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X¿lasᴅ. Bu mᴅqalᴅ yaĸayēĸ komplekslᴅrinin sᴅrniĸin liftlᴅrindᴅ enerji bᴅrpa texnologiyalarēnēn tᴅtbiqini enerji sᴅrfiyyatēnē 

azaltmaq ¿­¿n effektiv ¿sul kimi araĸdērēr. Kinetik vᴅ potensial enerjini elektrik enerjisinᴅ ­evirᴅn sistemin iĸlᴅmᴅ prinsipi tᴅsvir 

olunur. ¦st¿nl¿klᴅri vurĵulanēr: elektrik xᴅrclᴅrindᴅ 40%-ᴅ qᴅdᴅr azalma, ekoloji davamlēlēq vᴅ istixana qazē emissiyalarēnēn 

azalmasē ï bunlarēn hamēsē m¿asir enerji sᴅmᴅrᴅli yaĸayēĸ komplekslᴅri ¿­¿n x¿susilᴅ aktualdēr. 

A­ar sºzlᴅr:  enerji sᴅmᴅrᴅliliyi, enerjinin rekuperasiyasē, yaĸayēĸ binalarē, sᴅrniĸin liftlᴅri, asinxron elektrik intiqalē, enerji 

istehlakē 

 

Sᴅrniĸin liftlᴅrinin konstruksiyasēnda sᴅmᴅrᴅli texnologiyalarēn tᴅtbiqi onlarēn ¿mumi enerji 

sᴅrfiyyatēnēn azaldēlmasēnda ᴅsas amillᴅrdᴅn biridir. Bu sahᴅdᴅ ᴅn perspektivli istiqamᴅtlᴅrdᴅn biri 

rekupersiya enerjisindᴅn istifadᴅdir. Bu texnologiya liftin hᴅrᴅkᴅti zamanē a­ēĵa ­ēxan kinetik vᴅ potensial 

enerjini yenidᴅn istifadᴅyᴅ vᴅ ya ĸᴅbᴅkᴅyᴅ qaytarmaq ¿­¿n elektrik enerjisinᴅ ­evirmᴅyᴅ imkan verir [1]. 

Enerji rekupersiya sistemlᴅrinin iĸlᴅmᴅ prinsipi, liftin idarᴅedici elektrik m¿hᴅrrikinin tormozlanmasē 

zamanē vᴅ ya kabinᴅnin yuxarē boĸ, aĸaĵē isᴅ dolu hᴅrᴅkᴅt etdiyi hallarda generator kimi iĸlᴅmᴅsinᴅ ᴅsaslanēr. 

Tormozlama prosesi zamanē yaranan enerji istilik ĸᴅklindᴅ itirilmᴅk ᴅvᴅzinᴅ ­evrilᴅrᴅk binadakē digᴅr 

elektrik cihazlarēnēn qidalanmasē ¿­¿n istifadᴅ olunur vᴅ ya sonrakē istifadᴅ ¿­¿n enerji toplayēcēlarda 

saxlanēlēr [2]. 

 

 
Elektrik intiqalēn kinematik sxemi 

 

Sᴅrniĸin liftlᴅrindᴅ enerji rekupersiya sistemlᴅrinin tᴅtbiqi elektrik enerjisi istehlakēnēn ᴅhᴅmiyyᴅtli 

dᴅrᴅcᴅdᴅ azalmasēna imkan verir. M¿xtᴅlif hesablamalara gºrᴅ, qᴅnaᴅt liftin istifadᴅ intensivliyindᴅn, 

binanēn h¿nd¿rl¿y¿ndᴅn vᴅ quraĸdērēlmēĸ sistemin parametrlᴅrindᴅn asēlē olaraq 20%-dᴅn 40%-ᴅ qᴅdᴅr ola 

bilᴅr [3]. 

Rekupersiya enerjisini, yᴅni tormozlama, boĸ kabinᴅnin yuxarē hᴅrᴅkᴅti vᴅ ya dolu kabinᴅnin aĸaĵē 

hᴅrᴅkᴅti kimi m¿ᴅyyᴅn mᴅrhᴅlᴅlᴅrdᴅ yaranan enerjini aĸaĵēdakē d¿sturla hesablamaq m¿mk¿nd¿r: 

Ὁ Ὁ Ͻρ Ὂd ϽὯ 
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burada Ὁ  ï rekupersiya prosesindᴅ istifadᴅ oluna bilᴅn enerji miqdarē, Ὁ  ï xarici enerji mᴅnbᴅyindᴅn 

daxil olan enerji, Ὧ ï rekupersiya olunmuĸ enerjidᴅn istifadᴅ edᴅ bilᴅn sistemlᴅrin payēnē ᴅks etdirᴅn 

ᴅmsaldēr [4]. 

Rekupersiya sistemlᴅrinin tᴅtbiqi liftin elektrik intiqal sistemindᴅ dᴅyiĸikliklᴅr aparēlmasēnē vᴅ 

rekupersiyaedici tezlik ­eviricilᴅri vᴅ enerji toplayēcēlarē kimi x¿susi avadanlēqlarēn istifadᴅsini tᴅlᴅb edir [6] 

[5]. Lakin ilkin xᴅrclᴅrᴅ baxmayaraq, enerji sᴅrfiyyatēnēn azalmasē nᴅticᴅsindᴅ ᴅldᴅ olunan iqtisadi sᴅmᴅrᴅ 

investisiyalarēn bir ne­ᴅ il ᴅrzindᴅ geri qaytarēlmasēna ĸᴅrait yaradēr [7]. 

Rekupersiya enerjisindᴅn istifadᴅ yalnēz elektrik enerjisinᴅ dair ᴅmᴅliyyat xᴅrclᴅrini azaltmēr, hᴅm dᴅ 

istixana qazlarēnēn emissiyasēnē azaldaraq sᴅrniĸin liftlᴅrini daha ekoloji vᴅ enerji baxēmēndan davamlē edir. 

Belᴅliklᴅ, yaĸayēĸ komplekslᴅrindᴅ sᴅrniĸin liftlᴅri ¿­¿n enerji rekupersiyasē sistemlᴅrinin tᴅtbiqi 

binalarēn enerji sᴅmᴅrᴅliliyinin artērēlmasē ¿­¿n effektiv bir hᴅll hesab olunur. Bu texnologiyanēn istifadᴅsi 

elektrik enerjisi sᴅrfiyyatēnēn ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalmasēna, istismar xᴅrclᴅrinin aĸaĵē d¿ĸmᴅsinᴅ vᴅ 

atmosferᴅ zᴅrᴅrli tullantēlarēn azalmasēna sᴅbᴅb olur. Ķlkin investisiya tᴅlᴅblᴅrinᴅ baxmayaraq, rekupersiya 

sistemi qēsa m¿ddᴅtdᴅ ºz¿n¿ doĵruldur vᴅ liftl ᴅrin fᴅaliyyᴅtini hᴅm ekoloji, hᴅm dᴅ iqtisadi baxēmdan daha 

dayanēqlē edir. 
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Summary 

USE OF REGENERATIVE TECHNOLOGIES IN ELEVATORS OF RESIDENTIAL BUILDINGS TO IMPROVE THE 

ENERGY EFFICIENCY OF MULTI -APARTMENT RESIDENTIAL COMPLEXES  

Harunov A.T, Camalova A.V, Xaligova L.E.  

 

This paper explores the application of energy recuperation technologies in passenger elevators of residential complexes as 

an effective method to reduce energy consumption. It describes the operating principle of a system that converts kinetic and potential 

energy into electrical energy. The advantages are highlighted: up to 40% reduction in electricity costs, environmental sustainability, 

and decreased greenhouse gas emissions ð all of which are especially relevant for modern energy-efficient residential complexes. 

Keywords: energy efficiency, energy regeneration, residential buildings, passenger elevators, asynchronous electric drive, 

energy consumption 

 

ʈʝʟʶʤʝ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʁ ʈɽʂʋʇɽʈɸʎʀʀ ɺ ʃʀʌʊɸʍ ɾʀʃʓʍ ɿɼɸʅʀʁ ʉ ʎɽʃʔʖ ʇʆɺʓʐɽʅʀʗ 

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʄʅʆɻʆʂɺɸʈʊʀʈʅʓʍ ɾʀʃʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ɻʘʨʫʥʦʚ ɸ.ʊ., ɼʞʘʤʘʣʦʚʘ ɸ.ɺ., ʍʘʣʠʛʦʚʘ ʃ.ɽ.  

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʣʠʬʪʘʭ ʞʠʣʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʆʧʠʩʘʥ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ, ʧʨʝʦʙʨʘʟʫʶʱʝʡ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʆʪʤʝʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 

ʜʦ 40%, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʝʢʫʧʝʨʘʮʠʷ ʵʥʝʨʛʠʠ, ʞʠʣʳʝ ʟʜʘʥʠʷ, ʧʘʩʩʘʞʠʨʩʢʠʝ ʣʠʬʪʳ, ʘʩʠʥʭʨʦʥʥʳʡ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 
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X¿lasᴅ. Ķstilik tᴅchizatē sistemi istilik ĸᴅbᴅkᴅsindᴅn, tᴅlabat­ēlardan, istilik mᴅnbᴅyindᴅn, tᴅnzimlᴅyici-avtomatika 

avadanlēqlarēndan ibarᴅt m¿rᴅkkᴅb m¿hᴅndisi sistemdir.  

Mᴅqalᴅdᴅ istilik ĸᴅbᴅkᴅlᴅri ¿­¿n bᴅslᴅyici suyun ᴅnᴅnᴅvi ¿sula hazērlamasē, su emalēnēn hᴅcmini artērmaĵa imkan 

verᴅn vᴅ iki selli s¿zgᴅclᴅrdᴅn axēntēsēz vᴅ proqresiv su hazērlama sxemlᴅrindᴅ istifadᴅ edilmᴅsi  nᴅzᴅrdᴅn ke­irilir.  

A­ar sºzlᴅr: istilik enerjisi,  istilik mᴅnbᴅyi, istilik ĸᴅbᴅkᴅsi, iĸlᴅnmiĸ mᴅhlul, axēntē sularē, iki selli s¿zgᴅc, ᴅks axēntēlē 

s¿zgᴅc, bᴅslᴅyici su, reagent. 
 

Giriĸ: Ķstilik tᴅlabat­ēlara enerji daĸēyēcēsē vasitᴅsi ilᴅ nᴅql edilir. Bu enerji daĸēyēcēlarē su vᴅ ya 

su buxarē, m¿xtᴅlif yaĵ nºvlᴅri, hava vᴅ s. ola bilᴅr. Ķstilik ĸᴅbᴅkᴅlᴅrindᴅ enerji daĸēyēcēsē kimi su vᴅ ya 

buxardan geniĸ ĸᴅkildᴅ istifadᴅ edilir. Ķstilik daĸēyēcēlarēn nᴅqli zamanē enejini tᴅlᴅbat­ēlara maksimum 

itkisiz ­atērmaqla  enerji effektli sistemlᴅrin istisimarē zamanē tᴅlᴅb edilᴅn ᴅsas ĸᴅrtlᴅrdᴅn biridir. 

Bildiyimiz kimi enerji daĸēyēcēsē kimi istilik mᴅnbᴅyindᴅn istiliyi tᴅlabat­ēlara nᴅql zamanē m¿ᴅyyᴅn 

sᴅbᴅblᴅrdᴅn yol boyu itkilᴅrᴅ mᴅruz qalēr. Bu sᴅbᴅbdᴅn enerji effektivliyinin gºstᴅricisi dᴅ aĸaĵē d¿ĸ¿r 

vᴅ sistemin rentabelliyi pozulur. Sistemin normal iĸlᴅmᴅsi vᴅ itkil ᴅri ᴅvᴅz etmᴅk ¿­¿n istilik 

mᴅnbᴅyindᴅ ᴅlavᴅ yanacaq istifadᴅ etmᴅklᴅ artēq istilik daĸēyēcēsē emal edilᴅrᴅk  sistemᴅ ᴅlavᴅ su 

verilmᴅlidir.  

Ķĸin mᴅqsᴅdi vᴅ yerinᴅ yetirilm ᴅsi: Aĸaĵēda gºstᴅrilᴅn sxemlᴅrdᴅ m¿asir istilik tᴅchizatē 

sistemlᴅrindᴅ tᴅtbiq edilᴅn fᴅrqli  sxemlᴅr gºstᴅrilmiĸdir. Bu sxemlᴅrdᴅ istilik tᴅchizatē sistemlᴅrindᴅ  

enerji daĸēyēcēsēnin itkilᴅrini ᴅvᴅz edᴅ bilᴅcᴅk ᴅlavᴅ su hazērlayēcē qurĵu nᴅzᴅrdᴅ tutulm¿ĸdur. Bu 

qurĵularda suyun keyfiyyᴅti sistemin istifadᴅ sahᴅsindᴅn asēlē olaraq tᴅlᴅb edilᴅn norma vᴅ tᴅlᴅblᴅriᴅ 

cavab vermᴅlidir.  

                  
ķϸkil 1. Ķstilik tϸchizatē sxemlϸrinin nºvlϸri 

BSQ - buxar su qēzdērēcēsē, BN - bϸslϸyici nasos, ķN - ĸϸbϸkϸ nasosu, 

ATQ - vϸ YTQ - al­aq vϸ y¿ksϸk tϸzyiqli su qēzdērēcēlarē, KN - kondensat 

nasosu, ķSQ-1 vϸ ķSQ-2 1-ci vϸ 2-ci pillϸ ĸϸbϸkϸ su qēzdērēcēlarē 

 

 Ķstilik tᴅchizatē sistemlᴅrindᴅ sistemin uzun ºm¿rl¿l¿y¿n¿ tᴅmin etmᴅk ¿­¿n ᴅn baĸlēca ĸᴅrtlᴅrdᴅn 

biri su itkilᴅrini minumuma endirmᴅk vᴅ ᴅlavᴅ suyun keyfiyyᴅtini  artērmaqdēr. Mᴅlumdur ki, ĸᴅbᴅkᴅ 

avadanlēqlarēnēn (boru xᴅtlᴅri vᴅ ¿zᴅrindᴅ quraĸdērēlmēĸ baĵlayēcē armatur vᴅ elementlᴅrin qēzma sᴅthlᴅrindᴅ 

­ºk¿nt¿lᴅrin ᴅmᴅlᴅ gᴅlmᴅsi, ĸlamēn yaranmasē vᴅ boru xᴅttlᴅrinin daxili vᴅ xarici sᴅthlᴅrindᴅ korroziyanēn 

ᴅmᴅlᴅ gᴅlmᴅsi sᴅbᴅblᴅrini aradan qaldērēlmasē vacibdir. B¿nun ¿­¿­n  ĸᴅbᴅkᴅ suyunun tᴅrkibindᴅki aqresiv 

yᴅni    Ca
-2
, Mg

-2
 ionlarē ilᴅ yanaĸē CO

-2
3, HCO3

-
 vᴅ silisium birlᴅĸmᴅlᴅri xaric edilᴅrᴅk m¿ᴅyyᴅn hᴅddᴅ qᴅdᴅr 

azaldēlmalēdēr.  

Suda codluq vᴅ qᴅlᴅvilik ionlarēn olmasē ĸlamēn vᴅ ᴅrpin ᴅmᴅlᴅ gᴅlmᴅsinin ilkin ĸᴅrtlᴅrilᴅ 

m¿ᴅyyᴅnlᴅĸdirildiyindᴅn sudakē ionlarēn qatēlēqlarēnēn m¿ᴅyyᴅn buraxēla bilᴅn hᴅddᴅ qᴅdᴅr azaldēlmasēnēn 

mailto:gulaqa@rambler.ru
mailto:gulagha.alasgarov@azmiu.edu.az
mailto:sm3439011@gmail.com
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ķϸkil 2. Ϸnϸnϸvi axēntēsēz su yumĸaltma qurĵusunun 

prinsipial sxemi 

m¿xtᴅlif emal ¿sullarē mᴅlumdur. Bu ¿sullara kimyᴅvi iondᴅyiĸmᴅ ¿sulu kimi kation m¿badilᴅ ¿sulu kimi 

reagentlᴅrlᴅ emal, iondᴅyiĸmᴅ ¿sullarē ilᴅ yumĸaltma, turĸulaĸdērma, ᴅks osmos, maqnit aparatlarēndan 

ke­irmᴅklᴅ emal vᴅ s. aid etmᴅk olar. ¢ºk¿nt¿ ᴅmᴅlᴅ gᴅtirᴅn ionlarē lᴅĵv etmᴅk ¿­¿n sistemi yuxarēda 

gºstᴅrilᴅn emal prosesinin hᴅr hansē birinᴅ uĵradēlēr. ᴄldᴅ edilmiĸ su keyfiyyᴅtcᴅ istilik tᴅchizatē sistemlᴅri 

¿­¿n qᴅbul edilmiĸ normativ sᴅnᴅdlᴅrdᴅ nᴅzᴅrdᴅ tutulmuĸ  ĸᴅrtlᴅri ºdᴅmᴅlidir[1 -3]  

Ķstilik tᴅchizatē sistemlᴅrindᴅ istifadᴅ edilᴅn su ¿­ nºvdᴅ olur. Bunlar: duzsuzlaĸdērēlmēĸ, dᴅrin 

yumĸaldēlmēĸ vᴅ istilik ĸᴅbᴅkᴅsi ¿­¿n hazērlanan az codluqlu su kimi nºvlᴅrilᴅ xarakterizᴅ edilir. 

    Mᴅqalᴅdᴅ dᴅrin yumĸaldēlmēĸ vᴅ istilik ĸᴅbᴅkᴅlᴅri ¿­¿n hazērlanan x¿susi tᴅrkibli sularēn 

istehsalēnēn ᴅnôᴅnᴅvi vᴅ ekoloji cᴅhᴅtdᴅn tᴅmiz, m¿asir texnoloji sxemlᴅrinin ekoloji aspektlᴅrinin tᴅhlili 

verilmiĸdir.  

   Reagent sᴅrfinin stexiometrik miqdarēnda azaldēlmasē nᴅticᴅsindᴅ axēntē sularēnēn istifadᴅsini tᴅmin 

edᴅn texnologiyalarēn tᴅtbiq edilmᴅsilᴅ  baĵlēdēr. Bu zaman emal edilmiĸ sularda ­ºkmᴅ ehtimalē  daha ­ox 

olan  cod ionlarēnēn qalmasē karbonat vᴅ qeyri ï karbonatlē ­ºk¿nt¿lᴅrin ᴅmᴅlᴅ gᴅlmᴅ prosesini artērēr. Bu isᴅ 

ekoloji yanaĸmada bir sēra tᴅdbirlᴅrin gºr¿lmᴅsi vᴅ normalara tam m¿vafiq olmamasē aspektindᴅ ᴅlavᴅ 

tamamlayēcē tᴅdbirlᴅrin gºr¿lmᴅsini tᴅlᴅb edir.  

Su emalēnda istifadᴅ edilᴅn texnologiyada tullantē sularēndakē codluq ionlarē ᴅlavᴅ reagentdᴅn istifadᴅ 

etmᴅdᴅn vᴅ ya reagentsiz olaraq su hazērlama prosesinin ºz¿ndᴅ ­ºkd¿r¿l¿r, iĸlᴅnmiĸ mᴅhlullar emal vᴅ 

regenerasiya prosesindᴅ lᴅĵv edilᴅrᴅk su hazērlama qurĵusunun axēntēsēzlēĵēnē tᴅmin edir. Ķstilik ĸᴅbᴅkᴅlᴅrinᴅ 

verilᴅn ᴅlavᴅ suyun emalē tᴅtbiq dairᴅsi geniĸ olan ¿sullardandēr[1-3].  

ķᴅkil 2-dᴅ ᴅnᴅnᴅvi axēntēsēz su hazērlama texnologiyanēn prinsipial sxemi  tᴅsviri verilmiĸdir. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bu c¿r ᴅn-ᴅnᴅvi texnoloji sxemdᴅ ilkin su 1- ĸᴅffaflaĸdērēcēsēnda emala uĵradēlaraq 3- ĸᴅffaflaĸmēĸ 

­ᴅninindᴅn 2- su nasosu vasitᴅsi ilᴅ 5- mexaniki vᴅ 4- kationit s¿zgᴅclᴅrindᴅn ke­irilᴅrᴅk yumĸaldēlēr vᴅ 

istilik ĸᴅbᴅkᴅsinᴅ verilir. Regenerasiya edilmiĸ axēntē sularē 7- ­ᴅninᴅ yēĵēlēr, ordan isᴅ 6- nasosu vasitᴅsi 8 

­ᴅninᴅ verilir. Bu zaman iĸlᴅnmiĸ mᴅhlul ᴅlavᴅ olar ᴅhᴅng ï soda ¿suliu ilᴅ tᴅkrar emal edilir. Sonra isᴅ 9- 

­ᴅninᴅ yēĵēlmēĸ axēntē suyu 10- nasosu vasitᴅsi ilᴅ 11- buxarlandērēcēya verilir. Buxarlandērēcēda qalan 

axēntēlarēn 100 -250 q/l qatēlēĵēndakē mᴅhlulu 12-buxarlandērēcēda quru duz halēna gᴅtirilir. Bu zaman qatē 

duz halēna olan mᴅhlullar dᴅmir ï betondan hazērlanan vᴅ izolᴅ edilmiĸ yeraltē anbarda 13- gizlᴅdilir.  

 
 

Gºr¿nd¿y¿ kimi baxēlan sxem, m¿rᴅkkᴅb vᴅ artēq enerji sᴅrfiyatēna malik olan iri hᴅcmli 

avadanlēqlardan vᴅ utilizᴅ edilmᴅdᴅn yerin dᴅrinliklᴅrindᴅ basdērēlan duz mᴅhlularēnēn anbarlarēndan, iqtisadi 

cᴅhᴅtdᴅn tikintisi baha baĸa gᴅlᴅn  vᴅ istisimarēnē m¿mk¿ns¿z edᴅn ekoloji baxēmdan sᴅrfᴅli olmayan bir 
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sxemdir. Sxemᴅ gºrᴅ ᴅtraf m¿hiti ­irklᴅndirᴅn axēntē sularēnēn  lᴅĵvi m¿mk¿n olsada, bu c¿r sxemlᴅ suyun 

emal xᴅrclᴅri ¿­ dᴅfᴅdᴅn ­ox artēr[4] . 

Belᴅliklᴅ, istilik ĸᴅbᴅkᴅlᴅri ¿­¿n qidalandērēcē suyun hazērlanmasēnda vᴅ elᴅcᴅ dᴅ digᴅr su hazērlama 

prosesindᴅ istifadᴅ edilᴅn reagentlᴅrin sᴅrfini vᴅ regenerasiya zamanē ᴅmᴅlᴅ gᴅlᴅn axēntē sularēnēn miqdarēnēn 

azaldēlmasē ¿­¿n tᴅklif edilᴅn vᴅ yuxarēda nᴅzᴅrdᴅn ke­irilᴅn texnologiyalar ¿­¿n ºz¿nᴅmᴅxsus 

­atēĸmamazlēqlarēn mºvcudluĵu onlarēn geniĸ tᴅtbiqinᴅ imkan vermir. Nᴅhayᴅt, qoyulan mᴅqsᴅdᴅ nail olmaq 

¿­¿n yeganᴅ perispektiv istiqamᴅt mºvcud qurĵularda texnoloji proseslᴅrin tᴅkmillᴅĸdirilmᴅsidir ki, bu 

mᴅqsᴅdlᴅ dᴅ m¿xtᴅlif texnoloji ¿sul vᴅ sxemlᴅr iĸlᴅmᴅkdᴅdir[5]. 

 Ķon m¿badilᴅ ¿sulu ilᴅ ᴅlavᴅ suyun hazērlanmasēnēn bu c¿r ᴅnᴅnᴅvi texnologiyalarē ionitin iĸ­i 

m¿badilᴅ tutumunun az olmasē, tullantē sularēnēn yaranmasē vᴅ onlarēn lᴅĵvinᴅ ᴅlavᴅ vᴅsaitin qoyulmasē kimi 

­atēĸmamazlēqlarē  sᴅciyyᴅlᴅnir. Digᴅr bir istiqamᴅt isᴅ su hazērlēĵēnēn ᴅnᴅnᴅvi ion m¿badilᴅ  texnologiyasēna 

m¿daxilᴅ etmᴅdᴅn axēntē sularēnēn x¿susi qurĵularda emal vᴅ utilizasiyasēnē nᴅzᴅrdᴅ tutan  texnologiyalarēn 

tᴅtbiqidir  

  ķᴅkil 3ïdᴅ tᴅklif edilmiĸ texnologiyalara uyĵun olaraq emal edilᴅcᴅk su 1- ĸᴅffaflaĸdērēcēya daxil 

olaraq 2- ­ᴅninᴅ, oradan isᴅ 3- nasosu vasitᴅsi ilᴅ 4 vᴅ 5- s¿zgᴅclᴅrindᴅn d¿z axēm istiqamᴅtilᴅ yumĸaldēlaraq 

istisimara verilir. Ķĸlᴅnmiĸ mᴅhlul 6- ­ᴅninᴅ ordan isᴅ  7- nasosu ilᴅ 8- saturatorundan ĸᴅffaflaĸdērēcēya verilir. 

ķᴅkil birincinin regenerasiya, ikincinin isᴅ emal prosesinin ikiaxēmlē olmasē ilᴅ fᴅrqlᴅnir. 

Suyun kationit s¿zgᴅcindᴅ yumĸaldēlmasē onun s¿zgᴅcdᴅn yuxarēdan - aĸaĵēya istiqamᴅtdᴅ s¿z¿lmᴅsi 

ilᴅ dᴅ tᴅmin edilᴅ bilᴅr. Bu zaman regenerasiya prosesindᴅ regenerasiyaedici mᴅhlulun s¿zgᴅcᴅ ikiselli 

yuxarēdan vᴅ aĸaĵēdan verilmᴅsi vᴅ iĸlᴅnmiĸ mᴅhlullarēn ionit tᴅbᴅqᴅsinin aralēq fazasēnda yerlᴅĸdirilmiĸ orta 

drenaj sistemindᴅn gºt¿r¿lmᴅsi ilᴅ yerinᴅ yetirilir. Digᴅr sxemdᴅ isᴅ ikiaxēnlē   s¿zgᴅcᴅ emal edilᴅcᴅk su 

ikiselli ï yuxarēdan vᴅ aĸaĵēdan ï daxil edilir, yumĸaldēlmēĸ su isᴅ ionit tᴅbᴅqᴅsinin aralēq hissᴅsindᴅ 

quraĸdērēlmēĸ orta drenaj sistemindᴅn xaric edilir. S¿zgᴅcin regenerasiyasē, regenerasiya mᴅhlulunun 

yuxardan - aĸaĵēya doĵru hᴅrᴅkᴅtlᴅnmiĸ istiqamᴅtindᴅ aparēlēr.  Gºstᴅrilᴅn birinci texnoloji sxemdᴅn y¿ksᴅk 

keyfiyyᴅtli yumĸaldēlmēĸ su tᴅlᴅb olunduqda tᴅtbiq etmᴅk mᴅqsᴅdᴅ uyĵundur. Yumĸaldēlmēĸ suyun 

keyfiyyᴅtinᴅ y¿ksᴅk tᴅlabat qoyulmadēqda  isᴅ ikinci sxemdᴅn istifadᴅ etmᴅk daha m¿nasibdir.  

Ekoloji baxēmēnda regenerasiyaedici mᴅhlulu kimi Na2SO4 ïdᴅn istifadᴅ kationit s¿zgᴅclᴅrinin 

iĸlᴅnmiĸ mᴅhsullarēnēn miqdarēnē azaltmaĵa imkan verir. Bu zaman iĸlᴅnmiĸ mᴅhlullarēn tᴅrkibindᴅn kifayᴅt 

qᴅdᴅr gips ayrēlmēĸ olur.                                                                      

Qeyd etmᴅk lazēmdēr ki, ᴅhᴅnglᴅ emal zamanē suyun qalēq codluĵu ᴅhᴅng ï soda emalēna nᴅzᴅrᴅn 

xeyli y¿ksᴅk olur, ona gºrᴅ dᴅ yumĸalmēĸ suyun duzluluĵu onun ilkin duzluluĵunu aĸmamasē ¿­¿n suda olan 

qᴅlᴅviliyin tᴅlᴅb olunan hᴅdd qiymᴅtlᴅr ᴅsasᴅn regenerasiyaya verilᴅn duzun x¿susi sᴅrfindᴅn asēlē olur. Odur 

ki, ĸᴅkil 3ïdᴅ tᴅsvir edilᴅn sxemlᴅ yanaĸē sᴅrgilᴅnᴅn digᴅr sxemlᴅr istifadᴅ edildikdᴅ duzun x¿susi sᴅrfi 

miqdarca m = 1,3 · 1,65 q-ekv/q-ekv tᴅĸkil edir.  

Buna gºrᴅdᴅ tᴅklif edilᴅn texnoloji sxemlᴅr deyilᴅn catēĸmamazlēqlarē nᴅinki aradan qaldērmaĵa 

imkan verir, o hᴅm­inin kºhnᴅ vᴅ iĸlᴅk vᴅziyyᴅtdᴅ olan s¿zgᴅclᴅrdᴅ konstruktiv dᴅyiĸiklik etmᴅdᴅn onlarēn iĸ 

rejimlᴅrinᴅ m¿ᴅyyᴅn ᴅlavᴅlᴅr etmᴅklᴅ, texnoloji gºstᴅricilᴅrini y¿ksᴅldilmᴅyᴅ vᴅ tullantē sularēn lᴅĵv 

edilmᴅsinᴅ imkan yaradēr. Ona gºrᴅ dᴅ emal vᴅ regenerasiya rejimlᴅrini tᴅkmillᴅĸdirᴅrᴅk, stexiometrik 

miqdarda regenerasiya edilmiĸ ionit s¿zgᴅcinin texnoloji gºstᴅricilᴅrini y¿ksᴅltmᴅyᴅ yºnᴅlmiĸ bu c¿r 

axēntēsēz ekoloji tᴅmiz vᴅ iqtisadi sᴅmᴅrᴅli su hazērlama texnologiyasēnēn iĸlᴅnilmᴅsi vᴅ tᴅdqiq edilmᴅsi 

aktual mᴅsᴅlᴅdir[1]. 

Mᴅqalᴅdᴅ aĸaĵēda nᴅzᴅrdᴅ tutlan mᴅsᴅlᴅlᴅrin ekoloji aspekdᴅn hᴅll edilmᴅsi mᴅqsᴅdᴅuyĵun hesab 

edilir: 

¶ -ᴅnᴅnᴅvi regenerasiya ¿sulu ilᴅ iĸlᴅyᴅn ionit s¿zgᴅclᴅrin iĸ rejimlᴅrini tᴅdqiq edᴅtᴅk,  su hazērlanma 

¿sulunun  sᴅmᴅrᴅliliyini y¿ksᴅltmᴅk ¿­¿n daxili imkanlarēn m¿ᴅyyᴅnlᴅĸdirilmᴅsi; 

¶ -stexiometrik miqdarda  mᴅhlul ilᴅ regenerasiya olunmuĸ s¿zgᴅclᴅrin iĸ rejiminin tᴅdqiqi etmᴅklᴅ 

onlarēn emal prosesinin tᴅtbiq  sahᴅsinin araĸdērēlmasē; 

¶ -ikiselli d¿z vᴅ ᴅksaxēmlē s¿zgᴅclᴅrdᴅn istifadᴅ edᴅrᴅk ionit m¿badilᴅ prosesinin tᴅdqiqi vᴅ onlarēn 

iĸ­i m¿badilᴅ tutumunun m¿xtᴅlif hidrodinamik faktorlarēndan asēllēlēĵēnēn araēdērēlmasē; 

¶ -ᴅldᴅ edilmiĸ nᴅticᴅlᴅr ᴅsasēnda sᴅmᴅrᴅli vᴅ ekoloji tᴅmiz su hazērlama texnoloji sxemlᴅrin 

iĸlᴅmᴅsilᴅ iqtisadi sᴅmᴅrᴅnin tᴅyini. 

Hal hazērda tᴅtbiq edilᴅn su hazērlanma ¿sulun bir sēra ¿st¿nl¿klᴅrᴅ malik olmasēna baxmayaraq onu 

yenidᴅn iĸllᴅyib tᴅkmillᴅĸdirmᴅk, az tullantēlē vᴅ az reagent sᴅrfli texnoloji sxemin iĸlᴅnib hazērlanmasē 

mᴅqsᴅdᴅuyĵun hesab edilir. 
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Nᴅticᴅ 

1. Ķstilik ĸᴅbᴅkᴅlᴅri ¿­¿n ᴅlavᴅ su hazērlanmasēnēn  ᴅnᴅnᴅvi  sxemlᴅinin m¿qaisᴅli tᴅhlili 

aparēlmēĸdēr; 

2. Ķstilik ĸᴅbᴅkᴅlᴅri ¿­¿n ᴅlavᴅ su hazērlanmasē zamanē iĸlᴅnmiĸ -iki selli s¿zgᴅclᴅrdᴅn hᴅm 

regenerasiy, hᴅm dᴅ su emalē zamanē  istifadᴅ edilmiĸdir; 

3. Ekoloji tᴅmiz, axēntēsēz  vᴅ iqtisadi cᴅhᴅtdᴅn sᴅmᴅrᴅli olan yeni su hazērlayēcē sxeminin iĸlᴅnmᴅsi 

istiqamᴅdᴅ tᴅdqiqat iĸlᴅri aparēlmēĸdēr.  
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Summary 

WAYS OF IMPROVING THE EFFICIENCY OF WATER PREPARATION IN HEAT SUPPLY SYSTEMS  

Alesgerov G.A., Mammadov ķh.H. 

 

For the  heatinq networks, in addition durinq the water in preparation the calcium gruffness and general alkalinity should de 

degrade, that the shown towate quality of main requirement carbonate index shouldnt be above a normative price. For  this purpese, it 

is used widely b softeninq of water complete or partiy, degrade of alkalinity by usinq the different methods.  

 Keywords: thermal energy, heat source, heating network, spent solution, effluent, two-cell filter, counterflow filter, feed 

water, reagent 

 

ʈʝʟʶʤʝ 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʆɼɻʆʊʆɺʂʀ ɺʆɼʓ ɺ ʉʀʉʊɽʄɸʍ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ 

ɸʣʝʩʢʝʨʦʚ ɻ.ɸ., ʄʘʤʝʜʦʚ ʐ.ɻ.  

 

ʉʠʩʪʝʤʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʪʝʧʣʦʚʫʶ ʩʝʪʴ, ʧʦʪʨʝʙʠʪʝʣʝʡ, 

ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʠ ʨʝʛʫʣʷʪʦʨʥʦ-ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ ʜʣʷ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤ ʙʝʟʩʪʦʯʥʳʭ ʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭʩʝʢʮʠʦʥʥʳʭ ʬʠʣʴʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ, ʪʝʧʣʦʚʘʷ ʩʝʪʴ, ʦʪʨʘʙʦʪʘʥʥʳʡ ʨʘʩʪʚʦʨ, ʩʪʦʯʥʳʝ ʚʦʜʳ, 

ʜʚʫʭʩʝʢʮʠʦʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʪʠʚʦʪʦʯʥʳʡ ʬʠʣʴʪʨ, ʧʦʜʧʠʪʦʯʥʘʷ ʚʦʜʘ, ʨʝʘʛʝʥʪ 
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ʈʝʟʶʤʝ. ʈʳʥʦʢ ʕʕ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʕʕ ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʢʘʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩʥʘʙʞʘʶʪ ʧʦʪʨʝʙʠʪʝʣʷ, ʦʙʲʝʤ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʣʠʥʠʷʤ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʦʪ ʛʝʥʝʨʘʪʦʨʦʚ, ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ ʧʝʨʝʜʘʯʠ ʕʕ (ʕʕ) ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢ ʥʘʛʨʫʟʢʝ. 

ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʦʪʦʢʘ ʕʕ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʤʘʨʰʨʫʪʳ, ʩʦʝʜʠʥʷʶʱʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩ ʦʪʜʝʣʴʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʩʠʩʪʝʤʘ, ʨʳʥʦʢ ʕʕ, ʧʦʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ, ʤʝʪʦʜʳ ʘʜʨʝʩʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʤʘʪʨʠʯʥʳʡ, ʜʝʢʦʤʧʦʟʠʮʠʠ, ʤʘʨʛʠʥʘʣʴʥʳʡ, Z-ʤʘʪʨʠʮʳ. 

 

ɺʚʝʜʝʥʠʝ. ʂʦʥʢʫʨʝʥʮʠʷ ʥʘ ʨʳʥʢʝ ʕʕ (ʕʕ) ʧʨʠʚʝʣʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʢʘʢ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʜʣʷ ʮʝʣʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʦʪʦʢʦʚ, ʧʨʠʥʮʠʧ ʠʭ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ [1-4]. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʘʜʨʝʩʫʝʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʚʘ 
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ʧʦʜʭʦʜʘ: ʤʘʪʨʠʯʥʳʡ ʧʦʜʭʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɹʠʘʣʝʢʦʤ [1]ʠ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʪʝʦʨʠʠ ʛʨʘʬʦʚ (ʂʠʨʩʝʥ, ɺʫ, ɻʘʤʤ) [4-5]. 

ʄʘʪʨʠʯʥʳʡ ʤʝʪʦʜ ʧʨʦʩʪ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʛʨʦʤʦʟʜʢʠʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʙʦʣʴʰʠʤ ʩʠʩʪʝʤʘʤ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠʮʳ. ʇʦʜʭʦʜ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʙʦʣʝʝ ʠʥʪʫʠʪʠʚʝʥ 

ʠ ʧʨʦʩʪ ʜʣʷ ʧʦʥʠʤʘʥʠʷ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʙʦʣʴʰʠʭ ʵʥʝʨʛʦʩʠʩʪʝʤ (ʕʕʉ), ʥʝ ʪʨʝʙʫʝʪ ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠʮʳ, 

ʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ ʩʣʫʯʘʝ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ. ɸʜʨʝʩʥʦʩʪʴ ʚʘʞʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ: 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ; ʘʙʦʥʝʥʪʩʢʘʷ ʧʣʘʪʘ ʟʘ ʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʴʶ; ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ; ʣʦʢʘʣʴʥʳʝ ʙʘʣʘʥʩʳ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ɸʜʨʝʩʥʦʩʪʴ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ.ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʘʜʨʝʩʥʦʩʪʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ 

ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʛʝʥʝʨʘʪʦʨʦʚ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ ʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʄʘʪʨʠʯʥʳʡ ʤʝʪʦʜ ʘʜʨʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʜʨʝʩʥʦʩʪʠ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʢʘʯʝʩʪʚʘʤʠ: ʧʨʦʩʪʦʪʘ ʨʘʩʯʝʪʘ; 

ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʘʜʨʝʩʫʝʤʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʠ ʧʨʦʩʪʦʪʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ; ʫʯʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ ʢ ʥʠʤ ʠ ʫʯʘʩʪʥʠʢʦʚ ʵʥʝʨʛʦʦʙʤʝʥʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʜʨʝʩʫʝʤʦʩʪʠ. 

ʄʝʪʦʜʳ ʧʨʷʤʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ.ʋʟʣʦʚʫʶ ʤʦʱʥʦʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ [1]: 

ὖ В ȿὖ lȿlɴ d
ὖ В ὧ Ͻὖl ὖlɴ d

                                    (1) 

ɻʜʝ‌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʫʟʣʦʚ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʠʟ ʫʟʣʘ i; ὧl
ȿ lȿ 

ʇʫʩʪʴ A ð ʤʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ (i, l)ʵʣʝʤʝʥʪ ʨʘʚʝʥ 

  

ὃ l

ρ                Ὢέὶ Ὥ l
ȿ lȿ

l
   Ὢέὶ lɴ ‌

π                                               

                                    (2) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (3.1.1) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ 

ὖ В ὧlϽὖl ὖ lɴ ‌                                                  (3) 

ʠʣʠ Aʩʪʨ*P=P L 

ʛʜʝ Astr- ʤʘʪʨʠʮʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʟʣʦʚʳʭ ʚʳʭʦʜʥʳʭ ʤʦʱʥʦʩʪʝʡ ʤʝʞʜʫ ʥʘʛʨʫʟʢʘʤʠ ʨʘʟʤʝʨʥʦʩʪʠ (n.n), 

ʘ PL  ʚʝʢʪʦʨ ʫʟʣʦʚʳʭ ʥʘʛʨʫʟʦʢ. 

ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ Astr
-1 
, ʪʦ ʠʟ (3) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʪʨʠʮʫ P=Astr

-1. 
PL. 

ʊʦʛʜʘ i-ʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝʜʥʝʡ ʤʘʪʨʠʮʳ ʨʘʚʝʥ, 

ὖ В ὃ ὖ ʷ = 1,2,..n                                                      (4) 

ʋʨʘʚʥʝʥʠʝ (4) ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʫʟʣʦʚʘʷ ʤʦʱʥʦʩʪʴ Pvʤʝʞʜʫ ʚʩʝʤʠ ʥʘʛʨʫʟʢʘʤʠ 

ʩʠʩʪʝʤʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, Pvʪʘʢʞʝ ʨʘʚʥʘ ʩʫʤʤʝ ʛʝʥʝʨʘʮʠʠ ʚ ʫʟʣʝ iʚʩʝʭ ʧʦʪʦʢʦʚ, ʪʝʢʫʱʠʭ ʚ ʵʪʦʪ 
ʫʟʝʣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʚ ʫʟʝʣ iʧʦ ʣʠʥʠʠ ij ʧʦ ʧʨʠʥʮʠʧʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʚʝʥ:.ὖ ὖ 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ (4), ʧʦʣʫʯʘʝʤ: 

ὖ В ὃ ὖ                                                                  (5) 

ʠʣʠ                                           ὖ В Ὀ ȟὖ ʛʜʝ Ͻὃ Ὀ ȟ 

ɺ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ - Ὀ ȟʜʦʣʷ k-ʡ ʥʘʛʨʫʟʢʠ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʣʠʥʠʠ 

i- j. ʄʦʱʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʚ ʫʟʣʝ 1 ʧʦ ʧʨʠʥʮʠʧʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

ὖ ὖ В ὃ                                                   (6) 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʜʦʣʶ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ i-ʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʠʜʫʱʫʶ ʥʘ ʧʠʪʘʥʠʝ k-ʡ ʥʘʛʨʫʟʢʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʘʜʨʝʩʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʩ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʣʠʥʠʷʭ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʘʣʴʥʳʭ ʤʘʪʨʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʪʨʠʮʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʧʦ 
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(ʧʨʷʤʦʤʫ) ʠ ʧʨʦʪʠʚ (ʦʙʨʘʪʥʦʤʫ) ʠʭ ʧʦʪʦʢʦʚ Astr ʠ ɸʦ. ʈʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ (15) ʧʨʦʚʝʨʝʥʘ ʥʘ ʪʝʩʪʦʚʳʭ 

ʩʭʝʤʘʭ. ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ (IEEE) [1-3].  

ʊʝʦʨʠʷ ʛʨʘʬʦʚ ʠ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʠʷ. ɼʝʢʦʤʧʦʟʠʮʠʷ ʧʦʪʦʢʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ (ʕʕʉ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʨʝʩʥʦʡ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʝʡ. ɸʣʛʦʨʠʪʤ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʦʪʦʢʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʨʝʩʥʦʡ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʧʫʪʝʡ ʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʛʨʘʬʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʧʦʠʩʢʘ ʩʪʨʦʠʪʩʷ ʜʝʨʝʚʦ, ʢʦʨʥʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʟʝʣ-ʛʝʥʝʨʘʪʦʨ. ʕʪʦʪ ʫʟʝʣ 

ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʫʟʝʣ ʧʝʨʚʦʛʦ ʷʨʫʩʘ ʫʟʣʦʚ ʜʝʨʝʚʘ. ʂʦ ʚʪʦʨʦʤʫ ʷʨʫʩʫ ʦʪʥʦʩʷʪʩʷ ʫʟʣʳ ʩʦʝʜʠʥʷʶʱʠʝ 

ʚʝʪʚʠ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʷʨʫʩʳ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʟʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʨʝʪʴʝʤʫ 

ʠ.ʪ.ʜ. 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʥʘ k-ʤ ʰʘʛʝ ὖ ὖ  ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʚʝʪʚʠ i, 

ʩʦʝʜʠʥʷʶʱʝʡ ʫʟʣʳ k-ʛʦ ʠ (k+1)-ʛʦ ʷʨʫʩʦʚ, ʧʨʠ kÓ1 ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

ὖ ὖ ,ὖ ὖ . 

ʟʜʝʩʴ ὖ ὖ - ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʚʝʪʚʠ i.  

ʅʘ k-ʤ ʰʘʛʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʢʦʥʮʘ ʚʝʪʚʠ i, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ὖ ὖ Ͻὖ Б ὖ Ͻὖ                                      (7) 

ɺʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʥʘʯʘʣʘ ʚʝʪʚʠ i ʥʘ k-ʤ ʰʘʛʝ ʙʫʜʝʪ ʨʘʚʥʘ 

ὖ ὖ Ͻὖ Б ὖ Ͻὖ                                      (8) 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʢʦʥʮʘ ʠ ʥʘʯʘʣʘ ʚʝʪʚʠ i, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ 

ὖ В Б ὖ Ͻὖ                                                       (9) 

ὖ В Б ὖ Ͻὖ                                                     (10) 

ʛʜʝ ʠʥʜʝʢʩ kj ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ ʚʝʪʚʠ i ʥʘ j-ʤ ʧʫʪʠ ʚ ʜʝʨʝʚʝ. 

ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʦʪʝʨʠ ʚ l-ʡ ʚʝʪʚʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ 

Ўὖ В Ὓ В ὶ В В ὛὛ Ўὖ Ўὖ       (11) 

ʛʜʝ ȹPl1 - ʩʦʙʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ i-ʛʦ ʛʝʥʝʨʘʪʦʨʘ , ʘ ȹ Pl2- ʚʟʘʠʤʥʳʝ ʧʦʪʝʨʠ, U l- ʩʨʝʜʥʝʝ ʥʘʧʨʷʞʝʥʠʝ. 

ʄʝʪʦʜ Z-ʤʘʪʨʠʮʳ.ɸʣʛʦʨʠʪʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʤʝʪʦʜʦʤ Zʤʘʪʨʠʮʳ ʠʤʝʝʪ ʚʠʜ 

ὤ ὣ Ὑ ὮὙὢ                                                (12) 

ʛʜʝ RZ ʠ XZ - ʢʚʘʜʨʘʪʥʳʝ ʤʘʪʨʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʢʪʠʚʥʳʤ ʠ ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʟʣʘ UʙÍ0 ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ 

Ὗ
Ὗ

Ὗ

Ὗ

ὢ Ὑ
Ὑ ὢ

ϽὍ
Ὅ
                                                     (13) 

ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦ ʤʘʪʨʠʮʝ ʫʟʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ Z [10-12], ʠʤʝʝʪ ʚʠʜ 

Ўὖ ὙὩỗὨὭὥὫὍᶻϽὤϽὍỘ                                                             (14) 

ʛʜʝ I* - ʩʦʧʨʷʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʫʟʣʦʚʦʛʦ ʪʦʢʘ; 

ɼʣʷ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʙʱʠʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

“В ὙὩВ В ὤὐᶻὐ ὐӶὙὐӶ ὐӶὙὐӶ                                                               (15) 

ʛʜʝ R - ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʘʪʨʠʮʳ ʫʟʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ Z=Y
ī1

, J
ǋ
I ,J
ǌ
i- ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ Ji= J 
ǋ 
i +jJ

ǌ 
i . 

ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʝʨʴ Z ʫʟʣʦʚʳʤ ʤʝʪʦʜʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ [10]: 

ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ; ʦʙʨʘʱʝʥʠʝ Zy=(Yy)
-1
 ʤʘʪʨʠʮʳ; ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ; ʚʳʯʠʩʣʝʥʠʷ 

ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ, ʦʪʥʦʩʠʤʳʭ ʚ ʫʟʣʳ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Z ʤʘʪʨʠʮʳ ʠʤʝʝʪ 

ʙʳʩʪʨʫʶ ʠ ʥʘʜʝʞʥʫʶ ʩʭʦʜʠʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 8-

ʫʟʣʦʚʦʡ ʩʭʝʤʳ ʕʕʉ ɸʟʝʨʙʘʡʜʞʘʥʘ (ʨʠʩ.5) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ 8-ʫʟʣʦʚʦʡ ʩʭʝʤʳ ʕʕʉ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ. ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʩʦʩʪʘʚʠʣʠ 84.47 ʄɺʪ. ɺ ʥʘʛʨʫʟʦʯʥʳʭ ʫʟʣʘʭ 3, 5, 6 ʠ 8 ʠʤʝʶʪ ʤʝʩʪʦ 

ʥʘʠʙʦʣʴʰʠʝ ʜʦʣʠ ʧʦʪʝʨʴ. ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, 

ʩʦʩʪʘʚʠʣ 119,34 ʄɺʪ. 
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ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ 8-ʫʟʣʦʚʘʷ ʩʭʝʤʘ ʕʕʉ. 

 

 

ʄʘʨʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ 

ʨʳʥʢʘʕʕ. ʄʘʨʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʥʝʨʘʮʠʡ ʠ ʥʘʛʨʫʟʦʢ ʚ ʫʟʣʘʭ. ʄʘʨʛʠʥʘʣʴʥʳʡ 

ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʝʨʴ [6] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʣʥʳʭ 

ʧʦʪʝʨʴ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʥʝʨʘʮʠʠ ʠ ʥʘʛʨʫʟʦʢ ʚ ʫʟʣʘʭ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʝʨʴ. ʕʪʦʪ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʣʥʳʭ ʧʦʪʝʨʴ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʥʝʨʘʮʠʠ ʠ ʥʘʛʨʫʟʦʢ ʚ 

ʫʟʣʘʭ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʝʨʴ. ʄʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʪʝʨʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ. ʏʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʣʥʳʭ 

ʧʦʪʝʨʴ æP ʧʦ ʫʟʣʦʚʳʤ ʘʢʪʠʚʥʳʤ P ʠ ʨʝʘʢʪʠʚʥʳʤ Q ʤʦʱʥʦʩʪʷʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
µЎ

µ

µЎ

µ
=
µЎ

µ

µЎ

µ
ὐ                                                    (18) 

ʛʜʝ J - ʤʘʪʨʠʮʘ ʗʢʦʙʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʪʦʚʦʛʦ ʨʳʥʢʘ. ʇʦʣʫʯʝʥʘ ʢʦʤʤʝʨʯʝʩʢʘʷ ʩʪʦʠʤʦʩʪʴ ʕʕ ʚ 

ʚʠʜʝ 

S = 2*10
-7
*ʈɆ

2
 ï 5*10

-4
*ʈɆ + 6.11 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʤʝʨʯʝʩʢʦʡ ʤʦʜʝʣʠ ʕʕʉ ɸʟʝʨʙʘʡʜʞʘʥʘ ʦʪ ʫʨʦʚʥʷ 

ʚʳʨʘʙʦʪʢʠ ʕʕ. ɿʜʝʩʴ ʪʘʨʠʬ ʥʘ ʟʘʢʫʧʢʫ ʕʕ ʦʧʪʦʚʳʤ ʨʳʥʢʦʤ;  ʪʘʨʠʬ ʥʘ ʧʨʦʜʘʞʫ ʕʕ ʥʘ ʦʧʪʦʚʦʤ 

ʨʳʥʢʝ. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʢʫʱʝʛʦ ʨʝʞʠʤʘ - S ʮʝʥʘ ʪʦ ʵʥʝʨʛʦʩʠʩʪʝʤʘ ʧʨʦʜʘʝʪ ʵʥʝʨʛʠʶ 

ʥʘ ʦʧʪʦʚʳʡ ʨʳʥʦʢ ʠ ʧʦʣʫʯʘʝʪ ʧʨʠʙʳʣʴ. ɽʩʣʠ ʪʦʨʛʦʚʘʷ ʮʝʥʘ ʕʕ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʥʘʭʦʜʠʪʩʷ ʟʦʥʝ 

ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʫʧʘʪʴ ʠ ʧʨʦʜʘʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʕʕʉ 

ʥʝʚʳʛʦʜʥʦ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʕʉ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʠ ʧʦʩʪʦʷʥʥʦ ʩʨʘʚʥʠʚʘʪʴ ʩʪʦʠʤʦʩʪʴ 1 

ʄɺʪĿʯ ʕʕ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʦʙʱʫʶ ʩʪʨʘʪʝʛʠʶ 

ʧʦʚʝʜʝʥʠʷ ʥʘ ʦʧʪʦʚʦʤ ʨʳʥʢʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʘʨʠʬʝ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ ʦʧʪʦʚʦʤ ʨʳʥʢʝ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʮʝʥʝ ʕʕ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʧʝʨʩʦʥʘʣ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʩʠʪʫʘʮʠʶ ʠ ʧʨʠʥʷʪʴ ʦʙʦʩʥʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ. 

 

 
ʈʠʩ. 2. ʂʦʤʤʝʨʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʕʕ ʚ ʕʕʉ 

 

ɺʳʚʦʜʳ. ɸʜʨʝʩʥʦʩʪʴ ʧʦʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʘʢʪʫʘʣʴʥʘ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʠ ʩʚʷʟʘʥʘ ʩ ʪʦʨʛʦʚʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ.  

slack
Mingechevir

Imisli Absheron

Cenub IES

Musviq

Xirdalan

 500 MW
  -0 Mvar MW1384

 244 Mvar

 300 MW
 100 Mvar

MW 300

 188 Mvar

1200 MW
 100 Mvar

 200 MW

  50 Mvar

 400 MW

 200 Mvar

2 1

8
3

7
6

5

117.443 MW

513.743 MW

326.712 MW

209.183 MW

20.784 Mvar

117.361 Mvar

870.717 MW399.975 MW

224.00 kV

225.00 kV

196.75 kV

193.57 kV

198.04 kV220.00 kV

217.97 kV

2.7662 MW

4

500.4016 MW

277.6673 MW

205.55 kV

241.6171 Mvar

113.8960 Mvar

-19.9361 Mvar
-88.0095 Mvar

-8.6995 Mvar

400.3689 MW
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʘʜʨʝʩʥʦʩʪʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʕʕ ʦʪ 

ʛʝʥʝʨʘʪʦʨʦʚ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʠ ʫʩʪʘʥʦʚʢʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʜʨʝʩʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʠ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʜʨʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ: ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʥʘ ʦʩʥʦʚʝ Z-ʤʘʪʨʠʮʳ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨʛʠʥʘʣʴʥʦʛʦ ʤʝʪʦʜʘ. ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʤʝʪʦʜ ʘʜʨʝʩʘʮʠʠ ʩ ʫʯʝʪʦʤ 

ʧʦʪʝʨʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʘʤʠ.  

ʇʦʣʫʯʝʥʘ ʬʠʥʘʥʩʦʚʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʕʕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʵʢʩʧʦʨʪʘ ʕʕ. 
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X¿lasᴅ. 

TOPTAN ELEKTRĶK BAZARI VᴄZĶFᴄLᴄRĶNĶN MODELLᴄķDĶRĶLMᴄSĶ ¦¢¦N AXINLARIN Vᴄ ĶTKĶLᴄRĶN 

¦NVANLI PAYLANMASI METODLARI 

Balamϸtov A.B., Aĵaxanova K.A., Ķsgϸndϸrov F.Ĵ., Balamϸtov E.A. 

 

EE bazarē aĸaĵēdakē x¿susiyyᴅtlᴅrlᴅ xarakterizᴅ olunur: m¿ᴅyyᴅn bir istehlak­ē ¿­¿n EE istehsal­ēsēnē, istehlak­ēnē hansē 

generatorlarla tᴅmin etdiyini,  generatorlardan m¿xtᴅlif elektrik xᴅtlᴅri ilᴅ ºt¿r¿lᴅn g¿c miqdarēnē, m¿ᴅyyᴅn bir generatordan y¿kᴅ EE 

(EE) ºt¿r¿lmᴅsi sᴅbᴅbindᴅn g¿c itkisini tᴅyin etmᴅk m¿mk¿n deyil. EE axēnēnēn izlᴅnmᴅsi, generatorlarē fᴅrdi istehlak­ēlarla 

birlᴅĸdirᴅn marĸrutlar qurmaĵa imkan verir. 

A­ar sºzlᴅr: enerji sistemi, EE bazarē, axēn paylanmasē, g¿c itkisi, ¿nvan paylama metodlarē, matris, par­alanma, marjinal, 

Z-matrislᴅr. 
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Summary 

METHODS OF TARGETED DISTRIBUTION OF FLOWS AND LOSSES FOR WHOLESALE MARKET MODELING  

Balametov A.B., Agakhanova K.A., Isgenderov F.G., Balametov E.A. 

 

The EEmarket is characterized by the followingfeatures: it is impossible to determine the EE manufacturer for a given 

consumer, which generators supply the consumer, the amount of power that is transmitted via various power transmission lines from 

generators, and power losses due to the transmission of EE (EE) from a particular generator to the load. EE flow tracking allows us to 

establish routes connecting generators to individual consumers. 

Keywords: energy system, EE market, flow distribution, power losses, addressable distribution methods, matrix, 

decomposition, marginal, Z-matrices. 

 

 

ELEKTRĶK ENERJĶSĶ ĶTKĶLᴄRĶ Vᴄ ONLARIN HESABLANMASI ¦SULLARI 

 
Mᴅmmᴅdov Rza Elxan oĵlu 

Azϸrbaycan Dºvlϸt Aqrar Universiteti, Gϸncϸ, Azϸrbaycan 

 rzamemmedov3777@gmail.com 
 

X¿lasᴅ. Enerji tᴅchizatē sistemlᴅrinin sᴅmᴅrᴅliliyinin artērēlmasē m¿asir energetikanēn m¿h¿m vᴅzifᴅsidir. Bu, elektrik 

enerjisi tᴅchizatēnēn etibarlēlēĵē, elektrik enerjisindᴅn sᴅmᴅrᴅli istifadᴅ vᴅ keyfiyyᴅtinin y¿ksᴅldilmᴅsi problemlᴅri ilᴅ sēx baĵlēdēr. 

Elektrik ĸᴅbᴅkᴅlᴅrindᴅ elektrik enerjisi itkilᴅrini azaltmaq ¿­¿n tᴅdbirlᴅr kompleksi dᴅ bºy¿k ᴅhᴅmiyyᴅt kᴅsb edir.  

Mᴅlumdur ki, elektrik enerjisi itkilᴅri naqilin g¿c¿, en kᴅsiyi vᴅ uzunluĵu, xᴅtt ¿zrᴅ 10/0,4 kV transformator 

yarēmstansiyalarēnēn sayē vᴅ s. kimi dᴅyᴅrlᴅrdᴅn asēlēdēr. Paylayēcē ĸᴅbᴅkᴅnin y¿klᴅnmᴅsinin simulyasiya modellᴅĸdirilmᴅsi 

prosesindᴅ yerinᴅ yetirilᴅn hesablama nᴅticᴅlᴅrinin statistik emalē vᴅ ­oxsaylē korrelyasiya-reqressiya tᴅhlili aparēlmēĸdēr. Nᴅticᴅdᴅ 10 

kV-luq ĸᴅbᴅkᴅlᴅrdᴅ verilᴅn elektrik enerjisinin miqdarēndan, VA-10 kV-lik uzunluĵundan, TP 10/0,4 kV-lik sayēndan vᴅ ya TP 

10/0,4 kV-luq transformatorlarēn quraĸdērēlmēĸ g¿c¿ndᴅn asēlē olaraq tᴅyin edilmᴅsi ¿­¿n reqressiya tᴅnliklᴅri alēnmēĸdēr. 

A­ar sºzlᴅr:  enerji tᴅchizatē, transformator yarēmstansiyalarē, hava xᴅtlᴅri, transformatorlar, elektrik itkilᴅri. 

  

Elektrik tᴅchizatēnēn etibarlēlēĵēnēn y¿ksᴅldilmᴅsi elektrik enerjisi itkilᴅrinin azalmasēna m¿sbᴅt tᴅsir 

edir, ­¿nki naqillᴅrin  en kᴅsiyinin artērēlmasē etibarlēlēĵēn y¿ksᴅlmᴅsinᴅ sᴅbᴅb olur, nᴅticᴅdᴅ elektrik enerjisi 

itkilᴅri azalēr. 

10 kV-luq elektrik ĸᴅbᴅkᴅlᴅri cᴅrᴅyan ayērēcē  nºqtᴅlᴅri malik olduĵundan ATV-sē mᴅntᴅqᴅlᴅrini 

cᴅrᴅyan ayērēcēnēn hesabat nºqtᴅsindᴅ yerlᴅĸdirirlᴅr, bunun nᴅticᴅsindᴅ elektrik enerjisinin minimal itkilᴅri 

tᴅmin olunur. Qᴅza rejimlᴅrindᴅ  xᴅtlᴅrin bir hissᴅsini iĸdᴅn ­ēxartdēqda vᴅ qalan iĸ  rejimindᴅ olan hissᴅsinᴅ 

baĸqa tᴅrᴅfdᴅn qida verdikdᴅ y¿k itkilᴅrinin artmasē m¿ĸahidᴅ edilir, buna sᴅbᴅb y¿k cᴅrᴅyanēn vᴅ elektrik 

xᴅttinin uzunluĵunun artmasēdēr ρ. 

Kᴅnd rayonlarēnēn elektrik tᴅchizatē sistemlᴅrinin inkiĸafē konsepsiyasē ᴅsasēnda tᴅklif edilmiĸdir ki, 

10 kV-luq ĸᴅbᴅkᴅlᴅrin etibarlēlēĵēnēn y¿ksᴅldilmᴅsi ¿­¿n kompleks tᴅĸkilatē-texniki tᴅdbirlᴅrin i­ᴅrisindᴅ 10 

kV-luq xᴅtlᴅrin 35 kV-luq asma izolyatorlu xᴅtlᴅrlᴅ ᴅvᴅz edilmᴅsi tᴅklif olunur. Baxmayaraq ki, bu 

tᴅdbirlᴅrin hᴅyata ke­irilmᴅsinᴅ ­ox xᴅrc tᴅlᴅb olunur, lakin uzun m¿ddᴅtdᴅn sonra bu tᴅdbirlᴅr ºz¿n¿ 

doĵruldacaqdēr. 

ᴄn rasional  mᴅsᴅlᴅlᴅrdᴅn biri a­ēq izolyasiyalē 10...20 kV-luq xᴅtlᴅrin  politlen izolyasiyalē 

naqillᴅrlᴅ Cʀʇ-lᴅrlᴅ ᴅvᴅz edilmᴅsidir, bu halda m¿asir birlᴅĸdirici elementlᴅrdᴅn istifadᴅ edildiyindᴅn hᴅm 

sēzma cᴅrᴅyanlarē, hᴅm dᴅ birlᴅĸmᴅ yerlᴅrindᴅ ke­id m¿qavimᴅtlᴅri xeyli dᴅrᴅcᴅdᴅ azalēr. 

Eyni zamanda 10 kV-luq paylayēcē ĸᴅbᴅkᴅlᴅrin magistral prinsipi ilᴅ quraĸdērēlmasēna ke­mᴅk tᴅklif 

olunmuĸdur. Bu halda naqillᴅrin en kᴅsiyi magistral xᴅtt ¿zrᴅ 70 mm
2
 -dᴅn (al¿minium) az olmamalē vᴅ 

xᴅttin b¿t¿n uzunluĵu boyunca eyni olmalēdēr. 

Bu da elektrik tᴅchizatēnēn etibarlēlēĵēnēn y¿ksᴅlmᴅsinᴅ, istismarēn rahatlēĵēna vᴅ eyni zamanda 

elektrik itkilᴅrinin azalmasēna sᴅbᴅb olacaqdēr. 

Dᴅyiĸᴅn itkilᴅrin real qiymᴅti ĸᴅbᴅkᴅ hissᴅsinin m¿qavimᴅētinin vᴅ cᴅrᴅyanēn dᴅqiq tᴅyin 

edilmᴅsindᴅn asēlēdēr, bundan ᴅvvᴅl qeyd olunduĵu kimi cᴅrᴅyan elektrik ĸᴅbᴅkᴅsinin elementlᴅrindᴅn 

ke­ᴅrkᴅn onlarēn qēzmasēna sᴅbᴅb olur. Bu zaman naqilin m¿qavimᴅti dᴅyiĸir, bu da ºz nºvbᴅsindᴅ ᴅtraf 

m¿hitin tempareturundan vᴅ baĸqa faktorlardan asēlē olaraq ᴅlavᴅ itkilᴅrin yaranmasēna sᴅbᴅb olur. Eyni za-

manda naqilin m¿qavimᴅti tᴅbii kºhnᴅlmᴅsindᴅn dᴅ asēlēdēr, bu da kᴅnd tᴅsᴅrr¿fatē tᴅyinatlē 10 kV-luq 

paylayēcē ĸᴅbᴅkᴅlᴅrᴅ ­ox aiddir, ­¿nki bu ĸᴅbᴅkᴅlᴅr ­oxdan inĸa olunmuĸ vᴅ bᴅzᴅn dᴅ aĸaĵē keyfiyyᴅtli 

elektrotexniki materiallardan istifadᴅ edilmiĸdir ς. 

Aĸaĵē gᴅrginlikli ĸᴅbᴅkᴅdᴅ y¿klᴅrin  qeyri-simmetriyasē  y¿ksᴅk gᴅrginlikli  ĸᴅbᴅkᴅyᴅ dᴅ ke­ᴅ bilᴅr, 

nᴅticᴅdᴅ fazalar da y¿klᴅr qeyri-bᴅrabᴅr paylanmēĸ olur vᴅ elektrik enerji itkilᴅri artēr. 

Qeyri-simmetrikliyi aradan qaldērmaq ¿­¿n y¿klᴅrin ᴅn bºy¿k olma periodunda (saat 17-dᴅn 23 

qᴅdᴅr ) baĸ sahᴅdᴅ cᴅrᴅyanlarēn hᴅr fazada ºl­¿s¿n¿ aparēlmalē vᴅ bunun ᴅsasēnda fazalarēn bᴅrabᴅr 

y¿klᴅnmᴅsini hᴅyata ke­irmᴅk lazēmdēr ς. 

mailto:rzamemmedov3777@gmail.com
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Simmetriklᴅĸmᴅnin o halda yerinᴅ yetirmᴅk  olar ki, baĸ sahᴅdᴅ sēfēr xᴅttindᴅ cᴅrᴅyanēn orta qiymᴅti 

15 A-dᴅn ­ox olur. 

ķᴅbᴅkᴅnin hissᴅlᴅrindᴅ cᴅrᴅyanlarē tᴅyin etmᴅk m¿ᴅyyᴅn ­ᴅtinliklᴅrlᴅ ᴅlaqᴅdardēr, ­¿nki paylayēcē 

ĸᴅbᴅkᴅlᴅr ­ox bºy¿k uzunluqluĵa vᴅ ­ox sayda qollara ayrēlmasē ilᴅ fᴅrqlᴅnir. Belᴅ ĸᴅbᴅkᴅlᴅrdᴅ tᴅkcᴅ 

baĸlanĵēc sahᴅdᴅki elektrik enerjisi mᴅlum olur, buna gºrᴅ cᴅrᴅyanlarēn tᴅyinindᴅ TY 10/0,4 kV-nēn qoyuluĸ 

g¿c¿nᴅ gºrᴅ y¿k¿n proporsional paylanmasē metodu tᴅtbiq edilir. 

Dᴅyiĸᴅn itkilᴅri tᴅyin etmᴅk ¿­¿n bir ne­ᴅ ¿sullar vardēr σ. Bunlarēn i­ᴅrisindᴅn ᴅn optimalēnēn 

se­imi 10 kV gᴅrginlikli paylayēcē ĸᴅbᴅkᴅ haqqēnda ilkin mᴅlumatēn hᴅcmindᴅn vᴅ dᴅqiqliyindᴅn asēlēdēr. 

B¿t¿n mᴅlumatlarē ĸᴅrti olaraq iki yerᴅ bºl¿rlᴅr: determilᴅĸmiĸ vᴅ stoxastik. 

Determilᴅĸmiĸ mᴅlumat dedikdᴅ bir mᴅnalē verilmiĸ mᴅlumatlar baĸa d¿ĸ¿l¿r (uzunluq, elektrik 

ºt¿r¿c¿ xᴅtlᴅrin sayē, transformatorlarēn sayē vᴅ s.). 

Stoxastik  mᴅlumatlar ĸᴅbᴅkᴅnin qeyri-xᴅtti iĸ rejimi zamanē ᴅmᴅlᴅ gᴅlir. Bu halda m¿xtᴅlif 

formalardan asēlē olaraq, ĸᴅbᴅkᴅnin elementlᴅrindᴅ gᴅrginlik vᴅ y¿k dᴅyiĸir. 

Elektrik enerjisinin texniki itkilᴅri ¿­ ᴅsas qrupa bºl¿n¿r: y¿k (dᴅyiĸᴅn), y¿ks¿z iĸlᴅmᴅ (sabit), 

klimatik. Y¿k itkilᴅri ĸᴅbᴅkᴅdᴅ cᴅrᴅyanēn dᴅyiĸmᴅsilᴅ xarakterizᴅ olunur, y¿ks¿z iĸlᴅmᴅ itkilᴅri 

transformatorlarēn dolaqlarēnda y¿k olmadēqda transformatorun maqnit ke­iricisindᴅ yaranēr. Hava xᴅtlᴅrinin 

izolyatorlarēnda elektrik enerjisinin tac boĸalmasēna sᴅrfindᴅn vᴅ sēzma cᴅrᴅyanlarēndan ᴅmᴅlᴅ gᴅlir. 

Kᴅnd paylayēcē elektrik ĸᴅbᴅkᴅlᴅrindᴅ yaranan texniki itkilᴅrin sᴅviyyᴅsi ᴅsasᴅn y¿kl¿ (dᴅyiĸᴅn) vᴅ 

y¿ks¿z iĸlᴅmᴅ (sabit) itkilᴅrindᴅn asēlēdēr. Buna gºrᴅ bu itkilᴅrin dᴅqiq hesabatē texniki itkilᴅrin aĸaĵē 

salēnmasēnda bºy¿k ᴅhᴅmiyyᴅtᴅ malikdir. 

Elektrik stansiyalarēnda istehsal olunan elektrik enerjisi ºt¿r¿lmᴅ prosesindᴅ bir ne­ᴅ dᴅfᴅ 

transformatorlarda transformasiya olunur, hava vᴅ ya kabel xᴅtlᴅri vasitᴅsilᴅ tᴅlᴅbedicilᴅrᴅ paylanēr. 

Elektrik xᴅtlᴅri, transformatorlar vᴅ digᴅr  elektrik qurĵularē aktiv m¿qavimᴅtᴅ  malik olduĵundan  

bunlardan cᴅrᴅyan  ke­ᴅrkᴅn cᴅrᴅyan daĸēyēcē  hissᴅlᴅr qēzēr, ᴅlavᴅ elektrik enerjisi  sᴅrfi yaranēr.  

Elektrik enerjisinin hesabatēnēn tᴅkminlᴅĸdirilmᴅsi tᴅdbirlᴅri ᴅlavᴅ xᴅrclᴅrsiz vᴅ ᴅlavᴅ xᴅrclᴅrin 

kºmᴅyi ilᴅ hᴅyata ke­irilᴅ bilᴅr. Hal-hazērda bu tᴅdbirlᴅrin aparēlmasē ­ox aktual olub m¿h¿m ᴅhᴅmiyyᴅt 

kᴅsb edir. ¢¿nki, elektrik enerjisinin  hesabatēnē aparan ºl­¿ kompleks vasitᴅlᴅrin dᴅqiqlik sinfinin artērēlmasē 

(cᴅrᴅyan vᴅ gᴅrginlik transformatorlarē, elektrik enerji sayĵaclarē vᴅ s.) vasitᴅsilᴅ hesablanmayan elektrik 

enerjisini azaltmaq olar, nᴅticᴅdᴅ elektrik enerjisi itkilᴅrinin komersiya m¿rᴅkkᴅbᴅsini azaltmaq m¿mk¿n 

olur τ. 

Nᴅzᴅrᴅ almaq lazēmdēr ki, Respublikamēzda elektroenergetika sahᴅsindᴅ yeni islahatlar aparēlēr, 

elektrik enerjisi satanlarla alēcēlar arasēnda bazar ᴅlaqᴅlᴅri yaranēr, buna gºrᴅ buraxēlan vᴅ qᴅbul olunan 

elektrik enerjisinin dᴅqiq hesablanmasē m¿h¿m mᴅsᴅlᴅlᴅrdᴅn biri sayēlēr. Bununla ᴅlaqᴅdar komersiya vᴅ 

texniki itkilᴅrin hesabatēnē dᴅqiq aparmaq ¿­¿n yeni avtomatlaĸdērēlmēĸ sistemlᴅr tᴅtbiq olunmaĵa 

baĸlanmēĸdēr. 

Nᴅticᴅdᴅ bu enerjini ºdᴅmᴅk ¿­¿n ᴅlavᴅ elektrik enerjisi  istehsal olunur vᴅ yanacaq sᴅrfi artēr. 

Elektrik tᴅchizatē  mᴅnbᴅyindᴅn  tᴅlᴅbedicilᴅrᴅ qᴅdᴅr elektrik enerjisi ºt¿r¿lᴅrkᴅn elektrik enerjisinin 

texnoloji sᴅrfi elektrik enerjisinin texniki itkilᴅri adlanēr. Elektrik ĸᴅbᴅkᴅlᴅrindᴅ texniki itkilᴅrdᴅn ᴅlavᴅ 

elektrik enerjisinin oĵurlanmasēndan, onun hesablama sisteminin qeyri-m¿kᴅmmᴅliyindᴅ vᴅ s. yaranan 

kommersiya  itkilᴅri dᴅ mºvcuddur. 
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Summary 

ELECTRICITY LOSSES AND METHODS OF THEIR CALCULATION  

Mammadov R.E. 

 

Increasing the efficiency of power supply systems is an important task of modern power engineering. It is closely related to 

the problems of power supply reliability, rational use of electric energy and improving its quality. A set of measures to reduce 

electrical energy losses in electrical networks is also of great importance. It is known that electrical energy losses depend on such 
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quantities as power, cross-section and length of the wire, the number of 10/0.4 kV transformer substations on the line, etc. Statistical 

processing and multiple correlation-regression analysis of the calculation results performed in the process of simulation modeling of 

distribution network loading were carried out. As a result, regression equations were obtained for determining in 10 kV networks, 

depending on the amount of supplied electricity, the length of VA-10 kV, the number of 10/0.4 kV transformer substations or the 

installed capacity of 10/0.4 kV transformers. 

 Key words: power supply, transformer substations, overhead lines, transformers, electrical losses. 

 

ʈʝʟʶʤʝ 

ʇʆʊɽʈʀ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ʀ ʄɽʊʆɼʓ ʀʍ ʈɸʉʏɽʊɸ 

ʄʘʤʝʜʦʚ ʈ.ʕ. 
 

ʇʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ - ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʉ ʥʝʡ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʧʨʦʙʣʝʤʳ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʝ y

ʢʘʯʝʩʪʚʘ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʞʝ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ. 

ʀʟʚʝʩʪʥʦ ʯʪʦ ʧʦʪʝʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘʚʠʩʷʪ ʦʪ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʤʦʱʥʦʩʪʴ, ʩʝʯʝʥʠʝ ʠ ʜʣʠʥʘ ʧʨʦʚʦʜʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʊʇ 10/0,4 ʢɺ ʥʘ ʣʠʥʠʠ ʠ ʪ.ʜ.  ʇʨʦʚʝʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʛʨʫʟʢʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ.. ɺ ʠʪʦʛʝ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 10 ʢɺ, ʟʘʚʠʩʷʱʠʭ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʪʧʫʱʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʦʪʷʞʸʥʥʦʩʪʠ ɺA-10 ʢɺ, ʢʦʣʠʯʝʩʪʚʦ ʊʇ 10/0,4 ʢɺ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʊʇ 10/0,4ʢɺ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʜʩʪʘʥʮʠʠ, ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ.  
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X¿lasϸ. Energetikanēn iqtisadiyyatē enerji ehtiyatlarēnēn hᴅyat dºvr¿n¿n b¿t¿n mᴅrhᴅlᴅlᴅrini - istehsal vᴅ emaldan paylama 

vᴅ istehlaka qᴅdᴅr ᴅhatᴅ edᴅn qlobal iqtisadiyyatēn ᴅn vacib komponentidir. Enerji sektoru davamlē iqtisadi artēmēn, sosial sabitliyin 

vᴅ ºlkᴅlᴅrin inkiĸafēnēn tᴅmin edilmᴅsindᴅ ᴅsas rol oynayēr. Son onilliklᴅrdᴅ qlobal enerji tᴅlᴅbatēnēn artmasē m¿ĸahidᴅ olunur ki, bu 

da ᴅhalinin artmasē, urbanizasiyanēn s¿rᴅtlᴅnmᴅsi vᴅ inkiĸaf etmᴅkdᴅ olan ºlkᴅlᴅrin enerji ehtiyatlarēna ehtiyacēnēn artmasē ilᴅ 

ᴅlaqᴅdardēr. 

Enerji inkiĸafēnēn vacib sahᴅlᴅri g¿nᴅĸ vᴅ k¿lᴅk enerjisi kimi bᴅrpa olunan enerji mᴅnbᴅlᴅrinᴅ ke­id vᴅ rᴅqᴅmsallaĸma vᴅ 

avtomatlaĸdērma kimi yeni texnologiyalarēn tᴅtbiqidir. Avropa Birliyi vᴅ ¢in dᴅ daxil olmaqla bir ­ox ºlkᴅ, karbon emissiyalarēnē 

azaltmaq vᴅ karbon neytrallēĵēna nail olmaq ¿­¿n "yaĸēl" enerjiyᴅ fᴅal ĸᴅkildᴅ investisiya qoyur. Bununla yanaĸē, kºm¿r, neft vᴅ qaz 

kimi ᴅnᴅnᴅvi enerji mᴅnbᴅlᴅri qlobal enerji istehlakēnda ¿st¿nl¿k tᴅĸkil edir vᴅ daha ekoloji cᴅhᴅtdᴅn tᴅmiz enerji formalarēna 

ke­mᴅk ¿­¿n ­ᴅtinliklᴅr yaradēr. 

A­ar sºzlᴅr:  Energetikanēn iqtisadiyyatē, bᴅrpa olunan enerji, karbon emissiyalarē, rᴅqᴅmsallaĸma, enerji ke­idi. 

 

Enerji, demᴅk olar ki, b¿t¿n sahᴅlᴅrin fᴅaliyyᴅt gºstᴅrmᴅsi ¿­¿n ᴅsas olan hᴅr hansē bir ºlkᴅnin 

iqtisadiyyatēnda ᴅsas yer tutur. Neft, qaz, kºm¿r vᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅri dᴅ daxil olmaqla enerji 

mᴅnbᴅlᴅrinᴅ tᴅlᴅbat daim artēr vᴅ enerji sektorunu yalnēz strateji cᴅhᴅtdᴅn vacib deyil, hᴅm dᴅ iqtisadi 

inkiĸafa tᴅsir edᴅn ᴅsas amillᴅrdᴅn biri halēna gᴅtirir. Qloballaĸma vᴅ texnoloji dᴅyiĸikliklᴅrlᴅ enerji 

iqtisadiyyatē karbon emissiyalarēnēn azaldēlmasē, daha davamlē vᴅ ekoloji cᴅhᴅtdᴅn tᴅmiz enerji mᴅnbᴅlᴅrinᴅ 

ke­id vᴅ enerji tᴅhl¿kᴅsizliyinin tᴅmin edilmᴅsi kimi yeni problemlᴅrlᴅ ¿zlᴅĸir. 

ᴄtraf m¿hitᴅ tᴅsiri azaltmaq ¿­¿n artan tᴅlᴅblᴅrlᴅ yanaĸē, enerji sektoru tᴅbii ehtiyatlarēn hasilatē vᴅ 

ixracēndan asēlē olan ºlkᴅlᴅr ¿­¿n m¿h¿m gᴅlir mᴅnbᴅyi olmaĵa davam edir. Enerji infrastrukturunun 

ᴅhᴅmiyyᴅti, enerji texnologiyasēndakē yeniliklᴅr vᴅ bᴅrpa olunan enerjinin inkiĸafēna qoyulan investisiyalar 

enerji sistemlᴅrinin iqtisadi sabitliyini vᴅ davamlēlēĵēnē m¿ᴅyyᴅnlᴅĸdirir [2, s. 50]. Bu mᴅqalᴅdᴅ enerji 

iqtisadiyyatēnēn hazērkē vᴅziyyᴅti, onun ᴅsas tendensiyalarē vᴅ inkiĸaf perspektivlᴅri, habelᴅ qlobal iqtisadi 

amillᴅrin enerji bazarlarēna tᴅsiri m¿zakirᴅ olunur. 

Enerji iqtisadiyyatēnēn inkiĸafēnē tᴅyin edᴅn ᴅsas tendensiyalardan biri, ᴅnᴅnᴅvi karbohidrogen enerji 

mᴅnbᴅlᴅrindᴅn bᴅrpa olunan enerji mᴅnbᴅlᴅrinᴅ ke­iddir. D¿nya ºlkᴅlᴅri enerji balansēnda yaĸēl enerjinin payēnē 

artērmaĵa ­alēĸērlar ki, bu da ᴅsasᴅn iqlim dᴅyiĸikliyi ilᴅ m¿barizᴅ vᴅ beynᴅlxalq ekoloji ºhdᴅliklᴅrin yerinᴅ 

yetirilmᴅsi zᴅrurᴅti ilᴅ ᴅlaqᴅdardēr. Son onilliklᴅrdᴅ g¿nᴅĸ, k¿lᴅk, hidro vᴅ biok¿tlᴅ elektrik stansiyalarēna davamlē 

investisiya artēmē olmuĸdur. 2022-ci ildᴅ g¿nᴅĸ vᴅ k¿lᴅk qurĵularēna qlobal investisiyalar 300 milyard dollardan 

­ox olub ki, bu da ᴅvvᴅlki ilᴅ nisbᴅtᴅn 10% ­oxdur. Bᴅrpa olunan mᴅnbᴅlᴅrᴅ ke­id tᴅkcᴅ ekoloji vᴅziyyᴅtin 

yaxĸēlaĸdērēlmasēna kºmᴅk etmir, hᴅm dᴅ enerjiyᴅ qᴅnaᴅt vᴅ enerji sᴅmᴅrᴅliliyi kimi sahᴅlᴅrdᴅ iĸ yerlᴅrinin 

yaradēlmasē vᴅ texnologiyanēn inkiĸafē ¿­¿n yeni imkanlar a­ēr [4, s. 82]. 
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Bundan ᴅlavᴅ, m¿asir enerji iqtisadiyyatēnēn vacib bir tᴅrᴅfi enerji istehsalē, paylanmasē vᴅ istehlakē 

ilᴅ ᴅlaqᴅli b¿t¿n proseslᴅrin rᴅqᴅmsallaĸdērēlmasē vᴅ avtomatlaĸdērēlmasēdēr. "Aĵēllē" ĸᴅbᴅkᴅlᴅr, s¿ni intellekt, 

bºy¿k mᴅlumatlar vᴅ blok­eyn kimi m¿asir texnologiyalar enerji sᴅnayesindᴅ fᴅal ĸᴅkildᴅ tᴅtbiq olunur vᴅ 

sᴅmᴅrᴅliliyini xeyli artērēr. Bu yeniliklᴅr enerji sistemlᴅrinin iĸini optimallaĸdērmaĵa, itkilᴅri azaltmaĵa vᴅ 

tᴅhl¿kᴅsizlik sᴅviyyᴅsini artērmaĵa kºmᴅk edir. Mᴅsᴅlᴅn, bir sēra ºlkᴅlᴅr enerji istehlakēnē vᴅ real vaxt 

paylanmasēnē proqnozlaĸdērmaq ¿­¿n s¿ni intellektᴅ ᴅsaslanan monitorinq vᴅ idarᴅetmᴅ sistemlᴅrindᴅn fᴅal 

ĸᴅkildᴅ istifadᴅ edirlᴅr. Bu, yalnēz ᴅmᴅliyyat xᴅrclᴅrini minimuma endirmᴅyᴅ deyil, hᴅm dᴅ tᴅdar¿k¿n 

kᴅsilmᴅ ehtimalēnē azaldaraq daha etibarlē enerji tᴅchizatē tᴅmin etmᴅyᴅ imkan verir. 

Enerji iqtisadiyyatē qlobal iqtisadi sistemin mᴅrkᴅzi yerlᴅrindᴅn birini tutur, enerji ehtiyatlarēnēn 

hasilatē vᴅ emalēndan tutmuĸ paylanmasēna vᴅ son istehlakēna qᴅdᴅr geniĸ fᴅaliyyᴅt sahᴅlᴅrini ᴅhatᴅ edir. Bu 

sektor tᴅkcᴅ ºlkᴅlᴅr ¿­¿n m¿h¿m gᴅlir mᴅnbᴅyi deyil, hᴅm dᴅ sosial vᴅ iqtisadi sabitliyin tᴅmin edilmᴅsindᴅ 

ᴅsas amildir. Enerji cᴅmiyyᴅtin b¿t¿n sahᴅlᴅrinᴅ tᴅsir gºstᴅrir: mallarēn istehsalē vᴅ daĸēnmasēndan tutmuĸ 

evlᴅrin vᴅ ofislᴅrin enerji il ᴅ tᴅmin edilmᴅsinᴅ qᴅdᴅr. Son onilliklᴅrdᴅ qlobal iqtisadiyyatda enerji 

sᴅnayesinin ᴅhᴅmiyyᴅti yalnēz artdē, bu da ᴅhalinin artmasē vᴅ ĸᴅhᴅrlᴅĸmᴅnin s¿rᴅtlᴅnmᴅsi ilᴅ ᴅlaqᴅdardēr. 

Qlobal enerji tᴅlᴅbatē artmaqda davam edir vᴅ bir ne­ᴅ amil buna kºmᴅk edir. Bunlardan biri ᴅhalinin 

artmasēdēr. 2040-cē ilᴅ qᴅdᴅr Yer k¿rᴅsinin ᴅhalisinin tᴅxminᴅn 2 milyard nᴅfᴅr artacaĵē vᴅ ᴅlavᴅ enerji 

ehtiyaclarē yaradacaĵē proqnozlaĸdērēlēr. Ķkinci amil ĸᴅhᴅrlᴅĸmᴅ prosesinin s¿rᴅtlᴅnmᴅsidir ki, bu da yaĸayēĸ 

vᴅ ticarᴅt obyektlᴅri, elᴅcᴅ dᴅ nᴅqliyyat infrastrukturu ¿­¿n enerji tᴅlᴅbatēnēn artmasēna sᴅbᴅb olur. 

ķᴅhᴅrlᴅĸmᴅnin artmasē ilᴅ elektrik enerjisinᴅ tᴅlᴅbat da artēr, ­¿nki ĸᴅhᴅr infrastrukturu ᴅhalinin hᴅyatēnē 

tᴅmin etmᴅk ¿­¿n daha m¿rᴅkkᴅb vᴅ enerji tᴅlᴅb edᴅn sistemlᴅr tᴅlᴅb edir. 

Beynᴅlxalq Enerji Agentliyinin (IEA) mᴅlumatlarē gºstᴅrir ki, 2020-ci ildᴅ qlobal enerji istehlakē 

tᴅxminᴅn 580 exacoul (1 exacoul = 1 milyard gigacoul) tᴅĸkil edib vᴅ bu istehlakēn 2030-cu ilᴅ qᴅdᴅr 40% 

artacaĵē proqnozlaĸdērēlēr. Bu artēm Hindistan vᴅ ¢in kimi inkiĸaf etmᴅkdᴅ olan ºlkᴅlᴅrin ehtiyaclarēnēn 

artmasē ilᴅ ᴅlaqᴅdardēr ki, bu da son illᴅrdᴅ iqtisadi inkiĸaflarē sᴅbᴅbindᴅn enerji istehlakēnē xeyli artērmēĸdēr. 

Mᴅsᴅlᴅn, ¢in vᴅ Hindistan sᴅnaye g¿clᴅrini modernlᴅĸdirmᴅyᴅ vᴅ ᴅhᴅmiyyᴅtli miqdarda enerji tᴅlᴅb edᴅn 

yeni yaĸayēĸ komplekslᴅri qurmaĵa davam edirlᴅr. 

Azᴅrbaycan hᴅm­inin karbohidrogen ehtiyatlarēnēn ᴅn bºy¿k istehsal­ēlarēndan vᴅ ixracat­ēlarēndan 

biri olmaqla d¿nya energetikasēnda m¿h¿m rol oynayēr. ¥lkᴅnin bºy¿k neft vᴅ tᴅbii qaz ehtiyatlarē var ki, bu 

da onu enerji bazarēnda, x¿susᴅn dᴅ Xᴅzᴅr dᴅnizi bºlgᴅsindᴅ m¿h¿m oyun­u edir. Neft vᴅ Qaz Azᴅrbaycan 

iqtisadiyyatē ¿­¿n ᴅsas gᴅlir mᴅnbᴅyidir vᴅ onun xarici ticarᴅtinin m¿h¿m hissᴅsidir. Azᴅrbaycan neft 

sektoru ᴅhᴅmiyyᴅtli investisiyalar cᴅlb edir, hᴅm­inin Avropanēn vᴅ digᴅr regionlarēn enerji tᴅhl¿kᴅsizliyi 

¿­¿n strateji ᴅhᴅmiyyᴅtᴅ malikdir. 

2020-ci ildᴅ enerji sektoru Azᴅrbaycanēn ¿mumi ixracēnēn 30%-dᴅn ­oxunu vᴅ ºlkᴅnin ¿mumi daxili 

mᴅhsulunun (¦DM) tᴅxminᴅn 20%-ni tᴅĸkil etmiĸdir. Azᴅrbaycan beynᴅlxalq bazarlara m¿h¿m neft vᴅ qaz 

tᴅdar¿k­¿s¿d¿r vᴅ strateji mºvqeyi ona enerji resurslarēnēn Mᴅrkᴅzi Asiya vᴅ Xᴅzᴅr regionundan Avropaya 

­atdērēlmasē ¿­¿n ᴅsas tranzit halqasē olmaĵa imkan verir. ᴄn m¿h¿m layihᴅlᴅrdᴅn biri Azᴅrbaycanē d¿nya 

bazarlarē ilᴅ birlᴅĸdirᴅn vᴅ Rusiya marĸrutlarēndan asēlēlēĵē azaldan BakēïTbilisiïCeyhan (BTC) neft-qaz 

kᴅmᴅridir [7, s. 129]. 

Lakin digᴅr ºlkᴅlᴅr kimi, Azᴅrbaycan da ºz enerji portfelinin ĸaxᴅlᴅndirilmᴅsinin zᴅruriliyini dᴅrk 

edir vᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrini inkiĸaf etdirmᴅyᴅ ­alēĸēr. Son illᴅrdᴅ Azᴅrbaycanda alternativ 

enerjiyᴅ maraĵēn artmasē m¿ĸahidᴅ olunur. ¥lkᴅ g¿nᴅĸ vᴅ k¿lᴅk elektrik stansiyalarēnēn potensialēnē, x¿susᴅn 

iqlim ĸᴅraitinin bu enerji mᴅnbᴅlᴅrindᴅn sᴅmᴅrᴅli istifadᴅni tᴅĸviq etdiyi Cᴅnub vᴅ Xᴅzᴅryanē bºlgᴅlᴅrdᴅ fᴅal 

ĸᴅkildᴅ araĸdērēr. 2021-ci ildᴅ Azᴅrbaycan ᴅrazisindᴅ g¿nᴅĸ vᴅ k¿lᴅk elektrik stansiyalarēnēn tikintisi ¿­¿n 

beynᴅlxalq ĸirkᴅtlᴅrlᴅ bir ne­ᴅ iri saziĸ imzalanēb [3, s. 49]. 

Bundan baĸqa, Azᴅrbaycan enerji sᴅmᴅrᴅliliyinin yaxĸēlaĸdērēlmasēna vᴅ daha ekoloji tᴅmiz 

texnologiyalara ke­mᴅyᴅ ­alēĸēr. Yaĸēl enerjinin inkiĸafē strategiyasē ­ᴅr­ivᴅsindᴅ ºlkᴅ 2030-cu ilᴅ qᴅdᴅr 

enerji balansēnda bᴅrpa olunan mᴅnbᴅlᴅrin payēnē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artērmaq niyyᴅtindᴅdir ki, bu da 

karbon emissiyalarēnē azaldacaq vᴅ iqtisadiyyatēn karbohidrogen qiymᴅtlᴅrinin dᴅyiĸmᴅsi ilᴅ ᴅlaqᴅli xarici 

ĸoklara qarĸē m¿qavimᴅtini artēracaqdēr. 

Azᴅrbaycan karbohidrogen sektorundan ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ asēlē olmasēna baxmayaraq, bᴅrpa 

olunan enerji mᴅnbᴅlᴅrinin inkiĸafē ¿zᴅrindᴅ fᴅal iĸlᴅyir ki, bu da dayanēqlē vᴅ ekoloji cᴅhᴅtdᴅn tᴅmiz enerji 

gᴅlᴅcᴅyinin tᴅmin olunmasē istiqamᴅtindᴅ m¿h¿m addēmdēr. 

ᴄsas qlobal tendensiyalardan biri karbon emissiyalarēnēn azaldēlmasē vᴅ iqlim dᴅyiĸikliyi ilᴅ 

m¿barizᴅ ¿­¿n artan tᴅlᴅblᴅr sᴅbᴅbindᴅn "yaĸēl" enerjiyᴅ ke­iddir. Bu tendensiyanēn bir hissᴅsi olaraq, d¿nya 

ºlkᴅlᴅri vᴅ ĸirkᴅtlᴅri g¿nᴅĸ vᴅ k¿lᴅk elektrik stansiyalarē kimi bᴅrpa olunan enerji mᴅnbᴅlᴅrini inkiĸaf 

etdirmᴅyᴅ vᴅ enerji sᴅmᴅrᴅliliyi t exnologiyalarēnē tᴅtbiq etmᴅyᴅ ­alēĸērlar. Avropa Birliyi, 2050-ci ilᴅ qᴅdᴅr 
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karbon neytrallēĵēna nail olmaq ¿­¿n iddialē bir hᴅdᴅf qoyaraq, karbon dioksid emissiyalarēnēn minimum 

dᴅyᴅrlᴅrᴅ endirilmᴅsini nᴅzᴅrdᴅ tutan bu prosesdᴅ liderlᴅrdᴅn biri oldu [1, s. 118]. 

Bu mᴅqsᴅdᴅ ­atmaq ­ᴅr­ivᴅsindᴅ AĶ bᴅrpa olunan enerji mᴅnbᴅlᴅrini fᴅal ĸᴅkildᴅ inkiĸaf etdirir. 

2020-ci ildᴅ AB-dᴅ bᴅrpa olunan enerji payē 20%-dᴅn ­ox idi vᴅ proqnozlar bu payēn 2030-cu ilᴅ qᴅdᴅr 40%-

ᴅ ­ata bilᴅcᴅyini gºstᴅrir. AB ºlkᴅlᴅri g¿nᴅĸ panellᴅri vᴅ k¿lᴅk turbinlᴅrinin quraĸdērēlmasē ¿­¿n subsidiyalar 

vᴅ enerjiyᴅ qᴅnaᴅt edᴅn texnologiyalara investisiyalar kimi m¿vafiq qanunvericilik tᴅĸᴅbb¿slᴅrini vᴅ maliyyᴅ 

mexanizmlᴅrini dᴅstᴅklᴅyᴅrᴅk bᴅrpa olunan enerji mᴅnbᴅlᴅrinin tᴅtbiqinᴅ tᴅkan verir. 

Texnologiyanēn inkiĸafē ilᴅ rᴅqᴅmsallaĸma vᴅ avtomatlaĸdērma enerjidᴅ vacib bir cᴅhᴅtᴅ ­evrilir. Son 

illᴅrdᴅ "aĵēllē" elektrik ĸᴅbᴅkᴅlᴅri, s¿ni intellekt vᴅ bºy¿k mᴅlumatlar kimi texnologiyalar sᴅmᴅrᴅliliyi 

artērmaq ¿­¿n enerji sektorunda fᴅal ĸᴅkildᴅ istifadᴅ olunmaĵa baĸladē. "Aĵēllē" ĸᴅbᴅkᴅlᴅr enerji istehlakēnē 

daha dᴅqiq idarᴅ etmᴅyᴅ, pik y¿klᴅri proqnozlaĸdērmaĵa vᴅ elektrik stansiyalarēnēn iĸini optimallaĸdērmaĵa 

imkan verir. Bu texnologiyalar, sᴅmᴅrᴅliliyi artērmaq vᴅ karbon emissiyalarēnē azaltmaq ¿­¿n vacib olan 

ºt¿rmᴅ vᴅ paylama zamanē enerji itkisini azaltmaĵa kºmᴅk edir [6, s. 103]. 

Texnologiyanēn uĵurlu tᴅtbiqinᴅ bir n¿munᴅ, "aĵēllē" elektrik ĸᴅbᴅkᴅlᴅri vᴅ sayĵaclarēn fᴅal ĸᴅkildᴅ 

tᴅtbiq olunduĵu ABķ-dēr. 2021-ci ilᴅ gºrᴅ, ABķ-da 100 milyondan ­ox "aĵēllē" sayĵac quraĸdērēlēb ki, bu da 

enerji istehlakēnē daha dᴅqiq izlᴅmᴅyᴅ vᴅ tᴅlᴅbdᴅki dᴅyiĸikliklᴅrᴅ tez cavab vermᴅyᴅ imkan verir [5, s. 63]. 

Bu c¿r sistemlᴅr enerji tᴅchizatēnēn etibarlēlēĵēnē vᴅ sabitliyini yaxĸēlaĸdērmaĵa, hᴅm­inin elektrik 

stansiyalarēnēn iĸini optimallaĸdērmaĵa kºmᴅk edir. 

Yenilᴅnᴅ bilᴅn mᴅnbᴅlᴅrin populyarlēĵēnēn artmasēna baxmayaraq, kºm¿r, qaz vᴅ neft kimi ᴅnᴅnᴅvi 

enerji nºvlᴅri qlobal enerji istehlakēnēn ᴅsas hissᴅsini tᴅĸkil etmᴅyᴅ davam edir. IEA-ya gºrᴅ, kºm¿r 2020-ci 

ildᴅ qlobal enerji istehlakēnēn tᴅxminᴅn 36%-ni, neft vᴅ qaz isᴅ tᴅxminᴅn 55%-ni tᴅĸkil edirdi. Bu enerji 

mᴅnbᴅlᴅri, x¿susᴅn dᴅ elektrik enerjisi vᴅ istilik istehsalē ¿­¿n kºm¿rdᴅn ­ox istifadᴅ edᴅn ABķ, ¢in vᴅ 

Hindistan kimi ºlkᴅlᴅr ¿­¿n enerji tᴅhl¿kᴅsizliyinin tᴅmin edilmᴅsindᴅ ᴅsas rol oynayēr. 

Karbon emissiyalarēnē azaltmaq ¿­¿n artan beynᴅlxalq tᴅlᴅblᴅrᴅ baxmayaraq, kºm¿r vᴅ neft 

ucuzluĵu vᴅ mºvcudluĵu sᴅbᴅbindᴅn bir ­ox ºlkᴅ ¿­¿n vacib olaraq qalēr. Kºm¿r istehsalēnēn vᴅ istifadᴅsinin 

ᴅhᴅmiyyᴅtli  olduĵu ¢in vᴅ Hindistan kimi ºlkᴅlᴅrdᴅ bᴅrpa olunan enerjiyᴅ ke­id yavaĸdēr, bu da enerji 

tᴅhl¿kᴅsizliyi vᴅ iqtisadi bºy¿mᴅnin sabitliyini tᴅmin etmᴅk ehtiyacē ilᴅ ᴅlaqᴅdardēr. 

Sonda deyᴅ bilᴅrik ki, enerji iqtisadiyyatē d¿nya iqtisadiyyatēnēn ᴅn vacib komponentlᴅrindᴅn biri 

olaraq qalēr. Enerji sektorunun gᴅlᴅcᴅyi ᴅnᴅnᴅvi enerji nºvlᴅrinin istifadᴅsini bᴅrpa olunan mᴅnbᴅlᴅrin 

inkiĸafē vᴅ yeni texnologiyalarēn tᴅtbiqi ilᴅ birlᴅĸdirmᴅyin nᴅ qᴅdᴅr uĵurlu olacaĵēndan asēlē olacaq. Bunun 

¿­¿n ºlkᴅlᴅr hᴅm daxili enerji ehtiyaclarēnē, hᴅm dᴅ beynᴅlxalq ekoloji saziĸlᴅrin tᴅlᴅblᴅrini nᴅzᴅrᴅ 

almalēdērlar. Enerji inkiĸafēnē tᴅyin edᴅcᴅk ᴅn vacib amillᴅr yeniliklᴅrᴅ investisiya qoymaq, infrastrukturu 

yaxĸēlaĸdērmaq vᴅ gᴅlᴅcᴅk nᴅsillᴅrin ehtiyaclarēnē ºdᴅyᴅ bilᴅcᴅk davamlē enerji sistemlᴅrinᴅ ke­mᴅkdir. 
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Summary 

ENERGY ECONOMICS AND DEVELOPMENT TRENDS  

Shoyubov M. 

 

The energy economy is the most important component of the global economy, covering all stages of the life cycle of energy 

resources - from production and processing to distribution and consumption. The energy sector plays a key role in ensuring 

sustainable economic growth, social stability and the development of countries. In recent decades, there has been an increase in 
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global energy demand, which is associated with an increase in population, acceleration of urbanization and an increase in the need for 

energy resources of developing countries. 

Important areas of energy development are the transition to renewable energy sources such as solar and wind energy and 

the introduction of new technologies such as digitalization and automation. Many countries, including the European Union and 

China, are actively investing in "green" energy to reduce carbon emissions and achieve carbon neutrality. However, traditional 

energy sources such as coal, oil and gas dominate global energy consumption, creating challenges for the transition to more 

environmentally friendly forms of energy. 

Keywords: Energy economics, renewable energy sources, carbon emissions, digitalization, energy transition. 

 

ʈʝʟʶʤʝ 
ʕʂʆʅʆʄʀʂɸ ʕʅɽʈɻɽʊʀʂʀ ʀ ʊɽʅɼɽʎʀʀ ʈɸɿɺʀʊʀʗ 

ʐʦʶʙʦʚ ʄ.  

 

ʕʢʦʥʦʤʠʢʘ ʵʥʝʨʛʝʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʦʭʚʘʪʳʚʘʶʱʫʶ ʚʩʝ 

ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ - ʦʪ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʜʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʝʢʪʦʨ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʩʦʮʠʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʷ 

ʩʪʨʘʥ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʤʠʨʦʚʦʛʦ ʩʧʨʦʩʘ ʥʘ ʵʥʝʨʛʠʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʝʥʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ, ʫʩʢʦʨʝʥʠʝʤ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʚ ʵʥʝʨʛʦʨʝʩʫʨʩʘʭ. 

ɺʘʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ, ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ʄʥʦʞʝʩʪʚʦ ʩʪʨʘʥ, 

ʚ ʪʦʤ ʯʠʩʣʝ ɽʚʨʦʧʝʡʩʢʠʡ ʉʦʶʟ ʠ ʂʠʪʘʡ, ʘʢʪʠʚʥʦ ʠʥʚʝʩʪʠʨʫʶʪ ʚ çʟʝʣʝʥʫʶè ʵʥʝʨʛʝʪʠʢʫ, ʩʪʨʝʤʷʩʴ ʩʦʢʨʘʪʠʪʴ ʫʛʣʝʨʦʜʥʳʝ 

ʚʳʙʨʦʩʳ ʠ ʜʦʩʪʠʯʴ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʫʛʦʣʴ, ʥʝʬʪʴ ʠ 

ʛʘʟ, ʦʩʪʘʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚ ʤʠʨʦʚʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʯʪʦ ʩʦʟʜʘʸʪ ʚʳʟʦʚʳ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʝ ʬʦʨʤʳ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʢʦʥʦʤʠʢʘ ʵʥʝʨʛʝʪʠʢʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʫʛʣʝʨʦʜʥʳʝ ʚʳʙʨʦʩʳ, 

ʮʠʬʨʦʚʠʟʘʮʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ. 
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Summary. This article examines the use of phase-shifting devices-a specialized transformer modification used to control 

the power of three-phase electrical networks. Phase-shifting devices consist of two transformers at the beginning of the line: an 

adjustable transformer, connected parallel to the line, and a series transformer, the secondary winding of which is connected in series 

with the line. Due to the winding connection scheme, the voltage vector on the series winding is directed at an angle of 90 electrical 

degreessliding to the phase voltage of the network. By varying the voltage on the series winding using an adjustable transformer, it is 

possible to rotate the total voltage vector at the beginning of the network and control the angle between the voltages at the beginning 

and end of the line, altering the power flow transmitted through it. An example is given illustrating the regulation of the distribution 

of active power flow between parallel lines using a phase-shifting transformer. 

Keywords: closed electrical networks, heterogeneity, f Nitrogen-reversible transformers, increased throughput, reduced 

power losses. 

 

In AC networks, the active power flows in the lines are proportional to the sine of the phase shift 

angle between the voltage vectors of the electrical energy source located at the beginning of the line and the 

electrical energy receiver located at the end of the line. A phase-shifting transformer is a specially designed 

transformer and is designed to directly control the flows of both active and reactive power In three-phase AC 

networks, it is designed to control the phase angle of voltage in three-phase electrical networks. The 

advantage of a phase-shifting transformer is that it can relieve the most loaded line by redistributing power 

flows in an optimal manner [1-3]. 

A phase-shifting transformer consists of two separate transformers: a series transformer and a 

parallel transformer. The parallel transformer has a primary winding configured as a delta, which is 

necessary for organizing a three-phase voltage system with a 90-degree shift in relation to the phase voltages, 

and a secondary winding, which can be implemented as isolated phases with a grounded center tap block. 

The phase-shifting transformer circuit The design of a step-up transformer is shown in Fig. 1. 

The phases of the secondary winding of the parallel transformer are connected through the output of 

the tap switch to the primary winding of the series transformer, which is usually implemented in a star 

configuration with a grounded neutral. 

The secondary winding of a series transformer, in turn, is made in the form of three isolated phases, 

each connected in series to the cross-section of the corresponding line wire, related in phase so that a 

component shifted in phase by 90 degrees is added to the source voltage vector. 

mailto:balametov_eldar@mail.ru
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Thus, at the output of the line, the voltage obtained is equal to the sum of the vectors of the power 

source voltages and the additional vector of the quadrature component introduced by the phase-shifting 

transformer, that is, as a result, the phase changes. 

In the UK, phase-shifting transformers began to be used as early as 1969, in France they have been 

installed since 1998, in the Netherlands and Germany they began to be implemented in 2002, and in Belgium 

and Kazakhstan in 2009. 

The experience of these countries shows that the use of phase-shifting transformers allows for the 

efficient management of energy flows between different regions and networks, ensuring a balance between 

supply and demand, and increasing the resilience of the power system to external and internal disturbances. 

 

 
 

Fig. 1. Phase-shifting step-up transformer 

 

Global experience with phase-shifting transformers in the aforementioned countries clearly 

demonstrates the increased efficiency of electrical grids thanks to energy flow management using phase-

shifting transformers for optimal distribution. This opens up opportunities for energy companies to improve 

power supply quality and reduce operating costs. 

This article examines the use of phase-shifting devicesða specialized transformer modification used 

to monitor the power of three-phase electrical networks. Phase-shifting devices consist of two transformers at 

the beginning of the line (at the power source): an adjustable transformer, connected parallel to the line, and a 

series transformer, the secondary winding of which is connected in series with the line. Due to the winding 

connection scheme, the voltage vector on the series winding is directed at an angle of 90 electrical degrees 

sliding to the phase voltage of the network. By varying the voltage on the series winding using the adjustable 

transformer, it is possible to rotate the total voltage vector at the beginning of the network and control the angle 

between the voltages at the beginning and end of the line, altering the power flow transmitted through it. 

The phase shifter affects the ŭ angle and, consequently, the change in power delivered to the line. 

The simplest phase shifter circuit consists of two transformers: parallel T1 and series T2, which create an 

additional voltage vector on the line directed perpendicular to vector U1, which will lead to a change in the 

ŭ1, ŭ2 angles and the line current fromIL1 to IL2. 

The application of phase-shifting transformers in global practice is discussed. These functions 

include: targeted redistribution of power flows in complex closed electrical networks; increasing the capacity 

of individual power system sections; limiting overloads on transmission lines shunted by higher-voltage 

transmission lines; reducing active power transport losses; and improving the static and dynamic stability of 

the power system.   

Voltage regulation in high-voltage networks (HVL) is an effective means of improving the efficiency 

of the electric power system. Typically, 500-1150 kV transmission lines operate in parallel with 220-330 kV 

overhead lines in closed-loop circuits. In this case, the overhead lines have different active and reactive 

resistances (Xi/Ri ratios). This leads to network heterogeneity, suboptimal power flow in these circuits, and 

increased losses. The impact of heterogeneity can be so significant that measures must be taken to improve 

the operating conditions of such networks. 

A non-uniform closed network consisting of two parallel lines with resistances Z1=R1+jX1 and 

Z2=R2+jX2; ɝ1=X1/R1>ɝ2=X2/R2, can be considered as an indicator of non-uniformity in closed electrical 

networks. 

The power transmitted by a high-voltage AC transmission line depends on the voltages at the nodes, 

the angle of the voltage vector shift, and the total reactive impedance of the line [1]: 

 



20 
 

ὖ
 Ͻ
ίὭὲ(1)                                                        ‏ 

 

ὗ
 Ͻ  Ͻ

                                                  (2) 

 

Here Pij and Qjj are the active and reactive powers transmitted through the power transmission line; 

Ui; Uj are the voltages at the ends of the line; ŭis the shift angle between the voltage vectors; Xij is the 

inductive reactance of the line. 

It should be noted that for lines rated at 110 kV and below, the throughput capacity is determined 

based on permissible heating conditions. For lines rated at 500ï1150 kV, the throughput capacity is 

determined primarily based on stability conditions. For lines rated at 220ï330 kV, the throughput capacity 

depends on both sensitivity and heating conditions. 

The throughput under heating conditions is determined by the following formula: 

 

ὖ ЍσὍ ὟίὭὲ‏                                                     (3) 

 

where U is the line voltage; I is the current that can be released as a result of heating 

 

Ὅ
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                                                   (4) 

 

where U is the line voltage; Ib.b. is the power factor that can be released due to heating; cosű is the power 

factor. 

It should be noted that existing means of increasing transmitted power only allow for the regulation 

of voltage moduli, for example, Ui at the power plant, and Uj using a reactive power compensator. In 

addition to an alternative approach implemented at the design stage to solve the problem, namely, 

constructing a new transmission line, implementing compensation devices, and increasing the line conductor 

cross-section, another possible approach is the use of frequency-controlled alternating current transmission 

line technologies (FACTS) [2ï4]. 

One way to increase the active power transmitted through power lines is to stabilize the voltage 

between them. A phase-shifting transformer (PST) is a device that changes the angle between the voltage 

phases at the beginning and end of the line. 

The FPT function can be implemented using one of the most modern FACTS devices. Thus, by 

adding a voltage ȹUk, whose angle varies from 0 to 360Á relative to voltage U1, we obtain a universal 

regulator. 

In the literature, such a regulator is called a universal power regulator (UPR). If the ȹUk vector 

forms a 90Á angle with the U1 vector, then the UPR implements the UPR operation. 

The vector diagram of stresses is presenteddevicephase-shifting transformer Fig. 2. 

 
Fig. 2. Vector diagram of phase-shifting transformer voltages. 

 

The use of thyristor or triac switches as power elements allows setting the required rate of change of 

the applied voltage in the load circuit and creating initial conditions when the load is turned on. 

Let us consider an example illustrating the possibilities of regulating the distribution of active power 

flow between parallel lines using a phase shifter.[1-3](Fig. 3). 
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Fig. 3. Distribution of active power flows between parallel lines 

 

Let U1 = U2 = 500 kV; X1 = X2 = 150 Ohm, P = P1 + P2 = 350 MW. 

We determine the angle of the URM in such a way that the following condition is met: 

The capacity in the 1st line should be P1 = 0.75 Å P = 0.75 Å 350 = 262.5 MW; 

The capacity in the 2nd line should be P2 = 0.25 Å P = 0.25 Å 350 = 87.5 MW. 

The POWER WORD program was used for modeling (Figure 1). 

The solutions obtained by the analytical modeling method in the POWER WORD program for the 

transmission of 350 MW of power are shown in the table below and in Figure 2. 

Table 1.  

