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Azdrbaycan dilinds harbi terminlorin yaranmasi vo inkisafi

Xiilasa

Aragdirmada dilimizdo horbizmlorin yaranmasinin osas monbalori, lsullari, inkisaf dovrlori
haqqinda fikirlor 6z oksini tapmigdir. Gostorilmisdir ki, horbi sahays aid olan leksik vahidlor-terminlor
monsub oldugu dilin imumi leksik sisteminin ayrilmaz parcasidir vo miixtalif dovrlords bas vermis
ictimai-siyasi hadisalorin, miiharibslorin naticasinds zonginlosmisdir. Togdim edilmis moagalods hom
tiirk moangoli, hom do alinma orab, fars mongali, daha sonraki dovrlorde rus vo Avropa dillorindon
ke¢mis terminlordon bohs edilmisdir.

Eyni zamanda terminlorin yaranmasi, formalagsmasi prosesindo dilin 6z daxili resurslari,
derivatoloji elementlori, daxili {isullar, standartlagdirma vo s. masalslor diggotdo saxlanmigsdir.
Naticads, dilimizin harbi terminlarinin milli vo beynalxalq tasirlor naticasinds inkisaf etdiyi gonastina
golinmisdir.

Agar sozlar: harbizmlar, leksika, termin, terminyaratma, alinma, milli, sistem

Hajar Huseynova

Azerbaijan National Defense University
PhD in Philological Sciences
https://orcid.org/0000-0002-3223-427X
hacerhuseynova@mail.ru

The Emergence and Development of Military Terms
in the Azerbaijani language

Abstract

The study reflects ideas about the main sources, methods, and periods of development of military
terms in our language. It is shown that lexical units-terms related to the military field are an integral
part of the general lexical system of the language to which they belong and have been enriched as a
result of socio-political events and wars that occurred in different periods. The presented article
discusses terms of both Turkic origin and borrowed Arabic and Persian origin that passed from
Russian and European languages in later periods.

At the same time, in the process of the emergence and formation of terms, the internal resources
of the language, derivational elements, internal methods, standardization, etc. issues were taken into
account. As a result, it was concluded that the military terms of our language developed as a result of
national and international influences.

Keywords: military terms, lexicon, term, term creation, borrowing, national, system
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Giris

Cagdas dovrde iqtisadi, elmi, modoni inkisaf, giiclii informasiya miibadilosi Azorbaycanda bas
veran doyisiliklar, sosial forgliliklor, beynalxalq miinasibatlorin inkisafi dilimizin inkisafina da giiclii
tosir etmis, ligot torkibini zonginlosdirmisdir.

Beynolxalq alomo inteqrasiya, ddvlotlorarasi miinasibatlorin inkisafi, Avropa dovlatlori ilo
qarsilight olagolorin yaranmasi, genislonmasi vo siiratlo inkisafi dilimizin ligot torkibino ocnobi
sOzlorin daxil olunmasina sabob olur. Bu linqvistik prosesds daxili imkanlarla borabar, digor dillordon
alinmalar noticosindo do dilin leksik sistemindo zonginlogsmo gedir (Axundov, 1980; Domirgizado,
1972).

Alinma sozlor sirasinda terminlor miihiim bir hissoni togkil edir. Ciinki terminlor miixtolif saholoro
maxsus olan spesifik sdzlordir. Terminlorin mithiim bir hissasini isa harbi terminlor togkil edir. Horbi
terminlor do s6z olduguna goro bir sira maraqli linqvistik vo hotta ekstralinqvistik cohatlorino goros
diqqgoti colb edir. Elmi-nazari adobiyyatlarda kéhnalmis vo arxaiklosmis sozlor toadqiq edilorkon
ictimai-siyasi leksika, moigot leksikasi va s. sahalorlo borabar, arxaiklogmis horbi leksik vahidlora do
rast golinir. Bu s6zlor do todqgigata colb edilir. Buna osason demok olar ki, biitiin tiirk xalglarinin,
eloco do Azorbaycan dilinds on godim ddvrlordon baglayaraq horbi terminlor méveud olmus, miiasir
dovriimiizo godor bir qismi arxaiklogorak dildon ¢ixmis, yenilori dilo daxil olmusdur (Ercilasun,
2004).

Tadqiqat

Azorbaycan dili tarix boyu yeni yaranmis sozlorlo zonginlogmisdir. Belo sdzlora horbizmlori do
niimuna gostormak olar. Dilin vo xalqin tarixinin miioyyanlosmaosinda, xalqin godim masguliyyatinin,
adot-onanalorinin todqiqinds horbi terminologiyanin tadqiqinin boyiik ohomiyyati vardir. Ciinki harbi
leksika monsub oldugu xalqin tarixi, doyilis sonoti, modoni-monavi inkisafi ilo six bagli olan bir
sahadir (Clauson, 1972; Golden, 1992). Tiirk dillorindon biri kimi, Azorbaycan dili do lap godim
zamanlardan 6z horbi-leksik potensialin1 qorumus vo zonginlosdirmisdir. Horbi terminlorin yaranmasi
vo formalagmasini toxmini olaraq marhalolor iizra tosnif etmok miimkiindiir:

1. Qadim tirk dovrii. Bu dovro aid horbi terminlor nisboton sado quruluslu, ilkin horbi
terminlordir. Masoalon; ordu, qala, sipar, kaman, ox, yay vo s.

2. Islamdan sonraki dovr. Bu dovrda orob, fars monsoli horbi terminlor dilin leksik sistemino
daxil olmugdur. Niimuno olaraq cobho, miihariba, qlivve v s. sozlori gdstormok olar.

3. Sovet dovri. Bu dovrdo digor s6z qruplarinda oldugu kimi, dilo daxil olan horbi sozlor
komiyyat etibarilo goxalmisdir. Masalon; tank, general, komandir, snaryad, pulemyot vo s.

4. Mistoqillik dovrii. Bu morholodo milli horbi leksika yeni bir inkisat morholosino godom
goymusdur. Tiirk dillori ilo oslagoalorin giiclonmaosi terinoloji leksikaya tiirkmongoli sézlorin daxil
olmasini giiclondirmisdir. Eyni zamanda Avropa monsoli alinmalar da dile daxil olmaqda davam
etmisdir. Bu iso diinyada horbi sistemdo yeni silah novlorinin yaradilmasmin vo dovlotlorarasi
miibadilonin noticasi kimi doyorlondirilir. Miistaqillik dévriinde dilimizdo “Quru qosunlari, doniz
piyadalari, hava hiicumundan miidafio, sorhod xidmoti, helikopter, domir qiibbs, Bayraqdar vo s.”
kimi terminlorin islonmasi intensivlosmisdir.

Horbi terminlori monbo baximindan da tosnif etmok mogsodouygundur. Dilimizdo harbizmlor,
9sasan, li¢ monbadon gaynaglanir, onlart monsacs {li¢ qrupa bolmaok olar:

1.Tiirk monsali harbi terminloar;

2. Orab-fars mongali horbizmlor;

3. Rus-Avropa monsali harbizmlor.

Bu cohotdon hansi marhalodo monsoco hansi horbi terminlorin dilimize daxil olmasi haqda bu
terminlori dovrlar {izra tosnif edorkon bohs etmisdik.

Horbi terminlorin maraqli cohatlorindon biri do onlarin semantik xiisusiyyatloridir (Baskakov,
1960; Drevnetyurkskii slovar', 1969). Toxmini olaraq horbizmlori semantik cohatdon asagidaki kimi
tasnif eds bilorik:

-Insanlara aid peso, ixtisas bildiron sdzlar; topgu, tankci, snayper, pulemyotcu, toyyaraci vo s.

-Silah adlar1; top, avtomat, pulemyot, dron, pua vo s.
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-Omoliyyat vo horbi harokatlor; hiicum, geri ¢okilmo, miidafio, pusqu vo s.

-Strukturlar; alay, diviziya, batalyon, korpus, ordu, qvardiya vo s.

Azorbaycan dilgiliyindo horbi terminlorin todqiqi ilo AMEA-nm Dilgilik Institutunda, H.8liyev
adina Ali Horbi Moktobds, MMU-da va digor elmi miiossisolords todqiqatlar aparilmisdir.

S.Mommadovanin “Azorbaycan dilindo horbi terminlorin struktur-semantik xiisusiyyatlori” adli
todqiqgatinda “harbi terminlorin milli dilo uygunlasdirilmasi onlarin islokliyini vo anlasigli olmasini
tomin edir” (Mommaoadova, 2016) ifadasi oks olunmusdur.

Qirx dord gilinliik Voton Miiharibasindo qazandigi Boyiik zofordon sonra horbi leksik sistemdo
yenilonmolor, normallagmalar miisahido edilmokdadir. “©Omaliyyat zonasi, doyiis hazirligi, komanda-
gorargah tolimi” va s. nega-nega s0z va ifadalor rosmi sonadlords vo kommunikasiyada, mediada yer
almigdir. Bu dovrdo artiq terminlordo do millilosmo miisahido edilmokdodir. Bozi terminlorin
Azorbaycan dilindo qarsiligi, alternativi toklif edilir.

[.Qasimov “Azorbaycan dilindo horbi leksika” adli doktorluq dissertasiyasinda (2003)
Azorbaycan dilinin horbi terminlorini sistemli sokilds, genis linqvistik todgigata calb etmisdir. Bu
tadqiqat is1 Azorbaycanda ordu quruculugunun torkib hissasi kimi olduqca shomiyyatlidir. Todqiqat
1sindoa harbi terminlorin sistemlosdirilmasi, milli dilde ifadasinin prinsiplori gostorilmis, Azorbaycan
horbi terminologiyasiin milli ruhun dasiyicist olmasindan, texniki doqiqliyinin tomin edilmasindon
bohs edilmisdir. Miisllif rus vo digor acnabi terminlorin avozino milli vo aydin ifadslorin islodilmasini
vacib hesab edir. I.Qasimov 6z todqgigatinda miiasir ordu leksikasinin formalasmasimi hom linqvistik,
hom do ekstralinqvistik ehtiyaclar baximindan vacib masalo kimi doyarlondirmisdir.

Azorbaycan dilinds harbi terminologiyanin formalagmasi zongin tarixi tocriiboys osaslanir. Bu
terminlor dilin funksional tislub sisteminds xiisusi yer tutur. Miistoqillik illorinds dilin orijinalliginin
gorunmas1 vo milli horbi leksikanin barpasi istiqgamotindo miihiim addimlar atilir. Horbi terminlor
tokco texniki ifado vasitalori deyil, hom do milli-monovi yaddasin dasiyicilaridir.

Azorbaycan dilindo harbi terminologiyanin formalasmasi qadim tarixi tocriibaya soykonir. Horbi
terminlor dilin funksional slub sistemindo ohomiyyatli yer tutur. Miistaqillik dovriinde dilin
orijinalliginin qorunmasi vo milli leksikanin barpa edilmasi istiqgamatinds miihiim iglor goriiliir. Horbi
terminlor yalniz texniki ifads vasitslari deyil, hom do milli-manavi dayarlorin dastyicilardir.

Folklor niimunalari xalqin minillik tarixinin, diinyagoriisiiniin, hoyat torzinin glizgiistidiir. Folklor
niimunalarinda harbi terminlorin genis islonmasi bu xalqin doyilis ruhunu, azadliq istoyini, miidafio
quidratini, mordlik onanslarini oks etdirir. Bozi niimunalors baxaq.

1) Epik ndviin janrlarinda: dastanlarda, nagillarda va s. qilinc, qalxan, ox, yay, nize, xancar va s.
kimi silah adlari; alp, igid, bahadir, sorkordo, congavar vo s. kimi doyiis¢ii obrazlari; doyiis, meydan,
savas, hiicum va s. horbi voziyyatlo bagli terminlor intensiv sokildo islonmisdir. Masalon, nagillarda
“zirehli geyinmis”, “yeddi qat qalxan”, “qilincini ¢okdi, meydanda diismono ¢atdi” vo s. niimunalor
cox islonir. Epik janrlardan nagil vo rovaystlorda: sahlar, pohlovanlar, ordular, diismonlo miibariza
sohnalari 1lo miisayiat olunur; doylis sohnalori goshromanlarin sinaqdan kegmosi {igiin osas mokandir.

Bu janrlarin har birinda harbi leksikanin spesifik istifadosi miisahide olunur.

2) Lirik néviin janrlarinda: Qilinc ¢okdim ¢ixmadi; yay aldim, ox olmadi... — xalqin ¢arasizliyinin
ifadesindo; Ox atdim yara doydi, -kimi niimunalords, eyni zamanda, gozallorin torifindon bozi silah
novlori togbeh kimi islodilmisdir: kipriklor oxa, qaslar kamana bonzadilir.

Son dovrlordo funksional dilgiliyin inkisafi ilo bagli olaraq horbi terminlorin do funksional
cohatlorine diqqet yetirmok lazim golir. Funksionalliq baximindan horbi terminlor: gohromanliq
ideyasmin giiclondirilmasi; azadliq vo odalst ugrunda miibarizonin ifadasi; milli yaddasda tarixi
doytislorin yagadilmasi; simvolik vo metaforik obrazlarin yaradilmasi mogsadils isladilir.

Folklor niimunslorindo horbizmlor yalniz doyiis vo silah anlayislart ilo mohdudlagmir, eyni
zamanda xalqin gohromanliq ruhunun, azadliq ideallarinin, diismono garsi miibarizosinin ifado
vasitosidir. Horbi terminlor hom tarixi gergokliyi oks etdirir, hom do badii-estetik doyor dasiyir
(Reformatski, 1961).

Atalar sozlorinda, zorbi-masallords harbi mezmunlu ifadslar tacriiba, hikmat mozmunu ifads edir.
Masalon; Qilincla alinan torpaq qalomls qorunar; Diismani qilincla yox, agil ilo maglub et vo s.
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Ag1z odabiyyatinda horbi terminlor xalqin gohromanliq tarixinin dasiyicisi, milli kimlik-identiklik
vo ddyiis ononslorinin qorunub saxlandig1 yaddasdir (Kasgari, 1985; Tekin, 1968). Homin leksik
toboago obrazlarin xarakterini dorinlosdirir, islondiyi adobi janrin estetik doyarini artirir, xalqin siiuralti
gohromanliq modelini formalasdirir.

Dilimizds harbi terminlorin sistemli sokildo formalagmasi digqot morkozinds olmasi XIX osrdon
baslayaraq miisahido edilmisdir. Bu dévrdo Azorbaycanda horbi idaroetmods rus dilindon istifads
edildiyi ti¢iin bu terminoloji sistemdas rusdilli horbizmlor komiyyostco ¢coxalmais, batalyon, polk, rota,
general, leytenant, kapitan vo s. sozlor dilin leksik sistemino daxil olmusdur. Bu terminlor bazon
fonetik cohotdon dilimizin fonetik sistemino uygunlasdirilmis vo dilds sabitlogsmisdir. Milli motbuat
va maarif¢ilik horokati terminoloji stiurun formalasmasina tasir etmisdir (Axundov, 1980).

Azorbaycanda Xalq Climhuriyyoti dovrii (1918-1920) horbi terminlorin formalagsmasinda miihiim
morholodir. Bu dovrdo Milli Ordunun yaranmasi ilo terminoloji sistem millilosdirilmoyo
baslanmigdir. Bu dovrde “Miidafio Nazirliyi, Bas Qorargah, Horbi nazir, osgor, zabit” vo s. kimi
terminlor sonadlords islonmoya basglanmisdir.

ADR ddvriinds termin yaradiciliginda iki istiqamot miisahids edilir:

-Milli kdklars asaslanan terminlosma;

-Movcud beynslxalq terminlorin uygunlasdiriimas:.

Eyni zamanda, milli horbi terminologiyanin asas1i mohz bu dévrds qoyulmusdur.

Horbi terminologiyanin inkisafinda sovet dovrii do miithiim morhosloni toskil edir. Bu dovr 1920-
1991-ci illori ohato edir.

Bu dovrde horbi terminologiya tam sokildo sovet-rus horbi sistemi ilo inteqrasiya olunmusdur.
Terminlorin ¢ox hissasi rus dili vasitasilo gobul edilmisdir: diviziya, brigada, mayor, podpolkovnik,
artilleriya, tank, desant va s.

Bu morholodo terminlorin normativlosdirilmasi morkozlosdirilmis sokildo hoyata kegirilirdi.
Azorbaycan dilindo harbi terminlorin oksariyyati rusca formaya yaxin fonetik variantda iglonirdi.

Sovet dovriindo hom do harbi terminlorin todqiqins diqqot yetirilmisdi. Liigotlor hazirlanmis, elmi
todqiqatlar genislonmisdir. Noticods horbi terminologiya sistemlosmisdir.

1991-ci ildon sonra Miistoqillik dovriinde Azorbaycan Respublikasmin Silahli Qiivvalarinin
yaradilmasi yeni terminoloji marhalonin baslangici olmusdur.

Bu morhslada: -bazi terminlor millilosdirilmis; -bazi rus mansali terminlor saxlanilmis; -NATO
standartlarina uygun yeni terminlor qoabul edilmisdir.

Masalon: qorargah, komando, snayper, pilotsuz ucus aparati, xiisusi toyinatl qiivveloer va s.
“Pilotsuz ugus aparati” termini sintaktik model asasinda yaradilmis termin niimunosidir.

Bu morholads terminologiyanin inkisafina tosir edon asas amillor asagidakilar olmusdur:

1. Beynolxalq horbi omokdaslq;

2. Miidafis sonayesinin inkisafi;

3. Yeni texnologiyalarin tatbiqi.

Natica

Aparilan aragdirma gostorir ki, Azorbaycan dilinds harbi terminologiya uzun tarixi inkisaf yolu
ke¢mis vo miixtolif monbalor hesabina formalasmis, zonginlogmisdir. Horbi terminlor sistemi hom
godim tiirk dil gatina osaslanmis, hom do miixtalif dévrlordo arab, fars, rus vo ingilis dillorindon
alinmalarla zonginlogmisdir. Bununla yanasi, dilin daxili imkanlar1 hesabina yeni terminlorin
yaradilmasi prosesi do miithiim rol oynamisdir.

Miiasir dovrde horbi sahanin, harbi sonayenin inkisafi, beynslxalq amokdasliqlar Azarbaycan
dilindos horbi terminologiyanin daha da tokmillogdirilmasini vo standartlagdirilmasini aktuallagdirir.
Milli terminoloji sistemin qorunmasi ilo yanasi, beynolxalq terminlorin moqsodyonlii sokildo
manimsonilmasi ohamiyyet dasiyir. Belaliklo, Azorbaycanda hoarbi terminologiya dinamik inkisaf
edon, zonginlogon bir sistem kimi xarakterizo olunur.
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Safavi dovlatinin Markazi Asiya xanhqlari ilo miinasibatlori V.V.Bartoldun
tadqiqatlarinda (XVI-XVII asrlar)

Xiilaso

Magqalods gorkomli rus sorqsiinasi Vasili Vladimirovi¢ Bartoldun XVI-XVII asrlorde Sofavi
dovlatinin Markozi Asiya xanliglar: ilo miinasibatlorine dair todqiqatlar: tohlil edilir. Arasdirmada
V.V.Bartoldun asarlari asasinda Sefovi—Seybani qarsidurmasinin mahiyyasti, Xorasanin geosiyasi vo
tarixi-cografi ohomiyyati, Xivo xanlig1 ilo diplomatik miinasibatlor vo beynalxalq ticarat yollarinin
rolu kompleks sokildo qiymatlondirilmisdir. Miisllif gostorir ki, V.V.Bartold Sofovi—-Markozi Asiya
miinasibatlorini yalniz mozhab ziddiyyotlori ¢orgivasinda deyil, siyasi hakimiyyot ugrunda miibariza,
strateji orazilora nozarat vo iqtisadi maraqlar kontekstindo izah etmisdir. Xiisusilo Xorasan bolgasi
Sofavilor vo 6zbok xanliglar arasinda “tomas zonas1” kimi toqdim olunur vo bu regionun harbi-
strateji, iqtisadi vo madoni shomiyyati vurgulanir. Magalads 1628—1629-cu illor Xorasan hadisalori
vo 6zbok xan1 Obiilgazinin Sofovi sarayina gondorilmasi mosalasi V.V.Bartoldun sorhlori asasinda
tohlil edilir, girovluq institutunun diplomatik alot kimi rolu gdsterilir. Eyni zamanda, Sofovi
dovlotinin Avrasiya ticarot sistemindo tranzit movqeyi, Morkozi Asiya, Hindistan vo Rusiya
istigamotindo karvan yollarina nozarot masoalosi arasdirilir. Notico etibarilo, V.V.Bartoldun
metodoloji yanagmasinin — tarixi-cografi metod, monbalorin tonqidi tohlili vo regional baxig — Sofovi—
Morkozi Asiya miinasibatlorinin dyronilmasindo mithiim elmi ohomiyyoto malik oldugu miisyyon
edilir.

Acgar sozlor: Safovi doviati, Moarkazi Asiya, Xorasan, V.V.Bartold, diplomatik miinasibatlar,
beynalxalg ticarat
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Safavid Relations with the Central Asian Khanates in the Studies
of V.V. Bartold (16th—17th centuries)

Abstract

This article examines the studies of Vasili Vladimirovich Bartold concerning the relations
between the Safavid state and the Central Asian khanates in the sixteenth and seventeenth centuries.
Drawing upon Bartold’s works, the research analyzes the nature of the Safavid-Shaybanid
confrontation, the geopolitical and historical-geographical significance of Khorasan, diplomatic
relations with the Khanate of Khiva, and the role of international trade routes. The study demonstrates
that Bartold interpreted Safavid-Central Asian relations not merely within the framework of sectarian
conflict, but in the broader context of political rivalry, control over strategic territories, and economic
interests. Khorasan is presented as a key “contact zone” between the Safavids and the Uzbek rulers,
distinguished by its military-strategic, economic, and cultural importance.
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Particular attention is devoted to the events of 1628—1629 in Khorasan and the transfer of Abulghazi
to the Safavid court, highlighting the function of hostage practices as an instrument of diplomacy.
The article also explores the Safavid state’s transit position within the Eurasian trade network and its
control over caravan routes linking Central Asia with India and Russia. In conclusion, Bartold’s
methodological approach — characterized by historical-geographical analysis, critical use of sources,
and a regional perspective — remains of significant scholarly value for the study of Safavid-Central
Asian relations.

Keywords: Safavid state, Central Asia, Khorasan, V.V. Bartold, diplomatic relations,
international trade

Giris

Sofovi dovlatinin tarixi hom Azaerbaycan tarixsiinasliginda, hom do diinya sorgsiinasliq elminda
genis sokildo arasdirilmisdir. Bu istigamotdo miihiim xidmatlori olan tadqiqatcilar sirasinda Vasili
Vladimirovi¢ Bartold (1869-1930) xiisusi yer tutur. O, sorqsiinas, tiirkoloq alim, tarix¢i olaraq rus
sorgsiinasliqg moktobinin banilorindon biri hesab edilir. V.V.Bartoldun Yaxin vo Orta Sorq xalqlarinin
tarixi, cografiyasi, modoniyyati, odobiyyati vo dinino aid 400-don ¢ox asari vardir. Onun asarlorindo
Markozi Asiya vo Azorbaycan tarixinin qarsiliqlt alagalari, xtisusilo XVI-XVII asrlordo Sofovi—
Ozbok miinasibotlori, Xorasan masalosi vo beynolxalq ticarot yollarinmn rolu otrafli sokildo tohlil
edilmisdir. Bu masalolorin sistemli sokilds aragdirilmasinda xiisusi rol oynayan Bartold 6z asarlorindo
Sofavi—Seybani qarsidurmasi, Xorasan bolgoasinin geosiyasi ohomiyyati, Xarozm (Xivo) xanlig1 ilo
miinasibatlor, Morkozi Asiyanin yerli xan siilalolori ilo diplomatik miinasibatlori vo digor mosalalor
kompleks sokilds tohlil edilmisdir. V.V.Bartold movzunu yalniz hadisalorin tosviri ilo mohdudlas-
dirmamus, siyasi, iqtisadi vo cografi amillorin qarsiliqh tosirini gostormayo ¢aligsmisdir.

Tadgiqat

Bartoldun asarlorinin tohlili. Bartoldun “Xozor sahili vilaystlorin miisalman diinyasi tarixinda
rolu” vo “Seybanilor” adl1 asorlorindo Sofovi dovlati ilo Markozi Asiya xanliqlart — xiisusilo Buxara
vo Xivo arasinda siyasi miinasibotlors toxunulmusdur. Miiollif gostorirdi ki, Sofovi—Seybani
qarsidurmasi tokco mozhab ziddiyyatlori ilo deyil, hom do Xorasan kimi strateji shomiyyatli bolgoya
nozarot ugrunda miibarizo ilo bagh idi. Xorasan hom harbi-strateji, hom do iqtisadi baximdan
Sofovilor vo Morkozi Asiya arasinda korpii rolunu oynayir, bu bolgoni “tomas zonasi” kimi do
qiymotlondirirdi. Xorasanin Orta Asiya ilo Sofovilor arasinda strateji korpii olmasi, iri gohor
madaniyyatine va iqtisadi potensiala malik olmasi, hamginin, boyiik karvan yollarinin qovsaginda
yerlogsmasi bu bolgonin shomiyyatini daha da artirird1 (Qaribova, 2025, s. 220-221). Bels ki, Marv,
Herat, Mashad vo Nisapur kimi sohorlor yalniz horbi istehkam deyil, hom do elm, sonoatkarliq v ticarat
morkazlori idi. Bu soharlora nozarst regionda hegemonluq demak idi.

Bartoldun “Iranin tarixi-cografi icmali” osorindo Sofovi dovletinin torkibindo olan Xorasan
vilayotinin — Morv, Herat, Moshad, Nisapur kimi miihiim sohorlorin — tarixi-cografi tosviri
verilmisdir. Miollif bu goharlorin siyasi sorhadlorini, ohalisini, iqtisadi potensialini vo xiisusilo
beynalxalq ticarot marsrutlari tizarinds yerlogsmasini vurgulayirdi. Onun tohlilins gérs, Xorasan yalniz
sorhad bdlgosi deyil, hom do Moarkozi Asiya ilo Sofovi dovloti arasinda iqtisadi vo moadoni tomas
mokani idi. Miusllif Xorasanin sorhadlorini, asas yasayis montoqgolorini vo yollarin1 gostorarok belo
noticoya golir ki, bu bolgo Sofovi dovlatinin Morkozi Asiya siyasatinin agar ndqtosi olmusdur. Onun
tohlilindo diqqgot ¢okon cohat budur ki, siyasi hadisalor cografi miihitdon ayriligda toqdim edilmir.
Morv vo Heratin miidafio gabiliyyoti, sohraliq zonalarin horbi yiiriiglora tosiri, su manbalorinin vo
karvan yollarmin harbi-strateji rolu kimi amillor hadisalorin izahinda miihiim yer tutur. Bu baximdan
Bartoldun yanagmas: klassik siyasi tarix¢ilikdon forqli olaraq daha ¢ox tarixi-cografi moktobin
xuisusiyyatlorini oks etdirir.

Bartoldun todqiqatlarinda, osason do “Tiirkmon xalqinin tarixi ogerki” osarindo xiisusi diqqgot
¢okon masalolordon biri 1628—1629-cu illor Xorasan hadisolori ilo baglhdir. O, Sah I Abbasin (1587-
1629) 6liimiindon sonra bélgado yaranmis qeyri-sabitliyi, siyasi qarisiqhigi, Xivo xani1 Isfandiyar xan
vo gardas1 ©Obiilqazi xanin ylriislorini vo Sofavilorin onlara garst diplomatik addimlarini, eloco do
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horbi foaliyyotini tohlil etmisdir. Bartoldun tosvirino gora, Isfondiyar xan Xorasan giyaminimn
mosuliyyatini qardasi Obiilqazinin {izorino ataraq onu girov kimi Sofovi sarayma gondormisdi
(Bartold, 1964, s. 51). Bu hadiss zahirds itast akt1 kimi togdim olunsa da, aslindo, Xarozm daxilindo
hakimiyyot ugrunda miibarizonin noticesi idi. Isfondiyar xan bununla hom 6z hakimiyyetini
mohkomlondirmis, hom do Sofovi sarayi ilo miinasibatlori yumsaltmaga ¢alismisdi.

Obiilqazinin Sofovi sarayina gondorilmosi vo onun 1629-1639-cu illordo Sofovi orazisindo
saxlanilmasi iki dovlat arasinda miinasibatlorin sabitlogmasing xidmat etmisdir. Bartold qeyd edir ki,
Sofovi hokmdar1 onu ehtiramla qobul etmis, Isfahanda yasamasina icazo vermis vo maddi tominat
ayirmisdi (Bartold, 1964, s. 56). Bu fakt Sofovi diplomatiyasinin pragmatik vo hadisslorin realist
olaraq qobul edilmosi xarakterini gostorir. Sofovi saraylr Xive ilo miinasibatlori daha da
gorginlogdirmomak ii¢iin girovluq institutundan siyasi alot kimi istifads etmisdir. Burada diggstslayiq
mogam ondan ibaratdir ki, Bartold hadisoni yalniz itast akti kimi deyil, hom do Xarozm daxilindo
hakimiyyot miibarizosinin noticosi kimi qiymotlondirir. Bu, onun siyasi prosesloro c¢oxsaxoli
yanasmasinin gostaricisidir.

Bartoldun yanagmasina goro, XVI-XVII asrlorde Sofovi-Markozi Asiya miinasibatlori yalniz
harbi-siyasi miistovido mohdudlagmirdi. Bu dévrds Buxara, Xivo vo Bolxdon ¢ixan karvan yollari
Sofovi orazisindon kegorok Hindistana, Qazax ¢ollorine, Noqay ordasina, Sibira vo Qasqara qader
uzanirdi. Eyni zamanda, Iran ipayi vo digor mallar Morkozi Asiya bazarlarina dasmirdi. Bartoldun
geyd etdiyi kimi, Sofovi dovlati ilo ticarat olagelori qurmaga ¢alisan yalniz Avropa tacirlori deyildi;
rus tacirlori do Hindistana ¢ixis oldo etmok mogsodilo Morkozi Asiya vo Sofovi iizorindon kegon
yollar1 alo almaga ¢aligirdilar. Bu iso Sofovi dovlotini Avrasiya ticarat sistemindo miihiim tranzit glico
cevirirdi. Belo ki, Sofovilorin morkozi movqeyi Sorq ilo Qarb, eloco do Simal ilo Conub istigamatlorini
birlosdiron asas ticarat yollarina nazarat etmok imkanina malik idi. Xiisusilo Orta Asiya, Qafqaz,
Anadolu vo Hindistan istigamotindo horokoat edon karvan yollarinin kasisma noqtesinds yerlosmaosi
Sofavilori beynoslxalq ticarat sobokosinin mithiim qovsaqlarindan birino ¢evirmisdi (Islamova, 2025,
s. 736). V.V.Bartold yazirdi ki, Avropa tacirlorindon basqa rus tacirlori do Hindistana ¢ix1s aldo etmak
liclin Morkozi Asiya vo Sofovi ilizorindon kegon marsrutlardan istifado etmoyo calisirdilar (Bartold,
1963, s. 56). V.V.Bartoldun todqiqatlar1 gdstorir ki, Sofovi—-Morkozi Asiya miinasibotlori {i¢ osas
istigamotdo inkisaf etmisdir:

1. Siyasi-horbi miibarize — xiisusilo Xorasan ugrunda roqabat;

2. Diplomatik miinasibatlar va girovluq praktikasi — miinaqigalorin tonzimlonmasi vasitasi kimi;

3. Ticarat vo beynalxalq kommunikasiya sobokalori — Safovilorin Markazi Asiya ils iqtisadi
inteqrasiyast.

Vasily Vladimirovich Bartold torafindon ticarstlo bagli irali siiriilon bu fikirlor XVI-XVII asrlords
Avrasiya mokaninda formalasan yeni ticarat-geosiyasi realliqlar kontekstindo qiymotlondirilmalidir.
Miisllifin geyd etdiy1 kimi, Avropal tacirlorlo yanasi rus tacirlorinin do Hindistana ¢ixis olde etmok
ticlin Morkozi Asiya vo Sofovi dovloti orazisindon kecon marsrutlara maraq gostormasi bir ne¢o
mithiim amillo bagh idi.

Ovvala, bu togabbiis diinya ticarat sistemindo bas veran struktur doyisikliklorinin noticosi idi. XV
osrin sonlarmdan etibaron doniz yollarinin — xiisusilo Umid burnu vasitesilo Hind okeanina ¢ixisin —
acgilmas1 Avropa dovloatlorinin Hindistan ticaratindo foalligini artirmisdi. Lakin quru yollari, xtisusilo
ipok vo adviyyat ticaroti baximindan, 6z oshomiyyatini holo do qoruyurdu. Rusiya {i¢lin iso isti
donizloro birbasa ¢ixisin olmamasi alternativ marsrutlarin axtarisini zoruri edirdi. Bu baximdan
Volga—Xozor hovzosi vo Markozi Asiya istigamati mithiim tranzit xatti kimi nozordon kegirilirdi.

Ikincisi, rus tacirlorinin Morkozi Asiya vo Sofavi orazisi iizorindon Hindistana ¢ixmaq istoyi
Moskva dovlatinin iqtisadi vo siyasi ekspansiya strategiyast ilo bagl idi. Bu marsrut Rusiyaya hom
Sorq bazarlarina birbasa c¢ixis, hom do Orta Asiya xanhqlar1 vo Iranla iqtisadi olagalorin
giiclondirilmosi imkani verirdi. Belalikls, ticarat yalniz iqtisadi deyil, hom dos diplomatik va geosiyasi
alot funksiyas1 dasiyirdi.

Ucgiinciisii, Sofovi dévlatinin cografi mévqeyi burada holledici rol oynayirds. iran yaylasi Morkozi
Asiya ilo Hindistan arasinda korpii rolunu oynayir, Xozor donizi vasitesilo Volga hdvzasine
baglanirdi. Bu iso Sofovi dovlstini Avrasiya quru ticarot sobokosinda strateji tranzit morkozino
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cevirirdi. Rus tacirlorinin bu marsrutdan istifado etmak istoyi dolayisi ilo Safovi dovlatinin beynalxalq
ticarat sisteminds oynadig1 miithiim rolu tosdigloyir.

Nohayat, Bartoldun bu qeydi Simal-Conub istigamatli ticarat slagolorinin erkon formalarinin
movecudlugunu gostorir. Bu marsrutlar sonraki dévrlordo formalasacaq Rusiya—iran—Hindistan
iqtisadi olagolorinin ilkin tarixi asaslarini togkil etmisdir. V.V.Bartoldun fikri tokco rus tacirlorinin
togobbiisiinti deyil, biitovlikde XVI-XVII asrlordo Avrasiya mokaninda ticarat yollar1 ugrunda
roqabatin va Sofovi dovlatinin bu prosesdaki tranzit-strateji rolunun shomiyyastini oks etdirir.

Belo bir geostrateji movge Sofovilorin iqtisadi potensialini artirmaqgla yanasi, dévlotin fiskal
siyasoti baximmdan da shomiyyatli rol oynayirdi. Ticarat yollarina nozarst gomriik riisumlarinin
toplanmasi, karvan tohliikasizliyinin tomin olunmasi vo bazar miinasibatlorinin tonzimlonmasi
baximmdan siyasi hakimiyyato miihiim istiinliiklor verirdi. Beloliklo, sohorin Iran yaylasinin
morkazinds yerlogsmasi onu beynolxalq ticaratin asas diiylin ndqtosine ¢evirmisdir.

V.V.Bartoldun tadgiqatlarinin ahamiyyati. Sorqsiinas alim Vasili Vladimirovi¢ Bartoldun Sofovi—
Morkozi Asiya miinasibatlorine dair arasdirmalar yalniz faktoloji zonginliyi ilo deyil, hom do tatbiq
etdiyi metodoloji yanasma ils se¢ilir. Onun todqiqatlarinin elmi shamiyyati bir neg¢a osas istiqgamotdo
Oziinii gostarir. Ovvala, V.V.Bartold siyasi hadisalori cografi miithitdon ayri tasovviir etmirdi. O, tarixi
proseslori konkret mokan daxilindo arasdiraraq siyasi qarsidurmalarin, yiiriislorin vo diplomatik
miinasibatlorin formalasmasinda cografi amillorin rolunu xiisusi vurgulayirdi. Xorasanin sorhod
bolgosi kimi strateji mévqeyi, karvan yollarinin istigamati, sohorlorin igtisadi potensiali vo tobii-
cografi sorait Bartold ii¢iin sadoco fon deyil, hadisolorin mahiyyastini miioyyon edon osas faktorlardan
idi. Bu baximdan onun yanagmasi tarixi-cografi metodun ugurlu totbiqi kimi qiymatlondirile bilor.
Ikincisi, Bartold monboloro tonqidi miinasibati ilo forqlonirdi. O, fars, tiirk vo orob monbolorini
miiqayisoli sokildo tohlil edir, molumatlar arasindaki ziddiyyatlori iizo ¢ixarir vo hadisolorin rosmi
tosviri ilo siyasi realliq arasindaki forqi gostormoyo ¢alisirdi. Xiisusilo Xorasan hadisalori vo
Obiilgazinin Sofovi sarayina géndorilmasi masalosinds 0, monbalorin toqdim etdiyi “itast akt1” izahini
daha genis siyasi kontekstdo sorh etmisdir. Bu yanasma hadisolorin tokco ideoloji deyil, real
hakimiyyat miibarizasi gorgivasindo doyarlondirilmasine imkan verir. Ugiinciisii, Bartold regional
yanasmani {istiin tutaraq Sofovi dévletini yalniz Iran tarixi gorgivesinde deyil, biitdvliikdo Avrasiya
mokaninda bas veron proseslorin torkib hissosi kimi nozordon kegirirdi. O, Sofovi—Seybani
qarsidurmasini Orta Asiya, Rusiya, Hindistan vo Osmanli istiqgamatlorinda bag veran siyasi vo iqtisadi
dayisikliklorle slagalondirirdi. Bu iso Saofavi dovlstinin beynolxalq miinasibatlor sisteminds tutdugu
yeri daha obyektiv qiymatlondirmoayo imkan verirdi. Nohayot, Bartold mozhob faktorunu hadisolorin
yegano izah vasitosi kimi qobul etmirdi. Sio—siinni qarsidurmasinin mévcudlugunu inkar etmadan, o,
siyasi vo iqtisadi maraqlarin, xiisusilo Xorasan vo ticarat yollarina nazarat mosslasinin daha holledici
rol oynadigini gostorirdi. Bu yanasma tarixsiinasliqgda uzun miiddot iistiinliik toskil etmis konfessional
izah modelinin nisbilosdirilmasi baximmdan miihiim shamiyyat dasiyir. Biitiin bunlar1 nozors alaraq,
onu geyd edak ki, Bartoldun metodoloji yanagmasi Sofovi-Markazi Asiya miinasibatlorinin todqiqini
klassik siyasi tarix ¢orgivasindon ¢ixararaq onu struktur, sistem va regional qarsiliqh tesir modeli
daxilindos tohlil etmoyo imkan vermisdir. Bu xiisusiyyatlor onun arasdirmalarini bu giin do aktual vo
nozori baximdan doyorli edir.

Natica

Vasilii Vladimirovi¢ Bartoldun todqiqatlart gostorir ki, XVI-XVII osrlordo Sofovi dovlati ilo
Morkozi Asiya xanliglar1 arasinda miinasibatlor tosadiifi vo epizodik xarakter dasimamis, miioyyon
geosiyasi vo iqtisadi ganunauygunluqlar ¢orgivosindo formalagmigdir. Bu miinasibatlorin asasin1 ilk
novbodo Xorasan ugrunda gedon geosiyasi roqabat togkil edirdi. Xorasan hom sorhod bodlgasi, hom do
miihiim horbi-strateji vo iqgtisadi morkoz kimi Sofavi-Ozbok qarsidurmasinin osas obyektino
cevrilmisdi. Bununla yanasi, diplomatik manevrlor vo girovluq praktikasi iki torof arasinda
miinasibatlorin tonzimlonmesinds miihiim vasito rolunu oynayirdi. Xive vo diger Moarkazi Asiya
hakimlerinin sah sarayina girov gondormasi tokco formal itaot jesti deyil, hom da qarsihiqli giic
balansinin qorunmasina xidmat edon siyasi alat idi. Bartold bu ciir hadisalari genis siyasi kontekstdo
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sorh edarak onlarin arxasinda dayanan real hakimiyyat vo maraq faktorlarini 6n plana ¢okmisdir. Eyni
zamanda, beynolxalq ticarot vo tranzit yollarina nozarot mosalosi Sofovi—Morkozi Asiya
miinasibatlorinin iqtisadi osasini toskil edirdi. Iran orazisindon kecon karvan yollar1 Orta Asiya,
Hindistan, Rusiya vo Qafqaz istigamotlorini birlosdirir, bu iso Sofovi dovlotini Avrasiya ticarat
sistemindo miihiim aktora g¢evirirdi. Beloliklo, Bartold bu miinasibatlori yalniz regional sorhod
garsidurmasi kimi deyil, Avrasiya mokaninda formalagsan genis giic balansinin torkib hissasi kimi
giymotlondirmisdir. Onun arasdirmalar1 Sofovi dovlotinin Morkazi Asiya ilo olagelorinin siyasi,
iqtisadi vo cografi aspektlorini kompleks sokildo doyarlondirmoayo imkan verir vo bu baximdan miiasir
tarixsilinasliq li¢iin do aktual elmi ohomiyyatini qoruyub saxlayir.
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The Current State of Preparing Future Primary School Teachers for
Research Activities and Ways of its Improvement

Abstract

The development of education creates an essential foundation for improving the welfare of the
global population as well as enhancing individual quality of life. Education enables people to acquire
modern technologies more rapidly, secure a respectable position in the labour market, actively
participate in lifelong learning, maintain a healthy lifestyle, and demonstrate a responsible attitude
toward the environment. The role of education in society is not limited to transforming students’
knowledge and skills into economic capital; it also functions as an important social institution that
contributes to the comprehensive development of individuals and overall social progress. Preparing
future primary school teachers for teaching and research activities involves the formation of research
skills as well as the development of motivational-value, informational-content, and practical activity
components. The content of this preparation includes the acquisition of the knowledge, skills, and
competencies necessary for future teachers to conduct effective scientific and pedagogical activities
in primary schools. The main purpose of this process is to familiarize future teachers with new
scientific achievements in the subjects they teach, create a healthy, engaging, and motivating learning
environment, effectively apply diverse methods and modern teaching technologies, and ultimately
ensure the provision of quality education. Studying the opportunities and methods for developing the
professional competencies of future primary school teachers, as well as determining the pedagogical
model of this process, remains one of the current problems of pedagogical theory and practice. The
relevance of the research is determined by the need to identify a pedagogical model and
implementation mechanisms that ensure the development of professional competencies among future
primary school teachers.

Keywords: prospective primary school teachers; pedagogical higher education; teacher
professional competence; research skills; teacher education
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Galacak ibtidai sinif miisllimlarinin tadqiqat foaliyyatino hazirhiginin
miiasir vaziyyati vd onun tokmillagdirilmasi yollar:

Xiilasa

Tohsilin inkisafi qlobal ohalinin rifahinin yiikssldilmasi, hamginin, fordi hayat keyfiyyatinin
yaxsilagdirilmasi iiclin mithiim zomin yaradir. Tohsil insanlara miasir texnologiyalari daha tez
monimsomay?, amok bazarinda layiqli movqge tutmaga, dmiirboyu tohsil prosesinds foal istirak
etmayo, saglam hayat torzi siirmaya va otraf miihito masuliyyetli miinasibat gdstormaye imkan verir.
Comiyyatdo tohsilin rolu yalniz sagirdlorin bilik vo bacariqlarinin igtisadi amilo ¢evrilmosi ilo
mohdudlagsmir; o, eyni zamanda soxsiyyatin hortorafli inkisafina vo sosial toraqqiyo xidmot edon
miihiim sosial institutdur.
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Golacok ibtidai sinif miisllimlarinin tadris va tadqiqat faaliyyatina hazirlanmasi onlarin tadqiqatciliq
bacariqlarinin formalagdirilmasini, motivasiya-dayar, informasiya-mozmun vo praktik foaliyyot
komponentlorinin inkisafin1 nozordo tutur. Bu hazirligin mozmunu golocok miisllimlorin ibtidai
moktoblordo somarali elmi-pedaqoji foaliyyot gostora bilmolori tigiin zoruri olan bilik, bacariq vo
kompetensiyalarin monimsanilmasini ohato edir. Bu prosesin asas moaqsadi golocok miisllimlari todris
etdiklori fonlor iizro yeni elmi nailiyyatlorlo tanig etmok, saglam, colbedici vo motivasiyaedici tolim
miihiti yaratmaq, miixtolif metod vo miiasir tolim texnologiyalarindan somorali istifade etmok vo
notico etibarilo keyfiyyotli tohsilin tomin edilmosino nail olmaqdir. Golocok ibtidai sinif
miollimlorinin  pesokar kompetensiyalarinin inkisaf etdirilmosi imkanlarinin vo metodlarinin
Oyronilmosi, eloco do bu prosesin pedaqoji modelinin miioyyonlosdirilmasi pedaqoji nozoriyys vo
tacriiba liglin aktual problemlordon biri olaraq qalmaqdadir. Tadqiqatin aktuallig1 galacak ibtidai sinif
miisllimlorinds pesokar kompetensiyalarin inkisafin1 tomin edon pedaqoji modelin vo onun totbiq
mexanizmlorinin miioyyonlagdirilmasi ilo sortlonir.

Acar sozlar: galocak ibtidai sinif miiallimlari, ali pedaqoji tohsil, pesokar kompetensiya,
tadqgiqatciliq bacarglar, miiallim hazirlig

Introduction

The normative documents regulating the content of higher pedagogical education emphasize the
importance of such concepts as research-oriented teacher, competent teacher, professional teacher,
creative teacher, and the formation of a creative activity style in future teachers. This is because the
formation of a personality that “is aware of his or her responsibility, respects the principles of
democracy, national traditions, and human rights and freedoms, adopts the ideas of Azerbaijanism,
and demonstrates independent and creative thinking” (Republic of Azerbajjan..., 2013) is directly
related to the preparation of a professional, competent, and creative primary school teacher
distinguished by academic skills, professional expertise, teaching experience, and research
competence. For this reason, the transformation of higher pedagogical institutions into education-
research-innovation centers have been envisaged to prepare a new generation of competitive
pedagogical personnel (Republic of Azerbaijan..., 2013). The Primary School Teacher Education
Programme, approved in 2020, provides that future primary school teachers acquire 14 pedagogical
skills (Ibrahimov, 2010).

The competencies that should be developed in future primary school teachers during the teaching
of pedagogical disciplines can be summarized as follows:

1.the ability to organize the teaching process in diverse socio-cultural contexts;

2.the ability to design, implement, evaluate, and improve the pedagogical process;

3.the ability to master the technology of curriculum development and use it to shape the content
of the pedagogical process;

4 the ability to analyze the content of experimental curricula and textbooks, modify the proposed
material, and select and adapt additional materials in accordance with contemporary educational
requirements.

As the social expectations placed on teachers have changed, different models of the teacher have
emerged. A modern teacher is characterized by the ability to equip students with new skills, support
the realization of their potential, create intrinsic motivation for learning, and assist them in achieving
success. Such a teacher studies students’ learning needs and selects appropriate content and methods,
adopts innovative approaches to the organization of the pedagogical process, integrates teaching
technologies, and intensifies learning by actively engaging students. In addition, the modern teacher
is committed to continuous professional development and is capable of creating an engaging and
interactive learning environment through the use of online resources and digital platforms. The
modern teacher model prioritizes student-centered learning and lifelong professional growth. Within
this framework, particular importance is attached to the development of research skills among future
teachers. Their ability to think independently and creatively, conduct independent investigations, and
apply research findings in the teaching process is considered essential. Why is research competence
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regarded as one of the seven key abilities of future primary school teachers? A primary school teacher
must possess research skills for several reasons. First, teachers need to follow recent developments
and emerging trends in primary education and remain informed about advances in the pedagogy of
primary education. This enables them to update their scientific and methodological knowledge and
apply new methods and strategies in their professional practice. Research competence also helps
teachers identify the changing learning needs of their students, design appropriate strategies, and
adopt the best practices in teaching. Second, engaging in research allows primary school teachers to
continuously develop their knowledge and professional skills. Third, research competence supports
teachers in selecting effective teaching methods, reflecting on new approaches, and making evidence-
based decisions in the teaching process. Fourth, teachers who conduct research improve their teaching
practices by studying advanced educational experiences, which ultimately contributes to higher levels
of student learning outcomes. Fifth, research conducted by primary school teachers enables them to
better understand students’ individual learning needs as well as their strengths and weaknesses,
thereby facilitating differentiated instruction. Sixth, unlike traditional training courses, teacher
research 1s self-directed, which significantly contributes to the development of professional
competence. Seventh, teachers who share the results of their research enrich pedagogical theory with
practical ideas. Eighth, teaching practices based on personal research help identify effective teaching
strategies and innovative instructional technologies and support the development of engaging forms
of assessment. Finally, when primary school teachers engage in research, they model a culture of
lifelong learning both for themselves and for their students. By demonstrating how to ask questions,
seek answers, and critically analyzes information, teachers inspire students to become independent
and creative thinkers.

Research

The development of research competence among future primary school teachers should be
implemented within the educational process of higher pedagogical institutions. Practice shows that
although future teachers acquire knowledge in social and philosophical disciplines, pedagogical and
psychological subjects, specialized courses, and their teaching methodologies within a 210-credit
programme, and develop professional skills, they are often not sufficiently prepared for scientific
research activities.

The research revealed that not only students but also the majority of primary school teachers who
participated in the interviews were not adequately prepared for creative research activities. Their
theoretical, practical, and methodological preparation does not fully meet the requirements expected
of a modern research-oriented teacher. University instructors who participated in the interviews
attributed this situation mainly to the low level of motivation among future primary school teachers.

Naturally, both objective and subjective factors contribute to the insufficient development of
research skills among students as well as practicing primary school teachers, and to the difficulties
they experience when applying theoretical knowledge in the pedagogical process. Research
competence should begin to be developed in students from the early years of primary education and
should continue to be strengthened in the subsequent stages of schooling. Unfortunately, the initial
understanding of research skills that pupils acquire in primary school is not sufficiently developed in
later grades. In upper grades, students spend a significant portion of their time memorizing test
materials during private tutoring sessions. As a result, they have little time to conduct independent
research, analyze and compare results, or engage in creative thinking. Consequently, many future
teachers entering the first year of higher pedagogical education lack research skills.

In order to study the level of preparation of students majoring in Primary School Teaching for
educational and research activities, the methods of comparative historical analysis, analysis and
synthesis, modelling, and the study and generalization of pedagogical experience were employed.
Through the application of these methods, we sought to examine both the theoretical and practical
aspects of preparing future primary school teachers for educational and research activities. Since
future primary school teachers are engaged not only in scientific research but also in pedagogical
practice, they are required to integrate these two forms of activity. Systematic and continuous research
ensures the effective organization of pedagogical activity, while productive pedagogical practice
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contributes to the development of research competence. Therefore, a close interrelationship exists
between these two types of activity.
In accordance with the objectives of the diagnostic stage of the experiment, diagnostic interviews,
surveys, and analyses were conducted to determine the level of research skills among students
majoring in Primary School Teaching at Azerbaijan State Pedagogical University, Baku Slavic
University, and Baku Girls University. A total of 270 students participated in the survey: 220 students
from Azerbaijan State Pedagogical University (200 studying in Azerbaijani and 20 studying in
English), 26 students from Baku Slavic University, and 24 students from Baku Girls University.
While systematic observations were conducted with students studying Primary School Teaching
at Azerbaijan State Pedagogical University, interviews were carried out with students at the other
higher education institutions, and they were asked to respond to survey questions. In order to ensure
accurate diagnosis, both group and individual questionnaires were administered. In addition, students
were given various test tasks, creative assignments, and control tasks. The results of students’
academic, practical, and creative activities were analyzed comprehensively. The tasks presented to
future primary school teachers in both the experimental and control groups were identical in content
and scope. In order to determine the level of research competence among students, the following
criteria were considered appropriate.
Criteria for Assessing Research Skills

Table 1.3.1
Criteria for Assessing Research Skills

Criterion Very High High Satisfactory Unsatisfactory
Orientation (motivation The activity is based on The activity is based on The activity is based on No attention is paid to the
for activity) socially significant strong motivation and contradictory motives, development of research
motives, and the recognition of the and awareness of the skills among students.
development of students’ importance of developing formation of research
research skills relies on students’ research skills. skills is unstable.
conscious orientation.
Completeness Fully masters the content Is knowledgeable about Has general knowledge of Experiences difficulty in
of research skills and can research skills but the skills but requires identifying key research
provide precise demonstrates some additional clarification skills and cannot explain
explanations of each of inaccuracies when when explaining their their essence.
them. explaining them. essence.
Accuracy Correctly applies research Easily eliminates Applies necessary skills Does not apply research
skills. shortcomings encountered but has difficulty skills correctly.

during the research
process.

correcting errors.

Awareness (conscious
scientific activity)

Explains the structural
components of the skills,

provides examples, and
applies them consciously.

Explains the content of
the skills but characterizes
their structural
components inaccurately.

Experiences difficulty
explaining structural
components and content
and providing examples.

Cannot explain the
structural components
using examples.

Effectiveness Effectively applies Skillfully uses them in Applies them correctly in Skills are applied
research skills in practice and applies some cases but makes incorrectly and serious
pedagogical practice and psychological, mistakes when using €ITOrS OCCUr.
demonstrates excellent pedagogical, and subject psychological and
pedagogical and knowledge. pedagogical knowledge.
psychological knowledge.
Rationality Applies skills in a rational Generally, uses skills Applies them with certain Skills are not used
manner. rationally. corrections. rationally.
Connection with other Applies research skills in Uses them together with Applies them together Applies them without

skills

combination with other
pedagogical skills in an
integrated manner.

other selected skills.

with other pedagogical
skills in some cases.

connection to other skills.

Time efficiency

Activities are performed
on time and
professionally, and the
result fully corresponds to
the objective.

The result corresponds to
the objective and is
achieved efficiently.

The result partially

corresponds to the

objective but is not
sufficiently efficient.

The activity is
unsuccessful.

Readiness for creative
research activity

Masters the fundamentals
of creativity theory,
demonstrates a creative
and research-oriented
approach, and constantly
engages in inquiry.

Knows the fundamentals
of creativity theory but
does not always use
methods rationally.

Has limited knowledge of
creativity theory and
sometimes fails to
demonstrate a creative
approach.

Does not know the
fundamentals of creativity
theory and does not
demonstrate a creative
approach.
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Orientation (the motive and direction of activity), completeness, accuracy, awareness (conscious
scientific activity), effectiveness, rationality, connection with other skills, time efficiency, and
readiness for creative research activity were adopted as the criteria for assessing research competence.
Four levels were identified: 1) very high; 2) high; 3) medium; and 4) low. In addition to these criteria,
the evaluation was also conducted according to the degree of students’ independence during the
research process, which was reflected in the following three levels:

1.the research was carried out under the direct supervision of the scientific advisor;

2.the research was conducted on the basis of a hypothesis proposed jointly with the scientific
advisor;

3.the formulation of the problem, the identification of the hypothesis, and the generalization
of the results were carried out independently by the student.

One of the issues to which particular attention was paid in determining these levels was the
student’s ability to apply the knowledge and skills acquired in pedagogy to other fields of science.

This is because integration (both interdisciplinary and intra-disciplinary) plays an important role
in the development of students’ research skills.

There are a number of notable studies devoted to the levels of development of research
competence among both practicing and prospective teachers by scholars such as V. I. Andreyev, E.
Y. Girfanov and P. N. Osipov, T. M. Talmanova, L. Sh. Abdulova, A. A. Verbitsky and N. A.
Bakshayeva, and A. A. Gubaydullin, among others (Abdullova, 2009; Andreev, 1998; Girfanova &
Osipov, 2006; Gubaidullin, 2011; Talmanova, 2003; Verbitskii & Bakshaeva, 2000). These studies
emphasize that the main indicator for assessing the development of research competence among
future teachers should be based on written academic work in pedagogical disciplines (such as student
research papers, abstracts, summaries prepared for seminar topics, and similar assignments).

In order to evaluate research-oriented written assignments in pedagogy (independent work), the
following criteria were adopted:

1. the number and volume of completed assignments;

2. the number of assignments completed with high quality (free from plagiarism and
characterized by meaningful, coherent, and systematic content);

3. the ability to generalize the problem investigated in the written work.

The three criteria identified above were correlated with four evaluation levels: very high, high,
satisfactory, and unsatisfactory. Depending on the content of the material and the didactic objectives,
various types of questionnaires, diagnostic tests, and assessment and control tasks were used. During
the implementation of such tasks, a group of students demonstrated high intellectual activity,
creativity, purposeful and systematic work, the ability to solve problem-based tasks, and the
completion of creative assignments. These qualities play a significant role in students’ self-realization
and personal development. For example, students were asked to respond to questions such as:

e What is the role of humanities, pedagogical-psychological, and specialized disciplines in the
development of research competence?

e What pedagogical research skills should future primary school teachers acquire? What can be
said about the nature of these skills?

e How do you understand a teacher’s readiness for educational and research activities?

e What characteristics define a research-oriented teacher? What role can research competence
play in teaching practice?

e Prepare a scientific research project on a selected topic in pedagogy (including the research
problem, object, subject, purpose, hypothesis, research methods, and significance).

e Evaluate your level of readiness to use research skills in the pedagogical process on a four-
point scale.

However, among another group of students, the same level of intellectual engagement and
analytical thinking was not observed during the completion of assignments. These students
reproduced the information learned in lectures and seminars almost verbatim, as if copying lecture
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notes. The presented material repeated the same structure, sequence, and scope as found in textbooks
or lecture materials.

For example, they responded to questions such as:

e List the methods of pedagogical research and briefly explain their content.

e Explain the principles of pedagogical research.

e Describe the structure of scientific research.

e What is a pedagogical experiment? What types of pedagogical experiments do you know?
Characterise the essence of pedagogical observation.

What types of student scientific research are you familiar with?

e Which forms and methods of instruction contribute to the development of research
competence among students?

A different set of tasks was assigned to the third group of students:

1. Identify the theoretical and empirical research methods, including observation, interview,
comparative historical analysis, analysis, synthesis, modelling, pedagogical experiment, survey,
testing, rating, the study and generalisation of teaching practice, diagnostic assessment of test and
control assignments, the analysis of school documentation, and the study of students’ creative work.

2. Present the stages of formulating and solving problem-based tasks in the required sequence:
verification of the correctness of the solution to the problem; formulation of the problem and creation
of a problem situation; implementation of the necessary principle; use of known means to solve the
problem; use of new means to solve the problem.

3. Characterise the stages of transition from elementary skills and competencies to more complex
skills and competencies, and indicate which skills and competencies correspond to the first and
second stages.

Stage 1

e Explanation of the meaning of the acquired skill

e Familiarisation with the content and structure of the skill being formed

e Organisation of practical activities necessary for acquiring the required skill

e Application of the acquired skills in new and changing conditions

Stage 2

e Familiarisation with the activity model (explanation and demonstration)

e Acquisition of initial skills for applying the rules

e Improvement and development of the acquired skills

e Application of skills and competencies in various creative and practical activities

The implementation of such tasks activates the learning process and accelerates the acquisition of
the necessary knowledge, skills, and abilities. At the same time, the level of skill development among
students is assessed, learning becomes more individualized, and a student-centered learning process
is organized. However, it should also be noted that it is quite difficult to accurately and
comprehensively assess students’ intellectual development, thinking style, logical reasoning,
creativity, and intellectual capacity within this process. The fourth group of questions and tasks
involved preparing answers according to the methodology adopted for computer-based instruction.
For example:

1. Explain the characteristics of the stages of the teacher’s creative process and the role of
business games in preparing teachers for creative teaching activity.

2. Arrange the stages of the teacher’s creative process in the correct sequence: development of a
plan; analysis and evaluation of creative outcomes; identification of a plan aimed at solving a
pedagogical task (problem); implementation of the pedagogical plan in human activity and
communication.

3. Indicate the correct sequence for conducting business games in the learning process:
determining the objectives of the business game; analysis and summarising the outcomes of the
business game; updating knowledge in pedagogy, psychology, and subject teaching methodology;
familiarisation with the rights and responsibilities of participants; understanding the course of the
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game; distribution of roles among participants; participants performing their roles according to the
implementation plan.

The fifth group of questions, tests, control tasks, and assessment assignments was aimed at
evaluating students’ knowledge, skills, abilities, and readiness for educational and research activities.
For example:

o Justify the necessity of research competence in the teaching and research activities of primary
school teachers.

e Determine the level of your research competence.

e Evaluate your level of scientific preparedness.

e Identify the forms and methods of teaching that play an important role in developing research
skills among future primary school teachers (evaluate them using a four-point scale).

e Assess your readiness for educational and research activity (indicate the level of development
of the motivational-value, informational-content, and practice-oriented components of your readiness
for research activity).

Finally, practical tasks were assigned in order to determine the level of development of
pedagogical research skills among future primary school teachers. For example:

e Design and solve a pedagogical problem-based task;

e Develop a programme for observing a specific pedagogical phenomenon in accordance with
the stages of the observation method;

e Prepare a programme and plan for studying pedagogical practice;

e Conductand evaluate the analysis of two or three lessons in primary classes of the base schools
of Azerbaijan State Pedagogical University in order to examine different teaching methods and
approaches;

e Write a creative research paper on a topic related to teaching and education.

In order to determine the dynamics of readiness for educational and research activity and to
examine the problem comparatively, a survey was conducted among primary school teachers in Baku
with different levels of professional experience. A total of 43 primary school teachers participated in
the survey. The questions and tasks were designed to evaluate teachers’ teaching and research
activities and to assess the forms of instruction (lectures, seminars, laboratory classes, debates,
graduation projects, course papers, independent work, educational excursions, pedagogical practice,
etc.) and teaching methods (teacher explanation, interview, illustration, demonstration, assignments,
instructional discussions, business games, independent work, research-oriented tasks, video methods,
and others) that contribute to the development of research competence. To determine the level of
preparedness of future primary school teachers for instructional and research activities and to assess
the formation of their research skills, a questionnaire survey was conducted.

At the initial stage of the experiment, both prospective primary school teachers and practicing
primary school teachers were asked to respond to the following questions:

1. Inresponse to the question, “Do you consider the development of research skills in prospective
primary school teachers to be an essential component of preparation for creative teaching activity?”,
74% of prospective primary school teachers and 82% of practicing teachers stated that research skills
constitute a necessary component of successful pedagogical activity.

2. In response to the question, “Which research skills have you acquired during your
education?”, teachers with different levels of professional experience identified several research
skills, including analyzing scientific literature, generalizing and systematising information,
conducting surveys, studying and summarising pedagogical experience, observing, formulating
hypotheses, and conducting experiments. However, 16% of the teachers participating in the survey
admitted that they experienced difficulty answering this question and were unable to clearly identify
research skills. Instead, they emphasised the teacher’s ability to design the classroom environment.
The responses to this question revealed that teachers were not sufficiently informed about pedagogical
research skills and their content.
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In order to identify the reasons for this, recently published pedagogy textbooks and teaching
manuals were analyzed.

Unlike the Pedagogy textbooks published in the 1960s-1990s by authors such as M. A.
Muradkhanov, B. A. Ahmadov, N. M. Kazimov, A. Sh. Hashimov, Y. R. Talibov, A. A. Agayev, L.
N. Isayev, and A. I. Eminov, the books entitled Pedagogy published in different years by A. Kh.
Pashayev and F. A. Rustamov (Pashayev, 2017, p. 462), L. N. Gasimova and R. M. Mahmudova
(Gasimova, 2003, p. 536), M. A. Ismikhanov (Ismikhanov, 2011, p. 236), and F. N. Ibrahimov
(Ibrahimov, 2010, p. 544) place special emphasis on research ability as an important component of a
teacher’s pedagogical competencies.

Similarly, psychology textbooks authored by A. A. Alizadeh, M. A. Hamzayeyv, S. I. Seyidov, R
I. Aliyev, A. U. Mammadov, and N. Z. Chalabiyev emphasize the importance of research ability
among the psychological competencies required of teachers. However, none of these educational
resources provide a clear list or detailed description of teachers’ research skills.

During the research process, students were asked to evaluate the significance of the following
research skills, which play an important role in preparing future primary school teachers for creative
professional activity. They were requested to assess each skill by placing a “+” sign in the appropriate
column according to its importance (5 — very important; 4 — important; 3 — desirable; 2 — not
important).

The research skills included:

Ability to work with primary sources

Ability to obtain and summarise information

Ability to critically analyse and evaluate obtained information

Ability to systematise and classify phenomena

Ability to draw generalisations based on collected materials

Ability to interpret data and information

Ability to present and summarise material in the form of reports or articles
Ability to formulate and solve pedagogical problems

Ability to identify and solve problems

10 Ability to understand and justify ways of solving problems

11. Ability to observe, collect information, and analyse it

12. Ability to formulate and test hypotheses

13. Ability to conduct experiments and generalise results

14. Ability to use pedagogical research methods

15. Ability to exercise self-control and self-correction

16. Ability to express opinions regarding research results

17. Ability to study and generalise teachers’ professional experience

18. Ability to plan and organise research activities

19. Ability to apply research results in practice

20. Ability to conduct collaborative research

21. Ability to deliver presentations

The analysis of the significance level of research skills that prospective primary school teachers
should acquire during their first to fourth years of study demonstrates that this dynamic increases
progressively from year to year. Although first-year students do not fully understand the importance
of research skills for their future teaching activities, in subsequent years they gradually recognize the
necessity for teachers to possess such competencies.

Students in the final year of study develop a broader understanding of the instructional and
research activities of primary school teachers and place particular importance on research skills
among the teacher’s professional competencies, evaluating them highly (Ismixanov & Boxtiyarov,
2011; Pasayev & Riistomov, 2017; Qasimova & Mahmudova, 2003). The analysis led to the
conclusion that the views of final-year students majoring in primary education regarding teachers’
research skills are very close to the perspectives of practicing primary school teachers and, in some
cases, even coincide with them.

R R R S
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Practicing teachers were asked the question: “How do your research skills influence your
pedagogical activity?” The responses obtained indicated that research skills have an unequivocally
positive impact on the teaching activities of primary school teachers. The answers particularly
emphasized that teachers who possess research skills:

1. feel more confident in their professional competence;

2. actively participate in various training programmes and professional development courses;

3. apply teaching methods in a comprehensive and integrated manner during the instructional
process;

4. continuously improve their methodological repertoire;

5. effectively plan and implement the teaching process;

6. are able to select and study relevant scientific and pedagogical literature; and

7. engage in continuous self-education.

Final-year students of the primary education programme and practicing teachers analyzed the
main characteristics of research skills, the essence of pedagogical research methods, and the
relationship between teachers’ research skills and other professional competencies such as
organizational, communicative, cognitive-scientific, perceptive, and suggestive abilities. The analysis
of responses revealed a considerable difference between the knowledge content of prospective
primary school teachers (final-year students) and practicing teachers regarding the significance,
classification, and interrelation of research skills with other competencies. Teachers with at least 5-
10 years of professional experience provided more comprehensive and practice-oriented responses.
Only the responses of seven graduates of the master’s programme “Methodology and Methods of
Teaching in Primary School” and four graduates of the programme “History and Theory of
Pedagogy”, who were already working as primary school teachers, coincided with those of practicing
teachers, which we consider natural. The inclusion of the course “Methods and Methodology of
Scientific Research” in master’s programmes (30 hours in total: 15 hours of lectures and 15 hours of
seminars), as well as the requirement for each master’s student in the final year to complete 20 hours
of research practice and 20 hours of scientific-pedagogical practice, contributes to the development
of research skills alongside other professional competencies.

The study revealed that in higher pedagogical institutions, the formation of scientific research
skills among future primary school teachers and their preparation for instructional-research activities
is not sufficiently developed. As a result, teachers who begin their professional careers often attempt
to fill these gaps during the first five years of their professional practice. All these findings indicate
that there are significant shortcomings in preparing future primary school teachers for research
activities. Superficial answers given by prospective primary school teachers to questions such as
“What is a teacher’s research activity?”” and “How do you understand the implementation of research
skills within the pedagogical process?”, their inability to systematically and sequentially list the
components of research skills, and their difficulty in providing examples related to the problem
confirm this conclusion.

In our view, the deficiencies in the preparation of prospective primary school teachers for
scientific research and instructional-research activities can be eliminated through purposeful and
systematic self-education. The development of primary school teachers as both professional educators
and researchers largely depends on the level of their readiness for self-directed learning.

A total of 68% of prospective primary school teachers understand the importance of continuously
improving their research skills. Furthermore, 78% of final-year students participating in the survey
(majoring in primary education) claimed that during their higher pedagogical education they had
acquired the necessary knowledge and skills to independently study scientific, pedagogical, and
methodological literature.

Among the teachers who participated in the survey, 63% reported that they systematically
improve their professional competence in order to develop themselves as teacher-researchers. To
enhance their professional skills, they employ various forms of self-education, including:

1. studying and analysing scientific, pedagogical-psychological, and methodological literature;
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2. participating in training programmes, professional development courses, scientific seminars,

and conferences;

3. participating in forums of primary school teachers;
4. applying innovative teaching technologies and active learning methods in the instructional

Pprocess;

5. conducting independent scientific research and publishing articles about their professional
experience in journals such as Curriculum and Preschool and Primary Education.
During the survey, the majority of practicing teachers and prospective primary school teachers
stated that at the bachelor’s level of higher pedagogical education they had not sufficiently mastered
independent work and research skills, and they evaluated this situation as follows.

Table 1.3.2

Results of the Questionnaire Survey on Readiness

for Instructional-Research Activities

Participants Excellent (%) Good (%) Satisfactory Unsatisfactory No Response
(%) (%) (%)
Prospective 11 17 32 38 2
primary school
teachers
Practicing 5 13 21 57 4
teachers

The results of the survey demonstrated that prospective primary school teachers do not have a
clear understanding of the goals, objectives, content, and technological aspects of preparation for
instructional-research activities. For the majority of respondents, only superficial perceptions of
teachers’ research skills have been formed. They experience difficulties in explaining the essence of
research competence and in applying its various components within the teaching process.

In addition, prospective teachers are insufficiently prepared for independent work aimed at
improving their scientific-pedagogical competence and enhancing their research skills. This situation
highlights the necessity of introducing substantial changes to the content and technologies of
pedagogical disciplines in order to more effectively prepare future primary school teachers for
research activity. During the experimental stage of the study, questionnaire surveys, interviews, and
assessment tasks conducted in a carefully structured and logically sequenced manner contributed to
identifying the theoretical and methodological foundations of the research.

Table 1.3.3
Questionnaire Items, Tests, and Assessment
Tasks Related to Readiness for Instructional-Research Activities

Test and assessment tasks
Analyze the essence of teaching and upbringing as well

Questionnaire questions
What is the role of research skills in the formation of the

teacher-researcher’s personality?

as contemporary pedagogical and psychological concepts
and theories.

Explain the essence of the learning-through-research
approach by examining the history of pedagogical
thought in Azerbaijan.

Identify theoretical and empirical research methods in
separate columns and explain their essence.

What pedagogical and psychological knowledge should a

Interpret the main directions of democratisation and

teacher possess? humanisation of the pedagogical process and the
characteristics of a teacher’s creative pedagogical
activity.
Explain the essence of the relationship between teachers’ | Characterise the main features of the teacher-researcher’s
research skills and other pedagogical competencies. activity.

Describe the stages of development of scientific-
pedagogical research.

Explain the components of teachers’ research skills.
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In the research activity of prospective primary school teachers, their personal qualities play a
significant role. The study revealed that there is an intrinsic relationship between the structural
components of prospective primary school teachers’ readiness for research activity and the methods
of pedagogical research.

Table 1.3.4

Relationship Between the Structural Components of Prospective
Primary School Teachers’ Readiness for Research

Activity and Pedagogical Research Methods

Criteria of prospective primary school teachers’ Pedagogical research methods
readiness for research activity
Motivational-value component Observation, interviews, questionnaires, tests, written

assignments, assessment tasks, and diagnostics of
teachers’ motivation
Content component Study of normative and legal documents; analysis of
curricula, syllabi, and educational programmes; textbook
analysis; diagnostics of the acquisition of the content of
research skills
Practice-oriented component Tests, modelling, business (role-playing) games, analysis
of creative outputs, and diagnostics of readiness for
research activity

At the final formative stage of the study, four levels of prospective primary school teachers’
research competence were identified: (1) very high, (2) high, (3) medium, and (4) low. In accordance
with these levels, a survey was conducted among 206 prospective primary school teachers
participating in the experiment (103 in the control group and 103 in the experimental group). The
results confirmed the validity of the methodology proposed in this research.

During the surveys, it was observed that although some students and practicing teachers possessed
a certain understanding of the nature of research skills, their relationship with other teaching
competencies, and their role in teachers’ professional activities, the majority provided superficial
answers to questions such as “What is the significance of research skills for primary school teachers?”
and “What are the criteria of the motivational-value component for teachers?” Respondents were
unable to clearly explain the relationship between teachers’ research skills and other instructional
competencies, particularly the connection between a teacher’s creative activity and the level of
development of research skills. They also experienced difficulties in identifying the main
characteristics and structural components of the teacher-researcher’s activity.

The study also revealed significant shortcomings in the development of the information-content
component of prospective primary school teachers’ readiness for instructional and research activities.
Responses to questions such as “What methodological knowledge should primary school teachers
possess?”’, “How do you evaluate the potential of pedagogical-psychological, humanitarian, and
elective courses in developing research skills among prospective primary school teachers?”, and
“Explain the content of pedagogical research skills” were found to be largely superficial. In the
contemporary period, there are still deficiencies in preparing future primary school teachers for
research activity and in developing their scientific research skills within higher pedagogical
institutions. Prospective teachers encounter difficulties in designing and solving pedagogical tasks,
characterizing the stages of development of scientific-pedagogical research, developing research
projects, formulating hypotheses, conducting experiments, carrying out independent research, and
analyzing the results obtained. One of the reasons for this situation is that, compared to other
competencies such as organizational, cognitive-scientific, and communicative skills, insufficient
attention is paid to the development of research skills during lectures, seminars, practical classes,
extracurricular activities, and pedagogical practice.
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Conclusion

At the same time, several additional issues should be noted:

e There is no unified system ensuring the development of research skills among prospective
primary school teachers. Within the modern education system, resources and institutional support for
developing research competencies among both prospective and practicing teachers remain limited.
Although the use of interactive teaching methods could significantly contribute to the formation of
research skills, their application in higher pedagogical institutions is still not widespread.

Some prospective primary school teachers do not fully recognise the importance of possessing
research competencies for a teacher-researcher. The integration of research methods and innovative
approaches into the instructional process remains insufficiently developed. As a result, prospective
teachers often experience difficulty understanding the role of research in generating and applying new
knowledge.

e Initial research skills are not sufficiently cultivated in general education schools, which
negatively affects the subsequent development of these competencies in teacher education
programmes.

e Despite the rapid introduction of innovative approaches and pedagogical technologies into
professional teacher training, the preparation of prospective primary school teachers for scientific
research activity often continues to rely on traditional methods that are not sufficiently effective.

e In line with the increasing demands for improving the efficiency of the educational process,
many teachers do not actively engage in self-education, do not generalise their teaching experience,
and show limited interest in evaluating their own professional activities. Teachers’ motivation to
develop their research competencies is relatively weak. A lack of awareness of the importance of
research or insufficient time allocated to such activities further limits teachers’ engagement in
research.

e Higher pedagogical institutions often lack the necessary conditions for fully implementing the
motivational-value, information-content, and practice-oriented components of readiness for
instructional-research activity among prospective primary school teachers. For example, the
elimination of course papers, graduation projects, practical training modules, and the absence of
national student scientific conferences significantly reduces opportunities for developing research
competencies.

In conclusion, the insufficient development of research skills among modern teachers is
associated with several factors, including the structure of the education system, limited resources, and
teachers’ motivation. Addressing these issues requires the provision of greater institutional support
and resources aimed at fostering teachers’ research competencies.
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Ingilis dilinda peso frazeologiyasmin iislubi imkanlar

Xiilasa

Maogqalods ingilis dilinde peso frazeologiyasmin iislubi imkanlar1 todqiq olunur. Peso
frazeologiyas1 miiayyan peso sahalaring xas olan sabit ifadalori vo deyimlari ohato edir. Maqgalado bu
frazeoloji vahidlorin leksik, semantik vo stilistik xiisusiyyatlori, hamginin, onlarin professional
danisiq vo yazi dilindo ifado giicii tohlil edilir. Todqigat gostorir ki, peso frazeologiyasi lislub
zonginliyini artirmaqla yanasi, professional kommunikasiya zamani doqiqlik, emosional rong vo
maodoni konteksto uygunlugu tomin edir.

Peso frazeologiyasi xiisusi peso saholorindo masalon, tibb, hiiquq, biznes, tohsil, mithondislik vo
texnologiya va s. sahalords istifads olunan sabit ifadslor vo deyimlordir. Belo frazeoloji vahidlar tokca
monali ifadslor deyil, hom do {islub xiisusiyyatlori ilo danisiq vo yazi dilinds ifads zonginliyi yaradir.
Peso frazeologiyasi miixtolif mogsadlora xidmat edir: ixtisaslagdirilmis motndo doqiqlik tomin edir,
kommunikativ somaraliliyi artirir vo pesokar iinsiyyatin madoni kontekstini oks etdirir. Buna gora do,
ingilis dilinds peso frazeologiyasinin tislubi imkanlarinin arasdirilmasi aktualdir vo dil 6yronanlar,
torclimagilor, miisllimlor va dil tadgiqatgilar: tigiin shomiyyat kasb edir.

Acar sozlor: pesa frazeologiyasi, ingilis dili, tislub xiisusiyyatlori, pesa leksikasi, frazeoloji
vahidlor, kommunikativ funksiya, leksik semantika
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Stylistic Potential of Professional Phraseology in English
Abstract

This article investigates the stylistic potential of professional phraseology in English. Professional
phraseology encompasses fixed expressions and idioms specific to particular occupational fields. The
study analyzes the lexical, semantic, and stylistic features of these phraseological units, as well as
their expressive power in professional spoken and written communication. The research demonstrates
that professional phraseology not only enhances stylistic richness but also ensures precision,
emotional coloring, and alignment with cultural context in professional communication.

Professional phraseology is a set of fixed expressions and idioms used in specific professional
fields, such as medicine, law, business, education, engineering and technology, etc. Such
phraseological units are not only meaningful expressions, but also create a richness of expression in
spoken and written language with their stylistic features. Professional phraseology serves various
purposes: it provides accuracy in specialized text, increases communicative efficiency, and reflects
the cultural context of professional communication. Professional phraseology serves various
purposes: it provides precision in specialized text, increases communicative efficiency, and reflects
the cultural context of professional communication. Therefore, the study of the stylistic possibilities
of professional phraseology in English is relevant and important for language learners, translators,
teachers, and language researchers.

Keywords: professional phraseology, English language, stylistic features, occupational
vocabulary, phraseological units, communicative function, lexical semantics
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Giris

Frazeologiya dilin an zongin vo dinamik saholorindon biridir vo miioyyan bir dilin ifado
imkanlarin1 gostorir. O, dilin zongin vo ifadoli bir hissosini togkil edir vo linsiyyoto dorinlik vo
yaradiciliq qatir (Dehqonova, 2025, s. 121). Peso frazeologiyasi iso xiisusi peso sahalorinds, masolon,
tibb, hiiqug, biznes, tohsil, miihandislik vo texnologiya vo s. sahalorindos istifado olunan sabit ifadoslor
vo deyimlordir. Belo frazeoloji vahidlor tokco monali ifadslor deyil, hom das iislub xiisusiyyatlori ilo
danisiq vo yazi dilinde ifads zonginliyi yaradir. Peso frazeologiyasi miixtalif mogsadlors xidmat edir:
ixtisaslagdirilmis motnds doqiqlik tomin edir, kommunikativ somaraliliyi artirir vo pesokar {insiyyatin
madani kontekstini oks etdirir. Buna gora do, ingilis dilinda peso frazeologiyasinin tislub imkanlarinin
aragdirilmasi aktualdir vo dil Oyrononlor, torciimogilor, miallimlor vo dil todqiqatcilart {igiin
ohomiyyat kosb edir.

Aktualliq. Miiasir diinyada pesokar iinsiyyatin doqiqliyi vo effektivliyi dilin lislub xiisusiyyatlori
ilo birbasa baghdir. Peso frazeologiyasinin dyronilmaesi yalniz leksik vo terminoloji aspektda deyil,
hom do stilistik vo kommunikativ aspektdo vacibdir. Pego frazeologiyasinin asagidaki xiisusiyyatlori
vardir:

1. Pesakar matnlorin va sanadlorin tislubunu zonginlagdirir. Masalon, hiiquqi sonadlordo, tibbi
hesabatlarda vo texniki gostoriglordo istifado olunan frazeoloji vahidlor molumatin doqiqliyini vo
aydinligini artirir.

2. Moadoni va terminoloji uygunlugu tomin edir: Peso saholorino xas ifadslor pesokarlarin
miioyyan konseptlori vo praktik tocriibalori baga diismosini asanlasdirir.

3. Tadris va dil 6yranmada effektiv vasitadir. Peso frazeologiyasi ingilis dilini yronon tolobalor
tiglin real isgiizar dil nlimunalorini togdim edir vo onlarin iislub bacariglarini inkisaf etdirir.

Bu sabobdon, ingilis dilinds peso frazeologiyasinin {islub imkanlarini arasdirmaq aktualligini
goruyan bir movzudur.

Material vo metod. Todqiqatin materiali ingilis dilindoki miixtalif peso saholorine aid frazeoloji
vahidlordir. Bunlar s6zlii vo yazili monbalordon toplanmisdir. Metod olaraq frazeoloji vahidlorin
monalart vo funksiyalarinin arasdirilmasinda funksional-semantik tahlil, frazeologiyalarin iislub
tosiri, emosional vo kommunikativ rolunun aydinlagdirilmasinda islubiyyat iisullari, frazeoloji
vahidlorin forqli peso sahalarindoki istifads forqlorinin miioyyonlosdirilmesinde miiqayisali tisul
totbiq edilmisdir. Analiz naticasinde frazeoloji vahidlorin iislub xiisusiyyatlori, kommunikativ
funksiyas1 vo pesokar kontekstdo istifadosi miioyyon edilmisdir.

Tadgiqat

Hor bir dilin leksik torkibindo frazeoloji vahidlora rast golinir. Frazeologiya dildo sabit soz
birlosmalorini vo onlarin semantik vo iislubi funksiyalarini 6yronir (Rustamova, 2022, s. 1127).
Frazemlor mozmun planina goro leksik vahidlors, ifado planina gors iso sintaktik vahidlore (s6z
birlogsmalai, ciimlolor) yaxindir. Lakin frazeoloji vahidlor s6z, fraza vo ya ciimlo ilo tam ekvivalent
deyildir. Frazeoloji vahidlor dili zonginlosdirir vo badii-ilislubi tosvirin tosirli vasitosi kimi xidmaot edir
(Pirniyazova, 2021, s. 62). Macazi vo ¢oxsayli qrammatik ifadolor ixtisaslagsmig nitqds yaranmisdir.
Odobi dilds insan faaliyyatinin biitiin ndvlorinin 6z leksikast movcuddur. Sozsiiz ki, nitqde hayatin
tilkonmoz zonginliyi, qarsiliqh asililigi, biitiin diistincs vo hisslorin tam ifadosi miimkiin deyil. Badii
dil is9, homiso ifads edimasi zoruri olan ideyani avoz edo bilocok xiisusi ifadslorin iglonmasini tolob
edir. Bu baximdan, sdzlorin genis mona ¢alarlarma ehtiyac yaranir. idiomlar insan faaliyyatinin biitiin
saholorinin niimayandalori torafindon yaradilmis aydm, canli vo ifadoli nitq vahidloridir vo onlarin
nitqdo istifadesi momnunluq yaradir. Frazeologiya diskursda frazeoloji vahidlorin semantik,
pragmatik vo ilislubi xiisusiyyatlorino gors alimlorin digqatini calb etmisdir (Rosemarie, 1998, s.125).
Dil¢ilik elmindo pess frazeologiyast ilo bagli bir sira arasdirmalar aparilmig, terminoloji
frazeologizmlor, terminoloji sdz birlosmolori, pesokar metafor mosololori isiqlandirilmisdir
(Kapanadze, 1968; Cepasova, 2003; Zubkova, 2011). Miitoxassislor pesokar xarakterli frazeoloji
vahidleri s6z sarhadlarini agan vo idiomatik xiisusiyyata malik sabit birlosmalar kimi doyarlondirmis,
vo pesokar tocriibo ¢orcivesinde oldo edilmis biliklori tipik peso foaliyyst voziyyetlorinds
obyektivlosdiran dil faktlar1 hesab etmislor. Onlarda qavrama baximindan miirakksb olan peso
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foaliyyati obyektlori vo hadisalori oks olunur ki, bunlar tok sozle ifade etmok miimkiin deyil (Sestak,
2008, s. 10). Cagdas ingilis dilinin frazeologiyasinda miixtalif pesolora aid niimunslor digqati ¢okir.
Miixtolif ixtisas sahiblori nitqlorinds 6z sahalorino mocazi birlosmalordon yetorinca istifads edirlor.
Noticoda, bu ifadslorin boazilori daha genis monaya malik olmus vo oxsar voziyyatlordo vo ya digor
yerlorda, tez-tez yumoristik sokildo istifado edilmisdir. Todricon bu ifadolor oadobi dilo daxil olmus,
onu daha da formalasdiraraq zonginlosdirmisdir. Frazeoloji vahidlor xiisusi ifadslilik vo emosional
calar dasiyir vo buna goro do motnlordo miihiim tislubi vasitolor kimi foaliyyst gostorir (Kozlova vo
Tsareva, 2020, s.716). Frazemlor nainki dilin, hatta hor hansi bir peso vo sonstin 6ziinomoxsuslugunu
ortaya qoyur. Bu monada, baker (¢orokgi), cobbler (dorzi), cook (aspaz), driver (siirlicii), fisher
(balig¢1), hunter (ovgu), nurse (tibb bacisi), tailor (tikici), shepherd (¢coban) anlayiglari ilo bagh
frazeoloji vahidlor yaranmigdir. “Pess ilo alaqali frazeoloji vahidlor leksik-semantik, qrammatik va
emosional ifadslilik xiisusiyyeotlorina malikdir. Onlar pesonin 6zlinomoxsus xiisusiyyatlorini oks
etdirir vo obrazliliq yaradir. Peso ilo baglh frazeoloji vahidlor badii osorlorin tosirini artirir, milli
monoviyyatin formalagsmasina xas xiisusiyyatlori ifado edir. S6z sonotkarlan frazeoloji vahidlordon
genis istifado edarok asarlorinin ifadsliliyini vo obrazliligini artirir” (Akramxodjayeva, 2024, s.135).
Doniz mdvzulu romanlari ilo taninan Polsa asilli mashur ingilis yazicis1 Joseph Conradin “Lord Jim”
adli mashur romaninda gonc doniz¢i Jimin gonc doniz¢inin yanlis qorar verdikden sonra vicdan vo
sorof ugrunda miibarizasini oks etdiron psixoloji vo dramatik sohnolor verilmisdir. Osordon alinmis
Pull devil, pull baker ifadoasinin islondiyi moatno nozor salaq: “The wrestling match could be clearly
seen from the boats; ... It went on like this: ‘pull devil, pull baker,’ the poor girl was crying out all
the time, and Bob would sometimes shout to warn the boat to keep at a safe distance from the ship”
(Joseph Conrad, “Lord Jim”). Ingilis dilindo pull devil, pull baker XVII yiizillikdon molum olsa da,
miasir dovrde do islonon godim bir deyimdir. Bu ifadonin monasi iki torofin bir-biri ilo inadla
¢okismosi, he¢ birinin geri ¢okilmomasi voziyyatini tosvir edir. Burada devil (seytan) vo baker
(¢corokei) bir ipi dartigirmig kimi tosovviir olunur. Mogsad odur ki, hor iki torof giiclii sokildo 6z
movqeyini saxlamaga ¢alisir.

