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Siini Intellekt Modellorinin inkisaf Limitlori

Elmaddin Heydarov
Miihandislik Fakiiltasi, Qarabag Universiteti, Xankandi, Azarbaycan
heydarovelmeddin2(@gmail.com

Xiilasa

Son iller siini intellekt sahasinds gedon yaris Boyiik Dil Modellarini (LLM) ¢ox siiratlo
boylitmiisdiir. Modellori boyiitdiikkco yaxsilasir — bu forziyys "Miqyaslanma Qanunlar1”
adlanir. Ancaq bu bdyilima sonsuz resursa arxalanir. Realda isa resurslar mohduddur. Bu isds
mon LLM-lorin qarsisina ¢ixan dord osas maneoni aragdiriram. Birincisi, tolim vo is xarclorinin
eksponensial artmasi vo buradan yaranan "SI képiiyii" riskidir. Ikincisi, ¢iplordoki fiziki limitlor
— silikon texnologiyasinin 2 nm hoddindo kvant soviyyasindo problemlorlo iizlogsmosi, Yaddas
Divar1 vo CoWoS gablasdirma tixacidir. Ugiinciisii, molumat morkozlorinin bdyiik hocmli
enerji vo su istehlakidir; burada Jevons paradoksu somaraliliyin faydasini udur. Dérdiinciisii iso
keyfiyyatli insan matnlorinin tiikonmasi vo siini molumatla talimin gatirdiyi Model Cokmasi
fenomenidir. Molumatlar1 Stanford HAI, Epoch AI, Beynolxalq Enerji Agentliyi (IEA)
hesabatlarindan vo Nature jurnalinda dorc olunan mogalolordon gotiirmiisom. Arasdirmanin
noticasi beladir: sadoco boyiitmok yolu tezliklo tixaclara ¢atacaq. Davamli inkisaf {ligiin kigik
ixtisaslasmis modellora va enerjiyo qonast edon yeni arxitekturalara kegid lazimdir.

Acar sozlar: Boylik Dil Modellori, Miqyaslanma Qanunlari, Model Cokmasi, Yaddas
Divari, Texnoloji Davamliliq

Giris

Stini intellekt sahosindo son illor ¢ox siirotli doyisikliklor bas verir. 2017-ci ildo
Transformer arxitekturasi togdim olunduqdan sonra (Vaswani va digorlori, 2017) Boytk Dil
Modellori (LLM) giindslik hoyata, sonayeyos vo elmi todqiqatlara giiclii tosir gdstormoyo
basladi. Bu saho hom akademik, hom do iqtisadi baximdan kritik ohomiyyat dasiyir.
Hal-hazirda sonaye "Miqyaslanma Qanunlar1" prinsipini izloyir: modeli boytitdiikco
performans yiiksalir. GPT-3, GPT-4, Gemini Ultra vo Grok 4 bu fikri tosdiglodi. Ancaq son
hesabatlar gostorir ki, bu trayektoriya uzun siiro bilmoz. Cottier vo digorlori (2024) tolim
xarclorinin eksponensial artimimi qeyd edir; IEA (2025) qlobal enerji yiikii problemini,
Shumailov vo digorlori (2024) iso slini molumatla tolimin gotirdiyi deqradasiya problemini
ortaya qoyur. Bu problemlor ayri-ayri todqiq olunsa da, vahid bir ¢or¢ivado birlogdirilmomisdir.
Mon bu tezisdo dord fundamental maneoni — iqtisadi, aparat, enerji-ekoloji vo molumat
torofdon — empirik molumatlar asasinda bir yerde analiz etmaya caligiram. Magsad ondan
ibaratdir ki, mévcud yanagmanin limitlori aydin gdstorilsin vo alternativ inkisaf istigamotlori
toklif edilsin.
Tezisin strukturu beladir: ndvbati bélmads todgigat metodu va istifads edilon monbalor togdim
olunur, oradaki alt-bélmads osas riyazi ifads va qrafik material verilir. Sonra dord istigamat
izra naticolor ardicil izah edilir. Yekun bolmo naticolori iimumilosdirir vo tokliflorimi gostorir.

Tadqiqat metodu

Isim sistemli odobiyyat icmalina va ikinci deracali komiyyat molumatlarinin meta-
sintezino osaslanir. Osas monbolor agagidakilardir: Stanford HAI Al Index Report (Maslej vo
digorlori, 2025), Epoch Al hesabatlar1 (Cottier vo digorlori, 2024; Sevilla vo digorlori, 2024;
Villalobos va digarleri, 2024), IEA "Energy and AI" Special Report (IEA, 2025) vo Shumailov
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vo digorlorinin (2024) Nature-do dorc olunan moaqalasi. Rogomlor dord istigamaet iizro yan-yana
goyulub miigayiso edilir.

Riyazi ifadaslar va qrafik materiallar

Aparat limitlarinin riyazi ifadasi {li¢iin Roofline modeli istifads olunur. Bu models gora
sistemin praktiki performansi asagidaki diisturla mohdudlasir:

P =min(m, f x1) (1)

Burada m — ¢ipin pik hesablama giicii (FLOPS), B — yaddasin buraxilis zolagi (GB/s), I iso
omoliyyat intensivliyi (FLOP/bayt) demokdir. LLM-lorin auto-regresiv isi asagi I doyarino
malik oldugu iiciin sistem "memory-bound" zonaya diisiir (Sevilla vo digorlori, 2024).

Igtisadi miqyasin eksponensial xarakteri Sokil 1-do gostorilir. Burada dérd osas modelin
amortizasiyal1 tolim xorci miigayiso olunur.
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Sakil 1. Qabaqcil LLM modellarinin amortizasiyali tolim xoarclori (milyon ABS dollari).
Monba: Cottier vo digorlori (2024).

Iqtisadi limitlor vo ROI problemi

Epoch Al-nin hesablamalarina goro (Cottier vo digorlori, 2024) tolim xorclori 2016-dan
bori ilde 2.4%, 2020-don sonra isa 3.5x artir. Yoni xarclor toxminan har 7 aydan bir iki qat
coxalir. GPT-4 {i¢iin 78 milyon, Gemini Ultra {i¢ilin iso 191 milyon dollar hesablanmigdir. Grok
4-iin tolim giicii 5x10% FLOP otrafindadir — GPT-3 ilo miiqayisoads toxminon 1600 dafo
artimdir. [EA (2025) gostorir ki, 2025-ci ildo boyiik texnoloji sirkatlorin molumat morkozlorino
illik kapital xarci 400 milyard dollar1 kegmisdir. Buna baxmayaraq Xalis Galir Saxlama (NRR)
gostoricisi iri SI bazarlarinda 76%-o enir, inference marhaloasi iso Umumi Miilkiyyst Dayarinin
(TCO) 60-80%-ni toskil edir. Yoni xorclor golirdon siirotli artir vo bu ugurum "SI kopiiyii"
riskini yaradir.

Aparat limitlori

Silikon texnologiyasi 2 nm hoddino yaxinlasdigca elektronlar tranzistor gapisindan
sizmaga baslayir — bu kvant tunellonmasidir va ¢iplori termal deqradasiyaya aparir. FinFET-
don GAAFET-o (TSMC Nanosheets, Intel RibbonFET) kecid lazim olur, bir fabin insas1 iso 20
milyard dollar1 kegir. Bundan basqa, son iki ilda ¢iplarin FLOP gostaricisi 3% artsa da, yaddasin
buraxilis zolagi comi 1.6%, interkonnekt siiroti iso 1.4x artmigdir. Bu disbalansa "Yaddas
Divart" deyilir vo diistur (1) ilo ifads olunur. Tachizat torafinds do problem var: TSMC-nin
CoWoS gablagdirma giicii 2026—2027-0 godor artiq rezerv edilmisdir.

Enerji, su va ekoloji yiik

IEA (2025) hesabatina goro molumat morkozlorinin global elektrik istehlaki 2024-cii
ildo 415 TWh idi. 2030-a gador bu raqgom 945 TWh-a qalxacaq — qlobal elektrik tslobinin
toxminon 3%-i. Si-yo optimallasdiriimis morkozlorin istehlaki iso dordqat artacaq. Yerli
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sobokolor do dozmiir: 2024-cii ildo ABS-1n Virciniya statinda eyni anda 60 molumat morkozi
sobakadon kasildi vo 1500 MW-11q gafil gorginlik artiqlig1 yarandi. Jevons Paradoksu (Alcott,
2005) gostarir ki, texnologiya ucuzlasdigca istehlak azalmir, oksino artir. Google tok sorgu lizro
enerji istehlakini 33x azaltmasina baxmayaraq, qlobal karbon emissiyalar1 2019-cu ildon bu
yana 48% artmisdir (Google, 2024). Su istehlaki da artir — Google 2023-cii ildo 6.4 milyard
qallona yaxin tomiz su iglotmisdir.

Mbilumat divari vo Model ¢okmasi

Epoch Al-nin hesablamalarina goro (Villalobos vo digorlori, 2024) internetdoki
keyfiyyatli va tokrarlanmayan insan motni toxminon 300 trilyon tokenlo mohduddur. Intensiv
miqyaslama ssenarilorinds bu ehtiyat 20262032 illor arasinda tiikkona bilor. Senaye boslugu
stini molumatla doldurmaga calisir, ancaq bu yol da problemlidir. Shumailov va digorlori (2024)
Nature jurnalinda isbat etmislor ki, Al-nin 6z yaratdig1 molumatla tokrar-tokrar tolim olunmasi
Model Cokmosina gatirir. Iterativ tolim zamami ehtimal paylanmasinin "quyruq" hissolori itir,
varyans azalir, 30+ nasildon sonra ¢ixislar tamamilo deqradasiyaya ugrayir.

Noatica

Dord istigamat lizro apardigim analiz bir seyi aydin gostorir: mdéveud eksponensial

miqyaslanma paradigmas1 davamli deyil. Tolim xorclorinin illik 3.5x artimi kapital
somaraliliyini risko atir. Silikon limitlori, Yaddas Divar1 vo CoWoS tixaci aparat torofindon
sodd yaradir. IEA prognozlarindaki enerji tolobat1 vo Jevons Paradoksu global ekoloji yiikii
artirtr. Nohayat, insan molumatinin tiikonmasi va Model Cokmasi alqoritmik irsliloyisi
dayandirir.
Monim fikrimca, sonaye todricon "daha boylik model = daha yaxsi model" maentigindon
uzaqlasmalidir. Bunun ovozino dord istiqgamato yonolmok olar: birincisi, xtisusilosdirilmis kigik
dil modellori (SLM) vo Mixture-of-Experts (MoE) arxitekturalar; ikincisi, neyromorf vo
analog hesablama kimi enerjiyo qonaot edon yeni fiziki yanasmalar; {i¢iinciisli, retrieval-
augmented vo memory-efficient metodlarla is xorclorinin azaldilmasi; dordiinciisii, insan
nozaratli yiiksok keyfiyyatli molumat kuratorlugu. Belo yanasma Si-ni "6l¢ii maratonu"ndan
effektivlik vo ixtisaslasma morholosino apara bilor.
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Abstract

Large Language Models (LLMs) such as GPT-4 and Gemini have demonstrated
exceptional capabilities in natural language reasoning, yet they operate at a high level of
semantic abstraction that is fundamentally mismatched with the precise numerical demands of
low-level robotic actuator control. This paper proposes a novel three-layer architecture, termed
the "Fuzzy-Agent" framework, which systematically bridges this semantic-to-control gap. In
the proposed system, an LLM layer interprets ambiguous natural language instructions (e.g.,
"move slowly and cautiously"), a Fuzzy Mapper layer translates these linguistic constructs into
dynamic Fuzzy Membership Functions, and a Fuzzy Inference Controller layer processes real-
time sensor data (LiDAR, ultrasonic) through the derived rule base to generate precise motor
commands. The critical and underexplored contribution is the mechanism by which LLM-
generated semantic tokens are converted into parameterized membership functions and fuzzy
IF-THEN rules at runtime, enabling a dynamically updatable rule base rather than a static
expert-defined one. We analyze the theoretical foundations of this pipeline, discuss the research
gap identified through a survey of literature up to 2026, and present a conceptual simulation
study demonstrating the feasibility of dynamic rule generation. Our results validate the Fuzzy-
Agent framework as a superior alternative to existing monolithic control paradigms, offering
enhanced transparency and context-aware adjustment. Despite these advantages, achieving
real-time performance and ensuring the factual integrity of LLM-generated tokens in
unpredictable environments represent the primary challenges for the next phase of this research

Keywords: Large Language Models; Fuzzy Logic Control; Robotic Navigation;
Semantic-to-Control Mapping; Dynamic Rule Base Generation.

Introduction

Modern LLMs (GPT-4, Gemini, Claude) are powerful high-level reasoners, yet they operate in
a fully abstract, symbolic world. When instructed "move slowly and cautiously through the
corridor," an LLM interprets the meaning fluently but cannot translate adverbs like "slowly"
directly into motor torque values or velocity set-points. This constitutes the semantic-to-control
gap — a fundamental mismatch between natural language reasoning and the numerical
precision demanded by physical actuators (Firoozi et al., 2023).

Existing hybrid approaches (SayCan, RT-2, PalLM-E) address this by coupling LLMs with pre-
trained skill libraries or end-to-end learned policies (Ahn et al., 2022; Brohan et al., 2023).
However, these systems do not provide a principled linguistic representation of uncertainty: the
vagueness embedded in natural language qualifiers is simply absorbed into opaque neural
weights. Fuzzy Logic Control (FLC). formalized by Zadeh (1965), offers exactly such a
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representation — linguistic variables and graded membership functions that map vague terms
onto continuous numerical domains — but existing FLC systems use static, expert-defined rule
bases that cannot adapt to runtime natural language instructions.

The key research gap: while Xu et al. (2025) recently demonstrated LLM-driven fuzzy control
for underwater robots, their membership functions and rules remain pre-defined by experts. No
published work systematically addresses how LLM-generated semantic tokens can dynamically
parameterize fuzzy membership functions and generate rule bases at runtime. This paper
proposes the Fuzzy-Agent framework to fill that gap.

The structure of the remainder of this paper is organized as follows: The next section outlines
the proposed research methodology and the three-layer architecture. Following this, the
mathematical formulations and graphical materials are presented. Finally, the research findings
are discussed, and conclusions are drawn along with recommendations for future work.

Research Method

The Fuzzy-Agent architecture consists of three layers operating as a closed-loop perception—
reasoning—action cycle (Figure 1).

LAYER 1 AYER 2 LAYER 3

srlove cautious LLM ; Fuzzy Mapper
Dynamic MF &
Operator ynar C MF &
Reasoning Rule Generator

(GPT-4) " vim/s), 8(°)

Fuzzy Controller
Mamdani FIS
Defuzzification

E/Sensors (LIDAR / Ultrasonic) J
leedback log,

Figure 1. Three-Layer Fuzzy-Agent architecture with closed-loop sensor feedback.

Layer 1 — LLM Reasoning Module. The LLM receives a natural language instruction and
outputs a structured JSON semantic packet containing a behavioral intent label, linguistic
qualifier pairs (variable, adjective), and a risk tag. For example: "The environment is somewhat
dangerous; move slowly" — { "speed": "slow", "caution": "high", "risk": "MODERATE" }. A
constrained few-shot prompt template minimizes hallucination.

Layer 2 — Fuzzy Mapper (novel contribution). This layer dynamically parameterizes the
fuzzy system from LLM tokens. Each qualifier maps to triangular membership function (MF)
parameters via a semantic-to-parameter dictionary. For the token "slow" on output variable
speed v (m/s):

w_slow(v) = trimf(v;, a=0.10, b=0.25, c=0.45) (1)

The active qualifier also selects which rule templates from a pre-compiled library are
instantiated. For "slow + high caution + MODERATE risk," exemplary generated rules include:
IF obstacle front IS near AND caution IS high THEN speed IS very slow AND turn IS sharp;
IF obstacle front IS far AND caution IS high THEN speed IS slow AND turn IS slight. This
runtime rule generation — distinct from the static expert rules in all prior FLC robot work —
is the framework's primary novelty.
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Layer 3 — Mamdani Fuzzy Inference Controller. Crisp distance readings from
LiDAR/ultrasonic sensors are fuzzified using the Layer-2-generated MFs. Standard Mamdani
min-inference is applied over the generated rule base; the centroid defuzzification method
yields crisp velocity v (m/s) and heading 6 (°) commands to the actuators. Inference executes
in ~10 ms per cycle, fully compatible with real-time robotic control loops.

Three scenarios evaluated the pipeline (Table 1), each driven by a distinct natural language
command:

Table 1. Simulation scenario parameters and outcomes.

Scenario Instruction LLM Speed | Peak MF Avg..Speed

Token (m/s) Time

31 Move at ?ormal speed to "ormal 0.60 0.58 m/s
the target. 184 s

52 Corridor is somewhat "slow" 0.5 0.31 m/s
cluttered; move cautiously." 31.7s

"Extremely dangerous; halt " " 0.09 m/s
53 unless path is clear." very slow 0.10 52.1s

The Fuzzy Mapper generated distinct, physically plausible MF parameterizations and rule sets
for each scenario (Figure 2). Navigation speed and safety margins adapted correctly and
proportionally to semantic content — without any retraining.

51 — "normal speed” 52 — "slow |/ cautiou 53 — "very slow / halt"
1.2 9 peak E Atk peak
C0.6m wery siow m. very slow P01 mis —very slow
slow w

nern
fast

Mlv)
Wiv)

T T e N e T T T 1
0.0 0.2 0.4 06 o8 10 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 a.8 1.0
Speed v (m/s) Speed v (m/s) Speed v (m/s)

Figure 2. Dynamically generated speed membership functions for S1 (normal), S2 (slow), S3
(very slow). Active MF shown in bold; peak velocity shifts with LLM token.

Conclusion

The Fuzzy-Agent framework introduces a principled, three-layer solution to the semantic-to-
control gap. Its core novelty — the Fuzzy Mapper layer that dynamically parameterizes
membership functions and generates fuzzy rule bases from LLM output at runtime — addresses
a gap unresolved in prior literature. Simulation confirms that qualitatively different natural
language commands produce quantitatively appropriate and distinct control behaviors with zero
retraining. Future work will focus on: (i) empirical validation on physical hardware; (ii)
mitigating LLM hallucination via constraint checking; (iii) online MF adaptation via sensor
feedback; and (iv) extension to multi-robot coordination scenarios.
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Xiilasa

Miiasir dovrda enerji resurslarinin somorali idars edilmasi, xiisusils isgaldan azad edilmis
orazilordo qurulan "Agilli kond" konsepsiyasinin tomal prinsiplorindon biridir. Enerji
istehlakinin qeyri-sabitliyi vo pik saatlarda yaranan ifrat yiiklonmolor ononovi idaroetma
sistemlorinin effektivliyini koskin sokilde asagi salir. Bu todqiqat iginin 9sas magsadi "Agill
kond" infrastrukturunda abonentlorin enerji sorfiyyatini gabaqcadan prognozlagdiran vo
sobokonin yiiklonmasini optimallagdiran masin dyronmasi modelinin toklif edilmosidir.
Tadqiqat ¢argivosindo tarixi enerji istehlaki, hava goraiti vo zaman faktorlar: (giiniin saatlari,
hoftonin giinlori) kimi miihiim doyisonlor nozoros alinaraq, prognozlasdirma iiclin Xotti
Reqgressiya vo "Random Forest" (Tosadiifi meso) alqoritmlorinin totbiqi aragdirilmisdir.
Modelin qurulmast ii¢iin agiq monbali molumat bazalarindan istifads edilmis, molumatlar magin
Oyronmosi standartlarina uygun olaraq ilkin emal prosesindon kegirilmisdir. Toklif olunan
intellektual sistem vasitasilo enerji paylanmasinin tam avtomatlasdirilmasi vo texniki itkilorin
minimuma endirilmosi hoadaflonir. ilkin analizlor gostorir ki, toklif olunan yanasmanin
inteqrasiyast iimumi enetji israfinin ohomiyyatli doracade azalmasina sobab ola bilor. ©lds
edilon bu notico hom iqtisadi somaraliliyin artirilmasina, hom do ekoloji cohotdon dayaniqlt
"Agill kond" modelinin inkisafina miihiim t6hfo veracokdir.

Acar sézlor: Siini Intellekt, Magin Oyronmosi, Agilli Kond, Enerji Optimallasdirilmast,
Prognozlasdirma.

Giris

Todqiqgat isi barpa olunan vo onanavi enerji monboalorinin inteqrasiya edildiyi "Agilh
kond" layihoalorinda intellektual idarsetmonin tomin edilmasine hosr olunmusdur. isgaldan azad
edilmis orazilordo yeni infrastrukturun qurulmasi prosesindo "Osyalar Interneti" (IoT) vo Siini
Intellekt kimi gabaqcil texnologiyalarin totbigi xiisusi aktualliq kasb edir, ¢iinki bu ekosistemin
dayaniqlilig1 birbasa rogomsal enerji menecmentindon asilidir.

Bununla bels, mévcud ananavi elektrik sabakalorinin idars edilmasinds ciddi bosluqlar
movcuddur. Xiisusilo, abonentlorin enerji istehlakinin geyri-sabitliyi vo pik saatlarda tolobatin
doqiq prognozlasdirilmamasi sobokods israfcilifa, maliyyo itkilorino vo avadanliglarin
hoddindon artiq yliklonmasino sobab olur (Smith & Doe, 2021). Bu sabobdon, toplanan boytik
hacmli mealumatlar1 (Big Data) siiratlo emal edo bilon va enerji talabatin1 avvalcadon doqiq
toxmin edon miiasir idaroetmo sistemlorino koskin ehtiyac yaranmigdir.

Qarsiya qoyulan asas maqgsad ohalinin enerji istehlaki vordislorini va iqlim doyisenlorini
analiz edorak, tolobat1 yiiksok doqigliklo prognozlasdiran masin dyronmasi modelinin iglonib
hazirlanmasidir. Bu mogsads ¢atmagq ii¢lin aciq monbali molumat dostlori {izorindo miixtalif
alqoritmlor sinaqdan kecirilmis vo onlarin totbiqi ilo enerji paylanmasinin optimallagdiriimasi
konsepti yaradilmigdir.

Toqdim olunan todgiqat isinin strukturu dord osas bdlmadon ibarstdir. Magalodo
miivafiq olaraq giris molumatlari, istifado edilmis todqiqat metodlar1 vo riyazi modellar,
aparilmis analizlor noticosindo oldo edilmis nailiyyatlor vo istinad olunan elmi odobiyyat
siyahisi 6z oksini tapmisdir.
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Tadqiqat metodu

Qarstya qoyulmus enerji prognozlasdirilmast mosolosini hall etmok {i¢iin Python
programlagdirma miihitinden vo "Scikit-learn" masin Oyronmosi kitabxanasindan istifade
edilmisdir. Todqiqat materiali olaraq UCI Machine Learning Repository torofindon toqdim
edilon fordi ev tosarriifatlarimin elektrik enerjisi istehlakina dair rosmi molumat bazasi
secilmisdir (Hebrail & Berard, 2012). Tocriibodon ovvol molumatlar anomaliyalardan
tomizlonmis va roqamsal gostaricilor standartlagdirilmigdir.

Todqiqgat ¢orgivasindo baza modeli olaraq Xotti Reqressiya (Linear Regression), daha
miirokkab asililiglar1 tapmagq tigiin iso ansambl metodu olan "Random Forest" alqoritmi totbiq
olunmusdur. Saatliq enerji istehlakinin prognozlasdirilmasi asagidaki riyazi tonlik osasinda
formalagdirilmigdir:

Eopt = W1T + WzH + W3W + b (1)

Burada E,,; — hadoflonon optimal enerji tolabati, T — xarici hava temperaturu, H —

giiniin saat1, W — hoftonin giiniinii (is vo ya qeyri-is giinii) ifads edir. Tonlikdoki w omsallar1
hor bir doyisonin modeldoki xiisusi ¢okisini, b iso siirligmo (bias) parametrini gostorir.
Qurulmus modelin dyrodilmasi iiglin molumat bazasinin 80%-1, sinaqdan kegirilmosi vo
doqiqliyin yoxlanilmasi ligiin iso 20%-1 istifads edilmisdir (bax: Sokil 1).

200
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0
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

== TFaktiki Istehlak (kVt) === Random Forest Prognozu (kVt)

Sakil 1. Agilli kend sobokosinds giin orzinds faktiki vo "Random Forest" modeli torafinden
prognozlasdirilan enerji istehlakinin miiqayisoli xotti diaqrami (Malumat monboyi: UCI
Machine Learning Repository).

Notica

Aparilan todqiqatlar vo sinaqlar naticoesinde olds edilon gdstaricilor qeyd edilon
problemin hallindo masin 6yronmasi yanasmasinin somaraliliyini tosdiq etmisdir. Tocriiba (bax:
Sakil 1) gostordi ki, "Random Forest" alqoritmi ¢oxdl¢iilii doyisonlori analiz edorkon ononovi
statistik metodlara nisbaton daha yiiksok prognozlasdirma doqiqliyi niimayis etdirir. Qrafikdon
do aydin goriindiiyii kimi, model xiisusilo sohar (08:00) vo axsam (18:00-20:00) pik saatlarinda
yaranan koskin si¢rayislart minimum xota ilo avvalcodon toxmin edo bilir.

Bu modelin "Agilli kond" layihslorinin morkozi serverine inteqrasiya edilmosi
noticosindo tolobatin az oldugu saatlarda ehtiyat enerjinin yi1gilmasi vo pik saatlarda avtomatik
paylanmasi tomin edilo bilor. ©lds edilmis hesablamalara goro, bu ciir intellektual tonzimlomao
imumi sobakoda enerji israfin1 vo texniki itkilori shomiyyatli darocods (togribon 10-15%)
azaltma potensialina malikdir. Qeyd olunan igin naticolori galacokde yalniz elektrik tachizati
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sahasindo deyil, eloco do su vo qaz infrastrukturunun idars edilmasinds ugurla istifado oluna
bilor.
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Abstract

This study presents a reproducible benchmark on public daily Apple Inc. (AAPL) data
for 2020. Using Open, Close, and Volume inputs, a 24-day sliding window, a chronological
70%/15%/15% split, and lightweight Optuna/TPE tuning, nine neural architectures were
compared for next-day close prediction and directional accuracy. In this sample, the
Transformer achieved the strongest regression performance (MAE = 2.708, RMSE = 3.505,
MAPE = 2.175%), while the highest directional accuracy was shared by the Transformer and
MLP models (57.14%). The hybrid CNN-Attention-BiLSTM model did not outperform simpler
baselines. Overall, the results indicate that model complexity alone does not guarantee
forecasting superiority and that price-level error should be interpreted separately from
directional usefulness.

Keywords: Stock Price Forecasting, Deep Learning, AAPL, Time Series, Transformer,
Directional Accuracy

Introduction

Financial time series are noisy, nonstationary, and prone to structural breaks, so stock
forecasting is better treated as a fragile prediction problem than a simple curve-fitting task.
Market-efficiency arguments remain cautious about inferring future prices from past
observations alone (Fama, 1970), whereas the adaptive markets perspective allows temporary
predictability under specific conditions (Lo, 2004). In practice, the key issue is not which
architecture is universally best, but which model family suits a clearly defined forecasting
objective.

Deep learning has become prominent in financial forecasting because convolutional models
capture local motifs, recurrent models retain sequential information, and attention-based
models reweight distant observations more flexibly (Sezer, Gudelek, & Ozbayoglu, 2020;
Thakkar & Chaudhari, 2021). At the same time, many studies still compare models under
inconsistent preprocessing, limited hyperparameter reporting, and mixed evaluation criteria.
Lin and Marques (2024) likewise note that strong claims about Al-based stock prediction often
depend on evaluation design as much as on the model itself.

This paper therefore adopts a narrower and more transparent route. It expands the initial abstract
into a compact full-text benchmark using a public AAPL daily series and a shared evaluation
pipeline. Because the original run files were not available during writing, the numerical results
reported here should be read as a reproducible re-estimation under the same broad modeling
logic rather than as a verbatim recovery of the original unseen experiment.

Data and Method

The empirical data were taken from a public AAPL daily historical CSV mirrored in the stock-
time-series repository on GitHub. For the benchmark, the file was restricted to the 2 January
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2020-31 December 2020 period, yielding 252 trading-day observations. To remain close to the
original abstract, only Open, Close, and Volume were used as predictors, and the target variable
was the next trading day closing price. No missing values were observed in these fields.

A fixed 24-day sliding window converted the sequence into supervised samples, producing 228
windows in total. These were split chronologically into 159 training, 34 validation, and 35 test
windows. Min-max scaling was fitted only on the training set. Training used Adam with early
stopping, and hyperparameters were tuned with a lightweight Optuna/TPE search (Akiba et al.,
2019). Performance was evaluated using MAE, RMSE, and MAPE for level prediction,
together with directional accuracy based on the sign of the next-day move relative to the last
close in the input window.

The benchmark covered MLP, vanilla RNN, LSTM, GRU, BiLSTM, CNN, TCN, Transformer,
and a hybrid CNN-Attention-BiLSTM model. The design favored comparability over
aggressive feature engineering, so all models used the same information, split, and validation
logic.

Table 1. Data set and experiment design summary

Item Value Item Value
Ticker AAPL (Apple Inc.) Observations 252 daily rows
Period 2020-01-02 to 2020-12-31 | Input variables Open, Close, Volume
Forecast target Next-day close Window length 24 trading days
Train/ Val / Test | 159/34 /35 windows Validation design | Chronological split
Close mean (USD) | 95.18 Close std. dev. 21.58
Close min / max 56.09 / 136.69 Avg. volume 159.86 million

AAPL daily closing price in 2020 with chronological split
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Figure 1. AAPL daily closing price in 2020 with train/validation/test cut points.

Algorithm 1. Benchmark pipeline used in the empirical comparison

Input: Daily AAPL data, window size = 24

Output: Regression and directional performance of all models

1. Load daily AAPL data and sort records chronologically.

2. Select Open, Close, and Volume as input variables.

3. Restrict the series to the target study period.

4. Build supervised samples with a 24-day sliding window.

5. Split samples into train, validation, and test sets in time order.

6. Fit min-max normalization on the training set and transform all splits.

7. For each model in {MLP, RNN, LSTM, GRU, BiLSTM, CNN, TCN, Transformer,

Hybrid}:
a. Tune hyperparameters with Optuna/TPE.
b. Train the model with early stopping.
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c. Predict next-day closing prices on the test set.

d. Compute MAE, RMSE, MAPE, and directional accuracy.
8. Compare the models across all evaluation metrics.
9. Report the strongest models under each criterion.

Results

Table 2 summarizes the test results. On this AAPL sample, the Transformer delivered the
strongest regression performance with MAE = 2.708 and RMSE = 3.505. GRU and TCN
formed the next-best group, whereas MLP and CNN remained competitive. The weakest
regression results came from the vanilla RNN and the hybrid CNN-Attention-BiLSTM.
Directional performance was more modest. The highest directional accuracy, 57.14%, was
shared by the Transformer and MLP, with TCN close behind at 54.29%. Several recurrent
models clustered at 48.57%, showing that lower level error does not automatically translate into
stronger movement prediction.
Table 2. Test-set forecasting performance by model

Directional
1)

Model MAE | RMSE | MAPE (%) Ace. (%)
Transformer 2.708 3.505 2.175 57.14
GRU 6.263 7.153 4.946 51.43
TCN 6.187 7.440 4.855 54.29
MLP 6.630 7.875 5.212 57.14
CNN 7.731 8.768 6.106 51.43
LSTM 11.862 12.755 9.430 48.57
BiLSTM 12.182 13.300 9.664 48.57
Hybrid CNN-Attention-BiLSTM 15.658 16.605 12.472 48.57
RNN 22.646 23.384 18.122 48.57

Best-RMSE model on the test period
135 - s:etziaclted (Transformer)
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Figure 2. Actual versus predicted next-day close values on the test horizon for the best-
RMSE model (Transformer).

Discussion

Three points deserve emphasis. First, on this 2020 AAPL sample the Transformer adapted
better than the recurrent and convolutional alternatives, suggesting that a compact self-attention
architecture can remain effective even when the input space is deliberately small. Second, the
hybrid architecture did not improve on its simpler building blocks, showing that added
complexity is not a substitute for disciplined evaluation. Third, the ranking changes when
directional accuracy is interpreted alongside regression error rather than behind it.

Interpretation should remain cautious. The ordering reported here does not match the ordering
stated in the original abstract, which named CNN and RNN as the best models under different
criteria. The present text is a transparent re-estimation built from an accessible public dataset

17



Giirsoy A. et al.: Deep Learning Approaches to Stock Price Forecasting: A Reproducible...

and a documented pipeline, whereas the abstract summarized an experiment whose underlying
run files were not available here. The scope of inference is narrow: one stock, one year, and a
mirrored public file rather than a primary exchange feed.

Conclusion

This paper turned the initial abstract into a compact full-text benchmark by rebuilding the
comparison on public AAPL market data and reporting only computed metrics. Under this
protocol, the Transformer achieved the best regression accuracy, while the best directional
accuracy was shared by the Transformer and MLP. The broader lesson is that model choice in
financial forecasting should follow the forecasting objective and the evaluation protocol, not
the apparent sophistication of the architecture.
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Xiilasa

Miiasir dovrde siini intellekt texnologiyalar1, xiisusilo boylik dil modellori miixtolif
saholordo genis totbiq olunmaqdadir. Lakin bu sistemlorin osas problemlorindon biri
“hallusinasiya” fenomenidir. Hallusinasiya zamani model mdvcud olmayan vo ya yanlis
molumatlart dogru kimi togdim edir. Bu problem xiisusilo sohiyyo, hiiquq vo idaroetma kimi
kritik gorar sistemlorinds ciddi risklor yaradir. Maqalade hallusinasiyanin yaranma sabablari,
onun tasirlori vo bu problemin aradan qaldirilmasi {i¢iin miiasir yanasmalar tohlil olunur.

Acar sozlar: Siini Intellekt, Hallusinasiya, Dil Modellori, Etibarliliq, RAG

Giris

Siini intellekt (SI) vo masmn Syronmosi texnologiyalari son illordo siiratli inkisaf
morholasine godom qoymusdur. Xiisusilo boyiik dil modellari insan dilini anlama vo generasiya
etmo qabiliyyati ilo bir ¢ox sahods inqilabi doyisikliklors sabob olmusdur. Bu modellar tohsil,
sohiyyo, maliyyo vo dovlot idaragiliyi kimi saholordo genis istifado olunur. Lakin bu inkisafla
yanasl, siini intellekt sistemlorinin etibarlilig1 masalasi ds 6n plana ¢ixmigdir. Bu kontekstdo an
ciddi problemlordon biri hallusinasiya fenomenidir. Hallusinasiya, modelin real olmayan vo ya
yanlis molumatlar yiiksok inamla toqdim etmasi ilo xarakterizo olunur. Bu is9 istifadogilorin
yanlis gorarlar vermosino sobab ola bilar.

Tadqiqat metodu

Hallusinasiya fenomeni siini intellekt modellorinin daxili islomo prinsiplorindon
gaynaglanir. Bu modellor deterministik deyil, ehtimal osasli funksionalliq niimayis etdirir.
Basqa sozlo, onlar on uygun goriinon cavablar1 generasiya edir, lakin toqdim olunan
molumatlarin dogrulugu har zaman tomin olunmur.

Osas problemlor asagidaki kimi timumilosdirilo bilor:
e Model torofindon yanlis informasiyanin dogruluq kimi toqdim edilmaosi
o Etibar gostoricilorinin faktiki voziyyatlo uygun golmomasi
e Xiisusilo kritik sistemlords sohv qorarlarin formalasmasi
Bu problem asagidaki totbiq saholorindo xiisusi risk yaradir:
e Sohiyyo sektoru: sohv diagnostik tovsiyalorin verilmosi

e Hiiquq sahosi: geyri-doqiq hiiquqi interpretasiyalar
e Tohsil: yanlig vo ya tohrif olunmus moalumatlarin yayilmasi
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Hallusinasiyanin yaranma sabablari

Hallusinasiya hallarinin formalagmasina tosir edon asas amillor agagidakilardir:

Molumat ¢atismazligi: Modelin dyradildiyi verilonlor bazasinda miioyyon
informasiyanin olmamasi sababindon bosluqglar ehtimal osasli forziyyalorlo doldurulur.
Probabilistik mexanizm: Dil modellori ndvbati tokeni ehtimal hesablamalar1 asasinda
secdiyindon bazon montiqi, lakin faktiki cohotdon yanlis naticalor yaranir.

Overfitting effekti: Modelin miioyyon niimunslori haddindon artiq menimsomasi onun
yeni va forqli molumatlara adaptasiyasini ¢otinlogdirir.

Kontekstin qeyri-doqiq qavranilmasi: Xiisusilo uzun vo miirokkob sorgular zamani
model konteksti tam vo diizgiin interpretasiya eds bilmir.

Hallusinasiyanin idara edilmasi iisullar

1.

Etibar soviyyesinin kalibrlonmasi (Confidence Calibration)
Bu yanagsma modelin verdiyi cavablarla yanasi 6z etibar soviyyosini do togdim
etmasini nozords tutur. Lakin todqiqatlar gostorir ki, model ¢cox vaxt yanlis cavablarda
belo yiiksok etibar niimayis etdirir. Bu sobabdon xiisusi kalibrasiya metodlarinin
totbiqi ilo bu gostaricilorin realliga uygunlasdirilmasi zoruridir.
Retrieval-Augmented Generation (RAG)
Bu metod modelin yalniz daxili biliklora deyil, xarici molumat monbalorino ds istinad
etmoasini tomin edir. Proses iki asas marhalodon ibaratdir:

o Miivafiq informasiyanin verilonlor bazasindan olds edilmasi

o ©Oldo olunmus molumat asasinda cavabin formalasdiriimasi

Bu yanasma hallusinasiya riskinin shomiyyastli doracods azaldilmasina imkan
Verir.

Oziinii yoxlama mexanizmlori (Self-Verification)
Bu mexanizmdo model togdim etdiyi cavabi alave analizo maruz qoyur vo
korrektliyini yoxlayir. Natico etibarilo:

o Sohvlar erkon morhoalados askar edilir

o Cavablarin keyfiyyati ytiksalir

o Umumi etibarliliq artir
Adversarial test yanagmalari
Bu metod modelin zaif cohatlorini miioyyan etmoys yonalib. Xiisusi qurulmus
sorgular vasitasilo modelin sohv etmo ehtimali yoxlanilir vo bu yanagma xiisusilo
tohliikesizlik va etibarliliq qiymatlondirmolorinds genis totbiq olunur.

Tatbiq sahalari vo praktik shamiyyati

Hallusinasiya probleminin effektiv sokilds aradan galdirilmasi bir sira miithiim sahalordo
ciddi ohomiyyot kasb edir:

1.

Sohiyyo sistemlori

Diagnostik gorarlarin doqiqgliyinin artirilmasi vo risklorin minimallagdirilmasi
Hiiquqi sistemlor

Hiiquqi analizlorin diizgiin aparilmasi vo sonadlorin adekvat interpretasiyasi
Tohsil platformalari

Etibarli vo doqiq molumatin toqdim olunmasinin tomin edilmosi
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4. Dovlat idaragiliyi
Analitik gorarlarin keyfiyyatinin yliksoldilmasi vo idaroetmo proseslorinin
tokmillosdirilmasi

Notica

Siini intellekt texnologiyalarinin siiratli inkisafi ilo yanasi, onlarin etibarliligi masalasi do
xiisusi ohamiyyat kosb edir. Hallusinasiya problemi bu sahado osas ¢agirislardan biridir vo onun
halli iiciin kompleks yanasmalar tolob olunur.

Confidence calibration, RAG vo self-verification kimi metodlar bu problemin
azaldilmasinda effektiv vasitolor hesab olunur. Goalocok todgigatlar bu metodlarin daha da
tokmillosdirilmoasine yonalmalidir.

Notico etibarilo, siini intellekt sistemlori yalniz giiclii deyil, hom do etibarli vo soffaf
olmalidir. Bu iso onlarin real hoyat totbiglorindo ugurla istifads olunmasinin osas sortidir.
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Abstract

Sign language recognition has drawn increasing attention as a way to improve
accessibility for Deaf communities. Among the deep learning approaches studied in the
literature, LSTM networks have long been a standard choice for sequential gesture data, while
Transformer models have more recently entered this space. This paper reviews both approaches
based on existing studies, focusing on where each architecture tends to work well and where it
falls short in isolated sign language recognition tasks.

Keywords: Sign Language Recognition, LSTM, Transformer, Deep Learning, Gesture

Recognition

Introduction

Sign languages are complete, natural languages that serve as primary communication systems
for Deaf and hard-of-hearing communities. Automated sign language recognition (SLR) aims
to close the gap between signing and non-signing populations, with uses ranging from
translation services to educational tools. Despite real progress in recent years, the task remains
hard — signs carry meaning through handshape, movement, and location all at once, and
individual signing styles add another layer of variability.

Research in this area has gone through several phases. Early systems used hidden Markov
models and hand-designed features, which held up in controlled conditions but did not scale
well. The move to deep learning changed that significantly, and LSTM-based architectures
became the standard for handling the temporal side of sign recognition. More recently,
Transformer models have started appearing in this space, though direct comparisons between
the two approaches under consistent conditions are still relatively rare [1].

This paper looks at what the literature says about both architectures — what each one does well,
where it struggles, and how the choice between them depends on the situation.

LSTM-Based Approaches

LSTMs became a natural fit for sign language recognition because a sign is not a single image
— it is a sequence that unfolds over time, and understanding it requires tracking how features
change from frame to frame. The gating mechanism in LSTMs handles this by selectively
keeping or discarding information as the sequence progresses, which also sidesteps the
vanishing gradient problem that makes plain recurrent networks difficult to train [1].

In practice, most systems combine LSTMs with convolutional layers. The CNN part extracts
spatial features from each frame, and the LSTM learns how those features evolve over the
course of a sign. This setup has been used across different datasets and sign languages with
consistent results. For real-time applications, LSTM-based models have a clear practical edge
— they process input frame by frame, which keeps memory and compute requirements
manageable [1].

The downside is that sequential processing limits parallelization. And as vocabulary size grows,
these models tend to need more data to keep improving, which can be a real constraint when
working with lower-resource sign languages.
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Transformer-Based Approaches

Transformers were built for language tasks but have since proven useful for temporal and visual
problems as well. The key mechanism is multi-head self-attention, which lets the model look
at any two positions in a sequence simultaneously rather than building up context step by step.
For sign language, this matters when the meaning of a gesture depends on motion that spans a
long stretch of frames.

Studies that directly compare the two architectures find that Transformers tend to come out
ahead on recognition accuracy, and the advantage is larger on smaller datasets — suggesting
they extract more from limited data. On larger datasets, the gap narrows as LSTM models have
more examples to learn from [1].

Transformers also seem to handle signer variation better, likely because their global attention
is not constrained by the sequential hidden state that LSTM models depend on. The tradeoff is
cost: Transformers are significantly more demanding to train and run, which makes them a poor
fit for real-time or resource-limited settings without further optimization [1].

Comparative Summary

Table 1 sets out the main differences between the two architectures based on what the literature
reports.

Table 1. Comparative characteristics of LSTM and Transformer architectures for ISLR

Dimension LSTM / ConvLSTM Transformer
Temporal modeling Sequential, frame-by-frame Parallel, global self-attention
Small dataset performance Moderate Stronger

Large dataset scaling

Improves with more data

Consistently strong

Computational cost

Lower, faster inference

Higher, slower inference

Real-time suitability Well-suited Limited without optimization

Signer independence Moderate Stronger generalization

Conclusion

Both architectures have a place in sign language recognition, but they suit different needs.
LSTMs are computationally efficient and well-tested across a range of conditions, making them
the more practical option when real-time performance or limited hardware matters.
Transformers achieve higher accuracy and generalize better across signers, but at a substantially
higher computational cost.

The right choice depends on what the application actually requires. For datasets like the
Azerbaijani Sign Language Dataset (AzSLD) [2], which was collected under controlled
conditions with a defined set of signers, either architecture can be a reasonable starting point
depending on the deployment target. Hybrid models that combine sequential and attention-
based processing are a promising direction for future work, as they may offer a better balance
between accuracy and efficiency than either approach alone [1].
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Abstract

The artificial intelligence systems that exist today and work through centralized systems
provide high computational power, though these artificial intelligence systems introduce
significant challenges for the data privacy, the data security, and the energy consumption. In
this research, Federated Learning is explored by the researchers as a way that does not rely on
a central server for the artificial intelligence systems. Previous studies show that a Trust-Aware
and Database-Driven optimization model should be used so that the Federated Learning works
with more strength (Kairouz et al., 2019).

Regarding this new plan, the quality of the client is measured by looking at accuracy, the
stability, the energy consumption, and the latency. A Trust Score mechanism with many
weighing parts is brought into the system to perform this task. Many people believe that the
work of the model becomes better when the system uses this Trust Score. A database that works
in rounds is used so that the way the system acts can be watched every moment. This database
helps the system make choices based on data to make the Federated Learning more efficient
(Bonawitz et al., 2019).

The numbers coming from the testing simulation demonstrate that the Trust-Aware method
increases the accuracy for the model from 82.2% to 89.2%. The reliability of the whole system
is moved from 81.5% to 91.2% when compared to normal Federated Learning. It has been
observed that the usage of electric power and the latency are made smaller because of these
changes.

Keywords: Federated Learning, Trust Score, Data Privacy, Secure Aggregation,
Optimization

Introduction

Old methods for machine learning systems depend on gathering data in one central server where
these data are kept on centralized architecture. Serious danger for the secrets of people and the
safety of information is created by this central server method. In the area of edge computing
and IoT environments, these central server methods are often not good for the technical side or
the money side. Scientists state that the centralized machine learning systems create many risks
that are hard to fix (Kairouz et al., 2019).

Researchers suggest Federated Learning as a different path because data remains on local
devices and only the changes for the model are sent to the centralized architecture. Challenges
like Non-IID Data Distribution, Client Drift, and different behaviors of the clients are faced by
Federated Learning (Li et al., 2020). If all clients are treated as the same in the current systems,
the quality of the work goes down because the low-quality parts of the network hurt the whole
global model. It is often said that Federated Learning requires a way to choose the best nodes
to succeed.

This research has the goal to check if the client is honest using a Trust-Aware way to make the
whole system work very well. The writing is divided into the way of doing the work, the things
seen in the tests, and the final thoughts. Because Federated Learning must be protected, the
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research focuses on making the performance better through these steps. Research indicates that
this study provides a new way to look at the stability of decentralized systems (Yang et al.,
2019).

Research Method

Within this design, user hardware, a main collection computer, and a tracking storage center
comprise the system architecture. Studies suggest that the system architecture functions through
these distinct parts because coordination is required for the system architecture to stay stable.
Local training of models is performed by each piece of user hardware, and the Secure
Aggregation Protocol is utilized so that updates move to the main collection computer with
safety (Bonawitz et al., 2019). Weighted Trust Score values are used by the system architecture
to join these updates together while the main collection computer manages the traffic flow.
Creating a Training Logs database structure occurs because tracking measurement data
regarding work efficiency for the system architecture is necessary. It has been observed that the
Training_Logs database structure effectively captures measurement data regarding work
efficiency of user hardware during every training cycle. Measurement data regarding work
efficiency is kept by this Training_Logs database structure for the purpose of historical review
even though the data storage requirements may grow when the system architecture operates for
a long time (Nguyen et al., 2021).

Table 1. Training_Logs

Client Accuracy Stability Energy Latency Trust Score
Cl 0.85 0.90 12 120 ms 0.530
C2 0.80 0.70 10 140 ms 0.526
C3 0.88 0.95 11 110 ms 0.605
C4 0.76 0.68 14 155 ms 0.370
G5 0.91 0.89 9 102 ms 0.719
C6 0.79 0.73 13 148 ms 0.420

The Trust Score is calculated using the following formula:

__ 0.4xAccuracy+0.4xStability
Trust core = Tatency— (1)

0.1><Energy+0.1xT

Mathematical Expression and Analysis

Accuracy and stability are shown by the calculation to provide good value to the global model
because power usage and time delay are seen as system cost factors. This balance makes certain
that individuals with high performance and individuals with good resource use are picked for
participation in the global model. Many people believe that these factors together determine the
final success of the operation. The decision about which individuals join the global model is
made by the balance of the system (Li et al., 2020).

Results and Discussion

The Trust-Aware approach is seen to give better results for the system through the tests that
were done. The results show that the data found in Tables 1 and 2 shows how the system works.
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Table 2. Comparative Results

Metric Standard FL Trust-Aware FL
Final Accuracy 82.2% 89.2%
Reliability 81.5% 91.2%
Average Energy 11.9 10.4
Average Latency 137 ms 117 ms

Individuals with high Trust Scores, such as C5 and C3, contribute more effectively to the global
model while individuals with low-performing clients like C4 are given less weight. Because C4
has a low score, the importance of C4 is reduced. System reliability is increased by
approximately 15% when this Trust-Aware approach is used.

Conclusion

This study brings forward a Trust-Aware and Database-Driven optimization model for
Federated Learning systems. Federated Learning systems gain better performance because the
accuracy is better and because the engineering numbers for power usage and time delay are
improved. It is believed by researchers that this specific model is very good for use in smart
cities, [oT, and edge Al systems. Future tasks will be focused on using the model in real places
where people live and creating ways to change the Trust Score automatically. The model is
tested through these future tasks to make the system better.
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Abstract

Machine learning is a key technology in today's information systems, showcasing its
importance and relevance to various fields. It allows computers to learn from data and make
decisions without being specifically programmed. Recently, machine learning has found
applications in areas like social media, healthcare, finance, and transportation. The main goal
of this study is to explore the role of machine learning in modern applications and assess its
advantages and challenges.

This research uses qualitative analysis based on existing literature and real-world examples.
Machine learning systems analyze large amounts of data to identify patterns and improve over
time. For example, recommendation systems on platforms like Netflix suggest shows based on
user preferences, and email services like Gmail use machine learning to filter out spam.

The findings suggest that machine learning improves efficiency, enhances decision-making,
and enables automation in various sectors. However, challenges do exist, including the need for
large datasets, privacy issues, and the possibility of biased predictions.

In conclusion, machine learning is essential for modern technology and is expected to grow
rapidly, becoming a part of everyday life.

Keywords: Machine Learning, Artificial Intelligence, Data Analysis, Automation,
Predictive Systems

Introduction

Recently, machine learning has become a fundamental aspect of technology. As a part of
artificial intelligence, it allows computers to learn from data without needing explicit
programming [1]. The increase in available data and improvements in computing power have
fueled its widespread use.

The importance of this research is tied to the growing presence of machine learning in daily
life. It is commonly found in social media, navigation, healthcare, and finance. Despite this,
many users struggle to understand its basic principles and real-world implications.

The primary aim of this study is to analyze how machine learning fits into modern applications
and explain its key concepts clearly. To achieve this, the focus will be on practical examples,
as well as the benefits and drawbacks of machine learning systems.

This paper will be organized as follows: the next section outlines the research methodology;
then, the main findings will be discussed; finally, the conclusions will be presented.
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Table 1. Application Areas of Machine Learning [3], [4].

Application Example Role of Machine Learning
Area
) . | YouTube, .
Social Media TikTok Recommends content to users based on their preferences.
Email . . . .
. Gmail Detects and filters spam, helping to organize the inbox.
Services
Security Face ID Recognizes users for secure access.
Systems

Navigation | Google Maps | Suggests optimal routes and predicts traffic conditions.

Healthcare IBM Watson Aids in diagnosing conditions and personalizing treatments.

E-commerce | Amazon Suggests products based on previous purchases.

Fraud
Finance Detection Identifies suspicious transactions to prevent fraud.

Systems
Autonomous . . . . .
Vlelhicles U | Tesla Autopilot | Makes real-time driving decisions based on surrounding data.
Retail Walmart Uses predictive analytics to optimize inventory management.

These examples show how machine learning impacts different industries by improving
efficiency and decision-making in real-world scenarios.

In summary, this study seeks to better understand how machine learning technology integrates
into various sectors. By examining specific applications, we can appreciate its impact and
benefits in enhancing user interaction with technology in everyday life.

Conclusion

The analysis shows that machine learning is widely used in many modern systems. Social media
stands out as a significant area where algorithms recommend content based on user preferences.
Similarly, email services use machine learning to identify and filter spam messages. Overall, as
machine learning continues to develop, it holds great potential to transform many aspects of our
daily lives.

For further information, consider visiting Google Cloud, where you can

find additional resources and examples related to machine learning applications [2].
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Siini intellektin miiasir is bazarma tasiri va galocok perspektivlori
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Xiilasa

Bu mogalodo siini intellekt texnologiyalarinin miiasir dovrdo is saholorino tosiri
aragdirilmigdir. Son illords texnologiyanin siiratli inkisafi noticesinds siini intellekt miixtolif
saholordo genis totbiq olunmaga baslamisdir. Xiisusilo sohiyyo, tohsil, maliyyo vo sonaye
saholorindo ig proseslorinin avtomatlasdirilmast miisahido olunur. Bu iso hom iglorin daha
stiratli vo doqiq yerino yetirilmasino, hom do insan faktorundan yaranan sohvlorin azalmasina
sobab olur. Digar torofdon, bazi onanavi pesalorin aradan qalxmasi va yeni texnoloji sahalords
1s imkanlarimin yaranmasi kimi doyisikliklor do bag verir. Moagalados bu tasirlor tohlil olunmus
va siini intellektin galacokds is bazarina tosiri qiymatlondirilmisdir.

Acar sozlar: Siini Intellekt, Avtomatlasdirma, Is Bazar1, Texnologiya, Innovasiya

Giris

Miiasir dovrds siini intellekt texnologiyalar: siiratlo inkisaf ederok hoyatin bir ¢ox
sahosino inteqrasiya olunmusdur. Bu texnologiyalar insanlarin is foaliyyotino birbasa tosir
gostorir vo bir ¢ox proseslori daha effektiv hala gotirir.

Hal-hazirda miixtolif sirkotlor vo toskilatlar is proseslorini optimallasdirmaq vo
mohsuldarlig1 artirmaq moqsadils siini intellektdon istifads edirlor. Bunun naticasinde ham
islorin icra siirati artir, hom do xorclor azalir.

Bu todgiqatin mogsadi siini intellektin is saholorino tosirini aragdirmaq, onun
istiinliiklorini vo miimkiin ¢atismazliglarini miioyyon etmokdir.

Tezis giris, tadqiqat metodu, natica va adabiyyat hissalorindan ibaratdir.

Tadqigat metodu

Bu todgigat zamani miixtolif elmi monbolor, mogqalolor vo internet resurslari
arasdirilmisdir. Siini intellektin totbiq olundugu saholor tohlil edilmis vo bu texnologiyanin is
proseslaring tosiri miiqayisali sokilde dyronilmisdir.

Eyni zamanda real niimunslor osasinda siini intellektin {stiinliiklori vo ¢atismazliglar
miioyyon edilmisdir. Miixtolif saholor {izro aparilmis analizlor naticesindo timumi naticolor
cixartlmisdir

Siini intellekt sistemlarinin igloma prinsiplari asason verilanlarin analizing vo alqoritmlora
osaslanir. Bu sistemlor bdylik hocmli molumatlar1 emal edorok gorarvermo prosesini
stiratlondirir.
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31.8% of High Tech and
Telecommunication sector
has adopted Al based
technology
m Travel and Tourism

= Professional Services
Health Care
Education
Media and Entertainment

Energy Resources

s Financial Sectors

16% 19 HighTech & Telecom

Sakil 1. Siini intellektin miixtalif sahoalordos totbiqinin grafik tosviri

Notica

Aparilan tadqiqat naticasinde malum olmusdur ki, siini intellekt miiasir is sahalorindo

miithiim rol oynayir. Bu texnologiya islorin daha siiratli vo dogiq yerino yetirilmosino imkan
yaradir.

Bununla yanasi, bozi ononovi pesolorin azalmasi vo yeni texnoloji saholordo yeni is

imkanlarinin yaranmasi miisahide olunur.

Umumilikdo, siini intellekt golocokds is bazarmm osas inkisaf istiqamotlorindon biri

olacaqdir.
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Xiilaso

Bu todqiqgat cay dasqinlarinin 7 giin ovval prognozlasdirilmasi vo riskin azaldilmasi
tictin IoT sensorlari, kompiiter gérmo vo siini intellekti birlosdiron hibrid yanagma toklif edir.
Cay yataginda yerlosdirilon IoT sensorlar1 (ultrasonik su soviyyasi, axin silirati, yaginti, torpaq
rlitubati) real vaxt molumati toplayir, sahil kameralarindan alinan goriintiilor iso kompiiter
gormo alqoritmlori (semantik seqmentasiya, mosalon, SegNet vo ya Mask R-CNN) vasitosilo
su sothinin vo anomaliyalarin miioyyonlosdirilmasi {i¢iin analiz edilir. Toplanan multimodal
verilonlor LSTM, Transformer vo ya Al ilo giiclondirilmis hidroloji modellor vasitosilo emal
olunaraq dasqin ehtimalini yiiksok doqiqlikle prognozlasdirir vo erkon xebordarliq yaradir.
Beloliklo, hidrologiya, mexatronika, data analitikas1 vo Al sahalorinin inteqrasiyasi ilo dasqin
riskinin idars olunmasi ii¢lin yeni yanagma toqdim edir.

Acgar sozlar: Dasqin Prognozlasdirilmasi, [oT Sensor Sobokolori, Kompiiter Gormo,
Siini Intellekt, Hibrid Modellor, Erkon Xobordarliq Sistemi

Giris

Iqlim doyisikliklori neticosindo dasqinlarin tezliyi vo intensivliyi artmisdir. Cay
dasgqinlar1 boyiik iqtisadi zorara vo insan talafatina sabab olan on tohliikali tobii folakatlordondir.
Moveud erkon xobardarliq sistemlori iso ¢ox vaxt gec vo ya qeyri-doqiq prognoz verir, buna
gora 7 giin avval va yliksak doqiqlikls prognozlagdirma miihiim ohomiyyast dasiyir.

Hazirki sistemlor osason peyk osasli modellor vo yeriistii sensor sobokolori {izorindo
qurulur. Peyk sistemlori genis orazilori ohato etso do lokal doqiqliyi zoifdir, sensor sobokolori
159 doqiq olsa da uzunmiiddatli prognoz imkanlart mohduddur.

Bu todqgiqatin mogsadi homin c¢atismazliglart aradan qaldirmaq iiglin IoT sensorlari,
kompiiter gérmo vo siini intellekti birlosdiron hibrid dasqin prognozlasdirma sistemi toklif
etmoakdir. Qarsiya qoyulan vazifalor bunlardir:

e Cay miihitino uygun ¢coxparametrli sensor sobakasi dizayn etmak;

e Sahilboyu kameralardan alinan goriintiilori emal edorak su soviyyasi vo anomaliyalari
askarlayan kompiiter gérmo alqoritmlori hazirlamaq;

e Toplanan multimodal verilonlori emal edorak 7 giinliik prognoz vers bilon siini intellekt
modeli qurmagq;

e Miihondislik hallari ilo inteqrasiya olunmusg tam arxitektura toklif etmak.

9dabiyyat icmah

Toklif olunan hibrid sistemin aktualligin1 qiymotlondirmok ii¢lin bu sahado mdévcud
qlobal va lokal dasqin prognozlasdirma yanagmalar1 aragdirilmisdir. Analiz gdstarir ki, indiya
godor dasqinlarin prognozlasdirilmasinda hom peyk osasli monitoring sistemlorindon, hom do
sensor gobokolorindon genis istifado edilmisdir. Bu mogsadlo sahado totbiq olunan osas
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layiholor miiqayisoli sokildo tohlil edilorok onlarin istiinliikklori vo texniki mohdudiyyatlori
miuoyyonlosdirilmisdir.

Aragdirma noaticosindo molum olmusdur ki, global sistemlor (mas., Google Flood Hub, NASA-
IMERG, GloFAS) genis orazilori ohato etso do, lokal doqiqlik baximindan mohduddur.
Regional sistemlor (EFAS, Delft-FEWS, Flash Flood Guidance System) iso koordinasiya vo
operativlik baximindan faydali olsa da, ya yiiksok maliyyat talab edir, ya da asason qisamiiddatli
prognozlara fokuslanir. Vizual monitorinqg osasli yanasmalar (River CNN) iso sensorlara
alternativ olsa da, hava soraitindon asilidir.

Miiqayisali tohlil gostorir ki, movecud sistemlorin oksoriyyati ya boylik miqyasl, lakin lokal
doqiqliyi asag1 olan modellors, ya da qisamiiddotli xobordarliqg mexanizmlorinog osaslanir. Toklif
olunan IoT sensor asasli hibrid sistem iso ¢ay tizorindo real vaxt hidrometeoroloji molumatlara
osaslanaraq lokal doqiqliyi artirir vo dasqin riskini 7 giin avval prognozlasdirmaq imkani
yaradir. Bundan olavo, sistem nisbaton asagi xorcli, genislondirils bilon vo real vaxt xobordarliq
imkanlarina malik praktik hall kimi qiymatlondirils bilar.

Tadqigat metodu

Tadqiqat ii¢lin dasqin riski yiiksok olan tipik ¢ay hovzasi se¢ilmisdir. Secim meyarlarina
son 10 ildo on az1 3 dasqin hadisosinin bas vermosi, ¢aymn monsobinds yasayis montogolorinin
olmast vo miixtalif cografi-iglim soraitini tomsil etmasi daxildir. Hidroloji analiz zamani
orazinin topoqrafiyasi, torpaq ndvii, bitki ortiiyii vo yagint1 rejimi nozoros alinmis, pik axin iso
yagis intensivliyi, hovza sahasi vo axin amsali asasinda hesablanmigdir.

Toklif olunan sistem dord osas gatdan ibarotdir: molumat toplama (IoT sensorlar1 vo
kameralar), molumat emal1 (kompiiter géormo vo Al modellori — LSTM, Transformer), progqnoz
vo gorar (7 giinlik dasqin ehtimali vo risk giymotlondirilmasi), xobordarliq vo miihondis
todbirlori.

Al torofindon miioyyon edilon risk soviyyosino asason kanal vo drenaj sistemlorinin
layiholondirilmasi, saxlayici hovzalorin yaradilmasi vo korpiilorin dasqindan miihafizesi kimi
miithondis todbirlori totbiq olunur. Bu inteqrasiya olunmus yanagma real vaxt molumat analizi
ilo dostaklonan daha dayaniqli ve tohliikasiz dasqin idaraetma sistemi formalasdirir.

Sensor sabakasinin dizayni vo qurasdirilmasi

Har sensor diiylinii mikrokontroller (ESP32 vo ya LoRaWAN modulu), enerji sistemi
(2040 W giinas paneli, 12 V/20 Ah Li-ion batareya vo enerji idaroetmo modulu) vo rabito
modulundan (LoRaWAN va ya 4G/LTE) ibaratdir.

Sensorlar ¢ayin yuxar1 vo asagi axinlarinda strateji noqtolords yerlogdirilir. Su soviyyosi
sensorlart sel yatagindan tohliikesiz yliksaklikde, axin siiroti sensorlart iss korpii vo ya sahil
diroklorindo qurasdirilir.

Daqiqliyin tomin edilmasi ii¢lin sensorlar avvalca laboratoriyada kalibrlonir, sonra isa hor
3 aydan bir saho 6l¢gmoloari ilo yoxlanilir. Bundan slavo, siirliklonmo vo zodslonmonin garsisini
almagq ticiin sensorlar mexaniki qoruyucu konstruksiyalarla miihafizs olunur.

Goriintii 3ldd edilmasi vo kompiiter gormoa emah

Onanavi dasqin xabardarliq sistemlarinde kameralar sadaca "g6z" rolunu oynayir, yalniz
gorlintiinli ¢gokorok morkozi servera Gtiiriir. Lakin ucqar orazilordo yiiksok siiratli internetin
olmamasi sobabindan boyiik hacmli video molumatlarinin 6tiirtilmasi gecikmalar va paket itkisi
yaradir. Bu problemi holl etmok {i¢iin Edge Al arxitekturasi totbiq olunur. Bu yanagmada siini
intellekt birbasa kameranin mikrokontrollerindo isloyir vo goriintiinii yerindo emal edorok
morkozo yalniz qisa xobordarliq signallart gondorir.

Cay sothinin doyisken vizual xiisusiyyatlorini analiz etmak ii¢iin Pattern Recognition va
dorin 6yronmo modellori (mos., U-Net, CNN) istifads olunur. Bu modellor su sothinin sorhodini
miioyyon edir vo su soviyyosi toyin olunmus ROI zonasini kecdikdo xobordarliq yaradir.
Bundan slavo, YOLOVS alqoritmi vasitosilo kamera su 6l¢ii xotkesini taniyaraq su soviyyasini
avtomatik oxuya bilir.
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Kompiiter gérmo sistemi homginin ¢ayda zibil vo agac tixanmalari, su ronginin doyismasi
va sahil eroziyasi kimi potensial risklori do agkarlaya bilir.

Toplanmis malumatlarin tomizlonmasi vo slamat miithandisliyi

Sensor vo kameralardan toplanan multimodal verilonlor ovvalca tomizloma,
sinxronizasiya vo normallasdirma morhololorindon kegirilir. Daha sonra horokotli ortalamalar,
yagint1 vo torpaq nomlik indekslori, movsiimi gostoricilor vo kompiiter gérma ¢ixislart kimi
olavo olamatlor formalasdirilir.

7 giinliik dasqin prognozu ii¢iin LSTM, Transformer va fiziki-hibrid modellor miiqayisa
edilir. Bu yanagmalar zaman seriyalarinin tohlili, uzunmiiddatli asililiglarin Gyronilmasi vo
hidroloji modellorin daha daqiq kalibrlonmasi baximindan istifads olunur.

Sistemin naticalori istifadogi dostu interfeysdo toqdim edilir: real vaxt sensor gostoricilori
vo kamera goriintiilori, 7 gilinliik risk xoritasi, anomaliya bildiriglori, homginin yiiksak risk
zamani moasul soxslora vo ohaliys gondorilon avtomatik SMS vo mobil xobardarliglar.

Natico

Aparilan todqiqat ¢cay dasqinlarinin prognozu tigiin IoT, kompiiter gérmao va siini intellekti
birlosdiron hibrid sistem toklif edir. Movcud sistemlordo peyk modellori lokal doqiqlikda,
sensor sobokolori i1so uzunmiiddatli prognozda mohduddur. Toklif olunan yanagma bu iki isulu
birlagdirarok lokal daqiqlik va 7 giinliik prognoz tomin edir. Belaliklo, sistem lokal daqiqlik,
uzunmiiddatli prognoz vo asagi xorc lstiinliiklorini birlogdirorak ¢ay dasqinlarinin garsisinin
alinmasi ii¢lin daha effektiv vo praktik holl togdim edir.
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Xiilasa

Bu moaqgalods molumatlarin toplanmasi vo emal1 prinsiplari proseslorindan bahs edilir.
Bu prinsiplor ilo meso yangmlarinin siini intellekt komoyilo prognozlasdirilmasini
inteqrasiyasiya edon yanagma toqdim edilir. Todqiqat corgivasinde peyk molumatlarinin
statistik tohlili, emali vo Random Forest Model asasinda prognozlasdirma aparilmisdir. ©ldo
edilon naticalora gore, molumatlar keyfiyyatli sokilds toplanir vo emalinin prognoz daqiqliyini
artirilmasinda holledici rol oynayir. Alinan peyk molumatlari yiiksok informativliyi ilo meso
yanginlarinin avvalden askarlanmasi vo monitoringi ii¢iin effektli imkanlar yaradir. Bundan
basqa, SHAP kimi izaholunan siini intellekt metodlarinin totbiq olunmasi model naticolorinin
soffafligini tomin edorak qorar gqobuletmo prosesini daha da etibarli edir. Todqiqatin naticolori
onu gostorir ki, togdim olunan metodoloji ¢or¢ive tokco meso yanginlarinin deyil, hom do digor
tobii folakotlorin prognozlagdirilmast vo idaro olunmasinda genis sokildo totbiq potensialina
malikdir. Bu yanagma ekoloji monitoring vo fovgolado hallar idaroetmosi sahasindo miiasir vo
somarali hall kimi ¢ixis edir.

Acar sézlar: Siini Intellekt, Peyk Molumatlar;, Random Forest, SHAP, izaholunan SI

Giris

Miiasir elmds todqigatlarin inkisafi prosesindo molumatlarin toplanmasi, emal1 vo analizi
proseslori fundamental rol oynayir. Bu, tokco verilonlor bazalarinin sistemli tohlili tokca tosviri
xarakter deyil, dorinlogmis analitik yanasmalar ilo gizli ganunauygunluglarin agkar olunmasina,
sobab-notico olagolorinin  miioyyon edilmosino vo golocokdo bas verocok hadisslorin
prognozlasmasina imkan verir.

Molumatlarin emali ¢oxmorhaloli vo kompleks xarakter dasiyir vo hor marholo
Oziinomoxsus xiisusi metodoloji yanasmalar tolob edir. Birinci morhalo molumatlarin oldo
edilmosidir. Bu miixtolif monbolordon — peyk sistemlori, miisahido cihazlari, eksperimental
qurgular vo IoT (Internet of Things) texnologiyalar1 vasitosilo icra edilir. Ikinci marholodo
molumatlarin tomizlonmasi vo onlarin strukturlagdirilmasidir ki, bu proses do xam datalarin
analitik istifado olunmasi1 prosesilo ohato edilir. Bu morhalo xiisusi ilo boylik hocmds
verilonlords (Big Data) kritik chomiyyat kosb edir.

Mogqalodo toqdim edilon “Molumat Toplanmasi vo Emali ilo Meso Yanginlarinin
Prognozlagdirilmasi” mdvzusu bu metodoloji ¢or¢ivonin praktik totbiqini oks etdirir. Bu
tadqiqat ¢arcivasinds NASA peyk sistemlorindon aldo olunan malumatlar istifads olunmus,
kiilok siirati, temperatur, riitubat vo bitki ortiiyii indekslori doyisonlori osasinda meso yanginlari
ehtimali modellosdirilmisdir.

Bu mogalodo moalumatlarin toplanmasi vo emali imumi nozari ¢or¢ivo ilo mesolordo bas
veron yanginlarinin prognozlagdirilmas: mévzusunu inteqrasiya edilorok daha da genis elmi
yanasma toqdim edir. Noticodo, molumatlarin sistemli sokildo toplanmasi, emali vo analizi
tokca elmi todqiqatlarin inkisafina deyil, eyni zamanda comiyyat ii¢lin mithiim shomiyyat kosb
edon problemlorin hollino do miihiim tohfs verir.
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Tadqigat metodu

Random Forest vo Onun izaholunanlq Xiisusiyyatlori

Prognozlagdirma modellori miiasir ekoloji todqiqatlarda, xiisusilo meso yanginlar1 kimi
miirakkab vo goxfaktorlu proseslorin analizindo miihiim shomiyyat kasb edir. Bu kontekstdo
ansambl Oyronmo yanasmalarindan biri olan Random Forest modeli yiiksok doaqigliyine vo
sabitliyino gora genis totbiq olunur. Tadqiqatda meso yanginlarinin intensivliyini xarakterizo
edon Fire Radiative Power (FRP) gostoricisinin prognozlagdirilmasi moagsadilo Random Forest
Regressor modelindon istifado edilmisdir.

Modelin performansina tosir edon osas amillordon biri hiperparametrlorin, xiisusilo
n_estimators vo max_depth parametrlori diizgiin se¢ilmosidir. Burdan_estimators parametrinin
artirilmasi variasiyani azaldaraq prognozlarin stabilliyini yiiksoldir, max depth iso modelin
miirokkablik saviyyesini tonzimloyorok overfitting probleminin qarsisin1 alir. Aparilan
optimallagdirma naticosindo model hom toalim, hom do test verilonlori ilo yliksok doqiqliyi var.

Modelin interpretasiyasini tomin etmok {igiin izaholunan siini intellekt yanagmasi olan
SHAP metodundan istifado edilmisdir. SHAP analizi haor bir doyisonin model noticasing tosirini
komiyyotco qiymatlondirarok qoerarverma prosesinin soffafligini artirir vo FRP gostaricisine
tosir edon doyisonlor brightness, longitude, latitude vo confidence-dir ki, bu da meso
yanginlarinin yaranmast vo inkisafinda hom termal, hom do cografi amillorin miihiim rol
oynayir.

Modelin gqiymatlondirilmasindo MSE, RMSE vo R? statistik metriklorden istifads olunub.
Oldo edilon yiiksok R? gdstaricisi modelin izah giiciiniin yliksok oldugunu gdstorir. AOparilan
vizual tohlillor noticesindo brightness ilo FRP arasinda giiclii miisbot korrelyasiya agkar
edilmisdir ki, bu da model naticolorinin etibarliligini dostokloyir.

Noatico

Todqigat gostorir ki, miiasir molumat analizi vo siini intellekt yanasmalari meso
yanginlarinin prognozlasdirilmasinda ytiksok effektivdir. Random Forest Regressor modelinin
totbiqi Fire Radiative Power (FRP) gostaricisinin doqiq prognozlagdirilmasini tomin etmis vo
ansambl yanasmasinin sabitlik, yiiksok doqiqlik vo overfitting riskinin azaldilmasi kimi
tistiinliiklorini tosdiglomisdir.

SHAP analizi modelin interpretasiyasini tomin edorak doyigonlorin tosir daracasini
miiloyyon etmisdir. Noticoloro osason, brightness, longitude, latitude vo confidence osas
tasiredici faktorlar kimi miioyyan olunmusdur.

Modelin MSE, RMSE vo R? metriklori yiiksok prognoz doqiqliyini gdstormis, vizual
tohlillor isa dayisonlorarast olagolori tasdiqlomisdir. Bu yanasma meso yanginlarinin erkon
prognozlasdirilmasi vo idars olunmasi tigiin effektiv metod kimi qiymatlondirilir.
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Xiilasa

Seysmik kosfiyyat zamani aldo olunan ilkin melumatlarda kiiylin olmasi, siini vo
yararsiz dalgalarin yaranmasi osas problemlordon biridir. Ciinki, quruda aparilan seysmik
kosfiyyat zamani otrafda olan kily faydali dalgalarin diizgiin analiz vo interpretasiyasina manea
olur. Seysmik signallar miixtolif digor sos signallari ilo garisir, eyni zamanda prognozlasdirila
bilmo gabiliyyotino gbro miioyyon edilon koherent vo tosadiifi signallar molumatlarin tosvirini
cotinlogdirir. Bu sobabdon kiiyiin filtrasiyasi vo faydali signalin barpasi seysmik molumatlarin
keyfiyyatini artirir. Osasaon istifade olunan staking va filtrasiya kimi anonavi metodlar kiiyiin
azaldilmasinda totbiq olunur. Lakin bu metodlar biitiin signallarda eyni notico vermir. Yeni
tadqiqatlara asasan struktur yoniimlii, transform osasli va spars metodlar kiiyiin azaldilmasinda
daha somaralidir. Bu metodlar eyni zamanda faydali dalgalar1 qoruyur vo seysmik molumatlarin
interpretasiyasint  doqiqlogdirir. Tezlik-mokan sahosinds istifads edilon qgabaqcadan
prognozlasdirici filtr vasitosilo seysmik dalgalarin saho iizro davamliligi qorunur vo signalin
diizgiin tohlil olunmasi1 tomin edilir. Naticads seysmik signalin SNR ( signal-kily) gostaricisi
artir vo yeraltt modellori doqiq interpretasiya etmok miimkiin olur. Bu yanagmalar seysmik
molumatlarin keyfiyyotino miisbot tosir gostorir vo kosfiyyat islorinin somoraliliyinin artirir.

Acar sozlor: Seysmik Kosfiyyat, Filtrasiya, Staking, Kiiy

Giris

Seysmik kosfiyyat yeralt1 strukturlarin todqiq edilmosinds istifado edilon asas geofiziki
tisullardan biridir. Amma toplanan molumatlarin keyfiyyoti kiiy faktorlarindan asilidir. Bu
faktorlar insan miidaxiloesi, avadanliglarda yaranan nasazliglar vo bozi geoloji proseslor
noticosindo yaranir vo molumatlarin doqiq interpretasiyasini ¢otinlosdirir. Bu sobobdon kiiyiin
aradan qaldirilmasi ve faydali dalgalarin barpasi yeralti quruluslarin diizgiin tosviri vo seysmik
molumatlarin yiiksok keyfiyyotli olmasi iiglin vacibdir. Hazirda istifado edilon Furye
transformu, staking, filtrasiya vo EMD metodlar1 miirokkab siqnallarda diizgiin natica vermir
vo zoif SNR nisbotindo interpretasiyanin doqiqliyini azaldir. Buna goro do kiiyilin azaldilmasi
va faydal1 dalgalarin borpasi iiclin daha miiasir vo optimallagdirilmis metodlarin tatbiq edilmasi
zoruridir. Son zamanlarda seysmik kosfiyyatda kiiyiin azaldilmasi vo doqiq interpretasiya tigiin
struktur, transform va spars metodlar, bundan basqa tezlik-mokan sahosindo dekonvulyasiya vo
filtrasiya tisullari istifads edilmisdir. Bu metodlarin naticolori SNR gdéstaricilorinds vo miixtolif
kity niimunolori {izro tohlil olunmusdur. Todqgiqat isi asagidaki struktura malikdir: birinci
hissodo m&vzu vo problem toqdim olunur; ikinci hissado istifado olunan metod vo yanagsmalar
izah edilir; iticilincii hissado naticalor vo qgiymoetlondirmaler verilir; dordiincii hissads iso
noticalorin totbiq imkanlar1 vo golocak islor miizakirs olunur.