Distribution of active power flow between parallel lines 

 
Dependence of active power 

transfer on the FPT angle ŭ, 

deg 

Total power at the end of the 

transmission line Rtotal, 

MW  

Power in 

500 kV overhead 

power line P2, 

MW  

Power in the lower voltage 

transmission line P2, MW 

4.62 350 262.5 87.5 

5.54 350 280 70 

6.47 350 297.5 52.5 

7.39 350 315 35 

8.32 350 332.5 15.5 

 

Thus, by placing the FPT on a high-voltage overhead line or by changing the angle between the 

voltage phases in the FACTS, it is possible to redistribute the active power flows along this line and reduce 

active power losses. 

Conclusēon 

1. The POWER WORD program simulates flexible control of an overhead line. 

2. It has been established that by placing a high-voltage overhead power line (HVPL) it is possible to 

increase the active power flows along the line, redistribute the flows and reduce active power losses. 

3. While the FPT changes the sliding angle discretely, FACTS devices allow it to be changed 

regularly and more accurately, which ensures a high economic effect. 
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X¿lasᴅ 

HETEROGEN ķᴄBᴄKᴄLᴄRDᴄ FAZA DᴄYIķMᴄ TRANSFORMATORLARI VASITᴄSILᴄ AKTIV ENERJI 

AXINLARININ IDARᴄ OLUNMASI  

Balametov E.E. 

 

Bu mᴅqalᴅdᴅ ¿­ fazalē elektrik ĸᴅbᴅkᴅlᴅrinin g¿c¿n¿ tᴅnzimlᴅmᴅk ¿­¿n istifadᴅ olunan transformatorun ixtisaslaĸdērēlmēĸ 

modifikasiyasē olan faza dᴅyiĸdirmᴅ cihazlarēnēn istifadᴅsi m¿zakirᴅ olunur. Faza dᴅyiĸdirmᴅ cihazlarē xᴅttin ᴅvvᴅlindᴅki iki 

transformatordan ibarᴅtdir: xᴅttᴅ paralel olaraq baĵlanmēĸ tᴅnzimlᴅnᴅn bir transformator vᴅ ikinci dolaĵē xᴅttᴅ ardēcēl olaraq 

baĵlanmēĸ bir sēra transformator. Dolaqlarēn ᴅlaqᴅ diaqramē sayᴅsindᴅ serial sarēmdakē gᴅrginlik vektoru ĸᴅbᴅkᴅnin faz gᴅrginliyinᴅ 90 

elektrik dᴅrᴅcᴅsi ilᴅ yºnᴅldilir. Tᴅnzimlᴅnᴅn bir transformator istifadᴅ edᴅrᴅk serial dolaĵēndakē gᴅrginliyi dᴅyiĸdirᴅrᴅk, ĸᴅbᴅkᴅnin 

ᴅvvᴅlindᴅki ¿mumi gᴅrginlik vektorunu dᴅyiĸdirmᴅk,  xᴅttin ᴅvvᴅlindᴅ vᴅ sonundakē gᴅrginliklᴅr arasēndakē bucaĵē tᴅnzimlᴅmᴅk, 

onun ¿zᴅrindᴅn ºt¿r¿lᴅn g¿c axēnē dᴅyiĸdirmᴅk m¿mk¿nd¿r. Faza dᴅyiĸdirmᴅ transformatorundan istifadᴅ edᴅrᴅk paralel xᴅtlᴅr 

arasēnda aktiv g¿c axēnēnēn paylanmasēnēn tᴅnzimlᴅnmᴅsini gºstᴅrᴅn bir n¿munᴅ verilmiĸdir. 

A­ar sºzlᴅr:  qapalē elektrik ĸᴅbᴅkᴅlᴅri, heterojenlik, azot-geri ­evrilᴅ bilᴅn transformatorlar, ºt¿rmᴅ qabiliyyᴅtinin artmasē, 

elektrik itkisinin azalmasē. 

 

ʈʝʟʶʤʝ 

ʋʇʈɸɺʃɽʅʀɽ ɸʂʊʀɺʅʓʄʀ ʇʆʊʆʂɸʄʀ ʄʆʑʅʆʉʊʀ ɺ ɻɽʊɽʈʆɻɽʅʅʓʍ ʉɽʊʗʍ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ ʉ ʌɸɿʆɺʓʄ ʉɼɺʀɻʆʄ  

ɹʘʣʘʤʝʪʦʚ ʕ.ʕ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʘʟʦʩʜʚʠʛʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ - ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʪʨʝʭʬʘʟʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʌʘʟʦʩʜʚʠʛʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʥʘʯʘʣʝ ʣʠʥʠʠ: ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʣʠʥʠʠ, ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢ ʣʠʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʩʭʝʤʝ 

ʧʦʜʢʣʶʯʝʥʠʷ ʦʙʤʦʪʦʢ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʤʦʪʢʝ ʥʘʧʨʘʚʣʝʥ ʧʦʜ ʫʛʣʦʤ 90 ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ ʢ 

ʬʘʟʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʩʝʪʠ. ʀʟʤʝʥʷʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʤʦʪʢʝ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʦʙʱʠʡ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʯʘʣʝ ʩʝʪʠ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʣʠʥʠʠ, 

ʠʟʤʝʥʷʷ ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʧʦ ʥʝʡ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʩʜʚʠʛʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʤʢʥʫʪʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ɸʟʦʪʥʦ-ʨʝʚʝʨʩʠʚʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, 

ʫʚʝʣʠʯʝʥʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʥʠʞʝʥʥʳʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

 

M¦ASĶR TEXNOLOGĶYALARIN ĶQTĶSADĶYYAT Vᴄ BĶZNES SAHᴄSĶNDᴄ ROLU 

 

Mahmudova Nuranᴅ  

H. Ϸliyev adēna Hϸrbi Ķnstitut, Bakē, Azϸrbaycan 

quliyevanurane@gmail.com 

 
X¿lasᴅ. M¿asir texnologiyalar iqtisadiyyatēn vᴅ biznesin inkiĸafēnda ᴅsas hᴅrᴅkᴅtverici q¿vvᴅyᴅ ­evrilmiĸdir. 

Rᴅqᴅmsallaĸma, s¿ni intellekt, ñBig Dataò analitikasē, bulud texnologiyalarē vᴅ avtomatlaĸdērma kimi yeniliklᴅr 

m¿ᴅssisᴅlᴅrin idarᴅetmᴅ proseslᴅrini optimallaĸdērēr, mᴅhsuldarlēĵē artērēr vᴅ xᴅrclᴅri azaldēr. Bu texnologiyalar 

bazarlarēn qlobal inteqrasiyasēnē s¿rᴅtlᴅndirir, rᴅqabᴅt m¿hitini geniĸlᴅndirir vᴅ yeni biznes modellᴅrinin yaranmasēna 

ĸᴅrait yaradēr. Eyni zamanda, elektron ticarᴅt vᴅ rᴅqᴅmsal ºdᴅniĸ sistemlᴅri istehlak­ē davranēĸlarēnē dᴅyiĸdirᴅrᴅk 

iqtisadi dºvriyyᴅni artērēr. M¿asir texnologiyalarēn tᴅtbiqi dºvlᴅt idarᴅ­iliyindᴅ ĸᴅffaflēĵēn tᴅmin olunmasēna, mᴅlumat 

axēnēnēn s¿rᴅtlᴅnmᴅsinᴅ vᴅ qᴅrarvermᴅ mexanizmlᴅrinin tᴅkmillᴅĸdirilmᴅsinᴅ dᴅ tºhfᴅ verir. Belᴅliklᴅ, texnoloji 

innovasiyalar iqtisadi sabitliyin, dayanēqlē inkiĸafēn vᴅ rᴅqabᴅtqabiliyyᴅtli biznes m¿hitinin formalaĸmasēnda m¿h¿m rol 

oynayēr. 

A­ar sºzlᴅr: iqtisadiyyat, informasiya texnologiyalarē, s¿ni intellekt 

 

Ķqtisadiyyatēn s¿rᴅtli inkiĸafēnēn m¿asir dºvr¿ndᴅ baĸ verᴅn yeniliklᴅri nᴅinki komp¿ter 

texnologiyalarē, hᴅtta s¿ni intellekt olmadan tᴅsᴅvv¿r etmᴅk m¿mk¿n deyil. S¿ni intellekt vᴅ m¿asir 

texnologiyalar m¿asir biznesin transformasiyasēnda ᴅsas alᴅtlᴅrdᴅn biri kimi ­ēxēĸ edir. Bu g¿n s¿ni intellekt 

vᴅ informasiya texnologiyalarēnēn biznes sahᴅsindᴅ geniĸ tᴅtbiq istiqamᴅtlᴅri mºvcuddur.Bu istiqamᴅtlᴅri 

nᴅzᴅrdᴅn ke­irᴅk. 

Ķnformasiya texnologiyalarēnēn marketinq sahᴅsindᴅ rolu nºvbᴅti ĸᴅkildᴅ ᴅks olunur. M¿asir dºvrdᴅ 

marketinq fᴅaliyyᴅtini informasiya texnologiyalarē vᴅ onlarēn tᴅtbiqi olmadan hᴅyata ke­irmᴅk m¿mk¿n 

deyil. Bu texnologiyalar bazarēn tᴅhlili, m¿ĸtᴅri davranēĸlarēnēn ºyrᴅnilmᴅsi, rᴅqᴅmsal reklamēn tᴅĸkili vᴅ 

satēĸ strategiyalarēnēn formalaĸdērēlmasēnda m¿h¿m rol oynayēr.  

S¿ni intellekt marketinq vᴅ satēĸ proseslᴅrinin avtomatlaĸdērēlmasē, fᴅrdilᴅĸdirilmᴅsi vᴅ 

effektivliyinin artērēlmasēnda m¿h¿m rol oynayēr. Onun tᴅtbiqlᴅrinin nºvbᴅti ᴅsas istiqamᴅtlᴅri vardēr: 

mailto:quliyevanurane@gmail.com
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-Fᴅrdilᴅĸdirilmiĸ marketinq kampaniyalarē.S¿ni intellekt alqoritmlᴅri m¿ĸtᴅrilᴅrin davranēĸlarēnē, alēĸ 

tarix­ᴅlᴅrini vᴅ maraqlarēnē tᴅhlil edᴅrᴅk fᴅrdi tᴅkliflᴅr formalaĸdērēr. Bu, m¿ĸtᴅri mᴅmnuniyyᴅtini vᴅ satēĸ 

sᴅviyyᴅsini artērēr. 

-Chatbotlar vᴅ virtual kºmᴅk­ilᴅr.M¿ĸtᴅri xidmᴅtlᴅrindᴅ s¿ni intellekt ᴅsaslē chatbotlar 24/7 fᴅaliyyᴅt 

gºstᴅrᴅrᴅk sorĵulara cavab verir, mᴅhsul haqqēnda mᴅlumat tᴅqdim edir vᴅ alēĸ prosesini asanlaĸdērēr. 

-Rᴅqᴅmsal reklamēn optimallaĸdērēlmasē.Avtomatlaĸdērēlmēĸ idarᴅetmᴅ sistemlᴅri reklam 

kampaniyalarēnēn nᴅticᴅlᴅrini real vaxtda izlᴅyᴅrᴅk, hansē platformalarda vᴅ auditoriya seqmentlᴅrindᴅ daha 

sᴅmᴅrᴅli olduĵunu m¿ᴅyyᴅnlᴅĸdirir. Bu, marketinq b¿dcᴅsinin sᴅmᴅrᴅli istifadᴅsinᴅ ĸᴅrait yaradēr. 

-M¿ĸtᴅri davranēĸlarēnēn proqnozlaĸdērēlmasē.S¿ni intellekt bºy¿k hᴅcmli mᴅlumatlarē (Big Data) 

analiz edᴅrᴅk, gᴅlᴅcᴅkdᴅ hansē mᴅhsullarēn vᴅ xidmᴅtlᴅrin daha ­ox tᴅlᴅbat gºrᴅcᴅyini proqnozlaĸdērēr. Bu isᴅ 

ĸirkᴅtlᴅrᴅ bazar tᴅlᴅbinᴅ uyĵun strategiyalar hazērlamaĵa imkan verir. 

-Satēĸ analitikasē vᴅ qᴅrar dᴅstᴅyi.Avtomatlaĸdērēlmēĸ idarᴅetmᴅ sistemlᴅri alᴅtlᴅri satēĸ mᴅlumatlarēnē 

tᴅhlil edᴅrᴅk, ᴅn ­ox gᴅlir gᴅtirᴅn mᴅhsullarē, m¿ĸtᴅri seqmentlᴅrini vᴅ satēĸ kanallarēnē m¿ᴅyyᴅnlᴅĸdirir. 

Belᴅliklᴅ, menecerlᴅr daha dᴅqiq vᴅ ᴅsaslandērēlmēĸ qᴅrarlar qᴅbul edᴅ bilirlᴅr. 

-Sosial media analitikasē.S¿ni intellekt sosial ĸᴅbᴅkᴅlᴅrdᴅ istifadᴅ­i davranēĸlarēnē vᴅ ᴅhval-

ruhiyyᴅsini (sentiment analysis) tᴅhlil edᴅrᴅk, ĸirkᴅtlᴅrᴅ brend imicini izlᴅmᴅyᴅ vᴅ d¿zg¿n kommunikasiya 

strategiyalarē qurmaĵa kºmᴅk edir. 

S¿ni intellektin istehsalatdada rolu ᴅvᴅzsizdir.M¿asir dºvrdᴅ sᴅnaye vᴅ istehsal sahᴅlᴅrinin 

rᴅqᴅmsallaĸmasē s¿ni intellekt texnologiyalarēnēn geniĸ tᴅtbiqini zᴅruri etmiĸdir. S¿ni intellekt istehsalat 

proseslᴅrinin avtomatlaĸdērēlmasē, mᴅhsuldarlēĵēn artērēlmasē vᴅ resurslardan daha sᴅmᴅrᴅli istifadᴅ 

olunmasēna imkan yaradēr.S¿ni intellektin istehsalatda ᴅsas tᴅtbiq istiqamᴅtlᴅri aĸaĵēdakēlardēr: 

-Aĵēllē avtomatlaĸdērma vᴅ robot texnologiyalarē.S¿ni intellektlᴅ tᴅchiz edilmiĸ sᴅnaye robotlarē 

insan ᴅmᴅyini ᴅvᴅz etmᴅklᴅ yanaĸē, daha dᴅqiq vᴅ fasilᴅsiz iĸlᴅmᴅ imkanē yaradēr. Bu, istehsal prosesindᴅ 

sᴅhvlᴅrin minimuma endirilmᴅsinᴅ vᴅ mᴅhsuldarlēĵēn artmasēna sᴅbᴅb olur. 

-Proqnozlaĸdērēcē texniki xidmᴅt (Predictive Maintenance).Avtomatlaĸdērēlmēĸ idarᴅetmᴅ sistemlᴅri 

avadanlēqlardan toplanan mᴅlumatlarē analiz edᴅrᴅk, onlarēn nasazlēq ehtimalēnē ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅnlᴅĸdirir. 

Bu yanaĸma qᴅfil dayanma hallarēnēn qarĸēsēnē alēr vᴅ avadanlēqlarēn istismar m¿ddᴅtini uzadēr. 

-Keyfiyyᴅtᴅ nᴅzarᴅt vᴅ mᴅhsul yoxlanēĸē.S¿ni intellekt ᴅsaslē gºr¿nt¿ tanēma sistemlᴅri mᴅhsullarēn 

keyfiyyᴅtini avtomatik ĸᴅkildᴅ yoxlayēr, q¿surlarē aĸkarlayēr vᴅ insan faktorundan asēlēlēĵē azaldēr. Bu, 

istehsal keyfiyyᴅtinin sabit saxlanēlmasēna ĸᴅrait yaradēr. 

-Ķstehsal proseslᴅrinin optimallaĸdērēlmasē.Avtomatlaĸdērēlmēĸ idarᴅetmᴅ alqoritmlᴅri istehsal 

proseslᴅrindᴅki mᴅlumat axēnlarēnē tᴅhlil edᴅrᴅk, resurslarēn (xammal, enerji, vaxt vᴅ s.) optimal 

paylanmasēnē tᴅmin edir. Nᴅticᴅdᴅ hᴅm xᴅrclᴅr azalēr, hᴅm dᴅ istehsalēn effektivliyi y¿ksᴅlir. 

S¿ni intellekt tᴅchizat zᴅncirindᴅki risklᴅri, tᴅlᴅb vᴅ tᴅklif dᴅyiĸikliklᴅrini tᴅhlil edᴅrᴅk, ehtiyat 

idarᴅ­iliyini optimallaĸdērēr. Bu, mᴅhsul ­atdērēlmasēnda gecikmᴅlᴅrin vᴅ itkilᴅrin qarĸēsēnē alēr. 

Avtomatlaĸdērēlmēĸ idarᴅetmᴅ texnologiyalarēndan istifadᴅ potensial tᴅhl¿kᴅli ĸᴅraitlᴅri (mᴅsᴅlᴅn, y¿ksᴅk 

temperatur, qaz sēzmasē, texniki nasazlēq) vaxtēnda aĸkar edᴅrᴅk, iĸ­i tᴅhl¿kᴅsizliyini tᴅmin edir.
[1]

 

Kadr idarᴅetmᴅsi istᴅnilᴅn m¿ᴅssisᴅnin vᴅ tᴅĸkilatēn sᴅmᴅrᴅli fᴅaliyyᴅtinin ᴅsas ĸᴅrtlᴅrindᴅn biridir. 

Bu sahᴅ yalnēz ᴅmᴅkdaĸlarēn iĸᴅ qᴅbul edilmᴅsi vᴅ iĸdᴅn azad olunmasē ilᴅ mᴅhdudlaĸmēr. Kadr 

idarᴅetmᴅsinᴅ hᴅm­inin ᴅmᴅkdaĸlarēn fᴅaliyyᴅtinin izlᴅnilmᴅsi, motivasiya sistemlᴅrinin qurulmasē, iĸin 

keyfiyyᴅtinin qiymᴅtlᴅndirilmᴅsi vᴅ onlarēn m¿ᴅssisᴅyᴅ verdiyi tºhfᴅnin m¿ᴅyyᴅnlᴅĸdirilmᴅsi daxildir.S¿ni 

intellekt texnologiyalarē kadr idarᴅetmᴅsi proseslᴅrini xeyli dᴅrᴅcᴅdᴅ avtomatlaĸdērmaĵa vᴅ tᴅkmillᴅĸdirmᴅyᴅ 

imkan yaradēr. Onun bu sahᴅdᴅ ᴅsas tᴅtbiq istiqamᴅtlᴅri iĸᴅ qᴅbul prosesinin avtomatlaĸdērēlmasē, 

ᴅmᴅkdaĸlarēn fᴅaliyyᴅtinin monitorinqi,iĸdᴅn ­ēxma risklᴅrinin proqnozlaĸdērēlmasē,adaptasiya vᴅ tᴅlim 

proseslᴅrinin tᴅkmillᴅĸdirilmᴅsidir. 

Tᴅhl¿kᴅsizlik hᴅr bir sahᴅdᴅ olduĵu kimi iqtisadiyyatda da m¿h¿m rol oynayēr.Ķqtisadiyyat sahᴅsindᴅ 

tᴅhl¿kᴅsizlik m¿ᴅssisᴅnin davamlē vᴅ etibarlē fᴅaliyyᴅtini tᴅmin edᴅn ᴅsas amillᴅrdᴅn biridir. M¿asir dºvrdᴅ 

m¿ᴅssisᴅlᴅr hᴅm maddi, hᴅm dᴅ informasiya resurslarē baxēmēndan kiberh¿cumlara qarĸē ciddi risklᴅrlᴅ ¿z-

¿zᴅ qalērlar. Kiberh¿cum nᴅticᴅsindᴅ mᴅlumat bazalarēnēn vᴅ maddi tᴅminatlarēn zᴅdᴅlᴅnmᴅsi ĸirkᴅtᴅ ciddi 

ziyan vura bilᴅr.Bu sᴅbᴅbdᴅn m¿ᴅssisᴅlᴅrdᴅ informasiya texnologiyalarē vᴅ s¿ni intellekt ᴅsaslē tᴅhl¿kᴅsizlik 

sistemlᴅri geniĸ ĸᴅkildᴅ tᴅtbiq edilir. S¿ni intellekt bu sahᴅdᴅ kiberh¿cumlarēn vaxtēnda aĸkarlanmasē, 

mᴅlumat sēzmalarēnēn qarĸēsēnēn alēnmasē,risklᴅrin qiymᴅtlᴅndirilmᴅsi vᴅ idarᴅ olunmasē,avtomatlaĸdērēlmēĸ 

tᴅhl¿kᴅsizlik monitorinqindᴅ tᴅtbiq edilir. S¿ni intellekt 24/7 rejimindᴅ sistemlᴅri izlᴅyir vᴅ m¿mk¿n 

tᴅhdidlᴅr barᴅdᴅ xᴅbᴅrdarlēqlar gºndᴅrir
.[2]

 

Ķqtisadiyyatē logistikasēz tᴅsᴅvv¿r etmᴅk m¿mk¿n olmadēĵē kimi, logistika sahᴅsinidᴅ m¿asir 

texnologiyalarsēz tᴅsᴅvv¿r etmᴅk m¿mk¿n deyil. Bu sahᴅdᴅ b¿t¿n proseslᴅr ð marĸrutlarēn planlaĸdērēlmasē, 
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anbar iĸinin tᴅĸkili, ᴅks logistikanēn (reverse logistics) idarᴅ olunmasē vᴅ marĸrutlarēn optimallaĸdērēlmasē ð 

x¿susi proqram tᴅminatlarē vᴅ informasiya texnologiyalarē vasitᴅsilᴅ hᴅyata ke­irilir.
[3]

 

S¿ni intellekt texnologiyalarēnēn tᴅtbiqi logistika sistemlᴅrinin sᴅmᴅrᴅliliyini ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ 

artērēr. Onun bu sahᴅdᴅ ᴅsas rolu nºvbᴅti istiqamᴅtlᴅrdᴅ ºz¿n¿ gºstᴅrir.Marĸrutlarēn optimallaĸdērēlmasē, 

anbar idarᴅ­iliyi,ᴅks logistikanēn idarᴅ olunmasē,tᴅchizat zᴅncirinin ĸᴅffaflēĵēnēn artērēlmasē, xᴅrclᴅrin 

optimallaĸdērēlmasē vᴅ proqnozlaĸdērēlmasē. 

Blok­eyn texnologiyalarē m¿asir iqtisadiyyatda kºkl¿ dᴅyiĸikliklᴅrᴅ sᴅbᴅb olmuĸdur
.[4]

Bu 

texnologiya iqtisadi m¿nasibᴅtlᴅri inqilabi ĸᴅkildᴅ yenidᴅn formalaĸdēraraq, tranzaksiyalarēn ĸᴅffaflēĵēnē, 

tᴅhl¿kᴅsizliyini vᴅ etibarlēlēĵēnē tᴅmin edir. Ekspertlᴅrin proqnozlarēna ᴅsasᴅn, 2026-cē ilin sonuna qᴅdᴅr 

blok­eyn texnologiyalarēnēn tᴅtbiqi nᴅticᴅsindᴅ d¿nya iqtisadiyyatēnda 3,1 trilyon ABķ dollarē hᴅcmindᴅ 

ᴅlavᴅ dᴅyᴅr yaradēlacaĵē gºzlᴅnilir.Bu potensialēn ᴅldᴅ edilmᴅsindᴅ blok­eyn texnologiyasēnēn bir sēra 

ºz¿nᴅmᴅxsus ¿st¿nl¿klᴅri m¿h¿m rol oynayēr.Bu ¿st¿nl¿klᴅrᴅ vasitᴅ­ilᴅrin aradan qaldērēlmasē, 

ᴅmᴅliyyatlarēn ĸᴅffaflēĵēnēn tᴅmin edilmᴅsi, mᴅlumatlarēn dᴅyiĸmᴅzliyi vᴅ aĵēllē m¿qavilᴅlᴅr (Smart 

Contracts) aiddir.Blok­eyn texnologiyasē vasitᴅsilᴅ yaradēlan aĵēllē m¿qavilᴅlᴅr ᴅmᴅliyyatlarēn 

avtomatlaĸdērēlmasēna imkan verir. Bu m¿qavilᴅlᴅr m¿ᴅyyᴅn ĸᴅrtlᴅr yerinᴅ yetirildikdᴅ avtomatik icra olunur 

vᴅ insan m¿daxilᴅsini minimuma endirir. 

Bu g¿n¿n ĸuarēna ­evrilmiĸ yaĸēl iqtisadiyyatēnda fᴅaliyyᴅtinin ᴅsasēnda demᴅk olar ki, s¿ni intellekt 

durur.Qeyd etmᴅk istᴅrdimki yaĸēl iqtisadiyyat ºz¿ndᴅ nºvbᴅti ¿st¿nl¿klᴅri birlᴅĸdirir: 

-ᴅmᴅk mᴅhsuldarlēĵēnēn artērēlmasē; 

-ĸirkᴅt gᴅlirlᴅrinin y¿ksᴅldilmᴅsi; 

-ᴅtraf m¿hitᴅ mᴅnfi tᴅsirin azaldēlmasē; 

-biznesin uzunm¿ddᴅtli dayanēqlēlēĵēnēn tᴅmin edilmᴅsi. 

Bu model hᴅm iqtisadi, hᴅm sosial, hᴅm dᴅ ekoloji baxēmdan davamlē inkiĸafēn ᴅsas dayaĵē kimi 

­ēxēĸ edir. 

Mᴅqalᴅdᴅ qeyd etdiklᴅrimdᴅn belᴅ bir nᴅticᴅyᴅ gᴅlmᴅk olar ki, istᴅnilᴅn elm sahᴅsi iqtisadiyyatda 

daxil olmaqla hᴅr yeniliyi ºz¿ndᴅ ᴅks etdirir vᴅ daha da inkiĸaf edir. Bu yeliliklᴅrdᴅn biri dᴅ s¿ni intellektdir. 

Qēsa qeyd etdiyimiz mᴅlumatlardan gºr¿nd¿y¿ kimi s¿ni intellektᴅ iqtisadiyyatēn hᴅr bir sahᴅsindᴅ ehtiyac 

var. Biz qismᴅndᴅ olsa bu ehtiyaclarē ºdᴅyᴅ bildiyimiz ¿­¿n vᴅ bu sahᴅdᴅ s¿ni intellektlᴅ birgᴅ fᴅaliyyᴅt 

gºstᴅridiyimiz ¿­¿n inkiĸafaĸ edirik vᴅ edᴅcᴅyik. 
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Summary 

THE ROLE OF MODERN TECHNOLOGĶES ĶN THE ECONOMY  AND BUSĶNESS 

Makhmudova N. 

 

Modern technologies have become the main driving force behind the development of the economy and business. 

Digitalization, artificial intelligence, Big Data analytics, cloud technologies, and automation optimize management processes, 

increase productivity, and reduce operational costs for enterprises. These technologies accelerate the global integration of markets, 

expand the competitive environment, and create conditions for the emergence of new business models. At the same time, the 

development of e-commerce and digital payment systems changes consumer behavior and contributes to the growth of economic 

turnover. The application of modern technologies also plays a significant role in ensuring transparency in public administration, 

accelerating information flow, and improving decision-making mechanisms. Thus, technological innovations play a crucial role in 

strengthening economic stability, ensuring sustainable development, and shaping a competitive business environment. 

Keywords: economy, information technologies, artificial intelligence 

 

ʈʝʟʶʤʝ 

ʈʆʃʔ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʕʂʆʅʆʄʀʂɽ ʀ ɹʀɿʅɽʉɽ 

ʄʘʭʤʫʜʦʚʘ ʅ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʙʠʟʥʝʩʘ. ʎʠʬʨʦʚʠʟʘʮʠʷ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʘʥʘʣʠʪʠʢʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Big Data), ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʠʟʜʝʨʞʝʢ ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʠ 
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ʪʝʭʥʦʣʦʛʠʠ ʫʩʢʦʨʷʶʪ ʛʣʦʙʘʣʴʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʨʳʥʢʦʚ, ʨʘʩʰʠʨʷʶʪ ʢʦʥʢʫʨʝʥʪʥʫʶ ʩʨʝʜʫ ʠ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʠ ʮʠʬʨʦʚʳʭ ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ 

ʠʟʤʝʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʨʦʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʪʘʢʞʝ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʫʩʢʦʨʝʥʠʝ ʧʦʪʦʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʢʨʝʧʣʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʙʠʟʥʝʩ-ʩʨʝʜʳ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 
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X¿lasᴅ. Rᴅqᴅmsal transformasiya tendensiyalarē dºvlᴅt idarᴅ­iliyindᴅ kºkl¿ dᴅyiĸiklikl ᴅrᴅ sᴅbᴅb olur. Elektron 

xidmᴅtlᴅrin tᴅtbiqi dºvlᴅt orqanlarēnēn fᴅaliyyᴅtinin effektivliyini  artērēr, vᴅtᴅndaĸlarla m¿nasibᴅtlᴅri sadᴅlᴅĸdirir vᴅ 

xidmᴅtlᴅrin ᴅl­atanlēĵēnē geniĸlᴅndirir. Bu araĸdērmada rᴅqᴅmsal dºvlᴅt idarᴅ­iliyinin  ᴅsas x¿susiyyᴅtlᴅri, elektron 

xidmᴅtlᴅrin inkiĸaf istiqamᴅtlᴅri, onlarēn ictimai idarᴅetmᴅyᴅ tᴅsiri vᴅ rᴅqᴅmsal mᴅdᴅniyyᴅtin formalaĸmasē prosesindᴅ 

rolu tᴅhlil  edilir. 

A­ar sºzlᴅr: elektron xidmᴅtlᴅr, rᴅqᴅmsal idarᴅetmᴅ, informasiya cᴅmiyyᴅti, dºvlᴅt modernizasiyasē, innovativ 

yanaĸma 

 

Ķnformasiya texnologiyalarēnēn s¿rᴅtli  inkiĸafē vᴅ onlarēn dºvlᴅt sektoruna tᴅtbiqi m¿asir idarᴅetmᴅ 

modelinin yenidᴅn formalaĸmasēna sᴅbᴅb olmuĸdur. Rᴅqᴅmsal dºvlᴅt idarᴅ­iliyi  yalnēz elektron xidmᴅtlᴅrin 

iĸlᴅmᴅsi demᴅk deyil; bu, dºvlᴅtin strateji fᴅaliyyᴅtinin tam ĸᴅkildᴅ rᴅqᴅmsal mᴅdᴅniyyᴅtᴅ uyĵunlaĸdērēlmasē, 

idarᴅetmᴅnin operativ, ĸᴅffaf vᴅ vᴅtᴅndaĸ yºn¿ml¿ ĸᴅkildᴅ aparēlmasē demᴅkdir. Elektron xidmᴅtlᴅrin ᴅsas 

mᴅqsᴅdi idarᴅetmᴅ proseslᴅrini avtomatlaĸdērmaq, insan-resurs asēlēlēĵēnē azaltmaq vᴅ xidmᴅtlᴅrin vahid 

platforma ¿zᴅrindᴅn fasilᴅsiz gºstᴅrilmᴅsini tᴅmin etmᴅkdir. 

ᴄnᴅnᴅvi dºvlᴅt idarᴅ­iliyindᴅ vᴅtᴅndaĸēn dºvlᴅt qurumuna fiziki  m¿raciᴅti zᴅruri hesab olunurdu. 

M¿raciᴅt proseslᴅri hᴅm vaxt baxēmēndan uzun ­ᴅkir, hᴅm dᴅ ᴅlavᴅ resurs tᴅlᴅb edirdi. Rᴅqᴅmsal idarᴅetmᴅ 

modeli isᴅ bu ­ᴅtinliklᴅri aradan qaldēraraq xidmᴅtlᴅrin 24 saat fasilᴅsiz ĸᴅkildᴅ tᴅqdim olunmasēna imkan 

verir. Elektron imza, elektron identifikasiya vᴅ elektron sᴅnᴅd dºvriyyᴅsi bu prosesin ᴅsas 

elementlᴅrindᴅndir. Vᴅtᴅndaĸ eyni xidmᴅti qēsa zaman ᴅrzindᴅ vᴅ fiziki  iĸtiraka ehtiyac olmadan ᴅldᴅ edir. 

Elektron xidmᴅtlᴅr dºvlᴅt orqanlarē arasēnda mᴅlumat inteqrasiyasēnē g¿clᴅndirir. Ķnformasiya 

sistemlᴅri arasēnda ᴅlaqᴅ yaradēlmasē nᴅticᴅsindᴅ tᴅkrarlanan sᴅnᴅd tᴅlᴅblᴅri aradan qalxēr vᴅ mᴅlumat axēnē 

daha dᴅqiq formada hᴅyata ke­irilir . Bu da dºvlᴅt resurslarēna qᴅnaᴅt olunmasēna, xidmᴅtlᴅrin daha ardēcēl vᴅ 

standartlaĸdērēlmēĸ ĸᴅkildᴅ tᴅqdim edilmᴅsinᴅ sᴅbᴅb olur. Elektron xidmᴅtlᴅrin geniĸlᴅndirilmᴅsi hᴅm­inin 

dºvlᴅtin daxili idarᴅetmᴅ mexanizmlᴅrini optimallaĸdēraraq ᴅmᴅliyyat xᴅrclᴅrini azaldēr. 

Rᴅqᴅmsal idarᴅetmᴅnin m¿h¿m x¿susiyyᴅtlᴅrindᴅn biri dᴅ ĸᴅffaflēĵēn tᴅmin edilmᴅsidir. Elektron 

sistemlᴅrdᴅ b¿t¿n fᴅaliyyᴅtlᴅrin izlenebilir olmasē korrupsiya risklᴅrini minimuma endirir. Hᴅr bir elektron 

ᴅmᴅliyyat sistemdᴅ qeydᴅ alēndēĵē ¿­¿n xidmᴅtlᴅrin icrasē daha aydēn vᴅ nᴅzarᴅtolunan ĸᴅkildᴅ tᴅĸkil  olunur. 

Bu, vᴅtᴅndaĸlarēn dºvlᴅt orqanlarēna olan etimadēnē g¿clᴅndirir. 

M¿asir dºvrdᴅ innovativ texnologiyalar rᴅqᴅmsal dºvlᴅt modelinin m¿h¿m tᴅrkib hissᴅsinᴅ 

­evrilmiĸdir. S¿ni intellekt, bºy¿k mᴅlumat analitikasē vᴅ bulud texnologiyalarē dºvlᴅt idarᴅetmᴅsindᴅ tᴅtbiq 

edilmᴅyᴅ baĸlamēĸdēr. S¿ni intellekt m¿raciᴅtlᴅrin avtomatik tᴅsnifatēnē, mᴅlumat analitikasē xidmᴅtlᴅrin 

optimallaĸdērēlmasēnē, bulud sistemlᴅri isᴅ mᴅlumat tᴅhl¿kᴅsizliyinin tᴅmin olunmasēnē dᴅstᴅklᴅyir. Bu 

texnologiyalar e-xidmᴅtlᴅrin daha sᴅmᴅrᴅli  ĸᴅkildᴅ idarᴅ olunmasēna imkan yaradēr vᴅ dºvlᴅtin rᴅqᴅmsal 

­evikliyini  artērēr. 

Rᴅqᴅmsal xidmᴅtlᴅrin inkiĸafē vᴅtᴅndaĸlarēn idarᴅetmᴅ prosesinᴅ daha aktiv qoĸulmasēnē da tᴅmin 

edir. Elektron sorĵular, ictimai rᴅy platformalarē vᴅ interaktiv xidmᴅt panellᴅri vasitᴅsilᴅ vᴅtᴅndaĸlarēn 

fikirl ᴅri nᴅzᴅrᴅ alēnēr vᴅ dºvlᴅt siyasᴅtinᴅ tᴅsir imkanlarē artēr. Bu isᴅ daha demokratik vᴅ iĸtirak­ē idarᴅetmᴅ 

modelinin formalaĸmasēna sᴅbᴅb olur. 

Elektron xidmᴅtlᴅrin geniĸ tᴅtbiqi ¿­¿n dºvlᴅtin hᴅm texniki, hᴅm dᴅ institusional resurslarēnēn 

g¿clᴅndirilmᴅsi vacibdir. Ķnfrastrukturun geniĸlᴅndirilmᴅsi, tᴅhl¿kᴅsizlik sistemlᴅrinin qurulmasē, rᴅqᴅmsal 

kadr potensialēnēn artērēlmasē vᴅ normativ-h¿quqi bazanēn yenilᴅnmᴅsi rᴅqᴅmsal dºvlᴅt strategiyasēnēn 

m¿h¿m tᴅrkib hissᴅsidir. Eyni zamanda cᴅmiyyᴅtin rᴅqᴅmsal savadlēlēq sᴅviyyᴅsinin artērēlmasē bu modelin 

effektiv hᴅyata ke­irilmᴅsi ¿­¿n ᴅsas ĸᴅrtlᴅrdᴅndir. 
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Nᴅticᴅ etibarilᴅ, rᴅqᴅmsal dºvlᴅt idarᴅ­iliyi  vᴅ elektron xidmᴅtlᴅr m¿asir idarᴅetmᴅ sisteminin 

ayrēlmaz hissᴅsinᴅ ­evrilmiĸdir. Elektron xidmᴅtlᴅrin tᴅtbiqi dºvlᴅt qurumlarēnēn fᴅaliyyᴅtini optimallaĸdērēr, 

idarᴅetmᴅnin sᴅmᴅrᴅliliyini  artērēr vᴅ vᴅtᴅndaĸ mᴅmnuniyyᴅtini y¿ksᴅldir. Bu modelin inkiĸafē gᴅlᴅcᴅkdᴅ 

dºvlᴅt-vᴅtᴅndaĸ m¿nasibᴅtlᴅrinin daha ­evik vᴅ effektiv ĸᴅkildᴅ formalaĸmasēna ĸᴅrait yaradacaq. 

 

ᴄdᴅbiyyat 

1. United Nations E-Government Survey, 2022 

2. OECD Digital Government Review, 2023 

3. Heeks R. Digital Governance and Public Innovation, 2020 

4. Janssen M. ñE-Government Integration and Transformationò, 2021 
 

Summary 

DEVELOPMENT TRENDS OF DIGITAL GOVERNANCE AND PUBLIC E -SERVICES 

Humbatova A.S. 

 

Digital transformation trends are causing profound changes in public administration. The implementation of electronic 

services increases the efficiency of government agencies, simplifies interactions with citizens, and expands the accessibility of 

services. This study analyzes the main features of digital public administration, the directions of development of electronic services, 

their impact on public governance, and their role in the process of forming a digital culture. 

Keywords: digital governance, public services, modernization, information society, administrative reforms 

 

ʈʝʟʶʤʝ 

ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʎʀʌʈʆɺʆɻʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʀ ʕʃɽʂʊʈʆʅʅʓʍ ʋʉʃʋɻ 

ɻʫʤʙʘʪʦʚʘ ɸ.ʉ. 

 

ʊʝʥʜʝʥʮʠʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʢʦʨʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʣʫʛ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʫʧʨʦʱʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʛʨʘʞʜʘʥʘʤʠ ʠ ʨʘʩʰʠʨʷʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʫʩʣʫʛ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʮʠʬʨʦʚʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʣʫʛ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʣʫʛʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʝʢʪʦʨ, ʤʦʜʝʨʥʠʟʘʮʠʷ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦ 
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X¿lasᴅ. Mᴅqalᴅdᴅ sahibkarlēĵēn mahiyyᴅti a­ēqlanmēĸ vᴅ ºlkᴅ iqtisadiyyatēnēn inkiĸafēnda rolu tᴅdqiq edilmiĸdir. 

Sahibkarlēĵēn ᴅsas fᴅqlᴅndirici x¿susiyyᴅtlᴅri vᴅ funksiyalarē haqqēnda mᴅlumat verilmiĸdir. Sahibkarlēq ideyasēnēn 

reallaĸdērēlmasēnēn zᴅruriliyi ᴅsaslandērēlmēĸ vᴅ bu prosesdᴅ sahibkarlarēn hᴅrᴅkᴅtlᴅrinin mᴅntiqi ardēcēllēĵē blok-sxem ĸᴅklindᴅ 

verilmiĸdir. Azᴅrbaycanda sahibkarlēĵēn inkiĸaf sᴅviyyᴅsini ºyrᴅnmᴅk ¿­¿n bu sahᴅdᴅ fᴅaliyyᴅt gºstᴅrᴅn subyektlᴅrin sayē vᴅ 

yaradēlan ᴅlavᴅ dᴅyᴅr son illᴅrin statistik mᴅlumatlarē ᴅsasēnda tᴅhlil edilmiĸdir. Sahibkarlēq fᴅaliyyᴅtinin dºvlᴅt tᴅnzimlᴅnmᴅsinin 

zᴅruriliyi ᴅsaslandērēlmēĸ, ᴅsas funksiyalarē, vᴅzifᴅlᴅri vᴅ tᴅkmillᴅĸdirilmᴅsi istiqamᴅtlᴅri tᴅdqiq edilmiĸdir. 

A­ar sºzlᴅr:  sahibkarlēq, sahibkarlēq fᴅaliyyᴅti, sahibkarlēq ideyasē, dºvlᴅt tᴅnzimlᴅnmᴅsi, istehsal, mikrosahibkarlēq, 

infrastruktur 

 

Sahibkarlēĵēn inkiĸafē ºlkᴅ qarĸēsēnda qoyulan ᴅn vacib vᴅzifᴅlᴅrdᴅn biridir. Bazar m¿nasibᴅtlᴅri 

ĸᴅraitindᴅ torpaq, kapital, ᴅmᴅk kimi klassik iqtisadi resurslarla yanaĸē, sahibkarlēq qabiliyyᴅti dᴅ m¿h¿m 

resursdur. Sahibkarlēĵē mᴅnfᴅᴅt ᴅldᴅ etmᴅyᴅ yºnᴅlmiĸ vᴅ cᴅmiyyᴅtin sosial-iqtisadi hᴅyatēnēn b¿t¿n 

sahᴅlᴅrindᴅ reallaĸdērēla bilᴅn ᴅmᴅli fᴅaliyyᴅt kimi xarakterizᴅ etmᴅk olar. Sahibkarlēq yeni perspektivli 

sahᴅlᴅrin inkiĸafēnē tᴅmin edir, kºhnᴅlmiĸ sahᴅlᴅrin ñyuyulmasēnaò kºmᴅk edir. Sahibkarlēq yeni nºv mal vᴅ 

xidmᴅtlᴅrin yaradēlmasē mᴅqsᴅdilᴅ b¿t¿n digᴅr istehsal amillᴅrinin ᴅlaqᴅlᴅndirilmᴅsi vᴅ birlᴅĸdirilmᴅsi 

fᴅaliyyᴅti ilᴅ tᴅĸkil olunan insan kapitalēnēn x¿susi nºv¿d¿r. 

Sahibkarlēq aĸaĵēdakē kimi formalaĸdērēla bilᴅr: sahibkarlēq ºz tᴅhl¿kᴅsi vᴅ riski ilᴅ m¿stᴅqil ĸᴅkildᴅ 

reallaĸdērēlan, mᴅhsul istehsalē vᴅ satēĸēndan, ᴅmlakdan istifadᴅdᴅn, mᴅhsuldarlēqdan sistematik mᴅnfᴅᴅt ᴅldᴅ 

etmᴅyᴅ yºnᴅlmiĸ fᴅaliyyᴅtdir [5, s.14]. Sahibkarlēq fᴅaliyyᴅti hᴅr biri nisbᴅtᴅn qēsa, dᴅqiq 
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m¿ᴅyyᴅnlᴅĸdirilmiĸ vaxt intervalē ilᴅ mᴅhdudlaĸan ardēcēl vᴅ ya paralel ᴅmᴅliyyatlarēn mᴅcmusudur. 

Sahibkarlēq m¿asir cᴅmiyyᴅtdᴅ siyasi sabitliyin tᴅminat­ēsē kimi ­ēxēĸ edᴅn ºlkᴅnin orta sinfini daha dinamik 

ĸᴅkildᴅ formalaĸdērmaĵa imkan verir. Belᴅliklᴅ, sahibkarlēq tᴅsᴅrr¿fat subyekti vᴅ iqtisadi davranēĸēn x¿susi 

yaradēcē nºv¿ kimi iqtisadi uĵur ᴅldᴅ etmᴅk ¿­¿n b¿t¿n amillᴅrin ayrēlmaz x¿susiyyᴅtidir. 

Sahibkarlēq fᴅaliyyᴅtinin aĸaĵēdakē fᴅrqlᴅndirici x¿susiyyᴅtlᴅrini qeyd etmᴅk lazēmdēr: 

- sahibkarlēq fᴅaliyyᴅti diskretdir;  

- sahibkarēn m¿tlᴅq kapitalē olmasē ĸᴅrt deyil;  

- sahibkar ixtira­ē deyil, elmi kᴅĸflᴅrin nᴅticᴅlᴅrinin imkanlarēnē dᴅrk edir. 

Sahibkarlēq funksiyalarēna aiddir:  

- ᴅmtᴅᴅ vᴅ ya xidmᴅtlᴅrin istehsalē ¿­¿n ᴅmᴅyin, kapitalēn vᴅ torpaĵēn birlᴅĸmᴅsi;  

- m¿h¿m qᴅrarlar qᴅbulu;  

- istehsalatda innovasiyalarēn tᴅtbiqi;  

- riski ºz ¿zᴅrinᴅ gºt¿rmᴅsi.  

Sahibkarlēqda ᴅsas mᴅqam istehsala yeni mᴅhsul nºvlᴅrini, qabaqcēl texnologiyalarē, biznesin 

tᴅĸkilinin m¿asir formalarēnē tᴅtbiq etmᴅk bacarēĵē vᴅ istᴅyidir. Sahibkarlēq subyektlᴅri ºz fᴅaliyyᴅtlᴅrindᴅ 

m¿ᴅyyᴅn ideyaya ᴅsaslanēr ki, bu  da sahibkarlēq ideyasē adlanēr. Sahibkarlēq ideyasēnēn reallaĸdērēlmasē bir 

sēra mᴅrhᴅlᴅlᴅrin ardēcēllēĵēndan ibarᴅtdir. Sahibkarlēq ideyasēnēn reallaĸdērēlmasēnda sahibkarēn 

hᴅrᴅkᴅtlᴅrinin mᴅntiqi ardēcēllēĵēnē aĸaĵēdakē ĸᴅkil vasitᴅsilᴅ ᴅks etdirᴅ bilᴅrik. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ķϸkil 1. Sahibkarlēq ideyasēnēn reallaĸdērēlmasē 

 

Hazērda Azᴅrbaycanda sahibkarlēq inkiĸaf edir. Onun gᴅlᴅcᴅk inkiĸaf perspektivlᴅri var. 

Sahibkarlēĵēn inkiĸafē ¿­¿n sahibkar kadrlarēn hazērlanmasē vᴅ ixtisasartērma sahᴅsindᴅ iĸlᴅrin aparēlmasē 

zᴅruridir. Sahibkarlar daim dᴅyiĸᴅn informasiya m¿hitindᴅ fᴅaliyyᴅt gºstᴅrir vᴅ sahibkarlēq strukturlarēnēn 

rᴅhbᴅrlᴅri ºz fᴅaliyyᴅt sahᴅsindᴅki dᴅyiĸikliklᴅri daim izlᴅmᴅli, m¿ᴅyyᴅn sahᴅdᴅ peĸᴅkar olmalēdērlar. Bunun 

¿­¿n sahibkarlar ºzlᴅrinin vᴅ m¿tᴅxᴅssislᴅrinin ixtisasēnē artērmalēdēr. Seminarlarēn, tᴅlim proqramlarēnēn, 

dᴅyirmi masalarēn, treninqlᴅrin vᴅ mᴅslᴅhᴅtlᴅĸmᴅlᴅrin sayēnē artērmaqla bu vᴅzifᴅlᴅri hᴅll etmᴅk olar.  

Sahibkarlēĵa ºz mal vᴅ xidmᴅtlᴅrini bazarda tanētmaqda kºmᴅklik gºstᴅrilmᴅlidir. Bᴅzi sahibkarlēq 

subyektlᴅrinin ºz mᴅhsul vᴅ xidmᴅtlᴅrini reklam etmᴅk imkanlarē olmadēĵēndan, sᴅrgi vᴅ yarmarkalar ­ox 

vaxt onlarēn mᴅhsullarēnē tanētmaq vᴅ satēĸlarēnē geniĸlᴅndirmᴅk ¿­¿n yeganᴅ mºvcud platformaya ­evrilir. 

Bu baxēmdan yarmarkalarēn, iĸg¿zar missiyalarēn, mᴅtbuat konfranslarēnēn vᴅ tᴅqdimatlarēn sayēnē artērmaq 

lazēmdēr.  

¥lkᴅdᴅ sahibkarlēĵēn inkiĸafē ¿­¿n onlara qarĸē inzibati tᴅzyiqlᴅri azaltmaq istiqamᴅtindᴅ tᴅdbirlᴅr 

gºrmᴅk lazēmdēr. Ķnzibati tᴅzyiqlᴅrin azaldēlmasē ilᴅ sahibkarlēĵēn geniĸlᴅndirilmᴅsi, yeni iĸ yerlᴅrinin 

yaradēlmasē ¿­¿n ᴅhᴅmiyyᴅtli potensial mºvcuddur. 

Azᴅrbaycan iqtisadiyyatēnda vᴅ sosial sahᴅdᴅ ciddi dᴅyiĸikliklᴅr, qloballaĸma proseslᴅri ilᴅ ᴅlaqᴅdar 

olaraq, sahibkarlēĵēn tᴅkam¿l¿n¿ nᴅzᴅrᴅ alan normativ h¿quqi bazanēn, sahibkarlēĵēn dᴅstᴅklᴅnmᴅsi ¿sul vᴅ 

mexanizmlᴅrinin ciddi ĸᴅkildᴅ yenidᴅn qurulmasēna ehtiyac var. Sahibkarlēĵēn sosial mahiyyᴅtinin 

qanunvericiliklᴅ konsolidasiyasē qa­ēlmaz olur ki, bu da tᴅkcᴅ onunla mᴅĸĵul olan agentlᴅrin fᴅaliyyᴅtini 

Nᴅzᴅri mᴅlumat (ideyanēn formalaĸmasē) 

Bazardakē vᴅziyyᴅti vᴅ ĸᴅrtlᴅri nᴅzᴅrᴅ alaraq ideyanēn tᴅcr¿bᴅdᴅ tᴅtbiq edilmᴅsi, bazar mᴅlumatlarēnēn 

Tᴅsiri m¿ᴅyyᴅn etmᴅk ¿­¿n tᴅdqiqatlarēn (istehsal vᴅ ᴅmᴅliyyat xᴅrclᴅri, mᴅnfᴅᴅt) aparēlmasē 

Ķdeyanēn nᴅzᴅri m¿stᴅvidᴅn praktiki m¿stᴅviyᴅ kº­¿r¿lmᴅsi prosesinin qiymᴅtlᴅndirilmᴅsi 

Alēnan bazar mᴅlumatlarēnēn vᴅ iqtisadi hesablamalarēn nᴅticᴅlᴅrinin ekspert qiymᴅtlᴅndirilmᴅsi 

Sahibkarlēq qᴅrarēnēn qᴅbul edilmᴅsi 

Sosial, ekoloji, kommersiya vᴅ digᴅr m¿hitlᴅrlᴅ birlikdᴅ sahibkarlēq ideyasēnēn tᴅcr¿bi olaraq 

reallaĸdērēlmasē 
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deyil, habelᴅ iqtisadiyyatda ºz¿nᴅmᴅxsus funksional x¿susiyyᴅtlᴅrin reallaĸdērēlmasēna imkan verᴅn 

m¿ᴅyyᴅn ĸᴅrtlᴅrin olmasēnē nᴅzᴅrdᴅ tutur.  

Sahibkarlēq fᴅaliyyᴅtinin gᴅlᴅcᴅk uĵurlarē hᴅmin fᴅaliyyᴅt sahᴅsinin hᴅrtᴅrᴅfli tᴅhlilinin d¿zg¿n 

aparēlmasēndan asēlēdēr. Sahibkarlēq fᴅaliyyᴅtinin hᴅrtᴅrᴅfli vᴅ d¿zg¿n tᴅhlil onun b¿t¿n aspektlᴅrinin 

mᴅrhᴅlᴅli ĸᴅkildᴅ ºyrᴅnilmᴅsi prosesidir [2, s.48].  

Hazērda Azᴅrbaycanda sahibkarlēĵēn inkiĸaf sᴅviyyᴅsini ºyrᴅnmᴅk ¿­¿n bu sahᴅdᴅ fᴅaliyyᴅt gºstᴅrᴅn 

subyektlᴅrin sayēnē tᴅhlil edᴅk. 

 

 
ķϸkil 2. Azϸrbaycanda sahibkarlēq subyektlϸrinin sayē 

 

ķᴅkil 2-dᴅn gºr¿n¿r ki, Azᴅrbaycanda sahibkarlēq fᴅaliyyᴅti ilᴅ mᴅĸĵul olanlarēn ᴅsas hissᴅsini 

mikrosahibkarlēq tᴅĸkil edir. Mᴅsᴅlᴅn 2023-c¿ ildᴅ, sahibkarlēq subyektlᴅrinin sayē 401149 olub ki, bunlarēn 

97%-i mikro, 2,1%-i ki­ik, 0,8%-i isᴅ orta sahibkarlēq subyektlᴅrinin payēna d¿ĸ¿r. Hᴅmin ildᴅ yaradēlan 

ᴅlavᴅ dᴅyᴅrin 7653,2 milyon AZN-i vᴅ ya 46%-mikro, 3200,8 milyon AZN-i vᴅ ya 16%-i ki­ik, 9233,1 

milyon AZN-i vᴅ ya 38%-i isᴅ orta sahibkarlēq subyektlᴅrinin payēna d¿ĸ¿r. 

Azᴅrbaycanda sahibkarlēĵēn inkiĸaf tempi xeyli dᴅrᴅcᴅdᴅ dºvlᴅt tᴅnzimlᴅnmᴅsi sᴅviyyᴅsindᴅn 

asēlēdēr.  

Sahibkarlēĵēn dºvlᴅt tᴅnzimlᴅnmᴅsi dedikdᴅ, hᴅmin fᴅaliyyᴅt sahᴅsindᴅ dºvlᴅt siyasᴅtinin 

reallaĸdērēlmasēna yºnᴅldilmiĸ fᴅaliyyᴅt baĸa d¿ĸ¿lmᴅlidir. Bu, dºvlᴅt tᴅrᴅfindᴅn sahibkarlēĵēn inkiĸafēna 

m¿nbit ĸᴅraitin yaradēlmasē mᴅqsᴅdilᴅ m¿xtᴅlif sahᴅ vᴅ istiqamᴅtlᴅr ¿zrᴅ gºstᴅrilᴅn dᴅstᴅk sistemidir. 

Sahibkarlēĵēn dºvlᴅt tᴅrᴅfindᴅn dᴅstᴅklᴅnmᴅsi sahibkarlēĵēn yaradēlmasē, inkiĸafē vᴅ sabitlᴅĸdirilmᴅsi ¿­¿n bir 

sēra tᴅdbirlᴅri ᴅhatᴅ edir [3, s.411]. 

Sahibkarlēĵēn dºvlᴅt tᴅnzimlᴅnmᴅsi cᴅmiyyᴅtin vᴅ dºvlᴅtin ictimai maraqlarēnēn reallaĸdērēlmasēnē 

tᴅmin etmᴅk, habelᴅ sahibkarlēĵēn inkiĸafē mᴅqsᴅdilᴅ ᴅn yaxĸē ĸᴅrait yaratmaq ¿­¿n zᴅruridir. Sahibkarlēĵēn 

dºvlᴅt tᴅnzimlᴅnmᴅsinin vᴅzifᴅlᴅrinᴅ aid edilᴅ bilᴅr: 

- ᴅtraf m¿hitin m¿hafizᴅsi; 

- normal mᴅĸĵulluĵun tᴅmin edilmᴅsi; 

- vᴅtᴅndaĸlarēn hᴅyat vᴅ saĵlamlēĵēnēn qorunmasē; 

- bazarda rᴅqabᴅtᴅ dᴅstᴅk gºstᴅrilmᴅsi 

- sahibkarlēĵēn dᴅstᴅklᴅnmᴅsi vᴅ inkiĸafē; 

- sahibkarlarēn h¿quqlarēnēn m¿dafiᴅsi ¿­¿n x¿susi tᴅdbirlᴅr vᴅ s. 

Sahibkarlēĵēn dºvlᴅt tᴅnzimlᴅnmᴅsi vᴅzifᴅlᴅrinin tᴅqdim olunan siyahēsē gºstᴅrir ki, bu, tᴅkcᴅ dºvlᴅt 

¿­¿n deyil, habelᴅ sahibkarlarēn ºzlᴅri ¿­¿n zᴅruridir.  

Sahibkarlēq m¿hitinin dºvlᴅt tᴅnzimlᴅnmᴅsinin bir sēra ᴅsas funksiyalarē vardēr:  

1. Bazar m¿hitinin tᴅbii fᴅaliyyᴅt gºstᴅrmᴅsi ¿­¿n rahat ĸᴅraitin yaradēlmasē.  

2. Milli iqtisadiyyatda problemlᴅr yaradan mᴅsᴅlᴅlᴅrin tᴅnzimlᴅnmᴅsi. Bu, son nᴅticᴅdᴅ sosial 

m¿dafiᴅnin formalaĸmasēna, istehsal hᴅcminin artmasēna, iqtisadi artēmēn s¿rᴅtlᴅnmᴅsinᴅ, b¿tºvl¿kdᴅ 

dºvlᴅtin tarazlē inkiĸafēna gᴅtirib ­ēxaracaq.  

3. ETT-nin m¿asirlᴅĸdirilmᴅsi vᴅ tᴅkmillᴅĸdirilmᴅsi. M¿vafiq olaraq, m¿mk¿n qᴅdᴅr onlarēn 

fᴅaliyyᴅtini sadᴅlᴅĸdirmᴅk vᴅ ĸᴅffaflaĸdērmaq, istehsal olunan mᴅhsullara optimal tᴅlᴅbi m¿ᴅyyᴅnlᴅĸdirmᴅk, 

tᴅklifi t ᴅnzimlᴅmᴅk, yeniliklᴅr yaratmaq vᴅ tᴅtbiq etmᴅk vᴅ s.  
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4. Vergi sisteminin tᴅkmillᴅĸdirilmᴅsi.  

Sahibkarlēĵēn dºvlᴅt tᴅnzimlᴅnmᴅsi zamanē m¿ᴅyyᴅn ­atēĸmazlēqlar meydana ­ēxēr ki, onlarē aradan 

qaldērmaq ¿­¿n aĸaĵēdakē ᴅsas tᴅkmillᴅĸdirmᴅ istiqamᴅtlᴅrini ayērmaq olar. 

Ķlk nºvbᴅdᴅ, hºkumᴅt tᴅrᴅfindᴅn sahibkarlēĵēn bazar ĸᴅraitindᴅ fᴅaliyyᴅt gºstᴅrmᴅsi qaydalarēnēn 

ĸᴅffaflēĵē vᴅ sabitliyi ¿­¿n ĸᴅraitin yaradēlmasēna diqqᴅt yetirilmᴅlidir ki, bu da ºzᴅl strukturlara ºz 

fᴅaliyyᴅtini gᴅlᴅcᴅk illᴅr ¿­¿n planlaĸdērmaq vᴅ proqnozlaĸdērmaq imkanē verᴅ bilᴅr. Yaxēn gᴅlᴅcᴅkdᴅ uzun 

vᴅ ya ortam¿ddᴅtli perspektivdᴅ dºvlᴅt kreditlᴅĸmᴅsi ¿­¿n resurs bazasē geniĸlᴅndirilmᴅlidir. 

Sahibkarlēĵēn dᴅstᴅklᴅnmᴅsi ¿­¿n infrastruktur proqramēnē hazērlamaq lazēmdēr. G¿cl¿ innovativ 

strukturun vᴅ uzunm¿ddᴅtli inkiĸaf strategiyasēnēn yaradēlmasē ¿­¿n elmi ictimaiyyᴅtlᴅ biznesin qarĸēlēqlē 

ᴅlaqᴅsini dᴅ tᴅmin etmᴅk lazēmdēr [4, s.17]. Hᴅm­inin, biznes m¿hitinin dºvlᴅt tᴅnzimlᴅnmᴅsinin h¿quqi 

tᴅminatē problemlᴅrini dᴅ nᴅzᴅrdᴅn qa­ērmaq olmaz.  

M¿ᴅssisᴅlᴅrin istehsal dºvriyyᴅsinin yenilᴅnmᴅsi vᴅ modernlᴅĸdirilmᴅsi ¿­¿n zᴅruri olan 

subvensiyalarēn vᴅ subsidiyalarēn verilmᴅsi yolu ilᴅ sahibkarlēq m¿hitinin maliyyᴅ tᴅnzimlᴅnmᴅsi kimi 

alᴅtlᴅrᴅ ¿st¿nl¿k verilmᴅlidir. Kreditlᴅrᴅ zᴅmanᴅt, dºvlᴅt sēĵortasē, aĸaĵē tariflᴅr, dempinq vᴅ m¿dafiᴅ 

siyasᴅti, ᴅdalᴅtli vᴅ azad rᴅqabᴅtin qorunmasē, elᴅcᴅ dᴅ bazarēn sabitlᴅĸdirilmᴅsinin digᴅr vasitᴅlᴅri dᴅ ºnᴅmli 

rol oynayēr [6, s.101]. Mᴅnfᴅᴅti artērmaq ¿­¿n sahibkarlēq subyektlᴅri mᴅhsullarēn istehsalēna vᴅ satēĸēna 

­ᴅkilᴅn xᴅrclᴅri azaltmalē, onlarēn ­eĸidini vᴅ keyfiyyᴅtini y¿ksᴅltmᴅli, m¿nasib qiymᴅtlᴅr m¿ᴅyyᴅn 

etmᴅlidirlᴅr.  

Belᴅliklᴅ, sahibkarlēq sahᴅsindᴅ mᴅqsᴅdlᴅrᴅ nail olunmasē aĸaĵēdakē vᴅzifᴅlᴅrin hᴅllini tᴅlᴅb edir:  

1. Kredit-maliyyᴅ mexanizmlᴅrinin, mikromaliyyᴅnin inkiĸafē.  

2. Bᴅlᴅdiyyᴅ proqramlarēnēn dᴅstᴅklᴅnmᴅsi. 

3. ¥lkᴅdᴅ vᴅ onun regionlarēnda ­oxfunksiyalē mᴅrkᴅzlᴅr ᴅsasēnda bᴅlᴅdiyyᴅ vᴅ dºvlᴅt xidmᴅtlᴅrinin 

gºstᴅrilmᴅsi mᴅqsᴅdilᴅ informasiya sisteminin yaradēlmasē vᴅ inkiĸafē.  

4. Dºvlᴅt vᴅ bᴅlᴅdiyyᴅ nᴅzarᴅtinin tᴅĸkilindᴅ h¿quqi ĸᴅxslᴅrin, fᴅrdi sahibkarlarēn h¿quqlarēnēn 

m¿dafiᴅsi mexanizmlᴅrinin tᴅtbiqi. 

5. ¥lkᴅdᴅ vᴅ onun regionlarēnda dºvlᴅt vᴅ bᴅlᴅdiyyᴅ xidmᴅtlᴅri reyestrinin vᴅ portalēnēn informasiya 

sisteminin yaradēlmasē vᴅ inkiĸafē. 

Sahibkarlēĵēn inkiĸafēnē nᴅzᴅrdᴅ tutan yuxarēdakē istiqamᴅtlᴅrin reallaĸdērēlmasē xeyli dᴅrᴅcᴅdᴅ bu 

sahᴅdᴅ dºvlᴅt tᴅnzimlᴅnmᴅsi sᴅviyyᴅsindᴅn asēlēdēr. 
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Summary 

ASSESSMENT OF THE REGULATORY ROLE OF THE STATE IN THE DEVELOPMENT  

OF ENTREPRENEURIAL ACTIVITY   

Gasimova Z.M., Taghiyeva A.V.  

 

The article reveals the essence of entrepreneurship and examines its role in the development of the country's economy. 

Information is provided on the main distinctive features and functions of entrepreneurship. The need to implement an entrepreneurial 

idea is substantiated, and the logical sequence of actions of entrepreneurs in this process is presented in the form of a structural 

diagram. In order to determine the level of development of entrepreneurship in Azerbaijan, based on statistical data from recent 

years, the number of entities operating in this area and the added value created were analyzed. The need for state regulation of 

business activity is substantiated, the main functions, tasks and areas of improvement are studied. 
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ʈʝʟʶʤʝ 

ʆʎɽʅʂɸ ʈɽɻʋʃʀʈʋʖʑɽʁ ʈʆʃʀ ɻʆʉʋɼɸʈʉʊɺɸ ɺ ʈɸɿɺʀʊʀʀ ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʂʆʁ 

ɼɽʗʊɽʃʔʅʆʉʊʀ 

ɻʘʩʳʤʦʚʘ ɿ.ʄ., ʊʘʛʠʝʚʘ ɸ.ɺ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʝʛʦ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. 

ʇʨʠʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʨʪʘʭ ʠ ʬʫʥʢʮʠʷʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʠʜʝʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʣʦʛʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʩʫʙʲʝʢʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʵʪʦʡ ʩʬʝʨʝ, ʠ 

ʩʦʟʜʘʚʘʝʤʦʡ ʠʤʠ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʟʘʜʘʯʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʘʷ ʠʜʝʷ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʠʢʨʦʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 
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X¿lasᴅ Tezisdᴅ Azᴅrbaycan tarixindᴅ enerji amilinin oynadēĵē rol vᴅ m¿asir enerji tᴅhl¿kᴅsizliyi mᴅsᴅlᴅlᴅrinin 

formalaĸmasēnda tarixi proseslᴅrin tᴅsiri araĸdērēlēr. XIX ᴅsrdᴅ Bakēnēn qlobal neft sᴅnayesinin mᴅrkᴅzlᴅrindᴅn birinᴅ ­evrilmᴅsi, 

Birinci vᴅ Ķkinci D¿nya m¿haribᴅlᴅrindᴅ neftin strateji ᴅhᴅmiyyᴅti, Sovet dºvr¿ndᴅ enerji sektorunun inkiĸafē vᴅ m¿stᴅqillikdᴅn 

sonra hᴅyata ke­irilᴅn bºy¿k enerji layihᴅlᴅri ºlkᴅnin siyasi vᴅ iqtisadi xᴅttinin m¿ᴅyyᴅnlᴅĸmᴅsi prosesindᴅ ᴅsas faktor olmuĸdur. 

XXI ᴅsrdᴅ Azᴅrbaycanēn enerji marĸrutlarēnēn beynᴅlxalq ᴅhᴅmiyyᴅti, enerji infrastrukturunun tᴅhl¿kᴅsizliyi vᴅ bᴅrpa olunan enerji 

imkanlarē ºlkᴅnin dayanēqlē inkiĸaf strategiyasēnēn ᴅsas istiqamᴅtlᴅrindᴅn biri kimi qiymᴅtlᴅndirilir. Tarixi tᴅcr¿bᴅ enerji 

tᴅhl¿kᴅsizliyinin tᴅkcᴅ iqtisadi deyil, hᴅm dᴅ milli tᴅhl¿kᴅsizlik vᴅ geosiyasi sabitlik baxēmēndan hᴅlledici ᴅhᴅmiyyᴅtᴅ malik 

olduĵunu gºstᴅrir. 

A­ar sºzlᴅr:  Azᴅrbaycan, enerji, tᴅhl¿kᴅsizlik, geosiyasᴅt, neft, infrastruktur 

 

Azᴅrbaycan tarixindᴅ enerji qaynaqlarē daim ºlkᴅnin siyasi taleyini vᴅ beynᴅlxalq mºvqeyini 

m¿ᴅyyᴅn edᴅn ᴅn vacib amillᴅrdᴅn biri olmuĸdur. Xᴅzᴅr hºvzᴅsinin qᴅdimdᴅn bᴅri neftlᴅ zᴅnginliyi bu 

ᴅrazilᴅri hᴅm regional dºvlᴅtlᴅrin, hᴅm dᴅ bºy¿k imperiyalarēn diqqᴅt mᴅrkᴅzinᴅ gᴅtirmiĸdir. X¿susilᴅ XIX 

ᴅsrin sonlarēndan baĸlayaraq Azᴅrbaycanēn enerji potensialē ᴅtrafēnda yaranan rᴅqabᴅt hᴅm ºlkᴅnin daxili 

inkiĸafēna, hᴅm dᴅ beynᴅlxalq m¿nasibᴅtlᴅrinᴅ ºz tᴅsirini gºstᴅrmiĸdir. Bu tarixi proseslᴅri araĸdērmaq 

bug¿nk¿ enerji tᴅhl¿kᴅsizliyi mᴅsᴅlᴅlᴅrinin mahiyyᴅtini daha aydēn anlamaĵa imkan verir. XIX ᴅsrdᴅ Bakēda 

neft sᴅnayesinin s¿rᴅtli inkiĸafē ĸᴅhᴅrin simasēnē tamamilᴅ dᴅyiĸdi. D¿nyanēn m¿xtᴅlif ºlkᴅlᴅrindᴅn 

sᴅrmayᴅdarlar Bakēya axēĸēr, ĸᴅhᴅr isᴅ qēsa m¿ddᴅtdᴅ qlobal neft sᴅnayesinin aparēcē mᴅrkᴅzlᴅrindᴅn birinᴅ 

­evrilirdi. Nobel vᴅ Rotĸild kimi iri maliyyᴅ qruplarēnēn bºlgᴅdᴅ fᴅaliyyᴅt gºstᴅrmᴅsi Bakē neftinᴅ beynᴅlxalq 

rᴅqabᴅt xarakteri verirdi. Hᴅmin illᴅrdᴅ Bakē d¿nyanēn bºy¿k hissᴅsinᴅ neft ixrac edᴅn yeganᴅ sᴅnaye 

mᴅkanlarēndan biri idi vᴅ bu, Rusiyanēn iqtisadi vᴅ siyasi xᴅttindᴅ Bakēnēn rolunu daha da artērmēĸdē [1]. 

Birinci D¿nya M¿haribᴅsi illᴅri enerji faktorunun nᴅ qᴅdᴅr m¿h¿m olduĵunu bir daha gºstᴅrdi. 

1918-ci ildᴅ Bakēnēn m¿xtᴅlif q¿vvᴅlᴅr tᴅrᴅfindᴅn ᴅlᴅ ke­irilmᴅyᴅ ­alēĸēlmasē sērf neftlᴅ baĵlē idi. Hᴅmin 

dºvrdᴅ Azᴅrbaycan Xalq C¿mhuriyyᴅti neftin iqtisadi ᴅhᴅmiyyᴅtini dᴅrk edir, lakin bºlgᴅdᴅki m¿rᴅkkᴅb 

hᴅrbi-siyasi vᴅziyyᴅt enerji resurslarēnē xarici m¿daxilᴅ ¿­¿n hᴅssas hala gᴅtirirdi. Buna baxmayaraq, 

C¿mhuriyyᴅt dºvr¿ndᴅ neft ºlkᴅnin m¿stᴅqillik cᴅhdinᴅ m¿h¿m iqtisadi dayaq rolunu oynadē. Ķkinci D¿nya 

M¿haribᴅsi zamanē Azᴅrbaycan neftinin ᴅhᴅmiyyᴅti daha da artdē. SSRĶ ordusunun yanacaq tᴅminatēnēn 

bºy¿k hissᴅsi Bakē neftindᴅn qarĸēlandēĵēndan, Almaniyanēn Qafqaza doĵru irᴅlilᴅmᴅsinin ᴅsas 

sᴅbᴅblᴅrindᴅn biri mᴅhz Bakē yataqlarēna nᴅzarᴅt idi. 1942-ci ildᴅ Hitlerin Bakēnē ᴅlᴅ ke­irmᴅyi hᴅdᴅflᴅyᴅn 

planlarē bu ĸᴅhᴅrin strateji dᴅyᴅrini a­ēq ĸᴅkildᴅ n¿mayiĸ etdirirdi. M¿haribᴅnin gediĸindᴅ Azᴅrbaycan nefti 

SSRĶ-nin m¿qavimᴅt g¿c¿n¿ artēran ᴅsas faktor olmuĸdur. 

Sovet hakimiyyᴅti ill ᴅrindᴅ Azᴅrbaycan enerji sᴅnayesi m¿h¿m inkiĸaf mᴅrhᴅlᴅsindᴅn ke­di. 

Xᴅzᴅrdᴅ ilk bºy¿k dᴅniz platformalarēnēn qurulmasē, ñNeft Daĸlarēò kimi unikal sᴅnaye mᴅkanēnēn 

yaradēlmasē ºlkᴅnin enerji sahᴅsindᴅ yenilik­i mºvqeyini g¿clᴅndirdi. Bununla belᴅ, b¿t¿n hasilat vᴅ gᴅlirlᴅr 

mᴅrkᴅzlᴅĸdirilmiĸ sistem tᴅrᴅfindᴅn idarᴅ edildiyi ¿­¿n, Azᴅrbaycanēn ºz enerji resurslarēndan tam 
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faydalanmasē m¿mk¿n deyildi. Onu da qeyd edᴅ bilᴅrik ki, Azᴅrbaycan nefti II D¿nya m¿haribᴅsi prosesindᴅ 

SSRĶ-nin qalib gᴅlmᴅsindᴅ ᴅsas rol oynayan sahᴅlᴅrdᴅn olmuĸdur [3].  

M¿stᴅqilliyin bᴅrpasēndan sonra enerji siyasᴅti Azᴅrbaycan ¿­¿n hᴅm ­ᴅtinliklᴅr, hᴅm dᴅ yeni 

imkanlar a­dē. Qarabaĵ m¿naqiĸᴅsinin ilk mᴅrhᴅlᴅsindᴅ iqtisadi sistem zᴅrᴅr gºrd¿y¿ndᴅn enerji sahᴅsinin 

yenidᴅn qurulmasē vacib idi. Ulu ºndᴅr Heydᴅr ᴄliyev hakimiyyᴅtᴅ gᴅldikdᴅn sonra Azᴅrbaycanēn sosial-

iqtisadi vᴅ siyasi cᴅhᴅtdᴅn inkiĸafē ¿­¿n tᴅdbirlᴅr planē hᴅyata ke­irdi. Bunlardan biri dᴅ 1994-c¿ ildᴅ 

imzalanan ñᴄsrin m¿qavilᴅsiò idi. ñᴄsrin m¿qavilᴅsiò  Azᴅrbaycan ¿­¿n dºn¿ĸ nºqtᴅsi oldu. Xᴅzᴅrin 

Azᴅrbaycan sektorundakē yataqlara bºy¿k xarici sᴅrmayᴅlᴅrin yºnᴅldilmᴅsi ºlkᴅnin d¿nya enerji xᴅritᴅsindᴅ 

mºvqeyini g¿clᴅndirdi vᴅ iqtisadiyyatēn dir­ᴅlmᴅsinᴅ m¿h¿m tºhfᴅ verdi [2]. Bununla yanaĸē, enerji 

diplomatiyasē Azᴅrbaycanēn beynᴅlxalq ᴅlaqᴅlᴅrindᴅ yeni bir mᴅrhᴅlᴅnin ᴅsasēnē qoydu. 

XXI ᴅsrdᴅ Azᴅrbaycanēn reallaĸdērdēĵē enerji layihᴅlᴅri regionun geosiyasi strukturuna ciddi tᴅsir 

gºstᴅrdi. BakēïTbilisiïCeyhan neft kᴅmᴅri, BakēïTbilisiïᴄrzurum qaz kᴅmᴅri, Cᴅnub Qaz Dᴅhlizi vᴅ digᴅr 

layihᴅlᴅr Azᴅrbaycanēn Avropa ¿­¿n vacib enerji tᴅdar¿k­¿lᴅrindᴅn birinᴅ ­evrilmᴅsinᴅ ĸᴅrait yaratdē [5]. Bu 

marĸrutlarēn iĸᴅ d¿ĸmᴅsi hᴅm ºlkᴅnin enerji tᴅhl¿kᴅsizliyini, hᴅm dᴅ onun siyasi ­ᴅkisini artērmēĸdēr. M¿asir 

dºvrdᴅ enerji tᴅhl¿kᴅsizliyi Azᴅrbaycanēn prioritet istiqamᴅtlᴅrindᴅn biridir. Qlobal iqtisadi vᴅ siyasi 

dᴅyiĸikliklᴅr, yeni enerji bazarlarēnēn formalaĸmasē, hᴅm­inin regionda baĸ verᴅn proseslᴅr enerji 

mᴅsᴅlᴅlᴅrinᴅ daha kompleks yanaĸma tᴅlᴅb edir. Azᴅrbaycan ¿­¿n ᴅsas vᴅzifᴅlᴅr arasēnda enerji 

infrastrukturunun qorunmasē, ixrac yollarēnēn tᴅhl¿kᴅsizliyinin tᴅmin edilmᴅsi vᴅ iqtisadiyyatēn neftdᴅn 

asēlēlēĵēnēn tᴅdricᴅn azaldēlmasē dayanēr. Eyni zamanda, bᴅrpa olunan enerji mᴅnbᴅlᴅrinin inkiĸaf etdirilmᴅsi 

ºlkᴅnin enerji tᴅhl¿kᴅsizliyinᴅ yeni imkanlar a­ēr. Qarabaĵ vᴅ ķᴅrqi Zᴅngᴅzurda planlaĸdērēlan ñyaĸēl enerji 

zonasēò bu istiqamᴅtdᴅ strateji addēmlardandēr. Sadladēĵēmēz b¿t¿n iĸlᴅrin hᴅyata ke­irilmᴅsindᴅ cᴅnab 

prezident Ķlham ᴄliyevin ᴅvᴅzolunmaz xidmᴅtlᴅri olmuĸdur. Azᴅrbaycan d¿nyanēn g¿cl¿ ºlkᴅlᴅri sērasēna 

daxil olmuĸ vᴅ sºz sahibi olmuĸdur. 

B¿t¿n bu tarixi tᴅcr¿bᴅlᴅr gºstᴅrir ki, Azᴅrbaycan enerji resurslarēna malik olmaqla hᴅm g¿cl¿ 

iqtisadi potensial ᴅldᴅ etmiĸ, hᴅm dᴅ m¿xtᴅlif dºvrlᴅrdᴅ bºy¿k geosiyasi tᴅzyiqlᴅrlᴅ ¿zlᴅĸmiĸdir. Buna gºrᴅ 

enerji siyasᴅtinin aĵēllē ĸᴅkildᴅ idarᴅ olunmasē, resurslarēn sᴅmᴅrᴅli istifadᴅsi vᴅ alternativ enerji 

mᴅnbᴅlᴅrinin inkiĸafē ºlkᴅnin gᴅlᴅcᴅk tᴅhl¿kᴅsizliyi vᴅ dayanēqlē inkiĸafē ¿­¿n m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. 

Enerji faktoru Azᴅrbaycan ¿­¿n yalnēz iqtisadi ¿st¿nl¿k deyil, hᴅm dᴅ siyasi sabitlik vᴅ milli m¿stᴅqilliyin 

m¿h¿m dayaĵē kimi tarixi ᴅhᴅmiyyᴅtini qorumaqdadēr. 

Prezident Ķlham ᴄliyevin ĸᴅxsi n¿fuzu, siyasi liderlik qabiliyyᴅti sayᴅsindᴅ Avropanēn enerji 

tᴅhl¿kᴅsizliyinin tᴅmin edilmᴅsi sahᴅsindᴅ atdēĵē addēmlar dºvlᴅtin beynᴅlxalq n¿fuzunun 

mºhkᴅmlᴅndirilmᴅsinᴅ tºhfᴅ verib, etibarlē tᴅrᴅfdaĸ imicini formalaĸdērēb vᴅ Azᴅrbaycanē qlobal 

problemlᴅrin hᴅll olunduĵu platformaya ­evirib. Azᴅrbaycanda hazērda nᴅhᴅng enerji infrastrukturu yaradēlēb 

vᴅ bununla da, Avrasiyanēn enerji xᴅritᴅsi dᴅyiĸdirilib [4].  
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Summary 

THE ENERGY FACTOR IN HISTORICAL CONFLICTS AND TODAYôS ENERGY SECURITY CHALLENGES 

Maharramov S.G. 

 

The thesis examines the role of the energy factor in the history of Azerbaijan and the impact of historical processes on the 

formation of modern energy security issues. The transformation of Baku into one of the global centers of the oil industry in the 19th 

century, the strategic importance of oil during the First and Second World Wars, the development of the energy sector in the Soviet 

period, and the major energy projects implemented after independence have been key factors in shaping the countryôs political and 

economic course. In the 21st century, the international importance of Azerbaijanôs energy routes, the security of energy 

infrastructure, and the potential of renewable energy are regarded as main directions of the countryôs sustainable development 

strategy. Historical experience demonstrates that energy security is crucial not only from an economic standpoint but also in terms of 

national security and geopolitical stability. 

Keywords: Azerbaijan, energy, security, geopolitics, oil, infrastructure 
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ʈʝʟʶʤʝ 

ʀʉʊʆʈʀʏɽʉʂʀɽ ʂʆʅʌʃʀʂʊʓ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂʀʁ ʌɸʂʊʆʈ,  

ɸ ʊɸʂɾɽ ʉʆɺʈɽʄɽʅʅʓɽ ɺʓɿʆɺʓ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

ʄʘʭʘʨʨʘʤʦʚ ʉ.ʂ. 

 

ɺ ʪʝʟʠʩʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʦʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʠʩʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ ʚʣʠʷʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʧʨʦʩʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʝʚʨʘʱʝʥʠʝ ɹʘʢʫ ʚ ʦʜʠʥ ʠʟ ʮʝʥʪʨʦʚ ʤʠʨʦʚʦʡ 

ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ XIX ʚʝʢʝ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʝʬʪʠ ʚ ʧʝʨʠʦʜ ʇʝʨʚʦʡ ʠ ɺʪʦʨʦʡ ʤʠʨʦʚʳʭ ʚʦʡʥ, ʨʘʟʚʠʪʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʨʫʧʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʧʦʩʣʝ ʦʙʨʝʪʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʘʣʠ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʩʪʨʘʥʳ. ɺ XXI ʚʝʢʝ ʤʝʞʜʫʥʘʨʦʜʥʦʝ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. 

ʀʩʪʦʨʠʯʝʩʢʠʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʦ ʠ ʚ ʢʦʥʪʝʢʩʪʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʟʝʨʙʘʡʜʞʘʥ, ʵʥʝʨʛʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʛʝʦʧʦʣʠʪʠʢʘ, ʥʝʬʪʴ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 
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X¿lasᴅ. Tezis materialēnda ilkin olaraq ¿mumilikdᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅ haqqᴅnda mᴅlumat 

verilmiĸdir.Bᴅrpa olunan enerji mᴅnbᴅlᴅrinᴅ misal olaraq k¿lᴅk enerjisini,g¿nᴅĸ enerjisini,geotermal enerjini misal gºstᴅrmᴅk 

olar.Se­diyimiz mºvzu baĸlēĵēna uyĵun olaraq mᴅrurᴅzᴅdᴅ Azᴅrbaycanēn davamlē enerji mᴅnbᴅlᴅri haqqēnda mᴅlumatlarda ºz ᴅksini 

tapēr. 

A­ar sºzlᴅr:geotermal,bᴅrpa olunan enerji,bioenerji potensialē 

 

Bᴅrpa olunan enerji ð g¿nᴅĸ, k¿lᴅk, dalĵa, geotermal enerji,su vᴅ digᴅr bᴅrpa olunan mᴅnbᴅlᴅrdᴅn 

alēnan enerjiyᴅ deyilir. Bu zaman tᴅbiᴅtdᴅ daim baĸ verᴅn proseslᴅrdᴅn istifadᴅ olunur vᴅ bu mᴅnbᴅlᴅr insan 

istifadᴅsi nᴅticᴅsindᴅ t¿kᴅnᴅ bilmᴅz. Alternativ energetika tᴅkcᴅ ᴅtraf m¿hitin m¿hafizᴅsi ¿­¿n vacib deyil. 

Qeyri-ᴅnᴅnᴅvi enerji mᴅnbᴅlᴅrindᴅn istifadᴅ iki vacib ĸᴅrtᴅ ᴅsaslanēr: yanacaq mᴅnbᴅyinin bᴅrpa olunan 

olmasē vᴅ verilmiĸ ᴅrazidᴅ mºvcudluĵu. O, ºlkᴅlᴅrin, ᴅrazilᴅrin, tᴅsᴅrr¿fat sistemlᴅrinin neftdᴅn vᴅ onun 

qiymᴅtindᴅn asēlēlēĵēnē yumĸaldēr. Regionun x¿susiyyᴅtindᴅn asēlē olaraq alternativ enerjidᴅn istifadᴅnin 

strukturunda bu vᴅ ya digᴅr mᴅnbᴅ ¿st¿nl¿k tᴅĸkil edir. Mᴅsᴅlᴅn, Ķslandiya, Danimarka vᴅ ABķ-nin bᴅzi 

ĸtatlarēnda alternativ enerji istehsalēnda ¿st¿nl¿k geotermal mᴅnbᴅlᴅrᴅ verilir. Norve­dᴅ, ᴅsasᴅn, ki­ik g¿cᴅ 

malik hidroenergetik qurĵulardan istifadᴅ edilir. D¿zᴅn ᴅrazilᴅrdᴅ k¿lᴅk elektrostansiyalarēndan, cᴅnub 

regionlarda g¿nᴅĸ batareyalarēndan istifadᴅ edilir. Zᴅngin meĸᴅ ehtiyatlarēna malik ºlkᴅlᴅrdᴅ biok¿tlᴅnin 

(yonqar, talaĸa) yanma texnologiyasēndan geniĸ istifadᴅ edilir. Azᴅrbaycanda alternativ vᴅ bᴅrpaolunan enerji 

potensialē olduqca y¿ksᴅkdir. Belᴅ ki, son tᴅdqiqatlar ºlkᴅmizdᴅ 27,5 min meqavat hᴅcmindᴅ bᴅrpaolunan 

enerji potensialēnēn mºvcudluĵunu tᴅsdiqlᴅyib. Bunun isᴅ 3 min meqavatē k¿lᴅk enerjisinin, 23 min meqavatē 

g¿nᴅĸ enerjisinin, 380 meqavatē bioenerjinin, 520 meqavatē isᴅ daĵ ­aylarēnēn payēna d¿ĸ¿r. B¿tºvl¿kdᴅ isᴅ, 

hazērda Azᴅrbaycanēn ¿mumi enerji istehsalēnda bᴅrpaolunan enerjinin payē 17,3 faiz tᴅĸkil edir.Azᴅrbaycan 

3 ᴅsas enerji ĸirkᴅti ilᴅ anlaĸma memorandumu vᴅ m¿vafiq m¿qavilᴅlᴅr imzalayēb. Onlara uyĵun olaraq hᴅm 

quruda, hᴅm dᴅ dᴅnizdᴅ 25 qiqavat bᴅrpaolunan g¿nᴅĸ vᴅ k¿lᴅk enerjisin istehsal edilᴅcᴅyi, bu hᴅcmin 10 

qiqavatēnēn ñMasdarò ĸirkᴅti, 12 qiqavatēnēn ñFortescueò ĸirkᴅti ¿zᴅrinᴅ d¿ĸd¿y¿ nᴅzᴅrdᴅ tutulub. ñACWA 

Powerò ĸirkᴅti isᴅ 2,5 qiqavat enerjinin istehsalē ¿zrᴅ ºhdᴅlik gºt¿r¿b.  Azᴅrbaycanda ᴅtraf m¿hitin 

saĵlamlaĸdērēlmasēnē hᴅyata ke­irᴅn vᴅ bᴅrpaolunan enerji istehsal edᴅn sahibkarlēq subyektlᴅrinᴅ vergi 

g¿zᴅĸti tᴅtbiq edilmᴅsi nᴅzᴅrdᴅ tutulub. ᴄnᴅnᴅvi enerji mᴅnbᴅlᴅrinin tᴅdricᴅn t¿kᴅnmᴅsini vᴅ onlardan 

istifadᴅ zamanē ᴅtraf m¿hitᴅ vurulan k¿lli miqdarda ziyanē nᴅzᴅrᴅ alaraq, d¿nyanēn inkiĸaf etmiĸ 

ºlkᴅlᴅrindᴅ ekoloji cᴅhᴅtdᴅn tᴅmiz bϸrpa olunan enerji mᴅnbᴅlᴅrindᴅn (g¿nᴅĸ vᴅ k¿lᴅk enerjisi, ki­ik SES-

lᴅr, termal sular, bio-k¿tlᴅ enerjisi) geniĸ istifadᴅ olunur. Bu sahᴅdᴅ ABķ, Kanada, Almaniya, Finlandiya, 

Norve­, Danimarka, Ķspaniya, Yaponiya vᴅ ¢in daha qabaqcēl mºvqe tuturlar. Statistikaya gºrᴅ inkiĸaf 

etmiĸ ºlkᴅlᴅrdᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrinin payēna (su elektrik stansiyalarē daxil olmaqla) ¿mumi 

istehsal olunan enerjinin 13,5 faizi d¿ĸ¿r.
 
Bᴅrpa olunan enerji mᴅnbᴅlᴅri arasēnda k¿lᴅk enerjisi m¿h¿m 

yer tutur. K¿lᴅk enerjisindᴅn istifadᴅyᴅ gºrᴅ Almaniya d¿nya ºlkᴅlᴅri arasēnda liderlik edir. Hᴅmin ºlkᴅdᴅ 

"Bᴅrpa olunan enerji mᴅnbᴅlᴅri haqqēnda" Qanunun qᴅbul edilmᴅsi bu iĸᴅ g¿cl¿ tᴅkan vermiĸdir. Ķndi 

Almaniyada k¿lᴅk enerji qurĵularēnēn istehsalē, quraĸdērēlmasē vᴅ istismarē sahᴅsindᴅ 35 mindᴅn ­ox iĸ­i 

­alēĸēr. Elektrik enerjisinin istehsalēnda suyun potensial enerjisi ekoloji baxēmdan tᴅmizdir. Bu mᴅnbᴅdᴅn 

alēnan elektrik enerjisinin istehsalē 1990-cē ildᴅn baĸlayaraq y¿ksᴅlᴅn templᴅ artēr. Bºy¿k su ehtiyatlarēna 
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malik olan Latēn Amerikasē, Asiya vᴅ Afrikanēn bᴅzi ºlkᴅlᴅri, hᴅm­inin Avropanēn ĸimal ºlkᴅlᴅri 

digᴅr bϸrpa olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅ etmᴅklᴅ yanaĸē, bu mᴅnbᴅdᴅn dᴅ istifadᴅ etmᴅyi prioritet 

istiqamᴅt kimi qᴅbul etmiĸlᴅr. 

G¿nᴅĸ enerjisinin birbaĸa istilik enerjisinᴅ ­evrilmᴅsi d¿nya praktikasēnda geniĸ yayēlmēĸdēr vᴅ bu, 

inkiĸaf etmiĸ ºlkᴅlᴅrdᴅ energetikanēn ᴅsas istiqamᴅtlᴅrindᴅn biri hesab olunur. 1997-ci il Kioto 

razēlaĸmasēnēn protokoluna ᴅsasᴅn Avropa Birliyi ºlkᴅlᴅrindᴅ vᴅ ABķ-da bϸrpa olunan enerji 

mᴅnbᴅlᴅrindᴅn istifadᴅ etmᴅk ¿­¿n iri miqyaslē stansiyalarēn tikintisinᴅ baĸlanmēĸdēr. G¿nᴅĸ enerjisindᴅn 

istifadᴅ etmᴅklᴅ alēnan istilik enerjisinin hᴅcmi elektrik enerjisi ekvivalentindᴅ kifayᴅt dᴅrᴅcᴅdᴅ 

y¿ksᴅkdir. Belᴅ ki, bu gºstᴅrici ABķ-da 600 MVt, Fransada 100 MVt, Ķsraildᴅ 100 MVt, T¿rkiyᴅdᴅ 50 

MVt vᴅ b. sᴅviyyᴅsindᴅdir. 

K¿lᴅk enerjisi digᴅr bϸrpa olunan enerji mᴅnbᴅlᴅri olan g¿nᴅĸ, hidroenergetika, geotermal vᴅ 

biok¿tlᴅ enerjisindᴅn ºz¿n¿n maya dᴅyᴅrinᴅ, ekoloji tᴅmizliyinᴅ vᴅ t¿kᴅnmᴅzliyinᴅ gºrᴅ ᴅn sᴅrfᴅlisidir. 

Tᴅcr¿bᴅ gºstᴅrir ki, Azᴅrbaycanēn bir ­ox rayonlarēnda k¿lᴅk enerjisi qurĵularēnēn tᴅtbiqinin 

bºy¿k perspektivi vardēr. Hesablamalara gºrᴅ Azᴅrbaycan Respublikasē ºz¿n¿n coĵrafi vᴅziyyᴅtinᴅ, tᴅbii 

ĸᴅraitinᴅ vᴅ iqtisadi infrastrukturuna gºrᴅ 800 MVt-a yaxēn illik k¿lᴅk enerji ehtiyatēna malikdir. Bu 

ehtiyat ildᴅ tᴅxmini hesablamalara gºrᴅ 2,4 milyard kVt/saat elektrik enerjisi demᴅkdir. Bu isᴅ ºz 

nºvbᴅsindᴅ, ildᴅ 1 milyon tona yaxēn ĸᴅrti yanacaĵa qᴅnaᴅt, ᴅn ᴅsasē isᴅ ildᴅ k¿lli miqdarda tullantēlarēn, o 

c¿mlᴅdᴅn azondaĵēdēcē olan karbon dioksidin atmosferᴅ atēlmasēnēn qarĸēsēnēn alēnmasē demᴅkdir. 

¢oxillik m¿ĸahidᴅlᴅr nᴅticᴅsindᴅ m¿ᴅyyᴅn edilmiĸdir ki, ᴅn ᴅlveriĸli k¿lᴅk ĸᴅraiti Abĸeron 

yarēmadasēnda, Xᴅzᴅr dᴅnizi sahili zolaĵēnda vᴅ akvatoriyanēn ĸimal-qᴅrb hissᴅsindᴅ olan adalardadēr. 

Azᴅrbaycanēn qᴅrbindᴅ Gᴅncᴅ-Daĸkᴅsᴅn zonasēnda vᴅ Nax­ēvan Muxtar Respublikasēnēn ķᴅrur-Culfa 

ᴅrazisindᴅ k¿lᴅyin orta illik s¿rᴅti 3-5 m/san. olduĵu ¿­¿n bu regionlarda orta g¿cl¿ k¿lᴅk elektrik 

qurĵularēndan istifadᴅ etmᴅk olar. 

    Azᴅrbaycanēn tᴅbii iqlim ĸᴅraiti g¿nᴅĸ enerjisindᴅn istifadᴅ etmᴅklᴅ elektrik vᴅ istilik enerjisinin 

istehsalēnē artērmaĵa geniĸ imkanlar a­ēr. Belᴅ ki, g¿nᴅĸli saatlarēn miqdarē il ᴅrzindᴅ ABķ-da vᴅ Orta 

Asiya ºlkᴅlᴅrindᴅ 2500-3000 saat, Rusiyada 500-2000 saat, Azᴅrbaycanda isᴅ 2400-3200 saatdēr. 

G¿nᴅĸ enerjisindᴅn istifadᴅnin inkiĸafē Azᴅrbaycanēn bir ­ox rayonlarēnda enerji problemini 

qismᴅn hᴅll edᴅ bilᴅr. Son zamanlar d¿nyanēn bir sēra qabaqcēl dºvlᴅtlᴅrindᴅ Fotovodtaik Proqramēnēn 

(FVP) geniĸ ĸᴅkildᴅ tᴅtbiq olunmasēna baĸlanmēĸdēr. Azᴅrbaycanēn bu Proqrama cᴅlb olunmasē regionda 

belᴅ tip enerji sistemlᴅrinin tᴅtbiqindᴅ m¿h¿m rol oynaya bilᴅr. 

Qeyd etmᴅk lazēmdēr ki, g¿nᴅĸ stansiyalarēnēn effektivliyi ºlkᴅnin tᴅbii iqlim ĸᴅraitindᴅn vᴅ 

coĵrafi movqeyindᴅn asēlēdēr. Belᴅ ki, bir il ᴅrzindᴅ lm
2 
yer sᴅthinᴅ d¿ĸᴅn g¿nᴅĸ enerjisinin miqdarē ABķ-

da 1500-2000 kVt.s, Rusiyada 800-1600 kVt.s, Fransada 1200-1400 kVt.s, ¢indᴅ 1800-2000 kVt.s vᴅ 

Azᴅrbaycanda 1500-2000 kVts tᴅĸkil edir. Gºr¿nd¿y¿ kimi, Azᴅrbaycan ᴅrazisinᴅ d¿ĸᴅn g¿nᴅĸ ĸ¿alarēnēn 

miqdarē digᴅr ºlkᴅlᴅrlᴅ m¿qayisᴅdᴅ ¿st¿nl¿k tᴅĸkil edir ki, bu da g¿nᴅĸ enerjisindᴅn istifadᴅnin tᴅtbiqinᴅ 

sᴅrmayᴅlᴅrin cᴅlb edilmᴅsinin sᴅmᴅrᴅlilik meyarlarēndan biri kimi qiymᴅtlᴅndirilᴅ bilᴅr. Azᴅrbaycan 

Respublikasēnēn ¿mumi enerji sistemindᴅ su elektrik stansiyalarēnēn istehsal g¿c¿n¿n x¿susi ­ᴅkisi hazērda 

17,8 faiz tᴅĸkil edir. 2003-c¿ ildᴅ istehsal olunan elektrik enerjisinin 2,4 mlrd.kVt.s su elektrik 

stansiyalarēnēn payēna d¿ĸ¿r ki, bu da istehsal olunmuĸ ¿mumi elektrik enerjisinin 11,4 faizini tᴅĸkil edir. 

¥lkᴅdᴅ indiyᴅ qᴅdᴅr istifadᴅ edilmᴅmiĸ hidroenergetika ehtiyatlarēnēn mᴅnimsᴅnilmᴅsi ¿­¿n geniĸ 

imkanlar vardēr. Bu istiqamᴅtdᴅ aparēlmēĸ tᴅdqiqat iĸlᴅri nᴅticᴅsindᴅ Azᴅrbaycan Respublikasēndakē 

­aylarēn tam hidroenerji potensialēnēn 40 mlrd.kVt.s, texniki cᴅhᴅtdᴅn ᴅlveriĸli potensialēn isᴅ 16 

mlrd.kVts olduĵu m¿ᴅyyᴅn edilmiĸdir ki, bunun da 5 mlrd.kVt.s ki­ik su elektrik stansiyalarēnēn payēna 

d¿ĸ¿r. 

Su elektrik stansiyalarēnēn tikintisi - sel sularēnēn tᴅnzimlᴅnmᴅsi, ekoloji cᴅhᴅtdᴅn tᴅmiz elektrik 

enerjisi istehsalē vᴅ yeni suvarma sistemlᴅrinin yaradēlmasē kimi dºvlᴅt ᴅhᴅmiyyᴅtli mᴅsᴅlᴅlᴅrin hᴅllindᴅ 

m¿h¿m rol oynayēr. Azᴅrbaycan Respublikasēnda ­aylar ¿zᴅrindᴅ vᴅ su tᴅsᴅrr¿fatē obyektlᴅrindᴅ onlarla 

ki­ik su elektrik stansiyalarē yerlᴅĸdirmᴅk olar ki, onlarēn da istehsal etdiyi elektrik enerjisi ildᴅ 3,2 

mlrd.kVt.s tᴅĸkil edᴅ bilᴅr. Yaxēn perspektivdᴅ 61 ki­ik SES-in tikintisi mᴅqsᴅdᴅuyĵun hesab edilir. Bu 

SES-lᴅr irriqasiya kanallarē ¿zᴅrindᴅ, axēnē tᴅnzimlᴅnmᴅmiĸ ­aylarda vᴅ tikilᴅcᴅk su anbarlarēnēn yanēnda 

yerlᴅĸdirilᴅ bilᴅr. ¥lkᴅdᴅ hᴅm­inin vahid enerji sisteminin elektrik xᴅtlᴅrindᴅn vᴅ yarēmstansiyalarēndan 

uzaqda yerlᴅĸᴅn obyektlᴅrin, yaĸayēĸ mᴅntᴅqᴅlᴅrinin elektrik enerjisi ilᴅ tᴅchizindᴅ mikro SES-lᴅrdᴅn dᴅ 

istifadᴅ olunmasē elektrik enerjisi problemlᴅri ilᴅ yanaĸē, digᴅr sosial mᴅsᴅlᴅlᴅrin dᴅ hᴅllinᴅ imkan yarada 

bilᴅr. 

Azᴅrbaycan Respublikasēnda sᴅnaye, kᴅnd tᴅsᴅrr¿fatē vᴅ sosial xidmᴅt sahᴅlᴅrinin s¿rᴅtli inkiĸafē 

biok¿tlᴅdᴅn istifadᴅ etmᴅklᴅ enerji istehsalē ¿­¿n yeni imkanlar a­ēr. ¥lkᴅdᴅ biomaddᴅlᴅrin aĸaĵēdakē 

mᴅnbᴅlᴅri mºvcuddur: 
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ï yanma qabiliyyᴅti olan sᴅnaye tullantēlarē; 

ï meĸᴅ tᴅsᴅrr¿fatē vᴅ aĵac emalē sahᴅlᴅrinin tullantēlarē; 

ï kᴅnd tᴅsᴅrr¿fatē mᴅhsullarē vᴅ ¿zvi birlᴅĸmᴅ tullantēlarē; 

ï mᴅiĸᴅt vᴅ kommunal sahᴅlᴅrinin tullantēlarē; 

ï neft vᴅ neft mᴅhsullarē ilᴅ ­irklᴅnmiĸ sahᴅlᴅrdᴅn alēnan tullantēlar.  

Aparēlmēĸ tᴅdqiqatlar gºstᴅrir ki, iqtisadiyyatēn b¿t¿n sahᴅlᴅrindᴅ istehsal tullantēlarēnēn 

tᴅrkibinin ­ox hissᴅsini biok¿tlᴅ maddᴅlᴅri tᴅĸkil edir. Hᴅmin biok¿tlᴅ maddᴅlᴅrindᴅn elektrik 

enerjisinin istehsalēnda istifadᴅ olunan bioqaz, biomaye vᴅ bᴅrk biok¿tlᴅnin alēnmasē m¿mk¿nd¿r. Belᴅ 

ki, Azᴅrbaycan Respublikasēnda hᴅr il tullantēlarēn zᴅrᴅrsizlᴅĸdirilmᴅsi poliqonlarēna 2,0 milyon tondan 

­ox bᴅrk mᴅiĸᴅt vᴅ istehsalat tullantēlarē atēlēr. Bakē vᴅ ºlkᴅnin iri sᴅnaye ĸᴅhᴅrlᴅrindᴅ ictimai binalarēn 

qēzdērēlmasēndakē ­ᴅtinliklᴅri aradan qaldērmaqda bᴅrk mᴅiĸᴅt vᴅ istehsalat tullantēlarēnēn utilizasiya 

olunmasē (emal edilmᴅsi) hᴅmin problemlᴅrin qismᴅn aradan qaldērēlmasēnē tᴅmin etmiĸ olardē. 

Artēq bir ­ox Avropa ºlkᴅlᴅrindᴅ bu problemin hᴅlli yollarē tapēlmēĸdēr. Belᴅ ki, ᴅhalisi sēx olan 

ᴅrazilᴅrdᴅ zibilyandērma zavodlarē tikilmᴅklᴅ, orada mᴅiĸᴅt tullantēlarē yandērēlēr. Zibillᴅrin 

yandērēlmasēndan alēnan enerji hesabēna ᴅtrafdakē yaĸayēĸ mᴅntᴅqᴅlᴅri istilik vᴅ elektrik enerjisi ilᴅ tᴅmin 

edilir. Yandērēlmēĸ tullantēlarēn qalēqlarēndan isᴅ g¿brᴅ kimi torpaqlarēn m¿nbitliyini artērmaq mᴅqsᴅdilᴅ 

geniĸ istifadᴅ olunur. Gºr¿nd¿y¿ kimi, kompleks ᴅhᴅmiyyᴅti olan belᴅ zavodlarēn tikilmᴅsi Azᴅrbaycan 

¿­¿n dᴅ ­ox zᴅruridir. Yer tᴅkinin istiliyi bir ­ox ºlkᴅlᴅrdᴅ sᴅnaye, kᴅnd tᴅsᴅrr¿fatē, mᴅiĸᴅt vᴅ kommunal 

sahᴅlᴅrdᴅ vᴅ tᴅbabᴅtdᴅ geniĸ istifadᴅ olunur. Enerji istehsalēnda vᴅ istehlakēnda geotermal enerji 

mᴅnbᴅlᴅrindᴅn istifadᴅnin ¿st¿nl¿y¿ ondan ibarᴅtdir ki, onlarēn tᴅtbiqi iri hᴅcmli maliyyᴅ vᴅsaiti tᴅlᴅb 

etmir. 

Azᴅrbaycan Respublikasēnēn ᴅrazisi termal sularla zᴅngindir. Bunlar Bºy¿k vᴅ Ki­ik Qafqaz 

daĵlarē, Abĸeron yarēmadasē, Talēĸ daĵ-yamac zonasē, K¿r ­ºkᴅkliyi vᴅ Xᴅzᴅryanē-Quba ᴅrazisi kimi 

geniĸ sahᴅlᴅri ᴅhatᴅ edir. Gºstᴅrilᴅn ᴅrazilᴅrdᴅ olan termal sularē istifadᴅyᴅ cᴅlb etmᴅklᴅ mᴅiĸᴅtdᴅ vᴅ 

digᴅr sahᴅlᴅrdᴅ istilik enerjisinᴅ olan ehtiyacēn bir hissᴅsini ºdᴅmᴅk m¿mk¿nd¿r. 

Dºvlᴅt Proqramēnda nᴅzᴅrdᴅ tutulan tᴅdbirlᴅrin hᴅyata ke­irilmᴅsi nᴅticᴅsindᴅ ºzᴅl investisiya 

mᴅnbᴅlᴅrini cᴅlb etmᴅklᴅ bϸrpa olunan enerji mᴅnbᴅlᴅrinin imkanlarēndan maksimum istifadᴅ edᴅrᴅk 

ºlkᴅnin elektrik enerjisi sisteminᴅ ᴅlavᴅ g¿clᴅr qoĸula bilᴅr. zᴅrbaycan bᴅrpa olunan enerji mᴅnbᴅlᴅri ¿zrᴅ 

y¿ksᴅk potensiala malik olan ºlkᴅlᴅrdᴅndir. Belᴅ ki, ºlkᴅmizin bᴅrpa olunan enerji mᴅnbᴅlᴅrinin texniki 

potensialē quruda 135 QVt, dᴅnizdᴅ 157 QVt-dēr. Bᴅrpa olunan enerji mᴅnbᴅlᴅrinin iqtisadi potensialē 27 

QVt, o c¿mlᴅdᴅn, k¿lᴅk enerjisi ¿zrᴅ 3 000 MVt, g¿nᴅĸ enerjisi ¿zrᴅ 23 000 MVt, bioenerji potensialē 380 

MVt, daĵ ­aylarēnēn potensialē 520 MVt hᴅcmindᴅ qiymᴅtlᴅndirilir. Enerji resurslarē ilᴅ zᴅngin olmasēna vᴅ 

d¿nyada enerji resurslarēnēn ixracat­ēsē kimi tanēnmasēna baxmayaraq Azᴅrbaycan Respublikasēnda bᴅrpa 

olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅ hᴅr zaman diqqᴅt mᴅrkᴅzindᴅ olub. Azᴅrbaycan Respublikasēnēn 

Prezidenti cᴅnab Ķlham ᴄliyevin rᴅhbᴅrliyi altēnda hᴅyata ke­irilᴅn enerji tᴅhl¿kᴅsizliyi siyasᴅtinin tᴅmᴅl 

hᴅdᴅflᴅrindᴅn biri dᴅ ºlkᴅmizdᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅnin g¿clᴅndirilmᴅsindᴅn ibarᴅtdir. 

 

ᴄdᴅbiyyat  

1.Elektroenergetikanēn ᴅsaslarē.N.Ķ.Orucov.Bakē-2020 

2. Elektrotexnika. S.Z.Mᴅmmᴅdov.Bakē-2024 

3. Elektrotexnikanēn ᴅsaslarē. Mehriban Eyvazova.Bakē-2019 

 
Summary 

SUSTAINABLE ENERGY SOURCES OF AZERBAIJAN 

Musayeva F. 

 
In this thesis, preliminary information on the use of renewable energy sources is presented. Examples of renewable energy 

sources include wind energy, solar energy, and geothermal energy. In accordance with the selected topic, the research reflects 

information on the sustainable energy sources of Azerbaijan. 

Keywords: geothermal, renewable energy, bioenergy potential 

 

ʈʝʟʶʤʝ 

ʋʉʊʆʁʏʀɺʓɽ ʀʉʊʆʏʅʀʂʀ ʕʅɽʈɻʀʀ ɺ ɸɿɽʈɹɸʁɼɾɸʅɽ 

ʄʫʩʘʝʚʘ ʌ. 

 

            ɺ ʜʘʥʥʦʤ ʪʝʟʠʩʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʮʝʣʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʚʝʪʨʦʚʫʶ ʵʥʝʨʛʠʶ, ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʠ 

ʛʝʦʪʝʨʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʪʝʤʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʨʘʙʦʪʝ ʦʪʨʘʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʫʩʪʦʡʯʠʚʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

           ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ, ʧʦʪʝʥʮʠʘʣ ʙʠʦʵʥʝʨʛʠʠ 
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Nowadays, the demand for LED-type lighting devices is increasing proportionally with the growth of 

the population. This is due to their long service life and compliance with environmental requirements. 

However, this does not mean that such lighting devices have no disadvantages. During operation, these 

devices generate heat, which results in a decrease in the overall efficiency and service life of the lighting 

device. Improper thermal management can lead to a reduction in LED brightness, rapid degradation of 

components, and even complete failure of the entire device. This, in turn, directly necessitates thermal 

management. The primary function of thermal management systems is to effectively dissipate excess heat 

and prevent overheating of device components. Properly designed thermal management approaches not only 

maintain the operational efficiency of the device but also significantly extend its service life. This thesis 

examines the main types of thermal management technologies, their advantages and disadvantages, as well 

as modern solutions.  

There are two types of thermal management systems: passive and active cooling systems. Passive 

cooling technologies include heat sinks, thermally conductive materials, and optimal design solutions for 

their placement. The schematic diagram of the passive cooling system is presented below. 

 
Fig. 1. Schematic diagram of the passive cooling system in the thermal 

 management of a lighting device 

 

In Figure 1, a schematic diagram of the thermal management system of a lighting device operating 

from a 220 V network is presented. In this system, the 220 V alternating voltage of the network is converted 

into 12 V direct current by a converter device, which supplies the specified voltage to the LED lamp, and 

radiators are used in the lamp structure for cooling purposes. In particular, aluminum radiators are widely 

used because they have the ability to effectively dissipate heat through convection and radiation. This 

process is directly referred to as passive cooling. The passive cooling system is considered a simpler and 

more cost-effective system scheme. However, it provides lower reliability. 

The active cooling system in the thermal management of a lighting device is also considered reliable. 

The reason for this is that the number of devices used in this system is greater and it is more expensive in 

terms of cost. In Figure 2, a schematic diagram of the active cooling system in the thermal management of a 

lighting device is presented. In this system, the alternating voltage obtained from the 220 V network goes to 

a device that serves as the power supply for lighting devices and converts 220 V into 12 V direct voltage, and 

from there it goes to a temperature sensor installed to obtain direct information about temperature, and from 

this device it goes to the microcontroller, which is one of the main control components of the process. In the 

next stage, the voltage value output from the microcontroller is directly connected in parallel with the lamps 

at the same time. After that, it goes to the final part of the cooling system through a fan. Active cooling 

systems include fans, airflow systems designed for heat circulation, as well as thermoelectric (Peltier) 

modules. These systems provide efficient cooling under high thermal loads. Modern lighting devices are 

often equipped with temperature sensors, which allows the operating mode to be automatically adjusted 

depending on the LED temperature using intelligent control systems. 

 

 
Figure 2. Schematic diagram of the active cooling system in the thermal management  

of a lighting device 
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Such an approach not only manages heat but also increases energy efficiency. Currently, the field of 

modeling, which is considered one of the modern solutions to this problem, is becoming widespread. That is, 

the process of modeling heat distribution is one of the most important stages for ensuring more efficient 

operation of LED-based lamps. Fourier heat conduction equations are widely used to effectively manage the 

heat generated in the chips of LED lighting devices. Using these equations, it becomes possible to determine 

temperature distribution and heat flux. The most commonly used software environments in thermal modeling 

are ANSYS and COMSOL Multiphysics. The ANSYS software environment is based on the Finite Element 

Analysis (FEA) methodology and is used to determine heat distribution in LED packages and heat sinks, and 

through the results, it can enable optimization of convection, radiation, and heat conduction parameters. The 

next multiphysics modeling environment allows simultaneous analysis of thermal, electrical, and mechanical 

stresses. By modeling the real operating conditions of the LED module, it serves to optimize the design. 

