadir.

Stirdiiriilebilir kalkinmanin temel ilkesi, ¢evreyi koruyarak gelismenin saglanmasidir.
Ekonomik karar alma siireclerinde olas1 ¢evresel sorunlarin 6nceden belirlenmesi, azaltilmasi
ve Onlenmesi surdurulebilirlik agisindan kritik bir rol oynamaktadir. Bu nedenle yatirim
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projelerine iligkin arastirma ve planlama asamalarinda Cevresel Etki Degerlendirmesi (CED)
raporlariin hazirlanmasi, stirdiiriilebilir kalkinmanin saglanmasinda 6nemli bir aragtir.

Cevre yonetiminde kirliligin ¢evresel boyutuyla ele alinmali ve bu dogrultuda ¢evre yonetim
planlar1 olusturulmalidir. Yerel yonetimler, sivil toplum kuruluglart ve cevresel mevzuat
arasindaki uyumun saglanmasi; etkin planlama siiregleriyle desteklendiginde, cevresel
kalkinma siirecinde karsilasilan problemlerin ¢6ziimiine 6nemli katkilar sunacaktir.

Anahtar Kelimeler: Cevre yonetimi, Strdirulebilir kalkinma, Cevresel etki degerlendirmesi.

Giris

Insan faaliyetlerinin cevreye etkisi tarih boyunca gdstermis ve giiniimiizde cevre-ekonomi
dengesini saglamak, ulusal planlar ve projelerde zorunlu hale gelmistir. CED, yatirimlarin
cevresel etkilerini azaltmayi ve siirdiiriilebilir kalkinmay1 desteklemeyi amaglasa da, 6zellikle
gelismekte olan iilkelerde uygulanmasi zorluklar yaratmaktadir. CED’in stratejik ve proje
bazli uygulanmasi, ¢evre-ekonomi dengesinin kurulmasina ve kamu yatirimlarinda etkinligin
artirllmasina katki saglamaktadir. CED genellikle yasal bir zorunluluk olarak yapilmakta ve
bazen projeye etkisinin sinirli olmasina yol agabilmektedir. CED siirecinde gereken analiz ve
calismalar1 gegistirmek, projenin sorunlari proje asamasina ertelemesine neden olabilmekte ve
bu da finansal, sosyal ve ¢evresel kayiplara yol agmaktadir. Bununla birlikte, dogru
yapildiginda CED, projeyi c¢evresel, ekonomik ve sosyal agidan iyilestirebilmektedir.
Projelerin negatif etkilerini azaltmak, alan1 kiigtiltmek veya tasarimi degistirmek gibi Onlemler
alinabilmekte, fakat CED siirecinin ¢ogu zaman projeye dair esas kararlar alindiktan sonra
baslatilmasi elestirilmektedir. CED'in etkili olabilmesi i¢in erken asamalarda (etiit, on
fizibilite) yapilmasi gerektigi vurgulanmaktadir(Ulusoy, 2019). Siirdiiriilebilir kalkinma
kavrami ilk kez 1987 yilinda Birlesmis Milletler Diinya Cevre ve Kalkinma Komisyonu
tarafindan yayimlanan Ortak Gelecegimiz (Brundtland Raporu) adli raporda tanimlanmis ve
bu rapora gore, siirdiiriilebilir kalkinmaya iliskin literatiirde halen gecerliligini koruyan temel
tanim olmaktadir. Siirdiiriilebilir kalkinma, bugilinkii kusaklarin ihtiyaglarin1 karsilarken
gelecek kusaklarin kendi ihtiyaglarii karsilama olanaklarini tehlikeye atmayan bir kalkinma
stireci olarak ifade edilmektedir. Tanimin temelini, insan ihtiyaglarinin karsilanmasi ve bu
ihtiyaglarin, gevresel tasima kapasitesini zorlayan teknoloji dizeyi ile toplumsal 6rgitlenme
bicimlerinin getirdigi sinirlamalar ¢ercevesinde ele alinmasi olusturmaktadir. CED, sadece bir
cevresel degerlendirme araci degil, ayn1 zamanda siirdiiriilebilir kalkinma hedeflerini
somutlagtiran ve bu hedefleri uygulamaya koyan bir hukuki diizenek olarak karsimiza
cikmaktadir. Bu nedenle CED uygulamalarinin basarili olabilmesi i¢in, yalmizca teknik ve
hukuki siireclerin degil, siirdiiriilebilir kalkinma diislincesinin de derinlemesine anlasilmasi
gerekmektedir. Bu anlayis, ¢evresel etkilerin azaltilmasi ve ekonomik kalkinmanin gevreyle
uyumlu hale getirilmesi i¢in biiyiikk bir 6nem tasimaktadir.(Saygili, 2007). Cevresel Etki
Degerlendirmesi (CED), projelerin cevre tizerindeki etkilerini ongdéren, analiz eden ve
onleyici tedbirler dneren kiiresel olarak taninan bir yasal ve idari ara¢ olarak goriilmektedir.
Etkili uygulandiginda kentsel kalkinma ile cevre koruma arasinda denge saglayarak
stirdiiriilebilir kalkinmay1 tesvik etmektedir. CED’in siirekli gelistirilmesi, iyilestirilmesi ve
uyarlanmasi, ilgili riskleri azaltmak icin kritik 6neme sahiptir. Ancak buytk olgekli projelerde
sosyal ¢atigmalar, insaat gecikmeleri ve biitce kayiplar1 gibi sorunlar hald yaganmakta, bu da
CED’in catisma ¢6zme kapasitesinin sinirli oldugunu gostermektedir(Kim et al., 2025).
Stirdiiriilebilirlik, kiiresel olarak isletmelerin stratejik onceligi haline gelmis ve operasyonel
kararlar1 sekillendirmistir; firmalar, ¢evresel taleplere yanit vermek icin yesil liretim, ¢evre
politikalar1 ve 1SO 14001 gibi standartlar1 benimsenmektedir. Ozellikle imalat sektorinde,
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iklim degisikligi, kirlilik ve kaynak tilkenmesi gibi sorunlar c¢evresel etkileri azaltma
ihtiyacin1 artirmis, yesil teknolojiler ve yenilenebilir enerji siirdiiriilebilir kalkinmay1
destekleyen doniistiiriicii araclar olarak one ¢ikmaktadir (Alhamdi & Al-Kahtani, 2025).

2.Materyal Metot

Cevresel Etki Degerlendirmesi (CED), insan faaliyetlerinin gevre lizerindeki etkilerini analiz
ederek siirdiiriilebilir ¢evrenin korunmasin1 amaglayan temel cevresel planlama ve yonetim
araglarindan birisi olup, CED siirecinin temel ¢iktisi CED raporu olup bu rapor; kurulus
yerinin belirlenmesi, CED gerekliliginin tespiti, kapsamin belirlenmesi, raporun hazirlanmasi,
inceleme-degerlendirme, karar verme-izleme ve nihai degerlendirme asamalarindan
olusmaktadir. Degerlendirme asamasinda ise CED raporunun yeterliligi, bilimsel veri ve
belgelere dayanip dayanmadigi, projenin gevresel etkilerinin ayrintili bigimde incelenmesi, bu
etkilere yonelik onlemlerin 6ngoriilmesi ve halkin katilimi siirecinin  gergeklestirilip
gerceklestirilmedigi hususlari dikkate alinmaktadir(Eskin, 2024).

CED, cevreyi ve ekonomiyi bir arada degerlendiren, bir uzlagma siireci olarak tanimlanabilir.
Bu wuzlagma, aslhinda siirdiiriilebilir kalkinma fikrinin uygulanabilirligini gosteren bir
mekanizmadir. CED, sadece g¢evresel etkiyi degil, ekonomik kalkinma siireclerini de goz
onilinde bulundurmakta, ¢evresel zararin ve kaynaklarin tiikenmesinin 6niine ge¢mek i¢in bir
yol haritas1 sunmaktadir. Cevresel etki degerlendirmesi fayda—maliyet analizinin bir pargasi
olarak ele alinmakta iken, giiniimiizde siirdiiriilebilir kalkinma ve g¢evre politikalarini
uygulamakta kullanilan temel bir ara¢ olarak kullanilmaktadir. Tiirkiye’de c¢evresel etki ve
stratejik cevresel degerlendirme mevzuati 2017 yilinda vyiiriirliige girmekle birlikte, AB
cevresel mevzuatina uyum saglamakta ve yapilan incelemelerde uyumun yeterli diizeyde
oldugu goriilmektedir. Cevresel Etki Degerlendirmesi (CED) siireci, g¢evresel sorunlari
sistematik bir sekilde degerlendirme amacimi tagimaktadir. CED, siirdiiriilebilir kalkinma i¢in
onemli bir aractir ve karar alma siireclerine ¢evresel etkilerin dahil edilmesini
hedeflemektedir. CED siireci, projenin ilk asamalarinda devreye girmekte ve bes ana
asamadan olugmaktadir. Bunlar hazirlik ¢aligmalari, eleme, kapsamlandirma, halk katilimi ve
rapor hazirlanmasindan olusmaktadir.

o Hazirlik Calismalart ve Projenin Tammlanmasi: CED’e basvurulmadan once,
projenin fizibilite caligsmalar1 ve CED ekibi arasinda siki bir koordinasyon saglanmali
ve bu, ¢evresel sorunlarin etkin bir sekilde degerlendirilmesi i¢in gerekmektedir.

e Eleme : Eleme agamasinda, projelerin CED raporuna tabi olup olmadigi belirlenmekte
ve bu asama, proje tlirline baglh olarak hangi faaliyetlerin c¢evresel etki
degerlendirmesi gerektirdigine karar verilmesini saglamaktadir.

o Kapsamlastirma: Bu asama, cevresel etkilerin belirlenmesini ve analiz edilmesini
saglamaktadir. Projenin tiim alternatifleri ve c¢evresel etkilerinin kapsami
belirlenmektedir. Ayrica, CED yontemleri ile ¢evresel etkiler ongorullip, analiz
edilmektedir.

e Halk katilimi: Bu asamada, proje ile ilgili ¢evresel etkiler konusunda toplumun goriis
ve Oneriler alinmakta ve CED siirecine dahil edilmektedir.

e Rapor hazirlanmasi: Bu asamada ise yapilan tiim ¢aligmalar ve elde edilen bulgular
sistematik bicimde degerlendirilerek CED raporu olusturulmakta ve yetkili kurumlara
sunulmaktadir(Yas, 2018).

II. Diinya Savas1 sonrasi Amerika, Avrupa ve Japonya’da hizlanan tiiketime dayali ekonomi,
cevre maliyetlerini dikkate almadan kaynak kullanimini artirmig ve ¢evre koruma bilincini On
plana ¢iktig1 goriilmektedir. Bu slrecte cevreyi etkileyebilecek faaliyetlerin ekonomik karar
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stireclerine dahil edilmesi gerektigi fark edilmis ve Cevresel Etki Degerlendirmesi (CED)
giindeme gelmistir. Tiirkiye’de CED uygulamalari, 7 Subat 1993 tarihli Cevresel Etki
Degerlendirmesi Yonetmeligi ile baglayarak; bu yonetmelik, CED raporlari, 6n arastirma
raporlar1 ve kontrol listeleri ile izleme ve denetlemelerin nasil yiiriitiilecegi belirtilmektedir.
2008 tarihli giincellemede CED, “projelerin ¢evreye olasi olumlu ve olumsuz etkilerinin
belirlenmesi, olumsuz etkilerin dnlenmesi veya en aza indirilmesi i¢in 6nlemlerin alinmasi,
yer ve teknoloji alternatiflerinin degerlendirilmesi ve projelerin izlenmesi ve kontrolii” olarak
tanimlanmaktadir(Gokge & Baris, 2015). ISO 14001, kuruluslarin gevre yonetimini sistematik
bir sekilde ele almasini saglayan ve atiklar1 azaltip kaynak kullanimini optimize ederek hem
cevresel hem de operasyonel slrdurilebilirligi artiran diinya ¢apinda taninan bir standarttir.
Ozellikle imalat sektorii, ISO 14001°i rekabet giiciinii artiran ve siirdiiriilebilirligi tesvik eden
stratejik bir ara¢ olarak goriilse de, ancak siirekli iyilestirme ve uyumluluk, yetersiz egitimli
isgiicii ve uygulama eksiklikleri nedeniyle zaman zaman zorluklarla karsilagabilmektedir.
Yesil iiretim, iiretim siireclerini g¢evre dostu hale getirerek atiklar1 azaltir, karbon
emisyonlari diisiiriir ve kaynak kullanimini optimize etmekte; bu sayede siirdiiriilebilir
kalkinmay1 destekleyen kritik bir strateji olarak hizmet eder ve endiistriyel biiyiimenin
ekolojik dengeyi bozmasini Onlemektedir. Cevre politikalari, isletmeleri cevre dostu
uygulamalara yonlendirerek kaynak verimliligini artirmakta, atiklar1 azaltmakta, inovasyonu
tesvik ederek ve ekonomik biiylime ile gevresel siirdiiriilebilirlik arasinda denge saglayarak
uzun vadeli rekabet giiciinu desteklemektedir (Alhamdi & Al-Kahtani, 2025).

Sonug ve Tartisma

Cevresel Etki Degerlendirmesi (CED) faaliyetleri, 2872 Sayili Cevre Kanununun 10.
Maddesine istinaden 7 Subat 1993 tarih ve 21489 sayili Resmi Gazete’de “Cevresel Etki
Degerlendirmesi YOnetmeligi”nin yayimlanmasiyla lilkemizde uygulanmaya baglamaktadir.
Yonetmelik, uygulamada karsilasilan sikintilarin giderilmesi ve AB uyum streci nedeniyle
farkl1 zamanlarda giincellenmekte olup, yiirlirliikte olan son Cevresel Etki Degerlendirmesi
Yonetmeligi (CEDY) 29.07.2022 tarihli ve 31907 sayili Resmi Gazete’de yayimlanmaktadir.
CEDY kapsaminda Ek-1 Listesi’nde yer alan projelere yonelik CED Olumlu ya da Olumsuz
Karart CSIDB tarafindan verilmektedir. Ek-2 Listesi’nde yer alan projelere ydnelik CED
Gereklidir ya da Gerekli Degildir karar1 ise Cevre, Sehircilik ve Iklim Degisikligi Il
Miidiirliikleri tarafindan verilmektedir. Tablo 1.’e gore Tiirkiye’de 2020 — 2023 déneminde
CSIDB tarafindan verilen CED Kkararlar1 yillara gore degismekte ve siirekli olarak
giincellenmektedir(CSIDB, 2025a) .

Tablo 1. 2020 — 2023 Doneminde Cevre, Sehircilik ve iklim Degisikligi Bakanligi Tarafindan
Verilen CED Kararlar1 Sayisi

vil CED Olumlu CED Olumsuz CED Gereklidir CED Gereklidir ~ CED SUre(?i
Karar Sayisi Karar Sayisi Karan Degildir Karan Iptal/Iade Edilen

2020 390 6 2.822 58 514

2021 371 3 3.224 87 590

2022 437 4 4.025 82 745
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vil CED Olumlu CED Olumsuz CED Gereklidir GED Gereklidir CED Sureci
Karar Sayisi Karar Sayisi Karan Degildir Karari Iptal/iade Edilen
2023 511 10 4.224 55 780

Tablo 1.’e gore 2020-2023 déneminde Cevre, Sehircilik ve Iklim Degisikligi Bakanlig
tarafindan verilen CED kararlarinin dagilimina bakildiginda, CED olumlu kararlarin toplam
kararlar igindeki oran1 2020 yilinda %10,3 iken, 2021°de %8,7, 2022°de %8,3 ve 2023’te
%9,2 olarak ger¢eklesmistir. CED olumsuz kararlar ise tiim yillarda oldukg¢a diisiik
seviyelerde olup %0,16’dan %0,18’¢ kadar degisim gostermistir. “CED Gereklidir” karar1, her
yil kararlarin yaklasik %75-76’sin1 olusturarak en yiiksek orani temsil etmistir; buna karsilik
“CED Gereklidir Degildir” kararlarinin oram1 %0,99 ile %2,03 arasinda degismistir. CED
stirecinin iptal veya iade edildigi kararlarin orani ise yillar itibariyla %13,6 ile %14,1 arasinda
degismis ve siirecin titiz bir degerlendirme igerdigini géstermektedir.

2023 itibartyla Tirkiye’de 12.531 ¢evre miihendisi/ yetkilendirilmis kisi, 675 ¢evre
danismanlik firmasi1 ve 403 ¢evre yonetim birimi yeterlik belgesi almistir. Cevre danigsmanlik
firmalar, CSIDB ve il miidiirliikleri tarafindan diizenli olarak denetlenmekte olup, 2019-2023
arasinda denetim sayilar yillara gore 228 ile 463 arasinda degismistir. Tiirkiye Cevre Etiket
Sistemi, 2018’de Cevre Etiketi Yonetmeligi ile yiirlirliige girmistir. Sistem, iiriin ve
hizmetlerin tim yasam dongustndeki ¢cevresel etkilerini degerlendirerek, ¢evreye daha duyarli
Urtinleri tesvik etmektedir. ISO 14024 standardina uygun olarak igiincii taraf dogrulama
mekanizmasiyla yesil aklamayr oOnlemektedir. Amag, tiiketicilerin ve tedarik zincirinin
cevreye duyarlt Urinleri tercih etmesini saglamak, ulusal ve uluslararas: pazarda strdurulebilir
irtinlerin payim artirmaktir.

[/
Fxr
-

Sekil 1.Turkiye Cevre Etiketi Logo

Turkiye Cevre Etiketi Sistemi, CSIDB koordinasyonunda ydritiilmekte olup, Bakanlik, Cevre
Etiketi Kurulu, Teknik Inceleme Komisyonu, kamu ve o6zel kurumlar ile sivil toplum
kuruluslariin katilimiyla ¢evre etiketi kriterleri gelistirilmekte ve uygulanmaktadir. Belge 4
yil gecerlilikte olup, yillik olarak denetlenmektedir. Goniilliiliikk esasina dayali sistem,
firmalara rekabet avantaji ve pazar pay1 artirma imkani saglamaktadir. Sistem, 1SO 14024 Tip
I standardina uygun sekilde, seffaf, bilimsel ve bagimsiz degerlendirmelerle cevresel
performansi yiiksek tirtinleri eko-etiketle tanimlamaktadir.
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Tiirkiye Cevre Etiketi Sisteminde degerlendirilen {iriinler, kimyasal kullanimi, enerji ve su
tikketimi, emisyon sinirlamalar1 gibi ¢evresel etkiler goz Oniine alinmakta ve {iriin/hizmetler
acisindan giivenilir bir kistas saglamaktadir. Sistem ile diisiik karbon emisyonu, atik énleme,
enerji ve su tasarrufu, zararli kimyasallarin kullanilmamasi gibi siirdiiriilebilir iiretim ve
tilketim uygulamalan tesvik edilmektedir. Cevre etiketi, hem ihracatta avantaj saglamakta
hem de i¢ pazarda drlnlerin tercih edilmesine imkan vermektedir. Mekanizma, déngusel
ekonomi ve iklim degisikligiyle miicadele hedeflerine uygun olarak tasarlanmakta ve
“Azaltim” baghg altinda sera gazlarinin azaltilmasina katki saglamaktadir. Tiirkiye Cevre
Etiketi Sistemi, Yesil Mutabakat Eylem Plam1 ve 12. Kalkinma Plan1 c¢ercevesinde
yayginlastirilmakta ve cevre dostu iirlin/hizmetlerin rekabet giicii artirilmaktadir. Tiirkiye
Cevre Etiket Sisteminin yayginlastirilmasi kapsaminda yapilan ¢alismalar neticesinde, su an
itibari ile tekstil, seramik kaplama, temizlik kagidi, turistik konaklama hizmetleri, elde bulasik
yikama deterjanlari, kisisel bakim {iriinleri, cam {riinleri, ¢amasir makinas1 deterjanlari,
bulasik makinasi deterjanlari, sert yiizey temizleyiciler, dogal tas ve yatak olmak tiizere 12
{iriin/hizmet grubunda kriterler belirlenmis ve yayimlanmaktadir(CSIDB, 2025b).

Ormanlar, gida, yakit, kereste, ekolojik hizmetler ve kiiltiirel faydalar gibi ¢ok cesitli katkilar
saglayarak insan refahini desteklemektedir. Rehabilitasyon veya restorasyon yoluyla artan
orman Ortilisii ise kirsal ge¢im kaynaklarimi iyilestirmekte ve biyolojik cesitliligi ve cevre
hizmetlerini gii¢clendirmekte ve iklim degisikliginin etkilerini azaltmaktadir. Bu nedenle,
orman yodnetimini ve orman gegcisini gelistirmek i¢in orman degisimine yol acan faktorlerin
daha iyi anlasilmasi gerekmektedir. Vietnam’da yapilan bir ¢alismada 1990-2010 yillar
arasinda ormanlarin net kayiptan net artisa gegisini incelemis ve Dien Bien eyaletinde
yaklagik 118.000 hektarlik ormanin rehabilite edildigi, rehabilite edilen ormanlar toplam
artisin biiyiik kismini1 olusturarak ve biyofiziksel ile erisilebilirlik faktorleriyle iligkili
bulunmustur. Sonug olarak ciftcilerin gelirlerinin artmasinin orman alaninin genislemesini
tesvik edebilecegini ve ge¢im kaynaklarinin iyilestirilmesinin restore edilmis ormanlarla
pozitif bir iliskiye sahip oldugunu gostermektedir. Tarimsal yogunlagsma ve kalkinma
politikalar1, 6zellikle arazi miilkiyeti ve siirdiiriilebilir kullanim ile birlestirildiginde, yeniden
agaclandirma cabalarimi desteklemektedir. Ancak endiistriyel agaglandirma programlart kisa
vadede gelir artis1 saglasa da, baz tiirlerin ekosistem tizerinde zararli etkileri olabileceginden
uzun vadede kirsal gecim ve cevresel siirdiiriilebilirlik acisindan dikkatle yonetilmesi
gerekmektedir(Khuc et al., 2025). Cin’de yapilan bir ¢caligmada enerji sistemlerinin ¢evresel
etkilerini degerlendirmek i¢in yasam dongiisii degerlendirmesi (LCA) yontemi kullanilmis ve
termik enerji Uretiminden yenilenebilir enerji kaynaklarmma gegisin ¢evresel etkilerin
azaltilmasinda  kritik bir rol oynayabilecegini ve  siirdiiriilebilir  kalkinmay1
destekleyebilecegini gostermislerdir. Yapisal emisyon azaltimi, enerji tiretim birimlerinin
modernizasyonu, eski {initelerin degistirilmesi ve enerji yapisindaki doniisiimler gibi
endiistriyel yeniden yapilanma Onlemlerini kapsamakta ve kaynaktan kirletici madde
Uretimini minimize etmeyi amaglayarak, sehir dlgeginde hava kalitesinin iyilestirilmesi ve
karbon emisyonlarinin azaltilmasina yonelik politika ve stratejilerin gelistirilmesini zorunlu
kilmaktadir. Dolayisiyla, kisa vadeli yapisal onlemlerin etkili bir sekilde uygulanmasi, hem
kentsel cevre yonetimi hem de ulusal karbon nétrliigii hedefleri agisindan stratejik bir 6ncelik
teskil etmektedir(Li et al., 2025). Sili’de yapilan bir ¢alismada Quintero—Puchuncavi bolgesi,
Ventanas Endustri Kompleksi (VIC) kaynakli PM 2,5mm hava kirliligi nedeniyle son 25 yilda
cevresel etki degerlendirme sistemi (EIAS) olmasma ragmen artis gostermis ve VIC’de
yiiriitiilen projelerin biiylik ¢ogunlugunun (%87) Cevresel Etki Beyan1 (CED) kapsaminda
degerlendirildigini ve siireglerin derin analiz, halk katilimi ve emisyon modellemesi agisindan
yetersiz oldugunu gostermektedir. Benzer cevresel ve siirdiiriilebilir kalkinma sorunlari
yasayan diger lilkeler icin de EIAS 1n etkinligini artiracak iyilestirmelerin gerekliligini ortaya
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koymaktadir(Navea & Oyarzan, 2025). Nijerya’da yapilan g¢alismada petrol sirketlerinin
neden oldugu sizintilar, gaz yakma ve yanginlar ¢evre, ekonomik faaliyetler ve ge¢im
kaynaklar1 iizerinde agir olumsuz etkiler yaratmistir. Petrol ve gaz endiistrisinde faaliyetlerin
etkin bicimde yonetilmesi i¢in Cevresel Etki Degerlendirmesi (CED) mekanizmasinin
giiclendirilmesi beklenmesine ragmen, bu alanda yeterli ilerleme saglanamamistir. Yetersiz
denetim ve uygulama, mevcut yasal ve kurumsal diizenlemelere ragmen ciddi cevresel
sorunlara yol agmaktadir. Calisma, petrol ve gaz sektoriindeki faaliyetlerin CED gereklilikleri
basta olmak {izere ulusal ve uluslararasi hukuk normlarina uyum diizeyini incelemektedir.
CED Yasasi'nin diger hedefleri arasinda dogal kaynaklarin sorumlu kullanimi1 ve isletilmesi,
ekosistemin siirdiiriilebilir tlretkenliginin saglanmasi, hava, toprak ve suyun korunmasi
gereken tagima ve emme kapasitesine sahip olmasi, ¢evre kalitesinin bozulmasinin énlenmesi
gibi amagclar yer almakta ve bu hedefler dogrultusunda ¢evresel etkiler degerlendirilmekte ve
yonetilmektedir(Oturuhoyi & Modupe, 2025).