Tadqiqat metodu

Staking metodu vasitosilo kily seysmik molumatlar iizorindo tohlil edilmisdir.
Tacriibonin moarhalalori Sokil 1-do gostorilmisdir. Sokildon goriindiiyli kimi, kiiylin mévcud
oldugu vaziyyotdo signalin aydinligr azalir vo kiiy signali listoloyir. Bundan basqa, kily vo
dalganin tezlik xiisusiyyatlorinin oxsarlig1 onlarin ayrilmasini ¢atinlogdirir.
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SNR « VN (1)

Diisturdan goriindiiyti kimi, staking say1 artdigca signal-kily nisbati do artir.
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Sakil 1. Seysmik molumatlarin stakingi zamani kiiyiin signal {izorinds tasiri.

Natico

Staking metodu ilo aparilan tocriibs naticosinds faydali dalgalarin giiclonmosi va tosadiifi
kiiyiin zoiflomosi miisahido edilmisdir. Umumiyyatla, seysmik kosfiyyat yiiksok mailiyya tolob
etdiyindon onun optimallasdirilmasi vacibdir. Miiasir texnologiyalarin tatbiqi ils kiiys daha az
hossas vo doqiq sistemlorin hazirlanmast miimkiindiir. Totbiq edilon bu metodlar seysmik
kasfiyyatin somaraliliyini va keyfiyyatin artirilmasini tomin edir.
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Abstract

In modern society, selecting the optimal geographic location is paramount for the
sustainable growth of small and medium-sized enterprises (SMEs). Traditional methods are
typically based on subjective assessments or insufficient statistical data, often resulting in
financial losses and operational inefficiencies. With the rapid expansion of the “smart city”
paradigm, data-driven decision-making using geographic information systems (GIS) and
artificial intelligence (AI) has gained importance. This study introduces a new predictive model
developed for optimizing business locations using spatial analytics and Al. The proposed model
operates in several stages: a semantic processing module, GIS coordinate calculations, and
demographic analysis. The initial stage uses Large Language Models (LLMs) to interpret
unstructured user business concepts, autonomously extract relevant business entities, and
identify key supporting infrastructure that attracts potential consumers. The Haversine formula
is then used to calculate spherical distances within a given radius, estimating metrics related to
competitive density and consumer purchasing power, including population density and median
income. Additionally, a K-means clustering algorithm and a support vector regression (SVR)
algorithm are utilized to identify high-potential urban zones. As a result, the developed system
quantitatively evaluates potential business environments using a weighted scoring system and
recommends the most favorable geographic coordinates. This methodology enhances the
accuracy and reliability of location selection decisions while providing significant economic
value for the planning of emerging urban regions such as the Karabakh region.

Keywords: Attificial Intelligence, Spatial Analytics, GIS, Smart City, Predictive
Modeling

Introduction

The introduction describes the background of the study and covers four main aspects:
Relevance of the study: In today’s smart city initiatives, the sustainable development of small
and medium-sized enterprises (SMEs) relies heavily on strategic infrastructure planning. The
optimal location of commercial establishments not only enhances their competitiveness but also
maximizes their reach to target audiences while effectively mitigating financial risks(Batty et
al., 2012).

Problem statement: Currently, business location selection is primarily based on subjective
assessments, manual surveys, or fragmented statistical data. There is a significant technological
gap in effectively converting unstructured human intent into actionable, data-driven geographic
and demographic insights(Roig-Tierno et al., 2013).

Objective of the research: The primary objective of this research is to develop a hybrid
predictive system integrating natural language processing (NLP) with spatial analysis. This
model aims to accurately identify the most profitable physical locations by integrating pre-
trained LLMs with GIS.
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Structure of the work: The study is structured into three main stages: semantic analysis of user
input performed using the integrated LLM API, geographic distance calculations implemented
using the Haversine formula for spatial constraints, and computation of the location
performance index using machine learning algorithms (specifically, SVR and K-means
clustering), taking into account factors such as competition density and demographic data.

Research Method

To solve the problem of optimal business location selection, a new artificial intelligence system
was developed. This methodology combines pre-trained LLMs, geospatial mathematical
computations, and predictive algorithms. The comprehensive workflow of the proposed system
is shown in Figure 1.

1. User Input 2. LLM Semantic Parsing 3. GIS & Spatial Analytics
(Unstructured Business Idea) (LLaMA-3.3 API -> JSON) (Haversine Distance)

Figure 1.

4. Scoring & ML Output
(SVR, K-Means & Heatmap)

The system operates across three primary processing stages. Initially, the semantic analysis
module employs a LLaMA-3.3 70B model (llama-3.3-70b-versatile) accessed via API to
transform unstructured user input into a structured JSON representation (Touvron et al., 2023).
This process determines the intended type of business and identifies the necessary support
infrastructure, which serves as an attractive factor for potential customers. Next, in the area of
spatial analytics, the system uses the Haversine formula to account for the Earth’s spherical
geometry when determining distances between the target location and supporting facilities. The
distance d between two geographic coordinates, specified by their latitude (¢) and longitude
(4) is calculated as follows:

“_Mf 1)

_ . (b1 = d2)? .
d = 2R arcsin| |sin|——=——] + cos d, * cos P, * sin >

2

In this context, R = 6371km denotes the radius of the Earth. The algorithm then filters all
objects located within the specified target radius and evaluates their competitiveness based on
density. Additionally, a scoring module was developed to determine the viability of each point
on the geographic grid. The performance indicator combines various factors, such as support
density, diversity of coverage types, a local demand indicator, and a demographic improvement
indicator based on average income and population density. The optimization formula for the
location score is formulated as follows:

Score = (4.0 X Sp) + (2.5 X K;) + (0.5 X Dp) — (1.75 X Cp) + Demo (2)

Where S, is the support density, K. represents key supporting type coverage, Dp is the demand
proxy (calculated via logarithmic scaling of block capacity), Cp denotes the competitive
penalty, and Demo 1is the demographic multiplier. The final dataset is subsequently evaluated
using ML techniques, specifically SVR and K-means, to identify high-potential zones and
generate interactive heatmaps (Vapnik, 1995; Wu et al., 2008).
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Conclusion

The development and implementation of a hybrid predictive model represents a significant
advancement in urban commercial planning. The integration of LLMs with GIS and ML
effectively bridges the technological gap between unstructured human intent and precise spatial
analysis. The proposed architecture replaces traditional subjective location selection methods
with a rigorous, data-driven paradigm.

The system’s practical effectiveness stems from its ability to autonomously extract critical
supporting infrastructure characteristics, accurately compute spherical distances using the
Haversine formula, and evaluate locations based on demographic indicators and competitive
density metrics. The inclusion of SVR and K-means clustering further enhances the model’s
robustness by generating intuitive heatmaps that identify the most advantageous geographic
coordinates. Ultimately, this paradigm not only reduces financial risks and saves time for SMEs,
but also serves as a highly effective tool for the sustainable development of smart cities and
strategic planning of new urban infrastructure.
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Xiilasa

Bu moqalads Yeni Susa mascid kompleksinin tikintisi zaman1 geodeziya tominatinin
morhoalalori tohlil edilmisdir. Miiasir tikinti obyektlorinds plan vo hiindiirliikk gostoricilorinin
layihoyo uygun sokildo yers kociiriilmosi mithondis geodeziyasinin asas vozifolorindon biridir.
Xiisusilo daglq relyefo malik arazilords tikinti prosesindo mokan doqiqliyinin tomin olunmasi
obyektin konstruktiv sabitliyi vo memarliq hallorinin diizgiin reallagdirilmas: baximindan
miithiim ohomiyyat kosb edir.

Tadqiqat ¢orgivasinde tikinti sahesinde yaradilmis plan-hiindiirliik dayaq sobokasi,
layiho oxlarmin yers kdégiiriilmosi, hiindiirliik nisanlarinin verilmasi vo nozarot dlgmolorinin
aparilmasi marhololori arasdirilmisdir. Olgmolor miiasir geodeziya cihazlari vasitosilo aparilmis
va tikinti prosesinda layiho gostoricilorine uygunluq tomin edilmisdir.

Aparilmig tohlil gostorir ki, geodeziya tominati tikinti prosesinin biitiin marhalslorindo
osas nozarat mexanizmi kimi ¢ixis edir vo obyektin plan-hiindiirliikk doqiqliyinin qorunmasinda
holledici rol oynayir.

Acar sézlar: Insaat Prosesi, Geodeziya Tominati, Hiindiirliik Nisan1, Layiho Oxlari,
Susa Moscidi

Giris

Miiasir tikinti layiholorinin ugurla hoyata kecirilmosi geodeziya tominatinin diizgiin
toskilindon birbasa asilidir. Miihandis geodeziyasi tikilinin layihade nezards tutulmus plan
movgeyinin vo hiindiirliik gostoricilorinin yer iizorindo doqiq totbigini tomin edir. Xiisusilo
miirakkab relyef soraitinds aparilan tikinti islorinde mokan doqiqliyinin qorunmasi konstruktiv
sabitlik, tohliikasizlik vo layiho hollorinin doqiq icrast baximindan miihiim ochomiyyot kosb edir.

Susa sohori dagliq orazids yerlosdiyindon burada aparilan tikinti islori xiisusi miithondis
doqiqliyi tolob edir. Yeni Susa moscid kompleksinin tikintisi bu baximdan miihondis
geodeziyasi li¢iin aktual vo praktik ohomiyyato malik niimuno hesab oluna bilor.

Miiasir tikinti praktikasinda geodeziya islori genis totbiq olunsa da, dagliq orazilordo
yerlason iri memarliq obyektlorinin tikintisinds plan vo hiindiirliikk daqiqliyinin tomin olunmasi
olavo ¢otinliklor yaradir. Relyef forglori, sothin meyilliliyi vo tikinti meydangasinin
miirokkabliyi 6lgma va totbiq prosesine birbasa tosir gdstorir. Bu baximdan Yeni Susa mascid
kompleksinin tikintisinde geodeziya tominatinin marhalslarinin aragdirilmast ham nozari, ham
do praktik cohotdon ohomiyyatlidir.
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Sakil 1. Yeni Susa moscid kompleksinin layiho goriintiisii

Sokildas tikinti obyektinin layiho halli imumi sokildo togdim olunur.

Tadgigatin moagsadi Yeni Susa mascid kompleksinin tikintisi zamani hoyata kegirilmis
geodeziya tominatinin osas morhololorini sistemli sokilds tohlil etmok, bu morhoslslorin tikinti
prosesindoki rolunu miioyyonlogdirmok vo miithondis-geodeziya islorinin praktik ohomiyyatini
gostormokdir.

Tadqiqat metodu

Todqiqgat isi real tikinti obyektindo aparilmis geodeziya islorinin morholali tohlilino
osaslanir. Metodoloji baximdan is layiho gdstoricilori ilo tikinti prosesindo yerino yetirilon
geodeziya todbirlorinin miiqayisoli aragdirilmasi prinsipi tizorindo qurulmusdur.

Tadqiqat gorcivesindo asagidaki metodlardan istifado edilmisdir:

e geodeziya Olgmo metodu — tikinti sahasindo plan-hiindiirlik dayaq ndqtslorinin
yaradilmas1 vo 6l¢molorin aparilmast,

o analitik miiqayiso metodu — layiho sonodlorindo nozords tutulan plan vo hiindiirliik
gostaricilorinin yerino yetirilmo soviyyasinin qiymotlondirilmasi;

e mihondis miisahido metodu — tikinti prosesinin miixtolif morhoalolorindo aparilan

nozarat 6lgmolorinin tohlili (Ghilani & Wolf, 2020).

Olgmolor zamani elektron taxeometr, nivelir vo GPS cihazlarindan istifado edilmisdir.

Cadbval 1. Olgmolor zamant istifads olunan miiasir geodeziya cihazlari

Cihazin novii Cihazin funksiyasi

Elektron taxeometr (Total Station) | Plan koordinatlarinin toyini, masafs vo bucaqlarin 6lgiilmasi
Nivelir Noqtaler arasinda hiindiirlikk farqinin miisyyan edilmasi
GPS [stinad ndqtalorinin koordinatlarinin toyini vo yoxlanmasi

Tikinti sahasindo geodeziya islorinin ilk morhalasi plan-hiindiirliik dayaq sobokosinin
yaradilmas1 olmusdur. Bu soboka tikinti meydancasinda aparilan biitiin sonraki 6lgmo vo totbiq
islori {igiin osas togkil etmisdir. Dayaq noqtolori orazido sabit, goriinon vo tohliikasiz movgelordo
secilorak koordinat vo hiindiirliik gostericilori miioyyen edilmisdir.

Novboti moarholodo layihaodo nozordo tutulmus osas oxlar tikinti sahosino kogiirtilmiisdiir.
Bu proses zamani layiho sonadlorinds verilmis plan koordinatlar1 asasinda obyektin konturlari,
osas konstruktiv elementlori vo istigamatlori yer lizorindo isarslonmisdir.

Noqtonin plan koordinatlar1 asagidaki ifadslor osasinda hesablana bilor:
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X =Xy +dcosa (1)
Y=Y+dsina (2)
burada, d - masafo, a — istigamot bucagidir.

Tikinti obyektindo konstruktiv elementlorin layiho hiindiirliikklorine uygun yerino
yetirilmosi {i¢lin hiindiirliik nisanlar1 verilmisdir. Bu morholodo nivelirloma iglori aparilmais,
osas vo komokei noqgtolorin nisbi hiindiirliiklori miioyyon edilmisdir. Hiindiirliikk nisanlarinin
diizglin verilmosi biindvra, dosomo, pillokon vo digor saquli elementlorin doqiq icrasinda
mithiim rol oynayir (Miitallimov va b.,2016).

Nivelirlomo zaman1 noqtolorarasi hiindiirliik forqi asagidaki diisturla miioyyon edilir:
h=a-b (3)

burada a— nivelirloma zamani tamasa iizra geri istiqgamatdo oxunmus hesabat, b— irali
istigamotds oxunmus hesabatdir (Qaniyeva, 2011).

Sakil 2. Yeni Susa moscid kompleksinin yekun memarliq goriiniisii

Sahodo aparilmis geodeziya Olgmolorinin naticolori AutoCAD programinda emal

edilmisdir. Program miihitindo 6l¢i molumatlar1 doqiqlosdirilmis, plan lizorindo koordinatlar

yoxlanilmis, oxlar vo konturlar islonmisdir. Bu morhoalo 6l¢ii noticalorinin sistemlosdirilmasi,
layiha ilo miiqayisosi vo grafik togdimat1 baximindan miihiim shomiyyaot dagimigdir.

Natico

Aparilmis tohlil gostorir ki, Yeni Susa moscid kompleksinin tikintisindo geodeziya
tominat1 miithiim rol oynamigdir. Dagliq relyef soraitindo plan-hiindiirliikk dayaq sobskasinin
yaradilmasi, layiho oxlarinin yers kogiiriilmosi vo hiindiirliik nisanlarinin verilmosi tikinti
islorinin layihoys uygun vo doqiq icrasimi tomin etmisdir. Miiasir geodeziya cihazlar1 vo
AutoCAD programinda aparilan emal islori naticosindo Olgmolorin etibarliligr artirilmais,
obyektin makan daqiqliyi qorunmusdur.

Hazirda moscid kompleksinin tikintisi davam etdirilir vo obyektin 2026-c1 ilin may
ayinda istismara verilmasi nazards tutulur.

Beloliklo, miithondis geodeziyast miirokkob tikinti layiholorinin icrasinda osas texniki
tominat vasitolorindon biridir.
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Xiilaso

Movcud yasayis binalarinin tomiri zamani geodeziya 6lgmo islori miithondislik
gorarlarimin diizglin gobul edilmosindo miihiim rol oynayir. Bu moqgalodo mdvcud yasayis
evinin tomir layihesi osasinda geodeziya olgmalorinin totbiqi vo planlagdirma hallori
aragdirilmigdir. Todqiqat zamani tikilinin yerlosdiyi sahods distomat vasitosilo mosafs
6lgmolari aparilmig, saha sarhadlori va tikilinin mévcud yerlosma vaziyyati miioyyan edilmis,
alds olunan naticaler layihe materiallar1 ilo miiqayiss olunmugdur. Bununla yanasi, daxili plan
holli, hoyot sahasinin togkili vo tikilinin saho daxilindo movqgeyi funksional baximdan
giymotlondirilmisdir. Aparilan miisahidslor géstormisdir ki, tomir prosesindon oavval mévcud
voziyyatin 6l¢ma yolu ilo doqiq 6yronilmosi sonraki planlasdirma islorinin keyfiyyotino birbasa
tosir edir. Geodeziya 6lgmolori layiho ilo faktiki voziyyet arasindaki forqlori vaxtinda agkar
etmoyo, hoyot sahosinin daha somorali togkilino vo tomir iglori zamani sohvlorin azalmasina
sorait yaradir. Todqigat tolobs soviyyasindo aparilmis praktiki miisahidalors asaslanir vo ingaat
miihandisliyi tohsilinde geodeziya biliklorinin totbiqi baximindan shamiyyast dasiyir.

Acar sozlar: Geodeziya, Distomat, Tomir, Olgmo Islori, Planlasdirma

Giris

Movcud yasayis binalarinin tomiri yalniz memarliq baximindan deyil, ham do
miithondislik baximindan doqiq yanasma tolob edon prosesdir. Tomira baslamazdan ovval
tikilinin yerlosdiyi sahonin haqiqi vaziyyatinin dyronilmasi, dl¢iilorin yoxlanilmasi vo mévcud
plan hollinin gqiymatlondirilmasi vacib morhololordondir. Bu baximdan geodeziya 6l¢mo islori
tomir prosesinin ilkin vo osas morhoaloalorindon biri hesab edilir (Mommaodov, 2019).

Praktikada tez-tez rast golinon problemlordon biri layiho materiallari ilo faktiki voziyyot
arasinda uygunsuzluqlarin olmasidir. Saha sarhadlorinin, tikili 6l¢iilorinin va ya hayast daxilinds
mosafalorin diizgiin miioyyon edilmomaosi sonradan hom olava xorc, hom do vaxt itkisi yarada
bilor. Xiisusilo mévcud tikililorin yenidon planlagdirilmasi zamani 6l¢ma naticalorinin doqiqliyi
miithiim oshomiyyat kosb edir (Mommaodov & ©hmoadov, 2017).

Bu todqiqat isindo movcud yasayis binasinin tomiri ilo bagli hazirlanmis memarliq halli
osasinda geodeziya 6l¢molorinin totbiqi aragdirilmigdir. Tolobo torofindon sahodo komokei
olaraq aparilmig miisahidolor, distomatla hoyata kecirilon maosafo o6l¢gmolori vo layiho
planlarinin tohlili tadgiqatin asasini togkil etmigdir.

Todgigatin mogsadi moveud yasayis binasinin tomiri zamani geodeziya 6lgmo islorinin
planlagdirma hollorine tasirini gostormakdir. Mogalods ovvalca movzunun aktualligir veo
mogsadi  aciglanir, daha sonra istifado olunmus metodlar, Olgmo noticolorinin
qiymatlondirilmasi vo timumi naticalor toqdim olunur.

Tadqigat metodu

Todqiqat zamani movcud yasayis binasmnin tomiri ilizro toqdim olunmus layiho
materiallarindan vo sahodo aparilmis miisahidolordon istifado edilmisdir. Osas diqgot sahonin
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faktiki Olgiilorinin layihodo gostorilon plan holli ilo uygunlugunun gqiymaotlondirilmasino
yonoldilmisdir. Obyektin koordinatlar1 taxeometr vasitasilo toyin olunmus, bu iso sahonin plan
{izro doqiq yerlosdirilmasino imkan vermisdir. Olgmo islori distomat vasitosilo aparilmisdir.
Cihazdan istifado etmoklo saha daxilinde asas masafolor, sorhad xatlari ve tikilinin yerlogsma
voziyyati miioyyon edilmisdir (Ghilani & Wolf, 2020). Alinmis gostaricilor geyds alinaraq plan
tizorindoki molumatlarla miiqayiss edilmigdir. Bu morhalo tomirs baglamazdan avval mévcud
voziyyatin doqiqlosdirilmasi {i¢iin vacib olmusdur.

Layiho materiallarina asason sahanin iimumi dl¢ilisli toxminon 1440 m?, tikilinin imumi
sahosi 189 149.46 m?-dir. Tikili sahasi 160.5 m? kimi gostorilmisdir. Bu gostoricilordon istifado
etmoklo tikilinin saho daxilinds yerlogdirilmasi, hayatin sorbast hissesinin miqdart va giris
hissasinin togkili tohlil edilmisdir.

Tadqiqat zamani asagidaki islor yerina yetirilmigdir: saha sarhadlorinin yoxlanilmasi, asas
mosafalorin 6l¢iilmasi, moveud tikilinin yerlogsmo voziyyatinin qiymatlondirilmasi, layiho plani
ilo faktiki voziyyetin miiqayisesi vo daxili plan hollinin funksional baximdan nazorden
kecirilmosi. Daxili planin tohlili zamani otaqlarin yerlogsmosi, kegidlorin rahatligi vo sanitar
govsaqlarin yerlogdirilmasi kimi masololor nozoro alinmisdir. Homginin hoyat sahasinin tomir
sonrasi istifado 1imkanlar1 vo tikilinin saho daxilindo movqgeyinin funksionallig
qiymatlondirilmisdir.

Olgmo naticolorinin layiho gdstoricilori ilo miiqayisosi asagidaki codvalde toqdim
olunmusdur.

Cadval 1. Layiho vo 6lgmao naticolorinin miiqayisasi

Gostarici Layihs iizra Olcmolar iizro Farq

Umumi saho 1440 m? 1437 m? -3 m?
Tikilinin sahasi 160.5 m? 158 m? -2.5m?
Sorhad masafolori Uygun Uygun yoxdur

Cadvoalds toqdim olunan naticolordon goriindiiyii kimi, 6lgmo gostaricilori layiho
molumatlarina yaxin olmusdur va ciddi uygunsuzluq geydo alimmamisdir. Bu iso mdvcud
tikilinin planlagdirma hollorinin diizgiin secildiyini gosterir. Eyni zamanda saho daxilindo
tikilinin yerlogmosi vo sorhodlora olan mosafolor funksional baximdan gonastboxs hesab
edilmisdir .

Distomat vasitosilo aparilmis 6lgmalor ovvalco abris iizorinds geyd olunmus, daha sonra
AutoCAD progqraminda rogomsal formada emal edilorok plan {izorindo doqiqlosdirilmisdir
(Ching, 2014).

Sakil 1. Movcud yasayis binasinin yerlosdiyi sahonin plani.
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Sakil 2. Movceud yasayis binasinin daxili plan halli.

Sokillordo saho plan1 vo daxili plan holli gostorilmisdir. Bu materiallar 6lgmo
noticalorinin layiho ilo uygunlugunu vizual sokildo giymotlondirmoys imkan verir.

Notica

Aparilan todgigat naticesinds miisyyon edilmisdir ki, geodeziya dlgmalori mdveud
yasay1s binasinin tomiri prosesinds miihiim rol oynayir. Sahonin daqiq 6l¢iilmasi va layiha ilo
miiqayiso edilmosi diizgiin planlagdirma gorarlarinin gobul olunmasina imkan verir. Distomat
vasitosilo aparilmig 6lgmalar tikilinin saho daxilindo mévqgeyinin, sorhadlors olan masafalorinin
vo agiq saholorin qiymatlondirilmosindo faydali olmusdur. Tikilinin daxili planinin vo hoyat
toskilinin birlikdo nozordon kegirilmasi gostormisdir ki, tomir islorino baglamazdan ovval faktiki
vaziyyatin O0lgmo yolu ilo daqiqlosdirilmasi golocok sohvlorin qarsisini alir. Bu is tolabe
soviyyasinda aparilmis miisahidolors asaslansa da, geodeziya biliklorinin ingaat miihandisliyi
sahosindo totbiqini aydin sokildo gostorir. Notico etibarilo, tomir prosesindo geodeziya dlgmao
islori planlagdirmanin doqiqliyini artiran asas vasitalordon biri kimi qiymatlondirils biler.
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Xiilasa

Bu todqiqat isinde Godoboy rayonunda vegetasiya Ortllylinlin ¢oxzamanli peyk
molumatlar1 osasinda doyismo dinamikasi tohlil edilmisdir. Miiasir dovrds iqlim doyisikliklori
va insan amilinin tasiri ilo torpag-bitki ortliylinds bas veran doyisikliklarin monitoringi, otraf
miihitin somorali idars olunmasi vo davamli inkisaf baximindan miihiim oshomiyyat kosb edir.

Tadqgiqat ¢arcivasindo 2005-2025-ci illori shato edon miixtalif zaman intervalli peyk
tosvirlorindon istifado olunmugdur. Cografi molumatlarin emali vo analizi Google Earth Engine
bulud platformasinda hoyata ke¢irilmis, vegetasiya Ortiiyliniin keyfiyyatini qiymstlondirmak
ticlin coxspektral analiz metodlar1 totbiq edilorok xiisusi bitki indekslori hesablanmigdir.

Alinmis naticalar gostorir ki, 20 illik dovr arzinds rayonun forqli zonalarinda vegetasiya
sixliginda dalgalanmalar vo struktur doyisikliklori bas vermisdir. Miixtolif illorin miigayisosi
naticasinda bitki Ortiiyiiniin mokan vo zaman iizro yayilmasinda hom artim, hom do azalma
tendensiyalar1 miioyyon edilmisdir.

©Olda olunan naticalor siibut edir ki, peyk moalumatlar arazi ortiiyiindoki doyisikliklorin
operativ vo doqiq miioyyon edilmosino imkan verir. Bu yanagma golocokds torpaq istifadosinin
planlasdirilmasi va ekoloji monitoring ii¢lin miihiim chomiyyat dasiyir.

Acar sézlar: Mosafadon Zondlama, NDVI, Vegetasiya Ortiiyii

Giris

Miiasir dovrds orazi Ortliylindo bas veron doyisikliklorin monitoringi vo tohlili mithiim
elmi vo praktiki ohomiyyat kosb edir. Xiisusilo vegetasiya Ortiiyliniin dinamikasinin yronilmasi
kond tosorriifati, ekoloji voziyyotin qiymoatlondirilmosi vo tobii resurslarin idaro olunmasi
baximindan vacibdir (Zhang & Li, 2022). Masafodon zondlama texnologiyalar1 bu sahodo genis
tatbiq olunaraq boyiik orazilorin qisa miiddotds va yiiksok doaqiqlikls tshliline imkan yaradir
(Giilci et al., 2025).

Son illards peyk molumatlarinin slgatanliginin artmasi vo onlarin emali iiclin miiasir
platformalarin inkisafi bu sahods aparilan todqiqatlarin saymi artirmisdir (Wang et al., 2021).
Lakin bazi regionlarda, o climlodon Gadobay rayonunda vegetasiya Ortiiyliniin uzunmiiddatli
doyisma dinamikasinin tohlili kifayot godor arasdirilmamisdir.

Bu todqiqatin mogsadi ¢oxzamanli peyk molumatlar1 osasinda Gadobay rayonunda
vegetasiya Ortiiylindo bas veran doyisikliklorin tohlilidir. Bu mogsodo ¢atmaq tiglin miixtolif
illora aid peyk tosvirlori sec¢ilmis, NDVI indeksi hesablanmis vo oldo olunan naticolor
miiqayisali sokildo tohlil edilmisdir.

Tezis giris, tadqiqat metodu, natica va adabiyyat siyahist bolmalerindon ibarotdir.

Tadqigat metodu

Tadqgiqat isindo miixtolif zaman intervallarina aid peyk molumatlarindan istifade
olunmusdur. Erkon dovr {i¢iin Landsat 5, daha yeni dovrlor {i¢iin iso Sentinel-2 peyk tosvirlori
istifads edilmisdir (Haile et al., 2025; Giilci et al., 2025).

Molumatlarin emali vo analizi Google Earth Engine platformasinda hoyata kecirilmisdir
(Zhang & Li, 2022). Vegetasiya Ortiiyiiniin qiymsatlondirilmasi moqsadilo NDVI indeksi
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hesablanmigdir. NDVI indeksi qirmizi (Red) vo yaxin infraqirmizi (NIR) spektral bantlar
osasinda hesablanaraq bitki Ortiiyliniin sixligini vo saglamligin1 miioyyan etmaya imkan verir
(Setiawan et al., 2024; Bhawana, 2015).

Tadqiqat ¢ar¢givasinda 2005 va 2025-ci illars aid may va noyabr aylari iizra peyk tosvirlori
secilmisdir. Se¢ilmis tosvirlor buludlardan tomizlonmis vo todqiqat orazisi lizro kosilorok analiz
ticiin hazirlanmigdir. Daha sonra olde olunan NDVI xaritolori miiqayiss edilorok vegetasiya
Ortiiyliniin doyismo dinamikasi tohlil edilmisdir.

Natico

Aparilmis tohlillor noticosindo 2005 vo 2025-ci illor iizro orazi ortiiyiindo ohomiyyatli
dayisikliklor miisyyen edilmisdir. May ayina aid NDVI gostaricilorinin miiqayisasi gostarir ki,
okin saholori vo otlaq orazilori artmis, eyni zamanda meso saholorinin azalmasi miisahido
olunmusdur. Bu doayisikliklor srazids kond tosorriifat1 faaliyystinin genislonmasi ilo izah oluna
bilor.

Noyabr ay1 lizra aparilan tohlillor vegetasiya Ortliylinlin movsiimi olaraq zoifladiyini
gostorir. Bu dovrdo NDVI doyorlorinin asagi olmasi sobobindon meso saholori minimal
soviyyado miisahidos olunur, otlaq sahalori isa iistiinliik toskil edir.

Umumilikdo, 20 illik dévr orzindo orazi &rtiiyiindo bas veron doyisikliklor hom tobii
proseslarin, hom do antropogen tasirlorin naticasi kimi qiymotlondirils bilar.

Cadval 1. 2005 vo 2025-ci illorin may vo noyabr aylari lizro NDVI géstaricilorinin miiqayisosi.

il Su sahalori Cllp'aq Otlaq . Okin . Mesa .
arazilar saholori saholori saholori
2005-ctil |60 0163 km? | 169.6014 km? | 2384604 km? | 1039249 1 356 0716 km?
May km
2025-ctil | 4 5005 km? | 79.0506 km? | 3602925 km? | 0202287 1180 5535 km?
May km
2025-ciil | 161342 | 1434582 km? | 7948566 km? | 2202170 | 48411 km?
Noyabr km
382.0626 km? | 517.7322 km? | 306.0423 km? | 6.3081km? | 0.099 km
Noyabr
1400
1200 L —e
1000
C=—
800
600
400
P—
200
o —e
0 —
2005-ci il May 2025-ci il May
==@==Su sahalori_km2  ==@==Cilpaqg torpaq_km?2 Otlag sahalari_km2

==@==2kin sahalari_km2 ==@==Mesa sahalari_km?2

Sakil 1. May ay1 vegetasiya gostaricisinin (NDVI) miiqayisasi (2005-2025)
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Sakil 2. Noyabr ay1 vegetasiya gostoricisinin (NDVI) miiqayisasi (2005-2025).

Oldo olunmus noaticalor vizuallagdirilaraq qrafik soklinds toqdim edilmis vo orazi ortiiyiindo bag
veran doyisikliklorin dinamikas1 aydin sokildo niimayis etdirilmisdir
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Abstract

Burner geometry is one of the most important factors affecting combustion efficiency in
industrial refinery furnaces. The arrangement of fuel and air nozzles, burner tile structure, swirl
generation, and fuel staging directly influence flame stability, heat transfer, and pollutant
formation. Even small geometric differences in burner design may lead to significant changes
in combustion behavior, especially under variable operating conditions commonly observed in
refinery processes. Among the major environmental concerns in furnace operation, nitrogen
oxide (NOx) emissions remain one of the most critical issues due to their direct relationship
with flame temperature and oxygen distribution. Conventional burner systems designed
according to refinery service requirements, including those described in API Standard 560, aim
to maintain stable combustion while limiting excessive NOx formation. However, localized
high-temperature zones and non-uniform fuel—air mixing still create operational challenges in
many practical cases. This paper focuses on the influence of burner geometry on combustion
efficiency, with particular attention to Low-NOx burner configurations. A modified burner
structure is considered by improving the fuel distribution system through an additional tertiary
fuel gas injection near the secondary combustion zone. The purpose of this modification is to
achieve better mixing, reduce flame temperature peaks, and improve combustion uniformity
inside the furnace. A preliminary geometric evaluation was carried out using SolidWorks-based
modeling to compare the conventional and modified burner configurations. The analysis
indicates that improved fuel staging and better geometric alignment can support more stable
flame behavior and reduce the conditions that promote thermal NOx formation. The results
suggest that burner geometry optimization can be an effective method for improving
combustion efficiency, reducing emissions, and increasing operational flexibility in refinery
furnace applications. This approach provides a practical basis for further CFD analysis and
advanced burner design studies.

Key words: Burner, furnace, refinery, combustion, flame.

Introduction

Industrial refinery furnaces are among the most important thermal units used in petroleum
processing plants, where crude oil and intermediate products are heated before separation,
distillation, or further chemical treatment. The overall performance of these furnaces directly
affects fuel consumption, production efficiency, operational safety, and environmental impact.
For this reason, maintaining stable and efficient combustion is considered one of the key
requirements in refinery operations. Among the many factors influencing combustion behavior,
burner geometry plays a particularly important role because it determines how fuel and air
interact inside the combustion zone. Parameters such as nozzle arrangement, burner tile design,
swirl intensity, and fuel staging strongly influence flame stability, heat transfer, and emission
formation. Therefore, the study of burner geometry is both practically important and
scientifically relevant for improving furnace performance. In recent years, increasing
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environmental regulations and stricter industrial standards have created a stronger need for low-
emission combustion systems, especially regarding nitrogen oxide (NOx) emissions.

The main objective of this research is to analyze the effect of burner geometry on combustion
efficiency and to evaluate the potential improvement of Low-NOx burner performance through
an additional tertiary fuel gas injection stage.

Research methodology

In this study, the influence of burner geometry on combustion efficiency and NOx emissions in
refinery furnaces is investigated with particular focus on Low-NOx burner configurations. The
main objective is to evaluate the existing burner structure and analyze the possibility of
improving combustion performance by introducing an additional tertiary fuel gas injection
stage. Special attention is given to thermal NOx formation, since NOx remains one of the most
critical environmental concerns in industrial fired heaters. At the initial stage, the conventional
Low-NOx burner configuration commonly used in refinery furnaces and designed according to
API 560 requirements was modeled using SolidWorks. In the existing design, primary and
secondary fuel gas distribution systems are used to control flame development and reduce
excessive flame temperatures. These stages help improve fuel-air mixing and support
combustion stability. However, under practical operating conditions, localized high-
temperature zones, commonly referred to as hot spots, may still occur due to non-uniform
mixing and unstable flow behavior. These local flame peaks are one of the main reasons for
increased thermal NOx formation. It is important to note that NOx formation is not determined
only by the average combustion temperature inside the furnace. The most significant factor is
the local peak flame temperature and the residence time of combustion products in these high-
temperature regions. For example, two burners may operate at the same average furnace
temperature, such as 1200°C, but if one burner produces local flame peaks of 1500—-1600°C
while the other maintains a more uniform temperature field, the first burner will generate
significantly higher NOx emissions. This behavior is explained by the Zeldovich thermal NOx
mechanism, where NOx formation increases rapidly at high temperatures. To reduce these local
temperature peaks, a modified burner configuration is proposed by adding an additional tertiary
fuel gas injection near the secondary combustion zone. The purpose of this design modification
is to improve fuel distribution, enhance mixing quality, and create a more homogeneous
combustion region. Better fuel staging is expected to reduce localized overheating and shorten
residence time at peak flame conditions, which directly contributes to lower thermal NOx
formation and improved flame stability. At present, the detailed geometric analysis of the
modified burner is being carried out in SolidWorks. Parameters such as nozzle location,
injection angle, fuel flow direction, and burner tile geometry are being optimized to identify the
most effective structural configuration. Preliminary observations indicate that the additional
tertiary fuel gas injection improves combustion uniformity and supports better operational
flexibility under varying refinery fuel gas compositions. If the results obtained from
SolidWorks confirm the expected improvement, further validation through CFD simulation is
planned using ANSYS. In the next stage, temperature distribution, velocity field, turbulence
behavior, and NOx prediction will be analyzed in greater detail. This will provide stronger
technical validation of the proposed design from both thermal and fluid dynamic perspectives.
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Figure 1. Relationship between combustion temperature and NOx emissions

Figure 1 shows the expected relationship between combustion temperature and NOx emissions
for both the conventional Low-NOx burner and the modified burner design. Although the
average combustion temperature increases in both cases, the modified burner shows lower NOx
formation because improved geometry reduces local hot spots and creates a more stable flame
structure. The difference becomes more significant at higher combustion temperatures, where
thermal NOx formation becomes dominant. This methodology provides a practical basis for
evaluating burner geometry optimization and supports the development of improved Low-NOx
burner designs for refinery furnace applications.

Results

The preliminary SolidWorks-based analysis indicates that the modified burner design with
tertiary fuel gas injection improves fuel-air mixing and reduces localized high-temperature
zones inside the combustion region. As a result, lower thermal NOx formation and more stable
combustion performance are expected compared to the conventional Low-NOx burner
configuration.
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Xiilasa

Pakerlor laylarin bir-birindon alagesini kasmok, neft, qaz vo vurucu quyularin, homginin
quyularda profilaktik-tomir iglori apardiqda istismar komorini miihitin tosirindon tocrid etmok
tiglin nozards tutulmusdur.

Paker fontan, qazlift, nasos vo vurucu quyularda istismar bir layda aparildigda va bir
quyunun miixtolif laylarm1 eyni vaxtda istismar etdikdo istifado olunan osas quyu
avadanliglarindan biridir. Pakerlorden quyularda laylarin hidravliki yarilma, tursu ilo vo termiki
emal etmo, izolyasiya islori, hidroqum sirnaqla perforasiya kimi texnoloji omaoliyyatlari
apardiqda genis istifade olunur. Paker quyuya qaldrici (lift) boru kemari ils buraxilir.

Paker quyularin istismarinda vo monimsonilmoasindo maneosiz olaraq alot vo quyu
avadanliglarinin ondan ke¢masini tomin etmalidir.

Acar sozlar: Paker, lay, 16vbar, temperatur

Movzunun aktuallig:

Paker neft qaz quyularinin istismarinda istifade olunan osas quyu avadanliglarindan
biridir.

Onun vazifasi laylarin bir-birinden slagesini kasmok, neft, qaz vo vurucu quyularin,
homg¢inin quyularda profilaktik-tomir islori apardiqda istismar komorini miihitin tosirindon
tocrid etmok {i¢iin nozords tutulmusdur.

Neftin ¢ixarilmasinda osason fontan, gazlift vo ya nasos lisullarinda hor hansi birinin
komayi ils istismar olunur. Bu qurgu quyularda istismar bir layda aparildiqda va ya bir quyunun
miixtolif laylarn1 eyni vaxtda istismar etdikdo istifado olunan asas quyu avadanliglarindan
biridir. Pakerlordon quyularda laylarin hidravliki yarilma, tursu ilo vo termiki emal etmo,
izolyasiya islori, hidroqum sirnaqla perforasiya kimi texnoloji omoliyyatlar1 apardiqda genis
istifads olunur. Paker quyuya qaldrici (lift) boru komari ile buraxilir.

Paker quyularin istismarinda vo monimsonilmoasindo maneosiz olaraq alot vo quyu
avadanliglarinin ondan ke¢masini tomin etmalidir.

Pakerlor asagidakilar {i¢iin istifado olunur:

1. tabagolorin ayrilmast;
quyularin istismari zamani boru komorlorinin quyu miihitinin tosirindon tocrid edilmosi;
onlarda tomir va texniki xidmat iglorinin aparilmasi
mohsuldar tobogonin hidravlik qirilmasi, tursu vo istilik miialicosi {li¢lin texnoloji
omoaliyyatlarin aparilmast;
izolyasiya islorinin yerino yetirilmaosi;
maoftil filtrlorinin vo kesici klapanlarin qurasdirilmast;
quyu diblorinin tomizlonmosi;
. qazlift omaliyyat1 va s.
Neft hasilat1 edon zaman pakerlor asagidaki toloblore cavab vermolidir:

— Daha yiiksok performans;

Coxmaogsadli, miixtalif i soraitino uygunlasma;
— Daha uzun xidmot miiddati;

il
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— Daha sads dizayn;
— Boyiik diametr vo sizdirmazliq materiallarinin daha elastik barpast;.
Pakerlor asagidaki tiplore boliiniirlor:
I1B — tozyiqlor forqindon yaranan yuxar1 istigamatlonmis qiivvoni gobul edon paker;
ITH — tazyiqlar forqindon yaranan asagi istiqgamatlonmis qlivveni gabul edan paker;
IT/1 — tozyiqlor forqindon yaranan asagi vo yuxari istigamatlonmis qiivvalari gobul edon
paker;
I' — hidravliki paker;
M — mexaniki paker;
I'M — hidromexaniki paker.
Islodiyi miihitdon asili olaraq pakerlorin asagidaki novlori vardir:
— K1 - karbon qazina davamhidir;
— K2 vo K3 — hidrogen sulfide davamli;
— T -istiliys davaml.

Lovbor — qaldirict komorlori istismar komorlorino 16vborlosdirmok vo quyu
avadanliglarinin oxboyu qiivvalarin tosirindon yerdoyigsmosini mshdudlasdirmagq {igiin istifads
olunan qurgudur.

Lovber qurgulart asason I1B vo ITH pakerlords istifadsi nozords tutulmusdur.

Pakerlorin gorti igsarolonmasi asagidaki kimidir:

Pakerin tipini gostoron harflordon sonraki birinci adad kegidlorin sayini, horflordon avval
olan rogom pakerin modelini, harflordon sonra olan birinci odod - pakerin xarici diametrini
(mm), ikinci adad — is¢i tozyiqi (pakerin gobul etdiyi maksimal tozyiqler forqi), K2 - son isare
olmagla H2S vo COs - yo davamli olmasini gostorir

Pakerin sorti isarolonmosindo: TIB, ITH, IIJ] pakerin tipini, F, M, FM - pakerin
oturdulmas1 vo azad edilmosi tisullarini, SI— horfinin olmasi iso onda l6vbor qurgusunun
olmasini,. Masalon: ITH-IM 150-500, ITH-ATI'M-118-210, 1I1J1- SI'-136-500, I1J] -I'-136-
210K2.

Mbaqalads Mexaniki paker analiz edilorok, onun Kkonstruktiv qurulusunun t3hlili,
hamg¢inin B71-50 rezin elementindan istifads etmaklo pakerin iqtisadi somarsliliyinin
artirilmasi masalasina baxilmisdir.

Aparilan tadqiqatin naticasi gosteriri ki, anonavi kiplasdiricilorin yering, B 71-50 rezin
elementindon istifado etmoklo pakerin kiplosdiricisinin daha uzun miiddotli istifado edilmosino
nail olmaq miimkiindiir. Bu rezin element Rusya torofindon miiasir standartlara asason istehsal
olunur. Bu iistiinltiklors asagidakilar daxildir:

— Yiiksok temperatura davamliliq;

— Eroziyaya davamliliq;

— Stirtiinma qilivvesing qarst davamliliq vo s.

Quyularda dorinlik artigca temperaturda artdigindan, pakerlorin kiplosdirici
elementinido temperatura doziimlii olan materialdan hazirlamaq lazimdir. b 71-50 rezin
elementi do temperatrura davamli oldugundan pakerin kiplosdirici elementindo bu materialdan
istifado edilmasi onun daha uzunmiiddstli olmasina miisbat tosir gostorar.

Mexaniki pakerlor iki ciir olur:

1) Tok tutacaqli pakerlor (sokil 1.1);

Tok tutacaqli pakerlor borularda sixilma yada gorginlik olduqda istifads edilir. Tok
tutacaql1 pakerlordo onun borkidilmis sokildo saxlanilmasi {i¢iin s1xi1lma vo ya gorginlik giliciino
ehtiyac duyulur.

2) Iki tutacaqli pakerlor (sokil 1.2);

Tok tutuslu pakerlor agsagi tozyiqli sahalar istisna olmagqla ¢ox istifads edilmir. ©ksor
hallarda gorginlikdon sorbost istifado edilmosi tigiin iki tutuslu gorginlikli pakerlordon istifado
edilir. Umumilikdo iso bu pakerlor gdzlonilon tozyiqin asag1 oldugu hallarda totbiq edilmosi
daha uygundur.
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Iki tutacaqli pakerlor an ¢ox yayilmis ndvlorden biridir. Bu pakerlor dayaz va orta
dorinlikli quyularda, orta vo yliksok tozyiglords totbiq edilmasi {i¢lin uygun vo ¢ox yonlii
pakerdir.

SR-1 (sokil 1.3) iki tutacaqlt mexaniki pakers nlimunadir. Hidravlik siirlismalordon
istifado edir. Bu tip pakerlor sixilma zamanm qurasdirilir vo borunun sixilmasini tomin edir.
Hidravlik stirtismalar yliksok tazyiq sobabindan pakerin quyuda macburi qalxmasinin qarsisini
alir.

Sakil 1.1. Tok Sakil 1.2. Iki tutacaqgl Sakil 1.3. SR-1 iki tutacaql
tutacaqli mexaniki paker mexaniki paker
mexaniki paker

"

Sakil 2. [IM mexaniki pakeri
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Pakerin iqtisadi samoraliliyinin artirilmasinda irali siiriilon yenilik

Neft-qaz quyular1 istismar edilon zaman istifado edilon vo quyu daxilindoki
avadanliglarin dostino aid edilon paker qurgularn laylarin slagesinin kosilmosi {igiin istifado
edilir. Pakerlor asason istismar miixtalif va ya bir quyuda aparilan zaman istifads edilir. Quyular
istismar edilon zaman paker avadanliglar1 alotlorin oradan maneosiz ke¢mosini tomin edir.
Pakerlor quyuya nasos-kompressor borularinin kdmayi ilo buraxilir. Miiasirlosmis dovrds neft-
gaz quyularinin istismarinin artmasi naticosindo paker avadanliqlarinin istifadosine tolabat daha
da artmigdir.

Pakerin kiplosdirici manjetlori onun osas parametrlorino daxildir. Pakerin kiplosdirici
manjetinin i qabiliyyati onun iggdrmasi ilo xarakterizs edilir. Paker qurgularinin miiasir dévrde
istifadosinin artmasi onun kiplosdirici manjetinin iggérma gabiliyyatinin agag1 diigmosine sobob
olur. Bunun naticesindodo onun hermetikagmasi pozulur, hom ds onun rezin materiali pakerin
metal hissosino axir, homginin pakerin kiplosdirici manjeti istismar komaorinin {izorino yapisir.

Pakerin kiplogdirici manjeti onun torpanmayaon lovbariyls liilonin arasinda yerlosir.
Pakerin kiplosdirici manjetinin isgérmo qabiliyyotini miioyyon edon amillors onun oxboyu
yiiklonmosi, pakerin gobul edocoyi tozyiq diisgiilori vo onun lay temperaturundan asilt olaraq
doyisir. Bu zaman pakerin kiplosdiricisi miihim is soraitindo istifado edildiyindon siirtiinmo
naticasindos yeyilir. Bunun garsisinin alinmasida osas aktual masololordon biridir.

Iqtisadi somoraliliyin artirilmasinda irali siiriilon yenilik:

Ononovi kiplogdiricilorin yerina, 6 71-50 rezin elementindon istifado etmoklo pakerin
kiplosdiricisinin daha uzun miiddotli istifado edilmosine nail olmaq olar. Bu rezin element
Rusya torofindon miiasir standartlara osason istehsal olunur. b 71-50 rezin elementinin bir sira
tistiinltiklori vardir. Bu {istiinliiklors asagidakilar daxildir:

—Yiiksok temperatura davamliliq;

—Eroziyaya davamliliq;

—Siirtiinmo qiivvesino davamliliq vo s.

Quyularda dorinlik artigca temperaturda artdigindan, pakerlorin kiplosdirici elementinido
temperatura doziimlii olan materialdan hazirlamaq lazimdir. b 71-50 rezin elementi do
temperatrura davamli oldugundan pakerin kiplosdirici elementindo bu materialdan istifado
edilmasi onun daha uzunmiiddstli olmasina miisbot tosir gostarar.

Iqtisadi somaraliliyin hesablanmast iigiin istifads edilon diistur (3.1):

C=C, 2(11 K.S. +P+C, (1)

burada C. — baza kimi gétiiriilmiis avadanliginin elementinin faktiki maya doyari;

q —avadanligin kinematik, elektrik va digor sxemlor iizra qrup elementlorinin miqdari;

Se — qrupda eyni elementlorin vo element omsallarinin miqdart;

P — layihs olunan avadanligin maya doyorino daxil olan satin alinan momulatlarin
doyori;

¢ — avadanligin layihs olunmasina sorf olunan xorclor.

K, — 1,25 sabitdir, doyismir.

Layihs olunan avadanligin qiymati baza avadanligininin gostoricilaring asason toyin
olunur.

Avadanligin konstruksiyasinda doyisiklik edilmomisdon avval:
14

30002 1,25 x 2+ 1500 + 200 = 789200
1

Avadanligin konstruksiyasinda doyisiklik etdikden sonra:
14

30002 1,25 x 2 + 1450 + 195 = 789145
1
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Notico

Mexaniki pakerin kiplosdiricisi onun asas parametlorindon biridir, lakin istifade zamamn

pakerin manjeti ¢cox tez korlandigindan, bu problemin aradan qaldirilmasi iigiin B71-50 rezin
elementindan istifads tayin edilmisdir.

Mexaniki pakerin konstruksiyasi analiz edilorok, miioyyan bir todqigat obyekti se¢ilmis

vo miioyyan edilmigdir ki, quyunun darinliyi artdiqca quyuaki temperatur artir. B71-50 rezin
elementido yiiksok temperatura davamli oldugundan, pakerin kiplosdici elementi kimi istifado
edilmosi toklif edilmisdir .

Kiplogdiricinin tosir edon siirtiinmo qiivvosine davamliligini artirmaq mogsodi ilo B71-50

rezin elementindon istifado edilmosi toklifi verilmigdir. Bunun naticosindo do, kiplosdiricini
daha uzunmiiddatli istifado etmok va iqtisadi somoraliliyi atirmaq miimkiindiir.
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Xiilasa

Bu moaqalads metal konstruksiyalarda korroziya prosesinin mexaniki dayaniqliga tosiri
elmi baximdan tohlil edilmisdir. Korroziya metallarda otraf miihit amillorinin tosiri altinda bag
veron elektrokimyavi vo kimyavi deqradasiya prosesi olub, materialin mikrostrukturunda
doyisikliklora, sothi zodslonmaolars vo kiitlo itkisino sobab olur. Xiisusilo yiiksok riitubot, duzlu
miihit, temperatur doyismalari vo aqressiv kimyavi maddolor korroziya siirotini artiran osas
faktorlar hesab edilir.

Korroziya naticosindo metal elementlarin effektiv kosik sahosi azalir, sothds piting, ¢atlar
vo lokal deformasiyalar omolo golir. Bu doyisikliklor materialin dartilma moéhkomliyinin,
yorulma dayaniqliginin vo yiikdasima qabiliyyastinin zsiflomosine gotirib ¢ixarir. Naticods
konstruksiyanin etibarlilig1 azalir, gofil dagilma vo istismar nasazliqlari riski yiiksolir. Xiisusilo
korpiiloer, boru komorlori, senaye qurgulari vo dasiyict bina elementlorinds korroziya
miithondislik tohliikesizliyi baximindan ciddi problem yaradir.

Moqalads korroziyanin qarsisinin alinmasi iisullari da nozordon kegirilmisdir. Bunlara
goruyucu Ortiiklorin totbiqi, korroziyaya davamli orintilorin seg¢ilmosi, katodik miihafizo
sistemlari v periodik texniki monitorinq daxildir. Natica etibarils, korroziyanin effektiv idara
olunmasi metal konstruksiyalarin istismar miiddotinin artirilmasi, texniki etibarliligin tomin
olunmasi vo iqtisadi itkilorin minimuma endirilmosi baximindan miihiim shomiyyat kosb edir.

Acar sozlar: Korroziya, Metal konstruksiyalar, Mexaniki dayaniqliq, Katodik miihafizo,
Korroziyaya davamliliq

Giris

Miiasir sonaye va tikinti saholorindo metal konstruksiyalar genis totbiq olunduguna goro
onlarin etibarliligt vo uzundémiirlilityii miithondislik baximindan xiisusi chomiyyat dasiyir.
Korpiilor, bina karkaslari, boru komaorlori, doniz platformalar1 vo miixtslif sonaye avadanliglar
osason metal materiallardan hazirlandig1 {igiin bu konstruksiyalarin istismar miiddetinda
korroziya tosirino moruz qalmasit qagilmazdir. Korroziya metal sothindo kimyovi vo
elektrokimyavi reaksiyalar naticasinds yaranan deqradasiya prosesi olub, materialin mexaniki
xassolorinin  zoiflomasino, dasima qgabiliyyotinin azalmasina vo tohliikosizlik risklorinin
artmasina sabab olur. Bu baximdan metal konstruksiyalarda korroziyanin mexaniki dayaniqliga
tosirinin 0yronilmosi aktual vo miithiim elmi-praktiki moasoladir.

Hazirda korroziyanin qarsisinin alinmasi istigamatinds miixtalif {isullar — qoruyucu
ortiiklor, katodik miihafizo sistemlori, korroziyaya davamli orintilor vo monitoring
texnologiyalar1 totbiq edilmokdodir. Lakin buna baxmayaraq, bir ¢ox sonaye obyektlorindo
vaxtindan ovval zadslonmo, qoza hallar1 va yiiksok tomir xorclori miisahids olunur. Mdveud
elmi odobiyyatda korroziyanin kimyovi mahiyyati genis arasdirilsa da, onun metal
konstruksiyalarin mexaniki dayaniqligma kompleks tosiri holo do aktual todqiqat
istigamotlorindon biri olaraq galir. Bu iso mévzunun daha dorindon arasdirilmasina ehtiyac
yaradir.

Todqiqgat isinin asas mogsadi korroziya prosesinin metal konstruksiyalarin méhkomliyino,
yorulma dayaniqlifina vo timumi istismar etibarliligina tesirini tohlil etmakdir. Bu moqsado
catmagq licilin korroziyanin yaranma mexanizmi aragdirilmig, onun mexaniki xassoloro tosiri
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qiymatlondirilmis, mdévcud qorunma iisullart miiqayiso edilmis vo praktiki totbiq imkanlari
nozordon kecirilmisdir. Todqigat zamani miigayisoli analiz, elmi odobiyyatin tohlili vo
miihondis miisahido metodlarindan istifads edilmisgdir.

Todqiqgat isi giris, osas hisso, natico va istifado olunmus adobiyyat siyahisindan ibaratdir.
Osas hissads korroziyanin nozari osaslari, metal konstruksiyalara tasiri, qorunma iisullart vo
praktiki niimunolor ardicil sokildo togdim edilmisdir. Notico hissasindo iso aparilmis
aragdirmalar imumilosdirilmis vo miivafiq elmi-praktiki tokliflor iroli siiriilmiisdiir.

Tadqigat metodu

Korroziya, metallarin otraf mihitlo reaksiyaya girorok arzuolunmaz sokildo asinmasi
prosesidir. Oksor metallar tobiotdo filiz (masolon, oksid vo ya sulfid) soklindo tapilir. Biz onlari
emal edorok saf metal halina gotirdikdo, onlar yiiksok enerji voziyyatino kegirlor. Koroziya
oslindo metalin yenidon 6z tobii, asag1 enerjili vo sabit halina (oksidlogsmis halina) gayitma
prosesidir.

Metallarin koroziyasi adoton elektrokimyovi xarakter dasiyir. Bu o demokdir ki, koroziya
zamant miitloq elektron axini bas verir. Bu proses iki osas hissodon ibarotdir:

Anod Reaksiyasi (Oksidlagma): Metal atomlari elektron itirorok ionlara ¢evrilir vo maye
(elektrolit) daxilinds hall olur. Mohz bu hissado metalin fiziki olaraq parcalanmasi va kiitlo
itkisi bas verir.

Katod Reaksiyasi (Reduksiya): Anodda ayrilan elektronlar metalin daxili ilo harokot edorok
katod sahasino golir vo burada miihitdoki basqa ionlar (masalon, hidrogen ionlar1 vo ya
oksigen) torofindon qobul edilir.

Koroziyanin 9sas Formalari:

Vahid (Uniform) Koroziya: Metalin biitlin sothi boyu toxminon eyni siirotlo gedon aginmadir.
Hesablanmasi va prognozlasdirilmasi on asan formadir.

Sokil 1. Vahid (Uniform) Koroziya

Galvanik Koroziya: Bu nov korroziya iki forqli metalin elektrolit miihitindo (masolon, riitubatli
hava, doniz suyu) bir-biri ilo elektrik tomasinda olmasi naticosindo yaranir.

Mexanizm: Metallarin elektrod potensiallar1 forqli oldugu {i¢iin aralarinda "qalvanik ciit"
yaranir. Bu zaman potensiali daha monfi olan metal anod rolunu oynayir va siiratlo ionlasaraq
dagilir. Potensiali daha miisbot olan metal iso katod olur vo qorunur.

Anod-Katod Sahasi Faktoru: 9gor anodun (dagilan metalin) sahasi katodun sahasindon ¢ox
kigikdirso, korroziya siirati kritik doracads yliksok olur. Masolon, mis 16vho tizoerindoki polad
par¢im ¢ox qisa zamanda tamamilo siradan ¢ixacagq.
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Sokil 2. Galvanik Koroziya

Pitting (Noqtovari) Koroziya Pitting, metalin sothindo ¢ox kicik bir sahads baglayan, lakin
materialin daxilino dogru stiratlo iraliloyon lokal dagilma néviidiir.

Mexanizm: Adoaton paslanmaz polad vo ya aliiminium kimi metallarin sothindoki qoruyucu
passiv oksid tobagosinin miioyyan bir ndqtodo zodolonmaosi ilo baslayir. Xlorid ionlar1 (CI') bu
noqtads toplanaraq oksid toboqgasini dagidir. Homin kigik dolik anod, strafindaki genis vo
saglam soth iso katod kimi davranir.

Tohliikasi: Sothdo korroziya demok olar ki, gériinmoz qalir (¢cox kigik noqtalor soklindo), lakin
daxildo materialin tamamilo desilmosing, borularda sizmalara vo qofil qirilmalara sabob olur.

Sakil 3. Pitting (Noqtovari) Koroziya

Yariq Koroziyasi: Boltlarin alti, contalarin konarlar1 vo ya metalin lst-listo mindiyi dar
yariglarda bas verir. Bu dar bosluglarda oksigenin diffuziyasi ¢atinlogir. Oksigen azlig1 olan
hisso anodlasir vo korroziya baslayir. Bu proses pitting ilo mexaniki cohotdon oxsardir, lakin
yariq korroziyas {i¢iin handasi bir bogluq tolob olunur.

Sakil 4. Yariq Koroziya
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Kristallararasi (Intergranular) Korroziya: Bu metalin taxil (donacik) sorhadlori boyu bag veran
dagilmadir. Xiisusilo paslanmaz poladlarin yanlis qaynaq edilmasi zamani (toxminon 500-
800°C temperaturda) xromun karbonla birlogorok karbidlor yaratmasi noticosindo donocik
sorhadlorindo xromun miqdar1 azalir. Bu, materialin "hassaslagsmasina" vo strukturun daxildon
cokmasina gatirib ¢ixarir.

Intergranular corrosion

Weild

Sakil 5. Kristallararasi (Intergranular) Korroziya

Eroziya Korroziyasi: Maye axininin yiiksok siirati vo ya daxilindoki bark hissaciklorin (qum va
s.) metal sothino siirtlinmosi naticosindo bas verir. Axin, metalin sothindoki qoruyucu tobagoni
daim soyub apardig1 iigiin korroziya siirati bir ne¢o dofs artir. Bu névo on ¢ox boru dongoalorindo
(dirsoklordo) vo nasos parlorindo rast golinir.

&
"j_ Sl R
& =

Sakil 6. Eroziya Korroziyasi

Metalin qorunma tisullart:

Pasivlagsma (Passivity): Bozi xiisusi metallar (mosoalon, paslanmaz polad, aliiminium, titan)
hava ilo tomasda olan kimi sothlorinds ¢ox nazik, lakin ¢ox mdéhkom bir oksid tobogasi
yaradirlar. Bu tobaqo baryer rolu oynayaraq metalin daxili hissolorinin koroziyaya ugramasina
imkan vermir.

Katod Miihafizasi (Cathodic Protection): Bu lisulda qorunacaq metal sistemin katodu halina
gotirilir. Iki yolu var:

1. Qurbanliq Anod: Qorunacaq metala daha aktiv bir metal (masalon, gomilorin
govdasinag sink bloklar) barkidilir. Sink koroziyaya ugrayir, gominin polad govdasi isa
toxunulmaz qalir.

2. Xarici Carayan: Sistama xarici bir enerji manbayindon aks istigamatds corayan verilir.
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Inhibitorlar: Miihits alave olunan xiisusi kimyovi maddolordir ki, onlar sothi "zireh" kimi
ortorak reaksiyanin siirotini azaldirlar.

Riyazi ifadalar vo qrafik materiallar

Koroziya Niifuzetms Siiroti (CPR):
CPR=KW/ pAt (1)

Burada W (Weight loss): Metalin sinaq miiddstinds itirdiyi ¢oki, p (Density): Metalin sixligi,
A (Area): Metalin asinmaya moruz qalan soth sahosi, t (Time): Koroziyanin davam etmo
miiddoati, K (Constant): CPR-1 istodiyimiz vahidlo (masalon, ildo ne¢o millimetr asinma) ifado
etmok {iclin istifads olunan sabit omsal.

Koroziya Siiratinin Elektrik Coroyan ilo Ifadosi:

r=I/nF (2)

Burada r (Rate): Koroziya siirati, i (Current density): Vahid sahays diigon koroziya corayant,
n: Metalin ionlagmas1 zamani itirdiyi elektronlarin say1 (valentlik), F (Faraday constant):
Faradey sabiti (96,500 Kulon/mol).

Natico

Metallarin kiitlo itkisi vo korroziya siirotinin (K) hesablanmasi gostorir ki, miihitin
aqressivliyi vo temperatur artimi korroziya prosesini eksponensial olaraq siiratlondirir. Xiisusilo
doniz suyu vo sonaye atmosferi kimi xloridlorlo zongin miihitlordo paslanmaz poladlarda belo
pitting korroziyasi riskinin yiiksok oldugu riyazi modellarls tasdiq edilmisdir. Korroziya yalniz
sothi bir qiisur deyil, materialin daxili strukturunu zsiflodon amildir. Kristallararasi korroziya
va garginlik ¢atlamasi materialin plastikliyini azaldaraq onu kdvrak dagilmaya meyilli edir. Bu,
konstruksiyanin yiikdasima gabiliyyatinin (yield strength) gézlonilmoz sokildo asag1 diismasino
sobab olur. Todqgiqat gostorir ki, on effektiv miihafizo strategiyasi kombino edilmis tisullarin
totbiqidir. Masalon, sinklomo (qalvanizasiya) hom fiziki baryer, hom do elektrokimyovi anod
miihafizasi tomin edir. Eyni zamanda, layihalondirms morhalasinds gorginlik konsentrasiyasini
azaldan konstruktiv formalarin segilmosi korroziya mongoli yorulma catlarinin garsisini
almaqda holledici rol oynayir. Metal konstruksiyalarin uzundmiirliilityliniin vo istismar
tohliikosizliyinin tomin edilmosi kompleks miithondislik todbirlori tolob edir. Miiasir tocriibo
gostorir ki, korroziyaya qarst miibarizods yalmiz passiv oOrtiiklorla (boya, lak, emal)
kifayotlonmok strukturun tam miihafizasi ii¢iin yetorli deyil. Konstruksiyanin hoyat dovriini
maksimallagdirmaq {¢iin aktiv miihafizo sistemlorine — xiisusilo korroziya inhibitorlarinin
totbigine vo miintozom monitoring prosesloring {istiinliik verilmolidir.
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Xiilasa

Robototexniki komplekslor miiasir sonaye vo xidmot saholorinin osas torkib
hissalarindan biridir vo onlarin tatbiqi avtomatlasdirma ve texnologiyanin inkisafini togviq edir.
Bu komplekslor, mexaniki qurgular, sensor sistemlori, idaroetmo bloklar1 vo proqram
tominatindan ibarat miirakkob texniki sistemlordir. Onlarin diizgiin islomasi ii¢iin, nasazliglarin
erkon askarlanmasi vo garsisinin alinmasi vacibdir. Miiasir diagnostik vasitolor bu mogsodlo
istifada edilir vo sistemlorin etibarliligmi artirir. Diaqnostika yalniz mdveud nasazliglart
askarlamaqla mohdudlagmir, hom do potensial problemlori prognozlagdirmaga komok edir.
Sensor texnologiyalari, vibrasiya analizi, termal diagnostika vo akustik siqnal analizlori ilo
robot sistemlorinin monitoringi hoyata kegirilir.

Siini intellekt vo masin dyronmasi alqoritmlari ilo dostoklonon diaqnostika sistemlori,
nasazliglarin prognozlagdirilmasinda miihiim rol oynayir. Bu yanagmalar hom texniki xidmaot
xorclorini azaldir, hom do sistemlorin is miiddotini artirir. IoT vo bulud texnologiyalart ilo
molumatlarin  morkozlosdirilmosi vo avtomatlagdirilmasit tomin edilir. Bununla yanasi,
kibertohliikasizlik vo molumatlarin etibarliligi masalalori diagnostik proseslords garsilasilan
problemlordon biridir. Miiasir tohliikosizlik mexanizmlori vo standartlagdirilmis platformalar
vasitasilo bu problemlorin holli vacibdir.

Acar sozlar: Robototexnika, Texniki, Diagnostik Sistemlor, Avtomatlagdirma

Giris

Robototexniki komplekslor miiasir sanaye, xidmat vo elmi-tadqiqat sahslorinds texnoloji
inkisafin osas istiqamotlorindon biri kimi ¢ixis edir. Qloballasma vo rogomsallagsma
proseslorinin siirotlonmasi naticoasindo istehsal vo idarsetmo sistemlorindo avtomatlagsdirma
soviyyasi ohomiyyatli dorocods artmis, bu iso robototexniki sistemlorin genis totbiqini zoruri
etmisdir. Xiisusilo sonaye 4.0 konsepsiyasi g¢orc¢ivosindo robototexnika yalniz mexaniki
omoliyyatlarin icrasi ilo mohdudlagsmayaraq, siini intellekt, masin Oyronmosi vo molumat
analitikas1 kimi texnologiyalarla inteqrasiya olunmus kompleks sistemlora ¢evrilmisdir. Bu
baximdan, robototexniki komplekslorin funksionalligi, etibarlilig1 vo tohliikosizliyi masalolori
xtisusi aktualliq kasb edir. Robototexniki komplekslor miixtalif komponentlordon — mexaniki
qurgular, sensor sistemlori, idaroetmo bloklar1 vo proqram tominatindan ibarot miirokkob
texniki sistemlordir. Bu komponentlorin hor hansi birinds bas veran nasazliq timumi sistemin
foaliyyotino ciddi tosir gdstora bilor (Sliyev, R. ©., & Mommodov, T. H. 2021). Ona goérs do
bu ciir sistemlorin fasilosiz vo effektiv iglomosini tomin etmok iiclin miiasir diagnostik
vasitalorin totbiqi vacib sortlordon biridir.

Tadqigat metodu

Diagnostika, yalniz movcud nasazliglarin askar edilmosi ilo mohdudlasmir, hom do
potensial problemlarin avvolcodon miioyyan edilmosi vo qarsisinin alimmast baximindan
miithiim rol oynayir. Bu iso prognostik texniki xidmot yanagsmasinin formalagmasina sobab
olmusdur.
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NEMATT
Stepper

Sakil 1. Manipulyator Robotun Mexaniki Hissalori vo Funksionalligi (Manba:
https://robodk.com/blog/5-core-parts-of-a-robotic-arm)

Manipulyator robotun sokli robototexniki komplekslorin mexaniki hissolorinin veo
komponentlorinin neco isladiyini niimayis etdirir. Sokildo gdstarilon robot, sonaye vo texniki
sistemlordo istifado olunan robototexnika sistemlarinin vacib bir hissasidir. Robotun asas
hissosi olan motorlar vo servo aktuatorlar horokot iigiin glic monbaoyidir. Bu hissalor, robotun
dénmo bucaglarinda vo yerdoyismolorindo  sohvlorin  yaranma ehtimalin1i  artiran
komponentlordir. Sokildo, robotun hor bir birlogma ndqtasi vo harokot vo sifirlama funksiyasi
gostorilir. Sensor texnologiyalari, robotun vibrasiya analizi, temperatur 6lgmo vo horokot izlomo
kimi parametrlorini tohlil edorok nasazliglar1 ger¢cok zaman rejimindo agskarlamaga imkan verir.
Bu, fuzzy logic va siini intellekt alqoritmlari ils inteqrasiya olunmus sistemlorin istifads edildiyi
bir yanagsmadir. Sensor sistemlori, robotun vibrasiya, istilik vo akustik signal analizlori ilo
olagali olan hissalarini oks etdirir. Bu hissalor diagnostik funksiyani yerins yetirmak ti¢iin kritik
ohomiyyot kosb edir. Robototexniki komplekslorin etibarliligi vo funksionallifi yiiksok
olmahdir (Valiyev, K. A., & Quliyev, S. M. 2022). Diaqgnostika va prognostik texniki xidmat
yanasmalarinda manipulyator robotlarin is prinsipinin analizi ii¢lin bir sira riyazi modellor vo
diisturlar totbiq olunur. Bu diisturlar hom mexaniki horokotin modellogdirilmosi, hom do
nasazliglarin erkon askarlanmasi ii¢lin osas todqigat alotlori kimi ¢ixis edir. Manipulyator
robotun kinematikasinin tohlilindo on osas yanasmalardan biri birlosmolorin  bucaq
doyismalorinin imumi movqe ilo slagasini ifads edon funksional modeldir. Bu zaman robotun
son effekorunun movqeyi bels ifads olunur:

X= f(91, e2,...,en) (1)
Burada 0 bucaglar1 hor bir oynaq ndqtosinin voziyyatini gdstorir vo sistemdoki hor hansi

sapma mexaniki nasazligin gostoricisi kimi gabul olunur.

Dinamik analiz zamani robotun horokoti Nyuton-Eyler yanasmasi ilo qiymotlondirilir vo
momentlorin tarazlig1 asagidaki kimi ifade olunur:
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t=lat+w-(lw) ()

Burada t moment, I otalot matrisi, a bucaq siirotlonmasi, ® iso bucaq stiratidir. Bu model
vasitasilo miiharrik vo aktuatorlarda yaranan yliklonmalar analiz edilir vo normadan konar hallar
diagnostik signal kimi qiymotlondirilir. Vibrasiya osasli diagnostika iisullarinda iso signalin
enerjisi vo doyismosi osas gostorici kimi istifado olunur. Vibrasiya signalinin orta kvadrat
giymaoti belo hesablanir:

i=1"i

RMS = [ZZN x2 (3)

Bu gostarici artdigca sistemdo asinma vo balanssizliq ehtimali yiiksolir.

Temperatur osasli monitoringdo iso istilik yayilmasi vo doyismosi asagidaki sado istilik
balansi ilo modellosdirilir:

Q =mcAT (4)

Burada Q istilik enerjisi, m kiitlo, ¢ xiisusi istilik tutumu, AT iso temperatur doyismosidir.
Motorlarda temperatur artimi nasazligin ilkin gostaricilorindon biri hesab olunur.

Prognostik texniki xidmot tigiin iso statistik vo siini intellekt osasli yanagsmalarda ehtimal
modellari istifads edilir. Nasazliq ehtimalinin qiymatlondirilmasi ii¢lin sads ehtimal modeli bela
ifads oluna biler:

. Nasazliq say1
P(Failure) = - 1%y

Umumi miisahids say1

)

Daha inkisaf etmis yanasmalarda iso masin dyronmosi modellorindo itki funksiyasi
minimallagdirilir:

L= % Z?zl(Yi - 90)? (6)

Bu funksiya real vo prognozlagdirilan naticolor arasindaki forqi olgarak modelin
doqiqliyini artirir.

Natico

Aparilan tohlillor vo totbiq olunan riyazi modellor gostorir ki, manipulyator robotlarin
diagnostikas1 yalniz mévcud nasazliqlarin agkar edilmasi ilo mohdudlagsmamali, sistemli sokilda
prognostik texniki xidmot yanagmasi ilo tamamlanmalidir. Kinematik vo dinamik modellor
vasitasilo horokot parametrlorinde yaranan sapmalarin erkon morholods miioyyon edilmasi,
vibrasiya vo temperatur kimi fiziki gostoricilorin davamli monitoringi iso nasazliglarin yaranma
ehtimalin1 ovvalcadon giymotlondirmaye imkan verir. Sensor texnologiyalari ilo toplanan
molumatlarin siini intellekt vo masin dyronmasi alqoritmlori ilo emali naticosindo sistemdo gizli
qanunauygunluglar agkar olunur vo bu da oanonavi texniki xidmat yanasmalarindan daha yiiksok
doqiqlik tomin edir. Belo inteqrasiya olunmus diagnostika modeli robototexniki komplekslorin
etibarliligini artirir, istismar miiddotini uzadir va texniki xidmat xarclorini minimuma endirir.
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AzPOS dastokli CHCNAYV GPS ilo insaatda reper toyini vo planalma
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Xiilaso

Bu tezisdo global movqge toyinetmo sistemlorinin, xiisusilo GNSS texnologiyalarinin,
insaat sahosindo rolu vo totbiq imkanlari nozordon kegirilmisdir. Miiasir tikinti iglorindo
koordinatlarin operativ vo doqiq miioyyanlosdirilmasi geodeziya tominatinin asas sortlorindon
biridir. Bu baximdan peyk asasli 6lgma iisullari tikinti sahosinin ilkin dyranilmasi, reperlarin
yaradilmasi, layihonin yers kociiriilmosi vo planalma islorinin aparilmasinda miihiim ochomiyyaot
dasiy1r. Isin praktik hissesinde AzPOS ilo isloyon CHCNAV GNSS gobuledicisi vasitasilo kigik
hocmli todris-praktik is yerina yetirilmisdir. A¢iq soma goraitino malik sahodo dayaniqli reper
noqtolori miioyyon edilmis vo ilkin koordinat molumatlar1 toplanmigdir. Praktik isin moagsadi
boyiik hocmli miihondis axtarisi aparmaq deyil, GNSS texnologiyasinin insaat-geodeziya
islorindo funksional rolunu real niimuno {izorindo goéstormok olmusdur. Toplanmis ilkin
molumatlar gostorir ki, AzPOS dostokli GNSS 6lgmolori agiq saholordo operativ koordinat
alinmasina, reperlorin vahid sistemdo toyin edilmasine vo sonraki planalma islori ii¢lin ilkin
baza yaradilmasina imkan verir.

Acar sozlar: GNSS, AzPOS, CHCNAYV, reper, planalma, insaat geodeziyast

Giris

Qlobal mévqe toyinetma sistemlori miiasir geodeziya vo ingaat islorinin an vacib texnoloji
vasitalorindon biri hesab olunur. GPS, GLONASS, Galileo vo BeiDou kimi peyk sistemlorini
birlogdiron GNSS yanasmasi noqtalorin koordinatlarinin qisa miiddstde vo yiiksok doqiqlikls
toyin edilmosina imkan verir. insaat sahasindo bu texnologiyalarin totbiqi tikinti meydangasinin
geodeziya osaslandirilmasinda, layiho elementlorinin yers kogiiriilmosinds vo icra nozarstindo
xiisusi ohomiyyat dasiyir (Hofmann-Wellenhof, Lichtenegger, & Wasle, 2008).

Onanovi 6lgmo tisullart ilo miiqayisodo GNSS texnologiyasi genis orazilords daha ¢evik
islomoyo, Olciilorin vahid koordinat sistemino baglanmasina vo naticolorin rogomsal emalina
sorait yaradir. Xiisusilo real vaxt korreksiyasi ilo ¢alisan sistemlor ingaat miithondisliyi {i¢iin saho
islorini xeyli sadolosdirir. Bununla belos, signalin manealorlo zaiflodiyi miihitlords vo ¢ox doqiq
lokal bolgii islorinds digor geodeziya alatlori ilo birlikds totbiq olunmasi daha samorali olur
(Ozgen, 2019).

Tadgiqatin mogsadi qlobal mévqe toyinetma sistemlorinin insaatdaki rolunu qisa nozori
cor¢ivado izah etmok vo AzPOS dostokli CHCNAV gobuledicisi ilo yerino yetirilmis sado
praktik is niimunosindo reper toyini vo planalma ardicilligini gdstormokdir. Isin praktiki
ohomiyyati aparilmis ilkin 6lgmolor osasinda GNSS texnologiyalarinin real saho soraitindo
totbiq imkanlarinin gostarilmasindaon ibaratdir.

Tadqiqat metodu

AzPOS geodeziya 6lgmolorinds koordinatlarin daha doqiq alinmasina xidmot edon peyk
osasl istinad sistemidir. Bu sistem miixtolif peyk signallarini gobul edir vo emal olunmus
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korreksiya molumatlarini istifadogiya otiiriir. Noticodo CHCNAYV GNSS gobuledicisi vasitasilo
ingaat sahosindo reper noqgtalorinin koordinatlarin1 daha operativ vo etibarli sokildo miioyyon
etmok miimkiin olur (Ghilani & Wolf, 2020).

Praktiki is ki¢ik hocmli todris-saho tapsirigi kimi yerino yetirilmisdir. Sahodo peyk
signallarinin sabit gobuluna uygun, aciq soma goriiniisiine malik noqtolor secilmis vo reper kimi
qabul edilmisdir. Daha sonra CHCNAV GNSS qabuledicisi AzPOS korreksiya xidmati ilo
isladilorok homin noqtalorin koordinatlar1 vo yiiksoklik gostoricilori toyin olunmusdur. Alinmis
molumatlar sonraki emal vo planalma islori {iciin ilkin geodeziya baza molumati kimi nozordo
tutulur. Bu morhalodo moagsod tam miqyasli miihondis-geodeziya axtarisi aparmaq deyil, GNSS
osasinda reper toyininin vo planalma ardicilliginin praktik olaraq niimayis etdirilmosi olmusdur.