The Fourier equation in a three-dimensional, steady-state condition is defined as follows: 

ὯὝ ή π 
Here: k is the thermal conductivity coefficient, T is the temperature, and q is the internal heat source, 

that is, in the case of an LED, it is the power converted from electrical energy into heat. 

In experiments conducted by certain researchers, LED modules equipped with various heat sinks were 

tested. The temperature was measured using thermocouples and an infrared camera. The obtained results 

showed that as the temperature increases, luminous efficiency decreases. This confirms the necessity of 

improving the efficiency of thermal management systems. Thermal performance can be enhanced by 

modifying heat sink geometry, using new materials with high thermal conductivity, and applying intelligent 

control algorithms. Control systems based on PID and fuzzy logic monitor temperature in real time and 

adjust lighting intensity accordingly. 

Conclusion: The research results indicate that effective design and optimization of thermal 

management systems in LED-based lighting devices play an important role in increasing their overall energy 

efficiency and extending their service life. By modeling heat dissipation, identifying hot spots and managing 

them effectively creates a foundation for the further development of lighting technologies. In the future, the 

development of new heat sinks and thermal interface materials with high thermal conductivity based on 

nanomaterials will be of significance as an innovative direction. This will increase the thermal durability of 

lighting devices and provide opportunities for compact design, high performance, and environmental safety. 
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ķᴄHᴄR SAHĶLLᴄRĶNĶN ĶNTEQRATĶV PLANLAķDIRILMASINDA MEMARLIQ Vᴄ 

TEXNOLOJĶ YANAķMALARIN SĶNTEZĶ 

 

Rᴅhmanov ᴄli Bᴅxdiyar 

Azϸrbaycan Memarlēq vϸ Ķnĸaat Univeristeti 
 

X¿lasᴅ. ķᴅhᴅr sahil zonalarē urban mᴅkanda ᴅhalinin sosial hᴅyatēnda vᴅ ekoloji sistemin qorunmasēnda m¿h¿m rol 

oynayēr. Bu ᴅrazilᴅr ­oxfunksiyalē istifadᴅ mᴅqsᴅdlᴅri ï istirahᴅt, turizm, nᴅqliyyat vᴅ m¿hafizᴅ ¿­¿n vacibdir. Sahil mᴅkanlarēnēn 

sᴅmᴅrᴅli planlaĸdērēlmasē tᴅkcᴅ ĸᴅhᴅrsalma vᴅ memarlēq baxēmēndan deyil, hᴅm dᴅ texniki tᴅhl¿kᴅsizlik, ekoloji davamlēlēq vᴅ 

texnologiyalarēn uyĵun tᴅtbiqi ilᴅ sēx baĵlēdēr.M¿asir dºvrdᴅ ĸᴅhᴅr sahillᴅrinin planlaĸdērēlmasē ñinteqrativ yanaĸmaò anlayēĸē ilᴅ 

hᴅyata ke­irilir. Bu yanaĸma memarlēq dizaynē ilᴅ texnoloji hᴅllᴅri bir araya gᴅtirmᴅklᴅ, sahil zonasēnēn hᴅm funksional, hᴅm estetik, 

hᴅm dᴅ m¿dafiᴅ baxēmēndan effektiv olmasēna ĸᴅrait yaradēr. Bu mᴅqalᴅdᴅ ĸᴅhᴅr sahil zonalarēnēn planlaĸdērēlmasēnda memarlēq vᴅ 

texnoloji yanaĸmalarēn qarĸēlēqlē inteqrasiyasē tᴅhlil olunur. M¿asir ĸᴅhᴅrsalma prosesi tᴅkcᴅ funksional ᴅrazilᴅrin yerlᴅĸdirilmᴅsini 

deyil, hᴅm­inin ekoloji tarazlēq, estetik uyĵunluq vᴅ texniki tᴅhl¿kᴅsizliyin tᴅmin olunmasēnē tᴅlᴅb edir. 

A­ar sºzlᴅr:  ķᴅhᴅrsalma, sahil zonasē, memarlēq planlaĸdērmasē, texnoloji yanaĸmalar, m¿hafizᴅ qurĵularē 

 



37 
 

Giriĸ 

     ķᴅhᴅrsalma sistemlᴅri ï ĸᴅhᴅrlᴅrin vᴅ digᴅr yaĸayēĸ mᴅntᴅqᴅlᴅrinin planlaĸdērēlmasē, inkiĸaf 

etdirilmᴅsi vᴅ idarᴅ olunmasē ¿­¿n tᴅtbiq edilᴅn kompleks metodlar vᴅ tᴅĸkilati yanaĸmalar toplusudur. Bu 

sistemlᴅr ĸᴅhᴅr m¿hitindᴅ sosial, iqtisadi, mᴅdᴅni vᴅ ekoloji amillᴅri nᴅzᴅrᴅ alaraq ᴅhalinin rahat vᴅ 

tᴅhl¿kᴅsiz yaĸayēĸēnē tᴅmin etmᴅyᴅ xidmᴅt edir. ķᴅhᴅrsalma planlaĸdērmasē ­ᴅr­ivᴅsindᴅ ᴅrazi bºlg¿s¿, enerji 

vᴅ nᴅqliyyat infrastrukturu, ictimai xidmᴅt obyektlᴅri, yaĸēllēq sahᴅlᴅri, sᴅnaye vᴅ yaĸayēĸ zonalarēnēn 

yerlᴅĸdirilmᴅsi kimi ᴅsas mᴅsᴅlᴅlᴅr m¿ᴅyyᴅnlᴅĸdirilir. Burada ᴅsas mᴅqsᴅd ĸᴅhᴅr m¿hitindᴅ insan fᴅaliyyᴅti 

ilᴅ ᴅtraf m¿hit arasēnda harmoniyanēn yaradēlmasē, ekoloji tarazlēĵēn qorunmasē vᴅ uzunm¿ddᴅtli dayanēqlē 

inkiĸafēn tᴅmin edilmᴅsidir. Eyni zamanda bu sistemlᴅr ᴅhali artēmē, iqtisadi ᴅlaqᴅlᴅrin geniĸlᴅnmᴅsi vᴅ 

texnoloji transformasiyalar kimi dᴅyiĸkᴅn amillᴅrᴅ uyĵunlaĸa bilᴅn ­evik planlama mexanizmlᴅri tᴅqdim 

edir.  

M¿asir dºvrdᴅ ĸᴅhᴅrsalma yanaĸmalarē rᴅqᴅmsal texnologiyalar vᴅ "aĵēllē ĸᴅhᴅr" konsepsiyasē ilᴅ sēx 

ĸᴅkildᴅ baĵlēdēr vᴅ bu, urban m¿hitin daha funksional vᴅ idarᴅolunan olmasēna imkan verir. ķᴅhᴅr 

planlaĸdērmasēnēn sᴅmᴅrᴅli hᴅyata ke­irilmᴅsi ¿­¿n dºvlᴅt qurumlarē, yerli ºz¿n¿idarᴅetmᴅ orqanlarē vᴅ digᴅr 

maraqlē tᴅrᴅflᴅr arasēnda koordinasiyalē vᴅ tᴅhl¿kᴅsiz ᴅmᴅkdaĸlēq vacib ĸᴅrtdir. Yalnēz bu halda ĸᴅhᴅr 

mᴅkanēnda hᴅm funksional, hᴅm dᴅ estetik vᴅ ekoloji baxēmdan balanslē inkiĸaf tᴅmin oluna bilᴅr. ķᴅhᴅrlᴅr, 

eyni zamanda, cᴅmiyyᴅtin sosial-iqtisadi inkiĸafēnēn m¿h¿m daĸēyēcēsē olmaqla yanaĸē, elmi-texniki tᴅrᴅqqi 

vᴅ ekoloji sabitliyin dᴅ tᴅminindᴅ aparēcē rola malikdir. Onlarēn funksional y¿k¿n¿ vᴅ strateji ᴅhᴅmiyyᴅtini 

dᴅrk etmᴅk ¿­¿n ĸᴅhᴅrlᴅrin tarixi inkiĸaf mᴅrhᴅlᴅlᴅrinin vᴅ formalaĸmēĸ strukturunun dᴅrin tᴅhlili zᴅruridir. 

Ķctimai istehsalēn tᴅĸkili, demoqrafik dinamikalar vᴅ ĸᴅhᴅrsalma proseslᴅri bir-biri ilᴅ qarĸēlēqlē ᴅlaqᴅdᴅ 

olaraq ĸᴅhᴅrlᴅrin tᴅĸᴅkk¿l tapmasēna tᴅsir gºstᴅrmiĸdir. Bu baxēmdan, ĸᴅhᴅr strukturlarēnēn inkiĸafē yalnēz 

iqtisadi fᴅaliyyᴅtlᴅ deyil, hᴅm dᴅ ᴅhalinin mᴅskunlaĸma x¿susiyyᴅtlᴅri vᴅ ᴅtraf m¿hitlᴅ qarĸēlēqlē ᴅlaqᴅ 

ᴅsasēnda formalaĸēr.  

M¿xtᴅlif regionlarda ĸᴅhᴅrlᴅrin layihᴅlᴅndirilmᴅsi zamanē tᴅbii ĸᴅrait, resurs potensialē vᴅ sᴅnaye 

sektorunun tᴅlᴅblᴅri nᴅzᴅrᴅ alēnēr ki, bu da urban mᴅkanēn sᴅmᴅrᴅli tᴅĸkili baxēmēndan ᴅhᴅmiyyᴅtlidir. 

M¿hᴅndis-nᴅqliyyat infrastrukturu ĸᴅhᴅrsalma sisteminin tᴅĸᴅkk¿l¿ndᴅ vᴅ davamlē inkiĸafēnēn tᴅmin 

olunmasēnda ᴅsas strateji amillᴅrdᴅn biri kimi ­ēxēĸ edir. Avtomobil yollarē, ictimai nᴅqliyyat xᴅtlᴅri, 

kºrp¿lᴅr, tunellᴅr vᴅ digᴅr nᴅqliyyat qurĵularē ĸᴅhᴅrin funksional quruluĸunu formalaĸdērēr, ᴅhalinin 

hᴅrᴅkᴅtliliyini tᴅmin edir vᴅ m¿xtᴅlif yaĸayēĸ zonalarē arasēnda ᴅlaqᴅlᴅndirici rola malik olur. Eyni zamanda, 

su tᴅchizatē, kanalizasiya, elektrik enerjisi, qaz xᴅtlᴅri vᴅ telekommunikasiya ĸᴅbᴅkᴅlᴅri kimi m¿hᴅndis-

kommunikasiya infrastrukturu ĸᴅhᴅrin texniki bazasēnē tᴅĸkil edᴅrᴅk onun fᴅaliyyᴅtinin davamlēlēĵēnē tᴅmin 

edir. Davamlē ĸᴅhᴅrlᴅr konsepsiyasē m¿asir urbanizasiya proseslᴅrindᴅ rifahēn tᴅmin olunmasē, iqtisadi 

inkiĸafēn dᴅstᴅklᴅnmᴅsi vᴅ ekoloji tarazlēĵēn qorunmasēnē mᴅqsᴅdlᴅndirᴅn ­oxĸaxᴅli vᴅ inteqrativ yanaĸmanē 

ᴅhatᴅ edir. Bu model ĸᴅhᴅrlᴅrin mºvcud resurslardan sᴅmᴅrᴅli istifadᴅsini, ᴅtraf m¿hitin m¿hafizᴅsini vᴅ 

sosial ᴅdalᴅt prinsipinᴅ ᴅsaslanan idarᴅetmᴅ sistemlᴅrinin qurulmasēnē nᴅzᴅrdᴅ tutur. 

 Davamlē ĸᴅhᴅrlᴅrin tᴅĸkili gᴅlᴅcᴅk nᴅsillᴅrin ehtiyaclarēnē da nᴅzᴅrᴅ alan uzunm¿ddᴅtli planlaĸdērma 

yanaĸmalarēnē tᴅlᴅb edir . Nᴅticᴅ etibarilᴅ, davamlē ĸᴅhᴅr modeli  gᴅlᴅcᴅyin ĸᴅhᴅrsalma strategiyalarēnda ᴅsas 

istiqamᴅt olaraq , daha saĵlam, sosial cᴅhᴅtdᴅn inkl¿ziv vᴅ ekoloji baxēmdan tᴅhl¿kᴅsiz urban m¿hitin 

yaradēlmasēna xidmᴅt edir. Bu yanaĸma yalnēz ĸᴅhᴅr sakinlᴅrinin hᴅyat keyfiyyᴅtini y¿ksᴅltmir, eyni 

zamanda planetin uzunm¿ddᴅtli ekoloji tᴅhl¿kᴅsizliyini dᴅ tᴅmin etmᴅk mᴅqsᴅdi daĸēyēr [4] . 

Nᴅticᴅ 

Sahil zonalarēnēn planlaĸdērēlmasēnda memarlēq vᴅ texnoloji yanaĸmalarēn sintezi, ĸᴅhᴅr m¿hitinin 

dayanēqlē vᴅ funksional ĸᴅkildᴅ inkiĸafēna imkan yaradēr. Mᴅqalᴅdᴅki tᴅhlillᴅr gºstᴅrir ki: 
¶ Sahil zonasēnēn planlaĸdērēlmasē yalnēz estetik deyil, texniki tᴅhl¿kᴅsizlik vᴅ ekoloji davamlēlēq 

baxēmēndan da kompleks yanaĸma tᴅlᴅb edir. 

¶ Yalnēz memarlēq baxēĸē deyil, texnoloji vᴅ m¿hᴅndis hᴅllᴅrlᴅ birgᴅ d¿ĸ¿n¿lᴅn layihᴅlᴅr daha 

uzunºm¿rl¿ vᴅ cᴅmiyyᴅtᴅ yararlēdēr. 
ķᴅhᴅrsalma sisteminin formalaĸdērēlmasē vᴅ onun davamlē inkiĸafēnēn tᴅmin olunmasēnda peĸᴅkar 

kadr potensialē ᴅsas amillᴅrdᴅn biri kimi ­ēxēĸ edir. Bu sahᴅdᴅ ixtisaslaĸmēĸ m¿tᴅxᴅssislᴅr ï memarlar, ĸᴅhᴅr 

planlaĸdērēcēlarē, inĸaat m¿hᴅndislᴅri vᴅ ᴅtraf m¿hit ¿zrᴅ m¿tᴅxᴅssislᴅr ï ĸᴅhᴅr mᴅkanlarēnēn sᴅmᴅrᴅli tᴅĸkili, 

funksional vᴅ estetik baxēmdan balanslē inkiĸafē ¿­¿n m¿h¿m rol oynayērlar. 
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Summary 

THE SYNTHESIS OF ARCHITECTURAL AND TECHNOLOGICAL APPROACHES IN INTEGRATIVE  

PLANNING OF URBAN WATERFRONTS  

Rakhmanov A.B.  

 

Urban coastal zones play an important role in the social life of the population in urban space and in the protection of the 

ecological system. These areas are important for multifunctional purposes - recreation, tourism, transportation and protection. 

Effective planning of coastal areas is closely related not only to urban planning and architecture, but also to technical safety, 

environmental sustainability and appropriate application of technologies. In modern times, urban coastal planning is carried out with 

the concept of an ñintegrative approachò. This approach, by combining architectural design and technological solutions, creates 

conditions for the coastal zone to be effective in terms of both functionality, aesthetics and protection. This article analyzes the 

mutual integration of architectural and technological approaches in the planning of urban coastal zones. The modern urban planning 

process requires not only the placement of functional areas, but also ensuring ecological balance, aesthetic compatibility and 

technical safety. 

Keywords: : Urban planning, coastal zone, architectural planning, technological approaches, protective devices 

 

ʈʝʟʶʤʝ 

ʉʀʅʊɽɿ ɸʈʍʀʊɽʂʊʋʈʅʓʍ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʆɼʍʆɼʆɺ ɺ ʀʅʊɽɻʈɸʊʀɺʅʆʄ ʇʃɸʅʀʈʆɺɸʅʀʀ 

ɻʆʈʆɼʉʂʀʍ ʅɸɹɽʈɽɾʅʓʍ 

ʈʘʭʤʘʥʦʚ ɸ.ɹ.  

 

ɻʦʨʦʜʩʢʠʝ ʧʨʠʙʨʝʞʥʳʝ ʟʦʥʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʮʠʘʣʴʥʦʡ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʚ 

ʟʘʱʠʪʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʕʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʶʪ ʚʘʞʥʦʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ð ʨʝʢʨʝʘʮʠʷ, ʪʫʨʠʟʤ, 

ʪʨʘʥʩʧʦʨʪ ʠ ʦʭʨʘʥʘ ʧʨʠʨʦʜʳ. ʕʬʬʝʢʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʠʙʨʝʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʛʦʨʦʜʩʢʠʤ 

ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʠ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʥʦ ʠ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʧʨʘʚʠʣʴʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʨʦʜʩʢʦʝ ʧʨʠʙʨʝʞʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ 

çʠʥʪʝʛʨʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘè. ʊʘʢʦʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʠʙʨʝʞʥʫʶ ʟʦʥʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, ʵʩʪʝʪʠʯʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʦʨʦʥʳ. ɺ ʩʪʘʪʴʝ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʟʘʠʤʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ 

ʛʦʨʦʜʦʚ. ʉʦʚʨʝʤʝʥʥʳʡ ʧʨʦʮʝʩʩ ʛʦʨʦʜʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʤʝʱʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʵʩʪʝʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʠʙʨʝʞʥʘʷ ʟʦʥʘ, ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, 

ʟʘʱʠʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

 

 

INTERACTION OF ENERGY & CLIMATE SECURITY RISK WITH FINANCIAL RISK IN EU 

MEMBER STATES  

 

Ahmet ķĶT 
Malatya Turgut Ozal University, Malatya, T¦RKĶYE 

ahmet.sit@ozal.edu.tr  

 
Keywords: Energy and Climate Security Risk, Financial Risk, European Union Countries, GMM 

The aim of this study is to investigate the impact of energy and climate security risks on financial risks in European Union 

member states. The study covers the period 2010-2023. The independent variable is the energy and climate security risk of the 

countries; the dependent variable is the CDS premiums representing their financial risks. The GMM analysis shows that energy and 

climate security risks have a direct and inverse effect on the financial risks of the countries. 
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X¿lasᴅ 

AVROPA B ¦ZV D¥VLᴄTLᴄRĶNDᴄ ENERJĶ Vᴄ ĶQLĶM TᴄHL¦KᴄSĶZLĶYĶ RĶSKLᴄRĶNĶN MALĶYYᴄ RĶSKLᴄRĶ 

ĶLᴄ ᴄLAQᴄSĶ  

Ahmet ķit 

 

Bu tᴅdqiqatēn mᴅqsᴅdi Avropa Birliyinᴅ ¿zv dºvlᴅtlᴅrdᴅ enerji vᴅ iqlim tᴅhl¿kᴅsizliyi risklᴅrinin maliyyᴅ risklᴅrinᴅ tᴅsirini 

araĸdērmaqdēr. Tᴅdqiqat 2010-2023-c¿ illᴅri ᴅhatᴅ edir. M¿stᴅqil dᴅyiĸᴅn ºlkᴅlᴅrin enerji vᴅ iqlim tᴅhl¿kᴅsizliyi riskidir; asēlē dᴅyiĸᴅn 

isᴅ onlarēn maliyyᴅ risklᴅrini tᴅmsil edᴅn CDS m¿kafatlarēdēr. GMM tᴅhlili gºstᴅrir ki, enerji vᴅ iqlim tᴅhl¿kᴅsizliyi risklᴅri ºlkᴅlᴅrin 

maliyyᴅ risklᴅrinᴅ birbaĸa vᴅ tᴅrs tᴅsir gºstᴅrir. 

A­ar sºzlᴅr : Enerji vᴅ Ķqlim Tᴅhl¿kᴅsizliyi Riski, Maliyyᴅ Riski, Avropa Birliyi ¥lkᴅlᴅri, GMM  

 

ʈʝʟʶʤʝ 

ɺɿɸʀʄʆʉɺʗɿʔ ʈʀʉʂʆɺ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʀ ʂʃʀʄɸʊʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʉ ʌʀʅɸʅʉʆɺʓʄʀ 

ʈʀʉʂɸʄʀ ɺ ɻʆʉʋɼɸʈʉʊɺɸʍ-ʏʃɽʅɸʍ ɽʉ 

ɸʭʤʝʪ ʐʠʪ  

 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʨʠʩʢʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ ʚ ʛʦʩʫʜʘʨʩʪʚʘʭ-ʯʣʝʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʧʝʨʠʦʜ 2010ï2023 ʛʦʜʦʚ. 

ʅʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʨʠʩʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥ; ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ð 

ʧʨʝʤʠʠ CDS, ʦʪʨʘʞʘʶʱʠʝ ʠʭ ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ. ɸʥʘʣʠʟ GMM ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʠʩʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ ʩʪʨʘʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʠʩʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ, ʩʪʨʘʥʳ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʩʦʶʟʘ, GMM 
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The aim of this study is to investigate the impact of energy expenditure budgets on the sustainable development of OECD 

countries. The study period is 2008-2023. The dependent variable of the model is the growth rate of the countries, and the 

independent variable is the ratio of energy expenditures to the budget, as obtained from the World Bank. The GMM analysis shows 

that the budget allocated to energy expenditures has a positive impact on sustainable growth. These results indicate that countries 

aiming for sustainable growth should allocate more budget to energy 

 

X¿lasᴅ 

¥LKᴄLᴄRĶN ENERJĶ XᴄRCLᴄRĶNĶN DAVAMLI MALĶYYᴄ ĶNKĶķAFINA TᴄSĶRĶ: AVROPA BĶRLĶYĶNĶN GENĶķ 

TᴄMSĶL OLUNAN ¥LKᴄLᴄRĶNᴄ Y¥NᴄLMĶķ BĶR ARAķDIRMA 

Karadaĵ H., ķit M., ķit A. 

 

Bu tᴅdqiqatēn mᴅqsᴅdi enerji xᴅrclᴅri b¿dcᴅlᴅrinin OECD ºlkᴅlᴅrinin davamlē inkiĸafēna tᴅsirini araĸdērmaqdēr. Tᴅdqiqat 

dºvr¿ 2008-2023-c¿ illᴅrdir. Modelin asēlē dᴅyiĸᴅni ºlkᴅlᴅrin artēm tempi, m¿stᴅqil dᴅyiĸᴅni isᴅ D¿nya Bankēndan ᴅldᴅ edilᴅn enerji 

xᴅrclᴅrinin b¿dcᴅyᴅ nisbᴅtidir. GMM tᴅhlili gºstᴅrir ki, enerji xᴅrclᴅrinᴅ ayrēlan b¿dcᴅ davamlē artēma m¿sbᴅt tᴅsir gºstᴅrir. Bu 

nᴅticᴅlᴅr gºstᴅrir ki, davamlē artēmē hᴅdᴅflᴅyᴅn ºlkᴅlᴅr enerjiyᴅ daha ­ox b¿dcᴅ ayērmalēdērlar. 
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Summary 

ɺʃʀʗʅʀɽ ʈɸʉʍʆɼʆɺ ʉʊʈɸʅ ʅɸ ʕʅɽʈɻʆʅʆʉʀʊɽʃʀ ʅɸ ʋʉʊʆʁʏʀɺʆɽ ʌʀʅɸʅʉʆɺʆɽ ʈɸɿɺʀʊʀɽ: 

ʀʉʉʃɽɼʆɺɸʅʀɽ, ʇʆʉɺʗʑɽʅʅʆɽ ʐʀʈʆʂʆ ʇʈɽɼʉʊɸɺʃɽʅʅʓʄ ʉʊʈɸʅɸʄ ɽɺʈʆʇɽʁʉʂʆɻʆ ʉʆʖɿɸ  

ʂʘʨʘʜʘʛ ɻ., ʐʠʪ ʄ., ʐʠʪ ɸ. 

 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʙʶʜʞʝʪʦʚ ʥʘ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʪʨʘʥ ʆʕʉʈ. 

ʇʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ð 2008ï2023 ʛʦʜʳ. ɿʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʪʝʤʧ ʨʦʩʪʘ ʩʪʨʘʥ, ʘ ʥʝʟʘʚʠʩʠʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ð ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʢ ʙʶʜʞʝʪʫ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʜʘʥʥʳʭ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʦʙʦʙʱʝʥʥʳʭ 

ʤʦʤʝʥʪʦʚ (GMM) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʶʜʞʝʪ, ʚʳʜʝʣʷʝʤʳʡ ʥʘ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʩʪʨʘʥʘʤ, ʩʪʨʝʤʷʱʠʤʩʷ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʦʩʪʫ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʷʪʴ 

ʙʦʣʴʰʝ ʩʨʝʜʩʪʚ ʥʘ ʵʥʝʨʛʝʪʠʢʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʘʩʭʦʜʳ ʥʘ ʵʥʝʨʛʠʶ, ʙʶʜʞʝʪ, ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ, ʩʪʨʘʥʳ ʆʕʉʈ, GMM 
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Summary. This paper examines the application of fast-switching thyristor modules for effective reactive power control in 

electrical networks. The study focuses on how rapid switching, zero-cross operation, and dynamic compensation improve power 

factor, reduce inrush currents, and stabilize voltage under rapidly changing load conditions. The paper highlights the advantages of 

using thyristor-based PFC systems in comparison to traditional electromechanical switching devices and discusses their impact on 

network reliability, operational efficiency, and overall power quality. 

Keywords. Fast-switching thyristor modules, reactive power control, dynamic compensation, power factor improvement, 

rapid load changes, inrush current reduction, voltage stability, zero-cross switching, PFC system, electrical network reliability. 

 

Introduction. In modern power distribution systems, rapid load variations, voltage instability, and 

excessive reactive power flow have become critical factors affecting overall power quality. Industrial 

environments with welding equipment, induction motors, presses, transformers, and automated production 

lines generate highly dynamic and fluctuating loads that significantly alter the reactive power balance in the 

network. Under such conditions, traditional power factor correction systems based on electromechanical 

contactors are unable to provide the required speed of response, as their switching operations involve 

noticeable delays and are subject to mechanical wear. 

The use of fast-switching thyristor modules introduces new technical possibilities for efficient 

reactive power management. By enabling zero-cross switching, thyristors virtually eliminate inrush currents, 

reduce voltage transients, and minimize disturbances in the electrical network. Their ability to operate within 

milliseconds allows real-time compensation, ensuring stable power factor even under rapidly changing load 

conditions. 
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This approach not only improves the reliability of electrical systems but also reduces energy losses, 

prolongs equipment lifetime, and enhances the stability of industrial power supply infrastructures. 

Consequently, dynamic compensation systems based on thyristor technology have become an increasingly 

important solution in facilities where high responsiveness and precision in reactive power control are 

essential. This paper examines the operating principles of fast-switching thyristor modules, their advantages 

in reactive power control, and their performance compared to conventional PFC systems. Furthermore, the 

study explores effective methods for improving power quality through advanced thyristor-based 

compensation techniques. 

Conventional power factor correction (PFC) units are typically built around a power factor controller 

paired with capacitor banks. These capacitors are usually connected to the electrical network through 

electromechanical contactors. However, because capacitors require a considerable amount of time to 

discharge after being switched off, the contactors cannot be reactivated immediately; their reset interval often 

exceeds 60 seconds, which significantly limits system responsiveness. 

As modern electrical loads increasingly demand instantaneous compensation, systems based on 

electromechanical switches are no longer adequate. For this reason, fastȤacting electronic devices ð 

particularly thyristor modules ð have begun to replace traditional contactors in dynamic PFC solutions. 

Unlike mechanical switches, thyristors do not experience physical wear, giving them a much longer 

operational lifetime. Their rapid switching capability is another key advantage: by engaging the capacitors 

precisely at the currentôs zero-crossing point, thyristor modules prevent the extremely high inrush currents 

that mechanical contactors often produce. In some cases, these current surges can reach up to 200 times the 

nominal operating value. 

 
Fig 1. Inrush Current Transient Waveform During Capacitor Switching. 

 

Benefits of Dynamic PFC Systems: Dynamic PFC technology provides several performance and 

operational advantages: 

¶ It decreases reactive power flow and correspondingly reduces energy losses, even when load profiles 

change rapidly. 

¶ It offers switching speeds of well under 20 milliseconds, enabling near real-time compensation. 

¶ The mitigation of peak currents lowers the investment needed for electrical infrastructure such as 

distribution lines, transformers, and cable assemblies. 

¶ It helps maintain voltage stability across the network ð for example, preventing voltage dips during 

welding processes. 

¶ Flicker effects caused by fluctuating loads are minimized. 

¶ Capacitors can be switched smoothly without generating harmful transients. 

¶ Both the compensation system and downstream equipment benefit from longer service life due to 

stress-free operation. 

Dynamic PFC is implemented across a wide variety of industrial applications, including welding units, 

automotive manufacturing press lines, wind power installations, crane systems, elevator drives, and large-

motor start-up systems. In many of these areas, thyristor-based compensation can even eliminate the need for 

soft starters. 

If a low-voltage capacitor is connected directly to the network without any damping, it behaves much 

like a short circuit at the instant of energization. This situation is especially problematic when multiple 

capacitors operate in parallel or when already charged capacitors are reconnected. Under such conditions, 

extremely high inrush currents occur, potentially damaging both the capacitor bank and other equipment. For 

this reason, effective damping mechanisms are essential to protect power quality and prolong capacitor life. 

Figure 1 illustrates an example where the inrush current reaches 157 times the rated value ð a result 

of connecting capacitors in parallel through a standard motor contactor. 
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Voltage transients generated by sudden current peaks represent a serious challenge in low-voltage 

power systems. Such disturbances may lead to insulation degradation, flashover events, or premature 

failure of electrical components. In addition, these transient phenomena often disrupt the operation of 

measurement devices, automation systems, and digital control units, which are highly sensitive to rapid 

variations in current and voltage. 

A more effective solution is achieved by replacing mechanical contactors with thyristor modules. 

These semiconductor switches allow virtually unlimited switching cycles and exhibit extremely fast response 

times, making them suitable for environments where load conditions fluctuate rapidly. One of the major 

advantages of thyristor-based systems is their ability to energize capacitors at the exact moment the current 

crosses zero. Because the connection occurs at zero current, the system avoids the steep inrush peaks 

typically observed with mechanical switching devices. 

Once the control signal reaches the thyristor, the capacitor is energized almost instantaneously. The 

current rises smoothly to its steady-state amplitude without producing the high transients normally associated 

with conventional capacitor switching. As a result, no harmful overvoltages or transient disturbances are 

introduced into the electrical network. Figure 2 demonstrates how the capacitor current remains free of 

inrush peaks when a thyristor is used. 

 
Fig 2. Current Waveform Analysis: Contactor Switching, Thyristor Zero-Cross and  

NonïZero-Cross Modes. 

 

In networks affected by harmonic distortion, dynamic PFC stages must be designed with appropriate 

detuning inductors to prevent excessive capacitor loading. The combination of thyristor switching and 

harmonic protection results in a highly reliable and stable compensation system. 

Dynamic PFC systems are widely used in industrial sectors where power demand fluctuates within 

millisecondsðfor example, in steel production facilities, welding systems, robotic manufacturing lines, 

cranes, elevators, and large motor start-up applications. In such environments, real-time compensation is 

essential to maintain acceptable voltage stability and power quality. Properly designed dynamic PFC 

significantly decreases the systemôs apparent power demand, reducing transformer loading and improving 

the efficiency of the power distribution network. This, in turn, lowers the capital investment required for 

components such as busbars, transformers, and low-voltage switchgear. 

The schematic represents the operational principle of a thyristor-based dynamic power factor 

correction (PFC) system designed to regulate reactive power flow in a three-phase electrical network under 

real-time conditions. At the top of the diagram, the three phasesðL1, L2, and L3ðenter the compensation 

stage through protective devices that serve as the first barrier against short-circuit currents and abnormal 

overloads in the capacitor branches. Following these protection components, each phase passes through 

detuning reactors, which are connected in series with the capacitor banks. These inductive elements play a 

critical role in reducing the risk of harmonic-induced resonance and limiting the thermal and dielectric stress 

on the capacitors when the network contains significant harmonic distortion. 

At the center of the schematic is the thyristor switching module, which constitutes the core functional block 

of the dynamic PFC system. The bidirectional thyristor pair enables the capacitor banks to be energized 

precisely at the moment when the line current crosses zero. When the power factor controller issues a firing 

signal to the gate terminal, the thyristor conducts only when the instantaneous current reaches zero 

amplitude. This switching strategy eliminates the high-magnitude inrush currents that are characteristic of 

mechanical contactor-based systems. As a result, the capacitor charges smoothly, without producing steep 

transient phenomena, voltage spikes, or electromagnetic disturbances within the network. 

The lower section of the schematic contains the capacitor banks, which provide the reactive power 

compensation required to correct the displacement between voltage and current. The series combination of 

the reactor and capacitor not only shapes the impedance profile of the compensation branch but also protects 
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the capacitors from harmonic overload. By ensuring soft switching and minimizing electrical stress, the 

thyristor-based topology significantly extends capacitor lifetime and allows the system to respond to 

dynamic load variations within 10ï20 msðperformance that is essential in industrial environments such as 

welding, rolling, lifting, and robotic applications. 

The right-hand portion of the schematic illustrates a traditional contactor-based capacitor switching 

stage. In such systems, the capacitor is energized regardless of the instantaneous value of the line current or 

voltage. Consequently, the switching operation frequently results in inrush currents ranging from 1000 A to 

over 3000 A, depending on the capacitor size and network impedance. These high transients accelerate 

contact wear, reduce the operating life of the capacitors, and introduce harmful overvoltage peaks into the 

power system. The contrast between this mechanical switching approach and the thyristor-based method 

underscores the superior dynamic performance, reliability, and grid-stability benefits of modern 

semiconductor-controlled PFC systems. 

Taken together, the arrangement of components in the schematic clearly demonstrates how the 

integration of thyristor switching, detuned reactors, and controlled capacitor banks creates a highly 

responsive and efficient reactive power compensation architecture. Such systems maintain voltage stability 

under rapidly varying loads, reduce current flow through distribution infrastructure, and substantially extend 

the service life of electrical equipment across industrial installations. 

The schematic provides a comprehensive representation of a thyristor-based dynamic power factor 

correction (PFC) system and illustrates the functional interaction of its major components in regulating 

reactive power flow within a three-phase electrical network under real-time operating conditions. The 

compensation process begins as the three incoming phases (L1, L2, L3) are routed through (1) protection 

devices, such as fuses or circuit breakers, which constitute the first defensive layer against abnormal 

operating conditions. These devices ensure the safe disconnection of the compensation branch in the 

presence of short-circuit currents, excessive inrush events, or capacitor failures, thereby preventing thermal 

and mechanical stress from propagating into downstream components Figure 3. 

Immediately following the protection stage, each phase passes through (2) detuning reactors, which 

are connected in series with the corresponding capacitor stages. These inductive elements tune the branch 

impedance below critical harmonic frequencies, thus preventing resonance phenomena and mitigating 

harmonic overloading on the capacitors. By reducing dielectric and thermal stress, the reactors significantly 

enhance the long-term stability and reliability of the compensation system in industrial networks 

characterized by nonsinusoidal waveforms. 

The lower portion of the schematic contains (3) capacitor banks, which serve as the primary energy-

storage elements responsible for supplying the reactive power required to improve the displacement power 

factor. Depending on system requirements, these banks may be arranged in delta or star configuration. When 

activated, they inject capacitive current that offsets the inductive characteristics of the load, thereby reducing 

line current, stabilizing voltage levels, and relieving the stress on distribution transformers. 

 
Fig 3. Comparative Switching Scheme: Thyristor-Based Dynamic PFC and  

Conventional Contactor PFC 

 

At the core of the system lies (4) the thyristor switching module, comprising a bidirectional thyristor 

pair that enables precise zero-cross switching of the capacitor banks. When the power factor controller issues 
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a gate signal, the thyristors conduct exclusively at the instant the phase current reaches zero, ensuring that the 

capacitor is energized without inducing high-magnitude inrush currents. This semiconductor-based switching 

method contrasts sharply with the transient behavior of mechanical switching devices, as it prevents the steep 

voltage spikes, oscillations, and electromagnetic disturbances typically associated with capacitor 

energization. The soft-switching nature of the thyristor topology not only improves power quality but also 

significantly extends the operational life of the capacitor banks, enabling response times in the range of 10ï

20 ms ï a crucial requirement in processes such as welding, rolling, lifting, and automated manufacturing. 

For comparison, the right-hand side of the schematic depicts (5) a mechanical contactor-based 

switching stage, representative of traditional PFC configurations. In such systems, the capacitor is energized 

irrespective of the instantaneous current magnitude, frequently leading to severe inrush currents that may 

exceed 1000ï3000 A depending on network impedance and capacitor rating. These uncontrolled transients 

accelerate contact wear, induce premature capacitor aging, and generate harmful overvoltage disturbances 

throughout the electrical system. The juxtaposition of the mechanical and thyristor-based switching branches 

within the schematic highlights the decisive performance advantages of semiconductor-controlled PFC in 

terms of grid stability, equipment longevity, and dynamic responsiveness. 

Taken together, the coordinated interaction of elements (1) through (5) demonstrates how the 

integration of protective devices, detuned reactors, controlled capacitor banks, and zero-cross thyristor 

switching forms an advanced reactive power compensation architecture capable of maintaining voltage 

stability under rapidly changing load conditions. This configuration not only minimizes the current burden 

on distribution infrastructure but also enhances operational reliability and extends the service life of 

electrical equipment across a wide range of industrial applications. 
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S¦RᴄTLI A¢ILIB-S¥NᴄN TIRISTOR MODULLARI VASITᴄSILᴄ REAKTIV G¦C¦N IDARᴄ EDILMᴄSI 

Ataciyev ķ.M., Toirov M.T., Harunov A.T., Talēflē A.F. 

 

Bu mᴅqalᴅdᴅ elektrik ĸᴅbᴅkᴅlᴅrindᴅ reaktiv g¿c¿n effektiv idarᴅ olunmasē ¿­¿n y¿ksᴅk s¿rᴅtli tiristor modullarēnēn tᴅtbiqi 

araĸdērēlēr. Tᴅdqiqat gºstᴅrir ki, s¿rᴅtli kommutasiya, sēfēr ke­iddᴅ iĸlᴅmᴅ vᴅ dinamik kompensasiya g¿c amilinin yaxĸēlaĸmasēna, 

baĸlanĵēc cᴅrᴅyanlarēnēn azalmasēna vᴅ s¿rᴅtlᴅ dᴅyiĸᴅn y¿klᴅr zamanē gᴅrginliyin sabitlᴅĸdirilmᴅsinᴅ ĸᴅrait yaradēr. Mᴅqalᴅdᴅ tiristor 

ᴅsaslē PFC sistemlᴅrinin ᴅnᴅnᴅvi elektromexaniki qurĵularla m¿qayisᴅdᴅ ¿st¿nl¿klᴅri vᴅ ĸᴅbᴅkᴅnin etibarlēlēĵēna, istismar 

sᴅmᴅrᴅliliyin ᴅ vᴅ elektrik enerjisinin keyfiyyᴅtinᴅ tᴅsiri izah olunur. 

A­ar sºzlᴅr. Y¿ksᴅk s¿rᴅtli tiristor modullarē, reaktiv g¿c¿n idarᴅ olunmasē, dinamik kompensasiya, g¿c amilinin 

yaxĸēlaĸdērēlmasē, tez dᴅyiĸᴅn y¿klᴅr, baĸlanĵēc cᴅrᴅyanlarēnēn azaldēlmasē, gᴅrginlik sabitliyi, sēfēr ke­iddᴅ kommutasiya, PFC 

sistemi, elektrik ĸᴅbᴅkᴅsinin etibarlēlēĵē. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʪʠʨʠʩʪʦʨʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʦʤʫ, ʢʘʢ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʢʦʤʤʫʪʘʮʠʠ, ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ ʥʫʣʝʚʦʛʦ ʪʦʢʘ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʣʫʯʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʥʘʛʨʫʟʢʘʭ. ʇʦʢʘʟʘʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʠʨʠʩʪʦʨʥʳʭ ʩʠʩʪʝʤ PFC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʥʘʜʸʞʥʦʩʪʴ ʩʝʪʠ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

https://devos.uz/files/2362.pdf
https://devos.uz/files/2362.pdf
https://devos.uz/article.php?id=2362
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɹʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʪʠʨʠʩʪʦʨʥʳʝ ʤʦʜʫʣʠ, ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ, ʫʣʫʯʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʥʘʛʨʫʟʢʠ, ʩʥʠʞʝʥʠʝ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʤʤʫʪʘʮʠʷ ʚ ʥʫʣʝʚʦʡ ʪʦʯʢʝ ʪʦʢʘ, ʩʠʩʪʝʤʘ PFC, ʥʘʜʸʞʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. 
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Summary This study analyzes the key factors influencing the forecast indicators of electricity consumption in textile 

industry enterprises. Electricity usage in textile production is multifactorial and depends on the interaction of technological, 

operational, meteorological, organizational, and energy-related parameters. Based on expert evaluation conducted at ñBIRYUZA 

GROUPò LLC, ten primary factors were identified and assessed using a 10-point scale, after which their reliability coefficients were 

calculated. Factors with a reliability coefficient of K Ó 0.6 were determined to have a significant impact on electricity consumption, 

including production volume, equipment load level, energy losses, number of interruptions, extended operating hours, indoor air 

humidity, and weather temperature. A functional model describing the relationship between these factors and electricity consumption 

was established to support forecasting and  

efficiency improvement. The results demonstrate that accurate factor classification and mathematical modeling are essential for 

reducing energy waste, optimizing production processes, lowering operational costs, and enhancing energy management systems in 

textile enterprises. 

Keywords.  Electricity consumption; textile industry; forecasting factors; expert evaluation; technological processes; 

mathematical modeling; energy efficiency; production planning; environmental conditions; operational factors. 

 

Introduction. When forecasting electricity consumption during technological processes of textile 

enterprises, various factors simultaneously affect. Among these factors, some significantly determine energy 

consumption, while others have a relatively low, indirect or uncertain effect. In addition, these factors are 

divided into two groups in terms of their scope of influence: constant, i.e., depending on stable indicators of 

the technological process, and seasonal, i.e., varying with external environmental conditions, seasons or 

market demand. Therefore, the actual consumption of electricity is multifactorial and complex, and it is 

important to use mathematical modeling and statistical analysis methods to determine the share of each 

factor. For effective and scientifically sound forecasting of electricity consumption at enterprises, it is 

important to identify and group the factors affecting consumption. Based on preliminary scientific analyses, 

these factors were divided into 6 main groups (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Factors of affecting the forecast of electricity consumption 

 

Based on the analysis of Figure 1 above, the factors affecting the forecast of electricity consumption 

of textile enterprises were divided into the following six main groups: 

1. Technological and process factors - factors related to product volume, type, raw material quality, 

processing level, production technology, product strength and dimensions. 

2. Process continuity and supply factors - production interruptions, raw material supply, equipment 

condition, maintenance frequency, adjustment and lubrication. 

3. Energy factors - energy losses in networks, load imbalance, power reserve, load differences during 

weekends and holidays. 

mailto:hulkaroy90@bk.ru
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4. Meteorological (external environment) factors - weather temperature, humidity, daily daylight 

hours, changes in the external environment. 

5. Organizational and management factors - the level of production planning, working hours, shift 

organization, personnel qualifications, level of automation, availability of an energy management system. 

6. Technical and operational factors - the technical condition of the main and auxiliary equipment, 

operational efficiency, repair modes, technological reserves. 

Many factors affect the consumption of electricity in the technological processes of textile 

enterprises. These factors are of different nature, and each of them affects electricity consumption to a 

different extent. It turns out that some factors have a direct and strong impact, while others have an indirect 

or insignificant impact. Taking into account all of these factors at the same time when building mathematical 

models can not only complicate calculations, but also lead to excess data that negatively affects the accuracy 

of the model. Therefore, when forecasting electricity consumption, it is important to sort factors by their 

level of impact - to divide them into high, medium and low impact groups. 

Main part.  As a preliminary stage of the study, the factors influencing electricity consumption 

depending on technological processes were identified at the textile enterprise ñBIRYUZA GROUPò LLC, 

which was the object of the study. The assessment process was organized with the participation of leading 

specialists of the enterprise - 10 highly qualified employees with many years of practical experience, as a 

result of which a questionnaire was formed to identify factors influencing electricity consumption. During 

the survey, experts identified 10 main factors that could affect electricity consumption and evaluated them 

based on their professional experience and practical observations. The assessment was carried out on a 10-

point scale, and the degree of influence of each factor on electricity consumption was expressed in the 

corresponding points (Table 1). The estimates obtained on the basis of this approach, as a result of 

mathematical and statistical processing at the next stage, were scientifically substantiated with a reliability 

coefficient (K). The reliability coefficient is determined using the following mathematical formula: 

 
Here K- is the absolute reliability of the scores given by the experts participating in the survey and is 

defined as follows: 

 
Since the questionnaire uses a collective expert assessment method, it is necessary to 

determine the relative reliability of the scores given, which is expressed as follows:: 

 
The reliability coefficient of the results obtained in the course of such a multi-stage questionnaire 

tends to K Ÿ 1. The results of the expert assessment method are presented in Table 1 below.  

                               

Table 1 

Expert assessment method for determining factors affecting electricity consumption in textile industry 

enterprises 

ˉ Factors 

Number of individual experts Collective 

expert 

assessment 

result K 

1 2 3 4 5 6 7 8 9 10 

1 Volume of fabric produced 6 5 10 9 7 5 8 9 9 9 0,77 

2 Equipment load level 4 3 7 9 7 10 5 7 9 5 0,66 

3 Technical condition of 

equipment (wear 

coefficient) 

6 7 7 4 5 3 4 8 5 4 0,53 

4 Loss of electricity 8 7 6 9 10 6 8 5 9 9 0,77 

5 Number of interruptions 9 6 8 7 6 10 6 9 5 8 0,74 

6 Extension of working 

hours 
5 8 5 7 4 6 8 5 6 7 0,61 

7 Type of products (fabric 

density) 
6 8 7 7 4 5 7 5 7 3 0,59 
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8 Indoor air humidity 8 9 5 6 7 4 5 7 4 6 0,61 

9 Weekends 6 3 4 2 5 3 6 7 5 5 0,46 

10 Weather temperature 7 9 10 8 7 9 8 10 8 7 0,83 

 

Taking into account the data in Table 1 above and the results of the collective expert assessment, i.e. 

the tendency of the reliability coefficient K Ÿ 1, factors with a reliability coefficient K= 0.6 and higher were 

identified as factors that significantly affect electricity consumption, and they include the following: 

-  Volume of fabric produced, A, tonna; 

-  Equipment load level,  %; 

-  Loss of electricity   kVtĀsoat; 

- Number of interruptions N, dona ( marta); 

-  Extension of working hours t,soat  

-  Weather temperature .  

- Indoor air humidity    

The functional relationship between the factors influencing the forecast of the electricity 

consumption of the research object is presented in expression 4, which serves to determine the relationship 

between these factors and energy consumption. Based on this relationship model, it is possible to determine 

the forecast values of electricity, assess the degree of influence of factors, and increase the efficiency of 

technological processes: 

 
Conclusion. The need to choose a forecasting method for electricity consumption in textile 

enterprises, including knitwear enterprises, based on the technological process of production, and at the same 

time develop forecasting models taking into account the factors affecting electricity consumption, has been 

scientifically substantiated. The factors affecting electricity consumption in textile enterprises were 

determined using the expert assessment method. According to it, it was found that electricity consumption in 

textile enterprises is significantly affected by factors such as production volume, equipment load, number of 

stops, and operating hours. This approach allows us to reveal internal dependencies in the production system, 

reduce waste, increase energy efficiency, and digitally control production. Mathematical modeling of energy 

indicators is not only of theoretical importance, but also an important tool in real practice for increasing the 

efficiency of enterprises, optimizing resource use, reducing production costs, and ensuring environmental 

sustainability. 
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X¿lasᴅ 

TEKSTIL SᴄNAYESI M¦ᴄSSISᴄLᴄRININ ELEKTRIK ENERJISI ISTEHLAKININ  

PROQNOZ G¥STᴄRICILᴄRINᴄ TᴄSIR EDᴄN AMILLᴄR 

Yusupaliyeva X.U., Korjobova M.F. 

 

Bu mᴅqalᴅdᴅ tekstil sᴅnayesi m¿ᴅssisᴅlᴅrindᴅ elektrik enerjisi sᴅrfiyyatēnēn proqnoz gºstᴅricilᴅrinᴅ tᴅsir edᴅn ᴅsas amillᴅr 

araĸdērēlēr. Tekstil istehsal proseslᴅrindᴅ enerji sᴅrfiyyatē ­oxamilli xarakter daĸēyēr vᴅ texnoloji, enerji, meteoroloji, idarᴅetmᴅ vᴅ 

istismar amillᴅrinin qarĸēlēqlē tᴅsirindᴅn asēlēdēr. ñBIRYUZA GROUPò MMC-dᴅ aparēlan ekspert qiymᴅtlᴅndirmᴅsi ᴅsasēnda on ᴅsas 

amil m¿ᴅyyᴅn edilmiĸ, onlar 10 ballēq ĸkala ¿zrᴅ qiymᴅtlᴅndirilmiĸ vᴅ etibarlēlēq ᴅmsallarē hesablanmēĸdēr. Etibarlēlēq ᴅmsalē K Ó 0.6 

olan amillᴅr elektrik sᴅrfiyyatēna ᴅhᴅmiyyᴅtli tᴅsir gºstᴅrᴅn amillᴅr kimi se­ilmiĸdir: istehsal hᴅcmi, avadanlēqlarēn y¿klᴅnmᴅ 

sᴅviyyᴅsi, enerji itkilᴅri, fasilᴅlᴅrin sayē, iĸ saatlarēnēn uzadēlmasē, daxili havanēn r¿tubᴅti vᴅ hava temperaturu. Bu amillᴅr ilᴅ elektrik 
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enerjisi sᴅrfiyyatē arasēndakē funksional asēlēlēq modeli qurulmuĸdur. Nᴅticᴅlᴅr gºstᴅrir ki, d¿zg¿n amil tᴅsnifatē vᴅ riyazi 

modellᴅĸdirmᴅ enerji itkilᴅrinin azaldēlmasē, istehsal proseslᴅrinin optimallaĸdērēlmasē, xᴅrclᴅrin aĸaĵē salēnmasē vᴅ tekstil 

m¿ᴅssisᴅlᴅrindᴅ enerji idarᴅetmᴅ sistemlᴅrinin tᴅkmillᴅĸdirilmᴅsi ¿­¿n m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. 

A­ar sºzlᴅr.  Elektrik enerjisinin sᴅrfiyyatē; tekstil sᴅnayesi; proqnozlaĸdērma amillᴅri; ekspert qiymᴅtlᴅndirilmᴅsi; texnoloji 

proseslᴅr; riyazi modellᴅĸdirmᴅ; enerji sᴅmᴅrᴅliliyi; istehsal planlaĸdērēlmasē; meteoroloji ĸᴅrait; istismar amillᴅri. 

 
ʈʝʟʶʤʝ 

ʌɸʂʊʆʈʓ, ɺʃʀʗʖʑʀɽ ʅɸ ʇʈʆɻʅʆɿʅʓɽ ʇʆʂɸɿɸʊɽʃʀ ʇʆʊʈɽɹʃɽʅʀʗ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ 

ʇʈɽɼʇʈʀʗʊʀʁ ʊɽʂʉʊʀʃʔʅʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

ʖʩʫʧʘʣʠʝʚʘ ʍ.ʋ., ʂʦʨʞʦʙʦʚʘ ʄ.ʌ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʛʥʦʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʪʝʢʩʪʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʪʝʢʩʪʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ, ʧʨʦʚʝʜʸʥʥʦʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

çBIRYUZA GROUPè ʆʆʆ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʝʩʷʪʴ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʮʝʥʸʥʥʳʭ ʧʦ 10-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʠ 

ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʜʸʞʥʦʩʪʠ. ʌʘʢʪʦʨʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʜʸʞʥʦʩʪʠ K Ó 0.6 ʧʨʠʟʥʘʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʤʠ 

ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʦʙʲʸʤ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʫʨʦʚʝʥʴ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʥʦʚʦʢ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʬʦʨʤʠʨʦʚʘʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʩʚʷʟʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʩ ʦʙʲʸʤʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʦʨʨʝʢʪʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʘʢʪʦʨʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʪʝʢʩʪʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʪʝʢʩʪʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ; ʬʘʢʪʦʨʳ ʧʨʦʛʥʦʟʘ; ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ; 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ; ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ; ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ; 

ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ; ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ 
 

 

ɹɸʃɸʅʉ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ɺ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɽʊʗʍ  

ɸɿɽʈɹɸʁɼɾɸʅʉʂʆʁ ʈɽʉʇʋɹʃʀʂʀ 

 

ʀʙʘʜʦʚ ʏʠʥʛʠʟ ʐʘʬʠ ʦʛʣʳ 

OAO ñɸʟʝʨʠʰʳʛò, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 
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ʈʝʟʶʤʝ. ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʢʘʢ ʪʦʚʘʨ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.ʇʦʩʢʦʣʴʢʫ ʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʭʨʘʥʠʪʴ ʚ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ, ʪ. ʝ. ʩʢʣʘʜʠʨʦʚʘʪʴ, ʧʨʦʮʝʩʩʳ ʢʫʧʣʠ-ʧʨʦʜʘʞʠ ʩʦʟʜʘʶʪ ʙʦʣʴʰʝ ʪʨʫʜʥʦʩʪʝʡ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʪʦʚʘʨʦʚ. ʊʦʪ ʬʘʢʪ, 

ʯʪʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʜʦʩʪʘʚʣʷʝʪʩʷ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʧʦʪʨʝʙʣʝʥʠʷ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ (ʜʝʩʷʪʳʝ ʜʦʣʠ ʩʝʢʫʥʜʳ), ʘ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ 

ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʠʟʙʝʞʥʳ. ʊʝʢʫʱʘʷ ʧʨʦʙʣʝʤʘ ʥʘ ʵʪʦʤ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ɽʩʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʥʝ 

ʠʟʤʝʨʷʝʪʩʷ ʥʘ  ʧʫʪʠ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʵʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ. ʀʟ-ʟʘ ʥʝʮʝʣʝʚʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʵʪʘʧʘʭ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʜʦ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʥʦ ʠ ʥʝʪʝʭʥʠʯʝʩʢʠʝ, ʪ.ʝ. ʢʦʤʤʝʨʯʝʩʢʠʝ.ʍʦʪʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ  ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʵʪʠʭ 

ʧʦʪʝʨʴ, ʦʥʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ.ʊʘʢ, ʚ 2021 ʛʦʜʫ ʚ ʨʘʡʦʥʥʳʭ ʩʝʪʷʭ ʆɸʆ çɸʟʝʨʠʰʠʛè ʧʨʦʠʟʦʰʣʦ 

575,0 ʤʣʥ. ʢɺʪ.ʯ ʥʝʙʘʣʘʥʩʘ, ʪ.ʝ. ʧʦʪʝʨʴ, ʧʨʝʚʳʰʘʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ.ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩʥʠʞʝʥʠʝ ʵʪʠʭ ʧʦʪʝʨʴ ʜʦ ʫʨʦʚʥʷ ʥʦʨʤʘʪʠʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʪ.ʝ. 8,8%, ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʝʝ ʯʝʤ ,ʚʚʦʜʘ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ.ɺ ʵʧʦʭʫ, ʢʦʛʜʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʦʤ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʘʥ, 

ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ 

ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʚ ʩʚʷʟʠ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʣʠʙʝʨʘʣʴʥʦʡ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʙʘʣʘʥʩ, ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʥʘʛʨʫʟʦʯʥʳʝ 

ʧʦʪʝʨʠ, ʫʩʣʦʚʥʦ-ʫʩʪʦʡʯʠʚʳʝ ʧʦʪʝʨʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ ʜʨ. 

 

ɺʚʝʜʝʥʠʝ 

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʘʪʝʛʠʝʡ ʦʩʥʦʚʘʪʝʣʷ ʥʘʰʝʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʦʙʱʝʥʘʮʠʦʥʘʣʴʥʦʛʦ ʣʠʜʝʨʘ ɻʝʡʜʘʨʘ ɸʣʠʝʚʘ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʜʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ 

ʩʪʨʘʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʬʦʨʤ, ʨʝʘʣʠʟʫʝʤʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʇʨʝʟʠʜʝʥʪʘ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʫʚʘʞʘʝʤʦʛʦ ʀʣʴʭʘʤʘ ɸʣʠʝʚʘ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ ʧʦʣʫʯʠʣ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ, 

ʜʦʩʪʠʛʥʫʪʳ ʚʳʩʦʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʦʙʝʩʧʝʯʝʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʥʘʰʝʛʦ ʩʫʚʝʨʝʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʛʣʦʙʘʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʦʢʘʟʳʚʘʝʪ 

ʩʚʦʝ ʚʣʠʷʥʠʝ ʠ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ, ʢʘʢ ʠ ʥʘ ʜʨʫʛʠʝ ʦʪʨʘʩʣʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʇʨʝʟʠʜʝʥʪʘ ʩʪʨʘʥʳ ʢ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʝʢʪʦʨʫ ʚ ʮʝʣʦʤ, ʧʨʦʚʦʜʠʤʳʝ 

ʨʝʬʦʨʤʳ, ʦʩʦʙʝʥʥʦ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʡ, ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʚʦʙʦʞʜʝʥʥʳʭ 
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ʪʝʨʨʠʪʦʨʠʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʦʚ çʋʤʥʳʡ ʛʦʨʦʜè, çʋʤʥʦʝ ʩʝʣʦè ʠ çɿʝʣʝʥʘʷ ʵʥʝʨʛʠʷè ʧʦʟʚʦʣʷʪ ʚ 

ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʧʨʝʚʨʘʪʠʪʴ ʂʘʨʘʙʘʭʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʡʦʥ ʚ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʦʚ 

ʥʘʰʝʡ ʩʪʨʘʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʩʦ ʩʪʦʨʦʥʳ ʥʦʚʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʜʨʫʛʠʭ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨ ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʝʪʠ ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʴʮʝʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʧʨʠʥʠʤʘʶʪʩʷ ʙʝʟʦʪʣʘʛʘʪʝʣʴʥʳʝ ʤʝʨʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʢʘʞʜʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. 

ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʬʝʨʝ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ, ʧʨʦʚʦʜʷʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʢʘʜʨʦʚʳʝ ʠʟʤʝʥʝʥʠʷ. ɺʥʠʤʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʘ ʢ ʧʝʨʝʜʘʶʱʠʤ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ 

ʩʝʪʷʤ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ. ʈʘʙʦʪʳ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʝʜʫʪʩʷ ʫʩʢʦʨʝʥʥʳʤʠ ʪʝʤʧʘʤʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʦʙʱʠʡ ʦʙʲʝʤ ʧʦʪʝʨʴ ʚ ʩʪʨʘʥʝ (ʢʦʤʤʝʨʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ) ʦʩʪʘʝʪʩʷ ʚʳʰʝ ʫʨʦʚʥʷ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ. ɺ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 6%. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʠʟʤʝʨʷʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʙʘʣʘʥʩʦʚʳʡ ʤʝʪʦʜ. 

ɹʘʣʘʥʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʟʘʧʘʩʦʚ ʪʦʧʣʠʚʘ, ʛʨʘʬʠʢʦʚ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʩʯʝʪʘ ʪʘʨʠʬʦʚ ʥʘ ʫʩʣʫʛʠ 

ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʦʜʘʞʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʦʜ ʙʘʣʘʥʩʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʦʥʠʤʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʧʦʩʪʫʧʠʚʰʝʡ ʚ ʩʝʪʴ (ʩʫʙʲʝʢʪʦʤ ʦʧʪʦʚʦʛʦ ʠ ʨʦʟʥʠʯʥʦʛʦ ʨʳʥʢʘ), ʩ ʫʯʝʪʦʤ 

ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʥʫʞʜ ʩʝʪʝʚʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʧʨʦʜʘʥʥʦʡ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʧʦʪʝʨʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʦʙʲʝʤʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʧʦʩʪʫʧʠʚʰʝʡ ʚ ʩʝʪʴ ʦʪ ʜʨʫʛʠʭ ʩʝʪʝʡ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʩ ʫʯʝʪʦʤ ʧʝʨʝʜʘʥʥʦʡ ʜʨʫʛʠʤ ʩʝʪʝʚʳʤ 

ʢʦʤʧʘʥʠʷʤ), ʠ ʦʙʲʝʤʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʝʥʥʦʡ ʘʙʦʥʝʥʪʘʤʠ, ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʩʝʪʠ. 

ʌʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʝʡ, ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʚʩʝʡ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʯʝʪʢʠʤ ʦʪʨʘʞʝʥʠʝʤ ʚʟʘʠʤʦʩʚʷʟʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʩʙʳʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʨʦʚʦʜʷʪʩʷ ʥʦʚʳʝ ʨʝʬʦʨʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʣʠʙʝʨʘʣʠʟʘʮʠʶ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ, ʩʦʟʜʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ, 

ʢʦʤʧʘʥʠʡ, ʜʠʩʪʨʠʙʴʶʪʦʨʦʚ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʦʧʪʦʚʳʭ ʩʙʳʪʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ), ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʣʘʥʩʘ 

ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʙʘʣʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ, ʜʝʣʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʟʨʘʙʦʪʢʫ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʧʨʦʮʝʜʫʨʫ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʣʘʥʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʘ ʪʘʢʞʝ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺʘʞʥʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʝʪʴ ʧʨʠ ʦʧʪʦʚʦʡ ʟʘʢʫʧʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʙʷʟʘʥʘ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

(ʦʧʣʘʯʠʚʘʪʴ) ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʩʚʦʠʭ ʩʝʪʷʭ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʝʪʴ ʜʦʣʞʥʘ 

ʦʧʣʘʯʠʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʢʦʪʦʨʫʶ ʦʥʘ ʧʦʣʫʯʠʣʘ, ʥʦ ʥʝ ʩʤʦʛʣʘ ʧʨʦʜʘʪʴ, ʪʦ ʝʩʪʴ ʬʘʢʪʠʯʝʩʢʠ 

ʧʦʪʝʨʷʣʘ.ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʝ ʪʘʨʠʬʦʚ ʥʘ ʫʩʣʫʛʠ ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʦʜʘʞʠ 

ʵʣʝʢʪʨʦʵʥʝʨʝʨʥʛʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʥʦʨʤʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ɽʩʣʠ ʬʘʢʪʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʠ ʧʝʨʝʜʘʶʱʠʭ ʩʝʪʷʭ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, 

ʜʦʩʪʠʯʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʵʪʠʭ ʩʝʪʷʭ ʥʝʚʦʟʤʦʞʥʦ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʠ ʧʝʨʝʜʘʶʱʠʝ ʩʝʪʠ, ʦʧʣʘʯʠʚʘʷ ʚʩʝ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ 

ʧʦʣʫʯʘʷ ʢʦʤʧʝʥʩʘʮʠʶ ʪʦʣʴʢʦ ʚ ʨʘʟʤʝʨʝ ʩʪʦʠʤʦʩʪʠ ʥʦʨʤʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʫʯʪʝʥʥʳʭ ʚ 

ʪʘʨʠʬʝ), ʥʝʩʫʪ ʬʠʥʘʥʩʦʚʳʝ ʫʙʳʪʢʠ ʠʟ-ʟʘ çʠʟʙʳʪʦʯʥʳʭè ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʨʘʙʦʪʘʶʪ ʚ ʫʙʳʪʦʢ. 

çʀʟʙʳʪʦʯʥʳʝè ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʚʷʟʘʥʳ ʩ:ʦʰʠʙʢʘʤʠ ʚ ʩʠʩʪʝʤʝ ʫʯʝʪʘ,ʥʝʧʦʣʥʳʤ ʫʯʝʪʦʤ 

ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ,ʩʣʫʯʘʷʤʠ ʭʠʱʝʥʠʷ,ʥʠʟʢʦʡ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʪʨʝʙʠʪʝʣʝʡ, 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʚ ʩʝʪʷʭ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ 

ʧʨʠʯʠʥʘʤʠ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʢʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʧʝʨʝʜʘʶʱʠʭ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʙʘʣʘʥʩʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʝʪʷʭ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʦ ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʦ ʝʩʪʴ ʚ ʧʦʚʳʰʝʥʠʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ 
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ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʩʯʝʪʘ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʙʘʣʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʠ 

ʦʙʲʝʤʘ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʨʘʩʩʤʦʪʨʠʤ ʧʦʢʘʟʘʪʝʣʠ  

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ,  

ʊʘʙʣʠʮʘ 1 

 
             ʀʩʪʦʯʥʠʢ: www.energodata.ru  

 

ʊʘʙʣʠʮʘ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʪʘʚʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʴ ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ 

7,19% ʟʘ 1994-2004 ʛʦʜʳ, ʧʦʪʝʨʠ ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ 37,64% ʟʘ 10 ʣʝʪ. ʉ 2005 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ. 

ʊʝʧʝʨʴ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʘʥʥʳʝ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ ʠ ʧʦʪʝʨʷʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʷʜʘ ʙʳʚʰʠʭ 

ʩʦʚʝʪʩʢʠʭ ʨʝʩʧʫʙʣʠʢ, ʢʦʪʦʨʳʝ ʷ ʧʦʣʫʯʠʣ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʩʪʚʘ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ ʧʨʦʮʝʥʪʳ ʧʦʪʝʨʴ ʚʦʚʩʝ ʥʝ ʷʚʣʷʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʘ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ , ʧʨʠʤʝʥʷʝʤʳʭ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ 

ʙʳʚʰʝʛʦ ʉʉʉʈ (ʫʪʚʝʨʞʜʘʝʤʳʭ ʂʘʙʠʥʝʪʘʤʠ ʄʠʥʠʩʪʨʦʚ ʨʝʩʧʫʙʣʠʢ). ʌʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʝ 

ʫʯʠʪʳʚʘʶʪʩʷ, ʘ ʙʘʣʘʥʩ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʦ.  

ʊʘʙʣʠʮʘ 2 
 2000 2005 2010 2015 2020 

  

ʇʨʦʠʟʚʝʜʝʥʥ

ʥʘ 

ʕʣʝʢʪʨʦʵʥʝʨ

ʛʠʷ, ʄɺʪ 

ʇʦʪʝʨ

ʠ, % 

ʇʨʦʠʟʚʝʜʝʥʥ

ʘʷ 

ʕʣʝʢʪʨʦʵʥʝʨʛ

ʠʷ, ʄɺʪ 

ʇʦʪʝʨʠ

, % 

ʇʨʦʠʟʚʝʜʝʥʥ

ʘʷ 

ʕʣʝʢʪʨʦʵʥʝʨʛ

ʠʷ, ʄɺʪ 

ʇʦʪʝʨʠ

, % 

ʇʨʦʠʟʚʝʜʝʥʥ

ʘʷ 

ʕʣʝʢʪʨʦʵʥʝʨʛ

ʠʷ, ʄɺʪ 

ʇʦʪʝʨʠ, 

% 

ʇʨʦʠʟʚʝʜʝʥ

ʥʘʷ 

ʕʣʝʢʪʨʦʵʥʝ

ʨʛʠʷ, ʄɺʪ 

ʇʦʪʝʨʠ

, % 

ʋʢʨʘʠʥʘ 159,955 18,08 175,35 13,34 178,313 11,49 152,348 7,7 133,497 10,4 

ɹʝʣʘʨʫʩʴ 24,537 13,06 29,107 11,74 32,81 10,82 32,056 12,1 35,936 11,4 

ʂʘʟʘʭʩʪʘʥ 48,621 13,96 64,169 10,24 78,09 8,03 86,696 14,01 103,597 18,5 

ɻʨʫʟʠʷ 7,271 16,82 7,143 15,60 9,985 10,89 10,605 6,6 11,609 7,3 

ʋʟʙʝʢʠʩʪʘʥ 44,323 9,08 46,974 8,84 49,266 8,82 54,552 8,8 61,046 8,8 

ʂʠʨʛʠʟʩʪʘʥ 15,708 25,39 14,637 34,48 11,929 24,09 12,803 20,2 14,84 15,4 

ʊʘʜʞʠʢʠʩʪʘʥ 13,983 15,04 16,92 16,07 16,269 14,18 16,982 14,10 19,906 14,0 

ʀʩʪʦʯʥʠʢ: www.energosovet.ru  

 

ɺ ʪʘʙʣʠʮʝ ʥʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʪʘʙʣʠʮʳ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʟʘʨʫʙʝʞʥʳʤʠ 

ʩʪʨʘʥʘʤʠ:  
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ʊʘʙʣʠʮʘ 3 
  2010 2015 2020 

  

ʇʨʦʠʟʚʝʜ

ʝʥʥʘʷ 

ʕʣʝʢʪʨʦʵ

ʥʝʨʛʠʷ, 

ʄɺʪ 

ʇʦʪʝʨʠ, 

ʄɺʪ 

ʇʦʪʝ

ʨʠ, 

% 

ʇʨʦʠʟʚʝʜʝ

ʥʥʘʷ 

ʕʣʝʢʪʨʦʵʥ

ʝʨʛʠʷ, 

ʄɺʪ 

ʇʦʪʝʨʠ, 

ʄɺʪ 

ʇʦʪʝ

ʨʠ, 

% 

ʇʨʦʠʟʚʝʜʝ

ʥʥʘʷ 

ʕʣʝʢʪʨʦʵʥ

ʝʨʛʠʷ, 

ʄɺʪ 

ʇʦʪʝʨʠ, 

ʄɺʪ 

ʇʦʪʝ

ʨʠ, 

% 

ɹʝʣʴʛʠʷ 90 251 4 283 4,75 86 917 3 815 4,39 83 117 3 444 4,14 

ɸʚʩʪʨʠʷ 65 422 3 350 5,12 67 050 3 466 5,17 66 911 3 191 4,77 

ʏʝʭʠʷ 62 559 4 466 7,14 62 740 4 066 6,48 63 271 4 117 6,51 

ʜʘʥʠʷ 35 737 2 624 7,34 33 832 1 765 5,22 34 194 1 573 4,60 

ʌʠʥʣʷʥʜʠʷ 87 720 2 761 3,15 82 490 2 434 2,95 81 869 3 021 3,69 

ʌʨʘʥʮʠʷ 506 988 35 414 6,99 484 187 36 140 7,46 459 578 35 893 7,81 

ɻʝʨʤʘʥʠʷ 570 840 23 973 4,20 553 955 25 605 4,62 525 180 26 939 5,13 

ɻʨʝʮʠʷ 59 058 3 782 6,40 57 340 4 895 8,54 52 315 3 256 6,22 

ɺʝʥʛʨʠʷ 39 807 3 800 9,55 41 836 3 695 8,83 44 591 3 139 7,04 

ʀʨʣʘʥʜʠʷ 27 622 2 098 7,60 27 768 2 084 7,51 30 832 2 313 7,50 

ʀʪʘʣʠʷ 330 453 20 570 6,22 316 897 19 717 6,22 301 755 17 760 5,89 

ʕʩʪʦʥʠʷ 8 477 1 047 12,3 8 136 697 8,57 8 588 404 4,70 

ʃʘʪʚʠʷ 6 942 725 10,4 6 914 450 6,51 7 009 381 5,44 

ʃʠʪʚʘ 10 316 989 9,59 10 960 793 7,24 11 975 951 7,94 

ʅʠʜʝʨʣʘʥʜʳ 117 600 5 633 4,79 114 651 5 264 4,59 116 491 5 059 4,34 

ʅʦʨʚʝʛʠʷ 130 100 9 554 7,34 127 647 7 469 5,85 133 180 8 909 6,69 

ʇʦʣʴʰʘ 141 275 11 851 8,39 149 461 10 534 7,05 158 080 9 995 6,32 

ʇʦʨʪʫʛʘʣʠʷ 54 893 4 280 7,80 51 746 4 894 9,46 51 551 4 501 8,73 

ʉʣʦʚʘʢʠʷ 25 936 856 3,30 26 737 1 363 5,10 23 341 1 571 6,73 

ʉʣʦʚʝʥʠʷ 13 045 982 7,53 13 758 864 6,28 11 360 849 7,47 

ʀʩʧʘʥʠʷ 278 160 27 400 9,85 265 098 26 509 10,0 262 409 25 631 9,77 

ʐʚʝʮʠʷ 147 194 10 561 7,17 136 263 6 988 5,13 135 287 10 434 7,71 

ʐʚʝʡʮʘʨʠʷ 64 157 4 372 6,81 62 787 4 540 7,23 59 894 4 190 7,00 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 364 395 26 884 7,38 371 954 28 719 7,72 313 760 26 323 8,39 

ʊʫʨʮʠʷ 202 272 30 222 14,9 253 841 36 528 14,3 292 070 29 126 9,97 

ɸʚʩʪʨʘʣʠʷ 236 472 16 381 6,93 234 756 14 296 6,09 250 020 8 933 3,57 

ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ 43 446 3 101 7,14 42 895 2 902 6,76 43 768 2 755 6,29 

ʂʘʥʘʜʘ 559 794 48 659 8,69 578 723 33 263 5,75 565 814 33 650 5,95 

ʉʐɸ 4 155 366 260 999 6,28 4 150 687 255 322 6,15 4 057 937 197 969 4,88 

ʄʝʢʩʠʢʘ 263 385 44 252 16,8 297 107 40 640 13,6 334 805 31 633 9,45 

ʖ.ʂʦʨʝʷ 476 729 18 034 3,78 524 141 17 979 3,43 557 463 18 433 3,31 

ʗʧʦʥʠʷ 1 102 998 47 917 4,34 1 025 301 41 162 4,01 993 136 44 194 4,45 

ʀʩʪʦʯʥʠʢ: www.energodata.ru  

 

ɺ ɸʚʩʪʨʠʠ, ʏʝʭʠʠ, ʌʠʥʣʷʥʜʠʠ, ʌʨʘʥʮʠʠ, ʅʦʨʚʝʛʠʠ, ʇʦʨʪʫʛʘʣʠʠ ʠ ʐʚʝʮʠʠ ʧʦʪʝʨʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʙʘʣʘʥʩʦʚʳʤ ʤʝʪʦʜʦʤ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʝʨʝʜʘʥʥʦʡ ʚ ʩʝʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʠ ʧʦʪʨʝʙʣʝʥʥʦʡ, ʪ.ʝ. ʷʚʣʷʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ. 

ɺ ʪʘʙʣʠʮʝ ʥʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʪʘʙʣʠʮʳ ʧʨʠʦʙʨʝʪʝʥʥʳʭ, ʧʨʦʜʘʥʥʳʭ ʠ 

ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʆɸʆ çɸʟʝʨʠʰʳʛè ʟʘ 2016-2021 ʛʦʜʳ:  

ʊʘʙʣʠʮʘ 4 

ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʦ ʛʦʨʦʜʫ ɹʘʢʫ ʆɸʆ çɸʟʝʨʠʰʳʛè ʟʘ 2016 ï 2021 ʛʛ. 

 

ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʦ ʨʝʛʠʦʥʘʤ ʆɸʆ çɸʟʝʨʠʰʳʛè ʟʘ 2016 ï 2021 ʛʛ. 
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ɻɻ ɿʘʢʫʧ. 

ʵʥʝʨʛʠʷ 

ʈʝʘʣʠʟʦʚʘʥ-

ʥʘʷ ʵʥʝʨʛʠʷ 

ʌʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʅʘʨʤʦʪʠʚʥʦ ʪʝʭ.ʧʦʪʝʨʠ ʂʦʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ 

kVts kVts kVts % kVts % kVts % 

2021 10 542 648 155 8 911 156 677 1 631 491 478 15,48% 1 058 462 211 10,04% 573 029 267 5,44%  

2020 10 104 858 601 8 427 708 065 1 677 150 535 16,60% 1 025 037 138 10,14% 652 113 398 6,45%  

2019 10 056 771 364 8 341 616 874 1 715 154 489 17,05% 1 131 268 031 11,25% 583 886 459 5,81%  

2018 9 831 736 544 7 978 805 867 1 852 930 677 18,85% 1 117 088 355 11,36% 735 842 322 7,48%  

2017 9 848 611 369 7 600 048 088 2 248 563 280 22,83% 1 128 300 408 11,46% 1 120 262 872 11,37%  

2016 10 293 253 174 7 824 095 646 2 469 157 528 23,99% 1 196 923 069 11,63% 1 272 234 458 12,36%  

 

ʉʨʘʚʥʝʥʠʝ ʦʙʱʠʭ(ʩʪʦʣʠʮʘ ʠ ʨʝʛʠʦʥʘʤ) ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʆɸʆ çɸʟʝʨʠʰʳʛè ʟʘ 2016 ï 2021 ʛʛ. 

ɻɻ 

ɿʘʢʫʧ. 

ʵʥʝʨʛʠʷ 

ʈʝʘʣʠʟʦʚʘʥ-

ʥʘʷ ʵʥʝʨʛʠʷ 
ʌʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʅʘʨʤʦʪʠʚʥʦ ʪʝʭ.ʧʦʪʝʨʠ ʂʦʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ 

kVts kVts kVts % kVts % kVts % 

2021 19 762 930 753 17 682 794 877 2 080 135 876 10,53% 1 731 668 100 8,76% 348 467 776 1,76%  

2020 18 535 040 465 16 452 399 185 2 082 641 280 11,24% 1 656 695 227 8,94% 425 946 053 2,30%  

2019 19 035 384 814 16 838 361 205 2 197 023 608 11,54% 1 839 275 261 9,66% 357 748 347 1,88%  

2018 18 785 609 856 16 317 726 464 2 467 883 392 13,14% 1 831 573 930 9,75% 636 309 462 3,39%  

2017 18 587 666 539 15 763 825 399 2 823 841 140 15,19% 1 831 359 914 9,85% 992 481 225 5,34%  

2016 19 256 463 592 16 045 800 366 3 210 663 226 16,67% 1 934 009 443 10,04% 1 276 653 782 6,63%  

ʀʩʪʦʯʥʠʢ: ʦʪʯʸʪʳ ʧʦ ʛʦʜʘʤ ʧʦ ʆɸʆ çɸʟʝʨʠʰʳʛè 

 

ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʚʝʣʠʯʠʥʘ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 

0,4ï500 ʢɺ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 8% ʦʪ ʧʝʨʝʜʘʥʥʦʡ (ʧʨʠʥʷʪʦʡ) ʚ ʩʝʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʮʝʣʦʤ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 10ï12% ʦʪ ʦʪʧʫʩʢʘʝʤʦʡ ʚ ʩʝʪʴ 

ʣɻʝʢʪʨʦʵʥʝʨʛʠʠ. ɽʩʣʠ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʝʚʳʰʘʶʪ 10ï12%, ʪʦ ʵʪʦ ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʯʨʝʟʤʝʨʥʳʭ ʧʦʪʝʨʴ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ, ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʩʫʱʝʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ.  

ʇʨʝʜʝʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʫʨʦʚʥʶ ʥʘʧʨʷʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʢ ʦʪʧʫʱʝʥʥʦʡ ʚ ʩʝʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ: 
220 - 500 kV 0,8 ï 1,5 % 

110 kV 1,2 ï 2,0 % 

35 kV 2,0 ï 4,0 % 

6 - 10 kV 4,0 ï 6,0 % 

0,4 kV 6,0 ï 8,0 % 

 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʩʝʪʷʭ ʥʠʟʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ʉʅʅ) ï 10/6/0,4 ʢɺ, ʠ ʠʤʝʥʥʦ ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ ʦʩʥʦʚʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚ ʠʭ ʩʥʠʞʝʥʠʠ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʵʪʦʛʦ: 

-ʆʪʩʫʪʩʪʚʠʝ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʫ ʥʝʢʦʪʦʨʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʨʝʚʰʠʭ 

ʩʯʝʪʯʠʢʦʚ; 

-ʅʝʢʦʨʨʝʢʪʥʳʡ ʩʲʝʤ ʧʦʢʘʟʘʥʠʡ ʙʘʣʘʥʩʦʚʳʭ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʯʝʪʯʠʢʦʚ; 

-ʋʤʳʰʣʝʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʩʭʝʤʳ ʫʯʝʪʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʥʝʫʯʪʝʥʥʦʤʫ (ʫʢʨʘʜʝʥʥʦʤʫ) 

ʧʦʪʨʝʙʣʝʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

-ʆʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʩʯʝʪʯʠʢʦʚ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʤʝʪʦʜʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ ʚ ʫʯʝʪʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʩʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ ʚ ʵʣʝʢʪʨʦʩʝʪʷʭ. ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʩʯʝʪʯʠʢʦʚ, ʫʩʠʣʝʥʠʶ ʢʦʥʪʨʦʣʷ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʧʦʪʝʨʠ ʩʦʢʨʘʪʠʣʠʩʴ 

ʚ 4-5 ʨʘʟ. 

ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ʩʠʪʫʘʮʠʷ ʥʝʦʜʥʦʨʦʜʥʘ. ɺ ɹʘʢʫ ʧʦʪʝʨʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʤʝʥʴʰʠʣʠʩʴ ʚ 7-8 

ʨʘʟ, ʜʦʩʪʠʛʥʫʚ 5% (ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ). ʆʜʥʘʢʦ ʚ ʨʝʛʠʦʥʘʭ ʧʨʦʮʝʥʪ ʬʘʢʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʚʳʩʦʢʠʤ. 

ʉʚʷʟʴ ʨʦʩʪʘ ʧʦʪʝʨʴ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʢʨʠʟʠʩʘʤʠ ʭʘʨʘʢʪʝʨʝʥ ʢʘʢ ʜʣʷ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʧʦʩʪʩʦʚʝʪʩʢʠʭ ʩʪʨʘʥ, ʧʝʨʝʭʦʜʷʱʠʭ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʢ ʨʳʥʦʯʥʳʤ ʤʝʭʘʥʠʟʤʘʤ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ: 

-ʆʩʣʘʙʣʝʥʠʝʤ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

-ʈʦʩʪʦʤ ʢʨʘʞ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

-ʉʥʠʞʝʥʠʝʤ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. 
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ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ ʜʣʷ ʩʪʦʣʴ ʚʳʩʦʢʠʭ ʧʦʪʝʨʴ ʥʝʪ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʚʳʩʦʢʠʭ ʧʦʪʝʨʴ ʚ ʨʝʛʠʦʥʘʭ ɸʟʝʨʙʘʡʜʞʘʥʘ: 

-ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʚ ʩʝʪʷʭ 110 ʢɺ ʠʟ-ʟʘ ʠʟʙʳʪʢʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʯʘʩʳ ʤʘʣʦʡ 

ʥʘʛʨʫʟʢʠ; 

-ʈʦʩʪ ʥʘʛʨʫʟʢʠ ʚ ʩʝʪʷʭ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʙʳʪʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

-ʈʦʩʪ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʢʨʘʞʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ; 

-ʈʦʩʪ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʦʧʪʦʚʳʭ ʠ ʨʦʟʥʠʯʥʳʭ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ; 

ʉʦʢʨʘʱʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʠʜʠʡ (ʩʧʠʩʘʥʠʝ ʜʦʣʛʦʚ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ 

ʛʦʜʘʤʠ; 

-ʆʪʩʫʪʩʪʚʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʧʦʪʝʨʠ ï ʚʩʷ ʥʘʛʨʫʟʢʘ ʣʦʞʠʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʠ 

ʧʝʨʝʜʘʶʱʠʝ ʩʝʪʠ; 

-ʆʪʩʫʪʩʪʚʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  ʚ ʪʝʯʝʥʠʝ 30 ʣʝʪ (ʜʦ 

ʧʝʨʝʜʘʯʠ ʚ ʙʘʣʘʥʩ ɸʆ "ɸʟʝʨʠʰʳʛ" ʚ 2015 ʛ.). 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʜʦ 8% ʢ 2025 ʛʦʜʫ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʪʨʘʪʝʛʠʝʡ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ) 

ʥʝʦʙʭʦʜʠʤʦ:ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʫʯʰʠʡ ʤʠʨʦʚʦʡ ʠ ʤʝʩʪʥʳʡ ʦʧʳʪ,ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ 

ʩʝʪʷʭ,ʤʦʙʠʣʠʟʦʚʘʪʴ ʨʝʟʝʨʚʳ ʜʣʷ ʠʭ ʩʥʠʞʝʥʠʷ. ɼʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʙʘʣʘʥʩʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ,ʨʝʛʫʣʷʨʥʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʧʦ ʩʠʞʝʥʠʶ ʢʦʤʤʝʨʯʝʩʢʠʭ (ʥʝʪʝʭʥʠʯʝʩʢʠʝ) ʧʦʪʝʨʴ ʠ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʠʭ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʘʣʘʥʩʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ: 

 
ɹʘʣʘʥʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʫʨʦʚʥʷʤ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʩʣʝʜʫʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 

 

 

 

 

 

 

ʊʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʩʦʩʪʦʷʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩʪʨʘʥʳ: 

ʉʦʩʪʦʷʥʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩʪʨʘʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʜʠʥʦʡ ʤʦʜʝʣʴʶ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (ʊʕɹ), ʦʙʲʝʜʠʥʷʶʱʝʡ ʙʘʣʘʥʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ: "ʊʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ï ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʙʲʝʤʦʤ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʠʤʧʦʨʪʘ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ, ʠ ʠʭ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘ ʩʯʝʪ ʤʝʩʪʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠʣʠ ʵʢʩʧʦʨʪʘ". 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʊʕɹ ï ʦʪʨʘʟʠʪʴ ʨʝʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʝʜʘʯʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʊʕɹ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴʩʷ ʥʘ 

ʫʨʦʚʥʝ ʨʝʩʧʫʙʣʠʢʠ, ʦʙʣʘʩʪʠ, ʨʝʛʠʦʥʘ, ʛʦʨʦʜʘ, ʨʘʡʦʥʘ ʠʣʠ ʜʘʞʝ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ. 

ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ʂʘʙʠʥʝʪ ʄʠʥʠʩʪʨʦʚ ʝʞʝʛʦʜʥʦ ʫʪʚʝʨʞʜʘʝʪ ʊʕɹ, ʚʢʣʶʯʘʷ ʧʨʦʛʥʦʟ ʥʘ 

ʩʣʝʜʫʶʱʠʝ 3 ʛʦʜʘ. ʆʜʥʘʢʦ ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʝʛʦ ʩʦʩʪʘʚʣʝʥʠʷ ʠ 

ʫʩʠʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʠʩʧʦʣʥʝʥʠʝʤ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʊʕɹ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʠʤ ʧʨʦʙʣʝʤʘʤ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʦʣʠʪʠʢʝ  

ɹʘʣʘʥʩ 0,4 ʢɺ - ʧʦʪʨʝʙʠʪʝʣʴ 

ɹʘʣʘʥʩ  ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʧʦ ʩʝʪʷʤ 110ï35 ʢɺ 

ɹʘʣʘʥʩ  ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ 10/6 ʢɺ 
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- ʉʥʠʞʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʵʥʝʨʛʦʫʩʣʫʛ (ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ); 

- ʅʠʟʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʧʦʪʝʨʴ ʚ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʝ (ʦʩʦʙʝʥʥʦ ʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ); 

- ʋʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ; 

- ɿʘʤʝʜʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ; 

- ʋʩʢʦʨʝʥʠʝ ʠʥʬʣʷʮʠʠ; 

- ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʣʘʪʝʞʝʡ ʟʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʚ ʩʝʤʝʡʥʳʭ ʙʶʜʞʝʪʘʭ ʠ ʩʥʠʞʝʥʠʝ ʧʣʘʪʝʞʥʦʡ 

ʜʠʩʮʠʧʣʠʥʳ; 

- ʈʦʩʪ ʥʘʛʨʫʟʢʠ ʥʘ ʤʝʩʪʥʳʝ ʙʶʜʞʝʪʳ ʠʟ-ʟʘ ʢʦʤʤʫʥʘʣʴʥʳʭ ʜʦʣʛʦʚ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʊʕɹ ʠ ʧʨʦʛʥʦʟʦʚ ʥʝʦʙʭʦʜʠʤʦ: ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʙʘʣʘʥʩʳ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ï ʦʪ ʣʦʢʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʨʘʟʜʝʣʠʪʴ ʛʣʦʙʘʣʴʥʫʶ ʟʘʜʘʯʫ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠ ʫʧʨʘʚʣʷʝʤʳʝ ʯʘʩʪʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʷʭ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ 

ʚʥʠʤʘʥʠʝ ʪʨʝʤ ʦʩʥʦʚʥʳʤ ʧʨʦʙʣʝʤʘʤ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞʥʦʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʩʝʪʴ, 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʜʨʫʛʠʤ ʩʝʪʷʤ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ (ʥʝʦʙʭʦʜʠʤʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ). 

2. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʙʘʟʘ, ʨʝʛʫʣʠʨʫʶʱʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʣʘʥʩʘ ʚ 

ʵʣʝʢʪʨʦʩʝʪʷʭ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʫʪʚʝʨʞʜʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʣʘʥʩʘ ʠ ʪʘʨʠʬʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʫʪʦʯʥʝʥʠʝ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʪʝʨʷʤʠ ʠ ʧʨʦʜʘʞʝʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ ʠ ʦʪʯʝʪʘʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚʩʪʨʝʯʘʶʪʩ ̫ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʪʨʘʢʪʦʚʢʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʥʪʝʛʨʘʮʠʶ ʤʝʞʜʫ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʚʝʜʝʪ ʢ ʦʰʠʙʢʘʤ. 

ɽʱʝ ʚ 2004 ʛʦʜʫ ʚ ɸʆ "ɹʘʢʠʵʣʝʢʪʨʠʢʰʝʙʝʢʝ" (ʪʦʛʜʘ ʫʧʨʘʚʣʷʝʤʦʡ ʪʫʨʝʮʢʦʡ ʢʦʤʧʘʥʠʝʡ 

"Barmek Holding") ʤʥʦʶ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʯʝʪʘ ʙʘʣʘʥʩʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ 

ʜʦʤʘʭ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʙʘʣʘʥʩʦʚʳʭ ʩʯʝʪʯʠʢʦʚ ʥʘ ʚʚʦʜʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʱʠʪʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ 

ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʘ ʭʠʱʝʥʠʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʢʝʧʪʠʮʠʟʤ ʪʫʨʝʮʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʤʝʩʪʥʳʭ ʵʢʩʧʝʨʪʦʚ: ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʙʘʣʘʥʩʦʚʳʝ ʦʪʯʝʪʳ ʧʦ ʊʇ ʠ ʂʊʇ. 

ɺʧʝʨʚʳʝ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʚ ɸʆ "ɹʘʢʠʵʣʝʢʪʨʠʢʰʝʙʝʢʝ" ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʦʪʜʝʣʴʥʘʷ ʩʣʫʞʙʘ 

ʧʦ ʘʥʘʣʠʟʫ ʙʘʣʘʥʩʘ ʠ ʧʦʪʝʨʴ (3 ʯʝʣʦʚʝʢʘ). 

ʉʝʛʦʜʥʷ ʚ ɸʆ "ɸʟʝʨʠʰʳʛ" ʨʘʙʦʪʘʝʪ ʦʢʦʣʦ 200 ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʘʣʘʥʩʦʚʳʝ 

ʦʪʯʝʪʳ ʧʦ ʨʝʛʠʦʥʘʤ, ʛʦʨʦʜʘʤ, ʨʘʡʦʥʘʤ, ʧʦʜʩʪʘʥʮʠʷʤ. ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ 3 ʧʨʦʙʣʝʤʳ ʧʦ-

ʧʨʝʞʥʝʤʫ ʟʘʪʨʫʜʥʷʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ. 

ɹʘʣʘʥʩʦʚʳʝ ʦʪʯʝʪʳ ʧʦ ʩʝʪʷʤ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʶʪ ʩ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤ 

ʜʝʣʝʥʠʝʤ. ʂʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʘʷʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʝʡ. ɻʣʘʚʥʦʝ ï 

ʯʪʦʙʳ ʙʘʣʘʥʩ: 

- ʇʦʟʚʦʣʷʣ ʪʦʯʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ, ʣʦʢʘʣʠʟʦʚʳʚʘʪʴ ʠʭ ʠ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʭʘʨʘʢʪʝʨ; 

- ʆʙʝʩʧʝʯʠʚʘʣ ʪʦʯʥʳʡ ʫʯʝʪ ʧʦʩʪʫʧʘʶʱʝʡ ʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʨʠʤʝʨʳ: 

-ʏʘʩʪʴ ʧʦʩʝʣʢʘ ɹʠʣʘʜʞʘʨʳ (ɹʠʥʘʛʘʜʠʥʩʢʠʡ ʨʘʡʦʥ ʛ. ɹʘʢʫ) ʩ 2004 ʛʦʜʘ ʨʘʙʦʪʘʝʪ ʢʘʢ ʦʪʜʝʣʴʥʘʷ 

ʩʝʪʴ; 

-ɿʳʨʷ (ʍʘʟʘʨʩʢʠʡ ʨʘʡʦʥ) ʠ ʄʘʰʪʘʛʘ (ʉʘʙʫʥʯʠʥʩʢʠʡ ʨʘʡʦʥ) ʪʘʢʞʝ ʨʘʙʦʪʘʶʪ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ 

ʩʝʪʠ; 

-ɹʘʛʣʘʨ ʕʐ (ʥʝ ʠʤʝʶʱʠʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʩʪʘʪʫʩʘ) ʩ 2006 ʛʦʜʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʦʪʜʝʣʴʥʦ ʠ 

ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʨʦʙʣʝʤʥʳʭ ʩʝʪʝʡ ʧʦ ʧʦʪʝʨʷʤ. 

ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʯʝʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘ ʧʦʪʝʨʠ ʚ ɸʧʰʝʨʦʥʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ, ʦʪʩʫʪʩʪʚʠʝ ʦʬʠʮʠʘʣʴʥʦ ʫʪʚʝʨʞʜʝʥʥʦʡ ʄʝʪʦʜʠʢʠ ʙʘʣʘʥʩʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʩʝʪʷʭ  (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʄʠʥʠʩʪʝʨʩʪʚʝ ʖʩʪʠʮʠʠ) ʥʝ ʧʦʟʚʦʣʷʝʪ: 

- ɼʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʪʴ ʤʘʩʰʪʘʙʳ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

- ʕʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʪʴ ʧʦʪʝʨʠ; 

- ʈʘʟʨʘʙʘʪʳʚʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʧʨʠ 

ʪʘʨʠʬʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ. 

ɺʳʚʦʜ: 
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ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʪʚʝʨʜʠʪʴ ʝʜʠʥʫʶ 

ʤʝʪʦʜʦʣʦʛʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʣʘʥʩʘ,ʫʩʠʣʠʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʥʫʶ ʙʘʟʫ, ʚʥʝʜʨʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʫʯʝʪʘ. 

ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʩʝʪʝʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʧʨʦʚʝʜʝʥʳ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮʘʭ ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʬʘʢʪʠʯʝʩʢʠʭ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨ: 

 

          

 
ʈʠʩ. 1. 

     

 
ʈʠʩ. 2. 

ʈʠʩ. 3. 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʩʭʝʤʳ (ʈʠʩʫʥʦʢ 1, 2, 3) ʦʪʨʘʞʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ 

ʬʘʢʪʠʯʝʩʢʠʭ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʥʝʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ, 

ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʩʠʩʪʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʚʠʜʘ: 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ; ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʩʭʦʜʦʤ ʵʥʝʨʛʠʠ ʚ ʧʨʦʚʦʜʥʠʢʘʭ, ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.ʕʪʠ ʧʦʪʝʨʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʣʶʙʦʤ ʵʣʝʤʝʥʪʝ ʩʠʩʪʝʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɼʣʷ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʤʝʪʦʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ  

ʅʝʪʝʭʥʠʯʝʩʢʠʝ (ʢʦʤʤʝʨʯʝʩʢʠʝ) ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ: 

- ʌʘʢʪʠʯʝʩʢʠ ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ; 

- ʋʯʪʝʥʥʦʡ (ʠʟʤʝʨʝʥʥʦʡ ʩʯʝʪʯʠʢʘʤʠ) ʠʣʠ ʦʧʣʘʯʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʯʥʘʷ ʦʮʝʥʢʘ ʜʦʣʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʱʠʭ ʧʦʪʝʨʷʭ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ. ʕʪʠ ʧʦʪʝʨʠ ʟʘʚʠʩʷʪ ʦʪ: 
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- ʊʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʪʝʡ 

- ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ 

- ʆʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ 

- ʉʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʦʙʩʣʫʞʠʚʘʶʱʠʤ ʧʝʨʩʦʥʘʣʦʤ, 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʦ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ: 20-30% ʦʪ ʦʙʱʠʭ ʧʦʪʝʨʴ, ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ  ʜʦ 50%. 

ʇʨʠʯʠʥʳ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ ʦʙʦʙʱʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ:           

 

ʈʠʩ. 4. 

 

ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʆʜʥʘʢʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʵʥʝʨʛʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ - ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ) ʜʦ ʪʦʯʝʢ ʧʦʪʨʝʙʣʝʥʠʷ - ʚʦʟʥʠʢʘʶʪ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʧʦʪʝʨʠ. 

ʉʦʢʨʘʱʝʥʠʝ ʵʪʠʭ ʧʦʪʝʨʴ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ: ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʘʣʘʥʩ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺʦ ʚʩʝʤ ʤʠʨʝ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʧʦʪʝʨʴ ʚ ʧʝʨʝʜʘʶʱʠʭ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʷʭ, ʠʭ ʤʦʥʠʪʦʨʠʥʛ ʠ ʧʦʵʪʘʧʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ, ʫʩʠʣʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʧʦʪʝʨʴ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

2. ɸʥʘʣʠʟ ʦʪʯʝʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢ ʦʙʲʝʤʫ ʵʥʝʨʛʠʠ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʛʝʥʝʨʘʪʦʨʘʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

3. ʊʝʭʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʳ. ʇʦ ʜʘʥʥʦʡ ʪʝʤʝ ʥʘʧʠʩʘʥʳ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ, ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʨʤʘʪʠʚʳ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

4. ʆʜʥʘʢʦ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɺʥʝʜʨʝʥʠʝ ʙʘʣʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʚ ʧʝʨʝʜʘʶʱʠʭ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʩ ʫʪʦʯʥʝʥʠʝʤ ʝʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʚʳʷʚʣʷʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ.  

ʇʨʦʚʝʜʝʥʠʝ ʙʘʣʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ (ʩʥʠʟʫ ʚʚʝʨʭ) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ: 

ʣʦʢʘʣʠʟʦʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʚʳʷʚʣʷʪʴ ʚʝʨʦʷʪʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʣʠʥʠʷʭ 

10/6/0,4 ʢɺ ʠ ʤʝʞʜʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤʠ ʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʠʭ ʩʦʢʨʘʱʝʥʠʶ. 

5. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 
ʩʝʪʷʭ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʫʪʠ ʩʦʢʨʘʱʝʥʠʷ, ʠʟʫʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʨʘʞ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩʩʣʝʜʦʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʜʠʥʘʤʠʢʦʡ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ.  
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X¿lasᴅ 

AZᴄRBAYCAN RESPUBLĶKASININ ELEKTRĶK ķᴄBᴄKᴄLᴄRĶNDᴄ ELEKTRĶK ENERJĶSĶ BALANSI 

Ķbadov ¢.ķ. 

 

              Elektrik enerjisi bir ᴅmtᴅᴅ kimi ºz¿nᴅmᴅxsus x¿susiyyᴅtlᴅrᴅ malikdir. Onun bºy¿k hᴅcmdᴅ saxlanēlmasē, yᴅni 

anbarlaĸdērēlmasē m¿mk¿n olmadēĵēndan, alqē-satqē proseslᴅri digᴅr ᴅmtᴅᴅlᴅrlᴅ m¿qayisᴅdᴅ daha ­ox ­ᴅtinlik yaradēr. Elektrik 

enerjisinin istehsaldan istehlaka ­ox qēsa m¿ddᴅtdᴅ (saniyᴅnin onluq hissᴅlᴅri ᴅrzindᴅ) ­atdērēlmasē, elᴅcᴅ dᴅ ºt¿rmᴅ vᴅ paylama 

ĸᴅbᴅkᴅlᴅrinin m¿rᴅkkᴅb infrastruktura malik olmasē elektrik enerjisindᴅ texniki itkilᴅrin qa­ēlmaz olmasēnēn ᴅsas sᴅbᴅblᴅrindᴅndir. 

Mºvcud problem bununla bitmir. Elektrik enerjisinin istehsaldan istehlak­ēya qᴅdᴅr olan qēsa mᴅsafᴅdᴅ u­otunun aparēlmamasē ᴅlavᴅ 

itkilᴅrᴅ sᴅbᴅb olur. Ķstehsaldan istehlaka qᴅdᴅr olan mᴅrhᴅlᴅlᴅrdᴅ elektrik enerjisindᴅn d¿zg¿n istifadᴅ edilmᴅmᴅsi vᴅ ºt¿rmᴅ vᴅ 

paylama ĸᴅbᴅkᴅlᴅrinin sᴅmᴅrᴅsiz idarᴅ olunmasē nᴅticᴅsindᴅ tᴅkcᴅ texniki deyil, hᴅm dᴅ qeyri-texniki, yᴅni kommersiya itkilᴅri 

yaranēr. Son illᴅrdᴅ bu itkilᴅrin ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azaldēlmasē istiqamᴅtindᴅ xeyli iĸ gºr¿lsᴅ dᴅ, onlar hᴅlᴅ dᴅ ciddi problem olaraq 

qalmaqdadēr. Belᴅ ki, 2021-ci ildᴅ ñAzᴅriĸēqò ASC-nin rayon elektrik ĸᴅbᴅkᴅlᴅrindᴅ 575,0 milyon kVtĿsaat hᴅcmindᴅ disbalans, yᴅni 

normativ texniki itkilᴅrdᴅn artēq itkilᴅr baĸ vermiĸdir. Tᴅdqiqatlar gºstᴅrir ki, bu itkilᴅrin normativ texniki itkilᴅr sᴅviyyᴅsinᴅ, yᴅni 

8,8 %-ᴅ endirilmᴅsi yeni istehsal g¿clᴅrinin yaradēlmasēndan daha iqtisadi cᴅhᴅtdᴅn sᴅmᴅrᴅlidir. Enerji tᴅhl¿kᴅsizliyinin ºlkᴅlᴅrin 

m¿stᴅqilliyinin tᴅminat­ēsē olduĵu bir dºvrdᴅ elektrik enerjisinin ºt¿r¿lmᴅsi vᴅ paylanmasē zamanē itkilᴅrin minimuma endirilmᴅsi 

liberal bazar iqtisadiyyatēna ke­id ĸᴅraitindᴅ dºvlᴅtlᴅrin qarĸēsēnda duran ᴅn m¿h¿m vᴅzifᴅlᴅrdᴅn biridir. 

A­ar sºzlᴅr:enerji balansē, faktiki itkilᴅr, texniki itkilᴅr, kommersiya itkilᴅri, y¿k itkilᴅri, ĸᴅrti sabit itkilᴅr, iqlim itkilᴅri vᴅ s. 

 

Summary 

ELECTRICITY BALANCE IN THE ELECTRIC NETWORKS OF THE AZERBAIJAN REPUBLIC  

Ibadov Ch.Sh. 

 

Electricity as a commodity has unique characteristics. Since it cannot be stored in large quantities, i.e. warehousing, the 

processes of buying and selling create more difficulties than other commodities. The fact that electricity is delivered from production 

to consumption in a very short time (tenths of a second) and the transmission and distribution networks have a complex infrastructure 

are among the main reasons why technical losses of electricity are inevitable. The current problem does not end there. If electricity is 

not metered on the short path from production to the consumer, this also leads to additional losses. Due to the improper use of 

electricity and inefficient management of transmission and distribution networks at the stages from production to consumption, not 

only technical losses arise, but also non-technical ones, i.e. commercial. Although a lot of work has been done in recent years to 

significantly reduce these losses, they still remain a serious problem. Thus, in 2021, 575.0 million kWh of imbalance occurred in the 

district networks of Azerishig OJSC, i.e. losses exceeding the standard technical losses. Studies show that reducing these losses to the 

level of standard technical losses, i.e. 8.8%, is more cost-effective than introducing new production capacities. In an era when energy 

security is the guarantor of the independence of countries, minimizing losses in the transmission and distribution of electricity is one 

of the most important tasks facing states in connection with the transition to a liberal market economy. 

Keywords: energy balance, actual losses, technical losses, commercial losses, load losses, conditionally stable losses, climatic losses, 

etc. 
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ʈʝʟʶʤʝ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʫʨʦʚʥʝ 0,4 ʢɺ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʠʣʫ ʩʪʨʫʢʪʫʨʳ ʥʘʛʨʫʟʢʠ ʠ ʨʘʟʣʠʯʠʡ ʚ ʧʦʜʢʣʶʯʝʥʠʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʘʢʠʝ ʩʝʪʠ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʝʨʝʢʦʩʳ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʠ ʧʝʨʝʛʨʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʨʦʩʪʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʝʨʝʭʦʜ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʩʠʤʤʝʪʨʠʝʡ ʚ ʩʝʪʷʭ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʥʝ ʪʦʣʴʢʦ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʥʘʛʨʫʟʢʫ, ʥʦ ʠ ʫʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʙʦʪʳ ʩʝʪʠ, 

ʘ ʪʘʢʞʝ ʟʥʘʯʠʤʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ ʫʟʣʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʷʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ çʫʤʥʳʭè ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʩʠʤʤʝʪʨʠʨʦʚʘʥʠʝ, ʥʘʧʨʷʞʝʥʠʝ, ʢʦʤʤʫʪʘʮʠʷ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʠʥʪʝʨʥʝʪ 

ʚʝʱʝʡ.  

 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʠ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʩʠʤʤʝʪʨʠʷ ʚ ʩʝʪʷʭ 0,4 ʢɺ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʜʥʦʬʘʟʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʬʘʟʘʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ: 

¶ ʧʝʨʝʢʦʩʫ ʥʘʧʨʷʞʝʥʠʡ, ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʠʪʘʥʠʷ; 

¶ ʨʦʩʪʫ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʣʠʥʠʷʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ; 

¶ ʫʩʢʦʨʝʥʥʦʤʫ ʠʟʥʦʩʫ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʥʝʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. 

ʄʝʪʦʜʠʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʠʤʤʝʪʨʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʘʭ: 

1. ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʪʠ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʯʸʪʯʠʢʦʚ, ʜʘʪʯʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʦʢʘ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʧʦ ʬʘʟʘʤ, 

ʦʧʨʝʜʝʣʠʪʴ ʫʟʣʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʠ ʥʘʠʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʦʙʱʫʶ ʩʠʤʤʝʪʨʠʶ. 

2. ʇʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʩʝʪʠ 

ʉʝʪʴ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ, ʛʜʝ ʚʝʨʰʠʥʳ ð ʫʟʣʳ ʧʦʜʢʣʶʯʝʥʠʷ, ʘ 

ʨʸʙʨʘ ð ʣʠʥʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʪʦʢʦʚ, ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʧʦʪʝʨʴ ʩ ʫʯʸʪʦʤ ʬʘʟʥʳʭ ʥʘʛʨʫʟʦʢ. 

3. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʥʝʩʠʤʤʝʪʨʠʠ 

ɼʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʩʠʤʤʝʪʨʠʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʠ ʪʦʢʫ. ʊʘʢʞʝ 

ʚʚʦʜʠʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʚʩʝʡ ʩʝʪʠ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʠ: 

4. ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ: 

¶ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ; 

¶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ; 

¶ ʤʝʪʦʜʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɸʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʫʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʧʦ ʬʘʟʘʤ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʠʤʤʝʪʨʠʠ. 

5. ɺʥʝʜʨʝʥʠʝ ʨʝʰʝʥʠʡ 

ʇʦʣʫʯʝʥʥʳʝ ʩʭʝʤʳ ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʣʠʙʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʝʨʝʢʣʶʯʘʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʝʞʜʫ 

ʬʘʟʘʤʠ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ. 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʅʘ ʪʝʩʪʦʚʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʩʢʦʡ ʥʠʟʢʦʚʦʣʴʪʥʦʡ ʩʝʪʠ, ʩʦʜʝʨʞʘʱʝʡ 60 ʫʟʣʦʚ ʠ ʙʦʣʝʝ 150 

ʥʘʛʨʫʟʦʢ, ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʠʤʤʝʪʨʠʨʦʚʘʥʠʷ ʜʘʣʦ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʩʥʠʞʝʥʠʝ ʬʘʟʥʦʛʦ ʧʝʨʝʢʦʩʘ ʥʘ 25ï35%; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʥʘ 8ï10%; 

¶ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʟʣʘʭ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ; 

¶ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʤʤʝʪʨʠʨʦʚʘʥʠʷ ʩʝʪʝʡ 0,4 ʢɺ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʘʚʪʦʥʦʤʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʘ ʠʥʪʝʛʨʘʮʠʷ ʤʝʪʦʜʠʢʠ ʚ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ çʫʤʥʦʡè ʩʝʪʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʘʤʦʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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TERCĶH OLUNAN  D¦Y¦N GᴄRGĶNLĶYĶ MEYARINA  G¥Rᴄ 0,4 KV  ķᴄBᴄKᴄLᴄRĶN ĶNTELLEKTUAL  

SĶMMETR ĶZASĶYASI METODOLOG ĶYASININ  ĶNKĶķAFI   

ķakirov Ϸl.F., Makletsov A. M. 

 

0,4 KV-da iĸlᴅyᴅn aĸaĵē gᴅrginlikli elektrik ĸᴅbᴅkᴅlᴅri yaĸayēĸ, ticarᴅt vᴅ sᴅnaye obyektlᴅrinin enerji tᴅchizatē ¿­¿n geniĸ 

istifadᴅ olunur. Y¿k quruluĸu vᴅ istehlak­ē ᴅlaqᴅsindᴅki fᴅrqlᴅr sᴅbᴅbindᴅn bu c¿r ĸᴅbᴅkᴅlᴅr tez-tez asimmetrik rejimdᴅ iĸlᴅyir, bu da 

faz gᴅrginliklᴅrinin pozulmasēna, itkilᴅrin artmasēna vᴅ avadanlēqlarēn hᴅddindᴅn artēq istilᴅĸmᴅsinᴅ sᴅbᴅb olur. Rᴅqᴅmsallaĸma vᴅ 

enerji tᴅchizatē keyfiyyᴅtinᴅ olan tᴅlᴅblᴅrin artmasē ĸᴅraitindᴅ ĸᴅbᴅkᴅlᴅrdᴅ simmetriyanēn aĵēllē idarᴅ edilmᴅsinᴅ ke­id zᴅruri olur. 

ᴄsas vᴅzifᴅ yalnēz y¿k¿ tarazlaĸdērmaĵa deyil, hᴅm dᴅ ĸᴅbᴅkᴅnin dinamikasēnē, hᴅm­inin x¿susi qovĸaqlarēn ᴅhᴅmiyyᴅtini nᴅzᴅrᴅ 

almaĵa imkan verᴅn belᴅ bir texnikanēn hazērlanmasēdēr. Bu, x¿susilᴅ paylanmēĸ nᴅsil, elektrikli nᴅqliyyat vasitᴅlᴅri vᴅ "aĵēllē" 

istehlak­ēlarēn meydana ­ēxmasē ĸᴅraitindᴅ doĵrudur. 

A­ar sºzlᴅr:  intellektual simmetriya, gᴅrginlik, kommutasiya, elektrik enerjisi, ᴅĸyalarēn Ķnterneti. 

 

 

Summary 

DEVELOPMENT OF A METHODOLOGY FOR INTELLIGENT SYMMETRIZATION OF 0.4 KV NETWORKS 

ACCORDING TO THE CRITERION OF PREFERRED NODE VOLTAGES 

Shakirov Al.F., Makletsov A.M. 

 

Low-voltage electric networks operating at 0.4 kV are widely used for power supply of residential, commercial and 

industrial facilities. Due to the load structure and differences in consumer connections, such networks often operate in an unbalanced 

mode, which causes phase voltage distortions, increased losses and overheating of equipment. In the context of digitalization and 

increasing demands on the quality of electricity supply, it becomes necessary to switch to intelligent symmetry management in 

networks. The main task is to develop a methodology that would allow not only load balancing, but also take into account the 

dynamics of the network, as well as the importance of specific nodes. This is especially important in the context of the emergence of 

distributed generation, electric vehicles and "smart" consumers. 

Keywords: intelligent symmetry, voltage, switching, electric power, Internet of Things. 