Ulagim altyap1 projelerinde CED ve girdi-¢ikti analizinin vurgulandigi ¢alismada ulagim
altyapisi (6zellikle rayl sistemler ve havaalanlari) projelerinde geleneksel CED yontemlerinin
eksikliklerini ele almaktadir. Geleneksel Cevresel Etki Beyani (CEB/EIS) yontemlerinin,
projelerin yalnizca saha i¢i (dogrudan) etkilerini 6l¢tiigli, ancak malzeme iiretimi gibi saha
dis1 (dolayli) etkileri kagirdigi vurgulanmistir. Calismada, CED siirecini gelistirmek igin
Girdi-Cikt1 (Input-Output) analizi ile birlestirilmis hibrit bir yaklasim onerir. Bu model,
projenin sadece insaat sirasindaki degil, tedarik zincirindeki (6rn. ¢imento ve gelik {iretimi)
dolayli cevresel etkilerini de hesaplar. Sonu¢ olarak bu yaklasim, CED denetimini
kolaylastirir ve alternatif segeneklerin siralanmasi yetenegini artirir (Gharehbaghi et al.,
2022).

Cave vd. (2021) yaptigt c¢alismada CED siirecine insan sagliginin entegrasyonunu
incelemistir. Calismada, Avrupa Birligi'nin 2014/52/EU sayili Direktifi ile CED siireclerine
"insan sagligi"nin dahil edilmesini ve saglik sektoriiniin bu siirecteki roliinii incelemektedir.
CED kapsaminda saglik, sadece "hastaligin olmamasi" degil, WHO'nun tanimiyla "tam bir
fiziksel, zihinsel ve sosyal iyilik hali" olarak ele alinmalidir. CED siirecine halk sagligi
uzmanlarinin  erken asamada (kapsam belirleme/scoping) dahil olmas1 gerektigi
vurgulanmaktadir. Bir saglik etkisinin "Onemli" olup olmadigina karar verirken sadece
istatistiksel veriler degil, toplumsal degerler, savunmasiz gruplarin durumu ve saglikta esitlik
(equity) ilkeleri de gdz oniine alinmasi gerekliligi vurgulanmistir (Cave et al., 2021).

Portekiz'deki tiniversitelerde CED egitiminin durumunu inceleyen bir arastirmada ED dersleri
en ¢ok cevre mithendisligi (%29) ve insaat miihendisligi (%20) programlarinda yer aldigi
belirtilmistir. Cogu ders temel CED siireglerini (tarama, kapsam belirleme) kapsarken; halkin
katilimi, saglik etki degerlendirmesi, sosyal etki degerlendirmesi ve takip (follow-up) gibi
daha karmasik ve yeni konular miifredatta nadiren bulundugu tespit edilmistir. CED
raporlarmin kalitesini artirmak i¢in danigmanlarin akreditasyonu ve siirekli mesleki egitim
gerekliligi vurgulanmigtir (Ramos et al., 2008).

Literatiirde ve uygulamada CED takibinin genellikle ihmal edildigi ve siirecin proje onayi ile
bittigi algisinin yaygin oldugu belirtilmektedir (Morrison-Saunders et al., 2021). Yapilan
caligmada CED takibinin 6nemini vurgulamak ve siirdiiriilebilirligini artirmak i¢in yeni ilkeler
onerilmektedir. Bu ilkeler arasinda hesap verebilirlik, uyarlanabilir ¢cevre yonetimi (adaptive
management), silirekli 6grenme ve uygulama/yaptirirm (enforcement) one c¢ikmaktadir
(Morrison-Saunders et al.,, 2021). Ozellikle gelismekte olan iilkelerde uygulanan CED
sistemlerinde keyfi yontemler ve yasal zorunlulugu yerine getirme seklinde yorumlandigi
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gozlenmistir. Halk katilimlar1 genellikle proje onaylandiktan sonra gdstermelik sekilde
yapildig1 belirtilmistir (Bhatt, 2023).

Nijerya'daki baz istasyonu projeleri i¢in hazirlanan 80 adet CED raporunun Kkalitesi
degerlendirilmistir. Raporlarin %73'U "tatmin edici olmayan kalite notu almistir. Raporlarin en
zaylf oldugu kisimlar arazi duyarliligi, etki tahmini (6zellikle kus carpigmalart ve gorsel
etkiler) ve hafifletme Onlemleri/alternatifler olarak belirlenmistir. Proje tanimlar1 ve rapor
sunum formatlar1 (mizanpaj) genellikle tatmin edici bulunmustur. Calisma, CED raporlarinin
karar vericiler icin yeterli bilgi saglamadigini ve "amaca uygun olmadigini1" ortaya koymustur
(Choji et al., 2022).

Uganda'da 25 yillik CED deneyimini inceleyen bir ¢alismada, yasal c¢erceve ile sahadaki
uygulama arasindaki bosluklar1 analiz etmektedir. Kapsamli yasal diizenlemelere ragmen su
kirliligi ve c¢evre degradasyonu artmaktadir. Bunun nedenleri arasinda zayif halk katilimi,
siyasi midahaleler ve yetersiz izleme (follow-up) surecleri gosterilmektedir (George et al.,
2020).

Kiiresel baglantilar kuran ve ekonomik biiyiime saglayan canli bir sektdr olan turizmde,
2023’1n ilk ¢eyreginde 235 milyon turist diinya ¢apinda seyahat etmis ve bu sektdriinde hizli
bliylimesiyle, yiiksek karbon yogunlugu ve c¢evresel kirlilik nedeniyle ¢evre dostu
uygulamalarin optimize edilmesi gerekmektedir. Arabistan Korfezi bdlgesinde yapilan
caligmada dijitallesmenin ekoturizm ve enerji yonetimi baglaminda ¢evre dostu davranislari
incelemis, buna gore, turizm sektdriiniin olumsuz ekolojik etkilerini vurgularken, enerji
yonetimi ve dijital platformlarin siirdiiriilebilir seyahati tesvik etmede kullanilabilecegini
gostermektedir. Ayrica karbon emisyonlarini azaltmay1 ve turizmde daha genis stirdiiriilebilir
kalkinma hedeflerine katkida bulunmayr amaglayan yeni bir dijital stratejik modeli
onermektedir(Baqi et al., 2025). CED bakimindan 6nemli bir atik tiirii de tehlikeli atiklardir.
Tehlikeli atiklarin baglica kaynaklar1 endiistriyel faaliyetler, madencilik ve pestisit
kullanimidir. Hindistan’da 6zellikle kimya endiistrisi; petrokimya, ilag, pestisit, boya, giibre,
petrol ve inorganik kimyasallar gibi sektorler araciligiyla tehlikeli atik {iretiminin en 6nemli
kaynagint olusturmaktadir. Bu atiklar; agir metaller, siyaniirler, pestisitler ve kompleks
aromatik bilesikler gibi toksik, yanici, reaktif, asindirici veya patlayic1 o6zelliklere sahip
maddeler icermekte ve cevre ile insan sagligi agisindan ciddi riskler yaratmaktadir.
Hindistan’da yapilan ¢alismada hizli nufus artis1 ve degisen yasam tarzlari nedeniyle belediye
kat1 atik miktar1 da 6nemli 6l¢iide arttirmis ve bu durum, tehlikeli ve endiistriyel atiklarin
yonetimini daha da kritik hale getirmektedir. Tehlikeli kat1 atiklarin bilimsel yontemlerle
bertaraf edilmesi, atitk miktarmin azaltilmast ve daha temiz iiretim teknolojilerinin
benimsenmesini tesvik eden politikalarin uygulanmasinin gerekliligini vurgulamaktadir.
Tehlikeli atik yonetimine yonelik politikalar, atiklarin  bilimsel yontemlerle bertaraf
edilmesini, atik miktarinin azaltilmasini ve daha temiz teknolojilerin benimsenmesini temel
hedef olarak benimsemektedir. Bu dogrultuda Hindistan Hiikiimeti tarafindan ¢esitli Gnlemler
hayata gecirilmistir. Cevre ve Orman Bakanlig1 eyaletler genelinde tehlikeli atik envanteri
olusturma ¢aligmalarin1 baslatmis; eyalet yonetimleri ise CED sonuglarina dayanarak uygun
tehlikeli atik bertaraf sahalarim1 belirlemektedir. Merkezi Kirlilik Kontrol Kurulu , tehlikeli
atiklarin kaynaklari, ozellikleri ile geri donilisiim ve bertaraf yontemlerine iliskin teknik
bilgiler igceren rehberler olusturulmustur(Khilare & Gangawane, 2007). Ekonomik faaliyetler
ile ¢evre kalitesi arasindaki iligki uzun siiredir tartisilmakta olup, ekonomik biiyiime c¢evre
iizerinde baski olusturabilmektedir. Bu nedenle biiyiime hedefleri izlenirken c¢evrenin
korunmast dnemlidir. 2030 Siirdiiriilebilir Kalkinma Gilindemi (SDG’ler), yoksullugu ortadan
kaldirirken cevreyi korumayr hedeflemektedir. Ozellikle iklim degisikligi ve sera gazi
emisyonlari, Sahra Alt1 Afrika gibi ¢evreye ekonomik olarak bagimli bélgelerde biyik risk
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olusturmaktadir. Bu hedeflere ulasmak icin finansal gelisme kritik 6nemdedir; ¢linkii finansal
kaynaklara erigim, ekonomik biiylimeyi destekleyerek yoksullugun azaltilmasina ve c¢evresel
bozulmanin 6nlenmesine katki saglamaktadir(Alhassan et al., 2022). CED ¢alismalarinda
karsilasilan sorunlar bulunmaktadir. Bunlar;

e Biitiinlestirme Sorunu: Cevresel Etki Degerlendirmesi (CED) ve Stratejik Cevresel
Degerlendirme (SCD) arasindaki entegrasyon, projelerin uzun dénemli planlama ve
sektorler aras1 gakigsmalar1 engellemek i¢in ¢cok dnemlidir.

e Ekonomi-Cevre Iliskisi: Baz1 projelerde, gevresel etkiler goz ardi edilerek sadece
ckonomik faydalar 6n planda tutulmakta, bu da dogru fayda-maliyet analizlerinin
yapilmamasina yol agmaktadir.

e Fayda-Maliyet Analizi Sorunlari: CED raporlarinda, g¢evresel zararlarin ekonomik
degerinin belirlenmesi gerektigi ifade edilmektedir. Sonug olarak, CED raporlarinda
cevresel etkiler ve ekonomik analizlerin biitiinsel bir sekilde ele alinmasi ve hem
mikro hem de makro diizeyde dogru fayda-maliyet analizlerinin yapilmasi gerektigi
vurgulanmaktadir(Ulusoy, 2019).

Sonug olarak cevre yonetimi, dogal kaynaklarin korunmasini ve ¢evresel etkilerin kontroliinii
amaglarken, siirdiiriilebilir kalkinma ekonomik ve sosyal gelisimi cevresel denge ile
birlestirmektedir. Bu baglamda CED, projelerin ¢evreye olasi etkilerini analiz ederek zararlar
onleyici ve azaltici tedbirlerin gelistirilmesini saglamaktadir. CED raporlari, ¢evresel etkilerin
incelenmesi, alternatif ¢oziimlerin sunulmasi ve halkin katiliminin saglanmasini kapsamakta
ve yoOnetimin gorevi rolil ise ¢evre standartlarini belirlemek, biyolojik ¢esitliligi korumak,
stirdiiriilebilir projeleri desteklemek ve ilgili paydaslarin siirece katilimini saglamaktir.
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ABSTRACT

The insufficiency of roughage resources and increasing feed costs have heightened the
importance of high-efficiency and sustainable feeding strategies in ruminant nutrition. In this
context, corn silage stands out as a strategic roughage source in ruminant feeding due to its
high energy content and digestibility, its adaptability to a wide range of irrigated climatic
conditions, and its high biomass yield per unit area. The objective of this review is to
critically and comprehensively evaluate the chemical composition and nutritive value of corn
silage, as well as its effects on rumen fermentation, animal performance, and sustainable
economic livestock production, based on current scientific literature.

This study is a literature review conducted based on peer-reviewed scientific articles, reviews,
and meta-analyses published between 2000 and 2025. The literature search was performed
using the Web of Science, Scopus, PubMed, ScienceDirect, and DergiPark databases. The
reviewed studies were classified and synthesized under the following headings: dry matter,
crude protein, NDF, ADF, lignin, and starch content of corn silage; silage quality; rumen
fermentation; milk and growth performance; and environmental impacts.

The literature findings indicate that the high energy content and digestibility of corn silage
positively influence milk yield, body weight gain, and feed efficiency in ruminants. It has
been reported that corn silage produced under optimal harvest timing and effective
fermentation conditions can improve rumen fermentation profiles by increasing propionic
acid production and reducing methane emissions per unit of product. However, it has also
been emphasized that poor silage quality may lead to reduced performance and increased
metabolic risks.

This review demonstrates that corn silage is not only a high-quality and efficient roughage
source in ruminant nutrition but also a strategic feed resource that supports economic and
environmental sustainability. Nevertheless, more comprehensive evaluations of its long-term
effects across different animal species, production systems, and climatic conditions are
required.
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OZET

Kaba yem kaynaklarinin yetersizligi ve artan yem maliyetleri, ruminant beslemede yliksek
verimli ve surdlrllebilir yem stratejilerinin 6nemini artirmaktadir. Bu noktada musir silaji,
enerji igeriginin ve sindirilebilirliginin yuksek olmasi, silaj yapilan misir bitkisinin adaptasyon
yetenegine bagl olarak sulanabilen her iklim kosulunda yetistirilebilmesi ve birim alanda bol
urdn vermesi gibi birgok listiin 6zellik ruminant beslemede stratejik bir kaba yem kaynagi
olarak one ¢ikmaktadir. Bu derlemenin amaci, misir silajinin kimyasal bilesimi ve besin
degeri ile rumen fermentasyonu, hayvan performansi ve siirdiiriilebilir ekonomik hayvancilik
Uzerindeki etkilerini glncel literatiirlerden yararlanarak kapsamli ve elestirel bir bakis agisiyla
degerlendirmektir.

Bu calisma, 2000-2025 yillar1 arasinda yayimlanmis hakemli bilimsel makaleler, derlemeler
ve meta-analizler esas alinarak yiiriitiilen bir literatur derlemesidir. Literatiir taramasi; Web of
Science, Scopus, PubMed, ScienceDirect ve DergiPark veri tabanlarinda gergeklestirilmistir.
Incelenen ¢alismalar; misir silajiin kuru madde, ham protein, NDF, ADF, lignin ve nisasta
icerigi, silaj kalitesi, rumen fermentasyonu, siit ve besi performansi ile cevresel etkiler
basliklar1 altinda siniflandirilarak sentezlenmistir.

Literatlir bulgulari, misir silajinin sahip oldugu yiiksek enerji ve sindirilebilirligi sayesinde stit
verimi, canli agirlik artis1 ve yemden yararlanma oranlarimi olumlu yonde etkiledigini
gostermektedir. Uygun hasat zamami ve etkili fermentasyon kosullarinda iiretilen misir
silajlariin rumen fermentasyon profilini iyilestirerek propiyonik asit iiretimini artirabilecegi
ve birim Urln basma metan salinimini azaltabilecegi bildirilmistir. Bununla birlikte, silaj
kalitesinin diisiik olmasi durumunda performans ve metabolik risklerin ortaya ¢ikabilecegi de
vurgulanmustir.

Bu derleme, misir silajinin ruminant beslemede sadece yiiksek besin degeri ve verimlilige
sahip bir kaba yem degil, ayn1 zamanda ekonomik ve ¢evresel siirdiiriilebilirligi destekleyen
stratejik bir yem kaynagi oldugunu ortaya koymaktadir. Ancak farkli hayvan tiirleri, liretim
sistemleri ve iklim kosullarinda uzun donemli etkilerin daha kapsamli sekilde
degerlendirilmesine ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Misir silaji, Ruminant besleme, Hayvan performansi, Rumen
fermentasyonu, Siirdiiriilebilir hayvancilik, Kaba yem kaynaklari

1. GIRIS

Misir silaji, diinya genelinde ruminant hayvan beslemede en yaygin kullanilan kaba
yemlerden biri olup, yiksek kuru madde verimi, enerji yogunlugu ve hayvanlar tarafindan
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yiiksek diizeyde tiiketilmesinden dolay1r Oonemli ve stratejik bir kaba yem kaynagidir
(Wilkinson ve Rinne, 2018). Ozellikle siit ve besi sigirciliginda, rasyonlarin enerji dengesinin
saglanmasinda onemli bir role sahiptir (NRC, 2001). Tiirkiye’de kaliteli kaba yem acig,
ruminant iiretiminin ekonomik siirdiirtilebilirligini sinirlayan temel sorunlardan biridir. Bu
durumda musir silaji, birim alandaki verimi ve yiiksek enerji retimi sayesinde hem ekonomik
hem de besleme agisindan 6nemli avantajlar sunmaktadir (Keles ve Cibik, 2014). Son yillarda
Tiirkiye’deki siit sigir1 isletmelerinde musir silajinin rasyonlardaki paymnin %40-50’ye kadar
ulastigr rapor edilmistir. Ruminant beslemede muisir silajinin stratejik Onemi, yalnizca
performans artigi ile sinirlt degildir. Gilincel c¢alismalar, misir silaji bazli rasyonlarin rumen
fermentasyonunu yukselterek metabolik stabiliteyi artirdigini (Oba ve Allen, 2003; Li ve ark.,
2024) ve aym1 zamanda enterik metan emisyonunu azaltma potansiyeline sahip oldugunu
gostermektedir (Hristov ve ark., 2013; FAO, 2024).

Bu bildirinin amaci, musir silajinin kimyasal bilesimi, silaj kalitesini etkileyen faktorler ve
hayvan performansi lzerindeki etkilerini literatiir verileri 1s18inda sistem temelli bir
yaklagimla degerlendirmek; ayrica misir silajinin ekonomik, cevresel ve siirdiiriilebilir
hayvancilik politikalar1 agisindan tasidig: stratejik 6nemi ortaya koymaktir.

2. METOD

Bu caligsma, misir silajinin ruminant hayvan beslemedeki besin degeri, hayvan performansi ve
strdiiriilebilirlik tizerindeki etkilerini degerlendiren derleme niteliginde bir arastirmadir.
Literatiir taramasi; Web of Science, Scopus, PubMed, ScienceDirect ve DergiPark veri
tabanlarinda 2000-2025 yillar1 arasinda yayimlanmis bilimsel calismalar esas alinarak
gergeklestirilmistir. Secilen kaynaklar, misir silajinin kimyasal bilesimi, silaj kalitesi, rumen
fermentasyonu, hayvan performansi ve ¢evresel etkiler basliklar1 altinda karsilagtirmali ve
sentezleyici bir yaklasimla degerlendirilmistir.

3. MISIR SILAJININ KiIMYASAL BILESIMI VE BESIN DEGERI

Misir silajmin kimyasal bilesimi; genotip, cevresel kosullar, hasat zamani ve silaj yapim
tekniklerine bagli olarak degiskenlik gostermektedir (Ferraretto ve ark., 2018). Genellikle
ideal musir silaji %30-35 kuru madde igerigine sahiptir ve bu aralik fermentasyon kalitesi
acisindan optimum kabul edilmektedir (Kung ve ark., 2018). Ham protein icerigi genellikle
%7-9 duzeyinde olup, musir silaji protein agisindan sinirli bir yemdir (Khan ve ark., 2015).
Bu nedenle rasyonlarda protein agisindan tamamlayici yem kaynaklarinin kullanilmasi
zorunludur. Lif fraksiyonlari agisindan misir silajinda NDF oran1 %40-50, ADF oran1 %20
30 araliginda degismektedir. Diisiik lignin igerigi, lif sindirilebilirligini artirarak ruminal
enerji kullanimini iyilestirmektedir (Oba ve Allen, 2005; Weiss ve ark., 2004). Nisasta igerigi
ise %3040 diizeylerine ulasabilmekte ve bu durum musir silajini yiiksek enerjili bir kaba yem
haline getirmektedir (Ferraretto ve ark., 2018; Khan ve ark., 2015).

Sindirilme derecesi ve net enerji degeri bakimindan misir silaji, ¢ayir otu ve birgok baklagil
silajina kiyasla Gstunlik gostermektedir (Weiss ve ark., 2004). Bu durum, yemden
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yararlanmay1 artirarak iiretim maliyetlerini diistirmektedir. Misir silaji, yiiksek nisasta igerigi
ve sindirilebilir lif fraksiyonlar1 sayesinde ruminant beslemede enerji yoniinden ustlin bir kaba
yem kaynagidir. Bununla birlikte ham protein igeriginin sinirli  olmasi, rasyon
formiilasyonunda protein dengelemesini zorunlu kilmaktadir. Silajin besin degerinden
maksimum diizeyde yararlanilabilmesi, uygun hasat zamani ve fermentasyon yonetimi ile
kimyasal bilesimin optimize edilmesine baghdir.

4. SILAJ KALITESINI ETKILEYEN FAKTORLER

Silaj kalitesi, misir silajinin besleme degerini belirleyen en kritik faktordiir. Hasat zamant,
silaj kalitesini dogrudan etkileyen temel unsur olup, uygun olgunluk doneminde yapilan hasat
nisasta/NDF dengesini yiikseltmektedir (Bal ve ark., 2000). Hibrit se¢imi, 6zellikle tane/lif
oran1 ve NDF sindirilebilirligi lizerinde belirleyici rol oynamaktadir. Son yillarda yapilan
caligmalar, farkli misir ¢esitlerinden elde edilen silajlarin biliylime performansi, et kalitesi ve
sindirilebilirlik {izerinde anlamli farkliliklar olusturdugunu gostermektedir (Yan ve ark.,
2025). Silaj yapim teknikleri ve fermentasyon siireci, kaliteyi belirleyen diger onemli
faktorlerdir. Uygun dograma boyu, yeterli sikistirma ve anaerobik kosullarin saglanmasi,
laktik asit bakterilerinin etkinligini artirmaktadir (Kung ve Shaver, 2001). Mikrobiyal
inokiilantlarin kullanimi, fermantasyon kalitesini iyilestirerek besin kayiplarini azaltmakta ve
hayvan performansini olumlu yonde etkilemektedir (Der Bedrosian ve Kung, 2018). Misir
silaji kalitesinin belirlenmesinde hasat zamani, hibrit 6zellikleri ve fermentasyon yonetimi
birbiriyle etkilesimli faktorler olarak degerlendirilmelidir. Literatiir bulgulari, yalnizca uygun
olgunluk déneminde hasadin yeterli olmadigini; hibrit se¢cimi ve silaj yapim tekniklerinin de
besin madde korunumu ve sindirilebilirlik iizerinde kritik rol oynadigini rapor etmektedir.
Ozellikle mikrobiyal inokiilant kullanimmin, fermentasyon sirecini stabilize ederek silaj
kalitesini ve hayvan performansini artirdig1 goriilmektedir. Bu nedenle, yiiksek kaliteli misir
silaji  iiretimi, tarla yoOnetiminden silo ag¢imina kadar sistem temelli bir yaklasim
gerektirmektedir.

5. HAYVAN PERFORMANSI UZERINE ETKILERI

5.1. Sut Verimi ve Siit Bilesenleri Uzerine Etkileri

Misir silaji, yliksek nisasta icerigi ve sindirilebilir 1if g¢esitliligi sayesinde siit sigirlarinda
enerji alimini artirarak st verimi Uizerinde belirgin etkilere sahiptir. Literatiirde, misir silajinin
rasyonun temel kaba yem kaynagi olarak kullanildigi sistemlerde kuru madde tiikketiminin
artt1g1 ve buna paralel olarak giinliik siit veriminde anlamli artislar saglandig1 bildirilmistir
(Oba ve Allen, 2003; Khan ve ark., 2015).

Siit bilesenleri acisindan degerlendirildiginde, misir silajina dayali rasyonlarin siit proteini
oranini destekledigi, ancak siit yagi oraninin rasyondaki etkin lif diizeyi, partikil uzunlugu ve
ruminal asetik/propiyonik asit dengesiyle yakindan iliskili oldugu belirtilmistir (Weiss ve ark.,
2004; Kung ve ark., 2018). Ozellikle iyi fermente edilmis ve uygun hasat olgunlugunda
tiretilmis musir silajlarinin, siit yagi depresyonu riskini azaltarak dengeli bir st kompozisyonu
sagladigr vurgulanmigtir. Mevcut bulgular, misir silajinin sit verimi zerindeki olumlu
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etkilerinin yalnizca yiiksek enerji iceriginden degil, ayn1 zamanda rumen fermentasyonunu
destekleyen lif yapisindan kaynaklandigmi gostermektedir. Ancak siit yagi oranindaki
degiskenlik, misir silajinin hasat zamami ve fiziksel yapisinin rasyon formiilasyonunda
dikkatle ele alinmasi gerektigini ortaya koymaktadir. Bu nedenle, misir silajinin siit bilesenleri
iizerindeki etkileri rasyonun birlikte ele alindig1 yap1 i¢erisinde degerlendirilmelidir.

5.2. Besi Performansi ve Yemden Yararlanma

Misir silaji, besi sigirlarinin beslenmesinde hem kaba yem hem de enerji kaynagi olarak
onemli bir rol oynamaktadir. Yiiksek kaliteli misir silaji ile beslenen hayvanlarda canli agirlik
artisinin ve yemden yararlanma oraninin iyilesti§i bir¢ok calisma ile ortaya konmustur
(ZoBell ve ark., 2002; Ferraretto ve ark., 2018). Bununla birlikte, silajin nisasta igerigi ve tane
isleme diizeyi, performans iizerindeki etkiyi belirleyen temel faktorler arasinda yer
almaktadir.

