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¥n sºz 
 

Hºrmᴅtli konfrans iĸtirak­ēlarē, dᴅyᴅrli alimlᴅr vᴅ tᴅdqiqat­ēlar! 
Azᴅrbaycan Texnologiya Universitetindᴅ Ulu ¥ndᴅr Heydᴅr ᴄliyevin anadan 

olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ ñBeĸinci sᴅnaye inqilabēna doĵru: universitetlᴅrin rolu, 
­aĵērēĸlar vᴅ imkanlarò mºvzusunda ke­irilᴅn beynᴅlxalq elmi konfransēn materiallar 
toplusunu Sizᴅ tᴅqdim etmᴅkdᴅn bºy¿k mᴅmnunluq duyuruq. 

¦mumiyyᴅtlᴅ, XXI ᴅsr bᴅĸᴅriyyᴅtin inkiĸaf tarixindᴅ elmi-texniki tᴅrᴅqqinin ᴅn s¿rᴅtli 
mᴅrhᴅlᴅlᴅrindᴅn biri kimi xarakterizᴅ olunur. S¿ni intellekt, bºy¿k verilᴅnlᴅr, robot 
texnologiyalarē, biotexnologiya, ñaĵēllēò istehsal sistemlᴅri, rᴅqᴅmsal iqtisadiyyat vᴅ yaĸēl 
enerji kimi istiqamᴅtlᴅr m¿asir d¿nyanēn sosial-iqtisadi strukturunu kºkl¿ ĸᴅkildᴅ 
dᴅyiĸdirmᴅkdᴅdir. Dºrd¿nc¿ sᴅnaye inqilabēnēn yaratdēĵē texnoloji transformasiya artēq yeni 
mᴅrhᴅlᴅyᴅ ï insan mᴅrkᴅzli, innovativ vᴅ dayanēqlē inkiĸaf prinsiplᴅrinᴅ ᴅsaslanan Beĸinci 
sᴅnaye inqilabēna ke­idi s¿rᴅtlᴅndirmiĸdir. Bu yeni mᴅrhᴅlᴅdᴅ texnologiyanēn mᴅqsᴅdi 
yalnēz istehsalēn avtomatlaĸdērēlmasē deyil, eyni zamanda insan rifahēnēn y¿ksᴅldilmᴅsi, 
sosial inkl¿zivliyin tᴅmin olunmasē vᴅ ekoloji tarazlēĵēn qorunmasēdēr. 

ñBeĸinci sᴅnaye inqilabēna doĵru: universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò 
mºvzusunda Azᴅrbaycan Texnologiya Universitetindᴅ region universitetlᴅri arasēnda ilk 
dᴅfᴅ ke­irilᴅn beynᴅlxalq elmi-praktiki konfrans mᴅhz bu aktual mᴅsᴅlᴅlᴅrin geniĸ elmi 
m¿stᴅvidᴅ m¿zakirᴅsinᴅ hᴅsr olunmuĸdur. Biz  elm vᴅ tᴅhsil iĸ­isi olaraq texnoloji 
inkiĸafda m¿tᴅmadi yenilᴅnᴅn tendensiyanē tᴅqib etmᴅk, elm-texnologiya-sᴅnaye 
¿­bucaĵēnda qarĸēlēqlē inkiĸaf yeniliklᴅrini qabaqlamaq, ºlkᴅmizin gᴅlᴅcᴅk inkiĸafē vᴅ 
tᴅhl¿kᴅsizliyi naminᴅ elmi tᴅdqiqatlarēmēzē vᴅ tᴅhsil sᴅviyyᴅmizi daim artērmalēyēq. Bunu 
bizdᴅn ikinci Qarabaĵ m¿haribᴅsindᴅ ᴅldᴅ etdiyimiz Bºy¿k Zᴅfᴅr, iĸĵaldan azad edilmiĸ 
torpaqlarēmēzda v¿sᴅt almēĸ bᴅrpa vᴅ quruculuq iĸlᴅri, dºvlᴅtimiz qarĸēsēnda duran ᴅn 
¿mdᴅ vᴅzifᴅlᴅr vᴅ digᴅr hᴅdᴅflᴅr tᴅlᴅb edir. Bu prosesin davamlē olmasēnda elm vᴅ tᴅhsil 
iĸ­ilᴅrinin dᴅ yerinᴅ yetirmᴅli olduĵu m¿h¿m vᴅzifᴅlᴅr var.  Bu vᴅzifᴅnin ᴅn m¿h¿m¿n¿ 
Prezident Ķlham ᴄliyev ¦mummilli Lider Heydᴅr ᴄliyevin 100 illik yubileyi m¿nasibᴅtilᴅ 
Azᴅrbaycan xalqēna m¿raciᴅtindᴅ deyib: ñHᴅr ĸeyi bundan sonra texnologiyalar hᴅll 
edᴅcᴅk. Biz hᴅm texnologiyalarē gᴅtirib Azᴅrbaycanda tᴅtbiq etmᴅliyik, hᴅm dᴅ elᴅ g¿cl¿ 
kadr potensialē yaranmalēdēr ki, biz ºz¿m¿z bu texnologiyalarēn m¿ᴅlliflᴅri olaqò. 
Azᴅrbaycan Texnologiya Universiteti cᴅnab Prezidentin dediklᴅrini ĸ¿ar kimi istifadᴅ 
edᴅrᴅk, Azᴅrbaycanda elm vᴅ texnologiyanēn bundan sonrakē inkiĸafēnda da daha aktiv 
iĸtirak edᴅrᴅk ºz tºhfᴅsini verᴅcᴅkdir.  

Bu beynᴅlxalq konfrans m¿xtᴅlif ºlkᴅlᴅrdᴅn alimlᴅri, m¿tᴅxᴅssislᴅri vᴅ gᴅnc 
tᴅdqiqat­ēlarē bir araya gᴅtirᴅrᴅk aktual elmi problemlᴅrin m¿zakirᴅsi, yeni ideyalarēn 
paylaĸēlmasē vᴅ beynᴅlxalq ᴅmᴅkdaĸlēĵēn geniĸlᴅndirilmᴅsi baxēmēndan m¿h¿m platforma 
rolunu oynayēr. Mᴅcmuᴅdᴅ yer alan mᴅqalᴅlᴅr universitetlᴅrin transformasiya prosesindᴅ 
rolu, rᴅqᴅmsal tᴅhsil m¿hiti, innovasiya ekosistemlᴅri, sᴅnaye-universitet ᴅmᴅkdaĸlēĵē vᴅ 
gᴅlᴅcᴅyin texnologiyalarē ilᴅ baĵlē dᴅyᴅrli elmi yanaĸmalarē ºz¿ndᴅ ᴅks etdirir. ᴄminik ki, 
konfrans materiallarē elmi ictimaiyyᴅt ¿­¿n faydalē mᴅnbᴅ olacaq, yeni tᴅdqiqat 
istiqamᴅtlᴅrinin formalaĸmasēna vᴅ gᴅlᴅcᴅk ᴅmᴅkdaĸlēqlarēn inkiĸafēna m¿h¿m tºhfᴅ 
verᴅcᴅkdir. 

 
Dos. Yaĸar ¥mᴅrov 

Azᴅrbaycan Texnologiya Universitetinin rektoru  
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HYBRID METHOD COMBINING VMD, WAVELETS, AND BSS FOR EFFICIENT REMOVAL OF 
OCULAR ARTIFACTS IN EEG SIGNALS 
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I. Introduction 
Electroencephalography (EEG) is a non-invasive technique used to study brain activity in 

neuroscience and medical applications. However, EEG signals are often contaminated by 
artifacts, especially those caused by eye movements (EOG), which complicate their 
interpretation. Blind Source Separation (BSS) methods, such as ICA and SOBI, are widely 
used to isolate these artifacts. Nevertheless, their performance decreases in noisy 
environments and with complex signals. To address this issue, hybrid approaches combining 
multiple signal processing techniques have been proposed [1,2]. 

In this work, we introduce a hybrid method combining VMD, DWT, and BSS. This 
combination aims to exploit the strengths of each technique: VMD for non-stationary signal 
decomposition, DWT for multi-scale analysis, and BSS for source separation. 

II. Material and methods 
1.Datasets 
The dataset consists of EEG recordings from 27 participants using 19 scalp electrodes 

based on the 10ï20 system. Additionally, 4 electrodes were used to record EOG signals. 
Horizontal (HEOG) and vertical (VEOG) signals were obtained through electrode subtraction. 
In total, 54 EEG recordings were analyzed [3]. 

2.Variational Mode Decomposition (VMD), Discrete Wavelet Transform (DWT), and 
Blind Source Separation (BSS) 

VMD [4] breaks a signal into several band-limited intrinsic modes, which is especially 
useful for analyzing non-stationary signals like EEG. DWT [5] decomposes the signal into 
different frequency components using wavelets, making it easier to identify and remove noise 
and artifacts. BSS focuses on separating independent sources from mixed signals without 
prior knowledge of how they were combined. Algorithms such as RunICA and ACSOBIRO are 
commonly used to recover the original EEG sources [6]. 

III. Evaluation Metric       
1.Spearman Correlation 
Spearman correlation [7] shows how similar the extracted sources are to the EOG 

signals, with values from ī1 to 1 where higher means more similarity. 
IV. Proposed Method 
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The proposed approach combines VMD, DWT, and BSS in a sequential process. EEG 
signals are first decomposed into IMFs using VMD [8,9,10]. Then, DWT is applied to each IMF 
to extract frequency components. Finally, BSS algorithms are used to separate sources. 
Correlation and Euclidean distance are computed to evaluate the similarity between extracted 
sources and reference signals. Results are    analyzed across different wavelet types and 
decomposition levels. The results show that performance depends on decomposition 
parameters. The lowest Euclidean distances (around 194) are obtained at higher 
decomposition levels (level 4) using low-order wavelets. Correlation values remain relatively 
low (between 0.28 and 0.29) for all algorithms, indicating that separation is not fully optimal. 
Symlet 9 provides the best correlation results across all methods. Overall, no algorithm 
significantly outperforms the others, and performance varies depending on parameter 
selection. 

    
   Fig. 1. Average Correlation Results             Fig. 2. Average Correlation Results 
                 for the RUNICA Algorithm.                     for the ACSOBIRO 

VI. Discussion 
The hybrid method improves EEG signal quality by reducing ocular artifacts. However, 

the results indicate moderate performance, as residual artifacts remain present. Low 
correlation values suggest incomplete separation, possibly due to signal complexity and 
parameter limitations. The results highlight the importance of optimizing decomposition levels 
and wavelet types. 

VII. Conclusion 
This study presents a hybrid method combining VMD, DWT, and    BSS for ocular artifact 

removal in EEG signals. While the method reduces artifacts, it does not achieve optimal 
separation.Future work should focus on improving parameter selection and developing more 

robust algorithms to enhance performance, particularly for real-time applications. 
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XXI ᴅsrdᴅ elmin inkiĸafēnda nano vᴅ biotexnologiyalar ºnᴅmli rol oynayēr vᴅ bu 
sahᴅlᴅr texnoloji tᴅrᴅqqinin ᴅsas hᴅrᴅkᴅtverici q¿vvᴅlᴅrindᴅn hesab olunur. Bu 
texnologiyalar yalnēz nᴅzᴅri sᴅviyyᴅdᴅ ºyrᴅnilmᴅklᴅ kifayᴅtlᴅnmir, eyni zamanda sᴅnaye, 
tibb, informasiya texnologiyalarē vᴅ ekoloji sahᴅlᴅrdᴅ praktik tᴅtbiq imkanlarē ilᴅ fᴅrqlᴅnir. 

Nanotexnologiya ºl­¿lᴅri nanometr sᴅviyyᴅsindᴅ olan (10ϖϔ metr) obyektlᴅrin fiziki, 
kimyᴅvi vᴅ bioloji xassᴅlᴅrini ºyrᴅnir vᴅ bu x¿susiyyᴅtlᴅr ᴅsasēnda yeni materiallar, 
qurĵular vᴅ funksional sistemlᴅr yaradēr. Nanometr sᴅviyyᴅsindᴅ maddᴅlᴅrin 
x¿susiyyᴅtlᴅrinin dᴅyiĸmᴅsi bu texnologiyanē hᴅm fundamental, hᴅm dᴅ tᴅtbiqi tᴅdqiqatlar 
baxēmēndan m¿h¿m edir vᴅ onun gᴅlᴅcᴅk texnoloji sistemlᴅrdᴅ aparēcē rol oynayacaĵēnē 
gºstᴅrir. 

Nanotexnologiyalar ­oxĸaxᴅli tᴅtbiq sahᴅlᴅrinᴅ malikdir. Bu sahᴅdᴅ aparēlan 
tᴅdqiqatlar akkumulyator texnologiyalarēnēn tᴅkmillᴅĸdirilmᴅsi, y¿ksᴅk mºhkᴅm sᴅthlᴅrin 
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yaradēlmasē, korroziyaya davamlē ºrt¿klᴅrin hazērlanmasē, g¿nᴅĸ panellᴅrinin 
sᴅmᴅrᴅliliyinin artērēlmasē, superkondensatorlarēn istehsalē vᴅ tibbi cihazlarēn inkiĸaf 
etdirilmᴅsi kimi sahᴅlᴅrdᴅ ºz ᴅksini tapēr. Nanotexnologiya artēq nᴅzᴅri sᴅviyyᴅdᴅn ­ēxaraq 
praktik vᴅ sᴅnaye tᴅtbiqlᴅrindᴅ m¿h¿m rol oynamaĵa baĸlamēĸdēr, bu da onun strateji 
ᴅhᴅmiyyᴅtini daha da artērēr. 

Nanotexnologiyalarēn ᴅn diqqᴅt­ᴅkᴅn n¿munᴅlᴅrindᴅn biri qrafendir. Qrafen 
karbonun ikiºl­¿l¿ modifikasiyasē olub, yalnēz bir atom qalēnlēĵēnda karbon qatēndan 
ibarᴅtdir. Onun y¿ksᴅk elektrik ke­iriciliyi, mexaniki mºhkᴅmliyi vᴅ elastikliyi bu materialē 
y¿ksᴅk texnoloji sahᴅlᴅrdᴅ ᴅvᴅzolunmaz edir [1].Qrafen akkumulyator batareyalarēnda 
enerji sēxlēĵēnē artērmaq ¿­¿n istifadᴅ olunur, hᴅm­inin filtr vᴅ qaz detektorlarē kimi y¿ksᴅk 
dᴅqiqlik tᴅlᴅb edᴅn sensorlarda tᴅtbiq olunur. Qrafenin ikiºl­¿l¿ quruluĸu molekulyar 
sᴅviyyᴅdᴅ se­ici ke­iriciliyi tᴅmin edir, bu da onu sensor texnologiyalarē vᴅ katalizator 
sistemlᴅri ¿­¿n ideal material edir. Bundan ᴅlavᴅ, qrafen lak-boyaq materiallarēnda 
korroziyaya qarĸē uzunºm¿rl¿ ºrt¿klᴅrin hazērlanmasēna imkan verir vᴅ sᴅnaye 
obyektlᴅrinin vᴅ texniki qurĵularēn istismar m¿ddᴅtini artērēr. 

Nanotexnologiyalarēn inkiĸafē yalnēz elmi-tᴅdqiqat iĸlᴅri ilᴅ mᴅhdudlaĸmēr; hᴅm dᴅ 
bºy¿k maliyyᴅ vᴅ resurs yatērēmlarē tᴅlᴅb edir. Dºvlᴅtlᴅr bu sahᴅyᴅ investisiya qoyarkᴅn 
ehtiyatlē davranēr, lakin texnoloji ¿st¿nl¿k ᴅldᴅ etmᴅk vᴅ istehsalēn sᴅmᴅrᴅliliyini artērmaq 
mᴅqsᴅdi ilᴅ bu sahᴅdᴅ aktiv iĸtirak edirlᴅr. Bu, nanotexnologiyanēn hᴅm elmi, hᴅm iqtisadi, 
hᴅm dᴅ sosial ᴅhᴅmiyyᴅtini daha da g¿clᴅndirir vᴅ strateji rᴅqabᴅt ¿­¿n ºnᴅmli vasitᴅyᴅ 
­evrilir. 

Biotexnologiyalar sahᴅsindᴅ CRISPR/Cas9 texnologiyasē DNT-nin dᴅqiq 
modifikasiyasēna imkan verir vᴅ irsi xᴅstᴅliklᴅrin tᴅdqiqindᴅ geniĸ potensial tᴅqdim edir [4]. 
Bu sistem vasitᴅsilᴅ genetik xᴅstᴅliklᴅrin risklᴅrini azaltmaq, h¿ceyrᴅ vᴅ orqanizmlᴅrin 
funksional modifikasiyasēnē hᴅyata ke­irmᴅk m¿mk¿nd¿r. CRISPR/Cas9 texnologiyasē 
hᴅm­inin kᴅnd tᴅsᴅrr¿fatēnda y¿ksᴅk mᴅhsuldar GMO-nun yaradēlmasēna imkan verir, 
lakin bununla ᴅlaqᴅdar etik vᴅ ekoloji risklᴅr mºvcuddur. ᴄsas risklᴅr biom¿xtᴅlifliyin 
azalmasē vᴅ transgenlᴅrin digᴅr orqanizmlᴅrin genomuna inteqrasiyasē nᴅticᴅsindᴅ 
gºzlᴅnilmᴅz genetik dᴅyiĸikliklᴅrin meydana gᴅlmᴅsidir. Bu sᴅbᴅbdᴅn biotexnologiyalarēn 
inkiĸafē yalnēz dºvlᴅt dᴅstᴅyi vᴅ elmi-normativ nᴅzarᴅt ĸᴅraitindᴅ tᴅhl¿kᴅsiz ĸᴅkildᴅ hᴅyata 
ke­irilᴅ bilᴅr. 

Optik cihazlar elm tarixindᴅ hᴅlledici rol oynamēĸdēr. 1610-cu ildᴅ Galileo Galiley 
teleskop vasitᴅsilᴅ ki­ik obyektlᴅri bºy¿tmᴅyi kᴅĸf etmiĸ, XVII-XVIII ᴅsrlᴅrdᴅ mikroskop vᴅ 
teleskoplarēn tᴅkmillᴅĸdirilmᴅsi elmdᴅ inqilabi dᴅyiĸikliklᴅrᴅ sᴅbᴅb olmuĸdur. Bu inkiĸaflar 
heliosentrik sistemin formalaĸmasē, planetlᴅrin hᴅrᴅkᴅtinin vᴅ Ayēn relyefinin detallē 
ºyrᴅnilmᴅsi kimi fundamental elmi nailiyyᴅtlᴅrᴅ yol a­mēĸdēr. M¿asir optik texnologiyalar, o 
c¿mlᴅdᴅn nanoskoplar, 10 nm ºl­¿l¿ obyektlᴅrin y¿ksᴅk dᴅqiqliklᴅ tᴅdqiqinᴅ vᴅ y¿ksᴅk 
keyfiyyᴅtli 3D gºr¿nt¿lᴅrin ᴅldᴅ edilmᴅsinᴅ imkan verir [2]. 

Optik texnologiyalarēn inkiĸafē eksponent bºy¿mᴅ istiqamᴅtindᴅdir ki, bu da 
gᴅlᴅcᴅkdᴅ daha y¿ksᴅk dᴅqiqlikli, g¿cl¿ vᴅ ­oxfunksiyalē optik cihazlarēn yaradēlacaĵēnē 
proqnozlaĸdērmaĵa imkan verir. Hazērda mikroskop vᴅ teleskoplardan ᴅlavᴅ, optik liflᴅr 
vasitᴅsilᴅ informasiya ºt¿r¿lmᴅsi sahᴅsindᴅ dᴅ bºy¿k irᴅlilᴅyiĸlᴅr m¿ĸahidᴅ olunur. Bu 
texnologiya adi elektrik kabellᴅri ilᴅ m¿qayisᴅdᴅ s¿rᴅt baxēmēndan ¿st¿nl¿k tᴅmin edir, 
lakin mᴅlumatēn ºt¿r¿lmᴅ mᴅsafᴅsi mᴅhdud olduĵundan, alimlᴅr uzun mᴅsafᴅlᴅrdᴅ 
sᴅmᴅrᴅli mᴅlumat ºt¿r¿lmᴅsini tᴅmin edᴅn tᴅkrarlayēcē qurĵular ¿zᴅrindᴅ iĸlᴅyirlᴅr [3]. 

M¿asir tibbi avadanlēqlar optik texnologiyalar vᴅ lazer sistemlᴅri ilᴅ inteqrasiya 
olunaraq xᴅstᴅliklᴅrin erkᴅn diaqnostikasēna, m¿rᴅkkᴅb cᴅrrahi ᴅmᴅliyyatlarēn icrasēna vᴅ 
minimal invaziv prosedurlarēn hᴅyata ke­irilmᴅsinᴅ imkan verir. Bundan ᴅlavᴅ, optik 
texnologiyalar foto-video sahᴅsindᴅ y¿ksᴅk keyfiyyᴅtli gºr¿nt¿lᴅrin ᴅldᴅ olunmasēna vᴅ 
kosmik tᴅdqiqatlarda Ay vᴅ Mars sᴅthinin detallē ºyrᴅnilmᴅsinᴅ imkan yaradēr. 
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Belᴅliklᴅ, m¿asir texnologiyalar nano, bio vᴅ optik sahᴅlᴅrdᴅ s¿rᴅtlᴅ inkiĸaf edir vᴅ bu 
sahᴅlᴅr artēq potensial artēm mᴅrhᴅlᴅsindᴅdir. Ķlkin mᴅrhᴅlᴅdᴅ yalnēz elmi-tᴅdqiqat 
mᴅqsᴅdlᴅri ¿­¿n istifadᴅ olunan texnologiyalar zaman ke­dikcᴅ cᴅmiyyᴅtin m¿xtᴅlif 
sahᴅlᴅrinᴅ n¿fuz edᴅrᴅk geniĸ tᴅtbiq imkanlarē qazanēr. Bu sahᴅlᴅrin inkiĸafē hᴅm elmi, 
hᴅm texnoloji, hᴅm dᴅ iqtisadi sahᴅlᴅrdᴅ hᴅlledici rol oynayacaq vᴅ gᴅlᴅcᴅkdᴅ y¿ksᴅk 
texnoloji cᴅmiyyᴅtin formalaĸmasēna ᴅhᴅmiyyᴅtli tºhfᴅlᴅr verᴅcᴅkdir. 
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The article provides a comprehensive examination of the development, scientific 
achievements, and application areas of nano, bio, and optical technologies. It analyzes the 
future prospects of optical capabilities in modern equipment and explores potential 
applications in scientific, industrial, and medical fields. Current implementations of these 
technologies, including batteries, energy storage systems, genetic research, medical 
diagnostics, and telecommunication systems, are illustrated with concrete examples. The 
presented diagram indicates that these technologies are still at a stage of potential growth 
and are expected to increasingly impact various sectors in the near future. In addition, the 
historical development stages of optical technologies and their significance in scientific 
research are analyzed, offering a deeper understanding of the foundations of 
contemporary technological advancements. 

Keywords: optical technologies, nanotechnologies, graphene, biotechnologies, 
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Giriĸ. Ķntellektual inkiĸaf, ĸagirdin idrak qabiliyyᴅtlᴅrinin, d¿ĸ¿ncᴅ tᴅrzi vᴅ ºyrᴅnmᴅ 
strategiyalarēnēn zaman ke­dikcᴅ dᴅrinlᴅĸmᴅsi vᴅ geniĸlᴅnmᴅsi prosesidir. Bu inkiĸaf yalnēz 
akademik nailiyyᴅti deyil, hᴅm dᴅ ĸagirdin m¿stᴅqil d¿ĸ¿nmᴅ, yaradēcēlēq, tᴅnqidi m¿hakimᴅ vᴅ 
problem hᴅll etmᴅ qabiliyyᴅtlᴅrini ᴅhatᴅ edir. M¿asir tᴅhsil psixologiyasē gºstᴅrir ki, ĸagirdlᴅrin 
tᴅhsil uĵurlarē ilᴅ intellektual inkiĸaf arasēnda g¿cl¿ qarĸēlēqlē ᴅlaqᴅ mºvcuddur. Bu mᴅqalᴅ 
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hᴅmin ᴅlaqᴅni elmi ᴅsasda araĸdērēr, ᴅsas nᴅzᴅri ­ᴅr­ivᴅlᴅri tᴅqdim edir vᴅ praktiki tºvsiyᴅlᴅr 
irᴅli s¿r¿r. 

XX ᴅsrin ᴅvvᴅllᴅrindᴅn baĸlayaraq "intellektual ĸagird", yaxud sadᴅcᴅ "intellekt" kimi 
istilah meydana ­ēxdē. Hal-hazērda tᴅlim prosesindᴅ ĸagirdlᴅrin intellektual sᴅviyyᴅlᴅri ilᴅ 
akademik uĵurlarē arasēndakē ᴅlaqᴅnin x¿susiyyᴅtlᴅri tᴅlimin keyfiyyᴅtinin y¿ksᴅldilmᴅsi 
baxēmēndan maraq doĵuran mᴅsᴅlᴅlᴅrdᴅn biridir. Bu baxēmdan psixometrik ¿sullarla 
ĸagirdlᴅrin intellektual qabiliyyᴅtlᴅrinin ºl­¿lmᴅsi m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. 

S.L.Rubinĸteyn gºstᴅrir ki, eksperimental situasiyada tᴅfᴅkk¿r¿n ºyrᴅnilmᴅsi ¿sullarē 
m¿vafiq qaydada iĸlᴅnilᴅrsᴅ, bu tᴅfᴅkk¿r tᴅrbiyᴅsinin pedaqoji metoduna ­evrilᴅ bilᴅr. Hafizᴅ 
mᴅktᴅbindᴅn tᴅfᴅkk¿r mᴅktᴅbinᴅ ke­id mᴅrhᴅlᴅsindᴅ ĸagirdlᴅrdᴅ mᴅntiqi, tᴅnqidi vᴅ yaradēcē 
tᴅfᴅkk¿r¿ inkiĸaf etdirmᴅyᴅ xidmᴅt edᴅn metodikalar tᴅlim prosesindᴅ geniĸ ĸᴅkildᴅ tᴅtbiq 
edilmᴅli, tᴅhsilin mᴅzmunu vᴅ tᴅlim strategiyalarē bu mᴅqsᴅdᴅ istiqamᴅtlᴅnmᴅlidir. ķagirdlᴅrin 
¿mumi intellekt sᴅviyyᴅlᴅrinin vᴅ intellektin ayrē-ayrē istiqamᴅtlᴅrinin davamlē inkiĸaf etdirilmᴅsi 
m¿asir mᴅktᴅbin qarĸēsēnda duran ᴅn aktual mᴅsᴅlᴅlᴅrdᴅn biridir. Bu baxēmdan artēq 
mᴅktᴅbᴅqᴅdᴅr tᴅhsil m¿ᴅssisᴅlᴅrindᴅ dᴅ tᴅhsilin mᴅzmununda m¿vafiq dᴅyiĸikliklᴅrin edilmᴅsi 
zᴅruriyyᴅti yaranmēĸdēr. 

Bloom Taksonomiyasē. Benjamin Bloom (1956) tᴅrᴅfindᴅn iĸlᴅnib hazērlanmēĸ 
taksonomiya idrak proseslᴅrini aĸaĵēdan yuxarēya doĵru altē sᴅviyyᴅyᴅ bºl¿r. Bu model hᴅr 
zaman m¿asir tᴅdrisin ᴅsasē olaraq qalēr, ­¿nki m¿ᴅllimlᴅrᴅ dᴅrslᴅrini planlayarkᴅn idrak 
y¿k¿n¿ sistematik ĸᴅkildᴅ artērmaq imkanē verir. 

 

Cᴅdvᴅl 1: Bloom Taksonomiyasēnēn altē sᴅviyyᴅsi vᴅ m¿vafiq fᴅaliyyᴅt nºvlᴅri 
 

Sᴅviyyᴅ Mᴅqsᴅd Fᴅaliyyᴅt nºv¿ Ķdrak sᴅviyyᴅsi 

Bilik (Knowledge) Faktlarē xatērlamaq Sadalayēr, adlandērēr, tanēmlayēr Aĸaĵē 

Anlayēĸ 
(Comprehension) 

Mᴅnanē baĸa d¿ĸmᴅk Ķzah edir, ¿mumilᴅĸdirir Aĸaĵē-Orta 

Tᴅtbiq (Application) Biliklᴅri tᴅtbiq etmᴅk Hᴅll edir, istifadᴅ edir Orta 

Tᴅhlil (Analysis) Elementlᴅrᴅ ayērmaq Fᴅrqlᴅndirir, m¿qayisᴅ edir Orta-Y¿ksᴅk 

Sintez (Synthesis) Yeni b¿tºvl¿k yaratmaq Layihᴅlᴅndirir, tᴅrtib edir Y¿ksᴅk 

Qiymᴅtlᴅndirmᴅ 
(Evaluation) 

M¿hakimᴅ y¿r¿tmᴅk Tᴅnqid edir, ᴅsaslandērēr Y¿ksᴅk 

Araĸdērmalar gºstᴅrir ki, ĸagirdlᴅrin bºy¿k ᴅksᴅriyyᴅti ilk iki sᴅviyyᴅdᴅ bilik vᴅ anlayēĸ 
sᴅviyyᴅsindᴅ qalmaĵa meyl edir. Effektiv tᴅdris y¿ksᴅk sᴅviyyᴅli idrak bacarēqlarēnēn 
inkiĸafēna sistemli ĸᴅkildᴅ yºnᴅldilmᴅlidir. 

Piaget-nin Ķdrak Ķnkiĸafē Nᴅzᴅriyyᴅsi 
Jan Piaje uĸaqlarēn idrak inkiĸafēnēn ardēcēl mᴅrhᴅlᴅlᴅrdᴅn ke­diyini, hᴅr mᴅrhᴅlᴅnin 

ºz¿nᴅmᴅxsus d¿ĸ¿ncᴅ strukturuna sahib olduĵunu s¿but etmiĸdir. Bu nᴅzᴅriyyᴅ yaĸa 
uyĵun tᴅdrisin dizaynēnda hᴅlledici rol oynayēr. 

Cᴅdvᴅl 2: Piaget-nin dºrd idrak inkiĸafē mᴅrhᴅlᴅsi 
 

Mᴅrhᴅlᴅ Yaĸ Ķdrak x¿susiyyᴅti N¿munᴅ fᴅaliyyᴅt 

Sensor-motor 0ï2 yaĸ 
Duyu vᴅ hᴅrᴅkᴅt 
vasitᴅsilᴅ ºyrᴅnmᴅ 

Obyekt daimiliyinin kᴅĸfi 

ᴄmᴅliyyat ºncᴅsi 2ï7 yaĸ Simvolik d¿ĸ¿ncᴅ, dil inkiĸafē 
Rol oyunlarē, 
sehirli d¿ĸ¿ncᴅ 

Konkret ᴅmᴅliyyatlar 7ï11 yaĸ Mᴅntiqi d¿ĸ¿ncᴅ (konkret) Sēnēflandērma, sēralama 
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Mᴅrhᴅlᴅ Yaĸ Ķdrak x¿susiyyᴅti N¿munᴅ fᴅaliyyᴅt 

Formal ᴅmᴅliyyatlar 12+ yaĸ Abstrakt, hipotetik d¿ĸ¿ncᴅ 
Elmi m¿hakimᴅ, plan 

qurmaq 
 

Jean Piaget nᴅzᴅriyyᴅsinᴅ ᴅsasᴅn, ĸagirdlᴅrᴅ mºvcud idrak strukturlarēnē yeni 
biliklᴅrlᴅ uyĵunlaĸdērmaq (assimilyasiya etmᴅk) imkanē yaradēlmalēdēr. Bu mᴅqsᴅdlᴅ 
m¿ᴅllimlᴅr dᴅrs prosesindᴅ ziddiyyᴅt doĵuran vᴅ d¿ĸ¿nd¿r¿c¿ situasiyalar tᴅĸkil etmᴅli, 
ĸagirdlᴅrin m¿stᴅqil d¿ĸ¿nmᴅ vᴅ mᴅntiqi nᴅticᴅ ­ēxarma bacarēqlarēnē inkiĸaf etdirmᴅyᴅ 
yºnᴅlmiĸ fᴅaliyyᴅtlᴅrdᴅn istifadᴅ etmᴅlidirlᴅr. 

Ķntellekt Sᴅviyyᴅsi ilᴅ Tᴅlim Uĵuru Arasēndakē ᴄlaqᴅ: Mᴅlumdur ki, tᴅlimᴅ qabilliyi 
¿mumi intellektdᴅn fᴅrqli spesifik bir qabiliyyᴅt kimi fᴅrqlᴅndirmᴅk olduqca ­ᴅtin bir 
problemdir. ¦mumi intellekt tᴅlim uĵurlarēnē ĸᴅrtlᴅndirᴅn ᴅsas amil olmasa da, onun bu 
kontekstdᴅ nᴅzᴅrdᴅn ke­irilmᴅsini mᴅqsᴅdᴅuyĵun hesab edirik. Ķndiyᴅ qᴅdᴅr aparēlan 
tᴅdqiqatlar ¿mumi intellekt testlᴅri vᴅ tᴅlimᴅ qabillik ¿zrᴅ gºstᴅricilᴅrin korrelyasiya 
ᴅmsalēnēn [0,03; 0,65] aralēĵēnda olduĵunu gºstᴅrir. Bu istiqamᴅtdᴅ aparēlan b¿t¿n 
tᴅdqiqatlar ĸagirdlᴅrin ¿mumi intellekt sᴅviyyᴅsi ilᴅ tᴅlim uĵurlarē arasēnda m¿sbᴅt 
korrelyasiyanēn olduĵunu tᴅsdiqlᴅmiĸdir. Bᴅzᴅn korrelyasiya gºstᴅricisinin aĸaĵē olmasē 
tᴅdqiqat­ēlara ¿mumi intellektin tᴅlim uĵurunu ĸᴅrtlᴅndirdiyini birmᴅnalē olaraq sºylᴅmᴅyᴅ 
imkan vermir. Bu vᴅziyyᴅtin aĸaĵēdakē sᴅbᴅblᴅri ola bilᴅr: Se­ilmiĸ qiymᴅtlᴅndirmᴅ 
meyarlarēnēn tᴅlim uĵurunun meyarē kimi qeyri-relevantlēĵē; Fᴅnlᴅrin qiymᴅtlᴅndirilmᴅsi 
zamanē tᴅtbiq edilᴅn testlᴅrin mᴅzmunu ilᴅ tᴅdris proqramlarēnēn mᴅzmununun 
uyĵunsuzluĵu; Ķntellekt testlᴅrinin mᴅzmunu vᴅ tᴅtbiqi prosedurlarē ilᴅ baĵlē problemlᴅr. 
Aparēlmēĸ tᴅdqiqat nᴅticᴅlᴅrinin tᴅhlili gºstᴅrir ki, ¿mumi intellekt sᴅviyyᴅsi ilᴅ tᴅlim uĵuru 
arasēndakē ᴅlaqᴅ xᴅtti asēlēlēqla deyil, daha m¿rᴅkkᴅb formalē asēlēlēqla ifadᴅ olunur. 
Pedaqoji psixologiyada tᴅlim uĵuru ilᴅ intellektin inkiĸaf sᴅviyyᴅsi arasēndakē baĵlēlēĵa dair 
zᴅngin tᴅcr¿bi material toplanmēĸdēr. Mᴅsᴅlᴅn, Veksler testi ilᴅ aparēlan tᴅdqiqatlar gºstᴅrir 
ki, tᴅhsil uĵuru qeyri-verbal intellektᴅ nisbᴅtᴅn daha ­ox verbal intellekt sᴅviyyᴅsi ilᴅ 
korrelyasiya olunur. Tᴅdqiqat­ēlar L.F.Burla­uk vᴅ V.M.Bleyxer ĸagirdlᴅrin tᴅlim uĵurlarēnēn 
¿mumi intellekt sᴅviyyᴅsindᴅn asēlēlēĵēnē Veksler testi ilᴅ tᴅdqiq edᴅrkᴅn mᴅlum olmuĸdur 
ki, tᴅlim uĵurlarē aĸaĵē olan ĸagirdlᴅr arasēnda m¿xtᴅlif intellektual sᴅviyyᴅli ĸagirdlᴅr 
olduĵu halda, tᴅlim uĵurlarē y¿ksᴅk olan ĸagirdlᴅr arasēnda bir nᴅfᴅr dᴅ olsun intellekt 
sᴅviyyᴅsi orta hᴅddᴅn aĸaĵē olan ĸagird olmamēĸdēr. Tᴅdqiqat nᴅticᴅlᴅrini ¿mumilᴅĸdirᴅrᴅk 
belᴅ qᴅnaᴅtᴅ gᴅlmᴅk olar ki, y¿ksᴅk intellektual sᴅviyyᴅyᴅ malik ĸagirdlᴅrin tᴅlim 
uĵurlarēnēn aĸaĵē olmasē aĸaĵēdakē sᴅbᴅblᴅrdᴅn ola bilᴅr: ķagirdlᴅrin tᴅlim 
motivasiyalarēnēn aĸaĵē olmasē; Mᴅzmunun ĸagirdlᴅr ¿­¿n maraqsēz olmasē; Tᴅlim 
strategiyalarēnēn ĸagirdlᴅri lazēmēnca fᴅallaĸdērmamasē; ķagirdlᴅrin fᴅrdi vᴅ ya ailᴅ ilᴅ baĵlē 
problemlᴅrinin mºvcudluĵu; M¿ᴅllimin tᴅdris vᴅ davranēĸ ¿slubunun bᴅzi ĸagirdlᴅr ¿­¿n 
uyĵun olmamasē. Mºvcud "Ķntellektual hᴅdd nᴅzᴅriyyᴅsi"nᴅ gºrᴅ elᴅ bir intellektual hᴅdd 
var ki, yalnēz bu hᴅddᴅn yuxarē gºstᴅriciyᴅ malik ĸagirdlᴅr tᴅhsildᴅ uĵurlu nᴅticᴅlᴅr ᴅldᴅ 
edᴅ bilirlᴅr. Lakin bu gºstᴅricinin hᴅmin hᴅddᴅn y¿ksᴅk olmasē, tᴅlim uĵurunun da 
m¿tᴅnasib y¿ksᴅkliyini ĸᴅrtlᴅndirmir. Zᴅruri intellektual hᴅddᴅn sonra uĵura tᴅsir edᴅn 
amillᴅr bunlardēr: mºvcud qiymᴅtlᴅndirmᴅ sistemlᴅri, m¿ᴅllimlᴅrin tᴅlᴅbkarlēĵē, ĸagirdlᴅrin 
tᴅlim motivasiyasē, tᴅlimdᴅ stimullaĸdērma amili, ºyrᴅnᴅnin iradᴅ mºhkᴅmliyi, maraq sahᴅsi 
vᴅ s. 

ü Ķntellektual Ķnkiĸafēn ᴄsas Amillᴅri: Kritik D¿ĸ¿ncᴅ Bacarēĵē: Kritik d¿ĸ¿ncᴅ ĸagirdin 
mᴅlumatlarē tᴅhlil etmᴅ, dᴅyᴅrlᴅndirmᴅ vᴅ sistematik ĸᴅkildᴅ m¿hakimᴅ y¿r¿tmᴅ 
qabiliyyᴅtidir. Tᴅdqiqatlar gºstᴅrir ki, kritik d¿ĸ¿ncᴅ bacarēĵē olan ĸagirdlᴅr: 

ü Problemlᴅri daha dᴅrin baĸa d¿ĸ¿r; 
ü Hᴅll yollarēnē sistematik ĸᴅkildᴅ axtarēr; 
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ü ¥yrᴅndiklᴅrini yeni kontekstlᴅrᴅ tᴅtbiq edᴅ bilirlᴅr; 
ü Yanlēĸ fᴅrziyyᴅlᴅri aĸkar edᴅ bilirlᴅr. 
ü Metakognitiv Bacarēqlar Metakognisiya: "D¿ĸ¿ncᴅ haqqēnda d¿ĸ¿ncᴅ" ĸagirdin ºz 

ºyrᴅnmᴅ prosesini planlaĸdērma, izlᴅmᴅ vᴅ tᴅnzimlᴅmᴅ qabiliyyᴅtidir. Y¿ksᴅk metakognitiv 
fᴅallēq: 

ü ¥yrᴅnmᴅ sᴅmᴅrᴅliliyini 34% artērēr (Zimmerman, 2002); 
ü Uzunm¿ddᴅtli yadda saxlamanē g¿clᴅndirir; 
ü ķagirdi ºz ­atēĸmazlēqlarēnē qiymᴅtlᴅndirmᴅyᴅ hazērlayēr. 
ü Motivasiya vᴅ ¥z¿n¿tᴅnzimlᴅmᴅ: Albert Bandura-nēn ºz¿nᴅ inam (self-efficacy) 

nᴅzᴅriyyᴅsinᴅ gºrᴅ ĸagirdin ºz bacarēqlarēna inancē akademik nailiyyᴅtin ᴅn g¿cl¿ 
proqnoz­ularēndan biridir. Y¿ksᴅk motivasiyalē ĸagirdlᴅr: 

ü ¢ᴅtinliklᴅr qarĸēsēnda daha davamlē olurlar; 
ü Daha ­ox m¿stᴅqil ºyrᴅnmᴅ strategiyasē istifadᴅ edirlᴅr; 
ü Uĵurlarē qabiliyyᴅti ilᴅ, uĵursuzluqlarē isᴅ sᴅyi ilᴅ izah edirlᴅr. 
ü M¿ᴅllim Dᴅstᴅyi: M¿ᴅllimin keyfiyyᴅti intellektual inkiĸafa ᴅn bºy¿k xarici tᴅsiri olan 

amildir. Effektiv m¿ᴅllim: 
ü Y¿ksᴅk gºzlᴅntilᴅri qoruyur (Pygmalion effekti); 
ü ķagirdlᴅrᴅ vaxtēnda, spesifik ᴅks ᴅlaqᴅ verir; 
ü Fᴅrqli ºyrᴅnmᴅ ¿slublarēna uyĵunlaĸēr; 
ü Sinifdᴅ intellektual cᴅhᴅtdᴅn stimullaĸdērēcē m¿hit yaradēr. 
ü Ailᴅ M¿hiti: Ailᴅnin sosial-iqtisadi vᴅziyyᴅti, valideynlᴅrin tᴅhsil sᴅviyyᴅsi vᴅ evdᴅ 

yaradēlan ºyrᴅnmᴅ m¿hiti ĸagirdin inkiĸafēna ᴅhᴅmiyyᴅtli tᴅsir gºstᴅrir. Stimullaĸdērēcē ailᴅ 
m¿hitinin ᴅlamᴅtlᴅri: 

ü Evdᴅ kitab oxuma vᴅrdiĸinin olmasē; 
ü Valideynlᴅrin mᴅktᴅb hᴅyatēna aktiv maraq gºstᴅrmᴅsi; 
ü Uĸaĵēn fikirlᴅrinin dᴅyᴅrli hesab edildiyi dialoq mᴅdᴅniyyᴅti; 
ü Sabit g¿ndᴅlik rutinin mºvcudluĵu. 
ü Effektiv Tᴅdris Strategiyalarē: Aĸaĵēdakē cᴅdvᴅl intellektual inkiĸafē vᴅ akademik 

uĵuru dᴅstᴅklᴅyᴅn ᴅsas tᴅdris strategiyalarēnē, onlarēn effektivliyini vᴅ tᴅtbiq 
x¿susiyyᴅtlᴅrini ¿mumilᴅĸdirir. 

Cᴅdvᴅl 3: Tᴅdris strategiyalarē vᴅ intellektual inkiĸafa/uĵura tᴅsiri 

Strategiya Uĵura tᴅsir Ķnkiĸafa tᴅsir A­ēqlama 

Scaffolding Y¿ksᴅk Orta 
M¿ᴅllimin tᴅdricᴅn kºmᴅyi 

azaltmasē 

Kooperativ ºyrᴅnmᴅ Y¿ksᴅk Y¿ksᴅk Qrup iĸi, birgᴅ problem hᴅll 

Sokratik sorĵu Orta Y¿ksᴅk 
Suallarla dᴅrin d¿ĸ¿ncᴅnin 

stimullaĸdērēlmasē 

Layihᴅ ᴅsaslē tᴅdris Orta ¢ox y¿ksᴅk Real problemlᴅrᴅ tᴅtbiq 

Formativ qiymᴅtlᴅndirmᴅ ¢ox y¿ksᴅk Orta Fasilᴅsiz ᴅks ᴅlaqᴅ 

Fᴅrdilᴅĸdirilmiĸ tᴅdris ¢ox y¿ksᴅk Y¿ksᴅk ķagirdᴅ uyĵun s¿rᴅt/¿sul 

Tᴅlim prosesindᴅ fᴅrdi yanaĸma tᴅtbiq edilᴅrkᴅn ĸagirdlᴅrin intellekt strukturunun 
ayrē-ayrē tᴅrkib hissᴅlᴅrinin inkiĸafēnēn bu vᴅ ya digᴅr fᴅnlᴅrin mᴅnimsᴅnilmᴅsinᴅ tᴅsirini 
bilmᴅk vᴅ nᴅzᴅrᴅ almaq vacibdir. Mᴅlumdur ki, bu tᴅsirlᴅrin x¿susiyyᴅti yaĸla ᴅlaqᴅdar 
dᴅyiĸir. Tᴅdqiqatlarēn nᴅticᴅlᴅrinin tᴅhlili aĸaĵēdakē qᴅnaᴅtᴅ gᴅlmᴅyᴅ imkan verir: ¦mumi 
intellektin inkiĸaf sᴅviyyᴅsi xarici dil fᴅnnindᴅn baĸqa b¿t¿n fᴅnlᴅr ¿zrᴅ m¿vᴅffᴅqiyyᴅtᴅ 
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ciddi tᴅsir gºstᴅrir. Verbal intellektin inkiĸaf sᴅviyyᴅsi fizika, informatika vᴅ zoologiya istisna 
olmaqla b¿t¿n fᴅnnlᴅr ¿zrᴅ m¿vᴅffᴅqiyyᴅtᴅ tᴅsir edir, x¿susilᴅ humanitar fᴅnlᴅr ¿zrᴅ uĵuru 
ĸᴅrtlᴅndirir. 

Riyaziyyat, fizika, kimya fᴅnlᴅri ¿zrᴅ uĵur ᴅdᴅdi, formal-simvolik, fᴅza vᴅ verbal 
intellekt sᴅviyyᴅsindᴅn asēlēdēr. Tᴅbiᴅt elmlᴅri ¿­¿n fᴅza vᴅ verbal intellektin y¿ksᴅk 
sᴅviyyᴅsi, humanitar fᴅnlᴅr ¿­¿n isᴅ verbal intellektin y¿ksᴅk sᴅviyyᴅsi ᴅhᴅmiyyᴅtlidir. 
Riyaziyyat­ēlarda intellektin hᴅr ¿­ komponentinin inkiĸafē ᴅhᴅmiyyᴅtli rol oynayēr. Bu g¿n 
mᴅktᴅbin baĸlēca mᴅziyyᴅtlᴅrindᴅn biri intellektual ĸagird yetiĸdirmᴅkdir. ķagirdlᴅrin tᴅlim 
uĵurlarē ilᴅ ¿mumi intellektual sᴅviyyᴅlᴅri arasēnda ciddi asēlēlēq var; m¿xtᴅlif fᴅnlᴅr ¿zrᴅ 
uĵurlar da intellektin ayrē-ayrē komponentlᴅrinin inkiĸaf sᴅviyyᴅsi ilᴅ m¿sbᴅt korrelyasiya 
olunur. 

Ķntellekt Tᴅrbiyᴅsinin Tarixi Konteksti: Ķntellekt tᴅrbiyᴅsi mᴅktᴅb vᴅ pedaqoji fikir 
araĸdērēcēlarēnē qᴅdim dºvrlᴅrdᴅn d¿ĸ¿nd¿rᴅn problemdir. Bu mᴅsᴅlᴅ Qᴅdim Yunanēstanēn 
bºy¿k filosoflarē Sokratē (e.ᴅ.469-399), Platonu (e.ᴅ.427-347), Aristoteli (e.ᴅ.384-322) 
dᴅrindᴅn d¿ĸ¿nd¿rm¿ĸd¿r. Sokratēn fikrincᴅ insan yalnēz sual-cavab etmᴅklᴅ daha ­ox 
ºyrᴅnᴅ bilᴅr. O, deyirdi ki, hᴅr bir ĸᴅxsin ruhunda kodlaĸmēĸ biliklᴅr mºvcuddur, sadᴅ 
m¿kalimᴅ yolu ilᴅ onu aĸkarlamaq m¿mk¿nd¿r. Sonralar elmi pedaqogikada evristik 
m¿sahibᴅ adlanan, dᴅrsi fᴅallaĸdēran metod Sokratēn hᴅmin ideyasēna ᴅsaslanmēĸdēr. 

Aristotel isᴅ fiziki, ᴅxlaqi vᴅ ᴅqli keyfiyyᴅtlᴅrin vᴅhdᴅtini qᴅbul edir. Bu ideyaya 
ᴅsaslanaraq insanēn inkiĸafēnē ¿­ yaĸ mᴅrhᴅlᴅsinᴅ (7, 14, 21) bºl¿r. Hᴅmin yaĸ qrupunun 
hᴅr birinin ºz¿nᴅmᴅxsus inkiĸaf x¿susiyyᴅtlᴅri vardēr. Ķntibah dºvr¿n¿n humanist 
pedaqoqlarēndan biri olan Feltre (1378-1446) "ķadlēq sarayē" adlandērdēĵē mᴅktᴅbdᴅ 
uĸaqlarēn ᴅqli vᴅ ᴅxlaqi tᴅrbiyᴅsinᴅ yºnᴅlᴅn pedaqoji fᴅaliyyᴅtlᴅ mᴅĸĵul olmuĸdur. 

"Qarqantua vᴅ Pantakruel" adē ilᴅ b¿t¿n d¿nyaya yayēlan romanēn m¿ᴅllifi Fransua 
Rable tᴅlim prosesindᴅ humanist keyfiyyᴅtlᴅri ºn plana ­ᴅkirdi. Miĸel de Monten, Tomas 
Mor, Tommazo Kampanella kimi pedaqoqlar uĸaq tᴅrbiyᴅsinin m¿xtᴅlif problemlᴅrinᴅ 
toxunmuĸ, tarixi xidmᴅtlᴅr gºstᴅrmiĸlᴅr. 

Ķntibah dºvr¿n¿n ᴅn bºy¿k pedaqoqu Y.A.Komenski olmuĸdur. ¢ex pedaqoqu 
Komenski (1592-1670) vahid mᴅktᴅb ideyasēnē irᴅli s¿rm¿ĸd¿r. O, insanē tᴅbiᴅtin bir 
hissᴅsi kimi gºr¿rd¿; uĸaqlarēn yaĸ dºvrlᴅrini ilin fᴅsillᴅri ilᴅ m¿qayisᴅ edirdi. Y.A.Komenski 
ᴅyaniliyi mᴅktᴅbin qēzēl qaydasē hesab etmiĸ, bilik vermᴅyi mᴅktᴅbin baĸlēca vᴅzifᴅsi 
saymēĸdēr. 

Azᴅrbaycanēn gºrkᴅmli pedaqoqu Nᴅsirᴅddin Tusinin (1201-1274) fars dilindᴅ 
yazdēĵē "ᴄxlaqi-Nasir" ᴅsᴅri ķᴅrqin pedaqoji fikrindᴅ m¿h¿m bir hadisᴅdir. XIX ᴅsrᴅ 
yaxēnlaĸdēqca tᴅhsil sisteminᴅ ruhani sufi duyĵularla yanaĸē, intellekt dᴅ sinif otaqlarēna yol 
a­maĵa baĸladē. Bu, ķᴅrqin Qᴅrbᴅ yaxēnlaĸmasē ᴅlamᴅti kimi baĸa d¿ĸ¿lᴅ bilᴅr. 

ķagird intellektinin inkiĸafēnda bir-birinᴅ antaqonist ziddiyyᴅt tᴅĸkil edᴅn iki ¿ns¿r¿n  
azadlēq vᴅ itaᴅtkarlēĵēn  vacib olduĵunu Pestalotsi belᴅ ᴅsaslandērēr: azadlēĵēn boĵulmasē 
uĸaĵēn qᴅlbindᴅ m¿qavimᴅt doĵurur; lakin uĸaĵēn itaᴅti dᴅ vacibdir. "Azadlēq sᴅadᴅtdir, 
lakin itaᴅt dᴅ sevgidir" - deyᴅn Pestalotsi, aĵēlla birlᴅĸᴅn azadlēĵēn iti gºz, hᴅssas qulaq 
tᴅrbiyᴅ etdiyini vurĵulayēr. 

N.A.Dobrolyubov ĸagird intellektinin inkiĸafē ¿­¿n lazēm olan mᴅktᴅb ĸᴅraitini nᴅzᴅrdᴅ 
tutaraq m¿ᴅllimin rolunu x¿susi olaraq qeyd etmiĸdir. K.D.Uĸinskiyᴅ gºrᴅ ĸagirdin 
tᴅfᴅkk¿r¿n¿n inkiĸaf etdirilmᴅsindᴅ ºyrᴅnilᴅn hᴅr hansē bir mᴅtnin b¿tºv mᴅnimsᴅnilmᴅsi 
ᴅsas ĸᴅrtdir. V.A.Suxomlinskinin fikrincᴅ, ᴅtraf alᴅmin d¿zg¿n dᴅrk edilmᴅsi balaca insanēn 
gᴅlᴅcᴅk inkiĸafē ¿­¿n x¿susi ᴅhᴅmiyyᴅtᴅ malikdir. 

 Elmi Tᴅdqiqat Nᴅticᴅlᴅri: Beynᴅlxalq tᴅdqiqatlarēn ¿mumilᴅĸdirilmiĸ nᴅticᴅlᴅri 
intellektual inkiĸafa yºnᴅlik tᴅdrisin akademik nailiyyᴅtlᴅrᴅ konkret, ºl­¿lᴅ bilᴅn m¿sbᴅt 
tᴅsirini s¿but edir: 
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Cᴅdvᴅl 4: Se­ilmiĸ tᴅdqiqatlarēn nᴅticᴅlᴅri (intellektual inkiĸaf yºn¿ml¿ m¿daxilᴅlᴅr) 
 

Tᴅdqiqat mºvzusu Nᴅticᴅ Mᴅnbᴅ 

Mᴅtbuatda oxuyan ĸagirdlᴅr 
+26% nailiyyᴅt 
artēmē 

Anderson & Pearson, 
1984 

Metakognitiv strategiyalar ºyrᴅdilᴅn 
ĸagirdlᴅr 

+34% m¿stᴅqil 
ºyrᴅnmᴅ 

Zimmerman, 2002 

Formativ qiymᴅtlᴅndirmᴅ tᴅtbiq edilᴅn 
siniflᴅr 

+0.7 effekt ºl­¿s¿ Black & Wiliam, 1998 

Kooperativ ºyrᴅnmᴅ qruplarē 
+25% anlama 
sᴅviyyᴅsi 

Johnson & Johnson, 
2009 

Fᴅrdilᴅĸdirilmiĸ tᴅdris alan ĸagirdlᴅr 
+30% motivasiya 

artēmē 
Tomlinson, 2014 

Kritik d¿ĸ¿ncᴅ tᴅdris edilᴅn siniflᴅr +40% problem hᴅll bacarēĵē Halpern, 2003 
 

PISA Mᴅlumatlarēndan ¢ēxarēĸlar: OECD-nin PISA 2022 tᴅdqiqatē Azᴅrbaycan daxil 
olmaqla 79 ºlkᴅni ᴅhatᴅ edir. Y¿ksᴅk nailiyyᴅt gºstᴅrᴅn ºlkᴅlᴅrdᴅ (Sinqapur, Estoniya, 
Finlandiya) m¿ĸahidᴅ edilᴅn ¿mumi cᴅhᴅtlᴅr aĸaĵēdakēlardēr: 
Å ᴄzbᴅr­iliyᴅ deyil, dᴅrindᴅn baĸa d¿ĸmᴅyᴅ vurĵu; 
Å M¿ᴅllimlᴅrin y¿ksᴅk professional inkiĸaf sᴅviyyᴅsi; 
Å M¿ntᴅzᴅm formativ qiymᴅtlᴅndirmᴅ mᴅdᴅniyyᴅti; 
Å ķagirdin muxtariyyᴅti vᴅ se­im imkanē. 
M¿ᴅllimlᴅr ¿­¿n 

Bloom taksonomiyasēnēn y¿ksᴅk sᴅviyyᴅli bacarēqlarēnē (tᴅhlil, sintez, qiymᴅtlᴅndirmᴅ) hᴅr 

dᴅrsdᴅ sistematik ĸᴅkildᴅ planlaĸdērēn. 

ķagirdlᴅrᴅ metakognitiv strategiyalar ºyrᴅdin: ºyrᴅnmᴅ g¿ndᴅliyi, ºz¿n¿qiymᴅtlᴅndirmᴅ 

suallarē. 

Proksimal Ķnkiĸaf Zonasēnda iĸlᴅyin nᴅ ­ox asan, nᴅ ­ox ­ᴅtin tapĸērēqlar verin. 

Formativ qiymᴅtlᴅndirmᴅni rutin halēna gᴅtirin, x¿susilᴅ dᴅrsin sonunda. 

Sinifdᴅ intellektual cᴅhᴅtdᴅn tᴅhl¿kᴅsiz m¿hit yaradēn xᴅta etmᴅyin ºyrᴅnmᴅnin bir hissᴅsi 

olduĵunu ĸagirdlᴅrᴅ bildirin. 

Mᴅktᴅb Administrasiyasē ¿­¿n 

M¿ᴅllimlᴅr arasēnda birgᴅ tᴅdris planlamasēnē (collaborative planning) institutlaĸdērēn. 

Fᴅrdilᴅĸdirilmiĸ tᴅdris ¿­¿n resurslar ayrēn. 

ķagird inkiĸafēnē yalnēz yekun qiymᴅtlᴅrlᴅ deyil, kompleks gºstᴅricilᴅrlᴅ izlᴅyin. 

Professional inkiĸaf tᴅlimlᴅrdᴅ intellektual inkiĸaf mºvzusuna prioritet verin. 

 Valideynlᴅr ¿­¿n 

Evdᴅ g¿ndᴅlik oxuma vᴅrdiĸini dᴅstᴅklᴅyin. 

Uĸaĵēnēzla suallar ᴅsasēnda sºhbᴅt edin "nᴅ ºyrᴅndin?" deyil, "bu haqda nᴅ d¿ĸ¿n¿rsᴅn?" 

soruĸun. 

V Uĸaĵēn ­atēĸmazlēqlarēnē deyil, ¿st¿nl¿klᴅrini g¿clᴅndir. 
Nᴅticᴅ: Ķntellektual inkiĸaf ilᴅ ĸagirdlᴅrin tᴅhsil uĵurlarē arasēndakē ᴅlaqᴅ birdᴅfᴅlik 

m¿daxilᴅ ilᴅ deyil, sistematik, m¿rᴅkkᴅb vᴅ ­oxĸaxᴅli yanaĸmalarla reallaĸa bilᴅr. Bu 
mᴅqalᴅdᴅ tᴅqdim olunan nᴅzᴅri ­ᴅr­ivᴅlᴅr, tᴅdqiqat nᴅticᴅlᴅri vᴅ praktik tºvsiyᴅlᴅr birlikdᴅ 
gºstᴅrir ki: 
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Å Effektiv tᴅdris ĸagirdin idrak bacarēqlarēnē inkiĸaf etdirᴅn strategiyalara 
ᴅsaslanmalēdēr; 

Å M¿ᴅllim dᴅstᴅyi, formativ qiymᴅtlᴅndirmᴅ vᴅ fᴅrdilᴅĸdirmᴅ ᴅn y¿ksᴅk effektli 
m¿daxilᴅlᴅrdir; 

Å ķagirdin motivasiyasē vᴅ ºz¿n¿inamē akademik nailiyyᴅtin vacib ĸᴅrtidir; 
Å Ailᴅ, mᴅktᴅb vᴅ cᴅmiyyᴅtin birlikdᴅ yaratdēĵē ᴅlveriĸli m¿hit inkiĸafēn ᴅsas 

katalizatorudur. 
Yekun olaraq, intellektual inkiĸaf hᴅdᴅf alan tᴅhsil sistemi hᴅm fᴅrdi uĵurlara, hᴅm dᴅ 

cᴅmiyyᴅtin uzunm¿ddᴅtli inkiĸafēna xidmᴅt edir. ķᴅrqlᴅ Qᴅrbin getdikcᴅ daha ­ox 
yaxēnlaĸmasē tᴅhsil sahᴅsindᴅ inteqrasiyalarēn yaranmasēna sᴅbᴅb oldu. "Ķntellekt" bir 
anlayēĸ kimi ķᴅrqlᴅ-Qᴅrbi birlᴅĸdirᴅn vasitᴅyᴅ ­evrildi. Ķntellekt insanē digᴅr canlēlardan 
fᴅrqlᴅndirᴅn ᴅn m¿h¿m x¿susiyyᴅtdir. ¥yrᴅnmᴅyi sevᴅn, tᴅnqidi d¿ĸ¿nᴅn vᴅ yaradēcē 
ĸagird nᴅsli yetiĸdirmᴅk bu sahᴅnin ᴅn ali mᴅqsᴅdidir. 

 ᴄgᴅr biz insanlar arasēnda adᴅtᴅn bºy¿k dᴅrrakᴅ vᴅ ya ­ox gºzᴅl aĵēl adlanan 
keyfiyyᴅtin mahiyyᴅtini dᴅrindᴅn nᴅzᴅr salsaq, gºrᴅrik ki, bu, baĸlēca olaraq, ᴅĸyanē 
hᴅqiqᴅtdᴅ olduĵu kimi, hᴅrtᴅrᴅfli vᴅ b¿t¿n ᴅlaqᴅlᴅri ilᴅ gºrᴅ bilmᴅk qabiliyyᴅtindᴅn baĸqa 
bir ĸey deyildir. ᴄgᴅr tᴅlim uĸaqlarda aĵlē inkiĸaf etdirmᴅk iddiasēndadērsa, onlarēn 
m¿ĸahidᴅ qabiliyyᴅtini tᴅmrin etdirmᴅlidir. V.A.Suxomlinskinin ñ¦rᴅyimi uĸaqlara verirᴅmò 
kitabēna yazdēĵē ºn sºzdᴅ uĸaq d¿nyasēnēn ºz¿nᴅmᴅxsusluĵunu mahir bir pedoqoq kimi 
mᴅnalandēraraq gºstᴅrir ki, elmlᴅrin ᴅsaslarēnēn ºyrᴅnilmᴅsi prosesindᴅ incᴅ, tez anlayan 
pedoqoq qᴅlbinin necᴅ iĸtirak etmᴅli olduĵunu ifadᴅ etmᴅyᴅ ­alēĸmēĸdēr. ᴄtraf alᴅmin 
d¿zg¿n dᴅrk edilmᴅsi balaca insanēn gᴅlᴅcᴅk inkiĸafē ¿­¿n x¿susi ᴅhᴅmiyyᴅtᴅ malikdir. 
Ona bu sahᴅdᴅ kºmᴅk etmᴅk, intellektinᴅ tᴅsir etmᴅk, ᴅtraf alᴅmi duymaq vᴅ 
qiymᴅtlᴅndirmᴅk pedoqoji ustalēĵēn baĸlēca mᴅziyyᴅtlᴅrindᴅndir.  Uĸaĵēn qᴅlbindᴅ nᴅcib 
duyĵular oyatmaq, onun insana xas olan lᴅyaqᴅt, dᴅyanᴅt, humanist keyfiyyᴅtlᴅr, xoĸ 
niyyᴅtlᴅr yaratmaq ailᴅdᴅ ananēn, mᴅktᴅbdᴅ pedoqoqun baĸlēca vᴅzifᴅsidir. D¿nya 
pedoqoqlarēnēn fikir vᴅ m¿lahizᴅlᴅri geniĸ vᴅ rᴅngarᴅngdir. Mᴅqalᴅdᴅ biz onlarēn az bir 
hissᴅsinin fikirlᴅrini nᴅzᴅrdᴅn ke­irdirik. Gºr¿nd¿y¿ kimi hᴅm ķᴅrq, hᴅm dᴅ Qᴅrb 
pedoqoqlarēnēn fikirlᴅrindᴅ eyniyyᴅt tᴅĸkil edᴅn problem uĸaqlarēn intellekt tᴅrbiyᴅsinin 
zᴅruriliyidir. Ķntellekt olan yerdᴅ iqtisadi q¿drᴅt dᴅ var, mᴅnᴅvi kamillik dᴅ. Bu problemin 
daimi izlᴅnmᴅsi mᴅktᴅbin baĸlēca vᴅzifᴅlᴅrindᴅn biridir 
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INTELLECTUAL DEVELOPMENT AND STUDENTS' EDUCATIONAL SUCCESS 
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This article examines the relationship between studentsô intellectual development and 

academic achievement within the framework of modern educational psychology. Intellectual 
development is considered not only as knowledge acquisition but also as the enhancement of 
critical thinking, creativity, and problem-solving skills. The role of psychometric approaches and the 
theoretical contributions of Sergey Rubinstein are discussed. Particular attention is given to 
Bloom's Taxonomy, developed by Benjamin Bloom, highlighting its importance in structuring 
cognitive development in a hierarchical manner. The paper also provides practical 
recommendations for educators. 

Keywords: intelligence, education, upbringing, success, student, learning, subjects 

 
 LOSS-CONTROL-BASED KEY DISTRIBUTION UNDER QUANTUM PROTECTION: A 
SCALABLE APPROACH TO LONG-DISTANCE QUANTUM-SAFE COMMUNICATION 
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Moscow Institute of Physics and Technology 

Introduction. Quantum cryptography promises information-theoretic protection, yet its 
deployment over long optical links is severely constrained by attenuation and noise. The 
authors address this problem with Quantum-Protected Control-Based Key Distribution 
(QCKD), a prepare-and-measure protocol in which security relies not only on non-orthogonal 
quantum states, but also on continuous physical monitoring of line losses. A central distinction 
of the protocol is between homogeneous Rayleigh scattering, treated as non-compromising 
under the chosen regime, and localized leakages, which may reveal information to an 
eavesdropper and therefore must be detected and bounded. 

Protocol Principle. In the reported implementation, Alice encodes logical 0 and 1 into 
phase-randomized coherent states with close mean photon numbers of 10,000 and 10,600, 
respectively. Because these states remain non-orthogonal, the information accessible to an 
eavesdropper is inherently limited. QCKD strengthens this informational protection with a 
physical security layer based on optical time-domain reflectometry (OTDR) and 
transmittometry. During initialization, the users establish a baseline loss profile of the fiber line; 
during operation, newly appearing losses are compared against this reference, and bit 
packages are discarded whenever the inferred leakage exceeds the admissible threshold. 

Experimental Architecture. The engineering implementation is especially notable. The 
system uses a 1530.33 nm laser source, phase randomization, QRNG-driven amplitude 
modulation, and Bob-side direct energy measurement. The experiments were performed over 
a 1707 km line composed of 50 km spans and 32 bidirectional erbium-doped fiber amplifiers 
(BEDFAs). Unlike conventional EDFAs, these amplifiers are designed without isolators or 
circulators that would block backscattered probe light, thereby enabling end-to-end OTDR 
through the amplified link. The OTDR procedure, carried out at 1530 nm with 200 ns probe 
pulses averaged over 5000 runs, required about 180 s and achieved leakage-detection 
precision from 0.01 dB to 0.07 dB. Repeated measurements of the last 4 km of the line 
produced a reproducible backscattering pattern with a correlation coefficient of 0.95, 
supporting the use of the reflectogram as a physically unclonable fingerprint of the channel. 

mailto:kama-azizova2025@rambler.ru
mailto:aliev.aziz@phystech.edu
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Security Analysis. A major strength of the paper is that it incorporates statistical 
fluctuations and technical noise into the security analysis. The authors derive conservative 
estimates for state intensities and the leakage parameter using finite calibration datasets 
and six-standard-deviation bounds, corresponding to an estimated compromise probability 
on the order of 10^-9. This is important because practical QCKD depends simultaneously 
on state preparation, detector calibration, and the precision of loss monitoring. The authors 
also show that the chosen photon-number encoding is resilient to chromatic-dispersion 
effects relevant for this experiment, since pulse shape may change during propagation 
while the total photon number-the measured information carrier-remains preserved. 

Post-Processing Strategy. Long-haul transmission raises the bit error rate to about 
34.0%, a regime in which ordinary LDPC-based error correction and privacy amplification are 
no longer sufficient. To address this, the protocol employs advantage distillation before error 
correction. By grouping sifted bits into blocks and retaining only sufficiently consistent blocks, 
the method lowers the effective error rate at the cost of throughput. The analysis shows that 
advantage distillation can raise the tolerable BER from 20% to 39% in the asymptotic regime 
and to 37% in the finite-size regime. For a fixed BER of 34%, secure key generation becomes 
impossible without this step, whereas nontrivial block lengths restore positive key rates. With 
block length M=5, the protocol remains secure for leakage levels up to 4.8% asymptotically 
and 3.4% in the finite-size case. 

Experimental Results. The key experimental result is the successful generation of a 
secret key over the full 1707 km amplified fiber line. Using a random-bit generation rate of 5 
Mbps at Aliceôs side, a loss threshold rc=2%, and advantage distillation with block size M = 3, 
the system achieves a key rate of 0.9 bps. Additional results show 749 bps at 348 km, 469 bps 
at 656 km, and 168 bps at 1079 km. The resulting bits also display statistics close to the 
binomial expectation, which supports the internal consistency of the realized system and the 
stability of the implemented hardware chain. 

Discussion. The importance of this work lies in combining quantum-state security with 
active physical diagnostics of the transmission line itself. In this sense, QCKD represents a 
device-dependent but practically oriented route toward long-distance quantum-safe 
communication over existing fiber infrastructure. The study also outlines a path toward multi-
user and zero-trust optical networks, where intermediate nodes may be supervised through 
end-to-end loss monitoring and controlled forwarding. 

Conclusion. Although the maximum-distance throughput remains low and depends 
strongly on post-processing efficiency and monitoring precision, the reported 1707 km 
demonstration is a meaningful step toward scalable quantum-protected links. The article 
shows that the integration of coherent-state encoding, precise leakage control, finite-size 
security analysis, and tailored post-processing can extend secure key distribution far beyond 
conventional short-reach laboratory settings and provides a credible technical basis for future 
networked implementations. 
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LOSS-CONTROL-BASED KEY DISTRIBUTION UNDER QUANTUM PROTECTION: A 
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Quantum cryptography revolutionizes secure information transfer, providing defense against 

both quantum and classical computational attacks. The primary challenge in extending the reach of 
quantum communication comes from the exponential decay of signals over long distances. We 
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meet this challenge by experimentally realizing the Quantum-Protected Control-Based Key 
Distribution (QCKD) protocol, utilizing physical control over signal losses. By ensuring significant 
non-orthogonality of the leaked quantum states, this control severely constrains eavesdroppers' 
capacities. We demonstrate the performance and scale of our protocol by experiments over a 1707 
km long fiber line. The scalability of the QCKD opens the route for globally secure quantum-
resistant communication. 

Keywords: QCKD, quantum cryptography, long-distance fiber communication, OTDR, 
leakage control, coherent states, advantage distillation. 
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In today's complex marketplace, the competitiveness and survival of organizations and 
production facilities has always been a pressing issue. The primary objective of an 
organization's operations in a marketplace is to increase profits. Competitiveness can be 
significantly impacted by various factors, both internal and external, such as the economic 
situation. 

In the Russian Federation, legislative regulation of cost is determined by the system of 
normative legal acts governing accounting (for the formation of management cost) and tax 
accounting (for the calculation of income tax) [1-2]. 

In Azerbaijan, issues of price and tariff formation that directly depend on cost are 
regulated by the Law of the Republic of Azerbaijan çOn Regulated Pricesè (No. 462-IIQ of 
May 30, 2003) [3].  

In a climate of volatility and uncertainty, the issue of effective management remains 
pressing and relevant. Automating management decision-making in real time using modern 
intelligent technologies can become an important tool for timely response. 

This article does not cover the full range of tasks related to the concept of çmanagement 
efficiencyè, but in particular, the emphasis is placed on such an aspect as determining the cost 
of production in real time. 

Despite the fact that various companies and software development organizations are 
engaged in issues of automation and effective production management, the task of 
determining and automating the process of calculating the cost of production is not trivial, 
since there are many criteria of uncertainty and variability that change this value, which does 
not allow for the formalization of this process for use in real time using standard methods. 

Basically, algorithmization allows us to calculate this value as possible and planned, but 
not objective at a given point in time, which does not allow us to make prompt and effective 
decisions in a changing economic situation, which would allow us to reduce production costs 
per unit of goods produced. 

To solve the problem of developing correct decisions and managing the process of 
adjusting the unit cost of production in real time, this paper proposes to create a model of a 
recommendatory intelligent expert system containing an ontological knowledge base on costs, 
which allows for the development and evaluation of possible options. 

Let us consider the basic concepts that reveal the essence of the formation of production 
costs. 
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Any manufacturing company must produce products to make a profit. This requires 
various expenses: purchasing raw materials, purchasing and maintaining equipment, paying 
staff salaries, and so on. All these costs necessary for production are called production costs. 
The Figure 1 shows an example of the FINOKO system interface for calculating production 
costs on a web platform. The first row of the table reflects the production cost of the product. 
This indicator is calculated by adding together direct material costs, direct labor costs, 
insurance amounts, and overhead costs [4]. 

Production costs are made up of direct and indirect costs [5]: 
 Direct costs can be accurately accounted for for specific product types. 
 Indirect costs cannot be directly attributed to a single product type. For example, 

electricity costs, machine depreciation, and other expenses. 
 

 
 

Figure 1. An example of calculating production costs in the FINOKO service 
Indirect costs are often underestimated. This leads to inefficient resource allocation, 

distorted product costs, and poor management decisions. 
The cost of such decisions often has serious implications for profitability. 

Profitability is an indicator of a company's economic efficiency. 
Cost is one of the key factors determining profitability. The lower the cost, the higher the 

profitability. 
Cost price refers to the cost estimate of natural resources, raw materials, materials, fuel, 

energy, fixed assets, labor resources and other costs of production and sales used in the 
production process of products (works, services). 

Let us outline several types of costs : 
 Full cost (average) is the total of total costs (including commercial expenses). 
 Marginal cost is the cost of each subsequent unit of output produced. 
In modern practice, the most typical cost items in production are those shown in Figure 2. 
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Figure 2. Cost items 

 
The cost of a unit of production is determined by dividing the total costs for the reporting 

month by the quantity of products produced during this period and is calculated using the 
formula: 

S = Z /ʍ, 
where S is the unit cost of production, rubles, Z is the total costs for the reporting period, 
rubles, X is the quantity of products produced during the reporting period in physical terms 
(pieces, tons, meters, etc.). 

All initial data related to the concept of çcostsè, in accordance with Figure 1, can be 
represented as a set of values: 

R (raw materials) = {r1,r2,ééri}, 
M (consumables ) = { m1,m2,éémi}, 
F (fuel) = { f1,f2,éé f i}, 
E (energy) = { e 1, e 2,éé e i}, 
W (wages) = { w 1, w 2,éé w i }, etc. 
All types of costs are not considered in the article, as they are given as an example. 
In this paper, an intelligent system is defined as a system with domain-specific 

knowledge that provides recommendations for adjusting costs that affect product costs. 
Intelligent decision support systems are used in tasks that require the knowledge and 
experience of experts. 

The proposed decision support will be achieved by analyzing and comparing alternative 

cost data contained in the ontological knowledge base. 

An expert system is a computer system that partially replaces a human expert for 

decision-making in a given problem area. It has the ability to accumulate knowledge, provide 

recommendations, and explain results. It also has the ability to modify rules, suggest 

conditions missed by the expert, and manage goals or data. A knowledge base is a collection 

of facts and rules for logical inference in a given subject area. 

A knowledge base is a collection of facts and rules of logical inference in a given subject 

area. Collectively, an expert system, including a knowledge base, is a model of expert 

behavior that enables logical inference and decision making. In general, an expert system, 

including a knowledge base, is a model of expert behavior that provides for logical conclusions 

and decision making. 

The developed model of an intelligent expert system for issuing recommendation 

information, presented in Figure 3, will have the properties of intelligence, the ability to solve 

problems in real time, modify, expand, conduct analysis and issue logical conclusions and 

recommendations. 
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Figure 3. Model of a recommendatory intelligent expert decision-making system 
As a result of the development and practical application of the expert system model, 

the decision maker will have the opportunity to effectively manage resources and reduce 

costs, making timely adjustments to production costs, which will increase competitiveness 

and the ability to survive in complex and changing economic conditions. 
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This article examines the issue of effective decision-making in real time, using a 

method for obtaining, analyzing, and processing relevant, essential information to promptly 

adjust product costs using an intelligent expert system containing an ontological 
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knowledge base. The proposed model allows for the consideration of information 

uncertainty. 

Keywords: expert system, intelligent system, knowledge base, market conditions, 
production cost,management efficiency. 
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In contemporary scientific development, one of the key features is the deep penetration 
of digital transformation into all fields of science. This process is not only a technological 
upgrade but also leads to the reconsideration of methodological, ontological, and 
epistemological foundations of science. The logic of fundamental science is changing, and 
new scientific paradigms are emerging. 

In the context of digital transformation, scientific cognition is no longer limited to 
traditional empirical and theoretical models but is increasingly becoming data-driven and 
algorithmically intelligent. This phenomenon is described in the philosophy of science as a 
ñparadigm shiftò and is considered a new stage of T. Kuhnôs theory of scientific revolutions [1, 
p. 54 ]. 

In the last decade, the fourth and fifth scientific paradigms have been widely discussed. 
The fourth paradigm is data-intensive science, while the fifth paradigm is artificial intelligence-
based scientific research. In this direction, science develops through automated data 
processing, modeling, and hypothesis generation [2, p. 11]. The digital transformation of 
fundamental science has primarily been driven by the development of computational science. 
Computer-based modeling has become a key tool for studying complex physical, chemical, 
and biological processes. This trend has led to the virtualization of experimental foundations in 
science [3, p. 33]. 

In addition, artificial intelligence technologies are shaping a new level of scientific 
research. AI is considered not only a tool but also an active participant in scientific cognition. 
This phenomenon is reflected in the concept of ñAI for Science,ò which enables the automation 
of the scientific research process [4, 18]. 

One of the important aspects of digital transformation in fundamental science is the 
formation of intellectual collaboration between humans and machines. Big data analysis, 
machine learning algorithms, and neural networks are widely used in scientific research. This, 
in turn, increases scientific accuracy and reduces research time [5, 26]. 

According to recent studies, digital technologies are causing structural changes in science. 
Scientific knowledge is no longer linear but develops in a networked and integrative model. 
This model ensures strong interconnection between different scientific disciplines [6, 41]. 

New paradigms in fundamental science are not limited to methodological changes but 
also include the transformation of scientific thinking. The role of the scientist is changing; they 
are becoming not only researchers but also interpreters working alongside digital systems. 

As a result of these processes, a new hybrid model is emerging in science: human 
intelligence + artificial intelligence + big data. This model improves the quality of scientific 
decision-making and accelerates the pace of new discoveries [7,108]. However, digital 
transformation also generates several challenges. First, issues of data reliability and quality 
remain highly relevant. Second, the transparency and explainability of algorithmic decisions 
are widely debated in the scientific community. Third, there is a problem of digital inequality in 
science [8,74]. 
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The future of fundamental science will be closely connected with digital ecosystems. 
Research infrastructures will become fully digitized, and scientific communication will take 
place through platforms. This will create a new level of scientific integration. 

In conclusion, digital transformation plays a decisive role in shaping new paradigms of 
fundamental science. Artificial intelligence and data-driven science are forming new cognitive 
models and elevating science to a qualitatively new level. In the future, this process will 
continue toward a fully digital scientific ecosystem. 
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This article examines the transformation of fundamental science under the influence of digital 

technologies and the emergence of new scientific paradigms. In the context of global digitalization, 
scientific cognition is increasingly shifting from traditional empirical and theoretical models toward 
data-driven and AI-supported approaches. The study analyzes the evolution of scientific 
paradigms, including computational science, data-intensive science, and artificial intelligence-
based research. Special attention is given to the humanïmachine collaboration model and the 
hybrid system of human intelligence, artificial intelligence, and big data. The article also discusses 
key challenges such as data reliability, algorithmic transparency, and digital inequality. The findings 
demonstrate that digital transformation fundamentally reshapes the structure, methodology, and 
future trajectory of science. 

Keywords: Fundamental science, digital transformation, scientific paradigms, artificial 
intelligence, data science, computational science, big data, scientific methodology. 
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ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ1 
ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ2 

ʏʪʦ ʪʘʢʦʝ çʪʝʦʨʠʷ ʠʛʨè?  ɼʘʚʘʡʪʝ ʩʥʘʯʘʣʘ ʨʘʟʙʝʨʝʤ ʵʪʦ ʧʦʥʷʪʠʝ   çʊʝʦʨʠʷ ʠʛʨè 
ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʚ 1944 ʛʦʜʫ ɼʞʦʥʦʤ ʬʦʥ ʅʝʡʤʘʥʦʤ ʠ ʆʩʢʘʨʦʤ ʄʦʨʛʝʥʰʪʝʨʥʦʤ.  ʆʜʥʘʢʦ 
ʝʝ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʯʘʣʦʩʴ ʪʦʣʴʢʦ ʚ 1980-ʭ ʛʦʜʘʭ. ʊʝʦʨʠʷ ʠʛʨ ʧʦʤʦʛʘʝʪ 
ʚʳʙʨʘʪʴ ʣʫʯʰʠʝ ʩʪʨʘʪʝʛʠʠ ʩ ʫʯʸʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʘʭ, ʠʭ ʨʝʩʫʨʩʘʭ ʠ 
ʠʭ ʚʦʟʤʦʞʥʳʭ ʧʦʩʪʫʧʢʘʭ. ʏʘʱʝ  ʚʩʝʛʦ ʵʪʠ  ʤʝʪʦʜʳ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ  ʵʢʦʥʦʤʠʢʝ ʠ 
ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʷʭ[1].  
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ɼʘʚʘʡʪʝ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʘʟʙʝʨʝʤ ʝʝ ʥʘ ʧʨʠʤʝʨʝ çɼʠʣʝʤʤʳ ʟʘʢʣʶʯʝʥʥʦʛʦè. 
ʇʨʝʜʩʪʘʚʠʤ ʜʚʫʭ ʧʦʡʤʘʥʥʳʭ ʟʘʢʣʶʯʝʥʥʳʭ. ʇʦʣʠʮʝʡʩʢʠʝ ʨʘʩʩʘʞʠʚʘʶʪ ʠʭ ʧʦ ʨʘʟʥʳʤ 
ʢʦʤʥʘʪʘʤ ʠ ʥʘʯʠʥʘʶʪ ʨʘʩʩʧʨʘʰʠʚʘʪʴ. ɽʩʣʠ ʦʙʘ ʧʨʠʟʥʘʶʪʩʷ, ʪʦ ʧʦʣʫʯʘʪ ʧʦ 5 ʣʝʪ 
ʣʠʰʝʥʠʷ ʩʚʦʙʦʜʳ[2]. ɽʩʣʠ ʦʜʠʥ ʧʨʠʟʥʘʝʪʩʷ, ʘ ʜʨʫʛʦʡ ʧʨʦʤʦʣʯʠʪ, ʪʦ ʪʦʤʫ ʢʪʦ ʧʨʠʟʥʘʝʪʩʷ 
ʜʘʜʫʪ 3 ʛʦʜʘ, ʘ ʪʦʤʫ ʢʪʦ ʙʫʜʝʪ ʤʦʣʯʘʪʴ ʧʦ 8 ʣʝʪ. ɸ ʝʩʣʠ ʦʥʠ ʦʙʘ ʧʨʦʤʦʣʯʘʪ, ʪʦ ʧʦʣʫʯʘʪ 
ʧʦ 2 ʛʦʜʘ. ʉʘʤʳʡ ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʜʣʷ ʦʙʦʠʭ ʵʪʦ ʤʦʣʯʘʥʠʝ . ʅʦ ʢʘʞʜʳʡ ʙʫʜʝʪ ʜʫʤʘʪʴ ʦ 
ʩʚʦʝʡ ʚʳʛʦʜʝ, ʧʦʵʪʦʤʫ ʦʥʠ ʦʙʘ ʩʦʟʥʘʶʪʩʷ,  ʪʘʢ ʢʘʢ ʥʝ ʟʥʘʶʪ ʯʪʦ ʩʜʝʣʘʝʪ ʜʨʫʛʦʡ. ʕʪʦ 
ʥʘʟʳʚʘʶʪ ʜʦʤʠʥʠʨʫʶʱʝʡ ʩʪʨʘʪʝʛʠʝʡ. ʅʠʢʪʦ ʥʝ ʚʳʠʛʨʘʝʪ ʠ ʥʝ ʧʨʦʠʛʨʘʝʪ ʟʘ ʩʯʝʪ ʜʨʫʛʦʛʦ, 
ʭʦʪʷ ʫ ʦʙʦʠʭ ʝʩʪʴ ʪʘʢʠʝ ʚʘʨʠʘʥʪʳ. ʕʪʦ ʠ ʥʘʟʳʚʘʝʪʩʷ çʈʘʚʥʦʚʝʩʠʝʤ ʅʵʰʘè. ʈʘʚʥʦʚʝʩʠʝ 
ʅʵʰʘ - ʵʪʦ  ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʛʨʦʢ ʥʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ 
ʚʳʠʛʨʳʰ, ʤʝʥʷʷ ʨʝʰʝʥʠʷ ʚ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʧʦʨʷʜʢʝ. ʕʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʢʘʢ ʨʝʟʫʣʴʪʘʪ "ʙʝʟ ʩʦʞʘʣʝʥʠʡ" ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʢʘʢ ʪʦʣʴʢʦ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʧʨʠʥʷʪʦ, 
ʠʛʨʦʢ ʥʝ ʙʫʜʝʪ ʩʦʞʘʣʝʪʴ ʦ ʥʝʤ, ʫʯʠʪʳʚʘʷ ʧʦʩʣʝʜʩʪʚʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦʚʝʩʠʝʤ 
ʅʵʰʘ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʥʠʝ ʦʙʝʠʭ ʩʪʦʨʦʥ. ʆʪʩʶʜʘ ʤʳ ʤʦʞʝʤ ʚʳʥʝʩʪʠ, ʯʪʦ ʣʶʜʠ 
ʨʘʮʠʦʥʘʣʴʥʳ ʠ ʚʩʝʛʜʘ ʜʫʤʘʶʪ ʦ ʩʚʦʝʡ ʚʳʛʦʜʝ, ʦʜʥʘʢʦ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʥʝ ʚʩʝʛʜʘ 
ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ, ʯʪʦ ʠ ʜʦʢʘʟʳʚʘʝʪ ʵʪʘ ʜʠʣʝʤʤʘ.  

ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʠʛʨ ʚ ʜʨʫʛʠʭ ʘʩʧʝʢʪʘʭ ʞʠʟʥʠ. ɺʦʟʴʤʝʤ 

ʧʨʠʤʝʨ ʠʟ ʧʦʣʠʪʠʢʠ. ʗ ʭʦʯʫ ʧʦʢʘʟʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʀʥʜʠʠ ʠ ʇʘʢʠʩʪʘʥʘ. ʂʘʢ ʤʳ ʟʥʘʝʤ ʫ 

ʦʙʝʠʭ ʩʪʨʘʥ ʝʩʪʴ ʘʪʦʤʥʘʷ ʙʦʤʙʘ. ʕʪʦ ʥʝ ʩʘʤʳʡ ʢʨʠʪʠʯʥʳʡ ʠʩʭʦʜ, ʪʘʢ ʢʘʢ ʘʪʦʤʥʘʷ ʙʦʤʙʘ 

ʜʘʝʪ ʛʘʨʘʥʪʠʶ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ . ɽʩʣʠ ʫ ʦʜʥʦʡ ʩʪʨʘʥʳ ʙʫʜʝʪ ʙʦʤʙʘ, ʘ ʫ ʜʨʫʛʦʡ ʥʝʪ, ʪʦ ʪʘ 

ʯʪʦ ʠʤʝʝʪ ʙʦʤʙʳ ʚʳʠʛʨʳʚʘʝʪ . ʊʘ ʩʪʨʘʥʘ ʫ ʢʦʪʦʨʦʡ ʥʝʪ ʙʦʤʙʳ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʦʧʘʩʥʦʩʪʠ. ʀ ʪʨʝʪʠʡ ʩʘʤʳʡ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʠʩʭʦʜ: ʦʪʩʫʪʩʪʚʠʝ ʙʦʤʙʳ. ʕʪʦ ʩʵʢʦʥʦʤʠʪ 

ʦʙʝʠʤ ʩʪʨʘʥʘʤ ʜʝʥʴʛʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʨʝʛʠʦʥʝ ʫʚʝʣʠʯʠʪʩʷ. ʆʜʥʘʢʦ ʤʳ ʫʞʝ ʟʥʘʝʤ, ʯʪʦ 

ʢʘʞʜʳʡ ʜʫʤʘʝʪ ʦ ʩʚʦʝʡ ʚʳʛʦʜʝ, ʧʦʵʪʦʤʫ ʫ ʦʙʝʠʭ ʩʪʨʘʥ ʝʩʪʴ ʘʪʦʤʥʳʝ ʙʦʤʙʳ.  

ʊʝʦʨʠʷ ʠʛʨ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʤʘʪʝʤʘʪʠʢʦʡ. ɽʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʠ ʩ ʤʘʪʨʠʮʝʡ ʠ ʩ 
ʚʝʨʦʷʪʥʦʩʪʴʶ.   

ɼʘʚʘʡʪʝ ʨʘʟʙʝʨʝʤ ʩʚʷʟʴ ʩ ʤʘʪʨʠʮʝʡ. ʊʝʦʨʠʷ ʠʛʨ ʠ ʤʘʪʨʠʮʘ ʥʝʧʨʝʨʳʚʥʦ ʩʚʷʟʘʥʳ.  
ʄʘʪʨʠʮʘ - ʵʪʦ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʪʝʦʨʠʠ ʠʛʨ, ʛʜʝ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʪʨʘʪʝʛʠʠ ʠʛʨʦʢʦʚ, ʘ ʷʯʝʡʢʠ ʤʘʪʨʠʮʳ ʩʦʜʝʨʞʘʪ ʚʳʠʛʨʳʰʠ ʠ ʧʨʦʠʛʨʳʰʠ  

ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ. ʕʪʦ ʚʩʝ ʧʦʤʦʛʘʝʪ  ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʬʣʠʢʪʳ ʠ ʥʘʭʦʜʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʧʦʤʦʛʘʝʪ 

ʥʘʡʪʠ ʨʘʚʥʦʚʝʩʠʝ ʅʵʰʘ ʚ ʩʠʪʫʘʮʠʷʭ ʢʦʛʜʘ ʥʠ ʦʜʠʥ ʠʛʨʦʢ ʥʝ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʩʚʦʡ 

ʨʝʟʫʣʴʪʘʪ. ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʩʚʷʟʴ ʤʘʪʨʠʮʳ ʠ ʪʝʦʨʠʠ ʠʛʨ ʥʘ ʧʨʠʤʝʨʝ ʠʛʨʳ ʚʨʘʪʘʨʷ ʠ 

ʥʘʧʘʜʘʶʱʝʛʦ . 

ʊʘʢʫʶ ʤʘʪʨʠʮʫ ʥʘʟʳʚʘʶʪ ʧʣʘʪʝʞʥʦʡ. 

 
 

ʀʥʦʛʜʘ ʪʘʢʠʝ ʤʘʪʨʠʮʳ ʜʦʩʪʠʛʘʶʪ ʥʝʨʝʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʠʭ 

ʥʝʚʦʟʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ , ʧʦʵʪʦʤʫ ʣʶʜʠ ʫʧʨʦʱʘʶʪ ʠʭ .  ʅʘʤ ʜʘʥʘ ʧʣʘʪʝʞʥʘʷ ʤʘʪʨʠʮʘ, 

ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʫʧʨʦʩʪʠʪʴ. ʊʘʢ ʢʘʢ ʩʪʨʘʪʝʛʠʷ ɸ1 ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ɸ4,ɸ5,ɸ6 ʠ ʠʭ ʵʣʝʤʝʥʪʳ 

ʥʝ ʙʦʣʴʰʝ ʵʣʝʤʝʥʪʦʚ ɸ1 ʤʳ ʠʭ ʠʩʢʣʶʯʘʝʤ. ʉ ʧʦʟʠʮʠʠ ʧʨʦʠʛʨʳʰʘ ɺ ʩʪʨʘʪʝʛʠʠ ɺ3,ɺ4,ɺ5 

ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ ɺ1, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʳ ʠʭ ʠʩʢʣʶʯʘʝʤ. ʊʝʧʝʨʴ ʧʣʘʪʝʞʥʘʷ ʤʘʪʨʠʮʘ ʠʤʝʝʪ 

ʚʠʜ: 
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ʋʨʦʚʝʥʴ ʪʷʞʝʩʪʠ 
ʧʦʩʣʝʜʩʪʚʠʡ 

ʋʨʦʚʥʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ 

1 2 3 4 5 

ʇʨʘʢʪʠʯʝʩʢʠ 
ʠʩʢʣʶʯʝʥʦ 

ʄʘʣʦʚʝʨʦʷʪʥʦ ɺʦʟʤʦʞʥʦ ɺʝʨʦʷʪʥʦ 
ʍʘʨʘʢʪ
ʝʨʥʦ 

1 
ʇʨʝʥʝʙʨʝʞʠʪʝʣʴʥʦ 
ʤʘʣʳʡ 

1 2 3 4 5 

2 ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ 2 4 6 8 10 

3 ɿʥʘʯʠʪʝʣʴʥʳʡ 3 6 9 12 15 

4 ɺʳʩʦʢʠʡ 4 8 12 16 20 

5 ʕʢʩʪʨʝʤʘʣʴʥʳʡ 5 10 15 20 25 

ɸ ʪʝʧʝʨʴ ʦʙʩʫʜʠʤ ʩʚʷʟʴ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʅʦ  ʜʣʷ ʵʪʦʛʦ ʨʘʟʙʝʨʝʤ ʩʘʤʦ ʧʦʥʷʪʠʝ 
ʚʝʨʦʷʪʥʦʩʪʠ. ɺʝʨʦʷʪʥʦʩʪʴ - ʵʪʦ ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ.  

 
ʂʘʢʦʡ ʞʝ ʚʳʚʦʜ ʤʳ ʤʦʞʝʤ ʟʜʝʩʴ ʩʜʝʣʘʪʴ? ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ - ʵʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʦʨʠʝʡ ʠʛʨ ʤʳ ʤʦʞʝʤ ʧʨʠʥʠʤʘʪʴ 
ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ.  

 

ʃʀʊɽʈɸʊʋʈɸ 
1.https://www.investopedia.com/terms/g/gametheory.asp  
2.https://www.ebsco.com/research-starters/history/game-theory-mathematics 
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This article is mainly about relationship between ñGame theory and Mathò. Here I explained 
the concept of game of theory  and gave some examples. Moreover I explained the relation ship 
between them, gave examples and formulas which we can use when we want to find The Nash 
equilibrium and I also explained the concept of this equilibrium. 
Key words: The Nash equilibrium, Game theory, Math, matrix, probability, strategy, economics. 

 
OPTICAL ABSORPTION AND PHOTOCONDUCTIVITY OF TLGAS2 CRYSTALS UNDER THE 
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Recently, thallium chalcogenides with a layered structure of the III-III-VI2 family, such as 
TlBX2 (B = Ga or In and X=S or Se), have been the subject of intensive experimental and 
theoretical studies [1]. These thallium chalcogenides belong to the monoclinic system and their 
space group is C2/c. The lattice of these crystals consists of alternating two-dimensional 
layers parallel to the (001) plane. Each subsequent layer is rotated by 90Á relative to the 
previous layer. TlGaS2, a member of this family of crystals, is a semiconductor with an indirect 
band gap of about 2.46 and 2.55 eV at 300 and 10 K, respectively [1]. In view of the possibility 
of its application in optoelectronic devices, much attention is paid to the study of the optical 
and photoelectric properties of TlGaS2 crystals [1,2]. The direct band gap of TlGaS2 crystals at 
T=10 K is 2.664 eV [3].  

Of particular interest is the experimental study of the optical, photoelectric, and 

https://www.investopedia.com/terms/g/gametheory.asp
https://www.ebsco.com/research-starters/history/game-theory-mathematics
mailto:n.orucova@atu.edu.az
mailto:n.orucova@atu.edu.az


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

32 
 

luminescent properties of TlGaS2 crystals at high levels of optical excitation. This is due, on 
the one hand, to the enormous possibilities that open up the use of these materials for the 
purposes of nonlinear optics, and on the other hand, the possibility of realizing in them 
completely new phenomena of great fundamental importance, which were previously 
practically inaccessible for experimental studies .  

Figure 1 shows the absorption spectra (curve 1) and photoconductivity (curve 2) of 
TlGaS2 at 77 K. As can be seen from the figure, an absorption band with a maximum of ~2.63 
eV (ɚ=4710 A0) is clearly observed in the absorption spectrum. The location of this maximum 
in the immediate vicinity of the direct band gap (~ 0.03 eV) and stability, apparently, indicates 
that the absorption band with a maximum ɚ = 4710 A0 is due to the presence of direct exciton 
transitions. A comparison of the photoconductivity and absorption spectra shows that the 
absorption band coincides with the photoconductivity maximum. Beyond the intrinsic 
photoconductivity edge, a broad band of the impurity level is observed. 

The absorption, photoconductivity, and luminescence spectra and photocurrent 
relaxation curves under laser excitation in layered TlGaS2 ternary compounds grown by the 
modified Bridgman method were studied experimentally. The absorption band centered at 470 
nm is associated with the recombination of free excitons near the edge of the TlGaS2 
absorption band. An analysis of the luminescence spectra with a maximum at 595 nm allows 
us to propose a possible model for the recombination of donor-acceptor levels located in the 
band gap of the TlGaS2 crystal. The fast and slow components of the relaxation curves are 
related to the recombination of free excitons and impurity centers. 

 

LĶTERATURE 
1.K. A. Yee and A. Albright, J. Am. Chem. Soc. 113, 6474 (1991). 
2.M. P. Hanias, A. N. Anagnostopoulos, K. Kambas, and J. Spyridelis, Mat. Res. Bull. 27,(1992). 
3.N. S. Yuksek, N. M. Gasanly, I. A. Aydin, H. Ozkan, and M. Acikgoz Cryst. Res. Technol. 39, 
No.9, 800-806(2004).  

 

OPTICAL ABSORPTION AND PHOTOCONDUCTIVITY OF TLGAS2 CRYSTALS UNDER 
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In this study, the optical absorption and photoconductivity of TlGaSϜ crystals under 
laser excitation were investigated experimentally. An absorption peak at ~470 nm (2.63 
eV) observed at 77 K is attributed to direct exciton transitions near the band edge. The 
coincidence of this peak with the photoconductivity maximum confirms this interpretation. 
A luminescence band at 595 nm is associated with donorïacceptor recombination within 
the band gap. The fast and slow components of photocurrent relaxation are related to free 

excitons and impurity centers, respectively. These results indicate the potential of TlGaSϜ 
crystals for optoelectronic and nonlinear optical applications. 

Keywords: TlGaSϜ crystals, optical absorption, photoconductivity, exciton 
transitions, luminescence, donorïacceptor recombination, laser excitation 
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Fundamental elmi tᴅdqiqatlarda zebra balēĵē (Danio rerio), quppi (Poecilia reticulata) 

vᴅ mollineziyalar (Poecilia sphenops) kimi akvarium ĸᴅraitindᴅ yetiĸdirilᴅn balēq 

nºvlᴅrindᴅn model obyektlᴅri kimi istifadᴅ olunur [1, 2, 3]. Reproduktiv x¿susiyyᴅtlᴅrin 

tᴅdqiqinᴅ, embrionlarēn inkiĸafēnēn ºyrᴅnilmᴅsi vᴅ nᴅsillᴅrin m¿qayisᴅsinᴅ hᴅsr olunmuĸ 

tᴅdqiqatlarda bu c¿r obyektlᴅr x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. Lakin, balēqlarēn nᴅsilvermᴅsinᴅ 

m¿xtᴅlif faktorlarēn tᴅsiri danēlmazdēr vᴅ bᴅzᴅn, hᴅtta ᴅdᴅbiyyatda mºvcud olan 

mᴅlumatlara ᴅsaslanaraq da belᴅ, balēqlardan nᴅslin alēnmasē m¿mk¿n olmur. Bu 

sᴅbᴅbdᴅn, qarĸēmēza qoyduĵumuz ᴅsas  mᴅqsᴅd fᴅrqli nᴅsilvermᴅ strategiyalarēna malik 

iki model nºv¿n ï diri baladoĵan qara vᴅ qērmēzē mollineziya (Poecilia sphenops) vᴅ 

k¿r¿tºkᴅn Danio rerio balēqlarēndan nᴅslin alēnmasē ĸᴅraitinin optimallaĸdērēlmasēndan 

ibarᴅtdir.  

Tᴅrᴅfimizdᴅn balēq nºvlᴅrinin bioloji x¿susiyyᴅtlᴅrinᴅ uyĵun saxlanma ĸᴅraiti 

yaradēlmēĸdēr, suyun keyfiyyᴅtinᴅ davamlē nᴅzarᴅt (filtrasiya, aerasiya, temperaturun 

tᴅnzimlᴅnmᴅsi, qismᴅn su dᴅyiĸimi vᴅ axēn yaradēlmasē), balēqlarēn optimal yerlᴅĸmᴅ sēxlēĵē 

tᴅmin olunmuĸ, balanslaĸdērēlmēĸ yemlᴅmᴅ rejimlᴅri tᴅtbiq edilmiĸ, xᴅstᴅliklᴅrin vizual 

diaqnostikasē aparēlmēĸ, profilaktik tᴅdbirlᴅr gºr¿lm¿ĸd¿r. Suyun ᴅsas fiziki-kimyᴅvi 

gºstᴅricilᴅri   (t0C, O2, pH, suyun codluĵu ï dGH,) daimi nᴅzarᴅt altēnda saxlanēlmēĸ vᴅ 

m¿vafiq olaraq 280C, 7,8-8,2 mq/l, 6,7-7,0 vᴅ 8,5-9,0 arasēnda saxlanēlmēĸdēr. 

Model obyektlᴅr ¿zᴅrindᴅ bioloji monitorinqinin vᴅ etoloji m¿ĸahidᴅlᴅrin aparēlmasē 

x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. Bu sᴅbᴅbdᴅn balēqlarēn ¿mumi saĵlamlēq vᴅziyyᴅtinin (¿zmᴅ 

aktivliyi, rᴅngi, tᴅnᴅff¿s ritmi), davranēĸ x¿susiyyᴅtlᴅrinin (qidalanma aktivliyi, sosial 

davranēĸlar, aqressivlik, stress ᴅlamᴅtlᴅri) vᴅ reproduktiv ᴅlamᴅtlᴅrinin (dimorfizmin 

inkiĸafē, c¿tlᴅĸmᴅ davranēĸē, nᴅsilvermᴅ prosesi, alēnan nᴅslin ilkin saĵlamlēĵē) vizual 

m¿ĸahidᴅsinin nᴅticᴅlᴅri x¿susi jurnallarda qeyd edilmiĸdir. 

Tᴅcr¿bᴅ ¿­¿n qara vᴅ qērmēzē mollineziyalarē vᴅ danio rerio balēqlarē m¿ᴅyyᴅn edilmiĸ 
dᴅqiq meyarlara (saĵlamlēq, ºl­¿, yaĸ, fenotip) ᴅsasᴅn se­ilib, cinsiyyᴅtinin tᴅyini vᴅ 
tᴅsad¿fi se­im alqoritmlᴅrindᴅn istifadᴅ etmᴅklᴅ ᴅvvᴅlcᴅdᴅn planlaĸdērēlmēĸ variantlar 
(qruplar) ¿zrᴅ onlarēn tᴅkrar akvariumlara bºl¿nmᴅsi hᴅyata ke­irilmiĸdir. Bu prosesdᴅ 
karantin vᴅ adaptasiya protokollarēna riayᴅt olunmuĸdur. Potensial patogenlᴅrin 
yayēlmasēnēn qarĸēsēnē almaq ¿­¿n yeni gᴅtirilᴅn vᴅ ya se­ilmiĸ balēqlarēn m¿ᴅyyᴅn m¿ddᴅt 
ᴅrzindᴅ tᴅcrid olunmuĸ ĸᴅraitdᴅ saxlanēlmasē (karantin) vᴅ onlarēn yeni tᴅcr¿bᴅ m¿hitinᴅ 
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(su parametrlᴅri, sosial m¿hit) tᴅdricᴅn uyĵunlaĸdērēlmasē ¿­¿n tᴅtbiq olunan prosedurlar 
hᴅyata ke­irilmiĸdir. 

Balēqlarēn reproduktiv fᴅaliyyᴅtinin sinxronlaĸdērēlmasē vᴅ intensivlᴅĸdirilmᴅsi 

mᴅqsᴅdilᴅ abiotik vᴅ biotik faktorlarēnēn kompleks vᴅ mᴅqsᴅdyºnl¿ manipulyasiyalarē 

aparēlmēĸdēr. Abiotik faktorlar dedikdᴅ, suyun bir sēra yuxarēda qeyd olunmuĸ gºstᴅricilᴅri 

ilᴅ yanaĸē, iĸēqlandērmanēn optimal intensivliyi vᴅ m¿ddᴅti dᴅ m¿ᴅyyᴅn edilmiĸdir. Akvarium 

ĸᴅraitindᴅ biotik faktorlardan mᴅhz qidalanma m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. Bu zaman 

biotexnoloji yem istehsalē yanaĸmasē tᴅtbiq olunmuĸdur. Artemia salina sistlᴅrinin 

standartlaĸdērēlmēĸ laboratoriya ĸᴅraitindᴅ (duzluluq, temperatur, aerasiya vᴅ iĸēq rejiminᴅ 

dᴅqiq nᴅzarᴅt edilmᴅklᴅ) k¿tlᴅvi inkubasiyasē vᴅ naupliuslarēn ayrēlmasē ¿­¿n x¿susi 

avadanlēqdan (inkubasiya aparatēndan) istifadᴅ olunmuĸdur. Optimallaĸdērēlmēĸ yemlᴅmᴅ 

strategiyasē balēqlarēn nºv, yaĸ vᴅ fizioloji vᴅziyyᴅtindᴅn asēlē olaraq qida maddᴅlᴅrinᴅ olan 

tᴅlᴅbatēnē tam ºdᴅyᴅn, tᴅrkibi vᴅ verilmᴅ rejimi optimallaĸdērēlmēĸ (y¿ksᴅk keyfiyyᴅtli qarēĸēq 

yem vᴅ m¿xtᴅlif nºv canlē yemin balanslaĸdērēlmēĸ kombinasiyasē) qida rasionunun tᴅtbiqi 

ilᴅ hᴅyata ke­irilmiĸdir. 

Aparēlan tᴅdqiqatlarda m¿ᴅyyᴅn edilmiĸdir ki, canlē yemlᴅrin, x¿susilᴅ dᴅ y¿ksᴅk 

qidalēlēq dᴅyᴅrinᴅ malik Artemia naupliuslarēnēn kºrpᴅ balēqlarēn rasionuna daxil edilmᴅsi 

onlarēn inkiĸaf tempini (bᴅdᴅn uzunluĵu, k¿tlᴅsi vᴅ g¿ndᴅlik artēm s¿rᴅti) ᴅhᴅmiyyᴅtli 

dᴅrᴅcᴅdᴅ s¿rᴅtlᴅndirmiĸ vᴅ qidalanma nᴅticᴅsindᴅ k¿tlᴅ artēmēnē ifadᴅ edᴅn dolĵunluq 

ᴅmsalēnē y¿ksᴅltmiĸdir. K¿r¿tºkᴅn Danio rerio balēĵēndan k¿r¿ alēnmasē ¿­¿n tᴅtbiq edilᴅn 

spesifik stimullaĸdērēcē texnoloji m¿hitin ï reproduktiv prosesᴅ tᴅsir edᴅn bir ne­ᴅ faktorun 

(intensiv canlē yemlᴅ qidalandērma, fotoperiodun kᴅskin dᴅyiĸdirilmᴅsi ï 24 saatlēq qaranlēq 

m¿hit vᴅ suyun axēn s¿rᴅtinin artērēlmasē) kompleks vᴅ sinergetik tᴅtbiqinin ï k¿r¿lᴅmᴅ 

faizini vᴅ alēnan k¿r¿n¿n keyfiyyᴅtini (mayalanma faizi, yaĸama qabiliyyᴅti) 

nᴅzᴅrᴅ­arpacaq dᴅrᴅcᴅdᴅ artērdēĵē m¿ᴅyyᴅn edilmiĸdir. Bu yanaĸma gᴅlᴅcᴅk tᴅcr¿bᴅlᴅr 

¿­¿n k¿tlᴅvi, sinxron vᴅ keyfiyyᴅtli k¿r¿ alēnmasēnē tᴅmin edᴅn effektiv vᴅ asanlēqla 

tᴅkrarlana bilᴅn bir metod kimi elmi-praktiki ᴅhᴅmiyyᴅt daĸēyēr.  

Tᴅdqiqat iĸi Azᴅrbaycan Elm Fondu tᴅrᴅfindᴅn maliyyᴅlᴅĸdirilᴅn AEF-MGC-2024-
2(50)-16/09/3-M-09 nºmrᴅli layihᴅ ­ᴅr­ivᴅsindᴅ hᴅyata ke­irilmiĸdir. 
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Optimizing the breeding conditions for fish used as model objects in fundamental research is 
essential, as even the conditions described in the literature often fail to produce a new generation 
of fish. We have proposed combinations of biotic factors (particularly, illumination duration) and 
non-biotic factors (diet) that allow us to regulate the intensity of producing a new generation of fish, 
both viviparous and spawning. 
Keywords: Danio rerio, model organism, optimization, breeding conditions, obtaining a new 
generation, Poecilia. 
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Tᴅqdim olunan iĸdᴅ d¿zbucaqlē parallelepiped ĸᴅklindᴅ  kvant nºqtᴅlᴅrindᴅ elektronlarēn  
zonalararasē vᴅ zonadaxili optik ke­idlᴅri ¿­¿n se­mᴅ qaydalarē  tᴅyin edilmiĸdir.   

Tutaq ki, kvant nºqtᴅsindᴅ elektronun hᴅrᴅkᴅtioblastēnda 

potensial enerji U(x,y,z)=0, bu oblastdan kᴅnarda isᴅ U(x,y,z)= olan sonsuz dᴅrin ¿­ºl­¿l¿ 

d¿zbucaqlē potensial ­uxurla mᴅhdudlaĸēr.       
Kvant nºqtᴅsinᴅ malik yarēmke­irici strukturlarda elektronun dalĵa funksiyasēnē    

                                                                        (1) 

ĸᴅklindᴅ yazmaq olar [1]. Burada  - Brill¿en zonasēnēn mᴅrkᴅzindᴅ elektronun Blox 

dalĵa funksiyasē, 

                              (2) 

                                 ( )=          (3)  

   kvant nºqtᴅsinin xᴅtti ºl­¿lᴅri,   ,   kvant ᴅdᴅdlᴅri 

toplusunu iĸarᴅ edir, koordinat baĸlanĵēcē kvant nºqtᴅsinn mᴅrkᴅzindᴅ se­ilmiĸdir. 
Elektronun iĸēq dalĵasēnēn elektromaqnit sahᴅsi ilᴅ qarĸēlēqlē tᴅsir operatorunu  

                                                                    (4)  

ilᴅ ifadᴅ etmᴅk olar [2]., haradakē        
                                                                           (5) 

elektrik dipol momenti operatoru, ) ï elektrik sahᴅsinin intensivlik vektorudur. 

mailto:m_chingiz@yahoo.com
mailto:sabina.omarova@sabah.edu.az
mailto:aysel.hajiyeva01@gmail.com
mailto:orujova.taliya@mail.ru
mailto:aygun.nasibova@mail.ru
mailto:hrovshan@hotmail.com
mailto:gunayyusibli@gmail.com
mailto:irada.qadirova61@gmail.com


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

36 
 

dipol momentinin matris elementinin 

                                                                  (6) 

 ifadᴅsindᴅ  (1) ï(3)  dalĵa funksiyalarēnē yerinᴅ yazsaq zonalararasē  ke­idlᴅr halēnda  

                                                              (7) 

alarēq, haradakē   ,  vᴅ  indekslᴅri valent vᴅ ke­iricilik  

zonasēna aid kᴅmiyyᴅtlᴅri iĸarᴅ edir.Sonuncu ifadᴅdᴅn zonalararasē optik ke­idlᴅr ¿­¿n 
aĸaĵēdakē se­mᴅ qaydalarē alēnēr. 

Dalĵa funksiyalarē ortonormallēq ĸᴅrtini ºdᴅdiyindᴅn kvant nºqtᴅsindᴅ zonalararasē optik 
ke­idlᴅr valent vᴅ ke­iricilik zonalarēnēn kvant ᴅdᴅdlᴅri toplusu eyni olan kvant sᴅviyyᴅlᴅri 
arasēnda m¿mk¿nd¿r. Yᴅni elektronlarēn zonalararasē optik ke­idlᴅri  zamanē yaranan sᴅrbᴅst 
elektronlarēn vᴅ deĸiklᴅrin kvant ᴅdᴅdlᴅri eyni olur. 

Zonalararasē optik ke­idlᴅrin matris elementlᴅri kvant nºqtᴅsinin ºl­¿lᴅrindᴅn asēlē deyil. 
Zonadaxili optik ke­idlᴅr halēnda (1) ï(3) vᴅ (6) - dan dipol momentinin matris elementlᴅri 

¿­¿n  aĸaĵēdakē ifadᴅ alēnēr: 

               (8) 

haradakē     - ortoqonal koordinat sisteminin vahid vektorlarē, 

                                      (9) 

Zonadaxili optik ke­idlᴅr halēnda se­mᴅ qaydalarē  Kroneker 

simvollarē ilᴅ tᴅyin olunur: hᴅr bir birfotonlu ke­id   kvant ᴅdᴅdlᴅrindᴅn yalnēz birinin 

dᴅyiĸmᴅsi ilᴅ baĸ verir.Zonadaxili optik ke­idlᴅr elektronun baĸlanĵēc vᴅ son hallarēnēn kvant 
ᴅdᴅdlᴅrinin  cᴅmi tᴅk ᴅdᴅd olduqda m¿mk¿nd¿r, yᴅni ke­idlᴅr fᴅrqli c¿tl¿yᴅ malik olan 

kvant hallarē arasēnda m¿mk¿nd¿r. (8) vᴅ (9) ifadᴅlᴅrindᴅn gºr¿n¿r ki, zonadaxili optik 
ke­idlᴅrdᴅ dipol momentinin matris elementi kvant nºqtᴅsinin  ºl­¿lᴅrindᴅn xᴅtti asēlēdēr. 
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Rectangular shaped quantum dots have been considered on the assumption that the 
potential well has infinitely high walls. The dipole momentum matrix elements were 
calculated and the selection rules were  determined for both interband and intraband 
optical transitions. 

Keywords: quantum dot, intraband and interband transitions, selection rules. 
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¦z¿m­¿l¿k kᴅnd tᴅsᴅrr¿fatēnēn ᴅn gᴅlirli sahᴅlᴅrdᴅn biridir. ¦z¿m­¿l¿y¿n 
mexaniklᴅĸdirilmᴅsi ¿­ istiqamᴅtᴅ  bºlmᴅk olar: birinci -tinglik materialē hazērlanmasē, ikinci 
- ¿z¿m¿n becᴅrilmᴅsi,¿­¿nc¿ - yetēĸmēĸ ¿z¿m mᴅhsulun yēĵēmē. 

¦z¿m­¿l¿kdᴅ alaq otlarēnē mᴅhv edilmᴅsi ¿­¿n ¿z¿m­¿l¿k tᴅsᴅrr¿fatlarēnda kimyᴅvi 
¿sullarla aparēlēr,yᴅni herbisidlᴅrlᴅ.Yaponiya alimlᴅri m¿ᴅyyᴅn ediblᴅr ki, 10-15 il 
m¿ddᴅtindᴅ  herbisidlᴅrlᴅ alaq otlarēnē mᴅhv edilmᴅsi nᴅticᴅsindᴅ, ¿z¿m gilᴅlᴅrindᴅ 
herbisidlᴅr aĸkar olur [1]. 

Bu sᴅbᴅbdᴅn dᴅ alaq otlarēnēn mexaniki ¿sulla mᴅhv edilmᴅsinᴅ ¿st¿nl¿k verilir. 
Buna gºrᴅ dᴅ ¿z¿ml¿klᴅrdᴅ kºk¿msov alaq otlarēn otlarēnē mᴅhv edᴅn qurĵunun tᴅtbiqi 
aktual bir mᴅsᴅlᴅdir vᴅ qurĵu hazērlanēb, tᴅtqiqatē aparēlēb [2]. 

¦z¿m¿n becᴅrilmᴅsindᴅ cᴅrgᴅlᴅr vᴅ kollar arasē torpaĵēn kultivasiyasē ᴅn 
mᴅhsuliyyᴅtli iĸlᴅrdᴅn biridir vᴅ mºvcud maĸēnlar kºk¿msov alaqlarla keyfiyyᴅtli m¿barizᴅ 
apara bilmirlᴅr  vᴅ ona gºrᴅ dᴅ ¿z¿m baĵlarēnda cᴅrgᴅlᴅr arasēnda vᴅ kollar arasēndakē 
kºk¿msov alaq otlarēn ¿zᴅ ­ēxaran yeni  iĸ­i orqanlē mexaniklᴅĸmᴅ iĸlᴅyib hazērlamaq 
ki,hᴅmin maĸēnla hᴅm keyfiyyᴅtli torpaq becᴅrmᴅ iĸini yerinᴅ yetirmᴅk,hᴅm dᴅ eynē 
tᴅyinatlē maĸēnlara nisbᴅtᴅn maĸēnēn metal tutumunu y¿ng¿llᴅtmᴅkdir. ¦z¿m baĵlarēnda 
m¿xtᴅlif nºv alaq otlarē yayēlmēĸdēr, lakin ­oxluĵu kºk¿msov alaq otlarē tᴅĸkil edirdi (108 
ᴅdᴅd/m  miqdarēnda, orta h¿nd¿rl¿y¿ 12-20 sm ). 

Kºk¿msov alaq otlarēnē ¿zᴅ ­ēxaran elastiki iĸ­i orqanlē torpaq becᴅrmᴅ maĸēnēnē 
¿z¿ml¿kdᴅ becᴅrilᴅcᴅk cᴅrgᴅlᴅrarasē en gºt¿r¿m¿nᴅ gºrᴅ nizamladēqdan (260-310 sm) 
sonra DT-75M markalē tērtēllē traktorla aqreqatlaĸdērēlēr vᴅ becᴅrmᴅ aparmaq ¿­¿n maĸēnēn 
dayaq tᴅkᴅrlᴅrini becᴅrmᴅ dᴅrinliyinᴅ (10-12sm) nizamlanēr. Aqreqatēn iĸ­i s¿rᴅti 4-5 
km/saat se­ilir. Yumĸaltma pᴅncᴅsinin dayaĵēndan ke­irilmiĸ uclarēnēn ilgᴅlᴅri dºnᴅbilᴅn, 
yastēkᴅsᴅn pᴅncᴅlᴅrin baltasēna alt elastiki iĸ­i orqan cᴅrgᴅlᴅrarasēndakē alaqla birlikdᴅ 
torpaq layēnē altdan kᴅsir vᴅ dºnᴅbilᴅn pᴅncᴅlᴅrin rᴅqsi hᴅrᴅkᴅtinᴅ uyĵun olaraq eninᴅ 
doĵru istiqamᴅtlᴅndirilmiĸ ¿st elastiki birlᴅĸdirici vᴅ maili dayanan, bir qurtaracaĵē torpaqda 
olan, digᴅr qurtaracaĵē ­ºldᴅ olan birlᴅĸdirici-darayēcē elastiki dartqēlar tarēmlanēb boĸalēr. 
Birlᴅĸdirici-darayēcē dartqēlar alt elastiki iĸ­i orqanēn altdan kᴅsdiyi alaqlē torpaq layēnē ĸaquli 
m¿stᴅvidᴅ kᴅsᴅrᴅk, xērdalamaqla, kºk¿msov alaqlarē torpaq  sᴅthinᴅ  tarēmlanēb-
boĸalmaqla sērēyēb cēxarēr.Elastiki elementlᴅrin dºnᴅbilᴅn pᴅncᴅlᴅrin pᴅqsi hᴅrᴅkᴅtindᴅn 
tarēmlanēb-boĸalmasē becᴅrmᴅ zamanē iĸ­i orqanlara torpaĵēn yapēĸmasēnēn, kᴅsilmiĸ 
¿z¿m zoĵlarēnēn vᴅ kºk¿msov alaq otlarēnēn dolaĸaraq, becᴅrmᴅyᴅ mane­ilik tºrᴅtmᴅsinin 
qarĸēsēnē alēr.Traktor­u maĸēnē s¿r¿b qurtardēqdan sonra torpaqdan ­ēxarēb, qonĸu s¿r¿mᴅ 
dºnᴅrᴅk, maĸēnē torpaĵa salēb becᴅrmᴅ ᴅmᴅliyyatēnē baĸa ­atdērēr. 

¦z¿m­¿l¿kdᴅ yeni torpaq becᴅrᴅn maĸēnēn torpaq becᴅrmᴅ keyfiyyᴅt gºstᴅricilᴅri 
mºvcud torpaq becᴅrmᴅ maĸēnē (PRVN-2.5A vᴅ PRVN-72000) ilᴅ m¿qayisᴅ edilmiĸdir vᴅ 
yeni maĸēnēn iĸ qabiliyyᴅti qiymᴅtlᴅndirilmiĸdir. 

Yeni maĸēnēn torpaq becᴅrmᴅdᴅki keyfiyyᴅt gºstᴅricilᴅri aqreqatēn hᴅrᴅkᴅt s¿rᴅtindᴅn 
asēlē olaraq dᴅyiĸmiĸdir. Aqreqatēn hᴅrᴅkᴅt s¿rᴅti 1,44 m/san....1,88 m/san. arasēnda 
dᴅyiĸmᴅsinᴅ uyĵun olaraq becᴅrilᴅn sahᴅdᴅ alaq otlarēn mᴅhv edilmᴅsi 97,82%-dᴅn aĸaĵē 
d¿ĸᴅrᴅk 94,57%, becᴅrilᴅn sahᴅdᴅ torpaĵēn xērdalanmasē 49,15%-dᴅn y¿ksᴅlᴅrᴅk 54,6% 
olmuĸdur. 
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Yeni qurĵuilᴅ becᴅrmᴅdᴅki saatlēq mᴅhsuldarlēĵē aqreqatin hᴅrᴅkᴅt s¿rᴅtindᴅn asēlē 
olaraq 1,29 ha/saat-dan 1,72 ha/saat-a qᴅdᴅr y¿ksᴅlmiĸdir. 
Mºvcud maĸēnlarda becᴅrmᴅdᴅki keyfiyyᴅt gºstᴅricilᴅri aqreqatēn hᴅrᴅkᴅt s¿rᴅtindᴅn asēlē 
olaraq. Aqreqatēn hᴅrᴅkᴅt s¿rᴅti 1,44m/san.- 1,82m/san. qᴅdᴅr arasēnda dᴅyiĸmᴅsinᴅ  
uyĵun olaraq becᴅrilᴅn sahᴅdᴅ alaq otlarēn mᴅhv edilmᴅsi 94,86%-dᴅn pislᴅĸᴅrᴅk 80,08% 

-ᴅ d¿ĸm¿ĸd¿r, becᴅrilᴅn sahᴅdᴅ torpaĵēn xērdalanmasē 55,14%dᴅn yaxĸēlaĸaraq 

 73,14%-ᴅ qᴅdᴅr artmēĸdēr. Mºvcud maĸēnēn becᴅrmᴅdᴅki saatlēq mᴅhsuldarlēĵē hᴅrᴅkᴅt 
s¿rᴅtindᴅn asēlē olaraq 0,91 ha/saat -1,24 ha/saat arasēnda dᴅyiĸmiĸdir. Yeni maĸēnēn  
mºvcud maĸēndan ¿st¿nl¿y¿n¿n biridᴅ odur ki, elastik iĸ­i orqanlar ¿z¿ml¿klᴅrdᴅ becᴅrmᴅ 
apararkᴅn alaq otlarē ilᴅ dolaĸēb dolmamasēdēr. 

 
ķᴅkil 1. 1-dºnᴅbilᴅn pᴅncᴅ, 2-pᴅncᴅnin boltu, 3-uzun qanad,4- elastiki iĸci orqan,                             

5-bᴅrkidici, 6-yumĸaldēcē pᴅncᴅ, 7-diyircᴅk, 8- darayēcē elastiki dartēlma, 9-ĸaquli barmaq. 
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THE  DEVISE  FOR  DESTRUCTION  OF  WEEDS 
Mahir Tahir Nagiyev1 
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Mantiq Bahadur Jafarov2 
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Ganja State University1 

Azerbaijan Technological University2 
It is known that weeds a scourge of any plant, especially in fructifying vineyards. Traditionally 

for destruction of weeds use herbicides which are hazardous to health of people. 
In the offered device weeds are destroyed mechanically. The devise supplied with an elastic 

cable, during interrow processing deduces weeds which thereby are destroyed on a surface of soil. 
Keywords:vineyards, weeds, herbicides, elastic cable, destroyed. 

 
 

FĶZĶKANIN ALĶ MᴄKTᴄBDᴄ TᴄDRĶSĶ ZAMANI GᴄLᴄCᴄK M¦HᴄNDĶSLᴄRĶN PEķᴄ 
FᴄALĶYYᴄTĶNDᴄ RĶYAZĶ MODELLᴄķDĶRMᴄNĶN TᴄTBĶQĶNᴄ HAZIRLANMASI METODĶKASI 

         Leyla Kazēm qēzē Hᴅsᴅnova 
leylahasanmath@gmail.ru  
Bakē Dºvlᴅt Universiteti 

Peĸᴅkar m¿hᴅndislik fᴅaliyyᴅti ᴅn yeni texniki qurĵularēn yaradēlmasē, 
layihᴅlᴅndirilmᴅsi vᴅ konstruksiya edilmᴅsi, istehsal prosesinin optimallaĸdērēlmasē vᴅ 
tᴅĸkili ilᴅ baĵlēdēr ki, bu da m¿asir dºvrdᴅ m¿vafiq qurĵularēn vᴅ texnoloji proseslᴅrin 
modellᴅĸdirilmᴅsi olmadan m¿mk¿n deyil. Bu isᴅ m¿hᴅndisin peĸᴅkar kompetensiyalarēna 
riyazi  modellᴅĸdirmᴅ metodundan istifadᴅ bacarēĵēnēn formalaĸdērēlmasē ilᴅ baĵlē tᴅlᴅblᴅr 
irᴅli s¿r¿r. Bu bacarēĵēn formalaĸdērēlmasēna texniki ali tᴅhsil m¿ᴅssisᴅlᴅrindᴅ 
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m¿hᴅndislᴅrin kompetensiyaya ᴅsaslanan peĸᴅkar hazērlēĵē yºnᴅldilmᴅlidir. M¿vafiq 
vᴅzifᴅnin hᴅllindᴅ fizikanēn tᴅdrisi m¿h¿m rol oynayēr [1]. 

Bu g¿n riyazi modellᴅĸdirmᴅ zᴅruri vᴅ m¿h¿m tᴅdqiqat metodu hesab olunur. Bu 
metodun mahiyyᴅti tᴅdqiq olunan obyektin vᴅ prosesin onun riyazi modeli ilᴅ ᴅvᴅz 
olunmasēndan ibarᴅtdir. Onun tᴅdqiqi texnoloji prosesdᴅ baĸ verᴅn qanunauyĵunluqlar  
haqqēnda yeni mᴅlumat  verir [2]. Kᴅmiyyᴅt ifadᴅsindᴅ riyazi modellᴅr  ºyrᴅnilᴅn proseslᴅri 
tᴅsvir edir vᴅ onlarēn qᴅlᴅcᴅk inkiĸafēnē proqnozlaĸdērēr. Bu halda ᴅldᴅ olunan model bir-biri 
ilᴅ mᴅntiqi cᴅhᴅtdᴅn ᴅlaqᴅli  olan riyazi ifadᴅlᴅr ardēcēllēĵēndan ibarᴅt olur. Belᴅliklᴅ, riyazi 
model real prototipa uyĵun qᴅlᴅn vᴅ onu idrak edᴅn m¿ᴅyyᴅn riyazi strukturdur. 

Hazērda riyazi modellᴅrin qurulmasē ¿­¿n ᴅnᴅnᴅvi hesab olunan ¿sullar tᴅbiᴅt 
elmlᴅrinin obyektiv qanunlarēnēn cᴅbr tᴅnliklᴅri vᴅ bᴅrabᴅrsizliklᴅr, diferensial, inteqral, 
mᴅntiqi vᴅ funksional m¿nasibᴅtlᴅr formasēnda ifadᴅ edildiyi ¿sullardēr. Belᴅliklᴅ, riyazi, 
fiziki vᴅ texniki nᴅzᴅriyyᴅlᴅrin inteqrasiyasl baĸ verir. Mᴅsᴅlᴅn, kinematikada tᴅtbiq olunan 
analitik hᴅndᴅsᴅ vᴅ diferensial hesab ¿sullarē maĸēn vᴅ mexanizmlᴅrin etibarlēĵē vᴅ 
uzunºm¿rl¿l¿y¿  nᴅzᴅriyyᴅsindᴅ ºz ᴅksini tapēr. Hᴅm­inin vektor cᴅbrinin elementlᴅri vᴅ 
inteqral hesabēn fizika kursu ï relativistik mexanika, elᴅcᴅ dᴅ kᴅsmᴅ, plastiklik vᴅ elastiklik 
¿zrᴅ texniki nᴅzᴅriyyᴅlᴅrlᴅ qarĸēlēqlē ᴅlaqᴅsindᴅn dᴅ danēĸmaq olar. 

Qᴅlᴅcᴅk m¿tᴅxᴅssis ¿­¿n riyazi aparatē praktik mᴅsᴅlᴅlᴅrin hᴅllindᴅ alᴅt kimi tᴅtbiq 
etmᴅyi bacarmaq son dᴅrᴅcᴅ vacibdir. Fizika mᴅsᴅlᴅsinin riyazi vasitᴅlᴅrdᴅn istifadᴅ 
etmᴅklᴅ hᴅlli ilᴅ baĵlē fᴅaliyyᴅt yalnēz nᴅzᴅriyyᴅnin ºyrᴅnilmᴅsi zamanē mᴅnimsᴅnilmiĸ 
biliklᴅrin mexaniki tᴅtbiqinᴅ qᴅtirib ­ēxarmēr. Onun ºz¿nᴅmᴅxsus strukturu vardēr.  Fiziki 
mᴅsᴅlᴅlᴅrin riyaziyyat vasitᴅsilᴅ hᴅllini ¿­ mᴅrhᴅlᴅli sxem ¿zrᴅ hᴅyata ke­iririk; bu sxemin 
mahiyyᴅti aĸaĵēdakēlardan ibarᴅtdir. 

Birinci mᴅrhᴅlᴅ - formallaĸdērma mᴅrhᴅlᴅsidir; hᴅll olunmalē praktik mᴅsᴅlᴅdᴅn onun 
riyazi modelinin qurulmasēna ke­id hᴅyata ke­irilir. Ķkinci mᴅrhᴅlᴅ - birinci mᴅrhᴅlᴅdᴅ 
qurulmuĸ model daxilindᴅ mᴅsᴅlᴅnin  hᴅllidir. ¦­¿nc¿ mᴅrhᴅlᴅ -  interpretasiya 
mᴅrhᴅlᴅsidir; alēnmēĸ riyazi hᴅll ilkin fiziki mᴅsᴅlᴅnin dilinᴅ ­evrilir. 

M¿hᴅndis xarakterli fiziki mᴅsᴅlᴅlᴅrin hᴅlli zamanē fiziki proses vᴅ hadisᴅlᴅrin riyazi 
modellᴅĸdirilmᴅsi dᴅ mᴅrhᴅlᴅlᴅrlᴅ hᴅyata ke­irilir. Birinci mᴅrhᴅlᴅ - verilmiĸ mᴅsᴅlᴅnin 
keyfiyyᴅtcᴅ tᴅhlili vᴅ riyazi mᴅsᴅlᴅnin qoyuluĸudur. Ķkinci mᴅrhᴅlᴅ - riyazi modelin qurulmasldlr. 
¦­¿nc¿ mᴅrhᴅlᴅ - qurulmuĸ modelin real vᴅziyyᴅtᴅ adekvatlēĵēnēn yoxlanēlmasē vᴅ onun real 
prosesᴅ kifayᴅt qᴅdᴅr uyĵun qᴅlmᴅdiyi halda korreksiya edilmᴅsidir. Dºrd¿nc¿ mᴅrhᴅlᴅ - 
qurulmuĸ model vasitᴅsilᴅ qoyulmuĸ mᴅsᴅlᴅnin hᴅllidir. Beĸinci mᴅrhᴅlᴅ - modeldaxili hᴅllin 
aparēlmasēdēr. Altēncē mᴅrhᴅlᴅ - alēnmēĸ nᴅticᴅnin interpretasiyasēdēr. Burda ᴅn mᴅsuliyyᴅtli 
mᴅrhᴅlᴅ  ºyrᴅnilᴅn hadisᴅnin fiziki modelinin yaradēlmasē prosesi ï yᴅni birinci  mᴅrhᴅlᴅ - qᴅbul 
edilmᴅlidir. Mᴅsᴅlᴅnin d¿zg¿n qoyuluĸundan vᴅ ᴅsas mᴅqamē m¿ᴅyyᴅn etmᴅk bacarēĵēndan 
son nᴅticᴅdᴅ ᴅldᴅ olunan nᴅticᴅnin keyfiyyᴅti asēlēdēr.  

Belᴅliklᴅ, modellᴅĸdirmᴅnin idraki, sistemyaradēcē, inkiĸafetdirici vᴅ idrak metodunun 
mᴅnimsᴅnilmᴅsi kimi funksiyalarēnē ayērmaq olar. Modellᴅĸdirmᴅ problemli situasiyalarēn 
yaradēlmasē vasitᴅsi, hᴅm­inin riyazi biliklᴅrin formalaĸdērēlmasē vasitᴅsi kimi ­ēxēĸ edir. 
Modellᴅĸdirmᴅnin tᴅdris prosesinᴅ daxil edilmᴅsi bu prosesi daha sᴅmᴅrᴅli edir vᴅ eyni 
zamanda tᴅlᴅbᴅlᴅrin idrak fᴅaliyyᴅtinin fᴅallaĸdērēr. 
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METHODOLOGY FOR PREPARING FUTURE ENGINEERS TO APPLY MATHEMATICAL 
MODELING IN THEIR PROFESSIONAL ACTIVITY DURING THE TEACHING OF PHYSICS IN 

HIGHER EDUCATION 
Leyla Kazim Hasanova 

leylahasanmath@gmail.ru   
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The modern challenges and methods for implementing both fundamental and professionally 

oriented physics training for students of technical specialties using mathematical modeling are 

presented. The theoretical foundations for constructing the methodology are defined, and a model 

of the methodology for preparing future engineers to apply mathematical modeling in their 

professional activities in the course of physics education is presented. 

Keywords: competencies, mathematical modeling, technical university,methodology, 
professional activity 
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Azᴅrbaycan Texnologiya Universiteti1 
 Azᴅrbaycan Dºvlᴅt Pedaqoji Universiteti2 

NTE-nin iĸtirakē ilᴅ alēnan maddᴅlᴅr bᴅzi elektrik enerjisi ­eviricilᴅrinin, ĸ¿alanmaya, 
tᴅzyiqᴅ vᴅ r¿tubᴅtᴅ davamlē olan m¿xtᴅlif nºv enerji ­evricilᴅrinin  istehsalēnda geniĸ istifadᴅ 
olunur. Bu nºqteyi-nᴅzᴅrdᴅn nadir torpaq metallarēnēn iĸtirakē ilᴅ ᴅrintilᴅr vᴅ birlᴅĸmᴅlᴅr 
ᴅsasēnda tᴅlᴅb olunan fiziki xassᴅlᴅrᴅ malik yeni perspektivli materiallarēn ᴅldᴅ edilmᴅsinin 
m¿mk¿nl¿y¿ onlarēn tᴅdqiqatlarēnē x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. Buna gºrᴅ dᴅ  vᴅ  

xalkogenidlᴅrinin qarĸēlēqlē tᴅsirinin ºyrᴅnilmᴅsi, hᴅm­inin ᴅmᴅlᴅ gᴅlᴅn bᴅrk mᴅhlullarēn 
qalvanomaqnit xassᴅlᴅrinin hᴅrtᴅrᴅfli ºyrᴅnilmᴅsi elmi vᴅ praktiki maraq kᴅsb edir. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 sistemindᴅki qarĸēlēqlē ᴅlaqᴅ diferensial istilik analizi (DTA), rentgen 

ĸ¿alarēnēn difraksiyasē (XRD), mikrostruktur analizi (MSA), hᴅm­inin mikrosᴅrtliyin ºl­¿lmᴅsi vᴅ 
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sēxlēĵēn tᴅyini ¿sullarēndan istifadᴅ etmᴅklᴅ tᴅdqiq edilmiĸdir.Geniĸ temperatur diapazonunda 
kvazibinar birlᴅĸmᴅnin  bᴅrk mᴅhlullarē regionunda alēnmēĸ m¿xtᴅlif tᴅrkibli 

n¿munᴅlᴅrin qalvanomaqnit xassᴅlᴅri tᴅdqiq edilmiĸ, ¿mumi qanunauyĵunluq tᴅhlil edilmiĸdir. 

Sabit cᴅrᴅyan rejimindᴅ sabit maqnit sahᴅsindᴅ  temperatur intervalēnda x¿susi 

elektrik ke­iriciliyi  Hall ᴅmsalē  vᴅ nisbi maqnit m¿qavimᴅti  ºl­¿lm¿ĸd¿r [1]. 

Tᴅcr¿bᴅlᴅrdᴅ yol verilᴅn xᴅta 4,2%-dᴅn ­ox olmayēb. 
 bᴅrk mᴅhlullarēnda,   vᴅ tᴅrkiblᴅrᴅ uyĵun 

n¿munᴅlᴅrdᴅ m¿ĸahidᴅ olunan maqnit m¿qavimᴅtinin temperatur asēlēlēĵē ĸᴅkil 1 tᴅsvir 
edilmiĸdir. Hᴅr iki n¿munᴅdᴅ temperaturun 
artēmē ilᴅ maqnit m¿qavimᴅti artaraq 
maksimumdan ke­dikdᴅn sonra azalēr. Maqnit 
m¿qavimᴅti ºz¿n¿n maksimum qiymᴅtinᴅ 

tᴅrkibli n¿munᴅdᴅ 320 K 

temperaturda,  

n¿munᴅsindᴅ isᴅ 380 K temperaturda ­atēr. 
Maqnit m¿qavimᴅti  x=0,025 tᴅkibli ᴅrintilᴅrdᴅ 
T=420 K, x=0,04 tᴅrkibli ᴅrintilᴅrdᴅ isᴅ T=470 K 
temperaturda  maqnit m¿qavimᴅti iĸarᴅsini 
m¿sbᴅtdᴅn mᴅnfiyᴅ dᴅyiĸir [3].  

Qrafiklᴅrdᴅn gºr¿nd¿y¿ kimi tᴅrkiblᴅrdᴅ  

elementinin miqdarē artdēqca maksimumuna vᴅ 
inversiya nºqtᴅsinᴅ uyĵun temperatur yuxarē 
temperatur oblastēna tᴅrᴅf s¿r¿ĸ¿r.Ķstᴅnilᴅn 
tᴅrkibdᴅ maqnit m¿qavimᴅtinin m¿ĸahidᴅ 
olunmasē vᴅ onun qiymᴅtinin bºy¿k olmasē 
tᴅdqiq olunan n¿munᴅnin energetik zona 
quruluĸunun m¿rᴅkkᴅb olmasēnēn vᴅ  ikinci nºv 
y¿kdaĸēyēcēlarēn mºvcudluĵunun gºstᴅricisidir [2]. 

Alēnan nᴅticᴅlᴅrin analēzē tᴅdqiq olunan 
ᴅrintilᴅrin qismᴅn kompensasiya olunmuĸ 
materiallar olduĵunu sºylᴅmᴅyᴅ imkan verir. Maqnit m¿qavimᴅtinin maksimum qiymᴅtindᴅ 
konsentrasiya ºz¿n¿n doymuĸ halēna ­atēr. Hᴅr iki n¿munᴅdᴅmaqnit m¿qavimᴅtinin 
iĸarᴅsinin m¿sbᴅtdᴅn mᴅnfiyᴅ dᴅyiĸmᴅsi kristallarda y¿kdaĸēyēcēlarēn ᴅsas sᴅpilmᴅ 
mexanizminin dᴅyiĸmᴅsi ilᴅ baĵlēdēr.  

Hᴅr iki n¿munᴅdᴅ T=420õ450 K-dᴅ m¿ĸahidᴅ olunan anomal dᴅyiĸmᴅyᴅ sᴅbᴅb, ­ox 
ehtmal ki,  y¿kdaĸēyēcēlarēn sᴅpilmᴅ mexanizminin dᴅyiĸmᴅsidir. Bu mexanizmi arĸdērmaq  
¿­¿n hᴅr iki n¿munᴅdᴅ x¿susi elektrikke­iriciliyi vᴅ Holl ᴅmsalēnēn nᴅticᴅlᴅrinᴅ ᴅsasᴅn 
y¿kdaĸēyēcēlarēn y¿r¿kl¿y¿n¿n temperatur asēlēlēĵēna baxēlmēĸ, y¿kdaĸēyēcēlarēn sᴅpilmᴅ 

mexanizmi araĸdērēlmēĸdēr. T¢420 K temperatur intervalēnda ionlaĸmēĸ aĸqar 

mᴅrkᴅzlᴅrindᴅn,  T²450 K intervalēnda isᴅ kristal qᴅfᴅsin d¿y¿n nºqtᴅlᴅrindᴅn sᴅpilmᴅ 
¿st¿nl¿k tᴅĸkil etdiyi m¿ᴅyyᴅnlᴅĸdirilmiĸdir.  

Aĸaĵē temperaturda  sisteminin bir sēra n¿munᴅlᴅrindᴅ 

 vᴅ  maqnit sahᴅsindᴅ mᴅnfi maqnit m¿qavimᴅti m¿ĸahidᴅ olunur. 

Se­ilmiĸ tᴅrkiblᴅr ¿­¿n ᴅldᴅ edilᴅn nᴅticᴅlᴅrdᴅn  asēlēlēqlarēnēn qrafiklᴅri (ĸᴅkil 2) 

qurulmuĸ vᴅ tᴅhlil aparēlmēĸdēr.  
M¿ᴅyyᴅn edilmiĸdir ki,  maqnit sahᴅsinin intensivliyinin ki­ik qiymᴅtlᴅrindᴅ maqnit 

m¿qavimᴅti mᴅnfi olur vᴅ intensivliyin artmasē ilᴅ y¿kdaĸēyēcēlarēn konsentrasiyasē 
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temperarurda olan (ˉ2) vᴅ (ˉ3) n¿munᴅlᴅrdᴅ m¿vafiq olaraq 

æɟ/ɟ(H) m¿sbᴅt qiymᴅtᴅ ke­id m¿ĸahidᴅ edilir. Aĸaĵē temperaturda ºl­¿lm¿ĸ n¿munᴅlᴅrdᴅ 

Hollsabitinin maksim qiymᴅti  temperaturun yaxēn ᴅtrafēnda aĸkar edilir ki, bu da 

aĸqar zonasē ᴅlaqᴅlᴅndirilir [3]. Mᴅnfi maqnit m¿qavimᴅti yalnēz tᴅdqiq olunan 

n¿munᴅlᴅrdᴅ Holl ᴅmsalēnē maksimum qiymᴅt aldēĵē temparaturdan aĸaĵē temperaturlarda, 

yᴅni aĸqar ke­iriciliyinin ¿st¿nl¿k tᴅĸkil etdiyi temperatur oblastēnda, m¿ĸahidᴅ olunur. Zᴅif 

sahᴅlᴅrdᴅ sahᴅ intensivliyinin qiymᴅtinin artēmē ilᴅ asēlēlĵē doyma halēna meyl 

gºstᴅrir. Bununla belᴅ, faktiki doyma halē fᴅrqli n¿munᴅlᴅrdᴅ maqnit sahᴅsi intensivliyinin 

fᴅrqli qiymᴅtlᴅrindᴅ ᴅldᴅ edilir vᴅ maqnit m¿qavimᴅtinin doyma halēna uyĵun dᴅyᴅrlᴅrinin 

m¿tlᴅq qiyᴅti  azalaraq iĸarᴅni m¿sbᴅtᴅ dᴅyiĸir. 

Sahᴅ intensivliyindᴅn asēlē olaraq maqnit m¿qavimᴅtinin bu ĸᴅkildᴅ dᴅyiĸmᴅsi tᴅdiq 

olunan nmunᴅlᴅrdᴅ a­ēq sipinᴅ malik NTE aĸqar atomlarēnēn  spin momentlᴅrinin nizamsēz 

d¿z¿l¿ĸ¿ ilᴅ ᴅlaqᴅdardēr. Aĸaĵē temperaturda  maqnit sahᴅsi tᴅtbiq edildikdᴅ, 

lokallaĸdērēlmēĸ spinlᴅr nizamlē d¿z¿l¿ĸᴅ mᴅcbur edilir, spin sahᴅsi y¿kdaĸēyēcēlarēn 

sᴅpilmᴅsinᴅ sᴅbᴅb olur ki, bu da m¿qavimᴅtin azalmasē ilᴅ m¿ĸaiyyᴅt olunur.  
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galvanomagnetic properties were studied and the dependence of magnetoresistance on 
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SnSeïTbSe BᴄRK MᴄHLULLARINDA STRUKTUR, TERMOELEKTRĶK Vᴄ                  
RADĶASĶYA TᴄSĶRLᴄRĶNĶN KOMPLEKS TᴄDQĶQĶ 

M.B.Cᴅfᴅrov1 
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jahangirhuseynov1958@gmail.com  
A.M.Allahverdiyev2  

Azᴅrbaycan Texnologiya Universiteti1 
Azᴅrbaycan Dºvlᴅt Pedaqoji Universiteti2 

SnSe-dᴅ nadir torpaq elementlᴅrinin (NTE) ᴅlavᴅ edilmᴅsi defektlᴅrin tᴅbiᴅtini 
dᴅyiĸdirir vᴅ materialēn ñtᴅmizlᴅnmᴅsiò effekti ilᴅ m¿ĸayiᴅt olunur. Bu baxēmdan SnSeï
TbSe sistemindᴅ nadir torpaq elementlᴅrinin iĸtirakē ilᴅ yeni xassᴅlᴅrᴅ malik bᴅrk 
mᴅhlullarēn alēnmasē vᴅ tᴅdqiqi elmi vᴅ praktiki cᴅhᴅtdᴅn ᴅhᴅmiyyᴅtlidir. Bu iĸdᴅ SnSe 
ᴅsaslē yarēmke­iricilᴅrdᴅ Tb atomlarē ilᴅ qismᴅn ᴅvᴅzlᴅmᴅ aparēlaraq yeni tᴅrkibli bᴅrk 
mᴅhlullar sintez edilmiĸ, onlarēn termoelektrik vᴅ radiasiya (ɔ-ĸ¿a) tᴅsirinᴅ mᴅruz qalma 
x¿susiyyᴅtlᴅri ºyrᴅnilmiĸdir. 