Ingilis dilindo ¢orokgiliklo bagli bir sira frazemlor islonir. Cérakgiliklo bagl ingilis dilindo tarixi
atalar sozlori va deyimlar ¢ox vaxt orta asrlordon golon sosial-moisot ononolori ilo baglidir. Masolon,
ingilis dilinds 13 adod monasindaki baker’s dozen ifadesi maraql frazemlordondir. Orta asrlordo
Ingiltorado gorokgilor ¢droyi gokisino gora satirdilar. Ogor ¢orok bir az da yiingiil ¢ixsa, alicilarm
narazilig1 vo ya hotta dovlotin cozasi ilo ilizlogirdilor. Buna gora do ¢orokeilor tohliikosizlik tiglin™ 12
¢Orayo birini do olavo edirdilor. Beloco, baker’s dozen sabit ifado kimi dilo kegmisdir. Corokgiliklo
bagli Never trust the baker’s scales (Corak¢inin torazisine inanma) ifadosi do qodim bir ingilis atalar
soziidiir. Yoni kiminsa vading, hesabma tam giivonma. Bu ifads ¢ox vaxt aldatma ehtimali olan islordo
ehtiyatli olmaq lazim oldugunu bildirir. Orta osrlords bazi ¢orokgilor alicilart aldatmagq tigiin torazido
¢Orayi oldugundan agir gostarirdilor. Ona gors bels bir deyim yaranmigdir. Bu da insanlarin imumaon
“kimasa gozli bagli inanma” monasinda islatdiklori ifade masals ¢evrilib. Masalon, He says he will
finish the work tomorrow, but never trust the baker’s scales (O deyir ki, isi sabah bitirocok, amma
¢Orokeinin torozisino inanma (yoni, sdziino tam giivonmo). As the baker’s hand is, so is the bread
(Corayin keyfiyyati ¢orok¢inin sonatindon asilidir; Corokg¢inin oli necadirso, ¢orak do eladir). 4s the
baker’s hand is, so is the bread qodim bir ingilis masalidir. Yoni isin keyfiyyoti ustadan, sonotkardan,
is1 goron adamdan asilidir; Usta yaxsidirsa, mohsul da yaxsi olar, oks halda, zsif olar. Azorbaycan
dilindoki asagidaki deyimloro uygun golir: “Usta yaxsi1 olsa, is do yaxs1 olar”, “Neca bisirson, elo
yeyorson”, “Hor is ustasindan bilinor.” The baker’s wife always eats the worst bread kohna ingilis
atalar sozlidiir. Monast belodir: “Corakg¢inin arvadi homiso on pis ¢éroyi yeyar”. Yoni usta on yaxst
mohsulunu basqalarina (miistoriloro) saxlayir, 6zii iso qaliglarla kifayatlonir vo ya insanlar ¢ox vaxt
0z pesalarinin faydasindan basqalar1 qador yararlana bilmirlor. Azarbaycan dilinds asagidaki fikirlors
uygun galir: “Darzinin cini ciriq olar”, “Darzi 6ziino paltar tikmoaz”, “Pinaci ayaqqabisiz gozor”,
“Misgor mis qabdan yemaz”.

God sends the baker meat, but the Devil sends him cooks ¢ox qodim deyimdir. Monasi beladir:
Bozon bir isi Allah asanlagdirir, amma insanlar 6zlari ¢atinlogdirirlor. Azorbaycan dilinds oxsar mona
dasiyan mosallor asagidakilardir: “Yaxsi at1 pis yohor korlayar”, “Yaxs1 nemati pis adam korlayar”,
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“Allah veror, qul tanimaz.” To blow hot and cold like a baker’s oven ifadasi dayiskon, sabit olmayan
insanlar1 tosvir etmok ti¢lin islodilir. He keeps changing his mind, blows hot and cold like a baker’s
oven. (O, daim fikrini doyisir, ¢orok¢i sobasi kimi gah isti, gah soyuq” Baker’s blessing: May your
oven never cool ¢orakgilor arasinda islonon qodim bir alqisdir: “Ocagin he¢ vaxt sdnmosin.” Yoni
isin-giiciin daimi olsun. Bu tip ifadolorin ¢oxu orta asr Ingiltarasinin giindalik hayatindan qalib vo
hom peso frazeologiyasina, ham ds maisot dilina gevrilib.

Frazeologiya dil¢ilik sobasi olaraq vahid bir sistem kimi qabul edils bilor; onun vahidlori miixtalif
dillords asasli sokilds forqlondiyi liclin onu dil vo madaniyyatin unikal qarsiliqlt tasir kimi xarakterizo
etmak olar. Frazeoloji vahidlor milli dilin miirokkeb strukturunun daha genis sisteminin bir hissosi
olaraq miixtalif soviyysalorde miioyyan slags novlorine malikdir (Anderson & Pelteret, 2012, s. 33;
Gliser, 1998).

Ingilis madoniyyatinin tohlilindo idiomatik vahidlorin miixtalif paradigmalari {izo ¢ixir. Bu
vahidlor aydin, omonim, sinonim vo antonim strukturlar kimi xarakterizo olunur. Uslub meyarlari
nozaro alinaraq idiom vahidlorinin xiisusiyyatlori forqlondirmok lazimdir. Bels vahidler 6z torkibindo
islubi rongaronglik baximindan ohomiyyotli doroceds forglonon miixtalif qatlarin miioyyen
edilmasins imkan verir. Alimlor idiomatik vahidlorin sintagmatik slagolorini miioyyan leksik vahidlor
dairasi ilo uygunlagma imkanlari ilo izah edorak bazi frazemlorin mohdud uygunlasma xiisusiyyating
malik oldugunu gostarirlor. Masalon, “into the eyes of the public” idiomu yalniz “to come” vo “to be”
fellori ilo birloso bilor, amma “to become” vo “to take” fellori ilo birlogdirilo bilmoaz (Wright, 2002,
s.124).

Bir sira idiom vahidlori ise tokdir, onlar qapali uygunlagsma xiisusiyystino malikdir vo yalniz
miioyyaon bir s6zlos istifads oluna bilor. Lakin idiom vahidleri arasinda miixtslif sintagmatik slagalora
malik ¢oxsayli komponentlor mévcuddur (Baghana vo b., 2018; Conrad, 2011). Qeyd etmok lazimdir
ki, oksor idiom vahidlori bir miimkiin s6z manasi ilo xarakterizo olunur; onlarin semantik qurulusu
kifayat godor monolitik vo pargalanmazdir. Masoalon, “from the first look™ (géron kimi, bir baxigda,
ilk baxisdan), “to daydream” (xoyallara dalmaq, 0z-6ziino xoyal qurmaq, gergokdon uzaqlasib
tasovviir etmak). Lakin bazi idiom vahidlorinin bir ne¢a manasi vardir, masalan, o play fool (axmaq
kimi davranmagq, saf goriinmok, rol ii¢iin axmaq goériinmak). Bu, cox vaxt axmaq, saf vo ya diisiincosiz
kimi davranmaq, bazon planli sokildo bagqalarini aldatmaq vo ya 6ziinii kiciltmok monalarinda islonir.
Mosolon, He played the fool to avoid getting into trouble (O, axmaq rolunu oynadi ki, problema
diismosin).

Natica

Tadqiqat gostorir ki, ingilis dilinds peso frazeologiyasi lislub baximindan zongin bir resursdur.
Osas noticolor agagidakilardir:

- Peso frazeologiyas1 matnin konkretliyini vo doqiqliyini artiraraq tislub zonginliyi va doqiqlik
yaradir.

- Mixtalif pesolors aid frazeoloji vahidlor matndos tislubi rong omolo gotirorok emosional vo
kommunikativ rolu ilo oxucunun va ya dinloyicinin digqgetini colb edir.

- Peso frazeologiyasi professional danisiq vo yazi iislubunda informasiya verilmosini
asanlasdirir vo pesokar linsiyyotdo somaraliliys sobob olur.

- Peso frazeologiyasi todris vo torclimo sahosindo do shomiyyatlidir. Bels ki, frazeoloji vahidlor
dil Oyrononlor lgiin real pesokar niimunolor togqdim edir, torclima vo terminoloji todqiqatlar
zonginlosdirir.

Beloliklo, ingilis dilindo peso frazeologiyasinin lislub imkanlari hom pesokar, hom do akademik
kommunikasiya sahalorinde shomiyyors malikdir.
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Miiasir pedaqoji yanasmalarin ali tahsilda tolim keyfiyyatind tasiri

Xiilasa

Miiasir dovrde ali tohsil sisteminda bas veran siiratli sosial, texnoloji vo iqtisadi doyisikliklor
todris prosesinin mazmununa vo tagkiline yeni toloblor irali siirlir. Bu baximdan miiasir pedaqoji
yanasmalar ali tohsildo tolim keyfiyystino tosiri xiisusi aktualliq kosb edir. Bu arasdirmada
toloboyOniimlii tolim, kompetensiyaosasl yanasma, problem asasli tolim, layiho metodu, interaktiv vo
rogomsal texnologiyalara osaslanan pedaqoji modellarin ali tohsil miiassisalorindas totbiqi mosalalari
tohlil olunur.

Tadqiqatda miiasir pedaqoji yanasmalarin tolobaslorin tonqidi diisiinmo, yaradiciliq, miistoqil
gorarvermo vo amok bazarina uygun peso bacariqlarinin formalagmasina miisbot tosiri asaslandirilir.
Eyni zamanda, miisllimin rolu bilik 6tiiriiclisiindon tolim prosesinin toskilatgis1 vo yonlondiricisino
¢evrilmasi, giymotlondirmo morholosinds formativ yanagmalarin shomiyyati vo todris keyfiyyatinin
artirilmasinda oks-olagonin rolu vurgulanir.

Miiasir pedaqoji yanasmalarin ali tohsilds sistemli vo mogsodyonlii totbiqi tolim keyfiyyatinin
yliksoldilmosino, tohsilin noticoyoniimlii qurulmasmna va roqabatqabiliyystli miitoxassislorin
hazirlanmasima miihiim t6hfs verir.

Acar sozlar: ali tohsil, miiasir pedaqoji yanasmalar, talim keyfiyyati, talobayoniimlii talim,
kompetensiyaasasl yanasma, interaktiv metodlar, ragamsal tahsil, giymatlondirma
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The Impact of Modern Pedagogical Approaches on the Quality of
Teaching in Higher Education

Abstract

In the modern era, rapid social, technological, and economic changes occurring within higher
education systems impose new requirements on the content and organization of the teaching-learning
process. In this context, the impact of modern pedagogical approaches on the quality of teaching in
higher education is of particular relevance. This study analyzes the application of student-centered
learning, competency-based approaches, problem-based learning, the project method, and
pedagogical models grounded in interactive and digital technologies within higher education
institutions.

The research substantiates the positive influence of modern pedagogical approaches on the
development of students’ critical thinking, creativity, independent decision-making, and professional
skills aligned with labor market demands. At the same time, it emphasizes the transformation of the
teacher’s role from a transmitter of knowledge to an organizer and facilitator of the learning process,
as well as the significance of formative assessment approaches and feedback in enhancing teaching
quality.
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The systematic and purposeful implementation of modern pedagogical approaches in higher
education contributes significantly to improving the quality of teaching, structuring education in an
outcome-oriented manner, and preparing competitive specialists.

Keywords: higher education, modern pedagogical approaches, teaching quality, student-centered
learning, competency-based approach, interactive methods, digital education, assessment

Giris

Qloballagma proseslari, siiratli texnoloji inkisaf va biliklors asaslanan iqtisadiyyatin formalasmasi
ali tohsil sistemindo koklii doyisikliklori zoruri edir. Miiasir dovrds ali tohsil miisssisalori yalniz
nozori biliklorin 6tiirtildiiyli mokan kimi deyil, eyni zamanda, tonqidi diisiinma gabiliyyastins, problem
hall etmos bacariqlarina, Omiirboyu Oyronme vordislorine vo doyison omok bazari toloblorine
uygunlagma potensialina malik soxsiyyatlorin formalasdirildigi miithiim institutlar kimi ¢ixis edir. Bu
doyison talablor ali tohsilds tolim prosesinin keyfiyyatins olan diqqoti daha da artirir (Abasova, 2025).

Ononovi, miisllimyoniimli tolim modellori asason tolobalorin passiv bilik qgobulu {izorindo
quruldugundan, miiasir comiyyatin vo peso miihitinin toloblorini tam sokildo 6doyo bilmir. Bu
sobobdon ali tohsildo miasir pedaqoji yanagmalarin totbiqi zorurato ¢evrilmisdir. Toloboyoniimlii
tolim, kompetensiyaosasli yanasma, problem asaslt tolim, laytho metodu, eloca do interaktiv vo
rogomsal texnologiyalara osaslanan todris modellori tolim prosesinin strukturunu ve mozmununu
osaslt sokilds yenidon formalasdirir.

Miiasir pedaqoji yanagmalar tolim prosesindo tolobalorin faal istirakini, omokdashigini, miistoqil
diistinmosini va biliklorin praktik totbiqini 6n plana g¢okir. Bu yanagmalar tolobolordo yaradiciliq,
analitik diislinmo, Oziiniiidaroetmo vo peso bacariglarinin inkisafina gorait yaradir. Eyni zamanda,
miisllimin rolu bilik manbayi funksiyasindan ¢ixaraq talim prosesinin toskilat¢isi, istiqgamatlondiricisi
vo fasilitatoru funksiyasina dogru transformasiya olunur (Biggs vo Tang, 2011; Biggs vo Tang, 2015).
Ali tohsilds tolim keyfiyyatinin yiiksaldilmasinds qiymatlondirms mexanizmlarinin ds rolu xiisusi
ohomiyyat kosb edir. Miiasir pedaqoji yanasmalar ¢orgivasindo formativ gqiymatlondirmo, davaml
oks-alaqo vo noticoydniimlii giymotlondirms tisullarinin totbiqi todris prosesinin somoraliliyini artirir,
talobalarin dyronme motivasiyasini gliclondirir vo fordi inkisaf imkanlarin1 genislondirir.

Bu baximdan miiasir pedaqoji yanasmalarin ali tohsildo tolim keyfiyyatino tosirinin aragdirilmasi
hom nozori, hom do praktik baximdan aktualdir. Bu moévzunun Oyronilmasi todris prosesinin
tokmillogdirilmasi, tohsil naticolorinin optimallagdiriimasi vo miiasir omok bazarmin toloblorino cavab
veran roqabatqabiliyyastli miitoxassislorin hazirlanmasi baximimdan miihiim shomiyyat dastyir.

Tadqgiqat

Al tohsil sistemi comiyyatin sosial, iqtisadi vo madoni inkisafinda mithiim rol oynayan osas
institutlardan biri kimi ¢ixis edir. Miiasir dovrda bu sistem yalniz biliklorin 6tiiriilmasini deyil, eyni
zamanda, tolobolorin intellektual potensialinin, peso bacariglarinin vo soxsiyyot kimi formalagmasinin
tomin edilmasini qarsiya moagsad qoyur. Bu moagsadlors nail olmaq iso tolim prosesinin mozmunu,
toskil formalar1 vo pedaqoji yanasmalarin xarakteri ilo birbasa oalagoalidir. Tohsil sahasindo bas veron
qlobal doayisikliklor ali tohsilds totbiq olunan pedaqoji yanagsmalarin yenidon nozordon keg¢irilmasini
vo miiasir toloblors uygunlasdirilmasini zoruri edir.

Ononovi pedaqoji modellor uzun miiddot ali tohsildo asas tolim formasi kimi istifads olunmusdur
(Biggs, 1996; Biggs, 2003). Bu modellordo miiallim moarkozli yanagsma iistiinliik togkil edir, tolim
prosesi asason miihaziralar tizorinda qurulur va tolobalor daha ¢ox passiv dinloyici mévqgeyinds ¢ixis
edirlor. Belo yanagmalar miioyyon dovrlordo effektiv noticolor verso do, miiasir informasiya
comiyyatinin toloblori baximindan mohdud imkanlara malikdir. informasiyanin siiratlo artmast,
biliklorin tez k6hnalmasi vo amok bazarmin dayison toloblori tolim prosesinds yeni yanasmalarin
tatbiqini zoruri hala gatirir (Bloom, 1956).

Miiasir pedaqoji yanagmalar ali tohsildo tolimin keyfiyyatinin artirtlmasina yonalmis kompleks
bir sistem kimi formalasir. Bu yanasmalar tolim prosesinds tolobonin faalligini, miistoqil dyronmao
bacarigii vo mosuliyyat hissini 6n plana ¢aokir. Toloboyoniimlii tolim, problem osasl tolim, layiho
metodu, kompetensiyassasli yanagma vo interaktiv todris lisullar1 bu ¢orgivodo genis istifado olunan
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metod vo modellor sirasindadir. Bu yanasmalarin totbiqi tolim prosesinin strukturunda, mezmununda
va istirak¢ilarin rollarinda doyisikliklors sabab olur.

Miiasir pedaqoji yanagmalarin tatbiqi ilo ali tohsildo miisllimin rolu da transformasiyaya ugrayir.
Miiollim artiq yalniz bilik otiiron soxs deyil, eyni zamanda, tolim prosesinin toskilatgisi,
istiqgamotlondiricisi vo Oyronmo miihitinin yaradicist funksiyasini yerina yetirir. Bu prosesdo
tolobalorlo qarsiligh olago, dialoq vo omokdasliq asas yer tutur. Tolim miihiti agiq miizakirslors, fikir
miibadilasine vo refleksiyaya sorait yaradan sokilds toskil olunur.

Toalim keyfiyyatina tosir edon mithiim amillordon biri do todris prosesinds istifado olunan metod
vo vasitolorin miixtolifliyidir. Interaktiv metodlar talobalorin dors prosesinda foal istirakini tomin edir,
onlarin analitik vo tonqidi diislinme bacariqlarini inkisaf etdirir. Ragqomsal texnologiyalarin tadriso
inteqrasiyast iso tolim prosesini daha ¢evik va olcatan edir. Elektron resurslar, onlayn platformalar vo
rogomsal tolim materiallar tolobolorin fordi dyronmo tempino uygun imkanlar yaradir vo dyronmo
prosesinin davamliligini tomin edir (Fink, 2013; Freeman va b., 2014).

Ali tohsildo miiasir pedaqoji yanagsmalarin tosiri giymatlondirmo sistemindo do 6ziinii gostorir.
Ononavi summativ qiymatlondirms tisullar ilo yanasi, formativ qiymatlondirms, davamli oks-alago
vo Ozilinliqgiymsatlondirme mexanizmlori totbiq olunur. Bu yanasmalar tolim prosesinds talabolorin
inkisaf dinamikasini izlomayao, ¢otinliklori vaxtinda miioyyanlosdirmaya vo todris prosesini uygun
sokildo tonzimlomoyo imkan verir. Qiymatlondirma artiq yalniz naticoni deyil, 6yronma prosesinin
0ziinii do ahato edon bir mexanizm kimi ¢ixis edir.

Miiasir pedaqoji yanasmalar ali tohsildo tolim keyfiyyotinin miixtalif aspektlorino tasir gostorir.
Bu tosir hom todris prosesinin togkilindo, hom do tohsil naticolorinin xarakterinds 6z oksini tapir.
Toalobolorin biliklori praktik situasiyalarda totbiq etmo bacarigi, omokdasliq vo iinsiyyst vordislori,
miistoqil gorarvermo vo mosuliyyat hissi bu yanagmalarin totbiqi ilo daha sistemli sokildo formalasir.
Eyni zamanda, ali tohsil miiossisalorinin todris proqramlarit vo kurikulumlar1 da miiasir pedaqoji
tolablors uygun sokildos yenilonir.

Umumilikds, miiasir pedaqoji yanasmalar ali tohsilds tolim prosesinin mozmun vo formasina yeni
baxis bucagi gotirir. Bu yanagmalarin totbiqi todris miihitinin dinamiklogmasina, talobalorin dyronma
prosesinda daha faal istirakina vo tolim keyfiyyatinin miixtalif gostaricilor iizra tokmillogdirilmasina
sorait yaradir. Ali tohsildo pedaqoji yanasmalarin inkisafi vo totbiqi tolim prosesinin davamli sokildo
yenilonmaosini vo miiasir toloblors uygunlasdirilmasini tomin edon asas amillordon biri kimi ¢ixig edir.

Ali tohsilda tolim keyfiyyati anlayis1 ¢oxsaxali vo kompleks xarakter dasiyir. Bu anlayis yalniz
tadris olunan biliklorin hocmi il deyil, eyni zamanda, talim prosesinin toskili, istifado olunan
pedaqoji yanagmalar, miiallim—toalobo miinasibatlori, giymatlondirmo mexanizmlori vo oldo olunan
tohsil noticolori ilo six baghdir. Miiasir pedaqoji yanasmalar bu komponentlorin har birino tosir
gostararak ali tohsilds tolim prosesinin yenidon qurulmasina zomin yaradir.

Miiasir pedaqoji yanagmalarin asas xiisusiyyatlorindon biri tolim prosesinds tolobonin faal
movqeyinin tomin edilmasidir. ©Ononavi talim modellorinds tolobs asason passiv dinlayici rolunda
cixis etdiyi halda, miiasir yanagmalar tolobani biliklorin yaradilmasi vo monimsonilmasi prosesinin
aktiv istirakgisina gevirir. Bu ¢orgivada toloboydniimlii tolim modeli xiisusi ohomiyyat kosb edir. Bu
modelda tolobalorin fordi xilisusiyyatlori, maraqglari, dyronma torzlori vo ehtiyaclari nozors alinir, tolim
prosesi onlarin intellektual vo soxsi inkisafina yonaldilir.

Kompetensiyaasaslt yanagma ali tohsilds tolim keyfiyyastinin artirtlmasinda miihiim rol oynayan
yanasmalardan biri hesab olunur. Bu yanasma tadris prosesinds yalniz nazari biliklorin verilmasini
deyil, eyni zamanda praktik bacariglarin, peso vordislorinin vo sosial kompetensiyalarin formalasdi-
rilmasini nazordo tutur. Tolim naticolori avvalcadon miisyyon edilmis kompetensiyalar osasinda
planlasdirilir vo todris proqramlart bu naticolors uygun sokildo strukturlasdirilir. Bu yanagma ali
tohsilda tolimin mozmununun amak bazarmnin toloblari ilo daha six alagelondirilmasing sorait yaradir.
Problem osasli tolim vo layiho metodu miiasir pedaqoji yanagmalar ¢orgivosinds genis totbiq olunan
metodlardandir. Problem asash tolim real vo ya simulyasiya olunmus problemlorin halli {izorindo
qurulur vo tolabolorin analitik, tonqidi vo yaradici diislinmas bacariglarinin inkisafina yonolir. Layiho
metodu isa tolabalorin uzunmiiddatli tapsiriqlar iizerinds islomasini, arasdirma aparmasini, malumat-
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lar1 tohlil etmasini va naticalari toqdim etmasini nozards tutur. Bu metodlar talim prosesinds nozori
biliklorls praktiki foaliyyst arasinda slagenin qurulmasina imkan yaradir (Huba va Freed, 2000).

Miiasir pedaqoji yanasmalar ali tohsildo miiallimin rolunda da doyisikliklora sabab olur. Miiallim
artiq yalniz bilik manboyi funksiyasini yerina yetirmir, eyni zamanda, tolim prosesinin planlasdiricisi,
Oyronmo miihitinin togkilat¢isi vo tolobalorin foaliyyatini istiqamatlondiron soxs kimi ¢ixis edir.
Miisllim—tolobs miinasibatlori daha ¢ox amokdasliq vo garsiliqli hormot prinsiplori asasinda qurulur.
Bu miinasibotlor tolim prosesinin psixoloji miihitino miisbat tosir gostorir vo Oyronmonin
samaraliliyini artirir.

Rogomsal texnologiyalarin tadris prosesine inteqrasiyasi miiasir pedaqoji yanasmalarin miithiim
torkib hissasidir. Elektron tohsil platformalari, onlayn resurslar, virtual siniflor vo interaktiv todris
materiallari ali tahsilds talim prosesinin ¢evikliyini va algatanliini artirir. Bu vasitalor tolobolors fordi
Oyronmo tempino uygun sokildo biliklor alds etmoya, slavo monbolordon istifado etmoyo vo miistoqil
Oyronmao bacariglarini inkigaf etdirmoyo imkan verir.

Toalim keyfiyyatina tosir edon asas amillordon biri do qiymotlondirma sistemidir. Miiasir pedaqoji
yanasmalar ¢or¢ivasinde qiymotlondirmo yalniz yekun noticolorin 6lgiilmosi ilo mohdudlagmur.
Formativ qiymoatlondirms, davamli oks-olage, 6ziinliqiymatlondirma vo qarsiliqlt qiymetlondirmae
tisullar1 tolim prosesinin ayrilmaz hissasina gevrilir. Bu yanagmalar tolobalorin 6yronma prosesindaki
iroliloyisini izlomoya, ¢aotinliklori miioyyanlosdirmoys vo todris strategiyalarini uygunlagdirmaga
imkan yaradir (Korimova, 2019; Hiiseynova, 2021). Ali tohsildo miiasir pedaqoji yanasmalarin totbiqi
tolim keyfiyyatinin miixtalif aspektlorina tosir gostorir (Ramsden, 2003; Prince, 2004).

Bu tosir todris programlarinin mozmununda, tolim metodlarinin se¢iminda, miisllim v tolobalorin
foaliyyotindo, eloco do tohsil naticolorinin xarakterinds 6ziinii biiruzo verir. Tolim prosesinin daha
cevik, interaktiv vo naticoyoniimlii sokildo toskili ali tohsilds keyfiyyst anlayisina yeni mazmun
gazandirir.

Noatica

Miiasir pedaqoji yanasmalar ali tohsildo tolim prosesinin mozmununu, strukturunu vo toskilini
osasl sokilds yenidon formalasdirir. Toloboydniimlii tolim, kompetensiyassasli yanagma, problem vo
layiho osasli metodlar, interaktiv vo roqomsal todris vasitolorinin totbiqi tolim prosesinin daha ¢evik,
interaktiv vo noticoyoniimlii olmasina sorait yaradir. Bu yanasmalar tolobolorin foal istirakini tomin
edir, onlarin dyronmo masuliyyatini artirir vo todris miihitini hom intellektual, hom do sosial inkisaf
tiglin alverisli edir.

Tolim keyfiyyatino tosir edon digoer mithiim amil qiymetlondirme sistemidir. Miiasir pedaqoji
yanagmalar cor¢ivesinde formativ qiymotlondirmoe, davamli oks-slago, Oziinligiymatlondirmo vo
qarsiliqli giymatlondirma iisullar1 genis totbiq olunur. Bu yanagmalar tolobaslorin inkisafini izlomaya,
todris prosesinda yaranan bosluqlart miioyyanlogsdirmaya va tolobalors fordi dostok gdstormayo imkan
verir. Qiymoatlondirmo yalniz yekun naticolorin 6l¢lilmasi magsadini dasimir, hom do Oyronmo
prosesini tokmillosdiron bir vasito kimi ¢ixis edir.

Eyni zamanda, miiasir pedaqoji yanasmalar ali tohsil miiassisalorinin tadris proqramlarinin,
kurikulumlarin vo tolim resurslarmin yenilonmasina do tosir gostorir. Todris proqramlari talabalorin
bacariq vo kompetensiyalarmin inkisafina yonosldildikds, tohsil naticolori hom keyfiyyat, hom do
totbig baximindan daha ohatoli olur. Miiasir pedaqoji yanasmalar tolobalorin dyronmo prosesini
sistemli vo mogsadyoniimlil togkil etmoya imkan verir va tohsilin noticoyoniimlii qurulmasina zomin
yaradir.

Umumilikds, miiasir pedaqoji yanasmalar ali tohsildo tolim keyfiyyatinin artirilmasinda,
talabolorin foal dyronmo bacariglarinin inkisafinda vo miistaqil, yaradici vo pesokar soxsiyyatlorin
formalagsmasinda miihiim vasito kimi ¢ixis edir. Bu yanagsmalar ali tohsilin imumi somaoraliliyini
artirir, tolim prosesini daha adaptiv vo tolabalar {igiin slgatan edir vo ali tohsil miiassisalorinin magsad
vo missiyalaria uygun, raqabstqabiliyyatli miitoxassislorin hazirlanmasina dastok verir.
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Abstract

Climate changes have led to a rise in global temperatures, significantly affecting human life.
Throughout the billions of years of Earth’s history, various climate changes have occurred over time.
These changes are not only due to natural causes but are also, in many cases, linked to human
activities. The human species, with a history of approximately 300,000 years, has become the
dominant species and has continued its struggle for survival over ecological systems. This struggle
reached its peak with the Industrial Revolution, during which the impacts of human activities
accelerated. The current era has been termed the Anthropocene by scientists studying ecosystems and
is characterized as a geological epoch.

As a result of human activities in nature, while attempting to meet their needs from the
environment they inhabit, humans have also created threats to their own existence. This threat, which
began in the hunter-gatherer period, led to the extinction of many species and problems such as
uncontrolled hunting. Over time, with the increase in settlement and agricultural activities, the
population grew, and the rising demand for resources caused greater harm to the natural balance. The
lifestyles of societies, their cultures, social relations, demands for resources, methods of resource use,
and the value they assign to the environment have ultimately moved ecological problems beyond the
field of natural sciences into the realm of social sciences, making it an interdisciplinary issue.
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XXI asrda yasil igtisadiyyatin shamiyyati vo iqlim bohram ilo miibarizada
sosial siiurun rolu

Xiilasa

Iqlimds bas veran doyisikliklor diinya iizra temperaturun artmasina sobab olaraq insan hoyatina
ciddi sokildo tosir edir. Milyardlarla illik tarixo malik olan planetdo zamanla miixtalif iqlim
doyisikliklori bas vermisdir. Bu doyisikliklor tokco tobii soboblorlo deyil, eyni zamanda bir ¢ox
hallarda insan foaaliyyati ilo do baglidir. Toxminon 300 min illik tarixo malik insan névii dominant
nove cevrilorak ekoloji sistemlor {izerinds yasamaq ugrunda miibarizoesini davam etdirmisdir. Bu
miibariza sonaye inqilab1 ilo birlikds zirvaya ¢atmis vo insan foaliyyetlorinin yaratdigi doyisikliklor
siirotlonmisdir. Ekosistem iizorindo c¢alisan alimlor torofindon hazirki dovr “Antroposen”
adlandirilaraq geoloji bir dovr kimi xarakterizs edilmisdir.
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Insanliq tobiotdo hoyata kegirdiyi foaliyyatlor naticesinda yasadigi miihitdon ehtiyaclarmni qarsilamaq
istoyorkon, 6z hoyat foaliyyoti iigiin tohliikolor do yaratmigdir. Ovgu-yigic1 dévrdo baslayan bu
tohliikko bir ¢ox ndviin mohv olmasma vo nazarotsiz ovlanma kimi problemlors sobab olmusdur.
Zamanla maskunlasma vo kond tosarriifati foaliyyotlorinin artmasi ilo ohali ¢oxalmais, resurslara olan
tolobatin artmasi iso tobii tarazliga daha c¢ox zoror vurmusdur. Comiyyotlorin hoyat torzi,
modaniyyatlari, qarsiliqli miinasibatlori, resurslara olan talablori, bu resurslardan istifads tisullar vo
otraf miihits verdiklari doyar natica etibarilo ekoloji problemlari tobist elmlari sahasindon ¢ixararaq
sosial elmlor sahasina da daxil etmis vo onu fonlorarasi bir mdvqgeys gotirmisdir.

Acgar sozlar: iqlim dayisikliyi, qlobal istilosmoa, yasil igtisadiyyat, iqlim bohrani, sosial siiur,
ekoloji tarazlhq

Introduction

The climate crisis is one of the greatest global challenges of our time. The rapid increase in
greenhouse gas emissions into the atmosphere has led to rising global temperatures, more frequent
extreme weather events, and the disruption of natural ecosystems. This situation is not only an
environmental issue but also a crisis that threatens humanity in economic and social dimensions.

However, combating this crisis is not only the responsibility of governments or international
organizations but also a shared responsibility of individuals and societies. Social awareness enables
individuals to understand environmental problems and take action to solve them. The level of social
awareness plays a critical role in addressing the climate crisis. This study aims to raise awareness
within society and encourage concrete actions. It emphasizes the importance of individual and
collective change for a sustainable future.

Research

The increase in global surface temperatures and the resulting climate changes have critically
affected human life. Although similar climatic changes have occurred throughout the billions of years
of the planet’s history, it is noteworthy that today’s changes are largely driven by human activities
rather than natural phenomena. Millions — even trillions, if even the simplest life forms are included
— of species have existed on Earth since the beginning of life, and more than 99% of them have
become extinct at different periods.

With a history of approximately 300,000 years, the human species has increased its capacity for
survival over time, becoming a dominant species. While it has remained passive under certain
conditions, it has also reached a position powerful enough to exert pressure on all ecological systems.
This influential role peaked with the Industrial Revolution. Scientists focusing on the changes caused
by human activities and their impacts on ecosystems have defined the current period as the
“Anthropocene,” characterizing it as a geological epoch (Crutzen, 2002; Crutzen & Stoermer, 2000).
In this context, scientific studies suggest that due to human-induced (anthropogenic) effects, we are
facing a threat of extinction referred to as the Sixth Mass Extinction, which has led to the extinction
or endangerment of many species (Barnosky et al., 2011; WWF, 2018). The ecological environment,
transformed and still being transformed by human influence, poses threats not only to other species
but also to the survival of humanity itself (Kolbert, 2020). Despite humanity strengthening its position
as the dominant species on the planet and, especially since the 16th century, adopting a mechanistic
view of nature that places humans at the center — viewing nature as a tool under human control to
meet all needs without restraint (Giil, 2013; Sulak, 2018; Yayli, 2006) — these examples demonstrate
that nature can pose threats to all economic, social, and societal structures of human life, as well as
to human existence itself. Human interventions in ecological systems, whether conscious or
unconscious, have led to disruptions in natural balance in various ways. In seeking to meet its needs
from the environment, humanity has created imbalances in ecological systems, ultimately generating
threats to its own survival. The earliest interventions date back to the hunter-gatherer period,
involving activities such as the destruction of plant species and uncontrolled hunting. The
Enlightenment — also known as the Age of Reason — with its strong belief in reason and science as
the primary guides, led to scientific, cultural, and economic transformations. In this context,
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industrialization (Sulak, 2018; Yayli, 2006; Zarig, 2017) became one of the most significant turning
points in human history. The lifestyles of societies, their cultures, relationships, demands for
resources, methods of resource use, and the value attributed to the environment have ultimately
positioned environmental issues within an interdisciplinary framework. Even in ancient times,
philosophers emphasized conflicts arising from resource scarcity, particularly in the context of
political relations between states and societies. From the Industrial Revolution to the present,
environmental degradation has become far more severe and has shifted from local to global-scale
problems. The use of fossil fuels during industrialization gave rise to energy-dependent societies.
With rapid population growth and urbanization, energy demand increased significantly, and as energy
production and consumption expanded, this demand continued to grow. The rise of liberalism during
the Enlightenment, along with capitalism shaped by individualism and freedom, accelerated the
search for raw materials, colonization, and the expansion of market economies (Gencer, 2013, p. 245;
Ozmaden, 2019, pp. 54-55). This process progressed in direct proportion to increasing environmental
pressures (Ponting, 2012). The 20th century marked the peak of these destructive processes.
Environmental damage caused by nuclear weapons testing (D’Alisa et al., 2020; Pravalie, 2014); the
Green Revolution, which rapidly increased food production through the use of chemical fertilizers
and pesticides since the 1940s and its negative impacts on soil fertility, biodiversity, and groundwater
(Kumar, 2017); the depletion of the ozone layer due to chlorofluorocarbon (CFC) gases used in
refrigeration and other products (American Chemical Society, 2017); and global climate changes
caused by greenhouse gas emissions are among the most evident examples of human-induced
environmental degradation. Human activities have increased the emission of these gases, thereby
raising their concentration and accumulation in the atmosphere (Cubasch et al., 2007, p. 100; Ponting,
2012). In 1988, NASA scientist James Hansen emphasized that rising temperatures were not natural
but were caused by increasing concentrations of greenhouse gases in the atmosphere due to human
activities (Renner, 2015). Despite humanity’s increasing dominance and the long-standing
mechanistic understanding of nature, which views it as a controllable resource, the examples
discussed clearly demonstrate that nature can pose serious threats to human existence and all related
economic and social systems. Particularly in the 20th century, environmental destruction reached its
peak. The mechanistic understanding of nature that developed during the Enlightenment — led by
thinkers such as Bacon, Descartes, and Newton — began to be questioned alongside critiques of
modernity. This perspective has continued to be critically examined, especially since the 1960s,
through the rise of ecological thought and ongoing scientific research.

Climate Justice. The climate crisis also brings forward issues of justice in an intergenerational
sense, that is, in relation to the rights of those not yet born. In this context, ensuring climate justice
requires acknowledging that the decisions, actions, consumption patterns, and lifestyles of people
living today carry responsibilities toward future generations, given their negative impacts on the
planet. One of the most significant steps taken to address the climate crisis was the establishment of
the United Nations Framework Convention on Climate Change (UNFCCC) at the Rio Earth Summit
in 1992, held under the auspices of the United Nations Environment Programme (UNEP) with the
participation of both state and non-state actors. The UNFCCC was opened for signature at the United
Nations Conference on Environment and Development held in Rio in 1992. The Convention
recognizes that changes in the climate system and their adverse effects are a common concern of
humanity, emphasizing the role of human activities and aiming to prevent the accumulation of
greenhouse gases in the atmosphere (UNFCCC, 1992, pp. 1-2). As stated in Article 2, the ultimate
objective of the Convention is to stabilize greenhouse gas concentrations in the atmosphere at a level
that would prevent dangerous anthropogenic interference with the climate system. Such a level should
be achieved within a timeframe sufficient to allow ecosystems to adapt naturally to climate change
and to ensure that economic development proceeds sustainably.

United Nations Framework Convention on Climate Change. In response to the impacts of human-
induced global warming on the climate, as identified by the Intergovernmental Panel on Climate
Change (IPCC), established jointly by UNEP and the World Meteorological Organization (WMO) in
1988, the United Nations Framework Convention on Climate Change (UNFCCC) was opened for
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signature at the United Nations Conference on Environment and Development (Rio Earth Summit)
held between 3-14 June 1992. The Convention currently has 197 parties, including Tiirkiye. Its
objective is to stabilize greenhouse gas concentrations in the atmosphere at a level that prevents
dangerous human-induced interference with the climate system, based on the principle of equity and
common but differentiated responsibilities. It also aims to encourage cooperation in research and
technology and to protect greenhouse gas sinks, achieving these goals within a timeframe that allows
ecosystems to adapt naturally and supports sustainable economic development.

Vienna Convention and the Montreal Protocol. The Vienna Convention and the Montreal
Protocol became the first universally ratified agreements in United Nations history, with approval
from 197 parties, including 196 states and the European Union. Due to their wide adoption and
implementation, they are considered outstanding examples of international cooperation. The
objectives of the Vienna Convention were to promote cooperation through research, information
exchange, and systematic observation regarding the effects of human activities on the ozone layer,
and to adopt legal or administrative measures against activities likely to harm it. However, the
Convention did not impose binding obligations to reduce ozone-depleting substances. Therefore, in
line with its provisions, countries later adopted the Montreal Protocol.

Kyoto Protocol. The Kyoto Protocol is the only international framework aimed at combating
global warming and climate change under the UNFCCC. Countries that signed the protocol
committed to reducing emissions of carbon dioxide and five other greenhouse gases or, if unable to
do so, increasing their emission allowances through carbon trading. The Protocol requires countries
to reduce their emissions to 1990 levels. Although signed in 1997, it entered into force in 2005, as it
required ratification by countries responsible for at least 55% of global emissions — a threshold only
reached with Russia’s participation after eight years.

Paris Agreement. The Paris Agreement, which establishes the framework for the post-2020
climate regime, was adopted at the 21st Conference of the Parties (COP21) to the UNFCCC in Paris
in 2015. For the first time, all countries committed to reducing greenhouse gas emissions on a global
scale. The Agreement entered into force on 4 November 2016 after at least 55 parties representing
55% of global emissions ratified it. It aims to limit the global temperature increase caused by human-
induced greenhouse gas emissions to well below 2°C above pre-industrial levels, while emphasizing
efforts to limit the increase to 1.5°C. It also reaffirms the principle of “common but differentiated
responsibilities and respective capabilities.”

The Impact of Climate Change on Society. The climate crisis is one of the most complex and
multidimensional challenges of the 21st century. Since the Industrial Revolution, increased
greenhouse gas emissions have raised global average temperatures by approximately 1.2°C.
However, this increase has gone far beyond temperature measurements — it has disrupted food
security, depleted water resources, intensified natural disasters, and fundamentally shaken societal
structures. Greenhouse gas emissions occur at every stage of food production and consumption due
to energy use. Climate change has predominantly negative effects on agricultural production
processes. While impacts vary by region, staple crops such as wheat, rice, and maize are adversely
affected, especially in tropical and temperate regions. Urban areas, with high population density and
economic activity, are among the most vulnerable to climate change, while rural areas — where
agriculture is the primary livelihood and where approximately 70% of the poor in developing
countries reside — are also heavily impacted. Studies show that extreme weather events often lead to
increases in food and agricultural prices (Porter et al., 2014). Crop shortages, rising prices, and
reduced access to food contribute to food insecurity, affecting availability, access, consumption, and
price stability (IPCC, 2014a; Porter et al., 2014). Climate change’s impact on food security is evident
and may also pose threats to national security. For instance, severe droughts in Syria between 2006
and 2010 have been linked to food shortages that contributed to the 2011 protests and subsequent
conflict (De Chatel, 2014; Gleick, 2014; Kelley, 2014). Agriculture being a primary source of income
in rural areas, climate-related impacts — especially extreme weather events — act as push factors for
rural-to-urban migration (Dasgupta et al., 2014; IPCC, 2014a, p. 48). Climate change also affects
economic sectors differently. It alters supply and demand for goods and services, influenced by both
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physical changes and socioeconomic factors such as population, income, and lifestyle. For example,
rising temperatures may reduce demand for heating but increase demand for cooling. Tourism is
among the most affected sectors. While higher-altitude or polar regions may benefit, other regions
face economic losses due to reduced snowfall. Countries like the Maldives face severe risks from sea-
level rise. Ecosystems such as rainforests and coral reefs are also under threat due to climate change
and human activities (Acar, 2020; Arent, 2014). The insurance sector, particularly property insurance,
is also at high risk due to the increasing frequency and severity of climate-related disasters, which
may lead to financial instability or even bankruptcy (Alper & Anbar, 2008). Finally, climate change
has serious impacts on human health. Rising temperatures, changing precipitation patterns, and
increased extreme weather events such as floods, droughts, and wildfires can lead to long-term health
issues and even mortality. Vulnerable populations, especially the poor, are disproportionately affected
due to limited access to resources, infrastructure, and resilience mechanisms (Olsson et al., 2014;
IPCC, 2014a, p. 51).

Educational Outcomes. Research on climate change education focuses on how education
currently is and how it should be. In this context, various themes have been identified through
analyses of different studies. In one study, 49 works from the EBSCOhost database and, in another,
a systematic review of studies conducted between 1993-2014 revealed that education should be
interdisciplinary, personally meaningful, active, engaging, participatory, creative, and emotion-
oriented (Monroe et al., 2019; Rousell et al., 2020). In two studies conducted to identify gaps in the
research questions of articles published in the journal Environmental Education Research, key points
were determined (Reid, 2019a, 2019b). Another study examined references to extreme weather
events, identified gaps in developing countries, and explored the ethical dimensions of these gaps,
focusing on the impacts of climate change (Trenberth et al., 2015). In an analysis of 92 peer-reviewed
studies on climate change communication and education, which examined content, visualization,
framing, and audience segmentation, it was concluded that barriers to public participation in climate
change communication and education should be addressed at different levels (Wibeck, 2014).
Another common theme identified across studies is experimental research. Another area of climate
change research focuses on curricula. A three-stage study involving bibliometric analysis, online
surveys, and case studies was conducted in universities across 45 countries to examine the inclusion
of climate change in academic programs. The findings emphasized the necessity of integrating climate
change into university curricula (Filho et al., 2021). Another study discussing why climate change
should be included as a disciplinary subject in school curricula drew on evidence from curriculum
theory, cognitive psychology, and philosophy of science (Eilam, 2022). Another aspect of climate
change education concerns the characteristics of textbooks. Studies analyzing earth and
environmental science textbooks found that their conceptual scope and presentation of scientific
concepts may reinforce students’ misconceptions and increase their confidence in these
misunderstandings. It was concluded that textbooks are not designed with students’ common
misconceptions in mind (Choi et al., 2010). Although numerous studies on climate change have been
conducted from the work of John Tyndall in the 19th century to the present, there remains a significant
gap in the international literature regarding the teaching of climate change (Beasy et al., 2023). A
similar situation is observed in the limited number of studies conducted in Tiirkiye.

Cultural Outcomes. The first workshop on climate change and cultural heritage was held in 2007
in Ravello, Italy, organized by the European University Cultural Heritage Center (Lefevre &
Sabbioni, 2010). In 2008, the World Monuments Fund (WMF) organized a panel at the George
Wright Society Conference with experts in green building, nature conservation, and historic
preservation to discuss the threats posed by climate change to natural and cultural assets (Erdogan,
2022). The increasing number of international studies has raised awareness about the impact of
climate change on cultural heritage, leading conservation experts to conduct more research in this
field. After 2015, cultural heritage began to be included in climate change policies (Lefevre &
Sabbioni, 2018). In this context, steps have been taken to prevent climate change, protect cultural
heritage as documentary evidence, and reduce the impacts of climate change on such heritage.
However, these efforts have not yet reached a sufficient level, and more comprehensive solutions are
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still needed. Cultural heritage consists of both tangible and intangible elements created by past
societies, which have survived to the present and become the shared heritage of humanity. These are
valuable assets that provide information about the historical, cultural, architectural characteristics,
and ways of life of societies, serving as a bridge between the past and the future.

Migration. Global climate change has evolved from being merely an environmental issue into a
global crisis, particularly emphasized by climate policy advocates. As former UN Secretary-General
Ban Ki-moon once stated, “climate change does not carry a passport and recognizes no national
borders.” These changes have become triggers of multi-layered crises with economic, social, and
political impacts. Especially in fragile regions such as Africa, the Middle East, and South Asia, water
scarcity, drought, and natural disasters not only cause ecological destruction but also lead to social
unrest, armed conflicts, and mass forced displacement. Migration, urbanization, securitization,
militarization, and international aid policies emerge both as outcomes of these processes and as
factors that reproduce them. In this context, this observation report aims to examine, through a
multidisciplinary approach, the conflicts, migration dynamics, economic losses, and international
diplomatic responses caused directly and indirectly by climate change. Climate-induced forced
displacement is addressed within the framework of “environmental migration.” Castells’ theory of
the “network society” and Bauman’s concept of “liquid modernity” provide important insights into
understanding new forms of migration. Migration is not only a movement of people but also a crisis
in which issues of identity, belonging, and security are reshaped. Giddens’ concept of the “modern
risk society” is also crucial in explaining how environmental threats create insecurity for individuals
and communities. These theoretical foundations demonstrate that the relationship between migration
and climate change has not only physical but also social and political dimensions.

Conclusion

This study reveals the multidimensional and interconnected nature of education, cultural heritage
preservation, and migration dynamics in combating climate change. The findings indicate that the
climate crisis is not merely an environmental issue but a global phenomenon with significant social,
economic, and political consequences (IPCC, 2023).

Therefore, the necessity of addressing solution processes through an interdisciplinary approach
becomes evident. Findings related to education demonstrate that climate change education should be
more participatory, interdisciplinary, and practice-oriented. Education plays a critical role in raising
environmental awareness among individuals (Monroe et al., 2019; Rousell & Cutter-Mackenzie-
Knowles, 2020).

However, the inadequacy of current curricula and instructional materials may lead to conceptual
misunderstandings among students (Choi et al., 2010). This situation necessitates the restructuring of
educational policies. From the perspective of cultural heritage, climate change poses serious threats
to both tangible and intangible cultural assets. Although awareness in this field has increased in recent
years, it is evident that protection policies remain insufficient and require more comprehensive
strategies (Fatori¢ & Seekamp, 2017).

Migration emerges as one of the most critical consequences of climate change. Forced
displacement driven by environmental factors profoundly affects social structures and international
relations. In this context, climate-induced migration is not merely a physical movement but also a
process of social and political transformation (Black et al., 2011).

In conclusion, combating the climate crisis requires a holistic approach that integrates education,
cultural heritage preservation, and migration policies. Increasing societal awareness, developing
sustainable policies, and strengthening international cooperation constitute the fundamental pillars of
this process (IPCC, 2023)
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Azdrbaycan dili darslorind»s bilik va bacariqlarin formalasmasinda
interaktiv tolim metodlarinin istifads imkanlan

Xiilasa

Bu moaqaloda Azarbaycan dili darslorindo sagirdlorin bilik vo bacariglarinin formalagdirilmasinda
interaktiv tolim metodlarinin istifade imkanlar1 elmi-pedaqoji baximdan arasdirilmisdir. Miiasir tohsil
sistemindo asas magsadlordon biri sagirdlorin yalniz nozori biliklors yiyslonmasi deyil, hom do bu
biliklori praktik foaliyyoto totbiq edo bilmasi, miistoqil diisinmo vo kommunikativ bacariqlarini
inkisaf etdirmosidir. Bu baximdan Azorbaycan dili darslorinds interaktiv tolim metodlarinin tatbiqi
xiisusi ohomiyyot kosb edir. Maqgalado interaktiv tolim anlayisi, onun pedaqoji mahiyyati vo osas
xuisusiyyatlori tohlil edilmisdir. Homginin, Azarbaycan dili dorslorinds istifads edilon beyin homlasi,
klaster, miizakirs, debat, rol oyunlar1 vo qrup isi kimi interaktiv metodlarin tolim prosesindaoki rolu
vo effektivliyi arasdirilmigdir. Todqiqat noticolori gostorir ki, interaktiv metodlar sagirdlorin tolim
prosesinda foal istirakini tomin edir, onlarin sifahi vo yazili nitq bacariglarini inkisaf etdirir, tonqidi
vo yaradici diisiinmoni formalasdirir. Eyni zamanda, bu metodlar sagirdlorin omokdasliq miihitindo
islomak bacarigini giiclondirir vo 0yronmoyo maragi artirir. Moqalodo miiollimin interaktiv tolim
prosesinda toskilate1 vo istigamotlondirici rolunun shomiyyati do vurgulanmigdir. Notico olaraq qeyd
olunur ki, Azarbaycan dili dorslorinds interaktiv tolim metodlarinin sistemli vo maqgsodyonlii sokildo
totbiqi todrisin keyfiyyotinin yiiksoldilmasino vo sagirdlorin dil bacarigqlarinin daha somorali
formalagmasina miihiim t6hfa verir.

Acgar sozlar: interaktiv talim, Azarbaycan dili darslaori, talim metodlari, kommunikativ bacariglar,
faal 6yranma, pedaqoji texnologiyalar
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Possibilities of Using Interactive Teaching Methods in the Formation of
Knowledge and Skills in Azerbaijani Language Lessons

Abstract

This article examines the possibilities of using interactive teaching methods in the formation of
students’ knowledge and skills in Azerbaijani language lessons from a scientific and pedagogical
perspective. One of the main goals of modern education is not only to provide students with
theoretical knowledge but also to develop their ability to apply this knowledge in practice, as well as
to improve their independent thinking and communicative skills. In this context, the application of
interactive teaching methods in Azerbaijani language classes is of great importance. The article
analyzes the concept of interactive learning, its pedagogical essence, and its main characteristics. It
also explores the role and effectiveness of interactive methods such as brainstorming, cluster method,
discussion, debate, role-playing, and group work in the teaching process.
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The results of the study show that interactive methods ensure students’ active participation in the
learning process, develop their oral and written communication skills, and promote critical and
creative thinking. At the same time, these methods strengthen students’ ability to work collaboratively
and increase their motivation for learning. The article also emphasizes the importance of the teacher’s
role as an organizer and facilitator in the interactive learning process. In conclusion, the study
highlights that the systematic and purposeful use of interactive teaching methods in Azerbaijani
language lessons significantly improves the quality of teaching and contributes to the more effective
development of students’ language skills.

Keywords: interactive learning, Azerbaijani language lessons, teaching methods, communicative
skills, active learning, pedagogical technologies

Giris

Azarbaycan dili soxsiyyatin inkisafi vo formalagmasinda miihiim rol oynayir. Ana dilino sevgi vo
onu monimsamayin tomali ilk névbads ailodo qoyulur. Bels ki, usaqlarda ana dili haqqinda ilkin
anlayislar moktobogodor dévrdos ailo miihitindo formalagsmaga baslayir. Moktobds iso bu biliklor daha
sistemli sokildo vo elmi osaslarla todris olunur. Umumtohsil moktoblorinde Azarbaycan dili fonninin
Oyradilmasi sagirdlorin nitq modoniyyatinin inkisafina genis imkan yaradir. Bu fonn vasitosilo
sagirdlor Azaorbaycan dilinin sas sistemi, ligat torkibi ilo tanis olur vo dilin qrammatik qaydalarim
monimsayirlor. Ana dilini dorindon dyronmoak sagirdlora yalniz bu fonn iizro deyil, digor fonlorin
monimsonilmesindo do miihiim komok gdstorir. Olkemizda kurikulum totbiq olunduqdan sonra ibtidai
siniflordo Azorbaycan dili fonni do bu programin taloblorino uygun sokilds todris edilir. Kurikulum
sonadino asason Azarbaycan dili fonni tizro dord asas mozmun xotti miioyyon edilmisdir: dinloyib-
anlama vo danigma, oxu, yazi va dil qaydalari.

Miiasir tohsil sisteminds asas magsadlordon biri sagirdlorin yalniz nazari biliklor olds etmasi
deyil, ham ds onlarin bu biliklari praktik foaliyysts totbiq etma bacariglarini inkisaf etdirmakdir. Bu
baximdan {imumi tohsil sistemindo Azorbaycan dili fonninin todrisi mithiim shomiyyast kosb edir.
Azorbaycan dili yalniz iinsiyyaot vasitasi deyil, eyni zamanda milli-monavi doyarlorin, madaoniyyatin
vo milli kimliyin dasiyicisidir. Bu sabobdon moktoblorde Azarbaycan dilinin todrisi sagirdlorin ham
intellektual, hom do monovi inkisafinda miihiim rol oynayir. Interaktiv tolim konstruktivizm
nozoriyyasing osaslanir. Bu nozoriyyoyo goro, sagirdlor biliklori passiv sokildo qobul etmir, onlar
aktiv foaliyyot naticosindo qurur vo monimsayirlor (Piaget, 1970; Vygotsky, 1978).

Bu modelda:

- miusllim fasilitator (istiqamatlondirici) rolunu oynayir;

- sagirdlor miistaqil vo qrup soklinds foaliyyat gdstorir;

— Oyronmo prosesi qarsiligli alage vo omokdasliq asasinda qurulur.

Azorbaycan dili darslorinds bu yanasma xiisusils effektivdir, ¢linki dil 6yronilmasi praktik
foaliyyat tolob edir (Qasimov, 2012).

Tohsil sahasindo aparilan islahatlar vo kurikulum islahatlar1 naticesinds tolim prosesindo sagird
morkozli yanagma osas istiqamotlordon birino ¢evrilmisdir. Bu yanasma tolim prosesinds sagirdlorin
foalligini artirmaga, onlarin todqiqat aparmaq, diisiinmaok vo miistoqil naticalor ¢ixarmaq bacariqlarini
inkisaf etdirmayo yonalmisdir. Bu magsadlors nail olmaq {i¢giin interaktiv tolim metodlarindan genis
istifads olunur.

Interaktiv tolim metodlari miiollim vo sagird arasinda qarsiliqh foaliyyoto osaslanir vo sagirdlorin
tolim prosesindo foal istirakini tomin edir. Bu metodlar sagirdlorin tonqidi diistinma gabiliyyatini,
yaradiciliq potensialin1 vo kommunikativ bacariqlarini inkisaf etdirmoys imkan yaradir. Azorbaycan
dili dorslorinds interaktiv metodlarin totbiqi sagirdlorin dil bacariglarinin daha somorali sokilde
formalagmasina sorait yaradir.

Magqalonin mogsadi Azarbaycan dili dorslorinds interaktiv tolim metodlarinin totbiq imkanlarmi
aragdirmaq, onlarin sagirdlorin bilik vo bacariglarinin formalagsmasina tesirini miioyyonlagdirmak vo
bu metodlarin todris prosesinde somoraliliyini elmi-pedaqoji baximdan tohlil etmakdir.
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Azorbaycan dili tadrisi, sagirdlorin dil biliklorini inkisaf etdirmak vo onlar1 sosial hoyatin miixtslif
saholorindo daha effektiv linsiyyot qurmaga hazirlamagq {i¢iin vacib bir sahadir. Bu mogsadls, anonovi
todris metodlarinin yaninda daha modern vo interaktiv yanasmalara ehtiyac yaranmisdir. Interaktiv
dors metodlari, tolobalorin faal istiraki vo todris prosesina aktiv sokildo qosulmalarini tomin edon bir
yanasmadir. Bu metodlar, yalniz miiallimin sagirdloro molumat vermosini deyil, hom do sagirdlorin
0z fikirlorini ifads etmasini, suallar vermasini vo miizakiroalor aparmasini tosviq edir. Beloliklo,
toloboalor arasinda qarsiligli olago yaranir vo dilin 6yronilmosi daha maraqli vo effektiv olur (Sliyeva,
2018).

Tadqgiqat

Pedaqoji odobiyyatda interaktiv tolim metodlar1 sagirdlorin foal istirakina osaslanan tolim
strategiyalar1 kimi xarakterizo olunur. Bu metodlar sagirdlorin biliklori hazir sokilde qabul etmasi
deyil, onlar1 miistoqil sokildos aldo etmosini tomin edir.

Todqiqatgilar qeyd edirlor ki, foal vo interaktiv tolim metodlar sagirdlorin diistinmo prosesini
aktivlosdirir vo onlarin 6yronmoyos maragini artirir (Vygotsky, 1978; Johnson vo Johnson, 1999). Lev
Viqotskinin sosial-konstruktivist nozoriyyesina gora, biliklor sosial qarsilighh slage prosesinds
formalasir vo inkisaf edir. Bu baximdan qrup isi vo miizakiralor tolim prosesindo xiisusi shomiyyot
kosb edir.

J.Dewey (1938) do geyd edir ki, dyronmao yalniz nazori molumatin otiiriilmosi ilo mohdudlasma-
malidir; sagirdlor tocriiba yolu ilo 6yronmoali vo real problemlorin hollinds istirak etmolidirlor. Bu
yanagma miiasir interaktiv tolim metodlarinin osas ideyalarindan biridir.

Azorbaycan pedaqoqlart da interaktiv tolim metodlarinin tohsildo totbiqinin ohomiyyatini
vurgulamiglar. Onlarin fikrincs, bu metodlar sagirdlorin miistoqil diisiinmo qabiliyyatini inkisaf
etdirir vo onlarin yronmoys motivasiyasini artirir (9lizads, 2010; Hiiseynov, 2015).

Interaktiv metod osasinda toskil olunan dorslorde hom miisllim, hom do sagirdlor tolim prosesinin
foal istirak¢ilar1 kimi ¢ixis edirlor. Belo dorslordo miiallim osason tolim foaliyyatinin togkilatgisi vo
istigamatlondiricisi rolunu yerino yetirir. Miiollim torofindon moaqgsadyonlii sokilde problemli
voziyyatlorin yaradilmasi, sagirdlorin todqiqat aparmaq gabiliyyatinin inkisaf etdirilmasi, onlarin
molumatlart miistoqil sokildo arasdiraraq kosf etmosi vo monimsomasi {iglin olverigli goraitin
qurulmas1 foal tolimin asas xiisusiyyatlori kimi qiymatlondirilo bilor. Bu barads Z.Veysova qeyd edir
ki, tolim prosesino totbiq olunan yeni yanagsmanin mahiyyoti ondan ibaratdir ki, tohsil yalniz
sagirdlorin yaddasini yeni elmi biliklorloe zonginlogdirmakls mohdudlagsmir. Eyni zamanda, onlarin
tofokkiiriiniin davamli inkisafi osasinda biliklori miistoqil sokilds aldo etmasi vo monimsomasi, vacib
bacariq vo vordisloro, eloco do soxsi keyfiyyot vo qabiliyyatlora yiyolonmosi asas moagsod kimi
miioyyan edilir. Bu prosesdo sagirdlor miisllimin rohbarliyi ilo xiisusi se¢ilmis vo asan qavranilan
tolim materiallarin1 0yronarkon fakt vo hadisolor arasindaki sobob-notico olagolorini miioyyon-
losdirmayi, ganunauygunluqglar1 agkar etmoyi, natico ¢ixarmagi vo iimumilogsdirmalor aparmag:
Oyranirlor (Veysova, 2007).

Interaktiv tolim zamani miiollim vo sagirdlor arasinda qarsiligl informasiya miibadilesi aparilir,
problemlor birgo miizakirs edilorok holl olunur, miixtalif situasiyalar modellosdirilir vo istirak¢ilar
hom 0z foaliyyatlorini, hom do yoldaslarinin davraniglarin1 qiymotlondirirlor. Basqa sozlo, bu
prosesdo 6ziiniigiymoatlondirmo do miithiim yer tutur. Miiasir tolim sistemindo sagirdlorin qazandiqlar
bilik, bacariq vo vardislori niimayis etdirmosi iigiin alverisli sorait yaradan interaktiv metodlara daha
cox Ustiinliik verilir. Bunun asas sababi ondan ibarstdir ki, interaktiv metodlar yalniz sagirdlorin
stiuruna deyil, hom do onlarin emosiyalarina, hissloring va soxsi keyfiyyatloring tosir gdstorarok biitov
soxsiyyot kimi inkisafin1 tomin edir. Bu metodlarin totbiqi todris materialinin monimsonilmo
soviyyosini ohamiyyatli doracads artirir. Eyni zamanda, interaktiv metodlar tolim prosesini daha foal
vo dinamik edir, hor bir sagirdin dorsdo aktiv istirakini stimullagdirir vo dorslorin maraqli, calbedici
sokildo ke¢masino sorait yaradir. Naticads, tolim prosesinin samoraliliyi yiiksolir vo sagirdlorin
inkisafi daha effektiv sokildo tomin olunur. ©nonovi tolim iisullarindan forqli olaraq, interaktiv
metodlarin osas mogsadi tolim prosesino colb olunan hor bir sagirdin soristo vo bacariqlarinin
maksimum doaracads inkisaf etdirilmasidir.

51



ELMI TODQIQAT Beynolxalq Elmi Jurnal. 2026 / Cild: 6 Sayi: 3 / 49-53 ISSN: 3104-4670
SCIENTIFIC RESEARCH International Scientific Journal. 2026 / Volume: 6 Issue: 3 / 49-53 e-ISSN: 2789-6919

Belaliklo, interaktiv tolim metodlari miiasir pedaqogikanin miithiim istigamaetlorindon biri olmaqla
sagirdlorin bilik vo bacariglarinin formalasmasinda miihiim rol oynayir. Interaktiv tolim metodlarinin
totbiqi sagirdlorin akademik vo sosial inkisafina miisbat tosir gdstorir. Todqiqatlar gostorir ki,
interaktiv metodlar sagirdlorin dorso maragini artirir vo onlarin tolim prosesindos faal istirakini tomin
edir (Prince, 2004).

Bu metodlarin tatbiqi naticasinds sagirdlor asagidaki bacariqlara yiyolonirlor:

- miistoqil diisiinms bacarigy;

— analitik va tonqidi diistinmo;

- kommunikativ bacariqlar;

- yaradici faaliyyat;

- omokdasliq vo komanda ils iglomok bacarigi.

Belaliklo, interaktiv metodlar sagirdlorin yalniz akademik biliklorini deyil, hom do onlarin sosial
vo kommunikativ bacariglarini inkisaf etdirir. Interaktiv tolim prosesinda miisllim anonavi “molumat
veran” rolundan daha ¢ox togkilat¢1 vo fasilitator rolunu oynayir. Miisllim sagirdlorin foaliyyatini
istigamatlondirir vo onlarin miistaqil 6yronmasina sorait yaradir.

Miisllimin asas vazifolori asagidakilardir:

- dorsin moagsadlaring uygun metodlarin se¢ilmasi;

- sagirdlor arasinda omokdasliq miihitinin yaradilmast;

— miizakiralorin idara olunmasi;

- sagirdlorin foaliyyatinin qiymatlondirilmasi.

Miisllimin pedaqoji ustalig1 vo metodik hazirlig: interaktiv tolimin ugurlu hayata kegirilmosinds
miithiim rol oynayir.

Azarbaycan dili dorslorinda interaktiv metodlarin tatbiq istigamatlori.

1. Dinloma bacariglarinin inkisafi: Dinlomo bacariginin inkisafi ti¢iin interaktiv tapsiriglardan
istifado olunur. Masalon: - audio motnlorin dinlonilmasi vo miizakirasi; - “sual-cavab” {isulu ilo
mozmunun yoxlanilmasi; - qrup daxilinds fikirlorin boliisdiiriilmasi.

2. Danisma bacariglarimin formalasdiriimasi: Danigma bacariginin inkisafinda rollu oyunlar,
debatlar vo togdimatlar miihiim rol oynayir. Bu metodlar sagirdlorin sorbast nitq qurmasina vo 6z
fikirlorini asaslandirmasina sorait yaradir.

3. Oxu bacariglarmin inkisafi: Oxu prosesindo interaktiv metodlar sagirdlorin motn {izorindo
isloma bacariglarini artirir: - motnin hissalara boliinarak qruplar arasinda paylanmast; - asas ideyanin
miayyanlagdirilmasi; - Venn diaqrami vasitasilo miiqayise aparilmasi (Harmer, 2007).

4. Yazi bacariglarimin inkigafi: Yaz1 bacariginin inkisafi ticlin: - esse vo hekayas yazma; - qarsiliqgh
yoxlama (peer review); - beyin homlasi vo klaster metodlarindan istifads edilir (Brown, 2001).

Azorbaycan dilinin todrisindo miiasir metod vo tisullarin totbiqi sagirdlorin dili daha somorali vo
asan sokildo monimsomasing alverisli imkan yaradir. Tolim prosesinds bu ciir metodlardan istifade
sagirdlorin Azorbaycan dilini 0yronmoye maragmi artirir, eyni zamanda, onlarin 6z bilik vo
bacariglarina olan inamin1 giiclondirir. Miisllimlor iso sagirdlorin dil bacariglarini inkisaf etdirmok
ticlin onlar1 miixtalif foaliyyotlors colb etmoli vo dors prosesindo aktiv istiraklarini tomin etmolidirlor.
Bununla yanasi, miiollimlor tolim zamani sagirdlorin 6zlorini sorbost vo rahat hiss etdiklori,
Oyronmoya hovaslondiron vo yaradici diislinconi stimullasdiran miihit formalasdirmalidirlar. Bu ciir
miihit sagirdlorin dil bacariglarinin inkisafina vo onlarin tolim prosesino daha foal qosulmasina
miisbat tosir gostorir.

Noatica

Azorbaycan dili dorslorinds interaktiv tolim metodlarinin totbiqi miiasir tohsil toloblorine uygun
olaraq sagirdlorin bilik vo bacariglarinin formalasmasinda miihiim rol oynayir. Bu metodlar
sagirdlorin foalligini artirir, onlarin kommunikativ vo tonqidi diistinms bacariqlarmni inkisaf etdirir vo
talim prosesini daha somarali edir.

Azorbaycan dilinin todris prosesinin effektivliyi osason miiallimin dorsi diizgiin planlasdirma-
sindan vo dorsin formasini mantiqi asaslarla segmok bacarigindan asilidir. Mévzu ilo bagh metodoloji
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odobiyyatin tohlili gostarir ki, reseptiv danisiq foaliyyati informasiyanin qavranilmas: vo sonraki
morhslads iglonib hazirlanmasi prosesini ohats edir. Bu faaliyyat asason oxu va dinlayib-anlama kimi
dil bacariglarini 6zilindo birlosdirir. Azorbaycan dilindo hom sifahi, hom do yazili matnlorin diizgiin
dork edilmosi, qavranilmasi vo foal sokilda tohlil olunmasi moagsadyonlii oxu bacarigimin vo vahid
kommunikativ vardislorin formalasmasi ilo miimkiin olur.

Miiasir dovrdo auditoriyada Azorbaycan dilinin todrisi qarsisinda duran osas vozifolordon biri
tolim prosesinda interaktivliyin tomin edilmosidir. Interaktivlik yalniz miiallim va sagird, eloco do
sagirdlor arasinda garsiliqli miinasibatlorin qurulmasi ilo mohdudlagmir. Bu anlayis eyni zamanda dil
aspektlorinin  vo danisiq bacariqlarinin - sagirdlor torofindon qarsiligh  slaqe  soraitindo
monimsonilmasini do ohats edir. Bu baximdan Azarbaycan dilinin islok normativ ciimls modellarinin,
danisiq diline xas xiisusiyyatlorin sagirdlor torafindon monimsonilmasina vo onlarin adabi danisiq dili
normalarina uygun sokilds inkisaf etdirilmosina xiisusi digqgot yetirilmosi vacib hesab olunur.

Aragdirmamiz gostorir ki, interaktiv metodlardan sistemli vo mogsodyonlii sokildo istifado
edildikdo Azorbaycan dili dorslorinin keyfiyyati yiiksalir, sagirdlorin dilo maragi artir vo onlarin
praktik dil bacariqlar1 daha effektiv sokildo formalasir. Bu baximdan timumi tohsil moktoblarinds
Azorbaycan dili fonninin todrisinde interaktiv tolim metodlarinin totbiqinin genislondirilmasi vo
miiollimlorin bu sahado metodik hazirliginin giiclondirilmasi magsadouygun hesab olunur.
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Azarbaycanin aqrar sektorunda Kicik vo orta sahibkarhgin hiiquqi tominati
va dovlat dastayi: moveud vaziyyat, tohlil va inkisaf istigamatlori

Xiilasa

Azorbaycanin aqrar sektoru 6lko iqtisadiyyatinin strateji saholorindon biridir vo kigik vo orta
sahibkarligin (KOS) inkisafinda miihiim rol oynayir. Kond tosarriifatinda KOS-larin faaliyyati
mosgullugun artirllmasi, regionlarin inkisafi vo kond tosorriifati mohsullarinin istehsalinin
genislondirilmasi baximindan vacibdir. Bu moaqalodo Azarbaycanin aqrar sektorunda KOS-larin
hiiquqi tominatinin mévcud voziyyati vo tohlili aparilmisdir. Todqgiqat ¢orgivasindo gqanunvericilik
aktlari, dovlot dostoyi mexanizmlori vo rogomsal transformasiya proqramlari arasdirilmisdir.

Noticolor gostarir ki, Azorbaycanin qanunvericilik bazas1 KOS-larin foaliyyotini miioyyan qodor
tomin etso do, bozi saholordo tokmillosdirmoys ehtiyac var. Xiisusilo, hiiquqi prosedurlarin
sadolosdirilmasi, dovlet dostoyi mexanizmlorinin genislondirilmasi vo roqoamsal texnologiyalarin
totbiqi KOS-larin inkisafini siiratlondira bilor. Ragomsal transformasiya KOS-larin idars edilmasini
asanlasdirir, kredit vo subsidiya miiraciatlorini stiratlondirir vo soffafligi tomin edir. Mogaloda dovlat
dostoyinin hiiquqi tominatinin tokmillosdirilmasi istigamatlori do gostorilmisdir. Todqiqat naticasinda
miloyyon edilmisdir ki, hiiquqi bazanin giiclondirilmosi, rogomsal imkanlarin totbiqi vo dovlot
dastoyinin somarali togkili aqrar KOS-larm inkisafina shomiyyatli tohfs vers bilor. Bu, Azarbaycanin
kond tosarriifat: sektorunun davamli vo dayaniqli inkisafini tomin etmok ii¢iin vacibdir.

Acar sozlar: aqrar sektor, kigik va orta sahibkarlq, hiiquqi taminat, déviat dastayi, rogomsal
transformasiya
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Legal Support and State Support of Small and Medium Enterprises in the
Agricultural Sector of Azerbaijan: Current Situation, Analysis and
Development Directions

Abstract

The agrarian sector of Azerbaijan is one of the strategic sectors of the country's economy and
plays an important role in the development of small and medium-sized enterprises (SMEs). The
activities of SMEs in agriculture are important in terms of increasing employment, developing regions
and expanding the production of agricultural products. This article analyzes the current state and legal
framework of SMEs in the agrarian sector of Azerbaijan. The study examines legislative acts, state
support mechanisms and digital transformation programs. The results show that although the
legislative framework of Azerbaijan provides for the activities of SMEs to a certain extent, there is a
need for improvement in some areas.
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In particular, simplifying legal procedures, expanding state support mechanisms and introducing
digital technologies can accelerate the development of SMEs. Digital transformation facilitates the
management of SMEs, speeds up loan and subsidy applications and ensures transparency. The article
also indicates directions for improving the legal framework of state support. The study found that
strengthening the legal framework, introducing digital capabilities and effectively organizing state
support can make a significant contribution to the development of agricultural SMEs. This is
important to ensure the sustainable and sustainable development of the agricultural sector of
Azerbaijan.

Keywords: agrarian sector, small and medium-sized enterprises, legal certainty, state support,
digital transformation

Giris

Agrar sektor Azorbaycanin iqtisadiyyatinda strateji ohomiyyato malikdir vo 6lkonin orzaq
tohliikasizliyinin tomin olunmasinda asas rol oynayir. Kond tosorriifatt mohsullarinin istehsali yalniz
yerli bazarin tomin edilmasi {i¢lin deyil, hom do ixrac potensialinin artirilmasi vo regionlarin sosial-
igtisadi inkisafinin tomin olunmasi baximindan miihiim ohomiyyat kosb edir. Azorbaycan
Respublikasinda KOS aqrar sahonin aparict qlivvesi hesab olunur vo kond tosorriifatinin inkisafinda
holledici rol oynayir. KOS-larin foaliyysti masgullugun artirilmasi, kond yerlorinds golirlorin
yliksoldilmasi vo kond tosarriifatt mohsullarinin keyfiyyatinin yaxsilasdirilmasi iigiin vacibdir.

Agrar KOS-larin inkisafi iqtisadiyyatin diversifikasiyast vo regionlarin davamli inkisafi
baximindan da 6nomlidir. Hiiquqi tominat, KOS-larin ugurlu foaliyystinin osas sortlorindon biridir.
Bu tominat torpaq istifadasi, dovloat subsidiyalari, vergi giizostlori, kredit resurslarina ¢ixis vo hiiquqi
prosedurlarin sadologdirilmasi kimi mexanizmlari shato edir. Rogomsal transformasiya iso KOS-larin
idaroetmo prosesini asanlagdirir, dovlot dostoyi programlarina ¢ixist siirotlondirir vo foaliyystin
soffafligin artirir.

Azarbaycan qanunvericiliyi KOS-larin hiiquqlarin1 qorumagq, faaliyyatlorini stimullagdirmaq vo
dovloat dostoyi mexanizmlorini tomin etmok mogsadilo formalasdirilmisdir. Bununla bela, mévcud
ganunvericilik vo mexanizmlor beynolxalq tocriibs ilo miiqayisads bozi saholords tokmillogdirmaya
ehtiyac duyur. Beynolxalq tocriibo gdostorir ki, aqrar KOS-larin inkisafi {i¢lin ganunvericiliyin
sadolosdirilmosi, roqomsal texnologiyalarin totbiqi vo dovlot dostoyi mexanizmlorinin
giiclondirilmasi zoruridir.

Bu moqalods Azarbaycan Respublikasinda aqrar sahads KOS-larm hiiquqi tominatinin mévecud
vaziyyati tohlil edilmis, roqomsal transformasiyanin KOS-larin inkisafina tosiri arasdirilmis vo dévlot
dostoyinin hiiquqi tominatinin tokmillosdirilmasi istigamatlori miioyyon edilmisdir. Todqiqatin
moqsadi KOS-larin faaliyyatinin samaraliliyini artirmagq, hiiquqi vo institusional bazani giiclondirmak
va kond tosarriifat1 sektorunun dayaniqli inkisafina tohfo vermokdir.

Tadgiqat

KOS hor bir 6lkonin iqtisadi inkisafinda miihiim rol oynayir vo Azarbaycan ligiin xiisusi strateji
ohomiyyat kasb edir. KOS-lar sosial-iqtisadi sabitlik, 1§ yerlorinin yaradilmasi vo yerli innovasiyalarin
totbiqi liglin osas amillordir. Aqrar sektor iso milli iqtisadiyyatin asas siitunu olmagqla, shalinin
mosgullugunun artirllmasinda, arzaq tohliikasizliyinin tomin edilmasinds, kond yerlorinds sosial
rifahin yaxsilagdirilmasinda miithiim rol oynayir. 2024 -cii ilin statistik molumatlarina osason, kond
tosarriifat: sektoru UDM-nin 5,7%-ni, neft iso UDM-nin 8,3%-ni toskil edib.
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Cadval 1.
2024-cii il lizra aqrar sektorun osas makroiqtisadi gdstaricilori

Gostarici Dayar

Umumi daxili mohsul (UDM) 126 337,0 mln manat

Qeyri-neft UDM 85 712,4 mln manat

Agrar sektor {izro olavo doyor 7 147,1 mln manat

Agqrar sektor iizro istehsal hocmi 12 995,2 mIn manat
Agrar sahonin UDM-do pay1 5,66 %
Agrar sahonin geyri-neft UDM-do pay1 8,34 %

Agrar istehsal / olavo doyor nisbati 1,82

Mbonba: Iqtisadiyyat Nazirliyi, 2024-cii il iizro osas iqtisadi gostoricilori osasinda, miiallif
torafindon hazirlanib

Cadvaldon goriindiiyii kimi, aqrar sektorun qeyri-neft sektorundaki pay1 8,3% tokil edib ki, bu da
iqtisadiyyatin saxolondirilmosindo miihiim rol oynasa da, istehsalin imumi strukturunda halo do
mohdud ¢okiyo malikdir.

2024-cii ilin roqomlori kond tosorriifati istehsalinin imumilikdo miisbat istigamotdo inkisaf
etdiyini gostorir. Belo ki, ARDSK statistik molumatlarina goroa, 2024-cii ildo kond tosorriifati
mohsullariin imumi dayori cari qiymatlorla 12 995,2 milyon manat toskil edib. Bunun 6832,9
milyon manat1 heyvandarligdan, eloco do 6162,3 milyon manati isa bitkigilikdon alds edilib. ©Ovvalki
illo miiqayiseds {imumi artim tempinin 1,5% olmas1 sektorda sabit artimin davam etdiyini gostorir.

Azorbaycanin kond tosorriifatinda KOS son illords siiratlo inkisaf edir. Statistik gdstoricilor
gostorir ki, KOS-lar kond tosorriifat: istehsalinin toxminon 65%-ni tomin edir vo mohsul ¢esidliyi
baximindan ¢ox genis imkanlara malikdir (Sliyev, 2022; Bayramov, 2018). Xiisusilo torovozgilik,
meyvacilik, heyvandarliq vo qusguluq saholorindo foaliyyat gostorir. 2024-cii ildo Kond Tasorriifati
Sigortas1 Fondu torafindon 6 milyon 423 min manat vosait 6donilmasi ilo kond tosorriifatinda risk vo
itkilordon sigortalanan dovlot mexanizminin rolu da artib. Digor torofdon, istehsalin boyiik hissasi
KOS torofindon hoyata kegcirilir - kond tosorriifatt mohsulunun 99%-don ¢oxu bu miiassisalor
tarafindan istehsal olunur. Bu onu gostarir ki, KOS-lar 6lkenin kond tesorriifati iqtisadiyyatinin asas
harokatverici qiivvosidir.

Aragdirmanin naticalori gostorir ki, 2024-cii ildo kond tosarriifati sektorunda KOS ilk névbado
heyvandarhq, taxil¢iliq vo qusculuq saholorindo ixtisaslasiblar. Bununla belo, bugda istehsali
toxminan 30% azalib ki, bu da iqlim doyisikliyi vo suvarma infrastrukturu ilo bagli problemlors aid
edils bilar. Digor torafdon, qus oti vo ot istehsali artib, bununla yanasi qus ati istehsali 82,3 min tona,
yumurta istehsali iso 1148,7 milyon adodo ¢atmisdir.

KOS-lar kond tosarriifati iqtisadiyyatinda miithiim rol oynayir vo &lkonin kond tosarriifati
mohsulunun toxminon 80%-ni togkil edir. Bu onu gostorir ki, KOS-lar kond tosorriifati
iqtisadiyyatinda istehsal vo is¢i qlivvesinin asas manbayidir. Bununla bels, maliyyoys mohdud ¢ixis,
texnoloji innovasiyalarin zoif inteqrasiyasi vo asagi bazar olagasi onlarin inkisafina mane olmaqda
davam edir.
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Cadval 2.
Azarbacanda kond tosorriifatinin asas gostaricilori

Gostorici Olgii vahidi 2023 2024 Dayisma (%)
Umumi kond tosarriifatt mohsulu miln. manat | 12799,3 | 12 995,2 +1,5
Bitkigilik mohsullari mln. manat 60750 | 61623 +1,4
Heyvandarliqg mohsullari min. manat 67243 6 8329 +1,6
Qus oti istehsali min ton 80,9 82,3 +1,7
Yumurtann imumi istehsal milyon odod | 1069,6 1 148.,7 +7.4
Iribuynuzlu mal-qara say1 min bas 2437,0 | 24597 +0,9
Bugda istehsali min ton 520,0 366,7 -29.5

Moanba: https://www.stat.gov.az/source/agriculture/, molumatlar1 asasinda miollif torofindon
tortib edilib

Qrafik 1.
2024-cii il izro agrar sektoru lizro mohsul artim dinamikasi (%-19)

Bugda istehsal
_—

iribuynuzlu mal-gara say!
»

Yumurtanin Gimumi mahsulu
I

Qus ati mahsulu

Heyvandarlig mahsulu

Bitkicilik mahsulu

Umumi kand tasarriifati mahsulu

-35 -30 -25 -0 -15 -10 -5 0 5 10

Moanba: https://www.stat.gov.az/source/agriculture/, molumatlari osasinda miollif torofindon
tortib edilib

Molumatlardan goriindiiyli kimi, kond tosarriifati sektoru 2024-cii ildo sabit artim1 qoruyub
saxlasa da, mohsuldarligin azalmasi iimumi artima monfi tosir géstorib. Bununla bels, heyvandarliq
vo qusculuq istehsalinda miisahids olunan artim bu sahalordo KOS-larin artan imkanlarindan xobar
verir. Dovlot dostoyi proqramlari, o climlodon subsidiyalar, glizostli kreditlor vo texniki yardimlar
sayasindo KOS-lar 6z mohsuldarligin1 vo bazar payimi todricon artirirlar. Bununla bels, KOS-larin
qarsilagdig1 bir sira asas problemlor halo do mévcuddur. Bunlara torpaq sahalorinin geyri-borabar
paylanmasi, maliyyo resurslarinin mohdudlugu, ganunvericilikdoki miirokkoblik vo rogomsal
texnologiyalarin zaif totbiqi daxildir.

Azarbaycan qanunvericiliyi KOS-larin foaliyystini tonzimloyir ve onlarin hiiquqlarini qoruyur.
“Kicik vo orta sahibkarliq haqqinda” Qanun (2017) KOS-larin geydiyyati, foaliyyat sahasi vo vergi
6hdoliklorini miioyyon edir. “Kond tosorriifat1 sahasinds dovlst dostoyi haqqinda” Qanun (2018) iso
subsidiya, giizostli kredit vo texniki yardim imkanlarini tomin edir (Abbasov, 2020; Mommaodov,
2022). Bu qanunvericilik mexanizmlori KOS-larin maliyys, torpaq vo vergi masalolorinde hiiquqi
tominatini giiclondirir.
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Dovlat dastoyinin hiiquqi tominatt KOS-larin inkisafini stimullagdirir. Azarbaycanda KOS-lar
liclin vergi giizostlori, subsidiyalar vo glizostli kredit programlart mévcuddur. Homginin, aqrar
innovasiya proqramlart KOS-lara miiasir texnologiyalar1 totbiq etmoyo imkan yaradir. Bu
mexanizmlor ganunvericilikdos agiq sokildo miiayyon edildiyi {i¢iin sahibkarlar foaliyyotlorini ganuni
cargivado hayata kegira bilirlor (Bliyev, 2022; Aksoy vo Yavuz, 2019; FAO, 2017; Ibrahimov, 2020).