Asirt nigasta alimi, ruminal asidoz ve metabolik bozukluk riskini artirabileceginden, besi
rasyonlarinda misir silajinin uygun oranlarda kullanilmasi ve yeterli etkin lif saglanmasi
gerekmektedir. Bu denge saglandiginda, musir silaji bazli rasyonlarin hem bilyume
performanst hem de karkas 6zellikleri tizerinde olumlu etkiler gosterdigi tespit edilmistir (Bal
ve ark., 2000; Yan ve ark., 2025). Besi sigirlarinda misir silaji, uygun kalite ve isleme
diizeyinde kullanildiginda biiyiime performansin1 destekleyen etkili bir yem kaynagidir.
Bununla birlikte, nisasta diizeyi yiiksek silajlarin kontrolsiiz kullanimi metabolik riskleri
artirabileceginden, besi rasyonlarinda etkin lif ve konsantre yem dengesi biiyiikk 6nem
tagimaktadir. Bu baglamda, misir silajinin besi performansina katkist yonetim ve besleme
stratejilerine dogrudan baghidir.

5.3. Rumen Fermentasyonu ve Metabolik Etkiler

Misir silajinin rumen fermentasyonu iizerindeki etkileri, nisasta sindirilebilirligi ve lif
fraksiyonlarinin yapist ile dogrudan iligkilidir. Misir silaji bazli rasyonlarin rumende
propiyonik asit iiretimini artirarak enerji verimliligini yiikselttigi ve glukoz prekiirsorlerinin
olusumunu destekledigi ifade edilmistir (Oba ve Allen, 2005). Bununla birlikte, silaj kalitesi
diisiik oldugunda veya fermentasyon istenilen diizeyde ger¢eklesmediginde, rumen pH’sinda
diisiis, mikrobiyal denge bozukluklar1 ve performans kayiplar1 olarak ortaya ¢ikmaktadir. Son
yillarda yapilan ¢aligmalar, misir silaji kaynakli rumen mikrobiyotasinin hayvan performansi
ve saglik parametreleriyle yakindan iliskili oldugunu ve 6zellikle yiiksek verimli hayvanlarda
silaj kalitesinin belirlenmesinde kritik bir rol oynadigini,ortaya koymaktadir (Der Bedrosian
ve Kung, 2018; Li ve ark., 2024). Misir silajinin rumen fermentasyonu iizerindeki etkileri,
silaj kalitesinin hayvan sagligi ve verimliligi acisindan belirleyici bir unsur oldugunu ortaya
koymaktadir. Ozellikle yiiksek verimli hayvanlarda, silaj fermentasyonunun yetersiz olmasi
rumen mikrobiyotasinda dengesizliklere yol agarak performans kayiplarina neden
olabilmektedir. Bu nedenle, misir silaji kullaniminda yalnizca besin madde igerigi degil,
fermentasyon kalitesi ve mikrobiyal etkilesimler de dikkate alinmalidir.
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Bu bulgular, misir silajimin performans iizerindeki etkilerinin tek basina degil, silaj
kalitesi ve rasyon dengelemesi ile birlikte ele alinmasi gerektigini gostermektedir.

6. SURDURULEBILIR HAYVANCILIK ACISINDAN MISIR SILAJI

6.1. Yem Maliyeti ve Ekonomik Avantajlar

Maisir silaji, birim alandan elde edilen yiksek kuru madde ve enerji verimi sayesinde ruminant
beslemede ekonomik agidan en avantajli kaba yem kaynaklarindan biri olarak
degerlendirilmektedir. Ozellikle siit ve besi sigir1 isletmelerinde, musir silajinin rasyonun
temel kaba yemini olusturmasi, konsantre yem kullanimini azaltarak toplam yem
maliyetlerinde diislis saglamaktadir (Khan ve ark., 2015; Ferraretto ve ark., 2018). Tiirkiye
kosullarinda misir silaji, yonca gibi yiiksek proteinli kaba yemlere kiyasla daha diisiik iiretim
maliyeti ve daha yiiksek enerji yogunlugu sunmakta; bu durum isletmelerin ekonomik
stirdiiriilebilirligini desteklemektedir. Ayrica silajin uzun siire depolanabilmesi, mevsimsel
yem dalgalanmalarinin etkisini azaltarak yil boyu dengeli rasyon formiilasyonuna olanak
tanimaktadir. Mevcut bulgular, misir silajinin rasyon maliyetini diisiirmedeki roluniin yalnizca
yem fiyatlartyla sinirli olmadigini, ayn1 zamanda enerji yogunlugu sayesinde konsantre yem
bagimliligin1 azaltarak dolaylh ekonomik kazamimlar sagladigini gostermektedir. Bu
yoniiyle misir silaji, 6zellikle girdi maliyetlerinin arttig1 tiretim kosullarinda isletmeler i¢in
stratejik bir avantaj sunmaktadir.

6.2. Kaynak Kullanim Verimliligi ve Arazi Y6netimi

Masir silaji tiretimi, birim arazi bagina sagladigi yiliksek biyokiitle verimi ile yem {iretiminde
arazi kullanim etkinligini artirmaktadir. Bu durum, sinirh tarim alanlarinin daha verimli
kullanilmasin1 saglayarak kaba yem a¢igimin kapatilmasinda stratejik bir rol oynamaktadir
(Wilkinson ve Rinne, 2018). Misir silajinin birim alan basma sagladig1 yiiksek biyokiitle
verimi, kaba yem tiretiminde arazi kullanim etkinligini artirarak yem aciginin kapatilmasina
katki saglamaktadir. Bu durum, smirli tarim alanlarina sahip boélgelerde siirdiirtilebilir
hayvancilik acisindan 6nemli bir yapisal avantaj olusturmaktadir.

6.3. Cevresel Etkiler ve Karbon Ayak izi

Ruminant iiretim sistemlerinde c¢evresel siirdiiriilebilirligin temel gostergelerinden biri, sera
gaz1 emisyonlaridir. Misir silaji bazli rasyonlarin, yiliksek sindirilebilirlik ve enerji yogunlugu
sayesinde birim riin (st veya canli agirlik artis1) basina diisen metan emisyonunu azalttig
rapor edilmistir (Hristov ve ark., 2013). Nisasta igerigi yiiksek musir silajlarinin rumende
propiyonik asit iiretimini tesvik ederek hidrojen kullanimimi artirdigi ve bu yolla enterik
metan olusumunu sinirladigi belirtilmektedir. Son yillarda yapilan modelleme ve yasam
dongiisii analizleri, misir silaji temelli besleme stratejilerinin karbon ayak izini diisiirdiiglinii
ve ¢evresel performansi iyilestirdigini ortaya koymaktadir (FAO, 2024). Literatiir bulgulari,
musir silaji bazli rasyonlarin yalnizca iiretim performansini degil, ayn1 zamanda birim iiriin
basina cevresel etkiyi de iyilestirme potansiyeline sahip oldugunu ortaya koymaktadir.
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Ozellikle sindirilebilirligi yiiksek silajlarin kullanimi, verimlilik artist yoluyla goreceli
emisyon yogunlugunu azaltan bir yaklagim olarak 6ne ¢ikmaktadir.

6.4. Atik Yonetimi ve Dongulsel Tarim Yaklasimi

Misir silaji liretim ve kullanim siireci, dongiisel tarim prensipleri ile uyumlu bir yapi
sergilemektedir. Hayvansal iretimden elde edilen gilibrenin  misir tarlalarinda
degerlendirilmesi, besin maddelerinin  tarim-hayvancilik  sistemi i¢inde yeniden
kullanilmasina olanak tanimaktadir. Bu durum, hem kimyasal giibre kullanimin1 azaltmakta
hem de ¢evresel yiikii sinirlamaktadir (Wilkinson ve Lee, 2018). Misir silaj1 iiretim sistemi,
bitkisel ve hayvansal lretim arasindaki besin madde dongusuni guclendirerek dongusel tarim
uygulamalarinin sahada hayata gegcirilmesine olanak tanimaktadir. Bu entegrasyon, hem
cevresel yikin azaltilmast hem de girdi bagimliligmin disiiriilmesi agisindan 6nemli bir
kazanim saglamaktadir.

6.5. Surddrulebilir Hayvancilik Politikalari Agisindan Degerlendirme

Kiiresel ve ulusal olgekte siirdiiriilebilir hayvancilik politikalari, yem kaynaklariin verimli
kullanimi1 ve cevresel etkilerin azaltilmasi lizerine odaklanmaktadir. Bu baglamda musir silaji,
hem ekonomik hem de g¢evresel avantajlari sayesinde siirdiiriilebilir iiretim modellerinin
onemli bir bileseni olarak one ¢ikmaktadir. FAO ve benzeri uluslararasi kuruluslar, ruminant
beslemede yiiksek kaliteli kaba yem kullaniminin, liretim verimliligini artirirken gevresel
etkileri azaltabilecegini vurgulamaktadir (Hristov ve ark., 2013; FAO, 2024). Bu c¢ercevede
misir silaji, stirdiiriilebilir hayvancilik hedeflerine ulagsmada stratejik bir arag olarak
degerlendirilmektedir. Misir silaji, ekonomik verimlilik ile ¢evresel sorumlulugu ayni potada
bulusturan nadir kaba yem kaynaklarindan biri olarak siirdiiriilebilir hayvancilik
politikalartyla yliksek uyum gostermektedir. Bu nedenle, misir silajinin yaygin ve bilingli
kullanimi, siirdiiriilebilir tiretim hedeflerine ulagmada uygulanabilir ve gergek¢i bir politika
araci olarak degerlendirilebilir.

7. TARTISMA

Son 20 yilda yayimlanan ¢alismalar, misir silajinin ruminant beslemede yiiksek enerji icerigi
ve sindirilebilir lif yapisi sayesinde performans artirict bir kaba yem oldugunu ortaya
koymaktadir (Oba ve Allen, 2003; Ferraretto ve ark., 2018). Bununla birlikte, misir silajinin
hayvan performansi tizerindeki etkileri yalnizca nisasta diizeyine degil, NDF sindirilebilirligi
ve fermentasyon kalitesine de baglidir. Literatiir, uygun hasat zamani ve etkili fermentasyon
kosullarinin saglanamadigi durumlarda misir silajinin besin madde kayiplarina ve yem
tiketiminde azalmaya yol acabilecegini gostermektedir (Kung ve ark., 2018). Buna karsilik,
yiiksek kaliteli silajlarin siit verimi, canli agirlik artist ve yemden yararlanma oranlarini
anlamli sekilde iyilestirdigi tespit edilmistir (Weiss ve ark., 2004; Khan ve ark., 2015).
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Stit sigirlarinda musir silaji, laktasyon performansini desteklerken; besi sigiri, koyun ve
kecilerde rasyon kompozisyonuna bagli olarak degisken sonuglar ortaya koymaktadir (ZoBell
ve ark., 2002; Yan ve ark., 2025). Bu durum, musir silajinin tek bagina degil, dengeli rasyon
formiilasyonu i¢inde degerlendirilmesi gerektigini gostermektedir. Stirdiriilebilirlik agisindan
degerlendirildiginde, misir silaji bazli rasyonlarin ruminal fermentasyonu propiyonat yoniine
kaydirarak enterik metan emisyonunu azaltma potansiyeline sahip oldugu bildirilmistir
(Hristov ve ark., 2013; FAO, 2024). Ancak bu etki, silaj kalitesi ve toplam rasyon yapisi ile
yakindan iligkilidir.

8. SONUC VE ONERILER

Bu derleme, misir silajinin ruminant hayvan beslemede yliksek enerji degeri, iyi sindirilebilir
lif yapis1 ve ekonomik iiretim avantaji sayesinde stratejik bir kaba yem oldugunu ortaya
koymaktadir. Uygun hasat zamani, dogru hibrit se¢imi ve kontrollii fermentasyon kosullari
saglandiginda, misir silaji hayvan performansint ve yemden yararlanmayi olumlu ydnde
etkilemektedir.

Oneriler:

e Misir silaji Gretiminde %30-35 kuru madde diizeyi hedeflenmelidir.

e Yuksek sindirilebilirlige sahip hibritler ve uygun silaj inokiilantlar: tercih edilmelidir.

« Rasyonlarda musir silaji, protein ve mineral dengelemesi yapilarak kullanilmalidir.

o Surdurtlebilirlik agisindan, musir silaji bazli rasyonlarm metan emisyonu uzerindeki
etkileri uygulamaya yonelik caligmalarla desteklenmelidir.

Sonug olarak musir silaji, dogru yonetildiginde hem hayvan performansini artiran hem de
stirdiiriilebilir hayvancilik hedeflerine katki saglayan temel bir kaba yem kaynagidir.
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ABSTRACT

Cardiovascular diseases remain one of the leading causes of death worldwide, and
early diagnosis and continuous monitoring of these pathologies are among the priority
directions of modern healthcare systems. In this context, electrocardiography (ECG) is a
widely used, informative, and reliable diagnostic method for assessing the electrical activity
of the heart. In recent years, the rapid development of information and telecommunication
technologies has facilitated the formation and widespread implementation of remote ECG
monitoring systems. These systems provide continuous monitoring of patients in their daily
living conditions, enhancing opportunities for early diagnosis. However, the effectiveness of
remote monitoring directly depends on the quality of the recorded ECG signals.

This paper presents a comprehensive and systematic analysis of the factors affecting signal
quality in remote ECG monitoring systems. The analysis identifies these factors as belonging
to the main groups: biological, technical, environmental, as well as communication and
software-related factors. Biological factors include skin—electrode contact, skin impedance,
muscle tremor (EMG noise), respiratory movements, and the influence of body morphology
on ECG signal amplitude and morphology. Technical factors are associated with the type of
electrodes and sensors used, amplification and filtering stages, analog-to-digital conversion
parameters, and energy constraints. Furthermore, the effects of data loss in wireless
communication channels and software-related issues on signal quality are assessed.

The analysis demonstrates that the interaction of these factors leads to artifacts in ECG signals
and reduces diagnostic accuracy. The paper summarizes technical, algorithmic, and software-
based mitigation methods to address these issues. The obtained results are of both scientific
and practical significance for optimizing remote ECG monitoring systems and improving their
reliability.

Key Words: Remote ECG monitoring, signal quality, technical factors, communication
channels, biological factors.
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UPPER REACHES OF THE QUDYALCHAY RIVER
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ABSTRACT

Microorganisms play a key role in the cycling of organic matter and in maintaining ecological
balance in freshwater ecosystems. In particular, cellulose-degrading microorganisms
contribute to the mineralization of plant-derived organic matter, participating in the natural
self-purification processes of aquatic systems. In the riparian zones of the Qudyalchay River
in the Quba region, leaf litter and other plant debris from forested areas provide a source of
cellulose that stimulates microbial activity. Therefore, the aim of this study was to determine
the distribution and seasonal dynamics of cellulose-degrading microorganisms in the upper
reaches of the Qudyalchay River.

Water samples were collected from surface layers using a sterile Sorokin bottle-bathometer.
Large plant debris was removed prior to analysis, and samples were inoculated onto selective
media to assess the growth of cellulose-degrading microorganisms. Qetchinson medium was
used for aerobic conditions, while Omelyanski medium was used for anaerobic conditions.
Dilution (1:10) and direct plating methods were applied, with filter paper serving as the
carbon source. Samples were incubated at 18-28°C, and bacterial colony formation was
monitored.

Observations confirmed the presence of cellulose-degrading microorganisms in the upper
reaches of the river. Although microbial growth was relatively slow due to lower
temperatures, it exhibited a stable pattern. Leaf litter and plant debris entering from forested
areas supported microbial nutrition. Seasonal dynamics showed increased microbial activity
during spring and summer when temperatures were higher. Rapid water flow limited the
accumulation of organic matter, preventing excessive microbial proliferation.

Consequently, cellulose-degrading bacteria play an important role in regulating carbon

cycling and maintaining the natural self-purification mechanisms of riparian ecosystems in the
Qudyalchay River.

Keywords: Cellulose-degrading microorganisms, Seasonal dynamics, Qudyalchay River,
Riparian ecosystems
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ABSTRACT

Acrylamide (Acr) is a toxic compound that can exhibit neurotoxic, genotoxic, and potentially
carcinogenic effects in the body following exposure from food and environmental sources.
Acr increases the production of reactive oxygen species, leading to oxidative stress and toxic
effects. Syringic Acid (SA) has the potential to scavenge free radicals and reduce oxidative
damage due to its antidiabetic, anticancer, and antioxidant properties. This study aimed to
evaluate the potential effect of SA against Acr-induced toxicity through oxidative stress
parameters in blood tissue.

In the study, a total of 48 male Sprague-Dawley rats aged 3 months were randomly selected
and divided into 6 groups. The control group; the group administered SA (50 mg/kg/daily for
3 weeks); the group administered Low-dose Acr (10 mg/kg/daily for 6 weeks); the group
administered High-dose Acr (50 mg/kg/daily for 3 weeks); and the Low-dose Acr + SA and
High-dose Acr + SA groups were formed. SA administration was initiated 3 weeks after Low-
dose Acr administration and was administered concurrently for 3 weeks. High-dose Acr + SA
administration was initiated concurrently. At the end of the experiment, the rats were
sacrificed, and blood samples were collected. Malondialdehyde (MDA) and glutathione
(GSH) levels as well as catalase (CAT), glutathione peroxidase (GSH-Px) and superoxide
dismutase (SOD) activities were measured spectrophotometrically in the blood samples.

Significant increases in blood MDA levels were observed in both the Low-dose and High-
dose Acr groups (p <0.0001). The increase in MDA levels in the High-dose Acr group was
statistically greater than that in the Low-dose Acr group (p <0.05). Blood MDA levels were
found to differ depending on the Acr dose. It was determined that GSH levels and activities of
CAT, GSH-Px, and SOD decreased in the groups administered Low and High doses of Acr (p
<0.05). In groups receiving both Low and High doses of Acr along with SA, MDA levels
decreased, while GSH levels and CAT, GSH-Px, and SOD activities increased (p <0.05).

The findings suggest that SA has a protective effect against Acr-induced oxidative stress and
toxicity. It has been concluded that SA reduces oxidative damage by supporting the
antioxidant defense system and may be a potential protective agent against Acr toxicity.

Key Words: Acrylamide, Syringic Acid, Toxicity, Oxidative Stress, Blood
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INTRODUCTION

Acrylamide (Acr; CH.=CH-CO-NH.) is a low—molecular-weight organic compound that
exists in solid form at room temperature, melting at approximately 8 °C and boiling at around
125 °C (Keramat et al., 2011). Acr is a carbonyl derivative with two functional groups: an
amide group and a double bond, which are responsible for its high reactivity (Wang et al.,
2020). Acr polymer compounds are used in industries such as plastics, textiles, paper,
adhesive tape, paint, concrete binders, tertiary petroleum recovery, ore processing, food
packaging, and cigarette production, as well as in laboratory applications such as gel
chromatography and polyacrylamide gel electrophoresis (Abdel-Daim, 2014; Bin-Jumah et
al., 2021; Govindaraju et al., 2024; Pennisi et al., 2013; Xiong et al., 2018). Acr has been
recognized as a heat-induced food contaminant that forms through the Maillard reaction,
which involves interactions between amino acids and reducing sugars. Primary dietary
sources include potato chips, coffee, baked goods, and sweet biscuits, particularly
carbohydrate-rich foods processed at temperatures exceeding 120 °C (Acaroz et al., 2018;
Ledl & Schleicher, 1990; Rifai & Saleh, 2020). The International Agency for Research on
Cancer classified Acr as a Group 2A “possible human carcinogen and genotoxic agent” in
1994 (Smoke & Smoking, 2004). It is known that Acr is absorbed by the gastrointestinal
system, distributed to peripheral tissues, and can cross the blood-placenta barrier (Fennell &
Friedman, 2005; Sorgel et al., 2003).

The metabolism of Acr occurs via two main pathways. In the primary detoxification pathway,
Acr is converted to mercapturic acids via the glutathione S-transferase (GST) enzyme and
excreted in the urine. In the second pathway, metabolic activation, Acr is converted by the
Cytochrome P450 (CYP450) enzyme into glycidamide (GA), a genotoxic and carcinogenic
compound; GA forms metabolites that are excreted in urine and also forms adducts by binding
to DNA and hemoglobin. Acr exposure induces oxidative stress by impairing the equilibrium
between pro-oxidant processes and antioxidant defense mechanisms. During this process,
reactive oxygen species (ROS) and hydroperoxide (H20>) levels increase significantly, while
cellular damage markers such as lipid peroxidation and protein carbonylation increase
(Elhelaly et al., 2019; Zhang et al., 2023). Acr severely depletes reduced glutathione (GSH)
levels, one of the cell's most fundamental defense mechanisms, and causes impairments in the
activities of antioxidant enzymes such as catalase (CAT), glutathione peroxidase (GSH-Px),
and superoxide dismutase (SOD). The resulting oxidative stress leads to the loss of function
of antioxidant enzymes, resulting in various toxic effects, including genotoxicity,
neurotoxicity, hepatotoxicity, and nephrotoxicity (Aboubakr et al., 2023; Ma et al., 2025; Yan
etal., 2023).

Syringic Acid (SA, CoH100s, Gallic acid 3, 5-dimethyl ether) is a hydroxybenzoic acid
subgroup of phenolic acids that occur naturally in various foodstuffs (Karamac¢ et al., 2005;
Srinivasulu et al., 2018). It is a phenolic acid in the form of a dirty white powder with a
molecular weight of 198.17 g/mol, a melting point of 205-209 °C, and a structure consisting
of a single benzene ring bonded to two methoxy groups, one hydroxyl (OH) group, and one
carboxyl group. SA is particularly abundant in fruits and vegetables such as olives, grapes,
walnuts, dates, thyme, and cauliflower (Bartel et al., 2023; Srinivasulu et al., 2018; Vo et al.,
2020). As a natural phenolic acid, SA possesses antioxidant, anti-inflammatory, antimicrobial,
neuroprotective, hepatoprotective, antidiabetic, and cardioprotective effects. These effects
make it a potential therapeutic agent, particularly for the prevention and treatment of diseases
associated with oxidative stress (Bartel et al., 2023; Shimsa et al., 2024).

The properties of SA stem from its ability to neutralize ROS due to its phenolic structure and
its capacity to regulate enzymatic and molecular pathways in cells. SA has a broad therapeutic
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potential, particularly due to its low toxicity profile (Cao et al., 2016; Rashedinia et al., 2021).
SA possesses potent antioxidant properties due to its phenolic core containing various
functional groups (Ji et al., 2019; Shimsa et al., 2024). SA has a high hydroxyl radical (HO*)
scavenging activity due to the hydroxyl group present at its 4th carbon (Vo et al., 2020).

SA facilitates cellular defense against oxidative damage by modulating the Nuclear Factor
Erythroid 2-Related Factor 2 (Nrf2) mediated antioxidant response. Significant increases in
GSH, SOD, CAT, and GSH-Px, alongside a reduction in MDA levels, have been reported as a
result of SA-induced Nrf2 nuclear translocation (Cikman et al., 2015; Haneef & Chadha,
2018; Ji et al., 2019; Li et al., 2019; Liu et al., 2024; Sabahi et al., 2020).

This study aimed to evaluate the protective potential of SA against oxidative stress induced by
both low- and high-dose Acr exposure.

MATERIALS AND METHODS

The study included 48 male Sprague—Dawley rats (3 months old). Ethical approval was
obtained from the Firat University Local Animal Experiments Ethics Committee (Approval
No: 2023/17-07). Animals were supplied by the Firat University Experimental Research
Center and maintained under standard laboratory conditions (12 h light/12 h dark cycle; 24 +
3 °C) in accordance with guidelines for the care and use of laboratory animals. During the
experimental procedures, rats were provided with standard commercial rat feed and tap water
ad libitum. The rats were randomly divided into 6 groups. Control Group: (n=7) No treatment
was administered. SA Group: (n=7) SA was administered at a dose of 50 mg/kg/day via
gavage daily for 3 weeks. Low-dose Acr Group: (n=9) Acr was administered daily for 6
weeks at a dose of 10 mg/kg/day via gavage. High-dose Acr Group: (n=8) Acr was
administered daily for 3 weeks at a dose of 50 mg/kg/day via gavage. Low-dose Acr + SA
Group: (n=9) SA was administered at a dose of 50 mg/kg starting 3 weeks after the initiation
of 10 mg/kg Acr administration and was given together with Acr for the last 3 weeks. High-
dose Acr + SA Group: (n=8) Acr at a dose of 50 mg/kg/day and SA at a dose of 50 mg/kg/day
were administered together daily for 3 weeks via gavage. The doses of Acr and SA used in the
experiment were determined according to the literature (Helli et al., 2024; Karimani et al.,
2021; Rahbardar et al., 2021; Raju et al., 2015; Sammeturi et al., 2019). SA was administered
at a dose of 50 mg/kg/day via gavage for 3 weeks for each animal. Acr was administered at
doses of 10 and 50 mg/kg/day via gavage for each animal.

Acr and SA were dissolved in water. In the Low-dose Acr + SA group, SA administration was
started 3 weeks after Acr administration and was administered together with Acr for 3 weeks.
In the High-dose Acr + SA group, SA was administered orally together with Acr every day for
3 weeks.

Blood samples, obtained post-euthanasia in EDTA-containing tubes, were processed at 3,000
rpm for 10 minutes (+4 °C) to separate the plasma fraction for MDA determination. Whole
blood was reserved for GSH and GSH-Px assessment. For the analysis of SOD and CAT,
erythrocytes were isolated and washed triple-fold with saline. All collected specimens were
kept in deep-freeze storage (—80 °C) until the scheduled biochemical assays.