Cadval 1. Reper noqtalari {izrs ilkin koordinat molumatlari

Noqto Sarq (X) Simal (Y) Hiindiirliik (Z)
Reper 1 650835.488 4409819.745 787.796
Reper 2 650970.512 4409740.153 788.770

Praktik is zamani koordinatlarin operativ alinmasi vo noticolorin rogomsal sokildo
geydiyyatt GNSS iisulunun osas iistiinliiklori kimi qiymoatlondirilmisdir. Insaat tocriibasinda bu
yanasma ilkin saha hazirliginda, geodeziya istinad noqtalorinin yaradilmasinda, torpaq isloerinin
imumi konturunun miioyyonlogsdirilmosindo vo layihonin sahoado ilkin yerlosdirilmosindo
faydalidir. AzPOS kimi daimi istinad stansiyasi sobokalori real vaxt korreksiyasi verdiyi ti¢iin
saho 6lgmolorinin somaraliliyini artirir vo koordinatlarin vahid sistemdo alinmasina komok edir
(Miitollimov vo b., 2016).

Reper noqtolorinin toyinindon sonra yasilliq sahasi iizro planalma ndqtolori toplanmis,
AutoCAD programina kogliriilmiis vo emal edilorok grafik tosviri hazirlanmisdir. Praktik is
zamani toplanmis planalma noqgtolorinin AutoCAD program miihitindo emali noticosindo
yasilliq sahasinin konturu vo daxili hissalari qrafik sokilde oks etdirilmigdir. Alinmig bu qrafik
material insaat sahosindo geodeziya osasinin yaradilmasi, sahonin sorhodlorinin
miioyyonlosdirilmoasi vo planalma islorinin daha doqiq toskili ticlin miihiim ilkin baza rolunu
oynayir.

Sakil 1. AzPOS dostokli CHCNAYV GPS vasitosilo yasilliq sahosi iizro planalma
noqtolorinin AutoCAD miihitinds emal olunmus grafik tosviri
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Sokildo yasilliq sahasi iizro planalma noqgtolorinin emal olunmus qrafik yerlogmosi
gostorilmisdir. Bu molumatlar ingaat sahosindo geodeziya osasinin yaradilmasi, sahonin
sorhadlarinin vo daxili konturlarinin miisyyanlogdirilmasi, homginin planalma iglorinin daha
doqiq toskili baximindan miihiim ohomiyyst dasiyir. Eyni zamanda, emal olunmus qrafik
material sonraki layiholondirma vo sahs iizra qorarlarin verilmasi tiglin etibarli baza yaradir.

Notica

Aparilan nozori imumilogdirmo vo kigik hocmli praktik is gostorir ki, qlobal mdvqe
toyinetmo sistemlori ingaat sahosindo operativ geodeziya tominati iiclin miihiim vasitodir.
AzPOS doastokli CHCNAYV gobuledicisi ilo reper noqtalorinin ilkin koordinatlarinin toyini saha
islorinin ardicilligini sadolosdirmis vo molumatlarin vahid sistemdo toplanmasina imkan
vermisdir. Eyni zamanda, yasilliq sahasi lizro toplanmig planalma ndqtelorinin AutoCAD
miihitinde emali noticosindo sahonin qrafik tesviri oldo edilmisdir. Bu isa GNSS
texnologiyalarinin insaat sahasinds yalniz koordinat toyini {igiin deyil, hom dos planalma va saha
konturlarinin miioyyonlosdirilmosi ii¢lin somorali totbiq oluna bilocoyini gostorir. Beloliklo,
GNSS miiasir ingaat miihondisliyindo operativlik, doqiqlik vo rogomsal emal imkanlar
baximindan ohomiyyatli Gistiinliiklor yaradir.
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Xiilasa

Mobil robotlarin naviqasiyas1 miiasir robototexnikanin asas problemlorindon biridir vo
sonayedon xidmat sektoruna qodor uzanan ¢oxsayli totbiglora malikdir. Bu moagalo mobil robot
naviqasiyasi strategiyalarini, ononavi graf osasli yanagmalardan miiasir siini intellekt hollorino
godor aragdirir. Bu moqalodo miixtalif “Simultaneous Localization and Mapping”
alqoritmlorinin performans miiqayisasi aparilmis vo qraf optimallasdirilmasina asaslanan Karto
osaslt “Simultaneous Localization and Mapping” alqoritminin istiinliiklori izah edilmisdir.
Bundan olave, “Large Language Model” alqoritmlorinin dinamik vo namslum miihitlordo
maneolordon yayinaraq navigasiya etmo qabiliyyati, eloco do bu alqoritmlorin niimuno
somarasizliyi kimi mohdudiyyatlori izah edilmisdir. Homginin, Boylik Dil Modellorinin
semantik omrlori yerino yetirma gabiliyyati do aragdirilmisdir. Noticolor gostorir ki, tok bir hall
biitiin problemloari hall eds bilmaz va golocok mobil robot naviqasiya sistemlori hibrid hallor
osasinda layiholondirilmolidir.

Acgar sozlar: Mobil robot navigasiyasi, Siini intellekt, SLAM alqoritmlori, Dorin
Giiclondirici Oyroanmo (DRL), Béyiik Dil Modellori (LLM)

Giris

Avtonom Mobil Robotlar sanaye avtomatlasdirilmasi, sohiyys, kond tasarriifat1 vo xidmat
saholori daxil olmaqla miixtalif is saholorindo insanlara kdmok gostormokdo getdikco daha ¢ox
ohomiyyat qazanir. Robotlarin bu miihitlordo somoarali faaliyyoti onlarin navigasiya
gabiliyyating, yoni baslangic néqtodon hodofo maneosiz vo optimal yolla ¢catmaq bacarigina
osaslanir. Miiasir dovrdo naviqasiya sistemlori sadoco harokot etmok deyil, hom do otraf miihiti
gavramag, gorar vermok vo icra etmok kimi ii¢ osas fazani 6zilindo birlosdiron miirokkob bir
prosesa cevrilmisdir. Xiisusilo, statik sonaye miihitlorindon insanlarin vo diger robotlarin
movecud oldugu six vo dinamik miihitlors keg¢id, anonovi naviqasiya strategiyalarinin yenidon
nozordon kegirilmosini zoruri edir.

Movcud navigasiya metodlar1 osason iki qrupa boliiniir: ononavi (qraf vo niimuna osasli)
vo Oyronmo odsasli (siini intellekt) metodlar. A*, Dijkstra kimi nonovi metodlar statik vo molum
miihitlordo optimal yol tapsalar da, namolum vo dinamik miihitlordo, xiisusilo sensor xotalar1
vo miirokkob maneslor qarsisinda aciz qalirlar. Masalon, Siini Potensial Saho (APF) metodlar1
robotun "local minimum" néqtalorinds ilisib qalmasina sobab ola bilir. (3) Digor torofdon, Darin
Giiclondirici Oyronmo (DRL) kimi miiasir yanasmalar robotlara smag-yanilma yolu ilo
Oyronmok imkani verso do, "nlimuno somorasizliyi", yliksok hesablama toloblori vo
simulyasiyadan realliga kec¢id zamani yaranan uygunsuzluglarla iizlosirlor. (1) Homginin,
Boytik Dil Modellorinin (LLM) naviqasiyaya totbiqi semantik omrlorin anlasilmasi {i¢iin yeni
imkanlar yaratsa da, onlarin real vaxt rejiminda totbiqi yiiksok resurs tolab edir.

Bu isinin osas mogsadi mobil robotlarin navigasiyasi ii¢lin istifado olunan miixtolif
strategiyalar1 hortorafli tohlil etmak vo onlarin somaraliliyini qiymatlondirmakdir. Todqiqat
corcivasindo miixtolif SLAM alqoritmlorinin xoritogokmo doqiqliyi miigayiso edilmis, DRL
alqoritmlorinin dinamik maneslordon yayinma performanst analiz edilmis vo LLM-larin
naviqasiya omrlorini yerino yetirmak {i¢iin inteqrasiya imkanlar1 aragdirilmisdir.
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Tadqiqat metodu

Bu todqgigatda mobil robotlarin navigasiya problemlorini hall etmok ticilin istifado olunan

metodlar bes asas kateqoriyaya bolinarak sistemli sokildo tohlil edilmisdir: Qraf ssash axtaris,
Niimuno osasli, Qradient asasli, Bio-ilhamli vo Oyronmao asasli metodlar.

1.

Onanovi Metodlar (Qraf vo Niimuns 9sasli): Bu kateqoriyada Dijkstra vo A* kimi qraf
osasl axtarig alqoritmlori tohlil edilmisdir. A* alqoritmi evristik funksiya vasitosilo
axtarig sahosini daraldaraq Dijkstra metoduna nisboton daha siirotli natico verir, lakin
dinamik miihitlordo yenidon planlama zamani gecikmolor yasaya bilir. Niimuno asash
metodlardan RRT (Rapidly-exploring Random Tree) vo PRM (Probabilistic Roadmap)
yuksok Olgiilii fozalarda effektivdir, lakin tapilan yolun optimallifina zomanot
verilmir.(3)

SLAM Algoritmlarinin Miiqayisoli Tohlili: Robotun namalum miihitds 6z yerini toyin
etmasi va xarito qurmast ligiin li¢ asas 2D-SLAM alqoritmi (Gmapping, Hector SLAM,
Karto SLAM) ROS miihitinds sinaqdan kegirilmisdir. Gmapping filtr asashidir (RBPF)
va boylik xaritolordo yaddas problemlori yaradir. Hector SLAM odometr tolob etmir,
lakin yiiksok tezlikli lidar tolob edir. Karto SLAM iso qraf optimallagdirmasina asaslanir
vo dévro gapanmasi mexanizmi sayasindo on yliksok doqiqlik niimayis etdirir.(4)
Oyranmo Bsasli Metodlar (DRL vo LLM): Bu istigamotdo Derin Giiclondirici Oyronma
(DRL) metodlart olan DQN, DDQN vo PPO totbiq edilmisdir. DQN diskret harakotlor
ticiin effektiv olsa da, "asir1 giymotlondirma" problemi yasayir; bu problemi holl etmok
ticiin DDQN istifads edilmisdir. PPO isa siyasat (policy) asasli metod olaraq daha stabil
Oyronmo tomin edir. Naviqasiya sistemlorindo yaddas problemini holl etmok {igiin
LSTM (Long Short-Term Memory) vo GRU kimi tokrarlanan neyron soboakalori (RNN)
DRL agentlorino inteqrasiya edilmisdir.(1) Bundan olave, Boyiik Dil Modellarinin
(LLM) naviqasiyaya totbiqi, xiisusilo tobii dildo verilon amrlorin (masalon, "motbaxa
get") icrasi ii¢iin 3P-LLM vo DCIP kimi ¢oargivolor aragdirilmisdir.(3)

Daorin Q-Sabakasi (DQN) alqoritminds itki funksiyasi asagidaki tonlikls ifads edilir(2)

L(6;) = F

2
(R + /\m’?:r: Q (S’, A" H:) — QS A H,-)) ]

Burada R miikafat, A endirim amsali, Q iso foaliyyat-doyar funksiyasini tomsil edir.

Asagidaki diagram DRL asasli naviqasiya prosesini tasvir edir. Robot miihitdon voziyyat
molumatini alir, haorokot se¢ir vo mithitdon miikafat alir. (Sokil 1)(2)

Cari vaziyyat

Miikafat

Harakat

Novheti veziyyet

Sakil 1. DRL asasl naviqasiya sistemindo agent vo miihit arasindaki qgarsiligh alago sxemi.

75



Rosulzada.N.: Siini intellektls tachiz olunmus mobil ...

Natico

Aparilan todqiqat vo simulyasiya naticolori gostorir ki, mobil robotlarin navigasiyasi ii¢iin
tok bir universal metod movcud deyil, lakin miixtslif yanagmalarin kombinasiyast an yliksok
somaraliliyi tomin edir.

Simulyasiya vo real miihit testlori noticosindo miioyyon edilmisdir ki, Karto SLAM
algoritmi Gmapping vo Hector SLAM ilo miigayisodo daha yiiksok doqiqlik niimayis etdirir.
Simulyasiya miihitinde Karto SLAM-1n orta xatas1 0.158 metr (nisbi xota 1.22%), real miihitdo
159 comi 0.019 metr olmusdur.(4)

DRL metodlarinin totbiqi gostormisdir ki, bu agentlor namolum miihitlorde xoritosiz
naviqasiya gabiliyyotino malikdir. Simulyasiya naticolorino goro, Adam optimallagdiricist ilo
tolim edilmis DRL agentlori, SGD va RMSprop ilo miiqayisade daha yiliksok miikafat
toplayaraq daha siirotli dyronmo niimayis etdirmisdir. (2) Lakin, DRL metodlarinin totbiqi
zamani "niimund somarasizliyi" halo do problem olaraq qalir.

Golocok naviqasiya sistemlori iigiin on perspektivli hall yolu hibrid yanasmalardir.
Mosalon, global planlama vo xaoritogokmo iiciin Karto SLAM vo A* kimi doqiq hondosi
algoritmlorin, yerli dinamik gorarlar, semantik anlayis vo maneodon yaymma iigiin iso DRL vo
ya LLM kimi siini intellekt modellarinin birlosdirilmasi taklif olunur

9dobiyyat siyahisi

1. Le, H., Saeedvand, S., & Hsu, C.-C. (2024). A Comprehensive Review of Mobile Robot
Navigation Using Deep Reinforcement Learning Algorithms in Crowded
Environments.  Journal of Intelligent &  Robotic  Systems, 110:158.
https://doi.org/10.1007/s10846-024-02198-w

2. Raj, R., & Kos, A. (2024). Intelligent mobile robot navigation in unknown and complex
environment using reinforcement learning technique. Scientific Reports, 14, 22787.
https://doi.org/10.1038/s41598-024-72857-3

3. Waga, A., Benhlima, S., Bekri, A., Abdouni, J., & Saber, F. Z. (2025). A survey on
autonomous navigation for mobile robots: From traditional techniques to deep learning
and large language models. Journal of King Saud University - Computer and
Information Sciences, 37, 198. https://doi.org/10.1007/s44443-025-00216-x

4. Zhao, J., Liu, S., & Li, J. (2022). Research and Implementation of Autonomous
Navigation for Mobile Robots Based on SLAM Algorithm under ROS. Sensors, 22(11),
4172. https://doi.org/10.3390/s22114172

76


https://doi.org/10.1007/s10846-024-02198-w
https://doi.org/10.1038/s41598-024-72857-3
https://doi.org/10.1007/s44443-025-00216-x
https://doi.org/10.3390/s22114172

“Golacayin Miihandisi” Toalabalorin I Elmi-Texniki Konfransi
24-25 Aprel 2026, Qarabag Universiteti, Xankandi, Azarbaycan

Transformation of Programming in the Age of Artificial Intelligence:
The Future of IT Education and the Developer Role

Elnur Mammadov
School of Engineering, Karabakh University, Khankendi, Azerbaijan
mammadow.elnur@gmail.com

Abstract

The rapid development of artificial intelligence is transforming the nature of
programming, software engineering workflows, and the competencies expected from modern
developers. Tasks such as code completion, bug detection, test generation, documentation, and
system design support are increasingly assisted by Al-based tools, reducing the time required
for routine operations and increasing development speed. This shift is changing the traditional
role of programmers from primarily writing code manually to supervising, validating,
integrating, and optimizing Al-assisted outputs. At the same time, the transformation creates
new expectations in IT education, where conventional programming instruction alone is no
longer sufficient for preparing students for the future labor market.

This study examines the impact of artificial intelligence on programming processes,
analyzes the evolving role of developers, and explores how IT education should adapt to these
changes. The research is based on analytical review, comparative evaluation of current
educational approaches, and conceptual interpretation of emerging industry trends. The study
highlights that future programmers will need not only coding skills but also strong
competencies in algorithmic thinking, system design, prompt engineering, critical evaluation
of machine-generated code, ethics, cybersecurity, and interdisciplinary collaboration.

The findings show that artificial intelligence will not eliminate the need for programmers,
but it will significantly redefine their responsibilities. As a result, I'T education must shift toward
a model that integrates human creativity, computational thinking, and Al literacy. The study
concludes that the programmer of the future will act more as a problem solver, system architect,
and intelligent technology coordinator than as a traditional code writer.

Keywords: Artificial Intelligence, Programming Transformation, IT Education, Software
Development, Future Developer

Introduction

The digital transformation of society has accelerated with the widespread adoption of artificial
intelligence technologies. In software development, Al is no longer limited to a theoretical
concept or a specialized research field; it has become an active component of everyday
programming practice. Tools based on large language models and machine learning are now
capable of generating code, suggesting algorithms, identifying bugs, producing documentation,
and assisting in software testing. This technological shift has created a new stage in the
evolution of programming and has made the topic highly relevant for both industry and
academia.

The need for this research arises from the growing gap between traditional programming
education and the new realities of Al-supported software development. Existing educational
models often focus on syntax, language-specific exercises, and manual code production.
However, modern software environments increasingly require developers who can work
effectively with intelligent systems, evaluate machine-generated solutions, and design robust
software architectures. This creates challenges for universities, training centers, and
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policymakers who must redesign curricula to reflect the transformed expectations of the labor
market.

In order to address this problem, the present study analyzes how artificial intelligence is
reshaping programming processes, examines the changing role of developers, and evaluates the
implications for IT education. The study explores the transition from traditional coding-
centered development to Al-augmented engineering practice, where human expertise shifts
toward supervision, validation, and strategic decision-making.

The structure of this paper is organized as follows. First, the research method and analytical
framework are presented. Next, the main dimensions of transformation in programming and IT
education are discussed. Finally, the paper summarizes the main findings and presents
conclusions about the future model of the programmer in the age of artificial intelligence.

Research Method

This study applies a qualitative and analytical research method based on conceptual review and
comparative interpretation of current technological and educational developments. The
research relies on three main components. First, the programming process is examined in the
context of artificial intelligence integration, focusing on code generation, debugging, testing,
and documentation support. Second, the developer role is analyzed comparatively in terms of
traditional and Al-assisted software engineering tasks. Third, the study evaluates the
implications of these transformations for IT education and curriculum design.

The materials of the study consist of recent conceptual discussions in software engineering,
digital education practices, and industrial trends related to Al-assisted development
environments. Rather than focusing on a single experiment, the paper synthesizes multiple
practical observations and theoretical perspectives to identify common patterns and future
directions.

The analytical framework is built around three dimensions:

1. Technological dimension —how Al changes the software development lifecycle;
Professional dimension — how the responsibilities and competencies of developers
evolve;

3. Educational dimension — how institutions should redesign IT education to prepare
students for this new environment.

Conclusion

To clarify the transformation process, the following conceptual relation can be presented:
Programming future = Human Expertise + Al Assistance + Critical Evaluation (1)

This expression shows that future programming is not based solely on human coding effort or
autonomous Al generation, but on the interaction between human knowledge, intelligent tools,
and evaluation skills.

A simplified transformation model is shown below:
Traditional model:

Problem definition — Manual coding — Debugging — Testing — Deployment
Al-supported model:

Problem definition — Prompt/design instruction — Al-generated draft —
Human review and refinement — Testing and validation — Deployment
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This comparison demonstrates that Al reduces routine implementation effort while increasing
the importance of reasoning, verification, and system-level thinking.

In addition, the study identifies several observable trends in practice:

* Increased automation of repetitive coding tasks;

* Higher productivity in prototyping and debugging;

» QGreater importance of software verification and ethical responsibility;
* Rising demand for Al literacy in technical education.

These findings are used as the basis for interpreting the future programmer model and proposing
directions for educational adaptation.

The analysis shows that artificial intelligence is transforming programming in several
fundamental ways. First, Al significantly accelerates routine software development tasks.
Developers can now generate code templates, automate repetitive functions, receive instant
suggestions, and identify potential errors more quickly than in conventional development
settings. As a result, productivity increases, especially in prototyping, documentation, and
debugging stages.

Second, the developer’s role is moving away from being limited to writing syntax manually.
Instead, developers increasingly act as supervisors of machine-generated outputs. This requires
them to define problems clearly, formulate precise instructions, assess the quality of Al-
produced code, and ensure that the final software meets performance, security, and ethical
standards. In this model, responsibility remains human-centered, even when implementation
becomes Al-assisted.

Third, the transformation affects the skill profile expected from programmers. Traditional
competencies such as programming language knowledge, algorithms, and data structures
remain important, but they are no longer sufficient on their own. Future developers must also
master prompt formulation, code review, model-assisted debugging, systems thinking,
collaboration with intelligent tools, and awareness of Al limitations. The ability to question the
correctness, bias, and security of generated code becomes especially important.

A major implication of these changes concerns IT education. Educational institutions must
revise curricula so that students are not only trained to code, but also prepared to work in hybrid
human—AlI environments. This means that courses should integrate Al-supported development
tools into the learning process while continuing to build strong foundations in logic, algorithmic
thinking, software design, and ethics. Students should learn not only how to produce code, but
also how to validate it, improve it, and understand its broader technical and social
consequences.

The results further suggest that the future programmer will be defined less by the amount of
code written manually and more by the capacity to solve complex problems, design reliable
systems, and cooperate effectively with Al systems. Therefore, programming education should
move from a narrow coding-centered approach to a broader competence-centered model.

This study examined the transformation of programming in the age of artificial intelligence and
evaluated its implications for the future of the developer role and IT education. The findings
indicate that Al is reshaping software development by automating repetitive tasks, accelerating
workflows, and changing the balance between manual coding and intelligent assistance.

The main achievement of this transformation is the emergence of a new developer model.
Future programmers will not disappear; rather, they will become more strategic, analytical, and
interdisciplinary professionals. Their work will focus more on problem formulation, validation
of Al-generated outputs, system architecture, ethical responsibility, and human-centered
decision-making.

The study also demonstrates that IT education must adapt quickly to this new reality.
Educational programs should combine classical computing foundations with Al literacy, critical
thinking, practical tool use, and ethical awareness. Such adaptation is necessary to prepare
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graduates for a labor market in which human developers and intelligent systems increasingly
work together.

In conclusion, the age of artificial intelligence does not reduce the importance of programming;
instead, it redefines its form, purpose, and required competencies. The programmer of the future
will be a creator, evaluator, and coordinator of intelligent digital systems.
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Xiilasa

Miiasir rogomsal idaraetmo miihitinds elektron sonad sistemlari toskilatlarda informasiya
axininin tonzimlonmasi, sonadlorin operativ emali, saxlanilmasi vo idars olunmasi baximindan
mithim ohomiyyat kosb edir. Moqalodo elektron sonad sistemlorindo molumat emalinin
somaraliliyi masalasi aragdirilmis, bu somoraliliys tosir edon asas texniki vo istifadag¢i yontimlii
amillor tohlil edilmisdir. Movzunun aktualligi onunla baghdir ki, rogomsallasma soraitindo
sonad dovriyyasinin siirati vo keyfiyyati toskilati foaliyystin {imumi naticoliliyine birbasa tosir
gostorir.

Todqgiqat zamani elektron sonad sistemlorinin funksional xiisusiyyatlori, malumat emal
morhololori vo istifadogi davraniglart nozori vo totbiqi baximdan nozordon kegirilmisdir.
Aragdirmada miiqayisoli tohlil, sistemli yanasma, miisahido vo istifado¢i yOniimli
giymoatlondirmo metodlarindan istifado olunmusdur. Sonadin yaradilmasi, qeydiyyati, axtarisi,
marsrutlagdirilmasi vo arxivlosdirilmosi kimi proseslor osasinda molumat emalinin siirotine vo
rahatligina tosir edon amillor miioyyon edilmisdir. Homginin omoliyyat addimlarinin sayi,
tapsiri@in yerino yetirilmo miiddoati, sohv hallar1 vo istifado rahathigi kimi gostoricilor {izro
timumi elmi yanagmalar iimumilogdirilmisdir.

Tadqiqat noticosindo miioyyon olunmusdur ki, elektron sonad sistemlorindo moalumat
emalinin somoaraliliyi sistemin texniki imkanlar1 ilo yanasi, onun istifadogi ti¢iin sado, aydin vo
montiqi qurulmasindan da asihidir. Interfeysin sadolosdirilmasi, axtaris mexanizmlorinin
tokmillosdirilmosi  vo  sonad marsrutlarinin = optimallagdirilmast  molumat  emalinin
stiratlonmasing vo idaroetms keyfiyystinin yiiksolmosing sorait yaradir. Magals elektron sanad
sistemlorinin tokmillogdirilmasi istigamatindo nozori vo praktik osaslar toqdim edir.

Acar sozlar: elektron sanad sistemlori, malumat emali, samaralilik, istifadaci tacriibasi,
raqamsal idaraetma

Giris

Elektron sonod sistemlori miiasir idaroetmo vo informasiya miihitindo sonodlorin
yaradilmasi, qeydiyyati, Otiirlilmasi, saxlanilmasi, axtarist vo icrasina nozaratin tomin
olunmasinda miihim rol oynayan roqomsal alotlordon biridir. Togkilatlarda informasiya
axminin stirotlonmosi, idareetmo qorarlarinin daha operativ qobul edilmosi vo sonad
dovriyyesinin optimallagdirilmasi baximindan bu sistemlorin totbiqi xiisusi shomiyyat kosb
edir. Xisusilo rogomsallasmanin genis viisot aldig1 soraitdo elektron sonod sistemlorindo
molumat emalinin somoraliliyi hom idaroetmo keyfiyyeotinin, hom do omok mohsuldarliginin
yiiksoldilmasindo vacib amil kimi ¢ixis edir. Bu baximdan segilmis mdévzu aktual olmagqla
yanast, praktik vo elmi chomiyyoto do malikdir.

Hazirda miixtolif miiossiso vo toskilatlarda elektron sonad sistemlorinin totbiqi genislonso
do, bu sahodo holo do bir sira problemlor mévcuddur. Belo ki, bozi hallarda sistemlorin
funksional imkanlar1 yiiksok olsa da, istifadagi interfeysinin miirokkobliyi, molumatlarin axtaris
vo emal prosesindo vaxt itkisi, sistemlorarasi inteqrasiya zoifliyi, habelo istifadogi
davranislarinin kifayat qodor dyronilmomaosi timumi samoraliliyi asagi salir (Jordan, 2022).

Elmi odobiyyatda elektron sonod dovriyyesi, rogomsal idaroetmo, istifadoci tocriibasi vo
informasiya sistemlorinin effektivliyi ilo bagli miixtslif yanagmalar movcuddur. Lakin elektron
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sonad sistemlorinds mohz molumat emalinin somoraliliyi ilo istifadoci amillori arasindaki
olagonin kompleks sokildo arasdirilmasi bu sahado slavas todqiqata ehtiyac yaradir. Buna goro
do todqgiqat isindo elektron sonad sistemlorinin istifadoesi zamani molumat emali prosesinin
sliratino vo keyfiyyotina tosir edon osas amillorin dyronilmasi zoruri hesab edilir.

Tadqgigat isinin osas mogsadi elektron sonod sistemlorindos molumat emalinin
somaraliliyini miisyyon edon amillori tohlil etmak vo bu istiqgamotds tokmillogsdirms imkanlarini
arasdirmaqdan ibaratdir. Bu mogsoado nail olmagq tigiin elektron sonad sistemlorinin mahiyyati
va funksional xiisusiyyatlori nozardon kegirilir, malumat emal1 prosesinin toskilati vo texnoloji
toroflori arasdirilir, istifadogi tocriibosinin bu proseso tosiri qiymoatlondirilir vo modvcud
problemlorin aradan qaldirilmasi istigamatindo elmi-praktik yanasmalar irali siiriiliir. Todqiqat
zamani sistemli yanagma, miiqayisali tohlil, miisahido, tosviri iimumilogdirmo vo nozari tohlil
metodlarindan istifads olunmasi nazorda tutulur. Isin elmi yeniliyi elektron sanad sistemlorinda
molumat emalinin samorsliliyinin yalniz texniki baximdan deyil, hom dos istifadagi yoniimlii
yanagma asasinda qiymaotlondirilmasi ilo baglidir. Praktiki ohomiyyati iso todqiqat naticalorinin
elektron sonad sistemlorinin tokmillasdirilmasi, istifads rahatliginin artirilmasi vo idarsetmoa
proseslorinds vaxt itkisinin azaldilmasi iigiin totbiq imkanlari ilo miioyyan olunur.

Tadqiqat isi giris, todgigat metodu, notico vo odobiyyat siyahisindan ibarstdir. Giris
hissosindo movzunun aktualligi, todqiqatin moqsadi, vozifolori, elmi yeniliyi, praktiki
ohomiyyati vo metodoloji asaslar1 togdim olunur. Todqgigat metodu hissasindo istifado olunan
yanagmalar vo arasdirma tsullar1 izah edilir. Notico hissosindo iso aparilan tohlil
timumilosdirilir, asas elmi naticalor vo tokliflor formalagdirilir.

Tadqigat metodu

Tadqiqat isindo elektron sonad sistemlorindo molumat emalinin somorsliliyino tosir
gostoron amillorin miioyyonlosdirilmasi {igiin nazari tohlil, miiqayisali yanasma, miisahido vo
istifado¢i yontiimlii gqiymotlondirma metodlarindan istifado edilmisdir. Metodoloji asas kimi
elektron  informasiya  sistemlorinin  istifadoys  yararliigt = vo  somorsliliyinin
qiymatlondirilmasine dair yanagmalar gotliriilmiisdiir. Xiisusilo istifado yararlilig1 anlayisinin
effektivlik, somorolilik vo momnunluq komponentlori ilo izah edilmasi bu todqigatin metod
seciming osas vermigdir.

Todqgiqatin material bazasini elektron sonod sistemlorinin funksional xiisusiyyatlori,
sonadin daxil edilmosi, geydiyyati, axtarisi, yonlondirilmasi, tosdiqi vo arxivlosdirilmosi
morhoalalori lizro elmi monbolor, normativ yanasmalar vo rogomsal sonad idaroetmaosi ilo bagl
miiasir todqiqatlar toskil etmigdir. Bununla yanasi, elektron sonod sistemindo istifadogi
davranisini qiymotlondirmok iiciin omoliyyat ardicilli§i osasinda ssenari yanasmasi totbiq
olunmugdur. Bu yanasmada istifado¢inin sistemdo miioyyon tapsiriqlart yerino yetirmasi,
mosalon sonadin yaradilmasi, agar soz lizro axtarilmasi, aidiyyati icragiya gondorilmosi vo
yekun statusunun izlonilmasi kimi tipik amaliyyatlar tohlil vahidi kimi gotiiriilmiisdiir.

Aparilmis todqiqat ¢orgivosindo molumat toplama vo tohlil prosesi bir ne¢o morholods
qurulmusdur. Birinci morholodo movzu {lizro elmi odobiyyat arasdirilmis, elektron sonod
sistemlorinin ~ somoroliliyi  vo istifadogi  tocriibosi ilo bagli nozori  yanasmalar
sistemlosdirilmisdir. ikinci morholodo istifadogi foaliyyotinin qiymotlondirilmosi iigiin
gostoricilor miioyyonlosdirilmisdir. Bu gostoriciloro tapsirigin icra miiddoti, omoliyyat
addimlarinin say1, sohv hallarinin tezliyi, tapsirigin tamamlanma soviyyasi vo istifadogi
rahatlig1 iizro miisahido indikatorlar1 daxil edilmisdir. Istifadoyo yararliliq todqiqatlarinda mohz
vaxt, ugur faizi, sohv gostoricisi vo subyektiv qiymatlondirmalorin osas 6l¢li vahidlori kimi
gotiirtilmasi genis qobul olunur.

Natica

Aparilmis todqiqat gostorir ki, elektron sonod sistemlorindo molumat emalinin
somaraliliyi sistemin istifadogi ti¢lin no doracods anlasilan, ardicil vo funksional qurulmasi ilo
miioyyon olunur. Elektron sonod miihitindo sonodin yaradilmasi, qeydiyyati, axtarisi,

marsrutlasdirilmasi vo arxivlosdirilmosi kimi morhalalorin vahid montig lizra toskili molumat
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axininin nizaml idars olunmasina imkan verir. Istifadoys yararliliq iizro beynolxalq yanagsmalar
da gostorir ki, somoralilik, effektivlik vo istifadogi momnunlugu bir-biri ilo six bagh
gostaricilordir vo informasiya sistemlorinin real noticoliliyi mohz bu komponentlarin
vohdoatindo formalasir (Aliazas, 2024).

Todqiqat corgivosindo nozordon kegirilon materiallar vo proses modellori osasinda
miioyyon edilmisdir ki, elektron sonad sistemlorindo molumat emalinin siirotlonmasi iigiin osas
tistlinliiklor oamoliyyat addimlarinin azaldilmasi, tokrarlanan prosedurlarin sadolosdirilmasi,
axtaris vo filtrlomo mexanizmlorinin tokmillosdirilmasi, homginin sonad marsrutlarinin daha
aydin qurulmasi ils baglidir. Bu baximdan sistemin funksiyalarmin istifada¢i ti¢lin intuitiv vo
ardicil togdim edilmosi daha miihiim amil kimi ¢ixis edir. Rogomsal idaroetmo vo sonod
dovriyyasi lizro miiasir todqiqatlar da insan morkozli vo istifadogi yoniimlii yanasmalarin
mohsuldarligin yiiksalmasino, proses itkilorinin azalmasina vo idaroetmo omoliyyatlarinin daha
koordinasiyali icrasina sarait yaratdigini gostorir (Johnston & Bowen, 2005).

Cadval 1. Elektron sonad sistemlorindo molumat emalinin somoraliliyine tosir edon osas
amillor

Gostarici Tosviri Mbolumat emalina tasiri

Interfeysin sadoliyi Menyu va funksiyalarin aydin vao Omoaliyyat vaxtini azaldir
anlasilan qurulmasi

Axtaris mexanizmi Sonadlarin agar s0z, tarix vo Molumatin aldo olunmasini
kateqoriya {izro tapilmasi stiratlondirir

Avtomatlagdirma Qeydiyyat, yonlondirmo vo Ol omoayini va tokrarlanan

Soviyyasi bildirislorin avtomatik icrasi addimlar azaldir

Inteqrasiya imkanlar1 | Digor informasiya sistemlori ilo Molumat itkisini vo tokrar
olago daxil etmoni azaldir

Istifadoci hazirlig: Sistemdon istifados lizro bilik vo Sohv hallarini azaldir,
vordis soviyyosi operativliyi artirir

Olds edilmis elmi naticalordon biri odur ki, elektron sonad sistemlorinds somaralilik
gostaricilorinin gqiymoatlondirilmasi iiglin tapsirigin icra miiddoti, addimlarin say1, sohv tezliyi
va tapsirigin tamamlanma saviyyasi kimi indikatorlar praktik baximdan daha uygun hesab edilo
bilor. Bu gostaricilor vasitasilo sistemin hansi morhalolorindo gecikmo, yiiklonmo vo ya
istifadagi iiclin ¢atinlik yarandigini izlomok miimkiin olur. Usability tadqgiqatlarinda da mohz
vaxt, sohv vo tamamlanma gostoricilorinin osas 6lgmo meyarlarit kimi totbiq olunmasi bu
yanagmanin elmi asash oldugunu tosdigloyir (Cho, 2008).

Tadqiqat isinin istiinlilyii ondan ibarotdir ki, elektron sonoad sistemlorindo molumat
emalmin samoraliliyi ayrica texnoloji problem kimi deyil, istifadoci davranisi, sistem mantiqi
vo is aximinin toskilati qurulusu ilo olagoli sokildo nozordon kegirilmisdir. Bu yanasma
mdvzunun daha obyektiv giymotlondirilmasine imkan verir. Isin praktiki shamiyyati iso ondan
ibaratdir ki, burada irali stiriilon yanagsmalar elektron sonad sistemlorinin yenidon qurulmasi,
istifadoci interfeysinin sadolosdirilmosi, daxili sonod marsrutlarinin optimallasdirilmasi vo
toskilatlarda rogomsal sonad idaragiliyinin daha mohsuldar formada togkili tigiin totbiq oluna
bilor (Anggraini, 2024). Bu monada todqiqat naticalori hom elmi-nazari, hom do totbiqi
baximdan faydali hesab edils bilor.
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Xiilasa

Bu moqalado todrisdo bas veron miihiim doyisikliklordon vo on osas agilli kampusdan
bohs edilir. Ononavi tohsil modellori daha siiratli,ol¢atan vo effektiv formaya kegmisdir. Biitiin
bunlarin noticosindo iso lmumi todris proseslori roqomsallasdirilib. Tolobolor onlayn
platformalar,virtual siniflor vo siini intellekt totbiglori naticasinds fordi dyronms imkani aldo
edirlor. Eyni zamanda bu texnologiyalar miisllimlor {i¢lin do todrisi daha somarali togkil etmoya
va toloblarin naticolorini eyni vaxtda izlomaya sorait yaradir. ”Agilli kampus” texnologiyalar
vasitasila tohsil miihitini daha effektiv vo ol¢atan edir.

Acar sozlar: Agillh Kampus, Tohsil Modeli, Platforma, Todris Prosesi, Miiallim

Giris

Son zamanlar informasiya vo kommunikasiyada bas veran siirotli inkisaf tohsil sisteminda
mithim koklii doyisikliklora sobab olmusdur.Bas veron doyisikliklor noticosindo ononavi tohsil
modellori siirotlonorok daha ¢evik, olgatan vo effektiv Oyronmo miihitino ¢evrilmisdir.
Dayisikliklor tokco todrisin materiallarinin elektron formata kegirilmosi ilo mohdudlagmur.
Bununla yanasi, ham da tohsilin idare olunmasi, qiymatlondirilmasi vo buna bonzar slagalorin
yeni soviyyaya yiiksoldilmosini ohato edir.

Ragomsallasdirilmis tohsil miihitinde onlayn platformalar, virtual sinif otaqlari, zongin
resurslar movcuddur. On osasi1 iso son zamanlarda haminin daha ¢ox istifado etdiyi siini intellekt
programlarida genis tatbiq edilir. Bu yanagma talobolors fordi 6yronmo imkanlari toqdim edir.
Noticodo onlarin bilik vo bacariglarinin 6z tempinds inkisaf edib tokmillogmosino sorait yaradir.

Tolobolordon olavo olarag eyni zamanda miiollimlor {iglin do todris prosesinin daha
somorali, effektiv olmasina imkan verir. Bunun noticosindado tolobalorin nailiyystlorinin real
vaxtda siiratli sokilde gérmak olur.

Bu kontekstdo “agillli kampus” konsepsiyasi xiisusi bir doyori 6zilindo saxlayir. Agill
kampus-texnologiyalar vasitosi ilo universitet qurulusunun, idarsetma sistemlorinin inkisafini
nozordo tutur. Buraya enerji idaroetmosi, agilli tohliikosizlik sistemlori, rogomsal
kitabxanalar,ioT asasli hallor va mobil totbiglor daxildir. Bu ciir kampuslar universitet, habels
miisllimlor va tolabaloar iigiin daha rahat, siiratli, effektiv vo tohliikasizdir.

Agill kampus konsepsiyasinin asas iistiinliiklorindon biri resurslarin optimal sakilds idare
olunmasidir. Masoalon: enerji sorfiyyatinin avtomatik tonzimlonmaosi, auditoriyalarin effektiv
istifadasi va nagliyyat sistemlorinin optimallagdirilmas1 hom iqtisadi, ham da ekoloji baximdan
miithiim faydalar tomin edir. Bundan olavo olaraq, rogomsal identifikasiya sistemlori vo vahid
platformalar vasitasilor kampus daxilinds biitlin xidmatlors siiratli ¢ixig miimkiin olur.

Tadqigat metodu

Osas molumat monbalori kimi elmi maqalslar, darsliklar, internet resurslar1 va roqomsal
tohsil sahosino aid todqiqat islori segilib. Mdvzu iizro odobiyyat siyahisi genis sokildo
aragdiriib. Informasiya vo kommunikasiya texnologiyalarinin tohsil sistemino tosiri,
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rogomsallagsma prosesi vo  “agilli kampus” konsepsiyast haqqinda molumatlar bir araya
gotirilib. Qeyd edim ki, agilli kampusa misal olaraq Microsoft Teams vo Google Classroom
programini deys bilarik. Google Classroomda mdvcud olan virtual sinif otaqlar1 sagird va
miiollimlor arasinda materiallarinin daha siirotli tapilmasi,dorslorin keyfiyyotli kecirilmosino
sorait yaradir. Microsoft Teams proqramininda onlayn tadrisin hayata kecirilmosindo boytik
rolu vardir.

Todgiqat zamani tasviri vo miiqayisali analiz metodlarindan istifads olunmusdur.
Toplanmis molumatlar tohlil edilorok ononovi tohsil modeli ilo tokmillogsmis yoni,
rogomsallagsmig tohsil modeli arasinda forglor miioyyon edilmisdir. ©lave olaraq agill
kampuslarin {istiinliiklori analiz edilib qiymotlondirilmisdir.

Natica

Aparilan Notico olaraq, todirisn rogomsallagdirilmast vo agilli kampus konsepsiyasi
tohsilin keyfiyyatinin artirilmasina, idaroetmanin optimallagdirilmasina vo innovative dyronma
miihitinin formalagsmasina miihiim tohfo verir. Golocokd bu istiqgamotdo daha ¢ox inkisaf
olacagini aminlikls sdyloya bilarik.
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Xiilasa

Miiasir dovrdo oyun tortibati sahosi siirotlo inkisaf edorok yalniz texniki foaliyyat
olmaqdan ¢ixmis, dizayn, psixologiya va istifadogi tocriibosini birlosdiron kompleks bir sistemo
¢evrilmisdir. Bu isdo oyun dizayni, performans optimizasiyasi vo oyungu tocriibasi arasindaki
qarsiligl olago arasdirilmisdir.

Tadgigat zaman1 miioyyan edilmisdir ki, oyun mexanikalari, soviyyas dizayni va istifadoci
interfeysi kimi dizayn elementlori oyungunun maragina vo davranigina birbasa tosir gostorir.
Eyni zamanda texniki performans gostaricilori, xiisusilo kadr tezliyinin sabitliyi, gecikmalarin
azaldilmasi vo resurslarin somorali istifadasi bu dizaynin oyunguya necos ¢atdirildigini miioyyon
edir.

Arasdirma noticolori gostorir ki, yiiksok keyfiyyotli dizayn belo zoif optimizasiya ilo
togdim edildikdo oyuncu tocriibasini pislogdirir. Digor torafdon, texniki baximdan stabil, lakin
zoif dizayn edilmis oyunlar uzunmiiddotli maraq yaratmir. Bu sobobdon miiasir oyun
inkigafinda dizayn, performans vo oyungu tocriibasinin balansli sokildo inteqrasiyasi vacib
hesab olunur.

Bundan slava, siini intellekt, avtomatik mozmun yaradilmasi vo malumatlara asaslanan
yanasmalarin bu sahoyo tosiri qisa sokildo tohlil edilmisdir. Notico olaraq, ugurlu oyunlarin
hazirlanmasi tigiin istifadog¢i yoniimlii vo inteqrasiya olunmus yanasma asas sort kimi miioyyon
edilmisdir.

Agar sozlor: Oyun Tortibati, Oyun Dizayni, Performans Optimizasiyasi, Oyungu
Tacriibasi, Istifadagi Tacriibasi

Giris

Miiasir dovrdo oyun tortibati sahosi texnologiyanin inkisafi ilo paralel olaraq siirotlo
genislonmis vo ¢oxsaxali bir sahaya ¢evrilmisdir. Oyunlarin hazirlanmasi prosesi artiq yalniz
programlasdirma ilo mohdudlagsmir, eyni zamanda dizayn, istifadogi tocriibosi vo texniki
optimizasiya kimi saholori do ohato edir. Bu sahads ugurlu notico oldo etmok iigiin miixtolif
komponentlorin garsiliqght olagodo islomasi vacibdir. Bu baximdan, oyun tortibati sahosi
informasiya texnologiyalarinin miihiim istigamatlorindon biri kimi ¢ixig edir vo hom elmi, hom
do praktiki ohomiyyat dasiyir.

Miiasir oyun sonayesindo oyungu momnuniyyati asas gostoricilordon biri hesab olunur.
Lakin movcud oyunlarin bir ¢oxunda performans problemlori, geyri-effektiv dizayn vo
istifadoci tocriibasinin zoif qurulmasi kimi c¢otinliklor miisahido olunur. Bu problemlor
oyunlarin keyfiyyatino va istifadagilorin maragina monfi tosir gostorir. Bu baximdan, oyun
dizayni, texniki performans vo oyuncgu tocriibasi arasindaki slagonin arasdirilmasina ehtiyac
yaranir.

Bu todqgiqat isinin asas mogsadi oyun dizayni, performans optimizasiyasi vo oyuncgu
tocriibasi arasindaki garsiliglt alagoni tohlil etmok vo bu komponentlorin bir-birino tosirini
miioyyon etmokdir. Bu magsads ¢atmagq tiglin mévcud nozori yanasmalar aragdirilmis, miixtolif
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oyun sistemlari lizro miiqayisali analiz aparilmis vo miiasir texnologiyalarin bu sahaya tasiri
giymotlondirilmisdir.
Magqals giris, tadqiqat metodu, natico vo adabiyyat hissalarindon ibaratdir.

Tadqgiqat metodu

Bu todqiqat isindo analitik vo miiqayisali yanasmalardan istifado edilmigdir. Oyun
tortibat1 sahosindo movcud nozori vo praktiki yanasmalar arasdirilmis, oyun dizayni,
performans optimizasiyasi vo oyungu tocriibasi komponentlori ayri-ayriligda tohlil edilmisdir.

Todqgigat ¢orgivosindo miixtolif oyun sistemlori vo totbiq olunan texnologiyalar iizro
miiqayisali analiz aparilmisdir. Oyun mexanikalari, saviyya qurulusu va texniki performans
gostoricilorinin - oyungu  tocriibosino  tosiri nozori vo  praktiki  niimunolor osasinda
qiymatlondirilmigdir. Xiisusilo mobil vo fordi kompiiter platformalar1 iiclin hazirlanmisg
oyunlarda performans vo dizayn balansinin rolu miiqayisoli sokilds arasdirilmisdir.

Tadqiqat zamani istifade olunan asas materiallar miiasir oyun texnologiyalari, program
tominatlart vo elmi monbolor olmusdur. Eyni zamanda siini intellekt, avtomatik mozmun
yaradilmast vo molumatlara osaslanan yanasmalar kimi miasir texnologiyalar nozarden
kecirilmis vo onlarin oyun tortibatina tosiri tohlil edilmisdir.

Natica

Aparilmis todqgiqgat naticosindo miioyyan edilmisdir ki, oyun dizayni, texniki performans
Vo oyungu tacriibasi bir-biri ils six bagl olan va qarsiligli tesir gdstaron asas komponentlordir.
Bu komponentlordon hor hansi birinin zoif olmasi oyunun iimumi keyfiyystino vo oyungu
momnuniyyatine manfi tasir gostarir.

Todqigat corgivasindo aparilmis analizlor gostormisdir ki, dizayn vo performansin
balansli sokildo qurulmasit oyunlarin daha stabil islomasino vo istifadogi tocriibasinin
yaxsilagdirilmasina imkan yaradir. Bu yanagsma oyunlarin hom texniki baximdan somorali, hom
do istifadagi {igiin calbedici olmasini tomin edir.

Oldo olunmus naticolorin osas Ustlinlilyli ondan ibaratdir ki, oyun tortibat1 prosesindo
miixtolif komponentlorin inteqrasiya olunmus sokildo nozoro alinmasinin vacibliyi
gostorilmigdir. Bu yanasma oyunlarin keyfiyyotinin artirllmasina vo daha genis istifadogi
auditoriyasina uygunlasdirilmasina imkan verir.

Notico olaraq, miiasir texnologiyalarin tatbiqi vo kompleks yanagmanin istifado edilmaosi
oyunlarin hazirlanma prosesinin somaraliliyini artirir vo daha ugurlu moahsullarin yaradilmasina
sorait yaradir.
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Abstract

This paper develops an approximate solution method for the multidimensional knapsack
problem based on the selection of vectors located within the feasible solution region. Discrete
optimization problems belong to the class of “computationally intractable problems,” as for
large-scale instances it becomes impractical to determine an optimal solution within real-time
constraints using known exact methods. For this reason, approximate solution techniques are
of particular relevance. The proposed method is grounded in vector analysis and involves the
stepwise construction of interior points within the feasible region. At each iteration, the vector
that provides the maximum increase in the objective function and forms the smallest angle with
a given direction vector is selected. During the selection process, a criterion ensuring
convergence toward near-optimality is employed. The essence of the proposed approach lies in
selecting items in the multidimensional knapsack problem not only according to the profit-to-
resource ratio, but also with respect to their orientation in the resource space. For this purpose,
both items and resource constraints are represented as vectors. The conducted analysis
demonstrates that the sum of the selected vectors lies in close proximity to the optimal solution
point, and that this approach can yield practically efficient results. The proposed method may
be applied to discrete optimization, resource allocation, and combinatorial optimization
problems.

Keywords: Multidimensional knapsack problem, approximate solution, convergence to
the optimal point, sum of vectors.

Introduction

Discrete optimization problems occupy an important place in modern mathematics and
computer engineering. Multidimensional knapsack problems are widely applied in economics,
engineering, logistics, network planning, and information technologies. The relevance of this
problem stems from the fact that determining an optimal solution in large-scale systems requires
computational complexity of exponential order. Existing classical methods are, in many cases,
practically inefficient. Therefore, the development of approximate solution methods is essential
[1-4], etc.

Research method

This paper proposes an approximate solution method for the multidimensional knapsack
problem. The methodological framework of the study is based on linear algebra, vector analysis,
linear programming, Boolean programming, and integer programming techniques.

Mathematical Formulations and Graphical Materials

Let us consider the multidimensional knapsack problem whose mathematical model is given as
follows:
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n
ZCJ- X; - max , (D

j=1
al-jxj < bi , (l = 1,m), (2)

j=1
xi=1vo0, (j=1n). (3)

Here, we assume that ¢; > 0, a;; = 0ve b; > 0 (i=1,m;j = 1,n) are given constants.
To obtain an approximate solution of problem (1)—(3), let us introduce the following column
vectors (where the superscript T denotes transposition):

Py = (b, by, ..., bm)T' P, = (a1, 031, -, am1)T'

P2 = (a121 A2, -y amZ)TJ ey Pn = (aln' Aopy ey amn)T

To obtain an approximate solution of problem (1)—(3), it is necessary to select such vectors

from Py, P,, ..., B,whose sum does not exceed the vector P,.

Then, by assigning the value “1” to the x; variables corresponding to the indices of these
selected vectors, and “0” to the remaining x; variables, we obtain a feasible solution to the

problem.
Experiments conducted using known solution methods show that if X* = (x7, x3, ..., X5, ) is the optimal
solution of problem (1)—(3), then the sum

Pixi + Pyx5 + -+ Byx,,

is located very close to point (by, by, ..., b;,). That is, the difference
n
j=1

is very small.

Therefore, to construct an approximate solution, at each step we should select the vector P;,
and accept x;, = 1 in such a way that this vector is directed as closely as possible toward point
(b1, by, .., byy). In other words, the angle between the vectors P;, and P, should be minimized,
that is, cos(P;,, Py)should be maximized. Therefore, to determine the index j,we should use
formula

max cos(Pj,PO) = cos(P;,, Py) 4)

Thus, for each index j, (j = 1,n) we calculate the values of cos(P;, Py) and select the index j,

corresponding to the largest value. After that, if P; < P, we accept the current x; =:1 and
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Py :== Py — P;, , remove the index j, from the set A = {1,2,...,n}and use formula (4) to
determine the next index j,. However, at each step, when selecting the index j, we must also
ensure that the objective function (1) attains a high value. For this purpose, we can propose the

following criterion:

max {Cj X cos(Pj,Po)} = ¢j, X cos(Pj*,PO)
J

Conclusion

The conducted experiments demonstrate that the proposed method provides a practical and
efficient approach for obtaining an approximate solution. The vectors selected based on the
defined criterion ensure convergence toward the vicinity of the optimal solution point.
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Abstract

The effective development of artificial intelligence, mobile, web, and medical technology
creates opportunities for more intensive management of healthcare services with intelligent
mobile information systems. In particular, the intensive development of security
communication protocols, machine learning algorithms, and the establishment of multimodal
medical information through communication channels and the widespread creation of
intelligent mobile medical information systems. The medical social network platform using
artificial intelligence provides deep learning models that allow for the detection and in-depth
analysis of anomalies and health risks occurring in the health of its own characteristics (patients)
in connection with mobile (Android/iOS) or web applications. Simultaneously, this intelligent
platform ensures the protection of patients' medical information and provides an architectural
framework built on a multilayer cloud infrastructure.

Thus, the use of long short-term memory networks (LSTM) and other convolutional
neural networks (CNN) in mobile information systems makes it possible to detect the hidden
development of information, such as ECG signals included as medical information, and ensure
efficiency in operational diagnostics. In addition, it is possible to ensure the effectiveness of
medical data security by implementing the General Data Protection Regulation (GDPR)-
compliant management mechanisms, role-based access control, SSL/TLS systems, and the
implementation of intelligent medical systems of this type.

The proposed architecture and acquired mobile intelligent system can eliminate the
existing information gaps between doctors and patients. Simultaneously, it is possible to ensure
the continuity and effectiveness of this intelligent system and treatment processes outside the
boundaries of medical institutions.

Keywords: Mobile Intelligent Systems; System Architecture; SSL/TLS; Mhealth; Health
Risk Assessment.

Introduction

Currently, most medical processes occur within the boundaries of hospitals or medical
institutions; therefore, the implementation of continuous and uninterrupted treatment and
examination processes for chronic diseases is one of the greatest challenges in modern medicine
(WHO, 2021). Moreover, in most cases, achieving an early diagnosis of diseases that are in the
development stage is one of the most important problems faced by today's healthcare industry
owing to the information barrier. The purpose of this study was to eliminate the information
barrier between doctors and patients. The application of a medical social network with an
intellectual management system can provide a significant solution to this problem. Its users
(patients) will be able to enter their medical information by connecting to a social network with
artificial intelligence support, either through mobile or web applications (Stallings, 2018). This
intellectual management system will provide patients with their initial diagnostic assessment
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based on the entered medical information and will also provide them with contact with doctor
or medical personnel appropriate for the relevant medical field.

Research method

Initial diagnostic information is obtained through constant interaction with users and processing
of the initial medical signal. This layer will be created through web applications that customers
can connect to via various devices or Flutter/Dart-based mobile applications that can be used
on Android and i0S. The application of sensor interfaces that can communicate via Bluetooth
Low Energy (BLE) will also be available in this type of medical intellectual management
system. In the stage that we can call the intelligent processing stage, the incoming medical
information is cleaned and sorted from noise in order to classify health risks and detect
anomalies. In the next stages (mobile or web), the medical information obtained is processed,
either using the intellectual management system available within the application or via an
Application Programming Interface (API). Using the artificial intelligence support of this
server, the information was sent to the Cloud Server, and the initial diagnostic result was
obtained. Security is managed through encryption, user authentication, and system-wide
communication within the cloud infrastructure (Zhang et al., 2020).

Medical Social Network

Web Platform Doctor Users
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Figure 1. Three-layer architectural framework of the proposed mobile intelligent health system.

Conclusion

The diagnostic medical results obtained will not only ensure that people suffering from chronic
diseases receive continuous and uninterrupted support but also enable the early diagnosis of
diseases that are developing in a hidden manner. Therefore, we can say that this type of social
network with the support of artificial intelligence can be widely used not only among medical
personnel and chronic patients but also among people who want to keep their health under
constant control.
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Xiilasa

Siini intellektin (SI) genis totbigi 2030-cu ilo godor IT vo miihondislik sektorlarinda
ohomiyyatli struktur doyisikliklori vad edir. World Economic Forum, McKinsey vo Goldman
Sachs kimi beynoslxalq qurumlarin analizlerins istinad edon bu aragdirma, texnoloji toraqqinin
omok bazarinda yaratdigi dinamikami qiymotlondirir. Todgiqat gdstorir ki, Si-nin
avtomatlagdirma potensiali rutin vozifalorin yerini doyigsmoklo borabor, hom do miirokkob vo
innovativ peso saholorinin formalagmasina sorait yaradir. Is miihitindo davamli {istiinliiyii
qorumagq ii¢iin mithondis vo IT miitoxossislorinin SI alotlorini effektiv idaro etmosi, etik
standartlara riayot etmosi vo strateji yanasma sorgilomosi zoruridir. Eyni zamanda, todris
miiossisolori vo dovlot institutlart bu yeni realliga uygunlasmali, is¢i qilivvasinin yenidon
ixtisaslagmasi {ligiin zoruri olan ¢evik tohsil ekosistemlorini formalagdirmalidirlar. Bu hesabat,
texnoloji transformasiya dovriindo pesokar adaptasiyanin strateji ohomiyyotini vo Si-nin
miitaxassislar qarsisinda qoydugu yeni tolablori vurgulayir.

Acar sozlar: Siini intellekt, Miihondislik, Rogomsal transformasiya, Omaok bazari

Giris

Texnoloji yeniliklorin siiratli iroliloyisi is diinyasinin strukturunu osash sokildoe
doyismokdadir. 2030-cu il hodofi ilo aparilan bu aragdirmada, siini intellektin miihondislik vo
IT sektorlarina olan tosirlori beynolxalq toskilatlarin prognozlari gorgivesinds nozordon
kegirilir. Isin moqgsadi texnologiyanin yaratdig1 yeni amok imkanlarin1 miioyyon etmok vo eyni
zamanda kdhnolon peso rollarini qiymatlondirmakdir. Tadqiqat siini intellektin sadoca bir alot
olmadigini, hom do miitoxassislorin is rejimina vo bacariq profillorine birbasa tosir edon global
bir qlivve oldugunu gdstorir.

Tadqgigat metodu

Tadqiqat prosesindo ikincil molumatlarin tohlili metodundan istifado edilmisdir. Bu
mogsadlo World Economic Forum (WEF), McKinsey Global Institute vo Goldman Sachs kimi
niifuzlu toskilatlarin 2023-2026-c1 illor orzinds dorc etdiyi hesabatlar vo prognozlar asas monbo
kimi gotiiriilmiisdiir. Todqiqatin ohato dairasi siini intellektin (SI) IT vo miihondislik
saholorindoki avtomatlagdirma potensiali vo is¢i qiivvesinin tolobat dinamikasi il
mohdudlasdirilmigdir. Analiz zamani miixtolif sektorlar iizro rogomsal transformasiya
doracolori miiqayiso edilmis vo golocok dovr iiglin prognoz gostaricilori osasinda statistik
gruplasdirma aparilmisdir.

Riyazi ifadalor va qrafik materiallar

Cadval 1. 2025-2030-cu illordo IT sektorunda on siirotlo bdyilyon pesolor {izro
prognozlasdirilan tolobat artima.
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is adt Tolobat Artimi
3 (2025-2030)

Boyiik Molumat Miitoxassislori (Big Data Specialists) +110%
FinTech Miihondislori (FinTech Engineers) +95%
SI vo Masin Oyronmosi Miitoxassislori (Al & Machine Learning o

T +85%
Specialists)
Program Tominat1 vo Totbiq Tortibatgilar1 (Software & Applications o

+60%

Developers)
Klber-tal.llukasmhl‘( Miitoxossislori (Security Management Specialists / +55% / +40%
Information Security Analysts)
DevOps Miihondislori (DevOps Engineer) +40%
Ul vo UX Dizaynerlar (Ul and UX Designers) +45%
Molumat Anbar1 Miitoxassislori (Data Warehousing Specialists) +50%
Osyalarin Interneti Miitoxossislori (Internet of Things Specialists) +40%

Noatica

Aparilan todqigat siini intellektin 2030-cu ilo godor IT vo miihondislik saholorinda
inqilabi transformasiyalara sobab olacagini vo bu prosesin global amok bazarinin strukturunu
asasli sokildo doyisacayini gostorir (World Economic Forum, 2023). Tadqgiqatin naticalori siibut
edir ki, avtomatlasdirma prosesi bir torofdon rutin vozifslorin siradan ¢ixmasina yol agsa da,
digor torafdon yeni, yiiksok doyarli is yerlorinin yaranmasini stimullagdirir (McKinsey Global
Institute, 2023). Bu transformasiyanin asas stiinliiyii, miitoxassislorin rutin tapsiriglart siini
intellekto hovalo edorok, 6zlarini daha ¢ox strateji gorar gobul etmoya, yaradict vo innovativ
layiholora yonaltmoalori {i¢iin imkanlar yaratmasidir (Goldman Sachs, 2026). Isin somoraliliyi
vo roqabotqabiliyyatliliyi, fordlorin siini intellekt savadliligi, analitik diisiinco vo davamli
Oyronma prinsipine adaptasiyasindan birbasa asilidir (Lu, 2025a). Sonda qeyd etmak lazimdir
ki, texnoloji taraqqinin gatirdiyi imkanlardan maksimum faydalanmagq ti¢ilin tohsil miiassisalori
va dovlot qurumlar: todris programlarini bu yeni realliga uygunlasdirmali vo is¢i qlivvasinin
yenidon ixtisaslagsmasi iigilin zoruri infrastrukturun formalasdirilmasina dostok vermolidirlor
(World Economic Forum, 2023).
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Xiilasa

Uzon giinos panellori texnologiyasi su sothlorindon istifado etmoklo elektrik enerjisi
istehsalin1 artiran va torpaq sahasino olan tolobati azaldan perspektivli barpa olunan enerji
hollorindon biridir. Bu texnologiya giinos panellorinin su hdvzalori iizorindo yerlosdirilmasi
hesabina onlarin is rejimini yaxsilasdirir, suyun tobii soyuducu tesiri noticesinde enerji
somoraliliyini yliksaldir, eyni zamanda suyun buxarlanmasinin azalmasina vo su sothindon daha
mogsadyonlii istifadoyo sorait yaradir. Uzen giinos panellorinin texniki xiisusiyyatlori, is
prinsipi, tstiinliiklori vo totbiq imkanlar1 diinya tocriibasi osasinda timumilogdirilmis, xtisusilo
enerji hasilati, iqlim soraiti, saho se¢imi vo istismar xiisusiyyotlori nozordon kegirilmisdir.
Azorbaycanda bu texnologiyanin totbiq perspektivlori qiymotlondirilmis, Boyiikk Sor goli
niimunosinds pilot layihonin ohomiyyoti vo golocok inkisaf imkanlar1 osaslandirilmigdir.
Aparilmis tohlil gostorir ki, lizon giinog panellori 6lkodo giinos enerjisindon daha somorali
istifads, yeni yasil enerji giiclorinin yaradilmasi vo barpa olunan enerji sektorunun inkisafi
baximindan miihiim perspektivo malikdir.

Acar sozlor: Boyiik Sor Golii, Uzon Giinos Panellori, Giinos Enerjisi, Borpa Olunan
Enerji, Enerji Somoraliliyi.

Giris

Miiasir dovrds enerji talabatinin davamli artmasi va ananavi enerji manbalarinin ekoloji
problemlor yaratmasi barpa olunan enerji monbalorino maragi daha da giiclondirmisdir. Giinog
enerjisi bu baximdan an perspektivli monbalordon biri hesab olunur. Lakin onsnavi yertistii
gilinos elektrik stansiyalarinin quragdirilmasi {i¢iin genis torpaq saholorinin tolob olunmasi,
hamginin yiiksok temperaturun panellorin i somaraliliyino manfi tesiri bu sahads yeni texnoloji
yanasmalarin totbiqini aktuallasdirmisdir. Uzon giinos panellori texnologiyasi mohz bu
talobatdan irali golon va su sathlorindon istifado etmoklo enerji istehsalini artirmaga imkan
veron miiasir hollordon biridir. Uzon giinas panellori su hdvzolori iizorindo yerlosdirildiyino
goro torpaq resurslarina qonast etmoyo, suyun tobii soyuducu tosirindon istifado etmoklo
panellorin is rejimini yaxsilasdirmaga vo bazi hallarda suyun buxarlanmasinin azalmasina sorait
yaradir. Diinyada bu texnologiyanin totbiqi son illords siiratlo geniglonmis, onun enerji
somoraliliyi vo praktik iistiinliiklori bir ¢ox layiholordo tosdiq olunmusdur. Bu xiisusiyyatlor
izon gilinog panellorini hom miihandislik, ham ds iqtisadi baximdan digqgatslayiq enerji hallina
cevirmisdir. Azorbaycanda da borpa olunan enerji sahosinin inkisafi ddvlotin prioritet
istigamotlorinden biridir. Olkonin giinos enerjisi potensialinin yiiksok olmasi, giinosli saatlarin
coxlugu vo yeni yasil enerji layiholorinin hoyata kecirilmosi iizon giinos panellori
texnologiyasinin totbiqini aktual edir. Bu baximdan Boyiik Sor golii tizorindo hoyata kegirilmis
pilot layiho Azorbaycanin bu sahodo ilk praktik addimlarindan biri kimi xiisusi shomiyyat
dastyir. Homin layiha tizon giinas panellorinin yerli iqlim va texniki soraitds tatbiq imkanlarini
giymotlondirmok, golocok genigsmiqyash layihoalor {i¢iin ilkin miihondislik vo texniki baza
formalasdirmaq baximindan miihiim rol oynayir.

97


mailto:israfil.axmadov@gmail.com

Ohmadov I.: Azorbaycanda Uzon Giinas Panellorinin Isinin Tadqiqi

Tadqigat metodu

Todqgiqat {iizon giinos panellori texnologiyasinin texniki, funksional vo totbiqi
xlisusiyyatlorinin sistemli tohlili osasinda aparilmisdir. Arasdirmada elmi-nozori monbolorin
timumilasdirilmasi, miiqayisali tohlil, texniki qiymatlondirms vo mdvcud praktik niimunalarin
Oyronilmosi lsullarindan istifado olunmusdur. Osas diqqgot iizon gilinos panellorinin enerji
somaraliliyina tosir edon amillarin, su mihitinin sistemin is rejimina tosirinin va layihalondirma
zamani nozoro alinmali mithondislik gostoricilorinin aragdirilmasina yonaldilmisdir. Bununla
yanasi, texnologiyanin diinya tocriibosindo inkisafi, global qurasdirilmig giiciiniin artim
meyillori vo yeriistii fotovoltaik sistemlorlo miigayisodo forqli cohatlori nozordon kegirilmisdir.
Miiqayisa zamani torpaq sahasino qonast, suyun buxarlanmasinin azalmasi, panel
temperaturunun asagi diismosi vo enerji hasilatinin yiiksolmasi kimi osas gostoricilor 6n plana
¢okilmisdir (sokil 1).
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Sakil 1. Su lizorinds quragdirilmig gilines panellari sistemlarin global giicii va illik giic artima.

Texnologiyanin texniki xiisusiyyatlorinin miiayyonlosdirilmosi zamani {izon giinos
panellori sisteminin osas konstruktiv elementlori tohlil olunmusdur. Bu c¢or¢ivodo {izon
platforma, 16vbarloma vo barkitmas sistemi, giinos modullari, invertorlar, kabel xatlori vo enerji
Otlirmo elementlorinin funksional xiisusiyyatlori arasdirilmisdir. Eyni zamanda suyun dorinliyi,
su soviyyasinin doyigmosi, kiilok siiroti, dalga tosiri, riitubst vo temperatur kimi amillorin
sistemin layiholondirilmasino vo etibarli istismarina tosiri nozoro alinmigdir. Bu yanasma {izon
giinos panellorinin yalniz enerji istehsal edon qurgu kimi deyil, hom do miirokkab texniki sistem
kimi dyronilmasino imkan vermisdir (sokil 2).
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Sokil 2. Xarakterik genigsmiqyash {izon gilinog panellari sisteminin asas komponentlorinin
sxematik tosviri.

Tadqiqat ¢or¢ivasinds {izon giinos panellorinin totbiqing tasir edon tobii vo texniki amillor
do ayrica nozordon kecirilmisdir. Bu mogsadlo giinog siialanmasi, iqlim gostoricilori, kiilok
soraiti, yaginti, su hovzosinin 6l¢iisii vo formasi, kdlgolonmo soviyyasi, elektrik sobokasing ¢ixis
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vo ekoloji amillor kimi gostaricilor imumilosdirilmisdir. Saho se¢iminin somoraliliyo bilavasito
tosir gdstordiyi nozors alinaraq, uygun su hovzasinin miioyyanlosdirilmasi ii¢ilin istifado olunan
osas meyarlar tohlil edilmisdir. Bu baximdan {izon giinos panellori sistemlorinin
layihalondirilmasi zaman1 ham enerji hasilatina, hom da tohliikesizlik va istismar etibarliligina
tosir edon amillor kompleks sokildo giymotlondirilmisdir. Azorbaycan soraitindo totbiq
imkanlarinin miisyyanlagdirilmasi ti¢iin 6lkonin giinas enerjisi potensiali, iqlim xiisusiyyatlari,
su hovzolorinin  uygunlugu vo enerji infrastrukturuna yaxinliq kimi gdostoricilor
timumilasdirilmisdir. Bu baximdan Bdyiik Sor go6lii nlimuna kimi gétiiriilmiis, onun su sathinin
Olciisli, dayazligi, sabit su soviyyosi, sohor infrastrukturuna yaxinligi vo texniki baximdan
alverisli xiisusiyyatlori tohlil edilmigdir. Eyni zamanda goliin ekoloji vaziyyati, kiilok vo dalga
soraiti, sobokoyo qosulma imkanlar1 vo sahonin pilot layiho {i¢lin se¢ilmo sobablori nozors
alinmigdir. Gol lizerinds quragdirilmig 100 kVt giiciindo pilot layihanin texniki gdstaricilori vo
praktik ohomiyyati do bu qiymetlondirmoys daxil edilmisdir. Beloliklo, todqigat zamani nozori
timumilasdirmo, miiqayisali tohlil, texniki giymatlondirma vo real pilot layiho niimunasinin
Oyronilmosi tisullarindan istifado olunmusdur. Secilmis yanagsma {izon giinos panellori
texnologiyasinin hom diinya tocriibosindo, hom do Azorbaycan soraitindo totbiq imkanlarini
sistemli sokildo doyorlondirmoya sorait yaratmisdir.

Natico

Aparilmis tohlillor naticasindo miioyyon edilmisdir ki, tizon glinas panellori texnologiyasi
Azorbaycan soraitinds totbiq baximindan real vo shamiyyatli imkanlara malikdir. Boyiik Sor
golii lizorindo hoyata kecirilmis pilot layiho bu texnologiyanin yerli iqlim, su hovzosi
xiisusiyyatlori vo movcud infrastruktur soraitindo istifado oluna bildiyini gostormisdir. Eyni
zamanda todqiqgat noticalori lizon giinos panellorinin yalniz alternativ enerji monboyi kimi deyil,
hom do golocokdo daha genismiqyasli yasil enerji layihslorinin formalagdirilmasi {i¢iin miihiim
texniki osas kimi ¢ixis edo bilocoyini gostorir. Bu baximdan, homin texnologiyanin totbiqi
6lkodo barpa olunan enerji sektorunun inkisafi, enerji istehsalinin saxolondirilmasi vo yeni
miithondislik hallorinin praktikaya gotirilmasi istigamotinds ¢ox 6nomli hesab olunur.
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Xiilasa

Miiasir dovrdo borpa olunan enerji monbolorinin genis totbiqi vo enerji kecidinin
stirotlonmosi soraitindo glinog enerjisi sistemlorinin istismar somaraliliyinin artirilmasi xiisusi
elmi vo praktiki shomiyyot kosb edir. Giinas panellorinin sothinds toz, qum, his, atmosfer
cokiintiilori vo digor cirklondiricilorin toplanmasi onlarin optik kegiriciliyini azaldir, naticodo
panelin giinos stialarin1 gqobul etma qabiliyyati zaiflayir vo elektrik enerjisi istehsalinda itkilor
yaranir. Bu hal xiisusilo quraq, kiilokli vo tozlu iglim soraitindo daha ciddi sokildo 6ziinii
gostorir. Belo soraitdo gilinos panellorinin miitomadi vo somorali tomizlonmasi enerji
sistemlorinin dayaniqli foaliyyati tigiin vacib amillordon birino gevrilir.

Toqdim olunan TechniCleanSun layihosi giinos panellorinin avtomatlasdiriimas,
tohliikosiz, resurslara qonast edon vo miiasir texnoloji yanasmalara osaslanan {isulla
tomizlonmosini tomin edon innovativ robot sisteminin islonmosini nozords tutur. Moqgalado
giinos panellarinin ¢irklonmasi probleminin texniki mahiyyati, ononovi tomizlomao iisullarinin
osas catismazliglari, robotlagdirilmis tomizloma sistemlorinin iistiinliiklori vo TechniCleanSun
layihosinin funksional xiisusiyyetlori tohlil edilmisdir. Eyni zamanda layihonin enerji
somaraliliyinin yiiksoldilmosi, su sorfiyyatinin azaldilmasi, insan omoyindon asililigin
minimuma endirilmasi vo ekoloji dayanigliligin tomin olunmasi baximindan ohomiyyati
osaslandirilmigdir.

Acar sozlar: Gilinog Paneli, Robotlasdirilmis Tomizlomo, Enerji Somoroliliyi, Borpa
Olunan Enerji, Innovativ Texnologiya.

Giris

Enerji tohliikosizliyinin tomin olunmasi, ononovi yanacaq resurslarindan asililigin
azaldilmas1 vo otraf miihito monfi tosirlorin minimuma endirilmosi mogsadile barpa olunan
enerji monbolorinin totbiqi biitiin diinyada siirotlo genislonir. Bu monbolor arasinda giinog
enerjisi hom texniki, ham iqtisadi, ham do ekoloji baximdan on perspektivli istiqgamatlorden biri
hesab olunur. Giinos panellori vasitosilo elektrik enerjisinin istehsali bir ¢cox Olkolordo genis
totbiq sahoasi qazanmigdir. Lakin bu sistemlorin effektiv islomosi yalniz onlarin qurasdirilmasi
ilo deyil, eyni zamanda diizgiin istismar1 vo texniki xidmatinin togkil edilmosi ilo s1x baghdir.
Glinos panellorinin sathindo zaman kec¢dikco miixtolif xarakterli ¢irklonmolor toplanir. Xiisusilo
tozlu, quraq vo kiilokli iglim soraitindo bu problem daha qabariq sokildo 6ziinii gostorir.
Cirklonmao noticosindo panellorin sothino diison gilinos siialarinin kegma soviyyosi azalir, bu iso
fotoelektrik ¢evrilmo prosesinin somorsliliyino monfi tosir gostorir. Noticodo enerji hasilati
asag1 diisiir, istismar xarclori artir va investisiyanin geri doniis miiddeti uzanir.

Bu kontekstdo gilinos panellorinin operativ, tohliikasiz vo iqtisadi cohotdon somaorali
tisullarla tomizlonmasi vacib masaloys c¢evrilir. Mohz bu ehtiyacdan iroli golorak
TechniCleanSun layihosi islonmisdir..
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Tadqigat metodu

TechniCleanSun giinos panellorinin sothinin robotlagdirilmis mexanizm vasitosilo
tomizlonmaosini tomin edon innovativ qurgudur. Sistem giinos paneli sothindo yigilan toz vo
digor ¢irklondirici laylart minimum insan miidaxilasi ilo aradan qaldirmaga yonolmisdir.
Layihonin osas ideyas1 tomizlomo prosesini avtomatlagdirmag, texniki xidmatin somoraliliyini
artirmaq va istismar xarclorini azaltmaqdir. Robot sisteminin konstruktiv qurulusunda harokat
mexanizmi, tomizloyici elementlor, idaroetmo modulu va enerji tochizati komponentlorinin
inteqrasiyast noazorde tutulur. Tomizloyici modul panel sothino zoror vermadon ¢irklori
uzaqlasdirmali, horokot mexanizmi iso miixtolif bucaq vo soth parametrlorino uygun islomolidir.
Idaroetmo modulu sistemin tomizlomo trayektoriyasini, is rejimini vo amoliyyat ardicilligmi
tonzimlomoyo imkan verir. Layihonin inkisaf perspektivindo agilli idaroetmo, sensor osasl
cirklonmo miioyyonlosdirmo, mosafodon nozarst vo miixtalif 6l¢iilii glinos paneli sistemlorino
uygunlasdirilma kimi funksiyalarin totbiqi do nozords tutula bilor. Bu iso TechniCleanSun-un
yalniz mexaniki qurgu deyil, inteqrasiya olunmus agilli texnoloji holl kimi inkisaf potensialini
gostorir. Toklif olunan TechniCleanSun qurgusunun texniki-komponovka sxemi vo panel
sothindo horokot trayektoriyast Sokil 1-do gostorilmisgdir.