Rogomsal transformasiya KOS-larin foaliyyotino miihiim t6hfo verir. Elektron platformalar
vasitasilo sahibkarlar dovlat dostayi ii¢lin onlayn miiraciat eds, elektron geydiyyatdan kego, rogomsal
bazarlara qosula vo mohsullarin1 satmaq imkanma malik olurlar. Bu yanagma soffafligi artirir,
biirokratik manealori azaldir vo maliyyo resurslarina ¢ixisi siiratlondirir.

Miiasir beynolxalq tocriiba gostorir ki (OECD, 2020; Pretty, 2018; World Bank, 2021), aqrar
sahado KOS-larin inkisafi iiclin qanunvericilik bazasi ilo yanasi, dovlet destoyi vo roqomsal
transformasiya mexanizmlorinin uygunlasdirilmasi vacibdir. Masalon, Avropa 6lkoalorindo KOS-lara
subsidiyalar vo vergi glizostlori togdim olunur, ABS-da iso aqrar kredit proqramlar1 vo xiisusi
ganunvericilik aktlar1t KOS-larmn inkisafina dostok verir (Gulati vo Fan, 2019; Bachev, 2018). Bu
tacriibalor Azarbaycanda da tatbiq oluna bilor vo KOS-larin inkisafini stiratlondirs bilor.

Azarbaycanin aqrar sektorunda KOS-larin inkisafi tigiin toklif olunan asas istigamatlor:

e hiiquqi baza sadslosdirilmali vo mévcud ganunvericilik tokmillosdirilmalidir;

e dovlot dostoyi programlart genislondirilmoali, kredit vo subsidiya mexanizmlori KOS-larin
ehtiyaclarina uygunlasdiriimalidir;

e rogomsal transformasiya vasitosilo KOS-larin faaliyyatino soffafliq vo siirat gotirilmolidir;

o KOS-lar ii¢iin talim vo innovasiya proqramlari hazirlanmali, texniki bilikler artirilmalidir;

e KOS-larin bazar imkanlarina ¢ixisi artirtlmali, yerli vo beynoslxalq bazarlara qosulmasi tomin
edilmolidir.

Biitiin bu todbirlor ganunvericilik vo dovlat dostoyi mexanizmlorinin birga islomasi naticasinda
KOS-larin aqrar sahads rolunu artirir vo Azorbaycanin iqtisadi inkisafina miithiim tohfs verir.
Tadqiqat gostarir ki, hiiquqi tominatin giiclondirilmasi vo rogomsal transformasiyanin totbiqi KOS-
larin faaliyyatini daha effektiv vo davamli edir.

Natica

Azorbaycanin agrar sektorunda kigik vo orta sahibkarligin inkisafi iciin mévcud hiiquqi tominat
osashdir, lakin bazi saholords tokmillosdirmoys ehtiyac vardir. Dovlat dastoyinin giiclondirilmasi,
qanunvericilikde sadalasdirmalor va roqamsal transformasiyanin tatbiqi KOS-larin davamli inkisafini
tomin edo bilor.

Rogomsal transformasiya KOS-larin foaliyystini soffaflasdirir vo maliyys resurslarina ¢ixisi
stiratlondirir. Eyni zamanda, beynalxalq tocriibanin tatbiqi vo hiiquqi mexanizmlarin optimallagdiril-
mas1 KOS-larin kond tosarriifatinda rolunu artirir vo iqtisadiyyatin strateji saholorinin inkisafina tohfo
Verir.
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Azarbaycan moaktabinda rus dilinin tadrisinin xiisusiyyatlori

Xiilasa

Bu mogalo miixtalif dil vo madoni elementlorin tohsil sistemindo formalagmasinin vo tolobalorin
digor 6lkalarin, ilk ndvbads, Rusiyanin madaniyyatlori haqqinda biliklorini artirmaga yonslib. Bu
yanasma rus dili dorslorini yuxarida qeyd olunan materiallarla zonginlosdirir va tolobalors yalniz rus
dilinin tarixini vo madoniyyatini, homg¢inin, tohsil sisteminds hansi tisullardan istifadoni dyradir. Bu
sahadoki yeni molumatlar Azorbaycan Tohsil Nazirliyi torofinden 2025-ci1 ilds tosdiq edilmis an son
tadris planinin talabloring zidd deyil. Bu tadris planinda gostarilon miiddosalar Respublikanin ali tohsil
miiossisalorindo rus dilinin dyronilmasinin mévcud voziyyotini oks etdirir. Bundan olavo, dors
planlarina (miihazirslor vo seminarlar) miixtolif dil vo modoni elementlorin daxil edilmasi {insiyyatin
osaslarmi, daha doqiq desok, kommunikativ saristonin inkisafini rus dilinin xarici dil kimi todrisi
prosesinog foal sokilds inteqrasiya etmoyi hadofloyir.

Bu mogalads Baki sohorinds yerlogon 175 nomrali tam orta moktobdo aparilan pedaqoji vo
linqvistik todqgiqatin eksperimental hissasi toqdim olunur. Eksperimentin osas moqsadi ondan
ibaratdir ki, sagirdlor arasinda iinsiyyst bacariqlarinin vo onlarmm xarici dil kimi rus dilini
Oyronmoaloring vo saristosing tosirini miloyyon etmoakdir. Noticalor gostordi ki, bir ¢ox sagird ciimlo
qurmagqda, ligotdon istifado etmokds va fikirlorini sifahi sokilds ifado etmokds ¢otinlik ¢okir.

Acgar sozlor: rus dili xarici dil kimi, tinsiyyatcil sorigta, linqvistik va regionsiinaslhq, rus
madaniyyati, xarici talobalora todris
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Features of Teaching the Russian Language in Azerbaijani Schools

Abstract

This article is aimed at the formation of various linguistic and cultural elements in the education
system and increasing students' knowledge of the cultures of other countries, primarily Russia. This
approach enriches Russian language lessons with the above-mentioned materials and teaches students
not only the history and culture of the Russian language, but also what methods are used in the
education system. New information in this area does not contradict the requirements of the latest
curriculum approved by the Ministry of Education of Azerbaijan in 2025. The provisions of this
curriculum reflect the current state of Russian language learning in higher education institutions of
the Republic. In addition, the inclusion of various linguistic and cultural elements in lesson plans
(lectures and seminars) aims to actively integrate the basics of communication, or more precisely, the
development of communicative competence, into the process of teaching Russian as a foreign
language.
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This article presents the experimental part of the pedagogical and linguistic research conducted at
secondary school No. 175 in Baku. The main goal of the experiment is to determine the impact of
communication skills among students on their learning and proficiency in Russian as a foreign
language. The results showed that many students have difficulty constructing sentences, using
vocabulary, and expressing their thoughts orally.

Keywords: Russian as a foreign language, communicative competence, linguistics and regional
studies, Russian culture, teaching foreign students

Giris

Hazirki morhslodo Azorbaycanda ictimai hoyatin miixtolif bdélmslorinds, onlari shats edon
mithiim sosial vo institusional doyisikliklor hoyata kecirilir. Bu doyisikliklor, homginin,
Respublikanin tohsil sistemino do ciddi sokilda tasir gdstarir. Tohsil sahasi dovlat va siyasi sanadlorde
xlisusi diqqet morkozinds saxlanilir. Dovlat dili ilo yanasi, rus dilinin dyronilmosine vo todrisine do
boOyiikk oshomiyyat verilir. Hom miixtalif akademik saholorin niimayondalori, hom do Azaorbaycan
votondaglart rus dilinin postsovet Olkolorinin genis orazisindo millotlorarasi iinsiyyot vasitosi
oldugunu geyd-sortsiz qobul edirlor.

21-ci osrdo respublikanin tohsil sisteminin islahati moqsodyonlii sokilds onun daxili
strukturlariin hortorafli inkisafina vo demokratiklosdirilmasine yonslmisdir.

Bu maqals miiqayisali tipoloji metoda asaslanir ki, bu da biza Azarbaycan tolabslorine rus dilinin
todrisino dair miioyyon metodoloji yanasmalar1 linqvistik vo regionsilinashigin otrafli tohlili ilo
miiqayiss etmoyo imkan verir (Azimov vo Shchukin, 2019).

Yuxarida gostorilonlori nozoro alsaq, goriiniir, on az1 ii¢ vacib hal xiisusi diqqoto layiqdir.
Birincisi, hotta paytaxtda belo milli (Azarbaycan) universitet bdlmalorinin say1 rus bdlmalarinin
sayindan xeyli ¢oxdur. Bu, yalnmiz Azorbaycanin kigik bdolgolori ilo mohdudlagsmir. Milli dil
siyasotindo bu fenomenin miioyyon miintozomliyino baxmayaraq, bu, rus dilinin todris metodlarina
miloyyon tosir gostorir (Bagramova, 2015). Goriiniir, ana dili Azarbaycan dilindo danisanlar {i¢iin
geyri-ana dilindo miisyyon miqdarda bilik, bacariq vo vordislors yiyslonms prosesi xiisusilo vacibdir.
Lakin humanitar universitetlorin bir sira filologiya sobslorindo bu proses ¢otinliklo iraliloyir; bir
gayda olaraq, rus dilinin dominant dil oldugu dil miihitinin olmamasi nadir hallarda manes olur.
Ikincisi, bu tolobin Azorbaycandaki miiasir tohsil komplekslori kontekstindo totbiqi mdvcud todris
metodlarinin genigmiqyaslh tokmillosdirilmasini vo hom tohsil mozmununun se¢ilmasi, hom ds onun
togdimati metodlar ii¢lin yeni yanagmalarin hazirlanmasini nozords tutur (Baryshnikov, 2013).

Azorbaycan Respublikasmin Prezidenti Ilham Oliyev vo Birinci vitse-prezident Mehriban
Oliyeva dofslorlo miixtalif forumlarda, konfranslarda vo goriislords rus dilini destoklomak ti¢iin ¢ix1s
ediblar. Ugiinciisii, toossiif ki, Azarbaycanda tolobalars rus filologiyasmin todrisina ayrilan saatlarm
say1 durmadan azalmaqdadir.

21-ci osrin lglincii onilliyinin avvallorindo bu, xiisusilo nozoro ¢arpan hala golmisdir. Lakin
Azorbaycan universitetlorindo bu fonn tizro todris yiikiiniin boliisdiiriilmosi ilo bagli bu olverissiz
fakta baxmayaraq, rus dilinin tadrisinde metodoloji yanasmalarin miixtolifliyi miisahids olunur. Bu,
respublikanin ali tohsil miiessisalorinde totbiq olunan dilgilik vo regionsiinasliq elementlorinin
istifadasing, eloco do tohsilo kommunikativ yanagmanin osasini togkil edon russiinashiga da aiddir
(Baryshnikova, 2020).

Bu elementlori nozoro almamagq xarici tolobolor arasinda rus dili biliklorinin soviyyasini agiq
sokildo azaldir. Buna goro do, onlarin aktiv totbiqgina ehtiyac danilmazdir. Bu moagqalonin mogsadi
onlarin Azarbaycan universitetlorinds rus dilinin xarici dil kimi darslorinds istifadesini qisaca
niimayis etdirmokdir (Bashin, 2018).

Universitetlordo pedaqoji prosesin bu prinsiplorinin sinifdo miixtalif linqvistik vo modoni
elementlorin totbigine zidd olmadigini, oksine, onu asanlagdirdigini tosovviir etmok asandir. Buna
gora do, bizim ii¢lin maraqli olan sahads alimlar terafinden hazirlanmis prinsiplerin imumi sayindan
yalniz miiayyon bir fonnin xtisusiyyatlori, eloca da xarici dil tadrisinin sortlori vo magsadlari ilo alagali
olanlar1 vurgulamaq lazimdir (Bezrukova, 2016).
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Azorbaycanli tolobolor iiglin rus dili kursunun golocok ixtisaslagmalari {iclin bir fonn kimi
lingvokultural yoniimlii olmasi1 asagidaki linqvodidaktik xtlisusiyyatlors riayat etmoyi tolob edir:

1. Darsin hor morhalasinds rus dilinin tadrisinin moagsadlarinin daqiglosdirilmasi.

2. Rus dilinin leksik vo qrammatik hadisalorini izah etmoya elmi yanasma.

3. Azorbaycan dilindo moktobi bitirmis toloba qruplarinda lingvistik vo regionsiinasliq
materiallariin vizual vo aydin togdimati.

4. Universitet miiollimlori torafindon toqdim edilon malumatlarin miioyyan bir yeniliyi (maktob
soviyyasi ilo miigayisado) ki, bu da tolobolorin rus dili dorslorine maragini aktiv sokildo qorumaga
imkan verir.

5. Osasan tarix, adebiyyat, dil, folsofo va psixologiya (daha daqiq desak, psixolinqvistika) kimi
fonlor toplusunun qarsiliqli alaqasi va qarsiliqh asililig.

6. Tolobalarin zehni foaliyyastino asaslanmagq, onlarin intellektual qabiliyyst saviyyslarini taninmis
IQ skalas1 istifado edorok miioyyon etmok (Belozertsev, 2017).

Tadgiqat

Tadqiqatimizin mdévzusu an vacib pedaqoji todqiqatlardan biridir vo eksperimental hissosi
Bakidaki 175 nomrali orta moktobdo aparilmisdir. ©sas mogsad iinsiyyst bacariqlarmin sagird
inkisafina no dorocads tosir etdiyini miloyyon etmok {igiin tocriibe aparmaq idi. Todqiqat dil
saholorinin hodofli Oyronilmosini ohato edirdi vo sagirdlorin iinsiyyot bacariqlar1 soxslorarasi
miinasibatlor ideyasini oks etdirirdi. Bu hartorafli todqiqat miisahido vo qarsiligl alage kimi miixtalif
pedaqoji elementlori, eloco do s6hbat vo qrup isi kimi prinsiplori birlosdirir. Osas todqiqatda hom
tohsil, hom do eksperimental metodlardan istifado edilmisdir. ilkin eksperimental miisahido iki
morhoaloda aparilmisdir: ovvalco diagnostik, sonra iso praktiki. Osas moagsodlordon biri orta moktob
sagirdlorini bu metodlarla tanis etmok vo todricon onlar1 eksperimental igo calb etmok idi. Moktobdo
osas todris dili Azarbaycan dilidir, ona goros do oksar sagirdlor tigiin rus dili xarici dildir (Mammadova,
2013).

Eksperimentin birinci moarholosi diagnostik morhaloni ohats edirki, onun moqsadi sagirdlorin rus
dilini na daracads yaxsi1 bildiyini miisyyan etmak idi. Bunun {igiin onlara miixtalif név tapsiriglar
verildi. Digor tisullar arasinda onlar qisa moatnlor oxuyur, suallart cavablandirir, qisa matnlor
yazirdilar vo sado dialoglar aparirdilar. Tocriibado yuxari sinif sagirdlori istirak etmisdir, imumillikdo
is9 onlarin say1 55 nofar idi.

Tacriibalor gostordi ki, bir ¢ox sagird rus dilinds ciimlolor qurmaqda ¢atinlik ¢okir. Homginin,
onlarin hamist mdvcud liigat ehtiyatlarindan diizgiin istifads eds bilmir. Bazi sagirdlor ds fikirlorini
sifahi nitqdo solis ifado etmokdo ¢otinlik ¢okirlor (European Commission, 2017) (Cadval 1.).

Cadval 1.
Diagnostik marholodas tolobalorin rus dili bilik saviyyasinin asas gostaricilori

Bacariq novii Yiiksak savivya Orta saviyya Asagl saviyyd
(%0) (%) (%)

Matnin oxunmasi va 25 45 30
anlasilmasi

Suallara cavab verma 20 40 40
Sada dialoqun qurulmasi 18 42 40
Qisa moatnin tartib edilmasi | 15 40 45
Sifahi nitq bacariglan 17 38 45

Tolobolorin intellektual foaliyyotino osaslanmaq prinsipi miixtolif név tolim faaliyyotlorindo vo
onlara birbaga hovals edilon tapsiriglarda tocossiim olunur. Rusiya haqqinda biitiin dil vo xarici dil
molumatlarinin todris planlarina vo ya todris vesaitlorine daxil edils bilmayacoyini nozors alaraq,
miiollimlor ovvalcodon Rusiya hoyati hagqinda motnlorin siyahisini hazirlamali vo sagirdlori bu

62



ELMI TODQIQAT Beynolxalq Elmi Jurnal. 2026 / Cild: 6 Say: 3 / 60-64 ISSN: 3104-4670
SCIENTIFIC RESEARCH International Scientific Journal. 2026 / Volume: 6 Issue: 3 / 60-64 e-ISSN: 2789-6919

motnlori yalniz darslor zamani deyil, hom da slave dorsdonkonar oxu kimi agiq miizakirs etmaya dovat
etmolidirlor (Gadzhi, 2017).

Bu ciir moatnlori oxuyarkon sagirdlor tarix, adobiyyat vo ehtimal ki, rosm va digar incosonat novlari
ilo bagh ligatlo garsilagsacaqlari liglin miisllimlorin kodmayi ilo dil vo madaniyyotsiinasliqdan leksik
vahidlorin tezaurusunu yaratmalidirlar. Fonlorarasi tarixi vo odobi olagolori hoyata kegirmak vo
miiollim torafindon se¢ilmis motnlordon bu tip molumatlart oldo etmok {i¢iin sagirdlor miixtolif oxu
novlorini monimsayirlor. Talimin ilkin marhalasinds bazi rus metodistlorinin “hazirlanmis™ (Yu.E.
Proxorov), digorlorinin “analitik” (V.P.Furmanova) adlandirdigi oxu néviindon istifado olunur.
Mabhiyyat ondadir ki, bels oxu prosesindo sagirdlor:

A) stiratli vo diizgiin oxu texnikasini inkisaf etdirmolidirlor;

B) miiollimdon izahatlar almaqla vo ya anlagilmaz (toloffliz etmak ¢atin) s6zlor vo ya ifadslar ligiin
ligatdon istifado etmoklo oxudugqlarini daha yaxsi basa diismayi 6yronmok (Gasanova, 2012).

Tacriibonin ikinci morhalosindos todris prosesinds ¢oxsayli incosonat elementlorindon, mosalon,
tarixi, madoniyyati vo adot-ononoslori togdim etmok iigiin dilgilik vo regionsiinasligdan istifado
edilmisdir.

Tadris planinda gorkomli rus soxsiyyatlori vo milli bayramlar hagqinda matnlordon bir nego
tokrarlanan movzu var. Miizakirolor zamani hamar kec¢idi tomin etmok ii¢iin motn materiallarindan
istifado edilmisdir; lakin dors morhalolorindo sual-cavab formatinda bir qodor daha miirokkob tap-
siriglar var. Coxsayli kommunikativ tapsiriglar tarixin madoniyyata, nozariyyonin iso qarsiliqh ala-
goya kegdiyi sahoalori miioyyon etmoklo sagirdlorin inkisafina tohfa verir (Codval 2) (Rogov, 2021).

Cadval 2.
Tacriibanin ikinci marhalasinds dilgilik vo regional elementlorin istifadosi
Tadris Moivzu vo tadris | Istifada olunan Gdzlonilan natica
faaliyyatinin novii | materiah metod
Moatnlarin Rusiyanin Oxu va miizakira Soz ehtiyatinin
oxXunmast va gorkamli metodu genislonmasi va
miizakirasi saxsiyyatlari matnin anlasilmasi
hagqinda matnlar bacariglarinin
inkisafi
Milli bayramlarmn | Rusiyanin milli Linqvoolkasiinasliq | Sagirdlarin madani
Oyranilmasi bayramlari va yanasmasi biliklarinin
ananalari formalasmasi
haqqinda malumat
Sual-cavab Moatnlar izra Sual-cavab metodu | Analitik diisiinca va
formasinda suallar va nitq bacariqlarinin
tapsiriglar qrammatik inkisafi
masgalalar
Situasiyalarin Kommunikativ Rol oyunlar1 va Kommunikativ
modellasdirilmasi | situasiyalar situativ tapsiriglar kompetensiyanin
(tanisliq, inkisafi
bayramlar va s.)
Qrup miizakiralari | Tarix, madaniyyat | Interaktiv talim Unsiyyat va
va ananalarla bagl | metodlari amakdasliq
movzular bacariglarinin
inkisafi

Codvaldo gostorildiyi kimi, linqvistik metodlarin daha doqiq totbigindon sonra tocriibado
sagirdlorin rus dilinds bilik vo bacariglarinda koskin artim miisahids edilmisdir. Xiisusilo, iinsiyyot
foaliyyatindo vo dorsloro maraqda shomiyyatli doracads irsliloyis qeyd edilmisdir. Sagirdlor matnlori
oxuyub miizakirs etdikds yeni sézlor dyronir vo oxuduqlarini daha yaxs1 basa diisiirlor. Bundan slava,
sual-cavab soklinda tortib edilmis tapsiriglar sagirdlorin analitik diistinmo qabiliyyatlorinin inkisafina
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komak edir; bu kimi tapsiriqlar sagirdlorin sifahi (oxuma) nitq bacariqlariin inkisafina da miisbot
tosir gostorir. Bu zaman dilgilik vo 6lkosiinashiqdan istifado edorok Rusiya bayramlari vo adot-
ononolori haqqinda molumat olds etmok sagirdlora rus moadoniyyoti hagqinda malumat oldo etmoyo
va Oyrandiklori dilin moadaniyyati ilo tanis olmaga kdmok edir.

Natica

Tadqiqatda qeyd edildiyi kimi, rus dilinin xarici dil kimi todrisinds regional dil¢iliyin istifadosi
sagirdlorin soxsiyyotlorarasi1 ilinsiyyst bacariqlarinin inkisaf etdirilmosi iiclin tosirli bir vasito
oldugunu siibut etdi.

Bakidaki 175 nomrali orta moktobds aparilan bu tacriibanin naticalori gdstordi ki, Rusiya tarixi,
madaniyyati vo adat-onanalari ils bagli materiallarin daxil edilmasi sagirdlarin rus dilini yranmayo
maragini artirdi. Natica etibarils, dilgilik vo madoniyyatsiinasliq sahslarinden materiallarin, eloco do
kommunikativ todris metodlarinin istifadesi rus dilinin xarici dil kimi todrisinin effektivliyinin
artirilmasinda mithiim komponentdir. Bu kontekstdo, Azarbaycan tohsil miiassisalorinds rus dilinin
todris planlarina vo todris tocriibolorino dilgilik vo modoniyyatsiinasliq komponentlorinin
inteqrasiyasini giiclondirmok tévsiys olunur.
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Abstract

Transitioning to a knowledge-based economy is highly important for developing countries in the
modern world. This study investigates the dynamics and structural features of innovative activity
within the business sector of the Republic of Azerbaijan. Domestic policymakers are actively
accelerating initiatives to broaden the national industrial base, systematically seeking to reduce
historical reliance on fossil fuel revenues. The promotion of innovative capacities within the private
business sector has been redefined as a central and indispensable strategic goal. In this paper, we
conduct a comprehensive empirical analysis of the current state of business innovation, utilizing
recent statistical data and institutional reports. Our research examines the sectoral distribution of
innovative activities, highlighting the existing disparities between traditional industries and emerging
technological fields. The existing normative-legal framework and institutional support mechanisms
are evaluated to identify structural barriers hindering the widespread adoption of innovative practices
by local enterprises. The findings indicate that while there is a positive trajectory in overarching
innovation metrics, significant challenges remain regarding research and development (R&D)
investments, commercialization of technologies, and financial risk management. Targeted
recommendations are proposed aimed at refining state innovation policies and creating a more robust
ecosystem to stimulate sustainable economic growth and enhance the global competitiveness of
Azerbaijani businesses.
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Azarbaycan Respublikasinin biznes sektorunda innovasiya faalliginin
dinamikasmin vJ struktur xiisusiyyatlorinin tohlili

Xiilasa

Miiasir global iqtisadiyyatda biliyo osaslanan iqtisadi models kecid inkisaf etmokds olan 6lkalor
ticlin mithlim zoruroto cevrilmigdir. Bu todqiqat Azorbaycan Respublikasinin biznes sektorunda
innovasiya faalligmnin dinamikasini vo struktur xiisusiyyatlorini arasdirir. Olkenin milli igtisadiyyat:
saxolondirmays va enerji sektorundan ononovi asililigi azaltmaga foal sokildo calisdigr bir vaxtda,
0z9l miiossisalords innovasiyalarin togviqi osas strateji moqsad kimi 6n plana ¢ixir. Moqgalado son
statistik molumatlardan vo institusional hesabatlardan istifado edilorok biznes innovasiyalarinin
moveud vaziyyatinin hartorafli empirik tohlili aparilir. Tadqiqat ¢orgivasinds onanovi sonaye sahalari
ilo yeni yaranan texnoloji saholor arasindaki mdévcud forqlor vurgulanaraq, innovativ foaliyyotlorin
saholoraras1 bolgiisii nozordon kegirilir. Yerli miiossisalor torofindon innovativ tocriibalorin genis
totbigine mane olan struktur manealori miioyyan etmok moagsadilo mévcud normativ-hiiquqi baza vo
institusional dostok mexanizmlori qiymatlondirilir. ©ldo olunan naticolor gostorir ki, timumi
innovasiya gostoricilorindo miisbot dinamika miisahido edilso do, elmi-todqiqat vo tocriibo-
konstruktor islorino (ETTKI) investisiyalar, texnologiyalarin kommersiyalasdirilmasi vo maliyyo
risklorinin idaro edilmosi ilo bagh ciddi problemlor qalmaqdadir. Davamli iqtisadi artimi
stimullasdirmaq vo Azorbaycan biznesinin global rogabot qabiliyystini artirmaq tiglin dovlatin
innovasiya siyasotinin tokmillogdirilmasino vo daha giiclii ekosistemin yaradilmasina yonolmis
moqsadyonlii tovsiyalar irali siiriiliir.

Acar sozlor: innovasiya siyasati, biznes sektoru, Azarbaycan Respublikasi, iqtisadi saxalondirmo,
struktur tahlili, ETTKI investisiyalari, innovasiya ekosistemi

Introduction

Within modern interconnected markets, technological advancement acts as the fundamental
catalyst driving continuous commercial expansion, corporate rivalry, and the structural elevation of
output efficiency (Solow, 1956; Romer, 1990). For developing and transitioning economies, fostering
a robust innovation ecosystem is a critical requirement to integrate into high-value global supply
chains. The Republic of Azerbaijan, historically characterized by a resource-driven economic model
heavily reliant on the oil and gas sector, is currently navigating a pivotal transitional phase.
Recognizing the volatility of global energy markets, the national strategic agenda has increasingly
prioritized the diversification of the economy and the development of a highly competitive non-oil
sector (World Bank, 2022). Stimulating innovative activity within the domestic business sector has
emerged as a cornerstone of the state's long-term economic policy, as explicitly reflected in
overarching strategic documents such as "Azerbaijan 2030: National Priorities for Socio-Economic
Development" (Government of Azerbaijan, 2021).

Despite the active formation of a normative-legal framework over the past decade, the practical
implementation of innovation within Azerbaijani enterprises presents a complex landscape.
According to the Global Innovation Index, while Azerbaijan demonstrates progress in institutional
frameworks and human capital, the organic innovative capacity and proactive engagement of the
private sector-particularly in terms of business sophistication and knowledge absorption-require
further structural enhancement (WIPO, 2023). The structural features of the domestic market
inherently influence the dynamics of technological adoption and research and development (R&D)
investments among local enterprises. To formulate effective policy interventions, there is an acute
need for a comprehensive analysis of the actual innovative behavior of businesses based on official
statistical observations (State Statistical Committee of the Republic of Azerbaijan, 2024).

The present study aims to bridge the existing gap by conducting a detailed empirical analysis of
the dynamics and structural characteristics of innovative activity in the business sector of the Republic
of Azerbaijan. Through a systematic examination of recent statistical data, this research seeks to
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identify the prevailing trends over recent years, highlight the structural imbalances between different
sectors of the economy, and delineate the primary constraints limiting the innovative potential of the
domestic business environment. Ultimately, the findings of this investigation are intended to provide
a data-driven foundation for optimizing state support mechanisms and fostering a more dynamic,
knowledge-based economy.

Research

To achieve the primary objectives of this research, a comprehensive quantitative and institutional
analysis of the macroeconomic data concerning innovative activities within the Republic of
Azerbaijan was conducted. The evidence-based framework for this analysis relies on figures and
datasets provided by the national statistical authorities of Azerbaijan. The longitudinal study covers
an eight-year interval, specifically from 2015 through 2023, ensuring a comprehensive view of recent
economic shifts. This timeframe allows for the observation of long-term trends and the assessment of
the business sector's resilience to external macroeconomic fluctuations (State Statistical Committee
of the Republic of Azerbaijan, 2024).

To ensure the validity of the findings and facilitate international comparability, the domestic
statistical data is cross-referenced with secondary analytical materials provided by prominent
international financial institutions. Specifically, the analysis integrates evaluations from the
Organization for Economic Co-operation and Development (OECD) regarding small and medium-
sized enterprise (SME) policies, as well as institutional reports from the European Bank for
Reconstruction and Development (EBRD) on the transitional dynamics of the national economy
(OECD, 2020; EBRD, 2022). The methodological framework relies on assessing key innovation input
indicators-predominantly Gross Domestic Expenditure on Research and Development (GERD) and
the volume of private sector investments in technological upgrades-alongside qualitative assessments
of the regulatory environment.

Before examining the statistical dynamics of innovative activity, it is imperative to analyze the
institutional and normative-legal environment in which Azerbaijani enterprises operate. The
structural transformation of the national economy requires a regulatory framework that not only
permits but actively incentivizes technological risk-taking. Over the past decade, the Republic of
Azerbaijan has initiated substantial legislative reforms aimed at fostering a knowledge-based
economy. The establishment of specialized institutional bodies, such as the Innovation and Digital
Development Agency under the Ministry of Digital Development and Transport, signifies a targeted
state policy to centralize and streamline innovation support mechanisms.

However, an analysis of the current institutional landscape reveals a persistent dichotomy between
the established legal framework and its practical execution at the enterprise level. While state-
sponsored technology parks and industrial zones offer significant tax exemptions and customs
privileges, the permeation of these benefits into the broader SME sector remains limited. The
regulatory environment is still characterized by a high degree of centralization, where the state acts
primarily as the dominant financier rather than a facilitator of private venture capital (EBRD, 2022).
Furthermore, the intellectual property (IP) protection mechanisms, although legally aligned with
international standards established by the World Intellectual Property Organization, require stronger
enforcement practices to build confidence among private investors and foreign technology transfer
partners (WIPO, 2023).

The institutional foundation, while developing, currently structures the innovative behavior of
local businesses around state procurement and administrative support rather than organic, market-
driven technological competition. This institutional context serves as a critical prerequisite for
understanding the statistical disparities and macroeconomic investment trends that currently shape
the domestic economic landscape.

Building upon this institutional foundation, a detailed examination of macroeconomic indicators
reveals the actual scale and trajectory of innovative activity within the business sector. The primary
metric for assessing national innovative capacity, Gross Domestic Expenditure on Research and
Development (GERD), demonstrates a persistent trend that requires critical evaluation. According to
the State Statistical Committee of the Republic of Azerbaijan, the GERD as a percentage of Gross
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Domestic Product (GDP) has historically fluctuated within a narrow margin, remaining significantly
below the targeted benchmarks observed in advanced economies and the OECD average (State
Statistical Committee of the Republic of Azerbaijan, 2024). As illustrated in Figure 1, the historical
trajectory of GERD in Azerbaijan reveals a persistent stagnation, contrasting sharply with the upward
trends observed in technologically advanced nations. While the absolute volume of funding directed
towards scientific research and technological innovation has shown a gradual nominal increase over
the observation period, its relative share in the rapidly expanding national GDP indicates a structural
lag.

Figure 1.
Gross Domestic Expenditure on R&D (GERD) as a percentage
of GDP in Azerbaijan vs. OECD Average (2015-2024).

—e— Republic of Azerbajjan
# OECD Average

Source: Compiled by the authors based on data from the State Statistical Committee of the
Republic of Azerbaijan (2024).

This disparity highlights a fundamental characteristic of the current economic model: the
overarching economic growth, historically driven by the energy sector, outpaces the organic
integration of R&D investments by private enterprises. Furthermore, an analysis of the funding
sources for innovative activities exposes a profound reliance on state budget allocations. The private
business sector's share in total R&D expenditure remains disproportionately small (World Bank,
2022). Table 1 details the structural breakdown of these funding sources, clearly demonstrating the
overwhelming dominance of state budget allocations over private corporate investments throughout
the observed period. This heavy reliance on public funding suggests that domestic enterprises,
particularly small and medium-sized entities (SMEs), treat technological upgrades as peripheral
rather than core strategic investments. Often, the innovative activity within the private sector is
confined to the acquisition of readily available foreign machinery and software-classified as
embodied technological change-rather than the creation of proprietary intellectual property or the
commercialization of domestic scientific research.

Table 1.
Structural Breakdown of R&D Funding Sources in Azerbaijan (%)

State Private Foreign /
Budget Enterprise Other Sources
(%) Funds (%) (%)

2020 75,1 19,5 5,4

2021 71,8 22,1 6,1

2022 69,4 24,5 6,1

2023 70,2 23,8 6

Source: Compiled by the authors based on official statistical observations.
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The statistical data further indicates that the proportion of technologically active enterprises-
defined as businesses that have introduced at least one product, process, or organizational innovation
within a given timeframe, remains concentrated among large corporate entities (EBRD, 2022). These
larger firms possess the necessary capital reserves to absorb the inherent financial risks associated
with long-term innovation. Conversely, the broader segment of the domestic business environment
exhibits high risk aversion. The cyclical nature of these investment patterns, especially when
subjected to external macroeconomic shocks, underscores the vulnerability of the national innovation
ecosystem. During periods of global economic instability or supply chain disruptions, private
enterprises tend to aggressively optimize costs, frequently reducing R&D budgets to preserve short-
term liquidity. The macro-level dynamic is characterized by episodic spikes in technology acquisition
rather than a sustained, cumulative process of knowledge generation and technological accumulation.

Beyond the aggregate macroeconomic indicators, a granular structural analysis reveals a
pronounced dichotomy between the hydrocarbon and non-oil sectors of the domestic economy.
Driven by substantial inflows of foreign capital and collaborative ventures with multinational
corporations, the energy sector of Azerbaijan maintains a position close to the international
technological avant-garde. This segment consistently utilizes advanced methodologies for both
resource extraction and refinery operations. However, empirical observations indicate that the
technological spillover effects from this highly capitalized enclave into the broader domestic
economy remain severely restricted (World Bank, 2023). The profound sectoral imbalances within
the domestic economy are visually encapsulated in Figure 2, which highlights the stark disparity in
technological adoption rates between the hydrocarbon industry and traditional non-oil segments.

Figure 2.
Percentage of Technologically Active Enterprises by Economic Sector.

Figure 2: Percentage of Technologically Active Enterprises by Sector

0il & Gas Industry Information & Communication (ICT)Traditional Manufacturing Agriculture

Source: Compiled by the authors based on World Bank Enterprise Surveys data.

In contrast, the non-oil sectors-encompassing agriculture, conventional manufacturing, and
traditional services-exhibit a structurally lower capacity for endogenous innovation. While the
information and communication technology (ICT) segment has demonstrated accelerated growth and
a higher propensity for digital integration in recent years, traditional manufacturing continues to rely
heavily on depreciated technological assets, thereby limiting its competitive integration into high
value-added global supply chains.

A critical constraint impeding the widespread diffusion of innovative practices within the non-oil
sector is the configuration of the domestic financial market. The analysis indicates that access to
adequate risk capital constitutes a primary barrier for technologically active enterprises. The local
banking sector remains traditionally risk-averse, predominantly favoring collateralized lending
models characterized by elevated interest rates and stringent credit requirements (IMF, 2024). This
conventional approach to corporate financing is fundamentally incompatible with the intangible,
long-term, and high-risk nature of research and development projects. Consequently, the absence of
a mature venture capital ecosystem, coupled with limited alternative financing instruments such as
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angel investing or specialized innovation grants for early-stage startups, creates a profound capital
deficit for the commercialization of new ideas (EBRD, 2023). SMEs, which traditionally serve as the
primary drivers of disruptive innovation in advanced economies, are therefore structurally
disincentivized from pursuing capital-intensive technological upgrades.

Furthermore, these financial limitations are compounded by human capital dynamics and a
structurally weak linkage between academia and industry. The commercialization of domestic
scientific research is historically hindered by a systemic disconnect between the output of higher
education institutions and the actual technological demands of the private sector. Enterprises
frequently report a persistent shortage of specialized technical skills and engineering expertise
required either to operate advanced imported technologies or to engage in independent product
development (Asian Development Bank, 2023). The resulting innovative ecosystem is thus
characterized by isolated pockets of technological advancement — often directly subsidized by the
state-rather than a continuous, synergetic process of knowledge creation and commercial application.
Overcoming these multifaceted structural constraints requires a paradigm shift from fragmented
administrative support mechanisms towards a holistic, market-oriented policy framework that
simultaneously addresses capital accessibility, sectoral imbalances, and targeted human resource
development.

To thoroughly contextualize the structural challenges identified within the Azerbaijani business
sector, a comparative analysis with regional peers — specifically Tiirkiye and Kazakhstan-provides
vital empirical insights. Both nations offer highly relevant benchmarking models: Kazakhstan shares
a similar macroeconomic baseline characterized by historical hydrocarbon dependence, while
Tiirkiye presents a successful example of rapid technological catching-up through deep institutional
integration of the private sector.

Current approaches to technological advancement heavily rely on the "Triple Helix' framework.
This concept argues that intellectual-driven markets thrive when university researchers, corporate
entities, and state authorities maintain continuously overlapping collaborative networks (Etzkowitz
& Leydesdorff, 2000). The Turkish innovation ecosystem provides a robust illustration of this model
in practice. Over the past two decades, Tiirkiye has strategically shifted away from direct state
subsidization of corporate R&D towards the facilitation of an integrated institutional environment,
primarily through the expansion of Technology Development Zones (TDZs), commonly known as
Teknoparks (OECD, 2021). A distinct contrast is observed when comparing Azerbaijani technology
parks, which frequently operate as geographically isolated zones with tax preferences, to the Turkish
Teknopark model. In Tiirkiye, these entities are structurally and legally integrated into the fabric of
major technical universities, ensuring a direct link between science and industry. This spatial and
institutional proximity enforces compulsory collaboration: private enterprises receive significant
corporate tax and income tax exemptions only if their commercial R&D projects are conducted in
direct partnership with academic researchers. Consequently, this policy has effectively decentralized
the innovation process, compelling the Turkish private sector to assume the role of the primary driver
and financier of technological development, thereby drastically reducing the systemic reliance on the
state budget.

Conversely, the experience of Kazakhstan illustrates the specific challenges of fostering business
innovation within a resource-abundant, transition economy. Similar to Azerbaijan, the Kazakhstani
government has historically acted as the dominant investor in large-scale modernization projects.
However, recognizing the limitations of state-led innovation, recent strategic initiatives have focused
on cultivating a localized venture capital market and digital startup ecosystem, epitomized by the
creation of the Astana Hub (World Bank, 2021). Kazakhstan's approach highlights a critical lesson
for resource-dependent nations: establishing physical infrastructure is insufficient without
simultaneously liberalizing risk capital markets. Research on transition economies demonstrates that
the "entrepreneurial propensity” of an innovation system-the ability of SMEs to absorb risks and
commercialize new technologies-remains stagnant unless regulatory frameworks explicitly protect
and incentivize early-stage angel investing and venture capital funds (Radosevic & Yoruk, 2013).
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By synthesizing these regional experiences, several critical implications for the Republic of
Azerbaijan emerge. First, the Turkish model underscores that fiscal incentives (such as tax holidays)
must be strictly conditional upon demonstrable, synergistic collaboration between local businesses
and higher education institutions, rather than being granted simply for operating within a designated
geographic zone. Second, the Kazakhstani trajectory reinforces the necessity of pivoting state
resources away from direct enterprise funding and towards the capitalization of independent venture
funds that can professionally manage the high-risk profiles of technological startups. Integrating these
comparative insights suggests that overcoming the structural barriers within the Azerbaijani non-oil
sector requires an evolutionary transition: the state must evolve from being the primary architect and
funder of innovation to becoming the facilitator of a decentralized, competitive, and market-driven
"Triple Helix" ecosystem.

Conclusion

The comprehensive analysis of the dynamics and structural features of innovative activity within
the business sector of the Republic of Azerbaijan reveals a transitional economic ecosystem
characterized by significant achievements in institutional design, yet persistent challenges in practical
execution. The empirical findings demonstrate that while the state has successfully established a
foundational normative-legal framework and centralized support mechanisms, the organic capacity
of private enterprises to internalize and commercialize innovation remains structurally constrained.
The persistent stagnation of Gross Domestic Expenditure on R&D relative to GDP growth, coupled
with a disproportionate reliance on public funding, indicates a profound risk aversion among domestic
enterprises. Furthermore, the structural dichotomy between the highly capitalized, technologically
advanced hydrocarbon sector and the lagging non-oil segments underscores the fragmented nature of
the national innovation landscape.

To overcome these structural barriers and catalyze a transition towards a dynamic, knowledge -
based economy, a fundamental paradigm shift in state innovation policy is required. As foundational
economic theories suggest, long-term national competitiveness cannot rely solely on factor
endowments or isolated corporate enclaves, but demands a deeply integrated national system of
innovation (Lundvall, 1992; Porter, 1990). Therefore, strategic policy interventions must prioritize
the cultivation of a robust alternative financing ecosystem. The development of specialized venture
capital markets, angel investor networks, and risk-sharing credit guarantee schemes is essential to
alleviate the acute capital deficit faced by technologically active enterprises in the non-oil sector.

Additionally, enhancing the synergistic linkages between academic research institutions and the
private sector is critical to mitigate the existing human capital mismatch and accelerate the
commercialization of domestic intellectual property. By pivoting from direct administrative
subsidization towards the facilitation of a competitive, market-driven environment, the Republic of
Azerbaijan can effectively diversify its economic base, enhance the global competitiveness of its
business sector, and secure long-term macroeconomic resilience in the post-oil era.
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Vergi yukiiniin sahibkarhq foaliyyatind tasiri: Azorbaycan tacriibasi

Xiilasa

Bu moqalado vergi yiikiinlin sahibkarliq foaliyyotino tasiri Azorbaycan tocriibasi asasinda tohlil
olunur. Todqiqatda vergi yikiiniin iqtisadi mahiyyoti, onun sahibkarliq subyektlorinin maliyyo
vaziyyating, investisiya imkanlaria vo biznes foalligina tosir mexanizmlori arasdirilir. Azorbaycanda
hoyata kecirilon vergi islahatlari, vergi dorocolorinin optimallagdirilmasi1 ve elektron vergi
xidmatlarinin tatbiqinin sahibkarliq miihitine tosiri qiymatlondirilir. Arasdirmanin naticalori gostorir
ki, wvergi yikiiniin balanslagdirilmis soviyyads saxlanilmasi sahibkarliq foaaliyyatinin
stimullagdirilmasina, geyri-rosmi iqtisadiyyatin azalmasina vo davamli iqtisadi artimin tomin
edilmosino miihiim t6hfs verir. Eyni zamanda, diferensial vergi yanasmalarinin totbiqi saholor iizro
biznes risklorinin azaldilmasina imkan yaradir. Vergi siyasatinin soffaflig1 vo prognozlasdirila bilmasi
sahibkarlarin uzunmiiddatli planlasdirma imkanlarini1 genislondirir.

Acar sozlar: vergi yiikii, sahibkarlhq faaliyyati, vergi siyasati, vergi islahatlari, biznes miihiti
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The Impact of Tax Burden on Entrepreneurial Activity:
The Case of Azerbaijan

Abstract

This article analyzes the impact of the tax burden on entrepreneurial activity based on the
experience of Azerbaijan. The study examines the economic essence of the tax burden and its
mechanisms of influence on the financial condition, investment capacity, and business activity of
entrepreneurial entities. The impact of tax reforms implemented in Azerbaijan, optimization of tax
rates, and the introduction of electronic tax services on the business environment is assessed. The
findings indicate that maintaining a balanced level of tax burden significantly contributes to
stimulating entrepreneurial activity, reducing the size of the informal economy, and ensuring
sustainable economic growth. At the same time, the application of differentiated tax approaches helps
to reduce business risks across various sectors. Transparency and predictability of tax policy expand
entrepreneurs’ opportunities for long-term planning.

Keywords: tax burden, entrepreneurial activity, tax policy, tax reforms, business environment

Giris
Miiasir dovrda dovlatlorin sosial-igtisadi inkisaf strategiyalarinda vergi siyasoti miihiim rol
oynayir vo bu siyasotin asas elementlorindon biri vergi yiikiiniin soviyyosidir. Vergi yiikii dovlot
biidcosinin formalagsmasinda asas maliyye monbayi olmaqla yanasi, sahibkarliq faaliyyastinin toskili,
genislondirilmasi vo davamliligina birbasa tosir gdstoron vacib iqtisadi amildir. Qlobal iqtisadi

inteqrasiya, raqabatin gliclonmasi va roqomsal iqtisadiyyatin siiratli inkisafi soraitinds vergi yiikiiniin
optimal soviyyado miisyyon edilmasi dovlatlor {i¢iin strateji chomiyyat kasb edir (Oliyev, 2020).
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Sahibkarliq fealiyyati iqtisadi artimin, masgullugun tomin edilmasinin vo innovasiyalarin asas
harokatverici qiivvasi hesab olunur. Bu baximdan vergi yiikiiniin yiiksok olmasi sahibkarlarin maliyyo
imkanlarin1 mohdudlasdiraraq investisiya foalligin1 azalda, biznes risklorini artira vo qeyri-rosmi
iqtisadi faaliyyotin genigslonmasina sobob ola bilor. Oksinog, balanslasdirilmis vo odalatli vergi yikii
sahibkarliq subyektlarinin iqtisadi motivasiyasini giiclondirir, biznes miihitinin calbediciliyini artirir
vo uzunmiiddatli igtisadi sabitliyin formalagsmasina sorait yaradir (Oliyev vo Hosonov, 2018).

Azorbaycan Respublikasinda son illordo hoyata kecirilon institusional vo struktur islahatlari
cargivasindo vergi siyasatinin tokmillosdirilmasi, vergi inzibat¢iliginin sadslosdirilmosi vo elektron
vergi xidmatlorinin genislondirilmasi sahibkarliq miihitinin yaxsilasdirilmasina yonsldilmisdir. Kigik
vo orta sahibkarligin inkisafi, qeyri-neft sektorunun stimullagdirilmas: va kolge iqtisadiyyatinin
azaldilmasi bu islahatlarin asas prioritetlori sirasinda yer alir. Bununla bels, mévcud vergi yiikiiniin
soviyyasi vo onun miixtalif sahibkarliq sahaloring tosiri holo do elmi vo praktiki baximdan aktualligini
qoruyur.

Tadgiqat

Bu tadqiqatin asas magsadi vergi yiikiiniin sahibkarliq foealiyyatina tasirini Azarbaycan tocriibasi
osasinda kompleks sokilda tohlil etmak, movcud problemlori miisyyonlogdirmok vo vergi siyasatinin
daha da tokmillogdirilmasi istigamatinds elmi asaslandirilmis natico vo tokliflor irali siirmokdir.
Aparilan aragdirma hom nozori, hom do praktik baximdan vergi siyasotinin effektivliyinin
artirilmasina vo sahibkarliq faaliyyotinin davamli inkisafina t6hfo vermoyi hodofloyir (Bayramov,
2017; De Mooij vo Keen, 2012).

Vergi yiikiiniin sahibkarliq foaliyyatine tosiri miixtalif aspektlordo 6ziinii gostorir. Bir torofdon,
yliksok vergi yiikii sahibkarlarin likvidlik vaziyyatini mohdudlasdirir, manfast saviyyasini azaldir vo
biznesin geniglonmasi {i¢iin talab olunan investisiya resurslarini azaldir. Bu iso xiisusils kigik vo orta
sahibkarliq subyektlori iiglin risk amili hesab olunur. Digor torofdon, balanslagdirilmis vo
prognozlasdirila bilon vergi sistemi sahibkarlarin maliyys planlamasmi asanlasdirir, uzunmiiddotli
strateji qorarlarin qobuluna sorait yaradir vo biznes foaliyyotinds sabitliyi tomin edir (Sliyev, 2020).

Azorbaycanda vergi yiikiiniin sahibkarliq foaliyyaotino tosirini qiymatlondirmok {i¢iin bir sira
gostaricilordan istifads edilir. Bunlara vergi doaracalori, vergi 6domo prosedurlarinin sadoliyi, vergi
glizostlori vo stimullagdirict mexanizmlor daxildir. Masalon, kigik vo orta sahibkarliq subyektlori ti¢iin
totbiq olunan sadolosdirilmis vergi rejimi vo miioyyon saholords giizastlor biznesin faaliyyatino
miisbat tosir gostormisdir. Eyni zamanda, elektron vergi xidmatlorinin totbiqi vergi 6dayicilerinin
inzibatciliq ytikiinii azaldaraq vergi proseslarinin soffafligini vo siiratini artirmisdir.

Lakin Azarbaycan tocriibasindo halo do bir sira problemlor mdévcuddur. Vergi yiikiiniin bazi
saholordo yiiksok olmasi sahibkarlar1 geyri-rosmi iqtisadi foaliyyoto yonoalds bilor, bu da dovlot
bilidcasi ligiin potensial itkilor yaradir vo rogabot miihitini poza bilor. Bundan basqa, diferensial
yanasmanin tam totbiq edilmomasi bazi sahalorde biznes risklorinin yiiksok gqalmasina sabob olur.
Buna goro do, vergi yiikiiniin saholor iizro optimal soviyyado miioyyonlosdirilmasi vo vergi
inzibatgiliginin soffaf, prognozlasdirila bilon mexanizmlarls tomin edilmasi zoruridir. Vergi yiikiiniin
sahibkarliga tosirini tohlil edorkon beynolxalq tocriibadon do istifado etmok faydalidir. Diinyada
ugurlu vergi siyasotlori sahibkarlari stimullasdiran, investisiyalart calb edon va iqtisadi artimi
stiratlondiron mexanizmlor tizorindo qurulmusdur. Bu tocriibalorin Azorbaycan soraitine uygun
adaptasiyasi vergi islahatlarinin effektivliyini artirmaq vo sahibkarligin inkisafini tomin etmok {i¢iin
vacibdir.

Azorbaycan tocriibasi gostorir ki, vergi islahatlari, elektron xidmatlorin totbiqi vo diferensial vergi
yanasmalarmin istifadosi biznes miihitinin yaxsilasdirilmasina vo iqtisadi artimin siiraotlonmasine
sorait yaradir. Galacokds vergi siyasatinin saholor iizro daha ¢evik vo dinamik formalagdirilmasi
sahibkarligin inkisafina olavo tohfolor vera bilor. Vergi yiikii sahibkarliq foaliyyetino birbasa vo
dolay1 yolla tosir gostoron osas iqtisadi amillordon biridir. Yiiksok vergi yiikli biznes subyektlorinin
maliyys resurslarini mohdudlagdirir, xorclori artirir vo monfost soviyyesini azaldir. Bu, 6z
novbosindo, sahibkarlarin investisiya imkanlarini mohdudlasdirir, is¢i qiivvesi vo texnoloji
yeniliklora yonalik xarclori azaldir vo biznesin geniglonma perspektivlorini zoifladir. Kicik vo orta
sahibkarliq subyektlori {iglin yiiksok vergi yiikii xiisusilo risk amili hesab olunur, ¢ilinki onlarin
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maliyya dayanigligi boyiik sirkotlora nisboton daha mohduddur. ©ksing, balanslasdirilmis vo adalotli
vergi sistemi sahibkarlarin foaliyyatini stimullagdirir, maliyys planlagdirmasini asanlagdirir vo
uzunmiiddatli strateji qorarlarin qobuluna sorait yaradir.

Azorbaycanda vergi yiikiiniin sahibkarliga tasirini qiymatlondirmok tigiin miixtalif gdstaricilordon
istifado edilir. Vergi doracalori, vergi 6domo prosedurlarinin sadsliyi, giizostlor vo stimullagdirici
mexanizmlor sahibkarlarin foaliyyotino birbasa tosir gostoron asas amillor kimi gobul edilir. Son
illordo totbiq olunan sadslosdirilmis vergi rejimi vo miioyyon saholor iizro giizostlor sahibkarliq
subyektlorinin xarclorini azaltmagqla onlarin foaliyyotini genislondirmoys imkan yaratmisdir. Eyni
zamanda, elektron vergi xidmatlorinin totbiqi vergi 6doyicilorinin inzibatgiliq yiikiinii azaldaraq vergi
proseslarinin soffaf vo siiratli hoyata kecirilmosine imkan verir. Bu xidmatlor sahibkarlarin biznes
foaliyyatini daha somorali planlagsdirmasma vo vergi ohdsliklorini vaxtinda yerina yetirmasing sorait
yaradir (Mommadov, 2019; Hasonova, 2020; OECD, 2021).

Bununla yanasi, movcud voziyyat holo do problemlordon azad deyil. Vergi yiikiiniin bazi saho-
lordo yiiksok olmasi sahibkarlar1 geyri-rosmi iqtisadi foaliyyato yonolds bilor, bu da dovlot biidcasi
ticlin itkilore vo rogabet miihitinin pozulmasina sabob olur. Diferensial yanagmanin tam totbiq edil-
momasi bazi sahalords biznes risklorinin yiiksok gqalmasina gatirib ¢ixarir. Bu sobabdon vergi yiikii-
niin sahalor lizra optimal soviyyado miioyyonlasdirilmasi, inzibatgiligin softaf, prognozlasdirila bilon
mexanizmlorlo tomin edilmasi zoruridir (Quliyev vo Rzayev, 2021; Piketty, 2014; Tan va Li, 2019).

Beynolxalq tocriibo gostorir ki, ugurlu vergi siyasoti sahibkarlar1 stimullagdiran, investisiyalari
calb edon vo iqtisadi artimi siiratlondiron mexanizmlor tizorindo qurulur. Diinyanm inkisaf etmis
Olkalorinds vergi yikiiniin balanslagdirilmasi, sadslosdirilmis vergi prosedurlari vo stimullasdirict
vergi gilizostlori sahibkarhigin inkisafi {igiin osas vasitolor kimi totbiq edilir. Bu tocriibalorin
Azorbaycan soraitino uygun adaptasiyasi vergi sisteminin effektivliyini artirmaq vo sahibkarliq
foaliyyatinin dayanigli inkisafini tomin etmok baximindan shomiyyatlidir (Quliyev vo Rzayev, 2021).

Umumilikda, vergi yiikiiniin diizgiin tonzimlonmasi sahibkarliq faaliyyatinin davamlihigi va
inkisafi iiclin osas sortdir. Vergi islahatlari, elektron xidmotlorin totbiqi vo diferensial yanagmalar
sahibkarliq miihitini yaxsilasdirmaqla yanasi, qeyri-rosmi iqtisadiyyatin azalmasina vo investisiya
colbediciliyinin artmasina sorait yaradir (World Bank, 2020; Safarov va Huseynli, 2019).

Golocokdo vergi siyasotinin daha ¢evik vo dinamik formalasdirilmas: sahibkarlarin risklorini
minimuma endirorak biznes faaliyyatinin effektivliyini artiracaqdir.

Natica

Aragdirmalar gostorir ki, vergi ylkii sahibkarliq foaliyyatino hom miisbot, hom do monfi tosir
gostora bilon asas iqtisadi amildir. Yiiksok vergi yiikii biznes subyektlorinin maliyya resurslarini
mohdudlasdiraraq monfooat soviyyasini azaldir, investisiya imkanlarint moahdudlasdirir vo biznesin
genislonmo perspektivlorini zoaifladir. Bu, xiisusilo kigik vo orta sahibkarliq subyektlori {i¢ilin risk
amili hesab olunur, ¢linki onlarin maliyye dayanigligi boyiik sirkotlore nisboton daha mshduddur.
Oksinog, balanslasdirilmis vergi yiikii vo soffaf vergi sistemi sahibkarlarin foaliyyatini stimullagdirr,
maliyya vo strateji planlagdirmani asanlagdirir, uzunmiiddatli investisiya gorarlarinin gobuluna sorait
yaradir vo qeyri-rosmi iqtisadi foaliyyatin azalmasina tohfo verir.

Azorbaycan tocriibosi gostorir ki, vergi islahatlarinin hoyata kegirilmasi, vergi doracalorinin
optimallasdirilmasi, diferensial yanagmalarin tatbiqi va elektron vergi xidmotlorinin genislondirilmasi
sahibkarliq miihitinin inkisafina miihiim t6hfo verir. Sadolosdirilmis vergi rejimi vo saholor {izro
gilizostlor kigik vo orta sahibkarliq subyektlorinin xorclorini azaldaraq onlarm foaliyyastini
genislondirmays imkan yaradir. Eyni zamanda, elektron vergi xidmatlori vergi 6dayicilorinin
inzibatgiliq yiikiinii azaldaraq vergi proseslorinin soffaf vo siiratli hoyata kegirilmasini tomin edir.

Bununla yanasi, Azorbaycan vergi sisteminds holo do bozi saholords vergi yiikiiniin yiiksok olmasi
va diferensial yanagsmanin tam tatbiq edilmomasi sahibkarlar li¢iin risk amili olaraq qalir. Bu voziyyat
geyri-rosmi iqtisadi foaliyyotin artmasina, rogabot miihitinin pozulmasia vo dovlot bilidcasi iigilin
potensial itkiloro sobob ola bilor. Buna goro do vergi yiikiiniin saholor iizro optimal soviyyodo
miayyanlogdirilmasi, soffaf vo prognozlasdirila bilon inzibatgiliq mexanizmlorinin totbiqi vacibdir.
Beynalxalq tacriibalor do gdstarir ki, ugurlu vergi siyasoti sahibkarlar1 stimullagdiran, investisiyalari
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calb edan va iqtisadi artimi stiratlondiron mexanizmloar tizorindo qurulur. Bu tocriibolorin Azarbaycan
soraitino uygun adaptasiyas1 vergi sisteminin effektivliyini artirmaq, sahibkarligin dayaniqh
inkisafin1 tomin etmok vo iqtisadi artimin davamliligimi giiclondirmok baximindan shomiyyatlidir.
Vergi yiikiiniin sahibkarliq foaliyyatino tosirini daha dorindon tohlil etdikdo ortaya ¢ixir ki, hom
dovlat, hom do biznes subyektlori ligiin optimal vergi strategiyalarinin totbiqi zoruridir. Dovlat li¢lin
moqsad vergi goalirlorini artirmaq olsa da, sahibkarlarin foaliyyatine ¢ox agir vergi yiikii totbiq etmak
iqtisadi foeallig1 azaldir va investisiya tosobbiislorini mohdudlasdirir. Bu balansin diizgiin qurulmasi
sahibkarlarin biznes risklorini azaltmaq, yeni is yerlori yaratmaq vo innovativ layiholor hoyata
kecirmok imkanlarini genislondirir.

Eyni zamanda, vergi inzibatgiliginin soffaf vo prognozlasdirila bilon olmasi sahibkarlar ii¢lin
uzunmiiddatli planlagdirmani asanlagdirir. Azarbaycanda totbiq olunan elektron vergi xidmatlari bu
baximdan miihiim rol oynayir, ¢iinki vergi 6dayicilori boyannamolori vaxtinda vo asanligla togdim
edo bilir, inzibatgiliq xorclori azalir vo biirokratik maneolor minimuma enir. Diferensial vergi
yanasmalar1 iso saholor iizro risklorin borabor paylanmasma imkan yaradaraq, sahibkarlarin
foaliyyotini daha dayaniql edir.

Molumdur ki, sahibkarliq fealiyyati iqtisadi artimin vo masgullugun asas horokotverici qlivvesidir.
Vergi yiikiiniin optimal soviyyads saxlanilmasi yalniz biznes subyektlorinin monfosting tosir
gostormir, hom do iqtisadiyyatin imumi roqabot qabiliyyotini artirir. Bu iso uzunmiiddotli
perspektivdo geyri-neft sektorunun inkisafini, investisiyalarin colb olunmasii vo innovativ
tosabbiislorin artmasini tomin edir.
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Azdrbaycan regionlarinin sosial-iqtisadi inkisafinin milli prioritetlors
uygun tonzimlonmasi: ndazari asaslar, beynoalxalq tacriiba va perspektiv
istigamatlor

Xiilasa

Azarbaycan regionlarinin sosial-iqtisadi inkisafinin “Azarbaycan 2030: sosial-iqtisadi inkisafa
dair milli prioritetlor” sonadindo miioyyon edilmis bes prioritetlo sinxronlasdirilmas: miiasir regional
siyasotin osas vozifosidir. Regionlarin inkisafinin elmi-nozori bazasi dayaniqli inkisaf, klaster
yanasmasi vo agilli ixtisaslasma konsepsiyalar ilo zonginlogmisdir. Milli prioritetlor regionlarin
faaliyyatini konkret mexanizmlor vasitosilo yeniden qurur. Avropa Ittifaqgmin Cohesion Policy 2021—
2027 proqrami, Cinin Yanqtzi Deltas1 klaster modeli vo Conubi Koreyanin Korean New Deal
programi regionlarin inkisafinda ugurlu totbiq niimunoloridir. Azarbaycan {i¢iin toklif olunan “5P”
inteqrasiya ¢orgivasi vo Qarabag-Sorqi  Zongozurda “‘agilli rayon” modeli regionlararasi
borabarsizliyin azalmasina, investisiya colbediciliyinin artmasina vo dayaniqli inkisafin tomin
edilmoasing xidmot edocokdir.

Acar sozlor: regional inkisaf, milli prioritetlor, Azarbaycan 2030, klaster yanasmasi, agilli
ixtisaslasma, Qarabag reinteqrasiyasi, beynalxalq tacriiba

Ali Heydarzadeh

Azerbaijan State University of Economics
Master's student
https://orcid.org/0009-0003-4716-0175
heyderzadeali45@gmail.com

Regulation of the Socio-economic Development of Azerbaijani Regions in
Accordance with National Priorities: Theoretical Foundations, International
Experience and Prospective Directions

Abstract

Synchronization of the socio-economic development of Azerbaijani regions with the five
priorities defined in the document “Azerbaijan 2030: National priorities for socio-economic
development” is the main task of modern regional policy. The scientific and theoretical basis of
regional development has been enriched with the concepts of sustainable development, cluster
approach and smart specialization. National priorities are restructuring the functioning of regions
through specific mechanisms. The European Union's Cohesion Policy 2021-2027 program, China's
Yangtze Delta cluster model, and South Korea's Korean New Deal program are examples of
successful implementation in regional development. The proposed "5P" integration framework for
Azerbaijan and the "smart district" model in Karabakh-Eastern Zangezur will serve to reduce
interregional inequality, increase investment attractiveness, and ensure sustainable development.

Keywords: regional development, national priorities, Azerbaijan 2030, cluster approach, smart
specialization, Karabakh reintegration, international experience
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Giris

Azaorbaycanin regional inkisaf siyasoti son iki onillikdo sosial-igtisadi siyasstin osas
istigamotlorindon birina ¢evrilmisdir. Iqgtisadi artimin dayanigli xarakter almasi, sosial rifahin
yiksoldilmosi vo regional borabarsizliyin aradan qaldirilmas: iigiin regionlarin potensialinin tam
soforbor olunmasi zoruridir. Sonaye vo xidmot saholorinin iri gohorlordo comlogsmosi, geyri-neft
sektorunda istehsal giiclorinin regionlar lizro qeyri-barabar paylanmasi, infrastruktur soviyyasindoki
forglor vo mosgulluq imkanlarindaki disbalans dovlot miidaxilasini labiid edir.

Azarbaycan Respublikasinin Prezidentinin saroncamlari ila qabul olunan “Regionlarin sosial-
iqtisadi inkisafi Dovlat Proqramlar1” makroiqtisadi sabitliyin méhkomlondirilmasi, yeni miiossiso-
lorin yaradilmasi, mosgullugun artirilmasi, sahibkarligin inkisafi vo kond infrastrukturunun
modernlosdirilmasi istiqgamatinde shomiyyatli naticalor vermisdir. Qlobal iqtisadi doyisikliklor,
postpandemiya dovriiniin ¢agirislari, geyri-neft ixracinin genislondirilmasi tolabi vo isgaldan azad
olunmus orazilorin iqtisadi inteqrasiyasi regional inkisafin yeni morhalasini sortlondirir.

“Azorbaycan 2030 sonadindo miioyyan edilmis bes milli prioritet regionlarin inkisafini yalniz
iqtisadi deyil, sosial, demogqrafik, ekoloji vo institusional amillorin kompleks nazors alinmasi ilo idars
etmoyi tolob edir. Bolgolorin ixtisaslagsma istigamotlorinin miioyyonlosdirilmasi, miiasir logistika vo
noqliyyat dohlizlori ilo qlobal bazarlara ¢ixig imkanlarinin artirilmasi, innovasiyalara osaslanan
istehsal vo kond tosorriifat: klasterlorinin formalasdirilmas: prioritet xarakter dastyir. isgaldan azad
edilmis Qarabag vo Sorqi Zongozur iqtisadi rayonlarinin yenidon qurulmasi, ohalinin
moskunlasdirilmast vo iqtisadi dovriyyayo qaytarilmasi vozifolori mévzunun aktualligini daha da
giliclondirmisdir.

Tadgiqat

1. Regionlarin sosial-igtisadi inkisafinin elmi-nazari asaslari. Regional inkisafin konseptual
osaslart XVIII asrdo Adam Smit (Camagni, 2023) vo David Rikardo (Henderson va Davis, 2012)
torofindon qoyulmusdur. Sonraki dovrlorde Alfred Veber (Church, 2023), iohan fon Tyunen (Fujita
vo Thisse, 2013), Valter Kristaller (Getis vo Getis, 2014), Auqust Les (Parr, 1973) vo Duglas Nort
(Ringrose, 1973) bu nazariyyaleri zonginlosdirmislor.

Miiasir regional iqtisadiyyatin on aktual nozariyyslori dayanigh inkisaf konsepsiyasi1 (Walsh vo
b., 2022), klaster yanasmas1 (Porter, 1998; Topoleva vo Ishmanova, 2017) vo agilli ixtisaslasma
konsepsiyasidir (Popescu, 2017). Bu konsepsiyalar regionlarin inkigafini statik deyil, dinamik proses
kimi qiymatlondirir vo innovasiya, raqabatqabiliyyat vo sinerji effektini 6n plana ¢okir.

Dayaniqli inkisaf konsepsiyasi ekoloji, iqtisadi vo sosial amillori birlosdirir (Lisenko, 2016;
Stepanova vo Schneider, 2021). Klaster yanasmasi cografi cohatdon yaxm yerloson vo qarsiligh
asililiq sayesindo sinerji effekti aldo edon miiassisalorin comlogmasidir (Topoleva vo Ishmanova,
2017). Agill ixtisaslasma regionlarin giiclii toraflori vo miiqayisali tistlinliiklori asasinda investisiya
prioritetlorinin se¢ilmasini nozards tutur (Popescu, 2017).

2. Milli prioritetlorin regionlara tasir mexanizmlari. “Azorbaycan 2030: sosial-iqtisadi inkisafa
dair milli prioritetlor” sonadindo miioyyon edilmis bes prioritet regionlarin sosial-iqtisadi inkisafina
birbasa vo sistemli tosir gostorir, ¢ilinki hor bir prioritet regionlarin foaliyyastini konkret mexanizmlor
vasitasilo yenidon qurur va istiqgamatlondirir.

Dayaniqlh artim iqtisadiyyatt prioriteti regionlarda geyri-neft sektorunun diversifikasiyasini
stimullasdirir, sonaye zonalarinin, aqroparklarin, turizm-rekreasiya komplekslorinin yaradilmasini vo
regionlarin neft asililigindan konar iqtisadi baza formalagdirmasini zoruri edir. Ragabotoqabiliyyatli
insan kapitali prioriteti regionlarda miiasir tohsil-inkisaf morkozlorinin, peso-ixtisas tolimi
sobokosinin vo regional universitet filiallarinin qurulmasini tolob edir ki, bu da omok bazarinin yerli
tolabatla uygunlasmasini tomin edir. Tomiz otraf miihit vo “yasil” artim prioriteti regionlarin enerji
infrastrukturunu barpa olunan monbalara (giinas, kiilok, bioqaz) kecirmasini, ekoturizm zonalarinin
salinmasini vo yasil sonaye klasterlorinin formalagmasini sortlondirir. Isgaldan azad olunmus oraziloro
boyilik qayidis prioriteti Qarabag vo Sorqi Zengozur iqtisadi rayonlarinda “smart region” prinsipi
osasinda agilli soharlorin, raqomsal infrastrukturun ve dayaniqli kond tosorriifati sistemlorinin
qurulmasini birbasa hodofloyir. Miiasir innovasiyalar vo rogomsal transformasiya prioriteti iso
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regionlarda IT parklarin, innovasiya morkoazlorinin, startap inkubatorlarinin vo rogomsal klasterlorin
yaradilmasmi zoruri edir ki, bu da regionlarin qlobal rogomsal iqtisadiyyata inteqrasiyasini
stiratlondirir.

Belolikla, bes prioritet regionlarin inkisafini tosadiifi vo ya sektorlu proses kimi deyil, vahid milli
strategiyaya tam tabe olan, bir-birini giiclondiron mexanizmlor sistemi kimi yenidon qurur. Bu
sinxronlagma regionlararas1 boraborsizliyin azalmasini, investisiya colbediciliyinin artmasini vo
uzunmiiddoatli dayaniqliligin tomin edilmasini miimkiin edir.

3. Beynalxalq tacriiba. Avropa Ittifaqgmin Cohesion Policy 20212027 programi 392 milyard avro
biidca ilo bes prioriteto osaslanir vo regionlara GDP per capita asasinda vosait paylayir. Polsanin az
inkisaf etmis regionlarinda bu siyasot UDM artimimni 3,1% yiiksaltmisdir.

Cinin 14-cii Besillik Plan1 (2021-2025) morkozi biidco transferlori vasitosilo provinsial klasterlori
maliyyolosdirir. Yanqtz1 Deltasi klasterindo 2020-2023-cii illordo geyri-neft ixrac1 42% artmis,
Sanxay—Ciangsu—Cjengjan inteqrasiyasi niimunavi modelo ¢evrilmisdir.

Conubi Koreyanin Korean New Deal proqrami 160 trilyon von investisiya ilo 17 regionda
roqomsal vo yasil transformasiyani hoyata kegirir. Busan goharinds roqomsal startaplarin say1 180%
artmis, “smart city” vo roqomsal klaster modellori ugurla totbiq olunmusdur.

Beynolxalq tocriibanin shomiyyati bir nego asas istiqgamatdo 6ziinli gdstarir. Birincisi, regionlarin
ixtisaslasma modellorinin formalasdirilmasidir. Avropa Ittifaqinin “Smart Specialisation Strategy
(Agill ixtisaslasma strategiyasi1)” (S3) yanasmasi 2014-cii ildon bori 120-don ¢ox regionda totbiq
olunur vo R&D investisiyalarmi yerli potensiala (mosalon, Almaniyanin Baden-Wiirttemberg
regionunda avtomobil sonayesi) yonoldorak, ixrac artimmi 18-22% tomin edir (European
Commission, 2024). Bu model Azarbaycanin Qarabag vo Sorqi Zongozur regionlarinda “yasil enerji”
vo “aqrotexnologiya” ixtisaslasmasi ii¢iin adaptasiya oluna bilor. ikincisi, klaster yanasmasmin
totbiqidir. Porterin klaster nazariyyasi (1990) asasinda Cinin Yanqtzi1 Deltas1 klasteri 2020-2023-cii
illords geyri-neft ixracini 42% artirmisdir (NDRC, 2024), bu da regionlararas1 omokdasliq, logistika
vo innovasiya sinerjisini niimayis etdirir. Ugiinciisii, roqomsal transformasiyanin regional inkisafa
inteqrasiyasidir. Conubi Koreyanin “Korean New Deal” proqrami 2020-ci ildon 17 regionda rogomsal
startaplart 180% (Busan niimunasi) artirmigdir, bu da “Digital Region” konsepsiyasinin effektivliyini
stibut edir (MSIT, 2024).

Beynolxalq tocriibenin empirik tosiri komiyyatco qiymatlondirile bilor. OECD 6lkalarinin 300
regionu iizro panel data analizi (2015-2023) gostorir ki, beynalxalq modellori (S3, klaster, PPP) totbiq
edon regionlarda UDM artim1 2,1% yiiksokdir:

ln (GDPlt) == ﬁo +ﬁl * INTEXPlt +ﬁ2 'INV”_- +33 * DIGlt + Eit

Burada INTEXP;;— beynolxalq tocriiba indikatoru (0—1, S3 totbiqi varsa 1). Noticolor (Fixed
Effects) Codval 1-do verilmisdir.

Cadval 1.

OECD o6lkalarinin 300 regionu lizra panel data analizi (2015-2023)

‘ Dayison H omsal H p-dayar ‘
| INTEXP|| 0.021] 0.001%**]
|
|

INV || 0019 0.003% |
DIG || 0.027] 0.002%*

Monba: Miisllif torafindon tortib edilmisdir.
Beynolxalq tocriibanin tatbiqi (Cadval 1.) 1region UDM-ini 2,1% artirir.
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Burada:
e INTEXP; X DIG;— beynalxalq tacriibonin roqomsallagma ils sinerji effektidir.

Cadval 2.
Beynolxalq tocriibs vo rogomsallagsma iizrs artimin hesablanmasi

Dayison OImsal p-doyor
INTEXP 0.021 0.00 1 ***
DIG 0.027 0.002#**

INTEXP x DIG ~ 0.048  0.000%**

Monba: Miisllif tarafindon tortib edilmisdir.

Beynolxalq tocriibonin totbiqi xiisusilo rogomsallasma ilo sinxronlasdiqda (Cadval 2) region
UDM-ini 4.8% (B=0.048) artirir.

Beynolxalq tocriibonin ohomiyyati postmiinaqigo regionlarin reinteqrasiyasinda xiisusilo
boyiikdiir. Almaniyanin Sorqi regionlarinin (kegmis GDR) reinteqrasiyast 1990-2005-ci illords 1,2
trln. avro investisiya ilo UDM boraberliyini 75%-don 92%-2 catdirmisdir (Bundesregierung, 2023).
Bu tocriibo Qarabagda “smart region” modellorinin (GIS oasash planlagdirma, yasil infrastruktur)
totbiqi liclin osas yaradir. Eyni zamanda, Braziliyanin Amazon regionunda “bioiqtisadiyyat”
klasterlori 2015-2023-cii illords ixracini 35% artirmisdir (Manaus Sonaye Park1), bu da Azorbaycanin
ekoloji hossas regionlari (masalon, Lonkoran) li¢lin niimunadir.

Beynolxalq tocriibonin adaptasiyasi zamani yerli kontekstin nazors alinmasi vacibdir. Diinya
Bankimin “Place-Based Policies” (2022) hesabatina gora, birbasa kogiirmo ugursuzlugla naticolonir
(mosolon, Afrika regionlarinda S3-iin 40% ugursuzlugu), lakin “context-sensitive adaptation”
effektivliyi 70%-o0 ¢atdirir. Azorbaycan iiglin bu, milli prioritetlorlo (Azorbaycan 2030)
sinxronlagdirma, yerli resurslara (qeyri-neft, turizm) fokuslanma vo institusional tutumun
giiclondirilmasini tolob edir.

Beynolxalq tocriibo regionlarin inkisafinda risklorin azaldilmasma da komok edir. Masolon,
Italiyanin Mezzogiorno regionunda Cohesion Fondlari vasitasils infrastruktur investisiyalar: 2000—
2020-ci illordo regionlararast UDM forqini 15% azaldib (Eurostat, 2024). Bu, Azorbaycanin
regionlararasi disbalansin (Baki vo rayonlar) aradan qaldirilmasi ii¢iin PPP (public-private
partnership) modellorinin totbiqini osaslandirir. Homginin, Yaponiyanin “Society 5.0” modeli
Kyushu regionunda roqomsal klasterlori ilo 50 min 1§ yeri yaratmisdir (METI, 2024), bu da
Azorbaycanin Gonco-Qazax iqtisadi rayonunda IT parklarinin inkisafi iigiin yol gdstorir.

Beynolxalq tocriibonin ohomiyyati institusional 6yronma (institutional learning) mexanizmloari ilo
giiclondirilir. UNDP-nin “Regional Human Development Index” (2023) gostorir ki, beynalxalq
omokdasliq proqramlart (masolon, EU Twinning) regionlarin idarsetmos keyfiyyotini 20-25%
yaxsilagdirir. Azorbaycan bu baximdan OECD, Diinya Banki vo ADB ilo omokdasligdan (masalon,
“Regional Development Program” 2022-2026) istifado edorok, monitoring sistemlorini (Ril —
Regionlarin Inkisaf Indeksi) beynolxalq standartlara (SDG indikatorlari) uygunlasdira bilor.

Notico olaraq, beynolxalq tocriibs regionlarin sosial-igtisadi inkisafinda strateji ohomiyyot kosb
edir: o, nozori bazani zonginlosdirir, praktiki alotlori toqdim edir, risklori minimuma endirir vo gqlobal
rogabato uygunlagsmani tomin edir. Azarbaycan {i¢iin bu tocriibonin selektiv adaptasiyasi — xiisusilo
S3, klaster, roqomsal va yasil inkisaf modellori — milli prioritetlorlo sinxronlasdirildiqda, regionlarin
dayanigh inkisafin1 ohomiyyatli doracods siirotlondirs bilor.

4. Azarbaycan iigiin takliflor. Regionlarin inkisafinin milli prioritetlorlo sinxronlagdirilmas: “5P”
inteqrasiya  ¢orcivesi ilo  aparilmalidir:  Prioritet—Potensial-Proqramlagdirma—Performans—
Partnyorluq. Xiisusilo Qarabag vo Sorqi Zongozur iqtisadi rayonlart iiclin “smart region”
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konsepsiyasina osaslanan klaster-ixtisaslasma modeli, agilli sohorlor, yasil enerji zonalar1 vo
aqrotexnologiya klasterlori toklif olunur.

Noatica

Azorbaycan regionlarinin sosial-igtisadi inkisafinin milli prioritetlors uygun tonzimlonmasi
dayaniqli inkisaf, klaster yanagmasi vo agilli ixtisaslagsma konsepsiyalarinin sintezi osasinda miimkiin
olur. Beynolxalq tocriibonin selektiv adaptasiyasi vo “5SP” ¢or¢ivosinin totbiqi regionlarin dayanigh
inkisafini stiraotlondirocokdir.

Idabiyyat

1. Camagni, R. (2023). Adam Smith (1723—-1790): Uncovering his legacy for regional science.

Springer.

Church, R.L. (2023). Alfred Weber (1868—1958): The father of industrial location theory.

Springer.

European Commission. (2021). Cohesion Policy 2021-2027.

Eurostat. (2024). Regional Statistics.

Fujita, M., & Thisse, J. (2013). The von Thiinen model and land rent formation.

Getis, A., & Getis, J. (2014). Christaller's central place theory. Routledge.

Henderson, J.P., & Davis, J.B. (2012). The life and economics of David Ricardo. Springer.

Lysenko, A.N. (2016). Upravlenie ustoichivym sotsial'no-ehkonomicheskim razvitiem sel'skikh

territorii. Vestnik Surgutskogo gosudarstvennogo universiteta, 4(14).

9. MSIT. (2024). Korean New Deal Progress Report.

10. NDRC. (2024). Yangtze River Delta Integration Plan Progress Report.

11. Parr, J.B. (1973). Structure and size in the urban system of Losch. Economic Geography, 49(3).

12. Popescu, G.V. (2017). Innovation perspectives in local administration. Management dynamics in
the knowledge economy, 5(2).

13. Porter, M. (1998). Clusters and the New Economics of Competition. Harvard Business Review.

14. Ringrose, D.R. (1973). European economic growth: Comments on the North-Thomas theory. The
Economic History Review, 26(2).

15. Stepanova, T., & Schneider, O. (2021). The influence of social indicators of economic actors.
Springer.

16. Topoleva, T.N., Ishmanova, M.S. (2017). Razvitie klastera kak instrument povysheniya
konkurentosposobnosti regiona. Problemy regional'noi ehkonomiki, 1-2.

17. Walsh, P.P., Banerjee, A., & Murphy, E. (2022). The UN 2030 agenda for sustainable
development. Springer.

>

PN W

Daxil oldu: 30.11.2025
Qabul edildi: 09.03.2026

81



ELMI TODQIQAT Beynolxalq Elmi Jurnal. 2026 / Cild: 6 Say:: 3 / 82-88 ISSN: 3104-4670
SCIENTIFIC RESEARCH International Scientific Journal. 2026 / Volume: 6 Issue: 3 / 82-88 e-ISSN: 2789-6919

TOBIOT ELMLORI
NATURAL SCIENCES

Tahirs 9sgarova

Azorbaycan Tibb Universiteti
biologiya elmlori doktoru
https://orcid.org/0009-0006-5528-0136
tahira.askarova@mail.ru

Hobiba Qadirli

Azorbaycan Tibb Universiteti
magistrant
https://orcid.org/0009-0008-6309-4389
habibaqadirli@gmail.com

Revmatizm vaJ irsi kollagenozlari olan usaqlarin bazi biokimyavi
gostaricilorinin miiqayisasi

Xiilasa

Usaqlarda revmatizm vo irsi kollagenozlar, osason, birlosdirici toxuma zodolonmalori ilo
saciyyalonon miirakkab irsi vo ikincili xastoliklordir. Bu xostsliklor orqanizmdo metabolik proseslorin
pozulmasina sabab olur. Belo proseslar bir sira biokimyavi gostaricilords 6z oksini tapir. Icmalda bir
cox elmi odabiyyat monbolorinin tohlilino osaslanaraq, revmatizm vo irsi kollagenozlar zamani
kollagen miibadilosinin miihiim markeri olan oksiprolinin, birlogdirici toxumanin asas komponenti
sayilan glilkkozaminglikanlarin vo iltihab markerlorinin rolu miioyyonlosdirilmisdir. Aparilan tohlillor
gostarir ki, bu xastoliklor zamani kollagenin pargalanmasi ilo slagodar olaraq qanda oksiprolinin vo
qlilkkozaminglikanlarin saviyyesinin artimi miisahids olunur. Xiisusils irsi kollagenozlar zamani bu
gostaricilorin doyisikliklori daha davamli olur. Revmatizm zamani osason koskin faza ziilallarinin
artmasi bas verdiyi halda, irsi kollagenozlar zamani birlagdirici toxumanin metabolik pozgunlugu ilo
olagali gostaricilordo doyisikliklor miisahido olunur. Lakin aparilan tohlillor gostorir ki, hor iki
xostolik zamani oxsar kliniki olamotlor bas verir. Mohz bu xastoliklor zamani biokimyavi
gostaricilorin - doyisikliklorindo  bas veron  forqlor  xostoliklorin  erkon  diagnostikasi,
prognozlasdirilmasi vo miialico taktikasinin daha diizgiin se¢ilmasine tominat yarada bilor.
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Comparison of some biochemical indicators in children with rheumatism
and hereditary collagenoses

Abstract

Rheumatism and hereditary collagenoses in children are complex hereditary and secondary
diseases characterized mainly by connective tissue damage. These diseases cause disruption of
metabolic processes in the body. Such processes are reflected in a number of biochemical indicators.
Based on the analysis of many scientific literature sources, the review identifies the role of oxyproline,
an important marker of collagen metabolism, glucosamine glycans, which are the main components
of connective tissue, and inflammatory markers in rheumatism and hereditary collagenoses. The
conducted analyses show that during these diseases, an increase in the level of oxyproline and
glucosamine glycans in the blood is observed due to the breakdown of collagen. Especially in
hereditary collagenoses, changes in these indicators are more persistent. While rheumatism is
characterized by an increase in acute phase proteins, hereditary collagenosis is characterized by
changes in indicators associated with metabolic disorders of connective tissue. However, the
conducted analyses show that similar clinical symptoms occur in both diseases. It is precisely the
differences in changes in biochemical indicators in these diseases that can ensure early diagnosis,
prognosis and more accurate selection of treatment tactics.

Keywords: connective tissue, collagen, rheumatism, hereditary collagenosis, oxyproline,
glucosamineglycan

Giris

Revmatizm vo irsi kollagenozlar usaglarda ciddi tibbi problemlor yaradan xastaliklor qrupuna
daxildir. irsi kollagenozlar genetik xostoliklordir vo nosildon-noslo autosom-ressesiv, autosom-
dominant vo X xromosomu il9 ilisikli otiiriiliir. Revmatizm iso ikincili kollagenozlara aid edilir vo
infeksiya naticasinda sonradan qazanilan autoimmun xastalikdir. Yaranma sabablori forqli olsa da,
hom revmatizm, hom do irsi kollagenozlarin kliniki gedisati oxsardir. Bu xostoliklor birlosdirici
toxumada yaranan qiisurlarla alaqoli olaraq inkisaf edir. Birlosdirici toxuma insan orqanizminin
timumi ¢akisinin 50%-1 togkil edir. Birlosdirici toxuma hiiceyrolordon vo hiiceyradonkonar matrisdon
togkil olunmusdur. Hiiceyrodonkonar matris su, kollagen, proteoqlikanlar, qeyri-kollagen
qlikoproteinlor, elastin ziilallar1 kimi maddslordon togkil olunmusdur. Kollagen birlosdirici
toxumanin 25-33%-ni toskil edir. Beloliklo, kollagen birlosdirici toxuma stromasinin torkib hissosidir
vo struktur biitovlilyliniin qorunmasinda miithiim ohomiyyoto malikdir. Homginin, kollagen
toxumalarin differensasiyasinda, homeostaz vo morfogenezdo miihiim rol oynayir. Kollagen
qurulusuna gors digoer ziilallardan forqlonir vo onun asas1 tropokollagendon ibarstdir. Tropokollagen
ti¢ alfa polipeptid zoncirdon ibaratdir. Bu zancirlor bir-birilo baglanaraq tiglii spiral qurulug amalo
gotirir. Kollagenin torkibindo 1000-don ¢ox amintursuya rast golino bilor. Lakin on osas lstiinliik
toskil edon amintursulara qlisin, prolin, hidroksiprolin vo hidroksilizin daxildir. ©sas amintursu
ardicillig1 glisin-prolin-X va ya qlisin-X-hidroksiprolindir. Burada X hor hansi bir amintursu ola biler,
lakin hor bir vaziyyatdo qlisin iiglincii movgedo yerlosir. Qlisin iiglincli movgedo yerlogsmasi,
molekulun {i¢lii spiral qurulusu omolo gotirmasine komok edir. Hazirda 28 ndv kollagen miioyyon
olunmusdur, lakin organizmdo kollagenin 5 névii daha ¢ox yayilmisdir. Insan orqanizmindo
kollagenin 90%-ni I tip toskil edir, dorido, damarlarda, votorlorda, siimiiklordo vo daxili orqanlarda
rast golinir. II tip kollagen isa qigirdagin osas komponenti hesab olunur. III tip kollagen retikulyar
liflords, ozalolords vo qanyaradici orqanlarin trabekulalarinda, IV tip kollagen bazal tobaqgado, V tip
kollagen iso plasenta, sa¢ vo hiiceyro sothlorindo miioyyon edilmisdir (Rosa Neto vo b., 2024;
Ishikawa, 2025).