SnSeïTbSe sisteminin tᴅdqiqindᴅ DTA, rentgen faza analizi (XRD), mikrostruktur 
analiz (MSA), mikro sᴅrtlik vᴅ sēxlēq ºl­mᴅlᴅri aparēlmēĸdēr. DTA analizlᴅri PerkinElmer STA 

6000 cihazēnda, NϜ m¿hitindᴅ 20 ml/san axēn s¿rᴅti vᴅ 5ÁC/dᴅq qēzdērma s¿rᴅti ilᴅ hᴅyata 
ke­irilmiĸdir. Rentgen difraksiya analizi Rigaku Miniflex difraktometrindᴅ (CuKŬ, ɚ = 1.5406 
¡) aparēlmēĸ, 2ɗ = 0ï80Á intervalēnda spektrlᴅr qeydᴅ alēnmēĸdēr. Sᴅth morfologiyasē JEOL 
JSM6610-LV skan edᴅn elektron mikroskopu ilᴅ tᴅdqiq edilmiĸdir. 

N¿munᴅlᴅr 1.25 MeV enerjili ɔ-ĸ¿a mᴅnbᴅyi ilᴅ (RHUND-20000) 0ï6.5 Mrad dozada 
ĸ¿alandērēlmēĸdēr. ķ¿alanmadan 24 saat sonra termoelektrik g¿c sabit cᴅrᴅyan 
kompensasiya metodu ilᴅ 80ï900 K temperatur intervalēnda ºl­¿lm¿ĸd¿r. ¥l­mᴅ xᴅtasē 
tᴅxminᴅn 4.6% tᴅĸkil etmiĸdir. 

DTA nᴅticᴅlᴅrinᴅ ᴅsasᴅn, Tb SnϛϥSe (x=0ï0.04) bᴅrk mᴅhlullarēnda b¿t¿n 
n¿munᴅlᴅr ¿­¿n y¿ksᴅk temperatur sahᴅsindᴅ ᴅrimᴅyᴅ uyĵun gᴅlᴅn aydēn endotermik pik 
m¿ĸahidᴅ olunur. ᴄsas termiki parametrlᴅr gºstᴅrir ki, Tb miqdarēnēn artmasē ilᴅ hᴅm ᴅrimᴅ 
temperaturu, hᴅm dᴅ faza ke­idi entalpiyasē sistemli ĸᴅkildᴅ azalēr. Rentgen difraksiya 
analizlᴅri b¿t¿n n¿munᴅlᴅrdᴅ ortorombik SnSe (Pnma) strukturunun qorunduĵunu vᴅ Tb 

qatqēsēnēn SnĮϕ ionlarēnē qismᴅn ᴅvᴅz etmᴅsi nᴅticᴅsindᴅ qᴅfᴅs parametrlᴅrindᴅ c¿zi 
dᴅyiĸmᴅlᴅr vᴅ 2ɗ s¿r¿ĸmᴅlᴅri yaratdēĵēnē gºstᴅrir. SEM analizlᴅri sᴅthin nanomiqyasda 
hamar (R  å 5ï15 nm) vᴅ y¿ksᴅk homogen olduĵunu, morfologiyanēn tᴅsad¿fi paylanmēĸ 
mikrorelyeflᴅ xarakterizᴅ olunduĵunu aĸkar edir. EDX spektrlᴅri Sn, Se vᴅ Tb 
elementlᴅrinin mºvcudluĵunu tᴅsdiqlᴅyᴅrᴅk Tb-nin ᴅsas fazaya uĵurla daxil olduĵunu 
gºstᴅrir.  

 [3]-dᴅ tᴅqdim olunan iĸdᴅ  Bridcmen ¿sulu ilᴅ yetiĸdirilmiĸ SnϛϥTb Se (0 Ò x Ò 0.05) 
bᴅrk mᴅhlul kristallarēnda ᴅsas  kinetik parametrlᴅri T=300 K temperaturunda sistematik 
ĸᴅkildᴅ tᴅdqiq edilmiĸdir. M¿ᴅyyᴅn edilmiĸdir ki, terbium (Tb) ilᴅ aĸqarlanma elektrik 
ke­iriciliyi, Hall ᴅmsalē, termoEHQ-si, istilik ke­iriciliyi, hᴅm­inin y¿kdaĸēyēcēlarēn 
konsentrasiyasē vᴅ y¿r¿kl¿y¿nᴅ ᴅmiyyᴅtli tᴅsir gºstᴅrir. 

SnSe ᴅsaslē bᴅrk mᴅhlullarda Tb miqdarē artdēqca Seebeck ᴅmsalē S ᴅvvᴅlcᴅ kᴅskin 
ĸᴅkildᴅ azalēr (0 Ò x Ò 0.002 mol.% intervalēnda +420 ÕV/K-dᴅn +128 ÕV/K-ᴅ qᴅdᴅr). Bu 

davranēĸ SnĮϕ ionlarēnēn Tbįϕ ionlarē ilᴅ ᴅvᴅz olunmasē nᴅticᴅsindᴅ donor effektinin 
yaranmasē ilᴅ izah edilir. 0.002 < x < 0.0025 mol.% dar konsentrasiya intervalēnda 
Seebeck ᴅmsalēnēn iĸarᴅ dᴅyiĸmᴅsi baĸ verir (ï325 ÕV/K-ᴅ qᴅdᴅr enir), bu isᴅ p-tip 
ke­iricilikdᴅn n-tip ke­iriciliyᴅ ke­idi gºstᴅrir. Bu inversiya Fermi sᴅviyyᴅsinin ke­iricilik 
zonasēna doĵru s¿r¿ĸmᴅsi vᴅ Tb aĸqarlanmasē ilᴅ yaranan lokallaĸmēĸ donor 
sᴅviyyᴅlᴅrinin formalaĸmasē ilᴅ ᴅlaqᴅlᴅndirilir. 0.0025 < x < 0.015 mol.% intervalēnda S-in 
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mᴅnfi qiymᴅtlᴅri stabillᴅĸir ki, bu da elektronlarēn dominant olduĵu (n-tip) ke­iriciliyin 
formalaĸdēĵēnē vᴅ donor hallarēnēn qismᴅn doyduĵunu tᴅsdiq edir. 

Daha y¿ksᴅk Tb konsentrasiyalarēnda (0.02 < x < 0.05 mol.%) Seebeck ᴅmsalēnēn 

modulunun tᴅdricᴅn azalmasē m¿ĸahidᴅ olunur. Tb SnϛϥSe bᴅrk mᴅhlullarēnēn 
termoelektrik x¿susiyyᴅtlᴅrinᴅ ɔ-ĸ¿alanmanēn tᴅsiri 0ï6.5 Mrad udulmuĸ doza intervalēnda 
otaq temperaturunda tᴅdqiq edilmiĸdir (ķᴅkil 1a). Seebeck ᴅmsalēnēn dᴅyiĸmᴅsi ke­iricilik 
tipindᴅn g¿cl¿ asēlēlēq gºstᴅrir. 

p-tip tᴅrkiblᴅr ¿­¿n (x Ò 0.001) S(D) asēlēlēĵē qeyri-monoton xarakter daĸēyēr: ᴅvvᴅlcᴅ 
Seebeck ᴅmsalē doza ilᴅ artēr, maksimuma ­atēr vᴅ daha sonra azalēr. x = 0 ¿­¿n S 
tᴅxminᴅn +420 ÕV/K-dᴅn D å 5 Mrad-da +442 ÕV/K-ᴅ qᴅdᴅr artēr, daha sonra isᴅ c¿zi 
azalma m¿ĸahidᴅ olunur. Oxĸar davranēĸ x = 0.001 ¿­¿n dᴅ qeydᴅ alēnēr (tᴅxminᴅn +275 
ÕV/K-dᴅn +285 ÕV/K-ᴅ qᴅdᴅr). Bu hal ĸ¿alanma nᴅticᴅsindᴅ yaranan donor tipli nºqtᴅ 
defektlᴅri ilᴅ ᴅlaqᴅlᴅndirilir; bu defektlᴅr deĸiklᴅrin (hole) kompensasiyasēnē g¿clᴅndirir. 
Y¿ksᴅk dozalarda defektlᴅrin doyma effekti vᴅ y¿kdaĸēyēcēlarēn sᴅpilmᴅsi S-in azalmasēna 
sᴅbᴅb olur. Bu davranēĸ ĸ¿alanma ilᴅ modifikasiya olunmuĸ p-tip SnSe ¿­¿n xarakterikdir. 

n-tip n¿munᴅlᴅrdᴅ (x Ó 0.01) isᴅ Seebeck ᴅmsalēnēn modulu dozanēn artmasē ilᴅ 
monoton ĸᴅkildᴅ azalēr. Konkret olaraq, S (x = 0.01) ¿­¿n ï297-dᴅn ï272 ÕV/K-ᴅ, x = 
0.025 ¿­¿n ï258-dᴅn ï237 ÕV/K-ᴅ, x = 0.05 ¿­¿n isᴅ ï210-dan ï196 ÕV/K-ᴅ dᴅyiĸir. |S|-in 
azalmasē elektron konsentrasiyasēnēn artmasē vᴅ ĸ¿alanma nᴅticᴅsindᴅ yaranan defektlᴅr 
sᴅbᴅbindᴅn sᴅpilmᴅnin g¿clᴅnmᴅsi ilᴅ izah olunur. B¿t¿n doza intervalē boyunca ke­iricilik 
tipi dᴅyiĸmir vᴅ pïn ke­idi m¿ĸahidᴅ olunmur. 

Nisbi dᴅyiĸmᴅ  analizi gºstᴅrir ki, p-tip n¿munᴅlᴅr ¿­¿n bu 

kᴅmiyyᴅt m¿sbᴅtdir vᴅ tᴅxminᴅn 4ï5% dᴅyᴅrinᴅ ­ataraq sonradan doyma meyli gºstᴅrir  
 

 
 
 

(ķᴅkil 1b). n-tip n¿munᴅlᴅr ¿­¿n isᴅ mᴅnfi qiymᴅtlᴅr alēr (ï7ï8%-ᴅ qᴅdᴅr). ȹS/SϚ(D) 

asēlēlēĵē qeyri-xᴅttidir vᴅ aĸaĵēdakē kvadratik funksiya ilᴅ yaxĸē aproksimasiya olunur: 

 
Bu yanaĸma hᴅm ilkin defekt-kompensasiya effektini, hᴅm dᴅ y¿ksᴅk dozalarda 

doyma vᴅ g¿clᴅnmiĸ sᴅpilmᴅ proseslᴅrini nᴅzᴅrᴅ almaĵa imkan verir. Belᴅliklᴅ, 

Tb SnϛϥSe bᴅrk mᴅhlullarēnda ĸ¿alanma ilᴅ induksiya olunan termoelektrik davranēĸēn 

analitik tᴅsviri vᴅ proqnozu ¿­¿n effektiv ­ᴅr­ivᴅ tᴅqdim edir. 

 

 
 

 

ķᴅkil 1. Seebck ᴅmsalēnēn a) vᴅ onun nisbi dᴅyiĸikliyinin b) udulmuĸ dozadan asēlēlēĵē  
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A.M. AllahverdiyevĮ 
Azerbaijan Technological Universityĭ 
Azerbaijan State Pedagogical UniversityĮ 

This study presents a comprehensive investigation of the effects of terbium (Tb) 
doping on the structural, thermoelectric, and radiation properties of SnSe-based 

semiconductors. Tb SnϛϥSe (x = 0ï0.05) solid solutions were synthesized under vacuum 
and characterized using DTA, XRD, and SEM techniques. The results show that Tb 
incorporation preserves the orthorhombic SnSe structure while introducing slight lattice 
distortions and reducing thermal stability. Thermoelectric measurements reveal a decrease 
in the Seebeck coefficient with increasing Tb content and a pïn conductivity transition 
within a narrow concentration range. Under ɔ-irradiation, the Seebeck coefficient exhibits 
conductivity-type-dependent behavior.  

Keywords: rare earth elements, Seebeck coefficient, gamma irradiation, phase 
transition, XRD, DTA, SEM analysis, radiation effects. 
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Son vaxtlar ºl­¿lᴅri elektronlarēn de-Broyl dalĵa uzunluĵu tᴅrtibindᴅ olan sistemlᴅrdᴅ baĸ 
verᴅn kinetik hadisᴅlᴅrin ºyrᴅnilmᴅsinᴅ diqqᴅt artmēĸdēr. Elektronlarēn hᴅrᴅkᴅtinin mᴅhdudluĵu, 
bu sistemlᴅrdᴅ kinetik hadisᴅlᴅrin bºy¿k hᴅcmli kristallardakēndan kᴅskin fᴅrqlᴅnmᴅsinᴅ gᴅtirir. 
Diqqᴅt mᴅrkᴅzindᴅ olan mᴅsᴅlᴅlᴅrdᴅn biri dᴅ kvant mᴅftillᴅrindᴅ tezliyin dielektrik funksiyaya  
tᴅsirinin tᴅdqiqidir.Qeyd edᴅk ki, dielektrik funksiyanēn tᴅdqiqi hᴅm 3-ºl­¿l¿, 2-ºl­¿l¿ vᴅ 1-
ºl­¿l¿ kristallara, hᴅm dᴅ kvant ­uxuruna aid bir ­ox eksperimentlᴅrdᴅ ­oxdan m¿ĸahidᴅ edilir. 
Dielektrik funksiyanēn  meydana gᴅldiyi ĸᴅraitin belᴅ m¿xtᴅlifliyi demᴅyᴅ ᴅsas verir ki, onun 
ᴅmᴅlᴅ gᴅlmᴅsi mexanizmlᴅri m¿xtᴅlifdir. 

¦mumi halda elektrik induksiyasē D  elektrik intensivliyi E  ilᴅ ᴅlaqᴅlᴅndirᴅn aĸaĵēdakē 
tenzor inteqralē vardēr.  

( ) ( ) ( ), , , , ,

t

D r t dt dV t r t r E r ta ab be
-¤

¡ ¡ ¡ ¡ ¡ ¡=ñ ñ             (1.1) 
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Burada ( ),e a b ï tenzor funksiyasē olub, dielektrik funksiya adlanēr. r  nºqtᴅsindᴅ vᴅ 

tzaman anēnda yayēlan elektromaqnit sahᴅsi b¿t¿n mᴅkanda vᴅ baxēlan t zaman anēnda 

m¿hitin ᴅks reaksiyasēdēr (baĸqa sºzlᴅ, polyarizasiya vᴅ maqnitlᴅnmᴅdir). ( ),D r ta -nin yᴅni 

sistemin ᴅks reaksiyasēnēn sahᴅdᴅn asēlēlēĵē m¿ᴅyyᴅn zaman anēndan deyil, sonlu t- 

relaksasiya m¿ddᴅtindᴅn asēlēdēr. Polyarizasiyanēn vᴅ induksiya cᴅrᴅyanēnēn r  nºqtᴅsindᴅki 

qiymᴅti fᴅzanēn qonĸu r¡nºqtᴅsindᴅki sahᴅsindᴅn asēlēdēr. Ķstilik hᴅrᴅkᴅti nᴅticᴅsindᴅ fᴅzanēn 

qonĸu oblastlarēndan m¿hitᴅ gᴅlᴅn y¿kl¿ zᴅrrᴅciklᴅrin hesabēna sistemin reaksiyasē ( )Da  ilᴅ 

elektrik sahᴅsi arasēndakē asēlēlēq qeyri-lokaldēr. Bu elektrik sahᴅsi nᴅ qᴅdᴅr g¿cl¿ olarsa, qeyri-

lokallēq da bir o qᴅdᴅr ­ox olar. Adᴅtᴅn r r¡- -in artmasē ilᴅ abe  dielektrik funksiyasē s¿rᴅtlᴅ 

azalēr. 
Burada kvant mᴅftilindᴅ cērlaĸmēĸ elektron qazēnēn dielektrik funksiyasē hesablanmēĸdēr  

                              () () ( )1 0,eeq M q qe = + P
                                                         

(1) 

Burada ( )0,qP -polyarizasiyaoperatoruolubaĸaĵēdakēkimitᴅyinolunur 

                              ( ) () 00,
f

q dr e e
e

µå õ
P = -æ ö

µç ÷
ñ                                                      (2) 

( )eeM q - elektron-elektron qarĸēlēqlē tᴅsirinin matris elementi,  -elektronlarēn hal 

sēxlēĵē,()0f e -Fermi paylanma funksiyasēdēr.  

 Parabolik potensiallē kvant ­uxurunda kvazi bir ºl­¿l¿ elektron qazēnēn enerji spektri vᴅ 
dalĵa funksiyasē[10] aĸaĵēdakē kimi tᴅyin edilir.       
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Burada 0

0

R
mw

= -ossilyatorun uzunluĵu , 
0 0

,N M

x y
H H

R R

å õ å õ
æ ö æ ö
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- Ermit polinomlarē, 

{ }, ,N M ka= -elektronun halēnē m¿ᴅyyᴅn edᴅn kvant ᴅdᴅdlᴅridir.  

Mᴅftil Oz oxu ¿zrᴅ yºnᴅlmiĸdir. Sᴅth sēxlēĵēnēn mᴅĸhur ifadᴅsindᴅn istifadᴅ edᴅrᴅk 
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Polyarizasiya operatoru ¿­¿n alarēq  () ( )1 0

0 2

1 2
0

m
F

k T
h w

p -
P = -                         (8)  

Burada ()1

2

F h
-

-Fermi inteqralē, 0k ï Bolsman sabiti, h ï gᴅtirilmiĸ kimyᴅvi potensial.  

Elektron-elektron qarĸēlēqlē tᴅsirinin matris elementi ()
() ()
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Aĸaĵēda fᴅrz edirik ki, baxēlan kvant limit halē ¿­¿n  0N M= =(4) ï (6) ifadᴅlᴅrini (9)-da 

yerinᴅ yazsaq vᴅ yeni dᴅyiĸᴅnlᴅrᴅ ke­sᴅk:  1 2 1 2,r r r r r R- = + =
    

(10)     

Vᴅ  Rdᴅyiĸᴅni ¿zrᴅ inteqrallasaq alarēq ()

2 2

22 2
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2 2

0 0 0
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exp
22

L
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L

x y
iqz
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R L rp c

¤¤

-

å õ+
-æ ö
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Axērēncē inteqralda L qᴅbul etsᴅk(baĸqa sºzlᴅ mᴅftilin makroskopik uzunluĵu) vᴅ z 

dᴅyiĸᴅninᴅ gºrᴅ inteqrallasaq : 
( ) ( )2 2

0
2 2 2

exp
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iqz
dz K q x y

x y z

¤
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ñ                          (12) 

Burada ( )2 2

02K q x y+ -ikinci nºv modifikasiya olunmuĸ Bessel funksiyasēdēr.  

Polyar koordinatlara ke­sᴅk inteqralēn ĸᴅklini natamam qamma funksiya ilᴅ ifadᴅ edᴅ bilᴅrik: 
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Burada ( )0,xG ïnatamam Qamma funksiyadēr.  

Buradan elektron-elektron qarĸēlēqlē tᴅsirinin matris elementi ¿­¿n analitik ifadᴅ alarēq: 
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 (14) vᴅ (8) ifadᴅlᴅrini (1)d¿sturunda yerinᴅ yazsaq alarēq: 
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Axērēncē ifadᴅdᴅn elektronlarēn kvant mᴅftilindᴅ m¿xtᴅlif sᴅpilmᴅ mexanizmlᴅri ¿­¿n 
ekranlaĸmanē hesablamaq olar.  
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The dielectric function of the electron gas in one-dimensional nanostructures has 
been studied with respect to temporal and spatial dispersion. For the first time, the 
screening of the scattering potential in a quantum wire has been considered, and 
analytical expressions for the dielectric function have been obtained. 

Keywords: nanostructure, dielectric function, quantum wire, matrix element of 
electronïelectron interaction, polarization operator, oscillator length. 
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Y¦NG¦L NᴄQLĶYYAT VASĶTᴄLᴄRĶ ¦¢¦N AKKUMULYATORLARIN ENERJĶ SIXLIĴININ 
FERROELEKTRĶK MATERĶALLARDAN ĶSTĶFADᴄ ETMᴄKLᴄ ARTIRILMASI 

Zakir Cᴅbrayēl oĵlu Xᴅlᴅfov 
Razil Tofiq oĵlu Mirzᴅyev 

razil-mirze@mail.ru 
Samirᴅ Rafiq qēzē Nuriyeva 

Azᴅrbaycan Texnologiya Universiteti 

Ferroelektrik materiallar y¿ksᴅk dielektrik sabitᴅ, elektrik q¿tblᴅnmᴅsi vᴅ daxili elektrik 
sahᴅsi yaratmaq qabiliyyᴅtinᴅ malikdir. Bu x¿susiyyᴅtlᴅr elektrod-elektrolit sᴅrhᴅdindᴅ ionlarēn 
hᴅrᴅkᴅtini s¿rᴅtlᴅndirᴅ, y¿k yēĵēlmasēnē optimallaĸdēra vᴅ daxili m¿qavimᴅti azalda bilᴅr. 
Nᴅticᴅdᴅ, akkumulyatorun x¿susi enerji gºstᴅricisi vᴅ g¿c sēxlēĵē artēr. Bundan ᴅlavᴅ, 
ferroelektrik qatlarēn separator vᴅ ya elektrod ºrt¿y¿ kimi istifadᴅsi istilik sabitliyini vᴅ 
tᴅhl¿kᴅsizliyi yaxĸēlaĸdēra bilᴅr. 

Ekspertlᴅrin hesablamalarēna gºrᴅ, hazērkē istehsal templᴅrindᴅ qlobal kºm¿r ehtiyatlarē 
400-500 il, neft vᴅ qaz ehtiyatlarē isᴅ cᴅmi bir ᴅsr kifayᴅt edᴅcᴅk. 

Hazērda mºvcud olan ciddi ekoloji problemlᴅrin hᴅlli elektrik nᴅqliyyat vasitᴅlᴅrinin 
istehsalēdēr. ᴄnᴅnᴅvi texnologiyadan istifadᴅ edᴅn elektrik ºt¿r¿c¿lᴅri enerji mᴅnbᴅyindᴅn (bir 
vᴅ ya daha ­ox batareya), elektrik m¿hᴅrrikini idarᴅ etmᴅk ¿­¿n nᴅzarᴅt­idᴅn, elektrik 
m¿hᴅrrikinin ºz¿n¿n vᴅ hᴅrᴅkᴅti iĸlᴅyᴅn elementᴅ ºt¿rmᴅk ¿­¿n mexanizmdᴅn (bᴅzi hallarda 
yoxdur) ibarᴅtdir. Batareyalarēn enerji tutumu aĸaĵēdēr vᴅ buna gºrᴅ dᴅ tᴅk bir y¿klᴅmᴅ ilᴅ 
elektrik nᴅqliyyat vasitᴅlᴅri ¿­¿n qēsa mᴅsafᴅ tᴅmin edᴅ bilᴅr.Batareyalar da aĵēr vᴅ bºy¿kd¿r, 
bu da onlarēn quraĸdērēlmasēnē ­ᴅtinlᴅĸdirir.Yuxarēda gºstᴅrilᴅnlᴅri nᴅzᴅrᴅ alaraq, 
ferroelektriklᴅrᴅ ᴅsaslanan elektrokimyᴅvi generatordan (EKQ) istifadᴅ edᴅrᴅk ekoloji 
cᴅhᴅtdᴅn tᴅmiz alternativ innovativ texnologiya tᴅklif olunur [1]. Bu elektrik stansiyasē keramika 
modifikasiyasēndan vᴅ elektrik dºvrᴅsindᴅn asēlē olaraq batareyanēn x¿susi enerjisini (enerji 
sēxlēĵēnē) 3,5-5 dᴅfᴅ artērēr. Avadanlēĵēn quraĸdērēlmasē (elektromexaniki ­evirici, mexaniki enerji 
yaradan cihaz vᴅ EKQ ilᴅ qarĸēlēqlē tᴅsir gºstᴅrᴅn) batareyanēn enerji sēxlēĵēnē iki mᴅrhᴅlᴅdᴅ 
artērēr: birinci mᴅrhᴅlᴅ EKQ-nin polyarizasiyasēnēn artērēlmasēnē, ikinci mᴅrhᴅlᴅ isᴅ zavodun 
­ēxēĸēnda elektrik g¿c¿n¿n artērēlmasēnē ᴅhatᴅ edir. 

Qēsaca desᴅk, batareyalarēn enerji sēxlēĵēnē artērmaq ¿­¿n quraĸdērēlmēĸ ᴅsas komponenti 
olan EKQ-nin iĸ prinsipi, ­oxkomponentli bᴅrk mᴅhlul sistemi olan oksidlᴅĸdirici ilᴅ ferroelektrik 
pyezokeramik maddᴅ arasēnda kimyᴅvi reaksiyanēn "dondurulmuĸ" enerjisinin buraxēlmasēndan 
ibarᴅtdir. Bu enerji ᴅsasᴅn mexaniki enerji, ikinci dᴅrᴅcᴅli ferroelektrik ke­id vᴅ miqrasiya vᴅ 
dipol polyarizasiyasē vasitᴅsilᴅ yaranēr [1,2]. Struktur olaraq, EKQ, elektrik dºvrᴅsinᴅ qoĸulmaq 
¿­¿n metal kontaktlarē vᴅ ᴅlavᴅ terminallarē olan m¿ᴅyyᴅn ºl­¿ vᴅ formaya malik ferroelektrik 
pyezoelektrik elementdir. Mexaniki enerjinin istifadᴅsini nᴅzᴅrᴅ alsaq, sistemin sᴅmᴅrᴅliliyi 50-
55% -dir. Ķstifadᴅ olunan mexaniki enerji sadᴅ dizaynlē bir cihaz tᴅrᴅfindᴅn yaradēlēr [1]. 

Tᴅklif olunan sistem batareyadan 1 Coul enerji sᴅrf edir ki, bu da mexaniki enerjidᴅn 
istifadᴅ edᴅrᴅk sistemin ­ēxēĸēnda 3,5-5 Coul elektrik enerjisi istehsal etmᴅyᴅ imkan verir. Bu o 
demᴅkdir ki, sistemin istifadᴅsi batareya enerjisi istehlakēnē 3,5-5 dᴅfᴅ azaldēr vᴅ bununla da 
tᴅk batareya doldurma ilᴅ elektrikli nᴅqliyyat vasitᴅlᴅrinin ­eĸidini 3,5-5 dᴅfᴅ artērēr. 

G¿nᴅĸ vᴅ k¿lᴅk enerjisi ilᴅ m¿qayisᴅdᴅ batareya enerjisi sēxlēĵēnē artērmaq ¿­¿n tᴅklif 
olunan alternativ innovativ texnologiya iqlim ĸᴅraitindᴅn vᴅ g¿n¿n vaxtēndan asēlē olmamaq vᴅ 
daha y¿ksᴅk sᴅmᴅrᴅliliyᴅ malik olmaq ¿st¿nl¿y¿nᴅ malikdir. Bundan ᴅlavᴅ, k¿lᴅk turbinlᴅrinin 
istifadᴅsi uzunm¿ddᴅtli m¿ĸahidᴅlᴅrᴅ ᴅsasᴅn m¿ᴅyyᴅn edilmiĸ m¿xtᴅlif k¿lᴅk parametrlᴅrinin 
ºyrᴅnilmᴅsini tᴅlᴅb edir:- orta illik vᴅ aylēq k¿lᴅk s¿rᴅtlᴅri;- il, ay vᴅ g¿n ᴅrzindᴅ k¿lᴅyin 
s¿rᴅtinin vᴅ istiqamᴅtinin tezliyi;- k¿lᴅklᴅr, sakitliklᴅr vᴅ maksimum k¿lᴅk s¿rᴅtlᴅri; - 
h¿nd¿rl¿klᴅ k¿lᴅyin s¿rᴅtinin dᴅyiĸmᴅsi vᴅ s.G¿nᴅĸ enerjisindᴅn istifadᴅ etmᴅk dᴅ bir ­ox 
amillᴅrin ºyrᴅnilmᴅsini tᴅlᴅb edir [1,2]. 
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INCREASING THE ENERGY DENSITY OF PASSENGER CAR BATTERIES USING 
FERROELECTRIC MATERIALS 
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Azerbaijan Technological University 

The development of lightweight vehicles (electric cars, unmanned aerial vehicles, and 
lightweight industrial vehicles) in modern times requires the creation of battery systems with high 
energy density. Increasing energy density allows not only to increase the range of vehicles, but 
also to reduce the total mass and improve energy efficiency. In this regard, the application of 
ferroelectric materials in battery technologies is considered a promising direction. 

Ferroelectric materials have a high dielectric constant, electric polarization, and the ability to 
create an internal electric field. These properties can accelerate the movement of ions at the 
electrode-electrolyte interface, optimize charge accumulation, and reduce internal resistance. As a 
result, the specific energy index and power density of the battery increase. In addition, the use of 
ferroelectric layers as separators or electrode coatings can improve thermal stability and safety. 

Keywords: ferroelectric, electricity, battery, energy 
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Enerji cᴅmiyyᴅtin iqtisadi vᴅ texnoloji inkiĸafēnēn ᴅsas amilidir.ᴄnᴅnᴅvi enerji mᴅnbᴅlᴅri 
(neft, qaz, kºm¿r) yanma prosesinᴅ ᴅsaslanēr vᴅ ᴅtraf m¿hitᴅ karbon qazē buraxēr. Bu 
sᴅbᴅbdᴅn alternativ vᴅ ya bᴅrpa olunan enerji mᴅnbᴅlᴅrinin inkiĸafē zᴅrurᴅtᴅ ­evrilmiĸdir. 

Alternativ enerji mᴅnbᴅlᴅrinin ᴅsas ¿st¿nl¿y¿ onlarēn tᴅbii proseslᴅrᴅ ᴅsaslanmasē vᴅ 
ekoloji cᴅhᴅtdᴅn daha tᴅhl¿kᴅsiz olmasēdēr. Bu mᴅnbᴅlᴅrin iĸlᴅmᴅ prinsiplᴅri fizikanēn 
fundamental qanunlarēna sºykᴅnir. 

Bu mᴅnbᴅlᴅrdᴅn biri g¿nᴅĸ enerjisidir.G¿nᴅĸ enerjisi elektromaqnit ĸ¿alanmasē ĸᴅklindᴅ 
Yerᴅ ­atēr. Bu ĸ¿alanma kvant xarakterlidir vᴅ hᴅr bir fotonun enerjisi aĸaĵēdakē ifadᴅ ilᴅ tᴅyin 
olunur: 

E = h  
burada 
h ï Plank sabiti,(h=6,63 C  

ï ĸ¿alanmanēn tezliyidir. 
Bu prinsip Maks Plank tᴅrᴅfindᴅn irᴅli s¿r¿lm¿ĸ kvant nᴅzᴅriyyᴅsinᴅ ᴅsaslanēr.Bu 

nᴅzᴅriyyᴅnin tᴅtbiqlᴅrindᴅn biri fotoeffekt hadisᴅsidir. 

Fotovoltaik panellᴅrin iĸ prinsipi xarici fotoeffekt hadisᴅsinᴅ ᴅsaslanēr. Bu hadisᴅ Albert 
Eynĸteyn tᴅrᴅfindᴅn nᴅzᴅri cᴅhᴅtdᴅn izah edilmiĸdir. 

Yarēmke­iricidᴅ fotonun enerjisi elektronïdeĸik c¿t¿ yaradēr vᴅ elektrik cᴅrᴅyanē ᴅmᴅlᴅ 
gᴅlir. 

G¿nᴅĸ panelinin g¿c¿: 
P = UI 

mailto:razil-mirze@mail.ru
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Sᴅmᴅrᴅlilik isᴅ: 

 =  

Alternativ enerji mᴅnbᴅlᴅrindᴅn biri dᴅ k¿lᴅk enerjisidir. K¿lᴅk enerjisi hava k¿tlᴅlᴅrinin 
kinetik enerjisinᴅ ᴅsaslanēr. 

Kinetik enerji: 

 =  

K¿lᴅk turbininin orta g¿c¿ tᴅqribᴅn: 

=  A  

burada: 

 ï havanēn sēxlēĵē, 

A ï qanadlarēn s¿p¿rd¿y¿ sahᴅ, 
V ï k¿lᴅyin s¿rᴅtidir. 
Bu sistemlᴅr klassik mexanika vᴅ aerodinamika qanunlarēna ᴅsaslanēr. 

Su elektrik stansiyalarēnda suyun potensial enerjisi kinetik enerjiyᴅ, sonra isᴅ elektrik 
enerjisinᴅ ­evrilir. 

Potensial enerji: 
 = mgh 

burada: h ï suyun h¿nd¿rl¿k fᴅrqidir. 
Turbinlᴅrēn iĸi elektromaqnit induksiya qanununa ᴅsaslanēr ki, bu qanun Maykl Faradey 

tᴅrᴅfindᴅn kᴅĸf edilmiĸdir. 

Alternativ enerji mᴅnbᴅlᴅrinᴅ misal Geotermal vᴅ Bioenerjini dᴅ gºstᴅrmᴅk 
olar.Geotermal enerji Yer daxilindᴅki istilik enerjisinᴅ ᴅsaslanēr. Bu enerji radioaktiv 
par­alanma vᴅ ilkin planetar istilik nᴅticᴅsindᴅ yaranēr. 

Ķstilik m¿hᴅrriklᴅrinin sᴅmᴅrᴅliliyi: 

 = 1 -  

Bu ifadᴅ Sadi Carno vᴅ Klauzius tᴅrᴅfindᴅn formalaĸdērēlmēĸ termodinamikanēn ikinci 
qanunu ilᴅ ᴅlaqᴅlidir. 

Bioenerji ¿zvi maddᴅlᴅrin yanmasē vᴅ ya biokimyᴅvi ­evrilmᴅsi nᴅticᴅsindᴅ alēnēr. 
Yanma reaksiyalarēnda enerji molekulyar rabitᴅlᴅrin qērēlmasē vᴅ yaranmasē ilᴅ baĵlēdēr. 

Bu proseslᴅr termokimya qanunlarē ilᴅ izah edilir. 
Nᴅticᴅ. Alternativ enerji mᴅnbᴅlᴅri fizikanēn fundamental qanunlarēna ᴅsaslanēr vᴅ m¿asir 

enerji sistemlᴅrinin gᴅlᴅcᴅyini formalaĸdērēr. G¿nᴅĸ enerjisindᴅ kvant mexanikasē, k¿lᴅk vᴅ 
hidroenerjidᴅ klassik mexanika, geotermal enerjidᴅ isᴅ termodinamika ᴅsas rol oynayēr. 

Dayanēqlē inkiĸaf strategiyalarēnda alternativ enerjinin payēnēn artērēlmasē hᴅm elmi, hᴅm 
dᴅ texnoloji baxēmdan prioritet istiqamᴅt olaraq qalēr. 
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Alternative energy sources are of particular importance in modern times in terms of energy 
security, environmental stability and sustainable development. Against the background of global 

mailto:s.nuriyeva@atu.edu.az


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

51 
 

climate change and depletion of traditional fuel resources, the development of renewable energy 
technologies has become a priority. This article analyzes the physical foundations of alternative 
energy sources - solar, wind, hydropower, geothermal and bioenergy. The mechanism of operation 
of each type of energy is explained on the basis of the laws of electromagnetism, thermodynamics, 
quantum mechanics and mechanics. At the same time, the efficiency of energy conversion, power 
calculations and the prospects of modern technologies are investigated from a scientific point of 
view. The article covers not only theoretical knowledge, but also applied aspects. 

Keywords: Alternative energy, solar energy, wind energy, hydropower, geothermal energy, 
bioenergy, photovoltaic effect, energy conversion, thermodynamics, electromagnetism.  
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Introduction The relevance of the study is driven by a radical change in the ontological 
obligations and social role of science during the transition to the post-industrial stage of 
development. In the "knowledge society," science is transforming into a direct productive force, 
blurring the boundaries between theoretical search and technological design. Modern science 
operates in the mode of "technoscience," where the cognition of nature is inseparable from its 
instrumental transformation. 

Conceptual Framework: Fundamental and Applied Science According to the 
methodological structure, fundamental science is oriented towards Truth as an intrinsic value, 
while applied science seeks practical Utility. The process of scientific knowledge genesis 
includes four stages: empirical, non-fundamental theoretical, speculative, and fundamental 
theoretical. 

The Phenomenon of "Technoscience" and XXI Century Challenges Modern 
"technoscience" represents a symbiosis: the "technologization" of fundamental research and 
the "theoretization" of applied development. A special form of this unity is NBIC-convergence 
(nano-bio-info-cogno), where interdisciplinary boundaries vanish. The main challenge lies in 
the transformation of science into a commodity, where the criterion of Truth is replaced by the 
criterion of efficiency. 

Analysis of Interaction Models The evolution of interactions can be represented 
through models described by E.A. Mamchur: 

Linear model (F. Bacon): Pure science Ÿ applied development Ÿ public welfare. 
Market model (A. Smith): Market needs as the primary driver. 
Chain model: Design-led process where science is an external resource. An integrative 

model is "Pasteur's Quadrant" by D. Stokes, which identifies research that simultaneously 
seeks fundamental truth and practical utility. 

The Role of Business and State Business is a key actor in innovation. The 
entrepreneur is a subject with the "mental capacity" to find "errors" in the market situation. In 
the era of "Big Science," the state must maintain balance, preventing the total displacement of 
fundamental search by short-term market interests. 

Modern Requirements for the Researcher Innovative economy dictates a transition to 
the principle of "from actions to knowledge." A modern scientist must possess convergent 
competencies: economic, legal (intellectual property), and managerial. Statistics confirm high 
risks: only 9% of ideas reach mass production, highlighting the need for management tools. 
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Conclusion Despite the trend of commercialization, fundamental science remains the 
ontological foundation of progress. A sustainable innovative breakthrough is possible only by 
maintaining the dialectical unity between the search for Truth and technological efficiency. 
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This article problematizes the transformation of the epistemological status of scientific 
knowledge in the 21st century and the mechanisms of its convergence into the phenomenon of 
"technoscience." A critical analysis of the dichotomy between fundamental and applied knowledge 
is conducted within the context of the post-industrial "knowledge society." The author explores the 
dialectics of the "applicabilization" of scientific inquiry, considering the risks of replacing the 
classical ideal of Truth with criteria of pragmatic efficiency and economic profitability. Special 
attention is paid to the deconstruction of interaction models between science and the industrial 
sector ð from Francis Bacon's linear schemes to "Pasteur's Quadrant." Based on an analysis of 
the NBIC-convergence concept and the role of the entrepreneur as a cognitive agent, requirements 
for the modern researcher are formulated. The goal of the work is to substantiate the necessity of 
maintaining a balance between fundamental search and commercialization to ensure sustainable 
technological progress. 

Keywords: fundamental science, applied research, technoscience, innovation, Pasteur's 
Quadrant, commercialization, NBIC-convergence, applicabilization, epistemological status, 
technologization 
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Ķnsanlēq tarixi tᴅbii ehtiyatlara olan daim artan tᴅlᴅbat, t¿kᴅnᴅn ehtiyatlarēn yenilᴅri ilᴅ 
ᴅvᴅz olunmasē vᴅ onlarēn daha intensiv istismarē ilᴅ xarakterizᴅ olunur. Cᴅmiyyᴅtin sonrakē 
inkiĸafē ekoloji ĸᴅraitin m¿tlᴅq vᴅ tam ĸᴅkildᴅ nᴅzᴅrᴅ alēnmasēnē vᴅ tᴅbii ehtiyatlarēn 
qiymᴅtlᴅndirilmᴅsini tᴅlᴅb edir. Sosial sistemin biosferᴅ tᴅsiri isᴅ getdikcᴅ daha ­ox ekoloji 
ĸᴅraitin pozulmasēna vᴅ ᴅtraf m¿hitin keyfiyyᴅtinin pislᴅĸmᴅsinᴅ sᴅbᴅb olur [1,2]. 

Ekologiyada geofiziki tᴅdqiqatlar sistemi dedikdᴅ, m¿xtᴅlif mᴅrhᴅlᴅlᴅrdᴅ vᴅ tᴅbii ĸᴅraitdᴅn 
asēlē olaraq dᴅyiĸᴅn, bir-biri ilᴅ qarĸēlēqlē ᴅlaqᴅdᴅ olan geofiziki metodlarēn kompleksi nᴅzᴅrdᴅ 
tutulur. Ekologiyada ᴅsasᴅn elektrik, seysmik, qravimetrik, maqnitometrik, geotermik vᴅ n¿vᴅ 
metodlarēndan istifadᴅ olunur.Bu sistemin ᴅsasēnē tᴅdqiqat prosesinin aydēn ĸᴅkildᴅ m¿ᴅyyᴅn 
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edilmiĸ mᴅrhᴅlᴅlᴅrᴅ vᴅ yarēmmᴅrhᴅlᴅlᴅrᴅ bºl¿nmᴅsi tᴅĸkil edir. Geofiziki iĸlᴅrin 
strukturlaĸdērēlmasē vᴅ mᴅrhᴅlᴅlᴅr ¿zrᴅ tᴅĸkili hᴅm normativ sᴅnᴅdlᴅrin tᴅlᴅblᴅrinᴅ, hᴅm dᴅ 
uzun illᴅr ᴅrzindᴅ formalaĸmēĸ praktik tᴅcr¿bᴅyᴅ ᴅsaslanēr [3,4]. 

Geofiziki metodlarēn kompleks ĸᴅkildᴅ tᴅtbiqi prinsiplᴅri b¿t¿n tᴅtbiqi geofizika sahᴅlᴅri 
¿­¿n (neft-qaz, filiz, kºm¿r, m¿hᴅndis geofizikasē vᴅ s.) eyni xarakter daĸēyēr. Bu yanaĸma 
ekoloji geofizika ¿­¿n dᴅ ke­ᴅrlidir vᴅ burada geofiziki ¿sullar geoloji, geokimyᴅvi vᴅ digᴅr 
tᴅdqiqat metodlarē ilᴅ sēx ᴅlaqᴅdᴅ istifadᴅ olunur. Belᴅ inteqrasiya olunmuĸ yanaĸma tᴅdqiqat 
obyektlᴅri haqqēnda daha dolĵun vᴅ etibarlē mᴅlumat ᴅldᴅ etmᴅyᴅ imkan verir. 

Kompleks ekogeofiziki tᴅdqiqatlarēn ᴅsas mᴅqsᴅdi geoekoloji vᴅ geokimyᴅvi mᴅlumatlara 
ᴅlavᴅ olaraq keyfiyyᴅt vᴅ kᴅmiyyᴅt gºstᴅricilᴅrinin ᴅldᴅ olunmasēdēr. Bu isᴅ ºyrᴅnilᴅn obyektlᴅr 
haqqēnda mᴅlumatlarēn dᴅqiqliyini vᴅ tamlēĵēnē artērēr. Geofiziki metodlarēn ¿st¿nl¿klᴅri 
aĸaĵēdakēlardēr: 

1. ᴄldᴅ olunan informasiyanēn bºy¿k hᴅcmli vᴅ ­oxĸaxᴅli olmasē;  
2. Yer sᴅthinᴅ ­ēxmayan obyektlᴅrin dolayē ¿sullarla ºyrᴅnilmᴅsi imkanē;  
3. Fiziki sahᴅlᴅr haqqēnda obyektiv mᴅlumatlarēn ᴅldᴅ edilmᴅsi;  
4. Nisbᴅtᴅn aĸaĵē maliyyᴅt vᴅ y¿ksᴅk mᴅhsuldarlēq.  

Ekoloji tᴅdqiqatlarda istifadᴅ olunan ᴅsas geofiziki metodlar 
Ekoloji tᴅdqiqatlarda aĸaĵēdakē ᴅsas geofiziki metod qruplarēndan geniĸ istifadᴅ olunur: 
Elektrik metodlarē ï Yer k¿rᴅsinin tᴅbii vᴅ ya s¿ni yaradēlmēĸ elektromaqnit sahᴅlᴅrinin 

ºyrᴅnilmᴅsinᴅ ᴅsaslanēr. Bu metodlar yeraltē strukturlarēn elektrik ke­iriciliyini vᴅ m¿qavimᴅtini 
m¿ᴅyyᴅn etmᴅyᴅ imkan verir. 

Seysmik metodlar ï S¿ni ĸᴅkildᴅ yaradēlan elastik dalĵalarēn s¿xurlarda yayēlma 
x¿susiyyᴅtlᴅrini ºyrᴅnir. Bu ¿sullar s¿xurlarēn quruluĸu vᴅ sēxlēĵē haqqēnda mᴅlumat verir. 

Qravimetrik metodlar ï Yer cazibᴅ q¿vvᴅsi sahᴅsinin x¿susiyyᴅtlᴅrini tᴅdqiq edir. Bu 
metodlar sēxlēq fᴅrqlᴅrinᴅ ᴅsaslanaraq yeraltē strukturlarēn aĸkar edilmᴅsinᴅ imkan yaradēr. 

Maqnitometrik metodlar ï Yer k¿rᴅsinin maqnit sahᴅsindᴅki dᴅyiĸikliklᴅri ºyrᴅnir vᴅ 
maqnit x¿susiyyᴅtlᴅrinᴅ gºrᴅ s¿xurlarēn fᴅrqlᴅndirilmᴅsini tᴅmin edir. 

Geotermik metodlar ï Yer daxilindᴅ temperatur sahᴅsinin ºyrᴅnilmᴅsinᴅ ᴅsaslanēr. Bu 
metodlar hᴅm tᴅbii, hᴅm dᴅ s¿ni istilik sahᴅlᴅrinin analizini ᴅhatᴅ edir. 

N¿vᴅ metodlarē ï N¿vᴅ ­evrilmᴅlᴅri zamanē baĸ verᴅn fiziki proseslᴅrin vᴅ ya n¿vᴅ 
ĸ¿alanmasēnēn maddᴅ ilᴅ qarĸēlēqlē tᴅsirinin m¿ĸahidᴅsinᴅ ᴅsaslanēr. Bu ¿sullar s¿xurlarēn 
tᴅrkibi vᴅ strukturunun ºyrᴅnilmᴅsindᴅ m¿h¿m rol oynayēr. 

ᴄn ­ox tᴅtbiq olunan konkret metodlar 
Ekoloji tᴅdqiqatlarda daha geniĸ istifadᴅ olunan konkret geofiziki ¿sullar aĸaĵēdakēlardēr: 
ķaquli elektrik zondlama, elektroprafillᴅĸdirmᴅ, elektrokaroataj, yaranmēĸ potensiallar 

metodu ilᴅ zondlama, rezistivimetriya (suyun x¿susi elektrik m¿qavimᴅtinin ºl­¿lmᴅsi), 
sēndērēlmēĸ dalĵalar ¿sulu ilᴅ seysmik kᴅĸfiyyat, termometriya ,qamma-­ᴅkiliĸ, penetrasiya vᴅ 
radiometrik karotaj  

Tᴅdqiqat mᴅrhᴅlᴅlᴅri vᴅ tᴅtbiq sahᴅlᴅri 
Geofiziki tᴅdqiqatlarēn nºv¿ vᴅ se­ilᴅn metodlar iĸin mᴅqsᴅdindᴅn vᴅ miqyasēndan 

asēlēdēr. Ķlkin mᴅrhᴅlᴅdᴅ adᴅtᴅn ᴅrazinin ¿mumi qiymᴅtlᴅndirilmᴅsi ¿­¿n aerogeofiziki ­ᴅkiliĸlᴅr 
aparēlēr. Bu mᴅrhᴅlᴅ potensial anomaliyalarēn m¿ᴅyyᴅn edilmᴅsinᴅ xidmᴅt edir. 
Daha sonra avtomobil, piyada vᴅ quyudaxili (karotaj) tᴅdqiqatlar hᴅyata ke­irilir. Bu iĸlᴅr 
aeromᴅlumatlar ᴅsasēnda se­ilmiĸ anomaliyalarēn tᴅbiᴅtini ºyrᴅnmᴅk vᴅ onlarēn kᴅmiyyᴅt 
gºstᴅricilᴅrini m¿ᴅyyᴅnlᴅĸdirmᴅk mᴅqsᴅdi daĸēyēr. 

Ekosistemlᴅrdᴅ baĸ verᴅn dᴅyiĸikliklᴅr ᴅsasᴅn maddᴅ vᴅ enerji m¿badilᴅsinin fiziki 
qanunlarē ilᴅ tᴅnzimlᴅnir. Ķnsan fᴅaliyyᴅtinin artmasē nᴅticᴅsindᴅ bu m¿badilᴅ proseslᴅrindᴅ 
tarazlēq pozulur, enerji axēnlarēnēn istiqamᴅti vᴅ intensivliyi dᴅyiĸir, nᴅticᴅdᴅ sistemin sabitliyi 
azalēr. Fiziki baxēmdan bu, a­ēq sistem kimi ekosistemin entropiyasēnēn artmasē, istilik vᴅ k¿tlᴅ 
ºt¿r¿lmᴅsi proseslᴅrinin qeyri-optimal hala gᴅlmᴅsi ilᴅ xarakterizᴅ olunur. Buna gºrᴅ dᴅ 
ekosistemlᴅrin qorunmasē ¿­¿n tᴅbii proseslᴅrin enerji balansē vᴅ maddᴅ dºvranē fiziki 
qanunlar ᴅsasēnda qiymᴅtlᴅndirilmᴅli vᴅ idarᴅ olunmalēdēr. 
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Belᴅliklᴅ tᴅdqiqatēn nᴅticᴅsi olaraq ekosistem haqqēnda daha dolĵun, obyektiv vᴅ 
etibarlē elmi fiziki tᴅsᴅvv¿r yaranēr vᴅ bu da ekologiyanēn qorunmasē, tᴅbii ehtiyatlarēn 
sᴅmᴅrᴅli istifadᴅsi vᴅ ekoloji risklᴅrin azaldēlmasē ¿­¿n m¿h¿m baza rolunu oynayēr. 
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Tᴅhsil sisteminin inkiĸaf mᴅrhᴅlᴅsi olan ibtidai tᴅlim  insan hᴅyatēnēn ᴅhᴅmiyyᴅt kᴅsb 
edᴅn mᴅrhᴅlᴅsidir. Bu zaman onun fᴅrdi qabiliyyᴅtlᴅrinin aĸkarlanmasē ¿­¿n hᴅr c¿r 
ĸᴅraitin yaradēlmasē m¿mk¿nd¿r [1]. Mᴅhz bu baxēmdan tᴅhsil konsepsiyamēz 
ĸᴅxsiyyᴅtyºn¿ml¿l¿k, ĸagirdyºn¿ml¿l¿k, nᴅticᴅyºn¿ml¿l¿k, tᴅlᴅbyºn¿ml¿l¿k vᴅ inteqratililik   
prinsiplᴅrinᴅ istinad edᴅrᴅk tᴅhsilin keyfiyyᴅtini y¿ksᴅltmᴅyin b¿nºvrᴅsini qoyub. Kurikulum 
fᴅnnin mᴅzmunu, tᴅlim strategiyasē vᴅ qiymᴅtlᴅndirmᴅni ºz¿ndᴅ ᴅks etdirᴅn konseptual 
sᴅnᴅddir. Mᴅhz bu nºqteyi nᴅzᴅrdᴅn tᴅhsil sistemimizin fᴅnlᴅrin tᴅdrisinᴅ qoyduĵu tᴅlᴅb 
nᴅyi?,  necᴅ?, nᴅ ¿­¿n? sualēna cavabē axtarēb tapmaqdan ibarᴅtdir. M¿asir tᴅhsil 
sisteminin baĸlēca meyarē tᴅhsialanlara nᴅyi ºyrᴅtmᴅliyik fᴅnnin mᴅzmunundada, necᴅ 
ºyrᴅtmᴅliyik tᴅlim strategiyasēnda, nᴅ ¿­¿n ºyrᴅtmᴅliyik qiymᴅtlᴅndirmᴅ mexanizminin 
d¿zg¿n qurulmasēda axtarmaĵē tᴅlᴅb edir [2]. 

Fᴅnlᴅrarasē ᴅlaqᴅ ᴅldᴅ olunan informasiyanēn yadda qalmasē kimi m¿h¿m bir psixoloji 
funksiyanēn da yerinᴅ yetirilmᴅsindᴅ x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. Fᴅnlᴅrarasē ᴅlaqᴅ 
vasitᴅsilᴅ qonĸu fᴅnlᴅrin ayrē-ayrē faktlarēnēn ¿mumilᴅĸdirilmᴅsinin nᴅticᴅsidir. Tᴅbiᴅt 
elmlᴅrindᴅ tᴅlᴅbᴅlᴅr, baĸlēca olaraq, materiyanēn quruluĸu vᴅ onun m¿xtᴅlif hᴅrᴅkᴅt 
formalarēnē ᴅhatᴅ edᴅn mᴅsᴅlᴅlᴅri ºyrᴅnirlᴅr. Ona gºrᴅ dᴅ  b¿t¿n tᴅdris m¿ddᴅtindᴅ 
m¿xtᴅlif fᴅnlᴅrᴅ aid dᴅrslᴅrdᴅ dᴅfᴅlᴅrlᴅ eyni elmi anlayēĸlar hadisᴅlᴅr vᴅ ya qanunlarla 
rastlaĸērlar. Verilmiĸ hadisᴅ haqqēnda onlar ºz biliklᴅrini geniĸlᴅndirᴅrᴅk, hᴅr dᴅfᴅ bu 
hadisᴅnin yeni bir     Hᴅr bir fᴅnnin tᴅdrisindᴅ fᴅnlᴅrarasē vᴅ fᴅndaxili ineqrasiya x¿susi 
diqqᴅt verilir. Fizika, kimya, biologiya, texnalogiya, coĵrafiya vᴅ.s. kimi fᴅnlᴅrin tᴅdrisindᴅ 
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inteqrasiya x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. Ķnteqrasiya tᴅhsilin b¿t¿n sahᴅlᴅrinᴅ aid 
olduĵundan tez tez inteqrativ tᴅlim, inteqrativ dᴅrs, inteqrativ fᴅnn kimi terminlᴅrᴅ ­ox rast 
gᴅlirik [2]. 

Ķnteqrativ dᴅrslᴅrin tᴅdrisi metodikasēna verilᴅn tᴅlᴅb aĸaĵēdakēlardēr: 
1.Tᴅhsilalan ke­ilᴅn mºvzuda fᴅnlᴅrarsē inteqrasiyanē dᴅrk etmᴅlidir. 
2.Bilik, bacarēq, vᴅrdiĸ vᴅ qabiliyyᴅtin qazanēlmasē fᴅnlᴅrin tᴅdrisinᴅ qoyulan tᴅlᴅb 
olduĵunu bilmᴅlidir.  
ᴄldᴅ olunan bilik vᴅ bacarēqdan digᴅrinᴅ ke­idin m¿ᴅyyᴅn yollarla tᴅtbiq ᴅlamᴅtini 
ºyrᴅnirlᴅr. 
Sadaladēĵēmēz bu tᴅlᴅblᴅr tᴅhsilalanēn ayrē-ayrē fᴅnlᴅrdᴅn aldēĵē biliklᴅri ᴅlaqᴅlᴅndirir, 

mºvzunun mᴅnimsᴅnilmᴅsindᴅ, elmi d¿nyagºr¿ĸ¿n¿n formalaĸmasēnda x¿susi ᴅhᴅmiyyᴅt 
kᴅsb edir. Bir ne­ᴅ fᴅnnin (fizikanēn tᴅdrisindᴅ: kimya, biologiya, coĵrafiya, texnalogiya 
vᴅ.s) birlᴅĸdiyi ortaq mᴅqsᴅd ᴅldᴅ olunan bilik vᴅ bacarēqlarēn sintezini tᴅĸkil etmᴅklᴅ fizika 
fᴅnninᴅ aid olan anlayēĸ vᴅ metodlarēn digᴅr bir fᴅnnin tᴅdrisi keyfiyyᴅtinᴅ tᴅsirini 
araĸdērmaĵa imkan verir [3]. Fizika vᴅ coĵrafiya fᴅnlᴅrinin fᴅnlᴅarasē inteqrasiyalē tᴅdrisinᴅ 
nᴅzᴅr salaq. Hᴅr iki fᴅnn tᴅbiᴅt elmlᴅri sērasēna daxildir. Fᴅnlᴅri tᴅdrisi kurikulum 
proqramēna ᴅsasᴅn ¿­ mᴅzmun xᴅttinᴅ malikdir.  
Fizika fᴅnnin mᴅzmun xᴅtti aĸaĵēdakēlardēr : 

1. Fiziki hadisᴅlᴅr, qanunauyĵunluqlar qanunlar 
2.  Maddᴅ vᴅ sahᴅ, qarĸēlēqlē tᴅsir, ᴅlaqᴅli sistemlᴅr. 
3. Eksperimental fizika vᴅ m¿asir hᴅyat . 
Coĵrafiya fᴅnninin mᴅzmun xᴅtti  
1. Coĵrafi mᴅkan. 
2. Tᴅbiᴅt. 
3. Cᴅmiyyᴅt. 

Bilirik ki, mᴅzmun xᴅtti dᴅyiĸmᴅzdir hᴅr iki fᴅnnin tᴅdrisinin mᴅzmun xᴅtlᴅri arasēnda 
­ox sēx ᴅlaqᴅ vardēr. Belᴅ ki, fizikanēn I vᴅ II mᴅzmun xᴅtti ilᴅ coĵrafiyanēn I vᴅ II mᴅzmun 
xᴅtlᴅri kᴅsiĸir. III mᴅzmun xᴅtti isᴅ sosial hᴅyat konteksindᴅ inteqrasiya olunma I vᴅ II 
mᴅzmun xᴅtlᴅrindᴅ insanlarēn yerlᴅĸmᴅsindᴅ tᴅbii ĸᴅraitin rolu (relyef ĸᴅraiti, temperatur, 
r¿tubᴅt, atmosfer, geoloji) uzlaĸa bilᴅr. Mᴅsᴅlᴅn fizika fᴅninin tᴅdrisinindᴅ ºyrᴅnilᴅn isitik 
hadisᴅlᴅri, tᴅzyiq, dinamikanin ᴅsaslarē, mexaniki rᴅqslᴅr dalĵalar tᴅdris vahidlᴅri 
coĵrafiyada qabarma -ĸᴅkilmᴅ, k¿lᴅk dalĵasē, planetlᴅr arasē cazibᴅ q¿vvᴅsi (Ay vᴅ 
G¿nᴅĸ), fērtēna, tornado, tayfun, sunami, exolot movzularē fᴅnlᴅrarasē inteqrasiya ilᴅ tᴅdris 
olunur [3]. 

Coĵrafiyada mᴅnimsᴅnilmᴅsi bir qᴅdᴅr ­ᴅtin olan iqlim hava elementlᴅri ( temtratur, 
tᴅzyiq, r¿tubᴅt) fizikada òMolekullarēn istilik hᴅrᴅkᴅti. Daxili enerjiò  tᴅdris vahidi ilᴅ ᴅlaqᴅli 
ºyrᴅnilir. 

Mᴅsᴅlᴅn fizika kursunda tempraturun dᴅyiĸmᴅsi havanēn vᴅ suyun sēxlēĵēna, 
cisimlᴅrin xassᴅlᴅrinᴅ tᴅsir edir. H¿nd¿rl¿k artēdca havanēn tempraturu vᴅ sēxlēĵē azalēr. Hᴅr 
500 metrdᴅ tempratur 30 dᴅrᴅcᴅ azalēr. Tᴅyarᴅnin u­duĵu maksimal h¿nd¿rl¿kdᴅ 
tempraturu asanlēqla tᴅyin etmᴅk m¿mk¿n olur. 

Coĵrafiyada havanēn tempraturu G¿nᴅĸ ĸ¿alarēnēn d¿ĸmᴅ bucaĵēndan, coĵrafi 
enlikdᴅn, sᴅth ºrt¿y¿n¿n relyefi ilᴅ ºrt¿l¿r. 

Coĵrafiyada fizika ilᴅ uzlaĸan anlayēĸlardan biri dᴅ tᴅzyiqdir. Bu mºvzunun tᴅdrisi 

zamanē coĵrafiya m¿ᴅllimi fizika m¿ᴅllimi ilᴅ sēx ᴅmᴅkdaĸlēĵē vacibdir. Atmosferin Yer 

sᴅthinᴅ vᴅ cisimlᴅrᴅ etdiyi tᴅzyiq atmosfer tᴅzyiqi adlanēr. Yᴅni havanēn Yer sᴅthi ¿zᴅrindᴅ 

ºz k¿tlᴅsi var. Tori­elli tᴅcr¿bᴅsini yada salēnēr. Onun kᴅĸfi borudakē (civᴅli barometr) civᴅ 

ilᴅ atmosfer tᴅzyiqinin ᴅlaqᴅsinᴅ ᴅsaslanēr. Dᴅrs zamanē atmosfer tᴅzyiqinin m¿vafiq fizika 

laboratoriyasēnda barometr, barometr-aneroid vasitᴅsi ilᴅ tᴅcr¿bᴅdᴅ ºl­¿lmᴅsi metodiki 
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olaraq tºvsiyᴅ olunur Coĵrafiyada tᴅzyiq Yer sᴅthindᴅ vᴅ sosial hᴅyatda bir ­ox sahᴅlᴅrᴅ 

tᴅsir edir. Normal atmosfer tᴅzyiqi 760 mm c.s. 450 ĸimal enliyindᴅ dᴅniz sᴅviyyᴅsindᴅ 

ºl­¿l¿b. 760 mm c.s.ïdᴅn aĸaĵē olan tᴅzyiq al­aq, yuxarē olan tᴅzyiq isᴅ y¿ksᴅk tᴅzyiq 

adlanēr. Tᴅcr¿bᴅdᴅ m¿ᴅyyᴅn olunub ki, h¿d¿rl¿yᴅ doĵru qalxdēqca havanēn seyrᴅklᴅĸmᴅsi 

vᴅ Yerin cazibᴅ q¿vvᴅsinin azalmasē nᴅticᴅsindᴅ tᴅzyiq hᴅr 10 m-dᴅ 1 mm c.s. azalēr.  

Yer sᴅthindᴅ G¿nᴅĸ ĸ¿alarēnēn qeyri-bᴅrabᴅr paylanmasē vᴅ Yerin G¿nᴅĸ ᴅtrafēnda 

fērlanmasē nᴅticᴅsindᴅ ¿­ termik vᴅ dºrd dinamik tᴅzyiq qurĸaĵē ᴅmᴅlᴅ gᴅlir. Bu tᴅzyiq 

qurĸaqlarēndan ¿­¿ (ekvatorial vᴅ m¿layim qurĸaqlar) al­aq, dºrd¿ y¿ksᴅkdir (tropik vᴅ 

q¿tblᴅr). Tᴅzyiq qurĸaqlarē daimi k¿lᴅklᴅrin ᴅmᴅlᴅ gᴅlmᴅsinin ᴅsas sᴅbᴅbidir. Daimi tᴅzyiq 

sahᴅlᴅri arasēnda daimi k¿lᴅklᴅr (Passat, Qᴅrb k¿lᴅklᴅri, ķimal-ĸᴅrq vᴅ Cᴅnub-ĸᴅrq) ᴅmᴅlᴅ 

gᴅlir. Eyni zamanda, su ilᴅ qurunun qeyri-bᴅrabᴅr qēzmasē nᴅticᴅsindᴅ ᴅmᴅlᴅ gᴅlᴅn tᴅzyiq 

fᴅrqindᴅn brizlᴅr (sutka ᴅrzindᴅ istiqamᴅtini iki dᴅfᴅ dᴅyiĸᴅn), mussonlar  (il ᴅrzindᴅ 

istiqamᴅtini iki dᴅfᴅ dᴅyiĸᴅn), tornado vᴅ tayfun formalaĸēr. Daĵlēq ᴅrazilᴅrdᴅ isᴅ daĵēn 

yuxarē vᴅ aĸaĵē hissᴅlᴅrindᴅ temperatur fᴅrqindᴅn daĵ-dᴅrᴅ k¿lᴅklᴅri ortaya ­ēxēr. 

Belᴅliklᴅ, bu hadisᴅ dᴅfᴅlᴅrlᴅ yaddaĸda tᴅkrar olunur, ᴅvvᴅllᴅr ᴅmᴅlᴅ gᴅlᴅn 
assosiasiyalar mºhkᴅmlᴅnir vᴅ onun yeni ᴅlamᴅtlᴅrinin mᴅlum olmasē ilᴅ  ᴅn yeni 
assosiasiyalar yaranēr. Hᴅr bir mºvzunun tᴅdrisindᴅ onun ᴅsas ᴅlamᴅtlᴅrini yadda 
saxlamaĵē onlardan tᴅlᴅb etmᴅk vᴅ bunun baĸqa fᴅnlᴅrdᴅ ºyrᴅdilᴅn digᴅr mᴅsᴅlᴅlᴅrdᴅ 
istifadᴅ olacaĵēnē aĸēlamaq lazēmdēr [3]. 
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FᴄALĶYYᴄTĶNĶN  STRUKTURU 
Samirᴅ Kamandir qēzē R¿stᴅmova1 

srustamova162@gmail.com 
Zᴅrqᴅlᴅm Nazim qēzē H¿seyinova2 

Zerqelem_huseynova@mail.ru 
V¿salᴅ Sirac qēzē Zᴅrbᴅliyeva1 
Sabir Museyib oĵlu Abdullayev1 
Gᴅncᴅ Dºvlᴅt universiteti1 

Azᴅrbaycan Texnologiya Universiteti2 
Yaĸadēĵmēz dºvrdᴅ tᴅhsilin ᴅsas vᴅzifᴅsi  fᴅnlᴅrin tᴅdrisi prosesindᴅ qoyulan tᴅlᴅblᴅr 

vᴅtᴅndaĸ cᴅmiyyᴅtindᴅ yaĸayacaq kamil insanēn formalaĸdērēlmasēnēn vasitᴅ vᴅ yollarēnē 
m¿ᴅyyᴅnlᴅĸdirmᴅyᴅ, onun y¿ksᴅk mᴅnᴅvi ideyalar vᴅ dᴅyᴅrlᴅrᴅ yiyᴅlᴅnmᴅyᴅ, insan hᴅyatēnēn 
mᴅnasēnē anlamaĵa vᴅ dᴅrk etmᴅyᴅ, ºz ĸᴅxsi hᴅyatēnda daima yeni naliyyᴅtlᴅr ᴅldᴅ etmᴅsi ¿­¿n  
fᴅrdi qabiliyyᴅtlᴅrᴅ  bacarēq vᴅrdiĸ vᴅ qabiliyyᴅtlᴅrᴅ malik  ĸᴅxsiyyᴅt yetiĸdirmᴅkdir. "Azᴅrbaycan 
Respublikasēnda ¿mumi tᴅhsilin Konsepsiyasē (Milli Kurrikulumun)" fᴅnlᴅrin tᴅdrisinᴅ qoyduĵu tᴅlᴅb 
tᴅlim prosesindᴅ ĸagirdlᴅr qeyd olunan kompatensiyalara yiyᴅlᴅnmᴅlidir. Fizika fᴅnninin 
mᴅnimsᴅnilmᴅsi vᴅ qoyulan tᴅlᴅblᴅrin yerinᴅ yetirilmᴅsi dᴅslᴅrin tᴅĸkili prosesindᴅ nail olunur. 
Fizika fᴅnni ¿zrᴅ dᴅrs -mᴅsᴅlᴅ mᴅĸĵᴅlᴅsindᴅ fizika mᴅsᴅlᴅlᴅrin hᴅlli ¿zrᴅ tᴅlim fᴅaliyyᴅtinin geniĸ 
xarakteristikasēnē aĸaĵēdakē kimi ifadᴅ  etmᴅk olar [1]: 

1. Mᴅsᴅlᴅnin hᴅllē ilᴅ tanēĸlēq vᴅ onun tᴅhlili. 
Å mᴅsᴅlᴅnin ĸᴅrti vᴅ tᴅlᴅblᴅri ilᴅ ilkin tanēĸlēq (mᴅsᴅlᴅnin oxunmasē), mᴅlum vᴅ mᴅchullarēn 

aĸkarlanmasē; 
Å mᴅsᴅlᴅdᴅ tᴅsvir olunan hadisᴅ, proses vᴅ ya obyektin se­ilmᴅsi; 
Å mᴅsᴅlᴅnin ĸᴅrtini vᴅ tᴅlᴅblᴅrini qēsa yazmaqla,onu aydēnlaĸdēran ĸᴅkil, sxem ­ᴅkmᴅklᴅ 

mᴅsᴅlᴅdᴅki situasiyanēn qavranēlmasē. 
2. Mᴅsᴅlᴅnin hᴅllē planēnēn tᴅrtib olunmasē. 
Å mᴅsᴅlᴅnin ĸᴅrti vᴅ tᴅlᴅblᴅrinin ĸagirdlᴅrin bilik vᴅ bacarēqlarē ilᴅ ᴅlaqᴅlᴅndirilmᴅsi; 

mᴅsᴅlᴅnin mᴅzmunu ilᴅ baglē vᴅziyyᴅti izah etmᴅyᴅ imkan verᴅn qanunun, nᴅzᴅriyyᴅnin 
m¿ᴅyyᴅnlᴅĸdirilmᴅsi; 
Å mᴅsᴅlᴅnin  hᴅllinin  m¿mk¿n yolunun  se­ilmᴅsi; mᴅsᴅlᴅnin  hᴅllinin  rasional yolunun 

(metodunun) se­ilmᴅsi; 
Å se­ilmiĸ hᴅll metodu vᴅ fiziki qanunauyĵunluĵun reallaĸmasē ᴅsasēnda mᴅsᴅlᴅnin hᴅlli 

planēnēn tᴅrtib olunmasē; 
Å mᴅsᴅlᴅnin se­ilmiĸ vasitᴅlᴅrlᴅ hᴅllinin mᴅqsᴅdᴅuyĵunluĵunun yoxlanmasē. 
3. Hᴅllin yerinᴅ yetirilmᴅsi: 
Å tᴅrtib olunmuĸ mᴅsᴅlᴅ hᴅllē planēnda istiqamᴅtlᴅnmᴅ ᴅsasēnda mᴅsᴅlᴅnin hᴅllē ¿sulunun 

se­ilmᴅsi; 
Å mᴅsᴅlᴅnin predmetini tᴅsvir edᴅn ᴅsas tᴅnliyin m¿ᴅyyᴅnlᴅĸdirilmᴅsi; 
Å mᴅsᴅlᴅnin ĸᴅrti vᴅ tᴅlᴅblᴅri arasēnda ᴅlaqᴅlᴅrin m¿ᴅyyᴅnlᴅĸdirilmᴅsi; kᴅmiyyᴅtlᴅrin 

hesablanmasē (yeni biliyin mᴅzmununun se­ilmᴅsi); 
Å hᴅll prosesinin reallaĸmasēnēn (mᴅsᴅlᴅnin ĸᴅrti vᴅ tᴅlᴅbi arasēnda alēnan m¿nasibᴅtin) 

doĵruluĵunun yoxlanmasē. 
1.Mᴅsᴅlᴅ hᴅllinin nᴅticᴅsinin yoxlanmasē. 
Å alēnan nᴅticᴅnin mᴅzmununun dᴅqiqlᴅĸdirilmᴅsi, onun biliyin struktur elementlᴅri ilᴅ  

ᴅlaqᴅlᴅndirilmᴅsi; 
Å hᴅllin nᴅticᴅsinin yoxlanmasē metodunun se­ilmᴅsi; 
Å nᴅticᴅnin yoxlanmasē prosesinin hᴅyata ke­irilmᴅsi; 
Å hᴅllin nᴅticᴅsinin baĸqa metodlarla yoxlanmasē imkanlarēnēn m¿ᴅyyᴅnlᴅĸdirilmᴅsi. 
2.Mᴅsᴅlᴅnin hᴅllēnin praktik ᴅhᴅmiyyᴅtinin qiymᴅtlᴅndirilmᴅsi. 
Å mᴅsᴅlᴅ hᴅllinin nᴅticᴅlᴅrinin yºnᴅldiyi insan fᴅaliyyᴅti oblastlarēnēn aĸkarlanmasē; 
Å alēnan nᴅticᴅnin ᴅhᴅmiyyᴅtinin qiymᴅtlᴅndirilmᴅsi ¿sulunun se­ilmᴅsi; 
Å mᴅsᴅlᴅ hᴅllinin insanēn hᴅyat fᴅaliyyᴅti ¿­¿n ᴅhᴅmiyyᴅtinin m¿ᴅyyᴅnlᴅĸdiril mᴅsi; 

mailto:srustamova162@gmail.com
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Å baĸqa verilᴅnlᴅr vasitᴅsilᴅ eyni nᴅticᴅnin alēnmasē imkanēnēn m¿ᴅyyᴅnlᴅĸdirilmᴅsi. 
3.Mᴅsᴅlᴅ hᴅllindᴅ ºz tᴅᴅss¿ratēnē tᴅhliletmᴅ fᴅaliyyᴅti. 
Å mᴅsᴅlᴅ hᴅlli zamanē istifadᴅ olunan priyomlarēn se­ilmᴅsi; 
Å verilmiĸ mᴅsᴅlᴅnin hᴅllinᴅ tᴅtbiq  baxēmēndan  se­ilmiĸ priyomlarēn tᴅhlili (ᴅn ᴅlveriĸli 

priyomlarēn se­ilmᴅsi vᴅ onlarēn sistemlᴅĸdirilmᴅsi); 
Å verilmiĸ mᴅsᴅlᴅnin ᴅvvᴅllᴅr hᴅll olunmuĸlarla tutuĸdurulmasē, onlarēn hᴅllindᴅ ¿mumi 

qanunauyĵunluqlarēn aĸkarlanmasē; 
Å mᴅsᴅlᴅnin baĸqa ¿sulla hᴅlli imkanēnēn m¿ᴅyyᴅnlᴅĸdirilmᴅsi. 
Qeyd etdiyimiz mᴅsᴅlᴅ hᴅllinin tᴅlim fᴅaliyyᴅtinin sturukturuna uyĵun bir ne­ᴅ mᴅsᴅlᴅ 

hᴅllinin yerinᴅ yetirilmᴅsinᴅ baxmaq olar [2]. 
Mᴅsᴅlᴅ. Buz meydan­ada ĸayba 25m yol gedᴅrᴅk dayanēr. S¿rt¿nmᴅ q¿vvᴅsi ĸaybanēn 

aĵērlēq q¿vvᴅsinin 5%-ni tᴅĸkil etdiyini bilᴅrᴅk ĸaybanēn baĸlanĵēc s¿rᴅtini tapēn. 
Hᴅlli: S¿rt¿nmᴅ q¿vvᴅsi aĵērlēq q¿vvᴅsinin 5%-ni tᴅĸkil etdiyindᴅn, (Fs¿r=0,05mg) ĸayba 

a=0,05g tᴅcili ilᴅ bᴅrabᴅryavaĸēyan hᴅrᴅkᴅt edᴅcᴅkdir. Bu hᴅrᴅkᴅtdᴅ tormoz yolunun uzunluĵu 

st=v2
0/2a d¿sturu ilᴅ tᴅyin olunur. Buradan sanmgssgasv /5251,005,0220 ===ÖÖ==    

alērēq. Belᴅliklᴅ fizika mᴅsᴅlᴅlᴅrin hᴅlli ¿zrᴅ fᴅaliyyᴅtin strukturuna (mᴅsᴅlᴅnin ĸᴅrti ilᴅ tanēĸlēq, 
ĸᴅrtin tᴅhlili, hᴅll planēnēn tᴅrtibi, hᴅllin yerinᴅ yetirilmᴅsi vᴅ nᴅticᴅnin yoxlanmasē) hᴅllin nᴅticᴅsinin 
praktik ᴅhᴅmiyyᴅtini qiymᴅtlᴅndirmᴅk, dᴅrk etmᴅk vᴅ ºz tᴅᴅss¿ratēnē tᴅhliletmᴅ fᴅaliyyᴅti ¿zrᴅ 
ĸagirdlᴅrin hᴅrᴅkᴅtlᴅri daxil edilmᴅlidir. Fizika mᴅsᴅlᴅlᴅrin hᴅlli ¿zrᴅ fᴅaliyyᴅtin strukturuna ¿mumi 
tᴅhsilin mᴅzmununu m¿ᴅyyᴅnlᴅĸdirᴅn "Azᴅrbaycan Respublikasēnda ¿mumi tᴅhsilin Konsepsiyasē 
(Milli Kurrikulumun)" tᴅlᴅblᴅrinᴅ (tᴅlᴅbyºn¿ml¿l¿k, nᴅticᴅyºn¿ml¿l¿k, ĸagirdyºn¿ml¿l¿k) uyĵundur 
[3]. 
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STRUCTURE OF TEACHING ACTIVITIES FOR PHYSICS PROBLEMS IN THE PHYSICS                        
COURSE FOR GRADES X-XI 

Samira Kamandar Rustamovaĭ 
srustamova162@gmail.com  
Zarqalam Nazim HuseynovaĮ 

zerqelem_huseynova@mail.ru  
Vusala Siraj Zarbaliyevaĭ 
Sabir Museyib Abdullayevĭ 

Ganja State Universityĭ 
Azerbaijan Technological UniversityĮ 

The structure of the activity on solving physics problems (familiarity with the condition of the 
problem, analysis of the condition, development of a solution plan, implementation of the solution 
and verification of the result) was expected to be consistent with the activity of evaluating the 
practical significance of the solution result, understanding it and analyzing one's own impression. 
The compliance of the structure of the activity on solving physics problems with the requirements 
(demand-oriented, result-oriented, student-oriented) of the "Concept of General Education in the 
Republic of Azerbaijan" that determines the content of general education was examined. 
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FĶZĶKA FᴄNNĶNDᴄN LABORATORĶYA ĶķLᴄRĶNĶN YERĶNᴄ YETĶRĶLMᴄSĶNDᴄ KOMPUTER 
TEXNOLOGĶYASINDAN ĶSTĶFADᴄ 
Sᴅyyarᴅ Paĸa qēzē Isgᴅndᴅrova1 
Samirᴅ Rafiq qēzē Nuriyeva2 
Nurlana  Vahid qēzē Kazēmova2 
Zᴅrqᴅlᴅm H¿seyinova Nazēm qēzē2 

Zerqelem_huseynova@mail.ru 
Gᴅncᴅ Dºvlᴅt Universiteti1 

Azᴅrbaycan Texnologiya Universiteti2 

Eʢspʝrimʝntlᴅrin dᴅqiq aparēlmasē fiziʢʘ ʝlmindᴅ ᴅldᴅ ʝdilᴅn nʘiliyyᴅtlᴅrdᴅ hᴅmiĸᴅ ᴅsʘs 
ʦlmuĸdur. Bu g¿nᴅ kimi ­oxlu sayda mᴅʢtᴅb fiziʢʘ ʢursunun tᴅdrisindᴅ lʘbʦrʘtʦriyʘ iĸlᴅrinin, 
prʘʢtiʢum vᴅ ʝʢspʝrimʝntlᴅrin ʘpʘrēlmʘsē vᴅ tᴅdrisi mʝtʦdiʢʘsē ilᴅ ᴅlʘqᴅdʘr ʭʝyli tᴅdqiqʘt iĸlᴅri 
ʘpʘrēlmēĸ, mʝtʦdiʢ gºstᴅriĸlᴅr iĸlᴅnilmiĸ vᴅ mʘrʘqlē nᴅticᴅlᴅr ᴅldᴅ ʝdilmiĸdir. Amma tᴅᴅss¿flᴅ 
qʝyd ʝtmᴅʢ lʘzēmdēr ʢi, bu c¿r eksperimental tᴅcr¿bᴅ- lᴅrin yerinᴅ yetirilmᴅsindᴅ  dᴅrslᴅrdᴅ 
ʢʦmpyutʝrin tᴅtbiqilᴅ rʝspubliʢʘmēzdʘ sʦn vʘʭtlʘrʘ qᴅdᴅr fundʘmʝntʘl iĸ yʝrinᴅ yʝtirilmᴅmiĸdir. 
Ķlʢ tᴅĸᴅbb¿s bu sahᴅdᴅ Rʝspubliʢʘ Elm vᴅ Tᴅhsil Nʘzirliyinin tapĸērēĵē  ilᴅ hʘzērlʘnmēĸ 
¿mumtᴅhsil mᴅʢtᴅblᴅri ¿­¿n fiziʢʘdʘn ʝlʝʢtrʦn dᴅrsliyin nᴅĸr ʝdilmᴅsi  qismᴅndᴅ olsa 
mᴅsᴅlᴅnin hᴅllinᴅ ʢºmᴅʢ ʝtdi, amma prʦblʝmin hᴅlli  hᴅlᴅdᴅ hᴅll olmamēĸ  qʘlmēĸdēr. Bu 
ʝlʝʢtrʦn dᴅrslikdᴅ ʦrtʘ mᴅʢtᴅb fiziʢʘ ʢursu ¿zrᴅ ñMʝʭʘniʢʘò-beĸ, ñMʦlʝʢulyʘr fiziʢʘ vᴅ 
termodinamika-iki, ñɽlʝʢtrʦdinʘmiʢʘò-¿­, ñʆptiʢʘò- ¿zrᴅ isᴅ bir lʘbʦrʘtʦriyʘ iĸinin kompyuterdᴅ 
vizual olaraq yʝrinᴅ yʝtirilmᴅsi vʝrilmiĸdir. Hal-hazērda tᴅtbiq olunan  ʝlʝʢtrʦn dᴅrsliʢlᴅrdᴅʢi 
lʘbʦrʘtʦriyʘ iĸlᴅrinin struʢturundʘ: mºvzunun ʘdē, iĸᴅ ʘid mʝtʦdiʢ gºstᴅriĸlᴅr, cihʘz vᴅ 
mʘtʝriʘllʘr, ºl­mᴅ zʘmʘnē ʘlēnmēĸ nᴅticᴅlᴅrin iĸlᴅnᴅrᴅʢ yʝʢundʘ m¿vʘfiq ʢᴅmiyyᴅtlᴅr 
ʘrʘsēndʘʢē ʘsēlēlēqlʘrʘ uyĵun cᴅdvᴅllᴅrᴅ yazēlēr  vᴅ ᴅnᴅnᴅvi qʘydʘdʘ qrʘfiʢlᴅrin qurulmʘsē 
hᴅyʘtʘ ke­irilir [1-4]. 

Elʝʢtrʦn dᴅrslikdᴅ yᴅni vizual olaraq ʝʢrʘndʘ zᴅrrᴅciyin nʝcᴅ spirʘlvʘri hᴅrᴅʢᴅt ʝtdiyini, 
­ʝvrᴅnin rʘdiusunu, mʘqnit induʢsiyʘ vʝʢtʦrunun istiqʘmᴅtini, sᴅrf ʦlunʘn vʘʭtē vᴅ ʢʦʦrdinʘtlʘrē 
ʘsʘnlēqlʘ lazēmē kᴅmiyyᴅtlᴅrin vʝrilmᴅsi ilᴅ tᴅyin ʝtmᴅʢ ʦlur. Amma ᴅnᴅnvi  qʘydʘdʘ ʘpʘrēlʘn 
lʘbʦrʘtʦriyʘ iĸlᴅrindᴅ bunlʘrē cʘnlē m¿ĸʘhidᴅ ʝtmᴅʢ  vᴅ tᴅyin ʝtmᴅʢ qʝyri-m¿mʢ¿nd¿r. Elektron 
dᴅrslikdᴅ  iĸ ĸʘgirdlᴅrin sᴅrbᴅst fᴅʘliyyᴅti ilᴅ yʝrinᴅ yʝtirilir, ʦnlʘrʘ  vʝrilmiĸ suʘllʘrʘ cʘvʘblʘr 
ʢʦmpyutʝrdᴅ ʝmʘl ʦlunur vᴅ nᴅticᴅ hʘqqēndʘ hᴅmin ʘndʘcʘ mᴅlumʘt alēnēr vᴅ alēnmēĸ 
qiymᴅtlᴅr ʝlʝʢtrʦn jurnʘlʘ qeyd edilir. Bu g¿n fiziʢʘ ʢʘbinʝtinin kompyuterlᴅ tʘm tᴅminʘtē, 
m¿ᴅllimin iĸini ʭʝyli ʘsʘnlʘĸdērēr. Lʘbʦrʘtʦ- riyʘ iĸlᴅrinin ʢʦmpyutʝrdᴅ yʝrinᴅ yʝtirilmᴅsi zʘmʘnē 
prʦqrʘm vᴅ infʦrmʘsiyʘ tᴅminʘtē vᴅ tᴅlimin fᴅrdilᴅĸdirilmᴅsi  vᴅ tᴅdris prʦsʝsinin tᴅĸʢili, 
ʘvtʦmʘtiʢ hᴅyʘtʘ ʢʝ­irilir. Bᴅzi laboratoriya iĸlᴅrinin, ­ʦʭ s¿rᴅtlᴅ bʘĸ vʝrmᴅsi, yʘʭud bʘĸʘ 
­ʘtmʘsē ʭʝyli vʘʭt tᴅlᴅb edᴅn prʦsʝslᴅrin m¿ĸʘhidᴅsi, sinifdᴅ gºstᴅrilmᴅsi  tᴅhl¿ʢᴅliliyi, ʦnlʘrēn 
¿zᴅrindᴅ m¿ʭtᴅlif ᴅmᴅliyyʘtlʘrēn ʘpʘrēlmʘsē, qiymᴅtli cihʘzlʘr tᴅlᴅb ʝtmᴅsi bʘʭēmēndʘn vᴅ s. 
m¿mʢ¿n 

 
 
 

ʦlmʘyʘn iĸlᴅrin yʝrinᴅ yʝtirilmᴅsi zamanē ʢʦmpyutʝrin tᴅtbiqi, mᴅʢtᴅbdᴅ fiziʢʘdʘn lʘbʦrʘtʦriyʘ 
iĸlᴅrini yʝrinᴅ yʝtirᴅrkᴅn m¿ᴅllim vᴅ ĸʘgirdlᴅrin  imʢʘnlʘrēnē ʭʝyli gʝniĸlᴅndirir, asan olmasēnē 

ķᴅkil . Maqnit sahᴅsindᴅ y¿kl¿ zᴅrrᴅciyin hᴅrᴅkᴅtini gºstᴅrᴅn  model 
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tᴅmin ʝdilir. Uzun m¿ddᴅt  ʘpʘrēlʘn tᴅdqiqʘtlʘrdʘn belᴅ mᴅlum ʦlmuĸdur ki, lʘbʦrʘtʦriyʘ 
iĸlᴅrinᴅ ʢʦmpyutʝrin aĸaĵēdakē istiqʘmᴅtlᴅrdᴅ tᴅtbiqi dʘhʘ fʘydʘlēdēr. 

¶ lʘbʦrʘtʦriyʘ iĸlᴅriindᴅ lazēm olan m¿ʭtᴅlif sᴅviyyᴅli hʝsʘbʘtlʘrēn ʢʦmpyutʝrin ʢºmᴅyilᴅ 
ʘpʘrēlmʘsēna ᴅsaslanēr. Laboratoriya iĸlᴅrinin yʝrinᴅ yʝtirilmᴅsi zʘmʘnē fiziʢi ʢᴅmiyyᴅtlᴅrin 
ºl­¿lmᴅsi vᴅ yʘzēlmʘsē infʦrmʘsiyʘlʘrēn tʦplʘnmʘsē iʢi m¿ʭtᴅlif yʦl ilᴅ hᴅyʘtʘ ʢʝ­irilir. Bu 
¿sullardan istifadᴅ etdᴅrᴅk  ĸʘgirdlᴅr ­ʦʭ vʘʭt tᴅlᴅb ʝdᴅn vᴅ ʘĵēr zᴅhmᴅtli hʝsʘblʘmʘ iĸindᴅn, 
ᴅqli gᴅrginliʢdᴅn ʘzʘd ʦlub hʝsʘblʘmʘnēn nᴅticᴅsini birbaĸa ᴅldᴅ edirlᴅr. 

¶ ʘnʘlʦq-rᴅqᴅm siqnʘl ­ʝviricilᴅrindᴅn istifadᴅ etmᴅklᴅ lʘbʦrʘtʦriyʘ iĸinin gʝdiĸi vᴅ idʘrᴅ 
ʦlunmʘsē ʘlēnmēĸ vʝrilᴅnlᴅr mʘssivi ilᴅ baĵlēdēr. Rᴅqᴅmsʘl ­ʝviricilᴅr belᴅ sistʝmdᴅ ᴅn vʘcib 
ʝlʝmʝnt hesab edilir. Elektron Hesablama Maĸēnlarēnēn ᴅlʘqᴅ ʢʘnʘllʘrēnēn ʢºmᴅyilᴅ ᴅldᴅ 
edilᴅēn mᴅlumʘtlʘr iĸlᴅnmᴅʢ ¿­¿n ᴅmᴅli yʘddʘĸʘ vʝrilir, burʘdʘ ʝmʘl ʦlunʘrʘq nᴅticᴅ displʝyᴅ, 
yʘʭud ­ʘp qurĵusunʘ ºt¿r¿l¿r.  

¶ prʦsʝsin gʝdiĸindᴅ hʘdisᴅlᴅrin ­ʦʭ s¿rᴅtli vᴅ yʘ hᴅddᴅn ʘrtēq yʘvʘĸ gʝtmᴅsindᴅ 
ʝʢspʝrimʝntin idʘrᴅ ʦlunmʘsē lʘbʦrʘtʦriyʘ iĸinin m¿ʭtᴅlif ĸᴅrʘitdᴅ ʘpʘrēlmʘsē, ilᴅ ᴅlʘqᴅdʘrdēr. 
Birinci hʘldʘ fiziʢi prʦsʝslᴅr s¿rᴅtlᴅ bʘĸ vʝrdiyindᴅn ʝʢspʝrimʝntin gʝdiĸini ʘvtʦmʘtiʢ idʘrᴅ 
ʝtmᴅʢ zᴅrurᴅti yʘrʘnmaqla, mᴅsᴅlᴅni hᴅll ʝtmᴅʢ ¿­¿n kompyuterin 

idʘrᴅ  ʦlunmʘsēnēn ʘvtʦmʘtlʘĸmēĸ sistʝmindᴅn istifadᴅ ʦlunur.  

¶ ᴅlvʝriĸli ʦlmʘyʘn ʝʢspʝrimʝntlᴅrin, ʭ¿susilᴅ hʝsʘblʘmʘ ʝʢspʝrimʝntlᴅrinin 

ʘpʘrēlmʘsē ĸʘgirdlᴅrin yʘrʘdēcē imʢʘnlʘrēnēn hᴅyʘtʘ ʢʝ­mᴅsi, ilᴅ ᴅlʘqᴅdʘrdēr. Burʘdʘ 

b¿t¿n hʝsʘblʘmʘlʘr kompyuterlᴅ ʘpʘrēlʘrʘq, ʘlēnmēĸ nᴅticᴅlᴅr ᴅnᴅnᴅvi  ʝʢspʝrimʝntlᴅ 

m¿qʘyisᴅ ʦlunur.  

Belᴅliklᴅ aparēlan araĸdērmadan alēnan ᴅsas nᴅticᴅ odur ki, komp¿ter 

texnologiyalarēnēn tᴅtbiqi laboratoriya iĸlᴅrini effektiv, tᴅhl¿kᴅsiz vᴅ sᴅmᴅrᴅli edir, 

gᴅlᴅcᴅkdᴅ tᴅhsil vᴅ elmi-tᴅdqiqat sahᴅlᴅrindᴅ ᴅvᴅzolunmaz vasitᴅ kimi istifadᴅ oluna bilᴅr. 
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THE USE OF COMPUTER TECHNOLOGIES IN THE IMPLEMENTATION OF LABORATORY 
WORK IN PHYSICS 
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In this article, the role of computer technologies in the organization and execution of 

laboratory work is examined. Computer programs and simulation tools enable students to conduct 
experiments in a virtual environment, thereby enhancing safety, reducing costs, and saving time. 
Furthermore, the collection, analysis, and visualization of laboratory data are performed more 
accurately and efficiently with the use of computers. The article notes that computer technologies 
make the learning process interactive and engaging, while also fostering the development of 
studentsô analytical and research skills. 
Keywords: Experiment, research, electronic textbook, experimental task, scientific research 
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FĶZĶKA KURSUNDA  MᴄSᴄLᴄLᴄRĶNĶN TᴄDRĶSĶ METODĶKASI 
Samirᴅ Kamandir qēzē R¿stᴅmova 1 
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Samirᴅ Rafiq qēzē Nuriyeva 2 
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Azᴅrbaycan Texnalogiya Universiteti2 
Mᴅsᴅlᴅ informasiyanin m¿ᴅyyᴅn verilmiĸ formasi olub mᴅsᴅlᴅ prosesindᴅ vasitᴅ­i 

kimi ­ēxēĸ edir. Tᴅlim prosesinin sᴅmᴅrᴅsini artērēr sosial aktivliyi  bilik vᴅ bacarēĵēn tᴅtbiqini 

tᴅmin edir. Tam orta mᴅktᴅb fizika kursunu ᴅhatᴅ edᴅn mᴅsᴅlᴅlᴅrin tᴅsnifatēna aid 

n¿munᴅlᴅrin hᴅlli prosesindᴅ ĸagirdlᴅrin ᴅldᴅ edᴅcᴅklᴅri praktik bacarēq vᴅ vᴅrdiĸlᴅri 

araĸdēraq[1-3]. 

Mᴅsᴅlᴅ 1. ¦f¿qi m¿stᴅvi ¿zᴅrindᴅ k¿tlᴅsi m, radiusu R olan hᴅlqᴅ  u s¿rᴅti ilᴅ 

diyirlᴅnir. Hᴅlqᴅ tᴅpᴅyᴅ hansē h¿nd¿rl¿yᴅ qᴅdᴅr  qalxa bilᴅr? (s¿rt¿nmᴅ q¿vvᴅsinin iĸi 

nᴅzᴅrᴅ alēnmēr) 

                                                                                                        
Mᴅsᴅlᴅnin hᴅlli: 
Hᴅlqᴅnin tam kinetik enerjisi 

                     mgh
Jm

EE pk =+=
22

;
22 wu

  

ķᴅkil 1 

kimidir. ᴄtalᴅt momenti               2mRJ=  

buradan              
222

2222 u
wu

ww m
R

mRJ
==  

Demᴅli,              
g

hmgh
mm 222

22

uuu
=­=+  

Mᴅsᴅlᴅ 2. 1) J ᴅtalᴅt momentinᴅ malik  nazim ­arx w bucaq  s¿rᴅti ilᴅ fērlanēr. ᴄgᴅr 

­arxa M  dayandērēcē moment tᴅsir gºstᴅrᴅrsᴅ, dayanana qᴅdᴅr ­arx necᴅ  dºvr edᴅr? 
Mᴅsᴅlᴅnin hᴅlli: 
Nazim ­arxēn fērlanmasē zamanē gºr¿lᴅn iĸ  fērlanma kinetik enerjisinᴅ  bᴅrabᴅrdir. 
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Adᴅtᴅn bir ï iki belᴅ mᴅsᴅlᴅ hᴅll etdikdᴅn sonra yaradēcē xarakterli  mᴅsᴅlᴅlᴅrin 
hᴅllinᴅ ke­mᴅk olar: 

Mᴅsᴅlᴅ 3. ¢ᴅkisi 70 kQ (kiloqram q¿vvᴅ) olan adam yer ¿zᴅrindᴅ dayanaraq 

tᴅrpᴅnmᴅz blokun kºmᴅyi ilᴅ k¿tlᴅsi 40 kq olan y¿k¿ qaldērēr. Y¿k¿n qaldērēlmasē zamanē 

adamēn yerᴅ tᴅzyiq q¿vvᴅsini tᴅyin edin. 

 

 
 

 

u 

mailto:srustamova162@gmail.com
mailto:nuriyeva83@list.ru
mailto:Zerqelem_huseynova@mail.ru


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

62 
 

Verilir:                                            Hᴅlli: 

P1 = 70 kQ = 686 N                                   

m2 = 40 kq 

g = 9,8 m/san2 

F = ? 

 

Belᴅliklᴅ fizika mᴅsᴅlᴅlᴅrēnēn hᴅlli prosesi ĸagirdlᴅrᴅ riyazi hesablama aparmaq, 

ºl­mᴅ aparmaq, mᴅntiqi d¿ĸ¿nmᴅk, sxem qurmaq, mᴅsᴅlᴅ hᴅll etmᴅk  praktik bacarēq vᴅ 

vᴅrdiĸlᴅrᴅ yiyᴅlᴅnmiĸ olurlar.  

Belᴅliklᴅ  bu mᴅqalᴅdᴅ fizika mᴅsᴅlᴅlᴅrinin hᴅlli prosesindᴅ nᴅzᴅriyyᴅ ilᴅ praktikanēn 

vᴅhdᴅti ᴅldᴅ olunmuĸ, ᴅn baĸlēcasē ĸagirdi elᴅ ºyrᴅtmᴅliyik ki, nᴅyi?  nᴅ ¿­¿n? vᴅ necᴅ 

ºyrᴅtmᴅyin? mahiyyᴅtini dᴅrindᴅn dᴅrk etsinlᴅr. Onlarē hᴅyatdan biliyᴅ bilikdᴅndᴅ hᴅyata 

doĵru yºnlᴅndirmᴅklᴅ gᴅlᴅcᴅk hᴅyat ĸᴅraitlᴅrini yaxĸēlaĸdērmaĵēn yollarēnē ºyrᴅtmiĸ oluruq. 
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METHODOLOGY FOR TEACHĶNG PHYSĶCS PROBLEMS OF ĶNCREASED DĶFFĶCULTY ĶN 
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Thus, the process of solving physics problems helps students acquire practical skills 
and habits for mathematical calculations, measurements, logical thinking, constructing 
diagrams, and problem solving. 

Keywords: high school, education, physics teaching unit, problem, practical skills, 
quantity, quality. 

 
 
 
 
 
 
 
 

 

Adamēn yerᴅ  tᴅzyiq  q¿vvᴅsi onun 

­ᴅkisindᴅn burazēn gᴅrilmᴅ 

q¿vvᴅsinin qiymᴅti  qᴅdᴅr  azdēr. Ona 

gºrᴅ dᴅ 
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SIDERĶTĶN (FeCOϝ) TERMĶKĶ ¢EVRĶLMᴄSĶ ᴄSASINDA FeϜOϝ YARIMKE¢ĶRĶCĶ MATERĶALININ 
ALINMA TEXNOLOGĶYASI Vᴄ STRUKTUR-FĶZĶKĶ XASSᴄLᴄRĶNĶN TᴄDQĶQĶ 

S.R.Ķmanova 1       
sevinc_imanova81@mail.ru 

A.ᴄ.Salmanzadᴅ 1 
S.R.Nuriyeva 2    

s.nuriyeva@atu.edu.az 
Gᴅncᴅ Dºvlᴅt Universiteti1 

Azᴅrbaycan Texnologiya Universiteti2 

Giriĸ. FeϜOϝ matrisli materiallar m¿asir yarēmke­irici texnologiyada m¿h¿m yer tutur. Bu 
materiallar y¿ksᴅk kimyᴅvi sabitliyi, korroziyaya davamlēlēĵē, maqnit vᴅ elektrik xassᴅlᴅrinin 
idarᴅ oluna bilmᴅsi ilᴅ se­ilir. Onlar qaz sensorlarē, fotokatalizatorlar, g¿nᴅĸ elementlᴅri, 
yaddaĸ qurĵularē vᴅ spintronika sistemlᴅrindᴅ geniĸ tᴅtbiq olunur. FeϜOϝ-¿n yarēmke­irici 
xassᴅlᴅri onun kristal quruluĸu, faza tᴅrkibi, dᴅnᴅcik ºl­¿s¿ vᴅ qatqēlandērma sᴅviyyᴅsindᴅn 
asēlēdēr. Buna gºrᴅ n¿munᴅlᴅrin hazērlanma texnologiyasē materialēn son xassᴅlᴅrinin 
formalaĸmasēnda hᴅlledici rol oynayēr.Siderit (FeCOϝ) tᴅbii dᴅmir karbonat minerallarēna aid 
olub, FeϜOϝ ᴅsaslē yarēmke­irici materiallarēn alēnmasē ¿­¿n m¿h¿m xammal mᴅnbᴅlᴅrindᴅn 
biridir. Onun termiki par­alanmasē nᴅticᴅsindᴅ y¿ksᴅk dispersiyalē dᴅmir oksidlᴅri ᴅldᴅ edilir. 
Bu ¿sul tᴅbii xammaldan istifadᴅ baxēmēndan iqtisadi cᴅhᴅtdᴅn sᴅrfᴅli vᴅ texnoloji baxēmdan 
ᴅlveriĸlidir. 

Siderit ᴅsasēnda alēnmēĸ FeϜOϝ x¿susilᴅ aĸaĵēdakē sahᴅlᴅr ¿­¿n perspektivlidir: 
¶ Qaz sensorlarē 
¶ Katalitik sistemlᴅr 
¶ Elektrod materiallarē 
¶ Maqnit vᴅ yarēmke­irici keramika 
I.Sideritin termiki par­alanma mexanizmi 
Laboratoriyada FeϜOϝ alēnmasē sideritin termiki par­alanmasē (kalsinasiya) vᴅ sonrakē 

oksidlᴅĸmᴅ prosesinᴅ ᴅsaslanēr. Proses zamanē karbonat qᴅfᴅsi daĵēlēr, COϜ ayrēlēr vᴅ dᴅmir 
oksid fazalarē formalaĸēr. [1 s.23], [2 s.69 ]Sideritin qēzdērēlmasē zamanē mᴅrhᴅlᴅli termiki 
­evrilmᴅ prosesi baĸ verir. Proses ᴅsasᴅn iki mᴅrhᴅlᴅdᴅ izah olunur: 

1. Dehidratasiya (ᴅgᴅr hidratlaĸma varsa). Tᴅbii siderit tᴅrkibindᴅ adsorbsiya olunmuĸ 
su saxlayēr. 100ï200 ÁC intervalēnda bu su ayrēlēr. Dekarbonizasiya (ᴅsas mᴅrhᴅlᴅ. 300ï500 
ÁC temperatur intervalēnda siderit par­alanaraq dᴅmir (II) oksid ᴅmᴅlᴅ gᴅtirir: 

FeCO3ŸFeO+CO2ŷ 
Bu mᴅrhᴅlᴅdᴅ: karbon qazē ayrēlēr, k¿tlᴅ itkisi m¿ĸahidᴅ olunur vᴅ n¿munᴅnin 

mᴅsamᴅliliyi artēr 
2. Oksidlᴅĸmᴅ mᴅrhᴅlᴅsi. Hava vᴅ ya oksigen m¿hitindᴅ FeO daha y¿ksᴅk oksidᴅ 

­evrilir: 
4FeO+O2Ÿ2Fe2O3 

Nᴅticᴅdᴅ termodinamik cᴅhᴅtdᴅn sabit faza ï Ŭ-FeϜOϝ (hematit) formalaĸēr. 
Lazēm olan avadanlēqlar vᴅ materiallar. 

Avadanlēqlar: Elektrik sobasē (1000 ÁC-yᴅ qᴅdᴅr), farfor vᴅ ya al¿minium oksid tigel, tᴅrᴅzi, 
ᴅzici havan vᴅ ya planet dᴅyirman, quruducu ĸkaf, termoc¿t / temperatur nᴅzarᴅt sistemi 
Materiallar: Tᴅbii siderit filizi (FeCOϝ), Distillᴅ olunmuĸ su, Lazēm gᴅlᴅrsᴅ ï etanol (yuma 
¿­¿n). 
II.N¿munᴅnin ilkin hazērlanmasē 
 N¿munᴅnin hazērlanmasēnda mexaniki tᴅmizlᴅmᴅdᴅn istiadᴅ edilmiĸdir. Siderit filizi 
xarici ­irklᴅrdᴅn tᴅmizlᴅnir, silikat vᴅ gil qarēĸēqlarē ayrēlēr. Daha sonra ¿y¿d¿lmᴅ aparēlēr. 
Belᴅki filiz havanda vᴅ ya dᴅyirmanda ¿y¿d¿l¿r. Bu prosesi aparmaqda ᴅsa mᴅqsᴅd: dᴅnᴅcik 
ºl­¿s¿n¿ ki­iltmᴅk; termiki par­alanmanē s¿rᴅtlᴅndirmᴅk; homogen qēzdērmanē tᴅmin etmᴅk. 
Optimal toz ºl­¿s¿: <100 Õm 
III.Termiki ­evrilmᴅyᴅ tᴅsir edᴅn amillᴅr 
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3.1. Temperatur: 
300ï400 ÁC Ÿ FeO ¿st¿nl¿k tᴅĸkil edir 
500ï700 ÁC Ÿ FeϝOϞ aralēq fazasē yarana bilᴅr 
700 ÁC-dᴅn yuxarē Ÿ FeϜOϝ sabitlᴅĸir 
Optimal hematit alēnmasē adᴅtᴅn 750ï900 ÁC intervalēnda baĸ verir. 
3.2. Qēzdērma s¿rᴅti: 
Yavaĸ qēzdērma Ÿ homogen faza 
S¿rᴅtli qēzdērma Ÿ daxili gᴅrginlik, ­atlar 
Dᴅnᴅcik ºl­¿s¿. Xērda dispersiyalē siderit: Daha tez par­alanēr, Aĸaĵē temperaturda oksidlᴅĸir 

vᴅ Nanostrukturlu FeϜOϝ yaradēr. 
3.3. Struktur Formalaĸmasē. Termiki ­evrilmᴅ zamanē aĸaĵēdakē struktur dᴅyiĸikliklᴅri baĸ 

verir [3 s. 10215]: Karbonat qᴅfᴅsinin daĵēlmasē, Oksid qᴅfᴅsinin yenidᴅn qurulmasē, 
Mᴅsamᴅliliyin artmasē, X¿susi sᴅthin bºy¿mᴅsi. Bu x¿susiyyᴅtlᴅr FeϜOϝ-¿n sensor aktivliyini 
artērēr [ 2 s.69]. 

 Alēnmēĸ FeϜOϝ-¿n xassᴅlᴅri. Siderit mᴅnĸᴅli FeϜOϝ aĸaĵēdakē ¿st¿nl¿klᴅrlᴅ xarakterizᴅ 
olunur:y¿ksᴅk disperslik, inkiĸaf etmiĸ mᴅsamᴅ quruluĸu, yarimke­irici ke­iricilik (n-tip), y¿ksᴅk 

sᴅth aktivliyi. Elektrik ke­iriciliyi ᴅsasᴅn oksigen vakansiyalarē vᴅ FeĮϕ/Feįϕ ionlarēnēn nisbᴅti ilᴅ 
m¿ᴅyyᴅn olunur. 

3.4. Sideritdᴅn FeϜOϝ alēnmasēnēn ᴅsas texnoloji ¿st¿nl¿klᴅri: tᴅbii vᴅ ucuz xammal, 
sadᴅ termiki emal, y¿ksᴅk tᴅmizlik dᴅrᴅcᴅsi, nanostruktur alma imkanē. 

Nᴅticᴅ. Aparēlan texnoloji proses gºstᴅrir ki, sideritin nᴅzarᴅtli termiki emalē nᴅticᴅsindᴅ 

struktur vᴅ faza baxēmēndan sabit, yarēmke­irici xassᴅlᴅrᴅ malik FeϜOϝ materialē ᴅldᴅ etmᴅk 
m¿mk¿nd¿r. Qēzdērma rejiminin, qaz m¿hitinin vᴅ dispersliyin optimallaĸdērēlmasē alēnan materialēn 
elektrik vᴅ funksional parametrlᴅrinᴅ birbaĸa tᴅsir gºstᴅrir. Bu sᴅbᴅbdᴅn siderit mᴅnĸᴅli FeϜOϝ 
yarēmke­iricilᴅri funksional materiallar sinfindᴅ perspektivli hesab olunur. 
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SYNTHESIS OF FEϜOϝ SEMICONDUCTING MATERIAL VIA THERMAL DECOMPOSITION OF 
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The study investigates the technology for preparing FeϜOϝ semiconducting material via the 
thermal decomposition of siderite (FeCOϝ). Natural siderite undergoes staged heating, 
experiencing decarbonization and oxidation reactions that transform it into stable oxide phases. In 
the temperature range of 300ï500 ÁC, decomposition produces FeO and releases carbon dioxide. 
Further temperature increase and the presence of oxygen lead to the formation of an intermediate 

FeϝOϞ phase. Subsequently, thermodynamically stable Ŭ-FeϜOϝ (hematite) forms in the 700ï
900 ÁC range. The heating regime, gas atmosphere, raw material dispersity, and isothermal 
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holding time significantly affect the phase 
composition, crystallinity, and morphology of the 
product. Thermal treatment causes the 
breakdown of the carbonate lattice and 
reformation of the oxide structure, producing 

porous, high-surface-area FeϜOϝ particles. The 
obtained material exhibits n-type semiconducting 
behavior, with its electrical properties governed 
by oxygen vacancies, the FeĮϕ/Feįϕ ratio, and 
sintering temperature. 

Keywords:Siderite, FeCOϝ, FeϜOϝ, 
hematite phase, thermal decomposition, 
calcination, decarbonization, oxidation process, 
n-type semiconductivity 

 
MnIn2Se4 KRĶSTALININ DĶELEKTRĶK XASSᴄLᴄRĶ 
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Son illᴅrdᴅ maqnit vᴅ yarēmke­irici xassᴅlᴅri birlᴅĸdirᴅn materiallara maraq artmēĸdēr. Bu 
materiallar spintronika vᴅ optoelektronika sahᴅlᴅrindᴅ perspektivli hesab olunur. X¿susilᴅ AII 
BϜIII XϞVI (A = Mn, Fe, Co, Ni; B = Ga, In; X = S, Se, Te) tipli ¿­l¿ xalkogenidlᴅr laylē quruluĸu 
vᴅ anizotrop fiziki xassᴅlᴅri ilᴅ se­ilir. 

Bu sinfᴅ aid MnInϜSeϞ romboedrik quruluĸa malik laylē yarēmke­iricidir vᴅ maraqlē maqnit-
elektrik x¿susiyyᴅtlᴅrinᴅ malikdir. Onun dielektrik xassᴅlᴅrinin tezlik vᴅ temperatur asēlēlēĵēnēn 
ºyrᴅnilmᴅsi y¿kdaĸēyēcēlarēn relaksasiya mexanizmi vᴅ ke­iricilik x¿susiyyᴅtlᴅrinin 
aydēnlaĸdērēlmasē baxēmēndan m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. 

MnInϜSeϞ kristalē y¿ksᴅk tᴅmizlikli (99,99%) elementlᴅrdᴅn sintez edilmiĸdir. Rentgen 
struktur analizi kristallarēn heksaqonal qᴅfᴅsdᴅ kristallaĸdēĵēnē gºstᴅrmiĸ vᴅ qᴅfᴅs parametrlᴅri 
a = 4,18 ¡, c = 19,47 ¡, c/a = 4,65 kimi m¿ᴅyyᴅn edilmiĸdir [1]. Dielektrik xassᴅlᴅrin 
ºyrᴅnilmᴅsi ¿­¿n qalēnlēĵē d å 0,2 mm olan kristal lºvhᴅlᴅr hazērlanmēĸ, sᴅthlᴅrinᴅ g¿m¿ĸ pasta 
­ᴅkilᴅrᴅk planar kondensator strukturu yaradēlmēĸdēr. ¥l­mᴅlᴅr 25ï106 Hz tezlik intervalēnda 
E7-20 tipli immitans ºl­¿ cihazē ilᴅ aparēlmēĸdēr. 

ķᴅkil 1-dᴅ MnInϜSeϞ kristalēnda dielektrik n¿fuzluĵunun hᴅqiqi hissᴅsinin (Ůǋ) tezlikdᴅn 
asēlēlēĵē lgŮǋïlgf koordinatlarēnda gºstᴅrilmiĸdir. Gºr¿nd¿y¿ kimi, tezlik artdēqca Ůǋ azalēr vᴅ bu, 
normal dispersiya davranēĸēnē gºstᴅrir. Aĸaĵē tezlik oblastēnda Ůǋ bºy¿k qiymᴅtlᴅr alēr vᴅ 
temperaturdan g¿cl¿ asēlēlēq n¿mayiĸ etdirir. Bu hadisᴅ kristal daxilindᴅ vᴅ potensial baryerlᴅr 
yaxēnlēĵēnda y¿kdaĸēyēcēlarēn toplanmasē nᴅticᴅsindᴅ yaranan MaxwellïWagner tipli 
fazalararasē polyarizasiya ilᴅ izah olunur. 

Temperatur artdēqca aĸaĵē tezliklᴅrdᴅ Ůǋ-nin artmasē y¿kdaĸēyēcēlarēn konsentrasiyasē vᴅ 
y¿r¿kl¿y¿n termiki aktivlᴅĸmᴅsi ilᴅ baĵlēdēr. Orta tezlik oblastēnda m¿ĸahidᴅ olunan maksimum 
ɤŰå1 (ɤ = 2ˊf, Ű isᴅ relaksasiya m¿ddᴅtidir) relaksasiya ĸᴅrti ilᴅ ᴅlaqᴅdardēr. Bu halda tᴅtbiq 
olunan sahᴅnin dᴅyiĸmᴅ s¿rᴅti ilᴅ daxili relaksasiya prosesinin xarakterik m¿ddᴅti uyĵunlaĸēr 
vᴅ relaksasiya maksimumu yaranēr.  

Y¿ksᴅk tezlik oblastēnda (105ï106 Hz) Ůǋ kᴅskin azalēr vᴅ temperaturdan asēlēlēq zᴅiflᴅyir. 
Bu sahᴅdᴅ ᴅsasᴅn elektron vᴅ ion polyarizasiyasē qalēr. 4Ā103ï4Ā105 Hz tezlik intervalēnda lgŮǋï
lgf asēlēlēĵēnēn xᴅtti olmasē Ůǋ-nin  Ůǋ(f)Ḑfɔ  g¿c qanunu ilᴅ dᴅyiĸdiyini gºstᴅrir. Dᴅrᴅcᴅ 
gºstᴅricisinin qiymᴅti temperatur artdēqca tᴅxminᴅn ī0.51-dᴅn ī0.58-ᴅ qᴅdᴅr dᴅyiĸir. |ɔ|-nin 
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artmasē y¿kdaĸēyēcēlarēn termiki aktivlᴅĸmᴅ nᴅticᴅsindᴅ defekt mᴅrkᴅzlᴅri arasēnda sē­rayēĸ 
ehtimalēnēn y¿ksᴅlmᴅsi ilᴅ baĵlēdēr. Nᴅzᴅri modelᴅ ᴅsasᴅn [2] Ůǋ(f)Ḑfī(ɓ+2)  vᴅ buradan (ɓ+2)=īɔ 
ᴅlaqᴅsi alēnēr. Hesablamalar gºstᴅrir ki, b¿t¿n temperaturlarda ɓ > ī2 ĸᴅrti ºdᴅnilir ki, bu da 
normal dispersiyanēn mºvcudluĵunu tᴅsdiq edir. Dispersiya defektlᴅrin relaksasiya 

m¿ddᴅtlᴅrinin paylanmasē ilᴅ baĵlē olub n(Ű)ḐŰɓ  qanununa tabedir [2-3].        
ķᴅkil 2a-da MnIn2Se4 ¿­¿n m¿xtᴅlif temperaturlarda lgŮǌïlgf asēlēlēĵē gºstᴅrilmiĸdir. 

Dielektrik itkilᴅrin analizi gºstᴅrir ki, tezlik artdēqca Ůǌ azalēr. Bu davranēĸ aĸaĵē tezliklᴅrdᴅ 
interfasial polyarizasiya vᴅ sᴅrhᴅd qatlarēnda y¿kdaĸēyēcēlarēn toplanmasē ilᴅ izah olunur. 
Temperatur artdēqca isᴅ dielektrik itkilᴅr y¿ksᴅlir ki, bu da lokallaĸmēĸ y¿kdaĸēyēcēlarēn sayēnēn 
vᴅ y¿r¿kl¿y¿n¿n artmasē ilᴅ baĵlēdēr. 

 
Dielektrik itkilᴅrin temperatur asēlēlēĵēnē tᴅhlil etmᴅk ¿­¿n lgŮǌï103/T asēlēlēĵē m¿xtᴅlif 

tezliklᴅr ¿­¿n qurulmuĸdur (ķᴅkil 2b). Analiz gºstᴅrir ki, proses Arrhenius tipli termik 
aktivlᴅĸmiĸ mexanizmᴅ tabedir: 

 
Hesablamalar nᴅticᴅsindᴅ 103, 104 vᴅ 105 Hz tezliklᴅri ¿­¿n aktivlᴅĸmᴅ enerjisi uyĵun olaraq 

Eϛ å 0,22 eV, EϜ å 0,19 eV vᴅ Eϝ å 0,18 eV qiymᴅtlᴅrini alēr. Aktivlᴅĸmᴅ enerjisinin tezlik artdēqca 
azalmasē y¿ksᴅk tezliklᴅrdᴅ yalnēz daha ki­ik enerji baryerlᴅrinᴅ malik ke­idlᴅrin prosesdᴅ iĸtirak 
etmᴅsi ilᴅ baĵlēdēr. Bu nᴅticᴅ yarēmke­iricilᴅrdᴅ ke­iriciliyi izah edᴅn Correlated Barrier Hopping 
(CBH) modeli ilᴅ uyĵunluq tᴅĸkil edir [3]. 
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The dielectric properties of MnInϜSeϞ crystals were studied in the frequency range                   

25ï10ϑ Hz at different temperatures. The results show that the dielectric permittivity decreases 
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with increasing frequency, indicating normal dispersion. At low frequencies, the high values of 

permittivity are explained by MaxwellïWagner type interfacial polarization. The analysis of the 

temperature dependence of dielectric losses follows the Arrhenius law, and the activation energy 

was found to be in the range of 0.18ï0.22 eV. The obtained results indicate that the conductivity 

mechanism can be explained by charge carrier hopping between localized states according to the 

Correlated Barrier Hopping model.  

Keywords: MnInϜSeϞ crystal, dielectric properties, frequency dependence, relaxation 
processes, semiconductors.  

 
 

ʊɽʍʅʆʃʆɻʀʗ ʇʆʃʋʏɽʅʀʗ ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ ʊɽʈʄʆʕʃɽʂʊʈʀʏɽʉʂʀʍ 
ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ BiTeSe-BiSbTe ʇʆɼ ɼɸɺʃɽʅʀɽʄ ʀʅɽʈʊʅʆɻʆ ɻɸɿɸ 
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ɸʟʝʨʙʘʡʜʞʘʥʩʯʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ2 

ʂʘʢ ʥʘʤ ʠʟʚʝʩʪʥʦ ʤʳ ʤʦʞʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ ʩ 
ʧʦʤʦʱʴʶ ʣʶʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʠʪʳ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʯʪʦ ʤʦʞʥʦ 
ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 
ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʘ ʠʣʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʊʕɻ). ʂʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
ʩʦʙʠʨʘʶʪʩʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ, ʩʦʙʨʘʥʥʳʭ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ. 

ʈʘʟʥʦʨʦʜʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʳ ʣʠʙʦ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ (n-ʪʠʧʘ ʠ p-ʪʠʧʘ). ʉʫʪʴ ʵʬʬʝʢʪʘ ʚ ʪʦʤ, 
ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʢʘʢ ʠ ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣ ʣʶʙʦʛʦ ʛʘʟʘ), ʟʘʚʠʩʠʪ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ï ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʚʳʰʝ ʵʥʝʨʛʠʷ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʜʚʫʭ 
ʧʨʦʚʦʜʥʠʢʦʚ ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʪ ʧʨʦʚʦʜʥʠʢʘ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 
ʵʥʝʨʛʠʠ ʢ ʧʨʦʚʦʜʥʠʢʫ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʤʝʥʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ. ɽʩʣʠ ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʟ 
ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ ʟʘʤʢʥʫʪʴ ʥʘ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ, ʚ ʥʝʡ ʚʦʟʥʠʢʥʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, 
ʩʪʨʝʤʷʱʠʡʩʷ ʚʳʨʦʚʥʷʪʴ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʚʦʜʥʠʢʘʭ, ʯʝʤʫ ʤʦʞʥʦ 
ʚʦʩʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʦʩʪʦʷʥʥʳʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʘ ʢ ʥʘʛʨʝʪʦʤʫ ʩʧʘʶ ʠ ʫʜʝʨʞʘʥʠʝʤ ʥʠʟʢʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʳʭ ʩʚʦʙʦʜʥʳʭ ʢʦʥʮʦʚ [1]. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ, ʚʳʨʘʱʠʚʘʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʦʪʢʨʳʪʳʭ ʪʠʛʣʷʭ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʝʨʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʳ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ 

Bi2Te3-Bi2Se3. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʚʳʙʨʘʥ ʩʦʩʪʘʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʪʚʝʯʘʶʱʠʡ 80% 

ʤʦʣ. Bi2Te3 ʠ 20% ʤʦʣ. Bi2Se3. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʦʩʪʘʚ Bi2Te3-Bi2Se3 0,24 ʚʝʩ.%Te 

ʧʦʣʫʯʘʝʤ ʦʩʥʦʚʫ ʧʨʠʛʦʜʥʫʶ ʤʘʪʝʨʠʘʣʘ ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷʣʝʛʠʨʦʚʘʥʠʷ ʠʤʝʶʱʫʶ 

ʩʚʦʡʩʪʚʘ Ŭ=200 ʤʢɺ/ʛʨʘʜ , ů=600 ʦʤ-1Āʩʤ-1 . ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʚʦʜʠʤʦʡ ʣʝʛʠʨʫʶʱʝʡ 

ʜʦʙʘʚʢʠ TeJ2 ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,02 ʚʝʩ.% ʜʦ 0,12 ʚʝʩ.% [2]. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʣʘʚʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦʣʫʵʣʝʤʝʥʪʳ ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʂʦʪʦʨʳʝ 

ʷʚʣʷʁʪʩʷ ʦʙʣʘʩʪʴʶ, ʨʘʟʚʠʚʘʶʱʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʆʙʝʩʧʝʯʠʚʘʷ ʨʦʩʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʠ ʧʦ ʢʨʠʪʝʨʠʷʤʠ ʀʦʬʬʝ ZT, ʨʦʩʪ ʂʇɼ 

ʠ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʟʘ ʢɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʛʝʥʝʨʘʪʦʨʳ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴ ʚ ʥʦʚʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʳʪʘ, 

ʚʢʣʶʯʘʷ ʫʪʠʣʠʟʘʮʠʶ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʧʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ 
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ʠ, ʚʦʟʤʦʞʥʦ, ʜʘʞʝ ʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʢʘʢ ʩʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʘ ʦʪ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʘʛʫʙʥʦ ʚʣʠʷʶʪ ʥʘ ʥʠʭ. 
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ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʇʣʝʥʢʠ ʚ ʛʨʫʧʧʝ ɸIVBVI - ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʚʠʥʮʘ ʧʦʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: 
ʭʠʤʠʯʝʩʢʠʝ ʦʩʫʞʜʝʥʠʝʤ, ʪʝʨʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝ ʚ ʚʘʢʫʫʤʝ, ʢʘʪʦʜʥʳʤ 
ʨʘʩʧʳʣʝʥʠʝʤ, ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʡ ʵʧʠʪʘʢʮʠʠ ʠ ʜʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠ 
ʨʝʞʠʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʪʠʧʘ ʧʦʜʣʦʞʢʠ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ 
ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʜʦ 
ʚʳʩʦʢʦʩʦʚʝʨʰʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʟʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʇʦʩʢʦʣʴʢʫ ʧʦʜʚʠʞʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ 
ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʠ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ 
ʦʜʠʥʘʢʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. ɹʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤʠ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦ ʩʣʫʞʘʪ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʪ.ʢ. ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʬʦʥʦʥʥʦ ʨʘʩʩʝʷʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʢʣʘʜ 
ʨʘʩʩʝʷʥʠʷ ʥʘ ʜʝʬʝʢʪʘʭ. 
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ɺ ʪʦʣʩʪʳʭ ʧʣʝʥʦʢ nïPbTe, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʚ ʛʦʨʝʯʝʡ ʩʪʝʥʢʠ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ 

BʘF2 ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ    

    ʧʨʠ 13ʂ [1]. ʇʨʠ 77ʂ ʚ ʪʝʭ ʞʝ ʦʙʨʘʟʮʘʭ 

ʧʦʜʚʠʞʥʦʩʪʠ ʧʨʝʚʳʰʘʶʪ . ʀ ʪʦ ʠ ʜʨʫʛʦʝ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʠ ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʲʝʤʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʜʣʷ 77ʂ ʜʘʞʝ ʚʳʰʝ), ʯʪʦ ʩʚʠʜʝ- ʪʝʣʴʩʪʚʫʶʪ 

ʦ ʚʳʩʦʢʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʚʝʨʰʝʥʩʪʚʝ ʧʣʝʥʦʢ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʥʘ 

ʩʣʶʜʷʥʦʡ ʧʦʜʣʦʞʢʝ. ʆʩʥʦʚʥʳʝ ʜʝʬʝʢʪʳ ʚ ʪʘʢʠʭ ʧʣʝʥʢʘʭ ï ʜʚʦʡʥʠʢʦʚʳʝ ʛʨʘʥʠʮʳ, 

ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ʠ ʦʜʠʥʦʯʥʳʝ ʜʠʩʣʦʢʘʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʢʦʥʜʝʥʩʘʮʠʠ (ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ ʠ ʜʨ.) ʧʦʜʚʠʞʥʦʩʪʴ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʊʘʢ ʜʣʷ nïPbTe ʧʨʠ   n ~ 1017é.1018ʩʤ-3 

ʧʦʜʚʠʞʥʦʩʪʴ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 500é.2000 ʩʤ2/ɺĀʩ ʧʨʠ 300ʂ ʠ   

ʧʨʠ 77ʂ. ɺ ʦʙʲʝʤʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʪʝʭ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

,   ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʦʩʥʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʧʦʜʚʠʞʥʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʮʝʥʢʠ ʜʣʠʥ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ l ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʥʠ ʠʤʝʶʪ ʚ PbTe. ʊʘʢ, ʧʨʠ ʧ Ò 

1018 ʩʤ-3 ʠ ʊ = 77ʂ.    lʝ  0,2é.0,3 ʤʢʤ, ʘ ʧʨʠ ʊ = 4,2ʂ.  lʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10ʤʢʤ. ʕʪʦ 

ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʦʞʠʜʘʪʴ ʜʣʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ï ʨʘʩʩʝʷʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʝʥʢʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʚ ʩʪʨʫʢʪʫʨʥʦ-ʩʦʚʝʨʰʝʥʥʳʭ ʧʣʝʥʘʭ     nïPbTe ʪʦʣʱʠʥʦʡ d Ò 

1ʤʢʤ ʧʨʠ 4,2 ʂ ʠ 80 ʂ [2]. ʈʘʟʤʝʨʥʦʡ ʵʬʬʝʢʪ ʧʦʷʚʠʣʩʷ ʩʥʠʞʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ, 

ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʦʵʜʩ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ. ʅʝʨʩʪʘ-

ʕʪʪʠʥʛʩʛʘʫʟʝʥʘ, ʘ ʪʘʢʞʝ ʚ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ.  

ʆʜʥʘʢʦ, ʚ ʧʣʝʥʢʘʭ PbTe, ʪʦʣʱʠʥʦʡ d  1ʤʢʤ ʧʨʠ ʊ Ó 80 ʂ  ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʥʦʛʦ 

ʵʬʬʝʢʪʘ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ [3]. 
ɺʘʞʥʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʣʴʥʝʝ ʩʢʘʟʳʚʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʥʠʟʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʦʙʣʘʩʪʠ n, p  1017é.1018 ʩʤ-3 ʨʘʟʣʠʯʠʷ Ŭ ʧʣʝʥʦʢ ʠ ʦʙʲʝʤʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʤʘʣʳ, ʘ ʧʨʠ ʊ = 300ʂ ʚʦʦʙʱʝ ʥʝʟʘʤʝʪʥʳ.  
ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʘʥʠʯʥʦʝ ʨʘʩʩʝʷʥʠʷ 

ʩʣʘʙʝʝ ʚʩʝʛʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʘ ʍʦʣʣʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʭʦʣʣʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʣʝʥʢʘʭ, ʥʝ 
ʩʚʷʟʘʥʦ ʩ ʟʘʤʝʪʥʳʤʠ ʦʰʠʙʢʘʤʠ.  
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Theoretical evaluations and experiments have shown that boundary scattering has the 
weakest influence on the Hall effect. This means that the determination of the carrier concentration 
from the Hall coefficient in the studied layers is not associated with significant errors. 
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ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʅʝʬʪʠ ʠ ʇʨʦʤʳʰʣʝʥʥʦʩʪʠ 
1. ʈʝʞʠʤʳ ʪʝʯʝʥʠʷ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜ 

ɼʚʠʞʝʥʠʝ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʢʘʥʘʣʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ 
ʦʪ ʪʝʯʝʥʠʷ ʦʜʥʦʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [5]. ɺ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 
ʩʪʨʫʢʪʫʨʥʳʭ ʨʝʞʠʤʦʚ: 

ʇʫʟʳʨʴʢʦʚʳʡ ʨʝʞʠʤ: ʛʘʟ ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʤʝʣʢʠʭ 
ʧʫʟʳʨʴʢʦʚ. 

ʉʥʘʨʷʜʥʳʡ (ʧʨʦʙʢʦʚʳʡ) ʨʝʞʠʤ: ʧʫʟʳʨʴʢʠ ʩʣʠʚʘʶʪʩʷ ʚ ʢʨʫʧʥʳʝ ʛʘʟʦʚʳʝ çʩʥʘʨʷʜʳè, 
ʨʘʟʜʝʣʝʥʥʳʝ ʧʝʨʝʤʳʯʢʘʤʠ ʞʠʜʢʦʩʪʠ. 

ʕʤʫʣʴʩʠʦʥʥʳʡ (ʭʘʦʪʠʯʝʩʢʠʡ) ʨʝʞʠʤ: ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʠ 
ʨʘʟʨʫʰʝʥʠʝʤ ʛʘʟʦʚʳʭ ʧʨʦʙʦʢ. 

ʂʦʣʴʮʝʚʦʡ ʨʝʞʠʤ: ʞʠʜʢʦʩʪʴ ʜʚʠʞʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʧʦ ʩʪʝʥʢʘʤ ʪʨʫʙʳ, ʘ ʛʘʟ 
ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʢʘʥʘʣʘ. 

ɼʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥʘʭ ʢʨʠʪʠʯʝʩʢʠ 
ʚʘʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʵʪʠʤʠ ʨʝʞʠʤʘʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ 
ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʜʲʝʤʥʠʢʘ [4]. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʝʩʠ 
ɼʣʷ ʦʧʠʩʘʥʠʷ ɻɾʉ ʢʘʢ ʝʜʠʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʦʝ ʦʙʲʝʤʥʦʝ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ (◖), ʢʦʪʦʨʦʝ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʦʣʶ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ, ʟʘʥʷʪʫʶ ʛʘʟʦʤ. 
ʇʣʦʪʥʦʩʪʴ ʩʤʝʩʠ (ɟmix) ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʡ (ɟl) ʠ ʛʘʟʦʚʦʡ (ɟg) ʬʘʟ ʧʦ 
ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 
ɟmix = ɟl (1ī◖) + ɟg◖    (1) 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ 
ʫʯʠʪʳʚʘʝʪ ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʤʝʞʜʫ ʬʘʟʘʤʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʫʯʝʪ ʵʪʠʭ ʩʚʦʡʩʪʚ 
ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʜʠʩʢʨʝʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʘʟ ʢ ʤʦʜʝʣʠ ʛʦʤʦʛʝʥʥʦʡ ʩʨʝʜʳ ʚ ʪʝʭ 
ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʦ ʜʦʧʫʩʪʠʤʦ [3, 5]. 

3. ɺʣʠʷʥʠʝ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʘ 
ʈʘʩʭʦʜ ʟʘʢʘʯʠʚʘʝʤʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʛʘʟʣʠʬʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʭʦʜʘ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ 
ʩʤʝʥʘ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
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ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ 
ʤʠʥʠʤʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ. 

ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʭʦʜʝ ʛʘʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʦʝ çʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝè ʛʘʟʘ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʲʝʤʘ. ʀʟʙʳʪʦʯʥʳʡ ʨʘʩʭʦʜ 
ʚʝʜʝʪ ʢ ʧʝʨʝʭʦʜʫ ʚ ʢʦʣʴʮʝʚʦʡ ʨʝʞʠʤ ʩ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʘʥʘʣʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ɻɾʉ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʘʨʭʠʤʝʜʦʚʦʡ 
ʩʠʣʦʡ ʠ ʩʠʣʘʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

4. ʀʟʤʝʥʝʥʠʝ ʠʩʪʠʥʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʧʦ ʚʳʩʦʪʝ ʢʘʥʘʣʘ 
ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠ ʛʘʟʣʠʬʪʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʛʘʟʘ ʧʦ ʤʝʨʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʢ ʫʩʪʴʶ ʩʢʚʘʞʠʥʳ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ 
ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɹʦʡʣʷ-ʄʘʨʠʦʪʪʘ, ʦʙʲʝʤ ʛʘʟʘ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʠʩʪʠʥʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ (◖) ʚʜʦʣʴ ʦʩʠ ʢʘʥʘʣʘ [1]. 

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʩʪʠʥʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʦʪ ʛʣʫʙʠʥʳ 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʞʠʤ ʪʝʯʝʥʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ, ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʞʠʤʘ ʥʘ ʫʩʪʴʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʧʝʨʝʤʝʥʥʦʡ 
ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʧʦʜʲʝʤʥʠʢʘ. 

5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʜʲʝʤʥʠʢʝ 
ʆʙʱʠʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ȹP ʚ ʛʘʟʣʠʬʪʥʦʡ ʩʢʚʘʞʠʥʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʨʝʭ 

ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʩʦʤ ʩʪʦʣʙʘ ɻɾʉ. 
ʇʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʟʘʚʠʩʷʪ ʦʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʪʝʥʦʢ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʘ. ɺ ʩʣʫʯʘʝ 
ʧʦʪʝʨʴ ʥʘ ʫʩʢʦʨʝʥʠʝ, ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʤʝʩʠ ʠʟ-ʟʘ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʯʘʩʪʦ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ [2]: 

    (2) 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʞʠʤʦʚ ʛʘʟʣʠʬʪʘ ʜʦʤʠʥʠʨʫʶʱʝʝ 
ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʦ 80 - 90% ʦʪ ʦʙʱʠʭ 
ʵʥʝʨʛʦʟʘʪʨʘʪ. 

ɺʘʞʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʜʲʝʤʘ. ʇʨʠ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘʛʥʝʪʘʥʠʷ ʠʣʠ ʧʫʣʴʩʠʨʫʶʱʘʷ ʧʦʜʘʯʘ ʛʘʟʘ) ʚ 
ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʘʚʪʦʢʦʣʝʙʘʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʜʝʙʠʪʫ ʠ ʨʠʩʢʫ 
ʦʩʪʘʥʦʚʢʠ ʩʢʚʘʞʠʥʳ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ 
ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʥʘ ʫʩʪʴʝ ʠ ʢʦʥʪʨʦʣʝʤ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʡ 
ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʧʨʦʙʦʢè 
ʠ ʛʠʜʨʦʫʜʘʨʦʚ ʚ ʩʠʩʪʝʤʝ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʠ [3, 4]. 
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ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤ ʚ 

ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʘʟ ʠ 
ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ ʧʦ ʚʳʩʦʪʝ ʢʘʥʘʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʯʝʪ ʨʘʩʰʠʨʝʥʠʷ 
ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ ʠʟʤʝʥʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 
ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ 
ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʦʜʲʝʤʥʠʢʦʚ ʠ 
ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ ʟʘ ʩʯʝʪ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʝʨʴ 
ʜʘʚʣʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʝʡ ʚ 
ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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ANALYSIS OF THE FLOW PATTERNS OF GASïLIQUID MIXTURE IN A VERTICAL CHANNEL 
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This paper explores the hydrodynamic regularities of gas-liquid mixture (GLM) flow within 
the production tubing of oil and gas wells. Particular emphasis is placed on deriving a 
mathematical equation that describes the motion of the mixture, accounting for the geometric 
positioning and spatial orientation of the pipes. The study analyzes the impact of inclination angles 
and lift configurations on flow patterns and pressure distribution. The findings facilitate more 
precise forecasting of GLM flow regimes, which is vital for optimizing the performance of wells with 
complex trajectories and enhancing the operational efficiency of lifting equipment. 
Keywords: Gas-lift operation, Gas-liquid mixture (GLM), Flow regimes, Hydrodynamics, Pressure 
distribution. 
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ɹʘʢʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 
ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʥʘʥʦʯʘʩʪʠʮ CdTe, CdS ʠ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ CdTe/CdS, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʣʘʟʝʨʥʦʡ 
ʘʙʣʷʮʠʝʡ ʚ ʞʠʜʢʦʩʪʠ. ʊʝʣʣʫʨʠʜ ʢʘʜʤʠʷ (CdTe) ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 
ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʧʨʷʤʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 
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ʟʦʥʦʡ, ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʷʚʣʷʝʪʩʷ 
ʦʪʣʠʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʫʣʴʬʠʜʘ ʢʘʜʤʠʷ (CdS) ʷʚʣʷʝʪʩʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʦʣʝʟʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʰʠʨʦʢʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, 
ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʷʨʢʦʡ ʞʝʣʪʦʡ ʦʢʨʘʩʢʦʡ ʠ 
ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʚʠʜʠʤʳʡ ʩʚʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 425ï475 ʥʤ ʠ ʰʠʨʦʢʦ 
ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʝʪʦʜʠʦʜʦʚ, ʜʠʩʧʣʝʝʚ ʠ ʚ 
ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʝ. ʅʘʥʦʯʘʩʪʠʮʳ CdTe, CdS ʠ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ CdTe/CdS ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ. ʇʨʦʮʝʩʩ ʘʙʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠ 
ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʩ ʵʥʝʨʛʠʝʡ ʣʘʟʝʨʘ 135 ʤɼʞ ʚ ʠʤʧʫʣʴʩʝ ʩ ʯʘʩʪʦʪʦʡ  10 ɻʮ 
ʠ ʚʨʝʤʝʥʝʤ ʘʙʣʷʮʠʠ 10 ʤʠʥ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ CdTe/CdS ʚ 
ʥʘʯʘʣʝ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ CdTe, ʜʘʣʝʝ ʚ ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ 
CdTe ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 
ʥʘʥʦʯʘʩʪʠʮʳ CdS (ʨʠʩ.1,ʘ). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ CdTe ʠ CdS ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʧʨʷʤʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʦʡ, ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ )(~2 na hf , ʧʦ ʤʝʪʦʜʫ ʊʘʫʢʘ [1], ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʰʠʨʠʥʘ 
ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ Eg=2.46 
ʵɺ ʜʣʷ CdTe ʠ Eg=3,30 ʵɺ ʜʣʷ CdS. ʕʪʘ ʚʝʣʠʯʠʥʳ ʦʢʘʟʘʣʠʩʴ ʥʘ ~0.9 ʵɺ ʙʦʣʴʰʝ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥʳ ʢʨʠʩʪʘʣʣʦʚ CdTe, (
49,1=gE
ʵɺ) ʠ CdS(Eg=2,42ʵɺ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʯʘʩʪʠʮ CdTe ʠ CdS, ʚʦʟʙʫʞʜʘʝʤʳʡ 3-

ʝʡ ʛʘʨʤʦʥʠʢʦʡ Nd:YAG-ʣʘʟʝʨʘ (51.3=w>  ʵɺ) ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʳ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ~ 
510 ʥʤ (2,43 ʵɺ) ʜʣʷ CdTe ʠ ~ 378 ʥʤ (3,28 ʵɺ) ʜʣʷ CdS. ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʠʨʦʜʳ 
ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʣʫʯʝʥʠʡ, ʪʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʥʠ ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 
ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʩʚʦʙʦʜʥʳʭ ʵʢʩʠʪʦʥʦʚ. 
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ʈʠʩ.1. ʘ- ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʘʙʣʷʮʠʠ ʥʘʥʦʯʘʩʪʠʮ CdTe/CdS; ʙ- 
ɿʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ CdTe/CdS. 

 

ʕʢʩʠʪʦʥʥʘʷ ʧʨʠʨʦʜʘ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʣʫʯʝʥʠʡ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʠʥʝʪʠʢʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ ~5Ŀ10-7 ʩʝʢ. ʉʪʦʣʴ ʙʳʩʪʨʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʵʢʩʠʪʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʧʝʢʪʨʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ CdTe/CdS, ʚʦʟʙʫʞʜʘʝʤʳʝ 3-ʝʡ ʛʘʨʤʦʥʠʢʦʡ   

( w> =3,51 ʵɺ) Nd:YAG-ʣʘʟʝʨʘ, ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 510 ʥʤ. ʇʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʚ ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʥʦʯʘʩʪʠʮ CdTe/CdS, ʧʦʣʫʯʝʥʥʦʤ ʣʘʟʝʨʥʦʡ 

ʘʙʣʷʮʠʝʡ, ʦʙʨʘʟʫʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʷʜʨʦ/ʦʙʦʣʦʯʢʘ (ʨʠʩ.1,ʙ) [2]. ʇʨʠ 

ʵʪʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʥʘʥʦʯʘʩʪʠʮ CdS ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʰʝʪʢʫ ʥʘʥʦʯʘʩʪʠʮ CdTe. ʆʩʥʦʚʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʦʣʫʯʝʥʠʷ 
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ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʷʜʨʦ/ʦʙʦʣʦʯʢʘ, ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 504 ʥʤ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʠʢʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ CdS ʚ ʦʙʣʘʩʪʠ (300-400) ʥʤ. ʌʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥïʜʳʨʦʯʥʳʝ ʧʘʨʳ ʚ CdS ʧʦʜʚʝʨʛʘʶʪʩʷ ʯʘʩʪʠʯʥʦʤʫ 

ʨʘʟʜʝʣʝʥʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʘ ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ. ʕʣʝʢʪʨʦʥʳ, ʠʟʥʘʯʘʣʴʥʦ 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ CdS ʧʨʠ ʨʝʣʘʢʩʘʮʠʠ, ʧʝʨʝʭʦʜʷʪ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ CdTʝ, ʘ ʜʳʨʢʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ CdS ʧʝʨʝʭʦʜʷʪ ʚ 

ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ CdTʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥ-

ʜʳʨʦʯʥʳʭ ʧʘʨ, ʚ CdTʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ~510 ʥʤ. 

ɻʝʪʝʨʦʧʝʨʝʭʦʜ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʰʠʨʦʢʦʟʦʥʥʳʤʠ ʠ ʫʟʢʦʟʦʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʨʳʚʳ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʢʠ, 

ʵʣʝʢʪʨʦʥʫ ʠ ʜʳʨʢʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ ʚ ʦʜʥʦʡ ʯʘʩʪʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ï ʚ ʫʟʢʦʟʦʥʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ; ʧʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʳ 

GaAs/AlAs ʠ CdSe/ZnS [3]. ɺ ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ CdTe/CdS, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʷʜʨʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʟʢʦʟʦʥʥʘʷ ʥʘʥʦʯʘʩʪʠʮʘ CdTe, ʘ ʦʙʦʣʦʯʢʦʡ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʟʦʥʥʘʷ 

ʥʘʥʦʯʘʩʪʠʮʘ CdS, ʦʙʨʘʟʫʝʪʩʷ ʛʝʥʝʨʦʧʝʨʝʭʦʜ ʪʠʧʘ. 
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The absorption and luminescence spectra of an CdTe/CdS nanoheterostructure 

synthesized by laser ablation in liquid were experimentally studied. It was shown that 

hybrid core/shell nanoheterostructures are formed in a colloidal solution of CdTe/CdS 

nanoparticles, where the core is a narrow-bandgap InSe nanoparticle and the shell is a 

wide-bandgap GaS nanoparticle. The luminescence spectrum of CdTe/CdS 

nanoheterostructures excited by the third harmonic of an Nd:YAG laser has an effective 

luminescence wavelength of 504 nm. 
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ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ  
ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ1 ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ2 

 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 
ʩʦʩʪʘʚʘ Ba0.8Sr0.2TiO3  (BSTʆ) ʧʦʣʫʯʝʥʳ 
ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ 
ʨʘʩʧʳʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʚ 
ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʫʩʪʘʥʦʚʢʝ 
ʇʃɸɿʄɸ-50 ʉʕ ʧʦ ʤʝʪʦʜʠʢʝ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ. ɺ ʢʘʯʝʩʪʚʝ 
ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʥ ʢʨʝʤʥʠʡ p-ʪʠʧʘ 
ʤʘʨʢʠ ʂɼɹ 20 ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 
ʦʨʠʝʥʪʘʮʠʝʡ [100]. ʊʦʣʱʠʥʘ ʧʦʜʣʦʞʝʢ 
200 Ñ 2 Õm.ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ 
ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʠʩʣʦʨʦʜʥʦʡ 
ʧʣʘʟʤʳ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ, ʛʜʝ 
ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʦʩʘʞʜʝʥʠʠ 
ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ. 
ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ 
ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʳʣʝʥʠʷ 
ʩʪʨʫʢʪʫʨʥʦ-ʩʦʚʝʨʰʝʥʥʳʭ 
ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʩ 
ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʝʭʠʦʤʝʪʨʠʠ ʧʦ 
ʢʠʩʣʦʨʦʜʫ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʤʧʝʨʘʪʫʨʥʳʝ  ʟʘʚʠʩʠʤʦʩʪʠ ʨʦʚʦʜʠʤʦʩʪʠ ů(T) 
ʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ Ba0.8Sr0.2TiO3ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ, 
ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʠʟʤʝʨʝʥʥʳʤʟʥʘʯʝʥʠʷʤ ʝʤʢʦʩʪʠ C ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭʧʦʪʝʨʴ tg ŭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ů = ɤC tg ŭ,ʛʜʝ ɤ = 2  ́ f. 