TechniCleanSun
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Sakil 1. TechniCleanSun gilinog panellorinin robotlagdirilmis tomizloma sisteminin
konstruktiv sxemi

Notica

Aparilmig tohlil gosterir ki, giines panellorinin ¢irklonmasi onlarin enerji istehsal
gabiliyyatino monfi tosir edon osas amillordon biridir vo bu problemin halli miiasir enerji
sistemlorinin somorali istismart baximindan xiisusi ohomiyyat dasiyir. Toqdim olunan
TechniCleanSun layihosi gilinog panellorinin tomizlonmosindo innovativ, tohliikesiz vo
resurslara qoanast edon texnoloji hall kimi diggati calb edir. Layiho giinag enerji sistemlorinin
texniki xidmot prosesinin avtomatlasdirilmasi, mohsuldarhigin yiiksoldilmasi, su vo omok
resurslarinin optimallagdirilmasi, hamg¢inin dayaniqli inkisaf prinsiplorinin dostoklonmasi
baximindan miihiim tistiinliikloro malikdir. Buna gora do TechniCleanSun-un hom elmi-totbiqi,
hom do kommersiya baximindan perspektivli togobbiis oldugu genastine golmok miimkiindiir.
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Abstract

Mining environments present inherently high risks due to toxic gases, dust density, heat,
limited visibility, and constrained evacuation paths. Ensuring the safety of underground
workers requires continuous monitoring, rapid hazard detection, and reliable early-warning
mechanisms. This study introduces SAFE-MINING 4.0, an integrated smart safety platform
combining wearable sensing units, intelligent warning modules, and triboelectric energy-
harvesting technology. The system consists of a smart helmet and protective jacket embedded
with physiological sensors (heart rate, body temperature, SpO., and fatigue estimation),
environmental sensors (methane, carbon monoxide, temperature, dust level), and an IoT-based
communication interface. Collected data are transmitted in real time to both local edge
processors and a centralized control interface, where Al-supported algorithms classify risk
levels and generate early alerts. In emergency conditions - such as methane spikes, oxygen
depletion, or worker immobility - the system automatically triggers warnings via jacket-
mounted electronic modules and provides Al-generated safe evacuation routes. The navigation
component integrates GPS/local positioning and supports guiding workers during low-visibility
situations. Additionally, the protective jacket incorporates a compact air-filtration and gas-
absorption layer, functioning as a temporary respiration aid by filtering harmful gases without
releasing them back into the environment. To ensure uninterrupted operation, the system is
partially powered by triboelectric nanogenerators, harvesting movement-induced
biomechanical energy. SAFE-MINING 4.0 offers a sustainable, autonomous, and scalable
solution aimed at minimizing mining accidents and enhancing situational awareness. The
proposed platform represents an innovative step toward next-generation industrial safety
systems by integrating IoT, Al, and self-powered technologies into a unified framework.

Keywords: Mining Safety; Wearable Sensors; Triboelectric Energy Harvesting; Gas
Detection; Smart Protective Equipment.

Introduction

Underground mining operations remain among the most dangerous industrial activities
worldwide due to the combination of toxic gases, dust explosions, limited ventilation, harsh
thermal conditions, and the complexity of evacuation procedures [1-3]. Despite advancements
in mechanization and monitoring technologies, mining accidents continue to cause severe
injuries and fatalities each year. Real-world incidents often involve methane accumulation,
sudden roof collapses, low oxygen levels, and delays in detecting worker immobility or fatigue.
Existing safety infrastructures in many mines rely on stationary sensor stations or delayed
manual reporting, which restricts their ability to provide personalized, real-time protection for
each worker.

A review of contemporary literature shows that current studies focus heavily on gas sensing
technologies, autonomous drones for inaccessible areas, and IoT-based communication systems
[3]. Some research efforts explore wearable electronics for physiological monitoring; however,
most of these prototypes face challenges such as limited battery life, insufficient integration of
environmental and physiological data, lack of Al-supported risk prediction, or the inability to
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guide workers through safe evacuation routes [3-7]. Few studies address the need for self-
powered wearable systems, and the integration of air filtration layers directly into protective
clothing remains largely overlooked. These gaps highlight the necessity for a more
comprehensive and sustainable approach to mine worker safety.

In response to these challenges, the present study introduces SafeMining 4.0, an integrated
smart safety system combining wearable sensors, Al-based early-warning mechanisms, and
triboelectric energy harvesting. The system aims to overcome the limitations of existing
solutions by enabling continuous monitoring of workers’ physiological status and
environmental hazards, delivering instant alerts through embedded wearable modules, and
generating safe evacuation routes during emergencies. Additionally, SafeMining 4.0
incorporates a lightweight air-filtration layer that reduces exposure to toxic gases. The primary
goal of the project is to provide a scalable, autonomous, and self-sustaining safety platform that
significantly enhances situational awareness and reduces accident-related risks in underground
mining environments.

Research methodology

The development of the SafeMining 4.0 system followed an integrated engineering
methodology consisting of sensor integration, data acquisition, and intelligent processing
stages. First, commercially available environmental (CHa, CO, temperature, dust) and
physiological (heart rate, SpO., body temperature) sensors were embedded into the smart
helmet and wearable modules. These sensors were interfaced with a low-power microcontroller
to enable continuous data collection.
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Figure 1. Schematic diagram of the SafeMining 4.0 system.

Second, an IoT-based communication layer was implemented to transmit real-time
measurements to a centralized monitoring interface. The collected data were processed through
machine-learning algorithms designed to detect anomalies, classify risk levels, and predict
potential hazardous situations. In parallel, an embedded decision-support module generated
localized alerts for workers and recommended safe evacuation routes based on dynamic
environmental conditions. Third, a compact air-filtration structure was incorporated into the
protective jacket to reduce exposure to harmful gases during emergency scenarios. Finally,
triboelectric energy harvesting units were integrated into the wearable components to supply
supplementary power and enhance system sustainability. This multi-layer methodology ensured
a coherent, autonomous, and scalable framework for real-time safety monitoring in
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underground mining environments.

Results

The SafeMining 4.0 system effectively monitors environmental hazards and worker
physiological conditions in real time. Simulations show that wearable modules detect gas
levels, dust, temperature extremes, and worker fatigue, triggering instant alerts. Al-generated
evacuation routes reduced simulated evacuation time by 25-30% compared to conventional
protocols. Triboelectric energy harvesting maintained low-power operation, and the jacket’s
air-filtration layer provided temporary respiratory support. These results indicate improved
situational awareness, faster emergency response, and enhanced underground worker safety.
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Xiilasa

Borpa olunan enerji sistemlorinin siiratli inkisafi ilo birlikdo giinos va kiilok enerjisinin
prognozlasdirilmasi problemlori do aktualliq qazanmisdir. Bu enerji manbalorinin dayisken
xarakteri elektrik sobokolorinin sabitliyini ¢otinlosdirdiyindon, doqiq prognozlasdirma bdytik
ohomiyyat kosb edir. Son illords siini intellekt vo magin dyronmasi metodlar1 bu sahads
ohomiyyatli iroliloyislor oldo etmisdir. Bu tezis giinos vo kiilok enerjisi prognozlagdirmasinda
on ¢ox istifado olunan dord siini intellekt metodunu — Siini Neyron Soboko (ANN), Long
Short-Term Memory (LSTM), Random Forest vo XGBoost — miiqayisali sokildo tohlil edir.
Tadqiqat yeni eksperimental is aparmir, oksino 2019— 2025-ci illor arasinda dorc olunmus elmi
odobiyyata osaslanan keyfiyyotli miiqayisoli icmal aparir. Metodlar giinos vo kiilok
sahalorindaki effektivliklorino gors “Yiiksok™ vo “Orta” saviyyalorinde qiymotlondirilmisdir.
Noticolor gostorir ki, LSTM metodu hom gilinog, hom do kiilok prognozlasdirmasinda on stabil
vo giiclli performans niimayis etdirmisdir. XGBoost xiisusilo gilinos enerjisi sahosindo yaxsi
noticalor vermis, Random Forest rogabotli, ANN iso osason qisa miiddotli prognozlasdirmada
gonaotboxs notico gostormisdir. Todqigat homginin miixtolif verilonlor bazalar1 vo soraitlordon
gaynaqglanan mohdudiyyatlori do vurgulayir.

Acar sézlor: Siini Intellekt, Masm Oyronmosi, Borpa Olunan Enerji, Enerji
Prognozlagdirmasi

Giris

Barpa olunan enerji son on ilds siiratls inkisaf edorak iqtisadi realliga ¢evrilmisdir. Giinos
vo kiilok enerjisi artiq bir ¢ox 6lkods genis miqyasda totbiq olunur. Bu doyisiklik miisbat olsa
da, fosil yanacaglara asaslanan elektrik sistemlori ii¢lin yeni texniki ¢otinliklor yaratmisdir. On
ciddi problemlordon biri prognozlasdirma mosoloasidir. Giinas vo kiilok enerjisi istehsali hava
soraitindan asili olaraq doyiskon xarakter dasiyir vo bu dayisikliklori daqiq prognozlasdirmaq
¢oX vaxt ¢otin olur.

Son illords masin dyronmasi vo siini intellekt metodlart bu problemi shomiyyatli
dorocods yiingiillosdirmisdir. Neyron soboko osasli yanasmalar ovvallor qaginilmaz hesab
edilon prognoz sohvlorini xeyli azaltmaga imkan vermisdir (Chandel, 2023). Buna baxmayarag,
hans1 metodun hansi soraitdo daha effektiv oldugunu miisyyonlogsdirmok holo do ¢otin masoalo
olaraq qalir.Mosalon, bozi arastirmalar noticosindo kiilok enerjisi prognozlasdirilmasinda
LSTM sobokolorinin {istiinliiyli miioyyon olunmusdur(Karaman, 2023) . Basqa birindo iso
giinas PV sistemlorinds Random Forest metodunun gozlonilmadon yaxsi natica verdiyi
goriilmiisdiir (Asiedu, 2024). Digor arasdirmalar iso heg bir alqoritmin biitiin hallarda dominant
olmadigint vurgulayir (Zabihi, 2025). (Khan, 2024). Performansin verilonlor bazasindan,
regiondan vo prognoz miiddotindon asili olmasi todqiqatcilar vo praktiklor {iclin on uygun
metodu se¢mayi ¢otinlosdirir.

Bu tezis homin boslugu qismon doldurmagi hodofloyir. D6rd osas siini intellekt metodu:
Siini Neyron Saboks (ANN), Long Short-Term Memory (LSTM), Random Forest vo XGBoost
glinos enerjisi va kiilok enerjisi prognozlasdirmasi sahalorinds miiqayisali sokildo tohlil edilir.
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Miixtolif todqiqatlarda istifado olunan verilonlor vo qiymotlondirmo meyarlarinin forqli olmasi
sobabindon komiyyat miiqayisasi ¢atin oldugundan, burada keyfiyyat-tasnifat yanagsmasi totbiq
edilmisdir.

Tadqiqat Metodu

Bu todqiqat keyfiyyot miiqayisoli adobiyyat icmali soklindo aparilmisdir. 9sas mogsad
yeni eksperimentlor kegirmok yox, movcud adobiyyatdaki naticolori strukturlu sokilds sintez
edorok metodlar vo totbiq saholori arasinda monali vo uygunlagdirilmis miigayiso aparmaq
olmusdur. Todqiqatin ohato dairasi planl sokildo mohdud saxlanilmigdir: miigayiso {igiin dord
masin 0yronmasi metodu — Siini Neyron Soboko (ANN), Long Short-Term Memory (LSTM),
Random Forest (RF) vo Extreme Gradient Boosting (XGBoost) — segilmisdir. Icmal iki osas
sahoni ohato edir: giinos enerjisi prognozlasdirmasi vo kiilok enerjisi prognozlasdirmasi. Bu
metodlar son illorin barpa olunan enerji prognozlasdirmasi adabiyyatinda an ¢ox arasdirilan
algoritmlor oldugu ii¢iin secilmisdir (Ejiyi, 2025). (Gyamerah, 2024).

Odobiyyat “Google Scholar”, “Scopus” vo “Web of Science” kimi bazalardan
toplanmigdir. Axtaris “machine learning renewable energy forecasting”, “LSTM solar wind
prediction”, “XGBoost energy forecasting”, “Random Forest photovoltaic” vo s. kimi acgar
sozlorlo aparilmis vo 2019-2025-ci illor arasi nogsrlorlo mohdudlagdirilmigdir. Daxil olma
meyarina goro, islor sec¢ilmis dord metoddan on azi birino - giinos vo ya kiilok
prognozlagdirmasina natica toqdim etosino gora secilmisdir.  Incolonon todqiqatlar miixtolif
verilonlor bazalari, qiymotlondirmo meyarlart vo eksperimental sorait istifado etdiyi iigiin
birbasa rogomsal yolla miiqayiso etmok ¢otindir. Buna goro do icmal keyfiyyot effektivliyinin
tasnifatt metodundan istifade etmigdir. Hor metodun har sahadoki performansi adabiyyatdaki
imumi naticolors osason “Yiiksok™ vo ya “Orta” soviyyalorindon biri ilo giymotlondirilmisdir.
“Yiiksok™ qiymoti metodun digarlari ilo miiqayisade ardicil giiclii naticalar gdstordiyini, “Orta”
1S9 roqgabotli, lakin dominant olmayan performansi ifado edir. Bu yanasma sahodo oxsar
icmallarda istifado olunan metodologiya ilo uygundur (Dou, 2023). (Ejiyi, 2025).

Bu tosnifatin naticolori Codval 1-do togdim olunmusdur. Coadval hor metodun giinos vo
kiilok saholorindaki effektivlik saviyyasini va bu qiymatlondirmoni dastokloyon asas manbaoni
gostorir. Tosnifat tok bir isin noticosino deyil, biitiin icmal edilmis adobiyyatlarin iimumi
mozmununa vo uygunluguna asaslanir. Ziddiyyatli naticolor oldugda iso daha ¢ox tokrarlanan
notico osas gotliriilmiisdiir.

Cadval 1. Al metodlarinin barpa olunan enerji sahalarindos effektivlik soviyasi

Al Metodu Giinas (Solar) Kiilak (Wind) Tovsiyd olunan

ANN Yiiksok (Asiedu, 2024) | Yiiksok (Zabihi, 2025) Sado totbiq

LSTM Yiiksok (Khan, 2024) Yiiksok (Karaman, 2023) | Prognoz

Random Forest | Yiiksok (Asiedu, 2024) | Orta (Zahibi, 2025) Solar+Kiilok

XGBoost Orta (Asiedu, 2024) Orta (Zahibi, 2025) Hibrid Sistemlor
Natica

Cadval 1-do gostarilon miigayisoli tohlilo asason, LSTM metodu hom giinos, hom do kiilok
enerjisi prognozlasdirmasinda oan giiclii vo stabil noticolori gdstormisdir. Vaxt ardicilligi olan
molumatlarda uzunmiiddatli asililiglar1 yaxsi dyronma qabiliyyati bu metodu har iki saha {igiin
xtisusilo effektiv edir. XGBoost metodu da yaxsi performans niimayis etdirmisdir. Xiisusilo
giinos enerjisi prognozlagdirmasinda miixtolif vaxt intervalinda sabit vo etibarli noticolor
vermisdir. Random Forest metodu rogabatli olsa da, imumilikdo LSTM vo XGBoost-dan bir
godor gerido qalmigdir. Dord metod arasinda on sado olan Siini Neyron Soboko (ANN) qisa
miiddatli prognozlasdirmada kifayat godor gonastboxs natico gdstarir.

Bu icmalin asas mahdudiyyati ondan ibaratdir ki, naticolor miixtalif tadqiqatlarda istifado
olunan forgli verilonlor bazalari, giymotlondirmo meyarlar1 vo eksperimental goraitloro
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osaslanir. Buna gora do birbasa rogomsal miigayiso etmok miimkiin olmamigdir. Noticalor yerli
igqlim soraiti, malumat keyfiyyati va sistem xiisusiyyatlorindan asili olaraq doyisa bilar
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Xiilasa

Madon sonayesinds isci tohliikosizliyi on vacib masololordon biridir. Yeraltt modonlordo
karbon monoksid, metan vo hidrogen sulfid kimi zararli qazlarin sizmasi, oksigen ¢atigmazligi
vo iscilorin yixilma riski ciddi tohliikolor yaradir. ©Ononovi tohliikosizlik sistemlori ¢ox vaxt
gecikmis xobordarliq verir vo real vaxt monitoringi tomin etmir. Bu isdo yeraltt miihitdo
iscilorin tohliikasizliyini artirmaq moqsadi ilo agilli tohliikosizlik kaskasi layihalondirilmisdir.
Toklif olunan kaska miixtolif sensorlarla tochiz olunmusdur: qaz sensorlari is¢ilorin otrafindaki
karbon monoksid, metan vo hidrogen sulfid soviyyalorini 6l¢iir, elektrokimyovi oksigen sensoru
oksigen ¢atigmazligini agkarlayir, nobz sensoru is¢inin saglamliq voziyyatini izloyir vo harokot
sensorlar1 ig¢inin yixilma vo horokotsiz galma hallarin1 miioyyon edir. Kaska homginin
istifadaci identifikasiyasi ticlin barmagq izi sensoru, tocili voziyyat ticiin SOS diiymasi, vizual vo
sosli xobardarliq tigiin LED va buzzer ilo tochiz edilmisdir. Sensorlardan toplanan molumatlar
LoRa texnologiyasi vasitasilo gateway-a gondarilir vo oradan morkozi servers Gtiiriilorak real
vaxt monitoringi tomin olunur. Prototip testlori gostorir ki, bu sistem yeraltt modon soraitindo
is¢ilorin tohliikosizliyini effektiv sokildo izloyo vo xobordarliq edo bilir. Layiho, isci
tohliikesizliyini artirmaqla yanasi, madon idaragiloring real vaxt molumat tomin edorok qoza
risklorinin azalmasina tohfo verir. Golocokdo sistemin daha da tokmillogdirilmasi ii¢lin enerji
somoraliliyi, daha doqiq tibbi sensorlar vo LoRa sobokosinin mesh texnologiyasi ilo
genislondirilmoasi planlagdirilir.

Acgar sozlor: Modon Tohliikosizliyi, Agilli Kaska, Sensor Sistemlori, Real Vaxt
Monitoringi

Giris

Madon sonayesi, xiisusilo yeralti modonlor, is¢i tohliikesizliyi baximindan yiiksok riskli
sahodir. Karbon monoksid, metan vo hidrogen sulfid kimi zororli qazlarin sizmasi, oksigen
catismazligi vo is¢ilorin yixilma risklori ciddi qozalarla naticolona bilor. ©nonavi tohliikosizlik
sistemlori ¢ox vaxt gecikmis xobordarliq verir vo real vaxt monitoringi tomin etmir. Bu

sobabdon madan is¢ilorinin tohliikesizliyini artirmaq ii¢lin innovativ hollorin hazirlanmasi
aktualligin1 qoruyur.

Tadqigat metodu

Hal-hazirda yeralti modonlordo istifado edilon sistemlor yalniz qaz konsentrasiyasini
miioyyon qodor dlgiir va is¢i saglamligini real vaxt izlomo imkanina malik deyil. Eyni zamanda
GPS texnologiyast yeralti miihitdo islomodiyi tiglin is¢i movgeyini toyin etmokdo
mohdudiyyastlor mdévcuddur. Bu problemlor yeraltt miihitds qoza risklorini artirir vo yeni,
effektiv monitoring sistemlorino ehtiyac yaradir.

Tadqgiqatin maqsadi va yerind yetirilmis islor

Bu todgigatin moqsadi isgilorin tohliikesizliyini artirmaq tgiin IoT osash agill
tohliikasizlik kaskasi hazirlamaqdir. Prototip kaska miixtalif sensorlarla tochiz edilmisdir: qaz
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sensorlar1 karbon monoksid, metan vo hidrogen sulfid soviyyelorini 6lgiir, oksigen sensoru
oksigen catismazligini askar edir, nobz vo horokot sensorlari is¢inin saglamliq voziyyetini vo
yixilma hallarini izloyir. Kaska homginin barmaq izi sensoru ilo istifadoci identifikasiyasini
tomin edir vo SOS dilymasi, LED va buzzer vasitasils xabardarliq funksiyasina malikdir. Sensor
molumatlar1 LoRa texnologiyasi ilo gateway-o gondorilir vo server vasitosilo real vaxt
monitoringi tomin olunur.

Bu todqgiqgat isindo garsiya qoyulmus masalo — moadon is¢ilorinin tohliikosizliyini artirmaq
ticin agilli tohliikasizlik kaskasinin hazirlanmasi — miixtolif sensorlar vo rabito
texnologiyalarinin inteqrasiyasi yolu ilo hoall edilmisdir. Todqigat zamani istifado olunmusg
metodlar vo materiallar asagidaki kimi tosnif edilir:

1. Metod vo yanagma

o Sistem inteqrasiyasi metodu: Kaskada yerlosdirilon miixtalif sensorlarin va idarsetmo
modullarin birgo islomasi tomin edilmisdir.

e Sensor molumatlarinin oxunmasi vo iglonmosi: GAZ sensorlart (MQ-4, MQ-7, MQ-
136) qaz soviyyoalorini Olgiir, elektrokimyovi oksigen sensoru oksigenin
konsentrasiyasini miioyyon edir. Nobz vo horokot sensorlari is¢inin saglamliq v aktivlik
voziyyatini izloyir.

e Rabito metodu: Sensorlardan toplanan molumatlar LoRa texnologiyasi ilo gateway-o
Otliriilmiis vo oradan servers yonlondirilmisdir.

2. Materiallar vo avadanliq

e Morkoazi idarsetmo: ESP32-S3 modul

e Sensorlar: MQ seriyas1 qaz sensorlari, elektrokimyovi Oz sensoru, MAX30102 nobz
sensoru, MPU6050 harokat sensoru

o Istifadaci identifikasiyasi: AS608 barmaq izi sensoru

e Xobordarliq sistemi: LED, buzzer, SOS diiymasi

o Enerji tochizati: Li-Po batareya vo BMS qoruma sistemi

e Rabito vo molumat 6tlirmo: LoRa gateway, server vo LTE baglantis1

3. Aparilmis tocriibolor

e Prototip testlori: Kaskani laboratoriya soraitindo forqli qaz konsentrasiyalar1 vo oksigen
soviyyalorinds test etmok

e Sensorlarin funksional testlori: Nobz vo horokot sensorlarinin diizgiin islomosi, barmaq
izi sensoru ils identifikasiya

e Blok-sxemlorin hazirlanmasi: Kaskanin sistem arxitekturasi vo molumat axini blok-
sxem vasitosilo tosvir edilmigdir

e Qrafiklor va cadvallar: Sensor 6lgmalori vo molumat 6tiiriilmasi testlori naticosindoa aldo
olunmus molumatlar cadvallords gostorilmisdir

Notico

Bu todqiqat isindo yeralti modon iscilorinin tohliikosizliyini artirmaq mogsadi ilo ToT
osasli agilli tohliikasizlik kaskasi layiholondirilmis vo prototipi hazirlanmisdir. Aparilmig
tocriibolor gostormisdir ki, kaska miixtolif sensorlar vasitosilo ig¢ilorin otraf miihitdoki qaz
soviyyolorini, oksigen ¢atismazligini, nobzini vo horokot voziyyatini real vaxtda izloyo bilir.
SOS diiymasi va vizual-sasli xabordarliq sistemi tohliiko zamani tez reaksiya vermays imkan
yaradir.

Prototip testlori gostormisdir ki, LoRa texnologiyasi vasitasilo sensor moalumatlarinin
gateway vo serverd Otiirlilmosi somarali vo etibarlidir. Bu, modon idarogilorine isgilorin
vaziyyati haqqinda real vaxt malumat tomin edir va qoza risklorinin azalmasina tohfs verir.

Layihonin tistlinliiklori asagidakilardir:

e Yeralti miihitdos tohliikasizliyin effektiv monitoringj,

e Sensorlarin inteqrasiya edilmis vo birgo islomaosi;

o Enerji-effektiv rabito vo molumat Gtiiriilmasi;

o Istifadogi identifikasiyas1 vo SOS funksiyast ilo tohliikesizlik todbirlorinin artirilmas.
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Golocokds sistemin daha da tokmillogdirilmosi liglin enerji somoaraliliyinin artirilmast,
daha doqiq tibbi sensorlarin olavo olunmasi vo LoRa sobokosinin mesh texnologiyasi ilo
genislondirilmasi planlagdirilir. Bu layiha, modon iscilorinin tohliikesizliyini artirmagla yanasi,
praktik totbiq li¢lin real vaxt monitoringini tomin edon etibarli bir hall taqdim edir.
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Abstract

Rapid urbanization and rising global energy demand have significantly increased carbon
emissions and environmental degradation. Addressing these challenges requires not only
renewable energy generation but also intelligent monitoring, measurable carbon accounting,
and active user participation. This study introduces EnerGoApp, an Al-supported smart green
energy ecosystem designed to reduce carbon footprints through integrated renewable
production, human-powered micro-generation, and real-time environmental analytics. The
system combines photovoltaic solar panels and compact vertical-axis wind turbines as primary
renewable sources. Additionally, a smart kinetic energy platform enables users to generate
electricity through intelligent bicycles that convert pedal motion into electrical energy via
electromagnetic induction. Generated energy is regulated through smart inverters and stored in
hybrid battery systems managed by an adaptive energy storage unit to ensure efficiency and
grid stability. An IoT-based infrastructure continuously monitors energy production, storage

levels, CO2 concentration, temperature, and air quality. Data is transmitted to a cloud-based

interface where Al-driven algorithms optimize load balancing, forecast demand, and reduce
energy losses. Through a digital dashboard, users can track their personal energy contributions
and associated carbon offset values, encouraging environmental awareness and behavioral

change. A built-in carbon accounting module calculates avoided CO2 emissions by comparing

renewable output with fossil-fuel equivalents. By integrating renewable generation, kinetic
harvesting, Al optimization, [oT monitoring, and carbon-credit quantification into a unified
system, EnerGoApp provides a scalable and sustainable solution adaptable to campuses,
residential complexes, and smart-city environments.

Keywords: Green energy; Tokenization; Alternative Fuel; Carbon Tracking; IoT

Introduction

The accelerating global energy demand and intensifying climate crisis have significantly
increased carbon emissions, placing substantial pressure on urban sustainability. Modern cities
remain dependent on fossil-fuel-based electricity systems, while inefficient distribution and
limited real-time monitoring reduce renewable integration efficiency. Although solar and wind
technologies have advanced, the lack of unified intelligent management platforms limits their
full environmental impact.

Existing research emphasizes smart grids, photovoltaic optimization, micro-wind systems, [oT-
based monitoring, and Al-supported load forecasting. However, most solutions operate as
isolated subsystems focusing separately on generation, storage, or consumption analytics.
Integrated ecosystems combining renewable production, environmental sensing, human-
powered micro-generation, and real-time carbon offset calculation remain limited.
Furthermore, transparent carbon accounting mechanisms that convert renewable output into
measurable environmental metrics are rarely embedded into interactive platforms, reducing
accountability and public participation.
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To address these limitations, this study proposes EnerGoApp, an Al-integrated smart green
energy ecosystem designed to reduce carbon emissions through renewable generation, kinetic
energy harvesting, and intelligent optimization.

Research Methodology

The development of EnerGoApp followed a multi-layer engineering methodology including
renewable integration, kinetic energy conversion, digital tokenization, [oT monitoring, and Al-
driven optimization. Photovoltaic solar panels and compact vertical-axis wind turbines were
deployed as primary renewable generation units. A smart kinetic bicycle system was developed
as a human-powered micro-generation module. Pedal-driven mechanical energy is converted
into electrical energy through electromagnetic induction using a high-efficiency DC generator.
The generated energy is stabilized via voltage regulation circuits and stored in hybrid battery
modules integrated into the system microgrid.

A digital incentive mechanism measures user-generated energy in real time (Wh) through
embedded current and voltage sensors connected to a microcontroller. Based on an energy-to-
token conversion algorithm, output is transformed into digital “EnerGo Coins” stored within
the user’s in-app wallet, creating a closed-loop micro carbon-credit economy. An IoT-based
network collects real-time data from renewable sources, storage systems, environmental
sensors (CO., temperature, air quality), and kinetic generators. All data is transmitted to a
centralized cloud platform where Al algorithms optimize load balancing, forecast demand,
prioritize renewable routing, and calculate avoided CO: emissions using fossil-fuel equivalency
models.

This structured methodology ensures that EnerGoApp operates as both renewable infrastructure
and a participatory sustainability ecosystem integrating engineering, digital economy
principles,and intelligent optimization.

Renewable Energy Integration
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Figure 1. Schematic architecture of the EnerGoApp integrated system.
Results

The EnerGoApp system effectively integrates renewable generation, kinetic bicycles, and Al-
based energy management. Pilot tests showed that solar and wind units provided steady energy,
while bicycles generated up to 120 Wh per user per session. Real-time monitoring tracked
energy production, storage, environmental conditions, and carbon offsets.

The energy-to-token mechanism issued EnerGo Coins proportional to each user’s contribution.
During a two-week pilot, users earned coins equivalent to 35 kWh of energy, which could be
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spent within the platform ecosystem. Al optimization reduced grid dependency by 18-22%,
and carbon accounting showed an avoided emission of approximately 14 kg CO: per week.
The dashboard offered immediate feedback on energy and coin earnings, promoting
engagement and sustainable behavior. These results demonstrate that EnerGoApp combines
technical performance with user-driven participation, providing a practical model for urban
carbon reduction.
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Xiilasa

Bu aragdirmada Unix osasli omaliyyat sistemlori arasinda tohliikasizlik deyildikds 6n
plana ¢ixan omoliyyat sistemlorindon biri olan FreeBSD-ni incolodim. Magsodim FreeBSD-nin
niys tohliikesiz sistem kimi gobul edildiyini texniki baximdan anlamaq veo onun osas
tohliikosizlik mexanizmlorini tohlil etmok olmusdur. Arasdirma zamani kernel qurulusu, sistem
cagirislar1 vo fayl sistemi kimi asas komponentlar nazordon kegirilmisdir. Xiisusilo, FreeBSD-
yo xas olan Jails mexanizmi vo Capsicum kimi miiasir tohliikosizlik texnologiyalarinin sistemi
kiber hiicumlara qarst necs qorudugunu analiz etdim. Bundan olave, molumatlarin
korlanmasinin garsisin1 alan ZFS fayl sisteminin vo soboka tohliikosizliyi ii¢iin istifado edilon
PF (Packet Filter) kimi vasitolorin sistemin timumi dayanigliligina tssirini arasdirdim. Bu
xtisusiyyatlor FreeBSD-ni xiisusilo yiiksok tohliikosizlik tolob edon server vo soboko
infrastrukturlari ii¢iin uygun platformaya cevirir. Umumilikde, FreeBSD-nin arxitekturast,
tohliikasizlik mexanizmlori vo stabil inkisaf prosesi onu xiisusilo server sistemlori {i¢iin etibarli
secim halina gotirir. Bununla yanagi, sistemin yiiksok tohliikesizlik soviyyasinin bozi hallarda
konfiqurasiya miirokkobliyi vo idaroetmo ¢otinliklori yaratdigi da nozoro alinmisdir. Noticodo
153 bu etibarli se¢imin monfi vo miisbat toraflorini vurgulanmigdir.

Acgar sozlar: Jails, Capsicum, ZFS fayl sistemi

Giris

Miiasir dovrds informasiya texnologiyalarinin siirotlo inkisaf etmasi vo internet
istifadogilorinin sayinin artmasi kibertohliikosizlik masolosini daha da vacib etmisdir. Demok
olar ki, biitiin dovlot qurumlari, sirkotlor vo fordi istifadogilor 6z molumatlarin1 rogomsal
miihitdo saxlayir. Bu sobobdon omoliyyat sistemlorinin tohliikosizliyi xlisusi ohomiyyat dasiyir.
Omoliyyat sistemi biitlin programlarin vo xidmatlorin {izarinds isladiyi asas platforma oldugu
liclin burada yaranan bir zsiflik biitiin sistemi risk altina sala bilor. Unix osasli sistemlor arasinda
tohliikasizlik baximindan se¢ilon amaliyyat sistemlorindon biri do FreeBSD-dir. Bu baximdan
FreeBSD-nin tohliikesizlik mexanizmlorinin arasdirilmasi aktual hesab olunur.

Hal-hazirda miixtalif omaliyyat sistemlori tohliikasizlik {i¢iin forqli yanasmalar totbiq
edir. Linux osasli sistemlordo konteyner texnologiyalar1 vo miixtolif tohliikasizlik modullar
genis istifado olunur. Lakin FreeBSD 6ziinlin “base system” yanagsmasi, Secure by Default
prinsipi, Jails vo Capsicum kimi mexanizmlori ilo forqglonir. Bu sistem haqqinda miixtolif
texniki sonadlor vo arasdirmalar movcud olsa da, onun tohliikesizlik arxitekturasinin biitov
sokildo tohlili vacibdir.

Bu todqgiqgat isinin moagsadi FreeBSD omoliyyat sisteminin tohliikosizlik baximindan neco
quruldugunu arasdirmaqdr. Is ¢arcivasinds kernel saviyyasinda izolasiya mexanizmloari, sistem
cagiriglarinin idaro olunmasi, fayl sistemi tohliikosizliyi vo soboko qoruma vasitolori
Oyranilmisdir. Xiisusilo Jails va Capsicum mexanizmlarinin sistemin qorunmasinda rolu analiz
edilmisdir.
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Moqalo girig, osas hisso vo notico bdlmolorindon ibarotdir. Osas hissodo ovvalco
FreeBSD-nin timumi arxitekturasi izah edilir, daha sonra tohliikesizlik mexanizmlori ayri-
ayriligda tohlil olunur vo sonda sldo olunan naticolor iimumilosdirilir.

Base System va Secure by Default

FreeBSD-ni digor omoliyyat sistemlorindon forqlondiron osas xiisusiyyot “base system”
anlayisidir. Linux osasli sistemlor adoton yalniz kernel vo siiriiciilor togdim edir vo digor sistem
komponentlori miixtolif layiholor torafindon hazirlanir. FreeBSD iso kernel, siiriiciilor, sistem
alotlori vo sonadlosdirmoni vahid vo morkozlosdirilmis gokildo inkisaf etdirir. Bu yanagma
sistemin daha nizaml1 vo biitov sokilda idara olunmasina imkan verir.

Bu modelin asas tstiinliiklorindon biri tohliikasizlik yenilomalarinin vahid sokildas totbiq
olunmasidir. Sistem komponentlori bir morkozdon idaro edildiyi {i¢lin bosluglar daha
koordinasiyali sokilds aradan qaldirilir. Bundan slave, sistem fayllar1 ilo sonradan qurasdirilan
programlar bir-birindon ayrilir (/usr/bin vo /ust/local/bin). Bu da asas sistemin biitdvlilyiini
gorumaga komok edir.

Base system anlayisinin asas prinsiplorindon biri do Secure by Default yanagsmasidir.
FreeBSD quragdirildigdan sonra biitiin servis vo xidmaotlori deaktiv voziyyotdo saxlayir. Bu,
sistemdo lazimsiz agiq port vo ya xidmot galmamasmi tomin edir. Lakin bu yanasma
istifadocidon daha ¢ox ilkin konfiqurasiya tolob edir.

Kernel Saviyyasinds izolasiya: FreeBSD Jails

FreeBSD-do tohliikasizliyi artiran osas mexanizmlordon biri Jail texnologiyasidir. Jail
mexanizmi chroot anlayis1 osasinda qurulmusdur va sistem daxilinds izolyasiya olunmus miihit
yaradir. Bu miihitdo calisan proseslor asas sistemo tam ¢ixis aldo edo bilmir. Beloliklo, bir
xidmat alo kegirilsa bela, biitiin sistem risk altina diismdir.

Jails yalniz fayl sistemi deyil, hom do istifadogi vo soboka soviyyasindo izolasiya tomin
edir. Miixtalif Jail névlori mévcuddur:

o Thick Jails — Osas sistemin tam kopyasi yaradilir v yiiksok izolasiya tomin olunur.
e Thin Jails — Osas sistemi paylasir, daha az resurs istifado edir.

e Service Jails — Xidmatlorin avtomatik izolasiya edilmasini tomin edir.

e VNET Jails — Soboka soviyyasinds ayrica miihit yaradir.

e Linux Jails — FreeBSD daxilinds Linux proqramlarinin islomasine imkan verir.

Bu mexanizm FreeBSD-nin kernel soviyyosindo tohliikesizliyini giiclondiron osas
vasitolordon biri hesab olunur.

Kernel Saviyyasinda Toahliikasizlik vo Icazalor

FreeBSD-do tohliikasizlik kernel soviyyesindo do tomin olunur. Bu sahods osas
mexanizmlordon biri MAC (Mandatory Access Control) framework-diir. MAC sistemi
resurslara ¢ixist avvalcodon miioyyon edilmis tohliikosizlik siyasatlori osasinda idars edir. Bu
modelds istifadagilor va proseslor yalniz onlara icazo verilmis omoliyyatlar1 yerino yetira bilor.

Onanavi icazo modelindan forqli olaraq, MAC daha saort nozarat mexanizmi toqdim edir
vo tohliikasizlik siyasotlori adi istifadogi torofindon doyisdirilo bilmir. Bu yanagma xiisusilo
server sistemlorindo daxili tohliikesizliyi giiclondirir vo hiicumlarin tosir dairasini
mohdudlasdirir.

System Calls vo Capsicum Inteqrasiyasi

Programlar niivo ilo olago yaratmaq Ugiin sistem cagirislarindan istifado edir. Bu
mexanizm diizglin mohdudlagdirilmadiqda tohliikesizlik riski yarada bilor. FreeBSD-do bu riski
azaltmagq tigiin Capsicum texnologiyasi totbiq olunur.

Capsicum proqramlart “sandbox” miihitino salaraq onlarin yalniz verilmis icazolor
corcivasindo islomosini tomin edir. Proses capability rejimino ke¢dikdon sonra qlobal sistem
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resurslaria sorbost ¢ixis edo bilmir. Bu da miimkiin hiicum zamani sistemo doyoacok zorori
minimuma endirir.

Fayl Sistemi: ZFS vo GELI

FreeBSD-do molumat tohliikasizliyi liciin ZFS vo GELI texnologiyalarindan istifado
olunur. ZFS daxili yoxlama (checksum) mexanizmi vasitosilo malumatin biitévlilyiinii qoruyur
va korlanma hallarinda borpa imkani yaradir.

GELI iso disk soviyyasindos sifrolomo tomin edir. Bu o demokdir ki, fiziki dasiyici olo
kegcirilsa belo, sifrolomo acar1 olmadan molumatlara ¢ixig miimkiin olmur.

Beloliklo, ZFS molumatin biitovliiyiinii, GELI iso moxfiliyini tomin edorok sistem
tohliikesizliyini giiclondirir.

Notico

Aparilan todqiqat noticasinde miioyyon edilmisdir ki, FreeBSD omaliyyat sistemi
tohliikosizlik baximindan giiclii vo sistemli arxitekturaya malikdir. Kernel soviyyasindo MAC
framework, Jails vo Capsicum mexanizmlori sistem resurslarina nozarsti tomin edir vo
hiicumlarin tosir dairosini mohdudlasdirir. ZFS vo GELI iso molumatin biitovliyi vo
maxfiliyini qoruyaraq slava tohliikasizlik saviyyasi yaradir.

Oldo edilon naticoalor gostorir ki, FreeBSD-nin {istiinliiyii ayri-ayr1 mexanizmlordo deyil,
onlarin birgo vo koordinasiyali sokildo islomasindodir. Todqgiqatin somoraliliyi sistem
tohliikasizliyinin kompleks sokildos tohlil olunmasi ilo ifado olunur.
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Xiilasa

Azorbaycanin isgaldan azad edilmis orazilorindo hoyata kegirilon "Boylk Qayidis"
programi ¢orcivasindo totbiq olunan "Smart Village" (Agali vo Ddvlotyarlt niimunosindo)
layiholori rogomsal quruculugun osasimi togkil edir. Bu todqiqat isindo sdziigedon
ekosistemlorin kiber-tohliikosizlik arxitekturasi analiz edilmis vo Osyalarin Interneti (IoT)
sobokolori tiglin "Zero Trust" modelinin miihondislik totbiqi toklif olunmusdur. Todqiqat
zamant kritik infrastruktura yonolmis SQL inyeksiya vo sessiya ogurlugu kimi kiber-hiicum
vektorlarimin risk dorocosi qiymotlondirilmis, onlara garst dinamik autentifikasiya vo
mikroseqmentasiya asasli miidafiso mexanizmi hazirlanmigdir. Aparilan simulyasiyalar gostorir
ki, toklif olunan model sonaye idaroetmo sistemlorindo (SCADA/IIoT) kiber-fiziki sabotaj
riskini 90%-9 godar azaldir vo roaqomsal suverenliyin qorunmasina xidmot edir. Todqiqatin
noticalori Qarabagin roqomsal infrastrukturunun dayanigligini tomin edon milli miihondislik
standartlarinin formalagdirilmasi {igiin praktik ohomiyyat kosb edir.

Acar sozlar: Boyiik Qayidis, Agilli Kond, Kibertohliikosizlik, IoT, Zero Trust, Milli
Suverenlik.

Giris

Miizoffor Ali Bas Komandan Ilham Bliyevin rohberliyi ilo qazanilan tarixi Zofor, azad
edilmis torpaglarimizda "Bdyiik Qayidis" vo rogomsal intibah dovriinii baglatmisdir. Xankondi
sohori vo otraf orazilordo totbiq olunan "Smart Village" (Agali niimunosindo) layiholori
Azorbaycanin innovativ mithandislik giiclinii niimayis etdirir. Lakin bu kritik infrastrukturun
interneto inteqrasiyasi onu kiber-terrorizm va strateji sabotaj cohdlori iigiin hodofs geviro bilor.

Zoforimizin rogamsal mokanda qorunmasi mithandislar {igiin strateji vozifodir. Ogyalarin
Interneti (IoT) cihazlarinda SQL inyeksiya vo sessiya ogurlugu kimi risklori minimuma
endirmok iiclin ananavi metodlardan imtina edilmali, milli tohliikasizlik maraqlarma uygun
"Sifir Etibar" (Zero Trust) modelinin totbiqi qacilmazdir. Bu todgigatin mogsodi, Ali Bag
Komandanin "Agilli sshor" vizyonuna uygun olaraq, Qarabagin raqomsal siitunlarini kiber-
hiicumlardan qoruyacaq sarsilmaz miihondislik arxitekturasini toklif etmokdir.

Tadqigat metodu

Todqgigatda "Heg vaxt etibar etmo, hor zaman yoxla" prinsipini rohbar tutan "Zero Trust"
arxitekturasi totbiq olunmusdur. Sistema qosulan har bir cihazin etibarliligi asagidaki riyazi
model osasinda hesablanir (Mammadov, 2024; Rose et al., 2020).

Riyazi ifadalor va qrafik materiallar
Ascore:Z(Wixéi)>T (1)

Burada: Ag.ore— Cihazin iimumi tohliikesizlik reytingi; w;— parametr ¢okisi; 6;— dogruluk
doracasi; T — kegid hoaddidir.
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loT cihazinin “Zero Trust" Sifrali
giris sorgusu analiz filtri informasiya
(ID & IP) (dinamik dogrulama) mubadilasi

(tehlikasiz giris)

Sokil 1. "Agilli kond" ekosisteminds cihazlarin dinamik autentifikasiyas1 vo kiber-miidafis

algoritmi: IoT Cihazinin Giris Sorgusu (ID & IP) — "Zero Trust" Analiz Filtri (Dinamik

Dogrulama) — Sifrali informasiya Miibadilosi (Tohliikesiz Giris).

Notica

Aparilan simulyasiyalar stibut edir ki, toklif olunan "Zero Trust" modeli sanonovi perimetr
miidafio sistemlorindon 45% daha somoralidir. Bu yanasma, Boyilik Qayidis ¢orgivasindo insa

edilon rogomsal infrastrukturun kiber-fiziki hiicumlara qarst dayanmiqligini tomin edorak,
regionun tohliikosiz inkisafina miithondislik zomanati verir (Al-Fuqaha et al., 2015; Qasimov &
Hiiseynov, 2023).
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Xiilaso

Informasiya texnologiyalarmin siiratli inkisafi vo roqomsal transformasiya proseslorinin
genislonmasi noticosindo soboko infrastrukturlart daha miirokkob vo ¢oxsaxali hala golmisdir.
Bu is0 6z ndvbasinda kibertohliikolorin saymin vo miixtolifliyinin artmasina gotirib ¢ixarmisdir.
Miiasir toskilatlar {iclin informasiya tohliikesizliyinin tomin edilmosi yalniz texniki mosalo
deyil, eyni zamanda strateji prioritet kimi ¢ixis edir (Stallings, 2018). Bu kontekstdo intrusion
detection system (IDS) vo intrusion prevention system (IPS) kimi tohliikesizlik mexanizmlori
genis sokildo totbiq olunur. Bu todqiqat isindo geyd olunan sistemlorin is prinsiplori, totbiq
xiisusiyyatlori vo effektivlik soviyyasi miiqayisali sokildo aragdirilmigdir. IDS sistemlori osason
soboko trafikinin monitoringi vo anomaliyalarin askarlanmasina yonoldilmis passiv miidafio
vasitosi kimi ¢ixis edir (Scarfone & Mell, 2007). IPS sistemlori iso daha aktiv yanagma totbiq
edorok tohliikali trafiko miidaxilo edir vo potensial hiicumlarin garsisini alir. Aparilan tohlillor
gostarir ki, har iki sistemin iistiinliiklari vo mahdudiyyatlori mévcuddur. IDS sistemlori daha az
miidaxilogi olmaqla sistem performansina minimal tosir gostorir, lakin birbasa miidafio
funksiyasina malik deyil. IPS sistemlori iso real vaxt rejimindo miidaxilo imkanina sahib olsa
da, yanlis pozitiv naticalor vo performans yliklonmosi kimi problemlorlos iizlogo bilor (Garcia-
Teodoro et al., 2009). Notico olaraq miioyyon edilmisdir ki, IDS vo IPS sistemlorinin
inteqrasiyali sokildo totbiqi daha yiiksok soviyyali tohliikosizlik tomin edir vo miiasir soboko
miihitlori {iglin optimal yanagma hesab olunur.

Acar sozlar: IDS, IPS, Soboko Tohliikasizliyi, Hiicumlarin Agkarlanmasi,
Kibertohliikasizlik

Giris

Son illords informasiya vo kommunikasiya texnologiyalarinin siiratli inkisafi noticosindo
toskilatlarin foaliyyatinde roqomsal sistemlorin rolu shomiyyetli doracads artmigdir. Bu
inkisafla paralel olaraq kibercinayotkarliq hallar1 da artmis, informasiya sistemlorino yonolmis
hiicumlar daha miirokkob vo moqsodyodnlii xarakter almisdir (Behl, 2017).

Soboko tohliikesizliyinin tomin edilmasi tiglin miixtalif texnologiyalar totbiq olunsa da,
intrusion detection va intrusion prevention sistemlori bu sahads osas miidafio vasitolori kimi
cixis edir. IDS sistemlori soboka trafikini analiz edorak siibhali foaliyyetlori miioyyon edir vo
istifadogiyo xobordarliq edir. IPS sistemlori iso bu funksiyani genislondirorok askar edilmis
tohliikoloro gars1 avtomatik reaksiya verir vo onlarin qarsisini alir.

Moveud elmi odobiyyat gdstorir ki, bu sistemlor forgli yanasmalar osasinda isloyir vo
miixtolif tohliikesizlik ehtiyaclarina cavab verir (Scarfone & Mell, 2007). Buna baxmayaraq,
onlarin hansi soraitdo daha effektiv istifado olunmast masalosi halo do aktualdir.

Bu todqgigat isinin osas moqsadi IDS vo IPS sistemlorinin funksional xiisusiyyatlorini
tohlil etmok, onlarin istiinliiklorini vo g¢atismazliglarint miiqayise etmok vo optimal totbiq
saholorini miioyyanlosdirmokdir. Eyni zamanda bu sistemlorin birgo istifadosinin miimkiin
faydalar1 da arasdirilmigdir.
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Tadqigat metodu

Tadqiqat isinds IDS (Intrusion Detection System) vo IPS (Intrusion Prevention System)
sistemlorinin funksional xiisusiyyatlorinin vo effektivliyinin giymotlondirilmosi mogsadilo
kompleks metodoloji yanagma totbiq edilmisdir. Bu yanasma noazori tohlil, miiqayisoli analiz vo
modellosdirma elementlorini 6ziinda birlasdirir.

[lkin morholode mévzu ilo bagli moéveud elmi adobiyyat sistemli sokilda arasdirilmisdar.
Bu ¢org¢ivado intrusion detection vo intrusion prevention sistemlorinin inkisaf morhalolori,
totbiq saholori vo texnoloji xiisusiyyatlori dyronilmisdir (Scarfone & Mell, 2007). ©1ds olunan
molumatlar osasinda hor iki sistemin islomo prinsiplori strukturlagdirilmis sokildo toqdim
edilmisdir.

Todqigatin osas hissosindo IDS vo IPS sistemlorinin islomo mexanizmlori ayri-ayriliqgda
tahlil edilmisdir. IDS sistemlarinin faaliyyatinds istifads olunan asas yanagsmalar — imza asash
(signature-based) vo anomaliya osasli (anomaly-based) askarlama metodlar1 genis sokildo
aragdirilmisdir. Imza osasl yanagsmada sistem avvalcadon molum olan hiicum niimunalori ilo
soboko trafikini miigayiso edir vo uygunluq askar etdikdo xobordarliq yaradir. Bu metod ytiksok
doqiqlik tomin etso do, yalniz malum hiicumlarin askarlanmasinda effektivdir. Anomaliya osash
yanasma iso sistemin normal davramis modelini formalasdiraraq ondan konara ¢ixan
foaliyyatlori potensial tohliiko kimi miioyyon edir (Garcia-Teodoro et al., 2009). Bu yanagma
yeni vo ovvoallor molum olmayan hiicumlarin agkarlanmasina imkan verir, lakin yanlis pozitiv
hallar yaratmaq ehtimali daha ytiksakdir.

IPS sistemlorinin tohlili zamani onlarin aktiv miidaxilo mexanizmlori xiisusi diqqot
morkozindo saxlanilmisdir. IPS sistemlori soboko trafikini real vaxt rejimindo analiz edorok
tohliikoli hesab edilon paketloro qars1 dorhal reaksiya verir. Bu reaksiya miixtolif formalarda
hoyata kegirilo bilor: slibhali trafik bloklanir, slaqe kosilir vo ya tohliikasizlik siyasatlori
avtomatik sokildo yenilonir (Stallings, 2018). Bu xiisusiyyat IPS sistemlorini yalniz monitoring
vasitasi deyil, eyni zamanda miidafio mexanizmi kimi forqlondirir. Tadqiqat ¢arcivasinds IDS
vo IPS sistemlorinin miiqayisasi bir neg¢o osas meyar iizro aparilmigdir. Bu meyarlara
asagidakilar daxildir:

Askarlama doaqiqliyi: sistemin hiicumlari diizgiin miioyyan etmo qabiliyyati
Reaksiya miiddati: tohliikaya cavab verma siiroti

Performansa tosir: sistemin saboka siiroting vo resurslara tosiri

Yanlis pozitiv vo yanlis neqativ gostoricilor: sohv askarlama hallar1

Bu meyarlar osasinda aparilan miiqayise noticesinde hor iki sistemin ustiinliiklori vo
mohdudiyyatlori daha aydin sokildo miioyyon edilmisdir.

Bundan olava, todqiqatda nazori modellogdirmo yanagmasindan istifado edilorak sado
soboko miihiti simulyasiya edilmisdir. Bu modeldo soboko trafiki ardicil morhoalalar {izro analiz
olunmusdur: avvalca trafik IDS sistemi torafindon yoxlanilir, daha sonra iso potensial tohliika
kimi miioyyon edilon molumatlar IPS sistemi vasitosilo filtrasiya olunur. Bu yanasma asagidaki
sxem iizra tosvir edils bilar:

Saboka trafiki — IDS analizi — Tohliikonin Askarlanmasi — IPS Miidaxilosi —
Toahliikonin Qarsisinin Alinmasi

Bu model vasitosilo sistemlorin birgo foaliyyatinin effektivliyi nozori olaraq asaslandirilmisdir.

Eyni zamanda, real miihitds totbiq edilon tohliikesizlik sistemlarinin xiisusiyyatlori nazara
alimaraq IDS vo IPS sistemlorinin inteqrasiyasinin iistiinliiklori tohlil edilmisdir. Miioyyon
edilmisdir ki, yalniz bir sistemin istifadosi tohliikosizlik baximindan kifayat etmir vo kompleks
yanasma talob olunur.

124




“Goalacayin miihandisi” Elmi-Texniki Talaba Konfransi, 24-25 Aprel 2026

Notico etibarilo, totbiq olunan metodoloji yanasma IDS vo IPS sistemlorinin hom nozori,
hom do praktiki aspektdon dorindon Gyronilmosino imkan vermis vo onlarin effektivliyinin
obyektiv gqiymaotlondirilmasi {igiin osas yaratmisdir.

Notica

Aparilan todqigat noaticosinds miioyyon edilmisdir ki, IDS vo IPS sistemlori informasiya
tohliikosizliyinin tomin edilmosindo miihiim rol oynayan vo bir-birini tamamlayan
texnologiyalardir. IDS sistemlori sobokodo bas veran hadisolorin monitoringi vo analizindo
effektiv vasito kimi ¢ixis edir. Bu sistemlor administratorlara potensial tohliikolor hagqinda
vaxtinda molumat toqdim edir, lakin birbasa miidaxilo imkani mohduddur (Scarfone & Mell,
2007). IPS sistemlori iso daha aktiv miidafio mexanizmi kimi ¢ixis edorok hiicumlarin garsisini
real vaxt rejiminde almaga imkan verir. Lakin bu sistemlarin totbiqi zamani yanlis pozitiv hallar
vo sistem performansina alavo yiik kimi problemlor yarana bilor (Garcia-Teodoro et al., 2009).

Bu sababdon, optimal tohliikesizlik strategiyast kimi IDS vo IPS sistemlorinin
inteqrasiyali sokildo istifadosi tovsiyo olunur. Bu yanasma hom erkon askarlama, hom do
operativ miidaxilo imkanlarini birlosdirarok daha etibarli tohliikosizlik miihiti yaradir.
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Xiilasa

Sonaye Internet of Things (IIoT) totbiglorinin genislonmosi ilo birlikdo etibarli, enerji
somorali vo asagl gecikmoli simsiz kommunikasiya texnologiyalarina olan tolobat artmisdir.
IEEE 802.15.4e standartinin togdim etdiyi Time Slotted Channel Hopping (TSCH) protokolu
bu toloblori garsilamagq ticilin giiclii bir infrastruktur tomin edir. Lakin TSCH-nin effektivliyi
zamanlama funksiyasinin (Scheduling Function) diizgiin se¢ilmasina birbasa baglidir. ©Ononavi
statik zamanlama yanagmalar1 doyigskon IloT trafik yiikiino uygunlasa bilmir; bu da paket
catdirilma nisbatinin (PDR) azalmasina, gecikmonin artmasina va artiq enerji istehlakina gatirib
cixarir. Bu g¢atismazliglar aradan qaldirmaq mogsadilo son illordo giiclondirilmis dyronmao
(Reinforcement Learning, RL) asasli zamanlama funksiyalari intensiv sokilde arasdirilmaga
baslanmigdir. Bu tezis mdvcud RL asasli TSCH zamanlama yanasmalarini sistemli sokildo
incoloyir. Arasdirmaya Q-Learning, Deep Q-Network (DQN), Double DQN (DDQN),
Prioritized Experience Replay DQN (PER-DQN), Hierarchical RL (HRL), Proximal Policy
Optimization (PPO) va ¢ox-agentli Q-Learning kimi miixtolif RL alqoritmlorini totbiq edon on
bir miiasir ¢aligma daxil edilmisdir. Hor bir yanasma trafik forqindoliyi, hiiceyro ayirma
mexanizmi, qazanc funksiyas1 dizayni, dagitig/morkozlogdirilmis  arxitektura  vo
giymotlondirmo metodologiyasit baximindan miiqayisoli sokildo tohlil edilmisdir. Arasdirma
naticosindo miioyyan edilmisdir ki, RL asasli zamanlayicilar anonovi MSF vo Orchestra kimi
baseline protokollarla miigayisodo enerji istehlakinda 2-3 dofo azalma, PDR-da iso
nozoragarpacaq yaxsilasma tomin etmokdodir. Bununla yanasi, boylik 6l¢okli sobokolordo
Olgoklonmo qabiliyyati, Q-codvolinin genislonmosi problemi vo real donanim testlorinin
mohdudlugu kimi agiq problemlar halo do aktual olaraq qalir.

Acar sozlor: TSCH, IEEE 802.15.4e, Giiclondirilmis Oyronmo, IIoT, Zamanlama
Funksiyasi

Giris

Sonaye Internet of Things totbiglori istehsal, enerji, nogliyyat vo agilli infrastruktur
saholorini ohato edorok siirotlo genislonir; bu totbiglor eyni zamanda yiiksok etibarliliq, asagi
gecikme vo uzunmiiddotli batareya dmrii tolob edir. IEEE 802.15.4e standartinin taqdim etdiyi
TSCH mexanizmi bu toloblors cavab vermak {i¢iin hazirlanmis olsa da, effektivliyi Zamanlama
Funksiyasinin diizgiin sec¢ilmosindon birbaga asilidir. Standart holl olan MSF statik xarakter
dasidigindan doyiskon trafik soraitindo enerji israfina, yiiksok gecikmoyos vo PDR-nin
azalmasina sabob olur (Nguyen-Duy et al., 2019).

2012-2022-ci illori ohato edon sistematik arasdirma gostorir ki, 59 trafik-hossas
zamanlama hollinin yalniz kicik bir hissosi ML/RL osashidir vo bu saho holo yetorinco
Oyronilmomisdir (Tabouche et al., 2023). Son illordo DQN, HRL vo ¢ox-agentli Q-Learning
kimi yanagmalarin TSCH zamanlamasina totbiqi bu boslugu doldurmaga baglamisdir. Bu tezis
movcud RL osasli TSCH zamanlama yanagmalarini miigayisali sokildo arasdirir, Uistiinliik vo
catismazliglarini {izo ¢ixarir vo galocok aragdirma istigamatlorini miioyyonlosdirir.
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Tadqigat metodu

Bu aragdirma iictin 2019-2025-ci illor arasinda IEEE Xplore, MDPI vo Elsevier kimi
niifuzlu platformalarda dorc olunmus, RL osasli TSCH zamanlama funksiyalarin1 ohato edon
on bir todqiqat se¢ilmisdir. Se¢im meyarlar asagidakilardir: (1) IEEE 802.15.4e/TSCH
protokolundan istifado, (2) RL algoritminin zamanlama funksiyasina birbasa totbiqi, (3) PDR,
enerji istehlaki vo ya gecikme lizra komiyyatli naticolorin mévcudlugu.

Hor bir todqgigat dord osas baximdan tohlil edilmisdir: RL alqoritmi novii,
vaziyyat/omaliyyat/qazanc funksiyasi dizayni, arxitektura (markozlasdirilmis va ya dagitiq) ve
giymotlondirmo miihiti (simulasiya vo ya real donanim). Cadval 1-do se¢ilmis todqigatlarin osas
xiisusiyyatlori imumilogdirilir.

Cadval 1. Secilmis todqgiqatlarin osas xiisusiyyatlori codvali

Tadgigat RL Alqoritmi Arxitektura Isas Metrik Platforma
Nguyen-Duy et al. i . - . Cooja, real
(2019) Q-Learning Dagitiq PDR, Enerji testbed
Ben Yaala et al. DQN, DDQN, - . .
(2025) PER-DON Dagitiq PDR Simulasiya
Jurado-Lasso et al. Throushput

(2024) — HRL- HRL Dagitiq Enert ({fe fikr’ne Cooja
TSCH I

Pratama et al. 6TiSCH

(2022) — RL-SF Q-Learning Dagitiq PDR, Gecikme

Pratama et al.

Simulator

PDR, Gecikme, OpenWSN,

(S2FO24) — LLQL- Q-Learning Dagitiq Odalot real 30 diiyiin
Morkozi — PDR, Enerji, 6TiSCH
Zhang et al. (2025) DDQN Dagitiq Gecikme Simulator
Jurado-Lasso et al. DQN, A2C, | Morkazlosdirilm | Enerji, Gecikme, FIT ToT-Lab
(2024) — ELISE PPO is (SDN) Etibarliliq
. Real donanim
Park et al. (2020) Cox-agentli - .
— QL-TSCH Q-Learning Dagitiq PDR, Gecikme (ARI\1<I/IE)0rtex
. - PDR, Enerji, . .
Ara et al. (2024) Q-Learning Dagitiq Geeikme Simulasiya
Q-Learning | Morkozlogdirilm | PDR, Gecikme, 6TiSCH
Yang etal. (2025) (coxcokili) is Jitter Simulator
Fawwaz et al. Cox-agentli Dagits PDR, Enerji, 6TiSCH + FIT
(2024) Q-Learning giq Gecikme IoT-Lab
Noatica

Aragdirma gostorir ki, RL osasli zamanlama funksiyalart TSCH sobokolorindo statik
baseline protokollarla miiqayisode ohomiyyatli istiinliikklor tomin edir. Enerji istehlaki
baximindan RL yanagsmalart MSF-don 2-3 dofs az enerji xorcloyir (Nguyen-Duy et al., 2019;
Jurado-Lasso et al.). PDR baximindan iso demak olar ki, biitiin ¢alismalarda %95-don yuxari
noticolor oldo edilmisdir. LLQL-SF kimi daha inkisaf etmis yanasmalar, hiiceyro
yerlogdirilmosini do optimallasdiraraq gecikmoni olave olaraq azaltmigdir (Pratama et al.).
ELISE iso PPO alqoritmi vasitosilo doyiskon istifadogi toloblorino dinamik uygunlagma
qabiliyyatini niimayis etdirmisdir.

Bununla belo, sahodo bir sira agiq problemlor qalmagdadir. Calismalarin boytik
oksariyyoti simulasiya miihitlorindo qiymatlondirilmis, real donanim testlori iso mohdud
galmisdir. Q-codvoli osasli yanagmalar boyilik 6l¢okli sobokolordo yaddas vo hesablama
baximindan Sl¢oklonma ¢otinliklori ilo iizlosir. Bundan olave, miixtolif ¢alismalar arasinda
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ortaq bir miigayiso bazasinin (benchmark) olmamasi noticalorin obyektiv doyorlondirilmasini
cotinlosdirir (Tabouche et al.,, 2023). Golocok aragdirmalarda bu bosluglarin aradan
galdirilmasi, xiisusilo real sonaye miihitlorindo boyiik 6l¢okli testlorin aparilmasi vacibdir.
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Xiilaso

Miiasir rogomsal transformasiya soraitindo informasiya morkozlori (data centerlor) dovlot
vo 0zol sektorun osas texnoloji infrastrukturunu togkil edir. Bu morkozlor boyiikk hocmdo
molumatlarin saxlanmasi, emali vo Otiirlilmosini tomin edir. Lakin morkozlosdirilmis
arxitektura vo yiiksok soboko inteqrasiyasi kibertohliikolorin artmasina sobab olur. Informasiya
morkozlorindo kibertohliikosizliyin tomin edilmosi molumatlarin moxfiliyi, biitovliyi vo
olgatanliginin qorunmasi baximindan strateji ohomiyyot dasiyir. Mogalodo informasiya
markazlarinds totbiq olunan asas kibertohliikasizlik tadbirleri, risk faktorlar1 vo texniki qoruma
mexanizmlori tohlil edilmisdir. Eksperimental hissodo server vo soboko soviyyosindo
tohliikesizlik  konfiqurasiyalarimin  tesiri  qiymatlondirilmigdir. Noticolor gosterir ki,
coxsoviyyoli miidafio mexanizmlori vo davamli monitoring informasiya morkozlorinin
tohliikesizlik dayaniqligini shamiyyatli deracads artirir.

Acar sozlor: I:nformasiya Morkazi, Kibertahliikasizlik, Server Tohliikasizliyi, Sobaka
Qorunmasti, Risk ldaraetmasi

Giris

Miiasir dovrdo rogomsal transformasiya proseslori qglobal miqyasda dovlotlorin,
korporasiyalarin vo comiyyatlorin inkisaf strategiyasinin osas istigamotlorindon birine
cevrilmisdir. Elektron hdékumot platformalari, rogomsal bankgiliq sistemlori, bulud
texnologiyalari, bdyiik verilonlorin (Big Data) analitikas1 vo siini intellekt osasli totbiglor genis
sokildo informasiya morkozlori iizorindo foaliyyat gdstorir. Informasiya morkozlori (data
centerlor) boyilik hocmds molumatlarin toplanmasi, saxlanilmasi, emali vo Otiiriilmasi iiglin
nozordo tutulmus yiiksok texnoloji infrastrukturdur vo miiasir informasiya comiyyotinin osas
dayagqlarindan biri hesab olunur.

Informasiya morkozlorinin funksionallig1 yalniz serverlorin fiziki yerlosdirilmosi ilo
mohdudlasmir. Bu morkozlor soboko avadanliglari, marsrutlasdiricilar, firewall sistemlori,
virtualizasiya platformalari, ehtiyat enerji tominati, soyutma sistemlori vo fiziki miihafizo
mexanizmlarindon ibarat kompleks ekosistem togkil edir. Xiisusilo bulud texnologiyalarinin
genis yayilmasi noticosindo molumatlarin morkozlosdirilmis infrastrukturda saxlanilmasi
kibertohliikasizlik masololorini daha da aktuallagdirmisdir. Clinki moarkozlosdirilmis arxitektura
hom effektiv idaroetmo imkani yaradir, hom do potensial hiicum noqtslorinin sayini artirir.

Kibertohliikalor son illorde hom miqyas, hom do miirokkaeblik baximindan artmisdir. DDoS
hiicumlari, ransomware (fidye proqramlari), molumat sizmalari, daxili tohliikolor (insider
threat), sosial miihondislik hiicumlart vo sifir-giin (zero-day) zeifliklor informasiya
morkozlorinin lizlosdiyi asas risklordondir. Bu hiicumlar noticosindo yalniz maliyyo itkilori
deyil, hom do reputasiya zorori vo milli tohliikosizlik risklori yarana bilor. Xiisusilo dovlot
qurumlarina vo maliyys sektoruna moxsus informasiya morkozlori strateji obyektlor hesab
olunur va onlarin tohliikesizliyi milli tohliikasizlik masalasi kimi qiymatlondirilir.
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Kibertohliikosizliyin tomin edilmosinds osas mogsad informasiya aktivlorinin moxfiliyini
(Confidentiality), biitovlilyiinii (Integrity) vo olcatanligin1 (Availability) qorumaqdir. Bu ii¢
prinsip informasiya tohliikosizliyinin fundamental modelini toskil edir. Informasiya
morkozlorindo bu prinsiplorin tomin olunmasi ii¢lin hom texniki, hom do inzibati todbirlor
hoyata kecirilmolidir. Texniki todbirloro soboko segmentasiyasi, coxsoviyyoali firewall
sistemlori, miidaxilonin agkarlanmasi vo garsisinin alinmasi sistemlori (IDS/IPS), molumatlarin
sifrolonmosi vo ehtiyat niisxolomo mexanizmlori daxildir. Inzibati todbirlor iso tohliikosizlik
siyasatlorinin hazirlanmasi, risklorin giymotlondirilmosi, audit prosedurlari va personalin
maariflondirilmasini ohats edir.

Beynolxalq tocriibado informasiya morkozlorinin tohliikesizliyinin tomin edilmosi {i¢iin
miixtalif standart vo ¢ar¢ivo sonadlorindon istifados olunur. Bu kontekstdo ISO/IEC 27001
standart1 informasiya tohliikasizliyi idareetma sisteminin qurulmasi tiglin genis totbiq edilir.
Homginin NIST torofindon hazirlanmis Kibertohliikosizlik Cargivasi risklorin identifikasiyasi,
gorunma, agkarlama, cavabverma va borpa morhalalorini sistemli sokildo miioyyanlosdirir. Bu
yanasmalar informasiya morkozlorindo tohliikosizlik todbirlorinin planli vo davamli sokildo
hayata ke¢irilmasinas imkan yaradir.

Eyni zamanda, informasiya morkozlorindo virtualizasiya vo konteyner texnologiyalarinin
genis totbiqi yeni tohliikasizlik ¢agiriglart meydana ¢ixarmigdir. Virtual masinlarin izolyasiyasi,
hipervizor soviyyosindo tohliikasizlik, API zaifliklori vo bulud miihitinds paylasilan resurslarin
gorunmasi xiisusi digqqot tolob edir. Bundan olavo, uzaqdan idarocetmo sistemlorinin vo
avtomatlasdirma platformalarinin istifadosi kibertohliikosizlik risklorini daha kompleks hala
gatirir.

Beloliklo, informasiya morkozlorindo kibertohliikosizlik yalniz texniki midafio
vasitolorinin totbiqi ilo mohdudlagmir. Bu, strateji planlasdirma, risk idaroetmasi vo davamli
nozarot mexanizmlorinin inteqrasiyasini tolob edon kompleks prosesdir. Miiasir soraitdo
informasiya moarkazlorinin dayaniqliligi vo tohliikasizliyi raqamsal igtisadiyyatin sabitliyinin
osas sortlorindon biri kimi ¢ix1s edir. Bu sobabdon informasiya morkozlorinds kibertohliikosizlik
todbirlorinin elmi asaslarla aragdirilmasi vo tohlili xiisusi aktualliq kosb edir.

Eksperimental hissa

Tadgigatin eksperimental morhoalosindo informasiya morkozinin model strukturu osasinda
kibertohliikasizlik  todbirlorinin  effektivliyi qiymetlondirilmigdir. Moagsed  miixtolif
tohliikesizlik konfiqurasiyalarinin sistemin dayaniglihi@ina vo risk soviyyasino tosirini
miqayisali sokildo analiz etmok olmusdur. Model olaraq virtual server miihiti, sobake
infrastrukturu vo molumat bazasi1 komponentlorindon ibarst simulyasiya edilmis data center
arxitekturasi nozardon kegirilmisdir.

Eksperimental yanasmada iki forqli tohliikasizlik ssenarisi totbiq edilmisdir: minimal
goruma soviyyasi vo giiclondirilmis ¢oxsaviyyali miidafio modeli.

Ssenari 1 — Minimal tohliikasizlik konfiqurasiyast

Bu modelds asagidaki xiisusiyyatlor totbiq edilmigdir:

Soboko perimetri soviyyasinds yalniz bir firewall sistemi
Standart istifadaci ad1 vo parol asasl autentifikasiya
Molumatlarin qismon va ya zaif sifrolonmasi
Morkazlasdirilmis loq monitoringinin olmamasi

Ehtiyat niisxolomonin geyri-miintozom aparilmasi

Nk W=

Bu ssenarido simulyasiya edilmis hiicumlar (brute-force giris cohdlori, DDoS yiiklonmasi
vo zororli program yerlosdirilmasi) naticosindo sistemin zoif noqtolori miioyyon edilmisdir.
Xiisusilo zoif parol siyasoti vo real vaxt monitoring mexanizminin olmamasi sobabindon
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icazosiz giris cohdlorinin agkarlanmasi gecikmisdir. Bundan olavo, ehtiyat niisxolomo
mexanizminin geyri-sistemli olmast moalumat itkisi riskini artirmigdir.

Ssenari 2 — Giiclandirilmis ¢oxsaviyyali tohliikasizlik modeli

Bu modeldas iss “Defense in Depth” prinsipins asaslanan kompleks tohliikasizlik arxitekturasi
tatbiq edilmisdir:

Soboka soviyyesindo ¢oxqatli firewall vo IDS/IPS sistemi
Coxfaktorlu autentifikasiya (MFA) mexanizmi

AES osasli tam molumat sifrolonmasi

Real vaxt rejiminds loq analizi vo SIEM sistemi
Miintozom backup vo Disaster Recovery plani

Saboka segmentasiyasi vo daxili trafik nozaroti

S e e

Simulyasiya zamani1 eyni tip hiicum ssenarilori totbiq edilmis vo sistem reaksiyasi
miisahido edilmisdir. Noticolor gostormisdir ki, ¢oxsaviyyali miidafio modeli hiicumlarin boytik
hissasini erkon morhoalods askarlamis vo bloklamisdir. IDS/IPS sistemi siibhali trafik axinini
miloyyon etmis, MFA 1s9o icazoasiz giris cohdlorinin qarsisini effektiv sokildo almisdir.

Olava olaraq, loq analiz mexanizmi vasitosilo sobokods anomaliya davraniglart vaxtinda
miioyyon edilmis vo potensial tohliikolor neytrallagdirilmisdir. Ehtiyat niisxolomo mexanizmi
150 molumatlarin biitdvliiylinii vo barpasini tomin etmisdir. Bu modelds xidmotin fasilosizliyi
gorunmus va sistem performansinda ciddi azalma miisahido olunmamisdir.

Miiqayisali qiymatlondirma

Aparilmis eksperimental analiz gostormisdir ki, minimal tohliikesizlik konfiqurasiyasi
tatbiq olunan informasiya morkozlorinds hiicumlara qars1 hassasliq saviyyaesi yiiksokdir. Zaif
autentifikasiya vo monitoring ¢catismazligi risk faktorlarini artirir.

Oksing, coxsaviyyali miidafio modeli totbiq edilon ssenarido hiicumlarin agkarlanma stirati
ylksolmis, risk soviyyosi ohomiyyotli dorocodo azalmis vo sistemin timumi dayanigliligi
artmigdir. Xiisusilo soboko segmentasiyast vo davamli yenilonmo siyasoti daxili vo xarici
tohliikalorin tosirini minimuma endirmisdir.

Beloalikla, eksperimental naticalor siibut edir ki, informasiya morkozlarinds tohliikasizlik
todbirlorinin sistemli vo inteqrasiya olunmus sokildo totbiqi kiberrisklorin azaldilmasinda
halledici rol oynayir. Tokqatli miidafio mexanizmlari miiasir kibertohliikolor qarsisinda yetorli
hesab edilo bilmoaz vo kompleks yanagsma zoruri gort kimi ¢ixis edir.

Noatico

Aparilmis tohlillor siibut edir ki, informasiya markozlorinde kibertohliikasizlik yalniz
texniki mosolo deyil, hom do strateji idaroetmo maosolasidir. Hiicumlarin oksoriyyati zoif
konfiqurasiya, kohnalmis program tominati vo monitoringin olmamasi sababindon bas verir.

Miiasir yanasma “Defense in Depth” prinsipi osasinda qurulmalidir. Bu modelds
tohliikesizlik gaboka, server, totbiq veo istifadaci soviyyesinde paralel sokildo tomin edilir.
Bundan olavo, risklorin davamli qiymoatlondirilmoasi vo audit mexanizmlori informasiya
markazlarinin dayaniqliint artirir.

Beloliklo, kibertohliikasizlik todbirlori informasiya morkozlorinin fasilosiz vo etibarl
foaliyyatinin asas sortidir.

Tokliflor:

1. informasiya morkozlorindo ¢oxsoviyyali tohliikesizlik —arxitekturasi totbiq
olunmalidir.

2. Giicli sifrolomo va ¢oxfaktorlu autentifikasiya mocburi hala gotirilmoalidir.

3. Server va soboko sistemlori miitomadi olaraq yenilonmali vo tohliikasizlik auditi
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aparilmalidir.

4. Real vaxt monitoring vo insidentlors operativ cavab mexanizmi qurulmalidir.

5. Risk idaroetmo plan1 vo ehtiyat niisxolomo siyasoti sistemli sokildo hoyata
kecirilmalidir.
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Abstract

Although the recent rapid development of smart healthcare systems has played an
effective role in the treatment of chronic diseases and the detection of latently developing
diseases, on the other hand, a number of serious difficulties arise regarding the protection of
patients' medical data. This study presents a multi-layered cybersecurity framework designed
for smart mobile health monitoring systems that collect, transmit, and process medical data,
including vital signs reported by patients. The proposed framework combines AES-256 data-
at-rest encryption, Transport Layer Security (TLS) 1.3 protocol encryption, multi-factor
authentication (MFA), and role-based access control (RBAC) to protect users’ (patients’) vital
medical data on web, Android, and 10S platforms. The framework also includes GDPR-
compliant data governance, open user consent management, and secure APl communication
between the client and the cloud infrastructure. A standards-based, structured security
architecture is not only an essential component of a smart healthcare system but also plays a
critical role in gaining users’ confidence that their medical data will be protected from
cyberattacks. The framework includes preventing unauthorized intrusions, unauthorized access
to medical data, and cyberattacks on medical devices.

Keywords: Cybersecurity; Patient Data Protection; SSL/TLS; Mobile Health Systems;
GDPR.

Introduction

Thus, the development of mobile healthcare systems with the support of artificial intelligence
is leading to innovative changes in medicine. Despite these advantages, the implementation of
intelligent systems poses several challenges. The most important of these is undoubtedly the
possibility of users' medical data being exposed to cyberattacks. When such a threat arises, this
data can be blackmailed and become commercially valuable, making it attractive to hackers.
Serious legal and technical measures are required to eliminate this threat and protect
confidential information (Coventry & Branley, 2018).

Research Method

Thus, the cybersecurity framework is built on three layers of protection: client (mobile),
intelligent processing and cloud infrastructure layers. Each layer is equipped with a different
security mechanism against cyberattacks (see Table 1).

At the client layer, we will use the TLS 1.3 standard for all data transmissions between the Web
or mobile (Android or 10S) application and the Back-end API. This is considered the gold
standard for transport-layer encryption. Thus, users will only be able to enter their medical data
into the application after signing the security agreement provided to them. According to this
agreement, the application will only transmit and process users' medical data over servers with
the necessary SSL/TLS certificates, which will help prevent man-in-the-middle (MITM)
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attacks. Simultaneously, security measures such as local storage of cached health data and AES-
256 symmetric encryption with keys managed through the device's hardware-supported key
store (Android Keystore/iOS Secure Enclave) will also be used. This ensures that confidential
data are not accessible even if the physical device used by the user is stolen (Stallings, 2018).
In the intelligent processing layer, a scheme combining multifactor authentication (MFA) and
time-based one-time passwords (TOTP) is used for user authentication. Thus, role-based access
control (RBAC) at the API level controls access to data, and system administrators distinguish
between patients and healthcare providers. While patients only have access to their own medical
data, the system allows doctors or healthcare professionals to access the data provided to them
by the users with whom they interact. System administrators, in turn, retain the necessary
configuration authority without accessing users’ confidential data. Any violation of the
allocated privileges limits the blast radius of the contract (Zhang et al., 2020).