MDA levels were quantified using a thiobarbituric acid-reactive substances assay adapted
from Placer et al. (1966). This method relies on the reaction between MDA, a secondary
product of lipid peroxidation, and thiobarbituric acid under acidic conditions, resulting in a
pink chromogen measurable spectrophotometrically. GSH concentrations were determined
following the method described by Ellman (1961), based on the reaction between sulfhydryl
groups and 5,5'-dithiobis-(2-nitrobenzoic acid). The assay was conducted via an enzymatic
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recycling system involving NADPH and glutathione reductase. CAT activity was assessed
according to the method of Aebi (1984). The assay measures the enzymatic decomposition
rate of hydrogen peroxide (H20:), monitored by the decrease in absorbance at 240 nm.
Glutathione GSH-Px activity in erythrocyte samples was evaluated using the Beutler (1983)
method. This assay is based on the oxidation of GSH to glutathione disulfide (GSSG) in the
presence of H.0-, with the subsequent reduction of GSSG catalyzed by glutathione reductase.
SOD activity was measured using a method based on the inhibition of nitroblue tetrazolium
reduction by superoxide radicals generated through the xanthine—xanthine oxidase system, as
described by Sun et al. (1988).

Data normality and variance homogeneity were assessed using the Shapiro-Wilk and Levene
tests, respectively. One-way ANOVA followed by Tukey’s post hoc test was applied to
parameters with homogeneous variances (p >0.05), whereas Welch ANOVA followed by
Dunnett’s T3 post hoc test was used when variance homogeneity was not met (p <0.05). Data
are presented as mean + SEM, and (p <0.05) was considered statistically significant.
Statistical analyses were performed using SPSS (Version 22.0; IBM, Armonk, NY, USA).

RESULTS

Plasma MDA levels, erythrocyte GSH levels, and CAT, GSH-Px, and SOD activities in rat
groups administered Low dose and High dose of Acr and treated with SA are shown in
Figures 1-5.
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Figure 1. Plasma MDA levels in rats administered Acr and SA. Different letters (a—d) indicate
statistically significant differences between groups (p <0.05).

Compared to the control group, plasma MDA levels were found to be statistically
significantly higher in the Low-dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups (p
<0.0001). MDA levels in the High-dose Acr (50 mg/kg) group were found to be statistically
significantly higher than in the Low-dose Acr (10 mg/kg) group (p <0.005). No statistically
significant difference was found in the control, SA, Low-dose Acr (10 mg/kg) + SA, and
High-dose Acr (50 mg/kg) + SA groups. The plasma MDA levels in the Low-dose Acr (10
mg/kg) + SA and High-dose Acr (50 mg/kg) + SA groups were lower compared to the Low-
dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups, plasma MDA levels were found
to be Low (p <0.0001), and the means of these groups were observed to approach those of the
control group (Figure 1).
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Erythrocyte GSH Levels
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Figure 2. Erythrocyte GSH levels in rats administered Acr and SA. Different letters (a—d)
indicate statistically significant differences between groups (p <0.05).

Compared to the control group, erythrocyte GSH levels were found to be statistically
significantly lower in the Low-dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups (p
<0.001). No statistically significant difference was found between the control, SA, Low-dose
Acr (10 mg/kg) + SA, and High-dose Acr (50 mg/kg) + SA groups. The Low-dose Acr (10
mg/kg) + SA and High-dose Acr (50 mg/kg) + SA groups had higher erythrocyte GSH levels
compared to the Low-dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups, erythrocyte
GSH levels were found to be high (p <0.001), and the means of these groups were observed to
approach the control group (Figure 2).
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Figure 3. Erythrocyte CAT activities in rats administered Acr and SA. Different letters (a—d)
indicate statistically significant differences between groups (p <0.05).

Compared to the control group, erythrocyte CAT activity was found to be statistically
significantly lower in the Low-dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups (p
<0.0001). No statistically significant difference was found between the control, SA, Low-dose
Acr (10 mg/kg) + SA, and High-dose Acr (50 mg/kg) + SA groups. The erythrocyte CAT
activity was higher in the Low-dose Acr (10 mg/kg) + SA and High-dose Acr (50 mg/kg) +
SA groups compared to the Low-dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups,
erythrocyte CAT activity was found to be high (p <0.0001), and the means of these groups
were observed to approach the control group (Figure 3).
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Erythrocyte GSH-Px Activities
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Figure 4. Erythrocyte GSH-Px activities in rats administered Acr and SA. Different letters (a—
d) indicate the level of statistical significance between groups (p <0.05).

Compared to the control group, erythrocyte GSH-Px activity was found to be statistically
significantly lower in the Low-dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups (p
<0.0001). No statistically significant difference was found between the control, SA, Low-dose
Acr (10 mg/kg) + SA, and High-dose Acr (50 mg/kg) + SA groups. The Low-dose Acr (10
mg/kg) + SA and High-dose Acr (50 mg/kg) + SA groups showed higher erythrocyte GSH-Px
activity compared to the Low-dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups,
erythrocyte GSH-Px activity was found to be high (p <0.0001), and the means of these groups
were observed to approach the control group (Figure 4).
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Figure 5. Erythrocyte SOD activities in rats administered Acr and SA. Different letters (a—d)
indicate statistically significant differences between groups (p <0.05).

Compared to the control group, erythrocyte SOD activity was found to be statistically
significantly lower in the Low-dose Acr (10 mg/kg) and High-dose Acr (50 mg/kg) groups (p
<0.0001). No statistically significant difference was found between the control, SA, and High-
dose Acr (50 mg/kg) + SA groups. Erythrocyte SOD activity was higher in the Low-dose Acr
(10 mg/kg) + SA and High-dose Acr (50 mg/kg) + SA groups compared to the Low-dose Acr
(10 mg/kg) and High-dose Acr (50 mg/kg) groups, erythrocyte SOD activity was found to be
high (p <0.0001), and the means of these groups were observed to approach the control group
(Figure 5).
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DISCUSSION

Blood tissue is one of the most sensitive and fastest-responding tissues in the assessment of
systemic toxicity (Wm et al., 2016). Water-soluble toxic agents such as Acr, which easily pass
into circulation, are first transported to all organs via the bloodstream. Therefore, changes in
oxidative stress markers are considered an early indicator of the overall toxic load in the
organism (Frijhoff et al., 2015; Rifai & Saleh, 2020). The study investigated whether SA
protects against oxidative damage that may occur in the blood tissue of rats administered
Low-dose Acr (10 mg/kg) over a long period and High-dose Acr (50 mg/kg) over a short
period.

Measurement of blood levels of MDA, a marker of lipid peroxidation, and antioxidant defense
parameters such as GSH, CAT, GSH-Px, and SOD enzymes provides important clues about
the severity of oxidative damage (Chaouni et al., 2020; Hydzik et al., 2023; Kolawole et al.,
2025). Therefore, the evaluation of blood parameters in this study constitutes a critical step in
understanding the systemic effects of Acr and the potential protective role of SA. During Acr
metabolism, reactive intermediate products formed via the CYP450 enzyme, particularly GA
and ROS, attack the polyunsaturated fatty acids (PUFA) in cell membranes, triggering a chain
reaction known as lipid peroxidation (Quasmi et al., 2024).

The increase in MDA levels, the end product of this process, is considered direct evidence of
the disruption of the balance between the antioxidant defense system and pro-oxidant factors
and damage to cell membrane integrity (Rifai & Saleh, 2020; Singh et al., 2014). In the study,
it was observed that Low-dose and High-dose Acr applications statistically significantly
increased plasma MDA levels. This indicates that Acr causes systemic oxidative stress
depending on the dose and duration of application. In a study by Sayed et al. (2022), exposure
to 20 mg/kg Acr for 2 weeks was reported to increase MDA levels in rats, and this was
associated with the disruption of the oxidant-antioxidant balance as a result of Acr-induced
ROS production. Similarly, Hamdy et al. (2012) reported that administering Acr at doses of 5-
10-15 mg/kg for 8 weeks to rats increased plasma MDA levels in a dose-dependent manner,
creating a general oxidative damage pattern. In another study by Haidari et al. (2020), it was
reported that Acr administration at a dose of 35 mg/kg for 2 weeks increased plasma MDA
levels and caused oxidative stress by reducing the total antioxidant capacity after Acr
metabolism. The increase in MDA observed in the groups administered High and Low doses
of Acr confirms that Acr induces lipid peroxidation and causes oxidative stress by disrupting
the oxidant-antioxidant balance. Contrary to this situation, the study determined that plasma
MDA levels in the groups administered Low-dose Acr + SA and High-dose Acr + SA were
similar to those in the control group and did not constitute a statistically significant difference.
Li et al. (2019) reported that 25 mg/kg and 50 mg/kg SA administered together with toxic
groups significantly reduced MDA levels. In a dinitrosamine-induced toxicity model by Adeyi
et al. (2023), it was reported that 4 weeks of SA treatment at a dose of 50 mg/kg significantly
reduced MDA levels. SA is known to possess potent antioxidant, radical scavenging, and anti-
inflammatory properties, and these effects are attributed to its phenolic structure
(Mashayekhi-Sardoo et al., 2025). Due to the -OH groups in its structure, it can directly
neutralize ROS, thereby stopping the first steps of the lipid peroxidation chain and preventing
oxidative damage to PUFA, ultimately suppressing MDA formation (Srinivasulu et al., 2018).
The findings obtained in the study are consistent with the mechanisms reported in the
literature and confirm that SA normalizes the plasma MDA increase caused by Acr.
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Erythrocyte GSH levels were also examined in the study to evaluate antioxidant capacity.
Sayed et al. (2022) reported a decrease in erythrocyte GSH levels following 2 weeks of Acr
administration at a dose of 20 mg/kg. A study by Obia et al. (2025) reported a decrease in
erythrocyte GSH levels following 2 weeks of Acr administration at a dose of 30 mg/kg.
Additionally, another study by El-Shehawi et al. (2022) reported a decrease in erythrocyte
GSH levels after 3 weeks of Acr administration at a dose of 20 mg/kg. Quan et al. (2022)
reported a decrease in erythrocyte GSH levels after 6 weeks of Acr administration at a dose of
1 mg/kg. The fundamental mechanism of GSH depletion following Acr application is the high
electrophilic reactivity of this compound, which stems from its chemical structure. Acr is
classified as a soft electrophile due to its a,B-unsaturated carbonyl structure, and it rapidly
forms covalent bonds with soft nucleophiles such as Acr-DNA through the Michael addition
reaction. It exhibits low reactivity toward ‘“hard” nucleophiles such as glutathione (GSH),
whose thiol group (—-SH) of glutathione, which is abundant in the cell, through a Michael
addition reaction. Acr exhibits low reactivity toward “hard” nucleophiles such as DNA but
reacts very rapidly with soft nucleophiles such as GSH to form GSH conjugates, leading to
rapid depletion of the GSH pool and disruption of cellular redox balance (Huchthausen et al.,
2023; Park et al., 2002). In the study, the decrease in erythrocyte GSH levels observed in
Low-dose and High-dose Acr groups supports cellular GSH depletion following Acr
administration. Following Acr application, the direct consumption of GSH via covalent
binding leads to a weakening of the antioxidant defense, ROS accumulation, and a consequent
increase in oxidative damage. This mechanism is considered one of the most important
biochemical processes underlying both the hepatotoxic and neurotoxic effects of Acr. In their
study, Kumar et al. (2012) reported that erythrocyte GSH levels increased following the
administration of three different doses of SA (25, 50, and 100 mg/kg). In a histamine-induced
toxicity model conducted by Zhang et al. (2025), erythrocyte GSH levels were reported to
increase after 2 weeks of SA administration at a dose of 300 mg/kg. The decrease in
erythrocyte GSH levels following Acr administration was reversed by SA treatment, which
replenished GSH stores and exhibited antioxidant effects, consistent with the literature.

CAT, one of the most important enzymatic defense elements of the antioxidant defense
system, protects the cell from oxidative damage by playing a fundamental role in converting
H20: into water and oxygen (Anwar et al., 2024). While changes in GSH levels reflect the
general direction of oxidative balance, changes in CAT activity are of particular importance as
they demonstrate the fastest and most direct response to an increase in oxidant load, especially
in H20: levels. Therefore, evaluating how CAT activity is affected after Acr exposure in this
study is a critical parameter for revealing the pressure of oxidative stress on the enzymatic
defense step. A study by Sayed et al. (2022) reported a decrease in erythrocyte CAT activity
after 2 weeks of Acr administration at a dose of 20 mg/kg. Another study reported a decrease
in erythrocyte CAT activity after 3 weeks of Acr administration at a dose of 20 mg/kg (El-
Shehawi et al., 2022). Quan et al. (2022) reported a decrease in erythrocyte CAT activity in an
8-week Acr study at a dose of 1 mg/kg. In the evaluated studies, the decrease in erythrocyte
CAT enzyme activity caused by Acr administration was attributed to the severe oxidative
stress induced by Acr in cells and the weakening of antioxidant defense systems (El-Shehawi
et al., 2022; Quan et al., 2022; Sayed et al., 2022). The findings obtained in the study showed
that erythrocyte CAT activity decreased significantly in groups administered Low-dose Acr
and High-dose Acr, and these findings are consistent with studies in the literature. This
decrease in CAT activity is an important indicator that Acr causes oxidative damage at the
cellular level. Increased ROS (especially H.0) with Acr exposure exceeds the capacity of the
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antioxidant defense system and is thought to lead to the depletion or inactivation of CAT, one
of the enzymatic defense components. The study observed that SA increased erythrocyte CAT
activity. In a hypertension study conducted by Kumar et al. (2012), treatment with SA at doses
of 25-50-100 mg/kg for 4 weeks resulted in an increase in erythrocyte CAT activity. This
increase was attributed to SA's ability to suppress oxidative stress due to its potent antioxidant
and free radical scavenging properties. The study is consistent with the literature data.

In cells, GSH-Px is one of the most critical components of the primary enzymatic antioxidant
defense line, which plays a fundamental role in ROS detoxification and maintaining cellular
redox balance. GSH-Px, in particular, uses reduced GSH as a co-substrate to reduce H>O> and
lipid hydroperoxides to water and related alcohols, rendering them inactive (Pei et al., 2023).
The literature reports that low GSH-Px activities observed in various disease pathologies and
toxicity models are directly associated with increased cancer risk, cardiovascular disorders,
and neurodegenerative processes (Kalinina, 2024; Sarikaya & Dogan, 2020). Therefore,
evaluating how GSH-Px activity is affected following Acr exposure constitutes a critical
parameter for revealing the pressure on the enzymatic defense step of oxidative stress. The
study found a statistically significant decrease in blood GSH-Px activity in groups
administered Low and High doses of Acr. In a study by Fang et al. (2022), a decrease in blood
GSH-Px activity was reported following 12 days of Acr administration at a dose of 35 mg/kg
in an Acr-induced neurotoxicity model. Another study reported a decrease in blood GSH-Px
activity after 4 weeks of Acr administration at a dose of 50 mg/kg in an Acr-induced
hepatotoxicity model (Gawesh et al., 2021). In a toxicity study conducted by Teodor et al.
(2011) using Acr, it was reported that 10 days of Acr administration at a dose of 50 mg/kg
caused a decrease in blood GSH-Px activity. This decrease in blood GSH-Px activity is
thought to be due to Acr causing ROS accumulation in tissues, disrupting the redox balance,
rapidly depleting GSH, which is a cofactor or substrate of enzymes, as a result of conjugation
with Acr, and inhibiting enzyme activity by increasing lipid peroxidation, which exceeds the
antioxidant enzyme capacity. In a hypertension study conducted by Kumar et al. (2012), a
significant increase in erythrocyte GSH-Px activity was reported after 4 weeks of SA
administration at doses of 25-50-100 mg/kg. In another study, SA, used as an antioxidant in a
subarachnoid hemorrhage model, was administered at doses of 50 and 250 mg/kg for 10 days,
and an increase in erythrocyte GSH-Px activity was reported (Kiyak et al., 2025). The study
found that SA increased Acr-induced low blood GSH-Px activity. Based on a literature review,
it is thought that SA exhibits a protective effect against tissue damage by increasing GSH-Px
activity under Acr-induced oxidative stress conditions, thanks to its structural properties that
enable it to directly scavenge ROS and its ability to support endogenous antioxidant defense
systems.

SOD is the primary antioxidant defense enzyme that converts superoxide anion, one of the
first ROS formed during oxidative stress, into H.O. and molecular oxygen. SOD activity
represents the cell's first line of defense against oxidative damage (Islam et al., 2022).
Therefore, evaluating SOD levels is important for revealing the degree of oxidative stress
exposure and the capacity of the administered antioxidant to suppress superoxide-induced
damage. In the study, a decrease in erythrocyte SOD activity was determined in the Low-dose
Acr and High-dose Acr groups. Studies have reported a decrease in erythrocyte SOD activity
after 2 and 3 weeks of Acr administration at a dose of 20 mg/kg (EI-Shehawi et al., 2022;
Ghorbel et al., 2015; Sayed et al., 2022). A study by Fang et al. (2022) reported a decrease in
erythrocyte SOD activity after 12 days of Acr administration at a dose of 35 mg/kg. This
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decrease following Acr administration is thought to be due to the rapid consumption and
functional inhibition of SOD along with excessive superoxide radical production, and that the
ROS formed during Acr metabolism excessively increases the superoxide anion, which is the
substrate of SOD, leading to the enzyme's capacity being exceeded and the antioxidant
defense system becoming insufficient. A study by Zhang et al. (2025) reported an increase in
erythrocyte SOD activity after 3 weeks of SA administration at a dose of 300 mg/kg. Another
study reported an increase in erythrocyte SOD activity following 4 weeks of SA
administration at doses of 25, 50, and 100 mg/kg (Kumar et al., 2012). The increase in
erythrocyte SOD activity with SA administration has been attributed to the stimulation of
antioxidant pathways by SA (Ogut et al., 2022).

Elevated MDA levels and decreased antioxidant enzyme activities upon Acr exposure have
been considered as indicators of systemic oxidative stress. In contrast, SA administration was
observed to significantly reverse this adverse Acr-induced profile, suppress lipid peroxidation,
and preserve endogenous antioxidant reserves. This protective effect of SA is attributed to its
phenolic structure, which enables direct ROS scavenging and supports the cell's antioxidant
enzyme capacity. The findings suggest that SA may be a potential natural therapeutic agent or
dietary supplement against Acr toxicity. Future molecular studies are expected to shed more
light on the protective mechanisms of SA.

This study was derived from the blood tissue data of Hakan BAG's doctoral thesis.
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ABSTRACT

This article examines key factors and aspects that directly influence the development of
management systems for oil and gas companies in the context of digitalization and the use of
artificial intelligence. Currently, in the era of digitalization, when large oil and gas companies
are managed based on financial results, issues of improving management systems are
becoming increasingly pressing. Moreover, the largest Russian oil and gas companies adhere
to the principle of social responsibility, which further obliges company management to
monitor all organizational changes.

The oil and gas industry is a key sector of the global economy, ensuring energy security and
sustainable development for many countries. However, in the context of global digitalization
and the transition to Industry 4.0, companies in the industry are faced with the need to
transform their management systems. Digitalization opens up new opportunities for process
optimization, increased transparency, and cost reduction, but simultaneously requires
consideration of numerous factors influencing the development of an effective management
system. Technological Factors: Digitalization of the oil and gas industry involves the
implementation of advanced technologies such as the Internet of Things (loT), big data,
artificial intelligence (Al), and blockchain. These technologies enable the automation of data
collection and analysis processes, the prediction of accidents, and the optimization of
production cycles. For example, 10T devices can be used to monitor equipment status in real
time, reducing the risk of downtime and improving safety.

Cost efficiency is a key factor when developing a management system. Digitalization can
reduce operating costs by automating routine processes and streamlining logistics. However,
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initial investments in digital technologies can be high, requiring a thorough payback analysis.
Furthermore, fluctuations in oil and gas prices, which impact the financial stability of
companies, must be taken into account.

Amid increasingly stringent environmental regulations and sustainability requirements, oil
and gas companies are forced to integrate environmental aspects into their operations. Digital
technologies such as Al and Al can assist in monitoring emissions and reducing negative
environmental impacts. This not only facilitates regulatory compliance but also enhances
companies' reputations in the eyes of stakeholders. Growing awareness of climate change,
promoted by governments, and the need to reduce carbon emissions is actively promoting the
development of clean and energy-efficient technologies in the oil and gas industry. This
includes the use of renewable energy sources (RES), reducing overall energy consumption,
efficient and cost-effective resource use, and the development of effective methods for
collecting and disposing of emissions.

The implementation of digital solutions will enable oil and gas companies to increase their
competitiveness, ensure sustainable development, and effectively respond to the challenges of
the modern economy.

Keywords: oil and gas industry, factors, digitalization, management system, digital
technologies, efficiency, competitiveness, artificial intelligence.
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ABSTRACT

The purpose of this article is to analyze the results of using highly intelligent solutions in
various business sectors and identify promising areas for implementing artificial intelligence
algorithms into business processes. The study focuses on the implementation of Al programs
and services in various business sectors, which allowed it to identify key areas for the further
development of Al systems, as well as to identify the main problems, risks, and threats
associated with the widespread use of artificial intelligence and information technology in
society, individuals, and the state.

The rapid development of Al systems allows it to self-improvement based on deep learning
neural networks. This is confirmed by the growth in the number of Al startups, which
increased fivefold between 2015 and 2025 to $3.465 billion, with $1.393 billion in the United
States. The largest number of such Al companies in 2017 were registered in the United States,
with 2,905 at that time. According to the DataProt information portal, the global artificial
intelligence market will reach $267 billion by 2027. Currently, 37% of companies use
algorithmic services and Al technologies. This indicates that the opportunities for using new,
highly intelligent technologies will steadily increase in the future.

The development of innovative digital technologies in the 21st century is driving economic
growth due to automation, precision, and other opportunities to improve business
management efficiency. Digital transformation and artificial intelligence algorithms are
applicable to wvarious business processes, as they help eliminate certain systemic
contradictions and conflicts through the targeted use of specific individual resources. This
provides the foundation for sustainable economic development, increased labor productivity,
and further optimization of business processes.

Keywords: artificial intelligence, algorithm, neural networks, IT technologies, innovation,
business, efficiency
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ABSTRACT

Hash functions are key to data integrity, authentication, and security in modern computing
systems. But most well-known cryptographic hash functions are optimized for security and
performance, with energy consumption being a secondary concern. This constrain is highly
critical for the battery-limited environments (e.g., 10T devices, wireless sensor networks, and
embedded systems) since energy-efficient behavior would directly impact system lifetime
and reliability.

In this paper, we explore algorithm and architecture energy tradeoffs of cryptographic
hashing algorithms on low-area low-power devices. A comparison of several popular hash
functions is presented based on various parameters such as energy-envelope, execution time,
memory requirement and security strength. The paper presents an energy-conscious hashing
architecture, which dynamically sets the choice of baked-in algorithm and parameters under
host limitations as well as context-aware criterias. We experimentally evaluate on
representative low power hardware platforms the realistic energy characteristics in the
presence of different workloads.

It is shown that substantial energy reductions are possible at the cost of being tailored to less
secure computations through optimizations, dynamic execution schemes, and context-based
algorithm choice. The results illustrate the energy-efficiency and cryptographic robustness
trade-offs and offer practical insights into implementing hashing functions in resource-
constrained systems. This paper is a major step forward for sustainable and secure computing
in that it takes on an aspect of cryptographic system design that while increasingly important
has largely been overlooked.

Keywords: Energy-aware hashing, cryptographic hash functions, battery-constrained devices,
loT security, lightweight cryptography, energy efficiency, embedded systems

INTRODUCTION

In contemporary information security, cryptography is very important. It gives us ways to
keep digital data private, make sure it hasn't been changed, and verify that it is what it claims
to be (Menezes, van Oorschot, &amp; Vanstone, 1996). Hash functions are a key part of
cryptography. They take data of any size and turn it into a digest of a set size (Schneier, 2015).
This digest can then be used to check messages, create digital signatures, and confirm data
validity. SHA-1 and SHA-256 are two hash functions that people use a lot because they are
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part of different security standards and protocols. SHA-1 makes a 160-bit hash, and SHA-256,
which is part of the SHA-2 group, makes a 256-bit digest. The 256-bit digest is more secure
and better at stopping collision and preimage attacks (NIST, 2015).

When picking a hash algorithm, security is a big factor, but we also need to think about how
much computing power it needs. This is really important in small devices that don't have a lot
of processing power, memory, or energy. ARM Cortex-M microcontrollers, such as the MO
and M3 cores, are often used in IoT devices, industrial automation, and other low-power
applications (Yuan et al., 2019). It's very important to know how well cryptographic
algorithms work on these systems. If they aren't implemented well, they can slow things
down, use more power, and possibly make the system less reliable (Stallings, 2017).

This study looks at how SHA-1 and SHA-256 compare in terms of code size, the number of
instructions, and how well they compute when used on Cortex-MO and Cortex-M3
microcontrollers. This comparison is very helpful for researchers, engineers, and others who
want to pick the best hash function for systems with limited resources. By studying both how
complex the algorithms are and how the processor design affects them, this study aims to
offer solid advice on how to make embedded systems secure without losing performance.It
will let people know about the tradeoffs between SHA-1 and SHA-256.

The different ways that SHA-1 and SHA-256 work have an impact on how well they perform
and how secure they are. SHA-1 is based on the Merkle-Damgard construction and uses a
series of bitwise operations, additions, and modular arithmetic to process the input data in
blocks. It has been widely used, but over time, weaknesses have been found that make it less
secure against attacks, especially collision attacks (Wang, Yin, & Yu, 2005). SHA-256 also
uses the Merkle-Damgard construction, but it has a different structure and more complicated
operations. It includes things like bitwise logical functions, shifts, and additions. Because it
creates bigger hash values, it's usually thought to be more resistant to different kinds of
attacks (NIST, 2015).

When putting these algorithms into practice, you need to think about the specifics of the ARM
Cortex-M architecture. These microcontrollers are made to use as little power as possible, and
they have a small instruction set. Because of this, it is important to write code that makes the
best use of the architecture's features and keeps memory use down. For example, using the
Thumb-2 instruction set, which is available on Cortex-M3, can make the code smaller and
faster than using the older Thumb instruction set that is used on Cortex-M0 (ARM, 2020;
Wolf, 2012).