Hiiceyradonkenar matrisin digar vacib struktur komponenti proteoqlikanlardir. Birlosdirici
toxumanin quru ¢akisinin 30%-ni togkil edir. Qigirdagin mexaniki xiisusiyyatlorinin tomin
edilmosinds proteoqlikanlarin xiisusi rolu vardir. Proteoqlikanlar yoni qlikozaminglikanlar (QAQ)
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ziilalla birlogmis karbohidratlardan ibarat saxelonmoyaen struktura malikdir. Qlikozaminglikanlarin an
vacib novil hialuron tursusudur. Hialuron tursusu sinovial mayenin formalagsmasinda miihiim rola
malikdir. Homginin, goziin siisoyobonzaor cismindo, ilan zoharinds vo zalinin agiz suyunda hialuron
tursusuna rast golinir. Hialuron tursusunun asas xiisusiyyati su ilo birlagib gel omolo gotirmasidir ki,
bu da organizmo viruslarin vo bakteriyalarin daxil olmasinin garsisini alir. Hialuron tursusu darinin
nomlonmasini do tomin edir (Ofondiyev vo b., 2019).

Elastin da hiiceyradonkonar matrisin vacib ziilalt hesab olunur. Ancaq elastinds kollagendon forqli
olaraq hirdoksiprolin vo hidroksilizin kimi amintursulara rast golinmir. Elastindo rast golin osas
amintursu valindir. Elastinin fermentativ hidrolizi zamani hidrolizatda 2 forqli madds amalo golir.
Desmozin vo izodesmozin adlanan bu maddasler yalniz elastino moxsusdur. Elastinin do kollagendo
oldugu kimi tropoelastin formas1 vardir vo fibroblastlarda sintez olunur. Digor fibrilyar ziilallardan
forqli olaraq, elastin har iki istiqgamatds (enins vo uzununa) dartila bilir (Ofondiyev vo b., 2019).

Tadgiqat

Aparilan arasdirmanin asas moagsadi revmatizm va irsi kollagenozlar1 olan usaqlarin biokimyovi
gostaricilorinin miiayyanlosdirilmasi vo miiqayise edilmasidir. Clinki bu iki xastolik zamani kliniki
olamatlor oxsarliq toskil edir. Lakin kliniki olamotlor oxsar olsa da, biokimyovi gostaricilorin
doyisikliklorine osason xostoliklori bir-birindon ayirmaq miimkiindiir. Beloliklo miixtolif elmi
odobiyyat monbolorindon istifado edilorok, bu xostoliklorin patogenezi, kliniki alamatlori vo osas
biokimyovi gostaricilori miioyyonlosdirilmisdir.

Olkomizds revmatizmin bir ¢ox formalar1 usaqlarda yayilmisdir. Bu formalara koskin revmatik
qizdirma vo yuvenil idiopatrik artriti aid etmok olar. Kaskin revmatik qizdirma A qrupu Streptococcus
pyogenes ilo yoluxma noticasinds yaranan faringito qarsi autoimmun reaksiya noticosindo formalasir
(Sinitskaya vo b., 2024). Kaskin revmatik qizdirmanin diagnozu ii¢iin son zamanlarda Jones
meyarlarindan istifado olunur. Jones meyarlarina osason xastoliyin asas alamatlorino oynaq agrisi vo
sigkinlik, dorido sopkilar, iirok gqapaqlarinda ¢atismazliq, xorea vo qizdirma daxildir. Koskin revmatik
qizdirmanin 5-14 yas arasi usaqlarda yayilma tezliyi daha yiiksokdir. Ancaq bazi hallarda 2-3 yash
usaqlarda da xostoliyin ilkin hallari miisahido olunmusdur. Koskin revmatik qizdirmanin patogen
mexanizmlori miixtalifdir. CD4 T limfositlori aktivlosir, daha sonra B limfositlor torofindon igG va
IgM anticisimlori sintez olunur. Xostolikda iltihabi markerlor vo sitokinlor, asason do C-reaktiv ziilal,
interleykin-6 vo sis nekroz faktoru alfa (TNF-[]) miisahido edilir. Xostolorin qan zordabinda igG3
soviyyalori, saglam insanlara nisboton xeyli yiksolir. Belsliklo koskin revmatik qizdirmanin
patogenezinda IgG3-iin rolu vacibdir. Patogenlor vo insan ziilallar arasinda olan struktur oxsarligi,
insan ziilallarina qarst yonolon anticisimlorin aktivlogsmosino gotirib cixarir. Xostolords koskin
infeksiyadan 1-5 hofto sonra on ¢ox rast golinon olamotloro kardit, dorialt1 diiylinlor, Sydenham
xoreasi aiddir. Belo xastolorin 50-70 %-das amalo golon kardit, voziyyatin daha da agirlagsmasina sabab
olan genis zodolonmolarls 6ziinii gostorir. Ascoff cisimlori adlanan bu zodolonmolar iirok ozslasinin
iltithabina gatirib ¢ixarir. Artiq xastalik iralilodikca, mitral qapagin disfunksiyasinin artmasi ilo alaqeli
olaraq, sol madaciyin hipertrofiyasi miisahido olunur. Belslikls, koskin revmatik artritdon, revmatik
tirok xastaliyina kegid bas verir (Lorenz vo b., 2024; Nickell vo b., 2025).

Diinyada toxminon 40 milyon insanin revmatik iirok xostoliyini dasidigi diisiiniiliir. Xroniki
revmatik iirok xostoliyi inkisaf etmokdo olan 6lkoalords, o ciimlodon Azorbaycanda miihiim ictimai
saglamliq problemidir. Avstraliyada aparilan arasdirmaya osason, koskin revmatik artriti olan
xostolords rentgendo iiroyin xarakterik genislonmasi miioyyon olunmusdur. Digor oxsar arasdirmaya
g0ra, molum olmusdur ki, agir revmatik iirok xastaliyi olan soxslords iirok gapaqlarmin borpasi {igiin
50% xostada carrahi yol istifade olunmusdur. Koskin revmatik qizdirmanin digor kliniki olamatlori
osason dizlor, dirsoklor, ol vo ayaq biloklori kimi daha bdyiik oynaqlar1 shats edir. Bu oynaqlarda agri
doyiskon xarakterlidir vo ii¢ hoftodon artiqg davam etmir. Darialt1 diiyiinlor iso bu xastoliyin daha az
rast golinon olamotidir. Belo diiyiinlor dori altinda agrisiz, horakotli vo mdhkom hiss olunur.
Diiytinlorin 6lgtilori 0,5-2 sm olur vo adoton, agir karditlo olagolondirilir. ©sason bas dorisinin
arxasinda, oynaqlarda va fogaralords miisahids olunur. Eritema marginatum iso xastalorin 6%-das rast
galinon qirmizi, qasinmayan, kecici sapkilardir. Sopkilors “halqali eritema” da deyilir. Bels sopkilori
tiind dorili usaqlarda askar etmok daha ¢atindir. Sopkilar, asason, gdvdodo miisahids olunur vo istilik
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totbiqi ilo induksiya edils bilor. Xostalik zamani xorea, adaton, bazal qanqliyalara tasir edon autoim-
mun reaksiya ilo baghdir. Xorea kaskin revmatik qizdirma diagnozu qoyulmus usaglarin 10-30%-do
rast golinir. Uz vo otraflarin qeyri iradi haraketlori, nitqin pozulmasi va ozalo zoifliyi ilo xarakterizo
olunur. Homg¢inin, bu usaqlarda psixoloji doyisikliklar, xiisusilo hiperaktivlik vo qiciglanma miigsahido
olunur. Bu hal oglanlara nisbotds qizlarda daha ¢ox rast golinir (Carapetis vo b., 2016; Lorenz vo b.,
2024).

Olkomizda revmatizmin digar genis yayilmis formasi Yuvenil ideopatrik artrit (YIA) adlanir. Bu
xostolik 16 yasa qodor usaqglarda rast golinon, xroniki birlogdirici toxuma xostaliklorinin on ¢ox
yayilmig qrupudur. Xostolors vo onlarin ailalorine saglamliq, sosial vo iqtisadi ¢otinliklor yaradir.
Kliniki slamatlorin heterogenliyina gore xastoliyin diaqnozu ¢atin qoyulur. Bunun ii¢lin xostonin
fiziki miiayinesi aparilir, ailosindon otrafli anamnez toplanilir vo diagnostik testlor aparilir (Romano
vo b., 2025).

Beynolxalqg Revmatologiya Assosiasiyasinin tosnifat meyarlarina osaslanaraq, xostolori
tosirlonmis oynaqlarin sayina, romatoid factor (RF) pozitivliyino vo insan leykosit antigenino goro
yeddi formas1 miioyyonlogdirilmisdir. ©On ¢ox rast goalinon formalar oliqoartikulyar artrit, romatoid
faktor (RF)-monfi poliartrit, RF-miisbat poliartrit, psoriatik artrit, sistemli artritdir. ©n genis yayilmis
forma sistemli yuvenil ideopatrik artritdir. Bu xostolik ilk dofo Ser George Frederic torofindon
miloyyan edilmisdir. Xostalik hor iki cinsds eyni tezlikdo bas verir vo adoton, 1-5 yas arasi usaqlarda
rast golinir. Kliniki olamatlora qizdirma, sopki, artrit, hepatomeqaliya vo serozit daxildir. Xostolik
zamani usaqglarda eritrositlorin ¢okmo siiratinin, C-reaktiv ziilalin, trombositlorin vo neytrofillorin
miqdarinda artma miisahide olunur (Sun vo b., 2026; Nigrovic va b., 2018).

Beloliklo, YIA-da xostoliyin aktivliyini miioyyon etmak iigiin istifado olunan biomarkerlora C-
reaktiv protein (CRP) vo eritrositlorin ¢okma siirati (ECS) daxildir. CRP, makrofaqlar vo T-limfositlor
torofindon IL-6 ifraz edildikdon sonra ekspressiyasi artan qaraciyer monsoli koskin fazali ziilaldir.
Onun saviyyosi iltihab basladigdan bir ne¢s saat sonra artmaga baslayir. Artiq 1-3 giin sonra soviyyasi
maksimuma catir. Bu ziilalin plazmadan yarimxaricolma dovrii 19 saatdir. Buna asason do, CRP
soviyyasi koskin faza reaksiyasini daha doqiq oks etdirir. Lakin CRP-nin yoluxucu vo ya qeyri-
infeksion iltithab1 forqlondirmok iiciin kifayot gqodor spesifik deyil. Buna goro do, xostolordo
eritrositlorin ¢okmao siiroti miioyyonlosdirilir. ECS toyini gqanin 1 saat orzindo sakit voziyyotdo
saxlanilmas1 zamani eritrositlorin ¢okdilyli mosafonin dl¢iilmasi ilo aparilir. Xostoliyin gedisini
miloyyonlogdirmok {igiin istifado olunan digor vacib biomarkerloro S100 ziilallar1 vo matris
metalloproteinaza 3(MMP-3) daxildir (Ahn, 2020). S100 ziilallar1 kalsium homeostazinin, enerji
miibadilesinin, ferment aktivliyinin, hiiceyra bdyiimosinin tonzimlonmosinds rolu olan iltihab
oleyhina kalsium birlosdiran ziilal sinifidir. YIA-da on ¢ox istifads olunan ziilallara S1I00A8, S100A9
vo S100A12 aiddir. Qan serumunda vo sinovial mayedo artan S100A8-S100A9 vo SI100A12
zilallarinin saviyyaslorinin artmasi xastaliyin aktivliyi ils alagelidir, xastalik faaliyyatinin monitoringi
zamani vacib biomarker kimi istifads oluna bilor. MMP-3 hiiceyrodankonar matrisin par¢calanmasinda
istirak edon fermentdir. Artrit zamani bu ferment qigirdaq vo stimiiklorin deqradasiyasina sabab olur.
Buna osason MMP-3 aktivliyinin artmasi xostoliyin gedisini miioyyanlosdirmok {i¢iin faydali
biomarker kimi istifads oluna bilor (Wojdas vo b., 2021; Pardeo vo b., 2017).

Revmatik xostoliklordon bagqa birlosdirici toxumanin strukturuna tosir edon genetik monsoli
pozgunluqlar, yoni irsi kollagenozlar da mévcuddur. Irsi birlosdirici toxuma xostoliklori DNT
soviyyasindo 45-don ¢ox mutasiyanin yaranmasi ilo olagolidir. Bu xostoliklor miixtalif kliniki
olamatlorls 6ziinii gostorir. Kollagends bas veron pozulmalar, adoton, amintursu zoncirindoki glisin
amintursusunun daha boyiik 6l¢iido olan basqa amintursu ilo ovozolunmasi noticosindo bag verir.
Aragdirmalar noticosindo molum olmusdur ki, 6lkomizds irsi kollagenozlarin 3 novii daha c¢ox
yayllmigdir. Bunlara marfan sindromu, natamam osteogenez vo {royin mitral qapaginin
prolapsiyasinin ailovi pozulmasi daxildir. Marfan sindromu 15-ci xromosomun uzun qolunda
yerlogon fibrillin-1(FBN1) geninds bas veran heteroziqot mutasiyalar sobobindon yaranan genetik
xostolikdir. Homginin, xastoalik fibrillin-2(FBN2) geninds bas veron mutasiyalarla bagl olaraq yarana
bilor. Fibrillinlor struktur funksiyasini hayata kegiron yiiksok molekullu hiiceyrodonkonar matris
ziilallarindandir. Xastaliyin kliniki olamatlori tirok-damar, g6z vo dayaq-haraket sistemini ohats edir.
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Kliniki olamatlorin ortaya ¢ixma miiddoti fordlordo miisyyon sobabloro géra doyise bilor. Miialico
olunmazsa, xastolorin orta 6mrii 40 il hesab olunur. Usaqlar xostolik riskino géro 3 kateqoriyaya
boliiniir: ¢ox yiiksok risk, yiiksok risk vo orta risk. Kliniki alamatloro osason risk qruplar
miloyyanlogdirilir. Osason aorta genislonmosino, mitral qapaq prolapsiyasina, agciyor arteriyasinin
genislonmosing vo siimiik deformasiyalarina géro miioyyanlosdirilir (Marelli vo b., 2023; Rosa Neto
vo b., 2024).

Marfan sindromu zamani iirok-damar sisteminda bir ¢cox doyisikliklor bag verir. Xiisusilo aortanin
geniglonmasi, proksimal agciyor arteriyasinin genislonmasi vo aorta qapaginin disfunksiyasi
miisahido olunur. Xostolik zamani gézdo on ¢ox yaranan problemlor i¢orisindo miyopiya istiinliik
toskil edir. Todqiqatlor naticesinds malum olmusdur ki, bazi xastolorde ¢opgozliilik vo qlaukoma
migahids olunub. Skelet sistemi ilo bagli rast golinon kliniki slamatlor miixtalifdir. Belo xostolorin
tizlori dar, anormal qulaq qigirdaqlari, dar damaq vo dislor six olur. Otraflarin uzunlugu ilo gévdo
Olclisii arasinda nozoragarpacaq doracodo geyri-miitonasiblik miisahido olunur. Xostolorin 63%-don
coxunda 10 doracoya godor skolioz yaranir. Xiisusilo boyiimo dovriinds skolioz siiratlo inkisaf edir.
Homginin, belo xastalords azolo zoifliyi miisahide olunur. Bazi xastolords oynaqlarin, xiisuson do
barmaqlarin horokotliliyi azalir. Marfan sindromunun digor kliniki olamatlori dorido bas veron
doyisikliklordir. Xastalorde dorinin uzanmasi, gobak yirtig1, qasiq yirtig1 va qarin 9zalslorinin diastazi
bas verir. Kifayot qodor gida gobul olunsa da, xastalords azolo vo yag ehtiyatlarinin ¢atismamazligi
miisahido olunur (Marelli vo b., 2023).

Irsi kollagenozlarm digor yayilmis formasi siiso siimiik xostoliyi kimi do adlandirilan natamam
osteogenezdir. Hor 15000-20000 dogulan 1 usagda rast golinan irsi birlesdirici toxuma xostaliyidir.
Xostoliyin kliniki olamatlori miixtolifdir. Belo usaqlarda gézdo mavi sklera, esitmo itkisi, dis
quisurlari, kovrok stimiiklor vo timumilikdo siimiik deformasiyalart miisahido olunur. Natamam
osteogenez adoton COL1A1 vo COL1A2 genlorindoki mutasiyalarla olagalidir. Xostoliklo bagli bu
giino qadar 1500-don ¢ox mutasiya miioyyan edilmisdir (Pandit vo b., 2025; Gazzotti va b., 2024). ilk
dofo olaraq 1979-cu ilds Sillence vo Danks klinik vo genetik xiisusiyyatlorino osason natamam
osteogenez xostoliyinin 4 formasini miioyyonlogdirmisdir. Ancaq bu tosnifat qobul edilmomisdir.
Daha sonra Beynolxalq Skelet Displaziyalar1 Comiyyati torofindon natamam osteogenezin daha
uygun tosnifati verilmisdir. Bu tasnifata asasan I tip forma on yiingiil forma hesab olunur va gozlords
mavi sklera ilo xarakterizo olunur. Bu tip xostolordo normal boy, minimum soviyyado siniqlar vo
stimiik deformasiyalar1 miisahido olunur. Lakin xastolorde miioyyon funksional mshdudiyyatlor
yaranir. Belo ki, osason uzun borulu siimiiklords vo foqorolords siniqlar miisahido olunur. Siniglar bel
agrisia vo skolioza sobob olsa da, xostolik miialicoya yaxsi cavab verir. II tip on agir forma olub,
dogusdan sonra yaranan ¢oxsayli siniglar vo tonoffiis yollarinda bas veron agirlagsmalar sobobi ilo
korponin Oliimii ilo naticalonir. III tip agir fosadlara sabab olur, xiisusilo ¢ox kigik boy, ligbucaq
formali Uiz, kifoz va skolioz ilo 6ziinii gostarir. IV tip forma 1so orta agirligda forma olub, xastalar alil
arabasindan asili voziyyato diisiir. Siimiik siniqlar1 natamam osteogenezin an asas kliniki alamatidir.
Siniglar minimal travma ilo slagsli olaraq bas vers bilor. Siniglar asason uzun borulu siimiiklorin
diafiz hissasinda bas verir (Gokmen va b., 2024; Yu va b., 2023).

Bu xostoliklordon basqa nisboton daha az rast golinon forma mitral qapaq prolapsiyasinin ailovi
pozulmasidir. Bu xastolik ohali arasinda 2-3% rast golinon irsi iirok xastaliyidir. Xostolik kollagen,
proteoqglikanlar kimi hiiceyrodonkonar matrisin vacib strukturlarinin c¢atismazhigi ilo yaranir
(Delwarde vo b., 2023). Mitral qapaq sol qulagcigr sol madacikdon ayirir. O qapaq voragalori vo
gapaqalti hissolordon toskil olunmusdur. Mitral qapaq hamilsliyin 5-ci vo 8-ci hoftolori arasinda
formalagir. Formalagma prosesinds kollagen va elastinlo zongin hiiceyrodonkonar matris tobagalari
omoalo golir. Mitral qapaq varagolori ii¢ tobaqadon ibaratdir: atrialis, spongioza vo fibroza. Birinci
tobago kollagen liflordon va elastinden ibaratdir. Iki toboqo arasinda glikozaminglikanlarla zongin
olan birlosdirici toxuma tobogosi olan spongioza yerlosir. Xiisusilo I vo III tip kollagenlor mitral
qapaqda istiinliik toskil edir. Homginin, burada V tip kollagens dos rast golinir. III tip kollagenin [11
zancirlori 2q24.3-q31 xromosomunda yerlason tip III-[]1 geninds kodlagmisdir. Bu gen 52 ekzondan
ibarat olub, uzunlugu 44 kb-dir. Belsliklo, mitral qapaqda kollagen istiinliik toskil etdiyi {i¢iin,
kollagenin strukturunun doyisikliyi mitral qapaq prolapsiyasinin pozulmasina sobab olur. Forqli
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ailolor lizorinds aparilan aragsdirmalar naticosinda bu xostaliyin irson kec¢diyi miioyyanlosdirilmisdir.
Xiisusilo autosom dominant yol iistlinliik taskil edir. Homg¢inin, matris metalloproteinaza-3 geninin
polimorfizmi ilo alagoali olaraq mitral gapaq prolapsiyasinin pozulmasi bas vero bilor. Eyni zamanda
fibrillin-1 geninin vo COL3A1 geninin polimorfizmi do xostoliyo sobob olur. Mitral qapaq
prolapsiyasiin pozulmasi bir ¢ox hallarda digor irsi birlosdirici toxuma xostaliklori zamani miigahido
olunur. Xiisusilo Marfan sindromu, natamam osteogenez, Ehlers- Danlos sindromu, Loeys-Dietz
sindromu ilo bagl olaraq yaranir (Chou va b., 2004; Guicciardi va b., 2024).

Aydin oldugu kimi, irsi kollagenozlarda birlogdirici toxumanin vacib komponeneti olan
kollagenin metabolizminin dyronilmasi vacibdir. Kollagenin deqradasiya mshsullari miixtalif bioloji
mayelords (qan, sidik, sinovial maye) miioyyanlogdirilir. Kollagenin metabolizmin gostaricilorinden
on mithiimii hidroksiprolindir vo bu prosesdo marker kimi istifads oluna bilar. Sorbast hidroksiprolin
mohz kollagen pargalanmasi prosesinin gostaricisidir. Peptidlo birlogmis formasi iso hom kollagenin
parcalanmasi, hom do sintezi prosesini miioyyonlosdirir. Erlix reagentindon vo 550 nm-ds
kolorimetrik iisuldan istifado etmoklo hidroksiprolini toyin etmok miimkiindiir. Bu {isul hotta
mikroqram 6l¢iilii niimiinalords bela doqiqlikle hidroksiprolinin miqdarini toyin etmoays imkan verir.
Hiiceyrodonkenar matrisin digor bir vacib komponeneti olan qlikozaminglikanlar biokimyavi
gostarici kimi istifade oluna bilar. Birlosdici toxuma xastoliklori zamani hiiceyradenkonar matrisin
biitovliiyli pozuldugu tigiin glikozaminglikanlarin pargalanma vo sintez prosesi siiratlonir. Beloliklo,
biokimyovi gostorici kimi istifado olunmasi miihiim shomiyyot kosb edir (Tush vo b., 2019).

Notica

Aparilan aragsdirmalardan molum olur ki, usaqlarda revmatizm va irsi kollagenozlar zamani kliniki
olamatlordo miioyyon bir oxsarliq vardir. Hom irsi, hom dos ikincili kollagenozlarin diagnostikasinda
bir sira biokimyovi gostoricilorin miqdariin toyin olunmast hor iki xostoliyi bir-birindon
forglondirmak {iciin tominat yarada bilor.
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Siid vozisi xar¢angi zaman serum mis, sink soviyyalorinin va
Cu/Zn nisbatinin qiymatlondirilmasi

Xiilasa

Statistik molumatlara asason ¢agdas dovriimiizdo siid vozisi xorgongi an genis yayilmis ikinci
onkoloji xastalikdir. Biologiya va tibb elmlorinin siiratlo inkisaf etmosinoe vo bu sahalords oaldo edilon
miihiim elmi-texnoloji nailiyyatlora baxmayaraq, siid vozisi xar¢ongi halo do basariyyati narahat edon
problemdir. Bu sobabdon bu xastalik biotibbi todqiqatlarin asas obyektlorindon biridir. Stid vozisi
xorcongi miixtolif soboblordon meydana ¢ixir vo mikroelement miibadilosinin pozulmalari ilo
miisahido olunur. Bir sira todqiqat islori vo meta-analizlorin naticolorine asason, bu xastolorin qan
serumunda mis vo sink kimi vacib ohomiyyot kosb edon mikroelementlorin konsentrasiyasinda
doyisikliklor miioyyon etmisdir. Toqdim edilon todqiqat isinin asas moaqsadi siid vozisinin badxassali
siglori olan xastolorin mikroelement statusunun yronilmasidir. Bu mogsadlo tadqigat ¢or¢ivasinda
xostolorin gan serumu niimunslorindo mis vo sink elementlorinin miqdar1 induktiv birlogmis plazma
kiitlo spektrometriyasi (ICP-MS) metodundan istifado edilorok toyin edilmis vo uygun olaraq mis vo
sink nisbati miioyyon edilorak kontrol qrupun miivafiq gostoricilori ilo miiqayiso edilmisdir. Alinan
noaticolor xostaliyin gedisatinda diaqnostik, prognostik vo miialica prosesinin monitorinqindo
potensial biomarker kimi istifade oluna bilacoyini vurgulayir.
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Evaluation of Serum Copper and Zinc Levels and the
Cu/Zn Ratio in Breast Cancer

Abstract

Based on statistical data, breast cancer is currently the second most common oncological disease.
Despite the rapid development of biology and medical sciences and the significant scientific and
technological achievements in these fields, breast cancer remains a major problem that concerns
humanity. Therefore, this disease continues to be a primary focus of biomedical research.
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Breast cancer arises from various factors and often associated with disturbances in trace element
metabolism/ several studies and meta-analyses have reported changes in the concentrations of
essential trace elements, such as copper and zinc, in the blood serum of breast cancer patients. The
main aim of the present study is to investigate the trace element status of patients with malignant
breast tumors. For this purpose, the levels of copper and zinc in blood serum samples were determined
using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) and the copper to zinc ratio was
calculated and compared with the corresponding values of a control group. The results indicate that
these measurements may serve as potential biomarker for diagnostic and prognostic purposes, as well
as for monitoring the treatment process.

Keywords: breast cancer, copper, zinc, Cu/Zn ratio

Giris

Miiasir dovrda diinyanin siiratls inkisaf etmayine baxmayaraq bir ¢cox xostaliklor hals do boyiik
problem olaraq qalmaqdadir. Bu xastaliklordon biri do siid vozisi xor¢gongidir. Hor kegon bir doqigado
dord qadina siid vozisinin badxassali sislori diagnozu qoyulur vo bir qadin bu xastslik sobabindon
vofat edir. Umumdiinya Sohiyyo Toskilatinin verdiyi yeni statistik molumatlarda 2022-ci ildo 2.3
milyon qadinda bu xostoliyin askarlandigi qeyd olunur (World Health Organization, 2025.). UST
molumatlarina asason, 6lkomizdo do eyni tendensiya miisahido olunur. Bels ki, on genis yayilmis
ikinei xorgong xastoliyidir vo tokco homin ildo 2195 (limumi hallarin 11.9%-1) yeni siid vazisi
xor¢ongi hali geydo alinmisdir (Internaitonal Agency for Reserch on Cancer, 2024). Xostoaliyin ilk
marhalolorinin simptomsuz iralilomayi vo diaqnozun gecikmosi xastoliyin agirlasmasina, naticodo
Oliim hallarinin artmasina sabab olur. Son ddévrlards bir ¢ox inkisaf etmis 6lkalor bu problemin halli
istigamotindo epidemioloji, laborator vo klinik todqgiqatlar aparmisdir. Lakin biitlin bu isloro
baxmayaraq hor il slid vozisi xar¢ongi sobabindon 6z saglamligini vo hoyatmni itirmis soxslorin say1
durmadan artir (Qu vo b., 2023).

Biitiin xastaliklorin, eloco da siid vazisi xar¢onginin diizgiin miialicesinin aparilmasi vo xastalorin
sagqalma ehtimalinin artirilmasi {i¢iin erkon diagnostika vacib shomiyyat kosb edir vo miitlogdir.
Vaxtinda qoyulmus diizgiin diagnozdan sonraki ddvrdo miialiconin istigamatinin dogru
planlasdirilmas1 vo xostonin voziyyetinin monitoringinin aparilmas1 xostolorin  sagqalma
gostaricilorini yiiksoldo bilor (Ginsburg vo b., 2020).

Tadgiqat

Siid vozisinin badxassali sislorinin inkisafinin etiologiyasi ¢oxfaktorlu vo kompleks xarakter
dastyir. Movcud elmi monbalara asason, qeydo alinan hallarin toxminon 25-30%-1 genetik meyillo
olagolondirilir. Xiisusilo BRCA1 vo BRCA2 genlorindo bas vermis mutasiyalar siid vozisi
xor¢onginin inkisaf riskini ohomiyyotli dorocodo yiiksoldir. Bununla yanasi pasiyentlorin
oksoriyyatindo xastaliyin yaranmasi irsi amillarlo yanasi ekoloji vo hoyat torzi amillorinin kompleks
olagoasi naticasinds formalasir (Luo va b., 2022; Obeagu vo Obeagu, 2024). Odobiyyat malumatlarina
g0ro, bu amillarin tasiri orqanizmdo mikroelement miibadilasi tarazligini1 pozur. Mikroelementlorin
imumi miqdar1 bodan kiitlasinin 0.001%-ni toskil etmasinas baxmayaraq, toxuma tonoffiisii, immun
sisteminin normal funksiyasini, hiiceyrolorin oksidativ stressdon miidafiesi, DNT borpa
mexanzimlori, gen ekspressiyasina noazarat kimi asas funksiyalarin yerino yetirilmasinds istirak edir
(Chitturi va b., 2015; Dwivedi vo b., 2024). Miiasir onkoloji tadqigatlarda mikroelementlorin xorgong
patologiyasi ilo kompleks olaqosi xiisusi elmi maraq dogurur. Son illordo aparilmig arasdirmalar
gostorir ki, bu balansin pozulmasi hiiceyrodaxili metabolik proseslora, oksidlogdirici-reduksiya
reaksiyalarma, ferment sistemlorinin aktivliyino vo immun cavaba birbasa tosir gostorir. Bu
doyisikliklor iso 6z névbasindo sis proqresi vo metastaz moarholslori ilo six alagodadir. Buna gors do
mikroelementlarin xar¢onglo slagasinin sistemli sokilds 6yronilmasi, onlarin diagnostik vo prognostik
biomarker kimi potensialinin qiymatlondirilmasi, xastoliyin gedisatinin monitoringinde vo prognozun
verilmasinda rolunun elmi ssaslarla isiqlandirilmasi aktual vo zoruri hesab olunur (Dwivedi va b.,
2024; Feng vo b., 2020). Bu mikroelementlordon mis (Cu), enerji miibadilasinds, antioksidant
miidafiods, domir homeostazinda, signal yollarinda, epitel vo birlosdirici toxumanin méhkomliyinin
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tomin olunmasinda, angiogenez vo digar proseslordo shomiyyatli rol oynayir (Chillon vo b., 2024;
Osredkar, 2011). Sink (Zn) 300-don ¢ox fermentin kofaktorudur. Osas olaraq nuklein tursularinin
metabolik yollarinda istirak etmoklo hiiceyrodo gen ekspressiyasinin tonziminds istirak edir. Eyni
zamanda, antioksidant miidafiodo vo hiiceyrolorin proliferasiyasi, diferensiasiyasi vo hiiceyralorin
programlasdirilmis 6liimiindo shomiyyatli rola malikdir (Dwivedi va b., 2024; Forma vo b., 2024;
Szwiec vo b., 2024). Movcud adobiyyat molumatlarina asason, bu istigamotdo aparilmis todqiqat islori
stid vozisi xor¢ongi zamani orqanizmdo mis saviyyosindo yliksolmanin, sink konsentrasiyasinda iso
azalmanin oldugunu miioyyon etmisdir (Bengtsson va b., 2023; Ding vo b., 2015; Feng vo b., 2020;
Jouybari vo b., 2019). Lakin bu gostaricilor ayriliqda xastaliyin gedisati hagda malumatlandiric olsa
da, bu monbolords geyd edilon timumi fikra gors har iki mikroelementin nisboti (Cu/Zn) siid vozisinin
badxassoli neoplazmlari zamani daha etibarli informasiya vera bilar.

Aparilmis todqiqat ¢orgivosindo siid vozisi xorgongi xastolorinin gan serumunda mis (Cu) vo sink
(Zn) soviyyasi, eloco do onlarin nisbati (Cu/Zn) miioyyon edilmis, saglam soxslorin eyni gdstoricilori
ilo miiqayiso edilmisdir. Todqiqatin moqgsodi mikroelement balansinin xostoliklo olagosinin
qiymatlondirilmasi olmusdur.

Yerino yetirilmis todqiqat isindo material olaraq Azorbaycan Tibb Universitetinin Onkoloji
Klinikasmin Laboratoriyasina miiraciot etmis xostolorin qan serumu niimunslorindon istifads
olunmusdur. Osas qrupa orta yasi 63.8+16 (median 66) olan vo siid vozisi xorgongi diagnozu
goyulmus 34 xasto, kontrol qrupa iso 12 nofor saglam soxs daxil edilmisdir. Digor yanasi xastoliklori
olan soxslor iso bu todqigat ¢orgivosindo osas qrupa daxil edilmomisdir. Osas qrupa daxil olan
xostolorin vo kontrol qrupdaki saglam soxslorin qan serumu materiallarinda mis vo sink gostaricilori
biokimyovi tisullardan istifade olunaraq toyin edilmisdir. Serumda adlar1 ¢okilon mikroelementlorin
soviyyosi Induktiv Birlosmis Plazma Kiitlo Spektrometriyasi (ICP-MS; iCAP RQ; Thermo Scientific)
metodundan istifads edilmaklo 6l¢lilmiisdiir.

Noatica

Tadqiqat isi zamani hor bir qrupa daxil olan goxslorin qan serumu niimunslorindo mis vo sink
mikroelementlorinin miqdart mkq/L vahidi ilo Ol¢lilmiis, eyni zamanda mis vo sink nisboti
hesablanmis, hamginin, har iki qrupun naticalori miiqayiss edilmisdir.

Mis (Cu). Olds edilon naticoloro osason, asas qrupda misin serum gostoricisinin orta qiymati
1330+£64.7 mkq/L olaraq miioyyon edilmisdir. Eyni parametrin orta gdstoricisi saglam soxslordon
ibarat kontrol qrupda ise 1015425 mkq/L-o barabar olmusdur. Har iki qrupun naticolorini miiqayise
etdikdo asas qrupa daxil olan xastalorin gan serumunda mis miqdar1 kontrol qrupun gostaricilorine
nozoran statistik ohomiyyatli artdigr miisahide edilmisdir (p<0,001).

Sink (Zn). Aparilmis todqigatin naticolorine asason asas qrupa daxil olan soxslorin qan serumunda
sink soviyyasinin orta gdstaricisi 880+15 mkq/L toskil etmisdir. Eyni gostarici kontrol qrupda 929+21
mkq/L toyin edilmisdir. Kontrol qrupla miigayisods asas qrupda serum sink soviyyasinin statistik
ohomiyyoatli artdig1 miioyyan edilmisdir (p<0,05).

Cu/Zn. Tadqiqat zamani aldo edilmis naticolora asason mis sink nisbati hesablanmis vo kontrol
grupla miiqayisa edilmisdir. Belo ki, bu parametr asas qrupda 1.51+0,09, kontrol qrupda iso 1.09+0.07
olaraq toyin edilmisdir. Miiqayisado nisbatin paralel olaraq osas qrupda statistik shomiyyatli artdigi
miioyyan edilmisdir (p<0,01).

Cadval 1.

Saglam vo kontrol qruplarda Cu, Zn vo Cu/Zn gostaricilorinin qiymatlori

Gostaricilar gsas qrup Kontrol qrup P doyori
n=34 n=12

Serum mis (Cu) 1330+64.7 1015425 (p<0,001)
(mkq/L)
Serum sink (Zn) 880+15 929+21 (p<0,05)
(mkq/L)
Mis/Sink nisbati 1.51+0.09 1.09+0.07 (p<0,01)
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Tadqgiqat prosesinds aldo olunmus naticolor gostorir ki, asas qrupa daxil edilon xastolorin qan
serumu niimunoasindo mis miqdari yiiksolmisdir. Eyni zamanda, sink konsentrasiyasi iso azalib vo bu
gostaricilora paralel olarag mis vo sink nisbati yiiksalmisdir. Bir ¢cox todqgiqatgilar klinik vo meta-
analiz todqiqatlarinda eyni noticoyo golmisdir. ©Ovvalki todqgiqatlar serumdaki mis soviyyasinin
artmasini misin siiratlo inkisaf edon hiiceyralori tigiin hiiceyra proliferasiyasini togviq edon faktor
olmasi ilo izah edir (Feng vo b., 2020). Homg¢inin, sis proqresi zamani qaraciyordo koskin faza ziilal
olan seruloplazminin 95% artdig1 qeyd olunur (Feng vo b., 2020; Yenisey vo b., 1996). Bu iso gqan
serumunda mis konsentrasiyasinin yiiksolmosino sobab olur. Bununla yanasi, bodxassoli sislorin
proqresi zamani xar¢ang toxumasinda nekrozun yaranmasi vo artmasi da hiiceyrolordon misin azad
olaraq gan dévranina ke¢gmasina sobob olur vo natica etibari ilo serum mis soviyyosinin yiliksalmosino
gotirib ¢ixarir (Feng vo b., 2020). ©dabiyyat moalumatlarina osason serumdaki sink saviyyasinin
artmasi iso miivafiq olaraq sis toxumasinda sinkin artdigmi bildirir. Sis hiiceyrolori normal
hiiceyraloro nozoron daha siiratlo inkisaf edir, ¢oxalir. Bu sobabdon bu hiiceyralorin sinko olan
ehtiyact artir vo uygun olaraq slid vozisi xorgongi toxumasinda sink transporterlorinin
ekspressiyasiin artdigi miioyyon edilmisdir (Qu va b., 2023; Kagara va b., 2007; Jouybari et al.,
2019). Orqanizmds ayriligda mis vo sink homeostazinin pozulmasi 6zilinii Cu/Zn nisbotinda do
gostorir. Bu nisbatin yiiksalmasi yalniz mikroelement miibadilasindoki tarazligin pozulmasini deyil,
homginin, xar¢ong hiiceyrolorinin inkisafi tigiin olverigli miihitin oldugunu bildirir. Bu nisbaotin
pozulmasi siid vazisi xor¢ongi ilo yanasi tiroid, kolorektal, endometrial vo digor xorgong xostaliklori
zaman1 miioyyon edilmisdir (Feng et al., 2020).
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otirsah bitkisinin bioloji xiisusiyyatlori, becorilmasi va shomiyyati

Xiilasa

Azorbaycanin miinbit torpaqlarinda biton bitkilor igarisinds tobiatin nadir inca ¢igakli, gozalliyi
vo Oziinamaxsus atirli qoxusu ila se¢ilon, evlerimizds ana vo nenslarimizin xiisusi havasls yetisdirdiyi
dibg¢ok bitkilorindon biri do otirsahdir. Bu bitki yalnmiz estetik baximdan deyil, hom do qodim
zamanlardan etibaron bir ¢ox modoniyyotlordo simvolik monalar dasiyib, tobabotdo vo
kosmetologiyada genis istifado olunub. Azorbaycanda yerli ohali bitkini “otirsah giili” adi ilo
tantyaraq onu sevgi vo xiisusi rogbatlo uzun illordir yetigdirir. Cigoklorinin xos atirli olmasi, miixtolif
novlorinin yayilmasi vo uzun omiirlii bitki olaraq yetisdirilmasi otirsaha olan marag1 daha da artirir.

otirsah (lat. Geranium) — bitkilor alominin otirsah¢icoklilor dostasinin atirsahkimilor fasilosino
aid bitki cinsidir. Respublikamizda osason bazok bitkisi kimi sevilir vo becarilir. Bitki tizorindo
apardigimiz arasdirmalar onu gdostarir ki, atirsah bitkisi Avropaya XVII asrin ovvallorindo gatirilorak
becorilib, lakin vatoni Conubi Afrikadir. G6zal otiro malik otirsah bitkisinin diinyada 400-don ¢ox
novii molumdur. Novlorinin ¢ox olmasina baxmayaraq, xosatirli “pelarqonium rozeum” ndvii daha
¢ox yayilmis névlordondir. Xalq arasinda bitki otirsah ad1 ilo taninir. Bitki haqqinda olan malumatlar
tarixi minilliklora sdykonir vo bir ¢ox qodim sivilizasiyalarin folklorunda, poeziyasinda va incosonat
osarlorinds 6z oksini tapmigdir. Holo qadim Yunanistanda Paeon adli tanrinmn adi ilo bagh olaraq bu
bitki “peoniya” kimi taninirdi vo xiisusi qoxusuna vo xiisusiyyatlorino goro dorman bitkisi kimi
istifado edilirdi. Diinyanin bir ¢ox oOlkolorinds, o ciimlodon Cin vo Yaponiyada otirsah giilii
toxunulmazlig, ugur vo var-dovlot simvolu sayilirdi. Sonralar Avropada otirsah giiliindon hom
dorman, hom do dekorativ mogsadlor iiglin istifado edilmoyo baslanildi. Ci¢oyinin zorif vo inco
qurulusda olmas1 sorq Olkalorinds bitkiys olan maragi holo do saxlamaqdadir, dekorativ vo boazok
bitkisi kimi becarilir. Azarbaycanda iso xalq arasinda gedimdon bari hayat evlarinin, park vo baglarin
ayrilmaz hissasing ¢evrilib. On genis yayilmis ndvlori Paeonia officinalis, Paeonia lactiflora, Paeonia
suffruticosa vo Paeonia tenuifolia névloridir. Ayri-ayri novlor bir-birindan ¢i¢oyinin qurulusu, rongi
vo otri ilo forqlonir. Paeonia lactiflora Asiyada, xiisuson do Cinds vo Yaponiyada genis yayilib vo
otirli, boyiik, parlaq ¢icoklori ilo segilir. Avropanin mesolik orazilorindo rast golinir. Paeonia
suffruticosa novii yarimkol soklindo bdyliyorok uzun Omiirlii bitki kimi taninir. Apardigimiz
arasdirmalar bitkinin ayri-ayr1 novlorinin soraito uygunlagsma qabiliyyatino, torpaq vo iqlim
seciciliyino goro bir-birindon forqlondiyini gdstorir. Otirsah giilii bir cox madoniyyatlords sevgi, siilh,
tomizlik vo var-dévlot simvolu olaraq gostarilir. Cindo imperator saraylarinda, Yaponiyada incosonot
osarlorinds vo poeziyada tarix boyu xiisusi yer tutub. Bir ¢ox qorb 6lkolorinds yaz foslini, tomizliyi
va ailo doyoarlorinin romzi kimi qabul olunur.

Azorbaycanda da bitkiyo olan maraq holo do 6z aktualligini saxlayir. Respublikamizin bir ¢ox
rayon vo kondlorinds yerli ohali bitkini seva-sevo ¢6l vo otaq soraitinds becarir. Zariflik, incalik vo
tomizlik simvolu kimi sevilmakdadir. Park vo xiyabanlarda, bagcalarda otirsah bitkisinin miixtalif
novlarinin rangbarang ¢igakloring géra bazak bitkisi kimi genis istifads olunur.

Acgar sozlar: gatran, efir yagi, selik, asi maddoasi, ekstrakt, heranin, fenolkarbon
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Biological Characteristics, Cultivation and Importance
of the Artichoke Plant

Abstract

Among the plants growing in the fertile lands of Azerbaijan, geranium is one of the potted plants
that is distinguished by its rare delicate flowers, beauty, and unique fragrant scent, and is grown with
great enthusiasm by our mothers and grandmothers in our homes. This plant is not only aesthetically
pleasing, but has also carried symbolic meanings in many cultures since ancient times, and has been
widely used in medicine and cosmetology. In Azerbaijan, the local population knows the plant as
"Atirshah rose" and has been cultivating it with love and special affection for many years. The
pleasant fragrance of its flowers, the spread of various species, and its cultivation as a long-lived plant
further increase interest in geraniums. Geranium (Latin Geranium) is a genus of plants belonging to
the Geranium family of the Geraniumaceae order of the plant kingdom. In our republic, it is mainly
loved and cultivated as an ornamental plant. Our research on the plant shows that the geranium plant
was brought to Europe and cultivated at the beginning of the 17th century, but its homeland is South
Africa. There are over 400 species of the fragrant geranium plant known worldwide. Despite the large
number of species, the fragrant "Pelargonium roseum" is the most common. The plant is popularly
known as geranium. Information about the plant dates back thousands of years and has been reflected
in the folklore, poetry, and artwork of many ancient civilizations. In ancient Greece, the plant was
known as "peony" after the god Paecon, and was used as a medicinal plant due to its special scent and
properties. In many countries around the world, including China and Japan, the geranium flower was
considered a symbol of immunity, success, and wealth.

Later, geraniums began to be used in Europe for both medicinal and decorative purposes. The
delicate and delicate structure of their flowers still maintains interest in the plant in Eastern countries,
where it is cultivated as a decorative and ornamental plant. In Azerbaijan, it has become an integral
part of courtyards, parks, and gardens among the people since ancient times. The most widespread
species are Paeonia officinalis, Paeonia lactiflora, Paeonia suffruticosa, and Paeonia tenuifolia.
Different species differ in the structure, color, and fragrance of their flowers. Paeonia lactiflora is
widespread in Asia, especially in China and Japan, and is distinguished by its fragrant, large, bright
flowers. It is found in the forested areas of Europe. The species Paconia suffruticosa grows as a semi-
shrub and is known as a long-lived plant. Our research shows that different species of the plant differ
in their ability to adapt to conditions, soil and climate selectivity. The Atirshah flower is seen as a
symbol of love, peace, purity and wealth in many cultures. It has occupied a special place in imperial
palaces in China, in works of art and poetry in Japan throughout history.

In many Western countries, it is considered a symbol of spring, purity and family values. Interest
in the plant is still relevant in Azerbaijan. In many regions and villages of our republic, the local
population eagerly cultivates the plant in open ground and indoors. It is loved as a symbol of elegance,
delicacy and purity. In parks and alleys, various species of geranium are widely used as an ornamental
plant due to their colorful flowers.

Keywords: tar, essential oil, slimy, vaccine, extract, herein, phenolcarbon
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Giris

Otirsah Avropaya XVII osrin axirlarinda dekorativ bitki kimi gotirildiyi dovrdon insanlar
torofindon xiisusi diggat calb edib. Oziinomoxsus zarif, uzun saplaqgli, kenarlari iss ¢ox boliimlii vo
disli, tizori ¢coxlu sayda tiikciiklorlo doludur. Govdasine nozar salsaq gorarik ki, eynon yarpaqlardaki
kimi tiikliidiir. Tiklor ¢cox hiiceyralordon toskil olunmusdur vo igarisi bitkiyos moxsus efir yaglart ilo
doludur. Govdonin sonunda basciq ¢icok qrupu yerlosir. Novlorindon asili olaraq ¢ohrayi, ag,
bondvsoyi va s. ¢igaklori olur. Cigakloari ikicinslidir, toxum omalo gotirmir. Mohz bu xiisusiyyatini
nozoro alaraq golomlo c¢oxaldilir. Miitoxassislor torafindon dyronilon zaman molum olmusdur ki,
bitkinin votoni Pireney yarimadasi vo Kanar adalaridir. Bitkinin yarpaqlarinda vo cavan budaglarinda
3%-o godor efir yaglar var. Otirsahda askarlanan efir yagmin torkibindo 67 aktiv birlosmo askar
edilmigdir, sitrenellol 26,7%, geraniol 13,4 % toskil edir. Bitkido olan efir yaginin torkibindo 55% -o
gador sitrenelol vardir, bundan basqa, kimyavi torkibinds heranin act maddossi, as1 maddslori, gotran,
selik var. Bildiyimiz kimi, efir yaglar1 diinyanin miixtalif 6lkalorinds tobabotds, otriyyat vo yeyinti
saholorindo genis istifado edilir. Fransa, Ispaniya, Italiya, Conubi Amerika vo s. 6lkolordo tarla
soraitinda becarilir. Giilii, yarpaqlar1 vo kokii ¢cox xeyirlidir. Otirsahin yarpaqlarini olimizds ozdikds
bitkiyo moxsus xosagolon otir qalir, limon, alma vo nanonin birgo otrini xatirladir. Ondan alinan efir
yaglar1 aromaterapiyada genis istifads edilir (Chen vo Wong, 2021). Qeyd etmak lazimdir ki, bitki
saxlanilan evda giliva, gona, bit, bira vo s. hosoratlar olmur. Otirsah qulaq iltihabi, loringit, qan
dovraninin stimullagdirilmasi, iirok ritmi vo lirak azalslorinin isinin tonzimlonmasi, basagrist zamani
c¢ox faydalidir. Bilokdo arterial damar {iizorino otirsah yarpagi qoymagqla arterial tozyiqi
normallasdirmaq miimkiindiir. Yarpaqlarindan hazirlanan molhom zdkom, Oskiirok, angina vo
soyuqdoymonin miialicesinda miisbot tasir gostorir (Ibaduilayeva va Cafarli, 2007; Ibaduilayeva vo
Olokbarov, 2013). Bitkinin torkibinds olan efir yagina goro otaq soraitinds saxlanilmast xos aura
yaradir, havani tonzimloayir, otaq havasini oksigenls zonginlosdirir. Onun yarpaqlariin domlonilmasi
tirok-damar xostaliklorinin miialicasinds genis istifads olunur. Tokca yarpagi deyil, ¢igayi da bir sira
xastoliklor zamani miialicovi tosir gostorir (Conson vo Smith, 2019). Cigoyindon alinan yag agardici
vo tonuslandirict tosiro malikdir. Biitiin dori ndvlorino ¢ox yaxsi tosir gostorir, iz dorisindo gan
dovranmi yaxsilagdirir vo dorinin rongini soffaflasdirir. Yerlogdiyi miihitin havasini mikroblardan
tomizlomak xiisusiyyatino malikdir (Garcia-Rodriguez vo b., 2018). Umumi orqanizma tonuslasdirici
tosir gostorir, zororli maddolori vo slaklari tomizloyir, limfa sisteminin isino osash tosir edir vo
antiselliilit tosiro malikdir. Bitkinin yaginin tosiredici qoxusunun olmasi emosional voziyyoto
sakitlagdirici tasir gostorir, oshval-ruhiyyoni yaxsilasdirir. Yorgunlugu va asab gorginliyini gotiiriir,
depressiyadan ¢ixmaga yardimgi olur, aqli vo fiziki aktivliyi yiiksaldir, sakitlosdirici tesir effektino
malikdir. Otirgah bitkisindon alds edilmis efir yagi usaqlar {i¢iin xiisusi sakitlosdirici preparatlarin
almmasinda istifado edilir, yaxs1 tosir gostorir, yuxu rejimini tonzimloyir. Biitiin bu ytiksok
keyfiyyatlorin olmasi bitkinin asrlor boyu nonoslorimiz torafindon dibgok bitkisi kimi yetigdirilmasina
sabab olub (Vorontsov, 2005).

Kimyovi torkibino goldikdo iso ¢ox zongindir. Bitkinin xeyirli xiisusiyyotlori osason onun
yarpaqlarinin torkibinds ¢oxlu migdarda efir yaglarinin olmasidir ki, onlar miialicovi tosir gostorirlor.
Bu tok yarpaqlara aid deyil, bu bitkinin ham kokii, hom giilii, hom ds yarpaqlar ¢ox xeyirli sayilir.
Bitkinin kokiiniin torkibinds fenollar, yuxari yasil hissosinde miixtalif fenol birlogsmalori, saxaroza,
kraxmal vo hemiselliilloza vardir. Yaxsi inkisaf etmis bitkinin yarpaq vo govdesindo fenolkarbon
tursulari, vitaminlor, ellagotaninlor, flavonoidlor, pigment, efir yaglar1 vo karbohidratlar tistlinliik
toskil edir (Thompson vo Brown, 2017).

Bitkinin zongin torkibo malik olmasi ona olan maragi daha da artirir. Torkibinds antiseptik,
agrikosici, sidikqovucu, bakteresid, antivirus, qankosici vo sokor aleyhina tosirloro malik maddslor
ustiinliik togkil edir. ©tirsah — qan axminmi stimullagdirir, iirok ritmi vo iirok ozslosinin isini
normallasdirir, bas agrisinda komok edir (Maznev, 2009). Bitkinin yeni dorilmis yarpagini biloyin
izorine qoymagqla arterial tozyiqi normallagdirmaq miimkiindiir. Stirsah bitkisi moda-bagirsaq trakti,
qaraciyar vo bdyrayin isini nizama salir. Boyrok vo 6d kisesindo problemi olan insanlar bitki
ekstraktindan istifads eda bilor. Otirsah — hamginin, zokom, dskiirak, angina va soyuqdoyma iiciin sla
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vasito sayilir. Bu moagsadls cavan yarpaglar gaynadilaraq onlardan mohlul diizaldilir vo agiz boslugu,
yuxari tonafiis yollar1 o mohlulla qar-qara edilir. Otirsahin yarpagi biikiilorok agriyan nahiyoyo
yerlosdirildikdo miialicovi tosir gostorir. Osrin avvallorindo dis agridigi zaman disin {izorino
goyularaq agrikosici xiisusiyyati oldugu askar edilmisdi, bu iso bitkinin torkibindos olan bioloji aktiv
maddolorin va efir yaglarinin olmasi ilo baghdir. Xirda dogranmis yarpaqlardan kompreslor soklindo
istifads etdikdo osteoxondroz vo radikulito do komok edir (Damirov vo Prilipko, 1988).

Dorman mogsadi ilo bitkinin ¢i¢ak agmis uc hissalari istifads edilir. Yay aylarinda toplanaraq efir
yag1 alds etmok {iciin su buxari lisulu ilo xammaldan maye halinda ¢ox atirli qoxuya malik olan efir
yag1 oldo edilir. Torkib baximindan gerannol va sitronellol spirtlori iistiinlik togkil edir. Bitkiyo yaxs1
qullug olunduqgda il boyu 3-4 doafs gigayi, yarpagi, gdvdasi toplanaraq efir yagi alds etmok olur. Efir
yaglari su buxari ils distilads ayrilan izvi birlogsmalordir, iizvi halledicilords asanligla hall olur. Digor
yaglardan forqli olaraq efir yaglari uducu olmasi vo koskin iylori ilo forqlonirlor. Efir yaglarini
bitkilordon, onlarin ¢igoklorindon algaq temperaturda qaynayan holledicilorlo ekstraksiya etmoklo vo
ya enfleraj iisulu ilo ayrilirlar. Inkisaf etdiyi erazinin hiindiirliiyiinden vo iqliminden asil1 olaraq efir
yaglarmin miqdan bitkilordo dayisir. Isti vo quru orazilords yayilmus bitkilor efir yaglar ilo daha
zongin olurlar. Efir yaglar1 bitkilorin xiisusi iivlerinda: vozli tiikkciiklorinds vo pulcuglarinda amals
golir. Bunlar otriyyatda, aczacgiliqda, yeyinti sonayesindo va s. igladilir. Efir yaglar (yunan dilindo
aether — efir, zorif, ugucu material, otrafi biirliyon) ugucu yagabonzor maye olub, osason terpenoid vo
ya aromatik tobiatli otirli tizvi maddoslor garisigindan ibaratdir. Efir yaglari ugucu xassoyo malikdir.
Umumilikdo torkibinds efir yag1 olan bitkilorin 2000-don goxunun kimyavi torkibi miitoxossislor
torofindon miioyyon edilmisdir vo onlardan 1000-ds forqli maddslorin oldugu askarlanmisdir. Efir
yaglari bitkilori zorarvericilordon vo hosoratlardan qoruyaraq miihafizo edir, bu vo ya digor zadolordo
yarasagaldici tosir gostarir, ¢igoklorin torkibindo olmagqla xos iyi ilo tozlayici-hagoratlar: colb edir vo
naticads tozlanma bas verir. Diinyada 3000-don artiq efir yagh bitki var vo bunlardan yalniz 150-200
novii sanaye miqyasinda shomiyyat kasb edir (Arinshtein vo b., 2000).

Holo orta asrlordon baslayaraq bir ¢ox bitkilordon — qizilgiil, dofnas, nans vo s. efir yagi almaq
ticlin istifado olunurdu. Efir yagh bitkilor asrlor boyu becorilmis vo onlardan bir ¢ox xastoliklorin
miialicesinda istifado edilmisdir. Azorbaycanda da efir yaglari insanlar iiclin “tabii antibiotik”
monboyi hesab olunaraq, xostoliklorin miialicosinds istifado olunur vo asagidaki xostoliklorin
miialicosinda genis totbiq edilir: koskin virus infeksiyalarinda, yuxusuzluq vo yuxu ilo bagl digor
problemlordo, xroniki stress vo ya hoyoacanda, ozalo agrisinda, oynaqlarda bas veron agrilar zamant,
hozm pozgunluglarinda, sopki va dori problemlorinds va s. (Lee vo Park, 2020). Bitkilorin torkibin-
doki efir yaglar: domloma, bisirma, y1ginti, sarbat va s. sokilda istifads olunur. Hor il diinyada 30000-
4000 t efir yagi istehsal edilir (Williams vo Davis, 2022). Efir yaglar1 ugucudur, su buxarlari ilo yaxsi
govulur, bitki xammalindan tizvi holledicilorlo yaxsi ¢ixir. Onlar bitkilorin otirli iyini miioyyonlosdirir
vo ona gors do parflimeriyada vo kosmetikada genis istifado olunur. Bitkilorin miixtalif orqanlarinda
efir yaglari ciizi miqdardan tutmus, 10-15%-0 gqodor vo bazon daha ¢ox ola bilir. Bitkinin ndviinden
asili olaraq efir yaglar1 miixtolif orqanlarda: ¢icok, yarpaq, meyvo, toxum, iynayarpaqlarda vo s.
toplana bilir. Efir yaglar ilo, xlisuson dodaqgicoyikimilar, ¢atirgigokkimilor, ¢ilpaqtoxumlular vo di-
gor fosilalorin bitkilori zongindir. Otirsah reyhan, nana, koklikotu, evkalipt, cirs, ziro, qaraqiniq, kes-
nis, sliyiid, razyana, cofori, koroviz, pisikotu, yovsan, badronc, adagayi, cobanyastigi, sam, qizilgiil,
lavanda va s. bitkilorin torkibindo kifayat qodor efir yagi vardir (Pasyuta vo Svetkova, 2006).

Tadgiqat

otirsah (lat. Geranium) — otirsahg¢icoklilor (Geraniaceae) fosilosino aid coxillik, homiso cavan
koldur. Bir ¢cox ndvloari tibbdo vo kulinariyada istifads edilir. Otirsah bitkisi iki osas qrupa boliiniir:
yumsagq atirsah vo orazi otirsahi. Orazi otirsahi iri ¢igoklora vo zolaql yarpaqlara malikdir, yumsaq
otirsah iso yigcam formali vo xirda ¢igoklorlo ortiilii olur. Stirsah bitkisini yetisdirmok vo qulluq
etmok ¢ox asandir. Bitkinin yaxsi isiqlandirma vo bol suvarmaya ehtiyaci var, otirsah bitkisi istonilon
tip torpaqda bitir, lakin drenajli torpaqlarda okilmasi daha uygundur. Eyvanlarin, baglarin, homginin
dekorativ bozok bitkisi kimi otaqlarin bazadilmasi iigiin istifado edilir. Apardigimiz miisahido vo
arasdirmalardan belo naticoya golmak olar ki, otirsah bitkisi ¢igoklorinin miixtslif rongdo olmasi vo
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g6z3l otro malik olmas1 baximindan evlorimizi, baglarimizi bazomak ii¢lin ¢ox mogsods uygundur
(Saakov, 1985).

Sokil. Otirsah Geranium bitkisi

Bu bitki tokco hoyatimizi gozollogdirmoklo deyil, homginin 6ziiniin yliksok miialicovi chomiyyati
ilo dos insanlarin saglamligi kesiyinds dura bilor.

Respublikamizda otirsah bitkisi bazok bitkisi olaraq otaq soraitinds becarilir. Bitkinin becorilmasi
¢ox asan oldugundan, cavan zoglarindan hazirlanan qolomlorin hom sitilliklorde, hom do agiq
saholordo okininin aparilmasi moagsadouygundur. Bundan basqa, ¢oxalmani biitiin il boyu apara
bilorik. Temperatur 17-21C° oldugda golomlor asanligla 12-20 giin orzindo ciicarti verir. Yaz
aylarinda da bitkini asanligla ¢oxaltmaq olur. Cavan zoglar1 bitki izorindon kasib gétiirdiikdon sonra
siiso qabin icarisindo su olave edorok 14-25 giin saxlamagqla rahat vo asan yolla coxalda bilorik. Istor
istixana, istor a¢iq hava, istorso do otaq soraitindo golomlor az forqlo (14-16 giin) kok vermoyo
baslayir. Qalomlor torpaga okildikdon 21 giin sonra inkisaf edir vo tops tumurcuglari omolo golir.
Bitkinin gévdasi 1m-a godor uzanir. Temperatur, riitubat vo bitkinin inkisafi {i¢ilin is1q (giinos siiasi)
gostaricisi normal olduqda, otirsah kolunun asas gévdasi 70 sm-o qodor boyiiyiir, cotiri iso 40 sm-9
godor boy atir. Yumsaq qidali torpaqda otirsah bitkisi yaxsi inkisaf edir, daima ¢igok agir. 9gor
yuxarida gostordiyimiz kimi temperatur vo isiqlanma olarsa, ilin hor foslindo bitkinin ¢igoklori
gb6ziimiizii vo konliimiizii oxsayar. Okinin hansi iisulla aparilmasindan asili olmayaraq, 110-135
gilindon sonra ilk ¢igoklor agmaga baslayir. Bizim {i¢iin bitkini ¢oxaltmagin asan iisulu cavan zoglarin
sliso gabla {lizorini Ortorok yetisdirmokdir. Okin iigiin torpagi qum va torfla qarisdirdiq. Kosilmis
golomlori homin torpaga okdikdon sonra iizorini siiso qabla ortiiriik, 6-8 giin sonra 23-25 C°
temperatur olduqda bitki inkisaf etmoys baslayir. Bundan sonra sliso qab1 gotiiriiriik, 12-15 giinden
sonra okdiyimiz cavan zoglarm inkisaf etdiyini gormok miimkiindiir. {1k inkisaf dévrii basladigdan
sonra okilmis golomlordon yuxariya dogru boyiima baslayir. Bir miiddatdon sonra bitkinin uc hissosini
kosirik ki, kollanma aktiv getsin. Mart ayimin sonu, aprel aymin avvali cavan bitkilori uygun yers
koctira bilarik. Yaxsi qullug olunduqda astirsah bitkisi biitiin il boyu ¢igak agir.

Natico

Otirsah bitkisinin arasdirmasindan belo naticoya golmok olur ki, tokco bozok bitkisi deyil,
torkibinds efir yaglarinin olmasi baximindan bitkini miixtalif sahalords istifado etmok olar. Osas
moqgsadimiz efir yagi ilo zongin olan atirsah bitkisinin kimyavi torkibini arasdirmaq vo ¢coxaltmaqdir.
Otirsah bitkisi respublikamizda otaq bitkisi kimi yetisdirilir. Homg¢inin, sohorimizin park vo baglarini
rongarang ¢i¢oklori ilo bazayir. Bitkini hom istixanada, hom do otaq soraitindo, eyni il tarla soraitindo
asanligla coxaltmagq olar: 1.Tacriibomiz zamani bizo malum oldu ki, bitkini golom vasitasils istonilon
soraitdo ¢oxaltmaq miimkiindiir; 2.0taq soraitindo golomlori suda saxlamaqla daha rahat artirmaq
olur, istonilon sahoyo kociirdiikdo bitki siirotlo boyliyiir; 3.9gor okin tarla soraitindo aparilirsa,
golomlorin aprel aymin ilk giinlorinds okilmasi mogsadouygundur; 4.Istixana soraitindo otirsah
bitkisini ¢oxlu sayda artirmaq miimkiindiir. Bunun {igiin golomlori fevral ayinin sonu, mart ayinin
avvallorinds ana bitkidon kasib gotiirdiik. Havanin temperatur gostoricisi 14-19C° olduqda agiq
saholora kdgiiriilmosini nozords tuturuq. Istixana soraitinds atirsah bitkisini il boyu artirmaq daha
perspektivlidir. Bitkinin torkibindo geraniol va sitronellolun, heranin as1 maddesinin olmasi
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respublikamiz {i¢iin qiymsotli bitki xammal monboyi olduguna osas verir. Dekorativ goriiniisii
rongarongliyi, uzundmdiirliilliiyli, iqlim soraitimizo uygun oldugundan asanliqla ¢oxaldilmasi
baglarda, parklarda, ictimai yerlordo vo otaq soraitindo mogsodo uygundur; 5.Otirsah bitkisini
Azorbaycanin biitiin rayonlarinda becormok miimkiindiir. Bitkinin ¢i¢oklori, yarpaqlar1 vo gdvdosi
dorman ohamiyyatlidir. Bu iso bitkidon alinan ekstraktdan miixtalif preparatlarin alinmasina yol agir.
Bitkini yeni sahoalords becormok mogsods uygundur.
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Lonkaran-Astara bolgasinda iqlim dayismolorinin torpaq ortiiyiiniin
vertikal zonalligina tasiri

Xiilasa

Lonkoran-Astara bolgosi Azorbaycanin conub-sorqindo, Xozor donizi sahilindon Talis daglarinin
zirvalorinadak uzanan arazini ohats edir. Bu todqiqat iqlim doyigmalorinin bdlgods torpaq Ortiiyiiniin
vertikal zonalligina tosirini Oyronmok mogsadi dasiyir. Todqiqatda 1980-2025-cii illoro aid
meteoroloji molumatlar, miixtalif dovrlorin torpaq xoritalori vo ¢dl tadqigatlart zamani toplanmis
torpaq niimunalorinin laborator analizlori istifado edilmisdir. Noticolor gostorir ki, son 44 ildo bolgado
orta illik temperatur 1.2-1.6°C artmis, yagintilar 8-14% azalmis, quraqliq dovrlori tezlogsmisdir. Bu
doyisikliklor torpaq qursaqglarinin sorhodlorinin 80-150 metr yuxari ¢okilmasino, humus qatinin 15-
25% incolmosine, humusun miqdarimin 22-35% azalmasina sobab olmusdur. Asagi qursaqda
torpaqlarin soranlagsmasi, orta vo yuxari qursaqlarda iso eroziya proseslori intensivlogmisdir.
Torpaqlarin miinbitliyinin azalmas1 bolgonin kond tasarriifati potensialina vo ekoloji tarazligina ciddi
tohliiko yaradir.
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Impact of Climate Change on the Vertical Zonation of Soil Cover in the
Lankaran-Astara Region

Abstract

The Lankaran-Astara region is located in the southeast of Azerbaijan, stretching from the Caspian
Sea coast to the peaks of the Talysh Mountains. This study aims to investigate the impact of climate
change on the vertical zonation of soil cover in the region. Meteorological data from 1980 to 2025,
soil maps from different periods, and soil samples collected during field studies were used for the
analysis. The results indicate that over the last 44 years, the average annual temperature in the region
has increased by 1.2-1.6°C, precipitation has decreased by 8-14%, and periods of drought have
become more frequent. These changes have caused the boundaries of soil horizons to shift upward by
80-150 meters, the humus layer to thin by 15-25%, and humus content to decrease by 22-35%. Soil
salinization has intensified in the lower zone, while erosion processes have become more pronounced
in the middle and upper zones. The decline in soil fertility poses a serious threat to the agricultural
potential and ecological balance of the region.

Keywords: Lankaran-Astara, climate change, vertical zonation, soil cover, degradation, erosion
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Giris

Lonkoran-Astara bolgosi Azorbaycan Respublikasinin conub-sorq hissosinds yerlosorak, Xozor
donizinin conub-qarb sahillorindon baglayib Talis daglarmin yiiksok zirvalorinadok uzanan genis bir
orazini ohato edir. Inzibati baximdan bu region Lonkoran, Astara, Lerik, Yardimhi vo qismon
Colilabad rayonlarini birloesdirir vo dlkenin on forqli tobii-cografi rayonlarindan biri hesab olunur.
Bolgonin cografi movqgeyi, miirokkob relyefi, iqlim miixtolifliyi vo zongin bitki Ortiiyli burada
miixtolif torpaq tiplorinin formalasmasina, eloco do onlarin vertikal zonalliq ganunauygunlugu iizro
paylanmasma sorait yaratmisdir (Mommaodov, 2018; Babayev vo b., 2015).

Geomorfoloji baximdan Lonkoran-Astara bolgosi ti¢ osas hissoyo ayrilir: Xozor donizi sahilboyu
diizonliyi, dagotoyi zonalar vo Talis dagliq sistemi. Sahilboyu diizonlik doniz soviyyasindon toxminon
28 metr asagidan baslayaraq todricon yiiksalir vo dagotoyi saholors kegir. Talis daglari iso miirokkob
oroqrafik qurulusa malik olub, Talis, Pestosor vo Burovar silsilolorindon ibaratdir. Bu sistemin on
yliksok ndqtasi 2492 metr hiindiirlitlys malik Komiirgdy zirvesidir (Budaqov va Sliyev, 2015).

Regionun iqlim soraiti torpaq amologolmo proseslorindo miihiim rol oynayir. Lonkoran-Astara
bolgosi riitubatli subtropik iqlim tipi ilo xarakterizo olunur. Illik yagmtinin miqdar1 sahilboyu
orazilordo 600—800 mm oldugu halda, dagliq zonalarda 1200—1600 mm-o goadar yiiksalir. Orta illik
temperatur iso diizonliklords 14—15°C, dagliq arazilords iso 5-10°C intervalinda doayisir (Hiiseynov,
2017; IPCC, 2021).

Bolgoado torpaq Ortliyliniin vertikal zonallig1 aydin sokildo miisahido olunur vo bu, asas tobii
ganunauygunluglardan biri kimi ¢ix1s edir. Asag1 hiindiirliiklordo (0—200 m) subtropik sar1 torpaglar,
orta qursaqda (200—600 m) sari-podzollu vo dag-meso sar1 torpaqglari, daha yiiksok sahoalords (600—
1600 m) dag-meso qonur torpaqlar iistiinliik toskil edir. 1600 metrdon yuxari arazilordo iso subalp vo
alp qursaqlarma moxsus dag-comon torpaglar1 yayilmisdir (Ismayilov va Quliyev, 2012; Salayeyv,
2014).

Iqlim dayisikliklori torpaq xiisusiyyatlorine birbasa tosir gostorir. Temperaturun yiiksolmasi {izvi
maddslorin pargalanmasini siirotlondirir, yagintilarin azalmasi vo quraqliq dovrlorinin uzanmasi iso
torpagin riitubat rejimini pozaraq deqradasiya proseslorini giiclondirir (Lal, 2004).

Todqgiqatin osas mogsoadi son 40 il orzindo Lonkoran-Astara bolgosindo bas veron iqlim
doyisikliklorinin torpaq Ortiiyiiniin vertikal zonalli§ina tasirini kompleks sokilds tohlil etmokdir. Bu
car¢ivodo miixtalif hiindiirliik qursaqlarinda formalagmis torpaglarin morfoloji, fiziki, kimyovi vo
bioloji xiisusiyyatlorindoki doyisikliklor miisyyonlosdirilir, homginin, torpaq qursaqlarmin
sorhadlorinds bas veran yerdoyigsmalor kamiyyat vo keyfiyyat gostaricilori asasinda qiymatlondirilir.

Material va Metodlar. Toadqiqatin obyekti Lonkoran-Astara fiziki-cografi rayonunda doniz
saviyyosindan -28 m-don baslayaraq toxminon 2400 m yiiksoklikloradok yayilan torpaq oOrtiiyli vo
onun vertikal zonalliq xiisusiyyatloridir. Todqiqat arazisi 38°24' simal enliyi vo 48°36' sorq uzunlugu
koordinatlar1 daxilindo yerlosir. Meteoroloji molumatlar Azorbaycan Respublikasi Ekologiya vo
Tobii Sorvotlor Nazirliyinin Hidrometeorologiya Xidmotindon oldo edilmis vo Lonkoran, Astara,
Lerik vo Yardimli meteoroloji stansiyalarinin 1980-2024-cii illori ohato edon uzunmiiddotli
miisahidalorine asaslanmigdir. Toplanmis molumatlara ayliq vo illik orta temperatur gostoricilori,
ekstremal temperatur doyorlori (maksimum vo minimum), yagintinin ayliq vo illik miqdari, yagintilh
giinlorin say1, havanin nisbi riitubati vo buxarlanma gostoricilori daxildir.

Col materiallar1 2023-2025-ci illordo aparilmis ekspedisiya todqgiqatlar1 naticosinda oldo
edilmisdir. Bu todqigatlar zaman1 miixtolif hiindiirliik intervalini oshato edon saholordon (0—200 m,
200—-600 m, 600—1600 m vo 1600 m-don yuxari) torpaq niimunslori gotiiriilmiis, onlarin morfoloji
xuisusiyyatlori tosvir edilmis vo foto sonadlogmo aparilmisdir.

Col tadqigatlart marsrut tisulu asasinda hoyata kecirilmisdir. Todqigat sahosindo 5 osas marsrut
xotti miioyyan edilmis va har 50-100 m yiiksoklik forqinds torpaq keosiklori qoyulmusdur. Har bir
kasik lizro torpagin rongi, strukturu, horizontlarin qalinligi, yeni téromolor vo daxilolmalar kimi
morfoloji alamatlar otrafli sokilds tosvir edilmisdir (Zonn, 1985).

Laborator analizlor AMEA Torpagqsiinasliq vo Agqrokimya Institutunda aparilmisdir. Fiziki
gostaricilordon qranulometrik torkib (pipet tisulu), hocm ¢akisi (silindr {isulu), xiisusi ¢oki (piknometr
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tisulu) vo su kegiriciliyi miioyyon edilmisdir. Kimyovi analizlor ¢arcivasindo humusun miqdar1 (1.V.
Tyurin tsulu), imumi azot (Keldal iisulu), karbonatliliq (Seybler iisulu), udulmus osaslar (K.P.F.
Gedroyts lisulu), torpagin reaksiyast — pH (potensiometrik {isul), horakatli fosfor (B.P.Magigin iisulu),
miibadilali kalium vo mikroelementlorin miqdar1 (atom-absorbsion spektrofotometriya iisulu ilo)
toyin edilmisdir (Arinugkina, 1970).

Miiqayisoali-cografi metoddan istifado olunaraq miixtolif dovrloro aid torpaq xoritolori tohlil
edilmis, torpaq qursaqlariin sorhoadlorindo bas veron doyisikliklor, ayri-ayr torpaq tiplorinin saho
dinamikasi, homginin, eroziya vo soranlagsma proseslorinin inkisafi miioyyonlogdirilmisdir.

Cografi informasiya sistemlari (CIS) texnologiyalarindan istifads edilorak ArcGIS 10.5 va QGIS
3.16 programlarinda roqomsal hiindiirlik modeli (DEM) qurulmus, mdvcud torpaq xoritolori
roqomsallasdirilmis vo torpaq qursaqlarinin sorhadlorinds bas veran doyisikliklori oks etdiron tematik
xaritolar hazirlanmisdir.

Statistik tohlil morholosindo molumatlarin islonmosi iiglin miixtalif tsullardan — orta
komiyyatlorin hesablanmasi, korrelyasiya va reqressiya analizlori, dispersiya tohlili vo xiisusilo iqlim
gostoricilorinin - dinamikasimi qiymoatlondirmok iiglin trend analizindon istifade edilmisdir.
Hesablamalar Microsoft Excel va SPSS proqram paketlori vasitosilo aparilmigdir.

Natica

Tadqiqat zamani Lonkoran, Astara, Lerik vo Yardimli meteoroloji stansiyalarinin 1980-2025-ci
illor lizro molumatlariin tohlili gostordi ki, son 45 ildo bolgads iglim parametrlorindo ohomiyyatli
doyisikliklor bas vermisdir (Cadval 1).

Cadval 1.
Meteoroloji stansiyalar iizro orta illik temperaturun doyismasi (°C)

Meteoroloji | Hiindiirliik(m) | 1980-2000 | 2000-2023 | 2023-2025 | Artim (1980-2025)
stansiya

Lonkoran -12 14,3 15,3 15,9 +1,6
Astara =22 14,6 15,5 16,1 +1.,5
Lerik 1100 10,0 11,0 11,6 +1,6
Yardimli 720 11,7 12,5 13,0 +1,3

Aparilmis tohlillor gostorir ki, biitiin meteoroloji stansiyalar iizro orta illik temperaturun
yliksalmasi miisahida olunur. Temperatur artiminin on yiiksok tempi dagliq srazilords, xiisusilo Lerik
stansiyasinda geydo alinmisdir. Bu hal yiiksok dagliq zonalarda iqlim doyisikliklorinin daha intensiv
tozahiir etdiyini gostoran beynalxalq tadqiqatlarin naticalori ilo uygunluq toskil edir (Beniston, 2003;
Theurillat vo Guisan, 2001). Temperatur artiminin asas saboblori sirasinda atmosferds istixana qazla-
rinin migdarinin artmasi, yer sothinin albedo gostoricisinin doyigsmasi vo atmosfer sirkulyasiyasindaki
transformasiyalar xiisusi yer tutur.

Lonkoran-Astara bolgosinds temperatur artimi mdvsiimi baximdan qeyri-barabar paylanmis vo
xlisusilo yay aylarinda daha qabariq sokilde 6ziinli gostormisdir. Bels ki, iyul-avqust aylarinda orta
temperatur 1,8-2,0°C yiiksolmigdir. Bu doyisiklik istilik dalgalarmin hom tezliyinin, hom do
intensivliyinin artmasina sobab olmusdur. Son onillikdo maksimum temperaturun 35°C-don yiiksok
oldugu giinlorin say1 toxminon 2,5 dofo artmigdir. Qi movsiimiinds iso temperatur artimi nisbaton
z0if (0,8—1,0°C) olmus, bu da saxtali glinlorin sayinin azalmasina vo vegetasiya dovriiniin uzanmasina
gotirib ¢ixarmisdir.

Yaginti rejiminin tohlili iimumi azalma tendensiyasini ortaya qoyur (Cadval 2). Miixtalif
meteoroloji stansiyalar {izro illik yagintinin migdarinda forqli deracads azalma qeydo alinmisdir. Belo
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ki, Lonkoran stansiyasinda yagmtilar 12,4% (127 mm), Astara stansiyasinda 13,2% (140 mm), Lerik
stansiyasinda 10,3% (100 mm), Yardimli stansiyasinda iso 8,1% (72 mm) azalmisdir.

Cadval 2.

[llik yagintilarm miqdarinin doyismosi (mm)

Meteoroloji | 49005000 | 20002023 | 20232025 | Azalma(mm) | Azalma (%)
stansiya
Lonkoran 1025 938 898 127 12,4
Astara 1058 962 918 140 13,2
Lerik 968 896 868 100 10,3
Yardimli 890 838 818 72 8,1

Yagmtilarin azalmas1 daha c¢ox asagi hiindiirlik qursaginda, xiisusilo Lonkoran vo Astara
diizenliklorinds daha aydin sokildo miisahids edilmisdir. Bu hal regionun kond tosarriifati baximindan
xlisusi shomiyyat dasiyir, ¢linki burada becarilon subtropik bitkilor (¢cay va sitrus meyvalori) yiiksok
riitubot goraitino ehtiyac duyur.

Movsiimi bolgii baximindan yagintilarin on ciddi azalmasi yay aylarinda gqeydo alinmisdir
(Cadval 3).

Cadval 3.
Movsiimi yagintilarin doyismasi (Lonkaran stansiyasi, mm)
Dévr Q1s Yaz Yay Payiz ik
1980-2000 308 248 162 307 1025
2000-2022 294 214 112 318 938
2022-2025 282 202 98 316 898
1980-2025 -26 (-8%) -46 (-19%) -64 (-40%) +9 (+3%) -127 (-12,4%)

Bu dovrde yagintinin miqdarinin toxminan 40% azalmasi yay quraqliginin daha da giiclonmosine
sobob olmusdur. Payiz vo qis movsiimlorinds iso yagintinin imumi miqdarinda ciddi doyisikliklor
miisahido olunmasa da, onlarin diisms intensivliyindo artim qeydo alinmisdir.

Yay movsiimiindo yagmtilarin koskin azalmasi (toxminon 40%) torpaqlarin nomlik rejiming
ohomiyyatli tosir gostormisdir. Aparilmis miisahidolora asason, vegetasiya dovriindo torpagin ist
gatinda riitubot ehtiyati orta hesabla 25-30% azalmisdir. Bu hal bitkilorin su catismazhigr ilo
lizlosmasing, noticods iso mohsuldarligin asagi diismosino sobob olur. Digor torofdon, intensiv
xarakterli yagintilar sel hadisalorinin yaranmasina, torpagin miinbit iist qatinin yuyulmasina va
yargan eroziyasinin gliclonmasine sorait yaradir.

Iqlim doyisikliklorinin miithiim gdstoricilorindon biri do havanin nisbi riitubatinin azalmas1 vo
buxarlanmanin artmasidir. Son 45 il orzinds nisbi riitubstin orta hesabla 5-7% azalmasi, eyni
zamanda, buxarlanmanin 10-12% artmasi1 miisahido edilmisdir ki, bu da torpaqda riitubot
catismazligini daha da dorinlogdirir.
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Cadval 4.
Torpaq qursaqlarinin sarhadlorinds doyismolor (m)

Torpaq qursagi 1980-2000 | 2000-2023 | 2023-2025 | Sorhadin yuxariya
dogru yerdoyismosi
Subtropik sar1 torpaqlar 180-200 240-260 280-300 +100
(yuxar1 sorhad)
Sari-podzollu torpaqlar 180-200 240-260 280-300 +100
(asag1 sorhad)
Sari-podzollu torpaqlar 550-580 600-630 640-670 +90
(yuxar1 sorhad)
Dag-meso sar1 550-580 600-630 640-670 +90
torpaqlari (asag1
sorhad)
Dag-meso qonur 900-950 | 960-1000 | 1020-1060 +110
torpaqlar1 (asag1
sorhoad)
Dag-¢comon torpaqlar1 | 1500-1550 | 1560-1610 | 1620-1680 +130
(asag1 sorhad)

Cografi Informasiya Sistemlori (CIS) texnologiyalarmin totbigi ilo miixtalif dovrlors aid torpaq
xaritolorinin miiqayisali tohlili aparilmis vo noticodo son 45 il oarzindo torpaq qursaqlarinin
sorhadlorindo shomiyyatli doyisikliklorin bas verdiyi miioyyon edilmisdir (Codval 4).

Aparilmig todqiqatlar gostorir ki, subtropik sari torpaqlarin vertikal yayilma sarhodlorindo
nozorogarpacaq doyisikliklor bas vermisdir. Bu torpaqlarin yuxari sorhodi orta hesabla 100 m
ylksolmis vo hazirda doniz soviyyesindon toxminon 280—300 m hiindiirliiyodok miisahids olunur. Bu
doyisiklik asasen temperaturun artmasi ilo olaqadar olaraq istiliksevon bitkilorin vo onlara uygun
torpaq tiplorinin daha yiiksok saholora dogru yayilmasi ilo izah olunur. Naticods subtropik sar1
torpaqlarin sahasindo toxminan 12—-15% artim qeyds alinmigdir. Bununla yanasi, asag1 qursaqda,
xlisusilo Xozar donizi sahiling yaxin orazilorde soranlagsma proseslorinin giiclonmasi bu torpaqglarin
keyfiyyot gostaricilorinin pislogsmasine sobob olmusdur.

Sari-podzollu vo dag-meso sar1 torpaqglarin yayilma arealinda da miihiim doyisikliklor miisahido
edilir. Bu torpaq tipinin asagi sorhadi toxminon 100 m, yuxari sorhadi isoa 90 m ytikselmisdir.
Belolikla, onlarin timumi sahasinds 8—10% azalma qeydo alinmisdir. Asagi hissalords bu torpaqlari
subtropik sar1 torpaqlar, yuxari hissalordos iso dag-meso qonur torpaqglari ovoz etmoyo baslamisdir.

Dag-meso qonur torpaqlarinin da vertikal paylanmasinda doyisikliklor geyds alinmigdir. Onlarin
asag1 sorhadi toxminon 110 m yuxari ¢okilmis vo imumi sahasindo 12—15% azalma bas vermisdir.
Bu torpaqlarin daha yiiksok saholora sixigsmasi naticasindo dag-¢omon torpaqlarinin yayilma areali
daralmisdir. Bu proses xiisusilo conub ekspozisiyali yamaclarda daha intensiv sokildo miisahido
olunur.

Dag-¢omon torpaqlarinda iss daha kaskin dayisikliklor qeyds alinmisdir. Bu torpaqlarin asagi
sorhadi orta hesabla 130 m yiiksolmis, naticodo onlarin sahasi toxminon 20-25% azalmisdir. Subalp
vo alp comonliklorinin daralmasi biomiixtolifliyo monfi tosir gdstorir vo xiisusilo endemik bitki
novlorinin azalmasi riskini artirir.

Qeyd olunan doyisikliklor osason iqlim doyisikliklorinin tosiri ilo bitki Ortiiylinlin vertikal
zonalliginda bas veran transformasiyalarla baghdir vo bu, digor dag sistemlorindo — mosalon, Alp vo
Himalay regionlarinda aparilmis tadqiqatlarin naticalari ilo uygunluq toskil edir (Singh, 2010; Korner,
2003). Temperaturun yiiksalmasi fonunda meso bitkilori daha yiiksak hiindiirliiklors dogru yayilir,
naticadoe subalp va alp ¢omanliklarinin sahasi getdikca azalir. Bu prosesin baglangici toxminan 100—
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150 il avvals tosadiif etso do, son onilliklords, xiisusils son 40 ildo onun tempi shomiyyatli doracada
stiratlonmisdir. Movcud tendensiyalar davam edocayi toqdirds, prognozlara gora 2050-ci ilo qador
dag-coman torpaqlarinin sahasi alavo olaraq 30-35% azala bilor.