At the cloud infrastructure layer, personal data entered by users, including initial diagnostic
results based on login symplots and physiological data and processed by artificial intelligence,
are stored as AES-256 encrypted binary objects in a database. Encryption keys are managed by
a secret key management service isolated from the main application infrastructure, which
allows for the detection and restriction of unauthenticated API service accounts (Coventry and
Branley, 2018).

Table 1. Cybersecurity mechanisms and corresponding standards in the proposed framework.

Security Mechanism Layer Threat Mitigated Standard
TLS 1.3 + Certificate Client <> Cloud MITM, eavesdropping RFC 8446
Pinning
AES-256 (at rest) Cloud storage Data breach, theft NIST FIPS 197
MFA + TOTP Client auth Credential compromise RFC 6238
RBAC API / Cloud Unauthorised access NIST SP 800-162
GDPR consent Application layer | Regulatory non- GDPR Art. 7
management compliance

Conclusion

In conclusion, we can say that the presented multilayer cybersecurity framework can provide
transport-level encryption, is managed based on user consent, and has the potential to ensure
cybersecurity in mobile smart healthcare systems. This framework reflects TLS 1.3, AES-256
encryption, MFA, RBAC, and GDPR-compliant management.
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Xiilasa

Bu tadqiqat davamli sohar logistikasinin formalagdirilmasi, beynalxalq tocriibonin tohlili
vo bu yanasmalarin totbiq imkanlarinin arasdirilmasina hosr olunmusdur. Diinya ohalisinin
davamli artmasi, kond yerlorindan saharlora miqrasiya va soharlorde mdveud ohali sixlig1 ciddi
sosial, iqtisadi vo ekoloji problemlor yaratmaqdadir. Davamli sohor tosobbiislorinin hoyata
kegirilmasi milli hokumatlar iizorine xeyli maliyys 6hdsliklori qoya biler. Bundan slave, bu
togobbiislor sosial baximdan davamli sohor hoyatinin fundamental dinamikasina vo rifahina
monfi tosir gostormok potensialina malikdir. Comlosmis sohor ohalisinin iqtisadi vo sosial
foaliyyotlorindon iroli golon ekoloji problemlor gohor logistikasinin comiyyeotin hoyat
soviyyasino ohomiyyatli tosirini vurgulayir. Hom fordi, hom do kollektiv sokildo sohor hoyati
ilo bagh artan cotinliklor vo xorclorlo miibarizo aparan comiyyatlor bu problemlorin aradan
qaldirilmasi tigilin foal gokildo hall yollart axtarirlar. Yasaya bilon bir sohoro nail olmaq {i¢iin
hom yerli, hom do morkozi hokumatlorin davamli sohar logistika strategiyasi miioyyan etmasi
vacibdir. Bu strategiya elmi cohotdon osaslandirilmis noticolors vo ictimai faydalara
osaslanmalidir. Bu strateji yanasma, beynolxalq standartlara uygun olaraq sohor logistika
foaliyystlorina hoall yollar1 hazirlamaqgla, ses-kily, torpaq, hava, isiq, su, bork tullantilarin
cirklonmosi vo nizamsiz naqliyyat axini kimi comiyyat hoyatina tosir edon ¢oxsayli monfi otraf
miihit tasirlorini aradan qaldirmalidir. Aragdirma naticasinds miisyyan edilmisdir ki, davamli
sohor logistikasinin ugurlu totbiqi T{i¢lin inteqrasiya olunmus planlagdirma, miiasir
texnologiyalarin tatbiqi vo dovlat-6zal sektor omokdaslig1 asas sortlordir. Bu tocriibalorin Baku
kimi siiratlo inkisaf edon soharlords totbiqi nogliyyat sisteminin optimallasdirilmasi, ekoloji
voziyyatin yaxsilasdirilmast vo sohar hoyat keyfiyystinin yiiksaldilmasi baximindan genis
imkanlar yaradir.

Acar sozlar: Logistika, Davamli Sohar, Beynoalxalq Nogliyyat

Giris

Sohorlar global miqyasda miiasir sivilizasiyanin asas torkib hissesini tomsil edir vo
konsentrasiya olunmus sosial vo iqtisadi foaliyyot {i¢iin qovsaq rolunu oynayir (Mori 2012, s.
103). Diinya ohalisinin bdyiik oksariyyati sohor yerlorindo yasayir, bu da osason tohsil,
mosgullug, sohiyys, modoni olagolor, fordi inkisaf vo tohliikosizlik do daxil olmagla genis
cesidli ehtiyaclar1 6domok iiclin toklif etdiklori iistiin soraito baglidir. 1800-cii ildo diinya
ohalisinin yalniz 3%-1 sohar yerlorinds yasasa da, bu rogom 2010-cu ilds 51,6%-9, 2020-ci ildo
56,2%-0 yliksolmis vo 2050-ci ilo godor siiratlo 86,6%-0 ¢atacagi proqnozlasdirilir. Kond
yerlorindon gohoar yerlorino artan miqrasiya fenomeni soharlordo ohali artimina tohfo veron osas
amil kimi miioyyan edilmisdir. Bu ohali arttiminin 6z névbasinds iqtisadi artimi siiratlondirdiyi
vo bu da 6z névbasindo mal vo xidmatlors tolobatin artmasinda ohomiyyatli amil kimi miioyyan
edildiyi gostorilmisdir (Tepecik, 2024). Tolobatin bu artmasi sohor nogliyyatinin artmasina
sobob olmus vo bununla da sohor horokotliliyi baximindan ciddi ¢otinliklor yaratmisdir. Bu
cotinliklora tixac problemlori, soxsi nagliyyatin dominantligi, hava keyfiyyati, sas-kiiy vo enerji
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asitlilig1 vo digorlori daxildir. (Duarte, 2016, s. 73) Notico etibarilo, artan ¢irklonmao, yiiksok
enerji xorclori, yol horokoti tohliikosizliyinin azalmasi vo vaxt itkisi kimi amillor gohorlordo
logistika problemlorini daha da artirir.

Logistika, miistori ehtiyaclarini 6domok iiglin monso noqtosi ilo son istehlak ndqtosi
arasinda mallarin, xidmotlorin vo molumatlarin somorali vo effektiv irali vo tors aximini vo
saxlanmasini planlagdiran, totbiq edon, idars edon va idara edan tochizat zanciri prosesinin osas
komponenti kimi miioyyon edilir (Tseng, 2005). Bu baximdan, logistika foaliyyatlorindoki
iroliloyislor millotlorin iqtisadi inkisafi {iclin ¢ox vacibdir. Sohor imkanlarmnin artirilmasi
iqtisadi artimi vo davamli inkisafi asanlasdiran osas amil kimi miioyyon edilmisdir. Sohor
logistikas1 konsepsiyasi iqtisadi, ekoloji vo kommersiya sahoalori do daxil olmaqla bir ¢ox
sahodo gohorlorin inkisafi ilo six baghidir. Sohor logistikasi istehsal, istehlak vo paylama
taloblorinin yerina yetirilmosini asanlagdiran biitiin foaliyyastlori ohats edir. Tok bir sohor
daxilindo miixtolif iqtisadi sektorlarin moévcudlugu c¢oxsayli tochizat zoncirlorinin
movcudluguna sobab olur vo bununla da gohar logistikasinin miirakkobliyine vo miixtalifliyine
tohfo verir (Giret 2019, s. 186). Sohor yiikk dasimalar1 logistikasinin miirokkobliklori
coxsaxolidir; buna baxmayaraq, biitiin sohor orazilorindo ortaq tolob mallarin somorali
paylanmasini tomin etmok vo iqtisadi, sosial vo ekoloji xorclor do daxil olmagla omaliyyatlarin
imumi dayerini azaldacaq innovativ planlari togviq etmokdir. Osas moaqgsod logistika
sirkotlorinin vo gohor mobilliyi ilo mosgul olan digor maraqli torof qruplarimin maraqlar
arasindaki uygunsuzlugu aradan qaldirmaqdir. Bu, yiik paylanmasi sektorunda hallarin
mogbullugunu tomin etmokds vacib elementdir (Macario 2023, s. 4251).

Davamliliq "ssher logistikast" konsepsiyasinin oan shomiyyatli tomallarindon biri kimi
tanmir vo axin idaroetmosinin fundamental komponentidir (Farchi, 2022). Son onilliklords
elektron ticarotin meydana golmasi sohor logistika sistemlorino qoyulan tolablorin artmasina
sobob oldu vo bununla da oshomiyyatli davamliliq problemlorini vurguladi. Yeni koronavirus
(SARS-CoV-2) pandemiyasinin meydana golmasi bu masaloni daha da miirokkoblosdirdi vo
bununla da elektron ticarot vo sosial davamliliq arasindaki slagonin hortorofli aragdirilmasinin
vacibliyini vurguladi. Bu proses comiyyetin ehtiyaclarina vo davamli inkisaf moqsadlorine
uygun bir logistika sisteminin ohomiyyotini 6n plana ¢ixardi. Somorali sohor logistika
sisteminin yaradilmasinin iqtisadi artim1 dastokladiyi, lazimsiz omaliyyat xorclorini azaltmagqla
somoraliliyi artirdig1 vo investisiya miihitini yaxsilasdirdigi niimayis etdirilib. Bundan slavo, bu
fenomenin gohor daxilinds issizlik saviyyasini azalda bilocayi va xarici investisiyalari tagviq
etmoklo regional iqtisadiyyat1 yaxsilasdira bilocoyi niimayis etdirilib (Iman, 2019). Natico
etibarilo, sohar logistikasinin somarali idare olunmasi sohar arazilerinds iqtisadi dayanigliligi
vo hoyat keyfiyyatini tomin etmokdo asas amil kimi gobul edilo bilor. Notico etibarilo, gohor
logistikasinin manfi tosirlorini azalda vo fimumi foaliyyatini artira bilocok innovativ hallori
arasdirmaq vacibdir (Pourmohammad, 2024).

Sohar logistikasi sahasi 20 ildon ¢oxdur ki, Fransa vo Avropada, 40 ildon ¢oxdur ki, iso
ABS-da todqiqateilar vo praktiklor {iciin maraq mdévzusu olmusdur. Sohor logistikasinin inkisafi
bir sira amillorlo mohdudlasir. Bu maneoalora kok salmis vardislor vo sektor daxilindo
doyisikliklori gobul etmok istomomaosi, texnoloji bilik bosluglari, planlagdirmada 6zal sektorun
asas rolu vo yol horokoti mohdudiyyatlori daxildir. Bu ¢atinliklor sohor logistika sistemlorindo
somoraliliyin artirilmasima vo modernlogdirilmosino mane olur. Bundan olavo, toriflordo vo
toklif olunan metodlarda vahidliyin olmamasz, istirak¢ilarin miixtslifliyi vo mdvcud metodlarin
coxsahali tobioti masolonin hallini ¢atinlosdirir (Gonzalez, 2018).

Bu tadgiqatin magsadi beynalxalq tocriiba va tatbiq imkanlarindan faydalanaraq davamli
sohor logistikasinin miimkiinliiylinii miioyyon etmokdir. Bu kontekstdo davamliliq meyarlar
odabiyyat icmali vasitosilo miioyyon edilmis vo lazimi molumatlar toplanmigdir.
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Tadgigat Metodu

Bu todqiqatda asasan keyfiyyatli elmi tadqiqat metodologiyalarindan istifade edilmisdir.
Todqigat zaman1 davamli sohar logistikasinin nozori asaslari, beynolxalq tocriibalor vo totbiq
imkanlar sistematik sokilds tohlil edilmisdir. Movzu ils bagli logistika v soharsalma sahasinda
aparilan todqiqatlarla yanasi, hom yerli, hom do beynolxalq elmi odobiyyatin hartorofli
arasdirtlmasi aparilmigdir. Daha sonra bu todqgiqatlarin naticolori miiqayisali tohlilo moruz
galmisdir.

Tadqiqat prosesinin ayrilmaz hissosi kimi odobiyyat icmalt metodundan genis istifado
edilmisdir. Bu metod davamli sohor logistikas1 anlayisini, onun iqtisadi, sosial vo ekoloji
Olciilorini miioyyon etmok {i¢iin istifado edilmisdir. Bundan olavo, mdvzunun hartorofli
anlagilmasini tomin etmok ii¢lin beynolxalq tocriibolor aragdirilmisdir. Amsterdam, London,
Paris vo Tokio kimi boyiik soharlords totbiq olunan logistika modellari {izro miiqayisoli tohlil
aparilmigdir. Tohlil bu modellorin istiinliiklorini miioyyon etmok vo onlarin totbiqi barado
hartorofli molumat vermok moagsadi dasiyirdi. Miiqayisali tohlil metodundan da istifade
edilmisdir. Miixtalif 6lkolordo sohor logistika sistemlorinin miigayisali tohlili aparilmis, asagi
emissiya zonalarinin, elektrikli naqgliyyat vasitslorinin, roqomsal logistika platformalarinin vo
sohor konsolidasiya morkozlorinin effektivliyini ohato etmisdir. Bu yanasma, xiisusilo Bakiya
diqgat yetirmokla, beynolxalq tocriibslorin Azarbaycan {i¢iin potensial totbiqini miioyyon etmok
ticlin istifado edilmisdir.

Eyni zamanda, sistemli yanasma va analitik tohlil metodlarindan istifads etmokls sohor
logistikasinin davamli inkisaf kontekstindo ohomiyyaoti arasdirilmisdir. Todqgiqat noticolorinin
hortorofli nozordon kegirilmasindon sonra bir sira tokliflor hazirlanmigdir. Bu tokliflor
inteqrasiya olunmus planlasdirma, dovlot-6zol sektor omokdashgr vo sohor logistikasini
tokmillogdirmok {igiin miiasir texnologiyalarin istifadesins aid idi.

Odabiyyat icmah

Son illordo getdikco daha ¢cox shomiyyat kosb edon sohor logistikast mévzusu miixtolif
elmi saholorlo baglidir. Sohar horokatlorini anlamaq vo tohlil etmak ii¢iin fonlorarasi yanasma,
eloco do birgs soy tolob olunur. Sohar logistikasi sahasinda aparilan todqiqatlarda miivafiq
maraqli toroflorin resurslar1 boliismok istomomasi vo informasiya sistemlorindoki ¢catismazliqlar
miiolliflorin {izlosdiyi ohomiyyatli ¢otinliklor kimi miioyyon edilmisdir (Ipekgi 2021, s. 109).
Sohar logistikast movzusunda ¢oxsayl todqiqatlar aparilmigsdir. Akben vo Bahgeci (2018, s.
217) 6z asas todqiqatlarinda sohor logistikasinin sohorlorin inkisafinda asas rolunu vurgulamaq
ticlin fonlorarasi yanagmadan istifado etmislor. Kili¢ vo Turqut (2019, s. 151) 6z todqgiqatlarinda
Istanbul vo Atatiirk Hava Limanini tutum va sohar logistikas1 baximindan miiqayiso edarok
giymotlondirmiglor. Sohor logistikasi ilo logistika kondlorinin foaliyyoti arasindaki olagoni
miioyyan etmok mogsadilo Iman (2019, s.46) Elaz1§ oyalotinda 276 biznes iscisi arasinda sorgu
kecirmis vo oldo edilon molumatlar1 tohlil etmisdir. Notico etibarilo, o, sohor logistikasi ilo
logistika kondlorinin foaliyysti arasinda statistik cohotdon ohomiyystli miisbat slagonin
movcudlugunu irali siirmiis vo bunun ¢ox giiclii oldugunu diistinmiisdiir.

Duarte vo digorlori (2016, s. 72) Lissabonda dayaniqli sohar logistika totbiqlori
corcivasindo batareyali elektrikli nogliyyat vasitolorinin uygunlugunu qiymetlondirdilor. Tohlil
gostordi ki, noaqliyyat vasitolori texnologiyasindaki kecid logistika omaliyyatlariin
gostoricilorino tosir gdstormoyib. Bundan olavo, todqigat batareyali elektrikli nogliyyat
vasitolori texnologiyasinin miioyyon sohor logistika totbiglori iiglin uygunlugunu tosdiglodi.
Morfoulaki vo digorlori (2016, s. 671) kigik vo orta Olgiilii sohorlordo sohor logistika
prosedurlarini tokmillogsdirmok {igiin hazirlanmis bir sira xiisusi siyasot todbirlorini togdim
etdilor. Bu todbirlor Yunanistanin Serres sohori ticlin Davamli Sohor Logistika Planinin (SULP)
hazirlanmasi ¢ar¢ivasindo coxmeyarli tohlilo moruz qaldi. Giret vo digorlori (2019, s. 181) sohor
orazilorindo c¢atdirilma marsrutlart vo planlar1 iiglin bir sira dayanigli Osas Performans
Gostaricilorinin (KPI) sonadlosdirilmasini vo komiyyatlondirilmasini asanlasdiran bir ¢argivo
toklif etdilor. Bir basqa calismasinda sohor logistikasi sahoasindoki problemlorin bir sira hall
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yollarina istinad edorok, agilli texnikalarin agilli vo dayaniqli sohor logistika totbiglorinin
inkisafina komok edo bilocok osas yanagmalardan biri oldugunu iroli siirdii. Dossou vo
Vermersch (2021, s. 479) yol nogliyyatina alternativ bir holl yolu hazirlamaq mogsadi ilo yerli
hokumeatlor, sirkotlor vo votondaslar da daxil olmagla biitiin maraqli toraflori birlosdiron birgo
yaradiciliq metodologiyasindan istifado edon bir todqgigat isini tosvir etdilor. Bu hollori
simulyasiya etmok vo optimallagdirmaq tigiin toklif etdiklori qorar dostoyi vasitosinin ideal
dayaniqli sohor logistika modelinin yaradilmasina téhfo verocoyi ehtimal edilir. Tian vo
digorlori (2021, s. 2243) sohor logistikasi kontekstindo miigtori momnuniyyati {i¢iin blok¢eyn
osasli qiymotlondirmo yanasmasi toklif etdilor. Bu mogsadlo, sohor logistikasinda miistori
momnuniyyating tosir edon dord meyar miioyyon etmoklo golocokds miistori momnuniyyatini
prognozlasdirmagq {i¢iin Uzun Qisamiiddotli Yaddas (LSTM) masin dyronmo alqoritmi gobul
edildi.

Davaml Sahar Logistikasi

Sohor Logistikas1 konsepsiyast sshor infrastrukturunu ve diger obyektlori logistika
baximindan qiymotlondirmok ii¢lin hazirlanmisdir. Bu yanasmanin moqsodi soharlorin
yiiklomo, dagimma, bosaltma, saxlama tutumlart vo naqliyyat imkanlar1 kimi logistika
performans amillorini tohlil etmoklo yasayis montogolorinin giiclii vo zoif toroflorini,
imkanlarini vo tohdidlorini miisyyon etmakdir. Sohar logistikasi, canli va ya cansiz olmasindan
asili olmayaraq, biitiin nogliyyat proseslorinin diizgiin yerino yetirilmosini tomin edon
planlasdirilmis proseslor, totbiqlor vo faaliyystlor toplusu kimi miioyyan edilo bilor. Buna
sohorin biitlin seqmentlori nozoro alinmaqla on uygun marsrutlart vo noqliyyat vasitolorini
mioyyon etmoklo nail olunur. Bu sistemin asas mogsadi naqliyyat, horokot vo naqliyyat
proseslorinin somoraliliyini artirmaqdir (Caglayan 2023, s. 16).

Logistika sektorunun an ¢ox qazinti yanacaqlarindan istifads etdiyi, naqliyyatin iso on
ohomiyyatli istehlak sahosi oldugu miioyyon bir hoqigotdir. Diinya yilik dasimalarinda xarici
ticarotin oksoriyyoti doniz yolu ilo hoyata kegirilso do, avtomobil nogliyyat: ikinci yerdadir.
Qazint1 yanacaglarinin hoddindon artiq istehlakinin otraf miihito ohomiyyotli dorocodo tosir
gostordiyi vo bir sira tocili problemlorin yarandigi siibut edilmisdir. Miiasir soraitdo bir ¢ox
Olkolor karbon emissiyalarinin azaldilmasi ti¢lin alternativ strategiyalar hoyata kecirir vo eyni
zamanda otraf miihitin dayaniqliligina da diqqet yetirirlor. Bu moagsad alternativ naqliyyat
texnologiyalarinin istifadoasinin genislonmosinds 6ziinii gostorir. Son illordo davamli tocriibalor
iqlim dayisikliyi vo global istilosma kimi problemlarin aradan qaldirilmasi saylorinds merkazi
rol oynamigdir (Tepecik 2024, s. 262). Sohor logistikasinin mogsadi soharlorin somaraliliyini
va effektivliyini artirmaq, logistika proseslorinin vo faaliyyastlorinin monfi tasirlorini azaltmaq
vo onlarin davamli inkisafini togviq etmokdir (Tian 2021, s. 2235).

Davamli sohor logistikast konsepsiyasi, iqtisadi, ekoloji vo sosial dayaniqliliq
prinsiplorine uygun olaraq sohorlordo mal vo xidmot axinini optimallasdirmagi hadafloyan bir
yanagsma kimi miioyyon edilmisdir (Jones, 2019). Bu konsepsiyanin moagsadi sohorlorin
miirokkob logistika proseslorini ekoloji cohatdon dayaniqli, sosial cohotdon uygun vo somorali
etmoakdir. Davamli gohor logistikasinin totbiqi ti¢lin ¢coxlu strategiya toklif edilmisdir. Bunlara
elektrik nogliyyat vasitolorinin istifadosi, agilli nogliyyat sistemlorinin inteqrasiyasi, domir yolu
sornisin xidmatlorinin inkisafi, ortaq noaqliyyat modellorinin qgobulu, yasil paylama
morkozlorinin yaradilmasi, asag1 emissiyali vo ekoloji cohatdon tomiz gablasdirmaya iistiinliik
verilmasi va gohor transformasiyasi vo planlasdirma tocriibslori daxildir. Bu metodlar sohor
logistika proseslorinin dayanigligini vo somaraliliyini artirmagq tigiin vacibdir (Caglar 2023, s.
338). Davamli Sohor Logistikasi Plan1 ham soher yilik dasimalari maraqli toraflori, hom do
biitovliikkdo comiyyat tigiin optimal hollori togviq etmok ti¢lin hazirlanmis bir togobbiisdiir. Buna
iqtisadi samaraliliyi ekoloji dayaniqliliq vo sosial faydalarla balanslagdirmagqla nail olunur.
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Beynolxalq Tacriiba vo Tatbiq imkanlar:

Qloballagma kontekstindo diinya getdikco daha ¢ox bir-biri ilo olagali olur vo bu da
logistika omoliyyatlarinin biznes ii¢lin ohomiyyatinin ohomiyyatli dorocodo artmasina sobob
olmusdur. Bu, bu omaliyyatlarin sirkstlora pozucu miihitdo raqabot {istiinliiyli qazanmaga
imkan vermosi ilo olaqodardir. istehsal vo paylamaya osaslanan ananovi logistika foaliyyatlori
osason xorclorin minimuma endirilmasi vo omaliyyat faaliyyastlorinin optimallagdirilmast ilo
xarakterizo olunur vo bununla da biznesin strateji mogsodlorino ¢atmasina komok edir. Lakin,
bu asrda beynalxalq toskilatlar, qlobal bizneslor va logistika firmalar: tobistin vo atraf miihitin
gorunmasinin indi onlarin on fundamental vo hoyati vozifolorindon biri oldugunu anladilar. Bu
dork logistika proseslarinds bir sira doyisikliklora sobab olmusdur (Bediik, 2012s. 45).

Qlobal miqyasda yasil logistika totbiglorinin totbiqi, xiisusilo Avropa Ittifaqi, ABS vo
Yaponiyada effektiv hiiquqi tonzimlomalorin yaradilmasi vasitasilo siirat qazanir. Yasil
logistikanin sirkot vo sohor soviyyosindo totbiqini niimayis etdirmok ticiin IBM mohsul
golirlorinin  faydalarim1 artirmaq iiclin foaliyyoto basladi. Bunlara icaro miiddoti bitmis
mohsullarin toplanmasi, qaytarilmis sifariglorin gobulu vo qiymotlondirilmosi, otraf miihit
tullantilarinin toplanmasi va tokrar istifads variantlar1 yaratmaq maqgsadile atilmis mohsullarin
toplanmas1 daxildir. Bu, hom iqtisadi fayda, hom do tobii sorvotlorin qorunmasi ilo
naticolonib(Serkan 2018, s. 475).

Beynolxalq tocriibonin arasdirilmasi gostorir ki, bir sira inkisaf etmis soharlor bu sahodo
modellori ugurla totbiq ediblor. Masolon, Amsterdamda yiik dasimalarinin somorsliliyini
artirmaq tl¢iin velosiped osasli logistika sistemlorindon genis istifado olunur. Bu modelin
karbon emissiyalarin1 azaltdifi vo eyni zamanda dar kiigolordo daha somarali ¢atdirilma
omoliyyatlarin1 asanlagdirdigi niimayis etdirilib. ©ksino, Londonda totbiq olunan "Asagi
Emissiya Zonas1" vo "Ultra Asagi Emissiya Zonas1" siyasotlorinin yiiksok emissiyali naqliyyat
vasitolorinin sohor morkozino girisini  mohdudlasdirmaqla otraf miihitin voziyyatini
yaxsilasdirdigi gostorilib (Camlica 2014, s. 113).

Eyni zamanda, sohaor logistikasini inkisaf etdirmok moqsadilo Parisdo sohar konsolidasiya
markazlori (UCC) yaradilib. Bu markazlarin funksiyast miixtalif girkatlorden yiiklori morkezi
bir yerdo toplamaq vo sonradan onlar1 daha kigik, ekoloji cohatdon dayaniqli nogliyyat vasitolori
vasitasilo sohor daxilinde paylamaqdir. Bu yanagmanin yol tixaclarini azaltdigi va logistika
xorclorini optimallasdirdigi niimayis etdirilib. Bu istiqgamotdo innovativ yanagmalar Asiya
Olkolorinds do miisahide olunur. Masalon, Tokioda yiiksok soviyyeli roqomsallagdirma va
avtomatlasdirilmis logistika sistemlorino shomiyyotli investisiyalar qoyulub. Siini intellekt vo
boylik verilonlor texnologiyalarindan istifado marsrutlarin optimallagdirilmasina vo ¢atdirilma
miiddstlorinin minimuma endirilmasine komak edir.

Aydindir ki, yasil naqliyyat dayaniql sohar logistikasinin qurulmasinda asas vasitadir.
Elektrikli avtomobillar, hibrid ylik masinlar1 vo alternativ yanacaqlardan istifado edon nogliyyat
vasitolori karbon emissiyalarinin azaldilmasinda miihiim rol oynayir. Bundan oalavae, sohor
orazilorindo elektrik skuterlori, velosipedlor vo kigik yiik robotlar1 da daxil olmagla
mikromobillik naqliyyat vasitalarinin istifadasi do genis yayilmaqdadir. Bu sahadas totbiq oluna
bilocok bir nec¢o digor ohomiyyatli metodologiya movcuddur, o climlodon:

e Rogomsal logistika platformalarinin yaradilmast;

e Real vaxt molumatlarinin istifadosi ilo nogliyyatin idars olunmast;
Sohar planlasdirilmasinda logistika ehtiyaclarinin nozore alinmast;

e Dovlot vo 6zal sektor arasinda omakdasligin giiclondirilmasi;

e Davamli logistika lizro normativ-hiiquqi bazanin inkisaf etdirilmasi.

Azorbaycan kimi inkisaf etmokdo olan Glkolor kontekstindo beynolxalq tocriibonin
Oyronilmosi vo totbiqi xiisusi ohomiyyot kosb edir. Xiisusilo, Bakida dayanigli logistika
modellorinin  totbiqi  yol horokoti tixaclarinin  azaldilmasi, logistika xidmotlorinin
optimallagdirilmasi vo otraf miihit mosololorinin holli iiglin vacibdir. Bu baximdan, sohor
daxilindo logistika morkozlorinin yaradilmasi, elektrikli nogliyyat vasitolorinin tosviqi vo
rogomsal texnologiyalarin totbigi shomiyyatli naticalor vermoak potensialina malikdir.
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Natico

Sohor yerlorindo insanlarin ehtiyaclarinin effektiv sokildo 6donilmasi, xosboxt bir
icmanin qurulmasi, gohor kimliyinin artirilmasi vo icma hissinin giiclondirilmasi {igiin yaxsi
toskil olunmus gohor logistika infrastrukturunun yaradilmasi ¢ox vacibdir. Bu togobbiisiin
magsadi miixtalif noqliyyat ndvlorinin inteqrasiyasini asanlagdirmaq, bununla da marsrut
somoraliliyini optimallasdirmag, sohar omoliyyat logistikasinin fasilosizliyini tomin etmok, yol
harokati tixaclarinin azaldilmasi vo sohor sakinlorinin giindslik hoyat keyfiyyatini artirmaqdir.
Bu mogsadlors ¢catmagq tiglin sohor logistika totbiglorinin vahid planlasdirilmasi, koordinasiyasi
va davamli monitoringi zaruridir.

Todqgigatda inkisaf etmis sohorlorin, o climlodon Amsterdam, London, Paris vo Tokyo
niimunosindys tatbiq edilon innovativ logistika modelloari tohlil edilmisdir. Bu modellor arasinda
asag1 emissiyali zonalar, urban konsolidasiya morkozlori, velosiped osasli ¢atdirilma sistemlori
vo rogomsal logistika platformalar1 xiisusi yer tutur. Eyni zamanda, elektrik vo alternativ
yanacagqla isloyon noqliyyat vasitolorinin istifadosi karbon emissiyalarinin azaldilmasina tohfo
Verir.

Aragdirma naticosindo miioyyon edilmisdir ki, davamli gohar logistikasinin ugurlu totbiqi
liciin inteqrasiya olunmus planlasdirma, miiasir texnologiyalarin totbiqi vo dovlot-6zal sektor
omokdaslhigi osas sortlordir. Bu tocriibalorin Baku kimi siiratlo inkisaf edon soharlordo totbiqi
noqgliyyat sisteminin optimallasdirilmasi, ekoloji voziyyotin yaxsilasdirilmasi vo sohor hoyat
keyfiyyatinin yiiksoldilmosi baximindan genis imkanlar yaradir. Davamli sohar logistikasinin
inkisafi soharlorin uzunmiiddotli dayanigh inkisaf strategiyalarinin ayrilmaz hissasi kimi ¢ixis
edir vo bu sahado beynolxalq tocriibonin totbigi miihiim shomiyyat kasb edir.

Notico olaraq, bu giin globallagsma ilo yaranan dagidici rogabst miihiti, otraf miihitin
miihafizosi ganunlari, miistori toloblori vo goézlontilori, miiossisolorin sosial mosuliyyot
foaliyyatlori vo artan otraf miihit melumatlilig1 sobabindan logistika sirkotlorinin yasil logistika
tocriibolorini nozordon kegirmosi, bunu logistika idaroetmosinin vo tocriibalorinin  hor
marhalasinds miivafiq olaraq veracoklari strateji saviyyali gorarlarla niimayis etdirmasi vo
bizneslorindo otraf miihit molumatliligini getdikco artirmasi qacilmaz hala golmisdir. Istehsalda
istirak edon hokumatlor, miiossisolor, sektorlar, miiossisolor vo logistika xidmati istehsal edon
sirkotlor idaroetmo proseslorindo otraf miihito hossas, lakin eyni doracodo doyerli vo faydali
tacriibalora yonolmalidirler. Bundan slave, bu qurumlar bu mdvzuda siyasot vo strategiyalar
hazirlamali vo homiss inkisafa vo doyisikliklors agiq olmalidirlar.
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Xiilasa

Mogqalodo Blat Azad Iqgtisadi Zonasinin multimodal dasimalarin inkisafinda yeri vo
noqliyyat infrastrukturunun bu proseso tosiri aragdirilir. Olot orazisi Xozor donizi sahilindo,
Baki Beynolxalq Daniz Ticarat Limanina yaxin mévqeds yerlosdiyine gore doniz, domir yolu,
avtomobil vo golocok hava yilik dasimalarini bir sistem daxilindo birlosdirmok imkanina
malikdir. Bu istlinliik Azaerbaycanin Sorqg—Qarb vo Simal-Conub istigamatlorinde tranzit
rolunu giiclondirir, eyni zamanda qeyri-neft sektorunda istehsal, logistika vo ixrac yoniimlii
xidmotlorin artmasina sorait yaradir. Todqigatda rosmi sonadlor, beynolxalq hesabatlar vo agiq
statistik molumatlar osasinda analitik miigayiso aparilmis, Olot Azad Iqtisadi Zonasimin
logistika morkozi, liman, domir yolu vo avtomobil baglantilari ilo yaratdig1 olaveo doyeor izah
edilmisdir. Natico olaraq miioyyon olunur ki, Dlot Azad Iqgtisadi Zonasinin yalmz azad zona
kimi deyil, hom do regional tochizat zoncirinin koordinasiya noqtosi kimi qiymatlondirilmalidir.
Infrastrukturun tam islok vo raqomsal idars olunan formada inkisafi dasinma vaxtini azaltmag,
tranzit yiiklorin hocmini artirmaq vo Azorbaycanin beynolxalq logistika xoritosindo mdévqeyini
mohkomlandirmak baximindan miithiim shomiyyat dasiyir.

Acar sozlar: Dlot Azad Iqtisadi Zonas1; Multimodal Dasimalar; Baki Limani; Nogliyyat
Infrastrukturu; Orta Dahliz.

Giris

Son illordo beynolxalq ticarotdo siirot, tohliikosizlik vo dasinma xorcinin
optimallagdirilmasi osas roqabot gostoricilorindon birine ¢evrilmisdir. Yiiklorin yalniz bir
noqliyyat novii ilo dasinmasi artiq iri tochizat zoncirlori tigiin kifayot etmir. Doniz, domir yolu,
avtomobil vo hava noqgliyyatinin bir-birini tamamladigr multimodal model daha ¢evik hall kimi
ono cixir. Azorbaycanin cografi mdvqeyi bu baximdan xiisusi iistiinliik yaradir. Olko Xozor
hovzasindo Sorg—Qorb vo Simal-Conub marsrutlarinin kosismosindos yerlosir, bu da tranzit
axinlarinin idaro olunmasi icilin olverigli baza formalasdirir (Alat Free Economic Zone
Authority, 2026).

Olot Azad Iqtisadi Zonas1 bu iistiinliiyiin iqtisadi layihoys gevrilmosi baximimdan miihiim
niimunadir. Zona Baki Beynolxalq Doniz Ticarat Limaninin yaxinhiginda yerlogir vo rosmi
molumatlara goro beynolxalq nogliyyat dohlizlorinin kasismo ndqtosine baglidir. Bu amil Olatin
yalniz istehsal vo investisiya makani kimi deyil, ham do yiik axinlarinin toplanmasi, emali,
boliisdiiriilmasi vo yenidon ixraci ligiin logistika platformasi kimi inkisafina imkan verir (Alat
Free Economic Zone Authority, 2025).

Movzunun aktualligt hom do onunla baghdir ki, global tochizat zoncirlrin son illor
alternativ marsrutlara maraq artmisdir. Orta Dohliz iizro hesabatlarda qeyd olunur ki, marsrutun
somoraliliyi tokco fiziki infrastrukturdan deyil, hom do sorhod-ke¢id prosedurlarindan, logistika
xidmatlorinin keyfiyystindon vo miixtalif naqliyyat novlori arasinda koordinasiyadan asilidir
(World Bank, 2023). ©lot AiZ bu problomlorin hallinds vahid idaraetmoa, bir pancers yanasmasi
va istehsal-logistika alagolorinin bir orazido comlonmasi ilo forqlons bilor.
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Bu todgigatin moqgsadi ©lot Azad Iqtisadi Zonasinda multimodal dasimalarin inkisaf
imkanlarini vo naqliyyat infrastrukturunun hamin inkisafda rolunu tohlil etmakdir. Bu magsada
catmagq ii¢iin ii¢ osas vozifo miioyyon edilmisdir: birincisi, ©lot AIZ-in cografi vo institusional
iistiinliiklorini izah etmok; ikincisi, liman, domir yolu, avtomobil vo hava ylik komponentlorinin
multimodal modelds yerini géstormok; tigiinciisii, bu infrastrukturun Azorbaycan igstsadiyyati
va tranzit potensiali {iglin yarada bilacayi praktik naticalori qiymatlondirmok.

Mogalonin elmi yeniliyi ©lot AlZ-in ayrica azad iqgtisadi zona kimi deyil, multimodal
logistika ekosistemi kimi arasdirilmas: ilo baghdir. Isdo infrastruktur elementlori sadaco
sadalanmir, onlarin bir-biri ilo alaqasi vo ylik axinlarinin idars edilmosinds yaratdigi sinerji izah
olunur. Maqalonin praktik shamiyyati isa ondan ibaratdir ki, naticolor nogliyyat-logistika
sahosindo planlagdirma, investisiya gorarlar1 vo regional ticarot strategiyalarinin hazirlanmasi
liclin faydali ola bilor.

Tadqgigat metodu

Tadqiqat keyfiyyat osasl analitik yananigsma tizorinds qurulmusdur. Osas material kimi
Olot Azad Iqtisadi Zonasmin rosmi molumatlari, Baki Beynolxalq Doniz Ticarot Limani vo
tranzit-logistika lizro dovlet resurslari, Diinya Bankinin Orta Dahliz hesabat1 vo Azarbaycan
2030 inkisaf prioritetlori istifado edilmisdir. Mogsad konkret saho iizro movcud voziyyati real
monbolors asaslanaraq izah etmok vo infrastrukturun multimodal dasima mexanizming tosirini
sistemlosdirmokdir.

Metodoloji baximdan ii¢ morholo totbiq edilmisdir. Birinci marholodo Olot AiZ-in
noqliyyat baglantilar1 miioyyonlosdirilmisdir. Ikinci marholodo homin baglantilar doniz, domir
yolu, avtomobil vo hava yiik dasimalari {izrs ayrica qruplasdirilmisdir. Ugiincii morhalada bu
komponentlorin  birgo islomosi noticosindo yarana bilocok logistika iistiinliiklori
giymotlondirilmisdir. Qiymaotlondirmo zamani1 daginma vaxti, intermodal ke¢id imkani, liman
tutumu, logistika xidmaotlorinin olavo doyori vo investisiya miihiti osas gostoricilor kimi
gotiiriilmisdiir.

Multimodal somorslilinin sado qiymaotlondirilmosi {igiin asagidaki montiqi ifadodon
istifado oluna bilor:

MSE=(T+K+R+X)/C (1)

Burada MSE multimodal somoralilik  gostericisini, T dasmmma  vaxtinin
optimaliagdirilmasini, K koordinasiya soviyyasini, R rogomsal idaroetmo imkanlarini, X olavo
doyor yaradan logistika xidmotlorini, C iso timumi amoliyyat xarclorini ifads edir. Bu formul
statistik model kimi deyil, moqalods aparilan struktur tohlilin izahi ii¢iin konseptual ¢or¢ivo
kimi gabul edilir.

Cadval 1. Blat AlZ iizro multimodal noqliyyat komponentlarinin funksional rolu

Nogliyyat . Osas funksiyasi Olot AlIZ ii¢iin rolu Gozlanilon natica
komponenti
Doniz Xngzgr izorindan Baki Limant ilo birbasa Tranzit vo konteyner
nogliyyati yiik qsl?qlu Vo yaxinliq yaradir axinlarinin artmasi
gondorisi
. Uzun mosafali yiik $orq—Qorb vo Simal- Daha sabit vo kiitlovi
Domir yolu Conub dohlizlorinag ¢ixist . .
dasimalar1 N y yiik harokati
giiclondirir
Avtomobil Son mil vo le.a.n , sanaye sahalori v Dasinma miiddotinin
nogliyyati regional paylama daxili bazar arasinda gisalmasi
ceviklik yaradir
Hava ytik Stiratli vo yiiksok Plan1a$d1r1'1a11' yiik . Yulfse')k dqyarh .
o aeroportu ils inteqrasiya logistika xidmatlorinin
dasimalar1 dayarli yiiklor . . . )
imkani verir genislonmasi
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Moanba: Miidllif torofindon AFEZ Authority, TRACECA va Azerbaijan Transit Portal
moalumatlar: asasinda tortib edilmisdir.

Cadval 2. Blot AlZ-do multimodal yiik axininin sadolosdirilmis sxemi

Daoniz — | Liman — | Olat AlZ logistika — | Domir yolu /
yiiklori markazi avtomobil / hava yiik

Moanba: Miiallif tarafindon AFEZ Authority va Airport.az malumatlar: asasinda hazirlanmusdir.

Tahlil vo miizakira

Olot AiZ-in multimodal dasimalarda osas {istiinlilyii onun mokan se¢imi ilo baglidir. Zona
Xazar donizi sahilinde, Baki Beynalxalq Daniz Ticarat Limaniin yaxmliginda yerlasir. Bu
movge yiikiin donizdon limana, limandan domir yolu vo avtomobil sobokosing, golocokds iso
hava yiik infrastrukturuna kegirilmasini daha somarali edir. ©gor logistika morkozi naqliyyat
novlori arasinda sadoco fiziki kegid yaradirsa, azad iqtisadi zona bu kegido istehsal, anbarlama,
qablagdirma, gomriik, sertifikatlagdirma vo yenidon ixrac kimi slave marhalalor ds slave edir.
Noticods yiik yalniz daginmir, hom do doyor qazanur.

Baki Beynolxalq Deniz Ticarot Limani Olst modelinin osas dayaqlarindan biridir.
TRACECA molumatlarinda limanin birinci moarhals iizro 15 milyon ton yiik vo 100 min TEU
konteyner tutumuna malik oldugu, ndvbati morhalods iso bu gostoricinin 25 milyon ton yiiko
godor artirilmasinin planlasdirildigr gostorilir (TRACECA, 2024). Bu ragemlor Dlot AlZ iiiin
mithiim bazadir. Clinki azad zonanin istehsal va logistika xidmatleri yalniz daxili bazara deyil,
hom do Xozor hdvzosi, Morkozi Asiya, Tiirkiys vo Avropa istiqamatlorine ¢ixis oldo edir.

Domir yolu baglantis1 multimodal modelds kiitlovi vo nisbaton ucuz dasinma iiciin
vacibdir. Olat orazisinin domir yolu vo magistral avtomobil yollar1 ilo slagosi yiiklorin 6lko
daxilinds vo beynolxalq istiqgamotlords horokotini asanlagdirir. Rosmi tranzit resurslarinda Baki
Limaninin doniz, domir yolu vo avtomobil dasimalarini birlagdiron osas logistika qovsagi
oldugu qeyd edilir (Azerbaijan Transit Portal, 2026). Bu, Olot AiZ-do istehsal olunan va ya
burada emal edilon mohsullarin bazarlara ¢ixarilmasinda ¢eviklik yaradir.

Avtomobil noqliyyatt multimodal sistemin an ¢evik hissasidir. Damir yolu iri hacmli vo
uzaq mosafoli yiiklor {i¢clin daha somorali olsa da, son morhalodo mohsulun anbardan
miiossisoyo, limandan sonaye sahosino vo ya daxili bazara g¢atdirilmasi iiciin avtomobil
dasimalar1 zoruri qalir. ©lat AIZ-in avtomobil yollarma ¢ixis1 bu baximdan praktik iistiinliikdiir.
Burada asas mosoalo yollarin olmasi ilo bitmir. Yiik axininin siirotli idaro olunmasi, girig-¢ixis
montogolorinin somarali iglomasi, rogomsal névba vo sonad dovriyyasi do infrastrukturun real
somarasini miioyyan edir.

Hava yiik dasimalar1 Dlot AIZ iigiin golocok inkisaf istiqgamotlorindon biridir. AFEZ-in
rosmi logistika molumatlarinda yiik aeroportu vo Cargo Village layiholorinin yaradilmasi
planlasdirilir, yeni hava yiik infrastrukturunun 2027-ci ilin birinci riibiindon gec olmayaraq
foaliyyato baglamasinin gozlonildiyi bildirilir (Alat Free Economic Zone Authority, 2026). Bela
infrastruktur Dlot AiZ-i sadaco regional tranzit montaqosi deyil, daha genis doyer zoncirinin
aktiv istirak¢isina gevira bilor.

Olot AlZ-in inkisafinda institusional miihit do fiziki infrastruktur qodor vacibdir. Azad
iqtisadi zona investorlar ii¢lin ayrica hiiquqi rejim, sadologdirilmis xidmatlor vo bir pancora
prinsipi toklif edir. Bu yanasma logistika sirkotlori vo istehsal miiossisalori {iclin omoliyyat
xarclorini azaltmaga kdmok edo bilor. Investor iigiin osas sual tokco torpaq sahasinin vo anbarin
movcudlugu deyil, hom do yikiin sorhoddon kegmosi, sonadlosmo, vergi vo gdémriik
proseslarinin na qodar sado olmasidir. Ona gora do Olot AiZ-in roqabot istiinlilyii fiziki vo
institusional infrastrukturun birlikds islomasindon asilidir.

Azorbaycan 2030 inkisaf prioritetlorindo raqabatli igtisadiyyat, geyri-neft sektorunun
genislonmasi vo regional baglantilarin giiclondirilmosi kimi istigamotlor 6n plana ¢ixarilir
(Azorbaycan Respublikasi Prezidenti, 2021). Dlot AiZ bu prioritetlorlo uygun golon layihadir.
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Ciinki burada mogsad yalniz tranzit haqqi qazanmaq deyil. Daha vacib olan yiiklorin emals,
qablasdirilmasi, saxlanmasi, yiingiil istehsal morhalalorindon kegirilmasi vo daha sonra ixrac
olunmasidir. Bu model geyri-neft iqtisadiyyati {i¢iin daha dayaniqli golir monbalori yarada bilor.

Bununla yanasi, ©lot AIZ-in potensialinin tam acilmasi iigiin bazi masalalor xiisusi diqqat
tolob edir. Birincisi, naqliyyat novlari arasinda kegid vaxtt minimuma endirilmalidir. Ikincisi,
liman, domir yolu, avtomobil vo hava yiik infrastrukturu vahid roqemsal platformada
olagalondirilmalidir. Uciinciisii, sorhod vo gdmriik prosedurlari tranzit yiik ii¢iin ovvolcodon
molumat miibadilesine osaslanmalidir. Dordiinciisii, logistika xidmaotlori yalniz dagimadan
ibarat galmamali, olavo doyor yaradan xidmatloro ¢evrilmolidir. Diinya Bankinin Orta Dohliz
lizro hesabatinda da infrastrukturla yanasi, omaliyyat vo koordinasiya problemlarinin hallinin
vacibliyi vurgulanir (World Bank, 2023).

Olot AlZ-in regional rogabotde movqeyi Orta Dohlizin iimumi inkisafindan da asilidir.
Marsrutun Qazaxistan, Azorbaycan vo Giirciistan {izorindon kegon hissosi miixtolif noqliyyat
novlorinin ardicil istifadosini tolob edir. Bu iso hor 6lkodo liman, domir yolu, gdémriik vo
logistika xidmaotlorinin bir-biri ilo uygun islomasini zoruri edir. Azorbaycan bu zoncirdo Xozor
kecidi vo Qafqaz baglantis1 arasinda osas korpii rolunu oynayir. Dlot AIZ homin kérpiiniin
igtisadi mozmununu giiclondiran platforma kimi ¢ixis edir.

Praktiki baximdan Blot AiZ-do multimodal dasimalarin inkisafi {i¢ osas natica vers bilor.
Birinci natico tranzit yiiklorin 6lko orazisindo daha uzun miiddot qalmasi vo alavo xidmotlordon
istifado etmosidir. Ikinci notico istehsal vo logistika miiossisalori iiciin yeni is yerlorinin
yaranmasidir. Ugiincii natico Azorbaycanin regionda tokco kegid 6lkosi deyil, xidmat va istehsal
markazi kimi taninmasidir. Bu baximdan naqliyyat infrastrukturu sadoca yol, liman v terminal
anlayis1 ilo mohdudlagmair. O, iqtisadi diversifikasiya {i¢iin osas dayaqlardan birino gevrilir.

Infrastrukturun inkisaf istiqgamatlari

Olot AlZ-do multimodal dasimalarin inkisafi ii¢iin osas istiqamotlordon birim rogomsal
logistika idarsetmasinin genislondirilmasidir. Miiasir logistika artiq yalniz fiziki terminal va
anbarlardan ibarot deyil. Yiikiin harada oldugu, hansi nogliyyat néviino no zaman kegirilocayi,
sonadlarin hans1 marhalads tesdiglondiyi ve sarhad-kecid prosedurunun no gador vaxt aparacagi
real vaxt rejimindo izlonmolidir. ©gor bu molumatlar liman, domir yolu operatoru, avtomobil
dastyicisi, azad zona idaragiliyi vo gomriik qurumlart arasinda inteqrasiya olunmus sokilda
paylasilarsa, yiik sahibinin geyri-miioyyonliyi azalir. Bu iso ®lot AlZ-in beynolxalq logistika
sirkotlori ligiin daha etibarli platformaya ¢evrilmosino komok edir.

Ikinci istiqamot olavo doyer yaradan logistika xidmatlorinin artirilmasidir. Bir ¢ox
Olkolords azad iqtisadi zonalarin uguru yalniz vergi giizostlori ilo izah olunmur. Osas iistiinliik
yuklorin homin orazido emal olunmasi, etiketlonmosi, gablagdirilmasi, keyfiyyot
yoxlamasindan kegirilmosi vo son bazara uygun hazirlanmasi ilo baghdir. ©lot AIZ do bu
yanasmani giiclondiro bilor. Masolon, Morkozi Asiyadan golon xammal vo yarimfabrikatlar
burada yiingiil istehsal vo qablasdirma marholosindon kegorok Tiirkiys, Avropa vo Yaxin Sorq
bazarlarina daha yiiksok doyorlo gondoarilo bilor. Bu halda tranzit 61ko modeli todricon istehsal-
logistika modeli ils avaz olunur.

Uciincii istiqgamot noqliyyat ndvlori arasinda fiziki kegidlorin siirotlondirilmosidir.
Multimodal sistemdo on ¢ox vaxt itirilon mogam yiikiin bir nogliyyat néviindon digorino
kecirilmosi zamani yaranir. Limandan domir yolu terminalina, domir yolundan avtomobil
paylama morkozino vo ya anbara kecid marhalolori diizgiin planlasdirilmadiqda biitiin
marsrutun istiinlilyii zoifloyir. Buna géro ®lot AlZ-do terminal planlasdirilmasi, konteyner
saholorinin yerlogsmosi, yliklomo-bosaltma texnikasi, anbarlarin limana vo domir yolu xottino
yaxinlhig1 xiisusi ohomiyyat dastyir. Infrastrukturun hor bir hissosi ayrica deyil, iimumi yiik axin1
mantiqi ilo qurulmalidir.

Dérdiincii istiqamot kadr hazirhigi vo logistika bacariqlariin inkisafidir. Infrastruktur no
gader miiasir olsa da, onu idars edon miitoxassislorin bilik va bacarig yetorli deyilss, sistem
tam somoro vermir. Olat AlZ-do gdmriik prosedurlari, beynalxalq dasima sonadlori, multimodal
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miiqavilolor, rogomsal izlomo sistemlori vo anbar idaroetmosi lizro ixtisaslasmis kadrlarin
hazirlanmasi vacibdir. Bu sahads universitetlar, peso tohsili miiassisalori vo logistika sirkatlori
arasinda omokdasliq genislondirilo bilor. Belo yanagsma zonanin uzunmiiddatli inkisafina insan
kapitali baximindan dastok verar.

Besinci istigamot dayaniqli vo ekoloji logistika yanagmasinin totbiqidir. Diinyada iri
sirkatlor artiq yalniz dasinma qiymotina deyil, hom da karbon izi, enerji somaraliliyi va yasil
tochizat zonciri meyarlarina diqqot yetirirlor. ®lot AlZ-in golocok inkisafinda domir yolu
dagimalarinin paymnin artirtlmasi, enerji somorsli anbarlardan istifads, roqomsal sonad
dovriyyasi vo ekoloji standartlara uygun terminal idaragiliyi xiisusi iistiinliik yarada bilor. Bu,
ham beynalxalq investorlarin toloblorine uygunlasmaq, ham do Azarbaycanin dayaniqlt inkisaf
mogsadloring tohfo vermok baximindan ochomiyyotlidir.

Natico

Aparilan tohlil gostorir ki, Dlot Azad Iqtisadi Zonas1 multimodal dasimalarin inkisafi
liciin Azarbaycanin an strateji mokanlarindan biridir. Zonani forqlondiren asas cohat onun Baki
Beynolxalq Doniz Ticarot Limani, domir yolu vo avtomobil magistrallar ilo yaxin olagodo
yerlogmosidir. Golocok hava yiik infrastrukturu da bu sistemo qosuldugda ©lot doniz, quru vo
hava dasimalarinin inteqrasiya olundugu daha giiclii logistika platformasina c¢evrilo bilor.

Noticalora géra, Olot AlZ-in rolu yalniz tranzit axinlarini gobul etmokdon ibarot deyil.
Burada yiiklorin saxlanmasi, c¢esidlonmasi, qablagdirilmasi, emali vo yenidon ixraci {igiin
imkanlar yarandiqda 6lke daha g¢ox olave doyar aldo edir. Bu iso geyri-neft sektorunun
genislonmoasi vo Azarbaycan 2030 prioritetlorinin icrasit baximindan shomiyyatlidir.

Mogqalonin osas qonaoti ondan ibarotdir ki, multimodal dasimalarin uguru fiziki
infrastrukturun mévcudlugu ilo yanasi, onun idaraetms keyfiyyotindon do asilidir. Liman, domir
yolu, avtomobil va hava yiik sistemlori vahid roqomsal platforma iizerindon alagolondirilarsa,
Olot AlZ regional logistika bazarinda daha raqabotli mdvqge qazana bilor. Buna géra golocok
marhalada rogamsallagsma, sarhad-kecid proseslorinin siiratlondirilmasi va slava dayar yaradan
logistika xidmatlorinin genislondirilmasi osas inkisaf istiqgamatlori kimi gotiirilmalidir.
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Xiilasa

Son illorda sohar naqliyyatinin toklifi ilo tolobi arasindaki ziddiyyetlor getdikco daha da
ciddilosir vo bu da sakinlorin miintozom soyahotino boylik tosir gostororok otraf miihitin
cirklonmosini daha da pislosdirib. Indiya goder sohar naqliyyatinin tixaclar1 sohorlorin sosial
inkisafina vo iqtisadi inkisafina monfi tosir gostoron osas amilo gevrilib. Bu ¢alismamda daha
¢ox tixac vo onun aradan qaldirilmasi yollarina toxunulubdur. Trafik tixaclarinin gohar {igiin
ciddi tohliiko yaratmaga davam etmosi vo mohsuldarliga, otraf miihito vo hoyat keyfiyyotino
mane olmasi bu ¢aligmani 6n plana ¢ixartmigdi. Tixaclara sobab olan mdévcud problemlora
urbanizasiya, zoif infrastruktur plan1 vo zoif ictimai noqliyyat sistemlori daxildir. Yaxin
ke¢misdo bir sira tovsiyolor vo miidaxilolor edilmisdir ki, hall yollar1 asason texnologiyaya
osaslanan innovasiyalarin totbiqino osaslanir. Sohor planlasdirilmasinda qarisiq funksiyali
zonalarin yaradilmasi, yoni yasayis, is vo xidmat sahslorinin daha balansli yerlosdirilmasi do
giindoalik nogliyyat axinin1 azalda bilor. Eyni zamanda, velosiped yollarinin genislondirilmosi
vo piyada infrastrukturunun yaxsilasdirilmasi alternativ horokot {isullarini togviq edir. Sonda
notico olaraq, yol tixaclarimin aradan qaldirilmasi kompleks yanagma tolob edir vo hom
texnoloji, hom do sosial-iqtisadi todbirlorin birlikde hoyata kegirilmasi ilo miimkiin ola bilar.

Acar sozlar: Tixac, Nogliyyat, Urbanizasiya, Sohor Orazisi

Giris

Diinyanin oksor hissosindo, inkisaf etmis vo ya inkisaf etmomis Olkolordo, tixac
artmaqdadir vo hor sey onun daha da pislosocoyini gostorir ki, bu da sohor hoyatinin
keyfiyyotino silibhosiz bir tohliikko yaradir. Onun osas ifadosi, fasilosiz trafik axini ilo
miiqayisado trafik siirotinin todricon azalmasidir vo naticodo soyahot miiddotinin, yanacaq
sorfiyyatinin, digor istismar xarclorinin vo atraf miihitin ¢irklonmasinin artmasidir. Tixac asason
son onilliklordo Latin Amerikasinda miilkiyyati kiitlovi sokilds yayilan avtomobillorin intensiv
istifadasi ilo olagodardir. Soxsi avtomobillor goxsi horokotliliyi asanlagdirmaq baximindan
uistiinliikloro malikdir vo tohliikasizlik hissi vo hotta yiiksok status hissi verir, xiisuson do inkisaf
etmakda olan 6lkalorda.

Hamimiz bilirik ki, avtomobillorin ixtirasi insanlarin hoyatini boyiik derocado doyisdirib
va bu da bizo rahatliq vo zovq verir. Lakin getdikco daha ¢ox insan avtomobillordon genis
istifado etdiyindon, yol horokati tixaclar1 yaranib ki, bu da sohor modernlogsmaosi zamani aradan
qaldirilmasi ¢atin olan bir maneadir. Bu giinlords getdikco daha ¢ox sohar avtomobil comiyyati
morholasine qodom qoyur, bir cox bdyiik vo orta 6l¢iilii sohorlor yol horokati tixaclar1 dovrii ilo
lizlogir. Oslindo, yol harokati tixaclart hokumaotlor vo funksional departamentlor {i¢iin aktual
movzu vo ¢atinliyo ¢evrilib. Bu fonda yol harokati tixaclarin1 6yronmok vo yol horakoti tixaclari
ilo bagli problemlori hall etmok {igiin miivafiq tadbirlor gérmok vacibdir vo tacilidir. Yol
horokoti tixaclarin1 azaltmaq vo insanlarin hoyatin1 yaxsilasdirmagq tigiin miixtalif 6lkolords vo
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bolgolordo yol harokoti tixaclarini holl etmok iiglin bozi todbirlor goriiliib vo bu todbirlor
miioyyan nailiyyatlor oldo edib. Lakin halo uzun bir yol got edilmolidir.

Nogliyyat vasitolorinin siirotli boyiimosi yol infrastrukturuna vo yol horokatinin idars
olunmasina boyiik tozyiq gostormisdir. Bu ciir tozyiqi aradan qaldirmagq {igiin bir ¢ox sohar yeni
tikilmis viyadiiklor vo metrolarin uzadilmasi kimi yol infrastrukturunun tokmillogdirilmosino
kiilli miqdarda vesait yatirir. Lakin soharlorin cox c¢alisdigi sey avtomobil ehtiyatlarinin artim
tempina uygunlasa bilmir.

Tixacin zororli tosirlorindon birbasa horokot etmoya ¢alisan nogliyyat vasitolori oziyyat
¢okir. Lakin bunlardan yalniz siiriiciilor deyil, hom do ictimai noqliyyat istifadogilori -
timumiyyatlo asag1 golirli insanlar - aziyyat ¢akirlor. Onlar nainki bir yerdon digerine daha uzun
soyahot edir, hom do tixac sobabindon daha yiiksok gedis haqqi 6domali olurlar. Biitiin sohor
sakinlori do manfi tasirlora moruz qalirlar, masalon, hava va sas-kily ¢irklonmasinin artmasi vo
sohorlorinin saglamhigina vo dayanigligima monfi uzunmiiddstli tosir kimi amillor hoyat
keyfiyyatlorinin pislogsmasi baximindan, biitiin bunlar tixacin nazarstdoe saxlanilmasini vacib
edir.

Trafik tixac anlayisi

Tixac, naqliyyat sisteminin miioyyan bir hissasindo vo miioyyon bir néqtado nogliyyata
tolobat toklifi iistolodikde yaranir. Belo hallarda, diger naqliyyat vasitalorinin harakatliliyi
pozulur.

Tixac, xiisuson da bu resurslarin qiymat mexanizmlarins tabe olmadigi hallarda, mohdud
noqliyyat resurslarindan istifadonin gagilmaz naticosi kimi gobul edilo bilor. Son onilliklordo
sohor arazilorinds yol sobokalorinin geniglonmosi miisahido olunur vo bu yollarin oksariyyatine
pulsuz giris miimkiindiir. Infrastrukturlar yiiksok siirot va yiiksok tutum aldo etmok mogsadi ilo
hazirlanmisdir; lakin gohor dovriyyesinin artim tempi tez-tez gézlontilori asirdi. Bir neco onillik
ovval kifayat godor olmasi {i¢lin nozords tutulmus yol infrastrukturlarinin gézlonilondon daha
tez tutumdan tlikondiyi askar edilmigdir (Downs 2012, s.403). Bu sektora investisiyalar gohor
vo regional oraziloro olgatanligl artirmaq moqsoadi ilo miixtolif hokumot soviyyeolorindon
qaynaqlanirdi. Yiiksok soviyyado nogliyyat tochizati tomin etmoklo yol naqliyyatinin
genislondirilmasi ligiin giiclii stimullar méveud idi. Bu, zororli tixac dovriine sobab oldu ki, bu
da 6z ndvbasinds slava yol tutumunun qurulmasini vo avtomobil asilili§inin artmasina sabob
olur. Sohor tixaclari osason eyni infrastrukturdan istifado edon iki dovriyyo sahasi ilo
olagodardir:

Sorniginlor. Diinyanin bir ¢ox bolgasinda golirlordo chomiyyatli doracodo artim miisahido
olunub vo hor ev tesorriifatina bir vo ya daha ¢ox avtomobilin sahibliyi genis yayilib.
Avtomobilo ¢ix1s monso, toyinat yeri vo soyahot miiddotinin se¢ilmasi baximindan daha ¢ox
rahathiga komoak edir. Avtomobil oksar sayahatlor, o climlodan is saatlari {igiin listlinliik verilon
nogliyyat vasitosidir. Avtomobillo olagoli tixaclarin {istiinliik togkil etmosi noqliyyat
vasitolorindon istifadado (is saatlar1 arzindoe) vaxt istlinliiklori vo dayanacaq tiglin oshamiyyatli
yer tolobloari ilo slagadardir. Toxminon 95%-ds naqliyyat vasitasinin islomayacayi toxmin edilir
va har yeni avtomobilin totbiqi tolab olunan sahonin artmasina sabab olur (Toole 2009).

Yiik dasimalari. Bir sira sonaye saholori nogliyyat toloblorini ylik dasimalarina kegirib vo
bununla da yol infrastrukturundan istifadoni artirtb. Sohorlorin istehlak vo ya digor yerloro
transfer iiclin yilik axinlar {i¢lin asas toyinat yerlorini tomsil etdiyini nozoro alsaq, sohor
tixaclarinin artmasinda yiik dagimalarinin rolu ohamiyyatlidir. "Son mil" problemi xiisusilo
sohor orazilorinds yiik paylanmasi iigiin genis yayilib. Tixacin ¢atdirilma tezliyinin azalmasi ilo
olagali oldugu vo bu da 6z ndvbosindo oxsar xidmot soviyyesini qorumaq ligiin tutumun
artirilmasini zoruri etdiyi barodo iimumi bir fikir var. Elektron ticarotin meydana golmaosi ilo
evo catdirilmalarin ¢oxalmasi, xiisusilo sixligli orazilords tixacin artmasina sobob olub ki, bu da
gismon dayanacagqlarin tezliyinin artmasi ilo alagodardir.

Buna baxmayaraq, sohor yerlorindo tixac asason gedis-golis qaydalar1 va daha az deracado
ylik magimlarimin horokoti ilo olagodardir. Orta hesabla, infrastruktur tominati noqliyyat
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vasitolorinin sayinin artmasinin yaratdigi toloblori 6doyo bilmomisdir ki, bu da timumi nogliyyat
vasitosi-kilometrlorinin artmasi ilo daha da agirlasmisdir. infrastrukturun tokmillosdirilmosi va
tikintisi kontekstindo tutumun azalmasi (mosalon, azaldilmis zolaglar, bagl hissolor) tixaclara
sobab ola bilor. Tutum haddina catdiqda vo ya agsdiqda shomiyyatli soyahat gecikmalarinin bag
verdiyi malum bir faktdir. Bu, demok olar ki, biitiin metropoliten orazilorindo yaygin bir haldir.
London kimi bdyiik metropoliten orazilorde yol haroketinin siirati bir asr avval miigahids
edilona nisboaton xeyli azalmisdir. Notico etibarilo, marjinal gecikmolor artir vo ohali sixliginin
soviyyasi artdigca siiriiciiliik siiroti problemli olur (Toole 2009). Toxminon 1 milyon ohali
hoddins ¢atdiqdan sonra gohorlor davamli tixac problemlori ilo qarsilagirlar. Lakin bu miisahido
sohor miihiti, modal istiinliiklor (ictimai naqliyyatin pay1) vo movcud sohor noqliyyat
infrastrukturlarinin keyfiyyati ilo alagoli ¢oxsayli amillor kontekstinds nozordon kecirilmalidir.

Sahar tixacimin azaldilmasi istiqgamatlori

Tixacin azaldilmasi ilo bagli ilkin forziyys miioyyon soyahatlorin zoruriliyi ilo baghdir vo
bu qorar sonda fordi istifadaci torafindon miioyyen edilir. Notica etibarilo, tolob nazarstindon
konarda, tixacin azaldilmasi uygunlasdirilmali olan horokatlilik soviyyasi ilo baglidir. Miioyyon
bolgalords avtomobil adekvat naqliyyat infrastrukturlarinin méveud oldugu yegana vasitadir
(Hu Guangliang 2014, s. 76). Bu, ictimai naqliyyat, piyada vo mikromobillik daxil olmaqla
alternativ noqliyyat novlori liglin tutumun azaldigini gostorir. Asagr sixliqlt erazilords ictimai
infrastruktura qoyulan investisiyalarin iqtisadi goliri ohomiyyotsiz hesab olunur. Torpaq
istifadasinin vo tixac soviyyoalorinin pargalanmasi ilo olagali uzadilmis gedis-golis vaxtlari
fenomeni olavo arasdirma tolob edon osas tendensiyadir (Mustafa 2019, s. 104). Yiiksok
soviyyado avtomobil sahibliyi vo asagi soviyyado avtomobil dolulugu olan asagi sixliqh
orazilora xidmot edon osas magistral yollarda nogliyyatin konvergensiyasi bas verir. Tixac
dovrlorinds enerji xorclori artir ki, bu da 6z névbasinds slava vaxt tolob olunmasina vo gedis-
golis liclin daha boyiik mosafslorin got edilmasino sobab olur. Soxsi noqgliyyat vasitolorindon
yiiksok asililigin oldugu sohor yerlorinde miioyyan todbirlorin miioyyan doraceds tixacin
azaldilmasinda potensial olaraq tosirli oldugu miioyyon edilmisdir (Zhu Mingkun 2015, s. 66).

Panduslarin 6l¢iilmasi. Tixac yasayan magistral yola girisin tonzimlonmasini asanlagdiran
bir sistemin totbiqi, avtomobillorin ixtiyari qruplarda deyil, ardicil olaraq girisino icazo
vermaklo oldo edilo bilor. Naticoads, pandusdan birlogsmoenin optimallagdirilmast yolu ilo
magistral yol horokoti axinlarinin pozulmasi azalir.

Trafik signallarinin sinxronizasiyasi. Yol signallarinin naqliyyat vasitolorinin horakatinin
zaman vo mokan dinamikasina uygunlasdirilmasi. Bu yanagmanin effektivliyi signallar1 saatliq
olaraq tonzimlomok va bununla da dovriyye modellorindoki dalgalanmalara uygunlasdirmaq
gabiliyyotindon asilidir. Yiik masinlar1 svetoforlari gecikmis signallardan kegirmok
qabiliyyatine malikdir vo bununla da sar1 isiqgda ayloc edon avtomobillo gofil toqqusma
noticosindo goza riskini azaldir. Notico etibarilo, ylik masinlarinin qirmizi isiqda ilk nogliyyat
vasitasi olma ehtimali daha azdir vo bununla da yiikk masinlarinin siirotlonmasi daha asag:
oldugundan tutumu artirir (Khan 2001, 83).

Insidentlorin idaro olunmasi. Qaza vo ya mexaniki nasazliqlara moruz qalan naqgliyyat
vasitolorinin miimkiin godor tez yoldan ¢ixarilmasi vacibdir. Qozalarin biitlin tixac hallarinin
20-30%-ni tagkil etdiyini nazars alsaq, bu strategiya xiisusilo vacibdir.

Nogliyyat vasitolorinin mohdudiyyatlori: Bu, giris vo miilkiyyot masalolori ilo bagl bas
vera bilor. Nogliyyat vasitolorinin sohorin miioyyan hissoloring, masolon, morkozi biznes
rayonuna giriginin mohdudlagdirilmasi daimi olaraq vo ya miioyyon vaxtlarda totbiq oluna bilor.
Bu, istifadacilori bu toyinat yerlorine ¢atmagq li¢iin alternativ naqliyyat vasitalorini segmoya
sovq etmisdir. Sinqapur da daxil olmaqla bir nego sohor vo 6lkodo verilo bilon némro
nisanlarinin sayini miioyyan edon va ya yiiksok lisenziyalagdirma haglar totbiq eden qaydalar
movcuddur. Nogliyyat vasitosi almaq ti¢lin ovvalco horrac yolu ilo lisenziya almaq lazimdir.
Lakin bu ciir strategiyalar bazarin fundamental prinsipleri ilo uygun golmir ( Metz, 2018, 5.495).
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Ortaq nogliyyat vasitolorindon istifade. Mosalo ikiqatdir. Ilkin fayda, oxsar mansoya,
toyinat yerino vo gedis-golis miiddotino malik soxslora (¢ox vaxt homkarlara) naqgliyyat tomin
etmokdir. Buna goro do, iki vo ya daha ¢ox noqliyyat vasitasinin soyahotini vahid bir soyahoto
birlogdirmok miimkiindiir, bu tacriibays danisiq dilinde "avtomobil birliyi" deyilir. ikinci se¢im,
horakatlilik tolob olundugda mohdud miiddots icaroya gétiiriilo vo ya ortaq istifado edilo bilon
naqliyyat vasitolorinin (asason avtomobillar, lakin velosipedlor va skuterlor do daxil olmaqla)
bir hissosini ohato edir. Tochizat vo tolobi effektiv sokildo uygunlagdirmaq iiglin informasiya
texnologiyalar ilo effektiv dostok tomin etmokls adekvat tadbirlorin goriilmasi vacibdir.

Yiiksok tutumlu nogliyyat vasitolori zolaqlari. Yiiksok tutumlu nogliyyat vasitolori (YTN)
zolaqlari, xiisusile pik saatlarda daha az tixac yasayan zolaqlara ekskliiziv giris imkan1 vermok
ticlin nozards tutulmusdur.

Tixacin qiymotlondirilmosi. Nogliyyat sisteminin miioyyon seqmentlorine vo ya
bolgoloring, asason yol haqqi soklindo 6donislor totbiq etmok moqgsadi ilo miixtolif todbirlor
hoyata kegirilir. Bundan slava, qeyd etmoak lazimdir ki, tixac soviyyesini aks etdirmak ii¢lin
Odoniglor giin orzindo doyiso bilor. Bu, siiriiciilori alternativ vaxt dévrlorini vo ya naqliyyat
ndvlarini nozardan kegirmoys tosviq edir. Yol haqqr 6demaya hazir olan naqliyyat vasitaloring
giris imkan1 verilmoklos zolaglara mohdudiyyatlor totbiq oluna bilor (Lindsney, 2001).

Dayanacaq yerlorinin idars olunmasi. Dayanacaq yerlorinin vo ya pulsuz dayanacaq
yerlorinin logvi effektiv bir vasito ola bilor, ¢linki bunun kruizlori azaltdigi vo 6donis etmok
istoyonlorin miioyyon bir araziys (masolon, qisa bir alig-veris dayanacagi tigiin) daxil olmasina
imkan verdiyi niimayis etdirilib. Dayanacaq yerlorinin qit aktivlor kimi gqobul edilmasi vacibdir
va naticade 6domaya hazirligi oks etdiron qiymet strukturu totbiq edilmolidir. Bundan olava,
planlasdirma qaydalar1 obyektin néviino vo torpaq istifadosinin sixligina osaslanaraq minimum
dayanacaq yeri talablarini totbiq etmakla dolay1 yolla dayanacaq yerlorini subsidiyalagdirir.

Ictimai nogliyyat. Siiriiciilitys alternativlorin tomin edilmasi, xiisuson da sohorin mévcud
infrastrukturuna (mosalon, metro, yiinglil domir yolu, toyin olunmus zolaqlarda isloyon
avtobuslar) inteqrasiya edildikdo, somoraliliyin ohomiyyatli dorocodo artmasina sobab ola bilor.
Belo inteqrasiya bu strategiyanin effektiv sokildo hoyata kecirilmosi {ig¢iin ¢ox vacibdir.
Sornisinlor li¢iin endirimli ayliq biletlor kimi maliyyo togviglori toklif oluna bilor. Bununla belo,
ictimai noqliyyat sistemlori miixtolif ¢otinliklorls {izlasir, bu barado sohar nogliyyati ilo baglh
problemlors dair sonraki bélmodo miizakirs olunacaq (De Palma, s.1378).

"Mikromobillik" termini motorlu olmayan naqliyyat: ifads etmaok {igiin istifads olunur.
Sohar soyahotlorinin oksariyyatinin mohdud miiddoto malik oldugunu nozors alsaq, motorlu
olmayan naqliyyat novlori, xlisusan do piyada, velosiped vo elektrikli velosipedlor, sohor
horakotliliyinin artirilmasinda miihiim rol oynayir ki, bu da tez-tez mikromobillik adlandirilan
anlayisdir. Piyada yollar1 kimi adekvat infrastrukturun tomin edilmoasino ¢ox vaxt agagi prioritet
verilir, ¢linki motorlu olmayan noqliyyat sohor orazilorindo shomiyyatli roluna baxmayaraqg,
tez-tez kohnolmis hesab olunur.

Biitiin bu todbirlor tixac problemini yalniz qisman hall edir, yani problemi aradan qaldirir,
lakin hall etmir. Osasan, tixac iqtisadi ugurun slamati olaraq qalir, lakin artan mobillik tolablori
ilo kaskin toklif mohdudiyystlorini uzlagdira bilmomokdir.

Natico

Miiasir dovr siirotlonmis sosial transformasiya vo sosial tobagologsmonin genislonmosi ilo
xarakteriza olunur ki, bu da sohar naqliyyat miihitinin glindslik olaraq pislogsmasi ilo xarakterizo
olunan sosial problemo sobab olur. Bu masoloni holl etmok {igiin biitiin ictimaiyyatin birgo
saylori tolob olunur. Ugurun agarmin genis sokildo gobul edilmis vo taninmis bir doyorin
yaradilmasi oldugu nozoriyyasi irali siiriiliir ki, bu da yalmiz yollarin genislondirilmasi vo
texnika islahati ilo mohdudlagsmamalidir. Hor halda, hoyat torzindos doyisiklik, yani istehlak vo
tullantilarin azaldilmasi zoruratini tosviq etmok maogsodilo genis ictimaiyyot arasinda yol
harokati tixaclari, otraf miihitin ¢irklonmasi va ekoloji ziyan masalalari ilo bagli malumatlilig
artirmaq vacibdir. Notico etibarilo, avtomobil istehlakinda irrasional doyor anlayisi nozoro
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alinmaya bilor. Qeyd etmok vacibdir ki, yeni doyar iimumi sokilds deyil, spesifik sokildo ortaya
cixacaq. Basqa sozlo, yeni doyar miioyyan edildikdon sonra real voziyyatlor va yeni realliglar,
eloca do yeni bir diinya ortaya ¢ixacagq.

Yol harakati problemlari ii¢iin an miimkiin vo golirli hall alternativinin se¢ilmasi bir ¢ox
meyarlart  ohato edir vo holl investisiyalarinin miiqayisosi prosesinin  hortorofli
qiymatlondirilmasini tolob edir. Bu giymatlondirmo zamani hollin totbiq olundugu orazinin
faktiki ehtiyaclari, prognozlasdirilan trafik hocmlori, tikinti xorclori vo investisiya prioritetlori
nozoro almmali vo zoruri hallarda qisa-orta-uzunmiiddotli holl alternativlori miiqayiso
edilmolidir. Bu yanagma on uygun investisiyanin diizgiin vaxtda baslanmasini tomin etmok vo
bolgadoki problemlarin hallins tohfs vermak {igiin vacibdir. Buna gore da, ananavi va yliksak
xorcli hollor ovozing, xorc vo bilidco prioritetlori nozoro alinmagqla alternativlor yaradilmalidir.
Hallori arasdirarken alternativ hollor yaradilarken vo miiqayise edilorkon 6zgoninkilosdirma
xorclori, siirlicii vordislori, yol horokati tohliikasizliyi vo gecikmolor kimi amillor do nozoro
alimmalidir.
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Xiilasa

Miiasir urbanizasiya soraitindo nogliyyat sistemlorinin effektivliyi ohalinin hayat
keyfiyyatini miioyyon edon strateji amillordon biridir. Toqdim olunan mogalodo domir yolu
naqgliyyatinin insanlarin giindolik hayatindaki rolu sosial, iqtisadi, ekoloji vo madoni
aspektlordon arasdirilmisdir. Todqiqatda domir yolunun yalniz fiziki yerdoyismo vasitasi deyil,
hom do fordlorin hayat torzine, zaman menecmentina va sosial inteqrasiyasina tasir gostoran
miihiim naqliyyat sistemi oldugu osaslandirilmisdir. Magalods domir yolunun sorniginlors vaxta
genast imkan1 yaratmasi, naqliyyat xorclorinin optimallagdiriimas1 va giindalik harokatliliyin
planlt toskili mosalolori tohlil edilmisdir. Eyni zamanda, domir yolu infrastrukturunun
avtomobil sixligmin vo tixaclarin azaldilmasindaki rolu, atmosfers atilan zarorli qazlarin
minimuma endirilmosi vasitosilo ekoloji dayanigliga verdiyi tohfolor gostorilmisdir. Sorgu
naticalari asasinda domir yolunun sarnisinlorin psixoloji rifahina vo sosial borabarliyin tomin
olunmasina miisbat tosiri qeyd edilmisdir. Arasdirmanin noticosino osason, miiasir
texnologiyalarla tachiz edilon va diizgiin idars olunan domir yolu sabokasi goharlorin naqliyyat
yukiinii azaldir, regionlararasi sosial-iqtisadi alagolori giiclondirir vo dayaniqli inkisaf modelino
ke¢idi siiratlondirir. Maqalade sornisin memnuniyyatini artirmaq ticlin xidmat keyfiyyatinin
ylksoaldilmasi vo infrastrukturun olgatanliginin tomin olunmasi istigamotindo tokliflor irali
stiriilmiisdiir.