 

 

110 KV YARIMSTANSĶYALARININ ELEKTRĶK ķᴄBᴄKᴄLᴄRĶNĶN DAYANIQLIĴININ 

PRAKTĶK TᴄTBĶQĶ 

 

Hᴅsᴅnli Cahid ķahin oĵlu    

Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan 
 

X¿lasᴅ. 110 KV yarēmstansiyalar elektrik enerjisinin son istehlak­ēlara ­atdērēlmasē ¿­¿n struktur olaraq birlᴅĸdirilmiĸ 

elektrik avadanlēqlarē ĸᴅbᴅkᴅsidir. ¢ēxēĸ vᴅ giriĸ zᴅncirlᴅri kimi m¿xtᴅlif elektrik yarēmstansiyalarē mºvcuddur vᴅ hᴅr birinin ºz 

avtomatik a­arē, izolyatorlarē, transformatorlarē, ĸin sistemi vᴅ s. olur ki, sistem fasilᴅsiz iĸlᴅsin. Enerji sistemi bir sēra 
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komponentlᴅrdᴅn ibarᴅtdir, mᴅsᴅlᴅn, paylama, ºt¿rmᴅ vᴅ generasiya sistemlᴅri, vᴅ yarēmstansiyalar enerji sisteminin iĸlᴅmᴅsi ¿­¿n 

vacib komponent rolunu oynayēr. Yarēmstansiyalar istehlak­ēlarēn ºz y¿klᴅrini iĸᴅ salmasē ¿­¿n elektrik enerjisi aldēqlarē 

obyektlᴅrdir, eyni zamanda tᴅlᴅb olunan enerji keyfiyyᴅti istehlak­ēlara tezlik vᴅ gᴅrginlik sᴅviyyᴅsinin dᴅyiĸdirilmᴅsi vᴅ digᴅr 

¿sullarla ­atdērēla bilᴅr. 110 KV elektrik yarēmstansiyasēnēn konstrukiyasē tamamilᴅ tᴅlᴅblᴅrdᴅn asēlēdēr, mᴅsᴅlᴅn, sadᴅ bir ĸin sistemi 

vᴅ ya m¿rᴅkkᴅb ĸin sistemi ola bilᴅr. Bundan ᴅlavᴅ, konstruksiya tᴅtbiqindᴅn dᴅ asēlēdēr, mᴅsᴅlᴅn, daxili yarēmstansiyalar, generasiya 

yarēmstansiyalarē, ºt¿rmᴅ yarēmstansiyalarē, dirᴅk tipli yarēmstansiyalar, a­ēq yarēmstansiyalar, ­evirmᴅ yarēmstansiyalarē vᴅ 

komutasiya yarēmstansiyalarē vᴅ s. kimi. 

A­ar sºzlᴅr: yarēmstansiya, elektrik, 110 KV, sᴅnaye, gᴅrginlik, qurĵu. 
 

110 kV-luq yarēmstansiyalar, 110 kV gᴅrginliyindᴅ ¿­fazalē dᴅyiĸᴅn cᴅrᴅyanē qᴅbul edᴅn, ­evrilᴅn vᴅ 

paylayan elektrik yarēmstansiyalarēdēr. Onlar enerji sistemlᴅrinin ᴅsas elementlᴅrindᴅn biridir vᴅ sᴅnaye 

m¿ᴅssisᴅlᴅrinin, ĸᴅhᴅr rayonlarēnēn, hᴅm­inin dᴅmir yolu vᴅ kᴅnd nᴅqliyyatē sistemlᴅrinin elektrik tᴅchizatē 

¿­¿n istifadᴅ olunur. 110 kV-luq yarēmstansiyalarēn m¿xtᴅlif nºvlᴅri mºvcuddur, o c¿mlᴅdᴅn a­ēq paylayēcē 

qurĵular, qapalē paylayēcē qurĵular vᴅ blok tipli komplekt transformator yarēmstansiyalarē [1]. 

110 kV-luq yarēmstansiyalar y¿ksᴅk gᴅrginlikli elektrik enerjisini qᴅbul edir vᴅ onu daha aĸaĵē 

gᴅrginlik sᴅviyyᴅlᴅrinᴅ (mᴅsᴅlᴅn, 10 kV vᴅ ya 6 kV) ­evirir ki, sonrakē paylama istehlak­ēlara hᴅyata 

ke­irilsin. 

110 kV yarēmstansiyalarēn bir ne­ᴅ nºv¿ vardēr: [2] 

¶ A­ēq paylayēcē qurĵular: ᴄsas avadanlēq a­ēq havada yerlᴅĸdirilir. 

¶ Qapalē paylayēcē qurĵular: Avadanlēq binalarēn i­ᴅrisindᴅ quraĸdērēlēr, bu, ᴅlveriĸsiz iqlim ĸᴅraiti 

olan vᴅ ya havanēn y¿ksᴅk ­irklᴅnmᴅ sᴅviyyᴅsi olan ᴅrazilᴅr ¿­¿n uyĵundur. 

¶ Komplekt transformator yarēmstansiyalarē: Hazēr yēĵma avadanlēq komplekslᴅri olub, blok, modul 

vᴅ ya kioĸk tipli konstruksiya ĸᴅklindᴅ ola bilᴅr. 

110 kV-luq yarēmstansiyalar y¿ksᴅk g¿c tᴅlᴅb edᴅn obyektlᴅr ¿­¿n etibarlē vᴅ dayanēqlē elektrik 

tᴅchizatē tᴅmin edir. Kºhnᴅ yarēmstansiyalarēn rekonstruksiyasē vᴅ modernlᴅĸdirilmᴅsi zamanē istifadᴅ 

olunur. Neft-qaz, mᴅdᴅn, maĸēnqayērma, metallurgiya sᴅnayelᴅrindᴅ, hᴅm­inin ĸᴅhᴅr vᴅ kᴅnd rayonlarēnēn 

elektrik tᴅchizatē ¿­¿n tᴅtbiq edilir. 

110 kV-luq ĸᴅbᴅkᴅlᴅrin dayanēqlēĵē m¿xtᴅlif qᴅza hallarēndan, mᴅsᴅlᴅn, qēsaqapanmalardan vᴅ ya 

xᴅtlᴅrin ayrēlmasēndan sonra normal iĸ rejimini, sinxronluĵu vᴅ gᴅrginliyin icazᴅ verilᴅn sᴅviyyᴅlᴅrini 

qoruyub saxlamaq qabiliyyᴅtidir. Bu dayanēqlēq statik vᴅ dinamik tᴅdbirlᴅr vasitᴅsilᴅ tᴅmin olunur. Belᴅ 

tᴅdbirlᴅrᴅ avtomatik gᴅrginlik tᴅnzimlᴅnmᴅsi, g¿c¿n sabit saxlanmasē, rele m¿hafizᴅsinin sazlanmasē, elᴅcᴅ 

dᴅ avtomatik tᴅkrar qoĸulma vᴅ avtomatik ehtiyatēn daxil edilmᴅsi sistemlᴅrinin tᴅtbiqi daxildir [1]. 

Statik dayanēqlēq, elektrik sisteminin ki­ik pozuntulardan sonra normal iĸ rejiminᴅ qayētmaq 

qabiliyyᴅtidir. Bu, ĸᴅbᴅkᴅdᴅ gᴅrginlik vᴅ g¿c sᴅviyyᴅlᴅrinin sabit saxlanmasē ilᴅ tᴅmin olunur vᴅ avtomatik 

gᴅrginlik tᴅnzimlᴅyicilᴅri vᴅ digᴅr idarᴅetmᴅ qurĵularē vasitᴅsilᴅ hᴅyata ke­irilir. 

110 kV-luq ĸᴅbᴅkᴅlᴅrin dayanēqlēĵēna transformatorlarēn, kompensasiyaedici qurĵularēn vᴅ ºt¿r¿c¿ 

xᴅtlᴅrin keyfiyyᴅti dᴅ ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ tᴅsir gºstᴅrir. Y¿k¿n stansiyalar vᴅ xᴅtlᴅr arasēnda bᴅrabᴅr 

paylanmasē da vacibdir, ­¿nki bu, hᴅddindᴅn artēq y¿klᴅnmᴅlᴅrin vᴅ qᴅza vᴅziyyᴅtlᴅrinin qarĸēsēnē almaĵa 

kºmᴅk edir [2]. 

Statik dayanēqlēĵēn artērēlmasē ¿­¿n generatorlarēn qēzdērēlmasēnēn avtomatik tᴅnzimlᴅnmᴅsi sxemlᴅri 

vᴅ reaktiv g¿c¿n idarᴅ olunmasē qurĵularē tᴅtbiq olunur. ķᴅbᴅkᴅdᴅ aktiv vᴅ reaktiv g¿c¿n optimal nisbᴅtinin 

qorunmasē da ᴅsas rol oynayēr. B¿t¿n bu tᴅdbirlᴅr 110 kV-luq elektrik ĸᴅbᴅkᴅlᴅrinin etibarlē vᴅ fasilᴅsiz 

iĸlᴅmᴅsini tᴅmin etmᴅyᴅ yºnᴅldilmiĸdir, hᴅtta daxili vᴅ ya xarici pozuntular baĸ verdikdᴅ belᴅ. 
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Summary 

DURABILITY OF  ELECTRICITY NETWORKS OF 110 KV SUBSTATIONS PRACTICAL APPLICATION  

Hasanli J.Sh. 

 

110 kV substations are networks of electrical equipment structurally connected to deliver electricity to end consumers. 

There are various types of electrical substations, such as outgoing and incoming circuits, each equipped with its own circuit breakers, 

insulators, transformers, bus systems, etc., to ensure the continuous operation of the system. The power system consists of multiple 

components, including distribution, transmission, and generation systems, and substations serve as essential components for the 

operation of the power system. Substations are facilities where consumers receive electricity to operate their loads, while the required 

power quality can be delivered to consumers through adjustments in frequency, voltage levels, and other methods. The design of a 
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110 kV electrical substation depends entirely on the requirements, such as a simple bus system or a complex bus arrangement. 

Additionally, the design also depends on the application, for example, indoor substations, generating substations, transmission 

substations, pole-type substations, outdoor substations, converter substations, and switching substations, among others. 

Keywords: Substation, electricity, 110 kV, industry, voltage, equipment. 

 
ʈʝʟʶʤʝ 

ʇʈɸʂʊʀʏɽʉʂʆɽ ʇʈʀʄɽʅɽʅʀɽ ɼʆʃɻʆɺɽʏʅʆʉʊʀ ʕʃɽʂʊʈʆʉɽʊɽʁ ʇʆɼʉʊɸʅʎʀʁ 110 ʂɺ 

ɻʘʩʘʥʣʠ ɼʞ.ʐ. 

 

ʇʦʜʩʪʘʥʮʠʠ 110 ʢɺ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʥʦ ʩʦʝʜʠʥʸʥʥʦʛʦ ʜʣʷ ʧʦʜʘʯʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʩʪʘʥʮʠʡ, ʪʘʢʠʝ ʢʘʢ ʠʩʭʦʜʷʱʠʝ ʠ 

ʚʭʦʜʷʱʠʝ ʮʝʧʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʘʱʝʥʘ ʩʦʙʩʪʚʝʥʥʳʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ, ʠʟʦʣʷʪʦʨʘʤʠ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ, ʰʠʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʪ.ʜ., ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʛʝʥʝʨʘʮʠʠ, ʠ ʧʦʜʩʪʘʥʮʠʠ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʜʩʪʘʥʮʠʠ ð ʵʪʦ ʦʙʲʝʢʪʳ, ʛʜʝ ʧʦʪʨʝʙʠʪʝʣʠ 

ʧʦʣʫʯʘʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʨʘʙʦʪʳ ʩʚʦʠʭ ʥʘʛʨʫʟʦʢ, ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʞʝʪ ʜʦʩʪʘʚʣʷʪʴʩʷ 

ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ, ʫʨʦʚʥʝʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʜʩʪʘʥʮʠʠ 110 ʢɺ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʦʩʪʦʡ ʩʠʩʪʝʤʳ ʰʠʥ ʠʣʠ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʰʠʥ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʥʫʪʨʝʥʥʠʭ ʧʦʜʩʪʘʥʮʠʡ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʧʦʜʩʪʘʥʮʠʡ, 

ʧʝʨʝʜʘʶʱʠʭ ʧʦʜʩʪʘʥʮʠʡ, ʧʦʜʩʪʘʥʮʠʡ ʥʘ ʦʧʦʨʘʭ, ʦʪʢʨʳʪʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʦʜʩʪʘʥʮʠʡ ʠ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʦʜʩʪʘʥʮʠʡ ʠ ʪ.ʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʜʩʪʘʥʮʠʷ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ, 110 ʢɺ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ, ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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X¿lasᴅ Elektromʘqnit vibrotᴅsirlᴅndiricilᴅr (EV) q¿vvᴅ yʘrʘdʘn element kimi ʭʘlq tᴅsᴅrr¿fʘtēnēn bir ­oʭ sʘhᴅlᴅrindᴅ tᴅtbiq 

edilirlᴅr. Belᴅ EV-lᴅrin lʘyihᴅlᴅndirilmᴅsi vᴅ onlʘrēn dʘrtē q¿vvᴅsinᴅ gºrᴅ hᴅndᴅsi ºl­¿lᴅrinin se­ilmᴅsi ¿­¿n mʘqnit sisteminin tʘm 

hesʘbʘtēnē ʘpʘrmʘq lʘzēmdēr. Bu hesʘbʘtʘ EV-nin m¿ʭtᴅlif sʘhᴅlᴅrindᴅ mʘqnit sʘhᴅ gᴅrginliklᴅrinin, mʘqnit sellᴅrinin, nᴅticᴅdᴅ EV-

nin yʘrʘdʘ bilᴅcᴅyi q¿vvᴅnin hesʘblʘnmʘsē dʘʭil edilmᴅlidir. 

Hʘzērkē mᴅqʘlᴅ ʘl­ʘq meʭʘniki tezlikli vibrotᴅsirlᴅndiricinin mʘqnit sistemini tᴅdqiq edᴅrᴅk, qurĵunun ʘyrē-ʘyrē 

hissᴅlᴅrindᴅn qʘpʘnʘn mʘqnit sellᴅrinᴅ uyĵun mʘqnit sʘhᴅ gᴅrginliklᴅrinin riyʘzi ifʘdᴅlᴅrinin ʘlēnmʘsēnʘ hᴅsr olunmuĸdur. 

A­ar sºzlᴅr: elektromaqnit, vibrasiya qurĵusu, vibrotᴅsirlᴅndirici, maqnit sistemi, Bessel tᴅnliyi, maqnit sahᴅ gᴅrginliyi. 

 

Mʘqnit sisteminin hesʘbʘtē ¿­¿n elektromʘqnit sʘhᴅsinin vʘʭtilᴅ Mʘksvel tᴅrᴅfindᴅn tᴅklif edilmiĸ 

tʘm cᴅrᴅyʘn vᴅ elektromʘqnit induksiyʘ qʘnunlʘrēnēn diferensiʘl formʘsēndʘn istifʘdᴅ edilir [1]. Mᴅlum 

Mʘksvel tᴅnliklᴅrini yʘzēb, nᴅzᴅrᴅ ʘlsʘq ki, tᴅdqiq olunʘn EV ʘĸʘĵē tezlikdᴅ iĸlᴅyir vᴅ qurĵudʘ mʘye vᴅ qʘz 

m¿hiti yoʭdur, tᴅdqiq olunʘn EV-nin mʘqnit dºvrᴅsindᴅ bºy¿k hʘvʘ mᴅsʘfᴅsi olmʘsē sᴅbᴅbindᴅn qurĵunun 

elektromʘqnit sisteminin pʘrʘmetrlᴅrini hʘrmonik qʘnunlʘ dᴅyiĸᴅn qᴅbul etmᴅk olʘr. Bunʘ gºrᴅ dᴅ qurĵunun 

elektromʘqnit pʘrʘmetrlᴅrini kompleks formʘdʘ tᴅsvir etmᴅk olʘr [2].  

Mʘqnit sisteminin tʘm hesʘbʘtēnē ʘpʘrmʘq ¿­¿n ᴅvvᴅlcᴅ ᴅlveriĸli hesʘblʘmʘ sistemi se­ilir. Hʘzērkē 

iĸdᴅ tᴅdqiq olunʘn EV-nin n¿vᴅsinin ortʘsēndʘn ­ēʭēntēsē olʘn silindrik stᴅkʘn formʘsēndʘ olduĵunu nᴅzᴅrᴅ 

ʘlʘrʘq, qᴅbul edirik ki, belᴅ konstruksiyʘlē n¿vᴅdᴅ mʘqnit sisteminin hesʘbʘtēnēn silindrik koordinʘt 

sistemindᴅ ʘpʘrēlmʘsē dʘhʘ ᴅlveriĸlidir (ĸᴅkil 1). 

Qurĵunu ifʘdᴅ edᴅn tᴅnliyi hᴅll etmᴅk ¿­¿n H#-ēn silindrik koordinʘt sistemindᴅki tᴅĸkiledicilᴅrini 

nᴅzᴅrᴅ ʘlēb, tᴅĸkiledicilᴅrᴅ gºrᴅ sistem tᴅnlik yʘzēlēr. Mᴅlumdur ki, H#-ēn  silindrik koordinʘt sistemindᴅ ¿­ - 

J
HHH

rz
### ,, - tᴅĸkiledicilᴅri vʘr. Belᴅ olduqdʘ sistem tᴅnliyin hᴅlli zʘmʘnē hᴅr bir tᴅnlikdᴅ hᴅr bir 

tᴅĸkilediciyᴅ uyĵun ʘltē, ¿mumiyyᴅtlᴅ sistemin hᴅllindᴅn isᴅ on sᴅkkiz bir-birindᴅn funksionʘl ʘsēlē olʘn 

inteqrʘl sʘbitlᴅri ortʘyʘ ­ēʭēr. Ķnteqrʘl sʘbitlᴅrini tʘpmʘq ¿­¿n tᴅdqiq olunʘn EV-dᴅ gedᴅn fiziki proseslᴅri 

d¿zg¿n ifʘdᴅ edᴅn ᴅlʘvᴅ tᴅnliklᴅrin yʘzēlmʘsē tᴅlᴅb olunur ki, bu dʘ mᴅsᴅlᴅnin hᴅllini ­ᴅtinlᴅĸdirir. Bu 

­ᴅtinliyin ʘrʘdʘn qʘldērēlmʘsē ¿­¿n EV-nin elektromʘqnit sistemi nᴅzᴅrdᴅn ke­irilir. Bu sᴅbᴅbdᴅn tᴅdqiq 

etdiyimiz EV-nin konstruksiyʘsēndʘ mʘqnit sʘhᴅsinin pʘylʘnmʘ formʘsē nᴅzᴅrᴅ ʘlēnēr. ķᴅkil 1-dᴅn gºr¿nd¿y¿ 

kimi EV n¿vᴅsi ortʘsēndʘn dᴅyirmi ­ēʭēntēsē olʘn silindrik stᴅkʘn formʘsēndʘ olub b¿tºv polʘddʘn 

hʘzērlʘnmēĸdēr. Dᴅyirmi ­ēʭēntē ¿zᴅrindᴅ dolʘq yerlᴅĸdirilmiĸdir. ķᴅkildᴅ EV-nin n¿vᴅsindᴅ elektromʘqnitin 

yʘrʘtdēĵē mʘqnit selinin qʘpʘnmʘ ʭᴅtlᴅri gºstᴅrilir. Gºstᴅrdiyimiz mʘqnit sʘhᴅsindᴅ mʘqnit sʘhᴅ gᴅrginliyi 

mʘqnit q¿vvᴅ ʭᴅtlᴅrinᴅ toʭunʘn formʘdʘ tᴅsvir edilir. 
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Mᴅlumdur ki, hᴅr bir mʘqnit sistemindᴅ elᴅ bir m¿stᴅvi tʘpmʘq olʘr ki, bu m¿stᴅviyᴅ nᴅzᴅrᴅn sistem 

simmetrik olsun vᴅ bu m¿stᴅvini ĸᴅrti olʘrʘq simmetriyʘ m¿stᴅvisi ʘdlʘndērērlʘr. Hᴅm­inin qᴅbul edilir ki, bu 

simmetriyʘ m¿stᴅvisi tᴅʭminᴅn tᴅsirlᴅnmᴅ dolʘĵēnēn ortʘsēndʘn ke­ᴅn m¿stᴅvi ilᴅ ¿st-¿stᴅ d¿ĸ¿r. 

Silindrik koordinʘt sistemi elᴅ yerlᴅĸdirilir ki, z- oʭu silindrik n¿vᴅnin mᴅrkᴅzindᴅn ke­ᴅn oʭun ¿zᴅrinᴅ, r - 

oʭu isᴅ simmetriyʘ m¿stᴅvisinin ¿zᴅrinᴅ d¿ĸs¿n. ķᴅkil 1-dᴅn gºr¿nd¿y¿ kimi EV-nin n¿vᴅsindᴅ mʘqnit seli 

elᴅ qʘpʘnēr ki, konstruksiyʘnēn istᴅnilᴅn hissᴅsindᴅ mʘqnit q¿vvᴅ ʭᴅtlᴅri J-yʘ perpendikulyʘr olur, yᴅni H# 

vektorunun 
J

H# -proyeksiyʘsē 0-ʘ bᴅrʘbᴅr ʘlēnēr. 0=
J

H#  olduĵundʘn 
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olur. 

 
ķϸk.1. N¿vϸdϸ vϸ n¿vϸ ϸtrʘfēndʘ mʘqnit selinin pʘylʘnmʘsē 

 

ķᴅkil  1-dᴅn gºr¿n¿r ki, n¿vᴅdᴅ mʘqnit seli elᴅ pʘylʘnēr ki, H# vektorunun z oʭu istiqʘmᴅtindᴅki 

z
H# vᴅ r  oʭu istiqʘmᴅtindᴅki 

r
H# tᴅĸkiledicilᴅrinin qiymᴅtlᴅri he­ bir yerdᴅ J koordinʘtēndʘn ʘsēlē 

olmur. Ondʘ: 
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ʘlēnēr. 

Belᴅliklᴅ, 
z

H#vᴅ
r

H# tᴅĸkiledicilᴅrinin qiymᴅtlᴅri ʘncʘq z vᴅ r  koordinʘtlʘrēndʘn ʘsēlē olur. 

ᴄgᴅr sistemi ifʘdᴅ edᴅn tᴅnliyi  mʘqnit sisteminin yuʭʘrēdʘ qeyd etdiyimiz simmetriyʘ m¿stᴅvisi ¿zᴅrindᴅ 

yʘzmēĸ olsʘq gºrᴅrik ki, simmetriyʘ m¿stᴅvisi ¿zᴅrindᴅ, yᴅni 0=z  m¿stᴅvisindᴅ 0=
r

H# -dēr. Hᴅm­inin 

qeyd etdiyimiz m¿stᴅvi ¿zᴅrindᴅ 
z

H# tᴅĸkiledicisi mʘqnit selinin pʘylʘnmʘsēnʘ m¿vʘfiq olʘrʘq z 

koordinʘtēndʘn ʘsēlē deyil. Ondʘ: 
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yʘzmʘq olʘr.  

Belᴅliklᴅ, sistem tᴅnlikdᴅn ʘncʘq r  koordinʘtēndʘn ʘsēlē olʘn 
z

H# - tᴅĸkiledicisinᴅ uyĵun olʘn tᴅnlik 

qʘlēr. Diferensiʘl tᴅnlikdᴅ 
z

H#  ʘncʘq r -dᴅn ʘsēlē olduĵunʘ gºrᴅ ʘlēnmēĸ tᴅnlikdᴅ ʭ¿susi tºrᴅmᴅlᴅr tʘm 

tºrᴅmᴅlᴅrlᴅ ᴅvᴅz edilir. Bunlʘrʘ m¿vʘfiq olʘrʘq yuʭʘrēdʘ qeyd etdiyimiz inteqrʘl sʘbitlᴅri dᴅ ʘzʘlēr vᴅ 

tʘpēlmʘsē tᴅlᴅb olunʘn iki ᴅdᴅd inteqrʘl sʘbiti qʘlēr. 

Yuʭʘrēdʘ qeyd olunʘn sʘdᴅlᴅĸmᴅlᴅri nᴅzᴅrᴅ ʘlʘrʘq sistemi ifʘdᴅ edᴅn tᴅnliyi 0=z  m¿stᴅvisindᴅ ʘĸʘĵēdʘkē 

kimi yʘzmʘq olʘr: 
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wmmg .                                     (1) 

Bᴅrʘbᴅrliyin sʘdᴅ ĸᴅklᴅ d¿ĸmᴅsi ¿­¿n sʘĵ tᴅrᴅfdᴅki ifʘdᴅni bᴅrʘbᴅrliyin solunʘ ke­irib yeni dᴅyiĸᴅn qᴅbul 

edirik, yᴅni 

wmmg 0jrx -=                                                       (2) 

qᴅbul etdikdᴅ, (1) tᴅnliyi   

0
0

010
2

2

=
=

+=+=
z

H
xd

z
Hd

xxd

z
Hd

#
##

                                      (3) 

ĸᴅklindᴅ yʘzēlēr. Gºr¿nd¿y¿ kimi (3) Bessel tᴅnliyinin ʭ¿susi formʘsēdēr, yᴅni 0 tᴅrtibli (n=0) Bessel 

tᴅnliyidir. 

Bu tᴅnliyin hᴅlli mᴅlum olduĵu kimi belᴅ yʘzēlēr [3]: 

)()(
0 00 xNBxJA

z
H +=
=
# .                                           (4) 

Burʘdʘ A  vᴅ B  tʘpēlmʘsē tᴅlᴅb olunʘn inteqrʘl sʘbitlᴅri,  )(0 xJ  - birinci tip sēfēr tᴅrtibli Bessel funksiyʘsē, 

)(0 xN  - ikinci tip sēfēr tᴅrtibli Bessel funksiyʘsēdēr. 

Bessel funksiyʘlʘrēndʘ x  sēfrʘ yʘʭēnlʘĸdēqdʘ 1)0(0 =J  vᴅ ¤=)0(0N  ʘlēnēr. 

Bʘʭdēĵēmēz m¿stᴅvidᴅ EV n¿vᴅsinin konstruksiyʘsēnʘ m¿vʘfiq  olʘrʘq 2Rr =  - dᴅn 1Rr =  - dᴅk ʘzʘlʘndʘ, 

yᴅni  2xx= - dᴅn 1
xx= - dᴅk ʘzʘlʘndʘ mʘqnit sʘhᴅ gᴅrginliyinin qiymᴅti n¿vᴅdᴅ mʘksimumdʘn 

minimumʘdᴅk ʘzʘlēr. Onʘ gºrᴅ dᴅ belᴅ nᴅticᴅyᴅ gᴅlmᴅk olʘr ki, mʘqnit sʘhᴅ gᴅrginliyi x  ʘzʘldēqcʘ sonsuz 

qiymᴅt ʘlʘ bilmᴅz. Bunʘ gºrᴅ dᴅ 0=B  qᴅbul edilir. Bunu nᴅzᴅrᴅ ʘlmʘqlʘ (4)-¿ simmetriyʘ m¿stᴅvisindᴅ 
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0 0 xJA

z
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=
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ĸᴅklindᴅ yʘzmʘq olʘr. Burʘdʘ,  
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A - inteqrʘl sʘbitini tʘpmʘq ¿­¿n sᴅrhᴅd ĸᴅrtlᴅrindᴅn istifʘdᴅ edilir. EV dolʘĵē dᴅyiĸᴅn cᴅrᴅyʘnlʘ 

qidʘlʘndērēldēĵēndʘn n¿vᴅnin sᴅthindᴅ, yᴅni ĸᴅkil 1-dᴅ qeyd olunduĵu kimi 2Rr =  olʘndʘ mʘqnit sʘhᴅ 

gᴅrginliyinin qiymᴅti mʘksimum olur. Ondʘ 
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#  yʘzēlēr. Sonuncu bᴅrʘbᴅrlikdᴅn A  - nē tᴅyin edib (5)-dᴅ nᴅzᴅrᴅ ʘlsʘq 

)(

)(

10
20

0

xJ

xJ

zm
H

z
H ## =
=

                                                            (6) 

olʘr. 

Sᴅthi effekt hʘdisᴅsinᴅ gºrᴅ dᴅyiĸᴅn mʘqnit seli elektromʘqnitin n¿vᴅsindᴅn qʘpʘnʘrkᴅn n¿vᴅnin 

dʘʭilinᴅ getdikcᴅ ʘzʘlēr vᴅ 
wmmg 0

1
=d  dᴅrinlikdᴅ mʘqnit selinin qiymᴅti sēfrʘ bᴅrʘbᴅr qᴅbul edilir. Bu 

sᴅbᴅbdᴅn n¿vᴅnin dʘʭili  divʘrēnēn qʘlēnlēĵēnēn sºnmᴅ dᴅrinliyindᴅn bºy¿k gºt¿r¿lmᴅsi he­ bir ᴅhᴅmiyyᴅt 

kᴅsb etmir. Onʘ gºrᴅ dᴅ b¿tºv n¿vᴅ lʘyihᴅ olunʘrkᴅn dʘʭili  vᴅ ʭʘrici divʘrlʘrēn qʘlēnlēqlʘrēnē sºnmᴅ dᴅrinliyi  

qᴅdᴅr gºt¿rmᴅk kifʘyᴅtdir. B¿tºv konstruksion polʘddʘn hʘzērlʘnmēĸ n¿vᴅlᴅr ¿­¿n sºnmᴅ dᴅrinliyinin 

qiymᴅti mʘteriʘldʘn ʘsēlē olʘrʘq ĸᴅbᴅkᴅ tezliyindᴅ ʘdᴅtᴅn ʤʤd 53·º  diʘpʘzonundʘ olduĵundʘn qeyd 

etdiyimiz qʘlēnlēqlʘrē dʘ ʤʤ53·  gºt¿rmᴅk olʘr. N¿vᴅnin dʘʭili  divʘrēnēn qʘlēnlēĵē ʤʤ53·=D  

gºt¿r¿lᴅrsᴅ (2) ifʘdᴅsindᴅ x -in modul qiymᴅtlᴅri vʘhid rʘdᴅlᴅrindᴅ dᴅyiĸir. ¦mumiyyᴅtlᴅ, p<x  ĸᴅrti 

ĸᴅbᴅkᴅ tezliyindᴅ hᴅmiĸᴅ ºdᴅnir. Qeyd etdiyimiz ĸᴅrt dʘʭilindᴅ Bessel funksiyʘsēnē 

p

x
xJ

2
cos)(0 =  
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kimi ʘpprʘksimʘsiyʘ etmᴅk olʘr. ɸpprʘksimʘsiyʘ ifʘdᴅsi ¿zᴅrindᴅ ʘpʘrēlʘn tᴅdqiqʘtdʘn ʘydēn olmuĸdur ki, 

hᴅmin ifʘdᴅ gºstᴅrilᴅn intervʘl dʘʭilindᴅ tᴅʭminᴅn %105·  ʭᴅtʘ ilᴅ Bessel funksiyʘsēnē ᴅvᴅz edᴅ bilir. 

Qeyd etmᴅk lʘzēmdēr ki, ʭᴅtʘnēn bºy¿k qiymᴅtlᴅri x - ēn p- yᴅ yʘʭēn hʘlēndʘ ʘlēnēr. 

(6) ifʘdᴅsindᴅ 
zm

H
1
#  mᴅlum olduqdʘn sonrʘ qurĵunun elektromʘqnit sisteminin pʘrʘmetrlᴅrini, o c¿mlᴅdᴅn 

istᴅnilᴅn hissᴅdᴅn qʘpʘnʘn mʘqnit selinin qiymᴅtini m¿ᴅyyᴅn etmᴅk m¿mk¿nd¿r. 
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Summary 

INVESTIGATION OF THE MAGNETIC SYSTEM OF AN ELECTROMAGNETIC VIBROEXCITER  

Huseynov R.A.  

 

This paper presents a theoretical analysis of the magnetic system of an electromagnetic vibroexciter (EV) operating at a low 

mechanical frequency. The study investigates the distribution of the magnetic field, magnetic field intensity, and magnetic flux 

behavior within the device's structure. A cylindrical coordinate system and simplified forms of Maxwellôs equations are used, leading 

to a differential equation that corresponds to a modified Bessel equation of zero order. Boundary conditions are applied to determine 

the integral constants that define the variation of magnetic field intensity within the core. The findings of the study are applicable to 

the design of electromagnetic systems and accurate calculation of their magnetic parameters. 

Keywords: electromagnetic, vibration device, vibroexciter, magnetic system, Bessel equation, magnetic field intensity. 

 

ʈʝʟʶʤʝ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɸɻʅʀʊʅʆʁ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ɺʀɹʈʆɺʆɿɹʋɼʀʊɽʃʗ 

ɻʫʩʝʡʥʦʚ ʈ.ɸ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ (ʕɺ), 

ʢʦʪʦʨʳʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʥʠʟʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ. ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʷʞʸʥʥʦʩʪʴ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʚʝʜʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ. ɼʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠ ʫʧʨʦʱʸʥʥʳʝ ʬʦʨʤʳ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʝʥʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ɹʝʩʩʝʣʷ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. ʅʘ ʦʩʥʦʚʝ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʝʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʩʝʨʜʝʯʥʠʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʠ ʜʣʷ 

ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʚʠʙʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʴ, ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ, ʫʨʘʚʥʝʥʠʝ 

ɹʝʩʩʝʣʷ, ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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Summary. This paper presents the results of experimental studies conducted on a DSP-30 electric arc furnace operated at 

the ñLI DA METAL TECHNOLOGYò plant. The analysis revealed significant harmonic distortions in the voltage and current 

waveforms, with several harmonics (2nd, 3rd, 5th, 7th) exceeding the permissible limits defined by GOST 32144-2013. The total 

harmonic distortion (THD) was found to be 37.4%. The results confirm that arc furnaces are major sources of harmonic pollution and 

necessitate the application of compensation devices such as filters and static VAR generators. 

Keywords. Electric arc furnace, harmonic analysis, power quality, THD, GOST 32144-2013, reactive power, 

electromagnetic disturbances. 

 

In modern power systems, the issue of high-order harmonics is becoming increasingly critical. Such 

distortions are primarily caused by nonlinear loads. Among the largest of these are electric arc steel melting 

furnaces [1]. These furnaces introduce various negative impacts into the power grid, including high-order 

harmonics, voltage fluctuations, increased reactive power, and phase imbalances. These effects degrade 
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power quality, adversely affect the operation of other consumers, and compromise the stability of the power 

system. Therefore, experimentally studying the impact of electric arc furnaces on the electrical network and 

developing mitigation solutions is an important scientific and practical task [3]. 

Electric arc furnaces represent high-power loads characterized by the continuous ignition and 

extinction of the arc and variable thermal control. This operational behavior distorts the sinusoidal waveform 

of the current and voltage in the network, leading to high-order harmonics, voltage flicker, reactive power 

increase, asymmetry, and electromagnetic interference. 

Theoretically, any nonlinear loadðespecially the current flowing in an arc furnaceðcan be analyzed 

using Fourier series expansion, which reveals that, in addition to the fundamental 50 Hz frequency, multiple 

higher-order harmonics are present [4]. These harmonics can adversely affect other consumers, reduce power 

quality, and increase energy losses. Furthermore, high harmonic currents can cause overheating in 

transformers, cables, and other equipment [5]. 

Additionally, when an electric arc furnace is switched on or during the start of each melting cycle, a 

strong inrush current is generated in the power network. This leads to short-term voltage sags and 

destabilization of the system. To analyze and mitigate these impacts, it is essential to conduct experimental 

research on an operating electric arc steel melting furnace in real time. 

Based on the above, this research was conducted through an experimental study of the operational 

process of a DSP-30 electric arc furnace at the melting workshop of the ñLI DA METAL TECHNOLOGYò 

LLC enterprise[7]. 

Figure 1 shows the monitor of the visualization system that controls the operation of the DSP-30 

furnace. From the image, it can be observed that the electrodes, which are the main components of the 

electric arc furnace, are generally connected to the secondary winding of the furnace transformer and are 

moved vertically with the help of a hydraulic system. 

The time-dependent variations of the phase currents are continuously displayed on the monitor. The 

furnace transformer is connected to the power grid through a reactor and an SF6 (sulfur hexafluoride) circuit 

breaker. 

 

 
Fig.1. Visualization system of the DSP-30 electric arc furnace 

 

Through the Online Trend Control window, time-dependent current variation graphs for each phase 

of the electric arc furnace (EAF) are presented. From the graph, it can be observed that during the melting 

phaseðwhen the furnace operates under heavy loadðthe phase currents reach high magnitudes and differ 

significantly from each other. 

For instance, at 19:34, the current in the second phase (shown in green) exceeds 40 kA, while at 

19:40, it is approximately 36 kA. At the same moments, the current in phase A decreases from 36 kA to 

about 6 kA at 19:34, and is around 30 kA at 19:40. 

The subsequent melting phase ends at 19:43, which is reflected by the sharp drop of the phase 

currents to zero on the graph. After a short pause, once a new batch of scrap metal is loaded into the furnace, 

the process resumes. 

It is important to note that the melting current values and melting duration depend on several 

parameters, such as the type of scrap metal (iron, cast iron, etc.), its compaction level, and other related 

characteristics. 

During the melting process at the ñLI DA METAL TECHNOLOGYò plant, oscillograms of voltage 

variations in the short-circuit network of the DSP-30 electric arc furnace were recorded using the AR-6 

Circutor power quality analyzer. 
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Fig. 2. Voltage variation in the short-circuit network of the DSP-30 electric arc furnace 

 

The voltage variation graph of a single phase in this oscillogram was analyzed using Fourier series 

expansion to determine the amplitudes of the high-order harmonics contained within it.  

 

 
Fig. 2. Harmonic content and diagram of the voltage in the short-circuit network of the DSP-30 furnace 

 

Fig. 2 presents the harmonic composition of the voltage in the short-circuit network of the DSP-30 

electric arc furnace, shown in the form of a histogram. 

As seen in the histogram, in addition to the fundamental harmonic, the 2nd, 3rd, 5th, 7th, 8th, 9th, 

and 10th harmonics have noticeably significant amplitudes within the voltage waveform. According to the 

analysis results, the 1st harmonic represents the fundamental energy component of the signal and is taken as 

100%. 

Relative to it, the amplitude of the 2nd harmonic is approximately 32%, and the 3rd harmonic is 

around 14%, both of which significantly distort the sinusoidal waveform. 

The 5th, 7th, 8th, 9th, and 10th harmonics have amplitudes of about 9%, 6%, 8%, 5%, and 7%, 

respectively, and also negatively affect waveform quality. 

The total harmonic distortion (THD) in the network was calculated to be 37.4%. The obtained results 

are compared with the maximum permissible values specified in GOST 32144-2013 standard, as presented in 

Table 1. 

 

Table 1. Comparison of the amplitudes of high-order harmonics generated by the DSP-30 

electric arc furnace with the GOST 32144-2013 standard 
Harmo

nic Order 

Measured 

Amplitude (%) 

GOST 32144-2013 

Limit (%) 

2nd Harmonic 11.28% Ò 1% 

3rd Harmonic 24.51% Ò 5% 

5th Harmonic 14.40% Ò 6% 

7th Harmonic 8.82% Ò 5% 

9th Harmonic 4.62% Ò 1.5% 

THD (Total) 37.4% Ò 5% 

 

The conducted experimental analyses and comparisons with the GOST 32144-2013 standard have 

clearly demonstrated that electric arc furnaces (EAFs) significantly and negatively impact power supply 

systems as major sources of high-order harmonics. 
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Spectral analysis of voltage and current variations in the short-circuit network of the DSP-30 electric 

arc furnace revealed that the 2nd, 3rd, 5th, 7th, and 8th harmonics significantly exceeded the standard 

permissible levels. In particular, the 2nd harmonic reached 11.28% (limit: 1%), the 3rd harmonic reached 

24.51% (limit: 5%), and the 5th harmonic reached 14.4% (limit: 6%), which indicates that the furnace injects 

strong electromagnetic disturbances into the grid. 

The total harmonic distortion (THD) was found to be 37.4%, nearly five times higher than the 

allowable limit of 8% [5]. Such conditions pose serious threats to power quality, including voltage distortion, 

phase imbalance, malfunction of sensitive equipment, increased thermal losses, and overheating of 

transformers. 

Considering these factors, electric arc furnaces are classified among the most powerful industrial 

sources of harmonic distortion. To mitigate their impact on the power supply system, it is essential to 

implement modern compensation devices such as harmonic filters, reactors, and SVG (Static VAR 

Generators) [6-7]. 
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ʈʝʟʶʤʝ 

ɺʃʀʗʅʀɽ ʈɸɹʆʊʓ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ɼʋɻʆɺʆʁ ʇɽʏʀ ʅɸ ʇɸʈɸʄɽʊʈʓ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʉɽʊʀ 

ɹʦʙʦʜʞʘʥʦʚ ʄ.ɻ., ʄʘʭʤʫʪʭʘʥʦʚ ʉ.ʂ., ɸʣʠʛʫʣʠʝʚʘ ʍ.ɺ., ʍʘʨʫʥʦʚ ɸ.ʊ. 

 

 ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʝʯʠ DSP-30 ʥʘ 

ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʛʘʨʤʦʥʠʢ. ʆʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʦʩʪʠ (THD) ʩʦʩʪʘʚʠʣ 37,4%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ɻʆʉʊ 32144-2013. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʜʫʛʦʚʳʝ ʧʝʯʠ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʨʤʦʥʠʢ, ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʥʝʨʛʦʩʠʩʪʝʤʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʕʣʝʢʪʨʦʜʫʛʦʚʘʷ ʧʝʯʴ, ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, THD, ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ. 

 

X¿lasᴅ 

ELEKTRIK Q¥VS SOBASININ IķLᴄMᴄSININ ELEKTRIK ķᴄBᴄKᴄSI PARAMETRLᴄRINᴄ TᴄSIRI 

Bobocanov M.Q., Mahmutxanov S.K., Ϸliquliyeva X.V., Harunov A.T  

 

Bu mᴅqalᴅdᴅ DSP-30 elektrik qºvs sobasēnēn elektrik tᴅchizatē sisteminᴅ tᴅsiri eksperimental tᴅhlil ᴅsasēnda tᴅqdim olunur. 

¥l­mᴅ nᴅticᴅlᴅri gᴅrginlik vᴅ cᴅrᴅyan siqnallarēnda y¿ksᴅk sēra harmonikalarē sᴅbᴅbindᴅn ciddi tᴅhriflᴅrin olduĵunu gºstᴅrdi. ¦mumi 

harmonik tᴅhrif (THD) sᴅviyyᴅsi 37.4% tᴅĸkil etmiĸ vᴅ bu, GOST 32144-2013 standartēnda m¿ᴅyyᴅn edilmiĸ hᴅdlᴅri ᴅhᴅmiyyᴅtli 

dᴅrᴅcᴅdᴅ ¿stᴅlᴅmiĸdir. Tᴅdqiqat gºstᴅrir ki, elektrik qºvs sobalarē ᴅsas harmonika mᴅnbᴅlᴅrindᴅn biridir vᴅ onlarēn tᴅsirini azaltmaq 

¿­¿n kompensasiya qurĵularēnēn tᴅtbiqi vacibdir. 

A­ar sºzlᴅr. Elektr qºvs sobasē, harmonik tᴅhlil, enerji keyfiyyᴅti, THD, enerji itkilᴅri, elektromaqnit pozuntular. 

 

 

AQRESSĶV ķᴄRAĶTDᴄ G¦C  KABELLᴄRĶNĶN ĶSTĶSMARININ ANALĶZĶ 

 

Mᴅmmᴅdzadᴅ Ruhiyyᴅ Kazēm qēzē, Camalxanova Ķradᴅ Seyfulla qēzē, 

Camalᴅdinova ¦lkᴅr Hikmᴅt qēzē, ᴄhmᴅdov Sᴅrxan Elĸᴅn oĵlu 
Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan 

camalxanovairade@mail.ru  

 
 X¿lasᴅ. G¿c kabellᴅrinin etibarlēlēĵēnē artērmaq ¿­¿n bir ne­ᴅ  ¿sul  vᴅ metod mºvcuddur. Bunlar hᴅm material se­imi, 

hᴅm dizayn, hᴅm dᴅ istismar vᴅ texniki xidmᴅtlᴅ baĵlēdēr. Keyfiyyᴅtli materiallardan istifadᴅ,korroziyaya davamlē ºrt¿klᴅr, d¿zg¿n 
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layihᴅlᴅndirmᴅ vᴅ quraĸdērma, aqressiv ifrat atmosfer tᴅsirlᴅrindᴅn qorunma,  sᴅnaye m¿ᴅssisᴅlᴅrindᴅ turĸulara vᴅ digᴅr aqressiv 

maddᴅlᴅrᴅ qarĸē dºz¿ml¿ izolyasiya se­ilmᴅsi g¿n¿n vacib mᴅsᴅlᴅsidir. 

A­ar sºzlᴅr: g¿c kabellᴅri, g¿c kabellᴅrinin vᴅzifᴅlᴅri, aqressiv ĸᴅrait, etibarlēlēq gºstᴅricilᴅri, etibarlēlēĵēnē artērmaq 

 
G¿c kabellᴅri elektrik enerjisinin ºt¿r¿lmᴅsi vᴅ paylanmasēnē tᴅmin edᴅn ᴅsas elementlᴅrdᴅn biridir. 

Onlar aqressiv m¿hitlᴅrdᴅ y¿ksᴅk temperatur, kimyᴅvi tᴅsirlᴅr, su vᴅ mexaniki y¿klᴅnmᴅlᴅrᴅ qarĸē dayanēqlē 

olmalēdēr. Kabelin etibarlēlēĵēnē artērmaq ¿­¿n keyfiyyᴅtli materiallardan istifadᴅ edilmᴅli, d¿zg¿n 

layihᴅlᴅndirilmᴅli vᴅ texniki xidmᴅt gºstᴅrilmᴅlidir. Qoruyucu qatlar vᴅ d¿zg¿n y¿k paylanmasē onlarēn 

uzunºm¿rl¿l¿y¿n¿ vᴅ tᴅhl¿kᴅsizliyini tᴅmin edir. Bu metodlar kabellᴅrin sᴅmᴅrᴅliliyini artēraraq, fasilᴅsiz vᴅ 

tᴅhl¿kᴅsiz enerji ºt¿r¿lmᴅsinᴅ imkan yaradēr. 

 Enerji obyektlᴅrinin istismar xarakteristikalarēnēn yaxĸēlaĸdērēlmasē m¿asir enerji sistemlᴅrinin 

etibarlēĵēnē, dayanēqlēĵēnē vᴅ uzunºm¿rl¿l¿y¿n¿ tᴅmin etmᴅk baxēmēndan strateji ᴅhᴅmiyyᴅtᴅ malikdir. 

Elektrik enerjisinin fasilᴅsiz vᴅ tᴅhl¿kᴅsiz ºt¿r¿lmᴅsi ¿­¿n infrostrukturlarēn texniki vᴅziyyᴅti vᴅ onlarēn 

istismar gºstᴅricilᴅrinin optimallaĸdērēlmasē bºy¿k rol oynayēr. Bu konteksdᴅ kabellᴅrin mexaniki 

xarakteristikalarēnēn etibarlēlēĵēnēn vᴅ onlarēn uzunºm¿rl¿l¿y¿n¿n tᴅmir edilmᴅsi vacib faktorlar sērasēna 

aiddir. X¿susilᴅ kabellᴅrin dayanēqlēĵēnēn artērēlmasē, onlarēn fiziki vᴅ mexaniki xassᴅlᴅrinin enerji 

obyektlᴅrinin istismarē ¿­¿n vacib tᴅdbirlᴅrdᴅndir. 

 Eyni zamanda kabellᴅrin uzunºm¿rl¿l¿y¿n¿n artērēlmasē onlarēn korroziya davamlēlēĵēnēn, m¿xaniki 

mºhkᴅmliyinin vᴅ elektrik ke­iriciliyinin yaxĸēlaĸdērēlmasē ilᴅ sēx ᴅlaqᴅlidir. Transformatorlarēn vᴅ paylayēcē 

qurĵularēn davamlē vᴅ etibarlē iĸlᴅmᴅsi elektrik enerjisinin sabit ĸᴅkildᴅ ºt¿r¿lmᴅsinᴅ vᴅ istehlak­ēlarēn 

fasilᴅsiz enerji tᴅchizatē ilᴅ tᴅmin olunmasēna ĸᴅrait yaradēr. 

G¿c kabellᴅriï elektrik enerjisinin mᴅnbᴅdᴅn istehlak­ēlara ºt¿r¿lmᴅsi vᴅ paylanmasē ¿­¿n istifadᴅ 

olunan izolyasiyalē kabellᴅrdir. Onlar y¿ksᴅk gᴅrginlik, cᴅrᴅyan g¿c¿ vᴅ mexaniki y¿klᴅnmᴅyᴅ davamlē 

olmaq ¿­¿n x¿susi materiallardan hazērlanēr. Mexaniki qorunma ¿­¿n paslanmayan polad boru iki mis tel 

arasēnda sēxēĸdērēlēr vᴅ yarēmke­irici yastēq tᴅbᴅqᴅlᴅrinᴅ yapēĸdērēlēr. Qabēĵēn ekstr¿de edilmiĸ b¿zmᴅli 

al¿minium konstruksiya olduĵu vᴅ istehsal zamanē ᴅhᴅmiyyᴅtli mexaniki q¿vvᴅlᴅr gºrd¿y¿ ¿­¿n bu 

dᴅrᴅcᴅdᴅ qorunma tᴅlᴅb olunur. Tipik olaraq, paslanmayan polad borunun daxili diametrindᴅn (adᴅtᴅn 1,6 

mm xarici diametri) asēlē olaraq boruya bir-dºrd lif daxil edilir. Boru, hᴅm­inin uzununa nᴅm miqrasiyasēnē 

maneᴅ tºrᴅtmᴅk ¿­¿n bir nºv suda ĸiĸᴅn toz vᴅ ya tiksotrop gel ilᴅ doldurulur. Bu ºrt¿k borusu paslanmayan 

polad vᴅ ya mis ola bilᴅr.  Mis boru, digᴅr tᴅrᴅfdᴅn, bir qᴅdᴅr elastiklik tᴅklif edir, lakin paslanmayan 

poladdan nisbᴅtᴅn zᴅifdir vᴅ zᴅif ᴅzilmᴅ g¿c¿nᴅ sᴅbᴅb olur; elektrik kabellᴅri kanallara yerlᴅĸdirilᴅrkᴅn vᴅ 

k¿­ᴅ k¿nc¿ndᴅ 90Á ᴅyilmᴅk mᴅcburiyyᴅtindᴅ qaldēqda nᴅzᴅrᴅ alēnmalēdēr. 

Kabel xᴅttini birbaĸa yerdᴅ-xᴅndᴅklᴅrin i­ᴅrisindᴅ ­ᴅkmᴅk ¿­¿n zirehli korroziyadan m¿hafizᴅ 

olunmuĸ kabellᴅrdᴅn istifadᴅ olunur. Gᴅrginliyi 35 kV-a qᴅdᴅr olan zirehli kabellᴅr 0.8 m dᴅrinlikli 

xᴅndᴅklᴅrdᴅ quraĸdērēlēr. Xᴅndᴅyin dibinᴅ 10 sm qalēnlēĵēnda qum tᴅbᴅqᴅsi tºk¿ld¿kdᴅn sonra kabel 

yerlᴅĸdirilir. Kabelin ¿zᴅrinᴅ yenidᴅn yumĸaq torpaĵ tºk¿l¿r. Kabeli mexaniki zᴅdᴅlᴅnmᴅdᴅn qorumaĵ ¿­¿n 

kᴅrpic vᴅ ya beton ºrt¿kdᴅn istifadᴅ edilir. Bu  ºrt¿y¿ qoyduqdan sonra xᴅndᴅk basdērlēr. Kabel xᴅttinin 

yeraltē kommunikasiyalar ilᴅ kᴅsiĸdiyi yerdᴅ xᴅndᴅyin dᴅrinliyini o,5 m-ᴅ qᴅdᴅr azaltmaq olar. Ancaq 

dᴅrinliyi azaldēlmēĸ xᴅndᴅyin uzunluĵu 5 m-dᴅn artēq olmamalēdēr. 

G¿c kabellᴅrinin  vᴅzifᴅsi, elektrik stansiyalarēndan, paylayēcē ĸᴅbᴅkᴅlᴅrdᴅn vᴅ transformatorlardan sᴅnaye 

obyektlᴅrinᴅ, binalara vᴅ digᴅr istehlak­ēlara enerjinin ­atdērēlmasē, elektrik enerjisinin ºt¿r¿lmᴅsi vasitᴅsilᴅ 

hᴅyata ke­irilir. 

Y¿ksᴅk izolyasiya vᴅ dayanēqlēlēq sayᴅsindᴅ elektrik enerjisinin tᴅhl¿kᴅsiz vᴅ fasilᴅsiz ºt¿r¿lmᴅsi 

tᴅmin edilir. 

Su, istilik, kimyᴅvi maddᴅlᴅr, mexaniki vᴅ ekoloji amillᴅrᴅ qarĸē davamlēlēq vᴅ fiziki tᴅsirlᴅrᴅ qarĸē 

qorunmaq ¿­¿n x¿susi qoruyucu qatlarla tᴅchiz olunurlar. 

Elektrik qēsaqapanmalarēnēn vᴅ sēzmalarēnēn qarĸēsēnē almaq ¿­¿n tᴅhl¿kᴅsiz vᴅ y¿ksᴅk izolyasiya 

x¿susiyyᴅtlᴅrinᴅ malikdirlᴅr. 

Yeraltē, sualtē, a­ēq hava vᴅ bina daxili quraĸdērmalarēnda fᴅrqli ĸᴅraitlᴅrdᴅ istifadᴅ oluna bilᴅr. 

Se­im tᴅtbiq sahᴅsinᴅ vᴅ elektrik y¿klᴅnmᴅsinᴅ uyĵun olaraq  g¿c kabellᴅri gᴅrginlik sᴅviyyᴅsinᴅ gºrᴅ aĸaĵē, 

orta vᴅ y¿ksᴅk gᴅrginlikli olaraq tᴅtbiq edilir.  

            Kabel xᴅtlᴅrinin ­ᴅkiliĸindᴅ al¿minium damarlē kabellᴅrdᴅn geniĸ istifadᴅ olunur. Bu tipli kabellᴅrdᴅn 

torpaqda ­ᴅkilᴅcᴅk II vᴅ III kateqoriyalē elektrik enerjisi tᴅlᴅbat­ēlarēnē qidalandērmaq ¿­¿n m¿ᴅyyᴅn ĸᴅrtlᴅr 

daxilindᴅ istifadᴅ olunur,xᴅndᴅyᴅ torpaq tºkᴅrkᴅn onun i­ᴅrisindᴅ daĸ, ĸ¿ĸᴅ vᴅ s. kabelin ºrt¿y¿n¿ zᴅdᴅlᴅyᴅ 

bilᴅn qērēntēlar olmamalēdēr, torpaq iĸlᴅri gºrᴅrkᴅn metal alᴅtlᴅrdᴅn istifadᴅ edilmᴅmᴅlidir. 

           Aqressiv ĸᴅraitdᴅ kabellᴅrin istismarē zamanē onlarēn uzunm¿ddᴅtli vᴅ tᴅhl¿kᴅsiz iĸlᴅmᴅsi ¿­¿n bir 

sēra m¿h¿m faktorlar nᴅzᴅrᴅ alēnmalēdēr. Aqressiv ĸᴅrait dedikdᴅ aĸaĵēdakē amillᴅr nᴅzᴅrdᴅ tutulur: 
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Y¿ksᴅk vᴅ aĸaĵē temperatur nᴅticᴅsindᴅ kabelin izolyasiya vᴅ qoruyucu ºrt¿klᴅri istilik tᴅsirindᴅn 

zᴅdᴅlᴅnᴅ bilir. Kimyᴅvi maddᴅlᴅr vᴅ korroziya, sᴅnaye m¿ᴅssisᴅlᴅrindᴅ turĸular, qᴅlᴅvilᴅr, duzlar vᴅ digᴅr 

kimyᴅvi maddᴅlᴅr kabellᴅrin izolyasiya qatēna vᴅ metal hissᴅlᴅrinᴅ mᴅnfi tᴅsir gºstᴅrᴅ bilir. 

Mexaniki tᴅsirlᴅr, vibrasiya, gᴅrginlik, ᴅyilmᴅ vᴅ zᴅrbᴅlᴅr nᴅticᴅsindᴅ kabellᴅr tez sēradan ­ēxa bilir. 

Su vᴅ r¿tubᴅt kabellᴅrin izolyasiyasēnē zᴅdᴅlᴅyᴅ vᴅ qēsaqapanma yarada bilᴅr. 

A­ēq havada istifadᴅ olunan kabellᴅr g¿nᴅĸ ĸ¿alarēnēn tᴅsirindᴅn deqradasiyaya uĵraya bilᴅr. 

G¿c kabellᴅrinin etibarlēlēq gºstᴅricilᴅri onlarēn uzunm¿ddᴅtli, tᴅhl¿kᴅsiz vᴅ sᴅmᴅrᴅli iĸlᴅmᴅsini m¿ᴅyyᴅn 

edᴅn ᴅsas parametrlᴅrdir.  

Elektrik gºstᴅricilᴅri, kabelin dayana bilᴅcᴅyi maksimum gᴅrginlik sᴅviyyᴅsi (mᴅsᴅlᴅn, 0,6/1 kV, 6/10 kV ) 

vᴅ kabelin icazᴅ verilᴅn maksimal cᴅrᴅyan y¿k¿,izolyasiya materialēnēn keyfiyyᴅtini vᴅ elektrik sēzmalarēna 

qarĸē dayanēqlēĵēnē gºstᴅrir. 

         Kabelin qēsaqapanma cᴅrᴅyanlarēna qarĸē dºz¿ml¿l¿y¿,onun daxili vᴅ xarici qēsaqapanma dayanēqlēĵēnē 

gºstᴅrir.  

        G¿c kabellᴅrinin etibarlēlēĵēnē artērmaq ¿­¿n bir ne­ᴅ ᴅsas ¿sul mºvcuddur. Bunlar hᴅm material se­imi, 

hᴅm dizayn, hᴅm dᴅ istismar vᴅ texniki xidmᴅtlᴅ baĵlēdēr. Keyfiyyᴅtli materiallardan istifadᴅ,korroziyaya 

davamlē ºrt¿klᴅr,d¿zg¿n layihᴅlᴅndirmᴅ vᴅ quraĸdērma, kᴅskin b¿k¿lmᴅlᴅrdᴅn qa­ēnmaq, xarici tᴅsirlᴅrdᴅn 

qoruma vᴅ sᴅnaye m¿ᴅssisᴅlᴅrindᴅ turĸulara vᴅ digᴅr aqressiv maddᴅlᴅrᴅ dºz¿ml¿ izolyasiya se­ilmᴅsi. 

Kabelin hᴅddindᴅn artēq y¿klᴅnmᴅsinin qarĸēsēnē almaq ¿­¿n y¿k paylanmasēnē d¿zg¿n tᴅnzimlᴅmᴅk 

vacibdir. Bu metodlar g¿c kabellᴅrinin istismar m¿ddᴅtini artērmaqla yanaĸē, hᴅm dᴅ tᴅhl¿kᴅsizliyini vᴅ 

sᴅmᴅrᴅliliyini y¿ksᴅldir. 
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Summary 

ANALYSIS OF THE EXPLOITATION OF POWER CABLES IN AGGRESSIVE CONDITIONS  

Mammadzade R. K., Jamalxanova Ķ. S., Jamaledinova U. H., Ahmadov S.E. 

 

There are several methods and techniques to increase the reliability of power cables. These are related to the choice of 

materials, design, operation and maintenance. The use of high-quality materials, corrosion-resistant coatings, proper design and 

installation, protection from aggressive extreme atmospheric influences, and the selection of insulation resistant to acids and other 

aggressive substances in industrial enterprises are important issues of the day. 

Keywords: power cables, functions of power cables, aggressive conditions, reliability indicators, increasing reliability. 
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¥zet: Bu ­alēĸmada, salēnēmlē su kolonu (OWC) tipi dalga enerjisi dºn¿ĸ¿m sisteminde t¿rbin hēzēnēn d¿zenlenmesi 

amacēyla Doĵrusal Kuadratik Reg¿latºr (LQR) ve Oransal-Ķntegral-T¿rev (PID) kontrol algoritmalarēnēn karĸēlaĸtērmalē performans 

analizi sunulmaktadēr. Doĵrusal hale getirilmiĸ OWC modeli ¿zerinde ger­ekleĸtirilen sim¿lasyonlar kapsamēnda, her iki kontrol 
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stratejisinin sistem yanētē referans takibi ve enerji verimliliĵi a­ēsēndan deĵerlendirilmiĸtir. ¢alēĸmanēn temel amacē, kontrol 

algoritmalarē aracēlēĵēyla OWC sisteminden maksimum d¿zeyde enerji elde etmektir. Elde edilen bulgular, LQR kontrolc¿s¿n¿n daha 

d¿ĸ¿k aĸma oranē ve kontrol ­abasē ile PID algoritmasēna kēyasla daha verimli bir performans sergilediĵini ortaya koymaktadēr. 

Anahtar  Kelimeler: OWC, PID kontrol, LQR kontrol, deniz dalga enerjisi, enerji verimliliĵi 

 

Giriĸ 

Salēnēmlē su kolonu (OWC) sistemleri, deniz dalgalarēnēn enerjisinin elektrik enerjisine 

dºn¿ĸt¿r¿lmesinde kullanēlan ºnemli teknolojilerden biridir. Bu sistemlerde dalga etkisiyle deĵiĸen su 

seviyesi, sistemdeki hava s¿tununu harekete ge­irerek enerji dºn¿ĸ¿m¿n¿ m¿mk¿n kēlar. OWC 

sistemlerinde rotor hēzēnēn etkili bir ĸekilde kontrol edilmesi, enerji ¿retim verimliliĵi a­ēsēndan kritik bir 

gerekliliktir. 

Bu kapsamda sistem performansēnē iyileĸtirmek amacēyla ­eĸitli kontrol stratejileri araĸtērēlmēĸtēr. 

Literat¿rde, ºzellikle PID kontrol yapēlarēnēn OWC sistemlerine uygulanmasē yaygēn olarak incelenmiĸtir 

[1]. ¥te yandan, optimal kontrol teorileri kapsamēnda deĵerlendirilen LQR yºntemleri de farklē enerji 

sistemlerinde baĸarēyla uygulanmaktadēr [2]. 

Bazē ­alēĸmalarda ise maksimum g¿­ noktasē takibi (MPPT) i­in adaptif yapēlar [2], verimlilik odaklē 

model kestirimi [3] ve akēĸ kontrol¿ i­in bulanēk mantēk temelli denetleyiciler [4] tercih edilmiĸtir. Ayrēca, 

­oklu model ge­iĸine dayalē yapēlar da denenmiĸtir [5]. 

Bu ­alēĸmada, OWC sisteminin doĵrusal modeli ¿zerinde PID ve LQR kontrol algoritmalarē ile 

referans rotor hēzē takibi ger­ekleĸtirilmiĸ, performans ºl­¿tleri karĸēlaĸtērmalē olarak deĵerlendirilmiĸtir. 

Yºntem 

OWC sistemleri, dalga etkisiyle su seviyesinin yukarē-aĸaĵē hareket ettiĵi, bu hareketin ise kapalē 

hava odasēnda bir hacim deĵiĸikliĵine neden olduĵu yapēlar olarak tanēmlanēr. Bu deĵiĸim, ­ift yºnl¿ bir 

hava akēĸē meydana getirir. Oluĸan hava akēmē Wells t¿rbini ¿zerinden ge­erek mekanik enerjiye dºn¿ĸ¿r. 

T¿rbine baĵlē rotorun dºnmesiyle birlikte enerji, jeneratºr aracēlēĵēyla elektrik enerjisine dºn¿ĸt¿r¿l¿r. 

Bu ­alēĸmada kullanēlan OWC modeli, bu fiziksel s¿re­lerin temel bileĸenlerini i­erecek ĸekilde 

Mishra ve arkadaĸlarē [1] tarafēndan ºnerilen doĵrusallaĸtērēlmēĸ yapē temel alēnarak sadeleĸtirilmiĸtir. 

Doĵrusal model ¿zerinde rotor hēzē kontrol edilen b¿y¿kl¿k olarak tanēmlanmēĸ; kontrol giriĸ sinyali olarak 

ise rotor gerilimi kullanēlmēĸtēr. Dalga girdisi olarak JONSWAP tipi d¿zensiz deniz dalgasē spektrumu 

uygulanmēĸtēr. 

PID ve LQR algoritmalarē doĵrusal model ¿zerine entegre edilerek, rotor hēzēnēn referans takibi 

kapsamēnda kontrol performanslarē karĸēlaĸtērmalē olarak analiz edilmiĸtir. 

PID kontrolc¿s¿, doĵrusal hale getirilmiĸ sistem ¿zerinde kutup yerleĸtirme yºntemiyle 

tasarlanmēĸtēr. Bu yºntemde, sistemin kapalē ­evrim karakteristik denklemi ile istenen kutuplar eĸleĸtirilerek 

PID kazan­larē   hesaplanmēĸtēr.    

Kontrol yasasē aĸaĵēdaki ĸekilde ifade edilir: 

 

Ὃ Ὓ ὑ + KdS 

 

PID algoritmasē; oransal (Kp), integral (Ki) ve t¿rev (Kd) kazan­larēndan oluĸur. Kazan­ deĵerleri, 

maksimum ­ēkēĸ g¿c¿ne ulaĸacak ĸekilde se­ilmiĸ ve bozucu etkiler altēnda da kararlē davranēĸ gºsterilmesi 

hedeflenmiĸtir. 

LQR kontrol stratejisi, sistemin performans indeksini minimize edecek ĸekilde uygulanmēĸtēr. 

Performans fonksiyonu aĸaĵēda tanēmlanan formda olup, hata b¿y¿kl¿ĵ¿ ve kontrol enerjisi dikkate 

alēnmēĸtēr: 

ὐ =
Ð

[ὼT(ὸ)ὗὼ(ὸ) + όT
(ὸ)Ὑό(ὸ)]Ὠὸ 

Burada x(t) sistemin durum vektºr¿, u(t) kontrol sinyali, Q durum aĵērlēk matrisi ve R kontrol sinyali 

aĵērlēk matrisidir. Bu matrisler, kararlēlēk ve enerji verimliliĵi arasēnda denge saĵlayacak ĸekilde se­ilmiĸtir. 

LQR kontrol yasasē genel formda ĸu ĸekilde yazēlēr: u(t)=īKx(t). 
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T¿m sim¿lasyonlar zaman domeninde ger­ekleĸtirilmiĸ ve kontrol algoritmalarēnēn sabit referans 

rotor hēzēnē izleme baĸarēmē deĵerlendirilmiĸtir. LQR kontrolc¿s¿, daha d¿ĸ¿k kontrol ­abasēyla rotor hēzēnē 

referans deĵere daha kararlē bi­imde ulaĸtērarak PID'e kēyasla daha verimli bir performans sergilemiĸtir. 

 Bulgular ve Tartēĸma 

 

 

Tablo 1. Referans takibi altēndaki kontrol performans ºl­¿tleri. 

Kriter  PID LQR 

Maksimum aĸma (%) 33.8 4.3 

Yerleĸme s¿resi (s) 23.5 23.5 

Enerji  t¿ketimi 7.09Ĭ10ϒ 6.97Ĭ10ϒ 

 

ķekil 1ôde sistem referansēnē takip eden PID ve LQR kontrolc¿lerinin rotor hēz tepkileri 

gºsterilmektedir. LQR, referans sinyaline daha d¿ĸ¿k hata ile takip ederken, PID kontrolc¿de y¿ksek aĸma 

ve ge­ici rejim salēnēmlarē gºzlemlenmiĸtir. 

ķekil2ôde ise PID kontrolc¿s¿ y¿ksek genlikli ani sē­ramalar ¿retirken, LQR kontrolc¿s¿ daha 

dengeli ve sēnērlē kontrol sinyalleri ¿retmiĸtir. Bu durum LQRônin enerji t¿ketimi a­ēsēndan daha verimli 

olduĵunu gºstermektedir. 

 

 

 

 

 

 

 

ķekil 1. Referans takibi altēnda rotor hēzē tepkisi ķekil 2. Referans takibi altēnda kontrolc¿ gerilim 

sinyalleri 
 

 

 

 

 

 

 

 

 

Tablo 2. Stokastik bozucu etkiler altēnda kontrol performans ºl­¿tleri 

Kriter  PID LQR 

Maksimum aĸma (%) 36.3 9.3 

Yerleĸme s¿resi (s) 24.5 27.6 

Enerji t¿ketimi 7.12Ĭ10ϒ 6.98Ĭ10ϒ 
 

ķekil 3. Stokastik bozucu etkiler altēnda rotor hēzē 

tepkisi 
ķekil 4. Stokastik bozucu etkiler altēnda kontrolc¿ 

gerilim sinyalleri 
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ķekil 3ôte bozucu etkiler altēnda LQR kontrolc¿s¿, referans sinyaline daha kararlē ĸekilde 

yaklaĸērken, PID kontrolc¿s¿ daha belirgin sapmalar ve d¿zensiz salēnēmlar ¿retmiĸtir. Bu da LQRônin 

bozucu reddi performansēnda ¿st¿nl¿ĵ¿n¿ ortaya koymaktadēr. 

ķekil 4ôte ise PID kontrolc¿s¿ d¿zensiz ve b¿y¿k genlikli kontrol sinyalleri ¿retmiĸtir. Buna karĸēn, 

LQR kontrolc¿s¿ daha stabil ve enerji a­ēsēndan tasarruflu bir kontrol sinyali saĵlamēĸtēr. 

Sim¿lasyon sonu­larē, LQR kontrolc¿s¿n¿n hem enerji t¿ketimi hem de maksimum aĸma oranē 

a­ēsēndan PID kontrolc¿s¿ne gºre daha verimli bir performans sergilediĵini gºstermektedir. ¥zellikle 

stokastik bozucu etkiler altēnda, PID kontrolc¿s¿nde gºzlenen y¿ksek salēnēmlar sistem kararlēlēĵē a­ēsēndan 

dezavantaj oluĸturmuĸtur. 

Sonu­lar 

Bu ­alēĸmada, OWC sisteminin t¿rbin hēz kontrol¿ i­in LQR ve PID kontrol stratejileri 

karĸēlaĸtērmalē olarak deĵerlendirilmiĸtir. Her iki kontrolc¿ aynē doĵrusal model ¿zerinde test edilmiĸtir. 

Ger­ek­i dalga koĸullarēnda, LQR kontrolc¿s¿, ºzellikle enerji t¿ketimi ve maksimum aĸma kriterlerinde 

PID kontrolc¿s¿ne gºre ¿st¿nl¿k saĵlamēĸtēr. Bu nedenle, enerji verimliliĵi ve sistem kararlēlēĵē a­ēsēndan 

LQR yºnteminin OWC sistemlerinde uygulanabilirliĵi g¿­l¿ bir ĸekilde ortaya konmuĸtur. 
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Summary 

PERFORMANCE COMPARISON OF LQR AND PID BASED CONTROL ALGORITHMS IN OWC  

(OSCILLATING WATER COLUMN) WAVE ENERGY SYSTEMS  

Altayli M.K., ¦lker H., Balbay A. 

 

This paper presents a comparative performance analysis of Proportional-Integral-Derivative (PID) and Linear Quadratic 

Regulator (LQR) control algorithms applied for rotor speed regulation in Oscillating Water Column (OWC) wave energy conversion 

systems. The analysis is conducted on a linearized OWC system model, where both control strategies are evaluated in terms of 

reference tracking and energy efficiency. The main objective is to maximize energy extraction from the OWC system through 

effective control. Simulation results indicate that the LQR controller achieves superior performance compared to the PID controller, 

with lower overshoot and reduced control effort. 

Keywords: OWC, PID control, LQR control, wave energy, energy efficiency 

 

ʈʝʟʶʤʝ 

ʉʈɸɺʅɽʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ɸʃɻʆʈʀʊʄʆɺ ʋʇʈɸɺʃɽʅʀʗ ʅɸ ʆʉʅʆɺɽ LQR ʀ PID ɺ OWC 

(ʂʆʃɽɹʃʖʑɽʄʉʗ ɺʆɼʗʅʆʄ ʉʊʆʃɹɽ) ɺʆʃʅʆɺʓɽ ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ  

ɸʣʪʘʡʣʠ ʄ.ʂ., ʋʣʢʝʨ ʍ., ɹʘʣʙʘʡ ɸ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʠʥʪʝʛʨʘʣʴʥʦ-ʧʨʦʠʟʚʦʜʥʳʤʠ (PID) ʠ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ (LQR), ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʦʣʥ ʚ ʢʦʣʝʙʣʶʱʝʤʩʷ ʚʦʜʷʥʦʤ ʩʪʦʣʙʝ (OWC). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ OWC, ʛʜʝ ʦʙʝ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʵʥʝʨʛʠʠ ʠʟ ʩʠʩʪʝʤʳ 

OWC ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʥʪʨʦʣʣʝʨ LQR ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʠ ʤʝʥʴʰʝʤ ʧʝʨʝʛʨʫʟʢʝ ʠ ʤʝʥʴʰʠʭ ʫʩʠʣʠʷʭ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: OWC, ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʝ, LQR-ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʵʥʝʨʛʠʷ ʚʦʣʥ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʈʝʟʶʤʝ ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ (ɺʕʋ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ ʩ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʠ ʣʦʧʘʩʪʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʚʘʣʫ ʩ 

ʰʢʠʚʘʤʠ. ʋʥʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʛʣʦʚʦʝ ʩʤʝʱʝʥʠʝ ʣʦʧʘʩʪʝʡ ʠ ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ, ʧʦʚʳʰʘʝʪ ʝʸ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʧʨʝʜʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ɺʕʋ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʥʘ ʨʘʟʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʠʷ ʚʝʪʨʘ, ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʤʥʦʛʦʬʘʟʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 

ʦʧʪʠʤʠʟʘʮʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʜʚʫʭʛʝʥʝʨʘʪʦʨʥʘʷ ɺʕʋ.      

 

ʕʥʝʨʛʠʷ ʚʝʪʨʘ ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ (ɺʕʋ) ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ ʠ ʚ ʙʦʨʴʙʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. ʆʜʥʘʢʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʕʋ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚʝʪʨʘ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʛʦʜʳ, ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʩʪʘʚʦʢ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʠ ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʆʧʪʠʤʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʣʫʞʙʳ. ʄʥʦʛʠʝ ʧʨʦʙʣʝʤʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʅʘ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʢ.ʧ.ʜ. 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʘʵʨʦʜʠʥʘʤʠʢʘ ʣʦʧʘʩʪʝʡ ʚʝʪʨʦʢʦʣʝʩʘ. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʢʦʥʩʪʨʫʠʢʪʠʨʦʚʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʦʚʘʣʠ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ. ʕʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʦʧʘʩʪʝʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ɺʕʋ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʫʶ 

ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʧʨʝʚʨʘʱʘʝʪ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ɺʕʋ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ 

ʚʳʙʨʘʪʴ ʠ ʥʘʩʪʨʦʠʪʴ ʛʝʥʝʨʘʪʦʨ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʬʘʟʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʚʝʨʪʦʨʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʴʶ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɺʕʋ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʝʰʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʫʨʙʠʥ ʠ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʩʝʪʠ. ʉʦʚʤʝʱʝʥʠʝ ɺʕʋ 

ʚ ʪʘʢʫʶ ʩʝʪʴ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʪʘʢ ʢʘʢ, ʢʘʞʜʘʷ ʤʘʰʠʥʘ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʤʧʝʥʩʠʨʫʷ ʩʣʘʙʳʝ ʤʝʩʪʘ ʜʨʫʛʠʭ. 

 

 
ʈʠʩ.1. 
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ʅʘ ʨʠʩʫʥʢʝ 1. ʇʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʭʛʝʥʝʨʘʪʦʨʥʘʷ ɺʕʋ. ɿʜʝʩʴ ʦʙʦʟʥʘʯʝʥʳ: 1 ï ʚʝʪʨʦʜʚʠʛʘʪʝʣʴ, 2 

ï ʘʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ; 3 ï ʨʝʜʫʢʪʦʨ, ʤʫʬʪʘ ʩʮʝʧʣʝʥʠʷ (ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʠʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ); 4,5 ï ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ; 6,7 ï 

ʪʠʨʠʩʪʦʨʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ; 8 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

1. ɺʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʢʘʢ ʧʨʠ ʤʘʣʳʭ, ʪʘʢ ʠ ʧʨʠ ʙʦʣʴʰʠʭ 
ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ ʠ ʚʳʩʦʢʠʡ ʢ.ʧ.ʜ. ʫʩʪʘʥʦʚʢʠ. 

2. ʆʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ɺʕʋ ʩ ÃÏÓ• ρ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ. 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʤʷʛʢʦʛʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʫʩʢʘ ɺʕʋ. 

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʠ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʤʝʩʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʘʷ ɺʕʋ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʪʘʙʠʣʴʥʫʶ ʚʳʨʘʙʦʪʢʫ ʵʥʝʨʛʠʠ ʦʙʲʝʜʠʥʷʷ ʜʘʥʥʳʝ ʜʚʫʭ ʛʝʥʝʨʘʪʦʨʦʚ.   

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ɺʕʋ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʠʪʴ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ɺʕʋ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 

ʈʠʩ.2. 

 

ɿʜʝʩʴ ʦʙʦʟʥʘʯʝʥʳ: 

1,2,3,4 ï ɺʕʋ, 5 ï ʰʠʥʳ ɺʕʉ, 6 ï ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ; 7 ï ʰʠʥʳ ʙʣʠʞʘʡʰʝʡ ʢʨʫʧʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʩʪʘʥʮʠʠ; 8 ï ʩʠʥʭʨʦʥʥʦʡ ʢʦʤʧʝʥʩʘʪʦʨ; 9 ï ʧʫʩʢʦʚʦʡ (ʨʘʟʛʦʥʥʳʡ) ʜʚʠʛʘʪʝʣʴ. 

ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ: 

1. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ɺʕʉ; 

2. ʅʘʣʠʯʠʝ ʵʬʬʝʢʪʘ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ; 

3. ʄʷʛʢʠʡ ʧʫʩʢ ʩʠʥʭʨʦʥʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʙʝʟ ʢʘʢʠʭ ï ʣʠʙʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʝʪʴ 

ʠ ɺʕʉ; 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʫʩʢʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʨʝʘʢʪʠʚʥʦʡ 
ʤʦʱʥʦʩʪʠ, ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ ʝʛʦ ʚ ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. 

ɿʘʢʣʶʯʝʥʠʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʠʟʣʦʞʝʥʥʦʛʦ, ʦʧʪʠʤʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɺʕʋ 

ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʛʨʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʭʚʘʪʳʚʘʶʱʠʤ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ɺʕʋ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ.   
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X¿lasᴅ 

K¦LᴄK TURBINLᴄRININ ENERJI G¥STᴄRĶCĶLᴄRĶNĶN OPTIMALLAķDIRILMASI ¦¢¦N METODLAR. 

Ϸliyev N.Ϸ., Hacēbalayev N.M., ķirinova A.Y., Bayramϸliyeva E.N. 

 

Mᴅqalᴅ, k¿lᴅk energetik qurĵularēnēn (KEQ) enerji gºstᴅricilᴅrinin optimallaĸdērēlmasē ¿sullarēna hᴅsr olunub. Bu, elektrik 

generatoru vᴅ ĸkivlᴅri olan vala quraĸdērēlmēĸ pᴅrlᴅri olan bir cihazdēr. Bu qurĵunun unikal quruluĸu, o c¿mlᴅdᴅn pᴅrlᴅrin bucaq yer 

dᴅyiĸmᴅsi vᴅ qoruyucu ekran, onun sᴅmᴅrᴅliliyini artērēr. Bu layihᴅdᴅ enerji gºstᴅricilᴅrini optimallaĸdērmaq ¿­¿n bir ne­ᴅ ¿sul tᴅklif 

olunur. Araĸdērma ­ᴅr­ivᴅsindᴅ bu sahᴅdᴅ m¿asir texnologiyalarēn tᴅtbiqi vᴅ KEQ-nin m¿xtᴅlif iqlim ĸᴅraitindᴅ vᴅ m¿xtᴅlif 

ᴅrazilᴅrdᴅ uyĵunlaĸdērēlmasē imkanē nᴅzᴅrdᴅn ke­irilᴅcᴅk. 

A­ar sºzlᴅr: k¿lᴅk enerjisi, k¿lᴅk enerjisi qurĵularē, ­oxfazalē dᴅyiĸᴅn cᴅrᴅyan generatoru, optimallaĸdērma, elektrik 

gºstᴅricilᴅri, iki generatorlu KEQ. 

 
Summary 

METHODS FOR OPTIMIZING THE ENERGY PERFORMANCE OF WIND TURBINES.  

Aliyev N.A., Hacibalayev N.M., Shirinova A.Y., Bayramaliyeva E.N. 

 

This article is dedicated to methods for optimizing the energy performance of wind power plants (WPPs), which are 

devices consisting of an electric generator and blades installed on a shaft with pulleys. The unique structure of this installation, 

including the angular displacement of the blades and a protective screen, enhances its efficiency. Several methods for optimizing 

energy performance are proposed in this project. The study will consider the application of modern technologies in this field, as well 

as the possibility of adapting WPPs to different climatic conditions and various terrains. 

Keywords: wind energy, wind power plants, multi-phase AC generator, optimization, electrical parameters, dual-generator 

WPP. 
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X¿lasᴅ Mᴅqalᴅdᴅ sᴅnaye robotunun qolunun bucaq yerdᴅyiĸmᴅsini ºl­mᴅk ¿­¿n yaradēlmēĸ bucaq dºnmᴅ 

elektromaqnit vericisinin tᴅdqiqatē ᴅsasēnda onun tezliyinin se­ilmᴅsi mᴅsᴅlᴅsinᴅ baxēlmēĸdēr.  

A­ar sºzlᴅr:  A­ar sºzlᴅr: robototexniki kompleks, b¿caq dºnmᴅ, verici, sᴅnaye robotu, avtogenerator, tezlik 

 

Cihazqayērma vᴅ maĸēnqayērma sᴅnaye sahᴅlᴅrindᴅ istifadᴅ olunan RTK-ēn informasiya-ºl­mᴅ vᴅ 

idarᴅetmᴅ sistemlᴅrindᴅ  bucaq yerdᴅyiĸmᴅ vericilᴅrindᴅn geniĸ istifadᴅ olunur [1]. Belᴅ vericilᴅrin iĸlᴅmᴅ 

prinsipi dºvrᴅdᴅ aktiv m¿qavimᴅtin, induktivliyin, tutumun dᴅyiĸmᴅsinᴅ ᴅsaslana bilᴅr. Aparēlan hᴅrtᴅrᴅfli 

tᴅdqiqatlar ᴅsasēnda m¿ᴅyyᴅn edilmiĸdir ki, induktiv vᴅ ya qarĸēlēqlē induktivliyin dᴅyiĸmᴅsi prinsipindᴅ 

iĸlᴅyᴅn bucaq dºnmᴅ vericilᴅri y¿ksᴅk, g¿cl¿ informasiya siqnalēna malik olurlar. Buna gºrᴅ dᴅ RTK-da 

bucaq dºnmᴅ vericilᴅrindᴅn istifadᴅ etmᴅk ᴅlveriĸli olur [2]. Mºvcud induktiv bucaq dºnmᴅ vericilᴅrinin 

n¿vᴅsi ĸixtᴅlᴅnmiĸ elektrotexniki vᴅrᴅq ĸᴅkilli poladdan hazērlanmēĸdēr vᴅ onlarēn hazērlanma texnologiyasē 

­ᴅtin olur. Bununla ᴅlaqᴅdar olaraq, belᴅ vericilᴅrin iqtisadi gºstᴅricilᴅri aĸaĵē d¿ĸ¿r. Bucaq dºnmᴅ 

vericisinin iqtisadi gºstᴅricilᴅrini y¿ksᴅltmᴅk ¿­¿n onlarēn n¿vᴅlᴅrini maĸēnqayērma sᴅnayesindᴅ geniĸ 

yayēlmēĸ adi konstruktiv poladdan hazērlamaq lazēm gᴅlir. Belᴅ halda n¿vᴅnin oxunun konstruksiyasēnē sadᴅ 

texnologiya ilᴅ hazērlamaq m¿mk¿n olur. 

 RTK-da istifadᴅ olunan SR-nēn qolunun bucaq dºnmᴅsi m¿xtᴅlif olur [3]. Onlarēn tᴅtbiq sahᴅsindᴅn 
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bucaq altēnda ºz qollarēnē dºndᴅrmᴅ x¿susiyyᴅtlᴅrinᴅ malik olurlar. 

Bununla ᴅlaqᴅdar olaraq buxarlandērēcēlarēn hazērlanmasēnda istifadᴅ olunan ñkolokol­ikòin a­ēlmasēnda 

istifadᴅ olunan SR-in qolunun bucaq dºnmᴅsi 90
0
 vᴅ 180

0 
ola bilᴅr. Bundan

 
baĸqa buxarlandērēcēlarēn 

kanallarēnēn geniĸlᴅndirilmᴅsindᴅ hidravlik preslᴅrdᴅn istifadᴅ olunur. Belᴅ preslᴅrin axēn xᴅttindᴅ 

yerlᴅĸdirilmᴅsindᴅn asēlē olaraq onlarē y¿klᴅyᴅn  vᴅ boĸaldan SR-in qolunun dºnmᴅ bucaĵē 90
0
 yaxud 180

0
 

ola bilᴅr. ᴄgᴅr hidravlik pres axēn xᴅttinᴅ paralel yerlᴅĸirsᴅ, onda y¿klᴅnmᴅ vᴅ boĸaldēlma 90
0
 bucaq altēnda 

yerinᴅ yetirilir. Burada istifadᴅ olunan hidravlik preslᴅr +30
0
 vᴅ -30

0
 bucaq altēnda yerlᴅĸdirilir. Belᴅ halda 

SR-in qolunun maksimum dºnmᴅ bucaĵēnēn istiqamᴅti hidravlik presin qabaq m¿stᴅvisinᴅ perpendkulyar 

olur. Bu perpendkulyarlēq SR-ᴅ nᴅzᴅrᴅn hᴅm saĵda, hᴅm dᴅ solda yerinᴅ yetirilir. Nᴅzᴅrdᴅ tutulan proqram 

ᴅsasēnda SR saĵdakē vᴅ ya soldakē hidravlik presi y¿klᴅyir vᴅ ya boĸaldēr. Belᴅ halda iki hidravlik presᴅ bir 

SR xidmᴅt gºstᴅrir. Bununla ᴅlaqᴅdar olaraq bucaq dºnmᴅsini ºl­ᴅn ¿­pillᴅli 90
0
, 120

0
 vᴅ 180

0 
vericini 
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hazērlamaq lazēm gᴅlir. Belᴅ
 
 vericini yaratmaq ¿­¿n bir-birinᴅ kooksial olan iki  silindrik n¿vᴅ hazērlanēr. 

Hᴅr iki silindr nazik divarlē olub, aralarēnda ­ox ki­ik d mᴅsafᴅsi mºvcuddur. Hazērlanmēĸ silindrlᴅrin a­ēlēĸē 

ĸᴅkil 1-da verilmiĸdir [4]. 

Xarici silindrin daxili diametrinin uzunluĵu Dp , onun daxilindᴅ yerlᴅĸᴅn ¿­ 1, 3, 4-yarēmsilindrin 

hᴅr birinin uzunluĵu (onlarēn daxili diametrlᴅri ¿zrᴅ) (
2

Dp
 -d)-ya bᴅrabᴅr alēnēr. Vericinin hᴅrᴅkᴅt edᴅn 

yarēmsilindri - 5 b bucaĵē qᴅdᴅr dºnd¿kdᴅ 2- tᴅsirlᴅnmᴅ dolaĵēnēn ¿st¿n¿ ºrt¿r. Vericinin 2 -tᴅsirlᴅnmᴅ 

dolaĵē LC-avtogeneratorun RK-na qoĸulur. Nᴅticᴅdᴅ induktiv ᴅks rabitᴅyᴅ malik olan avtogenerator alēnēr. 

Yuxarēda qeyd olunduĵu kimi vericinin induktiv sarĵacēnēn n¿vᴅsi en kᴅsiyᴅ gºrᴅ ʐ ĸᴅkillidir. En 

kᴅsik ĸᴅkil 2-dᴅ gºstᴅrilᴅn kimidir. 

Gºstᴅrilᴅn maqnit sisteminin diferensial tᴅnliyi ¿mumi ĸᴅkildᴅ 

  

 

2 2 2

0 0 0 2

02 2 2

y y y

y

H H H
k H

x y z

= = =

=

µ µ µ
+ + =

µ µ µ
                                             (1) 

kimi yazēlēr. Qᴅbul olunmuĸ dekart koordinat sistemindᴅ simmetriya oxu 3-4 vᴅ 3
/
-4

/
 aralēĵēnēn orta hissᴅsinᴅ 

d¿ĸ¿r. Burada z oxu istiqamᴅtindᴅ maqnit q¿vvᴅ xᴅtlᴅri bir-birinᴅ paraleldir, yᴅni 0yH =  z koordinatēndan 

asēlē deyil. ( ),YO X YOX-  yarēmm¿stᴅvisindᴅ 0yH =  maqnit sahᴅ gᴅrginliyi Y dᴅyiĸᴅnindᴅn asēlē deyil.  

Belᴅliklᴅ, 

ķϸkil 1. Vericinin konstruktiv a­ēlēĸē 

ķϸkil 2. Vericinin maqnit sisteminin en kϸsiyi 



77 
 

2 2

0 0

2 2
0

y yH H

y z

= =µ µ
= =

µ µ
                                                            (2) 

olur. Sonuncu bᴅrabᴅrliyi (1)-dᴅ nᴅzᴅrᴅ alsaq, 
2

0 2

02

y

z

H
k H

x

=

=

µ
=

µ
 

alēnar. Burada 0k j= wgmm . Bu  tᴅnliyin hᴅlli  

0 1 2

kx kX

zH Ae A e-= = +                                                             (3) 

olur. Burada 
2

a
x=+   vᴅ 

2

a
x=- xᴅtlᴅrinᴅ uyĵun gᴅlᴅn / /34 3 4

H H=  olur. Bu yazēlēĸdan aydēn olur ki, 

1 2A A A= = . 

 Bunlarē (3)-dᴅ nᴅzᴅrᴅ alsaq, 

34

0

2

z

H chnx
H

a
chn

= =  

olar. Belᴅliklᴅ, simmetriya m¿stᴅvisini kᴅsᴅn, maqnit q¿vvᴅ xᴅtlᴅrini kᴅsᴅn maqnit seli aĸaĵēdakē kimi olacaq 

/ /

/ / / /

2

3 4
0 0

0

03 4 3 4
0

2

2

2
2

2 2

2

a

z

H
zchkxdx

a
chk

H Z H Za a
shk thk

a k
kchk

=F = mm Ö =

mm
= mm =

ñ

    

Burada Z- vericinin tᴅsirlᴅnmᴅ dolaĵēnēn hᴅrᴅkᴅt edᴅn hissᴅ tᴅrᴅfindᴅn ºrt¿lmᴅ uzunluĵudur, m- n¿vᴅnin 

nisbi maqnit n¿fuz ᴅmsalēdēr, 34H  vᴅ / /3 4
H -yuvanēn daxili sᴅthinin oxuna paralel olan hissᴅsinᴅ uyĵun 

gᴅlᴅn maqnit sahᴅ gᴅrginliyidir. 

 Yuxarēda gºstᴅrilᴅn 1-2 vᴅ 1
/
-2

/
 xᴅtlᴅrinin orta hissᴅsinᴅ uyĵun gᴅlᴅn maqnit sahᴅsinin tᴅnliklᴅri 

ikitᴅrtibli olub, onlarēn hᴅlli  

12

kz

xH H e-=  vᴅ / /1 2

kz

xH H e-=  

x=0 d¿z xᴅttinᴅ uyĵun olan m¿stᴅvini kᴅsᴅn maqnit seli 

( ) ( )
/ /

1 1
00 12 1 2

0 1 2 1 2
k k

x

HH
e e

k k

- D - D

=

mmmm
F = - Ö = - Ö 

kimi ifadᴅ olunur. Burada  / /12 01 2 yH H H == =  alēnēr. 

Belᴅliklᴅ 

0 02z x= =F = F  

Bu ifadᴅdᴅn 

1

34

12
2

1 k

a
H thk

H
e- D

+

=
-

                                                                 (4) 

alēnēr. Vericinin rᴅqs konturu y¿ksᴅk tezliyᴅ hesablandēĵē ¿­¿n aĸaĵēdakē hallar yerinᴅ yetirilir:  

11

2
1

D-
>>

=

k
e

a
thk

                                                                          (5) 

(5) ifadᴅsini (4) ïdᴅ nᴅzᴅrᴅ alsaq, 

12 34H H= +1 
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olar. 

 Ķndi  isᴅ 1-2-3-4-5-6-1 vᴅ 1
/
 -2
/
 -3
/
 -4
/
 -5
/
 -6
/
 -1
/
 qapalē konturlarēna tam cᴅrᴅyan qanununu tᴅtbiq 

etsᴅk, aĸaĵēdakē ifadᴅlᴅri yaza bilᴅrik 

( ) ( ) ( )12 2 1 2 34 2H H b H H H H h IWd d d d- + + + d+ + =                             (6) 

( ) ( ) ( )/ / / / / / / /

/ /

1 21 2 4 5 3 4 3 4
H H b H H H H h IWd d+ + + d+ + =                           (7) 

ķᴅkil 2-dᴅ gºstᴅrilᴅn maqnit siistemi Z oxuna nᴅzᴅrᴅn simmetrik olduĵu ¿­¿n 

 

bᴅrabᴅrliklᴅri alēnēr. Maqnit selinin arasēkᴅsilmᴅzlik prinsipinᴅ gºrᴅ 

33
/ /

/ /
1 1

3 4
12 56 1 2

(1 )1
;

1 1

kk

k k

H ee
H H H

e e

- D- D

- D - D

--
= =

- -
                                            (8) 

alēnēr. Hᴅmin qanunu elementar en kᴅsiyᴅ tᴅtbiq etmiĸ olsaq, 

1 34H Hd=m   vᴅ / /1 3 4
H Hd=m                                                    (9) 

alarēq. Eyni qayda ilᴅ 

2 36H Hd=m   vᴅ / /

/

36 3 6
H H=m                                                     (10) 

olur. (4), (8), (9), (10) ifadᴅlᴅrini (6) vᴅ (7)-dᴅ nᴅzᴅrᴅ alaq vᴅ nᴅzᴅrdᴅ tutsaq ki, 1 3D =D =D, onda 

/ / / /12 1 2 1 2
2 2 2H b H H h IW+ md+ Ö =, 

[ ]
/ / / /12 561 2 5 62

IW
H H H H

b h
= = = =

+ +md
 

alarēq. Belᴅliklᴅ, vericinin tᴅsirlᴅnmᴅ dolaĵēnē kᴅsᴅn maqnit seli 

( )
0 0

2
z

IWz

k b h
=F =mm

+ +md
 

alēnēr. 

 Yaradēlmēĸ vericinin tᴅsirlᴅnmᴅ dolaĵēnēn induktivliyi 

( )

2

1 0 0 1
1

2

xW W z
L

I k b h

=F mm
= =

+ +md
 

 Avtogeneratorun rᴅqs konturunda L1 vᴅ L2 induktivliklᴅri ĸᴅkil 2-dᴅ gºstᴅrilᴅn sxem ¿­¿n tapēlēr vᴅ 

onun tezliyi 

2
0 1

e

r r

r

d+w=w -    vᴅ  0

1 2

1

aL C
w =                                                (11) 

ifadᴅsi ilᴅ tᴅyin olunur. Alēnmēĸ (11) ifadᴅsindᴅ L1 induktivliyinin reaktiv tᴅĸkiledicisi L1a iĸtirak edir vᴅ bu 

kᴅmiyyᴅt 
2

0 1
1

2 ( )
a

m

W z
L

k b h

mm
=

+ +md
 

kimi yazēlēr. Ķnduktivliyin bu ifadᴅsini (11)-dᴅ nᴅzᴅrᴅ alēb, bir qᴅdᴅr ­evirmᴅ apardēqdan sonra 

( )
2

23
2 2 2

2 0 1

2
1 b

e

b h r r

C W z r

g + +md +
w= Ö -

mm
 

alarēq. Alēnmēĸ sonuncu ifadᴅdᴅn gºr¿n¿r ki, vericinin hᴅndᴅsi ºl­¿lᴅrini bilmᴅklᴅ avtogeneratorun w 

tezliyini se­mᴅk m¿mk¿nd¿r. 
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Summary 

ON THE STUDY OF A SENSOR MEASURING ANGULAR DISPLACEMENT IN ROBOTIC COMPLEXES  

Ahmadova T. A.,.Hajiyeva K.R 

 

The article examines the issue of selecting the operating frequency of an angular rotational electromagnetic sensor 

developed for measuring the angular displacement of an industrial robot arm. 

Keywords: robotic complex, angular rotation, sensor, industrial robot, autogenerator, frequency 
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ELEKTRĶK MAķINLARINDA YARANAN ĶSTĶSMAR NASAZLIQLARI Vᴄ  

ONLARIN  ᴄSAS MᴄNķᴄYĶ 

 

Abdulova Nafisᴅ Abdulfᴅs qēzē  

Teyyubova Sᴅdaqᴅt Rᴅhim qēzē 

Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan, 

abdulovanafise@gmail.com 

 
X¿lasᴅ :Araĸdērēlan elektrik qēsa qapanmalarēnēn nᴅzᴅri tᴅhlili gºstᴅrir ki, onlar statorun faza dºvrᴅlᴅrindᴅ 

elektrik vᴅ maqnit simmetrikliyini pozur vᴅ bu da maĸēnda ᴅlavᴅ y¿ksᴅk harmonikalarēn yaranmasēna sᴅbᴅb olur. 

Maqnit simmetrikliyinin pozulmasē vᴅ bu pozulmalardan yaranan harmonikalarēn kᴅmiyyᴅt gºstᴅricilᴅri, m¿hᴅrrikin 

diaqnostik parametrlᴅri kimi istifadᴅ edilᴅ bilᴅr. Sarĵēlar vᴅ fazalar arasē qēsa qapanmalar differensial vᴅ alēn 

hissᴅlᴅrinin maqnit sahᴅlᴅrinᴅ tᴅsir gºstᴅrir. Buna gºrᴅ dᴅ, bu maqnit sahᴅlᴅrinin, x¿susᴅn harmonik vᴅ spektral tᴅrkib 

hissᴅlᴅrinin tᴅhlili ᴅsasēnda m¿hᴅrrikin texniki vᴅziyyᴅtinᴅ effektiv nᴅzarᴅt ¿sullarē qurula bilᴅr. 

A­ar sºzlᴅr:  izolyasiya, sinxron generator, termoreaktiv, radial titrᴅmᴅ, elektrodinamiki q¿vvᴅ 

  

Elektrik maĸēnlarēnēn istismarē gºstᴅrir ki, onlarēn konstruktiv hissᴅlᴅrindᴅ yaranan vᴅ qᴅflᴅtᴅn 

a­ēlmaya sᴅbᴅb olan nasazlēqlarēn ᴅksᴅriyyᴅti statorun payēna d¿ĸ¿r. Bu nasazlēqlarēn ­oxu stator dolaĵēnda 

izolyasiyanēn zᴅdᴅlᴅnmᴅsi ilᴅ ᴅlaqᴅdardēr. 

Sinxron generatorlarēnda vᴅ bºy¿k g¿cl¿ elektrik m¿hᴅrriklᴅrindᴅ  texniki normalara uyĵun olaraq 

stator dolaĵē ¿­¿n y¿ksᴅk gᴅrginlikli izolyasiya istifadᴅ edilir. Bu izolyasiyanēn struktur quruluĸu vᴅ ona 

qoyulan tᴅlᴅblᴅr D¦ĶST tᴅrᴅfindᴅn m¿ᴅyyᴅn edilir. 

Stator dolaĵē B vᴅ ya F izolyasiya sinfinᴅ malik olmalē vᴅ maksimal iĸlᴅmᴅ temperaturu 120ÁC-dᴅn 

aĸaĵē olmalēdēr. ¢ubuq izolyasiyasēnēn elektriki mºhkᴅmliyi onun b¿t¿n uzunluĵu boyu bᴅrabᴅr hazērlanēr 

[1]. 

Ke­miĸ SSRĶ mᴅkanēnda y¿ksᴅk gᴅrginlikli elektrik maĸēnlarēnda mikalenta ᴅsaslē 

kompauntlaĸdērēlmēĸ izolyasiya istifadᴅ olunurdu. ¢ubuq vᴅ ya seksiya alēn hissᴅsi daxil olmaqla, 

mikolenta (x¿susi asfalt ᴅsaslē lakla birlᴅĸdirilmiĸ slyuda vᴅrᴅqlᴅri) vasitᴅsilᴅ qat-qat hºr¿l¿r vᴅ vakuum 

ĸᴅraitindᴅ bitum tᴅrkibli maddᴅlᴅrlᴅ kompauntlaĸdērēlēr. 

Bu izolyasiyanēn ­atēĸmazlēĵē mexaniki mºhkᴅmliyin aĸaĵē olmasēdēr, x¿susilᴅ iĸ­i temperaturu 

y¿ksᴅldikdᴅ. Bu sᴅbᴅbdᴅn, y¿ksᴅk g¿cl¿ generatorlarda bu izolyasiyanēn tᴅtbiqi ­ᴅtinlᴅĸir. Generatorun 

g¿c¿ artdēqca, dolaq ­ubuqlarēnēn uzunluĵu vᴅ ­ᴅkisi artēr, bu da izolyasiyaya tᴅsir edᴅn mexaniki q¿vvᴅlᴅri 

artērēr vᴅ izolyasiyanēn zᴅdᴅlᴅnmᴅsi riskini y¿ksᴅldir. Hᴅm­inin, generatorun g¿c¿ artdēqca, qēsa 

qapanmalar zamanē dolaĵa tᴅsir edᴅn elektrodinamiki q¿vvᴅlᴅr artēr vᴅ izolyasiyanēn mexaniki zᴅdᴅlᴅnmᴅsi 

ehtimalē y¿ksᴅli r [2]. 

Buna gºrᴅ dᴅ, bºy¿k g¿cl¿ generatorlarda stator dolaĵē izolyasiyasēnēn mexaniki mºhkᴅmliyinᴅ 

olan tᴅlᴅblᴅr artmaqdadēr. 

Bu tᴅlᴅblᴅri qarĸēlamak ¿­¿n, bu g¿n bºy¿k g¿cᴅ malik generatorlarda termoreaktiv izolyasiya 

istifadᴅ olunur. Bu izolyasiya y¿ksᴅk mexaniki mºhkᴅmliyᴅ malikdir vᴅ iĸ­i temperaturunun artmasē ilᴅ 

yumĸalmēr, ­ox qat kompauntlaĸdērma tᴅlᴅb etmir [3]. 

Termoreaktiv izolyasiyanēn ᴅsas komponentlᴅri epoksid vᴅ yarēmefir smolasēdēr. Bu materiallar 

polimerlᴅĸdikdᴅn sonra bᴅrk vᴅ ᴅrimᴅz hala gᴅlir. Bu izolyasiyanēn hazērlanmasēnda kompauntlaĸdērma 
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texnologiyasēna yer verilmᴅyib, onun ᴅvᴅzinᴅ ñbiĸirmᴅò - polimerlᴅĸdirmᴅ prosesi tᴅtbiq edilir. Bu 

izolyasiyada y¿ksᴅk qiymᴅtli slyuda vᴅrᴅqlᴅri deyil, ucuz slyudinit istifadᴅ olunur. 

Termoreaktiv izolyasiyanēn ­atēĸmazlēĵē isᴅ onun kºvrᴅk olmasēdēr. Bºy¿k tᴅsir q¿vvᴅlᴅrinᴅ tab 

gᴅtirsᴅ dᴅ, ­ubuq ᴅyildikdᴅ izolyasiyada ­atlar yarana bilᴅr. Bu problemi hᴅll etmᴅk ¿­¿n ­ubuq 

hazērlanarkᴅn ona elᴅ forma verilir ki, yuvaya qoyulanda ᴅyilmᴅsi minimum olsun. 

Stator dolaĵēnda y¿ksᴅk gᴅrginlikli izolyasiyanēn ᴅn ­ox rastlanan defektlᴅri vᴅ niĸanᴅlᴅri 

bunlardēr: 

Å Ķzolyasiyadakē ­atdaqlar: Bºy¿k ­atdaqlar, adᴅtᴅn, ­ubuqlarēn sēxēlan hissᴅlᴅrindᴅ yaranēr. Bunlar, 

­ubuqlarēn yuvasēna yerlᴅĸdirilmᴅsi vᴅ ya yuvadan ­ēxarēlmasē zamanē, vᴅ ya digᴅr ᴅmᴅliyyatlar nᴅticᴅsindᴅ 

ᴅmᴅlᴅ gᴅlᴅn bºy¿k ᴅyici q¿vvᴅlᴅrdᴅn yarana bilᴅr. Bu ­atdaqlar generatorun ­ēxēĸlarēna yaxēn yerlᴅrdᴅ baĸ 

verᴅn qēsa qapanmalardan da ᴅmᴅlᴅ gᴅlᴅ bilᴅr. ¢atdaqlar hᴅm­inin izolyasiyanēn qat-qat ayrēlmasē ilᴅ 

nᴅticᴅlᴅnᴅ bilᴅr ki, bu da i­ᴅridᴅ boĸluqlarēn yaranmasēna sᴅbᴅb olur. 

Å Ķzolyasiyada uzununa qērēĸlar: Bu c¿r qērēĸlar, izolyasiyanēn hazērlanmasē zamanē dartēnma vᴅ 

preslᴅmᴅ proseslᴅrindᴅ yaranēr. ᴄksᴅr hallarda qērēĸlar yalnēz ­ubuqlarēn ¿st qatlarēnda m¿ĸahidᴅ olunur. 

Bᴅzi hallarda isᴅ qērēĸlar izolyasiyanēn daxili qatlarēnē da ᴅhatᴅ edᴅ bilᴅr ki, bu da profilaktik sēnaqlar 

vasitᴅsilᴅ aĸkar edilᴅ bilᴅr. 

Å Ķzolyasiyanēn s¿rt¿nmᴅsi: ¢ubuĵun yuvada radial titrᴅmᴅsi nᴅticᴅsindᴅ izolyasiyada ­atlar yarana 

bilᴅr. Bu, x¿susᴅn ­ubuĵun enli tᴅrᴅflᴅrindᴅ baĸ verir vᴅ ­ubuqdakē naqillᴅrin qērēlmasēna sᴅbᴅb ola bilᴅr. 

S¿rt¿nmᴅ sᴅbᴅbindᴅn izolyasiya daha dᴅrin zᴅdᴅlᴅnᴅ bilᴅr. 

¢ubuĵun aktiv n¿vᴅsi vᴅ izolyasiya arasēnda kondensator funksiyasē da yarana bilᴅr. Bu zaman 

izolyasiyanēn sᴅthindᴅ tutum cᴅrᴅyanlarē yaranēr vᴅ burada izolyasiyanēn ᴅlavᴅ qērēlmasē baĸ verᴅ bilᴅr. 

Ķstismar tᴅcr¿bᴅsi gºstᴅrir ki, bu c¿r hallarda izolyasiyanēn sᴅthindᴅ tozlar vᴅ digᴅr hissᴅciklᴅr alēĸēb 

yanmaĵa sᴅbᴅb ola bilᴅr. 

Stator dolaĵēnēn alēn hissᴅlᴅrindᴅ yaranan zᴅdᴅlᴅr generatorun bºy¿k tᴅmir iĸlᴅrini tᴅlᴅb edir. 

¢ubuqlarēn yuvaya yerlᴅĸdirilmᴅsindᴅn sonra lehimlᴅmᴅnin pozulmasē da ciddi nasazlēqdēr, ­¿nki bu, 

elektrik qºvs¿ yaratmaqla yerlᴅ qapanma, sarĵēlar vᴅ fazalar arasēnda qēsa qapanmalara sᴅbᴅb olur, hᴅtta 

yanĵēnlarēn meydana gᴅlmᴅsinᴅ yol a­ēr. 

Bir fazanēn yerlᴅ qapanmasē yaranarsa, vᴅ x¿susᴅn dᴅ elektrik qºvs¿ vasitᴅsilᴅ olarsa, digᴅr 

fazalarēn izolyasiyasē y¿ksᴅk gᴅrginliyᴅ mᴅruz qalēr vᴅ izolyasiyanēn zᴅif yerlᴅrindᴅ deĸilmᴅ baĸ verir, 

nᴅticᴅdᴅ qēsa qapanmalarēn yaranmasē ehtimalē artēr. Fazalar arasēnda qēsa qapanmalar, izolyasiyanēn uzun 

m¿ddᴅt ᴅrzindᴅ qēzmasē sᴅbᴅbindᴅn dᴅ yaranēr. Bu zaman ­ubuq vᴅ aktiv n¿vᴅ arasēnda tutum cᴅrᴅyanlarē 

yaranēr vᴅ izolyasiya kºzᴅrir, nᴅticᴅdᴅ fazalar arasēnda qēsa qapanma baĸ verir. 

Stator dolaĵēnda sarĵēlar arasē qēsa qapanmalarēn ᴅsas sᴅbᴅbi sarĵēlardakē izolyasiyanēn 

zᴅdᴅlᴅnmᴅsidir. Bᴅzᴅn isᴅ kobud rᴅftar nᴅticᴅsindᴅ sarĵēlarēn metal birlᴅĸmᴅsindᴅn dᴅ bu nasazlēq yarana 

bilᴅr. Sarĵēlar arasēnda qēsa qapanma, ᴅksᴅr hallarda, iĸ zamanē baĸ verir vᴅ adᴅtᴅn qonĸu sarĵēlardakē 

mᴅftill ᴅrin biri-birinᴅ toxunmasē nᴅticᴅsindᴅ yaranēr. 
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Summary 

MALFUNCTIONS IN ELECTRIC VEHICLES AND THEIR MAIN ORIGINS . 

Abdulova N.A., Teyyubova S.R 

 

  Theoretical analysis of the studied electrical short circuits shows that they violate the electrical and magnetic symmetry in 

the phase circuits of the stator, which leads to the formation of additional high harmonics in the machine. Violation of magnetic 

symmetry and quantitative indicators of harmonics arising from these violations can be used as diagnostic parameters of the engine. 

Short circuits between windings and phases affect the magnetic fields of the differential and front parts. Therefore, effective 

methods of monitoring the technical condition of the engine can be established based on the analysis of these magnetic fields, in 

particular their harmonic and spectral components. 

Keywords: insulation, synchronous generator, thermoreactive, radial vibration, electrodynamic force 
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ʈʝʟʶʤʝ 

ʅɽʀʉʇʈɸɺʅʆʉʊʀ  ʇʈʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʄɸʐʀʅ ʀ ʀʍ ʆʉʅʆɺʅʆɽ 

ʇʈʆʀʉʍʆɾɼɽʅʀɽ. 

ɸʙʜʫʣʦʚʘ ʅ.ɸ., ʊʝʡʶʙʦʚʘ ʉ.ʂ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʥʘʨʫʰʘʶʪ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʤʘʛʥʠʪʥʫʶ ʩʠʤʤʝʪʨʠʶ ʚ ʬʘʟʥʳʭ ʮʝʧʷʭ ʩʪʘʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʢ ʚ ʤʘʰʠʥʝ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʨʫʰʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠ ʛʘʨʤʦʥʠʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʠʭ ʥʘʨʫʰʝʥʠʡ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ. ʂʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʤʝʞʜʫ 

ʦʙʤʦʪʢʘʤʠ ʠ ʬʘʟʘʤʠ ʚʣʠʷʶʪ ʥʘ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʠ ʬʨʦʥʪʘʣʴʥʦʡ ʩʝʢʮʠʡ. ʇʦʵʪʦʤʫ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʵʪʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʦʩʦʙʝʥʥʦ ʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʣʷʮʠʷ, ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʪʝʨʤʦʨʝʘʢʪʠʚʥʦʩʪʴ, ʨʘʜʠʘʣʴʥʘʷ ʚʠʙʨʘʮʠʷ, 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ 
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X¿lasᴅ Effektiv yeni diaqnoz ¿sullarēnēn iĸlᴅnmᴅsindᴅ funksional fiziki proseslᴅrin harmonik vᴅ spektral tᴅrkib hissᴅlᴅrinin 

nasazlēqdan asēlē olaraq dᴅyiĸmᴅsi ᴅsas gºt¿r¿lmᴅlidir. Yeni ¿sullar maĸēnēn iĸlᴅmᴅ ĸᴅraitindᴅ onda yaranan nasazlēqlarēn tᴅyini ¿­¿n 

istifadᴅyᴅ yararlē olmaqla bᴅrabᴅr, maĸēnēn texniki vᴅziyyᴅtinin erkᴅn diaqnostik tᴅhlilinin aparēlmasēna da imkan vermᴅlidir. 