Iqlim doyisikliklori ilo bagli diger miihiim noticolordon biri do regionda eroziya proseslorinin
intensivlogmosidir (Cadval 5).

Cadvoal 5
Eroziyaya ugramis torpaqglarin sahalorinin dayismasi (min ha)
Eroziya doracasi | 1980-2000 2000-2023 2023-2025 Daylszn(‘); 8980‘
Zeif eroziyaya 28,4 34,6 38,2 +9,8 (+34,5%)
ugramis
Orta eroziyaya 16,2 22.8 26,4 +10,2 (+63,0%)
ugramis
Giclii eroziyaya 5.8 9.4 12,6 +6,8 (+117,2%)
ugramis
Comi 50,4 66,8 77,2 +26,8 (+53,2%)

Aparilmis tohlillor gostorir ki, eroziyaya moruz qalmis torpaqlarin iimumi sahasi ohomiyyatli
doracado artmisdir. Belo ki, bu gostarici 50,4 min hektardan 77,2 min hektara yiiksalmis, yoni 53,2%
artim qeydo alinmigdir. Xiisusilo giiclii eroziyaya ugramis torpaqglarin sahasindo daha koskin artim
(117,2%) miisahido olunmusdur ki, bu da torpaq ortiiyiiniin deqradasiya proseslorinin siiratlondiyini
gostorir.

Orta vo yiiksok hiindiirliik qursaqlarinda illik orta eroziya intensivliyi 5-8 t/ha toskil edir ki, bu
da torpaqomsalogalma siiratini (1-2 t/ha/il) xeyli listoloyir. Noticads har il torpagin miinbit list qatindan
toxminan 3—5 mm qalimliginda material itirilir. Bu itkilor torpagin tabii barpa imkanlarini agdig1 tigiin
deqradasiya prosesi getdikco daha da dorinlogir.

Yargan eroziyasinin inkisafinda da nezerocarpacaq artim qeyds alinmisdir. Son 40 il orzinds
yarganlarin sixlig1 toxminon 1,5 dofs artmis, onlar imumi uzunlugu iss iki dofo ¢oxalmisdir. Bu
proses xiisusilo Lerik vo Yardimli rayonlarmin dagliq orazilorinds daha intensiv xarakter almis, yeni
yarganlarin formalagmasi miisahide edilmisdir.

Bununla yanasi, asag1 hiindiirliik qursaginda soranlagma proseslori do giiclonmisdir (Codval 6).
Soranlagmis torpaqlarin sahasi toxminon 2,5 dofo artaraq 21,6 min hektara ¢atmigdir.

Cadval 6.
Soranlagmis torpaqlarin sahalorinin doyismasi (min ha)

Soranlasma 1980-2000 2000-2023 2023-2025 Doyismao
doaracasi (1980-2025)
Zsif soranlasmis 4,6 7,2 9.4 +4,8 (+104,3%)
Orta soranlagmis 2,4 4,8 6,6 +4,2 (+175,0%)
Giicli 1,2 2,4 3.8 +2,6 (+216,7%)
soranlasmis
Sorakot 0,6 1,2 1,8 +1,2 (+200,0%)
torpaglar
Comi 8,8 15,6 21,6 +12,8 (+145,5%)
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Soranlagmanin asas soboblori iqlimin quraqlasmasi (buxarlanmanin artmasi, yagintilarin
azalmasi), Xozor donizinin soviyyosinin doyismosi vo suvarma rejiminin pozulmasidir. Xozor
donizinin saviyyasinin galxmasi naticasinds sahilboyu arazilords yeralt1 sularin soviyyasi yiiksolmis,
onlarin minerallasma doracasi artmigdir. Bu da torpaqlarin soranlasmasini siirotlondirmisdir.

Yekun notico. Lonkoran-Astara bolgasindo son 45 ildo (1980-2025) iglim doyigsmolari torpaq
Ortiiyliniin vertikal zonalligina ciddi tosir gostormisdir. Orta illik temperatur 1,3-1,6°C artmus,
yagintilar 8-13% (72-140 mm) azalmis, yay aylarinda iss yagintilar 40% kaskin diismiisdiir. Torpaq
qursaqlarinin sarhadlori 100-130 metr yuxariya dogru siirlismiisdiir. Subtropik sar1 torpaqglarin sahosi
artsa da (12-15%), sari-podzollu (8-10%), dag-meso qonur (12-15%) vo xiisusilo dag-comon
torpaqlar1 (20-25%) shamiyyatli doracads azalmisdir. Eroziyaya ugramis torpaqlari sahasi 53,2%
artaraq 77,2 min hektara catmis, giiclii eroziyaya ugramis torpaqlar 117% ¢oxalmisdir. Soranlagmis
torpaqlarm sahasi 2,5 dofo artaraq 21,6 min hektara yiiksolmisdir. Iqlim doyismalorinin mévcud tempi
davam edorso, regionun ekosistemlorino vo kond tosorriifatina tohliikke artacaqdir. Torpaqlarin
miihafizosi, eroziyaya qarsi miibarizo, suvarma sistemlorinin tokmillosdirilmasi vo iglim
doyismolarine adaptasiya todbirlorinin hayata kegirilmasi vacibdir.
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Polinomial dastalords bas operatorun spektrinin ixtiyari yerlosmasi
Xiilasa

Elmi is, polinomial operator dostolorindo bas operatorun spektrinin ixtiyari yerlogsmosi
probleminin tadqiqine hasr olunmusdur. Operator dastalorinin spektral nozariyyasi funksional analiz
vo riyazi fizikanin mithiim sahslorindon biri olub, diferensial vo inteqral tonliklorin hallinds genis
totbiq olunur. Operatorun spektri onun moxsusi qiymatlorindon ibarat olub, operatorun struktur vo
dinamik x{isusiyyatlorini miioyyon edon asas anlayislardan biridir.

Isdo polinomial operator dostolori ii¢iin spektral xiisusiyyotlor arasdirilmis, bas operatorun
spektrinin kompleks miistovido ixtiyari sokildo yerlogsmaosi iiclin kafi sortlor miioyyon edilmisdir.
Todqiqat zamani operator dostolorinin spektral xassolori, moxsusi qiymot vo moxsusi vektorlarin
davranisi, homginin, spektral ayrilis vo spektral parametrdon asililiq masalolori yranilmisdir.

Aragdirmada gostorilmisdir ki, miioyyon sortlor daxilindo polinomial operator dostolorinin spektri
kompleks miistovido ovvolcadon verilmis g¢oxluqlarda yerlosdirilo bilor. Bu naticalor operator
doastolorinin spektral nazariyyasinin inkisafina tohfo vermoklo yanasi, diferensial operatorlarin vo
riyazi fizika modellorinin spektral analizindo do miihiim rol oynayir. Spektral problemlor ham diiz,
hom dao tors spektral masalalorin dyronilmasinds asas metodoloji baza rolunu oynayir.

Alinmis naticalor operator nozoriyyesi, diferensial tonliklor nozoriyyasi vo riyazi fizikanin
miixtalif problemlarinin hallinds tatbiq oluna bilar.
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operator nazariyyasi
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Abstract

Scientific work is devoted to the study of the arbitrary placement of the spectrum of the leading
operator in polynomial operator pencils. The spectral theory of operator pencils is one of the important
areas of functional analysis and has wide applications in the theory of differential equations and
mathematical physics. The spectrum of an operator, which consists of its eigenvalues, is one of the
fundamental concepts determining the structural and dynamic properties of operators.
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In this work, the spectral properties of polynomial operator pencils are investigated and sufficient
conditions for the arbitrary placement of the spectrum of the leading operator in the complex plane
are established. The study examines the behavior of eigenvalues and eigenvectors, spectral
decomposition, and the dependence of spectral characteristics on parameters within operator pencils.

It is shown that under certain conditions the spectrum of polynomial operator pencils can be
located in previously specified subsets of the complex plane. The obtained results contribute to the
development of spectral theory of operator pencils and can also be applied in the spectral analysis of
differential operators and various models of mathematical physics.

The results obtained in this research may be used in operator theory, the theory of differential
equations, and in solving various problems arising in mathematical physics.

Keywords: polynomial operator pencil, leading operator, spectrum, spectral analysis,
eigenvalues, operator theory

Giris

Operatorun spektri anlayisi, operatorun moxsusi qiymatlorini vo onlarin yerlogsma xiisusiyyotlorini
ohato edir. Spektrin kompleks miistovido yerlogsmosi operator dostolorinin davranigini, sabitliyini vo
hallorin strukturunu miioyyan edon asas amillordondir. Buna gora do bas operatorun spektrinin ixtiyari
sokilda yerlogsmasi probleminin dyronilmasi spektral nozariyyonin mithiim masalalorindon biri hesab
olunur. Operator dastolorinin spektral nozoriyyasi funksional analiz vo riyazi fizikanin miihiim
saholorindon biri olub, diferensial vo inteqral tonliklorin hoallindo genis totbiq olunur. Operatorun
spektri onun moxsusi qiymatlorindon ibarat olub, operatorun struktur vo dinamik xiisusiyyatlorini
miloyyon edon oasas anlayislardan biridir. Bu masalo ilo baghh miioyyon arasdirmalar aparilmis
(Dzhabarzade, 1964; Dzhabarzade, 2004; Dzhabarzade, 1999; Dzhabarzade vo Salmanova, 2015;
Gasymov, 1971; Keldysh, 1971; Salmanova, 2010), ciddi elmi noticolor (Dzhabarzade, 1998;
Dzhabarzade, 1999; Gasymov, 1972; Salmanova, 2010; Salmanova, 2009) olds edilmisdir.

Tadqgiqat

Seperabel Hilbert H fozasinda

L(A)=A +2AB+ X 4,B* +.. .+ X" 4,_ B +A'B" (1)

operator dostosino baxilir. Burada, A,- , B operatorlart H, A € C fazasinda tosir edir vo tamamilo
kosilmoz operatorlardir.
(1) dostasinin A’ moxsusi giymatino uygun olan 6z-6ziino qosma moxsusi vektorlarin kanonik

sistemi dedikdo, asagidaki xassalori olan (Zl-(k)): R k = 1,2,... elementlor sistemi basa diistiliir:

. 0 . e
a) Zék) elementlori, M (/1 ) moxsusi altfozanin bazisini yaradir;

b) Zél) - tortibi, maksimum P, +1 olan moxsusi vektordur;

(k) (1 (k-1

C) Z, = Z, seeesZ, " vektorlarr ilo xotti ifado olunmayan va tortiblori comi maksimum p, +1

olan moxsusi vektordur;

(s)

d) (Zi( >)l_:1 i (k = 1,2,...) sistemindon gotiiriilmiis xotti asili olmayan Zé”,...,ZO

elementlori,
hor bir geyd olunmus k, kK =1,2,...,s qiymotlordo 6z-6ziino qosma vektorlarin zoncirini omola
gotirir. p, + p, +...+ p. +1 comino, A’ moxsusi odadinin tortibi deyilir.

Tutaq ki, B normal operatordur, KerB ={0}. B operatorunun xarakteristik ododlorinin

(moxsusi adadlora tors olan odadlor) modulunun artan ardicilligmi g4, ils isars edok. B operatorunun
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xarakteristik odadlorinin, modulun artimma uygun olan moxsusi vektorlarin tortibino uygun
nomrolondiyini qabul edak.

Tamamilo kosilmoz normal B operatoru vo p > Ooldugda B7alt operatoru iigiin
N 0 e G i9,
B’ f = ; pj’.’e” ( f P, )(Dj basa diigiiliir. Burada, {(0]_ }j_l - B operatorunun/'Lj =pe ,

(‘9,- <27 ) moxsusi qiymatlorine uygun olan moxsusi vektorlarinin ortanormal ardicilligidir.

Teorem 1. Tutaq ki, asagidaki sortlordon he¢ olmasa biri 6danilir:

P
HD0<p<2 hm ku,? =0, AiB_ P operatorlari mohduddur.
k—o
p
2)0< p<l, hm ki, 2 <o, AiB_ P operatorlari tamam kasilmozdir.
k—o0

Onda (1) dostesinin miixtalif moxsusi qiymatlorini {2.” }?o ardicilliginda elo yerlosdirmak olar

ki, hor hansi artan natural ododlor ardicilligr vo f;, e R, sortini 6doyon fl""’ f

n—1
elementlori li¢lin

f=3% m"z_]SZa(")Z(k)

=0\ #=7-1 5=0 r=0 5"

boraborliyi var, burada p Sy -miixtolif moxsusi funksiyalarin sayi, m P Zy, moxsusi

funksiyasinin qathgidir. {Z(()];,)C } - A, moxsusi adaodine uygun kanonik sistemdir.

_P
Isbati. Jim k,uk 2 =0 sorti gostorir ki, elo s x hatural ododlor ardicilligr vardir ki,
k—

1-P

s S Iu[ 2
hm—k =0 6donilir. Gostorak ki, hm—k =0 sortindon th — 0 alinir. Dogurdan

koo P koo L k—o0 By

2 2
. P yd P
da,wiagki, 12 |\ — 42 = max | 43 - ﬂ, (o =0),

O<i<sp—1
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/utk +1 1
H,. . H 2
Ap =p  —p . Beloki, —“" —>00 onda lim —* =2 Bellikl,
k k k l,l k—)OO £ p
178 ﬂ 2 1
tp + 1
P
2
Hi,
/utk +1
1 wy 2ty !
S S
0« ’; > k =— —= k > Atk
P P P L L P
2 o2 g2 2 2 p 2 P
Hg, k| i1 — M Hip 1~ Hi, E_IA Hi 41 1
Hi, | p
2
Hi,
-2
2
_ o My 3 o
alnir. Axiriner ifadodan iss |im =0 oldugu alnir. Ogor teorem 1- b) sorti ddonilorsa,
k— All’l[k
) g . .
yani ]im —, <  olarsa, onda asagidak: qiymatlori alariq:
k—o 5
a4 »
s s 1 2 U’
0 > —£- > . = = ] e :
7 5o Yo 5 p Au
/Jsk Sk /th,{ﬂ _ﬂzk lthkJrl _/thk g—l /'l,kﬂ ‘i
M A -1
0>

. M
Bu iso o demokdir ki, [ijm —— < 0.
k— Aﬂtk

Tutaq ki, X - L(l) operatorunun moxsusi vektorudur, onda asagidaki boraborliklor sistemi

Odoninlir:
x,=Ax,+Ax +Ax,+..+ A4 x  +AB x |
x, = ABx,
X, = ABx, 2)
X  =ABx |,
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H fozasmm 7 sayda tokrarim diiz comindo, yoni, ]_{ fozasinda (2) sistemi
x=Ax+ ABx (3)

tonliyinin kémokliyi ilo yazilir, 4 vo B operatorlari iso operator matrislorin kdmoyi ilo verilir:

A A A .. A O 0 0 B

0 E 0 0 B 0 0 0

=10 o E 0. |’ B=l0 B 0 .. 0

o 0 0 .. E 0O 0 0 .B 0
/'ltk+/'ltk+l

FK gapali konturlara baxaq. Bunlar, O, = (k = 1,2,...) radiuslu ¢evralordir. Belo

ki, B operatoru, hor bir ker B = {9} liclin tamamils kasilmaz normal operatordur. Onda onun

moxsusi vo qosulmus vektorlar sistemi /4 fozasinin bazisini yaradr. ker B = {(9} sortindon alinir
ki, KerB= {(9} Oksini forz edok: tutaq ki, KerB# {19} Onda elo sifirdan forqli

xX=(x,%,,..,X ) € H element varki, Bx = {6} olur. Bu halda, heg olmasa bir sifirdan farqli

x, € H,1<i<n element iigin Bx =0 boraborliyi ddonmolidir. Bu iso miimkiin deyildir,
ciinki KerB = {6}
sarting ziddir. (3) tonliyine

0 B' 0 .. 0
0 0 B' .. 0
B={0 0 0 .. 0
. B

B 0 0 0

normal operatoru ilo tasir edak B operatorunun moxsusi qiymatlori teoremin sortlorini 6doyir
—-1— —-1
vo KerB = {19} Indi B — B A operatoruna baxaq, burada B, asili olmayan (bas) hisse
e
B A 189, B operatorundan asilt olan hissadir.

Asagidaki borabarlik dogrudur

(B -8 4-1E) =(8"-4E) (E-B"4(8" - 1E) )
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Buradan, alinir:

EIZ(El — ﬂ,E)lz(El Z)(Eil)p—l (E’l)lfp (Efl —ﬂ,E)il

A7
<[ A max
A=A

\7971(791 ~JE|

Tutaq ki, teoremin a) sorti 6donilir. ‘ ,1‘ > ‘ ,1‘ oldugda Fk (i S Fk) konturlarinda aliriq:

Ap, Au,
1 ‘ﬂl‘ M, + +(M“i‘_‘ﬂ")<'utk + 7 +qﬂ“i‘_‘ﬂ")<2ﬂ:"” 2
B - r r - P - —+ o
M‘f‘p V’i - ﬂ“‘ V’z‘ - ﬂHﬂf‘ M’i‘ V’i - ﬂ“‘ H, A= ﬂ“ AV
Beloliklo, [,| > |4| vo Ael, k=1.2,...0lduqda

1 _ Al L2
M’i‘p_]‘ﬂ‘i _ﬂ" M’i _ﬂ" A'utk

borabarsizliyi 6danilir. Ogor 1 < p< 2 olarsa, onda biitiin Ae rk qiymotlari tigiin asagidaki
ifado dogrudur:

1 < 1
A A=A R A=Al

burada A, -kompleks adaddir vo modulu Mi ‘ -9 borabordir.

Indi - — 1fadasinin an boyiik qiymatini tapaq. Bunun liglin — — 1fadosi ilo

A-4l Al a-2
b
x’”(w —x)’

S (x) funksiyasi, X, noqtesindo dziiniin on kig¢ik qiymotini alir. Biitiin k -lar iigin & =1-don

tist-listo diison f (X) = (,ul <x< H, ) funksiyasina baxaq. Burada, X = Vu‘

baslayaraq asagidaki ifado 6donilir:

k

M S X Sp—_lwﬁy

I
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Onda | Y, p— ‘/1‘ parcasinda funksiya azalir, parcasinda iso artir. Belo

Tk

1 _ 21"
w (A -u ) Au,

fuw)=

9

1
w2 =) Je)=

I-p

Bu zaman 1 < p < 2 oldugda E_IZ(E_I — iE) H <a, ,0< p<l
H,o A,
e v (1w
oldugda iso || B A(B —ZE) H <a, — +—— (ﬂ« el ) aling. &, &, adadlori k
lthk Aﬂtk
-dan asili deyildir. Naticads alirig ki, 0 < p < 2 olduqda alariq:
i = =\ 1 o 1
‘B A(B —/1E) H<a p+ﬂ’k +— |, (1el), @)
M Apoou,
1 . —\u _
P=-1{(8'-2E)ar. P :——j(B ~B'4-E) da.
2721 T m iy

operatorlarini1 gotiirok. Burada, Pk - B operatorunun biitiin moxsusi giymatlorino uygun
_ _ N
moxsusi altfozasma ortoqonal proyeksiyalanmisdir, Pi-isos B —B A operatorunun biitiin
maxsusi qiymatlarine uygun koklii altfozasina ortoqonal proyeksiyalanmisdir.

(8'-4E) -(3'-B 4-1E) -
(' -22) -(5'-22)[E-3 48" - 1E) ) B

l— | —

(B lE)_B A(B /1E)_ (E-B A(B -AE)")’

l —  —— —

(1)-o goroa aliriq ki, ogor k — o olarsa, onda olar.

k

—-1
B operatorunun moxsusi altfozalarin1i ortoqonal comino otroqonal proyektoruQ
—_—_1—

B -B 4 operatorunun koklii altfozalarinin diiz comina ortoqonal olan proyektoru 1S9 Q , 1o

<1 olsun.

isara edok. Onda hor zaman elo rk konturlar ardicillig1 g6tiirmak olar ki,

— -]

Basqa sozlo, B -B 4 operatorunun kok vektorlar s1stem1 H fozasinda altfozalardan ibarot Bari
——
bazisi omala gotirir. Bu iso o demokdir ki, teorem, B -B 4 operatoru ii¢iin dogrudur. Yoni, isbat
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etdikki, B -8B A operatorunun moxsusi qiymatlorini {ﬂ,n }:o ardicilliginda elo yerlosdirmok olar

0

ki, har hansi {I/lj }jzl R (I’lo = 1)artan natural adadlor ardicilligi iigiin

R =G (4 )o.eG 1)

A+AB n

altfozalar ardicilligt ﬁ fozasinda Bari bazisi miioyyon edir.

-1 == _ _ _
Teoremin B —B A operatoru iiciin dogrulugu, onun 4 + AB — A E.operatoru iigiin do
Odanildiyini gostarir.

(1) boraborliklor sistemindon alinir ki, A+AB—-AE operatorunun /10 moxsusi qiymating

uygun olan x=(x0,xl,...,xm) moxsusi vektorunun birinci koordinati, L(ﬂ)

operatorunun hamin moaxsusi qiymatine uygun olan X, moxsusi vektoru ilo Ust-listo diisiir.

Onda ixtiyari Y = (yo seees Vo ) S DB" element {igiin

@)
— ) n—=1 m—1p,—1 — (k)
— (k)
y - Z(k ™ a.\',r ys,r,ij’

=1

(k)

S, r

ayrilisinin monasi vardir. Burada, ) = = (yéi),r , yl('z)r ,...,yiﬂ’s,r ) € H vektoru, ﬂ,k moxsusi

—(k)
ododino uygun olan ), . moxsusi vektora S -inci qosulmus vektordur.

Natico

Isdo operator dostolorindo bas operatorun spektrinin yerlosmosi mosalosi arasdirilmis vo onun asas
spektral xiisusiyyotlori dyronilmisdir. Homginin, operator dostolorinin spektral nozoriyyasine aid asas
anlayislar tohlil edilmis, bas operatorun spektrinin kompleks miistovida yerlogsmasini miioyyan edon
sartlor nozordon kecirilmisdir. Bu naticalor operator dastalorinin spektral nozariyyosinin inkisafina
tohfs vermokls yanasi, diferensial operatorlarin va riyazi fizika modellorinin spektral analizinde do
mithiim rol oynayir. Spektral problemlor hom diiz, hom da tors spektral masalolorin dyronilmasindo
asas metodoloji baza rolunu oynayir.

Alinmis noticolor operator nozoriyyosi, diferensial tonliklor nozoriyyoesi vo riyazi fizikanin
miixtalif problemlorinin hallinds totbiq oluna bilor.
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Siini intellekt vo masin 6yronmasindd funksiyalarin rolu: nazari ssaslar
v tatbiqlar

Xiilasa

Miiasir siini intellekt (SI) sistemlorinin oksor osas komponentlorinin tomolindo riyazi funksiya
anlayisi dayanir. Neyron sobokolorinin geyri-xotti qabiliyystini tomin edon aktivlesdirmo
funksiyalarindan tutmus, optimallasdirmanin hadofini miioyyon edon itki funksiyalarina qador har bir
arxitektura qorar1 funksional se¢imdon ibaratdir.

Bu mogqalode funksiya anlayisinin tarixi inkisafi, riyazi tomoli, eloco do miiasir derin dyronma,
transformerlor, diffuziya modellori vo kvant masin 0yronmasindoki konkret totbiglori sistemli sokildo
arasdirilir. Arasdirma gostorir ki, funksiyanin xassolori — xtisusilo diferensialliq, geyri-xattilik vo
hesabi effektivlik — birbasa modelin Oyronmo keyfiyyotini miioyyon edir. Aktivlosdirmo
funksiyasinin se¢imi neyron gobokosinin Oyronma siiroting tosir edir, itki funksiyasi1 dyronmonin
riyazi moqsadini gostorir vo qradiyent hesabi iso toromo anlayigina asaslanir.

Acar sozlar: funksiya, aktivlasdirmoa funksiyasi, masin 6yranmasi, siini intellekt, neyron sabakasi,
itki funksiyasi, optimallagdirma, transformer, diffuziya modeli
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The Role of Functions in Artificial Intelligence and Machine Learning:
Theoretical Foundations and Applications

Abstract

The concept of mathematical function underlies every core component of modern artificial
intelligence (AI) systems. From activation functions that enable nonlinear capability in neural
networks to loss functions that define the objective of optimization, every architectural decision
amounts to a functional choice. This paper systematically examines the historical development of the
function concept, its mathematical foundations, and its concrete applications in deep learning,
transformer architectures, diffusion models, and quantum machine learning.

The research demonstrates that the properties of functions — particularly differentiability,
nonlinearity, and computational efficiency — directly determine the quality of model learning. The
choice of activation function affects the learning rate of a neural network, the loss function defines
the mathematical objective of learning, and the gradient computation is based on the concept of
derivatives.

Keywords: function, activation function, machine learning, artificial intelligence, neural network,
loss function, optimization, transformer, diffusion model
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Giris

Siini intellekt (SI) kompiiterloro vo masmlara insan kimi diisiinmo, dyronmo vo qorar vermo
gabiliyyotini qazandirmaga yonolmis bir elmi sahodir. Onun miixtolif alt saholori var: masin
Oyronmaosi, dorin dyronma, tobii dilin islonmasi vo gdriintii tanima.

1943-cii ildo U.Mak-Kallok vo U.Pitts 6z maqalalorinds siini neyron sistemi anlayigini toklif
etdilor. D.Xebb 1949-cu ildo “Davranig Orqanizasiyas1” osorindo neyronlarin Syronilmasinin
osaslarini gostordi. Bu fikirlori amerikan neyrofizioloq Frenk Rozenblatt inkisaf etdirorok insan
davraniglarin1 modellasdiron mexanizm yaratdi vo onu “Perseptron” adlandird:.

Siini intellekt insan beyninin koqgnitiv funksiyalarinin dyranildiyi, masin vo sistemdo tokrarlandigi
kompiiter elmi sahosidir. O, rogomsal texnologiyalar1 idars etmok, boylik molumatlar osasinda soffaf
vo doqiq gorar gobul etmok iiciin qurulur.

Masin dyronmasi modelinin 6zayi iso funksiyalardir: modelin daxilindon kegon har bir malumat
parcas1 miixtolif funksiyalar ardicil totbiqi ilo gevrilir, xatalanir, diizaldilir vo nahayat, prognoza
cevrilir. Siini intellekt vo masin 6yronmasinds funksiyalar, hom nozari tomoal, hom do praktik totbiglor
ticlin morkozi anlayigdir; aslindo biitiin modellor “funksiya se¢imi vo qurulmasi” otrafinda formalagir.

Tadgiqat

Istonilon neyron sobokasinin osas moqgsadi qeyri-xatti ayrilmayan giris molumatlarini xotti ayrila
bilon miicorrad xiisusiyyotloro c¢evirmokdir. Qatlar xotti vo qeyri-xotti funksiyalarin
kombinasiyasindan ibaratdir (Dubey vo b., 2022, s.95). On populyar geyri-xotti qatlar aktivasiya
funksiyalaridir: Logistik Sigmoid, Tanh, ReLU, ELU, Swish vo Mish. Neyron sobokalorinin
ugurunun osas sortlorindon biri modelo geyri-xottiliyi gotiron uygun aktivasiya funksiyasinin
secilmasidir. Son otuz ilds adobiyyatda 400-don ¢ox aktivasiya funksiyasi toklif edilmisdir (Kunc vo
Kléma, 2024).

ReLU (Rectified Linear Unit) bu giiniin aparic1 aktivasiya funksiyasidir. ReLU son illords boyiik
populyarliq gazanmis, onun effektivliyi vo sadoliyi onu dorin yronma ictimaiyyaotinds iistlin standart
aktivasiya funksiyasina ¢evirmisdir (Zhang vo b., 2024, s. 2). Neyron sabokalori miirokkob niimunals-
ri Oyronmak vo modellosdirmak {i¢iin geyri-xattiliyi models daxil edon aktivasiya funksiyalarina
boylik etibar gostorir. Todqgiqatlar ReLU, Sigmoid, Tanh, Leaky ReLU, ELU vo Swish funksiyalarini
daqiqlik, 6yronmao siirati kimi asas gostaricilor lizro miiqayiss edir (Agarwal, 2024, s. 11).

Zorar funksiyasi modelin no qodor yanlis proqnoz verdiyini riyazi olaraq dlgiir. Oyronma
prosesinin biitiin montiqini bu funksiya miioyyon edir:

e Orta Kvadratik Sohv (MSE): L = (1/n)-X(y; — §i)* — reqressiya tapsiriqlarinda

e Carpaz-Entropiya: L = —Xyi-log(yi) — klassifikasiya tapsiriqlarinda

SI sistemlorinin islomo prinsipi miixtalif alqoritmlor v statistik modellor iizorinde qurulmusdur.
On ¢ox istifado olunan metodlardan biri masin dyronmosidir ki, bu da verilon molumatlar asasinda
sistemlorin O6zlorini tokbasina inkisaf etdirmosino imkan verir.

Optimallagsdirma funksiyalar1 zorori azaltmagq iigiin modelin agirliqlarini dofalorls yeniloyir. Osas
prinsip qradiyent enisidir:

Sakil 1. Aktivlasdirma Funksiyalan: Miqayissli Gastarici

Sigmaid ve RelU GELU v Leaky RelU Softmax: Logitierden Ehtimala
0 07

% 3 2 a1 o 1 2 31 a4

Wi+l = W — 1 - VL(Wt)

Burada n 6yronmas siiratidir (learning rate). Bu prosesin miixtalif variantlart mévcuddur: SGD
(Stokastik Qradiyent Enisi), Adam, RMSprop. Dorin neyron soboko metodlart boyiikk hocmdo
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verilonlar tolob edir; bazon daha sads klassik metodlar totbiq etmok lazim golir, ¢ilinki dorin neyron
sabokalori homiso komok eds bilmirlor (AZORTAC, 2021).

Reqularlagsma, modelin yalniz 6yronmo moalumatina deyil, yeni molumatlara da uygunlagsmasini
tomin edir. L1, L2 normlar1 vo Dropout mexanizmi bu magsadls istifads olunur.

Masin Oyronmoasi miixtalif sahoalordo prognozlasdirici modellor iiglin asas rol oynayir. Darin
Oyronmo iso daha miirokkob verilonlor {izorindo niimunslori agkar etmok iigiin istifado olunur —
xlisuson sas tanima vo goriintli analizlori sahasinda genis totbiq tapir. NLP kompiiterlors insan dilini
basa diismok vo cavablandirmaq imkani1 verir. CNN arxitekturasinda aktivasiya funksiyasinin se¢imi
sobakonin effektivliyina birbasa tosir edir. Todqiqatlar gdstarir ki, miixtalif aktivasiya funksiyalar
doqiqlik, konvergensiya siirati vo tosnifat etimadi gostaricilorini ohamiyyatli doracads forqlondire
bilir (Emanuel va b., 2024, s. 293).

Siini intellekt masin dyronmoni 6zilinds bir alt saha kimi birlosdirir vo bu ¢or¢ivodo funksiyalar
tokco statistik modellordo deyil, hom do montiqi qayda sistemlorindo, ekspert sistemlorindo vo
planlasdirma alqoritmlorindo istifade olunur. Klassik Si-do mantiqi ¢ixaris qaydalari da “funksiya”
kimi igloyir: verilmis bilik bazasindan yeni faktlar ¢ixaran xoritalondirmoadir. Miiasir SI sistemlori cox
vaxt hibriddir: masin dyronmo funksiyalari (neyron sobokslor) iistiindo olave qorar vo idareetmo
funksiyalar1 (masalon, qayda asasli modul) isloyir (Unite.Al n.d.).

Mosalon, spam filtr sistemi e-pogtun motnini giris vektoru kimi alir vo bir funksiya vasitosilo
“spam” vo ya “normal” etiketi prognozlasdirir; tolim zamani1 bu funksiyanin parametrlori kegmis
etiketli e-pogtlar osasinda optimallagdirilir. Bu sado misalda belo, hom model funksiyasi, hom itki
funksiyasi, hom do gorar funksiyasi (masolon, ehtimal > 0.5 iso “spam”) eyni vaxtda miihiim rol
oynay1r (Metsis, 2006, s. 7).

Spam filtr sistemlori masin dyronmasinin klassik totbiq niimunssidir. E-pog¢t motni giris vektoru
kimi gobul edilir vo model funksiyasi vasitasilo “spam” va ya “normal” etiketi proqnozlasdirilir; tolim
zamani parametrlor etiketli molumatlarla optimallasdirilir (Graham, 2002).

Model funksiyasi. E-poct matni sdz-tezliklori vo ya TF-IDF vektoru kimi x goklinds tosvir olunur.
Model funksiyast f(x) = P(spam | x) ehtimalin1 hesablayir — mosolon, logistik reqressiya

ilo f(x) =c(w-x+b), buradac(z) = o
ke¢mis spam/normal e-pogtlara uygunlasdirilir (Bishop, 2006, s. 212).

sigmoid funksiyasidir. Tolimdo bu w vo b doyarlori

Itki (zorar) funksiyasi. Modelin diizgiinlityiinii 6l¢mok {iciin cross-entropy itki funksiyast istifada
olunur:

1
L=-5Xlog () + (1 —y)log(1—3)]

Burada y real etiket (1=spam, O=normal), § = f (x) prognoz ehtimalidir (Géron, 2019, s. 112).
Qoarar funksiyasi. Proqnoz ehtimalindan qorar ¢ixmagq ii¢iin threshold funksiyasi totbiq edilir:

N spam, ogory > 0.5
9(9) = {normal, digor hallarda
Tam proses sxemi
Komponent Funksiya Rol
Giris x(matn vektoru) E-poct tasviri
Model f(x) =o(wx + D) Spam ehtimali
Itki Cross-entropy L Optimallagdirma
Qorar g@) > 0.5 Etiket prognozu
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Bu niimunads ii¢ funksiya sinxron isloyir: model proqnoz verir, itki keyfiyyati dlgiir, qorar
horokoto ¢evirir. Praktikada Bayesian filtr vo ya dorin neyron sobokalor (LSTM) daha miirokkob
funksiyalar totbiq edir, lakin prinsip eynidir.

Aktivasiya Zaraer funksiyasi Optimallagdirma
ReLU, Sigmoid, Tanh MSE, Cross-Entropy SGD, Adam, RMSprop
Neyron sabaka Qradiyent enisi Reqularlagma
Gizli qatlar, agirhiglar dL/dw > agirliq yenilonir 11,12, Dropout
Klassifikasiya Regressiya NLP Gorinti tanima
Softmax, Sigmoid Xatti, MSE zarori Embedding, Attention Conv, Pooling
9sas riyazi formullar
RelU Sigmoid Softmax
f(x) = max(0, x) (x) =1/(1+e) exi [ sexi

Model Cixist (Prognoz)
¥ = f(W-X +b)

Sakil 2. Siini intellekt vo masin 6yronmasinds funksiyalarin qarsiliqli olagosi

Natica

Siini intellektin bugiinkii totbiglorinds aparict komponent kimi masin dyronmasi metodlari ¢ixis
edir. Hazirda siini intellekt miirokkab texnoloji va proqram hallari kompleksina ¢evrilib va bir ¢ox
sahado insanin intellektual faaliyyotini {istoloyan naticalor aldo etmoyo imkan verir. Funksiyalar —
aktivasiya, zoror, optimallasdirma vo reqularlasma — masin dyronmosi sistemlorinin dord osas
stitununu toskil edir.

Bu funksiyalarin diizgiin se¢ilmosi modelin hom dyronma siiratini, hom doqiqliyini, hom do
{imumilosma qabiliyyatini birbasa miioyyan edir. Todqigat vo inkisaf islorindo “Siini intellekt” iki qola
boliiniir: “tatbiq olunan SI” xiisusi tapsirig1 insan tofokkiiriiniin toqlidi hesabma yerino yetiron
sistemlor; “Umumilosdirilmis SI” iso masmin zokasmni istonilon isdo he¢ bir ovvalcadon
programlagdirma olmadan bir insan kimi inkisaf etdirmokdir. Galacok perspektivlor baximindan
aktivasiya funksiyalar1 sahasindoki tadqiqatlarin miqyas: artmaqdadir — son onillikde 400-don ¢ox
yeni funksiya toklif edilmisdir, bu da sahonin na qodor dinamik inkisaf etdiyini gostorir. Funksiyalarin
secimi vo optimallasdiriimas1 bundan sonra da Si todqiqatlariin morkozinda qalacaqdir.

Sahonin agiq problemlorindon biri daha interpretasiya olunan aktivlesdirmo funksiyalarinin
islonib hazirlanmasidir: boyiik dil modellori hazirda “qara qutu” kimi faaliyyat gdstorir. Digor aktual
istigamot enerji effektivliyidir: milyardlarla parametri hesablayan neyron sobokolorinin enerji
istehlaki ekoloji baximdan ciddi narahatliq yaradir; hesabi cohotdon daha yiingiil, lakin eyni deracado
giiclii funksional alternativlor axtarisi davam edir.
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Coxbucaqllar iizrs sarhad inteqral tonliklorinin halli ii¢ciin eksponensial
yigilma iisulu

Xiilaso

Isdo Laplas operatoru {iciin qoyulmus daxili Dirixle mosolosindon golon potensiallar
nozariyyasinin sarhad inteqral tonliyi vo sonlu sayda kiinc ndqtalori olan oblastlarda miistovi elastiklik
nozoriyyasinin birinci sarhad masalasi ligiin sorhad inteqral tonliklor sistemi nozordon kegirilir. Sads
birlosmis ¢oxbucaqlilarin sarhadlari olan ayrilar lizra bu tip inteqral tonliklorin niivelorinin toromaelori
vo hollori iiglin qiymotlondirmolor alinmis vo eyni kvadratur diisturlar ailosinin istifadoasine
osaslanaraq ododi holl metodu qurulmusdur. istifade olunan kvadratur diisturun diiyiinlorinin sayma
goro metodun eksponensial yaxinlagma siiroti verilmisdir.
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Exponential Accumulation Method for Solving Boundary Integral
Equations Over Polygons

Abstract

The boundary integral equation of potential theory is considered for the interior Dirichlet problem
for the Laplace operator and a system of boundary integral equations for the first boundary value
problem of plane elasticity theory in domains with a finite number of corner points. Estimates are
given for the derivatives of the kernels and solutions of these types of integral equations on curves
that are the boundaries of simply connected polygons, and a numerical solution method is constructed
based on the use of the same family of composite quadrature formulas. The exponential rate of
convergence of the method with respect to the number of nodes of the quadrature formula used is
proven.

Keywords: integral, equation, polygons, exponential accumulation method

Giris
Cotin formali sahalords elliptik tip sorhod masalslorinin adadi hall tisullarindan biri sarhad inteqral
tonliklor metodudur. Sorhad inteqral tonliklori sorti olaraq iki sinfo boliine bilor: Birbasa tonliklor,
burada namslum funksiyalar masalonin mozmunlu formulyasiya baximimdan manalidir.
Dolayi tonliklor (daha ¢ox potensial nozoriyyasinin inteqral tonliklori kimi taninir), burada asas
mosalonin holli kdmokg¢i funksiyalar vasitosilo inteqral hesablamalarla tapilir. Sorhod inteqral
tonliklorinin adadi hollinda, hom klassik kvadratur metodunda, hom do sarhad elementlori metodunda,

geydsimmetrik dolu matrislordon ibarat xatti tonliklor sistemlorini hall etmak lazim golir (Babushka,
Guo, Stefan, 1990; Parton, Perlin, 1977; Chendler, 1986).
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Hesablama xorclorini azaltmagq {i¢iin iki yanagma totbiq oluna bilor: Kvadratur diiyiinlori vo ya sorhad
elementlori elo se¢ilir ki, toxmini sistemin matrisi ya birbasa metodlarla siiratli holl olunacaq formada
olsun, ya da holls tez yaxinlasan iterativ proses effektiv qurulsun.

Tadgiqat

Bu mogqalodo arasdirilan yanasma iso sistemin Olglisiinii azaltmaqla yanasi, toxmini hollin
doqiqliyini artirmaqdan ibaratdir.

Ogor sahonin sorhodi bucaqli noqtolordon ibarotdirse, toxmini xotti sistemin qurulmasi xeyli
¢atinlogir, ¢linki miivafiq inteqral tonliklor zoif sokildo toklik dasiyan olur. Belo saholords, bozi
birbasa sorhod inteqral tonliklori li¢lin sorhad elementlorinin xiisusi se¢imi hesabina sorbostlik
doracalorinin sayina nisbaton eksponensial yaxinlasma siiratini tomin etmok miimkiindiir. ikinci név
potensial nozariyyasi inteqral tonliklorinin odadi hollinds sorhad elementlori metodundan daha praktik
olaraq sado tlisul kvadratur metodudur (Kress, 1990; Maz'ya vo Solov'ev, 1998). Standart yanasma
torkib kvadratur formulasinin qurulmasindan ibaratdir; burada elementar pargalar bucaqli néqtolors
yaxinlasdigca sixlasir. Hor bir elementar parga iigiin eyni sayda diiylin istifade olunur. Bu metod
diiyiinlorin sayima gora cobran doqiqlik daracasini tomin edir.

Molumdur ki, agor sahonin sorhadi vo sorhad sortlori analitikdirss, orta diizbucaqli torkib
formulasina osaslanan metod eksponensial yaxinlagma siirotine malikdir. Bu baximdan sorhadi
bucaqli noqtolordon ibarat olan saholordo potensial nozoriyyasinin inteqral tonliklorinin kvadratur
metodu ilo eksponensial doqiqgliklo adoadi hollinin miimkiinliiyli masalasi ortaya ¢ixir. Bu notica,
sorhad tonliklorindoki inteqral toxmini {i¢lin Gauss torkib kvadratur formulalarinin istifads edilmosi
ilo oldo oluna bilor; burada elementar parcalar konturun bucaqli ndqtsloring yaxinlasdigca sixlasir vo
elementar formulalardaki diiylinlorin say1 bucaqlara yaxinlasdiqca doyisir. Belo yanagma sorbostlik
doaracalarinin sayimna nisbaton eksponensial yaxinlagsma siiratini tomin etmoyo imkan verir (Kong vo
b.,2011; Maz'ya, 1988; Khel'zing, Oiyala, 2008; Grehkhem vo Chendler, 1988).

Q c R? — sorhadi I' olan mohdud oblastdir; I' 6z-6ziinii kosmoyon qapali oyridir vo asagidaki
parametrik tosviro malikdir:

= {x =x(s) = (x1 (s), x5 (s)),se[O, T],x(0) = x(T)}. Sonraki miilahizalorda gobul edok ki,

burada I'j -bucaq noqtslori Pj va Pj+1-1 birlogdiron diizxatli parca olub (burada Po=P; qabul edilir)
0j ilo Pj bucaq ndqtesinds daxili bucagin qiymatini isara edok; bu zaman 0 < @; < 27 biitin |
ticlin bucaq noqtalori Pj ilo adadlar toplusu {sj}, j=0,...,J=0 asagidaki kimi slagolondirilir:

z(s;)=P;, j=0,...,J,
O0=sy <81 <---<sy51<s;="1T.
ovvoalds verilmis Q oblastinda Laplas operatoru {i¢lin Dirixle mosalosini nozordon kegirak:
Auyg(z) =0, =z €,
uy(z) = Fy(z), =z cT. (1)
Homginin, elastiklik nazariyyasinin birinci sarhod masalasini:

pAd + (A + p)Vdivii =0, z€Q,

ﬁ:ﬁ} zcT.

2
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oo T
Burada u”=(uj,u2)" namalum vektor-funksiyadir, A ,u — Lame sabitloridir, F=(F,F)".
Sonraki hissolordo gobul edok ki, F; i=0,1,2 funksiyalar1 I' boyunca fasilosiz vo sonsuz
diferensiallana bilondir; yalniz bucaq noqtalorinde asagidaki tip zaif tonliklors yol verilir:

(s—s)"0<8 <1 (3)

Hollin tasviri
(1) masalasinin hallini ikiqgat qat potensiali soklinds axtaracagiq:

1

0
up(z) = E/;‘I’n(y)%lﬂm y|dT,,
Y

burada ®y) — namolum sixliq funksiyasidir vo o, asagidaki sorhad inteqral tonliyinin hallidir:

1 ) i
)

(2) moasalosinin hoallini miistovi ikigat qat potensiali soklindo axtaracagiq:

i(z) = ] T,(3,,7) T(y — =) B(y) dT,

burada I'(y—x)— (2) masalosinin fundamental hallidir vo asagidaki elementlora malik matrisdir:

Lij(y — )

A+3
T ou )(65j111:1:—y|—

_ Ao (z—yi)(z; —yy)
2wp(A + 2 )

A+ 3p |z —yl

Burada Tx(0y,n") ilo timumilosdirilmis garginlik operatoru isars olunur:

2)) = 9 ()2 (WL ()
(73, 7)), = 10y 50+ A+ WD 5+ 2G5~ ()
Burada i,j=1,21 ,0ij— Kroneker simvoludur.

=

®(z) + /ifr.r(ay; i) T(y — z) ®(y) dy = 2F (z).

' (6)
y=u olduqda, (5) operatoru klassik garginlik operatoru olur.
ogor
_ st p)
X X0 ) T 3‘” 3

olarsa, Tx(dy,n") operatoruna psevdo-garginlik operatoru deyilir,
¥#xo olan biitiin hallarda (6) tonliyi hotta hamar sorhadli oblastlar {i¢iin belo sinqulyardir, ¢ilinki
onun niivasi asagidaki komponentlori ehtiva edir:

In|xz —
Js, yl,
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Burada

0s/y0 — I ayrisi lizro yyy noqtesinds toxunma toramasidir.

Sonraki hissado yalniz y=yo halin1 nozordon kecirocoyik; bu halda gostorilon sinqulyar
komponentlor aradan qalxir.

Isaro edok:

Ty, (8y, 1) = T(8, 1), :f’Xu = 3.

(4) sorhad inteqral tonliyinin vo sorhad inteqral tonliklor sisteminin ododi holli ilo bagh
masalalorin aragdirilmasina kegok:

B(z) + / T(3,,7) Iy — z) B(y) dy = 2F(z). o

3. Kvadratur metodu. Yuxarida verilmis I' oyrisinin parametrizasiyasindan istifado edorok isaro
edak:

er(s) = ®u(z(s)),  fuls) = 2Fu(z(s)), k=0,1,2.

Qoy t — [s;j,sj+1] pargasinin daxili néqtesi olsun, j=0,1,...,J—1

Asagidaki diisturlarla K(s,t) vo M(s,t) funksiyalarin1 miiayyon edok:

[lmi(f)(mz(ﬂ — o) — 3t (zi(s) — () 4
K(st)=1" (z1(s) = 1(t))* + (22(s) — 22(2))? ’
’ i 1 2 (t)z5(t) — 5(t)zi(2) A
2 (2y(8))” + (23(2))* ’

(z(8) — =

[K(s,t) (aﬁkf +b

k
Mi(s,t) = 1 - j (_t;l((:;
K(t,1) (aam+b(mi(t)§z+im;(t))2)’ o i
Burada
a:%’ 3’22;(\/\+—+3i)’ k=1,2.

Ikigat gat potensialmin hondosi xasselorinden belo notico ¢ixir ki, s€[0,T]\Uj=o "' olduqda
asagidaki miinasibotlor 6danilir:

fUTK(sJ)dt—L f:ﬂf[s,t)dt—(é [1})

Bu halda (4) va (7) tonliklori ekvivalent formada yazila bilor:

2¢0(5) —4—/0 K(s,t)((pn(t) — gﬂg(s)) dt = fo(s), se[0,T],
)
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Va .
25(s) + / M(s,8)(3(t) — @(s)) dt = F(s),

Burada
5= (p1,92)", f=(R)", seloT]

Bu yanasmanin asas {istlinlilyli ondan ibaratdir ki, bucaq ndqtolorina yaxin srazilordos inteqralalti
funksiyalarin hamarlig: artir.

[9,10]-dan  molumdur ki, istonilon  fasilosiz T-periodik  funksiyalar  {igiin
fk, k=0,1,2k=0,1,2 (8) vo (9) tonliklori miivafiq olaraq fasilosiz T-periodik funksiyalar vo vektor-
funksiyalar fozasinda yegana hollo malikdir.

(8) tonliyinin vo (9) sisteminin toqribi hollini imumi prinsipial sxem iizro quracagiq.
Qoy {nk}— artan sonsuz natural adodlor ardicillig1 olsun. Hesab edok ki, hor bir n=ny iigiin kvadratur
formulu qurulmusdur:

.T n
/n g(t)dt =~ 3" A" g(t!") = S.(g).
j=1
(8) vo (9) tonliklorini operator formasinda yazaq:
wo + Ko = fo, +M@=7f,
burada K vo M — agsagidaki kimi toyin olunmus xatti mohdud operatorlardir:
T
(Kwvp)(s) = vo(s) + f K(s,t)(vo(t) — vo(s)) dt
0
T
(M7©)(s) = 9(s) +f M(s,t)(3(t) — ¥(s)) dt,
0

vo bu operatorlar miivafiq olaraq fasilosiz T-periodik funksiyalar vo vektor-funksiyalar
fozalarinda toyin olunmusdur.

Daxil edilmis kvadratur formulalar1 ailosi asagidaki xotti mohdud operatorlara baxmaga imkan
verir:

(Kv0)(5) = vl )+ZA{”fs(s £") (vo(t") — wo(s)),

j=1

(M,7)(s) = B(s) + Z A M (5,5 (B(") — (s)).
Qoy @o™ funksiyasi agsagidaki xatti tonliyin halli olsun:

o) (s) + Knpl” (s) = fo(s), sc[0,T).
(10)
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(10) tonliyinin hallinin axtarig1 asagidaki xatti cobri tonliklor sisteminin halline gatirils bilor:

211)::]:21 +Z 1[1?1 t1.l1 [1?1)(;"[;?; _ {I:J!) _ I’.U(Ir[lr'l
(11)

Dogrudan da, @o,i™ = ¢po™(t{™) komiyyatlori, i = 1, ..., n ii¢iin, (10) tonliyinin istonilon ¢o™ holli
ticlin (11) sistemini ddayir. Oksina, agor ®o,i™, 1 = 1, ..., n komiyyatlor toplusu (11) sisteminin
hallidirse, onda miivafiq funksiya (10) tonliyini 6dayir.

T ] 1
ot () = (.f'“(-«-} -y AP (s f_;”J}fbc}_’_f) (9 - L ATK(s fﬁ""))

i=1 i=1 (12)
Xotti tonliyin halli ilo xatti cobri tonliklor sistemi arasinda da oxsar bir alaqo movcuddur.

—(n ; T - —(n Th T
ZU(s) + My F M (s) = f(s), B = (")), sel0T]

(13)
i 2
2(1)(1”:) + Zf,l;n] (Z ﬂ'fl.n;(ti(‘u)v f_(:tj)) (@5::), @&2 L) f U_{n]}

7=1 m=1

2
20" + Z AP (30 M0 47)) (242 — 22) = (e
et (14)

Burada i=1,...,n- dir.
¢ ™ vektor-funksiyasmim komponentlori har bir s€[0,T] ii¢iin asagidak iki xatti tonliklor sisteminin
halli kimi miioyyan edils bilar.

(2— ZAg”)ﬂ.{l_l(s,tg."")}) o™ (s (Z A(” My (s, #”’)):pg’”{s) -
=1

j=1

= fi(s) - ZA(’”(Z Mim(s. ;") 'Di,:’J)

j=1 m=1

_(Z 445”Jl‘l-1r2_1((‘>’,t;ri))) @(n) ( ZA( J'-{Z s. f(?i})> ( ){ )
= fg(( A (Z Mo m(‘: T ‘DE:J)

7= m=1

Bu sistemin holl oluna bilmoesi vo (12) tosvirinin miimkiinliiyii (Atkinson, 1997; Bremer vo
Roklin, 2010) islorindo arasdirilmigdir.

4. Xiisusi kvadratur formulasinin qurulmasi. Yuxarida tosvir olunan inteqral tonliklorin toxmini
hallorinin qurulmasi yanagmasi, baxilan har iki massls {i¢iin imumi olan torkib kvadratur formulalar
ailosi osasinda reallasdirila bilor. Golocokds (Bakhvalov, 1967) isindo oldo olunmus asagidaki
noticodan istifads edoacoyik.

Asagidaki inteqralin hesablanmasi masalosino baxaq

1
Df oft) dt,
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burada g(t) funksiyas1 (0,1] intervalinda miioyyon edilmisdir vo miioyyon bir 0<p<10 ii¢iin
asagidaki barabarsizliklori 6dayir.

d"g(t)
dtm

Burada te(0,1], n=0,1,2,... vo 0<B<10 -dir.
Ogor g funksiyasi (15) sortlorini 6doyirss, onda els bir natural Ng ododi méveuddur ki, istonilon
N>Nj natural adadi tigiin

n=n(N) sayda diiyiino malik kvadratur.

1
‘/g(f)dt —Sn(g)| <bexp(—cy/n),
0

b, ¢, c1 va c; sabitlori i1so miisbatdir vo N-in se¢imindon asili deyildir.

5. Bucaqli ndgtelorin yaxinhiginda sorhad inteqral tonliklorinin hallorinin asimptotikasi.
Yiiksok doqiqlik dorocesine malik kvadratur formullarinin qurulmasi iigiin konturun bucaql
noqtalarinin yaxmliginda (8) vo (9) inteqral tonliklorinin hallorinin davranisi hagqinda molumat tolob
olunur. Bundan sonra belo qabul edacoyik ki, fk funksiyalar, k=1,2, s€(sj,sj+1) j=1,...,J—1 olan
istonilon noqtods sonsuz dofs diferensiallana bilondir vo miisyyon bir 0<y<10 {i¢iin asagidaki
giymotlondirms dogrudur.

d" fi(s)

ds™

1
!
n!
< const ( E — ,},) .

i=0 |-'17(“=‘) - -'17(-‘5_;'+s)|
Hor bir j=0,...,JJ li¢iin elo Bij, i=0,1,2odadlorini nozars alaq ki,
Boj =m(m+ |7 — aj])

va Bi1= B2j adadi verilmis tonliyin kokiidiir.

2

A 3u ’ )
(A58} i o)) — (st e

on kicik miisbot hoqiqi hissoys malikdir. Qeyd edok ki, biitiin B;; adadlori (0.5, 1) intervalinda
yerlosir. Bu halda asagidaki notico dogrudur (Bremer vo Roklin, 2010; Kress, 1999; Chendler, 1986).

A={\;j}1=0,1,2, j=0,1,...,J adadlor ¢oxlugunu nozordon kegirok vo elo olsun ki, O<Aj <Bj

Onda elo bir ¢ (I', fo, fi, £, A) sabiti movcuddur ki, o yalniz I" oyrisinin ndviindon, fi
funksiyalarindan (k=0,1,2) vo A adadlor ¢oxlugundan asilidir va (8) va (9) tonliklorinin hallori ii¢iin
hor bir s€ [0,T] ndqtosindo asagidaki qeyri-barabarlik yerins yetirilir.

lpi(s) — wils;)| < e, fo. f1, f2,N) |z(s) — :n(ff_;')‘/\u
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Noatica

Isdo potensiallar nozoriyyoesindon istifado edorok Laplas tonliyi ii¢iin qoyulmus daxili Dirixle

sorhod masoalasindon golon inteqral tonliyin va elastiklik nozariyyasinin birinci sorhod masalosindon
golon inteqral tonliklor sisteminin halli iigiin kvadratur diisturlar tisulu verilmisdir. Homg¢inin, alinan
toqribi hallin xatasinin eksponensial yaxinlagma siiroti do verilmisdir.

10.
11.

12.

13.
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Cebisev sirasimin tatbigqi ils bir sinif sinqulyar niivali inteqral tonliyin
togribi hoallinin arasdirilmasi

Xiilaso

Isdo catlar nozoriyyasi, elastiklik nozariyyasi, elektrodinamika, aerodinamika va s. masalalorinda
genis totbiq olunan birinci ndv sinqulyar niivali inteqral tonliyin toqribi hallinin varlig1 vo yeganaliyi
gostorilmisdir. Bundan alave, bu isds ilk dofs olaraq kasik iizarinde sinqulyar tonliklorin toqribi halli
ticlin Cebisev siralarindan istifads olunan bir {isul toklif olunmusdur. Verilon bu lisulun mahiyyati
ondan ibarotdir ki, sinqulyar inteqral tonliyin holli masalosi sixligin Cebisev sirasi ilo ovoz
olunmasindan sonra verilmis hollin uygunlasma omsallar1 iizro namolum xotti cobri tonliklor
sisteminin hollino gatirilir. Homginin, baxilan birinci név sinqulyar niivali inteqral tonliyin toqribi
hollinin daqiq halls y1g1lma siirati verilmisdir vo alinan naticalarin bir ne¢a niimuno misallar tizorindo
doqiqliyi do yoxlanilmisdir.

Acar sozlar: tanlik, inteqral, sinqulyar niivali, Cebisev siralart
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Investigation of the Approximate Solution of a Class of Singular Kernel Integral
Equations Using Chebyshev Series

Abstract

In this work, the existence and uniqueness of an approximate solution of a singular kernel integral
equation of the first kind, which is widely used in problems of crack theory, elasticity theory,
electrodynamics, aerodynamics, etc., are shown. In addition, in this work, for the first time, a method
using Chebyshev series for the approximate solution of singular equations on a section is proposed.
The essence of this method is that the problem of solving a singular integral equation is reduced to
the solution of a system of unknown linear algebraic equations in terms of the adaptation coefficients
of the given solution after replacing the density with the Chebyshev series. Also, the convergence
rate of the approximate solution of the considered singular kernel integral equation of the first kind
to the exact solution is given, and the accuracy of the obtained results is also checked on several
sample examples.

Keywords: equation, integral, singular core, Chebyshev series

Giris
Bu isdo miioyyon ¢okili funksiyaya malik kasik tizorinds birinci név sinqulyar inteqral tonliklora
baxilir. Bu tip sinqulyar tonliklor ¢atlar nozoriyyesi, elastiklik nozoriyyosi, elektrodinamika,
aerodinamika vo s. moasalolords genis totbiq olunur ki, bu da onlarin halli {i¢iin adadi metodlarin
islonib hazirlanmasinin vacibliyini gostorir.
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Bu istigamatds an erkon islordon biri M.A.Lavrentyevin (Lavrentiev, 1932) isi hesab olunur; homin
isdo aerodinamikanin praktik masalasi sinqulyar inteqral tonliys gatirilir vo bels tonliklorin halli ti¢iin
odoadi metod osaslandirilir. Bu iso goro I.M.Musxelisvili 6z kitabinda yazir: “... sinqulyar inteqral
tonliklorin toqribi halli {i¢lin analitik metodlarin sonraki inkisafi, monim fikrimco, bu tonliklor
nozoriyyasinin on miithiim aktual vazifalorindon biridir” (Muskhelishvili, 1968). Sonralar sinqulyar
inteqral tonliklorin adadi halli tiglin miixtalif metodlar islonmisdir; onlardan biri S.M.Belotserkovski
torofindon toklif edilmis vo K.I.Lifanov torafindon osaslandirilmis “diskret sinqularliqlar metodu”dur
(Belotserkovski vo Lifanov, 1985; Lifanov, 1995; Besaeva vo Khubezhty, 2016; Boikov, 2004). Qeyd
olunan metod bu giins qador da taqribi hall nozariyyasinds aktual metodlardan biri olaraq qalir. Qeyd
edak ki, bu metod sonlu sayda ndqtade hallin toqribi qiymatlorini verir. Bir ¢ox hallarda iso biitiin
kasik tizro yararli olan analitik toqribi hallin alds edilmasi tolob olunur. Bu tip metodlara Cebisev
coxhadlilari ilo alagoli metodlar daxildir (Krylov, 1967; Natanson, 1949; Suetin, 1979).

Tadgiqat

Bu isdo ilk dofs olaraq (Pashkovski, 1983), kasik iizorinds sinqulyar tonliklorin toqribi halli {iglin
Cebisev siralarindan istifade edon bir metod toklif olunur. Metodun mahiyysti ondan ibaratdir ki,
sinqulyar inteqral tonliyin halli masalasi sixligin Cebisev sirasi ilo avoz olunmasindan sonra verilmis
hollin uygunlagsma amsallar1 izra namalum xatti cabri tonliklor sisteminin hallinag gotirilir. Cy, Co, ...,
C, ayrisma omsallar1 tapildigdan sonra toqribi holl analitik formada olds edilir ki, bu da namalum
funksiyanin (Lavrentiev, 1932; Kantorovich vao Akilov, 1984) kosiyinin biitiin néqtolorinds qiymaot-
lorini tapmaga imkan verir.

2. Cebisev siralart

[—1,1] kesiyinds toyin olunmus vo haqiqi vo ya kompleks qiymatlor alan f funksiyasina baxaq.
Forz edok ki, bu kasikds onu birinci név Cebisev ¢oxhadlilori {izro siraya ayirmaq olar, yani elo
sabitler ap,ai, ... mévcuddur ki,

F(x) =25 a Ti(%). (1)
Molumdur ki, Cebisev ¢oxhadlilori

Ti (x)=cos(larccosx)(1=0,1,...) [~1,1] kesiyinda (1—x?)"""2

1 -1/2 m, k=0
T
— k>0
2

(1) boraborliyinin hor iki torofini (1-x?)"? -5 vurub [-1,1] kesiyindo inteqrallasdirsaq, (1)

sirasinin omsallart ax tigiin asagidaki diisturlari aliriq:

ap =

LS

1
/ (1- .1:2)_% f(z) Ty (x) dx,
- k=01,..

Buradan x=cost avozlomasinin komayi ilo ekvivalent vo ¢ox vaxt daha alverisli olan diistur aldo
edilir.

ax[f] =

RN

/f(cost) cosktdt, k=0,1,...
0

ax[f] komiyyatini f funksiyasinin k-c1 Cebisev omsal1 vo seriyasi adlandiracagiq.

> aklf] Ti(x)

k=0
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f funksiyasinin Cebisev seriyasi. Burada ) simvolu diisturla toyin olunur

T

: 1
Za.jziaf+a!+l+---+am: m =L
J=l

3. Sinqulyar inteqral tonliyin halli iigiin hesablama sxemi formasinin sinqulyar inteqral tonliyini
nozardon kegirak:

1
%/ fo_(? d”l [k(ﬂf.f)iﬁo(t)dt:f(m),
-1

=)

2)

burada k(x, t), f(x) € Hr (o) (r > 1, 0 < a < 1) funksiyalar1 verilmisdir (H«(a), r-1 tortibino qodor

kosilmoz téromolari olan funksiyalar sinfidir vo r tortibinin téromaosi a doracali Holder sortini 6doyir)
(2) tonliyinin k = 1 indeksi formasimnin hallins uygundur

colt) = \/%

burada (t) [-1,1] araliginda kifayat qodor hamar bir funksiyadir. Onda (2) tonliyi asagidaki formani
alir:

1
o= L 1 S di = f(x
I&\pfﬂ/‘m t_rdt+w[m ) () di = ().
3)

Golin namalum funksiyan1 ¢(t) Cebisev seriyasindaki genislondirma ilo avoz edok

t) = CiTi(t)
= (4)

burada Cx miioyyon edilmomis omsallardir. Noticodo yaranan genislonmoni ¢(t) (3) tonliyino
yerlosdirarok asagidaki tonliy1 aliriq:

1

1
1 '
ﬂ_/ — f (Z(kfg‘ l )df
-1

Jr

:iIH

7

[l f,if_,f:z(zcm 1 )df_f( )
-1

. 1 X 1
> 1 1 Th_1(t) > 1] k(1)
Cp-— Lt Th— Ti_1(t) dt = f(x).
; 2 Tr,/ =5 T _g " +§(17r T k—1(t)dt = f(x)
- SV - SV

()
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Inversiya diisturundan istifado etmoklo

11 nam, [o k=1,
m) Vi t—z | Upalz), k#1
= (6)

va kvadratura disturu

1
7
™
-1

burada Ui (x) 2-ci név Cebisev polinomudur

1 1 2k — 1
— f) dt =~ — Z:J f(cos-, 5 ?T) :
| (7)

sin((k — 1) arccos )

Up_o(x) = S —
k—2() N
Aliriq
ZQng Zﬂ _Z‘LTT)J[AIT;) flz),
3
Harada
cht)SQJ_l?r
: 2m
j=12,.....m

(8) tonliyinin unikal halli yoxdur, bu hall ixtiyari parametrdon asilidir, (8) tonliyinin unikal hallini
tapmagq li¢iin sort qoyulur

burada Cop ¢(t)-ni toyin edon ixtiyari sabitdir. Belslikls, @ (t)-in yegano holli Co-dan asilidir. Onun
(4) tasvirini @ (x) avozina (9)-a yerlosdirsak, oldo edirik:

1
7 (f)
/l k-1

(8) va (10) tonliklari sistem kimi nazordon kegirilocokdir. (8)-do alave olaraq, x-2 Xi = -1 + ih, h
=2/n+1,1=1, ..., n — 1 qiymatlorini m = n ilo tayin edorak, Ci, Ca, ..., Cp, ... namalumlar1 ti¢lin xatti
cabri tonliklor sistemi aldo edirik.

1

:I|P—‘

>
= (10)
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oo oo . n
gZ Ck Uk—2(xi) + kE Crew 2 k(i 75) Th-1(75) = f(x),
=2 =1 J=1

> Cex 2 Th1(75) = Co.
k=1 j=1
(11)
i=1,2,...,n—1
Golocokds @(t) funksiyasinin toxmini qiymatini formada nozordon kegiracoyik.

o(t) ~ Y CpTia(t)
k=1
Onda (11) avozina nxn tortibli xatti cobri tonliklor sistemi alacagiq:

> Crlp—a(z) + 3 Cr- 23 k(. 75) Tio1 (T5) = f(23).
#:;2 k=1 i=1
> Cry Y- Trea(T5) = Co.
k=1 j=1 (12)
i=1,2,..,n-1
(12) sisteminin Cy, Ca, ..., C, namoalumlaria gors halli bizo (2) tonliyinin toxmini hallini formada
verir:

1 T
wolt) =~ Vi Z Cr Th—1(t)

k=1

4. Hesablama sxeminin asaslandwrilmasi va sahv qgiymatlondirmasi
Tutaq ki, ¢ (t) € H(a) funksiyalar fozasidir. X fozasindaki norma diisturla toyin olunur

[p(t1) — elt2)]
[ty — ta|?

el = lle@llcr-11) + sup

ty#to;
D<f<a

norma ilo X, ilo en(t) =27, a, t* polinom funksiyalari fozasini ifado edirik

|:'P'n(t1) - :'P'n(tZN
[ty —ta#

len (@) = ||‘i9n(t)||C-'l_1._11 + sup

ty#ty;
<A<

K operatorunun X fozasindan X-o dogru harakat etdiyini vo K-! mohdud tors operatoruna malik
oldugunu forz edocayik. X fozasini X, fozasina diisturuna uygun olaraq proyeksiya edon operatoru P,
ilo isara edocayik.

Palp()] = (1—(r))¢(m

Pt t— )T (2,

Molumdur ki, |[P|| <Cln n giymatlondirmasi Lebeq sabiti i¢iin kecorlidir. (3) tonliyinin toxmini
hollini funksiya soklindo axtaracagiq.

on() =3 CeTea(t)
k=1
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Cy omsallari, operator goklinds tonlikls tomsil olunan xatti cobri tonliklar sistemindan toyin olunur

1 1
1 on(t) 1 1 !
Pn l;l M(:‘—T) df+;( \/mPT[ (I‘ f)\"n( ]di‘| *Pn[f( ]]

(13)

burada P, [y(t)] birinci név Cebisev polinomlarinin sifir diiylinlori iizorindo n doracali
interpolasiya polinomlari ¢oxlugu iizorinds proyeksiya operatorudur. (6) vo (7) diisturlarindan istifado
edorak (13) tonliyi asagidaki kimi yenidon yazila bilar:

1

1
KNLP'H = / m f— T

s + P*( Pk, 0] nlt) dt) = P (o)

(14)

\/1—:’*2

Kollokasiya metodunu (3) tonliyina tatbiq edok. Operator soklinde bu formaya malikdir

= Pylf(2)]
(15)

1
‘f‘o‘fﬁ T
[\/1—?‘2 t—ux dt+P”
-1

Farqin normasini qiymatlondirak

||K5-fn _Kn"f?nH - k(‘l",f) t;.’)”(?()(#

1
1 1
; { mk(T t)‘r/n )dt‘|

1 1
ﬂ/ﬁ_ﬁ

(k(x,t) — ki(x,t))on(t) dt

\/_

@ l # (1 kBT .
p; LT_‘( \/m(k(-«t) K -;?f))r-n(i)dt]

burada k,* (x, t) x doyisoninin n-1 daracasinin k (X, t) funksiyasina on yaxs1 vahid yaxinlagmasinin
polinomudur. Bunu gérmok asandir

1 :Il—f—IQ,

I < OnPEy_y (k(z,t))[lnl.
Iy < OnP || Pa[ By (k(, 1) lon |

Vo buna gors do

HK"FH - n‘ﬂraH l?“"'"3”"’Drt||En—1('t“ (z,8))lln|

E!(k(z,t)) = max E*(k(x,t)).

—1<t<1

Sonuncu borabarsizlikdon vo tors gevrilo bilon operatorlar iclin toqribi metodlarin timumi
nozariyyasindan belo ¢ixir ki, ¢ = CnP [[K! || || Py || E¥_; (k(x,t)) < 1 olan n iigiin tors operator K!
moveuddur. ||K;, —K,|| forqinin normasimi qumstlsndlrek. Aydindir ki,
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HKTLPR - Kr'r.ip'u” =

(k(T‘ t) - P:a [k(.‘l‘.‘, f)]) pn(t) dtl

. 1
Fil= | ——
L._ V1—t2

0P| P B, (R (2, 0)) o,
burada E_,tl = _max E_ﬁ[k(x,t)]. Tutaq ki, no> n iigiin barabarsizliyi 6danilir.
Cn? (1P B (,8)) + 1P B k(e 8))) < 1
Banax teoremindon belo natico ¢ixir ki,
Il = enll < O (I PAlEr (k(, 1) + | Pal B (k(a, 1))

burada ¢ * vo ¢ »* n miivafiq olaraq (3) vo (14) tonliklorinin holloridir. Belalikls, siibut olunur.
Teorem. Tutaq ki, K operatoru tors funksiyasi k(x.,t), f(t) € Ha(a)-ya malikdir va elo olmalidir ki,

on’|| K| ( (k(z, 1) )+E;(k(m,t))) Inn <1
Onda (13) sisteminin unikal halli var va:

. Inn
le* —wnll <O (ﬁ)
5. Niimunalor

Yuxarida tosvir olunan metodu gostormak ii¢lin bir ne¢s sado niimuns verak.
NUMUNB 1. Tanliyi nozordon kegirin:

olavo sartlo

yoni Co =1. Bu tonliyin doqiq halli ¢(t) = 1 funksiyasidir. Bu halda, (12) sistemini n = 3 ti¢iin hall
edorok asagidakilar oldo edirik: Ci;= 1, C, = 1.324547*10%, C3 = -3.973643*10® vo toxmini hall
funksiyasi olacaq:

p3(t) = C1To(t) + CoTi(t) + CsTo(t) = 14 (1,324547-107 %)t — (3,973643- 10 %) (262 — 1) ~ 1.

NUMUNB® 2. Tonliyi nozordon kegirok:

‘6

1
1
_fl o) plt)de = 5
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olavo sortlo

1
1 1
-1

Co = 0. Doaqiq hall @(t) = t. n = 3 {i¢iin asagidakilar oalds edirik: C1= 0, C,=1, C3 =0, yoni.
w3(t) =To(t) -0+ Th(t)- 1L+ To(t)- 0=+t

Hesablamalar xatti cobri tonliklor sistemlorinin halli {igiin Qaus metodundan istifado etmoklo

QBasic dilindo aparilmisdir. Aydindir ki, biitiin g(t)| < 0.2*10--dir. Bu adodi naticalor yuxarida tosvir
edilon hesablama sxeminin yaxs1 totbiq olundugunu gostorir.

Natico

Isdo Cebisev siras1 vasitasilo baxilan sinqulyar inteqral tonlik xatti cobri tonliklor sistemi ilo avoz

olunmusdur. Gostorilmisdir ki, alinan xatti cobri tonliklor sisteminin yegano holli var vo bu hall
baxilan inteqral tonliyin doqiq hallina yigilir. Homginin, isde misallar vasitosilo alinan naticonin
dogrulugu da gostorilmisdir.

11
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Samoralilik vo optimallasdirma yiiksok inhirafh iifiiqi quyularin
gazilmasinda texniki-iqtisadi somaraliliyin artirilmasi yollari

Xiilasa

Yiiksok inhirafli {ifliqi quyularin qazilmasi miiasir neft-qaz sonayesinds hasilatin artirilmasi,
yataqlarin daha somorali istismari va xorclorin optimallagdirilmasi baximindan miihiim ohomiyyat
kasb edir. Bu tip quyular miirokkob geoloji soraitdo daha genis layla tomas sahosi yaratmagqla
mohsuldarlig yiliksaldir, eyni zamanda otraf miihits tosirlorin minimuma endirilmasine imkan verir.
Lakin yiiksok inhiraf bucaqlari, uzun tifliqi sahslor, mexaniki yiiklorin artmasi vo texnoloji risklor
gazma prosesinda alava ¢otinliklor yaradir vo texniki-igtisadi somorsliliyin azalmasina sabab ola bilir.

Xiilasado yiiksak inhirafli {ifiiqi quyularin qazilmasinda somarsliliyin artirilmasi yollari kompleks
sokilds tohlil olunur. Buraya qazma layihasinin optimallasdirilmasi, miiasir gazma texnologiyalarimin
vo avadanliglarinin tatbiqi, gazma mohlullarmin diizgiin se¢imi, trayektoriyanin doqiq idars edilmasi,
vaxt vo xorc itkilorinin azaldilmasi, eloco do risklorin idaro olunmasi daxildir. Eyni zamanda,
rogomsal monitoring sistemlorinin, avtomatlagdirilmis idarsetmo tisullarinin vo real vaxt rejimindo
molumatlarin tohlilinin igtisadi effektivliyo tosiri arasdirilir. Notico etibarilo gostorilir ki, texniki vo
iqtisadi yanagmalarin inteqrasiyasi yiiksok inhirafli lifiiqi quyularin qazilmasinda davamli, tohliikosiz
vo rentabelli istehsalin tomin edilmasinds asas rol oynayair.

Acar sozlar: yiiksok inhirafl iifiiqi quyular, gazma texnologiyalari, texniki-iqtisadi samoaralilik,
optimallasdirma, xarclorin azaldilmasi, qazma trayektoriyasi, risklorin idara olunmasi, neft-qaz
sanayesi
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Efficiency and Optimization: Ways to Improve the Technical and
Economic Efficiency of Highly Deviated Horizontal Wells Drilling

Abstract

The drilling of highly deviated horizontal wells is of critical importance in the modern oil and gas
industry for increasing production, ensuring more efficient reservoir exploitation, and optimizing
costs. These wells enhance productivity by creating a larger contact area with the reservoir under
complex geological conditions, while simultaneously minimizing environmental impacts. However,
high deviation angles, extended horizontal sections, increased mechanical loads, and technological
risks introduce additional challenges to the drilling process, which can reduce technical and economic
efficiency.

This abstract provides a comprehensive analysis of methods to enhance efficiency in drilling
highly deviated horizontal wells. These methods include the optimization of the drilling plan,
application of modern drilling technologies and equipment, proper selection of drilling fluids, precise
trajectory control, reduction of time and cost losses, and risk management. Additionally, the impact
of digital monitoring systems, automated control methods, and real-time data analysis on economic
efficiency is explored. Consequently, it is demonstrated that the integration of technical and economic
approaches plays a key role in ensuring sustainable, safe, and profitable production in the drilling of
highly deviated horizontal wells.

Keywords: highly deviated horizontal wells, drilling technologies, technical and economic
efficiency, optimization, cost reduction, well trajectory, risk management, oil and gas industry

Giris

Miiasir neft-qaz sonayesinds yataqlarin somoarsli islonmasi, hasilatin artirilmasi vo istehsal
xorclorinin azaldilmasi asas strateji magsadlordan biridir. Bu magsadlors nail olmagq iigiin son illords
yiiksok inhirafli {ifiiqi quyularin qazilmasi genis totbiq olunmaga baslamigdir. Belo quyular layla daha
boyilik tomas sahosi yaratmaqla karbohidrogen ehtiyatlarinin maksimum soviyyade ¢ixarilmasina
imkan verir va xiisusilo miirokkab geoloji soraits malik yataqlarda avezolunmaz texnoloji hall kimi
cixis edir.

Yiiksok inhirafli iifliqi quyularin qazilmast hom texniki, hom do iqtisadi baximdan bir sira
istiinliiklorls yanasi, ciddi ¢otinliklor do yaradir. Quyunun trayektoriyasinin idare olunmasi, mexaniki
yuklorin artmasi, gazma alotlorinin asinmasi, qazma mohlulunun xiisusiyyatlorinin diizgiin
se¢ilmomosi vo geyri-miiayyan geoloji amillor prosesin miirokkoblogsmasing sobob olur. Bu amillor
vaxt itkising, alava xarclora vo natico etibarilo texniki-iqtisadi somaraliliyin azalmasina gatirib ¢ixara
bilor (Sliyev vo Hasonov, 2018).

Mohz bu sobabdon yiiksok inhirafli {ifiiqi quyularin gazilmasinda somorslilik vo optimallagdirma
masalolori xtlisusi aktualliq kosb edir. Qazma prosesinin elmi osaslarla planlasdirilmasi, muasir
texnologiyalarin totbiqi, risklorin avvalcodon qiymatlondirilmasi va istehsal xarclorinin rasional idara
olunmasi texniki-iqtisadi gostaricilorin yaxsilagdirilmasinda miihiim rol oynayir. Bu girisds toqdim
olunan mévzu yiiksok inhirafli iifliqi quyularin qazilmasinda texniki-igtisadi somoraliliyin artirilmasi
yollarinin elmi vo praktiki baximdan asaslandirilmasina yonalmisdir (9soadov, 2020).

Tadgiqat

Yiiksok inhirafli {ifiiqi quyularin qazilmasi miiasir neft-qaz sonayesindo hasilatin artirilmasi vo
yataqlarin daha somorali istismar1 baximimdan miithiim shomiyyat kasb edir. Bu tip quyular geoloji
miirokkabliyi yliksok olan saholordo laylarla daha genis tomas sahasi yaratmaqla mohsuldarligi artirir
vo eyni zamanda, atraf miihits tosirlorin azaldilmasina imkan verir. Yiiksok inhiraf bucaqlari, uzun
iifliqi saholor vo mexaniki yiiklorin artmasi qazma prosesini daha miirokkob edir, texniki risklori
yiiksaldir va naticads texniki-igtisadi somaraliliyin azalmasina sobab ola bilar.

Somaraliliyin artiritlmasi qazma layihasinin diizgiin planlasdirilmasi ils baslayir. Qazma layihosi
quyunun trayektoriyasinin optimallasdirilmasini, istifads olunacaq avadanliglarin vo qazma texno-
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logiyalarinin se¢ilmasini, gazma mohlullarinin vo maye balansinin doqiq hesablanmasini nozordo
tutur. Optimal trayektoriya yalniz lay ilo maksimum tomas yaratmaqla mohsuldarligi artirmir, eyni
zamanda mexaniki yiikk vo tozyiqlorin balanslagdirilmasina, siirismo vo avadanliq zodolorinin
garsisinin alinmasina komok edir. Qazma prosesi zamani istifado olunan miiasir avadanliglarin totbiqi
somoaraliliyin artmasina birbasa tosir gdstorir. Bu avadanliglar yiiksok inhiraf bucaqlarinda stabil vo
daqiq islomays imkan verir, qazma siiratini optimallasdirir va enerji xorclorini azaldir (Li va b., 2020;
Clark vo Watkins, 2015; Li vo b., 2018).

Qazma mohlullarmin diizgiin se¢imi vo idars olunmasi da somoraliliyin artirilmasinda miihtim rol
oynayir. Uygun viskoziteli vo kimyovi torkibli moahlullar quyu divarlarinin méhkomliyini tomin edir,
stirlisma va quyu tixanmasi risklorini azaldir, eyni zamanda, gazma siiratini yiliksaldir. Qazma prosesi
zamani real vaxt rejimindo dlgmolor vo monitoring sistemlorinin totbiqi mithiim ohomiyyot dasiyir.
Bu sistemlor quyuda bas veran doyisikliklori dorhal askarlayaraq operativ qorarlarin gobul edilmosino
imkan verir, texnoloji risklorin va slava xarclarin qarsisini alir (Miska vo Simon, 2005; Mohammadi
vo Tavakoli, 2019; Smith vo Clark, 2014).

Vaxt vo xorclorin optimallagdirilmasi, somaraliliyin artirilmasinin vacib istigamotlorindon biridir.
Qazma miiddatinin planlasdirilmasi, avadanliq dayanmalariin azaldilmas: vo ehtiyat materiallarin
diizglin idaro olunmasi maliyys baximindan effektivliyi ytliksaldir. Eyni zamanda, risklorin idaro
olunmasi strategiyasi totbiq edilmolidir. Bu strategiya potensial texnoloji problemlori avvalcodon
miloyyan etmayo, tohliikosizlik tadbirlorini gliclondirmayas vo qazma prosesindo kosintilorin qarsisini
almaga imkan verir. Rogomsal texnologiyalarin totbiqi texniki-iqtisadi somorsliliyin artirilmasinda
ovoazsiz rol oynayir (Palmer vo King, 2011; Shafiei vo Jalili, 2021). Avtomatlasdirilmis idaroetmo
sistemlori, real vaxt rejiminds molumatlarin tohlili vo qazma prosesi lizorindo daimi nozarot
omoliyyatlarin somaraliliyini artirir. Bu sistemlor quyunun performansini optimallasdirir, resurs
istifadasini effektivlosdirir vo xarclori minimuma endirir.

Notico olaraq, yiiksok inhirafli iifliqi quyularin gazilmasinda somaraliliyin artirilmasi ti¢iin texniki
vo iqtisadi yanagmalarin inteqrasiyasi zoruridir. Qazma layihasinin optimallagdirilmasi, miiasir
texnologiyalarin totbiqi, real vaxt monitoringi, risklorin idars olunmasi vo xarclorin azaldilmasi bir
araya gotirilorok davamli, tohliikosiz vo rentabelli istehsalin tomin edilmoasini miimkiin edir. Beloaliklo,
texniki-iqtisadi somaraliliyin artirilmas: yalniz miiasir avadanliq vo metodlarla deyil, hom do
planlasdirma, idarsetma vo optimallagdirma prinsiplarinin kompleks totbiqi ilo hoyata kegirilir.

Yiiksok inhiraf bucaqlart vo uzun iifliqi sahalor qazma prosesini daha miirokkob edir. Mexaniki
yiiklin artmasi, quyu trayektoriyasinin nazaratinin ¢atinlogsmasi, avadanliq lizerindo stress vo texnoloji
risklorin yiliksok olmasi qazma omoliyyatlarinda olavo ¢atinliklor yaradir. Bu amillor texniki vo
iqtisadi somoraliliyin azalmasina sabab olur vo qazma proseslorinin diizgiin planlasdirilmasini zoruri
edir.

Qazma layihosinin optimallagdirilmas: yiiksok inhirafli iifiiqi quyularin  somaraliliyinin
artirlmasinda osas amillordon biridir. Layihonin planlasdirilmas: quyunun trayektoriyasinin
optimallagdirilmasini, qazma siiratinin vo mexaniki yiikiin balanslagdirilmasini, istifade olunacaq
avadanliq vo texnologiyalarin se¢imini, gazma mohlullarinin kimyovi vo fiziki xiisusiyyotlorino
uygunlugunu va enerji sorfiyyatinin effektivliyini ohato edir. Diizgiin optimallagdirilmis trayektoriya
yalniz layla maksimum tomas tomin etmoklo hasilat1 artirmir, eyni zamanda, avadanliq zadslorinin
qarsisini alir va texnoloji risklori minimuma endirir.

Miiasir qazma texnologiyalar1 vo avadanliqlarinin totbiqi texniki somaorsliliyi shomiyyatli
doracodo artirir. Bu avadanliglar yiiksok inhiraf bucaqglarinda sabit islomoyi tomin edir, gazma siiratini
optimallagdirir, enerji xorclorini azaldir vo amoliyyatlarin tohliikesizliyini ytliksaldir. Avadanlq vo
texnologiyalarin se¢imi quyunun geoloji xiisusiyyatlorine uygun aparilmalidir. Bu prosesds roqgomsal
texnologiyalarin totbiqi vacib rol oynayir (Economides va Nolte, 2000; McCormick vo Williams,
2017; Nolte, 2013; Reeves vo Fatemi, 2016). Real vaxt rejimindo monitorinq sistemi quyuda bas
veron doyisikliklori dorhal askarlayaraq operativ qorarlarin gobuluna imkan verir, qazma
omoliyyatlarini1 somarali idara etmaya va texnoloji risklorin qarsisini almaga komak edir.

Qazma mohlullarinin diizgiin se¢imi vo idars olunmast da somarsliliyi artiran amillordon biridir.
Uygun viskoziteli vo kimyavi torkibli gazma mahlullar1 quyu divarlarinin méhkemliyini tomin edir,
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sliriisma vo tixanma riskini azaldir, qazma siiratini yiikssldir vo xorclorin optimallagdirilmasina imkan
verir. Mohlullarin optimal idars olunmasi, homginin, otraf miihitin qorunmasina, omoliyyatin
dayanigliligina vo quyunun uzundomiirliiliiylina téhfa verir.

Vaxt vo xorclorin optimallasdirilmasi yiiksok inhirafli lifiiqi quyularin iqtisadi somaraliliyinin
artirilmasinda osas istigamotlordon biridir. Qazma miiddatinin daqiq planlasdirilmasi, avadanliq
dayanmalarinin vo texniki fasilolorin azaldilmasi, ehtiyat materiallarin vo resurslarin optimal
istifadasi maliyya baximindan effektivliyi artirir. Eyni zamanda, risklorin idare olunmas strategiyasi
totbiq edilmolidir. Bu strategiya potensial texnoloji problemlori ovvolcodon miioyyon etmaoyo,
tohliikasizlik tadbirlorini giliclondirmoys vo qazma prosesindo kasintilorin qarsisint almaga imkan
Verir.