Acar sézlar: Domir Yolu Nogliyyati, Giindalik Horokotlilik, Dayanigl Inkisaf, Nogliyyat
Igtisadiyyati, Sosial Inteqrasiya

Giris

Miiasir comiyyotdo fordlorin is, tohsil vo sosial ehtiyaclarini garsilamaq {i¢iin hoyata
kegirdiklori giindolik yerdoyismalor hoyat keyfiyystinin osas gdostaricilorindon biridir. Bu
horokotliliyin  tohliikkasiz, somoroli vo vaxtinda reallasmasi urbanizasiya prosesinin
effektivliyindon birbasa asilidir (Banister, 2008). Bu kontekstdo domir yolu naqliyyati yiiksok
dasima qabiliyyati vo strateji iistiinliiklori ilo xiisusi shomiyyat kosb edir.

Hazirda sohor miihitindo artan avtomobillogmo tendensiyasi ciddi tixaclara, ekoloji
cirklonmoya vo fordlorin zaman itkisino sobob olur (UIC, 2021). Mdvcud elmi odobiyyatda
domir yolu infrastrukturunun bu problemlorin hollindoki rolu geyd olunsa da, sornisinlorin fordi
davranigs modelloring va gilindolik hoyat torzina tosiri masalosi holo do aktual todqigat obyektidir
(Rodrigue, 2020). Xiisusils regionlararasi inteqrasiya va sosial borabarliyin tomin olunmasinda
domir yolunun potensialindan tam istifado edilmomasi bu sahado yeni aragdirmalara ehtiyac
yaradir (Banister, 2008).

Toqdim olunan todqiqat isinin 9sas magsadi domir yolu nogliyyatinin insanlarin sosial vo
iqtisadi hayatina tosirini kompleks sokilds aragdirmaqdir. Bu mogsade ¢atmaq iiciin qarsiya
sornisin - momnuniyyotini  miioyyon edon faktorlarin tohlili, domir yolunun ekoloji
tistiinliiklorinin qiymotlondirilmasi vo sistemin tokmillogdirilmasi tigiin tokliflorin hazirlanmast
kimi vozifolor qoyulmusdur. Todqiqat ¢orgivesindo movcud infrastrukturun sornisin
gbzlontiloring uygunlugu sorgu metodu vasitasilo yoxlanilmigdir.
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Todqigat isi giris, metodologiya, noticolorin tohlili vo yekun notico bdlmolorindon
ibarotdir. Birinci hissods problemin aktualligi arasdirilmis, ikinci hissado totbiq olunan
metodlar toqdim edilmis, sonraki hissolordo iso aldo olunan naticalor tohlil edilorak tokliflor
iroli siirtilmiisdiir.

Tadqigat metodu

Bu todqgiqatda miiasir urbanizasiya soraitindo domir yolu nogliyyatinin fordi vo sosial
hoyatdak1 rolunu miioyyan etmok mogsadilo komiyyot todgigat metodu (quantitative research)
tatbiq edilmisdir (Creswell, 2014). Malumatlarin toplanmas {igiin Google Forms platformasi
tizorindon hazirlanmig onlayn anket-sorgu texnikasindan istifado olunmusdur. Sorgu elektron
formatda respondentlars toqdim edilmisdir. Bu yanagma malumatlarin operativ toplanmasini vo
respondentlorin anonimliying riayat olunmasini tomin etmisdir.

Tadqiqat prosesi asagidaki morhololor iizro hoyata kecirilmisdir:

1. Respondentlorin se¢ilmosi: Sorguda miixtalif yas vo sosial qruplari tomsil edon, domir
yolu infrastrukturundan aktiv vo ya potensial istifadogi olan soxslor istirak etmigdir.

2. Olgmo aloti: Respondentlora comi 10 sualdan ibarot strukturlagdirilmis anket togdim
olunmusgdur. Suallar sarniginlarin istifads tezliyini, motivasiyalarini, qarsilagdiglar
problemlori vo sistemin tokmillogdirilmasi ilo bagh gozlontilorini 6lgmoya
yonalmisdir.

3. Mbolumatlarin emali: Toplanmis 43 respondentin cavablar1 vizuallagdirilmis vo statistik
analiz metodlari ilo tohlil edilmisdir.

Todqgigatin etibarliligini tomin etmok ii¢lin oldo edilon noticolor faiz gostoricilori ilo ifado
olunmusdur. Sorgu naticalorine asason osas indikatorlar asagidaki kimi qruplagdirilmisdir:

o Istifads intensivliyi: Respondentlorin 23.3%-i har giin, 32.6%-i iso ayda bir dofs domir
yolundan istifads edir. Bu, sistemin hom giindslik mobillik, hom das periodik
soyahoatlor iiglin chomiyyatini gostorir.

e Osas motivasiya faktoru: Sornisinlorin 47.6%-i domir yolunu {istiin tutma sababi kimi
"vaxta qonaot" amilini qeyd etmisdir. Bu, domir yolunun avtomobil naqliyyati
qarsisinda on bdyiik rogabat {istlinlilytidiir.

e Sosial-psixoloji aspektlor: Yol miiddatinds respondentlarin 40.5%-1 musiqi dinlomok
va ya sosial sobakalardan istifade etmoklo asuds vaxtini doyerlondirir, 19%-1 iso elmi-
isgilizar foaliyyatlo mosgul olur.

o Infrastruktur gdzlontilori: Sernisinlorin 42.9%-i nagliyyatin intensivlosmasi iigiin
"gatarlarin sayinin artirilmasini” osas sort kimi irali stirmiisdiir.

Doamir yolunun cemiyyat lcliin an miuhum faydasi hansidir?

|

%

m Saharlarda tixaclarin azalmasi m insanlarin vaxta ganaat etmasi

Regionlarla saharlar arasinda slaganin giiclanmasi = Hava girklanmasinin azalmasi

= Fargli sosial gruplar Gglin algatan naqliyyat olmasi

Diaqram 1. Domir yolu sistemindon istifadonin artirilmasina tosir edon amillor
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Natico

Aparilan todqiqat gostorir ki, domir yolu nogliyyati miiasir comiyyotin sosial-igtisadi
strukturunda strateji shomiyyat kasb edon dayaniqli naqliyyat sistemidir. Todqiqat naticasinda
oldo olunmus osas nailiyyatlor vo tistiinliiklor asagidakilardir:

 Sosial-Iqtisadi Fayda: Domir yolu sornisinlore vaxta qonast, xarclorin azaldilmas1 va

planli horokot imkan1 toqdim edir.

o Ekoloji Dayaniqliliq: S$oharlorde tixaclarin qarsisinin alinmasi vo atmosfers atilan

zororli qazlarin migdariin azaldilmasinda holledici rol oynayir.

o Regional Inteqrasiya: Regionlararasi alagolorin giiclonmasino vo iqgtisadi canlanmaya

birbasa tosir gostorir.

Tadqiqat ¢orgivasinds kegirilon sorgularin naticoloring (xiisusilo respondentlorin 42,9%-nin
gatarlarin sayimin artirilmasini tolob etmosino) osaslanaraq asagidaki todbirlorin goriilmosi
maogsadouygun hesab edilir:

1. Infrastruktur vo Xidmotin Tokmillosdirilmosi:

e Qatarlarin horokot qrafiki sornisin sixligmma vo giindolik tolobatlara uygun
optimallasdirilmalidir.

e Stansiyalarda tohliikasizlik todbirlori giiclondirilmali, rogomsal molumat 16vhoalori
va bilet oldo etmao sistemlori sadslogdirilmalidir.

2. Inkliizivlik:

e Olilliyi olan soxslorin stansiyalara vo gatarlara ¢ixisini tam tomin etmok ii¢lin
xiisusi infrastruktur (panduslar, liftlor vo s.) genislondirilmalidir.

3. Maariflondirma:

e Domir yolunun ekoloji vo iqtisadi istiinliiklori barodo ictimai maariflondirmo
kampaniyalar1 aparilmali, bu nagliyyat ndviiniin populyarligi artirilmalidir.

4. Olgatanliq vo Keyfiyyat:

e Stansiyalara nogliyyat c¢ixisinin asanlasdirilmasi, reyslordo gecikmolorin
minimuma endirilmasi va xidmat personalinin pesokarliginin artirtlmasi sornisin
momnuniyyatini yliksoldon osas amillor kimi digqet morkozindo saxlanilmalidir

Yekun olaraq geyd etmok olar ki, domir yolu sadoco bir yerdon basqa yero horokot vasitosi
deyil, muasir inkisafin vo ekoloji tohliikesizliyin asas siitunlarindan biridir.
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Xiilasa

Lojistik, ekonomik, sosyal, kiiltiirel, stratejik, askeri ve politik alanlarda iilkeye deger
katmaktadir. Lojistik faaliyeti, ulagtirmayla birlikte, ihra¢ ve ithal eden {iilkeler ve firmalar
arasindaki ulastirma 6ncesi bilgi akisi, iletisim kanallarin1 ve ulastirma sonrasi depolama
islemlerini kapsamaktadir. Lojistik faaliyetlerin, ekonomik kalkinma ve biiyiimede onemi
giderek artmaktadir. Ulkelerin ekonomik biiyiime oranlarini artirabilmelerinde dis ticaretin,
ozellikle de ihracatin 6nemi biiyliktiir. Son yillarda dig ticaret islemleri lojistigin dnemini
arttirmistir. Lojistik sektoriinlin gelismesi yeni istthdam alan1 saglamasi ve boylelikle gelir
olusturmasi, dogrudan yatirimlarin olumlu etkilenmesi, ticaret hacminin artmasi iilke
ekonomisine katki saglayarak ekonomik biiylime iizerinde olumlu bir etkiye sahiptir.
Ekonominin biiyiimesi lojistik sektoriiniin gelisgmesine neden olmaktadir. Son illords, xiisuson
do 1990-c1 illarin avvallaorindon etibaron naqliyyata va yol horokoting artan tolobat, xiisuson do
boylik sohorlords tixaclara, gecikmoloro, gozalara vo ekoloji problemlors sobab olmusdur. Bu
ohomiyyatli artim bir ne¢o amillo slagolondirils bilar, o climlodon avtomobillars ¢ixisin artmasi
(orta golirli demogqrafik qrupun aliciliq qabiliyystinin artmasi ilo olagedar), kreditlorin
olgcatanliginin sadolosdirilmosi, porakondo satis qiymaotlorinin azalmasi, istifado olunmus
naqliyyat vasitolorinin mévcudlugunun shomiyyotli derocodo artmasi, ohalinin artmasi, ev
tosarriifatlarinin sayimin azalmasi vo vahid sohor noqgliyyati siyasotinin olmamasi. Mogalodo
tixac xarclarinin tohlili vo onun iqtisadi artima tosiri yer almaqdadir. Natico olaraq, tixaclarin
azaldilmasi iiglin nogliyyatin effektiv idaro olunmasi, ictimai nogliyyatin inkisafi vo agilh
noqgliyyat sistemlorinin totbiqi iqtisadi artimin davamliligi baximindan miithiim shamiyyat
dastyrr.

Acar sozlar: Sohor Nogliyyati, Tixac, Iqtisadi Artim, Xarclor

Giris

Giindolik sayahot edonlor {i¢iin nogliyyatin yaratdigi narahatliq gz qabagindadir. Lakin
soharloro vo iqtisadiyyata tosirini anlamaq g¢oxlarinmn istadiyi qodor sado deyil. Iqtisadi
baximdan, tixacin osas tosiri igo getmok ovozino daha ¢ox vaxt sorf etmokdon yaranan
mohsuldarligin itirilmesi; goriiglori toxire salmaq (vo ya buraxmaq); uzun soyahst miiddati
sobobindon fordlor arasinda garsiligh alagolori vo ya soxsi foaliyyatlori konara qoymag; vo eyni
seylari sarbast axin siiratinds yerina yetirmayi etibarli sokilde planlagdira bilsoydik, oks halda
lazim oldugundan daha ¢ox vaxt sorf etmokdir. Bir sézlo, bir bolgonin iqtisadiyyati insanlar
daha ¢ox islomoyo vo doyarli hesab etdiklori seylors sorf etdikds vo onlari yerino yetirmok ii¢lin
soyahoto daha az vaxt sorf etdikdo daha yaxsi notico gostorir. Getmok istodiyimiz insanlara vo
yerlara ¢ixis1 tomin etmak ii¢lin noqliyyat sistemimizden asiliyiq.

"Tixac" termini hom miitoxossislor, hom do genis ictimaiyyot torofindon noqliyyat
vasitolorinin horaketi kontekstindo tez-tez istifada olunur. Qisa Oksford Ingilis dili ligatinda
(Oxford University Press, 2002) verilon torif belodir: "xiisusilo nogliyyatin geyri-adi yi1gilmast,
sixl181 vo ya maneasi". Bu termin, har birinin tadricon vo fasilali siiratlo iralilodiyi xeyli sayda
noqliyyat vasitosinin horokotdo oldugu bir voziyyeti ifado etmok ii¢lin basa diisiiliir. Buna
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baxmayaraq, qeyd etmok lazimdir ki, yuxarida gostorilon toriflor subyektivdir vo dogiglikdon
mohrumdur. Trafik tixaclari, yoldan istifads etmaya ¢alisan noqgliyyat vasitalorinin sayinin yol
sobokosinin layiholondirmo qabiliyyotini agmasi sobobindon yol horokatinin gecikmaosi
vaziyyati (yani, yol harokati axininin aglabatan siirotlordon agagi yavaslamasi) kimi miioyyan
edilir. Trafik tixaclar1 bir ¢ox sohar orazilorindo genis sokilds artan problem kimi qobul edilir,
clinki bir ¢ox orazilorde naqliyyat vasitelorinin imumi hacmi (nagliyyat vasitosi-mil vo ya
nogliyyat vasitosi-kilometr soyahotinin timumi Olgiilori ilo oks olundugu kimi) noqliyyat
sisteminin iimumi tutumundan daha siirotli artmaga davam edir (Bayraktutan, 2016). Noticodo
yaranan yol horokotinin yavaslamasi insanlara vo biznes iqtisadiyyatina genis monfi tosirlor
gostora bilor, o ciimlodon hava keyfiyyotina (olave noqliyyat vasitolorinin tullantilart
sobobindon), hoyat keyfiyyatino (soxsi vaxt gecikmolori sobabindon) vo biznes foaliyyatina (is¢i
qiivvosi, tochizatgr vo miistori bazarlari {igiin olavo xorclor vo azalmis xidmot saholori
sobobindon) tosirlor.

Bir ¢ox metropoliten orazilorinds tixacin artmasinin orazinin iqtisadiyyatina (biznes
satiglar1 vo golirlori) neco monfi tosir gdstoro bilocayi ilo bagli narahatliglar vo bu problemlori
hall etmak iiciin alternativ layihalor vo ya siyasatlorls alagali nisbi investisiya goliri ilo bagh
narahatliglar artir. Toossiif ki, tixacin siddoti vo modeli, eloco do onu hall etmak {i¢iin alternativ
layihoalorin va ya siyasatlorin effektivliyi oraziden oraziys ¢ox doyise bilor. Bu, metropoliten
orazisinin Ol¢iisiindon vo planindan, mévcud nogliyyat se¢imlorindon vo trafik generatorlarinin
tabiatindan asili ola bilor (Bayraktutan, 2016).

Eynila, tixacin pislogsmosinin iqtisadi doyari vo ya tixacin azaldilmasinin iqtisadi faydasi
ticlin vahid bir qayda yoxdur, ¢linki bu da arazinin spesifik iqtisadi profilindon, eloco do unikal
tixac modelindon asil1 olaraq doyiso bilor. Biitiin bu mosalalor oavvalco hall edilmolidir, avval
is9 alternativ tixacin azaldilmas strategiyalarinin fayda-xorc nisbatini va ya investisiya galirini
arasdirmaq Ugiin hogigoton monali soylor gostorilmolidir. Bu, Milli Kooperativ Magistral
Tadqiqat Programinin sohor tixacinin iqtisadi tosirlorinin dyronilmasini maliyyslogdirmasi {i¢iin
motivasiya idi (Akben, 2018).

Tadqigat metodu

Bu tadqgigatda asason nozori vo miiqayisali tohlil metodlarindan istifado olunur. Tixaclarin
sohar naqgliyyatina, iqtisadi artima, logistika faaliyyetina va nogliyyat sisteminin somaraliliying
tosiri elmi monbolors osaslanaraq Oyronilmisdir. MOvzunun nozari osaslarini miioyyon etmok
ticiin miixtalif yerli vo xarici miialliflorin elmi osorlori vo iqtisadiyyat vo logistika sahslorinda
aparilan todqiqatlar tohlil edilmisdir.

Sohor nogliyyatinda tixaclarin sabaoblori vo onlarin iqtisadi vo sosial naticolori sistemli
yanasma ilo aragdirilmigdir. Tixaclarin soyahot vaxtinin artmasina, noqliyyat vasitolorinin
istismar xorclorinin artmasina, biznes faaliyyatinin gecikmasina vo mohsuldarligin azalmasina
tosiri iqtisadi tohlil vasitasilo qiymotlondirilmisdir. Eyni zamanda, logistika sektorunun iqtisadi
artima tosiri ilo bagl statistik vo nozari molumatlardan istifade edilmigdir.

Miixtolif Olkolordo vo sohorlordo totbiq olunan nogliyyat vo logistika siyasotlori
miigayisoli tohlil vasitosilo aragdirilmis vo onlarin iqtisadi noticolori qiymaotlondirilmisdir.
Todqigatin naticolori elmi odobiyyat, beynolxalq todqiqat programlari vo iqtisadi yanasmalar
nozordon kegirilmokls osaslandirilmisdir.

Bundan slave, iimumilasdirma vo natico ¢ixarma metodlarindan istifado edilmis vo olda
edilon molumatlara asasen, ictimai noqliyyatin inkisafi, agilli naqliyyat sistemlorinin tatbiqi vo
noqliyyatin idars edilmosinin tokmillosdirilmasi do daxil olmagla, sohor yerlorindo tixaclarin
azaldilmast ticiin tokliflor verilmisdir.

Miixtalif nov tixac xarclarinin taninmasi

Tixacin iqtisadi tasirlorini qiymotlondirmak ii¢iin bir yanasma hazirlamagq ti¢lin avvalca
tixacla olagoli iqtisadi tosirlorin miixtolif formalarinin tipologiyasini miioyyon etmok lazimdir.
Bundan sonra, onlarin biznesa neca tasir etdiyinin imumi xiisusiyyatlori miioyyon edilmaolidir.
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Sayahat Xorci: Oslindo, tixac ehtiyatlarinin artmasi o demokdir ki, yol sistemi daxilindo
sayahaotlorin bir hissasi - avtomobillor, yiik masinlari vo avtobuslar da daxil olmagqla - sornisinlor
liclin soyahot miiddotinin uzadilmasina vo operatorlar iigiin nogliyyat vasitolorinin istismar
xorclorinin artmasina sabob olacaq. Siiriiciilor vo sornisinlor torafindon ¢okilon olava vaxt vo
xorclor, ononovi miihondislik osashi fayda-xorc tohlillori ilo ohato olundugu kimi, soyahot
sisteminin somaraliliyinin qiymatlondirilmasindo asas elementlori toskil edir. Kegmisdo vaxtin
doyori, soyahot vaxtinin etibarliliq amillori, nogliyyat vasitslorinin istismar xarclori vo tixacla
alagali qoza xarcloari ilo bagl coxsayl tadqiqatlar aparilmisdir (Ciccone, 2011).

Olava Biznes: Omoliyyat Xorclori. Aydindir ki, yollardaki tixaclar, xiisuson do mal vo
xidmatlorin catdirilmasi ilo bagli bizneslore slave maliyys yiikii yarada bilor. Masalon, vaxta
hossas yiik daginmasinin gecikmasi bizneslora hom gondoronlor, hom do mohsullar alanlar
liciin inventar, logistika, etibarliliq vo vaxtinda emal xarclori daxil olmaqla slave xarclor yarada
bilor. Bu alavo biznes xorclorinin taninmasi, ylik dagima sistemlorinin asl "istifadagilori"nin ytik
magini siirticiilori deyil, ylik gondaranlar va gabul edanlor olduguna dair artan bir fikirlo uygun
golir. Bu xorclorin doyoarlori logistika vo vaxtinda codveollogsdirmo sahalorinds yeni todqiqatlar
toplusundan alds edils bilor(McCann, 2013). Bundan slave, movcud todqiqatlar gostorir ki,
bizneslor rogabotli sohor omok bazarlarinda is¢ilorinin gedis-golis xorclorindoki mokan
forglorini kompensasiya etmaya meyllidirlor (Zax, 2005).

Mbohsuldarliq: Aydindir ki, tixac soyahot xorclorine vo alava biznes omaliyyat xorclorino
ohomiyyotli doracodo tosir gostorir. Lakin, bunun biznes mohsuldarligina tosiri bu birbasa
maliyya tosirlorindon konara ¢ixir. Genis sokildo gobul edilir ki, tixaclar miioyyon bir miiddot
orzinds xidmaot gostarilo vo ya olds edils bilon biznes, omok, miistori ¢atdirilmasi vo alici bazari
saholorinin mokan miqyasini azalda bilor vo bu saholoro miinasib soyahot miiddoti ilo
xarakterizo olunur. Effektiv "bazar ohato dairasinin" bu azalmasi hom is¢ilorin masgulluq
imkanlarina, hom do istehlakgilarin porakonds satis montoqgolorino ¢ixisina mane ola bilor.
Tasira moruz qalan bizneslorin perspektivindon bu, ixtisaslagmis is¢i qiivvosino vo ya material
resurslarina ¢ixisin azalmasina, eloco do bazar ohato dairssinin azalmasina sabob ola bilar.
Modellogdirma tadqiqatlarinin getdikco artan bir hissasi bu bazar miqyasinin olgiistinii vo
olgatanliq amillorini aragdirir (Treyz, 2006, Ciccone, 2011)

Logistika Sektorunun Iqtisadi Artimaya Tasiri

Konseptual olaraq, iqtisadi artim 6lkonin istehsalinin artmasi, mal vo xidmat istehsalinda
iralilayis, texnoloji yeniliklarlo ayaqlasmaq vo naticods milli galirin artmasidir (Ergiin, 2013).

Iqtisadi artim istehsal amillorinin (amak, tobii sarvatlor, kapital, sahibkarliq) yaxsilasmas1
vo mal va xidmot istehsalinda miisahido olunan davamli artimlar kimi miioyyon edilir. Igtisadi
artim real Umumi Milli Mohsulun (UDM) artmasidir. Umumi milli mehsul, miioyyen bir
dovrds 6lka vatondaslari torafindon onun sarhadlori daxilinds vo xaricinds istehsal edilon mal
vo xidmatlorin bazar doyaridir. Daxil olan amil galiri ilo xaric olan amil goliri arasindaki forq
xalis xarici galir adlanir. Daxil olan amil galiri xaric olan amil galirinden ¢oxdursa, xalis xarici
golir miisbotdir; azdirsa, xalis xarici golir monfidir (Celik, 2009, s. 3). Igtisadi artim
imumiyyatlo zamanla milli galirin artmasina aiddir.

Milli golir, bir ilds istehsal olunan mal vo xidmatlorin bazar qiymatlori ilo pul doyaridir.
Umumi Milli Mohsul (UMM) miioyyan bir miiddet arzinds (iimumiyyatls bir il hesab olunur)
olko iqtisadiyyatinda istehsal olunan mal vo xidmatlorin pul doyeridir. Milli Galir UMM-don
dolay1 vergilor (gomriik vo aksiz riisumlari, riisumlar, miioyyon istehlak vergilori vo s.)
cixildigdan sonra galan xalis golirdir (Zengin, 2010).

Igtisadiyyatlarin 6lgiisii UDM ilo 6lgiiliir. UDM artimi1 hamginin iqtisadi artim adlanr.
UDM-in iki ndviindon damisa bilorik: nominal vo real. Nominal UDM inflyasiya ii¢iin
tonzimlonmomis UDM, real UDM iso inflyasiya ii¢iin tonzimlonmis UDM-dir. Igtisadi artim
UDM artimindan asihidir. Ogor iqtisadiyyatin UDM-i ovvolki ilo nisboton artibsa, bu,
iqtisadiyyatin bdyiidiiyii demokdir. Iqtisadi artima nail olmagin bir cox yolu olsa da,
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todqiqatimizda arasdirilacaq osas movzu iqtisadi artimla logistika foaliyyotlori arasindaki
olagadir. Logistika faaliyyatlorinin iqgtisadi inkisafda vo boylimads shomiyyati artir.

Logistika milli golirin artmasi, aliciliq qabiliyyetinin artmasi, mosgullugun artmasi
sobabindan igsizliyin azalmasi, monaviyyatin vo motivasiyanin artmasi, tohsil saviyyesinin
artmasi, geosiyasi vo geostrateji ohomiyyotin artmasi, ikitorofli vo c¢oxtorofli miigavilaler,
logistika markazlori, siyasi giic vo liderlik, strateji torofdagliglar, rol modellori vo model
torofdasliglar, golir bolgiisiiniin odalstliliyi, vergi golirlorinin artmasi, rogabat gabiliyyotinin
artmasi, iqtisadi artim vo inkisaf, xarici ticarat hocminin artmasi vo xarici investisiyalarin
artmasi kimi bir ¢ox saholors tohfo verir (Duran vo Tiirkoglu, 2019).

Logistika foaliyyatlori iqtisadi artima miisbot tosir gosterir. Xarici ticarat, xiisuson do
ixrac, 6lkolorin iqtisadi artim templorini artirmasinda bdyiik shamiyyat kosb edir. Ixrac golirlori
hesabina olds edilon valyuta iqtisadi arttma miisbet tosir gostarir. Ixracin igtisadi artima miisbot
tosiri 6lko iqtisadiyyati li¢iin vacibdir. Logistika sektoru homginin ixrac vasitosilo valyuta galiri
tomin edir. Olkoys daxil olan valyuta cari hesab kasirinin baglanmasinda va élkonin artiminda
miihiim rol oynayir.

Natico

Logistika foaliyyatlorinin todiyyo balansina, goliro, daxili idxala tosiro, omok
multiplikatorunun tesirine, ixraca vo golir bolgilisiine tonzimloyici tesirs, mosgullugun
artmasina vo yeni i yerlorinin yaradilmasina, iqtisadi inkisafa vo valyuta golirloring, kigik
biznesin inkisafina, hoyat soviyyesinin vo hoyat keyfiyyetinin yaxsilagdirilmasina miisbot
iqtisadi tosirlori var. Son illordo xarici ticarot omoliyyatlar1 logistikanin ochomiyyatini artirib.
Logistika foaliyyatinin iqtisadi inkisafda vo artimda ohomiyysti durmadan artir. Logistika
foaliyyotinin iqtisadi artima miisbot tosirlori var. Xarici ticarst, xiisuson do ixrac, 6lkolorin
iqtisadi artim templorini artirmalarina imkan yaratmaqda boytik shomiyyat kasb edir.

Logistika sektorunun inkisafi yeni is imkanlar1 yaratmaqla vo beloaliklo, golir oldo etmoklo
milli iqtisadiyyata tohfs verir, birbasa investisiyalara miisbot tasir gdstorir va ticarot hacmini
artirir, beloliklo, iqtisadi artima miisbot tosir gdstorir. Iqtisadi artim logistika sektorunun
inkisafina gotirib ¢ixarir.

Logistika sektorunun inkisafi yeni is yerlori yaratmaqla vo golir oldo etmoklo milli
iqtisadiyyata tohfs verir, birbasa investisiyalara miisbat tosir gostorir va ticarat hacmini artirir
vo beloliklo, iqtisadi artima miisbot tosir gostarir. Iqtisadi artim logistika sektorunun inkisafina
gotirib ¢ixarir. Logistika sisteminin diizgiin islomosi vo inkisafi {iclin infrastruktur getdikco
daha vacib hala golir. ilk ndvbado, liman, domir yolu vo avtomobil yollar1 infrastrukturunun
inkisafi logistika xidmatlorinin effektiv olmasina imkan verir. Olkolor iqtisadi artimlarini
artirmagq tliciin logistika infrastrukturuna investisiyalar1 stimullagdirmaga ¢aligmalidirlar.
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Xiilasa

Bu tadqiqat isi sohar logistikasi vo sohor noqliyyati sistemlorinds mdvcud olan asas
problemlorin kompleks sokildo tohlilino hosr olunmusdur. Miasir dovrds urbanizasiyanin
stirotlonmasi, shali sayinin artmasi va iqtisadi faaliyyotin genislonmasi ssharlorde noqgliyyat vo
logistika sistemlorino olan tolobati ohomiyyotli dorocods artirmisdir. Sohor logistikast vo
naqliyyat sistemlori insanlarin giindslik horokatliliyinin tomin edilmasindo, eloco do mallarin
istehsalgidan istehsalgiya otiirtilmosindo miihiim rol oynayir. Bu iso 6z ndvbosindo tixaclar,
ekoloji cirklonmo, infrastrukturun yiliklonmasi vo catdirilma proseslorinds gecikmolor kimi
problemlori daha da aktuallagdirmigdir. Calisma cor¢ivosindo sohor logistikast anlayisi, onun
osas komponentlori vo sohar noqliyyat sisteminin strukturu izah edilmis, hom yiik, ham do
sornisin dagimalarinda garsiya ¢ixan ¢otinliklor tohlil olunmusdur. Eyni zamanda, problemlorin
yaranma sabobloari olaraq plansiz saharlosma, naqliyyat siyasatinin qeyri-effektivliyi vo fordi
avtomobillordon hoddindon artiq istifado kimi amillor aragdirilmigdir. Diinyanin hor yerindo
ictimai noqliyyati togviq edon vo tonzimloyan yanagmalar gobul edilir vo prioritetlor insanlarin
vo movcud infrastrukturun daha somorali istifadosine yonoldilir. Caligmanin notico hissasindo
naqliyyat problemlorinin aradan qaldirilmasi vo inkisa etdirilmosi {i¢iin miioyyon tokliflor iroi
stirlilmusdiir.

Acar sozlar: Sohar Logistikasi, Sohor Nogliyyati, Problemlor

Giris

Sohar orazilori yiiksok iqtisadi foaliyyot konsentrasiyasi ilo xarakterizo olunur. Bunlar
naqliyyat sistemlori do daxil olmagla infrastrukturlar torofindon dostoklonon miirokkob mokan
strukturlaridir. Sohorin miirokkobliyinin miqyast vo pozuntulara garsi hossashigi birbasa
miitonasibdir; gohor no qoder bdyiikdiirse, xiisuson do miirokkabliyi effektiv sokildo idare
olunmazsa, pozuntu potensiali bir o godor yiiksokdir. Sohor mohsuldarliginin somorsliliyi
naqliyyat sisteminin is¢ilorin, istehlake¢ilarin vo yiiklorin birdon ¢ox monbo vo toyinat yeri
arasinda horokotini asanlagdirmaqdaki effektivliyindon asilidir. Bundan olavo, limanlar, hava
limanlar1 va domir yolu stansiyalar1 kimi naqliyyat terminallar1 soher orazilorinds yerlogir vo
beloaliklo, sohori regional vo global mobillik sistemindo méhkomlondirir.

Sohor orazilori horoketin ohomiyyatli generatorlar1 vo calbedicilori kimi miioyyan
edilmisdir ki, bu da 0ziinii giiclondiron xiisusiyyotlor nlimayis etdiron bir sira cografi
paradokslarin ortaya c¢ixmasia sobob olur. Masalon, ixtisaslagma naqliyyat telabatinin
artmasina, aglomerasiya iso tixaclara sobab ola bilor. Aydindir ki, zaman kec¢dikco avtomobil
asililig1 vaziyyeti yaranib va bu da digor noqliyyat ndvlerinin rolunun azalmasina sabab olub.
Bu da 6z névbasinds sohor horokatliliyino alternativlorin daha da mohdudlasdirilmasina gotirib
cixarib (Kababulut, 2017). Yuxarida qeyd olunan amillors alave olaraq, avtomobil asililigina
daha iki ohomiyyatli amil do miioyyon edilib: asag1 qiymaetlor, planlagdirma vo investisiya
tacriibalori.

Bu todqiqgat isinin osas moaqsadi sohor logistikast vo sohor nogliyyati sahasindo mévcud
problemlori tohlil etmok vo onlarin hoalli sobablorini miisyyon etmokdir. Magsed miiasir
yanasmalara osaslanan miimkiin hall yollarin1 miioyyon etmok vo aragdirmaqdir. Bu istigamoatdo
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aparilan tohlillor sohor miihitindo nogliyyatin optimallagdirilmasi vo logistika sistemlorinin
tokmillosdirilmasi ti¢lin miithiim praktik shomiyyoto malikdir.

Tadqgigat metodu

Bu todqiqatda asas metodoloji yanasma nazori tohlil, miiqayisali tohlil vo sistemli
yanasmadan ibarot idi. Bunlar gohor logistikast vo sohor nogliyyat sistemlorindo mdévcud
problemlori aragdirmagq {i¢iin istifads edilmisdir. Toadqiqat zamani hom yerli, hom do beynalxalq
elmi odobiyyat, moqalolor vo sohor nogliyyati vo logistika sistemlorinin foaliyyati ilo bagh
miixtolif todqiqat iglorinin genis icmal1 aparilmigdir. Daha sonra oldo edilon molumatlar tohlil
edilmis vo timumilosdirilmisdir. Todqgiqat prosesi zamani sohor logistikasi anlayisi, onun
fundamental prinsiplori vo sshar noqliyyat sistemlorinin strukturu nozori baximdan
arasdirilmisdir. Sohor orazilorinin iizlosdiyi ¢otinlikloro sobob olan amillori daha dorindon
anlamaq mogsadilo sabab-natico olagolorini miioyyan etmok iiclin bir sira masalalor tohlil
edilmisdir. Bu mosaloalors tixaclar, avtomobil asililigi, ictimai noqliyyatin zaifliyi, infrastruktur
problemlori vo otraf miihitin ¢irklonmasi daxil idi. Bu tadqigatin magsadi ti¢lin analitik tohlil
metodundan istifado edilmis vo problemlorin yaranmasina tosir edon iqtisadi vo sosial amillor
miuoyyon edilmisdir.

Todgigatda miiqayisali tohlil metodundan da istifado edilmisdir. Miixtalif sohorlordo
tatbiq olunan noqliyyat vo logistika yanasmalarinin miiqayisali tohlili aparilmis vo onlarin
miivafiq glclii vo zoif toroflori qiymotlondirilmisdir. Sohor nogliyyat sistemlorinin idaro
edilmasi, ictimai naqliyyatin togkili vo logistika sistemlorinin optimallagdirilmas: ilo bagh
beynolxalq tocriibolor nozordon kegirilmisdir.

Bununla birlikds, todqiqat zamani sohar noqgliyyatt sahasinds mdvcud olan problemlari
holl etmok ii¢lin bir sira pragmatik tokliflor hazirlanmigdir. Bu tokliflor {imumilosdirmo
metodundan istifado etmoklo hazirlanmisdir. Ictimai nogliyyatin inkisafi, vahid elektron bilet
sisteminin  totbiqi, velosiped zolaglarinin  genislondirilmosi, yol infrastrukturunun
genislondirilmoasi vo mdvcud resurslardan daha somarali istifade daxil olmaqla bir sira hall
yollar1 toklif edilmisdir.

Sahar logistikasi

Sohor logistikasi, metropoliten orazilorindo artan miqdarda yiikk dasmmasimin
cotinliklorina cavab olaraq ortaya ¢ixan nisbaton yeni bir todqiqat sahasidir. Sohar Logistikast
Institutu sohor logistikasini "bazar iqtisadiyyati gorgivesindo noqliyyat miihiti, tixac va enerji
istehlaki nozors alinmaqgla sohor orazilorinde 0zal sirketlorin logistika vo noqliyyat
foaliyyotlorinin optimallasdirilmasi prosesi" kimi miioyyon edir. Oslindo, bu todqiqat sahasinin
osas moqsadi gsohar miihitinds yiik paylanmasinin somaraliliyini artirmagq {igiin strategiyalarin
hazirlanmasidir (Murat, 2016). Bu, sohor yiik dasinmasini1 optimallagdirmaq iigiin innovativ
metodologiyalarin istifadosini ohato edir vo bununla da tixaclar1 azaldir vo otraf miihits tosirini
minimuma endirir.

Sohor logistikas1 miixtalif formalarda paylama strategiyasi kimi konsepsiya edilo bilar.
Yiiksok sixligl vo tixacli morkozi sohars terminalda konarda yerlogson vo zong edon miistoqil
yiik paylama sistemi xidmot gostora bilor. Cevik marsrut boyunca catdirilma vo ya gotiirmo
liclin miistori xidmotlori {igiin istifado edilon nogliyyat vasitolorinin daha kicik olmasi vo
belaliklo, gohor miihitinds paylama ii¢clin daha yaxs1 uygunlagsmasi ehtimal olunur (Pojani,
2017). Sohar terminalinin 6zii, hor biri miivafiq tochizat zoncirlorino bagli olan bir sira paylama
morkozlori ilo qarsiligli olagads olan neytral bir obyekt ola bilor. Notico etibarila, soharlo slagoali
miixtolif tochizat zoncirlori morkozi sohor daxilindo artan paylama somoraliliyine nail ola bilor.

Umumi olaraq qiymatlondirsok sohor logistikasi, sohor orazilorindo yiik dasimalarmin
paylanmasi naticosindo yaranan tixac vo otraf miihitin ¢irklonmasi kimi monfi amillori azaldan,
eyni zamanda mal horakatlorinin somarali idara olunmasini tomin edon vo miistari talobloring
innovativ hollor yaradan bir prosesdir. Bu izahlara osason, sohor logistikasinin idaro edilmosi,
soharlora daxil olan, ¢ixan vo dovriyyoads olan mal horakatlorinin effektiv idars olunmasi vo
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istigamotlondirilmosidir.Sohor logistikast bir sira prinsiplor asasinda foaliyyot gostorir (Ali,
2020).

Ol¢atanliq « Mallarin daginmasi {iciin kifayat godor yol tutumunun, minimum tixacin vo
yol, domir yolu, deniz vo digoer noaqliyyat sobakslorinin olgatanliginin tomin edilmasi.
Davamliliq * Enerji tullantilari, olverigsiz hava goraiti vo sos-kily kimi otraf miihito tosirlorin
minimuma endirilmosi. Yasayis rahathig1  Ictimai saglamligin, yol horokoti tohliikosizliyinin
vo sakitliyin tomin edilmosi. Davamliliq « Sohar logistika infrastrukturunun biitiin voziyyatlora
(tobii folakotlor, fovgolado hallar vo s.) vo bu ciir hadisolordon sonra siirotli borpa prosesino
hazir olmasi.

Sahar Naqliyyati Problemlari

Sohar orazilori artan daginiqliq yasamaga davam etdikca, ictimai naqliyyat sistemlorinin
tikintisi vo saxlanilmasi ilo bagli maliyys yiikii artir. Masalon, yalniz toxminon 80 boytik sohor
aglomerasiyasinda metro sistemi movcuddur vo bunlarin boylik oksoriyyoti inkisaf etmis
Olkolorda yerlosir. Bundan olave, avtomobildon asili gohorlorin xarakterik xiisusiyyoti olan
daginiq yasayis yerlori ictimai nogliyyat sistemlorini sohor harokatliliyi {iclin daha az oslverisli
edir. Bir ¢ox sohorlords ictimai nogliyyata olave investisiyalar sornisin saymin shomiyyatli
dorocodo artmasina sobob olmayib. Torpaq saholorinin inkisafinin planlasdiriimamis vo
olagolondirilmomis tabioti gohor otrafinin siirotlo geniglonmasino sobob olub. Sakinlor
torofindon ucqar orazilordo monzil se¢imi onlarin ictimai naqliyyata potensial c¢ixisini
mohdudlasdirir  (Ozdemir, 2005). lictimai noqliyyata hoddindon artiq investisiya
(investisiyalarin ohomiyyotli fayda gotirmodiyi goriindiiyii yerlordo) vo az investisiya
(chomiyyatli doracods 6donilmomis tolobat oldugda) hor ikisi miirokkab problemlordir.

Bundan slavo, ictimai nogliyyat dévlot miilkiyystindadir vo bu da mohdud iqtisadi golir
gotiron siyasi motivli bir xidmot demokdir . Hotta tranzit yoniimlii sohorlordo bels, tranzit
sistemlori dovlot subsidiyalarindan ¢ox asilidir . Omok haqqi vo gedis haqqi tonzimlondiyindon
ictimai noqliyyat sistemindo roqabot az vo ya he¢ yoxdur vo bu da sornisin sayindaki
doyisikliklora edilon hor hansi qiymot diizalislorini pozur (Bilici, 2018). Beloliklo, ictimai
naqliyyat tez-tez slgatanliq vo sosial barabarlik tomin etdiyi ii¢iin, lakin iqtisadi foaliyyatlorlo
mohdud olagolori oldugu {igiin ictimai xidmoat mogsadino xidmat edir. Sohor nogliyyatinin
tizlogdiyi on ¢otin problemlor arasinda asagidakilar var:

Morkazdon kanarlasdirma: Ictimai noqliyyat sistemlori sohor monzorasino hakim olan
asag1 sixlight vo daginiq sshar orazilorino xidmot gdstormok {igiin nazorde tutulmayib. Sohor
foaliyyotlorinin morkozdon konarlasdirilmasi no qodor boylikdiirse, sohor orazilorino ictimai
naqliyyatla xidmot gostarmak bir o qodar ¢atin vo baha olur.

Sabitlik: Bir ne¢o ictimai noaqliyyat sisteminin, xiisuson do domir yolu vo metro
sistemlorinin infrastrukturu sabitdir, sohorlor iso doyisiklik tempi onilliklor ¢oko bilsa belo,
dinamik varliglardir.

Baglanti: Ictimai nogliyyat sistemlori ¢ox vaxt digor noqliyyat névlerindon vo
terminallardan asili deyil. Noticodos, sornisinlori bir sistemdon digorine koglirmok ¢otindir.

Avtomobil ragabati: Ucuz va genis yayilmis yol naqliyyat: sistemlori nazors alinmaqla,
ictimai naqliyyat giiclii rogabatlo iizlosdi vo nisbi baximdan, bozi hallarda iso miitloq baximdan
sornisin sayini itirdi.

Tarif strukturlari: Tarixon oksor ictimai nogliyyat sistemlori mosafoyo osaslanan tarif
strukturundan imtina edorok daha sado sabit tarif sistemi yaratmigdir. Bu, oksor tranzit
sistemlorinin uygun oldugu qisa soforlorin garsisini almaq vo istifadogi basina yaratdigi
tariflordon daha baha basa golon daha uzun soforlori togviq etmok kimi gézlonilmoz naticolora
sabab olmusdur.

Kéhna xarclar: Oksor ictimai nogliyyat sistemlori totillordon (vo ya omok pozuntulari
tohliikosindon) vo onlarin yaratdigi koskin pozuntulardan sohiyyo vo pensiya miiavinatlori do
daxil olmaqla olverigli miigavilslor {izro danisiglar aparmaq {igiin vasits kimi istifado edon
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homkarlar ittifaq isci qiivvesindon istifado edir. Ictimai noqliyyat subsidiyalasdirildig: iigiin
gedis haqqu sistemlori bu xorclori yaxsi oks etdirmirdi.

Sohar nogliyyatindaki problemlor {i¢iin imumi hall tokliflori; davamli nogliyyat iizro bag
plan hazirlanmali, velosiped yollar1 vo onlardan istifads artirilmali, ictimai naqliyyati daha
colbedici etmok {i¢lin siyasotlor hazirlanmali, biitlin avtobuslarda, mikroavtobuslarda,
taksilorda, domir yolu sistemlorinds va 6zal ictimai avtobuslarda vahid bilet sistemi (elektron
bilet sistemi) totbiq edilmaoli, dayanacaq yerlori artirilmali, qovsaqlar giiclondirilmali va yollar
genislondirilmalidir.

Notico

Bu todqiqat gohor logistikasinda vo sohor noqliyyat sistemlorinde movcud olan osas
problemlorin kompleks tohlilino hasr olunmugdur. Miiasir dévrds urbanizasiyanin siirotlonmaosi,
ohalinin saymin artmasi va iqtisadi foaliyystin genislonmasi soharlorde naqliyyat va logistika
sistemlorino tolobatin ohomiyyatli dorocods artmasina sobob olmusdur. Bu, su anbarlari, otraf
miihitin ¢irklonmasi vo infrastrukturun yiiklonmosi va tikinti proseslorinde gecikmalor kimi
problemlori daha da agirlasdirmisdir.

Nogliyyat ¢orcivasinda sohor logistikasi anlayisi, onun osas komponentlori va sohar
noqliyyat sisteminin strukturu izah edilir vo hom yiik, hom do yiik dasinmasinda rast golinon
problemlor izah olunur. Cotinliklor holl edilmisdir. Eyni zamanda, problemlorin saboblori
gostorilir. Sohor nogliyyatindaki problemlorin halli yollar1 asagidakilardir: Yeni investisiyalar
ovazina movcud infrastrukturdan daha effektiv istifado; Mdvcud soraitdo geyri-kafi hesab
edilon qovsaq vo ya yol, nogliyyat vasitalorinin saymin azalmasi sobobindon nogliyyat balansi
avtomobillardon ictimai naqliyyata keg¢dikde uzun illor kifayst qodar qala bilor va belslikla,
ictimai resurslarin daha prioritet layiholors ayrilmasina imkan verir.
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Xiilasa

Moqalodo miihondislik sahosindo yaranan innovativ hollorin hansit oqli miilkiyyot
institutlar1 vasitosilo daha somorali qoruna bilacoyi arasdirilir. Tohlil gostorir ki, miithandislik
mohsulu ¢oxkomponentli hiiquqi obyekt oldugundan vahid qorunma mexanizmi kifayot etmir:
texniki hollor patent vo ya faydali model, mohsulun estetik-konfiqurativ goriiniisii sonaye
nlimunasi, program kodu vo texniki ¢ertyojlar miisllif hiiququ, istehsal sirri vo alqoritmik know-
how kommersiya sirri, bazar identifikatorlar1 iso omtoo nigani ilo qorunmalidir. Arasdirma
Azorbaycan hiiquqi bazas1 vo WIPO-nun 2025-ci il malumatlar1 osasinda aparilmisdir. WIPO-
ya gora 2024-cii ildo global patent miiraciatlori 3.7 milyona, faydali model miiraciatlori 3.3
milyona, sonaye niimunslori 1.6 milyona ¢atmis, omtos nisani lizro class count iso 15.2 milyon
soviyyasindo qalmigdir. Magalonin osas naticosi ondan ibaratdir ki, miithondislik startap1 vo ya
universitet layihosi {iclin on somorali model qatli IP strategiyasidir: erkon morholodo moxfilik
vo miollifliyin sonadlosdirilmasi, kommersiyalasma morholosindo patent vo ya sonaye
niimunasi geydiyyati, bazara ¢ixigs morholosindo iso omtoo nisani, lisenziyalagdirma vo
beynolxalq qoruma marsrutlarinin secilmosi. Bu yanagsma innovasiyanin bazar doyarini,
investisiya coalbediciliyini vo texnologiya transferi potensialini artirir.

Acar sozlar: Oqli Miilkiyyat, Patent, Faydali Model, Sonaye Niimunasi, Kommersiya
Sirri

Giris

Bilik vo texnologiya iqtisadiyyatinda miihandislik yeniliklorinin dayari tokca texniki
istiinliiklo deyil, homin naticalorin hiiquqi miihafizo imkanlar ilo do dlgiiliir. Qlobal tendensiya
bunu agiq gostarir: 2024-cii ildo patent miiracistlori 4.9% artaraq 3.7 milyona, faydali model
miiraciatlori 3.3 milyona, sonaye niimunalori iso 1.6 milyona ¢catmisdir; omtos nisani lizro 15.2
milyon olmusdur. Bu artim Umumdiinya 9qli Miilkiyyst Toskilatinin(WIPO) innovasiyanin
bazarlasmasi tliglin hiiquqi miihafizonin strateji funksiyasimi tosdigloyir (WIPO, 2025a).
Miihondislik sahosindo iso natico adoton tok bir obyekt deyil: cihazin texniki qurulusu,
mohsulun formasi, program kodu, texniki ¢ertyoj, istehsal sirri vo brend eyni layihodo paralel
moveud ola bilor. Azarbaycan hiiquqi sisteminde oqli miilkiyyet Konstitusiyanin 30-cu
maddosi, “Patent hagqinda” Qanun vo “Omtoo nisanlar1 vo cografi gostoricilor hagqinda”
Qanun ils qorunur; beynalxalq miistavids isa Paris Konvensiyasi, Bern Konvensiyasi vo PCT
sistemi miihondislik innovasiyalarinin daha genis cografiyada miidafiosino imkan yaradir. Bu
baximdan tadqiqatin magsadi innovativ mithondislik hallari ii¢lin on uygun qoruma modelini
miioyyaonlosdirmok va totbiq yoniimlii hiiquqi xorito togdim etmokdir.

Tadqiqat metodu

Toadgigat normativ-dogmatik, miigayisali-hiiquqi vo funksional tohlil metodlar1 osasinda
aparilmigdir. Aragdirmada Azarbaycan Respublikasinin aqli miilkiyyet sahasinde qiivvads olan
osas normativ hiiquqi aktlari, Patent vo Omtoo Nisanlarinin Ekspertizast Morkozinin rosmi
molumatlari, WIPO-nun patent, sonaye niimunosi, misllif hiiququ, kommersiya sirri vo PCT
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sistemi lizro materiallari, eloca do toqdim edilmis arayis sonadlori tohlils calb olunmusdur.
Metodoloji yanasmanin osas mogsadi miithondislik sahosindo yaranan innovativ naticolorin
hiiquqi tobiotini miioyyonlosdirmok vo onlarin hansi oqli miilkiyyat institutu vasitasilo daha
effektiv qoruna bilocoyini agkara ¢ixarmaq olmusdur. Bu mogsadlo miihondislik mohsulunun
texniki holli, vizual goriinilisli, program tominati, texniki sonodlori, istehsal sirri vo bazar
identifikatorlar1 ayri-ayr1 hiiquqi obyektlor kimi qiymatlondirilmis, hor bir komponent iizro
uygun qoruma formasi miioyyon edilmisdir. Todqgiqat ¢orgivoesindo hom milli hiiquqi
mexanizmlor, hom do beynolxalq hiiquqi yanasmalar miiqayisoli sokildo nozordon kegirilmis,
naticade miihandislik innovasiyalariin qorunmasinda patent, faydali model, sanaye niimunasi,
miiollif hiiququ, kommersiya sirri vo omtos nisaninin qarsiliqh tamamlayic1 xarakter dasidigi
miuoyyon edilmisdi.

Tohlil vo miizakiro

Azorbaycan hiiququnda da ixtira, faydali model vo sonaye niimunasi “Patent hagqinda”
Qanunla tonzimlonir; istifadogi torofindon toqdim edilmis materiallarda gostorildiyi kimi
ixtiralar liglin yenilik, ixtira saviyyosi vo sanaye tatbiqi, faydali modellar {i¢iin iso daha sado,
osason qurgu xarakterli texniki hollorin qorunmasi nozords tutulur. Bu sobabdon prototipin
texniki yeniliyi yliksokdirss patent, artimli konstruktiv tokmillogdirmodirss faydali model daha
uygun goriiniir. Mithondislik mohsulunun xarici gorniisii tizro hiiquqi rejim iso forglidir. Sonaye
niimunasi mahsulun texniki funksiyasini deyil, estetik vo ornament xarakterli goriiniisiinii
goruyur; WIPO bunu patentdon asas forq kimi vurgulayir vo yalniz zahiri olamatlorin miidafio
olundugunu bildirir (WIPO, 2025c). Buna goérs korpus dizayni, idareetmo paneli, cihaz
interfeysinin vizual holli vo qablagdirma elementlori tiglin sonaye niimunosi miihiim
mexanizmdir. Eyni zamanda proqram kodu, texniki gertyoj voa CAD tasvirlori misllif hiiququ
ilo avtomatik qorunur, lakin miisllif hiiququ ideyan1 yox, yalniz onun ifads formasin1 miidafio
edir (WIPO, 2025d).

Istehsal alqoritmlori, sinaq parametrlori, kalibrloma iisullar1 vo kommersiya baximindan
hassas know-how isa bir ¢ox hallarda kommersiya sirri kimi qorunmaga daha uygundur. WIPO-
ya gora kommersiya sirri geydiyyat tolob etmir, miiddatsiz qiivvads gala bilar, lakin bunun tigiin
informasiyanin gizli saxlanilmasi1 vo maxfilik {izro aglabatan todbirlorin goriilmasi vacibdir; oks
halda miihafizo zoifloyir (WIPO, 2025¢). Bu, xiisusilo torsino miihondisliklo asanligla
askarlanmayan istehsal proseslori liclin somoarolidir. Buna qarsiliq, bazara ¢ixan va sokiiliib
analiz oluna bilon texniki hall {i¢iin patent ¢ox vaxt daha giiclii se¢imdir.

Cadval 1. Miihondislik hallari ii¢iin optimal hiiqugi gorunma xaritasi.

Miihandislik Qoruma Isas meyar Ustiinliik Isas risk
naticasi formasi
Yeni cihaz vo Patent Yenilik, ixtira | Giiclil inhisari Aciglama
ya lisul SoViyyosi, hiiquq vo mocburidir;
sonaye tatbiqi lisenziyalasdirma | orazi prinsipi
imkani

Artimh Faydali model | Yeni qurgu Daha cevik vo Qoruma dairasi

konstruktiv halli, praktik nisboton sado vo kommersiya

tokmillogdirmo totbiq qgoruma ¢okisi nisboton
mohdud ola
bilor

Mohsulun Sonaye Yenilik / Vizual identiklik | Funksional

forma vo niimunasi orijinalliq vo bazar xiisusiyyatlori

interfeys forqlonmosi gorumur

goriniisi
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Kod, ¢ertyoj, Miiallif hiiququ | ifado formas: Avtomatik vo Ideyani vo
CAD vo texniki siiratli qgoruma texniki prinsipi
sonad qorumur
Know-how, Kommersiya Gizlilik, Qeydiyyatsiz vo | Sizma vo
proses sirri iqtisadi doyor, | miiddotsiz miistoqil kosf
parametrlori, moxfilik qoruma riski
alqoritmik sirr tadbirlori

Cadval 1 gostorir ki, miithondislik innovasiyasinin kommersiya doyori adoton “qath”

miihafizo ilo daha yaxs1 qorunur. Masalon, sensorlu cihaz layihasindo texniki modul patent,
korpusun goriiniisii sonaye niimunasi, idaraetmo proqrami miiallif hiiququ, istehsal parametrlori
kommersiya sirri, bazar adi iso amtoo nisani ilo qoruna bilor. Bu kombino edilmis model
investor {i¢iin hiiquqi aydinliq yaradir vo texnologiya transferini asanlasdirir. Bundan slava,
patent hiiququ orazi xarakterli oldugundan beynoslxalq genislonmo planlayan miihondislik
subyektlori PCT sistemi vasitosilo bir beynolxalq miiraciatlo ¢oxsayli 6lkolordo gorunma
istigamotini formalagdira bilirlor (WIPO, 2025f).

Noatica

Aragdirma gostorir ki, mithondislik sahoasinds innovativ hallorin effektiv qorunmasi ii¢lin

vahid hiiquqi alst kifayat etmir. Texniki hall patent va ya faydali model, vizual-konfiqurativ
komponent sonaye niimunasi, kod va texniki sonadlor miisllif hiiququ, gizli istehsal vo biznes
molumatlar1 kommersiya sirri, bazar identifikatorlar iso omtoo nisani ilo tamamlanmalidir. Belo
yanagma hiiquqi risklori azaldir, investisiya vo lisenziyalasdirma imkanlarini artirir, hom milli,
hom do beynolxalq bazarda texnologiyanin doyarini méhkomlondirir.
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Xiilasa

Togdim olunan mogalodo Azorbaycanin Qarabag vo Sorqi Zongozur iqtisadi rayonlarinda
miirokkob dagliq relyef soraitindo hoyata kegirilon logistik tominatin xiisusiyyotlori arasdirilir.
Tadqiqatda regionun cografi ¢otinliklori — yiliksok dag kecgidlori, kaskin hiindiirliik farqlori, dolanbacl
yol profillori vo sort iglim sortlori — eloco do bu amillorin tochizat zoncirinin davamliligina vo
somaraliliyina tosiri genis sokilda tohlil olunur. Eyni zamanda dagliq arazilordo dagimalarin togkilindo
yaranan texniki vo omoliyyat problemlori, yanacaq sorfiyyatinin artmasi, noqliyyat vasitolorinin
texniki aginmasi vo zaman itkisi kimi mosalolor do nozordon kegirilir. Xiisusilo “Zofor Yolu”,
Murovdag tuneli vo regionda insa edilmis beynolxalq hava limanlar1 kimi iri infrastruktur
layihalarinin logistik somaraliliyin artirilmasina verdiyi tohfs digqet markoezinds saxlanilir. Maqalada
avtomobil, domir yolu vo hava naqliyyati vasitslorinin qarsiligl inteqrasiyasina asaslanan multimodal
dagimalarin regionun borpasi, iqtisadi inkisafi vo tochizat sisteminin dayanigligmnin tomin
edilmoasinds oynadigi rol vurgulanir.

Acar sézlar: Logistika, Qarabag, Dagliq Relyef, Tochizat Zonciri, Nogliyyat Infrastrukturu,
Rolling Highway

Giris

Istanilon regionun uzunmiiddatli igtisadi inkisafi, sosial rifah1 vo milli tohliikasizliyi bilavasito
dayaniqli, ¢cevik va inteqrasiya olunmus logistik infrastrukturun mévcudlugundan asilidir. Logistika
yalniz yiik vo sornisin dagimalarinin togkili ilo mohdudlagmir, eyni zamanda istehsal, tikinti, ticarat,
humanitar tominat vo fovqgolado hallara operativ reaksiya imkanlarini birlogdiron strateji sistem bir
dayaq rolunu oynayir [5]. Lakin miirokkob cografi relyef — yiiksok dag silsilalori, dorin doralor,
seysmik aktiv zonalar vo sort iqlim soraiti — oanonavi naqliyyat vo tochizat marsrutlarinin qurulmasini
ohomiyyatli doracads ¢otinlosdirir, dasimalarin maya doyarini artirir vo vaxt itkilorine sabab olur.

Azorbaycanin isgaldan azad edilmis Qarabag vo Sorqi Zongazur iqtisadi rayonlart mohz bu ciir
miirokkob tobii-cografi xiisusiyyatloro malik orazilor sirasinda yer alir. Uzun illor orzindo
infrastrukturun mogsadli sokildo dagidilmasi, yol-naqliyyat sobokolorinin siradan ¢ixarilmast vo
yasayls montogoalorinin funksionalligini itirmosi bu regionlarda logistik borpan1 daha da
miirokkoblosdiron amillordon olmusdur. Buna baxmayaraq, hazirda hoyata kecirilon borpa vo
yenidonqurma proseslori tokco avvalki voziyyatin barpasini deyil, daha miiasir, davamli vo texnoloji
cohatdon inkisaf etmis logistik sistemlorin formalagdirilmasini asas moagsad kimi garstya qoyur [1].

“Boyiik Qayidis” dovlot programinin ugurla icrasi {igiin regionda kompleks logistik yanasma
totbiq olunur. Bu konteksds avtomobil vo domir yolu xatlorinin yenidon layihalondirilmasi, tunel vo
korpiilorin ingasi, alternativ marsrutlarin yaradilmasi, eloco do hava noqliyyatt imkanlarinin
geniglondirilmasi prioritet vozifalor kimi qarsiya qoyulmusdur. Xiisusilo dagliq orazilordo uzun
tunellorin vo estakadalarin tikintisi, relyefo uygun agilli yol miihondisliyi hollori dagimalarin
fasilosizliyini vo tohliikasizliyini sortlondiron asas amillordondir.
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Problemin qoyulusu

Qarabag regionunun logistik tominat1 miirokkob dagliq relyeflo dogrudan slagslidir vo bu amil
nogliyyatin planlagdirilmasinda, icrasinda vo davamliliginda osas mohdudlagdirict faktor rolunu
oynayir. Regionda hiindiirliikk forqlorinin koskin olmasi, yol sabokosinin relyefo uygun sokildo
dolanbacli formada inkisaf etmasi vo iqlim sortlorinin doyiskonliyi logistika xarclorini artirmaqla
yanasi, omaliyyat risklorinin do ¢oxalmasina gatirib ¢ixarir.

e Hiindiirliik forqlari va yol profili. Qarabagin xiisusilo Kalbacar vo Lagin rayonlarina gedon
avtomobil yollarinin doniz soviyyasindon hiindiirlilyii bazi saholordo 2500-3000 metro qador
yiiksolir. Bu ciir yiiksokliklords atmosfer tozyiqinin azalmasi miihorriklorin giic itkising sobob
olur, agir tonnajli naqgliyyat vasitolorinin yiiklo harokotini ¢atinlogdirir. Eyni zamanda uzun
eniglordo ayloc sistemlorino diigson yiik artir vo tohliikasizlik risklori yiiksalir. Bu sobabdon
dagliq orazilordo standart nogliyyat planlamasi kifayot etmir, xiisusi texniki vo operativ
yanagmanin totbiqi zorurato gevrilir.

e Maovsiimi va iqlim amillari. Qis aylarinda intensiv gar yagisi, saxta vo duman dag yollarinda
horokoti ciddi sokildo mohdudlasdirir. “Omor” agirimi kimi strateji kegidlorin miitomadi
olaraq qarla ortiilmoasi avtomobil dagimalarini ya riskli, ya da tamamilo geyri-miimkiin edir.
Yaz aylarinda iso qarin arimasi naticasinds siirligmolar, sel vo torpaq axinlart bas vera bilor
ki, bu da yol infrastrukturunun miivoqqgoti baglanmasina vs alternativ marsrutlarin istifadesini
sortlondirir. Belo soraitdo logistika fasilosizliyinin tomin edilmasi liglin mdvsiimo uygun
ehtiyat planlarin (contingency planning) hazirlanmasi1 miitloq xarakter dasiyir.

e Yanacaq sorfiyyati va texniki amortizasiya. Dik yamaclar, koskin dongalor va tez-tez siirat
doyismolori agir yiik masinlarinin yanacaq sorfiyyatini hiss olunacaq doracado artirir. Normal
magistral yollarla miiqayisado dagliq marsrutlarda yanacaq xarclori 20—40% daha yiiksok ola
bilir. Bundan olavo, transmissiya, oyloc sistemi vo tokorlorin tez asinmasi nogliyyat
vasitolorinin istismar miiddatini azaldir, texniki xidmat vo tomir xarclorini yiiksaldir. Bu iso
iimumi logistika biidcasins olavo maliyys yiikii yaradir.

e Zaman itkisi vo amoliyyat somaraliliyi. Dag yollarinda orta harokat siirotinin asagi olmasi
(toxminan 30—40 km/saat) dasimalarin miiddatini uzadir vo tochizat zoncirindo gecikmoloras
zomin yaradir. Xiisusilo tikinti materiallari, yanacaq, orzaq vo digar kritik resurslarin vaxtinda
catdirilmasi barpa-quruculuq islorinin tempins dogrudan tesir gostorir. Gecikmolor hom
istehsal proseslorinin dayanmasina, hom do layiho qrafiklorinin pozulmasina gotirib ¢ixara
bilor.

e Tohliikasizlik vo risklorin idars edilmasi. Dagliq relyefdo bas veron qozalar, texniki
nasazliglar vo hava soraiti ilo bagl goézlonilmoz hadisslor logistika amaoliyyatlarinin risk
saviyyasini artirir. Bu baximdan dag regionlari ii¢ilin xiisusi siiriici hazirlig1, uygun naqliyyat
parki, hava prognozlarina ssaslanan dinamik marsrut planlasdirilmasi vo real vaxt monitoring
sistemlori kritik zorurat hesab olunur.

Dagliq relyefin yaratdigi logistik cagirislarin aradan qaldirilmasi mogsadilo Azarbaycan dovloti
torofindon Qarabag vo Sorqi Zongozur regionlarinda genismiqyasli vo strateji ohomiyyatli
infrastruktur layiholori hoyata kegirilir. Bu layihalorin asas mogsodi masafolori qisaltmaq, dasimalarin
tohliikasizliyini artirmaq, logistika xorclorini azaltmaq vo on asasi, nogliyyat sistemini sort iglim vo
movsiimi hava soraitindon minimum doracods asili hala gotirmokdon ibaratdir. Yanasma yalniz yol
tikintisi ilo mohdudlagmir, kompleks vo multimodal logistik sistemin formalagdirilmasini strateji
hadof kimi miioyyon edir.

Problemin hoalli

Qarabagin logistik dir¢olisinin simvolu hesab edilon Zofor Yolu miirokkob dag relyefino
baxmayaraq rekord miiddotdo — comi bir il arzinds insa edilmisdir. 101 km uzunluga malik bu yol
Fiizuli gohorini Susa ilo birlosdirarak, regionun inzibati, modoni vo iqtisadi morkozlorindon biri olan
Susanin fasilasiz tochizatinda strateji shomiyyat dasiyir. Yolun layihslondirilmasinds yiiksok dag
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yamaclari, sort dongolor vo siirlismo riski nozoro alinmis, tohliikosizlik vo davamliliq asas prioritet
kimi gotiirtilmisdiir.

Dagliq orazilordo logistikanin siiratini vo etibarliligin1 artirmagin on effektiv yollarindan biri
tunel vo viaduk infrastrukturunun qurulmasidir. Tunellor dagimalar qisaldir, yanacaq sorfiyyatini
azaldir vo qis aylarinda gar, ¢ovgun, buzlanma kimi risklori faktiki olaraq aradan galdirir. Toxminon
11,6 km uzunluga malik olan Murovdag tuneli regionun vo timumilikde Azorbaycanin an uzun
tunellorindon biri olacaq [9]. Bu mithondislik qurgusu Kolbacar rayonunun ilboyu naqliyyat olagesini
tomin edorok, xiisusilo qis aylarinda logistik izolyasiya kimi risklorin minimuma endirilmasina
xidmat edir. Tunelin istismara verilmasi naticasindo:

v Daginma vaxti shamiyyatli deracods azalacaq,

v Yanacaq vo texniki istismar xorclori asag1 diigocok,

v Tochizat zoncirinds fasilosizlik tomin olunacaq.

Asagidaki codvoldo (Cadval 1) regionun tochizat zoncirini optimallasdiran osas infrastruktur
layihalorinin secilmis texniki gostaricilori oks olunmusdur:

Cadval 1. Regionun tochizat zoncirini optimallagdiran osas infrastruktur layihslorinin se¢ilmis
texniki gostoricilori

. . - Uzunlugu / . . .

Infrastruktur obyekti Novi Xiisusiyyati Logistik ohamiyyati

Zofor Yolu (Fiizuli-Susa) Avtomobil 101 km Susanin fasﬂosm tochizati,

yolu mosafonin qisaldilmasi

Murovdag tuneli Tunel ~11,6 km lboyu nagliyyat, qus risklorinin
azaldilmasi

Fiizuli Beynolxalq Hava | Hava 3000 m U-E | Agir yiik toyyaralorinin gabulu,

Limani nogliyyati zolagi stiratli logistika

Horadiz—Agbond domir Domir yolu 110.4 km Kutlgw yuklsr, beynalxalq

yolu inteqrasiya

Dagliq regionlarda logistik somarslilik miihondislik innovasiyalari ilo vohdat toskil edir. Isvegra
Alplarinda totbiq olunan v agir yiik maginlarinin domir yolu tunellori vasitasilo dasginmasini nozordo
tutan “Rolling Highway” (ROLA) sistemi yanacaq israfin1 va ekoloji risklori azaltmagq {i¢iin effektiv
modeldir [6]. Qarabagda Horadiz—Agbond xotti {izro analoji inteqrasiyanin qurulmasi texniki
amortizasiya vo xarclorin optimallagdirilmasi ii¢lin strateji ohomiyyat kosb edir.

Norveg tocriibosindo istifads edilon, asfaltalti isitmo sistemlori vo real vaxt rejimindo molumat
otiiron RWIS sensorlart sort iqlim goraitindo buzlanmanin garsisini almaqla yol tohliikasizliyina
zomanot verir [7]. Bu texnologiyalarin Murovdag vo Lagin marsrutlarinda totbiqi qis aylarinda
logistik fasilasizliyin tominatcist ola bilor. Yaponiyanin seysmik zonalarda totbiq etdiyi “torpaq
mismarlama” (Soil Nailing) vo sensorlu erkon xobordarliq sistemlori iso yamaclarin
mohkomlondirilmasi va siirlisma riskloring qarst operativ reaksiya mexanizmi formalasdirir. Bu ciir
miihafizo sistemlorinin Zofor Yolu vo digor yeni dag yollarinda qurulmasi tohliikssizlik
standartlarinin maksimuma c¢atdirilmasi iiclin zoruridir.Qarabagda, xiisusilo Zofor Yolu vo yeni
cokilon dag yollarinda bu tip erkon xobordarliq sistemlorinin qurulmasi tohliikasizliyin artirilmasi
baximindan zoruridir.

Cin va Italiyada dagliq relyefds yol tikintisi zamani gradienti minimuma endirmok {i¢iin yiiksok
viaduklar vo estakadalar insa olunur [8]. Bu yanasma yolu relyef {izro dolandirmaq avozina, doralor
tizorindon kegorok demok olar ki, {ifiiqi soviyyado saxlamaga imkan verir. Masalon, Cinin Siguan
oyalotindoki Duge korpiisii layihosi belo bir modelin ugurlu niimunssidir. Qarabag iiclin bu
yanagmanin totbiqi, xiisusilo Kolbacor vo Susa istigamstinds, agir tonnajli masinlarin siirotini
artirmaq vo logistika vaxtin1 optimallagdirmaq potensialina malikdir.
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Natico

Aparilan miihondis tohlili gostorir ki, Qarabag vo Sorqi Zongozur regionlarinda miirokkob
dagliq relyef, koaskin hiindiirliik forqlori vo sort iqlim soraiti logistika sisteminin somaraliliyins birbasa
tosir gostorir. Bu amillor dasinma miiddstinin uzanmasina, yanacaq sorfiyyatinin artmasina vo
noqgliyyat vasitolorinin texniki amortizasiyasinin siirotlonmasina sobab olur. Lakin artiq hoyata
kecirilmis infrastruktur layihslori — Zofor Yolu, Murovdag tuneli, Horadiz—Agbond domir yolu xotti
vo regionda foaliyyat gdstoron beynolxalq hava limanlar1 — logistik sistemin inkisafi {i¢iin miihiim
miihondis bazasi formalasdirmisdir.

Regionda logistikanin daha somorali toskili {igiin beynolxalq tocriibonin totbiqi miihiim
istigamot togkil edocokdir. Xiisusilo Isvegrads totbiq olunan ROLA (Rolling Highway) sisteminin
analoji modelinin Horadiz—Agband domir yolu xatti tizorinds totbiqi perspektivli mithandis-logistika
halli kimi nozardon kegirilocokdir [6]. Bu sistem agir yiik avtomobillorinin domir yolu platformalari
vasitosilo daginmasini tomin edoacok, naticods yanacaq sorfiyyati1 azalacaq, yol infrastrukturuna diison
texniki yiikk minimuma enacok vo dagliq marsrutlarda logistika tohliikssizliyi artacaqdir.

Bununla yanasi, agilli yol monitoring sistemlori vo yamac méhkomlondirma texnologiyalarinin
totbiqi logistik marsrutlarin dayanighigini artiracaq vo dasimalarin fasilosizliyini tomin edocokdir.
Belaliklo, movcud infrastrukturun miiasir mithondis-logistika modellori ilo inteqrasiyasi Qarabag
regionunda dayaniqli vo somorali logistik sistemin formalagmasina xidmaot edocokdir.

9dabiyyat siyahisi

1. Azorbaycan Respublikasi Prezidentinin Soroncami. (2022). "Azorbaycan Respublikasinin
isgaldan azad edilmis orazilorina Boyiik Qayidisa dair 1 Déviat Programi”. Baki:
president.az;

2. Pasayev, N. & Quliyev, E. (2022). Qarabag regionunda naqliyyat-logistika infrastrukturunun
barpasi va inkisaf istigamatlari. "Ipok Yolu" jurnali, No. 2;

3. lIqtisadi Islahatlarin Tohlili vo Kommunikasiya Morkozi. (2023). Qarabag va Sorqi
Zangazurun iqtisadi potensiall va investisiya imkanlari: Strateji Baxis. Baki;

4. Azorbaycan Avtomobil Yollar1 Dovlot Agentliyi (AAYDA). (2021). "Zafor Yolu"nun tikintisi
va texniki gostoricilari haqqinda hesabat. Baki: aayda.gov.az;

5. Rodrigue, J. P., & Notteboom, T. (2020). The Geography of Transport Systems (5th ed.).
Routledge;

6. Federal Office of Transport (FOT) Switzerland. (2021). Transalpine Transport Policy and the
Rolling Highway (ROLA) concept. Bern;

7. Norwegian Public Roads Administration. (2019). Winter Maintenance and Intelligent
Transport Systems (ITS) in High Mountain Areas. Oslo: Statens vegvesen reports;

8. Wang, Y., & Liu, X. (2018). Engineering Challenges and Solutions for High-Speed Railways
and Expressways in Mountainous Areas of China. Journal of Rock Mechanics and
Geotechnical Engineering, 10(5);

9. Hosonov, R. (2023). "Murovdag tunelinin strateji va iqtisadi ahamiyyati”. Azorbaycan Ingaat
vo Memarliq Jurnali, cild 15;

170



“Galacayin Miihandisi” Talabalorin I Elmi-Texniki Konfransi

24-25 Aprel 2026, Qarabag Universiteti, Xankandi, Azarbaycan

Sorq-Qarb istiqgamoti Uzras Domiryol Nagliyyat: ilo Dasimalarda Yaranan
Problemlorin Tahlili

Leyla Hosratova!”, Forid Mommoadov?
Miihandislik, Baki Miihandislik Universitet, Xirdalan, Azarbaycan
lhesratova(@beu.edu.az

Xiilasa

Sorg-Qarb dohlizi Azorbaycan 6lkosindon kegon tranzit axinlarinin tonzimlonmaosinds
boylik rol oynayir. Bu giin yiikk axinlarinin hocminin siiratli artimi mdvcud infrastruktur vo
texnologiyalarin modernlosdirilmasini zaruri edir. Bu sobabdon domir yolu ilo yiikkdagimalarin
somaraliliyinin artirilmast tiglin kompleks texniki, texnoloji, logistika vo toskilati todbirlorin
islonmasi tolob olunur. Yoni, Sorq-Qorb naqgliyyat dohlizi iizro yiik axinlarinin siirotli artimi
movcud nogliyyat infrastrukturunun vo logistika texnologiyalarinin tokmillogdirilmasini zoruri
etmisdir. Buna gors do, domir yolunun 6z imkanlarini tohlil etmak {i¢iin onun infrastrukturunda
yaranan problemlorin otrafli aragdirilmasi da aparilmigdir. Homginin multimodal dagimalarda
domir yolunun foaliyysti vo basqa nogliyyat novlori ilo qarsiliqili olago sistemino do
baxilmigdir. Sorhad va tranzit problemlorinin aragdirilmasi iqtisadi cohotdon lazimligini ifads
edir, tarif sistemi iso roqabitlilik qabiliyyotini dayaniqli sistems ¢evrilmosino imkan yaradir.
Sonda problemlorin sistemlogdirilmasi onlarin aradan qaldirma iisullarinin secilmasino vo
yering yetirilmasino imkan yaradacaq.Aparilmis statistik vo analitik tohlil gostorir ki, domir
yolu ila yiikdasimalarin inkisafina baxmayaraq, bu sahado bir sira sistem xarakterli problemlor
movcuddur. Bu problemlor infrastruktur, texnologiya, logistika, togkilati-idaroetmo vo iqtisadi
amillorlo bagl olmaqla kompleks xarakter dastyir.

Acgar sozlar: Domiryol Nogliyyati, Transit Axinlar, Logistika, Multimodal Dasimalar,
Qatar

Giris

Sorg-Qarb noqliyyat dohlizi Avropa ilo Asiya arasinda strateji tranzit marsrutu kimi
Azarbaycanin nogliyyat sistemindo miihiim yer tutur. Son illords beynalxalq yiik axinlarinin
artmasi, geosiyasi doyisikliklor vo alternativ marsrutlara maragin yiiksolmosi bu istigamoatdo
domir yolu nogliyyatinin rolunu daha da artirmisdir. Lakin artan tranzit hocmlori mdéveud
infrastruktur vo texnoloji imkanlarin mohdudiyyatlorini iizo ¢ixarmigdir. Magalods Sorg-Qorb
istigamotindo, xiisusilo Orta Dohliz ¢or¢ivasindo domir yolu nagliyyatinda yaranan problemlor
sistemli sokilda tohlil edilmisdir.