A­ar sºzlᴅr:  stator, elektrik maĸēnlarē, faz dolaĵē , induksiya, g¿clᴅndirici 

 

Elektrik maĸēnlarēnda iĸlᴅmᴅ ĸᴅraitindᴅ tez-tez rast gᴅlinᴅn elektrik nasazlēqlarē, ᴅsasᴅn, izolyasiyanēn 

elektrik keyfiyyᴅtinin tᴅdricᴅn pislᴅĸmᴅsi nᴅticᴅsindᴅ stator dolaĵēnda yaranan sarĵēlar vᴅ fazalar arasēnda 

qēsa qapanmalardēr. Bu nasazlēqlarēn ᴅsas gºstᴅricilᴅri, faz dolaqlarēnda lokal qēzmalarēn meydana gᴅlmᴅsi, 

axan cᴅrᴅyanlarēn qeyri-bᴅrabᴅrliyi, vibrasiyanēn artmasē vᴅ sᴅsin dᴅyiĸmᴅsi kimi ᴅlamᴅtlᴅrdir. Bu sᴅbᴅbdᴅn, 

onlarēn ᴅn sadᴅ aĸkar edilmᴅ metodu, dolaqda lokal qēzmalarēn axtarēlmasēdēr. Lakin, bu proses ¿­¿n maĸēnēn 

iĸdᴅn ­ēxarēlmasē vᴅ s¿rᴅtli ĸᴅkildᴅ sºk¿lmᴅsi tᴅlᴅb olunur [1, 2]. 

Tᴅklif olunan metodlardan biri, stator dolaĵēnē nominal gᴅrginliyinin 1/3+1/4 sᴅviyyᴅsindᴅ 

bᴅslᴅyᴅrᴅk, ¿­ faz dolaqlarēnda cᴅrᴅyanlarēn ºl­¿lmᴅsinᴅ ᴅsaslanēr [2]. Belᴅ ki, qēsa qapanma olan faz 

dolaĵēnē axan cᴅrᴅyanlarēn qeyri-simmetrikliyi ilᴅ m¿ᴅyyᴅn etmᴅk m¿mk¿nd¿r. Ulduz birlᴅĸdirilmiĸ ¿­fazlē 

dolaqda zᴅdᴅlᴅnmiĸ fazada cᴅrᴅyanēn dᴅyᴅri, digᴅr iki saĵlam faza ilᴅ m¿qayisᴅdᴅ daha y¿ksᴅk olur. 

¦­bucaq birlᴅĸdirilmiĸ dolaqda isᴅ qēsa qapanmēĸ faza ilᴅ ᴅlaqᴅdᴅ olan iki fazada cᴅrᴅyanēn dᴅyᴅri, ¿­¿nc¿ 

fazadakē dᴅyᴅrdᴅn daha bºy¿k olur. Bu metod elektrik m¿hᴅrriklᴅrindᴅ istifadᴅ ¿­¿n daha ᴅlveriĸlidir, lakin 

tᴅtbiqi dᴅ maĸēnēn iĸdᴅn dayandērēlmasēnē tᴅlᴅb edir. 

Zᴅdᴅlᴅnmiĸ faza, statorun faz dolaĵēnda sabit cᴅrᴅyana olan m¿qavimᴅtin ºl­¿lmᴅsi ilᴅ dᴅ m¿ᴅyyᴅn 

edilᴅ bilᴅr. Bu metod istismar dºvr¿ndᴅ geniĸ yayēlmēĸdēr [1, 2]. Faz dolaqlarēnēn aktiv m¿qavimᴅtini ºl­mᴅk 

¿­¿n ampermetr, voltmetr vᴅ ya kºrp¿ sxemindᴅn istifadᴅ olunur. Qēsa qapanmēĸ faz dolaĵēnda m¿qavimᴅt 

dᴅyᴅri, digᴅr fazalarla m¿qayisᴅdᴅ azalēr. Ulduz birlᴅĸdirilmiĸ stator dolaĵēnda ºl­¿lᴅn fazalararasē 

m¿qavimᴅt dᴅyᴅri, zᴅdᴅlᴅnmiĸ fazanēn iĸtirak etmᴅdiyi iki faza ¿­¿n bºy¿k olur. Digᴅr iki halda isᴅ 

zᴅdᴅlᴅnmiĸ faz dolaĵē ºl­mᴅ sxeminᴅ qoĸulduĵundan, m¿qavimᴅt dᴅyᴅrlᴅri bᴅrabᴅr vᴅ ki­ik olur. ¦­bucaq 

birlᴅĸdirilmiĸ stator dolaĵēnda isᴅ ᴅn ki­ik m¿qavimᴅt dᴅyᴅri, zᴅdᴅlᴅnmiĸ fazēn uclarēna qoĸulduqda alēnēr. 

Digᴅr iki halda, ºl­mᴅ sxemi saĵlam faz dolaqlarēnēn uclarēna qoĸulduqda m¿qavimᴅt dᴅyᴅrlᴅri bᴅrabᴅr vᴅ 

nisbᴅtᴅn bºy¿k olur. Stator dolaĵēnēn fazalarē arasēnda qēsa qapanmanē meqqer vasitᴅsilᴅ aĸkarlamaq 

m¿mk¿nd¿r. Sarĵēlararasē qēsa qapanmanēn m¿ᴅyyᴅn edilmᴅsi ¿­¿n tᴅklif olunan metod [3], statorun ulduz 

birlᴅĸdirilmiĸ dolaĵēnēn iki fazasēna sabit cᴅrᴅyan mᴅnbᴅyi qoĸulmasē vᴅ ¿­¿nc¿ fazada induksiyalanan 

EHQ-nin (elektrik hᴅrᴅkᴅt q¿vvᴅsi) ºl­¿lmᴅsi prinsipinᴅ ᴅsaslanēr. ᴄgᴅr faz dolaĵēnda sarĵēlararasē qēsa 

qapanma yoxdursa, ºl­¿lᴅn EHQ dᴅyᴅri sēfēra bᴅrabᴅr olur. 

Sarĵēlararasē qēsa qapanma nᴅticᴅsindᴅ dolaqda baĸ verᴅn parametrlᴅrin dᴅyiĸmᴅsinᴅ gºrᴅ, x¿susi 

qurĵular vasitᴅsilᴅ bu nasazlēĵē aĸkar etmᴅk m¿mk¿nd¿r. Dᴅyiĸᴅn tezlik yaradan generator, bir sēra blok 

elementlᴅri vᴅ sēxac strukturlarēnē ºz¿ndᴅ birlᴅĸdirᴅn bu qurĵu, sēnaq dºvrᴅsindᴅ rezonans tezliyinin 

dᴅyiĸmᴅsini qeyd edir vᴅ zᴅdᴅlᴅnmᴅni aĸkar edir  
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¦­ fazlē stator dolaĵēnda paralel budaqlar arasēnda qapanmanē m¿ᴅyyᴅn etmᴅk ¿­¿n impuls 

generatoru, siqnal formalaĸdērēcē vᴅ g¿clᴅndirici bloklardan ibarᴅt bir qurĵu tᴅklif edilmiĸdir. Formalaĸdērēlan 

sēnaq siqnalē g¿clᴅndirilᴅrᴅk etalon siqnalla m¿qayisᴅ edilir vᴅ fᴅrq yarandēqda dºvrᴅdᴅ cᴅrᴅyan axmaĵa 

baĸlayēr, bu cᴅrᴅyanēn maqnit sahᴅsi indikator vasitᴅsilᴅ qeyd edilir. 

Qurĵuda uyĵun analoq vᴅ rᴅqᴅm elementlᴅrinin istifadᴅsi ilᴅ elektrik maĸēnlarēnēn dolaqlarēnēn 

diaqnostik nᴅzarᴅti ¿­¿n qēsa qapanmalarēn tᴅsiri ilᴅ faz dolaqlarēnda yaranan qēzmalar vᴅ aktiv m¿qavimᴅtin 

dᴅyiĸmᴅsinᴅ ᴅsaslanan ¿sul mºvcuddur. 

Asinxron maĸēnlarēn ¿­ fazlē stator dolaĵēnda sarĵēlararasē qēsa qapanmanēn sēfēr naqilindᴅ cᴅrᴅyanēn 

axmasēna gºrᴅ m¿ᴅyyᴅn edilmᴅsi metodu mºvcuddur. Faz dolaĵēnēn neytralē, ¿mumi aktiv m¿qavimᴅtdᴅn 

maĸēnēn giriĸ sēxaclarē ilᴅ birlᴅĸdirilir. Bu dºvrᴅyᴅ nºvbᴅ ilᴅ vattmetrin cᴅrᴅyan sarĵēsē qoĸulur vᴅ yalnēz ali 

harmonikalē (3-c¿ vᴅ ona bᴅrabᴅr) axan cᴅrᴅyanlar ºl­¿l¿r. Saĵlam faz dolaqlarēna qoĸulduqda cihazēn 

gºstᴅricisi maksimum, zᴅdᴅlᴅnmiĸ fazaya qoĸulduqda isᴅ axan cᴅrᴅyanēn dᴅyᴅri minimum olur. 

Elektrik maĸēnlarēnēn ¿­ fazlē stator dolaĵēnda yaranan elektrik zᴅdᴅlᴅnmᴅlᴅrinin, o c¿mlᴅdᴅn faz 

dolaqlarēnda yaranan sarĵēlar vᴅ fazalararasē qēsa qapanmalarēn m¿ᴅyyᴅn edilmᴅsi ¿­¿n baxēlan vᴅ digᴅr 

mºvcud metodlar, az tᴅsirli olduĵundan geniĸ tᴅtbiq tapa bilmir. Bu metodlarēn ᴅsas ­atēĸmazlēĵē, iĸlᴅmᴅ 

ĸᴅraitindᴅ istifadᴅ edilmᴅsinin qeyri-m¿mk¿nl¿y¿d¿r. Bundan ᴅlavᴅ, aĸaĵēda qeyd edilᴅn digᴅr nºqsanlara da 

malikdirlᴅr. Mᴅsᴅlᴅn, induksiyalanan EHQ dᴅyᴅrinᴅ gºrᴅ elektrik qēsa qapanmalarēn m¿ᴅyyᴅn edilmᴅsi 

metodu, maĸēnēn iĸdᴅn dayandērēlmasēnē vᴅ m¿stᴅqil sabit cᴅrᴅyan mᴅnbᴅyi tᴅlᴅb etmᴅklᴅ yanaĸē, dᴅqiqliyi dᴅ 

aĸaĵēdēr. Nᴅzarᴅt parametri olan EHQ, maqnit qeyri-simmetrikliyini yaradan baĸqa sᴅbᴅblᴅrdᴅn (mᴅsᴅlᴅn, 

ekssentrisitet) dᴅ induksiyalana bilᴅr. 

Rezonans tezliyinin qeydiyyatē ᴅsasēnda olan nᴅzarᴅt qurĵusu m¿rᴅkkᴅb ºl­¿ sxeminᴅ malikdir vᴅ 

­oxsaylē elementlᴅri birlᴅĸdirdiyindᴅn dᴅqiqliyi vᴅ etibarlēĵē aĸaĵēdēr. Qeyd edilᴅn nºqsanlar, istilik ayērmaya 

vᴅ m¿qavimᴅtin dᴅyiĸmᴅsinᴅ ᴅsaslanan, elᴅcᴅ dᴅ zᴅdᴅlᴅnmiĸ dolaqda induksiyalanan cᴅrᴅyanlarēn dᴅyᴅrini 

impuls generatorunun siqnalē ilᴅ etalon m¿qayisᴅsi ¿­¿n formalaĸdēran qurĵularda da mºvcuddur. B¿t¿n 

bunlar metodlarēn effektivliyini azaldēr vᴅ tᴅtbiqini mᴅhdudlaĸdērēr. Ķĸlᴅyᴅn maĸēnda istifadᴅ oluna bilmᴅsi 

baxēmēndan nisbᴅtᴅn uĵurlu olan neytral mᴅslindᴅ cᴅrᴅyanēn ºl­¿lmᴅsi metodu hesab edilᴅ bilᴅr. Lakin, bu 

metod yalnēz faz dolaqlarē ulduz birlᴅĸdirilmiĸ maĸēnlarda tᴅtbiq oluna bilᴅr. Bundan ᴅlavᴅ, sēxaclara qoĸulan 

aktiv m¿qavimᴅtlᴅrin d¿zg¿n se­ilmᴅsi ¿­¿n dᴅqiq hesablanmasē tᴅlᴅb olunur ki, cᴅrᴅyan dᴅyᴅrlᴅrindᴅ ᴅlavᴅ 

qeyri-simmetriklik yaranmasēn. Nᴅzarᴅt olunan dolaqda EHQ fᴅrqinin ºl­¿lmᴅsinᴅ ᴅsaslanan metodun 

­ᴅtinliyi vᴅ ki­ik dᴅqiqliyi, geniĸ tᴅtbiqini m¿mk¿n etmir. 

Hazērda sarĵēlar vᴅ fazalararasē qēsa qapanmalarēn m¿ᴅyyᴅn edilmᴅsi ¿­¿n geniĸ istifadᴅ olunan 

omik m¿qavimᴅtin ºl­¿lmᴅsinᴅ vᴅ ¿­ fazlē al­aq gᴅrginlikli mᴅnbᴅlᴅrdᴅn bᴅslᴅnmᴅ ĸᴅraitindᴅ faz 

cᴅrᴅyanlarēnēn ºl­¿lmᴅsinᴅ ᴅsaslanan metodlarēn da effektivliyi aĸaĵēdēr vᴅ dᴅqiqliyi ki­ikdir. Al­aq 

gᴅrginlikli vᴅ sabit cᴅrᴅyanlē mᴅnbᴅlᴅrin tᴅlᴅb olunmasē, sēnaq ᴅmᴅliyyatēnē ­ᴅtinlᴅĸdirir vᴅ sxemi 

m¿rᴅkkᴅblᴅĸdirir. ᴄn bºy¿k ­atēĸmazlēq isᴅ elektrik maĸēnēnē iĸdᴅn dayandērma tᴅlᴅbidir. 

Qeyd etmᴅk lazēmdēr ki, stator dolaĵēnda sarĵēlar vᴅ fazalararasē qēsa qapanmalarēn maĸēnēn 

vibrasiyasē ᴅsasēnda m¿ᴅyyᴅn edilmᴅsi metodlarē praktik olaraq yoxdur.Mºvcud metodlarēn az tᴅsirli olmasē 

vᴅ onlarēn iĸlᴅmᴅ ĸᴅraitindᴅ baxēlan nasazlēqlarēn m¿ᴅyyᴅn edilmᴅsindᴅ yararsēz olmasē, x¿susilᴅ erkᴅn 

diaqnostika mᴅqsᴅdilᴅ istifadᴅsinin qeyri-m¿mk¿nl¿y¿ ilᴅ izah olunur. Bu, elektrik maĸēnlarēnda 

elektromaqnit vᴅ vibro-akustika fiziki proseslᴅrinᴅ tᴅsir edᴅn x¿susi diaqnostik parametrlᴅrin olmamasē ilᴅ 

baĵlēdēr. Belᴅ parametrlᴅrin m¿ᴅyyᴅn edilmᴅsi vᴅ onlarēn ᴅsasēnda effektiv metodlarēn iĸlᴅnmᴅsi ¿­¿n ayrē-

ayrē nasazlēqlarēn diaqnostik obyekti baxēmēndan araĸdērēlmasē vᴅ funksional fiziki proseslᴅrᴅ tᴅsirlᴅrinin 

aĸkarlanmasē zᴅruridir. 
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Summary 

EXISTING METHODS AND ANALYSIS OF DIAGNOSTICS OF MALFUNCTIONS OF ELECTRICAL MACHINERY   

Guliyeva T.S., Hasanova U.E. 

 

The development of effective new diagnostic methods should take into account the changes in the harmonic and spectral 

components of functional physical processes depending on the fault. New methods should be suitable for use in determining faults 

that arise in the machine under operating conditions, and should also allow for early diagnostic analysis of the technical condition of 

the machine. 
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ʈʝʟʶʤʝ 

ʉʋʑɽʉʊɺʋʖʑʀɽ ʄɽʊʆɼʓ ʀ ɸʅɸʃʀɿ ɼʀɸɻʅʆʉʊʀʂʀ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ  

ʇʈʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʄɸʐʀʅ 

ɻʫʣʠʝʚʘ ʊ.ʉ., ɻʘʩʘʥʦʚʘ ʋ.ʕ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ʅʦʚʳʝ ʤʝʪʦʜʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʪ 

ʧʨʦʚʦʜʠʪʴ ʨʘʥʥʶʶ ʜʠʘʛʥʦʩʪʠʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʰʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʦʨ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ, ʬʘʟʥʘʷ ʦʙʤʦʪʢʘ, ʠʥʜʫʢʮʠʷ, ʫʩʠʣʠʪʝʣʴ 

 
 

ʀʅɼʋʂʎʀʆʅʅʓʁ  ʅɸɻʈɽɺ ʄɽʊɸʃʃɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʊʈɸʅɿʀʉʊʆʈʅʆɻʆ  ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ  ʏɸʉʊʆʊʓ 

 

ʉʘʛʳʥʜʳʢʦʚʘ ɸ.ɾ. 

ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ ʠʤ.ɻʫʤʘʨʙʝʢʘ ɼʘʫʢʝʝʚʘ 
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ʈʝʟʶʤʝ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʵʪʦ  ʪʝʭʥʦʣʦʛʠʠ ʩ  ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ, ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʤʘʣʳʤ ʚʝʩʦʤ ʠ ʛʘʙʘʨʠʪʘʤʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ  ʪʨʝ-

ʙʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʇʏ, ʚʳʙʦʨ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ  ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, 

ʤʠʥʠʤʘʣʴʥʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ 

ʠʥʜʫʢʪʦʨ ʤʦʱʥʦʩʪʠ. ʇʨʦʠʟʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʛʦ  ʦʙʨʘʟʮʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ  ʤʝʪʘʣʣʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ, ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ, ʪʨʘʥʟʠʩʪʦʨʥʳʡ  ʤʦʜʫʣʴ, 

ʩʠʤʠʩʪʦʨʳ, ʪʨʝʭʬʘʟʥʳʡ  ʚʳʧʨʷʤʠʪʝʣʴ, ʠʥʚʝʨʪʦʨ. 

 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʇʏ) ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʩʦʩʪʦʷʪ   IGBT ʠʣʠ 

MOSFET ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʤʦʜʫʣʝʡ, ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ  ʜʨʘʡʚʝʨʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʠʤʝʶʪ ʟʘʱʠʪʫ ʦʪ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʧʝʨʝʛʨʫʟʦʢ ʠ ʟʘʱʠʪʫ ʦʪ 

ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʇʏ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʂʘʟʘʭʩʪʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʨʫʙʝʞʥʳʭ 

ʘʥʘʣʦʛʦʚ ʦʯʝʥʴ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʠʭ ʥʝʚʳʛʦʜʥʦ. ʉʣʝʜʫʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʚʦʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩ  ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʤʘʣʳʤ ʚʝʩʦʤ ʠ 

ʛʘʙʘʨʠʪʘʤʠ.  

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʷʭ: 

- ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʦʚ ʩ ʮʝʣʴʶ ʰʪʘʤʧʦʚʢʠ,  

- ʜʣʷ ʧʣʘʚʢʠ ʤʝʪʘʣʣʦʚ ʚ ʠʥʜʫʢʮʠʦʥʥʳʭ ʧʣʘʚʠʣʴʥʳʭ ʪʠʛʝʣʴʥʳʭ  ʧʝʯʘʭ, 

- ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʦʚ ʩ ʮʝʣʴʶ ʛʦʨʷʯʝʡ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʠ,  

- ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʥʝʬʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ  ʮʠʩʪʝʨʥʘʭ, 

- ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʡ ʩʫʰʢʠ  ʟʝʨʥʘ, ʥʘʛʨʝʚʘ ʞʠʜʢʠʭ ʩʨʝʜ, ʩʫʰʢʘ ʜʨʝʚʝʩʠʥʳ ʠ ʧʦʢʨʳʪʠʡ ʠ 

ʧʦʣʫʯʝʥʠʷ  ʤʦʣʦʯʥʦʛʦ ʧʦʨʦʰʢʘ.    

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʮʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʇʏ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ: ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʇʏ, ʚʳʙʦʨ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ  ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʠʤʝʪʴ  ʚʳʩʦʢʠʡ ʂʇɼ ʠ ʥʠʟʢʠʝ ʮʝʥʳ, ʤʠʥʠʤʘʣʴʥʳʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʚʩʝʛʦ ʇʏ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʪʝʭ ʞʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘʛʨʝʚʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ: 1-ʚʭʦʜʥʳʝ 

ʩʠʤʠʩʪʦʨʳ, 2-ʪʨʝʭʬʘʟʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ, 3-ʠʥʚʝʨʪʦʨʘ.  ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʥʚʝʨʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ 

ʚʳʧʦʣʥʝʥ ʥʘ ʜʚʫʭ ʪʨʘʥʟʠʩʪʦʨʘʭ.  ʊʨʝʭʬʘʟʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ ʚ ʧʦʩʪʦʷʥʥʦʝ, ʘ ʠʥʚʝʨʪʦʨ  ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʚ 

ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ.  

ʀʥʜʫʢʪʦʨ - ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʫʝʪ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ  ʧʦʥʠʞʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʚʝʣʠʯʠʥʳ. ɺʳʧʨʷʤʠʪʝʣʴ ʠ  ʠʥʚʝʨʪʦʨ 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ  ʯʘʩʪʦʪʳ. ɺʳʭʦʜʥʦʡ  ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠʥʜʫʢʪʦʨʘ ʩ ʟʘʛʦʪʦʚʢʦʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʧʨʠ ʵʪʦʤ  

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫʤʝʥʴʰʝʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 
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ɺʭʦʜʥʳʝ ʩʠʤʠʩʪʦʨʳ 1 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʢʣʶʯʝʥʠʷ       

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ  ʯʘʩʪʦʪʳ ʚ ʩʝʪʴ, ʥʦ ʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʯʝʨʝʟ ʢʘʞʜʳʝ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʥʘʜʦ    ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ  

ʯʘʩʪʦʪʳ ʦʪʢʣʶʯʘʪʴ  ʦʪ ʩʝʪʠ, ʪʘʢ ʢʘʢ ʥʘʛʨʝʪʳʡ ʤʝʪʘʣʣ (ʟʘʛʦʪʦʚʢʘ) ʩʣʝʜʫʝʪ ʚʳʥʠʤʘʪʴ ʦʪ ʠʥʜʫʢʪʦʨʘ ʠ 

ʧʝʨʝʜʘʚʘʪʴ ʜʣʷ ʰʪʘʤʧʦʚʢʠ. ɼʘʣʝʝ ʥʦʚʫʶ ʟʘʛʦʪʦʚʢʫ ʚʩʪʘʚʣʷʪʴ ʚ  ʠʥʜʫʢʪʦʨ ʠ  ʚʢʣʶʯʘʪʴ  ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʚ ʩʝʪʴ. ʇʦʣʫʤʦʩʪʦʚʦʡ  ʠʥʚʝʨʪʦʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ  IGBT ʪʨʘʥʟʠʩʪʦʨʘʤʠ T1 ʠ T2 (ʨʠ-

ʩʫʥʦʢ 1),  ʧʦʜʢʣʶʯʝʥ ʢ ʠʩʪʦʯʥʠʢʫ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ,  ʢʦʥʜʝʥʩʘʪʦʨʳ ʉʧ (ʥʠʞʥʠʡ ʠ 

ʚʝʨʭʥʠʡ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ. ʂʦʥʜʝʥʩʘʪʦʨ ʉ ʚ 

ʚʳʭʦʜʥʦʡ ʮʝʧʠ  ʠʥʚʝʨʪʦʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ  ʨʝʟʦʥʘʥʩʘ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʦʣʫʧʝʨʠʦʜʘ  ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ   

ʦʪʢʨʳʚʘʝʪʩʷ  ʪʨʘʥʟʠʩʪʦʨ T1, ʘ  ʪʨʘʥʟʠʩʪʦʨ T2   ʟʘʢʨʳʪ, ʧʨʠ ʵʪʦʤ  ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʥʘʧʨʷʞʝʥʠʷ    ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ T1 ʠ ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.  ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ  ʯʘʩʪʦʪʳ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʧʨʠ 

ʪʨʝʭʬʘʟʥʦʤ ʧʠʪʘʥʠʠ 

 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʥʘ  ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʦʪʢʨʳʚʘʝʪʩʷ  

ʪʨʘʥʟʠʩʪʦʨ T2, ʘ  ʪʨʘʥʟʠʩʪʦʨ T1   ʟʘʢʨʳʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ  ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ   

ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨʳ T2  ʠ ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ        

ʠʥʚʝʨʪʦʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ ʩʪʫʧʝʥʯʘʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʥʜʫʢʪʦʨʝ             

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʢʦʤʤʫʪʘʮʠʠ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʤʦʞʝʪ  ʜʦʩʪʠʯʴ ʜʝʩʷʪʢʠ ʢʠʣʦʛʝʨʮ. 

ʊʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠʥʚʝʨʪʦʨʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ  ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʪʦʢʘ ʥʘ ʠʥʜʫʢʪʦʨʝ ʠ ʫʣʫʯʰʠʪʴ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ  ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂ ʚʳʭʦʜʫ ʩʠʤʠʩʪʦʨʦʚ ʚʢʣʶʯʝʥʘ ʤʦʩʪʦʚʘʷ ʩʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ 2 (ʨʠʩʫʥʦʢ 1). ʂʘʢ 

ʠʟʚʝʩʪʥʦ ʤʦʩʪʦʚʘʷ  ʩʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʥʘʠʤʝʥʴʰʫʶ ʧʫʣʴʩʘʮʠ ʁ

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ɺ ʤʦʩʪʦʚʦʡ ʩʭʝʤʝ ʪʨʝʭʬʘʟʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʜʠʦʜʳ 452361 DDDDDD -----  

ʦʪʢʨʳʚʘʶʪʩʷ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦ ʩʜʚʠʛʦʤ ʥʘ 60Á, ʧʨʠʯʝʤ ʜʠʦʜʳ 31,DD  ʠ 5D  ʦʪʢʨʳʚʘʶʪʩʷ ʚ ʧʦʣʦʞʠ-

ʪʝʣʥɹʳʝ, ʘ ʜʠʦʜʳ 26,DD  ʠ 
4D  ï  ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʣʫʧʝʨʠʦʜʳ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʥʪʝʨʚʘʣ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʜʠʦʜʘ ʨʘʚʝʥ 120Á, ʚ  ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʳ ʜʚʘ ʜʠʦʜʘ (ʧʦ ʦʜʥʦʤʫ ʚ 

ʧʣʝʯʝ ʤʦʩʪʘ) ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʘʛʨʫʟʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʪ, ʝ. ʣʠʥʝʡʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ.      

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʧʨʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩʝʪʠ  ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ, 
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ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ ʠʥʜʫʢʪʦʨ ʤʦʱʥʦʩʪʴʶ 6 

ʢɺʪ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 2 ʜʦ 20 ʢɻʮ ʧʨʠ ʧʠʪʘʥʠʠ ʦʪ ʦʜʥʦʛʦ ʠʣʠ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɹʳʣʳ 

ʧʨʦʠʟʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦ ʦʙʨʘʟʮʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʯʘʩʪʦʪʳ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ  ʤʝʪʘʣʣʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ    

ʜʠʘʤʝʪʨʦʤ 44 ʤʤ ʠ ʜʣʠʥʦʡ  80 ʤʤ.  ɺ ʥʘʯʘʣʝ  ʧʨʦʮʝʩʩʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ  ʤʝʪʘʣʣ  ʥʝ 

ʨʘʚʥʦʤʝʨʥʦ  ʥʘʛʨʝʚʘʣʩʷ, ʪ.ʝ.  ʚ ʩʝʨʝʜʠʥʝ ʟʘʛʦʪʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʧʦ ʢʨʘʷʤ. ʕʪʦ 

ʦʟʥʘʯʘʣʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʥʝ ʟʥʘʯʠʪʝʣʴʥʘ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ 

ʚʳʙʨʘʪʴ ʤʝʥʴʰʫʶ ʯʘʩʪʦʪʫ ʪʦʢʘ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʪʩʷ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ. ɺʨʝʤʷ ʥʘʛʨʝʚʘ  

ʤʝʪʘʣʣ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ   ʯʘʩʪʦʪʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 600-650
0
ʉ  ʩʦʩʪʘʚʠʣʘ 3,5 ʤʠʥʫʪʳ ʧʨʠ ʯʘʩʪʦʪʝ 8 

ʢɻʮ ʠ  ʧʨʠ ʯʘʩʪʦʪʝ 10 ʢɻʮ  - 2.41  ʤʠʥʫʪʳ (ʨʠʩʫʥʦʢ 3). ʇʨʠ ʵʪʦʤ ʪʨʘʥʟʠʩʪʦʨʳ  ʥʝ ʧʝʨʝʛʨʝʚʘʣʠʩʴ, ʯʪʦ 

ʪʨʝʙʫʝʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

 
ʈʠʩ. 2. ʀʥʜʫʢʮʠʦʥʥʳʡ   ʥʘʛʨʝʚʘʪʝʣʴ ʚ ʧʝʨʠʦʜ  ʠʩʧʳʪʘʥʠʷ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʟʜʘʥʥʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ             

ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ,  ʧʨʦʰʝʣ ʫʩʧʝʰʥʦʝ ʠʩʧʳʪʘʥʠʝ, ʠ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ʨʘʙʦʪʘʣʘ ʠʩʧʨʘʚʥʘ. 

ʇʨʦʮʝʩʩ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

 

 
ʈʠʩ. 3. ʇʨʦʮʝʩʩ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 731ʉ̄ 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ ʚʳʙʦʨʝ ʪʨʘʥʟʠʩʪʦʨʥʳʭ JGBT ʤʦʜʫʣʝʡ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ  

ʪʦʧʦʣʦʛʠʠ ʩʠʣʦʚʳʭ ʰʠʥ ʤʦʜʫʣʷ ʠ ʩʧʦʩʦʙʘʤ  ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ ʦʪʚʦʜʘ ʪʝʧʣʘ. ɼʘʞʝ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʱʥʳʭ ʢʣʶʯʝʚʳʭ ʤʦʜʫʣʝʡ ʠʤʝʝʪ 

ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʰʠʥ ʩʚʷʟʠ ʠ ʚʳʚʦʜʦʚ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ  ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʧʝʨʝʭʦʜʥʳʭ ʧʝʨʝʥʘʧʨʷ-

ʞʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʙʝʟ     

ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʧʝʨʚʠʯʥʦʡ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʦʩʮʠʣʣʦʛʨʘʤʤʘ    

ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ  ʪʨʘʥʟʠʩʪʦʨʳ ʨʘʙʦʪʘʶʪ ʚ ʘʢʪʠʚʥʦʤ 

ʨʝʞʠʤʝ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʙʫʜʫʪ ʥʘʛʨʝʚʘʪʴʩʷ ʠ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʚʳʡʜʫʪ ʠʟ ʩʪʨʦʷ. ʏʪʦʙʳ ʪʨʘʥʟʠʩʪʦʨʦʚ 

ʧʝʨʝʚʝʩʪʠ ʚ ʢʣʶʯʝʚʦʡ  ʨʝʞʠʤ, ʥʘʜʦ ʚʢʣʶʯʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʦʥʜʝʥʩʘʪʦʨ ʉ ʚ ʚʳʭʦʜʥʦʡ ʮʝʧʠ  

ʠʥʚʝʨʪʦʨʘ, ʫʣʫʯʰʠʪʴ  ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʦʙʠʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ  ʨʝʟʦʥʘʥʩʘ.  
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ʈʠʩ. 4. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʙʝʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ 

ʧʝʨʚʠʯʥʦʡ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʈʠʩ. 5. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʠʥʚʝʨʪʦʨʘ ʩ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʚ ʧʝʨʚʠʯʥʦʡ ʮʝʧʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʧʨʠ 

ʢʦʥʜʝʥʩʘʪʦʨʝ  ʚ ʧʝʨʚʠʯʥʦʡ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʠʥʚʝʨʪʦʨʘ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ  ʪʨʘʥʟʠʩʪʦʨʳ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʢʣʶʯʘ, ʧʨʠ 

ʵʪʦʤ ʦʥʠ ʥʝ ʙʫʜʫʪ ʥʘʛʨʝʚʘʪʴʩʷ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʙʠʨʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʫʪʝʤ ʟʥʘʯʝʥʠʝ  ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʠʪʴ  ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʜʦʙʠʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ  ʨʝʟʦʥʘʥʩʘ. ʇʨʠ 

ʨʝʟʦʥʘʥʩʝ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʠʥʚʝʨʪʦʨʘ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʠʥʜʫʢʪʦʨʫ, ʪ.ʝ. ʟʘʛʦʪʦʚʢʝ ʜʣʷ ʥʘʛʨʝʚʘ.  
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X¿lasᴅ 

TRANZISTORLU TEZLIK ¢EVIRICISI ᴄSASINDA METALIN INDUKSIYA ILᴄ QIZDIRILMASI 

Saĵēndēqova A.J. 

 

Metalēn induksiya ¿sulu ilᴅ qēzdērēlmasē ¿­¿n tezlik ­eviricilᴅri aĸaĵē maya dᴅyᴅri, y¿ksᴅk faydalē iĸ ᴅmsalē, az ­ᴅki vᴅ ki­ik 

qabarit ºl­¿lᴅri ilᴅ xarakterizᴅ olunan texnologiyalardēr. Bu ­eviricilᴅr tezlik ­eviricisinin (T¢) tᴅlᴅb olunan tezlik tᴅnzimlᴅmᴅ 

diapazonunu, g¿c tranzistorlarēnēn minimal sayda se­ilmᴅsini vᴅ minimal quraĸdērēlmēĸ g¿clᴅrin tᴅmin olunmasēnē m¿mk¿n edir. 

Tezlik ­eviricisinin vᴅ g¿c induktorunun eksperimental n¿munᴅsi iĸlᴅnib hazērlanmēĸ vᴅ hazērlanmēĸdēr. Metalēn induksiya ilᴅ 

qēzdērēlmasē ¿­¿n nᴅzᴅrdᴅ tutulmuĸ tezlik ­eviricisinin eksperimental n¿munᴅsi real istismar ĸᴅraitindᴅ eksperimental tᴅdqiqat vᴅ 

sēnaqlardan ke­irilmiĸdir. 

A­ar sºzlᴅr: tezlik ­eviricilᴅri, induksiya qēzdērēlmasē, tranzistor modulu, simistorlar, ¿­fazalē doĵrulducu, invertor. 

 

Summary 

INDUCTION HEATING OF METAL USING A TRANSISTOR  FREQUENCY CONVERTER  

Sagyndikova A.Zh. 

 

Frequency converters for induction heating of metal are technologies with low cost, high efficiency, low weight and 

dimensions. They provide the required frequency control range for the IF frequency, the choice of the minimum number of power 

transistors, and the minimum installed power. An experimental model of a frequency converter and a power inductor are designed 

and manufactured. Experimental studies and tests of a prototype frequency converter for induction heating of metal in real conditions 

have been carried out. 

Keywords:  frequency converters, induction heating, transistor module, triacs, three-phase rectifier, inverter 
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ʈʝʟʶʤʝ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʪʠʧʦʚʦʛʦ ʫʟʣʘ 

ʥʘʛʨʫʟʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʟʘʜʘʯʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʛʦ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ, ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʜʣʷ ʚʩʝʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ, ʪʘʢ ʠ ʝʝ ʜʚʠʛʘʪʝʣʴʥʦʡ ʯʘʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʦʧʝʨʘʪʦʨʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʠʣʠ ʜʚʫʭʧʦʣʶʩʥʠʢʘ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ, ʟʘʧʠʩʳʚʘʝʤʳʭ 

ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʧʦʚʦʡ ʫʟʝʣ ʥʘʛʨʫʟʢʠ, ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ   

    

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʜʝʣʠ ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʥʘʛʨʫʟʢʠ ʚʳʙʦʨ ʤʝʪʦʜʠʢʠ ʝʸ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʙʳ ʧʦ ʧʝʨʝʤʝʥʥʳʤ ʩʦʩʪʦʷʥʠʷ  ʚʭʦʜ-ʚʳʭʦʜ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ 

ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʧʦʣʥʳ ʠ 

ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʛʨʫʟʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʝʪʴ 

ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʨʝʞʠʤʦʚ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʝʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʩʠʥʪʝʟʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʜʣʷ ʫʟʣʘ 

ʥʘʛʨʫʟʢʠ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʪʠʧʦʚʦʛʦ 

ʫʟʣʘ ʥʘʛʨʫʟʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʟʘʜʘʯʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʛʦ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ 

ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ, ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚ ʝʛʦ ʩʦʩʪʘʚʝ 

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʜʣʷ ʚʩʝʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ, ʪʘʢ ʠ ʝʝ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʯʘʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʦʧʝʨʘʪʦʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʠʣʠ ʜʚʫʭʧʦʣʶʩʥʠʢʘ, 

ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ, ʟʘʧʠʩʳʚʘʝʤʳʭ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪʥʳʭ 

ʦʩʷʭ  

ɼʣʷ ʜʚʠʛʘʪʝʣʷ, ʵʢʚʠʚʘʣʝʥʪʠʨʫʶʱʠʡ ʫʟʝʣ ʥʝʬʪʷʥʦʡ ʥʘʛʨʫʟʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʦʧʝʨʘʪʦʨʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʩʣʫʯʘʡʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ  ʠ ʪʦʢʘ. 

ʆʧʝʨʘʪʦʨʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʦʙʱʝʥʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʧʦʥʷʪʠʝ ʦʧʝʨʘʪʦʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʢ 

ʩʪʘʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʪʘʢ ʠ ʚʨʘʱʘʶʱʠʝʩʷ ʤʘʰʠʥʳ, ʟʜʝʩʴ ʚʢʣʘʜʳʚʘʝʪʩʷ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʬʫʥʢʮʠʝʡ ʚʭʦʜʥʦʛʦ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʭʦʜʥʳʤ ʧʦʪʨʝʙʣʷʝʤʳʤ ʥʘʛʨʫʟʢʦʡ ʪʦʢʦʤ 

[33,40]. ɺʦ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪʘʭ ʵʪʠ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʦʛʠʯʥʳ ʦʧʝʨʘʪʦʨʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʚ ʚʠʜʝ [31,40]; 

ЎὭ ὣ ὖЎὟ ὣ ὖЎὟ                                                          (1) 

ЎὭ ὣ ὖЎὟ ὣ ὖЎὟ                                                     (2) 

ʛʜʝ ЎὟȟЎὟȟЎὭȟЎὭ - ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʥʘ ʟʘʞʠʤʘʭ ʥʘʛʨʫʟʢʠ ʚ ʨʝʞʠʤʝ ʤʘʣʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʩʠʥʭʨʦʥʥʦ-ʚʨʘʱʘʶʱʠʤʩʷ ʦʩʷʤ; 

ὣ ὖȟὣ ὖ - ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʟʘʤʝʱʘʶʱʝʛʦ ʥʘʛʨʫʟʢʫ. 

ὣ ὖȟὣ ὖ - ʝʛʦ ʚʭʦʜʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ; 

ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ὣ ὖȟὣ ὖȟὣ ὖȟὣ ὖ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʫʟʣʘ ʥʘʛʨʫʟʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʝʛʦ ʩʭʝʤʝ  ʟʘʤʝʱʝʥʠʷ ʠ ʟʥʘʯʝʥʠʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʘʢʦ 

ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʤʝʪʦʜʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʟ-ʟʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ЎὟȟЎὟȟЎὭȟЎὭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʧʦʣʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʫʟʣʘ ὣ. ɽʩʣʠ ʩʪʨʫʢʪʫʨʘ ʫʟʣʘ ʥʘʛʨʫʟʢʠ ʟʘʜʘʥʘ ʠ ʝʩʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ὣ ὖȟὣ ὖȟὣ ὖȟὣ ὖ ʪʦ 

ʥʝʪʨʫʜʥʦ ʙʫʜʝʪ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʥʦʡ ʦʧʝʨʘʪʦʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʫʟʣʘ ὣὖ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʫʜʝʪ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʡ ʬʫʥʢʮʠʠ. 

ʆʜʥʘʢʦ ʜʣʷ ʥʘʛʨʫʟʢʠ ʦʙʱʝʛʦ ʚʠʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʚʳʨʘʞʝʥʠʷ ʬʫʥʢʮʠʡ ὣ ὖȟὣ ὖȟὣ ὖȟὣ ὖ. ʆʧʨʝʜʝʣʝʥʠʝ ʠʭ ʥʘ ʦʩʥʦʚʝ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ὣὮʙʫʜʝʪ ʜʘʚʘʪʴ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʨʝʰʝʥʠʷ ʠʟ-ʟʘ ‫ 
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ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʘ, ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ - ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʭ ʘʢʪʠʚʥʫʶ ʠ ʨʝʘʢʪʠʚʥʫʶ 

ʤʦʱʥʦʩʪʠ(ʪʦʢʠ) ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʝʛʦ ʯʘʩʪʦʪʳ. 

ʊʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʤʦʱʥʦʩʪʝʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [33] 

Ўὖ ὑ ὖЎὟ ὑ ὖЎ‫ 

                                Ўὗ ὑ ὖЎὟ  ὑ ὖЎ(3)                                                         ‫ 

ʛʜʝ ЎὟȟЎ;ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʛʨʫʟʢʫ ʫʟʣʘ - ‫ 

ὑ ὖȟὑ ὖȟὑ ὖȟὑ ὖ - ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʛʫʣʠʨʫʶʱʠʝ ʵʬʬʝʢʪʳ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʠ ʯʘʩʪʦʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʘʩʩʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʤʦʜʫʣʷ ʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʤʦʞʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʵʬʬʝʢʪʦʚ ὑ ὖȟὑ ὖȟὑ ὖȟὑ ὖ - ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ, ʝʩʣʠ ʟʘʜʘʥʘ ʝʛʦ ʩʭʝʤʘ 

ʟʘʤʝʱʝʥʠʷ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʩʝʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʛʫʣʠʨʫʶʱʠʭ ʵʬʬʝʢʪʦʚ (2-3). 

ʇʦʣʫʯʠʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʘʩʩʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ὑ ὖȟὑ ὖȟὑ ὖȟὑ ὖ ʥʝʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ 

 (2-1), ʵʢʚʠʚʘʣʝʥʪʠʨʫʶʱʝʛʦ ʫʟʝʣ ʥʘʛʨʫʟʢʠ. ʕʪʦʡ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʤ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʠʩʢʦʤʳʤʠ ʦʧʝʨʘʪʦʨʥʳʤʠ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ 

ὣ ὖȟὣ ὖȟὣ ὖȟὣ ὖ, ʠ ʟʘʜʘʥʥʳʤʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʛʫʣʠʨʫʶʱʠʤʠ 

ʵʬʬʝʢʪʘʤʠ ὑ ὖȟὑ ὖȟὑ ὖȟὑ ὖ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤʠ ʣʠʥʝʘʨʠʟʠʨʦʚʘʥʥʳʤʠ  

ʚʳʨʘʞʝʥʠʷʤʠ ʤʦʱʥʦʩʪʝʡ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ: 
Ўὖ Ὗ ЎὭ ὭЎὟ Ὗ ЎὭ ὭЎὟ

Ўὗ Ὗ ЎὭ ὭЎὟ Ὗ ЎὭ ὭЎὟ

Ў‫ ὖЎὟ ὖЎὟ

ЎὟ ЎὟ ЎὟ ữ
Ử
Ữ

Ử
ử

                                                  (4) 

ʈʝʰʠʚ ʩʠʩʪʝʤʫ (2.4.) ʦʪʥʦʩʠʪʝʣʴʥʦ ЎὭ ʠ ЎὭ ʧʦʜʩʪʘʚʠʚ ʥʘʡʜʝʥʥʳʝ ʜʣʷ ʥʠʭ ʚʳʨʘʞʝʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (2-1), ʧʦʣʫʯʠʤ: 

Ўὖ Ўὗ ὣ ὖ Ὗ
Ў

ЎὟ ὣ ὖ Ὗ
Ў

ЎὟ

ὣ ὖὟ ὣ ὖὟ Ὥ
Ў

ὣ ὖ ὣ ὖ ЎὟ

Ўὖ Ўὗ ὣ ὖ Ὗ
Ў

ЎὟ ὣ ὖ Ὗ
Ў

ЎὟ

ὣ ὖὟ ὣ ὖὟ Ὥ
Ў

ὣ ὖ ὣ ὖ ЎὟữ
ỬỬ
Ữ

ỬỬ
ử

                     (5) 

ʀʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2.5) ʧʦʣʫʯʠʤ ʠʩʢʦʤʳʝ ʚʳʨʘʞʝʥʠʷ ʩʚʷʟʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

Ўὖ Ὗ ὣ ὖὟ ὣ ὖὟ Ὥ Ὗ ὣ ὖὟ ὣ ὖὟ Ὥ
Ў‫

ὖ
 

Ὗ ὣ ὖ
Ὗ

Ὗ
ὣ ὖ

Ὗ

Ὗ

Ὥ

Ὗ
Ὗ ὣ ὖ

Ὗ

Ὗ
ὣ ὖ

Ὗ

Ὗ

Ὥ

Ὗ
ЎὟ 

Ўὗ Ὗ Ὗ ὣ ὖ ὣ ὖ ὖ Ὗ ὣ ὖ Ὗ ὣ ὖ
Ў‫

ὖ
 

Ὗ Ὗ

Ὗ
ὣ ὖ ὣ ὖ

ὗ

Ὗ
ὣ ὖ

Ὗ

Ὗ
ὣ ὖ

Ὗ

Ὗ
ЎὟ 

ʆʪʩʶʜʘ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʛʫʣʠʨʫʶʱʠʭ ʵʬʬʝʢʪʦʚ ʙʫʜʫʪ: 

ʧʦ  ʥʘʧʨʷʞʝʥʠʶ 

ὑ ὖ
Ὗ Ὗ

Ὗ
ὣ ὖ ὣ ὖ

ὖ

Ὗ

Ὗ

Ὗ
ὣ ὖ

Ὗ

Ὗ
ὣ ὖ

ὑ ὖ
Ὗ Ὗ

Ὗ
ὣ ὖ ὣ ὖ

ὗ

Ὗ
ὣ ὖ ὣ ὖ

Ὗ

Ὗ ữ
Ử
Ữ

Ử
ử

 

ʧʦ ʯʘʩʪʦʪʝ  

ὑ ὖ
ρ

ὖ
Ὗ Ὗ ὣ ὖ ὣ ὖ ὗ ὣ ὖὟ ὣ ὖὟ  

ὑ ὖ
ρ

ὖ
Ὗ Ὗ ὣ ὖ ὣ ὖ ὖ Ὗ ὣ ὖ Ὗ ὣ ὖ  
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X¿lasᴅ 

Y¦K¦N ¦M¦MĶLᴄķDĶRĶLMĶķ OPERATOR TᴄNLĶKLᴄRĶ ķᴄKLĶNDᴄ MODELLᴄķDĶRĶLMᴄSĶ 

Bayramϸliyeva E.N. 

 

Mϸqalϸdϸ y¿k¿n tipik  d¿y¿n ¿­¿n  ºt¿rmϸ funksiyasēnēn nºv¿n¿n m¿ϸyyϸn edilmϸsi mϸsϸlϸlϸri nϸzϸrdϸn ke­irilir. Bu,onun 

tezlik xarakteristikalarēnēn identifikasiyasē mᴅsᴅlᴅsindᴅ istifadᴅ olunur.Mᴅsᴅlᴅ qarēĸēq neft y¿k¿  d¿y¿n¿n modellᴅĸdirilmᴅsi 

n¿munᴅsindᴅ hᴅll olunur, burada d¿y¿n¿n tᴅrkibindᴅ ᴅsasᴅn asinxron m¿hᴅrriklᴅr ¿st¿nl¿k tᴅĸkil edir.Y¿k d¿y¿n¿n ¿mumi hissᴅsi 

¿­¿n dᴅ,hᴅmcinin onun m¿hᴅrrik hissᴅsi ¿­¿n dᴅ ºt¿rmᴅ funksiyalarē dºrdq¿tbl¿ vᴅ ya ikiq¿tbl¿ sxemin operator ke­iriciliyi ĸᴅklindᴅ 

nᴅzᴅrdᴅn ke­irilir. Bu sxem isᴅ ki­ik rᴅqslᴅrin tᴅnliklᴅri ᴅsasēnda,fērlanan koordinat oxlarēnda yazēlan ifadᴅlᴅrdᴅn qurulur. 

A­ar sºzlᴅr: tipik y¿k d¿y¿nlᴅri, reaktiv g¿c, dayanēqlēq rejimlᴅrinin hesablanmasē ¿sullarē 

 

Summary 

MODELING OF LOADS IN THE FORM OF GENERALIZED OPERATOR EQUATIONS  

Bayramaliyeva E.N. 

 

The article addresses the determination of the transfer function type for a standard load unit used in the task of identifying 

its frequency characteristics. The problem is solved using the example of modeling a mixed oil-production load unit in which 

induction motors constitute the predominant components. The transfer functionsðboth for the load unit as a whole and for its motor 

sectionðare considered in the form of the operator admittance of a four-terminal or two-terminal network, constructed on the basis 

of small-signal equations written in rotating coordinate axes. 

Keywords: typical load node, reactive power, steady-state calculation methods 
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X¿lasᴅ Hal-hazērda iqtisadiyyatēn elᴅcᴅ dᴅ cᴅmiyyᴅtin  zamanēn tᴅlᴅblᴅrinᴅ uyĵun inkiĸafē ¿­¿n energetika sistemlᴅri vᴅ 

komplekslᴅrinin tᴅhl¿kᴅsizliyinᴅ aid m¿asir vasitᴅlᴅrdᴅn istifadᴅ olduqca aktualdēr. Elektrik istehsalēnēn  ºt¿r¿lmᴅ vᴅ paylanmasē 

prosesindᴅ hᴅr hansē bir nasazlēq  vᴅ yaxud tᴅhl¿kᴅ hallarē baĸ verᴅrsᴅ bu bºy¿k fᴅsadlara yol a­a bilᴅr.  Belᴅki enerji tᴅchizatēnda 

fasilᴅlᴅr yaranar, bu da iqtisadiyyata bºyuk zᴅrᴅr vurar.   Bu mᴅqsᴅdlᴅ baxēlan iĸdᴅ  energetika sistemlᴅrindᴅ tᴅhl¿kᴅsizlik 

metodlarēnēn  istifadᴅsi vᴅ tᴅtqiqi ºyrᴅnilir.  

A­ar sºzlᴅr:  s¿ni intellekt, energetika sistemi, kiberh¿cumlar, risklᴅrin idarᴅ edilmᴅsi, etibarlēlēq, dayanēqlē enerji, enerji 

tᴅhl¿kᴅsizliyi 

 

Energetika sistemlᴅri vᴅ komplekslᴅrindᴅ tᴅhl¿kᴅsizliyin tᴅdqiqi bir ne­ᴅ istiqamᴅtdᴅ aparēlēr. 

Bunlara fºvqᴅladᴅ hallarēn tᴅhl¿kᴅsizliyi vᴅ idarᴅedilmᴅsi, risklᴅrin qiymᴅtlᴅndirilmᴅsi vᴅ idarᴅedilmᴅsi, 

kibernetik tᴅhl¿kᴅsizlik, ekoloji tᴅhl¿kᴅsizlik istiqamᴅtlᴅri aiddir.  

Fºvqᴅladᴅ hallarēn tᴅhl¿kᴅsizliyi vᴅ idarᴅedilmᴅsi istiqamᴅtindᴅ ᴅsasᴅn qᴅzalarēn aradan qaldērēlmasē 

¿­¿n risk analizi aparēlēr, tᴅhl¿kᴅsizlik planlarē hazērlanēr, texnoloji ¿sullar tᴅtbiq olunur. 

Risklᴅrin qiymᴅtlᴅndirilmᴅsi vᴅ idarᴅedilmᴅsi istiqamᴅtindᴅ modellᴅĸdirmᴅ, statistik analizlᴅr, 

strateji yanaĸmalar inkiĸaf etdirilir. Risk analizi metodlarēndan  (FMEA, HAZOP, FTA)  istifadᴅ olunaraq 

energetika komplekslᴅrinin tᴅhl¿kᴅsizliyi tᴅmin olunmuĸdur. Avtomatlaĸdērēlmēĸ idarᴅetmᴅ vᴅ nᴅzarᴅt 

mexanizmlᴅrinin tᴅtbiqi nᴅticᴅsindᴅ energetik sistemlᴅrin etibarlēlēĵē artērēlmēĸdēr.   Smart grid  vᴅ  SCADA 

tipli sistemlᴅrdᴅ  bᴅzi ¿sullar tᴅhlil edilmiĸdir. Bunlara  informasiya  tᴅhl¿kᴅsizliyinin tᴅmin olunmasē 

istiqamᴅtindᴅ m¿asir texnoloji ¿sullar yᴅni ĸifrᴅlᴅmᴅ, identifikasiya vᴅ s¿ni intellekt aiddir. [3] 

Kibernetik tᴅhl¿kᴅsizlik istiqamᴅtindᴅ  energetika infrastrukturlarēnda haker h¿cumlarēna qarĸē 

m¿hafizᴅ, kiberh¿cumlara qarĸē proqram tᴅminatē tᴅtbiq edilir. 

Tezisdᴅ enerji sistemlᴅri vᴅ komplekslᴅrindᴅ tᴅhl¿kᴅsizlik mᴅrhᴅlᴅlᴅrinᴅ tᴅsir gºstᴅrᴅn ᴅsas amillᴅr 

araĸdērēlmēĸdēr. Bu amillᴅrᴅ - texniki informasiya, kiber vᴅ ekoloji risklᴅr aiddir. Elᴅcᴅ dᴅ tezisdᴅ daha cox 
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diqqᴅt enerji ĸᴅbᴅkᴅlᴅrindᴅ etibarlēlēĵēn artērēlmasēna,  fºvqᴅladᴅ halarda qᴅzalarēn qabaĵēnēn alēnmasē, 

sistemin dayanēqlēĵēnēn qorunmasē, risklᴅrin qiymᴅtlᴅndirilmᴅsi vᴅ idarᴅedilmᴅsinᴅ verilmiĸdir. [1, 2] 

Bununla yanaĸē enerji sistemlᴅri vᴅ komplekslᴅrindᴅ tᴅhl¿kᴅsizlik strategiyasēnēn daha qorunaqlē 

olmasē ¿­¿n mºvcud olan risklᴅrin qiymᴅtlᴅndirilmᴅsi, tᴅhl¿kᴅ mᴅnbᴅlᴅrinin araĸdērēlmasē, nᴅzarᴅt 

tᴅdbirlᴅrinin artērēlmasē vᴅ tᴅtbiqi metodlarē tᴅhlil edilmiĸdir.  

Verilmiĸ mᴅsᴅlᴅlᴅrin modellᴅĸdirilmᴅsi prosesindᴅ s¿ni intellektlᴅ baĵlē olan diaqnostika vᴅ adaptiv 

idarᴅetmᴅ sistemlᴅrinin tᴅtbiqi nᴅticᴅsindᴅ enerji sistemlᴅrindᴅ tᴅhl¿kᴅsizlik sᴅviyysinin ᴅhᴅmiyyᴅtli 

dᴅrᴅcᴅdᴅ y¿ksᴅldilmiĸdir.  

Tᴅdqiqatēn gediĸatē zamanē m¿ᴅyyᴅn olundu ki,  elektrik stansiyalarēnda vᴅ paylayēcē ĸᴅbᴅkᴅlᴅrdᴅ 

avadanlēqlarēn kºhnᴅ olmasē qᴅza risklᴅrini artērēlmasēna sᴅbᴅb olur. Bunu aradan qaldērmaq ¿­¿n m¿asir 

sensor sistemlᴅrinin tᴅtbiqi sayᴅsindᴅ avadanlēqlarēn kºhnᴅ olan vᴅziyyᴅti bilinir. S¿ni intellekt alqoritmlᴅri 

vasitᴅsilᴅ kiber tᴅhl¿kᴅsizlik risklᴅri 60-70% azaldēla bilᴅr.[4] 

Mᴅsᴅlᴅnin hᴅlli zamanē belᴅ nᴅticᴅyᴅ gᴅlmᴅk olar ki, energetika sistemlᴅri vᴅ komplekslᴅrindᴅ 

tᴅhl¿kᴅsizlik mᴅsᴅlᴅlᴅrinin tᴅdqiqi zamanē bu sahᴅdᴅ risklᴅr ­oxĸaxᴅli vᴅ dinamik xarakter daĸēyēr. 

Kibertᴅhdidlᴅr, qlobal iqlim dᴅyiĸikliyi vᴅ m¿rᴅkkᴅb texnologiya tᴅhl¿kᴅsizlik problemlᴅrini daha da 

aktuallaĸdērēr. Bu sᴅbᴅbdᴅn dᴅ energetika sektorunda tᴅhl¿kᴅsizliyi tᴅmin etmᴅk ¿­¿n yalnēz texniki 

tᴅdbirlᴅrdᴅn deyil, elᴅcᴅ dᴅ strateji idarᴅetmᴅ  vᴅ beynᴅlxalq ᴅmᴅkdaĸlēq vasitᴅsilᴅ gºr¿lᴅn tᴅdbirlᴅr dᴅ 

hᴅyata ke­irilmᴅlidir. Enerji sistemlᴅrindᴅ tᴅhl¿kᴅsizliyin tᴅmin edilmᴅsi  hᴅm texnoloji, hᴅm dᴅ tᴅĸkilati vᴅ 

normativ ï h¿quqi araĸdērmalarēn sintezi ᴅsasēnda m¿mk¿n oluna bilᴅr. 
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Summary 

RESEARCH OF SAFETY ISSUES IN ENERGY SYSTEMS AND COMPLEXES 

Safarova T.A., Taghizadeh R.A. 

 

           Currently, the use of modern means of security of energy systems and complexes is very relevant for the development of the 

economy and society in accordance with the requirements of the time. If any malfunction or danger occurs in the process of 

transmission and distribution of electricity generation, this can lead to major consequences. As a result, interruptions in energy 

supply occur, which causes great damage to the economy. For this purpose, the study of the use and research of security methods in 

energy systems is studied. 

Keywords: artificial intelligence, energy system, cyberattacks, risk management, reliability, sustainable energy, energy 

security 

 

ʈʝʟʶʤʝ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆʇʈʆʉʆɺ ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ ʀ ʂʆʄʇʃɽʂʉɸʍ 

ʉʘʬʘʨʦʚʘ ʊ.ɸ., ʊʘʛʠʟʘʜʝ ʈ.ɸ. 

 

             ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚʨʝʤʝʥʠ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠʣʠ ʦʧʘʩʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʸʟʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʪ ʧʝʨʝʙʦʠ ʚ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʠ, ʥʘʥʦʩʷʱʠʝ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ ʵʢʦʥʦʤʠʢʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʠʟʫʯʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ: 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʢʠʙʝʨʘʪʘʢʠ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, 

ʥʘʜʝʞʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 
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X¿lasᴅ Mᴅqalᴅdᴅ metropoliten elektrik ĸᴅbᴅkᴅlᴅrinin etibarlēlēq gºstᴅricilᴅri vᴅ metronun fasilᴅsiz enerji tᴅchizatēnēn tᴅmini 

araĸdērēlmēĸdēr. Sᴅhvlᴅr Aĵacē Tᴅhlili (FTA) modeli ilᴅ elektrik ĸᴅbᴅkᴅlᴅrindᴅ baĸ verᴅ bilᴅn nasazlēqlarēn sᴅbᴅb-nᴅticᴅ ᴅlaqᴅlᴅrinin 

tᴅhlili vᴅ ĸᴅbᴅkᴅlᴅrin etibarlēlēĵēna tᴅsir edᴅn gºstᴅricilᴅrin nᴅzᴅrᴅ alēnmasē gºstᴅrir ki, metropoliten elektrik tᴅchizatē ĸᴅbᴅkᴅlᴅrinin 

etibarlēlēq sᴅviyyᴅsinin artērēlmasē ¿­¿n texniki xidmᴅt proqramlarēnēn tᴅkmillᴅĸdirilmᴅsi, s¿ni intellektin tᴅtbiqi, ᴅsaslē diaqnostika vᴅ 

ehtiyat qida mᴅnbᴅlᴅrinin istifadᴅsi xeyirlidir. Bu da, metro nᴅqliyyatēnēn elektrik ĸᴅbᴅkᴅlᴅrinin enerji tᴅchizatē davamlēlēĵēnē vᴅ 

sᴅrniĸinlᴅrin tᴅhl¿kᴅsizliyini artērēr.  

A­ar sºzlᴅr:  Metropoliten, Elektrik ĸᴅbᴅkᴅsi, Etibarlēlēq, Sᴅhvlᴅr Aĵacē Tᴅhlili (FTA), gºstᴅricilᴅr.  

 

Gir iĸ. M¿asir ĸᴅhᴅr nᴅqliyyat infrastrukturunda metropoliten sistemlᴅri x¿susi ᴅhᴅmiyyᴅt kᴅsb edir 

vᴅ bu sistemlᴅrin fasilᴅsiz fᴅaliyyᴅti ĸᴅhᴅr hᴅyatēnēn ritmini qorumaq ¿­¿n strateji zᴅrurᴅtᴅ mʘlikdir. 

Metropolitenin fᴅaliyyᴅtinin ᴅsas dayaqlarēndan biri isᴅ elektrik tᴅchizatē vᴅ ĸᴅbᴅkᴅlᴅrinin y¿ksᴅk etibarlēlēq 

sᴅviyyᴅsidir. Elektrik ĸᴅbᴅkᴅlᴅrinin etibarsēzlēĵē sᴅrniĸinlᴅrin rahatlēĵēnē vᴅ tᴅhl¿kᴅsizliyini tᴅhdid edᴅrᴅk, 

ĸᴅhᴅrin iqtisadi hᴅyatēna da mᴅnfi tᴅsir gºstᴅrᴅ bilᴅr [1]. Metropoliten elektrik ĸᴅbᴅkᴅlᴅrinin istismarēnda ᴅsas 

mᴅqsᴅdlᴅr qᴅza risklᴅrini minimuma endirmᴅk, fasilᴅsiz enerji tᴅchizatēnē vᴅ avadanlēĵēn uzunºm¿rl¿l¿y¿n¿ 

tᴅmin etmᴅkdir. Bu mᴅqsᴅdlᴅrᴅ ­atmaq ¿­¿n ĸᴅbᴅkᴅlᴅrin etibarlēlēq gºstᴅricilᴅrinin dᴅqiq tᴅhlili, qᴅza 

risklᴅrinin vaxtēnda aĸkarlanēb aradan qaldērēlmasē vᴅ sᴅmᴅrᴅli idarᴅetmᴅ strategiyalarēnēn hazērlanmasē 

vacibdir [2].  

Etibarlēlēq gºstᴅricilᴅrinin tᴅdqiqi, hᴅm texniki, hᴅm dᴅ tᴅĸkilati sᴅviyyᴅdᴅ kompleks yanaĸma tᴅlᴅb 

edir. Texniki baxēmdan elektrik ĸᴅbᴅkᴅlᴅrinin komponentlᴅrinin iĸ qabiliyyᴅti, texnoloji avadanlēqlarēn 

nasazlēq ehtimallarē vᴅ enerji ºt¿rmᴅ sistemlᴅrinin davamlēlēĵē tᴅhlil olunmalēdēr. Tᴅĸkilati sᴅviyyᴅdᴅ isᴅ, 

risklᴅrin idarᴅ olunmasē ¿­¿n qabaqlayēcē tᴅdbirlᴅrin planlaĸdērēlmasē, profilaktik texniki xidmᴅtlᴅrin tᴅĸkili 

vᴅ fºvqᴅladᴅ hallar ¿zrᴅ fᴅaliyyᴅt planlarēnēn hazērlanmasē ºn plana ­ēxēr.  

Metropoliten elektrik ĸᴅbᴅkᴅlᴅrindᴅ risklᴅrinin idarᴅetmᴅsi potensial tᴅhl¿kᴅlᴅrin vᴅ zᴅif nºqtᴅlᴅrin 

vaxtēnda m¿ᴅyyᴅnlᴅĸdirilmᴅsi, bu risklᴅrin ehtimal olunmasē ilᴅ nᴅticᴅlᴅrinin qiymᴅtlᴅndirilmᴅsi vᴅ onlarēn 

aradan qaldērēlmasē ¿­¿n optimal strategiyalarēn tᴅtbiqindᴅn ibarᴅtdir [3, 4]. Buraya hᴅm texniki 

modernlᴅĸdirmᴅ tᴅdbirlᴅri, hᴅm dᴅ insan tᴅrᴅfindᴅn idarᴅetmᴅ ¿zrᴅ tᴅdbirlᴅr daxildir.  

Bu tᴅdqiqatēn mᴅqsᴅdi, metropoliten elektrik ĸᴅbᴅkᴅlᴅrinin etibarlēlēq gºstᴅricilᴅrinin sistemli ĸᴅkildᴅ 

tᴅhlil edilmᴅsi, ᴅsas risklᴅrin m¿ᴅyyᴅn olunmasē vᴅ aradan qaldērēlmasē ¿zrᴅ m¿asir idarᴅetmᴅ 

yanaĸmalarēnēn tᴅklif edilmᴅsidir. Tᴅdqiqat prosesindᴅ ᴅldᴅ olunan nᴅticᴅlᴅr, metropoliten ĸᴅbᴅkᴅlᴅrinin 

dayanēqlēĵēnēn artērēlmasēna vᴅ sᴅrniĸin tᴅhl¿kᴅsizliyinin tᴅmin edilmᴅsinᴅ yºnᴅlmiĸ elmi - praktik tºvsiyᴅlᴅr 

¿­¿n baza rolunu oynayacaqdēr.  

Mᴅsᴅlᴅnin qoyuluĸu. Metropoliten sistemlᴅri m¿asir ĸᴅhᴅr infrastrukturunda ᴅhᴅmiyyᴅtli rol oynayēr 

vᴅ g¿ndᴅlik sᴅrniĸin daĸēmalarēnda fasilᴅsiz, tᴅhl¿kᴅsiz xidmᴅt gºstᴅrmᴅlidir  vᴅ bu mᴅqsᴅdlᴅ metropolitenin 

elektrik ĸᴅbᴅkᴅlᴅrinin y¿ksᴅk etibarlēlēĵē x¿susi ᴅhᴅmiyyᴅt kᴅsb ʝdir. Elektrik tᴅchizatēnda baĸ verᴅ bilᴅcᴅk 

gºzlᴅnilmᴅz nasazlēq sᴅrniĸinlᴅrin yalnēz rahatlēĵēna deyil, hᴅm dᴅ ki, hᴅyat vᴅ saĵlamlēĵēna ciddi tᴅhl¿kᴅ ola 

bilᴅr. Ona gºrᴅ dᴅ, metropoliten elektrik ĸᴅbᴅkᴅlᴅrinin etibarlēlēq gºstᴅricilᴅrinin tᴅdqiqi vᴅ bu ­ᴅr­ivᴅdᴅ 

risklᴅrin idarᴅ olunmasē ᴅsas araĸdērma sahᴅlᴅrindᴅn birinᴅ ­evrilmiĸdir [3, 5].  

Metropolitenlᴅrin elektrik tᴅchizatē sistemi bir ne­ᴅ ᴅsas komponentlᴅrdᴅn ibarᴅtdir. ķᴅhᴅrin ¿mumi 

enerji ĸᴅbᴅkᴅsinin y¿ksᴅk gᴅrginlikli yarēmstansiyalarēndan alēnan elektrik enerjisinin gᴅrginliyi lazēmi 

sᴅviyyᴅyᴅ endirilir vᴅ x¿susi paylayēcē ĸᴅbᴅkᴅlᴅr vasitᴅsilᴅ qatarlarēn hᴅrᴅkᴅtini tᴅmin edᴅn kontakt ĸinlᴅrinᴅ 

ºt¿r¿l¿r. Enerji tᴅchizatēnēn fasilᴅsizliyi ¿­¿n ehtiyat mᴅnbᴅlᴅr ï generatorlar, UPS sistemlᴅri vᴅ batareya 

qurĵularē da mºvcuddur. Bu qurĵular qᴅza vᴅ ya ᴅsas enerji mᴅnbᴅsindᴅ nasazlēq hallarēnda avtomatik olaraq 

enerji tᴅchizatēnē vᴅ metropoliten fᴅaliyyᴅtinin tᴅhl¿kᴅsizliyini tᴅmin edir.  

Metropoliten elektrik ĸᴅbᴅkᴅlᴅrinin digᴅr sᴅnaye vᴅ ĸᴅhᴅr ĸᴅbᴅkᴅlᴅrindᴅn fᴅrqlᴅnᴅn bir sēra 

x¿susiyyᴅtlᴅri var. Bu sistemlᴅrdᴅ ­oxlu y¿k dᴅyiĸmᴅsi mºvcuddur vᴅ qatarlarēn hᴅrᴅkᴅtindᴅ enerji istehlakē 

s¿rᴅtlᴅ dᴅyiĸir. Elᴅcᴅ dᴅ, metropoliten elektrik sistemi fasilᴅsiz iĸlᴅmᴅlidir vᴅ hᴅr hansē bir texniki nasazlēq 

dᴅrhal arzuolunmaz ciddi nᴅticᴅlᴅrᴅ gᴅtirib ­ēxara bilᴅr. Metropoliten ĸᴅbᴅkᴅlᴅrinin havalandērma, yanĵēn 
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tᴅhl¿kᴅsizliyi vᴅ obyektlᴅrinin qapalē mᴅkanlarda (tunellᴅrdᴅ vᴅ stansiyalarda) yerlᴅĸdiyi ¿­¿n bu sahᴅlᴅrin 

sᴅrniĸinlᴅrdᴅn tᴅcili boĸaldēlmasēna gºrᴅ ᴅlavᴅ enerji resurslarēna ehtiyacē var. ķᴅbᴅkᴅlᴅrin istismarēnda 

y¿ksᴅk sᴅviyyᴅdᴅ avtomatlaĸdērēlmēĸ nᴅzarᴅt vᴅ idarᴅetmᴅ sistemlᴅri, x¿susilᴅ dᴅ, SCADA texnologiyasē 

geniĸ tᴅtbiq olunur.  

ķᴅbᴅkᴅnin etibarlēlēq sᴅviyyᴅsini dᴅyᴅrlᴅndirmᴅk ¿­¿n m¿xtᴅlif gºstᴅricilᴅrdᴅn istifadᴅ edilir. ᴄn 

vacib gºstᴅricilᴅrdᴅn biri orta iĸlᴅmᴅ m¿ddᴅtidir ï yᴅni fᴅaliyyᴅtindᴅ fasilᴅlᴅrlᴅ nᴅticᴅlᴅnᴅn nasazlēqlar 

arasēnda davam edᴅn orta vaxt (MTBF) gºstᴅricisi [6]. Bu parametr avadanlēqlarēn ¿mumi etibarlēlēq 

sᴅviyyᴅsini tᴅyin etmᴅyᴅ imkan verir. Digᴅr ºnᴅmli parametr isᴅ ï nasazlēq baĸ verdikdᴅ onun orta bᴅrpa 

m¿ddᴅti (MTTR) gºstᴅricisidir [7]. Bu gºstᴅricilᴅr ᴅsasēnda elektrik ĸᴅbᴅkᴅsinin ¿mumi iĸlᴅmᴅ qabiliyyᴅti 

(availability) hesablanēr. Statistik metodlar vᴅ analitik modellᴅr bu gºstᴅricilᴅrin hesablanmasēnda ᴅsas rol 

oynayēr.  

Metropoliten   elektrik   ĸᴅbᴅkᴅlᴅrinin  tᴅhl¿kᴅsiz  vᴅ  davamlē  iĸlᴅmᴅsi   ¿­¿n   risklᴅrin 

effektiv idarᴅ olunmasē vacibdir. Risk idarᴅetmᴅsi potensial tᴅhl¿kᴅlᴅrin vᴅ zᴅif nºqtᴅlᴅrin vaxtēnda 

m¿ᴅyyᴅn edilmᴅsini, ehtimal vᴅ nᴅticᴅlᴅrin qiymᴅtlᴅndirilmᴅsini vᴅ m¿vafiq profilaktik tᴅdbirlᴅrin 

gºr¿lmᴅsini tᴅmin edir. Elektrik ĸᴅbᴅkᴅlᴅrindᴅ risklᴅr avadanlēqlarda texniki nasazlēqlardan, enerji 

tᴅchizatēnda kᴅsilmᴅlᴅrdᴅn, istismar vᴅ insanlarēn texniki xidmᴅt sᴅhvlᴅrindᴅn, hᴅm­inin tᴅbii fᴅlakᴅtlᴅrdᴅn, 

fºvqᴅladᴅ vᴅ s. hallardan ᴅmᴅlᴅ gᴅlᴅ bilᴅr. Risklᴅrin dᴅyᴅrlᴅndirilmᴅsi ¿­¿n FMEA (Failure Mode and 

Effects Analysis - Ķmtinalʘrēn nºvlᴅr vᴅ nᴅticᴅlᴅrinin tᴅhlili ) vᴅ FTA (Fault Tree Analysis - Sᴅhvlᴅr aĵacē 

tᴅhlili) kimi metodlardan geniĸ istifadᴅ edilir [8]. Risklᴅrin idʘrᴅetmᴅsi isᴅ m¿xtᴅlif tᴅhl¿kᴅ nºvlᴅrinin 

ehtimal vᴅ tᴅsir g¿c¿nᴅ gºrᴅ prioritet sayēlēr.  

M¿asir texnologiyalarēn tᴅtbiqi risk idarᴅetmᴅsinin effektivliyini ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artērēr. 

Avtomatlaĸdērēlmēĸ diaqnostika vᴅ monitorinq sistemlᴅri, s¿ni intellekt vᴅ iri verilᴅnlᴅr analitikasē vasitᴅsi ilᴅ 

potensial nasazlēqlar ilkin mᴅrhᴅlᴅdᴅ aĸkarlanēr [9]. SCADA sistemlᴅri vasitᴅsilᴅ isᴅ ĸᴅbᴅkᴅ real vaxt 

rejimindᴅ izlᴅnilir vᴅ fºvqᴅladᴅ vᴅziyyᴅtlᴅrᴅ operativ reaksiyalʘr verilir. Belᴅ yanaĸmalar metropoliten 

ĸᴅbᴅkᴅlᴅrinin fasilᴅsizliyini vᴅ sᴅrniĸinlᴅrin tᴅhl¿kᴅsizliyini tᴅmin edᴅn ᴅsas texnoloji dᴅstᴅk 

mexanizmlᴅridir.  

Tᴅdqiqat nᴅticᴅsindᴅ m¿ᴅyyᴅn olunmuĸdur ki, metropoliten elektrik ĸᴅbᴅkᴅlᴅrinin etibarlēlēq 

sᴅviyyᴅsinin y¿ksᴅldilmᴅsi ¿­¿n texniki avadanlēqlarēn m¿tᴅmadi yenilᴅnmᴅsi, preventiv texniki xidmᴅt 

proqramlarēnēn tᴅkmillᴅĸdirilmᴅsi vᴅ personalēn peĸᴅ hazērlēĵēnēn artērēlmasē zᴅruridir. Bundan ᴅlavᴅ, ehtiyat 

enerji sistemlᴅrinin g¿clᴅndirilmᴅsi vᴅ risk idarᴅetmᴅ sistemlᴅrinin rᴅqᴅmsallaĸdērēlmasē tºvsiyᴅ olunur.  

FTA modeli sadᴅ bir sistemin mᴅntiqi ᴅlaqᴅlᴅrini sᴅhvlᴅr aĵacē vasitᴅsilᴅ ifadᴅ edir [10]. Model ᴅn 

arzuolunmaz hadisᴅdᴅn baĸlayēr, sistem nasazlēĵēna sᴅbᴅb olan ᴅsas sᴅbᴅblᴅrᴅ vᴅ aralēq proseslᴅrᴅ diqqᴅt 

yetirir vᴅ sistemin mᴅntiqi strukturunu sᴅhvlᴅr aĵacē ĸᴅkilindᴅ gºstᴅrir. Bu yanaĸma vizual vᴅ intuitivdir, 

dartē yarēmstansiyasēndan gᴅlᴅn elektrik enerjisi metronun elektrik ĸᴅbᴅkᴅsindᴅ dᴅyiĸᴅn vᴅ sabit cᴅrᴅyanlar 

formasēnda istifadᴅ edilir [11]. Belᴅ enerji sisteminin strukturu geniĸdir vᴅ avadanlēq ­eĸidi ­ox m¿xtᴅlifdir. 

Buna gºrᴅ dᴅ, etibarlēlēq tᴅhlilindᴅn ᴅvvᴅl sistemin strukturunu sadᴅlᴅĸdirmᴅk zᴅruridir.  

Sistemᴅ tᴅsir edᴅn tezlik vᴅ zamanēn nasazlēq dᴅyiĸikliklᴅrini nᴅzᴅrᴅ alaraq, metronun dartē 

yarēmstansiyasēnēn enerji tᴅchizatē strukturu dºvrᴅ a­arlarē (circuit breakers), ayērēcēlar (disconnectors), 

birlᴅĸdirici a­arlar (tie switches) vᴅ kabellᴅr kimi komponentlᴅr vasitᴅsilᴅ m¿xtᴅlif sahᴅlᴅrᴅ bºl¿nᴅ bilᴅr 

[12]. ¢indᴅ ñMetro Line 9ò adlanan bir dartē yarēmstansiyasēnēn strukturu ķᴅkil 1-dᴅ gºstᴅrilmiĸdir. 

Yuxarēdan aĸaĵēya doĵru, onun fiziki strukturu aĸaĵēda gºstᴅrilᴅn komponentlᴅrdᴅn ibarᴅtdir:  

- giriĸ hissᴅsi;  

- 33 kV gᴅrginlikli dᴅyiĸᴅn cᴅrᴅyan ĸin sistemi;  

- aĸaĵē gᴅrginlikli d¿zlᴅndirici zona bºlmᴅsi (step-down rectification zone);  

- 1500 V gᴅrginlikli sabit cᴅrᴅyan ĸin sisteminin sahᴅsi;  

- mᴅnbᴅdᴅn gᴅlᴅn sol vᴅ saĵ qidalandērēcē xᴅtlᴅr sahᴅsi; 

-   rels rekuperasiya sahᴅsi.  

Giriĸ hissᴅsi enerji tᴅchizatē xᴅttinᴅ aiddir vᴅ bu mᴅqalᴅdᴅ dartē yarēmstansiyasēnēn etibarlēlēq 

qiymᴅtlᴅndirilmᴅsi aparēldēĵē ¿­¿n bu hissᴅ nᴅzᴅrᴅ alēnmēr. Elᴅcᴅ dᴅ, rels rekuperasiya sahᴅsinin nasazlēĵē 

¿mumi sistemin etibarlēlēĵē ilᴅ birbaĸa ᴅlaqᴅli olmadēĵē ¿­¿n bu sahᴅdᴅ nᴅzᴅrᴅ alēnmēr. Belᴅliklᴅ, metronun 

dartē yarēmstansiyasēnēn etibarlēlēĵēnēn tᴅhlili vᴅ qiymᴅtlᴅndirilmᴅsi qalan komponentlᴅr ¿­¿n hᴅyata 

ke­irilmᴅlidir.  

 Dartē yarēmstansiyasēnēn ķᴅkil 1-dᴅ gºstᴅrilᴅn sxemindᴅ elektrik strukturlarē x¿susi A, B vᴅ M  

zonalarēna ayrēlaraq nºqtᴅli xᴅtlᴅrlᴅ verilmiĸdir. A, B vᴅ M  zonalarēnēn aĵac ĸᴅkilli mᴅntiqi diaqramlarē isᴅ 

ķᴅkil 2 vᴅ ķᴅkil 3-dᴅ tᴅqdim olunmuĸdur. 
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ķϸkil 1. ¢indϸ ñMetro Line 9ò dartē yarēmstansiyasēnēn elektrik sxemi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ķϸkil 2. A zonasēnēn regional FTA modeli 

 

 

 

 

 

 

 

 

 

 

 

 

ķϸkil 3. B vϸ M zonalarēnēn regional FTA modellϸri. 

 

A zonasē ï aĸaĵē gᴅrginlikli d¿zlᴅndirici zonadēr, A1 vᴅ A2 alt zonalarēndan ibarᴅtdir. Hᴅr birinin ºz 

Sᴅhvlᴅr aĵacē modeli olan vᴅ ķᴅkil 2-dᴅ gºstᴅrilᴅn A1 vᴅ A2 zonalarēnēn elektrik strukturlarē tamamilᴅ 

eynidir: 
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¶ A1 zonasēnda ᴅsas avadanlēqlar ï dºvrᴅ a­arlarē 106 vᴅ 201, ayērēcēlar 1061 vᴅ 2011, al­aldēcē 

transformator RT1 vᴅ R1 d¿zlᴅndiricidir;  

¶ A2 zonasē A1 zonasēna oxĸar struktura malikdir vᴅ ᴅsas avadanlēqlarē ï dºvrᴅ a­arlarē 107 vᴅ 202, 

ayērēcēlar 1071 vᴅ 2021, al­aldēcē transformator RT2 vᴅ R2 d¿zlᴅndiricidēr.  

B zonasē ï sol qidalandērēcē xᴅtt zonasēdēr vᴅ elektrik ᴅlaqᴅsi ilᴅ birbaĸa sol xᴅttin kontakt ĸᴅbᴅkᴅsinᴅ 

birlᴅĸir. ķᴅkil 3-dᴅ gºstᴅrildiyi kimi,  B1, B2 vᴅ B3 alt zonalarēndan ibarᴅtdir:  

¶ B1 zonasēnda ᴅsas avadanlēqlar ï sabit cᴅrᴅyanda iĸlᴅyᴅn s¿rᴅtli dºvrᴅ a­arē 211 vᴅ 2111 

ayērēcēsēdēr;  

¶ B2 zonasē B1 zonasēna oxĸar struktura malikdir vᴅ ᴅsas avadanlēqlarē ï sabit cᴅrᴅyanda iĸlᴅyᴅn 

s¿rᴅtli dºvrᴅ a­arē 213 vᴅ 2131 ayērēcēsēdēr.  

ķᴅkil 3-dᴅn gºr¿nd¿y¿ kimi bu iki zona paralel birlᴅĸir vᴅ hᴅr birinin Sᴅhvlᴅr aĵacē modeli var.  

¶ B3 zonasē ï adᴅtᴅn a­ēq olan 213 ayērēcēdan ibarᴅtdir vᴅ B1 vᴅ B2 zonalarēnē birlᴅĸdirir. ᴄgᴅr 

birinci hissᴅdᴅ nasazlēq baĸ verᴅrsᴅ, 213 a­arē baĵlanēr vᴅ ikinci hissᴅ birincinin enerji tᴅchizatēnē tᴅmin edir. 

ᴄgᴅr ikinci hissᴅdᴅ nasazlēq baĸ verᴅrsᴅ, birinci hissᴅ bu vᴅzifᴅni ¿zᴅrinᴅ gºt¿r¿r. Belᴅliklᴅ, bu ¿­ hissᴅ 

ñ¿­dᴅn ikisini se­mᴅò sistemini tᴅĸkil edir, yᴅni B1, B2 vᴅ B3 bºlmᴅlᴅrindᴅn ikisi vᴅ ya ondan ­oxu eyni 

anda sēradan ­ēxarsa, b¿t¿n B zonasē sēradan ­ēxmēĸ sayēlēr.  

M zonasē ï ķᴅkil 3-dᴅ gºstᴅrilᴅn 33 kV-luq orta gᴅrginlikli dᴅyiĸᴅn cᴅrᴅyanda iĸlᴅyᴅn ĸin 

sistemindᴅn (M1 zonasē) vᴅ 1500 V-luq aĸaĵē gᴅrginlikli sabit cᴅrᴅyanda iĸlᴅyᴅn ĸin sistemindᴅn (M2 zonasē) 

ibarᴅtdir: 

¶ M1 zonasēnda 33 kV-luq orta gᴅrginlikli dᴅyiĸᴅn cᴅrᴅyan ĸin sistemi iki hissᴅyᴅ bºl¿n¿r (ĸin I vᴅ 

ĸin II). Hᴅr iki ĸin paralel qoĸulmuĸdur, ᴅgᴅr ĸin I sēradan ­ēxarsa, ĸin II onun funksiyasēnē yerinᴅ yetirir vᴅ 

ᴅksinᴅ; 

¶ M2 zonasēnda sabit cᴅrᴅyan ĸin sisteminin nasazlēĵē isᴅ birbaĸa b¿t¿n metro dartē  

yarēmstansiyasēndan enerji tᴅchizatēnēn kᴅsilmᴅsinᴅ sᴅbᴅb olur. 

Nᴅticᴅ 

Metropoliten elektrik ĸᴅbᴅkᴅlᴅrinin etibarlēlēq sᴅviyyᴅsinin y¿ksᴅk olmasē, ĸᴅhᴅr nᴅqliyyat 

sistemlᴅrinin fasilᴅsizliyi vᴅ sᴅrniĸin tᴅhl¿kᴅsizliyi baxēmēndan strateji ᴅhᴅmiyyᴅtᴅ malikdir. Tᴅdqiqat 

nᴅticᴅsindᴅ m¿ᴅyyᴅn edilmiĸdir ki, metropoliten ĸᴅbᴅkᴅlᴅrinin istismarēnda nasazlēqlarēn vᴅ enerji 

tᴅchizatēnda fasilᴅlᴅrin qarĸēsēnē almaq ¿­¿n sistemli etibarlēlēĵēn tᴅhlili vᴅ risk hadisᴅlᴅrindᴅ qabaqlayēcē 

idarᴅetmᴅ tᴅdbirlᴅri hᴅyata ke­irilmᴅlidir.  

FTA modelinin tᴅtbiqi, dartē yarēmstansiyalarēnēn kompleks strukturunda nasazlēq ehtimalē olan ᴅsas 

sahᴅlᴅrin vᴅ avadanlēqlarēn m¿ᴅyyᴅnlᴅĸdirilmᴅsinᴅ imkan verir. X¿susilᴅ dᴅ, dartē  yarēmstansiyasēnēn aĸaĵē 

gᴅrginlikli d¿zlᴅndirici zonasē, qidalandērēcē xᴅtt zonasē vᴅ ĸin zonasē ¿zrᴅ aparēlan bºlg¿ vᴅ modellᴅĸdirmᴅ, 

nasazlēq ehtimallarēnēn vizual vᴅ analitik ĸᴅkildᴅ qiymᴅtlᴅndirilmᴅsinᴅ ĸᴅrait edir.  

Tᴅhlil gºstᴅrir ki, aĸaĵē gᴅrginlikli sabit cᴅrᴅyan ĸin sistemindᴅ baĸ verᴅn nasazlēq b¿t¿n dartē 

yarēmstansiyasēnēn enerji tᴅchizatēnēn kᴅsilmᴅsinᴅ sᴅbᴅb ola bilᴅr. Bu isᴅ metro sistemindᴅ ciddi fasilᴅlᴅrᴅ vᴅ 

sᴅrniĸin tᴅhl¿kᴅsizliyi risklᴅrinᴅ yol a­a bilᴅr. Buna gºrᴅ dᴅ, ĸᴅbᴅkᴅ elementlᴅrinᴅ tᴅsir edᴅn parametrlᴅrin 

nᴅzᴅrᴅ alēnmasē ilᴅ elementlᴅrin paralel strukturda tᴅĸkil olunmasē, ehtiyat enerji mᴅnbᴅlᴅrinin artērēlmasē vᴅ 

avtomatlaĸdērēlmēĸ monitorinq sistemlᴅrinin tᴅtbiqi metropoliten ĸᴅbᴅkᴅlᴅrinin dayanēqlēlēĵēnē artērmaq ¿­¿n 

vacibdir.  

M¿asir texnologiyalarēn, x¿susilᴅ dᴅ, SCADA sistemlᴅri vᴅ s¿ni intellekt ᴅsaslē tᴅhlil alᴅtlᴅrinin 

tᴅtbiqi, real vaxt rejimindᴅ nasazlēqlarēn aĸkarlanmasēna vᴅ risk hadisᴅlᴅrinin operativ ĸᴅkildᴅ idarᴅ 

olunmasēna imkan verir. Belᴅ yanaĸmalar metro ĸᴅbᴅkᴅsinin fasilᴅsiz vᴅ tᴅhl¿kᴅsiz iĸlᴅmᴅsini tᴅmin etmᴅk 

¿­¿n ᴅsaslē texnoloji dᴅstᴅk mexanizmlᴅri rolunu oynayēr. 

¦mumilikdᴅ, metropoliten elektrik ĸᴅbᴅkᴅlᴅrinin etibarlēlēq gºstᴅricilᴅrinin tᴅhlili vᴅ risk 

hadisᴅlᴅrinin idarᴅetmᴅ sistemlᴅrinin inkiĸafē sahᴅsindᴅ aparēlan bu tᴅdqiqat, gᴅlᴅcᴅkdᴅ metro ĸᴅbᴅkᴅlᴅrinin 

daha dayanēqlē, tᴅhl¿kᴅsiz vᴅ effektiv idarᴅ olunmasēna yºnᴅlmiĸ m¿h¿m elmi-praktik nᴅticᴅlᴅr tᴅqdim edir.  
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Summary 

ELECTRICITY IN METROPOLITAN TRANSPORT OPERATION AFFECTING THE RELIABILITY  

OF NETWORKS CONSIDERATION OF INDICATORS  

Sadiqli B.M., Aslanov Ķ.B., Aliyev G.E., Rzayev J.Z., Shukurov A.T., Agayeva S.S. 

 

The article examines the reliability indicators of metropolitan electrical networks and the provision of uninterrupted power 

supply to the metro. Analysis of the cause-effect relationships of faults that may occur in electrical networks using the Fault Tree 

Analysis (FTA) model and consideration of the indicators affecting the reliability of the networks show that improving maintenance 

programs, applying artificial intelligence, basic diagnostics and using backup power sources are beneficial in increasing the reliability 

of metropolitan electrical networks. This, in turn, increases the continuity of power supply of metro transport electrical networks and 

passenger safety. 

Keywords: Metropolitan, Electrical network, Reliability, Fault Tree Analysis (FTA), indicators. 

 

ʈʝʟʶʤʝ 

ʋʏɽʊ ʇʆʂɸɿɸʊɽʃɽʁ ɺʃʀʗʅʀɽ ʅɸ ʅɸɼɪɾʅʆʉʊʔ ʕʃɽʂʊʈʆʉɽʊɽʁ ʇʈʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ɻʆʈʆɼʉʂʆɻʆ 

ʊʈɸʅʉʇʆʈʊɸ ʄɽʊʈʆʇʆʃʀʊɽʅɸ 

ʉʘʜʳʢʣʳ ɹ.ʄ., ɸʩʣʘʥʦʚ ʀ.ɹ., ɸʣʠʝʚ ɻ.ʕ., ʈʟʘʝʚ ɼʞ.ɿ., ʐʶʢʶʨʦʚ ɸ.ʊ., ɸʛʘʝʚʘ ʉ.ʉ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʤʝʪʨʦʧʦʣʠʪʝʥʦʚʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʤʝʪʨʦ. ɸʥʘʣʠʟ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʚʦʟʤʦʞʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʤʦʜʝʣʴʶ ʘʥʘʣʠʟʘ ʜʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ (FTA) ʠ ʫʯeʪ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʩʝʪʝʡ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʤʝʪʨʦʧʦʣʠʪʝʥʦʚʩʢʠʭ ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʣʝʟʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʩʥʦʚʘʪʝʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʟʝʨʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. ʀ ʵʪʦ, ʧʦʚʳʰʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʵʣʝʢʪʨʦʩʝʪʝʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʘʩʩʘʞʠʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Mʝʪʨʦʧʦʣʠʪʝʥ, ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ, ʅʘʜʝʞʥʦʩʪʴ, ɸʥʘʣʠʟ ʜʝʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ (FTA), 
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IEC 61850 STANDARTINA UYĴUN RᴄQᴄMSAL 110/10 KV YARIMSTANSĶYA LAYĶHᴄSĶ 

 

ᴄliyev Nadir Nᴅzir oĵlu   

Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan 

 
X¿lasᴅ IEC 61850 standartēna uyĵun rᴅqᴅmsal 110/10 kv yarēmstansiya layihᴅsindᴅ innovativ ¿sullarēn tᴅtbiqinᴅ ᴅsaslanan 

bir sistem kimi perspektivli istiqamᴅt hesab olunur. Elektrik ĸᴅbᴅkᴅsi kompleksinᴅ yeni nᴅsil avadanlēĵēn tᴅtbiqi informasiya 

axēnlarēnēn tᴅĸkilini tᴅkmillᴅĸdirᴅcᴅk, b¿t¿n ºl­mᴅlᴅrin y¿ksᴅk dᴅqiqliyini vᴅ vahidliyini tᴅmin edᴅcᴅk. Belᴅ hᴅllᴅrin ᴅsas 

¿st¿nl¿klᴅrinᴅ texniki xidmᴅtin hᴅcminin vᴅ istismar xᴅrclᴅrinin azalmasē da daxildir. Bununla yanaĸē, rᴅqᴅmsal yarēmstansiyalarēn 

tᴅtbiqinin ᴅsas mᴅqsᴅdlᴅri aĵēllē ĸᴅbᴅkᴅlᴅrin yaradēlmasē, elektrik ĸᴅbᴅkᴅ avadanlēĵēnēn tikinti vᴅ satēnalma proseslᴅrinin 

optimallaĸdērēlmasē nᴅticᴅsindᴅ ᴅmᴅliyyat vᴅ kapital xᴅrclᴅrinin ¿mumilikdᴅ azaldēlmasē, hᴅm­inin avadanlēĵēn vᴅziyyᴅtinin 

monitorinqi vᴅ idarᴅ olunmasē ¿­¿n yeni texnologiyalarēn tᴅtbiqi hesabēna elektrik ĸᴅbᴅkᴅsi obyektlᴅrinin xidmᴅt xᴅrclᴅrinin 

azaldēlmasēdēr. IEC 61850 standartēna uyĵun rᴅqᴅmsal 110/10 kv yarēmstansiya layihᴅsinin m¿ᴅyyᴅn ¿st¿nl¿klᴅri olsa da, rᴅqᴅmsal 

yarēmstansiyalara ke­iddᴅ hᴅlᴅ dᴅ bir ­ox suallar mºvcuddur. Ķstehlak­ēlarēn etibarlē IEC 61850 standartēnēn tᴅmin olunmasē 

mᴅqsᴅdilᴅ yeni rᴅqᴅmsal idarᴅetmᴅ sistemlᴅrinin elementlᴅrini istismara vermᴅk mᴅrhᴅlᴅli ĸᴅkildᴅ aparēlmalē vᴅ sistemlᴅrdᴅ ehtiyat 

n¿sxᴅlᴅr nᴅzᴅrᴅ alēnmalēdēr [1]. 

A­ar sºzlᴅr . IEC 61850, rᴅqᴅmsal, ĸᴅbᴅkᴅ, yarēmstansiya, rabitᴅ, sistem, model 
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D¿nyanēn ilk rᴅqᴅmsal yarēmstansiyasē layihᴅsi 2006-cē ildᴅ ¢indᴅ iĸᴅ salēnēb vᴅ bu g¿n ¢in bu 

texnologiyanēn tᴅtbiqi ¿zrᴅ lider ºlkᴅdir. 2014-c¿ ilᴅ qᴅdᴅr ¢indᴅ funksional uyĵunluq ¿zrᴅ cihazlarēn 

testlᴅrinin 6 sessiyasē ke­irilib vᴅ bu sessiyalarda m¿xtᴅlif istehsal­ē ĸirkᴅtlᴅr iĸtirak edib. 2005-ci ildᴅ ¢in 

¿­¿n milli standart (DL/T860) kimi IEC 61850 standartē qᴅbul edilib vᴅ KEMA il ᴅ birgᴅ IEC 61850 dᴅstᴅkli 

cihazlarēn uyĵunluq yoxlamalarēnēn aparēlmasē ¿­¿n laboratoriya yaradēlēb. Proses magistralē ilᴅ ilk rᴅqᴅmsal 

yarēmstansiya (ᴅsas gᴅrginlik 110 kV) 2006-cē ilin mart ayēnda iĸᴅ salēnēb. 2013-c¿ ildᴅ ¢indᴅ artēq 35ï1000 

kV ᴅsas gᴅrginlikli, IEC 61850-8-1 dᴅstᴅkli ikincil cihazlara malik 10 000-dᴅn ­ox yarēmstansiya iĸᴅ salēnēb. 

2013-c¿ ilin sonuna qᴅdᴅr proses magistralēndan istifadᴅ olunan yarēmstansiyalarēn ¿mumi sayē 893 tᴅĸkil 

edib. Bundan ᴅlavᴅ, bu texnologiya ABķ, Kanada vᴅ Rusiya kimi ºlkᴅlᴅrdᴅ dᴅ geniĸ inkiĸaf etdirilib. Bu g¿n 

d¿nya ¿zrᴅ aparēcē elektrik enerji ĸirkᴅtlᴅri, elᴅcᴅ dᴅ rᴅqᴅmsal yarēmstansiya texnologiyasēnēn 

layihᴅlᴅndirilmᴅsi vᴅ tᴅtbiqi ¿zrᴅ xidmᴅt gºstᴅrᴅn ĸirkᴅtlᴅr bu sahᴅdᴅ fᴅaliyyᴅt gºstᴅrir. Son illᴅrdᴅ elektrik 

enerjisinin inkiĸafē elektrik ĸᴅbᴅkᴅsi vᴅ informasiya infrastrukturlarēnēn birlᴅĸdirilmᴅsi amili ilᴅ baĵlēdēr [1]. 

IEC 61850 standartēna uyĵun 110/10 kV rᴅqᴅmsal yarēmstansiya layihᴅsi standartlaĸdērēlmēĸ rabitᴅ 

protokollarēna ᴅsaslanan idarᴅetmᴅ vᴅ avtomatika sisteminin iĸlᴅnib hazērlanmasēnē ᴅhatᴅ edir. Layihᴅ ¿­ 

sᴅviyyᴅli arxitekturanē nᴅzᴅrdᴅ tutur: yarēmstansiya sᴅviyyᴅsi, qoĸulma sᴅviyyᴅsi vᴅ proses sᴅviyyᴅsi. ᴄsas 

prinsip fᴅrqli istehsal­ēlarēn avadanlēqlarēnēn mᴅlumat m¿badilᴅsi aparmasēna vᴅ vahid sistemdᴅ birlikdᴅ 

iĸlᴅmᴅsinᴅ imkan verᴅn standartlaĸdērēlmēĸ mᴅntiqi qurĵu mᴅlumat modelidir. 

Layihᴅlᴅndirmᴅnin bir sēra ᴅsas mᴅrhᴅlᴅlᴅri vardēr. Konsept vᴅ arxitektura, yarēmstansiyanēn vᴅ 

idarᴅetmᴅ sisteminin ¿mumi strukturu m¿ᴅyyᴅn edilir, sᴅviyyᴅlᴅrᴅ bºl¿nmᴅ nᴅzᴅrᴅ alēnēr (yarēmstansiya 

sᴅviyyᴅsi, qoĸulma sᴅviyyᴅsi, proses sᴅviyyᴅsi). Loqik modelin iĸlᴅnmᴅsi, IEC 61850 standartēna ᴅsaslanaraq 

qurĵularēn loqik modeli yaradēlēr; bu model mᴅlumatēn necᴅ tᴅqdim olunacaĵēnē vᴅ qurĵular arasēnda necᴅ 

ºt¿r¿lᴅcᴅyini (loqik qurĵular vᴅ loqik d¿y¿nlᴅr) m¿ᴅyyᴅn edir. Avadanlēq se­imi, fᴅrqli istehsal­ēlarēn IEC 

61850 standartēna uyĵun aĵēllē elektron qurĵularē (ĶEQ) se­ilir vᴅ vahid sistemᴅ inteqrasiya olunur [2].  

IEC 61850 standartina uyĵun rᴅqᴅmsal 110/10 kv yarēmstansiya layihᴅlᴅndirilmᴅsi, yarēmstansiyanēn 

ĸᴅbᴅkᴅ infrastrukturu iĸlᴅnir, rabitᴅ protokollarē vᴅ ĸᴅbᴅkᴅ topologiyasē se­ilir, sᴅviyyᴅlᴅr arasēnda etibarlē 

mᴅlumat m¿badilᴅsi tᴅmin edilir. Ķdarᴅetmᴅ vᴅ dispet­er sistemi, yarēmstansiyanēn idarᴅetmᴅ sistemi ¿­¿n 

proqram tᴅminatē hazērlanēr, SCADA sistemi daxil olmaqla, sahᴅ sᴅviyyᴅsindᴅn yarēmstansiya sᴅviyyᴅsinᴅ 

mᴅlumatlarēn qᴅbulu, emalē vᴅ tᴅqdimatē tᴅmin olunur. Kiber tᴅhl¿kᴅsizlik, rᴅqᴅmsal yarēmstansiyalarēn 

bºy¿k hᴅcmdᴅ mᴅlumatlarla iĸlᴅmᴅsi vᴅ xarici tᴅhdidlᴅrdᴅn qorunmasē tᴅlᴅb olunduĵu ¿­¿n fiziki vᴅ kiber 

tᴅhl¿kᴅsizliyin tᴅmin edilmᴅsi ¿­¿n tᴅdbirlᴅr hazērlanēr vᴅ tᴅtbiq olunur. Sēnaq vᴅ iĸᴅ salma, sistemin 

funksionallēĵēnē vᴅ b¿t¿n normativ tᴅlᴅblᴅrᴅ uyĵunluĵunu yoxlamaq mᴅqsᴅdilᴅ kompleks testlᴅr aparēlēr vᴅ 

iĸᴅ salma mᴅrhᴅlᴅsi hᴅyata ke­irilir. 

 

ᴄdᴅbiyyat 

1. ʈʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 08.12.2011 ʛ. ˉ 2227-ʨ çʆ ʉʪʨʘʪʝʛʠʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘè.  

2. ʈʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 03.04.2013 ˉ 511-ʨ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʌè 

 
Summary 

DIGITAL 110/10 KV  SUBSTATION PROJECT IN ACCORDANCE WITH IEC 61850 STANDARD 

Aliyev N.N. 

 

 The digital 110/10 kV substation project in accordance with the IEC 61850 standard is considered a promising direction as 

a system based on the application of innovative methods. The implementation of next-generation equipment in the power network 

complex will improve the organization of information flows and ensure high accuracy and consistency of all measurements. The 

main advantages of such solutions also include a reduction in the volume of technical maintenance and operational costs. In addition, 

the primary goals of implementing digital substations are the creation of smart grids, optimization of the construction and 

procurement processes of power network equipment leading to a general reduction of operational and capital expenditures, as well as 

the reduction of maintenance costs of power network facilities through the application of new technologies for monitoring and 

managing equipment condition. Although the IEC 61850-compliant digital 110/10 kV substation project has certain advantages, there 

remain many questions regarding the transition to digital substations. To ensure reliable IEC 61850-compliant power supply to 

consumers, the commissioning of new elements of digital control systems must be carried out gradually, and system redundancy 

should be taken into account. 

Keywords. IEC 61850, digital, network, substation, communication, system, model. 
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ʈʝʟʶʤʝ 

ʇʈʆɽʂʊ ʎʀʌʈʆɺʆʁ ʇʆɼʉʊɸʅʎʀʀ 110/10 ʂɺ ɺ ʉʆʆʊɺɽʊʉʊɺʀʀ ʉʆ ʉʊɸʅɼɸʈʊʆʄ IEC 61850 

ɸʣʠʝʚ ʅ.ʅ. 

 

 ʇʨʦʝʢʪ ʮʠʬʨʦʚʦʡ 110/10 ʢɺ ʧʦʜʩʪʘʥʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ IEC 61850 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ɺʥʝʜʨʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʫʣʫʯʰʠʪ ʦʨʛʘʥʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʠ ʝʜʠʥʦʦʙʨʘʟʠʝ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ 

ʷʚʣʷʶʪʩʷ ʩʦʟʜʘʥʠʝ çʫʤʥʳʭè ʩʝʪʝʡ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʟʘʢʫʧʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʱʝʤʫ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʩʝʪʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʝʢʪʘ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 110/10 ʢɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʥʜʘʨʪʫ IEC 

61850, ʦʩʪʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʭʦʜʘ ʢ ʮʠʬʨʦʚʳʤ ʧʦʜʩʪʘʥʮʠʷʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʩʪʘʥʜʘʨʪʘ IEC 61850 ʚʚʦʜ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʵʪʘʧʥʦ, ʩ ʫʯʝʪʦʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. IEC 61850, ʮʠʬʨʦʚʦʡ, ʩʝʪʴ, ʧʦʜʩʪʘʥʮʠʷ, ʩʚʷʟʴ, ʩʠʩʪʝʤʘ, ʤʦʜʝʣʴ. 
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X¿lasᴅ. Qᴅrarlaĸmēĸ iĸ rejimlᴅri (QĶR) Azᴅrbaycan Enerjisistemindᴅ (EES) FACTS (Flexible AC Transmission System) 

cihazlarē nᴅzᴅrᴅ alēnmaqla tᴅhlil edilir. M¿ᴅyyᴅn edilmiĸdir ki, STATCOM cihazlarē vᴅ universal enerji axēnē tᴅnzimlᴅyicisi (UEAT) 

220-330-500 kV elektrik veriliĸ xᴅttinin (EVX) ºt¿rmᴅ qabiliyyᴅtini artērmaĵa, gᴅrginlik sᴅviyyᴅsini yaxĸēlaĸdērmaĵa vᴅ aktiv enerji 

itkilᴅrini azaltmaĵa imkan verir. Elektrik xᴅtti ilᴅ ºt¿r¿lᴅn g¿c xᴅttin uclarēndakē gᴅrginliklᴅrdᴅn, onlar arasēndakē faza bucaĵēndan vᴅ 

xᴅttin ¿mumi reaktiv m¿qavimᴅtindᴅn asēlēdēr. Enerji idarᴅetmᴅ probleminin hᴅrtᴅrᴅfli vᴅ optimal hᴅlli  idarᴅ olunan dᴅyiĸᴅn cᴅrᴅyan 

ºt¿r¿c¿ sistem texnologiyasēndan istifadᴅ etmᴅklᴅ m¿mk¿nd¿r. Yeni nᴅsil konvertor texnologiyasē ᴅsasēnda yaradēlmēĸ FACTS 

cihazlarē imkan verir: m¿rᴅkkᴅb qeyri-bircinsli ĸᴅbᴅkᴅdᴅ g¿c¿n mᴅcburi paylanmasēnē tᴅmin etmᴅk, EPS-nin idarᴅolunma 

qabiliyyᴅtini artērmaq, gᴅrginliklᴅri sabitlᴅĸdirmᴅk, rᴅqslᴅri yumĸaltmaq, statik vᴅ dinamik sabitliyi artērmaq, axēnēn paylanmasēnē 

optimallaĸdērmaq, ĸᴅbᴅkᴅ tutumunu artērmaq, reaktiv enerji axēnlarēnē idarᴅ etmᴅk; tsiklik axēnlarē idarᴅ etmᴅk, qᴅfil qeyri-xᴅtti 

y¿klᴅr altēnda gᴅrginliyin harmonik sᴅviyyᴅlᴅrini azaltmaq vᴅ enerji itkilᴅrini azaltmaq. Gᴅrginliyin saxlanēlmasē vᴅ aktiv enerji 

itkilᴅrinin azaldēlmasē baxēmēndan ᴅn sᴅmᴅrᴅli vᴅ prioritet tᴅdbir Abĸeron 500 kV-luq elektrik veriliĸi xᴅttinin dºvrᴅsindᴅ 220 kV-luq 

ĸin tᴅrᴅfindᴅ UEAT-in quraĸdērēlmasēdēr. 

A­ar sºzlᴅr: elektrik ĸᴅbᴅkᴅlᴅri, ­evik dᴅyiĸᴅn cᴅrᴅyan ºt¿r¿c¿ sistemlᴅri, STATCOM, universal enerji axēnē 

tᴅnzimlᴅyicisi. 

 

Elektrik xᴅtti ilᴅ ºt¿r¿lᴅn g¿c xᴅttin uclarēndakē gᴅrginliklᴅrdᴅn, onlarēn arasēndakē faza bucaĵēndan vᴅ 

bu xᴅttin ¿mumi reaktiv m¿qavimᴅtindᴅn asēlēdēr. Enerji idarᴅetmᴅ probleminin hᴅrtᴅrᴅfli vᴅ optimal hᴅlli  

idarᴅ olunan dᴅyiĸᴅn cᴅrᴅyan ºt¿r¿c¿ sistemlᴅri texnologiyasēndan istifadᴅ etmᴅklᴅ m¿mk¿nd¿r. FACTS 

m¿asir elektronika ilᴅ tᴅchiz olunmuĸ dᴅyiĸᴅn cᴅrᴅyan ºt¿r¿c¿ sistemlᴅridir. FACTS elektrik ĸᴅbᴅkᴅsi 

funksiyasēnē mºvcud "passiv"dᴅn "aktiv"ᴅ ­evirir. Yeni nᴅsil konvertor texnologiyasē ᴅsasēnda yaradēlmēĸ 

FACTS cihazlarē imkan verir: dispet­erin tᴅlᴅblᴅrinᴅ uyĵun olaraq m¿rᴅkkᴅb heterojen ĸᴅbᴅkᴅdᴅ g¿c¿n 

mᴅcburi paylanmasēnē tᴅmin etmᴅk, EES-nin idarᴅolunma qabiliyyᴅtini artērmaq, gᴅrginliklᴅri 

sabitlᴅĸdirmᴅk, rᴅqslᴅri yumĸaltmaq, statik vᴅ dinamik dayanēqlēĵē artērmaq, enerji axēnēnēn paylanmasēnē 

optimallaĸdērmaq, ĸᴅbᴅkᴅ tutumunu artērmaq, enerji axēnēnēn yenidᴅn aktivlᴅĸdirilmᴅsinᴅ nᴅzarᴅt etmᴅk; 

tsiklik axēnlarē idarᴅ etmᴅk, qᴅfil qeyri-xᴅtti y¿klᴅr altēnda gᴅrginliyin harmonik sᴅviyyᴅlᴅrini azaltmaq vᴅ 

enerji itkilᴅrini azaltmaq. FACTS-dᴅn istifadᴅ EPS problemlᴅrini effektiv hᴅll etmᴅyᴅ imkan verir [4-6]. 

Birinci nᴅsil FACTS cihazlarē:Tiristorla idarᴅ olunan faza dᴅyiĸdiricilᴅri (TCPS), tiristorla idarᴅ 

olunan seriyalē kondansator (TCSC), tiristorla idarᴅ olunan statik g¿c kompensatoru (TCSVC). 

Ķkinci nᴅsil FACTS cihazlarē:Konvertorlar ikinci nᴅsil FACTS cihazlarēnēn ᴅsasēnē tᴅĸkil edir [7]. 

ᴄn son ikinci nᴅsil FACTS cihazlarēna (FACTS-2) tam idarᴅ olunan g¿c elektronikasē cihazlarē (IGBT 

tranzistorlarē, IGCT tiristorlarē, ­eviricilᴅr vᴅ s.) ᴅsasēnda ᴅmᴅliyyat parametrlᴅrinin tᴅnzimlᴅnmᴅsini tᴅmin 

edᴅn qurĵular daxildir: STATCOM; statik sinxron seriya kompensatoru (SSSC); Vahid G¿c Axēnē 

Tᴅnzimlᴅyicisi VGAN; IPFC (Daxili G¿c Akēĸē Nᴅzarᴅt­isi) 

mailto:afag_sk@mail.ru
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¦­¿nc¿ nᴅsil FACTS cihazlarē: ¦­¿nc¿ nᴅslin n¿mayᴅndᴅsi kimi Birlᴅĸdirilmiĸ g¿c axēnē 

tᴅnzimlᴅyicisi-BGAT Vahid Enerji Axēn tᴅnzimlᴅyicisi (UPFC). FACTS-3cihazlar ᴅn m¿kᴅmmᴅl FACTS 

cihazēdēr. 