ʇʨʠ ʯʘʩʪʦʪʘʭ ɻʮ ʟʘʚʠʩʠʤʦʩʪʴ  ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʷʤʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʘʢʣʦʥʘʤʠ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ Ba0.8Sr0.2TiO3 
ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦ-ʧʨʦʚʦʜʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

[5]. ʇʦ ʥʘʢʣʦʥʘʤ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (), ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0.05ī0.15 ʵɺ, ʘ ʚ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 0.35ī0.75 ʵɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ 
ʘʢʪʠʚʘʮʠʠ ʝʩʪʴ ʬʫʥʢʮʠʷ ʯʘʩʪʦʪʳ. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʦʪ ʯʘʩʪʦʪʳ ʤʦʞʥʦ 
ʦʙʲʷʩʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʳʞʢʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ [6]. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 
ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ Ba0.8Sr0.2TiO3ʦʪ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠ ʧʦʤʦʱʠ 
ʤʫʣʴʪʠʧʣʝʪʥʦʡ ʤʦʜʝʣʠ, ʘ ʟʥʘʯʠʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʵʪʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ  
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʦʥʥʦ-ʧʨʳʞʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʪʘʢʞʝ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʘʷ ac-ʧʨʦʚʦʜʠʤʦʩʪʴ  

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ Ba0.8Sr0.2TiO3. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 
ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʉ ʨʦʩʪʦʤ 
ʯʘʩʪʦʪʳ ac-ʧʨʦʚʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 
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ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ  ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ Ba0.8Sr0.2TiO3, ʧʦ-ʚʠʜʠʤʦʤʫ, 
ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʶ 

,                           (1) 

ʛʜʝ A ð ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʫʝ 
ʦʙʨʘʟʮʘ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
(   ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ  

ʥʘʙʣʶʜʘʣʠʩʴ ʜʚʘ ʫʯʘʩʪʢʘ. ʇʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ ʊ=293 ʂ  ʚʥʘʯʘʣʝ ʠʤʝʣʘ 

ʤʝʩʪʦ ʟʘʚʠʩʠʤʦʩʪʴ , ʢʦʪʦʨʘʷ 

ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʣʘ ʢ   . ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʥʠʯʥʘʷ 
ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʦʪ     ʢ    

  ʩʤʝʱʘʣʘʩʴ ʚ ʩʪʦʨʦʥʫ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ.  
ʂʘʢ ʠʟʚʝʩʪʥʦ, ac-ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʟʦʥʥʦʛʦʪʠʧʘ ʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 
ʯʘʩʪʦʪʥʦ-ʥʝʟʘʚʠʩʠʤʦʡ ʚʧʣʦʪʴ ʜʦ 1010ï1011 
ɻʮ.ɽʩʣʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʘʤʦʨʬʥʳʭ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʙʫʜʝʪ ʧʦʜʯʠʥʷʪʴʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʳʞʢʦʚʳʡ ʤʝʭʘʥʠʟʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʳʞʢʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ 
ʤʘʣʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʥʦʩʦʤ ʥʦʩʠʪʝʣʝʡ ʧʦ 
ʩʣʘʙʳʤ ʧʝʨʝʢʨʳʪʠʷʤ ʭʚʦʩʪʦʚʳʭ ʯʘʩʪʝʡ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʙʣʠʟʣʝʞʘʱʠʭ ʘʢʮʝʧʪʦʨʥʳʭ 
ʫʨʦʚʥʝʡ.ɺ  ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ Ba0.8Sr0.2TiO3ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

  ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʳʞʢʦʚʦʤ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʧʦ ʩʦʩʪʦʷʥʠʷʤ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʨʦʚʥʷ ʌʝʨʤʠ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 
ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʴ 
ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ Ba0.8Sr0.2TiO3ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʧʦ ʧʨʳʞʢʦʚʦʤʫ, ʪʘʢ ʠ ʧʦ 
ʟʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ.  

 

ELECTRICAL CONDUCTIVITY OF FERROELECTRIC FILMS Ba0.8Sr0.2TiO3ON ALTERNATING 
CURRENT 

M.B.Jafarov1 
A.E.Nabiev2 

J.I.Huseynov 2 
Azerbaijan Technological University1 

Azerbaijan State Pedagogical University2 
The experimental results of the study of frequency and temperature dependences of 

electrical conductivity of ferroelectric film Ba0.8Sr0.2TiO3on alternating electric current are presented. 
It was found that in the temperature range of 290-400 K at frequencies of 25-106 for ac-conductivity 

obeyed the law  characteristic of the hopping mechanism of charge transfer along states 

localized near the Fermi level.  
Keywords:ferroelectric film, alternating field, electrical conductivity, permittivityrelaxation 

time, electron polarization. 
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ʈʠʩ.2. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ 
ʧʨʦʚʦʜʥʦʩʪʠʧʣʝʥʦʢ Ba0.8Sr0.2TiO3: 

1-293 K,   2- 373 K,     3-423 K,   4-453K. 
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ķAGĶRDLᴄRDᴄ ķᴄXSĶYYᴄTY¥N¦ML¦ BACARIQLARIN FORMALAķMASINDA FĶZĶKA 
MᴄSᴄLᴄLᴄRĶNĶN ĶMKANLARI 
Elxan Xᴅlil oĵlu Ķsmayilov 
elxan.ismayēlov@gdu.edu.az 
Aytᴅn Arzuman qēzē Quliyeva 

aytnq696@gmail.com  
Gᴅncᴅ Dºvlᴅt Universiteti 

M¿asir dºvr¿n tᴅhsil sistemi ĸagirddᴅn yalnēz nᴅzᴅri biliklᴅrin mᴅnimsᴅnilmᴅsini deyil, 
hᴅm dᴅ bu biliklᴅrin real hᴅyatda tᴅtbiqini, yᴅni ĸᴅxsiyyᴅtyºn¿ml¿ bacarēqlarēn (soft skills) 
inkiĸafēnē tᴅlᴅb edir. Fizika fᴅnni tᴅbiᴅt hadisᴅlᴅrini ºyrᴅnmᴅklᴅ bᴅrabᴅr ĸagirddᴅ ᴅtraf alᴅmᴅ 
dair elmi d¿nyagºr¿ĸ¿n¿n formalaĸmasēnda konseptual ᴅsas yaradēr. X¿susilᴅ orta mᴅktᴅb 
(VI-IX siniflᴅr) mᴅrhᴅlᴅsindᴅ fizika mᴅsᴅlᴅlᴅrinin hᴅlli prosesi ĸagirdlᴅrin analitik d¿ĸ¿ncᴅ tᴅrzi 
vᴅ qᴅrar qᴅbul etmᴅ qabiliyyᴅti ¿­¿n m¿nbit ĸᴅrait yaradēr[1-4].  

Bu mᴅqalᴅnin ᴅsas mᴅqsᴅdi fizika mᴅsᴅlᴅlᴅrinin ĸagirdlᴅrdᴅ hansē ĸᴅxsiyyᴅtyºn¿ml¿ 
keyfiyyᴅtlᴅri formalaĸdērdēĵēnē vᴅ bu prosesin metodik baxēmdan necᴅ tᴅĸkil olunmalē olduĵunu 
tᴅdqiq etmᴅkdir. 

ķᴅxsiyyᴅtyºn¿ml¿ tᴅlimin ᴅsasēnda ĸagirdlᴅrin fᴅrdi x¿susiyyᴅtlᴅrinin, maraq vᴅ 
meyllᴅrinin nᴅzᴅrᴅ alēnmasē dayanēr. Fizika mᴅsᴅlᴅlᴅri sadᴅcᴅ bir "hesablama tapĸērēĵē" deyil, 
hᴅmdᴅ m¿ᴅyyᴅn bir hᴅyati vᴅ ya elmi problemin modelidir.  

Mᴅsᴅlᴅ hᴅlletmᴅ prosesindᴅ  formalaĸan ᴅsas bacarēqlar: 
Analitik d¿ĸ¿ncᴅ: Verilᴅnlᴅr arasēndakē gizli ᴅlaqᴅlᴅri tapmaq. 
Tᴅnqidi tᴅfᴅkk¿r: Alēnan nᴅticᴅnin reallēĵa uyĵunluĵunu yoxlamaq (mᴅsᴅlᴅn, insanēn 

s¿rᴅti saniyᴅdᴅ 100 metr ­ēxa bilᴅrmi?). 
Dºz¿ml¿l¿k vᴅ Ķradᴅ: M¿rᴅkkᴅb bir problemi hᴅll etmᴅk ¿­¿n ardēcēl cᴅhdlᴅr gºstᴅrmᴅk. 
Orta mᴅktᴅb ĸagirdlᴅri ¿­¿n fizika mᴅsᴅlᴅlᴅri m¿cᴅrrᴅd d¿sturlardan ibarᴅt olmamalē, 

onlarēn g¿ndᴅlik hᴅyatē vᴅ ᴅtraf m¿hitlᴅ ᴅlaqᴅlᴅndirilmᴅlidir. Bu, ĸagirdlᴅrdᴅ hᴅm mᴅsuliyyᴅt 
hissini artērēr, hᴅm dᴅ analitik tᴅfᴅkk¿r¿ inkĸaf etdirir.  

1. Enerji vᴅ Resurslardan Sᴅmᴅrᴅli Ķstifadᴅ (Ķstilik hadisᴅlᴅri)  
Mᴅsᴅlᴅn, ĸagirdlᴅrᴅ evin izolyasiyasē vᴅ yaxud elektrik cihazlarēnēn enerji sᴅrfi ilᴅ baĵlē 

mᴅsᴅlᴅ verdikdᴅ, o, sadᴅcᴅ Q = cmùdeltaT d¿sturunu tᴅtbiq etmir. Onlar, hᴅm dᴅ enerjiyᴅ 
qᴅnaᴅtin hᴅm ailᴅ b¿dcᴅsi, hᴅm dᴅ ekologiya ¿­¿n ᴅhᴅmiyyᴅtini dᴅrk edir. Bu, ĸagirdlᴅrdᴅ 
sosial mᴅsuliyyᴅt bacarēqlarēnē formalaĸdērēr. 

2. Hᴅrᴅkᴅtin Tᴅhl¿kᴅsizliyi vᴅ Analiz (Mexanika)  
Yol hᴅrᴅkᴅti qaydalarēna aid fizika mᴅsᴅlᴅlᴅri (mᴅsᴅlᴅn, tormoz yolunun hesablanmasē) 

ĸagirdlᴅrdᴅ s¿rᴅt vᴅ zaman arasēndakē asēlēlēĵē riyazi ĸᴅkildᴅ gºstᴅrmᴅklᴅ birgᴅ , onlara 
ehtiyatlē olmaĵē vᴅ tᴅhl¿kᴅsizlik qaydalarēna riayᴅt etmᴅyin vacibliyini aĸēlayēr. Burada tᴅnqidi 
tᴅfᴅkk¿r ºn plana ­ēxēr: "ᴄgᴅr s¿rᴅt iki dᴅfᴅ artarsa, tormoz yolu necᴅ dᴅyiĸᴅr vᴅ bu, piyadalar 
¿­¿n nᴅ dᴅrᴅcᴅdᴅ tᴅhl¿kᴅlidir?" 

ķᴅxsiyyᴅtyºn¿ml¿ yanaĸmada mᴅsᴅlᴅnin cavabē deyil, onun hᴅll prosesi daha ºnᴅmlidir. 
Analitik d¿ĸ¿ncᴅni inkiĸaf etdirmᴅk ¿­¿n ĸagirdlᴅr aĸaĵēdakē mᴅrhᴅlᴅlᴅrdᴅn ke­irlᴅr: 

Problemin identifikasiyasē: Mᴅsᴅlᴅlᴅrdᴅ nᴅyin axtarēldēĵēnē vᴅ hansē ĸᴅrtlᴅrin verildiyini 
m¿ᴅyyᴅn etmᴅk. 

Modellᴅĸdirmᴅ: Real hadisᴅlᴅri fiziki kᴅmiyyᴅtlᴅr dilinᴅ ­evirmᴅk. 
Hᴅll strategiyasēnēn se­ilmᴅsi: Mºvcud biliklᴅr arasēnda ᴅn ᴅlveriĸli  yolu tapmaq. 
Refleksiya: Tapēlan nᴅticᴅlᴅrin mᴅntiqli olub-olmadēĵēnē yoxlamaq 
Nᴅticᴅdᴅ tᴅdqiqat gºstᴅrir ki, fizika mᴅsᴅlᴅlᴅrinin hᴅlli ĸagirdlᴅrdᴅ tᴅkcᴅ akademik biliklᴅri 

deyil, hᴅm dᴅ XXI ᴅsr bacarēqlarēnē formalaĸdērēr. ķᴅxsiyyᴅtyºn¿ml¿ tᴅhsil ­ᴅr­ivᴅsindᴅ 

aparēlan bu fᴅaliyyᴅt ĸagirdlᴅri gᴅlᴅcᴅk hᴅyatda qarĸēlaĸacaĵē problemlᴅri analiz etmᴅyᴅ, 

tᴅnqidi yanaĸmaĵa vᴅ mᴅsuliyyᴅtli qᴅrarlar qᴅbul etmᴅyᴅ hazērlayēr. Belᴅliklᴅ, fizika mᴅsᴅlᴅlᴅri 

sadᴅcᴅ tᴅdris vasitᴅsi deyil, hᴅm dᴅ kamil ĸᴅxsiyyᴅt yetiĸdirilmᴅsi ¿­¿n zᴅruri bir vasitᴅdi. 
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POSSIBILITIES OF PHYSICS PROBLEMS IN THE FORMATION OF PERSONAL  
SKILLS IN STUDENTS 
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He research paper examines the role of the process of solving physics problems in the 
development of students as individuals. The author emphasizes the critical thinking  and logical 
analysis skills that are formed in students during the application of the laws of physics. The article 
emphasizes that well-chosen problem examples prepare the student not only to make calculations, 
but also to make optimal decisions in real-life situations. 
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criticism, Analytical Thinking 
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ɻʘʤʣʝʪ ɼʞʫʤʰʠʜ ʦʛʣʳ ʂʷʩʝʤʝʥʣʠ1 
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ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ1 
ʀʥʩʪʠʪʫʪ ʄʘʪʝʤʘʪʠʢʠ ʠ ʄʝʭʘʥʠʢʠ ɹʘʢʫ 2 

ɺ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʚ ʦʩʥʦʚʥʦʤ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧ ʠʟʫʯʘʝʪʴʩʷ ʜʣʷ ʤ.ʧ.ʩ.ʟ.ʚ ʚʠʜʝ 
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ʛʜʝ iT  - ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʚʩʶʜʫ ʧʣʦʪʥʦʤ ʤʥʦʞʝʩʪʚʝ ii HTD Ë)( , ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʩʥʠʟʫ ʣʠʥʝʡʥʳʝ, ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʩ ʢʦʤʧʘʢʪʥʳʤʠ ʨʝʟʦʣʴʚʝʥʪʘʤʠ ʠ 

kjV ji ;....;1;, =  -ʦʛʨʘʥʠʯʝʥʥʳʝ, ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʦʧʝʨʘʪʦʨʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ 

ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢiH i ;...;1, = . ɿʜʝʩʴ { }kllll ;....;; 21=
C

 
ʥʘʟʳʚʘʝʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. ʈʘʟʣʦʛʘʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʟʘʜʘʯʝ (1) ʧʦʣʫʯʘʝʤ 

niHHH nii ,...,1;..., 10 =ÃÃ=ÍD=D jjjl  ,                                                     (2) 

ʛʜʝ ʦʧʝʨʘʪʦʨ 0D - ʝʩʪʴ ʛʣʘʚʥʳʡ ʜʝʪʝʨʤʠʥʘʥʪ, ʘ ʦʧʝʨʘʪʦʨʳ nii ...,,1, =D  ʝʩʪʴ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2). ɺ ʜʝʪʝʨʤʠʥʘʥʪʘʭ ʫʤʥʦʞʝʥʠʝ 
ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʪʝʥʟʦʨʥʦʝ ʫʤʥʦʞʝʥʠʝ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʜʘʯʠ (1) ʜʣʷ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʩʢʨʝʪʥʦʩʪʠ ʩʧʝʢʪʨʘ, ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʝ ʧʨʘʚʦʡ ʠʣʠ ʣʝʚʦʡ 

ʦʧʨʝʜʝʥʣʝʥʥʦʩʪʠ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʝ ʧʨʘʚʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ,0 Ia>D

 ,0>a RÍa  ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʝʨʘʪʦʨʳ niɻ ii ,...,2.1;1

0 =DD= -
. ɺ ʨʘʙʦʪʘʭ [1],[2] 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʜʣʷ Hf Í"  ʩʫʱʝʩʪʚʫʝʪ niHgi ,...,2,1; =Í$ , ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ  
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ʜʦʢʘʟʳʚʘʝʪʩʷ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ niɻ ii ,...,2.1;1

0 =DD= -
. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʨʘʟʨʝʰʠʤʦʩʪʴ ʧʦʩʣʝʜʥʝʡ ʩʠʩʪʝʤʳ (3) ʫʪʚʝʨʞʜʘʝʪʩʷ, ʷʢʦʙʳ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ Hf Í" . 

ʂʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʩʝʤʝʡʩʪʚʘ ʦʧʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ, ʚ ʪʦʤ ʩʤʳʩʣʝ, 
ʯʪʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1) ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ 

ʦʙʱʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʦʧʝʨʘʪʦʨʦʚ niɻi ,...,2.1; =  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

H. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ 

niɻi ,...,2.1; =  ʠ nii ,...,2.1; =D . ʈʘʜʠ ʫʧʨʦʱʝʥʠʷ ʟʘʧʠʩʠ, ʚ ʟʘʜʘʯʝ (1) ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ 

2=n . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʫ (1) ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʟʘʜʘʯʫ 
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ʛʜʝ 2;1, 2,1, =iKK ii  ʦʛʨʘʥʠʯʝʥʥʳʝ ʦʧʝʨʘʪʦʨʳ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

2;1; =iHi . ʇʫʩʪʴ {}0ker 0=D . ʆʧʝʨʘʪʦʨʳ 0D  ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ H  ʥʘ )( 0DR
 

ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦ, ʪ.ʝ. ʩʫʱʝʩʪʚʫʶʪ ʦʙʨʘʪʥʳʡ ʦʧʝʨʘʪʦʨ 
1

0

-D
 
ʦʧʨʝʜʝʣʝʥʥʥʳʡ ʥʘ 

ʧʣʦʪʥʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ H  ʤʥʦʞʝʩʪʚʘʭ )( 0DR . ɼʣʷ ʵʪʠʭ ʦʧʝʨʘʪʦʨʦʚ 2,1,1

0 =DD= - iɻ ii  

ʚʝʨʥʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ ʦʧʝʨʘʪʦʨʳ 2,1, , ii KK  ʙʳʣʠ ʢʦʤʤʫʪʠʨʫʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ 

ʠʥʜʝʢʩʘ 2;1=i , ʪʦʛʜʘ ʦʧʝʨʘʪʦʨʳ 1ɻ ʠ 2ɻ  ʙʳʣʠ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɽʩʣʠ ʦʧʝʨʘʪʦʨʳ 2,1,0;, 2,1, =iKK ii  ʧʝʨʝʩʪʘʥʦʚʦʯʥʳ ʜʣʷ ʢʘʞʜʦʛʦ 

ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ 2;1=i , ʪʦʛʜʘ ʣʝʛʢʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʦʧʝʨʘʪʦʨʳ 2,1,0; =D ii  ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʭ ʦʙʨʘʪʥʳʝ 2,1,0;1 =D- ii  (ʝʩʣʠ ʦʥʠ ʩʫʱʝʩʪʚʫʶʪ) ʧʦʧʘʨʥʦ 

ʧʝʨʝʩʪʘʥʦʚʦʯʥʳ. ʇʦʵʪʦʤʫ, ʦʧʝʨʘʪʦʨʳ 2,1,0

1 =DD= - iɻ ii  ʪʘʢʞʝ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳ. ʊʝʦʨʝʤʘ 

ʜʦʢʘʟʘʥʘ. 
ʆʙʨʘʪʥʦʝ ʵʪʦʡ ʪʝʦʨʝʤʳ ʥʝ ʚʝʨʥʦ. ɺ ʩʣʫʯʘʝ ʥʝ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ 

2,1,0;, 2,1, =iKK ii  ʩʝʤʝʡʩʪʚʦ ʦʧʝʨʘʪʦʨʦʚ 2,1,0

1 =DD= - iɻ ii  ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʤʠ, ʪʘʢ ʠ ʥʝ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʩʣʫʯʘʝ ʥʝ 

ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ 2,1, , ii KK  ʩʝʤʝʡʩʪʚʦ ʦʧʝʨʘʪʦʨʦʚ ʨʘʟʜʝʣʷʶʱʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʩʪʘʥʦʚʦʯ-ʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ 

2

21 RHH ==  ʠ  öö
÷

õ
ææ
ç

å
==öö

÷

õ
ææ
ç

å
=öö

÷

õ
ææ
ç

å

-
=

10

01
;

01

10
;

10

01
22211211 KKKK . ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʦʧʝʨʘʪʦʨʳ 

2,11,1 ,KK  ʥʝ ʢʦʤʤʫʪʠʨʫʶʪʩʷ. ɸ ʩʝʤʝʡʩʪʚʦ ʦʧʝʨʘʪʦʨʦʚ ʨʘʟʜʝʣʷʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʧʝʨʝʩʪʘʥʦʚʦʯʥʳ. ɽʩʣʠ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ 
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15
;

33

32
;

12

25
;

22

23
22211211 ʂʂʂʂ , ʪʦʛʜʘ ʣʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʠʝ ʦʧʝʨʘʪʦʨʳ 2,1, , ii KK  ʥʝ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʝ. ʉʝʤʝʡʩʪʚʦ ʦʧʝʨʘʪʦʨʦʚ 

ʨʘʟʜʝʣʷʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʥʝ ʢʦʤʤʫʪʠʨʫʶʪʩʷ. ʕʪʦʪ 
ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʩʝʤʝʡʩʪʚʘ ʦʧʝʨʘʪʦʨʦʚ ʨʘʟʜʝʣʷʶʱʠʝ 
ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʤ.ʧ.ʩ.ʟ. ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʭ ʢʣʘʩʩ ʟʘʜʘʯ. ʕʪʦ 
ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʟʨʝʰʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3) ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ Hf Í"  

ʚʦʟʤʦʞʥʦ ʜʣʷ ʦʯʝʥʴ ʫʟʢʠʭ ʢʣʘʩʩ ʟʘʜʘʯ (ʥʘʧʨʠʤʝʨ ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʭ ʦʧʝʨʘʪʦʨʦʚ 
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2,1, , ii KK ). ɺʦʧʨʦʩ ʦ ʧʦʣʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʣʘʩʩ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʦʤ ʚʝʨʥʦ ʦʙʨʘʪʥʘʷ 

ʪʝʦʨʝʤʳ 1 ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ.  ʅʦ ʚʝʨʥʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ 2. ɽʩʣʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʦʧʝʨʘʪʦʨʳ 2,1, , ii KK  ʚ ʟʘʜʘʯʝ (4) ʥʝ ʢʦʤʤʫʪʠʨʫʶʪʩʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ 2;1=i , ʪʦʛʜʘ ʦʧʝʨʘʪʦʨʳ 1D ʠ 2D  ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʤʠ.  

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺr ʯʠʩʣʠʤ ʢʦʤʤʫʪʘʪʦʨ [ ] 122121, DD-DD=DD  ʦʧʝʨʘʪʦʨʦʚ 1D ʠ 2D .  

( )( ) 1,22,121,12,11,22,212,21,11,2121,122,12,2121 KKIKKKKIKKKIIKIKKI Ã+Ã-Ã-Ã=Ã-ÃÃ-Ã=DD

 

( )( ) 1,22,12,21,2122,11,12,21,122,12,211,2121,112 KKKKIIKKKKIKKIKIIK Ã+Ã-Ã-Ã=Ã-ÃÃ-Ã=DD

 

ʊʦʛʜʘ [ ] 21,12,11,22,212,21,2122,11,121, IKKKKIKKIIKK Ã-Ã-Ã+Ã=DD  ʠʣʠ  [ ]=DD 21,  

[ ] [ ]2,21,2122,11,1 ,, KKIIKK Ã+Ã= . ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʨʘʚʝʥʩʪʚʦ [ ]0, 21 =DD , 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʩʷ ʨʘʚʝʥʩʪʚʘ [ ] 12,11,1 , ʩIKK =  ʠ [ ] 22,21,2 , ʩIKK -=  ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ, ʛʜʝ ʩ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ. ɺ ʩʠʣʫ ʥʝ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ 2;1;1,2, =iKK ii  ʯʠʩʣʦ 

ʥʝ ʨʘʚʥʷʝʪʩʷ ʢ ʥʫʣʶ, 0̧ʩ . ɺ ʢʦʥʝʯʥʦʤʝʨʥʦʤ (n -ʤʝʨʥʦʤ ) ʩʣʫʯʘʝ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʩʚʦʡʩʪʚʫ ʩʣʝʜʘ ʤʘʪʨʠʮ, ʠʟ ʨʘʚʝʥʩʪʚʘ ( ) ( ) 2;1;1,2,2,1, == iKKTrKKTr iiii  ʧʦʣʫʯʘʝʤ  

( ) ( ) ( ) ( ) 2;1;)1()1(0 11

1,2,2,1,1,2,2,1, =-=-=-=-= ++ inʩʩITrKKKKTrKKTrKKTr i

i

i

iiiiiiii . 

ɸ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ 0̧ʩ . ɸ ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʧʦ ʪʝʦʨʝʤʝ ɺʠʥʪʝʨʘ-

ɺʠʣʘʥʜʘ [ ] 0)1(, 1

2,1, =Ú-= + ʩʩIKK i

i

ii
. ʇʦʵʪʦʤʫ, ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

[ ] [ ] ;)1(,0, 1

2,1,21 i

i

ii ʩIKK +-=Ú=DD
 

2;1=i  ʫʪʚʝʨʞʜʘʝʤ, ʯʪʦ, ʝʩʣʠ ʦʧʝʨʘʪʦʨʳ 1,iK  ʠ 2,iK  ʥʝ 

ʧʝʨʝʩʪʘʥʦʚʦʯʥʳ, ʪʦʛʜʘ ʦʧʝʨʘʪʦʨʳ 1D ʠ 2D  ʥʝ ʤʦʛʫʪʴ ʙʳʪʴ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʤʠ. ʊʝʦʨʝʤʘ 

ʜʦʢʘʟʘʥʘ. 
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This article examines the relationship between the commutability of the internal operators 
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QAZIN ADĶABATĶK SIXILMASI ZAMANI G¥R¦LᴄN Ķķ 
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hamlet.kesemenli@mail.ru 
Azᴅrbaycan Texnologiya Universiteti 

Burada, k ï qaz sabiti olmaqla hava ¿­¿n k å 1,4; Po ï atmosfer tᴅzyiqi, S qazē silindrik 
qabda sēxan porĸenin oturacaĵēnēn sahᴅsi, V ï qazēn hᴅcmi P isᴅ qazēn tᴅzyiqidir. Silindrik qabēn 
h¿nd¿rl¿y¿n¿ X qᴅbul edᴅk. Fᴅrz edᴅk ki, qazē sēxaraq yerini dx qᴅdᴅr dᴅyiĸmiĸdir. Onda bu 
sēxēlmaya uyĵun gºr¿lᴅn iĸ dA olacaq. Silindrik qabdakē havanēn ï qazēn baĸlanĵēc tᴅzyiqini Po, 
baĸlanĵēc hᴅcmini V0 qᴅbul edᴅk. Porĸenin havanē sēxdēĵē zaman gºrd¿y¿ iĸ  dA = -psdx olacaq. 
sdx = dv olduĵundan [1,2].   

                                                                                                   (1) 

Puasson tᴅnliyindᴅn alērēq ki, [2]. 

                                                                                         (2) 

(2) ifdᴅsini (1) ï dᴅ nᴅzᴅrᴅ alsaq, [1]. 

 
Olduĵunu alarēq. Bu diferensial tᴅnliyi hᴅll edᴅrᴅk sēxēlma zamanē gºr¿lᴅn iĸi. 

  Olduĵunu alarēq.  
V = Vo, A = 0 baĸlanĵēc ĸᴅrtlᴅrini nᴅzᴅrᴅ alsaq, 

 
Belᴅliklᴅ, adiabatik sēxēlma zamanē gºr¿lᴅn iĸ.  

        olacaq. 
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Calculation of adiabatic compression. At adiabatic gas compression, its volume and 
pressure are related by Poisson's equation. 

 
As a result, a differential equation is obtained, and by solving the equation, we find work 

under compression. Keywords: gas pressure, adiabatic compression, air density. 
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ķĶFRᴄLᴄR Vᴄ KODLAR ï RĶYAZĶYYATIN GĶZLĶ TᴄRᴄFĶ 
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Aytᴅn V¿qar qēzē Babayeva2 
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BDU-nun Qazax filialē1 
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Gᴅncᴅ Dºvlᴅt Universiteti3 

ñElm insanē qoruyurò deyimi riyaziyyata da aiddir. ¢¿nki riyaziyyat yalnēz 
hesablamalar ¿­¿n deyil, hᴅm dᴅ mᴅlumatlarēn tᴅhl¿kᴅsizliyini tᴅmin etmᴅk ¿­¿n istifadᴅ 
olunur. 

Ķnsanlar qᴅdim dºvrlᴅrdᴅn baĸlayaraq ºz sirrlᴅrini qorumaq ¿­¿n m¿xtᴅlif ¿sullar 
d¿ĸ¿n¿blᴅr. Bu ¿sullar ĸifrᴅlᴅmᴅ adlanēr vᴅ bu sahᴅ kriptoqrafiya kimi tanēnēr. Ke­miĸdᴅ bu 
¿sullar ᴅsasᴅn mᴅktublarē qorumaq ¿­¿n istifadᴅ olunurdusa, bu g¿n isᴅ texnologiyanēn 
inkiĸafē ilᴅ hᴅyatēmēzēn hᴅr sahᴅsindᴅ tᴅtbiq olunur[1-3]. 
ķifrᴅlᴅmᴅ nᴅdir? 

ķifrᴅlᴅmᴅ mᴅlumatēn x¿susi qaydalar ᴅsasēnda dᴅyiĸdirilᴅrᴅk gizli formaya 
salēnmasēdēr. Bu proses nᴅticᴅsindᴅ mᴅlumat adi insanlar ¿­¿n anlaĸēlmaz olur vᴅ yalnēz 
qaydanē bilᴅn ĸᴅxs onu oxuya bilir. 

Baĸqa sºzlᴅ, ĸifrᴅlᴅmᴅ mᴅlumatēn qorunmasē ¿­¿n onu ñgizli dilᴅò ­evirmᴅkdir. 
N¿munᴅ: ñSALAMò sºz¿n¿ dᴅyiĸdirᴅrᴅk fᴅrqli formada yaza bilᴅrik vᴅ bu zaman onu 

hᴅr kᴅs baĸa d¿ĸᴅ bilmᴅz. 
Sezar ĸifrᴅsi 
ᴄn qᴅdim vᴅ sadᴅ ĸifrᴅlᴅmᴅ ¿sullarēndan biri Sezar ¿suludur. Bu ¿sul qᴅdim Roma 

dºvr¿ndᴅ istifadᴅ edilmiĸdir. 
Bu ¿sulda hᴅrflᴅr ᴅlifbada m¿ᴅyyᴅn say qᴅdᴅr irᴅli ­ᴅkilir. Mᴅsᴅlᴅn, 3 addēm irᴅli: 

 ÅA Ÿ D 
 ÅB Ÿ E 
 ÅS Ÿ V 

SALAM Ÿ VDODP 
Bu ¿sul sadᴅ olsa da, ĸifrᴅlᴅmᴅnin ᴅsas prinsiplᴅrini ºyrᴅnmᴅk ¿­¿n ­ox 

ᴅhᴅmiyyᴅtlidir. 
Riyaziyyat vᴅ ĸifrᴅlᴅr: 
ķifrᴅlᴅmᴅ riyaziyyatla sēx baĵlēdēr. X¿susilᴅ ᴅdᴅdlᴅr vᴅ mᴅntiq burada ᴅsas rol 

oynayēr. Mᴅsᴅlᴅn, hᴅrflᴅri rᴅqᴅmlᴅrlᴅ ᴅvᴅz etmᴅk olar: 
 ÅA = 1 
 ÅB = 2 
 ÅC = 3  

Bu ¿sul mᴅlumatē daha m¿rᴅkkᴅb vᴅ tᴅhl¿kᴅsiz hala gᴅtirir. M¿asir ĸifrᴅlᴅmᴅ isᴅ ­ox 
daha ­ᴅtin riyazi hesablamalara ᴅsaslanēr. 

M¿asir hᴅyatda rolu 
Bu g¿n ĸifrᴅlᴅmᴅ hᴅyatēmēzēn ayrēlmaz hissᴅsidir. Aĸaĵēdakē sahᴅlᴅrdᴅ geniĸ istifadᴅ 
olunur: 

Telefon vᴅ tᴅtbiqlᴅrdᴅ 
Bank kartlarē vᴅ ºdᴅniĸlᴅrdᴅ 
Sosial ĸᴅbᴅkᴅlᴅrdᴅ 
Ķnternet tᴅhl¿kᴅsizliyindᴅ 
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Bu texnologiyalar sayᴅsindᴅ ĸᴅxsi mᴅlumatlarēmēz qorunur vᴅ tᴅhl¿kᴅsizliyimiz tᴅmin 
olunur. 
Maraqlē faktlar 
Ķlk ĸifrᴅlᴅr min illᴅr ᴅvvᴅl istifadᴅ olunub 
Hᴅrbi sahᴅdᴅ ĸifrᴅlᴅmᴅ ­ox vacib olub 
M¿asir ĸifrᴅlᴅr o qᴅdᴅr m¿rᴅkkᴅbdir ki, onlarē qērmaq ­ox ­ᴅtindi 
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It can be concluded that mathematics is important not only as a school subject but 
also in everyday life. Encryption is considered one of the most engaging and practical 
areas of this science. 

This topic demonstrates that learning mathematics can play a significant role in the 
future, especially in the fields of technology and security. 
Keywords: code, encryption, symbol, information security, numbers 
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XVII ᴅsrin sonu vᴅ XIX ᴅsrin ikinci yarēsēna qᴅdᴅr d¿nyanēn ᴅn mᴅĸhur alimlᴅri J.Nyuton, 
Q.Leybnis, J.Bernulli, B.Dalamber vᴅ s. funksiyanēn m¿xtᴅlif tᴅriflᴅrini sºylᴅmiĸlᴅr. Lakin 
funksiyanēn tᴅrifi 1837-ci ildᴅ daha ¿mumi vᴅ bitkin formada Dirixle tᴅrᴅfindᴅn verilmiĸdir [1,2]. 

XIX ᴅsrin sonuna qᴅdᴅr riyaziyyat elminin sonrakē inkiĸafē funksiyanēn Dirixle tᴅrᴅfinᴅ 
ᴅsaslandērmēĸdēr.  

Ancaq  XX  ᴅsrin baĸlanĵēcēndan etibarᴅn Kvant mexanikasēnēn yaranmasē vᴅ riyazi fizika 
tᴅnliklᴅrinin hᴅlli ilᴅ ᴅlaqᴅdar funksiyanēn Dirixle tᴅrifinᴅ tᴅsvir ola bilmᴅyᴅn bir sēra asēlēlēqlarla 
rastlaĸarkᴅn bu tᴅrif fikirlᴅri razē salmadē vᴅ ona gºrᴅ dᴅ funksiya anlayēĸēnēn sonrakē 
geniĸlᴅndirilmᴅsindᴅ zᴅrurᴅt yarandē.  

Ķngilis fiziki ñKvant mexanikasēnēò  yaradēcēsē P.Dirak gºstᴅrdi ki, kvant nᴅzᴅriyyᴅsindᴅ 
geniĸ tᴅtbiq olunan funksiya funksional asēlēlēq verilmiĸ klassik tᴅrifdᴅn kᴅnara ­ēxdē. 

Fiziklᴅrin tᴅyininᴅ gºrᴅ  funksiyanēn ᴅdᴅd oxunun yalnēz  nºqtᴅsindᴅ sēfērdan fᴅrqli 

qalan hᴅr yerdᴅ sēfēra bᴅrabᴅr vᴅ b¿t¿n oxda inteqralē vahidᴅ bᴅrabᴅrdir. Burada asanlēqla 
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yᴅqin etmᴅk olar ki,  funksiyasēnēn bu tᴅrifi funksiyaya verilᴅn klassik tᴅriflᴅ 

uzlaĸmēr(1). 
Fᴅrz edᴅk ki,  hᴅqiq dᴅyiĸᴅnli, sonsuz diferensiallaĸan finit( yᴅni hᴅr hansē mᴅhdud 

oblastdan kᴅnarda sēfēra bᴅrabᴅr olan) funksiya, K isᴅ funksiyalar fᴅzasēdēr. K fᴅzasēnē, ᴅsas 
funksiyalar fᴅzasē, ixtiyari  funksiyasēnē isᴅ ᴅsas funksiya adlandēraq. ᴄdᴅd oxunun 

hᴅr bir sonlu oblastēnda m¿tlᴅq inteqrallanan  funksiyasē vᴅ  ᴅsas funksiyasē ¿­¿n  

                                         (1) 

Kimi tᴅyin olunan f funksiyasēna baxaq. Asanlēqla gºstᴅrmᴅk olar ki, (1) ĸᴅklindᴅ tᴅyin 
olunan funksional xᴅtti ilᴅ kᴅsilmᴅzdir. 
Hᴅm­inin dᴅ hᴅr bir  ᴅsas funksiyasē ¿­¿n  

                                                ( )                                          (2) 

funksioanlēnēn da xᴅtti vᴅ kᴅsilmᴅz olduĵunu bilᴅrikki, x¿susi halda  

( ) 

bᴅrabᴅrsizliyi ºdᴅnilsin, lakin (1) vᴅ (2) ïdᴅn fᴅrqli baĸqa ĸᴅkildᴅ dᴅ xᴅtti vᴅ kᴅsilmᴅz 
funksiyalar tᴅyin etmᴅk olar ki, onlarēn k¿lliyatē fᴅza ᴅmᴅlᴅ gᴅtiri. Bu fᴅzanē ¿mumilᴅĸmiĸ 

funksiyalar fᴅzasē adlandērēlēb ºz¿n¿ dᴅ  ilᴅ iĸarᴅ edᴅcᴅyik. 

Hᴅr bir  funksionalēnē isᴅ ¿mumilᴅĸmiĸ funksiya adlandēracayēq. 

Belᴅliklᴅ ¿mumilᴅĸmiĸ funksiya xᴅtti vᴅ kᴅsilmᴅz funksionala deyilir. 

¦mumilᴅĸmiĸ funksiyanēn tᴅrifindᴅn istifadᴅ edilᴅn kᴅsilmᴅzlik anlayēĸē  fᴅzasēnda 

limitᴅ ke­mᴅ ᴅmᴅli ilᴅ ᴅlaqᴅlidir. Yᴅni ¿mumilᴅĸmiĸ funksiyalarēn ,... ardēcēllēĵē 

olduqda f ¿mumilᴅĸmiĸ funksiyasēna yēĵēlēr deyᴅcᴅyik ki, istᴅnilᴅn  ᴅsas funksiyasē ¿­¿n 

 ᴅdᴅdi ardēcēllēĵē  ᴅdᴅdinᴅ yēĵēlsēn, yᴅni  bᴅrabᴅrliyi 

doĵru olsun. 

Funksional analiz kursundan mᴅlumdur ki, fᴅzanēn elementlᴅrindᴅn gºt¿r¿lm¿ĸ istᴅnilᴅn 

yēĵēlan ardēcēllēĵēn limiti yenᴅ hᴅmin fᴅzaya daxil olarsa, onda ona dolu(tam) fᴅza deyilir.  

¦mumilᴅĸmiĸ funksiyalar fᴅzasēnēn ᴅsas problemlᴅrindᴅn biri onun doluluĵu mᴅsᴅlᴅsidir. 

Baĸqa sºzlᴅ, ¿mumilᴅĸmiĸ funksiyalar fᴅzasē orada tᴅyin edilmiĸ yēĵēlmaya gºrᴅ doludurmu 

sualēna cavab verᴅk. Onda gºrᴅcᴅyik ki, bu problem ¿mumilᴅĸmiĸ funksiyalar fᴅzasēnda 

m¿sbᴅt hᴅll olunur. 

Bu o demᴅkdir ki, ᴅgᴅr ,... ¿mumilᴅĸmiĸ funksiyalar ardēcēllēĵē vᴅ istᴅnilᴅn 

ᴅsas funksiyasē ¿­¿n (ᴅdᴅdi ardēcēllēĵēn limiti olarsa, onda 

  K ᴅsas funksiyalar fᴅzasēnda xᴅtti vᴅ kᴅsilmᴅz funksional tᴅyin edir. 

Belᴅliklᴅ mᴅlum olur ki, K ¿mumilᴅĸmiĸ funksiyalar fᴅzasēndan gºt¿r¿lm¿ĸ istᴅnilᴅn 

ardēcēllēĵēnēn  limiti dᴅ K fᴅzasēndadēr (2). Bu isᴅ o demᴅkdir ki, ¿mumilᴅĸmiĸ funksiyalarēn 

K fᴅzasē doludur. 
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The formation of the concept of function has passed a long and complex historical 
path. Even the ancient Greeks and Babylonians encountered functional sequences when 
calculating the areas and volumes of geometric figures. However, in the 17th century, the 
emergence of Fermat and Descartes geometry and the emergence of the analysis of 
variable quantities made the clarification of the definition of a function an urgent need of 
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QEYRĶ-SᴄLĶS ¢OXLUQLAR Vᴄ ONLARIN YAXINLAķMA MᴄSᴄLᴄLᴄRĶNĶN                                        
HᴄLLĶNDᴄ TᴄTBĶQLᴄRĶ 
Nazim Neymᴅtov 

nneymatov@yandex.ru 
¢inarᴅ Mikayēl qēzē Hᴅsᴅnova 

c.hesenova@atu.edu.az 
Aytᴅn V¿qar qēzē Babayeva 

babayevaayten001122@gmail.com 
Azᴅrbaycan Texnologiya Universiteti 

Tᴅrif. Fᴅrz edᴅk ki, U  universal ­oxluq, 

                                                            
: [0,1]

A
Uc ­  (1) 

isᴅ U  ­oxluĵunun hᴅr bir elementinᴅ [0,1] aralēĵēndan ( )
A

uc  ᴅdᴅdini qarĸē qoyan 

inikasdēr. 

U  universal ­oxluĵun u  elementinin A alt­oxluĵuna mᴅnsubluq dᴅrᴅcᴅsini xarakterizᴅ 

edᴅn ( )
A

uc  mᴅnsubluq funksiyasē ilᴅ tᴅyin olunan A alt­oxluĵu qeyri-aĸkar ­oxluq adlanēr. 

Adēndan da gºr¿nd¿y¿ kimi qeyri-aĸkar A ­oxluĵu universal U  ­oxluĵun u  elementlᴅri vᴅ 

onun ( )uc  obrazlarē vasitᴅsilᴅ d¿zᴅldilir vᴅ hᴅm dᴅ u UÍ  elementi A ­oxluĵuna ( )
A

uc  

gºstᴅricisi ilᴅ ( ) |
A

u uc  ĸᴅklindᴅ daxil olur. U  ­oxluĵunun ( ) 0
A

uc >  ĸᴅrtini ºdᴅyᴅn 

elementlᴅri ­oxluĵuna qeyri-aĸkar A ­oxluĵunun daĸēyēcēsē, (sup )
U

uc  kᴅmiyyᴅtinᴅ onun 

dᴅrᴅcᴅsi deyilir. U  universal ­oxluĵun A ­oxluĵunda mᴅnsubluq dᴅrᴅcᴅsi 0,5-ᴅ bᴅrabᴅr olan 

elementi qeyri-sᴅlis A ­oxluĵunun ke­id nºqtᴅsi adlanēr. 

Misal. U  universal ­oxluq olaraq bir semestrdᴅ tᴅlᴅbᴅnin imtahana qᴅdᴅrki ballar ñ+ò 

imtahanda topladēĵē ballarēn cᴅmini gºt¿rᴅk, yᴅni [0,100]U= .  

Mᴅlumdur ki, toplanan ¿mumi ballarēn miqdarē 50¢  olduqda tᴅlᴅbᴅnin biliyi qeyri-kafi, 

50>   olduqda isᴅ m¿sbᴅt qiymᴅtlᴅndirilir. [0,100]U=  aralēĵēndakē ᴅdᴅdlᴅrᴅ bᴅrabᴅr qiymᴅtlᴅr 

alan u  dᴅyiĸᴅnini çtᴅlᴅbᴅnin biliyinin meyarēè kimi ĸᴅrh edᴅk. Bunu biz sonralar qēsa ĸᴅkildᴅ 

TBM kimi iĸarᴅ edᴅcᴅyik. çQeyri-kafiè vᴅ çm¿sbᴅtè sºzlᴅrini uyĵun olaraq pis vᴅ yaxĸē sºzlᴅri 
ilᴅ ᴅvᴅz edᴅk. Aydēndēr ki, TBM={é,­ox pis,pis,pisᴅ yaxēn,é,yaxĸē, bir az yaxĸē, ­ox 
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yaxĸē,é,ᴅla} ­oxluĵunun elementlᴅri linqvistik dᴅyiĸᴅnlᴅr olacaqdēr. U  universal ­oxluĵun, 

mᴅsᴅlᴅn, çyaxĸēè termini ilᴅ ifadᴅ olunan A qeyri-aĸkar ­oxluĵu aĸaĵēdakē mᴅnsubluq 
funksiyasē ilᴅ tᴅyin edᴅk [1-3].  

                        

1
2

0, 0 50 ,

( 50
1 , 50 100 .

20

)
A

u

u
u

uc -
-

¢ ¢ë
îî
å õì -å õ
+ < ¢æ öæ öîæ öç ÷îç ÷í

=

ʷʵʷʨ ʦʣʘʨʩʘ

ʷʵʷʨ ʦʣʘʨʩʘ
 (2) 

Bu misalda çyaxĸēè termini ilᴅ ifadᴅ etdiyimiz qeyri-aĸkar A ­oxluĵunun daĸēyēcēsē 

[50,100] aralēĵē, h¿nd¿rl¿y¿ ( ) 0,5uc =
ʡʘʭʰr

, ke­id nºqtᴅsi 70u=  olacaq. 

Qeyri-aĸkar ­oxluĵun gºstᴅriliĸinin daha aydēn olmasē ¿­¿n aĸaĵēdakē kimi 
iĸarᴅlᴅmᴅlᴅrdᴅn istifadᴅ edᴅk.  

ᴄvvᴅlcᴅ fᴅrz edᴅk ki, U  adi ­oxluqdur: 
1 2, ,...,{ }nu uU u= . Bu ­oxluĵu 

                                     
1 2

1

n

n i

i

U u u u U u
=

= + + + =äÙ  (3) 

kimi gºstᴅrmᴅyi ĸᴅrtlᴅĸᴅk; harada ki, ñ+ò iĸarᴅsi hesabi cᴅm deyil, birelementli ­oxluqlarēn 

birlᴅĸmᴅsidir. (3) yazēlēĸēna analoji olaraq, ᴅgᴅr universal U  ­oxluĵunun ( 1, )iu i n=  

elementinin qeyri-aĸkar A alt ­oxluĵuna mᴅnsubluq dᴅrᴅcᴅsini ( 1, )
i

i nc =  ilᴅ iĸarᴅ etsᴅk, 

onda A ­oxluĵunu 

                                      
1 1 2 2

1

n

n n i i

i

A u u u uc c c c
=

= + + + äÙ  (4) 

kimi yaza bilᴅrik. ᴄgᴅr U  universal ­oxluq ᴅdᴅdi ­oxluq olarsa, onda iu  vᴅ 
i
c  

ᴅdᴅdlᴅrini fᴅrqlᴅndirmᴅk ¿­¿n ĸaquli xᴅtti ­ᴅkib sol tᴅrᴅfdᴅ 
i
c, saĵ tᴅrᴅfdᴅ isᴅ iu  ᴅdᴅdlᴅrini 

yazacaĵēq: 

                               
1 2

1
1 2

| | | |
n

n i

i
n i

u u u uA c c c c
=

+ + += äÙ
  

Misal. Tutaq ki, T  universal ­oxluĵun elementlᴅri havanēn temperaturunu C0 ilᴅ ifadᴅ 
edᴅn ᴅdᴅdlᴅrdir: 

                                                           1 2 40T= + + + (5) 

ᴄgᴅr nºvbᴅti g¿ndᴅ temperaturun çy¿ksᴅkè olmasē ehtimalēnēn mᴅnsubluq funksiyasēnēn 

qiymᴅtini ç0,7è gºt¿rsᴅk, onda A =
ʡʮʢʩʷʢ 

qeyri-aĸkar funksiyasēnē aĸaĵēdakē kimi vermᴅk olar: 

                               0,1|2 0,3|7 0,5|20 0,7|32 0,8|35 1|40A = + + + + +
ʡʮʢʩʷʢ

 (6) 

ᴄgᴅr U  ­oxluĵunun elementlᴅri ᴅdᴅdlᴅr deyilsᴅ, mᴅsᴅlᴅn,  

                                       1 2 3 4 1 2 3 4, , , ,{ }a a a a a aa aU U + + += =Ù  (7) 

onda U  universal ­oxluĵun A qeyri-aĸkar alt­oxluĵunu d¿zᴅldᴅrkᴅn universal ­oxluĵun 

elementlᴅrini mᴅnsubluq funksiyasēnēn qiymᴅtlᴅrindᴅn ĸaquli xᴅttlᴅ ayērmaĵa ehtiyac qalmēr. 
Belᴅ ki, (8) universal ­oxluĵun elementlᴅrinin uyĵun olaraq 0,3; 0,8; 1; 0,5 gºstᴅricilᴅri ilᴅ 
qeyri-aĸkar alt­oxluĵunu aĸaĵēdakē kimi tᴅsvir etmᴅk olar 

                                                1 2 3 40,80,3 1 0,5 .a a aa + + +  (8) 

Ola bilᴅr ki, universal ­oxluĵun dᴅyiĸᴅn elementlᴅri hᴅr hansē tᴅbii vᴅ ya s¿ni qurulmuĸ 
dilin sºzlᴅri vᴅ ya m¿lahizᴅlᴅridir. Belᴅ dᴅyiĸᴅnlᴅrᴅ linqvistik dᴅyiĸᴅnlᴅr deyᴅcᴅyik. Mᴅsᴅlᴅn, 
ᴅsas linqvistik dᴅyiĸᴅn olaraq çg¿cè vᴅ onun ala bilᴅcᴅyi qiymᴅtlᴅr ­oxluĵu  
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G=g¿cl¿ + ­ox g¿cl¿ + hᴅdsiz g¿cl¿ + fºvqᴅladᴅ g¿cl¿ +ĿĿĿ+ zᴅif+ 

+­ox zᴅif+­ox-­ox zᴅif+ĿĿĿ  

olarsa, G  ­oxluĵuna daxil olan sºz vᴅ ya m¿lahizᴅlᴅri (linqvistik dᴅyiĸᴅnlᴅri) 1 2, ,...gg  

simvollarē ilᴅ iĸarᴅ etsᴅk, onda 1 2 3g g gG + + +=
 
kimi yazarēq. ᴄgᴅr fᴅrz etsᴅk ki, qeyri-

aĸkar A ­oxluĵuna 1g -in mᴅnsubluq dᴅrᴅcᴅsi 0,4, 2g -nin mᴅnsubluq dᴅrᴅcᴅsi 0,3, 3g -¿n 

mᴅnsubluq dᴅrᴅcᴅsi 0,6 vᴅ s., onda A ­oxluĵunu belᴅ gºstᴅrᴅ bilᴅrik: 

                                           1 2 30,4| 0,3| 0,6 |g g gA + + +=  (9) 

Aĸkardēr ki, (9) ĸᴅklindᴅ gºstᴅrdiyimiz qeyri-aĸkar A ­oxluĵunun g¿c¿n¿ istᴅnilᴅn hesabi 

­oxluĵun g¿c¿ ilᴅ m¿qayisᴅ etmᴅk olar vᴅ bu halda A ­oxluĵunu 
                                                       ( ) |

G
A

g gA c=ä  (10) 

ĸᴅklindᴅ yaza bilᴅrik. 
Qeyri-aĸkar ­oxluqlar ¿zᴅrindᴅ dᴅ adi ­oxluqlar ¿zᴅrindᴅ olduĵu kimi bᴅzi ᴅmᴅllᴅri tᴅyin 

etmᴅk, onlarēn tabe olduĵu qanunlarē gºstᴅrmᴅk vᴅ belᴅliklᴅ dᴅ, qeyri-aĸkar ­oxluqlar cᴅbri 
yaratmaq olar.  
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Keywords: uzzy, the degree toiletries, access point 
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Elektromaqnit dalĵalarēnēn x¿susiyyᴅtlᴅrini Maksvel tᴅnliklᴅrindᴅn ­ēxarmaq olar. Bu 

x¿susiyyᴅtlᴅrin ­ēxarmaĵēn bir yaxēnlaĸmasē ¿­¿nc¿ vᴅ dºrd¿nc¿ Maksvel tᴅnliklᴅrindᴅn 

tapēlan ikinci tᴅrtib differensial tᴅnliyin hᴅllidir. Lakin belᴅ ciddi riyazi hᴅll bizim mᴅqsᴅdimizᴅ 

daxil deyil. Bu ­ᴅtinliyi daha rahat ke­mᴅk ¿­¿n qᴅbul edᴅk ki, elektromaqnit dalĵasēnda 

elektrik vᴅ maqnit sahᴅ vektorlarēnēn spesifik fᴅzasē ï zamana gºrᴅ dᴅyiĸmᴅsi sadᴅ vᴅ 

Maksvel tᴅnliklᴅri ilᴅ uzlaĸan fᴅza mºvcuddur[1-4]. Elektromaqnit dalĵalarēnēn varlēĵēnēn 
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proqnazlaĸdērēlmasēnē tam baĸa d¿ĸmᴅk ¿­¿n qᴅbul edᴅk ki, elektromaqnit dalĵasē  x oxu ¿zrᴅ 

yayēlēr (yayēlma istiqamᴅti). Belᴅ elektromaqnit dalĵasē ¿­¿n E  vektoru y oxu istiqamᴅtindᴅ, B 

vektoru isᴅ z oxu istiqamᴅtindᴅ yºnᴅlib (ĸᴅkil 1) 

 
ķᴅkil 1. B, E vᴅ c vektorlarēnēn istiqamᴅtlᴅrinin sxematik tᴅsviri. 

 

ķᴅkil 1-dᴅ x oxunun m¿sbᴅt istiqamᴅtindᴅ c s¿rᴅti ilᴅ yayēlan elektromaqnit dalĵasēnēn 
elektrik vᴅ maqnit sahᴅlᴅri sxematik gºstᴅrilib. Qeyd edᴅk ki, sahᴅ vektorlarē zamanēn m¿ᴅyyᴅn anē 
¿­¿n vᴅ fᴅzanēn m¿ᴅyyᴅn nºqtᴅsi ¿­¿n ­ᴅkilib. Bu sahᴅlᴅr x vᴅ t-dᴅn asēlēdēr. Belᴅ dalĵalar, yᴅni 
elektrik vᴅ maqnit vektorlarē iki perpendikulyar oxlara paralel olmaqla mᴅhdudlaĸan dalĵalar, xᴅtti 
polyarlaĸan dalĵalar adlanēr. Bundan baĸqa qᴅbul edᴅk ki, E vᴅ B -nin qiymᴅtlᴅri yalnēz x vᴅ t-dᴅn 
asēlēdēr nᴅ y, nᴅ dᴅ z-dᴅn asēlē deyil. Hᴅm­inin qᴅbul edᴅk ki, elektromaqnit dalĵalarēnēn mᴅnbᴅyi yz 
m¿stᴅvisindᴅ ixtiyari yerdᴅdir vᴅ dalĵalar x oxu istiqamᴅtindᴅ yayēlēr vᴅ eyni fazada ĸ¿alanērlar. 
Dalĵanēn yayēlma istiqamᴅtindᴅ m¿ᴅyyᴅn ĸ¿a tᴅyin etsᴅk, belᴅ dalĵalar ¿­¿n b¿t¿n ĸ¿alar paralel 
olur. Belᴅ tᴅyin olunmuĸ b¿tºv dalĵalar kolleksiyasē adᴅtᴅn m¿stᴅvi dalĵa adlanēr. B¿t¿n dalĵalarēn 
eyni fazalē nºqtᴅlᴅrini birlᴅĸdirᴅn sᴅth, dalĵa cᴅbhᴅsi adlanēr.  

Boĸ fᴅza ¿­¿n yazēlmēĸ Maksvelin dºrd¿nc¿ tᴅnliyindᴅn baĸlayaraq, oxĸar qayda da ikinci 

tᴅnliyi dᴅ almaq olar. Bu halda biz   xᴅtti inteqralēnē birinci tᴅnlikdᴅ olduĵuna oxĸar olaraq, 

lakin m¿stᴅvisindᴅ yerlᴅĸᴅn d¿zbucaqlē boyunca hesablayacaĵēq (ĸᴅkil 3). 

 
ķᴅkil 3.M¿stᴅvi EM dalĵasē. 

 

Qᴅbul edᴅk ki, d¿zbucaqlēnēn oturacaĵē boyunca maqnit sahᴅsi B(x)-dᴅn B(x+dx)-ᴅ qᴅdᴅr 
dᴅyiĸir vᴅ inteqrallamanē saat ᴅqrᴅbinin ᴅksi istiqamᴅtindᴅ aparērēq (ĸᴅkil 3-dᴅ x oxunun 
m¿sbᴅt istiqamᴅtindᴅ yayēlan m¿stᴅvi dalĵa xz m¿stᴅvisindᴅ yerlᴅĸᴅn eni dx olan 

d¿zbucaqlēdan ke­ᴅn zaman maqnit sahᴅsi z oxu istiqamᴅtindᴅ -dᴅn -ᴅ 

dᴅyiĸmᴅsi sxematik gºstᴅrilib: 

 
D¿zbucaqlēdan ke­ᴅn elektrik seli  -dir. Bu ifadᴅni zamana gºrᴅ 

diferensiyalladēqda, 

   alērēq. 

D¿sturlarē nᴅzᴅrᴅ alaraq, 
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   alērēq. 

x -ᴅ gºrᴅ tºrᴅmᴅ alaraq, nᴅticᴅni  tᴅnlik ilᴅ birlᴅĸdirsᴅk, aĸaĵēdakē ifadᴅni alērēq:   

 

 
x-ᴅ gºrᴅ tºrᴅmᴅ alēb, alēnan ifadᴅni yuxarēdakē ifadᴅ ilᴅ uzlaĸdēraraq, 

yaza bilᴅrik. 

Ķfadᴅlᴅrinin hᴅr ikisi yayēlma s¿rᴅti v-nin ᴅvᴅzinᴅ c olan xᴅtti dalĵa tᴅnliyi formasēndadēr  
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ANALYSĶS OF THE WAVE EQUATĶON FOR PLANE ELECTROMAGNETĶC WAVES 

Ahmadaga Ahmadiya oglu Mammadov 
e_memmadov@atu.edu.az 

Vusala Nuru gizi Bayramova 
vusalabairamova@mail.ru 

Azerbaijan Technological University 

Maksvel Maxwellôs equations show that in free space, the mutual variation of the electric (E) 
and magnetic (B) fields leads to the formation of electromagnetic waves. In a simplified model, the 
wave is assumed to propagate along the x-axis, while the E and B vectors are perpendicular both 
to each other and to the direction of propagation. Such waves are called linearly polarized plane 
waves. The second-order differential equations derived from Maxwellôs equations for both E and B 
fields take the form of a wave equation. The propagation speed obtained from these equations is 
equal to the speed of light in vacuum. This result confirms that light is an electromagnetic wave. 
Electromagnetic waves propagate in a sinusoidal form. 

Keywords: electromagnetic wave, Maxwellôs equations, electric field, magnetic field, plane 
wave, linear polarization, wave equation, speed of light, sinusoidal wave, wavelength, frequency, 
angular frequency. 
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Tᴅbiᴅt ­ox m¿rᴅkkᴅb problemlᴅri ºz¿nᴅmᴅxsus ĸᴅkildᴅ hᴅll etmᴅk qabiliyyᴅtinᴅ malikdir. 
ᴄtrafēmēzdakē problemlᴅr real zaman daxilindᴅ getdikcᴅ daha m¿rᴅkkᴅb hala gᴅlmᴅkdᴅdir. 
Tᴅbiᴅt bizᴅ bu problemlᴅri hᴅll etmᴅk ¿­¿n mᴅntiqli vᴅ effektiv ¿sullar tᴅklif edir. M¿rᴅkkᴅb 
mᴅsᴅlᴅlᴅrin hᴅllindᴅ tᴅbiᴅt optimizator rolunda ­ēxēĸ edir. Bunlarē nᴅzᴅrᴅ alaraq, bu mᴅqalᴅdᴅ 
tᴅbiᴅtdᴅ gedᴅn proseslᴅri imitasiya edᴅn alqoritmlᴅr m¿zakirᴅ olunmuĸdur. Burada tᴅbiᴅtᴅ 
ᴅsaslanaraq yaradēlmēĸ alqoritmlᴅr qruplaĸdērēlmēĸ vᴅ onlardan bir ne­ᴅsi nᴅzᴅrdᴅn 
ke­irilmiĸdir [1,2]. 

Hal-hazērda bir ­ox praktik mᴅsᴅlᴅlᴅr ᴅn yaxĸē hᴅllin tapēlmasē ilᴅ ᴅlaqᴅdardēr. Belᴅ 
mᴅsᴅlᴅlᴅr optimallaĸdērma ¿sullarē vasitᴅsilᴅ ºz hᴅllini tapēr. Optimallaĸdērma hᴅr yerdᴅ 

mailto:e_memmadov@atu.edu.az
mailto:vusalabairamova@mail.ru
mailto:akifqalandarov@gmail.com
mailto:vusalabairamova@mail.ru
mailto:e_memmadov@atu.edu.az


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

90 
 

 

  

 

 

 

 

 

 

 

 

i 

 

mºvcuddur. Pul, resurslar vᴅ zaman hᴅmiĸᴅ mᴅhdud olduĵundan bu mᴅnbᴅlᴅrdᴅn sᴅmᴅrᴅli 
ĸᴅkildᴅ istifadᴅ olunmasē son dᴅrᴅcᴅ ᴅhᴅmiyyᴅtlidir. Optimallaĸdērma mᴅsᴅlᴅlᴅri bir ­ox 
yollarla tᴅsvir oluna bilᴅr. Riyazi olaraq optimallaĸdērma mᴅsᴅlᴅlᴅrini ¿mumi ĸᴅkildᴅ aĸaĵēdakē 
kimi yaza bilᴅrik: 

x1, x2 ,..., xn dᴅyiĸᴅnlᴅrinin elᴅ qiymᴅtlᴅrini tapmaq tᴅlᴅb olunur ki, 

z = fi (x1, x2 ,...,xn ) - max(min),i =1,2,...,m 

Qravitasiya axtarēĸ alqoritmi (QAA) cazibᴅ qanununa ᴅsaslanēr. Maddi nºqtᴅlᴅr 
obyektlᴅr hesab olunur vᴅ onlarēn fᴅaliyyᴅti k¿tlᴅlᴅri ilᴅ ºl­¿l¿r. B¿t¿n obyektlᴅr aĵērlēq 
q¿vvᴅlᴅri ilᴅ bir-birini cᴅzb edir vᴅ bu q¿vvᴅ aĵēr k¿tlᴅli obyektlᴅrᴅ tᴅrᴅf b¿t¿n obyektlᴅrin qlobal 
hᴅrᴅkᴅtinᴅ sᴅbᴅb olur[3,4]. 

Rij (t) = {Xi(t), Xj(t)} 

Qravitasiya  axtarēĸ alqoritmi k¿tlᴅlᴅrin tᴅcrid olunmuĸ sistemi hesab oluna bilᴅr. Bu 
cazibᴅ vᴅ hᴅrᴅkᴅtin Nyuton qanunlarēna tabe olan k¿tlᴅlᴅrin ki­ik s¿ni d¿nyasēna oxĸayēr. Bir 
­ox real-d¿nya optimallaĸdērma mᴅsᴅlᴅlᴅri qeyri-xᴅtti vᴅ multimodaldēr. Multimodal 
optimallaĸdērma mᴅsᴅlᴅsi dedikdᴅ, bir mᴅqsᴅd funksiyasē ilᴅ baĵlē bir ne­ᴅ optimal hᴅllin 
tapēlmasē nᴅzᴅrdᴅ tutulur. ¦mumi halda, ᴅn yaxĸē (optimal) hᴅlli tapmaq asan iĸ deyil. Belᴅ 
mᴅsᴅlᴅlᴅrin hᴅll edilmᴅsi ¿­¿n ilk istifadᴅ olunan ¿sullar klassik riyazi ¿sullar olmuĸdur. Hal-
hazērda bir sēra mᴅsᴅlᴅlᴅr mºvcuddur ki, onlarē klassik ¿sullarla hᴅll etmᴅk ­ᴅtinlik tºrᴅdir. Belᴅ 
mᴅsᴅlᴅlᴅrin hᴅlli ¿­¿n yeni alqoritmlᴅrin iĸlᴅnilmᴅsinᴅ ehiyac var.  

QAA-da hᴅr bir obyektin dºrd ᴅsas x¿susiyyᴅti var: mºvqe, ᴅtalᴅt k¿tlᴅsi, aktiv 
qravitasiya k¿tlᴅsi vᴅ passiv qravitasiya k¿tlᴅsi. Obyektin mºvqeyi mᴅsᴅlᴅnin hᴅllinᴅ uyĵun 
gᴅlir vᴅ qravitasiya vᴅ ᴅtalᴅt k¿tlᴅlᴅri yararlēlēq funksiyasēndan istifadᴅ etmᴅklᴅ m¿ᴅyyᴅn 
olunur.  

Hᴅrᴅkᴅt qanunu: Hᴅr hansē k¿tlᴅnin cari s¿rᴅti ᴅvvᴅlki s¿rᴅt fraksiyasē vᴅ s¿rᴅt 
variasiyasēnēn cᴅminᴅ bᴅrabᴅrdir. S¿rᴅt variasiyasē vᴅ ya hᴅr hansē k¿tlᴅ tᴅcili ᴅtalᴅt k¿tlᴅsi 
tᴅrᴅfindᴅn bºl¿nm¿ĸ sistemdᴅ tᴅsir edᴅn q¿vvᴅyᴅ bᴅrabᴅrdir. 

Fᴅrz edᴅk ki, N maddi nºqtᴅdᴅn (k¿tlᴅdᴅn) ibarᴅt sistem verilmiĸdir. i -ci maddi nºqtᴅnin 
mºvqeyi aĸaĵēdakē kimi tᴅyin olunur: 

xi  = ( ,...,  ,...,  ), i = 1,2,..., N 

burada  d -ci ºl­¿dᴅ i maddi nºqtᴅnin mºvqeyidir. 

Obyektin mºvqeyi mᴅsᴅlᴅnin hᴅllinᴅ uyĵun gᴅlir vᴅ qravitasiya vᴅ ᴅtalᴅt k¿tlᴅlᴅri 
yararlēlēq funksiyasēndan istifadᴅ etmᴅklᴅ m¿ᴅyyᴅn olunur. Baĸqa sºzlᴅ, hᴅr bir k¿tlᴅ hᴅlli 
tᴅsvir edir vᴅ alqoritm normal qravitasiya vᴅ ᴅtalᴅt k¿tlᴅsinin tᴅnzimlᴅnmᴅsi ¿zrᴅ hᴅrᴅkᴅt edir. 
Zaman ke­dikcᴅ k¿tlᴅlᴅrin ᴅn aĵēr k¿tlᴅ tᴅrᴅfindᴅn cᴅzb olunmasē gºzlᴅnilir. Bu k¿tlᴅ axtarēĸ 
fᴅzasēnda optimal hᴅll olacaq. Baĸqa sºzlᴅ, hᴅr bir k¿tlᴅ hᴅlli tᴅqdim edir vᴅ alqoritm normal 
qravitasiya vᴅ ᴅtalᴅt k¿tlᴅsinin tᴅnzimlᴅnmᴅsi ¿zrᴅ hᴅrᴅkᴅt edir. Zaman ke­dikcᴅ k¿tlᴅlᴅrin ᴅn 
aĵēr k¿tlᴅ tᴅrᴅfindᴅn cᴅzb olunmasē gºzlᴅnilir. Bu k¿tlᴅ axtarēĸ fᴅzasēnda optimal hᴅll olacaq. 

 

 
 [0;1] aralēĵēnda m¿ntᴅzᴅm paylanmēĸ tᴅsad¿fi kᴅmiyyᴅtdir. Bu tᴅsad¿fi ᴅdᴅddᴅn 

axtarēĸēn tᴅsad¿fi xarakteristikasēnē m¿ᴅyyᴅn etmᴅk ¿­¿n istifadᴅ olunur. 
G qravitasiya sabiti G0 baĸlanĵēc qiymᴅt vᴅ t  zamanēnēn funksiyasēdēr: 

G(t) = G(G0, t) 
Qravitasiya vᴅ ᴅtalᴅt k¿tlᴅlᴅri yararlēlēq qiymᴅtlᴅndirilmᴅsi ilᴅ hesablanēr. Aĵēr k¿tlᴅ daha 

sᴅmᴅrᴅli hesab olunur. Bu o demᴅkdir ki, daha yaxĸē maddi nºqtᴅlᴅr asta hᴅrᴅkᴅt edirlᴅr.  
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The article examines nature-inspired optimization algorithms, with a particular focus on the 
Gravitational Search Algorithm (GSA). Drawing on natureôs ability to solve complex problems in an 
efficient and logical manner, the importance of this approach in solving real-world optimization 
problems is emphasized. GSA is based on Newtonôs law of gravity and models the interactions 
between objects to achieve optimal solutions. The paper explains the working principles, key 
parameters, and mathematical model of the algorithm, and highlights its advantages in solving 
multimodal and nonlinear optimization problems. 

Keywords: optimization, gravitational search algorithm, nature-inspired algorithms, 
multimodal optimization, fitness function, global optimum, mathematical modeling. 
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Tᴅyyarᴅdᴅn atēlmēĸ y¿k¿n ­ᴅkisi paraĸ¿tlᴅ birlikdᴅ mg = P kq-dēr. Enmᴅ zamanē y¿kᴅ 
havanēn m¿qavimᴅti tᴅsir edir vᴅ havanēn m¿qavimᴅti isᴅ y¿k¿n enmᴅ s¿rᴅti ilᴅ m¿tᴅnasibdir. 
Y¿k enᴅrkᴅn onun hᴅrᴅkᴅt q¿vvᴅsi aĸaĵēya, havanēn m¿qavimᴅt q¿vvᴅsi isᴅ onun ᴅksinᴅ 
yºnᴅlir [1,2]. 

F = -kv2 

Belᴅliklᴅ,  
                                               R = mg ï kv2                                             (1) 

olduĵunu alērēq. Burada k m¿tᴅnasiblik ᴅmsalēdēr. Digᴅr tᴅrᴅfdᴅn Nyutonun ikinci 
qanununa gºrᴅ  

                                                                                                          (2) 

(1) vᴅ (2) tᴅnliklᴅrindᴅn  

                                                                                  (3) 

diferensial tᴅnliyi alērēq ki, bu tᴅnlik dᴅ dᴅyiĸᴅnlᴅrinᴅ ayrēlmēĸ tᴅnlikdir. Bu tᴅnliyi hᴅll 
edᴅrᴅk [1], [2]. 

vᴅ ya v ï yᴅ nᴅzᴅrᴅn                
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t = 0, v = 0 baĸlanĵēc ĸᴅrtlᴅrindᴅn istifadᴅ etsᴅk [1], [2]. 

 
Buradan C = 1 olduĵu alēnēr ki, bu da (3) diferensial tᴅnliyinin x¿susi hᴅllidir. Belᴅliklᴅ, 

y¿k¿n zamandan asēlē enmᴅ s¿rᴅti ¿­¿n 

                                                                                 (4) 

olduĵunu alērēq [2]. (4) d¿sturunun n ŸÐ ĸᴅrtindᴅ enmᴅnin maksimal s¿rᴅti: 
  

                                          olduĵu alēnēr. 
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TIME DEPENDENCE OF THE DESCENT RATE OF HUMANITARIAN CARGO DROPPED FROM 
A CERTAIN HEIGHT 
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The weight of a load dropped from an airplane with a parachute is mg = P kg. During 
descent, the load is affected by air resistance, and air resistance is proportional to the rate 
of descent of the load. As the load descends, its kinetic force is directed downward, and 
the air resistance force is directed in the opposite direction. 

Keywords: humanitarian load, driving force, gravity, weight of the load. 
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ķAGĶRDLᴄRĶN YAķ PSĶXOLOGĶYASI NᴄZᴄRᴄ ALINMAQLA FĶZĶKA FᴄNNĶNĶN 
ķAGĶRDY¥N¦ML¦ TᴄLĶMĶN REALLAķDIRILMASINDA ROLU Vᴄ ĶMKANLARI 
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¦mumtᴅhsil mᴅktᴅblᴅrindᴅ tᴅtbiq olunan fᴅnn kurikulumunun ᴅsas mᴅqsᴅdlᴅrindᴅn biri 
ĸagirdlᴅrin kompetensiyalarēnē nᴅzᴅrᴅ alaraq tᴅdris prosesini elᴅ tᴅĸkil etmᴅkdir ki, onlarēn bilik, 
bacarēq, vᴅrdiĸ vᴅ fᴅrdi x¿susiyyᴅtlᴅri ᴅsasēnda hᴅrtᴅrᴅfli inkiĸafē tᴅmin olunsun. Bu baxēmdan 
tᴅlim prosesindᴅ yaĸ psixologiyasē m¿h¿m rol oynayēr. X¿susilᴅ fizika kimi g¿ndᴅlik 
situasiyalarla zᴅngin olan bir fᴅnnin tᴅdrisindᴅ ĸagirdlᴅrin psixoloji inkiĸaf sᴅviyyᴅsinin nᴅzᴅrᴅ 
alēnmasē x¿susi ᴅhᴅmiyyᴅt daĸēyēr. 

Fizika tᴅbiᴅt hadisᴅlᴅrinin baĸvermᴅ sᴅbᴅblᴅrini ºyrᴅnᴅn fundamental elmlᴅrdᴅn biridir. 
Buna gºrᴅ dᴅ m¿ᴅllimlᴅr bu fᴅnnin tᴅdrisi zamanē ĸagirdlᴅrin yaĸ x¿susiyyᴅtlᴅrini, idrak 
sᴅviyyᴅsini vᴅ psixoloji hazērlēĵēnē nᴅzᴅrᴅ almalēdērlar. [1] Yaĸ psixologiyasē insan hᴅyatēnēn 
m¿xtᴅlif dºvrlᴅrindᴅ psixi inkiĸaf qanunauyĵunluqlarēnē araĸdēran elmi sahᴅdir. Bu sahᴅ 
uĸaqlarēn vᴅ yeniyetmᴅlᴅrin idrak proseslᴅrindᴅ, emosional vᴅziyyᴅtindᴅ vᴅ davranēĸ 
x¿susiyyᴅtlᴅrindᴅ baĸ verᴅn dᴅyiĸikliklᴅri ºyrᴅnir. ķagirdlᴅrin yaĸ psixologiyasēnēn ᴅsas 
elementlᴅrinᴅ qavrama, yaddaĸ, tᴅfᴅkk¿r vᴅ diqqᴅt daxildir. Ki­ik mᴅktᴅb yaĸ dºvr¿ndᴅ (6ï10 
yaĸ) uĸaqlarēn tᴅfᴅkk¿r¿ ᴅsasᴅn konkret xarakter daĸēyēr vᴅ onlar abstrakt anlayēĸlarē 
mᴅnimsᴅmᴅkdᴅ ­ᴅtinlik ­ᴅkirlᴅr. Bu dºvrdᴅ qavrama daha ­ox vizual vᴅ praktik fᴅaliyyᴅtᴅ 
ᴅsaslanēr. Artēq ibtidai tᴅhsil mᴅrhᴅlᴅsinin sonuna doĵru isᴅ ĸagirdlᴅrdᴅ mᴅntiqi tᴅfᴅkk¿r 
formalaĸmaĵa baĸlayēr, sᴅbᴅb-nᴅticᴅ ᴅlaqᴅlᴅrini qurmaq vᴅ sadᴅ abstrakt anlayēĸlarē 
qavramaq bacarēqlarē inkiĸaf edir. Eyni zamanda analitik d¿ĸ¿ncᴅ geniĸlᴅnir, maraq dairᴅsi 
artēr, diqqᴅt daha davamlē olur, m¿ĸahidᴅ vᴅ tᴅcr¿bᴅni ºz tᴅxᴅyy¿llᴅri ilᴅ izah etmᴅyᴅ meyl 
yaranēr. 

Fizika qanunlarēnēn fiziki mᴅnasēnēn vᴅ riyazi ifadᴅsinin anlaĸēlmasē, onlarēn mᴅsᴅlᴅ hᴅlli 
prosesindᴅ tᴅtbiqi ĸagirdlᴅrin elmi biliklᴅrini zᴅnginlᴅĸdirir vᴅ bu biliklᴅrin praktik tᴅtbiq 
sahᴅlᴅrini dᴅrk etmᴅlᴅrinᴅ imkan yaradēr. Bu x¿susiyyᴅtlᴅr ĸᴅxsiyyᴅtyºn¿ml¿ tᴅlimin 
reallaĸmasēna zᴅmin yaradēr. ᴄsas mᴅktᴅb mᴅrhᴅlᴅsindᴅ ĸagirdlᴅr eksperimental fᴅaliyyᴅtᴅ 
daha fᴅal ĸᴅkildᴅ qoĸulur, m¿stᴅqil nᴅticᴅlᴅr ᴅldᴅ edir, yaradēcēlēq imkanlarēnē geniĸlᴅndirir, 
tᴅnqidi vᴅ analitik d¿ĸ¿ncᴅ bacarēqlarēnē inkiĸaf etdirirlᴅr. Bu mᴅrhᴅlᴅdᴅ onlar artēq fizikanēn 
daha m¿rᴅkkᴅb bºlmᴅlᴅrini (elektrik, optika, atom fizikasē vᴅ s.) ºyrᴅnmᴅyᴅ baĸlayērlar. 

Fizikanēn tᴅdrisindᴅ yaĸ x¿susiyyᴅtlᴅrinin nᴅzᴅrᴅ alēnmasē tᴅlimin effektivliyini birbaĸa 
artērēr. Mᴅzmunun mᴅnimsᴅnilmᴅsi vᴅ ¿mumilikdᴅ tᴅlimin sᴅmᴅrᴅliliyi ¿­¿n yaĸ vᴅ fᴅrdi 
x¿susiyyᴅtlᴅrin nᴅzᴅrᴅ alēnmasē son dᴅrᴅcᴅ vacibdir. Tᴅlim yalnēz bilik vᴅ bacarēqlarēn 
verilmᴅsinᴅ deyil, hᴅm dᴅ ĸagirdlᴅrin d¿nyagºr¿ĸ¿n¿n geniĸlᴅnmᴅsinᴅ xidmᴅt etmᴅlidir. 
Mᴅzmun yaĸ x¿susiyyᴅtlᴅri nᴅzᴅrᴅ alēnmaqla quruluĸca qlobal, tarixi, sosial vᴅ texnolgiya kimi 
m¿xtᴅlif kontekstlᴅrdᴅ tᴅqdim edilᴅ bilᴅr. M¿asir dºvrdᴅ istᴅnilᴅn mºvzuda informasiyanēn 
ᴅl­atanlēĵē vᴅ bolluĵu ĸagirdlᴅrdᴅ diqqᴅt daĵēnēqlēĵē yarada bilir. Bu isᴅ onlarēn tᴅlim 
prosesindᴅ ĸ¿urlu vᴅ fᴅal iĸtirakēna mane olur. ķagirdlᴅrin tᴅdris vᴅ qiymᴅtlᴅndirmᴅ 
materiallarēnda ĸ¿urlu vᴅ m¿stᴅqil iĸtirakēnē tᴅmin etmᴅk ¿­¿n yaĸ x¿susiyyᴅtlᴅrinᴅ uyĵun, 
maraqlarēnē cᴅlb edᴅcᴅk vᴅ m¿xtᴅlif kontekstlᴅrdᴅ tᴅqdim olunan situasiya tapĸērēqlarēndan 
istifadᴅ olunmalēdēr. [2] 
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Fᴅrdi x¿susiyyᴅtlᴅrin nᴅzᴅrᴅ alēnmasē da ĸagirdlᴅrin bilik sᴅviyyᴅsinin daha obyektiv 

qiymᴅtlᴅndirilmᴅsi baxēmēndan m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. Bu mᴅqsᴅdlᴅ situasiya 

tapĸērēqlarēndan istifadᴅ edilᴅ bilᴅr. Belᴅ tapĸērēqlar vasitᴅsilᴅ eyni mºvzu ¿zrᴅ asan, orta vᴅ 

­ᴅtin sᴅviyyᴅli suallar hazērlamaq m¿mk¿nd¿r. Mᴅsᴅlᴅn, iĸēq, sᴅs vᴅ hᴅrᴅkᴅt kimi mºvzular 

ĸagirdlᴅrin yaĸ x¿susiyyᴅtlᴅri nᴅzᴅrᴅ alēnaraq g¿ndᴅlik hᴅyatla ᴅlaqᴅlᴅndirilmᴅklᴅ izah oluna 

bilᴅr [2]. Sᴅsin yaranmasē vᴅ yayēlmasē ilᴅ baĵlē tapĸērēqlar buna n¿munᴅ ola bilᴅr. 

Diaqramda i­ᴅrisindᴅ elektrik zᴅngi yerlᴅĸdirilmiĸ banka tᴅsvir olunur. Bankanēn daxilindᴅ 

hava olduqda elektrik zᴅngi iĸᴅ salēnēr vᴅ onun sᴅsi xaricdᴅn eĸidilir. Sonra vakuum cihazē 

vasitᴅsilᴅ bankanēn i­indᴅki hava ­ēxarēlēr [117, s.83]. Bankadan hava ­ēxarēldēqdan sonra 

elektrik zᴅngi iĸᴅ salēndēqda nᴅ m¿ĸahidᴅ olunur? 

Belᴅ tapĸērēqlar ĸagirdlᴅrin hᴅm biliklᴅrinin mºhkᴅmlᴅndirilmᴅsinᴅ, hᴅm dᴅ yaĸ 

x¿susiyyᴅtlᴅrinᴅ uyĵun ĸᴅkildᴅ d¿ĸ¿nmᴅ vᴅ nᴅticᴅ ­ēxarma bacarēqlarēnēn inkiĸafēna xidmᴅt 

edir. Yeni kᴅĸf olunan biliklᴅr adᴅtᴅn ᴅvvᴅlki qazanēlmēĸ mºvcud biliklᴅr ᴅsasēnda formalaĸēr. 

Biliklᴅrin ĸ¿urlu vᴅ sistemli mºhkᴅmlᴅndirilmᴅsi onlarēn hafizᴅdᴅ daha davamlē yer tutmasēna 

vᴅ ehtiyac yarandēqda real hᴅyatda tᴅtbiq olunmasēna ĸᴅrait yaradēr. Bu sᴅbᴅbdᴅn biliklᴅrin 

mºhkᴅmlᴅndirilmᴅsi tᴅlim prosesinin ᴅsas mᴅqsᴅdlᴅrindᴅn biri hesab olunur. G¿ndᴅlik hᴅyatda 

rast gᴅlinᴅn situasiyalar ᴅsasēnda hazērlanan suallar yalnēz biliklᴅrin mºhkᴅmlᴅndirilmᴅsinᴅ 

deyil, hᴅm dᴅ ĸagirdlᴅrin m¿hakimᴅ y¿r¿tmᴅ, problem hᴅll etmᴅ vᴅ fikrini ᴅsaslandērma 

bacarēqlarēnēn inkiĸafēna xidmᴅt edir.[3] Belᴅliklᴅ, fizikanēn tᴅdrisindᴅ yaĸ vᴅ fᴅrdi 

x¿susiyyᴅtlᴅrin nᴅzᴅrᴅ alēnmasē ĸᴅxsiyyᴅtyºn¿ml¿ vᴅ sᴅmᴅrᴅli tᴅlimin formalaĸmasēna m¿h¿m 

tºhfᴅ verir. 
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This article explores the role of developmental psychology in the teaching process and 

highlights the possibilities of physics for implementing student-centered learning. Developmental 
psychology is presented as a scientific field that studies the regularities of mental development 
across different stages of human life. In this context, the article discusses age-related changes in 
the cognitive processes, emotional states, and behavioral characteristics of children and 
adolescents. Particular attention is given to perception, memory, thinking, and attention as key 
components of studentsô developmental psychology. The article emphasizes that physics, as a 
subject closely related to natural phenomena and everyday life, provides broad opportunities for 
organizing instruction in line with studentsô age characteristics, cognitive level, and psychological 
readiness. It argues that taking these features into account increases the effectiveness of teaching, 
strengthens studentsô understanding of scientific concepts, and contributes to the development of 
analytical, critical, and creative thinking. Special attention is also paid to the use of situational tasks 
adapted to studentsô age and individual characteristics. Such tasks not only reinforce knowledge, 
but also support reasoning, problem-solving, and independent thinking. The article concludes that 
consideration of studentsô developmental and individual characteristics in physics teaching makes 
an important contribution to the formation of effective and student-centered learning. 
Keywords: physics teaching, teaching principle, developmental psychology, thinking, attention, 
memory 
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʫʧʧʳ ɸēv Bvē, ʚ ʯʘʩʪʥʦʩʪʠ ʈʚʊʝ ʠ ʪʚʝʨʜʳʝ 
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʵʥʝʨʛʠʠ, ʪʝʥʟʦʤʝʪʨʘʭ ʠ ʜʨʫʛʠʭ  ʧʨʠʙʦʨʘʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ.  
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ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ-ʠʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ ï 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ ɸēv Bvē  ʤʘʣʦ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 
ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʢʘ, ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʝ, ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ ʈʚʊʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ ʥʝʩʦʤʥʝʥʥʳʝ  ʧʝʨʩʧʝʢʪʠʚʳ 
ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʦ ʵʪʦʤʫ ʚʘʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ 
ʜʝʬʝʢʪʦʚ ʠ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠʦʥʘʤʠ  
Ar+, ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʈʚʊʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 
ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʈʚʊʝ ʠʦʥʘʤʠ Ar+ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ 
ʠʛʨʘʶʪ ʨʘʜʠʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ (ʈɼ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ 
ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʚ ʈʚʊʝ ʧʨʠʤʝʩʝʡ ʠ ʙʳʣ ʚʳʙʨʘʥ Ar+ - ʙʣʘʛʦʨʦʜʥʳʡ ʛʘʟ, ʘʪʦʤʳ ʢʦʪʦʨʦʛʦ 
ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʠ ʜʦʥʦʨʘʤʠ, ʥʠ ʘʢʮʝʧʪʦʨʘʤʠ.  

ɺʩʝ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʦʪʞʠʛʫ ʧʨʠ ʊ = 500ʂ ʚ ʘʪʤʦʩʬʝʨʝ ʛʘʣʣʠʷ. ʆʪʞʠʛ ʧʨʦʚʦʜʠʣʩʷ ʚ 
ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ, ʟʘʪʝʤ ʠʟʤʝʨʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʢ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪ ʍʦʣʣʘ, Ŭ ï 
ʪʝʨʤʦʵʜʩ, ů ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʦʪʞʠʛʘ ʠʦʥʘʤʠ 
ʤʝʩʪʦ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʦʷʚʣʝʥʠʝ 
ʩʣʦʠʩʪʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ï ʩʦʦʪʥʦʰʝʥʠʷ Ŭ ʠ R ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʦʦʪʥʦʰʝʥʠʷʤ ʜʣʷ 
ʦʜʥʦʨʦʜʥʦʛʦ ʈʚʊʝ [1]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ ʫʤʝʥʴʰʘʝʪʩʷ Nɼ, ʪʘʢ ʯʪʦ 
ʫʩʣʦʚʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʌʝʨʤʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʝʨʝʩʪʘʝʪ 
ʚʳʧʦʣʥʷʪʴʩʷ ʩʥʘʯʘʣʘ ʜʣʷ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʝʚ, ʘ ʟʘʪʝʤ ʠ ʜʣʷ 
ʙʣʠʟʢʠʭ. ʅʘ ʥʝʢʦʪʦʨʦʡ ʩʪʘʜʠʠ ʦʪʞʠʛʘ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ, ʧʨʠʯʝʤ 
ʩʪʘʥʦʚʠʣʠʩʴ ʙʣʠʟʢʠʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤ ʦʙʨʘʟʮʦʚ ʜʦ ʠʤʧʣʘʥʪʘʮʠʠ. 

ʈʠʩʫʥʦʢ 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ ʧʣʝʥʦʢ ʈʚʊʝ, 
ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Ga. 

ɼ, 300ʤʢʂʣ/ʩʤ2:  1 ï 100;  2 ï 900;  3 ï 300. 
ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʪʞʠʛʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʢ ʠʩʭʦʜʥʳʤ 

ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 30 ʤʠʥ.ʧʨʠ ɼ Ò 100 ʤʢʂʣ/ʩʤ2 ʠ ʦʢʦʣʦ 60ʤʠʥ.ʧʨʠ   ɼ = 900 ʤʢʂʣ/ʩʤ2 
[2]. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʘʢʦʡ ʦʪʞʠʛ ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʷʝʪ ʈɼ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʚʦʧʨʦʩʝ ʦ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ. ɺ ʠʩʭʦʜʥʳʭ 

ʦʙʨʘʟʮʘʭ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ ʩʦʪʥʠ ʩʤ2/ɺĀʩ. ʇʨʠ ʠʤʧʣʘʥʪʘʮʠʠ ʤʝʥʷʣʩʷ ʪʠʧ 

ʥʦʩʠʪʝʣʝʡ. ʇʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ ʈʚʊʝ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʚʳʰʝ ʧʦʜʚʠʞʥʦʩʪʠ 

ʜʳʨʦʢ. ʇʦʵʪʦʤʫ ʚ ʧʨʝʜʣʦʞʝʥʠʝ ʦʙ ʠʥʪʝʥʩʠʚʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʜʝʬʝʢʪʦʚ 

ʠ ʠʭ ʤʠʛʨʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʩʨʘʚʥʠʤʳʝ ʩ ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ, ʤʦʞʥʦ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʧʨʠ 

ʫʤʝʨʝʥʥʳʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ (ɼ Ò 100 ʤʢʂʣ/ʩʤ2), ʭʦʣʣʦʚʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʠʥʦʛʜʘ 

ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʣʘ. 
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ʇʨʠ ɼ = 900 ʤʢʂʣ/ʩʤ2
 ʚʝʣʠʯʠʥʘ (R ů) ʩʦʩʪʘʚʠʣʘ 100 ʩʤ2/ɺĀʩ, ʪ.ʝ. ʧʨʠʤʝʨʥʦ ʚ 15 ʨʘʟ 

ʤʝʥʴʰʝ ʯʝʤ ʜʣʷ ʩʦʚʝʨʰʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʦʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ  ʫʜʠʚʣʝʥʠʝ, ʝʩʣʠ ʧʨʠʥʷʪ ʚʦ ʚʥʠʤʘʥʠʝ ʦʛʨʦʤʥʳʝ 

ʜʦʟʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɼ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʈɼ  ʧʦ ʛʣʫʙʠʥʝ ʥʘʤʠ ʫʞʝ ʧʨʠʚʦʜʠʣʦʩʴ ʥʘ 

ʨʠʩ.1. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ ʚʥʝʜʨʝʥʥʳʭ 

ʘʪʦʤʦʚ ʜʣʷ ɽ = 90ʢʵɺ,ɼ = 900 ʤʢʂʣ/ʩʤ2 [2]. ʉʣʘʙʦʝ ʚʣʠʷʥʠʝ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʥʘ 

ʧʦʜʚʠʞʥʦʩʪʴ, ʧʦ ï ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʨʛʫʤʝʥʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ 

ʨʘʩʩʝʷʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʘʭ, ʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʥʘʨʫʰʝʥʠʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʠ ʚʳʩʦʢʫʶ ʧʦʚʨʝʞʜʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʦʥʦʚ ʩ ʤʘʩʩʦʚʳʤʠ ʯʠʩʣʘʤʠ ʄ Ó 40, ʥʝ ʚʦʟʥʠʢʘʶʪ [3]. 
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The aim of this study is to investigate the effect of Ar+ ion bombardment on the 

electrical properties of PbTe. The study shows that radiation defects (RD) play an 

important role in changing the crystal properties of PbTe when it is bombarded with Ar+ 

ions. For this reason, Ar+, a noble gas whose atoms cannot act as donors or acceptors by 

themselves, was chosen as one of the impurities implanted into PbTe. 

Keywords: annealing, implantation, electron carrier, sample 

 
 

FĶZĶKA MᴄSᴄLᴄLᴄRĶNĶN HᴄLLĶNDᴄ ķAGĶRDLᴄRĶN YARADICILIQ FᴄALĶYYᴄTĶ 
Qalib Mikayēl oĵlu Aslanov1 
Leyla Aydēn qēzē Ramazanova1 
Samirᴅ Kamandir qēzē R¿stᴅmova2 
Zᴅrqᴅlᴅm Nazim qēzē H¿seyinova3 

Zerqelem_huseynova@mail.ru 
Leyla Elman qēzē Yusibova1 

Azᴅrbaycan Dºvlᴅt Aqrar universiteti1 
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Azᴅrbaycan Texnologiya universiteti3 

Hᴅyatē situasiyalarda yaradēcēlēq dedikdᴅ, iki c¿r yanaĸma baĸa d¿ĸ¿l¿r. Birinci 
yanaĸmaya gºrᴅ yaradēcēlēq dedikdᴅ, tamamilᴅ yeni olan vᴅ ictimai ᴅhᴅmiyyᴅt kᴅsb edᴅn 
ĸeylᴅr baĸa d¿ĸ¿l¿r. Mᴅsᴅlᴅn, nanotexnologiyalar, yeni yarēmke­irici materiallarēn 
hazērlanmasē, informasiya texnologiyalarē sahᴅlᴅrindᴅ ᴅldᴅ edilᴅn nailiyyᴅtlᴅr ona gºrᴅ 
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yaradēcēlēĵēn tᴅzah¿rlᴅri kimi qiymᴅtlᴅndirilir ki, ᴅldᴅ edilᴅnlᴅr yenidirlᴅr vᴅ indiyᴅdᴅk 
bᴅĸᴅriyyᴅtᴅ mᴅlum deyildirlᴅr.[1] 

Aydēndēr ki, bu yanaĸmalarēn hansē olursa olsun tᴅdris prosesindᴅ ĸagirdlᴅrin yaradēcēlēq 
fᴅaliyyᴅtinin tᴅĸkilindᴅn danēĸmaq olmaz. Doĵrudan da, bir tᴅrᴅfdᴅn tᴅlim prosesindᴅ 
ĸagirdlᴅrin ardēcēl olaraq hansēsa elmi kᴅĸflᴅr, ixtiralar vᴅ yenilik­i tᴅkliflᴅr etmᴅlᴅrini hesab 
etmᴅk, d¿ĸ¿nmᴅk d¿zg¿n olmazdē. Digᴅr tᴅrᴅfdᴅn isᴅ ᴅgᴅr ĸagirdin ºyrᴅndiyi hᴅr ĸey 
yenidirsᴅ, tᴅdris prosesindᴅki hᴅr bir addēm ĸagird ¿­¿n yaradēcēdēr vᴅ onun ¿­¿n x¿susi 
yaradēcēlēq fᴅaliyyᴅti tᴅĸkil etmᴅyin he­ bir mᴅnasē yoxdur. Aydēndēr ki, yaradēcēlēq fᴅaliyyᴅti 
haqqēnda bu yanaĸmalarēn he­ birini d¿zg¿n hesab etmᴅk olmaz. [2] 

Tᴅsᴅvv¿r edᴅk ki, ĸagirdlᴅrᴅ belᴅ bir tapĸērēq verilmiĸdir: t¿fᴅngdᴅn atᴅĸ a­ēlmēĸdēr vᴅ ᴅn 
sadᴅ ¿sulla g¿llᴅnin baĸlanĵēc s¿rᴅtini tᴅyin etmᴅk lazēmdēr. Bu tapĸērēĵēn yerinᴅ yetirilmᴅsi 
¿­¿n ĸagirdlᴅr bir ne­ᴅ ᴅn m¿xtᴅlif variantlar verirlᴅr.  

ķagirdlᴅrin bir qismi tᴅklif edirlᴅr ki, t¿fᴅngi yuxarē yºnᴅldib atᴅĸ a­araq vᴅ g¿llᴅnin u­uĸ 
y¿ksᴅkliyini ºl­¿b, h¿nd¿rl¿yᴅ gºrᴅ baĸlanĵēc s¿rᴅti tᴅyin etmᴅk lazēmdēr; digᴅrlᴅri isᴅ belᴅ 
hesab edirlᴅr ki, t¿fᴅngi ¿f¿qi vᴅziyyᴅtdᴅ tutub atᴅĸ a­araq, g¿llᴅnin u­uĸ mᴅsafᴅsini ºl­mᴅklᴅ 
onun baĸlanĵēc s¿rᴅtini tᴅyin etmᴅk olar; ĸagirdlᴅr baĸqa hᴅll variantlarē da tᴅklif edᴅ bilᴅrlᴅr.[2] 

Bu hᴅll variantlarēna yaradēcē kimi baxmaq olarmē? Bu suala o vaxt m¿sbᴅt cavab vermᴅk 
olar ki, bu mᴅsᴅlᴅnin bu vᴅ ya digᴅr hᴅll variantē ilᴅ ĸagirdlᴅr ᴅvvᴅl tanēĸ olmasēnlar. Doĵrudan 
da, elᴅ vaxt var idi ki, g¿llᴅnin u­uĸ s¿rᴅtinin tᴅyini ¿sullarēndan he­ biri mᴅlum deyildi vᴅ 
onlarēn kᴅĸf olunmasē yaradēcēlēĵēn nᴅticᴅsi idi.  Lakin, ᴅgᴅr qarĸēya qoyulan mᴅsᴅlᴅnin hᴅllini 
(t¿fᴅngdᴅn atēlan g¿llᴅnin baĸlanĵēc s¿rᴅtinin tᴅyin olunmasēnē) yaradēcē hesab etmᴅk 
m¿mk¿nd¿rsᴅ, onda ixtiyari fizika mᴅsᴅlᴅsinin hᴅllini niyᴅ yaradēcē hesab etmᴅk m¿mk¿n 
olmasēn ki? Baĸqa sºzlᴅ, baxdēĵēmēz mᴅsᴅlᴅnin formalaĸdērēlmasē, aĸaĵēdakē formalardan 
birinᴅ ekvivalent deyildirmi?: ᴅgᴅr ĸaquli yuxarē atēlmēĸ g¿llᴅ h y¿ksᴅkliyinᴅ qalxarsa; ᴅgᴅr h 
y¿ksᴅkliyindᴅ ¿f¿qi atēlmēĸ g¿llᴅ hamar ¿f¿qi sᴅthdᴅ l mᴅsafᴅ qᴅt edᴅrsᴅ; ᴅgᴅr m k¿tlᴅli g¿llᴅ 
M k¿tlᴅli rᴅqqasa dᴅyᴅrᴅk onu ĸaquldan a bucaĵē qᴅdᴅr meyl etdirᴅrsᴅ vᴅ s. g¿llᴅnin 

baĸlanĵēc s¿rᴅtini tᴅyin edin. Belᴅ mᴅsᴅlᴅlᴅri m¿qayisᴅ edᴅrᴅk V.Q.Razumovski onlarē 1ïci vᴅ 
2ïci nºv mᴅsᴅlᴅlᴅrᴅ bºlm¿ĸd¿r vᴅ gºstᴅrmiĸdir ki, 1ïci vᴅ 2ïci nºv mᴅsᴅlᴅlᴅrin formalaĸ-
dērēlmasē qoyuluĸu eyni deyildir.[3] 

Birinci nºv mᴅsᴅlᴅdᴅ yalnēz tᴅlᴅb qoyulur (baĸlanĵēc s¿rᴅti tᴅyin etmᴅk) vᴅ bu tᴅlᴅbin 
necᴅ yerinᴅ yetirilmᴅsi barᴅdᴅ he­ bir gºstᴅriĸ yoxdur. Doĵrudan da g¿llᴅnin baĸlanĵēc s¿rᴅtini 
tᴅyin etmᴅk ¿­¿n bunu hansē ¿sulla etmᴅk m¿mk¿n olduĵunu tapmaq lazēmdēr. Bu hal ¿­¿n, 
qanunauyĵunluqlarē mᴅlum olan vᴅ mᴅsᴅlᴅnin hᴅllindᴅ istifadᴅ olunmasē m¿mk¿n olan 
m¿nasib fiziki hadisᴅ tapmaq lazēmdēr. Verilmiĸ konkret hal ¿­¿n m¿mk¿n olan ¿sullardan ᴅn 
sadᴅsini se­mᴅk lazēmdēr (yuxarē g¿llᴅ atēb h¿nd¿rl¿y¿ ºl­mᴅk vᴅ baĸlanĵēc s¿rᴅti 
hesablamaq) vᴅ bu zaman 1-ci nºv mᴅsᴅlᴅ 2-ci nºv mᴅsᴅlᴅnin variantlarēndan birinᴅ 
gᴅlᴅcᴅkdir [3]. 

2 ïci nºv mᴅsᴅlᴅnin xeyli sadᴅliyi ondadēr ki, onun ĸᴅrtlᴅrindᴅ tᴅkcᴅ baĸlanĵēc s¿rᴅti 
tᴅyin etmᴅk tᴅlᴅbi yoxdur, ĸᴅrtlᴅrdᴅ hᴅm­inin qanunauyĵunluĵu mᴅlum olan konkret fiziki 
hadisᴅ (cisim ĸaquli yuxarē atēlmēĸdēr) tᴅsvir edilmiĸdir. Doĵrudan da ᴅgᴅr g¿llᴅnin ĸaquli yuxarē 
atēldēĵē vᴅ h h¿nd¿rl¿y¿nᴅ qalxdēĵē mᴅlumdursa, onda g¿llᴅnin baĸlanĵēc s¿rᴅtini hesablamaq 
olar.  Belᴅ ki, bu mᴅsᴅlᴅyᴅ cismin sᴅrbᴅst hᴅrᴅkᴅtinin x¿susi halē kimi baxēla bilᴅr. Demᴅli, 
g¿llᴅnin baĸlanĵēc s¿rᴅtini  

                 gh2=u                         (1) 

d¿sturu ilᴅ hesablamaq olar. 
Lakin, ola bilᴅr ki, 1-ci nºv mᴅsᴅlᴅnin y¿ksᴅk dᴅrᴅcᴅdᴅ ­ᴅtinliyi onu yaradēcē hesab 

etmᴅyᴅ, 2-ci nºv mᴅsᴅlᴅni isᴅ yaradēcē hesab etmᴅmᴅyᴅ imkan vermᴅsin. Aydēndēr ki, hᴅr iki 
mᴅsᴅlᴅ ilk dᴅfᴅ hᴅll olunduĵundan, onlarēn hᴅr ikisindᴅ nᴅsᴅ yeni bir ĸey ï yaradēcēlēq 
fᴅaliyyᴅtinin lazēmē ᴅlamᴅti vardēr. Belᴅ fᴅrziyyᴅnin doĵru olmadēĵēna inanmaq ¿­¿n 1ïci vᴅ 2-
ci nºv mᴅsᴅlᴅlᴅrdᴅ yeniliyin nᴅdᴅn ibarᴅt olduĵunu aydēnlaĸdērmaq lazēmdēr. 
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1-ci nºv mᴅsᴅlᴅlᴅrdᴅ hᴅr ĸeydᴅn ᴅvvᴅl hᴅll prinsipini tapmaq lazēmdēr, ikinci nºv 
mᴅsᴅlᴅlᴅrdᴅ isᴅ hᴅll prinsipi artēq mᴅsᴅlᴅlᴅrin ĸᴅrtindᴅ verilmiĸdir. 

Yaradēcēlēĵa nᴅzᴅrᴅ ­arpan yenilik xasdēr vᴅ ona gºrᴅ dᴅ 1-ci nºv mᴅsᴅlᴅni biz yaradēcē 
mᴅsᴅlᴅ adlandēra bilᴅrik.  2-ci nºv mᴅsᴅlᴅni isᴅ tᴅlim mᴅsᴅlᴅsi adlandērmaq lazēmdēr. 

Yaradēcē mᴅsᴅlᴅ ilᴅ yaradēcēlēq arasēnda ᴅlaqᴅni m¿ᴅyyᴅn etmᴅk ¿­¿n yaradēcēlēq 
prosesini analiz etmᴅk lazēmdēr. Onu ¿­ mᴅrhᴅlᴅyᴅ ayērmaq olar:1)problemin 
formalaĸdērēlmasē; 2)onun nᴅzᴅri hᴅlli: 3)problemin hᴅllinin doĵruluĵunun yoxlanēlmasē vᴅ ya 
hᴅllin tᴅcr¿bi yoxlanēlmasē. Belᴅliklᴅ,  fizikadan yaradēcēlēq mᴅsᴅlᴅlᴅri, tᴅdris prosesindᴅ 
ĸagirdlᴅrin yaradēcēlēq fᴅaliyyᴅtinin bir nºv¿ kimi baxēla bilᴅr. Yaradēcēlēq fᴅaliyyᴅtinin belᴅ sadᴅ 
analizindᴅn gºr¿n¿r ki, yaradēcēlēq mᴅsᴅlᴅsinin hᴅlli yaradēcēlēq prosesinin mᴅrkᴅzi vᴅ ᴅsas 
hᴅlqᴅsidir. Bununla yanaĸē o hᴅmdᴅ yaradēcēlēq prosesinin elᴅ bir x¿susi halē ola bilᴅr ki, 
burada artēq problem artēq formalaĸdērēlēb vᴅ onun hᴅlli ¿­¿n b¿t¿n mᴅlumatlar vardēr. 
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Giriĸ. Azᴅrbaycan Respublikasēnēn m¿asir inkiĸaf mᴅrhᴅlᴅsindᴅ elm vᴅ tᴅhsil sahᴅlᴅrinin 
rolu strateji ᴅhᴅmiyyᴅt kᴅsb edᴅn ᴅsas istiqamᴅtlᴅrdᴅn biri kimi ­ēxēĸ edir. Bu sahᴅlᴅrin 
formalaĸmasē vᴅ inkiĸafē isᴅ bilavasitᴅ dºvlᴅt siyasᴅti vᴅ siyasi liderliyin uzaqgºrᴅnliyi ilᴅ sēx 
baĵlēdēr. Azᴅrbaycan tarixindᴅ bu istiqamᴅtdᴅ fundamental dºn¿ĸ yaradan ĸᴅxsiyyᴅt kimi Ulu 
¥ndᴅr Heydᴅr ᴄliyev x¿susi yer tutur. 

Onun rᴅhbᴅrliyi dºvr¿ndᴅ hᴅyata ke­irilᴅn mᴅqsᴅdyºnl¿ vᴅ ardēcēl siyasᴅt nᴅticᴅsindᴅ 
ºlkᴅdᴅ elm vᴅ tᴅhsil sistemi keyfiyyᴅtcᴅ yeni inkiĸaf mᴅrhᴅlᴅsinᴅ qᴅdᴅm qoymuĸ, milli kadr 
hazērlēĵē, elmi-tᴅdqiqat potensialē vᴅ tᴅhsil infrastrukturunun g¿clᴅndirilmᴅsi istiqamᴅtindᴅ 
m¿h¿m nailiyyᴅtlᴅr ᴅldᴅ edilmiĸdir. X¿susilᴅ 1969-cu ildᴅn etibarᴅn baĸlanmēĸ islahatlar vᴅ 
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m¿stᴅqillik dºvr¿ndᴅ davam etdirilᴅn dºvlᴅt siyasᴅti Azᴅrbaycanēn intellektual potensialēnēn 
formalaĸmasēnda hᴅlledici rol oynamēĸdēr. 

Bu baxēmdan tᴅqdim olunan mᴅqalᴅdᴅ Ulu ¥ndᴅr Heydᴅr ᴄliyevin rᴅhbᴅrliyi ilᴅ 
Azᴅrbaycan elm vᴅ tᴅhsilinin inkiĸaf yolu, hᴅyata ke­irilmiĸ islahatlarēn mahiyyᴅti vᴅ onlarēn 
m¿asir dºvrdᴅ yaratdēĵē strateji nᴅticᴅlᴅr elmi yanaĸma ᴅsasēnda tᴅhlil edilir.[1] 

Azᴅrbaycan tarixindᴅ dºvlᴅt quruculuĵu, milli ideologiyanēn formalaĸmasē vᴅ strateji 
inkiĸaf modelinin m¿ᴅyyᴅnlᴅĸdirilmᴅsi baxēmēndan m¿stᴅsna xidmᴅtlᴅr gºstᴅrmiĸ 
ĸᴅxsiyyᴅtlᴅrdᴅn biri dᴅ Ulu ¥ndᴅr Heydᴅr ᴄliyev olmuĸdur. Onun fᴅaliyyᴅti yalnēz siyasi vᴅ 
iqtisadi sahᴅlᴅrlᴅ mᴅhdudlaĸmamēĸ, eyni zamanda elm vᴅ tᴅhsil sisteminin inkiĸafēna yºnᴅlmiĸ 
mᴅqsᴅdyºnl¿ vᴅ ardēcēl siyasᴅti ilᴅ dᴅ sᴅciyyᴅlᴅnmiĸdir. Mᴅhz bu siyasᴅt nᴅticᴅsindᴅ 
Azᴅrbaycan elmi vᴅ tᴅhsili keyfiyyᴅtcᴅ yeni mᴅrhᴅlᴅyᴅ qᴅdᴅm qoymuĸdur.[7] 

Elm sahᴅsindᴅ dᴅ Ulu ¥ndᴅrin fᴅaliyyᴅti m¿h¿m nᴅticᴅlᴅrlᴅ yadda qalmēĸdēr. Azᴅrbaycan 
Milli Elmlᴅr Akademiyasēnēn inkiĸafē ¿­¿n geniĸ imkanlar yaradēlmēĸ, elmi-tᴅdqiqat 
institutlarēnēn fᴅaliyyᴅti stimullaĸdērēlmēĸ, alimlᴅrin sosial rifahēnēn yaxĸēlaĸdērēlmasē 
istiqamᴅtindᴅ m¿h¿m addēmlar atēlmēĸdēr. Bu siyasᴅt nᴅticᴅsindᴅ Azᴅrbaycan alimlᴅri m¿xtᴅlif 
sahᴅlᴅrdᴅ m¿h¿m elmi nailiyyᴅtlᴅr ᴅldᴅ etmiĸ, beynᴅlxalq elmi m¿hitdᴅ ºz layiqli yerlᴅrini 
tutmuĸlar. 

M¿stᴅqillik dºvr¿ndᴅ dᴅ Heydᴅr ᴄliyev elm vᴅ tᴅhsilin inkiĸafēnē dºvlᴅt siyasᴅtinin prioritet 
istiqamᴅtlᴅrindᴅn biri kimi m¿ᴅyyᴅnlᴅĸdirdi. 1993-c¿ ildᴅ xalqēn tᴅlᴅbi ilᴅ hakimiyyᴅtᴅ 
qayētdēqdan sonra ºlkᴅdᴅ yaranmēĸ m¿rᴅkkᴅb ictimai-siyasi vᴅ iqtisadi ĸᴅraitᴅ baxmayaraq, 
tᴅhsil sisteminin qorunub saxlanēlmasē vᴅ inkiĸaf etdirilmᴅsi istiqamᴅtindᴅ m¿h¿m qᴅrarlar 
qᴅbul edildi. Tᴅhsil sahᴅsindᴅ h¿quqi baza formalaĸdērēldē, yeni qanunlar vᴅ dºvlᴅt proqramlarē 
qᴅbul olundu. 

Ulu ¥ndᴅr elm vᴅ tᴅhsilin yalnēz bilik ºt¿rᴅn sahᴅ olmadēĵēnē, eyni zamanda milli 
ideologiyanēn formalaĸmasēnda m¿h¿m rol oynadēĵēnē vurĵulayērdē. Onun fikrincᴅ, tᴅhsil 
sistemi gᴅnc nᴅslin vᴅtᴅnpᴅrvᴅrlik ruhunda tᴅrbiyᴅ olunmasēnda, dºvlᴅt­ilik ᴅnᴅnᴅlᴅrinᴅ sadiq 
kadrlarēn yetiĸdirilmᴅsindᴅ ᴅsas vasitᴅdir. Bu baxēmdan mᴅktᴅblᴅrdᴅ vᴅ ali tᴅhsil 
m¿ᴅssisᴅlᴅrindᴅ tᴅrbiyᴅ iĸinin g¿clᴅndirilmᴅsi onun siyasᴅtinin ᴅsas istiqamᴅtlᴅrindᴅn biri 
olmuĸdur.[2] 

Bu g¿n Ulu ¥ndᴅrin m¿ᴅyyᴅn etdiyi inkiĸaf strategiyasē Azᴅrbaycan Respublikasēnēn 
Prezidenti Ķlham ᴄliyev tᴅrᴅfindᴅn uĵurla davam etdirilir. M¿asir dºvrdᴅ tᴅhsil sisteminin 
rᴅqᴅmsallaĸdērēlmasē, beynᴅlxalq tᴅhsil mᴅkanēna inteqrasiya, innovativ yanaĸmalarēn tᴅtbiqi 
vᴅ elmi-tᴅdqiqat fᴅaliyyᴅtinin stimullaĸdērēlmasē istiqamᴅtindᴅ m¿h¿m nailiyyᴅtlᴅr ᴅldᴅ 
olunmuĸdur. Yeni mᴅktᴅblᴅrin tikintisi, ali tᴅhsil m¿ᴅssisᴅlᴅrinin modernlᴅĸdirilmᴅsi vᴅ 
gᴅnclᴅrin xaricdᴅ tᴅhsil imkanlarēnēn geniĸlᴅndirilmᴅsi bu siyasᴅtin bariz n¿munᴅsidir.[4] 

Belᴅliklᴅ, Ulu ¥ndᴅr Heydᴅr ᴄliyevin elm vᴅ tᴅhsil sahᴅsindᴅ hᴅyata ke­irdiyi siyasᴅt 
Azᴅrbaycanēn m¿asir inkiĸaf modelinin ᴅsas s¿tunlarēndan birini tᴅĸkil edir. Onun m¿ᴅyyᴅn 
etdiyi strateji kurs nᴅticᴅsindᴅ formalaĸan g¿cl¿ kadr potensialē, inkiĸaf etmiĸ elmi baza vᴅ 
m¿asir tᴅhsil sistemi bu g¿n ºlkᴅnin davamlē inkiĸafēnē tᴅmin edᴅn baĸlēca amillᴅrdᴅndir. 

Ulu ¥ndᴅrin ideyalarē ᴅsasēnda qurulan elm vᴅ tᴅhsil siyasᴅti Azᴅrbaycanē bilik 
cᴅmiyyᴅtinᴅ doĵru aparan etibarlē yol kimi ºz aktuallēĵēnē qoruyur vᴅ gᴅlᴅcᴅk nᴅsillᴅrin 
inkiĸafēnda m¿h¿m rol oynamaqda davam edir [3] 

Nᴅticᴅ  
Aparēlan tᴅhlillᴅr gºstᴅrir ki, Heydᴅr ᴄliyev tᴅrᴅfindᴅn m¿ᴅyyᴅn edilmiĸ elm vᴅ tᴅhsil 

siyasᴅti Azᴅrbaycan Respublikasēnēn davamlē vᴅ dayanēqlē inkiĸafēnēn ᴅsasēnē tᴅĸkil edᴅn 
fundamental istiqamᴅtlᴅrdᴅn biridir. Onun tᴅĸᴅbb¿s¿ ilᴅ formalaĸdērēlan milli tᴅhsil modeli, 
g¿cl¿ elmi baza vᴅ y¿ksᴅk ixtisaslē kadr potensialē ºlkᴅnin m¿asir inkiĸaf dinamikasēnē 
m¿ᴅyyᴅn edᴅn ᴅsas amillᴅr kimi ­ēxēĸ edir.[5] 

M¿stᴅqillik dºvr¿ndᴅ bu siyasᴅtin ardēcēl ĸᴅkildᴅ davam etdirilmᴅsi nᴅticᴅsindᴅ 
Azᴅrbaycan qlobal elmi vᴅ tᴅhsil mᴅkanēna inteqrasiya olunmuĸ, innovativ inkiĸaf modelinᴅ 
ᴅsaslanan m¿asir dºvlᴅtᴅ ­evrilmiĸdir. Bu prosesdᴅ Prezident Ķlham ᴄliyev tᴅrᴅfindᴅn hᴅyata 
ke­irilᴅn mᴅqsᴅdyºnl¿ islahatlar x¿susi ᴅhᴅmiyyᴅt daĸēyēr. 
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Nᴅticᴅ etibarilᴅ, Heydᴅr ᴄliyev irsi ¿zᴅrindᴅ qurulan elm vᴅ tᴅhsil strategiyasē yalnēz 
ke­miĸin deyil, hᴅm dᴅ gᴅlᴅcᴅyin inkiĸaf trayektoriyasēnē m¿ᴅyyᴅn edᴅn m¿h¿m konseptual 
baza kimi ­ēxēĸ edir. Bu strategiyanēn davamlēlēĵē Azᴅrbaycanēn bilik cᴅmiyyᴅtinᴅ 
transformasiyasēnē tᴅmin edᴅn ᴅsas tᴅminatlardan biri olaraq qalēr.[6] 
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Giriĸ. M¿asir dºvrdᴅ dºvlᴅtlᴅrin milli tᴅhl¿kᴅsizliyi yalnēz fiziki sᴅrhᴅdlᴅrin qorunmasē ilᴅ 
mᴅhdudlaĸmēr. Enerji ĸᴅbᴅkᴅlᴅri, nᴅqliyyat sistemlᴅri, su tᴅchizatē vᴅ sᴅnaye obyektlᴅri kimi 
kritik infrastrukturlar dºvlᴅtin funksional sabitliyinin ᴅsasēnē tᴅĸkil edir. Bu sistemlᴅrin 
rᴅqᴅmsallaĸmasē onlarēn effektivliyini artērsa da, eyni zamanda yeni nᴅsil kiber tᴅhdidlᴅrin 
yaranmasēna sᴅbᴅb olmuĸdur [1-4]. 

Sᴅnaye 4.0 konsepsiyasē ­ᴅr­ivᴅsindᴅ IT (Ķnformasiya Texnologiyalarē) vᴅ OT (ᴄmᴅliyyat 
Texnologiyalarē) sistemlᴅrinin inteqrasiyasē baĸ vermiĸdir. Bu konvergensiya real zamanlē 
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monitorinq vᴅ idarᴅetmᴅ imkanlarēnē geniĸlᴅndirsᴅ dᴅ, tᴅhl¿kᴅsizlik baxēmēndan ciddi boĸluqlar 
yaratmēĸdēr. ᴄvvᴅllᴅr izolyasiya olunmuĸ sᴅnaye sistemlᴅri artēq qlobal ĸᴅbᴅkᴅlᴅrᴅ inteqrasiya 
olunmuĸ vᴅ kiber h¿cumlar ¿­¿n a­ēq hᴅdᴅfᴅ ­evrilmiĸdir [5-8]. 

M¿asir kiber h¿cumlar yalnēz mᴅlumat oĵurluĵu ilᴅ mᴅhdudlaĸmēr. Onlar fiziki sistemlᴅrᴅ 
birbaĸa tᴅsir gºstᴅrᴅrᴅk enerji sistemlᴅrini sēradan ­ēxara, sᴅnaye avadanlēqlarēnē zᴅdᴅlᴅyᴅ vᴅ 
geniĸ miqyaslē iqtisadi zᴅrᴅrlᴅrᴅ sᴅbᴅb ola bilᴅr [9-12]. Bu baxēmdan Stuxnet kimi h¿cumlar 
kiber-fiziki m¿hitdᴅ tᴅhl¿kᴅlᴅrin real miqyasēnē gºstᴅrmiĸdir. 

ᴄnᴅnᴅvi tᴅhl¿kᴅsizlik sistemlᴅri bu tip h¿cumlara qarĸē kifayᴅt qᴅdᴅr effektiv deyil. Ķmza 
ᴅsaslē sistemlᴅr yalnēz ᴅvvᴅlcᴅdᴅn mᴅlum h¿cumlarē aĸkarlaya bilir. Lakin m¿asir h¿cumlar 
dinamik vᴅ adaptiv xarakter daĸēyēr. 

Bu sᴅbᴅbdᴅn s¿ni intellekt vᴅ maĸēn ºyrᴅnmᴅsi ᴅsaslē m¿dafiᴅ strategiyalarē ºn plana 
­ēxēr. Bu sistemlᴅr normal fᴅaliyyᴅt modelini ºyrᴅnᴅrᴅk anomaliyalarē real vaxt rejimindᴅ aĸkar 
edir vᴅ proaktiv m¿dafiᴅ mexanizmi yaradēr. 

Kiber-Fiziki Sistemlᴅrin Arxitekturasē vᴅ ITïOT Konvergensiyasēnēn Tᴅhl¿kᴅsizlik 
Ķmplikasiyalarē 

Kritik infrastrukturlarēn m¿asir arxitekturasē kiber-fiziki sistemlᴅr (Cyber-Physical Systems 
ï CPS) ¿zᴅrindᴅ qurulmuĸdur. Bu sistemlᴅr informasiya texnologiyalarē (IT) ilᴅ ᴅmᴅliyyat 
texnologiyalarēnēn (OT) inteqrasiyasē nᴅticᴅsindᴅ formalaĸēr vᴅ real fiziki proseslᴅrin rᴅqᴅmsal 
m¿hit vasitᴅsilᴅ idarᴅ olunmasēnē tᴅmin edir. 

IT sistemlᴅri ᴅsasᴅn mᴅlumatlarēn emalē, saxlanmasē vᴅ ºt¿r¿lmᴅsi funksiyalarēnē yerinᴅ 
yetirir. Bu m¿hitdᴅ tᴅhl¿kᴅsizlik prioritetlᴅri ñMᴅxfilikïB¿tºvl¿kïᴄl­atanlēqò (CIA triadasē) 
ᴅsasēnda formalaĸēr. Lakin OT sistemlᴅri sᴅnaye proseslᴅrinin idarᴅ olunmasēna yºnᴅlmiĸdir 
vᴅ burada ᴅsas prioritetlᴅr ñᴄl­atanlēq vᴅ Funksional Tᴅhl¿kᴅsizlikòdir. 

Bu iki fᴅrqli paradiqmanēn inteqrasiyasē yeni tᴅhl¿kᴅsizlik problemlᴅri yaradēr. ᴄnᴅnᴅvi 
olaraq izolyasiya olunmuĸ OT sistemlᴅri artēq ĸᴅbᴅkᴅyᴅ qoĸulduĵundan kiber h¿cumlara qarĸē 
hᴅssas hala gᴅlmiĸdir. Bu konvergensiya nᴅticᴅsindᴅ yaranan ᴅsas risklᴅr aĸaĵēdakēlardēr: 

¶ Sᴅnaye protokollarēnda autentifikasiya vᴅ ĸifrᴅlᴅmᴅnin olmamasē  
¶ Real zamanlē sistemlᴅrdᴅ tᴅhl¿kᴅsizlik tᴅdbirlᴅrinin mᴅhdud tᴅtbiqi  
¶ Legacy sistemlᴅrin m¿asir tᴅhl¿kᴅlᴅrᴅ qarĸē zᴅifliyi  
¶ Ķnsan faktorundan qaynaqlanan idarᴅetmᴅ sᴅhvlᴅri  
Bu risklᴅr fonunda CPS m¿hitindᴅ tᴅhl¿kᴅsizlik yalnēz texniki mᴅsᴅlᴅ deyil, hᴅm dᴅ 

sistemin ¿mumi davranēĸ modelinin analizini tᴅlᴅb edᴅn kompleks problemᴅ ­evrilir. 
AI ᴄsaslē Anomaliya Aĸkarlama Sistemlᴅrinin Metodoloji ᴄsaslarē: S¿ni intellekt 

ᴅsaslē m¿dafiᴅ sistemlᴅrinin ᴅsas ¿st¿nl¿y¿ onlarēn statik qaydalara deyil, dinamik ºyrᴅnmᴅ 
mexanizmlᴅrinᴅ ᴅsaslanmasēdēr. Bu sistemlᴅr ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅn edilmiĸ h¿cum 
n¿munᴅlᴅrinᴅ deyil, sistemin normal davranēĸ modelinᴅ ᴅsaslanēr. 

Bu yanaĸmanēn mᴅrkᴅzindᴅ ñbaseline modelingò dayanēr. Sistem bºy¿k hᴅcmli verilᴅnlᴅr 

¿zᴅrindᴅ tᴅlim ke­ᴅrᴅk normal fᴅaliyyᴅt profilini formalaĸdērēr. Bu profil sensor mᴅlumatlarē, 

ĸᴅbᴅkᴅ trafiki, ᴅmᴅliyyat loqlarē vᴅ fiziki parametrlᴅr ᴅsasēnda qurulur. 

Autoencoder modellᴅri: Autoencoder neyron ĸᴅbᴅkᴅlᴅri y¿ksᴅk ºl­¿l¿ mᴅlumatlarē 

sēxaraq onlarēn ᴅsas x¿susiyyᴅtlᴅrini m¿ᴅyyᴅn edir. Tᴅlim mᴅrhᴅlᴅsindᴅ yalnēz normal 

mᴅlumatlardan istifadᴅ olunur. H¿cum zamanē yaranan sapmalar model tᴅrᴅfindᴅn d¿zg¿n 

bᴅrpa edilᴅ bilmir vᴅ bu ñreconstruction errorò kimi qeydᴅ alēnēr. 

One-Class SVM: Bu model normal mᴅlumatlarēn sᴅrhᴅdlᴅrini m¿ᴅyyᴅn edir vᴅ bu 

sᴅrhᴅdlᴅrdᴅn kᴅnara ­ēxan n¿munᴅlᴅri anomaliya kimi qiymᴅtlᴅndirir. 

Isolation Forest: Bu alqoritm mᴅlumat nºqtᴅlᴅrinin tᴅcrid olunma sᴅviyyᴅsinᴅ ᴅsaslanēr. 

Anomaliyalar statistik olaraq daha tez tᴅcrid olunur vᴅ belᴅliklᴅ aĸkarlanēr. 

LSTM modellᴅri: Zaman asēlē proseslᴅr ¿­¿n istifadᴅ olunan bu modellᴅr sistemin 

davranēĸēnē zaman kontekstindᴅ analiz edir. Bu x¿susiyyᴅt ñlow-and-slowò h¿cumlarēn 

aĸkarlanmasēnda x¿susilᴅ effektivdir. 
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Sensor Sᴅviyyᴅsindᴅ Tᴅhl¿kᴅsizlik vᴅ ñSignal Integrityò Analizi: Kiber-fiziki sistemlᴅrin 
ᴅn hᴅssas komponenti sensor ĸᴅbᴅkᴅsidir. Sensorlar fiziki proseslᴅrin rᴅqᴅmsal tᴅsvirini tᴅmin 
edir vᴅ onlarēn manipulyasiyasē sistemin b¿t¿n idarᴅetmᴅ mexanizmini pozur. 

Sensor spoofing vᴅ false data injection h¿cumlarē bu sahᴅdᴅ ᴅn tᴅhl¿kᴅli h¿cum 
nºvlᴅridir. Bu h¿cumlar zamanē sistemᴅ saxta mᴅlumat ºt¿r¿lᴅrᴅk idarᴅetmᴅ mexanizmlᴅri 
yanlēĸ qᴅrarlar qᴅbul edir. 

AI ᴅsaslē sistemlᴅr bu problemi aĸaĵēdakē ¿sullarla hᴅll edir: 
¶ Cross-sensor validation ï m¿xtᴅlif sensorlardan gᴅlᴅn mᴅlumatlarēn m¿qayisᴅsi  
¶ FFT vᴅ spektral analiz ï siqnalēn tᴅbii vᴅ ya s¿ni olduĵunu m¿ᴅyyᴅn etmᴅk  
¶ Fiziki qanunlara ᴅsaslanan modellᴅr ï termodinamika vᴅ mexanika prinsiplᴅrinin 

tᴅtbiqi  
Bu yanaĸma sistemdᴅ ñrᴅqᴅmsal immunitetò yaradēr vᴅ h¿cumlarē erkᴅn mᴅrhᴅlᴅdᴅ 

bloklayēr. 
SCADA vᴅ DCS Sistemlᴅrindᴅ S¿ni Ķntellektin Ķnkiĸafē vᴅ Adaptiv Ķdarᴅetmᴅ 

Paradigmalarē: M¿asir kritik infrastrukturlarēn idarᴅ olunmasēnda SCADA (Supervisory Control 
and Data Acquisition) vᴅ DCS (Distributed Control Systems) sistemlᴅri fundamental rol 
oynayēr. Bu sistemlᴅr sᴅnaye obyektlᴅrinin, enerji ĸᴅbᴅkᴅlᴅrinin, su tᴅchizatē sistemlᴅrinin vᴅ 
digᴅr strateji infrastrukturlarēn real zamanlē monitorinqini vᴅ idarᴅ olunmasēnē tᴅmin edir. Lakin 
bu sistemlᴅrin klassik arxitekturasē ᴅsasᴅn statik qaydalara vᴅ ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅn edilmiĸ 
idarᴅetmᴅ modellᴅrinᴅ ᴅsaslandēĵē ¿­¿n m¿asir kiber-tᴅhdidlᴅr qarĸēsēnda mᴅhdud effektivliyᴅ 
malikdir. 

S¿ni intellektin bu sistemlᴅrᴅ inteqrasiyasē idarᴅetmᴅ fᴅlsᴅfᴅsindᴅ fundamental 

transformasiya yaradēr. ᴄnᴅnᴅvi SCADA vᴅ DCS sistemlᴅri deterministik vᴅ reaktiv davranēĸ 

modellᴅrinᴅ ᴅsaslandēĵē halda, AI ᴅsaslē sistemlᴅr adaptiv, ºyrᴅnᴅn vᴅ proaktiv idarᴅetmᴅ 

mexanizmlᴅrini tᴅmin edir. Bu transformasiya kiber-fiziki sistemlᴅrin tᴅhl¿kᴅsizliyini vᴅ 

davamlēlēĵēnē keyfiyyᴅtcᴅ yeni mᴅrhᴅlᴅyᴅ ke­irir. 

 AI ᴅsaslē SCADA sistemlᴅrinin tᴅkam¿l¿: SCADA sistemlᴅri geniĸ coĵrafi ᴅrazilᴅrdᴅ 

yerlᴅĸᴅn obyektlᴅrin mᴅrkᴅzlᴅĸdirilmiĸ idarᴅ olunmasēnē tᴅmin edir. ᴄnᴅnᴅvi SCADA 

sistemlᴅrindᴅ mᴅlumatlar sensorlardan toplanēr vᴅ operator tᴅrᴅfindᴅn analiz edilir. Bu 

yanaĸma insan faktorundan y¿ksᴅk asēlēlēq yaradēr vᴅ real zamanlē qᴅrarvermᴅ prosesindᴅ 

gecikmᴅlᴅrᴅ sᴅbᴅb olur. 

AI inteqrasiyasē bu prosesi avtomatlaĸdēraraq aĸaĵēdakē ¿st¿nl¿klᴅri tᴅmin edir: 

¶ Real zamanlē mᴅlumatlarēn avtomatik analizi  

¶ Anomaliyalarēn dᴅrhal aĸkarlanmasē  

¶ Operator qᴅrarlarēnēn optimallaĸdērēlmasē  

¶ Kiber h¿cumlarēn erkᴅn mᴅrhᴅlᴅdᴅ m¿ᴅyyᴅn edilmᴅsi  

AI ᴅsaslē SCADA sistemlᴅri ñsituational awarenessò sᴅviyyᴅsini artēraraq operatorlara 

daha dᴅqiq vᴅ kontekstual mᴅlumat tᴅqdim edir. Bu isᴅ m¿rᴅkkᴅb vᴅ ­oxparametrli sistemlᴅrin 

idarᴅ olunmasēnda kritik ᴅhᴅmiyyᴅt kᴅsb edir. 

DCS sistemlᴅrindᴅ AI vᴅ lokal avtonom idarᴅetmᴅ 

DCS sistemlᴅri ᴅsasᴅn lokal sᴅviyyᴅdᴅ proseslᴅrin idarᴅ olunmasē ¿­¿n nᴅzᴅrdᴅ 

tutulmuĸdur. Bu sistemlᴅrdᴅ idarᴅetmᴅ funksiyalarē m¿xtᴅlif nᴅzarᴅt­ilᴅr arasēnda paylanēr vᴅ 

bu, sistemin dayanēqlēĵēnē artērēr. 

S¿ni intellektin DCS sistemlᴅrinᴅ inteqrasiyasē aĸaĵēdakē yeni imkanlarē yaradēr: 

¶ Lokal sᴅviyyᴅdᴅ adaptiv qᴅrarvermᴅ  

¶ Fiziki proseslᴅrin proqnozlaĸdērēlmasē  

¶ Avtonom tᴅhl¿kᴅsizlik reaksiyalarē  

¶ Real zamanlē optimallaĸdērma  
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AI ᴅsaslē DCS sistemlᴅri yalnēz verilmiĸ parametrlᴅri izlᴅmᴅklᴅ kifayᴅtlᴅnmir, hᴅm dᴅ 

prosesin gᴅlᴅcᴅk vᴅziyyᴅtini proqnozlaĸdēraraq idarᴅetmᴅ strategiyasēnē dᴅyiĸᴅ bilir. Bu 

x¿susiyyᴅt x¿susilᴅ qeyri-xᴅtti vᴅ dinamik sistemlᴅrdᴅ effektivdir. 

 AI vasitᴅsilᴅ SCADAïDCS inteqrasiyasē: SCADA vᴅ DCS sistemlᴅri arasēnda effektiv 

koordinasiya kritik infrastrukturlarēn tᴅhl¿kᴅsizliyi ¿­¿n ᴅsas ĸᴅrtdir. ᴄnᴅnᴅvi sistemlᴅrdᴅ bu 

inteqrasiya mᴅhdud sᴅviyyᴅdᴅ hᴅyata ke­irilir vᴅ mᴅlumat m¿badilᴅsi gecikmᴅlᴅrlᴅ m¿ĸayiᴅt 

olunur. 

AI bu iki sistem arasēnda ñkoqnitiv kºrp¿ò rolunu oynayēr: 

¶ SCADA sᴅviyyᴅsindᴅ toplanan mᴅlumatlarēn DCS sᴅviyyᴅsindᴅ real zamanlē tᴅtbiqi  

¶ Fiziki proseslᴅr vᴅ rᴅqᴅmsal mᴅlumatlar arasēnda semantik uyĵunluĵun tᴅmin edilmᴅsi  

¶ Kiber vᴅ fiziki hadisᴅlᴅrin inteqrasiya olunmuĸ analizi  
Bu yanaĸma nᴅticᴅsindᴅ sistem yalnēz hadisᴅlᴅri izlᴅyᴅn strukturdan ­ēxaraq, onlarē 

analiz edᴅn vᴅ proaktiv ĸᴅkildᴅ idarᴅ edᴅn intellektual ekosistemᴅ ­evrilir. 

 
ķᴅkil 1. SCADA vᴅ DCS sistemlᴅrindᴅ s¿ni intellektin inteqrasiyasē vᴅ idarᴅetmᴅ modeli 

ķᴅkil 1-dᴅ SCADA vᴅ DCS sistemlᴅri arasēnda s¿ni intellekt ᴅsaslē inteqrasiya modeli 
tᴅsvir edilmiĸdir. Bu model sensor sᴅviyyᴅsindᴅn baĸlayaraq qᴅrarvermᴅ mᴅrhᴅlᴅsinᴅ qᴅdᴅr 
b¿t¿n mᴅlumat axēnēnēn vahid AI platformasēnda analizini tᴅmin edir. 

Prediktiv idarᴅetmᴅ vᴅ Model Predictive Control (MPC): AI ᴅsaslē sistemlᴅrdᴅ Model 
Predictive Control (MPC) yanaĸmasē geniĸ tᴅtbiq olunur. Bu metod sistemin gᴅlᴅcᴅk 
davranēĸēnē proqnozlaĸdēraraq optimal idarᴅetmᴅ qᴅrarlarēnē m¿ᴅyyᴅn edir. 

MPC-nin SCADA/DCS sistemlᴅrindᴅ tᴅtbiqi: 
¶ Enerji istehlakēnēn optimallaĸdērēlmasē  
¶ Avadanlēqlarēn aĸēnmasēnēn azaldēlmasē  
¶ Qᴅza risklᴅrinin minimallaĸdērēlmasē  
¶ Kiber h¿cumlarēn nᴅticᴅlᴅrinin proqnozlaĸdērēlmasē  
Bu yanaĸma sistemin yalnēz cari vᴅziyyᴅtᴅ deyil, hᴅm dᴅ gᴅlᴅcᴅk ssenarilᴅrᴅ 

ᴅsaslanaraq idarᴅ olunmasēnē tᴅmin edir. 
AI ᴅsaslē tᴅhl¿kᴅsizlik vᴅ ñrᴅqᴅmsal immunitetò konsepsiyasē: S¿ni intellekt SCADA vᴅ 

DCS sistemlᴅrindᴅ ñrᴅqᴅmsal immunitet sistemiò formalaĸdērēr. Bu sistem insan orqanizmindᴅki 
immun mexanizmlᴅrᴅ bᴅnzᴅr ĸᴅkildᴅ fᴅaliyyᴅt gºstᴅrir: 

¶ Normal vᴅziyyᴅti ºyrᴅnir  



¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

105 
 

¶ Xarici m¿daxilᴅlᴅri tanēyēr  
¶ H¿cuma qarĸē avtomatik reaksiya verir  
¶ Sistemin ºz¿n¿ bᴅrpa etmᴅsini tᴅmin edir  
Bu yanaĸma kritik infrastrukturlarēn uzunm¿ddᴅtli dayanēqlēĵēnē tᴅmin edir vᴅ kiber-fiziki 

tᴅhl¿kᴅlᴅrin tᴅsirini minimuma endirir. 
Nᴅticᴅ. Aparēlan tᴅdqiqat gºstᴅrir ki, m¿asir dºvrdᴅ kritik infrastrukturlarēn tᴅhl¿kᴅsizliyi 

yalnēz klassik informasiya tᴅhl¿kᴅsizliyi yanaĸmalarē ilᴅ tᴅmin edilᴅ bilmᴅz. Ķnformasiya 
Texnologiyalarē (IT) vᴅ ᴄmᴅliyyat Texnologiyalarēnēn (OT) konvergensiyasē nᴅticᴅsindᴅ 
formalaĸan kiber-fiziki sistemlᴅr hᴅm funksional baxēmdan daha sᴅmᴅrᴅli, hᴅm dᴅ tᴅhl¿kᴅsizlik 
baxēmēndan daha m¿rᴅkkᴅb vᴅ ­oxqatlē risk m¿hiti yaratmēĸdēr. Bu m¿hitdᴅ baĸ verᴅn kiber-
h¿cumlar artēq yalnēz mᴅlumat itkisi ilᴅ mᴅhdudlaĸmēr, fiziki sistemlᴅrdᴅ daĵēdēcē tᴅsirlᴅr yaradēr 
vᴅ milli tᴅhl¿kᴅsizlik sᴅviyyᴅsindᴅ ciddi tᴅhdidlᴅr formalaĸdērēr. Tᴅhlil nᴅticᴅsindᴅ m¿ᴅyyᴅn 
edilmiĸdir ki, SCADA vᴅ DCS sistemlᴅrinin klassik idarᴅetmᴅ modellᴅri m¿asir adaptiv vᴅ 
polimorfik kiber-tᴅhdidlᴅr qarĸēsēnda mᴅhdud effektivliyᴅ malikdir. Bu sistemlᴅrdᴅ istifadᴅ 
olunan sᴅnaye protokollarēnēn tᴅhl¿kᴅsizlik baxēmēndan zᴅifliyi, autentifikasiya vᴅ ĸifrᴅlᴅmᴅ 
mexanizmlᴅrinin kifayᴅt qᴅdᴅr inkiĸaf etmᴅmᴅsi, elᴅcᴅ dᴅ real zamanlē idarᴅetmᴅ tᴅlᴅblᴅri 
tᴅhl¿kᴅsizlik tᴅdbirlᴅrinin tᴅtbiqini ­ᴅtinlᴅĸdirir. Bu kontekstdᴅ s¿ni intellekt ᴅsaslē m¿dafiᴅ 
strategiyalarēnēn tᴅtbiqi fundamental ᴅhᴅmiyyᴅt kᴅsb edir. AI texnologiyalarē sistem 
davranēĸēnēn ­oxºl­¿l¿ modellᴅĸdirilmᴅsi, anomaliyalarēn real zamanlē aĸkarlanmasē vᴅ 
prediktiv analitika vasitᴅsilᴅ h¿cumlarēn erkᴅn mᴅrhᴅlᴅdᴅ m¿ᴅyyᴅn edilmᴅsinᴅ imkan yaradēr. 
X¿susilᴅ autoencoder, LSTM vᴅ Isolation Forest kimi alqoritmlᴅrin tᴅtbiqi m¿rᴅkkᴅb vᴅ gizli 
h¿cum ssenarilᴅrinin aĸkarlanmasēnda y¿ksᴅk effektivlik n¿mayiĸ etdirir. Eyni zamanda, 
sensor sᴅviyyᴅsindᴅ tᴅtbiq olunan ñsignal integrityò analizlᴅri vᴅ ­arpaz sensor validasiyasē 
(cross-sensor validation) fiziki proseslᴅrᴅ yºnᴅlmiĸ h¿cumlarēn erkᴅn mᴅrhᴅlᴅdᴅ 
lokallaĸdērēlmasēna ĸᴅrait yaradēr. Bu yanaĸma sistem daxilindᴅ fiziki qanunlara ᴅsaslanan 
nᴅzarᴅt mexanizmlᴅrinin formalaĸmasēna vᴅ ñrᴅqᴅmsal immunitetò konsepsiyasēnēn 
reallaĸdērēlmasēna imkan verir. 

SCADA vᴅ DCS sistemlᴅrinin s¿ni intellekt vasitᴅsilᴅ inteqrasiyasē isᴅ bu sistemlᴅri statik 
idarᴅetmᴅ m¿hitindᴅn ­ēxararaq adaptiv vᴅ ºz¿n¿-ºyrᴅdᴅn ekosistemᴅ ­evirir. Reinforcement 
Learning ᴅsaslē avtonom qᴅrarvermᴅ mexanizmlᴅri h¿cum zamanē optimal m¿dafiᴅ 
strategiyalarēnēn se­ilmᴅsini tᴅmin edir vᴅ insan faktorundan asēlēlēĵē minimuma endirir. Bu 
yanaĸma kritik infrastrukturlarda ñself-healing systemsò konsepsiyasēnēn formalaĸmasēna 
gᴅtirib ­ēxarēr.Tᴅdqiqatēn nᴅticᴅlᴅri gºstᴅrir ki, kritik infrastrukturlarēn tᴅhl¿kᴅsizliyi yalnēz 
texnoloji vasitᴅlᴅrlᴅ deyil, hᴅm dᴅ intellektual, adaptiv vᴅ semantik ᴅsaslē yanaĸmalarēn 
inteqrasiyasē ilᴅ tᴅmin oluna bilᴅr. S¿ni intellekt bu sistemlᴅrdᴅ sadᴅcᴅ analitik alᴅt deyil, hᴅm 
dᴅ qᴅrarvermᴅ vᴅ tᴅhl¿kᴅsizlik idarᴅetmᴅsinin mᴅrkᴅzi komponentinᴅ ­evrilmiĸdir. 

Gᴅlᴅcᴅk perspektivlᴅr baxēmēndan AI modellᴅrinin adversarial h¿cumlara qarĸē 
dayanēqlēĵēnēn artērēlmasē, izah edilᴅ bilᴅn s¿ni intellekt (Explainable AI) yanaĸmalarēnēn tᴅtbiqi 
vᴅ insanïAI ᴅmᴅkdaĸlēĵēna ᴅsaslanan ñhuman-in-the-loopò modellᴅrinin inkiĸafē prioritet 
istiqamᴅtlᴅr kimi ­ēxēĸ edir. Eyni zamanda Digital Twin texnologiyalarēnēn geniĸlᴅndirilmᴅsi vᴅ 
federativ ºyrᴅnmᴅ modellᴅrinin tᴅtbiqi kritik infrastrukturlarēn tᴅhl¿kᴅsizlik arxitekturasēnē daha 
da g¿clᴅndirᴅcᴅkdir. 

Nᴅticᴅ etibarilᴅ, m¿asir dºvrdᴅ dºvlᴅtlᴅrin rᴅqᴅmsal suverenliyinin qorunmasē vᴅ kiber-
fiziki tᴅhl¿kᴅlᴅrin neytrallaĸdērēlmasē yalnēz s¿ni intellekt ᴅsaslē, adaptiv vᴅ ­oxqatlē tᴅhl¿kᴅsizlik 
sistemlᴅrinin tᴅtbiqi ilᴅ m¿mk¿nd¿r. Bu yanaĸma gᴅlᴅcᴅk kiber-m¿hitdᴅ dayanēqlēlēĵēn tᴅmin 
edilmᴅsindᴅ ᴅsas strateji istiqamᴅt kimi ­ēxēĸ edir. 
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Giriĸ. M¿asir cᴅmiyyᴅtlᴅrdᴅ yetkinlik yaĸēna ­atmamēĸ ĸᴅxslᴅr arasēnda cinayᴅtkarlēq 
sosial tᴅhl¿kᴅsizlik vᴅ h¿quq siyasᴅti baxēmēndan prioritet problemlᴅrdᴅn biri kimi ­ēxēĸ edir. Bu 
fenomen yalnēz h¿quq-m¿hafizᴅ sisteminin fᴅaliyyᴅt sahᴅsinᴅ aid deyil, eyni zamanda sosial 
struktur, ailᴅ m¿nasibᴅtlᴅri, tᴅhsil m¿hiti vᴅ psixoloji faktorlarēn qarĸēlēqlē tᴅsiri nᴅticᴅsindᴅ 
formalaĸan kompleks sosial proses kimi qiymᴅtlᴅndirilmᴅlidir. 

Yeniyetmᴅ cinayᴅtkarlēĵēnēn formalaĸmasē ­oxsaylē determinantlarēn qarĸēlēqlē tᴅsiri ilᴅ 
ᴅlaqᴅdardēr. Ailᴅ institutunun zᴅiflᴅmᴅsi, sosial nᴅzarᴅtin azalmasē, iqtisadi qeyri-sabitlik vᴅ 
tᴅhsil m¿hitindᴅ yaranan problemlᴅr bu prosesin ᴅsas sᴅbᴅblᴅri kimi ­ēxēĸ edir. Bununla yanaĸē 
m¿asir dºvrdᴅ rᴅqᴅmsal m¿hitin tᴅsiri dᴅ m¿h¿m rol oynayēr. Sosial media platformalarē vᴅ 
internet m¿hiti yeniyetmᴅlᴅrin davranēĸ modellᴅrinin formalaĸmasēnda yeni sosial faktor kimi 
­ēxēĸ edir [1-5]. 

ᴄnᴅnᴅvi statistik metodlar bu c¿r m¿rᴅkkᴅb sosial sistemlᴅrin analizi ¿­¿n m¿ᴅyyᴅn 
imkanlar tᴅqdim etsᴅ dᴅ, ­oxºl­¿l¿ vᴅ qeyri-xᴅtti ᴅlaqᴅlᴅrin tam m¿ᴅyyᴅn edilmᴅsindᴅ mᴅhdud 
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qalēr. Bu baxēmdan s¿ni intellekt vᴅ maĸēn ºyrᴅnmᴅsi texnologiyalarē yeni analitik yanaĸmalar 
tᴅqdim edir. 