Tadqiqat metodu

Qarsiya qoyulmus mosoloni holl etmok {iclin ovval infrastruktur problemlorinin
tohlilinden baglamaq daha maqgsadsuygundur. Azarbaycan domir yolu sabokosinin yalniz
toxminon 60%-nin elektriklosdirilmasi vo bazi saholords tok yol sisteminin qalmasi yiik
axinlarinin siiratli artim1 fonunda ciddi mohdudiyyat yaradir (Azorbaycan Damir Yollari, 2023).
Xiisusilo geyd olunan istigamatlordo yliklonmo soviyyasi daha yiiksokdir: Baki — Boyiik Kosik
xotti, Baki — Yalama istiqgamoti, Liman — domir yolu birlogsmalori. Arasdirmalar gdstorib ki, tok
yol sahoalorinds bu problem qatarlarin qarsiliglt gézlomo vaxti artir, 6tiirmo gabiliyyeti azalir,
marsrutun etibarliligt zoifloyir. Bu amillor tranzit dasimalarin operativliyinoe monfi tosir
gostorir.
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Bildiyimiz kimi, domiryol sobokasi sabit coroyandan doyise corayan sistemina kegid
dovriinii yasayir. Elektriklosmonin tam basa catmamasi dizel lokomotivlorindon istifado,
yanacaq xorclorinin artmasi, ekoloji tosirin yiliksolmasi, qatarlarin siirotinin azalmasi
problemlors sobab olur (World Bank, 2020).

Terminal vo stansiya infrastrukturunu tohlil etdikdo goriinlir ki, bu gilinadok yiik
stansiyalarinin bir hissosi kéhnolmis texnologiyalarla foaliyyot gostorir. Bu da yiiklomo-
bosaltma mexanizmlorinin ¢atismazligina, konteyner terminallarinin  mshdudluguna,
avtomatlasdirma soviyyasinin asagi olmasinagotirib ¢ixarir. Bu iso vaqon dovriyyosinin
uzanmasina sabob olur.

Texnoloji problemlori tohlil etdikdo askar olunub ki, Orta Dohliz {izro Azorbaycan
hissasinda gatarlarin faktiki siirati potensial gostaricilordon asagidir. Bunun osas sobablari kimi
infrastruktur ~ mohdudiyyatlorini,  sorhod  kegidlorindo  gecikmolori,  qgrafiklorin
optimallagdirilmamasini misal ¢okmok olar (Asian Development Bank, 2021). Noticodo
dasinma miiddoati artir vo marsrutun rogabat qabiliyyati azalir.

Vaqon dovriyyasinin uzun olmasi terminallarda gecikmalara, multimodal kegidlords vaxt
itkisino, sonadlogsmo prosedurlarinin uzadilmasina gotirib ¢ixarir. Bu iso vaqon is¢i parkinin
effektiv istifadosini azaldir.

Domir Yolunda ADY-SMART sistemi istifado eidlso do, bu daha ¢ox regiondaxili
olagolorin sabit saxlanmasina yonolib. Rogomsallasmanin kifayot qodor inkisaf etmomasing
sabob kimi kagiz sonadlogsmo istiinliik togkil etmosini, real vaxt monitoringin mohdud olmasini,
vahid rogomsal logistika platformasi tam totbiq olunmamasini gostormok olar. Bu isa logistika
zoncirinin soffafligin1 vo operativliyini azaldir (United Nations Conference on Trade and
Development, 2022).

Sorg-Qorb dohlizi multimodal xarakter dasidigi {i¢iin on ciddi problemlor nogliyyat
novlori arasinda olage marhalesinds yaranir. Tohlillor gosterir ki, Xozor donizi iizerinden
dasimalarda yaranan problemloro boro ¢atismazligi, hava soraitindon asililig, liman
omoliyyatlarinin miiddstini gqeyd etmak olar. Bu amillor do dasinma vaxtinin geyri-sabitliyino
sobab olur. Homginin liman-domir yolu koordinasiyasina baxdiqda, goriiriik ki, Baki limani ilo
domir yolu arasinda yiiklorin emal vaxti, konteynerlorin yenidon yiiklonmosi,  logistika
planlagdirilmasi tam optimallagdirilmay1b.

Transxozor marsrutu bir ne¢o 6lkoni ohato edir vo bu da olavo ¢atinliklor yarada bilor.
Misal kimi, gomrik prosedurlarinin forqli olmasmi, sonadlosms standartlarinin
uygunsuzlugunu, sorhad ke¢id vaxtinin uzunlugunu gotirmok olar. Bu faktorlar marsrutun asas
roqabat iistiinliiyli olan siiroto monfi tosir gostarir.

Orta Dohliz Simal dshlizi (Rusiya), Daniz marsrutu (Siiveys kanali) marsrutlarla rogabot
aparir. Buna goro tariflorin optimallagdirilmas1 masalalorino do baxilmalidir ki, tranzit axininin
hacminds minimallasma olmasin.

Bu giin Orta dohliz diinya saviyyasindo 6z payina diigon yiik axininin 6tiiriillmasinds tam
giicii ilo foaliyyat gostorir. Onun roqabatlilik soviyyasini daha dayaniqli etmak {igiin hortorafli
aragdirib problemlorin agkar olunmasina ehtiyac vardir. Yuxarida qeyd olunan problemlarin
sistemlosdirsak, onlar1 5 asas qrupa ayirmaq olar (bax: Cadval 1)

Cadval 1. Sorg-Qarb dohlizinin Azarbaycan hissasinds olan problemlarin qruplasdirilmasi

Problem qrupu | 9sas mozmun

Infrastruktur elektriklosmo, qosa yollar, terminallar
Texnoloji siirot, vaqon ddvriyyasi, rogomsallagsma
Logistika multimodal kecidlor, liman omoliyyatlari
Toskilati sorhad prosedurlari, koordinasiya
Igtisadi tarif rogabati, tranzit asililigi
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Natica

Aparilmis sistemli tohlil gostorir ki, Sorg-Qorb dohlizinin Azorbaycan hissosindo osas

problemlar asagidakilardir:

Otlirmo qgabiliyyatinin mohdudlugu;

multimodal logistikanin optimallagdiriimamast;
rogomsallagmanin zaif inkisafi;

sorhad prosedurlarinin uzunlugu;

tarif roqabati.

Bu problemlorin aradan qaldirilmasi domir yolu ilo ylikdagimalarin texnologiyasinin

tokmillogdirilmasini tolob edir vo galocokds bu istigamatlor iizro elmi asaslandirilmis tokliflorin
islonmasini zoruri edir.
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Xiilasa

Bu todqigat isi COVID-19 pandemiyasi vo miiasir regional miinaqgisolorin beynalxalq
logistik sobokolora tosirini tohlil edir. Arasdirmada qlobal tochizat zoncirlorinds yaranmis
qirilmalarin “vaxtinda g¢atdirilma” (Just-in-Time) modelinin zaif toroflorini {izo ¢ixardigl vo
daha davamli, ehtiyatyonimlii modellors kecidi siirotlondirdiyi gostorilir. Nogliyyat
dohlizlorinin  tohliikesizliyi, alternativ marsrutlarin  iqtisadi  somoroliliyi vo tranzit
miiddatlorindoki dayisikliklor miiqayisali sokilds qiymatlondirilir. Regional miinaqisalorin yiik
axinlariin yenidon boéliigdiiriilmasine, dasima xorclorinin artmasina vo inflyasiya tozyiqino
tosiri izah olunur. Mogqalads logistik risklor tabiot, geosiyasi, makroiqtisadi, texnoloji vo sosial
gruplar iizra tosnif edilir. Qeyri-miioyyonlik soraitindo todariik miiddstindoki dalgalanmalarin
riyazi qiymoatlondirilmasi iliclin “Tohliikesizlik Ehtiyat1” (Safety Stock) modelinin totbiqi
gostorilir vo orta gecikmo miiddotinin ehtiyat soviyyasina tosiri geyd edilir. Natico olaraq,
davamliliq vo risklorin idars olunmasi miiasir logistikanin osas strateji prioriteti kimi
qiymatlondirilir.

Acar sozlar: Pandemiya, Regional Miinaqisalor, Beynolxalq Logistika, Tochizat Zanciri,
Logistik Risklor.

Giris

Miiasir diinya iqtisadiyyat1 bir-biri ilo giiclii slagods olan bdylik bir logistik zoncirdon
asil1 vaziyyotdadir. Lakin 2020-ci ildon baslayan qlobal pandemiya vo ondan sonraki geosiyasi
gorginliklor "vaxtinda ¢atdirilma" modelinin na qador zoif ndqtalorinin oldugunu iizo ¢ixardi.
Pandemiya dovriindo limanlarin baglanmasi, sonadlosmo islorinin dayanmast vo karantin
mohdudiyyatloari ilo baslayan bohran prosesi sonraki horbi-siyasi miinaqgigslorlo giiclonmis vo
naticodo diinya iqtisadiyyatin1 daha geyri-sabit vo riskli bir morholoys kegirmigdir. Nozoro
almaq lazimdir ki, beynolxalq logistikanin asas maqsadi yalniz xorclora qonast etmok deyil,
mohsullarin diizglin zamanda vo diizgiin mokana ¢atdirilmasini tomin etmokdir. Lakin regional
miinaqigalor vo strateji bogazlarin baglanmasi bu prosesi ¢otinlosdirdi, naticodo giymotlorin
artmasina vo bozi mohsullarin ¢atigmazligina sobab oldu.

Tadqiqat metodu

Bu tadqiqat metodu post-pandemiya dovriinds yaranmis yeni geosiyasi soraitdo naqliyyat
marsrutlarinin boéhranlara no doracods davamli oldugu miigayisali sokildo aragdirilib. Todqiqat
prosesinds osas diqgoet ononovi vo alternativ logistik dohlizlerin risk soviyyslorinin
miiqayisasino xiisusi diqqet yetirilorok, logistik risklor qruplagdirilmis vo bunun osasinda
tochizat zoncirindoki zoif noqtolor miioyyonlosdirilmisdir.Bu ¢orgivods, miiqayisali tohlil
vasitosilo alternativ marsrutlarin olavo xorclori vo vaxt doyisikliklori rogomlor osasinda
qiymatlondirilmis, naticads onlarin iqtisadi samaraliliyi ilo bohranlara davamliligi arasindaki
olago miioyyon edilmisdir. Todqgiqatda digqgot yetirilon digor vacib masolo iso riskli dovrlordo
ehtiyatlarin idars olunmasi metodlarinin optimallasdirilmasi vo bu metodlarin geyri-miisyyon
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soraitdo qorarverma prosesind totbiqidir. Aparilan miiqayisali tohlillor noticesindo tochizat
zoncirinin fasilosizliyini tomin edon nozori yanasmalar real niimunslorlo miiqayiso edilmisdir.
Yekun etibarilo, totbiq olunan bu yanasma logistik infrastrukturun doziimliiliik hadlorini vo
iqtisadi risklorin azaldilmasi yollarini bu mosalolori daha osash sokildo izah etmoyo imkan
yaradir.

COVID-19 dovriinda asas ¢atinlik mahsullarin dasinmasindan daha ¢ox, sonadlosmo va
idaro etmo proseslorin dayanmasi idi.Sorhadlor baglanan kimi sonodlosmo (konosament,
sertifikatlar vo s.) isi demok olar ki, dayandi. Limanlardaki is¢i qiivvasinin karantino alinmasi
"darbogaz" effektini qagilmaz etdi.Aparilan aragdirmalara gora, zoncirin bir noqtasindoki 2
giinliik gecikmo, son istehlak¢iya 2 hoftolik xaos kimi gayitdi[2]. Bos konteynerlorin yanlis
limanlarda y181l1b qalmas1 qlobal dagima qiymatlorini kaskin artmasina sabab oldu. Beynslxalq
logistik axinlarin tohlili gostorir ki, post-pandemiya dovriindo barpa olunan todariik zoncirlori
regional miinaqigalorin tasiri ilo yenidon par¢alanma morholosina daxil olub.

Simal Dohlizi iizro dasimalar Rusiya-Ukrayna miiharibasi baslandigdan sonra koskin
azalib. Sanksiyalar vo sigorta sirkotlorinin marsrutu yiiksok riskli elan etmasi naticasinda
Avropa—Cin domiryol tranzitinin 40%-don coxu alternativ istiqgamotlors yonslib. Rusiya-
Ukrayna miiharibasi qlobal toachizat zoncirinds sadoce marsrut dayisikliyi deyil, hom da strateji
resurslarin — taxil vo enerji dasiyicilarinin — olgatanligi baximindan ciddi "tohliikosizlik
paradoksu" yaratmigdir. Xiisusilo Qara doniz akvatoriyasindaki limanlarin faaliyyatinin
mohdudlasdirilmas1 qlobal taxil bazarinda toklif soku yaradaraq, logistik xorclorin orzaq
inflyasiyasina birbasa tosirini kaskinlogdirmisdir. Ukraynanin diinya taxil ixracatindaki payinin
(toxminan 10%) vo giinabaxan yagi kimi kritik mohsullardaki dominantliginin blokadaya
alinmasi, xtsusilo Afrika vo Yaxin Sorqin "orzaq tohliikesizliyi indeksine" monfi tosir
gostormisdir. "Qara Doniz Taxil Togobbiisti" kimi diplomatik-logistik dohlizlorin geyri-sabitliyi
bazarda koskin qiymot doyiskenliyi yaradaraq,golocok miiqavilalorin risk faktirlarim
artirmisdir.

Enerji logistikasi sahasinda isa Avropa lttifaqinin Rusiya karbohidrogenlorindon asililigi
azaltmaq strategiyasi neft tankerlorinin qlobal horokot xaritasini kokiindon doyismisdir.
Ovvallar qisa mosafali boru kamorlari vo ya yaxin limanlar vasitosilo reallasan tochizatin uzaq
mosafoli doniz dagimalar ilo ovozlonmosi, tanker catismazligina vo fraxt tariflorinin bozi
marsrutlar tizro 3-4 dofs artmasina sobab olmusdur.

Conub Dohlizi, xiisusilo Qirmiz1 doniz hovzoesindoki gorginlik sobabils ciddi tosiro moruz
galib. Siiveys kanali ovozino gomilorin Umid burnu marsrutuna ydnlondirilmasi global
konteyner tutumunun toxminon 20%-nin dovriyyadon c¢ixmasina vo diinya dasima
indekslarinin, o ciimladon Drewry-nin WCI gostaricisinin bazi xatlor tizra 150-200% artmasina
sobab olub. Kanal galirlorinin 40-50% azalmasi iso bohranin makroiqtisadi tasirini gostorir.

Bu soraitdo Azorbaycanin istirak etdiyi Orta Dohliz iizro dagimalar 2022-ci ildon 2.5-3
dofo artib. Lakin Xozor iizorindon multimodal dagimalar zamani boro dasimalarinda
uygunsuzluq orta hesabla 4-6 giinlik gecikmolor yaradir vo “Just-in-Time” modelini
¢otinlosdirir. Eyni zamanda, International North—South Transport Corridor iizro hesablamalar
tranzit vaxtinin onanovi marsrutla miigayisods 45 giindon 25 giins diiso bilocayini gostorso do,
sanksiyalar vo institusional manealor bu potensiali mahdudlasdirir. Umumilikdo, miinagisolor
dovriindo logistik xorclorin UDM-do payr artir vo bu, inflyasiyanin giiclonmosina,
miiossisolorin iso ehtiyat idaroetmo strategiyalarini yenidon nozordon kegirmasino sobab
olur[5].

Miiasir qlobal logistika ekosisteminds alternativ dagima marsrutlarindan istifads zorurati
sadoco cografi mosafonin uzanmasi ilo mohdudlagmir; bu proses hom do zaman intervalinin
artmast, sigorta tariflorinin koskin artmasi vo amoliyyat xarclorinin artimi ilo miisayiot olunur.
Miiassisalor {iciin on bdyiik iqtisadi itki mohz logistik zoncirdoki qopuqluglar vo gecikmalor
sobabindon reallasmayan satiglar vo itirilmis golirlordir. Digor torofdon, uzun marsrutlar
atmosfero atilan karbon emissiyalarinin hocmini ohomiyyatli doracodo artirir ki, bu da
beynolxalq ekoloji tonzimlomoalor vo "Yasil Logistika" standartlart ¢orgivosindo miiossisolor
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liclin olavo maliyyo sanksiyalart vo corimo risklori demokdir. Texniki miistovido iso
infrastruktur uygunsuzluqlari, xiisusilo domiryolu relslorinin koleya forqi sorhad-kegid
montagolorinds yiiklarin bir nogliyyat vasitosindon digorino kdgliriilmasi zoruratini yaradir ki,
bu da multimodal dasimalarda ciddi zaman itkisi vo slave omok sorfi ilo naticolonir[3].

Bu miirokkob miihitdo dasima prosesina tosir gdstoron logistik risklorin sistemli tosnifati
miiassisalorin strateji gorar gobul etma mexanizmlori ti¢lin holledici rol oynayir. Bu risklori bes
fundamental qrup iizra xarakterizo etmok miimkiindiir:

Tobiot Risklori: Iglim doyisikliklari vo ekoloji béhranlar, mosalon, Panama kanalinda
miisahido olunan quraqliq noticosindo su soviyyosinin diismosi vo gomi kegidlorinin
mohdudlasdiriimasi;

Geosiyasi Risklor: Regional miiharibalor, beynolxalq sanksiya rejimlori vo tranzit
dohlizlorinds hokm siiron siyasi geyri-sabitlik;

Makroiqtisadi Risklor: Valyuta mozonnoslorindoki koskin volatillik, enerji dastyicilarinin
va yanacagin qiymatindaki qeyri-sabitlik;

Texnoloji Risklor: Logistika markozlorino va liman idaraetmo sistemloring qarst yonalmis
kiberhiicumlar, habels rogomsal infrastrukturun texniki qozalart;

Sosial Risklor: Isci totillori, omok bazarindaki disbalans vo pandemiya xarakterli
genigmiqyash inzibati mohdudiyyatlor[4].

Qeyri-miloyyonlik miihitindo bu risklorin neytrallagdirilmas: tgiin totbiq edilon on
effektiv metodoloji yanagma "Safety Stock" (1) modelinin elmi osaslarla totbiqidir [1].
Pandemiya vo miiharibo dovriinds todariik zoncirinds yaranan gecikmolori kompensasiya etmok
liciin tohliikasizlik ehtiyatinin hocmi asagidaki riyazi model vasitasilo optimallasdirilir:

S, = VtxS2 + d?xS,2 M)

Bu formulda asas diqqst etmali oldugumuz meyar St- ¢atdirilmalarda orta gecikma miiddotidir.

Qlobal pandemiya vo regional miinaqisolordon Oncoki dovrdo beynolxalq logistik
catdirilmalarda orta gecikmo miiddoti 2—5 giin araliginda doyisdiyi halda, cari geosiyasi soraitdo
bu gostorici koskin artaraq 20—40 giin diapazonuna yiiksolmisdir. Todariik zoncirindoki bu
geyri-miioyyonliyin ehtiyat hocmino tosirini komiyyot baximindan giymotlondirmok ii¢lin
standart riyazi model iizorindo sorti gostoricilor osasinda miigayisali tohlil aparilmisdir. Bu
cor¢ivada, orta todariikk miiddoti (t)10 giin, tolobin standart konaragixmasit (Sd) 5 odod, orta
giinliik tolob (d) 50 odod gobul edilmisdir. Aparilan hesablamalar noticosindo malum olmusdur
ki, zaman konaragixmasinin (St) 5 giin oldugu sabit dovrds tohliikesizlik ehtiyati (Sc) 250 adod
toskil etdiyi halda, geyri-sabit dovrdo bu gdstorici 2000 adads gatir. Niimunoadon aydin sokildo
goriindiiyii kimi, postpandemiya vo miinaqisolor dovriinds tohliikasizlik ehtiyatina olan tolobat
8 dofo artmisdir ki, bu da miiasir dovrdo "Just-in-Time" (JIT) modelinin effektivliyini itirdiyini
va strateji "Safety Stock" modelinin daha magsadauygun oldugunu siibut edir.

Noatica

Aparilan tohlillor gostarir ki, COVID-19 pandemiyas1 vo regional miinaqisolor qlobal
tochizat zoncirinin strukturunu ciddi sokilds doyismis, nagliyyat dohlizlorinin dayaniqligini osas
prioriteto ¢evirmisdir. Simal vo Conub istigamatlorindo yaranan geosiyasi risklor dasima
xorclorinin artmasina, yiik axinlarmin yenidon bdliisdiiriilmosino vo inflyasiya tozyiqinin
giiclonmosing sobab olmusdur.

Tadqiqgat siibut edir ki, yalniz xorclorin minimallasdirilmasina asaslanan “Just-in-Time”
modeli geyri-miioyyonlik soraitindo kifayot godor davamli deyil. Bu baximdan, risklorin
tosnifati, alternativ marsrutlarin qiymatlondirilmoasi va tohliikosizlik ehtiyatinin (Safety Stock)
elmi osaslarla hesablanmasi tochizat zoncirinin fasilosizliyini tomin etmok {iiciin vacib
mexanizmlordir.
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Natica etibarilo, miiasir logistika sistemindo davamliliq vo risklorin idars olunmasi

iqtisadi somoralilik godor 6nomli strateji amilo ¢evrilmisdir.
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Xiilasa

Moagqalado Azorbaycanin beynoalxalq nogliyyat qovsagina ¢evrilmosi prosesindo logistika
sektorunun kadr tominati1 vo tohsil-istehsalat inteqrasiyasinin strateji ohomiyysti aragdirilir.
Todqigat corgivasindo yerli ali tohsil kurikulumlar1 ilo sonaye operatorlarinin goézlontilori
miiqayisali sokildo tohlil edilmis, nozeri biliklorlo praktiki bacariqlar arasindaki forqlor
miioyyon edilmisdir. Aragdirma naticosindo miihondislik tohsilindo nozoriyyonin {istiinliik
toskil etdiyi askar olunmus vo bu balansin "Dual study" modeli vasitosilo beynolxalq
standartlara  uygunlagdirilmas1  zoruroti  osaslandirilmigsdir.  Mogqalodo  rogomsal
kompetensiyalarin todrise inteqrasiyast va Qarabag Universiteti kimi yeni platformalarin
sonaye ekosistemlori ilo birgo foaliyyot imkanlari, tohsil miiossisolori ilo sonaye miiossisolori
arasinda strateji omokdagliq morkozlorinin qurulmasinin 6lkonin logistik rogabot giiciinii
intellektual kapitalla méhkomlondiracoyi vurgulanmisdir.

Acgar sozlor: Logistika, Tohsil-Istehsalat Inteqrasiya, Dual Study, Kadr Hazirligi,
Tohsildo Rogomsallasma, Strateji Torofdaslhq.

Giris

Azorbaycanin olverisli geosiyasi movqeyi vo beynolxalq noqgliyyat dshlizlorinin
kasigmosindo yerlogmasi, 6lkonin logistik potensialinin reallasmasini milli iqtisadiyyatin osas
hadof istigamaotlorindon birins ¢evirmisdir[1]. Lakin bu sektorun global ragabsts davamliliginin
tomin edilmosi, tokco infrastruktur layihalori ilo deyil, hom do miiasir ¢agirislara cavab veran
ixtisash kadr potensiali ilo birbasa baglidir[10]. Bu kontekstdo, tohsil vo istehsalat saholorinin
inteqrasiyast, nazari biliklorin praktiki vordislorlo uygunlagmasi baximindan miihiim strateji
ohomiyyat kosb edir. Hazirda logistika sahosinds kadr hazirlig1 yalniz akademik programlarla
mohdudlasmamali, real bazarin dinamik tolablorine asaslandirilmalidir.

Problemin qoyulusu

Tadgigatin  metodoloji  asasim1  Azorbaycan Respublikasinin nogliyyat-logistika
sektorunda kadr hazirlig1 ilo istehsalat toloblori arasindaki uygunlugun miigayisali analitik
tohlili togkil edir. Bu ¢orcivads, Olkoade foaliyyst gostoron ali vo orta ixtisas tohsili
miiossisolorinin movcud todris metodlar1 ilo liman vo terminal operatorlart vo ekspeditor
sirkotlorinin kadr gozlontilori qarsilagdirilmisdir[7]. Aparilan tohlillor akademik nozoriyys ilo
real sonaye tocriibosi arasindaki forglori agkar etmoyo imkan verir. Miiasir logistika tohsili artiq
yalniz fiziki yiikdasima prosedurlari ilo mohdudlagmamali, miitloq sokilds anbar idarsetmo
sistemlori, miiossiso resurslarinin planlasdirilmasi, program vo siini intellekt osasli data
analitikas1 kimi texniki kompetensiyalar1 6ziinds birlogdirmalidir[9].

Inteqrasiya prosesinin normativ-hiiquqi torofi Azorbaycan Respublikas1 Prezidentinin
miivafiq formanlar1 vo "Logistika vo ticarotin inkisafina dair Strateji Yol Xoritesi" ilo
tonzimlonir[1,2]. Bu sonadlor sektorun rogomsallagsmasi vo miiasir idaroetmo mexanizmlorinin
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qurulmasint asas hadof kimi miioyyon etmisdir. Hazirda bu istigamotds Milli Aviasiya
Akademiyasi, Azarbaycan Texniki Universiteti vo Baki Miihondislik Universiteti ilo yanasi,
yeni yaradilmig Qarabag Universitetinin rolu strateji ohomiyyat kosb edir. Qarabag
Universitetindo todris olunan "Logistika vo nogliyyat texnologiyalart miithondisliyi" ixtisasi,
isgaldan azad edilmis orazilords qurulan yeni naqliyyat-logistika infrastrukturunun birbasa
daxilindos kadr yetisdirilmosi modelino osaslanir[3].

Beynolxalq tocriibs, xiisusilo Almaniyanin BVL va Hollandiyanin TKI Dinalog modellari
gostorir ki, tohsilin effektivliyi tocriibo vo nozoriyyonin 70/30 nisbotindo qurulmasindan
asilidir[4,5]. Lakin Azorbaycanda yerli todris metodlart halo do nazoriyys yoniimliidiir (Codval
1). Tochizat zoncirinin rogomsallasmasi soraitindo mozunlarin FIATA vo ya ELA kimi
beynoalxalq sertifikatlagdirma proqramlarina calb olunmasi, onlarin global amok bazarinda
rogabot gabiliyyatliliyini tomin edon fundamental amildir. Bu ndqtodo sonaye-tohsil
omokdasligi c¢orgivasindo qurulacaq ekosistemlor tolobalorin real vaxt rejimindo terminal vo
limanlarda, logistika morkozlorindoki texnoloji proseslords istirakina zomin yaradir[8,9].

Cadval 1: Azarbaycanda miixtalif saholor {izro tocriiba vo nozariyye nisbati

Sahalor Faiz nisbati (Tacriiba/Nazariyyd)
Miihondislik 30/70
Tibb 50/50
Turizm 40/60
Incosonot 80/20
Humanitar 20/80
Hiiquq 10/90

"Dual study" modelinin Azarbaycanin noqliyyat-logistika sektorunda ugurlu tatbiqi tiglin
ilk ndvbado tohsil miiossisolori ilo sonaye miiassisolori arasinda hiiquqi vo texniki xarakterli
yeni torofdagliq formati qurulmalidir. Movcud voziyyotdo tolobolorin miiassisolora qisa
miiddoatli "istehsalat tocriibasi" adi altinda gondorilmosi formati 6ziinii dogrultmur, ¢iinki bu
prosesdo sonayenin tohsil programina miidaxilo imkani mohduddur. Almaniya tocriibasindo
oldugu kimi, logistika tolobasi vaxtinin an az1 50-60%-ni birbasa is miihitindo — limanlarda,
gomriik terminallarinda vo ya paylama morkazlorinds kegirmalidir. Bu modelin Azarbaycanda
totbiqi tligiin toklif olunan mexanizm asagidaki komponentlori ohato edir:

e Birinci morholodos, "Inteqrasiya olunmus tohsil metodu" modeli totbiq edilmalidir.
Burada isogétiironlor (mesolon, Baki Beynolxalq Doniz Ticarot Limani, ADY
Konteyner vo s.) universitetin todris planinin formalagsmasinda birbasa istirak edir.
Tolobo hoftonin {i¢ giinilinii miiossisads real tapsiriglar icra etmoklo (masalon, WMS
sistemindo yiikiin gobulu, multimodal marsrutun planlasdirilmasi), iki giiniinii iso
universitetdo nozori biliklori monimsomokls kegirir.

e Ikinci miihiim addim, "Mentorluq vo Korporativ Tolim¢i" instutunun yaradilmasidir.
Miiassiso daxilindo tacriibali miitoxassislor tohsil programina uygun olaraq tolobslora
rohbarlik edir vo onlarin praktiki foaliyystini qiymstlondirir. Bu qiymotlondirmo
tolobonin semestr balinin shomiyyatli hissasini toskil etmolidir.

e Uciincii istiqgamot iso stimullasdiric1 vergi vo maliyya giizostloridir. "Dual study"
programina qosulan 6zal logistika girkatlori li¢iin dovlot torafindon miioyyon giizostlorin
totbiqi sonayenin kadr hazirligina maragini artira bilor. Xiisusilo isgaldan azad edilmis
orazilordo, Qarabag Universitetinin bazasinda qurulacaq logistik klasterlords tolobslorin
hom isloyib, hom do oxumasini tomin edon bu model, regionun iqtisadi canlanmasina
stiratli tosir gostoracokdir. Belo bir yanagsma mozunun ig tapmaq ehtimalini 100%-9
godor catdirir, miiossiso iso kadr axtarisina vo onun adaptasiyasina cokilon artiq
xorclordon azad olur. Bu modelin totbiqi logistika sektorunda forqlorin aradan
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qaldirmaqla yanasi, Azorbaycanin beynolxalq tranzit potensialinin idarsedilmosini
tamamilo yerli vo yliksok ixtisasli kadrlarin ixtiyarina veracokdir.

Natica

Todqgiqat naticasindo aydin olur ki, Azorbaycanda logistika tohsili halo do 70%
nazariyyaye osaslanir, halbuki Almaniya vo Hollandiya kimi lider 6lkalords bu balans 70%
tocriibo lehinoadir[4]. Bizdoki bu "nozoriyyo yiikii" mozunlarin is miihitino adaptasiyasini
¢otinlosdiron osas maneodir. Diinyadaki "Dual study" modelini vo rogomsal idaroetmo
sistemlorini yerli sistemo totbiq etmoklo logistika sahosindo sigrayish inkisafa nail ola
bilorik[5]. Qarabag Universiteti kimi ali tohsil miiossisolorinin istehsalat saholori ilo birgs
idaraetma sistemini qurmagq, 6lkomizin beynolxalq nogliyyat layiholorindoki giiciinii ixtisasl
kadr potensiali ilo tomin etmak {igiin on olverisli yoldur. Bu bolgonin isgaldan azad edilmasi vo
yenidon qurulmasi, orada kéhno vo doyismosi ¢otin olan gaydalardan konar, daha miiasir vo
cevik ig modellarinin totbiqine genis imkanlar agir. Digar bolgalordon forqli olaraq, Qarabagda
noqliyyat vo logistika qurulusunun on son texnologiyalarla sifirdan yaradilmasi, tohsilin birbasa
bu is miihiti daxilindo dyrodilmosino sorait yaradir. Bu iistiinliik Qarabag Universitetini tokco
bir tohsil ocagi deyil, hom do logistika sahasindoki diinya tocriibalorinin sinaqdan kegirildiyi vo
stiratlo hoyata kegirildiyi strateji bir niimuns morkozins gevirir[2].
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Xiilasa

Yol harokoti vo noqgliyyat tohliikesizliyi tizra qanunvericiliyin dyranilmasinin mogqsadi
movcud normativ bazani aragsdirmaq, totbiq mexanizmlarini tohlil etmok vo onlarin hadisolorin
azaldilmasina tosirini qiymotlondirmokdir. Azorbaycan Respublikasinda gobul olunmus
qanunlar vo qaydalar beynalxalq standartlarla miiqayisoli gokilds Gyronilir. Standartlar yalniz
gqaydalarin mioyyanlosdirilmasi  deyil, hom do yol istifadogilorinin davraniginin
formalasdirilmasi, naqgliyyat vasitolorinin texniki tohliikesizliyi, infrastrukturun beynolxalq
toloblora uygun qurulmasi vo tohliikesizlik modoniyystinin giiclondirilmasine xidmaot edir.
Beynolxalq konvensiyalar vo milli normativ aktlar vahid tohliikesizlik yanasmasinin
formalasmasina sorait yaradir. Hadisolorin obyektiv arasdirilmasinda avtomobil-texniki, yol
soraiti, trasologiya vo mohkomao-tibbi ekspertizalar miihiim rol oynayir. Movzunun aktualligi
noqgliyyat vasitolorinin  artmasi, elektron idaroetmo sistemlorinin  genislonmosi  vo
infrastrukturun yenilonmosi ilo bagli metodologiyanin daim tokmillosdirilmosini tolob
etmosidir.

Acar sozlar: Yol Horokoti, Nogliyyat, Tohliikosizlik, Qanunvericilik, Aktlar

Giris

Yol-naqliyyat hadisalori (YNH) yalniz insan tolofati ilo deyil, hom do iqtisadi itkilorlo
naticolondiyindon beynolxalq toskilatlar tohliikosizliyin artirilmasi iiclin vahid hiiquqi ¢or¢ivo
formalasdirmisdir. Bu ¢orgivenin osasint BMT-nin, Avropa ittifaqmin, Diinya Sohiyyo
Toskilatinin vo digor beynolxalq institutlarin gobul etdiyi yol horokoti vo nogliyyat
tohliikasizliyino dair konvensiyalar, direktivlor vo tdvsiyalor toskil edir. Diinya Sohiyyo
Toskilatinin molumatina osason, hor il diinyada toxminon 1.2 milyon insan yol-nogliyyat
hadisalorinin qurban1 olur vo 50 milyondan ¢ox insan miixtalif doracali xasarotlor alir. Bu
rogomlor dovlatlorin - yol horokoti siyasotini vo qanunvericiliyini davamli  sokilds
tokmillosdirmasini zaruri edir [1].

Tadqiqat metodu

Azarbaycan qanunvericiliyinds yol naqliyyat hadisslorinin tonzimlonmosi qaydalarina
uygun Azorbaycan Respublikasinda YNH-lorin hiiquqi qiymatlondirilmasi bir ne¢o normativ
aktin garsiligh totbiqine osaslanir. Osas baza “Yol horokoti haqqinda” Qanun, “Yol harokati
qaydalar1”, Cinayot Mocallosi vo Inzibati Xotalar Mocallosidir. Bu sonadlor yol horokati
istirak¢ilarinin hiiquq ve vazifalorini, yol harakoti qaydalarinin pozulmasina géro mosuliyyot
mexanizmlarini vo YNH-lorin hiiquqi qiymatlondirilmasinin asas prinsiplorini tonzimlayir [2].

Cinayat-hiiquqi tonzimlomo qaydalarina uygun Cinayat Macallasinin 263-cii maddasi yol
harokati vo nagliyyat vasitalorinin istismar1 qaydalarinin pozulmasi naticosinds agir naticalor
bas verdikda tatbiq olunur. Siiriicliniin sarxos voziyyatds olmasi, yiliksok siirat, yol nisanlarinin
toloblorinin pozulmast kimi hallar cozanin agirlagdirict elementlori sayila bilor. Yiingiil
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xosaratlor, yol nisanlarinin pozulmasi va maddi zerarin vurulmasi hallari iso adoton Inzibati
Xotalar Macallasi ilo tonzimlonir [3].

Ekspertiza mexanizmins do nozar yetirak. YNH-lorin aragdirilmasinda asas rol mohkomo-
texniki ekspertizalara moxsusdur. Avtotexniki, trasoloji, tibbi, psixofizioloji vo digar ekspertiza
ndvlari hadisenin mexanizmini, toqqusma bucagini, slirot parametrini, naqliyyat vasitosinin
texniki voziyyatini vo zorar ¢okma saboblorini miioyyanlosdirmoayo imkan verir. Ekspertizalarin
DIN-in Ekspertiza Morkozi, mohkomo ekspertizasi idarolori vo miistaqil ekspert strukturlart
torofindon aparilmasi miimkiindiir. Hadiso yerinin doqiq sonadlogdirilmasi — olgiilor, izlor,
foto-video materiallar — ekspert royinin keyfiyyatini birbaga miioyyon edir.

Yol horakoti vo noqgliyyat tohliikosizliyi lizro beynolxalq ganunvericilik aktlara nozor
salaq.

Ovvolco BMT-nin gobul etdiyi asas konvensiyalarini qeyd edok:

Osas sanadlora 1968-ci il - “Yol Harokati Haqqinda” Vyana Konvensiyasi; 1968-ci il -
“Yol Nisanlar1 vo Signallar1 Haqqinda” Konvensiyasi vo 1958 vo 1998-ci il Saziglori daxildir.
Bu sanadlar global saviyyads harmonizasiya vo naqliyyat axinlarinin tohliikasiz idars olunmasi
ti¢lin osas hiiquqi bazarolunu oynayir [4].

Avropa ttifaqr qanunvericiliyi vo direktivlori do geyd edok:

Al noqliyyat tohliikesizliyi sahosinda daha detall1 texniki vo toskilati toloblor miioyyen
edir. Bunlardan on 6nomlilorini arasdirib geyd edok:

* Directive 2008/96/EC — yol infrastrukturunun tohliikosizliyinin idaro edilmasi,

auditlor, tosir qiymotlondirilmasi va tohliiks xaritolorinin hazirlanmasini tonzimloyir.

* General Safety Regulation (GSR) 2019/2144 — avtomobillordo aktiv vo passiv

tohliikosizlik sistemlorinin macburi totbiqi (AEB, LDW, ISA vo s.).

Diinya Sohiyyo Toskilatinin (WHO) totbiq etdiyi global togobbiislore nozor yetirdikdo
WHO torofindon irali siiriilmiis “Yol Tohliikosizliyi tizro Qlobal Foaliyyot Plan1 2021-2030”
Olim gostaricilorini 50% azaltmagi hodofloyir. Burada tohliikasiz sistem yanasmasi, siirot
nozarati, risk qruplari vo infrastruktur tohliikasizliyi prioritet kimi gostorilir [5].

Aragdirmada Azorbaycan, Isveg, Rusiya vo Yaponiya yol tohliikesizliyi soviyyasi
miiqayisali-analitik metod ilo tohlil olunmusdur. Molumatlar WHO, ETSC, OECD/ITF va
Olkolorin rosmi nogliyyat qurumlarinin hesabatlarindan gotiiriilmiisdiir [6].

Qiymotlondirmo asas indikatorlar tizro aparilib: yol 6liim gdstoricisi (6lonlor / 1 milyon
ohali); agir xasaratli gozalarin payi [7]; yol infrastrukturu vo nisanlarin standartlara uygunlugu;
ganunvericilik vo nazarat sistemi; siirlicii davranist vo yol modaniyyati [8]; yol tohliikasizliyi
strategiyalar1 (masalon, Vision Zero).

Noatico olaraq, bu 6lkslorin yiiksok tohliikasizlik soviyyasi infrastrukturun keyfiyyati, sort
ganunlar, giiclii nozarat vo yiiksok siirlicii madoniyyati ilo asaslandirilib (bax: Sokil 1).
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Yol-nogliyyat hadisalori naticosindo 6lim soviyyoasi (WHO molumatina osason, 2021)

Diinya Sohiyyo Togkilatinin (WHO) 2021-ci il molumatlarina gora, Azorbaycan, Giirciistan,
Ermonistan vo Yaponiya {lizro yol-naqliyyat hadisalorinde 6liim nisbeti (hor 100 000 nofaro)
beladir (bax: Sokil 2) [2][9]:
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Natica

Todqiqat gostorir ki, beynsalxalq tocriibonin dyronilmosi vo adaptasiyast Azorbaycanda

yol tohliikasizliyinin artirilmasina, gozalarin garsisinin alinmasina vo biitiin yol istirak¢ilarinin
gorunmasina mithiim téhfs verir. Bu, uzunmiiddoatli vo davamli strategiyanin formalasmasi

ucln

osasdir. Yol-nogliyyat hadisalorinin hiiquqi tonzimlonmaosi vo ekspertizast kompleks

yanagma tolob edir; beynoalxalq tocriibo iso texnologiya osashi ekspertiza, standartlagdirilmis
protokollar, rogomsallagdirma vo preventiv siyasotin effektivliyini siibut edir. Tiirkiya,
Giirciistan vo Almaniya niimunalori modernlosmo istiqgamatinds faydali ola bilor. UNECE, Al
vo WHO sonadlori vahid standartlarin formalagmasina gorait yaradir, yol tohliikasizliyi auditlori
va risk doyorlondirmo metodologiyalar1 iso miiasir infrastrukturda qoza risklorini minimuma
endirmoyo imkan verir [10].
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Xiilasa

Mogalods AETR (European Agreement Concerning the Work of Crews of Vehicles
Engaged in International Road Transport) sazisino uygun olaraq siiriiciilorin is vo istirahot
rejiminin yol horokati tohliikasizliyins tosiri tohlil olunur. Qeyd olunur ki, siirmo miiddatinin
mohdudlasdirilmasi vo miintozom fasilolorin verilmasi siirtictilords yorgunlugu azaldir, digqot
vo reaksiya gabiliyyatini artirir. Bu iso yol-naqgliyyat hadisslorinin azalmasina vo dagimalarin
daha tohliikesiz hoyata kegirilmasina sobab olur. Naticade, AETR qaydalarina riayst olunmasi
hom stiriiciilorin saglamligin1 qoruyur, hom do beynolxalq avtomobil dagimalarinin {imumi
tohliikasizlik soviyyesini yiiksoldir.

Acar sozlor: AETR Sazisi, Siiriiciilorin Is vo Istirahot Rejimi, Yol Horokoti
Tohliikasizliyi, Siiriicii Yorgunlugu, Rogomsal Taxograf Sistemlori, Risklorin Idars Olunmasi

Giris

Beynolxalq avtomobil dasimalariin siirotlo inkisaf etdiyi miiasir dovrdo yol horokoti
tohliikesizliyinin tomin olunmast prioritet masalolordon biri kimi ¢ixis edir. Bu kontekstdo
stirticiilorin is vo istirahot rejiminin diizgiin tonzimlonmasi xilisusi shomiyyat kasb edir. Ciinki
uzunmiiddatli vo fasilasiz siirma prosesi siiriiclilords yorgunluq, diqqet daginiglig1 vo reaksiya
gabiliyyatinin zoiflomosi ilo noticolonorok yol-nogliyyat hadisolorinin bagvermo ehtimalini
artirir [2,7,8].

Beynolxalq soviyyodo bu risklorin garsisini almaq mogsodilo AETR (European
Agreement Concerning the Work of Crews of Vehicles Engaged in International Road
Transport) sazisi gobul edilmisdir [1]. Sozligedon sazis siiriiciilorin gilindolik vo hoftolik is
vaxtini, istirahot miiddotlorini vo fasilo qaydalarint miioyyon etmoklo nogliyyat sektorunda
tohliikasizlik standartlarinin formalasdirilmasina xidmot edir [1,3].

Bu mogalonin moagsadi AETR sazisi ¢or¢ivasinda siiriiciilorin is vo istirahat rejiminin yol
horokoti tohliikosizliyino tosirini elmi-praktik baximdan tohlil etmok, eyni zamanda bu
qaydalarin totbiginin naqliyyat prosesinds yaratdig1 miisbat naticolori aragdirmaqdir.

9dobiyyat icmal

Movzu ils bagli elmi adobiyyat beynslxalq avtomobil dasimalarinda siiriiciilorin is vo
istirahot rejiminin yol harokoti tohliikosizliyino tosirini genis sokildo arasdirir. UNECE [1]
torofindon gobul edilon AETR sazisi bu sahado asas normativ baza kimi ¢ixis edir vo siiriiciilorin
1§ vaxti, fasilolor vo istirahot miiddotlorini tonzimloyir [1].

International Road Transport Union (IRU) [2] vo digor beynolxalq toskilatlarin
hesabatlarinda gostorilir ki, is vo istirahat rejimino riayat olunmasi siirticii yorgunlugunu azaldir
vo yol-noqliyyat hadisalorinin sayin1t minimuma endirir [2]. Eyni zamanda, Avropa
Komissiyasiin 561/2006 sayli reqlamenti bu sahodo hiiquqi ¢or¢ivoni giiclondirir vo AETR
qaydalar1 ils uygunlasdirilmis normalar miioyyen edir [3].
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World Health Organization (WHO) [4] torafindon aparilan todqiqgatlarda vurgulanir ki,
stiriicli yorgunlugu yol gozalarinin asas sobablorindon biridir vo bu faktorun azaldilmasi 6lim
vo yaralanma hallarin1 shomiyyatli dorocodo azaldir [4].

McKinnon, Button vo Rodrigue kimi miislliflorin todqiqatlarinda naqliyyat sistemlorinin
iqtisadi vo logistika aspektlori arasdirilir vo gostorilir ki, siiriicii is rejiminin optimallagdirilmasi
ham tohliikasizliyi, ham da iqtisadi somaraliliyi artirir [5,6,7].

European Transport Safety Council (ETSC) [8] vo International Transport Forum (ITF)
[8] hesabatlarinda iso yorgunlugun idars olunmasi va taxoqraf kimi nozarat sistemlarinin totbiqi
yol tohliikasizliyinin artirilmasinda effektiv vasito kimi qiymaotlondirilir [8].

Tadqigat metodu

Bu tadqgiqatda istifads olunan metodoloji yanagsma akademik xarakter dasiyir vo keyfiyyot
(qualitative) vo komiyyat (quantitative) elementlorini birlosdiron qarisiq todqiqat (mixed-
method) dizaynmna osaslanir. Todqiqatin osas moqgsodi AETR (European Agreement
Concerning the Work of Crews of Vehicles Engaged in International Road Transport) sazisi
corcivasinda siiriiciilorin is vo istirahat rejiminin yol horokati tohliikosizliyino tosirini statistik
gostoricilor asasinda qiymotlondirmokdir [1].

Todqigat zamani istifado olunan molumatlar beynolxalq toskilatlarin hesabatlari, yol-
naqliyyat statistik bazalar1 vo elmi moqalslordon toplanmisdir [4,7,8]. Xiisusilo World Health
Organization (WHO) vo European Transport Safety Council (ETSC) torafindon togdim olunan
yol tohliikasizliyi gostaricilori asas statistik baza kimi gotiiriilmiisdiir [4,7].

Statistik tohlil ¢orcivasindo tosviri statistika, miiqayisali analiz, korrelyasiya analizi vo
trend analizi metodlarindan istifads olunmusdur. Tasviri statistikada yol-naqliyyat hadisalorinin
imumi say1 va siirlicli yorgunlugu ile bagli gozalarin pay1 dyronilmis, naticalar gostormisdir ki,
gozalarin toxminon 15-20%-1 yorgunluq faktoru ilo olagoalidir [7,8]. Miiqayisali tshlil
naticasinda AETR qaydalarina ciddi omal edilon 6lkolorde yorgunluq sobobli qozalarin orta
hesabla 25-30% daha asag1 oldugu miisyyan edilmisdir [1,3].

Korrelyasiya analizi siirmo miiddati ilo goza riski arasinda miisbat slagenin oldugunu
gostormisdir, yoni fasilosiz idaroetmo vaxti artdiqca goza ehtimali da yiiksolir [5,6]. Trend
analizi iso son illordo rogomsal taxoqraf sistemlorinin totbiqi ilo yol tohliikasizliyi
gostoricilorindo miisbat dinamika oldugunu ortaya ¢ixarmisdir [2,3].

Aparilan statistik tohlillorin naticalori gdstarir ki, AETR sazisi ¢orgivasinda is va istirahot
rejiming riayot olunmasi yol horokati tohliikasizliyini 6l¢iilo bilon sokildo yaxsilasdirir vo gqoza
risklorini shamiyyatli doracads azaldir [1,2,7].

AETR (European Agreement Concerning the Work of Crews of Vehicles Engaged in
International Road Transport) ¢or¢ivasinds siiriiciilorin ig vo istirahot rejiminin diizgiin toskili
vo yol horokoti tohliikesizliyinin artirilmasi tigiin kompleks, ¢oxsaviyyali halli yollarinin totbiqi
zoruridir [1]. Bu yanagma hiiquqi, texnoloji, toskilati va sosial aspektlori ohato etmalidir [3,7].

Ik névbado, hiiqugi-normativ nozarotin giiclondirilmasi osas istiqamotlorden biridir [3].
AETR toloblorinin  milli qanunvericiliyo tam inteqrasiyasi, corime vo masuliyyat
mexanizmlorinin sortlosdirilmosi qayda pozuntularmin qarsisinin alinmasinda miihiim rol
oynayir [1,3]. Eyni zamanda, yol naqliyyati sahasindo dovlat nazarot orqanlarinin yoxlama
tezliyi artiritlmali vo risk asasli nozarst sistemi totbiq olunmalidir [§].

Ikinci osas istigamot rogemsal nozarot sistemlorinin tokmillosdirilmasidir. Xiisusilo
rogomsal taxoqraf texnologiyalarinin genis totbiqi siiriiciilorin is vo istirahot rejimini real vaxt
rejimindo izlomoyo imkan verir [2]. Bu sistemlor insan faktoru ilo bagl sohvlori minimuma
endirir, molumatlarin avtomatik geydo alinmasi iso soffafligi artirir [2,3]. Bundan olava, siini
intellekt asasli monitoring sistemlari ilo potensial pozuntularin avvalcadon prognozlagdirilmasi
miimkiindiir [8].

Uciincii miihiim istiqgamat sirkotlorin daxili idaraetmo sistemlorinin tokmillasdirilmosidir
[5,6]. Nogliyyat miiossisolori siirliciilorin is qrafiklorini elmi osaslarla planlagdirmali, marsrut
optimallagdirmast aparmali vo fasilosiz idarsetmonin qarsisim1 alan daxili siyasatlor
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formalasdirmalidir [5]. Bu, hom omoliyyat somoraliliyini artirir, hom do insan faktorundan
qaynaqlanan risklari azaldir [6].

Dordiincii istigamat siiriiciilorin peso hazirligi vo psixofizioloji voziyyati ilo baghdir [7].
Yorgunlugun idars olunmasi, yuxu rejimi, stressin azaldilmasi vo tohliikasiz idaroetmo
bacariqlar iizro miitomadi tolimlorin kegirilmasi vacibdir [7]. Beynolxalq tocriibo gostorir ki,
maariflondirma proqramlari qoza risklorini shamiyyatli doracods azaldir [7].

Besinci istiqgamot yol infrastrukturu vo logistika planlamasinin yaxsilagdirilmasidir [8].
Magistral yollar tizorindo miiasir istirahot zonalarinin artirilmasi, tohliikesiz dayanacaqlarin
toskili vo stiriiclilor liglin olverigli soraitin yaradilmast AETR toloblorinin praktik icrasina
birbasa tosir gostorir [1]. Eyni zamanda, marsrut planlamasinda real vaxt trafik
molumatlarindan istifado edilmaosi siiriiciilorin artiq yiik vo stress altinda islomosinin qarsisini
alir [5].

Bundan slavo, World Health Organization (WHO) vo European Transport Safety Council
(ETSC) kimi beynolxalq qurumlarin tovsiyolorino osason, siiriicii yorgunlugunun idaro
olunmasi iiglin risk osasli yanagma totbiq edilmolidir [4,7]. Bu yanasma yiiksok riskli
marsrutlarin vo siiriiciilorin avvelcadon miisyyon edilmasi vo olave nozarat todbirlorinin
goriilmasini nazords tutur [7].

Natico

Aparilan tohlil gostorir ki, AETR (European Agreement Concerning the Work of Crews
of Vehicles Engaged in International Road Transport) beynolxalq avtomobil dagimalarinda
stiriiciilorin is vo istirahat rejiminin tonzimlonmaosi vasitosilo yol horokati tohliikosizliyinin
tomin olunmasinda osas normativ sonoadlordon biridir. Sazisin totbiqi siiriicii yorgunlugunu
azaldir, diggot vo reaksiya gabiliyyatini artirir vo bununla da yol-noqgliyyat hadisoalorinin
basverma riskini shomiyyaetli doracads asag: salir.

Todqiqgat naticolori siibut edir ki, is va istirahat rejimino diizglin riayat olunmasi yalniz
hiiquqi tolob deyil, eyni zamanda praktiki tohliikosizlik zoruratidir. Statistik vo analitik tohlillor
gostorir ki, bu qaydalarin totbiq edildiyi nogliyyat sistemlorindo qoza gostoricilori daha asagidir
vo limumi yol tohliikasizliyi saviyyasi daha ytiksokdir.

Bundan olavo, roqomsal nozarat sistemlori, xiisusilo taxoqraflarin totbiqi, qaydalarin
icrasin1 daha soffaf vo effektiv edir. Bu iso ham dasiyict sirkatlorin masuliyyetini artirir, hom
do insan faktorundan yaranan sohvlori minimuma endirir.

Natico etibarilo, AETR toloblorino ciddi riayst olunmasi beynoalxalq avtomobil
dasimalarinin tohliikasiz, somorali vo dayanigli sokildo hoyata kegirilmasi tigiin osas sortlordon
biri kimi qiymatlondirilir.
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Xiilasa

Todqigat isindo yasil logistika konsepsiyasi c¢orcivosindo Nogliyyatin Intellektual
Idaroetmo Sistemlorinin totbiqi vo onlarm ekoloji somaraliliy tosiri arasdirilir. Miiasir dévrdo
noqliyyat sektorunun otraf miihits tosiri nozors alinaraq, resurslardan daha somorali istifads vo
emissiyalarin azaldilmasi asas moqsad kimi gotiiriiliir. Bu kontekstds real vaxt molumatlarinin
analizi vo trafik axininin optimallasdiriimasi kimi NiIS komponentlari tohlil edilir. Osas diqqot
intellektual marsrutlasdirma vo avtonom noqliyyat texnologiyalarinin (L1 —L5) yanacaq
sorfiyyatinin azaldilmast vo karbon emissiyalarinin minimuma endirilmasindoki roluna
yonoldilmisgdir. Bu texnologiyalar vasitosilo marsrutlarin optimallagdirilmasi, bos gedislorin
azaldilmas1 vo nogliyyat sixligiin tonzimlonmosi miimkiin olur ki, bu da enerji somoraliliyini
artirtr. Eyni zamanda beynalxalq tocriibo vo Azarbaycanin, xiisusiloe isgaldan azad edilmis
orazilordo hoyata kecirilon “Aglli kond” layiholori nozordon kegcirilir. Rogomsal
transformasiyanin totbiqi bu orazilordo dayaniqli inkisafin tomin olunmasinda miihiim rol
oynayir vo yasil logistika yanagmasinin praktik ohomiyyatini ortaya qoyur.

Acar sézlor: Yasil Logistika, Avtonom Nogliyyat, Emissiya, Dayaniqli Inkisaf, Ekoloji
Talablor

Giris

Miiasir qlobal tochizat zonciri artiq yalniz mallarin bir ndqtodon digorino daginmasi ilo
mohdudlagmir, hom ds ekoloji dayanigliligin tomin olunmasinda miihiim rol oynayir. Birlogmis
Millotlor Toskilat1 torafindon miioyyon edilon Dayamiqli Inkisaf Moqgsadleri ¢orcivosindo
emissiya limitlorinin totbiqi “yasil logistika”nin vacibliyini daha da artirmisdir. Bu baximdan,
logistika foaliyyotlorindo hom iqtisadi somaraliliyin, hom do otraf miihitin qorunmasinin tomin
olunmasi aktual mosalolordon biridir [McKinon,201 8]. ©nonavi logistika modellori yiliksok
karbon emissiyasi vo resurslardan somorosiz istifads ilo segilir. Burada osas problem ekoloji
hodoflorin miioyyon edilmosindon ¢ox, onlarin hoyata kecirilmosini tomin edon real vaxt
idaroetmo mexanizmlorinin kifayot qodor inkisaf etmomosidir. Statik planlasdirma tisullari
yanacaq sorfiyyatini vo noqliyyat sixligin1 azaltmaqda yetorli natico vermir. Bu sababdon
Nogliyyatin Agilli Idaroetmo Sistemlorinin logistik proseslora totbiqi miihiim ohomiyyot
dasiyir. Toadqigatin magsadi yasil logistika strategiyalarinin hayata kecirilmosinds bu sistemin
rolunu arasdirmaqdir. Xisusilo, intellektual marsrutlagdirma alqoritmlorinin yanacaq
sorfiyyatina, emissiya saviyyasino vo amaliyyat xorcloring tosiri nozordon kegirilir.

Tadqigat metodu

Bu todqiqatin metodoloji strukturunu yasil logistika konsepsiyast ¢argivasindo
nogliyyatin intellektual idaroetmo mexanizmlorinin ekoloji vo iqtisadi somoraliliyinin
miqayisali analitik tohlili togkil edir. Todqiqat prosesinds asas metodoloji yanasma kimi
ononovi dasinma modellori ilo Nogliyyatin  Agilli Idaroetmo Sistemlori torofindon
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optimallagdirilmis marsrutlarin emissiya gostoricilorinin garsilasdirilmasi secilmisdir. Bu
car¢ivada, rogamsal alqoritmlarin totbigi naticasinds alds olunan yanacaq genasti vo karbon
izinin (carbon footprint) azaldilmasi komiyyot gostoricilori osasinda tohlil edilorak, texnoloji
innovasiyalarin otraf miihito tosir doracasi elmi-nazari miistovide qiymatlondirilir. Todgiqatin
digor miihiim aspektini beynolxalq ekoloji standartlarin vo BMT-nin Dayaniqli inkisaf
Mogsadlorinin  logistik omoliyyatlara inteqrasiyasinin  sistemli tohlili formalasdirir.
Metodologiya daxilindo real vaxt rejimindo molumat analitikas1 va intellektual marsrutlagdirma
sistemlorinin foaliyyat prinsiplori yasil logistikanin prinsiplari ils uzlagdirilmis, bu sistemlorin
tochizat zoncirinin dozlimliiliiyiino vo enerji effektivliyino tosiri miiqayisoli  gokildo
aragdirilmigdir. Bels bir kompleks yanasma, agilli idaraetmas sistemlarinin sadaca texnoloji bir
alot deyil, hom do yasil iqtisadiyyata kecid prosesindo strateji bir hoalgo oldugunu metodoloji
cohotdon asaslandirmaga imkan verir.

Miiasir dovrdo yasil logistika anlayis1 yalniz korporativ sosial mosuliyyst sorhadlorini
asaraq, BMT-nin Dayaniqli Inkisaf Mogsadlori vo Avropa Ittifaqmin "Yasil Sazis" sonadi ilo
tonzimlonon sort iqtisadi mexanizmo ¢evrilmisdir. Beynolxalq tocriibado bu doyismo osason
enerjinin de-karbonizasiyasi vo modal keg¢id strategiyalari tizorindon hoyata kegirilir ki, burada
Intellektual Nogliyyat Sistemlori emissiya kvotalarinin real vaxt rejimindo monitoringi vo
resurslarin optimallagdirilmast tigiin halledici texnoloji infrastruktur rolunu oynayir [European
Commission, 2020] . Almaniya tocriibasino nozor saldiqda, 6lkonin 2023-cii il LPI hesabatinda
yiiksok mdvqgeyini mohz magistral yollarda tatbiq edilon "eHighway" layihosi vo DHL kimi
boyiik operatorlarin gohordaxili ¢atdirilmalarda tam elektrikli sistemo keg¢mosi tomin edir
[World Bank, 2023]. Logistika sahasindo bas veran bu texnoloji inqilabin on miihiim
istigamatlorindon biri do avtonom nogliyyat vasitoloridir. Radio dalgalar1 ilo idars olunan ilk
prototiplordon baslayan bu tokamiil, hazirda LIDAR, radar vo siini intellekt alqoritmlori
vasitosilo otraf miihiti analiz edon miirokkob sistemloro ¢evrilmisdir. Niderlandin logistika
modelinds Rotterdam Limaninin "Avropanin Hidrogen Qapisi"na ¢evrilmasi hadofi ils yanasi,
Maasvlakte II terminalindaki tam avtomatlasdirilmis pilotsuz elektrikli naqliyyat vasitolori
rogomsal ekosistemin ekoloji somaraliliyine bariz niimunadir. Eyni zamanda, Sinqapurun
"Next-Generation" modelino asaslanan Tuas Mega-Liman1 2040-c1 ilo godor diinyanin tam
avtomatlagdirilmis on bdyiik limani olaraq emissiyalarin 30% azaldilmasina fokuslanib.
Avtonomluq soviyyalari lizro inkisaf etmis 6lkolor artiq kiitlovi totbiq morholasine kegid etdiyi
halda, bu texnologiyanin osas moqsadi yalniz insan amilini oavoz etmak deyil, ham do yol-
naqliyyat hadisalorini 90% azaltmaq vo yanacaq sorfiyyatini optimallagdirmaqdir. Cin bu
sahads 31 milyondan ¢ox yeni enerji naqliyyat vasitasi vo "Cainiao" platformasinin raqomsal
hollori ilo 6n siralardadir. Bu global tendensiyalar fonunda Azorbaycanin yasil logistika
sahosindoki movqeyi roqgomsallagsma vo infrastruktur somorsliliyi tizorindon formalagir. Baki
Beynolxalq Doniz Ticarot Limaninin "EcoPorts" statusu vo Orta Doahliz boyu totbiq edilon e-
CMR hollari logistik zoncirdaki longimolori aradan qaldirmagqla emissiyalarin azaldilmasina
xidmot edir [Turan & Aliyeva, 2022]. Azorbaycan hazirda tam avtonom yoni, L5 sornisin
dasinmasi morholosindo olmasa da, Tesla vo Mercedes-Benz kimi istehsal¢ilarin L2-1.3
soviyyali sistemlorinin istifadosi vo hiiquqi bazanin formalagdirilmasi istigamotindo miihiim
addimlar atilir [Zhao, et al., 2021 ]. Xiisusilo isgaldan azad edilmis orazilordo, o ciimlodon
Zongilan vo Agdamda totbiq olunan "Yasil Enerji Zonas1" vo "Agilli Kond" layiholori logistik
sistemlorin sifir emissiya prinsipi ilo qurulmasi ti¢lin milli poliqon rolunu oynay1r [Azarbaycan
Respublikasinin iqtisadiyyat Nazirliyi, 2021 ] . Olkomiz "leapfrogging" strategiyasi vasitasilo
texnoloji marhololori siirotlo kegorok, golocokdo Olot Azad Iqtisadi Zonasi vo Qarabag
bolgosindo avtonom noaqliyyat vasitolorinin siaqlarini kegirmoyi planlagdirir. Beloliklo, milli
logistik ekosistemin COP29 standartlarina adaptasiyasi ham raqomsal optimallagdirma, ham da
intellektual nogliyyat infrastrukturunun qurulmasi vasitssilo siirotlonir.
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Notica

Aparilan tohlillor gostorir ki, logistikada ekoloji dayamqlilifa nail olmaq iiglin rogomsal

infrastrukturun qurulmasi gqagilmazdir. Miioyyon edilmisdir ki, intellektual idaroetmo sistemlori
real vaxt rejiminds optimallagsdirma aparmaqla ononavi modellorin samaorasizliyini aradan
galdirir vo emissiya kvotalarina nozaroti miimkiin edir. Azorbaycanin "yasil enerji"
zonalarinda totbiq etdiyi innovativ hollor 6lkonin global logistik standartlara adaptasiyasini
siirotlondirir. Yekun olaraq, intellektual Noqliyyat Sistemlorinin totbiqi hom iqtisadi sabitliyi
tomin edon, ham do strafmiihiti qoruyan strateji bir ke¢id mexanizmidir.
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Abstract

This study examines the improvement of energy efficiency in sustainable chemical
processes and highlights two major approaches: design modifications and operational
optimization. The first approach involves physical and technological changes in process
systems, including the use of advanced equipment, improved plant design, and the adoption of
energy-efficient technologies. Such modifications can significantly reduce unnecessary energy
consumption and enhance the overall performance of chemical operations. The second
approach focuses on optimizing day-to-day process management through better control of
operating parameters, efficient resource allocation, and continuous performance assessment.
In addition, the study emphasizes the growing importance of modern digital technologies,
particularly artificial intelligence and computer-based monitoring systems, in achieving higher
energy efficiency. These technologies enable real-time analysis of process conditions, support
the selection of optimal operating regimes, and help identify sources of energy loss more
accurately. As a result, they contribute to more stable, reliable, and cost-effective chemical
production. The integration of renewable energy sources and the application of modern high-
performance equipment further strengthen the sustainability of chemical processes. These
measures not only decrease energy demand but also reduce pollutant emissions and minimize
the environmental footprint of industrial activities. Therefore, improving energy efficiency in
chemical processes should be regarded as a key component of sustainable industrial
development, as it provides both substantial economic advantages and long-term environmental
benefits.

Keywords: Energy Efficiency, Sustainable Processes, Process Optimization

Introduction

Transforming basic materials into precious products using different processes is very common
in chemical industry. In modern time, this industry become more advanced due to flexible
production systems. These developments help improve productivity and efficiency. In the
chemical industry, safety is the top priority, however, economic performance also plays a
crucial role. For this reason, ensuring efficient energy supply is very important. Energy costs
account for a significant portion of total operating expenses and also influence decisions related
to equipment selection and plant location. (Al-Shahri et al., 2021) One of the major global
problems in this field is the high level of energy consumption. This leads to increased operating
costs and has a negative impact on the environment. In particular, excessive energy use results
in higher carbon dioxide emissions, which contribute to climate change and may cause serious
environmental problems. In addition, energy is a valuable resource, and its high cost strongly
affects the profitability of industrial processes.
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The use of renewable energy sources such as solar and wind power creates new opportunities
for energy processes. However, these opportunities come with new challenges, as these systems
must adapt to changes in energy supply. At the same time, they should benefit from energy
optimization strategies. Energy efficiency can be improved through two main approaches:
design modifications and operational optimization. Design related improvements focuses on
changes in equipment and system configuration, while operational optimization aims to
improve the performance of existing processes. Energy consumption can also lead to
environmental problems including increased emissions and waste generation. Therefore, it is
important to reduce energy use, minimize waste and improve process efficiency while
maintaining high product quality. In this context, improving energy efficiency helps achieve
both economic and environmental benefits. To address challenges, various types of control
systems and optimization methods are used. The main aim of this study is to analyze and
investigate methods using for developing energy efficiency in chemical processes and to
evaluate modern approaches in this field.

Methodology

To improve energy efficiency, there are mainly two methods: operational optimization and
design modifications. Design modifications reduce energy consumption by changing the
physical and technological components of a system or factory. These include installing heat
recovery systems, improving water and gas pipelines to reduce leaks, using efficient motors,
and monitoring the system with artificial intelligence. With these methods, leaks are reduced
and energy loss is minimized. Operational optimization focuses on the daily operation of
factories and offices. When energy demand is high, equipment and systems work at full
capacity, and when demand is low, less energy is used. In this way, the system becomes more
stable and equipment does not overwork. (Luo et al., 2024)The main approaches to improving
energy efficiency are illustrated in Figure 1. As shown, these approaches are categorized into
two main groups: operational optimization and design modifications.

Energy Efficiency Improvement Methods

Operational Optimization Design Modifications

—— -
Smart Scheduling =SS et Recoven Systems
EEECD JP.. — e
d Usag l vy - = M@\L.:l Upgraded Pipelines
lubodlh L~ 8
Automated Contral % @ High-Efficiency Mators

Energy Saving Office “-_Lﬁ
=

Figure 1. Energy efficiency improvement methods: operational optimization and design
modifications.

In offices and other workplaces, additional steps can also be done to reduce energy loss. For
example, using AHU (Air Handling Unit) systems can help, as they heat, cool, and control
humidity. Sometimes, they also reuse heat from outgoing air, acting as a heat recovery system.
In addition, good insulation of roofs, walls, and windows reduces the energy needed for heating
in winter and cooling in summer. Using energy-saving lamps suitable for room size and setting
equipment to turn off automatically when not needed also helps reduce energy use. Finally,
increasing the use of solar panels can reduce electricity consumption and supports the use of
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renewable energy sources. (Bai et al., 2025) These methods are widely used in chemical
industries to enhance process performance and minimize environmental impact. The structure
and operating principle of the Air Handling Unit (AHU) are illustrated in Figure 2 As shown,
the air first passes through the filter, then its temperature is regulated by cooling and heating
coils, humidity is adjusted in the humidifier section, and finally it is delivered by the fan.

Fresh Air Air Filter Cooling Coil

Figure 2. Schematic diagram of an Air Handling Unit (AHU)

Conclusion

In conclusion, research shows that the developments of technologies in chemical field plays a

vital role in energy efficiency. These technologies can turn off automatically when they are not

needed. The use of computer system and artificial intelligence allows systems and processes to
be analyzed and controlled more effectively. Improving the technical equipment, such as better
gas and water pipelines, minimize losses, while solar power and equipment like AHU (Air
Handling Unite) support energy savings. As a result, energy is used more optimally in chemical
industries, this can also reduce carbon emissions and damage to the environment. Overall, the
use of these methods and technologies benefit society, the environment and fabrics themselves.

References

1.

Hui Bai, Yiyi Chen, Meiling Yiu & Yu Fan. (2025). Energy optimization and efficiency
improvement for enterprise production process. International Journal of Computational
Intelligence Systems, 18(169), 16-21.

Armin Tayefeh, Alireza Aslani, Rahim Zahedi & Hossein Yousefi. (2024). Reducing energy
consumption in a factory and providing an upgraded energy system to improve energy
performance. Journal of Cleaner Energy Systems, 8

. Omar A. Al- Shahri, Firas B. Ismail, M.A. Hannan, M.S. Hossain Lipu, Ali Q. Al- Shetwi,

R.A. Begum, Nizar F.O. Al- Muhsen & Ebrahim Soujeri. (2021). Solar photovoltaic energy
optimization methods, challenges and issues. Journal of Cleaner Production, 284

Yang Luo, Xiaofeng Yue, Hongli Zhang, Xiaoping Liu, Zhongwei Wu. (2024). Recent
advances in energy efficiency optimization methods for plasma CO2 conversion. Journal of
Science of The Total Environment, 906

. Tosin Michael Olatunde, Azubuike Chukwudi Okwandu, Dorcas Oluwajuwonlo Akande &

Zamathula Queen Sikhakhane. (2024). Reviewing the role of artificial intelligence in energy
efficiency optimization. Journal of Engineering Science & Technology, 5(4)

192



“Galacayin Miithandisi” Talabalorin I Elmi-Texniki Konfransi

24-25 Aprel 2026, Qarabag Universiteti, Xankandi, Azarbaycan

Thermal Properties of Polypropylene Nanocomposite Samples Modified with
Na" Montmorillonite

Rasmiyya Mammadova!®, Sariyya Khudiyeva?, Gunay Suleymanova®
School of Engineering, Karabakh University, Khankendi, Azerbaijan
rasmiyyamammadova70@gmail.com

Abstract

The processing of polymer materials through various modification methods has resulted
in a substantial expansion of their application areas. Currently, the market offers a variety of
thermoplastic polymers, including polypropylene, polyethylene, and others. Among these,
polypropylene (PP) remains one of the most widely used polymers due to its low cost and
attractive properties, including stiffness, lightweight nature, and thermal and chemical stability.
This article presents the results of a study investigating the structural and thermal properties of
isotactic polypropylene nanocomposite samples modified with Na+ montmorillonite (MMT)
nanoclay. The effect of the volume fraction of Na+ (MMT) nanoclay on the structural and
thermal properties of PP+x vol. % Na+ (MMT) was studied by small angle neutronscattering
(SANS), differential scanning calorimetry (DSC). The study used differential scanning
calorimetry to demonstrate the effect of Na+ MMT addition on the changes in the melting and
crystallization temperatures, thermal stability, and degradation mechanism of sPP+x vol. %
Na+(MMT) nanocomposite. For this purpose, it was found that the concentration of
nanoparticles has a significant effect on the melting and crystallization kinetics of PP.

Keywords: Polypropylene, Na " Montmorillonite, Structure, Degree of Crystallinity,
Thermal Proporties

Introduction

This study investigates the effect of sodium montmorillonite (Na"MMT) incorporation on the
supramolecular structure, thermal behavior, and crystallization kinetics of isotactic
polypropylene (iPP) using a multi-method SAXS and DSC approach. Three complementary
analyses — low-q power-law, high-q broad-peak modeling, and one-dimensional correlation
function — were applied to neat iPP and a series of iPP + %Na*MMT composites (0—7 wt%
Na" MMT) [1-4].

Large-scale structure (low-q region, q<0.046 A")

For neat iPP, the low-q power-law exponent was p=4.07, indicating a diffuse interface (fuzzy
boundary) of large morphological entities such as spherulites. Upon Na-MMT addition, pp
decreased monotonically from 4.01 (2 %) to 3.78 (7 %), i.e. the surface fractal dimension Ds
=6—p increased from 2.00 to 2.22. This demonstrates that at low clay loadings the aggregate
interfaces remain relatively smooth, while higher loadings lead to progressive roughening due
to particle agglomeration.

Lamellar structure (high-q region, g>qpeak and correlation function)

For neat iPP, the broad-peak model applied to the high-qq region revealed a mass-fractal
structure with exponent p=1.48p=1.48 (fractal dimension Dn=1.48), indicating an open,
branched lamellar organization. The correlation function gave an average long period of
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7.83 nm, a crystalline lamellar thickness of 2.76 nm, an amorphous layer thickness of 5.07 nm,
an interphase thickness of 0.82 nm, and a local crystallinity of 35.2 %.

I{q), (a.u.)

sPP
- sPP+2% Na
sPP+3% Na
- sPP+5% Na
sPP+6% Na
= sPP+7% Na
Power_law_Gaussian fit

: I %
0,01 0,1 q, (A-1)

Figure 1. Log-log plots of Small-angle X-ray scattering (SAXS) data of iPP and iPP +% Na"
MMT polymer composite films .

Thermal analysis (DSC)

The melting temperature (Tm) increased from 138.6°C (0%) to 140.9°C (7 %). The
crystallization temperature (Tc) first rose from 97.4 °C to a maximum of 99.3 °C at 3 % and
then decreased to 96.9 °C at 7 %. Consequently, the supercooling degree (AT=Tm—T¢) initially
decreased from 41.2°C to 39.5°C (3%) and later increased to 44.0°C (7 %). This
non-monotonic behavior reflects the dual role of Na-MMT: at low loadings (<3 %) it acts as a
heterogeneous nucleating agent, facilitating chain ordering and reducing supercooling; at higher
loadings (> 5 %) particle agglomerates create a physical confinement effect that hinders chain
mobility, increasing supercooling.

Conclusion

The low-q power-law analysis captures the progressive roughening of large-scale structures
(spherulites/aggregates) with increasing Na-MMT content, in full agreement with the
DSC-derived transition from nucleation-dominated to confinement-dominated crystallization.
The high-q and correlation function results provide the detailed lamellar parameters of neat iPP,
while the composites exhibit a clear shift from mass to surface fractal behavior on both size
scales. This integrated SAXS/DSC approach offers a comprehensive framework for correlating
hierarchical structural changes — from the lamellar to the aggregate level — with the
crystallization kinetics and nucleation efficiency in iPP/clay nanocomposites, enabling tailored
design of their mechanical and barrier properties.
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Abstract

Modern medicine and agriculture rely heavily on antibiotics, yet their widespread use
results in significant concentrations ending up in wastewater, creating breeding grounds for
antibiotic-resistant genes (ARGs). Anaerobic digestion (AD) is a sustainable biological process
that converts organic waste into biogas while offering potential for pharmaceutical contaminant
removal. This review synthesizes findings from 15 peer-reviewed articles to examine how AD
influences the concentration and persistence of various antibiotic classes and their associated
resistance genes. The synthesis reveals that while AD can achieve high removal rates—up to
100% for specific sulfonamides—efficiency is highly variable and contingent on factors such
as temperature, antibiotic type, and the waste matrix. The review concludes that while AD is a
promising tool, it often requires integration with pre- or post-treatments to ensure complete
removal and mitigate public health risks associated with the land application of digestate.

Keywords: Anaerobic Digestion, Antibiotic Resistance Genes, Wastewater Treatment,
Antibiotic Degradation, Sustainability.

Introduction

Antibiotics are ubiquitous environmental contaminants, with wastewater treatment plants
serving as primary gateways for their release into ecosystems. Even at trace levels, these
compounds exert selective pressure on microbes, fueling the global surge of antimicrobial
resistance. Effectively removing these residues is a critical challenge for modern environmental
engineering. Anaerobic digestion, traditionally used for waste stabilization and renewable
energy production, is gaining attention for its ability to degrade pharmaceuticals. However, the
process is complex and influenced by the chemical structure of the antibiotic and the operational
parameters of the digester. This research provides a comprehensive review of existing literature
to outline AD's successes and limitations in addressing antibiotic pollution. The objective of
this work is to evaluate the technical performance of AD systems across different antibiotic
classes and identify the engineering variables that govern their environmental fate.

Research Method

To build this review, a systematic search for peer-reviewed research was conducted to gather
and analyze relevant literature. Fifteen core articles were selected to provide a diverse
perspective, covering various antibiotic classes, wastewater matrices, and experimental setups
ranging from laboratory-scale batch reactors to full-scale biogas plants. This approach captured
a wide array of insights regarding antibiotic breakdown pathways, ARG dynamics, and shifts
in microbial communities under varying operational conditions. The research emphasizes the
use of first-order kinetic models to evaluate degradation rates, typically expressed as:

L ——kC (1)
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where k represents the rate constant.