Statik sinxron kompensator (STATCOM), tutumlu vᴅ ya induktiv ­ēxēĸ cᴅrᴅyanē dᴅyiĸᴅn cᴅrᴅyan 

ĸᴅbᴅkᴅ gᴅrginliyindᴅn asēlē olmayaraq dᴅyiĸᴅ bilᴅn statik reaktiv g¿c kompensatoru kimi fᴅaliyyᴅt gºstᴅrᴅn 

statik ­eviriciyᴅ ᴅsaslanan bir cihazdēr. STATCOM aĸaĵēdakē problemlᴅri hᴅll etmᴅk ¿­¿n istifadᴅ edilᴅ 

bilᴅr: gᴅrginliyin sabitlᴅĸdirilmᴅsi vᴅ tᴅnzimlᴅnmᴅsi; reaktiv g¿c¿n kompensasiyasē; bir fazadan aktiv enerji 

istehlakē vᴅ digᴅr fazaya ­atdērēlmasē ilᴅ y¿k¿n balanslaĸdērēlmasē; STATCOM y¿ksᴅk reaksiya s¿rᴅtinᴅ 

malik olduĵundan enerji sistemindᴅki vibrasiya; ĸᴅbᴅkᴅdᴅ m¿vafiq harmoniklᴅri kompensasiya etmᴅk ¿­¿n 

tᴅlᴅb olunan yalnēz harmonik gᴅrginliyin deyil, hᴅm dᴅ poliharmonik gᴅrginliyin ᴅmᴅlᴅ gᴅlmᴅsinin 

m¿mk¿nl¿y¿ ilᴅ izah edilᴅn aktiv gᴅrginliyin filtrasiyasē; y¿k qrafiklᴅrinin hamarlanmasē, rektifikasiya 

edilmiĸ gᴅrginlik tᴅrᴅfindᴅ y¿ksᴅk tutumlu enerji saxlama qurĵusu olduqda. STATCOM cihazē ¿mumiyyᴅtlᴅ 

1) aktiv vᴅ reaktiv g¿c¿n m¿xtᴅlif istehlak vᴅ istehsal rejimlᴅrindᴅ iĸlᴅmᴅyᴅ qadir olan vᴅ adᴅtᴅn qapalē 

yerlᴅrdᴅ yerlᴅĸᴅn statik ­eviricidᴅn ibarᴅtdir; 2) y¿ksᴅk gᴅrginlikli ĸinlᴅrᴅ qoĸulmaq ¿­¿n uyĵun 

transformator; 3) sinusoidal cᴅrᴅyanlarēn (gᴅrginliklᴅrin) modulyasiyasēnē hᴅyata ke­irmᴅk ¿­¿n cᴅrᴅyanēn 

(gᴅrginliyin) sabitliyini tᴅmin edᴅn birbaĸa cᴅrᴅyan (rektifikasiya edilmiĸ gᴅrginlik) baĵlantēsē; 4) faza 

cᴅrᴅyanlarēnēn sinusoidallēĵēnē tᴅmin etmᴅk ¿­¿n passiv filtrlᴅr. 

Vahid G¿c Axēnē Nᴅzarᴅt­isi (VGAN) bir ĸunt dºvrᴅsi vasitᴅsilᴅ ĸᴅbᴅkᴅyᴅ ardēcēl olaraq qoĸulmuĸ 

STATCOM terminallarē arasēnda ikitᴅrᴅfli aktiv enerji m¿badilᴅsini tᴅmin etmᴅk ¿­¿n ¿mumi DC dºvrᴅsi ilᴅ 

qoĸulmuĸ STATCOM vᴅ statik sinxron seriyalē kompensatorun (SSSC) birlᴅĸmᴅsidir vᴅ xarici enerji 

mᴅnbᴅyindᴅn istifadᴅ etmᴅdᴅn xᴅttin aktiv vᴅ reaktiv g¿c¿n¿n eyni vaxtda kompensasiyasē ¿­¿n idarᴅ 

olunur. VGAN, bucaĵēndan asēlē olmayaraq, gᴅrginliyi tᴅnzimlᴅmᴅklᴅ, eyni vaxtda vᴅ ya ayrēca xᴅttin 

gᴅrginliyini, xᴅttin m¿qavimᴅtini vᴅ bucaĵēnē vᴅ ya xᴅttin aktiv vᴅ reaktiv g¿c¿n¿ idarᴅ edᴅ bilᴅr. VGAN 

hᴅm­inin m¿stᴅqil idarᴅ olunan ĸunt reaktiv g¿c¿n¿n kompensasiyasēnē tᴅmin edᴅ bilᴅr. 

Enerji sistemindᴅki problemlᴅrin hᴅlli ¿­¿n effektiv ¿sul kimi ­evik AC ºt¿r¿c¿ sistemlᴅrdᴅn 

istifadᴅ. 220ï750 kV-luq xᴅtlᴅrin g¿c¿ naqillᴅrin qēzmasē vᴅ elektrik ºt¿r¿lmᴅsinin dayanēqlēĵē ilᴅ 

mᴅhdudlaĸēr. Mᴅlumdur ki, xᴅtt boyunca itkisiz ºt¿r¿lᴅn aktiv g¿c vᴅ onun uclarēnda istehlak edilᴅn reaktiv 

g¿c, ºt¿rmᴅ bucaĵēndan ŭ asēlē olaraq, VGAN tᴅrᴅfindᴅn m¿rᴅkkᴅb ­evrilmᴅ nisbᴅtinᴅ malik ekvivalent 

transformatorun modeli ĸᴅklindᴅ m¿ᴅyyᴅn edilir: 
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˘
ẗsin‏ȟ                 ὗ

cos

˘
                                                (1) 

burada, U1, U2 -xᴅttin ᴅvvᴅlindᴅ vᴅ sonunda gᴅrginliklᴅrdir; XL ï xᴅttin induktiv m¿qavimᴅti; ŭ U1 

vᴅ U2 vektorlarē arasēndakē bucaqdēr. ¥t¿r¿lᴅn P0 g¿c¿n¿n mᴅhdudiyyᴅtlᴅri ºt¿r¿lᴅn g¿c ¿­¿n tᴅhl¿kᴅsizlik 

faktoru ilᴅ normal rejimdᴅ statik sabitliyin tᴅmin edilmᴅsi ehtiyacēndan qaynaqlanēr. 
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Hᴅm­inin qᴅza rejimindᴅ dinamik dayanēqlēĵē vᴅ KReht Ó 8% ehtiyatē ilᴅ post-fºvqᴅladᴅ rejimdᴅ 

elektrik veriliĸi xᴅtti boyunca tᴅlᴅb olunan g¿c¿n ºt¿r¿lmᴅsini tᴅmin etmᴅk lazēmdēr. (1) ifadᴅsindᴅn 

gºr¿nd¿y¿ kimi, uzun hava xᴅtlᴅrinin ºt¿r¿lᴅn g¿c¿ PPR xᴅttin m¿qavimᴅtini azaltmaqla artērēla bilᴅr: 

Azᴅrbaycanēn enerji sistemindᴅ FACTS cihazēnēn yerlᴅĸdirilmᴅsinin effektivliyinin 

qiymᴅtlᴅndirilm ᴅsi. FACTS-dᴅn istifadᴅ EPS problemlᴅrini effektiv hᴅll etmᴅyᴅ imkan verir [4-6]. 

220 vᴅ 500 kV-luq hava elektrik xᴅtlᴅrinin dairᴅvi dºvrᴅsindᴅ ekvivalent ES n¿munᴅlᴅri ilᴅ idarᴅ 

olunan FACTS-dan istifadᴅnin sᴅmᴅrᴅliliyi qiymᴅtlᴅndirilmiĸdir. Mingᴅ­evir 330/220 kV-luq 

yarēmstansiyada ñAzᴅrenerjiò ASC-nin dairᴅvi qeyri-bircinsli ĸᴅbᴅkᴅsindᴅ VGAN -nin yerlᴅĸdirilmᴅsinin 

sᴅmᴅrᴅliliyinin qiymᴅtlᴅndirilmᴅsi aparēlēb. ñAzᴅrenerjiò ASC-nin 220-330-500 kV-lik dairᴅvi qeyri-bircinsli 

ĸᴅbᴅkᴅsindᴅ STATCOM-dan istifadᴅnin sᴅmᴅrᴅliliyinin qiymᴅtlᴅndirilmᴅsi ¿­¿n hesablamalar aparēlmēĸdēr. 

VGAN effektivliyinin qiym ᴅtlᴅndirilm ᴅsi.  U1 vᴅ Q2 ¿­¿n ifrat gᴅrginlikli elektrik ºt¿r¿c¿ xᴅtti 

rejiminin optimallaĸdērēlmasē. Y¿ksᴅk gᴅrginlikli elektrik veriliĸi xᴅtlᴅrinin kompensasiya qurĵulrēnēn 

gᴅrginlik vᴅ reaktiv g¿c¿n¿n optimal qiymᴅtlᴅrinin m¿ᴅyyᴅn edilmᴅsi mᴅsᴅlᴅlᴅrinᴅ baxēlēr; 500 kV elektrik 

veriliĸi xᴅttinin n¿munᴅsindᴅn istifadᴅ edᴅrᴅk, VGAN -nin idarᴅ edilmᴅsi ¿­¿n m¿vafiq tºvsiyᴅlᴅr n¿mayiĸ 

etdirilir vᴅ verilir. 

Misal. 500 kV elektrik veriliĸi xᴅttinin parametrlᴅri. Fazanēn konstruksiyasē. Naqilin markasē 3*AC-

330/43,par­alanma addēmē 0,4 m. r0=0,029 Ohm/km, x0=0,299 Ohm/km, b0=3,74 10-6 S/km,yaxĸē havaya 

uyĵun gᴅlᴅn tacda x¿susi itkilᴅr qᴅbul edilir. Pk0=4 Vt/m, itkilᴅrin gᴅrginlik tacēndan asēlēlēq dᴅrᴅcᴅsi ɟ=5 

kimi qᴅbul edilir. Elektrik veriliĸ xᴅttinin uzunluĵu 250 km-dir. 

Hesabatēn nᴅticᴅlᴅri gºstᴅrir ki, xᴅttin uzunluĵundan, ºt¿r¿lᴅn g¿c¿n miqdarēndan vᴅ x¿susi korona 

itkilᴅrindᴅn asēlē olaraq xᴅttin baĸlanĵēcēndakē optimal gᴅrginlik xᴅttin sonundakē nominal gᴅrginlikdᴅn 0-5% 
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y¿ksᴅkdir, yᴅni. 250 km uzunluĵunda elektrik ºt¿r¿c¿ xᴅtti ¿­¿n optimal rejimin 0,9-1,05 gᴅrginliklᴅrinᴅ 

uyĵundur. Bu halda, ºt¿r¿lᴅn aktiv g¿c¿n artmasē, tac ilᴅ ᴅlaqᴅdar x¿susi g¿c itkilᴅri vᴅ xᴅttin uzunluĵu ilᴅ 

gᴅrginliyin azalmasē artēr. 

 

 
ķᴅkil 1. 220-330-500 kV-luq bºlmᴅnin ekvivalent elektrik sxemi 

 

220, 330 vᴅ 500 kV-luq elektrik veriliĸi xᴅtlᴅrinin vᴅ 500 kV-lik xᴅtt ¿zrᴅ VGAN -in yaxēnlaĸdēĵē 

Abĸeron STATCOM yarēmstansiyasēnēn 220 kV-luq tirlᴅrindᴅ quraĸdērēlmasē nᴅzᴅrdᴅn ke­irilir. 

Azᴅrbaycanēn EPS-nin ĸimal-qᴅrb zonasēnda elektrik stansiyalarēnēn istehsalē tᴅxminᴅn 3400 MVt-dēr. 

Abĸeron zonasēnda elektrik stansiyalarēnēn istehsalē tᴅxminᴅn 3000 MVt tᴅĸkil edir. 

M¿qayisᴅli nᴅticᴅlᴅr. 800 MVA 220 kV Abĸeron y-st avtotransformator (ATR) tᴅrᴅfdᴅn 500 kV-luq 

hava elektrik xᴅttinin sonunda VGAN -nin quraĸdērēlmasē yeri. Hᴅr birinin g¿c¿ 50 MVt olan 220 kV-luq 

Aĵdaĸ, Aĵsu, Qᴅbᴅlᴅ yarēmstansiyalarēnda aktiv g¿c alēnarkᴅn Abĸeron zonasēnda 1600 MVt aktiv enerji 

istehlakē rejimlᴅri nᴅzᴅrᴅ alēnēr. Hesablamalar Azᴅrbaycan Elmi-Tᴅdqiqat vᴅ Layihᴅ-Axtarēĸ Energetika 

Ķnstitutunun proqram paketi ᴅsasēnda aparēlēb. ¥t¿rmᴅ sisteminin tutumu sabit vᴅziyyᴅtin sabitlik hᴅddi, 

istilik hᴅddi, ke­ici sabitlik hᴅddi vᴅ sistemin dempferlᴅmᴅsi kimi m¿xtᴅlif amil lᴅrᴅ gºrᴅ mᴅhduddur. ķᴅbᴅkᴅ 

diaqramēnda qeyri-bircins (ĸᴅkil 1) 220 kV-luq elektrik veriliĸi xᴅttinin hᴅddindᴅn artēq y¿klᴅnmᴅsinᴅ vᴅ 

aktiv enerji itkilᴅrinin artmasēna sᴅbᴅb olur. UEAT-nin 500 kV-luq hava xᴅttindᴅ quraĸdērēlmasē zamanē 

aktiv enerji axēnlarē 888,3 MVt-dan 971,4 MVt-a qᴅdᴅr artēr, 220 kV-luq hava xᴅttindᴅ isᴅ 482 MVt-dan 433 

MVt-a qᴅdᴅr azalēr. VGAN nᴅzᴅrᴅ alēnmaqla enerji itkilᴅri 11,46 MVt azalēb. VGAN nᴅzᴅrᴅ alēnmaqla vᴅ 

nᴅzᴅrᴅ alēnmadan d¿y¿nlᴅrdᴅ gᴅrginliklᴅr ĸᴅkil 2-dᴅ gºstᴅrilmiĸdir. VGAN nᴅzᴅrᴅ alēnmaqla enerji itkilᴅri 

11,46 MVt azalmēĸdēr. Hesablamalarēn nᴅticᴅlᴅri gºstᴅrir ki, Abĸeron enerji blokunun STATCOM-da 220 

kV-luq avtobuslarda normal rejimlᴅrdᴅ quraĸdērēlmasē aktiv enerji itkilᴅrini 10 MVt-dan ­ox azaltmaĵa 

imkan verir. VGAN -nin 6 nºmrᴅli qovĸaĵēnda quraĸdērma aktiv enerji itkilᴅrini 12 MVt-dan ­ox azaltmaĵa 

imkan verir [10]. Aktiv g¿c itkilᴅrinin kompleks transformasiya nisbᴅtinin eninᴅ komponentindᴅn asēlēlēĵē 

ķᴅkil 3-dᴅ gºstᴅrilmiĸdir 

 

 

 

 

 

 

 

 

 

 

 

ķϸkil 2. Dºvrϸ qovĸaqlarē ¿zrϸ gϸrginlik profillϸri  ķϸkil 3. Aktiv g¿c itkilϸrinin kompleks ­evrilmϸ 

nisbϸtinin eninϸ komponentindϸn 

asēlēlēĵē 

 
 

1600 MVt g¿c¿ndᴅ elektrik enerjisinin ºt¿r¿lmᴅsi rejimindᴅ Abĸeron qovĸaĵēnda tᴅlᴅb olunan 

reaktiv enerji istehsalē 320 MVAr tᴅĸkil edir. ᴄsas effekt VGAN -nin 6 nºmrᴅli d¿y¿ndᴅ quraĸdērēlmasē ilᴅ 

ᴅldᴅ edilir. 

file:///C:/Users/User/Desktop/Новая%20папка/xəyalə%20əliqul.-konfr/Enerji%20sistemləri%20və%20kompleksləri/ENERJİ%20SİSTEMİLƏRİNİN%20ÖTÜRMƏ%20QABİLİYYƏTİ%20%20VƏ%20İQTİSADİ%20SƏMƏRƏLİLİYİ.DOCX%23_Hlk464147000


100 
 

Nᴅticᴅ. M¿ᴅyyᴅn edilib ki, gᴅrginliyin saxlanēlmasē vᴅ aktiv enerji itkilᴅrinin azaldēlmasē baxēmēndan 

ᴅn sᴅmᴅrᴅli vᴅ prioritet tᴅdbir ñAbĸeronò 220 kV-luq yarēmstansiyanēn vᴅ VGAN -nin ĸinlᴅrinᴅ STATCOM-

un quraĸdērēlmasēdēr. 

1. Azᴅrbaycan EES-nin dayanēqlēĵēnē artērmaq ¿­¿n VGAN yerlᴅĸdirmᴅklᴅ aĸaĵē tezlikli rᴅqslᴅrin 

dempferlᴅmᴅsinin tᴅkmillᴅĸdirilmᴅsi tᴅklif olunur. VGAN normal vᴅ qᴅza rejimlᴅrindᴅ gᴅrginliyin effektiv 

tᴅnzimlᴅnmᴅsinᴅ, 330 vᴅ 500 kV-luq elektrik veriliĸi xᴅtlᴅrinin ºt¿rmᴅ qabiliyyᴅtinin artērēlmasēna, qᴅza 

rejimlᴅrindᴅ gᴅrginliyin dᴅyiĸmᴅsinin azaldēlmasēna imkan verir. 

2. M¿ᴅyyᴅn edilmiĸdir ki, VGAN -nin rasional yerlᴅĸdirilmᴅsi Azᴅrbaycan EES-nin texniki-iqtisadi 

gºstᴅricilᴅrinin b¿t¿n rejimlᴅr ¿zrᴅ yaxĸēlaĸdērēlmasēna imkan verir; qeyri-bircinsli ĸᴅbᴅkᴅdᴅ hava xᴅtlᴅri 

¿zrᴅ aktiv enerji axēnlarēnēn yenidᴅn bºl¿ĸd¿r¿lmᴅsi: 500 kV-luq hava xᴅtlᴅrinin 100 MVt-dan ­ox 

y¿klᴅnmᴅsi vᴅ 220 kV-luq hava xᴅtlᴅrinin boĸaldēlmasē; aktiv enerji itkilᴅrinin 12 MVt-dan ­ox azaldēlmasē; 

enerji sistemi qovĸaqlarēnda gᴅrginlik sᴅviyyᴅsinin 10%-ᴅ qᴅdᴅr yaxĸēlaĸdērēlmasē. 
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Summary 

APPLICATION OF FACTS TECHNOLOGIES TO IMPROVE THE TRANSMISSION CAPACITY AND ECONOMIC 

EFFICIENCY OF ENERGY SYSTEMS 

Salimova A., Zeynalova N., Yagublu T., Rajabov K. 

 

 The determined operating modes (DOM) are analyzed in the Azerbaijan Energy System (EES) taking into account FACTS 

(Flexible AC Transmission System) devices. It was found that STATCOM devices and universal energy flow regulator (UEAT) 

allow to increase the transmission capacity of the 220-330-500 kV power transmission line (EVX), improve the voltage level and 

reduce active energy losses. The power transmitted by the power line depends on the voltages at the ends of the line, the phase angle 

between them and the total reactive resistance of the line. A comprehensive and optimal solution to the power management problem 

is possible using the technology of controlled alternating current transmission systems. FACTS devices, created on the basis of new 

generation converter technology, allow: to ensure forced power distribution in a complex heterogeneous network, increase the 

controllability of the EPS, stabilize voltages, smooth out oscillations, increase static and dynamic stability, optimize flow 

distribution, increase network capacity, control reactive energy flows; to control cyclic flows, reduce voltage harmonic levels under 

sudden nonlinear loads, and reduce energy losses. The most efficient and priority measure in terms of maintaining voltage and 

reducing active energy losses is the installation of a UEAT on the 220 kV busbar side of the Absheron 500 kV power transmission 

line circuit. 
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Keywords: electrical networks, flexible alternating current transmission systems, STATCOM, universal power flow 
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ʈʝʟʶʤʝ 

ʇʈʀʄɽʅɽʅʀɽ FACTS TECHNOLOGIES ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʇʈʆʇʋʉʂʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ʇɽʈɽɼɸʏʀ ʀ 

ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 ʉʘʣʠʤʦʚʘ A., ɿʝʡʥʘʣʦʚʘ ʅ., ʗʛʫʙʣʫ ʊ., ʈʘʜʞʘʙʦʚ ʂ. 

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ (ɼʈ) ʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ (ɸʕʉ) ʩ ʫʯʝʪʦʤ 

ʫʩʪʨʦʡʩʪʚ FACTS (Flexible AC Transmission System). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ STATCOM ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ 

ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ (UEAT) ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) 220-330-500 ʢɺ, 

ʫʣʫʯʰʠʪʴ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ. ʄʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦ ʃʕʇ, ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʦʥʮʘʭ ʣʠʥʠʠ, ʫʛʣʘ ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʥʠʤʠ ʠ ʧʦʣʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʠʥʠʠ. ʂʦʤʧʣʝʢʩʥʦʝ ʠ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʋʩʪʨʦʡʩʪʚʘ FACTS, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʪ: ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʩʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚ ʩʣʦʞʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʝʪʠ, ʧʦʚʳʩʠʪʴ ʫʧʨʘʚʣʷʝʤʦʩʪʴ 

ʕʕʉ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ, ʩʛʣʘʞʠʚʘʪʴ ʢʦʣʝʙʘʥʠʷ, ʧʦʚʳʩʠʪʴ ʩʪʘʪʠʯʝʩʢʫʶ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ, ʫʧʨʘʚʣʷʪʴ ʧʦʪʦʢʘʤʠ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ; 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʤʠ ʧʝʨʝʪʦʢʘʤʠ, ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʝʟʢʠʭ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ 

ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʠʦʨʠʪʝʪʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʋʕɸʊ ʥʘ ʩʪʦʨʦʥʝ ʰʠʥ 220 ʢɺ ʩʭʝʤʳ ɺʃ 500 ʢɺ 

çɸʧʰʝʨʦʥè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ, ʛʠʙʢʠʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʉʊɸʊʂʆʄ, ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʨʝʛʫʣʷʪʦʨ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ. 
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X¿lasᴅ. M¿asir gᴅmi­ilik sᴅnayesi y¿ksᴅk dᴅrᴅcᴅdᴅ avtomatlaĸdērēlmēĸ vᴅ m¿rᴅkkᴅb texnoloji sistemlᴅrlᴅ 

tᴅchiz olunmuĸdur. Bu sistemlᴅrin ᴅsasēnē tᴅĸkil edᴅn ᴅsas elementlᴅrdᴅn biri dᴅ gºyᴅrtᴅ mexanizmlᴅrini hᴅrᴅkᴅtᴅ 

gᴅtirᴅn elektrik intiqallarēdēr. Gᴅmi gºyᴅrtᴅ mexanizmi sayēlan lºvbᴅr vᴅ yanalma bucurqadlarēndan tutmuĸ y¿k 

kranlarēna vᴅ digᴅr kºmᴅk­i qurĵulara qᴅdᴅr b¿t¿n bu mexanizmlᴅrin etibarlē, sᴅmᴅrᴅli vᴅ tᴅhl¿kᴅsiz iĸlᴅmᴅsi birbaĸa 

olaraq istifadᴅ olunan elektrik intiqalēnēn nºv¿ndᴅn vᴅ onun idarᴅetmᴅ sisteminin tᴅkmilliyindᴅn asēlēdēr. Mᴅqalᴅdᴅ bu 

mᴅqsᴅdlᴅ gᴅmi gºyᴅrtᴅ mexanizmlᴅrindᴅ tᴅtbiq edilᴅn elektrik intiqallarēnēn nºvlᴅri vᴅ onlarēn idarᴅetmᴅ sistemlᴅrinin 

m¿qayisᴅli tᴅhlili aparēlmēĸdēr. 

A­ar sºzlᴅr:  gᴅmi, elektrik intiqalē, gºyᴅrtᴅ mexanizmi, idarᴅetmᴅ sistemi, m¿qayisᴅli tᴅhlil  

 

Giriĸ. Bildiyimiz kimi gºyᴅrtᴅ mexanizmlᴅrinin elektrik intiqallarēnēn ᴅsas x¿susiyyᴅtlᴅrindᴅn biri 

y¿k¿n vᴅ s¿rᴅtin iĸ prosesindᴅ geniĸ diapazonda dᴅyiĸmᴅsidir. Hazērda gᴅmi gᴅmi gºyᴅrtᴅ mexanizmlᴅrinin 

elektrik intiqallarēnda tᴅtbiq edilᴅn ¿­ s¿rᴅtli rotoru qēsaqapanmēĸ asinxron m¿hᴅrrikin vᴅ onun idarᴅ 

sisteminin bir ­ox ­atēĸmayan cᴅhᴅtlᴅri vardēr. Onlardan s¿rᴅt tᴅnziminin pillᴅli olmasēnē, idarᴅetmᴅnin 

prosesinin kontaktorlar vasitᴅsilᴅ yerinᴅ yetirilmᴅsini, m¿hᴅrrikin ­ᴅkisinin vᴅ hᴅcminin bºy¿k olmasēnē vᴅ 

eyni zamanda belᴅ m¿hᴅrrikin gºyᴅrtᴅ mexanizmlᴅrinin elektrik intiqallarēna lazēm olan tᴅnzim 

xarakteristikasēnē tam ºdᴅmᴅdiyini misal gºstᴅrmᴅk olar.  

Beynᴅlxalq Dᴅniz Tᴅĸkilatēnēn (BDT) tᴅlᴅblᴅrinᴅ gºrᴅ gᴅmi elektrik intiqallarē etibarlē olmalē, ʘsʘn 

idʘrᴅ ʝdilmᴅli, s¿rᴅtlᴅri gʝniĸ hᴅddᴅ tᴅnzim ʝdilmᴅli, hᴅcm vᴅ ­ᴅkilᴅri ʘz ʦlmʘlē vᴅ fasilᴅsiz iĸ rʝjimini tᴅmin 

ʝtmᴅlidir. Qeyd etmᴅk lazēmdēr ki, hazērda gᴅmilᴅrdᴅ tᴅtbiq edilᴅn bᴅzi gºyᴅrtᴅ mexanizmlᴅrinin elektrik 

intiqallarē m¿hᴅrrikinin quruluĸuna vᴅ idarᴅetmᴅ prinsipinᴅ gºrᴅ m¿asir dºvr¿n tᴅlᴅblᴅrinᴅ tam cavab vermir. 

Belᴅ ki, bu m¿hᴅrriklᴅrin hᴅcm vᴅ k¿tlᴅsi bir dolaqlē qēsaqapanmēĸ rotorlu asinxron m¿hᴅrriklᴅrᴅ nisbᴅtᴅn 

­ox olur vᴅ onlar gºyᴅrtᴅ mexanizmlᴅrinᴅ lazēm olan s¿rᴅt tᴅnzimini ºdᴅmirlᴅr [1,2]. 

ᴄsas hissᴅ. Gᴅmi elektrik avadanlēĵēnēn inkiĸaf istiqamᴅtlᴅrindᴅn biri dᴅ m¿asir g¿c elektronikasē vᴅ 

yeni mikroprosessor idarᴅetmᴅ sistemlᴅrindᴅn istifadᴅ edᴅrᴅk tamamilᴅ yeni bir elektrik avadanlēqlarēnēn 

yaradēlmasēdēr 

Dᴅniz ĸᴅraitinin sᴅrt tᴅlᴅblᴅri ï y¿ksᴅk r¿tubᴅt, duzlu suyun korroziyaya tᴅsiri, gᴅminin yērĵalanmasē 

vᴅ mᴅhdud enerji resurslarē gºyᴅrtᴅ mexanizmlᴅrinin elektrik intiqallarēna x¿susi tᴅlᴅblᴅr qoyur. Bu 

mᴅqalᴅdᴅ gᴅmi gºyᴅrtᴅ mexanizmlᴅrindᴅ tᴅtbiq edilᴅn ᴅsas elektrik intiqalē nºvlᴅri, onlarēn idarᴅetmᴅ 

sistemlᴅri ᴅtraflē ĸᴅkildᴅ nᴅzᴅrdᴅn ke­irilᴅcᴅk vᴅ m¿qayisᴅli tᴅhlili aparēlacaqdēr. 

mailto:elshen_sultanov@mail.ru
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Tarixᴅn gᴅmilᴅrdᴅ hᴅm sabit, hᴅm dᴅ dᴅyiĸᴅn cᴅrᴅyan m¿hᴅrriklᴅrindᴅn istifadᴅ olunsa da, m¿asir 

gᴅmi­ilikdᴅ dᴅyiĸᴅn cᴅrᴅyan intiqallarē, x¿susilᴅ dᴅ asinxron m¿hᴅrriklᴅr ¿st¿nl¿k tᴅĸkil edir. 

Dᴅyiĸᴅn cᴅrᴅyan elektrik intiqallarē. Bu intiqallar, x¿susᴅn dᴅ rotoru qēsaqapanmēĸ asinxron 

m¿hᴅrriklᴅr, etibarlēlēĵē, sadᴅ konstruksiyasē, texniki xidmᴅtᴅ az ehtiyac duymasē vᴅ nisbᴅtᴅn ucuz olmasē 

sᴅbᴅbindᴅn gᴅmi gºyᴅrtᴅ mexanizmlᴅrindᴅ ᴅn geniĸ yayēlmēĸ intiqal nºv¿d¿r. ķᴅkil 1-dᴅ dᴅyiĸᴅn cᴅrᴅyan 

elektrik intiqalēnēn tezlik ­eviricisi ilᴅ idarᴅetmᴅ sxemi gºstᴅrilmiĸdir. 

 
ķϸkil 1. Dϸyiĸϸn cϸrϸyan elektrik intiqalēnēn tezlik ­eviricisi ilϸ idarϸetmϸ sxemi 

 

Bu sxem m¿asir asinxron m¿hᴅrriklᴅrin idarᴅ edilmᴅsindᴅ inqilab yaradan tezlik ­eviricisinin 

strukturunu ᴅks etdirir. Sxem ¿­ ᴅsas hissᴅdᴅn ibarᴅtdir: 

D¿zlᴅndirici: ĸᴅbᴅkᴅdᴅn gᴅlᴅn dᴅyiĸᴅn cᴅrᴅyanē (AC) sabit cᴅrᴅyana (DC) ­evirir. 

DC dºvrᴅsi (sabit gᴅrginlik ĸini): d¿zlᴅndirilmiĸ gᴅrginliyi hamarlayēr. 

Ķnvertor: Sabit cᴅrᴅyanē yenidᴅn tᴅlᴅb olunan tezlikli vᴅ amplitudalē dᴅyiĸᴅn cᴅrᴅyana (AC) ­evirᴅrᴅk 

m¿hᴅrrikᴅ ºt¿r¿r. Bu prinsip m¿hᴅrrikin s¿rᴅtinin vᴅ momentinin sᴅlis tᴅnzimlᴅnmᴅsinᴅ imkan verir. 

Bu m¿hᴅrriklᴅr aĵēr dᴅniz ĸᴅraitindᴅ uzunm¿ddᴅtli vᴅ stabil iĸlᴅmᴅ qabiliyyᴅtinᴅ malikdir. Rotoru 

qēsaqapanmēĸ asinxron m¿hᴅrriklᴅr gºyᴅrtᴅ mexanizmlᴅrinin ᴅksᴅriyyᴅtindᴅ (bucurqadlar, nasoslar, 

ventilyatorlar) istifadᴅ olunur. Faz rotorlu asinxron m¿hᴅrriklᴅr isᴅ rotor dºvrᴅsinᴅ m¿qavimᴅtlᴅrin 

qoĸulmasē ilᴅ y¿ksᴅk iĸᴅsalma momenti vᴅ s¿rᴅtin pillᴅli tᴅnzimlᴅnmᴅsini tᴅmin edir. Lakin rotor 

dºvrᴅsindᴅki m¿qavimᴅtlᴅrdᴅ yaranan enerji itkilᴅri vᴅ fēr­a-kollektor qovĸaĵēnēn daha ­ox texniki qulluq 

tᴅlᴅb etmᴅsi onlarēn tᴅtbiqini mᴅhdudlaĸdērēr. ¢oxs¿rᴅtli asinxron m¿hᴅrriklᴅr stator sarĵēlarēnēn q¿tblᴅrinin 

sayēnē dᴅyiĸmᴅklᴅ iki vᴅ ya ¿­ sabit fērlanma s¿rᴅti ᴅldᴅ etmᴅyᴅ imkan verir. Bu tip m¿hᴅrriklᴅr x¿susilᴅ 

lºvbᴅr-yanalma qurĵularēnda geniĸ tᴅtbiq tapmēĸdēr [3,4]. 

Sabit cᴅrᴅyan elektrik intiqallarē. Sabit cᴅrᴅyan m¿hᴅrriklᴅri geniĸ diapazonda sᴅlis s¿rᴅt 

tᴅnzimlᴅmᴅ vᴅ y¿ksᴅk fērlanma momenti yaratmaq kimi ¿st¿nl¿klᴅrᴅ malikdir. ķᴅkil 2-dᴅ sabit cᴅrᴅyan 

elektrik intiqalēnēn idarᴅetmᴅ sxemi gºstᴅrilmiĸdir [2]. 

 
ķϸkil 2. Sabit cϸrϸyan elektrik intiqalēnēn idarϸetmϸ sxemi 

 

Bu sxem, mᴅqalᴅdᴅ bᴅhs edilᴅn sabit cᴅrᴅyan m¿hᴅrriklᴅrinin sᴅlis s¿rᴅt tᴅnzimlᴅnmᴅsini tᴅmin edᴅn 

Ward-Leonard metodu klassik "generator-m¿hᴅrrik" sistemini gºstᴅrir. Sxemdᴅ dᴅyiĸᴅn cᴅrᴅyan m¿hᴅrriki 

ilᴅ hᴅrᴅkᴅtᴅ gᴅtirilᴅn sabit cᴅrᴅyan generatoru, ᴅsas sabit cᴅrᴅyan m¿hᴅrrikinin lºvbᴅr dºvrᴅsini qidalandērēr. 

Generatorun tᴅsirlᴅnmᴅ cᴅrᴅyanēnē dᴅyiĸmᴅklᴅ onun ­ēxēĸ gᴅrginliyi vᴅ nᴅticᴅdᴅ ᴅsas m¿hᴅrrikin s¿rᴅti geniĸ 

diapazonda sᴅlis ĸᴅkildᴅ tᴅnzimlᴅnir. Bu sistem kranlar vᴅ liftlᴅr kimi dᴅqiq idarᴅetmᴅ tᴅlᴅb edᴅn 

mexanizmlᴅrdᴅ istifadᴅ olunurdu. 

Bu x¿susiyyᴅtlᴅr onlarē y¿k kranlarē kimi dᴅqiq idarᴅetmᴅ tᴅlᴅb edᴅn mexanizmlᴅr ¿­¿n ᴅlveriĸli 

edir. Lakin bir ­ox mᴅnfi cᴅhᴅtlᴅri onlarēn tᴅtbiqini xeyli azaltmēĸdēr: 

https://www.google.com/url?sa=E&q=https%3A%2F%2Fvertexaisearch.cloud.google.com%2Fgrounding-api-redirect%2FAUZIYQGaQ-LZcy-aAZMssAOt_vYfwV8tkxtH7HyKKUgw_K4hSN761iZAM-Oi36ZhHCWuyLy5wyHDgWP58DSUohHCvxZG6n1PNNl2oI2SxAvaRi-rSi4OABL5oLf-bh6NOLA04jEBlTSxrtTztEwfs_Yw9Susnjonz0rvgqnPKB98k2EToXeW
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M¿rᴅkkᴅb quruluĸ: Fēr­a-kollektor qovĸaĵēnēn olmasē m¿hᴅrrikin quruluĸunu m¿rᴅkkᴅblᴅĸdirir, 

etibarlēlēĵēnē azaldēr vᴅ m¿ntᴅzᴅm texniki qulluq tᴅlᴅb edir. 

Qidalanma problemi: M¿asir gᴅmilᴅrin elektrik ĸᴅbᴅkᴅsi ᴅsasᴅn dᴅyiĸᴅn cᴅrᴅyanla iĸlᴅdiyi ¿­¿n, 

sabit cᴅrᴅyan m¿hᴅrriklᴅrini qidalandērmaq ¿­¿n x¿susi ­eviricilᴅr (mᴅsᴅlᴅn, "Generator-M¿hᴅrrik" sistemi) 

tᴅlᴅb olunur. Bu isᴅ hᴅm iqtisadi cᴅhᴅtdᴅn sᴅmᴅrᴅli deyil, hᴅm dᴅ ᴅlavᴅ yer vᴅ texniki xidmᴅt tᴅlᴅb edir [5]. 

Bu sᴅbᴅblᴅrdᴅn, hazērda sabit cᴅrᴅyan intiqallarēna yalnēz x¿susi tᴅyinatlē, bºy¿k g¿cl¿ qaldērēcē 

kranlara malik gᴅmilᴅrdᴅ vᴅ ya AUT2 avtomatlaĸdma sinifinᴅ daxil olan gᴅmilᴅrdᴅ rast gᴅlinir. 

Gᴅmi gºyᴅrtᴅ mexanizmlᴅrinin elektrik intiqallarēnēn idarᴅetmᴅ sistemlᴅri. Gºyᴅrtᴅ 

mexanizminin iĸinin effektivliyi vᴅ tᴅhl¿kᴅsizliyi birbaĸa onun idarᴅetmᴅ sistemindᴅn asēlēdēr. 

Texnologiyanēn inkiĸafē ilᴅ bu sistemlᴅr sadᴅ kontaktorlu-releli sxemlᴅrdᴅn m¿asir mikroprosessorlu 

­eviricilᴅrᴅ qᴅdᴅr tᴅkam¿l etmiĸdir. 

V Kontaktor -rele idarᴅetmᴅ sistemlᴅri. Bu, ᴅn sadᴅ vᴅ ᴅnᴅnᴅvi idarᴅetmᴅ ¿suludur. M¿hᴅrrikin 

birbaĸa ĸᴅbᴅkᴅyᴅ qoĸulmasē vᴅ ya ­oxs¿rᴅtli m¿hᴅrriklᴅrdᴅ sarĵēlarēn dᴅyiĸdirilmᴅsi kontaktorlar vᴅ relelᴅr 

vasitᴅsilᴅ hᴅyata ke­irilir. 

¶ ¦st¿nl¿klᴅri: sadᴅ vᴅ ucuz olmasē. 

¶ ¢atēĸmazlēqlarē: 
¶ Y¿ksᴅk iĸᴅsalma cᴅrᴅyanlarē: M¿hᴅrrikin birbaĸa iĸᴅ salēnmasē nominal cᴅrᴅyandan 5-7 dᴅfᴅ 

bºy¿k olan cᴅrᴅyan tᴅlᴅb edir ki, bu da gᴅminin mᴅhdud g¿cᴅ malik elektrik stansiyasēna mᴅnfi tᴅsir gºstᴅrir. 

¶ Mexaniki zᴅrbᴅlᴅr: Ani baĸlanĵēc vᴅ dayanma hᴅm m¿hᴅrrikin ºz¿nᴅ, hᴅm dᴅ mexanizmin 

reduktor vᴅ digᴅr hissᴅlᴅrinᴅ mexaniki zᴅrbᴅlᴅr vurur, onlarēn istismar m¿ddᴅtini azaldēr. 

¶ Sᴅlis tᴅnzimlᴅmᴅnin olmamasē: S¿rᴅt yalnēz pillᴅli ĸᴅkildᴅ dᴅyiĸdirilᴅ bilᴅr ki, bu da y¿k kranlarē 

kimi dᴅqiq ᴅmᴅliyyatlar ¿­¿n ᴅlveriĸli deyil. 

Tezlik ­eviricilᴅri  ilᴅ idarᴅetmᴅ. Yarēmke­irici texnologiyasēnēn vᴅ mikroelektronikanēn inkiĸafē ilᴅ 

ortaya ­ēxan tezlik ­eviricilᴅri dᴅyiĸᴅn cᴅrᴅyan intiqallarēnēn idarᴅ edilmᴅsindᴅ inqilab yaratdē. ķᴅkil 3-dᴅ iki 

s¿rᴅtli ¿­ fazalē asinxron m¿hᴅrrikin g¿c dºvrᴅsinin sxemi gºstᴅrilmiĸdir [2,3]. 

 
ķϸkil 3. ¦­ fazalē iki s¿rϸtli asinxron m¿hϸrrikin g¿c dºvrϸsinin sxemi 

 

Mᴅqalᴅdᴅ bᴅhs edilᴅn ­oxs¿rᴅtli m¿hᴅrriklᴅrin iĸ prinsipini izah olaraq qeyd edᴅ bilᴅrik ki, sxemdᴅ 

m¿xtᴅlif kontaktorlarēn (KM) kombinasiyalarē vasitᴅsilᴅ m¿hᴅrrikin stator dolaqlarēnēn q¿tblᴅrinin sayē 

dᴅyiĸdirilir. Nᴅticᴅdᴅ m¿hᴅrrikin fērlanma s¿rᴅti pillᴅli ĸᴅkildᴅ dᴅyiĸdirilᴅrᴅk (mᴅsᴅlᴅn, aĸaĵē, orta vᴅ y¿ksᴅk 

s¿rᴅt) mexanizm ¿­¿n fᴅrqli iĸ rejimlᴅri tᴅmin edilir. Bu c¿r m¿hᴅrriklᴅr adᴅtᴅn lºvbᴅr-yanalma 

bucurqadlarēnda istifadᴅ olunur [5, 6]. 

Bu qurĵular qēsaqapanmēĸ asinxron m¿hᴅrriklᴅrin fērlanma s¿rᴅtini vᴅ momentini geniĸ diapazonda 

sᴅlis ĸᴅkildᴅ tᴅnzimlᴅmᴅyᴅ imkan verir . 

¶ Tezlik ­eviricilᴅrinin iĸ prinsipi: Tezlik ­eviricisi gᴅminin elektrik ĸᴅbᴅkᴅsindᴅn gᴅlᴅn sabit 

tezlikli (adᴅtᴅn 50 vᴅ ya 60 Hz) vᴅ gᴅrginlikli dᴅyiĸᴅn cᴅrᴅyanē ᴅvvᴅlcᴅ sabit cᴅrᴅyana, sonra isᴅ tᴅlᴅb olunan 

tezlikli vᴅ gᴅrginlikli dᴅyiĸᴅn cᴅrᴅyana ­evirᴅrᴅk m¿hᴅrrikᴅ ºt¿r¿r. M¿hᴅrrikin s¿rᴅti birbaĸa ona verilᴅn 

cᴅrᴅyanēn tezliyindᴅn asēlē olduĵu ¿­¿n, tezliyi dᴅyiĸmᴅklᴅ s¿rᴅti sᴅlis tᴅnzimlᴅmᴅk m¿mk¿n olur. 

¶ Tezlik ­eviricilᴅrinin ¿st¿nl¿klᴅri aĸaĵēdakēlardēr: 
¶ Sᴅlis iĸᴅsalma vᴅ tormozlama: iĸᴅsalma cᴅrᴅyanlarēnē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azaldēr, mexaniki 

zᴅrbᴅlᴅri aradan qaldērēr. 

3 fazalē differensial 

a­ar 

¦­bucaq  ᴄsas   
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¶ S¿rᴅt hᴅddinin geniĸ tᴅnzim diapazonu: mexanizmin tᴅlᴅblᴅrinᴅ uyĵun olaraq optimal s¿rᴅtin 

se­ilmᴅsini tᴅmin edir. 

¶ Enerjiyᴅ qᴅnaᴅt: m¿hᴅrrikin hᴅr an tᴅlᴅb olunan y¿kᴅ uyĵun rejimdᴅ iĸlᴅmᴅsini tᴅmin edᴅrᴅk 

elektrik enerjisinᴅ xeyli qᴅnaᴅt edir. 

¶ Avtomatlaĸdērma: m¿asir tezlik ­eviricilᴅri mikroprosessorlarla tᴅchiz olunur vᴅ asanlēqla 

gᴅminin ¿mumi avtomatlaĸdērēlmēĸ idarᴅetmᴅ sisteminᴅ inteqrasiya oluna bilir 

¶ Etibarlēlēĵēn artērēlmasē: mexaniki hissᴅlᴅrin yeyilmᴅsini azaldaraq avadanlēĵēn ¿mumi istismar 

m¿ddᴅtini artērēr.   

Kontaktorla idarᴅetmᴅdᴅ m¿hᴅrrik "tᴅbii" xarakteristika ¿zrᴅ iĸᴅ d¿ĸ¿r ki, bu da y¿ksᴅk iĸᴅsalma 

cᴅrᴅyanlarē yaradēr. Tezlik ­eviricisi isᴅ bu xarakteristikanē dᴅyiĸdirᴅrᴅk istᴅnilᴅn momentdᴅ sᴅlis iĸᴅsalmanē 

tᴅmin edir. 

Sistemlᴅrin m¿qayisᴅli tᴅhlili. Aĸaĵēdakē cᴅdvᴅl 1-dᴅ m¿xtᴅlif elektrik intiqalē vᴅ idarᴅetmᴅ 

sistemlᴅrinin ᴅsas parametrlᴅr ¿zrᴅ m¿qayisᴅsi verilmiĸdir: 

Cϸdvϸl 1. 

Parametr 
Sabit cᴅrᴅyan intiqalē 

(Generator-M¿hᴅrrik) 

Dᴅyiĸᴅn cᴅrᴅyan intiqalē 

(rele-kontaktor idarᴅetmᴅ) 

Dᴅyiĸᴅn cᴅrᴅyan intiqalē 

(tezlik ­eviricili 

idarᴅetmᴅ) 

S¿rᴅt tᴅnzimlᴅnmᴅsi Geniĸ diapazonda, ­ox sᴅlis Pillᴅli vᴅ ya yoxdur 
Geniĸ diapazonda, ­ox 

sᴅlis 

Ķĸᴅsalma cᴅrᴅyanē Aĸaĵē ¢ox y¿ksᴅk Aĸaĵē (tᴅnzimlᴅnᴅn) 

Enerji sᴅmᴅrᴅliliyi Orta (­evirmᴅ itkilᴅri var) Aĸaĵē Y¿ksᴅk 

Mexaniki tᴅsir Sᴅlis Zᴅrbᴅli Sᴅlis 

Ķlkin investisiya ¢ox y¿ksᴅk Aĸaĵē Y¿ksᴅk 

Ķstismar xᴅrclᴅri Y¿ksᴅk (texniki qulluq) Aĸaĵē ¢ox aĸaĵē 

Etibarlēlēq Orta (fēr­alar) Y¿ksᴅk ¢ox y¿ksᴅk 

Avtomatlaĸdērma 
M¿mk¿nd¿r, lakin 

m¿rᴅkkᴅbdir 
Mᴅhduddur Asan vᴅ tam inteqrasiya 

 

M¿asir texniki tᴅrᴅqqi vᴅ tᴅkmillᴅĸdirmᴅlᴅr olaraq gᴅmi gºyᴅrtᴅ mexanizmlᴅrinin elektrik intiqallarē 

sahᴅsindᴅ inkiĸaf davam etmᴅkdᴅdir: 

¶ Ķnteqrasiya olunmuĸ idarᴅetmᴅ: Elektrik intiqallarē artēq tᴅk bir mexanizmi idarᴅ edᴅn lokal 

sistemlᴅr deyil, gᴅminin mᴅrkᴅzi idarᴅetmᴅ vᴅ monitorinq sisteminᴅ (IAS - Integrated Automation System) 

tam inteqrasiya olunmuĸ komponentlᴅrdir. 

¶ Diaqnostika xidmᴅti: M¿asir idarᴅetmᴅ sistemlᴅri m¿hᴅrrikin vᴅziyyᴅti, y¿klᴅnmᴅsi, temperaturu 

kimi parametrlᴅri daimi izlᴅyir, m¿mk¿n nasazlēqlar barᴅdᴅ ᴅvvᴅlcᴅdᴅn xᴅbᴅrdarlēq edir . 

¶ Y¿k¿n yellᴅnmᴅsinᴅ qarĸē sistemlᴅr: Y¿k kranlarēnda tᴅtbiq edilᴅn bu texnologiya, tezlik 

­eviricisinin x¿susi alqoritmlᴅr vasitᴅsilᴅ kranēn hᴅrᴅkᴅtini idarᴅ edᴅrᴅk y¿k¿n yellᴅnmᴅsini minimuma 

endirir, ᴅmᴅliyyatlarēn tᴅhl¿kᴅsizliyini vᴅ s¿rᴅtini artērēr. 

Nᴅticᴅ. Aparēlmēĸ araĸdērmalardan da mᴅlum olmuĸdur ki, gᴅmi gºyᴅrtᴅ mexanizmlᴅrinin elektrik intiqallarē 

sadᴅ m¿hᴅrriklᴅrdᴅn m¿rᴅkkᴅb, aĵēllē vᴅ inteqrasiya olunmuĸ sistemlᴅrᴅ doĵru bºy¿k bir inkiĸaf yolu 

ke­miĸdir. M¿qayisᴅli tᴅhlil gºstᴅrir ki, rotoru qēsaqapanmēĸ asinxron m¿hᴅrriklᴅrin tezlik ­eviricilᴅri ilᴅ 

birlikdᴅ istifadᴅsi m¿asir gᴅmi­iliyin tᴅlᴅblᴅrinᴅ ᴅn optimal cavab verᴅn hᴅlldir. Bu kombinasiya y¿ksᴅk 

enerji sᴅmᴅrᴅliliyi, sᴅlis vᴅ dᴅqiq idarᴅetmᴅ, y¿ksᴅk etibarlēlēq vᴅ aĸaĵē istismar xᴅrclᴅrini tᴅmin edir. 
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Summary 

COMPARATIVE ANALYSIS OF TYPES OF ELECTRICAL DRĶVES USED IN SHIP DECK MECHANISMS  

AND THEIR CONTROL SYSTEM  

Sultanov E.F., Hasanov E.A., Alicanov R.R. 

 

The modern shipping industry is equipped with highly automated and complex technological systems. One of the main 

elements that form the backbone of these systems is the electric drives that drive the deck mechanisms. The reliable, efficient and 

safe operation of all these mechanisms, from anchor and mooring winches to cargo cranes and other auxiliary devices, directly 

depends on the type of electric drive used and the sophistication of its control system. For this purpose, the article has conducted a 

comparative analysis of the types of electric drives used in ship deck mechanisms and their control system 

Key words: ship, electrical drive, deck mechanism, control system, comparative analysis 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʊʀʇʆɺ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʊʈɸʅʉʄʀʉʉʀʁ, ʇʈʀʄɽʅʗɽʄʓʍ ɺ 
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ʉʦʚʨʝʤʝʥʥʦʝ ʩʫʜʦʭʦʜʩʪʚʦ ʦʩʥʘʱʝʥʦ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʩʣʦʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʵʪʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ, ʧʨʠʚʦʜʷʱʠʝ ʚ ʜʝʡʩʪʚʠʝ 

ʧʘʣʫʙʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʅʘʜʝʞʥʘʷ, ʵʬʬʝʢʪʠʚʥʘʷ ʠ ʙʝʟʦʧʘʩʥʘʷ ʨʘʙʦʪʘ ʚʩʝʭ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʪ ʷʢʦʨʥʳʭ ʠ ʰʚʘʨʪʦʚʥʳʭ 

ʣʝʙʝʜʦʢ ʜʦ ʛʨʫʟʦʚʳʭ ʢʨʘʥʦʚ ʠ ʜʨʫʛʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʝʛʦ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʠʧʦʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʫʜʦʚʳʭ ʧʘʣʫʙʥʳʭ ʤʝʭʘʥʠʟʤ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʥʦ, ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʧʘʣʫʙʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 
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X¿lasᴅ. ᴄnᴅnᴅvi yarēmstansiya torpaqlama metodlarē bºy¿k sᴅnaye obyektlᴅri ¿­¿n yetᴅrli deyil. Belᴅ obyektlᴅrdᴅ 60 Hz 

tezliyindᴅ belᴅ potensial fᴅrqlᴅr, dᴅrin torpaq qatlarēnēn cᴅrᴅyana tᴅsiri vᴅ m¿xtᴅlif standartlara ᴅsaslanan alt sistemlᴅrin inteqrasiyasē 

nᴅzᴅrᴅ alēnmalēdēr. Bu tᴅdqiqat, mºvcud metodlarēn mᴅhdudiyyᴅtlᴅrini araĸdērēr vᴅ bºy¿k torpaqlama sistemlᴅri ¿­¿n geofiziki 

¿sullar vᴅ m¿rᴅkkᴅb torpaq modellᴅrini nᴅzᴅrᴅ alan simulyasiya proqramlarēnēn tᴅtbiqini tºvsiyᴅ edir. 

A­ar sºzlᴅr : torpaqlama, sᴅnaye obyektlᴅri, torpaq modellᴅri, geofiziki ¿sullar. 

 

M¿xtᴅlif torpaqlama sistemlᴅrinin birlᴅĸmᴅsi ilᴅ formalaĸan iri sᴅnaye komplekslᴅrinin torpaqlama 

sistemlᴅrinin qarĸēlēqlē tᴅsiri, yuxarēda qeyd olunan prinsiplᴅr nᴅzᴅrᴅ alēnmaqla araĸdērēlmalēdēr. Bu, ᴅsas 

y¿ksᴅk gᴅrginlikli yarēmstansiyanēn torpaqlama barmaqlēĵēnēn sᴅnaye kompleksinin digᴅr torpaqlama 

sistemlᴅri ilᴅ qarĸēlēqlē tᴅsirini real ĸᴅkildᴅ qiymᴅtlᴅndirmᴅyᴅ imkan verir. Belᴅ qarĸēlēqlē tᴅsir, y¿ksᴅk 

gᴅrginlikli yarēmstansiyada faza ilᴅ torpaq arasēnda baĸ verᴅ bilᴅcᴅk qēsaqapanma halēnda, sᴅnaye 

kompleksindᴅ insanlarēn tᴅhl¿kᴅsizliyinᴅ (addēm vᴅ toxunma gᴅrginliklᴅri) vᴅ avadanlēqlarēn qorunmasēna 

(potensialēn ºt¿r¿lmᴅsi) birbaĸa tᴅsir gºstᴅrir. 

Hazērda Braziliyada sᴅnayelᴅĸmᴅnin mºvcud mᴅrhᴅlᴅsindᴅ y¿ksᴅk, orta vᴅ al­aq gᴅrginlik sᴅviyyᴅli 

alt sistemlᴅri olan iri sᴅnaye obyektlᴅrinin layihᴅlᴅndirilmᴅsi geniĸ yayēlmēĸdēr. Torpaqlama sistemlᴅrinin 

layihᴅlᴅndirilmᴅsi ᴅnᴅnᴅvi Wenner metodu ilᴅ aparēlan ºl­mᴅlᴅrᴅ ᴅsaslanan torpaq modellᴅri ¿zᴅrindᴅ 

qurulur vᴅ bu ºl­mᴅlᴅrdᴅ istifadᴅ olunan elektrodlararasē mᴅsafᴅ nadir hallarda 64 metrᴅ ­atēr. Simulyasiya 

isᴅ adᴅtᴅn torpaqlama barmaqlēĵēnēn tam ekvipotensial (eyni potensialda) olduĵu fᴅrziyyᴅsinᴅ ᴅsaslanan 

proqram tᴅminatē ilᴅ aparēlēr [1]. 

Enerji ĸᴅbᴅkᴅlᴅrinin digᴅr sistemlᴅr (mᴅsᴅlᴅn, boru kᴅmᴅrlᴅri) ¿zᴅrindᴅki tᴅsirinin araĸdērēlmasē da, 

tᴅklif edilᴅn daha m¿rᴅkkᴅb torpaq modellᴅri vᴅ inkiĸaf etmiĸ proqram tᴅminatēnēn tᴅtbiqindᴅn faydalana 

bilᴅr. Braziliyada, bºy¿k ºl­¿l¿ torpaqlama barmaqlēqlarē ilᴅ uyĵun gᴅlᴅn daha m¿rᴅkkᴅb torpaq 

modellᴅrinin qurulmasēna imkan verᴅn geofiziki ¿sullardan istifadᴅ hazērda yalnēz m¿ᴅyyᴅn spesifik 

layihᴅlᴅrlᴅ mᴅhdudlaĸēr. 

M¿hᴅndis ¿­¿n ñtorpaqò termini bᴅrk qayalēq qatēnēn (s¿xurun) ¿zᴅrindᴅ yerlᴅĸᴅn b¿t¿n 

konsolidasiya olunmamēĸ s¿xurlarē ᴅhatᴅ edir. M¿lki m¿hᴅndislikdᴅ torpaq mexanikasē, ¿mumilikdᴅ 

tikilil ᴅrlᴅ ᴅlaqᴅli olaraq torpaĵēn y¿klᴅr vᴅ mexaniki tᴅsirlᴅrᴅ qarĸē davranēĸēnē ºyrᴅnir. Elektrik m¿hᴅndisi 

¿­¿n isᴅ torpaq ï elektrik cᴅrᴅyanlarēnēn axa bilᴅcᴅyi m¿hit olaraq qᴅbul olunur. Bu, adᴅtᴅn enerji 
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sistemlᴅrinin fᴅaliyyᴅti ilᴅ baĵlē olur vᴅ torpaqlama elektrod sisteminin yerlᴅĸdirilᴅcᴅyi sahᴅni, elᴅcᴅ dᴅ 

hᴅmin sistemin elektrik baxēmēndan tᴅsir etdiyi b¿t¿n torpaq hᴅcmini ᴅhatᴅ edir. 

M¿hᴅndislik baxēmēndan mᴅqsᴅdᴅuyĵun olan sadᴅ tᴅsnifata ᴅsasᴅn, Yer qabēĵē ¿­ ᴅsas qata bºl¿n¿r [1]: 

¶ ¿zvi maddᴅlᴅrdᴅn ibarᴅt olan vᴅ hᴅyatēn davamē ¿­¿n ĸᴅrait yaradan sᴅthi qat; 

¶ par­alanmēĸ vᴅ/ya qismᴅn deqradasiyaya uĵramēĸ s¿xurlardan ibarᴅt olan zona; 

¶ vᴅ bᴅrk, ya da ­atlamēĸ, lakin par­alanmamēĸ s¿xur matrisi ï ᴅsas (ana) s¿xur. 

Torpaĵēn elektrik davranēĸēnē tᴅhlil etmᴅk ¿­¿n ᴅn vacib parametr onun x¿susi m¿qavimᴅtidir. Bu 

parametr aĸaĵē tezliklᴅrdᴅ torpaqlama elektrodlarēnēn effektivliyini m¿ᴅyyᴅn edir. Tᴅdqiqat vᴅ 

layihᴅlᴅndirmᴅ iĸlᴅrindᴅ torpaĵēn x¿susi m¿qavimᴅti haqqēnda bilik zᴅruridir, ­¿nki torpaqlama 

m¿qavimᴅtlᴅrinin vᴅ torpaq sᴅthindᴅ potensial fᴅrqlᴅrinin hesablanmasē mᴅhz bu parametrᴅ ᴅsaslanēr. 

Torpaq m¿qavimᴅtinin ºl­¿lmᴅsi nᴅticᴅsindᴅ torpaq modellᴅri yaradēlēr. Bu modellᴅr torpaqlama 

elektrodlarēnēn yerlᴅĸdirildiyi m¿hitin m¿mk¿n qᴅdᴅr dᴅqiq tᴅsvirini verir vᴅ torpaqlama barmaqlēqlarēnēn 

simulyasiyasē mᴅqsᴅdilᴅ istifadᴅ olunur. Lakin ᴅldᴅ edilᴅn model mºvcud ºl­mᴅlᴅrin sayē vᴅ keyfiyyᴅti, 

elᴅcᴅ dᴅ hesablamalar vᴅ simulyasiya ¿­¿n istifadᴅ olunan vasitᴅlᴅrin imkanlarē ilᴅ mᴅhdudlaĸēr [2]. 

Bºy¿k sᴅnaye komplekslᴅrinin torpaqlama sistemlᴅri, adᴅtᴅn, ki­ik mᴅsafᴅli ºl­mᴅlᴅr ᴅsasēnda 

yaradēlmēĸ torpaq modellᴅrinᴅ ᴅsaslanaraq layihᴅlᴅndirilmiĸdir. Bu ºl­mᴅlᴅrin nᴅticᴅlᴅri, real ºl­¿lᴅri nᴅzᴅrᴅ 

alēnmadan, dᴅrin qatlara qᴅdᴅr ekstrapolyasiya edilir. Dᴅrin torpaq qatlarēnēn x¿susiyyᴅtlᴅri mᴅlum 

olmadēĵēndan, bu c¿r layihᴅlᴅrin ehtiyatlē vᴅ ya ᴅksinᴅ, riskli nᴅticᴅlᴅr verdiyi tam m¿ᴅyyᴅn deyil. Bundan 

baĸqa, bºy¿k torpaqlama barmaqlēqlarē ¿­¿n ñekvipotensiallēqò fᴅrziyyᴅsi istifadᴅ edildikdᴅ, bu, 

hesablamalarda hᴅddindᴅn artēq nikbin nᴅticᴅlᴅrᴅ gᴅtirib ­ēxarēr vᴅ nᴅticᴅdᴅ hesablanan torpaqlama 

m¿qavimᴅti real qiymᴅtdᴅn aĸaĵē gºstᴅrilir.  

Geofizika, yerin dᴅrin qatlarēnē tᴅdqiq etmᴅk ¿­¿n geniĸ texnologiyalar spektrinᴅ malikdir. Bu 

¿sullara sᴅth ºl­mᴅlᴅrindᴅn baĸlayaraq, quyu tᴅdqiqatlarēna qᴅdᴅr m¿xtᴅlif yanaĸmalar daxildir ï seysmik, 

gravimetrik, maqnit, elektrik, elektromaqnit vᴅ radiometrik ¿sullar. Elektrik vᴅ elektromaqnit metodlarē 

m¿xtᴅlif ºl­mᴅ texnikalarēnē ᴅhatᴅ edir. Bu ¿sullar birgᴅ ĸᴅkildᴅ istifadᴅ olunmaqla, m¿xtᴅlif dᴅrinliklᴅrᴅ ï 

onlarla kilometrᴅ qᴅdᴅr, hᴅtta Yer qabēĵē ilᴅ mantiya arasēndakē sᴅrhᴅdᴅ (tᴅxminᴅn 30ï40 km dᴅrinliyᴅ) 

qᴅdᴅr ­atan, laylē vᴅ ya lateral dᴅyiĸikliklᴅrᴅ malik m¿rᴅkkᴅb torpaq m¿qavimᴅti modellᴅrinin qurulmasēna 

imkan verir [2]. 

 

 
 

ķϸkil 1. Ķki m¿xtϸlif simulyasiya ĸϸraiti il ϸ yer sϸthi (1000 x 1000 m) ¿zϸrindϸ torpaq sϸthinin potensial 

profili  

 

Aparēlan tᴅhlil gºstᴅrir ki, dᴅrin torpaq qatlarēnēn elektrik m¿qavimᴅti haqqēnda biliklᴅr hava 

xᴅttlᴅrinin parametrlᴅrinin hesablanmasē ¿­¿n m¿h¿m ᴅhᴅmiyyᴅt daĸēyēr vᴅ x¿susilᴅ m¿asir sᴅnaye 

komplekslᴅri, o c¿mlᴅdᴅn neft-kimya vᴅ neft emalē zavodlarē ilᴅ ᴅlaqᴅli olan bºy¿k torpaqlama 

barmaqlēqlarēnēn modellᴅĸdirilmᴅsi ¿­¿n zᴅruridir. 

Bu c¿r geniĸ torpaqlama ĸᴅbᴅkᴅlᴅri ¿­¿n ekvipotensiallēq (bᴅrabᴅr potensiallēq) fᴅrziyyᴅsi artēq 

ke­ᴅrli deyil, ­¿nki torpaqlama barmaqlēĵēnēn ºz daxilindᴅ tᴅxminᴅn 30%-ᴅ qᴅdᴅr potensial fᴅrqlᴅri 

m¿ĸahidᴅ olunur. 
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Summary 

ANALYSIS OF PARAMETERS DETERMINING OPERATIONAL INDICATORS  

OF INDUSTRIAL GROUNDING SYSTEMS  

Ahmedov S.E. 

 

Traditional substation grounding methods are not sufficient for large industrial facilities. In such facilities, potential 

differences even at 60 Hz, the influence of deep soil layers on the current, and the integration of subsystems based on different 

standards must be taken into account. This study examines the limitations of existing methods and recommends the application of 

geophysical methods and simulation programs that take into account complex soil models for large grounding systems. 

Keywords: grounding, industrial facilities, soil models, geophysical methods. 

 

ʈʝʟʶʤʝ  

ɸʅɸʃʀɿ ʇɸʈɸʄɽʊʈʆɺ, ʆʇʈɽɼɽʃʗʖʑʀʍ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓɽ ʇʆʂɸɿɸʊɽʃʀ ɿɸɿɽʄʃʗʖʑɽʁ 

ʉʀʉʊɽʄʓ ʇʈʆʄʓʐʃɽʅʅʓʍ ʆɹʒɽʂʊʆɺ 

ɸʭʤʝʜʦʚ ʉ.ʕ. 

 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʘʟʝʤʣʝʥʠʷ ʧʦʜʩʪʘʥʮʠʡ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʪʘʢʠʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʜʘʞʝ ʥʘ ʯʘʩʪʦʪʝ 60 ɻʮ, ʚʣʠʷʥʠʝ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʧʦʯʚʳ ʥʘ ʪʦʢ, ʘ 

ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʧʦʜʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʩʪʘʥʜʘʨʪʘʭ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ 
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X¿lasᴅ. Sᴅnayedᴅ m¿qavimᴅti induktiv olan m¿ᴅyyᴅn cihazlardan istifadᴅ olunur. Bu, sᴅnaye m¿ᴅssisᴅlᴅrindᴅ enerjiyᴅ 

qᴅnaᴅt etmᴅk ¿­¿n reaktiv g¿c¿n tᴅhlilini zᴅruri edir. ¦mumiyyᴅtlᴅ, induksiya sobalarē induksiya reaktiv g¿c¿ ilᴅ tᴅnzimlᴅnᴅn 

elektrik parametrik cihazēnēn hᴅm aktiv, hᴅm dᴅ reaktiv hissᴅsini ᴅhatᴅ edir. Bu, reaktiv g¿c¿n tᴅhlili il ᴅ kompensasiya yolu ilᴅ 

sᴅmᴅrᴅliliy ᴅ nail olmaq imkanē yaradēr. Nᴅticᴅdᴅ, qeyri-sᴅlis mᴅntiqdᴅn istifadᴅ edᴅn Matlab m¿hitindᴅ, enerji tᴅchizatē induktorunun 

elektrik sobasēnēn transformatoruna qoĸulduĵu nºqtᴅdᴅ bir dºvrᴅ vᴅ qeyri-sᴅlis reaktiv g¿c tᴅnzimlᴅmᴅ alqoritmi ᴅsasēnda bir model 

hazērlanmēĸdēr 

A­ar sºzlᴅr : enerji tᴅchizatē sistemlᴅri,  Matlab  sistemi,  tᴅnzimlᴅmᴅ sistemlᴅri,  qeyri-sᴅlis mᴅntiq, reaktiv g¿c,  induksiya 

sobalarē. 

 

Sᴅnayedᴅ tᴅtbiq edilᴅn m¿ᴅyyᴅn qurĵular vardēr ki, m¿qavimᴅtlᴅri   induktiv xarakterlidirlᴅr. Bu isᴅ 

istehsalat  m¿ᴅssisᴅlᴅrindᴅ bu g¿n dᴅ aktual problemlᴅrdᴅn biri kimi reaktiv  g¿c¿n tᴅhlilinin aparēlmasēnē 

zᴅrurilᴅĸdirir. Bu da reaktiv  g¿c¿n  tᴅhlilini aparmaqla, kompensasiyaya gºrᴅ effektivlik ᴅldᴅ etmᴅk  imkanē 

yaradēr[1].  

 Sᴅnaye tezlikli induksiya sobalarē tez-tez bir ­ox sᴅnaye m¿ᴅssisᴅlᴅrindᴅ qara vᴅ ᴅlvan metallarēn vᴅ 

onlarēn qērēntēlarēn ᴅridilmᴅsi, hᴅm­inin ᴅrintidᴅn ᴅvvᴅl qēzdērēlmasē ¿­¿n istifadᴅ olunur. ¦mumi halda bir 

induksiyanēn reaktiv g¿c¿nᴅ tᴅnzimlᴅnᴅn elektrik parametr qurĵusunun hᴅm aktiv, hᴅm dᴅ reaktiv 

komponentlᴅri daxildir. 

 Elektrik sobasēnēn qurĵusunun m¿qavimᴅti induktivdir. Enerji tᴅchizatē induktorunun giriĸindᴅ 

reaktiv g¿c¿n kompensasiyasē y¿k altēnda tᴅnzimlᴅnᴅn elektrik sobasē  transformatorunun quraĸdērēlmēĸ 

g¿c¿n¿n, enerji itkilᴅrinin vᴅ kabel xᴅtlᴅrinin kᴅsiĸmᴅsinin ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalmasēna sᴅbᴅb olur[2,3].  

Elektrik kondensator batareyalarē adᴅtᴅn  kompensasiya cihazlarē kimi istifadᴅ olunur. Qeyri-sᴅlis 

mᴅntiq ᴅsasēnda sᴅnaye tezlikli induksiya sobasēnēn reaktiv g¿c¿n¿n tᴅnzimlᴅnmᴅsi ¿­¿n sxem vᴅ qeyri-sᴅlis 

alqoritm iĸlᴅnib hazērlanmēĸdēr. 

Enerji tᴅchizatēnēn iĸlᴅmᴅsi zamanē real ĸᴅraitdᴅ enerji istehlakēnēn dᴅyiĸmᴅsinin tᴅsad¿fi olduĵunu 

nᴅzᴅrᴅ alsaq, bu, cᴅrᴅyan tᴅnzimlᴅyicilᴅrinin vᴅ kompensasiya cihazlarēnēn iĸini mᴅhdudlaĸdēra bilᴅr. Bu iĸdᴅ 

qeyri-sᴅlis mᴅntiq modelindᴅn istifadᴅ etmᴅklᴅ sintez edilmiĸ qeyri-sᴅlis reaktiv g¿c tᴅnzimlᴅyicisinin 

strukturu  tᴅklif  olunur[4].  
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Reaktiv  g¿c¿n kompensasiyasēnē idarᴅ etmᴅk ¿­¿n qeyri-sᴅlis tᴅnzimlᴅyicinin struktur diaqramēnēn 

qurulmasē problemi nᴅzᴅrdᴅn ke­irilir. Bu  mᴅqsᴅdlᴅ  sᴅnaye tezlikli induksiya sobalarēndakē reaktiv  g¿c 

parametrlᴅri  tᴅhlil olunur. 

Enerji tᴅchizatēnēn reaktiv g¿c¿n¿n kompensasiyasē ¿­¿n intellektual idarᴅetmᴅ sisteminin qurulmasē 

aĸaĵēdakē ardēcēllēqla hᴅyata ke­irilir (ĸᴅkil 1.): 1) Ķnduksiya sobasēnēn reaktiv g¿c¿n kompensasiyasēna 

nᴅzarᴅt sisteminin giriĸ vᴅ ­ēxēĸlarēnēn m¿ᴅyyᴅn edilmᴅsi; 2) giriĸ vᴅ ­ēxēĸ dᴅyiĸᴅnlᴅrinin hᴅr birinᴅ 

mᴅnsubiyyᴅt funksiyasēnēn tᴅyin edilmᴅsi; 3) linqvistik qaydalarēn iĸlᴅnib hazērlanmasē; 4) qeyri-sᴅlis 

mᴅntiqi nᴅticᴅ ­ēxarma alqoritminin se­ilmᴅsi vᴅ hᴅyata ke­irilmᴅsi; 5)  reaktiv g¿c¿n kompensasiyasēna 

nᴅzarᴅt prosesinin tᴅhlili vᴅ Matlab sistemindᴅ modelinin qurulmasē.  

ķϸkil.1. Mϸntiqi cēxēĸ sxemi 

 

Qurulan mᴅntiqi mᴅnsubiyyᴅt funksiyalarē  kimi ¿­bucaq, trapesial, S-formalē vᴅ Z-formalē 

d¿sturlardan istifadᴅ olunubdur. Qeyri-sᴅlis kontrolleri idarᴅ etmᴅk ¿­¿n aĸaĵēdakē linqvistik dᴅyiĸᴅnlᴅrdᴅn 

istifadᴅ edilmiĸdir: Reaktiv g¿c; Dinamika vᴅ Ķstiqamᴅt.  Mamdani alqoritminᴅ uyĵun olaraq reaktiv g¿c¿n 

standartlaĸdērēlmēĸ hᴅdlᴅr daxilindᴅ  meyletmᴅsini minimallaĸdērmaq ¿­¿n qeyri-sᴅlis kontrollerin giriĸinᴅ 

aĸaĵēdakēlar  ºt¿r¿l¿r: reaktiv g¿c¿n hesablanmēĸ qiymᴅti vᴅ reaktiv g¿c¿n tºrᴅmᴅsi. ¢ēxēĸda isᴅ ¿mumi 

dᴅyᴅrin artmasē vᴅ ya azalmasē ilᴅ dᴅyiĸdirilmiĸ tutumu tᴅnzimlᴅmᴅk ¿­¿n nᴅzarᴅtdᴅ saxlayan Matlab-da 

tᴅrtib olunmuĸ proqram  ilᴅ ᴅlaqᴅli modullarē dayanēr. Hesablama tᴅcr¿bᴅlᴅri Matlab m¿hitindᴅ Fuzzy Loqic 

Toolbox proqram paketindᴅn istifadᴅ etmᴅklᴅ aparēlmēĸ[5] vᴅ  (2) , (3)  vᴅ (4)  tᴅsvirlᴅrindᴅ verilibdir. 

 

 
ķϸkil 2. "Reaktiv g¿c"   dϸyiĸϸninin qeyri-sϸlis  dϸyϸrlϸri  

 

 

 
 

ķϸkil 2. "Dinamika"  dϸyiĸϸninin qeyri-sϸlis  dϸyϸrlϸri  

Qeyri-dᴅqiqlik Mᴅntiqi ­ēxēĸ Kompozisiya 

 

Dᴅqiqiliyᴅ ­evrilmᴅ 
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  ķϸkil 3. "Ķstiqamϸt"  dϸyiĸϸninin qeyri-sϸlis  dϸyϸrlϸri  

 

Matlab m¿hitindᴅ kontrollerin  iĸlᴅmᴅsi ¿­¿n m¿xtᴅlif variantlar sēnaqdan ke­irilmiĸdir vᴅ 

dᴅyiĸᴅnlᴅrᴅ ᴅsasᴅn bu sistem ¿­¿n  23  qeyri-sᴅlis nᴅticᴅ ­ēxarma qaydalarē tᴅrtib edilmiĸdir.  

ķᴅkil 4-dᴅ y¿kdᴅ reaktiv g¿c¿n dᴅyiĸmᴅsinin qrafikini gºstᴅrir, hᴅm­inin reaktiv g¿c¿n adi (ᴅnᴅnᴅvi 

ñaydēnò) tᴅnzimlᴅnmᴅsinᴅ (mavi ᴅyri) vᴅ qeyri-sᴅlis tᴅnzimlᴅmᴅyᴅ (qērmēzē ᴅyri) uyĵun ᴅyrilᴅri gºstᴅrir. 

Qeyri-sᴅlis (fuzzu) vᴅ klassik,  aydēn (crisp) tᴅnzimlᴅyicilᴅri iĸlᴅyᴅrkᴅn aydēn olur ki, reaktiv g¿c hᴅssaslēĵē 

olmayan  ñºl¿ zonadanò kᴅnara ­ēxanda tᴅnzimlᴅyicilᴅr iĸᴅ salēnēr. Lakin qeyri-sᴅlis tᴅnzimlᴅyici reaktiv 

g¿c¿n dᴅyiĸmᴅsinᴅ daha tez reaksiya verir.   

  

 
ķϸkil 4. Nϸzarϸtdϸn ϸvvϸl vϸ sonra reaktiv g¿c¿n dϸyiĸmϸ ϸyrilϸri. 

          

Nᴅticᴅ kimi Matlab m¿hitindᴅ qeyri-sᴅlis mᴅntiqdᴅn istifadᴅ etmᴅklᴅ enerji tᴅchizatēnēn 

induktorunun elektrik soba transformatoruna qoĸulduĵu nºqtᴅdᴅ reaktiv g¿c¿n tᴅnzimlᴅnmᴅsi ¿­¿n sxem vᴅ 

qeyri-sᴅlis alqoritm ᴅsasēnda model  iĸlᴅnib hazērlanmēĸdēr.  Qurulan model hᴅm dᴅ gºstᴅrir ki, qeyri-sᴅlis  

requlyator   reaktiv g¿c¿n dᴅyiĸmᴅsinᴅ daha s¿rᴅtli cavab verir. Tᴅsdiq etmᴅk olar ki, aydēn mᴅntiqᴅ 

ᴅsaslanan kompensasiya cihazlarē ilᴅ m¿qayisᴅdᴅ qeyri-sᴅlis mᴅntiqᴅ ᴅsaslanan kompensasiya qurĵularē 

enerji tᴅchizatēnēn induktivatorunun elektrik sobasēnēn transformatoruna qoĸulma nºqtᴅsindᴅ reaktiv g¿c¿ 

kompensasiya etmᴅk ¿­¿n daha ¿st¿nd¿r. Reaktiv g¿c¿n kompensasiyasē daha y¿ksᴅk keyfiyyᴅtlᴅ ᴅldᴅ 

edilir. 
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Summary 

DEVELOPMENT   OF  A  REACTIVE  POWER  COMPENSATION  CONTROL  MODEL  IN MATLAB  

Rahimov Sh.R., Mammadova G.A. 

 

In industry, certain devices are used whose resistance is inductive in nature.  This necessitates the need to analyse reactive 

power, to save energy in industrial plants. In general, induction furnaces include both an active and a reactive part of the electrical 

parametric device, which is controlled by the reactive power of induction. This creates the possibility of achieving efficiency through 

compensation by analysing reactive power. As a result, a model based on the scheme and fuzzy algorithm for reactive power control 

at the point of connection of the power supply inductor to the electric furnace transformer has been developed in Matlab environment 

using fuzzy logic.  

Keywords: power supply systems, Matlab system, regulation systems, fuzzy logic, reactive power, induction furnaces.  

 
ʈʝʟʶʤʝ 

ʈɸɿʈɸɹʆʊʂɸ  ʄʆɼɽʃʀ  ʋʇʈɸɺʃɽʅʀʗ  ʂʆʄʇɽʅʉɸʎʀɽʁ  ʈɽɸʂʊʀɺʅʆʁ  ʄʆʑʅʆʉʊʀ  ɺ MATLAB 

ʈʘʛʠʤʦʚ ʐ.ʈ., ʄʘʤʝʜʦʚʘ ɻ.ɸ. 

 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʥʦʩʠʪ ʠʥʜʫʢʪʠʚʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. ɺ ʮʝʣʦʤ ʠʥʜʫʢʮʠʦʥʥʳʝ ʧʝʯʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʘʢ ʘʢʪʠʚʥʫʶ, ʪʘʢ ʠ ʨʝʘʢʪʠʚʥʫʶ ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʨʝʛʫʣʠʨʫʝʪʩʷ  ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠʥʜʫʢʮʠʠ. ʕʪʦ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʢʦʤʧʝʥʩʘʮʠʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʨʝʜʝ Matlab ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʳ ʠ ʥʝʯʝʪʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʪʦʯʢʝ ʧʦʜʢʣʶʯʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʵʣʝʢʪʨʦʧʝʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʠʩʪʝʤʘ ʄʘʪʣʘʙ, ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, 
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X¿lasᴅ. Tezisdᴅ m¿asir elektroenergetika sistemlᴅrinin inkiĸafē, Hava elektrik veriliĸ xᴅttinin istismar 

gºstᴅricilᴅrinin yaxĸēlaĸdērēlmasē, mexaniki mºhkᴅmliyi, korroziyaya davamlēlēĵē, Hava elektrik veriliĸ xᴅttinin 

torpaqlayēcē qurĵusunun b¿t¿n atmosfer ĸᴅraitlᴅrindᴅ normal rejmi vᴅ sabitliliyi mᴅsᴅlᴅsinᴅ baxēlēr. 

A­ar sºzlᴅr: elektrik enerjisi, ĸᴅbᴅkᴅ, istismar, torpaqlayēcē, ºt¿r¿lmᴅ, istehsal 

 

Azᴅrbaycan Respublikasēnda sᴅnaye sahᴅlᴅrinin ᴅksᴅr hissᴅlᴅri Bakē vᴅ Sumqayēt ĸᴅhᴅrlᴅrindᴅ 

cᴅmlᴅndiyi ¿­¿n onlarē elektrik enerjisi ilᴅ fasilᴅsiz tᴅmin etmᴅk mᴅqsᴅdi ilᴅ respublikada mºvcud olan 

elektrik stansiyalarēndan gᴅlᴅn HEVX-dan (hava elektrik veriliĸ xᴅtlᴅri) geniĸ istifadᴅ edilir. Belᴅ xᴅtlᴅr ºz 

istismar  dºvr¿ndᴅ aĵēr vᴅ dᴅyiĸᴅn atmosfer ĸᴅraitindᴅ iĸlᴅyir. Respublikanēn elektrik sistemlᴅri i­ᴅrisindᴅ 

35-500 kv-luq xᴅtlᴅr, nᴅhᴅng sanaye m¿ᴅssisᴅlᴅrini elektrik enerjisi ilᴅ tᴅmin etmᴅkdᴅ bºy¿k rol oynayēr. 

Ķstismar zamanē HEVX-nin istismarē ¿­¿n mºvcud qaydalara va normalara riayᴅt olunmasēna baxmayaraq, 

bir ­ox istismar parametrlᴅrinin dᴅyiĸmᴅsi hᴅmin normalara cavab vermir. Belᴅ parametrlᴅrdᴅn ᴅn ᴅsasēnē 

tᴅĸkil edᴅn sxem vᴅ konstruksiyalarēna gºrᴅ m¿xtᴅlif olan metal dayaqlardēr. Belᴅ dayaqlarēn iqtisadi 

gºstᴅricilᴅrini yaxĸēlaĸdērmaq ¿­¿n birinci nºvbᴅdᴅ onlarēn istismar parametrlᴅrini o c¿mlᴅdᴅn, mexaniki 

mºhkᴅmliyini, vibrasiyaya davamlēlēĵē, aĵēr atmosfer ĸᴅraitinᴅ davamlēlēĵē, ildērēmdan m¿hafizᴅ, 

tᴅhl¿kᴅsizlik texnikasēna aid olan parametrlᴅr, korroziyaya davamlēlēĵē, atmosfer artēq gᴅrginliyinᴅ 

davamlēlēĵē, ildērēmdan yaranan cᴅrᴅyanē yerᴅ ºt¿rᴅn torpaqlayēcē qurĵunun parametrlᴅrinin stabilliyini vᴅ s. 

tᴅmin etmᴅk tᴅlᴅb olunur. 

Bunlarēn i­ᴅrisindᴅ HEVX-nin dayaqlarēnēn torpaqlayēcē qurĵusunun parametrlᴅri hᴅmiĸᴅ dᴅyiĸᴅn 

olur vᴅ bu da xᴅttin ildērēmdan yaranan implus cᴅrᴅyanēnē yerᴅ ºt¿rmᴅklᴅ xᴅttin normal rejimini o vaxt tᴅmin 

edᴅ bilir ki, onun parametrlᴅri norma daxilindᴅ b¿t¿n atmosfer ĸᴅraitindᴅ sabit saxlanēlsēn. Bu da Abĸeron 

ĸᴅrait indᴅ Sumqayēt zonasēnda b¿ g¿n hᴅll olunmamēĸ mᴅsᴅlᴅ kimi qalēr. 

Torpaqlayēcē qurĵularēn uzunm¿ddᴅtliyinin azaldēlmasēnēn ᴅsas sᴅbᴅbi aqressiv torpaq laylarēnda 

onlarēn korroziyaya uĵramasēdēr. Belᴅ qurĵularēn uzunm¿ddᴅtliliyi vaxta gºrᴅ qiymᴅtlᴅndirilir, onlarēn 
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torpaĵa qoyulan anēndan, elementlᴅrin en kᴅsiklᴅrinin normadan kᴅnara ­ēxma anēna qᴅdᴅr korroziyaya 

tᴅsirindᴅn azalmasē baĸ verir vᴅ bu da HEVX-nin tᴅhl¿kᴅli iĸ ĸᴅraitindᴅ olmasēnē yaradēr. 

Mᴅlumdur ki, HEVX-nin torpaqlanma qurĵusu iki hissᴅdᴅn ibarᴅtdir horizontal vᴅ vertikal. 

Horizontal hissᴅ yer sᴅthindᴅn tᴅqribᴅn 3,5-4m dᴅrinlikdᴅ torpaq layēnda horizontal vᴅziyyᴅtdᴅ olur, vertikal 

hissᴅ kimi isᴅ horizontal hissᴅyᴅ qaynaq edilmiĸ silindrik b¿tºv naqil, yaxud da boru gºt¿r¿l¿r. B¿t¿n 

torpaqlayēcē tᴅrtibatlar (qurĵular) s¿xurun x¿susi m¿qavimᴅti ilᴅ xarakterizᴅ olunur ki, bu da 

Ὑ                                                                             (1) 

Formulu ilᴅ tᴅyin edilir. Burada ”-suxurun x¿susi m¿qavimᴅti, r0-yer sᴅthindᴅn aĸaĵēda gºt¿r¿lm¿ĸ 

yarēmk¿rᴅnin radiusudur. 

(1)-i nᴅzᴅrᴅ almaqla torpaqlayēcēnēn potensialē: 

U = 
d

                                                                            (2) 

d¿sturu ilᴅ tᴅyin edilir. Burada Ķ-torpaqlayēcē naqildᴅn torpaĵa axan cᴅrᴅyanēn qiymᴅtidir. 

Tufanlē vᴅ ildērēmlē havalarda HEVX-in torpaqlayēcē naqillᴅrindᴅn qēsa m¿ddᴅtli cᴅrᴅyanlar axmalē 

olur. Buna uyĵun olan impuls m¿qavimᴅti 

Ὑ
d
                                                                            (3) 

                                                                                         

ĸᴅklindᴅ yazēlēr. Burada Ed - deĸilmᴅ gᴅrginliyidir. 

Onu da qeyd etmᴅk lazēmdēr ki, (3) d¿sturuna gºrᴅ, impuls m¿qavimᴅti torpaĵa qapanan cᴅrᴅyandan 

tᴅrs m¿tᴅnasib asēlēdēr. Torpaqlayēcē naqil m¿ᴅyyᴅn induktivliyᴅ vᴅ aktiv m¿qavimᴅtᴅ malik olmalēdēr. Lakin 

ᴅdᴅbiyyatlardan impuls cᴅrᴅyanēndan alēnan ke­id prosesindᴅ ancaq induktivliyi nᴅzᴅrᴅ almaqla, ke­id 

prosesininin davamiyyᴅti tᴅyin edilmiĸdir ki, bu da 

T =                                                                             (4) 

                                                                                                                                                   

ifadᴅsi ilᴅ tᴅyin edilir. Burada L-torpaqlayēcē naqilin vahid uzunluĵuna d¿ĸᴅn induktivlik, l-naqilin ¦mumi 

uzunluĵudur. 

(3) d¿sturuna daxil olan torpaĵēn m¿qavimᴅti ” ­ox tᴅqribi gºt¿r¿l¿r. Bu da onunla izah olunur ki, 

suxurun x¿susi m¿qavimᴅti tᴅkcᴅ onun tᴅrkibindᴅn yox, eyni zamanda torpaĵēn nᴅmliyindᴅn vᴅ atmosfer 

ĸᴅraitindᴅn asēlēdēr. 

HEVX-nin istismar  gºstᴅricilᴅrinin yaxĸēlaĸdērēma  sahᴅsindᴅ torpaqlayēcē qurĵunun parametrlᴅrini 

sabitlᴅĸdirmᴅklᴅ vᴅ eyni zamanda dayaqlarēn mexaniki mºhkᴅmliyini y¿ksᴅltmᴅk aktual mᴅsᴅlᴅ hesab 

olunur. 
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Summary. 

ACTUALĶTY PRACTĶCAL APPLĶCATĶON OF OPERATĶONAL ĶNDĶCATORS OF HEVX GROUNDĶNG DEVĶCES 

Mammadzade R.K., Jumaliyeva I.J., Ahmedov S.E. 

 

The thesis examines the development of modern power systems, improvement of the operational performance of overhead 

power lines, mechanical strength, corrosion resistance, and the normal operation and stability of the grounding device of overhead 

power lines in all atmospheric conditions. 

Keywords: electric power, network, operation, grounding, transmission, production. 

 

ʈʝʟʶʤʝ 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʇʈɸʂʊʀʏɽʉʂʆɽ ʇʈʀʄɽʅɽʅʀɽ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ʇʆʂɸɿɸʊɽʃɽʁ  

ɿɸɿɽʄʃʗʖʑʀʍ ʋʉʊʈʆʁʉʊɺ HEVX  

ʄʘʤʝʜʟʘʜʝ ʈ.ʂ., ɼʞʫʤʘʣʠʝʚʘ ʀ.ɼ., ɸʭʤʝʜʦʚ ʉ.ʕ. 

 

ʊʝʟʠʩ ʧʦʩʚʷʱʝʥ ʚʦʧʨʦʩʘʤ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʟʝʤʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚʦ ʚʩʝʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʩʝʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʟʘʟʝʤʣʝʥʠʝ, ʧʝʨʝʜʘʯʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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ʈʝʟʶʤʝ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʧʨʠ ʨʦʩʪʝ ʜʦʣʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʚʣʠʷʥʠʷ ʩʥʠʞʝʥʠʷ 

ʠʥʝʨʮʠʠ ʠ ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʩʝʪʝʡ. ʇʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʚʢʣʶʯʘʷ swing equation, transient stability ʠ ʤʝʪʦʜʳ ʚʠʨʪʫʘʣʴʥʦʡ ʠʥʝʨʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ LSTM ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ ʠ 

ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʘʩʪʦʪʘ, ʥʘʧʨʷʞʝʥʠʝ, ʚʠʨʪʫʘʣʴʥʘʷ ʠʥʝʨʮʠʷ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, LSTM. 

 

ɺ ʧʝʨʠʦʜ ʩ 2015 ʧʦ 2023 ʛʦʜʳ ʤʠʨʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʣʦʩʴ 

ʧʨʠʤʝʨʥʦ ʥʘ 13,6%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʨʦʩʪʝ ʛʣʦʙʘʣʴʥʦʛʦ ʩʧʨʦʩʘ ʥʘ 

ʵʥʝʨʛʦʨʝʩʫʨʩʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʨʝʤʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʚ 2020 ʛʦʜʫ, ʚʳʟʚʘʥʥʦʝ ʧʘʥʜʝʤʠʝʡ 

COVID-19 ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʥʝʡ ʩʧʘʜʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʩʪʦʡʯʠʚʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʋʞʝ ʢ 2023 ʛʦʜʫ ʦʙʱʠʡ ʫʨʦʚʝʥʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚʳʨʦʩ ʥʘ 2% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2022 ʛʦʜʦʤ [1]. ʊʘʢʘʷ ʜʠʥʘʤʠʢʘ ʦʪʨʘʞʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʢʪʦʨʘ, ʥʦ ʠ ʦʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʋʯʠʪʳʚʘʷ ʧʦʩʪʦʷʥʥʳʡ ʧʨʠʨʦʩʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʟʘʧʘʩʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ 

(ʠʩʢʦʧʘʝʤʳʭ) ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ). ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʚ 2023 ʛʦʜʫ ʜʦʣʷ ɺʀʕ ʚ ʤʠʨʦʚʦʤ ʵʥʝʨʛʦʙʘʣʘʥʩʝ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 13%, ʥʦ, ʧʦ ʧʨʦʛʥʦʟʘʤ, ʢ 2030 ʛʦʜʫ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʥʝʪ 20%, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʣʦʙʘʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʧʝʨʝʭʦʜʘ ʢ çʟʝʣʸʥʦʡè ʵʥʝʨʛʝʪʠʢʝ. ʆʩʥʦʚʥʳʤʠ ʜʨʘʡʚʝʨʘʤʠ 

ʪʘʢʦʛʦ ʨʦʩʪʘ ʷʚʣʷʶʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʚ ʨʘʤʢʘʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʦʛʣʘʰʝʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ), ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʛʝʥʝʨʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʘʤ, ʢ 2030 ʛʦʜʫ ʜʦʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʙʱʝʤ ʵʥʝʨʛʦʙʘʣʘʥʩʝ ʋʟʙʝʢʠʩʪʘʥʘ ʤʦʞʝʪ ʜʦʩʪʠʯʴ 54%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʩʨʝʜʥʠʝ ʤʠʨʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʙʫʜʫʪ ʠʛʨʘʪʴ ʠʤʝʥʥʦ ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʦʚʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʢ ʵʪʦʤʫ ʩʨʦʢʫ ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ ʧʦʨʷʜʢʘ 45% ʦʪ ʦʙʱʝʡ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʘʥʳ (ʩʤ. ʈʠʩ. 1). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʞʝ ʢ ʢʦʥʮʫ ʪʝʢʫʱʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 

ʠʤʝʥʥʦ ɺʀʕ ʩʪʘʥʫʪ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʠʨʦʩʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʧʦʩʪʝʧʝʥʥʦ 

ʚʳʪʝʩʥʷʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. 

 
ʈʠʩ. 1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʋʟʙʝʢʠʩʪʘʥʘ ʟʘ 2023ï2030 ʛʦʜʳ 

 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʝʥʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ (ɺʀʕ), ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʫʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʸ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʊʘʢʠʝ 

ʥʝʩʪʘʙʠʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ, ʚʳʟʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪʳ ʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʫʛʨʦʞʘʝʪ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʝ ʩʝʪʠ. ʉ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʘʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ, ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʪʝʨʠ ʠʥʝʨʮʠʠ, 

ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʠʣʠ ʨʝʟʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʠʩʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʠ ʧʨʠ 

ʚʦʟʤʫʱʝʥʠʷʭ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ: 

1. ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʯʘʩʪʦʪʳ (swing equation). 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʩʚʷʟʳʚʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʪʫʨʙʠʥʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ ʦʪʨʘʞʘʝʪ ʙʘʣʘʥʩ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʠ ʧʨʠʣʦʞʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ. 

2. ʄʦʜʝʣʴ ʧʝʨʝʭʦʜʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ (transient voltage stability). 

ʇʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ 

(ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ, ʨʝʟʢʦʝ ʦʪʢʣʶʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ɺʀʕ). ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ 

ʜʠʥʘʤʠʢʫ ʦʙʤʦʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ, ʨʝʘʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʤʦʱʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ 

ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝ ʚʦʟʤʫʱʝʥʠʷ. 

3. ɺʳʨʘʞʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ ʚʣʠʷʥʠʝ ʠʥʝʨʮʠʠ ʥʘ ʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ ʨʦʣʴ ʜʝʤʧʬʝʨʘ ʚʳʧʦʣʥʷʶʪ ʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʥʝʨʮʠʝʡ. ɺ ʩʝʪʷʭ ʩ ʚʳʩʦʢʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ɺʀʕ ʠʥʝʨʮʠʷ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʠ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʦʪʳ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ swing equation ʩ ʫʯʸʪʦʤ çʚʠʨʪʫʘʣʴʥʦʡ 

ʠʥʝʨʮʠʠè ʠʥʚʝʨʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

4. ʄʦʜʝʣʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (transient response). 

ʆʧʠʩʳʚʘʝʪ ʨʝʘʢʮʠʶ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʥʘ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʠʣʠ ʥʘʛʨʫʟʢʠ, ʚʢʣʶʯʘʷ 

ʬʦʨʤʫ ʦʪʢʣʦʥʝʥʠʡ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʠʭ ʘʤʧʣʠʪʫʜʫ ʠ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʅʘ ʙʘʟʝ ʵʪʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʧʨʠ ʨʦʩʪʝ ʜʦʣʠ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ (ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦʚʳʭ). 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʘʩʪʦʪʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʛʝʥʝʨʘʮʠʠ. ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ ʪʝʧʣʦʚʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʊʕʉ), ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʛʘʟʝ ʠʣʠ ʧʘʨʫ, ʙʣʘʛʦʜʘʨʷ ʤʘʩʩʠʚʥʳʤ ʚʨʘʱʘʶʱʠʤʩʷ ʯʘʩʪʷʤ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʥʝʨʮʠʝʡ, ʢʦʪʦʨʘʷ ʩʛʣʘʞʠʚʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʜʠʩʙʘʣʘʥʩʳ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ. 

ʆʜʥʘʢʦ ʚ ʩʠʩʪʝʤʘʭ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ɺʀʕ (ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ) ʩʠʪʫʘʮʠʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʘʷ: 

¶ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʠ ʚʝʪʨʦʪʫʨʙʠʥʳ ʯʝʨʝʟ ʠʥʚʝʨʪʦʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʠʥʝʨʮʠʦʥʥʦʛʦ ʦʪʢʣʠʢʘ; 

¶ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʤʝʞʜʫ ʛʝʥʝʨʘʮʠʝʡ ʠ ʧʦʪʨʝʙʣʝʥʠʝʤ ʤʛʥʦʚʝʥʥʦ ʧʨʠʚʦʜʷʪ ʢ 

ʨʝʟʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʯʘʩʪʦʪʳ; 

¶ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʵʪʦ ʩʦʟʜʘʸʪ ʨʠʩʢ ʢʘʩʢʘʜʥʳʭ ʦʪʢʣʶʯʝʥʠʡ, 

ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʥʠʞʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ [5,6]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʠʥʝʨʮʠʠ (virtual inertia), ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʠʥʚʝʨʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʝʬʠʮʠʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʥʝʨʮʠʠ ʚ ʩʝʪʷʭ ʩ 

ʚʳʩʦʢʦʡ ʜʦʣʝʡ ɺʀʕ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 
ὨὪὸ

Ὠὸ

ρ

ςὌ
ẗ
ὖ ὸ ὖὸ

Ὢ
 

ʛʜʝ Ὄ ð ʧʦʩʪʦʷʥʥʘʷ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ, ὖ  ʠ ὖ ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʠ ʥʘʛʨʫʟʢʠ, Ὢ 

ð ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ. ʇʨʠ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ Ὄ ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʯʘʩʪʦʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. 

ʀʟ-ʟʘ ʧʝʨʝʤʝʥʯʠʚʦʡ ʧʨʠʨʦʜʳ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʛʝʥʝʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ 

ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ [7,8]. ɺ ʩʣʫʯʘʝ ʦʪʢʣʶʯʝʥʠʷ ʠʣʠ ʥʝʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʚʦʟʤʦʞʥʳ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 5ï10%, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʥʠʟʢʦʚʦʣʴʪʥʳʭ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ (0,4ï6 ʢɺ) [9,10]. ɺʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʤʦʜʝʣʴʶ RC-ʮʝʧʠ : 

Ὠὠὸ

Ὠὸ

ρ

ὅ
Ὅὸ

ὠὸ

Ὑ
 

ʛʜʝ ὠὸ ð ʥʘʧʨʷʞʝʥʠʝ, Ὅὸ ð ʪʦʢ, Ὑ ʠ ὅ ð ʧʘʨʘʤʝʪʨʳ ʮʝʧʠ. ʕʪʘ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʧʦʚʝʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʦʪʢʣʦʥʝʥʠʡ. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ɺʀʕ ʜʦʣʞʥʳ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʟʘʧʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʠʣʠ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ. ʊʘʢʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʧʝʨʝʭʦʜʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʤʦʛʫʪ ʜʣʠʪʴʩʷ ʦʪ ʜʦʣʝʡ ʤʠʣʣʠʩʝʢʫʥʜʳ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ [11,12]. ʀʭ ʧʦʚʝʜʝʥʠʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

Ὕ
Ὠὼὸ

Ὠὸ
ὼὸ ὑόὸ 

ʛʜʝ Ὕ ð ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ὑ ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, όὸ ð ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ (ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ), ὼὸ ð ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ (ʥʘʧʨʷʞʝʥʠʝ ʠʣʠ ʯʘʩʪʦʪʘ). ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʩʣʫʞʠʪ 

ʦʩʥʦʚʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ. 

 
ʈʠʩ.2. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ IEEE ʩ 39 ʰʠʥʘʤʠ 

 

ʇʨʠ ʚʥʝʟʘʧʥʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠʣʠ ʛʝʥʝʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ, ʜʦʣʷ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ɺʀʕ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʳʩʪʨʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʦʪʳ. ʊʘʢ ʢʘʢ ɺʀʕ ʥʝ ʦʙʣʘʜʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʥʝʨʮʠʝʡ, ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ [13]. ɺʝʣʠʯʠʥʫ ʦʪʢʣʦʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ: 

ɝὪ
ɝὖ

ςὌὪ
 

ʛʜʝ ɝὪ ð ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ (ɻʮ), ɝὖ ð ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʛʝʥʝʨʘʮʠʝʡ ʠ ʥʘʛʨʫʟʢʦʡ (ʄɺʪ), Ὄ ð 

ʧʦʩʪʦʷʥʥʘʷ ʠʥʝʨʮʠʠ, Ὢ ð ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʦʙʳʯʥʦ 50 ɻʮ). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ Ὄ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ 

ʦʪʢʣʶʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ LSTM ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʩʠʤʫʣʷʮʠʠ ʪʝʩʪʦʚʦʡ ʩʠʩʪʝʤʳ IEEE 39-bus New England, ʢʦʪʦʨʘʷ ʧʨʠʟʥʘʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʦʩʠʩʪʝʤ (ʈʠʩ. 2) [14]. ɺ ʧʨʦʮʝʩʩʝ ʩʠʤʫʣʷʮʠʠ ʫʯʠʪʳʚʘʣʠʩʴ ʥʝʩʪʘʙʠʣʴʥʘʷ ʛʝʥʝʨʘʮʠʷ 

ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʢʦʣʝʙʘʥʠʷ ʥʘʛʨʫʟʢʠ, ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʩʦʙʨʘʥʦ 500 ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ. ɼʣʷ ʢʘʞʜʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʠ 

ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

- ʥʘʛʨʫʟʢʘ ʩʠʩʪʝʤʳ ὖloadὸ 

- ʛʝʥʝʨʘʮʠʷ ʦʪ ʩʦʣʥʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ὖgen
solarὸ 

- ʛʝʥʝʨʘʮʠʷ ʦʪ ʚʝʪʨʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ὖgen
windὸ 

- ʪʝʢʫʱʘʷ ʯʘʩʪʦʪʘ Ὢὸ 

- ʥʘʧʨʷʞʝʥʠʝ ὠὸ 

- ʟʥʘʯʝʥʠʝ ʠʥʝʨʮʠʠ Ὄὸ 

- ʩʦʩʪʦʷʥʠʝ ʥʘʢʦʧʠʪʝʣʷ Ὓὕὅὸ 

- ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ὡspeedὸ 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠ LSTM ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ 

ʦʢʥʦʤ ʚ 60 ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ (window_size = 60), ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ʄʦʜʝʣʴ LSTM (Long Short-Term Memory) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʨʭʠʪʝʢʪʫʨʫ ʛʣʫʙʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʯʘʩʪʦʪʘ Ὢὸ, ʥʘʧʨʷʞʝʥʠʝ ὠὸ, ʠʥʝʨʮʠʷ Ὄὸ ʠ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 
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[16,17,18]. LSTM ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʦʙʥʦʚʣʷʝʪ ʚʥʫʪʨʝʥʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʫʣʘʤ: 

Ὢ „ὡ ẗὬ ȟὼ ὦ  (ʚʨʘʪʘ ʟʘʙʳʚʘʥʠʷ)ש

Ὥ „ὡ ẗὬ ȟὼ ὦש(ʚʭʦʜʥʳʝ ʚʨʘʪʘ) 
ὅ ÔÁÎÈὡ ẗὬ ȟὼ ὦ  (ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʤʷʪʠ)ש
ὅ Ὢẗὅ Ὥẗὅש(ʦʙʥʦʚʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʤʷʪʠ) 
έ „ὡ ẗὬ ȟὼ ὦ  (ʚʳʭʦʜʥʳʝ ʚʨʘʪʘ)ש
Ὤ έẗÔÁÎÈὅ  (ʚʳʭʦʜ ʤʦʜʝʣʠ)ש

ʛʜʝ ʟʜʝʩʴ ὼ ð ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ (ὖloadȟὖgenȟὌὸȟὪὸ ρȟὠὸ ρ), Ὤ ð ʩʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ (ʧʨʦʛʥʦʟ 

ʤʦʜʝʣʠ), ὅ ð ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʧʘʤʷʪʴ ʚʦ ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ 

ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ɝὪ

Ὢὸ Ὢὸ ρ, ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ɝὠ, ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʛʨʘʜʠʝʥʪ . ʕʪʠ 

ʚʝʣʠʯʠʥʳ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʜʣʷ ʩʝʪʝʡ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʝʡ ʩʠʩʪʝʤʳ, ʨʝʟʝʨʚʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʥʘʜʝʞʥʦʩʪʠ. 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʦʩʪ ʜʦʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʤʠʨʦʚʦʤ ʠ ʥʘʮʠʦʥʘʣʴʥʦʤ ʵʥʝʨʛʦʙʘʣʘʥʩʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʙʫʜʫʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʢʠ. ʅʘ ʧʨʠʤʝʨʝ ʋʟʙʝʢʠʩʪʘʥʘ, ʛʜʝ ʢ 2030 ʛʦʜʫ 

ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʝʝ 50% ʜʦʣʠ ɺʀʕ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʛʣʦʙʘʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʢ 

çʟʝʣʸʥʦʡè ʵʥʝʨʛʝʪʠʢʝ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʝʤʝʥʯʠʚʳʡ 

ʭʘʨʘʢʪʝʨ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʛʝʥʝʨʘʮʠʠ ʩʦʟʜʘʸʪ ʥʦʚʳʝ ʚʳʟʦʚʳ ʜʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʝʡ. ʆʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʥʝʨʮʠʠ ʫ ɺʀʕ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʝʟʢʠʤ ʠ ʯʘʩʪʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʯʘʩʪʦʪʳ, ʤʦʜʝʣʠ ʧʝʨʝʭʦʜʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʦʩʪʘʸʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ 

ʪʨʝʙʫʝʪ ʘʜʘʧʪʘʮʠʠ ʩ ʫʯʸʪʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʠʥʝʨʮʠʠ ʠ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʨʪʦʨʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʯʘʩʪʦʪʳ, ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʘʨʭʠʪʝʢʪʫʨʳ 

LSTM) ʧʦʜʪʚʝʨʜʠʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʡ ʜʦʣʠ ɺʀʕ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ: 

¶ ʟʘʨʘʥʝʝ ʚʳʷʚʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ; 

¶ ʦʮʝʥʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

¶ ʬʦʨʤʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʢʦʧʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ ʠ ʨʝʟʝʨʚʥʳʤʠ 

ʤʦʱʥʦʩʪʷʤʠ; 

¶ ʧʦʚʳʰʘʪʴ ʦʙʱʫʶ ʥʘʜʸʞʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ ʙʫʜʫʱʝʛʦ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʪ ʩʤʷʛʯʠʪʴ ʥʝʛʘʪʠʚʥʳʝ 

ʵʬʬʝʢʪʳ ʦʪ ʚʳʩʦʢʦʡ ʜʦʣʠ ʧʝʨʝʤʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ, 

ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ ʠ ʧʦʜʜʝʨʞʘʪʴ ʧʝʨʝʭʦʜ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ 
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X¿lasᴅ 

BᴄRPA OLUNAN ENERJI MᴄNBᴄLᴄRININ ARTAN PAYI KONTEKSTINDᴄ ELEKTRIK ķᴄBᴄKᴄLᴄRININ 

SABITLIYININ TᴄMIN OLUNMASI ¦¢¦N METODLAR 

Niyozov N.N., Niĸonaliev R.N. 

 

Mᴅqalᴅdᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrinin payēnēn artmasē ĸᴅraitindᴅ elektrik ĸᴅbᴅkᴅlᴅrinin dayanēqlēĵēnē tᴅminetmᴅ 

metodlarē araĸdērēlēr. Enerji sistemlᴅrinin dinamik x¿susiyyᴅtlᴅri, inersiyanēn azalmasēnēn vᴅ gᴅrginlik dalĵalanmalarēnēn etibarlēlēĵa 

tᴅsiri tᴅhlil olunmuĸdur. Tezlik vᴅ gᴅrginlik sabitliyinin qiymᴅtlᴅndirilmᴅsi ¿­¿n swing equation, transient stability vᴅ virtual inersiya 

modellᴅri tᴅqdim olunmuĸdur. Enerji sisteminin davranēĸēnē proqnozlaĸdērmaq ¿­¿n LSTM alqoritmlᴅrinin tᴅtbiqi nᴅzᴅrdᴅn 

ke­irilmiĸdir ki, bu da istismar risklᴅrini azaldēr vᴅ enerji tᴅchizatēnēn etibarlēlēĵēnē artērēr. 

A­ar sºzlᴅr. bᴅrpa olunan enerji, dayanēqlēq, tezlik, gᴅrginlik, virtual inersiya, riyazi modellᴅĸdirmᴅ, LSTM. 

 

Summary 

METHODS FOR ENSURING THE STABILITY OF ELECTRIC GRIDS IN THE CONTEXT OF THE GROWING 

SHARE OF RENEWABLE ENERGY SOURCES 

Niyozov N.N., Nishonaliev R.N.  

 

The paper discusses methods for ensuring the stability of power grids under the increasing share of renewable energy 

sources. It analyzes the dynamic characteristics of power systems, focusing on the impact of reduced inertia and voltage fluctuations 

on reliability. Mathematical models such as the swing equation, transient stability, and virtual inertia methods are proposed for 

frequency and voltage stability assessment. The use of  LSTM algorithms for forecasting system behavior is also considered, 

enabling improved reliability, reduced operational risks, and sustainable energy supply. 

Keywords. renewable energy, stability, frequency, voltage, virtual inertia, mathematical modeling, LSTM. 
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ʈʝʟʶʤʝ ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʢʦʤʧʘʥʠʠ ʠ ʧʦʪʨʝʙʠʪʝʣʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʥʠʤʠ, 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʘʩʪʫʱʠʤ ʫʨʦʚʥʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʣʠʙʝʨʘʣʠʟʘʮʠʷ ʨʳʥʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ. ʕʪʦ ʧʦʜʥʠʤʘʝʪ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʧʨʠʥʠʤʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʨʝʜʩʪʘʚʠʪʴ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʜʘʯ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʥʘʢʦʤʳʭ ʩ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ. ʄʳ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ ʠ ʧʨʝʜʣʘʛʘʝʤ ʧʝʨʩʧʝʢʪʠʚʳ ʙʫʜʫʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʣʠʙʝʨʘʣʠʟʘʮʠʷ 

ʨʳʥʢʘ, ʦʧʪʠʤʠʟʘʮʠʷ. 

 

ʂʣʶʯʝʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʪʦʢ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʪʝʢʫʱʫʶ ʠ ʙʫʜʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠʪʦʢ ʚʦʜʳ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʩʝʟʦʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʢʦʨʨʝʣʠʨʫʶʪ 

ʩ ʪʘʷʥʠʝʤ ʩʥʝʛʘ ʠ ʩʝʟʦʥʘʤʠ ʜʦʞʜʝʡ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʚ ʛʦʜʦʚʦʤ ʛʦʨʠʟʦʥʪʝ. ɺ 

ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʧʨʠʪʦʢ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʷ ʦ ʪʦʤ, ʩʢʦʣʴʢʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʦʠʟʚʦʜʠʪʴ, ʤʦʛʫʪ ʦʙʥʦʚʣʷʪʴʩʷ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ. ʕʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʤʥʦʛʦʵʪʘʧʥʳʤ ʟʘʜʘʯʘʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʜʚʦʡʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (SDDP). ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʇʝʨʝʡʨʦʡ ʚ ʢʦʥʮʝ 1980-ʭ ʛʦʜʦʚ [1], [2], SDDP ʩʪʘʣ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʜʣʷ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ 

ʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʤʥʦʛʠʭ ʩʪʨʘʥ [4], [5]. ɺ ʵʪʠʭ 

ʤʦʜʝʣʷʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʦʡ ʚʦʧʨʦʩ, ʩ ʢʦʪʦʨʳʤ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʣʘʥʠʨʦʚʱʠʢʠ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʩʪʦʠʪ ʣʠ çʪʨʘʪʠʪʴè ʚʦʜʫ ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʣʠ ʞʝ ʩʦʭʨʘʥʠʪʴ ʝʸ ʥʘ ʙʫʜʫʱʝʝ. ɼʚʦʡʥʳʝ ʨʝʰʝʥʠʷ SDDP ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʦʯʝʥʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦé ʕʪʠ ʜʚʦʡʥʳʝ ʨʝʰʝʥʠʷ ʪʘʢ ʞʝ ʧʦʣʝʟʥʳ (ʝʩʣʠ ʥʝ ʙʦʣʴʰʝ), ʢʘʢ ʠ 

ʧʝʨʚʠʯʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʮʝʣʝʚʦʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʛʠʜʨʦʨʝʟʝʨʚʫʘʨʘʭ. SDDP ʥʝʜʘʚʥʦ ʥʘʰʸʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʪʦʨʛʠ ʥʘ ʩʫʪʢʠ 

ʚʧʝʨʸʜ ʜʣʷ ʛʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ [3], ʦʮʝʥʢʫ ʩʪʦʠʤʦʩʪʠ ʭʨʘʥʠʣʠʱ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

[6], ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʦʣʦʯʥʳʭ ʬʝʨʤ [7], ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʦʧʝʨʘʮʠʦʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ 

[8], ʘ ʪʘʢʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ [9]. ɿʘʢʫʧʢʘ ʵʥʝʨʛʠʠ ʜʣʷ ʢʨʫʧʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ, 

ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʝʛʦ ʦʙʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʟʘʪʨʘʪ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʢʦʤʧʘʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʣʶʤʠʥʠʷ, ʢʦʨʧʦʨʘʮʠʷ 

ʧʦ ʩʞʠʞʝʥʠʶ ʚʦʟʜʫʭʘ ʠ ʵʣʝʢʪʨʦʣʠʪʝʡʥʳʡ ʟʘʚʦʜ. ʕʪʦʪ ʢʨʫʧʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʦʙʝʩʧʦʢʦʝʥ ʢʘʢ 

ʩʪʦʠʤʦʩʪʴʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʘʢ ʠ ʝʝ ʠʟʤʝʥʯʠʚʦʩʪʴʶ. ʉʪʨʝʤʷʩʴ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʦʞʠʜʘʝʤʦʡ 

ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘʪʨʘʪ, ʧʦʪʨʝʙʠʪʝʣʴ ʧʦʣʫʯʘʝʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠʟ ʪʨʝʭ ʠʩʪʦʯʥʠʢʦʚ: ʧʫʪʝʤ ʟʘʢʣʶʯʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʢʦʥʪʨʘʢʪʦʚ, ʧʦʢʫʧʢʠ ʥʘ ʩ 

ʧʦʪʦʚʦʤ ʨʳʥʢʝ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʢʦʥʪʨʘʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʟʘʢʣʶʯʠʪʴ ʧʦʪʨʝʙʠʪʝʣʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʦʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʘʢ ʬʦʨʚʘʨʜʥʳʝ ʢʦʥʪʨʘʢʪʳ, ʪʘʢ ʠ ʦʧʮʠʦʥʳ. 