Maĸēn ºyrᴅnmᴅsi modellᴅri bºy¿k hᴅcmli sosial mᴅlumatlarē analiz edᴅrᴅk davranēĸ 
n¿munᴅlᴅrini vᴅ risk faktorlarē arasēndakē gizli ᴅlaqᴅlᴅri aĸkar edᴅ bilir. Bu yanaĸma yalnēz 
mºvcud vᴅziyyᴅtin analizi ilᴅ mᴅhdudlaĸmēr, hᴅm dᴅ gᴅlᴅcᴅkdᴅ baĸ verᴅ bilᴅcᴅk risklᴅrin 
proqnozlaĸdērēlmasēna imkan verir [6-10]. 

Sosial vᴅ Davranēĸ Risk Faktorlarēnēn Sistem Analizi: Yeniyetmᴅ cinayᴅtkarlēĵē yalnēz 
fᴅrdi davranēĸēn nᴅticᴅsi kimi deyil, ­oxsᴅviyyᴅli sosial sistemlᴅrin qarĸēlēqlē tᴅsiri nᴅticᴅsindᴅ 
formalaĸan kompleks fenomen kimi qiymᴅtlᴅndirilmᴅlidir. Bu sistem daxilindᴅ ailᴅ, sosial m¿hit, 
iqtisadi ĸᴅrait vᴅ psixoloji faktorlar bir-biri ilᴅ sēx ᴅlaqᴅdᴅ fᴅaliyyᴅt gºstᴅrᴅrᴅk fᴅrdin davranēĸ 
trayektoriyasēnē m¿ᴅyyᴅn edir. M¿asir sosioloji yanaĸmalara ᴅsasᴅn, deviant davranēĸēn 
formalaĸmasē tᴅsad¿fi deyil, ᴅksinᴅ struktur vᴅ funksional disbalanslarēn nᴅticᴅsidir. 

Ailᴅ institutu bu sistemdᴅ ilkin sosiallaĸma m¿hiti kimi ­ēxēĸ edir vᴅ fᴅrdin dᴅyᴅrlᴅr 
sisteminin formalaĸmasēnda hᴅlledici rol oynayēr. Valideyn nᴅzarᴅtinin zᴅiflᴅmᴅsi, ailᴅdaxili 
konfliktlᴅr vᴅ emosional dᴅstᴅyin ­atēĸmazlēĵē uĸaqlarda sosial adaptasiya problemlᴅrinᴅ 
sᴅbᴅb olur. Bu isᴅ onlarēn alternativ davranēĸ modellᴅrinᴅ yºnᴅlmᴅsinᴅ ĸᴅrait yaradēr. Eyni 
zamanda sosial-iqtisadi status da m¿h¿m determinant kimi ­ēxēĸ edir. Aĸaĵē gᴅlirli vᴅ sosial 
resurslarē mᴅhdud olan m¿hitlᴅrdᴅ bºy¿yᴅn yeniyetmᴅlᴅrdᴅ risk davranēĸlarēnēn yaranma 
ehtimalē daha y¿ksᴅk olur. 

Tᴅhsil m¿hiti isᴅ sosial nᴅzarᴅt mexanizminin ikinci ᴅsas komponentidir. Mᴅktᴅb 
davamiyyᴅtinin azalmasē, akademik uĵursuzluq vᴅ m¿ᴅllim-ĸagird m¿nasibᴅtlᴅrindᴅ yaranan 
gᴅrginliklᴅr sosial deviasiyanēn erkᴅn indikatorlarē kimi ­ēxēĸ edir. Bu faktorlar sosial baĵlarēn 
zᴅiflᴅmᴅsinᴅ vᴅ fᴅrdin cᴅmiyyᴅtᴅ inteqrasiyasēnēn pozulmasēna gᴅtirib ­ēxarēr. Nᴅticᴅdᴅ fᴅrd 
alternativ sosial qruplara ð ­ox vaxt deviant davranēĸ n¿mayiĸ etdirᴅn m¿hitlᴅrᴅ ð yºnᴅlir. 

Belᴅliklᴅ, sosial vᴅ davranēĸ faktorlarēnēn sistem analizi gºstᴅrir ki, yeniyetmᴅ 
cinayᴅtkarlēĵē birbaĸa sᴅbᴅb-nᴅticᴅ ᴅlaqᴅsi ilᴅ izah edilᴅ bilmᴅz. Bu fenomen ­oxºl­¿l¿ vᴅ 
dinamik strukturda fᴅaliyyᴅt gºstᴅrir vᴅ onun effektiv analizi yalnēz kompleks vᴅ inteqrativ 
yanaĸmalar vasitᴅsilᴅ m¿mk¿nd¿r. 

Rᴅqᴅmsal M¿hit vᴅ Yeni Sosial Risklᴅrin Transformasiyasē: Rᴅqᴅmsallaĸma prosesi 
yeniyetmᴅlᴅrin sosiallaĸma mexanizmlᴅrini kºkl¿ ĸᴅkildᴅ dᴅyiĸdirmiĸdir. ᴄgᴅr ᴅnᴅnᴅvi 
cᴅmiyyᴅtlᴅrdᴅ sosial tᴅsir ᴅsasᴅn ailᴅ vᴅ fiziki m¿hitlᴅ mᴅhdudlaĸērdēsa, m¿asir dºvrdᴅ 
rᴅqᴅmsal platformalar bu tᴅsirin miqyasēnē qlobal sᴅviyyᴅyᴅ ­atdērmēĸdēr. Sosial media, onlayn 
oyun platformalarē vᴅ virtual icmalar yeniyetmᴅlᴅrin davranēĸ modellᴅrinin formalaĸmasēnda 
m¿h¿m rol oynayēr. 

Bu m¿hitlᴅrin ᴅsas x¿susiyyᴅtlᴅrindᴅn biri onlarēn normativ nᴅzarᴅt mexanizmlᴅrinin zᴅif 
olmasēdēr. Virtual m¿hitdᴅ anonimlik vᴅ mᴅsuliyyᴅtin azalmasē aqressiv vᴅ deviant 
davranēĸlarēn daha sᴅrbᴅst ĸᴅkildᴅ ifadᴅ olunmasēna ĸᴅrait yaradēr. Bu isᴅ ñnorm diffusionò 
fenomeninᴅ ð yᴅni sosial normalarēn bulanēqlaĸmasēna sᴅbᴅb olur. 

Eyni zamanda, rᴅqᴅmsal m¿hitdᴅ yayēlan kontentlᴅr yeniyetmᴅlᴅrin psixoloji vᴅziyyᴅtinᴅ 
birbaĸa tᴅsir gºstᴅrir. ķiddᴅtᴅ meyilli materiallar, kriminal davranēĸēn romantizasiyasē vᴅ sosial 
tᴅsir mexanizmlᴅri fᴅrdin davranēĸ se­imlᴅrinᴅ tᴅsir edir. Uzunm¿ddᴅtli rᴅqᴅmsal izolyasiya isᴅ 
sosial ᴅlaqᴅlᴅrin zᴅiflᴅmᴅsinᴅ vᴅ empatiya sᴅviyyᴅsinin azalmasēna gᴅtirib ­ēxarēr. 

Bu baxēmdan rᴅqᴅmsal m¿hit yalnēz texnoloji platforma deyil, hᴅm dᴅ yeni sosial 
reallēqdēr. Bu reallēqda risk faktorlarē daha m¿rᴅkkᴅb vᴅ qeyri-xᴅtti xarakter daĸēyēr. Nᴅticᴅ 
etibarilᴅ, yeniyetmᴅ cinayᴅtkarlēĵēnēn analizi zamanē rᴅqᴅmsal davranēĸ indikatorlarēnēn nᴅzᴅrᴅ 
alēnmasē zᴅruri ĸᴅrt kimi ­ēxēĸ edir. 

Maĸēn ¥yrᴅnmᴅsi Modellᴅrinin Analitik Potensialē: Maĸēn ºyrᴅnmᴅsi metodlarē sosial 
elmlᴅrdᴅ analitik yanaĸmalarēn keyfiyyᴅtcᴅ yeni mᴅrhᴅlᴅyᴅ ke­mᴅsini tᴅmin etmiĸdir. ᴄnᴅnᴅvi 
statistik modellᴅr ᴅsasᴅn xᴅtti ᴅlaqᴅlᴅr ¿zᴅrindᴅ qurulduĵu halda, maĸēn ºyrᴅnmᴅsi alqoritmlᴅri 
qeyri-xᴅtti vᴅ ­oxºl­¿l¿ ᴅlaqᴅlᴅri aĸkar etmᴅk qabiliyyᴅtinᴅ malikdir. 

Loqistik reqressiya kimi klassik modellᴅr risk faktorlarēnēn ilkin qiymᴅtlᴅndirilmᴅsi ¿­¿n 
istifadᴅ olunsa da, qᴅrar aĵaclarē vᴅ Random Forest alqoritmlᴅri dᴅyiĸᴅnlᴅr arasēndakē 
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m¿rᴅkkᴅb qarĸēlēqlē tᴅsirlᴅri daha effektiv ĸᴅkildᴅ modellᴅĸdirir. Neyron ĸᴅbᴅkᴅlᴅr isᴅ y¿ksᴅk 
ºl­¿l¿ verilᴅnlᴅrdᴅ gizli strukturlarēn aĸkar edilmᴅsindᴅ x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. 

Bu modellᴅrin ᴅsas ¿st¿nl¿y¿ onlarēn ºyrᴅnmᴅ qabiliyyᴅtidir. Sistemᴅ daxil edilᴅn 
mᴅlumatlar ᴅsasēnda model davamlē ĸᴅkildᴅ ºz¿n¿ tᴅkmillᴅĸdirir vᴅ yeni davranēĸ n¿munᴅlᴅrini 
m¿ᴅyyᴅn edir. Bu x¿susiyyᴅt sosial risklᴅrin dinamik xarakterini nᴅzᴅrᴅ almaĵa imkan verir.  

 
ķᴅkil 1. Yeniyetmᴅ cinayᴅtkarlēĵēnēn maĸēn ºyrᴅnmᴅsi ᴅsasēnda proqnozlaĸdērēlmasē modeli vᴅ 

sosial indikatorlarēn analitik inteqrasiyasē 

ķᴅkil 1-dᴅ sosial, psixoloji vᴅ rᴅqᴅmsal indikatorlarēn inteqrasiyasē ᴅsasēnda qurulmuĸ 
maĸēn ºyrᴅnmᴅsi modeli tᴅsvir edilmiĸdir. Model verilᴅnlᴅrin toplanmasē, emalē, tᴅhlili vᴅ risk 
proqnozlaĸdērēlmasē mᴅrhᴅlᴅlᴅrini ᴅhatᴅ edᴅrᴅk yeniyetmᴅlᴅr arasēnda cinayᴅt davranēĸēnēn 
erkᴅn aĸkarlanmasēna imkan yaradēr.  

Eyni zamanda, maĸēn ºyrᴅnmᴅsi modellᴅri yalnēz analiz alᴅti deyil, hᴅm dᴅ 
proqnozlaĸdērma mexanizmi kimi ­ēxēĸ edir. Bu yanaĸma sosial xidmᴅtlᴅrᴅ vᴅ h¿quq-m¿hafizᴅ 
orqanlarēna erkᴅn xᴅbᴅrdarlēq sistemi tᴅqdim edir vᴅ profilaktik tᴅdbirlᴅrin daha effektiv 
planlaĸdērēlmasēna ĸᴅrait yaradēr. 

Verilᴅnlᴅrin Ķnteqrasiyasē vᴅ Analitik Emal Problemlᴅri: Sosial sistemlᴅrin analizi ¿­¿n 
istifadᴅ olunan mᴅlumatlar heterogen vᴅ ­oxmᴅnbᴅli xarakter daĸēyēr. Demoqrafik gºstᴅricilᴅr, 
tᴅhsil mᴅlumatlarē, psixoloji indikatorlar vᴅ rᴅqᴅmsal fᴅaliyyᴅt mᴅlumatlarē fᴅrqli strukturlara 
malikdir. Bu mᴅlumatlarēn vahid analitik modeldᴅ birlᴅĸdirilmᴅsi ciddi metodoloji problemlᴅr 
yaradēr. 

Mᴅlumatlarēn keyfiyyᴅti bu prosesdᴅ hᴅlledici rol oynayēr. Natamam vᴅ ya qeyri-dᴅqiq 
mᴅlumatlar modelin nᴅticᴅlᴅrinin etibarlēlēĵēnē azaldēr. Bu sᴅbᴅbdᴅn mᴅlumatlarēn tᴅmizlᴅnmᴅsi 
vᴅ normallaĸdērēlmasē mᴅrhᴅlᴅlᴅri x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. 

Bundan ᴅlavᴅ, etik mᴅsᴅlᴅlᴅr dᴅ diqqᴅt mᴅrkᴅzindᴅ olmalēdēr. ķᴅxsi mᴅlumatlarēn 
qorunmasē, diskriminasiya risklᴅrinin qarĸēsēnēn alēnmasē vᴅ modelin ĸᴅffaflēĵē m¿asir AI 
sistemlᴅrinin ᴅsas tᴅlᴅblᴅrindᴅndir. 

Belᴅliklᴅ, verilᴅnlᴅrin inteqrasiyasē yalnēz texniki deyil, hᴅm dᴅ etik vᴅ sosial mᴅsuliyyᴅt 
tᴅlᴅb edᴅn kompleks prosesdir. 

Proqnozlaĸdērma Modellᴅri vᴅ Sosial Qᴅrarvermᴅ Sistemlᴅri: Maĸēn ºyrᴅnmᴅsi 
modellᴅrinin ᴅn m¿h¿m tᴅtbiq sahᴅlᴅrindᴅn biri proqnozlaĸdērma sistemlᴅridir. Bu sistemlᴅr 
fᴅrdlᴅrin gᴅlᴅcᴅk davranēĸ ehtimallarēnē qiymᴅtlᴅndirᴅrᴅk risk qruplarēnē m¿ᴅyyᴅn edir. 

Proqnozlaĸdērma modellᴅri sosial siyasᴅtin formalaĸdērēlmasēnda m¿h¿m rol oynayēr. Bu 
modellᴅr ᴅsasēnda resurslarēn daha effektiv bºl¿ĸd¿r¿lmᴅsi, sosial proqramlarēn 
optimallaĸdērēlmasē vᴅ profilaktik tᴅdbirlᴅrin planlaĸdērēlmasē m¿mk¿nd¿r. 
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Eyni zamanda bu sistemlᴅr qᴅrar dᴅstᴅk mexanizmi kimi ­ēxēĸ edir. Lakin burada insan 
faktorunun tam aradan qaldērēlmasē mᴅqsᴅdᴅuyĵun deyil. ᴄn optimal yanaĸma ñhuman-in-the-
loopò modelidir, yᴅni AI sistemlᴅri ilᴅ insan ekspertizasēnēn inteqrasiyasē. 

Bu yanaĸma hᴅm analitik dᴅqiqliyi artērēr, hᴅm dᴅ etik vᴅ sosial risklᴅri minimuma endirir. 
Belᴅliklᴅ, aparēlan geniĸ analiz gºstᴅrir ki, yeniyetmᴅ cinayᴅtkarlēĵēnēn ºyrᴅnilmᴅsi 

multidissiplinar yanaĸma tᴅlᴅb edᴅn m¿rᴅkkᴅb sosial problemdir. Sosial, psixoloji vᴅ rᴅqᴅmsal 
faktorlarēn inteqrasiyasē bu fenomenin daha dᴅrindᴅn anlaĸēlmasēna imkan verir. 

Maĸēn ºyrᴅnmᴅsi texnologiyalarē isᴅ bu sahᴅdᴅ analitik imkanlarē geniĸlᴅndirᴅrᴅk hᴅm 
mºvcud vᴅziyyᴅtin qiymᴅtlᴅndirilmᴅsini, hᴅm dᴅ gᴅlᴅcᴅk risklᴅrin proqnozlaĸdērēlmasēnē tᴅmin 
edir. Bu yanaĸma m¿asir cᴅmiyyᴅtlᴅrdᴅ sosial tᴅhl¿kᴅsizliyin tᴅmin edilmᴅsindᴅ strateji 
ᴅhᴅmiyyᴅt kᴅsb edir. 

Nᴅticᴅ. Aparēlan tᴅdqiqat gºstᴅrir ki, yeniyetmᴅ cinayᴅtkarlēĵē m¿asir cᴅmiyyᴅtlᴅrdᴅ 
yalnēz h¿quqi problem kimi deyil, sosial, psixoloji vᴅ texnoloji faktorlarēn qarĸēlēqlē tᴅsiri 
nᴅticᴅsindᴅ formalaĸan kompleks vᴅ ­oxºl­¿l¿ sistem kimi qiymᴅtlᴅndirilmᴅlidir. Bu fenomenin 
struktur analizi s¿but edir ki, fᴅrdin deviant davranēĸa yºnᴅlmᴅsi tᴅkcᴅ fᴅrdi x¿susiyyᴅtlᴅrlᴅ 
deyil, eyni zamanda onun daxil olduĵu sosial m¿hit, ailᴅ strukturu, tᴅhsil sistemi vᴅ rᴅqᴅmsal 
fᴅaliyyᴅt m¿hiti ilᴅ sēx baĵlēdēr. Bu isᴅ yeniyetmᴅ cinayᴅtkarlēĵēnēn ºyrᴅnilmᴅsindᴅ ᴅnᴅnᴅvi 
monofaktor yanaĸmalarēn qeyri-kafi olduĵunu vᴅ inteqrativ, sistem ᴅsaslē modellᴅrin tᴅtbiqinin 
zᴅruriliyini ortaya qoyur. 

Tᴅdqiqat ­ᴅr­ivᴅsindᴅ m¿ᴅyyᴅn edilmiĸdir ki, sosial vᴅ davranēĸ indikatorlarēnēn 
kompleks analizi risk faktorlarēnēn erkᴅn mᴅrhᴅlᴅdᴅ identifikasiyasēna imkan verir. X¿susilᴅ ailᴅ 
nᴅzarᴅtinin zᴅiflᴅmᴅsi, sosial-iqtisadi qeyri-sabitlik, tᴅhsil m¿hitindᴅ uĵursuzluqlar vᴅ rᴅqᴅmsal 
m¿hitdᴅ qeyri-saĵlam fᴅaliyyᴅt n¿munᴅlᴅri yeniyetmᴅlᴅrin deviant davranēĸa meyilliliyini artēran 
ᴅsas determinantlar kimi ­ēxēĸ edir. Bu faktorlarēn bir-biri ilᴅ qarĸēlēqlē tᴅsiri nᴅticᴅsindᴅ yaranan 
sinergetik effekt isᴅ cinayᴅt davranēĸēnēn formalaĸma ehtimalēnē daha da y¿ksᴅldir. 

Maĸēn ºyrᴅnmᴅsi metodlarēnēn tᴅtbiqi bu m¿rᴅkkᴅb ᴅlaqᴅlᴅrin analizi ¿­¿n effektiv 
analitik ­ᴅr­ivᴅ tᴅqdim edir. ᴄnᴅnᴅvi statistik yanaĸmalardan fᴅrqli olaraq, maĸēn ºyrᴅnmᴅsi 
modellᴅri ­oxºl­¿l¿ vᴅ qeyri-xᴅtti ᴅlaqᴅlᴅri aĸkar etmᴅyᴅ qadirdir. Bu isᴅ sosial sistemlᴅrdᴅ 
gizli qalan vᴅ birbaĸa m¿ĸahidᴅ olunmayan davranēĸ n¿munᴅlᴅrinin m¿ᴅyyᴅn edilmᴅsinᴅ 
imkan yaradēr. X¿susilᴅ neyron ĸᴅbᴅkᴅlᴅr, Random Forest vᴅ LSTM kimi modellᴅr y¿ksᴅk 
dᴅqiqliklᴅ proqnozlaĸdērma apararaq risk qruplarēnēn identifikasiyasēnē tᴅmin edir. 

Eyni zamanda, bu modellᴅrin tᴅtbiqi yalnēz analitik nᴅticᴅlᴅrin ᴅldᴅ olunmasē ilᴅ 
mᴅhdudlaĸmēr. Onlar qᴅrar dᴅstᴅk sistemlᴅrinin formalaĸdērēlmasēnda m¿h¿m rol oynayēr. 
Sosial xidmᴅtlᴅr, tᴅhsil m¿ᴅssisᴅlᴅri vᴅ h¿quq-m¿hafizᴅ orqanlarē bu modellᴅrdᴅn istifadᴅ 
edᴅrᴅk profilaktik tᴅdbirlᴅri daha effektiv ĸᴅkildᴅ planlaĸdēra bilᴅr. Bu isᴅ resurslarēn 
optimallaĸdērēlmasēna vᴅ sosial m¿daxilᴅlᴅrin daha hᴅdᴅfli ĸᴅkildᴅ hᴅyata ke­irilmᴅsinᴅ ĸᴅrait 
yaradēr. 

Bununla yanaĸē, rᴅqᴅmsal m¿hitin tᴅsiri m¿asir dºvrdᴅ x¿susi diqqᴅt tᴅlᴅb edᴅn 
amillᴅrdᴅn biridir. Sosial media vᴅ onlayn platformalar yeniyetmᴅlᴅrin davranēĸ modellᴅrinin 
formalaĸmasēnda yeni vᴅ g¿cl¿ tᴅsir mexanizmi kimi ­ēxēĸ edir. Bu m¿hitdᴅ yayēlan kontentlᴅr 
vᴅ sosial tᴅsir faktorlarē fᴅrdin psixoloji vᴅziyyᴅtinᴅ tᴅsir edᴅrᴅk deviant davranēĸēn 
formalaĸmasēna dolayē tᴅsir gºstᴅrir. Bu sᴅbᴅbdᴅn m¿asir proqnozlaĸdērma modellᴅrindᴅ 
rᴅqᴅmsal davranēĸ indikatorlarēnēn inteqrasiyasē zᴅruri hesab olunur. 

Lakin maĸēn ºyrᴅnmᴅsi modellᴅrinin tᴅtbiqi m¿ᴅyyᴅn mᴅhdudiyyᴅtlᴅrlᴅ dᴅ m¿ĸayiᴅt 
olunur. Mᴅlumatlarēn keyfiyyᴅti vᴅ etibarlēlēĵē modelin nᴅticᴅlᴅrinᴅ birbaĸa tᴅsir edir. Natamam 
vᴅ ya qeyri-dᴅqiq mᴅlumatlar yanlēĸ proqnozlara sᴅbᴅb ola bilᴅr. Bundan ᴅlavᴅ, etik mᴅsᴅlᴅlᴅr 
dᴅ x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. ķᴅxsi mᴅlumatlarēn qorunmasē, diskriminasiya risklᴅrinin 
qarĸēsēnēn alēnmasē vᴅ modelin ĸᴅffaflēĵēnēn tᴅmin edilmᴅsi m¿asir AI sistemlᴅrinin ᴅsas 
tᴅlᴅblᴅrindᴅn biridir. 

Gᴅlᴅcᴅk perspektivlᴅr baxēmēndan federativ ºyrᴅnmᴅ (federated learning) vᴅ izah edilᴅ 
bilᴅn s¿ni intellekt (Explainable AI) yanaĸmalarēnēn tᴅtbiqi bu sahᴅdᴅ m¿h¿m inkiĸaf 
istiqamᴅtlᴅri kimi ­ēxēĸ edir. Federativ ºyrᴅnmᴅ mᴅlumatlarēn mᴅrkᴅzlᴅĸdirilmᴅdᴅn analizinᴅ 
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imkan verᴅrᴅk mᴅxfilik problemlᴅrini aradan qaldērēr. Explainable AI isᴅ model qᴅrarlarēnēn 
interpretasiyasēnē tᴅmin edᴅrᴅk onlarēn etibarlēlēĵēnē artērēr. 

Nᴅticᴅ etibarilᴅ, bu tᴅdqiqat s¿but edir ki, yeniyetmᴅ cinayᴅtkarlēĵēnēn qarĸēsēnēn alēnmasē 
yalnēz reaktiv tᴅdbirlᴅrlᴅ deyil, proaktiv vᴅ data-driven yanaĸmalarla m¿mk¿nd¿r. S¿ni intellekt 
vᴅ maĸēn ºyrᴅnmᴅsi texnologiyalarē bu sahᴅdᴅ strateji alᴅt kimi ­ēxēĸ edᴅrᴅk hᴅm analitik, hᴅm 
dᴅ qᴅrarvermᴅ sᴅviyyᴅsindᴅ yeni imkanlar yaradēr. Bu yanaĸma m¿asir cᴅmiyyᴅtlᴅrdᴅ sosial 
tᴅhl¿kᴅsizliyin tᴅmin edilmᴅsindᴅ vᴅ gᴅlᴅcᴅk nᴅsillᴅrin saĵlam inkiĸafēnda m¿h¿m rol oynayēr. 

 

ᴄDᴄBĶYYAT 
1.Mowen, T. J., & Brent, J. J. (2016). School discipline as a turning point: The cumulative effect of 
suspension on arrest. Journal of Research in Crime and Delinquency, 53(5), 628ï653.  
2.Farrington, D. P., Ttofi, M. M., & Piquero, A. R. (2016). Risk, promotive, and protective factors in 
youth offending: Results from the Cambridge Study in Delinquent Development. Journal of 
Criminal Justice, 45, 63ï70.  
3.Mears, D. P., & Cochran, J. C. (2018). What is the effect of IQ on offending? Evidence from a 
sample of juveniles. Crime & Delinquency, 64(4), 505ï536.  
4.Katsiyannis, A., Ryan, J. B., Zhang, D., & Spann, A. (2018). Juvenile delinquency and recidivism: 
The impact of academic achievement. Journal of Child and Family Studies, 27(7), 2307ï2315.  
5.Kim, B., & Kim, K. (2019). The impact of social media use on juvenile delinquency: A longitudinal 
analysis. Children and Youth Services Review, 98, 302ï310.  
6.Boman, J. H., & Mowen, T. J. (2020). The role of turning points in shaping criminal behavior: 
Evidence from adolescence. Youth Violence and Juvenile Justice, 18(2), 123ï141.  
7.Song, H., Lee, J., & Lee, H. (2020). Machine learning approaches for predicting juvenile 
delinquency. IEEE Access, 8, 198782ï198793.  
8.Ristea, A., Langford, C., Leitner, M., & Johnson, S. D. (2021). Predictive policing in the UK: 
Challenges and opportunities. Policing: A Journal of Policy and Practice, 15(3), 204ï217.  
9.Uddin, S., Khan, A., Hossain, M. E., & Moni, M. A. (2022). Comparing different supervised 
machine learning algorithms for disease prediction. BMC Medical Informatics and Decision Making, 
22(1), 1ï15.  
10.Zhao, R., Tang, J., Liu, X., & Chen, Y. (2023). Deep learning-based predictive models for 
behavioral risk assessment. Expert Systems with Applications, 213, 118984. 
 
 

BEHAVIOR ANALYSIS AND ARTIFICIAL INTELLIGENCE: AN INNOVATIVE APPROACH TO 
THE EARLY PREDICTION OF JUVENILE DELINQUENCY 

Karim Tahiroghluĭ 
kerim.tahiroghlu@au.edu.az 

Kamala AzizovaĮΉį 
kama-azizova2025@rambler.ru 

Nurlana Kazimovaώ 
nurlanavahid1@gmail.com 
Baku Eurasian Universityĭ 

Institute of Physics of the Ministry of Science and Education of the Republic of AzerbaijanĮ 
Azerbaijan Universityį 

Azerbaijan Technological Universityώ 
This paper provides a comprehensive analysis of social, psychological, and digital factors 

influencing juvenile delinquency. It explores the application of machine learning methods for 

identifying and predicting risk factors. The proposed model utilizes multidimensional data analysis 

to detect high-risk groups at early stages and supports the development of effective preventive 

strategies within social and legal systems. 

Keywords: machine learning, artificial intelligence, juvenile delinquency, risk factors, 
behavioral analysis, predictive modeling, social indicators 

 
 

mailto:kerim.tahiroghlu@au.edu.az
mailto:kama-azizova2025@rambler.ru
mailto:nurlanavahid1@gmail.com


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

111 
 

MᴄLUMAT TOPLANMASI Vᴄ EMALI ĶLᴄ MEķᴄ YANĴINLARININ PROQNOZLAķDIRILMASI 
G¿nel V¿qar qēzē Fᴅrzᴅlizadᴅ 
gunelferzelizade@gmail.com 

Mᴅnsur Nᴅbiyev 
mansurnabiyev2003@gmail.com 

Ulkᴅr Veyisova 
ulkrveyisova@gmail.com 
Nurlana Vahid qēzē Kazēmova 
nurlanavahid1@gmail.com 

Azᴅrbaycan Dºvlᴅt Neft vᴅ Sᴅnaye Universiteti 
Azᴅrbaycan Universiteti 

Azᴅrbaycan Texnologiya Universiteti 

Giriĸ. M¿asir elmdᴅ tᴅdqiqatlarēn inkiĸafē prosesindᴅ mᴅlumatlarēn toplanmasē, emalē 
vᴅ analizi proseslᴅri fundamental rol oynayēr Bu proseslᴅr bir ne­ᴅ sahᴅlᴅrdᴅ ᴅsas aparēcē 
rolda ­ēxēĸ edir. Rᴅqᴅmli texnologiyalarēn s¿rᴅtli ĸᴅkildᴅ inkiĸafē, y¿ksᴅk dᴅrᴅcᴅ dᴅqiqlikli 
sensor sistemlᴅrinin vᴅ peykdᴅn m¿ĸahidᴅ platformalarēnēn tᴅtbiqi nᴅticᴅsindᴅ olan fiziki 
proseslᴅr, tᴅbii tᴅbiᴅt hadisᴅlᴅri vᴅ insanlarēn fᴅaliyyᴅtinin m¿xtᴅlif yºnlᴅrdᴅ bºy¿kºl­¿l¿ vᴅ 
­oxºl­¿l¿ verilᴅnlᴅr bazalarē formalaĸmēĸdēr. Bu verilᴅnlᴅr bazalarēnēn sistemli tᴅhlili tᴅkcᴅ 
tᴅsviri xarakter deyil, eyni zamanda dᴅrinlᴅĸmiĸ analitik yanaĸmalar kºmᴅyilᴅ gizli 
qanunauyĵunluqlarēn aĸkar olunmasēna, sᴅbᴅb-nᴅticᴅ ᴅlaqᴅlᴅrinin m¿ᴅyyᴅn edilmᴅsinᴅ vᴅ 
gᴅlᴅcᴅkdᴅ baĸ verᴅ bilᴅcᴅk hadisᴅlᴅrin ᴅn y¿ksᴅk dᴅqiqliklᴅ proqnozlaĸdērēlmasēna imkan 
verir. Belᴅ ki, mᴅlumatlarēn elmi analiz olunmasē m¿asir dºvrdᴅ biliyin istehsalēnda ᴅsas 
mexanizmlᴅrindᴅn biridir vᴅ fᴅrqli elmi sahᴅlᴅrlᴅ inteqrativ yanaĸma formalaĸmasēnē tᴅmin 
edir [1-3]. 

Mᴅlumatlarēn emalē ­oxmᴅrhᴅlᴅli vᴅ kompleks xarakter daĸēyēr vᴅ hᴅr mᴅrhᴅlᴅ 
ºz¿nᴅmᴅxsus x¿susi metodoloji yanaĸmalar tᴅlᴅb edir. Birinci mᴅrhᴅlᴅ mᴅlumatlarēn ᴅldᴅ 
edilmᴅsidir. Bu m¿xtᴅlif mᴅnbᴅlᴅrdᴅn ï peyk sistemlᴅri, m¿ĸahidᴅ cihazlarē, eksperimental 
qurĵular vᴅ IoT (Internet of Things) texnologiyalarē vasitᴅsilᴅ icra edilir. Bu toplanan 
mᴅlumatlar keyfiyyᴅt cᴅhᴅtdᴅn sonar olan analiz mᴅrhᴅlᴅlᴅrinin effektivliyini m¿ᴅyyᴅn edir. 
Belᴅliklᴅ, mᴅlumatlar toplanan zaman ºl­mᴅ dᴅqiqliyi, mᴅkan rezolyusiyasē vᴅ zaman, 
hᴅm­inin mᴅlumatlarēn etibarlēlēq dᴅrᴅcᴅsi x¿susi ᴅhᴅmiyyᴅli hesab olunur [4,5]. 

Ķkinci mᴅrhᴅlᴅdᴅ mᴅlumatlarēn tᴅmizlᴅnmᴅsi vᴅ onlarēn strukturlaĸdērēlmasēdēr ki, bu 
proses dᴅ xam datalarēn analitik istifadᴅ olunmasē prosesilᴅ ᴅhatᴅ edilir. Bu proseslᴅr 
­ᴅr­ivᴅsindᴅ baĸ verᴅn sᴅhv ºl­mᴅlᴅrin aradan qaldērēlmasē vᴅ ya digᴅr metodlar vasitᴅsilᴅ 
bᴅrpasē, anomaliyalarēn aĸkarlanmasē vᴅ mᴅlumatlarēn vahid formatda yekunda tᴅĸkil 
olunmasēnē hᴅyata ke­irilir. Bu mᴅrhᴅlᴅ x¿susi ilᴅ bºy¿k hᴅcmdᴅ verilᴅnlᴅrdᴅ (Big Data) 
kritik ᴅhᴅmiyyᴅt kᴅsb edir, ­¿nki dᴅqiq olmayan vᴅ ya tamamlanmayan mᴅlumatlar 
modelin yekun nᴅticᴅlᴅrinin sᴅhv edilmᴅsinᴅ sᴅbᴅb olur. 

Mᴅqalᴅdᴅ tᴅqdim edilᴅn ñMᴅlumat Toplanmasē vᴅ Emalē ilᴅ Meĸᴅ Yanĵēnlarēnēn 
Proqnozlaĸdērēlmasēò mºvzusu bu metodoloji ­ᴅr­ivᴅnin praktik tᴅtbiqini ᴅks etdirir. Bu 
tᴅdqiqat ­ᴅr­ivᴅsindᴅ NASA peyk sistemlᴅrindᴅn ᴅldᴅ olunan mᴅlumatlar istifadᴅ olunmuĸ, 
k¿lᴅk s¿rᴅti, temperatur, r¿tubᴅt vᴅ bitki ºrt¿y¿ indekslᴅri kimi dᴅyiĸᴅnlᴅrin ᴅsasēnda meĸᴅ 
yanĵēnlarēnēn yaranma ehtimalē modellᴅĸdirilmiĸdir. Alēnan mᴅlumatlarēn ilkin emalēnda 
m¿xtᴅlif mᴅnbᴅlᴅrdᴅn toplanēb, verilᴅnlᴅr inteqrasiya olunub, tᴅmizlᴅnib vᴅ analiz ¿­¿n 
lazēmi formata salēnmēĸdēr. 

Bu mᴅqalᴅdᴅ mᴅlumatlarēn toplanmasē vᴅ emalē ¿mumi nᴅzᴅri ­ᴅr­ivᴅ ilᴅ meĸᴅlᴅrdᴅ 
baĸ verᴅn yanĵēnlarēnēn proqnozlaĸdērēlmasē mºvzusunu inteqrasiya edilᴅrᴅk daha da 
geniĸ elmi yanaĸma tᴅqdim edir. Nᴅticᴅdᴅ, mᴅlumatlarēn sistemli ĸᴅkildᴅ toplanmasē, emalē 
vᴅ analizi tᴅkcᴅ elmi tᴅdqiqatlarēn inkiĸafēna deyil, eyni zamanda cᴅmiyyᴅt ¿­¿n m¿h¿m 
ᴅhᴅmiyyᴅt kᴅsb edᴅn problemlᴅrin hᴅllinᴅ dᴅ m¿h¿m tºhfᴅ verir. 

Proqnozlaĸdērma Modeli: Random Forest vᴅ Onun Ķzaholunanlēq X¿susiyyᴅtlᴅri 
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Proqnozlaĸdērma modellᴅrinin tᴅtbiqi m¿asir ekoloji tᴅdqiqatlarda, x¿susilᴅ meĸᴅ 
yanĵēnlarē kimi m¿rᴅkkᴅb vᴅ ­oxfaktorlu proseslᴅrin analizindᴅ m¿h¿m ᴅhᴅmiyyᴅt kᴅsb 
edir. Bu kontekstdᴅ ansambl ºyrᴅnmᴅ metodlarēndan biri olan Random Forest modeli 
y¿ksᴅk dᴅqiqlik vᴅ sabitlik tᴅmin etmᴅsi sᴅbᴅbindᴅn geniĸ istifadᴅ olunur. Tᴅdqiqat 
­ᴅr­ivᴅsindᴅ meĸᴅ yanĵēnlarēnēn intensivliyini xarakterizᴅ edᴅn Fire Radiative Power (FRP) 
gºstᴅricisinin proqnozlaĸdērēlmasē ¿­¿n mᴅhz Random Forest Regressor modelindᴅn 
istifadᴅ edilmiĸdir. Bu model ­oxsaylē qᴅrar aĵaclarēnēn birgᴅ fᴅaliyyᴅtinᴅ ᴅsaslanaraq fᴅrdi 
modellᴅrin zᴅif tᴅrᴅflᴅrini kompensasiya edir vᴅ ¿mumi nᴅticᴅnin daha etibarlē olmasēnē 
tᴅmin edir. 

Random Forest modelinin ᴅsas ¿st¿nl¿klᴅrindᴅn biri onun y¿ksᴅk generalizasiya 
qabiliyyᴅtinᴅ malik olmasēdēr. Modelin qurulmasē zamanē istifadᴅ edilᴅn hiperparametrlᴅr ï 
n_estimators vᴅ max_depth ï modelin performansēna birbaĸa tᴅsir gºstᴅrir. n_estimators 
parametrinin artērēlmasē ansambl daxilindᴅ daha ­ox qᴅrar aĵacēnēn yaradēlmasēna sᴅbᴅb 
olur ki, bu da nᴅticᴅlᴅrin variasiyasēnē azaldaraq proqnozlarēn daha stabil olmasēnē tᴅmin 
edir. Digᴅr tᴅrᴅfdᴅn, max_depth parametri hᴅr bir qᴅrar aĵacēnēn m¿rᴅkkᴅblik sᴅviyyᴅsini 
tᴅnzimlᴅyir vᴅ overfitting probleminin qarĸēsēnēn alēnmasēnda m¿h¿m rol oynayēr. Bu 
hiperparametrlᴅrin optimal se­imi nᴅticᴅsindᴅ model hᴅm tᴅlim, hᴅm dᴅ test verilᴅnlᴅri 
¿zᴅrindᴅ y¿ksᴅk dᴅqiqlik n¿mayiĸ etdirmiĸdir. 

Modelin uĵurlu nᴅticᴅlᴅr vermᴅsinin ᴅsas sᴅbᴅblᴅrindᴅn biri ansambl yanaĸmasēnēn 
tᴅtbiqidir. Ayrē-ayrē qᴅrar aĵaclarēnēn proqnozlarēnēn orta qiymᴅtinin gºt¿r¿lmᴅsi tᴅsad¿fi 
sᴅhvlᴅrin tᴅsirini minimuma endirir vᴅ daha sabit nᴅticᴅlᴅr ᴅldᴅ etmᴅyᴅ imkan yaradēr. Bu 
x¿susiyyᴅt x¿susilᴅ qeyri-xᴅtti vᴅ y¿ksᴅk dᴅyiĸkᴅnliyᴅ malik verilᴅnlᴅrdᴅ m¿h¿m ᴅhᴅmiyyᴅt 
kᴅsb edir. Meĸᴅ yanĵēnlarē kimi m¿rᴅkkᴅb tᴅbii proseslᴅrin modellᴅĸdirilmᴅsindᴅ bu 
yanaĸma y¿ksᴅk effektivlik gºstᴅrir. 

Bununla yanaĸē, m¿asir s¿ni intellekt modellᴅrinin tᴅtbiqindᴅ ᴅsas problemlᴅrdᴅn biri 
onlarēn interpretasiya olunmasēnēn ­ᴅtinliyidir. Random Forest kimi modellᴅr y¿ksᴅk 
dᴅqiqlik tᴅmin etsᴅ dᴅ, ­ox vaxt ñqara qutuò xarakteri daĸēyēr vᴅ nᴅticᴅlᴅrin hansē 
mexanizmlᴅr ᴅsasēnda formalaĸdēĵēnē anlamaq ­ᴅtin olur. Bu problemi aradan qaldērmaq 
mᴅqsᴅdilᴅ tᴅdqiqatda izaholunan s¿ni intellekt (Explainable Artificial Intelligence ï XAI) 
yanaĸmalarēndan istifadᴅ edilmiĸdir. X¿susilᴅ SHAP (SHapley Additive ExPlanations) 
metodu modelin interpretasiyasē ¿­¿n effektiv alᴅt kimi tᴅtbiq olunmuĸdur. 

SHAP analizi kooperativ oyun nᴅzᴅriyyᴅsinᴅ ᴅsaslanaraq hᴅr bir x¿susiyyᴅtin model 
nᴅticᴅsinᴅ verdiyi tºhfᴅni kᴅmiyyᴅtcᴅ qiymᴅtlᴅndirir. Bu metod vasitᴅsilᴅ hᴅr bir dᴅyiĸᴅnin 
proqnoza necᴅ tᴅsir etdiyi dᴅqiq ĸᴅkildᴅ m¿ᴅyyᴅn edilir vᴅ modelin qᴅrarvermᴅ prosesi 
ĸᴅffaflaĸdērēlēr. Aparēlan tᴅhlillᴅr nᴅticᴅsindᴅ m¿ᴅyyᴅn edilmiĸdir ki, FRP gºstᴅricisinᴅ ᴅn 
­ox tᴅsir edᴅn dᴅyiĸᴅnlᴅr sērasēnda brightness, longitude, latitude vᴅ confidence x¿susi yer 
tutur. Bu dᴅyiĸᴅnlᴅrin y¿ksᴅk ᴅhᴅmiyyᴅtᴅ malik olmasē meĸᴅ yanĵēnlarēnēn 
formalaĸmasēnda hᴅm termal, hᴅm dᴅ coĵrafi faktorlarēn m¿h¿m rol oynadēĵēnē gºstᴅrir. 

X¿susilᴅ brightness dᴅyiĸᴅninin dominant tᴅsiri peyk mᴅlumatlarē ᴅsasēnda ºl­¿lᴅn 
istilik intensivliyinin yanĵēnēn g¿c¿n¿n ᴅsas gºstᴅricisi olduĵunu tᴅsdiqlᴅyir. Longitude vᴅ 
latitude kimi coĵrafi koordinatlar isᴅ yanĵēnlarēn mᴅkan paylanmasēnē vᴅ regional 
x¿susiyyᴅtlᴅrini ᴅks etdirir. Confidence dᴅyiĸᴅni isᴅ peyk tᴅrᴅfindᴅn aĸkar edilᴅn 
mᴅlumatlarēn etibarlēlēq sᴅviyyᴅsini gºstᴅrᴅrᴅk modelin qᴅrarvermᴅ prosesindᴅ ᴅlavᴅ ­ᴅkili 
faktor kimi ­ēxēĸ edir. Bu nᴅticᴅlᴅr yalnēz statistik deyil, hᴅm dᴅ fiziki baxēmdan mᴅntiqi 
ᴅsaslara sºykᴅnir vᴅ modelin elmi etibarlēlēĵēnē artērēr. 

Modelin performansēnēn qiymᴅtlᴅndirilmᴅsi mᴅrhᴅlᴅsindᴅ m¿xtᴅlif statistik 
metriklᴅrdᴅn istifadᴅ olunmuĸdur. Orta kvadrat sᴅhv (MSE), kºk orta kvadrat sᴅhv (RMSE) 
vᴅ determinasiya ᴅmsalē (RĮ) modelin dᴅqiqliyinin ºl­¿lmᴅsindᴅ ᴅsas gºstᴅricilᴅr kimi 
tᴅtbiq edilmiĸdir. Alēnan nᴅticᴅlᴅr gºstᴅrmiĸdir ki, model FRP gºstᴅricisini y¿ksᴅk dᴅqiqliklᴅ 
proqnozlaĸdēra bilir vᴅ real m¿ĸahidᴅ olunan dᴅyᴅrlᴅrᴅ yaxēn nᴅticᴅlᴅr tᴅqdim edir. 
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X¿susilᴅ RĮ gºstᴅricisinin y¿ksᴅk olmasē modelin izah g¿c¿n¿n y¿ksᴅk olduĵunu vᴅ 
dᴅyiĸᴅnlᴅr arasēndakē ᴅlaqᴅlᴅrin d¿zg¿n tutulduĵunu gºstᴅrir. 

Bundan ᴅlavᴅ, pairplot vᴅ SHAP vizuallaĸdērmalarē dᴅyiĸᴅnlᴅr arasēndakē qarĸēlēqlē 
ᴅlaqᴅlᴅrin daha dᴅrindᴅn ºyrᴅnilmᴅsinᴅ imkan yaratmēĸdēr. Pairplot qrafiklᴅri vasitᴅsilᴅ 
dᴅyiĸᴅnlᴅr arasēnda mºvcud olan xᴅtti vᴅ qeyri-xᴅtti ᴅlaqᴅlᴅr aĸkar edilmiĸ, x¿susilᴅ 
brightness vᴅ FRP arasēnda g¿cl¿ m¿sbᴅt korrelyasiya m¿ĸahidᴅ olunmuĸdur. Bu isᴅ 
modelin qurulmasēnēn d¿zg¿n aparēldēĵēnē vᴅ se­ilmiĸ dᴅyiĸᴅnlᴅrin proqnozlaĸdērma 
baxēmēndan adekvat olduĵunu tᴅsdiqlᴅyir. 

Nᴅticᴅ etibarilᴅ, Random Forest modeli vᴅ SHAP analizi ᴅsasēnda hᴅyata ke­irilᴅn bu 
tᴅdqiqat meĸᴅ yanĵēnlarēnēn proqnozlaĸdērēlmasēnda hᴅm y¿ksᴅk dᴅqiqlik, hᴅm dᴅ 
interpretasiya imkanē tᴅqdim edᴅn effektiv metodoloji yanaĸma ortaya qoyur. Bu yanaĸma 
yalnēz nᴅzᴅri baxēmdan deyil, eyni zamanda praktik tᴅtbiqlᴅr ¿­¿n dᴅ bºy¿k ᴅhᴅmiyyᴅt 
kᴅsb edir. X¿susilᴅ erkᴅn xᴅbᴅrdarlēq sistemlᴅrinin qurulmasē, risklᴅrin idarᴅ olunmasē vᴅ 
ekoloji tᴅhl¿kᴅsizliyin tᴅmin edilmᴅsi kimi sahᴅlᴅrdᴅ bu c¿r modellᴅrin tᴅtbiqi m¿h¿m 
perspektivlᴅr a­ēr. 

Nᴅticᴅ 
Nᴅticᴅ etibarilᴅ, aparēlan tᴅdqiqat gºstᴅrir ki, m¿asir mᴅlumat analizi metodlarē vᴅ 

s¿ni intellekt yanaĸmalarē meĸᴅ yanĵēnlarē kimi m¿rᴅkkᴅb ekoloji hadisᴅlᴅrin ºyrᴅnilmᴅsi 
vᴅ proqnozlaĸdērēlmasēnda y¿ksᴅk effektivlik n¿mayiĸ etdirir. Random Forest Regressor 
modelinin tᴅtbiqi nᴅticᴅsindᴅ Fire Radiative Power (FRP) gºstᴅricisinin dᴅqiq 
proqnozlaĸdērēlmasē m¿mk¿n olmuĸ, ansambl yanaĸmasēnēn ¿st¿nl¿klᴅri ï sabitlik, y¿ksᴅk 
dᴅqiqlik vᴅ overfitting riskinin azaldēlmasē ï praktiki olaraq tᴅsdiq edilmiĸdir. 

Ķzaholunan s¿ni intellekt metodlarēndan olan SHAP analizinin tᴅtbiqi modelin 
interpretasiya olunmasēnē tᴅmin etmiĸ vᴅ ayrē-ayrē dᴅyiĸᴅnlᴅrin nᴅticᴅyᴅ tᴅsir dᴅrᴅcᴅsini 
m¿ᴅyyᴅn etmᴅyᴅ imkan vermiĸdir. Tᴅhlillᴅr nᴅticᴅsindᴅ brightness, longitude, latitude vᴅ 
confidence kimi dᴅyiĸᴅnlᴅrin meĸᴅ yanĵēnlarēnēn intensivliyinᴅ ᴅn ­ox tᴅsir gºstᴅrᴅn 
faktorlar m¿ᴅyyᴅn edilmiĸdir. Bu hᴅm modelin elmi ᴅsaslē qurulduĵunu, hᴅm dᴅ ᴅldᴅ 
olunan nᴅticᴅlᴅrin fiziki vᴅ coĵrafi baxēmdan mᴅntiqi izahēnēn m¿mk¿n olduĵunu gºstᴅrir. 

Modelin qiymᴅtlᴅndirilmᴅsi zamanē istifadᴅ olunan MSE, RMSE vᴅ RĮ metriklᴅri onun 
y¿ksᴅk proqnoz dᴅqiqliyinᴅ malik olduĵunu tᴅsdiqlᴅmiĸdir. Bundan ᴅlavᴅ, vizual analizlᴅr ï 
x¿susilᴅ pairplot vᴅ SHAP qrafiklᴅri ï dᴅyiĸᴅnlᴅr arasēndakē ᴅlaqᴅlᴅrin daha dᴅrindᴅn baĸa 
d¿ĸ¿lmᴅsinᴅ ĸᴅrait yaratmēĸ vᴅ modelin d¿zg¿n spesifikasiya olunduĵunu s¿but etmiĸdir. 

Bu tᴅdqiqat mᴅlumatlarēn toplanmasē, emalē vᴅ analizi ¿zrᴅ metodoloji ­ᴅr­ivᴅnin real 
ekoloji problemlᴅrᴅ uĵurla tᴅtbiq oluna bilᴅcᴅyini n¿mayiĸ etdirir. Tᴅklif olunan yanaĸma 
gᴅlᴅcᴅkdᴅ meĸᴅ yanĵēnlarēnēn erkᴅn proqnozlaĸdērēlmasē, risklᴅrin qiymᴅtlᴅndirilmᴅsi vᴅ 
idarᴅ olunmasē sistemlᴅrinin inkiĸafēnda m¿h¿m rol oynaya bilᴅr. Belᴅliklᴅ, s¿ni intellekt vᴅ 
izaholunan analiz metodlarēnēn inteqrasiyasē hᴅm elmi tᴅdqiqatlarēn dᴅrinlᴅĸdirilmᴅsi, hᴅm 
dᴅ praktik problemlᴅrin hᴅlli baxēmēndan geniĸ perspektivlᴅr a­ēr. 
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This article presents an integrative scientific approach that combines general 

principles of data collection and processing with the prediction of forest fires using artificial 

intelligence. The study involves the processing of satellite data, statistical analysis, and 

predictive modeling based on the Random Forest algorithm. The results demonstrate that 

properly organized data collection and preprocessing are fundamental to achieving high 

prediction accuracy. Satellite data prove to be highly informative for monitoring and 

analyzing forest fires. Furthermore, the application of explainable AI methods such as 

SHAP enhances the transparency and interpretability of model outputs, providing practical 

advantages for decision-makers. The findings indicate that the proposed methodological 

framework has strong potential not only for forest fire prediction but also for broader 

applications in environmental monitoring and natural disaster management. Overall, this 

approach offers an efficient and scientifically grounded solution for improving early warning 

systems and supporting emergency response strategies. 

Keywords: artificial intelligence, forest fires, satellite data, Random Forest, SHAP, 
explanable AI, prediction, environmental monitoring 

 

 
 

ETĶBAR ARXĶTEKTURALARININ TᴄKAM¦L¦: NPM TᴄCHĶZAT ZᴄNCĶRĶNDᴄ ADAPTĶV 
KIBERH¦CUMLARIN SĶSTEM DĶNAMĶKASI 

K.K.ᴄzizova1,2 
kama-azizova2025@rambler.ru 

A.G.Balin3 
atillabalin@gmail.com 

M.M.Hematyar4 
mehran@aztu.edu.az 

N.V.Kazēmova5 
nurlanavahid1@gmail.com 

Elm vᴅ Tᴅhsil Nazirliyi Fizika Universiteti1 
Azᴅrbaycan Universiteti2 

UCLL Tᴅtbiqi  Elmlᴅr Universiteti, Aalst, Bel­ika3 
Azᴅrbaycan Texniki Universiteti4 

Azᴅrbaycan Texnologiya Universiteti5 

Giriĸ. XXI ᴅsrdᴅ proqram tᴅminatēnēn inkiĸafē artēq monolit strukturlardan modul vᴅ 
mikroservis ᴅsaslē arxitekturalara transformasiya olunmuĸdur. Bu transformasiya nᴅticᴅsindᴅ 
proqram sistemlᴅri getdikcᴅ daha ­ox ¿­¿nc¿ tᴅrᴅf kitabxanalardan vᴅ a­ēq mᴅnbᴅ 
komponentlᴅrindᴅn asēlē vᴅziyyᴅtᴅ d¿ĸm¿ĸd¿r. X¿susilᴅ NPM ekosistemi milyonlarla paket vᴅ 
milyardlarla y¿klᴅmᴅ ilᴅ qlobal proqram m¿hᴅndisliyinin ᴅsas infrastruktur elementlᴅrindᴅn 
birinᴅ ­evrilmiĸdir. 

mailto:gunelferzelizade@gmail.com
mailto:mansurnabiyev2003@gmail.com
mailto:ulkrveyisova@gmail.com
mailto:nurlanavahid1@gmail.com
mailto:kama-azizova2025@rambler.ru
mailto:atillabalin@gmail.com
mailto:mehran@aztu.edu.az
mailto:nurlanavahid1@gmail.com


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

115 
 

Lakin bu geniĸlᴅnmᴅ ilᴅ paralel olaraq tᴅhl¿kᴅsizlik risklᴅri dᴅ eksponensial ĸᴅkildᴅ 
artmēĸdēr. Tᴅchizat zᴅnciri h¿cumlarē (supply chain attacks) artēq ᴅnᴅnᴅvi h¿cum modellᴅrini 
¿stᴅlᴅyᴅrᴅk sistemlᴅrin ᴅn zᴅif nºqtᴅsi kimi ­ēxēĸ edir. Bu tip h¿cumlarēn ᴅsas x¿susiyyᴅti 
onlarēn dolayē tᴅsir mexanizminᴅ malik olmasēdēr: h¿cum edᴅn tᴅrᴅf birbaĸa hᴅdᴅf sistemᴅ 
deyil, onun etibar etdiyi komponentlᴅrᴅ n¿fuz edir[1-5]. 

Shai-Hulud h¿cumu bu kontekstdᴅ yeni nᴅsil hibrid h¿cum modeli kimi qiymᴅtlᴅndirilᴅ 
bilᴅr. Bu h¿cum yalnēz zᴅrᴅrli kodun yayēlmasē ilᴅ mᴅhdudlaĸmēr, eyni zamanda mᴅlumatlarēn 
sistematik ĸᴅkildᴅ toplanmasē vᴅ gizli kanallar vasitᴅsilᴅ ºt¿r¿lmᴅsi ilᴅ xarakterizᴅ olunur [6,7]. 
Mᴅqalᴅnin mᴅqsᴅdi bu h¿cumun texnoloji ᴅsaslarēnē, funksional arxitekturasēnē vᴅ tᴅhl¿kᴅsizlik 
implikasiyalarēnē kompleks ĸᴅkildᴅ tᴅhlil etmᴅkdir. H¿cumun ¿mumi arxitekturasē vᴅ sistem 
modeli: Shai-Hulud kimi tanēnan tᴅchizat zᴅnciri h¿cumu ᴅnᴅnᴅvi monomᴅrhᴅlᴅli zᴅrᴅrli 
proqram modellᴅrindᴅn kᴅskin ĸᴅkildᴅ fᴅrqlᴅnᴅrᴅk ­oxmᴅrhᴅlᴅli, adaptiv vᴅ pipeline ᴅsaslē 
arxitektura ¿zᴅrindᴅ qurulmuĸ kompleks kiberh¿cum modeli kimi xarakterizᴅ olunur. Bu h¿cum 
nºv¿ndᴅ funksional komponentlᴅr bir-biri ilᴅ sēx inteqrasiya olunmuĸ ĸᴅkildᴅ fᴅaliyyᴅt gºstᴅrir 
vᴅ hᴅr bir mᴅrhᴅlᴅ ᴅvvᴅlki mᴅrhᴅlᴅnin nᴅticᴅlᴅrinᴅ ᴅsaslanaraq dinamik ĸᴅkildᴅ aktivlᴅĸir. Bu 
x¿susiyyᴅt onu klassik statik zᴅrᴅrli proqramlardan fᴅrqlᴅndirᴅrᴅk sistem m¿hᴅndisliyi 
baxēmēndan ñpipeline-based attack architectureò kimi qiymᴅtlᴅndirmᴅyᴅ ᴅsas verir. H¿cum 
zᴅncirinin struktur analizi gºstᴅrir ki, proses dºrd ᴅsas funksional laydan ibarᴅtdir: ilkin 
infeksiya vektoru (Initial Infection Vector), icra m¿hitinin qurulmasē (Runtime Deployment 
Layer), mᴅlumatlarēn aĸkarlanmasē vᴅ ­ēxarēlmasē (Data Harvesting Layer) vᴅ nᴅhayᴅt 
eksfiltrasiya mᴅrhᴅlᴅsi (Exfiltration Layer) [8-13]. Bu laylar arasēnda mᴅlumat axēnē ardēcēl vᴅ 
eyni zamanda adaptiv xarakter daĸēyēr. Yᴅni sistem yalnēz ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅn edilmiĸ 
ssenari ¿zrᴅ deyil, hᴅm dᴅ icra olunduĵu m¿hitin x¿susiyyᴅtlᴅrinᴅ uyĵun olaraq davranēĸēnē 
dᴅyiĸᴅ bilir. Ķlkin infeksiya mᴅrhᴅlᴅsi adᴅtᴅn istifadᴅ­inin birbaĸa m¿daxilᴅsi olmadan, paket 
menecerlᴅri vasitᴅsilᴅ hᴅyata ke­irilir. Bu baxēmdan h¿cum ñzero-interaction attackò 
kateqoriyasēna daxil edilir. Ķstifadᴅ­i yalnēz zahirᴅn legitim gºr¿nᴅn bir paketi quraĸdērmaqla 
h¿cum zᴅncirini avtomatik olaraq aktivlᴅĸdirir. Bu isᴅ m¿asir proqram tᴅminatē ekosistemindᴅ 
geniĸ yayēlmēĸ avtomatlaĸdērma prinsiplᴅrinin tᴅhl¿kᴅsizlik baxēmēndan necᴅ sui-istifadᴅ oluna 
bilᴅcᴅyini gºstᴅrir [14,15]. 

 
ķᴅkil 1.ñShai-Huludò metaforasē ᴅsasēnda NPM tᴅchizat zᴅncirinᴅ yºnᴅlmiĸ 

geniĸmiqyaslē kiberh¿cumun vizual tᴅsviri 

Bu ĸᴅkil NPM ekosistemindᴅ baĸ verᴅn tᴅchizat zᴅnciri h¿cumunun konseptual vᴅ 
metaforik tᴅsvirini tᴅqdim edir. Vizual kompozisiyada nᴅhᴅng ñShai-Huludò obrazē k¿tlᴅvi vᴅ 
idarᴅolunmasē ­ᴅtin olan kiber tᴅhl¿kᴅni simvolizᴅ edir, ᴅtraf m¿hitdᴅ isᴅ NPM paket 
infrastrukturu ¿zᴅrindᴅ yayēlan h¿cum tᴅsiri ᴅks olunur. ķᴅkildᴅ tᴅsvir olunan daĵēntē vᴅ xaos 
elementlᴅri a­ēq mᴅnbᴅ proqram tᴅminatē ekosistemlᴅrindᴅ zᴅrᴅrli paketlᴅrin s¿rᴅtli 
yayēlmasēnē vᴅ sistem miqyasēnda komprometasiya risklᴅrini ifadᴅ edir. ¥n planda yerlᴅĸᴅn 
cihazlar vᴅ kod m¿hiti isᴅ h¿cumun DevOps vᴅ CI/CD proseslᴅrinᴅ birbaĸa tᴅsirini gºstᴅrir. Bu 
yanaĸma tᴅchizat zᴅnciri h¿cumlarēnēn yalnēz texniki deyil, hᴅm dᴅ sistem vᴅ ekosistem 
sᴅviyyᴅsindᴅ ciddi tᴅhl¿kᴅ yaratdēĵēnē vizual olaraq n¿mayiĸ etdirir. 
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Preinstall hook mexanizminin istismarē vᴅ risk analizi: H¿cumun ᴅsas texniki baĸlanĵēc 

nºqtᴅsi kimi NPM ekosistemindᴅ mºvcud olan lifecycle skript mexanizmi ­ēxēĸ edir. Bu 

mexanizm proqram tᴅminatēnēn quraĸdērēlmasē prosesini avtomatlaĸdērmaq ¿­¿n nᴅzᴅrdᴅ 

tutulsa da, x¿susilᴅ preinstall hook funksiyasē tᴅhl¿kᴅsizlik baxēmēndan ciddi risklᴅr yaradēr. 

¢¿nki bu skript quraĸdērma prosesindᴅn ᴅvvᴅl icra olunur vᴅ sistem ¿zᴅrindᴅ y¿ksᴅk sᴅviyyᴅli 

icra sᴅlahiyyᴅtlᴅrinᴅ malik olur. 

Zᴅrᴅrli preinstall skriptinin funksional analizi gºstᴅrir ki, o, bir ne­ᴅ kritik ᴅmᴅliyyatē ardēcēl 
ĸᴅkildᴅ hᴅyata ke­irir. Ķlk mᴅrhᴅlᴅdᴅ sistem m¿hitinin identifikasiyasē aparēlēr; burada ᴅmᴅliyyat 
sistemi, istifadᴅ­i h¿quqlarē vᴅ mºvcud runtime m¿hitlᴅri m¿ᴅyyᴅn edilir. Daha sonra ĸᴅbᴅkᴅ 
baĵlantēsē yoxlanēlēr vᴅ uzaq serverlᴅrlᴅ ᴅlaqᴅnin m¿mk¿n olub-olmadēĵē analiz edilir. Bu 
mᴅrhᴅlᴅdᴅn sonra isᴅ ᴅsas payload uzaq serverdᴅn endirilir vᴅ icra ¿­¿n uyĵun m¿hit 
hazērlanēr. 

Bu prosesin ᴅn m¿h¿m x¿susiyyᴅtlᴅrindᴅn biri onun adaptiv davranēĸ modelidir. Skript 

m¿xtᴅlif m¿hitlᴅrdᴅ fᴅrqli davranēĸ sᴅrgilᴅyᴅ bilir; mᴅsᴅlᴅn, tᴅhl¿kᴅsizlik alᴅtlᴅrinin mºvcudluĵu 

aĸkar edildikdᴅ fᴅaliyyᴅtini mᴅhdudlaĸdēra vᴅ ya gizlᴅdᴅ bilᴅr. Bu isᴅ h¿cumun aĸkarlanmasēnē 

­ᴅtinlᴅĸdirir vᴅ onun effektivliyini artērēr. 

Risk analizi gºstᴅrir ki, bu tip h¿cumlarēn ᴅsas sᴅbᴅblᴅrindᴅn biri proqram tᴅminatē 

tᴅchizat zᴅncirindᴅ geniĸ yayēlmēĸ ñtransitive trustò (ºt¿r¿lᴅn etibar) modelidir. Ķstifadᴅ­i bir 

ᴅsas paketi etibarlē hesab etdikdᴅ, onun b¿t¿n asēlēlēqlarē (dependencies) avtomatik olaraq 

etibarlē qᴅbul edilir. Bu isᴅ h¿cum edᴅnlᴅr ¿­¿n ideal h¿cum sᴅthi yaradēr, ­¿nki zᴅrᴅrli kod 

birbaĸa deyil, dolayē yollarla sistemᴅ daxil olur vᴅ ­ox vaxt tᴅhl¿kᴅsizlik yoxlamalarēndan 

yayēnēr. 

Bun runtime m¿hitinin strateji istifadᴅsi vᴅ texnoloji ¿st¿nl¿klᴅr: H¿cumun texnoloji 

baxēmdan ᴅn diqqᴅt­ᴅkᴅn x¿susiyyᴅtlᴅrindᴅn biri **Bun runtime m¿hitinin se­ilmᴅsidir. 

ᴄnᴅnᴅvi Node.js m¿hiti ilᴅ m¿qayisᴅdᴅ Bun daha m¿asir vᴅ optimallaĸdērēlmēĸ icra platformasē 

kimi ­ēxēĸ edir vᴅ bu da h¿cum edᴅnlᴅrᴅ ᴅlavᴅ ¿st¿nl¿klᴅr qazandērēr. 

Bun runtime-ē JIT (Just-In-Time) optimizasiya mexanizmlᴅri vasitᴅsilᴅ y¿ksᴅk performans 

tᴅmin edir vᴅ bºy¿k hᴅcmli payload-larēn daha s¿rᴅtli icrasēna imkan yaradēr. Bundan ᴅlavᴅ, 

onun daxilindᴅ paket idarᴅetmᴅ vᴅ bundling funksiyalarēnēn mºvcud olmasē h¿cumun m¿xtᴅlif 

mᴅrhᴅlᴅlᴅrinin vahid m¿hitdᴅ hᴅyata ke­irilmᴅsinᴅ ĸᴅrait yaradēr. Bu isᴅ hᴅm ᴅmᴅliyyatlarēn 

effektivliyini artērēr, hᴅm dᴅ ᴅlavᴅ alᴅtlᴅrᴅ olan ehtiyacē azaldēr. 

Digᴅr m¿h¿m aspekt isᴅ Bun m¿hitinin hᴅlᴅ geniĸ yayēlmamasē vᴅ tᴅhl¿kᴅsizlik alᴅtlᴅri 
tᴅrᴅfindᴅn kifayᴅt qᴅdᴅr monitorinq olunmamasēdēr. Bu x¿susiyyᴅt h¿cum edᴅnlᴅr ¿­¿n ñlow-
detection surfaceò yaradēr vᴅ onlarēn fᴅaliyyᴅtini daha az gºr¿nᴅn edir. Nᴅticᴅdᴅ tᴅhl¿kᴅsizlik 
sistemlᴅri bu m¿hitdᴅ baĸ verᴅn anomaliyalarē aĸkarlamaqda ­ᴅtinlik ­ᴅkir. 

Bun runtime-ēnēn istifadᴅsi gºstᴅrir ki, m¿asir kiberh¿cumlar yalnēz mºvcud vᴅ yaxĸē 
tanēnmēĸ texnologiyalarla mᴅhdudlaĸmēr. ᴄksinᴅ, h¿cum edᴅnlᴅr yeni vᴅ daha az analiz 
olunmuĸ platformalarē aktiv ĸᴅkildᴅ istismar edᴅrᴅk ºz h¿cum strategiyalarēnē davamlē ĸᴅkildᴅ 
tᴅkmillᴅĸdirirlᴅr. Bu isᴅ kiber tᴅhl¿kᴅsizlik sahᴅsindᴅ m¿dafiᴅ mexanizmlᴅrinin dᴅ eyni 
dᴅrᴅcᴅdᴅ dinamik vᴅ adaptiv olmasēnē zᴅruri edir. 
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ķᴅkil 2. Bun runtime m¿hitindᴅ y¿ksᴅk performanslē icra ¿­¿n optimallaĸdērēlmēĸ 

vᴅ obfuskasiya olunmuĸ zᴅrᴅrli JavaScript payload strukturu 
bun_environment.js Payload-ēnēn Struktur-Funksional Analizi-modul ᴅsaslē arxitektura vᴅ 

fayl sistemi skan mexanizmi: Payload-ēn deobfuskasiya olunmuĸ strukturunun tᴅhlili gºstᴅrir ki, 
o, klassik monolitik zᴅrᴅrli proqram modelindᴅn fᴅrqli olaraq modul ᴅsaslē, ­evik vᴅ geniĸlᴅnᴅ 
bilᴅn arxitekturaya malikdir. Bu yanaĸma h¿cum edᴅn tᴅrᴅfᴅ m¿xtᴅlif funksional komponentlᴅri 
m¿stᴅqil ĸᴅkildᴅ idarᴅ etmᴅyᴅ, hᴅm­inin ᴅmᴅliyyat zamanē dinamik ĸᴅkildᴅ yenilᴅmᴅyᴅ imkan 
verir. 

Bu arxitekturanēn ᴅsas komponentlᴅrindᴅn biri fayl sistemi skan moduludur. Bu modul 
istifadᴅ­inin lokal m¿hitindᴅ y¿ksᴅk dᴅyᴅrli informasiya ehtiva edᴅ bilᴅcᴅk qovluqlarē sistemli 
ĸᴅkildᴅ analiz edir. X¿susilᴅ aĸaĵēdakē kataloqlar prioritet hᴅdᴅf kimi se­ilir: 

/home vᴅ istifadᴅ­i ᴅsaslē qovluqlar ï fᴅrdi mᴅlumatlar, tᴅtbiq konfiqurasiyalarē vᴅ lokal 
keĸ fayllarē  

.ssh kataloqu ï kriptografik a­arlar (private/public keys) vᴅ autentifikasiya mᴅlumatlarē  

.env fayllarē ï tᴅtbiq sᴅviyyᴅsindᴅ saxlanēlan gizli dᴅyiĸᴅnlᴅr (secrets)  
Git repozitoriyalarē ï mᴅnbᴅ kodu, commit tarix­ᴅsi vᴅ tez-tez yanlēĸlēqla saxlanēlan 

tokenlᴅr  
Bu mᴅrhᴅlᴅdᴅ tᴅtbiq olunan ᴅsas metodologiya pattern-based scanning yanaĸmasēdēr. 

Bu yanaĸma ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅn edilmiĸ a­ar sºzlᴅr (mᴅsᴅlᴅn: KEY, SECRET, TOKEN, 
PASSWORD) ᴅsasēnda fayllarēn filtrasiya olunmasēnē tᴅmin edir. Bununla belᴅ, bu yanaĸma 
yalnēz sintaktik uyĵunluĵa ᴅsaslandēĵē ¿­¿n bᴅzi hallarda semantik olaraq vacib mᴅlumatlarē 
qa­ēra bilᴅr. 

 
ķᴅkil 3. Fayl sistemi skanē nᴅticᴅsindᴅ aĸkarlanmēĸ hᴅssas mᴅlumat fayllarē vᴅ eksfiltrasiya strukturu 

Bunun qarĸēsēnē almaq mᴅqsᴅdilᴅ payload daha inkiĸaf etmiĸ analiz mexanizmlᴅri ilᴅ 
inteqrasiya olunur. 

TruffleHog inteqrasiyasē vᴅ y¿ksᴅk entropiyalē mᴅlumatlarēn semantik analizi: M¿asir 
tᴅchizat zᴅnciri h¿cumlarēnēn effektivliyini artēran ᴅsas texnoloji komponentlᴅrdᴅn biri 
mᴅlumatlarēn aĸkarlanmasē mᴅrhᴅlᴅsindᴅ tᴅtbiq olunan analitik metodologiyalardēr. Tᴅhlil 
edilᴅn payload-ēn ᴅn innovativ x¿susiyyᴅtlᴅrindᴅn biri onun TruffleHog alᴅti ilᴅ inteqrasiyasēdēr. 
Bu alᴅt klassik regex ᴅsaslē yanaĸmalardan fᴅrqli olaraq entropiya ᴅsaslē aĸkarlama modeli 



¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

118 
 

¿zᴅrindᴅ qurulmuĸdur vᴅ mᴅhz bu x¿susiyyᴅt onu y¿ksᴅk effektiv kᴅĸfiyyat alᴅtinᴅ ­evirir. 
Y¿ksᴅk entropiya anlayēĸē informasiya nᴅzᴅriyyᴅsi kontekstindᴅ tᴅsad¿filik sᴅviyyᴅsinin ºl­¿s¿ 
kimi ­ēxēĸ edir. Kriptoqrafik a­arlar, autentifikasiya tokenlᴅri vᴅ digᴅr mᴅxfi identifikatorlar 
adᴅtᴅn y¿ksᴅk entropiyaya malik olur vᴅ bu x¿susiyyᴅt onlarēn struktur baxēmēndan adi 
mᴅtnlᴅrdᴅn fᴅrqlᴅnmᴅsinᴅ sᴅbᴅb olur. Payload bu x¿susiyyᴅtdᴅn istifadᴅ edᴅrᴅk fayl 
sistemindᴅ vᴅ yaddaĸ m¿hitindᴅ yerlᴅĸᴅn mᴅlumatlarē yalnēz sintaktik deyil, hᴅm dᴅ statistik 
x¿susiyyᴅtlᴅrinᴅ gºrᴅ analiz edir. 

Bu yanaĸma nᴅticᴅsindᴅ aĸaĵēdakē kritik mᴅlumat kateqoriyalarē y¿ksᴅk dᴅqiqliklᴅ 
aĸkarlanēr: API a­arlarē vᴅ servis autentifikasiya tokenlᴅri, OAuth ᴅsaslē giriĸ identifikatorlarē, 
ĸifrᴅlᴅnmᴅmiĸ vᴅ ya zᴅif qorunan parollar, elᴅcᴅ dᴅ konfiqurasiya fayllarēnda gizlᴅdilmiĸ 
tᴅhl¿kᴅsizlik mᴅlumatlarē. ᴄnᴅnᴅvi regex ᴅsaslē metodlar yalnēz ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅn edilmiĸ 
n¿munᴅlᴅri tanēya bildiyi halda, entropiya ᴅsaslē yanaĸma namᴅlum, maskalanmēĸ vᴅ qeyri-
standart formatda tᴅqdim olunmuĸ mᴅlumatlarē belᴅ identifikasiya etmᴅyᴅ imkan verir. Bu isᴅ 
h¿cumun kᴅĸfiyyat mᴅrhᴅlᴅsini keyfiyyᴅtcᴅ yeni sᴅviyyᴅyᴅ qaldērēr. Nᴅticᴅdᴅ h¿cum edᴅn tᴅrᴅf 
yalnēz aĸkar vᴅ strukturlaĸdērēlmēĸ mᴅlumatlarē deyil, hᴅm dᴅ gizli vᴅ dolayē yollarla saxlanēlan 
kritik mᴅlumatlarē ᴅldᴅ edᴅ bilir. Bu x¿susiyyᴅt m¿asir tᴅhl¿kᴅsizlik sistemlᴅri ¿­¿n ciddi ­aĵērēĸ 
yaradēr, ­¿nki bu tip analizlᴅr ­ox vaxt ᴅnᴅnᴅvi tᴅhl¿kᴅsizlik skanerlᴅri tᴅrᴅfindᴅn aĸkar edilmir 

M¿hit dᴅyiĸᴅnlᴅrinin ­ēxarēlmasē (Environment Variable Extraction) vᴅ sistem 
risklᴅri:M¿asir proqram tᴅminatē arxitekturalarēnda, x¿susilᴅ DevOps vᴅ bulud ᴅsaslē 
sistemlᴅrdᴅ m¿hit dᴅyiĸᴅnlᴅri (environment variables) konfiqurasiya idarᴅetmᴅsinin ᴅsas 
elementlᴅrindᴅn biri kimi ­ēxēĸ edir. Bu dᴅyiĸᴅnlᴅr tᴅtbiqin iĸlᴅmᴅsi ¿­¿n zᴅruri olan 
parametrlᴅri ï o c¿mlᴅdᴅn autentifikasiya mᴅlumatlarēnē, API a­arlarēnē vᴅ xidmᴅtlᴅrarasē ᴅlaqᴅ 
parametrlᴅrini ï dinamik ĸᴅkildᴅ tᴅmin edir. Lakin bu yanaĸma tᴅhl¿kᴅsizlik baxēmēndan ciddi 
risklᴅr yaradēr, ­¿nki bu mᴅlumatlar ­ox vaxt ĸifrᴅlᴅnmᴅmiĸ formada saxlanēlēr vᴅ icra m¿hiti 
daxilindᴅ a­ēq ĸᴅkildᴅ mºvcud olur. Analiz edilᴅn payload bu zᴅiflikdᴅn sistemli ĸᴅkildᴅ istifadᴅ 
edᴅrᴅk m¿xtᴅlif platformalara aid autentifikasiya mᴅlumatlarēnē ­ēxarēr. X¿susilᴅ bulud 
infrastrukturlarē vᴅ kod idarᴅetmᴅ platformalarē hᴅdᴅf alēnēr. Bunlara Amazon Web Services 
(AWS), Google Cloud Platform (GCP), Microsoft Azure, elᴅcᴅ dᴅ GitHub vᴅ GitLab kimi 
platformalar daxildir. AWS m¿hitindᴅ Access Key vᴅ Secret Key kimi identifikatorlarēn ᴅldᴅ 
olunmasē h¿cum edᴅn tᴅrᴅfᴅ bulud resurslarēna birbaĸa ­ēxēĸ imkanē yaradēr. Eyni ĸᴅkildᴅ 
GCP-dᴅ service account a­arlarēnēn vᴅ JSON ᴅsaslē autentifikasiya fayllarēnēn komprometasiya 
olunmasē geniĸ sᴅlahiyyᴅtli ᴅmᴅliyyatlarēn icrasēna ĸᴅrait yaradēr. Azure m¿hitindᴅ isᴅ 
subscription vᴅ tenant identifikatorlarēnēn, elᴅcᴅ dᴅ API tokenlᴅrinin ᴅldᴅ olunmasē h¿cumun 
miqyasēnē daha da geniĸlᴅndirir. GitHub vᴅ GitLab platformalarēnda isᴅ personal access 
tokenlᴅr vᴅ CI/CD pipeline secret-lᴅri vasitᴅsilᴅ proqram tᴅminatēnēn inkiĸaf vᴅ yayēm 
proseslᴅrinᴅ m¿daxilᴅ etmᴅk m¿mk¿n olur. Bu mᴅlumatlarēn komprometasiya olunmasē yalnēz 
passiv mᴅlumat sēzmasē ilᴅ mᴅhdudlaĸmēr. ᴄksinᴅ, h¿cum edᴅn tᴅrᴅf aktiv ĸᴅkildᴅ sistemᴅ 
m¿daxilᴅ edᴅ bilir: yeni virtual instansiyalar yarada, mºvcud mᴅlumatlarē dᴅyiĸdirᴅ vᴅ ya silᴅ, 
avtomatlaĸdērēlmēĸ pipeline-larē manipulyasiya edᴅ bilᴅr. Bu isᴅ h¿cumu tam miqyaslē sistem 
komprometasiya ssenarisinᴅ ­evirir vᴅ tᴅĸkilatēn b¿t¿n rᴅqᴅmsal infrastrukturunu risk altēna 
qoyur.   Eksfiltrasiya mexanizmi vᴅ gizli kommunikasiya kanallarē: H¿cumun ᴅn kritik 
mᴅrhᴅlᴅlᴅrindᴅn biri ᴅldᴅ olunmuĸ mᴅlumatlarēn sistemdᴅn ­ēxarēlmasē, yᴅni eksfiltrasiya 
prosesidir. Tᴅhlil gºstᴅrir ki, payload bu mᴅrhᴅlᴅdᴅ y¿ksᴅk sᴅviyyᴅdᴅ gizlilik vᴅ maskalanma 
tᴅmin edᴅn metodlardan istifadᴅ edir. Bu metodlar hᴅm texniki, hᴅm dᴅ davranēĸ baxēmēndan 
ᴅnᴅnᴅvi tᴅhl¿kᴅsizlik mexanizmlᴅrini aldatmaĵa yºnᴅlmiĸdir. ᴄsas istifadᴅ olunan 
yanaĸmalardan biri GitHub API ¿zᴅrindᴅn mᴅlumat ºt¿r¿lmᴅsidir. H¿cum edᴅn tᴅrᴅf tᴅsad¿fi 
vᴅ diqqᴅt ­ᴅkmᴅyᴅn adlarla yeni repozitoriyalar yaradaraq mᴅlumatlarē bu platforma ¿zᴅrindᴅn 
ºt¿r¿r. Mᴅlumatlar ºt¿r¿lmᴅzdᴅn ᴅvvᴅl ĸifrᴅlᴅnir vᴅ ya obfuskasiya olunur, daha sonra isᴅ ki­ik 
hissᴅlᴅrᴅ bºl¿nᴅrᴅk (data chunking) mᴅrhᴅlᴅli ĸᴅkildᴅ gºndᴅrilir. Bu yanaĸma ĸᴅbᴅkᴅ trafiki 
sᴅviyyᴅsindᴅ anomaliyalarēn aĸkarlanmasēnē ­ᴅtinlᴅĸdirir. Bu metodologiya ñliving off trusted 
infrastructureò prinsipi ᴅsasēnda qurulmuĸdur. Yᴅni h¿cum edᴅn tᴅrᴅf artēq etibarlē hesab 
olunan vᴅ geniĸ istifadᴅ edilᴅn platformalardan istifadᴅ edir. Bu isᴅ bir ne­ᴅ m¿h¿m ¿st¿nl¿k 
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yaradēr: ĸᴅbᴅkᴅ trafiki legitim fᴅaliyyᴅt kimi gºr¿n¿r, firewall vᴅ digᴅr ĸᴅbᴅkᴅ tᴅhl¿kᴅsizlik 
sistemlᴅri tᴅrᴅfindᴅn bloklanmēr, SIEM vᴅ IDS sistemlᴅri ¿­¿n isᴅ anomaliya kimi 
qiymᴅtlᴅndirilmᴅyᴅ bilᴅr. Bundan ᴅlavᴅ, qeyri-adi DNS sorĵularē vᴅ ya ĸ¿bhᴅli IP ¿nvanlarē ilᴅ 
ᴅlaqᴅ yaranmadēĵē ¿­¿n h¿cum daha az diqqᴅt ­ᴅkir. Nᴅticᴅ etibarilᴅ bu tip h¿cumlar ñlow 
visibility attackò kateqoriyasēna daxil edilir. Belᴅ h¿cumlar uzun m¿ddᴅt aĸkar olunmadan 
fᴅaliyyᴅt gºstᴅrᴅ bilir, davamlē mᴅlumat sēzmasēna sᴅbᴅb olur vᴅ tᴅĸkilat daxilindᴅ lateral 
hᴅrᴅkᴅt ¿­¿n ᴅlveriĸli ĸᴅrait yaradēr. Bu isᴅ onlarēn strateji tᴅhl¿kᴅ sᴅviyyᴅsini ᴅhᴅmiyyᴅtli 
dᴅrᴅcᴅdᴅ artērēr. 

Yekun analitik qiymᴅtlᴅndirmᴅ vᴅ tᴅhl¿kᴅsizlik implikasiyalarē: Aparēlan tᴅhlil gºstᴅrir ki, 
bun_environment.js payload-ē m¿asir kiberh¿cumlarēn b¿t¿n ᴅsas x¿susiyyᴅtlᴅrini ºz¿ndᴅ 
birlᴅĸdirir: modul vᴅ adaptiv arxitektura, klassik vᴅ m¿asir analiz metodlarēnēn sintezi (pattern 
vᴅ entropy ᴅsaslē yanaĸmalar), bulud vᴅ DevOps m¿hitlᴅrinᴅ yºnᴅlmiĸ y¿ksᴅk spesifik h¿cum 
strategiyasē vᴅ etibarlē platformalar ¿zᴅrindᴅn gizli eksfiltrasiya mexanizmi. Bu x¿susiyyᴅtlᴅr 
onu yalnēz texniki baxēmdan deyil, hᴅm dᴅ strateji sᴅviyyᴅdᴅ tᴅhl¿kᴅli edir. X¿susilᴅ a­ēq 
mᴅnbᴅ ekosistemlᴅrindᴅ geniĸ yayēlmēĸ avtomatlaĸdērēlmēĸ asēlēlēq idarᴅetmᴅsi vᴅ s¿rᴅtli inkiĸaf 
m¿hiti tᴅhl¿kᴅsizlik baxēmēndan yeni risklᴅr yaradēr. Mºvcud tᴅhl¿kᴅsizlik modellᴅri ­ox vaxt bu 
risklᴅri kompleks ĸᴅkildᴅ nᴅzᴅrᴅ almaqda ­ᴅtinlik ­ᴅkir. Bu kontekstdᴅ bir ne­ᴅ ᴅsas problem 
ºn plana ­ēxēr. Birincisi, implicit vᴅ transitive trust modellᴅrinin zᴅifliyidir; yᴅni istifadᴅ­i bir 
komponentᴅ etibar etdikdᴅ, onun b¿t¿n asēlēlēqlarē da avtomatik olaraq etibarlē qᴅbul olunur. 
Ķkincisi, DevOps m¿hitlᴅrindᴅ mᴅxfi mᴅlumatlarēn d¿zg¿n idarᴅ olunmamasē vᴅ m¿hit 
dᴅyiĸᴅnlᴅrindᴅ a­ēq ĸᴅkildᴅ saxlanēlmasēdēr. ¦­¿nc¿s¿ isᴅ etibarlē platformalarēn h¿cum 
mᴅqsᴅdilᴅ istifadᴅ olunmasē nᴅticᴅsindᴅ ᴅnᴅnᴅvi tᴅhl¿kᴅsizlik mexanizmlᴅrinin effektivliyinin 
azalmasēdēr. Bu problemlᴅrin hᴅlli ¿­¿n tᴅhl¿kᴅsizlik yanaĸmalarē daha adaptiv vᴅ risk ᴅsaslē 
olmalēdēr. X¿susilᴅ DevSecOps prinsiplᴅrinin tᴅtbiqi, asēlēlēqlarēn tᴅhl¿kᴅsizlik baxēmēndan 
avtomatlaĸdērēlmēĸ yoxlanēlmasē, mᴅxfi mᴅlumatlarēn tᴅhl¿kᴅsiz idarᴅ olunmasē (secret 
management), elᴅcᴅ dᴅ davranēĸ ᴅsaslē monitorinq sistemlᴅrinin tᴅtbiqi vacib hesab olunur. 
Bundan ᴅlavᴅ, ñzero trustò tᴅhl¿kᴅsizlik modeli kimi yanaĸmalarēn tᴅtbiqi tᴅchizat zᴅnciri 
h¿cumlarēna qarĸē daha effektiv m¿dafiᴅ tᴅmin edᴅ bilᴅr. Tᴅhl¿kᴅsizlik implikasiyalarē vᴅ 
m¿dafiᴅ strategiyalarē: Bu h¿cum gºstᴅrir ki, m¿asir proqram tᴅminatē tᴅhl¿kᴅsizlik modellᴅri 
tᴅchizat zᴅnciri risklᴅrini sistemli vᴅ kompleks ĸᴅkildᴅ ᴅhatᴅ etmᴅkdᴅ yetᴅrsiz qalēr. X¿susilᴅ 
a­ēq mᴅnbᴅ ekosistemlᴅrindᴅ s¿rᴅtli inkiĸaf, avtomatlaĸdērēlmēĸ asēlēlēq idarᴅetmᴅsi vᴅ DevOps 
yanaĸmalarēnēn geniĸ yayēlmasē tᴅhl¿kᴅsizlik baxēmēndan yeni vᴅ ­oxºl­¿l¿ risk m¿hiti 
formalaĸdērmēĸdēr. Bu kontekstdᴅ aĸaĵēdakē problemlᴅr x¿susi olaraq ºn plana ­ēxēr:  

Asēlēlēqlarēn avtomatik etibar modeli (Implicit / Transitive Trust): M¿asir proqram tᴅminatē 
inkiĸafēnda istifadᴅ olunan paket idarᴅetmᴅ sistemlᴅri (mᴅsᴅlᴅn, NPM) asēlēlēqlarēn avtomatik 
ĸᴅkildᴅ y¿klᴅnmᴅsi vᴅ inteqrasiyasēnē tᴅmin edir. Lakin bu prosesdᴅ istifadᴅ­i vᴅ ya sistem hᴅr 
bir asēlēlēĵē ayrēca tᴅhl¿kᴅsizlik baxēmēndan yoxlamēr. Nᴅticᴅdᴅ, birbaĸa istifadᴅ edilmᴅyᴅn, 
lakin dolayē yolla daxil olan (transitive dependency) paketlᴅr belᴅ sistemᴅ daxil olur vᴅ tam 
etibar qazanēr.Bu model tᴅhl¿kᴅsizlik baxēmēndan ciddi risk yaradēr, ­¿nki h¿cum edᴅn tᴅrᴅf 
yalnēz bir zᴅif vᴅ ya komprometasiya olunmuĸ paketi hᴅdᴅf alaraq minlᴅrlᴅ layihᴅyᴅ dolayē 
yolla n¿fuz edᴅ bilir. Shai-Hulud h¿cumu bu mexanizmin real vᴅ geniĸmiqyaslē tᴅhl¿kᴅsini a­ēq 
ĸᴅkildᴅ n¿mayiĸ etdirir. 

Lifecycle skriptlᴅrinin nᴅzarᴅtsiz icrasē: NPM vᴅ digᴅr paket menecerlᴅrindᴅ preinstall, 
postinstall vᴅ s. kimi lifecycle skriptlᴅri proqramēn qurulmasē vᴅ konfiqurasiyasē ¿­¿n nᴅzᴅrdᴅ 
tutulmuĸdur. Lakin bu skriptlᴅr istifadᴅ­i m¿daxilᴅsi olmadan avtomatik icra olunduĵuna gºrᴅ 
y¿ksᴅk sᴅviyyᴅli tᴅhl¿kᴅsizlik riski yaradēr. H¿cum edᴅnlᴅr bu mexanizmdᴅn istifadᴅ edᴅrᴅk 
sistemdᴅ ᴅlavᴅ proqram tᴅminatē quraĸdēra, uzaq serverlᴅrlᴅ ᴅlaqᴅ qura vᴅ zᴅrᴅrli payload-larē 
iĸᴅ sala bilirlᴅr. Bu, x¿susilᴅ build mᴅrhᴅlᴅsindᴅ tᴅhl¿kᴅsizlik nᴅzarᴅtinin zᴅif olduĵunu gºstᴅrir 
vᴅ ñbuild-time attack surfaceò anlayēĸēnēn aktuallēĵēnē artērēr. 

Mᴅxfi mᴅlumatlarēn a­ēq m¿hit dᴅyiĸᴅnlᴅrindᴅ saxlanēlmasē: DevOps vᴅ bulud ᴅsaslē 
sistemlᴅrdᴅ API a­arlarē, tokenlᴅr vᴅ digᴅr hᴅssas mᴅlumatlar ­ox vaxt m¿hit dᴅyiĸᴅnlᴅrindᴅ 
(environment variables) saxlanēlēr. Bu yanaĸma praktik baxēmdan rahat olsa da, tᴅhl¿kᴅsizlik 
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baxēmēndan ciddi zᴅiflik yaradēr.Zᴅrᴅrli proqramlar sistemdᴅ iĸlᴅdikdᴅ bu dᴅyiĸᴅnlᴅrᴅ asanlēqla 
­ēxēĸ ᴅldᴅ edᴅ bilir vᴅ nᴅticᴅdᴅ kritik identifikasiya mᴅlumatlarē oĵurlana bilir. Bu, x¿susilᴅ 
CI/CD pipeline-larēnda vᴅ bulud m¿hitlᴅrindᴅ geniĸ yayēlmēĸ problemdir. 

Problemlᴅrin hᴅlli ¿­¿n tᴅklif olunan yanaĸmalarēn geniĸ izahē: Yuxarēda qeyd olunan 
risklᴅrin minimallaĸdērēlmasē ¿­¿n aĸaĵēdakē strateji vᴅ texnoloji yanaĸmalar tᴅklif olunur: 

Zero Trust Dependency Model tᴅtbiqi: Bu modelᴅ ᴅsasᴅn, he­ bir proqram komponentinᴅ 
vᴅ ya asēlēlēĵa avtomatik etibar edilmir. Hᴅr bir dependency ayrēca risk analizi, reputasiya 
yoxlamasē vᴅ davranēĸ analizi ᴅsasēnda qiymᴅtlᴅndirilir. Bu yanaĸma aĸaĵēdakē ¿st¿nl¿klᴅri 
tᴅmin edir: 

Tᴅchizat zᴅnciri boyunca etibarēn dinamik idarᴅ olunmasē  
Zᴅrᴅrli vᴅ ya komprometasiya olunmuĸ paketlᴅrin erkᴅn aĸkarlanmasē  
Dependency graph ¿zᴅrindᴅ tam nᴅzarᴅt  
Bu model klassik tᴅhl¿kᴅsizlik yanaĸmalarēndan fᴅrqli olaraq ñtrust but verifyò 

prinsipindᴅn ñnever trust, always verifyò prinsipinᴅ ke­idi tᴅmin edir. 
CI/CD m¿hitlᴅrindᴅ secrets management sistemlᴅrinin istifadᴅsi: Mᴅxfi mᴅlumatlarēn 

tᴅhl¿kᴅsiz idarᴅ olunmasē ¿­¿n x¿susi sistemlᴅrdᴅn istifadᴅ olunmalēdēr. Mᴅsᴅlᴅn: 
HashiCorp Vault  
AWS Secrets Manager  
Azure Key Vault  
Bu sistemlᴅr aĸaĵēdakē imkanlarē tᴅmin edir: 
ķifrᴅlᴅnmiĸ mᴅlumat saxlanmasē  
Dinamik vᴅ vaxt mᴅhdudiyyᴅtli tokenlᴅr  
Audit vᴅ giriĸ nᴅzarᴅti 

 
ķᴅkil 4. CI/CD m¿hitindᴅ environment variables vasitᴅsilᴅ mᴅxfi mᴅlumatlarēn ifĸasē (secrets 

management ­atēĸmazlēĵē) 

Bu yanaĸma nᴅticᴅsindᴅ mᴅxfi mᴅlumatlar artēq a­ēq m¿hit dᴅyiĸᴅnlᴅrindᴅ saxlanēlmēr vᴅ 
zᴅrᴅrli proqramlar tᴅrᴅfindᴅn ᴅldᴅ edilmᴅsi ­ᴅtinlᴅĸir. 

  Statik vᴅ dinamik analiz alᴅtlᴅrinin inteqrasiyasē vᴅ tᴅhl¿kᴅsizlik sinerjisi: M¿asir 
proqram tᴅminatē tᴅhl¿kᴅsizliyi yalnēz bir analiz metoduna ᴅsaslanan yanaĸmalarla effektiv 
ĸᴅkildᴅ tᴅmin edilᴅ bilmᴅz. X¿susilᴅ tᴅchizat zᴅnciri h¿cumlarēnēn kompleks vᴅ ­oxmᴅrhᴅlᴅli 
xarakter daĸēmasē fonunda statik (SAST) vᴅ dinamik (DAST) analiz alᴅtlᴅrinin inteqrasiyasē 
tᴅhl¿kᴅsizlik arxitekturasēnēn ᴅsas komponentlᴅrindᴅn biri kimi ­ēxēĸ edir. Bu iki yanaĸmanēn 
birgᴅ tᴅtbiqi proqram tᴅminatēnēn hᴅm struktur, hᴅm dᴅ davranēĸ sᴅviyyᴅsindᴅ tᴅhlilinᴅ imkan 
verir vᴅ nᴅticᴅdᴅ daha geniĸ ᴅhatᴅli risk aĸkarlanmasē tᴅmin olunur. 

  Statik analiz (SAST) metodologiyasē proqram kodunun icra olunmasēna ehtiyac 
olmadan onun struktur x¿susiyyᴅtlᴅrini tᴅhlil edir. Bu yanaĸma vasitᴅsilᴅ mᴅnbᴅ kodunda 
mºvcud olan zᴅifliklᴅr, tᴅhl¿kᴅli funksiyalar, yanlēĸ konfiqurasiyalar vᴅ tᴅhl¿kᴅsizlik 
siyasᴅtlᴅrinᴅ uyĵun olmayan konstruksiyalar erkᴅn mᴅrhᴅlᴅdᴅ m¿ᴅyyᴅn edilᴅ bilir. SAST 
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alᴅtlᴅri x¿susilᴅ CI/CD pipeline-larēnda inteqrasiya olunaraq proqram tᴅminatēnēn inkiĸaf 
mᴅrhᴅlᴅsindᴅ tᴅhl¿kᴅsizlik problemlᴅrinin qarĸēsēnē almaĵa imkan yaradēr. 

Bununla yanaĸē, dinamik analiz (DAST) metodlarē proqramēn real icra m¿hitindᴅ 
davranēĸēnē m¿ĸahidᴅ edᴅrᴅk tᴅhl¿kᴅsizlik risklᴅrini aĸkar edir. Bu yanaĸma sistemin runtime 
sᴅviyyᴅsindᴅ necᴅ davrandēĵēnē analiz edir vᴅ x¿susilᴅ giriĸ-­ēxēĸ ᴅmᴅliyyatlarē, ĸᴅbᴅkᴅ trafiki, 
yaddaĸ istifadᴅsi vᴅ proseslᴅrarasē ᴅlaqᴅlᴅr kimi faktorlarē nᴅzᴅrᴅ alēr. DAST vasitᴅsilᴅ yalnēz 
kod sᴅviyyᴅsindᴅ deyil, hᴅm dᴅ sistem sᴅviyyᴅsindᴅ yaranan tᴅhl¿kᴅlᴅr ï mᴅsᴅlᴅn, injection 
h¿cumlarē, autentifikasiya boĸluqlarē vᴅ ya icra zamanē yaranan anomaliyalar ï aĸkar edilᴅ 
bilir. Bu iki metodun inteqrasiyasē nᴅticᴅsindᴅ yaranan sinerji tᴅhl¿kᴅsizlik baxēmēndan bir sēra 
m¿h¿m ¿st¿nl¿klᴅr tᴅmin edir. Ķlk nºvbᴅdᴅ, zᴅrᴅrli kod n¿munᴅlᴅrinin vᴅ zᴅifliklᴅrin erkᴅn 
mᴅrhᴅlᴅdᴅ aĸkarlanmasē m¿mk¿n olur ki, bu da onlarēn istehsal m¿hitinᴅ ke­mᴅsinin qarĸēsēnē 
alēr. Eyni zamanda runtime sᴅviyyᴅsindᴅ davranēĸ analizinin aparēlmasē sistemdᴅ baĸ verᴅn 
anomaliyalarēn real vaxtda m¿ᴅyyᴅn edilmᴅsinᴅ ĸᴅrait yaradēr. Bundan ᴅlavᴅ, tᴅhl¿kᴅsizlik 
testlᴅrinin avtomatlaĸdērēlmasē DevOps vᴅ DevSecOps yanaĸmalarē ­ᴅr­ivᴅsindᴅ tᴅhl¿kᴅsizlik 
proseslᴅrinin davamlē vᴅ sistemli ĸᴅkildᴅ hᴅyata ke­irilmᴅsini tᴅmin edir. 

Bu kontekstdᴅ SAST vᴅ DAST yanaĸmalarēnēn inteqrasiyasē yalnēz texniki bir se­im deyil, 
hᴅm dᴅ strateji tᴅhl¿kᴅsizlik modeli kimi qiymᴅtlᴅndirilmᴅlidir. X¿susilᴅ tᴅchizat zᴅnciri 
h¿cumlarēnēn m¿rᴅkkᴅbliyi nᴅzᴅrᴅ alēndēqda, bu iki yanaĸmanēn paralel tᴅtbiqi h¿cum sᴅthinin 
ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ daraldēlmasēna vᴅ aĸkarlama qabiliyyᴅtinin artērēlmasēna xidmᴅt edir. 

S¿ni intellekt ᴅsaslē anomaliya aĸkarlama sistemlᴅri vᴅ adaptiv tᴅhl¿kᴅsizlik yanaĸmalarē: 
M¿asir kibertᴅhl¿kᴅsizlik m¿hitindᴅ ᴅn perspektivli vᴅ effektiv yanaĸmalardan biri s¿ni intellekt 
(AI) vᴅ maĸēn ºyrᴅnmᴅsi (ML) ᴅsaslē anomaliya aĸkarlama sistemlᴅrinin tᴅtbiqidir. Klassik 
qayda ᴅsaslē tᴅhl¿kᴅsizlik sistemlᴅri yalnēz ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅn edilmiĸ h¿cum ssenarilᴅrini 
aĸkar edᴅ bildiyi halda, AI ᴅsaslē sistemlᴅr davranēĸ modellᴅĸdirmᴅsi vasitᴅsilᴅ daha ­evik vᴅ 
adaptiv m¿dafiᴅ mexanizmlᴅri tᴅqdim edir. 

Bu sistemlᴅrin ᴅsas iĸ prinsipi normal sistem davranēĸēnēn ºyrᴅnilmᴅsinᴅ ᴅsaslanēr. 
Bunun ¿­¿n bºy¿k hᴅcmli verilᴅnlᴅr (log fayllarē, ĸᴅbᴅkᴅ trafiki, sistem ­aĵērēĸlarē vᴅ s.) analiz 
edilir vᴅ ñnormal fᴅaliyyᴅt profiliò formalaĸdērēlēr. Daha sonra bu profil ilᴅ real vaxtda ᴅldᴅ 
olunan mᴅlumatlar m¿qayisᴅ olunur vᴅ hᴅr hansē uyĵunsuzluq anomaliya kimi qiymᴅtlᴅndirilir. 

 
ķᴅkil 5. Toplanmēĸ mᴅlumatlarēn strukturlaĸdērēlmasē vᴅ eksfiltrasiya ¿­¿n hazērlanmasē 

Bu yanaĸma vasitᴅsilᴅ aĸaĵēdakē tᴅhl¿kᴅli davranēĸ n¿munᴅlᴅri y¿ksᴅk dᴅqiqliklᴅ 
aĸkarlana bilir: gºzlᴅnilmᴅz vᴅ qeyri-adi ĸᴅbᴅkᴅ trafiki, ĸ¿bhᴅli fayl sistemi ᴅmᴅliyyatlarē 
(mᴅsᴅlᴅn, kritik fayllara icazᴅsiz giriĸ), qeyri-adi proseslᴅrin iĸᴅ d¿ĸmᴅsi vᴅ ya sistem 
resurslarēnēn anormal istifadᴅsi, elᴅcᴅ dᴅ token vᴅ digᴅr mᴅxfi mᴅlumatlarēn sēzmasēna iĸarᴅ 
edᴅn davranēĸ modellᴅri. AI ᴅsaslē sistemlᴅrin ᴅn m¿h¿m ¿st¿nl¿y¿ onlarēn adaptiv vᴅ ºz¿n¿ 
tᴅkmillᴅĸdirᴅn xarakterᴅ malik olmasēdēr. Bu sistemlᴅr zaman ke­dikcᴅ yeni mᴅlumatlar 
ᴅsasēnda ºz modellᴅrini yenilᴅyir vᴅ daha dᴅqiq nᴅticᴅlᴅr ᴅldᴅ edir. Bu x¿susiyyᴅt x¿susilᴅ 
ᴅvvᴅllᴅr mᴅlum olmayan (zero-day) h¿cumlarēn aĸkarlanmasēnda kritik rol oynayēr. ᴄnᴅnᴅvi 
sistemlᴅr bu tip h¿cumlarē tanēmadēĵē halda, AI ᴅsaslē yanaĸma davranēĸ sᴅviyyᴅsindᴅ 
anomaliyalarē m¿ᴅyyᴅn edᴅrᴅk tᴅhl¿kᴅni erkᴅn mᴅrhᴅlᴅdᴅ aĸkarlaya bilir. 

Bununla belᴅ, bu sistemlᴅrin tᴅtbiqi m¿ᴅyyᴅn ­ᴅtinliklᴅrlᴅ dᴅ m¿ĸayiᴅt olunur. Yanlēĸ 
pozitiv (false positive) hallar, modelin ºyrᴅdilmᴅsi ¿­¿n tᴅlᴅb olunan bºy¿k hᴅcmli verilᴅnlᴅr vᴅ 
hesablama resurslarēna olan y¿ksᴅk tᴅlᴅbat bu texnologiyanēn praktiki tᴅtbiqindᴅ nᴅzᴅrᴅ 
alēnmalē olan ᴅsas mᴅqamlardēr. Buna baxmayaraq, d¿zg¿n konfiqurasiya vᴅ optimallaĸdērma 
ilᴅ AI ᴅsaslē anomaliya aĸkarlama sistemlᴅri m¿asir kiber tᴅhl¿kᴅlᴅrᴅ qarĸē ᴅn g¿cl¿ m¿dafiᴅ 
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mexanizmlᴅrindᴅn biri kimi ­ēxēĸ edir. Yekun qiymᴅtlᴅndirmᴅ: Belᴅliklᴅ, tᴅqdim olunan analiz 
gºstᴅrir ki, tᴅchizat zᴅnciri h¿cumlarēna qarĸē effektiv m¿dafiᴅ yalnēz texniki alᴅtlᴅrlᴅ deyil, hᴅm 
dᴅ konseptual tᴅhl¿kᴅsizlik yanaĸmalarēnēn dᴅyiĸdirilmᴅsi ilᴅ m¿mk¿nd¿r. Mºvcud sistemlᴅrdᴅ 
etibar modeli yenidᴅn nᴅzᴅrdᴅn ke­irilmᴅli, tᴅhl¿kᴅsizlik proqram tᴅminatēnēn b¿t¿n hᴅyat 
dºvr¿n¿ ᴅhatᴅ edᴅn inteqrasiya olunmuĸ struktur kimi qurulmalēdēr. 

Bu h¿cum gºstᴅrir ki, mºvcud tᴅhl¿kᴅsizlik modellᴅri tᴅchizat zᴅnciri risklᴅrini tam ĸᴅkildᴅ 
ᴅhatᴅ etmir. X¿susilᴅ aĸaĵēdakē problemlᴅr ºn plana ­ēxēr: 

Asēlēlēqlarēn avtomatik etibar modeli  
Lifecycle skriptlᴅrinin nᴅzarᴅtsiz icrasē  
Mᴅxfi mᴅlumatlarēn a­ēq m¿hit dᴅyiĸᴅnlᴅrindᴅ saxlanēlmasē  
Bu problemlᴅrin hᴅlli ¿­¿n aĸaĵēdakē yanaĸmalar tᴅklif olunur: 
Zero Trust Dependency Model tᴅtbiqi  
CI/CD m¿hitlᴅrindᴅ secrets management sistemlᴅrinin istifadᴅsi  
Statik vᴅ dinamik analiz alᴅtlᴅrinin inteqrasiyasē  
S¿ni intellekt ᴅsaslē anomaliya aĸkarlama sistemlᴅri  
NᴄTĶCᴄ. Aparēlmēĸ ­oxsᴅviyyᴅli texniki vᴅ konseptual analiz gºstᴅrir ki, Shai-Hulud 

h¿cumu m¿asir proqram tᴅminatē ekosistemindᴅ tᴅchizat zᴅnciri tᴅhl¿kᴅlᴅrinin yeni mᴅrhᴅlᴅyᴅ 
ke­diyini n¿mayiĸ etdirir. Bu h¿cum yalnēz konkret zᴅrᴅrli kodun yayēlmasē ilᴅ mᴅhdudlaĸmēr, 
ᴅksinᴅ proqram tᴅminatē infrastrukturlarēnda mºvcud olan fundamental etibar modellᴅrinin 
(trust models) sistematik ĸᴅkildᴅ istismarēna ᴅsaslanēr. 

ᴄldᴅ edilᴅn nᴅticᴅlᴅr gºstᴅrir ki, h¿cumun effektivliyi bir ne­ᴅ kritik faktorun sinerji tᴅsiri 
ilᴅ formalaĸmēĸdēr. Birincisi, NPM ekosistemindᴅ mºvcud olan avtomatlaĸdērēlmēĸ asēlēlēq 
idarᴅetmᴅ mexanizmlᴅri istifadᴅ­i tᴅrᴅfindᴅn dᴅrin yoxlanēlmadan qᴅbul edilir. Bu isᴅ ñtransitive 
trustò modelinin real tᴅhl¿kᴅsizlik boĸluĵuna ­evrildiyini s¿but edir. H¿cum edᴅn tᴅrᴅf mᴅhz bu 
etibar zᴅncirindᴅn istifadᴅ edᴅrᴅk minimal m¿daxilᴅ ilᴅ maksimum tᴅsir ᴅldᴅ etmiĸdir. 

Ķkincisi, preinstall kimi lifecycle skriptlᴅrinin icra mexanizmi proqram tᴅminatēnēn 
qurulmasē prosesindᴅ y¿ksᴅk sᴅlahiyyᴅtlᴅrᴅ malik olduĵundan, bu mᴅrhᴅlᴅ h¿cum ¿­¿n 
optimal giriĸ nºqtᴅsinᴅ ­evrilmiĸdir. Bu, gºstᴅrir ki, proqram tᴅminatēnēn qurulma mᴅrhᴅlᴅsi 
(build phase) artēq ᴅn zᴅif tᴅhl¿kᴅsizlik halqalarēndan biridir vᴅ ᴅnᴅnᴅvi runtime tᴅhl¿kᴅsizlik 
yanaĸmalarē bu mᴅrhᴅlᴅni ᴅhatᴅ etmir. 

¦­¿nc¿s¿, Bun runtime m¿hitinin se­ilmᴅsi h¿cumun texnoloji adaptivliyini vᴅ innovativ 
xarakterini ortaya qoyur. Bu fakt s¿but edir ki, h¿cum edᴅnlᴅr yalnēz geniĸ yayēlmēĸ 
texnologiyalarē deyil, eyni zamanda yeni vᴅ az monitorinq olunan platformalarē da aktiv ĸᴅkildᴅ 
istismar edirlᴅr. Bu isᴅ kibertᴅhl¿kᴅsizlik sistemlᴅrinin texnoloji dᴅyiĸikliklᴅrᴅ adaptasiya 
s¿rᴅtinin artērēlmasēnēn vacibliyini gºstᴅrir. 

Dºrd¿nc¿s¿, TruffleHog kimi legitim tᴅhl¿kᴅsizlik alᴅtlᴅrinin zᴅrᴅrli mᴅqsᴅdlᴅrlᴅ istifadᴅsi 
m¿asir h¿cumlarēn ñdual-use toolsò konsepsiyasēna ᴅsaslandēĵēnē n¿mayiĸ etdirir. Bu yanaĸma 
ᴅnᴅnᴅvi tᴅhl¿kᴅsizlik modellᴅri ¿­¿n ciddi ­ᴅtinlik yaradēr, ­¿nki istifadᴅ olunan alᴅtlᴅr 
ºzl¿y¿ndᴅ tᴅhl¿kᴅli deyil, lakin kontekstual olaraq tᴅhl¿kᴅ yaradēr. 

Beĸincisi, mᴅlumatlarēn GitHub kimi legitim platformalar vasitᴅsilᴅ eksfiltrasiyasē 
h¿cumun aĸkarlanma ehtimalēnē minimuma endirir. Bu ñliving off trusted infrastructureò 
yanaĸmasē gºstᴅrir ki, m¿asir h¿cumlar artēq ºz infrastrukturunu qurmaq ᴅvᴅzinᴅ mºvcud vᴅ 
etibarlē platformalardan istifadᴅ etmᴅyᴅ ¿st¿nl¿k verir. Bu isᴅ klassik ĸᴅbᴅkᴅ tᴅhl¿kᴅsizliyi 
modellᴅrinin effektivliyini azaldēr. 

Bu kontekstdᴅ ᴅldᴅ olunan ᴅsas elmi vᴅ praktiki nᴅticᴅlᴅri aĸaĵēdakē kimi 
¿mumilᴅĸdirmᴅk m¿mk¿nd¿r: 

Tᴅchizat zᴅnciri h¿cumlarē artēq lokal deyil, sistem miqyaslē risklᴅr yaradēr vᴅ qlobal 
proqram tᴅminatē infrastrukturlarēnē tᴅsir altēna alēr  

Asēlēlēqlarēn avtomatik etibar modeli m¿asir proqram m¿hᴅndisliyindᴅ ᴅn kritik 
zᴅifliklᴅrdᴅn biridir  

Build vᴅ deployment mᴅrhᴅlᴅlᴅri kibertᴅhl¿kᴅsizlik baxēmēndan ayrēca qorunmalēdēr  
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Mᴅxfi mᴅlumatlarēn m¿hit dᴅyiĸᴅnlᴅrindᴅ saxlanēlmasē y¿ksᴅk risklidir vᴅ alternativ 
tᴅhl¿kᴅsizlik modellᴅri tᴅlᴅb olunur  

Yeni texnologiyalar vᴅ runtime m¿hitlᴅri (mᴅsᴅlᴅn, Bun) h¿cum sᴅthini geniĸlᴅndirir  
B¿t¿n bunlarē nᴅzᴅrᴅ alaraq, gᴅlᴅcᴅk ¿­¿n aĸaĵēdakē strateji istiqamᴅtlᴅr tᴅklif olunur: 
Zero Trust ᴅsaslē dependency idarᴅetmᴅ modeli ï hᴅr bir asēlēlēĵēn avtomatik deyil, 

dinamik risk qiymᴅtlᴅndirilmᴅsi ᴅsasēnda qᴅbul edilmᴅsi  
DevSecOps inteqrasiyasē ï tᴅhl¿kᴅsizlik mexanizmlᴅrinin proqram inkiĸafēnēn b¿t¿n 

mᴅrhᴅlᴅlᴅrinᴅ daxil edilmᴅsi  
AI ᴅsaslē anomaliya aĸkarlama sistemlᴅri ï qeyri-adi davranēĸlarēn real vaxt rejimindᴅ 

m¿ᴅyyᴅn edilmᴅsi  
Secrets management sistemlᴅrinin geniĸ tᴅtbiqi ï m¿hit dᴅyiĸᴅnlᴅrinin tᴅhl¿kᴅsiz 

alternativlᴅrlᴅ ᴅvᴅz olunmasē  
Supply chain visibility platformalarē ï asēlēlēqlarēn tam ĸᴅffaf izlᴅnmᴅsi  
Nᴅticᴅ etibarilᴅ, Shai-Hulud h¿cumu yalnēz bir tᴅhl¿kᴅsizlik insidenti deyil, hᴅm dᴅ 

proqram tᴅminatē tᴅhl¿kᴅsizliyindᴅ yeni paradiqmanēn formalaĸdēĵēnē gºstᴅrᴅn m¿h¿m 
gºstᴅricidir. Bu hadisᴅ gᴅlᴅcᴅk tᴅdqiqatlar ¿­¿n hᴅm nᴅzᴅri, hᴅm dᴅ praktiki baxēmdan geniĸ 
imkanlar a­ēr vᴅ kibertᴅhl¿kᴅsizlik sahᴅsindᴅ yeni yanaĸmalarēn formalaĸdērēlmasēnē zᴅruri 
edir. SAST vᴅ DAST yanaĸmalarēnēn inteqrasiyasē ilᴅ AI ᴅsaslē anomaliya aĸkarlama 
sistemlᴅrinin birgᴅ tᴅtbiqi m¿asir kiber tᴅhl¿kᴅsizlik arxitekturasēnda ­oxlaylē (multi-layered) vᴅ 
adaptiv m¿dafiᴅ modeli formalaĸdērēr. Bu model hᴅm statik zᴅifliklᴅrin, hᴅm dᴅ dinamik 
davranēĸ ᴅsaslē tᴅhl¿kᴅlᴅrin aĸkarlanmasēnē tᴅmin etmᴅklᴅ yanaĸē, yeni vᴅ kompleks h¿cum 
ssenarilᴅrinᴅ qarĸē da y¿ksᴅk dayanēqlēq n¿mayiĸ etdirir. Bu baxēmdan, belᴅ inteqrasiya 
olunmuĸ yanaĸmalar tᴅchizat zᴅnciri h¿cumlarē kimi m¿rᴅkkᴅb vᴅ gizli tᴅhl¿kᴅlᴅrᴅ qarĸē 
effektiv m¿dafiᴅnin ᴅsasēnē tᴅĸkil edir. 
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This study presents a comprehensive multi-layered analysis of a large-scale software supply 
chain attack that occurred on November 24, 2025, affecting more than 400 NPM packages. Within 
the research framework, a structural and functional deobfuscation of the malicious 
bun_environment.js payload was conducted, revealing its modular architecture, adaptive behavior 
mechanisms, and multi-stage attack pipeline. 

The analysis systematically models the key stages of the attack, including the exploitation of 
the NPM lifecycle mechanism via preinstall hooks, automated deployment of the Bun runtime 
environment, entropy-based detection of sensitive information using TruffleHog, and covert data 
exfiltration through GitHub infrastructure. 

The findings indicate that this attack model systematically exploits critical vulnerabilities 
inherent in the ñimplicit trustò and ñtransitive trustò principles within software supply chains. 
Automated dependency management, inadequate secret protection in DevOps environments, and 
the use of trusted platforms for stealthy data exfiltration significantly enhance the attackôs 
effectiveness. As a result, this attack can be classified as both a ñlow visibilityò and ñzero-
interactionò threat, making detection particularly challenging. 

The study concludes that modern supply chain attacks represent not only technical 
vulnerabilities but also systemic risks rooted in trust architectures. To mitigate such threats, the 
paper proposes adaptive multi-layered security frameworks, DevSecOps integration, AI-driven 
anomaly detection systems, and risk-based governance strategies. 

Keywords: NPM, supply chain attack, Bun runtime, TruffleHog, exfiltration, cybersecurity, 
DevSecOps, implicit trust, zero-interaction attack 
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Giriĸ. Mᴅqalᴅnin ᴅsas mᴅqsᴅdi virtual proqram tᴅminatlarēnēn tᴅtbiqi vasitᴅsilᴅ elektron 
qurĵularēn iĸ prinsiplᴅrinin ºyrᴅnilmᴅsi, tᴅhlil edilmᴅsi, elᴅcᴅ dᴅ onlarēn xarakteristikalarēnēn vᴅ 
elektrik parametrlᴅrinin tᴅdqiqindᴅn ibarᴅtdir. M¿asir dºvrdᴅ elmi tᴅdqiqat vᴅ tᴅdris 
m¿ᴅssisᴅlᴅrindᴅ, sᴅnaye sahᴅlᴅrindᴅ vᴅ insan fᴅaliyyᴅtinin digᴅr istiqamᴅtlᴅrindᴅ informasiya-
hesablama sistemlᴅri m¿h¿m rol oynayēr. Ķnformatika sahᴅsinin s¿rᴅtli inkiĸafē vᴅ elmi 
araĸdērmalarda komp¿ter texnologiyalarēnēn geniĸ tᴅtbiqi, hᴅtta ᴅnᴅnᴅvi olaraq formalaĸmēĸ 
elmi sahᴅlᴅrdᴅ belᴅ bilik vᴅ bacarēqlarēn tᴅqdim olunmasē ¿sullarēna yenidᴅn baxēlmasēnē zᴅruri 
edir vᴅ bu biliklᴅrin strukturlaĸdērēlmasē problemini aktuallaĸdērēr. 

Multimediya texnologiyalarēnēn, virtual tᴅdris vᴅ elmi laboratoriyalarēn hazērlanmasē vᴅ 
m¿hᴅndis hazērlēĵēnda tᴅtbiqi m¿asir y¿ksᴅk texnologiyalarēn mᴅnimsᴅnilmᴅsindᴅ, y¿ksᴅk 
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ixtisaslē elmi kadrlarēn vᴅ m¿vafiq sahᴅ ¿zrᴅ m¿tᴅxᴅssislᴅrin hazērlanmasēnda, hᴅm­inin 
m¿hᴅndis-texniki iĸ­ilᴅrin vᴅ sᴅnaye sektoru m¿ᴅssisᴅlᴅrinin ᴅmᴅkdaĸlarēnēn peĸᴅ 
ixtisaslarēnēn artērēlmasēnda perspektivli istiqamᴅt kimi qiymᴅtlᴅndirilir [1-3]. 

Virtual laboratoriya real qurĵularla birbaĸa ᴅlaqᴅnin olmadēĵē vᴅ ya belᴅ bir ᴅlaqᴅnin 
texniki baxēmdan m¿mk¿n olmadēĵē hallarda eksperimentlᴅrin aparēlmasēna imkan verᴅn 
proqram-aparat kompleksidir. Bu c¿r laboratoriyalar iki ᴅsas qrupa ayrēlēr. Birinci qrupa real 
laboratoriya qurĵularē, onlarēn mᴅsafᴅdᴅn idarᴅ olunmasē ¿­¿n nᴅzᴅrdᴅ tutulmuĸ proqram vᴅ 
aparat tᴅminatē, hᴅm­inin mᴅlumatlarēn ºt¿r¿lmᴅsi ¿­¿n kommunikasiya vasitᴅlᴅrini ºz¿ndᴅ 
birlᴅĸdirᴅn mᴅsafᴅdᴅn istifadᴅ edilᴅn laboratoriyalar daxildir. Ķkinci qrupa isᴅ b¿t¿n proseslᴅrin 
komp¿ter m¿hitindᴅ modellᴅĸdirildiyi tam virtual laboratoriyalar aiddir. 

Elektron qurĵularēn modellᴅĸdirilmᴅsi vᴅ tᴅhlili mᴅqsᴅdilᴅ geniĸ istifadᴅ olunan proqram 
m¿hitlᴅrindᴅn biri Proteus sistemidir. Bu sistemdᴅ ­ap platalarēnēn layihᴅlᴅndirilmᴅsinin ilkin 
mᴅrhᴅlᴅsi prinsipial elektrik sxeminin iĸlᴅnmᴅsidir ki, bu proses ISIS redaktorunda hᴅyata 
ke­irilir. Layihᴅlᴅndirmᴅnin bu mᴅrhᴅlᴅsindᴅ tᴅlᴅb olunan elektron komponentlᴅrin se­ilmᴅsi, 
onlarēn sxem ¿zᴅrindᴅ yerlᴅĸdirilmᴅsi vᴅ komponentlᴅrin ĸinlᴅr vᴅ elektrik dºvrᴅlᴅri vasitᴅsilᴅ 
qarĸēlēqlē ᴅlaqᴅlᴅndirilmᴅsi aparēlēr. Zᴅrurᴅt yarandēqda komponentlᴅrin parametrlᴅrinin 
modifikasiyasē, elᴅcᴅ dᴅ mᴅtn qeydlᴅrinin ᴅlavᴅ edilmᴅsi m¿mk¿nd¿r [4,5]. 

Prinsipial sxemin boĸ iĸ sahᴅsi yaradēldēqdan sonra, bu sahᴅ komponent 
kitabxanasēndan se­ilmiĸ m¿vafiq simvollarla doldurulur. Proteus proqramēnda yeni sxem 
layihᴅsi File/New ᴅmri vasitᴅsilᴅ yaradēlēr vᴅ bu zaman New Project Wizard ustasē avtomatik 
olaraq aktivlᴅĸir [6-12]. 

ᴄsas hissᴅ 
Aparēlan tᴅdqiqat iĸindᴅ mikrokontroller ᴅsaslē elektron qurĵularēn funksional 

x¿susiyyᴅtlᴅrinin ºyrᴅnilmᴅsi vᴅ tᴅhlili mᴅqsᴅdilᴅ Proteus virtual laboratoriya m¿hitindᴅn 
istifadᴅ edilmiĸdir. Bu proqram m¿hiti mikrokontrollerlᴅrin, o c¿mlᴅdᴅn Arduino vᴅ PIC 
platformalarēnēn real vaxt rejimindᴅ davranēĸlarēnēn simulyasiya edilmᴅsinᴅ imkan yaradēr. 
Proteus geniĸ model kitabxanasēna malik olmaqla, mikrokontroller vᴅ mikroprosessor 
sistemlᴅrinin layihᴅlᴅndirilmᴅsi, sēnaqdan ke­irilmᴅsi vᴅ optimallaĸdērēlmasē ¿­¿n ᴅlveriĸli alᴅt 
hesab olunur. 

Proteus proqram tᴅminatē ᴅsasᴅn mikrokontroller vᴅ mikroprosessorlarēn 
modellᴅĸdirilmᴅsinᴅ yºnᴅldilmiĸdir vᴅ m¿xtᴅlif arxitekturalara malik ­iplᴅrin geniĸ spektrini 
dᴅstᴅklᴅyir. Proqram m¿hitindᴅ AVR MCU seriyasē, 8051 MCU seriyasē, Basic Stamp, HC11 
MCU seriyasē, ARM CPU, Z80, Motorola 68K CPU, elᴅcᴅ dᴅ PIC ailᴅsinᴅ daxil olan 
mikrokontrollerlᴅrin ᴅksᴅr modellᴅri mºvcuddur. Bu imkanlar istifadᴅ­iyᴅ m¿xtᴅlif arxitekturaya 
malik sistemlᴅrin iĸ prinsiplᴅrini m¿qayisᴅli ĸᴅkildᴅ araĸdērmaĵa vᴅ praktiki biliklᴅrini 
dᴅrinlᴅĸdirmᴅyᴅ ĸᴅrait yaradēr. 

Proteus m¿hitinin m¿h¿m ¿st¿nl¿klᴅrindᴅn biri dᴅ layihᴅlᴅndirilmiĸ sxemlᴅrdᴅ baĸ verᴅn 
proseslᴅrin ᴅtraflē monitorinqini tᴅmin edᴅn diaqnostik vasitᴅlᴅrin mºvcudluĵudur. Belᴅ ki, 
proqram tᴅminatē vasitᴅsilᴅ mikrokontrollerlᴅrin daxili registrlᴅrinin vᴅziyyᴅtinin izlᴅnmᴅsi, 
proqram kodunun mᴅrhᴅlᴅli icrasē (step-by-step debugging), giriĸ-­ēxēĸ portlarēnēn vᴅziyyᴅtinin 
real vaxt rejimindᴅ m¿ĸahidᴅ edilmᴅsi vᴅ sistemdᴅ yaranan xᴅtalarēn operativ ĸᴅkildᴅ aĸkar 
olunmasē m¿mk¿nd¿r. Bu funksiyalar elektron qurĵularēn iĸinin daha dᴅrindᴅn tᴅhlil edilmᴅsinᴅ 
vᴅ layihᴅlᴅrin etibarlēlēĵēnēn artērēlmasēna imkan verir. 

Bundan ᴅlavᴅ, Proteus proqramēnda mikrokontrollerlᴅrlᴅ yanaĸē, m¿xtᴅlif sensorlar, 
icraedici mexanizmlᴅr, analog vᴅ rᴅqᴅmsal elektron komponentlᴅr, elᴅcᴅ dᴅ xarici periferiya 
qurĵularē ilᴅ qarĸēlēqlē ᴅlaqᴅni modellᴅĸdirmᴅk m¿mk¿nd¿r. Bu isᴅ real sistemlᴅrin virtual 
m¿hitdᴅ tam funksional analoqunun yaradēlmasēna ĸᴅrait yaradēr vᴅ praktiki eksperimentlᴅrin 
tᴅhl¿kᴅsiz vᴅ sᴅmᴅrᴅli ĸᴅkildᴅ hᴅyata ke­irilmᴅsini tᴅmin edir. 

Komp¿terdᴅ SOFTWARE (proqram tᴅminatē) iĸᴅ salēndēqdan sonra Proteus proqramēna 
daxil olmaq ¿­¿n tᴅtbiqin ikonuna iki dᴅfᴅ klik edilir vᴅ nᴅticᴅdᴅ Proteus ISIS Professional 
proqramēnēn ᴅsas iĸ pᴅncᴅrᴅsi a­ēlēr (ĸᴅkil 1). A­ēlan ᴅsas pᴅncᴅrᴅ layihᴅlᴅrin yaradēlmasē, 
prinsipial elektrik sxemlᴅrinin tᴅrtib edilmᴅsi, komponentlᴅrin se­ilmᴅsi vᴅ yerlᴅĸdirilmᴅsi, elᴅcᴅ 
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dᴅ simulyasiya proseslᴅrinin idarᴅ olunmasē ¿­¿n ᴅsas iĸ m¿hiti kimi ­ēxēĸ edir. Bu interfeys 
vasitᴅsilᴅ istifadᴅ­i hᴅm yeni layihᴅlᴅr yarada, hᴅm dᴅ mºvcud sxemlᴅr ¿zᴅrindᴅ dᴅyiĸikliklᴅr 
apararaq simulyasiya nᴅticᴅlᴅrini tᴅhlil edᴅ bilir. 

 
ķᴅk.1. Proteus proqramēnēn  ᴅsas pᴅncᴅrᴅsi 

Mikrokontroller ᴅsaslē qurĵunun layihᴅlᴅndirilmᴅsi vᴅ virtual modellᴅĸdirilmᴅsi: 
Mikrokontrollerin prinsipial elektrik sxeminin Proteus m¿hitinin iĸ­i sahᴅsinᴅ ᴅlavᴅ edilmᴅsi 
¿­¿n ᴅvvᴅlcᴅ Pick Devices pᴅncᴅrᴅsindᴅn istifadᴅ olunur. Bu pᴅncᴅrᴅnin sol yuxarē hissᴅsindᴅ 
yerlᴅĸᴅn Category sahᴅsindᴅki siyahēdan Microprocessor ICs kitabxanasēnēn se­ilmᴅsi tᴅlᴅb 
olunur. Sºz¿gedᴅn kitabxana qarēĸēq tipli sxemlᴅrin emulyasiyasē ¿­¿n nᴅzᴅrdᴅ tutulmuĸ, 
proqram kodunun yazēlmasē, sazlanmasē vᴅ icrasē m¿mk¿n olan m¿xtᴅlif mikroprosessor vᴅ 
mikrokontroller mikrosxemlᴅrini ºz¿ndᴅ birlᴅĸdirir. Kitabxananēn se­ilmᴅsi ¿­¿n onun adēna 
uyĵun sᴅtrᴅ kursorun sol d¿ymᴅsi ilᴅ klik edilir. 

Category sahᴅsinin altēnda yerlᴅĸᴅn Subcategory bºlmᴅsindᴅ se­ilmiĸ kitabxanaya aid 
olan mikroprosessor vᴅ ya mikrokontroller ailᴅsi m¿ᴅyyᴅn edilir. Bu mᴅrhᴅlᴅdᴅ istifadᴅ­i 
layihᴅnin tᴅlᴅblᴅrinᴅ uyĵun arxitekturanē se­ᴅ bilᴅr. Se­ilmiĸ ailᴅyᴅ aid b¿t¿n mºvcud 
komponentlᴅr Results sahᴅsindᴅ ᴅks olunur. Eyni zamanda Manufacturer sahᴅsindᴅ 
mikrokontrollerin istehsal­ēsē se­ilᴅ bilᴅr. Ķstehsal­ē mᴅhdudiyyᴅti olmadēqda, bu sahᴅdᴅ All 
Manufacturers se­imi tᴅtbiq edilir. 

Komponentlᴅrin axtarēĸ prosesini s¿rᴅtlᴅndirmᴅk mᴅqsᴅdilᴅ Pick Devices pᴅncᴅrᴅsinin 
sol yuxarē hissᴅsindᴅ yerlᴅĸᴅn Keywords filtr sᴅtrindᴅn istifadᴅ etmᴅk m¿mk¿nd¿r. 
Mikrokontroller se­ildikdᴅn sonra onun ĸᴅrti qrafik tᴅsviri Preview (ºncᴅdᴅn baxēĸ) sahᴅsindᴅ 
gºstᴅrilir. ᴄgᴅr se­ilmiĸ mikrokontroller ¿­¿n bir ne­ᴅ yerlᴅĸdirmᴅ (package) variantē 
mºvcuddursa, bu variantlar a­ēlan menyu ĸᴅklindᴅ PCB Preview bºlmᴅsinin alt hissᴅsindᴅ ᴅks 
olunur. Se­ilmiĸ komponenti sxemdᴅ yerlᴅĸdirmᴅk ¿­¿n OK d¿ymᴅsinᴅ basēlēr, bundan sonra 
Pick Devices pᴅncᴅrᴅsi baĵlanēr vᴅ mikrokontrollerin simvolu kursorla birlikdᴅ hᴅrᴅkᴅt edᴅrᴅk 
sxemin tᴅlᴅb olunan hissᴅsindᴅ yerlᴅĸdirilir. 

Tᴅdqiqat zamanē qeyd olunan ardēcēllēqla yalnēz idarᴅedici siqnal qurĵusunun elektrik 
sxemi nᴅzᴅrdᴅ tutulmuĸdur. G¿c elektron qurĵusu vᴅ enerji tᴅchizatē bloklarē bu mᴅrhᴅlᴅdᴅ 
ayrēca tᴅqdim edilmᴅmiĸdir, ­¿nki iĸin ᴅsas mᴅqsᴅdi b¿tºvl¿kdᴅ sistemin deyil, idarᴅetmᴅ 
qurĵusunun strukturunun vᴅ iĸ prinsipinin araĸdērēlmasē olmuĸdur. Bu sᴅbᴅbdᴅn qurĵunun tam 
blok-sxemi deyil, yalnēz idarᴅetmᴅ modulunun funksional hᴅlli tᴅqdim edilmiĸdir. 

Tᴅklif olunan elektrik sxemi PIC16F628A mikrokontrolleri ᴅsasēnda qurulmuĸ indikasiya 
qurĵusuna aiddir. Sxemdᴅ mikrokontroller giriĸ-­ēxēĸ portlarē vasitᴅsilᴅ sensorlardan daxil olan 
siqnallarēn emalēnē hᴅyata ke­irir vᴅ nᴅticᴅni iĸēq diodlarē (LED indikatorlar) vasitᴅsilᴅ vizual 
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ĸᴅkildᴅ ᴅks etdirir. Elektrik sxeminin ¿mumi strukturu m¿vafiq ĸᴅkildᴅ aĸaĵēdakē sxemdᴅ 
gºstᴅrilmiĸdir. 

Gᴅrginliyin tᴅlᴅb olunan sᴅviyyᴅyᴅ endirilmᴅsi mᴅqsᴅdilᴅ galvanik ayrēlmanē tᴅmin edᴅn 
al­aldēcē transformator tᴅtbiq edilmiĸdir. Sºnd¿r¿c¿ kondensatorlardan istifadᴅ mᴅqsᴅdᴅuyĵun 
hesab edilmᴅmiĸdir, ­¿nki bu halda gᴅrginliyin tᴅhl¿kᴅli sᴅviyyᴅyᴅ y¿ksᴅlmᴅsi, yᴅni potensialēn 
ani dᴅyiĸmᴅsi ehtimalē mºvcuddur ki, bu da sistemin qᴅza vᴅziyyᴅtinᴅ d¿ĸmᴅsinᴅ sᴅbᴅb ola 
bilᴅr. Sensorlar sxemᴅ baryer rezistorlarē vasitᴅsilᴅ qoĸulmuĸdur ki, bu da hᴅm tᴅhl¿kᴅsizliyi 
artērēr, hᴅm dᴅ mikrokontroller giriĸlᴅrini qoruyur. 

Sxemdᴅ istifadᴅ olunan dºrd ᴅdᴅd LED indikator suyun mºvcud sᴅviyyᴅsini vizual 

ĸᴅkildᴅ n¿mayiĸ etdirir. Sensorlardan hansēnēn ¿mumi naqilᴅ qoĸulmasēndan asēlē olaraq 

m¿vafiq LED aktivlᴅĸir. Sensorlar nazik tᴅbᴅqᴅdᴅn ibarᴅt ke­irici elementlᴅrdᴅn ibarᴅt olub, 

m¿ᴅyyᴅn mᴅsafᴅlᴅrlᴅ plastik boru daxilindᴅ yerlᴅĸdirilmiĸdir. Hᴅr bir sensor ¿­ hissᴅdᴅn ibarᴅt 

olmaqla m¿xtᴅlif h¿nd¿rl¿klᴅrdᴅ su m¿hitinᴅ yerlᴅĸdirilmiĸdir. Bu konstruksiya su sᴅviyyᴅsinin 

mᴅrhᴅlᴅli ĸᴅkildᴅ ºl­¿lmᴅsinᴅ imkan verir. 

ᴄgᴅr sensorlardan biri vᴅ ya bir ne­ᴅsi tᴅyin olunmuĸ hᴅddi ke­ᴅrsᴅ, sonuncu sensorun 

vᴅziyyᴅti sistemin cari vᴅziyyᴅtini xarakterizᴅ edir vᴅ m¿vafiq idarᴅetmᴅ mexanizmini iĸᴅ salēr. 

Qurĵunun iĸ prinsipi ardēcēl mᴅntiqᴅ ᴅsaslanēr. Borunun ᴅn aĸaĵē hissᴅsindᴅ sensorlarēn 

fᴅaliyyᴅti ¿­¿n ¿mumi naqil yerlᴅĸdirilmiĸdir vᴅ ºl­mᴅ prosesi bu naqil vasitᴅsilᴅ mᴅrhᴅlᴅli 

ĸᴅkildᴅ hᴅyata ke­irilir. Suyun sᴅviyyᴅsi artdēqca sensorlar ardēcēl olaraq ¿mumi naqilᴅ 

qoĸulur. Ķlk mᴅrhᴅlᴅdᴅ birinci sensor aktivlᴅĸir vᴅ m¿vafiq LED iĸēq sa­ēr. Nºvbᴅti mᴅrhᴅlᴅlᴅrdᴅ 

digᴅr sensorlar aktivlᴅĸdikcᴅ uyĵun LED indikatorlar iĸᴅ d¿ĸ¿r vᴅ ᴅvvᴅlki indikatorlar 

sºnd¿r¿l¿r. Bu proses dºrd¿nc¿ sensora qᴅdᴅr ardēcēl ĸᴅkildᴅ davam edir vᴅ b¿t¿n 

ᴅmᴅliyyatlar 2 Hz tezliyi ilᴅ yerinᴅ yetirilir. 

Tᴅsvir edilᴅn alqoritm sistemin iĸ prosesini mᴅntiqi ardēcēllēqla tᴅĸkil edir. Prosesin 

sonunda sistem ilkin vᴅziyyᴅtinᴅ qaytarēlēr vᴅ ºl­mᴅ dºvr¿ tᴅkrar olunur. Qurĵunun idarᴅ 

olunmasē m¿asir mikrokontroller texnologiyalarēna ᴅsaslanēr. PIC16F628A mikrokontrolleri 

¿­¿n iĸ­i proqram Assembler dilindᴅ yazēlmēĸ vᴅ MPLAB 8.8 proqram m¿hitindᴅ 

hazērlanmēĸdēr. 

Qurĵunun iĸ prinsipinin yoxlanēlmasē vᴅ funksional x¿susiyyᴅtlᴅrinin tᴅhlili mᴅqsᴅdilᴅ 

sistem Proteus virtual laboratoriya m¿hitindᴅ modellᴅĸdirilmiĸdir. Proteus Virtual System 

Modelling (VSM) texnologiyasē qarēĸēq rejimli SPICE dºvrᴅ simulyasiyasēnē, animasiya 

olunmuĸ elektron komponentlᴅri vᴅ mikroprosessor modellᴅrini bir m¿hitdᴅ birlᴅĸdirᴅrᴅk tam 

mikrokontroller ᴅsaslē dizaynlarēn birgᴅ simulyasiyasēnē tᴅmin edir. Bu yanaĸma fiziki prototipin 

hazērlanmasēndan ᴅvvᴅl layihᴅnin hazērlanmasē vᴅ sēnaqdan ke­irilmᴅsinᴅ imkan yaradēr. 

Proteus VSM m¿hitindᴅ LED, LCD displeylᴅr, elᴅcᴅ dᴅ a­arlar vᴅ d¿ymᴅlᴅr kimi 

aktuatorlar vasitᴅsilᴅ istifadᴅ­i dizaynla interaktiv ᴅlaqᴅ yarada bilir. Simulyasiya prosesi real 

vaxt rejimindᴅ vᴅ ya real vaxta yaxēn s¿rᴅtlᴅ hᴅyata ke­irilir. Mᴅsᴅlᴅn, 1 GHz Pentium III 

prosessoru 12 MHz tezlikdᴅ iĸlᴅyᴅn ᴅsas 8051 sisteminin simulyasiyasēnē tᴅmin edᴅ bilir. 

Proteus VSM hᴅm assembler, hᴅm dᴅ y¿ksᴅk sᴅviyyᴅli proqramlaĸdērma dillᴅri ¿­¿n geniĸ 

sazlama imkanlarē tᴅqdim edir. Bu imkanlara kᴅsilmᴅ nºqtᴅlᴅrinin tᴅyin edilmᴅsi (breakpoints), 

proqramēn addēm-addēm icrasē vᴅ dᴅyiĸᴅnlᴅrin vᴅziyyᴅtinin real vaxt rejimindᴅ m¿ĸahidᴅsi 

daxildir. 
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                                    a)                                                                b) 

ķᴅkil 2.  LPC2104 mikro kontroller ¿zᴅrindᴅ qurulmuĸ layihᴅ n¿munᴅsi: 
a) elektrik sxemi; b) kod redaktorunda mikrokontrollerin  bᴅrpa proqramē 

 

Proteus Virtual System Modelling (VSM) m¿hiti mikrokontroller ᴅsaslē sistemlᴅrin 
simulasiya vᴅ tᴅhlilini yalnēz proqram tᴅminatē sᴅviyyᴅsindᴅ deyil, hᴅm dᴅ elektron 
komponentlᴅrin vᴅ ºl­mᴅ cihazlarēnēn virtual interfeysi ilᴅ tᴅmin edir. Sistem daxilindᴅ 
osiloskop, mᴅntiq analizatoru, funksiya generatoru, n¿munᴅ generatoru, sayĵac/taymer, 
virtual terminal, elᴅcᴅ dᴅ sadᴅ voltmetr vᴅ ampermetr kimi bir sēra virtual ºl­mᴅ alᴅtlᴅri 
mºvcuddur. Bu alᴅtlᴅr istifadᴅ­iyᴅ hᴅm analoq, hᴅm dᴅ rᴅqᴅmsal siqnallarē real vaxt 
rejimindᴅ m¿ĸahidᴅ etmᴅk vᴅ onlarēn davranēĸēnē tᴅhlil etmᴅk imkanē verir. 

Osiloskop vᴅ mᴅntiq analizatoru vasitᴅsilᴅ mikrokontroller sistemindᴅ giriĸ-­ēxēĸ 
siqnallarēnēn zaman domenindᴅ vizualizasiyasē m¿mk¿nd¿r. Funksiya generatoru vᴅ 
n¿munᴅ generatoru isᴅ sistemᴅ m¿xtᴅlif tezlik vᴅ amplituda parametrlᴅri ilᴅ test siqnallarē 
tᴅtbiq etmᴅyᴅ imkan yaradēr. Sayĵac vᴅ taymerlᴅr proqramēn zaman ᴅsaslē 
ᴅmᴅliyyatlarēnēn doĵruluĵunu yoxlamaĵa xidmᴅt edir, virtual terminal isᴅ mikrokontroller ilᴅ 
istifadᴅ­i arasēnda interaktiv mᴅlumat m¿badilᴅsini tᴅmin edir. Sadᴅ voltmetr vᴅ ampermetr 
cihazlarē isᴅ sistemdᴅ gᴅrginlik vᴅ cᴅrᴅyan parametrlᴅrinin ºl­¿lmᴅsini tᴅmin edir, belᴅliklᴅ 
istifadᴅ­i elektrik dºvrᴅsinin fiziki x¿susiyyᴅtlᴅrini real vaxtda tᴅhlil edᴅ bilir. 

ᴄgᴅr istifadᴅ­i qrafik analiz vᴅ daha m¿rᴅkkᴅb ºl­mᴅ funksiyalarē tᴅlᴅb edirsᴅ, 
Proteus VSM-dᴅ  Qabaqcēl Simulyasiya Se­imi (Advanced Simulation Options) tᴅqdim 
olunur. Bu se­im analoq dºvrᴅlᴅrin tezlik spektri, harmonik tᴅhrif, sᴅs-k¿y vᴅ s¿p¿rmᴅ 
(sweep) analizlᴅri kimi ᴅlavᴅ analiz nºvlᴅrinin hᴅyata ke­irilmᴅsinᴅ imkan verir. Bundan 
baĸqa, sistemdᴅ Uyĵunluq Analizi (Compliance Analysis) kimi unikal alᴅt mºvcuddur ki, bu 
da proqram tᴅminatēnēn keyfiyyᴅtinin tᴅminatē vᴅ tᴅlᴅblᴅrᴅ uyĵunluĵun yoxlanmasē ¿­¿n 
g¿cl¿ metodik vasitᴅ kimi ­ēxēĸ edir. Uyĵunluq analizi layihᴅ mᴅrhᴅlᴅsindᴅ sᴅhvlᴅrin aĸkar 
edilmᴅsini asanlaĸdērēr vᴅ sistemin dizayn keyfiyyᴅtini artērēr. 

Belᴅliklᴅ, Proteus VSM virtual laboratoriya m¿hiti yalnēz mikrokontroller ᴅsaslē 
qurĵularēn simulyasiyasēnē tᴅmin etmir, hᴅm dᴅ onlarēn sēnaq vᴅ tᴅhlilini aparmaq ¿­¿n 
geniĸ ­eĸidli ºl­mᴅ vᴅ analiz vasitᴅlᴅri ilᴅ tᴅmin olunmuĸdur. Bu imkanlar fiziki prototiplᴅrin 
hazērlanmasēna baĸlamazdan ᴅvvᴅl layihᴅnin tam funksional yoxlanēlmasēna vᴅ 
optimallaĸdērēlmasēna ĸᴅrait yaradēr. 
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ķᴅkil 3.Proqram ᴅsasēnda ­ēxēĸ siqnallarēnēn tᴅsviri 

 

Proteus VSM-in ¿st¿nl¿klᴅri vᴅ iĸ prinsipi: Proteus Virtual System Modelling (VSM) 
sxematik paket daxilindᴅ mikrokontroller ᴅsaslē dizaynlarēn sistem sᴅviyyᴅsindᴅ 
simulyasiyasēnē tᴅmin edᴅrᴅk, sxematik vᴅ PCB dizaynē arasēndakē boĸluĵu aradan qaldēran ilk 
proqram mᴅhsulu kimi ­ēxēĸ edir. On ildᴅn artēq bir m¿ddᴅt ke­mᴅsinᴅ baxmayaraq, Proteus 
VSM hᴅlᴅ dᴅ rᴅqib mᴅhsullarla m¿qayisᴅdᴅ daha geniĸ mikrokontroller variantlarē vᴅ periferik 
qurĵular, inkiĸaf etmiĸ sazlama alᴅtlᴅri vᴅ innovasiyaya davamlē diqqᴅti ilᴅ bu sahᴅdᴅ lider 
mºvqedᴅdir. 

Proteus VSM istifadᴅ­ilᴅrᴅ quraĸdērēlmēĸ m¿hᴅndislik ¿­¿n unikal inkiĸaf platformasē 
tᴅqdim edir. Proqram vasitᴅsi ilᴅ mikrokontroller hissᴅsinᴅ aid proqram fayllarē (HEX, COF, 
ELF/DWARF2, UBROF vᴅ s.) sxematik olaraq inteqrasiya edilᴅ bilᴅr. Simulyasiya zamanē 
proqramēn sxem ¿zᴅrindᴅ yaratdēĵē tᴅsir vizual ĸᴅkildᴅ m¿ĸahidᴅ olunur. Bu yanaĸma, 
istifadᴅ­iyᴅ mikrokontroller ᴅsaslē sistemin funksional davranēĸēnē layihᴅnin ilkin mᴅrhᴅlᴅsindᴅ 
sēnamaĵa imkan verir. Layihᴅ zamanē sxemi yenidᴅn tᴅrtib edᴅrᴅk, rezistorlar, kondensatorlar 
vᴅ digᴅr komponentlᴅrin dᴅyᴅrlᴅrini dᴅyiĸmᴅk, yeni komponentlᴅr ᴅlavᴅ etmᴅk vᴅ ya artēq 
mºvcud olanlarē ­ēxarmaq m¿mk¿nd¿r. Hᴅm­inin, se­ilmiĸ IDE-dᴅ proqram tᴅminatē 
dᴅyiĸdirildikdᴅn sonra, tᴅrtib olunmuĸ yeni kod bir d¿ymᴅ basmaqla virtual m¿hitdᴅ test edilᴅ 
bilᴅr. Bu x¿susiyyᴅtlᴅr istifadᴅ­iyᴅ sēnaq vᴅ optimallaĸdērma prosesi ¿­¿n tam sᴅrbᴅstlik verir, 
m¿xtᴅlif ideyalarēn tᴅsirini m¿qayisᴅli ĸᴅkildᴅ qiymᴅtlᴅndirmᴅyᴅ imkan yaradēr vᴅ layihᴅ ¿­¿n 
optimal dizayn hᴅllini m¿ᴅyyᴅn etmᴅyᴅ kºmᴅk edir. 