The following table summarizes the observed removal rates of extractable antibiotics from
the reviewed literature:

Table 1. Fate of antibiotics during anaerobic digestion of manure, wastewater, and sludge

Class Antibiotic Reactor typet Matrix Method ;E':::::l Reference
Sulfonamide sulfamethoxazole sequencing batch reactor, 35°C synthetic pharm.  spiked 37 Aydin et al. (2014)
wastewater
sulfamethoxazole batch reactor, 37°C swine manure spiked 99.9 Mohring et al. (2009)
sulfamerazine batch reactor, 37°C swine manure spiked 100 Mohring et al. (2009)
sulfadiazine batch reactor, 37°C swine manure spiked 99.9¢ Mohring et al. (2009)
sulfadimethoxine batch reactor, 37°C swine manure spiked 99.6 Mohring et al. (2009)
sulfamethoxypyridazine batch reactor, 37°C swine manure spiked 723 Mohring et al. (2009)
sulfathizaole batch reactor, 37°C swine manure spiked 0 Mohring et al. (2009)
sulfamethazine batch reactor, 37°C swine manure spiked ] Mohring et al. (2009)
sulfamethazine batch reactor, 37°C dairy manure + sludge spiked 0 Mitchell et al. (2013)
Tetracycline chlortetracycline batch reactor, 35°C beef calf manure  excreted 75% Arikan (2008)
chlortetracycline batch reactor, 35°C swine manure spiked 90-92 Alvarez et al. (2010)
chlortetracycline batch reactor, 22, 38, 55°C swine manure excreted 7,80,98 Varel etal. (2012)
oxytetracycline batch reactor, 35°C beef calf manure  excreted 59% Arikan et al. (2006)
oxytetracycline batch reactor, 35°C swine manure spiked 53-68 Alvarez et al. (2010)
Diaminopyrimidine trimethoprim batch reactor, 37°C swine manure spiked 100 Mohring et al. (2009)
Macrolide tylosin batch reactor, 37°C dairy manure + sludge spiked 100+ Mitchell et al. (2013)
erythromycin sequencing batch reactor, 35°C synthetic pharm.  spiked 40 Aydin et al. (2014)
wastewater
Amphenicol florfenicol batch reactor, 37°C dairy manure + sludge spiked 100+ Mitchell et al. (2013)
Penicillin ampicillin batch reactor, 37°C dairy manure + sludge spiked 100 Mitchell et al. (2013)

1 All studies were conducted on a laboratory scale.
# Persistent degradation products formed that may retain antimicrabial activity.

Conclusion

The synthesis of reviewed literature confirms that anaerobic digestion (AD) significantly
reduces antibiotic concentrations and the absolute abundance of many antibiotic-resistant genes
(ARGs). While sulfonamides and macrolides show high removal rates, tetracyclines remain
persistent, with reduction as low as 13% due to adsorption to solids via cation bridging with
metal ions like Ca 2+ and Mg 2+. Furthermore, degradation often leads to stable transformation
products that retain environmental persistence.

While AD offers the unique benefit of renewable energy production, it is not a complete
solution for antibiotic resistance. Engineering data suggests that transitioning from mesophilic
to thermophilic temperatures significantly improves removal rates. Ultimately, achieving
comprehensive removal depends on optimizing parameters like temperature and hydraulic
retention time or integrating sequential treatment trains to manage the resistance determinants
remaining in digestate applied to land.
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Abstract

Soils affected by armed conflict and severe disturbance often retain toxic metals, with
Pb?** remaining a priority contaminant due to its persistence and toxicity. In resource-limited
settings, computational pre-screening helps focus remediation efforts. We present a
reproducible, Python-native fragment-based DFT workflow in PySCF to prioritize functional
groups on ZIF-7 motifs for Pb** capture. Geometry optimizations and energetics were computed
at PBEO-D3(BJ)/def2-TZVP (def2-ECP for Pb), with sensitivity checks using ®B97X-D and
larger-basis single points. Binding energies were corrected using the Boys—Bernardi
counterpoise method, and Gibbs free energies (AG) were obtained from harmonic frequency
calculations at 298.15 K with standard-state correction (1 atm — 1 M). Hydration was modeled
via a cluster—continuum approach (4-8 explicit waters plus implicit solvent). Selectivity over
Ca?" and Mg** was evaluated through AAG comparisons, and pH effects were assessed using
thermodynamic-cycle pK. estimates. Top candidates were cross-validated with periodic
DFT/QM-MM checks and spin—orbit sensitivity tests. Scripts and processed data will be
publicly archived. Fragment-based rankings are presented as priorities for experimental
validation rather than absolute uptake predictions

Keywords: DFT; ZIF-7; Pb* Capture; Fragment Model; Soil Remediation

Introduction

Soils in post-conflict and heavily disturbed areas often retain toxic metals that block safe reuse;
Pb** is especially problematic because of its toxicity, strong coordination chemistry, and
persistence [1][2]. Metal-organic frameworks such as ZIF-7 offer tunable linker chemistry to
enhance selective Pb?*" capture, but exhaustive experimental screening is costly and often
impractical in resource-limited or hazardous settings [2]. Computational prescreening can
therefore prioritize promising functionalization, provided methods capture realistic physics.
Many prior studies omit important effects—BSSE, solvation/hydration, protonation equilibria,
entropic corrections, and relativistic terms—reducing reproducibility and experimental
relevance.

To address this, we implement a reproducible PySCF workflow that follows DFT best practices
while remaining tractable. Geometries and energetics use PBE0-D3(BJ)/def2-TZVP (def2-ECP
for Pb; LANL2DZ fallback), with Boys—Bernardi counterpoise BSSE corrections and
harmonic-frequency ZPE/thermal/entropic terms to yield AG (298.15 K; 1 atm — 1 M).
Sensitivity checks employ ®wB97X-D and larger bases. Hydration is modelled via a cluster—
continuum protocol (4-8 explicit waters + implicit solvent) [6]; pH-dependent protonation is
handled by DFT thermodynamic-cycle pK a estimates. Top hits receive periodic DFT/QM-
MM and spin—orbit cross-checks. All inputs and outputs are archived; results are reported as
relative rankings to guide targeted experimental validation rather than absolute uptake
predictions.
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Methodology

All electronic-structure calculations were performed with the PySCF package [3]. Primary
geometry sampling and production energetics used the hybrid PBEO functional with D3(BJ)
dispersion; B3LYP and ®B97X-D were used for sensitivity checks where stated. Light atoms
(H, C, N) were screened with def2-SVP and production single points employed def2-
TZVP/def2-TZVPP; Pb was treated with a small-core def2 effective-core potential and
matching valence basis (def2-TZVP + def2 ECP where available) and LANL2DZ was used as
an automated fallback [4]. SCF tolerances were tightened to AE < 1.0x107® Ha (maximum 200
cycles); default numerical grids were used unless noted. A coarse 1D Pb—N scan (1.9-3.2 A,
14 points) identified approximate coordination distances for subsequent optimizations; full
geometry optimizations and harmonic-frequency (ZPE + thermal/entropic) calculations were
performed for production candidates to obtain Gibbs free energies (AG at 298.15 K, including
the 1 atm — 1 M standard-state correction). BSSE was evaluated via the Boys—Bernardi
counterpoise procedure using fragment single points with ghost bases [5] (ghost mapping
implemented via gto.basis.load; ECPs were not assigned to ghost atoms); fragment ghost
energies were sanity-checked to be within a few mHartree of isolated fragment energies.
Counterpoise BSSE corrections were applied; initially anomalous outputs arising from ghost-
basis/ECP mapping were identified and corrected — full diagnostics, code snippets, and cross-
checks with alternative software are provided in the Supplementary Information Hydration was
modelled with a cluster—continuum approach (48 explicit first-shell waters embedded in an
SMD/CPCM-family implicit solvent). Selectivity metrics AAG(Pb—Ca) and AAG(Pb—Mg) and
pH-dependent protonation states (DFT thermodynamic-cycle pK. estimates) were computed
against consistent aqueous reference states.
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Figure 1.

For heavy-element robustness we used scalar-relativistic ECPs for Pb and performed targeted
spin—orbit sensitivity tests plus periodic DFT/QM-MM cross-checks (GGA-D relaxations with
hybrid single points) on top candidates. Energies are reported with and without BSSE
correction; MO eigenvalues are given in eV (1 Ha = 27.211386 eV). All PySCF inputs,
geometries, SCF logs, results, with exact Colab install commands are archived in the project
repository [7]. Because fragment models omit long-range framework polarization and pore-
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confinement, results are presented as relative rankings to prioritize experimental follow-up
rather than absolute uptake predictions.

Results and Discussion

Our fragment-level PySCF screening provides experimentally relevant results consistent with
the proposed workflow. A coarse Pb—N scan identified a minimum at Pb z = 2.40 A; single-
point PBEO energies (E Pb = —2.649764639 Ha, E ligand = —225.6753393645 Ha,
E complex = —228.4965031355 Ha) yield an uncorrected AE = —450.01 kJ-mol™. The
HOMO-LUMO gap (= 2.92 eV) and frontier orbital localization at the Pb—N site support
strong inner-sphere coordination.

Method validation was essential. An automated counterpoise initially produced an unphysical
CP (~1.28x10° kJ-mol™), traced to ghost-basis/ECP mapping errors; corrected CP gives BSSE
values of tens of kJ-mol™, weakening but not reversing AE. Experimentally relevant AG
values include harmonic (ZPE + thermal/entropic) corrections at 298.15 K (1 atm — 1 M),
explicit first-shell hydration (4—8 waters + implicit solvent), ®B97X-D sensitivity tests, scalar-
relativistic ECPs with spin—orbit checks, and periodic DFT/QM—-MM cross-validation. These
controls support the robustness of rankings and guide targeted experimental comparisons
(AAG(Pb—Ca), AAG(Pb—Mg), protonation states.
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Xiilasa

Miiasir astronomiya vo astrofizikada kosmik obyektlorin siirotinin vo dinamik
voziyyatinin toyin edilmosi ¢ox vaxt secilmis lokal istinad sistemindon (Yer, Giinos vo ya
Qalaktika morkozi) asili olaraq doyisir. Bu iso forqli miqyasli sistemlordoki obyektlori universal
sokildo miigayise etmayi cotinlogdirir. Bu tadqiqat isinde Kainatin oan qadim fon slialanmast
olan Kosmik Mikrodalgali Arxa Fon (CMB) miitloq istinad ndqtasi kimi gobul edilorok yeni bir
universal siirat indeksi toklif edilir. Magsad, forqli lokal siirotlori birlogdirarak obyektlorin
kosmik stikunot hoddino gors fozadaki hoqiqi dinamik statusunu toyin etmokdir. Toklif olunan
metodologiya obyektlori lokal qravitasiya sistemlorino bagliliq derocealorine gors iki
fundamental qrupa ayirir: kosmik axinla birgo horokot edon "lokal baglilar" vo universal
stikunot haddini agan "kosmik miistaqillor". Yekun natica olaraq, bu yanasma boyiik astronomik
molumat bazalarinda anomaliyalarin agkarlanmasi vo stirot datalarinin standartlagdirilmasi ti¢iin
effektiv, hesablana bilon bir ¢or¢iva togdim edir.

Acar sézlor: Kosmik Siirat Indeksi, Kosmik Mikrodalgali Arxa Fon, Universal Referans,
Dinamik Tasnifat, Astrostatistika

Giris

Hazirda kosmik fozada obyektlorin kinematik analizi nisbi xarakter dasiyir. Kosmosdaki
cisimlorin siiratini hesablarkon onlara on yaxin olan gdy cismi (planet vo ya ulduz) referans
noqtosi kimi qobul edilir. Lakin bu referans noqtolorinin 6zlori do davamli olaraq miirokkob
trayektoriyalar {izro horokot etdiyi {i¢iin universal vo obyektiv bir siirot anlayisinin aldo
olunmasinda mohdudiyyatlor yaranir. Bu tadqiqat isinin osas mogsadi forqli istinad sistemlori
sobabindon yaranan 6lgme asimmetriyasini aradan qaldirmaq ve biitiin obyektlor ti¢lin tok bir
miitloq istinad noqtosine  (CMB-y2) osaslanan vahid "Kosmik Siirot Indeksi"
formalasdirmaqdir. Todqigat isi {imumilikdo problemin qoyulusundan, toklif olunan riyazi
modelin izahindan vo real astronomik malumatlar tizorindoki naticalorin tohlilindon ibaratdir.

Tadqigat metodu

Qarstya qoyulmus universal tosnifat mosolosini holl etmok iiclin todqiqatda lokal
kinematik gostoricilor vektorial olaraq birlosdirilmis vo Kosmik Mikrodalgali Arxa Fona
(CMB) nisboton siikunot hoddi ¢ixilmisdir. Toklif olunan universal siirot indeksinin (V)
hesablanmasi {igiin toyin olunmus asas tonlik morkozlosdirilmis sokildo asagidaki kimi ifads
olunur:

— 2 2 2 _
V= \/vlokal + Vorbital + Usistem Ccmb (1)

Burada vigrar, Vorbital VO VsistemObyektin aid oldugu iyerarxik sistemlordoki lokal
stiratloridir. C¢ppiso sistemin (masolon, Giinos sisteminin) kosmik fon siialanmasina nozoron
“stikunot haddini” (toxminon 370 km/s) ifado edon sabitdir.

Bu hissodo yalniz modelin riyazi qurulusu va forqli siirot diapazonlarinda olan cisimlora
— mosalon, Saturn planeti vo S5-HVS1 ulduzu — totbiqi addimlari icra edilmisdir.
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Niimuns A: Saturn (Lokal Dinamik Bagliliq)

Saturn Giines sisteminin daxilinds stabil orbita malik olan bir planetdir.
Lokal siirot vgy: = 9.7 km/s(Giinogo goro)

Orbital komponent =~ 30 km/s

Sistem siirati vsys ~ 230km/s(Qalaktikaya goro)

Diisturun totbiqi:

V = 1/9.72 + 302 + 2302 — 370
Notica:
V =~ —140km/s

Analiz: Noticonin monfi ¢ixmast Saturnun kosmik miqyasda holo do “Lokal Qofas”
daxilinds oldugunu vo Giinos sisteminin bir hissosi kimi horokot etdiyini gdstorir. O, dinamik
baximdan miistaqil deyil, sistema baglhdir.

Niimuno B: S5-HVSI1. Bu ulduz Siid Y olu qalaktikasinin moarkozindon ¢ox yiiksok siiratlo
konara atilmis hiper-siiratli ulduzdur.

Lokal siirot v,y = 1700 km/s

Diisturun totbiqi:

V = /17002 + 2302 — 370
Natica:
V =~ +1344km/s
Natica

Aparilan todqiqat vo hesablamalar gostorir ki, toklif olunan tenlik obyektlori sadace
stiratlorino goro deyil, dinamik bagliliq doracolorine gors ugurla tosnif edir. Noticolora asason
obyektlor iki osas sinfo boliiniir:

e V<0 (Lokal Baglilar): Horokot enerjisi kainatin imumi axinina (CMB dipoluna) galib
galo bilmayon, 6z qravitasiya sistemlorindon asili qalan cisimlor (mosalon, planetlor vo
adi ulduzlar).

e V >0 (Kosmik Miistoqillor): Kosmik siikunot baryerini asan vo lokal sistemlordon
ayrilaraq miistoqil universal horokot niimayis etdiron obyektlor (mosalon, hiper-siiratli
qacaq ulduzlar).

Bu metodologiya, xiisusilo boyiik molumat (Big Data) bazalarinda c¢alisan astrostatistika
mitoxassislori liglin  qalaktikalararas1 soyahot edon anomaliyalarin saniyslor icindo
askarlanmasi sahosindo miithiim somoralilik vo elmi {istiinliik togdim edir.
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Abstract

This paper investigates the application of Singular Value Decomposition (SVD), a
foundational technique in linear algebra, to the domain of digital image processing. As modern
engineering systems increasingly demand efficient handling of large-scale visual data, a
mathematically rigorous approach to image compression and feature extraction becomes
indispensable. SVD decomposes an image matrix A into three constituent matrices — U, X, and
VT — where U and VT are orthogonal matrices and X is a diagonal matrix of singular values
ordered by magnitude. By retaining only the k largest singular values and discarding the rest, a
low-rank approximation Ay is obtained that preserves the most structurally significant
information. This truncation simultaneously reduces storage requirements and suppresses noise.
Experimental evaluation was conducted on a standard 512 x 512 grayscale image. Results show
that retaining k = 50 singular values achieves approximately 90% reconstruction fidelity while
reducing storage by up to 80% compared to the original representation. The relative
approximation error, measured as IA — AilF / IAIF, decreases rapidly with increasing k,
confirming the energy-compaction property of SVD. Furthermore, the energy retention metric
E(k) = Zi-i* 0 / Zi=1" 0 demonstrates that the bulk of image information is concentrated in a
small fraction of singular values. Beyond compression, SVD-based feature extraction holds
strong potential for facial recognition and object detection pipelines. The findings confirm that
SVD is a powerful, mathematically transparent tool for reducing data dimensionality without
significant perceptual loss, with broad applicability in Al and real-time image processing
systems.

Keywords: Singular Value Decomposition, Image Compression, Linear Algebra, Data
Reduction, Feature Extraction.

Introduction

In the era of Big Data and artificial intelligence, the ability to process and store large volumes
of visual information efficiently is a core engineering requirement. Singular Value
Decomposition (SVD) provides a mathematically rigorous bridge between abstract linear
algebra and practical computer vision, making it a key topic for students of Mathematical
Foundations of Informatics.

Although numerous compression techniques exist — including discrete cosine transform
(DCT) and wavelet-based methods — SVD offers unique advantages in terms of analytical
transparency and direct interpretability of the rank-reduction process. Existing literature
demonstrates SVD’s effectiveness in noise filtering and dimensionality reduction, yet its
quantitative trade-offs between rank k, storage cost, and reconstruction fidelity remain worth
examining explicitly.

This study examines the mathematical representation of an image as a matrix A = UXVT and
derives practical compression metrics from the decomposition. Experiments are conducted on
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a 512 x 512 grayscale image to quantify how different values of k affect visual quality and
storage efficiency.

The paper is organised as follows: the Research Methodology section presents the mathematical
framework and derived formulas; the Results section reports experimental outcomes; the
Conclusion summarises findings and outlines directions for future work on real-time SVD
applications.

Research Methodology

The core methodology is based on Singular Value Decomposition of an image represented as a
real matrix A of size m x n. The decomposition is defined as:

A=UZVT (1)

where U € Rm™m and V € R™» are orthogonal matrices, and ¥ € R™ is a diagonal matrix whose
entries 61 > 62 > ... > ¢, > 0 are the singular values of A. To achieve compression, the original
matrix is approximated by retaining only the k largest singular values:

Ak = UkaVkT (2)

where Uy, Zk, VT are formed by retaining only the first k columns/rows. The storage cost of
this approximation is k(m + n + 1), compared to m x n for the full matrix. The compression
ratio is therefore:

r=k(m+n+1)/(mxn) (3)
Reconstruction fidelity is measured by the relative Frobenius-norm error:
(k) =IA — AJF /IAIF =61 / o1 (4)
Finally, the fraction of total image energy retained by the rank-k approximation is:
E(k) = Sk 02/ S 62 (5)

The experimental pipeline was implemented in Python (NumPy). A 512 x 512 grayscale image
was decomposed using numpy.linalg.svd, and reconstructions were generated for k € {5, 10,
20, 50, 100}. Metrics r, g(k), and E(k) were computed for each rank to provide a quantitative
compression—quality trade-off profile.

Results

Table 1 summarises the compression ratio r, relative reconstruction error g(k), and energy
retention E(k) for rank-k approximations of a standard 512 % 512 grayscale image across five
representative values of k.

Table 1. SVD compression metrics for a 512 x 512 grayscale image.

k Compression ratio r Reconstruction error g(k) Energy retained E(k)
5 0.020 0.45 55%

10 0.039 0.30 72%

20 0.078 0.18 83%

50 0.195 0.09 91%

100 0.390 0.05 96%

The results reveal a clear inflection point around k = 50, where energy retention crosses 90%
while the compression ratio remains below 0.20. For k <20, storage savings are substantial but
reconstruction error exceeds 0.18, which introduces perceptible visual artefacts. Beyond k =
50, gains in fidelity diminish rapidly: increasing k from 50 to 100 reduces g(k) by only 0.04
while doubling storage cost. This confirms that the first 50 singular values encode the dominant
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structural content of the image, while higher-rank components contribute primarily noise and
fine detail.

These quantitative findings are consistent with the energy-compaction property of SVD: a small
fraction of singular values — fewer than 10% of the total 512 — captures over 90% of the
image energy. This property makes SVD particularly attractive for bandwidth-constrained
transmission and real-time processing applications.

Conclusion

The experimental results confirm the efficiency of SVD-based compression for engineering
data transmission. For a standard 512 x 512 grayscale image, retaining k = 50 singular values
(formula 2) preserves approximately 90% of visual information as measured by E(k) (formula
5), while achieving an 80% reduction in storage according to the compression ratio r (formula
3). The relative reconstruction error (k) (formula 4) drops below 0.10 at k = 50, confirming
that the dominant singular values encode the structurally significant image content.

These findings demonstrate that SVD is a mathematically transparent and computationally
effective tool for lossy image compression. Future work will focus on extending the framework
to colour images via per-channel decomposition, integrating SVD-based feature vectors into
recognition pipelines, and investigating real-time computational efficiency through randomised
SVD algorithms.
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Abstract

The precise characterization of thermal propagation in biological tissues is fundamental
to the advancement of medical interventions such as hyperthermia, cryoablation, and laser-
guided surgeries. This research justifies the adoption of the Network Simulation Method (NSM)
as a superior numerical framework for solving non-linear parabolic bioheat equations in
heterogeneous, multi-layered physiological domains. The study focuses on the thermal
response of human skin—comprising the epidermis, dermis, hypodermis, muscle, and localized
tumor regions—under conditions where blood perfusion and metabolic heat generation exhibit
significant temperature dependency. By transforming the governing Pennes bioheat equation
into an equivalent electrical network, this work circumvents the computational bottlenecks
associated with traditional iterative finite-difference and finite-element solvers. The
methodology involves the spatial discretization of the tissue domain into elemental cells, where
thermal resistance and capacitance are mapped to electrical counterparts, and non-linear
physiological sources are modeled using behavioral voltage-controlled current sources. The
results demonstrate that the Network Simulation Method provides an unconditionally stable
solution with a relative error of less than 1% compared to analytical benchmarks, while
significantly enhancing the speed of simulation for complex, transient thermal scenarios. This
study concludes that the integration of circuit-based modeling into biomedical engineering
provides a robust and scalable tool for patient-specific treatment planning and real-time thermal
monitoring.

Keywords: Bioheat Transfer, Network Simulation Method, Non-linear Parabolic
Equations, Multi-layer Tissue, Thermal Medicine.

Introduction

The intersection of thermodynamics and physiology has emerged as a critical frontier in modern
medicine, particularly in the context of oncological treatment and surgical precision. Bioheat
transfer—the study of energy exchange within living systems—governs the efficacy of thermal
therapies that seek to manipulate tissue temperature for therapeutic outcomes. The clinical
relevance of this field is anchored in its application to hyperthermia, where tumors are heated
to ranges between 43°C and 57°C to induce cellular necrosis, and cryosurgery, which utilizes
extreme sub-zero temperatures to ablate malignant masses. In these procedures, the ability to
predict the spatiotemporal temperature distribution is not merely an academic exercise but a
safety requirement; insufficient heating fails to eradicate the tumor, while excessive heat leads
to irreversible damage to surrounding healthy structures.\

This research is dedicated to the implementation and validation of the Network Simulation
Method as a robust alternative for solving non-linear parabolic bioheat equations in multi-
layered tissues. The primary objective is to develop a unified modeling framework that can
accommodate the discrete properties of a 5-layer skin model while simultaneously handling the
non-linear, temperature-dependent nature of blood perfusion and metabolism. The novelty of
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this work resides in the application of the electrical analogy principle, where the physical heat
transfer process is mapped onto an equivalent circuit solved by high-performance circuit
simulators like PSpice or NGSpice.

The Governing Parabolic Equations

The mathematical description of heat transfer in biological media is dominated by the parabolic-
type Pennes bioheat equation. This equation represents a specific adaptation of the classical
heat conduction equation, incorporating the influence of blood flow and metabolism as internal
heat sources and sinks. The general form of the equation in a one-dimensional (1D) Cartesian
system is expressed as follows:

T (x;t)

(k(x; t) ox ) + wp (T)pbcb(Ta —T(x; t)) + Qmet(T) + Qext (x; 1) (1)

In this formulation, T (x, t) is the spatial and temporal distribution of temperature. The term on
the left-hand side represents the rate of thermal energy storage, where p is the tissue density
and c is the specific heat capacity. The first term on the right-hand side represents heat
conduction based on Fourier's law, characterized by the thermal conductivity k, which may
vary with tissue depth or local temperature.

The second term, wy, (T)pp,Cpy (Ta - T(x; t)), is the perfusion term, which accounts for the heat
exchange between the micro-vascular blood flow and the surrounding tissue. Here, w,, is the
volumetric blood perfusion rate, and p;,, and c; are the density and specific heat of the blood,
respectively. T, is the temperature of the arterial blood entering the tissue, generally assumed
to be the core body temperature of 37°C (310.15 K). The metabolic heat generation Q,,., and
the external heat source Q.,; (such as laser or microwave energy deposition) represent
additional power inputs into the system

oT(x;t) _ @
at  ox

Conclusion

The numerical analysis conducted in this study provides strong evidence for the efficacy of the
Network Simulation Method in modeling non-linear bioheat transfer within complex, multi-
layered biological tissues. By utilizing the electrical-thermal analogy, this research successfully
resolved the parabolic Pennes bioheat equation while naturally incorporating the non-linear,
temperature-dependent behaviors of blood perfusion and metabolic thermogenesis. The study
demonstrated that the S5-layer skin model, when integrated into a circuit simulation
environment, offers a robust and accurate representation of thermal dynamics, effectively
capturing the insulating effects of the hypodermis and the hyper-metabolic response of
malignant tumors.

Furthermore, the results highlight the diagnostic potential of bioheat modeling. The ability of
NSM to simulate surface temperature signatures based on tumor depth and vascularity provides
a theoretical foundation for improving the sensitivity of infrared thermography. As medical
science moves toward more integrated and non-invasive technologies, the Network Simulation
Method stands out as a versatile, scalable, and computationally efficient tool. Future
developments in this area should focus on extending this framework to 3D anatomical
reconstructions and incorporating non-Fourier effects, such as thermal relaxation times, to
further enhance the realism of bio-thermal simulations.
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Xiilasa

Hematoloji analizatorlar klinik laboratoriyalarda pasiyentlorin qan niimunslorinin
analizini avtomatik hoyata keciron, hiiceyro sayimi, leukosit differensasiyasi, hematokrit vo
hemoglobin saviyyalarinin dl¢iilmasi kimi gdstaricilari qisa zamanda taqdim edon aparatlardir.
Hayat ii¢lin vacib bu parametrlorin doqiq 6lgiilmasi, klinik naticolorin etibarliliginin tomini
bilavasits hematoloji analizator cihazlarin texniki voziyyastindon asilidir. Bu monada hematoloji
analizatorlainr kalibrovkasi, texniki xidmaotinin diizgiin aparilmasi vo keyfiyyoto nozarotin
tomin edilmosi klinik diagnostikanin  aktualliq toskil edon maosololorindondir. Maqalads
hematoloji analizatorlarin qurulusu, is prinsipi, texniki servis prosedurlar1 vo keyfiyyato nozarot
mexanizmlori sorh edilmis, onlarin mexaniki, elektron vo maye idaroetmo sistemlori analiz
edilmisdir. Bu arasdirmalar osasinda homin mexanizm va sistemlorin laboratoriya analizlorinin
doqiqliyins tasiri qiymatlondirilmisdir. Miiasir analizatorlarda 6l¢gma prosesinin asasinda duran
lic osas metod: elektrik impedans metodu, axin sitometriyasi - lazer optik 6lgmo sistemi vo
fotometrik hemoglobin 6lgmo metodu tohlil edilmisdir. Analizatorun CBC vo Diff analiz
modullarmin stabil vo doqiq islomasini tomin etmok maqsadils ehtiyat hissalorinin voziyyastinin
yoxlanilmasi, zoruri hallarda onlarin dayisdirilmasi prosedurlarina baxilmis vo har iki modulda
(CBC va Diff) dlgmo sabitliyi £1% aralifinda tomin edilmisdir. Hematoloji analizatorun
kalibrovkas1 va keyfiyyato nozaratinds beynalxalq standartlara vo keyfiyyaot sistemlorins istinad
edilmigdir: ISO 15189 CLSI H20-A2.

Acar sozlor: Keyfiyyoto Nozarot vo Standartlagdirma, Hematoloji Analizator. Elektrik
Impedans Metodu

Giris

Miiasir laborator tibbi diaqnostikada hematoloji analizatorlar pasiyentlorin qan
niimunalorinin avtomatik vo doqiq analizini tomin edon osas cihazlardandir. Klinik
laboratoriyalarda bu cihazlar hiiceyro sayimi, leukosit differensasiyasi, hematokrit vo
hemoglobin soviyyslorinin 6l¢iilmosi kimi gostaricilori qisa zamanda toqdim edir [1, 2]. Bu
sobabdon hematoloji analizator cihazlarin kalibrovkasi, texniki xidmetinin diizgiin aparilmasi
vo keyfiyyoto nozarot klinik naoticolorin etibarliligini1 tomin edon vacib vo hor zaman aktualliq
toskil edon mosalalordir. Analizatorun mexaniki (slanglar, klapanlar, pompalar), optik (laser,
detektor), elektrik va proqram tominati hissolorinin istonilon nasazlig1 va ya kalibrovka sapmasi
analiz noticolorino bilavasito tosir edir. Buna goro do hematoloji analizatorlarin
standartlagdirilmast vo keyfiyyat nozarati sistemlorinin iglonmosi laborator miihandisliyinda
miithiim elmi-praktik ohomiyyat dasiyir. Togdim olunan isin moagsadi hematoloji analizatorlarin
texniki sazligina vo Olgma naticalorinin etibarlilifina tosir edon amillorin aragdirilmasi,
kalibrovka, texniki xidmaot vo standartlagdirma prosedurlarinin 6yronilmosindon ibarotdir.
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Tadqigat metodu

Hematoloji analizatorlarda 6lgmo proseslori osason ii¢ osas fiziki prinsips osaslanir: a)
Elektrik impedans metodu (Coulter prinsipi), b) axin sitometriyasi vo lazer optik 6lgmo
sistemi vo ¢) fotometrik hemoglobin 6l¢gmoa metodu. Bu metodlarin kombinasiyasi analizatorun
ylksok doqiqliklo va siiratlo islomosini tomin edir.

Elektrik impedans metodu hematoloji analizatorlarda eritrosit vo trombositlorin sayilmasi
ticlin genis istifado olunan tisuldur. Bu prinsipa goro gan niimunasi elektrolit mohlulu ilo
qarigdirilir, mohlul iki torofinds elektrodlar yerlogdirilmis 6l¢mo kanalindan - aperturdan kegir.
Hor bir hiiceyro aperturdan kegorkon elektrik miiqavimotindo qisa miiddatli doyisiklik yaradir.
Bu doyisiklik elektrik impulsu soklindo qeydo alinir. Bu iisul RBC (eritrosit say1), PLT
(trombosit say1) vo MCV (eritrositlorin orta hocmi) kimi parametrlorin 6l¢lilmasindo istifado
olunur.

Miiasir 5 diff hematoloji hematoloji analizatorda (5-part differential hematology
analyzer) leykositlorin diferensial analizi axin  sitometriyasi va lazer optik sistemi ils aparilir
[2]. Bu sistem asagidaki prinsipla isloyir: a) Hiiceyralor hidrodinamik fokuslama ila tok-tok axin
halina gotirilir, b) Hiiceyralor lazer siiasindan kegir, ¢) Hiiceyro lazerlo qarsiligh tasira girorok
15181 miixtalif istigamotlordo sopoloyir. Hiiceyralorin lazer siiasi ilo garsiliql tosiri naticosindo
yaranan sapalmao signallari Flow Cell 6lgma modulunun fotodetektorlari torafindon qeyds alinir
vo analiz proqrami torofindon emal olunur.  Detektorlar asagidaki signallari 6lgiir: a) Forward
Scatter (FSC) — hiiceyra 0l¢iisii, b) Side Scatter (SSC) — hiiceyronin daxili strukturu, c)
Fluorescence — hiiceyra torkibi.Bu molumatlara osason leykositlor ayird edilir.

Hemoglobin 6l¢iilmasi analizatorlarda fotometrik metod vasitosilo aparilir. WBC (White
Blood Cells) vo HGB ( Hemoglobin) dlgmaolori xiisusi 6l¢gmo kameralarinda hoyata kegirilir.
WBC kanalinda eritrositlor lizis reagentinin tosiri ilo parcalanir vo yalniz leykositlor 6l¢iiliir.
HGB kamerasinda iso eritrositlorin lizisi noticosindo sorbost gqalan hemoglobin fotometrik
isulla 6l¢iiliir. Bu kameralar optik vo elektrokimyovi sensor sistemlori ilo tochiz olunmusdur.Bu
zaman asagidaki prosedurlar hoyata kegirilir: a) Eritrositlor lizis reagentinin tosiri ilo pargalanir,
b) Hemoglobin stabil kompleks formaya ¢evrilir, ¢c) Mohluldan kegon is1q stiasinin udulmast
Olciiliir. Spektrofotometrik 6lgma noticasindo hemoglobin konsentrasiyasi hesablanir vo MCV
(mean corpuscular volume), MCH (mean corpuscular hemoglobin), MCHC (mean corpuscular
hemoglobin concentration) kimi parametrlor toyin edilir.

Hematoloji analizatorun texniki sazligia vo 6lgma naticolorinin etibarliligina tasir edon
amillorin arasdirilmasi, kalibrovka vo texniki xidmat liclin asagidaki praktiki tisullardan istifado
edilmigdir: a) analizatorun CBC va DIFF modlariin kalibrovkasi va yoxlanilmasi har parametr
izra nozarat nlimunolorindon istifado edorak yerina yetirilmisdir, b)Flowcell ehtiyat hissasinin
dayisdirilmasi va optik xottin yenilonmasi, c) torpaqlanma sisteminin yoxlanilmasi va elektrik
potensialinin naticolors tosirinin texniki qiymatlondirilmoasi, d) PLT elektrodun doyisdirilmosi
va ciit impedans Olgmo sisteminin balanslasdirilmasi, e) slanglar, izolyasiya kameralar1 vo
klapanlarin yenilonmasi vo tomizlonmosi, f) pump sisteminin islokliyinin yoxlanilmasi vo
dayisdirilma proseduru, g) IQC va EQC analizlori — cihazin gilindslik vo xarici keyfiyyato
nozarat testlorinin aparilmasi, h) niimuno iynosinin tonzimlonmosi vo tomizlonma prosesi,
sistemin sterilliyinin tomin edilmosi. Hematoloji analizatorun kalibrovkasi vo keyfiyyoto
nozaratindo beynolxalq keyfiyyot sistemloring istinad edilmisdir: ISO 15189 [3] vo CLSI H20-
A2 [4,5].

Notico

Aparilan todqigat vo praktiki islor noticosindo 5 DIFF hematoloji analizatorlarin qurulusu,
1§ prinsipi, texniki servis prosedurlar1 vo keyfiyyoto nozarot mexanizmlori tohlil edilmisdir.
Analizatorun mexaniki, elektron idarsetma sistemlori analiz edilmis vo onlarin laboratoriya
analizlorinin doqiqliyina tosiri gqiymotlondirilmisdir. Hematoloji analizatorun texniki servis vo
kalibrovka prosedurlari tohlil edilmis, cihazin diizgilin islomasi {i¢iin tolob olunan asas texniki
todbirlor hoyata kegirilmisdir. Bu proses zamani cihazin miixtolif modullarinin, xiisusilo CBC

210



“Galacayin miihondisi” Talobalarin I Elmi-Texniki Konfranst

vo Diff analiz modullarinin stabil vo doqiq islomosini tomin edon elementlorin voziyyastinin
yoxlanilmasi metodlar1 aragdirilmis, onlarin doyisdirilmasinin  zoruriliyi hallar qeyd
olunmusdur. Hor iki modulda (CBC va Diff) 6lgms sabitliyi +1% araliginda tomin edilmisdir.
Eyni zamanda cihazin elektrik vo elektron idareetmo sistemlori test edilmis, miimkiin
nasazliglarin qarsisini almagq tigiin profilaktik texniki tadbirlor toklif olunmusdur.Flowcell
6lemo modulu test edilmis vo doyisdirildikdon sonra WBC vo PLT kanallarinda signal sos-kiiy
saviyyasi 20-25% azalmisdir.
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Abstract

This research systematically investigates the structural, dielectric, and thermal properties
of'silicon carbide/polystyrene (SiC/PS) nanocomposites with filler concentrations ranging from
1% to 10%. The study is motivated by the increasing demand for advanced composite materials
that combine the superior thermal conductivity and mechanical strength of silicon carbide
nanotubes with the versatility of polystyrene for applications in optoelectronics and thermal
management. Structural characterization through scanning electron microscopy and X-ray
diffraction confirmed the successful synthesis of 1D semi-twisted silicon carbide nanotubes and
their uniform integration into the amorphous polymer matrix. Dielectric measurements
indicated that the incorporation of silicon carbide progressively increases low-frequency
dielectric loss, primarily attributed to Maxwell-Wagner—Sillar interfacial polarization.
Furthermore, alternating current conductivity transitions from polymer-dominated behavior to
enhanced conduction via hopping and tunneling mechanisms as filler concentration increases.
Thermal analysis revealed that the glass transition temperature reaches a maximum at 2%
silicon carbide loading, while the composite with 7% loading exhibits the highest overall
thermal endurance. For the first time, degradation kinetics were analyzed using the Coats—
Redfern method, showing a decrease in activation energy with higher filler content. These
results conclude that SiC/PS nanocomposites are highly effective candidates for thermally
stable electronic components and high-performance optoelectronic devices.

Keywords: Silicon Carbide, Polystyrene, Dielectric Properties, Thermal Stability,
Degradation Kinetics.

Introduction

Composite materials based on inorganic nanostructures dispersed in polymer matrices are
widely studied due to their tunable physical and thermal properties. Among ceramic fillers,
silicon carbide (SiC) is particularly attractive because of its high mechanical strength, chemical
stability, and excellent thermal conductivity. In contrast, polystyrene (PS), although widely
used, suffers from low thermal conductivity and inherent brittleness. Incorporation of SiC into
PS offers an effective route to overcome these limitations, making SiC/PS composites
promising for thermal management and optoelectronic applications.

Despite extensive research on polymer nanocomposites, a systematic investigation of the effect
of SiC concentration (1-10%) on degradation kinetics remains limited, especially using the
Coats—Redfern method. Previous studies emphasize structural and thermal characterization [2],
while detailed kinetic analysis of SiC/PS systems still requires further clarification.
Understanding thermal degradation behavior is essential for predicting long-term material
performance in electronic applications [5].

In this work, SiC/PS nanocomposites were synthesized via a solution-casting method using 1D
SiC nanotubes. Structural properties were analyzed by SEM and XRD, while thermal behavior
was studied using TGA and DSC techniques. Additionally, degradation kinetics were evaluated
using the Coats—Redfern method to determine activation energy and related parameters [5].
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The paper is organized as follows: synthesis and preparation are presented first, followed by
structural analysis, dielectric properties, and thermal/kinetic evaluation, concluding with the
assessment of application potential.

Research Method

In this study, SiC/PS nanocomposites with different filler concentrations (1-10 wt.%) were
synthesized using a solution-casting method. Polystyrene (PS) was dissolved in toluene under
continuous stirring at 100 °C, while SiC nanostructures were separately dispersed in toluene
using mechanical mixing and ultrasonic treatment to ensure homogeneous distribution. The
prepared SiC suspension was then added to the PS solution and further stirred to obtain a
uniform composite system. The final mixtures were cast into Petri dishes, dried at room
temperature, and hot-pressed at 160 °C to obtain solid samples. Structural characterization was
carried out using X-ray diffraction (XRD) and scanning electron microscopy (SEM) to evaluate
phase composition and morphology. Thermal properties were investigated by
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) under a
nitrogen atmosphere at a heating rate of 20 °C/min. Dielectric properties and AC conductivity
were measured under an alternating electric field to analyze polarization and charge transport
mechanisms.

The thermal degradation kinetics were studied using the Coats—Redfern method, which allows
determination of activation energy and related parameters from TGA data [5]. The temperature
dependence of the reaction rate constant is expressed as:

K(T)=Aexp(—-2) (1)

where A is the pre-exponential factor, Ea is the activation energy, R is the universal gas
constant, and T is the absolute temperature. This approach is widely applied for evaluating
polymer degradation behavior and kinetic parameters [2], while complementary optical and
structural characterization techniques are discussed in related studies [3,4].
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Figure 1. E(a) curves of pure PS and PS+SiC nanocomposites
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Results

The results show that adding SiC significantly modifies the properties of PS.

XRD and SEM confirm successful incorporation and good dispersion of SiC in the polymer
matrix. Dielectric measurements indicate that dielectric loss increases from ~0.01-0.02 (pure
PS) to ~0.12-0.15 at high SiC content due to interfacial polarization and formation of
conductive paths. AC conductivity also increases, showing a transition to hopping/tunneling
conduction mechanisms [2].

Thermal analysis reveals that Tg reaches a maximum at 2% SiC, while the best overall thermal
stability is observed at 7% SiC. At 10%, structural heterogeneity appears.

Kinetic analysis (Coats—Redfern) shows a decrease in activation energy with increasing SiC
(288 — 194 kJ/mol), indicating changes in degradation mechanism, while Gibbs free energy
remains nearly unchanged [5].

The optimal performance is achieved at 5-7% SiC, combining improved dielectric and thermal
properties [2-5].
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Xiilasa

Nanotexnologiyalarin neft-qaz quyularinin qazilmasi va istismar morholalorinds totbiqi
lay kollektorunun filtrasiya xiisusiyyatlorinin qorunmasi vo quyudibi zonanin hidrodinamik
somaraliliyinin artirilmasi ti¢iin mithiim texnoloji istlinliiklor yaradir. Nanodl¢iilii hissaciklor
osasinda hazirlanmis gazma mohlullar1 kollektor masamalorinin filtratla ¢irklonmaosini azaldir,
stixur sathinde nazik qoruyucu filtr qabig1 omolo gotirir vo gil minerallart ilo zongin laylarda
quyudivar stabilliyini tomin edir. Nanohissociklor gazma mohlullarinin reoloji xassolorini
yaxsilasdirir, slixur hissaciklorinin sotho daginmasini artirir, hidravlik itkilori azaldir vo yiiksok
temperatur-tozyiq soraitindo struktur sabitliyini qoruyur. Istismar morholosinda nanohissaciklor
stixur sothindo ¢okmalarin dispersiyasini zoifladir, mosama kanallarinda tutulmani azaldir vo
filtrasiya miigavimotini asagi salir. Bu proses lay-quyu hidrodinamik olagosini giiclondirir vo
maye paylanmasini optimallasdirir. Azarbaycan yataqlarinda gil torkibli qumdasi va karbonat
stixurlari, yiiksok minerallagmis lay sular1 soraitindo nanotexnologiyalarin totbiqi quyudibi
kegiriciliyinin ~ barpasina, olave hidravlik miigavimetin azalmasina va quyularin
mohsuldarliginin  artirilmasina imkan verir. Aparilan todqigatlar gOstormisdir ki,
nanotexnologiyanin tatbiqi neft hasilatini 2,0-2,5 dafa artirr, enerji sorfiyyatint 15% azaldir vo
quyulardan ¢ixarilan mayedo suyun miqdarin1 18-24% azaldir.

Acgar sozlor: Nanotexnologiya, Neft-Qaz Quyulari, Nanohissociklor, Filtrasiya,
Hidrodinamika

Giris

Neft-qaz sonayesindo quyularin somorali istismari {igiin lay kollektorlarinin filtrasiya
xlisusiyyotlorinin  qorunmast  vo  hidrodinamik  somorsliliyin  artirilmasi1  vacibdir.
Nanotexnologiyalar qazma va istismar marhalslorinds bu problemlarin holline imkan verir.
Nanodl¢iilii hissociklor gazma mohlullarinda mosamoli miihitin qorunmasini tomin edir, gil
sismoasini vo dispersiyan1 azaldir, mexaniki qeyri-sabitliyi minimuma endirir. Istismar zamani
nanohissociklor stixur sothindo ¢okmaoni zoaiflodorok filtrasiya miiqavimotini azaldir vo maye
paylanmasini optimallagdirir. Azorbaycan yataqlarinda uzun miiddet istismar olunmus vo agagi
mohsuldarliga malik quyular var. Nanotexnologiyanin totbiqi ilo gqaliq neftin ¢ixarilmasi vo
enerji sorfiyyatinin optimallagdirilmas: tomin edilo bilor. Todqiqatlar gdstorir ki,
nanotexnologiya quyularin mahsuldarligini artirir vo siixur-maye qarsiligh tesirini yaxsilasdirir,
olavo hidravlik miiqavimoti azaldir.Neft komorlorinds korroziya osason H.S sobabindon
yaranir. Nanostrukturlu bakterisid-ingibitorlar (masalon, mis nanohissacikli kompozisiyalar)
bakteriyalarin inkisafini mohdudlasdiraraq korroziyant 80-91% azaldir. Polimer osasl
nanomateriallar borularin daxili divarinda istiliyo davamli vo hoall olmayan qoruyucu
nanodrtiiklor yaradir, hidravlik miigavimoti azaldir vo maye noqlini artirir. Nanostrukturlu
tamponaj mohlullar1 boru-sement yapigsmasini giiclondirir, komor arxasinda korroziya riskini
azaldir vo metalin miixtolif aqressiv mohlullar torafindon zodolonmosini minimuma endirir.Bu
texnologiyalar quyudaxili avadanliglarin vo komorlorin istismar miiddotini uzadir, tomir
xorclorini azaldir va yiiksok iqtisadi somors tomin edir.
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Tadqigat metodu

Tadgiqatda nanodlg¢iilii silisium vo metal oksid hissociklori osasinda qazma mohlullart
va istismar marholasi {i¢lin nanoinhibitor sistemlar istifado olunmusdur. Hissaciklor 10—-100 nm
Olciidodir vo soth enerjisi slixur-maye qarsiligl tosirini optimallagdirmaq ii¢lin xiisusi olaraq
modifikasiya edilmisdir. Qazma prosesindo nanohissaciklorin mosamolora niifuzetmasi,
filtratin c¢irklonmoya qarst qorunmasi vo mexaniki stabillik laborator vo saha soraitindo test
edilmisdir. Istismar morholosindo nanohissociklorin siixur sothindo adsorbsiya vo mosamo
kanallarinda tutulma proseslori miisahido olunmus, qazma itkilori, filtrasiya miiqavimati, debet
vo maye paylanmasi ilo qiymotlondirilmisdir.Nanotexnologiyalarin totbiqi neft-qaz quyularinin
gazilmasi vo istismarinda miithiim texnoloji iistiinliiklor tomin edir. Nanodlgiilii hissaciklor
gazma prosesinin etibarliligini artirir, kollektorun zodolonmo riskini azaldir vo lay-quyu
hidrodinamik slaqasini optimallagdirir. Azerbaycanda gil torkibli qumdasi vo karbonat siixurlar,
homg¢inin yiiksok minerallasmis lay sular1 soraitindo nanotexnologiyalar enerji sorfiyyatini
azaldir, mohsuldarlig1 artirir vo quyularin istismar miiddstini uzadir. Metal nanohissaciklor
(masolon, Cu va Al) neftin 6zliiliikk omsalin1 asagi salaraq onun harokatliliyini artirir vo boru
komorlari ilo naqlini asanlasdirir. Polimer nanokompozitlor neftin sothi gorilmosini azaldir,
fazalararas1 gorilmoni minimuma endirir vo neftin siixur mosamolorindo sorbast horokotini
tomin edir. Neftvermonin artirilmast (EOR) mogsodilo nanohissocik osasli kopiik vo
nanoemulgqator sistemlori xiisusi shomiyyat dasiyir. Bu iisullar heterogen kollektorlu, yiiksok
viskozitoli vo asag kegiricilikli laylarda xiisusilo effektivdir. CO2-kdpiiklorin sabitlogdirilmasi
vo yiingiil neftin suda emulsiyalar1 nanohissociklor vasitosilo stabil hala gatirilir, belaliklo,
neftin horokatliliyi vo hasilati artirilir. Nanohissaciklorin kolloid 6lgiidon kicik olmasi onlarin
mosamo bogazlarindan kegmasino imkan verir, yiliksok temperatur vo duzluluq soraitinds uzun
miuddat sabit qalir, bu da totbiq sahasini shamiyyatli doracads genislondirir. Nanohissaciklorin
yataq siixuru i¢indo dasinmasi qum siitunlar1 (sandpack) vo niivo sel (coreflood) testlori ilo
qiymatlondirilmisdir.
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Sokil 1. Dasinma testinin qurulmasinin sxematik goriintisii.

Testlor gostorir ki, fordi nanohissaciklor yiiksok Darsi siirotindo mosamo bogazlarindan
rahat kec¢o bilir, lakin aqreqatlasmis hissociklor tutulma riskini artirir. Aqreqat Olgilisii vo
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hidrodinamik sorait siitun boyunca qeyri-miintozom ¢ixis profili yaradir. Bu noticolor
nanohissaciklarin kollektor daxilinde dagilimini, dasinmasini vo neftvermays tasirini anlamaq
ticlin vacibdir. Belolikla, nanohissociklor vo nanosistemlor quyularin mohsuldarligini artirmagq,
kollektor-maye qarsiliqli tosirini  optimallagdirmaq, qazma vo istismar proseslorinin
etibarliligim yiiksoltmok vo enerji sorfiyyatini azaltmaq baximindan effektiv texnologiya kimi
cixis edir.

Nanohissaciklorin xarakterizasiya morholosindon sonra aqreqasiya testi aparilir. Bu testdo
dispersiya niimunasi sabit voziyyatde saxlanilir vo hissocik aqreqatlarinin 6l¢iisii DLS ilo
miintozom intervallarda izlenilir. Olgmolor adaton aqreqat diametri 1000 nm-2 gatana qodor
davam etdirilir.pH 3 soraitindo, duzlu miihit va hissacik konsentrasiyasindan asili olmayaraq,
250 saat orzindo aqreqasiya shomiyyatli dorocods bag vermomisdir. Yalniz bozi niimunslordo
konsentrasiya vo kalsium torkibi artdigda ol¢lido kigik doyisiklik (20-30 nm) miisahido
olunmusdur. Asagi pH-da sothi yiikiin zoiflomosi sobobindon kalsiumun tosiri minimal
olmusdur. pH 8.5-ds iso aqreqasiya davranisi forqli olmus, 100 saat orzinde aqreqat Olgiisii
koskin artmisdir.
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Sakil 2. Kalsium kationunun va nanohissaciklorin konsentrasiyalarinin pH 3 va 8% NaCl
duzlu suda birlogsmaya tasiri.

Notica

Neftvermo omsalinin yiiksoldilmasi: Nanosistemlorin va polimer nanokompozitlorin
totbiqi neftin reoloji gostaricilorini (6zliliik, sothi gorilmo) yaxsilasdiraraq neftvermo omsalinin
artmasina sabob olur. Masalan, qaliq neftin ¢ixarilmasinda nanosistemlarin tatbiqi ilo 20% slava
neft hasilati oldo edilmisdir.

Quyudibi zonanin boarkidilmasi vo sularin tocridi: Nanostrukturlu tamponaj materiallar
laydan golon qumun qarsisini alir vo konar sularin daxil olmasin1 mahdudlasdirir ki, bu da
quyularin mohsuldarligin1 artirir. Tomirlorarast miiddotin uzadilmasi: Nanotexnologiyalarin
totbiqi noticosindo quyularin tomirlorarast miiddati orta hesabla 3,7 dofo artmigdir.

Stirtiinmonin azaldilmasi: "Nano-neft" vo "Nano-bitum" kimi sistemlor gil gabigimin
stirtlinma amsalin1 3,5 dofodon 15 dofoyoadok azaldaraq qazma alotinin quyuda daha sorbost
horokotini vo hasilatin kasintisiz aparilmasini tomin edir.
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Xiilasa

Moqalodo Azorbaycan orazisindo iglim doyismolorinin Kiir—Araz ¢ay hdvzosinin
hidrometeoroloji rejimina va su resurslarina tasiri tohlil edilmisdir. Son illorde temperaturun
artmasi, yagintilarin geyri-barabor paylanmasi vo buxarlanmanin intensivlosmasi hovzado su
balansinin doyigsmasino sobob olmusdur. Bu proseslor xiisusilo ¢ay aximinin azalmasina vo su
ehtiyatlarinin geyri-sabitliyino gotirib ¢ixarmisdir. Todqigat zamani Gonco, Mingogevir,
Yevlax vo Sabirabad maentogalori lizro 2016-2025-ci illora aid meteoroloji vo hidroloji
gostaricilor miigayisali sokildo arasdirilmigdir. Statistik tohlillor naticosinds biitiin miisahido
montogolorinds temperatur artimi miisahido olunmus, xiisusilo Sabirabad mantogasinds 2023-
cl ildo temperaturun 17.44°C-o ¢atdigr miioyyon edilmisdir. Temperatur doyismosi ilo ¢ay
aximi arasinda menfi olage miioyyan edilmisdir.Yagintilarin qeyri-sabit paylanmasi vo
buxarlanmanin giliclonmosi uzunmiiddatli su ehtiyatlarinin azalmasina sobab olmusdur. Bu
voziyyat kond tosorriifatinda suvarma problemlorini artirir, igmoli su tominatinda ¢otinliklor
yaradir vo ekosistemlorin davamliligina monfi tosir gostorir. Todqigat noticolori gostorir ki,
Kiir—Araz ¢ay hovzasinds su resurslarinin dayaniqli idars olunmasi, miiasir hidrometeoroloji
monitoring sistemlorinin totbigi vo iqlim doyismolorine uygun adaptasiya todbirlorinin hoyata
kecirilmoasi zoruri hesab olunur

Acar sozlor: iqlim doyismolori, Kiir—Araz c¢ay hdvzosi, hidrometeoroloji rejim, su
ehtiyatlari, cay aximi, temperatur artimi, yaginti, quraqliq

Giris

Miiasir dovrds iqlim doyismalari qlobal miqyasda on miihiim ekoloji problemlardan biri
hesab olunur. Atmosfer temperaturunun artmasi, yaginti rejiminin doyismaosi, buxarlanma
prosesinin intensivlogsmasi vo ekstremal hava hadissalorinin artmasi hidroloji sistemlords ciddi
doyisikliklor yaradir. Bu doyisikliklor xiisusilo ¢ay hovzolarinin su balansina, axim rejiming vo
su ehtiyatlarinin formalagmasina birbasa tosir gostorir. Su ehtiyatlar1 6lkolorin sosial-iqtisadi
inkisafinda strateji ohomiyyot dasiyan osas tobii resurslardan biridir. Bu sobobdon iglim
dayismalarinin su ehtiyatlarina tosirinin arasdirtlmasi hom elmi, ham do praktiki baximdan
xlisusi ohomiyyot kosb edir. Azarbaycan Respublikasinda asas hidroloji sistemlordon biri olan
Kiir—Araz ¢ay hovzasi 6lkonin su tominatinda miihiim rol oynayir. Son illords burada miisahids
olunan hidrometeoroloji doyisikliklor su ehtiyatlarinin idaro olunmasimi daha da
aktuallagdirmisgdir.

Tadqigat metodu

Tadqiqat Kiir—Araz ¢ay hovzasinds iqlim doyigmalarinin hidrometeoroloji rejima va su
resurslarina tosirinin qiymotlondirilmosino hosr olunmusdur. Arasdirmada Azorbaycan
Respublikasinin  Hidrometeorologiya Xidmatinin meteoroloji vo hidroloji miisahido
molumatlarindan, hom¢inin NASA POWER molumat bazasinin gostoricilorindon istifado
edilmisdir.
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Todqigat orazisi iizro 2016-2025-ci illor {i¢lin temperatur, yaginti vo ¢ay aximi
gostoricilori miiqayisoli sokildo tohlil edilmisdir. Orta illik temperatur gostoricilorinin

hesablanmasi1 ayliq orta temperatur qiymaotlorinin arifmetik ortasi osasinda aparilmisdir.

Cadval 1. Kiir — Araz ovaliginda se¢ilmis orazilorin 2016 — 2025 — ci illor {izro orta illik
temperatur gostaricilori

illor Gancea (°C) Mingacevir (°C) Yevlax (°C) Sabirabad (°C)
2016 9.71 14.86 14.87 15.55
2017 10.33 15.34 15.27 16.03
2018 9.43 15.89 15.97 16.75
2019 10.76 15.87 15.85 16.44
2020 10.38 15.35 15.29 16.24
2021 11.32 16.20 16.23 16.88
2022 10.74 15.76 15.90 16.57
2023 11.17 16.25 16.40 17.44
2024 10.56 15.63 15.68 16.75
2025 11.19 16.19 16.33 17.13

Tohlillor gostorir ki, 2016—-2025-ci illor orzindo biitliin miisahido montagolorinds orta illik
temperatur gostoricilorindo iimumi artim tendensiyasi miisahido olunur. Xiisusilo Sabirabad
montogosinds 2023-cii ildo temperaturun 17.44°C-o ¢atmasi regionda istilosmo prosesinin daha
intensiv getdiyini gostorir. Bu artim osason yay aylarinda yiiksok temperatur fonunda
buxarlanmanin giiclonmasi ilo alagodardir. Temperaturun yiliksalmasi su balansina manfi tosir
gostorarok ¢ay aximinin azalmasina sabab olur

Yagint1 gostoricilorinin qiymotlondirilmasi illik yagintt miqdarinin hesablanmasi ilo
aparilmigdir.

Cadval 2. Kiir — Araz ovaliginda se¢ilmis orazilorin 2016 — 2025 — ci illor iizro orta illik
yagint1 gostoricilori

illor Ganca (mm) Mingacevir (mm) Yevlax (mm) Sabirabad (mm)
2016 496.4 540.2 401.5 427.05
2017 361.35 423.4 365 354.05
2018 386.9 514.65 343.1 445.3
2019 295.65 383.25 277.4 361.35
2020 346.75 405.15 317.55 3723
2021 339.45 474.5 321.2 299.3
2022 284.7 375.95 240.9 438
2023 452.6 536.65 390.55 368.65
2024 503.7 587.65 456.25 423.4
2025 310.25 434.35 281.05 328.5

Yagint1 gostoricilorinin tohlili gostorir ki, illor iizro sabitlik miisahide olunmur va
doyiskonlik yiiksokdir. 2024-cii ildo Mingogevirds 587.65 mm yagint1 geydos alinsa da, 2022-ci
ildo bu gostorici ohomiyyatli dorocodo az olmusdur. Bu qeyri-borabor paylanma su
ehtiyatlarinin uzunmiiddotli formalagmasina monfi tosir gostorir vo quraqliq riskini artirir

Natico

Aparilmis todqiqat goOstorir ki, iqlim doyismolori Kiir—Araz c¢ay hovzosinin
hidrometeoroloji rejimina va su resurslariin formalagmasina ciddi tosir gostarir. Son illords
temperaturun artmasi, yagintilarin geyri-barabor paylanmasi vo buxarlanmanin intensivlogmasi
regionun su balansinda shomiyyatli doyisikliklor yaratmigdir. Xiisusilo Sabirabad montaqasinda
orta illik temperaturun yiiksolmoasi buxarlanma prosesini giiclondirmis, naticods torpaq nomliyi
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azalmis vo c¢ay aximinda zoiflomo miisahido olunmusdur. Kiir—Yevlax vo Kiir—Zordab
mantagalarinds su sorfinin azalmasi bu prosesin praktik noticosini gosterir. Su ehtiyatlarinin
azalmasi kond tosorriifatinda suvarma problemlorini artirir, igmali su tominatinda ¢atinliklor
yaradir va ekosistemlorin davamliligima monfi tesir gosterir. Bundan olave, suvarma
sistemlorindo somorosiz istifado, sonaye inkisafi vo ohali artimi kimi antropogen amillor
moveud hidroloji tarazlifi daha da zoifladir. Belsliklo, Kiir-Araz cay hovzesinde su
resurslarinin dayaniqli idars olunmasi, miiasir hidrometeoroloji monitoring sistemlorinin totbiqi
vo elmi osaslandirilmis su siyasatinin giiclondirilmasi olduqca vacibdir. Gealacakds igqlim
modellorinin totbiqi vo uzunmiiddstli hidroloji prognozlarin hazirlanmasi regionun su
tohliikasizliyinin tomin olunmasi baximindan xiisusi chomiyyat dasiyir.
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Abstract

One of the main objectives of petroleum and reservoir engineering is still to increase oil
displacement efficiency, particularly in the setting of porous media where capillary forces are
thought to be dominant in regulating multiphase flow behavior. Due to the non-uniqueness of
capillary pressure, relative permeability, and saturation functions, capillary hysteresis effects—
one of the several capillary forces seen in such media—play a significant but sometimes
overlooked role in the processes of oil mobilization and entrapment. According to research, the
wetting qualities created by the interplay of electrical charges on the rock surface lead the
amount defining capillary hysteresis to exhibit sharp fluctuation. Oil clusters that range in size
from 10 cm to 50 m are retained and trapped in the porous medium due to capillary hysteresis
pressure, which can vary between 0.02 and 0.06 MPa, depending on the reservoir's
mineralogical composition, the pore-channel system's structure, and the hydrodynamic
conditions of the flooding. This lowers operational efficiency and produces considerable
distribution variation inside the oil reservoir. It goes far beyond description to investigate how
displacement route, wettability, processes, and flow conditions affect residual saturation and
sweep efficiency in relation to hysteresis. Trapping and desorption, ganglia's dynamic behavior,
changes in wettability, the significance of capillary number, and rate-dependent hysteresis are
all given a lot of attention. The findings support the idea that, when incorporated into a
displacement design approach, capillary hysteresis may be used as a practical technique to
reduce oil entrapment and increase displacement efficiency.

Acgar sozlar: Capillary Hysteresis, Drainage and Imbibition, Wettability Alteration,
Cluster Mobilization, Oil Displacement Efficiency

Introduction

In capillary-dominated systems, path-dependent capillary forces give rise to capillary
hysteresis, - a fundamental mechanism governing oil mobilization at the pore scale. Capillary
hysteresis manifests through two primary factors: trapping hysteresis, defined as the difference
between imbibition and drainage capillary pressure curves, and contact angle hysteresis,
defined as the difference between the advancing and receding contact angles 6a and Or.
Together, these factors determine the hysteresis loop size, which directly controls energy
dissipation during displacement and the residual oil saturation Sor remaining after flooding
(Blunt et al., 2012). Given that conventional water flooding leaves 50-70% of original oil in
place — the majority trapped at the pore scale by capillary forces — the active control of
capillary hysteresis represents a critical research priority with significant industrial implications
(Morrow, 1990).

The scientific foundation for capillary pressure modelling was established through the
dimensionless J-function. Morrow's subsequent work advanced the understanding of wetting
and contact angle hysteresis and their influence on water flood recovery (Marrow, 1970).
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Network modelling approaches later enabled pore-scale visualisation of capillary and viscous
dominated displacement, while Lake and Pope established the Capillary Desaturation Curve as
the principal tool for understanding residual oil mobilization under chemical EOR conditions
(Lake et al., 2010 and Pope et al., 2000). More recently, Smart Water flooding demonstrated
that ionic composition — specifically Ca**, Mg*", and SO+* concentrations — can modify
contact angle hysteresis to achieve incremental oil desaturation (Austad et al., 2008).

Research Method

Cylindrical sandstone core samples were used throughout all experimental work. Core
dimensions and petrophysical properties are summarised in Table 1. Samples were selected to
cover the target permeability range of 50-300 mD, representing the reservoir conditions of the
Azeri field.

Table 1. Core sample petrophysical properties.

Sample ID | Length (cm) Dl?cmnf)ter Porosity (%) Perr(nnelali)b)lhty Wettability
C-1 8.2 3.8 214 52 Water-wet
C-2 7.9 3.8 22.8 118 Water-wet
C-3 8.4 3.8 24.1 196 Mixed-wet
C-4 8.1 3.8 25.3 287 Mixed-wet

The capillary hysteresis control model is governed by the equation below,
Pc = Pc_d(Sw) — k - F(Sw,dSw/dt) (1)

where the control parameter k represents a physics-derived degree of freedom based on pore-
scale force balance, expressed as k = f(y, 0, r). Unlike empirical models that treat hysteresis as
a fixed material property requiring post-hoc calibration, k is derived directly from interfacial
tension vy, contact angle 0, and pore radius r - making it a predictive rather than descriptive
parameter.

The model was validated against 72 months of production history, demonstrating a matching
accuracy of 96.2% - a result that confirms the predictive capability of the x framework across
extended field timescales (Figure 1). At the laboratory scale, core-flood experiments conducted
across three lithologies showed agreement within 8% on residual oil saturation Sor, validating
the model across the full target permeability range of 50 to 300 mD.

History Matching (2018-2023)

Actual

—— Model {96.2% Accuracy)
100 4

95

a0 4

B85

Production / Saturation (Normalized)

80

0 10 20 30 40 50 60 70
Time (Months from 2018 to 2023)

Figure 1. History matching.
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Figure 2. Oil Displacement Efficiency

Application of the x control framework at the Azeri field demonstrated measurable
improvements in displacement efficiency across the central sweep zone. Effective k control
reduced residual oil saturation from the baseline value of 0.35 to 0.33 in the structurally high
swept regions, confirming the model's field-scale predictive accuracy. Producer P-1, positioned
on the dome crest at the zone of highest k effectiveness, delivered 1.8 MBD at a residual
saturation of 0.33. Spatial diagnostic mapping of the reservoir identified High Pc Trap zones
and bypassed oil accumulations on the structural flanks — regions where x control was
insufficient under the current injection configuration.

64000 Producers

63999

31999 31998

32000

Figure 3. New model

These spatial diagnostics directly inform future IWAG injection strategies, providing a physics-
based basis for optimising injector placement and cycle frequency to extend effective «k control
into the remaining unswept zones.

Results

The conclusions of this research are structured around four main contributions and three future
directions. The first and most significant contribution is the physics-based derivation of the
control parameter directly from pore-scale force balance, distinguishing this work from
empirical models that rely on fitted parameters. The second contribution demonstrates that k

successfully unifies surfactant flooding, wettability alteration, and pressure cycling into a single
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controllable framework, eliminating the need to optimise these methods independently. Third,
the model is validated across a permeability range of 50 to 300 mD, predicting residual oil
saturation within the measured value of Sor = 0.35 without any post-hoc tuning, with model
output ranging from 0.33 to 0.37. Field application, at the Azeri field delivered 1.8 thousand
barrels per day of incremental oil production, directly confirming the predictive capability of
at field scale. Regarding future research directions, three areas are identified: field-scale
upscaling to extend k control to heterogeneous reservoirs, multi-cycle injection optimisation
for optimal x scheduling in WAG operations, and scanning curve integration to account for
partial drainage-imbibition cycles.
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Abstract

Gravitational lensing is a phenomenon in which images of distant objects are distorted,
multiplied, or intensified. The effect is caused by the gravitational influence of massive objects,
ranging from planets to galaxy clusters. The path of light travelling from distant objects bends
by the gravitational field, resulting in the effect known as gravitational lensing. Depending on
the mass of the object causing the gravitational lensing, this effect can be weak or strong. Strong
gravitational lensing can be easily observed, while the weak lensing effect is usually detected
only in populations of galaxies. Dark matter is a form of matter that cannot be observed, but it
still has mass and creates a gravitational field. Usually, the mass of visible matter is insufficient
to produce strong lensing. In such cases, the mass of the dark matter contributes to the
gravitational field, causing a strong gravitational lensing effect. Understanding the nature of
dark matter is crucial for studying the evolution of the universe.

Keywords: Gravitational Lensing, Dark Matter, WIMPs, Cosmic Structures

Introduction

Gravitational lensing is one of the many effects used by astronomers to study our universe and
its history. Just like a normal lens, gravitational lensing bends light, thereby multiplying the
object’s image or intensifying its luminosity. Dark matter is a hypothetical type of matter that
does not emit light, but can be detected through its gravitational influence in such processes as
the formation of galaxies, the motion of galaxies within galaxy clusters, and gravitational
lensing. Gravitational lensing, the nature of which will be explained in this article, is one of the
key effects that support the existence of such invisible dark matter.

Research Method

This study analyses existing scientific literature on topics of gravitational lensing and dark
matter. The aim of the research is to determine the role dark matter plays in the formation of
gravitational lensing effect and its impact on the evolution of the universe. The study is based
on scientific articles and publications from reputable organizations. The paper is structured as
an overall analysis of gravitational lensing and dark matter with a final conclusion.

What is Dark Matter

In modern astronomy, dark matter is a non-luminous (does not emit, reflect, or absorb light)
form of matter that cannot be observed using telescopes, but can show its presence by its
gravitational pull. In the standard model of modern cosmology, dark matter makes up 85% of
the total mass of our universe (NASA, 2024b).

Gravitational Lensing

Gravitational lensing is a phenomenon of objects or structures with mass warping spacetime
and acting as a lens that bends light from a distant source (Figure 1). This phenomenon is
predicted by Einstein’s theory of General Relativity. Depending on the mass of the object acting
like a lens, the effect can be weak or strong.
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Figure 1. Gravitational Lensing (NASA, 2024a)
Strong Gravitational Lensing

Strong gravitational lensing occurs when the mass of the object that acts as a lens is very high,
such as galaxies or galaxy clusters. This effect results in the image of the distant object being
duplicated several times, stretched and bent in different ways or appearing brighter due to the
increased luminosity (Massey et al., 2010).

Figure 2. Galaxy cluster SDSS J1038+4849 (NASA, 2024a)

For example, Figure 2 shows a galaxy cluster called SDSS J1038+4849, which is famous for
its appearance resembling a smiley face. Actually, the eyes are elliptical galaxies, while the arcs
are distant galaxies that were gravitationally lensed. The gravitational lensing effect distorts the
image of distant galaxies, stretching their shapes. This is the result of light from those galaxies
being bent under the influence of the gravitational field created by massive objects (NASA,
2024a).

Weak Gravitational Lensing

Unlike strong gravitational lensing, which severely distorts or even multiplies the image of an
object, weak gravitational lensing results in only slight distortions. The effect of weak lensing
can only be detected statistically over large populations of galaxies. Despite the fact that this
effect can at first be unnoticeable, weak gravitational lensing is one of the main techniques used
for studying dark matter (Prat & Bacon, 2025).
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Role of Dark Matter

The mass of visible matter alone often is not sufficient to produce strong gravitational lensing.
In such cases, dark matter plays a crucial role; its high mass creates additional gravitational
influence that becomes enough to bend the direction of light and create a gravitational lensing
effect. By analyzing the effect of gravitational lensing, scientists can calculate the mass, density,
and distribution of dark matter. Both weak and strong lensing effects provide enough
information to map the distribution of dark matter even in regions where no luminous matter is
present. Knowing the distribution of dark matter can help us better understand its nature and
large-scale structure of the universe (Kazmierczak & Mattson, n.d.).

Conclusion

In conclusion, gravitational lensing is a powerful tool and an exceptional phenomenon that
helps us understand the universe better. By using this effect, we can calculate the mass of distant
objects and detect the presence of dark matter. Although we cannot see dark matter and its true
nature is yet to be discovered, it still shows its presence by gravitational interactions with
cosmic structures. Understanding the nature of dark matter is important for advancing our
knowledge of the structure of our universe.
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Abstract

The structural and optoelectronic characteristics of CdS nanocomposites are influenced
by precursor stoichiometry and the synthesis mechanism. This study presents a systematic
comparative analysis of CdS nanostructures synthesized via the Successive lonic Layer
Adsorption and Reaction (SILAR) using a polyvinyl alcohol (PVA) matrix at surrounding
temperature—and the sonochemical method (40 kHz, 200 W, 1.5 h), across equivalent Cd:S
molar ratios of 1:0.1, 1:0.25, 1:0.5, 1:0.75, and 1:1. XRD, AFM/SEM, UV-Vis spectroscopy,
FTIR, Raman spectroscopy, and photoluminescence (PL) were used to describe both series.
XRD showed different paths of phase evolution: SILAR composites shifted from hexagonal
(1:0.1) to mixed cubic—hexagonal, then to re-emergent hexagonal (1:0.75), and eventually to an
amorphous structure (1:1). In contrast, sonochemically prepared nanoparticles kept their
crystallinity across all ratios, following a hexagonal-mixed—cubic—coexistence sequence. The
optical band gap of SILAR composites decreased gradually from 3.32 eV to 2.41 eV (in the
visible range). On the other hand, sonochemical nanoparticles had values that were strongly
blue-shifted, ranging from 5.18 eV to 5.41 eV. This was because of strong quantum
confinement. The best PL efficiency was found at Cd:S = 1:0.75 for SILAR and at 1:1 for
sonochemical samples. The synthesis method is a key control variable that changes the
properties of CdS without changing the stoichiometry. SILAR is better for photovoltaics in the
visible range, and sonochemical synthesis is better for UV optoelectronics.

Keywords: CdS Nanocomposites; SILAR; Sonochemical Synthesis; Cd:S Ratio; Band
Gap Engineering; Quantum Confinement; Photoluminescence; Structural Properties

Introduction

Cadmium sulfide (CdS) is an II-VI direct-bandgap semiconductor (~2.4 eV) that has been the
subject of research for decades because it can be used in photovoltaics, photodetectors, LEDs,
and photocatalysis [1]. At the nanoscale, the structural and optical properties of CdS are very
sensitive to the size of the crystallites, the crystal phase (wurtzite vs. zinc-blende), the chemistry
of defects, and the environment on the surface. All of these things can be changed at the same
time by changing the Cd:S precursor molar ratio and the synthesis route [2, 3]. The cation—
anion stoichiometry controls the speed of nucleation, the formation of vacancies, the stability
of phases, and quantum confinement. The synthesis mechanism, on the other hand, controls the
thermodynamic and kinetic conditions under which particle growth takes place [4].

The SILAR technique and the sonochemical method are two solution-based approaches that are
particularly beneficial. SILAR is effective by alternating ionic sorption cycles on a substrate
that are near equilibrium. This allows CdS to grow layer by layer at room temperature inside a
PVA polymer host [5]. Sonochemical synthesis utilizes acoustic cavitation, characterized by
transient temperatures above 5000 K and pressures exceeding 1000 atm, to promote rapid, non-
equilibrium nucleation of free-standing nanoparticles stabilized by 3-mercaptopropionic acid
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(3-MPA) [6]. Even though both methods are used a lot on their own, there hasn't been a direct
side-by-side comparison of them in the same stoichiometric series. Two recent parallel research
studies from our group examine this gap [7, 8], and the current work integrates their results into
aunified comparative approach aimed at separating stoichiometric from mechanistic influences
on CdS nanostructure properties.

Methods

Both synthesis routes used Cd(CHs;COO):-2H.O (=98%) as the cationic precursor and
Na:S-9H20 (>99.99%) as the anionic source (Sigma-Aldrich). The concentration of S*~ was
changed to obtain Cd:S = 1:0.1, 1:0.25, 1:0.5, 1:0.75, and 1:1. In the SILAR process, CdS
nanoparticles were grown in situ within a pre-prepared PVA matrix by alternating 40-minute
immersion steps in cationic and anionic solutions, separated by two-stage ethylene glycol (EG)
washes, for a total of five cycles at room temperature. For the sonochemical route, precursor
solutions were mixed with 5 vol% 3-MPA and then continuously examined with ultrasonic
waves (40 kHz, 200 W) for 1.5 hours. The resulting suspensions were then centrifuged, washed
with ethanol and deionized water, and dried at room temperature.

The XRD (Rigaku MiniFlex 600s, Cu Ka, 10°-90°), AFM (NT-MDT Integra Prima, semi-
contact mode; SILAR series), SEM (FEI Quanta Inspect; sonochemical series) were used to
analyze all of the samples. We used UV—Vis spectroscopy (T-9200S, 100—1100 nm) with Tauc
plot analysis, FTIR (Shimadzu IR Affinity-1, 4004000 cm™), Raman spectroscopy (EnSpectr
R532, 532 nm excitation), and PL spectroscopy (Cary Eclipse). The Debye—Scherrer method
was used to find the sizes of the crystallites, and the Williamson—Hall method was applied to
find the microstrain.
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Figure 1. Schematic illustration of CdS synthesis process via a) SILAR and b) Sonochemical
methods

Table 1. Initial reagent concentrations and amounts used for CdS nanocomposites

Samples Cd* s>
101 1M (2.662) 1M (2.40g)
1:0.1 I M (2.66g) 0.1 M (0.24g)
1:0.25 I M (2.66g) 0.25 M (0.6g)
1:0.5 1M (2.662) 0.5 M (1.2)
1:0.75 1M (2.662) 0.75 (1.82)
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Conclusion

The current comparative investigation demonstrates that synthesis methods is a primary control
variable for CdS nanocomposite characteristics, with effects that cannot be reproduced only
through stoichiometric adjustment. SILAR-derived composites in a PVA matrix show visible-
range band gaps (2.41-3.32 eV) and high excitonic recombination at Cd:S = 1:0.75, making
them suitable for photovoltaic and LED applications. Sonochemically produced free-standing
nanoparticles have significant quantum-confined band gaps (5.18-5.41 e¢V) and the highest PL
efficiency at a stoichiometric 1:1 composition, making them ideal for UV photodetectors and
high-sensitivity optical sensors. The amorphization of SILAR composites at 1:1 vs. the
maintained crystallinity of sonochemical samples at the same ratio shows the critical role of the
growth environment and polymer-confined layer-by-layer deposition compared to far-from-
equilibrium cavitation-driven nucleation, in the structure-property relationship in CdS
nanostructures. These findings offer synthesis-route-specific recommendations for the rational
design of CdS-based functional nanomaterials for a wide range of optoelectronic device
applications.
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