ʌʦʨʚʘʨʜʥʳʡ ʢʦʥʪʨʘʢʪ ʧʦʟʚʦʣʷʝʪ ʧʦʪʨʝʙʠʪʝʣʶ ʧʦʢʫʧʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʮʝʥʝ, ʪʝʤ 

ʩʘʤʳʤ ʫʩʪʨʘʥʷʷ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʮʝʥ. ʆʧʮʠʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʪʨʝʙʠʪʝʣʶ ʟʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʣʘʪʫ ʨʝʰʠʪʴ ʚ 

ʙʫʜʫʱʝʤ (ʩ ʤʝʥʴʰʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ), ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠ ʬʦʨʚʘʨʜʥʳʡ ʢʦʥʪʨʘʢʪ ʜʣʷ ʧʦʢʫʧʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʉʧʦʪʦʚʳʡ ʨʳʥʦʢ (ʨʳʥʦʢ ʥʘ ʩʫʪʢʠ ʚʧʝʨʝʜ ʠ ʨʳʥʦʢ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ) ʧʦʟʚʦʣʷʝʪ 

ʧʦʪʨʝʙʠʪʝʣʶ ʧʦʢʫʧʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʨʠʩʢʫʷ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʴʶ ʮʝʥ. 

ʉʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦʟʤʦʞʥʦ, ʢʦʛʜʘ ʧʦʪʨʝʙʠʪʝʣʴ ʚʣʘʜʝʝʪ ʛʝʥʝʨʠʨʫʶʱʝʡ 

ʫʩʪʘʥʦʚʢʦʡ, ʩʧʦʩʦʙʥʦʡ ʧʦʢʨʳʚʘʪʴ ʯʘʩʪʴ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʪʦʨʛʦʚʣʠ, ʪʦ ʝʩʪʴ ʜʣʷ ʧʨʦʜʘʞʠ ʩʚʦʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩ ʧʦʪʦʚʦʤ ʨʳʥʢʝ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʮʝʥʝ (ʧʨʠ ʫʩʣʦʚʠʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʧʨʦʩʘ ʧʦʪʨʝʙʠʪʝʣʷ). 

ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʘʜʘʯʫ ʟʘʢʫʧʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʪʨʠ ʠʩʪʦʯʥʠʢʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ: (i) ʮʝʥʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩ ʧʦʪʦʚʦʤ ʨʳʥʢʝ (ʢʘʢ ʥʘ ʩʫʪʢʠ ʚʧʝʨʝʜ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ), (ii ) ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʩʧʨʦʩ ʠ (iii ) ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩ ʧʦʪʦʚʦʡ ʮʝʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʢʘʢ 

ʩʦ ʩʧʨʦʩʦʤ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʘʢ ʠ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʪʦʧʣʠʚʘ. ɿʘʜʘʯʘ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʴ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʧʦʯʘʩʦʚʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ), ʩʦʩʪʦʠʪ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʛʦ, ʢʘʢʠʝ ʬʦʨʚʘʨʜʥʳʝ ʢʦʥʪʨʘʢʪʳ ʠʣʠ ʦʧʮʠʦʥʳ ʧʦʜʧʠʩʘʪʴ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʨʘʪʝʛʠʠ 

ʟʘʢʫʧʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʎʝʣʴ ʩʦʩʪʦʠʪ ʚ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʞʠʜʘʝʤʦʡ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʟʘʢʫʧʦʢ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʝʝ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʨʠʢʠ ʨʠʩʢʘ. ʆʧʠʩʳʚʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʯʝʨʝʟ 

ʩʮʝʥʘʨʠʠ s, ʟʘʜʘʯʫ ʟʘʢʫʧʦʢ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʘʢ ʜʚʫʭʵʪʘʧʥʫʶ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ. ʅʠʞʝ 

ʧʨʠʚʝʜʝʥʘ ʟʘʜʘʯʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʤʥʦʛʦʵʪʘʧʥʳʝ ʚʝʨʩʠʠ ʪʘʢʞʝ ʤʦʛʫʪ 

ʙʳʪʴ ʣʝʛʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ):  

 

min f 
F
(x) + ɓEP

 
f 

S
(y, z, ɝ)+ (1 ī ɓ)Rcostf 

S
(y, z, ɝ)        (1) 

s.t. h
F
(x) = 0, g

F
(x) Ò 0,                 (2) 

h
S
(ys, zs, ɝs) = 0, sᶅ ɴ  S,      (3) 

                       g
S
(ys, zs, ɝs) Ò 0, ᶅ s ɴ  S.                       (4) 

ʄʳ ʦʪʤʝʯʘʝʤ, ʯʪʦ ʚʨʝʤʷ (ʢʘʞʜʳʡ ʯʘʩ ʛʦʨʠʟʦʥʪʘ ʟʘʢʫʧʦʢ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ, ʥʘʧʨʠʤʝʨ, 

ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʤʝʩʷʮʘ) ʥʝʷʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʬʦʨʤʫʣʝ. ʇʝʨʝʤʝʥʥʳʡ ʚʝʢʪʦʨ x 

ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʝʥʠʷ ʧʦ ʢʦʥʪʨʘʢʪʘʤ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʛʦʨʠʟʦʥʪ 

ʟʘʢʫʧʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʝʤʝʥʥʳʝ ʚʝʢʪʦʨʳ ys ʠ zs ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʦ ʩ ʧʦʪʦʚʦʡ ʪʦʨʛʦʚʣʝ ʠ 
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ʨʝʰʝʥʠʷʤʠ ʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʢʘʞʜʦʛʦ ʩʮʝʥʘʨʠʷ ɝs ʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʛʦʨʠʟʦʥʪʘ ʟʘʢʫʧʦʢ. ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʩʪʦʠʤʦʩʪʴ ʧʝʨʚʦʛʦ ʵʪʘʧʘ f F(x) ʷʚʣʷʝʪʩʷ ʩʪʦʠʤʦʩʪʴʶ 

ʢʦʥʪʨʘʢʪʘ (ʥʝ ʧʦʜʚʝʨʞʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʚʪʦʨʦʛʦ ʵʪʘʧʘ f S(ys, zs) 

ʷʚʣʷʝʪʩʷ ʩʪʦʠʤʦʩʪʴʶ ʩʧʦʪʦʚʦʛʦ ʨʳʥʢʘ ʠ ʩʪʦʠʤʦʩʪʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ). ʇʘʨʘʤʝʪʨ ɓ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʦʞʠʜʘʝʤʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʨʠʩʢʦʤ ʧʦʪʝʨʴ (0 ɓ 1). ʋʨʘʚʥʝʥʠʷ (3) ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʢʦʥʪʨʘʢʪʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ (2), (4) 

ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ (ʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʠʩʢʦʤ). ɼʣʷ ʟʘʜʘʥʥʦʛʦ ɓ, 

ʚʟʚʝʰʠʚʘʶʱʝʛʦ ʦʞʠʜʘʝʤʳʝ ʟʘʪʨʘʪʳ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʟʘʪʨʘʪ, ʨʝʰʝʥʠʝ ʜʚʫʭʵʪʘʧʥʦʡ ʟʘʜʘʯʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (1) ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʘʪʝʛʠʶ ʟʘʢʣʶʯʝʥʠʷ 

ʢʦʥʪʨʘʢʪʦʚ x ,z ʦʧʪʠʤʘʣʴʥʦʝ ʫʯʘʩʪʠʝ ʥʘ ʩ ʧʦʪʦʚʦʤ ʨʳʥʢʝ ys ,z s ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ zs ,z s. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʫʶ ʨʘʙʦʪʫ ʧʦ ʟʘʢʫʧʢʘʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ 

ʢʨʫʧʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʢʦʥʪʨʦʣʝʤ ʨʠʩʢʦʚ [10]. ʉʨʝʜʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʙʦʪ 

ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʦʦʙʱʝʩʪʚ, [11] ʠʩʩʣʝʜʫʝʪ ʤʦʜʝʣʠ ʠ ʘʥʘʣʠʟʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [10], ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʝʢʩʪʘ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʅʘʢʦʥʝʮ, [12] ʧʨʦʚʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʵʪʘʧʥʦʡ ʤʦʜʝʣʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 
1) ʉʦʙʳʪʠʷ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʥʠʟʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ: ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʧʦʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʩʚʷʟʘʥʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʵʥʝʨʛʦʩʠʩʪʝʤʫ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʩʤʷʛʯʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʠʦʜʳ ʩʠʣʴʥʦʡ ʞʘʨʳ, ʭʦʣʦʜʘ, ʫʨʘʛʘʥʳ ʠ 

ʧʦʚʳʰʝʥʥʳʡ ʨʠʩʢ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʧʨʠ ʜʦʣʛʦʩʨʦʯʥʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʩʪʫʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ, ʦʪʦʧʣʝʥʠʷ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʪʘʢʞʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪʢʣʶʯʝʥʠʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤʠ ʨʠʩʢ ʤʝʥʷʶʪʩʷ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʝʡ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʩ ʩʦʮʠʘʣʴʥʳʤ ʢʦʥʪʝʢʩʪʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ 

ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʤʦʜʝʣʠ, ʠʥʪʝʛʨʠʨʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʦʨʷʞʝʥʠʷʭ ʦʙ ʵʚʘʢʫʘʮʠʠ ʚ 

ʩʣʫʯʘʝ ʫʨʘʛʘʥʦʚ ʠʣʠ ʜʘʥʥʳʝ ʦ ʨʠʩʢʝ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʚ ʤʦʜʝʣʠ ʵʢʩʪʨʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʊʦʯʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʦʪʢʣʶʯʝʥʠʡ ʧʦ ʦʙʱʝʤʫ ʨʝʞʠʤʫ (ʥʘʧʨʠʤʝʨ, ʚʦʣʥʳ ʭʦʣʦʜʘ, ʚʣʠʷʶʱʠʝ ʢʘʢ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʥʘ ʛʘʟʦʚʳʝ ʩʠʩʪʝʤʳ), ʘ ʪʘʢʞʝ ʪʦʛʦ, ʢʘʢ ʤʦʜʝʣʠʨʦʚʘʪʴ (ʠ ʚʟʚʝʰʠʚʘʪʴ) 

ʧʦʩʣʝʜʩʪʚʠʷ ʩʦʙʳʪʠʡ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

2) ɺʟʘʠʤʦʟʘʚʠʩʠʤʳʝ ʩʠʩʪʝʤʳ: ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʠʩʢ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʩʝʪʴʶ ʠ ʩʤʝʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʚʢʣʶʯʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʠʩʪʝʤʦʡ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 

ʩʠʩʪʝʤʘʤʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʩʠʩʪʝʤʥʳʭ ʦʧʝʨʘʮʠʡ, ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʟʘʨʷʜʢʦʡ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʪʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʨʠʩʢʠ, ʧʦʜʜʝʨʞʠʚʘʷ ʧʨʠ ʵʪʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʨʘʟʫʤʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʨʦʙʣʝʤʫ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʦʧʪʠʤʠʟʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦ ʩʫʪʠ 

ʫʯʠʪʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʥʝʠʟʚʝʩʪʥʘ, ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʘʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʩʦʧʨʷʞʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʦʙʤʝʥʦʤ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʳʥʢʘ, ʥʝʢʦʪʦʨʳʝ ʘʢʪʠʚʳ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʢ ʩʠʩʪʝʤʥʦʤʫ ʨʠʩʢʫ ʠ, ʚ ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ, ʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʢʘʩʢʘʜʥʳʤ ʦʪʢʘʟʘʤ. ʀʥʪʝʨʝʩʥʦ ʠʟʫʯʠʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʠ ʪʝʢʫʱʠʝ ʨʳʥʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʥʘʧʨʠʤʝʨ, 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʩʣʫʛʠ, ʜʦʩʪʘʪʦʯʥʫʶ ʢʦʤʧʝʥʩʘʮʠʶ ʵʪʠʤ ʘʢʪʠʚʘʤ ʟʘ ʠʭ ʫʩʣʫʛʠ, ʠ ʝʩʣʠ ʥʝʪ, 

ʥʝʦʙʭʦʜʠʤʳ ʣʠ ʥʦʚʳʝ ʨʳʥʦʯʥʳʝ ʧʨʦʜʫʢʪʳ. 

3) ʎʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʨʠʩʢʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ: ʋʯʝʪ ʨʠʩʢʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʥʦʤʠʥʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɹʦʣʝʝ ʪʦʛʦ, 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʯʝʥʴ ʚʳʩʦʢʠʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʘʩʭʦʜʘʤ. ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʠʪʴ ʵʪʠ ʚʦʟʨʦʩʰʠʝ ʨʘʩʭʦʜʳ ʤʝʞʜʫ 

ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ, ʦʩʪʘʝʪʩʷ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʳʥʢʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʨʦʙʘʩʪʥʘʷ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦ ʨʦʙʘʩʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʤʦʛʫʪ ʪʨʝʙʦʚʘʪʴ ʩʣʦʞʥʳʭ ʬʦʨʤʫʣʠʨʦʚʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʣʠʥʝʡʥʳʤ ʟʘʜʘʯʘʤ ʠʣʠ ʜʦʙʘʚʣʝʥʠʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʕʪʦ ʤʦʞʝʪ 
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ʫʩʣʦʞʥʠʪʴ ʚʳʚʦʜ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʘʚʥʦʚʝʩʠʝ ʨʳʥʦʯʥʳʭ ʮʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʦʡʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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X¿lasᴅ 

QEYRĶ-M¦ᴄYYᴄNLĶK ALTINDA ENERJ Ķ SĶSTEMLᴄRĶNĶN OPTĶMALLAķDIRILMASI:  

METODLAR Vᴄ TᴄTBĶQLᴄRᴄ ¦MUMĶ BAXIķ 

Latipov ķ.ķ. 

 

 Elektrik enerjisi sistemlᴅri vᴅ onlarla qarĸēlēqlē ᴅlaqᴅdᴅ olan ĸirkᴅtlᴅr vᴅ m¿ĸtᴅrilᴅr bᴅrpa olunan enerjinin istehsalē, bazarēn 

liberallaĸdērēlmasē vᴅ iqlim dᴅyiĸikliyi kimi amillᴅr sᴅbᴅbindᴅn artan qeyri-m¿ᴅyyᴅnlik sᴅviyyᴅlᴅri ilᴅ ¿zlᴅĸirlᴅr. Bu, qeyri-

m¿ᴅyyᴅnlik ĸᴅraitindᴅ optimal qᴅrarlarēn necᴅ qᴅbul edilᴅcᴅyi ilᴅ baĵlē vacib sualē ortaya qoyur. Bu yazē qeyri-m¿ᴅyyᴅnlikdᴅn 

tᴅsirlᴅnᴅn problemlᴅrin modellᴅĸdirilmᴅsi vᴅ optimallaĸdērēlmasē ¿­¿n mºvcud metodlarēn icmalēnē tᴅqdim etmᴅk mᴅqsᴅdi daĸēyēr, 

enerji sistemlᴅri vᴅ optimallaĸdērma ilᴅ tanēĸ olan tᴅdqiqat­ēlara yºnᴅlmiĸdir. Biz, hᴅm­inin enerji sistemlᴅrindᴅ qeyri-m¿ᴅyyᴅnlik 

ĸᴅraitindᴅ optimallaĸdērmanēn bᴅzi m¿h¿m tᴅtbiqlᴅrini nᴅzᴅrdᴅn ke­iririk vᴅ gᴅlᴅcᴅk tᴅdqiqat istiqamᴅtlᴅrinᴅ baxēĸ tᴅqdim edirik. 

A­ar sºzlᴅr. Elektrik enerji sistemlᴅri, qeyri-m¿ᴅyyᴅnliklᴅr, bᴅrpa olunan enerji, bazarēn liberallaĸdērēlmasē, 

optimallaĸdērēlmasē. 

 

Summary 

OPTIMIZING POWER SYSTEMS UNDER UNCERTAINTY: AN OVERVIEW OF METHODS AND APPLICATIONS  

Latipov Sh.Sh. 

 

 Electric power systems and the companies and customers that interact with them are experiencing increasing levels of 

uncertainty due to factors such as renewable energy generation, market liberalization, and climate change. This raises the important 

question of how to make optimal decisions under uncertainty. This paper aims to provide an overview of existing methods for 

modeling and optimization of problems affected by uncertainty, targeted at researchers with a familiarity with power systems and 

optimization. We also review some important applications of optimization under uncertainty in power systems and provide an 

outlook to future directions of research. 

Keywords.  Electric power systems, uncertainties, renewable energy, market liberalization, optimization. 
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AL¢AQ MEXANĶKĶ TEZLĶKLĶ RᴄQSLᴄRĶN ALINMASI ¦SULLARI  

 

Rᴅsulzadᴅ Mehrab ķᴅmĸir oĵlu 
Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan 

mehrabresulzade059@gmail.com 

   
X¿lasᴅ Mᴅqalᴅdᴅ elektrik siqnal g¿clᴅndiricilᴅrinin vᴅ mexaniki rᴅqslᴅrin ºyrᴅnilmᴅsi sahᴅsindᴅki yanaĸmalar m¿qayisᴅ 

olunur. ᴄnᴅnᴅvi ¿sullarēn sadᴅliyinᴅ baxmayaraq, ºl­mᴅlᴅrin dᴅqiqliyinin aĸaĵē olduĵu vᴅ mᴅlumatlarēn ᴅl ilᴅ toplanmasēnēn ᴅlavᴅ 

vaxt vᴅ resurs tᴅlᴅb etdiyi vurĵulanēr. M¿asir metodlar isᴅ sensorlarla tᴅchiz edilmiĸ avadanlēqlar vasitᴅsilᴅ dᴅqiq vᴅ 

avtomatlaĸdērēlmēĸ ºl­mᴅlᴅrᴅ imkan yaratsa da, bahalēlēĵē vᴅ istifadᴅ­inin prosesᴅ nᴅzarᴅt edᴅ bilmᴅmᴅsi mᴅnfi cᴅhᴅtlᴅr kimi qeyd 

olunur. 

Mexaniki rᴅqslᴅrin tezliyi vᴅ amplitudasēnēn tᴅnzimlᴅnmᴅsi, elektromaqnitlᴅrin gᴅrginliyi, cᴅrᴅyanē, maqnit q¿vvᴅsi vᴅ 

digᴅr parametrlᴅrin dᴅyiĸdirilmᴅsi yolu ilᴅ hᴅyata ke­irilᴅ bilᴅr. Vibrasiya qurĵularēnda rezonansa uyĵunlaĸmaq ¿­¿n isᴅ yaylarēn 

x¿susiyyᴅtlᴅri, sistemin k¿tlᴅsi vᴅ uzunluĵu kimi parametrlᴅr dᴅyiĸdirilᴅ bilᴅr. Mᴅqalᴅdᴅ hᴅm­inin elektromaqnit n¿vᴅsinin x¿susi 

poladdan hazērlanmasēnēn vᴅ bu zaman yaranan sᴅth effekti fenomeninin nᴅzᴅrᴅ alēnmasēnēn m¿h¿m olduĵu gºstᴅrilir. Bu yanaĸma, 

cihazēn g¿c vᴅ tezlik diapazonunda sabit iĸlᴅmᴅsini tᴅmin etmᴅk ¿­¿n ᴅlavᴅ nᴅzᴅri tᴅhlillᴅrin vᴅ hesablamalarēn aparēlmasēnē zᴅruri 

edir. 

A­ar sºzlᴅr:  elektrik siqnallarē, mexaniki rᴅqslᴅr, vibrasiya qurĵusu, elektromaqnit n¿vᴅsi, sᴅth effekti 

 

Elektrik siqnal g¿clᴅndiricilᴅri elmin vᴅ texnologiyanēn m¿xtᴅlif sahᴅlᴅrindᴅ geniĸ ĸᴅkildᴅ istifadᴅ 

olunur. Bu geniĸ istifadᴅnin sᴅbᴅbi, m¿xtᴅlif fiziki kᴅmiyyᴅtlᴅrin ­evrilmᴅsi zamanē alēnan zᴅif elektrik 

siqnallarēnēn uyĵun icra qurĵularēnēn normal iĸlᴅmᴅsini tᴅmin edᴅcᴅk sᴅviyyᴅyᴅ qᴅdᴅr g¿clᴅndirilmᴅsinᴅ olan 

ehtiyacdēr [1]. 

Mexaniki rᴅqslᴅrin ºyrᴅnilmᴅsi yenilik deyil vᴅ m¿asir fizikanēn baĸlanĵēcēndan ᴅn sadᴅ ¿sullarla 

hᴅyata ke­irilir. Lakin belᴅ tᴅdqiqatlarēn aparēlma ¿sullarē m¿ĸahidᴅ vᴅ mᴅlumatlarēn toplanmasē ¿­¿n yeni 

avadanlēqlarēn inkiĸafēna uyĵun olaraq davamlē olaraq dᴅyiĸir. Klassik ¿sullar zaman ºl­mᴅk ¿­¿n saat, 

mᴅsafᴅ ºl­mᴅk ¿­¿n xᴅtkeĸ vᴅ k¿tlᴅ ºl­mᴅk ¿­¿n tᴅrᴅzi kimi ᴅn sadᴅ alᴅtlᴅrdᴅn istifadᴅni nᴅzᴅrdᴅ tutur. Bu 

¿sul fiziki hadisᴅlᴅrin vᴅ ºl­mᴅ prinsiplᴅrinin daha yaxĸē m¿ĸahidᴅ vᴅ baĸa d¿ĸ¿lmᴅsinᴅ imkan yaradēr, lakin 

ºl­mᴅlᴅrin dᴅqiqliyi aĸaĵēdēr. Digᴅr bir ­atēĸmazlēq isᴅ mᴅlumatlarēn ᴅl ilᴅ toplanmasē vᴅ rᴅqᴅmsal tᴅhlil ¿­¿n 

komp¿terᴅ daxil edilmᴅsinin tᴅlᴅb olunmasēdēr. 

M¿asir ¿sullar isᴅ m¿xtᴅlif nºv sensorlardan ibarᴅt olan m¿rᴅkkᴅb avadanlēqlarēn istifadᴅsinᴅ 

ᴅsaslanēr. Bu avadanlēqlar bir giriĸ vᴅ bir ­ēxēĸē olan bir nºv ñqara qutuò kimi qᴅbul edilᴅ bilᴅr. Ķstifadᴅ­i 

tᴅcr¿bᴅni baĸladēr, avadanlēq mᴅlumatlarē toplayēr vᴅ emal edir vᴅ fiziki hadisᴅlᴅrin parametrlᴅrini birbaĸa 

­ēxēĸēnda tᴅqdim edir. Ķstifadᴅ­i mᴅlumatlarēn necᴅ toplandēĵēnē vᴅ emal edildiyini gºrᴅ bilmir. Bu, bºy¿k bir 

­atēĸmazlēqdēr. Digᴅr tᴅrᴅfdᴅn, belᴅ avadanlēqlar bahalēdēr vᴅ x¿susilᴅ kasēb bºlgᴅlᴅrdᴅki b¿t¿n tᴅhsil 

icmalarē ¿­¿n ᴅl­atan deyil. 

Mexaniki rᴅqslᴅrin tezliyi vᴅ amplitudasē aĸaĵēdakē ¿sullarla tᴅnzimlᴅnᴅ bilᴅr [2]: 

1. Elektromaqnitlᴅrin sarĵēlarēna verilᴅn gᴅrginliyin avtotransformator vasitᴅsilᴅ tᴅnzimlᴅnmᴅsi. 

2. Elektromaqnitdᴅ cᴅrᴅyan ĸiddᴅtinin aktiv m¿qavimᴅtin azaldēlmasē ilᴅ dᴅyiĸdirilmᴅsi. 

3. Armat¿r vᴅ n¿vᴅ arasēndakē hava boĸluĵunun tᴅnzimlᴅnmᴅsi ilᴅ elektromaqnitin dartēlma q¿vvᴅsinin 
dᴅyiĸdirilmᴅsi. 

4. Sarĵēlardakē dºvrᴅlᴅrin sayēnēn dᴅyiĸdirilmᴅsi ilᴅ maqnit axēnēnēn artērēlmasē. 

5. Kondensatorun tutumunun dᴅyiĸdirilmᴅsi ilᴅ faza bucaĵēnēn tᴅnzimlᴅnmᴅsi. 

Vibrasiya sºnd¿rmᴅ qurĵusunun rezonansa uyĵunlaĸdērēlmasē aĸaĵēdakē hissᴅ vᴅ sistem parametrlᴅrinin 

dᴅyiĸdirilmᴅsi ilᴅ hᴅyata ke­irilᴅ bilᴅr: 

1. Yaylarēn kᴅsik sahᴅlᴅrinin ᴅtalᴅt momentlᴅri. 

2. ¥t¿r¿c¿n¿n iĸ­i uzunluĵu. 

3. Sisteminin k¿tlᴅsi vᴅ ya ¿mumi ᴅtalᴅt momenti. 

4. Yaylarēn iĸlᴅk halqalarēnēn sayē. 

Bundan ᴅlavᴅ, tezlik diapazonunun geniĸlᴅndirilmᴅsi vᴅ sistemin stabil iĸlᴅmᴅsinin tᴅmin edilmᴅsi 

¿­¿n elektromaqnit n¿vᴅsinin x¿susi poladdan hazērlanmasēnēn daha mᴅqsᴅdᴅuyĵun olduĵu m¿ᴅyyᴅn 

edilmiĸdir [3]. 

¦­fazalē, ikivuruĸlu vibrasiya qurĵularē adᴅtᴅn ñʐò formasēnda d¿z¿lm¿ĸ ¿­ birfazalē sarĵēnēn 

birlᴅĸmᴅsindᴅn ibarᴅt olur. Hᴅr bir ­ubuqda bir sarĵē yerlᴅĸdirilir vᴅ onlar m¿ᴅyyᴅn bir sxem ¿zrᴅ 

birlᴅĸdirilᴅrᴅk ¿­fazalē enerji ĸᴅbᴅkᴅsinᴅ qoĸulur. Bu qurĵuda ­ubuqlar eyni m¿stᴅvidᴅ yerlᴅĸdirilir vᴅ onun 

maqnit dºvrᴅsi maqnit asimmetriyasēna malikdir. 

X¿susi polad lºvhᴅlᴅrin elektromaqnit n¿vᴅsi ¿­¿n istifadᴅ edilmᴅsi nᴅticᴅsindᴅ sᴅth effekti 

fenomeninin yarandēĵē yaxĸē mᴅlumdur. Bu effekt, cihazēn tᴅlᴅb olunan g¿c vᴅ tezlik diapazonunda etibarlē 
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iĸlᴅmᴅsini tᴅmin etmᴅk ¿­¿n iki vuruĸlu UEMVQ-larēn parametrlᴅrinin hesablanmasē ¿­¿n ᴅlavᴅ nᴅzᴅri 

tᴅhlillᴅrin aparēlmasēnē vᴅ m¿asir metodlarēn tᴅtbiqini zᴅruri edir [4]. 

Nᴅticᴅ 

Aparēlan araĸdērma gºstᴅrir ki, elektrik siqnal g¿clᴅndiricilᴅri vᴅ mexaniki rᴅqslᴅrin ºyrᴅnilmᴅsi 

sahᴅsindᴅ hᴅm klassik, hᴅm dᴅ m¿asir yanaĸmalarēn ¿st¿nl¿klᴅri vᴅ ­atēĸmazlēqlarē mºvcuddur. Klassik 

metodlar fiziki hadisᴅlᴅrin mahiyyᴅtini anlamaqda faydalē olsa da, m¿asir sensor ᴅsaslē avadanlēqlar ºl­mᴅ 

dᴅqiqliyi vᴅ emal s¿rᴅti baxēmēndan daha sᴅmᴅrᴅlidir. Bununla belᴅ, m¿asir qurĵularēn y¿ksᴅk qiymᴅti vᴅ 

qeyri-ĸᴅffaf iĸlᴅmᴅ prinsiplᴅri onlarēn geniĸ istifadᴅsini mᴅhdudlaĸdēra bilᴅr. Mexaniki sistemlᴅrin rezonansa 

uyĵunlaĸdērēlmasē vᴅ vibrasiya proseslᴅrinin idarᴅ olunmasē ¿­¿n elektromaqnitin vᴅ sistemin struktur 

parametrlᴅrinin d¿zg¿n se­ilmᴅsi olduqca vacibdir. Elektromaqnit n¿vᴅsinin x¿susi poladdan hazērlanmasē 

vᴅ sᴅth effekti fenomeninin nᴅzᴅrᴅ alēnmasē cihazēn effektiv vᴅ stabil iĸlᴅmᴅsinᴅ m¿h¿m tºhfᴅ verir. Bu 

nᴅticᴅlᴅr, hᴅm tᴅdris, hᴅm dᴅ tᴅtbiqi m¿hᴅndislik sahᴅlᴅrindᴅ praktik hᴅllᴅrin iĸlᴅnib hazērlanmasē ¿­¿n 

ᴅhᴅmiyyᴅtlidir. 
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Summary 

METHODS OF RECEIVING LOW -FREQUENCY OSCILLATION  

Rasulzadeh M.Sh. 

 

 The article compares classical and modern approaches to studying electric signal amplifiers and mechanical vibrations. 

While traditional methods are simple but less precise, modern techniques provide high accuracy and automation but can be expensive 

and lack transparency in data processing. The paper outlines ways to adjust vibration frequency and amplitude by changing 

parameters like electromagnetic voltage, air gap, and spring characteristics. It also highlights the importance of using special steel for 

the electromagnet core and considering the surface effect in performance calculations. 

Keywords: electric signals, mechanical vibrations, vibration device, electromagnet core, surface effect 

  

ʈʝʟʶʤʝ  

ʄɽʊʆɼʓ ʇʈʀɽʄɸ ʅʀɿʂʆʏɸʉʊʆʊʅʓʍ ʂɸʃʀɹɸʅʀʁ 

ʈʘʩʫʣʟʘʜʝ ʄ.ʐ.  

 

 ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ ʩʠʛʥʘʣʘ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʩʪʳ, ʥʦ ʤʝʥʝʝ ʪʦʯʥʳ, ʪʦʛʜʘ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ, ʥʦ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠ ʥʝʧʨʦʟʨʘʯʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʨʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʠ ʩʠʩʪʝʤʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʘʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʘʣʠ ʜʣʷ ʩʝʨʜʝʯʥʠʢʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʠ ʫʯʸʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʨʘʩʯʸʪʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʚʠʙʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʝʨʜʝʯʥʠʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʵʬʬʝʢʪ 
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Enerji tᴅchizatē sistemlᴅrinin etibarlēlēĵē istehlak­ēlarēn fasilᴅsiz vᴅ sabit iĸlᴅmᴅsi ¿­¿n ᴅsas ĸᴅrtdir, buna gºrᴅ mᴅqalᴅdᴅ 

etibarlēlēq gºstᴅricilᴅrinin hesablanmasē ¿­¿n addēm-addēm metodologiya (F vᴅ q) tᴅqdim olunur. G¿c axēnē paylama matrisi ᴅsasēnda 

m¿mk¿n fºvqᴅladᴅ hallar se­ilir, asinxron m¿hᴅrriklᴅr ¿­¿n kritik gᴅrginlik parametrlᴅri m¿ᴅyyᴅn edilir vᴅ qᴅzadan sonrakē rejimlᴅr 

sabit vᴅ ke­id proseslᴅri ilᴅ qiymᴅtlᴅndirilir. Etibarlēlēq gºstᴅricilᴅri elementlᴅrin nasazlēĵē vᴅ m¿vafiq d¿sturlara uyĵun olaraq 
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mᴅcburi kᴅsilmᴅlᴅr nᴅzᴅrᴅ alēnmaqla hesablanēr. Analizin nᴅticᴅlᴅrinᴅ ᴅsasᴅn paralel elementlᴅrin ᴅlavᴅ edilmᴅsi, Tᴅcili 

avtomatlaĸdērmanēn tᴅkmillᴅĸdirilmᴅsi, aktiv vᴅ reaktiv g¿c ehtiyatēnēn artērēlmasē vᴅ qoruyucu cihazlarēn modernlᴅĸdirilmᴅsi daxil 

olmaqla etibarlēlēĵēn artērēlmasē ¿­¿n texniki tᴅdbirlᴅr m¿ᴅyyᴅn edilir 

A­ar sºzlᴅr: elektrik tᴅchizatē, etibarlēlēq, nasazlēq, nasazlēq ehtimalē. 

 

Elektrik tᴅchizatē sistemlᴅrinin etibarlēlēĵē sᴅnaye vᴅ mᴅiĸᴅt elektrik qᴅbuledicilᴅrinin dayanēqlē vᴅ 

fasilᴅsiz iĸlᴅmᴅsinin ᴅsas ĸᴅrtlᴅrindᴅn biridir. M¿asir enerji sistemlᴅrindᴅ elementlᴅrin m¿xtᴅlif xarakterli 

nasazlēqlarē, qēsaqapanmalar, operativ kommutasiya iĸlᴅri vᴅ qᴅza sonrasē gᴅrginlik azalmasē istehlak­ēlarēn 

iĸ qabiliyyᴅtinin pozulmasēna gᴅtirib ­ēxara bilᴅr. Buna gºrᴅ dᴅ etibarlēlēq gºstᴅricilᴅrinin d¿zg¿n m¿ᴅyyᴅn 

edilmᴅsi vᴅ onlarēn artērēlmasē ¿­¿n metodik yanaĸmanēn iĸlᴅnmᴅsi x¿susi ᴅhᴅmiyyᴅt daĸēyēr. 

Bu mᴅqalᴅdᴅ elektrik tᴅchizatē sisteminin etibarlēlēq gºstᴅricilᴅrinin m¿ᴅyyᴅn edilmᴅsi ¿­¿n 

mᴅrhᴅlᴅli metodika tᴅqdim olunur, hesablamalarda istifadᴅ edilᴅn ᴅsas d¿sturlar izah edilir vᴅ etibarlēlēĵēn 

artērēlmasē istiqamᴅtlᴅri gºstᴅrilir.  

Etibarlēlēq gºstᴅricilᴅrinin hesablanmasēnēn ilk mᴅrhᴅlᴅsi enerji sistemindᴅ yaranmasē m¿mk¿n olan 

vᴅziyyᴅtlᴅrin tᴅhlili vᴅ onlarēn tᴅsnifatēdēr. G¿c axēnēnēn paylanmasē matrisindᴅn istifadᴅ etmᴅklᴅ ᴅsas vᴅ 

ᴅlavᴅ kᴅsimlᴅr m¿ᴅyyᴅn edilir. Bununla, uzadēlmēĸ vᴅ birmᴅnalē ĸᴅkildᴅ g¿c itkisinᴅ sᴅbᴅb olan vᴅziyyᴅtlᴅr 

¿mumi ­oxluqdan ­ēxarēlēr. 

Nºvbᴅti mᴅrhᴅlᴅdᴅ elektrik qᴅbuledicilᴅr ¿­¿n gᴅrginlik d¿ĸ¿m¿n¿n kritik parametrlᴅri m¿ᴅyyᴅn 

edilir. Asinxron m¿hᴅrriklᴅr ¿­¿n bunlara aĸaĵēdakēlar daxildir: 

¶ kritik gᴅrginlik, 

¶ kritik m¿ddᴅt, 

¶ minimal buraxēlēĸ gᴅrginliyi. 

Bu parametrᴅr qᴅza rejimlᴅrindᴅ qᴅbuledicinin iĸ qabiliyyᴅtinin itirilmᴅsi ¿­¿n ᴅsas meyar rolunu 

oynayēr. 

Qᴅza sonrasē rejimlᴅrin axtarēĸē g¿c axēnēnēn paylanmasē matrisindᴅn vᴅ baĸlanĵēc rejimdᴅ gᴅrginlik 

d¿ĸ¿m¿ qiymᴅtlᴅrindᴅn istifadᴅ etmᴅklᴅ hᴅyata ke­irilir. Bu mᴅqsᴅdlᴅ elementlᴅrin, qovĸaqlarēn vᴅ 

kommutasiya zonalarēnēn ayrēlmasē nᴅticᴅsindᴅ formalaĸan m¿mk¿n vᴅziyyᴅtlᴅr se­ilir vᴅ onlarēn hᴅr biri 

¿­¿n sabit rejim hesablanēr. 

Hesablamalarēn nᴅticᴅsinᴅ gºrᴅ qᴅza sonrasē vᴅziyyᴅtlᴅr iki qrupa ayrēlēr: 

1. Gᴅrginlik kritik qiymᴅtdᴅn aĸaĵēdēr ï elektrik qᴅbuledicilᴅrin iĸlᴅmᴅsi m¿mk¿n deyil; vᴅziyyᴅt g¿c 

itkisi kimi qᴅbul edilir. 

2. Gᴅrginlik kritikdᴅn yuxarē, lakin minimal buraxēlēĸ gᴅrginliyindᴅn aĸaĵēdēr ï iĸ qabiliyyᴅti ᴅvvᴅlki 

qᴅza rejimindᴅn asēlēdēr. Bu vᴅziyyᴅtlᴅr ¿­¿n ke­id rejimlᴅrinin ayrēca hesablanmasē tᴅlᴅb olunur. 

Ke­id proseslᴅri zamanē qēsaqapanmanēn tᴅsiri fᴅrqli olduĵundan, ᴅvvᴅlcᴅ ᴅn aĵēr qᴅzalar, sonra iki 

fazalē vᴅ torpaĵa iki fazalē qēsaqapanmalar nᴅzᴅrdᴅn ke­irilir. 

Elektrik tᴅchizatē sisteminin etibarlēlēq gºstᴅricilᴅri ï nasazlēqlarēn sayē (ɚ) vᴅ nasazlēq ehtimalē (q)ï 

ayrē-ayrē elementlᴅr vᴅ strukturlar ¿­¿n aĸaĵēdakē d¿sturlarla m¿ᴅyyᴅn edilir. 

 
Elementin sēradan ­ēxmasē zamanē: 

 
ᴄgᴅr element digᴅr elementin nasazlēĵē sᴅbᴅbindᴅn mᴅcburi ayrēlērsa: 

 
burada,  

Verilᴅn d¿sturlarda i indekslᴅri birbaĸa nᴅzᴅrdᴅn ke­irilᴅn elementi, k isᴅ nasazlēĵē hᴅmin elementin 

mᴅcburi dayanmasēna sᴅbᴅb olan elementi ifadᴅ edir. s - belᴅ elementlᴅrin siyahēsēnēn ºl­¿s¿, l isᴅ bu 

siyahēda elementin sēra nºmrᴅsidir. Element sēradan ­ēxdēqda, o ºz iĸ qabiliyyᴅtini bᴅrpa m¿ddᴅti tb ᴅrzindᴅ 

itirir; mᴅcburi dayanma zamanē isᴅ element operativ kommutasiya m¿ddᴅti tp qᴅdᴅr iĸlᴅmᴅdᴅn qalēr. 
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Planlē a­ēlmalar isᴅ elᴅ ĸᴅkildᴅ hᴅyata ke­irilir ki, elektrik tᴅchizatēnēn tam dayanmasēna vᴅ ya y¿k 

ĸinalarēnda gᴅrginliyin normadan artēq azalmasēna sᴅbᴅb olmasēn. Buna gºrᴅ dᴅ tᴅk ayrēlmalarēn etibarlēlēq 

hesablamalarēnda ayrēca nᴅzᴅrᴅ alēnmasēna ehtiyac yoxdur. 

Hesablamalarēn nᴅticᴅlᴅrinᴅ ᴅsasᴅn etibarlēlēĵēn yaxĸēlaĸdērēlmasē ¿­¿n aĸaĵēdakē istiqamᴅtlᴅr se­ilᴅ 

bilᴅr: 

- paralel elementlᴅrin ᴅlavᴅ edilmᴅsi, rezerv qida mᴅnbᴅlᴅrinin quraĸdērēlmasē, optimal tᴅmir 

qrafiklᴅrinin tᴅrtibi ilᴅ ᴅsas a­ēlmalarēn etibarlēlēĵēnēn artērēlmasē; 

- qᴅza avtomatikasēnēn tᴅkmillᴅĸdirilmᴅsi, operativ kommutasiya m¿ddᴅtinin azaldēlmasē ilᴅ ᴅlavᴅ 

a­ēlmalarēn etibarlēlēĵēnēn artērēlmasē;  

- aktiv vᴅ reaktiv g¿c ehtiyatēnēn artērēlmasē, reaktiv g¿c kompensatorlarēnēn quraĸdērēlmasē, enerji 

yēĵma qurĵularē vᴅ UPS-dᴅn istifadᴅ ilᴅ qᴅza sonrasē rejimdᴅ etibarlēlēĵēn artērēlmasē; 

- rele m¿hafizᴅsi vᴅ a­arlarēn yenilᴅnmᴅsi, EAQ vᴅ ATQ qurĵularēnēn iĸinin s¿rᴅtlᴅndirilmᴅsi, 

lazēmsēz mexanizmlᴅrin qēsa m¿ddᴅtlik a­ēlmasē ilᴅ ke­id proseslᴅrindᴅ etibarlēlēĵēn artērēlmasē. 

Elektrik tᴅchizatē sistemlᴅrinin etibarlēlēq gºstᴅricilᴅrinin d¿zg¿n m¿ᴅyyᴅn edilmᴅsi, enerji 

obyektlᴅrinin planlaĸdērēlmasē, istismarē vᴅ qorunmasē ¿­¿n ᴅsas ĸᴅrtlᴅrdᴅn biridir. Mᴅqalᴅdᴅ tᴅqdim olunan 

metodika vᴅziyyᴅtlᴅrin ardēcēl se­ilmᴅsi, sabit vᴅ ke­id rejimlᴅrinin modellᴅĸdirilmᴅsi, habelᴅ kᴅsimlᴅrin 

nasazlēq gºstᴅricilᴅrinin hesablanmasē prinsiplᴅrini ºz¿ndᴅ birlᴅĸdirir. Etibarlēlēĵēn artērēlmasē ¿zrᴅ tᴅdbirlᴅr 

isᴅ aparēlmēĸ hesablamalarēn nᴅticᴅlᴅrinᴅ ᴅsaslanaraq texniki-iqtisadi cᴅhᴅtdᴅn qiymᴅtlᴅndirilmᴅlidir. 
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Summary 

DEVELOPMENT OF A METHODOLOGY FOR DETERMINING THE RELIABILITY INDICES OF THE POWER 

SUPPLY SYSTEM 

Jafarxanov A.J. 

 

Since the reliability of power supply systems is a key condition for the continuous and stable operation of consumers, 

the article presents a step-by-step methodology for calculating reliability indices (ɚ and q). Using the power-flow distribution 

matrix, possible fault conditions are identified, critical voltage parameters for induction motors are determined, and post-fault 

operating modes are evaluated in both steady-state and transient conditions. Reliability indices are calculated using formulas that 

account for element failures and forced outages. Based on the results, technical measures for improving reliability are proposed, 

including the addition of parallel elements, enhancement of emergency automation, increasing active and reactive power 

reserves, and modernization of protection devices. 

Keywords: power supply, reliability, failure, failure probability 

 
ʈʝʟʶʤʝ 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʆʇʈɽɼɽʃɽʅʀʗ ʇʆʂɸɿɸʊɽʃɽʁ ʅɸɼɽɾʅʆʉʊʀ ʉʀʉʊɽʄʓ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

ɼʞʘʬʘʨʭʘʥʦʚ ɸ.ɼ. 

 

ʅʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʵʪʘʧʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ (ɚ ʠ q). ʅʘ ʦʩʥʦʚʝ 

ʤʘʪʨʠʮʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʦʪʙʠʨʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʡʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʧʦʩʣʝʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʫʩʪʦʡʯʠʚʳʤ ʠ ʧʝʨʝʭʦʜʥʳʤ 

ʧʨʦʮʝʩʩʘʤ. ʇʦʢʘʟʘʪʝʣʠ ʥʘʜʸʞʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʫʯʸʪʦʤ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʨʤʫʣʘʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʜʦʙʘʚʣʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʫʚʝʣʠʯʝʥʠʝ ʟʘʧʘʩʘ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʥʘʜʸʞʥʦʩʪʴ, ʦʪʢʘʟ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ. 
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X¿lasᴅ. Elektrik ĸᴅbᴅkᴅlᴅrinin ᴅsas elementi olan g¿c kabellᴅrinin istismar gºstᴅricilᴅrinin yaxĸēlaĸdērēlmasē vᴅ etibarlēĵēn 

artērēlmasē mᴅsᴅlᴅsi araĸdērēlēr. G¿c kabellᴅrinin x¿susiyyᴅtlᴅri, onlarēn mexaniki vᴅ elektrik m¿hafizᴅsi ¿sullarē ï o c¿mlᴅdᴅn zirehli 

kabellᴅr, kabel kanallarē, avtomatik a­ēcēlar vᴅ torpaqlama sistemlᴅri izah edilir. Mᴅqsᴅd ï kabellᴅrin zᴅdᴅlᴅnmᴅsinin vᴅ nasazlēĵēnēn 

qarĸēsēnē almaq, tᴅhl¿kᴅsizlik vᴅ dayanēqlēlēĵē tᴅmin etmᴅkdir. 

A­ar sºzlᴅr: elektrik ĸᴅbᴅkᴅsi, kabel m¿hafizᴅsi, avtomatik a­ēcēlar, diferensial avtomatlar ,torpaqlama sistemi, izolyasiya 

materiallarē, etibarlēlēq. 

 

Elektrik ĸᴅbᴅkᴅlᴅrinin iĸini tᴅmin edᴅn g¿c kabellᴅrinin istismar gºstᴅricilᴅrinin yaxĸēlaĸdērēlmasē vᴅ 

etibarlēĵēn artērēlmasē m¿asir dºvr¿m¿z¿n aktual mᴅsᴅlᴅlᴅrindᴅndir. Elektrik ĸᴅbᴅkᴅsi elektrik stansiyalarēnē 

iĸlᴅdicilᴅrlᴅ birlᴅĸdirᴅn elektrikºt¿rmϸ xϸtlϸrindϸn, yardēm­ē stansiyalardan vᴅ s. qurĵulardan ibarᴅt 

kompleksdir. Elektrik ĸᴅbᴅkᴅsi bir sēra ᴅlamᴅtlᴅrᴅ gºrᴅ tᴅsnif olunur. ᴄhatᴅ etdiyi ᴅraziyᴅ gºrᴅ yerli elektrik 

ĸᴅbᴅkᴅsi vᴅ energetika sistemli elektrik ĸᴅbᴅkᴅsi, iĸlᴅdicilᴅrin xarakterinᴅ gºrᴅ isᴅ ĸᴅhᴅr, sᴅnaye, kᴅnd vᴅ 

dartē  elektrik ĸᴅbᴅkᴅsi olur.Elektrik ºt¿rmᴅ xᴅtlᴅrinin     konstruksiyasēna gºrᴅ hava vᴅ kabel elektrik 

ĸᴅbᴅkᴅsi var.Elektrik birlᴅĸmᴅsi sxeminᴅ gºrᴅ a­ēq  vᴅ qapalē ĸᴅbᴅkᴅlᴅr, tᴅyinatēna gºrᴅ paylayēcē vᴅ 

qidalandērēcē ĸᴅbᴅkᴅlᴅr, cᴅrᴅyan vᴅ gᴅrginliyin nºv¿nᴅ gºrᴅ sabit vᴅ ya dᴅyiĸᴅn cᴅrᴅyanlē, al­aq vᴅ yuksᴅk 

gᴅrginlikli elektrik ĸᴅbᴅkᴅlᴅri var.[1] 

G¿c kabellᴅri elektrik enerjisinin mᴅnbᴅdᴅn istehlak­ēlara ºt¿r¿lmᴅsi vᴅ paylanmasē ¿­¿n istifadᴅ 

olunan izolyasiyalē kabellᴅrdir. Onlar y¿ksᴅk gᴅrginlik, cᴅrᴅyan g¿c¿ vᴅ mexaniki y¿klᴅnmᴅyᴅ davamlē 

olmaq ¿­¿n x¿susi materiallardan hazērlanēr. Y¿ksᴅk temperatur, kimyᴅvi tᴅsirlᴅr, su vᴅ mexaniki 

y¿klᴅnmᴅlᴅrᴅ qarĸē dayanēqlē olmalēdēr. Kabelin etibarlēlēĵēnē artērmaq ¿­¿n keyfiyyᴅtli materiallardan 

istifadᴅ edilmᴅli, d¿zg¿n layihᴅlᴅndirilmᴅli vᴅ texniki xidmᴅt gºstᴅrilmᴅlidir. [2] 

Kabellᴅrin zᴅdᴅlᴅnmᴅsinin vᴅ ya nasazlēĵēnēn qarĸēsēnē almaq ¿­¿n onlarēn d¿zg¿n ĸᴅkildᴅ m¿hafizᴅ 

olunmasē zᴅruridir. M¿hafizᴅ hᴅm mexaniki, hᴅm dᴅ elektriki baxēmdan hᴅyata ke­irilir.[3] 

Mexaniki m¿hafizᴅ zamanē  kabellᴅr metal vᴅ ya plastik borular (PVC, ­uĵun, polad) i­ᴅrisindᴅ ­ᴅkilir. Bu 

¿sul kabellᴅri fiziki tᴅsirlᴅrdᴅn qoruyur.[4] 

Kabel kanallarē yᴅni kabel yollarē x¿susilᴅ sᴅnaye obyektlᴅrindᴅ istifadᴅ olunur, kabelin sᴅliqᴅli vᴅ 

tᴅhl¿kᴅsiz ĸᴅkildᴅ yerlᴅĸdirilmᴅsini tᴅmin edir. 

Zirehli vᴅ armaturlu kabellᴅr, xarici hissᴅsi metal ºrt¿klᴅ g¿clᴅndirilmiĸ kabellᴅrdir. Torpaqaltē vᴅ ya 

sᴅrt m¿hitlᴅr ¿­¿n uyĵundur.[5] 

Torpaqaltē kabellᴅr ¿­¿n x¿susi qoruyucu lentlᴅr vᴅ lºvhᴅlᴅrdᴅn istifadᴅ olunur.Torpaĵa basdērēlmēĸ 

kabellᴅrin ¿zᴅrinᴅ xᴅbᴅrdaredici lent vᴅ beton lºvhᴅ qoyulur ki, tᴅsad¿fi qazēntēlardan qorunsun. 

Elektriki m¿hafizᴅsi zamanē avtomatik a­ēcēlar yᴅni avtomatlar qēsaqapanma vᴅ y¿ksᴅk cᴅrᴅyan 

halēnda dºvrᴅni avtomatik ĸᴅkildᴅ kᴅsᴅrᴅk kabelin zᴅdᴅlᴅnmᴅsinin qarĸēsēnē alēr.[6] 

Diferensial avtomatlar sēzma cᴅrᴅyanlarēnē aĸkarlayaraq tᴅhl¿kᴅli vᴅziyyᴅt yaranmadan dºvrᴅni 

kᴅsir.Kabel vᴅ avadanlēqlarēn d¿zg¿n torpaqlanmasēnēn, elektrik ĸoklarēnē vᴅ nasazlēqlarēnēn qarĸēsēnē almaq 

¿­¿n torpaqlama sistemindᴅn istifadᴅ olunur. 

Y¿ksᴅk keyfiyyᴅtli izolyasiya materiallarē ᴅtraf m¿hitin m¿hafizᴅsini , istilik, nᴅmiĸlik vᴅ kimyᴅvi 

maddᴅlᴅrᴅ qarĸē qorunmanē tᴅmin edir. Havanēn sirkulyasiyasēna, istiliyin yayēlmasēna kºmᴅk mᴅqsᴅdilᴅ 

kabellᴅrin havalandērēlmēĸ kanalarda ­ᴅkilmᴅsi mᴅqsᴅdᴅ uyĵundur.[7] 
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Summary 

PROTECTION OF POWER CABLES IN ELECTRICAL NETWORKS  

Alizade J. E. 

 

This thesis investigates the improvement of operational performance and the enhancement of reliability of power cables, 

which are a key component of electrical networks. The characteristics of power cables and their mechanical and electrical protection 

methods ï including armored cables, cable ducts, automatic circuit breakers, and grounding systems ï are explained. The main 

objective is to prevent cable damage and faults, ensuring safety and durability. 

Keywords: electrical network, cable protection, automatic circuit breakers, residual current devices, grounding system, 

insulation materials, reliability. 

 

ʈʝʟʶʤʝ 

ɿɸʑʀʊɸ ʉʀʃʆɺʓʍ ʂɸɹɽʃɽʁ ɺ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɽʊʗʍ 

ɸʣʠʟʘʜʝ ɼʞ. ʕ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʥʘʜʸʞʥʦʩʪʠ ʩʠʣʦʚʳʭ 

ʢʘʙʝʣʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʆʧʠʩʳʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʳ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ð ʚʢʣʶʯʘʷ ʙʨʦʥʠʨʦʚʘʥʥʳʝ ʢʘʙʝʣʠ, ʢʘʙʝʣʴʥʳʝ ʢʘʥʘʣʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʚʳʢʣʶʯʘʪʝʣʠ ʠ ʩʠʩʪʝʤʳ ʟʘʟʝʤʣʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ð ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʘʙʝʣʝʡ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ, ʟʘʱʠʪʘ ʢʘʙʝʣʝʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʶʯʘʪʝʣʠ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʘʚʪʦʤʘʪʳ, ʩʠʩʪʝʤʘ ʟʘʟʝʤʣʝʥʠʷ, ʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʜʸʞʥʦʩʪʴ. 
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Tᴅqdim olunan mᴅqalᴅdᴅ, aktiv istehlak­ē anlayēĸē vᴅ onun enerji sektoruna vᴅ iqtisadiyyata tᴅsiri araĸdērēlēr. Aktiv 

istehlak­ē konsepsiyasē davamlē istehlak vᴅ enerjinin idarᴅ edilmᴅsi metodlarēna ᴅsaslanēr vᴅ hᴅm fᴅrdi se­imlᴅri, hᴅm dᴅ sosial vᴅ 

ekoloji sistemlᴅri nᴅzᴅrᴅ alēr. M¿asir iqtisadiyyatēn m¿rᴅkkᴅbliyi vᴅ ekoloji risklᴅrin artmasē istehlak­ē davranēĸēnēn yeni 

yanaĸmalardan istifadᴅ etmᴅklᴅ qiymᴅtlᴅndirilmᴅsini tᴅlᴅb edir. Eyni zamanda, ekoloji dayanēqlēĵēn artērēlmasē vᴅ rᴅqᴅmsal hᴅllᴅrin 

istifadᴅsi ¿­¿n tºvsiyᴅlᴅr verilir. 

A­ar sºzlᴅr : aktiv istehlak­ē, enerji sektoru, enerji sᴅmᴅrᴅliliyi, ekoloji dayanēqlēlēq, iqtisadi tᴅsirlᴅr 

 

Aktiv istehlak­ē diqqᴅtini resurslardan sᴅmᴅrᴅli istifadᴅyᴅ, etik istehsala, davamlē inkiĸafa vᴅ sosial 

mᴅsuliyyᴅtᴅ yºnᴅldir. Bu yanaĸma ĸᴅxsi rifahē artērmaqla yanaĸē, iqtisadi vᴅ ekoloji dayanēqlēĵēn tᴅmin 

edilmᴅsinᴅ yºnᴅlib. Aktiv istehlak­ēlar yalnēz mᴅhsul vᴅ xidmᴅtlᴅrᴅ tᴅlᴅbat yaratmēr, hᴅm dᴅ istehsal vᴅ 

tᴅchizat zᴅncirlᴅrinin qurulmasēna, siyasᴅtin iĸlᴅnib hazērlanmasēna vᴅ ekoloji problemlᴅrin hᴅllinᴅ tᴅsir 

gºstᴅrir. 

Ķstehlak­ēlar artēq passiv bazar iĸtirak­ēlarē deyil, qlobal istehsal vᴅ ticarᴅt ĸᴅbᴅkᴅlᴅrinᴅ tᴅsir edᴅn 

aktiv qᴅrar qᴅbul edᴅnlᴅrdir. Onlarēn enerji sᴅmᴅrᴅliliyinᴅ vᴅ ekoloji mᴅsuliyyᴅtᴅ yºnᴅlmiĸ se­imlᴅri bazar 

dinamikasēnē vᴅ dºvlᴅt siyasᴅtini dᴅyiĸᴅn m¿h¿m amillᴅrdᴅn biridir. Ķstehlak­ēlar davamlēlēq prinsiplᴅrinᴅ 

ᴅsaslanan mᴅhsul vᴅ xidmᴅtlᴅri se­ᴅrᴅk m¿ᴅssisᴅlᴅri daha mᴅsuliyyᴅtli hᴅrᴅkᴅt etmᴅyᴅ tᴅĸviq edirlᴅr. Bu 

tendensiyanē nᴅzᴅrᴅ alaraq, hºkumᴅtlᴅr vᴅ beynᴅlxalq tᴅĸkilatlar istehlak­ēlarēn qᴅrarlarēnēn bazara tᴅsirini 

artērmaq ¿­¿n m¿xtᴅlif stimullaĸdērēcē mexanizmlᴅr tᴅtbiq edirlᴅr. 

M¿asir enerjidᴅ innovativ hᴅllᴅrin tᴅtbiqini s¿rᴅtlᴅndirᴅn vᴅ davamlē inkiĸafēn hᴅyata ke­irilmᴅsindᴅ 

m¿h¿m rol oynayan ᴅsas amillᴅr aktiv istehlak­ēlardēr. Bu istehlak­ēlar enerji sᴅmᴅrᴅliliyini artērmaq vᴅ 

bᴅrpa olunan enerji mᴅnbᴅlᴅrindᴅn daha geniĸ istifadᴅ etmᴅk ¿­¿n fᴅaliyyᴅt gºstᴅrir, nᴅticᴅdᴅ hᴅm ĸᴅxsi, 

hᴅm dᴅ ¿mumi enerji sᴅmᴅrᴅliliyinᴅ m¿sbᴅt tᴅsir gºstᴅrirlᴅr. Onlarēn fᴅaliyyᴅti yalnēz texnoloji yanaĸmalarla 

mᴅhdudlaĸmēr, hᴅm dᴅ iqtisadi aspektlᴅri nᴅzᴅrᴅ alaraq enerji bazarlarēnda dᴅyiĸikliklᴅrᴅ gᴅtirib ­ēxarēr. 

Enerji sᴅmᴅrᴅliliyi konsepsiyasē istifadᴅ olunan hᴅr bir enerji vahidindᴅn maksimum m¿mk¿n fayda 

ᴅldᴅ etmᴅyᴅ yºnᴅlmiĸdir. Aktiv istehlak­ēlar  qeyd edilᴅn mᴅqsᴅdlᴅrᴅ nail olmaq ¿­¿n m¿xtᴅlif 

strategiyalardan faydalanērlar: 

ï Ķnvestisiyalarēn vᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅnin geniĸlᴅndirilmᴅsi istiqamᴅtindᴅ 

g¿nᴅĸ panellᴅrinin, k¿lᴅk turbinlᴅrinin vᴅ bioyanacaq texnologiyalarēnēn tᴅtbiqi vᴅ fᴅrdi enerji istehsalēnēn 

artērēlmasē; 
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ï Aĵēllē enerji idarᴅetmᴅ sistemlᴅrinin tᴅtbiqinin geniĸlᴅndirilmᴅsi vᴅ tᴅkmillᴅĸdirilmᴅsi ¿zrᴅ enerji 

istehlakēnē optimallaĸdēran IoT (ᴄĸyalarēn Ķnterneti) cihazlarēndan vᴅ avtomatlaĸdērēlmēĸ idarᴅetmᴅ 

sistemlᴅrindᴅn istifadᴅ edilmᴅsi; 

ï Y¿ksᴅk enerji sᴅmᴅrᴅlilik gºstᴅricilᴅrinᴅ malik olan cihazlara ke­id vᴅ ya ñA+++ò enerji istehlakē 

sinfinᴅ aid mᴅiĸᴅt vᴅ sᴅnaye avadanlēqlarēnēn geniĸ tᴅtbiqi; 

ïEnerji istehlakēnēn rᴅqᴅmsallaĸdērēlmasē vᴅ optimallaĸdērēlmasē istiqamᴅtindᴅ enerji idarᴅetmᴅ 

platformalarēndan, enerji bazarēnda dinamik tarif modellᴅrindᴅn vᴅ fᴅrdi istehlak mᴅlumatlarēnēn tᴅhlili 

ᴅsasēnda hᴅllᴅrdᴅn istifadᴅsi. 

Aktiv istehlak­ēlar bu kimi yanaĸmalar sayᴅsindᴅ enerji tᴅlᴅbatēnē azaldēr vᴅ davamlē istehlak 

vᴅrdiĸlᴅrinin formalaĸmasēna fayda verirlᴅr. Digᴅr tᴅrᴅfdᴅn, onlarēn enerji sᴅmᴅrᴅliliyi sahᴅsindᴅ fᴅaliyyᴅti 

tᴅkcᴅ ĸᴅxsi qᴅnaᴅtlᴅ mᴅhdudlaĸmēr, hᴅm dᴅ ¿mumi iqtisadi vᴅ texnoloji proseslᴅrᴅ ᴅhᴅmiyyᴅtli m¿sbᴅt tᴅsir 

gºstᴅrir. 

Belᴅ ki,  

1. Y¿ksᴅk enerji sᴅmᴅrᴅli avadanlēqlara ke­id vᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅ etmᴅklᴅ 

enerji xᴅrclᴅrinᴅ 35%-ᴅ qᴅdᴅr qᴅnaᴅt m¿mk¿nd¿r Enerji xᴅrclᴅrinin azaldēlmasēna nail olmaq ¿­¿n,; 

2. Elektrik ĸᴅbᴅkᴅlᴅrindᴅ y¿k¿n azaldēlmasē ï elektrik tᴅchizatē sistemlᴅrindᴅki pik y¿klᴅri fᴅrdi 

istehsal sistemlᴅri vᴅ intellektual idarᴅetmᴅdᴅn istifadᴅ etmᴅklᴅ optimallaĸdērmaq olar; 

3. Enerji tᴅhl¿kᴅsizliyinin artērēlmasē ï yerli istehsal olunan bᴅrpa olunan enerjinin payēnē artērmaqla 

enerji idxalēna ehtiyac azaldēla bilᴅr; 

4. Azaldēlmēĸ karbon emissiyalarē ï beynᴅlxalq tᴅdqiqatlar gºstᴅrir ki, bᴅrpa olunan enerji 

mᴅnbᴅlᴅrindᴅn geniĸ istifadᴅ atmosferᴅ karbon emissiyalarēnē 40%-ᴅ qᴅdᴅr azalda bilᴅr. 

Aktiv istehlak­ēlar enerji sektorunda davamlē vᴅ m¿sbᴅt inkiĸafēn tᴅmin edilmᴅsindᴅ ᴅsas rol 

oynayērlar. Bu istiqamᴅtdᴅ inkiĸafē s¿rᴅtlᴅndirmᴅk ¿­¿n bir sēra m¿h¿m addēmlarēn atēlmasē mᴅqsᴅdᴅuyĵun 

hesab edilir. Bunlardan: 

ï Tᴅnzimlᴅyici stimullarēn tᴅtbiqi ï enerjiyᴅ qᴅnaᴅt edᴅn cihazlara vᴅ bᴅrpa olunan enerji 

mᴅnbᴅlᴅrinᴅ ke­idi tᴅĸviq edᴅn subsidiyalar vᴅ vergi g¿zᴅĸtlᴅri; 

ï Ķctimai mᴅlumatlēlēĵēn artērēlmasē ï enerji sᴅmᴅrᴅliliyi vᴅ ekoloji mᴅsuliyyᴅt haqqēnda 

mᴅlumatlēlēĵēn artērēlmasē ¿­¿n geniĸmiqyaslē tᴅhsil vᴅ maariflᴅndirmᴅ proqramlarēnēn hᴅyata ke­irilmᴅsi; 

ï Texnoloji innovasiyalarēn tᴅĸviqi ï Smart Grid sistemlᴅrinin vᴅ s¿ni intellektᴅ ᴅsaslanan enerji 

idarᴅetmᴅ hᴅllᴅrinin geniĸlᴅndirilmᴅsi; 

ï Dºvlᴅt-ºzᴅl ᴅmᴅkdaĸlēĵēn g¿clᴅndirilmᴅsi ï enerji sᴅmᴅrᴅliliyi vᴅ bᴅrpa olunan enerji 

texnologiyalarēnē inkiĸaf etdirmᴅk ¿­¿n dºvlᴅt-ºzᴅl ᴅmᴅkdaĸlēq mexanizmlᴅrinin yaradēlmasē. 

Bu tᴅdbirlᴅrin hᴅyata ke­irilmᴅsi enerji sektorunda sᴅmᴅrᴅliliyi artēracaq, ᴅtraf m¿hitᴅ tᴅsirlᴅri 

minimuma endirᴅcᴅk vᴅ qlobal dayanēqlē inkiĸaf mᴅqsᴅdlᴅrinᴅ nail olmaĵa tºhfᴅ verᴅcᴅk. 

Aktiv istehlak­ē konsepsiyasēnēn istᴅnilᴅn ºlkᴅdᴅ tᴅtbiqi, ekoloji dayanēqlēĵēn artērēlmasē, yerli enerji 

iqtisadiyyatēnēn g¿clᴅndirilmᴅsi vᴅ innovativ texnologiyalarēn tᴅĸviqi kimi m¿xtᴅlif makro vᴅ mikroiqtisadi 

tᴅsirlᴅri ᴅks etdirᴅn m¿asir modelᴅ ᴅsaslanēr. Enerji sᴅmᴅrᴅliliyi vᴅ effektivliyi faydalarē, Bᴅrpa olunan enerji 

mᴅnbᴅlᴅrinin geniĸmiqyaslē tᴅtbiqinin vᴅ gᴅlᴅcᴅk inkiĸaf perspektivlᴅrinin potensial risklᴅrinin dᴅrin tᴅhlili 

m¿vafiq strateji addēmlarē ºz¿ndᴅ ᴅks etdirir. Burada, Aktiv istehlak­ē funksiyalarēnēn ĸamil edildiyi 

subyektdᴅn enerji tᴅhl¿kᴅsizliyi prinsiplᴅrinᴅ qᴅdᴅr m¿ĸahidᴅ edilᴅn enerji m¿badilᴅsi zᴅncirinin 

mºhkᴅmlᴅndirilmᴅsi mᴅqsᴅdilᴅ nºvbᴅti m¿h¿m islahatlarēn aparēlmasē beynᴅlxalq tᴅcr¿bᴅ baxēmēndan zᴅruri 

hesab edilir: 

1. Ķnstitusional vᴅ qanunvericilik bazasēnēn g¿clᴅndirilmᴅsi:yaĸēl istehsalēn vᴅ istehlak n¿munᴅlᴅrinin 

tᴅĸviqi ¿­¿n dºvlᴅt sᴅviyyᴅsindᴅ normativ-h¿quqi bazalarēn iĸlᴅnib hazērlanmasē vᴅ tᴅtbiqi 

geniĸlᴅndirilmᴅlidir. Fᴅrdi istehlak­ēlarē vᴅ m¿ᴅssisᴅlᴅri ekoloji cᴅhᴅtdᴅn dayanēqlē modellᴅrᴅ ke­mᴅyᴅ tᴅĸviq 

etmᴅk ¿­¿n maariflᴅndirmᴅ proqramlarē hᴅyata ke­irilmᴅlidir. 

2. Maliyyᴅ stimullarēnēn yaradēlmasē: yaĸēl iqtisadiyyatēn inkiĸafē ¿­¿n hºkumᴅt subsidiyalarē, vergi 

g¿zᴅĸtlᴅri vᴅ ekoloji innovasiyalara investisiyalarēn artērēlmasē tᴅĸviq edilmᴅlidir. Hºkumᴅt vᴅ biznes 

strukturlarē arasēnda ekoloji layihᴅlᴅrin birgᴅ hᴅyata ke­irilmᴅsi vᴅ yaĸēl texnologiyalar sahᴅsindᴅ 

ᴅmᴅkdaĸlēĵēn geniĸlᴅndirilmᴅsi vacibdir. 

3. Ķctimai davranēĸēn dᴅyiĸdirilmᴅsi: aktiv istehlak­ēlar ºz tᴅcr¿bᴅlᴅrini vᴅ uĵurlarēnē bºl¿ĸmᴅklᴅ 

baĸqalarēnē ekoloji cᴅhᴅtdᴅn tᴅmiz hᴅyat tᴅrzi se­mᴅyᴅ sºvq edᴅ bilᴅr ki, bu da insanlarēn daha ĸ¿urlu vᴅ ᴅtraf 

m¿hitᴅ qarĸē mᴅsuliyyᴅtli istehlak­ēlar olmasēna tᴅsir gºstᴅrᴅ bilᴅr. 

¥lkᴅmizdᴅ bu istiqamᴅtdᴅ, bir sēra normativ-h¿quqi bazanēn yaxĸēlaĸdērēlmasē, gᴅlᴅcᴅk bᴅrpa olunan 

enerji mᴅnbᴅlᴅri sahiblᴅrinin (150kVt-adᴅk) ñyaĸēl g¿zᴅĸtò imkanlarēndan daha ­ox yararlanmasē vᴅ enerji 

tᴅhl¿kᴅsizliyi baxēmēndan paylanmēĸ generasiya mᴅnbᴅlᴅrinin sayēnēn artērēlmasē ¿­¿n ilkin islahatlara start 

verilib. Nºvbᴅti mᴅrhᴅlᴅdᴅ, Aktiv Ķstehlak­ē vᴅ Prosyumer kateqoriyalarēnēn mᴅrkᴅzlᴅĸdirilmiĸ enerji 
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idarᴅetmᴅ sistemlᴅrinᴅ inteqrasiyasē vᴅ ᴅlveriĸli tarif m¿hitindᴅ inkiĸaf tendensiyalarēnēn formalaĸmasē 

nᴅzᴅrdᴅ tutulur. 
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Summary 

ACTIVE CONSUMER IN DISTRIBUTION ELECTRICITY NETWORKS  

Gasēmzade A.R. 

 

The presented article explores the concept of the active consumer and its impact on the energy sector and the economy. The 

concept of an active consumer is based on sustainable consumption and energy management methods and takes into account both 

individual choices and social and ecological systems. The complexity of the modern economy and the increase in environmental risks 

require the assessment of consumer behavior using new approaches. At the same time, recommendations are given for increasing 

environmental sustainability and  the use of digital solutions. 

Keywords: active consumer, energy sector, energy efficiency, ecological sustainability, economic impacts 

 
ʈʝʬʝʨʘʪ 

ɸʂʊʀɺʅʓʁ ʇʆʊʈɽɹʀʊɽʃʔ ɺ ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɽʊʗʍ 

ʂʘʩʠʤʟʘʜʝ ɸ.ʈ. 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪ ʧʦʥʷʪʠʝ ʘʢʪʠʚʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʢʪʦʨ ʠ 

ʵʢʦʥʦʤʠʢʫ. ʂʦʥʮʝʧʮʠʷ ʘʢʪʠʚʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʝʪʦʜʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʝʡ, 

ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʪʘʢ ʠ ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʉʣʦʞʥʦʩʪʴ 

ʩʦʚʨʝʤʝʥʥʦʡ  ʵʢʦʥʦʤʠʢʠ ʠ ʨʦʩʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʪʨʝʙʫʶʪ ʦʮʝʥʢʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ. ʊʘʢʞʝ ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʶ ʮʠʬʨʦʚʳʭ  

ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʪʠʚʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

 

 

PAYLAYICI ķᴄBᴄKᴄNĶN MODERNĶZASĶYASI ï DAYANIQLI ĶNKĶķAF HᴄLLᴄRĶ 

 

Beyin Mϸrkϸzi Analitik Tϸkmillϸĸdirmϸ qrupu: 

H¿seynov Tariq Elĸᴅn oĵlu 

Babayeva Zᴅrif ᴅ Eldar qēzē 

ñAzϸriĸēqò ASC, Tϸdris vϸ Ķnnovasiyalar Mϸrkϸzi, Bakē, Azϸrbaycan 

azerisiq.beyin.merkezi@gmail.com 

tariqhuseynov@yahoo.com 

zerife.babayeva7@gmail.com 

 
X¿lasᴅ. Bu mᴅqalᴅdᴅ paylayēcē ĸᴅbᴅkᴅnin ᴅnᴅnᴅvi 35/10(6) ï 10(6)/0,4 kV-luq ¿­ pillᴅli elektrik tᴅchizat sisteminin 35/0,4 

kV-luq iki pillᴅli elektrik tᴅchizat sisteminᴅ ke­id imkanlarē vᴅ onun enerji sᴅmᴅrᴅliliyin ᴅ tᴅsiri araĸdērēlēr. Tᴅklif edilᴅn m¿asir model 

ºz¿ ilᴅ bᴅrabᴅr, digᴅr innovativ texnologiyalarēn tᴅtbiqini dᴅ tᴅĸviq edir. Bu layihᴅ, paylayēcē ĸᴅbᴅkᴅdᴅ texniki itkilᴅrin kᴅskin 

azalmasēna, tᴅbii qaz sᴅrfiyyatēna qᴅnaᴅt etmᴅyᴅ vᴅ COϜ emissiyalarēnēn minimuma endirilmᴅsinᴅ ĸᴅrait yaradēr. Hᴅm­inin, qᴅzalarēn 

baĸ vermᴅ tezliyi aĸaĵē d¿ĸᴅrᴅk, SAĶDĶ/SAĶFĶ keyfiyyᴅt gºstᴅricilᴅrinin  vᴅ ĸᴅbᴅkᴅ dayanēqlēĵēnēn artmasēna gᴅtirib ­ēxarēr, bu isᴅ 

dayanēqlē enerji hᴅllᴅrinin tᴅtbiqi baxēmēndan m¿h¿m ᴅhᴅmiyyᴅt daĸēyēr. 

A­ar sºzlᴅr:  Pķ - paylayēcē ĸᴅbᴅkᴅ, SAIDI ï enerji tᴅchizatēnda illik ortalama fasilᴅ m¿ddᴅti, SAIFI ï enerji tᴅchizatēnda 

illik ortalama fasilᴅ sayē, BOEM  - bᴅrpa olunan enerji mᴅnbᴅlᴅri, CO2 - karbon qazē emissiyasē, DGY - dᴅrin giriĸli yarēmstansiya, 

HEVX  - hava elektrik veriliĸ xᴅtti 

 

Elektroenergetika sistemindᴅ paylayēcē ĸᴅbᴅkᴅnin modernizasiyasē prosesindᴅ ᴅsas rol oynayan 

problemlᴅrdᴅn biri dᴅ enerji itkilᴅrinin minimuma salēnmasēdēr. Ķstismar m¿ddᴅtini bitirmiĸ, iĸ gºrmᴅ 

qabiliyyᴅti kºhnᴅ sistemlᴅ hᴅyata ke­irilᴅn elektrik avadanlēqlarē zamanla ĸᴅbᴅkᴅnin dayanēqlēĵē, stabilliyinᴅ 
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kᴅskin tᴅsir edir. Enerji itkisi sadᴅ mᴅhfum  deyildir, hazērda sᴅrvᴅtlᴅrin azalmasē tᴅhl¿kᴅsi ilᴅ ¿z-¿zᴅ 

olduĵumuzu nᴅzᴅrdᴅ tutsaq, itki, ºlkᴅmizin tᴅbii sᴅrvᴅtlᴅrinin israf edilmᴅsi demᴅkdir. M¿asir tendensiyalara 

baxsaq, Azᴅrbaycan respublikasē da olmaqla, d¿nya ºlkᴅlᴅri qlobal istilᴅĸmᴅnin mᴅnfi tᴅsirlᴅrindᴅn ᴅziyyᴅt 

­ᴅkir vᴅ bu sᴅbᴅbdᴅn, ᴅtraf m¿hitin qorunmasē ¿zrᴅ m¿xtᴅlif tᴅĸviqetmᴅ prosedurlarē hᴅyat ke­irilir. Bu 

mᴅqsᴅdlᴅ, Azᴅrbaycan 2030-cu ilᴅ qᴅdᴅr qarĸēsēna enerji istehsalēnda bᴅrpa olunan enerji 

mᴅnbᴅlᴅrinin(BOEM) payēnē 30%-ᴅ qᴅdᴅr artērmaq, CO2 emissiyalarēnē isᴅ 35%-ᴅ qᴅdᴅr azaltmaq hᴅdᴅfi 

qoymuĸdur.  

Mºvcud ¿­ pillᴅli elektrik tᴅchizat sxemindᴅ gᴅrginliyin aĸaĵē sᴅviyyᴅdᴅ ºt¿r¿lmᴅsi xᴅtlᴅrdᴅ artēq 

y¿klᴅnmᴅyᴅ, cᴅrᴅyan sēxlēĵēnēn artmasēna, uyĵun olaraq, avadanlēqlarēn qēzmasēna vᴅ nᴅticᴅdᴅ aktiv enerji 

itkilᴅrinin ­oxalmasēna sᴅbᴅb olur. Artēq y¿klᴅnmᴅ sᴅviyyᴅsinin artmasē ĸᴅbᴅkᴅdᴅ tez-tez qᴅza a­ēlmalarēna 

gᴅtirib ­ēxarēr ki, bu da SAĶDĶ vᴅ SAĶFĶ keyfiyyᴅt gºstᴅricilᴅrinin pislᴅĸmᴅsinᴅ gᴅtirib ­ēxarēr. [5] ᴄsasᴅn, 

10, 6 kV gᴅrginlikli ĸᴅbᴅkᴅlᴅrᴅ aid elektrik qurĵularēnda baĸ verᴅn artēq y¿klᴅnmᴅlᴅr, qēsa qapanmadan qᴅza 

a­ēlmalarē ĸᴅbᴅkᴅnin etibarlēlēĵēnēn aĸaĵē d¿ĸmᴅsi, gᴅrginlik oynamalarē vᴅ stabilliyin pozulmasē ilᴅ 

nᴅticᴅlᴅnir [6]. Bu baxēmdan paylayēcē ĸᴅbᴅkᴅyᴅ mºvcud ¿­ pillᴅli elektrik tᴅchizat sxemindᴅn 35/0,4 kV-luq 

iki pill ᴅli sxemin tᴅtbiqi texniki - enerji itkilᴅrinin azaldēlmasē, ĸᴅbᴅkᴅnin etibarlēlēĵēnēn artērēlmasē vᴅ 

dayanēqlē enerji hᴅdᴅflᴅrinᴅ nail olunmasē baxēmēndan zᴅruri hesab olunur. 

M¿asir ĸᴅhᴅr ĸᴅbᴅkᴅlᴅrindᴅ iri m¿ᴅssisᴅlᴅr yerlᴅĸᴅn ᴅrazilᴅrdᴅ ᴅnᴅnᴅvi ­oxpillᴅli tᴅchizat 

sisteminlᴅrin ᴅvᴅzinᴅ dᴅrin giriĸli yarēmstansiya(DGY) adlanan sistemdᴅn istifadᴅ edilir. Belᴅ sxem 

transformasiya pillᴅlᴅri vᴅ aparatlarēnēn az sayda olmasē, y¿ksᴅk gᴅrginlikdᴅn birbaĸa aĸaĵē gᴅrginliyᴅ ke­id 

edᴅrᴅk iĸlᴅdicilᴅrᴅ maksimum yaxēnlaĸmasē ilᴅ m¿ᴅyyᴅn olunur. Dᴅrin giriĸ yarēmstansiyalarēn xᴅtlᴅri 

iĸlᴅdicilᴅrin ᴅrazisi boyunca ke­ir vᴅ budaqlanmalara ayrēlaraq bu yarēmstansiyalarla birlᴅĸir.[6] Bu 

yarēmstansiyalarēn ᴅsas x¿susiyyᴅti aralēq gᴅrginlik pillᴅrinin olmamasēdēr ki, bu da ᴅsasᴅn 10 vᴅ 6 kV 

gᴅrginlikli hava elektrik veriliĸ xᴅtlᴅrinin lᴅĵv edilmᴅsi ilᴅ xarakterizᴅ olunur. ᴄsasᴅn, 35/0,4 vᴅ ya 20/0,4 

kV gᴅrginlik pillᴅsinᴅ uyĵun DGY-lar tᴅtbiq edilir. Quraĸdērēlan ᴅnᴅnᴅvi 110/35/10(6) ï 10(6)/0,4 kV-luq 

yarēmstansiyalarēn kapital dᴅyᴅrinin artmasēnē, onlarēn tutduĵu torpaq sahᴅlᴅrinin geniĸliyini vᴅ bahalēĵēnē 

nᴅzᴅrᴅ alsaq, bu sxemdᴅ istifadᴅ olunan xᴅtlᴅrin vᴅ elektrik qurĵularēnēn lᴅĵv edilmᴅsi ilᴅ bºy¿k texniki-

iqtisadi ¿st¿nl¿klᴅr ᴅldᴅ etmᴅk m¿mk¿nd¿r[7]. Paylayēcē Elektrik ķᴅbᴅkᴅlᴅrinin topoqrafik sxemindᴅ 

gᴅrginlik pillᴅsinin sadᴅlᴅĸdirilmᴅsi nᴅticᴅsindᴅ: 

1. Tᴅmir vᴅ istismar hᴅcmi azaldēlēr - 10kV gᴅrginlik sinfi ¿­¿n tᴅlᴅb olunan texniki vᴅ tᴅĸkilati iĸlᴅrin 

hᴅcmi azalēr; 

2. Aĵēllē ĸᴅbᴅkᴅ elementlᴅrinin tᴅtbiqi vᴅ operativ ᴅmᴅliyyatlarēn azaldēlmasē imkanē - rᴅqᴅmsallaĸmaya 

vᴅ intellektual idarᴅetmᴅ mᴅntᴅqᴅlᴅrinᴅ vᴅ sisteminᴅ ke­id xᴅrclᴅri azalēr; [1] 

3. Qᴅzalarēn sayēnēn vᴅ bᴅrpa m¿ddᴅtinin azaldēlmasē yᴅni, SAĶDĶ vᴅ SAĶFĶ gºstᴅricil iᴅrinin 

yaxĸēlaĸdērēlmasē[3] - elektrik enerjisinin veriliĸindᴅ ¿mumi fasilᴅlᴅrin 53%-i 10 - 6 kV-luq 

ĸᴅbᴅkᴅlᴅrin payēna d¿ĸ¿r; 

4. ķᴅbᴅkᴅdᴅ rejim sabitliyinin tᴅmin edilmᴅsi - enerjiyᴅ tᴅlᴅbat vᴅ enerjinin keyfiyyᴅtinᴅ nᴅzarᴅt iki 

mᴅrhᴅlᴅli sxem ¿zrᴅ daha ­evik ĸᴅkildᴅ hᴅyata ke­irilir; 

5. Qᴅnaᴅt olunmuĸ elektrik enerjisi vᴅ yanacaq sᴅrfinin azaldēlmasē hesabēna respublikanēn qaz ixrac 

potensialēnēn artērēlmasē; 

6. Karbon qazēnēn azaldēlmasē hesabēna ekoloji m¿hitin yaxĸēlaĸdērēlmasē; 

7. Tᴅhl¿kᴅsizlik zonasēnēn 35-20 m-dᴅn 6 m-ᴅ kimi d¿ĸmᴅsi nᴅticᴅsindᴅ ᴅlavᴅ torpaq sahᴅlᴅrinin (63 

min ha) xalq tᴅsᴅrr¿fatēna qaytarēlmasē; 

8. Transformator sayēnēn 20% (6814 MVt) azalmasē hesabēna reaktiv enerji tᴅlᴅbatēnēn (ᴅlavᴅ itkilᴅrin) 

azalmasē kimi ¿st¿nl¿klᴅrᴅ malikdir. 

35/0,4 kV-luq sadᴅlᴅĸdirilmiĸ sxemin tᴅtbiqi ºz¿ ilᴅ bᴅrabᴅr baĸqa innovasiyalarē da tᴅtbiq etmᴅyᴅ 

tᴅĸviq edir ki, bunlardan biri dᴅ ­ēlpaq naqilli hava xᴅtlᴅrinin m¿hafizᴅli ºz¿daĸēyan izolyasiyalē 

kabellᴅrlᴅ(¥ĶN) ᴅvᴅz olunmasēdēr. Azᴅrbaycanda bu sistemin tᴅtbiqi 10-6/0,4 kV-luq ĸᴅbᴅkᴅyᴅ aid 

avadanlēqlarēn lᴅĵvi nᴅticᴅsindᴅ Pķ-nin xeyli sadᴅlᴅĸmᴅsinᴅ sᴅbᴅb olacaqdēr. Belᴅ ki, ᴅnᴅnᴅvi ­ēlpaq 

naqillᴅrlᴅ ­ᴅkilmiĸ EVX-lᴅrdᴅn fᴅrqli olaraq, m¿hafizᴅli elektrik verliĸ xᴅtlᴅrindᴅ (MEVX) istifadᴅ olunan 

naqillᴅr bir ne­ᴅ m¿sbᴅt konstruktiv x¿susiyyᴅtlᴅrᴅ yᴅni, elektrik ke­irici naqilin izolyasiya tᴅbᴅqᴅsi ilᴅ 

ºrt¿lmᴅsi, y¿ksᴅk mexaniki mºhkᴅmliyi, asma vᴅ budaqlanmalarda x¿susi aksesuarlardan istifadᴅ 

edilmᴅsinᴅ malik olmasēdēr. ᴄnᴅnᴅvi HEVX ilᴅ m¿qayisᴅdᴅ ¥ĶN ï m¿hafizᴅli naqillᴅr bir-birinᴅ yaxēn 

yerlᴅĸdiyinᴅ gºrᴅ induktiv vᴅ ya reaktiv m¿qavimᴅt azalēr. Bu da yeni xᴅtlᴅrdᴅ itkilᴅrin daha aĸaĵē olmasēna 

sᴅbᴅb olur ki,  uyĵun olaraq, enerji daĸēma qabiliyyᴅti dᴅ artēr. M¿hafizᴅli naqillᴅr ᴅtraf m¿hitin kᴅskin 

temperaturuna, izolyasiyasē ultrabᴅnºvĸᴅyi ĸ¿alara vᴅ ozon qatēna davamlēdēr. [1] M¿hafizᴅli ¥ĶN 

kabellᴅrinin digᴅr ¿st¿n cᴅhᴅtlᴅri aĸaĵēda qeyd olunmuĸdur:  

1. Texniki baxēĸ hᴅyata ke­irᴅn iĸ­i personal sayēnēn 2 dᴅfᴅyᴅ qᴅdᴅr azalmasē; 
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2. Ķllik material sᴅrfinin 25%-ᴅ qᴅdᴅr azalmasē; 

3. Texniki itkilᴅrin 9 ï 12%-dᴅn 3,5 ï 4%-ᴅ qᴅdᴅr minimuma endirilmᴅsi; 

4. Elektromaqnit sahᴅ ĸ¿alanmasē vᴅ ᴅtraf m¿hitᴅ tᴅsiri aĸaĵē sᴅviyyᴅdᴅ olmasē; 

5. Yanĵēn tᴅhl¿kᴅsi yaratmamasē. 

Ķkinci m¿asir layihᴅ isᴅ m¿hafizᴅli kabellᴅri daĸēyan kompazit ᴅsaslē dayaqlardēr. 35/0,4 kV-luq 

elektrik paylayēcē xᴅtlᴅr ¿­¿n dᴅmir-beton, metal konstruksiyalē dirᴅklᴅr ᴅvᴅzinᴅ ĸ¿ĸᴅ-lifli kompozit 

materialdan hazērlanmēĸ dirᴅklᴅrin tᴅtbiqi geniĸ ¿st¿nl¿klᴅrᴅ malikdir. Ķldērēm vurmasē vᴅ cᴅrᴅyanēn gºvdᴅyᴅ 

sēzmasē hallarēnda ᴅnᴅnᴅvi metal vᴅ dᴅmir-beton dirᴅklᴅrdᴅn daha yaxĸē dielektrik x¿susiyyᴅtlᴅrᴅ malikdir. 

[4] ᴄsasᴅn, kᴅnd vᴅ ucqar ᴅrazilᴅrdᴅ kompozit dirᴅklᴅrin istifadᴅsi texniki xidmᴅt m¿ddᴅtini azalda vᴅ 

iĸ­ilᴅrin iĸini y¿ng¿llᴅĸdirᴅ bilᴅr. Mºvcud dayaqlarēn daha tez sēradan ­ēxdēĵē sᴅrt iqlimlᴅrdᴅ kompozit 

materiallar infrastrukturun ºmr¿n¿ uzadēr, hᴅm ᴅmᴅliyyat, hᴅm dᴅ texniki xidmᴅt xᴅrclᴅrini azalda bilᴅr. [2] 

Kompozit ᴅsaslē dirᴅklᴅr ᴅnᴅnᴅvi metal vᴅ dᴅmir-beton dirᴅklᴅrlᴅ m¿qayisᴅdᴅ:  

1. Y¿ksᴅk dielektrik vᴅ mexaniki x¿susiyyᴅtlᴅrᴅ malikdir; Korroziyaya, sᴅrt iqlim vᴅ ᴅrazi 

ĸᴅraitinᴅ davamlēdēr; 

2. Y¿ng¿l olduĵuna gºrᴅ ­ᴅtin relyefli ᴅrazilᴅrᴅ rahatlēqla daĸēna bilir; 

3. Baxēm tᴅlᴅb olunmur vᴅ quraĸdērmaq asandēr; 

4. Uzunºm¿rl¿d¿r. [4] 

Aparēlan tᴅdqiqatlar gºstᴅrir ki, Pķ-dᴅ mºvcud 35/10(6)ï10(6)/0,4 kV-luq ¿­ pillᴅli elektrik tᴅchizat 

sxeminin 35/0,4 kV-luq iki pillᴅli sxemlᴅ ᴅvᴅz olunmasē texniki, iqtisadi vᴅ ekoloji baxēmēndan m¿h¿m 

ᴅhᴅmiyyᴅtᴅ vᴅ ¿st¿nl¿yᴅ malikdir. Aĸaĵē gᴅrginlik pillᴅlᴅrinin azaldēlmasē xᴅtlᴅrdᴅ vᴅ transformatorlarda 

aktiv enerji itkilᴅrinin aĸaĵē d¿ĸmᴅsinᴅ, avadanlēqlarēn y¿klᴅnmᴅ sᴅviyyᴅsinin optimallaĸdērēlmasēna vᴅ 

ĸᴅbᴅkᴅnin etibarlēlēĵēnēn artmasēna ĸᴅrait yaradēr. Bunun nᴅticᴅsindᴅ qᴅzalarēn baĸ vermᴅ tezliyi azalēr, 

SAĶDĶ vᴅ SAĶFĶ gºstᴅricilᴅri yaxĸēlaĸēr vᴅ enerji tᴅchizatēnēn stabilliyi artēr. 

Eynilᴅ, bu sxemin tᴅtbiqi m¿hafizᴅli ¥ĶN kabel xᴅtlᴅrinin vᴅ kompozit dayaqlarēn istifadᴅsini tᴅĸviq 

etmᴅklᴅ paylayēcē ĸᴅbᴅkᴅnin daha tᴅhl¿kᴅsiz, dayanēqlē vᴅ istismar baxēmēndan sᴅmᴅrᴅli qurulmasēna imkan 

verir. Enerji itkilᴅrinin azalmasē elektrik enerjisinin istehsalē zamanē tᴅlᴅb olunan tᴅbii qaz sᴅrfiyyatēnē 

minimuma endirir vᴅ nᴅticᴅdᴅ COϜ emissiya tullantēlarēnēn azalmasēna tºhfᴅ verir. Belᴅliklᴅ, 35/0,4 kV-luq 

iki pillᴅli ĸᴅbᴅkᴅ konfiqurasiyasē Pķ-nin modernizasiyasē, dayanēqlē enerji hᴅdᴅflᴅrinᴅ nail olunmasē vᴅ 

ekoloji m¿hitin qorunmasē baxēmēndan perspektivli hᴅll kimi qiymᴅtlᴅndirilᴅ bilᴅr. 

 

ᴄdᴅbiyyat  

1. Asian Infrastructure Investment Bank (AIIB). (2020). West Bengal Electricity Distribution Grid 

Modernization Project: Project Disclosure Document. AIIB Project Documents. 

2. Hassan, M. (2021). Degradation assessment of in-service aerial bundled cables in distribution networks. 

IET Generation, Transmission & Distribution, 15(12), 2001ï2012. 

3. Kamel, R. M. (2024). Enhancing the reliability and security of distribution networks through simplified 

voltage configurations. Energy Reports, 10, 1456ï1470. 

4. Kamweru, E. (2022). Composite electricity distribution poles: Technical and economic assessment. 

REREC & JKUAT Research Reports.  

5. Musaxanova G.S, Qasēmzadᴅ ¦.R, Ķbrahimzadᴅ S.P, Hᴅmidova A.M. ñAzᴅriĸēq ASC-nin Bakē Eķ ¿zrᴅ 

enerji tᴅchizatēnēn keyfiyyᴅt gºstᴅricilᴅrinin tᴅyin edilmᴅsi metodikasēò. Metodik vᴅsait., Bakē 2021. 

6. Sadēqov Qalib, Orucov Nᴅcᴅf, Mᴅmmᴅdov Elĸad. ñSᴅnaye Elektrik Tᴅchizatēò, Bakē 2015 

7. Zºhrabov A.E. ñElektrik Sistemlϸrinin Rejimlϸri vϸ Ķstismarēò, Bakē-2025, ADNSU-nin nᴅĸri.  

 
Summary 

MODERNIZATION OF THE DISTRIBUTION NETWORK ï SUSTAINABLE DEVELOPMENT SOLUTIONS  

Huseynov T.E., Babayeva Z.E. 

 

This article examines the possibilities of transitioning the traditional 35/10(6) ï 10(6)/0.4 kV three-phase power supply 

system of the distribution network to a 35/0.4 kV two-phase power supply system and its impact on energy efficiency. The proposed 

modern model also encourages the application of other innovative technologies. This project creates conditions for a sharp reduction 

in technical losses in the distribution network, saving natural gas consumption and minimizing COϜ emissions. It also leads to a 

decrease in the frequency of accidents, which leads to an increase in the quality indicators of SAĶDI/SAĶFI and network stability, 

which is of great importance in terms of the implementation of sustainable energy solutions. 

Key words: DN ï Distribution Network, SAIDI ï System Average Interruption Duration Index, SAIFI ï System Average 

Interruption Frequency Index, RES ï Renewable Energy Sources, COϜ ï Carbon Dioxide Emissions, DIS ï Deep-Infeed Substation, 

OPTL ï Overhead Power Transmission Line. 
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ʈʝʟʶʤʝ 

ʄʆɼɽʈʅʀɿɸʎʀʗ ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʆʁ ʉɽʊʀ ï ʈɽʐɽʅʀʗ ʋʉʊʆʁʏʀɺʆɻʆ ʈɸɿɺʀʊʀʗ 

ɻʫʩʝʡʥʦʚ ʊ.ʕ., ɹʘʙʘʝʚʘ ɿ.ʕ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʨʝʭʬʘʟʥʦ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 35/10(6) ï 10(6)/0,4 ʢɺ ʢ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ 35/0,4 ʢɺ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʦʚʨʝʤʝʥʥʘʷ ʤʦʜʝʣʴ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʶ ʜʨʫʛʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ 

ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʵʢʦʥʦʤʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʙʨʦʩʦʚ COϜ. ʆʥ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʯʘʩʪʦʪʳ ʘʚʘʨʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 
ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ SAĶDI/SAĶFI ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʪʠ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʉ ï ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʉʝʪʴ, SAIDI ï ʀʥʜʝʢʩ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʨʳʚʘʥʠʡ 

ʩʠʩʪʝʤʳ (System Average Interruption Duration Index), SAIFI ï ʀʥʜʝʢʩ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʳ ʧʨʝʨʳʚʘʥʠʡ ʩʠʩʪʝʤʳ (System Average 

Interruption Frequency Index), ɺʀʕ ï ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʀʩʪʦʯʥʠʢʠ ʕʥʝʨʛʠʠ, COϜ ï ɺʳʙʨʦʩʳ ʋʛʣʝʢʠʩʣʦʛʦ ɻʘʟʘ, ʇɻɺ ï 

ʇʦʜʩʪʘʥʮʠʷ ɻʣʫʙʦʢʦʛʦ ɺʚʦʜʘ, ɺʃʕ ï ɺʦʟʜʫʰʥʘʷ ʃʠʥʠʷ ʕʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 
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X¿lasᴅ. Tᴅdqiqat iĸindᴅ qēcqērma prosesi biokʘtʘlizʘtorun iĸtirʘkē ilᴅ termofil rejimdᴅ ʘpʘrēlēb. Temperʘtur, qʘrēĸdērmʘ 

rejimi vᴅ mᴅhluldʘ tullantēlarēn miqdarē analoji eksperimentdᴅ olduĵu kimi saxlanēlmēĸdēr [1, 2]. Prosesdᴅ mᴅhlulun hᴅcminin 2.0-2.5 

%-ni  biokʘtʘlizʘtor tᴅĸkil edib. Bu Tᴅcr¿bᴅdᴅ bioqʘzēn ʘyrēlmʘsē 2,5 sutkʘdʘn sonrʘ m¿ĸʘhidᴅ olunub vᴅ 10 sʘʘt  m¿ddᴅtindᴅ  s¿rᴅtli 

ʘrtēm ilᴅ sʘbit hᴅddᴅ (0,24 m3/s) ­ʘtēb.  

Tᴅcr¿bᴅlᴅrdᴅn ʘlēnʘn nᴅticᴅlᴅr gºstᴅrir ki,  biokʘtʘlizʘtor ʘnʘerob qēcqērmʘ  proseslᴅrini, ʘdi termofil rejimi ʘnʘerob 

qēcqērmʘ proseslᴅri ilᴅ m¿qʘyisᴅdᴅ 2,4-2,6 dᴅfᴅ  s¿rᴅtlᴅndirir vᴅ bioqʘzēn ʘyrēlmʘ s¿rᴅtini ʘdi termofil rejimi ʘnʘerob qēcqērmʘ 

prosesindᴅ olduĵundʘn 2 dᴅfᴅyᴅ yʘxēn y¿ksᴅlmᴅsinᴅ sᴅbᴅb olur. 

A­ar sºzlᴅr : biokatalizator, bioreaktor, bioqaz, qēcqērma, bioqaz, sinqaz, heyvandarlēq tullantēlarē, kanalizasiya 

­ºk¿nt¿lᴅri. 

 

ɸnʘerob qēcqērmʘ prosesini s¿rᴅtlᴅndirmᴅk vᴅ ʘyrēlʘn bioqʘzēn ­ēxēmēnē y¿ksᴅltmᴅk ¿­¿n 

trᴅfimizdᴅn yeyinti sᴅnʘyesinin tullʘntēlʘrē ᴅsʘsēndʘ, tᴅrkibi metʘn ᴅmᴅlᴅ gᴅtirᴅn bʘkteriyʘlʘr ilᴅ zᴅngin olʘn 

biokʘtʘlizʘtor hʘzērlʘnmēĸdēr. Biokʘtʘlizʘtorun ʘnʘerob qēcqērmʘ  prosesini s¿rᴅtlᴅndirmᴅsindᴅ vᴅ bioqʘzēn 

ʘyrēlmʘ s¿rᴅtinin y¿ksᴅlmᴅsindᴅ rolunu m¿ᴅyyᴅn  etmᴅk ¿­¿n tᴅcr¿bᴅlᴅr ʘpʘrēlmēĸdēr [3, 4]. Tᴅcr¿bᴅlᴅr hᴅm 

biokʘtʘlizʘtorsuz, hᴅm dᴅ biokʘtʘlizʘtor iĸtirakē ilᴅ termofil rejimdᴅ hᴅyʘtʘ ke­irilmiĸdir. ¦zvi mᴅnĸᴅli 

tullʘntē kimi iribuynuzlu malqara peyin vᴅ ĸᴅhᴅr kʘnʘlizʘsiyʘ ­ºk¿nt¿s¿ndᴅn istifʘdᴅ edilmiĸdir. Peyinin 

ʘnʘerob qēcqērdēlmʘ prosesinin fʘydʘlē hᴅcmi 2,4 m
3
, ĸᴅhᴅr  kʘnʘlizʘsiyʘ ­ºk¿nt¿lᴅrinin  ʘnʘerob qēcqērdēlmʘ 

prosesi isᴅ 20 m
3
 olʘn bioreʘktordʘ ʘpʘrēlmēĸdēr. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Proses biokʘtʘlizʘtorsuz, termofil rejimdᴅ ʘpʘrēlēb. Peyinin 10 %-li mᴅhlulu (quru k¿tlᴅ) fʘydʘlē 

hᴅsmi 2,4 m
3
 olʘn bioreʘktorʘ doldurulur, 48-52 

o
C ïyᴅ qᴅdᴅr qēzdērēlēr vᴅ bu intervʘldʘ temperʘtur sʘxlʘnēlēr 

[5]. Temperʘturun b¿t¿n nºqtᴅlᴅrdᴅ eyni olmʘsē vᴅ mᴅhlulun ¿zᴅrindᴅ  bᴅrk ᴅrp qʘtēnēn ᴅmᴅlᴅ gᴅlmᴅmᴅsi 
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ķϸkil. Bioqazēn ayrēlmasē dinamikasē. 

1 ïkatalizatorsuz, 2 ï katalizator iĸtirakē ilϸ prosesin fasilϸsiz iĸtirakē  

ilϸ prosesin fasilϸsiz rejimdϸ aparēlmasē (qērēq-qērēq xϸtlϸ gºstϸrilir)  
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¿­¿n  dºvri olʘrʘq qʘrēĸdērēlēr. Bioqʘzēn ʘyrēlmʘsē 6 sutkʘdʘn sonrʘ m¿ĸʘhidᴅ  olunur vᴅ 1 sutkʘ m¿ddᴅtindᴅ 

­ox ʘĸʘĵē ʘrtēm ilᴅ sʘbit hᴅddᴅ (0,15 m
3
/s)  ­ʘtēr. Sʘbit hᴅddᴅ (0,15 m

3
/s)  bioqʘzēn ʘyrēlmʘsē 1 sutkʘ dʘvʘm 

edir vᴅ sonrʘ ʘzʘlmʘĵʘ bʘĸlʘyēr. 

Peyinin ʘnʘerob qēcqērmʘ prosesinin biokʘtʘlizʘtorun iĸtirʘkē ilᴅ termofil rejimd ᴅ tᴅdqiqi . 

Proses biokʘtʘlizʘtorun iĸtirʘkē ilᴅ termofil rejimdᴅ ʘpʘrēlēb. Temperʘtur, qʘrēĸdērmʘ rejimindᴅ vᴅ mᴅhluldʘ 

peyinin miqdʘrēnēn anoloji tᴅcr¿bᴅdᴅ  olduĵu kimidir [6, 7]. Lʘkin, burʘdʘ  mᴅhlulun  hᴅcminin 2 %-ni 

biokʘtʘlizʘtor tᴅĸkil edir. Bu eksperimentdᴅ bioqʘzēn ʘyrēlmʘsē 2,5 sutkʘdʘn sonrʘ m¿ĸʘhidᴅ olunur vᴅ  10 

sʘʘt m¿ddᴅtindᴅ s¿rᴅtli ʘrtēm ilᴅ sʘbit hᴅddᴅ (0,27 m
3
/s) ­ʘtēr. Sʘbit hᴅddᴅ (0,27 m

3
/s) bioqʘzēn ʘyrēlmʘsē 1 

sutkʘ dʘvʘm edir vᴅ sonrʘ 1- ci eksperimentdᴅ olduĵundʘn dʘhʘ  s¿rᴅtli olʘrʘvq ʘzʘlmʘĵʘ bʘĸlʘyēr. Bunun 

sᴅbᴅbi bioqʘzēn sʘbit ʘyrēlmʘ hᴅddinin (0,27 m
3
/s) 1-ci eksperimentdᴅki bioqʘzēn sʘbit ʘyrēlmʘ  hᴅddindᴅn 

(0,15 m
3
/s) 2 dᴅfᴅyᴅ yʘxēn ­ox olmʘsēdēr. 

ķᴅhᴅr kʘnʘlizʘsiyʘ ­ºk¿nt¿lᴅrinin  ʘnʘerob qēcqērmʘ prosesinin termofil rejimdᴅ tᴅdqiqi 

edilmiĸdir. Proses biokʘtʘlizʘtorsuz, termofil rejimdᴅ ʘpʘrēlēb. Kʘnʘlizʘsiyʘ ­ºk¿nt¿s¿n¿n 10 %-li (quru 

k¿tlᴅ ) mᴅhlulu fʘydʘlē  hᴅcmi 20 m
3
 olʘn bioreʘktorʘ doldurulur, 48-52 

o
C-yᴅ qᴅdᴅr qēzdērēlēr vᴅ bu 

intervʘldʘ  temperʘtur sʘxlʘnēlēr. Bioqʘzēn ʘyrēlmʘsē 6,5 sutkʘdʘn sonrʘ m¿ĸʘhidᴅ olunur vᴅ 1,5 sutkʘ 

m¿ddᴅtindᴅ ­ox ʘĸʘĵē ʘrtēm ilᴅ sʘbit hᴅddᴅ (0,13 m
3
/s) ­ʘtēr. Sʘbit hᴅcmdᴅ bioqʘzēn ʘyrēlmʘsē 1 sutkʘ  dʘvʘm 

edir vᴅ sonrʘ ʘzʘlmʘĵʘ bʘĸlʘyēr. 
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ʈʝʟʶʤʝ 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ɸʅɸʕʈʆɹʅʆʁ ʌɽʈʄɽʅʊɸʎʀʀ ʆʊʍʆɼʆɺ ʉ 

ʋʏɸʉʊʀɽʄ ɹʀʆʂɸʊɸʃʀɿɸʊʆʈɸ 

ʄʫʨʘʜʦʚ ʄ.ʄ., ʅʘʟʘʨʦʚʘ ʄ.ʂ., ɻʘʨʘʝʚʘ ʀ.ʕ., ɺʘʣʠʝʚʘ ʂ.ʉ., ʐʠʨʠʥʦʚʘ ɻ.ʉ., ɸʣʠʝʚʘ ʃ.ʀ. 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩ ʬʝʨʤʝʥʪʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʪʝʨʤʦʬʠʣʴʥʦʤ ʨʝʞʠʤʝ ʩ ʫʯʘʩʪʠʝʤ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ, ʨʝʞʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʚ ʨʘʩʪʚʦʨʝ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ, ʢʘʢ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ [1, 

2]. ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 2,0ï2,5% ʦʪ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ. ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʛʘʟʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʯʝʨʝʟ 2,5 ʜʥʷ ʠ ʜʦʩʪʠʛʣʦ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ (0,24 ʤ3/ʩ) ʩ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʘʥʘʵʨʦʙʥʦʛʦ 

ʙʨʦʞʝʥʠʷ ʚ 2,4-2,6 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʨʤʦʬʠʣʴʥʳʤʠ ʘʥʘʵʨʦʙʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʙʨʦʞʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʙʠʦʛʘʟʘ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʨʤʦʬʠʣʴʥʳʤʠ ʘʥʘʵʨʦʙʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʙʨʦʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʢʘʪʘʣʠʟʘʪʦʨ, ʙʠʦʨʝʘʢʪʦʨ, ʙʠʦʛʘʟ, ʬʝʨʤʝʥʪʘʮʠʷ, ʙʠʦʛʘʟ, ʩʠʥʪʝʟ-ʛʘʟ, ʦʪʭʦʜʳ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, 

ʦʩʘʜʦʢ ʩʪʦʯʥʳʭ ʚʦʜ. 
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Summary 

AN EXPERĶMENTAL STUDY OF ANAEROBĶC WASTE FERMENTATĶON USĶNG A BĶOCATALYST 

Muradov M.M. , Nazarova M.K. , Garaeva I.E., Valieva K.S., Shirinova G.S., Aliyeva L.I.  

 

During the study, the fermentation process was carried out in thermophilic mode using a biocatalyst. The temperature, 

stirring conditions, and amount of waste in the solution were maintained as in a similar experiment [1, 2]. The biocatalyst content 

was 2.0ï2.5% of the solution volume. In this experiment, biogas production was observed after 2.5 days and reached a steady state 

(0.24 m3/s) with rapid growth within 10 hours. The results obtained during the experiments show that the biocatalyst accelerates 

anaerobic fermentation processes by 2.4-2.6 times compared to traditional thermophilic anaerobic fermentation processes and leads 

to an approximately two-fold increase in the rate of biogas production compared to traditional thermophilic anaerobic fermentation 

processes. 

Keywords: biocatalyst, bioreactor, biogas, fermentation, biogas, syngas, livestock waste, sewage sludge. 
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BĶOKɸTɸLĶZɸTORUN ĶķTĶRɸKI ĶLᴄ TERMOFĶL REJĶMDᴄ TᴄDQĶQĶ 

 

M.M.Muradov, M.K.N ᴅzᴅrova, Ķ.E.Qarayeva,  

M.S.Pirquliyeva, K.S.Vᴅliyeva, S.G.Kᴅrimova 

Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan 

Mahal.Muradov@sdu.edu.az, mailoglu@mail.ru 

 
X¿lasᴅ. Tᴅqdim olunan iĸ ĸᴅhᴅr kʘnʘlizʘsiyʘ ­ºk¿nt¿lᴅrinin  ʘnʘerob qicqirmʘ prosesinin biokʘtʘlizʘtorun iĸtirʘki ilᴅ 

termofil rejimdᴅ tᴅdqiqinᴅ hᴅsr edilib. Tᴅdqiqatdan alēnan nᴅticᴅlᴅr gºstᴅrir ki, biokʘtʘlizʘtor ʘnʘerob qēcqērmʘ proseslᴅrini, ʘdi 

termofil rejimi ʘpʘerob qēcqērmʘ proseslᴅri ilᴅ m¿qʘyisᴅdᴅ 2,5-3.0 dᴅfᴅ s¿rᴅtlᴅndirir vᴅ bioqʘzēn ʘyrēlmʘ s¿rᴅtini ʘdi termofil rejimi 

ʘnʘerobqēcqērmʘ prosesindᴅ olduĵundʘn 2 dᴅfᴅdᴅn artēq y¿ksᴅlmᴅsinᴅ sᴅbᴅb olur. 

Burada bioreaktorda katalizatorun qarēĸdērēlmasē x¿susi olaraq ᴅsas amillᴅrdᴅn biri olduĵu m¿ᴅyyᴅn dilmiĸdir. Eyni 

zamanda heyvandarlēq tullantēlarē vᴅ kʘnʘlizʘsiyʘ ­ºk¿nt¿lᴅririnin ʘnʘerob qēcqērmʘ proseslᴅri ¿­¿n effektiv kʘtʘlizʘtor hʘzērlʘnmēĸ 

vᴅ sēnʘqdʘn ke­irilmiĸ, prosesin maddi balansē tᴅrtib edilmiĸdir. 