Also, how you store and get to data can have a big impact on how well things work. On ARM
Cortex-M devices, accessing memory can be slow, so it's best to keep data that is used a lot in
registers or cache memory. How the hash function's internal state is set up can also have an
impact on speed. For example, organizing the data in a way that lines up with the processor's
word size can cut down on the number of memory accesses that are needed.

To get reliable and repeatable results, the comparison in this study will be done in a carefully
controlled setting. The algorithms will be put into practice using standard C code that has
been tuned for the ARM Cortex-M architecture. To make sure the results are correct, the code
will be tested with a number of different data sets, and performance metrics like code size,
instruction count, and clock cycles will be measured using specialized tools.
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The results of this study will give useful advice to people who create embedded systems about
how to pick the best hash function for their needs. By looking at the trade-offs between
security and performance, engineers can come up with well-informed choices that take into
account the limits of their hardware and the security needs of their application. This will make
it easier to create safe and trustworthy IoT devices and other embedded systems that guard
private data and work well in real-world situations.

CONCEPTUAL FRAMEWORK

This study looks at how cryptography and the performance of embedded systems work
together. Cryptographic hash functions, like SHA-1 and SHA-256, take data and run it
through a bunch of steps to make a special output that's always the same size. These functions
are important because they help us check if data has been changed, even in small ways
(Schneier, 2015). But, how complicated the math is, how long the output is, and how the
calculations are set up all change how fast things run and how much memory is used.

SHA-1, which came out in the early 1990s, has been used a lot because it's easy to use and does not
require too much to run. But, experts have found some weak spots in SHA-1, especially when it
comes to making sure different inputs don't give the same output (Wang, Yin, &amp; Yu,
2005). SHA-256 is safer, but it does more complicated stuff and needs more space to run,
which makes the code bigger and takes more work (NIST, 2015). These things are really
important for small computers like ARM Cortex-MO0 and M3, which have different ways of
processing instructions, different speeds, and different sets of commands. For example, the
M3 core has a better way of processing instructions in three steps and extra commands that
can cut down on the number of instructions and make things faster compared to the M0 (Wolf,
2012).

By putting together what we know about cryptography and how processors work, we can
better see how security and performance affect each other. It shows that when picking a hash
function for embedded systems, it's not just about security. We also have to think about how
much memory it takes up, how long it takes to run, and what the specific processor can do.
This study uses numbers to measure how big the code is and how many instructions it takes to
see how different processor designs change how well SHA-1 and SHA-256 work.

METHODOLOGY

This study uses experiments and numbers to do its work. We wrote code in C for SHA-1,
SHA-256, and a bit of extra code to help. Each part of the code was kept separate so we could
see how much work each hashing method really took. We had two main files, main_shal.c
and main_sha256.c, to run each method. They both used the same 256-byte chunk of data.
This is like checking if data is correct in small devices.

We used the ARM GNU tools (arm-none-eabi-gcc) to turn the code into instructions for two
types of chips: ARM Cortex-M0 and ARM Cortex-M3. When we did this, we told the tools
which chip (-mcpu), which set of instructions (-mthumb), and to make the code faster (-O2).
We also used some special commands (-ffunction-sections -fdata-sections) to organize the

114



code better, and we left out some standard parts (-nostdlib and -nostartfiles). This made sure
that only the important parts of the code were included, so we could tell exactly how much
space the hashing method used.

We looked at two main things: how big the final code was (using arm-none-eabi-size) and
how many instructions it took to run (using arm-none-eabi-objdump). The size of the code is
important because small devices don't have much space to store it. The number of instructions
tells us how much work the chip has to do. By looking at these things for SHA-1 and SHA-
256 on both types of chips, we could see how well each hashing method worked and how the
chip affected it. We put the numbers in tables and looked at them closely to figure out which
hashing method is best for small devices.

To make sure we got good results, we kept a few things constant. The input data size was
always 256 bytes to replicate a common data packet size in small wireless communication.
Each module contained only the core hashing logic, without extra I/O or system calls, which
might change the performance measures. The optimization level -O2 was chosen because it
provides a good balance between code size and speed, appropriate for smaller systems. Each
step, from writing the code to studying the results, was done carefully to make sure the results
were reliable. The tool versions were kept the same to avoid changes caused by tool updates.
Multiple runs were done, and the numbers were averaged to reduce random errors.

EXPERIMENT

To measure how well SHA-1 and SHA-256 algorithms perform on ARM microcontrollers,
regarding speed and memory use, we did tests on Cortex-MO0 and Cortex-M3 processors. We
compiled the SHA-1 (shal.c) and SHA-256 (sha256.c) code, along with extra helper code
(utils.c), separately using main_shal.c and main_sha256.c driver files. Each driver ran its
algorithm on a 256-byte data sample to copy what happens in actual embedded systems.

We compiled the code using the ARM GNU toolchain (arm-none-eabi-gcc) with these
settings: -mcpu to pick the processor, -mthumb for the instruction set, -O2 for code, -ffunction-
sections and -fdata-sections to organize the code, and -nostdlib -nostartfiles to leave out
standard libraries. This way, the compiled files only had the algorithm instructions, so we
could measure memory and instruction counts correctly.

We looked at two main things:

1. File size: the size in bytes, measured with arm-none-eabi-size, which shows how much
memory is needed to store the algorithm.

2. Instruction count: the number of instructions, measured with arm-none-eabi-objdump by
counting the instructions in the disassembled ELF file, which gives an idea of how complex
the calculations are.

The results are summarized in Tables 1 and 2.

Algorithm | Cortex-MO (bytes) | Cortex-M3 (bytes)

SHA-1 524 432

SHA-256 | 796 704

Table 1. Binary Size of SHA-1 and SHA-256 on Cortex-MO0 and M3
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Algorithm | Cortex-MO (instructions) | Cortex-M3 (instructions)

SHA-1 257 168

SHA-256 | 265 167

Table 2. Instruction Count of SHA-1 and SHA-256 on Cortex-M0 and M3 The outcomes of
this study point to some important things:

1. How Hard the Algorithms Are: SHA-256 uses more memory than SHA-1. This is because
it has a bigger internal setup and trickier changes inside. This goes along with it being better
at keeping secrets safe, like not mixing up different data.

2. What the Processor Does: The Cortex-M3 usually has smaller instruction counts and
smaller binary sizes than the MO core. The M3's better 3-stage pipeline, more Thumb
instructions, and smarter instruction scheduling, as Wolf said in 2012, help make this happen.

3. What You Gain and Lose: This experiment shows that you have to pick between safety and
how well things work. SHA-256 is safer, but it needs more memory and computing power.
This can be a problem for devices that do not have many resources, like those using Cortex-
MO. SHA-1 is easier to run and does not take up much space, but it is not as safe.

Basically, this experiment gives numbers that can help you pick the right algorithm for
embedded systems. When making choices about cryptography in systems that do not have
much power or memory, designers need to think about what the processor can do and how safe
things need to be. The information also shows that using better microcontroller cores (like
Cortex-M3) can really help, because they can handle the extra work that comes with using
stronger algorithms for keeping things safe.

RESULTS AND DISCUSSION

Our tests revealed performance variations when comparing SHA-1 and SHA-256, and also
when comparing Cortex-MO0 and M3 processors.

For SHA-1, the compiled size was 524 bytes on the MO and 432 bytes on the M3. SHA-256
had bigger sizes, at 796 bytes for MO and 704 bytes for M3. We saw something similar with
the number of instructions. SHA-1 took 257 instructions on M0 and 168 on M3. SHA-256
needed 265 instructions on M0 and 167 on M3.

These outcomes support the idea that SHA-256 needs more computation and uses more
memory than SHA-1, which makes sense since it's more secure and makes a longer hash. The
variation between MO0 and M3 displays the better design of the M3, like how it can process
instructions faster and has extra Thumb instructions. These things cut down on the number of
instructions needed for certain tasks (Wolf, 2012).

The study shows that one must pick between security and how well something works. SHA-
256 is better if you need strong protection from collisions (NIST, 2015). But SHA-1 could
still work if memory and processing speed are really important, as long as you keep in mind
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that it has some weak spots. It also brings up how important it is to think about what kind of
processor an encryption system will run on.

The M3 did better, proving that good hardware can make up for algorithms that take up a lot
of resources. Those making things for the M0 might need to think very carefully about how to
find the right balance between security and using as few resources as possible. This is
important for gadgets like loT devices, sensors, and other systems that don't use much power,
where security and waste are top priorities.

Going into detail, the investigation consisted of setting up an environment to measure the
speed and memory usage of both SHA-1 and SHA-256 algorithms on Cortex-MO0 and Cortex-
M3 platforms. We made sure the testing conditions were the same and fair to all processors.
This allowed for a direct assessment of algorithmic and architectural performances. We used
standard tools to compile and measure things, making sure the data was precise and
trustworthy.

We took data from multiple rounds of tests to strengthen the final results. The instruction
counts were calculated with debug tools incorporated in the compilation chain, providing a
full view of how the processors acted when running the algorithms.

The effects of various compilation settings were also investigated to see how code size and
processing speed changed. This process of standardization made sure that any differences
observed were because of the features of the algorithm used or the design of the processor and
not from how tests were set up.

The results give people making embedded systems more knowledge, especially when
choosing encryption ways for devices with limited resources. Knowing the trade-offs between
security and efficiency can help people decide what to pick based on what they truly need.
Likewise, our finding emphasizes how crucial it is to consider hardware abilities when
planning security steps, because the right hardware can greatly reduce the effect of
complicated encryption algorithms.

The tests also bring up larger subjects about encryption in resource-constrained settings. As
loT devices become more common, keeping data safe on these little devices creates specific
problems (Yuan et al., 2019). The information is a place to start for people making choices
about security that also take energy use, processing power, and code size into account.

In summary, this methodical look at SHA-1 and SHA-256 on different Cortex-M devices
gives clear facts to those handling security in embedded systems. By completely examining
the balance between algorithmic security and hardware abilities, this makes easier the creation
of secure and powerful 10T devices and other systems with limited resources.

CONCLUSION

This study examines the performance differences between SHA-1 and SHA-256 algorithms
when implemented on ARM Cortex-MO0 and M3 microcontrollers. Our exploration indicates
that SHA-1 generally needs less computational power and memory space compared to SHA-
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256. On the other hand, SHA-256, which is known for superior security, takes up more code
space and also requires more instructions to run. We observed that the M3 processor does a
better job at running these algorithms when compared to the MO. This difference shows how
important the processor design is when putting cryptography into action.

These findings have important things to say about designing embedded systems. System
designers need to think hard about how much security they need versus how many resources
they have available. SHA-256 is a good choice for applications that need really strong
security, assuming there are enough computing resources. SHA-1 might still be useful in
systems that don't have much processing power but putting speed first is important.

Future work can build on this by looking at how these algorithms perform in real time,
measuring their energy usage, and seeing how special hardware can make cryptographic tasks
run faster. This will give us a fuller view of how cryptography works in embedded systems.

REFERENCES

ARM. (2020). ARM compiler 6: User guide. ARM Ltd. Retrieved from
https://developer.arm.com/tools-and-software/embedded/arm-compiler

Menezes, A. J., van Oorschot, P. C., & Vanstone, S. A. (1996). Handbook of applied
cryptography. CRC Press. https://cacr.uwaterloo.ca/hac/

NIST. (2015). Secure hash standard (SHS) (FIPS PUB 180-4). National Institute of Standards
and Technology. https://doi.org/10.6028/NIST.FIPS.180-4

Schneier, B. (2015). Applied cryptography: Protocols, algorithms, and source code in C (20th
anniversary ed.). John Wiley & Sons.

Stallings, W. (2017). Cryptography and network security: Principles and practice (7th ed.).
Pearson.

Wang, X., Yin, Y. L., & Yu, H. (2005). Finding collisions in the full SHA-1. In M. Franklin
(Ed.), Advances in cryptology - CRYPTO 2005 (pp. 17-36). Springer.
https://doi.org/10.1007/11535218 2

Wolf, W. (2012). Computers as components: Principles of embedded computing system
design (3rd ed.). Morgan Kaufmann.

Soto-Cruz, J., Ruiz-Ibarra, E., Vazquez-Castillo, J., Espinoza-Ruiz, A., Castillo-Atoche, A., &
Mass-Sanchez, J. (2025). A survey of efficient lightweight cryptography for
power-constrained microcontrollers. Technologies, 13(1), 3.
https://doi.org/10.3390/technologies13010003

118


https://developer.arm.com/tools-and-software/embedded/arm-compiler
https://cacr.uwaterloo.ca/hac/
https://doi.org/10.6028/NIST.FIPS.180-4
https://doi.org/10.1007/11535218_2
https://doi.org/10.3390/technologies13010003

APPLICATION OF HASHING ALGORITHMS FOR USER AUTHENTICATION IN
BRAIN-COMPUTER INTERFACE SYSTEMS

Firuze ABDULLAZADE
Azerbaijan State Oil and Industry University, Faculty of Information Technologies and
Management, Department of Computer Engineering, Baku, Azerbaijan
ORCID ID: https://orcid.org/0009-0004-4772-779X

ABSTRACT

Brain-Computer Interfaces (BCI) facilitate user functionality by connecting the brain to
computers through Brain Signals (EEG). Brain signals contain unique patterns specific to the
user, which has the ability to identify them but are not stable enough to consistently use them
for this purpose. This is unlike passwords or fingerprints, which can easily be altered, making
storing Raw EEG data very risky. Hashing Algorithms can be used to transform the extracted
EEG feature into a digital fingerprint (of fixed length). A hashing algorithm allows BCI to
confirm the identity of the user without exposing the underlying EEG data.

However, the problem of confirming the identity of users via BCI still exists making
variability of EEG patterns difficult to overcome. Due to the unique characteristics of each
session, small variations in sessions may result in errors when authenticating users. Hence, it
is important to test different hashing techniques to determine their ability to be used in real-
time, while still offering adequate variability handling.

The current study uses publicly available datasets of EEG signals to compare and evaluate the
performance of hashing techniques against measures of accuracy, false acceptance and false
rejection rates, and computational efficiency. Some hashing techniques are better able to
handle variations than others, while others are low enough in terms of computational cost to
be implemented on wearable and/or resource-constrained devices.

Hashing techniques appear to be a good compromise between providing a secure system,
protecting the user's privacy, and maintaining acceptable performance levels. While they do
not address all concerns regarding security and privacy (e.g., inaccurate results can occur due
to extreme variations in brain activity or sub-optimal feature extraction processes), hashing
demonstrates a viable path forward for incorporating cryptography into BCI applications. By
treating brain signals as secure, hashable identifiers, BCls could become both safer and more
reliable for real-world use.

Key Words: Brain-Computer Interface, EEG, User Authentication, Hashing Algorithms,
Biometric Security, Privacy-Preserving Systems, Real-Time Authentication

INTRODUCTION

Brain-Computer Interfaces (BCIs) offer a way for individuals to interact with computers or
devices using their brain activity, often measured using electroencephalography (EEG)
(Wolpaw &amp; Wolpaw, 2012). These systems have wide ranging potential, including
helping people with movement limitations, improving video games, and enabling secure
logins without the need for passwords (Miller-Putz et al., 2008). One potential method for
BCI login involves using the unique patterns found in a person’s EEG data. Just like
fingerprints or iris scans, each person’s brain activity has individual features that can act as a
biometric identifier (Palaniappan, 2007).

A key problem is that EEG data can change a great deal. Things like a person’s mood,
tiredness, where the electrodes are placed on the head, and background noise can cause
changes in the data, even when it’s the same person being measured at different times (Samek
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et al., 2013). Because of these changes, it's hard to use raw EEG data directly for reliable
logins. Unlike standard biometrics, which are fairly consistent, EEG systems have to find a
balance between being accurate and easy to use, as well as dealing with data fluctuations
(Maiorana et al., 2014).

One possible solution is to use hashing algorithms on the EEG data. A hashing algorithm turns
the EEG features into a digital fingerprint with a set length. This fingerprint can be stored
safely and used for login purposes (Stallings, 2020). Exact hashing methods, like SHA-256,
offer good security but are very sensitive to small changes in the data. Therefore, they may
not recognize a valid user because of slight variations in their EEG (Eastlake &amp; Jones,
2001). In contrast, fuzzy hashing methods, like Locality Sensitive Hashing (LSH), are meant
to handle some variation, making them better for real-world EEG login scenarios (Indyk
&amp; Motwani, 1998).

This study aims to test and compare how well exact and fuzzy hashing algorithms work for
EEG-based user login in BCI systems. The study looks at how well these algorithms manage
changes in data from session to session, maintain security, and stay practical. This research is
important because there is a need for login systems that protect user data, prevent
impersonation, and can be used in real BCI applications (Palaniappan &amp; Mandic, 2007).

By comparing SHA-256 and LSH on available EEG data, this study intends to offer insight
into which hashing approach works best for BCI user login. It will contribute to creating
secure and private BCIs. The broader implications of this research touch upon the intersection
of cybersecurity, neuroscience, and assistive technology, addressing crucial questions about
data protection and user authentication in emerging BCI applications. Further investigation
into the computational cost of these algorithms is needed to assess their applicability for real-
time BCI systems. The datasets employed must also be sufficiently diverse to reflect the
variability of real-world user populations. Addressing these points will provide a more
complete picture of the strengths and limits of each method, guiding future efforts in the
development of this technology. Additionally, ethical considerations about the security and
potential misuse of brain data must be taken into account to ensure responsible from this field.

CONCEPTUAL FRAMEWORK

This study explores how EEG signals can be the basis for biometric authentication in Brain-
Computer Interface (BCI) systems. EEG signals are electrical signals created by brain
activity, which show a person's mental state and individual brain features (Niedermeyer
&amp; da Silva, 2005). These signals are usually recorded from many electrodes on the scalp,
giving detailed recordings over time. The distinct nature of EEG signals means they could be
used to identify users. changes in EEG signals across different sessions and situations create
difficulties (Palaniappan &amp; Mandic, 2007).

To deal with these changes and security issues, hashing algorithms are used. A hashing
algorithm turns EEG features into a digital fingerprint of a set length. With exact hashing
algorithms, like SHA-256, even a tiny change in the input will cause a completely different
output. This provides strong security, it can be too sensitive to EEG changes (Eastlake &amp;
Jones, 2001). This sensitivity might cause genuine users to be rejected too often.

On the other hand, fuzzy hashing methods, such as Locality Sensitive Hashing (LSH), are
made to handle slight input differences. LSH is likely to map similar feature vectors to hash
values that are the same or close. It allows genuine users to be recognized even if their EEG
signals change a bit (Indyk &amp; Motwani, 1998). This is important for EEG authentication
because it balances correctness and ease of use while keeping security at a good level.

This study also uses common measures for testing biometric systems:
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e Accuracy: This is how often the system correctly identifies users, both genuine users and

impostors.

e False Acceptance Rate (FAR): This is how often the system wrongly accepts an impostor.

e False Rejection Rate (FRR): This is how often the system wrongly rejects a genuine user
(Jain, Ross, &amp; Nandakumar, 2011).
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Figure 1. EEG-Based User

Authentication Framework

Figure 1 shows the flow of EEG-based user authentication in this study. First, raw EEG
signals are cleaned to remove noise and errors. Then, bandpower features are taken out and
changed using either SHA-256 or LSH. The hash values are kept safe, and authentication
happens by comparing the hashes from the initial session and test sessions. Genuine and
impostor attempts are checked using the measures mentioned above.

By using EEG signal features with hashing ways, this study gives a user authentication
method in BCls that protects privacy. It focuses on the balance between security, accuracy,
and tolerance of EEG changes, which forms the basis for the study's experiment. The issues of
data privacy are important. The use of hashing helps to ensure that the EEG data is kept
secure by only storing the hash representations rather than the raw data. Classic encryption
methods can be computationally intensive, hashing offers a light way to secure biometric info.

Hashing may also offer a defense against replay attacks, where malicious individuals try to
get into the system using previously recorded EEG data. The input EEG data has to match
during the enrollment phase for any authentication attempt to be successful. This greatly
lowers the risk of illegal access by replay attacks.

The framework's adaptability is one more important thing to think about. Although methods
such as SHA-256 and LSH are looked at in this work, other hashing algorithms can be used
based on the needs of the application. For instance, in environments where security is of
utmost importance, stronger cryptographic hash functions might be used.

This work adds to the growing body of knowledge about biometric authentication based on
EEG signals by offering both new research directions and practical techniques. The way that
EEG signal features are combined with hashing methods improves the security and
dependability of BCI systems. This helps people trust and accept these interfaces more,
especially for sensitive uses like healthcare, finance, and personal safety. The problems of
EEG variability, security issues, and the need to strike a balance between accuracy and
usability are all carefully considered in the study's framework, which paves the way for more
study and development in the field.

METHODOLOGY

This investigation centers on the application of hashing algorithms in Brain-Computer
Interface (BCI) systems for the purpose of user authentication. The methodology consists of
several key stages: data acquisition, preprocessing, feature extraction, hashing
implementation, and performance assessment. Each of these steps will be described.

1. Dataset

The EEG Motor Movement/Imagery Dataset (EEGMMIDB), accessible through PhysioNet
(Goldberger et al., 2000), served as the foundation for this study. This dataset consists of 64-
channel EEG recordings obtained as subjects worked on motor imagery tasks. For the purpose
of this authentication framework, a selection of 15 subjects was made. Multiple sessions for
each subject were utilized for both enrollment and testing phases. This design choice
facilitates the assessment of session-to-session variability within individual subjects.

2. Preprocessing
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The EEG signals underwent preprocessing with the MNE-Python library (Gramfort et al.,
2013). The preprocessing steps include:

e Bandpass filtering: A frequency range of 0.5-80 Hz was applied to eliminate unwanted
noise and signal drift.

e Re-referencing: The average reference was applied across all EEG channels to ensure a
common baseline.

e Artifact mitigation: To reduce the impact of eye blink and muscle-related artifacts, the
Signal-Space Projection (SSP) technique was employed.

This preprocessing protocol is important for ensuring the EEG signals maintain consistency
across different sessions. Such consistency is vital when applying both exact and fuzzy
hashing techniques.

3. Feature Extraction

Following the preprocessing stage, bandpower features were derived from each EEG segment
across several frequency bands, specifically Delta, Theta, Alpha, Beta, and Gamma. These
features represent the energy present in brain oscillations. They are thought to differ across
individuals, this is good for biometric authentication (Palaniappan &amp; Mandic, 2007).

4. Hashing
Two distinct hashing methodologies were implemented on the extracted EEG features:
e SHA-256 (Exact Hash)

This method translates features into a fixed-length 256-bit hash value. SHA-256 is sensitive to
even small alterations in the input data. This sensitivity provides strong security, but it can
also lead to the rejection of authentic users if there's notable variability in their EEG data
(Eastlake &amp; Jones, 2001).

e Locality Sensitive Hashing (LSH, Fuzzy Hash)

LSH maps feature vectors that are similar to similar hash values. Because of this, it can
handle minor variations in EEG signals (Indyk &amp; Motwani, 1998). The goal is to
increase correct recognition while not losing security.

5. Authentication Procedure

For each subject, one session was designated for enrollment purposes, while a separate
session was used for testing. The hash values derived from the testing session were then
compared to the hash values stored during the enrollment phase. A classification was made: If
the hashes matched, the individual was regarded as a Genuine user; if not, they were classified
as an Impostor.

6. Evaluation Metrics

The performance of the authentication system was gauged using three metrics (Jain, Ross,
&amp; Nandakumar, 2011):

e Accuracy: The proportion of authentication attempts that were correctly classified.

e False Acceptance Rate (FAR): The proportion of impostor attempts that were incorrectly
accepted as genuine.

e False Rejection Rate (FRR): The proportion of genuine attempts that were incorrectly
rejected.
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All experiments were run in a Python 3.13 virtual environment using the Kali Linux operating
system. Key libraries included NumPy, SciPy, scikit-learn, MNE, and Matplotlib. Graphical
displays of the results were generated. This gives insight into the relative performance of the
SHA-256 and LSH hashing methods.

RESULTS AND DISCUSSION

We conducted an experiment to compare the effectiveness of SHA-256 (an exact hashing
method) and Locality Sensitive Hashing (LSH, a fuzzy hashing method) for authenticating
users via EEG signals. Our study included fifteen participants chosen from the EEGMMIDB
dataset. We measured the success of each method using three key indicators: Accuracy, False
Acceptance Rate (FAR), and False Rejection Rate (FRR).

1. Authentication Performance
Table 1 shows a summary of the authentication results we obtained:

Hashing Accuracy (%) | FAR (%) | FRR (%)
Method
SHA-256 93.33 0.00 100.00
LSH 87.41 10.16 46.67
Table 1.

SHA-256 showed notable accuracy, reaching 93.33%, and it completely prevented false
acceptances. This indicates a strong level of security. Still, it had a 100% FRR, meaning it
rejected nearly all legitimate users. This finding supports the idea that exact hashing is very
sensitive to even minor differences in EEG signals from one session to another.

LSH achieved a more moderate accuracy of 87.41%. It had a FAR of 10.16% and an FRR of
46.67%. This suggests a better balance between security and how easy it is for valid users to
get access. Because fuzzy hashing can accept small variations in EEG features, valid users are
more likely to be correctly identified.

2. Discussion of Results

Looking at the comparison between SHA-256 and LSH, we can observe some important
points:

Variations in EEG Signals: EEG signals naturally differ due to both physiological and
cognitive changes in different sessions (Palaniappan &amp; Mandic, 2007). Exact hashing
struggles with these variations, which leads to high false rejection rates.

The Benefits of Fuzzy Hashing: LSH is not as sensitive to minor changes, which results in a
lower FRR. This makes it a better choice for real-world BCI authentication systems. Keep in
mind that this improvement comes with a slightly higher FAR, which means there's a greater
chance of unauthorized access.