Proteus VSM sxematik proqram tᴅminatēna ñvirtual prototipò rolunu verir. Ķstifadᴅ­i hᴅm 
sxemdᴅ, hᴅm dᴅ proqram tᴅminatēnda dᴅyiĸikliklᴅri asanlēqla vᴅ s¿rᴅtlᴅ tᴅtbiq edᴅ bilir. Bu isᴅ 
fiziki prototiplᴅrin hazērlanmasēna baĸlamazdan ᴅvvᴅl layihᴅnin funksional doĵruluĵunu vᴅ 
etibarlēlēĵēnē tᴅmin etmᴅk ¿­¿n effektiv vasitᴅdir. 

Bu tᴅdqiqatēn elmi yeniliyi aĸaĵēdakē aspektlᴅrdᴅ ifadᴅ olunur: 
Mikrokontroller ᴅsaslē sistemlᴅrin virtual laboratoriya m¿hitindᴅ tᴅhlili: Mᴅqalᴅdᴅ tᴅqdim 

olunan yanaĸma Proteus VSM proqramē vasitᴅsilᴅ elektron qurĵularēn funksional vᴅ 
parametrlᴅrinin simulyasiyasēnē sistem sᴅviyyᴅsindᴅ hᴅyata ke­irmᴅyᴅ imkan verir. Bu 
yanaĸma fiziki prototiplᴅrin hazērlanmasēna baĸlamazdan ᴅvvᴅl qurĵularēn iĸ prinsipini dᴅqiq 
ĸᴅkildᴅ yoxlamaĵa imkan yaradēr, belᴅliklᴅ hᴅm vaxt, hᴅm dᴅ maliyyᴅ resurslarēnēn qᴅnaᴅtini 
tᴅmin edir. 

Qarēĸēq sxemlᴅrin vᴅ periferik komponentlᴅrin inteqrasiyasē: Tᴅdqiqat mikrokontroller 
(Arduino vᴅ PIC) ilᴅ birgᴅ m¿xtᴅlif sensorlar, aktuatorlar vᴅ LED indikatorlarēnēn ardēcēl vᴅ 
mᴅntiqi iĸ prinsipini virtual m¿hitdᴅ sēnaqdan ke­irmᴅyᴅ imkan yaradēr. Bu, idarᴅetmᴅ 
qurĵularēnēn iĸ prinsipinin daha ᴅtraflē vᴅ dᴅqiq anlaĸēlmasēna ĸᴅrait yaradēr. 

Virtual prototiplᴅmᴅ konsepsiyasēnēn tᴅtbiqi: Proteus VSM-in tᴅqdim etdiyi ñvirtual 
prototipò yanaĸmasē tᴅdqiqat­ēya proqram tᴅminatēnē (HEX, COF, ELF vᴅ s.) vᴅ sxem 
elementlᴅrini birlᴅĸdirᴅrᴅk sxematik vᴅ PCB dizaynlarē arasēndakē boĸluĵu aradan qaldērmaq 
imkanē verir. Bu, elektron qurĵularēn layihᴅlᴅndirilmᴅsindᴅ daha ­evik vᴅ effektiv dizayn 
metodikasēnēn tᴅtbiqinᴅ ĸᴅrait yaradēr. 
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Simulyasiya nᴅticᴅlᴅrinin tᴅhlili: Tᴅqdim olunmuĸ metodika sensor vᴅ LED indikatorlarēn 
ardēcēl iĸlᴅmᴅ prinsipini, suyun sᴅviyyᴅsinᴅ gºrᴅ idarᴅetmᴅnin mᴅntiqini vᴅ mikrokontrollerin 
iĸ­i proqramēnēn davranēĸēnē osiloskop vᴅ digᴅr virtual alᴅtlᴅr vasitᴅsilᴅ real vaxt rejimindᴅ 
m¿ĸahidᴅ etmᴅyᴅ imkan verir. Bu, elektron qurĵularēn funksional davranēĸēnēn sistemli vᴅ elmi 
ĸᴅkildᴅ tᴅhlilinᴅ imkan yaradēr. 

Tᴅdris vᴅ tᴅdqiqat prosesindᴅ tᴅtbiq imkanlarē: Tᴅklif olunan metodika yalnēz praktik 
tᴅtbiq ¿­¿n deyil, hᴅm dᴅ m¿hᴅndislik tᴅhsili vᴅ elmi-tᴅdqiqat prosesindᴅ istifadᴅ oluna bilᴅr. 
Virtual laboratoriya m¿hiti tᴅlᴅbᴅlᴅrᴅ mikrokontroller ᴅsaslē sistemlᴅrin iĸ prinsiplᴅrini ºyrᴅnmᴅk 
vᴅ analiz etmᴅk ¿­¿n ᴅlveriĸli platforma tᴅqdim edir. 

Belᴅliklᴅ, tᴅdqiqat hᴅm virtual laboratoriya m¿hitindᴅ mikrokontroller ᴅsaslē elektron 
qurĵularēn simulyasiyasē vᴅ tᴅhlili, hᴅm dᴅ sxematik vᴅ proqram tᴅminatēnēn inteqrasiyasēnēn 
elmi ᴅsaslarēnēn tᴅtbiqi sahᴅsindᴅ yenilik­ilik tᴅĸkil edir. 

Nᴅticᴅ: Mᴅqalᴅdᴅ elektron qurĵularēn virtual tᴅhlili ¿­¿n istifadᴅ olunan proqram 
tᴅminatlarēnēn ilkin x¿susiyyᴅtlᴅri, funksionallēqlarē vᴅ tᴅtbiq imkanlarē sistemli ĸᴅkildᴅ tᴅqdim 
edilmiĸdir. X¿susilᴅ, Proteus proqramē n¿munᴅsindᴅ, elektron elementlᴅrin bazasē ¿zᴅrindᴅn 
tᴅlᴅb olunan qurĵularēn mᴅrhᴅlᴅli ĸᴅkildᴅ quraĸdērēlmasē, onlarēn texniki parametrlᴅrinin, 
elektrik vᴅ fiziki xarakteristikalarēnēn dᴅqiq tᴅdqiqi izah olunmuĸdur. 

Simulyasiya prosesi zamanē ᴅldᴅ olunan mᴅlumatlarēn vizualizasiyasē, o c¿mlᴅdᴅn 
osiloskop vasitᴅsilᴅ siqnal ᴅyrilᴅrinin izlᴅnmᴅsi, hᴅm­inin komponentlᴅr arasēndakē qarĸēlēqlē 
tᴅsirlᴅrin real vaxt rejimindᴅ m¿ĸahidᴅsi ᴅtraflē ĸᴅkildᴅ tᴅsvir edilmiĸdir. Bu, istifadᴅ­ilᴅrᴅ yalnēz 
nᴅzᴅri biliklᴅrlᴅ kifayᴅtlᴅnmᴅyᴅrᴅk, praktik tᴅcr¿bᴅ qazanmaq, sistemin davranēĸēnē real 
ĸᴅraitdᴅ tᴅhlil etmᴅk vᴅ potensial problemlᴅri ºncᴅdᴅn m¿ᴅyyᴅn etmᴅk imkanē verir. 

Bundan ᴅlavᴅ, virtual laboratoriya m¿hitindᴅ qurĵularēn parametrik optimallaĸdērēlmasē vᴅ 
dizayn sēnaqlarē m¿hᴅndislᴅrᴅ vᴅ tᴅdqiqat­ēlara layihᴅlᴅrin daha s¿rᴅtli, qᴅnaᴅtcil vᴅ tᴅhl¿kᴅsiz 
ĸᴅkildᴅ hazērlanmasēnē tᴅmin edir. Elektron qurĵularēn dizayn mᴅrhᴅlᴅsindᴅ simulyasiyanēn 
tᴅtbiqi, hᴅm­inin resurslarēn sᴅmᴅrᴅli istifadᴅsini, laboratoriya avadanlēqlarēnēn qorunmasēnē vᴅ 
tᴅdris prosesindᴅ praktik bacarēqlarēn inkiĸafēnē dᴅstᴅklᴅyir. 

Nᴅticᴅ etibarilᴅ, virtual laboratoriya proqramlarē yalnēz tᴅdris vᴅ tᴅcr¿bᴅ mᴅqsᴅdlᴅri ¿­¿n 
deyil, hᴅm dᴅ elmi-tᴅdqiqat fᴅaliyyᴅti vᴅ sᴅnaye tᴅtbiqlᴅri ¿­¿n effektiv bir alᴅt rolunu oynayēr. 
Onlar elektron sistemlᴅrin layihᴅlᴅndirilmᴅsi, sēnaqdan ke­irilmᴅsi vᴅ optimallaĸdērēlmasē 
prosesini sadᴅlᴅĸdirir, istifadᴅ­iyᴅ hᴅm interaktiv tᴅcr¿bᴅ, hᴅm dᴅ mᴅlumatēn y¿ksᴅk dᴅqiqliklᴅ 
tᴅhlilini tᴅmin edᴅn tᴅkmil simulyasiya m¿hiti tᴅqdim edir. Bu yanaĸma, gᴅlᴅcᴅkdᴅ daha 
m¿rᴅkkᴅb elektron qurĵularēn dizaynē vᴅ avtomatlaĸdērēlmēĸ sistemlᴅrin inteqrasiyasē ¿­¿n 
ᴅsas platforma rolunu oynayacaqdēr 

Mᴅqalᴅdᴅ elektron qurĵularēn virtual tᴅhlili ¿­¿n istifadᴅ olunan proqramlarēn ilkin 
x¿susiyyᴅtlᴅri vᴅ imkanlarē tᴅqdim olunmuĸdur. Proteus proqramē ¿zᴅrindᴅ element bazasēnēn 
kºmᴅyi ilᴅ tᴅlᴅb olunan qurĵularēn quraĸdērēlmasē ardēcēllēĵē vᴅ onlarēn parametrlᴅrinin, 
xarakteristikalarēnēn tᴅdqiqi izah edilmiĸdir. Nᴅticᴅ etibarilᴅ, sistemin yoxlanēlmasē vᴅ 
simulyasiya zamanē ᴅldᴅ olunan mᴅlumatlarēn vizualizasiyasē, x¿susilᴅ elektrik siqnallarēnēn 
ᴅyrilᴅrinin osiloskop vasitᴅsilᴅ m¿ĸahidᴅsi ᴅtraflē ĸᴅkildᴅ tᴅsvir olunmuĸdur. Bu yanaĸma 
elektron qurĵularēn layihᴅlᴅndirilmᴅsi, sēnaqdan ke­irilmᴅsi vᴅ optimallaĸdērēlmasē prosesini 
asanlaĸdērēr vᴅ elmi-tᴅdqiqat fᴅaliyyᴅtindᴅ tᴅtbiq ¿­¿n ᴅlveriĸli alᴅt tᴅmin edir. 
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The article examines the modeling of electronic devices and circuits in a virtual laboratory 
environment and the systematic analysis of their functional characteristics. The limitations of 
traditional laboratory facilities in the educational system-due to both equipment and resource 
constraints-pose challenges to the development of studentsô practical skills. Within this context, 
virtual research and simulation approaches emerge as essential and highly effective tools. 

In this study, the Proteus software platform was utilized to design electronic circuits, simulate 
microcontroller behavior, and analyze various operational modes. The virtual laboratory 
environment enables students and researchers to gain practical experience, investigate system 
behaviors under different scenarios, and identify potential issues even in the absence of physical 
devices. This approach enhances the efficiency of the educational process and provides a reliable, 
interactive platform for the design, testing, and optimization of electronic devices in scientific 
research. Consequently, virtual laboratories not only facilitate the integration of theoretical 
knowledge with hands-on practice but also support the implementation of technological 
innovations, simulation-based design methodologies, and automated analyses of electronic 
systems. 

Keywords: virtual circuit, electronic devices, proteus, distance learning, microprocessor, 
microcontroller, inverter 
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Fizikanēn mexanika bºlmᴅsi fizikanēn fundamental bºlmᴅsindᴅndir.ķagirdlᴅrᴅ  mexanika 
bºlmᴅsi mᴅntiqi d¿ĸ¿nmᴅ,analtik yanaĸma bacarēqlarē formalaĸdērēr.¢ᴅtinlik sᴅviyyᴅsi artērēlmēĸ 
mᴅsᴅlᴅlᴅri hᴅll etmᴅk ¿­¿n ºncᴅdᴅn mᴅsᴅlᴅni oxumalē anlamalē  tᴅhlil etmᴅ bacarēqlarēnē 
inkiĸaf etdirmᴅlidirlᴅr.¢ᴅntin mᴅsᴅlᴅ hᴅlli ĸagirdlᴅrdᴅ y¿ksᴅk d¿ĸ¿nmᴅ  ᴅldᴅ etmᴅsindᴅ dᴅrin 
rol oynayēr.Mᴅsᴅlᴅnin hᴅlli ¿­¿n metodlara baxaq.[1] 

1.Mᴅsᴅlᴅnin d¿zg¿n tᴅhlili 
¢ᴅtin mᴅsᴅlᴅnin hᴅlli d¿zgun baĸa d¿ĸ¿lmᴅsidir.ķagirdlᴅr ­ᴅtin mᴅsᴅlᴅni addēm addēm 

tᴅtbiq etmᴅlidir.Diqqᴅtlᴅ oxumalē,qrafiklᴅri,ĸᴅkillᴅri d¿zg¿n ­ᴅkmᴅli vᴅ sᴅhvlᴅrin qarĸēsēnē almaq 
lazēmdēr.[2] 

Fiziki qanun vᴅ prinsiplᴅrin se­ilmᴅsi ­ᴅtin mᴅsᴅlᴅ hᴅllindᴅ fizikanēn bir ne­ᴅ qanunlarēnē 
birlikdᴅ tᴅtbiq etmᴅliyik.Mexanikada istifadᴅ edilᴅn bir ne­ᴅ qanunlar aĸaĵēdakē kimidir. 

Nyutonun qanunlarē 
Enerjinin saxlanma qanunu 
Impulsun saxlanma qanunlarē 
Kinematiki tᴅnliklᴅr vᴅ s. 
ķagirdlᴅr ­ᴅtin vᴅziyyᴅtdᴅ hansē qanundan istifadᴅ etmᴅli olduĵunu bilmᴅlidirlᴅr.  
ikinci mᴅrhᴅlᴅdᴅ hansē metodlardan istifadᴅ olunmasēnē nᴅzᴅrᴅ almalēyēq. 
Mᴅsᴅlᴅni hissᴅ -hissᴅ ardēcēl ĸᴅkildᴅ  tᴅhlil etmᴅliyik.Mᴅlum faktlardan istifadᴅ edᴅrᴅk 

nᴅticᴅyᴅ gᴅlmᴅk lazēmdēr.Oxĸar mᴅsᴅlᴅlᴅri m¿qayisᴅ etmᴅklᴅ hᴅllini tapmalē riyazi vᴅ fiziki 
d¿sturlardan istifadᴅ etmᴅliyik.Mexanika bºlmᴅsindᴅ mexiniki mᴅsᴅlᴅlᴅri qrafiklᴅr ­ᴅkᴅrᴅk hᴅll 
etmᴅklᴅ daha asan vᴅ sᴅmᴅrᴅli hᴅll etmᴅk olar.Mᴅsᴅlᴅn s¿rᴅt-zaman qrafiki vasitᴅsi ilᴅ 
hᴅrᴅkᴅtin xarakterini tᴅhlil etmᴅk  analiz etmᴅk asan olacaq. Alternativ yollar axtarmalē, eyni 
mᴅsᴅlᴅni m¿xtᴅlif hᴅll yolu ilᴅ hᴅll etmᴅli [3] 

¦­¿ncu mᴅrhᴅlᴅ tᴅtbiqdir.Bu mᴅrhᴅlᴅdᴅ riyazi dusturlara ,qrafiklᴅrᴅ  apardēĵēmēz 
hesablama mᴅrhᴅlᴅsini sintez etmᴅli vᴅ nᴅticᴅyᴅ gᴅlmᴅlidir. Qeyd etdiklᴅrimizi n¿munᴅ 
¿zᴅrindᴅ izah edᴅk: 

Mᴅsᴅlᴅ:  Cisimin hᴅrᴅkᴅt tᴅnliyi X=15-12t+3t2(m) ĸᴅklindᴅdir .Cismin dayananadᴅk nᴅ 
qᴅdᴅr m¿ddᴅt hᴅrᴅkᴅtdᴅ olmuĸdur?                                                        

                                       Hᴅlli 
ilk ºncᴅ bilmᴅliyik ki,cisim dayananda s¿rᴅti v=0 olur.S¿rᴅti tapmaq ¿­¿n koordinatēn 

tºrᴅmᴅsini almalē   v==-12+6t 

indi dayanma anēnē tapmaq ¿­¿n v=0 yazaq  
-12+6t=0  
6t=12 
t=2 san 
demᴅli cisim dayananadᴅk 2 san hᴅrᴅkᴅtdᴅ olmuĸdu. 
Belᴅliklᴅ mexanika bºlmᴅsindᴅ ­ᴅtinliyᴅ artērēlmēĸ   mᴅsᴅlᴅ ĸagirdlᴅrdᴅ tᴅfᴅkk¿r¿ inkiĸaf 

etdirir vᴅ onlarē daha y¿ksᴅk sᴅviyyᴅli tapĸērēqlara hazērlayēr. M¿ᴅllim isᴅ bu metodlarē 
ĸagirdlᴅrᴅ izah etmᴅklᴅ yanaĸē m¿stᴅqil d¿ĸ¿nmᴅ bacarēqlarēnē aĸēlaya bilmᴅlidir. 

 

ᴄDᴄBĶYYAT 
1.Fizikadan n¿mayiĸ eksperimenti. II hissᴅ. Bakē, 1979 
2.Ķsmayēlov Ķ.N. Fizikanēn tᴅdrisindᴅ yeni informasiya texnologiyalarēndan istifadᴅ ¿zrᴅ iĸin sistemi 
(Monoqrafiya). Bakē: M¿tᴅrcim, 2009, 244 s. 

mailto:Taqiyeva74@mail.ru
mailto:Zerqelem_huseynova@mail.ru


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

133 
 

3.Yʝni nᴅsil multimʝdiʘ dᴅrsliyi (Fiziʢʘ) ɽlʝʢtrʦn dᴅrsliʢlᴅr. Bʘʢē: Bʘʢēnᴅĸr, 2007 
4.ɹ.ʉ.ɹʝʣʠʢʦʚ ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ  ʬʠʟʠʢʝ. ʆʙʰʠʝ ʤʝʪʦʜʳ ï Mʦʩʢʚʘ. 1986. ï 256 ʩ.   
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Thus, increasing the difficulty of the problem in the mechanics section develops students' 

thinking and prepares them for higher-level tasks. The teacher must be able to explain these 
methods to students and instill in them independent thinking skills. 

Keywords: speed, acceleration, coordinate, graphs 
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Son illᴅrdᴅ [1]-dᴅ tᴅklif olunan triboelektrik nanogenerator (TENG) konsepsiyasē 
geniĸ inkiĸaf etmiĸdir. Bu cihaz mexaniki s¿rt¿nmᴅ enerjisini elektrik enerjisinᴅ ­evirir; 
onun iĸ prinsipi kontakt elektriklᴅĸdirmᴅ vᴅ elektrostatik induksiya fenomenlᴅrinᴅ ᴅsaslanēr. 
TENG-lᴅrin ­ēxēĸ g¿c¿n¿n vᴅ etibarlēlēĵēnēn artērēlmasē portativ vᴅ geyilᴅ bilᴅn 
elektronikanēn enerji tᴅchizatē problemini hᴅll edᴅ bilᴅr. 

Klassik TENG-lᴅr polimerlᴅrᴅ (PVC, PET, PTFE) ᴅsaslanēr, lakin onlarēn yaratdēĵē 
cᴅrᴅyan y¿ksᴅk impedansla mᴅhdudlaĸēr vᴅ 10 mA/m2-dᴅn ­ox deyil. Bu baxēmdan, 
yarēmke­iricilᴅrdᴅ triboelektrik fenomenlᴅrin ºyrᴅnilmᴅsi maraq doĵurur. Son bir araĸdērma 
[2] 10 A/m2 cᴅrᴅyan sēxlēĵēna malik Si/SiO2/Metal strukturunda tribogenerasiyanē aĸkar 
etmiĸdir. Bu tᴅdqiqatda, silikon substrat ¿zᴅrindᴅ yetiĸdirilᴅn 200 nm qalēnlēĵēnda indium 
fosfid tᴅbᴅqᴅsindᴅki triboelektrik proseslᴅr ke­irici atom q¿vvᴅsi mikroskopiyasē (AFM) 
istifadᴅ edilᴅrᴅk araĸdērēlmēĸdēr. Metal AFM zondundan ke­ᴅn elektrik cᴅrᴅyanēnēn axēnē 
n¿munᴅ sᴅthinᴅ s¿rt¿nmᴅ zamanē qeydᴅ alēnēb. 

Cᴅrᴅyan impulslarēnēn amplitudasē 500 pA-nē ke­ib ki, bu da tᴅxminᴅn 3Ā103 A/m2 
cᴅrᴅyan sēxlēĵēna uyĵundur. A­ēq dºvrᴅ gᴅrginliyinin 15 mV olduĵu m¿ᴅyyᴅn edilib. 
Belᴅliklᴅ, ­ēxēĸ g¿c¿ 50 Vt/m2 olub. Nᴅticᴅlᴅri izah etmᴅk ¿­¿n [3]-dᴅ tᴅklif olunan 
fenomenoloji nᴅzᴅriyyᴅdᴅn istifadᴅ edilib. M¿ĸahidᴅ olunan cᴅrᴅyan, tᴅbii indium fosfid 
oksidinin sᴅrhᴅdlᴅrindᴅ y¿k¿n yenidᴅn bºl¿ĸd¿r¿lmᴅsi ilᴅ ᴅlaqᴅlᴅndirilir. Cᴅrᴅyanēn 
polyarlēĵē gºstᴅrir ki, artēq mᴅnfi y¿k oksid/zond sᴅrhᴅdindᴅ yaranēr. Bᴅzi tᴅlᴅyᴅ d¿ĸm¿ĸ 
elektronlar yarēmke­iriciyᴅ tunel vasitᴅsilᴅ daxil ola vᴅ elektrik cᴅrᴅyanē yarada bilᴅr. 

Fotovoltaik yarēmke­irici materiallarda triboelektrik proseslᴅrin tᴅdqiqi TENG-lᴅrin 
­ēxēĸ g¿c¿n¿ artēracaq vᴅ hibrid triboelektrik/fotovoltaik generatorlarēn yaradēlmasēna gᴅtirib 
­ēxaracaq. 
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Triboelectric generation is based on the principle of the generation of an electric 
charge between materials due to friction and contact. Semiconductor materials such as 
Indium Nitride-Phosphide (INP) are considered promising materials for efficient energy 
conversion in triboelectric generators due to their high surface area and good electrical 
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electronic devices. This approach also has significant potential for sustainable energy 
sources and increasing energy efficiency. 
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Mᴅhkᴅmᴅ ekspertizasē sahᴅsindᴅ iĸdᴅ maddi s¿but kimi tanēnan videoqramdakē 
kadrlarda qeydᴅ alēnan obyektlᴅr arasēndakē mᴅsafᴅlᴅrin, obyektin ºl­¿lᴅrinin, vizual hadisᴅlᴅr 
arasēnda ke­ᴅn real vaxtēn, obyektin s¿rᴅtinin dᴅqiq m¿ᴅyyᴅn olunmasē istintaq vᴅ mᴅhkᴅmᴅ 
orqanlarēnēn iĸ ¿zrᴅ obyektiv qᴅrarlarēn qᴅbul edilmᴅsindᴅ m¿h¿m rol oynayēr. 

Hazērda videoyazēdakē gºr¿nt¿lᴅrin keyfiyyᴅtinin yaxĸēlaĸdērēlmasē, videoyazēlarēn 
hᴅqiqiliyinin m¿ᴅyyᴅn olunmasē vᴅ yuxarēda qeyd olunan mᴅsᴅlᴅlᴅrin hᴅlli ¿­¿n nᴅzᴅrdᴅ 
tutulmuĸ AmpedFive, Kinovea, Amped Authenticate, OTExpert, DTP-Expert kimi x¿susi 
proqram tᴅminatlarēndan (XPT) Azᴅrbaycan Respublikasē ᴄdliyyᴅ Nazirliyinin Mᴅhkᴅmᴅ 
Ekspertizasē Mᴅrkᴅzindᴅ vᴅ Bakē Dºvlᴅt Universitetinin fizika fakultᴅsinin tᴅdqiqat 
laboratoriyasēnda m¿vᴅffᴅqiyyᴅtlᴅ istifadᴅ olunur [1,2]. 

Mᴅhkᴅmᴅ, ºzᴅl vᴅ alternativ ekspertiza m¿ᴅsisᴅlᴅrindᴅ videoyazēlarēn kriminalistik 
ekspertizasē vᴅ kimyᴅvi ekspertiza sahᴅsinindᴅ ­alēĸacaq ekspertlᴅrin hazērlanmasē ¿­¿n Bakē 
Dºvlᴅt Universitetinin rolunu uyĵun sahᴅlᴅr ¿zrᴅ ilk baza tᴅhsili verᴅn hᴅlᴅlik yeganᴅ tᴅhsil 
ocaĵē kimi x¿susi qeyd etmᴅk yerinᴅ d¿ĸᴅrdi [3,4]. Belᴅ ki, artēq bir ne­ᴅ ildir ki, bu tᴅhsil 
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ocaĵēnēn fizika fakultᴅsindᴅ ñAudio vᴅ videoyazēlarēn rᴅqᴅmsal emalēò,  kimya fakultᴅsindᴅ isᴅ 
ñKimyᴅvi ekspertiza, fᴅnlᴅri tᴅdris olunur.  

Son vaxtlar yol-nᴅqliyyat hadisᴅlᴅrinin araĸdērēlmasēnda hadisᴅ iĸtirakcēsē olan obyektlᴅrin 
ºl­¿lᴅrinin, obyektlᴅr arasēndakē mᴅsafᴅnin, obyektin s¿rᴅtinin, tᴅcilinin, iki vizual vᴅ akustik 
hadisᴅ arasēnda ke­ᴅn real zaman intervalēnēn  m¿ᴅyyᴅn olunmasēnda subyektivlik daĸēyan 
ĸahid ifadᴅlᴅrinᴅ deyil, bu parametrlᴅrin hadisᴅnin qeydᴅ alēndēĵē fotoĸᴅkillᴅr vᴅ video 
gºr¿nt¿lᴅrᴅ gºrᴅ m¿ᴅyyᴅn olunmasēna daha ­ox ¿st¿nl¿k verilir. Tᴅqdim etdiyimiz material 
videoqramlara gºrᴅ YNH iĸtirakcēsē olan nᴅqliyyat vasitᴅlᴅrinin, piyadanēn, velosiped­inin vᴅ s. 
s¿rᴅtinin iki vizual vᴅ akustik hadisᴅ arasēnda ke­ᴅn real zamanēn dᴅqiq m¿ᴅyyᴅn olunmasēna 
hᴅsr olunmuĸdur. Mᴅhz bu parametrlᴅrᴅ gºrᴅ yol-nᴅqliyyat ekspertlᴅri tᴅrᴅfindᴅn hadisᴅ 
tºrᴅtmiĸ s¿r¿c¿n¿n hadisᴅnin qrĸēsēnē almaĵa texniki imkanēnēn olub-olmamasē m¿ᴅyyᴅn 
olunur, istintaq vᴅ mᴅhkᴅmᴅdᴅ isᴅ s¿r¿c¿n¿n g¿n¿hkar olub-olmamasē  qiymᴅtlᴅndirilir.  

S¿r¿c¿ ¿­¿n tᴅhl¿kᴅ yaranan andan hadisᴅnin baĸ vermᴅsinᴅ kimi ke­ᴅn real zamanēn, 
nᴅqliyyat vasitᴅsinin s¿rᴅtinin, tᴅcilinin dᴅqiq m¿ᴅyyᴅn olunmasē videoyazēnēn faktiki kadr 
tezliyini d¿zg¿n hesablamaqdan, videoyazēda d¿ĸᴅn vᴅ tᴅkrarlanan kadrlarēn olub-olmamasēnē, 
videoyazēnēn tᴅkrar kodlaĸdērēlēb-kodlaĸdērēlmadēĵēnē m¿ᴅyyᴅn etmᴅkdᴅn asēlēdēr ki, bu da 
ekspertdᴅn y¿ksᴅk bacarēq vᴅ professonallēq tᴅlᴅb edir. Videoyazēya gºrᴅ iki hadisᴅ arasēnda 
ke­ᴅn vaxt intervalēnēn d¿zg¿n hesablanmamasē alēnmēĸ nᴅticᴅlᴅrdᴅn istifadᴅ edᴅn yol-
nᴅqliyyat ekspertlᴅrinin rᴅylᴅrinin nᴅticᴅlᴅrinᴅ ºz mᴅnfi tᴅsirini gºstᴅrir.  

Videoyazēnēn yazēldēĵē videokameranēn sensorunun qeydᴅalma tezliyi ilᴅ kameranēn 
kodlaĸdērma proqram tᴅminatēnēn (kodekin) kadr tezliyi fᴅrqli olduqda videoyazēda d¿ĸᴅn vᴅ ya 
tᴅkrarlanan kadrlar yaranēr. ᴄgᴅr kodekin kodlaĸdērma tezliyi sensorun qeydᴅalma tezliyindᴅn 
bºy¿kd¿rsᴅ videoyazēda tᴅkrarlanan, ᴅks halda d¿ĸᴅn kadrlar yaranēr. Videoyazē ilkin 
videoyazēya nᴅzᴅrᴅn fᴅrqli kadr tezliyi ilᴅ tᴅkrar kodlaĸdērēldēqda da d¿ĸᴅn, tᴅkrarlanan vᴅ ya 
hᴅm d¿ĸᴅn, hᴅm dᴅ tᴅkrarlanan kadrlar yarana bilᴅr. Aparēlmēĸ tᴅdqiqatlar videoqramda d¿ĸᴅn 
vᴅ tᴅkrarlanan kadrlar nᴅzᴅrᴅ alēnmadan iki vizual vᴅ ya akustik hadisᴅ arasēnda ke­ᴅn zaman 
intervalēnēn m¿ᴅyyᴅn olunmasēnda tᴅkcᴅ videoredaktorun zaman sayĵacēndan istifadᴅ etmᴅklᴅ 
alēnan nᴅticᴅlᴅrin hadisᴅlᴅr arasēnda ke­ᴅn real vaxt intervalēndan kᴅskin fᴅrqlᴅndiyini gºstᴅrir. 
Mᴅsᴅlᴅn, Kinovea proqram tᴅminatēnēn saniyᴅºl­ᴅn funksiyasēndan istifadᴅ etmᴅklᴅ aparēlmēĸ 
tᴅdqiqatlarda  25 kadr/san tezliyi ilᴅ kodlaĸdērēlmēĸ videoyazēda piyadanēn yolun hᴅrᴅkᴅt 
hissᴅsinᴅ daxil olduĵu andan hᴅrᴅkᴅtdᴅ olan qara rᴅngli avtomobillᴅ toqquĸmasēna kimi t=1,28 
san kecdiyi halda (ĸᴅkil 1a vᴅ ĸᴅkil 1b), 15 kadr/san tezliyi ilᴅ kodlaĸdērēlmēĸ videoyazēda eyni 
hadisᴅlᴅr arasēnda t=2,13 san (ĸᴅkil 2a vᴅ ĸᴅkil 2b), 35 kadr/san tezliyi ilᴅ kodlaĸdērēlmēĸ 
videoyazēda isᴅ t=0,91 san (ĸᴅkil 3a vᴅ ĸᴅkil 3b) vaxt ke­diyini gºstᴅrmiĸdir.  
¢ᴅkdiyimiz misaldan gºr¿nd¿y¿ kimi fᴅrqli kadr tezliyi ilᴅ tᴅkrar kodlaĸdērēlmēĸ 

videoyazēlarda eyni iki hadisᴅ arasēnda ke­ᴅn zaman intervalē bir-birindᴅn 2 dᴅfᴅdᴅn dᴅ cox 
fᴅrqlᴅnir.  

       
ķᴅkil 1a.                                                              ķᴅkil 1b. 
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ķᴅkil 2a.                                                              ķᴅkil 2b. 

       
ķᴅkil 3a.                                                               ķᴅkil 3b. 

 

Tᴅkrar kodlaĸdērēlmamēĸ d¿ĸᴅn vᴅ ya tᴅkrarlanan kadrlē ilkin videoyazēlarda da iki hadisᴅ 
arasēnda ke­ᴅn zaman intervalēnēn videoredktorun zaman sayĵacēndan (PTS) vᴅ ya proqram 
tᴅminatēnēn saniyᴅºl­ᴅn funksiyasēndan istifadᴅ etmᴅklᴅ ᴅldᴅ olunan nᴅticᴅlᴅr dᴅ real 
zamandan fᴅrqlᴅnᴅ bilᴅr.  

PTS vᴅ ya proqram tᴅminatēnēn saniyᴅºl­ᴅn funksiyasē o zaman d¿zg¿n nᴅticᴅ gºstᴅrir 
ki, videoyazē ilkin olsun, yazē qurĵusunun zaman sayĵacē (TaymKod) ilᴅ PTS gºstᴅricilᴅri ¿st-
¿stᴅ d¿ĸs¿n vᴅ videoyazēda d¿ĸᴅn vᴅ tᴅkrarlanan kadrlar olmasēn. Videoyazēda d¿ĸᴅn vᴅ ya 
tᴅkrarlanan kadrlar olduĵu halda TaymKodun bir saniyᴅsinᴅ uyĵun gᴅlᴅn m¿ddᴅtdᴅ d¿ĸᴅn vᴅ 
ya tᴅkrarlanan kadrlar bᴅrpa olunmaqla videoyazēnēn real kadr tezliyi m¿ᴅyyᴅn olunaraq hᴅr 
kadra d¿ĸᴅn zamana gºrᴅ iki hadisᴅ arasēndakē zamanē hesablamaq olar. Gºr¿nd¿y¿ kimi 
videoyazēya gºrᴅ iki hadisᴅ arasēnda ke­ᴅn  real vaxtēn m¿ᴅyyᴅn olunmasē x¿susi bilik tᴅlᴅb 
edir vᴅ bu sahᴅdᴅ m¿kᴅmmᴅl metodiki materiallarēn hazērlanmasēna ehtiyac vardēr. Aĸaĵēda 
videoyazēya gºrᴅ iki hadisᴅ arasēnda ke­ᴅn real zamanēn m¿ᴅyyᴅn olunmasē ¿­¿n tᴅklif 
etdiyimiz elmi ᴅsaslara sºykᴅnᴅn vᴅ ekspert tᴅcr¿bᴅsindᴅ yoxlanēlmēĸ alqoritm verilmiĸdir:  
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iĸlᴅrdᴅ hadisᴅlᴅrin faktiki ĸᴅraitinin m¿ᴅyyᴅn edilmᴅsindᴅ m¿h¿m s¿but mᴅnbᴅyi kimi ­ēxēĸ 
edir. Bununla yanaĸē, rᴅqᴅmsal materiallarēn montaj olunmasē vᴅ dᴅyiĸdirilmᴅsi imkanlarēnēn 
artmasē onlarēn etibarlēlēĵēnēn elmi ¿sullarla yoxlanmasēnē zᴅruri edir. Mᴅqalᴅdᴅ audio, video vᴅ 
rᴅqᴅmsal fotoĸᴅkillᴅrin mᴅhkᴅmᴅ ekspertizasē vasitᴅsilᴅ araĸdērēlmasēnēn metodoloji ᴅsaslarē, 
istifadᴅ olunan m¿asir texniki metodlar vᴅ rᴅqᴅmsal s¿butlarēn h¿quqi qiymᴅtlᴅndirilmᴅsi 
mᴅsᴅlᴅlᴅri tᴅhlil olunur. Tᴅdqiqat gºstᴅrir ki, akustik analiz, spektral tᴅhlil, biometrik 
eynilᴅĸdirmᴅ, sensor k¿y¿ analizi (PRNU-Photo Response Non-Uniformity) vᴅ rᴅqᴅmsal 
mᴅlumatlarēn texniki analizi kimi metodlarēn kompleks tᴅtbiqi materiallarēn autentikliyinin 
m¿ᴅyyᴅn edilmᴅsinᴅ vᴅ mᴅhkᴅmᴅ qᴅrarlarēnēn obyektivliyinin tᴅmin edilmᴅsinᴅ m¿h¿m tºhfᴅ 
verir [1-5] . M¿asir dºvrdᴅ s¿ni intellekt ᴅsaslē deteksiya sistemlᴅri rᴅqᴅmsal montajēn ᴅn 
m¿rᴅkkᴅb formalarēnē, o c¿mlᴅdᴅn "Deepfake" montaj ᴅlamᴅtlᴅrini belᴅ aĸkar etmᴅyᴅ imkan 
verir (Verdoliva, 2020). 

M¿asir dºvrdᴅ informasiya vᴅ kommunikasiya texnologiyalarēnēn inkiĸafē nᴅticᴅsindᴅ 
audio, video vᴅ rᴅqᴅmsal fotoĸᴅkillᴅr h¿quqi proseslᴅrdᴅ geniĸ istifadᴅ olunan elektron s¿but 
nºvlᴅrindᴅn birinᴅ ­evrilmiĸdir. Mobil telefonlar, m¿ĸahidᴅ kameralarē, sᴅsyazma qurĵularē vᴅ 
digᴅr rᴅqᴅmsal texnologiyalar vasitᴅsilᴅ ᴅldᴅ olunan materiallar cinayᴅt hadisᴅlᴅrinin 
araĸdērēlmasēnda, faktlarēn m¿ᴅyyᴅn edilmᴅsindᴅ vᴅ ĸᴅxslᴅrin identifikasiyasēnda m¿h¿m rol 
oynayēr [6,7]. Audio vᴅ videoyazēlarēn h¿quqi s¿but kimi istifadᴅ edilmᴅsi bir sēra ¿st¿nl¿klᴅrᴅ 
malikdir. Bu materiallar hadisᴅlᴅrin real gediĸatēnē ᴅks etdirᴅ vᴅ mᴅhkᴅmᴅyᴅ faktlarēn obyektiv 
ĸᴅkildᴅ qiymᴅtlᴅndirilmᴅsindᴅ kºmᴅk edᴅ bilᴅr. Lakin rᴅqᴅmsal texnologiyalarēn inkiĸafē bu 
materiallarēn montaj olunmasē vᴅ dᴅyiĸdirilmᴅsi imkanlarēnē da artērmēĸdēr. M¿asir dºvrdᴅ 
fotoĸᴅkillᴅr vᴅ videolar ¿zᴅrindᴅ aparēlan rᴅqᴅmsal montaj ᴅmᴅliyyatlarē o qᴅdᴅr 
tᴅkmillᴅĸmiĸdir ki, s¿ni intellekt vasitᴅsilᴅ gºr¿nt¿dᴅn obyektlᴅrin silinmᴅsi vᴅ ya yeni 
elementlᴅrin ᴅlavᴅ edilmᴅsi adi vizual m¿ĸahidᴅ ilᴅ se­ilmir. Bu sᴅbᴅbdᴅn mᴅhkᴅmᴅ 
prosesindᴅ tᴅqdim olunan rᴅqᴅmsal materiallarēn orijinallēĵēnēn vᴅ etibarlēlēĵēnēn m¿ᴅyyᴅn 
edilmᴅsi x¿susi ekspertiza tᴅlᴅb edir. Mᴅhkᴅmᴅ ekspertizasē texniki x¿susiyyᴅtlᴅri araĸdēraraq 
onlarēn montaj olunub-olunmadēĵēnē, yazēnēn hansē cihaz vasitᴅsilᴅ qeydᴅ alēndēĵēnē vᴅ 
materialēn dᴅyiĸdirilib-dᴅyiĸdirilmᴅdiyini m¿ᴅyyᴅn etmᴅyᴅ imkan verir. Bu baxēmdan multimedia 
materiallarēnēn ekspertizasē h¿quqi obyektivliyin tᴅmin edilmᴅsindᴅ m¿h¿m elmi vasitᴅ hesab 
olunur. 

1.Audio vᴅ videoyazēlarēn h¿quqi s¿but kimi x¿susiyyᴅtlᴅri 
Audio vᴅ videoyazēlar rᴅqᴅmsal mᴅlumat daĸēyēcēlarē kimi hadisᴅlᴅrin akustik vᴅ vizual 

tᴅsvirini tᴅqdim edir. Rᴅqᴅmsal s¿butlarēn h¿quqi q¿vvᴅyᴅ malik olmasē ¿­¿n aĸaĵēdakē ᴅsas 
ĸᴅrtlᴅr tᴅmin edilmᴅlidir: 

-s¿butun qanuni ĸᴅkildᴅ ᴅldᴅ olunmasē; 
-mᴅlumatlarēn texniki b¿tºvl¿y¿n¿n qorunmasē; 
-materialēn dᴅyiĸdirilmᴅmᴅsi (montaj edilmᴅmᴅsi); 
-identifikasiya edilᴅ bilᴅn mᴅlumatlarēn mºvcudluĵu. 
Beynᴅlxalq standartlara gºrᴅ (ISO/IEC 27037:2012), rᴅqᴅmsal s¿butlarēn toplanmasē 

zamanē "nᴅzarᴅt zᴅnciri" (Chain of Custody) elᴅ qurulmalēdēr ki, mᴅlumatēn orijinal mᴅnbᴅdᴅn 
mᴅhkᴅmᴅ zalēna qᴅdᴅr olan hᴅr bir addēmē sᴅnᴅdlᴅĸdirilsin. Audio vᴅ videoyazēlarēn mᴅhkᴅmᴅ 
ekspertizasē mᴅhz bu meyarlarēn elmi ¿sullarla yoxlanmasēnē tᴅmin edir. 
3.Audio materiallarēn mᴅhkᴅmᴅ ekspertizasē metodlarē 

Audio materiallarēn ekspertizasē sᴅs siqnallarēnēn fiziki vᴅ akustik x¿susiyyᴅtlᴅrinin 
ºyrᴅnilmᴅsinᴅ ᴅsaslanēr. 

2.1 Akustik analiz: Sᴅs siqnallarēnēn tezlik, amplituda vᴅ digᴅr fiziki x¿susiyyᴅtlᴅrinin 
araĸdērēlmasēna ᴅsaslanēr. Bu metod vasitᴅsilᴅ danēĸan ĸᴅxsin sᴅs x¿susiyyᴅtlᴅri m¿ᴅyyᴅn 
edilir. Sᴅs identifikasiyasēnda hazērda "ECAPA-TDNN" kimi dᴅrin ºyrᴅnmᴅ modellᴅri ᴅn y¿ksᴅk 
dᴅqiqliyi tᴅmin edir (Desplanques et al., 2020). 

2.2 Spektral tᴅhlil: Sᴅs dalĵalarēnēn tezlik spektrini araĸdērmaĵa imkan verir. Bu metod 
sᴅs yazēsēnda montaj vᴅ kᴅsilmᴅlᴅrin olub-olmadēĵēnē m¿ᴅyyᴅn etmᴅyᴅ kºmᴅk edir. 
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Spektroqram vasitᴅsilᴅ sᴅs siqnalēnēn faza kᴅsilmᴅlᴅri vizuallaĸdērēlēr ki, bu da sᴅs faylēnēn 
redaktᴅ edilib-edilmᴅdiyini ortaya ­ēxarēr. 

2.3 Elektrik ĸᴅbᴅkᴅ tezliyi (ENF) analizi: Elektrik ĸᴅbᴅkᴅsinin tezliyi zamanla 
dᴅyiĸdiyindᴅn bu dᴅyiĸikliklᴅr audio yazēlarda qeydᴅ alēnaraq x¿susi mᴅlumat bazalarē ilᴅ 
m¿qayisᴅ edilir. Bu metod yazēnēn dᴅqiq vaxtēnē vᴅ daxilindᴅki gizli montaj kᴅsiklᴅrini aĸkar 
etmᴅk ¿­¿n istifadᴅ olunur (Hua et al., 2021). 

3. Videoyazēlarēn mᴅhkᴅmᴅ ekspertizasē 
Videoyazēlarēn ekspertizasē vizual mᴅlumatlarēn texniki vᴅ mᴅzmun baxēmēndan 

araĸdērēlmasēnē ᴅhatᴅ edir. Videoyazēlarēn kriminalistik ekspertizasē videofaylēn texniki 
x¿susiyyᴅtlᴅrinin m¿ᴅyyᴅn edilmᴅsi, kadr ardēcēllēĵēnēn (Frame-by-frame) tᴅhlili, vizual 
obyektlᴅrin identifikasiyasē vᴅ videoda montaj izlᴅrinin araĸdērēlmasē kimi mᴅrhᴅlᴅlᴅrdᴅn 
ibarᴅtdir. 
M¿asir video ekspertizada "PRNU" (Photo Response Non-Uniformity) sensor analizi vasitᴅsilᴅ 
videonun orijinal kamera sensoruna mᴅxsusluĵu yoxlanēlēr (Mayer & Stamm, 2020). 

4. Rᴅqᴅmsal fotoĸᴅkillᴅrin mᴅhkᴅmᴅ ekspertizasē metodlarē 
Rᴅqᴅmsal fotoĸᴅkillᴅrin ekspertizasē tᴅsvirin yaradēlma mᴅnbᴅyini vᴅ onun ¿zᴅrindᴅ hᴅr 

hansē rᴅqᴅmsal montaj ᴅmᴅliyyatēnēn aparēlēb-aparēlmadēĵēnē m¿ᴅyyᴅn etmᴅyᴅ imkan verir. 
4.1Sensor K¿y¿ (PRNU) Analizi: Hᴅr bir rᴅqᴅmsal kameranēn sensoru fotoĸᴅkil 

¿zᴅrindᴅ unikal rᴅqᴅmsal "iz" buraxēr. Bu metod vasitᴅsilᴅ fotoĸᴅkilin mᴅhz iddia edilᴅn cihazla 
­ᴅkildiyi s¿but edilir. 

4.2JPEG Sēxēlma Analizi (ELA): Fotoĸᴅkilin bir hissᴅsi ¿zᴅrindᴅ 
rᴅqᴅmsal montaj aparēldēqda, hᴅmin sahᴅnin sēxēlma sᴅviyyᴅsi orijinal hissᴅlᴅrdᴅn fᴅrqlᴅnir. 

4.3Piksellᴅr sᴅviyyᴅsindᴅ deteksiya: S¿ni intellekt tᴅrᴅfindᴅn yaradēlan fotoĸᴅkillᴅrdᴅ 
piksellᴅrin paylanma tezliyi tᴅbii fotolardan fᴅrqlᴅnir (Lyu, 2020). 

5. Rᴅqᴅmsal s¿butlarēn autentifikasiyasē 
Rᴅqᴅmsal s¿butlarēn autentifikasiyasē onlarēn texniki x¿susiyyᴅtlᴅrinin vᴅ yaradēlma 

ĸᴅraitinin m¿ᴅyyᴅn edilmᴅsini nᴅzᴅrdᴅ tutur. Bu proses zamanē faylēn texniki mᴅlumatlarē 
(Metadata/EXIF), yaradēlma tarixi, istifadᴅ olunan cihaz vᴅ kodlaĸdērma x¿susiyyᴅtlᴅri tᴅhlil 
edilir. Faylēn mᴅhkᴅmᴅyᴅdᴅk montaj edilmᴅdiyini tᴅmin edᴅn texniki zᴅmanᴅtdir (Casey, 
2011). 

6. M¿asir problemlᴅr vᴅ inkiĸaf perspektivlᴅri 
Rᴅqᴅmsal texnologiyalarēn s¿rᴅtli inkiĸafē audio vᴅ videoyazēlarēn mᴅhkᴅmᴅ ekspertizasē 

sahᴅsindᴅ hᴅm yeni imkanlar, hᴅm dᴅ m¿ᴅyyᴅn ­ᴅtinliklᴅr yaratmēĸdēr. M¿asir proqram 
tᴅminatē vasitᴅsilᴅ rᴅqᴅmsal materiallarēn redaktᴅ olunmasē, montaj edilmᴅsi vᴅ dᴅyiĸdirilmᴅsi 
daha ᴅl­atan olmuĸdur. Bu isᴅ mᴅhkᴅmᴅ prosesindᴅ tᴅqdim olunan materiallarēn etibarlēlēĵēnēn 
m¿ᴅyyᴅn edilmᴅsini daha m¿rᴅkkᴅb prosesᴅ ­evirmiĸdir. ᴄn aktual problemlᴅrdᴅn biri 
materiallarēn y¿ksᴅk keyfiyyᴅtli montaj ¿sulu ilᴅ dᴅyiĸdirilmᴅsi ehtimalēdēr. Bu hallarda adi 
vizual vᴅ ya akustik m¿ĸahidᴅ ilᴅ dᴅyiĸikliklᴅrin aĸkar edilmᴅsi ­ᴅtinlᴅĸir. Buna gºrᴅ dᴅ 
ekspertiza zamanē spektral analiz vᴅ rᴅqᴅmsal struktur analizi kimi metodlardan istifadᴅ 
zᴅruridir. M¿asir cihazlarēn kodlaĸdērma ¿sullarēnēn fᴅrqli olmasē da tᴅhlili ­ᴅtinlᴅĸdirᴅn amildir.  

Video-m¿ĸahidᴅ kameralarēnēn nᴅzarᴅti altēnda baĸ vermiĸ yol-nᴅqliyyat hadisᴅlᴅrinin 
araĸdērēlmasēnda videoyazēlarēn kriminalistik ekspertizasēnēn aparēlmasē aĸaĵēdakē h¿quqi-
praktiki sᴅbᴅblᴅrᴅ gºrᴅ vacibdir: 

1.Elektron s¿butlarēn orijinallēĵēnēn tᴅsdiqi: Mᴅhkᴅmᴅ araĸdērmasēnda tᴅqdim olunan 
video vᴅ audio materiallarēn orijinal olub-olmadēĵē, dᴅyiĸdirilib-dᴅyiĸdirilmᴅdiyi ekspert 
tᴅrᴅfindᴅn m¿ᴅyyᴅn edilmᴅlidir. Yalnēz dᴅyiĸdirilmᴅmiĸ (ilkin) video material s¿butetmᴅ 
q¿vvᴅsinᴅ malikdir.  

2.ᴄmᴅliyyat-axtarēĸ tᴅdbirlᴅrindᴅn ᴅldᴅ olunmuĸ s¿butlarēn h¿quqi mᴅqbulluĵu: Yol-
nᴅqliyyat hadisᴅlᴅri ¿zrᴅ cinayᴅt iĸlᴅrindᴅ video yazēlar hadisᴅnin baĸ vermᴅ anēnē ᴅks etdirᴅn 
birbaĸa maddi s¿butlardēr. Videoyazēya gºrᴅ obyektlᴅtin zaman vᴅ fᴅza parametrlᴅrinin 
m¿ᴅyyᴅn olunmasē yalnēz peĸᴅkar ekspert tᴅdqiqatēndan ke­irilmᴅsi ĸᴅrtilᴅ tam reallaĸa bilᴅr.  
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3.Ķstintaq vᴅ mᴅhkᴅmᴅ orqanlarēna texniki kºmᴅk: videoyazēlarēn kriminalistik 
ekspertizasē tᴅrᴅflᴅrin video yazēnē qᴅsdᴅn tᴅhrif edib-etmᴅdiyini m¿ᴅyyᴅn etmᴅyᴅ imkan verir. 
Bu isᴅ hadisᴅnin h¿quqi qiymᴅtlᴅndirilmᴅsindᴅ obyektiv qᴅrarlarēn qᴅbul olunmasēnē tᴅmin edir.  

4.Ķstintaq vᴅ mᴅhkᴅmᴅ orqanlarēna daxil olmuĸ audio vᴅ videomateriallarēn saxlanmasē 
vᴅ daĸēnmasē qaydalarēna riayᴅt olunmasē: ᴄldᴅ olunmuĸ audio vᴅ videomateriallarēn 
dᴅyiĸdirilmᴅdᴅn ekspert tᴅdqiqatēna tᴅqdim olunmasē ekspert qarĸēsēnda qoyulmuĸ suallarēn 
hᴅllindᴅ m¿h¿m rol oynayēr.  
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The article analyzes the methodological foundations of the forensic examination of audio, 
video, and digital photographs, the modern technical methods used in such examinations, and 
the legal evaluation of digital evidence. Research shows that the integrated application of 
methods such as acoustic analysis, spectral analysis, biometric identification, sensor noise 
analysis (PRNU ï Photo Response Non-Uniformity), and technical analysis of digital data 
makes a significant contribution to determining the authenticity of materials and ensuring the 
objectivity of court decisions. In the modern era, artificial intelligence-based detection systems 
make it possible to identify even the most sophisticated forms of digital manipulation, including 
signs of ñdeepfakeò editing (Verdoliva, 2020). The application of complex technical methods 
enables the detection of traces of digital editing, the scientific evaluation of electronic 
evidence, and the adoption of judicial decisions in accordance with material truth. 

Keywords: PRNU (Photo Response Non-Uniformity), metadata, JPEG Compression 
Analysis, electrical network frequency, spectral analysis. 
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The preparation of nanocomposite materials is one of the most important directions 
in modern nanotechnology and material science. Nanocomposites are multifunctional 
materials obtained by incorporating nanosized particles into a polymer matrix. Compared 
with conventional polymers, nanocomposite materials exhibit improved mechanical 
strength, thermal stability, chemical resistance, and functional properties. The large 
surface area of nanoparticles enhances their interaction with the polymer matrix, leading to 
significant improvement in the overall performance of the material [1,2]. 

In the preparation of PP+ZrOϜ/ZnO-based nanocomposites, polypropylene (PP) is 
used as the main polymer matrix. Polypropylene is widely applied in industry due to its low 
density, chemical resistance, flexibility, low cost, and ease of processing. To improve its 

properties, zirconium dioxide (ZrOϜ) and zinc oxide (ZnO) nanoparticles are incorporated 

into the polymer structure [3]. ZrOϜ nanoparticles are characterized by high thermal 
stability, hardness, and chemical durability, while ZnO nanoparticles possess antibacterial, 
optical, and surface-active properties. 

The nanocomposite materials are mainly prepared by the melt mixing method, which 
is considered a simple, effective, and industrially applicable technique. During the 
preparation process, polypropylene is first melted at a controlled temperature, after which 

predetermined amounts of ZrOϜ and ZnO nanoparticles are added into the polymer 
medium. The mixing process is carried out under specific temperature and rotational 
conditions in order to achieve homogeneous dispersion of nanoparticles throughout the 
polymer matrix. 

The nanocomposite films were fabricated through a solution mixing method. Initially, 

polypropylene granules were dispersed in toluene and heated to 120 ÁC while continuously 

stirred with a magnetic stirrer until the polymer was completely dissolved and a uniform 

solution was formed. Afterward, ZrOϜ and ZnO nanoparticles were added gradually into 

the polymer solution, and the mixture was continuously stirred for nearly 1 hour to obtain a 

well-dispersed nanocomposite system. The final homogeneous mixtures were cast into 

Petri dishes and subsequently dried in a vacuum oven to remove the solvent completely 

and obtain solid nanocomposite films. 

Uniform distribution of nanoparticles within the polymer matrix plays a crucial role in 

determining the quality and performance of the nanocomposite. The formation of a 

homogeneous structure improves the mechanical and thermal properties of the material, 

reduces nanoparticle agglomeration, and increases structural stability. The prepared 

nanocomposites demonstrate enhanced durability, improved thermal resistance, and 

better long-term performance compared with pure polypropylene. 

Such nanocomposite materials have broad application potential in various industrial 
and technological fields, including automotive engineering, packaging technology, 
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electronics, biomedical materials, protective coatings, and advanced engineering systems. 
Therefore, the preparation of nanocomposite materials is of great scientific and industrial 
importance and contributes to the development of new multifunctional materials for future 
technological applications. 
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In this study, PP+ZrOϜ/ZnO-based nanocomposite films were successfully prepared 
using the solution mixing method. Polypropylene was used as the polymer matrix, while 

zirconium dioxide (ZrOϜ) and zinc oxide (ZnO) nanoparticles were incorporated to improve 
the material properties. The preparation process involved dissolving polypropylene in 
toluene followed by the addition of nanoparticles under continuous stirring to achieve 
homogeneous dispersion. The obtained nanocomposite films exhibited improved structural 
uniformity and enhanced stability compared to pure polypropylene. The incorporation of 

ZrOϜ and ZnO nanoparticles contributed to the development of multifunctional polymer 
nanocomposites with potential industrial applications. These materials may be promising 
for use in packaging, engineering, electronic, and advanced nanotechnology fields. 

Keywords: polypropylene, nanocomposite films, zirconium dioxide, zinc oxide, 
polymer matrix, solution mixing method, nanotechnology. 
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AgĶn5S8 KRĶSTALINDA DONOR-AKSEPTOR ķ¦ALANMALI REKOMBĶNASĶYA 
Fidan Siyasᴅt qēzē ᴄliyeva 
Bakē Dºvlᴅt Universiteti 

AgIn5S8 kristallarē uzun m¿ddᴅtdir ki, suyun elektrolitik par­alanmasēnda 
fotokatalizator qabiliyyᴅtinᴅ gºrᴅ, gºr¿nnᴅn iĸēĵa y¿ksᴅk hᴅssaslēq vᴅ unikal optik 
x¿susiyyᴅtlᴅr n¿mayiĸ etdirdiklᴅri ¿­¿n intensiv tᴅdqiq olunur [1]. AgIn5S8 n¿munᴅmizin 
rentgen analizlᴅrinin nᴅticᴅlᴅri gĵstᴅtmiĸdir ki, kristal quruluĸu standart kub ĸpinel fᴅza 
qrupu Fd-3m-ᴅ uyĵun gᴅlir.Bu kristalēn ­ᴅpinᴅ qadaĵan olunmuĸ zonasē m¿vafiq olaraq 
300 vᴅ 96 K-dᴅ 1,8 vᴅ 1,9 eV tᴅĸkil edir. AgIn5S8 kristalē defektli yarēmke­iricilᴅr qrupuna 
aiddir, onun kation alt qᴅfᴅsindᴅ 25% vakansiya olduĵu m¿ᴅyyᴅn edilmiĸdir. AgIn5S8 
kristalē fotovoltaik g¿nᴅĸ batareyalarēnda tᴅtbiq ¿­¿n yaxĸē yarēmke­irici namizᴅdlᴅrdᴅn biri 
ola bilᴅr. Bir ­ox kristallardakē defektlᴅr vᴅ digᴅr tᴅrᴅfdᴅn oksigen onlarēn elektrik vᴅ 
fotovoltaik x¿susiyyᴅtlᴅrindᴅ m¿h¿m rol oynayēr. Uzunm¿ddᴅtli sabitlik dᴅ bu tip material 
¿­¿n ᴅsas amillᴅrdᴅn biridir. ᴄsasᴅn, oksigen CdS vᴅ PbS kimi k¿k¿rd tᴅrkibli 
yarēmke­irici birlᴅĸmᴅlᴅrdᴅ akseptor kimi ­ēxēĸ edir. Aĸkar etmiĸdir ki, CdS kristallarē 
oksigenᴅ g¿cl¿ mᴅruz qaldēqda fotohᴅssaslēqda azalma gºstᴅrir vᴅ fotohᴅssaslēĵēn mᴅhv 
edilmᴅsi oksigenin k¿k¿rd boĸluqlarēna diffuziyasē ilᴅ ᴅlaqᴅlᴅndirilir. Bu g¿nᴅ qᴅdᴅr 
ᴅdᴅbiyyatda AgIn5S8 kristallarēndan istifadᴅ edᴅrᴅk g¿nᴅĸ batareyalarēnēn tᴅtbiqi ilᴅ baĵlē 
yalnēz bir mᴅqalᴅ dᴅrc edilmiĸdir. Hᴅtta bu mᴅqalᴅdᴅ dᴅ AgIn5S8-in uzunm¿ddᴅtli stabilliyi 
haqqēnda mᴅlumat yoxdur. Iĸdᴅ tᴅdqiq etdiyimiz kristal uzunm¿ddᴅtli termik tablanmaya 
mᴅruz qalmēĸ vᴅ n¿munᴅnin stabillik n¿mayiĸ etdirdiyinin nᴅticᴅsinᴅ ᴅmin olunmuĸdur. 
Kristallar n-tip elektrik ke­iriciliyinᴅ malikdirlᴅr. 
Anion (k¿k¿rd) vakansiyasē kristalda donor 
sᴅviyyᴅsi yaradēr, kation vakansiyalarē isᴅ 
akseptor sᴅviyyᴅsi yaradēr. Demᴅli, akseptor 
sᴅviyyᴅlᴅri donor sᴅviyyᴅlᴅrini qismᴅn 
boĸaltdēĵēndan kristal n-tip ke­iricilik n¿mayiĸ 
etdirir.  Onda belᴅ qᴅnaᴅtᴅ gᴅlmᴅk olar ki, 
kristalda donor vᴅ akseptorlarēn 
konsentrasiyasē kifayᴅt qᴅdᴅr ĸoxdur vᴅ onlar 
arasēnda optik ke­id ehtimalē da ­ox ola bilᴅr. 

Ķĸdᴅ kristalē dalĵa uzunluĵu 532 nm, 
davametmᴅ m¿ddᴅti 10 ns vᴅ maksimal g¿c¿ 4 
MVt olan Nd:YAG lazerinin ikinci 
harmonikasēnēn impulsu ilᴅ 
hᴅyᴅcanlaĸdērmaqla fotol¿minessensiya spektri 
tᴅdqiq edilmiĸdir (ĸᴅkil 1.). Gºr¿nd¿y¿ kimi, 

1476 nm (0.84 eV) dalĵa uzunluĵunda local 
sᴅviyyᴅlᴅrᴅ mᴅnsub ensiz pik m¿ĸahidᴅ 
edilmiĸdir. Pikin yarēmeni 1 nm tᴅĸkil edir. 
Bu pikin donor-akseptor optik ke­idi ilᴅ ĸ¿alanmalē rekombinasiya hesabēna formalaĸdēĵēnē 
hesab edirik. Kristalēn qadaĵan olunmuĸ enerjisinin qiymᴅtini 1,8 eV gºt¿rsᴅk, demᴅli, 
donor vᴅ akseptor sᴅviyyᴅlᴅrin zonalardan uzaqlaĸma ñmᴅsafᴅsiò birlikdᴅ 1,0 eV-a 
bᴅrabᴅrdir.  

Qeyd edilᴅnlᴅrᴅ aydēnlēq gᴅtirmᴅk mᴅqsᴅdilᴅ tᴅdqiq etdiyimiĸ kristalda elektrik 
ke­iriciliyinin 200é400 K intervalēnda temperatur asēlēlēĵē tᴅdqiq edilmiĸdir.  

ķᴅkil 2-dᴅ Arrenius miqyasēnda  asēlēĵē tᴅsvir edilmiĸdir. Aĸaĵē 

temperaturlarda temperaturun azalmasē ilᴅ elektrik ke­iriciliyinin artmasēnē y¿kdaĸēyēcēlarēn 
y¿r¿kl¿y¿n¿n artmasē hesabēna baĸ verir. 200 K temperaturdan baĸlayaraq temperaturun 

ķᴅkil1. AgIn5S8 kristalēnda 

fotol¿minessensiya spektri. 
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artmasē ilᴅ elektrik ke­iriciliyi artmaya baĸlayēr vᴅ sonra  asēlēlēĵē 312 K 

temperaturadᴅk xᴅtli xarakter daĸēyēr. Bu hissᴅyᴅ gºrᴅ y¿kdaĸēyēcēlarēn aktivlᴅĸmᴅ enerjisi 
hesablanmēĸ . Gºr¿nd¿y¿ kini bu qiymᴅt l¿minessensiya spektrindᴅki pikin 

enerjisinᴅ uyºun gᴅlir. Bunlarē belᴅ izah etmᴅk olar ki, kristalda akseptor sᴅviyyᴅsi valent 
zonaya yaxēn yerlᴅĸir vᴅ aĸaĵē temperaturlarda akseptor sᴅviyyᴅlᴅri donor mᴅrkᴅzlᴅrin 
elektronlarē ilᴅ dolmuĸ halda olur. Temperaturun 200 K-dᴅn artmasē ilᴅ elektronlar donor 
sᴅviyyᴅsinᴅ ke­ir vᴅ valent zonadan elektronlarēn akseptor sᴅviyyᴅsinᴅ keĸmᴅsi ilᴅ 
temperature artdēqca deĸiklᴅrin konsentrasiyasē artēr. 

Bu iĸdᴅ tᴅdqiq edilᴅn AgIn5S8 kristalē, hᴅtta aĸaĵē iĸēq intensivliyindᴅ (1Ĭ10ĭį foton 

smϖĮ sϖĭ) vᴅ aĸaĵē temperaturlarda belᴅ, qaranlēq cᴅrᴅyandan ᴅn azē dºrd dᴅfᴅ y¿ksᴅk 

fotoke­iricilik (FK) n¿mayiĸ etdirir. FC spektrlᴅrinin temperatur asēlēlēĵē aĸaĵē temperaturda 

maksimum gºstᴅrir vᴅ artan iĸēqlandērma intensivliyi ilᴅ maksimumun mºvqeyi sabit qalēr. 

FK spektrlᴅri hᴅm iĸēq intensivliyi, hᴅm dᴅ maksimuma uyĵun dalĵa uzunluĵu ilᴅ sabit 

qalēr. FK-nin istilik sºnd¿r¿lmᴅsi ~105 K-dᴅ baĸlayēr vᴅ ~180 K-dᴅ tamamlanēr. AgIn5S8 

n¿munᴅsinin iĸēĵa hᴅssaslēĵē tᴅlᴅnin 

doldurulma dᴅrᴅcᴅsi ilᴅ birbaĸa 

m¿tᴅnasibdir. N¿munᴅnin 1,88 eV foton 

enerjisi olan iĸēqla ᴅvvᴅlcᴅdᴅn 

ĸ¿alandērēlmasē zamanē FK-dᴅ ᴅhᴅmiyyᴅtli 

bir artēm m¿ĸahidᴅ olunur vᴅ AgIn5S8 

n¿munᴅsinin maksimum performansē b¿t¿n 

tᴅlᴅlᴅr doldurulduqdan sonra ᴅldᴅ edilir. 

AgIn5S8 kristallarēnēn zolaq boĸluĵundakē 

tᴅlᴅlᴅrin sēxlēĵēnēn vᴅ paylanmasēnēn 

qᴅsdᴅn aĸqarlandēqda vᴅ/vᴅ ya m¿xtᴅlif 

ĸᴅraitdᴅ yetiĸdirildikdᴅ fotovoltaik 

x¿susiyyᴅtlᴅrᴅ necᴅ tᴅsir etdiyini anlamaq ¿­¿n ᴅlavᴅ tᴅdqiqatlara ehtiyac var. Bundan ᴅlavᴅ, 

AgIn5S8 kristallarēnda oksigenin fotohᴅssaslēĵa vᴅ tᴅlᴅ paylanmasēna tᴅsirini araĸdēran ayrēca 

bir tᴅdqiqat gᴅlᴅcᴅkdᴅ dᴅyᴅrli ola bilᴅr. 
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DONORïACCEPTOR RADIATIVE RECOMBINATION IN AgInϟSϢ CRYSTAL 
Fidan Aliyeva 

Baku State University 

This paper shows that the peak observed at 1476 nm in the photoluminescence 
spectrum of the AgIn5S8 crystal at a high level of optical excitation is due to donor-acceptor 
radiative recombination in the crystal. 

Keywords: AgInϟSϢ crystal, photoluminescence, donorïacceptor, electrical conductivity, 
activation energy. 
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Giriĸ. Multimodal S¿ni Ķntellekt Anlayēĸē: Sᴅs, Gºr¿nt¿ vᴅ Mᴅtn Ķntegrasiyasēnēn 
Texniki vᴅ Konseptual ᴄsaslarē: Multimodal s¿ni intellekt (Multimodal AI) m¿asir hesablama 
sistemlᴅrinin inkiĸafēnda yalnēz texnoloji yenilik deyil, eyni zamanda mᴅlumatēn qavranēlmasē 
vᴅ interpretasiyasē ilᴅ baĵlē fundamental paradiqma dᴅyiĸikliklᴅrindᴅn biri kimi qiymᴅtlᴅndirilir. 
ᴄnᴅnᴅvi unimodal s¿ni intellekt sistemlᴅri bir modallēq daxilindᴅ ï mᴅsᴅlᴅn, yalnēz mᴅtn (NLP) 
vᴅ ya yalnēz gºr¿nt¿ (Computer Vision) ᴅsasēnda qᴅrarvermᴅ mexanizmlᴅrinᴅ malik idi. Bu 
yanaĸma y¿ksᴅk performans gºstᴅrsᴅ dᴅ, real d¿nyanēn ­oxºl­¿l¿ vᴅ kompleks strukturunu 
adekvat modellᴅĸdirmᴅk baxēmēndan mᴅhdudiyyᴅtlᴅrᴅ malikdir. Ķnsan qavrayēĸē isᴅ tᴅbiᴅt 
etibarilᴅ multimodaldēr ï yᴅni insan eyni anda sᴅs, gºr¿nt¿, mᴅtn, jest vᴅ kontekstual siqnallarē 
inteqrasiya edᴅrᴅk qᴅrar verir. Multimodal AI bu tᴅbii qavrayēĸ modelini imitasiya etmᴅyᴅ 
yºnᴅlmiĸ texnoloji yanaĸma kimi ­ēxēĸ edir. 

Multimodal sistemlᴅrin ᴅsas mᴅqsᴅdi heterogen mᴅlumat axēnlarēnē vahid semantik vᴅ ya 
latent tᴅqdimetmᴅ mᴅkanēnda (latent representation space) birlᴅĸdirmᴅkdir. Bu proses 
ñrepresentation learningò vasitᴅsilᴅ hᴅyata ke­irilir vᴅ nᴅticᴅdᴅ m¿xtᴅlif modallēqlar arasēnda 
semantik uyĵunluq (cross-modal alignment) yaradēlēr. Mᴅsᴅlᴅn, vizual obyektlᴅrin tᴅsviri ilᴅ 
hᴅmin obyektlᴅr haqqēnda mᴅtn vᴅ ya audio mᴅlumat arasēnda ᴅlaqᴅ qurularaq sistem daha 
dᴅrin kontekstual anlayēĸ ᴅldᴅ edir. Bu yanaĸma yalnēz obyekt tanēma ilᴅ mᴅhdudlaĸmēr, eyni 
zamanda hadisᴅlᴅrin sᴅbᴅb-nᴅticᴅ ᴅlaqᴅlᴅrini, semantik qatlarēnē vᴅ zaman ¿zrᴅ dᴅyiĸikliklᴅrini 
(temporal dynamics) analiz etmᴅyᴅ imkan verir. 

Texniki baxēmdan multimodal AI sistemlᴅri ᴅsasᴅn transformer ᴅsaslē arxitekturalar 
¿zᴅrindᴅ qurulur. Transformer modellᴅri ñself-attentionò vᴅ ñcross-attentionò mexanizmlᴅri 
vasitᴅsilᴅ m¿xtᴅlif mᴅlumat axēnlarē arasēnda ᴅlaqᴅ qurur. X¿susilᴅ Vision Transformer (ViT) 
vizual mᴅlumatlarēn emalē ¿­¿n istifadᴅ olunur vᴅ klassik konvolyusiya ᴅsaslē modellᴅrdᴅn 
fᴅrqli olaraq qlobal kontekstual ᴅlaqᴅlᴅri daha effektiv ĸᴅkildᴅ modellᴅĸdirir. Multimodal 
transformer modellᴅrindᴅ isᴅ mᴅtn vᴅ gºr¿nt¿ kimi m¿xtᴅlif modallēqlar paralel ĸᴅkildᴅ emal 
edilᴅrᴅk ortaq latent mᴅkanda birlᴅĸdirilir. 

Cross-attention mexanizmi multimodal sistemlᴅrin ᴅn kritik komponentlᴅrindᴅn biridir. Bu 
mexanizm bir modallēqdan gᴅlᴅn mᴅlumatēn digᴅr modallēq ¿zᴅrindᴅ fokuslanmasēnē tᴅmin 
edir. Mᴅsᴅlᴅn, mᴅtn ᴅsaslē sorĵuya uyĵun vizual regionlarēn se­ilmᴅsi vᴅ ya audio siqnallarēn 
semantik interpretasiyasē bu mexanizm vasitᴅsilᴅ hᴅyata ke­irilir. Bu yanaĸma nᴅticᴅsindᴅ 
sistem yalnēz mᴅlumatlarē emal etmir, eyni zamanda onlarēn qarĸēlēqlē ᴅlaqᴅsini anlayaraq daha 
dᴅqiq nᴅticᴅlᴅr tᴅqdim edir. 

Multimodal sistemlᴅrdᴅ mᴅlumatlarēn birlᴅĸdirilmᴅsi ñfusion strategiesò vasitᴅsilᴅ hᴅyata 
ke­irilir. Erkᴅn f¿zyon (early fusion) xam mᴅlumatlarēn ilkin mᴅrhᴅlᴅdᴅ birlᴅĸdirilmᴅsinᴅ 
ᴅsaslanēr vᴅ bu yanaĸma modallēqlar arasēnda sēx ᴅlaqᴅlᴅrin qurulmasēna imkan yaradēr, lakin 
sᴅs-k¿yᴅ qarĸē daha hᴅssasdēr. Gec f¿zyon (late fusion) isᴅ hᴅr bir modallēĵēn ayrēca 
emalēndan sonra nᴅticᴅlᴅrin birlᴅĸdirilmᴅsini nᴅzᴅrdᴅ tutur vᴅ daha stabil performans tᴅmin 
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edir. Hibrid f¿zyon modellᴅri isᴅ bu iki yanaĸmanēn ¿st¿nl¿klᴅrini birlᴅĸdirᴅrᴅk daha balanslē vᴅ 
effektiv sistemlᴅr yaradēr. 

Multimodal AI sistemlᴅrinin m¿hᴅndislik arxitekturasē adᴅtᴅn aĸaĵēdakē ᴅsas mᴅrhᴅlᴅlᴅri 
ᴅhatᴅ edir: 
1. Mᴅlumatlarēn ᴅldᴅ olunmasē (Data Acquisition) ï m¿xtᴅlif sensorlardan vᴅ mᴅnbᴅlᴅrdᴅn 
mᴅlumatlarēn toplanmasē  
2. Preprocessing vᴅ normalizasiya ï fᴅrqli formatlē mᴅlumatlarēn uyĵunlaĸdērēlmasē  
3. Feature extraction ï hᴅr modallēq ¿­¿n x¿susiyyᴅtlᴅrin ­ēxarēlmasē  
4. Cross-modal alignment ï semantik uyĵunluĵun tᴅmin edilmᴅsi  
5. Fusion layer ï mᴅlumatlarēn inteqrasiyasē  
6. Decision layer ï nᴅticᴅlᴅrin generasiyasē vᴅ qᴅrarvermᴅ  

Bu arxitektura multimodal sistemlᴅrin hᴅm elastikliyini, hᴅm dᴅ y¿ksᴅk performansēnē 
tᴅmin edir. 

Multimodal AI-nin ᴅn m¿h¿m tᴅtbiq sahᴅlᴅrindᴅn biri insanïkomp¿ter qarĸēlēqlē ᴅlaqᴅsidir 
(HCI). Bu sahᴅdᴅ sistemlᴅrin yalnēz istifadᴅ­inin dediyi sºzlᴅri deyil, hᴅm dᴅ emosional 
tonunu, jestlᴅrini vᴅ kontekstual davranēĸēnē anlamasē tᴅlᴅb olunur. Mᴅsᴅlᴅn, istifadᴅ­inin 
sᴅsindᴅki dᴅyiĸikliklᴅr vᴅ ¿z ifadᴅlᴅri birlikdᴅ analiz edilᴅrᴅk emosional vᴅziyyᴅt m¿ᴅyyᴅn edilᴅ 
bilᴅr. Bu x¿susiyyᴅt s¿ni avatarlar vᴅ virtual assistentlᴅrin daha realistik vᴅ adaptiv 
davranmasēnē tᴅmin edir. 

Bundan ᴅlavᴅ, multimodal AI kritik sahᴅlᴅrdᴅ geniĸ tᴅtbiq olunur. Sᴅhiyyᴅdᴅ radioloji 
gºr¿nt¿lᴅr, klinik qeydlᴅr vᴅ sᴅsli m¿ĸahidᴅlᴅrin birgᴅ analizi daha dᴅqiq diaqnostika imkanē 
yaradēr. Tᴅhl¿kᴅsizlik sistemlᴅrindᴅ video, audio vᴅ mᴅtn mᴅlumatlarēnēn inteqrasiyasē anomal 
davranēĸlarēn erkᴅn aĸkarlanmasēnē tᴅmin edir. Hᴅrbi sahᴅdᴅ isᴅ multimodal ISR sistemlᴅri 
m¿xtᴅlif sensor mᴅlumatlarēnē birlᴅĸdirᴅrᴅk situasiya ĸ¿urunu artērēr vᴅ qᴅrar qᴅbuletmᴅ 
proseslᴅrini optimallaĸdērēr. 

Bununla yanaĸē, multimodal sistemlᴅrin qarĸēsēnda ciddi texniki problemlᴅr dᴅ 
mºvcuddur. Temporal alignment problemi m¿xtᴅlif modallēqlarēn zaman baxēmēndan 
uyĵunlaĸdērēlmasēnē tᴅlᴅb edir. Heterogenlik problemi isᴅ fᴅrqli mᴅlumat strukturlarēnēn vahid 
model daxilindᴅ inteqrasiyasēnē ­ᴅtinlᴅĸdirir. Bundan ᴅlavᴅ, y¿ksᴅk hesablama resurslarēna 
ehtiyac vᴅ enerji effektivliyi mᴅsᴅlᴅlᴅri dᴅ m¿h¿m ­aĵērēĸlar sērasēndadēr. X¿susilᴅ bºy¿k 
multimodal modellᴅr (Large Multimodal Models ï LMMs) y¿ksᴅk GPU/TPU resurslarē tᴅlᴅb 
edir. 

Tᴅhl¿kᴅsizlik vᴅ etik mᴅsᴅlᴅlᴅr dᴅ multimodal AI sistemlᴅrindᴅ daha m¿rᴅkkᴅb xarakter 
alēr. ñBias propagationò problemi m¿xtᴅlif modallēqlardan gᴅlᴅn qᴅrᴅzli mᴅlumatlarēn sistemdᴅ 
g¿clᴅnᴅrᴅk daha ciddi nᴅticᴅlᴅrᴅ sᴅbᴅb olmasēna gᴅtirib ­ēxara bilᴅr. Deepfake vᴅ adversarial 
h¿cumlar multimodal sistemlᴅrdᴅ daha tᴅhl¿kᴅli tᴅsir yarada bilᴅr, ­¿nki h¿cum eyni anda bir 
ne­ᴅ mᴅlumat kanalēnē hᴅdᴅfᴅ ala bilᴅr. 

Nᴅticᴅ etibarilᴅ, multimodal s¿ni intellekt yalnēz texnoloji inkiĸaf istiqamᴅti deyil, hᴅm dᴅ 
s¿ni intellektin insanabᴅnzᴅr qavrama vᴅ qᴅrarvermᴅ mexanizmlᴅrinᴅ yaxēnlaĸmasēnēn ᴅsas 
vasitᴅsidir. Bu yanaĸma m¿xtᴅlif mᴅlumat mᴅnbᴅlᴅrinin inteqrasiyasē vasitᴅsilᴅ daha y¿ksᴅk 
dᴅqiqlik, daha dᴅrin semantik anlayēĸ vᴅ daha adaptiv sistemlᴅrin yaradēlmasēna imkan verir. 
Gᴅlᴅcᴅkdᴅ multimodal AI sistemlᴅri s¿ni ¿mumi intellektin (AGI) formalaĸmasēnda ᴅsas rol 
oynayan komponentlᴅrdᴅn biri kimi ­ēxēĸ edᴅcᴅkdir. 

Multimodal S¿ni Ķntellekt: Konseptual, Riyazi vᴅ Sistem Sᴅviyyᴅli Ķnkiĸaf 
Perspektivlᴅri 

Multimodal s¿ni intellekt (Multimodal AI) m¿asir hesablama sistemlᴅrinin inkiĸafēnda 
yalnēz metodoloji yenilik deyil, hᴅm dᴅ s¿ni intellektin epistemoloji vᴅ ontoloji ᴅsaslarēnē 
yenidᴅn formalaĸdēran fundamental yanaĸmadēr. ᴄgᴅr klassik s¿ni intellekt sistemlᴅri 
mᴅlumatēn tᴅk modallēq daxilindᴅ tᴅhlilinᴅ ᴅsaslanērdēsa, multimodal AI bu yanaĸmanē 
geniĸlᴅndirᴅrᴅk real d¿nyanēn ­oxºl­¿l¿, qeyri-xᴅtti vᴅ kontekstual strukturunu 
modellᴅĸdirmᴅyᴅ yºnᴅlir. Ķnsan qavrayēĸē multisensor xarakter daĸēdēĵēndan, bu yanaĸma s¿ni 
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intellektin insanabᴅnzᴅr idrak mexanizmlᴅrinᴅ yaxēnlaĸmasēnēn ᴅsas mᴅrhᴅlᴅlᴅrindᴅn biri 
hesab olunur. 

1. Riyazi vᴅ tᴅqdimetmᴅ (representation) ᴅsaslarē 
Multimodal sistemlᴅrin mᴅrkᴅzindᴅ yerlᴅĸᴅn ᴅsas problem m¿xtᴅlif modallēqlarēn vahid 

riyazi mᴅkan daxilindᴅ ifadᴅ olunmasēdēr. Bu proses formal olaraq belᴅ ifadᴅ edilᴅ bilᴅr: 

¶ Hᴅr bir modallēq ¿­¿n:  

 
burada: 
ü ð giriĸ mᴅlumatē (mᴅtn, sᴅs, gºr¿nt¿)  

ü ð modallēq spesifik enkoder  

ü ð latent tᴅqdimetmᴅ  

Daha sonra bu tᴅqdimetmᴅlᴅr vahid mᴅkan daxilindᴅ birlᴅĸdirilir: 

 
Bu funksiya multimodal fusion mexanizmini tᴅmsil edir. 
2. Multimodal Alignment vᴅ Semantic Mapping 
Multimodal sistemlᴅrin effektivliyi ñalignmentò probleminin hᴅllindᴅn asēlēdēr. Bu problem 

m¿xtᴅlif modallēqlardan gᴅlᴅn mᴅlumatlarēn semantik uyĵunlaĸdērēlmasēnē nᴅzᴅrdᴅ tutur. 
ᴄn geniĸ istifadᴅ olunan metodlardan biri contrastive learning-dir: 

 
Bu yanaĸma: 
ü uyĵun c¿tl¿klᴅri yaxēnlaĸdērēr  
ü uyĵunsuz c¿tl¿klᴅri uzaqlaĸdērēr  
ü Bu prinsip CLIP, ALIGN kimi modellᴅrdᴅ istifadᴅ olunur. 
3. Transformer ᴅsaslē multimodal arxitekturalar 
M¿asir multimodal sistemlᴅr ᴅsasᴅn transformer arxitekturasēna ᴅsaslanēr. Transformer 

modellᴅri aĸaĵēdakē ᴅsas komponentlᴅrdᴅn ibarᴅtdir: 
3.1 Self-attention 

 
3.2 Cross-attention 
Bu mexanizm multimodal inteqrasiyanēn ᴅsasēnē tᴅĸkil edir: 
ü Mᴅtn Ÿ gºr¿nt¿ fokuslanma  
ü Sᴅs Ÿ kontekst analizi . 
 Avatar sistemlᴅrinin inkiĸafē (virtual platformalar): Avatar texnologiyalarē rᴅqᴅmsal 

m¿hitlᴅrdᴅ istifadᴅ­inin vizual vᴅ funksional tᴅmsil­isi kimi ­ēxēĸ edᴅrᴅk son illᴅrdᴅ s¿rᴅtli 
inkiĸaf mᴅrhᴅlᴅsinᴅ qᴅdᴅm qoymuĸdur. X¿susilᴅ metaverse konsepsiyasēnēn formalaĸmasē ilᴅ 
avatarlar yalnēz qrafik obyekt deyil, eyni zamanda sosial, iqtisadi vᴅ kommunikativ 
fᴅaliyyᴅtlᴅrin ᴅsas vasitᴅsinᴅ ­evrilmiĸdir. Virtual reallēq (VR), artērēlmēĸ reallēq (AR) vᴅ 
geniĸlᴅnmiĸ reallēq (XR) texnologiyalarēnēn inteqrasiyasē avatar sistemlᴅrinin daha immersiv vᴅ 
interaktiv olmasēnē tᴅmin edir. 

ᴄvvᴅlki mᴅrhᴅlᴅlᴅrdᴅ avatarlar statik vᴅ mᴅhdud funksionallēĵa malik olsa da, m¿asir 
sistemlᴅrdᴅ s¿ni intellektin tᴅtbiqi nᴅticᴅsindᴅ onlarēn davranēĸ modellᴅri dinamik vᴅ adaptiv 
xarakter almēĸdēr. AI ᴅsaslē avatarlar istifadᴅ­inin jestlᴅrini, mimikasēnē, sᴅs tonunu vᴅ davranēĸ 
n¿munᴅlᴅrini real vaxt rejimindᴅ analiz edᴅrᴅk uyĵun reaksiyalar formalaĸdērēr. Bu isᴅ virtual 
m¿hitdᴅ daha realistik vᴅ tᴅbii ¿nsiyyᴅt imkanlarē yaradēr. 

Metaverse platformalarēnda avatarlar yalnēz sosial qarĸēlēqlē ᴅlaqᴅ vasitᴅsi deyil, hᴅm dᴅ 
rᴅqᴅmsal iqtisadiyyatēn aktiv subyekti kimi ­ēxēĸ edir. Onlar vasitᴅsilᴅ istifadᴅ­ilᴅr ticarᴅt 
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ᴅmᴅliyyatlarē hᴅyata ke­irir, virtual aktivlᴅr yaradēr vᴅ rᴅqᴅmsal identikliklᴅrini formalaĸdērērlar. 
Bu baxēmdan avatar sistemlᴅri m¿asir rᴅqᴅmsal ekosistemlᴅrin ᴅsas struktur elementlᴅrindᴅn 
birinᴅ ­evrilmiĸdir. 

Rᴅqᴅmsal identiklik vᴅ tᴅhl¿kᴅsizlik anlayēĸlarēnēn aktuallēĵē: Rᴅqᴅmsal 
transformasiya prosesinin dᴅrinlᴅĸmᴅsi ilᴅ birlikdᴅ ñrᴅqᴅmsal identiklikò anlayēĸē strateji 
ᴅhᴅmiyyᴅt kᴅsb etmᴅyᴅ baĸlamēĸdēr. Rᴅqᴅmsal identiklik istifadᴅ­inin virtual m¿hitdᴅ kimliyini, 
davranēĸlarēnē vᴅ h¿quqlarēnē m¿ᴅyyᴅn edᴅn kompleks informasiya toplusudur. Avatar 
sistemlᴅrindᴅ bu identiklik yalnēz vizual tᴅqdimatla mᴅhdudlaĸmēr, hᴅm dᴅ biometrik 
mᴅlumatlar, davranēĸ n¿munᴅlᴅri vᴅ istifadᴅ­i fᴅaliyyᴅtlᴅrinin analizi ilᴅ formalaĸēr. 

Lakin bu transformasiya ilᴅ paralel olaraq tᴅhl¿kᴅsizlik problemlᴅri dᴅ kᴅskin ĸᴅkildᴅ 
artmēĸdēr. Deepfake texnologiyalarē, sintetik identikliklᴅrin yaradēlmasē vᴅ identifikasiya 
sistemlᴅrinᴅ yºnᴅlmiĸ adversarial h¿cumlar rᴅqᴅmsal m¿hitdᴅ etibarlēlēĵēn azalmasēna sᴅbᴅb 
olur. X¿susilᴅ multimodal sistemlᴅrdᴅ m¿xtᴅlif mᴅlumat axēnlarēnēn inteqrasiyasē yeni h¿cum 
sᴅthlᴅri yaradēr vᴅ tᴅhl¿kᴅsizlik arxitekturasēnēn daha m¿rᴅkkᴅb olmasēnē tᴅlᴅb edir. 

Bu kontekstdᴅ mᴅxfilik (privacy), autentifikasiya (authentication) vᴅ identifikasiya 
(identification) mᴅsᴅlᴅlᴅri ºn plana ­ēxēr. Ķstifadᴅ­i mᴅlumatlarēnēn qorunmasē, saxtalaĸdērēlmēĸ 
identikliklᴅrin qarĸēsēnēn alēnmasē vᴅ sistemlᴅrin dayanēqlēlēĵēnēn tᴅmin edilmᴅsi m¿asir AI 
ᴅsaslē platformalarēn ᴅsas ­aĵērēĸlarēndan biridir. Buna gºrᴅ dᴅ, tᴅhl¿kᴅsizlik yalnēz texniki 
mᴅsᴅlᴅ deyil, hᴅm dᴅ sosial vᴅ etik aspektlᴅri ºz¿ndᴅ birlᴅĸdirᴅn kompleks problem kimi 
qiymᴅtlᴅndirilir. 

 Problemin qoyuluĸu vᴅ tᴅdqiqatēn mᴅqsᴅdi: Yuxarēda qeyd olunan texnoloji inkiĸaflar 
fonunda multimodal s¿ni intellekt ᴅsaslē avatar sistemlᴅrinin geniĸ tᴅtbiqi yeni problemlᴅrin 
yaranmasēna sᴅbᴅb olmuĸdur. Bu problemlᴅrin ᴅsasēnē identifikasiya mexanizmlᴅrinin 
etibarlēlēĵē, tᴅhl¿kᴅsizlik zᴅifliklᴅri vᴅ mᴅlumatlarēn qorunmasē ilᴅ baĵlē risklᴅr tᴅĸkil edir. 
Mºvcud sistemlᴅrdᴅ istifadᴅ olunan ᴅnᴅnᴅvi tᴅhl¿kᴅsizlik metodlarē multimodal m¿hitin 
kompleksliyini tam ᴅhatᴅ edᴅ bilmir vᴅ nᴅticᴅdᴅ m¿xtᴅlif kiber tᴅhdidlᴅrᴅ qarĸē hᴅssaslēq artēr. 

Tᴅdqiqatēn ᴅsas mᴅqsᴅdi multimodal AI ᴅsaslē avatar sistemlᴅrindᴅ mºvcud olan 
tᴅhl¿kᴅsizlik vᴅ identifikasiya problemlᴅrini sistemli ĸᴅkildᴅ tᴅhlil etmᴅk, bu problemlᴅrin 
yaranma sᴅbᴅblᴅrini m¿ᴅyyᴅnlᴅĸdirmᴅk vᴅ onlarēn aradan qaldērēlmasē ¿­¿n effektiv 
yanaĸmalar tᴅklif etmᴅkdir. Bu mᴅqsᴅd ­ᴅr­ivᴅsindᴅ hᴅm nᴅzᴅri, hᴅm dᴅ tᴅtbiqi aspektlᴅr 
araĸdērēlēr, m¿asir AI texnologiyalarēnēn imkanlarē qiymᴅtlᴅndirilir vᴅ inteqrasiya olunmuĸ 
tᴅhl¿kᴅsizlik modellᴅrinin formalaĸdērēlmasē istiqamᴅtindᴅ konseptual yanaĸmalar tᴅqdim 
olunur. 

Nᴅticᴅ etibarilᴅ, bu tᴅdqiqat multimodal avatar sistemlᴅrinin daha tᴅhl¿kᴅsiz, etibarlē vᴅ 
dayanēqlē ĸᴅkildᴅ inkiĸaf etdirilmᴅsi ¿­¿n elmi vᴅ praktik ᴅsaslarēn formalaĸdērēlmasēna tºhfᴅ 
vermᴅyi hᴅdᴅflᴅyir. 

Multimodal AI vᴅ avatar sistemlᴅrinin arxitekturasē: Multimodal mᴅlumatlarēn 
birlᴅĸdirilmᴅsi prinsiplᴅri- Multimodal s¿ni intellekt sistemlᴅrinin ᴅsasēnē m¿xtᴅlif tip 
mᴅlumatlarēn vahid analitik m¿hitdᴅ sinxron ĸᴅkildᴅ emalē vᴅ inteqrasiyasē tᴅĸkil edir. Bu 
proses ñsensor fusionò vᴅ ya ñmultimodal fusionò kimi tanēnēr vᴅ ᴅsas mᴅqsᴅdi fᴅrqli 
mᴅnbᴅlᴅrdᴅn ᴅldᴅ olunan informasiyanēn semantik baxēmdan uyĵunlaĸdērēlmasēdēr. Multimodal 
birlᴅĸmᴅ ¿mumilikdᴅ ¿­ ᴅsas sᴅviyyᴅdᴅ hᴅyata ke­irilir: erkᴅn sᴅviyyᴅli (early fusion), gec 
sᴅviyyᴅli (late fusion) vᴅ hibrid yanaĸmalar. 

Erkᴅn birlᴅĸmᴅ mᴅrhᴅlᴅsindᴅ m¿xtᴅlif modal mᴅlumatlar (mᴅsᴅlᴅn, gºr¿nt¿ piksel 
mᴅlumatlarē vᴅ sᴅs siqnallarē) ilkin x¿susiyyᴅtlᴅr sᴅviyyᴅsindᴅ birlᴅĸdirilir. Bu yanaĸma y¿ksᴅk 
informasiya sēxlēĵē tᴅmin etsᴅ dᴅ, mᴅlumatlarēn sinxronizasiyasē vᴅ ºl­¿ uyĵunluĵu baxēmēndan 
m¿rᴅkkᴅblik yaradēr. Gec birlᴅĸmᴅ metodlarēnda isᴅ hᴅr bir modal ayrēca analiz olunur vᴅ 
nᴅticᴅlᴅr son mᴅrhᴅlᴅdᴅ birlᴅĸdirilir. Bu, sistemin elastikliyini artērsa da, bᴅzi kontekstual 
ᴅlaqᴅlᴅrin itirilmᴅsi ilᴅ nᴅticᴅlᴅnᴅ bilᴅr. 

M¿asir yanaĸmalarda transformer ᴅsaslē multimodal modellᴅr (mᴅsᴅlᴅn, cross-attention 
mexanizmlᴅri) vasitᴅsilᴅ m¿xtᴅlif mᴅlumat axēnlarē arasēnda semantik ᴅlaqᴅlᴅr ºyrᴅnilir. Bu 
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modellᴅr kontekstual uyĵunluĵu tᴅmin edᴅrᴅk avatar sistemlᴅrindᴅ daha dᴅqiq qᴅrarvermᴅ vᴅ 
interpretasiya imkanlarē yaradēr. 

Avatarlarēn texniki strukturu (3D model, davranēĸ modeli, NLP modullarē): Avatar 
sistemlᴅri ­oxsᴅviyyᴅli vᴅ modul ᴅsaslē arxitekturaya malikdir. Bu arxitektura ᴅsasᴅn ¿­ ᴅsas 
komponent ¿zᴅrindᴅ qurulur: vizual tᴅqdimat (3D model), davranēĸ modeli vᴅ tᴅbii dil emalē 
(NLP) modullarē. 

3D model avatarēn vizual reprezentasiyasēnē tᴅmin edir vᴅ istifadᴅ­inin fiziki 
x¿susiyyᴅtlᴅrini, jestlᴅrini vᴅ mimikasēnē ᴅks etdirir. Bu model real-time qrafik m¿hᴅrriklᴅr 
(mᴅsᴅlᴅn, game engine-lᴅr) vasitᴅsilᴅ iĸlᴅnir vᴅ y¿ksᴅk realizm sᴅviyyᴅsi tᴅmin edir. Skelet 
animasiya sistemlᴅri vᴅ fiziki simulyasiya alqoritmlᴅri avatarēn hᴅrᴅkᴅtlᴅrini tᴅbii ĸᴅkildᴅ 
modellᴅĸdirir. 

Davranēĸ modeli s¿ni intellekt alqoritmlᴅri ᴅsasēnda formalaĸēr vᴅ avatarēn interaktiv 
reaksiyalarēnē idarᴅ edir. Bu model istifadᴅ­inin emosional vᴅziyyᴅtini, jestlᴅrini vᴅ kontekstual 
mᴅlumatlarē nᴅzᴅrᴅ alaraq uyĵun cavablar yaradēr. Reinforcement learning vᴅ davranēĸ analizi 
metodlarē burada geniĸ istifadᴅ olunur. 

NLP modullarē isᴅ avatarēn insan dili ilᴅ qarĸēlēqlē ᴅlaqᴅsini tᴅmin edir. Bu modullar nitqin 
tanēnmasē (speech recognition), mᴅtnin generasiyasē vᴅ semantik analiz funksiyalarēnē yerinᴅ 
yetirir. Bu komponentlᴅrin inteqrasiyasē nᴅticᴅsindᴅ avatar sistemlᴅri daha tᴅbii vᴅ effektiv 
kommunikasiya qabiliyyᴅti ᴅldᴅ edir. 

Sensor vᴅ mᴅlumat mᴅnbᴅlᴅrinin inteqrasiyasē: Multimodal avatar sistemlᴅrinin 
effektiv fᴅaliyyᴅti m¿xtᴅlif sensor vᴅ mᴅlumat mᴅnbᴅlᴅrinin koordinasiyalē inteqrasiyasēndan 
asēlēdēr. Bu mᴅnbᴅlᴅrᴅ kamera sistemlᴅri, mikrofonlar, hᴅrᴅkᴅt sensorlarē (motion sensors), 
biometriya cihazlarē vᴅ IoT platformalarē daxildir. 

Sensor mᴅlumatlarēnēn inteqrasiyasē zamanē ᴅsas problemlᴅrdᴅn biri sinxronizasiya vᴅ 
gecikmᴅ (latency) mᴅsᴅlᴅlᴅridir. M¿xtᴅlif mᴅnbᴅlᴅrdᴅn daxil olan mᴅlumatlarēn vaxt 
baxēmēndan uyĵunlaĸdērēlmasē sistemin d¿zg¿n iĸlᴅmᴅsi ¿­¿n kritik ᴅhᴅmiyyᴅt daĸēyēr. Bu 
mᴅqsᴅdlᴅ zaman damĵasē (timestamping) vᴅ mᴅlumat filtrasiya alqoritmlᴅri tᴅtbiq olunur. 

Bundan ᴅlavᴅ, mᴅlumatlarēn keyfiyyᴅti vᴅ etibarlēlēĵē da m¿h¿m rol oynayēr. Sᴅs-k¿y 
(noise), itirilmiĸ mᴅlumatlar vᴅ sensor sᴅhvlᴅri sistemin performansēna mᴅnfi tᴅsir gºstᴅrᴅ bilᴅr. 
Bu problemlᴅrin aradan qaldērēlmasē ¿­¿n siqnal emalē vᴅ filtrasiya metodlarē, elᴅcᴅ dᴅ AI 
ᴅsaslē korrektᴅ mexanizmlᴅri istifadᴅ olunur. 

Real-time iĸlᴅmᴅ mexanizmlᴅri: Avatar sistemlᴅrindᴅ real vaxt rejimindᴅ iĸlᴅmᴅ (real-
time processing) ᴅsas funksional tᴅlᴅblᴅrdᴅn biridir. Ķstifadᴅ­i ilᴅ qarĸēlēqlē ᴅlaqᴅ zamanē 
gecikmᴅlᴅrin minimal olmasē sistemin effektivliyini vᴅ istifadᴅ­i tᴅcr¿bᴅsini birbaĸa m¿ᴅyyᴅn 
edir. Real-time iĸlᴅmᴅ ¿­¿n paralel hesablama, GPU/TPU ᴅsaslē s¿rᴅtlᴅndirmᴅ vᴅ edge 
computing texnologiyalarē geniĸ tᴅtbiq olunur. Edge computing yanaĸmasē mᴅlumatlarēn lokal 
sᴅviyyᴅdᴅ emalēnē tᴅmin edᴅrᴅk gecikmᴅlᴅri azaldēr vᴅ mᴅxfilik sᴅviyyᴅsini artērēr. 

Bundan ᴅlavᴅ, stream processing vᴅ event-driven arxitekturalar vasitᴅsilᴅ davamlē 
mᴅlumat axēnlarē real vaxt rejimindᴅ analiz olunur. Bu yanaĸma avatarlarēn dinamik m¿hitdᴅ 
adaptiv davranēĸ n¿mayiĸ etdirmᴅsinᴅ imkan yaradēr.  

Identifikasiya mexanizmlᴅri:  Biometrik identifikasiya (¿z tanēma, sᴅs analizi )-
Biometrik identifikasiya sistemlᴅri istifadᴅ­inin fiziki vᴅ fizioloji x¿susiyyᴅtlᴅrinᴅ ᴅsaslanaraq 
onun identifikasiyasēnē hᴅyata ke­irir. ¦z tanēma texnologiyalarē komp¿ter gºrmᴅsi vᴅ dᴅrin 
ºyrᴅnmᴅ alqoritmlᴅri vasitᴅsilᴅ y¿ksᴅk dᴅqiqliklᴅ iĸlᴅyir. Convolutional Neural Networks (CNN) 
modellᴅri ¿z x¿susiyyᴅtlᴅrini ekstraksiya edᴅrᴅk identifikasiya prosesini hᴅyata ke­irir. 

Sᴅs analizi isᴅ istifadᴅ­inin vokal x¿susiyyᴅtlᴅrini (ton, tezlik, tembr) analiz edᴅrᴅk 
identifikasiya tᴅmin edir. Bu metod x¿susilᴅ uzaqdan autentifikasiya sistemlᴅrindᴅ geniĸ tᴅtbiq 
olunur. 

Davranēĸ ᴅsaslē identifikasiya (gesture, istifadᴅ­i davranēĸē) 
Davranēĸ ᴅsaslē identifikasiya istifadᴅ­inin hᴅrᴅkᴅtlᴅri, jestlᴅri vᴅ interaksiya n¿munᴅlᴅri 

ᴅsasēnda hᴅyata ke­irilir. Bu metod statik biometrik mᴅlumatlardan fᴅrqli olaraq dinamik vᴅ 
davamlē autentifikasiya imkanē yaradēr. 
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Mᴅsᴅlᴅn, istifadᴅ­inin yazē s¿rᴅti, si­an hᴅrᴅkᴅtlᴅri vᴅ ya avatarēn jestlᴅri onun 
identifikasiyasē ¿­¿n istifadᴅ oluna bilᴅr. Bu yanaĸma x¿susilᴅ tᴅhl¿kᴅsizlik sᴅviyyᴅsinin 
artērēlmasē baxēmēndan ᴅhᴅmiyyᴅtlidir. 

 
ķᴅkil 1. Multimodal biometrik identifikasiya sisteminin iĸlᴅmᴅ prinsipi. 

 

Bu diaqramda barmaq izi, sklera vᴅ EKQ kimi m¿xtᴅlif biometrik mᴅlumatlarēn 
ᴅvvᴅlcᴅdᴅn emalē, x¿susiyyᴅt ­ēxarēlmasē vᴅ uyĵunlaĸdērēlmasē mᴅrhᴅlᴅlᴅri gºstᴅrilmiĸdir. 
Nᴅticᴅlᴅr ñscore level fusionò yanaĸmasē ilᴅ birlᴅĸdirilᴅrᴅk istifadᴅ­inin autentifikasiyasē hᴅyata 
ke­irilir. 

 Multimodal identifikasiya modellᴅri: Multimodal identifikasiya sistemlᴅri bir ne­ᴅ 
biometrik vᴅ davranēĸ mᴅlumatēnē birlᴅĸdirᴅrᴅk daha y¿ksᴅk dᴅqiqlik vᴅ etibarlēlēq tᴅmin edir. 
Bu modellᴅr m¿xtᴅlif mᴅlumat mᴅnbᴅlᴅri arasēnda qarĸēlēqlē ᴅlaqᴅlᴅri nᴅzᴅrᴅ alaraq 
identifikasiya prosesini optimallaĸdērēr. 

Mᴅsᴅlᴅn, ¿z tanēma vᴅ sᴅs analizi birlikdᴅ istifadᴅ edildikdᴅ sistemin sᴅhv ehtimalē 
ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalēr. Multimodal yanaĸma hᴅm­inin spoofing vᴅ saxtalaĸdērma 
h¿cumlarēna qarĸē daha dayanēqlē olur. 

Etibarlēlēq vᴅ doĵruluq problemlᴅri 
Identifikasiya sistemlᴅrindᴅ ᴅsas problemlᴅrdᴅn biri sᴅhv pozitiv (false positive) vᴅ sᴅhv 

neqativ (false negative) nᴅticᴅlᴅrdir. Bu problemlᴅr sistemin etibarlēlēĵēna birbaĸa tᴅsir edir. 
Bundan ᴅlavᴅ, m¿xtᴅlif m¿hit ĸᴅrtlᴅri (iĸēqlandērma, sᴅs-k¿y) vᴅ istifadᴅ­i davranēĸēndakē 

dᴅyiĸikliklᴅr identifikasiya dᴅqiqliyini azalda bilᴅr. Bu sᴅbᴅbdᴅn sistemlᴅrin adaptiv vᴅ ºz¿n¿ 
tᴅkmillᴅĸdirᴅn olmasē vacibdir. 

AI ᴅsaslē m¿dafiᴅ modellᴅri vᴅ tᴅhl¿kᴅsizlik hᴅllᴅri:  Anomaliya aĸkarlama sistemlᴅri-
Multimodal AI ᴅsaslē avatar sistemlᴅrindᴅ tᴅhl¿kᴅsizliyin tᴅmin olunmasēnda ᴅn effektiv 
yanaĸmalardan biri anomaliya aĸkarlama (anomaly detection) modellᴅridir. Bu sistemlᴅr 
istifadᴅ­inin normal davranēĸ n¿munᴅlᴅrini ºyrᴅnᴅrᴅk bu modeldᴅn kᴅnara ­ēxan fᴅaliyyᴅtlᴅri 
avtomatik ĸᴅkildᴅ m¿ᴅyyᴅn edir. Anomaliya aĸkarlama metodlarē ᴅsasᴅn nᴅzarᴅtsiz 
(unsupervised learning) vᴅ yarēmnᴅzarᴅtli (semi-supervised learning) maĸēn ºyrᴅnmᴅsi 
alqoritmlᴅrinᴅ ᴅsaslanēr. 

Mᴅsᴅlᴅn, istifadᴅ­inin sᴅs tonu, jestlᴅri vᴅ interaksiya davranēĸlarē m¿ᴅyyᴅn bir profil 
ᴅsasēnda modellᴅĸdirilir. ᴄgᴅr sistem bu profilᴅ uyĵun olmayan fᴅaliyyᴅt aĸkar edᴅrsᴅ, bu, 
potensial tᴅhl¿kᴅ kimi qiymᴅtlᴅndirilir. Multimodal yanaĸma bu prosesin dᴅqiqliyini artērēr, ­¿nki 
yalnēz bir mᴅlumat mᴅnbᴅyinᴅ deyil, eyni anda bir ne­ᴅ gºstᴅriciyᴅ ᴅsaslanēr. 
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Dᴅrin ºyrᴅnmᴅ ᴅsaslē autoencoder vᴅ variational autoencoder modellᴅri bu sahᴅdᴅ geniĸ 
tᴅtbiq olunur. Bu modellᴅr normal mᴅlumat paylanmasēnē ºyrᴅnᴅrᴅk anomaliyalarē y¿ksᴅk 
dᴅqiqliklᴅ aĸkarlaya bilir. 

Real-time monitorinq vᴅ davranēĸ analizi 
Avatar sistemlᴅrindᴅ tᴅhl¿kᴅsizliyin tᴅmin olunmasē ¿­¿n real vaxt rejimindᴅ monitorinq 

vᴅ davranēĸ analizi kritik ᴅhᴅmiyyᴅt kᴅsb edir. Bu yanaĸma istifadᴅ­i fᴅaliyyᴅtlᴅrinin davamlē 
izlᴅnmᴅsini vᴅ hᴅr hansē ĸ¿bhᴅli davranēĸēn dᴅrhal aĸkar edilmᴅsini tᴅmin edir. 

Real-time monitorinq sistemlᴅri stream processing texnologiyalarēna ᴅsaslanēr vᴅ bºy¿k 
hᴅcmdᴅ mᴅlumat axēnēnē gecikmᴅsiz emal edir. Bu sistemlᴅrdᴅ event-driven arxitektura tᴅtbiq 
edilᴅrᴅk hᴅr bir istifadᴅ­i fᴅaliyyᴅti ayrēca hadisᴅ kimi qiymᴅtlᴅndirilir. 

 

Cᴅdvᴅl 1. Multimodal avatar sistemlᴅrindᴅ tᴅhl¿kᴅlᴅr vᴅ m¿dafiᴅ strategiyalarē 

Tᴅhl¿kᴅ nºv¿ Tᴅsviri Tᴅsir M¿dafiᴅ 

Deepfake Saxta video/sᴅs Y¿ksᴅk Liveness detection 

Synthetic ID Saxta identiklik Y¿ksᴅk Multimodal identifikasiya 

Hijacking Avatar ᴅlᴅ ke­irmᴅ ¢ox y¿ksᴅk Continuous auth 
 

Bu cᴅdvᴅldᴅ multimodal s¿ni intellekt ᴅsaslē avatar sistemlᴅrindᴅ m¿ĸahidᴅ olunan ᴅsas 
tᴅhl¿kᴅ kateqoriyalarē kompleks vᴅ sistemli yanaĸma ᴅsasēnda tᴅqdim edilmiĸdir. Cᴅdvᴅl 
­ᴅr­ivᴅsindᴅ hᴅr bir tᴅhl¿kᴅ nºv¿ ï deepfake texnologiyalarē, sintetik identikliklᴅr, avatar 
hijacking, adversarial h¿cumlar vᴅ mᴅlumat sēzmasē kimi risklᴅr ï ayrēca analiz edilᴅrᴅk onlarēn 
sistemᴅ tᴅsir sᴅviyyᴅsi qiymᴅtlᴅndirilmiĸdir. 

Bununla yanaĸē, hᴅr bir tᴅhl¿kᴅ ¿­¿n uyĵun m¿dafiᴅ mexanizmlᴅri ï biometrik 
doĵrulama, multimodal identifikasiya, real-time monitorinq, anomaliya aĸkarlama modellᴅri vᴅ 
kriptoqrafik yanaĸmalar (ĸifrᴅlᴅmᴅ, federativ ºyrᴅnmᴅ vᴅ s.) gºstᴅrilmiĸdir. Bu yanaĸma 
tᴅhl¿kᴅsizlik problemlᴅrinin yalnēz texniki aspektlᴅrini deyil, hᴅm dᴅ onlarēn sistem 
arxitekturasēna vᴅ istifadᴅ­i etimadēna tᴅsirini ᴅhatᴅ edir. 

Cᴅdvᴅldᴅ tᴅqdim olunan strukturlaĸdērēlmēĸ mᴅlumatlar multimodal avatar sistemlᴅrindᴅ 
tᴅhl¿kᴅsizlik risklᴅrinin daha aydēn tᴅsnifatēnē aparmaĵa, onlarēn prioritetlᴅĸdirilmᴅsinᴅ vᴅ 
effektiv m¿dafiᴅ strategiyalarēnēn se­ilmᴅsinᴅ imkan verir. Eyni zamanda bu yanaĸma 
kompleks vᴅ ­oxsᴅviyyᴅli tᴅhl¿kᴅsizlik arxitekturasēnēn qurulmasē ¿­¿n metodoloji ᴅsas rolunu 
oynayēr vᴅ real tᴅtbiq m¿hitlᴅrindᴅ sistemin dayanēqlēlēĵēnēn artērēlmasēna xidmᴅt edir. 

Davranēĸ analizi isᴅ istifadᴅ­inin uzunm¿ddᴅtli fᴅaliyyᴅt n¿munᴅlᴅrini ºyrᴅnᴅrᴅk onun 
identifikasiya vᴅ autentifikasiyasēnē davamlē ĸᴅkildᴅ hᴅyata ke­irir. Bu metod ñcontinuous 
authenticationò kimi tanēnēr vᴅ x¿susilᴅ avatar hijacking kimi h¿cumlarēn qarĸēsēnēn alēnmasēnda 
effektivdir. 

Adaptiv vᴅ ­oxsᴅviyyᴅli tᴅhl¿kᴅsizlik arxitekturasē: Multimodal s¿ni intellekt ᴅsaslē 
avatar sistemlᴅrinin tᴅhl¿kᴅsizliyi m¿asir rᴅqᴅmsal ekosistemlᴅrin ᴅn m¿rᴅkkᴅb 
problemlᴅrindᴅn biri kimi ­ēxēĸ edir. Bu sistemlᴅrdᴅ m¿xtᴅlif tipli mᴅlumatlarēn ï vizual, akustik, 
davranēĸ vᴅ kontekstual informasiyanēn paralel ĸᴅkildᴅ emalē tᴅhl¿kᴅsizlik baxēmēndan 
­oxºl­¿l¿ risklᴅr yaradēr. Bu sᴅbᴅbdᴅn tᴅhl¿kᴅsizliyin yalnēz bir metod vᴅ ya tᴅk sᴅviyyᴅli 
m¿dafiᴅ mexanizmi ilᴅ tᴅmin olunmasē qeyri-effektiv hesab olunur. Belᴅ m¿rᴅkkᴅb sistemlᴅr 
¿­¿n adaptiv vᴅ ­oxsᴅviyyᴅli tᴅhl¿kᴅsizlik arxitekturalarēnēn qurulmasē strateji zᴅrurᴅt kimi 
formalaĸēr. 

¢oxsᴅviyyᴅli tᴅhl¿kᴅsizlik arxitekturasē ñdefense-in-depthò prinsipinᴅ ᴅsaslanaraq 
sistemin m¿xtᴅlif komponentlᴅrini paralel ĸᴅkildᴅ qorumaĵa yºnᴅlmiĸ inteqrativ yanaĸmanē ᴅks 
etdirir. Bu arxitektura fᴅrqli tᴅhl¿kᴅsizlik qatlarēnēn qarĸēlēqlē ᴅlaqᴅsi vᴅ koordinasiyasē ᴅsasēnda 
iĸlᴅyir vᴅ hᴅr bir sᴅviyyᴅ sistemin spesifik zᴅifliklᴅrini hᴅdᴅflᴅyir. 
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ķᴅkil 2. Multimodal AI ᴅsaslē avatar sistemlᴅrindᴅ ­oxsᴅviyyᴅli tᴅhl¿kᴅsizlik arxitekturasē. 
Bu ĸᴅkildᴅ multimodal avatar sistemlᴅrindᴅ tᴅhl¿kᴅsizlik qatlarē ï giriĸ (biometrik 

identifikasiya), analiz (davranēĸ vᴅ anomaliya aĸkarlama), m¿dafiᴅ (IDS/IPS) vᴅ mᴅlumat 
sᴅviyyᴅsi (ĸifrᴅlᴅmᴅ vᴅ mᴅxfilik texnologiyalarē) konseptual olaraq tᴅqdim olunur. 

Giriĸ sᴅviyyᴅsi istifadᴅ­inin ilkin identifikasiyasē vᴅ autentifikasiyasēnē tᴅmin edᴅn ᴅsas 
tᴅhl¿kᴅsizlik qatēdēr. Bu sᴅviyyᴅdᴅ biometrik identifikasiya texnologiyalarē (¿z tanēma, sᴅs 
biometrikasē, iris vᴅ ya davranēĸ biometrikasē) ilᴅ yanaĸē ­oxfaktorlu autentifikasiya (MFA) 
mexanizmlᴅri tᴅtbiq edilir. Multimodal sistemlᴅrdᴅ bu proses daha da g¿clᴅndirilᴅrᴅk m¿xtᴅlif 
biometrik parametrlᴅrin paralel analizi ilᴅ hᴅyata ke­irilir. Bununla belᴅ, deepfake vᴅ spoofing 
h¿cumlarēnēn artmasē fonunda canlēlēq yoxlamasē (liveness detection) vᴅ anti-spoofing 
alqoritmlᴅrinin tᴅtbiqi zᴅruri hesab olunur. 

Analiz sᴅviyyᴅsi sistem daxilindᴅ istifadᴅ­i fᴅaliyyᴅtlᴅrinin davamlē monitorinqini vᴅ 
davranēĸ n¿munᴅlᴅrinin analitik qiymᴅtlᴅndirilmᴅsini tᴅmin edir. Bu sᴅviyyᴅdᴅ s¿ni intellekt 
ᴅsaslē davranēĸ analizi vᴅ anomaliya aĸkarlama modellᴅri tᴅtbiq olunur. Sistem istifadᴅ­inin 
normal fᴅaliyyᴅt profilini ºyrᴅnᴅrᴅk bu profildᴅn kᴅnara ­ēxan hᴅr hansē fᴅaliyyᴅti potensial 
tᴅhl¿kᴅ kimi identifikasiya edir. Multimodal analiz bu mᴅrhᴅlᴅdᴅ x¿susi ¿st¿nl¿k yaradēr, ­¿nki 
m¿xtᴅlif mᴅlumat mᴅnbᴅlᴅrinin inteqrasiyasē nᴅticᴅsindᴅ daha dᴅqiq vᴅ kontekstual 
qᴅrarvermᴅ m¿mk¿n olur. 

M¿dafiᴅ sᴅviyyᴅsi aĸkar edilmiĸ tᴅhl¿kᴅlᴅrᴅ qarĸē operativ vᴅ avtomatlaĸdērēlmēĸ 
reaksiya mexanizmlᴅrini ºz¿ndᴅ birlᴅĸdirir. Bu sᴅviyyᴅdᴅ intrusion detection vᴅ intrusion 
prevention sistemlᴅri (IDS/IPS), real-time tᴅhl¿kᴅ cavab sistemlᴅri vᴅ AI ᴅsaslē qᴅrarvermᴅ 
mexanizmlᴅri tᴅtbiq edilir. Sistem ĸ¿bhᴅli fᴅaliyyᴅt aĸkar etdikdᴅ avtomatik olaraq ᴅlavᴅ 
autentifikasiya tᴅlᴅb edᴅ, istifadᴅ­i sessiyasēnē mᴅhdudlaĸdēra vᴅ ya tᴅhl¿kᴅni izolyasiya edᴅ 
bilᴅr. Bu sᴅviyyᴅnin effektivliyi aĸaĵē gecikmᴅ vᴅ y¿ksᴅk hesablama performansē ilᴅ sēx 
baĵlēdēr. 

Mᴅlumat sᴅviyyᴅsi isᴅ sistemdᴅ saxlanēlan vᴅ emal olunan mᴅlumatlarēn tᴅhl¿kᴅsizliyini 

tᴅmin edir. Bu sᴅviyyᴅdᴅ kriptoqrafik alqoritmlᴅr, mᴅlumatlarēn ĸifrᴅlᴅnmᴅsi, anonimlᴅĸdirilmᴅsi 

vᴅ mᴅxfilik qoruma texnologiyalarē tᴅtbiq olunur. Multimodal sistemlᴅrdᴅ x¿susilᴅ biometrik 

mᴅlumatlarēn qorunmasē ¿­¿n differential privacy, homomorphic encryption vᴅ federated 

learning kimi m¿asir yanaĸmalarēn inteqrasiyasē m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. 

Adaptiv tᴅhl¿kᴅsizlik mexanizmlᴅri bu ­oxsᴅviyyᴅli arxitekturanēn dinamik m¿hitlᴅrᴅ 

uyĵunlaĸmasēnē tᴅmin edᴅn ᴅsas komponentdir. Bu sistemlᴅr maĸēn ºyrᴅnmᴅsi vᴅ ºz¿n¿-

tᴅkmillᴅĸdirmᴅ prinsiplᴅri ᴅsasēnda yeni yaranan tᴅhl¿kᴅlᴅri avtomatik ĸᴅkildᴅ aĸkar edir vᴅ 

m¿dafiᴅ strategiyalarēnē davamlē olaraq yenilᴅyir. X¿susilᴅ sēfēr-g¿n (zero-day) h¿cumlarē vᴅ 

ᴅvvᴅlcᴅdᴅn mᴅlum olmayan tᴅhl¿kᴅlᴅrᴅ qarĸē adaptiv yanaĸma y¿ksᴅk effektivlik n¿mayiĸ 

etdirir. 
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Bundan ᴅlavᴅ, kontekstual vᴅ risk ᴅsaslē autentifikasiya modellᴅri adaptiv tᴅhl¿kᴅsizliyin 

m¿h¿m elementlᴅrindᴅndir. Ķstifadᴅ­inin coĵrafi mºvqeyi, cihaz x¿susiyyᴅtlᴅri, istifadᴅ tezliyi 

vᴅ davranēĸ tarix­ᴅsi kimi faktorlar nᴅzᴅrᴅ alēnaraq risk sᴅviyyᴅsi dinamik ĸᴅkildᴅ 

qiymᴅtlᴅndirilir. Bu isᴅ tᴅhl¿kᴅsizlik tᴅdbirlᴅrinin situasiyaya uyĵun ĸᴅkildᴅ fᴅrdilᴅĸdirilmᴅsinᴅ 

imkan verir. 

Nᴅticᴅ etibarilᴅ, adaptiv vᴅ ­oxsᴅviyyᴅli tᴅhl¿kᴅsizlik arxitekturasē multimodal AI ᴅsaslē 

avatar sistemlᴅrinin dayanēqlēlēĵēnē vᴅ etibarlēlēĵēnē tᴅmin edᴅn fundamental yanaĸma kimi ­ēxēĸ 

edir. Bu model yalnēz mºvcud tᴅhl¿kᴅlᴅrin qarĸēsēnē almaqla kifayᴅtlᴅnmir, hᴅm dᴅ gᴅlᴅcᴅk 

tᴅhdidlᴅrᴅ qarĸē proaktiv m¿dafiᴅ mexanizmlᴅrinin formalaĸdērēlmasēna ĸᴅrait yaradēr vᴅ 

rᴅqᴅmsal m¿hitdᴅ istifadᴅ­i etimadēnēn g¿clᴅndirilmᴅsinᴅ m¿h¿m tºhfᴅ verir. 

Federated learning vᴅ privacy-preserving AI: Multimodal s¿ni intellekt ᴅsaslē avatar 

sistemlᴅrindᴅ bºy¿k hᴅcmdᴅ heterogen vᴅ y¿ksᴅk hᴅssaslēĵa malik mᴅlumatlarēn emalē zᴅruri 

olduĵundan, ᴅnᴅnᴅvi mᴅrkᴅzlᴅĸdirilmiĸ mᴅlumat emalē yanaĸmalarē ciddi mᴅxfilik vᴅ 

tᴅhl¿kᴅsizlik risklᴅri yaradēr. X¿susilᴅ biometrik identifikatorlar (¿z gºr¿nt¿lᴅri, sᴅs n¿munᴅlᴅri, 

davranēĸ profillᴅri) kimi mᴅlumatlarēn mᴅrkᴅzi serverlᴅrdᴅ saxlanēlmasē hᴅm h¿quqi, hᴅm dᴅ 

etik baxēmdan ᴅlavᴅ mᴅsuliyyᴅtlᴅr doĵurur. Bu kontekstdᴅ federativ ºyrᴅnmᴅ (federated 

learning) vᴅ mᴅxfiliyi qoruyan s¿ni intellekt (privacy-preserving AI) yanaĸmalarē alternativ vᴅ 

daha tᴅhl¿kᴅsiz modellᴅr kimi ºn plana ­ēxēr. 

Federated learning paylanmēĸ maĸēn ºyrᴅnmᴅsi paradiqmasē olub, modelin tᴅlim 

prosesini mᴅrkᴅzlᴅĸdirmᴅk ᴅvᴅzinᴅ onu lokal cihazlar ¿zᴅrindᴅ hᴅyata ke­irmᴅyᴅ imkan verir. 

Bu yanaĸmada istifadᴅ­i mᴅlumatlarē cihazē tᴅrk etmir; yalnēz ºyrᴅnilmiĸ model parametrlᴅri vᴅ 

ya qradientlᴅr mᴅrkᴅzi serverlᴅ paylaĸēlēr. Server isᴅ bu parametrlᴅri aqreqasiya edᴅrᴅk qlobal 

modeli yenilᴅyir. Belᴅliklᴅ, mᴅlumatlarēn ºt¿r¿lmᴅsi minimallaĸdērēlēr vᴅ potensial mᴅlumat 

sēzmasē risklᴅri ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalir. 

 
ķᴅkil 3. Federativ ºyrᴅnmᴅ (Federated Learning) arxitekturasē 

 

Bu ĸᴅkildᴅ federativ ºyrᴅnmᴅ modelindᴅ lokal cihazlarda modelin tᴅlimi, parametrlᴅrin 
mᴅrkᴅzi serverᴅ ºt¿r¿lmᴅsi vᴅ qlobal modelin yenilᴅnmᴅsi prosesi gºstᴅrilmiĸdir. Bu yanaĸma 
mᴅlumatlarēn mᴅxfiliyini qoruyaraq paylanmēĸ ºyrᴅnmᴅni tᴅmin edir. Multimodal avatar 
sistemlᴅrindᴅ federated learning x¿susilᴅ effektivdir, ­¿nki m¿xtᴅlif sensorlardan (kamera, 
mikrofon, hᴅrᴅkᴅt sensorlarē vᴅ s.) toplanan mᴅlumatlar y¿ksᴅk fᴅrdilᴅĸdirilmiĸ xarakter daĸēyēr. 
Lokal tᴅlim mexanizmi istifadᴅ­i spesifik x¿susiyyᴅtlᴅrin qorunmasēnē tᴅmin etmᴅklᴅ yanaĸē, 
modellᴅrin fᴅrdi davranēĸ n¿munᴅlᴅrinᴅ daha yaxĸē uyĵunlaĸmasēna imkan yaradēr. Bununla 
belᴅ, federativ sistemlᴅrdᴅ kommunikasiya xᴅrclᴅri, heterogen cihaz m¿hitlᴅri vᴅ model 
sinxronizasiyasē kimi texniki problemlᴅr mºvcuddur ki, bu da optimallaĸdērēlmēĸ aqreqasiya 
alqoritmlᴅrinin tᴅtbiqini zᴅruri edir. 



¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

154 
 

Mᴅxfiliyin qorunmasē istiqamᴅtindᴅ federated learning yanaĸmasēnē tamamlayan digᴅr 
m¿h¿m texnologiya differential privacy-dir. Bu metod mᴅlumatlara statistik sᴅs-k¿y ᴅlavᴅ 
etmᴅklᴅ fᴅrdi istifadᴅ­i mᴅlumatlarēnēn model nᴅticᴅlᴅrindᴅn bᴅrpa olunmasēnēn qarĸēsēnē alēr. 
Differential privacy riyazi zᴅmanᴅtlᴅr tᴅqdim edᴅrᴅk mᴅlumatlarēn anonimliyini tᴅmin edir vᴅ 
x¿susilᴅ h¿quqi tᴅlᴅblᴅrin (mᴅsᴅlᴅn, GDPR kimi normativlᴅrin) yerinᴅ yetirilmᴅsi baxēmēndan 
m¿h¿m rol oynayēr. 

Digᴅr m¿h¿m yanaĸma isᴅ homomorphic encryption texnologiyasēdēr ki, bu metod 
ĸifrᴅlᴅnmiĸ mᴅlumatlar ¿zᴅrindᴅ birbaĸa hesablama aparēlmasēna imkan verir. Bu texnologiya 
sayᴅsindᴅ mᴅlumatlar a­ēq formada deĸifrᴅ olunmadan emal edilir vᴅ belᴅliklᴅ mᴅlumatlarēn 
mᴅxfiliyi tam qorunur. Multimodal sistemlᴅrdᴅ bu yanaĸma x¿susilᴅ hᴅssas biometrik 
mᴅlumatlarēn tᴅhl¿kᴅsiz iĸlᴅnmᴅsi ¿­¿n perspektivli hesab olunur. 

Bundan ᴅlavᴅ, secure multi-party computation (SMPC) vᴅ trusted execution 
environments (TEE) kimi texnologiyalar da privacy-preserving AI ekosisteminin m¿h¿m 
komponentlᴅrindᴅndir. SMPC bir ne­ᴅ tᴅrᴅfin ºz mᴅlumatlarēnē paylaĸmadan birgᴅ hesablama 
aparmasēna imkan verir, TEE isᴅ mᴅlumatlarēn tᴅhl¿kᴅsiz aparat m¿hitindᴅ emalēnē tᴅmin edir. 

Bununla belᴅ, mᴅxfiliyi qoruyan bu yanaĸmalarēn tᴅtbiqi performans vᴅ hesablama 
baxēmēndan m¿ᴅyyᴅn kompromislᴅr yaradēr. Mᴅsᴅlᴅn, ĸifrᴅlᴅnmiĸ hesablama proseslᴅri ᴅlavᴅ 
hesablama y¿k¿ yaradēr vᴅ real-time sistemlᴅrdᴅ gecikmᴅlᴅrᴅ sᴅbᴅb ola bilᴅr. Bu sᴅbᴅbdᴅn 
m¿asir tᴅdqiqatlar bu texnologiyalarēn optimallaĸdērēlmasēna vᴅ real vaxt rejimindᴅ tᴅtbiq 
imkanlarēnēn geniĸlᴅndirilmᴅsinᴅ yºnᴅlmiĸdir. 

Nᴅticᴅ etibarilᴅ, federated learning vᴅ privacy-preserving AI yanaĸmalarē multimodal 
avatar sistemlᴅrindᴅ mᴅlumat tᴅhl¿kᴅsizliyi vᴅ mᴅxfilik problemlᴅrinin hᴅllindᴅ fundamental rol 
oynayēr. Bu texnologiyalarēn inteqrasiyasē yalnēz texniki tᴅhl¿kᴅsizliyi artērmaqla kifayᴅtlᴅnmir, 
eyni zamanda istifadᴅ­i etimadēnēn formalaĸmasēna vᴅ rᴅqᴅmsal ekosistemlᴅrin dayanēqlē 
inkiĸafēna m¿h¿m tºhfᴅ verir. 

Praktiki tᴅtbiqlᴅr vᴅ istifadᴅ sahᴅlᴅri: Multimodal s¿ni intellekt ᴅsaslē avatar sistemlᴅri 
m¿asir rᴅqᴅmsal transformasiya prosesinin ᴅsas komponentlᴅrindᴅn biri kimi m¿xtᴅlif 
sahᴅlᴅrdᴅ geniĸ tᴅtbiq imkanlarēna malikdir. Bu sistemlᴅrin ᴅsas ¿st¿nl¿y¿ onlarēn multimodal 
mᴅlumatlarē ï vizual, akustik vᴅ davranēĸ mᴅlumatlarēnē ï inteqrasiya edᴅrᴅk daha realistik, 
adaptiv vᴅ kontekstual qarĸēlēqlē ᴅlaqᴅ yaratmaq qabiliyyᴅtidir. Bu x¿susiyyᴅt onlarē ᴅnᴅnᴅvi 
interfeys texnologiyalarēndan fᴅrqlᴅndirᴅrᴅk yeni nᴅsil rᴅqᴅmsal platformalarēn ᴅsas elementi 
halēna gᴅtirir. 

Metaverse vᴅ virtual platformalarda avatar sistemlᴅri istifadᴅ­ilᴅr arasēnda sosial qarĸēlēqlē 
ᴅlaqᴅnin ᴅsas vasitᴅsi kimi ­ēxēĸ edir. Bu m¿hitdᴅ avatarlar yalnēz vizual reprezentasiya 
funksiyasē daĸēmēr, hᴅm dᴅ istifadᴅ­inin emosional vᴅziyyᴅtini, davranēĸ n¿munᴅlᴅrini vᴅ 
kommunikasiya stilini ᴅks etdirᴅn dinamik interfeys rolunu oynayēr. Multimodal AI 
texnologiyalarēnēn tᴅtbiqi nᴅticᴅsindᴅ avatarlar real vaxt rejimindᴅ istifadᴅ­inin mimikasēnē, sᴅs 
tonunu vᴅ jestlᴅrini analiz edᴅrᴅk daha tᴅbii vᴅ immersiv ¿nsiyyᴅt m¿hiti yaradēr. Bu isᴅ virtual 
icmalarēn formalaĸmasēnē vᴅ rᴅqᴅmsal sosial ekosistemlᴅrin inkiĸafēnē s¿rᴅtlᴅndirir. 

Tᴅhsil sektorunda multimodal avatar sistemlᴅri distant vᴅ hibrid tᴅhsil modellᴅrinin 
keyfiyyᴅtini ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artērēr. Virtual m¿ᴅllim avatarlarē tᴅlᴅbᴅlᴅrlᴅ interaktiv ĸᴅkildᴅ 
¿nsiyyᴅt quraraq fᴅrdilᴅĸdirilmiĸ tᴅdris prosesini tᴅmin edir. Eyni zamanda, tᴅlᴅbᴅ avatarlarē 
vasitᴅsilᴅ ºyrᴅnᴅnlᴅrin davranēĸ vᴅ iĸtirak sᴅviyyᴅsi analiz edilᴅ bilᴅr ki, bu da adaptiv tᴅdris 
strategiyalarēnēn formalaĸdērēlmasēna imkan yaradēr. Multimodal analiz vasitᴅsilᴅ tᴅlᴅbᴅlᴅrin 
emosional vᴅziyyᴅti vᴅ diqqᴅt sᴅviyyᴅsi m¿ᴅyyᴅn edilᴅrᴅk tᴅdris prosesinin optimallaĸdērēlmasē 
m¿mk¿n olur. 

Hᴅrbi vᴅ tᴅhl¿kᴅsizlik sahᴅlᴅrindᴅ avatar sistemlᴅri y¿ksᴅk riskli vᴅ kompleks m¿hitlᴅrin 
simulyasiyasē ¿­¿n istifadᴅ olunur. Bu sistemlᴅr vasitᴅsilᴅ real dºy¿ĸ ĸᴅraitinᴅ yaxēn virtual 
m¿hitlᴅr yaradēlēr vᴅ personalēn tᴅlimi daha tᴅhl¿kᴅsiz vᴅ effektiv ĸᴅkildᴅ hᴅyata ke­irilir. 
Bundan ᴅlavᴅ, real-time mᴅlumat analizi vᴅ AI ᴅsaslē qᴅrarvermᴅ mexanizmlᴅri sayᴅsindᴅ 
operativ qᴅrarlarēn qᴅbul edilmᴅsi s¿rᴅtlᴅndirilir. Multimodal mᴅlumatlarēn inteqrasiyasē 
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situasiya ĸ¿urunun (situational awareness) artērēlmasēna vᴅ risklᴅrin daha dᴅqiq 
qiymᴅtlᴅndirilmᴅsinᴅ imkan verir. 

Rᴅqᴅmsal iqtisadiyyat vᴅ fintech sektorunda multimodal avatar sistemlᴅri ᴅsasᴅn 
tᴅhl¿kᴅsiz identifikasiya vᴅ autentifikasiya mexanizmlᴅri kimi tᴅtbiq edilir. Biometrik vᴅ 
davranēĸ ᴅsaslē identifikasiya metodlarēnēn inteqrasiyasē istifadᴅ­i doĵrulama prosesinin hᴅm 
tᴅhl¿kᴅsizliyini, hᴅm dᴅ istifadᴅ rahatlēĵēnē artērēr. Bu yanaĸma x¿susilᴅ rᴅqᴅmsal bank­ēlēq, 
elektron ticarᴅt vᴅ blok­eyn ᴅsaslē platformalarda istifadᴅ­i etimadēnēn formalaĸdērēlmasē 
baxēmēndan m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. 

Sᴅhiyyᴅ sahᴅsindᴅ dᴅ bu texnologiyalarēn tᴅtbiqi geniĸlᴅnmᴅkdᴅdir. Avatar ᴅsaslē 
sistemlᴅr psixoloji terapiya, reabilitasiya vᴅ distant tibbi xidmᴅtlᴅrdᴅ istifadᴅ olunur. Multimodal 
analiz vasitᴅsilᴅ xᴅstᴅlᴅrin emosional vᴅ fiziki vᴅziyyᴅti izlᴅnilᴅrᴅk daha fᴅrdilᴅĸdirilmiĸ m¿alicᴅ 
yanaĸmalarē tᴅtbiq edilᴅ bilᴅr. 

Belᴅliklᴅ, multimodal AI ᴅsaslē avatar sistemlᴅri yalnēz texnoloji innovasiya deyil, hᴅm dᴅ 
m¿xtᴅlif sahᴅlᴅrdᴅ funksional transformasiya yaradan universal platforma kimi ­ēxēĸ edir. 

Nᴅticᴅ. Bu tᴅdqiqat ­ᴅr­ivᴅsindᴅ multimodal s¿ni intellekt ᴅsaslē avatar sistemlᴅrindᴅ 
tᴅhl¿kᴅsizlik vᴅ identifikasiya problemlᴅri kompleks sistem m¿hᴅndisliyi yanaĸmasē ᴅsasēnda 
daha dᴅrin vᴅ ­oxsᴅviyyᴅli ĸᴅkildᴅ tᴅhlil edilmiĸdir. Aparēlan analitik qiymᴅtlᴅndirmᴅlᴅr gºstᴅrir 
ki, bu tip sistemlᴅrin effektiv vᴅ dayanēqlē fᴅaliyyᴅti yalnēz y¿ksᴅk hesablama g¿c¿, qabaqcēl 
alqoritmlᴅr vᴅ geniĸ verilᴅnlᴅr bazasē ilᴅ mᴅhdudlaĸmēr; eyni zamanda, onlarēn tᴅhl¿kᴅsizlik 
arxitekturasēnēn inteqrativ, elastik vᴅ proqnozlaĸdērēcē xarakter daĸēmasē hᴅlledici rol oynayēr. 
Bu baxēmdan, tᴅhl¿kᴅsizlik artēq sistemᴅ sonradan ᴅlavᴅ olunan komponent deyil, onun ilkin 
dizayn mᴅrhᴅlᴅsindᴅn etibarᴅn formalaĸdērēlan fundamental struktur elementi kimi ­ēxēĸ edir. 

Multimodal sistemlᴅrin ᴅsas funksional ¿st¿nl¿y¿ m¿xtᴅlif modallēqlardan ï vizual, akustik 
vᴅ tekstual mᴅlumatlardan ï daxil olan informasiyanē sinergetik ĸᴅkildᴅ birlᴅĸdirᴅrᴅk daha 
y¿ksᴅk sᴅviyyᴅli semantik interpretasiya vᴅ kontekstual qᴅrarvermᴅ qabiliyyᴅti yaratmasēdēr. 
Lakin mᴅhz bu ­oxmᴅnbᴅli inteqrasiya x¿susiyyᴅti sistemin h¿cum sᴅthini geniĸlᴅndirᴅrᴅk yeni 
nᴅsil tᴅhl¿kᴅsizlik risklᴅrini meydana ­ēxarēr. X¿susilᴅ, generativ modellᴅrᴅ ᴅsaslanan 
deepfake texnologiyalarē vizual vᴅ sᴅs mᴅlumatlarēnēn y¿ksᴅk realizm sᴅviyyᴅsindᴅ 
saxtalaĸdērēlmasēna imkan verir ki, bu da biometrik identifikasiya mexanizmlᴅrinin etibarlēlēĵēnē 
ciddi ĸᴅkildᴅ zᴅiflᴅdir. Synthetic identity yanaĸmalarē real vᴅ s¿ni mᴅlumatlarēn hibrid 
kombinasiyasē vasitᴅsilᴅ sistemdᴅ ñetibarlē, lakin saxtaò identikliklᴅr yaradēr vᴅ nᴅticᴅdᴅ 
identifikasiya prosesindᴅ semantik uyĵunsuzluqlar formalaĸdērēr. Bununla yanaĸē, adversarial 
machine learning h¿cumlarē giriĸ mᴅlumatlarēna minimal, lakin mᴅqsᴅdyºnl¿ dᴅyiĸikliklᴅr 
etmᴅklᴅ modelin qᴅrarvermᴅ mᴅntiqini manipulyasiya edir vᴅ sistemin davranēĸēnē qeyri-stabil 
hala gᴅtirir. 

Digᴅr kritik aspekt bºy¿k hᴅcmli vᴅ hᴅssas multimodal mᴅlumatlarēn emalē ilᴅ baĵlē 
mᴅxfilik vᴅ mᴅlumat tᴅhl¿kᴅsizliyi problemlᴅridir. Avatar sistemlᴅrindᴅ istifadᴅ­i ilᴅ baĵlē 
biometrik gºstᴅricilᴅr (¿z tᴅsviri, sᴅs izi), davranēĸ modellᴅri vᴅ kontekstual mᴅlumatlar eyni 
platformada toplanaraq y¿ksᴅk dᴅyᴅrli informasiya bazasē yaradēr. Bu isᴅ mᴅlumat sēzmasē, 
icazᴅsiz giriĸ vᴅ ya ¿­¿nc¿ tᴅrᴅf manipulyasiyasē risklᴅrini artērēr. Belᴅ ĸᴅraitdᴅ ᴅnᴅnᴅvi 
tᴅhl¿kᴅsizlik mexanizmlᴅri ï statik autentifikasiya vᴅ ya sadᴅ ĸifrᴅlᴅmᴅ yanaĸmalarē ï artēq 
kifayᴅt etmir vᴅ daha ­evik, adaptiv vᴅ kontekst-aware tᴅhl¿kᴅsizlik modellᴅrinin tᴅtbiqi zᴅruri 
olur. 

Bu problemlᴅrin aradan qaldērēlmasē ¿­¿n m¿asir yanaĸmalarēn inteqrasiyasē x¿susi 
ᴅhᴅmiyyᴅt kᴅsb edir. Anomaliya aĸkarlama sistemlᴅri davranēĸ sᴅviyyᴅsindᴅ normadan kᴅnar 
fᴅaliyyᴅtlᴅri real vaxtda m¿ᴅyyᴅn etmᴅyᴅ imkan verir vᴅ belᴅliklᴅ, sēfēr-g¿n (zero-day) 
h¿cumlarēnēn erkᴅn mᴅrhᴅlᴅdᴅ aĸkarlanmasēnē tᴅmin edir. Federated learning yanaĸmasē 
mᴅlumatlarēn mᴅrkᴅzlᴅĸdirilmᴅdᴅn lokal sᴅviyyᴅdᴅ emalēnē m¿mk¿n edᴅrᴅk mᴅxfilik 
sᴅviyyᴅsini y¿ksᴅldir vᴅ mᴅlumat sēzmasē riskini azaldēr. Differential privacy texnologiyalarē isᴅ 
mᴅlumatlara statistik sᴅs ᴅlavᴅ etmᴅklᴅ fᴅrdi istifadᴅ­i mᴅlumatlarēnēn identifikasiya 
olunmasēnēn qarĸēsēnē alēr. Bununla yanaĸē, blockchain ᴅsaslē identifikasiya modellᴅri 
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mᴅrkᴅzlᴅĸdirilmᴅmiĸ vᴅ dᴅyiĸdirilmᴅsi m¿mk¿n olmayan (immutable) qeydiyyat mexanizmlᴅri 
vasitᴅsilᴅ identikliklᴅrin doĵrulanmasēnē daha ĸᴅffaf vᴅ etibarlē edir. 

B¿t¿n bu texnoloji yanaĸmalarēn effektiv tᴅtbiqi ¿­¿n ­oxsᴅviyyᴅli vᴅ adaptiv tᴅhl¿kᴅsizlik 
arxitekturasēnēn qurulmasē vacibdir. Bu arxitektura mᴅlumat sᴅviyyᴅsindᴅn baĸlayaraq model 
sᴅviyyᴅsinᴅ vᴅ tᴅtbiq qatēna qᴅdᴅr b¿t¿n sistem komponentlᴅrini ᴅhatᴅ etmᴅlidir. Belᴅ 
yanaĸma sistemin yalnēz mºvcud tᴅhdidlᴅrᴅ qarĸē deyil, hᴅm dᴅ gᴅlᴅcᴅkdᴅ yarana bilᴅcᴅk 
dinamik vᴅ hibrid h¿cum ssenarilᴅrinᴅ qarĸē davamlēlēĵēnē tᴅmin edir. X¿susilᴅ real vaxt 
rejimindᴅ monitorinq, avtomatlaĸdērēlmēĸ qᴅrarvermᴅ vᴅ ºz¿n¿-ºyrᴅnᴅn m¿dafiᴅ mexanizmlᴅri 
sistemin adaptivliyini artēran ᴅsas faktorlar kimi ­ēxēĸ edir. 

Gᴅlᴅcᴅk inkiĸaf perspektivlᴅri baxēmēndan multimodal avatar sistemlᴅrinin daha 
m¿rᴅkkᴅb texnoloji ekosistemlᴅrlᴅ inteqrasiyasē gºzlᴅnilir. S¿ni ¿mumi intellekt (AGI) 
konsepsiyasēnēn formalaĸmasē multimodal sistemlᴅrin daha y¿ksᴅk sᴅviyyᴅli kognitiv 
qabiliyyᴅtlᴅrᴅ malik olmasēna ĸᴅrait yaradacaqdēr. Eyni zamanda geniĸlᴅnmiĸ reallēq (XR) 
texnologiyalarē ilᴅ inteqrasiya bu sistemlᴅri daha immersiv vᴅ interaktiv edᴅcᴅk, kvant 
hesablama texnologiyalarēnēn tᴅtbiqi isᴅ hᴅm hesablama s¿rᴅtini artēracaq, hᴅm dᴅ kriptoqrafik 
tᴅhl¿kᴅsizlik mexanizmlᴅrinin yeni nᴅslini formalaĸdēracaqdēr. Lakin bu inkiĸaflar paralel olaraq 
tᴅhl¿kᴅsizlik risklᴅrinin dᴅ daha m¿rᴅkkᴅb vᴅ ­oxºl­¿l¿ xarakter almasēna sᴅbᴅb olacaqdēr. 

Nᴅticᴅ etibarilᴅ, multimodal s¿ni intellekt ᴅsaslē avatar sistemlᴅrinin tᴅhl¿kᴅsiz, etibarlē vᴅ 
uzunm¿ddᴅtli dayanēqlē inkiĸafē ¿­¿n kompleks, inteqrasiya olunmuĸ vᴅ adaptiv tᴅhl¿kᴅsizlik 
modellᴅrinin yaradēlmasē strateji zᴅrurᴅt kimi ­ēxēĸ edir. Bu yanaĸma yalnēz texnoloji effektivliyi 
tᴅmin etmir, eyni zamanda rᴅqᴅmsal m¿hitdᴅ istifadᴅ­i etimadēnēn formalaĸmasē, etik 
prinsiplᴅrin qorunmasē vᴅ sosial qᴅbulun g¿clᴅndirilmᴅsi baxēmēndan da fundamental 
ᴅhᴅmiyyᴅt daĸēyēr. 
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This article presents a comprehensive and multi-layered analysis of security and 
identification challenges in multimodal artificial intelligence-based avatar systems. In the 
context of modern digital transformation, avatar technologies function not only as visual 
representations but also as primary carriers of digital identity and central interfaces for 
humanïcomputer interaction (HCI). In metaverse environments, virtual communication 
systems, and digital service platforms, avatars serve as the main medium for social 
interaction, behavioral representation, and economic activity, thereby elevating security 
concerns to a strategic level. 