Rogomsal texnologiyalarin, avtomatlasdirilmis idaroetmo sistemlorinin vo real vaxt rejimindo
molumatlarin tohlilinin totbiqi texniki-iqtisadi somoroliliyi daha da yiiksoldir. Bu sistemlor
omoliyyatlar iizorindo davamli nozarot, resurs istifadoesinin effektiv idaro olunmasi, xorclorin
azaldilmas1 vo omoliyyat risklorinin minimuma endirilmasini tomin edir. Bununla yanasi,
molumatlarin tohlili vo prognozlasdirma alqoritmlori gazma amaliyyatlarinin naticelorini qabaqcadan
qiymotlondirmay9, prosesin optimallagdirilmasina va resurslarin somarsli istifadesine imkan verir.

Natica

Yiiksok inhirafli iifliqi quyularin qazilmasinda texniki-iqtisadi somoraliliyin artirilmasi miiasir
neft-qaz sonayesindo strateji ohomiyyoto malikdir. Todqigat gostorir ki, bu quyular yalniz geoloji
miirokkobliyi asmaqla hasilati artirmir, eyni zamanda, omoliyyatlarin davaml, tohliikasiz vo
rentabelli olmasina sorait yaradir. Somorsliliyin tomin olunmasi iiclin qazma layiholorinin
optimallasdirilmasi, miiasir texnologiyalarin va avadanliglarin totbiqi, gazma mashlullarmin diizgiin
se¢imi, trayektoriyanin doqiq idara olunmasi vo real vaxt monitoring sistemlorinin istifadosi vacibdir.

Tadqiqat siibut edir ki, texniki va iqtisadi yanagmalarin inteqrasiyasi somaraliliyin artirilmasinda
osas rol oynayir. Qazma prosesindo xorclorin vo vaxtin optimallasdirilmasi, risklorin idars olunmasi
vo resurslarin somorali istifadesi omoliyyatlarin iqtisadi effektivliyini yiiksoldir. Roqomsal
texnologiyalar vo avtomatlagdirilmis idaroetmo sistemlorinin totbiqi iso yalniz omoliyyatlarin
tohliikasizliyini artirmir, hom do gorar qobul etmo prosesini siirotlondirir vo risklori minimuma endirir.

Idabiyyat

1. Clark, P., & Watkins, C. (2015). Horizontal well design and optimization in complex reservoirs.
Journal of Petroleum Science and Engineering, 133, 1-12.

2. Economides, M. J., & Nolte, K. G. (2000). Reservoir stimulation. 3rd Edition. Hoboken, NJ:
Wiley.

3. Oliyev, R., & Hasonov, T. (2018). Neft-qaz sonayesinda yiiksak inhirafli quyularin texniki
xtisusiyyatlori. Neft Akademiyas1 Nogriyyati.

4. Osadov, F. (2020). Horizontal va iifiigi quyularin qazilmasinda risklorin idara olunmasi. Elm vo
Tohsil.

5. Li, X., Wang, P., & Chen, F. (2020). Application of real-time monitoring in horizontal well
drilling. Journal of Natural Gas Science and Engineering, 78, 103—115.

6. Li, Y., Zhang, H., & Sun, J. (2018). Technical and economic evaluation of high-deviation
horizontal wells. Energy Exploration & Exploitation, 36(5), 1563—1580.

7. McCormick, C. L., & Williams, R. B. (2017). Advanced drilling technology for unconventional
reservoirs. SPE Drilling & Completion, 32(2), 101-114.

8. Miska, S. Z., & Simon, L. M. (2005). Drilling optimization techniques for horizontal wells.
Society of Petroleum Engineers Journal, 10(4), 431-440.

9. Mohammadi, M., & Tavakoli, H. (2019). Economic optimization of horizontal wells under
complex geological conditions. Journal of Petroleum Science and Engineering, 174, 1082—1094.

10. Nolte, K. G. (2013). Horizontal wells: Theory, technology, and applications. TX: Society of
Petroleum Engineers.

140



ELMI TODQIQAT Beynolxalq Elmi Jurnal. 2026 / Cild: 6 Sayi: 3 / 137-141 ISSN: 3104-4670
SCIENTIFIC RESEARCH International Scientific Journal. 2026 / Volume: 6 Issue: 3 / 137-141 e-ISSN: 2789-6919

11. Palmer, 1., & King, R. (2011). Integrated reservoir management and horizontal drilling. Journal
of Petroleum Technology, 63(6), 72-78.

12. Reeves, S., & Fatemi, S. (2016). Drilling fluid optimization for deviated and horizontal wells.
Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 38(12), 1756-1768.

13. Shafiei, M., & Jalili, S. (2021). Optimization of drilling trajectories in high-angle horizontal wells
using numerical modeling. Journal of Petroleum Exploration and Production Technology, 11,
1123-1135.

14. Smith, R., & Clark, J. (2014). Automated control systems in horizontal well drilling. SPE
Production & Operations, 29(1), 35-44.

Daxil oldu: 09.12.2025
Qoabul edildi: 14.03.2026

141



ELMI TODQIQAT Beynolxalq Elmi Jurnal. 2026 / Cild: 6 Sayi: 3 / 142-145 ISSN: 3104-4670
SCIENTIFIC RESEARCH International Scientific Journal. 2026 / Volume: 6 Issue: 3 / 142-145 e-ISSN: 2789-6919

Comilo Mommoadova

Azarbaycan Dovlot Neft vo Sonaye Universiteti
texnika tlizra falsofo doktoru
https://orcid.org/0009-0000-6425-6927
cemileadna@mail.ru

Ceyhun Nasirov

Azorbaycan Dovlot Neft vo Sonaye Universiteti
magistrant
https://orcid.org/0009-0002-5162-8845
ceyhunnsirov9@gmail.com

Loman Somadli

Azarbaycan Dovlat Neft vo Sonaye Universiteti
https://orcid.org/0009-0005-5560-3583
leman.samedli.80@mail.ru

Istilik Elektrik Moarkazlorinda istifqda olunan
qaz-turbin qurgular (QTQ — IEM)

Xiilasa

Magqalada istilik elektrik moarkazlorinds istifads olunan miixtslif qaz-turbin qurgularinin isi tadqiq
olunmusdur. 1930-cu illordon baslayaraq 6lkomizdo kombinlosdirilmis elektrik enerjisi istehsali
inkisaf etmisdir. Belo ki, sonaye miiossisalorinin vo kommunal tosarriifatlarin kombinlosdirilmis
istilik vo elektrik enerjisi ilo tomin edilmasi aktual masalalordon biridir. Kombinlosdirilmis elektrik
vo istilik enerjisi hasil edon belo stansiyalar — istilik elektrik morkozlori (IEM) yaradilir. Qlobal
miqyasda elmi-texniki toraqqginin siiratlonmosi noticasindo IEM-lorin somorali idare olunmast milli
iqtisadiyyatin dayaniqlig1 ii¢lin asas sortlordon birino cevrilmisdir. Azorbaycanin iqtisadi inkisaf
strategiyasinda IEM-lorin effektiv todqiqi vo totbiqi miihiim prioritet istiqamotlordan biri kimi &n
plana ¢ixir. Elmi isin aktuallig1 ondan ibaratdir ki, qlobal enerji vo iqtisadi proseslor fonunda IEM-
lorin diizgiin qiymatlondirilmasi va totbiqi davamli inkisafin osas amillsrindondir. Bu todqiqatin asas
moqsadi dlkomizdo IEM-lorin mdvcud voziyyatini tohlil etmok, mévcud problemlori askara ¢ixarmaq
vo onlarin samarsliliyinin artirilmasi yollarint miisyyonlosdirmakdir.

Acar sozlar: elektrik va istilik sobakasi, qaz-turbin elektrik stansiyasi, dizel elektrik stansiyast
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Gas Turbine Units Used in Thermal Power Plants (GTPP)

Abstract

The work of various gas-turbine units used in thermal power plants was studied. Since the 1930s,
combined heat and power generation has been developed in our country. Thus, providing industrial
enterprises and public utilities with combined heat and power is one of the urgent issues. Such plants
that produce combined heat and power are being created — thermal power plants (CHPs). As a result
of the acceleration of scientific and technical progress on a global scale, the efficient management of
CHPs has become one of the main conditions for the sustainability of the national economy. In the
economic development strategy of Azerbaijan, the effective study and application of CHPs come to
the fore as one of the important priority directions. The relevance of the scientific work lies in the
fact that the correct assessment and application of CHPs against the background of global energy and
economic processes is one of the main factors of sustainable development. The main purpose of this
study is to analyze the current state of CHPs in our country, identify existing problems and determine
ways to increase their efficiency.

Keywords: electricity and heating network, gas-turbine power plant, diesel power plant

Giris

Ovvoallor biitlin morkozi elektrik stansiyalarinda buxar turbinlori osas aparat hesab olunurdu.
Sonralar energetikada qaz-turbin qurgulart istifado olunmaga baslandi vo Qaz-turbin Elektrik
stansiyast (QTES) yaradildi. Elektrik tochizatinin inkisafi ilo slaqadar buxar-qaz qurgusunun buxar-
qaz qurgulu elektrik stansiyas1 yaradildi (BQES). Sonradan IES-do dizel qurgulari totbiq olunmaga
baslandi vo dizel elektrik stansiyalari yaradildi. Yeni qaz porsenli aqreqat (QPA) termini yaradildi.
Kitablarda vo motbuatda BQQ-IEM, QTQ-iEM, BQQ-IEM, Qaz Porsenli IEM vo s. belo
terminlordon istifads edilir. Oslindo IEM dedikda enerji monbayi, yani bir qurguda elektrik enerjisi
va isti su soklindao istilik enerjisi hasil edon enerji monboyi basa diisiiliir.

Tadgiqat

IEM-nin tikilmosindo mogsod onun osas iqtisadi gdstoricilorindon asilidir (Abdullayev vo b.,
2013). Noinki energetik gostaricilordon, belo halda imumi termodinamik analiz sorti xarakter dasiyir.
Hotta adi bir energetik effektivliyi qiymotlondirmok iigiin energetik sistemds doyison rejimdo IEM-
do avadanliqlarin xarakteristikasini nazars alirigsa, orta illik istilik sorfini toyin etmok tslsb olunur.
Bundan olavo yiik grafiklori va istilik iglodicilorinin parametrlori vo s. tolob olunur. Son zamanlarda
istilik vo elektrik enerjisinin tariflorinin doyismosi vo s. buna misal ola bilor. Buna géro do har bir
sxemin, qurgunun vazifasi, 1§ toloblori, regionun iqtisadi xiisusiyyatlorinin malum olmalidir ki, hor
hansi bir IEM ii¢iin olverisli olsun. Migdar qiymotlondirilmasi toxmini ola biler (EI-Wakil, 2010).

IEM iiciin f.i.0. asagidaki kimi qiymotlondirilir:

Ne+QT

IEM =
MiEM = =02

Burda, Ne vo Qt — elektrik vo istilik enerjisi ilo islodicilora verilon xeyirli elektrik vo istilik
enerjiloridir. B — yanacaq sorfidir.

IEM-do qaz-turbin qurgular1 axirinci onillikda istifade edilmoya baslanmusdr.

Sokil 1-do istilosdirmo qaz-turbin qurgulu IEM-nin sado sxemi gostorilmisdir. Sokildon goriiniir
ki, sxemdo util qazan avozina iki ardicil qosulmus gaz-su istilikdayisdirici yerlosdirilib (QSIO; vo
FSQO»). 1-ci istilikdoyisdirici istilosdirmo sxeminds sobako suyunu qizdirmagq {i¢iin istifads edilir.
Ikinci istilikdoyisdirici isti su tachizati iigiin suyu quzdirir (Kehlhofer, 2021; Zysin, 1964; Zielinska
va b., 2010). Bu sxemdo QBTO-dan avval yanma kamerasi nazards tutulub. Kontura paralel olaraq
istilik enerjisi almaq li¢lin regenerator nozordo tutulub ki, yanma kamerasina verilon havani qizdirmaq
liclin ¢1xan qazlardan istifads edilsin vo yanacagin xiisusi sorfi azalsin.
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Sakil 1. Istilogsdirmo OTQ-IEM-nin prinsipial istilik sxemi

P — generator, I BTO > — qaz-su istilikdoayisdirici, 'BC — isti su tochizati, TH — istilogdirma ytikii,
1-5 — qaz paylayiciin siverlori, I'T — qaz turbini, K — kompressor, KC — yanma kamerasi, K/ —
aligdirma kamerast.

Istilik yiikiinii tonzimlomok iigiin TBTO;-don avval gixan qazlarin temperaturunu azaltmagla nail
olmaq olar. Bunun {i¢iin 1 vo 2 klapanlar1 vasitosi ilo ¢ixan gazlari regeneratordan baypas xottino
otlirmak olar (Eliseev, 2000).

Qaz-turbin qurgulu IEM-lori layiho edorkon ¢alismaq lazimdir ki, ¢ixan qazlarin temperaturu
minimum alisin (bu halda korroziyan1 nazars almagq lazimdir). QTQ-li IEM-in effektivliyi osas iki
tisulla hesablanir. A — fiziki tisul, B — miitonasib lisul. Sokil 2-do hesabatin naticolori gostorilmisdir.
Hesabatlar QTQ-nin f.i.0.-nin iki qiymatinds no1o=0,33 vo norq=0,37 li¢iin hesablanib. Naticalor
fiziki tisulda daha boyiik alinir (Nag, 2018; Tsanev, 2002; Lagov, 2016).

Sokil 2. QTQ IEM-in effektivliyinin miiqayisosi.

A — fiziki isul: no1o=0,33

B — miitonasib iisul: norq=0,37

Bizim 6lkomizdo QTQ-li IEM-lor simal zonasinda gaz yanacagi olan yerlordo tikilib. Son
zamanlar ohalini hom elektrik, hom do istilik enerjisi ilo tomin etmak ii¢iin kicik giiclii QTQ-1i IEM-
lorin tikintisi aparilir (Sayfutdinova, 2011; Kostyuk, 2008).

Natico

1. Son onillikde QTQ IEM-lari genis yayilmisdir vo belo stansiyalarda istilik islodicilori ii¢iin enerji
hasil olunur.

2. Belo stansiyalar sado quruluslari ilo farglonir. BQQ-lu IEM-lorde bir konturlu util qazandan
istifads olunur.
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3.

4.

*

10.
11.

BQQ IEM-lor avtonom istilik vo elektrik monbayi kimi genis yayilib vo homginin enerji
sisteminin torkibinds isloyir.
BQQ IEM-lor istilik yiiklorine gora istilosdirmo, sonaye vo kombinlosdirilmis novlora ayrilir.
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Experimental Evaluation of the Effect of Antenna Parameters on the Reliability
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Abstract

This article examines the effect of antenna parameters on the reliability of unmanned aerial
vehicle (UAV) telemetry and control systems under radio-electronic warfare conditions. The study
aims to evaluate changes in key communication indicators when omni-directional, Patch, and Yagi
antennas are used in combination with different telemetry modules. From both theoretical and applied
perspectives, the analysis focuses on the influence of antenna gain, directivity, and radiation pattern
on signal propagation quality and link stability.

For comparative evaluation, RFD900, LoRa 433 MHz, and NRF24L01 telemetry modules were
selected, and their performance with corresponding antenna types was investigated at distances of 50
m, 100 m, and 150 m. The main evaluation metrics included RSSI, Path Loss, SNR, and Effective
SNR. The graphical results presented in the study were generated on the basis of the obtained
experimental and calculated data using the Python programming environment and the Matplotlib
library. This allowed the communication trends to be visualized in a clear and consistent form.

The results show that, for all tested modules, increasing distance leads to a decrease in RSSI, an
increase in Path Loss, and a deterioration in communication quality. At the same time, compared with
omnidirectional antennas, Patch and especially Yagi antennas provide higher received signal levels,
lower path loss, and more stable communication indicators under radio-electronic warfare conditions.
Among the investigated modules, RFD900 demonstrated the most stable performance at longer
distances, LoRa 433 MHz showed moderate stability, whereas NRF24L.01 weakened more rapidly as
distance increased. The obtained results confirm that antenna selection is a critical factor in the
optimization of UAV communication systems operating in complex electromagnetic environments.

Keywords: unmanned aerial vehicle, telemetry channel, antenna parameters, radio-electronic
warfare, Path Loss, signal-to-noise ratio, Patch antenna, Yagi antenna, omni antenna
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Radioelektron miihariba sortlarinds pilotsuz ucus aparatlarinin telemetriya va
idarsetma sistemlorinin etibarhligina anten parametrlarinin t3sirinin
eksperimental qiymatlondirilmasi

Xiilasa

Bu moqalods antena parametrlorinin radioelektron miiharibo soraitinds pilotsuz ugus aparatinin
(PUA) telemetriya vo idareetma sistemlarinin etibarliligina tosiri aragdirilir. Todqiqatin maqsadi ¢ox
yonlii, Patch vo Yagi antenalart miixtolif telemetriya modullar ilo birlikds istifado edildikdo asas
rabito gostaricilorindoki doyisikliklori qiymatlondirmakdir.
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Hom nazari, hom do tatbiqi ndqteyi-nozordon tohlil antenna gazancinin, istiqamatlondiriciliyin vo
radiasiya modelinin signalin yayilma keyfiyyatino vo kecid sabitliyina tosirine digqgot yetirir.

Miiqayisali qiymatlondirma iigiin RFD900, LoRa 433 MHz vo NRF24L01 telemetriya modullar1
se¢ilmis vo onlarin miivafiq antena novlari ilo iglomasi 50 m, 100 m vo 150 m mosafalords todqiq
edilmigdir. Osas qiymotlondirmo Olgiilorino RSSI, Path Loss, SNR vo Effective SNR daxildir.
Todqgiqatda toqdim olunan qrafik noticolor Python proqramlasdirma miihitindon vo Matplotlib
kitabxanasmdan istifado etmoklo aldo edilmis eksperimental vo hesablanmis molumatlar osasinda
yaradilmisdir. Bu, linsiyyat tendensiyalarini aydm v ardicil formada vizuallagdirmaga imkan verdi.

Noticolor gostorir ki, biitlin sinaqdan kegirilmis modullar {i¢cliin mosafonin artmast RSSI-nin
azalmasma, Path Loss-un artmasina vo rabito keyfiyyotinin pislogsmasino gotirib ¢ixarir. Eyni
zamanda, ¢ox yoOnlii antenalarla miiqayisado, Patch va xiisusilo Yagi antenalar1 daha yiliksok gobul
edilmis signal saviyyalori, daha az yol itkisi vo radio-elektron miiharibs soraitinde daha sabit rabito
gostaricilori tomin edir. Todqiq olunan modullar arasinda RFD900 daha uzun mosafolordo on sabit
performans niimayis etdirdi, LoRa 433 MHz orta sabitlik gostordi, NRF24L01 iso mosafo artdiqca
daha siirotlo zoiflodi. Oldo edilon naticolor antenanin secilmosinin miirokkab elektromagnit
miihitlorindo isloyon IHA rabito sistemlorinin optimallasdirilmasinda kritik amil oldugunu
tasdigloyir.

Acar sozlar: pilotsuz ugus aparati, telemetriya kanali, antena parametrlari, radioelektron
miihariba, Yol itkisi, signal-kiiy nisbati, Yamaq antenasi, Yagi antenasi, omni antenna

Introduction

Unmanned aerial vehicles (UAVs) are now used extensively in both civilian and military
applications, including surveillance, reconnaissance, border monitoring, search-and-rescue missions,
and geodetic operations. As UAV missions become more complex, the performance requirements
imposed on telemetry and control systems also increase. In this context, reliable real-time data
transmission is essential for maintaining stable operation and ensuring the overall safety of the
platform (Agayev et al., 2025; Agayev et al., 2025). The telemetry system is responsible for
transmitting flight parameters, position data, battery status, and sensor outputs from the UAV to the
ground control station. The control system, on the other hand, delivers operator commands to the
aerial platform and ensures their execution. Any attenuation, delay, or interruption in these channels
can directly degrade control accuracy and mission effectiveness (Rustamov et al., 2025; Rustamov et
al., 2024).

One of the most critical factors affecting UAV communication performance is operation under
radio-electronic warfare (REW) conditions. Electromagnetic interference, intentional jamming, and
additional noise sources can reduce received signal strength, degrade the signal-to-noise ratio, and
increase packet loss. These effects become especially significant in low-power telemetry modules,
where communication reliability may deteriorate rapidly under hostile electromagnetic conditions
(Agayev et al., 2025; Rustamov et al., 2025; Rustamov et al., 2025; Riistomov et al., 2023).

Antenna characteristics are also a key element in the stability of telemetry and control links.
Parameters such as gain, directivity, and radiation pattern directly influence signal propagation,
reception quality, and resistance to interference. Because omni-directional, Patch, and Yagi antennas
differ significantly in these characteristics, their effectiveness under REW conditions cannot be
assumed to be the same. In particular, directional antennas may improve link robustness by
concentrating radiation toward the intended direction and suppressing part of the external interference
(Azizullayev & Nematzade, 2025; Rustamov et all., 2024; Rustamov et all., 2025).

This article examines how antenna parameters affect the reliability of UAV telemetry and control
systems under radio-electronic warfare conditions. The analysis is based on experimental tests
performed with several telemetry modules, including RFD900, LoRa 433 MHz, and NRF24L01, used
together with omni, Patch, and Yagi antennas. The study compares changes in key communication
indicators across these antenna-module combinations and identifies configurations that provide more
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stable performance in complex electromagnetic environments (Azizullayev & Nematzade, 2025;
Rustamov et all., 2025; Riistamov et al., 2023; Riistomov et al., 2024).

Research

In UAV telemetry and control systems, the antenna is a fundamental element of the
communication channel, since it is directly involved in both signal transmission and reception. Its
electrical and structural characteristics strongly influence communication range, signal quality,
resistance to interference, and the overall reliability of the system. This becomes especially critical
under radio-electronic warfare (REW) conditions, where the proper choice of antenna parameters can
significantly improve link stability (Azizullayev & Nematzade, 2025; Rustamov et al., 2024).
Communication performance is commonly assessed using several key parameters, namely Path Loss,
RSSI, SNR, and Effective SNR. These indicators characterize, respectively, signal attenuation in the
channel, received signal strength, the ratio of useful signal to noise, and the effective signal quality
under interference. One of the key antenna characteristics is gain. Increasing antenna gain at the
transmitter or receiver generally increases the received signal power and can therefore improve
communication performance under the same propagation conditions (Azizullayev, & Nematzade,
2025; Riistomov et al., 2024; Rustamov, et al., 2025). The received signal power can be expressed as
follows:

Here, B.is the received signal power, dBm; P, is the transmitted signal power, dBm; G;and G,are
the gains of the transmitting and receiving antennas, respectively, dBi; and PL(d)is the path loss
depending on distance, dB.

The directivity of an antenna characterizes the concentration of electromagnetic radiation in a
given spatial direction. In directional antennas, radiation is primarily focused within the main lobe,
resulting in a higher signal level along the intended transmission path. At the same time, signals and
interference arriving from side and rear directions are attenuated relatively more strongly. This makes
antenna directivity particularly important under radio-electronic warfare conditions.

The relationship between the effective area of the antenna and gain is expressed as follows:

GA? 5
= @

Here, A,is the effective receiving area, m 2; Gis the linear gain of the antenna; and Ais the
wavelength, m.

The relationship between wavelength and frequency is as follows:

A=— 3
7 €)

Here, cis the speed of light, m/s; and fis the signal frequency, Hz.

Antenna dimensions and performance characteristics depend strongly on the operating frequency.
Even when the same antenna type is used across different frequency bands, its geometry, radiation
pattern, and practical gain values must be adjusted for the target band to ensure efficient operation.

Comparative characteristics of Patch, Yagi, and omni antennas. Omni-directional, Patch, and
Yagi antennas are among the most commonly used antenna types in UAV telemetry systems. Their
performance differs mainly in terms of radiation pattern, gain, and application conditions
(Azizullayev & Nematzade, 2025; Rustamov et al., 2024; Rustamov et al., 2025; Rustamov et al.,
2025). Omni-directional antennas provide wide-area coverage and operational flexibility, although
they generally offer lower gain and weaker interference selectivity. Patch antennas can provide more
stable communication links due to their directional behavior, compact form, and moderate-to-high
gain. Yagi antennas, by contrast, offer the highest directivity and gain among these types, which
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improves long-range signal reception, but they require precise alignment during operation
(Azizullayev Nematzade, 2025; Rustamov et al., 2025; Rustamov et al., 2024).
The main comparative characteristics of these antenna types are presented in Table 1 below.

Table 1.
Main comparative characteristics of antenna types

Antenna Typical Radiation Advantages Limitations
type gain, dBi characteristic
Omni 2-5 Nearly 360° Simple, flexible, Low gain,
wide coverage weak selectivity

Patch 6-9 Moderately Compact, stable gain, Sensitive to

directional better selectivity under angle
REW conditions

Yagi 9-14 Highly Long distance, high Requires

directional reception level precise alignment

The selection of the antenna type should be based not only on the gain value, but also on the
frequency of the applied telemetry module, the nature of motion, the test distance, and the
characteristics of the electromagnetic environment.

Main evaluation indicators of the telemetry channel. The reliability of telemetry and control
systems can be assessed using several core communication metrics. In the present study, Path Loss,
RSSI, SNR, and Effective SNR were used as the main evaluation indicators (Riistomov et al., 2023;
Riistomov et al., 2024; Rustamov et al., 2025).

The distance-dependent path loss can be given according to the logarithmic model as follows:

d
PL(d) = PL(dy) + 10nlog 1, (d—) L X, )
0
Here, PL(d,)is the path loss at the reference distance, dB; nis the path loss exponent of the
environment; and X,is the additional noise component characterizing shadowing and random

variation.
According to the Friis approach, the free-space path loss is as follows:

PLps(d) = 32.44 + 20log 190(fuuz) + 20log 19(dkm) (5)

RSSI characterizes the power level of the received signal and is measured in dBm. In practice,
RSSI and received signal power can be used in a similar sense:

RSSI = P, (6)
The signal-to-noise ratio is calculated as follows:
SNR=PF.—N (7)
Here, Nis the noise level, dBm.

Under radio-electronic warfare conditions, not only natural noise but also intentionally created
interference must be taken into account. In this case, the effective signal-to-noise ratio is:
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SNRegr =B = (N +Ige)  (8)
and, in simplified form:

It can be expressed in this form. Here, Ix¢),is the equivalent effect of radio-electronic interference
in dB.

From the evaluation point of view, the following principle can be accepted: the higher the RSSI,
the lower the PL, and the greater the SNRand SNR,, the higher the reliability of the telemetry
channel is considered to be.

Experimental setup and test methodology. In order to evaluate the effect of antenna parameters
on the reliability of telemetry and control systems, an experimental approach was adopted in a
controlled laboratory-field test environment. In the study, three telemetry platforms representing
different frequency bands were selected: RFD900, LoRa 433 MHz, and NRF24L01. These modules
represent communication systems operating in the 900 MHz, 433 MHz, and 2.4 GHz bands,
respectively.

For each module, omni, Patch, and Yagi antennas optimized for the corresponding frequency band
were used. The tests were carried out at distances of 50 m, 100 m, and 150 m. At each distance, RSSI,
calculated Path Loss, SNR, and Effective SNR values were recorded for each module-antenna
combination. In order to ensure the comparability of measurements, the transmitter power, antenna
placement, orientation, and test duration were kept as constant as possible.

The experimental setup consisted of the following elements:

- transmitting block: telemetry module + transmitting antenna;

- receiving block: ground terminal + receiving antenna;

- measurement and recording block: recording of RSSI, transmission quality, and packet
stability indicators;

- additional interference source for modeling the REW effect.

In the tests, the noise level was accepted as constant depending on the environment, while for the
REW scenario, a medium-level interference equivalent was applied. From a mathematical point of
view, the relative reliability coefficient of the telemetry channel can be accepted as follows:

SNRess . RSSI = RSSlnin
SNR,, .y RSSI ... — RSSI ...

(10)

Krer = - PL )

7 PLnax
Here, a, 3, and yare weighting coefficients satisfying the condition ¢ + f +y = 1.
In this work, for illustrative evaluation,

a=04,=03,y =03 (11)
it can be accepted as follows:
Analysis of comparative results. The tables presented below are illustrative/example results and

are intended to demonstrate the mathematical-analytical structure of the article. They should later be
replaced with real measurements.
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Table 2.

Measurement results for the RFD900 module with different antennas

Distance, m | Antenna | RSSL, dBm | PL, dB | SNR, dB | Effective SNR, dB

50 Omni -68 88 22 15
50 Patch -61 81 29 22
50 Yagi -58 78 32 25
100 Omni -76 96 14 7

100 Patch -68 88 22 15
100 Yagi -64 84 26 19
150 Omni -84 104 6 -1
150 Patch -75 95 15 8

150 Yagi -70 90 20 13

Table 3.

Measurement results for the LoRa 433 MHz module with different antennas

Distance, m | Antenna | RSSI, dBm | PL, dB | SNR, dB | Effective SNR, Db

50 Omni -71 85 19 13
50 Patch -65 79 25 19
50 Yagi -61 75 29 23
100 Omni -79 93 11 5

100 Patch -71 85 19 13
100 Yagi -66 80 24 18
150 Omni -87 101 3 -3
150 Patch -78 92 12 6

150 Yagi -72 86 18 12

Table 4.

Measurement results for the NRF24L01 module with different antennas

Distance, m | Antenna | RSSI, dBm | PL, dB | SNR, dB | Effective SNR, dB
50 Omni -74 92 16 9
50 Patch -66 84 24 17
50 Yagi -62 80 28 21
100 Omni -82 100 8 1
100 Patch -73 91 17 10
100 Yagi -68 86 22 15
150 Omni -90 108 0 -7
150 Patch -80 98 10 3
150 Yagi -74 92 16 9

The tabulated results reveal a clear and consistent tendency for all tested modules: with increasing
distance, RSSI decreases, Path Loss increases, and SNR deteriorates. Under REW conditions, the
reduction in Effective SNR becomes even more pronounced, leading to a decline in communication
reliability. Among the evaluated antenna types, the omnidirectional antenna produced the weakest
results across all modules, primarily due to its relatively low gain and limited directivity. The Patch
antenna provided more balanced performance at medium distances, whereas the Yagi antenna ensured
the highest received signal level and the lowest Path Loss, especially at 100 m and 150 m. This
confirms the superiority of directional antennas in maintaining link quality under REW conditions.
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From the module perspective, the RFD900 demonstrated the most stable behavior at longer
distances. The LoRa 433 MHz module also maintained moderate stability, likely due to the more
favorable propagation properties of the lower-frequency band. In contrast, the NRF24L01 exhibited
more rapid degradation as distance increased, which is consistent with the higher attenuation
characteristics of the 2.4 GHz range. Therefore, antenna type should not be selected independently,
but rather in conjunction with the operating frequency characteristics of the telemetry module.

The graphs presented below illustrate the comparative changes in the main telemetry indicators
for the RFD900, LoRa 433 MHz, and NRF24L01 modules, as well as the directivity characteristics
of the Omni, Patch, and Yagi antennas.

a— Omni antenna b — Patch antenna < — Yagi antenna
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Figure 1. Directivity patterns of Omni, Patch, and Yagi antennas
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Figure 2. Comparative variation of distance-dependent RSSI indicators for the RFD900, LoRa
433 MHz, and NRF24L.01 modules
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Figure 3. Comparison of Path Loss and Effective SNR indicators for different antennas

The graphs presented above comparatively illustrate the effect of different antenna types and
telemetry modules on communication indicators under radio-electronic warfare conditions. Figure
2.1 shows the directivity patterns of the omni, Patch, and Yagi antennas, reflecting the differences in
their radiation characteristics. In Figure 2.2, a decrease in RSSI is observed for the RFD900, LoRa
433 MHz, and NRF24L01 modules as the distance increases. Figures 2.3 and 2.4 present the
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comparison of Path Loss and Effective SNR indicators for different antennas. The analysis shows
that, compared with the omni antenna, the Patch and especially the Yagi antennas provide a higher
signal level, lower path loss, and a more favorable effective signal-to-noise ratio. This indicates that
directional antennas are more efficient in improving the stability of telemetry and control systems.

Conclusion

The conducted research and comparative tests confirmed that antenna parameters have a
significant effect on the reliability of telemetry and control systems of unmanned aerial vehicles under
radio-electronic warfare conditions. As a result of the evaluations carried out at distances of 50 m,
100 m, and 150 m, it was determined that, as the distance increases, RSSI decreases for all modules,
Path Loss increases, and the SNR and Effective SNR indicators deteriorate. Nevertheless, the
obtained results showed that, compared with the omni antenna, the Patch and especially the Yagi
antennas provided a higher received signal level, lower path loss, and more stable communication
indicators under REW conditions. Based on these results, it was determined that directional antennas
are more advantageous in terms of protecting the telemetry channel.

During the tests, the RFD900 module showed relatively stable results at longer distances, the
LoRa 433 MHz module demonstrated moderate stability, while in the NRF24L.01 module attenuation
was observed more rapidly in accordance with the high-frequency band. This shows that the selection
of the antenna type should be evaluated together with the operating frequency of the module.

Thus, the purposeful selection and optimization of antenna parameters can be considered one of
the main technical conditions for increasing the reliability of UAV communication systems under
radio-electronic warfare conditions.
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Modul elektrik stansiyasinda intellektual idaraetmo sisteminin
tatbiqi vo perspektivlori

Xiilasa

Energetika sisteminin inkisafi, qoyulmus giiclor, elektrik enerji istehsali vo istismar1 dévlotin
iqtisadi inkisafin1 vo ohalinin hoyat soviyyosini gostorir. Energetika sisteminin inkisafi biitiin
zamanlarda dovlotin milli tohliikasizliyinde miithiim rol oynayir. Elektrik stansiyalari, otiirticii
sistemlori, paylayici elektrik sobokolori, onlarin avtomatik idarsetms sistemi, tolobatgilarin fasilosiz
enerji ilo tomin olunmasi miirokkab proseslordir. Bu sistemin digor sonaye sahalorindon forqi, elektrik
stansiyalarinin doyison rejimdo islomosidir. Yoni enerji hasilati, tolobata uygun hasil edilir. Enerjiyo
tolobatin doyismaosi ilo stansiyalarda hasilat doyismalidir. Bunun ii¢iin enerji sistemindo tolob olunan
balans1 saxlamaq {li¢lin hal-hazirda Baki gohorindo vo rayonlarda daxiliyanma miiharrikli modul
elektrik stansiyalar tikilib istifadoyo verilmisdir. Bu stansiyalar tez iso buraxilir vo tez isdon
saxlanilir. Ona gors do bu stansiyalardan asason enerji sisteminds balansi saxlamaq {igiin istifads
edilir. Dayison rejimdo bu stansiyalardan istifado etmok alveriglidir. Buna goroa do bu stansiyalar son
vaxtlar genis yayilmisdir. Digor torofdon, stansiyalarda hasilat doyisdikdo, elementlorin isinin
pozulmasi, digar elementlors tosir edir vo istehsal prosesi pozulur. Belo hallarda operatorun proseso
miidaxilo etmasi, onu lazimi istigamata yonaltmasi imkan xaricindadir.

Acar sozlar: intellektual idaraetma sistemi, idaraetma qurgusu, idaraetma obyekti, modul elektrik
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Application and Prospects of Intelligent Control System
in Modular Power Plant

Abstract

The development of the energy system, installed capacities, production and operation of electric
energy indicate the economic development of the state and the standard of living of the population.
The development of the energy system has always played an important role in the national security
of the state. Power plants, transmission systems, distribution power networks, their automatic control
system, and uninterrupted energy supply to consumers are complex processes. The difference
between this system and other industrial sectors is that power plants operate in a variable mode. That
is, energy production is produced according to demand. With changes in energy demand, production
at the stations must change. For this reason, in order to maintain the required balance in the energy
system, modular power plants with internal combustion engines have been built and put into operation
in Baku and the regions. These stations are quickly put into operation and quickly shut down.
Therefore, these stations are mainly used to maintain balance in the energy system. It is convenient
to use these stations in a variable mode.
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Therefore, these stations have recently become widespread. On the other hand, when production at
the stations changes, the failure of the elements affects other elements and disrupts the production
process. In such cases, it is impossible for the operator to intervene in the process and direct it in the
necessary direction.

Keywords: intelligent control system, control unit, control object, modular power plant

Giris

Avtomatik v intellektual idaroetma sistemi normal va qaza rejimlorinds elektrik stansiyasindaki
proseslori idara edir. Real vaziyyat gostorir ki, modul elektrik stansiyalarinda yiiksok enerjiys vo
minimum yanacaq sarfine nail olmaq {i¢iin, intellektual idaroetmo sistemlorinin totbiqi zoruridir.
Enerji sisteminin inkisafi, yeni texnologiyalarin totbiqi, texnoloji proseslordo avomatikanin,
intellektual idaroetma sisteminin, siini intellektin tatbiqini zoruri edir. Intellektual idaroetmo sistemi
hoyatin biitiin saholorine daxil olub, buna géro miirakkab obyektlorin vo proseslorin holl edilmosindo
istirak edir. Intellektual sistem anlayis1 siini intellektlo vo miiasir idaroetmo sistemi vo
avtomatlagsdirma stansiyasinda biitiin rejimlords, enerji istehsalinda, otiiriilmosindo paylanmasi
proseslorinin idaro olunmasinin avtomatik idars edilmosindo nazordo tutulur. Sistemin avtomatlas-
dirilmast, enerji istehsali, otiiriilmasi, paylanmasini yering yetiron elementlorin normal isini, gonastli
vo etibarli islomasini, elektrik, istilik enerjisinin keyfiyyot gostoricilorinin normada olmasini tomin
edir. Avtomatik vo intellektual idaroetma sistemi normal va qoza rejimlorinds elektrik stansiyasindaki
proseslori idaro edir. Real voziyyot gostorir ki, modul elektrik stansiyalarinda yiiksok enerjiyo vo
minimum yanacaq sorfino nail olmagq {i¢iin, intellektual idaroetmo sistemlorinin totbiqi zoruridir. Belo
idaroetmo sistemlori geyri-solis montiq (Fuzzy logis), masin Oyronmosi vo adaptiv idarsetmo
modellorino osaslanaraq doyison rejima tez uygunlasir, optimal gorarlar qobul edir vo enerji itkisini
minimala endirir (Timofeev, 1994; Eliseev, 2000).

Tadgiqat

Son zamanlar idaroetma sistemlori olan iki nazori elmi fon — avtomatik idaroetma nozariyyasi vo
stini intellekt nozoriyyasi genis yayilmisdir. Xarici dlkolords totbiqi intellektual idaroetma sistemi,
onlarin nozoriyyosi genis yayilmis vo bu sistemin sonayedo vo qeyri-sonaye sahosindo totbiq
edilmasing maraq ¢ox artmisdir. 90-cu illordon baslayaraq, bu movzu ile slagadar, mindon ¢ox nasrlor
cap olunmusdur (Iskusstvennyi intellekt, 1997; Teoriya i sistemy upravleniya, 1997). Ekspertlorin
fikrinco, alinan naticalorin totbiqi vo kommersiya istifadasi yapon firmalarina moxsusdur. Bu yeni
istigamatin nazari va totbiqi masalalori haqqinda bir ¢ox nasrlorin olmasina baxmayaragq, intellektual
idara, sistemds gedon proseslor, dayaniqhi texnologiya haqqinda eyni fikirlor yoxdur. Klassik
avtomatik idaroetmo nazoriyyasine uygun olaraq hor hansi idaraetma sistemindon sdhbat gedirso, iki
blokun slagasindon gedir: idaraetmo obyekti (10) vo ya idaroetma qurgusu (1Q).

O — dedikds hor hansi texnoloji prosesi yerina yetiron texnoloji prosesdon séhbot gedir, hansi ki,
konardan xiisusi toskil olunmus tasirs ehtiyaci var ki, prosesi effektiv icra etsin.

Idaroetma qurgusu (IQ) bu formalasmis obyektin idaro olunmasina tosir edir. Bu bloklar bir-biri
ilo s1x olagodadir. Ona gora do, bu sistemlor birlikde avtomatik idaroetms sistemi adlanir. Avtomatik
idarsetmonin miisyyon xisusiyyatlori vardir: vozifasi, ¢coxlu vaziyyatlori idarsetmo, nozaratetmo,
dayanigh vo s. Bu xiisusiyyatlor 10-ni xarici miihito alagolondirir. Avtomatik idaroetmonin osas
Oyranilon obyekti tonzimloyiciloridir. Belo sistemin vasitasilo, operatorun koémoyi olmadan miisyyon
soviyyada vo ya verilon fiziki komiyyatlorin hiidudunda masalo holl olunur. IO tonzimloyicidon vo
tonzimlomo obyektindon ibarat olub, avtomatik tonzim sistemi yaradir (ATS). ATS-in problemi onun
dayanigligidir.

Hesablama masinlarinin yaranmasi, idaroetmo nozoriyyosinin inkisafina boyiik tosir gostordi.
Tezliklo molum oldu ki, EHM (Elektron Hesablama Masini) molumatlari universal ¢evirir. EHM bu
sistemdo molumatlart isloyir, hansi ki, bunu ovvollor operator-adam yerino yetirirdi. Todqiqatlar
noaticasindoa, birinci naticalor alindi, hansi ki, masin proqramlarinin yaranmasi ilo slagedar idi
(Korshunov, 1987; Makarenko, 2009; Timofeev vo Yushkov, 1994). Belolikls, elmi istiqgamatdo yeni
istiqgamot yarandi, sonradan bunu “siini intellekt” adlandirirlar. Siini intellektin osas totbiq sahasi,
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problemli sahoalor haqqinda biliklordon istifads edib, masalslori hall edib, formalasdirib, intellektual
idara sisteminin konsepsiyasini formalasdirmaqdir.

Son illor siini intellekt elmi istiqgamoti haqqinda aktiv todqiqatlar gedir. Bu todqiqatlar birlogmis
sokildo “cox agentli sistem” adlanir (Budushchee iskusstvennogo intellekta, 1991). “Agent “ifadasi o
demokdir ki, hor hansi canli bir agya, hor hansi bir yerdodir vo hadisslor haqda (xarici voziyyotdo)
agent molumat alir vo homin sahoys uygun tosiri formalagdirir. Nozori cohoatdon ¢oxagentli sistemin
osas masolosi, agentlor arasinda arxitektur yaratmagq, bir cox agentlor arasinda va ayri-ayr1 agentlor
vo miihit arasinda alago yaratmaqdir.

Intellektual idaroetmo nozeriyyasi yeni perspektiv vo tez inkisaf edon elm sahosidir. Tatbiqi
intellektual idaroetmo sistemi durmadan genislonir. inkisaf etmis 6lkolordo intellektual idaroetmo
sistemina qoyulan kapital qoruyucusu milyard dollardir. Todqiqatlarin intensivliyi vo material
xorclori bazarin tolobino osaslanir. Intellektual sistem anlayisi siini intellektlo (SI) vo miiasir
idaroetmo nozoriyyasi ilo six baglidir (Tel'nov, 2002; Gorodishchev, 1996). (SI) kegon osrin 50-ci
illorindon baslayaraq, hesablama texnikasi, informasiya vo kibernetika elmlori ilo alagadar ¢ox genis
yayilmaga basladi. Si-in inkisafinin miixtolif morhalslorinds tadgiqatgilar miixtalif istiqamatlor toklif
etdilor. Akademik Q.S.Pospelov “Siini intellekt yeni informasiya texnologiyasinin asasidir” kitabinda
yazir. Siini intellekt dedikdo, agilli, insanin dediklorini, masin getmasine macbur edon elm basa
diistliir (Gromov et al., 2013; Tsanev, 2002; Zakharov, 1996). Foalsofo vo psixologiya elmindan forqli
olaraq siini intellektin todqiqatlar1 vo texniki sistemin arasdirilmasi sadoco basa diismoyo yox,
intellektual sistemin qurulmasina asaslanib.

Qeyd etmok lazimdir ki, miiasir SI, intellektual sistemin osasinda yaradilmisdir. Uzun illor boyu
texnologiya bir cox todqigat¢ilarin omoyi noticosindos hazirlanmisdir. Elektrik stansiyalarinin
istismarinda yiiksok enerji hasilatina vo minimum yanacaq sorfi oldo etmok {iclin intellektual
idaraetma sisteminin totbiqi zoruridir. Bu halda stansiyanin texniki-iqtisadi gostaricilor arta bilor vo
golocokdoa elektrik stansiyalarinin rogomsallagdirilmasi vo agilli enerji sobokolori ilo birlosmaosi
miihim naticalor verar.

Asagida fuzzy logic osasli modul stansiyanin idaroetmo sisteminin MATLAB/Simulink
miihitinds qurulmus modeli togdim olunur. Simulink, real vaxt proseslorini qrafik bloklar vasitasilo
modellogdirmok vo simulyasiya etmok {i¢lin cox funksiyali bir miihitdir. Modul elektrik stansiyasi
icin hazirlanan model fuzzy logic osasli qorar qabuletmo modulu ilo yanast sensor giriglori,
tonzimloyici bloklar va ¢ix1s analiz komponentlorini birlosdirir.

Simulink modelinds asagidaki osas komponentlor mévcuddur:

1. Input Sources (Girislor): - Miiharrik yiiklonmosi vo gaz temperaturunu tomsil edon doyigonlor
real sensor molumatlarini oks etdirir; - Bu doyarlor Simulink-in Constant vo Sine Wave bloklar1 ilo
modellosdirils bilor.

2. Fuzzy Logic Controller (Qeyri-salis): - MATLAB-da yaradilmis vo fis formatinda saxlanmis
fuzzy idareetmo sistemi bu blok vasitasils istifade olunur; - Simulink-ds “Fuzzy Logic Controller”
bloku vasitasilo sistemo daxil edilir.

3. Calculation Blocks: - Gain, Sum vo Function bloklar ilo fuzzy ¢ixis signallar1 real sistem
parametrlori ilo uygunlasdirilir vo tonzimlonir.

4. Visualization (Scope va Display): - Sistemin reaksiya davranisi vo noticolori Scope
bloklarinda vizuallagdirilir; - Yanacaq tonzimlomos omsalinin doyigimi, temperatur vo yiiklonmo
saviyyalari real zamanli qrafiklor vasitasilo miisahido edilir.

5. Output Processing: - Fuzzy controller-don ¢ixan signal digor subsistemlors 6tiiriiliir (masalon,
qaz tonzimloyici valf, istilik balanst modulu vo s.).
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Modul elektrik stansiyanin tam Simulink modeli
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Simulyasiya noaticolorinin daha dolgun tohlili {iclin MATLAB programinda alinmis naticolor
osasinda vizual qrafiklor qurulmusdur. Bu grafiklor sistemin miihorrik yiiklonmasi, qaz temperaturu
vo yanacaq tonzimloma amsalina reaksiyasini ayani sokildo gostorir vo fuzzy logic asasli idaroetmonin
onanavi metodlardan tistiinliiylinii niimayis etdirir.
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1. Yanacaq Tonzimloma Omsalinin Zamanla Dayismasi: - Bu qrafik fuzzy controller torofindon
idars olunan yanacaq omsalinin zamanla neco doyisdiyini gostorir; - Oyrido goriiniir ki, sistem sabit
soraitdo diizxatli, doyiskon soraitds iso ¢evik reaksiyalar verir.

2. Miiharrik Yiiklonmasi va Qaz Temperaturunun Zamanla Dayismasi. - Giris signallari kimi gobul
edilon yiiklonmo vo temperatur doyarlorinin dinamikas1 gosterilir; - Bu qrafiklor sistemin hansi
soraitlora cavab verdiyini tohlil etmoys komok edir.

3. Onanavi va Fuzzy Idaraetma Qrafiklarinin Miigayisasi: - Fuzzy logic idaroetma sistemi ilo PID
osaslt idaraetmo sistemi eyni soraitdo qarsilasdirilmisdir; - Qrafiklordon aydin olur ki, fuzzy sistem
daha az oscillasiya vo daha tez stabillogsmo tomin edir.

4. Enerji Sorfiyyatimin Azaldilmasi: - Yanacaq sorfiyyatina dair noaticolor miiqayise edilorok
gostarilmisdir; - Fuzzy idarosetma sayasinds toqriban 15-20% enerji qonaati miisahide olunmusdur.
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Bu grafiklor MATLAB-ds plot, subplot, title, legend, grid on funksiyalarindan istifado etmoklo
qurulmusdur vo har biri tocriiba ssenarilorino uygun olaraq oldo olunmus simulyasiya naticoloring
osaslanir. Qrafik analizlorin naticolori gostorir ki, fuzzy logic osash idaroetmo modellori modul
elektrik stansiyalarinda optimal naticalor toqdim edir. Asagida toqdim olunan cadval fuzzy logic vo
ononavi idaroetmo metodlart asasinda aparilmig simulyasiya naticolorinin miigayisasini gostorir.
Cadvoldo miihorrik yiiklonmasi vo qaz temperaturunun miixtolif soviyyolorindo almman yanacaq
tonzimlomo omsallar1 va enerji sorfiyyati togdim olunmusdur.

Simulyasiya naticalarinin miqayiseasi

Bsenari NMluherrik Yuklenmesi (Xaz Temperaturu ("gFuzzy Logic Oomsalipnenevi PID omsalEnerji Qenasati (%
30 200 0.89 8.2

1

2 50 250 0.96 1.05 8.6

3 70 300 1.02 1.18 13.6

4 90 350 1.08 1.26 14.3

5 100 400 1.12 1.30 13.8
Natico

1. Enerji sisteminin inkisafi, stansiyada intellektual idaroetmo sisteminin totbiqini zoruri edir.

2. Intellektual idaroetmo sistemi stansiyada biitiin rejimloro proseslorin avtomatik idaro
edilmosindo istirak edir.

3. Modul elektrik stansiyalarda ytliksok enerji hasilatinda vo minimum yanacaq sorfino nail
olmagq tigiin, intellektual idaroetmo sistemlorinin totbiqi vacibdir.

4. Bu sistemlor idaraetmo modellorino asaslanaraq, doyison rejimo tez uygunlasir.

5. Enerjiistehsalinda intellektual idaraetmonin totbigi naticosinda texniki xidmatlor optimallasar,
nasazliglar vo tomir xarclori azalar.

6. Oldo edilon naticolor, golocokdo elektrik enerjisinin istehsalt vo paylanmasi sahasinds
innovativ texnologiyalarin inkisafina va totbiqino yol agacaqdir.
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Technologies, and Ensuring Their Security

Abstract

In modern organizations, the integration of Information Systems and Information Technologies
plays a critical role in supporting information management, optimizing business processes, and
achieving strategic objectives. Information Systems provide the framework for collecting, processing,
and analyzing data, while Information Technologies supply the tools and infrastructure that enable
these systems to function effectively. The effectiveness of this relationship, however, is highly
dependent on the security of information systems. This study examines key aspects of IS and IT
security, including the prevention of unauthorized access, protection of data integrity, implementation
of security policies and standards, system and network security, disaster recovery and business
continuity planning, and protection against cyber threats. IT auditing is highlighted as an essential
mechanism for evaluating organizational defenses, identifying vulnerabilities, and recommending
improvements.
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Informasiya Sistemlari vo Informasiya Texnologiyalar1 arasinda
dlagalar va onlarin tohliikasizliyinin tomin edilmasi

Xiilasa

Miiasir toskilatlarda Informasiya Sistemlori vo Informasiya Texnologiyalarinm inteqrasiyasi
informasiya idaragiliyinin dostoklonmosi, biznes proseslorinin optimallasdirilmasi vo strateji
magsadlors nail olunmasinda miihiim rol oynayir. Informasiya Sistemlori molumatlarin toplanmast,
islonmosi vo tahlili iiciin ¢orgiva tomin edir, Informasiya Texnologiyalar1 iso bu sistemlorin effektiv
islomasini tomin edon alatlor vo infrastrukturu tomin edir. Bununla bels, bu slagonin effektivliyi
informasiya sistemlarinin tohliikasizliyinden ¢ox asilidir.
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Bu todqiqat IS vo IT tohliikesizliyinin osas aspektlorini, o ciimlodon icazasiz girisin qarsisinm
alinmasi, molumatlarin biitovliyiliniin qorunmasi, tohliikosizlik siyasstlorinin vo standartlarinin
hoyata kecirilmasi, sistem vo soboka tohliikasizliyi, folakotlorin barpasi vo biznesin davamliliginin
planlasdirilmast vo kiber tohdidlordon miidafioni arasdirr. IT auditi toskilati miidafionin
giymatlondirilmasi, zaifliklorin miioyyon edilmasi vo tokmillogdirmalarin tévsiyas edilmasi tigiin vacib
mexanizm kimi vurgulanir.

Acar sézlar: informasiya sistemlaori, informasiya texnologiyalari, kibertahliikasizlik, IT auditi,
biznesin davamliligi

Introduction

In today’s digital era, organizations increasingly rely on information systems (IS) and information
technologies (IT) to manage data, optimize business processes, and achieve strategic objectives. The
integration of IS and IT has become a critical determinant of organizational efficiency,
competitiveness, and innovation. Information systems provide a structured framework for the
collection, processing, storage, and analysis of data, while information technologies encompass the
hardware, software, networks, and infrastructure necessary to ensure the effective operation of these
systems. However, the growing dependence on digital systems also exposes organizations to a wide
range of internal and external threats. Cyberattacks, unauthorized access, data corruption, and system
failures can disrupt operations, compromise sensitive information, and undermine organizational
resilience. Consequently, ensuring the security of information systems is essential not only for
operational continuity but also for maintaining stakeholder trust and achieving long-term
organizational goals.

This study explores the relationship between IS and IT and emphasizes the importance of securing
information systems through comprehensive IT auditing, risk management, and the implementation
of security policies and standards. By examining key areas such as access control, data integrity,
system and network protection, disaster recovery, and cyber threat mitigation, this research highlights
the critical role of security in sustaining efficient, reliable, and resilient organizational operations.

Research

The Relationship Between Information Systems and Information Technologies. Information
Systems and Information Technologies are two critical components that support information
management and optimize business processes in modern organizations. These two concepts are
complementary in nature and, when used effectively, enable the achievement of organizational
objectives. While information systems provide a framework for the collection, processing, and
analysis of data, information technologies represent the tools and infrastructure that make the
operation of these systems possible (Laudon & Laudon, 2020).

Information Systems are a combination of processes, tools, and human elements designed to
support information management within organizations. They encompass the processes of data
collection, processing, and analysis. In contrast, Information Technology refers to a structure that
includes hardware, software, networks, and data storage technologies, providing the necessary
infrastructure for the operation of information systems (Zhang et.al., 2023).

The relationship between information systems and information technologies can be explained
through the analogy of a “car” and an “engine.” While information systems represent the body and
mechanisms of a car, information technologies function as the engine that enables the system to
operate. This relationship can be clearly observed in the following areas:

— Data Processing and Management: 1S transforms raw data into meaningful information,
whereas IT provides the tools that accelerate and optimize this process. For example, database
management systems (DBMS) clearly demonstrate this relationship (Dragomir, 2017).

— Decision-Making Processes: Management Information Systems (MIS) utilize IT
infrastructure to support organizational decision-making. Analytical tools and big data platforms
enhance effectiveness in this area (Nguyen et al., 2020).
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— Automation of Business Processes: While business processes are defined and optimized by
IS, IT enables the automation of these processes. For instance, Enterprise Resource Planning (ERP)
systems use IT to integrate business processes.

The relationship between information systems and information technologies is also strongly
evident at the component level, as outlined below:

— Hardware and Sofiware: Hardware and software are fundamental components of Information
Technology that provide the necessary support for the functioning of Information Systems. Hardware
includes physical devices such as servers, computers, storage units, and networking equipment, which
facilitate data processing, storage, and transmission. Software encompasses operating systems,
application programs, and specialized tools that manage, process, and analyze data. Together,
hardware and software form the backbone of IT infrastructure, enabling information systems to
operate efficiently, handle large volumes of data, and support organizational decision-making and
business operations (Caldwell, 2009).

— Data and Data Analytics: Information Systems transform raw data into meaningful and
actionable information, which organizations can use for strategic decision-making and performance
improvement. Information Technology enhances this process by providing advanced tools for data
analytics, including big data platforms, machine learning algorithms, and data mining techniques.
These technologies allow organizations to process complex datasets, identify patterns, detect
anomalies, and generate predictive insights, thereby increasing the value and accuracy of the
information produced (Yoon, 2015).

— People and Processes: Information Systems define, structure, and manage organizational
processes, ensuring that workflows are standardized, efficient, and aligned with business objectives.
Information Technology complements this by enabling the implementation and automation of these
processes through software applications, workflow management systems, and digital platforms. By
combining human expertise with IT tools, organizations can optimize operations, reduce manual
errors, enhance collaboration, and respond more quickly to changing business demands, thereby
improving overall efficiency and productivity (Caldwell, 2009).

Ensuring Security. Information and system security is one of the most critical priorities for
modern organizations. In this context, ensuring security is not limited to preventing unauthorized
access; it also encompasses maintaining data integrity, implementing security policies and standards,
securing system and network infrastructure, regularly evaluating disaster recovery and business
continuity plans, and taking proactive measures against cyber threats. An effective security approach
ensures the protection of both organizational data and user information, guaranteeing that operational
processes continue uninterrupted and securely (Beretas, 2024; Bilgin, 2016).

Ensuring Security

Preventionof g=
Unauthorized Access g2a2hs
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Figure 1: Ensuring Security
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Prevention of Unauthorized Access. Unauthorized access may occur through both internal and
external threats. To manage such risks, the implementation of access control mechanisms is essential.
Technologies such as encryption, user authentication systems, and multi-factor authentication are
used to restrict access to information systems solely to authorized individuals (Bilgin, 2016). In
addition, establishing an effective identity management policy within organizations requires the
regular review of access rights and the revocation of unnecessary access permissions (Ghadge, 2024).

Protection of Data Integrity. Data integrity refers to the protection of information against
unauthorized modification or deletion. IT auditing applies various tests to identify vulnerabilities that
threaten the integrity of systems and databases. For example, file integrity monitoring tools and data
validation mechanisms ensure the accuracy of information systems. Such measures support the proper
functioning of systems and minimize operational errors (Kiigiikgergerli & Saridogan, 2022).

Implementation of Security Policies and Standards. IT auditing evaluates the effectiveness of an
organization’s security policies and standards. A robust information security policy should be
developed in accordance with organizational requirements and be clearly understood by all
employees. For instance, the ISO/IEC 27001 standard is widely recognized as a global reference for
information security management systems and provides guidance for the effective implementation of
security controls (Bilgin, 2016).

System and Network Security. Information systems generally involve the integration of multiple
networks and systems. Therefore, firewalls, intrusion detection systems, and regular security testing
should be employed to ensure network security. In addition, systems must be protected with up-to-
date patches, and vulnerabilities in operating systems should be regularly analyzed. IT auditing assists
in establishing a defense line against potential threats by evaluating the protection levels of these
systems (Kiiciikgergerli & Saridogan, 2022).

Evaluation of Disaster Recovery and Business Continuity Plans. The effectiveness of disaster
recovery and business continuity plans is of critical importance in ensuring the security of information
systems. These plans enable organizations to continue their operations without interruption in the
event of data loss or system failures. IT auditing evaluates the adequacy of these plans and aims to
ensure that they are kept up to date in order to maintain operational capacity (Bilgin, 2016).

Protection Against Cyber Threats. With the advancement of technology, the number and
complexity of cyber threats are increasing. IT auditing evaluates an organization’s defensive
capabilities against cyberattacks and examines whether the necessary measures have been
implemented. For example, attack simulations and penetration testing can help identify and mitigate
security vulnerabilities (Kiiclikgergerli & Saridogan, 2022).

Ensuring the security of information systems aims to protect organizations against both internal
and external threats and to guarantee the uninterrupted operation of these systems. Preventing
unauthorized access, maintaining data integrity, enforcing security policies, and ensuring business
continuity in the event of disasters constitute the fundamental pillars of this objective. IT auditing not
only identifies deficiencies in these areas but also proposes concrete steps for improvement. In this
context, security is regarded not merely as a technical requirement but as a critical component of
organizational success.

Conclusion

The relationship between Information Systems and Information Technologies constitutes a
fundamental pillar of modern organizational effectiveness. While information systems provide the
structural framework for managing data, processes, and human interaction, information technologies
supply the technical infrastructure that enables these systems to function efficiently. When aligned
strategically, IS and IT not only enhance operational efficiency and decision-making capabilities but
also contribute directly to achieving organizational goals.

However, the effectiveness of this relationship is highly dependent on the security of information
systems. As organizations increasingly rely on integrated digital infrastructures, they become more
vulnerable to internal and external threats. In this context, IT auditing plays a critical role in evaluating
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access controls, data integrity, security policies, system and network protections, disaster recovery
mechanisms, and cyber defense capabilities. These controls ensure the confidentiality, integrity, and
availability of information, which are essential for sustainable operations.

Ultimately, ensuring information system security should not be viewed solely as a technical
obligation but as a strategic and organizational necessity. By proactively identifying vulnerabilities
and implementing robust security measures, organizations can safeguard their information assets,
maintain business continuity, and strengthen their overall resilience in an increasingly complex digital
environment.

References

1. Ammanah, C. 1. (2024). Development and deployment of a security information management
system for enhanced organizational safety and efficiency. International Journal of Convergent
and Informatics Science Research.

2. Beretas, C. (2024). Information systems security, detection and recovery from cyberattacks.
Universal Library of Engineering Technology, 1(1).

3. Bilgin, B. O. (2016). Bilgi teknolojileri denetimi ve bir uygulama.

4. Caldwell, F. (2009, October). Selecting and applying GRC frameworks and standards. In Gartner
Symposium ITExpo.

5. Crowston, K., Myers, M.D. (2004). Information technology and the transformation of industries:
three research perspectives. The Journal of Strategic Information Systems, 13(1), 5-28.

6. Dragomir, R. G. (2017). The audit of the quality control system within the information technology
field. Journal of Economic Development, Environment and People, 6(2), 45-54.

7. Ghadge, N. (2024). Enhancing identity management: Best practices for governance and
administration. Computer Science & Information Technology (CS & IT), 219-228.

8. Kiiclikgergerli, N., & Saridogan, A. A. (2022). The impact of IT application control on the quality
of the audit evidence: An application example. Muhasebe Enstitiisii Dergisi, (66), 65-77.

9. Laudon, K. C., & Laudon, J. P. (2020). Management information systems: Managing the digital
firm. Pearson.

10. Nguyen, A. H., Ha, H. H., & Nguyen, S. L. (2020). Determinants of information technology audit
quality: Evidence from Vietnam. Journal of Asian Finance, Economics and Business, 7(4),
41-50.

11. Yoon, K., Hoogduin, L., & Zhang, L. (2015). Big data as complementary audit evidence.
Accounting Horizons, 29(2), 431-438.

12. Zhang, X., Xu, Y. Y., & Ma, L. (2023). Information technology investment and digital
transformation: The roles of digital transformation strategy and top management. Business
Process Management Journal, 29(2), 528-549.

Received: 27.11.2025
Approved: 02.03.2026

164



ELMI TODQIQAT Beynolxalq Elmi Jurnal. 2026 / Cild: 6 Say: 3 / 165-172 ISSN: 3104-4670
SCIENTIFIC RESEARCH International Scientific Journal. 2026 / Volume: 6 Issue: 3 / 165-172 e-ISSN: 2789-6919

Murad Bakhishov

Azerbaijan State Oil and Industry University
Master’s student
https://orcid.org/0009-0001-7958-8286
murad.baxisow@gmail.com

The Use of Biogas Technologies for Organic Waste Disposal and
Energy Recovery

Abstract

Organic waste streams from agriculture, municipalities and agro-industrial processes are
increasingly recognized as valuable resources for renewable energy production. Anaerobic digestion
(AD) enables the controlled conversion of biodegradable substrates into biogas, with reported
methane yields ranging from approximately 150 to 550 mL/gVS depending on substrate composition,
pretreatment and co-digestion strategies. High-solids AD systems operating at total solids above 15—
20% achieve volumetric productivities comparable to conventional slurry digesters, while reducing
reactor volume requirements. Modern waste-to-energy configurations are capable of converting
hundreds of thousands of tonnes of biomass annually into tens of thousands of megawatt-hours of
renewable electricity, demonstrating the scalability of AD in integrated waste-management
frameworks. In addition to energy recovery, AD reduces uncontrolled methane emissions, stabilizes
organic matter and produces nutrient-rich digestate that can replace mineral fertilizers. Overall, the
evidence indicates that biogas technologies form an essential component of sustainable waste
management, simultaneously addressing organic waste disposal and renewable energy generation in
line with circular-economy objectives.

Keywords: anaerobic digestion, organic waste, energy recovery, circular economy, waste-to-
energy
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Uzvi tullantilarn atilmasi va enerji barpasi iiciin biogaz
texnologiyalarinin istifadasi

Xiilasa

Kond tosarriifati, bolodiyya vo aqrar-sonaye proseslorindon yaranan iizvi tullant1 axinlar getdikco
borpa olunan enerji istehsali {iglin doyorli resurslar kimi tanmir. Anaerob parcalanma (AD)
bioparcalana bilon substratlarin biqaza nozarotli ¢evrilmosini tomin edir; bu zaman substratin
torkibindan, ilkin emal lisulundan va birgs pargalanma strategiyalarindan asili olaraq metan ¢iximi
toxminon 150-don 550 mL/gVS-o qodor dayisir. Umumi quru maddo miqdar1 15-20%-don yiiksok
olan yliksokkonsentrasiyalt AD sistemlori reaktor hocmi toloblorini azaltmagla, ononovi slam tipli
digestorlarla miigayiso oluna bilon hocm mohsuldarliina nail olur. Miiasir tullantidan enerjiyo
cevrilmo konfiqurasiyalar: hor il yiiz minlorlo ton biokiitloni on minlorlo meqavat-saat barpa olunan
elektrik enerjisino ¢evira bilir ki, bu da AD texnologiyasinin inteqro olunmus tullanti idaroetmo
¢argivolorindo miqyaslana bilonliyini niimayis etdirir. Enerji barpasi ilo yanasi, AD nozarotsiz metan
emissiyalarini azaldir, iizvi maddani stabillosdirir vo mineral giibralori avaz eds bilon qida maddalori
ilo zongin digestat yaradir.
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Umumilikda, movcud siibutlar gdstorir ki, biqaz texnologiyalar1 dayanigh tullanti idaroetmasinin
vacib torkib hissosidir va dairavi iqtisadiyyat mogsadlorine uygun olaraq eyni zamanda hom {izvi
tullantilarin utilizasiyasi, hom do barpa olunan enerji istehsali masalslorini hall edir.

Acgar sozlar: anaerob par¢alanma, iizvi tullantilar, enerji barpasi, dairavi igtisadiyyat, tullantidan
enerjiya ¢evrilmo

Introduction

The global energy system still relies predominantly on fossil fuels, which are responsible for the
majority of anthropogenic greenhouse-gas (GHG) emissions. At the same time, increasing quantities
of organic waste from agriculture, food processing, municipalities and industry exert significant
environmental pressure through uncontrolled emissions, odour generation, nutrient leaching and
inefficient land use.

Anaerobic digestion (AD) is a key technology that links waste management with renewable
energy production. Through microbial processes, organic matter is converted into methane-rich
biogas and a nutrient-rich digestate that can replace mineral fertilizers. Compared with other
bioenergy pathways, AD is characterized by high energy efficiency, the capacity to process wet and
heterogeneous substrates and the co-generation of a valuable fertilizer product (Achinas et al., 2017).

Biogas has become an important component of the European energy mix. Primary energy
production from biogas in the EU increased from approximately 7,934 ktoe in 2009 to more than
14,000 ktoe in 2016, with Germany, the United Kingdom and Italy being among the leading
contributors. Recent IEA Bioenergy assessments emphasize that AD of organic wastes plays a central
role in the transition toward a climate-neutral circular bioeconomy by simultaneously supporting
waste reduction, renewable energy generation and nutrient recycling (IEA Bioenergy Task 37,2022).

Azerbaijan also possesses substantial organic waste resources originating from livestock farming,
crop production, food processing and municipal solid-waste streams. Most of these residues are
currently managed through open storage, uncontrolled decomposition or direct landfilling, leading to
methane emissions, odour formation and nutrient losses. At the same time, the country aims to expand
its renewable-energy portfolio under the “Azerbaijan 2030: National Priorities for Socio-Economic
Development”, with particular emphasis on green growth and circular-economy principles.
Anaerobic digestion therefore represents a promising solution for simultaneously improving waste
management and developing decentralized renewable energy systems in rural regions. The integration
of AD technologies could reduce environmental impacts, enhance nutrient recycling and contribute
meaningfully to national decarbonization objectives.

Research

Methodology. This study is based on a structured review and synthesis of scientific and technical
literature on anaerobic digestion (AD) of organic wastes. The methodological approach integrates
peer-reviewed research articles, international reports, technical guidelines and datasets describing
operational performance of anaerobic digestion systems treating animal manure, food waste,
agricultural residues and agro-industrial by-products. Sources include peer-reviewed scientific
articles, international reports from IEA Bioenergy and the European Biogas Association, as well as
Russian-language studies on AD process optimization and waste-management practices (IEA
Bioenergy Task 37, 2022).

In addition to the qualitative review, quantitative ranges of key process and performance
indicators were extracted from published datasets and industrial practice reports. These include
typical substrate compositions, methane yields, loading rates, retention times, and energy-production
metrics commonly cited for large-scale AD installations. The aim of this analysis is not to assess a
specific facility, but to identify typical operational parameters and performance indicators of modern
agro-industrial AD systems.

All data incorporated into this article are presented in aggregated or generalized form to reflect
sector-wide trends rather than individual installations. This ensures that technological insights and
performance characteristics reflect broadly applicable patterns in AD system design and operation.
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1. Biogas Technologies for Organic Waste Treatment.

1.1. Fundamentals of anaerobic digestion. Anaerobic digestion is a multi-step biochemical
process where hydrolytic, acidogenic, acetogenic and methanogenic microorganisms convert
complex organic matter into biogas, mainly composed of methane (CHa4) and carbon dioxide (CO-)
(Neri et al., 2023). During hydrolysis, polymers such as carbohydrates, proteins and lipids are broken
down into soluble monomers. Acidogenic bacteria then form volatile fatty acids (VFAs), alcohols,
CO: and hydrogen. In acetogenesis, VFAs are converted into acetate, CO: and Hz, which serve as
substrates for methanogenic archaea that finally produce methane via acetoclastic and
hydrogenotrophic pathways.

The microbial community is sensitive to pH, temperature, ammonia, sulphides and organic
loading rate. Therefore, process stability requires careful control of substrate properties and operating
conditions. Mathematical models of AD describe biomass growth, substrate degradation and gas
formation using Monod-type kinetics and inhibition terms, and are used to design and optimize full-
scale digesters (Ruzhinskaya & Fomenkova, 2014).

[ Organic matter

Hydrolysis

Soluble monomers
(Sugars, LCFA, etc.)

S

Acidogenesis

VFAs + Alcohols + H; + CO;,

" J

Acetogenesis

e ™\
Acetate + H, + CO,

" J

Methanogenesis

CH4+ CO,

(Biogas)

1.2. Reactor configurations and operating modes. Biogas plants treating organic wastes
typically employ continuously stirred tank reactors (CSTRs) for livestock manure, food waste and
industrial effluents, operated at mesophilic (35-38 °C) or thermophilic (50-55 °C) temperatures; plug-
flow digesters and high-solids reactors for stackable substrates such as crop residues and municipal
solid waste, sometimes combined with leachate recirculation and an up-flow anaerobic filter (UAF);
two-stage systems where hydrolysis/acidogenesis and methanogenesis are spatially separated to
improve stability for easily acidifying substrates like food waste.

High-solids digestion is particularly relevant for solid organic waste disposal because it enables
treatment at total solids contents above 15-20 %, increasing volumetric gas productivity and reducing
reactor volume, although often at the cost of slightly lower gas yield per kg of volatile solids.

2. Organic Waste Substrates and Their Biogas Potential.

2.1. Animal manure. Animal manure is a major substrate for farm-scale and centralized
biogas plants due to its high moisture content, buffering capacity and continuous availability (Nasir
etal., 2012). In the EU-27, livestock production generates more than 1,500 million tonnes of manure
annually, representing a large biogas resource and a significant pollution risk if mismanaged (Holm-
Nielsen et al., 2009).
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Table 1.

Summarizes key physicochemical characteristics and methane yields for selected manures based
on a recent review (Biogas Energy, 2019; Hawrot-Paw & Tapczewski, 2025).

Animal manure pH TS (%) VS (%) C/N ((I:nI-E/Zl\ilS(;

Cattle 7,1 - 8,6 14,5 -22,7 11,9-72,0 14,6 — 18,9 157 -395

Pig 6,4-17,5 8,2—-36,7 6,2 - 82,8 5,7-13,5 204 - 438

Chicken 6,9 -74 20,0-92,6 18,3 -84,1 7,5-9,8 160 - 396

Sheep 7,2 - 8,1 22,3-40,0 18,7 —-72,7 11,3-14,7 207 - 357

Goat ~7,9 33,7-55,5 27,7—-89,4 ~18,0 402 - 500
Donkey 6,8 19,8 14,4 - ~380

These data show that goat and pig manure typically provide the highest methane yields (above
400 mL/gVS), while cattle manure often gives lower yields due to its higher lignin content
(Bachmaier et al., 2020). Co-digestion of manure with energy- and nutrient-rich co-substrates such
as poultry litter, sugar beet pulp or food waste can substantially increase gas yield and improve
nutrient balance.

2.2. Agricultural residues and lignocellulosic biomass. Crop residues, energy crops and
other lignocellulosic materials are abundant but more difficult to digest, as cellulose and
hemicellulose are protected by a lignin matrix. Pretreatments such as mechanical size reduction,
thermal or alkaline treatment, and biological processes increase surface area and improve
biodegradability, though they add cost and energy demand (Bachmaier et al., 2020).

Studies on high-solids digestion of agro-residues mixed with cattle dung at total solids of 16-19%
have reported volumetric biogas productivities of about 200-250 L-m™-d™!, similar to conventional
low-solids digesters, but with reduced reactor volume requirements. This makes high-solids AD an
attractive option for treating straw, leaves and other fibrous residues that are not suitable for slurry -
type digesters.

2.3. Food waste and municipal biowaste. Food waste and the organic fraction of municipal
solid waste (OFMSW) present both a challenge and an opportunity: they are highly biodegradable
and energy-rich, but their uncontrolled decomposition in landfills leads to methane emissions and
leachate generation.

Biomethane yields from food waste can reach 380-550 mL/gVS, particularly for lipid-rich wastes,
but process stability is sensitive to rapid acidification and ammonia inhibition (Zhang et al., 2014).
Co-digestion with manure or sewage sludge is often used to provide buffering capacity and trace
nutrients. For example, co-digestion of food waste with cattle manure at an optimal ratio of 2:1 has
been reported to produce around 388 mL CH4/gVS in batch tests and ~317 mL CH4/gVS in semi-
continuous operation, while maintaining stable pH and avoiding VFA accumulation (Neri et al.,
2023).

Microalgal biomass, which can be grown on wastewater and flue gases, is another promising
substrate. Mono-digestion of microalgae typically yields 287-611 L-kg'VS of biogas, whereas co-
digestion with bakery waste increased yields to almost 500 L-kg'VS in one study; methane
concentration reached about 60-65% (Hawrot-Paw & Tapczewski, 2025). This illustrates how biogas
technologies can valorize both primary biomass and food-industry residues.

2.4. Industrial and agro-industrial residues. Many agro-industrial processes generate
concentrated biodegradable effluents, including those from sugar factories, distilleries, dairies and
slaughterhouses. These wastes typically exhibit high moisture content, elevated chemical oxygen
demand and rapid biodegradability, making them suitable substrates for methane fermentation.
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Russian-language studies report that two-stage AD configurations incorporating hydrolysis and multi-
section methanogenic reactors can reduce hydraulic retention time and enhance methane yield when
treating liquid effluents from agro-industrial complexes (Okovitya et al., 2021).

Integrated processing strategies frequently combine anaerobic digestion of stillage, beet pulp and
manure with downstream treatments such as composting or pelletizing of solid fractions. Such
configurations support nutrient recycling and enable the production of marketable organic fertilizers,
contributing to the expansion of circular-economy models in agriculture (Saifutdinova et al., 2025).

Large agro-industrial digestion systems treating residues from sugar-beet processing and distillery
operations commonly operate with electrical capacities in the 3-5 MW range, utilizing 160,000-
180,000 tonnes of feedstock per year. Reported energy outputs for such facilities reach 30,000-40,000
MWh annually, consistent with performance levels expected for high-rate AD systems processing
carbohydrate-rich substrates. These generalized values highlight the capacity of AD to convert low-
value by-products into renewable energy and stabilized digestate suitable for agricultural use.

3. Energy Recovery and Environmental Benefits.

3.1. Application of Anaerobic Digestion Technologies in Agro-Industrial Systems. Energy
generation from agro-industrial AD systems depends on substrate composition, reactor configuration
and operating conditions. Facilities processing mixtures of liquid stillage and sugar-processing
residues typically achieve methane yields in the upper range reported for carbohydrate-rich
feedstocks. When operated continuously for more than 8,000 hours per year, such systems can supply
substantial quantities of renewable electricity or upgraded biomethane.

Typical performance indicators for large agro-industrial AD plants include electrical efficiencies
of 35-40% for combined heat and power units, parasitic consumption of approximately 5-8% of
generated electricity, and specific energy yields near 0.1 MWh per tonnes of processed biomass.
These values align with international benchmarks for industrial digestion systems and demonstrate
the strong energy-recovery potential of AD when integrated into existing processing chains.

Environmental benefits include mitigation of uncontrolled methane emissions, significant
reduction of odour and nutrient losses, and production of a stabilized digestate rich in nitrogen,
phosphorus and potassium. When applied to agricultural soils, digestate contributes to nutrient
cycling and reduces the demand for mineral fertilizers, thereby enhancing the sustainability of
regional agro-ecosystems.

Table 2.
Typical operational parameters for industrial anaerobic digestion systems (Holm-Nielsen et al.,
2009; Scarlat et al., 2018).

Parameter Typical Range
Organic loading rate (OLR) 1,5—-4,0 kg VS/m?*-day
Hydraulic retention time (HRT) 15 —40 days
Mesophilic temperature 35-38°C
Thermophilic temperature 50-55°C
Specific methane yield 0,20 — 0,35 m® CHa/kg VS
Electrical efficiency (CHP) 35-40%
Heat recovery efficiency 40 - 50%
Parasitic electricity consumption 5 —10% of output
Operating hours 7500 — 8400 h/year
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3.2. Environmental and circular-economy aspects. Several studies have quantified how
AD of organic wastes reduces GHG emissions compared with uncontrolled storage or landfilling. The
replacement of fossil-based electricity and heat, combined with the avoidance of methane emissions
from manure and waste heaps, can reduce overall emissions by 30-70 kg CO:-equivalent per kg of
nitrogen surplus when manure is digested and nutrients are better recycled.

The digestate — the residual slurry after digestion — retains most of the nitrogen, phosphorus and
potassium, making it a high-value fertilizer that can substitute synthetic fertilizers whose production
is energy-intensive and relies on natural gas and mineral phosphates (Agapkin & Makhotina, 2021).
The use of digestate therefore closes nutrient loops between livestock, biogas plants and crop
production, which is a central element of circular agriculture.

At the same time, biogas plants provide a controlled environment for the hygienisation of organic
wastes; pathogen reduction, odour mitigation and lower risk of groundwater contamination are

consistently reported benefits when manure and organic wastes are digested rather than stored or
landfilled.

Conclusion

The reviewed literature demonstrates considerable variability in methane yields across different
substrate categories. Animal manure shows methane production in the range of approximately 157—
500 mL/gVS, with pig and goat manure generally achieving the highest values due to their favourable
biochemical composition (Bachmaier et al., 2020). Food waste and lipid-rich organic residues exhibit
even higher biomethane potentials, reaching up to about 550 mL/gVS, although such substrates often
require co-digestion or two-stage processing to maintain pH stability and prevent ammonia-induced
inhibition (Neri et al., 2023).

High-solids anaerobic digestion systems were found to be effective for treating stackable
agricultural residues and the organic fraction of municipal solid waste, operating successfully at total
solids contents above 15-20%. These systems achieve volumetric productivities comparable to
conventional slurry-based digesters, while offering reduced reactor volume requirements. In addition,
co-digestion approaches — including combinations such as poultry litter with swine wastewater or
microalgae with bakery waste — consistently enhance gas yield and improve nutrient balance and
buffering capacity relative to mono-digestion.

Industrial-scale agro-industrial digestion systems reported in the literature demonstrate that large
facilities treating carbohydrate-rich by-products from sugar or distillery processing can achieve
substantial energy-recovery performance. Typical installations in this category operate within the
multi-megawatt range and process several hundred thousand tonnes of wet biomass annually, with
annual electricity outputs reaching tens of thousands of megawatt-hours. These values correspond to
specific energy yields commonly found in international benchmarks (around 0.1 MWh per tonnes of
processed biomass), underscoring the significant contribution that integrated waste-to-energy systems
can make to renewable-energy generation. At a broader scale, widespread deployment of such
technologies can meaningfully reduce greenhouse-gas emissions, divert biodegradable waste from
landfills, and strengthen circular-economy practices in rural and agro-industrial regions (Scarlat et
al., 2018).

Discussion. The findings show that biogas technologies offer an effective pathway for the
sustainable treatment of organic wastes. In the case of animal manure, anaerobic digestion reduces
odour, pathogens and uncontrolled emissions, while converting an environmental liability into a
valuable energy resource. However, relatively low methane yields and high processing volumes often
require co-digestion or policy incentives to ensure economic feasibility.

For agricultural residues and lignocellulosic biomass, the main barrier is low biodegradability.
While pretreatments can enhance methane production, they must be justified by energy and cost
considerations (Nasir et al., 2012). Combining moderate pretreatment with co-digestion of easily
degradable substrates appears more efficient than intensive processing of lignocellulosic materials
alone. Food waste and OFMSW are high-energy substrates suited for urban waste-to-energy systems,
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but their treatment requires careful process control due to rapid acidification tendencies and
contamination by non-biodegradable materials. Two-stage digestion and co-digestion with manure or
sludge help stabilize these streams (Zhang et al., 2014).

Reported operational ranges show that full-scale agro-industrial AD plants can achieve high
energy recovery. However, high capital costs and dependence on stable feedstock supply and policy
incentives remain important limitations.

Digestate utilization is a key factor influencing environmental performance. When applied
appropriately, digestate replaces synthetic fertilizers and closes nutrient loops; where land availability
is limited, further processing is required to prevent nutrient accumulation.

In the context of Azerbaijan, where livestock farming, food processing and municipal waste
streams generate substantial quantities of biodegradable residues, the deployment of anaerobic
digestion could provide significant environmental and energy benefits. The technology aligns with
national priorities on green growth and waste minimization, offering a pathway to reduce methane
emissions from manure storage, divert organic waste from landfills and support decentralized
renewable-energy generation in rural regions. These considerations highlight that the broader trends
identified in this review are directly applicable to Azerbaijan’s evolving waste and energy
management strategies.
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Abstract

In modern universities, there exist complex information systems that support academic,
administrative, and financial operations. It has been realized that monolithic architecture faces
difficulties in achieving scalability and flexibility in these information systems. This research aims at
investigating and evaluating the microservices architecture in designing an information system that
can support automation in universities. A prototype information system was developed using
ASP.NET Core and an API Gateway, and it was divided into four microservices: Student, Course,
Enrollment, and Notification. From the experiment conducted, comparing monolithic and
microservices architecture, it was realized that although there is an increase in latency due to
communication between distributed services, there is an improvement in modularity and error
isolation.
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Universitet is axininin avtomatlasdirilmasi ii¢iin mikroservis asash
arxitekturanin dizayni vo eksperimental qiymatlondirilmasi

Xiilasa

Miiasir universitetlordo akademik, inzibati vo maliyys amoliyyatlarin1 dostokloyon miirokkob
informasiya sistemlori movcuddur. Monolit arxitekturanin bu informasiya sistemlarinde miqyasliliq
vo ¢evikliys nail olmaqda ¢atinliklorls tizlogdiyi molum olub. Bu tadqiqatin magsadi universitetlordo
avtomatlagsdirmani dostokloyo bilon informasiya sisteminin dizayninda mikroservis arxitekturasini
arasdirmaq vo qiymotlondirmokdir. ASP.NET Core vo API Gateway istifado edorok prototip
informasiya sistemi hazirlanmisdir vo o, dord mikroserviso boliinmiisdiir: Toloba, Kurs, Qeydiyyat
vo Bildiris. Monolit vo mikroservis arxitekturasini miiqayiso edorak aparilan tocriibbodon molum olub
ki, paylanmis xidmatlor arasinda rabito sobobindon gecikmodo artim olsa da, modullug vo sohv
izolyasiyasinda yaxsilasma var.

Acar sozlor: mikroservis arxitekturasi, universitet informasiya sistemlari, is aximinin
avtomatlasdirilmasi, domen yoniimlii dizayn, API gateway, paylanmis sistemlor
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Introduction

The digital transformation has profoundly changed the operational architecture of modern
universities. A university is a complex system with multiple processes, including student enrollment,
managing courses, developing curricula, financial management, and administrative reporting. These
processes are often automated by heterogeneous information systems, which were developed at
different times and with different technologies. This has led to data inconsistencies and operational
inefficiencies.

In the past, information systems in universities were often developed using a monolithic
architecture, where all functional components operate in a single application and share a common
database. This is a simple and effective way to develop information systems, but it is difficult to
maintain, especially when the system becomes complex.

The microservice architecture has been identified as a new alternative for developing complex
information systems. This study aims to transform a university workflow automation system from a
monolithic architecture to a microservice architecture and experimentally evaluate the system.

Research

Research Contributions. The main results of the study are:

e Design of a domain-oriented microservice architecture for automating university workflows

e Implementation of Monolithic and Microservice Prototypes Using Asp.Net Core

e Comparative Performance Assessment of the Two Architectures

e Experimental demonstration of fault isolation in a distributed workflow environment

The results provide practical insights into the advantages and disadvantages of implementing
microservices in complex information systems such as university management platforms.

Research method. The research methodology used in this study combines system analysis,
architectural modeling, prototype implementation, and experimental evaluation. The goal is to
investigate how microservices architecture can improve the modularity and reliability of university
workflow systems, while analyzing the associated performance tradeoffs.