Scalability: When the number of users increases, SHA-256 holds on to its strong security, but
has trouble properly identifying users. LSH is able to keep a good level of accuracy and
handle the differences in EEG. This suggests that fuzzy hashing methods might be more
reliable for BCI systems with many users.

124



The Security-Usability Balance: In EEG authentication, there's always a balance to be struck
regarding hashing-based methods. SHA-256 puts security first but reduces how easy the
system is to use. LSH makes the system easier to use, but it becomes slightly more open to
unauthorized access attempts. Those who design these systems need to think about the
specific application when picking a hashing algorithm.

3. Visualization of Results

To further show the comparison between SHA-256 and LSH, we can use a bar graph. The
graph would show the accuracy, FAR, and FRR for each hashing method. This visual
representation would clearly show the differences between exact and fuzzy hashing when it
comes to EEG authentication.

Figure 2 (Matplotlib graph) represents these results graphically.

1o Comparison of Hashing Methods for EEG User Authentication

mmm Accuracy
mm FAR
100.0% mm FRR

Percentage (%)

SHA-256 LSH Fuzzy

Figure 2.

CONCLUSION

This research looked into using hashing algorithms for authenticating users in Brain-
Computer Interface (BCI) systems that use EEG signals. We tested two hashing methods on
15 people from the EEGMMIDB data set: SHA-256 (exact hash) and Locality Sensitive
Hashing (LSH, fuzzy hash).

The results showed:

e SHA-256 offers good security with no false acceptance. But it's too sensitive to changes in
EEG, which leads to a high rate of false rejection. This limits how helpful it can be in
actual BCI uses.
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e LSH fuzzy hashing does a better job of balancing things, with good accuracy and fewer
false rejections. It deals with small changes in EEG signals, making it a better choice for
real-time authentication across different sessions.

e There are trade-offs between security and how easy it is to use hashing for EEG
authentication. Exact hashing makes security the top priority but isn't very user-friendly.
Fuzzy hashing is easier to use but not quite as secure.

In general, this work shows that fuzzy hashing like LSH could work for secure, private, and
useful ways to authenticate users in BCI systems. Later studies might explore combined
methods, flexible thresholds, and adding other biometric data to improve accuracy and
security.
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ABSTRACT

The foot and ankle constitute integral components of human locomotion. These
anatomically coordinated structures are responsible for maintaining balance, ensuring postural
stability, and enabling efficient gait mechanics. Optimal function of the foot and ankle is
indispensable for standing, ambulation, and routine physical activities. Numerous
pathological conditions have the potential to compromise the functional integrity of this
anatomical region. Stroke, peripheral nerve injuries, muscular trauma, tendon pathologies, and
fractures commonly result in weakness, pain, and restricted range of motion. These
impairments frequently give rise to diminished mobility and a consequent decline in quality of
life. Targeted rehabilitation is therefore essential to restore optimal physical capacity.
Conventional rehabilitation programs are predominantly conducted in specialized
rehabilitation centers. Although therapeutically effective, such programs necessitate
professional supervision and recurrent patient visits to healthcare facilities. Many patients
encounter significant challenges related to treatment costs, transportation barriers, and limited
access to therapeutic services. Consequently, home-based rehabilitation has gained increasing
importance in recent years. There is a compelling need for practical, cost-effective, and
portable therapeutic devices that enable patients to sustain rehabilitation independently.

In this study, an exercise device was developed for rehabilitation of the foot and ankle
muscles. The primary objective was to design and develop a cost-effective system appropriate
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for independent application at home by adult individuals. The device was developed in
accordance with fundamental biomechanical design principles. A spring-based resistance
mechanism was integrated under the foot platform. Springs were arranged in serial and
parallel configurations to provide controlled mechanical resistance.

There is a precisely controlled application of downward force to the foot against the
platform by the individual during operation. This action compresses the springs and generates
resistance. The elastic force of the springs then assists the upward movement of the foot.
Accordingly, both plantarflexion and dorsiflexion exercises can be performed with optimal
effectiveness. The developed device may provide a practical solution for therapeutic training,
supporting muscle strengthening, joint mobility, and functional recovery. In the subsequent
phase of the study, experimental evaluations will be conducted on ten men subjects.
Keywords: Foot and Ankle Rehabilitation; Home-Based Therapy; Therapeutic Exercise
Device; Biomechanical Analysis
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ABSTRACT

As organizations speed up their digital transformation efforts by moving mission-critical
workloads to multi-cloud and hybrid environments, traditional perimeter-based security
models have fundamentally failed in their efficacy. The "castle-and-moat™ model, based on
the dangerous assumption of implicit trust for all internal network traffic, cannot defend
against cyber threats such as sophisticated phishing, insider attacks, and lateral movement.
This research paper provides an in-depth analysis of Zero Trust Architecture as the necessary
paradigm shift to secure decentralized cloud infrastructures. Drawing from the framework
provided by NIST Special Publication 800-207, the study critically evaluates the operational
mechanisms  of  ZTA-respectively focused on identity-centric  authentication,
microsegmentation of workloads, and continuous real-time behavioral monitoring. By
examining the difference between legacy and modern security postures, the research will
show that replacing static network defenses with dynamic, context-aware verification
protocols can significantly minimize the attack surface for organizations. The findings will
present evidence that implementing Zero Trust is not only a technical upgrade but also a
strategic requirement for data integrity, operational resilience, and regulatory compliance in
an increasingly hostile digital environment.

Keywords: Zero-Trust; Cloud Security; Micro-segmentation; IAM; Cyber Threats.

INTRODUCTION

In today’s digital environment, the paradigm shift in enterprise information technology from
data center infrastructure to cloud computing has been nothing but revolutionary. However,
this has significantly impacted the nature of cybersecurity, as it is no longer restraining itself
to storing data “behind those four walls” but has entered an Infrastructure as a Service (laaS),
Platform as a Service (PaaS), Software as a Service (SaaS) environment, which has dispersed
critical assets all over the world. Though this is an extraordinary benefit for any business in
today’s digital age, it has resulted in blurring the conventional boundaries of cyberspace, for
which today’s cybersecurity architecture is ill-suited.

Organizational security in the past was dependent on the "Castle-and-Moat" model perimeter-
based approach. In this model, organizing for enhanced network perimeter security using
firewalls and intrusion detection systems dominated the scene. The idea was straightforward:
everything on the other side of the perimeter was not trusted, while everything on the inside
side was trusted. This model functioned on the risky premise that everything inside the
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perimeter was secure. The modern cloud environment, with users remotely connected with
various devices from different geos, along with applications running on several servers, does
not need the physical perimeter, as it provides only a false sense of security.

A core shortcoming of the perimeter security model in the virtual world is the lack of
protection against lateral movement. With a single credentials compromise, typically achieved
through phishing and social engineering, the trust implicit in the network relationships allows
the attacker to move through the network with no additional authentication required. This
introduces the ability to perform privilege escalation, access critical databases, and exfiltrate
information unseen for a period of time, thus the need for a shift in the paradigm to the
philosophy of the Zero Trust Architecture Model as acknowledged through the growing
awareness in the cybersecurity world.

CONCEPTUAL FRAMEWORK
The Evolution of Trust in Digital Systems

There has been a major shift in the idea of trust within cyberspace. Within the early stages of
computing, trust was stale, location-driven, and trusted the system whenever the individual
was present at a terminal or a local area network. With the rise of the network, the internet,
and the rise of the internet within the framework of the enterprise, the model proved
hazardous. This led the development of the Zero Trust model, which was a direct aproach in
reaction to the ‘de-perimeterization of the enterprise’. This development was the idea of John
Kindervag in the year 2010, while he worked at Forrester Research. This zero trust system
works through the ‘Never Trust, Always Verify’ tenet. This system differs from other
approaches, which are both driven towards securing the network boundary. This zero trust
model assumes the network is constantly malicious, from both the inside and the outside of
the network.

Principles of Zero Trust Architecture

The theoretical basis for this architecture is formalized in the National Institute of Standards
and Technology guidelines provided for Special Publication 800-207. This model argues
against implicit trust based on geographic location. Instead, this model argues that access to
those resources should be provided dynamically, based on a constant assessment of risk.

The first fundamental tenet of the framework is the practice of Explicit Verification. In the
context of Zero Trust, the access to resources never occurs just because the user happens to be
behind the company’s VPN or accessing from their IP address. Rather, the framework strictly
enforces the practice of authenticating and authorizing every access request based on as many
pieces of data as possible. This range of pieces of data encompasses the identity of the user, as
well as the context in which the request for access is being sent, whether it’s the geographical
position, health of the device, time of access, or the nature of the data being requested.
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The second is the principle of Least Privilege Access. This tenet is crucial in minimizing the
impact should a breach occur. In older models, users were given wide access rights to the
network that were well beyond their purview. Zero Trust dictates a very strict "need-to-know"
policy and is mostly implemented using JIT and JEA protocols. The architecture limits the
users' permissions to the bare minimum they would need to perform their current task; even in
the case of an account compromise, lateral movement and access to other sensitive systems
are highly limited.

The third pillar is the Assumption of Breach. This is actually a fundamental shift in the
mindset of security architects. Rather than designing systems based on the hope that
prevention measures will be effective 100% of the time, Zero Trust requires organizations to
operate under the assumption that an attacker is already present on the network. This is the
philosophy driving the implementation of strategies for containment: making the network
segmented and monitored in a manner that minimizes the "blast radius" of any security
incident.

METHODOLOGY

This study adopts a qualitative comparative analysis to assess the effectiveness of the Zero
Trust Architecture approach compared to the Perimeter-Based model. For better
comprehension regarding the topic, this paper will refer to major literature related to the topic,
including the original work of NIST, cloud architecture, and cloud service providers like
Azure and AWS, and literature related to the latest reported cyber attacks.

This assessment will concentrate on the three most important technical vectors that play a
vital part in cloud security, which are lIdentity Verification, Network Visibility, and Threat
Response. This enables the research to effectively convey the functional differences between
traditional security measures and Zero Trust. On the other hand, the methodology used will
take a comprehensive approach in reviewing the implementation of these technologies,
particularly the process through which abstract concepts are implemented using technology,
which includes micro-segmentation and enforced policies. This will enable a comprehensive
view of the vulnerabilities that the cloud poses, offering a clear strategy that enables
organizations to improve their security.
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APPLICATION AND ANALYSIS OF ZERO TRUST

Identity as the New Control Plane

Therefore, in an environment where physical perimeters no longer apply, due to various
security breaches that have occurred in a cloud computing environment, identity or identities
have become the control plane. The primary approach to Zero Trust Architecture
implementation remains Identity and Access Management. As compared to legacy
architecture that used passwords to grant or deny network accessibility, Context Aware
Access controls have been put in place for Zero Trust Architecture. Therefore, when an
authorized identity tries to connect to a sensitive cloud-based database using an unknown
device or originates from an uncommon location, Zero Trust Architecture will easily identify
this threat and deny that identity network accessibility.

Furthermore, the integration of Single Sign-On (SSO) solutions centralizes the authentication
process, reducing the attack surface associated with password fatigue. In a Zero Trust
framework, identity verification is not a one-time event that occurs at the beginning of a
session. Instead, it is a continuous process. The system constantly re-evaluates the user’s trust
score throughout the session. If the user’s behavior changes - for example, if they begin
downloading an unusually large volume of data - the policy engine can revoke their access
token immediately. This continuous validation effectively mitigates the risk of session
hijacking and credential theft, which are common vectors in cloud breaches (Microsoft
Security, 2023).

Micro-segmentation and the Prevention of Lateral Movement
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One of the most significant technical applications of Zero Trust in the cloud is micro-
segmentation. This technique addresses the "flat network™ problem inherent in many
traditional cloud deployments, where workloads within the same Virtual Private Cloud (VPC)
can communicate freely with one another. In such an environment, if an attacker compromises
a web-facing server, they can easily pivot to backend database servers.

Micro-segmentation eliminates these issues because it subdivides the entire cloud
environment into small security areas. In other words, micro-segmentation goes down to the
workload or individual application deployment. It is different from traditional segmentation
because it does not involve hardware but instead uses software-defined security. In other
words, its policies dictate the flow of communications. For instance, a policy may state that a
communicating party, say a web server, should only communicate with an application server
via a particular port. It should not, in fact, communicate with anything within that
environment. By employing its "default deny" principle, where communications are denied by
default, an entire network of security blast walls is established. In the event that an attacked
workload is infected with malware or ransomware, the attacking party is essentially contained
within that particular area and cannot communicate or spread. This is an important capability
for containing threats when an attack does actually happen.

Continuous Monitoring and Automated Threat Response

The effectiveness of Zero Trust relies heavily on visibility and analytics. In traditional
models, security teams often struggled with "alert fatigue™ and a lack of visibility into east-
west traffic within the data center. Zero Trust addresses this by leveraging the advanced
telemetry available in cloud environments. Cloud providers offer native tools that log every
API call, network flow, and access attempt.

In an advanced level of a Zero Trust Architecture, this large volume of information is
processed and analyzed by a Security Information and Event Management System, where
machine learning algorithms are used for this analysis. This will create a baseline of normal
behavior for each and every entity within a network. If abnormalities in this normal behavior
are detected, automated "Response Playbooks™ can be initiated. In such an environment, if a
server begins to interact with a known "malicious IP Address,” for example, this automated
response and policy action within a Zero Trust Architecture will isolate this server without
any specific action taken by a human. This automated action will reduce the "Dwell Time" of
attackers within a network and lessen the potential overall damage incurred by an intrusion.

CONCLUSION AND DISCUSSION

The shift to cloud computing has made the existing security paradigms, like the perimeter
security layers, ineffective against the emerging security threats of this era. Through this
study, it is established that the "Castle-and-Moat" security paradigm is flawed when handling
cloud infrastructures with a decentralized nature, where there is an absence of mitigation of
risks of lateral movements and insider threats. This implicit trust security is vulnerable to data
breaches due to the occurrence of a compromised credential.
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The Zero Trust Architecture offers a robust and necessary strategic evolution. By shifting the
focus from securing the network perimeter to securing individual resources and identities,
ZTA aligns with the distributed nature of modern IT. The rigorous application of principles
such as explicit verification, least privilege, and assumed breach provides a defense-in-depth
strategy that is resilient against sophisticated cyber attacks. The analysis confirms that
technical mechanisms like micro-segmentation and context-aware 1AM are not merely
optional enhancements but are essential components of a secure cloud environment.

However, implementing the concept of Zero Trust is not without its own set of problems and
shortcomings. These include the need for a significant change in the culture and approach
adopted by the organizations, especially regarding a transition away from convenience and
toward security instead. Another major area is the need to integrate different tools and discard
legacy infrastructure, which cannot afford to support newer authentication protocols either.

Further research directions include the potential for the use and impact of Artificial
Intelligence for the easier management and implementation of complex policy management
used in the concept of Zero Trust. Nevertheless, as the threats within the cyber world progress
and grow, the best way for any IT system, including the cloud, is the adoption and utilization
of the concept of Zero Trust Architecture.
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ABSTRACT

Drilling rigs are large metal structures that are subject to complex dynamic loads and
environmental factors during operation. These loads and impacts cause mechanical vibrations
transmitted through the structural elements. Monitoring the structural integrity and residual
load-bearing capacity of drilling rigs is essential for safety and service life extension.

This article discusses an intelligent information system based on piezoelectric sensors for
continuous monitoring of oil platform structures. The metrological characteristics of sensors
(piezoelectric, MEMS accelerometers, and linear differential transformers (LVDTS)) used for
monitoring the condition of oil platform structures were studied. A piezoelectric
accelerometer was selected for detecting localized structural anomalies. When selecting a
sensor, the following characteristics and operating conditions must be considered: operating
frequency range and sensor sensitivity; temperature range, moisture resistance, and
mechanical strength; and sensor mounting methods. IEPE (Integrated Electronic
Piezoelectric) vibration accelerometers were selected for continuous monitoring of oil
platform structure vibrations and detection of local anomalies.

A method for anomaly detection using an unsupervised autoencoder was developed. The
autoencoder is a neural network trained to reconstruct input data. Baseline vibration data was
collected for training the autoencoder under normal operating conditions, corresponding to
nominal mechanical loads, the absence of visible defects, and stable vibration characteristics.
To compensate for slow environmental changes, threshold parameters are adaptively updated.
To provide an interpretable health indicator, a risk index takes three values: normal, warning,
and high-risk.

A time-series neural network model for predicting the development of emergency situations
and making decisions is proposed. To reduce the number of false alarms, a stability criterion
is introduced, which is determined by the required number of consecutive windows with
anomalies.

Keywords: Drilling rigs, intelligent information system, piezoelectric sensor, autoencoder

135



ANALYSIS OF THE SITUATION OF INTERNATIONAL FINANCIAL CENTERS IN
2020-2025 EASTERN COUNTRIES

BEYNOLXALQ MALIYYO MORKOZLIRININ 2020-2025-Cl ILLORDO
SORQ OLKOLORI UZRO VOZIYYOTININ TOHLILI

OFQAN OBULFAZ OGLU MUSAYEV
Odlar Yurdu University, Igtisadiyyat vo igtisadi miinasibatlor kafedras1, Baki, Azorbaycan.
ORCID ID: https://orcid.org/0009-0001-5780-6182

ABSTRACT.

Analysis of the status of International Financial Centers in Eastern countries in 2020-2025
helps to determine the dynamics of the development of the world economy.In the study, the
comparative analysis of the leading IFCs of the USA and Europe with the Leading IFCs of
East Asian countries, and the study of the results of the competition dynamics led to the
emergence of effectiveness. The studies | conducted based on regional analyses revealed that
the state of the financial sector of Azerbaijan was also stable in 2020-2025. The steps taken
by the Central Bank within the framework of the roadmap on "Sustainable Finance" affect the
increase in digital payments and the development of the banking sector. Strengthening the
potential of Baku as a regional financial center was identified as the main factor.

The study used the methodology for assessing the impact of the analysis of the status of the
International Financial Centers of the Eastern countries on financial markets for 2020-2025.
As a result, it was suggested that the adaptation of the Singapore "Regulatory Sandbox"
model to the financial ecosystem of Azerbaijan would be very promising in terms of both
innovation and risk management.

Keywords: FinTex, innovation, index, stability, trends, sustainability, sandbox, ecosystem.

XULASO; Sorq dlkolori iizro Beynolxalq Maliyye Markozlorinin 2020-2025¢i illorde voziy-
yotinin tohlili diinya iqtisadiyyatinin inkisaf dinamikasint miioyyonlosdirmoys yardim edir.
Todqgigatda ABS vo Avropanin lider BMM-larinin Sarqi Asiya 6lkalairinin Lider BMM-lori ilo
miiqayisoli tohlili, rogabot dinamikasinin naticolorinin Oyronilmasi effektivliyin ortaya
cixarilmasmma sobob olmusdur. Regional tohllilor osasinda apardigim todqiqatlar
Azorbaycanin maliyya sektorunun da voziyyatinin 2020- 2025-ci illor orzindo sabitlik illori
oldugu ortaya cixarmigdir. Moarkoezi Bankin "Dayaniqli maliyye" iizra yol xaritosi
cargivasindo atdigl addimlar, rogomsal 6donislorin artmasi vo bank sektorunun inkisafina tosir
edir. Bakinin regional maliyys morkazi kimi potensialinin giiclondirilmasi osas amil Kimi
ortaya atilmigdir.

Todqigatda sorq Olkolori Beynolxalqg Maliyyo Morkozlorinin  2020-2025c¢1 illor {izro
voziyyatinin tohlilinin maliyys bazarlarina tosirin qiymsatlondirilmasi metodologiyasindan
istifado edilmisdir. Notico olarag, Singapurun "Regulatory Sandbox" modelinin Azarbaycanin
maliyyo ekosistemino adaptasiyast hom innovasiya, hom do risklorin idaro edilmosi
baximindan ¢ox perspektivli olacag: toklif edilmisdir.

Acar sozlar: FinTex, innovasiya, indeks, sabitlik, trendlor, dayaniqliq, sandbox, ekosistem.
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GIRIS (INTRODUCTION)

Diinya iqtisadiyyatinda shomiyyatli yera malik olan beynolxalq maliyys morkazlaorinin son
illordo vaziyyati qglobal iqtisadiyyatlarda roqabastin artmasi, Fintech kimi texnoloji innovasi-
yalarin vo dayaniqli maliyyo prinsiplorinin daha ¢ox 0no ¢ixmasi ilo xarakterizo olunur.
Global Maliyyo Morkozlori Indenin Global Financial Centres Index (GFCI 37 va 38)
hesabatlarina asason,(1),(2) cari ilin monzorasi belo bir fikro golmomizo asas verir ki, son
illorin diinyada on niifuzlu maliyys morkazlori siyahisinda nisbi sabitlik miisahido olunsa da,
indeks gostaricilori asag1 diisiib. Ilk yer ugrunda miibarizo aparan Nyu-York vo London
GMM-lari ragabatli miibarizolorini davam etdirmokdadirlor. Cadval 1-0 nazar salsaq bunun
oyani sahidi olmus olariq.

Cadval N-1

Reyting BMM Region Qeydlor

1 Nyu-York Simali Amerika Liderliyini qgoruyur, lakin artim tempindo
yavaslama var.

2 London Qorbi Avropa Nyu-York ilo xal farqini minimuma endirib.

3 Hon-kong Asiya-Sakit Okean Singapuru gabaglayarag Asiyanin bir nomroli
moarkazi olub.

4 Singapur Asiya-Sakit Okean Honkongq ilo gargin ragabotdadir.

5 San-Fransisko Simali Amerika Fintech vo texnoloji maliyyo  sahasindo
morkozdir

6-10 Cikaqo, Los-Anceles, | Qarisiq Seul yenidon ilk onluga qayidib.

Sanxay, Senzen, Seul

Cadval musllif tarafindon hazirlanib.

Qeyd etmoliyom ki, pandemiya illori Sorq 6lkslorinin inkisafina forqli tosir etmisdir.
COVID-19 Pandemiyas1 ABS vo ligiltoronin maliyys morkozlorinin dirgolmasi ilo miisahido
olunmaqdadir. Globalist Cin, Avropa vo ABS maliyys dairalorinin daha ¢ox tomsil edildiyi
Singapur BMM ilo Ingiltoranin tosir dairesindo olan Hon-Konq BMM- arasinda da gorgin
roqabat hiss edilmokdoadir. Bu istigamotdo Cin kapitalinin Singapurdan Cinin daxili
Beynalxalg vo Regional maliyys morkozloring “axidilmasi” hiss edilmokdadir. Bu
sobabdandir ki, Hon-Kongla berabor Sanxay, BMM va Senzen BMM ilk onluga daxil ola
bilmislor.

BMM-larinin son illar {izra asas trendlori FinTexin maliyys sektorunda Dominanthigi, Yasil
iqtisadiyyatin maliyya sektoruna totbiqi, Siini intellektin Maliyy Institutlarinda totbigi vo
regional Iqtisadiyyata Maliyyo dostoyi istiqamotindo genislonmosi ilo yadda qalmasidir.

Sorq Olkelori {iizro Beynoslxalqg Maliyys Moarkozlorinin (BMM) 2020-2025ci illords
voziyyatinin tohlili naticasindo Conub vo Conub Sorqi Asiya dlkolorinin do daxil oldugu
Asiya vo Sakit okean Regionunun 20 BMM-don 6-sinin diinya iizro top 20-liyo daxil
oldugunu miisahido etmis oluruq. Honkong BMM "biznes miihiti" vo "infrastruktur" iizro
diinya birincisi olmas1 regionun giiciinii artirib. Baxmayaraq ki, ABS tosir dairesinde olan
Nyu-York vo San-Fransisko BMM-lori Simali Amerika regionunda liderdirlor, lakin digor
regionlarla miiqayisade etibarin artim tempi on asag1 soviyyado- 1.41% bu regionda geydo
alinib. (1, 2 ) (GFCI 37,38- 2025)

Astana BMM-nin dayaniqli inkisafi noticasindo Markazi Asiya va Sarqi Avropa regionunda
liderliyinin gqorunmasi torafimdon bir nega il 6nco prognozlasdirilmisdi. (3) ( ©.Musayev.)
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Tohlillor bu region iizro orta reytinqg arttminin 2.48%-ilo qlobal soviyyado on yiiksok
gostoricilordon biri oldugunu demoyo osas verir. Burada Cinin Bir komar bir yol layihasinin
boyiik tosiri var. (4) (( ©.Musayev.)

Regional tohllilor ssasinda apardigim todqiqatlar Azorbaycanin maliyys sektorunun da
vaziyyetinin 2020- 2025-ci illor orzinde sabitlik illori oldugu fikrindoyam. Morkozi Bankin
"Dayanigli maliyya" lizro yol xoritasi g¢orgivoasindo atdigi addimlar, rogomsal &donislorin
artmast vo bank sektorunun (moasalon, ABB, PASA Bank kimi qurumlarin monfoatliliyinin
artmasi) canlanmasi Bakinin regional maliyyo morkozi kimi potensialini giiclondiro bilon
amillordon ola bilor. ( 5) (  https://cbar.az/page-812/dayanigli-maliyy-uzr-yol-xritsi
Dayaniqli Maliyya {izra Yol Xoritosi ).

Qeyd etmoliyom ki, 2020-2025-ci illor maliyys morkazlorinin yalniz kapital axini {iglin
deyil, ham do texnoloji innovasiyalar vo yasil iqtisadiyyat ligiin roqabot apardigt bir dovr
hesab oluna bilor.

KONSEPTUAL CORCiVO (CONCEPTUAL FRAMEWORK)

Diinya iizro tortib edilon Beynolxalq Maliyys Markozlori Indeksi (GFCI) hesabatlar1 qlobal
igtisadiyyatin agirliq morkozinin Qorbdon Sorqo dogru hoarokotini on aydin oks etdiron
gostaricilordon biridir. 2020-2025-ci illor araliginda Sorq 6lkalorinin, xiisusan do Asiya-Sakit
Okean vo Yaxin Sorq region dlkolorinin vo bu regionlardaki Beynslxalqg Maliyys
Morkozlorinin ham reyting, hom do niifuz baximindan ohomiyyastli transformasiyasini
miisahidos edirik.