The multimodal AI paradigm integrates multiple data typesðvisual (facial 
expressions, gestures), auditory (voice characteristics, intonation), and textual (language-
based interaction)ðto enable more accurate, adaptive, and context-aware systems. 
However, this complexity simultaneously expands the attack surface and introduces new 
vulnerabilities. Issues related to synchronization and validation across modalities lead to 
emerging threat categories such as cross-modal inconsistency. Consequently, 
identification mechanisms must evolve toward hybrid authentication models based on 
multidimensional data fusion. 

This study analyzes identification mechanisms used in avatar systems, including 
biometric methods (facial recognition, voice authentication), behavioral approaches 
(keystroke dynamics, gesture and expression analysis), and contextual authentication 
models. It is demonstrated that unimodal authentication systems are insufficiently resilient 
against sophisticated impersonation attacks. In contrast, multimodal biometric systems 
employing fusion-based authentication significantly improve accuracy and robustness by 
combining multiple identity signals. 

The article further examines emerging threats such as deepfake technologies, 
synthetic identities, and adversarial attacks. Deepfake techniques, powered by generative 
AI models, enable high-fidelity replication of visual and auditory user characteristics, 
thereby undermining traditional biometric systems. Synthetic identity attacks involve the 
creation of plausible but fraudulent digital identities through the combination of real and 
artificial data. Adversarial attacks exploit vulnerabilities in machine learning models by 
introducing subtle perturbations to input data, causing misclassification or erroneous 
decisions. 

Keywords: multimodal AI, digital avatars, cybersecurity, biometric identification, 
deepfake, metaverse, anomaly detection, privacy-preserving technologies. 
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S¦NĶ ĶNTELLEKT ᴄSASLI AVATAR TEXNOLOGĶYALARI: VĶRTUAL KOMMUNĶKASĶYA, 
METAVERSE  KONTEKSTĶNDᴄ GENĶķLᴄNDĶRĶLMĶķ NᴄZᴄRĶ-TEXNĶKĶ YANAķMA 
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Giriĸ. XXI ᴅsrin rᴅqᴅmsal m¿hiti informasiya emalē arxitekturalarēnēn s¿rᴅtli yenilᴅnmᴅsi, 
hesablama g¿c¿n¿n ucuzlaĸmasē, bulud vᴅ kᴅnar hesablama modellᴅrinin geniĸ yayēlmasē, 
elᴅcᴅ dᴅ verilᴅnlᴅrin hᴅcminin eksponensial artmasē ilᴅ xarakterizᴅ olunur. Bu ĸᴅraitdᴅ s¿ni 
intellekt yalnēz hesablama texnologiyasē deyil, rᴅqᴅmsal sistemlᴅrin davranēĸ mᴅntiqini 
m¿ᴅyyᴅn edᴅn baza platformaya ­evrilmiĸdir. Dᴅrin ºyrᴅnmᴅ vᴅ transformer arxitekturalarē 
strukturlaĸdērēlmamēĸ verilᴅnlᴅr ¿zᴅrindᴅ ºyrᴅnmᴅni s¿rᴅtlᴅndirmiĸ, dilin, gºr¿nt¿n¿n, sᴅsin vᴅ 
multimodal siqnallarēn vahid ­ᴅr­ivᴅdᴅ emalēnē m¿mk¿n etmiĸdir. Nᴅticᴅdᴅ s¿ni intellektin 
tᴅtbiq sahᴅlᴅri tibb, maliyyᴅ, nᴅqliyyat, tᴅhl¿kᴅsizlik, tᴅhsil, media vᴅ virtual reallēq m¿hitlᴅrinᴅ 
qᴅdᴅr geniĸlᴅnmiĸdir.  

Bu inkiĸafēn ᴅn m¿h¿m nᴅticᴅlᴅrindᴅn biri insanïkomp¿ter qarĸēlēqlē ᴅlaqᴅsinin formaca 
dᴅyiĸmᴅsidir. ᴄnᴅnᴅvi qrafik istifadᴅ­i interfeyslᴅri insanēn sistemlᴅ ᴅlaqᴅsini menyular, 
d¿ymᴅlᴅr vᴅ mᴅtn pᴅncᴅrᴅlᴅri vasitᴅsilᴅ qururdu. M¿asir mᴅrhᴅlᴅdᴅ isᴅ istifadᴅ­i daha ­ox 
dialoq, jest, sᴅs, baxēĸ, ¿z ifadᴅsi vᴅ immersiv vizual m¿hitlᴅr vasitᴅsilᴅ sistemlᴅ ¿nsiyyᴅtᴅ 
daxil olur [1-5]. Bu ke­id HCI-dᴅn daha geniĸ, daha insanyºnl¿ vᴅ daha sosial HCAI mᴅntiqinᴅ 
doĵru hᴅrᴅkᴅt kimi qiymᴅtlᴅndirilᴅ bilᴅr. Mᴅhz bu nºqtᴅdᴅ insanabᴅnzᴅr avatar texnologiyalarē 
yeni kommunikasiya formasēnēn ᴅsas elementi kimi ­ēxēĸ edir. Avatar sistemlᴅri yalnēz vizual 
tᴅmsil­i deyil, eyni zamanda istifadᴅ­i niyyᴅtini baĸa d¿ĸᴅn, emosional tonu tᴅhlil edᴅn vᴅ 
adaptiv cavab verᴅn intellektual agentlᴅrdir. Virtual human sistemlᴅri ¿zrᴅ son icmal iĸlᴅri dᴅ 
gºstᴅrir ki, bu sahᴅ komp¿ter qrafikasē, s¿ni intellekt, nitq texnologiyalarē vᴅ tᴅhl¿kᴅsizlik 
mexanizmlᴅrinin kᴅsiĸmᴅsindᴅ s¿rᴅtlᴅ inkiĸaf edir [6-9].  

Metaverse platformalarēnēn y¿ksᴅliĸi avatar texnologiyalarēnēn ᴅhᴅmiyyᴅtini daha da 
artērmēĸdēr. Metaverse daxilindᴅ avatar artēq yalnēz istifadᴅ­i simasē deyil; o, rᴅqᴅmsal 
kimliyin, sosial m¿nasibᴅtin, simvolik kapitalēn vᴅ hᴅtta iqtisadi fᴅaliyyᴅtin ᴅsas daĸēyēcēsēna 
­evrilir. Bu ĸᴅraitdᴅ avatar texnologiyasēnēn araĸdērēlmasē tᴅkcᴅ vizual interfeys dizaynē 
problemi deyil, hᴅm dᴅ identiklik, tᴅhl¿kᴅsizlik, h¿quqi cavabdehlik vᴅ rᴅqᴅmsal etika 
problemi olur [9-15]. Metaverse ¿zrᴅ tᴅhl¿kᴅsizlik vᴅ mᴅxfilik icmallarē da gºstᴅrir ki, 
identifikasiya, izlᴅnmᴅ, mᴅlumat sēzmasē, immersive manipulyasiya vᴅ rᴅqᴅmsal aktivlᴅrin 
m¿dafiᴅsi bu sahᴅnin baĸlēca ­ᴅtinliklᴅrindᴅndir.  

Belᴅliklᴅ, avatar texnologiyalarēnēn tᴅhlili yalnēz texniki optimallaĸdērma ilᴅ 
mᴅhdudlaĸdērēla bilmᴅz. Bu texnologiyalar eyni zamanda sosial iĸtirakēn rᴅqᴅmsal 
formalaĸmasē, rᴅqᴅmsal etimadēn qurulmasē, h¿quqi statusun m¿ᴅyyᴅnlᴅĸdirilmᴅsi vᴅ 
insan mᴅrkᴅzli nᴅzarᴅt mexanizmlᴅrinin yaradēlmasē ilᴅ birlikdᴅ ºyrᴅnilmᴅlidir. Tᴅqdim 
olunan mᴅtnin mᴅqsᴅdi mᴅhz bu ­oxqatlē vᴅ inteqrativ yanaĸmanē geniĸlᴅndirmᴅkdir [16-
20]. 

Avatar texnologiyalarēnēn konseptual mahiyyᴅti:Avatar texnologiyasē ᴅn sadᴅ 

mᴅnada istifadᴅ­inin rᴅqᴅmsal m¿hitdᴅki vizual tᴅmsilidir. Lakin m¿asir s¿ni intellekt ᴅsaslē 

sistemlᴅrdᴅ bu anlayēĸ xeyli geniĸlᴅnmiĸdir. Avatar, bir tᴅrᴅfdᴅn, vizual identifikasiya vahidi, 

digᴅr tᴅrᴅfdᴅn isᴅ sosial, emosional vᴅ semantik qarĸēlēqlē ᴅlaqᴅni icra edᴅn funksional 
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agentdir. Bu baxēmdan avatarēn mahiyyᴅti ¿­ ᴅsas komponentin sintezindᴅ a­ēlēr: 

reprezentasiya, interpretasiya vᴅ interaksiya. 

Reprezentasiya sᴅviyyᴅsindᴅ avatar insanēn gºr¿n¿ĸ¿n¿, davranēĸ tᴅrzini, sᴅs 

x¿susiyyᴅtlᴅrini vᴅ bᴅzᴅn sosial status markerlᴅrini rᴅqᴅmsal formada tᴅqdim edir. 

Interpretasiya sᴅviyyᴅsindᴅ avatar daxil olan siqnallarē sadᴅcᴅ tanēmēr, hᴅm dᴅ onlarē 

kontekstual mᴅnalandērēr: istifadᴅ­i soruĸur, ĸikayᴅt edir, tᴅrᴅdd¿d edir, emosional dᴅstᴅk 

gºzlᴅyir, yoxsa sadᴅcᴅ informasiya ᴅldᴅ etmᴅk istᴅyir. Ķnteraksiya sᴅviyyᴅsindᴅ isᴅ avatar 

cavabēn mᴅzmununu, tᴅqdimat ¿slubunu, sᴅs intonasiyasēnē, ¿z ifadᴅsini vᴅ bᴅdᴅn hᴅrᴅkᴅtini 

uyĵunlaĸdērēr. Belᴅliklᴅ, avatar texnologiyasē klassik istifadᴅ­i interfeysi ilᴅ m¿qayisᴅdᴅ daha 

­ox ñrᴅqᴅmsal subyektò xarakteri qazanēr. 

Bu transformasiya avatarē estetik qrafik elementdᴅn kommunikasiya arxitekturasēnēn 

daĸēyēcēsēna ­evirir. Burada ᴅsas mᴅsᴅlᴅ daha real gºr¿nᴅn obraz yaratmaq deyil; ᴅsas 

mᴅsᴅlᴅ daha tᴅbii, daha etibarlē vᴅ daha kontekstᴅ uyĵun rᴅqᴅmsal davranēĸ qurmaqdēr. 

Ķstifadᴅ­i ¿­¿n qᴅbul edilᴅn ñcanlēlēqò hissi ­ox vaxt yalnēz gºr¿n¿ĸdᴅn deyil, sᴅs, ritm, cavab 

gecikmᴅsi, jestlᴅrin uyĵunluĵu vᴅ emosional sinxronizasiya sᴅviyyᴅsindᴅn formalaĸēr. Uncanny 

valley ilᴅ baĵlē empirik iĸlᴅr dᴅ gºstᴅrir ki, realizm vᴅ qᴅbul arasēnda xᴅtti yox, qeyri-xᴅtti ᴅlaqᴅ 

mºvcuddur; buna gºrᴅ y¿ksᴅk realizm avtomatik olaraq y¿ksᴅk etibar demᴅk deyil.  

 
Virtual kommunikasiya sistemlᴅrindᴅ ᴅsas mᴅhdudiyyᴅtlᴅr: Mᴅtn vᴅ audio ᴅsaslē 

klassik rᴅqᴅmsal kommunikasiya sistemlᴅri funksional mᴅlumat m¿badilᴅsi ¿­¿n kifayᴅt etsᴅ 
dᴅ, sosial qarĸēlēqlē ᴅlaqᴅnin dᴅrin qatlarēnē bᴅrpa etmᴅkdᴅ zᴅifdir. Ķnsan ¿nsiyyᴅti hᴅmiĸᴅ 
­oxkanallēdēr: sᴅs tonu informasiyanēn emosional y¿k¿n¿, mimika m¿nasibᴅti, jestlᴅr niyyᴅti, 
pauzalar isᴅ tᴅrᴅdd¿d vᴅ vurĵunu ifadᴅ edir. Bu komponentlᴅr yox olduqda vᴅ ya zᴅif tᴅqdim 
edildikdᴅ rᴅqᴅmsal ¿nsiyyᴅtin semantik dᴅqiqliyi qismᴅn qorunsa da, sosial dᴅrinliyi azalēr. 

Birinci mᴅhdudiyyᴅt rᴅqᴅmsal mºvcudluĵun zᴅifliyidir. Statik profil ĸᴅkli vᴅ ya sadᴅ 2D 
ikon istifadᴅ­idᴅ ñvirtual bᴅdᴅnlᴅĸmᴅò hissi yaratmēr. Ķkinci mᴅhdudiyyᴅt semantik-kontekstual 
boĸluqdur. Bir ­ox mºvcud sistemlᴅr sºz sᴅviyyᴅsindᴅ cavab versᴅ dᴅ, niyyᴅtin, emosional 
fonun vᴅ kommunikasiya tarix­ᴅsinin dᴅrin mᴅnalandērēlmasēnda mᴅhdud qalēr. ¦­¿nc¿ 
mᴅhdudiyyᴅt interaktiv statiklikdir. Ķnsanabᴅnzᴅr gºz tᴅmasē, jest sinxronizasiyasē, dodaq-
hᴅrᴅkᴅt uyĵunluĵu vᴅ mikroifadᴅlᴅrin olmamasē sistemi mexaniki vᴅ soyuq gºstᴅrir. 

Bu sᴅbᴅbdᴅn avatar texnologiyalarēnēn m¿hᴅndislik motivasiyasē informasiyanē ºt¿rᴅn 
ekran yaratmaq yox, sosial mºvcudluq yaradan rᴅqᴅmsal agent qurmaqdan ibarᴅtdir. X¿susilᴅ 
avatar ᴅsaslē kommunikasiya ilᴅ mᴅtn ᴅsaslē kommunikasiya arasēndakē fᴅrqlᴅri araĸdēran yeni 
iĸlᴅr avatar vasitᴅli qarĸēlēqlē ᴅlaqᴅnin daha zᴅngin sosial tᴅcr¿bᴅ yarada bildiyini gºstᴅrir.  
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ķᴅkil 2. Multimodal s¿ni intellekt sistemlᴅrindᴅ mᴅlumatlarēn emalē vᴅ                                                

fusion pipeline arxitekturasē 
 

Texnoloji arxitektura vᴅ funksional qatlar:Nitqin tanēnmasē vᴅ giriĸ siqnallarēnēn 

emalē- Avatar sisteminin ilkin tᴅbᴅqᴅsi giriĸ siqnallarēnēn qᴅbulu vᴅ emalēdēr. Buraya sᴅs, 

mᴅtn, ¿z ifadᴅsi, baĸ hᴅrᴅkᴅti, baxēĸ istiqamᴅti vᴅ bᴅzᴅn bᴅdᴅn pozasē daxildir. Sᴅs 

siqnallarēnēn emalē ¿­¿n avtomatik nitq tanēma sistemlᴅri istifadᴅ edilir. Bu sistemlᴅr akustik 

siqnalē spektroqrafik tᴅsvirlᴅrᴅ ­evirir, sᴅs k¿y¿n¿ filtrasiya edir vᴅ fonetik vahidlᴅrᴅ ayērēr. 

CNN, RNN vᴅ transformer ᴅsaslē akustik modellᴅr bu mᴅrhᴅlᴅdᴅ geniĸ istifadᴅ olunur. 

Real d¿nyada ᴅsas ­ᴅtinlik m¿xtᴅlif aksentlᴅrin, dialektlᴅrin, s¿rᴅtli nitqin, fon k¿y¿n¿n vᴅ 

emosional dᴅyiĸkᴅnliyin tanēnmaya tᴅsiridir. Bu sᴅbᴅbdᴅn ASR modulu tᴅkcᴅ dil tanēma 

deyil, hᴅm dᴅ robust siqnal sabitlᴅĸdirmᴅ problemi kimi qiymᴅtlᴅndirilmᴅlidir. Transformer 

arxitekturalarēnēn paralel emal ¿st¿nl¿y¿ bu c¿r sistemlᴅrdᴅ gecikmᴅnin azalmasēna vᴅ 

daha sabit dil tᴅmsillᴅrinᴅ imkan vermiĸdir. 

Tᴅbii dil emalē vᴅ semantik interpretasiya: Nºvbᴅti tᴅbᴅqᴅdᴅ tᴅbii dil emalē yerlᴅĸir. 

Bu mᴅrhᴅlᴅ avatarēn koqnitiv mᴅrkᴅzi hesab oluna bilᴅr. Sistem burada tᴅkcᴅ hansē 

sºzlᴅrin deyildiyini yox, onlarēn hansē mᴅqsᴅdlᴅ deyildiyini m¿ᴅyyᴅn etmᴅlidir. Niyyᴅtin 

aĸkarlanmasē, ᴅsas mᴅzmun vahidlᴅrinin se­ilmᴅsi, dialoq tarix­ᴅsinin izlᴅnmᴅsi vᴅ 

kontekstin saxlanmasē bu modulun ᴅsas funksiyalarēdēr. BERT kimi ikitᴅrᴅfli kontekstual 

modellᴅr dilin daha dᴅrin tᴅmsilini tᴅmin etmiĸ, transformer ᴅsaslē yanaĸmalar isᴅ 

kontekstdᴅn asēlē semantik emalē g¿clᴅndirmiĸdir. Bu texniki baza olmadan avatarēn 

cavablarē qrammatik cᴅhᴅtdᴅn d¿zg¿n, lakin sosial vᴅ situativ baxēmdan qeyri-dᴅqiq qala 

bilᴅr.  

Bu sxem avatar ᴅsaslē rᴅqᴅmsal sistemdᴅ istifadᴅ­ilᴅr, avatarlar vᴅ serverlᴅr 

arasēnda mᴅlumat m¿badilᴅsini gºstᴅrir. Mᴅrkᴅzi server infrastrukturu vasitᴅsilᴅ ºt¿r¿lᴅn 

mᴅlumatlar blok­eyn ¿zᴅrindᴅ saxlanēlaraq dᴅyiĸdirilmᴅzlik vᴅ ĸᴅffaflēq tᴅmin edilir. Bu 

yanaĸma rᴅqᴅmsal identikliyin qorunmasē, autentifikasiya proseslᴅrinin g¿clᴅndirilmᴅsi vᴅ 

mᴅlumat tᴅhl¿kᴅsizliyinin tᴅmin olunmasē baxēmēndan m¿h¿m rol oynayēr. 
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ķᴅkil 3. Multimodal avatar sistemlᴅrindᴅ istifadᴅ­iïavatarïserverïblok­eyn inteqrasiyasē 

ᴅsasēnda rᴅqᴅmsal identiklik vᴅ mᴅlumat m¿badilᴅsi arxitekturasē 
 

 
ķᴅkil 4. S¿ni intellekt ᴅsaslē avatar sistemlᴅrindᴅ tᴅhl¿kᴅsizlik, identiklik vᴅ deepfake risklᴅrinin 

idarᴅ olunmasē modeli 

Affektiv hesablama vᴅ emosional modulyasiya: Avatar texnologiyalarēnēn 
insanabᴅnzᴅrliyini m¿ᴅyyᴅn edᴅn ᴅsas qat affektiv hesablama qatēdēr. Bu istiqamᴅtin nᴅzᴅri 
bazasē Picard-ēn affektiv hesablama yanaĸmasēna sºykᴅnir; hᴅmin yanaĸma emosiyanēn hᴅm 
tanēnmasēnē, hᴅm dᴅ sistem tᴅrᴅfindᴅn adekvat ĸᴅkildᴅ ifadᴅsini hesablama problemi kimi 
qurur. M¿asir avatar sistemlᴅri istifadᴅ­inin sᴅs tonundan, danēĸēq s¿rᴅtindᴅn, mᴅtn 
sentimentindᴅn vᴅ ¿z ifadᴅsindᴅn emosional vᴅziyyᴅti tᴅxmin etmᴅyᴅ ­alēĸēr. Daha sonra 
cavabēn ritmi, sᴅsin intonasiyasē, ¿z mimikasē vᴅ jestlᴅr bu emosional konfiqurasiyaya 
uyĵunlaĸdērēlēr. Bu texnologiya x¿susilᴅ tᴅhsil, psixoloji dᴅstᴅk vᴅ rᴅqᴅmsal m¿ĸayiᴅt 
xidmᴅtlᴅrindᴅ y¿ksᴅk ᴅhᴅmiyyᴅt daĸēyēr.  

Davranēĸ modellᴅĸdirilmᴅsi vᴅ sosial dinamika: Emosiyanēn sadᴅcᴅ tanēnmasē kifayᴅt 
etmir; avatar hᴅmin informasiyanē davranēĸa ­evirmᴅlidir. Davranēĸ modellᴅĸdirilmᴅsi 
mᴅrhᴅlᴅsindᴅ avatarēn baxēĸ istiqamᴅti, jestlᴅrin tezliyi, baĸēn mikro-hᴅrᴅkᴅtlᴅri, cavab vermᴅ 
intervalē, sosial mᴅsafᴅ hissi vᴅ reaksiya ritmi idarᴅ olunur. G¿clᴅndirilmiĸ ºyrᴅnmᴅ vᴅ 
davranēĸ optimallaĸdērma yanaĸmalarē bu mᴅrhᴅlᴅdᴅ perspektivlidir. Mᴅqsᴅd qeyri-verbal 
davranēĸēn istifadᴅ­i tᴅrᴅfindᴅn ñtᴅbiiò qᴅbul edilᴅcᴅyi tarazlēĵē tapmaqdēr. ᴄks halda ya 
hᴅddindᴅn artēq mexaniki, ya da hᴅddindᴅn artēq hiper-real gºr¿n¿ĸ etibarē zᴅiflᴅdᴅ bilᴅr. 
Uncanny valley ilᴅ baĵlē tᴅdqiqatlar da mᴅhz bu nºqtᴅdᴅ m¿hᴅndislik hᴅssaslēĵēnēn vacibliyini 
gºstᴅrir.  

Vizual sintez vᴅ real vaxt renderlᴅmᴅ: Semantik vᴅ affektiv qᴅrarlarēn gºr¿nᴅn formada 
tᴅqdim edilmᴅsi 3D modellᴅĸdirmᴅ, skelet animasiyasē, parametrik ¿z modellᴅri vᴅ neural 
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rendering texnologiyalarē vasitᴅsilᴅ hᴅyata ke­irilir. Burada dodaq-sᴅs sinxronizasiyasē, mikro-
mimikalarēn uyĵunluĵu vᴅ baĸ-bᴅdᴅn hᴅrᴅkᴅtlᴅrinin tᴅbii ardēcēllēĵē kritik ᴅhᴅmiyyᴅt kᴅsb edir. 
C¿zi asinxronluq belᴅ istifadᴅ­idᴅ qeyri-tᴅbiilik hissi yarada bilᴅr. Bu sᴅbᴅbdᴅn renderlᴅmᴅ 
yalnēz qrafik mᴅsᴅlᴅ deyil; o, psixoloji qᴅbul vᴅ sosial etibar problemidir. Fotorealist avatar 
sistemlᴅri bu baxēmdan y¿ksᴅk potensial daĸēsa da, hᴅmin potensial deepfake risklᴅrini dᴅ 
paralel ĸᴅkildᴅ artērēr.  

Tᴅhl¿kᴅsizlik, identiklik vᴅ mᴅxfilik: Avatar sistemlᴅri biometrik, sᴅsli, davranēĸsal vᴅ 
bᴅzᴅn tibbi vᴅ ya ĸᴅxsi mᴅlumatlarla iĸlᴅdiyinᴅ gºrᴅ tᴅhl¿kᴅsizlik tᴅbᴅqᴅsi bu arxitekturanēn 
ayrēlmaz hissᴅsidir. Federativ ºyrᴅnmᴅ kimi yanaĸmalar istifadᴅ­i mᴅlumatlarēnē mᴅrkᴅzi 
serverᴅ ºt¿rmᴅdᴅn lokal cihaz sᴅviyyᴅsindᴅ model ºyrᴅtmᴅyᴅ imkan verir vᴅ buna gºrᴅ 
mᴅxfilik baxēmēndan m¿h¿m yanaĸma hesab olunur. Metaverse vᴅ rᴅqᴅmsal identiklik ¿zrᴅ 
yeni icmallar da istifadᴅ­i autentifikasiyasē, mᴅlumat sēzmasē, davranēĸ izlᴅnmᴅsi vᴅ avatar 
ᴅsaslē identiklik saxtalaĸdērmasēnēn ᴅsas problemlᴅr olduĵunu vurĵulayēr.  

Tᴅtbiq sahᴅlᴅri vᴅ funksional ᴅhᴅmiyyᴅt 
Tᴅhsil m¿hiti: Avatar ᴅsaslē sistemlᴅr tᴅdrisin fᴅrdilᴅĸdirilmᴅsi ¿­¿n geniĸ imkanlar a­ēr. 

Virtual m¿ᴅllim vᴅ ya interaktiv mentor tᴅlᴅbᴅnin tempi, anlayēĸ sᴅviyyᴅsi vᴅ emosional 
vᴅziyyᴅtinᴅ uyĵunlaĸa bilᴅr. X¿susilᴅ distant vᴅ inkl¿ziv tᴅhsildᴅ bu, ºyrᴅnmᴅnin sosial 
izolyasiyasēnē azalda bilᴅr. Avatarēn izahē jest, ton vᴅ vizual yºnlᴅndirmᴅ ilᴅ zᴅnginlᴅĸdirmᴅsi 
klassik ­atbot vᴅ ya statik video mᴅzmunla m¿qayisᴅdᴅ daha y¿ksᴅk diqqᴅt vᴅ daha g¿cl¿ 
yadda qalma yarada bilᴅr. 

Telemedisina vᴅ psixoloji dᴅstᴅk: Telemedisina sistemlᴅrindᴅ avatarlar ilkin konsultasiya, 
mᴅlumat yºnlᴅndirmᴅsi, pasiyent suallarēnēn tᴅsnifatē vᴅ emosional m¿ĸayiᴅt ¿­¿n istifadᴅ 
oluna bilᴅr. Burada avatarēn rolu hᴅkimi tam ᴅvᴅz etmᴅk deyil, xidmᴅt ᴅl­atanlēĵēnē 
geniĸlᴅndirmᴅk, pasiyentin ilkin tᴅĸviĸini azaltmaq vᴅ rᴅqᴅmsal ᴅlaqᴅni daha humanist 
etmᴅkdir. Bununla belᴅ, bu sahᴅ etik baxēmdan y¿ksᴅk hᴅssasdēr; emosional asēlēlēq, yanlēĸ 
yºnlᴅndirmᴅ vᴅ mᴅxfilik pozuntularē ciddi risk olaraq qalēr. 

Biznes vᴅ rᴅqᴅmsal xidmᴅtlᴅr: Bank­ēlēq, sēĵorta, telekommunikasiya, elektron ticarᴅt vᴅ 
dºvlᴅt xidmᴅtlᴅrindᴅ avatarlar rᴅqᴅmsal mᴅslᴅhᴅt­i vᴅ ya xidmᴅt n¿mayᴅndᴅsi kimi fᴅaliyyᴅt 
gºstᴅrᴅ bilᴅr. Onlarēn ¿st¿nl¿y¿ standart ­atbotdan fᴅrqli olaraq daha y¿ksᴅk sosial yaxēnlēq vᴅ 
daha g¿cl¿ inandērēcēlēq yaratmaqdēr. Son tᴅdqiqatlar antropomorfizm vᴅ qavranēlan intellektin 
etibar vᴅ empatiya ilᴅ ᴅlaqᴅsini ayrēca vurĵulayēr.  

Sosial media vᴅ rᴅqᴅmsal mᴅdᴅniyyᴅt: Avatarlar virtual influencer, brend simasē vᴅ 
rᴅqᴅmsal persona kimi sosial media mᴅkanēnda aktiv rol oynayēr. Bu sahᴅdᴅ kommersiya 
kommunikasiya effekti y¿ksᴅlsᴅ dᴅ, eyni zamanda manipulyasiya vᴅ saxta autentiklik riski 
artēr. Buna gºrᴅ kommersiya avatarlarēnēn etik etiketlᴅnmᴅsi vᴅ istifadᴅ­inin 
informasiyalandērēlmasē vacib prinsipᴅ ­evrilir. 

Metaverse vᴅ immersiv ekosistemlᴅr: Avatar texnologiyalarēnēn ᴅn y¿ksᴅk funksional 
intensivliyi metaverse daxilindᴅ m¿ĸahidᴅ olunur. Burada avatar sosial qarĸēlēqlē ᴅlaqᴅnin 
interfeysi, iqtisadi ᴅmᴅliyyatlarēn gºr¿nᴅn subyekti vᴅ rᴅqᴅmsal identikliyin mᴅrkᴅzi 
daĸēyēcēsēdēr. Metaverse tᴅhl¿kᴅsizliyi ilᴅ baĵlē icmallar gºstᴅrir ki, avatar, identiklik, mᴅxfilik vᴅ 
etibar faktorlarē bu ekosistemdᴅ ayrēlmaz ĸᴅkildᴅ bir-birinᴅ baĵlēdēr.  

Deepfake, etik mᴅsuliyyᴅt vᴅ informasiya tᴅhl¿kᴅsizliyi:Deepfake texnologiyalarēnēn 
inkiĸafē avatar sistemlᴅrinin ᴅn ciddi tᴅhl¿kᴅsizlik ­aĵērēĸlarēndan biridir. Generativ modellᴅr sᴅs 
vᴅ gºr¿nt¿n¿ y¿ksᴅk reallēqla sintez edᴅ bildiyinᴅ gºrᴅ saxta videozᴅnglᴅr, reputasiya 
h¿cumlarē, fērēldaq­ēlēq, dezinformasiya vᴅ siyasi manipulyasiya kimi hallarēn riski y¿ksᴅlir. Son 
illᴅrin icmal iĸlᴅri deepfake texnologiyalarēnēn ictimai etimad, kibertᴅhl¿kᴅsizlik vᴅ informasiya 
doĵruluĵu ¿­¿n sistemli tᴅhdid yaratdēĵēnē vurĵulayēr.  

Etik baxēmdan baĸlēca sual budur: avatarēn sºylᴅdiyi vᴅ etdiyinᴅ gºrᴅ mᴅsuliyyᴅt kimᴅ 
aiddir? Platformaya, sistemi hazērlayan quruma, son istifadᴅ­iyᴅ, yoxsa modeli ºyrᴅdᴅn 
mᴅlumat m¿hitinᴅ? Ķkinci ᴅsas sual isᴅ alqoritmik manipulyasiya ilᴅ baĵlēdēr. Ķnsanabᴅnzᴅr vᴅ 
empatik gºr¿nᴅn agentlᴅr istifadᴅ­idᴅ daha y¿ksᴅk etibar yarada bildiyindᴅn, onlarēn 
kommersiya, siyasi vᴅ ya psixoloji tᴅsir alᴅti kimi istifadᴅsi etik baxēmdan hᴅssasdēr. Son PNAS 
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m¿zakirᴅlᴅri dᴅ antropomorfik danēĸēq sistemlᴅrinin hᴅm faydalarēnē, hᴅm dᴅ tᴅhl¿kᴅlᴅrini 
vurĵulayēr.  

Bu sᴅbᴅbdᴅn avatar sistemlᴅrinin tᴅtbiqindᴅ aĸaĵēdakē prinsiplᴅr ᴅsas olmalēdēr: insan 
nᴅzarᴅti, ĸᴅffaf identifikasiya, etik istifadᴅ protokollarē, biometrik mᴅlumatlarēn 
minimumlaĸdērēlmasē, tᴅhl¿kᴅsiz audit vᴅ izaholuna bilᴅn qᴅrarvermᴅ. X¿susilᴅ uĸaqlar, 
yaĸlēlar vᴅ psixoloji hᴅssas qruplarla iĸlᴅyᴅn sistemlᴅrdᴅ bu tᴅlᴅblᴅr daha da sᴅrtlᴅĸdirilmᴅlidir. 

Tᴅklif olunan inteqrativ konseptual ­ᴅr­ivᴅ:Virtual kommunikasiya ¿­¿n tᴅhl¿kᴅsiz vᴅ 
adaptiv avatar ­ᴅr­ivᴅsi aĸaĵēdakē funksional ardēcēllēqla tᴅsvir edilᴅ bilᴅr: 

Giriĸ siqnallarēŸ Siqnalēn tᴅmizlᴅnmᴅsi vᴅ tanēnmasēŸ Semantik interpretasiyaŸ 
Niyyᴅt vᴅ kontekst analiziŸ Affektiv qiymᴅtlᴅndirmᴅŸ Davranēĸ strategiyasē Ÿ Vizual vᴅ 
sᴅs sinteziŸ Tᴅhl¿kᴅsiz tᴅqdimat Ÿ Audit vᴅ nᴅzarᴅt 

Bu modelin ¿st¿nl¿y¿ avatarē sadᴅcᴅ animasiya yox, ­oxsᴅviyyᴅli kommunikasiya 
sistemi kimi izah etmᴅsidir. Burada hᴅr bir tᴅbᴅqᴅ ᴅvvᴅlki mᴅrhᴅlᴅnin nᴅticᴅsini tamamlayēr. 
Mᴅsᴅlᴅn, semantik interpretasiya olmadan emosional cavab sᴅthi qalēr; affektiv analiz olmadan 
vizual sintez mexaniki gºr¿n¿r; tᴅhl¿kᴅsizlik tᴅbᴅqᴅsi olmadan isᴅ b¿t¿n kommunikasiya 
inandērēcē olsa belᴅ institusional etibarlēlēq formalaĸmēr. Buna gºrᴅ avatar texnologiyasēnēn 
uĵuru yalnēz bir modulun y¿ksᴅk keyfiyyᴅti ilᴅ deyil, b¿t¿n sistemin sinxron vᴅ etik iĸlᴅmᴅsi ilᴅ 
ºl­¿lmᴅlidir. 

 Nᴅticᴅ: Aparēlmēĸ nᴅzᴅri vᴅ texniki tᴅhlil gºstᴅrir ki, s¿ni intellekt ᴅsaslē insanabᴅnzᴅr 
avatar texnologiyalarē m¿asir rᴅqᴅmsal kommunikasiya sistemlᴅrinin nºvbᴅti tᴅkam¿l 
mᴅrhᴅlᴅsinin ᴅsas struktur komponentlᴅrindᴅn biri kimi ­ēxēĸ edir. Bu texnologiyalar insanï
komp¿ter qarĸēlēqlē ᴅlaqᴅsini yalnēz funksional informasiya m¿badilᴅsi sᴅviyyᴅsindᴅ deyil, hᴅm 
dᴅ sosial, emosional vᴅ kontekstual qarĸēlēqlē tᴅsir m¿stᴅvisindᴅ yenidᴅn formalaĸdērēr. Nᴅticᴅ 
etibarilᴅ, avatar ᴅsaslē sistemlᴅr klassik interfeys modellᴅrindᴅn fᴅrqli olaraq istifadᴅ­i ilᴅ 
ñrᴅqᴅmsal subyektò arasēnda qarĸēlēqlē ᴅlaqᴅ yaradēr vᴅ kommunikasiya prosesini daha tᴅbii, 
immersiv vᴅ adaptiv hala gᴅtirir. 

Bu sistemlᴅrin texniki arxitekturasē ­oxqatlē vᴅ inteqrativ xarakter daĸēyēr. Nitqin 
tanēnmasē (ASR), tᴅbii dil emalē (NLP), komp¿ter gºrmᴅsi (CV), affektiv hesablama, davranēĸ 
modellᴅĸdirilmᴅsi vᴅ real vaxt 3D renderlᴅmᴅ kimi m¿xtᴅlif texnoloji komponentlᴅrin vahid 
sistem daxilindᴅ sinxron iĸlᴅmᴅsi y¿ksᴅk m¿hᴅndislik dᴅqiqliyi tᴅlᴅb edir. Bu baxēmdan avatar 
sistemlᴅri yalnēz alqoritmik model deyil, kompleks kiber-fiziki vᴅ sosial-intellektual sistem kimi 
qiymᴅtlᴅndirilmᴅlidir. X¿susilᴅ multimodal mᴅlumatlarēn inteqrasiyasē vᴅ onlarēn semantik 
uyĵunlaĸdērēlmasē (cross-modal alignment) sistemin ¿mumi effektivliyini m¿ᴅyyᴅn edᴅn ᴅsas 
faktorlardan biridir. 

Tᴅdqiqat nᴅticᴅlᴅri gºstᴅrir ki, avatar texnologiyalarēnēn tᴅtbiq potensialē ­oxĸaxᴅlidir vᴅ 
m¿xtᴅlif sahᴅlᴅrdᴅ transformativ tᴅsir g¿c¿nᴅ malikdir. Tᴅhsil m¿hitindᴅ bu sistemlᴅr 
fᴅrdilᴅĸdirilmiĸ ºyrᴅnmᴅ trayektoriyalarēnēn qurulmasēna, tᴅlᴅbᴅ ilᴅ m¿ᴅllim arasēnda interaktiv 
vᴅ emosional baxēmdan zᴅngin qarĸēlēqlē ᴅlaqᴅnin yaradēlmasēna imkan verir. Telemedisina 
sahᴅsindᴅ avatarlar ilkin konsultasiya, psixoloji dᴅstᴅk vᴅ pasiyent yºnlᴅndirmᴅ funksiyalarēnē 
icra edᴅrᴅk xidmᴅtlᴅrin ᴅl­atanlēĵēnē artērēr. Rᴅqᴅmsal xidmᴅtlᴅr vᴅ biznes sektorunda isᴅ 
avatar ᴅsaslē interfeyslᴅr istifadᴅ­i tᴅcr¿bᴅsini yaxĸēlaĸdērmaqla yanaĸē, etibar vᴅ sosial 
yaxēnlēq hissini g¿clᴅndirir. Metaverse ekosistemlᴅrindᴅ isᴅ avatarlar rᴅqᴅmsal identikliyin ᴅsas 
daĸēyēcēsē kimi ­ēxēĸ edᴅrᴅk sosial, iqtisadi vᴅ mᴅdᴅni qarĸēlēqlē ᴅlaqᴅlᴅrin mᴅrkᴅzinᴅ ­evrilir. 

Bununla yanaĸē, bu texnologiyalarēn s¿rᴅtli inkiĸafē paralel olaraq ciddi risklᴅr vᴅ 
­aĵērēĸlar yaradēr. Deepfake texnologiyalarēnēn inkiĸafē nᴅticᴅsindᴅ sᴅs vᴅ gºr¿nt¿ 
saxtalaĸdērēlmasē daha realistik sᴅviyyᴅyᴅ ­atmēĸ, bu isᴅ informasiya tᴅhl¿kᴅsizliyi vᴅ ictimai 
etimad baxēmēndan sistemli tᴅhdidlᴅr formalaĸdērmēĸdēr. Biometrik mᴅlumatlarēn toplanmasē vᴅ 
emalē ilᴅ baĵlē mᴅxfilik risklᴅri, rᴅqᴅmsal identikliyin saxtalaĸdērēlmasē (identity spoofing) vᴅ 
alqoritmik qᴅrᴅzlilik (bias) kimi problemlᴅr bu sahᴅdᴅ etik vᴅ h¿quqi ­ᴅr­ivᴅlᴅrin 
formalaĸdērēlmasēnē zᴅruri edir. X¿susilᴅ multimodal sistemlᴅrdᴅ bu risklᴅr daha kompleks 
xarakter alēr, ­¿nki manipulyasiya eyni anda bir ne­ᴅ informasiya kanalē ¿zᴅrindᴅn hᴅyata 
ke­irilᴅ bilᴅr. 
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Bu kontekstdᴅ gᴅlᴅcᴅk tᴅdqiqat istiqamᴅtlᴅri yalnēz texnoloji tᴅkmillᴅĸdirmᴅ ilᴅ 
mᴅhdudlaĸmamalēdēr. ᴄksinᴅ, ᴅsas prioritetlᴅr aĸaĵēdakē istiqamᴅtlᴅr ¿zrᴅ m¿ᴅyyᴅn 
edilmᴅlidir: 

¶ izaholuna bilᴅn s¿ni intellekt (Explainable AI) mexanizmlᴅrinin inteqrasiyasē  
¶ insan nᴅzarᴅtinin (human-in-the-loop) tᴅmin edilmᴅsi  
¶ etik idarᴅetmᴅ vᴅ ĸᴅffaflēq prinsiplᴅrinin tᴅtbiqi  
¶ biometrik mᴅlumatlarēn qorunmasē ¿­¿n mᴅxfilik yºn¿ml¿ modellᴅrin (federated 

learning, differential privacy) inkiĸafē  
¶ multimodal sistemlᴅr ¿­¿n tᴅhl¿kᴅsizlik audit mexanizmlᴅrinin qurulmasē  
Bundan ᴅlavᴅ, avatar texnologiyalarēnēn sosial tᴅsirlᴅrinin dᴅ dᴅrindᴅn araĸdērēlmasē 

vacibdir. Ķnsanïavatar qarĸēlēqlē ᴅlaqᴅsindᴅ formalaĸan emosional baĵlēlēq, etibar vᴅ sosial 
davranēĸ modellᴅri gᴅlᴅcᴅkdᴅ rᴅqᴅmsal cᴅmiyyᴅtin strukturuna birbaĸa tᴅsir gºstᴅrᴅ bilᴅr. Bu 
baxēmdan avatar sistemlᴅri yalnēz texnoloji obyekt deyil, hᴅm dᴅ sosial fenomen kimi 
qiymᴅtlᴅndirilmᴅlidir. 

Nᴅticᴅ olaraq, s¿ni intellekt ᴅsaslē insanabᴅnzᴅr avatar texnologiyalarē rᴅqᴅmsal 
kommunikasiya infrastrukturlarēnda transformativ rol oynayaraq insanïkomp¿ter qarĸēlēqlē 
ᴅlaqᴅsinin keyfiyyᴅtcᴅ yeni mᴅrhᴅlᴅyᴅ ke­idini tᴅmin edir. Lakin bu texnologiyalarēn davamlē vᴅ 
tᴅhl¿kᴅsiz inkiĸafē yalnēz texniki innovasiyalarla deyil, hᴅm dᴅ etik, h¿quqi vᴅ sosial aspektlᴅrin 
balanslaĸdērēlmēĸ ĸᴅkildᴅ inteqrasiyasē ilᴅ m¿mk¿nd¿r. Mᴅhz bu yanaĸma ᴅsasēnda qurulan 
avatar sistemlᴅri gᴅlᴅcᴅyin rᴅqᴅmsal m¿hitindᴅ sadᴅcᴅ vizual yenilik deyil, etibarlē, adaptiv vᴅ 
insan mᴅrkᴅzli kommunikasiya platformasē kimi mºhkᴅmlᴅnᴅ bilᴅr. 
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ARTIFICIAL INTELLIGENCE-BASED HUMANOID AVATAR TECHNOLOGIES: AN EXPANDED 
THEORETICAL AND TECHNICAL APPROACH IN THE CONTEXT OF VIRTUAL COMMUNICATION 
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The modern paradigm of digital transformation, driven by the rapid advancement of artificial 
intelligence technologies, has produced fundamental structural changes in the economic, socio-
cultural, and technological systems of contemporary society. This transformation is not limited to 
the automation of information processing and decision-making processes; it also gives rise to new, 
more natural, multimodal, and immersive forms of humanïcomputer interaction. In this context, AI-
based humanoid avatar technologies have emerged as a strategic technological direction for virtual 
communication environments, digital service platforms, and metaverse ecosystems. An avatar is 
no longer merely a graphical representation; rather, it is a multimodal intelligent system capable of 
processing speech, text, facial expressions, gestures, gaze direction, and emotional tone, 
interpreting these signals, and generating appropriate responses. 

The main limitation of virtual communication systems lies in the fact that traditional text- and 

audio-based interfaces cannot adequately reproduce social presence, non-verbal interaction, and 

emotional participation. Human communication is not confined to lexical content alone; prosody, 

pauses, facial expressions, micro-expressions, gestures, and gaze synchronization are essential 

carriers of social trust and communicative efficiency. From this perspective, the primary 

engineering function of avatar technologies is not simply to transmit information, but to create 

socially and emotionally enriched digital interaction. In this study, avatar systems are analyzed as 

multilayer communication agents. The proposed framework integrates input signal acquisition, 

semantic interpretation, intent and context analysis, emotional-affective evaluation, behavior 

synthesis, visual and auditory presentation, and security-audit layers. Such a model provides an 

adaptive and secure communication architecture applicable to education, telemedicine, digital 

services, virtual branding, and socio-economic participation within metaverse environments. 

At the same time, the development of humanoid avatar technologies raises serious ethical, 

legal, and cybersecurity challenges. Risks such as deepfake-based manipulation, violations of 

biometric privacy, digital identity spoofing, algorithmic bias, and emotional manipulation necessitate 

evaluating these systems within a broader ethical and legal framework. Therefore, the future 

evolution of avatar technologies should not depend solely on technical optimization, but must also 

include ethical standardization, transparency principles, human oversight, and strengthened 

security protocols. In conclusion, AI-based humanoid avatars can be regarded as one of the 

central components of future digital communication infrastructures. Their effective and responsible 

deployment requires the synchronized development of engineering innovation alongside 

humanitarian, legal, and cybersecurity approaches. 

Keywords: artificial intelligence, humanoid avatars, virtual communication, metaverse, 
cybersecurity, affective computing, digital identity 
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INVESTIGATION OF INTERACTION IN POLYMER COMPOSITES BY METHODS OF 
DIFFERENTIAL SCANNING CALORIMETRY (DSC) AND THERMOGRAVIMETRIC                      

ANALYSIS (TGA) 
G.Kh. Huseynova1,2 
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Introduction. Segnetoelectric ceramics with a perovskite (ABO3) crystal structure 
represent the most widely used and efficient piezoelectric material. In terms of chemical 
composition, piezoceramics are typically composed of divalent lead and barium (Ba) ions, in 
conjunction with a combination of tetravalent titanium (Ti) and zirconium (Zr) ions, which are 
complex oxides of Pb(Zr,Ti)O3. Lead (Pb)-based piezoceramic materials have been shown to 
possess high piezoelectric properties (piezo coefficient - d33, piezo sensitivity - g33, etc.) and 

high dielectric constants (dielectric constant - d33, dielectric loss angle tangent - tgd, etc.). The 
synthesisation of piezoceramics with specific electrophysical and piezoelectric properties can 
be achieved through modifications to the chemical composition of the starting materials and 
the incorporation of various additives. 

In recent research, the focus has been on the investigation of lead-free ceramics, 
specifically those composed of KnbO3 (potassium niobate) and NaNbO3 (sodium niobate). The 
utilisation of lead-free materials is a practice that is conducive to environmental sustainability. 
Nevertheless, lead-based piezoceramics are still considered to be the optimum piezoelectric 
materials. While lead-free materials present a viable option in certain domains, further 
refinement and advancement is imperative to fully realise their potential. In addition to these 
advantages, lead (Pb)-based segmented piezoceramics also exhibit a high degree of 
brittleness, which reduces the deformation of products made from them. Therefore, in order to 
obtain highly elastic products, it is necessary to add piezoceramic powder to the polymer 
matrix and mix the components until a homogeneous mass is obtained [3]. The utilisation of 
high density polyethylene (HDPE) as the matrix in composite materials is a pervasive 
phenomenon in the manufacturing sector. These composites have been shown to exhibit 
superior mechanical and physical properties in comparison to pure polymer [9,10]. 
Furthermore, the study of thermal properties is an important factor in the processing of 
polymer composites and the selection of applications. In polymer matrix composites, interfacial 
interaction is one of the factors affecting the material's mechanical, thermal and chemical 
properties. A plethora of studies have utilised thermal analysis techniques, including 
differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA), to investigate 
this interaction [11, 12]. The analysis of composite samples by these methods enables. 

The objective of the present article is to investigate the interfacial interaction and to 
determine the thermodynamic parameters of the samples (HDPE, PVDF and HDPE+PKR1, 
PVDF+PKR1) by differential scanning calorimetry (DSC) and thermogravimetric analysis 
(TGA). 

Method. The present study utilised high-density polyethylene (HDPE) and polyvinylidene 
fluoride (PVDF) as the matrix. In this study, PKR-1 and PKR-8 ferroelectric ceramic particles, 
which possess different structures, were selected for use as dispersants. The size of the 
piezoelectric particles is 63-100 ɛm. Piezoelectric particles (with a volume fraction of 50%) 
were added to the polymer powder. The resulting mixture was subjected to stirring for a period 
of one hour at room temperature using a magnetic stirrer. This was followed by a further four 
hours of stirring using an ultrasonic cleaner-dispersant (NATO CD-4800) manufactured in 
China. Disc-shaped composite samples were obtained by subjecting the material to hot 
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pressing at temperatures ranging from 165 to 170ÁC and a pressure of 15 MPa. Upon attaining 
the designated temperature, the pressing time was 15ï20 minutes. 

The measurements were conducted using a NETZSCH DSC 204 F1 differential scanning 
calorimeter (DSC) (Germany) in an argon atmosphere. The composite under investigation was 
placed in an aluminium crucible. Sapphire (Al2O3) was utilised as a reference sample, the 
heating rate was 10 K/min, the inert gas flow rate was 20 ml/min, and the sample weight was 
approximately 40 mg. The experimental studies were conducted within the temperature range 
of 100ï600 ÁC. The thermodynamic parameters of the composites were measured using this 
device and calculated using established formulas. 

The enthalpy change was calculated based on the peak area on the thermogram curve: 

                                                        (1) 

The calculation of change in entropy is determined by the following formula: 

                                                         (2) 

The degree of crystallinity of the polymers utilised (amorphous and crystalline) is determined from 
thermogram curves: 

                                               (3) 

In particular, the heat capacity of samples is calculated using the formula: 

 
Where cp and cp,standard are the specific heat capacities of the sample and standard at temperature 

T, mstandard and msample are the masses of the standard and sample, respectively, and DSCstandard and 
DSCsample are the DSC readings of the standard and sample. 

Subsequent analysis of the samples was conducted using thermogravimetric (TG) analysis on a 

NETZSCH STA 449 F1 Jupiter instrument. The experiments were conducted within Al2O3 crucibles, 

within the temperature range of 20ï850 ÁC, with a sample heating rate of 1 K/min. Samples of powder 

were measured in a synthetic air environment (80% gaseous oxygen, 20% gaseous nitrogen, flow rate 

35 ml/min). This apparatus is utilised for the study of physical phenomena, including phase transitions, 

absorption, adsorption and desorption. Thermogravimetric analysis (TGA) can also be utilised to 

ascertain the activation energy (Ea), which is a kinetic parameter of the composites under investigation 

in accordance with the Arrhenius equation and the Kissinger method. 

 
Here, k is a constant of change, A is an exponential factor, Ea is the activation energy, T is the 

absolute temperature, and R is the universal gas constant. 
According to Kissinger's method: 

 
Here, Tp is the maximum temperature and ɓ is the heating rate. 
Results and discussion. 
Figures 1 and 2 illustrate the temperature dependence of thermal energy (DSC thermogram) for 

pure high-density polyethylene (HDPE) and polyvinylidene fluoride (PVDF). The figure illustrates that 

the maximum temperature of 124ÁC is observed in the HDPE thermogram. Should HDPE be subjected 

to a heating and cooling cycle, and should an DSC thermogram be taken, a new peak (maximum) will 

be observed at 111ÁC on the complete graph (i.e. cooling-heating). As demonstrated in Figure 2, when 

a polar fluorine-containing polymer, polyvinylidene fluoride (PVDF), with a specific dipole moment, is 

utilised as the matrix in lieu of a non-polar polymer, the DSC curves exhibit a distinct maximum at 

162ÁC, accompanied by a secondary maximum at 129ÁC. In our opinion, the difference in the maximum 

temperature on the DSC curve in both cases indicates that oxygen degradation (decomposition) 

processes occur in polymers under the influence of heat treatment, with this phenomenon being 

observed at higher temperatures in PVDF than in PE. Then, using the DSC thermogram, the glass 
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transition temperature, melting temperature, specific heat capacity (cp), enthalpy, entropy (æS) and 

degree of crystallinity (K) were determined, which are important parameters for the practical application 

of polymers. The results obtained are presented in table 1. 

                                                            Table 1. DSC results for pure polymers 

Polymer Glass 
transition 

temperature 
(Tg)0C 

Melting 
temperatu
re (Tm),0C 

Specific heat 
(Cp),C/qĀ0C 

Enthalpy 
(æH), 
C/q 

Entropy 
(æS), C/K 

Degree of 
crystallinity 

(K), % 

YSPE 100 124-131 1,8 - 2,7 60,3 2,36 4,75 

PVDF 40 156-165 0,96 - 1,4 31,5 0,65 3,33 

 
Figure 1. DSC thermogram of high-density polyethylene (HDPE) 

 
Figure 2. DSC thermogram of polyvinylidene fluoride (PVDF) 

 

In addition to pure polymers, changes in thermal energy depending on temperature were 
studied for polymer composites. For this purpose, DSC thermograms were taken for 
composites consisting of various ferroceramics (PKR1, PKR8, etc.) and polymers (HDPE, 
PVDF), and the studies were conducted in the temperature range of -100-6000C. Figures 3 
and 4 show the DSC thermograms of HDPE+PKR1 and PVDF+PKR1 composites. The graphs 
clearly show the maxima (phase transitions) corresponding to the structural changes occurring 
in HDPE+PKR1 and PVDF+PKR1 composites depending on temperature. Figure 3 shows that 
for the HDPE+PKR1 composite, a small exothermic peak is observed at 128ÁC on the 
temperature dependence of thermal energy, and we believe that this peak is close to the 
melting temperature of the polymer. In our opinion, this exothermic peak is caused by the 
decomposition of oxygen-containing functional groups (CO, CO2) in the HDPE+PKR1 
composite as the temperature rises. Then, after reaching a temperature of 480,40ÁC, a sharp 
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drop in the peak is observed and an endothermic reaction occurs. This indicates that a large 
amount of heat is absorbed to break the bonds between the polymer and the ferroelectric 
ceramic particles. A similar thermogram of thermal energy as a function of temperature for the 
PVDF+PKR1 composite is shown in Figure 4. The thermogram shows that the PVDF+PKR1 
composite exhibits an exothermic peak (161.4 ÁC) and an endothermic peak (470.2 ÁC). The 
results obtained indicate that the study of spectra in PVDF is more important than in PE. Since 
PVDF is a polar polymer, piezoceramic particles can act as crystallisation centres, and 
ultimately the temperature of the first peak on the DSC thermogram may shift towards higher 
temperatures as the amount of crystalline phase in the polymer matrix increases. In addition, 
as the volume fraction of the polymer matrix increases, the contact surface between the 
polymer matrix and the piezoceramic phase increases, and the intensity of structural changes 
also increases. In our opinion, the maxima observed on the DSC curves are related to 
structural changes and interphase interactions caused by temperature. We believe that as 
interphase interactions intensify, the degree of crystallinity decreases and macromolecules 
become less mobile. Using DSC thermograms for the composites under study, the glass 
transition temperature, enthalpy, entropy, and specific heat capacity were calculated. The 
results are presented in table 2. 

 

Table 2. Change in enthalpy and specific heat capacity in the observed transitions. 
 

 
Composite 

Peak,Tpik 
0C 

Glass 
transition 

temperatur
e Tg,  0C 

Enthalpy 
(æH), 
C/q 

Entropy 
(æS), 
C/K 

Specific 
heat (cp) 

C/qÖK 

DSC,
area 

A, C/q 
Peak name 

 
HDPE+PKR1 

128 122 4,85 0,0121 2,319 16,16 Ekzotermik 

483,4 454 8,81 0,0116 1,125 29,36 Endotermik 

 

 
Composite 

Peak,T

p, 0C 

Glass 
transition 

temperature 
Tg,  0C 

Enthal
py 
(æH), 
C/q 

Entropy 
(æS), 
C/K 

Specific 
heat (cp) 

C/qÖK 

DSC,
area 

A, C/q 
 

Peak name 

PVDF+PKR1 
161,4 162,4 0,19 0,0004 0,041 4,62 Ekzotermik 

470,2 470,4 24,72 0,0333 1,286 -82,41 Endotermik 

 

 
Figure 3. DSC thermogram of HDPE+PKR1composite. 
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Figure 4. DSC thermogram of PVDF+PCR1 composite. 

 

Figure 5 shows the temperature dependence of mass loss of PVDF+PKR1 composite 
(TGA thermogram curve). The figure shows that the TGA curve shows maxima at different 
temperatures (1610C, 4540C, 5030C, 6060C). Initially, a broad, unclear endothermic effect is 
observed in the temperature dependence of mass loss, corresponding to 1610C, at which no 
mass loss occurs. In our opinion, at this stage a phase transition of the second type occurs 
(i.e., the physical properties of the material change without mass loss). The crystal structure of 
the sample changes, more precisely, the macromolecules of the polymer phase of the 
composite become less mobile with increasing temperature. The second effect of the 
thermogram curve continues from 4500C to 4700C. Thus, at a temperature of 4540C the mass 
loss is 10%. In our opinion, the obtained result is due to the occurrence of oxygen degradation 
processes of oxygen in the polymer due to the effect of heat treatment. We believe that at this 
temperature C-H and C-F bonds in PVDF polymer chains weaken and begin to partially 
disintegrate. Radicals are formed in the polymer chains as a result of decomposition and the 
dehydrofluorination process begins. During the process, volatiles such as hydrogen fluoride 
(HF) are released from the PVDF chain. This reaction changes the chemical structure of a 
certain part of the polymer, causing the release of volatiles and consequently the indicated 
(10%) mass loss. Then, a very small peak is observed at 5030C. The appearance of the new 
peak can be explained by the further decomposition of the more stable parts that could not be 
completely transformed from the previous stage (450-4700C) at this temperature, undergoing 
additional oxidation or final dehydrofluorination. 

In addition, we believe that at this temperature, the third effect arises from the 
combustion of organic matter, in which case the mass loss is approximately 2%. Finally, the 
fourth peak on the thermogram curve is formed in the temperature range from 6020C to 6090C. 
In our opinion, the more stable carbonaceous part (residue) in this temperature range is 
completely oxidised by high temperature or undergoes a pyrolytic reaction. At this stage, the 
strong C-C bonds present in the remaining carbon structures are broken by additional heat 
energy, causing the residue to turn into a gas, causing a small mass loss (approximately 2%). 
However, since the inorganic phase of the composite - segneopiezoceramics (PKR 1 and 
PKR8) - has high thermal stability, no thermal decomposition occurs in it in the specified 
temperature range. Thus, the obtained result for PVDF+PCR1 composite shows that the 
sample is durable up to the temperature of 4500C. At temperatures above this temperature, 
gradual degradation processes occur in the composite and are completed in several stages. A 
similar experiment was carried out for PVDF+PCR8 composite (Figure 6). The obtained result 
is presented in Figure 6 in the form of TG/DSC curve. The figure shows that for PVDF+PCR8 
composite, maxima are observed at different temperatures (1580C, 4480C, 6530C). 

Then the activation energy (Ea) of the studied samples (PVDF+PKR1, PVDF+PKR8 
composites) was calculated using TGA thermograms, using mathematical formulae (based on 
Kissinger's equation (6)). The obtained results are summarised in table 3. 
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                Table 3. Decomposition (degradation) temperatures of composites. 

Films Tonset, 
0C Tp, 0C 

Activation 
energy (Ea), 

kC/mol 

PVDF+PKR1 454 468,9 0,0038 

PVDF+PKR8 440 448 0,0042 

 

 
Figure 5. Thermogravimetric (TG) spectrum of PVDF+PKR1composite. 

 

 
Figure 6. Thermogravimetric (TG) spectrum of PVDF+PCR8 composite. 

 

Conclusions 
The analysis of  DSC and TGA plots showed that the interfacial interaction between the 

polymer matrix and the filler (segmented piezoceramic particle) significantly affects the thermal 
properties of the composite. The DSC results of PVDF+PKR1 composite show that the strong 
interaction between PVDF and PKR1 particles changes the crystallisation and melting 
temperatures of the polymer. It also increases the crystallinity of PVDF and stabilises the 
phase transitions. From the analyses carried out on PVDF+PKR1 composite by TGA methods, 
it can be seen that the strong interaction between the polymer and the piezoceramic particle 
increases the thermal stability of the sample, increases the decomposition temperature and 
mass loss occurs at higher temperature. From the TGA thermograms, it was observed that 
PVDF+PKR1 composite maintained the strength up to 4500C and the working temperature up 
to this temperature. This study shows that the choice of suitable filler can expand the 
applications of polymer matrix composites. 
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INVESTIGATION OF INTERPHASE INTERACTION IN POLYMER COMPOSITES BY 
METHODS OF DIFFERENTIAL SCANNING CALORIMETRY (DSC) AND THERMOGRAVIMETRIC 

ANALYSIS (TGA) 
G.Kh. Huseynova1,2 
Ķ.S.Ramazanova1 
¦.V.Yusifova1 

Z.A. Dadashov1 
K.K. Azizova1,2 
N.V. Kazēmova3 

Institute of Physics of the Ministry of Science and Education of the                                 
Republic of Azerbaijan1 

Azerbaijan Technical University2 
Azerbaijan Technological University3 

The present study investigates the interphase interactions occurring in composites consisting of 
polar (PVDF) and non-polar (HPLC) polymer matrices, in conjunction with ceramics of differing 
structures (i.e. PKR1 ï rhombohedral, and PKR8 ï tetragonal). The investigation employs two 
analytical techniques: differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA). 
The interactions between the matrix and filler, phase transitions and changes in the crystal structure in 
the composites were studied using DSC. It was determined that the type, amount and degree of 
dispersion of the filler have a significant effect on the thermal stability and phase transitions of the 
composites. The TGA method was also employed to estimate the weight loss and thermal stability of 
the composites consisting of piezoceramics of different structures, and to determine the effect of 
interactions occurring at the interface on the overall thermal parameters of the composite. The findings 
indicate that the type, amount and dispersion of the filler have a substantial impact on the interphase 
interactions and stages of composite formation. The reliability and efficacy of experiments conducted 
using DSC and TGA methods for improving the structural and thermal properties of polymer matrix 
composites has been demonstrated. 

Keywords: polymer, composite, matrix, glass transition, enthalpy, entropy, mass loss, plasma, 
specific heat capacity. 

 
 

S¦NĶ ĶNTELLEKT ᴄSASLI DAVRANIķ ANALĶTĶKASI: YENĶYETMᴄ CĶNAYᴄTKARLIĴININ ERKᴄN 
RĶSK PROQNOZLAķDIRILMASI Vᴄ PREDĶKTĶV MODELLᴄķDĶRĶLMᴄSĶ 
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Azᴅrbaycan Texniki Universiteti4 
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Giriĸ. M¿asir cᴅmiyyᴅtlᴅrdᴅ yetkinlik yaĸēna ­atmamēĸ ĸᴅxslᴅr arasēnda cinayᴅtkarlēq 
sosial tᴅhl¿kᴅsizlik vᴅ h¿quq siyasᴅti baxēmēndan prioritet problemlᴅrdᴅn biri kimi ­ēxēĸ edir. Bu 
fenomen yalnēz h¿quq-m¿hafizᴅ sisteminin fᴅaliyyᴅt sahᴅsinᴅ aid deyil, eyni zamanda sosial 
struktur, ailᴅ m¿nasibᴅtlᴅri, tᴅhsil m¿hiti vᴅ psixoloji faktorlarēn qarĸēlēqlē tᴅsiri nᴅticᴅsindᴅ 
formalaĸan kompleks sosial proses kimi qiymᴅtlᴅndirilmᴅlidir. 

Yeniyetmᴅ cinayᴅtkarlēĵēnēn formalaĸmasē ­oxsaylē determinantlarēn qarĸēlēqlē tᴅsiri ilᴅ 
ᴅlaqᴅdardēr. Ailᴅ institutunun zᴅiflᴅmᴅsi, sosial nᴅzarᴅtin azalmasē, iqtisadi qeyri-sabitlik vᴅ 
tᴅhsil m¿hitindᴅ yaranan problemlᴅr bu prosesin ᴅsas sᴅbᴅblᴅri kimi ­ēxēĸ edir. Bununla yanaĸē 
m¿asir dºvrdᴅ rᴅqᴅmsal m¿hitin tᴅsiri dᴅ m¿h¿m rol oynayēr. Sosial media platformalarē vᴅ 
internet m¿hiti yeniyetmᴅlᴅrin davranēĸ modellᴅrinin formalaĸmasēnda yeni sosial faktor kimi 
­ēxēĸ edir. 

mailto:kama-azizova2025@rambler.ru
mailto:nurlanavahid1@gmail.com
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ᴄnᴅnᴅvi statistik metodlar bu c¿r m¿rᴅkkᴅb sosial sistemlᴅrin analizi ¿­¿n m¿ᴅyyᴅn 
imkanlar tᴅqdim etsᴅ dᴅ, ­oxºl­¿l¿ vᴅ qeyri-xᴅtti ᴅlaqᴅlᴅrin tam m¿ᴅyyᴅn edilmᴅsindᴅ mᴅhdud 
qalēr. Bu baxēmdan s¿ni intellekt vᴅ maĸēn ºyrᴅnmᴅsi texnologiyalarē yeni analitik yanaĸmalar 
tᴅqdim edir. Maĸēn ºyrᴅnmᴅsi modellᴅri bºy¿k hᴅcmli sosial mᴅlumatlarē analiz edᴅrᴅk 
davranēĸ n¿munᴅlᴅrini vᴅ risk faktorlarē arasēndakē gizli ᴅlaqᴅlᴅri aĸkar edᴅ bilir. Bu yanaĸma 
yalnēz mºvcud vᴅziyyᴅtin analizi ilᴅ mᴅhdudlaĸmēr, hᴅm dᴅ gᴅlᴅcᴅkdᴅ baĸ verᴅ bilᴅcᴅk 
risklᴅrin proqnozlaĸdērēlmasēna imkan verir. 

Sosial vᴅ Davranēĸ Risk Faktorlarēnēn Sistem Analizi: Yeniyetmᴅ cinayᴅtkarlēĵē yalnēz 
fᴅrdi davranēĸēn nᴅticᴅsi kimi deyil, ­oxsᴅviyyᴅli sosial sistemlᴅrin qarĸēlēqlē tᴅsiri nᴅticᴅsindᴅ 
formalaĸan kompleks fenomen kimi qiymᴅtlᴅndirilmᴅlidir. Bu sistem daxilindᴅ ailᴅ, sosial m¿hit, 
iqtisadi ĸᴅrait vᴅ psixoloji faktorlar bir-biri ilᴅ sēx ᴅlaqᴅdᴅ fᴅaliyyᴅt gºstᴅrᴅrᴅk fᴅrdin davranēĸ 
trayektoriyasēnē m¿ᴅyyᴅn edir. M¿asir sosioloji yanaĸmalara ᴅsasᴅn, deviant davranēĸēn 
formalaĸmasē tᴅsad¿fi deyil, ᴅksinᴅ struktur vᴅ funksional disbalanslarēn nᴅticᴅsidir. 

Ailᴅ institutu bu sistemdᴅ ilkin sosiallaĸma m¿hiti kimi ­ēxēĸ edir vᴅ fᴅrdin dᴅyᴅrlᴅr 
sisteminin formalaĸmasēnda hᴅlledici rol oynayēr. Valideyn nᴅzarᴅtinin zᴅiflᴅmᴅsi, ailᴅdaxili 
konfliktlᴅr vᴅ emosional dᴅstᴅyin ­atēĸmazlēĵē uĸaqlarda sosial adaptasiya problemlᴅrinᴅ 
sᴅbᴅb olur. Bu isᴅ onlarēn alternativ davranēĸ modellᴅrinᴅ yºnᴅlmᴅsinᴅ ĸᴅrait yaradēr. Eyni 
zamanda sosial-iqtisadi status da m¿h¿m determinant kimi ­ēxēĸ edir. Aĸaĵē gᴅlirli vᴅ sosial 
resurslarē mᴅhdud olan m¿hitlᴅrdᴅ bºy¿yᴅn yeniyetmᴅlᴅrdᴅ risk davranēĸlarēnēn yaranma 
ehtimalē daha y¿ksᴅk olur. 

Tᴅhsil m¿hiti isᴅ sosial nᴅzarᴅt mexanizminin ikinci ᴅsas komponentidir. Mᴅktᴅb 
davamiyyᴅtinin azalmasē, akademik uĵursuzluq vᴅ m¿ᴅllim-ĸagird m¿nasibᴅtlᴅrindᴅ yaranan 
gᴅrginliklᴅr sosial deviasiyanēn erkᴅn indikatorlarē kimi ­ēxēĸ edir. Bu faktorlar sosial baĵlarēn 
zᴅiflᴅmᴅsinᴅ vᴅ fᴅrdin cᴅmiyyᴅtᴅ inteqrasiyasēnēn pozulmasēna gᴅtirib ­ēxarēr. Nᴅticᴅdᴅ fᴅrd 
alternativ sosial qruplara ð ­ox vaxt deviant davranēĸ n¿mayiĸ etdirᴅn m¿hitlᴅrᴅ ð yºnᴅlir. 

Belᴅliklᴅ, sosial vᴅ davranēĸ faktorlarēnēn sistem analizi gºstᴅrir ki, yeniyetmᴅ 
cinayᴅtkarlēĵē birbaĸa sᴅbᴅb-nᴅticᴅ ᴅlaqᴅsi ilᴅ izah edilᴅ bilmᴅz. Bu fenomen ­oxºl­¿l¿ vᴅ 
dinamik strukturda fᴅaliyyᴅt gºstᴅrir vᴅ onun effektiv analizi yalnēz kompleks vᴅ inteqrativ 
yanaĸmalar vasitᴅsilᴅ m¿mk¿nd¿r. 

Rᴅqᴅmsal M¿hit vᴅ Yeni Sosial Risklᴅrin Transformasiyasē: Rᴅqᴅmsallaĸma prosesi 
yeniyetmᴅlᴅrin sosiallaĸma mexanizmlᴅrini kºkl¿ ĸᴅkildᴅ dᴅyiĸdirmiĸdir. ᴄgᴅr ᴅnᴅnᴅvi 
cᴅmiyyᴅtlᴅrdᴅ sosial tᴅsir ᴅsasᴅn ailᴅ vᴅ fiziki m¿hitlᴅ mᴅhdudlaĸērdēsa, m¿asir dºvrdᴅ 
rᴅqᴅmsal platformalar bu tᴅsirin miqyasēnē qlobal sᴅviyyᴅyᴅ ­atdērmēĸdēr. Sosial media, onlayn 
oyun platformalarē vᴅ virtual icmalar yeniyetmᴅlᴅrin davranēĸ modellᴅrinin formalaĸmasēnda 
m¿h¿m rol oynayēr. 

Bu m¿hitlᴅrin ᴅsas x¿susiyyᴅtlᴅrindᴅn biri onlarēn normativ nᴅzarᴅt mexanizmlᴅrinin zᴅif 
olmasēdēr. Virtual m¿hitdᴅ anonimlik vᴅ mᴅsuliyyᴅtin azalmasē aqressiv vᴅ deviant 
davranēĸlarēn daha sᴅrbᴅst ĸᴅkildᴅ ifadᴅ olunmasēna ĸᴅrait yaradēr. Bu isᴅ ñnorm diffusionò 
fenomeninᴅ ð yᴅni sosial normalarēn bulanēqlaĸmasēna sᴅbᴅb olur. 

Eyni zamanda, rᴅqᴅmsal m¿hitdᴅ yayēlan kontentlᴅr yeniyetmᴅlᴅrin psixoloji vᴅziyyᴅtinᴅ 
birbaĸa tᴅsir gºstᴅrir. ķiddᴅtᴅ meyilli materiallar, kriminal davranēĸēn romantizasiyasē vᴅ sosial 
tᴅsir mexanizmlᴅri fᴅrdin davranēĸ se­imlᴅrinᴅ tᴅsir edir. Uzunm¿ddᴅtli rᴅqᴅmsal izolyasiya isᴅ 
sosial ᴅlaqᴅlᴅrin zᴅiflᴅmᴅsinᴅ vᴅ empatiya sᴅviyyᴅsinin azalmasēna gᴅtirib ­ēxarēr. 

Bu baxēmdan rᴅqᴅmsal m¿hit yalnēz texnoloji platforma deyil, hᴅm dᴅ yeni sosial 
reallēqdēr. Bu reallēqda risk faktorlarē daha m¿rᴅkkᴅb vᴅ qeyri-xᴅtti xarakter daĸēyēr. Nᴅticᴅ 
etibarilᴅ, yeniyetmᴅ cinayᴅtkarlēĵēnēn analizi zamanē rᴅqᴅmsal davranēĸ indikatorlarēnēn nᴅzᴅrᴅ 
alēnmasē zᴅruri ĸᴅrt kimi ­ēxēĸ edir. 

Maĸēn ¥yrᴅnmᴅsi Modellᴅrinin Analitik Potensialē: Maĸēn ºyrᴅnmᴅsi metodlarē sosial 
elmlᴅrdᴅ analitik yanaĸmalarēn keyfiyyᴅtcᴅ yeni mᴅrhᴅlᴅyᴅ ke­mᴅsini tᴅmin etmiĸdir. ᴄnᴅnᴅvi 
statistik modellᴅr ᴅsasᴅn xᴅtti ᴅlaqᴅlᴅr ¿zᴅrindᴅ qurulduĵu halda, maĸēn ºyrᴅnmᴅsi alqoritmlᴅri 
qeyri-xᴅtti vᴅ ­oxºl­¿l¿ ᴅlaqᴅlᴅri aĸkar etmᴅk qabiliyyᴅtinᴅ malikdir. 



¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

175 
 

Loqistik reqressiya kimi klassik modellᴅr risk faktorlarēnēn ilkin qiymᴅtlᴅndirilmᴅsi ¿­¿n 
istifadᴅ olunsa da, qᴅrar aĵaclarē vᴅ Random Forest alqoritmlᴅri dᴅyiĸᴅnlᴅr arasēndakē 
m¿rᴅkkᴅb qarĸēlēqlē tᴅsirlᴅri daha effektiv ĸᴅkildᴅ modellᴅĸdirir. Neyron ĸᴅbᴅkᴅlᴅr isᴅ y¿ksᴅk 
ºl­¿l¿ verilᴅnlᴅrdᴅ gizli strukturlarēn aĸkar edilmᴅsindᴅ x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. 

Bu modellᴅrin ᴅsas ¿st¿nl¿y¿ onlarēn ºyrᴅnmᴅ qabiliyyᴅtidir. Sistemᴅ daxil edilᴅn 
mᴅlumatlar ᴅsasēnda model davamlē ĸᴅkildᴅ ºz¿n¿ tᴅkmillᴅĸdirir vᴅ yeni davranēĸ n¿munᴅlᴅrini 
m¿ᴅyyᴅn edir. Bu x¿susiyyᴅt sosial risklᴅrin dinamik xarakterini nᴅzᴅrᴅ almaĵa imkan verir.  

 

 
ķᴅkil 1. Yeniyetmᴅ cinayᴅtkarlēĵēnēn maĸēn ºyrᴅnmᴅsi ᴅsasēnda proqnozlaĸdērēlmasē modeli vᴅ sosial 

indikatorlarēn analitik inteqrasiyasē 
 

ķᴅkil 1-dᴅ sosial, psixoloji vᴅ rᴅqᴅmsal indikatorlarēn inteqrasiyasē ᴅsasēnda qurulmuĸ 
maĸēn ºyrᴅnmᴅsi modeli tᴅsvir edilmiĸdir. Model verilᴅnlᴅrin toplanmasē, emalē, tᴅhlili vᴅ risk 
proqnozlaĸdērēlmasē mᴅrhᴅlᴅlᴅrini ᴅhatᴅ edᴅrᴅk yeniyetmᴅlᴅr arasēnda cinayᴅt davranēĸēnēn 
erkᴅn aĸkarlanmasēna imkan yaradēr.  

Eyni zamanda, maĸēn ºyrᴅnmᴅsi modellᴅri yalnēz analiz alᴅti deyil, hᴅm dᴅ 
proqnozlaĸdērma mexanizmi kimi ­ēxēĸ edir. Bu yanaĸma sosial xidmᴅtlᴅrᴅ vᴅ h¿quq-m¿hafizᴅ 
orqanlarēna erkᴅn xᴅbᴅrdarlēq sistemi tᴅqdim edir vᴅ profilaktik tᴅdbirlᴅrin daha effektiv 
planlaĸdērēlmasēna ĸᴅrait yaradēr. 

Verilᴅnlᴅrin Ķnteqrasiyasē vᴅ Analitik Emal Problemlᴅri: Sosial sistemlᴅrin analizi 
¿­¿n istifadᴅ olunan mᴅlumatlar heterogen vᴅ ­oxmᴅnbᴅli xarakter daĸēyēr. Demoqrafik 
gºstᴅricilᴅr, tᴅhsil mᴅlumatlarē, psixoloji indikatorlar vᴅ rᴅqᴅmsal fᴅaliyyᴅt mᴅlumatlarē fᴅrqli 
strukturlara malikdir. Bu mᴅlumatlarēn vahid analitik modeldᴅ birlᴅĸdirilmᴅsi ciddi metodoloji 
problemlᴅr yaradēr. 

Mᴅlumatlarēn keyfiyyᴅti bu prosesdᴅ hᴅlledici rol oynayēr. Natamam vᴅ ya qeyri-dᴅqiq 
mᴅlumatlar modelin nᴅticᴅlᴅrinin etibarlēlēĵēnē azaldēr. Bu sᴅbᴅbdᴅn mᴅlumatlarēn tᴅmizlᴅnmᴅsi 
vᴅ normallaĸdērēlmasē mᴅrhᴅlᴅlᴅri x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. 

Bundan ᴅlavᴅ, etik mᴅsᴅlᴅlᴅr dᴅ diqqᴅt mᴅrkᴅzindᴅ olmalēdēr. ķᴅxsi mᴅlumatlarēn 
qorunmasē, diskriminasiya risklᴅrinin qarĸēsēnēn alēnmasē vᴅ modelin ĸᴅffaflēĵē m¿asir AI 
sistemlᴅrinin ᴅsas tᴅlᴅblᴅrindᴅndir. 

Belᴅliklᴅ, verilᴅnlᴅrin inteqrasiyasē yalnēz texniki deyil, hᴅm dᴅ etik vᴅ sosial mᴅsuliyyᴅt 
tᴅlᴅb edᴅn kompleks prosesdir. 
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Proqnozlaĸdērma Modellᴅri vᴅ Sosial Qᴅrarvermᴅ Sistemlᴅri: Maĸēn ºyrᴅnmᴅsi 
modellᴅrinin ᴅn m¿h¿m tᴅtbiq sahᴅlᴅrindᴅn biri proqnozlaĸdērma sistemlᴅridir. Bu sistemlᴅr 
fᴅrdlᴅrin gᴅlᴅcᴅk davranēĸ ehtimallarēnē qiymᴅtlᴅndirᴅrᴅk risk qruplarēnē m¿ᴅyyᴅn edir. 

Proqnozlaĸdērma modellᴅri sosial siyasᴅtin formalaĸdērēlmasēnda m¿h¿m rol oynayēr. Bu 
modellᴅr ᴅsasēnda resurslarēn daha effektiv bºl¿ĸd¿r¿lmᴅsi, sosial proqramlarēn 
optimallaĸdērēlmasē vᴅ profilaktik tᴅdbirlᴅrin planlaĸdērēlmasē m¿mk¿nd¿r. 

Eyni zamanda bu sistemlᴅr qᴅrar dᴅstᴅk mexanizmi kimi ­ēxēĸ edir. Lakin burada insan 
faktorunun tam aradan qaldērēlmasē mᴅqsᴅdᴅuyĵun deyil. ᴄn optimal yanaĸma ñhuman-in-the-
loopò modelidir, yᴅni AI sistemlᴅri ilᴅ insan ekspertizasēnēn inteqrasiyasē. 

Bu yanaĸma hᴅm analitik dᴅqiqliyi artērēr, hᴅm dᴅ etik vᴅ sosial risklᴅri minimuma endirir. 
Belᴅliklᴅ, aparēlan geniĸ analiz gºstᴅrir ki, yeniyetmᴅ cinayᴅtkarlēĵēnēn ºyrᴅnilmᴅsi 

multidissiplinar yanaĸma tᴅlᴅb edᴅn m¿rᴅkkᴅb sosial problemdir. Sosial, psixoloji vᴅ rᴅqᴅmsal 
faktorlarēn inteqrasiyasē bu fenomenin daha dᴅrindᴅn anlaĸēlmasēna imkan verir. 

Maĸēn ºyrᴅnmᴅsi texnologiyalarē isᴅ bu sahᴅdᴅ analitik imkanlarē geniĸlᴅndirᴅrᴅk hᴅm 
mºvcud vᴅziyyᴅtin qiymᴅtlᴅndirilmᴅsini, hᴅm dᴅ gᴅlᴅcᴅk risklᴅrin proqnozlaĸdērēlmasēnē tᴅmin 
edir. Bu yanaĸma m¿asir cᴅmiyyᴅtlᴅrdᴅ sosial tᴅhl¿kᴅsizliyin tᴅmin edilmᴅsindᴅ strateji 
ᴅhᴅmiyyᴅt kᴅsb edir. 

Nᴅticᴅ. Aparēlan tᴅdqiqat gºstᴅrir ki, yeniyetmᴅ cinayᴅtkarlēĵē m¿asir cᴅmiyyᴅtlᴅrdᴅ 
yalnēz h¿quqi problem kimi deyil, sosial, psixoloji vᴅ texnoloji faktorlarēn qarĸēlēqlē tᴅsiri 
nᴅticᴅsindᴅ formalaĸan kompleks vᴅ ­oxºl­¿l¿ sistem kimi qiymᴅtlᴅndirilmᴅlidir. Bu fenomenin 
struktur analizi s¿but edir ki, fᴅrdin deviant davranēĸa yºnᴅlmᴅsi tᴅkcᴅ fᴅrdi x¿susiyyᴅtlᴅrlᴅ 
deyil, eyni zamanda onun daxil olduĵu sosial m¿hit, ailᴅ strukturu, tᴅhsil sistemi vᴅ rᴅqᴅmsal 
fᴅaliyyᴅt m¿hiti ilᴅ sēx baĵlēdēr. Bu isᴅ yeniyetmᴅ cinayᴅtkarlēĵēnēn ºyrᴅnilmᴅsindᴅ ᴅnᴅnᴅvi 
monofaktor yanaĸmalarēn qeyri-kafi olduĵunu vᴅ inteqrativ, sistem ᴅsaslē modellᴅrin tᴅtbiqinin 
zᴅruriliyini ortaya qoyur. 

Tᴅdqiqat ­ᴅr­ivᴅsindᴅ m¿ᴅyyᴅn edilmiĸdir ki, sosial vᴅ davranēĸ indikatorlarēnēn 
kompleks analizi risk faktorlarēnēn erkᴅn mᴅrhᴅlᴅdᴅ identifikasiyasēna imkan verir. X¿susilᴅ ailᴅ 
nᴅzarᴅtinin zᴅiflᴅmᴅsi, sosial-iqtisadi qeyri-sabitlik, tᴅhsil m¿hitindᴅ uĵursuzluqlar vᴅ rᴅqᴅmsal 
m¿hitdᴅ qeyri-saĵlam fᴅaliyyᴅt n¿munᴅlᴅri yeniyetmᴅlᴅrin deviant davranēĸa meyilliliyini artēran 
ᴅsas determinantlar kimi ­ēxēĸ edir. Bu faktorlarēn bir-biri ilᴅ qarĸēlēqlē tᴅsiri nᴅticᴅsindᴅ yaranan 
sinergetik effekt isᴅ cinayᴅt davranēĸēnēn formalaĸma ehtimalēnē daha da y¿ksᴅldir. 

Maĸēn ºyrᴅnmᴅsi metodlarēnēn tᴅtbiqi bu m¿rᴅkkᴅb ᴅlaqᴅlᴅrin analizi ¿­¿n effektiv 
analitik ­ᴅr­ivᴅ tᴅqdim edir. ᴄnᴅnᴅvi statistik yanaĸmalardan fᴅrqli olaraq, maĸēn ºyrᴅnmᴅsi 
modellᴅri ­oxºl­¿l¿ vᴅ qeyri-xᴅtti ᴅlaqᴅlᴅri aĸkar etmᴅyᴅ qadirdir. Bu isᴅ sosial sistemlᴅrdᴅ 
gizli qalan vᴅ birbaĸa m¿ĸahidᴅ olunmayan davranēĸ n¿munᴅlᴅrinin m¿ᴅyyᴅn edilmᴅsinᴅ 
imkan yaradēr. X¿susilᴅ neyron ĸᴅbᴅkᴅlᴅr, Random Forest vᴅ LSTM kimi modellᴅr y¿ksᴅk 
dᴅqiqliklᴅ proqnozlaĸdērma apararaq risk qruplarēnēn identifikasiyasēnē tᴅmin edir. 

Eyni zamanda, bu modellᴅrin tᴅtbiqi yalnēz analitik nᴅticᴅlᴅrin ᴅldᴅ olunmasē ilᴅ 
mᴅhdudlaĸmēr. Onlar qᴅrar dᴅstᴅk sistemlᴅrinin formalaĸdērēlmasēnda m¿h¿m rol oynayēr. 
Sosial xidmᴅtlᴅr, tᴅhsil m¿ᴅssisᴅlᴅri vᴅ h¿quq-m¿hafizᴅ orqanlarē bu modellᴅrdᴅn istifadᴅ 
edᴅrᴅk profilaktik tᴅdbirlᴅri daha effektiv ĸᴅkildᴅ planlaĸdēra bilᴅr. Bu isᴅ resurslarēn 
optimallaĸdērēlmasēna vᴅ sosial m¿daxilᴅlᴅrin daha hᴅdᴅfli ĸᴅkildᴅ hᴅyata ke­irilmᴅsinᴅ ĸᴅrait 
yaradēr. 

Bununla yanaĸē, rᴅqᴅmsal m¿hitin tᴅsiri m¿asir dºvrdᴅ x¿susi diqqᴅt tᴅlᴅb edᴅn 
amillᴅrdᴅn biridir. Sosial media vᴅ onlayn platformalar yeniyetmᴅlᴅrin davranēĸ modellᴅrinin 
formalaĸmasēnda yeni vᴅ g¿cl¿ tᴅsir mexanizmi kimi ­ēxēĸ edir. Bu m¿hitdᴅ yayēlan kontentlᴅr 
vᴅ sosial tᴅsir faktorlarē fᴅrdin psixoloji vᴅziyyᴅtinᴅ tᴅsir edᴅrᴅk deviant davranēĸēn 
formalaĸmasēna dolayē tᴅsir gºstᴅrir. Bu sᴅbᴅbdᴅn m¿asir proqnozlaĸdērma modellᴅrindᴅ 
rᴅqᴅmsal davranēĸ indikatorlarēnēn inteqrasiyasē zᴅruri hesab olunur. 

Lakin maĸēn ºyrᴅnmᴅsi modellᴅrinin tᴅtbiqi m¿ᴅyyᴅn mᴅhdudiyyᴅtlᴅrlᴅ dᴅ m¿ĸayiᴅt 
olunur. Mᴅlumatlarēn keyfiyyᴅti vᴅ etibarlēlēĵē modelin nᴅticᴅlᴅrinᴅ birbaĸa tᴅsir edir. Natamam 
vᴅ ya qeyri-dᴅqiq mᴅlumatlar yanlēĸ proqnozlara sᴅbᴅb ola bilᴅr. Bundan ᴅlavᴅ, etik mᴅsᴅlᴅlᴅr 
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dᴅ x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. ķᴅxsi mᴅlumatlarēn qorunmasē, diskriminasiya risklᴅrinin 
qarĸēsēnēn alēnmasē vᴅ modelin ĸᴅffaflēĵēnēn tᴅmin edilmᴅsi m¿asir AI sistemlᴅrinin ᴅsas 
tᴅlᴅblᴅrindᴅn biridir. 

Gᴅlᴅcᴅk perspektivlᴅr baxēmēndan federativ ºyrᴅnmᴅ (federated learning) vᴅ izah edilᴅ 
bilᴅn s¿ni intellekt (Explainable AI) yanaĸmalarēnēn tᴅtbiqi bu sahᴅdᴅ m¿h¿m inkiĸaf 
istiqamᴅtlᴅri kimi ­ēxēĸ edir. Federativ ºyrᴅnmᴅ mᴅlumatlarēn mᴅrkᴅzlᴅĸdirilmᴅdᴅn analizinᴅ 
imkan verᴅrᴅk mᴅxfilik problemlᴅrini aradan qaldērēr. Explainable AI isᴅ model qᴅrarlarēnēn 
interpretasiyasēnē tᴅmin edᴅrᴅk onlarēn etibarlēlēĵēnē artērēr. 

Nᴅticᴅ etibarilᴅ, bu tᴅdqiqat s¿but edir ki, yeniyetmᴅ cinayᴅtkarlēĵēnēn qarĸēsēnēn alēnmasē 
yalnēz reaktiv tᴅdbirlᴅrlᴅ deyil, proaktiv vᴅ data-driven yanaĸmalarla m¿mk¿nd¿r. S¿ni intellekt 
vᴅ maĸēn ºyrᴅnmᴅsi texnologiyalarē bu sahᴅdᴅ strateji alᴅt kimi ­ēxēĸ edᴅrᴅk hᴅm analitik, hᴅm 
dᴅ qᴅrarvermᴅ sᴅviyyᴅsindᴅ yeni imkanlar yaradēr. Bu yanaĸma m¿asir cᴅmiyyᴅtlᴅrdᴅ sosial 
tᴅhl¿kᴅsizliyin tᴅmin edilmᴅsindᴅ vᴅ gᴅlᴅcᴅk nᴅsillᴅrin saĵlam inkiĸafēnda m¿h¿m rol oynayēr. 

 

ᴄDᴄBĶYYAT 
1.Mowen, T. J., & Brent, J. J. (2016). School discipline as a turning point: The cumulative effect of 
suspension on arrest. Journal of Research in Crime and Delinquency, 53(5), 628ï653.  
2.Farrington, D. P., Ttofi, M. M., & Piquero, A. R. (2016). Risk, promotive, and protective factors in 
youth offending: Results from the Cambridge Study in Delinquent Development. Journal of 
Criminal Justice, 45, 63ï70.  
3.Mears, D. P., & Cochran, J. C. (2018). What is the effect of IQ on offending? Evidence from a 
sample of juveniles. Crime & Delinquency, 64(4), 505ï536.  
4.Katsiyannis, A., Ryan, J. B., Zhang, D., & Spann, A. (2018). Juvenile delinquency and recidivism: 
The impact of academic achievement. Journal of Child and Family Studies, 27(7), 2307ï2315.  
5.Kim, B., & Kim, K. (2019). The impact of social media use on juvenile delinquency: A longitudinal 
analysis. Children and Youth Services Review, 98, 302ï310.  
6.Boman, J. H., & Mowen,T.J.(2020).The role of turning points in shaping criminal beh.: Evidence 
from adolescence. Youth Violence and Juvenile Justice, 18(2), 123ï141.  
7.Song, H., Lee, J., & Lee, H. (2020). Machine learning approaches for predicting juvenile 
delinquency. IEEE Access, 8, 198782ï198793.  
8.Ristea, A.,Langford, C.,Leitner, M., & Johnson,S. D.(2021). Predictive policing in the UK: 
Challenges and opportunities. Policing: A Journal of Policy and Practice, 15(3), 204ï217.  
9.Uddin, S., Khan, A., Hossain, M. E., & Moni, M. A. (2022). Comparing different supervised 
machine learning algorithms for disease prediction. BMC Medical Informatics and Decision Making, 
22(1), 1ï15.  
10.Zhao, R., Tang, J., Liu, X., & Chen, Y. (2023). Deep learning-based predictive models for 
behavioral risk assessment. Expert Systems with Applications, 213, 118984. 

 

ARTIFICIAL INTELLIGENCE-BASED BEHAVIORAL ANALYTICS: EARLY RISK PREDICTION 
AND PREDICTIVE MODELING OF JUVENILE DELINQUENCY 

Karim Tahiroghluĭ 
kerim.tahiroghlu@au.edu.az 

K. K. AzizovaĮΉįΉώ 
kama-azizova2025@rambler.ru 

N. V. Kazimovaϐ 
nurlanavahid1@gmail.com 
Baku Eurasian Universityĭ 

Institute of Physics, Ministry of Science and EducationĮ 
Azerbaijan Universityį 

Azerbaijan Technical Universityώ 
 Azerbaijan Technological Universityϐ 

This paper provides a comprehensive analysis of social, psychological, and digital 
factors influencing juvenile delinquency. It explores the application of machine learning 
methods for identifying and predicting risk factors. The proposed model utilizes 

mailto:kerim.tahiroghlu@au.edu.az
mailto:kama-azizova2025@rambler.ru
mailto:nurlanavahid1@gmail.com


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

178 
 

multidimensional data analysis to detect high-risk groups at early stages and supports the 
development of effective preventive strategies within social and legal systems. 

Keywords: machine learning, artificial intelligence, juvenile delinquency, risk factors, 
behavioral analysis, predictive modeling, social indicators. 
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Giriĸ. XXI ᴅsrdᴅ qlobal iqtisadi sistem rᴅqᴅmsal transformasiya mᴅrhᴅlᴅsinᴅ daxil olmuĸ vᴅ 
bu transformasiya yalnēz texnoloji dᴅyiĸikliklᴅrlᴅ deyil, hᴅm dᴅ iqtisadi m¿nasibᴅtlᴅrin struktur 
yenidᴅn tᴅĸkili ilᴅ xarakterizᴅ olunmuĸdur. ᴄnᴅnᴅvi sᴅnaye iqtisadiyyatēnda dᴅyᴅr yaradēlmasē 
ᴅsasᴅn fiziki kapitalēn, xammalēn vᴅ ᴅmᴅk resurslarēnēn kombinasiyasē ᴅsasēnda hᴅyata 
ke­irilirdisᴅ, m¿asir mᴅrhᴅlᴅdᴅ informasiya axēnlarēnēn intensivliyi, hesablama imkanlarē vᴅ 
alqoritmik qᴅrar mexanizmlᴅri iqtisadi dinamikanēn ᴅsas hᴅrᴅkᴅtverici q¿vvᴅsinᴅ ­evrilmiĸdir. 

Rᴅqᴅmsal iqtisadiyyat ĸᴅraitindᴅ mᴅlumatēn strateji kapital statusu qazanmasē iqtisadi 
sistemdᴅ yeni struktur m¿nasibᴅtlᴅr formalaĸdērmēĸdēr. Mᴅlumat artēq passiv statistik resurs 
deyil, dᴅyᴅr yaradan, proqnozlaĸdērma imkanlarē tᴅmin edᴅn vᴅ bazar davranēĸēnē 
modellᴅĸdirᴅn aktivᴅ ­evrilmiĸdir. Lakin mᴅlumatēn iqtisadi potensialē onun hᴅcmi ilᴅ deyil, 
analitik emal dᴅrinliyi vᴅ qᴅrar mexanizminᴅ inteqrasiyasē ilᴅ m¿ᴅyyᴅn olunur. Bu nºqtᴅdᴅ s¿ni 
intellekt texnologiyalarē iqtisadi sistemin analitik mᴅrkᴅzi kimi ­ēxēĸ edir. 

S¿ni intellekt rᴅqᴅmsal m¿hitdᴅ qᴅrar qᴅbuletmᴅ prosesini avtomatlaĸdērmaqla yanaĸē, 
­oxºl­¿l¿ vᴅ qeyri-xᴅtti iqtisadi ᴅlaqᴅlᴅri modellᴅĸdirᴅ bilir. Klassik iqtisadi modellᴅr ­ox vaxt 
sabit parametrlᴅr vᴅ deterministik yanaĸma ¿zᴅrindᴅ qurulduĵu halda, s¿ni intellekt adaptiv vᴅ 
ºz¿n¿-tᴅnzimlᴅyᴅn alqoritmlᴅr vasitᴅsilᴅ dᴅyiĸkᴅn bazar ĸᴅraitinᴅ uyĵunlaĸēr. Bu isᴅ iqtisadi 
sistemin qeyri-m¿ᴅyyᴅnlik m¿hitindᴅ dayanēqlēĵēnē artērēr. Bu tᴅdqiqatēn ᴅsas mᴅqsᴅdi s¿ni 
intellektin rᴅqᴅmsal iqtisadiyyatda mᴅhsuldarlēq vᴅ resurs sᴅmᴅrᴅliliyi arasēnda struktur ᴅlaqᴅ 
yaratmaq mexanizmini sistemli ĸᴅkildᴅ ᴅsaslandērmaqdēr. Ķĸdᴅ s¿ni intellektin iqtisadi 
effektivliyi artēran inteqrativ model kimi ­ēxēĸ etmᴅsi nᴅzᴅri ­ᴅr­ivᴅdᴅ tᴅhlil olunur. 

S¿ni intellekt ᴅsaslē mᴅhsuldarlēq vᴅ resurs sᴅmᴅrᴅliliyinin inteqrativ mexanizmi: 
Rᴅqᴅmsal iqtisadi m¿hitdᴅ mᴅhsuldarlēq anlayēĸē yalnēz istehsal hᴅcminin artēmē ilᴅ deyil, eyni 
zamanda qᴅrarlarēn keyfiyyᴅtinin y¿ksᴅlmᴅsi vᴅ proseslᴅrin optimallaĸdērēlmasē ilᴅ ºl­¿l¿r. S¿ni 
intellekt istehsal vᴅ xidmᴅt sistemlᴅrini ardēcēl idarᴅ olunan strukturlardan dinamik vᴅ paralel 
fᴅaliyyᴅt gºstᴅrᴅn ĸᴅbᴅkᴅ modellᴅrinᴅ ­evirir. Bu transformasiya nᴅticᴅsindᴅ vaxt itkisi azalēr, 
koordinasiya xᴅrclᴅri minimuma enir vᴅ sistem daxilindᴅ informasiyanēn dºvriyyᴅ s¿rᴅti artēr. 

Maĸēn ºyrᴅnmᴅsi vᴅ dᴅrin neyron ĸᴅbᴅkᴅlᴅri ᴅmᴅliyyat proseslᴅrindᴅ gºr¿nmᴅyᴅn 
n¿munᴅlᴅri aĸkar edᴅrᴅk qeyri-effektiv sahᴅlᴅri m¿ᴅyyᴅnlᴅĸdirir. Bu isᴅ resurs itkisini azaldan 
alternativ ssenarilᴅrin formalaĸdērēlmasēna imkan verir. Nᴅticᴅdᴅ mᴅhsuldarlēq artēmē yalnēz 
texniki modernlᴅĸmᴅ ilᴅ deyil, hᴅm dᴅ analitik dᴅqiqliklᴅ tᴅmin olunur. 

Mᴅhsuldarlēĵēn struktur artēmē aĸaĵēdakē funksional asēlēlēqla ifadᴅ oluna bilᴅr: 

                 (1) 
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Burada Tiï texnoloji intensivlik sЈviyyЈsi,A_e ï analitik effektivlik,R_d ï qЈrar 
dЈqiqliyinin gºstЈricisidir. 

Bu model gºstᴅrir ki, s¿ni intellekt mᴅhsuldarlēĵēn hᴅm texnoloji, hᴅm dᴅ idarᴅetmᴅ 
komponentlᴅrini g¿clᴅndirir. Qᴅrar dᴅqiqliyinin artmasē investisiya risklᴅrini azaldēr vᴅ kapitalēn 
daha rasional yerlᴅĸdirilmᴅsini tᴅmin edir. 

Resurs sᴅmᴅrᴅliliyi isᴅ mᴅhsuldarlēĵēn davamlēlēĵēnē tᴅmin edᴅn ᴅsas ĸᴅrtdir. ᴄgᴅr 
mᴅhsuldarlēq istehsalēn hᴅcmini artērērsa, resurs optimallaĸdērēlmasē hᴅmin artēmēn minimal xᴅrc 
vᴅ maksimal fayda ilᴅ ᴅldᴅ olunmasēna imkan verir. S¿ni intellekt burada dinamik 
optimallaĸdērma mexanizmi yaradēr. 

Enerji sektorunda y¿k proqnozlaĸdērēlmasē vᴅ paylanmanēn avtomatlaĸdērēlmasē, logistika 
sistemlᴅrindᴅ marĸrutlarēn real vaxt rejimindᴅ yenidᴅn qurulmasē, maliyyᴅ bazarlarēnda risk 
parametrlᴅrinin adaptiv qiymᴅtlᴅndirilmᴅsi resurs istifadᴅsinin sᴅmᴅrᴅliliyini artērēr. Bu 
proseslᴅrdᴅ s¿ni intellekt ­oxsaylē dᴅyiĸᴅnlᴅr arasēnda optimal tarazlēq nºqtᴅsini m¿ᴅyyᴅn edir. 

Resurs optimallaĸdērēlmasēnēn iqtisadi ifadᴅsi aĸaĵēdakē ĸᴅkildᴅ gºstᴅrilᴅ bilᴅr: 

                 (2) 

Burada Outputïᴅldᴅ olunan iqtisadi nᴅticᴅ, Cost (R, t) ï resurs vᴅ zaman xᴅrclᴅridir. 
S¿ni intellekt hᴅm Output-u artērēr, hᴅm dᴅ Cost funksiyasēnē azaldēr. Nᴅticᴅdᴅ ¿mumi 

effektivlik ᴅmsalē y¿ksᴅlir. 
Mᴅhsuldarlēq vᴅ resurs sᴅmᴅrᴅliliyi arasēnda qarĸēlēqlē tᴅsir mexanizmi iqtisadi sistemdᴅ 

multiplikativ effekt yaradēr. Bu effekt iqtisadi artēmēn intensiv modelini formalaĸdērēr vᴅ 
ekstensiv geniĸlᴅnmᴅdᴅn fᴅrqli olaraq daha dayanēqlē inkiĸaf trayektoriyasē tᴅmin edir. 

Bu qarĸēlēqlē tᴅsirin dinamikasē ķᴅkil1-dᴅ konseptual model vasitᴅsilᴅ vizuallaĸdērēlmēĸdēr. 
Qrafik s¿ni intellektin inteqrasiya sᴅviyyᴅsi artdēqca mᴅhsuldarlēq gºstᴅricisinin daha s¿rᴅtli 
y¿ksᴅldiyini, eyni zamanda resurs sᴅmᴅrᴅliliyinin davamlē vᴅ sistemli ĸᴅkildᴅ artēm n¿mayiĸ 
etdirdiyini gºstᴅrir. ᴄyrilᴅrin qeyri-xᴅtti xarakter daĸēmasē artan gᴅlir effektini ifadᴅ edir vᴅ bu, 
texnoloji intensivliyin m¿ᴅyyᴅn hᴅddᴅn sonra iqtisadi nᴅticᴅlᴅrᴅ daha g¿cl¿ tᴅsir gºstᴅrdiyini 
s¿but edir. 

 
ķЈkil 1. S¿ni intellektin inteqrasiya sЈviyyЈsinin mЈhsuldarlēq vЈ resurs sЈmЈrЈliliyinЈ                                    

konseptual tЈsiri 

Belᴅliklᴅ, ķᴅkil 1 tᴅqdim olunan nᴅzᴅri modelin konseptual vizuallaĸdērēlmasēnē tᴅmin edir 
vᴅ s¿ni intellektin iqtisadi sistemdᴅ intensiv artēm mexanizmini formalaĸdēran struktur amil kimi 
­ēxēĸ etdiyini ᴅsaslandērēr. Qrafik s¿ni intellektin inteqrasiya sᴅviyyᴅsi ilᴅ iqtisadi effektivlik 
gºstᴅricilᴅri arasēnda mºvcud olan funksional asēlēlēĵē n¿mayiĸ etdirir vᴅ bu asēlēlēĵēn xᴅtti deyil, 
s¿rᴅtlᴅnᴅn dinamika ¿zrᴅ inkiĸaf etdiyini gºstᴅrir. 

ķᴅkildᴅ tᴅsvir olunan ᴅyrilᴅrin qeyri-xᴅtti xarakteri artan gᴅlir effektinin mºvcudluĵunu 
s¿but edir. Bu o demᴅkdir ki, s¿ni intellektin tᴅtbiqi ilkin mᴅrhᴅlᴅdᴅ iqtisadi nᴅticᴅlᴅrᴅ mᴅhdud 
tᴅsir gºstᴅrsᴅ dᴅ, inteqrasiya dᴅrinlᴅĸdikcᴅ sistem daxilindᴅ struktur dᴅyiĸiklik baĸ verir vᴅ 
artēm tempi s¿rᴅtlᴅnir. Belᴅliklᴅ, iqtisadi effektivlik sadᴅcᴅ kᴅmiyyᴅt artēmē ilᴅ deyil, keyfiyyᴅt 
transformasiyasē ilᴅ m¿ĸayiᴅt olunur. Qrafikdᴅ mᴅhsuldarlēq gºstᴅricisinin daha kᴅskin 
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y¿ksᴅlmᴅsi texnoloji intensivliyin vᴅ analitik qᴅrar mexanizmlᴅrinin istehsal vᴅ xidmᴅt 
proseslᴅrinᴅ birbaĸa tᴅsirini ᴅks etdirir. S¿ni intellekt ᴅmᴅliyyat koordinasiyasēnē tᴅkmillᴅĸdirir, 
qᴅrar qᴅbulunu optimallaĸdērēr vᴅ vaxt faktorunu minimallaĸdēraraq istehsal vahidinᴅ d¿ĸᴅn 
nᴅticᴅni artērēr. Bu isᴅ intensiv inkiĸaf modelinin ᴅsas ᴅlamᴅtidir. Eyni zamanda resurs 
sᴅmᴅrᴅliliyi ¿zrᴅ ᴅyrinin davamlē vᴅ sistemli artēmē iqtisadi sistemdᴅ xᴅrc strukturunun 
optimallaĸdērēldēĵēnē gºstᴅrir. S¿ni intellekt ᴅsaslē alqoritmik idarᴅetmᴅ mexanizmlᴅri enerji, 
maliyyᴅ vᴅ logistika resurslarēnēn istifadᴅsindᴅ balans yaradēr vᴅ artēq xᴅrclᴅrin struktur 
azaldēlmasēnē tᴅmin edir. Bu proses iqtisadi artēmēn davamlēlēĵēnē mºhkᴅmlᴅndirir vᴅ sistemin 
dayanēqlēĵēnē artērēr. Belᴅliklᴅ, ķᴅkil 1 yalnēz nᴅzᴅri m¿ddᴅanēn vizual tᴅsviri deyil, eyni 
zamanda mᴅhsuldarlēq vᴅ resurs optimallaĸdērēlmasē arasēnda qarĸēlēqlē g¿clᴅndirici 
mexanizmin mºvcudluĵunu n¿mayiĸ etdirᴅn analitik s¿butdur. Qrafik gºstᴅrir ki, s¿ni intellekt 
iqtisadi sistemdᴅ paralel ĸᴅkildᴅ hᴅm nᴅticᴅ (output) artēmē, hᴅm dᴅ xᴅrc strukturunun 
optimallaĸdērēlmasē prosesini aktivlᴅĸdirir. Bu iki istiqamᴅtin sinerjisi nᴅticᴅsindᴅ iqtisadi 
effektivlik multiplikativ xarakter alēr vᴅ rᴅqᴅmsal iqtisadiyyatēn keyfiyyᴅt yºn¿ml¿ artēm 
modelinᴅ ke­idi tᴅmin olunur. Belᴅliklᴅ, aparēlan nᴅzᴅri vᴅ konseptual tᴅhlil s¿ni intellektin 
rᴅqᴅmsal iqtisadiyyat ĸᴅraitindᴅ mᴅhsuldarlēq artēmē vᴅ resurs sᴅmᴅrᴅliliyinin paralel ĸᴅkildᴅ 
g¿clᴅndirilmᴅsindᴅ struktur amil kimi ­ēxēĸ etdiyini gºstᴅrir. Ķnteraktiv vᴅ alqoritmik idarᴅetmᴅ 
mexanizmlᴅri iqtisadi sistemdᴅ intensiv inkiĸaf modelinin formalaĸmasēna ĸᴅrait yaradēr vᴅ 
effektivliyin dinamik artēmēnē tᴅmin edir. Bu nᴅticᴅlᴅr s¿ni intellektin iqtisadi sistemin 
transformasiyasēnda oynadēĵē rolu ¿mumilᴅĸdirmᴅyᴅ vᴅ gᴅlᴅcᴅk inkiĸaf perspektivlᴅrini 
m¿ᴅyyᴅnlᴅĸdirmᴅyᴅ imkan verir. 

Nᴅticᴅ. Aparēlan nᴅzᴅri vᴅ tᴅtbiqi tᴅhlillᴅr gºstᴅrir ki, s¿ni intellekt rᴅqᴅmsal iqtisadiyyatēn 
struktur transformasiyasēnda sistemformalaĸdērēcē vᴅ institusionallaĸdērēcē rol oynayēr. M¿asir 
iqtisadi modeldᴅ informasiya vᴅ alqoritmik kapitalēn ᴅsas istehsal faktoru kimi ­ēxēĸ etmᴅsi 
iqtisadi artēmēn mᴅnbᴅyini maddi aktivlᴅrdᴅn intellektual vᴅ texnoloji resurslara doĵru 
istiqamᴅtlᴅndirmiĸdir. Bu kontekstdᴅ s¿ni intellekt yalnēz texnoloji innovasiya vasitᴅsi deyil, 
iqtisadi sistemin koordinasiyaedici, optimallaĸdērēcē vᴅ proqnostik mexanizmi kimi ­ēxēĸ edir. 

Mikroiqtisadi sᴅviyyᴅdᴅ s¿ni intellekt ᴅsaslē alqoritmik idarᴅetmᴅ modellᴅri ᴅmᴅliyyat 

xᴅrclᴅrinin azaldēlmasē, istehsal proseslᴅrinin avtomatlaĸdērēlmasē vᴅ qᴅrar qᴅbuletmᴅ 

mexanizmlᴅrinin obyektivlᴅĸdirilmᴅsi vasitᴅsilᴅ m¿ᴅssisᴅlᴅrin sᴅmᴅrᴅliliyini ᴅhᴅmiyyᴅtli 

dᴅrᴅcᴅdᴅ artērēr. Resurslarēn optimal kombinasiyasē vᴅ risklᴅrin qabaqlayēcē qiymᴅtlᴅndirilmᴅsi 

istehsal funksiyasēnēn parametrlᴅrini dᴅyiĸdirᴅrᴅk vahid resurs baĸēna d¿ĸᴅn mᴅhsulun 

artēmēna sᴅbᴅb olur. Bu isᴅ ᴅmᴅk vᴅ kapitalēn mᴅhsuldarlēĵēnēn y¿ksᴅlmᴅsi ilᴅ nᴅticᴅlᴅnir vᴅ 

m¿ᴅssisᴅlᴅrᴅ davamlē rᴅqabᴅt ¿st¿nl¿y¿ qazandērēr. 

Makroiqtisadi m¿stᴅvidᴅ s¿ni intellekt iqtisadi artēmēn intensiv modelini g¿clᴅndirᴅn 

struktur determinant kimi ­ēxēĸ edir. Onun tᴅtbiqi ¿mumi daxili mᴅhsulun artēm tempinᴅ, 

investisiya effektivliyinᴅ vᴅ innovasiya potensialēna m¿sbᴅt tᴅsir gºstᴅrir. S¿ni intellekt 

texnologiyalarē iqtisadi qeyri-m¿ᴅyyᴅnliyi azaldaraq fiskal vᴅ monetar siyasᴅtin daha dᴅqiq 

modellᴅĸdirilmᴅsinᴅ imkan verir, makroiqtisadi sabitliyin qorunmasēna tºhfᴅ verir. Belᴅliklᴅ, 

s¿ni intellekt iqtisadi sistemin adaptivliyini vᴅ dayanēqlēĵēnē artēran fundamental mexanizmᴅ 

­evrilir. Bununla yanaĸē, s¿ni intellektin geniĸmiqyaslē tᴅtbiqi institusional modernlᴅĸmᴅ vᴅ 

normativ ­ᴅr­ivᴅnin tᴅkmillᴅĸdirilmᴅsini zᴅruri edir. Alqoritmik qᴅrarlarēn ĸᴅffaflēĵē, mᴅlumat 

tᴅhl¿kᴅsizliyi, etik standartlarēn qorunmasē vᴅ h¿quqi mᴅsuliyyᴅt mexanizmlᴅrinin 

formalaĸdērēlmasē iqtisadi sabitliyin tᴅmin olunmasēnda ᴅsas ĸᴅrtlᴅrdir. Rᴅqᴅmsal iqtisadiyyat 

ĸᴅraitindᴅ mᴅlumatēn strateji resurs kimi ­ēxēĸ etmᴅsi onun qorunmasēnē vᴅ d¿zg¿n 

tᴅnzimlᴅnmᴅsini prioritet mᴅsᴅlᴅyᴅ ­evirir. 

¦mumilikdᴅ, s¿ni intellekt rᴅqᴅmsal iqtisadiyyatēn intensiv vᴅ innovativ inkiĸaf modelinin 

ᴅsas strateji dayaĵē kimi qiymᴅtlᴅndirilᴅ bilᴅr. O, informasiya vᴅ texnoloji kapitalēn iqtisadi 

dᴅyᴅrᴅ transformasiyasēnē tᴅmin etmᴅklᴅ mᴅhsuldarlēq artēmēnēn yeni mᴅrhᴅlᴅsini 
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formalaĸdērēr, resurs sᴅmᴅrᴅliliyini y¿ksᴅldir vᴅ qlobal rᴅqabᴅt m¿hitindᴅ ¿st¿nl¿k yaradēr. Bu 

baxēmdan s¿ni intellekt yalnēz texnoloji inkiĸafēn elementi deyil, hᴅm dᴅ uzunm¿ddᴅtli dayanēqlē 

iqtisadi artēmēn vᴅ qlobal iqtisadi sistemdᴅ mºvqelᴅrin mºhkᴅmlᴅndirilmᴅsinin fundamental 

determinantē kimi ­ēxēĸ edir. 
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Giriĸ. XXI ᴅsrdᴅ qlobal iqtisadi sistemdᴅ baĸ verᴅn rᴅqᴅmsallaĸma prosesi iqtisadi 
m¿nasibᴅtlᴅrin struktur ᴅsaslarēnē kºkl¿ ĸᴅkildᴅ dᴅyiĸmiĸdir. ᴄnᴅnᴅvi sᴅnaye iqtisadiyyatēnda 
torpaq, ᴅmᴅk vᴅ kapital ᴅsas istehsal faktorlarē hesab olunurdusa, m¿asir mᴅrhᴅlᴅdᴅ mᴅlumat vᴅ 
alqoritmik emal iqtisadi artēmēn ᴅsas determinantēna ­evrilmiĸdir. Rᴅqᴅmsal iqtisadiyyat modeli 
iqtisadi fᴅaliyyᴅtin b¿t¿n sᴅviyyᴅlᴅrindᴅ ï mikro, mezo vᴅ makro sᴅviyyᴅdᴅ ï rᴅqᴅmsal 
texnologiyalarēn sistemli tᴅtbiqini nᴅzᴅrdᴅ tutur. 

Bulud texnologiyalarē, bºy¿k verilᴅnlᴅr, blok­eyn vᴅ kiber-fiziki sistemlᴅr rᴅqᴅmsal 
transformasiyanēn texnoloji dayaqlarēnē tᴅĸkil edir. Lakin bu texnologiyalar arasēnda s¿ni intellekt 
x¿susi yer tutur. S¿ni intellekt milyonlarla mᴅlumat vahidini real vaxt rejimindᴅ emal edᴅrᴅk daha 
dᴅqiq vᴅ obyektiv qᴅrarlarēn qᴅbuluna imkan verir. Bu isᴅ iqtisadi proseslᴅrin koordinasiyasēnē 
tᴅkmillᴅĸdirir vᴅ resurs bºlg¿s¿n¿ daha rasional edir. 

Qloballaĸma vᴅ rᴅqᴅmsallaĸma ĸᴅraitindᴅ rᴅqabᴅt ¿st¿nl¿y¿ artēq yalnēz maddi aktivlᴅrlᴅ 
deyil, informasiya ¿st¿nl¿y¿ vᴅ analitik imkanlarla m¿ᴅyyᴅn edilir. S¿ni intellekt alqoritmlᴅri bazar 
davranēĸlarēnē modellᴅĸdirmᴅklᴅ vᴅ risklᴅri ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅn etmᴅklᴅ m¿ᴅssisᴅlᴅrᴅ vᴅ dºvlᴅt 
qurumlarēna strateji ¿st¿nl¿k qazandērēr. Bu baxēmdan s¿ni intellekt iqtisadi inkiĸafēn yeni modelinin 
formalaĸmasēnda m¿h¿m rol oynayēr. 

Tᴅdqiqatēn mᴅqsᴅdi s¿ni intellektin iqtisadi sistemlᴅrdᴅ mᴅhsuldarlēq artēmē vᴅ resurs 
sᴅmᴅrᴅliliyinᴅ tᴅsir mexanizmlᴅrini nᴅzᴅri vᴅ tᴅtbiqi aspektdᴅ sistemlᴅĸdirmᴅkdir. 

RᴄQᴄMSAL ĶQTĶSADĶYYATIN NᴄZᴄRĶ ᴄSASLARI Vᴄ S¦NĶ ĶNTELLEKTĶN ROLU: Rᴅqᴅmsal 
iqtisadiyyat informasiya-kommunikasiya texnologiyalarēnēn (ĶKT) sistemli tᴅtbiqi nᴅticᴅsindᴅ 
formalaĸan, ­oxºl­¿l¿ vᴅ adaptiv iqtisadi model kimi xarakterizᴅ olunur. Bu model ­ᴅr­ivᴅsindᴅ 
mᴅlumat (data) yalnēz istehsal vᴅ idarᴅetmᴅ proseslᴅrini dᴅstᴅklᴅyᴅn ᴅlavᴅ resurs deyil, bilavasitᴅ 
iqtisadi dᴅyᴅrin yaradēlmasēnēn ᴅsas mᴅnbᴅyinᴅ ­evrilmiĸdir. ᴄgᴅr sᴅnaye iqtisadiyyatēnda torpaq, 
ᴅmᴅk vᴅ kapital ᴅsas istehsal faktorlarē hesab edilirdisᴅ, rᴅqᴅmsal iqtisadiyyatda informasiya, 
alqoritmik emal vᴅ hesablama infrastrukturu strateji kapital statusu qazanēr. Bu transformasiya 
iqtisadi sistemin struktur mᴅntiqini dᴅyiĸdirᴅrᴅk maddi istehsalēn dominantlēĵēndan informasiya 
ᴅsaslē dᴅyᴅr yaratma modelinᴅ ke­idi tᴅmin edir. 

Hesablama g¿c¿n¿n eksponensial artēmē, bulud texnologiyalarēnēn inkiĸafē vᴅ bºy¿k 
verilᴅnlᴅrin (Big Data) k¿tlᴅvi toplanmasē iqtisadi fᴅaliyyᴅtin analitik ᴅsasēnē geniĸlᴅndirmiĸdir. 
M¿asir iqtisadi sistemlᴅr milyonlarla mᴅlumat vahidini real vaxt rejimindᴅ emal edᴅ bilir vᴅ bu, qᴅrar 
qᴅbuletmᴅ prosesinin keyfiyyᴅtini ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ y¿ksᴅldir. Mᴅlumatēn bu miqyasda 
istifadᴅsi bazar davranēĸēnēn modellᴅĸdirilmᴅsini, risklᴅrin kᴅmiyyᴅt qiymᴅtlᴅndirilmᴅsini vᴅ 
istehlak­ē tendensiyalarēnēn proqnozlaĸdērēlmasēnē m¿mk¿n edir. Nᴅticᴅdᴅ iqtisadi subyektlᴅrin 
fᴅaliyyᴅt strategiyalarē daha dᴅqiq, ºl­¿lᴅ bilᴅn vᴅ optimallaĸdērēlmēĸ xarakter alēr. 

Nᴅzᴅri baxēmdan rᴅqᴅmsal iqtisadiyyat bir ne­ᴅ iqtisadi konsepsiyanēn sintezindᴅ izah 
olunur. Ķnstitusional iqtisadiyyat perspektivindᴅn rᴅqᴅmsal platformalar yeni tipli iqtisadi institutlar 
kimi ­ēxēĸ edir vᴅ bazar iĸtirak­ēlarē arasēnda koordinasiya mexanizmlᴅrini avtomatlaĸdērēr. 
ᴄmᴅliyyat xᴅrclᴅri nᴅzᴅriyyᴅsi kontekstindᴅ rᴅqᴅmsal m¿hit ᴅmᴅliyyat xᴅrclᴅrini minimuma 
endirᴅrᴅk firma ilᴅ bazar arasēndakē sᴅrhᴅdlᴅri yenidᴅn m¿ᴅyyᴅnlᴅĸdirir. Ķnformasiya iqtisadiyyatē 
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baxēmēndan mᴅlumat asimmetriyasē rᴅqᴅmsal platformalar vasitᴅsilᴅ azalsa da, mᴅlumatēn 
mᴅrkᴅzlᴅĸmᴅsi yeni g¿c konsentrasiyasē vᴅ rᴅqabᴅt ¿st¿nl¿y¿ yaradēr. 

Platforma iqtisadiyyatē vᴅ ĸᴅbᴅkᴅ effektlᴅri rᴅqᴅmsal iqtisadiyyatēn struktur x¿susiyyᴅtlᴅrini 
daha aydēn izah edir. ¢ox tᴅrᴅfli bazar modellᴅri istifadᴅ­i vᴅ xidmᴅt tᴅminat­ēlarēnē eyni rᴅqᴅmsal 
m¿hitdᴅ birlᴅĸdirᴅrᴅk qarĸēlēqlē dᴅyᴅr yaradēr. Birbaĸa vᴅ dolayē ĸᴅbᴅkᴅ effektlᴅri miqyas 
iqtisadiyyatē ilᴅ birlᴅĸᴅrᴅk bazar konsentrasiyasēnē g¿clᴅndirir vᴅ ñwinner-takes-allò modelinin 
formalaĸmasēna ĸᴅrait yaradēr. Bu ĸᴅraitdᴅ rᴅqabᴅt ¿st¿nl¿y¿ maddi aktivlᴅrdᴅn daha ­ox mᴅlumat 
bazasēnēn hᴅcmi vᴅ alqoritmik ¿st¿nl¿k ilᴅ m¿ᴅyyᴅn edilir. 

Bu nᴅzᴅri ­ᴅr­ivᴅdᴅ s¿ni intellekt rᴅqᴅmsal iqtisadiyyatēn analitik mᴅrkᴅzi kimi ­ēxēĸ edir. S¿ni 
intellekt mᴅlumatē strukturlaĸdēraraq iqtisadi qᴅrar mexanizmlᴅrinᴅ inteqrasiya edir vᴅ onun iqtisadi 
dᴅyᴅrᴅ transformasiyasēnē tᴅmin edir. Proqnostik analitika vasitᴅsilᴅ bazar tendensiyalarē vᴅ 
istehlak­ē davranēĸlarē ᴅvvᴅlcᴅdᴅn modellᴅĸdirilir, riyazi optimallaĸdērma alqoritmlᴅri resurs 
bºlg¿s¿n¿n effektivliyini artērēr, adaptiv idarᴅetmᴅ mexanizmlᴅri isᴅ dᴅyiĸkᴅn bazar ĸᴅraitinᴅ real 
vaxt rejimindᴅ uyĵunlaĸma imkanē yaradēr. 

S¿ni intellektin tᴅtbiqi nᴅticᴅsindᴅ iqtisadi sistem qeyri-m¿ᴅyyᴅnlik m¿hitindᴅ daha 
dayanēqlē vᴅ elastik xarakter alēr. Qᴅrar qᴅbuletmᴅ prosesindᴅ subyektiv amillᴅrin rolu azalēr, 
analitik ᴅsaslandērma g¿clᴅnir vᴅ ᴅmᴅliyyat sᴅmᴅrᴅliliyi y¿ksᴅlir. Bu, iqtisadi artēmēn intensiv 
modelini formalaĸdērēr vᴅ mᴅhsuldarlēĵēn yalnēz kᴅmiyyᴅt artēmē ilᴅ deyil, keyfiyyᴅt 
transformasiyasē ilᴅ tᴅmin olunmasēna ĸᴅrait yaradēr. 

Belᴅliklᴅ, rᴅqᴅmsal iqtisadiyyatēn nᴅzᴅri ᴅsaslarē informasiya kapitalēnēn dominantlēĵē, 
ĸᴅbᴅkᴅ effektlᴅrinin struktur tᴅsiri vᴅ alqoritmik idarᴅetmᴅnin institusional transformasiyasē 
¿zᴅrindᴅ qurulmuĸdur. 

S¿ni intellekt bu modeldᴅ mᴅlumatēn dᴅyᴅrᴅ ­evrilmᴅsini tᴅmin edᴅn ᴅsas mexanizm 
kimi ­ēxēĸ edᴅrᴅk iqtisadi sistemin rᴅqabᴅt qabiliyyᴅtini vᴅ uzunm¿ddᴅtli dayanēqlēĵēnē 
g¿clᴅndirir. 

 

 

 
ķᴅkil 1 rᴅqᴅmsal iqtisadiyyatēn struktur elementlᴅri ilᴅ s¿ni intellekt arasēnda qarĸēlēqlē vᴅ 

mᴅrhᴅlᴅli tᴅsir mexanizmini konseptual formada tᴅqdim edir. Model gºstᴅrir ki, rᴅqᴅmsal 
infrastruktur ï bºy¿k verilᴅnlᴅr, bulud texnologiyalarē vᴅ platforma ekosistemlᴅri ï s¿ni intellekt 
¿­¿n analitik baza rolunu oynayēr. S¿ni intellekt isᴅ bu mᴅlumatlarē alqoritmik analitika 
vasitᴅsilᴅ emal edᴅrᴅk iqtisadi sistemdᴅ iki ᴅsas nᴅticᴅ yaradēr: mᴅhsuldarlēq artēmē vᴅ 
resurslarēn optimallaĸdērēlmasē. 

Mᴅhsuldarlēq artēmē ᴅmᴅk vᴅ kapital faktorlarēnēn effektiv istifadᴅsi ilᴅ xarakterizᴅ olunur, 

resurs optimallaĸdērēlmasē isᴅ xᴅrc strukturunun azaldēlmasē vᴅ risklᴅrin idarᴅ olunmasēnēn 

tᴅkmillᴅĸdirilmᴅsi ilᴅ ᴅlaqᴅlᴅndirilir. Oxlarla gºstᴅrilᴅn qarĸēlēqlē ᴅlaqᴅ iqtisadi sistemdᴅ paralel 

vᴅ sinergetik tᴅsiri ifadᴅ edir. Bu model s¿ni intellektin rᴅqᴅmsal iqtisadiyyatēn analitik mᴅrkᴅzi 

vᴅ intensiv artēm mexanizminin struktur generatoru olduĵunu vizual ĸᴅkildᴅ ᴅsaslandērēr. 

Belᴅliklᴅ, tᴅqdim olunan konseptual model s¿ni intellektin rᴅqᴅmsal iqtisadiyyatēn struktur 

elementlᴅri ilᴅ qarĸēlēqlē ᴅlaqᴅdᴅ fᴅaliyyᴅt gºstᴅrdiyini vᴅ mᴅhsuldarlēq artēmē ilᴅ resurs 
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sᴅmᴅrᴅliliyinin paralel ĸᴅkildᴅ formalaĸmasēnē tᴅmin etdiyini gºstᴅrir. Bu qarĸēlēqlē tᴅsir iqtisadi 

sistemdᴅ intensiv inkiĸaf dinamikasēnēn ᴅsasēnē tᴅĸkil edir vᴅ informasiya kapitalēnēn strateji 

rolunu daha da g¿clᴅndirir. Nᴅzᴅri ­ᴅr­ivᴅ vᴅ vizual model birlikdᴅ s¿ni intellektin iqtisadi 

transformasiyada sistemli vᴅ ­oxĸaxᴅli tᴅsirini ¿mumilᴅĸdirmᴅyᴅ imkan verir ki, bu da ᴅldᴅ 

olunan nᴅticᴅlᴅrin konseptual ĸᴅkildᴅ yekunlaĸdērēlmasēnē zᴅruri edir. 

Nᴅticᴅ. Aparēlan nᴅzᴅri vᴅ tᴅtbiqi tᴅhlillᴅr gºstᴅrir ki, s¿ni intellekt rᴅqᴅmsal iqtisadiyyatēn 
struktur transformasiyasēnda sistemformalaĸdērēcē vᴅ institusionallaĸdērēcē rol oynayēr. M¿asir 
iqtisadi modeldᴅ informasiya vᴅ alqoritmik kapitalēn ᴅsas istehsal faktoru kimi ­ēxēĸ etmᴅsi 
iqtisadi artēmēn mᴅnbᴅyini maddi aktivlᴅrdᴅn intellektual vᴅ texnoloji resurslara doĵru 
istiqamᴅtlᴅndirmiĸdir. Bu kontekstdᴅ s¿ni intellekt yalnēz texnoloji innovasiya vasitᴅsi deyil, 
iqtisadi sistemin koordinasiyaedici, optimallaĸdērēcē vᴅ proqnostik mexanizmi kimi ­ēxēĸ edir. 

Mikroiqtisadi sᴅviyyᴅdᴅ s¿ni intellekt ᴅsaslē alqoritmik idarᴅetmᴅ modellᴅri ᴅmᴅliyyat 
xᴅrclᴅrinin azaldēlmasē, istehsal proseslᴅrinin avtomatlaĸdērēlmasē vᴅ qᴅrar qᴅbuletmᴅ 
mexanizmlᴅrinin obyektivlᴅĸdirilmᴅsi vasitᴅsilᴅ m¿ᴅssisᴅlᴅrin sᴅmᴅrᴅliliyini ᴅhᴅmiyyᴅtli 
dᴅrᴅcᴅdᴅ artērēr. Resurslarēn optimal kombinasiyasē vᴅ risklᴅrin qabaqlayēcē qiymᴅtlᴅndirilmᴅsi 
istehsal funksiyasēnēn parametrlᴅrini dᴅyiĸdirᴅrᴅk vahid resurs baĸēna d¿ĸᴅn mᴅhsulun 
artēmēna sᴅbᴅb olur. Bu isᴅ ᴅmᴅk vᴅ kapitalēn mᴅhsuldarlēĵēnēn y¿ksᴅlmᴅsi ilᴅ nᴅticᴅlᴅnir vᴅ 
m¿ᴅssisᴅlᴅrᴅ davamlē rᴅqabᴅt ¿st¿nl¿y¿ qazandērēr. 

Makroiqtisadi m¿stᴅvidᴅ s¿ni intellekt iqtisadi artēmēn intensiv modelini g¿clᴅndirᴅn 

struktur determinant kimi ­ēxēĸ edir. Onun tᴅtbiqi ¿mumi daxili mᴅhsulun artēm tempinᴅ, 

investisiya effektivliyinᴅ vᴅ innovasiya potensialēna m¿sbᴅt tᴅsir gºstᴅrir. S¿ni intellekt 

texnologiyalarē iqtisadi qeyri-m¿ᴅyyᴅnliyi azaldaraq fiskal vᴅ monetar siyasᴅtin daha dᴅqiq 

modellᴅĸdirilmᴅsinᴅ imkan verir, makroiqtisadi sabitliyin qorunmasēna tºhfᴅ verir. Belᴅliklᴅ, 

s¿ni intellekt iqtisadi sistemin adaptivliyini vᴅ dayanēqlēĵēnē artēran fundamental mexanizmᴅ 

­evrilir. Bununla yanaĸē, s¿ni intellektin geniĸmiqyaslē tᴅtbiqi institusional modernlᴅĸmᴅ vᴅ 

normativ ­ᴅr­ivᴅnin tᴅkmillᴅĸdirilmᴅsini zᴅruri edir. Alqoritmik qᴅrarlarēn ĸᴅffaflēĵē, mᴅlumat 

tᴅhl¿kᴅsizliyi, etik standartlarēn qorunmasē vᴅ h¿quqi mᴅsuliyyᴅt mexanizmlᴅrinin 

formalaĸdērēlmasē iqtisadi sabitliyin tᴅmin olunmasēnda ᴅsas ĸᴅrtlᴅrdir. Rᴅqᴅmsal iqtisadiyyat 

ĸᴅraitindᴅ mᴅlumatēn strateji resurs kimi ­ēxēĸ etmᴅsi onun qorunmasēnē vᴅ d¿zg¿n 

tᴅnzimlᴅnmᴅsini prioritet mᴅsᴅlᴅyᴅ ­evirir. ¦mumilikdᴅ, s¿ni intellekt rᴅqᴅmsal iqtisadiyyatēn 

intensiv vᴅ innovativ inkiĸaf modelinin ᴅsas strateji dayaĵē kimi qiymᴅtlᴅndirilᴅ bilᴅr. O, 

informasiya vᴅ texnoloji kapitalēn iqtisadi dᴅyᴅrᴅ transformasiyasēnē tᴅmin etmᴅklᴅ 

mᴅhsuldarlēq artēmēnēn yeni mᴅrhᴅlᴅsini formalaĸdērēr, resurs sᴅmᴅrᴅliliyini y¿ksᴅldir vᴅ qlobal 

rᴅqabᴅt m¿hitindᴅ ¿st¿nl¿k yaradēr. Bu baxēmdan s¿ni intellekt yalnēz texnoloji inkiĸafēn 

elementi deyil, hᴅm dᴅ uzunm¿ddᴅtli dayanēqlē iqtisadi artēmēn vᴅ qlobal iqtisadi sistemdᴅ 

mºvqelᴅrin mºhkᴅmlᴅndirilmᴅsinin fundamental determinantē kimi ­ēxēĸ edir. 
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Giriĸ. M¿asir dºvrdᴅ qlobal tᴅhl¿kᴅsizlik m¿hiti fundamental ĸᴅkildᴅ dᴅyiĸmiĸ, klassik 
kinetik m¿haribᴅ modellᴅri tᴅdricᴅn informasiya, kiber vᴅ texnoloji ᴅsaslē qarĸēdurmalarla ᴅvᴅz 
olunmuĸdur. M¿asir m¿haribᴅlᴅr artēq yalnēz fiziki dºy¿ĸ meydanlarēnda deyil, paralel olaraq 
rᴅqᴅmsal m¿hitdᴅ ï kibermᴅkan, kosmik infrastruktur vᴅ elektromaqnit spektrindᴅ aparēlēr. Bu 
yeni reallēq ñhibrid m¿haribᴅò vᴅ ñmulti-domain warfareò anlayēĸlarēnē ºn plana ­ēxararaq 
dºvlᴅtlᴅrin tᴅhl¿kᴅsizlik strategiyalarēnē kºkl¿ ĸᴅkildᴅ yenidᴅn formalaĸdērēr.  

M¿asir m¿haribᴅ paradiqmasē vᴅ informasiya ¿st¿nl¿y¿: XXI ᴅsrdᴅ beynᴅlxalq 
tᴅhl¿kᴅsizlik m¿hiti fundamental struktur transformasiyasē ilᴅ xarakterizᴅ olunur vᴅ bu 
transformasiya yalnēz hᴅrbi texnologiyalarēn inkiĸafē ilᴅ deyil, hᴅm dᴅ m¿haribᴅ anlayēĸēnēn 
mahiyyᴅt etibarilᴅ dᴅyiĸmᴅsi ilᴅ m¿ĸayiᴅt olunur. ᴄnᴅnᴅvi m¿haribᴅ modellᴅri, hansē ki, 
ᴅsasᴅn kinetik qarĸēdurmalar, ᴅrazi nᴅzarᴅti vᴅ fiziki resurslarēn ¿st¿nl¿y¿ ¿zᴅrindᴅ 
qurulmuĸdur, m¿asir dºvrdᴅ getdikcᴅ daha ­ox informasiya yºn¿ml¿, texnologiya ᴅsaslē vᴅ 
­oxºl­¿l¿ qarĸēdurma formalarē ilᴅ ᴅvᴅz olunur. Bu dᴅyiĸikliklᴅr nᴅticᴅsindᴅ m¿haribᴅ yalnēz 
fiziki dºy¿ĸ meydanē ilᴅ mᴅhdudlaĸmēr, eyni zamanda kibermᴅkan, kosmik m¿hit vᴅ 
elektromaqnit spektr kimi qeyri-ᴅnᴅnᴅvi m¿stᴅvilᴅri dᴅ ᴅhatᴅ edᴅn kompleks sistemᴅ ­evrilir. 

Bu yeni yanaĸma elmi ᴅdᴅbiyyatda ñmulti-domain warfareò (­oxm¿stᴅvili m¿haribᴅ) kimi 
tᴅsvir olunur vᴅ bu konsepsiya m¿xtᴅlif ᴅmᴅliyyat sahᴅlᴅrinin ï quru, hava, dᴅniz, kosmik vᴅ 
kiber m¿hitlᴅrin ï vahid koordinasiya olunmuĸ struktur daxilindᴅ fᴅaliyyᴅt gºstᴅrmᴅsini nᴅzᴅrdᴅ 
tutur. Bu ­ᴅr­ivᴅdᴅ hᴅrbi ᴅmᴅliyyatlarēn effektivliyi artēq yalnēz hᴅrbi q¿vvᴅlᴅrin fiziki imkanlarē 
ilᴅ deyil, hᴅm dᴅ bu m¿xtᴅlif m¿hitlᴅrdᴅ mᴅlumatēn toplanmasē, emalē vᴅ istifadᴅsi ilᴅ m¿ᴅyyᴅn 
olunur. Belᴅliklᴅ, informasiya ¿st¿nl¿y¿ m¿asir m¿haribᴅnin ᴅsas strateji resursuna 
­evrilmiĸdir. 

Ķnformasiya ¿st¿nl¿y¿ anlayēĸē yalnēz mᴅlumatēn mºvcudluĵu ilᴅ deyil, onun keyfiyyᴅti, 
operativliyi vᴅ interpretasiya qabiliyyᴅti ilᴅ m¿ᴅyyᴅn edilir. M¿asir hᴅrbi ᴅmᴅliyyatlarda 
saniyᴅlᴅrlᴅ ºl­¿lᴅn qᴅrar qᴅbuletmᴅ m¿ddᴅtlᴅri nᴅticᴅnin taleyini m¿ᴅyyᴅn edᴅ bilᴅr. Bu 
sᴅbᴅbdᴅn mᴅlumatēn real vaxt rejiminᴅ yaxēn toplanmasē, s¿rᴅtli emalē vᴅ analitik nᴅticᴅlᴅrᴅ 
­evrilmᴅsi kritik ᴅhᴅmiyyᴅt daĸēyēr. Ķnformasiya ¿st¿nl¿y¿ ᴅldᴅ edᴅn tᴅrᴅf dºy¿ĸ mᴅkanēnda 
situasiya ĸ¿urunu daha y¿ksᴅk sᴅviyyᴅdᴅ formalaĸdēraraq rᴅqibin hᴅrᴅkᴅtlᴅrini ᴅvvᴅlcᴅdᴅn 
proqnozlaĸdērmaq vᴅ uyĵun cavab strategiyalarē hazērlamaq imkanēna malik olur. 

ISR sistemlᴅrinin tᴅkam¿l¿ vᴅ m¿asir arxitekturasē:ISR (Intelligence, Surveillance, 
Reconnaissance) sistemlᴅri m¿asir hᴅrbi ᴅmᴅliyyatlarēn ᴅsas informasiya tᴅminat­ēsē kimi ­ēxēĸ 
edᴅrᴅk zamanla ᴅhᴅmiyyᴅtli tᴅkam¿l yolu ke­miĸdir. Ķlkin mᴅrhᴅlᴅlᴅrdᴅ ISR funksiyalarē 
ᴅsasᴅn insan faktoruna ᴅsaslanan m¿ĸahidᴅ vᴅ kᴅĸfiyyat fᴅaliyyᴅtlᴅri ilᴅ mᴅhdudlaĸērdē. 
ᴄnᴅnᴅvi kᴅĸfiyyat ¿sullarē ï vizual m¿ĸahidᴅ, radio-elektron izlᴅmᴅ vᴅ yer¿st¿ mᴅlumat 
toplama ï mᴅhdud ᴅhatᴅ dairᴅsi vᴅ aĸaĵē operativlik sᴅbᴅbindᴅn m¿asir dºy¿ĸ m¿hitinin 
tᴅlᴅblᴅrinᴅ tam cavab verᴅ bilmirdi. Texnologiyanēn inkiĸafē ilᴅ bu sahᴅdᴅ radikal dᴅyiĸikliklᴅr 
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baĸ vermiĸ vᴅ ISR sistemlᴅri kompleks, ­oxsᴅviyyᴅli vᴅ avtomatlaĸdērēlmēĸ platformalara 
­evrilmiĸdir. 

M¿asir ISR sistemlᴅrinin arxitekturasē ­oxmᴅnbᴅli mᴅlumat toplama vᴅ onlarēn inteqrativ 
analizi prinsiplᴅrinᴅ ᴅsaslanēr. Bu arxitektura ­ᴅr­ivᴅsindᴅ kosmik platformalar, hava ᴅsaslē 
sistemlᴅr (PUA-lar) vᴅ yer¿st¿ sensor ĸᴅbᴅkᴅlᴅri qarĸēlēqlē ᴅlaqᴅdᴅ fᴅaliyyᴅt gºstᴅrir. Kosmik 
platformalar geniĸ ᴅrazilᴅrdᴅ fasilᴅsiz m¿ĸahidᴅ apararaq makro-sᴅviyyᴅli mᴅlumat tᴅmin edir. 
Bu mᴅlumatlar strateji planlaĸdērma vᴅ uzunm¿ddᴅtli analitika ¿­¿n fundamental baza rolunu 
oynayēr. Hava platformalarē, x¿susilᴅ PUA sistemlᴅri isᴅ bu mᴅlumatlarē lokal sᴅviyyᴅdᴅ 
dᴅqiqlᴅĸdirᴅrᴅk y¿ksᴅk ayērdetmᴅli taktiki mᴅlumat tᴅqdim edir. Yer¿st¿ sensor ĸᴅbᴅkᴅlᴅri isᴅ 
bu iki sᴅviyyᴅni tamamlayaraq real vaxt rejimindᴅ ᴅlavᴅ mᴅlumat axēnē tᴅmin edir. 

ISR sistemlᴅrinin tᴅkam¿l¿ndᴅ ᴅn m¿h¿m mᴅrhᴅlᴅlᴅrdᴅn biri mᴅlumatlarēn yalnēz 
toplanmasē deyil, eyni zamanda avtomatlaĸdērēlmēĸ ĸᴅkildᴅ emalē vᴅ analizi imkanlarēnēn 
yaranmasēdēr. ᴄnᴅnᴅvi sistemlᴅrdᴅ mᴅlumatlarēn interpretasiyasē ᴅsasᴅn insan analitiklᴅr 
tᴅrᴅfindᴅn hᴅyata ke­irilirdi ki, bu da hᴅm vaxt itkisinᴅ, hᴅm dᴅ subyektiv sᴅhvlᴅrᴅ sᴅbᴅb 
olurdu. M¿asir sistemlᴅrdᴅ isᴅ s¿ni intellekt alqoritmlᴅrinin tᴅtbiqi bu prosesi ᴅhᴅmiyyᴅtli 
dᴅrᴅcᴅdᴅ s¿rᴅtlᴅndirmiĸ vᴅ dᴅqiqliyini artērmēĸdēr. Bu yanaĸma nᴅticᴅsindᴅ ISR sistemlᴅri 
passiv m¿ĸahidᴅ vasitᴅsindᴅn aktiv analitik vᴅ qᴅrar dᴅstᴅk platformasēna ­evrilmiĸdir. 

Bundan ᴅlavᴅ, ISR sistemlᴅrinin inkiĸafē onlarēn real vaxt rejimindᴅ fᴅaliyyᴅt gºstᴅrmᴅ 
qabiliyyᴅti ilᴅ sēx baĵlēdēr. M¿asir dºy¿ĸ ĸᴅraitindᴅ mᴅlumatēn gecikmᴅsi ᴅmᴅliyyatlarēn 
uĵuruna birbaĸa tᴅsir gºstᴅrir. Bu sᴅbᴅbdᴅn real-time analitika vᴅ aĸaĵē gecikmᴅli mᴅlumat 
ºt¿rmᴅ texnologiyalarē ISR sistemlᴅrinin ayrēlmaz komponentinᴅ ­evrilmiĸdir. Bu x¿susiyyᴅtlᴅr 
m¿asir m¿haribᴅlᴅrdᴅ s¿rᴅtli qᴅrar qᴅbuletmᴅ vᴅ ­evik ᴅmᴅliyyatlarēn hᴅyata ke­irilmᴅsindᴅ 
kritik rol oynayēr. 

 

 
ķᴅkil 1. PUA, kosmik platformalar vᴅ s¿ni intellekt inteqrasiyasē ᴅsasēnda qurulmuĸ                 

­oxsᴅviyyᴅli ISR 

Bu sxem ISR sistemlᴅrinin ­oxsᴅviyyᴅli strukturunu ᴅks etdirir. Kosmik platformalar 
makro-sᴅviyyᴅli m¿ĸahidᴅni tᴅmin edir, PUA sistemlᴅri mikro-sᴅviyyᴅli y¿ksᴅk dᴅqiqlikli 
mᴅlumat toplayēr, yer¿st¿ sensor ĸᴅbᴅkᴅlᴅri isᴅ ᴅlavᴅ operativ mᴅlumat axēnē yaradēr. S¿ni 
intellekt vᴅ edge computing texnologiyalarē bu mᴅlumatlarēn real vaxt rejimindᴅ emalēnē tᴅmin 
edᴅrᴅk qᴅrar qᴅbuletmᴅ proseslᴅrini optimallaĸdērēr. 
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Nᴅticᴅ etibarilᴅ, ISR sistemlᴅrinin tᴅkam¿l¿ onlarēn funksional imkanlarēnē geniĸlᴅndirᴅrᴅk 
m¿asir hᴅrbi ᴅmᴅliyyatlarēn ᴅsas texnoloji dayaqlarēndan birinᴅ ­evirmiĸdir. Bu sistemlᴅr yalnēz 
mᴅlumat toplamaqla kifayᴅtlᴅnmir, eyni zamanda kompleks analitik imkanlar tᴅqdim edᴅrᴅk 
informasiya ¿st¿nl¿y¿n¿n tᴅmin olunmasēnda hᴅlledici rol oynayēr. 

PUA texnologiyalarēnēn inkiĸafē vᴅ hᴅrbi tᴅtbiqlᴅri:Pilotsuz u­uĸ aparatlarē (PUA) 
m¿asir hᴅrbi texnologiyalar arasēnda ᴅn s¿rᴅtli inkiĸaf edᴅn sahᴅlᴅrdᴅn biri kimi x¿susi 
ᴅhᴅmiyyᴅt kᴅsb edir. ᴄvvᴅlki dºvrlᴅrdᴅ mᴅhdud funksionallēĵa malik olan bu platformalar bu 
g¿n y¿ksᴅk texnoloji sensor sistemlᴅri, avtonom idarᴅetmᴅ vᴅ s¿ni intellekt inteqrasiyasē ilᴅ 
tᴅchiz olunaraq kompleks kᴅĸfiyyat vᴅ ᴅmᴅliyyat platformalarēna ­evrilmiĸdir. 