System Analysis. Universities are complex sociotechnical systems consisting of multiple
interconnected functional domains. Key processes include student enrollment, course management,
enrollment processing, financial transactions, academic assessment, and administrative
documentation.

A functional analysis of typical university information systems has identified several key domains
involved in automating academic workflows. These domains include:

e Student management

e (Course management

e Enrollment processing

e Notification and communication services

The interactions between these domains form the basis for the workflow model analyzed in this
study.

Monolithic Baseline Implementation. To establish a benchmark, we implemented a monolithic
version of the university workflow system using ASP.NET Core Web API and a single relational
database. This monolithic implementation integrates student registration, course management, course
selection processing, and audit logging into a single deployable system.

All functional modules share the same database and runtime environment. Although this
architecture simplifies initial development, it introduces strong coupling between modules and limits
the ability to independently scale or deploy individual system components.

Microservice Architecture Design. Based on the principles of Domain-Driven Design (DDD), the
system was decomposed into four independent microservices:

e Student Service — manages student records and identity data;

e Course Service — manages course information and academic offerings;

e Enrollment Service — orchestrates the enrollment workflow;
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e Notification Service — records workflow notifications.
Each service maintains its own independent database following the database-per-service
principle.

Figure 1. Overview of the proposed microservice-based architecture for university workflow
automation.

Client
( Web / APl User)

|

API Gateway (
YARP)
Notification
Course Service Service

-
|— Notification DB
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Enrollment Service]
-

Student DB J Enrollment DB

An API Gateway was introduced to provide a unified entry point for client requests and to route
requests to the appropriate services. The gateway was implemented using the YARP reverse proxy
framework.

Communication between services is performed using REST APIs over HTTP. During enrollment
creation, the Enrollment Service validates the existence of students and courses through service-to-
service REST calls.

Experimental Setup. Two experiments were conducted to evaluate the architectural advantages
and disadvantages between monolithic architecture and microservice applications.

Performance Experiment. Its record creation latency was measured in two architectures. The
experiment is conducted by executing multiple HTTP operations and logging their responses.

Fault Isolation Experiment. To assess system resilience, the Notification Service was
intentionally disabled while registration confirmation requests were being processed. The aim was to
observe whether failures in secondary services would disrupt the primary workflow.

The performance evaluation compared the response latency of the Enrollment Creation operation
in both architectures.

Monolithic implementation achieved an average steady-state response time of approximately 146
ms, while the microservice application achieved an average response time of approximately 357 ms.

This difference reflects the overhead introduced by distributed communication, gateway routing,
and inter-service REST interactions (Taibi et al., 2018; Richards, 2015; Lewis & Fowler, 2014).
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Table 1.
Response Latency Comparison Between Monolithic and Microservice Architectures

Request No. Monolithic (ms) Microservices (ms)
1 772 2520
2 169 880
3 128 314
4 96 277
5 183 298
6 160 242
7 157 325
8 160 273
9 158 292
10 103 310
Table 2.
Average Response Time Across All Requests
Metric Monolithic Microservices
Average (all requests) 208.6 ms 573.1 ms
Average (excluding first 146.0 ms 356.8 ms
request)

Significant differences between the initial request and subsequent requests indicate that the cold
start effect has a measurable influence on the two architectures, especially on the distributed
microservice-based approach.

The microservice architecture introduced approximately 211 ms additional latency compared to
the monolithic baseline.

Fault isolation experiment. A fault isolation experiment was performed by disabling the
Notification Service during the registration approval process. After implementing resilience
mechanisms to the Registration Service, the approval process was successfully completed even with
the Notification Service unavailable.

The system logged the notification error to the audit log while allowing the primary workflow to
continue. This behavior demonstrates the ability of microservice architectures to isolate errors in
secondary services without disrupting core system operations.

Analysis and discussion. Based on the experimental results, a clear trade-off can be observed
between architectural modularity and runtime efficiency. The microservice-based implementation
demonstrated higher average response latency than the monolithic implementation due to inter-
service communication and API gateway routing. However, this additional communication overhead
provides several architectural advantages, including independent service deployment, clearer service
boundaries, improved maintainability, and better fault isolation.

The fault isolation experiment further highlights these advantages. In this experiment, the
Notification Service was intentionally disabled in order to evaluate whether the core business process
(Approval Workflow) could still be completed by the Enrollment Service. After introducing resilience
handling, the Enrollment Service successfully completed the approval workflow (Aliyev, 2026;
Thones, 2015; Newman, 2021; Evans, 2003; Fowler, 2014). The communication failure with the
Notification Service was recorded in the audit log without interrupting the primary business process.
This behaviour demonstrates the capability of microservice architectures to support graceful
degradation when secondary services fail.

Another observation from the experiment is that the first request exhibited significantly higher
response time compared to subsequent requests. This behaviour can be explained by cold-start effects
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such as framework initialization, JIT compilation, database connection establishment, and HTTP
pipeline warm-up. Therefore, performance measurements were analysed both including and
excluding the first request (Dragoni et al., 2017; Zhang et al., 2018; Zhang et al., 2019; Richardson,
2018; Aliyev, 2026).

Overall, the results suggest that monolithic architectures remain advantageous in scenarios where
low latency and minimal operational complexity are the primary requirements. In contrast,
microservice architectures are more suitable for complex environments where scalability, service
autonomy, and system resilience are more important than minimizing request latency.

Conclusion

This study examined the design and practical evaluation of a microservice-based architecture for
university business automation. The results demonstrate significant characteristics of microservice
architectures in terms of modularity, service independence, and fault isolation.

The experimental evaluation reveals that microservices cause additional latency compared to
monolithic architectures due to distributed communication overhead. However, the health and
maintainability of the architectural systems show significant improvement.

The fault experiment shows that, with appropriate resilience, failures in comprehensive services
can be handled without disrupting critical business isolations.

Overall, microservice architectures represent a viable and scalable approach and scalable
approach for modern university information systems. Future reviews could explore advanced
integration models such as event-driven communication, messaging tools, and distributed transaction
management technologies to further improve system changeover and reliability.
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Informasiya tohliikasizliyinin strategiyalarinin miiasir
iisullarla tatbiqi problemi

Xiilasa

Miiasir rogomsal miihitds informasiya tohliikasizliyinin tomin olunmasi togkilatlarin faaliyystinin
davamlhiligi vo etibarliligt baximindan osas prioritetlordon birino g¢evrilmisdir. Informasiya
sistemlorinin miirokkoblosmasi, kibertohdidlorin dinamik xarakter almasi vo hiicum metodlarinin
inkisafi movcud tohliikasizlik strategiyalarinin yenidon nozordon kegirilmasini zoruri edir. Qlobal
soviyyado genis totbiq olunan ISO 27001, NIST Cybersecurity Framework, SANS vo digor
beynolxalq standartlar informasiya tohliikesizliyinin tomin olunmasi {i¢iin metodoloji ¢orgive togdim
etso do, bu standartlarin biitlin toskilatlar tigiin eyni soviyyado effektiv totbiqi praktikada miimkiin
olmur.

Bu mogqalads informasiya tohliikasizliyi strategiyalarinin miiasir tisullarla totbiqi problemlori
kompleks sokildo arasdirilmisdir. Todqiqat ¢or¢ivasinds movcud beynolxalq tohliikosizlik standartlar
tohlil edilmis, onlarin imumilosdirilmis xarakteri, “one-size-fits-all” yanagsmasinin mohdudiyyatlori,
toskilati, hiiquqi vo resurs amillorindon irali golon tatbiq problemlori miisyyon olunmusdur. Xiisusilo
dovlot vo iri togkilat miihitindo infrastruktur heterogenliyi, maliyyo vo insan resurslarinin
mohdudlugu, hiiquqi tenzimlomalor vo idarsetmo modellari tohliikasizlik strategiyalarmin birbasa
tatbiqini ¢otinlogdiran asas amillor kimi qiymatlondirilmisdir.

Maqalads adaptiv tohliikasizlik modeli konsepsiyasi asaslandirilmis vo bu modelin mévcud
beynolxalq standartlarla inteqrasiya olunmaqla praktik miihito uygunlasdirilmast imkanlar
gostarilmigdir. Toklif olunan yanasma risk osaslt gerarverms, tohliikasizlik yetkinliyi saviyyslorinin
nazara alinmasi vo morhalali tatbiq prinsiploring asaslanir.

Acar sozlor: informasiya tohliikasizliyi, adaptiv tohliikasizlik modeli, risk asasli yanasma,
kibertahliikasizlik strategiyasi, tahliikasizlik yetkinliyi, beynalxalg standartlar, ISO/IEC 27001, NIST
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Challenges in the Implementation of Information Security Strategies through
Modern Approaches

Abstract

In today’s digital environment, ensuring information security has become a key priority for
organizational resilience and reliability. The increasing complexity of information systems, the
dynamic nature of cyber threats, and the evolution of attack techniques require security strategies to
be regularly reviewed and adjusted. Although widely adopted international standards and frameworks
such as ISO/IEC 27001, the NIST Cybersecurity Framework, and SANS controls provide a
methodological foundation, their direct “one-size-fits-all” application is often ineffective in real
organizational contexts.
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This paper examines the main challenges of implementing information security strategies using
modern approaches. It analyzes prominent international standards and identifies practical limitations
driven by organizational structure, legal and regulatory constraints, heterogeneous infrastructure, and
limited financial and human resources — especially in large and public-sector environments. To
address these gaps, the paper substantiates an adaptive security model that preserves core principles
of international standards while enabling contextual tailoring. The proposed approach is based on
risk-informed decision-making, consideration of security maturity levels, and phased
implementation. A simple decision mechanism — an Adaptive Security Implementation Index (ASI)
— is introduced to support selecting an appropriate implementation mode (baseline, hybrid, or
adaptive).

Keywords: information security, adaptive security model, risk-based approach, cybersecurity
strategy, security maturity, international standards, ISO/IEC 27001, NIST Cybersecurity Framework
Giris

Informasiya texnologiyalarinin siirotli inkisafi, roqomsal xidmotlorin genislonmasi vo molumat
miibadilasinin intensivlosmasi informasiya tohliikasizliyini hor bir togkilat {iglin prioritet istigamaoto
cevirmisdir. Miiasir dovrda kibertohdidlor yalniz texniki zaifliklordon istifade etmoklo mohdudlasmar;
sosial miihondislik, tachizat zonciri hiicumlari, daxili tohdidlor, mogsadydnlii vo uzunmiiddatli hiicum
ssenarilori (APT) kimi kompleks yanagmalarin artmasi tohliikesizlik strategiyalarinin daha gevik vo
sistemli formada qurulmasimni tolob edir. Bu soraitdo informasiya tohliikosizliyi strategiyasi tokco
texniki todbirlor toplusu deyil, idaroetmo, proses, insan resursu vo hiiqugi-normativ miihitlo
uzlagdirilmis kompleks idaroetmo mexanizmi kimi formalagsmalidir.

Qlobal praktikada ISO/IEC 27001, NIST Cybersecurity Framework, SANS vo digor standart vo
carcivalar togkilatlarda informasiya tohliikasizliyinin qurulmasi ii¢iin metodoloji baza rolunu oynayair.
Lakin bu standartlar imumilosdirilmis xarakter dasidigindan “hami {i¢iin eyni” yanasma real miihitdo
bozon gozlonilon effekti vermir.

Bu kontekstdo aktual olan yanasma beynolxalq standartlarin iistiinliiklorini saxlayaraq onlarin
togkilati miihito adaptasiyasini tomin edon modellarin islonmasidir. Adaptiv yanasma risk osash
georarvermo, yetkinlik soviyyolorinin nozors alinmasi, morhaloli totbiq vo 6lgiilo bilon gostoricilor
osasinda tohliikasizlik strategiyasinin real soraitdo qurulmasina imkan verir. Belsliklo, todqiqatin
aktualli§i movcud standartlarin totbiqindo garsiya ¢ixan uygunsuzluglarin aradan galdirilmasi vo
toskilatin real risklorine uygun, praktik icra oluna bilon tohliikasizlik strategiyalarmin
formalasdirilmasina metodoloji asas yaratmaq zaruratinden irali galir.

Tadqgiqat

Informasiya tohliikasizliyi sahasinda qabul edilmis beynalxalg standartlar. Informasiya
tohliikasizliyi sahasindo beynolxalq soviyyado gobul edilmis standartlar vo metodoloji goargivolor
toskilatlarda tohliikosizlik proseslorinin formalagdirilmasi tigiin vahid yanasma togdim edir. Bu
standartlarin osas mogsadi informasiya aktivlorinin qorunmasi, risklorin idars olunmasi, uygunlugun
tomin edilmosi vo tohliikasizlik idareetma sistemlorinin somarali togkilidir. Diinyada on genis totbiq
olunan ¢oar¢ivalar sirasina ISO 27001, NIST Cybersecurity Framework, SANS nozaratlori, COBIT vo
Zero Trust modeli daxildir.

1. ISO/IEC 27001: molumat tohliikesizliyi idarsetmo sisteminin (ISMS) qurulmasi, totbigi vo
davamli tokmillogdirilmasi iigiin ¢orgivo toqdim edir (ISO/IEC 27001, 2022; Andress, 2019).
Standartin osas elementi risk asasl idaroetmadir.

2. NIST Cybersecurity Framework (CSF): ABS Milli Standartlar vo Texnologiyalar Institutu
torofindon hazirlanmis vo bes osas funksiyani 6ziindo birlogdiron daha cevik ¢orgivadir: Identify,
Protect, Detect, Respond vo Recover (NIST, 2020; NIST, 2012). NIST ¢oargivasi daha ¢ox praktiki
totbiq yoniimliidiir vo miixtolif nov toskilatlarda istifads oluna bilor (ISO/IEC 27001, 2022).
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Sakil 1. NIST c¢orgivasinin marhalalori

3. SANS Top 20 Security Controls: togkilatlarin tohliikasizlik nozaratlorini prioritetlogdirmok
iclin hazirlanmis praktik tovsiyalor toplusudur (SANS Institute, 2020; CIS, 2021). Bu nozaratlor
hiicumlarin qarsisinin alinmasina, askarlanmasina vo cavab todbirlorinin miioyyon edilmasing
yonalmis konkret texniki vo prosedur todbirlori ohata edir.

4. COBIT (Control Objectives for Information and Related Technologies): asason IT idaroetmaosi
vo uygunluga yonolmis corgivadir. COBIT informasiya texnologiyalarinin biznes mogsodlorino
uygunlagdirilmasi, idaroetmo mexanizmlorinin tonzimlonmosi vo audit proseslorinin struktur-
lagdirilmasi tigiin nazords tutulub.

Miiasir texnologiyalar va onlarin tohliikasizlik strategiyalarinin formalagmasina tasiri. Roqomsal
transformasiya noticosindo togkilatlarin infrastrukturunda bas veron doyisikliklor informasiya
tohliikasizliyi strategiyalarmin formalasdirilmasina birbasa tosir gostorir. Miiasir texnologiyalarin
stiratli inkisafi yeni imkanlar yaratmaqla yanasi, tohliikosizlik baximindan kompleks risklorin vo
tohdidlorin ortaya ¢ixmasima sabob olur. Bu sababdon tohliikasizlik strategiyalari ovvalki illorle
miiqayisado daha ¢evik, dinamik vo inteqrasiya olunmus yanasma tolob edir.

Mobil texnologiyalar vo uzaqdan is modellorinin artmasi naticosinds togkilatlarin perimetr asash
midafis yanasmalar1 zoifloyib. Bu miihitdo tohliikesizlik “device-based trust” vo “identity-centric
security” kimi yeni prinsiploro osaslanir. Mobil cihazlarin idaro olunmast (MDM), totbiq
tohliikasizliyi, sifrolomo vo ¢oxfaktorlu identifikasiya kimi nozarotlor strateji tohliikosizlik
yanasmalarimin ayrilmaz hissasine ¢evrilmisdir.

Osyalarmn Interneti (IoT) vo sonaye avtomatlasdirma sistemlorinin genis totbiqi toskilatlarin
hiicum sothini daha da genislondirir. IoT qurgularinin ¢oxu zaif tohliikasizlik nozaratlori ilo tochiz
olundugundan onlarmn ham korporativ, ham do dovlet infrastrukturlarinda istifadasi yeni risklor
yaradir. Bu yanagsma ononovi perimetrlorin shamiyyatini minimuma endirir vo “he¢ kimo avtomatik
etibar etmo” prinsipino osaslanir. Burada identifikasiya, cihaz saglamligi, istifadog¢i davranis
analitikas1 vo dinamik siyasatlorin totbiqi tohliikasizliyin asasini toskil edir.

Sitini intellekt vo masin tolimi do tohliikesizlik sahosino ciddi tosir gdstormokdodir. Bu
texnologiyalar kiberhiicumlarin proaktiv askarlanmasi, anomaliyalarin miioyyon edilmosi,
insidentlorin avtomatlasdirilmis tohlili vo cavab todbirlorinin siiratlondirilmasi {i¢lin genis totbiq
olunur.

Beynolxalq informasiya tohliikesizliyi standartlarinin totbiqi zamanmi qarsiya c¢ixan osas
problemlordon biri onlarin togkilatin mévcud daxili siyasotlori, prosedurlar1 vo amoliyyat qaydalari
ilo tam uygunluq toskil etmomosidir (Behl vo Behl, 2017). Toskilatlarda uzun illor arzinds
formalagmis daxili normativ sonadlor, idaroetmo mexanizmlori vo qorar gobuletmo proseslori
beynalxalq standartlarin toloblori ilo iist-listo diigmadikda tohliikasizlik strategiyalarinin totbiqi formal
xarakter alir.

Adaptiv tohliikasizlik modelinin formalasdirilmasinin asaslandirilmasi. Ononavi tohliikosizlik
yanasmalari ¢ox vaxt “uygunluq morkazli” (compliance-driven) xarakter dasiyir. Bu yanagmada osas
mogsod miioyyon edilmis standartlara formal sokildo cavab vermokdon ibarat olur. Lakin praktik
realliq gostorir ki, uygunluq telablorinin yerina yetirilmasi hamise real tohliikesizlik soviyyesinin
yliksoldilmasi ilo naticolonmir. Bir ¢cox hallarda toskilatlar audit vo yoxlama toloblorini qarsilasa da,
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real kiberhiicumlara qarsi miidafio mexanizmlori zaif qalir. Bu iso tohliikasizlik strategiyalarinin
yalniz sonadlogmo vo prosedur soviyyosindo galmasinin asas gostoricisidir.

Adaptiv modelin formalasdirilmasinin osaslandirilmasinda risk osasli yanagsma miihiim rol
oynayir. Miasir kibertohliikosizlikds biitiin risklori eyni saviyyado idars etmok no miimkiin, no do
somaralidir. Resurslarin mohdud oldugu soraitds toskilatlar on kritik risklora fokuslanmali, asagi riskli
saholordo iso daha sado nozarot mexanizmlori totbiq etmolidir. Adaptiv tohliikasizlik modeli bu
prioritetlosdirmani sistemli sokildo hoyata ke¢irmoys imkan verir vo tohliikosizlik resurslarinin
somorali istifadosini tomin edir.

Digor torofdon, toskilatlarin tohliikasizlik yetkinliyi soviyyolori eyni deyil. Bozi toskilatlar
kibertohliikasizlik sahasinda ilkin merhaladadir, digarlori iso inkisaf etmis idarsetma vo monitoring
mexanizmlorine malikdir. Eyni tohliikesizlik tolablorinin forqli yetkinlik soviyyasino malik
togkilatlara totbiqi praktiki baximdan real deyil. Adaptiv model bu forqliliyi nozors alaraq
tohliikasizlik todbirlorinin morhalali totbiqini toklif edir. Bu yanagma toskilatlara mévcud voziyyatdon
baslayaraq todricon daha yiiksok tohliikasizlik soviyyasinoe kegmoya imkan yaradir.

Bu todqiqat corcivesindo adaptiv tohliikesizlik yanagsmasiin praktik totbiqini tomin etmok
mogsadilo gorar gobuletms mexanizmini formallasdiran sads, lakin totbiq oluna bilon model toklif
olunur (Huang vo b., 2018; Rose va b., 2020; Whitman vo Mattord, 2021). Taklif edilon model
toskilatin informasiya tohliikesizliyi strategiyasinin hansi dorocado adaptiv sokildo totbiq olunmali
oldugunu miioyyon etmoyo imkan veron Adaptiv Tohliikasizlik Tatbigi Indeksi (ATI) anlayisina
osaslanir. Model dord osas parametri nozoro alir.

Adaptiv Tohliikasizlik Tatbiqi iiciin formal model: Hor toskilat liclin 4 osas parametr miioyyon
edilir:

Cadval 1.
Adaptiv modelin asas parametrlori codvali

Parametr Simvol Araliq
Risk soviyyosi R 1-5
Tohliikasizlik yetkinliyi M 1-5
Resurs imkanlari C 1-5
Hiiqugi/normativ sortlik L 1-5

Adaptivlik Indeksi (ATI) asagidaki kimi hesablanir:
ATI=R*L)/(M+C)

[0 R yiiksokdirso — adaptivlik artmalidir
[1 L sortdirsa — birbasa totbiq ¢otinlogir
1 M va C zaifdirso — morhoalalilik vacibdir
Asagidaki program ilo adaptivliyin toskili soviyyasini 6l¢a bilorik:
Input: R, M, C, L
Compute ATI=(RxL)/(M+ C)
If ATI> 2:
Apply adaptive security model with phased controls
Else if ATI between 1 and 2:
Apply hybrid model
Else: Apply baseline standard controls
Toklif olunan adaptiv tohliikesizlik modelinin praktik miihitdo totbiq olunmasi {icilin
strukturlagdirilmis icra mexanizminin mdévcudlugu zoruridir. Bu mogsadls tadqiqat ¢orgivasindo
adaptiv tohliikesizlik yanasmasinin morhalali vo gorar osash totbiqini tomin edon Application
Framework formalasdirilmisdir. Séziigedon corgivo toskilatlarin beynolxalq informasiya tohliike-
sizliyi standartlarin1 (ISO/IEC 27001, NIST Cybersecurity Framework vo s.) birbasa vo
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doyisdirilmoadan totbiq etmasi ovazing, onlar togkilatin real risk profili vo imkanlarina uygun sokilds
adaptasiya etmosino imkan verir.

Adaptiv Framework

identifikasiya Askarlama
Giriga Anomaliyalar  Cavab Planlamasi
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Sokil 2. Adaptiv tohliikasizlik ¢orgivasinin marhalolori

Notica

Aparilan todqiqat gostorir ki, miiasir informasiya tohliikosizliyi miihitindo genis totbiq olunan
beynolxalq standart vo gargivalor togkilatlara metodoloji istigamat togdim etso do, onlarin birbasa vo
doyisdirilmadon totbiqi hor zaman gozlonilon tohliikesizlik naticolorini tomin etmir. Moévcud
yanasmalarm timumilosdirilmis xarakter dasimasi togkilatlarin risk profili, tohliikasizlik yetkinliyi
soviyyasi, resurs imkanlar1 vo hiiquqi-normativ miihiti kimi mithiim amillorin kifayot qodor nozors
alimmamasina sabab olur va naticads tohliikasizlik strategiyalari bir ¢ox hallarda formal uygunluq
soviyyosinda qalir.

Todqgigat naticolori informasiya tohliikesizliyi strategiyalarinin effektivliyinin adaptiv
yanagsmadan birbasa asili oldugunu gostorir. Risk osasli gorarverms, tohliikesizlik yetkinliyi
soviyyalorinin giymotlondirilmosi vo morhoalali totbiq prinsiplori osasinda formalasdirilan adaptiv
yanagsma beynolxalq standartlarin osas prinsiplorini saxlayaraq onlarin real toskilati miihito
uygunlagdirilmasina imkan verir. Bu yanagma tohliikasizlik todbirlorinin yalniz normativ toloblorin
yerina yetirilmasi moagsadils deyil, real risklorin idars olunmasina yonalmis sokilds qurulmasini tomin
edir.

Eyni zamanda, tadqiqatda hiiquqi vo normativ miihitin informasiya tohliikasizliyi strategiyalarinin
formalagdirilmasinda holledici rol oynadigi miioyyon edilmisdir. Tohliikasizlik nozarstlorinin hiiquqi
realliglarla uzlagdirilmasi onlarin praktik totbiqini vo davamliligini artirir. Notico etibarilo, toklif
olunan adaptiv yanagsma informasiya tohliikasizliyi strategiyalarinin daha gevik, totbiq oluna bilon vo
dayanigh formada qurulmasi ii¢iin metodoloji asas yaradir vo bu sahado golocok elmi vo praktiki
arasdirmalar ti¢iin perspektivli istigamot kimi ¢ixis edir.
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Protection of Transactions Using Blockchain Technology

Abstract

The study is devoted to a comprehensive analysis of the core mechanisms ensuring the security
and integrity of transactions in decentralized networks. Amid the rapid development of the digital
economy, traditional centralized financial systems increasingly face risks of cyberattacks,
unauthorized access, and data manipulation, which actualizes the mass application of blockchain
technology. The article thoroughly examines the basic cryptographic principles of transaction
protection, such as hashing algorithms (SHA-256) and elliptic curve digital signature mechanisms.
The role of consensus algorithms, including Proof-of-Work (PoW) and Proof-of-Stake (PoS), in the
process of transaction verification and defending the distributed network against "51% attacks" and
double-spending problems is deeply investigated. Special attention is paid to the security architecture
of smart contracts, which provide autonomous asset routing but simultaneously generate new classes
of vulnerabilities.

During the research, a comparative analysis of the security architectures of blockchain systems
and traditional relational databases was conducted. The concluding part emphasizes strategic vectors
of technological development, including the implementation of post-quantum cryptography methods
to neutralize threats from quantum computing, as well as the need to adapt the global regulatory
framework. The proposed concepts are of fundamental importance for ensuring the long-term
macroeconomic stability of digital payment systems.

Keywords: blockchain, transaction security, cryptography, consensus algorithms, smart
contracts, decentralized systems, cybersecurity

Somad Ramazanov

Azarbaycan Dévlot Igtisad Universiteti
magistrant
https://orcid.org/0009-0003-6597-456X
samed.z.ramazanov(@gmail.com

Blokc¢eyn texnologiyasinin komayi ils tranzaksiyalarin miihafizasi

Xiilasa

Todqiqat morkozlosdirilmomis sobokolordo tranzaksiyalarin tohliikasizliyini vo biitdvlilyiinii
tomin edon osas mexanizmlorin hortorafli tohliline hosr edilmisdir. Rogomsal iqtisadiyyatin siiratli
inkisafi fonunda ononovi morkozlosdirilmis maliyys sistemlori kiberhiicumlar, icazssiz giris vo
molumatlarin saxtalasdirilmast risklori ilo getdikco daha c¢ox {izlesir ki, bu da blokgeyn
texnologiyasinin totbiqini aktuallasdirir. Mogalodo heslosdirmo alqoritmlori (SHA-256) vo elliptik
oyriloro asaslanan rogomsal imza mexanizmlori kimi tranzaksiyalarin qorunmasinin baza kriptoqrafik
prinsiplori otrafli sokildo nozordon kegirilir. Tranzaksiyalarin tosdiqlonmasinds vo sobokonin “51%
hiicumu” vo ikiqat xarclomo (double-spending) problemindon qorunmasinda Proof-of-Work (PoW)
vo Proof-of-Stake (PoS) daxil olmagqla, konsensus alqoritmlorinin rolu dorindon arasdirilir.
Tadqiqatda aktivlorin avtonom marsrutlasdirilmasini tomin edaon, lakin eyni zamanda yeni zaifliklor
sinfi yaradan smart-miiqavilslorin tahliikasizlik arxitekturasina xiisusi diqqot yetirilmisdir.
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Todqgiqat zamani blokgeyn sistemlorinin vo ononavi verilonlor bazalarmin tohliikosizlik
arxitekturasinin miiqayisali tohlili aparilmisdir. Yekun hissods texnologiyanin inkisafinin strateji
vektorlarina, o climlodon kvant hesablamalar1 tohliikasini zorarsizlogdirmok {ig¢lin post-kvant
kriptografiya metodlarinin totbigina vo qlobal normativ-hiiquqi bazanin uygunlasdirilmasi zoruratinoe
diqqet yetirilir. Toklif olunan konsepsiyalar rogomsal 0Odonis sistemlorinin uzunmiiddotli
makroiqtisadi sabitliyinin tomin edilmasi ti¢lin fundamental shomiyyat kasb edir.

Acar sozlor: blokgeyn, tranzaksiyalarin miihafizasi, kriptografiya, konsensus alqoritmlori, smart-
miiqavilalar, markazlasdirilmamis sistemlar, kiber tahliikasizlik

Introduction

Today, as the Data Economy is actively forming, the further development of technologies
critically depends on how reliably we can guarantee the authenticity, protection, and preservation of
financial messages. Traditional transaction recording systems relying on centralized architectures
(banks, clearinghouses, state registries) have a Single Point of Failure. This makes them vulnerable
to large-scale cyberattacks, insider threats, and systemic technical failures. Under these conditions,
Distributed Ledger Technology (DLT), the most famous implementation of which is the blockchain,
offers a revolutionary paradigm: shifting trust from a centralized institution to mathematical
algorithms and cryptography (Tapscott & Tapscott, 2016).

The primary goal of state and corporate implementation of blockchain in transactional activity
processes is to ensure absolute transparency while maintaining a high level of confidentiality and
protection against unauthorized changes. The technology solves the so-called "Byzantine Generals
Problem," allowing independent network participants who do not trust each other directly to reach a
single, mathematically proven consensus regarding the state of the ledger (Antonopoulos, 2017). This
study aims to systematize and deeply analyze the technological tools through which blockchain
protects transactions, identify current vulnerabilities of decentralized systems, and determine the
vectors of their further evolution.

Research

The foundation of transactional security in blockchain systems is based on the synergy of three
technological pillars: asymmetric cryptography, cryptographic hashing, and decentralized consensus
algorithms. The informational basis for assessing the reliability of these mechanisms includes reports
from international cybersecurity institutions (NIST), analytical reviews by technology corporations,
and academic research in the field of applied cryptography.

Any secured transaction in a blockchain begins with the application of asymmetric cryptography.
Each network participant is generated a pair of keys: a public key (acting as an address or account
number) and a private key (acting as a digital signature). Upon initiating an asset transfer, the sender
forms a transaction (specifying the amount and the recipient) and signs it with their private key.
Digital signature algorithms, such as ECDSA (Elliptic Curve Digital Signature Algorithm), provide
a mathematical guarantee that the transaction was initiated exclusively by the true owner of the funds,
and the transfer data was not modified during routing in the peer-to-peer (P2P) network (Yaga et al.,
2018).

Further protection of data integrity relies on the hashing process (predominantly the SHA-256
algorithm). Through the hash algorithm, payment information is transformed into a specific
alphanumeric code of a strictly defined size. The most important characteristic of such a
transformation is its sensitivity to alterations: if even a single character in the original data set is
changed, the resulting value (hash) will become completely unrecognizable. After independent
network nodes verify the authenticity of the signature, the transactions enter the waiting pool
(Mempool). Then, miners or validators collect them, build them into a Merkle Tree structure, and
group them into blocks. Each new block is mathematically tied to the previous one, forming an
unbreakable chronological chain. This architecture makes retrospective forgery of transactions
computationally impossible: to change a single record in the past, an attacker would need to
recalculate the hashes of all subsequent blocks (Zheng et al., 2018).
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However, basic cryptography only protects data, whereas protection against fraud at the system
logic level (e.g., attempts to spend the same digital assets twice — the Double Spending problem) is
provided by consensus algorithms (Swan, 2015). The Proof-of-Work (PoW) mechanism, used in
classic networks, requires nodes to perform resource-intensive mathematical calculations. Security in
this case relies on physical resource expenditures. An attempt to falsify records would require the
attacking party to control the majority (over half) of the system's total computing potential. Such a
scenario makes no economic sense due to the colossal costs of equipment and electricity (Nakamoto,
2008).

In turn, modern high-performance blockchains have transitioned to the Proof-of-Stake (PoS)
algorithm. In this model, the right to confirm transactions is granted to validators based on their locked
financial collateral (stake). Protection is ensured by an automatic penalty mechanism ("slashing"): in
case a validator attempts to confirm a false transaction, the protocol destroys a part of their stake.
Thus, security is based on game theory and strict economic determinism (Wood, 2014). To illustrate
the conceptual differences in approaches to transactional security, a comparative table has been
compiled.

Table 1.
Comparative analysis of security mechanisms of
traditional databases and blockchain systems

Traditional systems (Data centers, Blockchain networks
Security criterion Banks) (Public ledgers)
Decentralized network of
Control zone Single centralized administrator/server independent nodes
Immutability due to
Immutability of entered | Administrator can change or delete a linking of cryptographic
records record hashes
Full copy of the ledger on
Protection against Server backup (vulnerable to local thousands of nodes
failures disasters) worldwide
Absolute transparency;
Possibility of public Available only to regulators and internal | any transaction is publicly
control auditors verifiable
Transaction Verification of tokens/passwords by the
authorization server Asymmetric cryptography

Source: Compiled by the author based on research (Antonopoulos, 2017) and (Yaga et al., 2018).

A new stage in the evolution of transaction protection was the emergence of smart contracts —
self-executing software codes deployed on the distributed ledger (Buterin, 2014). The use of software
code (smart contracts) makes it possible to perform operations without the participation of trusted
third parties, minimizing the impact of subjective errors. Asset transfers are initiated by the protocol
independently as soon as the triggers specified within it are recorded. Nevertheless, the transition to
complex logic (Turing-complete programming languages) generated new attack vectors. Errors in
smart contract code can lead to significant financial losses, examples of which are Reentrancy attacks
or manipulations with price oracles. Protection at this level shifts from basic cryptography to the
necessity of rigorous code security audits, the application of formal verification methods
(mathematical proof of correct code operation), and Bug Bounty programs (Genkin & Mikheev, 2018;
Saveliev, 2017).

The analysis shows that despite the unprecedented level of built-in security, blockchain
technology faces serious macro-threats in the long term. The rapid development of quantum
computers is recognized as the main technological challenge. Shor's algorithm, run on a powerful
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quantum computer, is theoretically capable of breaking elliptic curve cryptography (ECDSA), which
underlies the signing of modern transactions (Pryanikov & Chugunov, 2017). In response to this
threat, the global academic community is already developing and testing Post-Quantum Cryptography
algorithms. The integration of such algorithms will require massive systemic updates.

Also, a critically important aspect is the regulatory protection of transactions. Blockchain provides
technological reliability; however, mass integration into the global economy requires legal security.
The implementation of KYC (Know Your Customer) and AML (Anti-Money Laundering) standards
in decentralized finance, as well as the development of Central Bank Digital Currencies (CBDCs),
create a hybrid model (Khabrieva, 2018). In this model, cryptography provides protection against
technical hacks, while state institutions provide protection against fraud on a legal and social level.

Conclusion

The conducted analysis allows us to state: the principles of ensuring information security during
transfers have been radically revised precisely due to the introduction of distributed ledgers. The
abandonment of the "fortress" principle (protecting the perimeter of a central server) in favor of the
"built-in mathematical trust" paradigm has proven its high efficiency in practice. The synergy of
cryptographic hashing, digital signatures, and decentralized consensus mechanisms allows for the
creation of systems with an unprecedented level of protection against unauthorized data modification.

However, the operational experience of decentralized systems shows that absolute security does
not exist. The protection of transactions in the blockchain requires a multi-vector approach that goes
beyond basic algorithms. The key conclusion is that ensuring the long-term reliability of blockchain
networks requires continuous improvement of machine audit methods for smart contracts, proactive
integration of post-quantum cryptography, and harmonization of the technology with international
regulatory standards. Only a multi-level security architecture that harmoniously combines the
mathematical rigor of software code and institutional control can become a reliable foundation for
the new generation global financial system.
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Abstract

Digital transformation has evolved from a technological upgrade initiative into a strategic
imperative that reshapes organizational structures, governance mechanisms, and project management
paradigms. In this context, project management is no longer limited to delivering predefined outputs
within time and budget constraints; it becomes a central driver of organizational change, innovation,
and competitive advantage. This article examines the strategic and structural implications of project
management in the era of digital transformation. It argues that digitalization requires the
reconfiguration of project governance frameworks, the adoption of agile and hybrid methodologies,
the integration of data-driven decision-making tools, and the development of dynamic capabilities.
Furthermore, digital transformation challenges traditional hierarchical structures and promotes
networked, platform-based, and cross-functional project environments.
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Ragomsal transformasiya soraitinds layihs idarsetmasinin strateji vo
struktur implikasiyalar:

Xiilasa

Rogomsal transformasiya texnoloji yenilonma togabbiistindon inkisaf edorak toskilati strukturlari,
idaraetma (governance) mexanizmlorini vo layiho idaroetmasi paradigmalarini yenidon formalasdiran
strateji zorurato ¢evrilmigdir. Bu kontekstdo layiho idaroetmaosi artiq yalniz avvalcodon miioyyon
edilmis noticolorin vaxt vo biidco mohdudiyyatlori ¢orgivasinds tomin edilmosi ilo mohdudlagmur; o,
toskilati doyisikliklorin, innovasiyanin vo ragabat iistiinlilyiiniin asas harokotverici qiivvasino ¢evrilir.

Bu moqalo rogomsal transformasiya dovriindo layiho idaroetmosinin strateji vo struktur
implikasiyalarin1 tohlil edir. Mogqalodo osaslandirilir ki, rogomsallagma layihs idarsetmo
¢argivolarinin yenidon qurulmasini, ¢evik (agile) vo hibrid metodologiyalarm totbiqini, molumatlara
osaslanan gorarverma alotlorinin inteqrasiyasini vo dinamik qabiliyyatlorin inkisaf etdirilmosini tolob
edir. Bundan slava, roqomsal transformasiya anonavi iyerarxik strukturlara meydan oxuyur vo sabako
osasli, platforma yontimlii vo kross-funksional layiho miihitlorini togviq edir.

Acar sozlar: ragamsal transformasiya, layiha idaraetmasi, strateji uygunlasma, layiha idaraetma
sistemi, taskilati struktur
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Introduction

Digital transformation has become a strategic imperative rather than a technological upgrade
(Vial, 2019). Organizations increasingly implement digital initiatives through structured programs
and projects, positioning project management at the core of transformation processes (Warner &
Wiger, 2019). However, digital transformation introduces governance complexity, structural
reconfiguration, and capability shifts that extend beyond traditional project control mechanisms
(Marnewick & Marnewick, 2023).

Project-based organizations must therefore adapt governance frameworks and leadership roles to
ensure alignment between digital initiatives and corporate strategy (Miiller & Lecoeuvre, 2014). This
paper synthesizes contemporary literature to examine the strategic and structural implications of
project management within digital transformation contexts.

Digital transformation involves integrating digital technologies to fundamentally alter business
models, operational processes, and customer value propositions (Vial, 2019). It affects organizational
identity, competitive positioning, and dynamic capabilities (Teece, 2018).

Warner and Wéger (2019) argue that digital transformation requires the development of dynamic
capabilities such as sensing digital opportunities, seizing technological innovations, and transforming
internal structures. In project environments, these capabilities are operationalized through project
portfolios and governance systems.

Research

Strategic alignment constitutes the central mechanism through which digital transformation
initiatives generate sustainable organizational value rather than remaining isolated technological
upgrades. In digitally transforming environments, projects are not merely operational undertakings
but strategic instruments that translate corporate vision into executable change. Therefore, alignment
requires coherence between digital strategy, business objectives, and portfolio configuration. Miiller
and Lecoeuvre (2014) argue that portfolio governance plays a decisive role in institutionalizing this
coherence by embedding strategic priorities into project selection criteria, resource allocation logic,
and performance evaluation systems. This implies that investment decisions must be guided not only
by short-term financial metrics but also by long-term capability development, digital maturity
progression, and competitive positioning.

Strategic alignment in digital contexts also demands vertical and horizontal integration.
Vertically, digital projects must reflect top-management strategic intent and enterprise-wide
transformation roadmaps. Horizontally, cross-functional coordination ensures that digital initiatives
do not create technological silos or fragmented process architectures. Governance mechanisms such
as stage-gate reviews, portfolio steering committees, and enterprise architecture boards enhance
alignment by continuously reassessing strategic fit as environmental conditions evolve.

Empirical findings by Marnewick and Marnewick (2023) indicate that weak governance
alignment significantly increases the probability of digital project underperformance and failure.
Misalignment often manifests in duplicated initiatives, resource conflicts, unclear accountability
structures, and inconsistent performance indicators. Their research highlights that digitally intensive
portfolios require stronger executive sponsorship and clearly defined governance roles to mitigate
strategic drift. Effective governance structures therefore incorporate executive-level champions who
ensure strategic continuity, digital oversight committees that coordinate transformation initiatives
across departments, and transparent performance metrics that connect project outcomes with strategic
objectives. Such mechanisms reduce ambiguity, enhance accountability, and improve strategic
coherence across the organization.

Beyond structural alignment, digital transformation also redefines leadership expectations and
capability requirements. Digital environments are characterized by rapid technological evolution,
high uncertainty, and continuous innovation cycles. Consequently, project managers are expected to
move beyond traditional planning and control functions and assume roles as strategic change agents.
Hess et al. (2016) emphasize that digital literacy is no longer optional but foundational; leaders must
understand data analytics, platform ecosystems, cybersecurity considerations, and emerging

190



ELMI TODQIQAT Beynolxalq Elmi Jurnal. 2026 / Cild: 6 Say: 3 / 189-193 ISSN: 3104-4670
SCIENTIFIC RESEARCH International Scientific Journal. 2026 / Volume: 6 Issue: 3 / 189-193 e-ISSN: 2789-6919

technologies to make informed strategic decisions. Moreover, innovation management capabilities
enable leaders to balance exploration of new digital opportunities with exploitation of existing
organizational competencies.

Change leadership becomes particularly critical in digital transformation contexts because
technological implementation inevitably triggers cultural and structural resistance. Transformational
leadership — characterized by vision articulation, intellectual stimulation, and individualized
consideration — supports organizational adaptation by fostering trust and shared purpose. Vial (2019)
argues that transformational leaders encourage experimentation, facilitate cross-functional
collaboration, and promote learning-oriented cultures, all of which are indispensable in digital
ecosystems. Such leadership styles help organizations navigate ambiguity while maintaining strategic
direction.

In summary, strategic alignment and digital leadership form mutually reinforcing dimensions of
successful digital transformation. Alignment ensures that digital initiatives remain strategically
relevant and coherently governed, while leadership capabilities provide the adaptive energy required
to implement and sustain transformation. Together, they reposition project management from an
operational coordination function to a central strategic capability within digitally evolving
organizations.

Digital transformation fundamentally reshapes the relationship between technological
infrastructures and organizational design. The successful implementation of digital technologies does
not depend solely on technical sophistication; rather, it requires structural compatibility between
digital systems and the social architecture of the organization. When digital platforms, enterprise
systems, or Al-driven tools are introduced without corresponding adjustments in roles, workflows,
authority structures, and communication channels, misalignment emerges. This misalignment can
reduce performance, increase resistance to change, and generate coordination breakdowns.

In digitally transforming organizations, structural adaptation often involves flattening hierarchies,
decentralizing decision rights, and fostering cross-functional collaboration. Digital innovation
frequently spans departmental boundaries, requiring marketing, IT, operations, and strategy units to
interact dynamically. Without cross-functional teams and agile coordination mechanisms, digital
tools risk becoming isolated technical artifacts rather than value-creating systems (Nambisan et al.,
2017). Thus, structural agility becomes a prerequisite for technological effectiveness. Organizations
that fail to redesign governance routines, incentive systems, and collaboration patterns may
experience digital overload, duplicated efforts, or fragmented decision-making processes.

Agile methodologies have emerged as an essential response to the volatility and ambiguity
associated with digital initiatives. Unlike traditional linear project management approaches, agile
frameworks promote iterative development, continuous stakeholder feedback, and adaptive planning
cycles. Rigby et al. (2016) argue that agile principles enhance organizational responsiveness by
shortening decision cycles and encouraging experimentation. In digital transformation contexts —
where requirements evolve rapidly and innovation outcomes are uncertain — iterative learning
becomes a strategic capability rather than merely a project technique.

However, exclusive reliance on agile methods may create governance risks in large-scale
transformation programs. Digital initiatives often involve substantial investments, regulatory
constraints, and enterprise-wide integration challenges that require formal oversight and
accountability. For this reason, hybrid governance models have gained prominence. Denning (2018)
explains that hybrid systems combine the discipline of traditional control mechanisms — such as stage-
gate reviews, risk assessments, and budgetary oversight — with the flexibility of agile teams. This
integration enables organizations to manage uncertainty and innovation simultaneously while
preserving strategic coherence (Project Management Institute, 2021). Hybrid governance structures
thus represent a structural compromise that balances exploration with control, experimentation with
accountability, and flexibility with alignment.

Digital transformation also alters the mechanisms of project monitoring and control. Traditional
reporting systems, which rely on periodic manual updates and retrospective analysis, are increasingly
replaced by real-time digital dashboards and predictive analytics platforms. These technologies
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enable continuous tracking of key performance indicators, resource utilization, and risk exposure.
According to Kraus et al. (2021), data-driven decision environments enhance transparency and
facilitate evidence-based managerial interventions.

Nevertheless, the adoption of data-driven control mechanisms also requires cultural and structural
adjustments. Managers must develop analytical competencies, ensure data quality, and establish clear
accountability for algorithm-supported decisions. Without appropriate governance frameworks,
excessive reliance on automated analytics may produce information overload or algorithmic bias.
Therefore, digital project control must be embedded within robust oversight structures that integrate
technological intelligence with managerial judgment.

In sum, the structural implications of digital transformation extend beyond the introduction of
new technologies. They require sociotechnical alignment, agile-hybrid governance configurations,
and data-driven control systems that collectively redefine the strategic role of project management in
contemporary organizations.

Digital initiatives generate long-term strategic consequences that affect business models, value
propositions, and competitive positioning. Consequently, project portfolios must be tightly aligned
with corporate strategy. Miiller and Lecoeuvre (2014) emphasize that governance structures play a
decisive role in translating strategic priorities into project selection and resource allocation decisions.
In digital contexts, this alignment becomes even more critical because transformation initiatives often
compete for scarce technological and human resources.

Warner and Wiger (2019) argue that organizations must develop dynamic capabilities that enable
them to sense digital opportunities, seize them through targeted investments, and transform internal
processes accordingly. Project management becomes the operational interface through which these
dynamic capabilities are enacted. Portfolio steering committees, digital roadmaps, and enterprise
architecture planning mechanisms represent structural tools that integrate digital projects into
strategic decision-making cycles. Thus, strategic integration transforms project management from a
downstream implementation function into an upstream contributor to strategic formulation.

Digital transformation introduces higher uncertainty, cross-functional interdependencies, and
accelerated innovation cycles. These conditions require governance redesign. Marnewick and
Marnewick (2023) show that traditional governance frameworks — often designed for stable
environments — may fail to provide adequate oversight for digitally intensive initiatives.

Governance adaptation involves redefining accountability structures, clarifying decision rights,
and introducing transparency-enhancing mechanisms. Digital steering committees, integrated risk
dashboards, and portfolio-level performance analytics enable organizations to maintain control while
fostering innovation. Furthermore, governance adaptation requires balancing centralized oversight
with decentralized autonomy. Excessive control can stifle experimentation, whereas insufficient
oversight may result in strategic drift. Therefore, governance systems must be recalibrated to manage
innovation risk without constraining organizational learning.

Leadership capabilities represent a critical mediating factor between digital strategy and project
performance. Hess et al. (2016) argue that digital transformation demands new competencies,
including technological literacy, change management expertise, and cross-functional coordination
skills. Project leaders must act not only as planners and controllers but also as facilitators of
innovation and cultural change.

Adaptive leadership styles — characterized by openness to experimentation, learning orientation,
and collaborative engagement — are particularly relevant in digital contexts. Leaders must navigate
ambiguity, manage stakeholder expectations, and promote knowledge sharing across technical and
business domains. As digital projects often challenge established routines and power structures,
leadership also involves overcoming resistance and fostering organizational commitment to
transformation goals. Thus, leadership evolution reflects a shift from transactional supervision toward
transformational and integrative influence.

Structural agility refers to the organization’s capacity to reconfigure roles, workflows, and
coordination mechanisms in response to technological change. Rigby et al. (2016) demonstrate that
agile methodologies enhance responsiveness through iterative development and continuous feedback
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loops. However, agility must extend beyond team-level practices to encompass enterprise-level
coordination.

Sociotechnical alignment ensures that digital infrastructures are supported by appropriate social
structures, including cross-functional teams, decentralized decision-making, and flexible
communication channels. Structural agility therefore integrates agile coordination models with
broader organizational design principles. In digitally transforming firms, project management offices
(PMOs) often evolve into strategic transformation hubs that coordinate agile teams while maintaining
portfolio coherence.

In the context of digital transformation, strategic success depends on the organization’s ability to
synchronize these structural dimensions. Firms that treat digital projects as isolated technical
undertakings risk fragmentation and strategic misalignment. By contrast, organizations that embed
project management within strategic governance frameworks enhance their capacity to navigate
uncertainty, foster innovation, and sustain competitive advantage in digitally turbulent environments.

Conclusion

Digital transformation generates profound strategic and structural implications for project
management. Organizations must integrate governance adaptation, digital capability development,
sociotechnical alignment, and agile structures to ensure transformation success.

Future research should further explore Al-enabled governance systems, digital maturity models,
and cross-sector comparative analyses to deepen understanding of project management’s evolving
strategic role.
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Miiassisalorda informasiya tahliikasizliyi siyasatlorinin
tokmillasdirilmasinda Data Classification vo DLP inteqrasiyasinin rolu

Xiilasa

Rogomsal transformasiya proseslorinin = siirotlonmosi ilo paralel olaraq miiassisalords
molumatlarin hacmi, miixtalifliyi vo biznes doyari koskin sokilds artmisdir. Bu artim informasiya
resurslarinin yalniz texnoloji aktiv kimi deyil, eyni zamanda, strateji vo hiiquqi masuliyyat dasiyan
obyektlor kimi idaro olunmasini zoruri edir. Miasir toskilatlarda molumat axinlarinin bulud
platformalari, mobil qurgular, korporativ sabakalor va ligiincii toraf xidmatlori arasinda siiratlo horokat
etmosi molumat sizmalari, icazosiz otiirmolar vo daxili tohliikolor kimi risklorin aktualligin1 daha da
artirir. Empirik arasdirmalar gostorir ki, molumat sizmasi insidentlorinin shomiyyatli hissasi texniki
bosluglarla yanasi, siyasatlorin omoliyyat miihitinds effektiv icra olunmamasi vo insan faktorunun
tosiri ilo baghdir.

Bu kontekstdo Data Classification (molumatlarin tosnifati) vo Data Loss Prevention (DLP)
texnologiyalarinin inteqrasiyasi informasiya tohliikosizliyi siyasatlorinin omoliyyatlagdirilmasi {i¢iin
perspektivli yanasma kimi ¢ixis edir. Data Classification moalumatin biznes doyari vo hassasliq
soviyyasina gora strukturlasdirilmis sokilds identifikasiyasini tomin edorkon, DLP mexanizmlori bu
konteksto uygun olaraq molumat axmlarinin nozaratini, bloklanmasini vo monitorinqgini hoyata
kegirir. Inteqrasiya olunmus yanasma tohliikosizlik siyasatlorinin risk-asash, dl¢iilo bilon vo audito
yararli mexanizmloro ¢evrilmasine imkan yaradir.

Acar sozlor: Data Classification, DLP, informasiya tahliikasizliyi siyasati, risklorin idara
edilmasi, False positive, Metadata
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The Role of Data Classification and DLP Integration in Improving
Information Security Policies in Enterprises

Abstract

In parallel with the acceleration of digital transformation processes, the volume, diversity and
business value of data in enterprises have increased dramatically. This growth necessitates the
management of information resources not only as technological assets, but also as objects with
strategic and legal responsibilities. In modern organizations, the rapid movement of data flows
between cloud platforms, mobile devices, corporate networks, and third-party services further
increases the relevance of risks such as data leaks, unauthorized transfers, and insider threats.
Empirical studies show that a significant proportion of data leakage incidents are related to technical
gaps, as well as ineffective implementation of policies in the operational environment and the
influence of the human factor.

In this context, the integration of Data Classification and Data Loss Prevention (DLP)
technologies acts as a promising approach for operationalizing information security policies.
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While Data Classification provides structured identification of information according to business
value and sensitivity level, DLP mechanisms control, block and monitor data flows in accordance
with this context. An integrated approach allows security policies to be transformed into risk-based,
measurable and auditable mechanisms.

Keywords: Data Classification, DLP, information security policy, risk management, False
positive, Metadata

Giris

Miiossisalorde informasiya tohliikosizliyi siyasatlori (ITS) praktikada iki osas sual
cavablandirmalidir:

1. Hanst molumati no doracods qoruyuruq?

2. Bu qorunman biitiin kanallarda necs icra edirik?

Bu iki sualin on ideal cavabi Data Classification (molumatlarin tosnifati) ilo DLP-nin (Data
Loss/Leakage Prevention - molumat itkisinin/sizmasinin garsisinin alinmasi) inteqrasiyasindan kegir.
Data Classification miiossiso li¢iin malumatin doyarini, hassasligini vo risk soviyyasini olgiilo bilon
sxemo ¢evirir. ISO/IEC 27002:2022-ds tosnifatin CIA toloblorino osaslanan sxem kimi qurulmasi
vurgulanir (Alneyadi, vo b., 2016; Alneyadi, vo b., 2014). DLP iso homin tosnifatin tolob etdiyi
nozarati real omoliyyata ¢evirarok e-poct, saboko, endpoint, SaaS vo s. kanallarda molumatin icazasiz
istifadasini vo oOtiiriilmasini agkarlayib dayandirmagi hadofloyir.

Inteqrasiyanin rolunu anlamaq iigiin hor bir komponentin fordi funksiyasina nozor salmaq
lazimdir:

Data Classification (Moalumatlarin Tosnifat1): Moalumatlarin hossasliq doracesino vo biznes
doyorino goro (mosalon: Ictimai, Daxili, Moxfi, Ciddi Moxfi) etiketlonmasi prosesidir. Bu proses
sonadlorin metadatasinda (metadata) xiisusi izlor buraxaraq, homin faylin kimliyini vo doyorini
miioyyon edir.

DLP (Data Loss Prevention): Hossas molumatlarin icazssiz istifadesini, o6tiirlilmosini vo ya
sizmasini agskar edon vo garsisini alan texnologiyalar toplusudur. DLP soboks trafikini, son ndqtolori
(endpoint) vo bulud miihitlorini davamli olaraq monitorinq edir.

Integrasiyanin Mexanizmi: “Géziibaglh” DLP-don “Agilli” DLP-ya Kegid. Y alniz DLP sistemino
istinad etmok oksor hallarda yiiksok hocmds “yalang1 pozitiv”’ (false positive) xabordarliglarin
formalagmasina gotirib ¢ixarir. Bunun asas sobobi ondan ibaratdir ki, tosnifat mexanizmi olmadiqda
DLP hessasligin kontekstini qiymotlondirmak gabiliyystinden mohrum olur vo asason acar sozler,
requlyar ifadoslor (RegEx) vo ya strukturlasdirilmis molumat sablonlarina (maosalon, kredit karti
nomrolorinin formatlari, soxsiyyot ndmrolori va s.) osaslanaraq reaksiya verir. Noticodo, kontekstual
olaraq risk dasimayan malumat 6tiirmalari do tohliike kimi qiymatlondirilir, bu iso hom tohliikasizlik
komandalarinin iizorino slavo omoliyyat yiikii yaradir, hom do real insidentlorin sos-kily ig¢indo
“itmosi” riskini artirir. Data Classification ilo inteqrasiya olunduqda iso DLP qorarvermo
mexanizmini yalniz sintaktik uygunluglara deyil, molumatin biznes doyorina vo hassasliq soviyyasino
osaslandirir. Bu da hoam yanlis “pozitivlerin” azalmasina, hom dos real risklorin daha doqiq prioritet-
lasgdirilmasing imkan verir.

Tadgiqat

Inteqrasiya neco isloyir? Data Classification mexanizmi sonodloro hom vizual soviyyado
(mosolon, “Ciddi Moxfi” isarosi, watermark vo ya bannerlor), hom do texniki soviyyado
maginoxunaqli metadata alava edir. Bu metadata sonadin yaradildig1 andan etibaron onun biitiin hoyat
dovrii (yaradilma, saxlanma, 6tiiriilmo, paylagilma vo arxivlosdirmo morhalolori) boyunca miisayiot
olunur va tohliikasizlik nazarat mexanizmlari ii¢iin kontekstual informasiya rolunu oynayir.

DLP sistemlari inteqrasiya miihitinds fayl vo ya molumat axinini analiz edarkon yalniz mozmun
soviyyasindo miirokkob vo hesablama baximindan bahali matn analizi, RegEx uygunlugu vo ya sablon
axtariglari aparmaq avozina, birbasa faylin metadata qatinda mévecud olan tosnifat etiketlorini oxuyur.
Bu yanagma DLP-nin gerarverms mexanizmini kontekstual moalumatla zonginlagdirir, performans
yukiinii azaldir vo yanlis pozitivlorin (false positive) saymin minimallasdirilmasia sorait yaradir.
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Masolon agor istifadagi torafindon bir senod “Ciddi Maxfi” (Strictly Confidential) kateqoriyast ilo
etiketlonmisdirso vo homin sonadin soxsi e-pog¢t linvanina 6tiirtilmasi cohdi bas verirso, DLP sistemi
ilkin morholodo sonadin metadata qatindaki tosnifat etiketini identifikasiya edir. Bu kontekstual
gostariciyo asaslanaraq, mozmunun dorin semantik analizina ehtiyac qalmadan oavvalcodon miioyyon
edilmis tohliikosizlik siyasotini igo salir vo Gtiiriilmoa omoliyyatini avtomatik olaraq bloklayir (vo ya
alternativ olaraq sifroloma, xobardarliq vo insident qeydi mexanizmlorini aktivlagdirir).

Bu ciir inteqrasiya yanasmasi tohliikosizlik nozaratinin reaktiv vo mozmun-asili mexanizmlordon
proaktiv vo kontekst-osasli idaroetmo modelina transformasiyasmi tomin edir. Noticodo, informasiya
tohliikasizliyi siyasotlori yalniz normativ senad soviyyssinde qalmir, real amoliyyat miihitindo
avtomatlasdirilmis, 6l¢iilo bilon vo audits yararli nozarat mexanizmloring gevrilir.

Data Classification vo DLP inteqrasiyasinin metodik olaraq asaslandirilmis inteqrasiya siyasatlori
praktiki totbigindo yaranan bosluglarin aradan gqaldirilmasinda holledici rol oynayir. Dogru
strukturlagdirilmis inteqrasiya asagidaki “siyasot bosluglarini” operasionallagdiraraq aradan qaldirir:

- Siyasat-texnologiya uygunsuzlugu: Siyasotdo “moxfi” kimi tosniflondirilon molumatin
informasiya sistemlorinde avtomatik identifikasiya olunmamasi vo vahid nazarat qaydalarmin biitiin
kommunikasiya kanallarinda ardicil totbiq edilmomasi natico etibarils siyasot-icra uygunsuzlugunu
dorinlogdirir vo malumat sizmasi risklorini ohamiyyatli doracods artirir. NIST DLP yanagmasinin
“program + siyasot” olmasi vo idaroetmo komponentini vacib saymasi bunu tosdigloyir (Center for
Internet Security, 2021; International Organization for Standardization, 2022).

- Komplayansin ol¢iilo bilmomasi: Komplayansin 6l¢iilo bilmomasi problemi ondan irali golir ki,
GDPR kimi toanzimlayici rejimlor risko uygun texniki vo toskilati tadbirlorin totbiqini talab etso do,
bu toloblorin omoliyyat soviyyoasindo Olciilo bilon gostoriciloro ¢evrilmasi oksor hallarda tomin
olunmur. Data Classification vo DLP inteqrasiyast homin toloblori 6lgiilo bilon KPI-lar vasitasilo
operasionallagdiraraq audit {i¢lin obyektiv siibut bazasinin formalasdirilmasina imkan yaradir.

- Bulud va uzaq is miihitinda par¢alanma: Muasir DLP yanasmalari1 endpoint, bulud vo sobokoni
birlikde ohato etmolidir (cloud DLP, endpoint DLP, network DLP kimi) (ENISA, 2018; ENISA,
2016).

Metodologiyalarin Miiqayisasi: Reaktiv va Proaktiv Miidafia. Ononavi, “mozmun osasli” DLP
(Data Loss Prevention) sistemlori osason miirokkob riyazi alqoritmlora vo ovvolcodon miioyyon
edilmis sablonlara (pattern-based yanasma) asaslanir. Bu yanagma konteksti tam nozors almadigi
liclin yliksok soviyyodo “False Positive” hallar1 yaradir. Noticodo, tohliikasizlik komandalari real
risklori miloyyanlosdirmak iiclin artiq sayda insidenti manual sokildo tohlil etmali olur vo bu da
omoliyyat yiiklinii artirir (National Institute of Standards and Technology, 2012; International
Organization for Standardization, 2022).

DC (Domain Controller) ilo inteqrasiya olunmus, “kontekst asasli” proaktiv DLP sistemlori iso
istifadagi davranisi, rol, cihaz, zaman vo omoliyyat konteksti kimi oalava faktorlari analiz edorok daha
daqiq qorar mexanizmi formalasdirir. Bu yanagma:

e Yalang1 hoyacanlarin saymi ohomiyyatli doracads azaldir;

e Real tohliikolorin prioritetlogdirilmosini tomin edir;

e Tohliikesizlik amoliyyatlarinin effektivliyini optimallagdirir.

| |
&
50
) I -I
Daaiqiik Smaliyyat Sirst Resurs Qanaat

Sakil 1. Metodoloji Miigayiso
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Osas Gostaricilor:

e Insident Analizi Siirati: 4.5 dofs artim

e Resurs Israfi (Triage Prosesi): 75% azalma

Bu naticalor gostorir ki, reaktiv, mozmun osasli modellorlo miigayisods proaktiv vo kontekst osasl
yanasma hom omoliyyat somoraliliyini artirir, hom do tohliikesizlik komandalarinm vaxt vo
resurslarint daha effektiv idaro etmasino imkan yaradir (Kumaresan, 2014; KPMG International,
2014).

Informasiya Tahliikasizliyi Siyasatlorina Tasiri va Tokmillosdirilmasi. Data Classification vo DLP
sistemlorinin inteqrasiyast miiossisolordo informasiya tohliikosizliyi siyasotlorinin normativ
xarakterdon c¢ixarilaraq omoliyyat miihitindo 0Ol¢iilo bilon vo icra oluna bilon mexanizmlors
cevrilmasing sorait yaradir. Empirik todqiqatlar gostorir ki, malumat sizmalarinin oshomiyyatli hissasi
(toxminon 60-70%-1) ya yanlis konfiqurasiya, ya da insan sohvleri ilo slagadardir ki, bu da siyasot-
icra uygunsuzlugunun praktiki noticolorini niimayis etdirir. Bu baximdan inteqrasiya olunmus
yanasma tohliikesizlik siyasotlorinin effektivliyini bir ne¢o fundamental istigamaotda artirir:

A. Siyasatlorin Daqiqliyinin va Effektivliyinin Artmasi. ©Onanavi olaraq acar sozlors vo sintaktik
uygunluqglara asaslanan DLP qaydalar1 miixtalif sobolor vo layiholor kontekstindo forqli semantik
monalar kosb edir. Noticodo, tohliikkosizlik mexanizmlori kontekstual hossasligl diizgiin
qiymatlondirmir va yiiksok hocmdos “yalanci pozitiv” (false positive) xobardarliqlar1 formalagdirir.
Praktiki miisahidolor gostorir ki, kontekstual tosnifat olmadan igsloyon DLP sistemlorindo yaranan
insident bildirislorinin 30-50%-1 real tohliiks ilo slagali olmur, bu ise tohliikasizlik komandalarinin
resurslarini somorasiz sokilds istifade etmosino gatirib ¢ixarir.

Data Classification mexanizmlarinin totbiqi ilo DLP siyasatlori malumatin biznes doyarino vo
hassasliq soviyyasino uygun olaraq kontekstual asasda icra olunur. Bu yanasma yanlis pozitivlerin
ohomiyyatli doracods azalmasina, real insidentlorin iso daha yiiksok prioritetlo emal edilmasine imkan
verir (National Institute of Standards and Technology, 2020). Noticads, tohliikosizlik siyasaotlori
“hamin1 va har seyi eyni qayda ilo yoxla” prinsipi asasinda deyil, risko uygunlasdirilmis “etikets
osaslanan nazarat” modeli ¢ar¢ivasinds tatbiq olunur ki, bu da siyasatlorin hom daqiqliyini, ham do
omoliyyat effektivliyini artirir.

B. Istifadagi  Mosuliyyatinin  va Tohliikasizlik Madoniyyatinin - Formalasmasi. Molumat
sizmalarinin ohomiyyatli hissasinin insan faktoru ilo olagsli olmasi informasiya tohliikasizliyi
siyasotlorindo davranis yoniimlii mexanizmlorin vacibliyini 6n plana ¢ixarir. Miiasir todqiqatlar
gostorir ki, kibertohliikasizlik insidentlorinin toxminon 70-80%-1 birbasa vo ya dolay1 yolla insan
sohvlori (masalon, yanlis paylasim, zoaif parol istifadasi, digqotsizlik) ilo baglidir. Data Classification
prosesi istifadogilori yaratdiglar: vo paylasdiqlart molumatin doyeri vo hossasliq soviyyosi barads
reflektiv diisiinmoyo tosviq edir vo bu, tohliikesizlik moadeniyyatinin formalasmasinda davranis
doyisikliklorina sabab olur.

DLP mexanizmlori iso yalniz mohdudlasdirici texniki alat rolunu deyil, eyni zamanda, dyradici
vo profilaktik funksiya dasiyir. Masalon, istifadog¢i moxfi kateqoriyaya aid sonadi USB dasiyiciya
koglirmoaya cohd etdikda, sistemin yalniz omaliyyati bloklamasi deyil, hom do siyasati izah edon kon-
tekstual xabardarliq (pop-up notification) géstormasi istifadog¢i davraniglarinin todricon korrekts olun-
masina gorait yaradir. Davranis yoniimlii tohliikosizlik yanasmalari ilo texniki nozaratin sintezi uzun-
miiddatli perspektivdo tohliikasizlik madoniyyastinin institusionallasmasina vo insidentlorin sayinin
azalmasina tohfs verir (Microsoft, 2026; National Institute of Standards and Technology, 2018).

C. Qanunvericiliya va Standartlara Uygunlug (Compliance). GDPR, ISO/IEC 27001, PCI-DSS
vo digor beynolxalq standartlar, habels yerli normativ-hiiquqi aktlar togkilatlardan risko uygun texniki
vo toskilati tadbirlorin tatbiqini, miitomadi monitoring va audit mexanizmlarinin qurulmasini talob
edir. Praktikada uygunluq problemlorinin osas soboblorindon biri siyasotlorin  0Olgiilo  bilon
gostoriciloro  ¢evrilmomasidir.  Statistik hesabatlara osason, boylik toskilatlarda uygunluq
pozuntularinin toxminan 40%-i adekvat monitoring mexanizmlorinin olmamasi ilo slagalondirilir.

Nazari olaraq inteqrasiyanin faydalarini vo siyasatlors miisbat tosirini miizakire etdikden sonra,
golin bunun giindslik omoliyyatlarda neco farq yaratdigina baxaq. Informasiya tohliikesizliyi
komandasinin is yiikiinii vo gorarverms prosesini daha aydin qavramagq {i¢iin, ononavi olaraq tosnifat
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olmadan isloyon “tonha” DLP sistemi ilo bu iki halgonin birlosdiyi inteqrasiya olunmus miihitin
birbasa miiqayisosine nazar salaq. Bu forqlor, dogru texnoloji sinergiyanin vaxta vo resurslara neco
gonaat etdiyini konkretlosdirir:

Cadval 1.
Tosnifatsiz vo Inteqrasiya Olunmus Sistemlorin Miiqayisasi
Xiisusiyyot Yalmiz DLP (Tosnifat Data Classification + DLP
olmadan) Inteqrasiyasi
Qorarverma Osasi Moazmun analizi, acar sozler, Sonadin metadatasi va istifadagi etiketi
RegEx
Yalanc1 Pozitivler Cox yliksok (amoliyyat yiikii Minimum (daqiq hadafloma tomin
yaradir) edilir)
Sistem Performansi Agir (davamli motn skan Yiingiil (yalniz metadata oxunur)
edilmosi tolob olunur)
Istifadogi Tacriibosi Passiv (istifado¢i noyin sohv Aktiv (istifadogi sonadi tosnif edir vo
oldugunu bilmir) qaydalar1 6yronir)

Miiasir roqomsal ekosistemlordo korporativ soboko sorhodlorinin aradan galxmasi (de-
seqmentasiya) vo hibrid infrastruktur modellorinin genis yayilmast ononavi tohliikasizlik
yanasmalarmin effektivliyini shomiyyatli doracods azaldib. Moéveud tohliiko miihitinds molumat
morkazli tohliikasizlik (Data-Centric Security) modeli strateji ohomiyyat dasiyir (Ross, vo b., 2020).

Todqiqatlar gostorir ki, DLP (Data Loss Prevention) hallorinin asagi effektivliyi oksor hallarda
texnoloji ¢atismazliglardan deyil, korporativ molumat taksonomiyasinin diizglin miioyyon
edilmomosindon gaynaqlanir. Molumatlarin sistemli sokildo tosnif edilmodiyi miihitlordo DLP
mexanizmlori “kor noqtolor” formalasdirir ki, bu da kritik aktivlorin qeyri-qanuni ekzfiltrasiyasi
riskini shomiyyatli doracods artirir.

[ sizm insicentia (Min)

§§§é§§§§§§§§

2021 22 2023 2024

Sakil 1. Qlobal malumat sizmasi insidentlorinin dinamik analizi

Aparilmis noazori tohlil vo praktik totbiq ssenarilorinin miiqayisali qiymstlondirilmoesi Data
Classification vo Data Loss Prevention (DLP) texnologiyalarinin inteqrasiyasinin miiossisalords
informasiya tohliikasizliyi siyasatlorinin effektivliyino shomiyyatli miisbat tasir gdstordiyini niimayis
etdirmisdir. Todqiqatin noticolori gostorir ki, inteqrasiya olunmus yanasma siyasotlorin normativ
xarakterdon ¢ixarilaraq omoliyyat soviyyoesindo avtomatlasdirilmis nozarot mexanizmloring
cevrilmasine imkan yaradir vo bununla da siyasat-icra uygunsuzlugunu shomiyyatli deracads azaldir.

Natica

Empirik miisahidolor vo mdvcud todqiqatlarin naticalorinin iimumilosgdirilmasi osasinda miioyyon
edilmisdir ki, tosnifat etiketlori ilo zonginlosdirilmis DLP mexanizmlorinin totbiqi “yalang1 pozitiv”
insident bildirislorinin sayini shamiyyatli doracads azaldir, real risklorin isa daha yiiksak prioritetlo
askar olunmasina gorait yaradir. Bu, tohliikesizlik komandalarinin omsliyyat yiikiinii optimallagdirir
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vo resurslarin daha somorali boliisdiiriilmasine imkan verir. Eyni zamanda, kontekst-asasli nazarat
mexanizmlori molumat axinlarinin daha doqiq monitorinqini tomin etmoakls insidentlorin erkon
morhoalods askarlanmasi ehtimalin1 artirir.

Tadqiqat naticalori homginin gostorir ki, inteqrasiya olunmus model informasiya tohliikasizliyi
modaniyyatinin formalagmasina tohfs verir. Data Classification prosesinda istifadogilorin molumatin
hossasliq soviyyasini siiurlu sokildo qiymotlondirmoesi vo DLP mexanizmlorinin kontekstual
xobordarliglar vasitasilo davraniglari korrekto etmasi insan faktoru ilo bagli risklorin azalmasina sobab
olur. Bu yanasma uzunmiiddotli perspektivdo tohliikasizlik siyasatlorinin yalniz texniki nozarot
mexanizmi deyil, togkilati davranis modeli kimi qobul olunmasina sorait yaradir.

Umumilikds, oldo olunan noticolor gdstorir ki, Data Classification vo DLP inteqrasiyasi
informasiya tohliikesizliyi siyasatlorinin effektiv icrasi {i¢iin texnoloji vo metodoloji baximdan
osaslandirilmig, praktik doyori yiiksok olan yanasmadir. Bu yanasmanin totbiqi miiossisolorin
kibertohliikasizlik risklorina qars1 dayanigligini giiclondirir, tonzimloyici uygunluq soviyyasini artirir
vo molumatlarin strateji aktiv kimi qorunmasini tomin edon davamli tohliikasizlik arxitekturasinin
formalasmasina tohfo verir.
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Informasiya sistemlorinds tahliikasizliyin tomin edilmasi: metodlar va
yanasmalar

Xiilaso

Miiasir informasiya comiyyatindo kompyuter sistemlori vo informasiya-hesablama sobokolori
(IHS) sosial, igtisadi vo idaraetma proseslorinin ayrilmaz torkib hissasina ¢evrilmisdir. Bu sistemlordo
emal olunan molumatlarin hacminin vo shomiyyatinin artmas: informasiya tohliikasizliyinin tomin
olunmasini prioritet mosalolordon biri kimi 6n plana ¢ixarir. Informasiya tohliikesizliyi dedikdo,
informasiyanin vo onu dostokloyon infrastrukturun tosadiifi vo ya qosdon bas veron daxili vo xarici
tohdidlordon qorunmus voziyyoti basa diisiiliir.

Avtomatlasdirilmis informasiya islomo sistemlorindo (AIIS) tohliikesizliyin tomin olunmasi
yalniz texniki vasitalorlo mohdudlasmir, homginin, inzibati vo togkilati tadbirlorin kompleks sokilda
totbigini tolob edir. Bu baximdan tohliikasizlik siyasotinin formalasdirilmasi, risklorin tohlili,
autentifikasiya vo avtorizasiya mexanizmlorinin totbiqi, protokollasdirma vo audit sistemlorinin
qurulmasi mithiim ohomiyyot kosb edir. Eyni zamanda, sobokolordo molumatlarin kriptoqrafik
gorunmasi vo viruslardan miidafio iisullar1 informasiya sizmalarinin garsisinin alinmasinda asas rol
oynayir.

Aparilan todqgiqatlar gostorir ki, informasiya tohliikosizliyinin asas komponentlori olan al¢atanlq,
biitdvliik vo konfidensialliq prinsiplorinin tomin edilmasi yalmiz sistemli vo kompleks yanagma
osasinda miimkiindiir. Bu sababdan miihafizo olunmus sobokalorin qurulmasi vo miiasir tohliikesizlik
metodlarinin totbiqi informasiya sistemlorinin etibarli faaliyyotinin osas sortidir.

Acar sozlor: informasiya tohliikasizliyi, avtomatlasdrilmis informasiya igloma sistemi,
tohliikasizlik siyasati, protokollasdirma va audit, kriptografiya, risklorin idara olunmasi
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Ensuring Security in Information Systems: Methods and Approaches

Abstract

In the modern information society, computer systems and information-computing networks
(ICNs) have become an integral component of social, economic, and administrative processes. The
continuous growth in both the volume and significance of the data processed within these systems
brings information security to the forefront as a priority issue. Information security is understood as
the state of protection of information and its supporting infrastructure against accidental or intentional
internal and external threats.

Ensuring security in automated information processing systems (AIPS) is not limited to technical
measures alone; it also requires the comprehensive implementation of administrative and
organizational controls.
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In this context, the development of a security policy, risk analysis, the implementation of
authentication and authorization mechanisms, as well as the establishment of logging and audit
systems are of particular importance. At the same time, cryptographic protection of data within
networks and anti-malware defense mechanisms plays a key role in preventing information leakage.

Research indicates that ensuring the fundamental components of information security —
availability, integrity, and confidentiality — is possible only through a systematic and integrated
approach. Therefore, the deployment of secure networks and the application of modern security
methods constitute the primary condition for the reliable operation of information systems.

Keywords: information security, Automated Information Processing System (AIPS), security
policy, logging and audit, cryptography, risk management

Giris

Miiasir comiyyetin informatizasiyasi informasiya resurslarinin hacmini vo shomiyyatini koskin
sokildo artirmigdir. informasiya resurslari idaroetmo, iqtisadiyyat, elm vo sosial miinasibatlordo asas
strateji aktivlordon biri kimi ¢ixis edir. Bu soraitdo informasiya sistemlorinin tohliikasizliyinin tomin
edilmasi yalniz texniki problem deyil, hom do toskilati, hiiquqi vo metodoloji aspektlori oshato edon
kompleks va goxsaxali vozifadir.

Informasiya tohliikasizliyi problemi hesablama texnikasmin genis totbiqi, qlobal vo orazi iizro
paylanmis  sobokolorin  inkisafi, homg¢inin, avtomatlagdirilmis idaroetmo  sistemlorinin
miirokkoblosmosi ilo daha da aktuallasmisdir. Informasiyanin icazesiz agiqlanmasi, doyisdirilmosi vo
ya mohv edilmosi hom maddi, hom do monavi zorarlors sobab ola bilar (Bliquliyev vo Imamverdiyev,
2012; Bliquliyev va Imamverdiyev, 2003). Buna gora da tohliikasizlik siyasetinin islonilmasi va
effektiv miihafizo mexanizmlorinin totbiqi informasiya sistemlorinin hoyat ddvriiniin biitiin
morhalslarinds asas prioritetlordon biri olmalidir.

Tadgiqat

Informasiya  sistemlorinin  tahliikosizliyinin  nazori asaslari. Informasiya tohliikoesizliyi
informasiyanin vo onu dostokloyon infrastrukturun tosadiifi vo ya qosdon, daxili vo ya xarici
tosirlordon qorunmus voziyyetidir. Bu voziyyat informasiya miinasibatlori subyektloring
gebuledilmaz zarorin vurulmasinin garsisint almaga yonalmisdir. Miithafizonin predmeti kompyuter
sistemlorindo saxlanilan, islonon vo otiiriilon molumat, miihafizonin obyekti iso avtomatlagdiriimis
informasiya islomao sistemidir.

Informasiya tohliikesizliyino metodoloji yanasma informasiya sistemlorindon istifado edon
subyektlorin maraqlarinin miioyyonlosdirilmasi ilo baslayir. Bu maraqlar osason informasiyanin
olgatanligy, biitovliiyii vo konfidensialliginin tomin olunmast ils ifads edilir.

Qlobal sobakalards faaliyyatin hayata kecirilmasi liglin miisyyan f2loblor kombinasiyasinin tomin
olunmast zorurati yarandigda, bir sira vacib mosalolor meydana ¢ixir. Belo ki, asagidaki suallar
aktualliq kasb edir:

— Hans1 program-aparat vasitalori va taskilati tadbirlor hoyata kegirilmolidir?

— Risk profili hans1 meyarlar asasinda miioyyonlosdirilmolidir?

Bu kimi suallara cavablarin osasmi togkil edon amil — toskilatin foaliyyati iigiin islonib
hazirlanmais tohliikasizlik iizra konseptual siyasat (security policy) hesab olunur.

Tohliikasizlik siyasatlori iki osas kateqoriyaya boliiniir: texniki siyasatlor va inzibati siyasatlor.

Texniki siyasotlor — miivafiq avadanliglar vo proqram tominatlar1 vasitosilo reallasdirilan
tohliikasizlik todbirlorini ohato edir.

Inzibati siyasatlor iso — sistemi istifado edon vo ona nozarat edon soxslor torafindon hoyata
kecirilon togkilati vo idaroetmo xarakterli todbirlordon ibaratdir.

Hazirda coxsayl informasiya va hesablayici sabakalar (IHS) mévcuddur ki, bunlarin arasinda on
taninmiglar1 Internet, Relcom, Sovintel sobakoaloridir. Bundan slave, miisyyon saholor {i¢iin nozordo
tutulmus ixtisaslasdiriimis sabakalor do foaliyyot gostorir. Masolon, “LUKOYL — Qorbi Sibir”
korporativ sobokasi, Medical Systems tibb sistemlori sabokasi, homginin, Simal—Qarb regionunun ali
tohsil miiassisalorinin sabakasi vo digorlori.
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1. Ilkin olaraq ARPANET sobokaosi kimi yaradilmis bu sistem daha sonra ABS Milli Elm Fondu
(National Science Foundation — NSF) torofindon coxsayli elmi-tadqiqat miiessisalorinin vahid
sobokada birlosdirilmasi vo beynoalxalq omokdasligin inkisaf etdirilmoasi magsadilo NSFNET layihosi
osasinda genislondirilmisdir. 1990-c1 ildon etibaron ARPANET sobokasi foaliyyatini dayandirmis,
Internet iso akademik miihitin hiidudlarindan konara ¢ixaraq comiyyat {i¢lin hom informasiya oldo
etmo imkani, hom do siiratli qlobal rabito vasitosi kimi formalagmisdir. Insan comiyyatindo yazinin
yayilmasi ilo alagodar olaraq moktublarin vo yazili molumatlarin miibadilosino ehtiyac yaranmisdir.
Bu is9, 6z ndvbasindo, yazili mesajlarin mozmununun iiglincii soxslordon gizlodilmosi zoruratini
meydana ¢ixarmigdir (Simonovich, 2013).

Yazili mesajlarin mozmununun gizladilmasi tisullarini {i¢ asas qrupa bolmak olar:

Birinci qrupa maskalama vo ya steqanografiya metodlar1 daxildir. Bu metodlar mesajin
movcudlugunun 6z faktini gizlotmoayo yonalib.

Ikinci qrupa miixtolif sifrolomo iisullar1 vo ya kriptoqrafiya metodlar1 daxildir (yunanca kryptos —
“gizli” va grapho — “yaziram” sozlorindon gotiirilmiisdiir).

Ucgiincii qrup metodlar iso informasiya mozmununun moxfiliyini tomin edon xiisusi texniki
qurgularin yaradilmasina istiqgamotlonmisdir.

Informasiya tohliikesizliyinin osas komponentlori. Informasiya tohliikesizliyi masalslori comiyyat
hoyatinda artan rolu ilo olagodar olaraq xiisusi yer tutur vo onlara getdikco daha bdyiik diqqot
gostarilmosi tolob olunur. Demok olar ki, hor hansi foaliyyotin uguru miisyyon doracods informasiya
kimi qiymoatli resurslar1 idaraetma bacarigina baghdir.

Azarbaycan dovlatinin “Informasiya, informasiya texnologiyalar1 vo informasiya tohliikasizliyi
haqqinda” qanununda vurgulanir ki: “Informasiya resurslar1 vatondaslarin, toskilatlarm, ictimai
birliklorin vo dévlatin miilkiyyat obyektloridir.”

Informasiya tohliikosizliyi — kifayot qodor miirokkeb vo ¢oxsaxoli problemdir. Bu problemin
holli yalniz yaxsi toskil olunmus strukturlar torafindon mimkiindiir vo ugur yalniz sistematik vo
kompleks yanasma ilo oldo edilo bilor. Bu problemin holli magsadilo ganunvericilik, inzibati,
prosedur va proqram-texniki soviyyads todbirlor nozordon kegirilir.

Miiasir AiS-lor ¢oxsayli miixtolif orazi iizro paylanmis obyektlori vahid dovroya birlosdirir vo
onlarin torkibino ixtisaslagsmis vo universal HT-lor, molumat 6tiirmo qurgulari, terminallar vo digor
abunaci qurgular — informasiya-hesablama sobokolori (IHS) daxildir.

AIS vo IHS-lorin yaradilmasi noticosindo gqlobal sivilizasiyanin ¢orgivesindo beynolxalq
informasiya mokani formalagmisdir.

Digor torofdon, idaroetms sistemlorinin insan foaliyyoatindo genis totbiqi bir sira monfi naticolorlo
miisayiot olunur. Bunlara kompyuter cinayatlori, IHS vasitolorindon istifads edilon iqtisadi vo siyasi
sabotajlar, elektron sabotajlar, fordi hiiquq vo azadliglarin pozulmasi vo s. daxildir. Biitiin bunlar
informasiya tohliikasizliyinin insan comiyyatinda xiisusi rolunu tosdiqloyir.

Miihafizonin predmeti — kompyuter (informasiya) sistemlorindo saxlanilan, islonon vo 6tiirtilon
molumatdir. informasiya tohliikesizliyinin ii¢ osas komponenti farglondirilir:

e Olcatanliq — tolob olunan informasiya xidmatlorina gobul edilo bilon vaxt intervalinda ¢ixisin
tomin olunmasi;

e Biitovliik — informasiyanin icazasiz dayisdirilmadon vo mohv edilmodon qorunmast;

o Konfidensialliq — informasiyaya icazasiz girigin qarsisinin alinmasi.

Bu komponentlordon har hansi birinin pozulmasi informasiya sisteminin funksional imkanlarmin
azalmasina vo ciddi risklorin yaranmasina sabob ola bilor. Xiisusilo idaroetmo vo maliyyo
sistemlorindo biitovliiyiin pozulmasi kritik noticolor dogura bilor.

Informasiya tohliikasizliyi probleminin miirakkebliyi. Informasiya tohliikesizliyi problemi
informasiya texnologiyalarinin yiiksok inkisaf tempi ilo six baghdir. Program tominatinda yeni
zoifliklorin askar olunmasi, hiicum tsullarinin tokmillogdirilmosi vo daxili tohdidlorin artmasi
tohliikasizlik sistemlorinin davamli sokildo yenilonmasini tolob edir. Bu baximdan tohliikesizlik bir
dofalik todbir deyil, fasilosiz vo magsadydnlii proses kimi nozordon kegirilmalidir.
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[lliistrasiya iigiin niimunolora baxaq. ABS prezidenti B.Klintonun 15 iyul 1996-c1 il tarixli
(Ne13010) formani ilo kritik infrastrukturun hom fiziki hiicumlardan, hom do informasiya silahlari
vasitasilo edilon hiicumlardan qorunmasi iizro Komissiya yaradilmigdir.

1997-ci ilin oktyabr aymin avvalinds homin komissiyanin rohbori Robert Marsh bildirib ki, o vaxt
hom hokumot, hom do 6zol sektor kommunikasiya vo enerji tochizati sobokolorini siradan ¢ixara
bilocok kompyuter hiicumlarindan qorunmagq ii¢iin vasitolora malik deyildilor.