Qeyd etdiyim bu dovr orzindo BMM-nin inkisaf tendensiyalarini, milli iqtisadiyyatlara vo
maliyys bazarlarina tosirinin tohlil edorok qiymotlondirmak istordim. Bu dovrii iki osas
morholoyo bodlsok daha aydin ola bilor: 1) Daha ovvel geyd etdiyim kimi COVID-19
Pandemiyas1 dovrii (2020-2022) vo 2) Pandemiyadan sonraki- Post Pandemiya dovri. Bu
dovrii barpa va Rogomsal Transformasiya dovri (2023-2025) do adlandira bilarik.
Asiya-Sakit Okean Regionunda Dominantliq Singapur BMM vo Hon-Kong BMM-larino
moxsusdur. 2020-ci ildo Honq Konq siyasi geyri-sabitlik sobobindon reytingdo geriloso do,
2024-2025-ci illards yenidon toparlanaraq global migyasda 3-cii yers yiiksalmisdir. Sinqapur
1s9 stabil tonzimlomos miihiti ilo "Asiyanin on yaxst maliyys moarkozi" statusu li¢iin Honq
Kongla dayaniqli vo davamli roqabet aparmaqdadir.(6) Bu roqabet Cinin daxilinde iqtisadi
diversifikasiyan1 tomin edon vo iqtisadi yiiksoliso rohborlik edon Beynolxalq vo regional
Maliyys Morkazlorinin inkisafini dostoklomisdir. Artiq Sanxay, Senjen vo Pekin ardicil olaraq
ilk 10-luqda qgorarlasib. Xiisusilo Senjen Fintech -maliyys texnologiyalar1 sahasinda diinyanin
aparict markozlorindon birins ¢evrilmisdir.

Bu inkisafa Sorqi Asiyanin - Conubi Koreyanin Seul BMM-i do qosulmusdur. Seul da 2025-
ci ilo godor olan hesabatlarda davamli yiiksoalis niimayis etdirarok global TOP 10-luga daxil
olmusdur. Sorqi Asiya vo Conub Sarqi Asiya BMM-lari ragomsal texnologiyalarin, xiisusilo
do siini Intellektin totbiqi ilo farglonmakdadirlor.

Sorq 6lkalori Beynolxalq Maliyyo Morkozlorinin 2020-2025¢i illor {izro voziyyatinin tohlili
sahosindo Yaxin Sorq olkolorinin tohlili do ohomiyyatlidir. Iqtisadi vo statistik gdstaricilor
baximindan Dubay (DIFC) vo ©bu-Dabi (ADGM) Beynalxalq Maliyys Markazlori regionun
miitloq liderlori hesab oluna bilor. 2025-ci il GFCI 37/38 hesabatlarina asason Dubay global
reytinqgds 11-12-ci yerlors qoador yiiksalib.(1, 2)

138


https://cbar.az/page-812/dayaniqli-maliyy-uzr-yol-xritsi

Soudiyys Oroabistaninin paytaxti Riyad BMM "Vision 2030" ¢argivasindo 2024-2025-ci
illorda on boyiik sicrayis edon markozlordon biri olaraq GFCI reytingindo 20-don ¢ox pillo
iraliloyib.

(1,2 ) ( 2024++)

METODOLOGIYA

Sorq olkolori  Beynolxalqg Maliyyo Morkozlorinin  2020-2025ci illor iizro voziyystinin
tohlilinin maliyyo bazarlarina tosirin qiymotlondirilmosi metodologiyasindan istifado
etmisom.

1. Sorq 6lkalorinin GFCI-da moéhkomlonmasi global maliyys arxitekturasina tosirlorini todqiq
edorok, fintech vo innovativlik dyronilmisdir. Bu BMM-nin Innovativ Liderliyi diqqot
¢okondir. Sorq 6lkolorinin BMM-lori ononovi bankgiligdan daha ¢ox Fintech-o investisiya
goyurlar. GFCI-nin Fintech reytinginde Honq Konq va Senjen tez-tez Nyu-Yorku tistaladiyini
miisahido etmis oluruq. Bu, qlobal 6danis sistemlorinin vo blokgeyn texnologiyalarinin inkisaf
stiratini Sorqe dogru yonaldir.

2. Kapital harokatliliyinin diversifikasiyasinin tohlili gostarir ki, avvallar investisiyalar asason
London vo Nyu-York BMM-lari vasitasilo idara olunurdusa, 2020-2025-ci illordo kapitalin
bdyiik hissasi Sinqapur, Dubay vo Sanxay BMM-lori vasitasi ilo sorq 6lkalorinin birjalarina
yonalib. Bu, global likvidliyin daha balansli paylanmasina sabab oldugunun gostaricisidir.
Singapur BMM-ds "Regulatory Sandbox" Modeli tatbiq Olunmaqdadir.( 7) "Sandbox" -Qum
Qutusu anlamindadir. Bu, maliyys texnologiyalari -FinTech sirkstlorino 6z innovativ
mohsullarimi mohdud sayda real miistori tizorinds, lakin yiingillogdirilmis tonzimloma
qaydalari ilo sinagdan kegirmaya imkan veran xiisusi rejimdir. Singapur BMM-da "Sandbox
Express" modelini totbiq edorak, asag riskli innovasiyalar ti¢iin tosdiq prosesini comi 21 giino
endirilmisdir.

3. Standartlarin tonzimloyici institutlarinin doyismasi fenomenidir. BOO vo Singapur kimi
Sorq 6lkalori daha gevik vo rogomsal dostu qanunvericilik totbiq etmokdadir. Avropa ittifaqi
vo ABS bu rogabotdo qalmaq ii¢lin 6z maliyya qaydalarini  yumsaltmaga vo
rogomsallagsdirmaga macbur ola bilor.

4. Regionlar tizra dinamik tohlil cadvalini taqdim ediram.

Cadval N-2

region 2020-ci ilvaziyyati 2025-ci il vaziyyati Foarqlilik sabobi

1.Sarqi Asiya Qeyri-sabit  Hok  Konqun | Qlobal liderliys | FinTex vo daxili bazar

gerilomasi yiiksalmasi gucu

2.. Yaxin Sorq Regional morkaz Qlobal HUB Enerji golirlori
diversifikasiyasi

3. Markazi Asiya inkigafda Astana (AIFC) Huquagi islahatlar.

NOTICO VO MUZAKIRO

2025-ci ilo dogru Sorq olkalori artiq yalniz "istehsal morkozi" deyil, hom do diinyanin
"beyin vo maliyys morkozi" statusunu qazaniblar. Bu, maliyys bazarlarinda dollar asililiginin
azalmasina -dedollarizasiya meyllorino vo alternativ maliyys instrumentlorinin -mosalon,
Islam maliyyasi vo rogomsal aktivlerin artmasina gotirib ¢ixarir.
Singapurun "Regulatory Sandbox" (Tenzimloms Qum Qutusu) modelinin Azarbaycanin
maliyys ekosistemino adaptasiyasi hom innovasiya, hom do risklorin idaro edilmasi
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baximindan ¢ox perspektivli ola bilor. Azarbaycanda bu model asagidaki istiqgamatlords tatbiq
edilo bilor:

1) A¢ciqg Bank¢iligda (Open Banking): Uciincii toraf provayderlorin bank datasina tahliikasiz
¢IXL$1NIN SInagi.

2) Blockchain va Kripto-aktiviorda: Rogamsal aktiviorin odaniglords vo ya aktiviorin
tokenlosdirilmasinda (masalon, dasinmaz amlakin hissali satisi) tatbiqi.

3) Sigorta Texnologiyalart sahasinds (InsurTech): Siini intellekt asash anlq sigorta
polislarinin giymatlondirilmasi.

4) Sinqapurda oldugu Kimi, "Sandbox" daxilinda olan sirkatlor ti¢iin miiayyan kapital taloblari
va hesabatliliq qaydalart miivaqqati olaraq yumsaldilmalidir. Bu, kicik startaplarin boyiik
banklarla raqabat aparmasina sarait yaradir.

5) Azarbaycan bu "Sandbox" modelini Tiirk Doviatlori Tagkilati ¢ar¢ivasinda regional bir
markaza gevira bilor. Belalikla, Orta Asiya startaplart 6z mahsullarini Baki iizarindan qlobal
bazara ¢ixara bilorior.
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ABSTRACT

This article provides a comprehensive analysis of feminism as a socio-political and cultural
movement, as well as a methodology for literary analysis. It focuses on the historical stages of
feminist thought, the characteristics of feminist literary criticism and gynocriticism, and the
representation of women's experience in modernist literature. Using the works of Virginia
Woolf and Doris Lessing, the article examines the transformation of female subjectivity and
the search for artistic autonomy. Particular attention is paid to the differences in the historical
trajectories of women's emancipation in Western, Soviet, and Asian contexts. The conclusion
offers an interpretation of feminism as an ongoing process of cultural and intellectual work
aimed at expanding the boundaries of human consciousness.

Keywords: feminism, gynocriticism, female identity, modernism, gender.

INTRODUCTION

Feminism is one of the most influential intellectual and socio-political movements of modern
and contemporary history. Its significance is determined not only by the struggle for formal
equality of rights for women and men, but also by a profound rethinking of cultural norms,
social roles, and modes of representing subjective experience. In scholarly discourse,
feminism is considered an interdisciplinary field encompassing philosophy, sociology, history,
cultural studies, and literary criticism.

The purpose of this article is to trace the evolution of feminist thought from early forms of
legal struggle to more complex issues of identity and artistic expression, and to demonstrate
how these processes are reflected in 20th-century literature. The objectives of this study
include an analysis of the historical "waves" of feminism, a consideration of the theoretical
foundations of feminist literary criticism and gynocritique, and an interpretation of key
modernist texts in which female experience becomes a central artistic category.
CONCEPTUAL FRAMEWORK

Historical Stages in the Development of Feminism

In Western intellectual tradition, the history of feminism is often structured through the
concept of “waves,” each of which reflects a distinct stage in the understanding of women’s
position in society (Walters,2005; Kinnaird, 1983). The first wave of feminism, spanning the
nineteenth and early twentieth centuries, focused primarily on legal inequality. Its main
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demands included access to education, property rights, and women’s suffrage. The activities
of suffragists in the United Kingdom and the United States became emblematic of this period,
demonstrating that women were capable of acting as a collective political subject (Gilmore,
2004).

The second wave of feminism, which developed during the 1960s-1980s, significantly
expanded the scope of feminist inquiry. Central concerns included reproductive rights,
sexuality, domestic labor, and the cultural mechanisms through which gender stereotypes are
reproduced. It was during this period that the slogan ‘“the personal is political” gained
prominence, emphasizing that women’s private lives are inseparable from broader structures
of social power (Teele.2025).

The third and subsequent waves of feminism shifted attention toward the plurality of women’s
experiences, highlighting differences related to race, class, culture, and national identity. As a
result, feminism gradually evolved from a movement primarily concerned with formal
equality into a complex analytical framework aimed at deconstructing universalist notions of
“woman” as a homogeneous category (Evans, 2025).

Feminist Literary Criticism and Gynocriticism

An important stage in the institutionalization of feminism within the humanities was the
emergence of feminist literary criticism. One of the key theorists in this field is Elaine
Showalter, who proposed distinguishing between two analytical approaches: “woman as
reader” and “woman as writer” (Newton,1997).

The “woman as reader” approach focuses on the analysis of representations of female
characters in literature written by men. Within this framework, scholars examine persistent
stereotypes, binary oppositions, and ideological constructs that shape femininity as something
secondary and subordinate (Bheemappa, 2023).

Gynocriticism, by contrast, aims to establish an autonomous theoretical framework for the
analysis of literature written by women. Showalter emphasizes the necessity of moving
beyond exclusively male literary canons and interpretative models, proposing instead that
women’s writing be understood as a distinct literary tradition. In this context, she identifies
three phases in the development of women’s literature—the feminine, the feminist, and the
female—each of which reflects a particular stage in the awareness and expression of female
subjectivity (Bheemappa, 2023).

Theoretical Foundations of Feminist Thought: From Simone de Beauvoir to Judith Butler

The formation of feminist theory as an independent philosophical and cultural framework is
closely associated with the work of Simone de Beauvoir. In The Second Sex, de Beauvoir
formulates her seminal thesis: “one is not born, but rather becomes, a woman” (Beauvoir,
1949/2011). This statement challenges biological determinism and lays the groundwork for
understanding gender as a socially and culturally constructed category. According to de
Beauvoir, woman is constituted as the “Other” in relation to man, who functions as the
universal and normative subject of culture. This asymmetrical relationship is reinforced
through language, myths, religion, education, and artistic forms (de Beauvoir, 19489).

An important implication of this conceptual framework is de Beauvoir’s critique of
immanence, the condition to which women have historically been confined. Domestic labor,
motherhood, and emotional caregiving are interpreted as mechanisms that restrict women’s
access to transcendence—that is, the active capacity to move beyond socially prescribed roles.
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In this way, de Beauvoir establishes a foundational perspective for subsequent feminist
scholarship focused on power relations, subjectivity, and embodiment (de Beauvoir,1949).

In the second half of the twentieth century, feminist theory underwent a significant
transformation influenced by poststructuralism and postmodern philosophy. One of the central
figures of this period is Judith Butler (1990). In Gender Trouble, Butler critically interrogates
the notion of stable gender identity by introducing the concept of gender performativity.
According to Butler, gender is not an inner essence of the subject but is constituted through
repeated social practices, discursive acts, and embodied gestures (Butler, 1986).

Thus, while de Beauvoir emphasizes the social process of becoming a woman within the
binary framework of “man—woman,” Butler radically problematizes this very binary, exposing
its normative and exclusionary character. The shift from de Beauvoir’s existentialist feminism
to Butler’s poststructuralist approach reflects a broader reorientation in feminist theory—from
the struggle for universal rights toward the analysis of discourse, identity, and mechanisms of
exclusion (Butler, 1986).

METHODOLOGY

Women’s Writing and the Aesthetics of Modernism

Literary modernism became a cultural space in which feminist ideas found a particularly
productive artistic expression. The rejection of linear narrative, the focus on characters’ inner
lives, and formal experimentation enabled women writers to articulate the complexity of
female experience that had previously been marginalized in literary tradition. Virginia Woolf
occupies a central position within this context (Woolf, 1927/2005).

Virginia Woolf’s To the Lighthouse as a Model of Feminist Modernist Writing

In To the Lighthouse, Woolf dismantles conventional narrative structures, creating a text in
which the inner experiences of characters take precedence over external action (Woolf,
1927/2005). Through the use of fragmentation, parenthetical constructions, and streams of
consciousness, Woolf explores themes of memory, loss, and the transformation of familial and
gender relations amid the decline of the Victorian value system. The figure of Mrs. Ramsay
plays a central role in the novel, embodying a traditional ideal of femininity grounded in care,
emotional support, and self-sacrifice. On the one hand, this character may be interpreted as
reproducing patriarchal norms; on the other, Woolf endows Mrs. Ramsay with psychological
depth and symbolic power, positioning her as the emotional core of the text (Woolf,
V.,1927/1992).

Following Mrs. Ramsay’s death, the novel’s spatial and temporal organization undergoes a
radical transformation. Temporal rupture and silence emphasize the fragility of social bonds
and the contingency of gender roles. In this context, the figure of Lily Briscoe acquires
particular significance. As an artist who rejects marriage and motherhood as obligatory modes
of female self-realization, Lily symbolizes the emergence of a new form of female
subjectivity. Her artistic struggle functions as a metaphor for the search for an autonomous
language and form, free from male authority and normative expectations (Woolf,
V.,1927/1992).

The final act of completing Lily Briscoe’s painting may be read as an affirmation of the
possibility of female artistic expression. Although this moment is not triumphant in a
conventional sense, it marks an internal act of self-recognition and a fleeting equilibrium,
consistent with the modernist conception of subjective truth. Thus, To the Lighthouse
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demonstrates how the aesthetic experiments of modernism become instruments for a feminist
rethinking of identity, memory, and creativity (Woolf, V.,1927/1992).

Doris Lessing and the Problem of Fragmented Identity

Doris Lessing’s novel The Golden Notebook stands as one of the most significant works of
twentieth-century feminist literature (Lessing, 1962). Its complex narrative structure mirrors
the internal fragmentation of the protagonist, who struggles to reconcile personal experience,
political commitment, and creative practice. The representation of the “free women” in the
novel exposes a central paradox of feminist emancipation: formal independence does not
necessarily result in psychological or existential wholeness.

Lessing demonstrates that female identity is constructed within a field of tension shaped by
ideological convictions, emotional dependency, and persistent social expectations. In this
sense, The Golden Notebook functions not only as a literary text but also as a mode of
philosophical reflection on the limits of freedom, revealing the psychological costs of
ideological absolutism and the difficulty of achieving an integrated self under conditions of
modernity (Lessing, 1962).

Historical and Cultural Contexts of Women’s Emancipation

The historical trajectory of feminism has varied significantly depending on specific socio-
political conditions. In the Soviet Union, gender equality was proclaimed at the state level,
however, it was often framed as a means of economic mobilization rather than as a purely
emancipatory project. Women were primarily positioned as labor resources, while traditional
gender roles largely persisted within the private sphere.

In many Asian countries, feminist ideas developed in close connection with national liberation
movements, where the struggle for women’s rights was intertwined with anti-colonial
discourse. This historical configuration underscores the impossibility of a universalized
narrative of feminism and highlights the necessity of situating feminist theory within its local
cultural and political contexts (Zalkind,1990).

CONCLUSION

Feminism, as both a historical and intellectual movement, constitutes an ongoing process of
reinterpreting social and cultural structures. Doris Lessing’s metaphor of the “pushers of the
boulder” provides a powerful framework for understanding feminist activity as a form of
sustained labor aimed at expanding the boundaries of human consciousness. Despite
significant political and cultural achievements, feminism remains a vital field of inquiry,
requiring continued theoretical reflection and artistic exploration.
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ABSTRACT

Introduction and Objective: Fine arts represent a fundamental field through which humans
express their thoughts and aesthetic taste visually. Each artwork is not limited to the depiction
of individual images; its primary value lies in the harmonious combination of colors, lines,
forms, and compositional elements, which constitutes visual integrity. The concept of visual
integrity determines the effectiveness of the emotional and aesthetic impact of an artwork on
the viewer and reflects both its technical and aesthetic value. In this regard, visual integrity is
one of the key criteria for assessing the harmonious structure of a work of art. The objective
of this summary is to examine the concept of visual integrity in fine arts, demonstrate its
influence on the overall impact of an artwork through composition and color harmony, and
concisely present the main principles that ensure visual cohesion.

Materials and Methods: The study utilized artworks from various periods and styles as
primary materials. These works included pieces by classical and contemporary artists,
covering different genres and techniques such as portrait, landscape, abstract compositions,
watercolor, and oil painting. Additionally, theoretical literature, art criticism articles, and
academic studies on fine arts were employed as research materials.

The following methods were applied in the research:

1. Visual analysis — examining the harmony of colors, the structure of lines and forms, the
arrangement of compositional elements, and the emergence of visual integrity in the selected
artworks.

2. Comparative analysis — comparing artworks from different periods and styles in terms of
visual integrity.

3. Theoretical analysis — explaining the concept and principles of visual integrity based on art
criticism literature and scholarly sources in fine arts.

4. Systematization and generalization — organizing the main principles of visual integrity and
the complementary relationships among compositional elements based on observations.

This methodology covers both theoretical and practical aspects, allowing for a comprehensive
analysis of the problem of visual integrity in fine arts.

Discussion: Visual integrity in fine arts constitutes the foundation of the emotional and
aesthetic impression an artwork conveys to the viewer. The analysis indicates that color
harmony, the placement of lines and forms, the selection of the compositional center, and the
interrelation of elements play a central role in creating visual integrity. Comparison of works
from different periods and styles demonstrates that, despite variations in technique and means
of expression, the principles of visual integrity remain consistent. Visual analysis shows that
balance, rhythm, symmetry, contrast, and the harmonious alignment of forms are fundamental
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elements ensuring aesthetic cohesion. Moreover, the artist’s personal style and creative
approach significantly influence the perception of visual integrity.

Conclusion: The study reveals that visual integrity is a crucial condition for both the visual
and emotional impact of artworks. The harmonious arrangement of compositional elements
and color relationships ensures the unity of the piece. Works from different periods and styles
demonstrate that the principles of visual integrity remain unchanged, while the means of
expression may vary. Thus, attention to visual integrity enhances both the artist’s creative
skills and the viewer’s aesthetic experience.

Keywords: fine arts, visual integrity, artistic structure, composition, aesthetic perception,
color relationships, visual harmony
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ABSTRACT

Introduction and Objective: Painting is an important field of art that visually expresses
human aesthetic taste and creative ability. Each painting is not limited to the depiction of
individual images; its main value lies in the harmonious combination of images, colors, and
lines, creating aesthetic integrity. Composition serves as a primary means of establishing this
harmony and generating the desired emotional effect on the viewer. In this regard, the
problem of composition and aesthetic integrity in painting reflects both the technical skill of
the artist and their visual thinking. The objective of this summary is to examine the
importance of composition and aesthetic integrity in painting, to demonstrate their influence
on the overall impact of the artwork, and to concisely present the main principles that ensure
the harmonious structure of an art piece.

Materials and Methods: The primary materials for the study included paintings from
different periods and styles. These works encompassed the works of both classical and
contemporary artists, as well as various genres and techniques (portrait, landscape,
composition pieces, watercolor, oil painting, etc.). Additionally, theoretical literature on
painting, art criticism articles, and academic studies were used as materials.

The following methods were employed in the research:

1. Visual analysis — a detailed examination of compositional elements, color harmony, line,
and form structure in the selected paintings.

2. Comparative analysis — a comparison of paintings from different periods and styles
regarding composition and aesthetic integrity.

3. Theoretical analysis — an explanation of the principles of composition and the essence of
aesthetic integrity based on art criticism literature and scientific sources on painting.

4. Systematization and generalization — the main principles ensuring harmonic structure and
aesthetic integrity in paintings were systematized based on the observations.

This methodology covers both theoretical and practical aspects, allowing for an accurate
analysis of the problem of composition and aesthetic integrity in paintings.

Discussion and Conclusion: The problem of composition and aesthetic integrity in paintings
forms the foundation of the artwork’s visual impact. The analysis shows that color harmony,
the arrangement of lines and forms, and the placement of the compositional center guide the
viewer’s attention and create an emotional impression. A comparison of classical and
contemporary artworks indicates that, despite differences in technique and style, the principles
of composition and criteria for aesthetic integrity remain consistent. Visual analysis of the
works demonstrates that elements such as balance, rhythm, symmetry, and contrast play a key
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role in forming aesthetic integrity. Additionally, the artist’s personal style and creative
approach also influence the composition structure and the sense of unity in the artwork.

The study concludes that composition and aesthetic integrity are essential conditions for
the visual and emotional impact of a painting. The proper arrangement of compositional
elements and the maintenance of color harmony ensure the artwork’s unity. Works from
different periods and styles indicate that the principles of aesthetic integrity remain
unchanged, while the means of expression vary. Thus, attention to composition and aesthetic
integrity in painting enriches both the artist’s creative skills and the viewer’s aesthetic
experience.

Keywords: painting, composition, aesthetic integrity, artistic structure, visual harmony, color
and form.
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XULASO

Qloballagsma, rogomsallagma, texnoloji innovasiyalar vo istehsal miinasibotlorindo bas veran
stirotli doyisikliklor miiasir dovrds yeni iqtisadi realliglar1 formalasdirmisdir. Bu realliglar
omok bazarinin strukturuna, mosgulluq formalarma vo is¢i qiivvesino olan tolobatin
xaraktering ciddi tasir gostorir. Onanovi masgulluq modellarinin transformasiyaya ugramasi,
bozi peso vo sahalorde i yerlorinin azalmasi, eyni zamanda yeni saholordo mosgulluq
imkanlarinin yaranmasi maggulluq siyasatinin yenidon nozordon kegirilmosini zoruri edir.

Toqdim olunan isdo yeni iqtisadi realliglar soraitindo mosgulluq soviyyosinin yiiksoldilmosi
masalalori kompleks sokilds aragdirilmisdir. Arasdirmada yeni iqtisadi realliqlarin mahiyyati
aciglanmis, onlarin omok bazarina tosir mexanizmlari tohlil olunmusdur. Mosgullugun sosial-
iqtisadi  ochomiyyeti osaslandirilaraq, yiiksok mosgulluq soviyyesinin iqtisadi artimin
stiratlonmasing, sosial rifahin yiiksoldilmasing vo sosial sabitliyin tomin edilmasing verdiyi
tohfa vurgulanmigdir.

Isdo insan kapitalmin inkisafi mosgulluq siyasotinin osas istiqgamotlorindon biri kimi
giymatlondirilmisdir. Tohsil sisteminin omok bazarmin toloblorino uygunlagdirilmasi, peso
tohsilinin  vo  ixtisasartirma mexanizmlorinin  tokmillogdirilmasi, Omiirboyu tohsil
konsepsiyasinin totbiqi miiasir dévrdo mosgullugun artirilmasimnin  osas alotlori  kimi
gostorilmisdir.

Miiasir dovrdo global iqtisadi sistemdo bas veron dorin va siiratli doyisikliklor 6lkslorin vo
regionlarin sosial-igtisadi inkisaf strategiyalarina yeni tolablor irali stiriir. Texnoloji toraqqinin
slirotlonmasi, rogomsallagsma, beynalxalq ticarat miinasibatlorinin transformasiyasi, qlobal vo

150



regional geosiyasi proseslor yeni iqtisadi realliqlar1 formalasdiran asas amillor kimi ¢ixig edir.
Bu realliglar omok bazarinin strukturunda ciddi doyisikliklora sobob olaraq mosgulluq
mosaloasini iqtisadi siyasotin asas prioritetlorindon birine ¢evirir.