PUA sistemlᴅrinin ᴅsas ¿st¿nl¿klᴅrindᴅn biri onlarēn y¿ksᴅk ­evikliyi vᴅ m¿xtᴅlif 
ᴅmᴅliyyat m¿hitlᴅrinᴅ adaptasiya oluna bilmᴅsidir. Bu platformalar aĸaĵē h¿nd¿rl¿kdᴅ u­uĸ 
hᴅyata ke­irᴅrᴅk y¿ksᴅk dᴅqiqlikli tᴅsvirlᴅr ᴅldᴅ edir vᴅ lokal m¿hitdᴅ baĸ verᴅn dᴅyiĸikliklᴅri 
operativ ĸᴅkildᴅ m¿ᴅyyᴅn edir. X¿susilᴅ ultra-y¿ksᴅk ayērdetmᴅ (UHR) texnologiyalarēnēn 
tᴅtbiqi nᴅticᴅsindᴅ PUA-lar santimetr sᴅviyyᴅsindᴅ mᴅkan dᴅqiqliyi tᴅmin edᴅrᴅk peyk 
sistemlᴅrinin mᴅhdudiyyᴅtlᴅrini aradan qaldērēr. Bu isᴅ mikro-sᴅviyyᴅli analizlᴅrin aparēlmasēna 
vᴅ daha dᴅqiq qᴅrar qᴅbuletmᴅyᴅ imkan yaradēr. 

PUA-larēn funksional imkanlarē istifadᴅ olunan sensor texnologiyalarē ilᴅ birbaĸa baĵlēdēr. 
M¿asir PUA sistemlᴅrindᴅ optik kameralarla yanaĸē multispektral, hiperspektral vᴅ termal 
sensorlar geniĸ tᴅtbiq olunur. Bu sensorlar vasitᴅsilᴅ yalnēz vizual mᴅlumat deyil, hᴅm dᴅ 
obyektlᴅrin material x¿susiyyᴅtlᴅri, istilik dᴅyiĸikliklᴅri vᴅ gizli fᴅaliyyᴅtlᴅr haqqēnda mᴅlumat 
ᴅldᴅ etmᴅk m¿mk¿nd¿r. Bu x¿susiyyᴅtlᴅr PUA-larē hᴅrbi kᴅĸfiyyat, sᴅrhᴅd tᴅhl¿kᴅsizliyi vᴅ risk 
analizi sahᴅlᴅrindᴅ ᴅvᴅzolunmaz alᴅtᴅ ­evirir. 

Hᴅrbi kontekstdᴅ PUA sistemlᴅrinin tᴅtbiqi ­oxĸaxᴅlidir. Taktiki kᴅĸfiyyat ᴅmᴅliyyatlarēnda 
bu platformalar real vaxt rejimindᴅ d¿ĸmᴅn mºvqelᴅrinin, texnikasēnēn vᴅ fᴅaliyyᴅtlᴅrinin 
izlᴅnmᴅsini tᴅmin edir. Sᴅrhᴅd tᴅhl¿kᴅsizliyi baxēmēndan PUA-lar qeyri-qanuni ke­idlᴅrin vᴅ 
anomaliyalarēn operativ ĸᴅkildᴅ aĸkarlanmasēna imkan verir. Bundan ᴅlavᴅ, bu sistemlᴅr gizli 
obyektlᴅrin vᴅ kamuflyaj olunmuĸ strukturlarēn m¿ᴅyyᴅn edilmᴅsindᴅ dᴅ y¿ksᴅk effektivlik 
n¿mayiĸ etdirir. 

PUA texnologiyalarēnēn inkiĸafēnda s¿ni intellektin rolu x¿susi vurĵulanmalēdēr. AI alqoritmlᴅri 
bu platformalarēn avtonomluq sᴅviyyᴅsini artēraraq onlarēn daha m¿stᴅqil fᴅaliyyᴅt gºstᴅrmᴅsinᴅ 
imkan verir. Bu isᴅ insan faktorundan asēlēlēĵē azaldaraq ᴅmᴅliyyatlarēn s¿rᴅtini vᴅ effektivliyini 
artērēr. Nᴅticᴅ etibarilᴅ, PUA sistemlᴅri m¿asir m¿haribᴅdᴅ yalnēz m¿ĸahidᴅ vasitᴅsi deyil, hᴅm dᴅ 
intellektual ᴅmᴅliyyat platformasē kimi ­ēxēĸ edir  

 

 
ķᴅkil 2. Bulud ᴅsaslē s¿ni intellekt platformalarē vᴅ ­oxmᴅnbᴅli mᴅlumat sintezi ᴅsasēnda ISR 

sistemlᴅrinin inteqrasiya olunmuĸ arxitekturasē 
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S¿ni intellekt vᴅ geomᴅkan analiz texnologiyalarē: S¿ni intellekt texnologiyalarēnēn 
inkiĸafē geomᴅkan kᴅĸfiyyat vᴅ ISR sistemlᴅrinin funksional imkanlarēnē kºkl¿ ĸᴅkildᴅ 
dᴅyiĸdirmiĸdir. ᴄnᴅnᴅvi mᴅlumat analizi metodlarē bºy¿khᴅcmli verilᴅnlᴅrin emalēnda 
mᴅhdudiyyᴅtlᴅrᴅ malik olduĵu halda, AI ᴅsaslē yanaĸmalar bu problemlᴅri aradan qaldēraraq 
daha s¿rᴅtli vᴅ dᴅqiq analitik nᴅticᴅlᴅr ᴅldᴅ etmᴅyᴅ imkan verir. 

Geomᴅkan analiz sahᴅsindᴅ s¿ni intellektin ᴅn geniĸ tᴅtbiq istiqamᴅtlᴅrindᴅn biri dᴅrin 
ºyrᴅnmᴅ modellᴅridir. X¿susilᴅ konvolyusiya neyron ĸᴅbᴅkᴅlᴅri (CNN) tᴅsvirlᴅrin analizi vᴅ 
obyekt tanēma sahᴅsindᴅ y¿ksᴅk effektivlik n¿mayiĸ etdirir. Bu modellᴅr vasitᴅsilᴅ peyk vᴅ 
PUA tᴅsvirlᴅrindᴅ obyektlᴅrin avtomatik identifikasiyasē vᴅ tᴅsnifatē hᴅyata ke­irilir. Bu isᴅ 
analitik proseslᴅrin avtomatlaĸdērēlmasēna vᴅ insan faktorundan asēlēlēĵēn azaldēlmasēna ĸᴅrait 
yaradēr. 

Dᴅyiĸiklik analizi (change detection) s¿ni intellektin geomᴅkan analizdᴅ m¿h¿m tᴅtbiq 
sahᴅlᴅrindᴅn biridir. Bu metod vasitᴅsilᴅ zaman ¿zrᴅ baĸ verᴅn dᴅyiĸikliklᴅr avtomatik olaraq 
m¿ᴅyyᴅn edilir vᴅ potensial risklᴅr erkᴅn mᴅrhᴅlᴅdᴅ aĸkarlanēr. Bu yanaĸma x¿susilᴅ hᴅrbi 
ᴅmᴅliyyatlarda strateji ᴅhᴅmiyyᴅt kᴅsb edir, ­¿nki d¿ĸmᴅn fᴅaliyyᴅtlᴅrinin izlᴅnmᴅsi vᴅ 
proqnozlaĸdērēlmasē ¿­¿n vacib informasiya tᴅmin edir. 

S¿ni intellektin digᴅr m¿h¿m ¿st¿nl¿y¿ proqnostik analitika imkanlarēdēr. AI modellᴅri 
yalnēz mºvcud mᴅlumatlarē analiz etmᴅklᴅ kifayᴅtlᴅnmir, eyni zamanda gᴅlᴅcᴅk ssenarilᴅri 
proqnozlaĸdēraraq qᴅrar qᴅbuletmᴅ proseslᴅrini dᴅstᴅklᴅyir. Bu isᴅ ISR sistemlᴅrini sadᴅcᴅ 
m¿ĸahidᴅ alᴅtindᴅn ­ēxararaq strateji planlaĸdērma platformasēna ­evirir. 

Bundan ᴅlavᴅ, multimodal mᴅlumatlarēn inteqrasiyasē s¿ni intellektin tᴅtbiq imkanlarēnē 
daha da geniĸlᴅndirir. Peyk, PUA vᴅ yer¿st¿ sensorlardan ᴅldᴅ olunan mᴅlumatlarēn 
birlᴅĸdirilmᴅsi nᴅticᴅsindᴅ daha zᴅngin vᴅ kontekstual analitik m¿hit formalaĸēr. Bu yanaĸma 
m¿asir m¿haribᴅdᴅ informasiya ¿st¿nl¿y¿n¿n tᴅmin olunmasēnda ᴅsas faktor kimi ­ēxēĸ edir. 

Nᴅticᴅ etibarilᴅ, s¿ni intellekt texnologiyalarē geomᴅkan analiz vᴅ ISR sistemlᴅrinin 
effektivliyini ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artēraraq m¿asir hᴅrbi ᴅmᴅliyyatlarēn ayrēlmaz komponentinᴅ 
­evrilmiĸdir. Bu texnologiyalar analitik proseslᴅri s¿rᴅtlᴅndirmᴅklᴅ yanaĸē, qᴅrar qᴅbuletmᴅ 
keyfiyyᴅtini dᴅ y¿ksᴅldir vᴅ strateji ¿st¿nl¿y¿n ᴅldᴅ olunmasēna ĸᴅrait yaradēr. 

Bu kontekstdᴅ ñsituational awarenessò (situasiya ĸ¿uru) anlayēĸē x¿susi ᴅhᴅmiyyᴅt kᴅsb 
edir. Situasiya ĸ¿uru yalnēz mºvcud vᴅziyyᴅtin passiv m¿ĸahidᴅsi deyil, eyni zamanda dinamik 
m¿hitin analizi, potensial risklᴅrin m¿ᴅyyᴅn edilmᴅsi vᴅ gᴅlᴅcᴅk inkiĸaf ssenarilᴅrinin 
proqnozlaĸdērēlmasē prosesini ᴅhatᴅ edir. Bu isᴅ kompleks vᴅ ­oxmᴅnbᴅli mᴅlumatlarēn 
inteqrasiyasēnē tᴅlᴅb edir ki, bu da ºz nºvbᴅsindᴅ y¿ksᴅk sᴅviyyᴅli texnoloji infrastrukturlarēn 
mºvcudluĵunu zᴅruri edir. 

 
ķᴅkil 3. PUA sistemlᴅrindᴅ Edge AI ᴅsaslē real-time mᴅlumat emalē vᴅ qᴅrarvermᴅ prosesi 

 

Bu diaqram PUA platformalarēnda Edge AI texnologiyasēnēn tᴅtbiqini gºstᴅrir. 
Sensorlardan (RGB, termal, LiDAR) toplanan mᴅlumatlar birbaĸa PUA ¿zᴅrindᴅ yerlᴅĸᴅn 
hesablama modulunda emal olunur. Sistem obyektlᴅri aĸkarlayēr, analiz edir vᴅ real vaxt 
rejimindᴅ qᴅrar qᴅbul edir. Nᴅticᴅlᴅr operativ ĸᴅkildᴅ yer¿st¿ idarᴅetmᴅ mᴅrkᴅzinᴅ ºt¿r¿l¿r, 
daha geniĸ mᴅlumat isᴅ sonradan bulud sisteminᴅ y¿klᴅnir. Bu yanaĸma gecikmᴅlᴅri 
azaldaraq ᴅmᴅliyyat effektivliyini artērēr.Mᴅhz bu ehtiyac ISR (Intelligence, Surveillance, 
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Reconnaissance) sistemlᴅrinin inkiĸafēnē s¿rᴅtlᴅndirmiĸdir. ISR sistemlᴅri m¿xtᴅlif 
mᴅnbᴅlᴅrdᴅn mᴅlumat toplayaraq onlarē strukturlaĸdērēr, analiz edir vᴅ qᴅrar qᴅbuletmᴅ 
prosesinᴅ inteqrasiya edir. Bu sistemlᴅr m¿asir hᴅrbi ᴅmᴅliyyatlarēn ñinformasiya onurĵasēò 
kimi ­ēxēĸ edᴅrᴅk ᴅmᴅliyyat m¿hitinin daha dᴅrindᴅn anlaĸēlmasēna imkan verir. 

ISR sistemlᴅrinin effektivliyi onlarēn ­oxsᴅviyyᴅli arxitekturaya malik olmasē ilᴅ baĵlēdēr. 
Bu arxitektura ­ᴅr­ivᴅsindᴅ m¿xtᴅlif platformalar ï kosmik peyklᴅr, pilotsuz u­uĸ aparatlarē 
(PUA) vᴅ yer¿st¿ sensor sistemlᴅri ï qarĸēlēqlē ᴅlaqᴅ ĸᴅraitindᴅ fᴅaliyyᴅt gºstᴅrir. Hᴅr bir 
platforma ºz¿nᴅmᴅxsus funksiyanē yerinᴅ yetirᴅrᴅk ¿mumi informasiya sisteminin bir hissᴅsini 
tᴅĸkil edir. Bu inteqrasiya nᴅticᴅsindᴅ ­oxmᴅnbᴅli kᴅĸfiyyat m¿hiti formalaĸēr ki, bu da 
mᴅlumatēn dᴅqiqliyini vᴅ etibarlēlēĵēnē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artērēr. 

PUA sistemlᴅri bu arxitekturada x¿susi yer tutur. Onlar y¿ksᴅk ­eviklik, aĸaĵē ᴅmᴅliyyat 
xᴅrclᴅri vᴅ real vaxt mᴅlumat toplama imkanlarē ilᴅ se­ilᴅrᴅk taktiki sᴅviyyᴅdᴅ m¿h¿m 
¿st¿nl¿klᴅr tᴅmin edir. PUA-lar vasitᴅsilᴅ ᴅldᴅ olunan y¿ksᴅk ayērdetmᴅli mᴅlumatlar peyk 
m¿ĸahidᴅlᴅrinin tᴅqdim etdiyi makro sᴅviyyᴅli informasiyanē tamamlayaraq daha detallē analiz 
imkanē yaradēr. Bu isᴅ m¿asir dºy¿ĸ mᴅkanēnda hᴅm strateji, hᴅm dᴅ taktiki qᴅrarlarēn daha 
dᴅqiq qᴅbul edilmᴅsinᴅ ĸᴅrait yaradēr. 

Eyni zamanda s¿ni intellekt texnologiyalarēnēn inkiĸafē ISR sistemlᴅrinin imkanlarēnē daha 
da geniĸlᴅndirmiĸdir. S¿ni intellekt alqoritmlᴅri bºy¿khᴅcmli mᴅlumatlarēn avtomatik emalēnē 
tᴅmin edᴅrᴅk obyekt tanēma, dᴅyiĸiklik analizi vᴅ proqnostik modellᴅĸdirmᴅ kimi m¿rᴅkkᴅb 
tapĸērēqlarē insan m¿daxilᴅsi olmadan hᴅyata ke­irᴅ bilir. Bu isᴅ hᴅm analitik proseslᴅrin 
s¿rᴅtini artērēr, hᴅm dᴅ insan faktorundan qaynaqlanan sᴅhvlᴅri minimuma endirir. 

 
ķᴅkil 4. Konvolyusiya neyron ĸᴅbᴅkᴅsi (CNN) ᴅsasēnda obyekt tanēma prosesinin mᴅrhᴅlᴅli 

strukturu 
 

Belᴅliklᴅ, m¿asir m¿haribᴅ ĸᴅraitindᴅ informasiya ¿st¿nl¿y¿ yalnēz texnoloji imkanlarēn 
mºvcudluĵu ilᴅ deyil, onlarēn effektiv inteqrasiyasē vᴅ istifadᴅsi ilᴅ m¿ᴅyyᴅn olunur. PUA vᴅ 
s¿ni intellekt ᴅsaslē ISR sistemlᴅri bu prosesin mᴅrkᴅzindᴅ dayanaraq m¿asir hᴅrbi 
strategiyalarēn formalaĸmasēnda hᴅlledici rol oynayēr. 

Kiber m¿haribᴅlᴅr bu transformasiyanēn mᴅrkᴅzi elementlᴅrindᴅn biridir. Dºvlᴅtlᴅrarasē 
qarĸēdurmalar zamanē kritik infrastruktur obyektlᴅrinᴅ ï enerji ĸᴅbᴅkᴅlᴅrinᴅ, rabitᴅ sistemlᴅrinᴅ, 
nᴅqliyyat platformalarēna vᴅ hᴅrbi komanda-nᴅzarᴅt (C2/C4ISR) sistemlᴅrinᴅ yºnᴅlmiĸ 
kiberh¿cumlar strateji ¿st¿nl¿k ᴅldᴅ etmᴅyin ᴅsas alᴅtlᴅrindᴅn birinᴅ ­evrilmiĸdir. Bu tip 
h¿cumlar yalnēz texniki zᴅrᴅr yaratmaqla kifayᴅtlᴅnmir, eyni zamanda informasiya m¿hitindᴅ 
manipulyasiya, dezinformasiya vᴅ psixoloji tᴅsir vasitᴅsilᴅ cᴅmiyyᴅtlᴅrin stabilliyini pozur vᴅ 
qᴅrar qᴅbuletmᴅ mexanizmlᴅrini zᴅiflᴅdir. 

Belᴅ ĸᴅraitdᴅ hᴅrbi g¿c anlayēĸē da klassik ºl­¿lᴅrdᴅn ï canlē q¿vvᴅ, texnika vᴅ 
silahlanma ï kᴅnara ­ēxaraq, texnoloji ¿st¿nl¿k, informasiya hakimiyyᴅti vᴅ analitik ¿st¿nl¿k 
kimi komponentlᴅrlᴅ geniĸlᴅnmiĸdir. M¿asir dºvrdᴅ g¿cl¿ ordu yalnēz fiziki imkanlarē ilᴅ deyil, 
hᴅm dᴅ real vaxt rejimindᴅ mᴅlumat toplama, emal etmᴅ vᴅ interpretasiya etmᴅ qabiliyyᴅti ilᴅ 
xarakterizᴅ olunur. Bu isᴅ birbaĸa olaraq ISR (Intelligence, Surveillance, Reconnaissance) 
sistemlᴅrinin vᴅ s¿ni intellect 
texnologiyalarēnēn rolunu artērēr. 
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Dºvlᴅtlᴅrin suverenliyi vᴅ tᴅhl¿kᴅsizliyi kontekstindᴅ sᴅrhᴅdlᴅrin qorunmasē artēq yalnēz 
fiziki nᴅzarᴅt tᴅdbirlᴅri ilᴅ mᴅhdudlaĸmēr. Rᴅqᴅmsal vᴅ texnoloji m¿stᴅvidᴅ sᴅrhᴅdlᴅr ñvirtual 
sᴅrhᴅdlᴅrò anlayēĸē ilᴅ geniĸlᴅnᴅrᴅk, informasiya axēnlarēnēn, rabitᴅ kanallarēnēn vᴅ 
kibermᴅkanēn qorunmasēnē da ᴅhatᴅ edir. Bu baxēmdan, sᴅrhᴅd tᴅhl¿kᴅsizliyi ­oxsᴅviyyᴅli 
sistem kimi formalaĸēr: fiziki sᴅrhᴅdlᴅr (quru, hava, dᴅniz), rᴅqᴅmsal sᴅrhᴅdlᴅr (kiber 
tᴅhl¿kᴅsizlik), vᴅ kosmik sᴅrhᴅdlᴅr (peyklᴅr vᴅ orbital infrastrukturlar). 

Mᴅhz bu ­oxºl­¿l¿ tᴅhl¿kᴅsizlik arxitekturasēnda mᴅsafᴅdᴅn zondlama texnologiyalarē, 
PUA sistemlᴅri vᴅ kosmik m¿ĸahidᴅ platformalarē x¿susi ᴅhᴅmiyyᴅt kᴅsb edir.  Kosmik 
platformalar qlobal miqyasda fasilᴅsiz m¿ĸahidᴅ tᴅmin edᴅrᴅk geniĸ ᴅrazilᴅrdᴅ baĸ verᴅn 
dᴅyiĸikliklᴅri izlᴅyir, PUA sistemlᴅri isᴅ lokal sᴅviyyᴅdᴅ ultra-y¿ksᴅk ayērdetmᴅli mᴅlumatlar 
tᴅqdim edᴅrᴅk mikro-taktiki analizlᴅr aparmaĵa imkan yaradēr.  

Bu platformalar arasēnda formalaĸan sinerji nᴅticᴅsindᴅ dºvlᴅtlᴅr real vaxt rejiminᴅ yaxēn 
situasiya ĸ¿uru (situational awareness) ᴅldᴅ edir vᴅ sᴅrhᴅd tᴅhl¿kᴅsizliyini daha effektiv 
ĸᴅkildᴅ tᴅmin edᴅ bilir. S¿ni intellekt alqoritmlᴅrinin bu sistemlᴅrᴅ inteqrasiyasē isᴅ bºy¿khᴅcmli 
geomᴅkan verilᴅnlᴅrin avtomatlaĸdērēlmēĸ analizi, tᴅhdidlᴅrin erkᴅn aĸkarlanmasē vᴅ proqnostik 
modellᴅĸdirmᴅ imkanlarēnē geniĸlᴅndirir. 

Nᴅticᴅ etibarilᴅ, m¿asir m¿haribᴅlᴅrdᴅ qᴅlᴅbᴅ yalnēz hᴅrbi g¿c¿n kᴅmiyyᴅt 
gºstᴅricilᴅrindᴅn deyil, informasiya ¿st¿nl¿y¿n¿n sᴅviyyᴅsindᴅn asēlēdēr. Bu ¿st¿nl¿k isᴅ PUA, 
s¿ni intellekt vᴅ mᴅsafᴅdᴅn zondlama texnologiyalarēnēn inteqrasiyasē ilᴅ formalaĸan yeni nᴅsil 
ISR sistemlᴅri vasitᴅsilᴅ tᴅmin olunur. Bu sistemlᴅr dºvlᴅtlᴅrin sᴅrhᴅdlᴅrinin qorunmasēnda, 
milli tᴅhl¿kᴅsizliyin tᴅmin edilmᴅsindᴅ vᴅ strateji ¿st¿nl¿y¿n ᴅldᴅ olunmasēnda hᴅlledici rol 
oynayēr. 

Kosmik platformalar: qlobal m¿ĸahidᴅ vᴅ uzunm¿ddᴅtli arxivlᴅĸdirmᴅ: M¿asir 
geomᴅkan kᴅĸfiyyat sistemlᴅrinin ᴅn y¿ksᴅk iyerarxik sᴅviyyᴅsini tᴅĸkil edᴅn kosmik 
platformalar qlobal m¿ĸahidᴅ imkanlarē, fasilᴅsiz mᴅlumat axēnē vᴅ uzunm¿ddᴅtli arxivlᴅĸdirmᴅ 
potensialē ilᴅ se­ilir. Aĸaĵē Yer orbitindᴅ (Low Earth Orbit ï LEO) yerlᴅĸᴅn peyk b¿rclᴅri Yer 
sᴅthinin sistematik vᴅ dºvri ĸᴅkildᴅ skan edilmᴅsini tᴅmin edᴅrᴅk hᴅm real-vaxta yaxēn 
monitorinq, hᴅm dᴅ onilliklᴅri ᴅhatᴅ edᴅn zaman sēralē mᴅlumat bazalarēnēn 
formalaĸdērēlmasēna ĸᴅrait yaradēr. Bu yanaĸma geomᴅkan kᴅĸfiyyatēnda makro-sᴅviyyᴅli 
analizin ᴅsasēnē tᴅĸkil edir vᴅ geniĸ ᴅrazilᴅrdᴅ baĸ verᴅn dᴅyiĸikliklᴅrin dinamikasēnē y¿ksᴅk 
dᴅqiqliklᴅ izlᴅmᴅyᴅ imkan verir.  

LEO peyk b¿rclᴅrinin ᴅsas ¿st¿nl¿klᴅrindᴅn biri y¿ksᴅk temporal tezliklᴅ m¿ĸahidᴅ 
imkanlarēdēr. Eyni ᴅrazinin qēsa zaman intervallarē ilᴅ tᴅkrar m¿ĸahidᴅsi sayᴅsindᴅ 
dᴅyiĸikliklᴅrin operativ aĸkarlanmasē m¿mk¿n olur. Bu x¿susiyyᴅt x¿susilᴅ hᴅrbi kontekstdᴅ 
strateji ᴅhᴅmiyyᴅt daĸēyēr, ­¿nki d¿ĸmᴅn q¿vvᴅlᴅrinin hᴅrᴅkᴅt trayektoriyalarēnēn izlᴅnmᴅsi, 
sᴅrhᴅd zonalarēnda aktivliyin monitorinqi vᴅ potensial tᴅhl¿kᴅlᴅrin erkᴅn mᴅrhᴅlᴅdᴅ m¿ᴅyyᴅn 
edilmᴅsi ¿­¿n davamlē mᴅlumat axēnē tᴅmin edilir. Belᴅliklᴅ, kosmik platformalar yalnēz statik 
m¿ĸahidᴅ vasitᴅsi deyil, dinamik kᴅĸfiyyat sisteminin ᴅsas komponentinᴅ ­evrilir. 

Kosmik m¿ĸahidᴅ sistemlᴅrinin funksionallēĵēnē m¿ᴅyyᴅn edᴅn ᴅsas texnoloji 
elementlᴅrdᴅn biri istifadᴅ olunan sensor texnologiyalarēdēr. Multispektral optik sensorlar 
elektromaqnit spektrinin m¿xtᴅlif diapazonlarēnda mᴅlumat toplayaraq torpaq ºrt¿y¿, bitki 
ºrt¿y¿ vᴅ antropogen fᴅaliyyᴅtlᴅrin tᴅhlili ¿­¿n zᴅngin informasiya tᴅmin edir. Bu sensorlar 
vasitᴅsilᴅ ᴅldᴅ olunan mᴅlumatlar land cover classification, dᴅyiĸiklik analizi vᴅ ekosistem 
monitorinqi kimi sahᴅlᴅrdᴅ geniĸ tᴅtbiq olunur. Digᴅr tᴅrᴅfdᴅn, sintetik aperturalē radar (SAR) 
sistemlᴅri mikrodalĵa diapazonunda fᴅaliyyᴅt gºstᴅrᴅrᴅk atmosfer ĸᴅraitindᴅn asēlē olmadan ï 
gecᴅ vᴅ g¿nd¿z ï fasilᴅsiz m¿ĸahidᴅ aparmaĵa imkan verir. SAR texnologiyasē bulud ºrt¿y¿ 
vᴅ vizual maneᴅlᴅrdᴅn tᴅsirlᴅnmᴅdiyi ¿­¿n hᴅrbi ᴅmᴅliyyatlarda, x¿susilᴅ gizli obyektlᴅrin 
aĸkarlanmasē vᴅ yer sᴅthi deformasiyalarēnēn m¿ᴅyyᴅn edilmᴅsi baxēmēndan unikal ¿st¿nl¿klᴅr 
tᴅqdim edir. 

Kosmik platformalar tᴅrᴅfindᴅn yaradēlan mᴅlumatlarēn ᴅn m¿h¿m x¿susiyyᴅtlᴅrindᴅn biri 
onlarēn uzunm¿ddᴅtli zaman sēralē struktura malik olmasēdēr. Bu ñtime-series intelligenceò 
yanaĸmasē sayᴅsindᴅ yalnēz cari vᴅziyyᴅt deyil, hᴅm dᴅ proseslᴅrin tarixi inkiĸaf dinamikasē 
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tᴅhlil edilᴅ bilir. Mᴅsᴅlᴅn, m¿ᴅyyᴅn ᴅrazilᴅrdᴅ infrastruktur geniĸlᴅnmᴅsi, hᴅrbi bazalarēn 
tikintisi vᴅ ya qoĸun dislokasiyasēndakē dᴅyiĸikliklᴅr zaman ¿zrᴅ m¿qayisᴅli analiz vasitᴅsilᴅ 
aĸkar olunur. Bu isᴅ strateji sᴅviyyᴅdᴅ proqnostik analitika vᴅ risk qiymᴅtlᴅndirilmᴅsi ¿­¿n 
fundamental baza yaradēr. 

Bºy¿khᴅcmli peyk verilᴅnlᴅrinin effektiv idarᴅ olunmasē vᴅ emalē ¿­¿n bulud ᴅsaslē 
hesablama infrastrukturlarē (Cloud Computing) hᴅlledici rol oynayēr. Petabaytlarla ºl­¿lᴅn 
mᴅlumatlarēn mᴅrkᴅzlᴅĸdirilmiĸ serverlᴅrdᴅ saxlanēlmasē, paralel hesablama imkanlarē vᴅ s¿ni 
intellekt alqoritmlᴅrinin tᴅtbiqi nᴅticᴅsindᴅ mᴅlumatlarēn emalē s¿rᴅti vᴅ analitik dᴅyᴅri 
ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artēr. Bulud platformalarē vasitᴅsilᴅ m¿xtᴅlif mᴅnbᴅlᴅrdᴅn ᴅldᴅ olunan 
mᴅlumatlarēn inteqrasiyasē vᴅ analizᴅ hazēr (analysis-ready data) formatēna gᴅtirilmᴅsi 
m¿mk¿n olur ki, bu da geomᴅkan kᴅĸfiyyatēnēn operativliyini vᴅ dᴅqiqliyini y¿ksᴅldir. 

Kosmik platformalarēn hᴅrbi tᴅtbiqlᴅri geniĸ vᴅ ­oxĸaxᴅlidir. Ķlk nºvbᴅdᴅ, sᴅrhᴅd 
tᴅhl¿kᴅsizliyinin tᴅmin olunmasē mᴅqsᴅdilᴅ geniĸ ᴅrazilᴅrin fasilᴅsiz monitorinqi hᴅyata ke­irilir. 
Peyk tᴅsvirlᴅri vasitᴅsilᴅ qeyri-qanuni ke­idlᴅr, sᴅrhᴅd zonalarēnda anomal fᴅaliyyᴅtlᴅr vᴅ 
infrastruktur dᴅyiĸikliklᴅri operativ ĸᴅkildᴅ m¿ᴅyyᴅn edilᴅ bilir. Bundan ᴅlavᴅ, qoĸun 
hᴅrᴅkᴅtlᴅrinin izlᴅnmᴅsi kosmik ISR sistemlᴅrinin ᴅsas funksiyalarēndan biridir. M¿xtᴅlif zaman 
intervallarēnda ᴅldᴅ olunan tᴅsvirlᴅrin m¿qayisᴅli analizi nᴅticᴅsindᴅ hᴅrbi texnikanēn 
dislokasiyasē, logistika marĸrutlarē vᴅ potensial ᴅmᴅliyyat hazērlēĵē haqqēnda dᴅrin analitik 
nᴅticᴅlᴅr ᴅldᴅ edilir. 

Strateji obyektlᴅrin ï hᴅrbi bazalar, enerji infrastrukturu, sᴅnaye komplekslᴅri vᴅ nᴅqliyyat 
qovĸaqlarē ï monitorinqi dᴅ kosmik platformalarēn ᴅsas tᴅtbiq sahᴅlᴅrindᴅn biridir. Bu 
obyektlᴅrdᴅ baĸ verᴅn dᴅyiĸikliklᴅrin aĸkarlanmasē dºvlᴅtlᴅrin tᴅhl¿kᴅsizlik strategiyalarēnēn 
formalaĸdērēlmasēnda m¿h¿m rol oynayēr. X¿susilᴅ y¿ksᴅk dᴅqiqlikli vᴅ ­oxspektral analiz 
imkanlarē bu obyektlᴅrin funksional vᴅziyyᴅti haqqēnda ᴅlavᴅ informasiya ᴅldᴅ etmᴅyᴅ ĸᴅrait 
yaradēr . 

Nᴅticᴅ etibarilᴅ, kosmik platformalar geomᴅkan kᴅĸfiyyat ekosistemindᴅ makro-sᴅviyyᴅli 
m¿ĸahidᴅ vᴅ strateji analitikanēn ᴅsas dayaĵēnē tᴅĸkil edir. Onlarēn tᴅqdim etdiyi geniĸ ᴅhatᴅli, 
standartlaĸdērēlmēĸ vᴅ zaman ¿zrᴅ davamlē mᴅlumat axēnē m¿asir hᴅrbi ᴅmᴅliyyatlarda 
informasiya ¿st¿nl¿y¿n¿n formalaĸdērēlmasēnda hᴅlledici rol oynayēr. Bu platformalar yalnēz 
m¿ĸahidᴅ vasitᴅsi deyil, hᴅm dᴅ kompleks analitik qᴅrar qᴅbuletmᴅ sistemlᴅrinin ᴅsas 
informasiya bazasē kimi ­ēxēĸ edir. 

Hava platformalarē: PUA vᴅ ultra-y¿ksᴅk ayērdetmᴅ mᴅrhᴅlᴅsi (UHR): M¿asir geomᴅkan 
kᴅĸfiyyat arxitekturasēnda pilotsuz u­uĸ aparatlarē (PUA) hava ᴅsaslē platformalar kimi kosmik 
m¿ĸahidᴅ sistemlᴅrini tamamlayan vᴅ onlarēn mᴅkan-ayērdetmᴅ mᴅhdudiyyᴅtlᴅrini aradan 
qaldēran ᴅsas texnoloji komponentlᴅrdᴅn biri kimi ­ēxēĸ edir. X¿susilᴅ ñultra-y¿ksᴅk ayērdetmᴅò 
(Ultra-High Resolution ï UHR) mᴅrhᴅlᴅsinin formalaĸmasē ilᴅ PUA sistemlᴅri santimetr 
sᴅviyyᴅsindᴅ mᴅkan dᴅqiqliyi tᴅmin edᴅrᴅk mikro-miqyaslē analiz imkanlarēnē geniĸlᴅndirmiĸdir. 
Bu x¿susiyyᴅt peyk tᴅsvirlᴅrindᴅ piksel qarēĸmasē vᴅ atmosfer tᴅsirlᴅri sᴅbᴅbindᴅn itirilᴅn 
detallarē bᴅrpa etmᴅyᴅ imkan verir vᴅ belᴅliklᴅ, geomᴅkan mᴅlumatlarēn analitik dᴅyᴅrini 
ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artērēr. 

PUA-larēn ᴅsas ¿st¿nl¿klᴅrindᴅn biri onlarēn ­evikliyi vᴅ tᴅlᴅb ¿zrᴅ (on-demand) 
istifadᴅyᴅ yararlē olmasēdēr. Bu platformalar konkret ᴅmᴅliyyat sahᴅsi ¿zᴅrindᴅ aĸaĵē 
h¿nd¿rl¿kdᴅ u­uĸ hᴅyata ke­irᴅrᴅk y¿ksᴅk dᴅqiqlikli tᴅsvirlᴅr ᴅldᴅ edir vᴅ lokal miqyasda baĸ 
verᴅn dᴅyiĸikliklᴅri operativ ĸᴅkildᴅ m¿ᴅyyᴅn edir. Belᴅliklᴅ, peyk sistemlᴅrinin tᴅqdim etdiyi 
makro sᴅviyyᴅli mᴅlumatlar PUA-lar vasitᴅsilᴅ mikro sᴅviyyᴅdᴅ dᴅqiqlᴅĸdirilir vᴅ analiz olunur. 
Bu yanaĸma geomᴅkan kᴅĸfiyyatēnda ­oxsᴅviyyᴅli informasiya sintezinin ᴅsasēnē tᴅĸkil edir. 

PUA sistemlᴅrindᴅ istifadᴅ olunan sensor texnologiyalarē onlarēn funksional imkanlarēnē 
daha da geniĸlᴅndirir. RGB sensorlar vizual tᴅsvirlᴅrin ᴅldᴅ olunmasēnē tᴅmin edᴅrᴅk 
obyektlᴅrin identifikasiyasē ¿­¿n baza mᴅlumat yaradēr. Multispektral sensorlar elektromaqnit 
spektrinin m¿xtᴅlif diapazonlarēnda mᴅlumat toplayaraq bitki ºrt¿y¿, torpaq vᴅziyyᴅti vᴅ 
material x¿susiyyᴅtlᴅrinin analizi ¿­¿n istifadᴅ olunur. Hiperspektral sensorlar isᴅ y¿zlᴅrlᴅ 
spektral zolaqda mᴅlumat tᴅqdim edᴅrᴅk materiallarēn kimyᴅvi vᴅ fiziki x¿susiyyᴅtlᴅrinin 
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y¿ksᴅk dᴅqiqliklᴅ m¿ᴅyyᴅn edilmᴅsinᴅ imkan verir. Termal sensorlar temperatur fᴅrqlᴅrini 
aĸkar edᴅrᴅk gecᴅ m¿ĸahidᴅlᴅri, gizli obyektlᴅrin aĸkarlanmasē vᴅ istilik izlᴅrinin analizi ¿­¿n 
x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. Hᴅrbi kontekstdᴅ PUA sistemlᴅrinin tᴅtbiq sahᴅlᴅri geniĸ vᴅ 
strateji xarakter daĸēyēr. Taktiki kᴅĸfiyyat ᴅmᴅliyyatlarēnda bu platformalar real vaxt rejimindᴅ 
d¿ĸmᴅn mºvqelᴅrinin, texnikasēnēn vᴅ fᴅaliyyᴅtlᴅrinin izlᴅnmᴅsini tᴅmin edir[2], s. 301]; [12] 
Y¿ksᴅk ayērdetmᴅli tᴅsvirlᴅr vasitᴅsilᴅ obyekt aĸkarlanmasē vᴅ tᴅsnifatē hᴅyata ke­irilir ki, bu 
da qᴅrar qᴅbuletmᴅ proseslᴅrinin dᴅqiqliyini artērēr. Sᴅrhᴅd tᴅhl¿kᴅsizliyi baxēmēndan PUA-lar 
qeyri-qanuni ke­idlᴅrin, infiltrasiya cᴅhdlᴅrinin vᴅ anomaliyalarēn operativ ĸᴅkildᴅ m¿ᴅyyᴅn 
edilmᴅsinᴅ imkan verir. Bundan ᴅlavᴅ, gizli fᴅaliyyᴅtlᴅrin ï kamuflyaj edilmiĸ obyektlᴅrin, yeraltē 
strukturlarēn vᴅ qeyri-adi hᴅrᴅkᴅtlᴅrin ï aĸkarlanmasē ¿­¿n hiperspektral vᴅ termal analiz 
metodlarē geniĸ istifadᴅ olunur. Nᴅticᴅ etibarilᴅ, PUA sistemlᴅri geomᴅkan kᴅĸfiyyatēnda mikro-
sᴅviyyᴅli taktiki ¿st¿nl¿y¿n tᴅmin olunmasēnda hᴅlledici rol oynayēr. Onlar peyk 
m¿ĸahidᴅlᴅrinin yaratdēĵē qlobal fonu tamamlayaraq y¿ksᴅk dᴅqiqlikli, operativ vᴅ kontekstual 
mᴅlumat tᴅqdim edir vᴅ m¿asir ISR sistemlᴅrinin ayrēlmaz komponentinᴅ ­evrilir. 

S¿ni intellekt ᴅsaslē CNN vᴅ dᴅrin ºyrᴅnmᴅ modellᴅri obyekt tanēma vᴅ dᴅyiĸiklik analizi 
kimi m¿rᴅkkᴅb tapĸērēqlarē y¿ksᴅk dᴅqiqliklᴅ hᴅyata ke­irir  

Edge Computing vᴅ real-time analitika (PUA-larda): PUA sistemlᴅrinin effektivliyini 
m¿ᴅyyᴅn edᴅn ᴅsas innovativ istiqamᴅtlᴅrdᴅn biri kᴅnar hesablama (Edge Computing) 
texnologiyalarēnēn inteqrasiyasēdēr. ᴄnᴅnᴅvi yanaĸmada mᴅsafᴅdᴅn zondlama mᴅlumatlarē 
mᴅrkᴅzlᴅĸdirilmiĸ serverlᴅrᴅ ºt¿r¿lᴅrᴅk emal olunurdu ki, bu da gecikmᴅlᴅrᴅ vᴅ operativlik 
itkisinᴅ sᴅbᴅb olurdu. Edge computing konsepsiyasē isᴅ mᴅlumatlarēn birbaĸa sensor vᴅ ya 
platforma sᴅviyyᴅsindᴅ ï yᴅni u­uĸ zamanē vᴅ ya dᴅrhal sonra ï emal edilmᴅsini tᴅmin edir. 

Bu yanaĸma x¿susilᴅ ñlow latency warfareò (aĸaĵē gecikmᴅli m¿haribᴅ) konsepsiyasē 
­ᴅr­ivᴅsindᴅ kritik ᴅhᴅmiyyᴅt daĸēyēr. Dºy¿ĸ ĸᴅraitindᴅ saniyᴅlᴅrlᴅ ºl­¿lᴅn gecikmᴅlᴅr belᴅ 
ᴅmᴅliyyatlarēn nᴅticᴅsinᴅ ciddi tᴅsir gºstᴅrᴅ bilᴅr. PUA ¿zᴅrindᴅ yerlᴅĸdirilᴅn hesablama 
modullarē vᴅ lokal serverlᴅr vasitᴅsilᴅ ᴅldᴅ olunan mᴅlumatlar dᴅrhal analiz edilir, obyektlᴅr 
identifikasiya olunur vᴅ nᴅticᴅlᴅr operativ qᴅrar qᴅbuletmᴅ sistemlᴅrinᴅ ºt¿r¿l¿r. 

Edge computing ilᴅ inteqrasiya olunmuĸ s¿ni intellekt modellᴅri PUA sistemlᴅrinin 
avtonomluq sᴅviyyᴅsini artērēr. Lokal AI alqoritmlᴅri vasitᴅsilᴅ obyekt aĸkarlanmasē, hᴅrᴅkᴅt 
analizi vᴅ anomaliyalarēn identifikasiyasē real vaxt rejimindᴅ hᴅyata ke­irilir. Bu isᴅ ñhuman-in-
the-loopò modelindᴅn ñhuman-on-the-loopò vᴅ hᴅtta bᴅzi hallarda ñhuman-out-of-the-loopò 
yanaĸmasēna ke­idi m¿mk¿n edir. Nᴅticᴅdᴅ, insan m¿daxilᴅsi minimuma endirilᴅrᴅk 
ᴅmᴅliyyatlarēn s¿rᴅti vᴅ effektivliyi artērēlēr. 

Real-time analitika hᴅm dᴅ mᴅlumatlarēn filtrasiya vᴅ optimallaĸdērēlmasēnē tᴅmin edir. 
Yᴅni, b¿t¿n xam mᴅlumatlarēn ºt¿r¿lmᴅsi ᴅvᴅzinᴅ yalnēz analitik baxēmdan ᴅhᴅmiyyᴅtli 
nᴅticᴅlᴅr (analysis-ready data) mᴅrkᴅzi sistemlᴅrᴅ gºndᴅrilir. Bu yanaĸma ĸᴅbᴅkᴅ 
y¿klᴅnmᴅsini azaldēr, enerji sᴅmᴅrᴅliliyini artērēr vᴅ mᴅlumat tᴅhl¿kᴅsizliyini g¿clᴅndirir. 

Belᴅliklᴅ, edge computing texnologiyalarē PUA sistemlᴅrini sadᴅ m¿ĸahidᴅ vasitᴅsindᴅn 
y¿ksᴅk sᴅviyyᴅli intellektual analitik platformaya ­evirir vᴅ dºy¿ĸ ĸᴅraitindᴅ operativlik, ­eviklik 
vᴅ qᴅrar qᴅbuletmᴅ s¿rᴅti baxēmēndan kritik ¿st¿nl¿k tᴅmin edir. 

Platformalararasē sinerji: Kosmik, PUA, Yer¿st¿ sistemlᴅr: M¿asir geomᴅkan 
kᴅĸfiyyat ekosistemi ayrē-ayrē platformalarēn m¿stᴅqil fᴅaliyyᴅtindᴅn deyil, onlarēn inteqrasiya 
olunmuĸ vᴅ qarĸēlēqlē ᴅlaqᴅli ĸᴅkildᴅ iĸlᴅmᴅsindᴅn ibarᴅtdir. Kosmik platformalar, PUA 
sistemlᴅri vᴅ yer¿st¿ sensor ĸᴅbᴅkᴅlᴅri birlikdᴅ ­oxsᴅviyyᴅli vᴅ kompleks mᴅlumat 
arxitekturasē formalaĸdērēr. Bu arxitektura ­ᴅr­ivᴅsindᴅ hᴅr bir platforma ºz¿nᴅmᴅxsus 
funksiyanē yerinᴅ yetirᴅrᴅk ¿mumi analitik prosesᴅ tºhfᴅ verir. 

Kosmik platformalar ñtop-downò yanaĸma ilᴅ geniĸ ᴅrazilᴅrdᴅ ¿mumi tendensiyalarē vᴅ 
makro sᴅviyyᴅli dᴅyiĸikliklᴅri m¿ᴅyyᴅn edir. PUA sistemlᴅri isᴅ ñbottom-upò yanaĸma ilᴅ bu 
dᴅyiĸikliklᴅrin lokal sᴅbᴅblᴅrini vᴅ detallē x¿susiyyᴅtlᴅrini analiz edir. Yer¿st¿ sensorlar vᴅ IoT 
sistemlᴅri isᴅ y¿ksᴅk dᴅqiqlikli referens mᴅlumatlar tᴅqdim edᴅrᴅk m¿ĸahidᴅlᴅrin 
kalibrasiyasēnē vᴅ validasiyasēnē tᴅmin edir. Bu ¿­ sᴅviyyᴅnin inteqrasiyasē nᴅticᴅsindᴅ 
mᴅlumatlarēn dᴅqiqliyi vᴅ etibarlēlēĵē maksimum sᴅviyyᴅyᴅ ­atdērēlēr. 
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Data fusion (mᴅlumatlarēn birlᴅĸdirilmᴅsi) bu ekosistemin ᴅsas texnoloji 
komponentlᴅrindᴅn biridir. M¿xtᴅlif mᴅnbᴅlᴅrdᴅn ï peyk, PUA vᴅ yer¿st¿ sensorlardan ï ᴅldᴅ 
olunan mᴅlumatlar vahid analitik platformada inteqrasiya edilᴅrᴅk daha zᴅngin vᴅ ­oxºl­¿l¿ 
informasiya m¿hiti yaradēlēr. Bu yanaĸma multi-source intelligence (­oxmᴅnbᴅli kᴅĸfiyyat) 
konsepsiyasēnēn ᴅsasēnē tᴅĸkil edir vᴅ qᴅrar qᴅbuletmᴅ proseslᴅrinin keyfiyyᴅtini ᴅhᴅmiyyᴅtli 
dᴅrᴅcᴅdᴅ artērēr. 

ISR (Intelligence, Surveillance, Reconnaissance) arxitekturasē mᴅhz bu platformalararasē 
sinerji ¿zᴅrindᴅ qurulur. Mᴅlumatlarēn toplanmasē, emalē, analizi vᴅ paylaĸēlmasē mᴅrhᴅlᴅlᴅri 
vahid sistem daxilindᴅ ᴅlaqᴅlᴅndirilir vᴅ real vaxt rejiminᴅ yaxēn situasiya ĸ¿uru formalaĸdērēlēr. 
Bu isᴅ hᴅm strateji, hᴅm dᴅ taktiki sᴅviyyᴅdᴅ qᴅrarlarēn daha ᴅsaslandērēlmēĸ vᴅ operativ qᴅbul 
edilmᴅsinᴅ imkan verir. 

Nᴅticᴅ etibarilᴅ, kosmik, hava vᴅ yer¿st¿ platformalarēn inteqrasiyasē m¿asir geomᴅkan 
kᴅĸfiyyatēnēn ᴅsasēnē tᴅĸkil edᴅn kompleks ekosistem yanaĸmasēnē formalaĸdērēr. Bu yanaĸma 
yalnēz mᴅlumatlarēn toplanmasēnē deyil, onlarēn effektiv analizi vᴅ istifadᴅsini tᴅmin edᴅrᴅk 
m¿asir m¿haribᴅlᴅrdᴅ informasiya ¿st¿nl¿y¿n¿n ᴅldᴅ olunmasēnda hᴅlledici rol oynayēr. 

S¿ni Ķntellekt vᴅ ISR Sistemlᴅri: M¿asir geomᴅkan kᴅĸfiyyat ekosistemindᴅ s¿ni 
intellekt (AI) texnologiyalarēnēn tᴅtbiqi ISR (Intelligence, Surveillance, Reconnaissance) 
sistemlᴅrini keyfiyyᴅtcᴅ yeni mᴅrhᴅlᴅyᴅ y¿ksᴅldir. ᴄnᴅnᴅvi analitik yanaĸmalarēn 
mᴅhdudiyyᴅtlᴅri ï bºy¿khᴅcmli mᴅlumatlarēn emalēnda gecikmᴅlᴅr, insan faktorundan asēlēlēq 
vᴅ subyektiv qiymᴅtlᴅndirmᴅlᴅr ï AI ᴅsaslē sistemlᴅr vasitᴅsilᴅ aradan qaldērēlēr. Nᴅticᴅdᴅ, ISR 
sistemlᴅri yalnēz m¿ĸahidᴅ vᴅ mᴅlumat toplama funksiyasē ilᴅ kifayᴅtlᴅnmᴅyᴅrᴅk, eyni 
zamanda analitik, proqnostik vᴅ qᴅrar dᴅstᴅk funksiyalarēnē icra edᴅn intellektual platformalara 
­evrilir. 

S¿ni intellektin ᴅsas ¿st¿nl¿y¿ m¿xtᴅlif mᴅnbᴅlᴅrdᴅn (peyk, PUA, yer¿st¿ sensorlar) ᴅldᴅ 
olunan heterogen geomᴅkan verilᴅnlᴅrin avtomatlaĸdērēlmēĸ ĸᴅkildᴅ emal edilmᴅsi vᴅ 
strukturlaĸdērēlmasēdēr. Bu yanaĸma real vaxt rejiminᴅ yaxēn situasiya ĸ¿urunun 
formalaĸdērēlmasēna vᴅ ᴅmᴅliyyat m¿hitindᴅ dᴅyiĸikliklᴅrᴅ dᴅrhal reaksiya verilmᴅsinᴅ imkan 
yaradēr. Belᴅliklᴅ, AI texnologiyalarē m¿asir m¿haribᴅlᴅrdᴅ informasiya ¿st¿nl¿y¿n¿n tᴅmin 
edilmᴅsindᴅ ᴅsas determinantlardan biri kimi ­ēxēĸ edir. 

AI ᴅsaslē geomᴅkan analiz: Geomᴅkan mᴅlumatlarēn analizi sahᴅsindᴅ s¿ni intellektin 
ᴅn geniĸ tᴅtbiq sahᴅlᴅrindᴅn biri dᴅrin ºyrᴅnmᴅ (Deep Learning) metodlarēna ᴅsaslanan model 
vᴅ alqoritmlᴅrdir. X¿susilᴅ konvolyusiya neyron ĸᴅbᴅkᴅlᴅri (Convolutional Neural Networks ï 
CNN) tᴅsvirlᴅrin emalē vᴅ interpretasiyasē ¿­¿n y¿ksᴅk effektivlik n¿mayiĸ etdirir. CNN 
arxitekturalarē ­oxºl­¿l¿ tᴅsvir mᴅlumatlarēnē analiz edᴅrᴅk obyektlᴅrin avtomatik tanēnmasē, 
tᴅsnifatē vᴅ lokalizasiyasē kimi m¿rᴅkkᴅb tapĸērēqlarē y¿ksᴅk dᴅqiqliklᴅ hᴅyata ke­irir. 

Obyekt tanēma (object detection) alqoritmlᴅri geomᴅkan kᴅĸfiyyatēn ᴅsas 
komponentlᴅrindᴅn biridir. Bu alqoritmlᴅr vasitᴅsilᴅ peyk vᴅ PUA tᴅsvirlᴅrindᴅ hᴅrbi texnika, 
infrastruktur obyektlᴅri, nᴅqliyyat vasitᴅlᴅri vᴅ digᴅr strateji elementlᴅr avtomatik ĸᴅkildᴅ 
identifikasiya olunur. M¿asir modellᴅr (mᴅsᴅlᴅn, YOLO, Faster R-CNN vᴅ s.) real vaxt rejiminᴅ 
yaxēn s¿rᴅtlᴅ iĸlᴅyᴅrᴅk geniĸ ᴅrazilᴅrdᴅ obyektlᴅrin s¿rᴅtli aĸkarlanmasēnē tᴅmin edir vᴅ taktiki 
qᴅrarlarēn qᴅbulunda m¿h¿m rol oynayēr. 

Dᴅyiĸiklik analizi (change detection) isᴅ zaman sēralē geomᴅkan mᴅlumatlarēn m¿qayisᴅsi 
ᴅsasēnda hᴅyata ke­irilir vᴅ m¿asir ISR sistemlᴅrindᴅ strateji ᴅhᴅmiyyᴅt daĸēyēr. Bu metod 
vasitᴅsilᴅ m¿ᴅyyᴅn ᴅrazidᴅ baĸ verᴅn dᴅyiĸikliklᴅr ï yeni tikililᴅrin yaranmasē, hᴅrbi texnikanēn 
dislokasiyasē, infrastrukturdakē modifikasiyalar vᴅ ya fᴅaliyyᴅt intensivliyinin artmasē ï 
avtomatik olaraq m¿ᴅyyᴅn edilir. S¿ni intellekt ᴅsaslē dᴅyiĸiklik analizi modellᴅri bu proseslᴅri 
y¿ksᴅk dᴅqiqliklᴅ vᴅ minimal insan m¿daxilᴅsi ilᴅ hᴅyata ke­irᴅrᴅk proqnostik analitikaya 
zᴅmin yaradēr [7, s. 102]; [18]. Belᴅliklᴅ, AI ᴅsaslē geomᴅkan analiz texnologiyalarē ISR 
sistemlᴅrini statik m¿ĸahidᴅ alᴅtindᴅn dinamik vᴅ adaptiv analitik platformaya ­evirir. Bu isᴅ 
hᴅm taktiki, hᴅm dᴅ strateji sᴅviyyᴅdᴅ qᴅrar qᴅbuletmᴅ proseslᴅrinin effektivliyini ᴅhᴅmiyyᴅtli 
dᴅrᴅcᴅdᴅ artērēr. 
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Avtomatlaĸdērēlmēĸ kᴅĸfiyyat sistemlᴅri:S¿ni intellekt texnologiyalarēnēn inkiĸafē ilᴅ ISR 
sistemlᴅrindᴅ avtomatlaĸdērma sᴅviyyᴅsi ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artmēĸdēr. ᴄnᴅnᴅvi ñhuman-in-
the-loopò yanaĸmasēnda qᴅrar qᴅbuletmᴅ prosesindᴅ insan operator ᴅsas rol oynayēr vᴅ 
sistem yalnēz dᴅstᴅk funksiyasē yerinᴅ yetirir. Lakin m¿asir AI ᴅsaslē sistemlᴅr bu modeli 
transformasiya edᴅrᴅk ñhuman-on-the-loopò vᴅ bᴅzi hallarda ñhuman-out-of-the-loopò 
yanaĸmalarēna ke­idi m¿mk¿n edir. 

ñHuman-on-the-loopò modelindᴅ sistemlᴅrin ᴅsas analitik vᴅ qᴅrar qᴅbuletmᴅ funksiyalarē 
avtomatlaĸdērēlēr, insan isᴅ yalnēz nᴅzarᴅt­i vᴅ m¿daxilᴅedici rolunda ­ēxēĸ edir. Bu yanaĸma 
ᴅmᴅliyyatlarēn s¿rᴅtini artērēr vᴅ insan faktorundan qaynaqlanan sᴅhvlᴅri minimuma endirir. Daha 
inkiĸaf etmiĸ ñhuman-out-of-the-loopò sistemlᴅrindᴅ isᴅ m¿ᴅyyᴅn ᴅmᴅliyyatlar tam avtonom ĸᴅkildᴅ 
hᴅyata ke­irilir vᴅ s¿ni intellekt alqoritmlᴅri qᴅrarlarē m¿stᴅqil olaraq qᴅbul edir. 

Bu, x¿susilᴅ real vaxt reaksiyasē tᴅlᴅb edᴅn hᴅrbi ssenarilᴅrdᴅ kritik ¿st¿nl¿k tᴅmin edir. 
Qᴅrar dᴅstᴅk sistemlᴅri (Decision Support Systems ï DSS) bu transformasiyanēn ᴅsas 

komponentlᴅrindᴅn biridir. AI ᴅsaslē DSS platformalarē bºy¿khᴅcmli mᴅlumatlarē analiz edᴅrᴅk 

alternativ ssenarilᴅr yaradēr, risklᴅri qiymᴅtlᴅndirir vᴅ optimal qᴅrar variantlarēnē tᴅklif edir. Bu 

sistemlᴅr komanda-nᴅzarᴅt (C2/C4ISR) strukturlarē ilᴅ inteqrasiya olunaraq ᴅmᴅliyyatlarēn 

koordinasiyasēnē vᴅ effektivliyini artērēr. 

Nᴅticᴅ etibarilᴅ, avtomatlaĸdērēlmēĸ ISR sistemlᴅri s¿ni intellektin tᴅtbiqi ilᴅ daha ­evik, 

s¿rᴅtli vᴅ adaptiv xarakter alēr. Bu sistemlᴅr yalnēz mᴅlumat toplamaq vᴅ analiz etmᴅk 

funksiyasē ilᴅ mᴅhdudlaĸmēr, eyni zamanda strateji vᴅ taktiki qᴅrarlarēn qᴅbulunda aktiv rol 

oynayaraq m¿asir m¿haribᴅlᴅrdᴅ informasiya ¿st¿nl¿y¿n¿n ᴅsas tᴅminat­ēsēna ­evrilir. 

Aparēlmēĸ tᴅhlil gºstᴅrir ki, geomᴅkan kᴅĸfiyyat ekosistemlᴅrinin ­oxsᴅviyyᴅli arxitekturasē 

kosmik platformalar, PUA sistemlᴅri vᴅ yer¿st¿ sensor ĸᴅbᴅkᴅlᴅrinin inteqrasiyasē ᴅsasēnda 

formalaĸaraq m¿asir ISR sistemlᴅrinin funksional ᴅsasēnē tᴅĸkil edir. Kosmik platformalar geniĸ 

ᴅrazilᴅrdᴅ fasilᴅsiz m¿ĸahidᴅ vᴅ uzunm¿ddᴅtli zaman sēralē verilᴅnlᴅrin toplanmasēnē tᴅmin 

etmᴅklᴅ makro-sᴅviyyᴅli strateji analiz ¿­¿n fundamental informasiya bazasē yaradēr Bu 

mᴅlumatlar geniĸ ᴅrazilᴅrdᴅ baĸ verᴅn dᴅyiĸikliklᴅrin dinamikasēnē izlᴅmᴅyᴅ vᴅ uzunm¿ddᴅtli 

tendensiyalarē m¿ᴅyyᴅn etmᴅyᴅ imkan verir. 

PUA sistemlᴅri isᴅ bu qlobal m¿ĸahidᴅ fonunu tamamlayaraq mikro-sᴅviyyᴅli taktiki 

¿st¿nl¿k tᴅmin edir. Santimetr sᴅviyyᴅli ayērdetmᴅ qabiliyyᴅti vᴅ ­evik istifadᴅ imkanlarē 

sayᴅsindᴅ PUA-lar peyk sistemlᴅrinin mᴅhdudiyyᴅtlᴅrini kompensasiya edir vᴅ lokal sᴅviyyᴅdᴅ 

detallē analiz aparmaĵa ĸᴅrait yaradēr. Edge computing texnologiyalarēnēn tᴅtbiqi isᴅ 

mᴅlumatlarēn real vaxt rejiminᴅ yaxēn emalēnē m¿mk¿n edᴅrᴅk operativ qᴅrar qᴅbuletmᴅ 

proseslᴅrini s¿rᴅtlᴅndirir vᴅ gecikmᴅlᴅri minimuma endirir  

Platformalararasē sinerji nᴅticᴅsindᴅ formalaĸan inteqrasiya olunmuĸ geomᴅkan kᴅĸfiyyat 

ekosistemi ñtop-downò vᴅ ñbottom-upò analitik yanaĸmalarēn sintezini tᴅmin edir. Bu yanaĸma 

m¿xtᴅlif mᴅnbᴅlᴅrdᴅn ᴅldᴅ olunan mᴅlumatlarēn birlᴅĸdirilmᴅsi (data fusion) vᴅ ­oxmᴅnbᴅli 

kᴅĸfiyyatēn (multi-source intelligence) formalaĸdērēlmasē ilᴅ nᴅticᴅlᴅnir ki, bu da qᴅrar 

qᴅbuletmᴅ proseslᴅrinin dᴅqiqliyini vᴅ etibarlēlēĵēnē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artērēr  

S¿ni intellekt texnologiyalarēnēn ISR sistemlᴅrinᴅ inteqrasiyasē isᴅ geomᴅkan analiz 

proseslᴅrini keyfiyyᴅtcᴅ yeni mᴅrhᴅlᴅyᴅ y¿ksᴅldir. CNN vᴅ digᴅr dᴅrin ºyrᴅnmᴅ modellᴅri 

vasitᴅsilᴅ obyekt tanēma, dᴅyiĸiklik analizi vᴅ proqnostik modellᴅĸdirmᴅ kimi m¿rᴅkkᴅb analitik 

tapĸērēqlar avtomatlaĸdērēlmēĸ ĸᴅkildᴅ hᴅyata ke­irilir Bu isᴅ ISR sistemlᴅrini yalnēz m¿ĸahidᴅ 

vasitᴅsi deyil, hᴅm dᴅ adaptiv vᴅ intellektual qᴅrar dᴅstᴅk platformasēna ­evirir. 

Nᴅticᴅ etibarilᴅ, kosmik platformalar, PUA sistemlᴅri vᴅ s¿ni intellekt texnologiyalarēnēn 

inteqrasiyasē m¿asir geomᴅkan kᴅĸfiyyatēnēn ᴅsasēnē tᴅĸkil edᴅn kompleks vᴅ ­oxsᴅviyyᴅli 

ekosistem formalaĸdērēr. Bu ekosistem informasiya ¿st¿nl¿y¿n¿n ᴅldᴅ olunmasēnda hᴅlledici 
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rol oynayaraq hᴅm strateji, hᴅm dᴅ taktiki sᴅviyyᴅdᴅ qᴅrar qᴅbuletmᴅ proseslᴅrinin effektivliyini 

ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artērēr vᴅ m¿asir hᴅrbi ᴅmᴅliyyatlarēn texnoloji ᴅsasēnē m¿ᴅyyᴅn edir. 
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Unmanned Aerial Vehicles (UAVs) and artificial intelligence-based ISR (Intelligence, 

Surveillance, and Reconnaissance) systems play a decisive role in achieving information 

superiority in modern warfare. These systems constitute a critical technological backbone by 

enabling continuous, high-precision data acquisition in real time across complex operational 

environments. UAV platforms operate in synergy with satellite systems, facilitating both macro-

level strategic monitoring and micro-level tactical observation. Through advanced AI 

algorithms, vast volumes of collected data are processed in real time, enabling automated 

object detection, motion tracking, and anomaly identification. This capability significantly 

enhances early threat detection and supports proactive risk management strategies. 

Furthermore, AI-driven ISR systems optimize decision-making processes by delivering 

accurate, timely, and context-aware situational intelligence to command units. Battlespace 

awareness is achieved not only through data acquisition but also via semantic interpretation 
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and predictive analytics. The integration of multimodal dataðvisual, thermal, signal, and 

geospatialðenhances operational coordination and overall mission effectiveness. 

In conclusion, UAV and AI-based ISR systems have evolved beyond traditional 

surveillance tools into essential infrastructures for decision support and strategic planning. By 

improving operational efficiency and enabling real-time intelligence dominance, these 

technologies play a pivotal role in securing strategic superiority and shaping the future of 

warfare. 

Keywords: UAV, artificial intelligence, isr, information superiority, battlespace 
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Introduction 
Before digitalization, accessing information entailed overcoming physical resistance and 

an arduous, manual, labor-intensive process. Todayôs social scientist, however, has the 
opportunity to deepen and publish their research to the extent they have access to electricity, 
computers, and the internet, without the need for the labor-intensive processes of the past. In 
a globalizing world, industrial paradigms are radically changing not only production lines but 
also the way human beings understand and interpret the world. While the promise of "speed 
and automation" offered by Industry 4.0 is giving way to Industry 5.0, which places humans 
and ethical values at the center of technology, the social sciences have become one of the 
most strategic fronts of this transformation. 

This study treats the change and transformation in question not merely as technical 
progress, but as the birth of a new intellectual identity defined as 'Social Scientist 5.0.' Rather 
than a technical introduction to digital tools, the present study adopts an approach that focuses 
on the methodological and conceptual transformation brought about by these tools [3]. 

Throughout this study, we will examine how Geographical Information Systems (GIS) 
transform space from a passive stage into a dynamic actor; explore digital maps of social 
relations through Big Data and Social Network Analysis (SNA); and analyze how texts begin to 
"speak" through technologies such as HTR and OCR, while taking a closer look at concepts 
like Digital Analysis and Text Analysis Methods. However, by shedding light on dark and blind 
spots brought about by this technological superiority, such as "algorithmic bias" and "data 
asymmetry," we will discuss the position of Social Scientist 5.0, who will manage this process. 
Finally, by analyzing the evolving mission and interdisciplinary function of universities that will 
train these new-generation researchers, we will provide a projection for the social scientist 
perspective of the future. 

1.The Anatomy of Digital Transformation: Global Technologies 
a. Geographic Information Systems (GIS): Layering and Mapping of Data 
One of the most critical turning points in the digital evolution of the social sciences is 

referred to in the literature as the "Spatial Turn" [7]. For a long time, traditional social science 
research treated events in a chronological and uniform manner, positioning space merely as a 
passive and flat stage where these events occurred. 

Although this type of digital analysis conducted through geographic layering is not newð
having been a fundamental promise of GIS since the 1960sðit is not yet sufficiently utilized by 
researchers as a research strategy [14]. In conjunction with this situation, the new generation 
of social scientists who acquire spatial analysis competence gain the opportunity to discover 
micro-stories and expressions within maps, offering concrete and data-driven solutions to 
global questions (migration, urban memory, cultural and social heritage). 

b. Big Data Analysis and Social Network Analysis: Relationality of Data and Its 
Digital Reflection 

mailto:hisik@aybu.edu.tr
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The second major milestone in the digitalization process of social sciences consists of 
Big Data and Social Network Analysis methods, which focus on the "relationality" of data rather 
than its quantity. 

Big Data Analysis is the process of extracting meaning from massive piles of 
unstructured data. When digitized newspaper archives, parliamentary minutes, or thousands of 
digital books are scanned using Natural Language Processing (NLP), Sentiment Analysis, and 
other text analysis methods, hidden patterns and connections within the text can be identified 
and rendered meaningful through the "distant reading" [11] technique. 

Social Network Analysis, on the other hand, is not merely a visualization tool in the hands 
of the social scientist, but also a mechanism for testing hypotheses. Networks established 
through correspondence between actors, diplomatic contacts, traveler interactions, or social 
media engagements can be examined using mathematical metrics. This approach provides 
the opportunity to transform "invisible actors" or "tipping points" in social science studies into 
provable findings with numerical data, enabling more holistic inferences. 

c. Digital Analysis and Scanning Methods: From Text to Data, From Data to 
Meaning 

While libraries and archives are static information repositories for the traditional social 
scientist, for Social Scientist 5.0, these spaces possess a dynamic quality processable by 
algorithms. The first step of this transformation involves Optical Character Recognition (OCR) 
and the more advanced Handwritten Text Recognition (HTR) technologies, which enable the 
translation of the analog world into the digital realm. 

Indeed, current studies in which OCR and HTR technologies are used in an integrated 
manner confirm this potential. The web-based tool developed for the automatic transcription of 
Ottoman documents in the T¦BĶTAK project realized by Yeĸilyurt (2025) [5] and his team 
constitutes a concrete example of the combined use of OCR and HTR technologies in this 
field. 

Macro-examinations, such as the ManyEyes software produced in collaboration with IBM 

or n-gram analyses that measure textual dominance, are among the first important steps of 

this technique [10]. At this point, open-source digital humanities tools like Voyant Tools [13] 

come into play. Such platforms provide the researcher with the "macro" structure of the text. 

The true power of these tools lies not in providing definitive results to the researcher, but rather 

in offering a strong starting point for the deep analysis of historical and social documents [9]. 

By visualizing conceptual shifts, discourse changes, and thematic concentrations within a 

collection of tens of thousands of documents using these tools, the social scientist derives new 

research questions that would be inaccessible through traditional methods. 

2. Algorithmic Bias, Data Asymmetry, and Digital Responsibility 
a. Algorithmic Bias and the "Black Box" Problem 
Artificial intelligence and machine learning models used in digital social sciences inherit 

the biases of the datasets on which they are trained [14], [8]. Social Scientist 5.0 must not 
allow the algorithms used to remain as "black boxes" [15]; instead, a competence in an "ethical 
approach" capable of deciphering algorithmic biases in the data processing stage should be 
developed. Indeed, the óEthical Guideline on the Use of Generative Artificial Intelligence in 
Scientific Research and Publication Activities in Higher Education Institutionsô [2], published by 
the Council of Higher Education (Y¥K) in T¿rkiye in May 2024, has moved these concerns to a 
corporate level and drawn a fundamental ethical framework for academia. 

b. Data Asymmetry and the Digital Divide 
The process of digitalization does not progress homogeneously across the world. The 

questions "Which data is being digitized?" and "Whose memory is being recorded?" reveal a 
global data asymmetry [12]. When societies with limited economic and technological means 
are viewed on a global scale, it is observed that two-thirds of the world's population does not 
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yet even have access to a telephone, and the concept of the "digital divide" still constitutes a 
serious obstacle [1], [14]. As long as their historical and social data are not digitized, the risk 
arises that these societies will become "invisible." Otherwise, digital social sciences will turn 
into a limited narrative that tells only the story of "those who can be digitized." 

3. The Evolving Role of Universities 
a. Redesign of the Curriculum and Methodological Permeability 
The training process of Social Scientist 5.0 must begin as early as the undergraduate 

level. "Introduction to Digital Humanities" courses to be integrated into the traditional 
curriculum should provide students with the competence not only to read data but also to 
query it using digital tools. For example, the course titled "Special Topics in History: Digital 
History" offered at John Cabot University [6] serves as an example of this situation, albeit a 
rare one. At another point, the most critical move for universities is to encourage the possibility 
of taking elective courses from Computer Science departments by breaking down 
interdisciplinary walls. 

b. Strategic Incentives and the Evolution of Funding Mechanisms 
The sustainability of the digital transformation depends on institutional and financial 

support mechanisms. University administrations and public institutions should allocate special 
funds under the heading of óDigital Projects in Social Sciencesô and encourage researchers in 
this direction. Indeed, as an institutional response to this necessity, within the scope of the 
'Innovative Solutions Research Projects Support Program in Social and Human Sciences 
(3005)' [4] carried out under the umbrella of T¦BĶTAK in T¿rkiye, it is aimed to transform 
theoretical knowledge into technological outputs by providing budgetary support to original 
projects focused on digital humanities. 

Conclusion 
The concept of "Social Scientist 5.0" addressed in this study is the methodological and 

identity-based equivalent of this transformation specifically within the social sciences. Digital 
transformation has not only provided a toolset that accelerates the social sciences but has also 
constructed a new ground that radically changes the way society, history, and the human being are 
understood. 

As demonstrated by the study; methods such as GIS, Big Data, Social Network Analysis, and 
Text Analysis liberate the social scientist from the labor-intensive process of data and elevate them 
to the position of a strategic interpreter/critic of data. In this process, the role undertaken by 
universities is of vital importance. We must recognize that universities are now evolving into 
dynamic ecosystems that are the heart of hybrid curricula and incentive mechanisms, rather than 
serving a function that merely transmits theoretical knowledge. Ultimately, no matter how much 
digital tools advance, it is the new generation of social scientists who will preserve the memory of 
societies and nations and construct the future with a more holistic perspective. 
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This study examines the paradigm shift in the social sciences and the evolving identity of the 
social scientist in the context of the Fifth Industrial Revolution (Industry 5.0) through the concept of 
the ñSocial Scientist 5.0.ò Unlike the automation- and efficiency-driven model of Industry 4.0, 
Industry 5.0 emphasizes humanïmachine collaboration and ethical values, thereby introducing 
new methodological depth to social science research. The study explores the transformative 
impact of key digital technologiesðsuch as Geographic Information Systems (GIS), Social 
Network Analysis (SNA), and AI-supported text mining (HTR/OCR)ðacross disciplines, 
conceptualized as the ñanatomyò of digital transformation. It highlights how these technologies 
reposition space as an active analytical dimension and transform data from static records into 
dynamic sources for interpreting relationality and contextual meaning. Beyond technological 
advancements, the paper addresses ethical challenges, including algorithmic bias and data 
asymmetry, and emphasizes the critical and supervisory role of the Social Scientist 5.0. For the 
sustainability of this transformation, it argues that universities must evolve into ñMethodological 
Transformation Centersò through interdisciplinary, hybrid curricula and strategic incentive 
mechanisms. Ultimately, the study offers a forward-looking framework and practical 
recommendations for redefining the identity of the next-generation social scientistðone who 
provides meaning, context, and critical insight in an era where technology is increasingly capable 
of processing data. 
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ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʎʝʥʪʨʘʣʴʥʳʡ ʚʦʧʨʦʩ ʠʩʪʦʨʠʠ ʬʠʣʦʩʦʬʠʠ ñʏʪʦ ʝʩʪʴ ʯʝʣʦʚʝʢ?ò ʧʨʠʦʙʨʝʣ 
ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʥʦʚʘʮʠʷʤʠ, ʧʨʠʥʝʩʝʥʥʳʤʠ 
ʵʧʦʭʦʡ ʧʦʩʪʤʦʜʝʨʥʠʟʤʘ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʬʠʣʦʩʦʬʠʷ, ʦʩʦʙʝʥʥʦ ʵʧʦʭʘ ʇʨʦʩʚʝʱʝʥʠʷ, 
ʚʦʩʧʨʠʥʠʤʘʣʘ ʯʝʣʦʚʝʢʘ ʢʘʢ ʩʦʟʥʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʚʩʝʣʝʥʥʦʡ, ʦʙʣʘʜʘʪʝʣʷ ʩʚʦʙʦʜʥʦʡ ʚʦʣʠ 
ʠ ʮʝʣʦʩʪʥʦʝ ʩʫʱʝʩʪʚʦ. ʆʜʥʘʢʦ ʮʠʬʨʦʚʘʷ ʨʝʚʦʣʶʮʠʷ ʨʘʟʨʫʰʠʣʘ ʵʪʫ ʦʥʪʦʣʦʛʠʯʝʩʢʫʶ 
ʮʝʣʦʩʪʥʦʩʪʴ, ʨʘʟʜʝʣʠʚ ʠʥʜʠʚʠʜʘ ʤʝʞʜʫ ʚʠʨʪʫʘʣʴʥʳʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʤʠʨʘʤʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʯʝʣʦʚʝʢʘ ʧʨʝʪʝʨʧʝʣ ʢʦʨʝʥʥʳʝ 
ʠʟʤʝʥʝʥʠʷ. ʄʳ ʙʦʣʴʰʝ ʥʝ ʧʨʦʩʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʫʱʝʩʪʚʘ; ʤʳ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ 
ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʳʭ ʟʥʘʢʦʚ, ʣʦʛʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʛʣʦʙʘʣʴʥʳʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʵʪʦʡ ʥʦʚʦʡ ʨʝʘʣʴʥʦʩʪʠ ʩʫʱʥʦʩʪʴ ʠʥʜʠʚʠʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʥʝ ʩʪʦʣʴʢʦ ʝʛʦ ʬʠʟʠʯʝʩʢʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ, ʩʢʦʣʴʢʦ ʝʛʦ ʮʠʬʨʦʚʳʤʠ ʩʣʝʜʘʤʠ ʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʬʠʣʝʤ ʚ ʩʝʪʠ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʩʪʤʦʜʝʨʥʠʩʪʩʢʦʡ ʵʧʦʭʠ 
ʷʚʣʷʝʪʩʷ ʨʘʩʰʘʪʳʚʘʥʠʝ ʧʦʥʷʪʠʷ çʠʩʪʠʥʘè ʠ ʟʘʤʝʥʘ ʨʝʘʣʴʥʦʩʪʠ ʩʠʤʫʣʷʮʠʷʤʠ. 

ʆʙʨʘʟʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʚʠʟʫʘʣʴʥʳʝ 
ʠʟʦʙʨʘʞʝʥʠʷ; ʵʪʦ ʮʠʬʨʦʚʳʝ ʧʨʦʝʢʮʠʠ ñʠʜʝʘʣʴʥʦʛʦ ʷò, ʢʦʪʦʨʳʝ ʞʝʣʘʥʥʳ ʜʣʷ ʠʥʜʠʚʠʜʘ, 
ʥʦ ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʳ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. ʕʪʦʪ ʬʝʥʦʤʝʥ ʚ ʬʠʣʦʩʦʬʠʠ ʧʦʩʪʤʦʜʝʨʥʠʟʤʘ 
ʨʘʩʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʦʪʯʫʞʜʝʥʠʝ ʯʝʣʦʚʝʢʘ ʦʪ ʩʚʦʝʛʦ ʠʩʪʠʥʥʦʛʦ ʙʳʪʠʷ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʵʢʟʠʩʪʝʥʮʠʘʣʠʟʤʝ (ʥʘʧʨʠʤʝʨ, ʚ ʬʠʣʦʩʦʬʠʠ ɾʘʥʘ-ʇʦʣʷ ʉʘʨʪʨʘ 
ʠʣʠ ɻʘʙʨʠʵʣʷ ʄʘʨʩʝʣʷ) ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʯʝʣʦʚʝʢʘ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ 
ʩʫʱʥʦʩʪʠ. ʆʜʥʘʢʦ ʮʠʬʨʦʚʘʷ ʵʧʦʭʘ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʜʨʳʚʘʝʪ ʵʪʫ ʧʘʨʘʜʠʛʤʫ. ʊʝʧʝʨʴ 
ʜʣʷ ʠʥʜʠʚʠʜʘ ʚʦʧʨʦʩ ñʢʪʦ ʷ?ò ʟʘʤʝʥʷʝʪʩʷ ʚʦʧʨʦʩʘʤʠ ñʢʘʢ ʷ ʚʳʛʣʷʞʫ?ò ʠʣʠ ñʢʘʢ ʤʝʥʷ 
ʚʦʩʧʨʠʥʠʤʘʶʪ?ò. ɺʠʨʪʫʘʣʴʥʳʡ ʦʙʨʘʟ ʢʘʞʝʪʩʷ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠ ʩʦʚʝʨʰʝʥʥʳʤ, 
ʪʘʢ ʢʘʢ ʦʥ ʦʯʠʱʝʥ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ ʨʝʘʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʕʪʘ ʠʣʣʶʟʠʷ ʩʦʚʝʨʰʝʥʩʪʚʘ 
ʟʘʩʪʘʚʣʷʝʪ ʯʝʣʦʚʝʢʘ ʩʪʳʜʠʪʴʩʷ ʩʚʦʝʛʦ ʨʝʘʣʴʥʦʛʦ, ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʥʝʩʦʚʝʨʰʝʥʥʦʛʦ 
ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʧʨʠʚʦʜʷ ʢ ʩʘʤʦʦʪʯʫʞʜʝʥʠʶ. ɺʳʥʦʩʷ ʩʚʦʶ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʚ 
ʮʠʬʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʜʦʙʥʦ ʚʠʪʨʠʥʝ, ʯʝʣʦʚʝʢ ʦʩʪʘʚʣʷʝʪ ʩʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʤʠʨ ʚ 
ʪʝʥʠ ʵʪʠʭ ʚʠʟʫʘʣʴʥʳʭ ʨʝʧʨʝʟʝʥʪʘʮʠʡ. ʇʦʪʨʝʙʥʦʩʪʴ ñʢʘʟʘʪʴʩʷò ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʚʦʝʛʦ 
ʨʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʙʳʪʠʷ. ʇʦʜʭʦʜ ñʝʩʣʠ ʷ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 
ʟʥʘʯʠʪ, ʤʝʥʷ ʥʝʪò ʬʨʘʛʤʝʥʪʠʨʫʝʪ ʚʥʫʪʨʝʥʥʶʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʜʠʚʠʜʘ, ʜʝʣʘʷ ʝʛʦ 
ʟʘʚʠʩʠʤʳʤ ʦʪ ʚʥʝʰʥʠʭ ʦʪʟʳʚʦʚ, ʧʦʢʘʟʘʪʝʣʝʡ ñʣʘʡʢʦʚò ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʮʠʬʨʦʚʳʭ 
ʘʣʛʦʨʠʪʤʦʚ. ʉʘʤʳʡ ʛʣʫʙʦʢʠʡ ʩʣʦʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ 
ʮʠʬʨʦʚʘʷ ʢʦʧʠʷ ʥʘʯʠʥʘʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʦʨʠʛʠʥʘʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʷʪʝʣʴʥʦʩʪʴ ñʙʳʪʴò 
ʫʩʪʫʧʘʝʪ ʤʝʩʪʦ ʘʢʪʫ ñʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴò. 

ʎʠʬʨʦʚʳʝ ʩʝʪʠ ʩʪʠʨʘʶʪ ʨʘʩʩʪʦʷʥʠʷ, ʥʦ ʣʠʰʘʶʪ ʯʝʣʦʚʝʢʘ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠ 
ʞʠʚʦʛʦ ʜʠʘʣʦʛʘ. ʕʪʦ ʩʪʘʚʠʪ ʧʦʜ ʚʦʧʨʦʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ çʟʜʝʩʴ ʠ ʩʝʡʯʘʩè (Dasein) ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʣʦʩʦʬʠʠ ʙʳʪʠʷ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʠʥʩʪʨʫʤʝʥʪ, ʵʪʦ 
ʩʠʣʘ, ʬʦʨʤʠʨʫʶʱʘʷ ʦʙʨʘʟ ʤʳʰʣʝʥʠʷ ʯʝʣʦʚʝʢʘ. ʂʘʢ ʦʪʤʝʯʘʣ ʄʘʨʪʠʥ ʍʘʡʜʝʛʛʝʨ, ʪʝʭʥʠʢʘ 
ʤʦʞʝʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʩʠʩʪʝʤʫ (Gestell), ʧʦʜʯʠʥʷʶʱʫʶ ʯʝʣʦʚʝʢʘ ʩʝʙʝ. 

ʎʠʬʨʦʚʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʥʘʤ, ʯʪʦ ʥʘʤ ʜʦʣʞʥʦ 
ʥʨʘʚʠʪʴʩʷ, ʢʫʜʘ ʠʜʪʠ ʠ ʩ ʢʝʤ ʦʙʱʘʪʴʩʷ, ʯʝʨʝʟ ʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
ʩʠʩʪʝʤ. ʕʪʦ ʦʩʣʘʙʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʜʠʚʠʜʘ ʦʧʨʝʜʝʣʷʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʩʫʜʴʙʫ 
(ʘʚʪʦʥʦʤʠʶ). ɽʩʣʠ ʯʝʣʦʚʝʢ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘ ʢʦʤ ʣʝʞʠʪ ʵʪʠʯʝʩʢʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʵʪʠ ʜʝʡʩʪʚʠʷ? ʕʪʘ ʧʨʦʙʣʝʤʘ 
ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʣʦʞʥʝʡʰʠʭ ʵʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʣʦʩʦʬʠʠ. ʄʳ ʫʞʝ 
ʚʩʪʫʧʘʝʤ ʚ ʩʪʘʜʠʶ çʧʦʩʪʯʝʣʦʚʝʢʘè. ʉʪʦʨʦʥʥʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʵʚʦʣʶʮʠʠ 
ʧʨʝʜʣʘʛʘʶʪ ʫʩʪʨʘʥʷʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ 
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(ʦʮʠʬʨʦʚʢʘ ʧʘʤʷʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ), ʯʪʦ ʨʘʟʤʳʚʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʛʨʘʥʠʮʳ 
ʧʦʥʷʪʠʷ çʯʝʣʦʚʝʢè. 

ʇʝʨʝʜ ʣʠʮʦʤ ʮʠʬʨʦʚʳʭ ʚʳʟʦʚʦʚ ʵʧʦʭʠ ʧʦʩʪʤʦʜʝʨʥʠʟʤʘ ʟʘʜʘʯʘ ʬʠʣʦʩʦʬʠʠ ð ʧʦʤʦʯʴ 
ʯʝʣʦʚʝʢʫ ʟʘʥʦʚʦ ʥʘʡʪʠ ʩʝʙʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʥʝʠʟʙʝʞʥʦ, ʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ 
ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʦʧʫʩʪʦʰʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ ʯʝʣʦʚʝʢʘ. ʋʩʪʨʘʥʝʥʠʝ 
ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʩʦʟʜʘʥʥʦʛʦ ʮʠʬʨʦʚʦʡ ʵʧʦʭʦʡ, ʪʨʝʙʫʝʪ ʟʘʱʠʪʳ ʩʚʦʙʦʜʥʦʡ ʚʦʣʠ 
ʥʝ ʪʦʣʴʢʦ ʥʘ ʶʨʠʜʠʯʝʩʢʦʤ, ʥʦ ʠ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʬʠʣʦʩʦʬʩʢʦʤ ʫʨʦʚʥʝ. 

ʃʦʛʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʤʝʭʘʥʠʟʤʳ ʚʳʙʦʨʘ ʯʝʣʦʚʝʢʘ, 
ʜʦʣʞʥʳ ʧʝʨʝʩʪʘʪʴ ʙʳʪʴ ñʯʝʨʥʳʤ ʷʱʠʢʦʤò. ʌʠʣʦʩʦʬʠʷ ʫʪʚʝʨʞʜʘʝʪ: ʝʩʣʠ ʤʝʭʘʥʠʟʤ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʩʪʘʝʪʩʷ ʥʝʧʦʩʪʠʞʠʤʳʤ ʠ ʥʝʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʩʦʟʥʘʥʠʷ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʫʛʨʦʟʦʡ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʘ. ʉʚʦʙʦʜʘ ʚʦʣʠ ʧʨʷʤʦ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʩʦʟʥʘʥʠʶ ʯʝʣʦʚʝʢʦʤ ʩʠʣ, ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʛʦ. ʇʦʵʪʦʤʫ ʜʦʣʞʥʘ ʙʳʪʴ 
ʦʙʝʩʧʝʯʝʥʘ ñʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴò ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ. 

ɺʦʧʨʦʩ ʮʠʬʨʦʚʳʭ ʧʨʘʚ ʜʦʣʞʝʥ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ çʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʘʚʪʦʥʦʤʠʷè 
ʣʠʯʥʦʩʪʠ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʤʠʨʝ. ʏʝʣʦʚʝʢ ʜʦʣʞʝʥ ʩʪʘʪʴ ʘʙʩʦʣʶʪʥʳʤ ʭʦʟʷʠʥʦʤ ʩʚʦʠʭ 
ʮʠʬʨʦʚʳʭ ʩʣʝʜʦʚ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʘʟ ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʨʘʟʘ. ʕʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʠʤʧʝʨʘʪʠʚʘ ʀʤʤʘʥʫʠʣʘ ʂʘʥʪʘ çʯʝʣʦʚʝʢ ʝʩʪʴ ʮʝʣʴ, ʘ ʥʝ ʩʨʝʜʩʪʚʦè ʢ ʮʠʬʨʦʚʦʡ ʵʧʦʭʝ. 
ɼʣʷ ʟʘʱʠʪʳ ʩʚʦʙʦʜʥʦʡ ʚʦʣʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʪʨʦʝʥʘ ñʮʝʣʝʚʘʷ ʦʩʥʦʚʘò, ʛʜʝ ʥʝ 
ʪʝʭʥʦʣʦʛʠʷ ʥʘʧʨʘʚʣʷʝʪ ʯʝʣʦʚʝʢʘ, ʘ ʯʝʣʦʚʝʢ ð ʪʝʭʥʦʣʦʛʠʶ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʣʠʯʥʦʩʪʠ ʚ ʮʠʬʨʦʚʦʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʛʣʫʙʦʢʦʝ ʬʠʣʦʩʦʬʩʢʦʝ ʧʨʦʩʚʝʱʝʥʠʝ. ɺ ʥʦʚʫʶ ʵʧʦʭʫ ʜʣʷ 
ʟʘʱʠʪʳ ʜʫʭʦʚʥʳʭ ʮʝʥʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʚʠʪʘ ʢʦʥʮʝʧʮʠʷ çʮʠʬʨʦʚʦʛʦ 
ʛʫʤʘʥʠʟʤʘè. ʊʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʩʣʫʞʠʪʴ ʨʘʟʫʤʫ ʠ ʜʫʰʝ ʯʝʣʦʚʝʢʘ, ʘ ʥʝ ʟʘʤʝʥʷʪʴ ʠʭ. 
ʏʝʣʦʚʝʢ ʜʦʣʞʝʥ ʟʘʱʠʱʘʪʴ ʩʚʦʶ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ, ʩʪʘʚʷ ʩʚʦʡ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʣʣʝʢʪ 
ʠ ʪʚʦʨʯʝʩʪʚʦ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʡ. ʌʠʣʦʩʦʬʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʫʜʫʱʝʝ 
ʯʝʣʦʚʝʯʝʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʩʠʥʪʝʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʭ 
ʮʝʥʥʦʩʪʝʡ. 
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       The article presents a philosophical analysis of the transformation of human subjectivity 
in the context of the postmodern era and the rapidly expanding digital environment. It explores the 
ontological shift in which the classical concept of the ñunified selfò is increasingly replaced by a 
fragmented ñdigital personaò shaped by informational flows and logical-mathematical structures. 
The study examines the existential tension between ñbeingò and ñappearing,ò arguing that virtual 
simulations often overshadow objective reality and may lead to forms of self-alienation. Drawing on 
the philosophical perspectives of Martin Heidegger and Immanuel Kant, the research synthesizes 
Heideggerôs critique of technology with Kantôs ethical imperatives in order to address the emerging 
problem of free will under conditions of algorithmic determinism. The article argues that the 
increasing influence of algorithmic systems and digital platforms challenges traditional notions of 
autonomy and personal identity. In conclusion, the author suggests that the restoration of human 
agency in the digital age requires the development of a new conceptual framework of ñdigital 
humanism.ò Such a framework should emphasize ethical responsibility, critical awareness of 
technological mediation, and the establishment of ontological sovereignty over oneôs digital data 
and virtual identity. 

Keywords: postmodern era, digital environment, philosophy of being, transformation of 
personality, virtual reality, digital humanism 
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M¦ASĶR D¦NYADA S¦LH Vᴄ TᴄHL¦KᴄSĶZLĶYᴄ ¢AĴIRIķLAR: YENĶ D¦NYA                                            
NĶZAMI Vᴄ GEOSĶYASᴄT 
H¿seyn Taĵē oĵlu Budaqov1 

Elg¿n Mᴅhᴅmmᴅdᴅli oĵlu Aslanov2 
e.aslanov85@mail.ru 

Azᴅrbaycan Texnologiya Universiteti1 
Azᴅrbaycan Dºvlᴅt Aqrar Universiteti2 

Bu g¿n qlobal cᴅmiyyᴅtdᴅ baĸ verᴅn dᴅyiĸikliklᴅr qlobal tᴅhl¿kᴅsizlik mᴅsᴅlᴅlᴅrinᴅ 
adekvat ĸᴅkildᴅ yanaĸmaĵē tᴅlᴅb edir. Odur ki, hᴅrbi-siyasi vᴅziyyᴅtin ºyrᴅnilmᴅsi, ictimai-
siyasi tarazlēĵa vᴅ sabitliyᴅ qarĸē tᴅhdidlᴅrin qarĸēsēnēn alēnmasē ¿­¿n tᴅsirli tᴅdbirlᴅrin 
hazērlanmasē tᴅxirᴅsalēnmaz zᴅrurᴅtᴅ ­evrilib. Bu kontekstdᴅ yeni d¿nya d¿zᴅni ¿­¿n modelin 
nᴅzᴅri inkiĸafē x¿susi aktuallēq vᴅ ᴅhᴅmiyyᴅt kᴅsb edir. Bu mᴅqalᴅ davamlē tᴅhl¿kᴅsizlik 
mexanizmlᴅrinin yaradēlmasē zᴅrurᴅtini diktᴅ edᴅn XX ᴅsrin ikinci yarēsēnda baĸ verᴅn hᴅrbi-
siyasi hadisᴅ vᴅ proseslᴅri araĸdērēr.  

XX ᴅsrin ikinci yarēsēnda beynᴅlxalq m¿nasibᴅtlᴅrin xarakteri vᴅ qlobal tᴅhl¿kᴅsizlik 
sferasēnda yaranan problemlᴅrin ekzistensial xarakteri 

1949-cu ildᴅ sosialist yºn¿ml¿ Avropa vᴅ d¿nya dºvlᴅtlᴅrinin iĸtirak etdiyi Qarĸēlēqlē Ķqtisadi 
Yardēm ķurasē (QĶYķ) yaradēldē. 1949-1991-ci illᴅrdᴅ fᴅaliyyᴅt gºstᴅrᴅn vᴅ hºkumᴅtlᴅrarasē iqtisadi 
tᴅĸkilat olan QĶYķ 1949-cu il yanvar ayēnēn 18-dᴅ SSRĶ, Albaniya, Bolqarēstan, Macarēstan, Polĸa 
vᴅ Rumēniya dºvlᴅt baĸ­ēlarēnēn birgᴅ qᴅrarē ilᴅ yaradēlmēĸ vᴅ 28 iyun 1991-ci ildᴅ lᴅĵv edilmiĸdir. 
Tᴅĸkilatēn Mᴅnzil-qᴅrargahē SSRĶ-nin paytaxtē Moskva ĸᴅhᴅrindᴅ yerlᴅĸirdi. Sosialist dºvlᴅtlᴅrinin 
iqtisadi ittifaqēnēn yaradēlmasē tᴅĸᴅbb¿s¿nᴅ cavab olaraq Qᴅrbi Avropa dºvlᴅtlᴅri dᴅ dᴅrhal ºzlᴅrinin  
iqtisadi tᴅĸkilatēnē - Avropa Ķqtisadi Birliyini (AĶB) yaratdēlar. 12 Avropa dºvlᴅtini birlᴅĸdirᴅn hᴅmin 
regional inteqrasiya birliyi 1957-ci ildᴅ yaradēlmēĸ vᴅ 1993-c¿ ildᴅ ᴅvvᴅlki strukturda ºz fᴅaliyyᴅtini 
dayandēraraq vᴅ yeni qurum (Avropa Ķttifaqē) kimi fᴅaliyyᴅtᴅ baĸlamēĸdēr. Belᴅliklᴅ, qlobal hᴅrbi-
siyasi, iqtisadi vᴅ ideoloji qarĸēdurma ilᴅ sᴅciyyᴅlᴅnᴅn yeni tarixi dºvr d¿nyanēn ᴅvvᴅlki gºrkᴅmini 
s¿rᴅtlᴅ vᴅ inadla dᴅyiĸmᴅyᴅ baĸladē. Ķdeoloji h¿cum bu dºvrdᴅ qlobal m¿barizᴅnin ᴅsas 
strategiyasē olsa da, onun subyektlᴅri ayrē-ayrē lokal m¿naqiĸᴅlᴅrdᴅ dᴅ iĸtirak edirdilᴅr. XX ᴅsrin 50-
ci illᴅrindᴅ qlobal sosializm sistemindᴅ tᴅmsil olunan ¢in Xalq Respublikasēnēn SSRĶ ilᴅ isti 
m¿nasibᴅtlᴅrinᴅ baxmayaraq, ona qarĸē ᴅrazi iddialarē ilᴅ ­ēxēĸ etmᴅyᴅ baĸladē. Tᴅrᴅflᴅr arasēnda 
ciddi qarĸēdurma isᴅ 1969-cu ildᴅ yarandē. O zaman Damansk adasēnda (Xabarovskdan 230 km 
cᴅnubda, Ussuri ­ayēnēn orta axarēnda yerlᴅĸir, ñDamanskò sºz¿n¿n mᴅnasē ñQiymᴅtli adaò 
demᴅkdir. Ada 1991-ci ildᴅn ¢in Xalq Respublikasēna mᴅxsusdur) SSRĶ ilᴅ ¢in Xalq 
Respublikasēnēn hᴅrbi q¿vvᴅlᴅri arasēnda silahlē toqquĸma baĸ vermiĸ vᴅ Sovet ordusu ¢in hᴅrbi 
q¿vvᴅlᴅrinᴅ gºzlᴅnilmᴅz sarsēdēcē zᴅrbᴅ endirmiĸdi.  

XX ᴅsrin 50-80-ci illᴅrindᴅ d¿nya siyasᴅtinin xarakterini ñSoyuq m¿haribᴅò tᴅĸkil edirdi. Qeyd 
edᴅk ki, ñSoyuq m¿haribᴅò terminini, ilk dᴅfᴅ, 1945-ci il oktyabr ayēnēn 19-da ingilis yazē­ēsē, 
jurnalisti vᴅ publisisti Corc Artur Oruell (1903-1950) hᴅftᴅlik ñTribunò qᴅzetindᴅ dᴅrc olunan ñSᴅn vᴅ 
Atom Bombasēò adlē mᴅqalᴅsindᴅ iĸlᴅtmiĸdir. Bu hadisᴅ rᴅsmi mᴅnbᴅlᴅrdᴅ ñTrumen doktrinasēò 
(1945-1953-c¿ illᴅrdᴅ Demokratlar Partiyasēndan 33-c¿ ABķ prezidenti olmuĸ Harri S.Trumenin 12 
mart 1947-ci il tarixindᴅ ABķ Konqresindᴅki ­ēxēĸēnda elan etdiyi hᴅrbi-siyasi m¿ddᴅalar toplusu). 
ñTrumen doktrinasēònda qeyd olunurdu ki, ñII D¿nya m¿haribᴅsindᴅn sonra yeni d¿nyanēn bir ­ox 

xalqlarēnēn iradᴅsinᴅ zidd olaraq ­oxlu sayda totalitar rejimlᴅr qurulmuĸdurò. Hᴅmin rejimlᴅrᴅ 
qarĸē m¿barizᴅ isᴅ ABķ-ēn rᴅhbᴅrliyi altēnda d¿nyanēn demokratik dºvlᴅtlᴅrinin hᴅrbi-siyasi 
doktrinasēna ­evrilmᴅlidir.  

Qeyd edᴅk ki, m¿asir d¿nya tarixindᴅ ñSoyuq m¿haribᴅò kimi yadda qalan dºvr tᴅkcᴅ 
ideoloji qarĸēdurma vᴅ informasiya m¿haribᴅsi ilᴅ bitmirdi. ABķ hºkumᴅti bununla ᴅlaqᴅdar 
hᴅdᴅ-qorxu vᴅ mᴅcburetmᴅ ¿sullarēna ᴅl atēr, hᴅm­inin Bolqarēstan, Polĸa vᴅ Rumēniyada 
Yalta-Potsdam saziĸinin pozulmasēna etiraz edᴅrᴅk lazēmi tᴅdbirlᴅr gºrmᴅyᴅ ­aĵērērdē [2]. 
ñTruman doktrinasēò, hᴅm­inin T¿rkiyᴅ (Kayaoĵlu, 2009) vᴅ Yunanēstana Sovet tᴅcav¿z¿ 
qarĸēsēnda lazēmi iqtisadi, hᴅrbi vᴅ siyasi yardēm gºstᴅrilᴅcᴅyini bᴅyan edirdi [1]. Sºz¿gedᴅn 
doktrina SSRĶ lideri Ķ.V. Stalinin iĸtirakē ilᴅ II D¿nya m¿haribᴅsi dºvr¿ndᴅ vᴅ m¿haribᴅdᴅn 
sonra yaradēlmēĸ beynᴅlxalq m¿nasibᴅtlᴅrᴅ yenidᴅn baxēlmasē mᴅsᴅlᴅsini qaldērdē. Bºy¿k 
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Britaniyanēn Baĸ naziri Uinston ¢ºr­ill (II D¿nya m¿haribᴅsinin sonunda Klement Ettli) vᴅ ABķ 
prezidenti Franklin Delano Ruzveltlᴅ (II D¿nya m¿haribᴅsinin sonunda Harri Trumen) yanaĸē 
ñTrumen doktrinasēònēn ᴅrsᴅyᴅ gᴅtirilmᴅsindᴅ aĸaĵēdakē ĸᴅxslᴅr dᴅ yaxēndan iĸtirak etmiĸdi: 
Allen Welch Dulles (1893-1969) - amerikalē diplomat vᴅ kᴅĸfiyyat­ē, 1953-1961-ci illᴅrdᴅ ABķ 
Mᴅrkᴅzi Kᴅĸfiyyat Ķdarᴅsinin direktoru; Loyal Henderson (1892ï1986) - amerikalē diplomat, 
SSRĶ vᴅ Yaxēn ķᴅrq ¿zrᴅ m¿tᴅxᴅssis; Den A­eson (1893-1971) - 1949-1953-c¿ illᴅrdᴅ 
H.Truman administrasiyasēnda Dºvlᴅt katibi vᴅzifᴅsindᴅ ­alēĸmēĸ amerikalē siyasᴅt­i; Corc 
Kennan (1904ï2005) - tanēnmēĸ amerikalē politoloq, ñTutma siyasᴅtininò (qarĸēsēnē almaq 
mᴅnasēnda) banisi. 

Adi silahlarēn vᴅ n¿vᴅ silahēnēn sayē ­oxaldēqca ñSoyuq m¿haribᴅò dᴅ daha tᴅhl¿kᴅli 
olmaĵa baĸladē. Hᴅtta 1962-ci ildᴅ ñKuba raket bºhranēò zamanē ºz¿n¿ b¿ruzᴅ verᴅn III D¿nya 
m¿haribᴅsi tᴅhl¿kᴅsi yarandē. 1989-cu ildᴅ SSRĶ lideri M.S.Qorba­ov (1931-2022, - 1985-
1991-ci illᴅrdᴅ SSRĶ-nin rᴅhbᴅri) vᴅ ABķ prezidenti Corc Herbert Uoker Buĸ Bºy¿k (1924ï
2018, - 1989-1993-c¿ illᴅrdᴅ ABķ-ēn 41-ci prezidenti) arasēnda Malta sammitindᴅ (sammit 
1989-cu il dekabr ayēnēn 2-3-dᴅ Malta adasēnda baĸ tutmuĸdu) ᴅldᴅ edilᴅn razēlaĸma ilᴅ soyuq 
m¿haribᴅyᴅ son qoyuldu. Soyuq m¿haribᴅyᴅ rᴅsmᴅn son qoyan sᴅnᴅd isᴅ 1990-cē il noyabrēn 
21-dᴅ ATᴄT-ᴅ ¿zv dºvlᴅtlᴅrin dºvlᴅt vᴅ hºkumᴅt baĸ­ēlarēnēn gºr¿ĸ¿ndᴅ (Yeni Avropa ¿­¿n 
Paris Xartiyasē) imzalandē. 1992-ci ilin ᴅvvᴅlindᴅ Rusiya Prezidenti B.N.Yeltsin (1931-2007, 
1991-1999-cu illᴅrdᴅ Rusiya Federasiyasēnēn prezidenti) bᴅyan etdi ki, onun ºlkᴅsinin n¿vᴅ 
raketlᴅri indi ABķ vᴅ onun Avropadakē hᴅrbi m¿ttᴅfiqlᴅrinᴅ deyil, Yer k¿rᴅsinin yaĸayēĸ 
olmayan ᴅrazilᴅrinᴅ yºnᴅldilmiĸdir. Nᴅhayᴅt, 1 fevral 1992-ci ildᴅ Vaĸinqtondan 100 km ĸimal-
qᴅrbdᴅ, Merilend ĸtatēnda yerlᴅĸᴅn vᴅ ABķ Prezidentinin istirahᴅt yeri kimi nᴅzᴅrdᴅ tutulan 
Kemp Devid (Kemp Deviddᴅn bir ne­ᴅ kilometr aralēda ñSite Rò kimi tanēnan Raven Rock 
sēĵēnacaĵē var) adlē yerdᴅ ABķ (Corc Buĸ Bºy¿k) Rusiya (Boris N. Yeltsin) arasēnda imzalanan 
qᴅtnamᴅ Rusiya-ABķ qarĸēdurmasēna qᴅti ĸᴅkildᴅ son qoydu. Lakin 2013-2014-c¿ illᴅrdᴅ 
Ukrayna bºhranē, Krēmēn Rusiya tᴅrᴅfindᴅn ilhaqē, nᴅhayᴅt, 24 fevral 2022-ci il tarixindᴅ Rusiya 
ordusunun  Ukraynaya hᴅrbi tᴅcav¿z¿ m¿asir d¿nya tarixindᴅ ñĶkinci Soyuq m¿haribᴅò kimi 
tanēnan yeni hᴅrbi-siyasi qarĸēdurmanē ortaya ­ēxartdē. Belᴅliklᴅ, II D¿nya m¿haribᴅsindᴅn 
sonra baĸlanmēĸ m¿barizᴅ yeni, daha gᴅrgin vᴅ tᴅhl¿kᴅli mºvzularla inkiĸaf etmᴅyᴅ baĸladē. 
Belᴅliklᴅ, m¿asir d¿nyada cᴅrᴅyan edᴅn hᴅrbi-siyasi proseslᴅr mºvcud qarĸēdurmanē getdikcᴅ 
daha da kᴅskinlᴅĸdirir, bᴅĸᴅriyyᴅti s¿rᴅtlᴅ apokaliptik apofeoza aparēr.  

D¿nyada durmadan artan gᴅrginliyin fonunda XX ᴅsrin 50-60c0 illᴅrindᴅ ABķ, Qᴅrbi 
Avropa ºlkᴅlᴅri vᴅ Yaponiya arasēnda m¿nasibᴅtlᴅrin normallaĸdērēlmasēnda m¿h¿m 
irᴅlilᴅyiĸlᴅr ᴅldᴅ edildi. 1951-ci il 8 sentyabr tarixindᴅ San-Fransiskoda (ABķ) Yaponiya ilᴅ 
ke­miĸ antihitler koalisiyasēnēn bir ne­ᴅ ºlkᴅsi arasēnda yeni m¿qavilᴅ imzalandē. M¿qavilᴅ 
Yaponiya ilᴅ Qᴅrb dºvlᴅtlᴅri arasēndakē m¿haribᴅ vᴅziyyᴅtinᴅ son qoydu, Yaponiyanēn 
tᴅzminat ºdᴅmᴅlᴅri mᴅsᴅlᴅsini qanunilᴅĸdirdi. SSRĶ, ¢exoslovakiya vᴅ Polĸa m¿qavilᴅni 
imzalamaqdan imtina etdilᴅr. Onu da qeyd edᴅk ki, mᴅrasimᴅ ¢in vᴅ SSRĶ n¿mayᴅndᴅ 
heyᴅtlᴅri dᴅvᴅt olunmamēĸdē. Bunun sᴅbᴅbi isᴅ ¢inin Tayvana, Peskador vᴅ Parasel adalarēna 
iddialarēnēn nᴅzᴅrᴅ alēnmamasē, Cᴅnubi Saxalin vᴅ Kuril adalarē ¿zᴅrindᴅ SSRĶ-nin 
suverenliyinin qeyd edilmᴅmᴅsi idi. San-Fransisko m¿qavilᴅsindᴅn sonra Yaponiya adalarēnēn  
iĸĵalē (Yaponiya 1945-ci il sentyabrēn 2-dᴅn m¿ttᴅfiqlᴅrin tam nᴅzarᴅti altēnda idi) 1952-ci ildᴅ 
sona ­atdē. 1954-c¿ ildᴅ Yaponiya II D¿nya m¿haribᴅsindᴅn sonra ilk ¥z¿n¿m¿dafiᴅ 
Q¿vvᴅlᴅrini (bu g¿n sayē 247 746 nᴅfᴅrdir) yaratdē [4].  

1953-c¿ il avqustun 19-da ABķ Mᴅrkᴅzi Kᴅĸfiyyat Ķdarᴅsinin (MKĶ) gºrd¿y¿ mᴅxfi 
tᴅdbirlᴅr nᴅticᴅsindᴅ 1951-1953-c¿ illᴅrdᴅ Ķranēn baĸ naziri olmuĸ Mᴅhᴅmmᴅd Mossadēq 
(1882-1967) Ķran neft sᴅnayesini millilᴅĸdirmᴅk ¿­¿n tᴅklif etdiyi layihᴅyᴅ gºrᴅ devrildi (ñAyaksò 
ᴅmᴅliyyatē). Onu Fᴅzlullah Zahidi (1897ï1963, 1953-1955-ci illᴅrdᴅ Ķranēn baĸ naziri) ᴅvᴅz etdi. 
XX y¿zilliyin 50-ci illᴅrdᴅ Qᴅrbin tᴅsiri altēnda Yaxēn ķᴅrqdᴅ baĸ verᴅn ᴅn m¿h¿m hadisᴅlᴅrdᴅn 
biri dᴅ S¿veyĸ bºhranē (S¿veyĸ m¿haribᴅsi, Sinay m¿haribᴅsi vᴅ ya II ᴄrᴅb-Ķsrail m¿haribᴅsi 
kimi dᴅ tanēnēr. M¿naqiĸᴅ tarixdᴅ ñKadeĸò ᴅmᴅliyyatē vᴅ yaxud ñ¦­l¿ tᴅcav¿zò kimi dᴅ 
qalmēĸdēr). 1956-cē ilin oktyabrēndan 1957-ci ilin martēna qᴅdᴅr davam edᴅn hᴅmin m¿naqiĸᴅ 
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nᴅticᴅsindᴅ Misirin baĸ naziri ᴄbd¿l Nasir S¿veyĸ kanalē ¿zᴅrindᴅ Misir dºvlᴅtinin inzibati 
statusunu tᴅsdiqlᴅmᴅyᴅ nail oldu. Bu hadisᴅlᴅrin fonunda 1955-ci il 24 fevral ayēnēn 24-dᴅ 
Bºy¿k Britaniya, ABķ vᴅ T¿rkiyᴅnin tᴅĸᴅbb¿s¿ ilᴅ Yaxēn ķᴅrqdᴅ Mᴅrkᴅzi M¿qavilᴅ Tᴅĸkilatē 
(CENTO, The Central Treaty Organization, ñBaĵdad Paktēò - ing. The Baghdad Pact, - kimi dᴅ 
tanēnēr) yaradēldē. 26 sentyabr 1979-cu ilᴅ qᴅdᴅr q¿vvᴅdᴅ qalan Baĵdad paktē Ķran, Ķraq, 
Pakistan, T¿rkiyᴅ vᴅ Bºy¿k Britaniyanē ᴅhatᴅ edirdi.  

XX ᴅsrin 50-ci illᴅrindᴅ Yaxēn ķᴅrqdᴅ baĸ vermiĸ qalmaqallē vᴅ sᴅs-k¿yl¿ hadisᴅlᴅrdᴅn 
biri dᴅ 1958-ci il iyul ayēnēn 14-dᴅ Ķraq ordusunn generalē ᴄbd¿l Kᴅrim Qasēmēn (1914-1963, 
1958-1963-c¿ illᴅrdᴅ Ķraqēn Baĸ naziri vᴅ M¿dafiᴅ Naziri) baĸ­ēlēq etdiyi ¿syan vᴅ dºvlᴅt 
­evriliĸi nᴅticᴅsindᴅ Haĸimilᴅr monarxiyasēnēn (1932-1958) devrilmᴅsi olmuĸdur. 1932-1958-ci 
illᴅrdᴅ Ķraqa hºkmranlēq etmiĸ Haĸimilᴅr s¿lalᴅsinin sonuncu n¿mayᴅndᴅsi II Seyfᴅl (1935-
1958, 1939-1958-ci illᴅrdᴅ Ķraq kralē) ailᴅsi vᴅ yaxēn adamlarē ilᴅ birlikdᴅ ºld¿r¿ld¿. 

XX ᴅsrin 50-ci illᴅrindᴅ Avropada da ciddi ictimai-siyasi vᴅ sosial-mᴅdᴅni dᴅyiĸikliklᴅrᴅ 
sᴅbᴅb olan hadisᴅlᴅr baĸ verirdi. 1954-c¿ il oktyabr ayēnēn 23-dᴅ Fransa, Bºy¿k Britaniya, 
ABķ, Ķtaliya, Kanada, Bel­ika, Hollandiya, L¿ksemburq vᴅ AFR n¿mayᴅndᴅlᴅrinin imzaladēĵē 
Paris m¿qavilᴅsi ilᴅ AFR vᴅ Avstriyada iĸĵal rejiminᴅ son qoyuldu (1955). Bu NATO-ya ¿zv 
dºvlᴅtlᴅrin birgᴅ qᴅrarē ᴅsasēnda Almaniya Federativ Respublikasē da NATO-ya daxil olmaq 
¿­¿n tᴅklif aldē. Belᴅliklᴅ,  Almaniya Federativ Respublikasēnēn Silahlē Q¿vvᴅlᴅri (Bundesver) 
1955-ci ildᴅ NATO blokuna ¿zv oldu. Bunun hadisᴅnin ardēnca Almaniya Federativ 
Respublikasēnēn ķᴅrqi Avropadakē sosialist rejimlᴅrinᴅ m¿nasibᴅti daha da gᴅrginlᴅĸdi. 1957-ci 
ildᴅ Atom Enerjisi ¿zrᴅ Beynᴅlxalq Agentlik (ing. International Atomic Energy Agency, IAEA) 
yaradēldē. Bu g¿n agentliyin baĸ ofisi Avstriyanēn paytaxtē Vyana ĸᴅhᴅrindᴅ yerlᴅĸir. Bu g¿n 
180 ºlkᴅnin tᴅmsil olunduĵu ñLAEAò tᴅĸkilatēna hazērda argentinalē diplomat Rafael Mariano 
Qrossi (1961) rᴅhbᴅrlik edir [3].  

XX ᴅsrin 50-ci illᴅrindᴅ Avropada baĸ verᴅn ᴅn ºnᴅmli hadisᴅlᴅrdᴅn biri dᴅ Beĸinci 
Fransa Respublikasēnēn (fra. la Cinqui¯me R®publique) yaradēlmasē olmuĸdur. Beĸinci Fransa 
Respublikasē ᴄlcᴅzair m¿haribᴅsindᴅn (fra. Guerre d'Alg®rie - 1954-1962-ci illᴅrdᴅ, o vaxt 
ᴄlcᴅzairdᴅki Fransēz m¿stᴅmlᴅkᴅ hºkumᴅtindᴅn siyasi m¿stᴅqillik tᴅlᴅb edᴅn yerli q¿vvᴅlᴅrin 
¿syanē, 1962-ci il martēn 18-dᴅ Fransa ilᴅ ᴄlcᴅzair arasēnda baĵlanan Evian m¿qavilᴅsi ilᴅ 
sona ­atdē vᴅ 5 iyul 1962-ci ildᴅ ᴄlcᴅzair dºvlᴅti siyasi m¿stᴅqillik ᴅldᴅ etdi) sonra hakimiyyᴅtᴅ 
gᴅlᴅn ķarl Andere Jozef de Qoll (1890-1970, 1959-1969-cu illᴅrdᴅ Fransa prezidenti) 
tᴅrᴅfindᴅn qurulmuĸdur (Kubicek, 2015).   

1950-ci illᴅrdᴅ ñQērmēzē qorxuònun ikinci dºvr¿ndᴅ (1947ï1957) ñSoyuq m¿haribᴅò y¿ksᴅk 
hᴅddᴅ ­atdē. Bu dºvrdᴅ ABķ-da geniĸ antikommunist vᴅ antisovet hᴅrᴅkatē ABķ senatoru 
Cozef R. Makkartinin (1908-1957, - ABķ Konqresinin Respublika­ēlar partiyasēndan olan 
senatoru) adē ilᴅ ñMakkartiizmò (antikommunist vᴅ antiamerikan ᴅhval-ruhiyyᴅlᴅrᴅ qarĸē 
repressiyalarla ᴅlamᴅtdar) adlandērēldē. ñMakkartizmò dºvr¿n¿n ᴅn qalmaqallē hadisᴅsi 
ñRozenberq iĸiò (ABķ kommunistlᴅri Julius Rozenberqin - 1918-1953 vᴅ onun hᴅyat yoldaĸē 
Ethel Qringlass-Rozenbergin - 1915-1953 SSRĶ-yᴅ casusluq etmᴅlᴅri ilᴅ baĵlē ittiham aktē vᴅ 
onlarēn edam edilmᴅsi) idi [6]. 

1952-ci ildᴅ Bºy¿k Britaniya tarixdᴅ ilk dᴅfᴅ olaraq n¿vᴅ silahēnēn sēnaĵēnē ke­irdi. Hᴅmin 
il, hᴅm­inin ABķ-da vᴅ SSRĶ-dᴅ termon¿vᴅ bombalarēnēn sēnaĵē baĸ tutdu. Belᴅ bir ĸᴅraitdᴅ -
1952-ci ildᴅ ABķ-da ke­irilᴅn prezident se­kilᴅrindᴅ Duayt Devid Eyzenhauer (1890ï1969, 
Respublika­ēlar Partiyasēndan ABķ-ēn 34-c¿ prezidenti - 1953-1961) se­ildi. 1957-ci il yanvar 
ayēnēn 5-dᴅ tarixindᴅ Konqresdᴅki son ­ēxēĸēnda Duayt Eyzenhauer ñEyzenhauer doktrinasēò 
kimi tanēnan xarici siyasᴅt proqramēnē elan etdi. Hᴅmin doktrinaya gºrᴅ, kºmᴅyᴅ ehtiyacē olan 
vᴅ hᴅrbi tᴅcav¿zᴅ mᴅruz qalan istᴅnilᴅn ºlkᴅ yardēm ¿­¿n ABķ-a m¿raciᴅt edᴅ bilᴅrdi. 
Eyzenhauer doktrinasēnda ABķ prezidenti sovet tᴅhl¿kᴅsini x¿susi qeyd edirdi. Bu hadisᴅlᴅrin 
fonunda isᴅ s¿rᴅtlᴅ silahlanma prosesi daha da intensiv xarakter aldē. 1957-ci ildᴅ SSRĶ 
qitᴅlᴅrarasē ballistik raketlᴅri sēnaqdan ke­irdi, 1958-ci ildᴅ isᴅ ABķ eyni ĸeyi etdi. II D¿nya 
m¿haribᴅsindᴅn sonra cᴅrᴅyan edᴅn qlobal proseslᴅr aydēn ĸᴅkildᴅ n¿mayiĸ etdirir ki, bu g¿n 
g¿ndᴅn-g¿nᴅ artan qlobal gᴅrginliyin ᴅsas planē mᴅhz o zaman qoyulmuĸ vᴅ hᴅrᴅkᴅtᴅ 
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gᴅtirilmiĸdir. Bu baxēmdan, qarĸēmēzda cᴅrᴅyan edᴅn hadisᴅlᴅri nᴅzᴅrᴅ alsaq, m¿haribᴅ vᴅ 
m¿naqiĸᴅ ideyasēnēn ºz¿ ᴅbᴅdi vᴅ dᴅyiĸmᴅz olduĵu aydēn olur. 

Nᴅticᴅ. M¿asir d¿nyada yaxēn vᴅ uzaq tarix ¿­¿n d¿ĸ¿n¿lm¿ĸ vᴅ mᴅqsᴅdyºnl¿ ĸᴅkildᴅ 
yaradēlmēĸ, hazērda isᴅ qlobal geosiyasᴅtin maraqlarēna xidmᴅt edᴅn ­oxlu sayda oxĸar 
geosiyasi sxemlᴅr mºvcuddur. Lakin ºz daxilindᴅ g¿c vᴅ siyasi iradᴅ tapan bᴅzi xalqlar d¿nya 
dºvlᴅtlᴅrinin ĸēltaqlēqlarēnē qᴅbul etmᴅkdᴅn boyun qa­ērēr vᴅ onlarēn hazērladēqlarē layihᴅlᴅrdᴅ 
m¿vafiq d¿zᴅliĸlᴅr etmᴅyᴅ ­alēĸērlar. Bu cᴅhdlᴅrin nᴅticᴅlᴅri nᴅ qᴅdᴅr acē olsa da, m¿ᴅyyᴅn 
mᴅnada bᴅhrᴅlidir vᴅ tarixi ᴅdalᴅtsizliyᴅ mᴅruz qalmēĸ xalqlarda m¿ᴅyyᴅn ¿mid vᴅ inam 
yaradēr. B¿t¿n bunlar d¿nya d¿zᴅninin ñm¿xtᴅlif daĸlardan vᴅ kᴅrpiclᴅrdᴅn qurulduĵunuò 
n¿mayiĸ etdirir. Bu strukturda hᴅr kᴅs ºz yerini, mºvqeyini, mᴅqsᴅdini, missiyasēnē, dostunu, 
d¿ĸmᴅnini vᴅ ᴅsas mᴅqsᴅdlᴅrini dᴅqiq m¿ᴅyyᴅn edir. Lakin ᴅsrlᴅr ᴅrzindᴅ cēzēlan d¿nya 
layihᴅsinin konturlarēnda ᴅdalᴅtdᴅn uzaq, b¿t¿n azadlēqsevᴅr vᴅ nᴅcib xalqlarēn inkiĸafēna, 
tᴅrᴅqqisinᴅ, birliyinᴅ, xoĸbᴅxtliyinᴅ, gᴅlᴅcᴅyinᴅ ᴅngᴅllᴅr yaradan saysēz-hesabsēz mᴅqamlar 
var. Onlar m¿naqiĸᴅnin ᴅsas mᴅnbᴅyi, regional vᴅ qlobal miqyasda qarĸēdurma yaratmaq 
¿­¿n hazērlanmēĸ hiylᴅgᴅr vᴅ mᴅkrli siyasi hᴅrᴅkᴅtlᴅrin mᴅrkᴅzi olaraq qalēr. Belᴅliklᴅ, mᴅlum 
olur ki, ciddi psixoloji ­ᴅkiyᴅ vᴅ m¿h¿m sosial aspektlᴅrᴅ malik olan ñs¿lhò, ñtᴅhl¿kᴅsizlikò, ñyeni 
d¿nya nizamēò vᴅ ñgeosiyasᴅtò anlayēĸlarē daha geniĸ elmi araĸdērmalar tᴅlᴅb edir.  
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geopolitical landscape of the second half of the twentieth century. This confrontation, widely 
associated with the dynamics of the Cold War, led to the intensification of global political tensions 
and the emergence of various regional conflicts. The study also considers the relevance of these 
historical processes to contemporary international relations. It focuses on analyzing the underlying 
causes of global conflicts and identifying mechanisms that can contribute to strengthening 
international security and stability. Special attention is given to the search for effective approaches 
aimed at maintaining global peace and preventing new geopolitical confrontations. The article 
concludes that understanding the historical foundations of geopolitical rivalry is essential for 
developing strategies that support international cooperation and the formation of a more balanced 
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 1. Introduction 
The Fifth Industrial Revolution represents a paradigm shift from technology-driven 

progress to a more balanced model that integrates human values, ethics, and cultural identity 
into innovation processes [8]. Universities, as key actors in this transformation, are 
increasingly expected to bridge science, technology, and the humanities. 

In this context, literary heritageðsuch as The Book of Dede Korkutðoffers valuable 
insights into shared human experiences, ethical frameworks, and intercultural connections [5]. 
This paper explores how such narratives can contribute to humanities-driven innovation. 

2. Comparative Cultural Analysis 
The analysis focuses on key narrative motifs found in both Azerbaijani and Korean 

traditions: 
Animal-Raised Child Motif: 

Present in the story of Basat and mirrored in Korean tales of children raised by tigers, 
symbolizing resilience and identity formation [4].  

Heavenly Maiden Narrative: 
The interaction between humans and celestial beings in both traditions reflects universal 
themes of desire, morality, and separation [5].  

Hybrid and Supernatural Beings: 
Figures such as Tepegºz (one-eyed monster) parallel Korean goblins (dokkaebi), representing 
liminality and transformation [6].  

Heroic Archetypes: 
Basat and the Korean ñBaby Generalò embody extraordinary strength and destiny, often 
constrained by societal or cosmic forces [2].  

 These parallels suggest a shared mythological structure that extends beyond 
regional boundaries. 

3. Humanities Integration in the Fifth Industrial Revolution 
In the era of advanced technologies such as artificial intelligence and big data, cultural 

narratives can serve as: 
Data Sources for Digital Humanities: 

Epics and folktales provide structured narrative data for AI training and storytelling systems [3].  

Ethical Frameworks: 
Mythological narratives encode moral values that can inform AI ethics and human-centered 
design [7].  

Intercultural Education Tools: 
Comparative literature fosters global understanding, essential in a technologically 
interconnected world [6].  

Innovation Inspiration: 
Traditional stories inspire creative industries such as gaming, virtual reality, and digital 
storytelling [7].  

4. Rethinking Cultural Frameworks 
The study critiques the conventional regional limitations of East Asian Studies, arguing 

that such frameworks overlook historical cultural interactions across Eurasia [6]. 
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By connecting Azerbaijani and Korean traditions, this research proposes a more dynamic 
and network-based understanding of cultural historyðaligned with the interdisciplinary nature 
of the Fifth Industrial Revolution. 

5. Implications for Universities 
Universities play a crucial role in integrating humanities into technological advancement by: 

Promoting interdisciplinary research between literature and technology [8] 
Developing digital archives of cultural heritage [3]  
Encouraging cross-cultural academic collaboration [6]  
Embedding ethical and cultural perspectives into STEM education [7] 
Such approaches directly support the goals of human-centered innovation. 
6. Conclusion 
This study demonstrates that the comparative analysis of Azerbaijani and Korean 

narrative traditions offers valuable insights for the Fifth Industrial Revolution. By integrating 
humanities into technological and academic frameworks, universities can foster more 
inclusive, ethical, and culturally aware innovation systems. 

Epic literature, far from being merely historical artifacts, serves as a dynamic resource for 
shaping the futureðbridging past cultural wisdom with emerging technological possibilities [5]. 
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The transition toward the Fifth Industrial Revolution emphasizes human-centered 

innovation, ethical responsibility, and the integration of technology with cultural and social 

values (Schwab, 2021). Within this context, the humanities play a critical role in preserving 

identity, fostering intercultural dialogue, and shaping inclusive futures. This paper examines 

the cultural and narrative parallels between Azerbaijani and Korean traditions through a 

comparative analysis of The Book of Dede Korkut and Korean folktales, positioning these 

shared mythological structures within the broader discourse of humanities integration in the 

Fifth Industrial Revolution. 

By analyzing recurring motifsðsuch as animal-raised children, supernatural unions, and 
heroic archetypesðthe study reveals deep intercultural connections that transcend geographic 
boundaries (Dundes, 1997; Eliade, 1963). These narrative similarities are interpreted not only 
as literary phenomena but also as cultural data that can inform digital humanities, artificial 
intelligence ethics, and intercultural education (Berry, 2012). 
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Furthermore, the paper challenges the limitations of traditional East Asian Studies by 
proposing a transregional perspective that connects Korean cultural development with wider 
Eurasian traditions, including Azerbaijani epic heritage (Lee, 2003). Ultimately, the study 
argues that epic literature and folklore can contribute to the development of culturally aware 
technologies, interdisciplinary education models, and global cooperation strategies-key pillars 
of the Fifth Industrial Revolution. 

Keywords: Fifth Industrial Revolution, digital humanities, Azerbaijani epics, Korean 
folklore, intercultural connectivity, human-centered innovation 
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Qarabaĵ mᴅsᴅlᴅsi Cᴅnubi Qafqaz regionunun ᴅn m¿rᴅkkᴅb vᴅ uzunm¿ddᴅtli 
m¿naqiĸᴅlᴅrindᴅn biridir. Bu problemin kºklᴅri yalnēz XX ᴅsrin sonlarēnda baĸ verᴅn 
hadisᴅlᴅrlᴅ mᴅhdudlaĸmēr, daha dᴅrin tarixi, etnik vᴅ siyasi faktorlarla baĵlēdēr [7, s.15ï18]. 
Problemin yaranma sᴅbᴅblᴅrini anlamaq ¿­¿n regionun tarixi inkiĸaf mᴅrhᴅlᴅlᴅri kompleks 
ĸᴅkildᴅ tᴅhlil olunmalēdēr. 

Qarabaĵ bºlgᴅsi tarixᴅn Azᴅrbaycan dºvlᴅtlᴅrinin tᴅrkibindᴅ olmuĸ vᴅ burada ᴅsasᴅn 
azᴅrbaycanlē ᴅhali yaĸamēĸdēr [1, s.214ï220]. XVIII ᴅsrdᴅ Qarabaĵ xanlēĵēnēn yaranmasē 
regionun siyasi ᴅhᴅmiyyᴅtini daha da artērmēĸdēr [2, s.34ï40]. XIX ᴅsrin ᴅvvᴅllᴅrindᴅ Rusiya 
imperiyasēnēn regionu iĸĵal etmᴅsindᴅn sonra demoqrafik vᴅziyyᴅtdᴅ ciddi dᴅyiĸikliklᴅr baĸ 
vermiĸdir. 1813-c¿ il G¿l¿stan vᴅ 1828-ci il T¿rkmᴅn­ay m¿qavilᴅlᴅrindᴅn sonra ermᴅni 
ᴅhalinin Ķran vᴅ Osmanlē ᴅrazilᴅrindᴅn Qarabaĵa kº­¿r¿lmᴅsi hᴅyata ke­irilmiĸdir [5, s.45ï52]. 
Bu proses regionda etnik balansēn dᴅyiĸmᴅsinᴅ vᴅ gᴅlᴅcᴅk qarĸēdurmalarēn yaranmasēna 
zᴅmin yaratmēĸdēr [6, s.66ï70]. 

Rusiya imperiyasē regionda mºvqeyini g¿clᴅndirmᴅk ¿­¿n etnik siyasᴅtdᴅn istifadᴅ 
etmiĸdir. Ermᴅni ᴅhalinin kº­¿r¿lmᴅsi vᴅ onlara m¿ᴅyyᴅn imtiyazlarēn verilmᴅsi regionda 
sosial-iqtisadi gᴅrginliyi artērmēĸdēr [5, s.60ï65].  XIX ᴅsrin sonu vᴅ XX ᴅsrin ᴅvvᴅllᴅrindᴅ baĸ 
verᴅn ermᴅni-azᴅrbaycanlē qarĸēdurmalarē (1905ï1907, 1918-1923-c¿ illᴅr) bu siyasᴅtin 
nᴅticᴅsi kimi qiymᴅtlᴅndirilir [6, s.88ï95]. Bu hadisᴅlᴅr iki xalq arasēnda etimadsēzlēĵēn 
dᴅrinlᴅĸmᴅsinᴅ sᴅbᴅb olmuĸdur. 

1923-c¿ ildᴅ Daĵlēq Qarabaĵ Muxtar Vilayᴅtinin yaradēlmasē vᴅ Azᴅrbaycanēn tᴅrkibindᴅ 
saxlanēlmasē m¿naqiĸᴅnin gᴅlᴅcᴅk inkiĸafēna tᴅsir edᴅn ᴅsas amillᴅrdᴅn biri olmuĸdur [7, s. 
120ï125]. Sovet hakimiyyᴅti milli mᴅsᴅlᴅlᴅri formal ĸᴅkildᴅ hᴅll etsᴅ dᴅ, ᴅslindᴅ problemi 
dondurulmuĸ vᴅziyyᴅtdᴅ saxlamēĸdēr. Ermᴅni ᴅhalinin vaxtaĸērē olaraq vilayᴅtin Ermᴅnistana 
birlᴅĸdirilmᴅsi tᴅlᴅbi ilᴅ ­ēxēĸ etmᴅsi gºstᴅrir ki, problem sovet dºvr¿ndᴅ dᴅ latent ĸᴅkildᴅ 
mºvcud olmuĸdur [4, s.130ï135]. 

XX ᴅsrdᴅ milli ideologiyalarēn g¿clᴅnmᴅsi Qarabaĵ mᴅsᴅlᴅsinin kᴅskinlᴅĸmᴅsindᴅ 
m¿h¿m rol oynamēĸdēr. Ermᴅni millᴅt­iliyi vᴅ ñBºy¿k Ermᴅnistanò ideyasē regiona ᴅrazi 
iddialarēnē g¿clᴅndirmiĸdir [3, s.77ï82]. Eyni zamanda, Qarabaĵ azᴅrbaycanlēlar ¿­¿n tarixi vᴅ 
mᴅdᴅni baxēmdan m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. Bu qarĸēlēqlē milli iddialar m¿naqiĸᴅnin 
kompromis yolu ilᴅ hᴅllini ­ᴅtinlᴅĸdirmiĸ onun m¿haribᴅsiz hᴅllini m¿mk¿ns¿z etmiĸdir [2, 
s.55ï60]. 

1980-ci illᴅrin sonlarēnda SSRĶ-dᴅ baĸ verᴅn siyasi proseslᴅr Qarabaĵ mᴅsᴅlᴅsini 
yenidᴅn aktiv fazaya ke­irmiĸdir. 1988-ci ildᴅ baĸlayan hadisᴅlᴅr qēsa m¿ddᴅtdᴅ geniĸmiqyaslē 
m¿naqiĸᴅyᴅ ­evrilmiĸdir [4, s.160ï170]. SSRĶ-nin daĵēlmasē ilᴅ yaranan hakimiyyᴅt boĸluĵu 
silahlē qarĸēdurmalarēn geniĸlᴅnmᴅsinᴅ sᴅbᴅb olmuĸdur. Bu silahlē qarĸēdurma  regionda ciddi 
humanitar vᴅ siyasi problemlᴅr yaratmēĸ vᴅ tᴅrᴅflᴅr arasēnda 1994-c¿ ilᴅ qᴅdᴅr davam edᴅn 
silahlē toqquĸmalarla yᴅni m¿haribᴅ ilᴅ nᴅticᴅlᴅnmiĸdir. [9, s.12ï20]. Azᴅrbaycanlēlar 
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Qarabaĵda daxil olmaqla onun ᴅtrafēndakē ᴅrazilᴅrinin tᴅxminᴅn 20 faizini tᴅrk etmᴅk 
mᴅcburiyyᴅtindᴅ qalmēĸdēlar.  

Qarabaĵ m¿naqiĸᴅsi beynᴅlxalq m¿nasibᴅtlᴅr sistemindᴅ dᴅ m¿h¿m yer tutur. Regionun 
strateji ᴅhᴅmiyyᴅti vᴅ enerji resurslarē bºy¿k dºvlᴅtlᴅrin maraĵēnē artērmēĸdēr [7, s. 200ï210]. 
BMT Tᴅhl¿kᴅsizlik ķurasēnēn qᴅbul etdiyi qᴅtnamᴅlᴅr (822, 853, 874, 884) m¿naqiĸᴅnin 
beynᴅlxalq sᴅviyyᴅdᴅ tanēndēĵēnē vᴅ hᴅllinin vacibliyini gºstᴅrir [10, s.2ï5]. Lakin xarici g¿clᴅrin 
maraqlarēnēn toqquĸmasē problemin uzun m¿ddᴅt hᴅll olunmamasēna tᴅsir etmiĸdir. 

Nᴅticᴅ. Etibarē ilᴅ demᴅk olar ki, Qarabaĵ mᴅsᴅlᴅsinin yaranma sᴅbᴅblᴅri ­oxĸaxᴅli 
xarakter daĸēyēr. Tarixi proseslᴅr, demoqrafik dᴅyiĸikliklᴅr, siyasi qᴅrarlar vᴅ milli ideologiyalar 
bu m¿naqiĸᴅnin formalaĸmasēnda ᴅsas rol oynamēĸdēr [7, s. 250ï255]. Problemin hᴅlli ¿­¿n 
hᴅm tarixi, hᴅm dᴅ m¿asir geosiyasi amillᴅrin nᴅzᴅrᴅ alēnmasē vᴅ uyĵun ĸᴅraitin yaranmasē 
olduqca vacib idi. 2020 vᴅ 2023-c¿ illᴅrdᴅ yaranmēĸ beynᴅlxalq ĸᴅrait Azᴅrbaycana artēq iki 
y¿z ilᴅ yaxēn idiki davam edᴅn mᴅsᴅlᴅni hᴅll etmᴅyᴅ imkan verdi. Nᴅhayᴅt, tarixi ᴅdalᴅt bᴅrpa 
olundu vᴅ mᴅsᴅlᴅ ºz hᴅllini Qarabaĵēn ᴅsl sahiblᴅrinin xeyrinᴅ tapdē.   
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THE ORIGINS OF THE KARABAKH ISSUE: A HISTORICAL AND POLITICAL ANALYSIS 
Shahmar Umud Hasanov 

sahmar5377@mail.ru 
Azerbaijan Technological University 

The Karabakh issue is a complex conflict shaped by historical, demographic, and political 
factors. Its origins can be traced to the demographic changes of the 19th century, associated with 
the incorporation of the region into the Russian Empire and the resettlement of Armenian 
populations in Karabakh. In subsequent periods, ethnic tensions and the establishment of the 
Nagorno-Karabakh Autonomous Oblast during the Soviet era further deepened the problem. 

In the 20th century, the rise of national ideologies and competing territorial claims intensified 
the conflict, and from 1988 it escalated into open armed confrontation. The collapse of the Soviet 
Union accelerated this process and led to a prolonged war. The conflict has also occupied an 
important place in the system of international relations; however, the clash of interests among 
external powers has complicated its resolution. 

Overall, the Karabakh issue is a multifaceted conflict that can only be fully understood 
through the combined analysis of historical, political, and geopolitical factors. 

Keywords: Karabakh issue, historical causes, demographic changes, ethnic conflict, 
national ideology, Soviet policy, armed conflict, geopolitical factors 
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ɺʀʈʊʋɸʃʔʅʓɽ ʇʋʊɽʐɽʉʊɺʀʗ ɺ ʕʊʅʀʏɽʉʂʋʖ ʉʈɽɼʋ: ʀʉʇʆʃʔɿʆɺɸʅʀɽ VR ɼʃʗ 
ʕʄʇɸʊʀʀ ʀ ɿʅɸʂʆʄʉʊɺɸ ʉ ʂʋʃʔʊʋʈʆʁ 

ʐ.ʂ.ʉʫʣʪʘʥʦʚʘ 
sultanova_62@mail.ru 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɹʦʣʘʰʘʢè 
ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʳʟʳʣʦʨʜʘ 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʫʣʴʪʠʢʫʣʴʪʫʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʳʟʦʚʦʤ: ʢʘʢ 
ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʛʣʫʙʦʢʦʝ, ʵʤʦʮʠʦʥʘʣʴʥʦ ʦʢʨʘʰʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʜʨʫʛʦʡ 
ʢʫʣʴʪʫʨʳ ʙʝʟ ʧʨʷʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʝʸ ʥʦʩʠʪʝʣʷʤʠ? ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ï 
ʯʪʝʥʠʝ ʪʝʢʩʪʦʚ, ʧʨʦʩʤʦʪʨ ʬʠʣʴʤʦʚ ʠʣʠ ʣʝʢʮʠʠ ï ʯʘʩʪʦ ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʝʦʜʦʣʝʪʴ 
ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʜʠʩʪʘʥʮʠʶ. ɺ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʳʟʦʚ ʚʦʟʥʠʢʘʝʪ ʪʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʡ 
ʨʝʘʣʴʥʦʩʪʠ (VR), ʢʦʪʦʨʘʷ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪ 
çʧʨʠʩʫʪʩʪʚʠʷè ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʪʴ ʵʤʧʘʪʠʶ. ɼʘʥʥʳʡ ʜʦʢʣʘʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪ VR ʢʘʢ 
ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ çʧʨʦʞʠʪʴè ʜʝʥʴ ʚ ʜʨʫʛʦʡ ʢʫʣʴʪʫʨʝ, ʠ 
ʘʥʘʣʠʟʠʨʫʝʪ ʝʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʣʠʢʫʣʴʪʫʨʥʦʡ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ VR ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʜʠʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʝʥʦʤʝʥʝ 
çʧʨʠʩʫʪʩʪʚʠʷè (presence) ï ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʦʱʫʱʝʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ. 
ʂʦʛʜʘ ʩʪʫʜʝʥʪ ʥʘʜʝʚʘʝʪ VR-ʰʣʝʤ, ʝʛʦ ʤʦʟʛ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʩʦʟʥʘʸʪ 
ʠʩʢʫʩʩʪʚʝʥʥʦʩʪʴ ʧʨʦʠʩʭʦʜʷʱʝʛʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʩʪʦ ʥʘʙʣʶʜʘʪʴ  ʟʘ ʢʫʣʴʪʫʨʥʳʤʠ 
ʧʨʘʢʪʠʢʘʤʠ ʩʦ ʩʪʦʨʦʥʳ, ʘ ʩʪʘʥʦʚʠʪʴʩʷ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʯʘʩʪʥʠʢʦʤ. ʅʘʧʨʠʤʝʨ, 
ʧʨʦʝʢʪ çBeAnotherLabè ʨʘʟʨʘʙʦʪʘʣ ʩʠʩʪʝʤʫ çThe Machine to Be Anotherè, ʛʜʝ ʫʯʘʩʪʥʠʢʠ 
ʚʠʜʷʪ ʤʠʨ ʛʣʘʟʘʤʠ ʯʝʣʦʚʝʢʘ ʜʨʫʛʦʡ ʛʝʥʜʝʨʥʦʡ, ʨʘʩʦʚʦʡ ʠʣʠ ʢʫʣʴʪʫʨʥʦʡ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʊʘʢʦʝ çʚʦʧʣʦʱʝʥʠʝè (embodiment) ʩʥʠʞʘʝʪ ʥʝʷʚʥʫʶ ʧʨʝʜʚʟʷʪʦʩʪʴ ʠ 
ʧʦʚʳʰʘʝʪ ʛʦʪʦʚʥʦʩʪʴ ʢ ʤʝʞʢʫʣʴʪʫʨʥʦʤʫ ʜʠʘʣʦʛʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ 
ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ VR-ʧʦʛʨʫʞʝʥʠʝ ʚ ʞʠʟʥʴ ʤʘʨʛʠʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʳ ʧʨʠʚʦʜʠʪ ʢ 
ʫʩʪʦʡʯʠʚʦʤʫ ʠʟʤʝʥʝʥʠʶ ʫʩʪʘʥʦʚʦʢ [1]. 

ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ ʩʮʝʥʘʨʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ VR ʤʦʞʝʪ ʙʳʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʢʘʢ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʫʯʘʶʱʠʝʩʷ ʧʦʛʨʫʞʘʶʪʩʷ ʚ 
ʩʠʤʫʣʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ: ʥʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ ʧʦʩʝʪʠʪʴ ʪʨʘʜʠʮʠʦʥʥʦʝ ʷʧʦʥʩʢʦʝ ʯʘʝʧʠʪʠʝ 
ʚ ʬʦʨʤʘʪʝ 360Á, ʛʜʝ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʨʝʜʤʝʪʘʤʠ ʠ ʩʣʳʰʘʪʴ 
ʢʦʤʤʝʥʪʘʨʠʠ ʭʦʟʷʠʥʘ ʮʝʨʝʤʦʥʠʠ. ɺʪʦʨʦʡ ʵʪʘʧ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʦʣʝʚʫʶ ʠʛʨʫ ʩ ʵʣʝʤʝʥʪʘʤʠ 
ʚʳʙʦʨʘ: ʩʪʫʜʝʥʪ çʧʨʦʞʠʚʘʝʪè ʜʝʥʴ ʚ ʢʦʯʝʚʦʡ ʩʝʤʴʝ ʚ ʄʦʥʛʦʣʠʠ, ʧʨʠʥʠʤʘʷ ʨʝʰʝʥʠʷ (ʢʘʢ 
ʨʘʟʞʝʯʴ ʦʛʦʥʴ, ʢʘʢ ʧʦʧʨʠʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʨʰʝʛʦ). ʆʰʠʙʢʠ ʟʜʝʩʴ ʥʝ ʠʤʝʶʪ ʨʝʘʣʴʥʳʭ 
ʧʦʩʣʝʜʩʪʚʠʡ, ʯʪʦ ʩʦʟʜʘʸʪ ʙʝʟʦʧʘʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʢʫʣʴʪʫʨʥʦʛʦ 
ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ. ʊʨʝʪʠʡ ʵʪʘʧ ï ʨʝʬʣʝʢʩʠʷ, ʢʦʪʦʨʘʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ 
ʟʘʢʨʝʧʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. ɹʝʟ ʦʙʩʫʞʜʝʥʠʷ VR-ʦʧʳʪ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ ʧʨʦʩʪʦ ʠʛʨʦʡ. 
ʕʬʬʝʢʪʠʚʥʘʷ ʧʝʜʘʛʦʛʠʢʘ VR ʚʢʣʶʯʘʝʪ ʜʝʙʨʠʬʠʥʛ, ʛʜʝ ʦʙʫʯʘʶʱʠʝʩʷ ʩʨʘʚʥʠʚʘʶʪ ʩʚʦʠ 
ʦʱʫʱʝʥʠʷ ʩ ʢʫʣʴʪʫʨʥʳʤʠ ʬʘʢʪʘʤʠ ʠ ʚʳʷʚʣʷʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʩʪʝʨʝʦʪʠʧʳ [2]. 

ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ VR ʚ ʤʫʣʴʪʠʢʫʣʴʪʫʨʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʧʨʷʞʝʥʦ               ʩ 
ʨʠʩʢʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɻʣʘʚʥʳʡ ʨʠʩʢ ï ʩʦʟʜʘʥʠʝ ʫʧʨʦʱʸʥʥʳʭ, ʵʩʩʝʥʮʠʘʣʠʩʪʩʢʠʭ 
ʦʙʨʘʟʦʚ ʢʫʣʴʪʫʨʳ (çʩʠʤʫʣʷʢʨè ʚʤʝʩʪʦ ʨʝʘʣʴʥʦʩʪʠ). ɽʩʣʠ ʨʘʟʨʘʙʦʪʯʠʢ VR-ʧʨʠʣʦʞʝʥʠʷ 
ʥʝ ʧʨʠʚʣʝʢʘʣ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʘʤʦʡ ʢʫʣʴʪʫʨʳ, ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʪʠʨʘʞʠʨʦʚʘʪʴ 
ʢʦʣʦʥʠʘʣʴʥʳʡ ʚʟʛʣʷʜ ʠʣʠ ʪʫʨʠʩʪʠʯʝʩʢʠʡ ʛʣʷʥʝʮ. ɺʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ï ʚʳʩʦʢʘʷ 
ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ, ʯʪʦ ʜʝʣʘʝʪ VR-
ʪʝʭʥʦʣʦʛʠʶ ʧʦʢʘ ʤʘʣʦʜʦʩʪʫʧʥʦʡ ʜʣʷ ʤʘʩʩʦʚʳʭ ʰʢʦʣ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ. 
ʅʘʢʦʥʝʮ, ʯʨʝʟʤʝʨʥʦʝ ʫʚʣʝʯʝʥʠʝ VR ʤʦʞʝʪ ʧʦʜʤʝʥʷʪʴ ʨʝʘʣʴʥʦʝ ʤʝʞʢʫʣʴʪʫʨʥʦʝ 
ʦʙʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʩʪʘʸʪʩʷ ʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤ. ʇʦʵʪʦʤʫ VR ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ 
ʢʘʢ ʟʘʤʝʥʫ, ʘ ʢʘʢ ʤʦʩʪ ʢ ʨʝʘʣʴʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ: ʧʦʩʣʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ 
ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʶ ʩʦ ʩʚʝʨʩʪʥʠʢʘʤʠ ʠʟ ʠʟʫʯʘʝʤʦʡ ʩʪʨʘʥʳ  
ʠʣʠ ʧʦʜʛʦʪʦʚʠʪʴ ʚʳʩʪʘʚʢʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʘʨʪʝʬʘʢʪʦʚ [3]. 
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ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ VR ʚ ʵʪʥʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʫʞʝ 
ʩʫʱʝʩʪʚʫʶʪ. ɺ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʂʘʥʘʜʳ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʤʫʣʷʮʠʷ çA Reservation Dayè, ʛʜʝ 
ʩʪʫʜʝʥʪʳ ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʶ ʢʦʨʝʥʥʦʛʦ ʧʦʜʨʦʩʪʢʘ, ʩʪʘʣʢʠʚʘʶʱʝʛʦʩʷ ʩ 
ʙʶʨʦʢʨʘʪʠʯʝʩʢʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʠʪʴ ʤʝʜʠʮʠʥʩʢʫʶ ʧʦʤʦʱʴ ʥʘ 
ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʧʨʦʝʢʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ VR-ʩʝʩʩʠʠ ʫ 
ʫʯʘʩʪʥʠʢʦʚ ʥʘ 40% ʚʦʟʨʘʩʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʪʴ ʵʤʦʮʠʠ ʧʝʨʩʦʥʘʞʝʡ ʠʟ ʜʨʫʛʦʡ 
ʢʫʣʴʪʫʨʳ ʠ ʥʘ 35% ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʢʘʪʝʛʦʨʠʯʥʦʩʪʠ ʚ ʩʫʞʜʝʥʠʷʭ  ʦ ʯʫʞʠʭ ʦʙʳʯʘʷʭ [4]. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʂʘʟʘʭʩʪʘʥ. ɺ 2026 ʛʦʜʫ, ʦʙʲʷʚʣʝʥʥʦʤ ɻʦʜʦʤ 
ʮʠʬʨʦʚʠʟʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ ʩʠʥʪʝʟʘ ʪʨʘʜʠʮʠʡ ʠ ʠʤʤʝʨʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
[5]. ʂʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ï çʮʠʬʨʦʚʳʝ ʶʨʪʳè ï ʪʨʘʜʠʮʠʦʥʥʦʝ ʞʠʣʠʱʝ, ʦʩʥʘʱʸʥʥʦʝ VR-
ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ AI-ʨʝʰʝʥʠʷʤʠ [6]. ʅʘ ʅʘʫʨʳʟ ʪʘʢʠʝ ʶʨʪʳ ʫʩʪʘʥʦʚʠʣʠ ʚ ɸʩʪʘʥʝ, 
ɸʣʤʘʪʳ, ɸʢʪʦʙʝ, ʂʦʢʰʝʪʘʫ, ʩʦʙʨʘʚ ʩʦʪʥʠ ʪʳʩʷʯ ʧʦʩʝʪʠʪʝʣʝʡ [7]. ɺʥʫʪʨʠ ʩ ʧʦʤʦʱʴʶ VR-
ʦʯʢʦʚ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʙʳʪ ʢʦʯʝʚʥʠʢʦʚ, ʨʝʤʸʩʣʘ  ʠ ʦʙʨʷʜʳ [8]. ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʦʧʳʪ 
ʚʘʞʝʥ ʜʣʷ ʤʫʣʴʪʠʢʫʣʴʪʫʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʶʨʪʘ ʢʘʢ ʫʟʥʘʚʘʝʤʳʡ ʩʠʤʚʦʣ ʩʥʠʞʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʜ 
ʪʝʭʥʦʣʦʛʠʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʨʘʤʢʘʭ ʠʥʠʮʠʘʪʠʚʳ Digital Nauryz ʧʨʦʚʝʜʝʥʦ ʙʦʣʝʝ ʪʳʩʷʯʠ 
ʤʝʨʦʧʨʠʷʪʠʡ, ʢ ʧʣʘʪʬʦʨʤʝ ʧʦʜʢʣʶʯʠʣʠʩʴ ʩʚʳʰʝ 80 ʪʳʩʷʯ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [6]. ɺ-ʪʨʝʪʴʠʭ, 
ʫʯʸʥʳʝ ʂʘʟʋʄʆʠʄʗ ʠʤʝʥʠ ɸʙʳʣʘʡ ʭʘʥʘ ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪ  ʩ Mondly VR, ʧʦʢʘʟʘʚʰʠʡ 
ʫʣʫʯʰʝʥʠʝ ʷʟʳʢʦʚʳʭ ʥʘʚʳʢʦʚ ʠ ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠʟ ʂʘʟʘʭʩʪʘʥʘ, ʂʳʨʛʳʟʩʪʘʥʘ ʠ 
ʊʘʠʣʘʥʜʘ [9]. VR ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʚ ʝʚʨʘʟʠʡʩʢʦʡ ʢʫʣʴʪʫʨʥʦʡ ʩʨʝʜʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ: ʚʠʨʪʫʘʣʴʥʳʝ ʧʫʪʝʰʝʩʪʚʠʷ ʚ ʵʪʥʠʯʝʩʢʫʶ ʩʨʝʜʫ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʥʦʚʰʝʩʪʚʦ, ʘ ʩʜʚʠʛ ʧʘʨʘʜʠʛʤʳ ï ʦʪ 
ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʢ ʧʨʦʞʠʚʘʥʠʶ. VR-ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʜʦʣʝʪʴ ʢʣʶʯʝʚʦʡ 
ʜʝʬʠʮʠʪ ʤʫʣʴʪʠʢʫʣʴʪʫʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʦʪʩʫʪʩʪʚʠʝ ʪʝʣʝʩʥʦʛʦ, ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 
ʦʧʳʪʘ ʥʘʭʦʞʜʝʥʠʷ ʚ çʯʫʞʦʡè ʢʫʣʴʪʫʨʝ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
ʥʝʦʙʭʦʜʠʤʳ ʩʪʨʦʛʠʝ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʢʦʥʪʝʥʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩ 
ʫʯʘʩʪʠʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʫʣʴʪʫʨʳ, ʠʥʪʝʛʨʘʮʠʷ VR ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʫʯʝʙʥʫʶ 
ʧʨʦʛʨʘʤʤʫ ʠ ʦʙʷʟʘʪʝʣʴʥʘʷ ʬʘʟʘ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ. ɹʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʚʘʣʠʜʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 
ʵʬʬʝʢʪʘ VR-ʵʤʧʘʪʠʠ [10]. 
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VIRTUAL JOURNEYS INTO ETHNIC ENVIRONMENTS: USING VR 
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This paper explores the application of Virtual Reality (VR) technology as an innovative tool 
for fostering empathy and cultural competence in multicultural education. Unlike traditional 
instructional approaches, VR creates a strong sense of presence and embodiment, enabling 
learners to experience and engage with different cultural contexts by virtually ñliving a dayò in 
another environment. The study analyzes various pedagogical scenarios, identifies potential risks, 
and presents case studies from Canada and Kazakhstan. In particular, the Kazakh experience of 
ñdigital yurtsò illustrates a successful integration of national traditions with immersive technologies. 
The findings suggest that VR can serve as an effective bridge toward authentic intercultural 
dialogue and deeper cultural understanding. 

Keywords: Virtual Reality (VR), multicultural education, empathy, ethnic environment, 
presence, embodiment, digital yurt, Kazakhstan 
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Renessans haqqēnda y¿zlᴅrlᴅ, bᴅlkᴅ minlᴅrlᴅ ᴅsᴅr yazēlēb vᴅ burada hamēsēnē ᴅhatᴅ 
etmᴅk qeyri-m¿mk¿nd¿r. Biz m¿bahisᴅ edᴅn tᴅrᴅflᴅrin ᴅn qᴅtiyyᴅtli, konseptual fikirlᴅrini se­ib, 
dᴅlillᴅrini a­ēqlamaqla kifayᴅtlᴅnᴅcᴅyik. 

Renessansēn ¿mumbᴅĸᴅriliyini qᴅbul edᴅn vᴅ bu mᴅnada ķᴅrq Renessansēnēn 
mºvcudluĵunu isbat edᴅn rus alimlᴅri arasēnda ilk nºvbᴅdᴅ N.Ķ.Konradēn vᴅ A.F.Losevin 
adlarēnē ­ᴅkmᴅk istᴅrdik. ķᴅrq Renessansēnēn ardēcēl m¿dafiᴅ­ilᴅrindᴅn, ¿mumiyyᴅtlᴅ 
renessansē d¿nya mᴅdᴅniyyᴅtinᴅ xas qanunauyĵunluq kimi anlayan alimlᴅrdᴅn, rus alimi 
Ķ.S.Braginskinin araĸdērmalarēna istinad etmᴅk olduqca vacibdir. Hᴅmin mᴅsᴅlᴅdᴅ, demᴅk olar 
ki, b¿t¿n Azᴅrbaycan alimlᴅri eyni mºvqedᴅn ­ēxēĸ edirlᴅr. 

Etiraf etmᴅliyik ki, son vaxtlarda, ᴅdᴅbiyyat tariximizin m¿zakirᴅsi ilᴅ ᴅlaqᴅdar baĸqa 
fikirlᴅ rastlaĸdēq. Tahirᴅ Mᴅmmᴅdova elᴅ sayēr ki,... Renessans ºl­¿lᴅrini ķᴅrq, elᴅcᴅ dᴅ 
Azᴅrbaycan mᴅdᴅniyyᴅtinᴅ tᴅtbiq etmᴅk onu cēlēzlaĸdērēr, kasēblaĸdērēr vᴅ ºz¿nᴅmᴅxsus 
sᴅnᴅtkarlēq keyfēyyᴅtlᴅrinin ºyrᴅnilmᴅsinᴅ mane­ilik tºrᴅdir. Gºr¿n¿r, m¿ᴅllif orijinal gºr¿nmᴅk 
naminᴅ ķᴅrqi, o c¿mlᴅdᴅn Azᴅrbaycanē, bᴅĸᴅr mᴅdᴅniyyᴅti tarixindᴅn tᴅcrid etmᴅyᴅ ­alēĸēr. 
Axē, he­ kᴅs renessans istilahēnē vᴅ Azᴅrbaycanda mºvcudluĵunu qᴅbul etmᴅklᴅ, 
ºz¿nᴅmᴅxsusluq axtarēĸēnēn vacibliyini danmēr. ¥z mºvqeyini ardēcēl a­ēqlayan vᴅ tutarlē dᴅlillᴅr 
gᴅtirᴅn Azᴅrbaycan alimlᴅrindᴅn ilk nºvbᴅdᴅ A.Hacēyevin vᴅ Z.Quluzadᴅnin ᴅsᴅrlᴅrinᴅ istinad 
edᴅcᴅyik. 

ķᴅrq Renessansēnē qᴅbul etmᴅyᴅn vᴅ renessansē mᴅhz Qᴅrbi Avropaya mᴅxsus 
sayanlar arasēnda L.M.Batkinin, L.Eydlinin vᴅ V.Ķ.Rutenburqun fikirlᴅrini a­ēqlayacaĵēq. 

https://almaty.tv/ru/news/obschestvo/tradicii-i-tekhnologii-pod-odnim-sanyrakom-aktubincy-vstrecaut-nauryz-v-cifrovykh-urtakh
https://ouci.dntb.gov.ua/works/420x10Qm/
mailto:sultanova_62@mail.ru
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Qeyd edᴅk ki, hᴅr iki tᴅrᴅfdᴅn m¿ᴅlliflᴅrin sayēnē artērmaq olardē. Lakin xatērladaq ki, 
mᴅqsᴅdimiz mºvzuya aid b¿t¿n tᴅdqiqatlarē ᴅhatᴅ etmᴅk yox, mᴅhz m¿bahisᴅnin predmetini 
vᴅ mᴅntiqini gºstᴅrmᴅkdir. 

H.Ķ.Konrad ºz¿nᴅmᴅxsus dᴅqiqliklᴅ bildirir ki, renessans ¿mumtarixi prosesin x¿susi 
halqasēdēr. Alim iki ºl­¿n¿ ï humanizm vᴅ dir­ᴅliĸ meyarlarēnē renessansēn ¿mumi sᴅciyyᴅsi 
¿­¿n m¿h¿m sayēr. Bu zaman Ķtaliya vᴅ ¢in Renessanslarē m¿qayisᴅ edilᴅrᴅk oxĸar cᴅhᴅtlᴅr 
¿zᴅ ­ēxarēlēr. ¥z tᴅrᴅfimizdᴅn deyᴅ bilᴅrik ki, problem he­ dᴅ bu iki variantla, bu iki xalqla, 
yaxud, m¿h¿m olsa belᴅ, bu iki meyarla mᴅhdudlaĸmēr. Elmdᴅ problem o vaxt tamamlanmēĸ 
sayēla bilᴅr ki, yetᴅri qᴅdᴅr dᴅlillᴅr tapēlsēn. Renessans problemindᴅ isᴅ, etiraf etmᴅliyik ki, 
b¿t¿n variantlarē ï dºvrlᴅri, xalqlarē birlᴅĸdirᴅn kifayᴅtedici meyarlar tapēlmayēb vᴅ m¿bahisᴅlᴅr 
dᴅ bᴅlkᴅ bundan doĵur. Sºhbᴅt hᴅlᴅ ki, vacib, m¿h¿m, zᴅruri meyarlardan gedir vᴅ 
N.Ķ.Konradēn araĸdērmalarē mᴅhz bu baxēmdan ᴅhᴅmiyyᴅt kᴅsb edir. Alimin ᴅsas mᴅqsᴅdi bu 
proseslᴅrin vahid xarakterini gºstᴅrmᴅkdir. O yazēr: "¦mumiyyᴅtlᴅ, iĸ tᴅkcᴅ m¿xtᴅlif xalqlarēn 
tarixindᴅ hᴅrᴅsinin ºz "Ķntibah ­aĵēnēn" a­ēlmasēnda, yᴅni onlarda baĸ verᴅn tarixi proseslᴅri 
yenidᴅn anlamaqda deyil. Sºhbᴅt daha bºy¿k mᴅsᴅlᴅdᴅn: o ­aĵēn tarixi mahiyyᴅtinin 
anlaĸēlmasēndan, o ­aĵē meydana gᴅtirᴅn vᴅ tarixi mᴅnada m¿ᴅyyᴅnlᴅĸdirᴅn ĸᴅraitdᴅn vᴅ 
nᴅhayᴅt: bᴅlli xalqlarēn tarixindᴅn, o ­aĵēn qanunauyĵunluqlarēndan vᴅ bu a­ēmdan bᴅĸᴅr 
tarixindᴅki qanunauyĵunluqlardan gedir". Gºrd¿y¿m¿z kimi, sºhbᴅt he­ dᴅ hᴅrᴅnin ºz milli 
"renessansē"nē kᴅĸf tᴅĸᴅbb¿s¿ndᴅn, milli "renessansē" tapēb ºy¿nmᴅkdᴅn getmir, hᴅr­ᴅnd 
"ķᴅrq Renessansē" ᴅleyhdarlarē ­ox vaxt bu ittihamlara sºykᴅnirlᴅr. Sºhbᴅt bu dºvr¿n tarixi 
ᴅhᴅmiyyᴅtindᴅn gedir. 

A.F.Losevin "Estetika Vozrojdenya" ᴅsᴅri bu mºvzuya aid ᴅn dolĵun vᴅ dᴅrin kitablardan 
biridir. Yeri gᴅlmiĸkᴅn, A.F.Losevin baĸqa monoqrafiyalarē kimi, bu kitabē da ­ox saylē, ºz¿ dᴅ 
m¿xtᴅlif dillᴅrdᴅ geniĸ elmi ᴅdᴅbiyyatē ᴅhatᴅ edir. 

A.F.Losev ĸᴅhᴅrlᴅrin ictimai-siyasi ᴅhᴅmiyyᴅtinin artmasē ĸᴅraitindᴅ insanēn, ĸᴅxsiyyᴅtin, 
fᴅrdin oyanēĸēnē ayrēca vurĵulayēr. Tarixi proseslᴅr vᴅ bunun nᴅticᴅsindᴅ ĸᴅhᴅr hᴅyatēnēn 
intensivlᴅĸmᴅsi fᴅrdin inkiĸafē ¿­¿n gºzᴅl ĸᴅrait yaradēr vᴅ insanlar ºz fᴅrdiliklᴅrini, ºz fᴅrdi 
imkanlarēnē y¿ksᴅk enerji ilᴅ, bᴅzᴅn hᴅtta ifrat dᴅrᴅcᴅdᴅ y¿ksᴅk hᴅrarᴅtlᴅ, estetik ifadᴅlilik vᴅ 
artistizmlᴅ tᴅsdiqlᴅyirlᴅr. Ķnsanēn imkanca geniĸlᴅnmᴅsi m¿xtᴅlif xalqlarda m¿xtᴅlif formalarda 
tᴅzah¿r edᴅ bilᴅr, amma bᴅĸᴅr tarixi ¿­¿n bu, universal prosesdir vᴅ sivilizasiya yoluna qᴅdᴅm 
basmēĸ b¿t¿n xalqlara mᴅxsusdur. A.F.Losev mᴅhz bu proseslᴅrdᴅ Avropa Renessansē ilᴅ 
baĸqa, qeyri ï Avropa Renessanslarēnēn ᴅlaqᴅsini gºstᴅrir vᴅ mᴅdᴅniyyᴅt tarixinin varisliyini 
a­ēr. Bu mᴅnada alim gºstᴅrir ki, Avropa Renessans mᴅdᴅniyyᴅti ilᴅ orta ᴅsrlᴅr mᴅdᴅniyyᴅti 
arasēnda u­urum yoxdur (Avropa Renessansēnēn n¿mayᴅndᴅlᴅri ºzlᴅrini orta ᴅsrlᴅr tᴅrzinᴅ 
qarĸē qoysalar belᴅ) vᴅ bu mᴅdᴅniyyᴅtlᴅr m¿xtᴅlif, bᴅzᴅn xeyli dᴅrin tellᴅrlᴅ baĵlēdēr. Mᴅsᴅlᴅn, 
A.F.Losev qeyd edir ki, renessans dºvr¿n¿n estetikasē ­ox vaxt neoplatonik fᴅlsᴅfi 
cᴅrᴅyanlarla sēx baĵlēdēr. Hᴅmin cᴅrᴅyanlarsa xristian dini vᴅ orta d¿nyagºr¿ĸlᴅri ilᴅ 
­ulĵalanmēĸdēr. Belᴅliklᴅ, alim tᴅkam¿l prosesinin mºvcudluĵunu gºstᴅrmᴅklᴅ vahid tarixi 
prosesin varlēĵēnē tᴅsdiq elᴅyir. Demᴅliyik ki, A.F.Losev renessansēn ¿mumi sᴅciyyᴅsi 
kontekstindᴅ elᴅ renessans estetikasēna x¿susi fikir verir vᴅ bu mᴅnada incᴅsᴅnᴅt 
problemlᴅrini vurĵulayēr. Mᴅhz insan vᴅ incᴅsᴅnᴅt problemi elᴅ incᴅ g¿zg¿d¿r ki, mᴅhz bᴅdii 
inikas ¿mummᴅdᴅni tᴅcᴅss¿m¿n¿ b¿t¿n dolĵunluĵu ilᴅ, b¿t¿n ­alarlarē ilᴅ ᴅks etdirir. 

Z.Quluzadᴅ demiĸdir: ñYunanlar Qᴅdim Sᴅrqi hᴅyata qaytarēr, ķᴅrq isᴅ IX-XII ᴅsrlᴅrdᴅ 
yunanlarē dir­ᴅldirò. 

THE RENAISSANCE IS A UNIVERSAL HUMAN PHENOMENON 
S¿sᴅnbᴅr ᴄsᴅd qēzē Mᴅmmᴅdova 

ulviyab@list.ru 
Azᴅrbaycan Texnologiya Universiteti 

Hundreds, perhaps thousands, of works have been written on the Renaissance, making 
it impossible to cover them all within the scope of this study. Therefore, this paper focuses on 
selecting the most significant conceptual perspectives of the opposing scholarly positions and 
presenting their key arguments. 
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Among Russian scholars who have emphasized the universality of the Renaissance and, 
in this context, argued for the existence of an Eastern Renaissance, particular attention should 
be given to Nikolai I. Konrad and Alexei F. Losev. 

Keywords: Renaissance, Eastern Renaissance, Russian scholarship, conceptual 
approaches, historiography 

 
 

RᴄQᴄMSAL ĶķG¦ZAR M¦HĶTDᴄ AZᴄRBAYCAN DĶLĶNĶN ETĶK NORMALARI Vᴄ 
MULTĶKULTURAL DĶALOQ: KEYS-METOD TEXNOLOGĶYASI ĶLᴄ YANAķMA 

Zᴅminᴅ Rᴅsul qēzē Novruzova 
zeminenovruzova@mail.ru 

Azᴅrbaycan Texnologya Universiteti 

Rᴅqᴅmsal Transformasiya (m¿asir dºvrdᴅ yeni texnologiyalarēn s¿rᴅtli inkiĸafē 
nᴅticᴅsindᴅ cᴅmiyyᴅtin, iqtisadiyyatēn vᴅ iĸg¿zar m¿nasibᴅtlᴅrin kºkl¿ ĸᴅkildᴅ dᴅyiĸmᴅsi vᴅ 
bununla yanaĸē yeni ¿nsiyyᴅt formalarēnēn yaranmasē) vᴅ Yeni Kommunikasiya Paradiqmasē 
(rᴅqᴅmsal m¿hitdᴅ ¿nsiyyᴅtin yeni qaydalarē) XXI ᴅsrin texnoloji inkiĸafē iĸg¿zar 
kommunikasiyanē ᴅnᴅnᴅvi kaĵēz ¿zᴅrindᴅki mᴅktublaĸmalardan virtual platformalara (E-po­t, 
korporativ messencerlᴅr, video-konfranslar, sosial ĸᴅbᴅkᴅlᴅr) ke­irmiĸdir. Bu sᴅbᴅbdᴅn dᴅ, 
iĸg¿zar vᴅ akademik kommunikasiya kontekstindᴅ Azᴅrbaycan dilinin tᴅdrisi klassik yazē 
normalarēnēn h¿dudlarēnē aĸaraq yeni yanaĸmalar tᴅlᴅb edir. 

Rᴅqᴅmsal iĸg¿zar m¿hitdᴅ dil hᴅm mᴅlumatēn ºt¿r¿c¿s¿, hᴅm dᴅ korporativ imicin 
daĸēyēcēsēdēr. Lakin multikultural m¿hitdᴅ bu proses daha m¿rᴅkkᴅb xarakter alēr. Fᴅrqli mᴅdᴅni 
kodlara malik tᴅrᴅf m¿qabillᴅri ilᴅ Azᴅrbaycan dilindᴅ ¿nsiyyᴅt qurarkᴅn, dilin etik normalarē 
rᴅqᴅmsal m¿hitin gᴅtirdiyi "netiket" (ĸᴅbᴅkᴅ etikasē vᴅ ya rᴅqᴅmsal etik ¿nsiyyᴅt qaydalarē) 
qaydalarē ilᴅ sintez olunmalēdēr. Rᴅqᴅmsal transformasiya dºvr¿ndᴅ ĸᴅbᴅkᴅlᴅĸmiĸ cᴅmiyyᴅt 
modelinin formalaĸmasē iĸg¿zar ¿nsiyyᴅtin dil strukturuna birbaĸa tᴅsir gºstᴅrir [4].  

M¿xtᴅlif mᴅdᴅniyyᴅtlᴅrdᴅ m¿raciᴅt formalarēnēn qᴅbulunun fᴅrqli olmasē multikultural 
dialoqda hᴅssas mᴅqamlarēn vᴅ linqvistik tᴅhlilin vacibliyini ºnᴅ ­ēxarēr. Mᴅsᴅlᴅn, y¿ksᴅk 
kontekstli mᴅdᴅniyyᴅtlᴅrdᴅ rᴅsmiyyᴅt bir ehtiram gºstᴅricisidir [5]. Azᴅrbaycan dilinin iĸg¿zar 
¿slubunda bu normalarēn qorunmasē milli-mᴅnᴅvi dᴅyᴅrlᴅrin kommunikasiyada inikasēdēr [1]. 
Multikultural m¿hitdᴅ Azᴅrbaycan dilindᴅ iĸg¿zar ¿nsiyyᴅt zamanē ᴅn ­ox rast gᴅlinᴅn riskli 
mᴅqamlarē ¿­ qrupda tᴅsnif etmᴅk olar: 

A) M¿raciᴅt formalarē vᴅ iyerarxiya 
Azᴅrbaycan dilindᴅ ñsizò vᴅ ñsᴅnò ᴅvᴅzliklᴅrinin iĸlᴅnmᴅsi, elᴅcᴅ dᴅ ñhºrmᴅtliò, ñcᴅnabò 

ñxanēmò kimi m¿raciᴅt formalarē yalnēz qrammatik deyil, hᴅm dᴅ sosial-psixoloji funksiya 
daĸēyēr. Qᴅrb mᴅdᴅniyyᴅtindᴅn gᴅlᴅn "horizontal kommunikasiya" (daha sᴅmimi vᴅ 
bᴅrabᴅrh¿quqlu) modeli ilᴅ ķᴅrq mᴅdᴅniyyᴅtinin "vertikal" (hºrmᴅt vᴅ mᴅsafᴅ ᴅsaslē) modeli 
rᴅqᴅmsal m¿hitdᴅ toqquĸa bilᴅr. Mᴅsᴅlᴅn, xarici tᴅrᴅfdaĸēn hᴅddindᴅn artēq rᴅsmi m¿raciᴅti 
"soyuqluq", hᴅddindᴅn artēq sᴅmimi m¿raciᴅti isᴅ "etik qayda pozuntusu" kimi qᴅbul edilᴅ bilᴅr. 

B) Birbaĸa vᴅ dolayē ifadᴅ tᴅrzi 
Ķĸg¿zar yazēĸmalarda Azᴅrbaycan dilinᴅ xas olan bᴅzi nᴅzakᴅt formalarē vᴅ dolayē 

ifadᴅlᴅr, y¿ksᴅk kontekstli mᴅdᴅniyyᴅt n¿munᴅsi kimi, aĸaĵē kontekstli (mᴅsᴅlᴅn, Skandinaviya 
vᴅ ya Alman) mᴅdᴅniyyᴅtlᴅr ¿­¿n qeyri-m¿ᴅyyᴅn gºr¿nᴅ bilᴅr. Rᴅqᴅmsal m¿hitdᴅ vaxt 
mᴅhdudiyyᴅti olduĵundan, fikrin hᴅm etik ­ᴅr­ivᴅdᴅ, hᴅm dᴅ lakonik (qēsa vᴅ aydēn) ifadᴅ 
edilmᴅsi bacarēĵē ºn plana ­ēxēr. 

C) Emosiyalarēn rᴅqᴅmsal ifadᴅsi: emoji vᴅ punktuasiya 
Rᴅqᴅmsal m¿hitdᴅ jest vᴅ mimikalarēn yerini emojilᴅr vᴅ durĵu iĸarᴅlᴅri tutur. Akademik 

vᴅ rᴅsmi-iĸg¿zar ¿slubda emojilᴅrin istifadᴅ sᴅrhᴅdlᴅri harada bitir? Multikultural auditoriya 
¿­¿n nida iĸarᴅsinin ­oxluĵu ñtᴅzyiqò, sual iĸarᴅsinin yersizliyi isᴅ ñĸ¿bhᴅò, g¿l¿ĸ emojisi 
sᴅmimiyyᴅt vᴅ dostluq gºstᴅricisi kimi qᴅbul edilsᴅ dᴅ, rᴅsmi-iĸg¿zar yazēĸmalarda hᴅddindᴅn 
artēq istifadᴅ qeyri-ciddi m¿nasibᴅt, baĸ barmaĵēn yuxarē emojisi Qᴅrb mᴅdᴅniyyᴅtindᴅ 
mᴅmnunluq, razēlēq kimi anlaĸēlsa da, ķᴅrq ºlkᴅlᴅrindᴅ ironiya vᴅ laĵ kimi, ¿­ nºqtᴅ fikrin a­ēq 
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qalmasē, ardē var kimi anlaĸēlsa da, multikultural m¿hitdᴅ daha ­ox qeyri-m¿ᴅyyᴅnlik vᴅ 
tᴅrᴅdd¿d kimi vᴅ s.  anlaĸēla bilᴅr. 

Ķnnovativ Metod: Keys-Metod (Case-study) texnologiyasē vasitᴅsilᴅ tᴅdris, tᴅlᴅbᴅlᴅrin real 
hᴅyat problemlᴅrini nᴅzᴅri biliklᴅrlᴅ uzlaĸdērmasēna ĸᴅrait yaradan keyfiyyᴅtli tᴅdqiqat 
metodudur [6]. Nᴅzᴅri biliklᴅrin praktikaya ­evrilmᴅsindᴅ Keys-metod ᴅn effektiv alᴅtdir. Bu 
metod tᴅlᴅbᴅni passiv dinlᴅyicidᴅn aktiv qᴅrarvericiyᴅ ­evirir. 

Keys N¿munᴅsi: "Virtual Yanlēĸ Anlaĸēlma" 
Situasiya: Azᴅrbaycanda fᴅaliyyᴅt gºstᴅrᴅn transmilli ĸirkᴅtin yerli ᴅmᴅkdaĸē 
ilᴅ xarici meneceri arasēnda E-po­t vasitᴅsilᴅ m¿bahisᴅ yaranēr. Yerli ᴅmᴅkdaĸ 

m¿raciᴅtdᴅ "Hºrmᴅtli [Ad]" ᴅvᴅzinᴅ birbaĸa adla m¿raciᴅt edilmᴅsini (mᴅsᴅlᴅn, "Salam, Eldar") 
hºrmᴅtsizlik kimi qᴅbul edir. Xarici tᴅrᴅfdaĸ isᴅ rᴅsmiyyᴅtin iĸin s¿rᴅtinᴅ mane olduĵunu 
d¿ĸ¿n¿r. Verilᴅn situasiyaya uyĵun olaraq tᴅlᴅbᴅlᴅrᴅ tᴅrᴅflᴅrin linqvistik vᴅ mᴅdᴅni mºvqelᴅrini 
analiz etmᴅk, Azᴅrbaycan dilinin  iĸg¿zar etikasēnē qorumaqla hᴅr iki tᴅrᴅfi mᴅmnun edᴅcᴅk 
ñqēzēl ortaò kommunikasiya modelini yazmaq, rᴅqᴅmsal platformanēn ºzᴅlliklᴅrini nᴅzᴅrᴅ 
almaqla mesajē redaktᴅ etmᴅk tapĸērēlēr. 

Tᴅdqiqatēn ᴅsas qᴅnaᴅtlᴅrini aĸaĵēdakē kimi tᴅqdim etmᴅk olar: 
Å Virtual etika ï brendin tᴅmsil­isi: Rᴅqᴅmsal kommunikasiya zamanē se­ilᴅn dil vᴅ 

¿slub yalnēz fᴅrdi ¿nsiyyᴅt vasitᴅsi deyil, hᴅm dᴅ tᴅĸkilatēn korporativ kimliyini vᴅ 
mᴅdᴅniyyᴅtini tᴅmsil edᴅn ñrᴅqᴅmsal vizit kartò funksiyasēnē daĸēyēr. 

Å Ķnteraktivlik vᴅ simulyasiya: Keys-metod tᴅlᴅbᴅlᴅrᴅ real iĸ m¿hitinᴅ daxil olmadan, 
tᴅhl¿kᴅsiz zonada sᴅhv etmᴅk vᴅ hᴅmin sᴅhvlᴅrdᴅn ºyrᴅnmᴅk imkanē yaradēr. Bu, 
multikultural dialoqda empatiya hissinin inkiĸafēna ĸᴅrait yaradēr. 

Å Ķnkl¿ziv Azᴅrbaycan dili: Ķĸg¿zar Azᴅrbaycan dili rᴅqᴅmsal dºvr¿n tᴅlᴅblᴅrinᴅ uyĵun 
olaraq ­evik, inkl¿ziv vᴅ universal ¿nsiyyᴅt formalarēna transformasiya edilmᴅlidir. Bu, dilin 
beynᴅlxalq kommunikasiya m¿hitindᴅ n¿fuzunun artmasēna tºhfᴅ verir. 

Tᴅdqiqat gºstᴅrir ki, rᴅqᴅmsal transformasiya ĸᴅraitindᴅ Azᴅrbaycan dilinin etik 
normalarēnēn qorunmasē vᴅ Keys-metodun tᴅtbiqi multikultural dialoqda empatiyanēn 
inkiĸafēna vᴅ mᴅdᴅniyyᴅtlᴅrarasē ¿nsiyyᴅtin etik ­ᴅr­ivᴅdᴅ formalaĸmasēna m¿h¿m tºhfᴅ 
verir. 

Yekun olaraq, multikultural tᴅhsildᴅ innovativ texnologiyalarēn tᴅtbiqi yalnēz proqram 
tᴅminatē ilᴅ bitmir; bu, hᴅm dᴅ dilin tᴅdrisindᴅ yanaĸma tᴅrzinin (metodologiyanēn) 
m¿asirlᴅĸmᴅsidir. Keys-metod vasitᴅsilᴅ tᴅdris olunan iĸg¿zar kommunikasiya, tᴅlᴅbᴅlᴅri 
gᴅlᴅcᴅyin qlobal iĸ bazarēnda rᴅqabᴅtᴅdavamlē kadr kimi hazērlayēr. 
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The article examines the issues of teaching the business style and ethical norms of the 
Azerbaijani language in the context of digital transformation. Particular attention is paid to the 
linguistic barriers that arise during digital communication in a multicultural work environment. The 
study analyses how these challenges affect professional interaction and the effectiveness of 
communication in modern organizations. To address these issues, the article proposes the use of 
innovative pedagogical approaches, particularly the case-study method, as an effective tool for 
developing practical communication skills and ethical awareness. The author emphasizes that 
digital ethics extends beyond the correct use of grammatical structures and represents an 
important element of intercultural dialogue and professional communication. In this regard, the 
integration of digital communication practices and ethical standards into language education 
contributes to the development of studentsô professional competence and intercultural 
communication skills. 

Keywords: multiculturalism, digital communication, Azerbaijani language, business ethics, 
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Vᴄ GᴄLᴄCᴄK PROQNOZLARI 
Mᴅtanᴅt Eldar qēzē Mustafayeva 
mustafayeva20091214@mail.ru 

Azᴅrbaycan Texnologiya Universiteti 

Distopiya sºz¿n¿n kºk¿ yunan dilindᴅki "dys" (pis, xᴅstᴅ) vᴅ "topos" (yer) sºzlᴅrindᴅn 
olub "arzuolunmaz, pis yer" demᴅkdir. Distopik ᴅsᴅrlᴅr hᴅm qorxulu, hᴅm dᴅ d¿ĸ¿nd¿r¿c¿ bir 
g¿zg¿ kimidir. Bu janrda yazēlmēĸ ᴅsᴅrlᴅrdᴅ adᴅtᴅn m¿kᴅmmᴅl gºr¿nᴅn bir cᴅmiyyᴅtin 
arxasēndakē qaranlēq tᴅrᴅflᴅr, totalitar rejimlᴅr, texnoloji tiranlēq vᴅ ya ekoloji fᴅlakᴅtlᴅr 
araĸdērēlēr. Distopiya, sadᴅ dildᴅ desᴅk, "ideal cᴅmiyyᴅt" (utopiya) arzusunun kabusa ­evrilmiĸ 
elᴅ  formasēdēr ki, orada qorxu, tᴅzyiq, totalitar nᴅzarᴅt vᴅ fᴅrdiyyᴅtin yox edilmᴅsi hºkm s¿r¿r.  
Utopiya ("olmayan yer" vᴅ ya "yaxĸē yer") hᴅr ĸeyin m¿kᴅmmᴅl olduĵu bir d¿nyanē tᴅsvir 
edirsᴅ, distopiya hᴅmin m¿kᴅmmᴅlliyᴅ ­atmaq ¿­¿n insanēn azadlēĵēnēn ᴅlindᴅn alēnmasēnē 
tᴅnqid edir. Utopiya vᴅ distopiya bir medalēn iki ¿z¿ kimidir. Qēsa ĸᴅkildᴅ ifadᴅ etsᴅk, utopiya ï 
insanēn cᴅnnᴅt arzusudur, distopiya isᴅ hᴅmin cᴅnnᴅti qurmaĵa ­alēĸarkᴅn yaradēlan 
cᴅhᴅnnᴅmdir. 

XVI ᴅsrdᴅ Tomas Mor tᴅrᴅfindᴅn irᴅli s¿r¿lᴅn "Utopiya" (olmayan yer/yaxĸē yer) anlayēĸē, 
ᴅdalᴅtin, bᴅrabᴅrliyin vᴅ s¿lh¿n hºkm s¿rd¿y¿ ideal bir cᴅmiyyᴅt arzusudur. Lakin distopiya bu 
idealēn tᴅhl¿kᴅli tᴅrᴅflᴅrini ¿zᴅ ­ēxarēr. Hᴅr ĸeydᴅn ᴅvvᴅl, utopiyada cᴅmiyyᴅtin ¿mumi 
xoĸbᴅxtliyi ¿­¿n hᴅr kᴅs kºn¿ll¿ razēlēĵa gᴅlsᴅ dᴅ, distopiyada isᴅ "¿mumi xoĸbᴅxtlik" adē 
altēnda fᴅrdi azadlēqlar zorla ᴅldᴅn alēnēr. Digᴅr tᴅrᴅfdᴅn, utopiyada dºvlᴅt xalqēn rifahē ¿­¿n 
xidmᴅt edᴅn bir alᴅtdirsᴅ, distopiyada dºvlᴅt (vᴅ ya bºy¿k korporasiyalar) ºz hakimiyyᴅtini 
qorumaq ¿­¿n xalqē qorxu, tᴅbliĵat vᴅ manipulyasiya ilᴅ idarᴅ edᴅn bir tiranlēq quruluĸudur. 
Hᴅm­inin utopik d¿ĸ¿ncᴅdᴅ texnologiya insanē ᴅmᴅkdᴅn azad edᴅn vᴅ hᴅyatē asanlaĸdēran bir 
nemᴅtdir. Distopik ᴅsᴅrlᴅrdᴅ isᴅ texnologiya hᴅr kᴅsi izlᴅyᴅn "gºz" (mᴅsᴅlᴅn, Oruelldᴅki tele-
ekranlar) vᴅ ya insan duyĵularēnē korlaĸdēran bir vasitᴅdir. Distopiya sadᴅcᴅ bᴅdbin bir gᴅlᴅcᴅk 
proqnozu deyil, hᴅm dᴅ dºvr¿n siyasi vᴅ sosial problemlᴅrinᴅ tutulmuĸ bᴅdii g¿zg¿d¿r. O, 
oxucuya xatērladēr ki, m¿tlᴅq nizam vᴅ hᴅddindᴅn artēq nᴅzarᴅt hᴅr zaman fᴅrdi ruhun ºl¿m¿ 
ilᴅ nᴅticᴅlᴅnir. Belᴅliklᴅ, utopiya "cᴅnnᴅt" arzusudursa, distopiya hᴅmin cᴅnnᴅtin necᴅ 
"cᴅhᴅnnᴅmᴅ" ­evrilᴅ bilᴅcᴅyinin fᴅlsᴅfi vᴅ ᴅdᴅbi s¿butudur. 

mailto:zeminenovruzova@mail.ru
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Distopiya bir janr kimi birdᴅn-birᴅ yaranmamēĸdēr. Hᴅr bir fᴅlsᴅfi cᴅrᴅyan, ideologiya kimi 
onun ºz yaranma ĸᴅrtlᴅri, ĸᴅraiti vardēr. Bu tᴅrz yaranmēĸ ᴅsᴅrlᴅrin kºklᴅri XVIII-XIX ᴅsrlᴅrdᴅki 
utopik ᴅsᴅrlᴅrᴅ satirik cavablar kimi formalaĸmaĵa baĸlamēĸ olsa da, ᴅsl "partlayēĸ" XX ᴅsrin 
ᴅvvᴅllᴅrindᴅ baĸ verdi. Vᴅ bunun da ºz sᴅbᴅblᴅri vardēr. Mᴅsᴅlᴅln sᴅnaye inqilabēnēn baĸ 
vermᴅsi ilᴅ maĸēnlaĸmanēn insanē ᴅvᴅz etmᴅsi qorxusu bᴅĸᴅr ºvladēnda formalaĸmaĵa baĸladē 
(bu g¿n dᴅ davam etmᴅkdᴅdir!). Texnoloji tᴅrᴅqqi mᴅhsullarēndan, konkret olaraq silahlardan  
insanlarē ºld¿rmᴅk ¿­¿n istifadᴅ edilmᴅsi vᴅ durmadan burda da baĸ verᴅn inkiĸaf gᴅlᴅcᴅklᴅ 
baĵlē tᴅĸviĸlᴅri dᴅ artērēr. (ñTexnologiya qᴅtl edirò d¿ĸ¿ncᴅsi!)  Ķdarᴅ­ilik sistemindᴅ totalitar 
rejimlᴅrin bᴅrqᴅrar olmasē, faĸizm vᴅ stalinizm kimi sistemlᴅrin fᴅrdlᴅri, xalqlarē, idrakē tamamilᴅ 
ᴅzmᴅsi, mᴅhv etmᴅ mᴅqsᴅdlᴅri dᴅ insanlēq faciᴅlᴅrinin yaĸanmasēna sᴅbᴅb olmuĸdur. Distopik 
ᴅsᴅrlᴅrdᴅ diqqᴅt ­ᴅkᴅn mᴅsᴅlᴅlᴅr ñm¿kᴅmmᴅllik" tᴅlᴅsidir. Demᴅk olar ki, bir ­ox distopiya 
janrēnda yazēlmēĸ ᴅsᴅrlᴅrin mahiyyᴅti yanlēĸ getmiĸ utopiyadēr. Mᴅsᴅlᴅn, ñCᴅsur Yeni D¿nyaò 
ᴅsᴅrindᴅ (Huxley) d¿nya dºvlᴅti insanlarēn he­ vaxt ¿z¿lmᴅmᴅsini, hᴅr kᴅsin hᴅr an xoĸbᴅxt 
olmasēnē hᴅdᴅflᴅyir ki, bu, xoĸ gᴅlᴅcᴅk arzusudur, utopik mᴅqsᴅddir. Amma bu xoĸbᴅxtliyᴅ 
­atmaq ¿­¿n ailᴅ, sevgi, incᴅsᴅnᴅt vᴅ azad d¿ĸ¿ncᴅ qadaĵan edilir ki, nᴅticᴅdᴅ bu isᴅ distopik 
reallēqdēr. Belᴅ qᴅnaᴅt hasil etmᴅk olar ki, utopiya "nᴅ ola bilᴅr" sualēna cavab verirsᴅ, 
distopiya "nᴅyin qarĸēsēnē almalēyēq" sualēna fokuslanēr.  

Distopiya janrēnēn ilk m¿kᴅmmᴅl n¿munᴅsi hesab olunan ᴅsᴅr Rusiyada yaranmēĸdēr. 
Yevgeni Zamyatin "Biz" (rusca: ʄ )r 1920-ci ildᴅ yazēlsa da, (SSRĶ-dᴅ qadaĵan edildiyi ¿­¿n 
ilk dᴅfᴅ 1924-c¿ ildᴅ ingilis dilindᴅ ­ap olunub. Bu roman totalitar dºvlᴅt, fᴅrdiyyᴅtin yox 
edilmᴅsi vᴅ nᴅzarᴅt mºvzusunu iĸlᴅyᴅn ilk bºy¿k distopik ᴅsᴅr hesab olunur. ᴄsᴅrdᴅ tᴅsvir 
edilᴅn cᴅmiyyᴅt ñVahid Dºvlᴅtò tᴅrᴅfindᴅn idarᴅ olunur. Dºvlᴅtin baĸēnda ñXeyirxahò 
(Benefaktor) dayanēr vᴅ o, formal sᴅsvermᴅ yolu ilᴅ se­ilsᴅ dᴅ, bu se­im ᴅslindᴅ mᴅcburidir. 
Fᴅrdi azadlēq yoxdur, ­¿nk¿ dºvlᴅt hᴅr ĸeyi ï d¿ĸ¿ncᴅni, davranēĸē, m¿nasibᴅtlᴅri ï nᴅzarᴅtdᴅ 
saxlayēr. Buna qarĸē ­ēxmaq ºl¿m vᴅ ya ᴅmᴅliyyatla nᴅticᴅlᴅnir. ķᴅxsiyyᴅtin deqradasiyasē o 
qᴅdᴅr g¿cl¿ aparēlēr ki, insanlar ad daĸēmēr, hᴅr kᴅs nºmrᴅ ilᴅ tanēnēr (mᴅsᴅlᴅn, D-503, I-330). 
Bu da insanēn fᴅrd, insan kimi gºr¿lmᴅsindᴅn ziyadᴅ mexanizmin bir hissᴅsi kimi qᴅbul 
edilmᴅsindᴅn irᴅli gᴅlir. Hᴅm­inin insanlarēn yaĸadēĵē evlᴅr ĸ¿ĸᴅdᴅndir ð hᴅr kᴅs hᴅr kᴅsi gºrᴅ 
bilir, mᴅxfilik anlayēĸē itmiĸdir. ñQᴅyyumlarò (gizli nᴅzarᴅt­ilᴅr) vᴅtᴅndaĸlarē izlᴅyir. Bu motiv 
sonradan Gorc Oruelin 1984 romanēnda ñBºy¿k Qardaĸò ideyasēnda inkiĸaf etdirilmiĸdir. 
¦mumiyyᴅtlᴅ,  Zamyatin bu ᴅsᴅrindᴅ sonradan Corc Oruell ("1984") vᴅ Aldous Hakslinin 
("Cᴅsur Yeni D¿nya") istifadᴅ edᴅcᴅyi b¿t¿n ĸablonlarē qurmuĸdu: Ķnsanlarēn adlarē deyil, 
nºmrᴅlᴅri var, evlᴅr ĸ¿ĸᴅdᴅndir ki, dºvlᴅt hᴅr kᴅsᴅ hᴅr an nᴅzarᴅt edᴅ bilsin, hisslᴅr vᴅ xᴅyal 
qurmaq "xᴅstᴅlik" sayēlēr vᴅ ᴅmᴅliyyatla lᴅĵv edilir. 

Distopik ᴅsᴅrlᴅr dedikdᴅ ᴅn birinci yada d¿ĸᴅn ᴅsᴅr Corc Oruellin "1984" ᴅsᴅridir. 
Romanēn mºvzusu total nᴅzarᴅt vᴅ ideoloji manipulyasiyadēr. ñBºy¿k Qardaĸò cᴅmiyyᴅtin 
b¿t¿n sahᴅlᴅrindᴅ hºkmranlēq s¿r¿r. Hᴅtta insanlarēn zehinlᴅri dᴅ kontrol altēndadēr, d¿ĸ¿ncᴅ 
cinayᴅti anlayēĸē formalaĸdērēlmēĸdēr. D¿ĸ¿ncᴅnin mᴅhdudlaĸdērēlmasē dilin dᴅyiĸdirilmᴅsi 
(ñNewspeakò) vasitᴅsilᴅ aparēlēr vᴅ daimi m¿ĸahidᴅ altēnda qorxu atmosferi yaradēlēr. "Bºy¿k 
Qardaĸ" m¿tlᴅq nᴅzarᴅti hᴅyata ke­irir. Hadisᴅlᴅrin cᴅrᴅyan etdiyi Okeaniya dºvlᴅtindᴅ hᴅr kᴅs 
hᴅr an tele-ekranlarla izlᴅnilir, onlarē sºnd¿rmᴅk, sᴅsini azaltmaq olmaz, gecᴅ-g¿nd¿z 
iĸlᴅmᴅlidir. Hᴅm yayēmlayan, hᴅm dᴅ m¿ĸahidᴅ edᴅn bu cihazlar evlᴅrin i­indᴅ belᴅ insanlarēn 
hᴅr hᴅrᴅkᴅtini qeydᴅ alēr. Hᴅr tᴅrᴅfdᴅ sᴅslᴅnᴅn "Bºy¿k Qardaĸ sᴅni izlᴅyir" ĸ¿arē fᴅrdin 
mᴅxfiliyinin tamamilᴅ yox olduĵunu gºstᴅrir. D¿ĸ¿ncᴅ Polisi isᴅ zehni fᴅaliyyᴅtlᴅrᴅ 
mᴅhdudiyyᴅt gᴅtirir, insanlar nᴅinki hᴅrᴅkᴅtlᴅrinᴅ, hᴅtta d¿ĸ¿ncᴅlᴅrinᴅ gºrᴅ dᴅ cᴅzalandērēla 
bilᴅrlᴅr. "Yeni dil" (Newspeak) siyasᴅti aparēlēr, ᴅgᴅr bir anlayēĸēn adē yoxdursa, o anlayēĸē 
d¿ĸ¿nmᴅk dᴅ m¿mk¿n deyil. Mᴅqsᴅd isᴅ azadlēq, inqilab kimi sºzlᴅri l¿ĵᴅtdᴅn ­ēxararaq 
insanlarēn ¿syan etmᴅk ehtimalēnē belᴅ aradan qaldērmaqdan ibarᴅtdir. ¢¿nki sºz ehtiyatē 
azaldēqca, insanēn dᴅrketmᴅ qabiliyyᴅti dᴅ ki­ilir. ᴄsᴅrdᴅ aktual olan mᴅsᴅlᴅlᴅrdᴅn biri dᴅ 
hᴅqiqᴅtin tᴅhrifi vᴅ "ikid¿ĸ¿ncᴅ"dir (Doublethink). Partiya ke­miĸi daim yenidᴅn yazēr, ­¿nki 
"ke­miĸi idarᴅ edᴅn, gᴅlᴅcᴅyi dᴅ idarᴅ edir" prinsipi hakimdir. Hᴅqiqᴅt Nazirliyi isᴅ adēnēn 
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ᴅksinᴅ, yalanlar uydurur vᴅ tarixi arxivlᴅri partiyanēn maraqlarēna uyĵun dᴅyiĸdirir, m¿xtᴅlif 
ĸ¿arlar sᴅslᴅndirilir: ñM¿haribᴅ s¿lhd¿rò, ñAzadlēq kºlᴅlikdirò, ñCahillik g¿cd¿rò. 

ᴄsᴅrdᴅ diqqᴅt ­ᴅkᴅn mᴅsᴅlᴅlᴅrdᴅn biri dᴅ insan duyĵularēnēn vᴅ ailᴅnin yox edilmᴅsi 
strategiyasēdēr. Distopiyada sevgi vᴅ baĵlēlēq yalnēz partiyaya vᴅ Bºy¿k Qardaĸa qarĸē ola bilᴅr. 
Ailᴅlᴅr bir sevgi yuvasē deyil, dºvlᴅtᴅ yeni "casuslar" yetiĸdirᴅn qurumlar kimi tᴅsvir olunur. 
Uĸaqlar ºz valideynlᴅrini D¿ĸ¿ncᴅ Polisinᴅ ĸikayᴅt etmᴅyᴅ tᴅĸviq edilirlᴅr. ᴄsᴅrdᴅ zahirᴅn 
hamē var, yaĸayēr, ancaq hᴅyat mᴅnᴅvi dᴅyᴅrlᴅri itirmiĸ, mᴅqsᴅdlᴅr itmiĸ, insan 
ĸᴅxsiyyᴅtsizlᴅĸdirilmiĸdir. Corc Oruellin "1984" ᴅsᴅri ᴅdᴅbiyyatda vᴅ kinoda "Oruellian" 
(Orwellian) adlanan b¿tºv bir janrēn vᴅ ya ¿slubun ᴅsasēnē qoydu. Bu roman ­ap olunduqdan 
sonra hᴅm klassik, hᴅm dᴅ m¿asir distopik ᴅdᴅbiyyatēn "DNT"-sinᴅ ­evrildi.  "1984"-dᴅn 
birbaĸa vᴅ ya dolayēsē ilᴅ ilhamlanan bir sēra ᴅsᴅrlᴅr dᴅ vardēr.  

Ray Bredberinin  "451 dᴅrᴅcᴅ Farenheyt" (Fahrenheit 451) (451ÁF ï kaĵēzēn yanma 
temperaturu, tᴅxminᴅn 233ÁC) romanēnda Roman gᴅlᴅcᴅk totalitar cᴅmiyyᴅtdᴅ baĸ verir. 
Burada kitab oxumaq qadaĵandēr vᴅ ñyanĵēnsºnd¿rᴅnlᴅrò kitablarē sºnd¿rmᴅk ᴅvᴅzinᴅ 
yandērērlar. ᴄsᴅrin baĸ qᴅhrᴅmanē Qay Montaq adlē yanĵēnsºnd¿rᴅndir. O, ᴅvvᴅlcᴅ sistemᴅ 
sadiq olsa da, gᴅnc qēz Klarissa ilᴅ tanēĸlēqdan sonra d¿ĸ¿nmᴅyᴅ baĸlayēr. Zamanla Montaq 
kitablarēn dᴅyᴅrini anlayēr vᴅ sistemᴅ qarĸē ­ēxēr. Oruellin "Hᴅqiqᴅt Nazirliyi"ndᴅ dᴅ tarixi silmᴅsi 
Bredberidᴅ kitablarēn yandērēlmasē ĸᴅklindᴅ tᴅzah¿r edir. Hᴅr iki ᴅsᴅrin izlᴅdiyi mesaj budur ki, 
oxumayan vᴅ d¿ĸ¿nmᴅyᴅn cᴅmiyyᴅt asanlēqla idarᴅ olunan k¿tlᴅdir. Bu ᴅsᴅrdᴅ dᴅ bºy¿k 
interaktiv ekranlar insanlarē real hᴅyatdan uzaqlaĸdērēr, insanlar virtual ñailᴅò ilᴅ yaĸayēr, 
ᴅylᴅncᴅ d¿ĸ¿ncᴅni ᴅvᴅz edir.  

Entoni Bºrcesin "Mexaniki Portaĵal" (A Clockwork Orange) ᴅsᴅri "1984"-dᴅki dºvlᴅt 
nᴅzarᴅti vᴅ ĸᴅxsiyyᴅtin yenidᴅn formalaĸdērēlmasē (beyin yuma) mºvzusunu daha psixoloji 
m¿stᴅviyᴅ daĸēyēr. ñLudoviko metodu" vasitᴅsilᴅ insanēn azad iradᴅsinin ᴅlindᴅn alēnmasē, 
eynilᴅ ñ1984ò ᴅsᴅrinin qᴅhrᴅmanē Uinstonun 101-ci otaqda sēndērēlmasē kimidir. ñMexaniki 
Portaĵalò insanēn azad iradᴅsi, zorakēlēq meyli vᴅ dºvlᴅtin fᴅrd ¿zᴅrindᴅ nᴅzarᴅti mᴅsᴅlᴅlᴅrini 
araĸdēran fᴅlsᴅfi-distopik romandēr. ᴄsᴅrin ᴅsas sualē budur: Ķnsan zorakēlēĵē se­mᴅk 
azadlēĵēna sahib olmalēdēr, yoxsa dºvlᴅt onu zorla ñyaxĸēò etmᴅlidir? Baĸ qᴅhrᴅman Aleks 
yeniyetmᴅ dᴅstᴅnin lideridir vᴅ zorakēlēqdan zºvq alēr. O, hᴅm cinayᴅt tºrᴅdir, hᴅm dᴅ klassik 
musiqini (x¿susilᴅ Bethoveni) sevir. Hᴅbs olunduqdan sonra Aleks ñLudoviko ¿suluò adlē 
psixoloji tᴅcr¿bᴅyᴅ mᴅruz qalēr. Bu metod nᴅticᴅsindᴅ o, zorakēlēq etmᴅk istᴅdikdᴅ fiziki ᴅzab 
hiss edir. Nᴅticᴅdᴅ Aleks artēq cinayᴅt edᴅ bilmir ð lakin bu dᴅyiĸiklik ĸ¿urlu se­im deyil, 
mexaniki reaksiyadēr. 

Marqaret Etvud  ºz¿ "Xidmᴅt­inin Naĵēlē"  romanēnē yazarkᴅn "1984"-dᴅn tᴅsirlᴅndiyini 
a­ēq ĸᴅkildᴅ bildirib. Roman yaxēn gᴅlᴅcᴅkdᴅ qurulmuĸ totalitar dºvlᴅt ï Gilead 
Respublikasēnda baĸ verir. ABķ-da hakimiyyᴅti dini radikal rejim ᴅlᴅ ke­irir vᴅ cᴅmiyyᴅt sᴅrt 
qaydalarla idarᴅ olunur. Doĵum sᴅviyyᴅsi kᴅskin azaldēĵē ¿­¿n bᴅzi qadēnlar ñxidmᴅt­iò 
(handmaid) kimi varlē vᴅ y¿ksᴅk vᴅzifᴅli ailᴅlᴅrᴅ mᴅcburi surroqat ana kimi verilir. ᴄsᴅrin baĸ 
qᴅhrᴅmanē Offreddir (adē ñFredᴅ mᴅxsusò mᴅnasēnē verir). O, ºz ke­miĸ hᴅyatēnē ï ailᴅsini, 
azadlēĵēnē vᴅ kimliyini xatērlayaraq yeni sistemdᴅ saĵ qalmaĵa ­alēĸēr. Roman qadēn h¿quqlarē, 
fᴅrdi azadlēq, dini fanatizm vᴅ hakimiyyᴅtin sui-istifadᴅsi kimi mºvzularē araĸdērēr. 

Suzan Kollinsin "Aclēq Oyunlarē" romanē totalitar idarᴅ­ilik altēnda yaĸayan bir cᴅmiyyᴅtin 

ï Panem dºvlᴅtinin hekayᴅsidir. Paytaxt (Kapitol) 12 rayonu idarᴅ edir vᴅ hᴅr il hᴅr rayondan 

bir oĵlan vᴅ bir qēz se­ilᴅrᴅk ºl¿m¿nᴅ qᴅdᴅr m¿barizᴅ aparmaĵa mᴅcbur edilir. Bu yarēĸ ñAclēq 

Oyunlarēò adlanēr vᴅ televiziya ilᴅ yayēmlanēr. Kapitol ᴅhalini qorxu altēnda saxlayaraq itaᴅtᴅ 

mᴅcbur edir. Oyunlar ¿syanēn qarĸēsēnē almaq ¿­¿n tᴅĸkil olunur. ᴄsᴅrdᴅ sosial bᴅrabᴅrsizlik 

ciddi ĸᴅkildᴅ gºr¿n¿r. Kapitol zᴅnginlik vᴅ dᴅbdᴅbᴅ i­indᴅ yaĸadēĵē halda, rayonlar isᴅ 

yoxsulluq vᴅ ᴅziyyᴅt ­ᴅkir. Media informasiya tᴅminatēndan ­ox manipulyasiya ilᴅ mᴅĸĵuldur. 

Oyunlar ᴅylᴅncᴅ kimi tᴅqdim olunur. Rejim medianē istifadᴅ edᴅrᴅk hᴅqiqᴅti tᴅhrif edir vᴅ 

insanlarē manipulyasiya edir. Lakin ᴅsᴅr gºstᴅrir ki, qorxu ilᴅ qurulan sistem uzunm¿ddᴅtli ola 
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bilmᴅz. Ķnsan azadlēq vᴅ ᴅdalᴅt uĵrunda m¿barizᴅ aparmaĵa meyllidir. ñAclēq Oyunlarēò yalnēz 

bir saĵ qalma hekayᴅsi deyil, hᴅm dᴅ hakimiyyᴅt, etik se­im vᴅ insan lᴅyaqᴅti haqqēnda g¿cl¿ 

siyasi mesajdēr. 

Distopiya janrē bu g¿nlᴅ dᴅ sēx ᴅlaqᴅlidir, ­¿nki m¿asir d¿nyada senzura, informasiya 
manipulyasiyasē vᴅ insan h¿quqlarēnēn pozulmasē kimi problemlᴅr mºvcuddur. Texnologiyanēn 
s¿rᴅtli inkiĸafē insanlarēn hᴅyatēnē asanlaĸdērsa da, eyni zamanda nᴅzarᴅt vᴅ mᴅxfilik 
mᴅsᴅlᴅlᴅrini g¿ndᴅmᴅ gᴅtirir. Buna gºrᴅ distopik ᴅsᴅrlᴅr bizᴅ xᴅbᴅrdarlēq edir vᴅ cᴅmiyyᴅt 
olaraq daha ᴅdalᴅtli vᴅ azad gᴅlᴅcᴅk qurmaĵēn vacibliyini xatērladēr. 

 

SOCĶETY AND THE INDĶVĶDUAL ĶN DYSTOPĶAN LĶTERATURE: TOTALĶTARĶANĶSM, 
TECHNOLOGY, AND FUTURE PREDĶCTĶONS 

Matanat Eldar Mustafayeva 
mustafayeva20091214@mail.ru 

Azerbaijan University of Technology 
The dystopian genre depicts imagined future worlds or alternative societies in which 

injustice, totalitarian control, and restrictions on human freedom prevail. Through this genre, 
writers critically examine existing social, political, and technological problems and illustrate 
their potential negative consequences for humanity. Dystopian literature encourages readers 
to reflect on issues of freedom, justice, and human rights. The novels discussed in this thesis 
represent dystopian narratives that illustrate the profound impact of totalitarian regimes on 
human life. In these works, governments maintain control over society through mechanisms of 
fear, surveillance, and violence, thereby limiting individual rights and freedoms. At the same 
time, these novels emphasize the importance of resistance, the struggle for freedom, and the 
preservation of human dignity. The dystopian genre remains highly relevant today, as 
contemporary societies continue to face challenges such as censorship, information 
manipulation, and violations of human rights. Although the rapid development of technology 
has significantly improved many aspects of human life, it has also intensified concerns about 
surveillance, data control, and the protection of personal privacy. 

Keywords: dystopia, totalitarianism, freedom and resistance, social inequality 
 

 
 

THE ROLE OF DIGITAL TECHNOLOGIES IN MODERN EDUCATION 
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In recent years, digital technologies have significantly transformed the educational 
landscape. The integration of online platforms, interactive tools, and digital resources has 
created new opportunities for both teachers and students. As education becomes increasingly 
globalized, the use of technology plays a crucial role in ensuring accessibility and quality of 
learning. 

Main Part. Digital technologies provide various benefits in the educational process. 
Firstly, they offer flexible learning opportunities. Students can access materials anytime and 
anywhere, which is especially important in distance learning environments. Secondly, digital 
tools enhance student engagement through multimedia content, such as videos, simulations, 
and interactive exercises. 

Another important aspect is the development of independent learning skills. With access 
to online resources, students can conduct research, analyze information, and develop critical 
thinking abilities. According to recent studies, technology-based learning environments 
improve studentsô motivation and academic performance. 

mailto:mustafayeva20091214@mail.ru
mailto:nurgalieevaan@gmail.com


¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

222 
 

However, there are also challenges associated with digital education. One of the main 
issues is the digital divide, where some students have limited access to necessary devices or 
internet connectivity. Additionally, excessive reliance on technology may reduce face-to-face 
interaction, which is essential for social development. 

To address these challenges, educational institutions should invest in infrastructure, 
provide teacher training, and develop balanced approaches that combine traditional and digital 
methods. 

Conclusion. Digital technologies have become an integral part of modern education. 
They offer numerous advantages, including accessibility, flexibility, and enhanced learning 
experiences. Despite existing challenges, effective implementation of digital tools can 
significantly improve the quality of education. Future research should focus on developing 
innovative strategies to maximize the benefits of technology in education. 

 

THE ROLE OF DIGITAL TECHNOLOGIES IN MODERN EDUCATION 
Ainur Askarovna Abdullayeva 

Ainur Qanagatovna Nurgaliyeva 
nurgalieevaan@gmail.com 
Almaty Technological University 

This article examines the growing importance of digital technologies in modern 
education. It highlights how technological tools enhance learning processes, improve 

accessibility, and contribute to the development of studentsô critical thinking skills. The study 
also explores the challenges associated with digital transformation in education and 
proposes possible solutions. 

Keywords: digital education, e-learning, technology, students, innovation 
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In the current era of globalization, the education system is not limited to training 
professionally qualified specialists but aims to form a personality capable of acting freely in an 
intercultural space. In this context, the concept of a "multicultural personality" is of particular 
importance. A multicultural personality is an individual who respects different cultures, 
understands cultural differences, and can establish effective communication. The role of the 
digital educational environment and innovative platforms in forming such a personality is 
increasing. In recent years, platforms such as Moodle, Coursera, and Google Classroom have 
been widely used in the education system, contributing to the modernization of the content and 
form of teaching. Therefore, studying the issue of forming a multicultural personality based on 
innovative platforms is highly relevant. 

The issues of multicultural education are extensively considered in the works of foreign 
and domestic scholars. In the works of Azerbaijani researchers, the issues of intercultural 
communication and the formation of a multicultural personality in the context of digital 
education are considered one of the key areas. For instance, in the research of Azerbaijani 
scientist N. Mehtiyeva, the role of digital educational platforms in developing intercultural 
relations is analyzed, showing that the online learning environment has a positive effect on 
students' communicative activity and cultural adaptation. According to the author, "intercultural 
interaction carried out in a digital environment forms not only the language abilities of learners 
but also their intercultural tolerance and social adaptation" [1, p. 15]. Furthermore, the works 
of S. Aliyev and R. Huseynov examine the pedagogical effectiveness of innovative educational 
technologies in a multicultural environment, emphasizing the potential of virtual platforms in 
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developing students' intercultural competence [2, p. 33]. These studies clarify that the digital 
educational space is of particular importance in developing global cultural dialogue and justify 
the need to integrate the national education system into the international level. 

Foreign researcher M. Byram considers intercultural competence as an important quality 
of a personality [3, p. 45]. K. Kramsch emphasizes the interconnectedness of language and 
culture [4, p. 17]. Additionally, the impact of digital education and technology is examined in 
the works of M. Warschauer, showing their role in social integration [5, p. 77]. Over the last 
decade, the rapid development of digital technologies has introduced fundamental changes to 
the content and form of education, raising intercultural communication to a new level. 

Research shows that the digital educational environment is becoming an effective tool for 
forming intercultural competence. For example, an analysis covering more than fifty empirical 
studies on technology-assisted intercultural learning found that digital tools have a moderately 
positive effect on the development of intercultural skills [6, p. 14]. This work highlights that 
online communication, especially video conferencing and webinars in a synchronous format, 
contributes to learners' understanding of cultural differences and the overcoming of 
stereotypes. 

In recent years, the concept of intercultural competence has expanded, being considered 
not just as a linguistic ability but as a set of knowledge, skills, values, and behavioral 
components of a personality [7, p. 62]. In this regard, digital platforms allow learners to 
establish direct contact with representatives of different cultural environments, increasing their 
practical knowledge. 

Among the teaching models implemented on the basis of innovative platforms, the COIL 
(Collaborative Online International Learning) program has attracted particular attention in 
recent years. This model aims to unite students from different countries through joint online 
courses to form their intercultural communication experience. Studies show that the 
intercultural sensitivity and communicative flexibility of students who participated in COIL 
projects significantly increase [8, p. 36]. 

Information and communication technologies are considered not only as a tool in the 
modern education system but as an important mediator of intercultural communication. 
Research indicates that through the use of ICT, not only students' language skills but also their 
cultural adaptation abilities and communicative confidence develop [9, p. 23]. Moreover, 
communication in the digital environment takes on a multimodal character, taking place 
through the unity of text, video, audio, and visual elements. 

New theoretical directions have also emerged in the study of intercultural communication 
in recent years. For instance, the Deardorff model views intercultural competence as a 
process of continuous development, while Gudykunst's theory focuses on managing 
uncertainty and anxiety in communication. Hofstede's cultural dimensions theory allows for the 
systematization of cultural differences. In modern research, along with these theories, 
decolonial and contextual approaches are also widely used, meaning the need to take into 
account the unique characteristics of each culture is coming to the fore [10, p. 54]. 

The aforementioned studies prove that innovative platforms have high potential in 
forming a multicultural personality. However, a number of difficulties are also encountered in 
this process. Specifically, inequality in technological infrastructure, insufficient consideration of 
cultural context, and the lack of consistency in methods for assessing intercultural 
competence. Therefore, it is important to ensure the harmony of technological capabilities and 
pedagogical content in the education system. 

In conclusion, world research clearly demonstrates the importance of digital technologies 
and innovative platforms in forming a multicultural personality. These technologies contribute 
to the development of learners' intercultural communication skills, their adaptation to the global 
cultural space, and the formation of tolerance qualities. In the future, research in this direction 
should cover artificial intelligence, adaptive learning systems, and issues of considering the 
national cultural context. 
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GLOBAL RESEARCH: FORMATION OF A MULTICULTURAL PERSONALITY BASED ON 
INNOVATIVE PLATFORMS 
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Almaty Technological University, Kazakhstan, Almaty 
The article examines the challenges of developing a multicultural personality through the use 

of innovative platforms in the digital educational space. In the context of globalization, one of the 
primary tasks of the education system is to cultivate tolerant and open-minded individuals who are 
capable of effective communication with representatives of diverse cultures. In this regard, the 
study analyzes the potential of modern digital platforms and their role in fostering intercultural 
competence. The research employs methods of theoretical analysis, comparative analysis, and 
systematization. The findings indicate that innovative platforms serve as effective tools for 
developing learnersô intercultural communication skills. 

Keywords: multicultural personality, innovative platforms, digital education, intercultural 
communication, competence, educational technologies 
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Competence is one of the key skills required in the modern education system. It usually 
refers to the integration of knowledge, skills and attitudes necessary for effective action in a 
particular field. This article analyzes the methodological foundations of competence 
development and considers innovative approaches to implementing this process. 

The renewal of society requires a change in the education system, a new approach and 
a new attitude to it. Providing quality education and upbringing to future specialists, 
comprehensively acquiring knowledge and skills, and facilitating their future development as 
highly qualified specialists in their field and mastering academic disciplines is of great 
importance today [1]. 

Scientists from the Commonwealth of Independent States (CIS) A. Aksenova, A. V. 
Morozov, D. V. Chernilevsky, N. Veraks, N. A. Alekseev, Yu. K. Kruglova, K. G. Krechetnikov 
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conducted scientific research on the issues of developing the quality and effectiveness of 
education based on a creative approach. The factors of the formation of creative abilities in the 
educational process were studied by M. M. Zinovkina, A. V. Morozov, D. B. Chernilevsky, V. 
N. Druzhinin and other scientists, while consensual theories focused on the psychological 
characteristics of creativity were created by Y. A. Ponomarev, A. N. Leontiev, A. V. Morozov. 
The criteria of creativity, its psychological mechanisms, the development engineering of 
creative thinking and others studied the work of D. B. Bogoyavlenskaya, and the units of 
analysis of creativity were determined in the works of D. B. Bogoyavlenskaya [2]. According to 
the results of the ongoing analysis of scientific and methodological literature, there is a need to 
improve the self-development activities of specialists studying in higher education institutions 
based on a creative approach, and to base their effectiveness on pedagogical experience. 

The research study examined innovative approaches and methods used to develop 
creative competence in students [3]. The methodological foundations of developing creative 
competence in students based on an innovative approach are the development of students' 
creative and cognitive abilities by updating pedagogical processes and adapting them to 
modern requirements. The following methodological foundations are important in this regard: 
1. Diversify the educational process. 
Encourage students to think creatively in different situations by using and integrating different 
teaching methods: 
- Interactive lessons: Strengthen communication between students, encourage joint problem 
solving. 
- Project-based learning: Give students tasks close to real life and solve them independently or 
in groups. 
- Problem-based learning: Teach students to analyze problems and find creative solutions to 
them. 
2. Use of innovative technologies. 
Developing creative competence by introducing modern technologies into the educational 
process: 
- Multimedia and interactive educational materials: Using video, audio and other multimedia 
tools in the educational process. 
- Online learning platforms: Creating opportunities for students to learn independently through 
various online courses and platforms. 
- Simulations and virtual laboratories: Introducing students to complex processes and practical 
skills. 
3. Kreativ muhit yaratish. 
Creating a creative and innovative environment in educational institutions: 
- Creative zones: Establishing creative zones and laboratories in educational institutions. 
- Motivation and encouragement: Encouraging and supporting students' creative initiatives. 
4. Develop a mentoring and coaching system. 
The role of experienced mentors and coaches in developing creative competence: 
- Mentoring system: Guidance of students by experienced professionals. 
- Creative seminars and master classes: Seminars and master classes conducted by 
representatives of various fields. 
5. Problem-oriented learning. 
Developing skills in identifying, analyzing, and finding creative solutions to problems: 
- Problem-based learning: Teaching students to analyze problems and find solutions. 
- Innovative evaluation of solutions: Teaching students to evaluate and improve their own 
solutions. 
6. Cooperative and collaborative learning. 
Developing teamwork and collaboration skills: 
- Group projects: Implementing group projects among students. 
- Collaborative problem solving: Solving complex problems together. 
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These methodological foundations help students develop skills in creative thinking, problem-
solving, and adapting to innovative approaches. 

The results of the study showed that innovative approaches are of great importance in 
developing competence. Interactive and cooperative teaching methods increase the activity of 
students and develop their teamwork skills. Project-based and problem-based learning 
enhances students' problem-solving abilities and encourages them to think creatively. 
Simulation and role-playing games play an important role in developing students' practical 
skills. Online and multimedia tools are effective in diversifying the educational process [4]. 
Competency development is an important part of the modern education system, and 
innovative approaches are necessary for the effective implementation of this process. 
Interactive and cooperative teaching, project-based and problem-based learning, simulation 
and role-playing games, the use of online and multimedia tools are effective methods for 
developing students' knowledge and skills. These approaches play an important role in 
forming the competencies necessary for students to be successful in real life. 

The results of the study showed the following achievements in developing 
students' creative competence: 

- Interactive lessons encouraged students to actively participate in the lesson process, 
which developed their creative thinking skills. 

- Project-based learning taught students to work independently and in groups, to solve 
real-life problems. 

- Innovative technologies diversified the learning process of students and helped them 
master new knowledge. 

- The creative environment encouraged students to think creatively and developed their 
ability to develop new ideas. 

- The coaching and mentoring system motivated students and helped them develop their 
creative skills. 

- Problem-oriented learning taught students to analyze problems and find creative 
solutions to them. 

- Cooperative and collaborative learning encouraged students to work in teams and 
develop creative solutions in collaboration. 

Research results have shown that diversifying the educational process based on an 
innovative approach and creating a creative environment play an important role in developing 
students' creative competence [5]. Interactive and project-based learning methods teach 
students to solve real-life problems, while innovative technologies allow them to quickly and 
effectively master new knowledge. 

The coaching and mentoring system is of great importance in motivating students and 
developing their creative abilities. Problem-based learning teaches students analytical thinking 
and creative approaches. Cooperative and collaborative learning methods help students 
develop teamwork skills. 

Innovation ï (English) means innovation, newness, while technology is derived from the 
Greek words ñtechnosò ï art, skill and ñlogosò ï science, and innovative technology means a new 
approach to educational forms, methods and techniques. Innovative technologies are innovations 
and changes in the pedagogical process and the activities of teachers and students. 

When using innovative technologies, the teacher is required to have the following knowledge: 
- Knowledge, skills and qualifications in ICT; 
- Being aware of foreign experiences in new pedagogical technologies (PISA, TIMSS); 
- Skills in using didactic games and interactive methods in organizing the educational 

process; 
- Mastering knowledge of advanced pedagogical technologies; 
- Having developed the technology for transforming knowledge into skills and qualifications; 
- Being able to effectively use mobile games in the lesson process; 
- Being able to connect the lesson to the Internet, if possible; 
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- Constantly working on oneself, following news in each field, etc. 
When organizing a lesson based on innovative technologies, the teacher can use various 

technical means (computer, projector, electronic board, etc.). The more innovations there are in the 
teacher's work, the more content it will increase. It should also be recognized that the ideas about 
innovative technologies and interactive methods in education do not have a stable and perfect 
form. Each teacher can introduce innovation into education individually. Innovative technologies 
arise from the teacher's dissatisfaction with his own work [6]. ñInnovation of activity is carried out in 
3 stages, namely, preparation, planning and implementation.ò ï said the famous teacher A. 
Nikolskaya. The main goal of innovative technologies is to achieve a commonality between the 
teacher and the student, to interest students in science, to change their attitude to education, to 
acquire the skills to apply the acquired knowledge in social situations, to combine ICT and didactic 
materials with the subject, etc. With this article on the use of interactive methods in organizing 
lessons, every subject teacher has the opportunity to use the methods and games used to 
effectively organize lessons in the lesson process. If a teacher is a researcher, a creative subject 
who thoroughly knows the subject and through this subject provides knowledge to students based 
on innovative ideas based on the needs of today, this will cause that teacher to gain the attention 
of students and parents. Based on the ideas mentioned above, by instilling a lot of information in all 
lessons, it is possible to increase their interest in learning and the profession. For this, it is 
necessary to integrate and instill more concepts about modern engineering and technology in 
science in students [7]. The more skilled the teacher is, the more proud he will be of his students' 
achievements in the future. In short, innovative technology is the provision of new knowledge to 
students through scientific research, development, experimentation, or other scientific and 
engineering achievements. 

 

Table 1 
Criteria for developing professional training of engineering students                                                            

based on innovative approaches 

ˉ 
Types of 

professional 
training 

Content 

1 
Scientific and 

theoretical 
preparation 

The ability to organize effective interaction with the audience during the 
lesson, establish positive relationships with young people, and create a 

healthy spiritual environment. 

2 
Scientific and 

methodological 
preparation 

To be able to convey all their knowledge to young people in an 
understandable, fluent language, and to effectively use educational 

technology and methods. 

3 
Training in the 

specialty 
The ability to acquire in-depth and comprehensive knowledge in their field 

of study and subject, and the ability to work on themselves 

4 
Having the ability to 

know 
 

A teacher with such abilities knows the subject not only within the scope of 
the course, but also much more broadly and deeply, constantly follows 

discoveries in his field of study, knows the material perfectly, is extremely 
interested in it, and also conducts scientific research. 

5 
Having the ability to 

explain 

Be able to explain the educational material in a way that is understandable 
to future engineering graduates, and be able to arouse interest in 
independent and correct thinking in future engineering graduates. 

6 
Having the ability to 

observe 
 

Psychological observation, which is related to the student's ability to 
understand the future teacher and his or her temporary mental states. 
Such a teacher can detect even subtle changes in the future teacher's 

psyche based on small signs and minor external signs. 

7 
Possessing 
pedagogical 

speaking skills 

It is the ability to express one's thoughts and feelings clearly and distinctly 
through speech and gestures. 

8 
Having 

organizational skills 

The future engineering major involves organizing, uniting, and motivating 
a team of graduates to solve important tasks, and secondly, organizing 

one's own work. Organizing one's own work means being able to plan and 
control work properly. 

9 Possesses Future engineering graduates have the ability to effectively apply 
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methodological 
competence 

professional methodological knowledge, skills, qualifications, and 
experience in practice. 

10 
Having 

methodological 
competence 

Future engineering graduates should have the ability to effectively apply 
professional methodological knowledge, skills, competencies, and abilities 

in practice, and have a deep understanding of the essence of scientific 
progress and the basic teachings related to its development. 

 

The concept of competence comes from the Latin word "competentia", which in the 
explanatory dictionary means "legally entitled", "entitled", and is close to the concepts of 
"ability", "skill", "talent" widely used in general use. The term competent means ... someone 
who has a certain type of competence, is capable, knows his field, and is able to convey it to 
others. 

Within the framework of vocationally-oriented teaching technology, ready-made 
knowledge exists alongside knowledge that is "born" and synthesized as a result of the 
student's own creation and implementation of a subject-specific project. 

In organizing education for future engineering graduates at universities based on a 

modular approach, learning objectives, educational content, and management of learning 

activities are analyzed from the perspective of some didactic categories. 

The main tasks of economic development are: full use of existing potential; increasing 
the national production volume; creating new jobs and reducing unemployment; increasing 
incomes and the level of social well-being; increasing the profitability of local enterprises; 
increasing the level of competitiveness of individual enterprises and the national economy; 
expanding the tax base, increasing budget revenues and expanding the financial capabilities 
of the state; creating favorable economic conditions for ensuring social stability, expanding 
international relations and gradually integrating into the global community; expanding the 
economic and political influence of members of society. Although this growth is difficult to 
achieve and is characterized by high costs, it has a number of advantages. This type of growth 
stimulates scientific and technological progress, increases labor productivity and production 
efficiency, and makes it possible to solve the problem of limited resources. 
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The article examines the key criteria for developing technologies based on innovative 

approaches, taking into account contemporary demands, in order to enhance the effectiveness 
of professional training for future engineers in technical higher education institutions. The 
study highlights the role of modern pedagogical methods and technological integration in 
improving the quality of engineering education and aligning it with industry requirements. 
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EMPATĶYA Vᴄ H¦QUQĶ TᴄNZĶMLᴄMᴄ 
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M¿asir dºvrdᴅ tᴅĸkilati m¿hitin sabitliyi vᴅ fᴅaliyyᴅtin davamlē tᴅmini birbaĸa effektiv 
¿nsiyyᴅt strategiyalarēndan asēlēdēr. Bu strategiyalar m¿ᴅssisᴅnin daxili nizam-intizam 
qaydalarēnē sadᴅcᴅ h¿quqi tᴅlᴅb kimi deyil, hᴅm dᴅ kollektivin mᴅnᴅvi-etik b¿tºvl¿y¿n¿ 
qoruyan bir dᴅyᴅrlᴅr sistemi kimi formalaĸdērēr. Bu baxēmdan, "Azᴅrbaycan dilindᴅ iĸg¿zar vᴅ 
akademik kommunikasiya" fᴅnninin tᴅdqiqat vᴅ tᴅdris predmetinᴅ daxil olan m¿h¿m 
mºvzulardan biri dᴅ idarᴅetmᴅ prosesindᴅ rᴅsmi-iĸg¿zar ¿slubun vᴅ etik normalarēn tᴅtbiqi 
mᴅsᴅlᴅsidir. M¿asir idarᴅetmᴅ sistemindᴅ m¿ᴅssisᴅdaxili intizam tᴅnbehlᴅri sadᴅcᴅ inzibati-
h¿quqi bir mexanizm deyil, eyni zamanda rᴅhbᴅr vᴅ iĸ­i arasēnda peĸᴅkar ¿nsiyyᴅtin ᴅn 
hᴅssas vᴅ hᴅlledici mᴅrhᴅlᴅsi kimi ­ēxēĸ edir. Bu baxēmdan, intizam tᴅnbehlᴅrinin tᴅtbiqi 
zamanē hᴅm akademik dilin dᴅqiqliyi, hᴅm dᴅ emosional intellektin d¿zg¿n idarᴅ olunmasē 
iĸg¿zar kommunikasiya etikasēnēn ayrēlmaz tᴅrkib hissᴅsidir. 

Fᴅnnin tᴅlᴅblᴅrinᴅ uyĵun olaraq, iĸg¿zar yazēĸmalarda vᴅ ĸifahi m¿zakirᴅlᴅrdᴅ se­ilᴅn 
hᴅr bir sºz¿n, qurulan hᴅr bir c¿mlᴅnin iĸ­inin motivasiyasēna vᴅ m¿ᴅssisᴅnin ¿mumi birgᴅlik 
(ortaq iĸ) mᴅdᴅniyyᴅtinᴅ birbaĸa tᴅsiri mºvcuddur. ¢¿nki, akademik kommunikasiya etikasē 
sadᴅcᴅ informasiya ºt¿rmᴅk deyil, hᴅm dᴅ qarĸēlēqlē etimad m¿hitini qorumaq funksiyasēnē 
daĸēyēr. Odur ki, bu prosesdᴅ ᴅsas hᴅdᴅf iĸ­ini birtᴅrᴅfli qaydada cᴅzalandērmaqdan daha ­ox, 
akademik bir yanaĸma ilᴅ mºvcud kommunikasiya qērēqlēĵēnē aradan qaldērmaq, baĸ vermiĸ 
xᴅtanēn sᴅbᴅblᴅrini obyektiv tᴅhlil etmᴅk vᴅ iĸ­inin m¿ᴅssisᴅyᴅ faydalēlēq ᴅmsalēnē yenidᴅn 
bᴅrpa etmᴅkdir. Bu yanaĸma, intizam tᴅnbehini sēxēĸdērēcē bir alᴅtdᴅn inkiĸafetdirici bir 
kommunikasiya metoduna ­evirir. Ķĸg¿zar m¿nasibᴅtlᴅr sistemindᴅ xᴅbᴅrdarlēq, tºhmᴅt vᴅ 
ĸiddᴅtli tºhmᴅt mᴅrhᴅlᴅli bir ardēcēllēq tᴅĸkil edir. Bu pillᴅli sistemin hᴅr bir mᴅrhᴅlᴅsindᴅ 
rᴅhbᴅrin kommunikasiya tonu subyektivlikdᴅn uzaqlaĸaraq akademik obyektivliyᴅ ke­mᴅlidir. 
Ķlk mᴅrhᴅlᴅ sayēlan nᴅzᴅrᴅ ­atdērma vᴅ ya xᴅbᴅrdarlēq zamanē rᴅhbᴅrin empatiya qurmasē 
prosesin effektivliyi ¿­¿n hᴅlledici faktordur. Rᴅhbᴅr tᴅrᴅfindᴅn tᴅtbiq olunan empatiya, iĸ­inin 
intizam xᴅtasēna yol vermᴅsinin kºk¿ndᴅ dayanan sᴅbᴅblᴅri , mᴅsᴅlᴅn, ailᴅ daxili bºhranlar, 
psixoloji gᴅrginlik, saĵlamlēq vᴅziyyᴅti vᴅ ya iĸ m¿hitindᴅki texniki-kommunikativ ­atēĸmazlēqlarē 
aĸkar etmᴅyᴅ imkan verir. 

X¿susilᴅ, iĸ­inin ᴅvvᴅlki fᴅaliyyᴅti q¿sursuz olduqda, xᴅta ilk dᴅfᴅ baĸ verdikdᴅ vᴅ ya 
xᴅtanēn yaranmasēnda obyektiv kᴅnar amillᴅr rol oynadēqda rᴅhbᴅrin humanist yanaĸma 
n¿mayiĸ etdirmᴅsi vᴅ tᴅnbehi sadᴅcᴅ ñĸifahi xᴅbᴅrdarlēqò sᴅviyyᴅsindᴅ saxlamasē idarᴅetmᴅdᴅ 
sᴅdaqᴅti artērēr. Bu yanaĸma hᴅr hansē bir xᴅtanē gºrmᴅzdᴅn gᴅlmᴅk deyil, iĸ­inin peĸᴅkar 
potensialēnē vᴅ xᴅtanēn m¿ᴅssisᴅyᴅ vurduĵu ziyanēn miqyasēnē nᴅzᴅrᴅ alaraq, ona islah 
olunmaq ¿­¿n ĸans tanēmaqdēr.  

mailto:d.eshnazarov@gmail.com
mailto:abbasova.salmina@mail.ru
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Empatik m¿nasibᴅt rᴅhbᴅri ñcᴅza verᴅnò ĸᴅxsdᴅn ñistiqamᴅt verᴅnò  liderᴅ ­evirir ki, bu 
da akademik kommunikasiyada konstruktivliyin ᴅn y¿ksᴅk formasēdēr. Ķntizam tᴅnbehlᴅrinin 
tᴅtbiqi hᴅm dᴅ konkret zaman ­ᴅr­ivᴅlᴅri ilᴅ tᴅnzimlᴅnᴅn bir h¿quqi ºhdᴅlikdir. Azᴅrbaycan 
Respublikasēnēn ᴄmᴅk Mᴅcᴅllᴅsinᴅ ᴅsasᴅn, intizam tᴅnbehi verildiyi g¿ndᴅn etibarᴅn altē ay 
m¿ddᴅtindᴅ q¿vvᴅdᴅ qalēr. Bu m¿ddᴅt iĸ­inin davranēĸlarēnēn izlᴅnilmᴅsi vᴅ onun peĸᴅkar 
etikaya nᴅ dᴅrᴅcᴅdᴅ sadiq qaldēĵēnēn yoxlanēlmasē ¿­¿n bir sēnaq dºvr¿ mahiyyᴅti daĸēyēr. 
ᴄgᴅr iĸ­i hᴅmin altē ay ᴅrzindᴅ yeni bir intizam xᴅtasē tºrᴅtmᴅzsᴅ vᴅ ᴅmᴅk funksiyalarēnē 
layiqincᴅ yerinᴅ yetirᴅrsᴅ, tᴅnbeh m¿ddᴅti baĸa ­atdēqdan sonra o, avtomatik olaraq q¿vvᴅdᴅn 
d¿ĸm¿ĸ sayēlēr vᴅ iĸ­i intizam tᴅnbehi almamēĸ hesab olunur. 

Bununla belᴅ, iĸg¿zar kommunikasiyanēn stimullaĸdērēcē funksiyasēnē artērmaq mᴅqsᴅdilᴅ  
rᴅhbᴅrin intizam tᴅnbehini vaxtēndan ᴅvvᴅl (altē ay tamam olmamēĸ) gºt¿rmᴅk sᴅlahiyyᴅti dᴅ 
mºvcuddur. Bu halda rᴅhbᴅr m¿vafiq ᴅmr imzalayaraq iĸ­inin fᴅaliyyᴅtindᴅki m¿sbᴅt keyfiyyᴅt 
dᴅyiĸikliyini rᴅsmilᴅĸdirir. Bu h¿quqi addēm sadᴅcᴅ inzibati akt deyil, hᴅm dᴅ m¿h¿m bir 
psixoloji mesajdēr: m¿ᴅssisᴅ iĸ­inin ke­miĸ xᴅtasēnē deyil, onun islah olunma vᴅ peĸᴅkar 
inkiĸaf meyillᴅrini ᴅsas gºt¿r¿r. Akademik yazē etikasēna uyĵun olaraq, tᴅnbehin lᴅĵvi barᴅdᴅ 
ᴅmrdᴅ istifadᴅ olunan dil iĸ­inin nailiyyᴅtlᴅrini vurĵulamalē, onda m¿ᴅssisᴅyᴅ aidlik hissini 
g¿clᴅndirmᴅli vᴅ gᴅlᴅcᴅk fᴅaliyyᴅtᴅ inam aĸēlamalēdēr. 

Belᴅliklᴅ, m¿ᴅssisᴅdᴅ intizamēn qorunmasē prosesi yalnēz quru h¿quqi sᴅnᴅdlᴅr vᴅ 
inzibati mᴅcburiyyᴅtlᴅr ¿zᴅrindᴅ deyil, hᴅm dᴅ dᴅrin iĸg¿zar etika vᴅ korporativ dᴅyᴅrlᴅr 
¿zᴅrindᴅ qurulmalēdēr. Azᴅrbaycan Respublikasēnēn ᴄmᴅk Mᴅcᴅllᴅsi ilᴅ tᴅnzimlᴅnᴅn altē aylēq 
h¿quqi m¿ddᴅt vᴅ rᴅsmi tᴅtbiq formalarē iĸ­inin h¿quqi statusunu m¿ᴅyyᴅn etsᴅ dᴅ, rᴅhbᴅrin 
bu prosesdᴅ n¿mayiĸ etdirdiyi empatiya vᴅ akademik kommunikasiya dili iĸ­inin m¿ᴅssisᴅyᴅ 
mᴅnᴅvi baĵlēlēĵēnē ĸᴅrtlᴅndirᴅn ᴅsas hᴅrᴅkᴅtverici q¿vvᴅdir. Bu yanaĸma ­ᴅr­ivᴅsindᴅ intizam 
tᴅnbehi sadᴅcᴅ bir sanksiya deyil, m¿asir idarᴅetmᴅdᴅ intizam xᴅtasēna yol vermiĸ iĸ­i ilᴅ 
qurulan konstruktiv dialoq, problemlᴅrin kºk¿ndᴅ dayanan obyektiv vᴅ subyektiv amillᴅri aĸkar 
etmᴅyᴅ, rᴅhbᴅr-iĸ­i m¿nasibᴅtlᴅrindᴅki "¿nsiyyᴅt boĸluqlarēnē" doldurmaĵa xidmᴅt edir. Eyni 
zamanda, iĸ­idᴅ mᴅnfi motivasiyanē (qorxu) m¿sbᴅt motivasiya (mᴅsuliyyᴅt vᴅ minnᴅtdarlēq) ilᴅ 
ᴅvᴅz edir. Akademik yazē vᴅ ¿nsiyyᴅt etikasēna uyĵun idarᴅ olunan bu proses, m¿ᴅssisᴅdᴅ 
fᴅrdlᴅrin deyil, qanunun vᴅ etik normalarēn aliliyini tᴅmin edᴅrᴅk saĵlam iĸ m¿hitini qoruyur. 
Ķntizam tᴅnbehi d¿zg¿n kommunikasiya strategiyasē vᴅ emosional intellekt prinsiplᴅri ilᴅ idarᴅ 
olunduqda, iĸ­i ¿­¿n sēxēĸdērēcē bir cᴅza deyil, ᴅksinᴅ, peĸᴅkar inkiĸaf, daxili ºz¿n¿tᴅnqid vᴅ 
m¿ᴅssisᴅdaxili mᴅsuliyyᴅtin artērēlmasē ¿­¿n ᴅhᴅmiyyᴅtli bir inkiĸafetdirici vasitᴅyᴅ ­evrilir.  
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The article examines the significance of official-business style and ethical norms in the 

internal disciplinary processes of modern management. It argues that disciplinary actions should 
not be limited to formal administrative procedures but should also be viewed as an important stage 
of professional communication within an organization. By combining academic precision with 
elements of emotional intelligence, managers can transform disciplinary measures from purely 
punitive mechanisms into constructive and developmental management tools. The article 
concludes that an effective disciplinary process is based on the interaction of legal regulations, 
business ethics, and constructive professional communication. Such an approach contributes not 
only to maintaining organizational discipline but also to the professional development of employees 
and the creation of a harmonious organizational environment. 
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English has become a global language used in international communication, business, 
education, and entertainment. As a result, many people around the world are motivated to 
learn it. Traditional language learning methods such as textbooks and classroom instruction 
remain important, but modern learners increasingly use alternative resources. One of the most 
influential resources is pop culture. Films, songs, and television series expose learners to 
natural language, real-life conversations, and cultural elements. Because these materials are 
entertaining, they can increase learnersô motivation and help them learn the language in a 
more natural way [4]. 

Films and television series are powerful tools for improving language skills. They allow 
learners to hear authentic pronunciation, natural speech patterns, and everyday vocabulary. 
Through watching movies or series, learners can observe how English is used in real-life 
situations such as conversations between friends, workplace communication, or family 
interactions [5]. Another advantage is the use of subtitles. When learners watch films with 
English subtitles, they can simultaneously develop both listening and reading skills. Subtitles 
help them understand unfamiliar words and expressions while following the dialogue. 

Music is another important element of pop culture that supports language learning. 
Listening to English songs helps learners improve pronunciation, rhythm, and intonation. 
Songs are often repeated many times, which helps learners remember vocabulary and 
expressions more easily [3]. Moreover, music can create emotional connections with 
language. When learners enjoy a song, they are more likely to pay attention to its lyrics and try 
to understand their meaning. 

Pop culture not only teaches language but also introduces learners to cultural aspects of 
English-speaking countries. Films, music, and TV series reflect traditions, lifestyles, humor, 
and social values. By engaging with these media forms, learners can gain a deeper 
understanding of the cultural context in which the language is used [2]. Understanding cultural 
references and social norms is essential for effective communication. 

The use of pop culture in language learning has several advantages. It increases 
motivation, provides authentic language input, and helps learners practice listening and 
pronunciation skills. Furthermore, it allows learners to study independently outside the 
classroom. 

However, there are also some challenges. In many films and songs, speakers use slang, 
informal expressions, or very fast speech. These elements can sometimes confuse learners, 
especially beginners. Additionally, some media content may include grammatical structures 
that differ from formal language rules. 

In conclusion, pop culture has become an effective and engaging tool for learning 
English. Films, music, and television series provide authentic language exposure and help 
learners improve their listening, vocabulary, and pronunciation skills. They also promote 
cultural understanding and increase motivation. Although learners may encounter difficulties 
such as slang and rapid speech, the benefits of using pop culture in language learning are 
significant. Therefore, integrating pop culture into language education can enhance the overall 
learning experience and support the development of communicative competence [1]. 
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In the modern globalized world, English has become one of the most widely used languages 

for communication, education, and media. Pop culture, including films, music, and television series, 
plays a significant role in helping people learn English. These forms of media provide authentic 
language exposure and make the learning process more engaging. This article examines how pop 
culture contributes to the development of vocabulary, listening skills, pronunciation, and cultural 
awareness among English language learners. In addition, it discusses the advantages as well as 
the potential challenges of using popular media as a language-learning tool. 
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Azᴅrbaycan antik dºvrlᴅrdᴅn ñOdlar Yurduò kimi tanēnmēĸdēr. Arxeoloji qazēntēlar vᴅ tarixi 
mᴅnbᴅlᴅr (mᴅsᴅlᴅn, Plini vᴅ Plutarxēn qeydlᴅri) gºstᴅrir ki, hᴅlᴅ qᴅdim dºvrlᴅrdᴅ Abĸeronda 
neftdᴅn mᴅiĸᴅtdᴅ, tᴅbabᴅtdᴅ vᴅ hᴅrbi iĸlᴅrdᴅ istifadᴅ olunub. M¿asir dºvrdᴅ isᴅ bu miras 
qlobal enerji tᴅhl¿kᴅsizliyinin s¿tununa ­evrilmiĸdir. 

1993-c¿ ildᴅ siyasi rᴅhbᴅrliyᴅ qayēdan ¦mummilli Lider Heydᴅr ᴄliyev nefti ºlkᴅnin milli 
sᴅrvᴅti elan edᴅrᴅk, bu sahᴅnin dir­ᴅldilmᴅsini dºvlᴅt siyasᴅtinin prioritetinᴅ ­evirdi. Onun 
uzaqgºrᴅn fᴅaliyyᴅti nᴅticᴅsindᴅ neft sᴅnayesini tᴅnᴅzz¿ldᴅn xilas edᴅcᴅk yeni bir iqtisadi 
model vᴅ strateji xᴅtt formalaĸdērēldē. Bu strategiyanēn ᴅsas istiqamᴅtlᴅri bunlardēr: xarici 
investisiyalarēn cᴅlb olunmasē ¿­¿n qlobal neft nᴅhᴅnglᴅri Azᴅrbaycana dᴅvᴅt edildi vᴅ onlarēn 
ºlkᴅ iqtisadiyyatēna yatērēmlar etmᴅsi ¿­¿n ᴅlveriĸli ĸᴅrait yaradēldē. Azᴅrbaycan Qᴅrb d¿nyasē 
¿­¿n m¿h¿m vᴅ etibarlē enerji tᴅrᴅfdaĸēna ­evrildi. 20 sentyabr 1994-c¿ ildᴅ imzalanan ñᴄsrin 
m¿qavilᴅsiò Azᴅrbaycan, MDB daxilindᴅ 11 beynᴅlxalq ĸirkᴅtlᴅ geniĸmiqyaslē ᴅmᴅkdaĸlēĵa 
baĸlayan ilk ºlkᴅ oldu. Bu addēmlar nᴅinki Azᴅrbaycanēn iqtisadi m¿stᴅqilliyini tᴅmin etdi, hᴅm 
dᴅ Xᴅzᴅr dᴅnizi regionunda beynᴅlxalq ᴅmᴅkdaĸlēĵēn tᴅmᴅlini qoydu. 

1993-c¿ ilin ikinci yarēsēndan etibarᴅn Azᴅrbaycanēn xarici siyasᴅt kursunda kºkl¿ vᴅ elmi 
ᴅsaslara sºykᴅnᴅn dᴅyiĸikliklᴅr hᴅyata ke­irilmᴅyᴅ baĸlandē. ¥lkᴅnin geosiyasi mºvqeyinin 
dᴅrin tᴅhlili nᴅticᴅsindᴅ, milli maraqlarēn qorunmasēna xidmᴅt edᴅn ­evik vᴅ real imkanlara 
ᴅsaslanan yeni bir fᴅaliyyᴅt strategiyasē m¿ᴅyyᴅn edildi. Bu yeni siyasi xᴅttin ᴅsas 
x¿susiyyᴅtlᴅri ĸaxᴅlᴅndirilmiĸ tᴅrᴅfdaĸlēq modelinᴅ ᴅsaslanērdē. Qᴅrb vᴅ Avroatlantik struktura 
inteqrasiya ABķ vᴅ Avropa dºvlᴅtlᴅri ilᴅ yaxēnlaĸma, beynᴅlxalq tᴅhl¿kᴅsizlik strukturlarēna 
qoĸulma prioritet se­ildi. Regional balansē tᴅnzimlᴅmᴅk ¿­¿n  Rusiya vᴅ digᴅr yeni m¿stᴅqil 
dºvlᴅtlᴅrlᴅ m¿nasibᴅtlᴅr yenilᴅndi. T¿rkiyᴅ baĸda olmaqla t¿rkdilli dºvlᴅtlᴅrlᴅ, hᴅm­inin Ķran vᴅ 
Ķslam d¿nyasē ilᴅ ᴅlaqᴅlᴅrin strateji ­ᴅr­ivᴅsi cēzēldē. Asiya, Afrika vᴅ Cᴅnubi Amerika ºlkᴅlᴅri ilᴅ 
m¿nasibᴅtlᴅrin inkiĸaf istiqamᴅtlᴅri dᴅqiqlᴅĸdirildi. Nᴅticᴅdᴅ, hᴅr bir region vᴅ ºlkᴅ qrupu ¿­¿n 
spesifik amillᴅri nᴅzᴅrᴅ alan, d¿ĸ¿n¿lm¿ĸ vᴅ tarazlē bir xarici siyasᴅt modeli formalaĸdērēldē. Bu 
da Azᴅrbaycanēn beynᴅlxalq m¿nasibᴅtlᴅr sistemindᴅki mºvqeyini ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ 
mºhkᴅmlᴅndirdi. 

 ¦mummilli lider Heydᴅr ᴄliyev Azᴅrbaycanda siyasi hakimiyyᴅtᴅ qayētdēqdan sonra 
qarĸēya qoyduĵu prioritetlᴅrdᴅn biri dᴅ d¿zg¿n enerji strategiyasēnēn qurulmasē idi. Bu minvalla 
d¿nyanēn qabaqcēl ºlkᴅlᴅri ilᴅ energetika sahᴅsindᴅ qarĸēlēqlē faydalē m¿nasibᴅtlᴅrin 
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yaradēlmasēna baĸlanēldē vᴅ ᴅsas mᴅqsᴅd d¿nya enerji mᴅkanēnda y¿ksᴅk yerlᴅrdᴅn birini 
tutmaq idi. Bunun bir sēra sᴅbᴅblᴅri var idi. Sᴅbᴅblᴅri ĸᴅrtlᴅndirᴅn amillᴅrdᴅn birincisi o idi ki, 
m¿stᴅqilliyin ilk illᴅrindᴅ Azᴅrbaycan ciddi bºhran ke­irirdi vᴅ hᴅmin vaxt enerji ehtiyatlarēnēn 
iĸlᴅnilmᴅsi ¿­¿n m¿asir texnologiyalarēn tᴅtbiqinᴅ ehtiyac duyulurdu. O zaman xarici dºvlᴅtlᴅrlᴅ 
neft-qaz layihᴅlᴅrinin iĸlᴅnilmᴅsi bu problemlᴅrin qismᴅn hᴅlli demᴅk idi. Ķkincisi, Azᴅrbaycan o 
dºvrdᴅ Ermᴅnistanēn hᴅrbi tᴅcav¿z¿nᴅ mᴅruz qalmēĸ vᴅ torpaqlarēnēn 20 faizi iĸĵal edilmiĸdi. 
Buna gºrᴅ dᴅ xarici dºvlᴅtlᴅrin Azᴅrbaycan ilᴅ enerji vᴅ iqtisadi m¿nasibᴅtlᴅrᴅ cᴅlb olunmasē, 
enerji m¿qavilᴅlᴅrinin baĵlanmasē, ºlkᴅyᴅ investisiyalarēn cᴅlb olunmasē onun suverenliyinᴅ 
ᴅlavᴅ tᴅminat idi. 

Azᴅrbaycan Respublikasēnēn enerji diplomatiyasēnda Qᴅrblᴅ enerji sahᴅsindᴅ y¿ksᴅk 
ᴅmᴅkdaĸlēĵēn qurulmasē prioritet kimi m¿ᴅyyᴅnlᴅĸdirilmiĸdir. ¢¿nki, zᴅngin karbohidrogen 
ehtiyatlarēna malik olan Azᴅrbaycan Avropa ¿­¿n sabit vᴅ m¿h¿m enerji mᴅnbᴅyi hesab 
olunur. Onu da qeyd etmᴅk lazēmdēr ki, Azᴅrbaycan tᴅkcᴅ zᴅngin karbohidrogen ehtiyatlarēna 
sahib ºlkᴅ deyil, ʦ eyni zamanda Mᴅrkᴅzi Asiyadan Avropa istiqamᴅtindᴅ gºndᴅrilᴅ bilᴅcᴅk 
karbohidrogen mᴅhsullarēnēn nᴅqlindᴅ m¿h¿m tranzit ºlkᴅ hesab olunur. Enerji mᴅnbᴅlᴅrinin 
ĸaxᴅlᴅndirilmᴅsi m¿asir dºvrdᴅ sadᴅcᴅ tᴅhl¿kᴅsizlik amili deyil, hᴅm dᴅ enerjinin daha ᴅlveriĸli 
ĸᴅrtlᴅrlᴅ ᴅldᴅ edilmᴅsi ¿­¿n strateji ¿st¿nl¿kd¿r. Azᴅrbaycanēn qurduĵu ­oxĸaxᴅli neft vᴅ qaz 
boru kᴅmᴅrlᴅri sistemi ºlkᴅmizin tam enerji m¿stᴅqilliyini tᴅmin etmᴅklᴅ yanaĸē, aĸaĵēdakē 
m¿h¿m nailiyyᴅtlᴅrᴅ yol a­mēĸdēr:  

Azᴅrbaycan y¿ksᴅk keyfiyyᴅtli karbohidrogen resurslarē ilᴅ Avropa vᴅ digᴅr uzaq 
regionlarēn enerji ehtiyaclarēnē qarĸēlayan ᴅsas tᴅrᴅfdaĸa ­evrilmiĸdir. 

Xᴅzᴅryanē ºlkᴅlᴅrin enerji resurslarēnēn d¿nya bazarēna ­ēxarēlmasē ¿­¿n respublikamēz 
etibarlē vᴅ sabit tranzit dᴅhlizi statusu qazanmēĸdēr. 

Bu strategiya nᴅticᴅsindᴅ Azᴅrbaycanēn xam neft vᴅ neft mᴅhsullarē d¿nyanēn ¿­ fᴅrqli 
istiqamᴅti ¿zrᴅ 33 ºlkᴅyᴅ (o c¿mlᴅdᴅn ABķ, ¢in, Almaniya, Ķngiltᴅrᴅ, Hindistan vᴅ s.) ixrac 
olunur. 

Enerji kᴅmᴅrlᴅrinin diversifikasiyasē Azᴅrbaycan ¿­¿n sadᴅcᴅ kommersiya uĵuru deyil, 
hᴅm dᴅ ciddi siyasi qᴅlᴅbᴅdir. Bu faktor ºlkᴅmizin regionda tam m¿stᴅqil xarici siyasᴅt 
y¿r¿tmᴅsini vᴅ he­ bir dºvlᴅtdᴅn enerji asēlēlēĵē olmayan g¿cl¿ bir subyekt kimi ­ēxēĸ etmᴅsini 
ĸᴅrtlᴅndirᴅn ᴅsas amildir. 

Azᴅrbaycanēn m¿ᴅllifi olduĵu Bakē-Tbilisi-Ceyhan (BTC), Bakē-Supsa vᴅ Bakē-Tbilisi-
ᴄrzurum layihᴅlᴅri regionun enerji xᴅritᴅsini kºk¿ndᴅn dᴅyiĸmiĸdir. Xᴅzᴅr dᴅnizinin zᴅngin 
karbohidrogen ehtiyatlarēnēn ilk dᴅfᴅ alternativ marĸrutlarla d¿nya bazarēna ­ēxarēlmasē 
Azᴅrbaycanēn tam m¿stᴅqil enerji siyasᴅti yeritdiyini s¿but etdi. Bu strateji xᴅttin davamē olan 
TANAP vᴅ TAP layihᴅlᴅri tᴅkcᴅ region ¿­¿n deyil, b¿tºvl¿kdᴅ Avropanēn enerji tᴅhl¿kᴅsizliyinin 
tᴅminatēnda hᴅlledici rol oynayēr. Hazērda Azᴅrbaycanēn beynᴅlxalq m¿stᴅvidᴅki mºvqeyini 
ºlkᴅmizin Mᴅrkᴅzi Asiya ilᴅ Avropa arasēnda enerji, nᴅqliyyat vᴅ kommunikasiya dᴅhlizlᴅrinin 
ᴅsas moderatoruna ­evrilmᴅsi, gᴅlᴅcᴅkdᴅ dᴅ Orta Asiya dºvlᴅtlᴅrinin geoiqtisadi maraqlarēnēn 
vᴅ regional sabitliyinin qorunmasēnda aktiv iĸtirakē, hᴅm ķᴅrq-Qᴅrb, hᴅm dᴅ ķimal-Cᴅnub 
istiqamᴅtlᴅrini birlᴅĸdirᴅn ᴅvᴅzolunmaz logistik qovĸaq imkanlarēna malik olmasē kimi amillᴅr 
sᴅciyyᴅlᴅndirir. Nᴅticᴅdᴅ Azᴅrbaycanēn hᴅyata ke­irdiyi transmilli layihᴅlᴅr ºlkᴅmizi qlobal 
enerji siyasᴅtinin mᴅrkᴅzinᴅ daĸēmaqla yanaĸē, regionlararasē sosiokultural vᴅ iqtisadi 
inteqrasiyanēn ᴅsas hᴅrᴅkᴅtverici q¿vvᴅsinᴅ ­evirmiĸdir. 

Bolqarēstan, Rumēniya, Macarēstan vᴅ Slovakiya operatorlarēnēn SOCAR-la ᴅmᴅkdaĸlēĵē, 
Avropanēn enerji tᴅminatēnē g¿clᴅndirmᴅk vᴅ alternativ mᴅnbᴅlᴅrᴅ ­ēxēĸ ᴅldᴅ etmᴅk ¿­¿n 
m¿h¿m imkanlar yaradēr. Bu sᴅnᴅd Azᴅrbaycanēn Avropanēn enerji xᴅritᴅsindᴅki rolunu daha 
da mºhkᴅmlᴅndirir. 

ᴄn m¿h¿m tarixi hadisᴅlᴅrdᴅn biri ñAzᴅri - ¢ēraq - G¿nᴅĸliò neftqaz yataqlarē blokunun 
istismarē ¿zrᴅ saziĸin m¿ddᴅtinin 2017-ci il sentyabrēn 14-dᴅ uzadēlmasē - ñYeni ᴄsrin 
M¿qavilᴅsiònin imzalanmasē oldu. ñAzᴅri - ¢ēraq - G¿nᴅĸliò neft-qaz yataqlarē blokunun 2050-ci 
ilᴅdᴅk iĸlᴅnmᴅsi ¿zrᴅ m¿qavilᴅnin, 25 illik m¿ddᴅtdᴅ ñD230ò blokunun birgᴅ kᴅĸfiyyatē vᴅ 



¦mummilli Lider Heydᴅr ᴄliyevin anadan olmasēnēn 103 illiyinᴅ hᴅsr olunmuĸ                                  
ñBeĸinci sᴅnaye inqilabēna doĵru ï universitetlᴅrin rolu, ­aĵērēĸlar vᴅ imkanlarò mºvzusunda 

Beynᴅlxalq Elmi-Praktik Konfrans 

 

234 
 

iĸlᴅnmᴅsi ¿­¿n hasilatēn pay bºlg¿s¿ haqqēnda saziĸin imzalanmasē enerji strategiyasēnda yeni 
bir sᴅhifᴅ a­dē. 

¥lkᴅ baĸ­ēsēnēn Azᴅrbaycanē qlobal enerji tᴅhl¿kᴅsizliyindᴅ etibarlē tᴅrᴅfdaĸa ­evirmiĸ 
uzaqgºrᴅn siyasᴅti, bu siyasᴅt sayᴅsindᴅ ºlkᴅmizin iqtisadi m¿stᴅqilliyinin, enerji ºlkᴅsi kimi 
d¿nya enerji sisteminᴅ qayēdēĸēnēn vᴅ inkiĸafēnēn tᴅminat­ēsē ñNeft Strategiyasēònēn hᴅdᴅflᴅrinᴅ 
nail olunduĵu artēq ºz tᴅsdiqini tapmēĸdēr. Bu proseslᴅr gºstᴅrir ki, enerji tᴅhl¿kᴅsizliyinᴅ 
yanaĸmada Azᴅrbaycan modeli daha rasionaldēr. Bu, enerji resurslarēnēn, enerji tᴅchizatēnēn vᴅ 
tᴅdar¿k bazarlarēnēn ĸaxᴅlᴅndirilmᴅsidir. Enerji tᴅhl¿kᴅsizliyi ilᴅ ekoloji tᴅhl¿kᴅsizlik arasēnda 
balanslaĸmanē se­mᴅkdir. Mᴅhz Azᴅrbaycan Prezidentinin proqnozlaĸdērēlmēĸ vᴅ d¿nyadakē 
­aĵērēĸlarē ­evik nᴅzᴅrᴅ alan enerji siyasᴅti ºlkᴅmizin enerji tᴅhl¿kᴅsizliyinin qarantēdēr. 

Ķlham ᴄliyevin enerji diplomatiyasē tᴅk Azᴅrbaycanēn deyil, Mᴅrkᴅzi Asiyanēn enerji 
daĸēyēcēlarēnē da Avropaya ­atdērēlmasēnēn real ¿suludur. Artēq Qazaxēstan ildᴅ 1,5 milyon ton 
neftin Xᴅzᴅr dᴅnizi ¿zᴅrindᴅn Bakē-Tiflis-Ceyhan kᴅmᴅri ilᴅ nᴅqlinᴅ baĸlayēb. 

Avropanēn enerji tᴅminatē prosesinᴅ Mᴅrkᴅzi Asiyanēn cᴅlb edilmᴅsi Azᴅrbaycanēn enerji 
diplomatiyasēnēn Avrasiyada enerji xᴅritᴅsini yenidᴅn cēzdēĵēna dair tutarlē s¿butlar sayēla bilᴅr. 

Azᴅrbaycanēn tᴅbii qaz ixracē imkanlarēnē geniĸlᴅndirmᴅsi ºlkᴅmiz ¿­¿n sadᴅcᴅ iqtisadi 
mᴅnfᴅᴅt deyil, hᴅm dᴅ qlobal miqyasda hᴅlledici geosiyasi ¿st¿nl¿k demᴅkdir. Bu proses 
Azᴅrbaycan vᴅ Avropa arasēndakē strateji tᴅrᴅfdaĸlēĵē yeni m¿stᴅviyᴅ daĸēyēr. ¥lkᴅnin gᴅlᴅcᴅk 
enerji arxitekturasē iki ᴅsas s¿tun ¿zᴅrindᴅ qurulur. Birinci Avropanēn enerji asēlēlēĵēnēn 
azaldēlmasēnda vᴅ alternativ tᴅchizat zᴅncirlᴅrinin yaradēlmasēnda Azᴅrbaycanēn rolu getdikcᴅ 
artēr. Bu, ºlkᴅmizᴅ hᴅm iqtisadi dividendlᴅr, hᴅm dᴅ siyasi n¿fuz qazandērēr. Ķkinci 
Azᴅrbaycanēn enerji siyasᴅtindᴅ bᴅrpa olunan mᴅnbᴅlᴅrᴅ (g¿nᴅĸ, k¿lᴅk vᴅ s.) qoyulan 
investisiyalar gᴅlᴅcᴅyin ñtᴅmizò enerji ĸᴅbᴅkᴅlᴅrini formalaĸdērēr. Dayanēqlē enerji istehsalē hᴅm 
ekoloji tarazlēĵē qoruyur, hᴅm dᴅ ºlkᴅnin ixrac potensialēnē ĸaxᴅlᴅndirir. Yekun olaraq  qeyd 
etmᴅk lazēmdēr ki, Azᴅrbaycanēn hᴅm ᴅnᴅnᴅvi qaz tᴅchizatē, hᴅm dᴅ innovativ yaĸēl enerji 
layihᴅlᴅri sahᴅsindᴅki fᴅallēĵē onu Avropanēn ᴅn etibarlē vᴅ ᴅvᴅzolunmaz tᴅrᴅfdaĸēna 
­evirmiĸdir. Bu ᴅmᴅkdaĸlēq regionda vᴅ qlobal m¿stᴅvidᴅ sabitliyin, elᴅcᴅ dᴅ iqtisadi inkiĸafēn 
ᴅsas hᴅrᴅkᴅtverici q¿vvᴅsidir. 

Azᴅrbaycan artēq tᴅkcᴅ ᴅnᴅnᴅvi qaz tᴅchizat­ēsē kimi deyil, hᴅm dᴅ qlobal ñYaĸēl Enerji 
Dᴅhlizininònun mᴅrkᴅzi oyun­usu kimi ­ēxēĸ edir. Prezident Ķlham ᴄliyevin rᴅhbᴅrliyi ilᴅ ºlkᴅmiz 
bᴅrpa olunan enerji mᴅnbᴅlᴅrinᴅ ke­idi dºvlᴅt siyasᴅtinin ᴅn m¿h¿m istiqamᴅtlᴅrindᴅn biri elan 
etmiĸdir. Bu yeni mᴅrhᴅlᴅnin ᴅsas strateji hᴅdᴅflᴅri aĸaĵēdakēlardēr: Azᴅrbaycanēn COP29 kimi 
mºtᴅbᴅr bir tᴅdbirᴅ ev sahibliyi etmᴅsi, ºlkᴅmizin qlobal iqlim dᴅyiĸikliyi ilᴅ m¿barizᴅdᴅki aktiv 
rolunun d¿nya birliyi tᴅrᴅfindᴅn y¿ksᴅk qiymᴅtlᴅndirilmᴅsinin gºstᴅricisidir. Bu, Azᴅrbaycanē 
ekoloji siyasᴅtin mᴅrkᴅzinᴅ daĸēyēr. Xᴅzᴅr dᴅnizinin k¿lᴅk enerjisi potensialē Azᴅrbaycanēn 
gᴅlᴅcᴅkdᴅ Avropaya ñyaĸēl elektrik enerjisiò ixrac edᴅn ᴅsas mᴅnbᴅyᴅ ­evrilmᴅsini ĸᴅrtlᴅndirir. 
Bu, ºlkᴅnin geosiyasi ᴅhᴅmiyyᴅtini yeni bir m¿stᴅviyᴅ qaldērēr. Azᴅrbaycan, G¿rc¿stan, 
Rumēniya vᴅ Macarēstan arasēnda imzalanan saziĸ bᴅrpa olunan enerjinin birbaĸa Avropa 
bazarlarēna ­atdērēlmasē ¿­¿n tarixi bir addēmdēr. Bu, ºlkᴅmizin ñyaĸēl enerji dᴅhliziò statusunu 
mºhkᴅmlᴅndirir. Qarabaĵ vᴅ ķᴅrqi Zᴅngᴅzurun ñyaĸēl enerjiò zonasē elan edilmᴅsi, bu 
bºlgᴅlᴅrdᴅ qurulan hidro, g¿nᴅĸ vᴅ k¿lᴅk elektrik stansiyalarē Azᴅrbaycanēn ekoloji tᴅmiz 
gᴅlᴅcᴅyᴅ sadiqliyinin ᴅyani s¿butudur. 

Azᴅrbaycanēn yaĸēl enerji strategiyasē ºlkᴅnin iqtisadiyyatēnē ĸaxᴅlᴅndirmᴅklᴅ yanaĸē, 
hᴅm dᴅ onu qlobal iqlim hᴅdᴅflᴅrinin reallaĸmasēnda strateji tᴅrᴅfdaĸa ­evirir. Prezident Ķlham 
ᴄliyevin qeyd etdiyi kimi, Azᴅrbaycan hᴅm ᴅnᴅnᴅvi, hᴅm dᴅ yaĸēl enerji sahᴅsindᴅ 
tᴅhl¿kᴅsizlik vᴅ ᴅmᴅkdaĸlēq kºrp¿s¿ rolunu oynamaĵa davam edᴅcᴅkdir. 

Azᴅrbaycanēn enerji diplomatiyasē dºvlᴅtin suverenliyinin qarantē, iqtisadi y¿ksᴅliĸin 

drayveri vᴅ beynᴅlxalq tᴅhl¿kᴅsizlik sisteminin ayrēlmaz hissᴅsidir. Bu diplomatiya sayᴅsindᴅ 

ºlkᴅmiz qlobal enerji xᴅritᴅsindᴅ sadᴅcᴅ bir ñoyun­uò deyil, hᴅm dᴅ ñoyun qaydalarēnē m¿ᴅyyᴅn 

edᴅnò strateji tᴅrᴅfdaĸa ­evrilmiĸdir. 
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This article analyzes the strategic transformation and geopolitical implications of the 
energy factor in the foreign policy of independent Azerbaijan since 1993. The study begins by 
examining the decisive role of the visionary ñNew Oil Strategy,ò initiated by National Leader 
Heydar Aliyev, and the landmark Contract of the Century in strengthening the countryôs 
national sovereignty and economic independence.  

The research further evaluates Azerbaijanôs transition from a regional energy supplier to 
a key contributor to global energy security through major transnational projects such as the 
Baku-Tbilisi-Ceyhan pipeline and the Southern Gas Corridor, including TANAP and TAP. 
Particular emphasis is placed on the policy of energy diversification pursued under the 
leadership of Ilham Aliyev, as well as Azerbaijanôs increasing integration into global green 
energy initiatives. The selection of Baku as the host city for the COP29 is interpreted as a 
clear indicator of the countryôs growing role in environmental diplomacy. The article concludes 
by highlighting the potential of renewable energy resources in the Caspian Sea and assessing 
the prospective impact of the ñGreen Energy Corridorò project on Azerbaijanôs future geo-
economic position. 

Keywords: Energy diplomacy, Heydar Aliyev, Ilham Aliyev, Contract of the Century, 
Southern Gas Corridor, Green energy transition, COP29, Geopolitics 
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ᴄrᴅb ºlkᴅlᴅri zᴅngin tarixi vᴅ mᴅdᴅni irsi ilᴅ d¿nya sivilizasiyasēnda m¿h¿m yer tutur. Bu 
regionun etnoqrafiyasē dini, coĵrafi vᴅ tarixi amillᴅrin tᴅsiri altēnda formalaĸmēĸdēr. X¿susilᴅ 
Ķslam dini ᴅrᴅb cᴅmiyyᴅtlᴅrinin sosial vᴅ mᴅdᴅni strukturunda m¿h¿m rol oynayēr vᴅ g¿ndᴅlik 
hᴅyatēn bir ­ox sahᴅlᴅrini tᴅnzimlᴅyir [1]. 

Qloballaĸma ĸᴅraitindᴅ isᴅ bu ᴅnᴅnᴅvi dᴅyᴅrlᴅrin qorunmasē vᴅ transformasiyasē 
mᴅsᴅlᴅlᴅri aktuallaĸēr. M¿asir dºvrdᴅ informasiya texnologiyalarēnēn inkiĸafē vᴅ 
mᴅdᴅniyyᴅtlᴅrarasē ᴅlaqᴅlᴅrin geniĸlᴅnmᴅsi etnoqrafik proseslᴅrᴅ yeni mᴅzmun qazandērēr [2]. 

Bu baxēmdan, ᴅrᴅb ºlkᴅlᴅrinin etnoqrafiyasēnēn ºyrᴅnilmᴅsi yalnēz mᴅdᴅni aspektlᴅrlᴅ 
mᴅhdudlaĸmēr, hᴅm dᴅ sosial-iqtisadi proseslᴅrin vᴅ cᴅmiyyᴅtin inkiĸaf dinamikasēnēn daha 
dᴅrindᴅn anlaĸēlmasēna imkan yaradēr. 

ᴄsas hissᴅ 
ᴄrᴅb ºlkᴅlᴅrinin etnoqrafiyasē m¿xtᴅlif sosial vᴅ mᴅdᴅni komponentlᴅrdᴅn ibarᴅtdir. Bu 

komponentlᴅrᴅ ailᴅ strukturu, adᴅt-ᴅnᴅnᴅlᴅr, dini dᴅyᴅrlᴅr, geyim vᴅ mᴅiĸᴅt x¿susiyyᴅtlᴅri 
daxildir.  

ᴄrᴅb ºlkᴅlᴅrinin etnoqrafiyasē yalnēz ᴅnᴅnᴅvi mᴅdᴅni elementlᴅrlᴅ mᴅhdudlaĸmēr, hᴅm 
dᴅ sosial-iqtisadi m¿nasibᴅtlᴅrin formalaĸmasēna tᴅsir gºstᴅrir. Bu baxēmdan etnoqrafik 
x¿susiyyᴅtlᴅr regionda sosial davranēĸ normalarēnēn vᴅ iqtisadi fᴅaliyyᴅt formalarēnēn m¿ᴅyyᴅn 
edilmᴅsindᴅ m¿h¿m rol oynayēr. 
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M¿asir dºvrdᴅ ᴅrᴅb etnoqrafiyasē interdisiplinar xarakter daĸēyaraq antropologiya, 
sosiologiya vᴅ iqtisadiyyat elmlᴅri ilᴅ sēx ᴅlaqᴅdᴅ inkiĸaf edir. Bu isᴅ regionun sosial-mᴅdᴅni 
x¿susiyyᴅtlᴅrinin kompleks ĸᴅkildᴅ tᴅdqiqinᴅ ĸᴅrait yaradēr. 

ᴄnᴅnᴅvi olaraq ᴅrᴅb cᴅmiyyᴅtlᴅrindᴅ ailᴅ institutu m¿h¿m yer tutur. Bºy¿k ailᴅ modeli vᴅ 
nᴅsillᴅrarasē ᴅlaqᴅlᴅrin g¿cl¿ olmasē sosial sabitliyin ᴅsas amillᴅrindᴅn biridir. Qonaqpᴅrvᴅrlik, 
hºrmᴅt vᴅ kollektiv dᴅyᴅrlᴅr sosial m¿nasibᴅtlᴅrin formalaĸmasēnda m¿h¿m rol oynayēr [3]. 

ᴄrᴅb ºlkᴅlᴅrindᴅ milli geyimlᴅr iqlim ĸᴅraiti vᴅ dini normalarla sēx baĵlēdēr. Eyni zamanda, 
mᴅtbᴅx vᴅ folklor bu regionun mᴅdᴅni m¿xtᴅlifliyini ᴅks etdirir. Musiqi vᴅ ĸifahi xalq yaradēcēlēĵē 
isᴅ mᴅdᴅni irsin qorunmasēnda m¿h¿m yer tutur. 

 Bundan ᴅlavᴅ, ᴅrᴅb ºlkᴅlᴅrinin mᴅdᴅniyyᴅtindᴅ dini mᴅrasimlᴅr vᴅ bayramlar da m¿h¿m 
yer tutur. Ramazan, Qurban bayramē kimi dini tᴅdbirlᴅr sosial birlik vᴅ kollektiv dᴅyᴅrlᴅrin 
g¿clᴅnmᴅsindᴅ x¿susi rol oynayēr. 

 
Cᴅdvᴅl 1. ᴄrᴅb ºlkᴅlᴅrinin etnoqrafik x¿susiyyᴅtlᴅri 

Sahᴅ X¿susiyyᴅt Nᴅticᴅ 

Ailᴅ Bºy¿k ailᴅ modeli Sosial birlik 

Din Ķslamēn tᴅsiri Davranēĸ normalarē 

Mᴅdᴅniyyᴅt ᴄnᴅnᴅ vᴅ folklor Kimliyin qorunmasē 

Mᴅiĸᴅt Geyim vᴅ qida Regional m¿xtᴅliflik 

 
Cᴅdvᴅldᴅ tᴅqdim olunan mᴅlumatlar gºstᴅrir ki, ᴅrᴅb ºlkᴅlᴅrinin etnoqrafik x¿susiyyᴅtlᴅri 

sosial vᴅ mᴅdᴅni sistemin b¿t¿n sahᴅlᴅrinᴅ tᴅsir edᴅrᴅk vahid dᴅyᴅrlᴅr sisteminin 
formalaĸmasēna xidmᴅt edir. 

 
ķᴅkil 1. ᴄrᴅb etnoqrafiyasēnda ᴅsas komponentlᴅr 

 

ķᴅkildᴅ gºstᴅrildiyi kimi, ᴅrᴅb etnoqrafiyasē ᴅnᴅnᴅvi dᴅyᴅrlᴅrdᴅn baĸlayaraq m¿asir 
transformasiya mᴅrhᴅlᴅsinᴅ qᴅdᴅr inkiĸaf edᴅn ­oxĸaxᴅli bir sistemdir. 

Qloballaĸma proseslᴅri ᴅrᴅb ºlkᴅlᴅrinin etnoqrafiyasēna ᴅhᴅmiyyᴅtli tᴅsir gºstᴅrmiĸdir. 
Urbanizasiya, texnoloji inkiĸaf vᴅ informasiya axēnē ᴅnᴅnᴅvi hᴅyat tᴅrzindᴅ dᴅyiĸikliklᴅrᴅ sᴅbᴅb 
olmuĸdur. Bununla yanaĸē, bir ­ox ᴅrᴅb ºlkᴅsindᴅ milli-mᴅdᴅni dᴅyᴅrlᴅrin qorunmasē prioritet 
istiqamᴅt kimi qalēr [4]. M¿asir texnologiyalar, x¿susilᴅ rᴅqᴅmsal arxivlᴅr vᴅ virtual platformalar 
etnoqrafik mᴅlumatlarēn qorunmasēna vᴅ yayēlmasēna imkan yaradēr. Bu isᴅ mᴅdᴅni irsin qlobal 
sᴅviyyᴅdᴅ tanēnmasēna ĸᴅrait yaradēr [5]. 

Nᴅticᴅ. Belᴅliklᴅ, ᴅrᴅb ºlkᴅlᴅrinin etnoqrafiyasē zᴅngin vᴅ ­oxĸaxᴅli mᴅdᴅni sistem kimi 
­ēxēĸ edir. ᴄnᴅnᴅvi dᴅyᴅrlᴅr bu cᴅmiyyᴅtlᴅrin sosial strukturunun ᴅsasēnē tᴅĸkil edir vᴅ 
qloballaĸma ĸᴅraitindᴅ dᴅ ºz ᴅhᴅmiyyᴅtini qoruyub saxlayēr. 

Qloballaĸma m¿ᴅyyᴅn dᴅyiĸikliklᴅrᴅ sᴅbᴅb olsa da, milli kimliyin qorunmasē vᴅ mᴅdᴅni 
irsin davamlēlēĵē ᴅrᴅb ºlkᴅlᴅrindᴅ ᴅsas prioritet olaraq qalēr. 

Bu baxēmdan, ᴅrᴅb ºlkᴅlᴅrinin etnoqrafiyasēnēn ºyrᴅnilmᴅsi qloballaĸma ĸᴅraitindᴅ milli 
kimliyin qorunmasē vᴅ mᴅdᴅni m¿xtᴅlifliyin davamlēlēĵēnēn tᴅmin olunmasē baxēmēndan m¿h¿m 
ᴅhᴅmiyyᴅt kᴅsb edir. 
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ETHNOGRAPHY OF ARAB COUNTRIES: TRADITIONAL VALUES AND 
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In modern conditions, globalization processes have made the issue of preserving 
national and cultural values increasingly relevant. The ethnography of Arab countries is 
characterized by rich historical, religious, and social features. This article analyzes the 
traditional values formed in Arab societies, their transformation in the modern era, and the 
impact of globalization. The study demonstrates that despite globalization processes, national 
and cultural characteristics in Arab countries are largely preserved and continue to form the 
basis of social life. 

Keywords: ethnography, Arab countries, cultural values, globalization, tradition 
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Learning English tenses is one of the most challenging aspects for language 
learners. Many students often confuse past, present, and future tenses, which can lead to 
misunderstandings in both speaking and writing. Tense errors are common because 
learners need to consider time, context, and sentence structure simultaneously. This paper 
explores the main reasons why learners mix up tenses, the types of mistakes they make, 
and strategies to improve tense usage. Learning English tenses is one of the most 
challenging aspects for language learners. Many students often confuse past, present, and 
future tenses, which can lead to misunderstandings in both s peaking and writing. Tense 
errors are common because learners need to consider time, context, and sentence 
structure at the same time. Understanding when to use each tense correctly is essential 
for clear and accurate communication. Learners make mistakes in several ways. One 
common error is using the present tense instead of the past. For example, a student may 
say, ñI go to school yesterdayò instead of ñI went to school yesterday.ò Another frequent 
mistake is using the wrong future tense, such as ñI will went to the storeò instead of ñI will 
go to the store.ò Confusing continuous and simple tenses is also typical. For instance, 
learners might say, ñI am knowing the answerò instead of ñI know the answer,ò or ñShe is 
going to the shop every dayò instead of ñShe goes to the shop every day.ò Several factors 
contribute to tense confusion. Differences between the learnerôs native language and 
English grammar play a significant role. For example, in some languages, verb tenses are 
less complex, which can make English tenses seem difficult. Lack of practice in real-life 
communication also contributes to mistakes. Learners may memorize rules but fail to apply 
them in speaking or writing. Overgeneralization of rules, such as adding ñ-edò to form all 
past tense verbs, is another source of errors. Additionally, informal online communication, 
such as texting or social media posts, often simplifies tenses, which may influence 
learners to adopt similar patterns in formal writing. Tense errors can affect both meaning 
and clarity. Misusing tenses can confuse the listener or reader about when an action 
occurred. For example, ñI eat breakfast yesterdayò can make someone unsure whether the 
action happened in the past or present. In academic and professional contexts, tense 
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mistakes can reduce the perceived quality of the learnerôs writing and may lead to 
misunderstandings. 

To improve tense usage, learners can use several strategies. Practicing with targeted 
exercises for each tense, reading and listening to correct examples in context, and writing 
short texts or journals to apply tenses in real situations are highly effective. Using 
language learning apps, online exercises, and interactive games that reinforce tense 
accuracy also helps. Additionally, teachers can provide corrective feedback and 
encourage learners to notice tense patterns in authentic English materials, such as books, 
articles, and videos. 

In conclusion, mixing up past, present, and future tenses is a natural and common 
part of learning English. By understanding the causes of tense errors and applying 
effective strategies, learners can improve their grammar, communicate more accurately, 
and gain confidence in both speaking and writing. Regular practice, awareness of context, 
and careful attention to language rules are key to mastering English tenses and avoiding 
misunderstandings. 

HOW LEARNERS MIX UP PAST, PRESENT, AND FUTURE TENSES 
Yagut Huseyn Ahmadova 
y.ahmedova@atu.edu.az 

Azerbaijan Technological University 
The correct use of tenses in English poses significant challenges for learners. Students often 

confuse past, present, and future forms, which leads to misunderstandings in both spoken and 
written communication. The most common errors include the use of the present tense instead of 
the past, incorrect formation of future structures, and confusion between simple and continuous 
aspects. 

The primary causes of these difficulties include differences between English and the 
learnersô native language, limited opportunities for authentic communication practice, 
overgeneralization of grammatical rules, and the influence of informal digital communication, 
particularly on social media. To improve their command of tense usage, students can engage in 
targeted exercises, participate in both written and spoken practice, and utilize interactive tools that 
present grammar in meaningful contexts. 

In conclusion, confusion in the use of tenses is a natural stage in the language learning 
process. Through the application of effective learning strategies, students can reduce grammatical 
errors and significantly enhance their communicative competence in English.  

Keywords: English tenses, grammar mistakes, language learning, past tense, present 
tense, future tense, ESL learners, communication skills 
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Language is not a fixed system but a flexible tool that changes according to social 
situation and communicative purpose. One of the most noticeable forms of variation in English 
is the distinction between formal and informal language. Speakers and writers continuously 
adjust their language depending on context, audience, and medium of communication. This 
variation, often described in linguistics as register, plays a crucial role in ensuring that 
communication is appropriate, effective, and socially acceptable. Formal English is typically 
associated with academic, professional, and official settings where clarity, precision, and 
social distance are emphasized. In contrast, informal English is commonly used in everyday 
interactions, where familiarity, efficiency, and personal expression are more important. These 
two forms differ in vocabulary choice, grammatical structure, tone, and level of politeness. The 
ability to shift between formal and informal language reflects communicative competence and 
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social awareness, particularly for learners of English as a second language. In modern society, 
where communication occurs across diverse contexts such as academic writing, digital 
communication, and interpersonal conversation, understanding language variation has 
become increasingly important. Misuse of register may lead to misunderstanding, reduced 
credibility, or social discomfort. Therefore, examining how context influences language choice 
provides valuable insight into both linguistic behavior and social interaction. This study aims to 
analyze the differences between formal and informal English and to investigate how context 
shapes language use. By exploring linguistic features and communicative situations, the 
research seeks to demonstrate that language variation is not random but systematically 
influenced by social and functional factors. 

Language changes depending on the situation in which it is used. In English, one of the 
key distinctions is the difference between formal and informal styles, commonly referred to as 
register. Register describes the level of formality speakers or writers choose according to the 
audience, purpose, and social context. Understanding these differences helps explain how 
people communicate appropriately in different environments. Formal English is generally 
associated with academic, professional, and official communication. It typically features well-
structured sentences, accurate vocabulary, and an objective tone. Contractions are usually 
avoided, and ideas are presented in a clear and organized manner. Academic writing, reports, 
and public speeches often rely on this style because it conveys seriousness, credibility, and 
respect. Politeness is also an important feature of formal language, often expressed through 
indirect requests and respectful expressions that reflect social distance between participants. 
Informal English, on the other hand, is used in everyday interactions and personal 
communication. It includes conversational words, contractions, slang, and simpler sentence 
structures. This style allows speakers to communicate quickly, express emotions, and create a 
sense of closeness with others. Messages between friends, casual conversations, and many 
online interactions commonly contain abbreviations, incomplete sentences, and expressive 
punctuation, all of which signal familiarity and comfort. The choice between formal and 
informal language depends on several factors. The audience is especially important, as people 
adjust their speech or writing based on who they are communicating with. The purpose of 
communication also influences language use: informative or professional goals usually require 
a more formal approach, while social interaction encourages a relaxed style. In addition, the 
medium of communication plays a role, since written academic texts are typically more formal 
than spoken conversation. Being able to shift between different registers demonstrates 
communicative competence. Individuals who adapt their language appropriately are more 
likely to be understood and to achieve their communication goals. For learners of English, 
recognizing the differences between formal and informal language is essential for effective 
participation in both academic and everyday contexts. 

In summary, formal and informal English represent two major language styles shaped by 

context, audience, and purpose. Their differences in vocabulary, structure, and tone reflect 

social relationships and communicative intentions. Studying these variations highlights the 

flexibility of language as a tool for human interaction. 
 

FORMAL AND INFORMAL ENGLISH IN DIFFERENT COMMUNICATION CONTEXTS 
Aysel Alim Mammadli 

a.memmedli@atu.edu.az 
Azerbaijan Technological University 

This study explores the use of formal and informal language in English and examines how 
language choice varies according to context. Formal language is typically employed in academic, 
professional, and official settings and is characterized by precise word choice, complex sentence 
structures, and an objective tone. Informal language, by contrast, is common in everyday 
conversation, social media interactions, and close personal relationships, and is marked by simpler 
grammar, a conversational style, and the expression of emotions. The study demonstrates that 
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language selection is deliberate, influenced by factors such as audience, purpose, and mode of 
communication. Understanding the distinctions between formal and informal language enhances 
communicative competence for both native speakers and learners of English. In conclusion, the 
ability to use language appropriately according to context is a key indicator of effective 
communication and is essential for success in both social and academic environments. 

Keywords: language and society, communicative competence, sociolinguistics, formal 
English, style shifting 
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The intersection of child welfare and social protection is undergoing fundamental 
reorganization driven by growing socioeconomic precarity and rapid advances in 
computational capabilities. Traditional manual frameworks of social support have proven 
increasingly inadequate as income instability significantly interferes with healthy child 
development, impairing consistent parenting practices and spending on essential goods. 
Artificial intelligence (AI) offers a pathway to "predictive equity": the proactive, precise 
allocation of resources to mitigate risks associated with childhood difficulty. 

Methods, results and discussions. This paper employs a literature review combined with 

comparative case analysis. The need for algorithmic optimization is underscored by a 

widespread crisis in childcare affordability. By mid-2025, nearly three out of four parents with 

children under six faced difficulties finding care. In 40 US states, childcare costs for two 

children exceed average mortgage costs, and single-parent households allocate an average of 

36% of income to childcare, rising to 95% for low-income parents at market rates [2]. These 

pressures translate into annual economic losses of $500 millions  - $3.5 billions per state from 

workforce withdrawal. 

The transition from manual risk assessment to automated Predictive Risk Modeling 
(PRM) represents a major modernization of child welfare. Traditional tools are time-
consuming, error-prone, and have minimal predictive accuracy. In contrast, PRM leverages 
case management data to generate real-time, data-driven risk assessments. Implemented in 
2016, the Allegheny Family Screening Tool (AFST), the global benchmark for predictive 
analytics in child welfare integrates hundreds of data elements to predict the likelihood of a 
child needing home removal. Key outcomes include a statistically significant increase in 
identifying children in need of intervention and improvements in racial equity. However, 72% of 
screeners occasionally found scores inaccurate, since the algorithm cannot account for 
qualitative factors such as active community service involvement [1]. In Togo, the government 
used machine learning on satellite imagery and mobile Call Detail Records (CDR) to predict 
household wealth, improving targeting precision by 42% relative to traditional methods [4]. 
This approach delivered unconditional cash transfers of approximately $20/month to over 
154,000 citizens in extreme need. Kazakhstan has shifted toward Causal Machine Learning 
(CML) to estimate individual-level treatment effects, answering not just who is poor but who 
benefits most from intervention. Using Causal Forests, the model revealed that households 
with low income and poor job security benefit significantly more than others, while the mere 
presence of children proved a statistically insignificant predictor compared to education and 
regional factors. Optimization also requires removing administrative barriers to access. AI-
powered chatbots screen for social needs and link families directly to resources. Singaporeôs 
ñMoments of Lifeò platform reduced birth registration and childcare subsidy application time by 
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70%, from two hours to 15 minutes, through cross-agency data integration [3]. The highest 
performance is achieved when algorithms and human experts work in partnership. Research 
on the AFST reveals a critical protective function of caseworker discretion: between 2016 and 
2018, the algorithm would have produced an 18-percentage-point racial disparity in screen-in 
rates, which human judgment reduced to only 7% [1]. Fully automated systems face an 
ñaccountability vacuumò, as illustrated by Australiaôs Robodebt failure. The EU AI Act classifies 
AI systems used by public authorities to assess benefit eligibility as ñhigh-riskò, mandating 
rigorous data governance and full traceability, while UNICEFôs 2025 guidance specifies ten 
requirements for child-centered AI encompassing privacy, non-discrimination, transparency, 
and accountability. As strategic recommendations in order to optimize income support for 
children in difficulty through Artificial Intelligence can be considered the following: adopting 
causal rather than simple predictive models to maximize social return on investment and direct 
support where it produces the greatest positive effect; prioritizing Explainability (XAI) using 
SHAP or LIME, ensuring every algorithmic decision can be explained in plain language to 
families and stakeholders; mandating Human-in-the-Loop for high-stakes decisions: no 
essential benefit should be revoked or child removed based on automated output; 
implementing continuous bias auditing across diverse demographics to detect and correct 
marginalized groupsô drift, overscoring; developing child-specific AI literacy toolkits to foster 
transparent and trusting relationship between the state and citizens. 

Conclusions. When properly implemented, AI can identify families in need with greater 

precision than manual screening, streamline application processes from hours to minutes, and 

equip caseworkers with proactive, data-driven insights. However, the risks of algorithmic bias, 

privacy violations, and digital exclusion must be mitigated through robust Human-in-the-Loop 

frameworks and adherence to UNICEFôs 10 Requirements. The ultimate goal is a child-

centered AI ecosystem - built on multidisciplinary collaboration between policymakers, data 

scientists, and frontline social workers - transforming social safety nets into dynamic, 

responsive systems that leave no child behind. 

Note: The article was elaborated within the Project selected in competition "Stimulating 
excellence in scientific research 2025-2026" 25.80012.0807.37SE "The  perfection  of  
instruments  for  reducing  income  inequality  and  reducing  poverty  of  the  population  in  
the process of European integration of the Republic of Moldova", institutional funding, ANCD. 
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This paper examines the application of artificial intelligence tools to optimize income support 
and protective interventions for children in vulnerable situations. Through a review and case 
analysis, the study identifies evidence-based design principles for AI deployment in child welfare 
systems, with emphasis on predictive precision, administrative efficiency, and algorithmic fairness. 
Key findings confirm that AI-driven approaches can substantially improve targeting accuracy and 
reduce administrative burden, while underscoring the indispensable role of human oversight for 
high-stakes decisions. The paper advocates for a responsible, interdisciplinary implementation 
model that prioritizes childrenôs rights and well-being in full compliance with international ethical 
frameworks. 
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Glossaries had their origins in the medieval times, when teachers created glossaries to 
help their students understand difficult concepts and terms in the Latin texts they were 
attempting to read. A glossary takes the process of compiling a list of terms one step further to 
include a more detailed explanation of the term and its significance to the topic being 
discussed. A glossary differs from a specialized dictionary or encyclopedia because it is 
intended to supplement and assist the interpretation of a particular text. A glossary provides a 
reader new specialised words. The terms you choose to include in your glossary reflect terms 
that are important to your topic and defy simple translation. As you do your readings and 
compile your list of terms, certain terms will stand out as needing more explanation or difficult 
to render into English. From a theoretical perspective, terminology is recognized as an 
independent scientific discipline that studies concepts and their linguistic representations [1]. 
Terminology is a science, a disciplinary field of knowledge related to concepts and everything 
included in it (terms, symbols), etc. It can also be considered as a summary of terms that 
represents a whole system of concepts of specific fields. According to Lyons (2010), 
terminological systems are structured networks where each term occupies a precise 
conceptual position. 

While formulating terms and concepts in different fields of knowledge and science, it is 
worth mentioning that languages and their words cannot be used in their general meaning; 
they should be used in a specific form which makes the conceptual explanation precise and 
useful so that professionals from different fields can communicate effectively. If we compare 
the semantic structure of a common word and a term, we notice that the meaning of the term 
is generally quite narrow and limited. This semantic precision ensures unambiguous 
professional communication, especially in scientific and technical discourse. 

The importance of specialized communication between scientists and representatives of 
various fields of knowledge, science, and technology is highly beneficial. Nowadays, the 
development of science and technology has been accompanied by a large number of 
concepts and conceptual fields which constantly raise the need for new designations. The 
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