Amerika raket kruizeri “Yorktown” Windows NT 4.0 platformasinda igloyon proqram tominati
ilo bagli coxsayli problemlora gors limana qayitmaga macbur olmusdur. Bu, ABS Horbi Doniz
Qiivvolorinin kommersiya proqram tominatindan miimkiin qodor genis istifado etmoklo horbi
texnikanin maliyyatini azaltmagq siyasatinin yan tasiri olmugdur.

Aydmdir ki, bu kimi niimunslorin say1 kifayot qodor ¢oxdur, informasiya tohliikasizliyinin
pozulmas1 hallar1 iso nainki mévcuddur, hatta golocokds do tamamils aradan qalxacagi gozlonilmir.
Tokco “2000 Problemi” (Y2K) buna bariz misaldir — program tominati sahasi tigiin bdyiik bir utanc
vo ndgsan kimi tarixo diigmiisdiir.

Informasiya tohliikasizliyi ilo baglh mosaloalorin tohlili zamani bu tohliikesizlik aspektinin spesifik
xlisusiyyotlori nozoro almmalidir. Bu xiisusiyyot ondan ibarstdir ki, informasiya tohliikesizliyi
informasiya texnologiyalarmin torkib hissosidir vo informasiya texnologiyalar1 misilsiz deracado
stiratlo inkisaf edon bir sahadir. Bu kontekstdo miiasir soviyyado olan ayri-ayr hallor (qanunlar, todris
kurslari, program-texniki mohsullar) deyil, texniki toroqqinin siiratine uygun sokildo yeni hollor
yaratmaga imkan veron mexanizmlor xiisusi ohomiyyat dasiyir (Anderson, 2020).

Miihafizo olunan sobokslorin qurulmasi metodologiyasi. Tohliikasizlik siyasoti togkilatin
informasiya resurslarinin qorunmasi lizra asas prinsiplorini, qaydalarini vo mexanizmlarini miiayyan
edon konseptual sonaddir. Tohliikasizlik siyasatlori texniki vo inzibati siyasatlors boliiniir. Texniki
siyasotlor proqram-aparat miihafizo vasitolorino, inzibati siyasotlor iso toskilati vo idaroetmo
todbirloring osaslanir.

Idaroetmo infrastruktural xidmatlordon biri hesab edilo bilor ki, bu da komponentlorin va
tohliikasizlik vasitolorinin normal islomasini tomin edir. Miiasir sistemlorin miirokkabliyi o qodor
yuksokdir ki, diizgiin toskil olunmamis idaraetmo olmadan onlar todricon hom effektivlik, hom do
miihafizo baximindan deqrado olurlar. Idaroetmoya basqa yanasma da miimkiindiir — onu informasiya
xidmatlorinin va tohliikasizlik xidmatlorinin inteqrasiyaedici qilift kimi gabul etmok olar, hansi ki,
onlarin normal foaliyyatini IS administratorunun nazarati altinda tomin edir.

X.700 standartina asason, idaroetma asagidaki bélmalore ayrilir: — komponentlorin monitoringji;
— uzlasdirilmig nozarot (yoni idarosedici tosirlorin verilmoasi vo hoyata kegirilmosi); — sistem
komponentlorinin isinin koordinasiyasi.

[S-in administrasiyas1 — toyin olunmus soxslorin (IS administratorunun) IS-in funksional
mogsadini yerina yetirmasina imkan veran vaziyyatinin saxlanmasini tomin edon faaliyyatidir.

2. Idaroetmo sistemlori asagidaki imkanlari tomin etmoalidir: — administratorlara informasiya
xidmatlorinin istifadesini planlagdirmagq, toskil etmok, nozarat etmok vo ugotunu aparmaq imkani
vermok; — doyison tolobloro cavab vers bilmok; — informasiya xidmatlorinin proqnozlasdirila bilon
davranigini tomin etmok; — Basqa s6zlo, idaroetmo kifayot qodor genis funksionalliga malik olmali,
effektiv, cevik vo informasiya baximindan tohliikosiz olmalidir (Neumann, et all., 1977).

3. Interaktiv menecerlor vo agentlorin iyerarxiyasi bir ne¢a soviyyaya malik ola bilor. Bu zaman
orta saviyyali elementlor ikigat rol oynayir: yuxari saviyyali elementlors qarsi agent, asagi soviyyoli
elementloro qars1 iso menecer rolunu dastyirlar. Menecer/agent ¢oxsaviyyali memarligi boyiik
sistemlorin paylanmis vo miqyaslana bilon idars olunmasinin agaridir (Musayev va b., 2015; Musayev
va Qoamboarov, 2015; ISO/IEC, 2013).

Informasiya sisteminin effektiv foaliyyoti iiciin tohliikosizlik siyasotinin idaro olunmasi,
konfiqurasiya nazarati, nasazliqlarin idara edilmasi va performansin monitoringi vacib sortlordir.

Protokollagdirma va audit. Protokollagdirma informasiya sistemindo bas veron hadisolor
hagqinda molumatlarin toplanmasi vo saxlanilmasi prosesidir. Audit iso bu molumatlarin tohlili
osasinda tohliikasizlik insidentlorinin askar edilmasino yonolmisdir. Protokollagdirma vo audit
asagidaki mogsadlors xidmat edir: istifadogilorin vo administratorlarin masuliyyatinin tomin edilmasi;

203



ELMI TODQIQAT Beynolxalq Elmi Jurnal. 2026 / Cild: 6 Say: 3 / 200-206 ISSN: 3104-4670
SCIENTIFIC RESEARCH International Scientific Journal. 2026 / Volume: 6 Issue: 3 / 200-206 e-ISSN: 2789-6919

hadisalorin ardicilliginin borpasi; tohliikesizlik pozuntularinin askarlanmast; risklorin tohlili {i¢iin
molumat bazasmin yaradilmasi.

Aktiv audit mexanizmlori real vaxt rejimindo siibholi foaliyyoto avtomatik reaksiya vermoya
imkan yaradir (Stallings, 2017; Pfleeger vo Pfleeger, 2012). Hadisolorin ardicilliginin borpast
servislorin miithafizosindo movcud olan zoif cohotlorin askar edilmasino, miidaxiloni hoyata kegiron
soxsin milayyonlosdirilmasing, vurulmus ziyanin miqyasmin qiymatlondirilmasine vo sistemin
normal i§ rejimino qaytarilmasina imkan yaradir. Problemlorin askarlanmasi va tohlili iss informasiya
tohliikasizliyinin miihiim parametrlorindon biri olan slgatanligin yaxsilasdirilmasina komak eds bilor.
Darbogazlar miioyyon edildikdon sonra sistemin yenidon konfiqurasiya edilmesi vo ya yenidon
sazlanmasi, ardinca iso mohsuldarligin tokrar ol¢iilmasi vo diger optimallagdirma todbirlorinin
goriilmosi miimkiin olur.

Tohliikosizlik siyasotine uygun olmayan aktivliyin mogsodouygun sokildo iki kateqoriyaya
boliinmasi tdvsiys olunur:

— ganunsuz sokildo solahiyyatlorin alds edilmasino yonalmis hiicumlar;

— movcud salahiyyatlor ¢ar¢ivasinda icra olunsa da, tohliikasizlik siyasatini pozan foaliyyatlor.

Hiicumlar hor hanst mazmunlu (mantiqli) tohliikesizlik siyasotini pozur. Hiicumlarin tosviri vo
askar edilmosi ligiin tohliikasizlik siyasatindan asili olmayan, invariant universal metodlardan istifado
oluna bilor. Bu metodlara hiicum signaturalar1 vo onlarin ekspert sistemlori aparatindan istifado
etmoklo hadisalorin giris axiinda agkarlanmasi daxildir.

Aktiv audit vasitolorino miinasibotdo birinci vo ikinci ndv sohvlor forqlondirilir: miivafiq olaraq,
hiicumlarin buraxilmasi vo yanlis hoyacan signallari. Birinci ndv sohvlorin arzuolunmazlig agiq-
aydindir; ikinci ndv sohvlar isa az tohliikali deyildir, ¢linki tohliikasizlik administratorunun diqqgatini
haqigaton vacib masalslordon yaymdirir vo dolayr yolla hiicumlarin gézdon qagirilmasina sorait
yaradir.

Aktiv audit vasitolori informasiya sisteminin (IS) biitiin miidafio xotlorindo yerlosdirilo bilor.
Nozarot olunan zonanin sorhadinds xarici sobokalora qosulma noqtslorindo siibholi aktivliyin agkar
edilmosi miimkiindiir. Korporativ soboko daxilindo aktiv audit hom xarici, hom do daxili
istifadagilorin slibhali foaliyyotini agkar edib garsisini almaga, homginin, tohliikesizlik pozuntular1 vo
aparat—proqram sohvlori naticosinds yaranan servis problemlorini miioyyon etmoyo qadirdir. Aktiv
audit, eyni zamanda, olgatanliga yonalmis hiicumlardan qorunmani tomin eds bilar (Perrin, 2008).

Hazirk1 dovrds istifadoaginin haqiqiliyinin (identifikasiyasinin) miioyyan edilmasi ii¢lin on genis
yayilmis tisullar parol asasli metodlardir. Bu metodlar istifadogidon simvollar ardicilliginin (parolun)
daxil edilmosini tolob edir vo homin parol sistem yaddasinda saxlanilan etalon parol ilo miigayiso
olunur. Daxil edilon parol etalon parolla iist-listo diisdiiyii halda istifadogiys sistemdo islomoya icazo
verilir. Parol asasli metodlarin nozordon kegirilmasi zamani asagidaki isarslordon istifads olunur: S —
sistemin mesaji; P — istifadagi torofindon daxil edilon mesaj; OK — sistem torafindon hoqiqiliyin
diizgiin miioyyon edildiyini bildiron mesaj. Sada parol metodu istifadogi torofindon klaviatura
vasitasilo bir parolun daxil edilmosins asaslanir. Misal 1. (Parol “PAROL” soziindon ibaratdir): S:
Parolu daxil edin; P: PAROL; S: OK.

Simvollarin segmo iisulu sistem torofindon parolun miioyyon simvollariin tosadiifi qaydada
secilorok istifadogidon daxil edilmasini nozards tutur. Misal 2. (Parol “PAROL” s6éziindon ibaratdir):
S: Parolu daxil edin: 2, 5; P: A L; S: OK.

Simvollarin se¢mo iisulu pozucuya istifado¢i torofindon daxil edilon simvollara birdofalik
miisahido asasinda parolun tam giymatini miioyyon etmays imkan vermir vo bununla da tohliikasizlik
soviyyesini artirir.

Birdafalik parollar vao onlarin tatbiqi mexanizmlori. Yuxarida nazordon kegirilmis parollart
coxistifadali (tokrar istifads olunan) parollar adlandirmaq olar; bu tip parollarin agiglanmasi pozucuya
ganuni istifadoci adindan foaliyyot gostormoya imkan verir. Passiv sokildo sobokonin dinlonilmasina
qars1 daha davamli va tohliikesizlik baximindan xeyli giiclii vasito iso birdefslik parollardir.

Programlarin idxalina nazarat. Kompyuterlordo molumatlar nadir hallarda statik olur. Yeni
elektron moktublar qobul edilir. Yeni proqramlar disketlordon, CD-ROM-lardan vo ya soboko
serverlorindon yiiklonir. Interaktiv veb-proqramlar icra olunan fayllari kompyuterds islodilir. Hor bir
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doyisiklik virus infeksiyasi, kompyuterin konfiqurasiyasinin pozulmasi vo ya proqramlarin lisenziya
hiiquglarinin pozulmasi riskini dasiyir. Togkilatlar bu riskloro qarst miixtolif mexanizmlorlo
miidafioni tomin etmolidirlor.

Programlarin idxalina nozarot agsagidaki vozifalori hall etmoyos imkan verir: Viruslar vo “truva
atlar1”na qars1 qorunma, onlarin askarlanmasi vo silinmesi; Interaktiv programlara (Java, ActiveX)
nozarot; Program lisenziyalarinin qorunmasina nazarst. Nozarot — prosesi kim basladir vo proqramin
idxal edildiyi neco miioyyon edilo bilor; Tohliiko novii — icra olunan proqram, makro, applet, lisenziya
miigavilesinin pozulmasi; Qarst todbirlor — viruslara yoxlama, servisin dayandirilmasi, giris
hiiquglarinin doyisdirilmasi, auditi aparmaq, silmok.

Programlarin  kompyuters idxali vo onlarin islodilmasi zamani bu proqramlarin olave
funksionalliga malik olmasi va ya onlarin real funksiyalarinin boyan edilonlarlo forqlonmasi riski
moveuddur. idxal birbasa istifadocinin foaliyyoti formasinda vo ya digor foaliyyatlorin yan tosiri
noticosinda bas vers bilor vo gdriinmayas bilor.

Programlarin idxalina nazarat. Kompyuterlordo molumatlar nadir hallarda statik olur. Yeni
elektron moktublar gobul edilir. Yeni programlar disketlordon, CD-ROM-lardan vo ya soboko
serverlorindon yiiklonir. Interaktiv veb-proqramlar icra olunan fayllari kompyuterds islodilir. Hor bir
doyisiklik virus infeksiyasi, kompyuterin konfiqurasiyasinin pozulmasi vo ya proqramlarin lisenziya
hiiquglarinin pozulmasi riskini dasiyir. Togkilatlar bu riskloro qarst miixtolif mexanizmlorlo
miidafioni tomin etmalidirlor.

Programlarin idxalina nozarot agsagidaki vozifalori hall etmoyos imkan verir: Viruslar vo “truva
atlar1”na qars1 qorunma, onlarin askarlanmasi vo silinmaosi; Interaktiv programlara (Java, ActiveX)
nozarat; Proqram lisenziyalarinin qorunmasina nazarat.

Hor bir vazifo asagidaki meyarlara gora tasnif edilo bilor: Nozarat — prosesi kim basladir vo
programin idxal edildiyi neco miioyyan edilo bilor; Tohliiko novii — icra olunan proqram, makro,
applet, lisenziya miigavilosinin pozulmasi; Qars1 todbirlor — viruslara yoxlama, servisin
dayandirilmasi, giris hiiquqlarinin doyisdirilmasi, auditi aparmaq, silmok.

Programlarin kompyuters idxali vo onlarm islodilmasi zamani bu proqramlarin slave
funksionalliga malik olmasi vo ya onlarin real funksiyalarmin boyan edilonlorlo forqlonmasi riski
movcuddur. idxal birbasa istifadoginin foaliyyoti formasinda vo ya digor foaliyyatlorin yan tosiri
noaticasinda bas vera

Kriptografik miihafiza va inkisaf meyillori. Kriptografiyanin rolu. Informasiya tohliikosizliyi (IT)
sahasindo hoyata kecirilon todbirlorin asas moqsadi informasiya miinasibatlori subyektlorinin
maragqlarinin qorunmasidir. Bu maraqlar miixtslif xarakter dasisa da, onlarin hamisi {i¢ asas aspekt
otrafinda comlogsir: ol¢atanliq; tamliq (biitovliik); konfidensialliq.

Toskilatin informasiya tohliikasizliyi sisteminin qurulmasmda ilk morholo bu aspektlorin
ohomiyyatina gora siralanmasi vo atrafli sokilds doqiqlosdirilmasidir.

Informasiya tohliikesizliyi problemlorinin aktuallig1 osason iki fundamental sababla izah olunur:
toplanmis informasiya resurslarinin yiiksok doyeri; informasiya texnologiyalarindan kritik asililiq
SOViyyosi.

4. Korporativ informasiya sistemlorinin qurulma prinsiplori do doyismokdadir. Genis miqyasda
xarici informasiya servislorindon istifads olunur, eyni zamanda, toskilatin 6z informasiya resurslari
da konara togdim edilir. Genis yayilmis autsorsing tocriibasi ¢orgivasindo korporativ informasiya
sisteminin bir sira funksiyalar1 xarici toskilatlara hovalo olunur. Bununla yanasi, aktiv agentlors
osaslanan proqramlagdirma texnologiyalar1 da intensiv sakilds inkisaf etdirilir (Misa, 2016).

Informasiya tohliikosizliyi sahesindo ugur yalmz dérd soviyyenin todbirlorini birlosdiron
kompleks yanagsma naticosindo miimkiindiir: qanunvericilik; inzibati; prosedur; proqram-texniki.

Miirokkabliyo qarst miibarizonin osas aloti kimi obyekt-yonlii yanasma toklif olunur.
Inkapsulyasiya, irsilik, polimorfizm, obyektlorin aspektlorinin (qranlarinin) ayrilmasi, detallagdirma
soviyyasinin doyisdirilmasi kimi anlayiglar universal xarakter dasiyir vo informasiya tohliikosizliyi
lizro miitoxassislor ii¢ilin zoruri biliklor hesab olunur.

Kriptoqrafiya informasiyanin konfidensialligini vo biitovlilyiinii tomin edon asas metodlardan
biridir. Sifraloms alqoritmlori malumatin icazasiz oxunmasinin vo doyisdirilmasinin qarsisini alir.
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Miiasir informasiya sistemlorinds kriptoqrafik miihafizo virtual 6zal sobokalords, elektron ticaratde
va elektron hokumat sistemlorinds genis tatbiq olunur.

Kriptoanaliz sifrolomo alqoritmlorinin zaif toroflorini askar etmoyo yonalmis elmi istigamaotdir.
Kriptoanalizin inkisafi kriptoqrafik mexanizmlorin tokmillosdirilmasine vo daha dayaniqh
tohliikasizlik hallorinin yaradilmasina stimul verir.

Natica

Aparilan tohlil gostorir ki, informasiya sistemlorinds tohliikasizliyin tomin edilmasi kompleks va
dinamik xarakter dasiyan bir prosesdir. Effektiv miihafizo yalniz texniki vasitoalorin deyil, hom do
togkilati vo inzibati todbirlorin inteqrasiyasini tolob edir. Tohliikasizlik siyasotinin diizglin forma-
lagdirilmasi, risklorin qiymotlondirilmasi ve kriptoqrafik miihafizo mexanizmlorinin totbiqi
informasiya sistemlorinin dayaniqligini va etibarliligini shomiyyatli deracads artirir.
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Idars olunan rotor sistemi (IRS) texnologiyasi ilo miirokkab
traektoriyalarda qazma performansinin artirilmasi

Xiilasa

Miiasir neft vo qaz sonayesindo miirokkab geoloji strukturlardan resurslarin somorali ¢ixarilmasi
toloblori getdikco artir. Bu baximdan, idaro olunan rotor sistemi (IRS) texnologiyasi qazma
omoliyyatlarmin optimallagdirilmasinda miihiim rol oynayir. IRS texnologiyasi gazma prosesindo
rotorun istiqgamatini vo bucagini doqiq nozarat altinda saxlamaga imkan verir, bu iso miirokkob
traektoriyali quyularin daha siiratli vo effektiv qazilmasina sorait yaradir.

IRS texnologiyasinin totbiqi bir sira istiinliiklori ilo secilir. ©vvala, qazma performansini
artirmaqla yanasi, quyu trayektoriyasinin daqiqliyini tomin edir. Bu, xiisusilo horizontal vo ya ¢ox
budaqli quyular iigiin ohomiyyatlidir. ikincisi, sistemin aktiv idara olunmas1 qazma zamani1 yaranan
stirtinma vo yan torof qiivvelorini azaldir, bu da alot dmriinii uzadir vo texniki xidmat xorclorini
azaldir. Ugiinciisii, IRS miirokkob geoloji soraitdo risklori minimuma endirorok qoza hallarinin
garsisini alir vo gazma prosesinin tohliikosizliyini tomin edir.

Texnologiyanin effektivliyi hom do real vaxt rejimindo monitorinqg vo molumat analizi ilo artir.
IRS vasitasilo qazma amoliyyatlar1 zamani alinan molumatlar rotorun istiqgamati, bucaq doracalori,
gazma siirati vo digor kritik parametrlor osasinda optimallasdirilir. Bu yanagma qazma strategiyasinin
dinamik tonzimlonmasina imkan verir vo amoliyyat xorclorinin azaldilmasia komak edir.

Acgar sozlar: idara olunan rotor sistemi, miirakkab traektoriyalar, gazma performansi, geoloji
strukturlar, real vaxt monitoringi, tohliikasiz gazma
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Increasing Drilling Performance in Complex Trajectories Using Rotary
Steerable System (RSS) Technology

Abstract

In the modern oil and gas industry, the demand for efficient extraction of resources from complex
geological structures is steadily increasing. In this context, Rotary Steerable System (RSS)
technology plays a significant role in optimizing drilling operations. RSS technology enables precise
control of the rotor’s direction and angle during the drilling process, allowing wells with complex
trajectories to be drilled more quickly and efficiently.

The application of RSS technology is characterized by several advantages. First, it increases
drilling performance while ensuring the accuracy of the well trajectory. This is particularly important
for horizontal and multilateral wells. Second, the active control of the system reduces friction and
lateral forces generated during drilling, which extends the lifespan of drilling tools and reduces
maintenance costs. Third, RSS minimizes risks in complex geological conditions, helping to prevent
accidents and ensuring safer drilling operations.
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The effectiveness of this technology is also enhanced through real-time monitoring and data analysis.
The data obtained during drilling operations through RSS are optimized based on critical parameters
such as rotor direction, angle degrees, drilling speed, and other operational indicators. This approach
allows dynamic adjustment of drilling strategies and contributes to reducing operational costs.

Keywords: rotary steerable system, complex trajectories, drilling performance, geological
Structures, real-time monitoring, safe drilling

Giris

Miiasir dovrdo neft vo gqaz sonayesi diinya iqtisadiyyatinin asas sahoalorindon biri hesab olunur vo
enerji resurslarina olan tolobatin artmasi bu sahods yeni texnologiyalarin totbiqini zoruri edir.
Xiisusilo miirokkab geoloji qurulusa malik yataqlarda karbohidrogen ehtiyatlarinin somorali sokildo
istismari ii¢lin milasir qazma texnologiyalarmin totbiqi boyiik shomiyyot dasiyir. ©nonavi qazma
tisullar1 bir ¢ox hallarda miirokkab traektoriyali quyularin qazilmas1 zamani kifayot qodor effektiv
olmur va bu sobabdon yeni texnoloji hallorin totbigino ehtiyac yaranir.

Son illordo gqazma texnologiyalarinda bas veron miihiim yeniliklordon biri idaro olunan rotor
sistemi  (IRS) texnologiyasinin totbigidir. Bu texnologiya qazma prosesi zamani quyu
trayektoriyasinin daha daqiq idara olunmasina imkan yaradir vo miirokkab istigamatli, horizontal vo
coxsaxali quyularin gazilmasini daha somoroli edir. IRS sistemlori qazma alotlorinin istiqamotini
fasilosiz olaraq tonzimlomoyo imkan verorok quyu trayektoriyasinin planlasdirilmis istigamotdo
saxlanmasini tomin edir (Abbasov vo Mommaodov, 2020).

Idars olunan rotor sistemi texnologiyas1 hom qazma siirotinin artirilmasina, hom do omoliyyatlarmn
tohliikasizliyinin yiiksoldilmasino miihiim tasir gostorir. Bu sistemlarin totbiqi gazma zamani yaranan
texniki c¢otinliklorin azaldilmasina, avadanliglarin aginmasinin minimuma endirilmasine vo qazma
prosesinin daha stabil sokildo hoyata kegirilmasina gorait yaradir. Bundan slavo, real vaxt rejimindo
oldo olunan molumatlarin tohlili qazma prosesinin optimallasdirilmasina vo miimkiin risklorin
vaxtinda miioyyon edilmasine imkan verir (Lyons vo Plisga, 2011).

Bu todgiqat isinda idaro olunan rotor sistemi (IRS) texnologiyasinin miirokkob traektoriyalarda
gazma prosesing tosiri, onun qazma performansinin artirilmasinda rolu vo totbiqinin stiinliiklori
genis sokildo tohlil edilir. Eyni zamanda, bu texnologiyanin neft vo qaz sonayesindo totbiq
perspektivlori vo omoliyyat somoraliliyine verdiyi tohfalor aragdirilir.

Idara olunan rotor sistemi (IRS) texnologiyasmin tatbiqi miiasir gazma amoaliyyatlarinda texnoloji
inkigsafin mithlim istigamotlorindon biri hesab olunur. Neft vo qaz yataqlarinin boyiik hissosi
miirokkab geoloji quruluslara malik oldugundan bu yataqlarin effektiv sokilds istismari tigiin doqiq
idara olunan vo yiiksok texnoloji imkanlara malik qazma sistemlorine ehtiyac yaranir. Mohz bu
baximdan IRS texnologiyasi qazma prosesinin optimallagdiriimasinda vo miirokkab traektoriyalarin
doqiq sokildo formalasdirilmasinda miihiim rol oynayir.

Ononovi istigamatli gazma tisullarinda quyu trayektoriyasinin doyisdirilmasi li¢lin qazma prosesi
miloyyon miiddot dayandirilir vo gazma alstinin istiqgamoti mexaniki iisullarla tonzimlonir. Bu iso hom
vaxt itkisino, hom do omoliyyat xorclorinin artmasina sabab olur. Idars olunan rotor sistemi iso qazma
prosesini dayandirmadan, fasilosiz sokildo quyu istigamotinin doyisdirilmasine imkan verir. Bu
xlisusiyyat qazma omoliyyatlarinin daha siirotli vo somoroli aparilmasini tomin edir vo layiho
miiddatinin qisalmasina sorait yaradir.

IRS texnologiyasimin asas iistiinliiklorindon biri quyu trayektoriyasimm yiiksok doqiqlikls idara
olunmasidir. Bu sistem gazma alotinin istigamatini avtomatik olaraq tonzimloyarak planlasdiriimis
trayektoriyadan konara ¢ixma ehtimalint minimuma endirir. Beloalikls, miirakkab strukturlu geoloji
qatlarda belo gazma omoliyyatlarinin doaqiqliyi qorunub saxlanilir. Bu iso xiisusilo horizontal vo
coxbudaqli quyularin gazilmasi zaman1 miihiim ohomiyyat kosb edir.

Bundan slavo, idars olunan rotor sistemi qazma prosesindo mexaniki yiiklonmalorin vo siirtiinmo
qiivvalorinin azalmasina da miisbat tosir gdstorir. Qazma alstlorinin daha stabil iglomasi naticosindo
avadanliglarin aginmasi azalir vo onlarin istismar miiddeti uzanir. Bu isa qazma amoliyyatlarinin iqti-
sadi somaraliliyinin artirilmasina vo texniki xidmat xarclorinin azaldilmasina komak edir. Eyni za-
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manda, qazma prosesindo bas vero bilocok qoza vo texniki nasazliglarin garsisinin alinmasi baxi-
mindan da IRS texnologiyasinin totbiqi miihiim rol oynayir (Schlumberger, 2018; Halliburton, 2019).

Miiasir gazma texnologiyalarinda malumatlarin operativ sokildo aldo olunmasi va tohlili do boyiik
ohomiyyoat dastyir. IRS sistemlori miixtalif sensor va dl¢ii cihazlari vasitasilo gazma prosesi haqqinda
real vaxt rejimindo moalumatlarin toplanmasina imkan verir. Bu malumatlar qazma parametrlorinin
tohlili iigiin istifads olunur vo prosesin optimal rejimdo aparilmasina sorait yaradir. Noticodo qazma
omoliyyatlarinin idars olunmasi daha doqiq vo somorali sokilds hoyata kegirilir.

Belaliklo, idara olunan rotor sistemi texnologiyast miirokkob geoloji soraitds qazma prosesinin
daha effektiv vo tohliikasiz aparilmasina imkan veran miihiim texnoloji yeniliklorden biridir. Bu
sistemin totbiqi qazma performansinmn yiiksaldilmasina, amoliyyat xorclorinin azaldilmasina vo neft-
qaz yataqlarinin daha somorali sokilds istismarina sorait yaradir. Miiasir neft vo qaz sonayesindo bu
texnologiyanin genis totbiqi golocokdo qazma omoliyyatlarinin daha da tokmillosdirilmasine vo yeni
yataglarin istismar imkanlarinin geniglonmasino mithiim tohfo veracokdir.

Tadgiqat

Bu todgiqat isinda idaro olunan rotor sistemi (IRS) texnologiyasinin miirokkob traektoriyalarda
gqazma performansina tosirini aragdirmaq magsadilo miixtalif elmi vo praktiki todqiqat metodlarindan
istifade edilmisdir. Todqiqatin aparilmasi zamani hom noazori, hom do totbiqi yanasmalar osas
gotiirilmusdiir.

[Ik no6vbado movzu ilo bagh mdvcud elmi odobiyyatlarin tohlili aparilmisdir. Bu morholodo neft
va qaz sonayesindo istifado olunan miiasir gazma texnologiyalari, xiisusilo idars olunan rotor sistemi
haqqinda yerli vo xarici monbalor Oyronilmis, miixtolif alimlorin vo miitoxassislorin bu sahods
apardiglar1 todqiqatlar miigayisoli sokildo analiz edilmisdir. ©dabiyyatlarin tohlili mévcud
texnologiyalarin iistlinliiklorini, catismazliglarini va inkisaf istigamotlorini miisyyon etmays imkan
vermisdir (Azad, 2018; Abbasov vo Mommaodov, 2020; Sliyev, 2019).

Tadqiqat prosesindo miiqayisali analiz metodundan da istifado edilmisdir. Bu metod vasitasilo
ononavi istiqgamotli gazma tisullar ilo idars olunan rotor sistemi texnologiyasinin tatbiqi naticasindo
oldo olunan gostoricilor miiqayiso olunmusdur. Miigayiso zamani qazma siliroti, quyu
trayektoriyasinin doqiqliyi, avadanliqlarin istismar miiddati vo omoliyyat xorclori kimi osas
parametrlor nozors alinmisdir (Mitchell vo Miska, 2011; Azar vo Samuel, 2007).

Bundan olavo, qgazma prosesindo oldo olunan texniki gostaricilorin tohlili li¢iin statistik analiz
metodlaridan istifade olunmugdur. Miixtolif qazma omaliyyatlar1 zamani geyde alinan molumatlar
sistemlosdirilmis vo onlarin asasinda qazma performansmin doyismo meyillori miioyyon edilmisdir.
Bu metod IRS texnologiyasiin totbiginin somaraliliyini daha obyektiv sokildo qiymotlondirmoyo
imkan yaratmigdir (Rabia, 2002; Bourgoyne vo b., 1991; Short, 1993).

Tadgiqgatin gedisindo miisahido vo sistemlosdirmo metodlarindan da istifade olunmusdur. Qazma
omoliyyatlarinin miixtalif morhalslorinds bas veran proseslor tohlil edilmis, alds olunan naticalor
timumilogdirilorak sistemli gokilde toqdim olunmusdur. Bu yanasma idars olunan rotor sistemi
texnologiyasimin miirokkeb traektoriyalarda qazma prosesina tosirini daha aydin sokildo miiayyon
etmoyo imkan vermisdir (Society of Petroleum Engineers, 2020; Economides, 2013).

Natica

Todqiqat metodlarinin totbiqi naticosindo oldo olunan molumatlarin daha daqiq giymotlon-
dirilmasi li¢lin miixtoalif analitik yanasmalardan da istifado olunmusdur. Qazma prosesindos bas veran
texnoloji doyisikliklor vo onlarin gazma performansina tosiri morhaloali sokildo arasdirilmisdir. Bu
mogsadlo gazma omoliyyatlari zamani istifado olunan texniki gostaricilor, o climlodon qazma siirati,
quyu istigamotinin doyismo bucagi, alotlorin yiliklonmo soviyyosi vo qazma prosesinin limumi
somaroaliliyi nozoro alinmugdir. Bu gostaricilorin tohlili IRS texnologiyasmin totbiqinin praktik
noticolorini daha aydin sokildo miioyyon etmoys imkan vermisdir.

Aragdirma zamani modellogdirmo vo prognozlasdirma yanasmalarindan da istifads edilmisdir.
Qazma prosesindo miixtalif geoloji soraitlor nozoro alinaraq idare olunan rotor sistemi
texnologiyasinin totbiqinin miimkiin naticalori tohlil edilmisdir. Bu yanasma miirakkab traektoriyali
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quyularin qazilmasi1 zamani yarana bilacok texniki ¢atinliklorin avvalcadon miioyyon edilmasing vo
onlarin aradan qaldirilmasi ti¢lin optimal hall yollarmin se¢ilmasina kdmok etmisdir.

Todgiqatin aparilmasi zamani molumatlarin sistemli sokildo toplanmasi vo emali xiisusi
ohomiyyat kosb etmisdir. Miixtalif manbalordon alds olunan molumatlar iimumiloasdirilmis, onlarin
elmi osaslarla tohlili aparilmis vo naticalor miivafiq sokilds toqdim edilmisdir. Bu proses movzunun
daha genis vo hortorofli arasdirilmasia imkan yaratmisdir.

Eyni zamanda, tadqigatin naticalorinin obyektivliyini tomin etmok iiclin miixtalif manbalordon
oldo olunan molumatlarin qarsilighh miiqayisosi hoyata kegirilmisdir. Miixtolif gazma layihalorinds
totbiq olunan texnologiyalarin noticolori analiz edilmis vo onlarin gqazma performansma tosiri
qiymatlondirilmigdir. Bu miiqayisoli yanagsma idaro olunan rotor sistemi texnologiyasinin
tistiinliiklorini va totbiq imkanlarini daha aydin sokilds ortaya qoymusdur.

Beloliklo, aparilan todgigat metodlarinin kompleks sokildo totbiqi idaro olunan rotor sistemi
texnologiyasinin miirokkob traektoriyalarda gazma prosesing tasirinin daha dorindon dyronilmasino
imkan vermisdir. ©ldo olunan naticalor gostarir ki, bu texnologiyanin totbiqi gazma amaoliyyatlarinin
somoaraliliyinin artirtlmasi, texniki risklorin azaldilmasi vo neft-qaz yataqlarinin daha effektiv sokildo
istismar edilmasi baximimdan mithiim shomiyyasts malikdir.
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Informasiyanin qorunmasinda kriptoqrafik iisullarin effektivliyinin
miiqayisali tohlili vo adaptiv tatbiq modeli

Xiilasa

Rogomsal texnologiyalarin siiratli inkisafi vo kibertohdidlorin artmasi miiasir informasiya
sistemlorinds molumat tohliikasizliyinin tomin edilmasini miihiim masalolorden birine ¢evirmisdir.
Informasiya sistemlorindo malumatin moxfiliyinin, biitévliiyiiniin vo autentikliyinin qorunmast {igiin
kriptografik mexanizmlor genis sokildo totbiq olunur. Miixtolif kriptoqrafik alqoritmlor forqli
tohliikasizlik soviyyesi va performans gdstaricilorine malik olduguna gors onlarin se¢ilmasi zamani
yalniz nazori tohliikasizlik xiisusiyyatlori deyil, hom do praktik totbiq effektivliyi nozors alinmalidir.

Bu mogqaloado genis istifado olunan simmetrik vo asimmetrik kriptoqrafik alqoritmlor — AES-256,
RSA-2048 vo ECC-256 — tohliikasizlik soviyyosi, icra miiddoti vo resurs sorfiyyati kimi osas
parametrlor baximindan miiqayisoli sokilds tohlil edilmisdir. Aparilan tohlil naticasinds kriptografik
alqoritmlorin tohliikasizlik vo performans gostoricilorinin inteqrasiyali qiymotlondirilmasi {i¢iin
Kriptografik Effektivlik Indeksi (KEI) adli model toklif edilmisdir. Bundan olava, sistemin risk
soviyyasini, hesablama resurslarini1 vo performans toloblorini nozora alan adaptiv se¢im mexanizmi
formalasdiriimisdir.

Todqiqatin naticalori gostarir ki, biitiin informasiya sistemlori ii¢lin vahid universal kriptoqrafik
holl moévcud deyil. Kriptoqrafik alqoritmlorin segilmasi konkret totbiq miihitinin xiisusiyyatlori,
tohliikasizlik toloblori vo sistem resurslari nazars alinmagqla hoyata kegirilmalidir.
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Comparative Analysis of the Effectiveness of Cryptographic Methods in
Information Protection and Adaptive Application Model

Abstract

The rapid development of digital technologies and the increasing number of cyber threats have
made information security one of the most critical challenges in modern information systems.
Cryptographic mechanisms are widely applied to ensure the confidentiality, integrity, and authenticity
of data. This study presents a comparative analysis of AES-256, RSA-2048, and ECC-256 algorithms
evaluated by security level, execution time, and resource consumption. A formal evaluation model
called the Cryptographic Efficiency Index (KEI) is proposed, together with an adaptive selection
mechanism that considers system risk level, available computational resources, and performance
requirements. Results indicate that no universal cryptographic solution exists for all systems;
selection must be guided by the specific application environment and security requirements.

Keywords: cryptography, information security, AES, RSA, ECC, performance analysis, adaptive
model
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Giris

Miiasir informasiya comiyyatinds rogomsal malumatlarin hocmi vo informasiya sistemlarinin
miirokkabliyi siiratlo artmaqdadir. Elektron hékumeot sistemlori, bank infrastrukturlari, bulud
texnologiyalar1 vo miixtalif soboka osasli xidmatlor miiasir roqomsal miihitin asas komponentlorini
toskil edir. Bu sistemlordo saxlanilan molumatlarin moxfiliyinin, biitovliiyliniin vo autentikliyinin
gorunmast informasiya tohliikosizliyinin osas prioritetlorindon biri hesab olunur. Moalumatlarin
icazosiz oldo olunmasinin, doyisdirilmasinin vo ya mohv edilmasinin qarsisin1 almaq {igiin
kriptografik mexanizmlor genis sokilds totbiq edilir (Stallings, 2017; National Institute of Standards
and Technology, 2013).

Kriptoqrafiya informasiya tohliikosizliyinin tomin edilmosinds istifado olunan riyazi vo
alqoritmik metodlarin mocmusudur vo malumatlarin tohliikasiz 6tiiriilmasi vo saxlanilmasi {igiin asas
texnoloji vasitolordon biri hesab olunur. Miiasir kriptoqrafik sistemlor asason iki osas yanagmaya
osaslanir: simmetrik vo asimmetrik sifrolomo mexanizmlori. Simmetrik kriptoqrafiya molumatlarin
stiratli sifrolonmasi {i¢iin istifado olunur, asimmetrik kriptoqrafiya iso acar miibadilasi vo rogomsal
imza kimi tohliikasizlik xidmatlorinin tomin edilmasindo miithiim rol oynayir (Katz vo Lindell, 2015).

Bu mogalonin magsadi genis istifado olunan AES-256, RSA-2048 vo ECC-256 kriptoqrafik
algoritmlarinin tohliikasizlik vo performans gostaricilori baximindan miiqayisali tohlilini aparmaq vo
onlarn tatbiqi li¢lin adaptiv se¢im modelini toklif etmokdir. Bu maqgsadls kriptografik alqoritmlarin
effektivliyini giymotlondirmok ii¢iin Kriptografik Effektivlik Indeksi (KEI) adli model togdim olunur
vo miixtolif sistem miihitlori li¢lin adaptiv kriptoqrafik se¢im mexanizmi asaslandirilir.

Tadgiqat

1. Kriptografik alqoritmlorin tahlili. Simmetrik kriptoqrafiya eyni agardan hom sifroloma, hom do
desifrolomao proseslorinds istifado olunmasi prinsipi asasinda qurulur. Bu yanasma yiiksok hesablama
siirati vo nisbaton asagi resurs sorfiyyati ilo xarakterizo olunur. Bu sobabdon simmetrik alqoritmlor
boyiik hocmli malumatlarin sifralonmasi tli¢iin genis istifads olunur. Miiasir kriptoqrafik sistemlords
on genis yayilmig simmetrik alqoritmlordon biri Advanced Encryption Standard (AES) hesab olunur.
AES miixtoalif acar 6l¢iilori ilo istifade oluna bilor vo xiisusilo AES-256 varianti yiiksok tohliikasizlik
soviyyosino gora genis totbiq olunur (Stallings, 2017; Menezes vo b., 2018; National Institute of
Standards and Technology, 2024).

Asimmetrik kriptoqrafiya iso aciq vo gizli acar ciitlilyli prinsipino osaslanir. Bu mexanizmlor
osason acar miibadilasi, rogomsal imza vo autentifikasiya kimi tohliikasizlik xidmatlorinin tomin
edilmosinda istifade olunur. Asimmetrik kriptografiyanin on genis yayilmis alqoritmlorindan biri
RSA alqoritmidir. RSA bdyiik sads adadlorin faktorizasiyasinin riyazi ¢otinliyine asaslanir vo uzun
illor orzindo informasiya tohliikkasizliyi sistemlorinds osas mexanizmlordon biri kimi istifade
olunmusdur (Rivest vo b., 1978; Diffie vo Hellman, 1976). Son illords iso elliptik ayrilor
kriptografiyasina osaslanan alqoritmlor daha genis totbiq olunmaga baslamisdir. Elliptic Curve
Cryptography (ECC) daha kigik agar Olgiisii ilo eyni tohliikosizlik soviyyosini tomin etmaosi
sobabindon xiisusilo mobil qurgular vo resurs mohdud sistemlor tigiin daha somorali hesab olunur
(Hankerson va b.,, 2004; National Institute of Standards and Technology, 2001).

Bu parametrlor arasinda tohliikosizlik soviyyasi, agar Olclisii, icra miiddoti, hesablama
miirokkabliyi, resurs sorfiyyati vo totbiq miihitino uygunluq osas gostoricilor kimi ¢ixis edir.

Bu parametrlor osasinda AES-256, RSA-2048 vo ECC-256 alqoritmlorinin miiqayisali
xiisusiyyatlori Cadval 1-dos toqdim edilmisdir.

Cadval 1.
Kriptografik alqoritmlorin miigayisali xiisusiyyatlori
Ne Alqoritm Tehlu.kasu.llk icra siirati Resurs tolabi Tatbiq sahasi
soviyyasi
1 AES-256 Cox yiiksak Yiiksok Orta Molumat sifralonmasi
2 RSA-2048 Yiiksok Asagi Yiiksok Acar m“ba?rlri:l’ rogomsal
3 ECC-256 Cox yiiksok Orta Asagi Mobil vo IoT sistemlori
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Cadval 1 gostorir ki, AES yiiksok icra siirating gora boyiik hocmli molumatlarin sifrolonmosi tigiin
daha olverislidir. RSA iso acar miibadilosi vo rogomsal imza mexanizmlorindos genis istifado olunsa
da, yiiksok hesablama miirokkobliyi sobabindon performans baximindan daha agir hesab olunur. ECC
iso daha kigik acar Olgiisii ilo yiiksok tohliikasizlik soviyyesi tomin etdiyi tiglin mobil vo IoT sistemlori
kimi resurs mohdud miihitlordo daha somorali se¢im hesab olunur (Paar vo Pelzl, 2010; Boneh vo
Shoup, 2020; ISO/IEC, 2022).

Lakin bu miiqayiso osason keyfiyyot gostoricilorino osaslanir vo alqgoritmlorin  {imumi
effektivliyini vahid Ol¢ii ilo qiymotlondirmoys imkan vermir. Bu sobabdon kriptoqrafik
mexanizmlorin tohliikssizlik vo performans parametrlorini inteqrasiyali sokildo qiymotlondiron
formal modelin totbiqi zoruri hesab olunur.

2. Tadqiqat metodologiyasi. Analiz tigiin li¢ alqoritm se¢ilmisdir: AES-256 (simmetrik sifroloma
algoritmi), RSA-2048 (asimmetrik aciq agarli alqoritm) vo ECC-256 (elliptik oyrilor kriptoqrafiyast).

Qiymotlondirma prosesi kriptoqrafik alqoritmlorin tohliikasizlik soviyyesinin  miioyyen
edilmosini, icra miiddotinin vo hesablama miirokkobliyinin tohlilini, resurs sorfiyyatinin (CPU vao
yaddas istifadesi) qiymotlondirilmasini vo parametrlorin  normallagdirilmis  skala  {izro
qiymotlondirilmasini shato edir.

3. Kriptografik effektivlik indeksi (KEI). Cadval 1-do togdim olunan gdstaricilorin inteqrasiyali
sokildo qiymotlondirilmosi moqgsadilo Kriptoqrafik Effektivlik indeksi (KEI) toklif olunur. Bu indeks
kriptografik alqoritmlorin tohliikasizlik soviyyasi vo performans gostaricilori arasinda mdévcud olan
balansi formal sokilds ifado etmoyo imkan verir (Bernstein vo Lange, 2017; Diffie vo Hellman, 1976).
KEI modeli miixtalif kriptoqrafik mexanizmlorin praktik totbiq effektivliyini miiqayisali sokildo
qiymatlondirmak ti¢iin istifads olunur.

Kriptoqrafik effektivlik indeksi agagidaki kimi miioyyan edilir:

S
KEI = — (1)

(1) diisturunda:

e S —normallagdirilmis tohliikasizlik soviyyasi;

e T —nisbi icra miiddati;

e R —nisbi resurs sorfiyyati.

Modelin osas mentiqi ondan ibaratdir ki, tohliikesizlik soviyyesinin artmasi kriptoqrafik
alqoritmin iimumi effektivliyini yiiksaldir. Eyni zamanda icra miiddstinin vo resurs sarfiyyatinin
artmasi sistem performansima monfi tosir gostordiyine goro effektivlik gostoricisinin azalmasina
sabab olur. Beloliklo, bu model tohliikasizlik vo performans parametrlorinin qarsiligl tosirini vahid
analitik gostoricido ifado etmayo imkan verir.

Cadval 2.
KEI gostaricilori tizro miigayisali naticolor

Ne Alqoritm S T R KEI
1 AES-256 5 2 3 1.0
2 RSA-2048 4 5 5 0.4
3 ECC-256 5 3 2 1.0

Parametrlor miixtalif kriptoqrafiya monbolorindo togdim olunan performans xiisusiyyotlorinog
osason normallagdirilmis qiymatlorls miisyyon edilmisdir.

Cadval 2-da toqdim olunan naticalor gostarir ki, RSA alqoritmi tohliikesizlik baximindan yetorli
soviyyayo malik olsa da, yiliksok icra miiddoti vo resurs sorfiyyati sobabindon onun effektivlik indeksi
digor alqoritmlorlo miiqayisodo daha asagidir. AES vo ECC alqoritmlori iso miixtalif totbiq
miihitlorinds daha balansli tohliikasizlik vo performans gostaricilori toqdim edir.
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4. Adaptiv secim mexanizmi. Model {i¢ asas parametra osaslanir: RS (sistemin risk soviyyasi), C
(mdvcud hesablama resurslari) vo Tq (real vaxt tolobi).

Bu parametrlorin kombinasiyasi asasinda kriptoqrafik alqoritmlarin se¢ilmasi {li¢lin asagidaki
gorar prinsiplori miioyyan edilmisdir:

1. Risk soviyyasi yiiksok vo sistem resurslart mohdud oldugda ECC osasli mexanizmlor daha
uygun hesab olunur;

2. Risk soviyyosi yiiksok va sistem resurslart genis oldugda AES vo RSA alqoritmlorinin hibrid
totbiqi daha effektiv notico verir;

3. Risk soviyyosi orta vo real vaxt tolobi yiiksok oldugda AES alqoritmi osas sifrolomo
mexanizmi kimi istifads oluna bilor.

5. Adaptiv tatbiq ¢orgivasi. Toklif olunan adaptiv totbiq corgivasi kriptoqrafik alqoritmlarin
se¢ilmosi prosesini sistemli sokildo hoyata ke¢irmoyo imkan verir vo ii¢ osas moarhalodon ibaratdir:

1. Sistemin tohliikasizlik vo texniki parametrlorinin qiymstlondirilmasi;

2. Secilmis alqoritmlor {i¢iin KEI indeksinin hesablanmasi;

3. Tetbiq miihitino uygun optimal kriptoqrafik mexanizmin secilmaosi.

Natico

Aparilan todqiqat naticasindo asagidaki asas naticalar alds edilmisdir:

1. Kriptoqrafik alqoritmlorin effektivliyi yalniz tohliikasizlik soviyyasi ilo miioyyon edilmir.
Praktik informasiya sistemlorindo alqoritmin se¢ilmasi zamani icra miiddoati, hesablama miirokkabliyi
va sistem resurslarinin istifadasi kimi performans gostaricilori do nozora alinmalidir.

2. Mogalodo AES-256, RSA-2048 vo ECC-256 alqoritmlori tohliikosizlik vo performans
parametrlori baximindan miiqayisali sokildo tohlil edilmisdir vo bu alqoritmlorin miixtslif totbiq
miihitlorinds forqli iistiinliikklors malik oldugu gostorilmisdir.

3. Aparilan tohlil asasinda kriptoqrafik alqoritmlorin tohliikasizlik vo performans gostoricilorinin
inteqrasiyali qiymotlondirilmasi iiciin Kriptoqrafik Effektivlik indeksi (KEI) modeli toklif edilmisdir.

4. Bundan olavo, sistemin risk soviyyasini, hesablama resurslarini vo performans toloblorini
nazora alan adaptiv se¢im mexanizmi vo onun totbiqi liglin sadoalosdirilmis totbiq gorgivasi toqdim
edilmisdir.

Beloliklo, miiasir informasiya sistemlorindo kriptografik mexanizmlorin seg¢ilmosi statik
yanasmaya deyil, sistem miihitinin xiisusiyyatlorini nozors alan adaptiv prinsiplors osaslanmalidir.
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Comparative Analysis of Security Mechanisms in SSL\TLS, HTTPS,
and VPN Protocols

Abstract

In the modern information society, information security and network protection are considered
one of the main priorities. Various cryptographic protocols are used to ensure the confidentiality,
integrity and authentication of data transmitted over the Internet. The purpose of the study is to
conduct a comparative analysis of the security mechanisms applied in the SSL/TLS, HTTPS and VPN
protocols, to systematically examine their cryptographic structures, authentication methods,
encryption algorithms and application areas. Symmetric and asymmetric encryption methods, digital
certificate infrastructure (PKI), key exchange mechanisms (for example, Diffie-Hellman), as well as
tunneling and network-level protection mechanisms are analyzed. The SSL/TLS protocol provides
encrypted data transmission by creating a secure channel mainly at the transport level. HTTPS is a
secure version of the HTTP protocol over TLS and is mainly used in the web environment. VPN
technologies, on the other hand, provide complex protection at both the application and network levels
by creating an encrypted tunnel between the user and the remote network. Comparative analysis
shows that SSL/TLS and HTTPS mainly focus on application-level security mechanisms, while VPN
provides broader protection capabilities at the network infrastructure level. However, there are certain
differences between these technologies in terms of performance, management complexity,
application scope, and security level. In conclusion, the study shows that choosing the appropriate
protocol according to specific security requirements plays an important role in ensuring the
sustainability and cybersecurity of information systems.

Keywords: VPN, cryptography, encryption, authentication, PKI, digital certificate, key exchange,
tunneling, cybersecurity, network security
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SSLATLS, HTTPS va VPN protokollarinda tahliikasizlik
mexanizmlorinin miiqayisali tohlili

Xiilasa

Miiasir informasiya comiyyatindo informasiya tohliikosizliyi vo soboko miihafizoesi osas
prioritetlordon biri hesab olunur. Internet iizorindon 6tiiriilon malumatlari moxfiliyini, biitdvliiyiinii
vo identifikasiyasini tomin etmok iiclin miixtolif kriptografik protokollardan istifado olunur.
Todqgiqatin moqsadi SSL/TLS, HTTPS vo VPN protokollarinda totbiq olunan tohliikesizlik
mexanizmlorinin miiqayisali tohlilini aparmaq, onlarin kriptoqrafik strukturlarini, identifikasiya
metodlarini, sifroloms alqoritmlarini va totbiq saholorini sistematik sakilde arasdirmaqdir.
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Simmetrik vo asimmetrik sifrolomo metodlari, roqomsal sertifikat infrastrukturu (PKI), acar
miibadilosi mexanizmlori (mosalon, Diffie-Hellman), eloco do tunellomo vao soboks soviyyali
miihafizo mexanizmlori tohlil edilir. SSL/TLS protokolu asason noqliyyat soviyyasindo tohliikosiz
kanal yaratmaqla sifrolonmis molumat Otiiriilmasini tomin edir. HTTPS TLS {izorindon HTTP
protokolunun tohliikesiz versiyasidir vo asason veb miihitindo istifado olunur. Digor torofdon, VPN
texnologiyalar istifadogi ilo uzaq soboko arasinda sifrolonmis tunel yaratmaqla hom totbiq, hom do
soboko soviyyelorindo miirokkob miihafizo tomin edir. Miiqayisali tohlil gostorir ki, SSL/TLS vo
HTTPS osason totbiq soviyyali tohliikasizlik mexanizmlorine yonolmisdir, VPN isa soboko
infrastrukturu soviyyasinde daha genis qoruma imkanlari tomin edir. Lakin bu texnologiyalar arasinda
performans, idaroetmo miirokkabliyi, totbiq dairasi vo tohliikosizlik soviyyasi baximindan miisyyon
forqlor movcuddur. Natica olaraq, todqiqat gdsterir ki, miioyyen tohliikasizlik toloblorine uygun
olaraq miivafiq protokolun se¢ilmosi informasiya sistemlorinin  dayamiqliginin = vo
kibertohliikosizliyinin tomin edilmasindo miihiim rol oynayir.

Acar sozlar: VPN, kriptografiya, sifralomo, identifikasiya, PKI, ragamsal sertifikat, acar
miibadilasi, tunelloma, kibertohliikasizlik, sabaka tohliikasizliyi

Introduction

The acceleration of digital transformation, the widespread use of cloud technologies, and the
development of e-government and e-commerce systems have further increased the strategic
importance of information security in the global network environment. Ensuring confidentiality,
integrity, and authentication of transmitted data in modern information systems constitute the main
pillars of cybersecurity. For this purpose, various cryptographic protocols and security mechanisms
are applied, among which SSL/TLS, HTTPS, and VPN occupy a special place. The SSL/TLS protocol
creates a secure communication channel at the transport level and provides encrypted data exchange
between the client and the server. HTTPS, on the other hand, was formed as a result of the integration
of the HTTP protocol with TLS and provides secure data transmission in web-based applications.
VPN technologies, on the other hand, create an encrypted tunnel between the user and the remote
network, providing security at both the local and global network levels.

Research

In the modern digital ecosystem, most of the information exchange is carried out in open and
insecure network environments — especially over the Internet. In this environment, the risk of
unauthorized eavesdropping, modification or falsification of the information transmitted is high.
Ensuring information security is of strategic importance, especially in e-commerce, e-banking,
government information systems and cloud platforms. In this context, one of the main cryptographic
mechanisms used to create a secure communication channel at the transport level is the SSL/TLS
protocol (Blagov & Helm, 2020; ). The main purpose of the SSL/TLS protocol is to create a secure,
encrypted and authenticated communication channel between two parties — usually a client and a
server. The protocol operates at the transport layer of the OSI model and forms a secure transmission
environment for various protocols operating at the application layer (for example, HTTP, SMTP,
FTP, etc.). The security architecture of SSL/TLS is built on three fundamental principles:
confidentiality, integrity, authentication. To ensure these principles, the protocol uses a combination
of symmetric and asymmetric cryptography, digital certificate infrastructure, key exchange
mechanisms, and message verification algorithms.

The confidentiality principle aims to prevent the transmitted data from being read by third parties.
TLS uses symmetric encryption algorithms for this purpose. Symmetric encryption is effective in
transmitting large amounts of data in real time, since it provides high performance. The session key
is formed during the “handshake” stage, and then all data transmission is encrypted using this key.
The following algorithms are widely used in modern versions of TLS (Aertsen, 2017):

- AES (Advanced Encryption Standard) — especially AES-128 and AES-256

- ChaCha20 — an optimized variant for mobile and low-resource environments
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TLS 1.3 removed weak and outdated encryption methods, retaining only strong and secure cipher
suites. This approach both increased security and reduced configuration complexity.

Web technologies, which form the basis of the modern digital economy, are the most widespread
form of information exchange. Electronic banking, electronic commerce, government services, social
networks and cloud-based platforms are almost entirely built on web infrastructure. Most of the data
transmitted in this environment is sensitive: authentication data, payment card details, personal
identification data and trade secrets. To protect this data in an open network environment, the
presence of a secure communication mechanism at the application level is necessary. One of the main
standards that meets this need is the HTTPS protocol. HTTPS (Hypertext Transfer Protocol Secure)
is technically a secure version of the HTTP protocol that works over SSL/TLS. That is, HTTPS is not
a separate cryptographic system, but a secure communication model that integrates the encryption,
authentication and integrity mechanisms provided by TLS at the application level.

HTTPS operates at the application layer of the OSI model and is primarily applied to HTTP traffic.
This means that all HTTP requests and responses exchanged between the user and the web server are
encrypted using TLS. Application-level security provides the following benefits:

- Protection of login and password information

- Secure transmission of session cookies

- Encryption of financial transactions

- Protection of API requests

HTTPS plays a critical role, especially in integrating with RESTful APIs, microservice
architectures, and mobile applications. Modern web security standards (such as “Secure” and
“HttpOnly” cookie attributes, Content Security Policy, etc.) work more effectively in an HTTPS
environment.

The role of the HTTPS protocol in modern web security architecture is not limited to data
encryption alone. The effectiveness and reliability of HTTPS are directly determined by the
certificate-based authentication mechanism, the chain of trust model, and multi-level attack protection
systems. The security of each connection established between a user and a server in the Internet
environment depends not only on ensuring confidentiality, but also on confirming the identity of the
other party in an accurate and cryptographically proven form.

In this regard, the HTTPS security mechanism is built on two main pillars (AlFardan & Paterson,

2013):
1. Certificate-based authentication and PKI infrastructure;
2. TLS-based encryption and integrity mechanisms.

The certificate-based authentication mechanism is based on the global trust model and is
implemented through the internal root certificate stores of browsers. This model confirms the
legitimacy of the server and protects the user from fake or malicious servers.

Figure 1. SSL/TLS security mechanism

When establishing an HTTPS connection, secure communication is implemented in a two-stage
model based on a combination of asymmetric and symmetric cryptography. In the first stage, the
server presents its public key (public key) to the client via a certificate. This certificate confirms the
server's identity and ensures the authenticity of the public key (Drury & Meyer, 2019). The server
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also has a private key (private key) corresponding to that public key. In the next stage, the client
generates a random session key (session key). This key is intended for symmetric encryption and will
be the main security element of future data exchange. Then, the client encrypts the generated session
key with the server's public key and sends it to the server. The server can only decrypt that information
using its private key. Thus, both parties have the same session key and a common cryptographic base
for secure communication is formed (Scheitle et al., 2018; Manousis, 2016). Thus, the HTTPS
security mechanism is based on a hybrid model that combines asymmetric cryptography for key
transfer and symmetric cryptography for data transfer, and this approach provides a balance of both
high security and performance.
TABLE 1.
Comparative Table: SSL/TLS vs HTTPS vs VPN

Criteria SSL/TLS HTTPS VPN
Transport Layer (Layer Application Layer ?riltrzoi)lithg eér(zey eernil)ircl) .
OSI Layer p Y Y (HTTP) over p Y p &
4) Transport Layer (TLS) on protocol: IPsec,
p Y OpenVPN, WireGuard)
‘ Appllcatlon-speglﬁc Web traffic only Entire network traffic (all IP
Encryption Scope traffic (only services packets through encrypted
. (HTTP over TLS)
using TLS) tunnel)
Hybrid encryption . . Hybrid encryption
Encryption Model (asymmetric key Hybrid encryption (asymmetric key exchange
yp exchange + symmetric | (inherits TLS model) y e ang
. . + symmetric encryption)
session encryption)
Tunnel Creation No No Yes (secure encrypted

tunnel)

Low to moderate Low overhead beyond | Moderate to high overhead

Performance Impact overhead (TLS . TLS; optimized in depending on protocol and
handshake + symmetric )
. TLS 1.3 encryption strength
encryption)
Latenc Reduced in TLS 1.3 (1- (0 ,311;?2:; :ﬁ Ell(fiem Higher latency due to full
y RTT handshake) p traffic encapsulation
browsers)
: . Secure web browsing, | Remote access, site-to-site
. Email security, APIs, .. .
Typical Use Cases ; e-commerce, web connectivity, enterprise
secure services o .
applications network security
[P Address Yes (IP masking and
. No No -
Protection network-level privacy)
Security Coverage Service-level protection Web-appllcat}on-level Full networ'k-level
Level protection protection

Table 1 demonstrates that SSL/TLS, HTTPS, and VPN are built upon similar cryptographic
foundations, but differ significantly in their operational layer, encryption scope, and overall security
coverage. SSL/TLS and HTTPS primarily provide application-level protection, securing specific
services such as web traffic, apis, or email communications. Their encryption is selective and service-
oriented, offering efficient and targeted security without affecting all system traffic. In contrast, VPN
operates at a lower OSI layer and establishes an encrypted tunnel that protects all network traffic,
regardless of application type. This broader scope enables VPN to deliver comprehensive network -
level security and enhanced privacy, including IP address masking while all three technologies rely
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on hybrid encryption (asymmetric key exchange combined with symmetric session encryption), their
key difference lies not in cryptographic algorithms but in deployment scope and protection coverage.
Lower-layer mechanisms like VPN provide wider and more universal protection but may introduce
additional performance overhead and latency. Higher-layer mechanisms such as HTTPS offer more
lightweight, application-specific security. In practice, effective cybersecurity architecture often
integrates these technologies within a layered security model, combining targeted application security
with broader network-level protection to achieve defense-in-depth (IEEE Security & Privacy, 2021).
IPsec, SSL VPN, and WireGuard represent three major approaches to VPN implementation, each
differing in architecture, complexity, and performance characteristics while sharing the common goal
of securing network communications.

IPsec is a traditional, enterprise-grade VPN solution operating at the Network Layer (Layer 3). It
secures entire IP packets using strong encryption and authentication mechanisms such as IKE and
ESP. It is widely used for site-to-site and corporate network connectivity. While highly robust and
transparent to applications, IPsec can be complex to configure and maintain, and performance may
vary depending on deployment and hardware support.

SSL VPN operates primarily at the Transport Layer (Layer 4) and relies on TLS to establish secure
remote access connections. It is commonly used for remote employee access and is accessible via
web browsers, typically using HTTPS (port 443), which makes it firewall-friendly. SSL. VPNs are
easier to deploy than IPsec but may secure only specific applications unless full tunneling is enabled
(Fasllija, 2019).

Wire Guard is a modern VPN protocol designed for simplicity, speed, and strong cryptographic
security. Operating at the Network Layer, it uses contemporary cryptographic algorithms and
maintains a minimal codebase, reducing potential vulnerabilities. It offers high performance and
lower latency compared to traditional VPN protocols. However, as a relatively newer technology, it
requires careful key management and appropriate configuration (Durumuric et al., 2014; Wheeler,
2014; Sarkar, 2013; Duong & Rizzo, 2011).

The comparison of SSL/TLS, HTTPS and VPN (IPSEC, SSL, VPN, WIREGUARD) is based on
a systematic-comparative scientific approach. This approach allows us to evaluate technologies not
as separate mechanisms, but as interconnected elements of a complete information security
architecture. The analysis is based on four main methodological directions:

Systemic approach — protocols are analyzed in a comprehensive manner in the context of the OSI
model, cryptographic mechanisms, network architecture and application areas.

Comparative analysis method — functional features, security level, scope, performance indicators
and architectural model are compared in parallel within the same analytical framework.

Security-based assessment — the assessment is carried out based on the cia triad (confidentiality,
integrity, availability).

OSlI-based layer model — the relationship between the scope of security and the level of
functionality is analyzed.

The criteria selected during the comparison — OSI placement, encryption coverage, cryptographic
model, tunneling mechanism, performance indicators, security coverage level, usage scenarios and
IP confidentiality — allowed for an objective assessment of both technical and practical characteristics
of the technologies.

The main scientific conclusion of the analysis is that the main difference between the protocols is
not in the cryptographic algorithms used, but in the application level and scope of security. While
mechanisms operating at lower OSI levels provide broader protection, higher-level mechanisms
provide more specific and application-oriented security. As a result, an effective security architecture
should be based on an integrated and multi-level implementation of these protocols.

The criteria selected for comparing SSL/TLS, HTTPS and VPN technologies are based on a
systematic and scientifically sound framework. The selection of these criteria aims to
comprehensively assess not only technical, but also architectural, functional and performance aspects
of security. The OSI layer allows you to determine at which network level security is applied and the
breadth of the protection coverage. Encryption scope and security coverage level, on the other hand,
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allow you to assess real risks by showing the differences between application, service and network -
level protection. The encryption model criterion allows you to analyze the cryptographic durability
of protocols, hybrid encryption mechanisms and modern security features (for example, forward
secrecy). The tunnel mechanism determines the fundamental difference in security architecture — end-
to-end network protection. Performance indicators, on the other hand, serve to assess the balance
between security and efficiency. Criteria such as usage scenarios and IP secrecy allow you to measure
the practical applicability and level of confidentiality of technologies.

Conclusion

The conducted systematic-comparative analysis shows that although SSL/TLS, HTTPS and VPN
technologies are based on similar cryptographic principles, their main difference lies in the level and
scope of security implementation. While SSL/TLS and HTTPS provide more protection at the
application and service level, VPN creates more extensive and complex security at the network level.
The selected criteria — OSI layering, encryption coverage, cryptographic model, tunneling mechanism
and performance indicators — ensured the scientific objectivity of the comparison and allowed to
assess the security-performance balance. As a result, an effective cybersecurity architecture should
be based on the integrated and multi-level (layered) implementation of these technologies.
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JME asash sistem iiciin yaddasin statistik analiz alqoritmlorinin
reallasdirilmasi metodlarinin miiqayisasi

Xiilasa

Mbohdud resurslara malik proqram platformalarinda yaddasm idaro olunmasi sistem
performansinin vo funksional dayaniqligin asas toyinedici faktorlarindan biridir. Xiisusilo Java Micro
Edition (JME) platformast mobil vo daxili qurgular ii¢lin optimallagdirilmis proqram miihiti
oldugundan burada yaddas istifadesinin effektiv idaro olunmasi kritik ohomiyyet dasiyir. Bu
sobobdon yaddas davranigsinin = statistik modellogdirilmasi vo analiz alqoritmlorinin program
soviyyasindo reallasdirilmast metodlarinin miiqayisoali todqiqi aktual elmi-praktik problem hesab
olunur.

Todqiqatda JME osash sistemlords yaddas istifadasinin statistik analizino yonolmis alqoritmik
yanasmalar sistemlogdirilmis, onlarin riyazi osaslari tohlil edilmis vo proqram reallagdirma iisullari
miiqayiso edilmisdir. Ehtimal paylanmasi modellori, zaman siras1 analizi, adaptiv monitorinq vo
prognozlasdirict modellor nozori vo eksperimental baximdan qiymotlondirilmisdir. Miixtolif
reallagdirma metodlarinin effektivliyi hesablama miirokkobliyi, yaddas sorfi, real vaxt reaksiyasi,
prognoz daqiqliyi vo sistem sabitliyi meyarlari lizra tohlil edilmisdir.

Aparilan miiqayisali analiz gostorir ki, statistik monitorinqg vo adaptiv prognozlasdirma
mexanizmlorinin inteqrasiyast JME sistemlorinds yaddas istifadssinin optimallagdirilmasinda daha
yuksok effektivlik tomin edir. Resurs mohdudiyyatlori soraitinds sadolosdirilmis ehtimal modellorino
osaslanan alqoritmlor praktik totbiq baximindan daha somarsli hesab olunur.

Acar sozlor: JME, yaddas idaraetmoasi, statistik analiz, performans optimallasdirilmast,
modellasdirmo, daxili sistemlor
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A Comparative Study of Implementation Methods for Statistical Memory
Analysis Algorithms in JME-Based Systems

Abstract

Efficient memory managementis a key factor determining performance and reliability in
resource-constrained software environments. Java Micro Edition (JME) is widely used in mobile
and embedded systems where memory resources are inherently limited. Therefore, statistical
modeling of memory behavior and comparative evaluation of algorithm implementation methods
represent an important research problem.

This research systematizes statistical memory analysis algorithms used in JME-based systems,
analyses their mathematical foundations, and compares their implementation approaches.
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Probability distribution models, time-series analysis, adaptive monitoring, and predictive algorithms
are evaluated from both theoretical and experimental perspectives. Implementation methods are
compared based on computational complexity, memory overhead, real-time responsiveness,
prediction accuracy, and system stability.

The comparative analysis demonstrates that hybrid statistical monitoring and adaptive prediction
provide the most efficient memory optimization. However, simplified probabilistic models remain
more practical and preferable in scenarios with extremely strict resource constraints, where minimal
overhead and predictable execution behavior are prioritized over advanced predictive accuracy.

Keywords: JME, memory management, statistical analysis, performance optimization,
modeling, embedded systems

Giris

Resurs mohdudiyyatli program miihitlorinds yaddasin idars olunmasi proqram tominatinin
performansi vo sabitliyi baximindan asas problemlordan biridir (Tanenbaum, 2015). Mobil qurgular,
IoT sistemlori vo daxili platformalar kimi miihitlordo yaddasin qeyri-somorsli istifadesi icra
gecikmoloring, enerji sorfinin artmasma vo sistem dayanigliginin azalmasina sobab ola bilor
(Silberschatz va b., 2018).

Java Micro Edition platformast mohz mohdud resurslara malik qurgular {i¢iin hazirlanmis
program miihitidir vo sadolosdirilmis virtual masin arxitekturasi ilo xarakterizo olunur (Gosling,
2005). Bu platformada yaddasin avtomatik idars olunmasi mexanizmlori movcud olsa da, zibil yigma
(garbage collection) prosesinin intensivliyi performansa birbasa tosir gostorir (Deitel vo Deitel,
2012). Yaddas istifadosinin statistik analizino osaslanan yanagmalar sistem davraniginin uzun
miiddatli ganunauygunluqlarini miioyyon etmoys imkan verir (Zhang, 2020). Bu metodlar yaddas
ylklonmosinin paylanmasini, hamginin, pik istifads intervallarin1 vo prognozlasdirilan doyisikliklori
miioyyon etmak iiglin istifade olunur (Chen, 2018).

Miiasir todqiqatlarda yaddasin monitoringi t¢ilin  miixtolif modellor toklif olunmusdur.
Lakin bu modellorin program soviyyosindo reallasdirilmast vo real sistemlordo effektivliyinin
miiqayisoli sokildo qiymatlondirilmosi kifayot qodor genis aragdirilmamisdir (Pressman, 2014). Y1igin
yaddasmin idaro olunmasi prosesindo statistik analiz alqoritmlorinin totbiqi sistemin davranigini
modellosdirmoayo vo yaddas tolobatini prognozlasdirmaga imkan verir. Bu iso resurslarin  daha
rasional boliisdiiriilmosine vo yaddas catismazligi riskinin azaldilmasina sorait yaradir.

Bu moqalonin moqsadi JME osashi sistemlor iiclin yaddasin statistik analiz alqoritmlarinin
reallagdirilmas1 metodlarin1 miigayiseo etmak vo onlarin performansmi kompleks meyarlar iizro
qiymotlondirmakdir.

Tadqiqat

JME sistemlarinda yaddas idaraetmasinin nazari asaslari. IME miihitindo yaddas idaroetmosi
osason dinamik obyektlorin y1gin (heap) sahosindo yerlosdirilmasi vo zibil yigma mexanizmlorinin
idaro olunmasi ilo hoyata kegirilir (Gosling, 2005). Bu prosesin statistik xarakter dasimasi sistem
davraniginin stoxastik modellorlo ifads edilmasini zoruri edir (Knuth, 1998).

Yaddas istifadasinin zaman tlizro doyismasi asagidaki kimi ifado oluna bilor:

M(t)=Mo+> Ai—> Dj

Burada:

ij

M(t) — t anindak1 imumi yaddas istifadasi (masalon, bayt vo ya KB ils 6l¢iiliir)

Mo — baslangic yaddas istifadosi, yoni proses baslamazdan ovvol mdévcud olan yaddas

Ai—yaradilan obyektlorin yaddas dl¢iisii

Dj — silinon obyektlorin yaddas hocmi

Bu model diskret hadisalor ardicilligi kimi qiymatlondirilo bilor (Peterson, 2016). Yaddas
fragmentasiyasi iso effektiv yaddas istifadasini azaldan miihiim faktorlardan biridir (Silberschatz vo
b., 2018).
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Statistik modellagdirma alqoritmlari

1. Ehtimal paylanmasi modellori. Y13 yaddas1 istifadosinin tosadiifi doyison kimi
modellosdirilmasi klassik statistik yanasma hesab olunur vo sistemin davranisini analiz etmoak {igiin
genis totbiq olunur (Bishop, 2006). Bu yanagsma yaddasin dinamik doyismosini riyazi sokildos tosvir
etmoyo imkan verir vo miixtolif paylanma modellori vasitosilo sistem performansinin
prognozlasdirilmasina sorait yaradir.

e Normal paylanma sistemi orta davranis baximindan tosvir edir vo yaddas istifadosinin tipik
soviyyasini qiymoatlondirmak {i¢iin istifads olunur.

o FEksponensial paylanma hadisoloraras intervalin tohlili {i¢iin totbiq edilir vo obyektlorin
yaradilmasi arasindaki zaman farqlorini modellosdirir.

e Poisson paylanmasi iso miioyyon zaman araliginda obyekt yaradilma tezliyini gostarir, bu
da sistemdo y181in yliklonmosinin statistik progqnozunu vermaoys imkan yaradir (Chen, 2018).

Orta qiymat:

Dispersiya:

n
1

o = —X(Mi- py
n
i=1

Burada M; i-ci miisahidonin yaddas istifadasi, # iso miisahidalorin imumi sayidir. Bu gostoricilor
sistemin sabitliyinin giymatlondirilmasinds vo miixtalif reallagdirma metodlarinin miiqayisasindo
osas parametrlor kimi istifads olunur (Bishop, 2006).

2. Zaman swrast modellori. Zaman sirast modellori yaddas istifadesinin dinamik
doyismosini analiz etmoys imkan verir (Zhang, 2020). ARIMA modeli asagidak: kimi ifads olunur:

Xt =c+oXt—1 + €t

Bu modellar qisamiiddatli prognozlasdirmada yiiksok doqiqlik gostorir (Kumar, 2022).
3. Adaptiv monitoring algoritmlori. Adaptiv alqoritmlor sistem parametrlorini prognoz
sohvina uygun yeniloyir:

Ot+1 = 0t + aet

Bu yanagma real vaxt sistemlorindo genis istifado olunur (Li, 2019).

4. Masin 6yranmasi asasli modellar. Son todqiqatlarda neyron sobokolori vo reqressiya
modellori yaddas proqnozlasdirilmasi {i¢iin totbiq olunur (Russell vo Norvig,2021). Bu modellor
geyri-xotti davranisit daha doqiq tosvir edir (Wang, 2021).

5. Reallagdirma metodlarinin miigayisasi. Y1gim yaddasiin statistik analiz alqoritmlorinin
reallagdirma tisulu alqoritmin effektivliyino va sistem performansina birbasa tosir gostorir (Pressman,
2014). Bu sobabdan miixtelif metodlarin miiqayisasi JME asasli sistemlorin optimallagdiriimas iigiin
mithiim shomiyyat kosb edir.
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o Statik metodlar: Bu yanagsmada yaddas istifadosi vo obyekt davranisi ovvolcodon miioyyon
edilmis parametrlors asaslanaraq qiymotlondirilir. Statik metodlar minimal hesablama resursu tolob
etdiyindon resurs mohdud sistemlordo iistiinliikk togkil edir. Lakin doyison is yiikii vo real vaxt
soraitindo onlarin adaptivliyi mohduddur, noticodo proqnoz sohvlori arta vo sistem stabilliyi
azala bilor (Muradov, 2024).

e Dinamik metodlar: Bu metodlar real vaxt monitorinqina vo yaddas davraniginin dinamik
optimallasdirilmasina asaslanir. Dinamik metodlar sistemin voziyyatine uygun zibil yigma vo yaddas
ayrilmast omoliyyatlarin1 tonzimloyir, noticodo performans vo yaddas istifadosi optimallagdirilir.
Lakin bu yanagsma CPU vo olavo yaddas istifadosini artirir, xiisusilo resurs mohdud sistemlordo
hesablama yiikii ciddi rol oynayir (Silberschatz va b., 2018).

e Hibrid metodlar: Hibrid yanagma statik vo dinamik metodlarin tistiinliiklorini birlosdirorok
optimal balans tomin edir. Sistemin real vaxt soraitino uygunlasma qgabiliyyotini saxlayaraq, olavo
resurs istifadoesini mogbul soviyyads saxlayir. Bu metodlar hom do prognoz sohvini azaltmaq vo
yaddasm somarali istifadosini artirmagq ti¢iin effektiv hesab edilir (Lee, 2017).

Bu miigayisa gostarir ki, reallagdirma metodunun se¢imi hom sistemin resurs mahdudiyyatloring,
hom do totbiq olunan proqramlarin xiisusiyyastlorine gora dayisir. Adaptiv vo hibrid metodlar daha
miirokkab olsa da, performans va sabitlik baximindan tstiinliik togkil edir, statik metodlar iso sada vo
az resurs tolob edon totbiqlords holo do praktik shomiyyatini saxlayir.

Eksperimental metodologiya va eksperimental naticalorin tahlili. Simulyasiya miihitindo miixtolif
y1gin yaddasinin statistik analiz alqoritmlorinin performansi sistematik sokildo miiqayiso edilmisdir
(Zhang, 2020). Qiymatlondirmas ¢orgivasinda bir ne¢a asas meyar secilmisdir ki, bunlar alqoritmlorin
effektivliyini va resurs istifadasini tam sokildo oks etdirir:

. Orta yaddas istifadasi: Hor bir alqoritmin sistem yaddasini neco somorali istifado etdiyi
giymotlondirilmisdir. Bu gostorici yigin  yaddasinin doldurma soviyyasini vo resurslarin
optimallasdirilmasini oks etdirir.

e Pik yiiklonma: Sistemin maksimum yaddas tolobati vo alqoritmin yiiksok yiiklonmo
soraitinds davranist tohlil edilmisdir. Bu, sistemin sabitliyini vo zibil yigma omsliyyatlarmin
samoraliliyini gostorir.

e Icra vaxti: Har bir alqoritmin olavo hesablama yiikii vo real vaxt performansima tosiri
qiymatlondirilmigdir. Daha az icra vaxti alqoritmin resurslara qonaatcilliyini gostarir.

e Prognoz sahvi: Yaddas istifadesinin proqnozlagdirilmasinda alqoritmin doaqiqliyi
qiymatlondirilmigdir. Bu moqgsodle MAPE (Mean Absolute Percentage Error) gostoricisi istifada
edilmisdir, hansi ki, faktiki vo prognozlasdirilmig doyarlor arasindaki orta nisbi sahvi gostorir (Kumar,
2022).

. CPU istifadasi: Algoritmin isloma zamani prosessor resurslarina tosiri qiymotlondirilmisdir.
Bu meyar alqoritmin sistema olave yiikiinii vo performansa tosirini 6l¢gmak {i¢iin vacibdir.

Eksperimental naticalor gostorir ki, adaptiv vo hibrid alqoritmlor orta yaddas istifadasini
azaltmagla yanasi, pik yiiklonmo vo CPU istifado baximindan da daha stabil performans niimayis
etdirir. Prognoz sohvlorinin MAPE gostoricisi iso prognozlasdirict modellorin  effektivliyini
miiqayisoali sokildo qiymotlondirmoays imkan verir. Bu tohlil alqoritmlorin real vaxt totbigindo resurs
somaraliliyini vo performans stabilliyini tomin etmok {i¢lin miihiim gostoricilor toqdim edir (Zhang,
2020; Kumar, 2022).

Eksperimental naticalorin tohlili. Eksperimental analiz gostorir ki:

. statik modellor minimal resurs sorfi ilo isloyir (Muradov, 2024);

e  zaman sirasit modellori daha yiiksok prognoz daqiqliyi verir (Zhang, 2020);

. adaptiv modellor sistem doyisikliklorino daha siiratli reaksiya verir (Li, 2019);

. hibrid modellor on sabit performans gostorir (Lee, 2017).

Cadvalds analiz metodlarinin texniki gostoricilori vo totbiq saholori lizro miiqayisoli xara
kteristikalar1 verilmisdir.
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Analiz Hesablama CPU Yiikii Proqnoz Real-vaxt osas Tatbiq
Metodu Miirakkabliyi Daqiqgliyi Reaksiyasi Sahasi
Statik Asagi Minimal Orta Zoif Sabit yiiklii
Modellor ($O(1)$) sistemlor
(Ehtimal
paylanmasi)
Zaman Sirasi Orta Yiiksok Yiiksok Orta Trend analizi
(ARIMA) ($0(n"2)$)
Adaptiv Orta ($0(n)3) Orta Yiiksok Stiratli Dinamik
Monitoring miihitlor
Hibrid Dayiskon Orta- Asagi Cox Yiiksok Cox Siiratli | Kritik resurslu
Metodlar IoT

Praktiki tatbiq imkanlart va tadqiqatin mahdudiyyatlori. Yi1gin yaddasmnin statistik analiz
alqoritmlori yalniz nazori arasdirmalar ti¢lin deyil, hom do real diinya totbiqlorinds genis imkanlar
togdim edir. Bu alqoritmlorin totbiqi sistemlorin performansmi artirmaq, yaddas somaraliliyini
optimallagsdirmaq vo resurs mohdudiyyatlorini idare etmok tigiin miithiim vasitadir.

e Mobil tathiglor: Statistik yaddas analiz alqoritmlori mobil totbiglorin yaddas idaroetmasini
optimallasdirmagq tigiin istifado olunur. Bu yanasma totbiqin enerji somoraliliyini artirir, zibil yigma
omoliyyatlarinin icra vaxtini balanslasdirir vo istifadagi tocriibasini stabillogdirir (Deitel vo Deitel,
2012).

e IoT platformalari: 10T (Internet of Things) qurgularinda mohdud yaddas va enerji resurslari
alqgoritmlorin somoroli islomasini tolob edir. Statistik analiz vasitesi ilo yi1gin istifadosi
prognozlasdirilir, resurslarin daha rasional boliigdiiriilmasi tomin olunur va cihazlarin uzunmiiddotli
foaliyyatini dostokloyir (Wang, 2021).

e Real vaxt idaraetma sistemlori: Sonaye avtomatlagdirmasi vo digor real vaxt totbiglorindo
yigin yaddasmin diizgiin idaro olunmas: kritikdir. Statistik alqoritmlor real vaxt monitoringi ilo
yaddas catismazlig1 riskini minimuma endirir vo sistemin etibarli islomasini tomin edir (L1, 2019).

. Sensor sabakalori: Yayilmis sensor sobokolorindo molumatlarin toplanmasi vo otiiriilmasi
zamani yaddasin dinamik idars olunmasi vacibdir. Statistik analiz alqoritmlori melumat axininin
somarali idars olunmasini, enerji sorfiyyatinin optimallagdirilmasini vo sobakonin timumi stabilliyini
tomin edir (Chen, 2018). Bununla yanasi, bu alqoritmlorin totbiqi daxili sistemlar, miixtalif resurs
mahdudiyyatli programlasdirma miihitlori va siini intellekt asasli program tominati iigiin do
perspektivlidir. Oldo olunan naticolor gostorir ki, yigin yaddasinin statistik monitorinqi yalniz
performans optimallagdirilmas: tigiin deyil, hom do sistemin etibarliligi vo enerji somoraliliy1
baximindan genis totbiq imkanlar1 toqdim edir.

Simulyasiya asash analiz istifado olunsa da, real sistem miihitini tam oks etdiro bilmomasi
todqgiqatin osas mohdudiyyatlorindon biridir (Pressman, 2014). Simulyasiya yalniz tipik yaddas ayirma
ssenarilorini modellosdirir vo real cihazlarda yaranan paralel proseslorin garsiliqh tosiri, aparat
gecikmolori vo digor xarici faktorlar noticoalors alavo tosir gostora bilor. Bundan olava, enerji istehlaki
bu todqgiqat ¢orcivasindo ayrica qiymoatlondirilmomisdir; mobil vo yerlogdirilmis sistemlords enerji
somaraliliyi kritik parametr oldugundan, bu amilin nazors alinmamasi naticalorin praktiki totbiqini
miioyyan qador mohdudlasdira bilor.

Notica

Aparilan todqgiqatlar gostorir ki, yigin yaddasinin statistik modellosdirilmosi JME osash
sistemlorin optimallasdirilmasinda vo resurslarin somoroli istifadoesindo miihiim rol oynayair.
Eksperimental noticolor siibut edir ki, xiisusilo doyiskon is yiikii soraitindo adaptiv vo hibrid
monitoring yanasmalar1 hom yaddas istifadesini optimallagdirir, ham ds sistem performansinin
stabilliyini artirir. Bu  yanagmalarin {istlinlilyii onlarin real vaxt molumatlarina osaslanaraq
parametrlori dinamik tonzimlomasindadir, naticado, zibil yigma omoliyyatlarmin vaxti va sixlhigi
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balanslasdirilir vo fragmentasiya minimuma endirilir.

Resurs mohdudiyyatli sistemlordo iso sadolosdirilmis ehtimal modellori praktik baximdan daha
mogsada uygundur, ¢iinki onlar asag1 hesablama vo yaddas yiikii ilo kifayat qodor etibarli prognozlar
vera bilir. Bu, xiisusilo mobil vo daxil edilmis qurgular iiglin ¢ox oshomiyyatlidir, ¢iinki bu tip
cihazlarda yaddas vo enerji mohdudiyyatlori performansa birbasa tosir gostarir.

Golocok todgigatlarda masin Oyronmaosi vo siini intellekt oasasli prognozlasdirma modellorinin
inteqrasiyasi perspektivli istigamot hesab olunur, ¢ilinki bu metodlar yaddas tolobatin1 daha doqiq
prognozlasdirmaqla yanasi, resurs istifadosini optimallagdirmaq vo zibil yigma omoliyyatlarini daha
somarali idare etmoys imkan verir. Bundan olavo, enerji istehlakinin optimallagdirilmasi vo real
aparat mihitinde monitorinqin aparilmasi sistemin uzunmiiddstli performansi va etibarlilig ti¢iin
kritikdir.

Umumilikdo, bu todqiqat noticolori gdstarir ki, IME osasli yerlosdirilmis sistemlordo yaddasin
statistik analizi vo adaptiv monitorinqg alqoritmlorinin totbiqi proqramin performansini ossasl
doracado artirir vo golocok tadqgiqatlar {i¢iin genis imkanlar agir.
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