Yeni igtisadi realliglar soraitinde moasgulluq yalniz sosial rifahin tomin olunmasi vasitasi deyil,
eyni zamanda iqtisadi arttmin dayanigliginin, regionlarin inkisaf potensialinin vo insan
kapitalindan somorali istifadonin osas gostoricisidir. Omok bazarinda bas veron struktur
doyisikliklor, bazi ononovi sahalords is yerlorinin azalmasi, digor sahoalords iso yeni mosgulluq
imkanlarmin yaranmasi dovlatlorin mosgulluq siyasatinin yenidon formalasdirilmasini zaruri
edir.

Bu proseslor Nax¢ivan Muxtar Respublikasi ti¢lin xiisusilo aktualdir. Cografi mévqeyi, uzun
illor davam edon iqtisadi blokada soraiti, mohdud tobii vo noqgliyyat resurslar1 Naxg¢ivanin
iqtisadi inkisaf modelino vo masgulluq strukturuna 6ziinomoxsus tosir gostormisdir. Bununla
yanasi, muxtar respublika kond tosorriifati, emal sanayesi, enerji, turizm va tranzit-logistika
sahoalorinds ohomiyyatli potensiala malikdir. Yeni iqtisadi realliglar bu potensialin daha
somoarali reallagdirilmasini vo masgulluq saviyyosinin yliksoldilmasini aktuallasdirir.

Mbohz bu baximdan toqdim olunan isin moaqsadi yeni iqtisadi realliglar soraitindo Nax¢ivan
Muxtar Respublikasinda masgulluq soviyyssinin yiiksoldilmasi yollarini, mévcud problemlori
va perspektiv istigamatlori elmi-nozori vo praktik aspektlordon tohlil etmokdir. Arasdirmada
regionun sosial-igtisadi xiisusiyyatlori nozars alinmaqla moasgullugun artirilmasina yonalmis
osas mexanizmlor va siyasot istiqamatlori sistemli sokildo arasdirilir.

Acar sozlar: Mosgullugq, Nax¢ivan Muxtar Respublikasi, omok bazari, Sahibkarliq foaliyyati
Vas.

ABSTRACT

Globalization, digitalization, technological innovations and rapid changes in production
relations have shaped new economic realities in the modern era. These realities have a serious
impact on the structure of the labor market, forms of employment and the nature of the
demand for labor. The transformation of traditional employment models, the reduction of jobs
in some professions and fields, as well as the emergence of employment opportunities in new
areas, necessitate a review of employment policy.

The presented work comprehensively examines the issues of increasing the level of
employment in the conditions of new economic realities. The study explains the essence of
new economic realities, analyzes the mechanisms of their impact on the labor market. The
socio-economic importance of employment is substantiated, and the contribution of a high
level of employment to accelerating economic growth, improving social welfare and ensuring
social stability is emphasized.

In this work, the development of human capital is assessed as one of the main directions of
employment policy. Adapting the education system to the requirements of the labor market,
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improving vocational education and professional development mechanisms, and applying the
concept of lifelong learning are indicated as the main tools for increasing employment in the
modern era.

The deep and rapid changes taking place in the global economic system in the modern era put
forward new requirements for the socio-economic development strategies of countries and
regions. Acceleration of technological progress, digitalization, transformation of international
trade relations, global and regional geopolitical processes act as the main factors shaping new
economic realities. These realities cause serious changes in the structure of the labor market,
making the issue of employment one of the main priorities of economic policy.

In the conditions of new economic realities, employment is not only a means of ensuring
social welfare, but also a key indicator of the sustainability of economic growth, the
development potential of regions and the efficient use of human capital. Structural changes
taking place in the labor market, the decrease in jobs in some traditional sectors, and the
emergence of new employment opportunities in other sectors necessitate the reformulation of
the employment policy of states.

These processes are especially relevant for the Nakhchivan Autonomous Republic. Its
geographical location, the conditions of economic blockade for many years, limited natural
and transport resources have had a specific impact on the economic development model and
employment structure of Nakhchivan. At the same time, the autonomous republic has
significant potential in the fields of agriculture, processing industry, energy, tourism and
transit-logistics. New economic realities make more efficient realization of this potential and
increasing the level of employment relevant.

It is from this perspective that the purpose of the presented work is to analyze the ways of
increasing the level of employment in the Nakhchivan Autonomous Republic under the
conditions of new economic realities, existing problems and perspective directions from
scientific-theoretical and practical aspects. The study systematically examines the main
mechanisms and policy directions aimed at increasing employment, taking into account the
socio-economic characteristics of the region.

Keywords: Employment, Nakhchivan Autonomous Republic, labor market, Entrepreneurship,
etc.

GIRIS

Miiasir dovrdo global iqtisadi sistem dorin vo siirotli doyisikliklor morholosindon kegir.
Texnoloji inqilablar, rogomsallagsma, siini intellektin totbiqi, qlobal doyar zancirlorinin
transformasiyasi, iqlim dayisikliklori vo geosiyasi proseslor yeni iqtisadi realliglar

formalasdirir. Bu realliglar omok bazarma birbasa tosir gostororok ononovi mosgulluq
modellorini dayisir, yeni peso vo bacariqlara tolobat yaradir, eyni zamanda bazi sahslords is
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yerlorinin azalmasina sobob olur. Belo bir soraitdo mosgulluq soviyyesinin yiiksoldilmasi
dovlatlorin sosial-igtisadi siyasatindo prioritet masololordon birino gevrilir.

Mosgulluq tokco iqtisadi artimin noticoasi deyil, eyni zamanda sosial sabitliyin, ohalinin
rifahinin vo inkliiziv inkisafin asas gostaricisidir. Yeni iqtisadi realliqlar fonunda masggullugun
tomin edilmosi yalmiz yeni is yerlorinin yaradilmasi ilo mohdudlasmir; burada insan
kapitalinin inkisafi, ¢evik omok bazarinin formalasdirilmasi, aktiv omok bazar1 siyasotlorinin
totbiqi vo innovasiyalarin togviqi xiisusi ohomiyyat dasiyir.

Qlobal iqtisadi sistemdo bas veron siirotli doyisikliklor, texnoloji toraqqi, rogomsallagsma,
beynoalxalq ticarat alagoalorinin transformasiyasit vo geosiyasi proseslor miiasir dévrdo yeni
igtisadi realliglar1 formalasdirmisdir. Bu realliglar ayri-ayri regionlarin sosial-igtisadi
inkisafina, xiisusilo do amok bazarinin strukturuna vo mosgulluq soviyyasine miihiim tosir
gostorir. Yeni iqtisadi soraitdo mosgulluq yalniz sosial rifahin tomin olunmasi baximindan
deyil, hom do igtisadi dayaniqligin vo regional inkisafin asas sortlorindon biri kimi ¢ixis edir.

Naxgivan Muxtar Respublikasi cografi movaeyi, igtisadi blokada soraiti, mohdud resurslar1 vo
eyni zamanda strateji tranzit imkanlar1 ilo Azorbaycanin digor regionlarindan forqlonir. Bu
xilisusiyyatlor mosgulluq siyasstinin formalasdirilmasinda xiisusi yanagsma tolob edir. Yeni
iqtisadi realliglar soraitindo Naxg¢ivanda mosgulluq soviyyesinin yiiksoldilmasi regional
potensialdan somorali istifadoni, insan kapitalinin inkisafin1 vo innovativ iqtisadi foaliyyot
saholorinin genislondirilmasini zoruri edir.

Bu isdo yeni iqtisadi realliglar fonunda Naxcivan Muxtar Respublikasinda masgulluq
soviyyosinin yiiksoldilmasi problemlori, movcud veoziyyot vo perspektiv istiqgamotlor elmi-
nazari vo praktik baximdan tohlil olunur.

YENI IQTISADI REALLIQLARIN MAHIYYOTI VO ©MSBK BAZARINA TOSIRI

Yeni iqtisadi realliqlar anlayis1 iqtisadiyyatin strukturunda, istehsal iisullarinda vo omok
miinasibatlorinds bag veron fundamental doyisikliklori ifado edir. Ragomsal texnologiyalarin
genis yayilmasi istehsal proseslorini avtomatlagdirir, xidmoat sektorunda onlayn platformalarin
rolunu artirir vo masafodon islomo modelini genislondirir (Qasimov, 2014). Noaticodo amok
bazarinda tolob olunan bacariqlarin strukturu dayisir, yiiksok ixtisasli vo texnoloji biliklara
malik is¢i qlivvasing ehtiyac artir.

Eyni zamanda qloballagmanin yeni marhalasi amak resurslarinin beynalxalq harokatliliyini
giiclondirir. Bu isa bir torofdon bilik ve tocriibo miibadilasini siiratlondirse do, digor torofdon
yerli omok bazarinda rogaboti artirir (Qoribov, 2007). Ononovi sonaye saholorindo
mosgullugun azalmasi, xidmat vo innovasiya yoniimlii sahoslordo iso artim miisahido olunur.
Bu transformasiya sosial-igtisadi siyasatin ¢evik vo proaktiv olmasini zoruri edir.

153



MOSGULLUGUN SOSIAL-IQTISADI OHOMIYYOTI

Mosgulluq soviyyasi 6lkonin iqtisadi potensialinin reallagdirilmasinin asas sortlorindon biridir.
Yiiksok mosgulluq iqtisadi artimi stimullagdirir, vergi bazasini genislondirir vo sosial miidafio
sisteminin maliyys dayanigligini tomin edir (isayev, 2012). Eyni zamanda mosgulluq sosial
inteqrasiyanin vo yoxsullugun azaldilmasinin oasas alatlorindon biridir.

Yeni iqtisadi realliglar soraitinde moasgullugun keyfiyyot gostoricilori do xiisusi shomiyyot
kasb edir. Yalniz is yerlorinin say1 deyil, onlarin dayanigliligi, amakhaqqi saviyyasi, sosial
tominat vo tohliikasizlik meyarlar1 da digqet morkozindo olmalidir. Keyfiyyoatli mosgulluq
insan kapitalinin effektiv istifadosini vo uzunmiiddatli iqtisadi inkisafi tomin edir.

INSAN KAPITALININ INKIiSAFI VO TOHSIL SIYASOTI

Yeni iqtisadi soraitdo mosgullugun artirilmasinin osas sortlorindon biri insan kapitalinin
inkisafidir. ©mok bazarinda rogabst qabiliyystli olmaq {i¢iin bilik, bacariq vo soristolorin
davamli yenilonmosi vacibdir. Bu baximdan tohsil sistemi iqtisadiyyatin real tolobloring
uygunlagdirilmalidir.

Peso tohsili va ixtisasartirma proqramlar1 amak bazarinin ehtiyaclarina ¢evik reaksiya vermali,
gonclorin vo igsiz soxslorin miiasir bacariglara yiyslonmasini tomin etmolidir (Qasimli vo b.,
2022). Rogamsal savadliliq, texnoloji bacariglar, analitik diisiinco vo yumsaq bacariglar yeni
dovriin asas kompetensiyalari kimi 6n plana ¢ixir.

Yeni igtisadi soraitdo insan kapitali masgullugun osas determinantlarindan biridir. Nax¢ivanda
omok bazarinin toloblorine uygun ixtisash kadrlarin hazirlanmasi regional inkisafin miihiim
sortidir (Qasimov, 1996). Tohsil miiassisolorinin, xiisusilo ali vo peso tohsili sisteminin
iqtisadiyyatin real tolablorine uygunlasdirilmasi maggulluq imkanlarini genislondirir.

Rogomsal bacariglarin, texniki ixtisaslarin vo innovativ diisiinco torzinin formalasdirilmasi
gonclarin region daxilinde maggulluq imkanlarini artirir vo miqrasiyanin garsisinin alinmasina
tohfo verir.

AKTIV OMOK BAZARI SIYASOTLORININ TONZIMLONMOSSI VO MUASIR
IQTISADI RALLIQLAR

Yeni iqtisadi realligqlar soraitinde mosgullugun yiiksaldilmasi tiglin aktiv omok bazari
siyasatlorinin rolu artir. Bu siyasatlora igogotiiranlor ii¢iin stimullar, masgulluq proqramlari,
tolim vo yenidonhazirlanma todbirlori daxildir (Yusifova, 2005). Ddovlotin osas moqgsadi
issizliyin passiv sokildo kompensasiya edilmosi deyil, issiz soxslorin omok bazarina
reinteqrasiyasinin tomin olunmasidir.

Xiisusilo gonclor, qadinlar vo uzunmiiddotli issizler iiciin hoadofli proqramlarin hoyata
kecirilmosi inkliiziv mosgullugun tomin edilmosino tohfo verir. Bu proqramlar regional
xUsusiyyotlor nozoro alinmaqla hazirlanmali vo yerli omok bazarimin toloblorino
uygunlasdirilmalidir.
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KOND TOSORRUFATI VO AQRAR MOSGULLUGUN YENIi IMKANLARI

Kond tasarriifati Nax¢ivan Muxtar Respublikasinda masgullugun osas sahalorindan biri olarag
qalmaqdadir (Slirzayev, 2000). Yeni iqtisadi realliglar aqrar sektorda mohsuldarligin
artirllmasi, miiasir texnologiyalarin totbiqi vo emal sonayesinin inkisafi vasitosilo
mosgullugun keyfiyyotco yaxsilasdirilmasina imkan yaradir.

Agrar-sonaye kompleksinin formalasdirilmasi, kooperasiya modellorinin totbiqi vo kond
yerlorindo sahibkarligin tosviqi regionda dayaniqli mosgullugun tomin olunmasina xidmot
edir.

SAHIBKARLIGIN VO OZUNUMSSGULLUGUN TOSVIQ OLUNMASI

Sahibkarliqg moesgullugun artirilmasinin miihiim monbalarindon biridir. Yeni iqtisadi realliglar
soraitindo innovativ vo texnoloji yoniimli sahibkarligin inkisafi xiisusi ohomiyyot dasiyir
(©fandiyev va b., 2006). Kigik va orta biznesin dastoklonmasi yeni is yerlorinin yaradilmasina
va iqtisadiyyatin saxalondirilmasino imkan yaradir.

Oziiniimosgulluq programlar1 ohalinin iqtisadi faalligmm artirir, xiisusilo regionlarda golir
imkanlarint genislondirir (©hmoadov, 2015). Maliyys resurslarina ¢ixigin asanlagdirilmasi,
biznes biliklorinin artirilmasi vo institusional dostok mexanizmlori bu sahods osas amillordir.

ROQOMSALLASMA VO YENI MOSGULLUQ FORMALARI

Rogomsallagsma omok bazarinda yeni mosgulluq formalarinin yaranmasina sabob olur.
Uzaqdan islomo, frilans foaliyyoti vo platforma iqtisadiyyati klassik omok miinasibatlorini
dayisir (Nadirov va b, 2000). Bu modellor bir torofdon mosgulluq imkanlarin1 genislondirir,
digar torofdon sosial tominat vo amak hiiquglar1 baximindan yeni ¢agirislar yaradir.

Dovlat siyasati bu doyisikliklori nazore alaraq omok qanunvericiliyini vo sosial miidafia
mexanizmlorini yenilomolidir. Roqgomsal igtisadiyyatin imkanlarindan somorali istifade
maosgullugun artirtlmasina va iqtisadi ¢evikliyin giiclondirilmosine xidmat edir.

REGIONAL INKISAF VO MOSGULLUQ

Yeni iqtisadi realliglar soraitindo regional inkisaf mosgulluq siyasotinin ayrilmaz torkib
hissosidir. Regionlar arasinda iqtisadi imkanlarin qeyri-borabarliyi daxili miqrasiyant
giiclondirir vo sosial problemlor yaradir (Qasimov vo b, 2017). Buna goro do regional
potensialin reallagdirilmast maggullugun artirtlmasi baximmdan miihiim shamiyyast dasiyir.

Kond tosarriifatt, turizm, emal sonayesi vo logistika kimi saholorin regionlarda inkisafi yerli
mosgulluq imkanlarini genislondirir (Bagirov, 2011). Infrastruktur layiholori vo investisiya
togviqlari regional amok bazarinin canlanmasina sorait yaradir.
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DOVLOT VO OZOL SEKTOR 8MOKDASLIGI

Mosgullugun yiiksoldilmoasi yalniz dovlotin soylori ilo miimkiin deyil. Dovlst vo 6zal sektor
arasinda omokdasliq omok bazarinin effektivliyini artirir (Qasimov, 2014). Ozal sektorun
investisiya foaliyyoti yeni is yerlorinin yaradilmasinin osas monboyidir.

Dovlot iso tonzimloyici vo stimullasdirici rol oynayaraq olverisli biznes miihiti
formalasdirmalidir. Tohsil miiassisolori ilo biznes strukturlar1 arasinda omokdashiq kadr
hazirliginin keyfiyyatini yiiksoldir vo gonclorin mosgulluq imkanlarini artirir.

SOSIAL MUDAFI® VO INKLUZIV MOSGULLUQ

Yeni iqtisadi realliglar soraitindo sosial miidafio sisteminin mosgulluq siyasoti ilo
uzlasdirilmasi vacibdir (Qasimov va b, 2017). Sosial yardim mexanizmlori omok bazarindan
konarda qalmani togviq etmomali, oksino, omok foaliyyatino qosulmani stimullagdirmalidir.

Olilliyi olan soxslor, yaslilar vo digor hossas qruplar ii¢lin inkliiziv mosgulluq programlari
sosial adalatin tomin olunmasina vo iqtisadi foalligin artirilmasina xidmot edir. Bu yanasma
comiyyatin biitiin tabagoalarinin iqtisadi proseslords istirakini tomin edir.

TURIZM VO XIiDMOT SEKTORUNDA MSSGULLUQ IMKANLARI

Nax¢ivan Muxtar Respublikasi zongin tarixi-modoni irsi, tobii resurslart vo miialicovi turizm
potensiali ilo segilir (Qasimov, 2014). Yeni iqtisadi realliglar turizm vo xidmot sektorunun
inkisafin1 stirotlondirorok mosgulluq imkanlarini genislondirir.

Turizm infrastrukturlarinin inkisafi, xidmat keyfiyyotinin artirilmasi vo yerli shalinin bu
sahada peso bacariqlarinin yiiksoldilmosi regionda davamli mosgulluga sorait yaradir.

NOTICO

Yeni iqtisadi realliglar soraitindo mosgulluq soviyyesinin yiiksoldilmosi kompleks vo
coxsaxali yanasma tolob edir. Texnoloji doyisikliklor, qlobal rogabat vo struktur
transformasiyalar omok bazarinin ¢evikliyini vo adaptasiya qabiliyystini 6n plana ¢ixarir.
Insan kapitalimin inkisafi, aktiv omok bazar1 siyasotlori, sahibkarhgin tosvigi vo
rogomsallasmanin  imkanlarindan somorali istifado mosgullugun artirilmasinin ~ osas
istigamotloridir.

Uzunmiiddatli perspektivde dayanigli vo inkliiziv mosgullugun tomin edilmasi igtisadi artimin
keyfiyyotini yiiksoldir, sosial sabitliyi méhkomlondirir vo comiyyetin rifahin1 artirir. Bu
baximdan yeni iqtisadi realliglara uygun mosgulluq siyassti miiasir dovlotin osas strateji
prioritetlorindon biri kimi ¢ix1s edir.

Aparilan todqigat gostorir ki, yeni iqtisadi realliglar goraitindo Naxg¢ivan Muxtar
Respublikasinda mosgulluq soviyyasinin yiiksoldilmosi miirokkob, ¢oxsaxoli vo sistemli
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yanagsma tolob edon strateji mosolodir. Qlobal iqtisadi doyisikliklor, texnoloji yeniliklar,
rogomsallagma vo amoak bazarmin transformasiyasi regionun sosial-igtisadi inkisaf modelino
yeni c¢agiriglar yaratmaqla yanasi, eyni zamanda yeni imkanlar da formalasdirir. Bu
imkanlardan somorali istifado edilmasi Nax¢ivanin iqtisadi dayaniqliginin vo sosial rifahinin
yiiksaldilmasinds halledici rol oynaya bilar.

Arasdirma naticosindo miioyyon edilmisdir ki, Naxc¢ivan Muxtar Respublikasinin cografi
movqeyi, iqtisadi blokada soraiti vo mohdud resurslart mosgulluq siyasotinds xiisusi yanagma
tolob edir. Bununla yanasi, regionun kond tosorriifati, emal sonayesi, enerji, turizm vo xidmaot
sektorlarinda movecud potensiali mosgullugun artirilmasi {igliin miihiim osaslar yaradir. Bu
saholorin kompleks vo olaqgoli sokildo inkisaf etdirilmosi yeni vo dayanigli is yerlorinin
yaradilmasina imkan verir.

Insan kapitalinin inkisafi mosgulluq saviyyasinin yiiksaldilmasinin asas sortlorinden biri kimi
cixis edir. Tohsil sisteminin amak bazarinin real toloblorine uygunlasdirilmasi, peso vo texniki
tohsilin giiclondirilmasi, gonclorin roqomsal vo innovativ bacariqlara yiyslonmasi regionda
ixtisashi is¢i qilivvesinin formalagsmasma sorait yaradir. Bu iso hom daxili mesgullugun
artirtlmasina, hom do amok miqrasiyasinin azaldilmasina miisbat tosir gostarir.

Todqiqatda sahibkarligin, Oziiniimosgullugun vo kigcik vo orta biznesin inkisafinin
mosgullugun yiiksoldilmosinds miihiim rol oynadigi osaslandirilmigdir. Dovlot doastoyi
mexanizmlori, maliyys resurslarina ¢ixis imkanlarinin genislondirilmasi vo biznes muhitinin
yaxsilagdirilmasi ohalinin iqtisadi foalligini artirir vo yeni mosgulluq imkanlart yaradir.
Xiisusilo regionlarda ailo tosorriifatlari, kooperativlor vo yerli istehsal subyektlorinin inkisafi
sosial-igtisadi tarazligin qorunmasina xidmot edir.

Eyni zamanda rogomsallagsma vo yeni mosgulluq formalar1 Naxc¢ivan {igiin xiisusi ohomiyyat
kosb edir. Uzaqdan isloms, onlayn xidmotlor vo roqomsal sahibkarliq cografi
mohdudiyyatlorin tosirini zosifladir, gonclor vo ixtisasli miitoxassislor iiglin olave masgulluq
imkanlar1 yaradir. Bu istigamotdo roqomsal infrastrukturun inkisafi vo roqomsal savadliligin
artirilmasi prioritet moasalolordon biri olmalidir.

Notico olaraq qeyd etmok olar ki, yeni iqtisadi realliglar soraitindo Nax¢ivan Muxtar
Respublikasinda mogsgulluq soviyyesinin yliksoldilmosi tiglin dovlet siyasoti, 6zal sektor
togobbiislori vo insan kapitalina investisiyalar arasinda effektiv koordinasiya tomin
edilmolidir. Aktiv mosgulluq progqramlari, inkliiziv sosial siyasot vo regional inkigaf
strategiyalarinin uzlagdirilmasi dayanigli mosgullugun formalasdirilmasinin osas sortloridir.
Bu yanagmanin hoyata ke¢irilmasi Nax¢ivan Muxtar Respublikasinin sosial-igtisadi inkisafini
stirotlondiracok, ohalinin rifah saviyyesini yiiksaldocok vo regionun uzunmiiddstli inkisaf
perspektivlorini méhkomlondiracokdir.
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ABSTRACT

Over the past decade, the use of artificial intelligence to solve everyday problems has grown
dramatically. Al-powered technologies can now perform a range of tasks, including obtaining
information, coordinating logistics, providing financial services, translating complex
documents, writing business reports, preparing legal briefs, and even diagnosing diseases.
Moreover, they are likely to improve the efficiency and accuracy of these tasks thanks to their
ability to learn and improve using machine learning (ML).

Al enables more precise segmentation and categorization of customers based on various
criteria, primarily the revenue they generate, offering tailored solutions to meet the needs of
each group, which ultimately increases loyalty. Al algorithms enable the use of tools for
consumer analysis that visualize segmentation results using multidimensional projection.
Furthermore, Al algorithms can use association rules to identify relationships between
products and provide customers with the most accurate recommendations for additional
purchases. Improving long-term sales forecasts is an important area, allowing for lower
inventory costs and optimal purchasing volumes.

Al has become an integral part of marketing and sales due to its ability to process large
volumes of data, identify trends, and create personalized offers for each customer. Al enables
the automation of routine sales tasks, such as maintaining customer databases, setting up
CRM systems, as well as demand forecasting and inventory management.

The use of Al in marketing and sales has a positive impact on economic growth by increasing
business efficiency, improving competitiveness, and stimulating innovation. Improving
business productivity and efficiency: Al enables businesses to improve performance by
automating processes and reducing operating costs. Reducing marketing costs, optimizing
sales, and increasing customer loyalty help companies grow faster.

Al contributes to the development of the digital economy by creating new products and
services that become integral to consumers' lives. For example, the development of virtual
assistants, chatbots, and recommendation systems opens up opportunities for new business
models and strategies. Al is opening up new opportunities for professionals, as new
professions and tasks are emerging that require expertise in data analysis, machine learning,
and digital marketing. Al is having a significant impact on marketing and sales, enabling
companies to increase productivity, improve customer experience, and develop new products
and services. The use of Al contributes to economic growth, increased competitiveness, and
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the creation of new jobs. However, automation and digitalization are also reducing demand
for some traditional roles. This requires labor market adaptation and retraining of workers to
effectively utilize new technologies and remain competitive in a changing world.

Keywords: influencer marketing, artificial intelligence, digital transformation, virtual
influencers, generative content, neuromarketing.
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