A­ar sºzlᴅr : biokatalizator, bioreaktor, bioqaz, qēcqērma, bioqaz, sinqaz, heyvandarlēq tullantēlarē, kanalizasiya ­ºk¿nt¿lᴅri. 

 

Tᴅdqiqat proses biokʘtʘlizʘtorun iĸtirʘkē ilᴅ termofil rejimdᴅ ʘpʘrēlēb. Prosesin temperʘturu, 

qʘrēĸdērmʘ rejimi vᴅ mᴅhluldʘ kʘnʘlizʘsiyʘ ­ºk¿nt¿s¿n¿n miqdʘrē analoji [1, 2] tᴅcr¿bᴅdᴅ olduĵu kimi 

saxlanēlēr. Lʘkin, burʘdʘ mᴅhlulun hᴅcminin 2 %-ni  biokʘtʘlizʘtor tᴅĸkil edir. Bu eksperimentdᴅ bioqʘzēn 

ʘyrēlmʘsē 2,5 sutkʘdʘn sonrʘ m¿ĸʘhidᴅ olunur vᴅ 10 sʘʘt  m¿ddᴅtindᴅ  s¿rᴅtli ʘrtēm ilᴅ sʘbit hᴅddᴅ (0,24 

m3/s) ­ʘtēr. Sʘbit hᴅddᴅ  (0,24 m3/s) bioqʘzēn ʘyrēlmʘsē 1 sutkʘ dʘvʘm edir vᴅ sonrʘ s¿rᴅtli ʘzʘlmʘĵʘ 

bʘĸlʘyēr. Bunun sᴅbsbi bioqʘzēn ʘyrēlmʘ s¿rᴅtinin 1-ci eksperimentdᴅki bioqʘzēn ʘyrēlmʘ s¿rᴅtindᴅn 2 dᴅfᴅyᴅ 

yʘxēn y¿ksᴅk olmʘsēdēr. 

Eksperimentlᴅrdᴅn ʘlēnʘn nᴅticᴅlᴅr gºstᴅrir ki, biokʘtʘlizʘtor ʘnʘerob qēcqērmʘ  proseslᴅrini, ʘdi 

termofil rejimi ʘpʘerob qēcqērmʘ proseslᴅri ilᴅ m¿qʘyisᴅdᴅ 2,4-2,6 dᴅfᴅ s¿rᴅtlᴅndirir vᴅ bioqʘzēn ʘyrēlmʘ 

s¿rᴅtini ʘdi termofil rejimi ʘnʘerobqēcqērmʘ prosesindᴅ olduĵundʘn 2 dᴅfᴅyᴅ yʘxēn y¿ksᴅlmᴅsinᴅ sᴅbᴅb olur. 

Bir ­ox ᴅdᴅbiyyʘtlʘrdʘ [2-4] bioreʘktordʘn ­ēxʘrēlʘn qēcqērmēĸ vᴅ  orʘyʘ ᴅlʘvᴅ olunʘn yeni  mᴅhlulun 

fʘydʘlē hᴅcmin 15%-ni  ke­ᴅ bilmᴅmᴅsi qeyd olunur. Lʘkin, bizim  iĸlᴅyib hʘzērlʘdēĵēmēz  biokʘtʘlizʘtorun 

iĸtirʘkē ilᴅ ʘpʘrēlʘn eksperimenlᴅrdᴅn ʘlēnʘn nᴅticᴅlᴅr gºstᴅrir ki, bioreʘktordʘn g¿ndᴅlik  ­ēxʘrēlʘcʘq 

qēcqērmēĸ vᴅ orʘyʘ ᴅlʘvᴅ olunʘcʘq yeni mᴅhlulu  fʘydʘlē hᴅcmin 30 %-nᴅ qᴅdᴅr ʘrtērmʘq olʘr [5]. Bu dʘ, 

nᴅticᴅdᴅ bioqʘzēn vᴅ biog¿brᴅnin ­ēxēmēnē y¿ksᴅldᴅcᴅk. Biokʘtʘlizʘtor itkisi olmʘmʘsē ¿­¿n ¿zvi mᴅnĸᴅli 

tullʘntēnēn (peyin, kʘnʘlizʘsiyʘ ­ºk¿nt¿s¿) bioreʘktordʘn ­ēxʘrēlmēĸ vᴅ qēcqērmēĸ k¿tlᴅsi ʘyrēlmēĸ mᴅhluldʘ 

hʘzērlʘnmʘsē mᴅqsᴅdᴅ uyĵundur. 

ᴄmᴅlᴅ gᴅlmiĸ qēcqērmēĸ k¿tlᴅdᴅn gºt¿r¿lm¿ĸ n¿munᴅlᴅr ¿zᴅrindᴅ ɸMEɸ çTorpʘqĸ¿nʘslēq vᴅ 

ɸqrokimyʘè Ķnstitutundʘ tᴅhlillᴅr ʘpʘrēlmēĸ vᴅ ʘĸʘĵēdʘkē  nᴅticᴅlᴅr alēnmēĸdēr: 

            
Ph ɸzot, mq/kq Fosfor  P2O5, mq/kq Kʘlium K2O,  

mq/kq N/NH3 N / NO3 

6,9 261,9 2,26 41,25 96,40 

 

Kʘnʘlizʘsiyʘ ­ºk¿nt¿lᴅrindᴅ  qēcqērdēlmʘsē zʘmʘnē bioqʘz vᴅ qiymᴅtli biog¿brᴅnin ʘlēnmʘsē ilᴅ yʘnʘĸē 

kʘnʘlizʘsiyʘ sulʘrēnēn zᴅrᴅrsᴅzlᴅĸdirilmᴅsinᴅ dᴅ nʘil  olunmuĸdur. Kʘnʘlizʘsiyʘ sulʘrēndʘn gºt¿r¿lᴅn n¿munᴅ 

birbʘĸʘ vᴅ zᴅrᴅrsizlᴅĸdirldikdᴅn sonrʘ fᴅrqi m¿ᴅyyᴅn etmᴅk ¿­¿n Bʘkē ĸᴅhᴅri Nᴅsimi Rʘyon GEM-nin 

rʘyonlʘrʘrʘsē  çBʘkteorolojiè lʘborʘtoriyʘsēndʘ bʘkteoroloji tᴅhlildᴅn ke­irilmiĸ vᴅ  ʘĸʘĵēdʘkē nᴅticᴅlᴅr 

ʘlēnmēĸdēr:  

Kʘnʘlizʘsiyʘdʘn gºt¿r¿lᴅn n¿munᴅ: 

mailto:Mahal.Muradov@sdu.edu.az
mailto:mailoglu@mail.ru
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1. Pʘtoqen olmʘyʘn bʘĵērsʘq ­ºplᴅri Endo m¿hitindᴅ ï hesʘbsēz (­ox) 

2. Ploskirev m¿hitindᴅ  - hesʘbsēz (­ox) 

3. Sʘri duz hᴅlimi m¿hitindᴅ ï hesʘbsēz (­ox)  

4. Sʘbiro m¿hitindᴅ ï3 kolon 

5. Vismut m¿hitindᴅ ï sulfit hᴅlimi ï hesʘbsēz (­ox) 

Zᴅrᴅrsizlᴅĸdirildikdᴅn sonrʘ : 

1. Endo m¿hitindᴅ  - 30 kolon 

2. Ploskirev m¿hitindᴅ ï 52 kolon 

3. Sʘri duz hᴅlimi m¿hitindᴅ ï 25 kolon 

4. Sʘbiro m¿hitindᴅ ï inkiĸʘf yoxdur 

5. Vismut m¿hitindᴅ-sulfit  hᴅlimi ï inkiĸʘf  yoxdur. 

Bioqʘz qurĵulʘrēnēn mʘteriʘl bʘlʘnsē. Qēcqērmʘ prosesindᴅ 2 nºv ¿zvi mᴅnĸᴅli tullʘntēdʘn, peyin vᴅ 

ĸᴅhᴅr kʘnʘlizʘsiyʘ ­ºk¿nt¿s¿ndᴅn istifʘdᴅ olunub. Peyinin qēcqērdēlmʘsē fʘydʘlē hᴅcmi (¿mumi hᴅcmin 80%-

i) 2,4 m
3
, kʘnʘlizʘsiyʘ ­ºk¿nt¿lᴅrinin qēcqērdēlmʘsē isᴅ fʘydʘlē hᴅcmi 20 m

3 
olʘn bioreʘktordʘ ʘpʘrēlēb. 

ɸĸʘĵēdʘ, xʘmmʘlē peyin olʘn fʘydʘlē hᴅcmi 2,4 m
3
 bioreʘktorlu bioqʘz qurĵusunun g¿ndᴅlik mʘteriʘl 

bʘlʘnsēnēn hesʘblʘnmʘsē qeyd edilir. Xʘmmʘlē peyin olʘn fʘydʘlē hᴅcmi 5, 10, 20 m
3
 bioreʘktorlu bioqʘz  

qurĵulʘrēnēn  g¿ndᴅlik mʘteriʘl bʘlʘnsēnēn hesʘblʘnmʘsē qʘydʘsē, fʘydʘlē hᴅcmi 2,4 m
3
 bioreʘktorlu bioqʘz  

qurĵusundʘ olduĵu kimidir. ¢¿nki, burada xʘmmʘl peyin olduĵu ¿­¿n qʘz tᴅrkibi dᴅyiĸmir, bu dʘ eyni 

zʘmʘndʘ bioqʘzēn sēxlēĵēnēn dᴅyiĸmᴅmᴅsinᴅ sᴅbᴅb oliur. Xʘmmʘlē ĸᴅhᴅr kʘnʘlizʘsiyʘ  ­ºk¿nt¿s¿ olʘn 20 m
3
 

bioreʘktorlu bioqʘz qurĵusunun mʘteriʘl bʘlʘnsēnēn  hesʘblʘnmʘsēnē  ʘyrē olʘrʘq  qeyd edᴅcᴅyik. ¢¿nki, 

ĸᴅhᴅr kʘnʘlizʘsiyʘ  ­ºk¿nt¿lᴅrinin qēcqērmʘsē zʘmʘnē ᴅmᴅlᴅ gᴅlᴅn bioqʘzēn qʘz tᴅrkibi fᴅrqlᴅnir, bu dʘ 

bioqʘzēn sēxlēĵēnēn  dᴅyiĸmᴅsinᴅ sᴅbᴅb olur. Bundʘn  bʘĸqʘ bu 2 nºv  tullʘntēnēn qēcqērdēlmʘsē zʘmʘnē 

bioqʘzēn ­ēxēmē dʘ  fᴅrqlidir. Xʘmmʘl peyin olʘn bioqʘz qurĵulʘrēndʘ bioqʘzēn ­ēxēmē  bioreʘktorun fʘydʘlē 

hᴅcminin  hᴅr m
3
-nᴅ 2,5 m

3
, xʘmmʘl kʘnʘlizʘsiyʘ cºk¿nt¿s¿  olʘn boqʘz qurĵulʘrēndʘ isᴅ 2,4 m

3
 tᴅĸkil edib. 

Bunu qurĵunun maddi balansēnē tᴅrtib etmᴅklᴅ daha aydēn gºstᴅrmᴅk olar 

   Fʘydʘlē hᴅcmi  20 m
3 
bioreʘktorlu bioqʘz qurĵusunun g¿nlᴅlik mʘteriʘl bʘlʘnsēnēn 

hesʘblʘnmʘsē. 
¦zvi mᴅnĸᴅli tullʘntē: Kʘnʘlizʘsiyʘ cºk¿nt¿s¿   

Bioqʘzēn tᴅrkibi : metʘn (CH4) = 62%, kʘrbon qʘzē (CO2) ï 33%, etʘn, propʘn, butʘn, hidrogen ï 35 

%, hidrogen-sulfid (H2S) ï 1,5 %. 

Bioreʘktorun ¿mumi hᴅcmi: 

Vbior.¿m.=
325

%80

20%100
m=

Ö
 

20 m
3
 ï fʘydʘlē hᴅcm. 

Boqʘzēn g¿dᴅlik ­ēxēmē: 

Vbioqʘz.g¿n.=Vbior.fʘy.hᴅcm Ö 2,4m
3
 = 20 Ö2,4 = 48 m

3
 

Bioqʘzēn g¿ndᴅlik ­ēxēmēndʘ qʘzlʘrēn hᴅcm ilᴅ miqdʘrē: 

V  (CH
4

)= 
3.

76,29
%100

%6248

%100

%62
m

V qunbioq
=

Ö
=

Ö
 

 

V(CO
2

) = 
3.

84,15
%100

%3348

%100

%33
m

V qunbioq
=

Ö
=

Ö
 

 

V(J
2

-J
4

),  H
2
= 

3.
68,1

%100

%5,348

%100

%5,3
m

V qunbioq
=

Ö
=

Ö
 

 

V(H
2

S) = 
3.

72,0
%100

%5,148

%100

%5,1
m

V qunbioq
=

Ö
=

Ö
 

 

r CH
4
= 0,71q/l,   rCO

2
= 1,964q/l,   rH

2
S=1,517q/l ,   r J

2
H 6 = 1,339 q/l , 

 Bioqʘzēn sēxlēĵē: 
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rbioqʘz= X1Ö rCH
4
+ X2 ÖrCO

2
+ X3ÖrJ

2
H 6  +X4Ör H

2
S =0,62Ö0,714+0,33Ö1,964 + 

+0,035 Ö1,339 + 0,015 Ö1,517 = 0,44268 + 0,64812 + 0,046865+0,022755 == 1,16 q/l 

Bioqʘzēn g¿ndᴅlik ­ēxēmēndʘ qʘzlʘrēn k¿tlᴅ ilᴅ miqdʘrē: 

mCH
4
= V Ör  =29,76 Ö0,714 q/m

3
 = 21,25 kq 

m CH
4
= V Ör  =15,84 Ö 1964 q/m

3
 = 31,1 kq 

m J
2

H 6 = V Ör  =1,68 Ö 1339 q/m
3
 = 2,25 kq 

m H
2

S = V Ör  = 0,72 Ö 1517 q/m
3
 = 1,1 kq 

Bioqʘzēn  g¿ndᴅlik ­ēxēmēnēn k¿tlᴅsi:   

mbioqʘz.g¿n.= rbioqʘzÖ Vbioqʘz.g¿n=1160 q/m
3
 Ö 48 =55,68 kq 

G¿ndᴅlik ­ēxʘrēlʘn mᴅhlulun hᴅcmi : 

V­ēx.mᴅh.=
3

3

2
%100

%1020
m

m
=

Ö
 

Nᴅzᴅri hesʘblʘmʘyʘ gºrᴅ ­ēxʘrēlʘn mᴅhlulun 10%-i yᴅni 200 kq-ē qēcqērmēĸ k¿tlᴅ olmʘlēdēr. Qʘzēn 

ʘyrēlmʘsēnē nᴅzᴅrᴅ ʘlsʘq, g¿ndᴅlik ᴅmᴅlᴅ gᴅlᴅn qēcqērmēĸ k¿tlᴅ (quru hʘldʘ) :  

mqēc.k¿tlᴅ.g¿n.= mqēc.k¿t.nᴅzᴅri- mbioqʘz =200 ï 55,68 = 144,32 kq olʘr 

Qēcqērmēĸ k¿tlᴅni g¿brᴅ kimi istifʘdᴅ etmᴅk ¿­¿n 45 %-li r¿tubᴅtli  hʘlʘ gᴅtirildikdᴅ: 

Mk¿tlᴅ(45%-li r¿t.) = kq4.262
%55

%10032.144
=

Ö
  olʘr. 

Qēcqērmēĸ k¿tlᴅ ­ēxʘrēldēqdʘn sonrʘ bioreʘktoru 10 %-li  2m
3
  mᴅhlul ᴅlʘvᴅ olunur. Mᴅhluldʘ 

qēcqērdēlʘcʘq k¿tlᴅ 200 kq (duru hʘldʘ) tᴅĸkil edir.  
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Summary 

STUDY OF THE ANAEROBIC ACTIVATION PROCESS OF DOMESTIC WASTEWATER SLUDGE UNDER 

THERMOPHILIC CONDITIONS WITH THE PARTICIPATION OF A BIOCATALYST  

Muradov M.M., Nazarova M.K., Garaeva I.E., Pirguliyeva M.S., Valiyeva K.S., Karimova S.G. 

 

The research results show that the biocatalyst accelerates anaerobic fermentation processes by 2.5ï3.0 times compared to 

traditional thermophilic anaerobic fermentation processes and leads to an increase in the biogas production rate by more than 2 times 

compared to conventional thermophilic anaerobic fermentation processes. It was established that mixing the catalyst in the bioreactor 

is one of the key factors. At the same time, an effective catalyst for anaerobic fermentation processes of livestock waste and 

wastewater sludge was developed and tested. 

Keywords: biocatalyst, bioreactor, biogas, fermentation, synthesis gas, livestock waste, wastewater sludge 
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ʊɽʈʄʆʌʀʃʔʅʆʄ ʈɽɾʀʄɽ ʉ ʋʏɸʉʊʀɽʄ ɹʀʆʂɸʊɸʃʀɿɸʊʆʈɸ 

ʄʫʨʘʜʦʚ ʄ.ʄ., ʅʘʟʘʨʦʚʘ ʄ.ʂ., ɻʘʨʘʝʚʘ ʀ.ʕ., ʇʠʨʛʫʣʠʝʚʘ ʄ.ʉ., ɺʘʣʠʝʚʘ ʂ.ʉ., ʂʘʨʠʤʦʚʘ ʉ.ɻ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʘʥʘʵʨʦʙʥʦʛʦ ʙʨʦʞʝʥʠʷ ʚ 2,5-3,0 ʨʘʟʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʨʤʦʬʠʣʴʥʳʤʠ ʘʥʘʵʨʦʙʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʙʨʦʞʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 
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FOTOELEKTRĶK SĶSTEMLᴄRĶN X¦SUSĶYYᴄTLᴄRĶNĶN TᴄDQĶQĶ 

 

Abdulova Nafisᴅ Abdulfᴅs qēzē 

Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan, 

abdulovanafise@gmail.com 

 
X¿lasᴅ. Fotoelektrik sistemlᴅrin qurulmasēnēn ¿mumi prinsiplᴅri vᴅ g¿nᴅĸ batareyalarēnēn iĸ prinsipi araĸdērēlēb, 

fotoelektrik sistemlᴅrin yerlᴅĸdirilmᴅsinin ¿mumi iĸ prinsiplᴅrinin, layihᴅlᴅndirilmᴅsinin, coĵrafi vᴅ iqlim ĸᴅraitinin 

ºyrᴅnilmiĸdir. K¿­ᴅ iĸēqlandērma sistemlᴅr ¿­¿n ᴅsas tᴅlᴅblᴅri araĸdērēlmēĸ, k¿­ᴅ iĸēqlandērmasē vᴅ onlarēn x¿susiyyᴅtlᴅrini analiz 

edilmiĸdir. M¿xtᴅlif temperaturlarda volt-amper xarakteristikalarē, elementin g¿c¿n¿n vᴅ cᴅrᴅyanēn g¿nᴅĸ batareyasēnēn 

gᴅrginliyindᴅn asēlēlēĵē qurulmuĸdur 

A­ar sºzlᴅr:  gᴅrginlik, fotoelektrik, intensivlik, g¿nᴅĸ elementi, tᴅnzimlᴅyici 

 

G¿nᴅĸ batareyalarēnēn istifadᴅsi digᴅr elektrik mᴅnbᴅlᴅrinin istifadᴅsi ilᴅ eynidir, lakin onlardan 

fᴅrqli olaraq, g¿nᴅĸ panellᴅri onlarēn sᴅthinᴅ d¿ĸᴅn iĸēĵēn miqdarēndan asēlēdēr. Mᴅsᴅlᴅn, buludlu havada 

buludlar fotovoltaik panelin ­ēxēĸ g¿c¿n¿ ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalda bilᴅr, 50%-ᴅ qᴅdᴅr. Hᴅm­inin, g¿nᴅĸ 

elementlᴅrindᴅki ki­ik bir q¿sur belᴅ eyni partiyadan olan panellᴅr ¿­¿n sᴅmᴅrᴅliliyi azalda bilᴅr. Buna gºrᴅ 

dᴅ, istᴅnilᴅn g¿c¿ tᴅmin etmᴅk ¿­¿n elementlᴅri ­ēxēĸ cᴅrᴅyanēna gºrᴅ ­eĸidlᴅmᴅk lazēmdēr. N¿munᴅ olaraq, 

kifayᴅt qᴅdᴅr bºy¿k diametrli bir su borusuna daha ki­ik diametrli bir boru daxil etmᴅyᴅ ­alēĸsanēz, su 

axēnēnēn daha ki­ik olacaĵē tᴅbiidir. Parametrlᴅri eyni deyilsᴅ, g¿nᴅĸ elementlᴅrinin zᴅncirlᴅrindᴅ dᴅ eyni ĸey 

baĸ verir. 

Silikon g¿nᴅĸ elementlᴅri qeyri-xᴅtti element olduĵu ¿­¿n sadᴅ Om qanunu ilᴅ tᴅsvir edilᴅ bilmᴅz. 

Bunun ᴅvᴅzinᴅ elementin x¿susiyyᴅtlᴅrini izah etmᴅk ¿­¿n bir ne­ᴅ sadᴅ asēlēlēqdan istifadᴅ edᴅ bilᴅrsiniz - 

cari gᴅrginlik x¿susiyyᴅtlᴅri (CVC) (ķᴅkil 1).  

Bir element tᴅrᴅfindᴅn yaradēlan a­ēq dºvrᴅ gᴅrginliyi bir partiyada bir elementdᴅn digᴅrinᴅ vᴅ bir 

istehsal­ēdan digᴅrinᴅ ke­ᴅrkᴅn bir qᴅdᴅr dᴅyiĸir vᴅ tᴅxminᴅn 0,6 V-dir. Bu dᴅyᴅr elementin ºl­¿s¿ndᴅn asēlē 

deyil. Cari ilᴅ vᴅziyyᴅt fᴅrqlidir. Ķĸēĵēn intensivliyindᴅn vᴅ onun sᴅth sahᴅsinᴅ aid olan elementin ºl­¿s¿ndᴅn 

asēlēdēr. ¥l­¿s¿ 100x100 mm olan element 10x10 mm ºl­¿l¿ elementdᴅn 100 dᴅfᴅ bºy¿kd¿r vᴅ buna gºrᴅ dᴅ 

eyni iĸēqlandērma altēnda o, 100 dᴅfᴅ bºy¿k cᴅrᴅyan verᴅcᴅkdir [4]. 

 
ķϸkil 1. G¿nϸĸ batareyasēnēn tipik VAX-si 

Belᴅliklᴅ, g¿nᴅĸ elementi tᴅdricᴅn y¿klᴅnᴅrsᴅ, ķᴅkil 2-dᴅ gºstᴅrildiyi kimi g¿c vᴅ cᴅrᴅyanēn 

gᴅrginliyᴅ qarĸē tipik qrafiki ᴅldᴅ edilᴅ bilᴅr. 
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ķϸkil 2. Elementin g¿c¿n¿n vϸ cϸrϸyanēn g¿nϸĸ batareyasēnēn gϸrginliyindϸn asēlēlēĵē 

 

Maksimum g¿c tᴅxminᴅn 0,47 V gᴅrginliyᴅ uyĵundur. Belᴅliklᴅ, g¿nᴅĸ batareyasēnēn keyfiyyᴅtini 

d¿zg¿n qiymᴅtlᴅndirmᴅk ¿­¿n, hᴅm­inin eyni ĸᴅraitdᴅ ELEMENTlᴅri bir-biri ilᴅ m¿qayisᴅ etmᴅk ¿­¿n onu 

y¿klᴅmᴅk lazēmdēr ki, ­ēxēĸ gᴅrginliyi 0,47 V olsun. G¿nᴅĸ elementlᴅri quraĸdērēldēqdan sonra ᴅmᴅliyyat 

¿­¿n se­ilmiĸ, onlar lehimlᴅnmᴅlidir. Serial elementlᴅri onlara ke­iricilᴅrin lehimlᴅnmᴅsi ¿­¿n nᴅzᴅrdᴅ 

tutulmuĸ cᴅrᴅyan toplayan torlarla tᴅchiz edilmiĸdir [3]. 

G¿nᴅĸ batareyasēnēn iĸlᴅmᴅsinin vacib aspektlᴅrindᴅn biri onun temperaturudur. Belᴅliklᴅ, bir 

element normadan yalnēz bir dᴅrᴅcᴅ yuxarē qēzdērēldēqda (25Á C), o, tᴅxminᴅn 0,002 V gᴅrginlik itirᴅ bilᴅr, 

yᴅni. 0,4%/dᴅrᴅcᴅ. ķᴅkil 3-dᴅ 25 ÁC vᴅ 60ÁC temperaturlar ¿­¿n CVC ᴅyrisi gºstᴅrilir. 

 

 
ķϸkil 3. M¿xtϸlif temperaturlarda VAX 

 

Kifayᴅt qᴅdᴅr g¿nᴅĸli bir g¿ndᴅ m¿xtᴅlif elementlᴅr 60-70 Á C-ᴅ qᴅdᴅr qēzdēra bilᴅr vᴅ hᴅr biri 0,07-

0,09 V itirᴅ bilᴅr. Bu sᴅbᴅb gᴅrginliyin d¿ĸmᴅsinin vᴅ nᴅticᴅdᴅ g¿nᴅĸ batareyasēnēn sᴅmᴅrᴅliliyinin 

azalmasēnēn ᴅsas sᴅbᴅblᴅrindᴅn biridir. G¿nᴅĸ batareyasēnēn elektrik parametrlᴅri, elᴅcᴅ dᴅ ayrē bir g¿nᴅĸ 

elementi standart ĸᴅraitdᴅ (StandartTestConditions), yᴅni 1000 Vt/mĮ g¿nᴅĸ radiasiyasē, -25Á temperaturda 

cᴅrᴅyan gᴅrginliyi ᴅyrisi ĸᴅklindᴅ tᴅqdim olunur. C vᴅ 50 Á enindᴅ g¿nᴅĸ spektri [2] . 

 
ķϸkil 4. Maksimum g¿c¿n nºqtϸlϸri 

 

ᴄyrinin gᴅrginlik oxu ilᴅ kᴅsiĸdiyi nºqtᴅ y¿ks¿z gᴅrginlik - U., cᴅrᴅyan oxu ilᴅ kᴅsiĸmᴅ nºqtᴅsi - 

qēsaqapanma cᴅrᴅyanē Ķ adlanēr (ķᴅkil 4). Maksimum g¿c reytinqi STC (Standart Test ķᴅrtlᴅri) standartlarēna 

uyĵun olaraq m¿ᴅyyᴅn edilir. Gᴅrginlik, maksimum g¿cdᴅ, maksimum g¿c gᴅrginliyidir (vᴅ ya iĸ gᴅrginliyi - 

Yuxarē), bu nºqtᴅyᴅ uyĵun gᴅlᴅn cᴅrᴅyan isᴅ maksimum g¿c cᴅrᴅyanēdēr (vᴅ ya iĸ cᴅrᴅyanē - Ķr). 
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36 elementdᴅn ibarᴅt olan modulun iĸlᴅmᴅ gᴅrginliyi ¿­¿n orta qiymᴅt standart 25 ÁC temperaturda 

tᴅxminᴅn 16-17 V olacaqdēr. 

 Qeyd etmᴅk lazēmdēr ki, modulun a­ēq dºvrᴅ gᴅrginliyi iĸēqlandērmadan ­ox asēlē deyil, 

qēsaqapanma cᴅrᴅyanē vᴅ m¿vafiq olaraq iĸ cᴅrᴅyanē iĸēqlandērma ilᴅ d¿z m¿tᴅnasibdir. 

 Belᴅliklᴅ, real iĸ ĸᴅraitindᴅ qēzdērēldēqda modullar 60-70 ÁC temperatura qᴅdᴅr qēzdērēlēr ki, bu da iĸ 

gᴅrginliyi nºqtᴅsinin yerdᴅyiĸmᴅsinᴅ uyĵundur, mᴅsᴅlᴅn, 17 V iĸlᴅmᴅ gᴅrginliyi olan modul ¿­¿n dᴅyᴅri 17 

V-dan 13,7-14,4 V-a qᴅdᴅr (hᴅr element ¿­¿n 0,38-0,4 V). 

Yuxarēda gºstᴅrilᴅnlᴅrin hamēsēna ᴅsaslanaraq, mini-SES-in g¿nᴅĸ panellᴅrinin vᴅ digᴅr 

elementlᴅrinin sayēnēn hesablanmasē metodologiyasēnē m¿ᴅyyᴅn etmᴅk m¿mk¿nd¿r.  

Hesablama modullarēn nominal g¿c¿n¿n, onlarēn sayēnēn, ᴅlaqᴅ sxeminin, batareyalarēn nºv¿n¿n, iĸ 

ĸᴅraitinin vᴅ tutumunun se­ilmᴅsi, ĸarj tᴅnzimlᴅyicisinin g¿c¿ vᴅ birlᴅĸdirici parametrlᴅrin tᴅyin edilmᴅsinᴅ 

aiddir [1]. 
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Summary 

RESEARCH OF THE PROPERTIES OF PHOTOELECTRIC SYSTEMS 

Abdulova N.A. 

 

The general principles of photovoltaic systems construction and the working principle of solar cells were investigated, the 

general working principles of photovoltaic systems placement, design, geographical and climatic conditions were studied. The main 

requirements for street lighting systems were investigated, street lighting and their characteristics were analyzed. Volt-ampere 

characteristics at different temperatures, the dependence of the element power and current on the voltage of the solar cell were 

established 

Keywords: voltage, photoelectric, intensity, solar cell, regulator 

 

ʈʝʟʶʤʝ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

ɸʙʜʫʣʦʚʘ ʅ.ɸ. 

 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʠʟʫʯʝʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʨʘʟʤʝʱʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʭ ʢʦʥʩʪʨʫʢʮʠʷ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʫʣʠʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʣʠʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋʩʪʘʥʦʚʣʝʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʠ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʧʨʷʞʝʥʠʝ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʩʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ, ʨʝʛʫʣʷʪʦʨ 
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X¿lasᴅ. Bu mᴅqalᴅdᴅ elektrik sistemlᴅrinin, iĸēqlandērma avadanlēqlarēnēn modernlᴅĸdirilmᴅsi vᴅ g¿nᴅĸ elektrik 

stansiyalarēnēn (SPS) inteqrasiyasē yolu ilᴅ ­oxmᴅnzilli yaĸayēĸ komplekslᴅrinin (¢YK) enerji sᴅmᴅrᴅliliyinin artērēlmasēnēn ᴅsas 

aspektlᴅri araĸdērēlēr. Binalarēn ehtiyaclarēnē ºdᴅmᴅk, enerji xᴅrclᴅrini azaltmaq vᴅ istixana qazē tullantēlarēnē azaltmaq ¿­¿n g¿nᴅĸ 

enerjisinin potensialēnēn tᴅhlilinᴅ x¿susi diqqᴅt yetirilir. Ķqlim ĸᴅraiti vᴅ binanēn istiqamᴅti nᴅzᴅrᴅ alēnmaqla, hᴅm damda, hᴅm dᴅ 

binanēn fasadēnda quraĸdērēlmēĸ Kanada G¿nᴅĸ modullarēna ᴅsaslanan g¿nᴅĸ elektrik stansiyasēnēn quraĸdērēlmēĸ g¿c¿n¿n 

hesablanmasē tᴅqdim olunur. Mᴅqalᴅdᴅ davamlē inkiĸaf kontekstindᴅ m¿asir yaĸayēĸ binalarē ¿­¿n enerji tᴅchizatē dizaynēna sistem 

yanaĸmasēnēn vacibliyi vurĵulanēr. 

A­ar sºzlᴅr: G¿nᴅĸ enerjisi, enerji sᴅmᴅrᴅliliyi, yaĸayēĸ kompleksi, fotoelektrik modullar, dayanēqlē inkiĸaf, LED 

iĸēqlandērma. 
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Binalarēn enerji sᴅmᴅrᴅliliyinin artērēlmasē vᴅ ᴅhalinin hᴅyat ĸᴅraitinin yaxĸēlaĸdērēlmasē 

strategiyasēnēn m¿h¿m aspektlᴅrindᴅn biri, mᴅnzil-kommunal tᴅsᴅrr¿fatē sahᴅsindᴅ elektrik sistemlᴅrinin vᴅ 

iĸēqlandērma avadanlēqlarēnēn modernlᴅĸdirilmᴅsinin sᴅmᴅrᴅliliyinin qiymᴅtlᴅndirilmᴅsidir. Ķĸēqlandērma 

sahᴅsindᴅ qabaqcēl hᴅllᴅrin, o c¿mlᴅdᴅn iĸēq-diod (LED) texnologiyalarēnēn vᴅ aĵēllē idarᴅetmᴅ sistemlᴅrinin 

tᴅtbiqi, enerji istehlakēnēn ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalmasēna vᴅ karbon emissiyalarēnēn azaldēlmasēna sᴅbᴅb 

olur. 

Bundan ᴅlavᴅ, kºhnᴅlmiĸ elektrik texniki komponentlᴅrinin ï transformatorlarēn, paylayēcē panellᴅrin 

vᴅ avtomatlaĸdērēlmēĸ komplekslᴅrin ï dᴅyiĸdirilmᴅsi elektrik enerjisi tᴅchizatēnēn etibarlēlēĵēnē vᴅ 

dayanēqlēĵēnē artērēr. Ķstismara yararsēz avadanlēqlarēn sistemli monitorinqi vᴅ diaqnostikasē, m¿mk¿n 

nasazlēqlarē ᴅvvᴅlcᴅdᴅn m¿ᴅyyᴅn etmᴅyᴅ vᴅ onlarēn mᴅnfi nᴅticᴅlᴅrinin riskini azaltmaĵa imkan verir [1]. 

M¿asir d¿nyada dayanēqlē inkiĸaf vᴅ enerjiyᴅ qᴅnaᴅt mᴅsᴅlᴅlᴅri getdikcᴅ daha ­ox ᴅhᴅmiyyᴅt 

qazandēĵēndan, yaĸayēĸ binalarēnēn enerji sᴅmᴅrᴅliliyini artērmaq ¿­¿n innovativ hᴅllᴅrin axtarēĸē prioritet 

vᴅzifᴅyᴅ ­evrilmiĸdir. ¦midverici istiqamᴅtlᴅrdᴅn biri g¿nᴅĸ elektrik stansiyalarēnēn (GES) ­oxmᴅnzilli 

yaĸayēĸ komplekslᴅrinin (¢MYK) enerji tᴅminatē sisteminᴅ inteqrasiyasēdēr. G¿nᴅĸ enerjisindᴅn ᴅlavᴅ enerji 

mᴅnbᴅyi kimi istifadᴅ edilmᴅsi, ᴅnᴅnᴅvi enerji ĸᴅbᴅkᴅlᴅrindᴅn asēlēlēĵē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azaltmaĵa, 

istixana qazē emissiyalarēnē azaltmaĵa vᴅ maliyyᴅ resurslarēna qᴅnaᴅt etmᴅyᴅ imkan verir. 

GES-lᴅrin ¢MYK-larda tᴅtbiq perspektivlᴅri bir ne­ᴅ amillᴅ m¿ᴅyyᴅn olunur. Birincisi, m¿asir 

g¿nᴅĸ paneli istehsal texnologiyalarē onlarē daha ᴅl­atan vᴅ effektiv edir. Ķkincisi, binalarēn damlarēnda vᴅ ya 

yaxēn ᴅrazilᴅrdᴅ GES-lᴅrin quraĸdērēlmasē, torpaq ehtiyacēnē minimuma endirᴅrᴅk vᴅ elektrik enerjisinin 

daĸēnmasē xᴅrclᴅrini azaldaraq g¿nᴅĸ enerjisindᴅn maksimum istifadᴅ etmᴅyᴅ imkan verir. ¦­¿nc¿s¿, istehsal 

olunan g¿nᴅĸ enerjisi ¿mumi istifadᴅdᴅ olan sahᴅlᴅrin iĸēqlandērēlmasē, liftlᴅrin iĸlᴅdilmᴅsi, isitmᴅ vᴅ isti su 

tᴅchizatē kimi kompleksin m¿xtᴅlif ehtiyaclarēnē ºdᴅmᴅk ¿­¿n istifadᴅ oluna bilᴅr [2]. 

 

 
ķϸkil . DIALUX evo proqramēnda ­oxmϸnzilli yaĸayēĸ kompleksinin vizual tϸsviri 

 

Lakin, g¿nᴅĸ elektrik stansiyalarēnēn (GES) tᴅtbiqi diqqᴅtli analiz vᴅ planlaĸdērma tᴅlᴅb edir. 

Regionun iqlim x¿susiyyᴅtlᴅri, binanēn oriyentasiyasē, panellᴅrin quraĸdērēlmasē ¿­¿n mºvcud sᴅth sahᴅsi vᴅ 

kompleksin enerji istehlakē kimi faktorlar nᴅzᴅrᴅ alēnmalēdēr. GES-in effektiv fᴅaliyyᴅti ¿­¿n, g¿nᴅĸ 

aktivliyinin y¿ksᴅk olduĵu dºvrlᴅrdᴅ istehsal olunan artēq elektrik enerjisinin toplanmasēnē vᴅ g¿nᴅĸ 

ĸ¿alanmasēnēn azalmasē vᴅ ya gecᴅ vaxtlarēnda istifadᴅsini tᴅmin edᴅn enerji saxlama sistemi nᴅzᴅrdᴅ 

tutulmalēdēr [3]. 

Binanēn yerlᴅĸmᴅsi cᴅnub-qᴅrbᴅ yºnᴅlib, bu da damda yerlᴅĸdirilᴅn g¿nᴅĸ panellᴅri ¿­¿n 30 dᴅrᴅcᴅ 

optimal meyl bucaĵēna nail olmaĵa imkan verir. Bu bucaqla, panellᴅrin cᴅnuba yºnᴅldilmᴅsilᴅ m¿qayisᴅdᴅ 

elektrik enerjisi generasiyasēnēn azalmasē 5%-dᴅn ­ox olmur. Bu bucaĵēn se­ilmᴅsi, GES-in enerji istehsalēnē 

yaz bᴅrabᴅrlik g¿n¿ndᴅn (22 mart) payēz bᴅrabᴅrlik g¿n¿nᴅ (23 sentyabr) qᴅdᴅr olan m¿ddᴅtdᴅ maksimum 

sᴅviyyᴅyᴅ ­atdērēr. Qēĸ aylarēnda (dekabr-yanvar) enerji istehsalē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalēr [4]. 

Binanēn damēnda 100 ᴅdᴅd, fasadēnda isᴅ ĸaquli ĸᴅkildᴅ yerlᴅĸdirilmiĸ 283 ᴅdᴅd g¿nᴅĸ paneli 

quraĸdērēlmēĸdēr. Aylar ¿zrᴅ modullar tᴅrᴅfindᴅn istehlak­ēya verilᴅn enerji miqdarē Ὁ aĸaĵēdakē d¿sturla 

hesablanēr: 

Ὁ ὡ ϽὛϽὖ Ͻὲ ȢϽ– Ͻ–  ȟ 

burada: ὡ  ï aylēq g¿nᴅĸ ĸ¿alanma sᴅviyyᴅsi, ὯὠὸȾάόὥώ; Ὓ ï bir modulun sahᴅsi, άό; ὖ  ï bir 

modulun nominal g¿c¿, ὠὸ; ὲ Ȣ ï modul sayē, ᴅdᴅd; –  ï se­ilmiĸ modulun faydalē iĸ ᴅmsalē (% 

olaraq, 20.5%); –  ï se­ilmiĸ invertorun faydalē iĸ ᴅmsalē (% olaraq, 85%). 

Hesablamalar ¿­¿n Canadian Solar modullarēndan istifadᴅ olunur [5] [6]. Modul sayē aĸaĵēdakē 

d¿sturlar ᴅsasēnda m¿ᴅyyᴅn edilir: 

ὲ
Ὓ

Ὓ

ρφτ

ρȢφσυ
ρππ άέὨόὰȟ 
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ὲ
Ὓ

Ὓ

τχρ

ρȢφσυ
ςψψ άέὨόὰȟ 

Fotoelektrik sistemin paneldᴅn asēlē olaraq aylara gºrᴅ insolyasiya qiymᴅtlᴅri cᴅdvᴅl 1 ï dᴅ 

gºstᴅrilib. 

 

Cϸdvϸl 1.  

FES-in hesablanmasē ¿­¿n insolyasiya sϸviyyϸlϸri  
Panel Tipi / Ay yan fev mart  apr may iyn iyul  avq sen okt noy dek Ķl 

¦f¿qi panel 44 66 113 158 188 215 210 188 158 108 68 48 1574 

ķaquli panel 95 105 112 122 128 122 115 110 105 95 90 85 1344 

Panelin meyli ï 35.0Ü 73 92 138 178 205 225 220 195 165 125 88 68 1777 

Q¿tb oxu ᴅtrafēnda fērlanma 93 117 158 207 240 255 250 225 185 135 97 78 2040 

 

Bir Canadian Solar modulunun g¿c¿n¿ tᴅyin edᴅk: 

ὖ ὃẗὋẗ– ρȢφσυϽρπππϽπȢςπυσσυȢρχυσσυ ὠὸ 
çĶndi bu d¿sturdan istifadᴅ edᴅrᴅk dam (100 modul) ¿­¿n ñAy ¿zrᴅ istehlak­ēya verilᴅn enerjiò 

s¿tununu yenidᴅn hesablayacaĵēq.è 

Yanvar ayē ¿zrᴅ istehlak­ēya verilᴅn enerji miqdarēnē hesablayaq: 

Ὁ ὡ ϽὛϽὖ Ͻὲ ȢϽ– Ͻ– ςψȢψσẗρȢφστẗπȢσσυẗρππẗπȢςπυẗπȢψυ

ςχπȢτς 
Ὧὠὸ

άόὥώ
 ȟ 

ʛʜʝ: ὖ ð modulun g¿c¿ (ὠὸ), ὃ ð modulun sahᴅsi (άό), Ὃ ð standart ĸᴅraitdᴅ g¿nᴅĸ ĸ¿alanmasē (adᴅtᴅn 

1000 ὠὸȾάό), – ð modulun faydalē iĸ ᴅmsalē (adᴅtᴅn m¿asir panellᴅr ¿­¿n 18ï22%, burada 0.205, yᴅni 

20.5% ð Canadian Solar modellᴅri ¿­¿n orta gºstᴅricidir). 

Eyni qaydada m¿xtᴅlif aylarda istehlak­ēya verilᴅn enerji miqdarēnē cᴅdvᴅl 2 dᴅ gºstᴅrilmiĸtir. 

 

Cϸdvϸl 2.  

M¿xtϸlif aylarda istehlak­ēya verilϸn enerji miqdarē 

Ay 
Orta aylēq insolyasiya 

╦╪◐ 
Ķstehlak­ē ¿­¿n aylēq enerji 

(kVtĿsaat) 

Yanvar 28.83 270.42 

Fevral 48.72 457.03 

Mart 90.21 846.65 

Aprel 117 1,097.79 

May 158.1 1,482.34 

Ķyun 155.4 1,457.24 

 

Belᴅliklᴅ, g¿nᴅĸ elektrik stansiyasēnēn ¿mumi quraĸdērēlmēĸ elektrik g¿c¿ 128 kVt tᴅĸkil edir (damda 

33 kVt vᴅ fasadda 95 kVt) [7]. 

G¿nᴅĸ elektrik stansiyasēnēn sistemi aĸaĵēdakē ᴅsas komponentlᴅrdᴅn ibarᴅtdir: g¿nᴅĸ panellᴅri vᴅ 

invertorlar. 

Damda quraĸdērēlmēĸ g¿nᴅĸ panellᴅri PV-1F g¿nᴅĸ kabeli ilᴅ ardēcēl ĸᴅkildᴅ birlᴅĸdirilᴅrᴅk hᴅr birindᴅ 

20 panel olmaqla 5 blok ᴅmᴅlᴅ gᴅtirir. Fasad panellᴅri dᴅ oxĸar ĸᴅkildᴅ birlᴅĸdirilᴅrᴅk 9 blokda 20 panel vᴅ 6 

blokda 18 panel tᴅĸkil edir. Hᴅr bir blok invertorun MPPT-kontrollerinin ayrēca giriĸinᴅ qoĸulur. 

Invertorlarēn ­ēxēĸlarē g¿c paylayēcē qalxana qoĸulur, o isᴅ ºz nºvbᴅsindᴅ binanēn m¿hᴅndis 

avadanlēqlarēnē enerji ilᴅ tᴅmin edᴅn ᴅsas paylayēcē qurĵuya (VRU2) birlᴅĸdirilir. VRU2-dᴅ istehsal olunan 

vᴅ invertorlar tᴅrᴅfindᴅn sᴅrf edilᴅn elektrik enerjisinin kommersiya u­otu ¿­¿n ikitᴅrᴅfli sayĵac quraĸdērēlēb. 

Ķstifadᴅ olunan invertorlar ildērēm boĸalmalarēna vᴅ induksiya edilmiĸ impuls gᴅrginliklᴅrinᴅ qarĸē 

inteqrasiya olunmuĸ (vᴅ ya xarici) kompleks qoruma sistemlᴅri ilᴅ tᴅchiz olunub [8]. G¿nᴅĸ panellᴅrinin 

metal ­ᴅr­ivᴅ elementlᴅri ildērēmdan m¿hafizᴅ sisteminin toruna birlᴅĸdirilir [9]. 

¢oxmᴅnzilli yaĸayēĸ komplekslᴅrindᴅ g¿nᴅĸ elektrik stansiyalarēnēn tᴅtbiqi ð bu gᴅlᴅcᴅyᴅ yºn¿ml¿ 

bir investisiyadēr. O, ekoloji tᴅhl¿kᴅsizliyi, iqtisadi sᴅmᴅrᴅliliyi vᴅ yaĸayēĸ rahatlēĵēnē tᴅmin edir. Bu yanaĸma 

m¿asir cᴅmiyyᴅtin tᴅlᴅblᴅrinᴅ cavab verᴅn dayanēqlē vᴅ enerjiyᴅ qᴅnaᴅt edᴅn ĸᴅhᴅr m¿hitinin formalaĸmasēna 

tºhfᴅ verir. 

¢oxmᴅnzilli yaĸayēĸ komplekslᴅrinin enerji tᴅminatē sisteminᴅ g¿nᴅĸ elektrik stansiyalarēnēn 

inteqrasiyasē enerji m¿stᴅqilliyini artērmaq, istismar xᴅrclᴅrini azaltmaq vᴅ ĸᴅhᴅr m¿hitinin ekoloji 

gºstᴅricilᴅrini yaxĸēlaĸdērmaq ¿­¿n sᴅmᴅrᴅli bir hᴅll yoludur. 
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Aparēlan hesablamalar ¿mumi g¿c¿ 128 kVt olan, hᴅm dam, hᴅm dᴅ fasadē ᴅhatᴅ edᴅn GES-in 

quraĸdērēlmasēnēn texniki cᴅhᴅtdᴅn m¿mk¿n olduĵunu gºstᴅrir. Avadanlēqlarēn d¿zg¿n se­imi, rasional 

birlᴅĸmᴅ sxemi vᴅ iqlim x¿susiyyᴅtlᴅrinin nᴅzᴅrᴅ alēnmasē sistemin stabil iĸlᴅmᴅsini vᴅ y¿ksᴅk enerji 

sᴅmᴅrᴅliliyini tᴅmin edir. Tᴅqdim olunan yanaĸma m¿asir enerji sᴅmᴅrᴅliliyi vᴅ ekoloji standartlara cavab 

verᴅn dayanēqlē, resurslara qᴅnaᴅt edᴅn vᴅ rahat yaĸayēĸ m¿hitinin yaradēlmasēna xidmᴅt edir. 
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Summary 

IMPROVING THE ENERGY EFFICIENCY OF A MULTI -APARTMENT RESIDENTIAL COMPLEX THROUGH THE 

USE OF A SOLAR POWER PLANT AS AN ADDITIONAL ENERGY SOURCE  

Harunov A.T., Aliguliyeva X.V., Bobojanov M.G., Makhmutkhonov S.K., Omarov S.A. 

 

This paper examines the key aspects of improving the energy efficiency of multi-apartment residential complexes (MRC) 

through the modernization of electrical systems, lighting equipment, and the integration of solar power plants (SPP). Particular 

attention is given to the analysis of the potential use of solar energy to meet building needs, reduce energy consumption, and lower 

greenhouse gas emissions. The study presents a calculation of the installed capacity of the SPP based on Canadian Solar modules 

installed on both the roof and the facade of the building, taking into account climatic conditions and building orientation. The work 

emphasizes the importance of a systematic approach to the design of power supply systems for modern residential buildings in the 

context of sustainable development. 

Keywords: Solar energy, energy efficiency, residential complex, photovoltaic modules, sustainable development, LED 

lighting 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʄɾʂ) ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʉʕʉ). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ ʧʦʪʝʥʮʠʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʟʜʘʥʠʡ, ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʸʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʉʕʉ ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʝʡ Canadian Solar, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʘʢ ʥʘ ʢʨʳʰʝ, 
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X¿lasᴅ. Bu mᴅqalᴅdᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrinin gᴅmi­ilik sahᴅsindᴅ tᴅtbiqi vᴅ bu texnologiyalarēn yanacaq 

sᴅrfiyyatēna olan tᴅsiri araĸdērēlmēĸdēr. K¿lᴅk vᴅ g¿nᴅĸ enerjisi ᴅsasēnda iĸlᴅyᴅn texnologiyalar tᴅhlil olunmuĸ, m¿asir d¿nya 

tᴅcr¿bᴅlᴅrinᴅ ᴅsaslanaraq onlarēn effektivlik gºstᴅricilᴅri m¿qayisᴅ edilmiĸdi. Nᴅticᴅlᴅr gºstᴅrmiĸdir ki, bu texnologiyalar ᴅnᴅnᴅvi 

enerji mᴅnbᴅlᴅrini tam olaraq ᴅvᴅz etmᴅsᴅ dᴅ, yanacaq sᴅrfiyyatēnē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azaldmaq imkanēna malikdir. 

A­ar sºzlᴅr:  bᴅrpa olunan enerji, k¿lᴅk turbinlᴅri, g¿nᴅĸ panellᴅri, yanacaq sᴅrfiyyatē, karbon emissiyasē, gᴅmiqayērma 

 

Giriĸ  
Hal-hazērda d¿nyada enerji tᴅlᴅbatē getdikcᴅ artēr vᴅ bu artēmēn davamlēlēĵē ᴅnᴅnᴅvi enerji 

resurslarēnēn- neft,qaz vᴅ kºm¿r kimi fosil yanacaqlarēn t¿kᴅnmᴅsinᴅ vᴅ ᴅtraf m¿hitᴅ olan mᴅnfi tᴅsirlᴅrin 

g¿clᴅnmᴅsinᴅ sᴅbᴅb olur. Atmosferᴅ buraxēlan karbon qazē vᴅ digᴅr istixana qazlarē iqlim diyiĸikliyi vᴅ 

qlobal istilᴅĸmᴅ kimi ciddi ekoloji problemlᴅri daha da kᴅskinlᴅĸdirir. BU baxēmdan enerji sektorunun, 

x¿susilᴅ nᴅqliyyat vᴅ gᴅmi­ilik sahᴅsinin alternativ vᴅ daha tᴅmiz enerji mᴅnbᴅlᴅrinᴅ ke­idi strateji 

ᴅhᴅmiyyᴅt kᴅsb edir. [1]  

Gᴅmi­ilik sᴅnayesi d¿nya ticarᴅtinin tᴅxminᴅn 90%-ni tᴅĸkil edir vᴅ bu sahᴅdᴅ istifadᴅ olunan dizel 

yanacaqlarē ᴅhᴅmiyyᴅtli miqdarda tullantēlarēn atmosferᴅ buraxēlmasēna sᴅbᴅb olur. ᴄnᴅnᴅvi dizel 

m¿hᴅrriklᴅri, x¿susilᴅ dᴅ uzaq mᴅsafᴅlᴅrᴅ y¿k daĸēyan iri gᴅmilᴅr istismar zamanē bºy¿k hᴅcmdᴅ yanacaq 

sᴅrf edir.Buna gºrᴅ gᴅmi­ilik sahᴅsindᴅ enerji sᴅmᴅrᴅliliyi v ᴅ ekoloji tᴅmizlik mᴅsᴅlᴅlᴅri aktuallēq 

qazanmēĸdēr. [2]  

Bu mᴅqalᴅdᴅ k¿lᴅk vᴅ g¿nᴅĸ kimi bᴅrpa olunan enerji mᴅnbᴅlᴅrinin gᴅmi texnologiyalarēna 

inteqrasiyasē hᴅm yanacaq sᴅrfiyyatēnē azaltmaq, hᴅm dᴅ ekoloji tᴅsirlᴅri minimuma endirmᴅk mᴅqsᴅdi 

daĸēyēr. Bu texnologiyalar x¿susilᴅ gᴅmi gºyᴅrtᴅlᴅrindᴅ boĸ sahᴅlᴅrin g¿nᴅĸ panellᴅri ilᴅ tᴅchiz olunmasē vᴅ 

hibrid sistemlᴅrᴅ k¿lᴅk turbinlᴅrinin ᴅlavᴅ edilmᴅsi yolu ilᴅ hᴅyata ke­irilᴅ bilᴅr. Mᴅqalᴅdᴅ bu tᴅtbiq 

imkanlarē vᴅ onlarēn iqtisadi enerji sᴅmᴅrᴅliliyi baxēmēndan ᴅhᴅmiyyᴅtli tᴅhlil edilmiĸdir. 

K¿lᴅk enerjisi tarixᴅn gᴅmi­ilikdᴅ istifadᴅ olunan ilk tᴅbii enerji mᴅnbᴅlᴅrindᴅn biri olmuĸdur. 

ᴄnᴅnᴅvi yelkᴅnli gᴅmilᴅr qᴅdim dºvrlᴅrdᴅn  bu yana dᴅniz nᴅqliyyatēnda geniĸ istifadᴅ olunmuĸ, lakin 

sᴅnaye inqilabēndan sonra yerini m¿hᴅrrikli gᴅmilᴅrᴅ vermiĸdir. M¿asir texnologiyalar k¿lᴅk enerjisinin 

yenidᴅn gᴅmi sistemlᴅrinᴅ inteqrasiyasēnē m¿mk¿n etmiĸdir.Artēq bir sēra gᴅmilᴅrdᴅ k¿lᴅk turbinlᴅri, rotor 

sistemlᴅri vᴅ paraĸ¿t tipli yelkᴅnlᴅr tᴅtbiq edilmᴅyᴅ baĸlanēlēb. 

Rotorlu sistemlᴅr digᴅr sistemlᴅrᴅ nisbᴅtᴅn ºz aktuallēĵēnē saxlamēĸdēr. Bu sistemlᴅrdᴅ ñFLETTNERò 

rotorlarē adlanan, dik vᴅziyyᴅtdᴅ quraĸdērēlmēĸ silindirik qurĵular k¿lᴅyin tᴅsirindᴅn yaranan maqnus effekti 

nᴅticᴅsindᴅ ᴅlavᴅ hᴅrᴅkᴅt g¿c¿ yaradēr. Almaniyanēn ñE-Ship 1ò adlē gᴅmisi bu texnologiyanēn uĵurlu 

n¿munᴅsidir. Bu gᴅmi 4 ᴅdᴅd 27 m-lik FLETTNER rotoru ilᴅ tᴅchiz olunmuĸdur vᴅ 15%-ᴅ qᴅdᴅr yanacaq 

qᴅnaᴅtinᴅ nail olmuĸdur. Bu nᴅticᴅllᴅr onun dizel m¿hᴅrriklᴅrinᴅ dᴅstᴅk olaraq k¿lᴅk enerjisindᴅn sᴅmᴅrᴅli 

istifadᴅ etdiyini gºstᴅrir. [3]. 

 
ķϸkil 1.  4 ϸdϸd 27 m-lik FLETTNER rotoru ilϸ tϸchiz olunmuĸ Almaniyanēn ñE-ship 1ò adlē gϸmisi 

 

mailto:aydin_murad@yahoo.com
mailto:sahib-ismayil@bk.ru


143 
 

Bundan baĸqa ñBeluga Sky Sail Sò konteyner gᴅmisi paraĸ¿t tipli bºy¿k yelkᴅn (kitesail) ilᴅ tᴅchiz 

olunaraq alternativ hᴅrᴅkᴅt g¿c¿ qazanmēĸdēr. Bu sistem k¿lᴅyin y¿ksᴅk atmosfer qatlarēndakē sabit vᴅ g¿cl¿ 

axēnlarē istifadᴅ edᴅrᴅk gᴅminin ºn istiqamᴅtdᴅ hᴅrᴅkᴅtini tᴅmin edir. Ķstismar nᴅticᴅsindᴅ 10-12% yanacaq 

qᴅnaᴅti ᴅldᴅ olunmuĸ vᴅ tᴅkmillᴅĸdirilmᴅsi halēnda bu rᴅqᴅmin 30%-ᴅ ­atacaĵē proqnozlaĸdērēlēr. 

 
ķϸkil  2. K¿lϸk turbininin gϸmilϸrdϸ tϸtbiqinin sadϸlϸĸdirilmiĸ sxemi 

 

Bu texnologiyalar hᴅlᴅlik geniĸ yayēlmasa da onlarēn potensialē y¿ksᴅkdir. ᴄlavᴅ ¿st¿nl¿kᴅri 

sērasēnda emissiyalarēn azaldēlmasē, ekoloji tᴅsirlᴅrin minimuma endirilmᴅsi vᴅ uzun m¿ddᴅtli istismar 

dºvr¿ndᴅ iqtisadi fayda ᴅldᴅ edilmᴅsi gºstᴅrilᴅ bilᴅr. ᴄsas mᴅhdudiyyᴅtlᴅrinᴅ isᴅ hava ĸᴅraitindᴅn asēlēlēq vᴅ 

sistemlᴅrin quraĸdērma vᴅ texniki baxēm xᴅrclᴅrinin y¿ksᴅkliyi daxildir.  

Bu n¿munᴅlᴅr gºstᴅrir ki, k¿lᴅk enerjisi ᴅsas m¿hᴅrriklᴅrᴅ yardēm­ē rol oynamaqla yanacaq 

sᴅrfiyyatēnēn azaldēlmasēna imkan verir. Bu sistemlᴅrin istismar m¿ddᴅti quraĸdērma keyfiyyᴅti, istifad 

intensivliyi vᴅ texniki baxēm sᴅviyyᴅsindᴅn dᴅ asēlēdēr. K¿lᴅk enerjisi ilᴅ iĸlᴅyᴅn sistemlᴅrin (mᴅsᴅlᴅn, m¿asir 

yelkᴅnlᴅr, rotor yelkᴅnlᴅr vᴅ ya paraĸ¿t tipli yelkᴅnlᴅr) istismar m¿ddᴅti aĸaĵēdakē kimidir:[5] 

1. Adi yelkᴅnlᴅr (klassik dᴅniz yelkᴅnlᴅri) ï materialēndan asēlē olaraq 5-15 il (m¿tᴅmadi 

texniki qulluqla daha uzun istismar m¿ddᴅti ᴅldᴅ etmᴅk olar) 

2. Rotor sail sistemlᴅri (FLETTNER rotorlarē) ï 20-25 il istismar m¿ddᴅti var, metal 

konstruksiyalēdēr vᴅ aĸaĵē texniki qulluq tᴅlᴅb edir. 

3. Kite sail (u­an paraĸ¿t yelkᴅnlᴅri) ï par­a vᴅ mexaniki sistemlᴅrdᴅn ibarᴅt olduĵundan 5-

10 il, lakin hava vᴅ dᴅniz ĸᴅraitindᴅn asēlē olaraq dᴅyiĸᴅ bilir.   

Gᴅmilᴅrdᴅki geniĸ vᴅ istifadᴅsiz gºyᴅrtᴅ sahᴅlᴅri g¿nᴅĸ panellᴅrinin yerlᴅĸdirilmᴅsi ¿­¿n ᴅlveriĸlidir. 

Gᴅmilᴅr ¿zrᴅ g¿nᴅĸ panellᴅrinin nºv¿ndᴅn vᴅ yerlᴅĸdiyi coĵrafi zonadan asēlē olaraq, bu sistemlᴅr m¿xtᴅlif 

miqdarda enerji istehsal edᴅ bilᴅr. Gᴅmilᴅr ¿­¿n uyĵun panel se­imi onun struktur x¿susiyyᴅtlᴅrindᴅn, sᴅfᴅr 

marĸrutundan, iqlim zonasēndan vᴅ gºyᴅrtᴅ sahᴅsininºl­¿s¿ndᴅn asēlēdēr.  

G¿nᴅĸ panellᴅri ᴅn ­ox g¿nᴅĸli bºlgᴅlᴅrdᴅ fᴅaliyyᴅt gºstᴅrᴅn trayektoriya ¿zrᴅ hᴅrᴅkᴅt edᴅn gᴅmilᴅr 

¿­¿n effektivdir. Bununla yanaĸē bu sistemlᴅr bᴅzi texniki ­ᴅtinliklᴅrlᴅ (g¿nᴅĸli g¿nlᴅrin sayēnēn az olmasē, 

enerji saxlama qabiiliyyᴅtinin mᴅhdudluĵu vᴅ panellᴅrin mexaniki tᴅsirlᴅrᴅ qarĸē dayanēqlēlēĵē) 

qarĸēlaĸmēĸdēr.  

G¿nᴅĸ panellᴅri texnoloji x¿susiyyᴅtlᴅrinᴅ gºrᴅ m¿xtᴅlif nºvlᴅrᴅ bºl¿n¿r:[4] 

V Monokristal panellϸr - y¿ksᴅk enerji ­evrilmᴅ effektivliyinᴅ ( tᴅxminᴅn 22%) malikdir, 

uzunºm¿rl¿d¿r, lakin istehsalē bahalēdēr. 

V Polikristal panellϸr -  daha az effektivdir (18%),lakin ucuz baĸa gᴅlir vᴅ geniĸ istifadᴅ olunur. 

V Amorf (nazik tϸbϸqϸli) panellϸr ïzᴅif g¿nᴅĸ iĸēĵēnda da iĸlᴅyᴅ bilir, elastikdir, lakin enerji 

­evrilmᴅ sᴅviyyᴅsi 5-7 % aĸaĵēdēr. 

V Kadmium tellurid vϸ selenid ϸsaslē panellϸr ï y¿ksᴅk iĸēq udma qabiliyyᴅtinᴅ malikdir vᴅ bᴅzi 

hallarda sᴅrfᴅli alternativ sayēlēr.  

V Polimer panellϸr ï y¿ng¿l, nazik vᴅ ᴅyilᴅ bilᴅndir, gᴅmi sᴅthlᴅrinᴅ uyĵunlaĸdērmaq asandēr, lakin 

effektivliyi aĸaĵēdēr. 

G¿nᴅĸ panellᴅrinin gᴅmilᴅrdᴅ tᴅtbiqi yanacaq sᴅrfiyyatēnē azaltmaĵa kºmᴅk edir, ­¿nki panellᴅr 

yardēm­ē sistemlᴅrin (iĸēqlandērma, naviqasiya, kommunikasiya, soyutma vᴅ s.) enerji tᴅlᴅbatēnē qarĸēlamaqla 

dizel generatorlarēnēn iĸ y¿k¿n¿ azaldēr. Bu texnologiya gᴅminin nºv¿ vᴅ panel sisteminin g¿c¿ndᴅn asēlē 

olaraq yanacaq sᴅrfiyyatēnda g¿ndᴅlik 5- 10%, bᴅzi hibrid sistemlᴅrdᴅ isᴅ illik 2 0-30% -ᴅ qᴅdᴅr qᴅnaᴅt tᴅmin 

edᴅ bilᴅr. Belᴅliklᴅ g¿nᴅĸ enerjisi tᴅkcᴅ ᴅmᴅliyyat xᴅrclᴅrini deyil, hᴅm dᴅ karbon emissiyalarēnē azaltmaq 

baxēmēndan ᴅhᴅmiyyᴅtli rol oynayēr. 

Tᴅkcᴅ g¿nᴅĸ vᴅ k¿lᴅk enerjisi ilᴅ iĸlᴅyᴅn sistemlᴅr hava ĸᴅraitindᴅn asēlē olduĵundan daim y¿ksᴅk 

mᴅhsuldarlēq vermir Belᴅ sistemlᴅr real vaxtda k¿lᴅk vᴅ g¿nᴅĸ mᴅlumatlarēnē analiz edᴅrᴅk enerji istehsalēnē 

tᴅnzimlᴅyir. Bu yanacaq sᴅrfiyyatēnē azaldēr, dizel generatorlarēnēn ºmr¿n¿ uzadēr vᴅ ¿mumi istismar 

xᴅrclᴅrini aĸaĵē salēr.  
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Bu c¿r sistemlᴅr daha ­ox avtonom rejimdᴅ iĸlᴅyᴅn, uzaq mᴅsafᴅlᴅrᴅ sᴅfᴅr edᴅn vᴅ enerji tᴅminatēnda 

dayanēqlēlēq tᴅlᴅb olunan gᴅmilᴅr ¿­¿n uyĵundur. Kombinᴅ olunmuĸ enerji sistemlᴅrinin aĸaĵēdakē nºvlᴅri 

mºvcuddur:[6] 

a) G¿nᴅĸ + K¿lᴅk sistemlᴅri ï ᴄn geniĸ yayēlmēĸ hibrid modelidir. G¿nᴅĸ paneli g¿n ᴅrzindᴅ 

iĸlᴅyir, k¿lᴅk turbinlᴅri isᴅ gecᴅ vᴅ ya buludlu hava ĸᴅraitindᴅ. Bu sistemlᴅr bir-birini tamamlayēr vᴅ enerji 

davamlēlēĵēnē artērēr. 

b) G¿nᴅĸ + Bioenerji sistemlᴅri ï G¿nᴅĸ paneli g¿nd¿z enerji verir, bioenerji (mᴅsᴅlᴅn, biok¿tlᴅ vᴅ 

ya bioqaz) isᴅ gecᴅ vᴅ ya qēĸ aylarēnda istifadᴅ olunur. 

c) G¿nᴅĸ + batareya+dizel ehtiyatē ï G¿nᴅĸ ᴅsas enerji mnbᴅyidir, batareyalar g¿nd¿z toplanan 

enerjini saxlayēr. Uzunm¿ddᴅtli buludlu havalarda vᴅ ya fºvqᴅladᴅ hallarda dizel generator ehtiyyat kimi 

iĸlᴅyir. 

Bu sistemlᴅrin ᴅsas ¿st¿nl¿klᴅri davamlē enerji tᴅchizatē, tullantēlarēn minimuma endirilmᴅsi ekoloji 

tᴅhl¿kᴅsizliyi, dizel vᴅ fosil yanacaqlardan asēlēlēĵēn azaldēlmasē,enerji sᴅmᴅrᴅliliyinin artērēlmasēnēn 

m¿mk¿nl¿y¿d¿r.  Aĸaĵēdakē qrafikdᴅ nᴅticᴅ olaraq bᴅrpa olunan enerji mᴅnbᴅlᴅrinin tᴅtbiqinin yanacaq 

sᴅrfiyyatēna tᴅsirinin qrafiki verilmiĸdir 

 

 
ķϸkil 3. Bϸrpa olunan enerji sistemlϸrinin yanacaq sϸrfiyyatēna tϸsirinin qrafiki 

 

Nᴅticᴅ  

Aparēlan araĸdērmalar gºstᴅrir ki, bᴅrpa olunan enerji mᴅnbᴅlᴅrinin ï x¿susilᴅ g¿nᴅĸ vᴅ k¿lᴅk 

enerjisinin gᴅmi­ilik sahᴅsindᴅ tᴅtbiqi m¿h¿m potensiala malikdir. Bu texnologiyalar gᴅminin m¿stᴅqil 

enerji tᴅminatēnē tᴅmin etmᴅsᴅs dᴅ mºvcud dizel m¿hᴅrriklᴅrinᴅ yardēm­ē enerji mᴅnbᴅyi kimi fᴅliyyᴅt 

gºstᴅrᴅrᴅk yanacaq sᴅrfiyyatēnē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalda bilᴅr. 

Gᴅlᴅcᴅkdᴅ texnologiyalarēn tᴅkmillᴅĸdirilmᴅsi ilᴅ bu gºstᴅricilᴅrin daha da yaxĸēlaĸmasē gºzlᴅnilir vᴅ 

belᴅ sistemlᴅrin daha geniĸ tᴅtbiqi gᴅmi­ilik sektorunda ekoloji transformasiyanē s¿rᴅtlᴅndirᴅ bilᴅr. 
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Summary 

IMPACT OF THE APPLICATION OF RENEWABLE ENERGY SOURCES ON FUEL CONSUMPTION IN SHIPS  

Muradaliyev A.Z., Huseynov K.Sh. 

 

This article examines the application of renewable energy sources in shipbuilding and the impact of these technologies on 

fuel consumption. Wind and solar technologies are analyzed, and their efficiency indicators are compared based on current world 

experience. The results show that these technologies, although not completely replacing traditional energy sources, can significantly 

reduce fuel consumption. 

Key words: renewable energy, wind turbines, solar panels, fuel consumption, carbon emissions, shipbuilding 
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X¿lasᴅ son illᴅrdᴅ binalarda g¿nᴅĸ enerjisi sistemlᴅrinin inteqrasiyasē hᴅm akademik, hᴅm dᴅ praktiki tᴅdqiqatlarda 

prioritet sahᴅyᴅ ­evrilmiĸdir. Bu iĸdᴅ binalarda g¿nᴅĸ istilik vᴅ fotoelektrik texnologiyalarēnēn tᴅtbiqi, performansēn 

optimallaĸdērēlmasē vᴅ modellᴅĸdirilmᴅsi araĸdērēlmēĸdēr. Binalarēn enerji gºstᴅricilᴅrinin y¿ksᴅk dᴅqiqliklᴅ modellᴅĸdirilmᴅsi enerji 

istehlakēnē vᴅ karbon emissiyalarēnē azaltmaĵa, daxili mᴅkanlarēn komfortunu artērmaĵa, eyni zamanda tikinti sektorunda innovasiya 

vᴅ texnoloji inkiĸafē tᴅĸviq etmᴅyᴅ imkan verir. Tᴅdqiqat ­ᴅr­ivᴅsindᴅ TRNSYS, EnergyPlus vᴅ IDA ICE kimi modellᴅĸdirmᴅ 

proqramlarēnēn ¿st¿nl¿klᴅri vᴅ mᴅhdudiyyᴅtlᴅri qiymᴅtlᴅndirilmiĸ, FDM / PCM vᴅ hibrid istilik nasosu sistemlᴅri ilᴅ baĵlē 

eksperimental vᴅ ᴅdᴅdi analizlᴅr aparēlmēĸdēr. Hᴅm­inin, binalara inteqrasiya olunmuĸ fotoelektrik (BĶFE) sistemlᴅrinin gºstᴅricisi, 

hava ĸᴅraitindᴅn asēlēlēq, kºlgᴅlᴅnmᴅ vᴅ enerji yēĵma sistemlᴅri ilᴅ optimallaĸdērma imkanlarē tᴅhlil edilmiĸdir. S¿ni neyron 

ĸᴅbᴅkᴅlᴅrinᴅ ᴅsaslanan real vaxt monitorinq sistemlᴅri vᴅ simsiz sensor ĸᴅbᴅkᴅlᴅrinin tᴅtbiqi fotoelektrik panellᴅrin etibarlēlēĵēnē vᴅ 

enerji istehsalēnēn stabilliyini artērēr.  

A­ar sºzlᴅr:  bᴅrpa olunan enerji mᴅnbᴅlᴅri, g¿nᴅĸ enerjisi sistemlᴅri, yaĸayēĸ binalarē, enerji sᴅmᴅrᴅliliyi, g¿nᴅĸ istilik 

sistemlᴅri, yaĸēl texnologiyalar. 

 

Giriĸ 

Son illᴅrdᴅ dᴅyiĸᴅn bᴅrpa olunan enerji mᴅnbᴅlᴅri (BOEM) b¿t¿n d¿nyada tᴅcrid olunmuĸ vᴅ 

mᴅrkᴅzi ºlkᴅ enerji sistemlᴅri ¿­¿n gᴅlirli vᴅ ekoloji tᴅmiz alternativᴅ ­evrilmiĸdir. Lakin onlarēn kᴅsikli, 

dᴅyiĸkᴅn, stoxastik, idarᴅ oluna bilmᴅyᴅn xarakteri sᴅbᴅbindᴅn enerji sisteminᴅ m¿ᴅyyᴅn hᴅcmdᴅ enerji 

tᴅchizatēndan baĸqa bir sēra ᴅlavᴅ vᴅ mᴅcburi xidmᴅtlᴅr tᴅqdim edᴅ bilmirlᴅr. BOEM-lᴅrin enerji sistemlᴅrinᴅ 

inteqrasiyasēnēn sᴅviyyᴅsini sᴅmᴅrᴅli ĸᴅkildᴅ artērmaq yollarēnē ºyrᴅnmᴅk ¿­¿n onlarēn ᴅsasēnē tᴅĸkil edᴅn 

modellᴅrinin davranēĸē vᴅ elektrik enerjisi istehsalēnēn dinamikasēnēn daha dᴅrin anlaĸēlmasē zᴅruridir. Bu 

baxēmdan son illᴅrdᴅ bir ­ox tᴅdqiqat BOEM-lᴅrin ĸᴅbᴅkᴅyᴅ inteqrasiyasē mᴅsᴅlᴅlᴅrinᴅ yºnᴅlmiĸdir. 

Ķqlim dᴅyiĸikliyi, ᴅtraf m¿hitᴅ potensial tᴅsiri vᴅ insan hᴅyatē ¿­¿n mᴅnfi nᴅticᴅlᴅri sᴅbᴅbindᴅn son 

illᴅrdᴅ ᴅsas problemlᴅrdᴅn birinᴅ ­evrilmiĸ vᴅ bu da tᴅmiz vᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrinin istifadᴅsinin 

artmasēna sᴅbᴅb olmuĸdur. ĶD¿HP (Ķqlim Dᴅyiĸikliyi ¿zrᴅ Hºkumᴅtlᴅrarasē Panel) ĶPCC, 2050-ci ilᴅ qᴅdᴅr 

qlobal miqyasda sēfēr xalis karbon qazē (COϜ) tullantēlarēna nail olmaĵē tᴅlᴅb edᴅn 1,5ÁC hᴅdᴅfi tᴅklif etdi. 

Tikinti sektorunun qlobal istilᴅĸmᴅnin yumĸaldēlmasē ¿­¿n ᴅhᴅmiyyᴅtli potensiala malik olduĵu hesab 

olunur. Avropa Ķttifaqēnēn (AĶ) mᴅlumatlarēna gºrᴅ, ĸᴅhᴅr ᴅhalisi artmaqda davam edᴅcᴅk vᴅ 2050-ci ilᴅ 
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qᴅdᴅr d¿nya ᴅhalisinin 66%-i ĸᴅhᴅrlᴅrdᴅ yaĸayacaq. Bu, davamlē ĸᴅhᴅr inkiĸafē ¿­¿n ᴅhᴅmiyyᴅtli problemlᴅr 

vᴅ imkanlar yaradēr. Baĸqa sºzlᴅ, BMT-nin Ķqlim Dᴅyiĸikliyinin ¢ᴅr­ivᴅ Konvensiyasē ¿zrᴅ 26-cē Tᴅrᴅflᴅr 

Konfransē (COP26) ºlkᴅlᴅrdᴅn 2050-ci ilᴅ qᴅdᴅr qlobal temperatur artēmēnēn 1,5 dᴅrᴅcᴅ Selsi dᴅrᴅcᴅsindᴅ 

mᴅhdudlaĸdērēlmasēnē tᴅlᴅb edir.  Saziĸi qᴅbul edib imzalamaqla, b¿t¿n ºlkᴅlᴅr, onlarēn inkiĸaf sᴅviyyᴅsindᴅn 

asēlē olmayaraq, COϜ emissiyalarēnē iqtisadi vᴅ demoqrafik meyllᴅrdᴅn ayērmaq ¿­¿n tᴅdbirlᴅr gºrmᴅk 

ºhdᴅliyi gºt¿rd¿lᴅr. 

Bu ºhdᴅliklᴅrin yerinᴅ yetirilmᴅsi isᴅ qlobal iqlim g¿ndᴅliyindᴅ sonrakē konfranslarda daha da 

dᴅqiqlᴅĸdirilmiĸ, x¿susᴅn dᴅ maliyyᴅ mexanizmlᴅri, enerji ke­idi vᴅ ĸᴅhᴅrdayanēqlēĵē ¿zrᴅ yeni tᴅlᴅblᴅrlᴅ 

mºhkᴅmlᴅndirilmiĸdir. Bu baxēmdan, iqlim diplomatiyasē ¿­¿n nºvbᴅti hᴅlledici mᴅrhᴅlᴅ COP29 olmuĸdur. 

COP29-un Bakē ĸᴅhᴅrindᴅ ke­irilmᴅsi, bir tᴅrᴅfdᴅn Azᴅrbaycanē beynᴅlxalq iqlim siyasᴅtinin 

mᴅrkᴅzinᴅ ­ēxarmēĸ, digᴅr tᴅrᴅfdᴅn isᴅ qlobal iqlim ºhdᴅliklᴅrinin icrasē ¿­¿n yeni danēĸēqlar ­ᴅr­ivᴅsi 

yaratmēĸdēr. Konfransēn ᴅsas mᴅqsᴅdi 2025-ci ildᴅn sonra q¿vvᴅyᴅ minᴅcᴅk yeni qlobal iqlim 

maliyyᴅlᴅĸdirmᴅ hᴅdᴅfini (New Collective Quantified Goal on Climate Finance ï NCQG) 

m¿ᴅyyᴅnlᴅĸdirmᴅk vᴅ inkiĸaf etmᴅkdᴅ olan ºlkᴅlᴅrin iqlim adaptasiyasē, emissiyalarēn azaldēlmasē vᴅ 

davamlē ĸᴅhᴅr transformasiyasē ¿­¿n daha sᴅmᴅrᴅli maliyyᴅ axēnlarēnē tᴅmin etmᴅkdir. COP29-da 

ĸᴅhᴅrlᴅĸmᴅnin s¿rᴅtlᴅnmᴅsi fonunda iqlim risklᴅrinin idarᴅ olunmasē x¿susi prioritet kimi vurĵulanmēĸdēr. 

ķᴅhᴅrlᴅrin enerji istehlakē, nᴅqliyyat emissiyalarē vᴅ infrastrukturun dayanēqlēĵē iqlim dᴅyiĸmᴅsinin ᴅsas tᴅsir 

sahᴅlᴅri hesab olunur vᴅ buna gºrᴅ dᴅ konfrans ­ᴅr­ivᴅsindᴅ aĵēllē ĸᴅhᴅrlᴅr (smart cities), yaĸēl enerji 

sistemlᴅri, dayanēqlē mobilite vᴅ karbon neytrallēĵēna ke­id ¿zrᴅ yeni tᴅĸᴅbb¿slᴅr m¿zakirᴅ edilmiĸdir. 

Belᴅliklᴅ, COP29 yalnēz qlobal iqlim ºhdᴅliklᴅrinin yenilᴅnmᴅsi baxēmēndan deyil, hᴅm dᴅ 

urbanizasiya meyllᴅrinin yaratdēĵē ­aĵērēĸlarēn hᴅlli ¿­¿n beynᴅlxalq ᴅmᴅkdaĸlēĵēn g¿clᴅndirilmᴅsi 

baxēmēndan x¿susi ᴅhᴅmiyyᴅt kᴅsb edir. Bu konfrans ĸᴅhᴅrlᴅrin enerji vᴅ ekoloji planlaĸdērēlmasēnēn gᴅlᴅcᴅk 

inkiĸaf istiqamᴅtlᴅrini formalaĸdēran ᴅsas platformalardan birinᴅ ­evrilmiĸdir. COP29 qlobal iqlim 

diplomatiyasēnda yeni mᴅrhᴅlᴅnin baĸlanĵēcēnē qoymuĸ, maliyyᴅlᴅĸdirmᴅ, enerji ke­idi vᴅ urban dayanēqlēĵē 

¿zrᴅ yeni ­ᴅr­ivᴅlᴅr formalaĸdērmēĸdēr. Konfransēn mᴅrkᴅzi nailiyyᴅti 2025-ci ildᴅn etibarᴅn tᴅtbiq olunacaq 

NCQG maliyyᴅlᴅĸdirmᴅ mexanizminin qᴅbuludur, bu da inkiĸaf etmiĸ ºlkᴅlᴅrin ºhdᴅliklᴅrini aydēnlaĸdērēr, 

inkiĸaf etmᴅkdᴅ olan ºlkᴅlᴅrin adaptasiya vᴅ emissiya azaldēlmasē ¿­¿n maliyyᴅyᴅ ­ēxēĸēnē tᴅmin edir, 

proqnozlaĸdērēla bilᴅn maliyyᴅ axēnlarē vᴅ iqlim risklᴅrinᴅ davamlē ĸᴅhᴅr infrastrukturu ¿­¿n mexanizmlᴅr 

yaradēr. Bakē Bᴅyannamᴅsi ºlkᴅlᴅrin 1,5ÁC mᴅqsᴅdinᴅ sadiqliyini tᴅsdiqlᴅyir, urban dayanēqlēĵē, binalarēn 

karbon neytrallēĵē, yaĸēl texnologiyalar vᴅ bᴅrpa olunan enerji inteqrasiyasēnē dᴅstᴅklᴅyir, ĸᴅhᴅrlᴅrin resurs 

sᴅmᴅrᴅliliyini artēraraq davamlē inkiĸafēn ᴅsaslarēnē g¿clᴅndirir. 

COP29 ­ᴅr­ivᴅsindᴅ ᴅldᴅ olunan razēlaĸmalar ĸᴅhᴅrlᴅrin, x¿susilᴅ dᴅ tikinti sektorunun iqlim 

hᴅdᴅflᴅrinᴅ uyĵunlaĸdērēlmasēnēn nᴅ qᴅdᴅr vacib olduĵunu bir daha gºstᴅrdi. Urban m¿hitdᴅ enerji 

sᴅmᴅrᴅliliyinin artērēlmasē, binalarēn iqlim risklᴅrinᴅ qarĸē daha davamlē formaya gᴅtirilmᴅsi vᴅ karbon 

emissiyalarēnēn azaldēlmasē ¿zrᴅ qᴅbul edilᴅn ºhdᴅliklᴅr tikinti m¿hitindᴅ transformasiya prosesini 

s¿rᴅtlᴅndirmᴅyi zᴅruri edir. Mᴅhz bu kontekstdᴅ, qlobal miqyasda binalarēn enerji istehlakē vᴅ 

emissiyalarēndakē payē nᴅzᴅrᴅ alēnaraq, sēfēr emissiyalē tikinti konsepsiyalarēnēn tᴅtbiqi gᴅlᴅcᴅk iqlim 

strategiyalarēnēn ayrēlmaz hissᴅsinᴅ ­evrilir. 

Binalar d¿nyada enerji ilᴅ ᴅlaqᴅli ¿mumi birbaĸa vᴅ dolayē karbon emissiyalarēnēn tᴅxminᴅn ¿­dᴅ 

birinᴅ sᴅbᴅb olduĵundan, "Sēfēr Karbon Emissiyalē Bina" anlayēĸē 2050-ci ilᴅ qᴅdᴅr tikinti m¿hitindᴅ sēfēr 

emissiya hᴅdᴅfinᴅ ­atmaq ¿­¿n tᴅtbiq edilᴅ bilᴅn innovativ enerji qᴅnaᴅt modeli tᴅmsil edir. Bu, enerji 

istehlakēnda minimal vᴅ ya sēfēr karbon emissiyasēna malik olan binalar haqqēndadēr. Bᴅrpa olunan enerji 

mᴅnbᴅlᴅrinin inteqrasiyasē, enerjiyᴅ qᴅnaᴅt dizaynē vᴅ enerji istehlakēnēn azaldēlmasē sayᴅsindᴅ belᴅ binalar 

xalis sēfēr karbon emissiyasē olan binalar statusuna ­atērlar. 

Son onillikdᴅ g¿nᴅĸ enerjisinin binalarda tᴅtbiqi sahᴅsindᴅ tᴅdqiqatlarēn irᴅlilᴅyiĸini ᴅks etdirᴅn 

ᴅdᴅbiyyat nᴅzᴅrdᴅn ke­irilir, ᴅsas diqqᴅt etibarlēlēq, mᴅhsuldarlēq, xᴅrc vᴅ estetika ¿zᴅrindᴅ cᴅmlᴅnir. 

Mᴅqalᴅnin sonrakē bºlmᴅlᴅrindᴅ g¿nᴅĸ fotoelektrik vᴅ istilik texnologiyalarēnēn memarlēq sahᴅsindᴅ 

etibarlēlēĵēnēn tᴅmin edilmᴅsi vᴅ mᴅhsuldarlēĵēnēn artērēlmasē ¿sullarē, testlᴅrin optimallaĸdērēlmasē vᴅ gᴅlirli 

hᴅllᴅrin axtarēĸē vasitᴅsilᴅ g¿nᴅĸ enerjisinin tikinti tᴅtbiqlᴅrindᴅ bºy¿k potensialē n¿mayiĸ etdirilir. Bu iĸ 

hᴅm­inin tanēĸlēq ¿­¿n dᴅqiq vᴅ rahat modellᴅĸdirmᴅ ¿sullarēnē ¿mumilᴅĸdirir. Sonra hibrid fotoelektrik vᴅ 

g¿nᴅĸ istilik texnologiyalarēnēn inkiĸafē izah olunur, onlarēn binalarēn istismar vᴅ estetik x¿susiyyᴅtlᴅrinᴅ 

tᴅsiri araĸdērēlēr. Bundan ᴅlavᴅ, innovativ vᴅ qabaqcēl texnologiyalardan istifadᴅ edᴅrkᴅn estetik aspektᴅ 

diqqᴅt yetirilir. ᴄldᴅ edilmiĸ nᴅticᴅlᴅr g¿nᴅĸ enerjisinin tᴅtbiqinin inkiĸafēnēn daha da stimullaĸdērēlmasēna 

kºmᴅk edᴅ bilᴅr vᴅ tᴅdqiqat­ēlara ᴅn son texnologiyalarēn tᴅlᴅblᴅrini daha yaxĸē anlamaĵa kºmᴅk edᴅ bilᴅr. 

ķᴅkil 1-dᴅ bu mᴅqalᴅnin ᴅsas mᴅzmunu tᴅqdim olunur. 
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ķϸkil 1. Binalarda G¿nϸĸ Enerjisi Texnologiyalarēnēn Tϸtbiqi vϸ Modellϸĸdirilmϸsinin Tϸsnifat Diaqramē 

 

Binalarda G¿nᴅĸ Ķstilik Texnologiyalarēnēn Tᴅtbiqi vᴅ Modellᴅĸdirilmᴅsi 

G¿nᴅĸ istilik texnologiyalarēnēn binalarda inteqrasiyasē davamlē inkiĸaf vᴅ memarlēqda enerji 

sᴅmᴅrᴅliliyi istiqamᴅtindᴅ m¿h¿m sahᴅdir. Bu, binalar ¿­¿n tᴅmiz vᴅ bᴅrpa olunan enerji alternativi tᴅqdim 

edir, ᴅnᴅnᴅvi enerji mᴅnbᴅlᴅrindᴅn asēlēlēĵē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azaldēr vᴅ ᴅtraf m¿hitᴅ tᴅsiri minimuma 

endirir. Texnologiyanēn inkiĸafē ilᴅ g¿nᴅĸ istilik energetikasē memarlēq sahᴅsindᴅ getdikcᴅ daha m¿h¿m rol 

oynayacaq. 

Binalarēn enerji gºstᴅricilᴅrinin y¿ksᴅk sᴅmᴅrᴅliliklᴅ modellᴅĸdirilmᴅsi enerji istehlakēnēn vᴅ karbon 

emissiyalarēnēn azalmasēna, daxili mᴅkanlarēn keyfiyyᴅtinin vᴅ mᴅhsuldarlēĵēnēn y¿ksᴅlmᴅsinᴅ, eyni 

zamanda tikinti sektorunda innovasiyalarēn vᴅ texnoloji inkiĸafēn tᴅĸviqinᴅ ĸᴅrait yaradēr. Dᴅyᴅr vᴅ zaman 

baxēmēndan sᴅmᴅrᴅlilik, parametrlᴅrin optimallaĸdērēlmasē, etnik x¿susiyyᴅtlᴅr vᴅ tᴅhl¿kᴅsizlik kimi amillᴅr 

binalarēn enerji istehlakēnēn modellᴅĸdirilmᴅsini proqnozlaĸdērma vᴅ qiymᴅtlᴅndirmᴅ prosesindᴅ m¿h¿m 

vasitᴅyᴅ ­evirir. Yeni texnologiyalara ᴅsaslanan modellᴅrin maraqlē tᴅrᴅflᴅr arasēnda geniĸ tᴅtbiqi isᴅ yalnēz 

bu modellᴅrin etibarlēlēĵē vᴅ dᴅqiqliyinin tᴅmin olunmasē ilᴅ m¿mk¿nd¿r. Akademik tᴅdqiqatlarda 

modellᴅĸdirmᴅnin rolu m¿asir texnoloji nailiyyᴅtlᴅr nᴅticᴅsindᴅ daha da geniĸlᴅnmiĸdir. Cᴅdvᴅl 1-dᴅ 

(ᴅlavᴅlᴅr) ᴅvvᴅlki tᴅdqiqatlar ¿zrᴅ simulyasiya sēnaqlarēnda istilik sᴅmᴅrᴅliliyinin ᴅdᴅdi gºstᴅricilᴅrinᴅ dair 

qēsa m¿qayisᴅ tᴅqdim edilir. 

Araĸdērmalar gºstᴅrir ki, bina enerji sᴅmᴅrᴅliliyinin qiymᴅtlᴅndirilmᴅsi ¿­¿n tᴅtbiq olunan TRNSYS, 

EnergyPlus vᴅ IDA ICE kimi modellᴅĸdirmᴅ alᴅtlᴅri faza dᴅyiĸdirᴅn materiallar istifadᴅ olunmadēĵē halda 

y¿ksᴅk dᴅqiqlik n¿mayiĸ etdirir, PCM tᴅtbiqi zamanē isᴅ daha etibarlē nᴅticᴅlᴅrᴅ gºrᴅ IDA ICE ¿st¿nl¿k 

tᴅĸkil edir. Modellᴅĸdirmᴅ mᴅhdudiyyᴅtlᴅrini azaltmaq ¿­¿n BES (EnergyPlus) vᴅ CFD (Ansys Fluent) 

inteqrasiyasēna ᴅsaslanan birgᴅ simulyasiya ­ᴅr­ivᴅsi hazērlanmēĸ vᴅ ᴅnᴅnᴅvi BES alᴅtlᴅri ilᴅ m¿qayisᴅdᴅ 

daha dᴅqiq proqnozlar ᴅldᴅ edilmiĸdir. Ķqtisadi optimallaĸdērma mᴅqsᴅdilᴅ TRNSYS ᴅsasēnda g¿nᴅĸ-hava 

istilik nasosu sistemi layihᴅlᴅndirilmiĸ, daha sonra MATLAB s¿ni neyron ĸᴅbᴅkᴅlᴅri vᴅ GenOpt alᴅtlᴅri ilᴅ 

optimal g¿nᴅĸ payē dᴅyᴅrlᴅri m¿ᴅyyᴅn edilmiĸdir. Ķkiºl­¿l¿ ᴅdᴅdi modellᴅr vᴅ eksperimental yoxlamalar 

ᴅsasēnda PCM-dᴅ istilik yēĵēlmasē vᴅ ñg¿nᴅĸ kollektorïtorpaq istilik nasosuò hibrid sisteminin sᴅmᴅrᴅliliyi 

qiymᴅtlᴅndirilmiĸ, optimallaĸdērēlmēĸ istismarēn enerji qᴅnaᴅti yaratdēĵē tᴅsdiqlᴅnmiĸdir. Eyni zamanda 

birbaĸa geniĸlᴅnmᴅli g¿nᴅĸlᴅ dᴅstᴅklᴅnᴅn istilik nasosu sistemlᴅri ¿­¿n axēn rejimi xᴅritᴅlᴅri, PCM-dᴅ 

histerezis effektini nᴅzᴅrᴅ alan istilik modellᴅri vᴅ dolayē g¿nᴅĸlᴅ dᴅstᴅklᴅnᴅn sistemlᴅr ¿­¿n dinamik su 

qēzdērma modellᴅri iĸlᴅnmiĸdir. ¦mumilikdᴅ, modellᴅĸdirmᴅ layihᴅlᴅndiricilᴅrᴅ tikinti komponentlᴅri vᴅ 

enerji sistemlᴅrinin sᴅmᴅrᴅliliyini qiymᴅtlᴅndirmᴅyᴅ, optimallaĸdērma imkanlarēnē m¿ᴅyyᴅnlᴅĸdirmᴅyᴅ vᴅ 

daha davamlē, resurs sᴅmᴅrᴅli bina hᴅllᴅri tᴅtbiq etmᴅyᴅ imkan verir. 
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Binalara Ķntegrasiya Olunan Fotoelektrik Sistemlᴅrin Problemlᴅri vᴅ Optimallaĸdērēlmēĸ 

Hᴅllᴅr 

Araĸdērmalar gºstᴅrir ki, binalara inteqrasiya olunmuĸ fotoelektrik (FE) sistemlᴅr yaĸayēĸ 

mᴅntᴅqᴅlᴅrindᴅ bᴅrpa olunan enerji istifadᴅsinin geniĸlᴅnmᴅsindᴅ m¿h¿m rol oynasa da, onlarēn ᴅsas 

mᴅhdudiyyᴅti hava ĸᴅraitindᴅn asēlē kᴅsikli iĸ rejimidir. FE sistemlᴅrinin sᴅmᴅrᴅliliyi k¿lᴅk generasiyasē, 

qazēntē yanacaĵēna ᴅsaslanan elektrik stansiyalarē vᴅ enerji yēĵēm sistemlᴅri ilᴅ hibridlᴅĸdirmᴅ yolu ilᴅ artērēla 

bilᴅr. Xᴅrclᴅrin miqyas effekti hesabēna azalmasē vᴅ silikon fotoelektrik texnologiyalarda passivlᴅĸdirici 

kontaktlarēn inkiĸafē nᴅticᴅsindᴅ FE enerji payēnēn artacaĵē proqnozlaĸdērēlēr. Tᴅklifïtᴅlᴅb uyĵunsuzluĵunu 

azaltmaq ¿­¿n batareya enerji yēĵēm sistemlᴅri aĸaĵē tᴅlᴅb dºvrlᴅrindᴅ enerjini saxlamaĵa vᴅ pik y¿k vaxtē 

ĸᴅbᴅkᴅyᴅ qaytarmaĵa imkan verir; bu prosesin optimallaĸdērēlmasē isᴅ genetik alqoritmlᴅr vᴅ par­a s¿r¿ 

optimallaĸdērma ¿sullarē ilᴅ hᴅyata ke­irilir vᴅ gᴅrginlik d¿ĸg¿lᴅri, g¿c itkilᴅri vᴅ maksimal y¿klᴅnmᴅ ilᴅ 

baĵlē xᴅrclᴅrin azaldēlmasēna ĸᴅrait yaradēr. Fotovoltaik (PV) texnologiyasēnēn digᴅr bir nᴅzᴅrᴅ­arpacaq 

­atēĸmazlēĵē bᴅrpa olunan enerjinin 80%-dᴅn ­oxunun istiliyᴅ ­evrilmᴅsidir. Bu istilik enerjisi kollektorda 

d¿zg¿n ĸᴅkildᴅ saxlanēlmazsa, PV elementlᴅrinᴅ potensial zᴅrᴅr verᴅ bilᴅr. 

Binalarda Ķnteqrasiya Olunmuĸ Fotoelektrik Sistem Texnologiyalarē 

BĶFE sistemlᴅrinin s¿rᴅtli inkiĸafē g¿nᴅĸ kollektorlarē vᴅ modullarēnēn sᴅmᴅrᴅliliyinin artmasē, 

istehsal xᴅrclᴅrinin azalmasē vᴅ rᴅqabᴅtli enerji istehsalē dᴅyᴅrinᴅ nail olunmasē ilᴅ ᴅlaqᴅlᴅndirilir. 

Araĸdērmalar gºstᴅrir ki, BĶFE sistemlᴅri son illᴅrdᴅ hᴅm binanēn enerji istehsalē, hᴅm dᴅ istilik rahatlēĵēnēn 

tᴅmin edilmᴅsi baxēmēndan x¿susi diqqᴅt cᴅlb etmiĸdir. Texnoloji sᴅrhᴅdlᴅrin tᴅhlili ¿­ ᴅsas inkiĸaf 

istiqamᴅtini m¿ᴅyyᴅn etmiĸdir: y¿ng¿l, elastik vᴅ estetik cᴅhᴅtdᴅn uyĵun modul daĸēyēcēlarē; 

tᴅkmillᴅĸdirilmiĸ BĶFE komponentlᴅri; vᴅ sosial ĸᴅbᴅkᴅ analizi ilᴅ mᴅtn klasterlᴅĸmᴅsinᴅ ᴅsaslanan aĵēllē 

idarᴅetmᴅ sistemlᴅri. Eyni zamanda, BĶFE tᴅtbiqlᴅrinin sosial vᴅ ekoloji tᴅsirlᴅri araĸdērēlmēĸ, ekoloji, 

saĵlamlēq, dizayn vᴅ sosial amillᴅrlᴅ baĵlē ¿st¿nl¿klᴅr vᴅ mᴅhdudiyyᴅtlᴅr m¿ᴅyyᴅn edilmiĸdir. Fotoelektrik 

sistemlᴅrin real ĸᴅraitdᴅ m¿xtᴅlif nasazlēq rejimlᴅrinᴅ mᴅruz qala bilmᴅsi erkᴅn xᴅbᴅrdarlēq imkanlarēna 

malik sᴅmᴅrᴅli monitorinq sistemlᴅrinin vacibliyini artērēr. ᴄnᴅnᴅvi kabel ᴅsaslē monitorinqin y¿ksᴅk xᴅrc vᴅ 

ekoloji mᴅnfi tᴅsirlᴅrinᴅ qarĸēlēq, m¿asir simsiz monitorinq texnologiyalarē mᴅhdudiyyᴅtlᴅri ᴅhᴅmiyyᴅtli 

dᴅrᴅcᴅdᴅ azaldaraq real vaxtda qᴅrar qᴅbuletmᴅni asanlaĸdērēr. S¿ni neyron ĸᴅbᴅkᴅlᴅrinᴅ ᴅsaslanan kºlgᴅ 

salma vᴅ digᴅr nasazlēqlarēn aĸkarlanmasē ¿zrᴅ inkiĸaf etmiĸ monitorinq yanaĸmalarē, elᴅcᴅ dᴅ simsiz sensor 

ĸᴅbᴅkᴅsi ilᴅ inteqrasiya olunmuĸ qeyri-xᴅtti maksimum g¿c nºqtᴅsi izlᴅmᴅ nᴅzarᴅt­ilᴅri artēq mºvcuddur. 

 

 
ķϸkil 2. Binalarda Ķnteqrasiya Olunmuĸ Fotoelektrik (BĶFE) Sisteminin ¦mumi Strukturu 

 

Enerji istehsalēndakē dᴅyiĸkᴅnliklᴅr adᴅtᴅn ᴅtraf m¿hit ĸᴅraitinin dᴅyiĸmᴅsi, kºlgᴅlᴅnmᴅ vᴅ ya 

nasazlēqlarla ᴅlaqᴅdar olduĵundan, fotoelektrik panellᴅrin vᴅziyyᴅtinin m¿ᴅyyᴅn edilmᴅsi ¿­¿n intellektual 

monitorinq sisteminᴅ ehtiyac duyulur. Bu mᴅqsᴅdlᴅ, ucuz aparat platformalarēnda iĸlᴅyᴅ bilᴅn, kompakt, 

lakin y¿ksᴅk effektivliyᴅ malik s¿ni neyron ĸᴅbᴅkᴅsi arxitekturasēna ᴅsaslanan yeni real vaxt monitorinq 
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sistemi tᴅqdim olunur. Tᴅklif edilᴅn sistem fotoelektrik panellᴅrdᴅ qᴅza rejimlᴅri nᴅticᴅsindᴅ yaranan 

deqradasiya dᴅyiĸikliklᴅrini m¿ᴅyyᴅn etmᴅyᴅ qadirdir. ķᴅkil 2-dᴅ Bu BĶFE (Binalarda Ķnteqrasiya Olunmuĸ 

Fotoelektrik) sisteminin hᴅrtᴅrᴅfli baxēĸēnē gºstᴅrᴅn diaqram tᴅqdim edilir. 

Binalarda Fotoelektrik Sistemlᴅrin Modell ᴅĸdirilmᴅsi 

Binalarda fotoelektrik sistemlᴅrin modellᴅĸdirilmᴅsi g¿nᴅĸ enerjisi istehsalēnēn m¿xtᴅlif iĸ 

ĸᴅraitlᴅrindᴅ davranēĸēnē, elektrik ­ēxēĸēnē, istilik rejimlᴅrini vᴅ enerji qᴅbulu ilᴅ ᴅlaqᴅli risklᴅri 

qiymᴅtlᴅndirmᴅyᴅ imkan verᴅn m¿h¿m analitik yanaĸmadēr. Modellᴅĸdirmᴅ vasitᴅsilᴅ fotoelektrik panellᴅrin 

ĸ¿alanma intensivliyinᴅ, temperatur dᴅyiĸikliklᴅrinᴅ, kºlgᴅlᴅnmᴅ hallarēna vᴅ panel konfiqurasiyasēna verdiyi 

reaksiyalar dᴅqiq tᴅhlil olunur, bu isᴅ enerji istehsalēnēn optimallaĸdērēlmasē, g¿c itkilerinin azaldēlmasē vᴅ 

sistem etibarlēlēĵēnēn artērēlmasē ¿­¿n ᴅsas baza yaradēr. Hᴅm­inin, fotovoltaik sistemlᴅrin binanēn elektrik 

ĸᴅbᴅkᴅsi, enerji yēĵēm qurĵularē vᴅ hibrid generasiya mᴅnbᴅlᴅri ilᴅ inteqrasiyasē simulyasiya edilᴅrᴅk hᴅm 

texniki, hᴅm dᴅ iqtisadi baxēmdan optimal layihᴅ hᴅllᴅrinin m¿ᴅyyᴅn edilmᴅsi tᴅmin edilir. Bu 

modellᴅĸdirmᴅ yanaĸmalarē binanēn ¿mumi enerji performansēnēn y¿ksᴅldilmᴅsinᴅ vᴅ daha dayanēqlē enerji 

idarᴅetmᴅ strategiyalarēnēn hazērlanmasēna ĸᴅrait yaradēr. 

Qeyd etmᴅk lazēmdēr ki, yeni texnologiyalarēn vᴅ materiallarēn tᴅtbiqi ilᴅ geniĸ istifadᴅ olunan 

modellᴅĸdirmᴅ proqram tᴅminatē ᴅhᴅmiyyᴅtli xᴅtalar gºstᴅrᴅ bilᴅr. Mᴅsᴅlᴅn, EnergyPlus-un sadᴅlᴅĸdirilmiĸ 

modellᴅri yarēmĸᴅffaf FE modul tiplᴅri arasēndakē fᴅrqlᴅri kifayᴅt qᴅdᴅr dᴅqiq nᴅzᴅrᴅ ala bilmᴅz, bu da 

binalarēn enerji gºstᴅricilᴅri ¿­¿n modellᴅĸdirmᴅ alᴅtlᴅrinin daimi tᴅkmillᴅĸdirilmᴅsi ehtiyacēnē gºstᴅrir. 

G¿nᴅĸ enerjisi dᴅyiĸkᴅn mᴅnbᴅdir, ­¿nki onun mºvcudluĵu hava vᴅ coĵrafi amillᴅrdᴅn asēlēdēr. 

G¿nᴅĸ enerjisinin buludlu g¿nlᴅrdᴅ vᴅ ya gecᴅ vaxtē istifadᴅsi ¿­¿n yēĵēlmasē ­ᴅtin vᴅzifᴅ olaraq qalēr. 

Bᴅrabᴅrsiz xarakteri kompensasiya etmᴅk ¿­¿n tᴅdqiqat­ēlar enerji yēĵēm qurĵularē ¿zᴅrindᴅ aktiv ĸᴅkildᴅ 

iĸlᴅmᴅklᴅ birlikdᴅ, bir ­ox aspektlᴅr ᴅlavᴅ tᴅkmillᴅĸdirmᴅ tᴅlᴅb edir. 

G¿nᴅĸ energetika sistemlᴅrinin dᴅyᴅrinin azalmasēna baxmayaraq, onlar ᴅnᴅnᴅvi enerji mᴅnbᴅlᴅri ilᴅ 

m¿qayisᴅdᴅ nisbᴅtᴅn bahalē olaraq qalēr, bu da onlarēn geniĸ yayēlmasēnēn qarĸēsēnē alēr. Dºvlᴅt dᴅstᴅyinin vᴅ 

m¿vafiq siyasᴅtin olmamasē da g¿nᴅĸ texnologiyalarēnēn tᴅĸviqini vᴅ tᴅtbiqini mᴅhdudlaĸdēra bilᴅr. Bundan 

ᴅlavᴅ, daha geniĸ yayēlmasēna vᴅ davamlē inkiĸafēna nail olmaq ¿­¿n texniki qulluq vᴅ avadanlēqlarēn 

utilizasiyasē mᴅsᴅlᴅlᴅri nᴅzᴅrᴅ alēnmalēdēr. 

Nᴅticᴅ 

Binalarda g¿nᴅĸ istilik vᴅ fotoelektrik sistemlᴅrin inteqrasiyasē enerji sᴅmᴅrᴅliliyinin artērēlmasē, 

karbon emissiyalarēnēn azalmasē vᴅ daxili mᴅkanlarēn komfortunun y¿ksᴅldilmᴅsi baxēmēndan m¿h¿m 

potensiala malikdir. Modellᴅĸdirmᴅ vᴅ simulyasiya alᴅtlᴅri ð TRNSYS, EnergyPlus, IDA ICE, CFD vᴅ 

digᴅr optimallaĸdērma metodlarē ð binalarēn istilik vᴅ elektrik performansēnēn dᴅqiq qiymᴅtlᴅndirilmᴅsinᴅ 

imkan verir, sistemlᴅrin etibarlēlēĵēnē vᴅ enerji qᴅnaᴅtini artērēr. Faza dᴅyiĸdirᴅn materiallar (FDM/PCM) ilᴅ 

istilik yēĵēmē panellᴅrin performansēnē optimallaĸdērēr vᴅ sistemlᴅrin dᴅyiĸkᴅn iĸ rejimlᴅrindᴅ sᴅmᴅrᴅliliyini 

artērēr. Binalara inteqrasiya olunmuĸ fotoelektrik sistemlᴅr, x¿susilᴅ m¿asir s¿ni neyron ĸᴅbᴅkᴅsi vᴅ simsiz 

monitorinq texnologiyalarē ilᴅ birlᴅĸdirildikdᴅ, enerji istehsalēnda dayanēqlēlēq vᴅ qᴅza hallarēnēn erkᴅn 

aĸkarlanmasēnē tᴅmin edir. Hibrid sistemlᴅrin vᴅ optimallaĸdērēlmēĸ layihᴅ yanaĸmalarēnēn tᴅtbiqi hᴅm 

texniki, hᴅm dᴅ iqtisadi baxēmdan davamlē vᴅ sᴅmᴅrᴅli hᴅllᴅr tᴅqdim edir. ¦mumilikdᴅ, g¿nᴅĸ 

energetikasēnēn binalarda tᴅtbiqi yalnēz enerji qᴅnaᴅti vᴅ karbon azaldēlmasē deyil, hᴅm dᴅ urbanizasiya vᴅ 

iqlim dᴅyiĸmᴅsinᴅ qarĸē dayanēqlē bina texnologiyalarēnēn inkiĸafē ¿­¿n m¿h¿m bazadēr. 
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Mᴅqalᴅdᴅki qēsaltmalar 

TRNSYS ï Transient System Simulation Program  

(Ke­id sistemlᴅrinin davranēĸēnē simulyasiya etmᴅk ¿­¿n proqram paketi) 

EnergyPlus (BES) ï Building Energy Simulation 

(Binalarēn enerji istehlakēnē vᴅ HVAC sistemlᴅrini modellᴅĸdirᴅn proqram; BES ï bina enerji 

simulyasiyasē) 

IDA ICE ï IDA Indoor Climate and Energy 

(Binalarēn enerji istehlakē, daxili iqlim vᴅ istilik rahatlēĵēnēn detallē modellᴅĸdirilmᴅsi ¿­¿n proqram) 

FDM / PCM ï Phase Change Material 

(Faza dᴅyiĸdirᴅn material) 

CFD ï Computational Fluid Dynamics 

(Hesablama axēn dinamikasē; maye axēnē, istilik ºt¿r¿lmᴅsi vᴅ ᴅlaqᴅli proseslᴅrin modellᴅĸdirilmᴅsi) 

Ansys Fluent ï CFD ᴅsaslē ­oxĸaxᴅli axēn vᴅ istilik proseslᴅri simulyasiya proqramē 

BES ï Building Energy Simulation 

(EnergyPlus proqramē vasitᴅsilᴅ binalarēn enerji gºstᴅricisinin simulyasiyasē) 

MATLAB ANN ï Artificial Neural Networks 

(MATLAB m¿hitindᴅ S¿ni Neyron ķᴅbᴅkᴅlᴅri) 

GenOpt ï Generic Optimization Program 

(M¿rᴅkkᴅb sistemlᴅrin optimallaĸdērēlmasē ¿­¿n universal optimizasiya proqramē) 

 
Summary 

DEVELOPMENT OF SOLAR ENERGY SYSTEMS IN BUILDINGS AND THE ZERO -CARBON BUILDING CONCEPT: 

MODELING, MONITORING, AND ENERGY OPTIMIZATION  

Harunov A.T., Aliguliyeva Kh.V., Bakhishli N.V., Atajiyev S.M. 

 
In recent years, the integration of solar energy systems in buildings has become a priority area in both academic and 

practical research. This study investigates the application, performance optimization, and modeling of solar thermal and photovoltaic 

technologies in buildings. High-accuracy modeling of building energy performance enables the reduction of energy consumption and 

carbon emissions, enhances indoor comfort, and simultaneously promotes innovation and technological development in the 

construction sector. Within the study, the advantages and limitations of simulation software such as TRNSYS, EnergyPlus, and IDA 

ICE were evaluated, and experimental and numerical analyses were conducted for FDM/PCM and hybrid heat pump systems. 

Additionally, the performance of building-integrated photovoltaic (BIPV) systems, their dependence on weather conditions, shading 

effects, and optimization possibilities with energy storage systems were analyzed. The implementation of real-time monitoring 

systems based on artificial neural networks and wireless sensor networks improves the reliability of photovoltaic panels and 

stabilizes energy production. 
Keywords: renewable energy sources, solar energy systems, residential buildings, energy efficiency, solar thermal systems, 

green technologies. 
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ʈʝʟʶʤʝ 

ʈɸɿɺʀʊʀɽ ʉʀʉʊɽʄ ʉʆʃʅɽʏʅʆʁ ʕʅɽʈɻʀʀ ɺ ɿɼɸʅʀʗʍ ʀ ʂʆʅʎɽʇʎʀʗ ʅʋʃɽɺʆɻʆ ʋɻʃɽʈʆɼʅʆɻʆ 

ʉʊʈʆʀʊɽʃʔʉʊɺɸ: ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʄʆʅʀʊʆʈʀʅɻ ʀ ʆʇʊʀʄʀɿɸʎʀʗ ʕʅɽʈɻʀʀ 
ɻʘʨʫʥʦʚ ɸ.ʊ., ɸʣʠʛʫʣʠʝʚʘ ʍ.ɺ., ɹʘʭʳʰʣʳ ʅ.ɺ., ɸʪʘʜʞʠʝʚ ʉ.ʄ. 

 
 ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʛʨʘʮʠʷ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʟʜʘʥʠʷ ʩʪʘʣʘ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʙʣʘʩʪʴʶ ʢʘʢ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʪʝʧʣʦʚʳʭ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʟʜʘʥʠʷʭ. ɺʳʩʦʢʦʪʦʯʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʚʳʙʨʦʩʳ ʫʛʣʝʨʦʜʘ, 

ʧʦʚʳhʘʪʴ ʢʦʤʬʦʨʪ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʥʥʦʚʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ 

ʩʝʢʪʦʨʝ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʦʛʨʘʤʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ TRNSYS, 

EnergyPlus ʠ IDA ICE, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʘʥʘʣʠʟʳ ʩʠʩʪʝʤ PCM ʠ ʛʠʙʨʠʜʥʳʭ ʪʝʧʣʦʚʳʭ 

ʥʘʩʦʩʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʪʨʦʝʥʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (BIPV), ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʵʬʬʝʢʪ ʟʘʪʝʥʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʚʳʨʘʙʦʪʢʫ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʩʦʣʥʝʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʞʠʣʳʝ ʟʜʘʥʠʷ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʦʣʥʝʯʥʳʝ ʪʝʧʣʦʚʳʝ ʩʠʩʪʝʤʳ, ʟʝʣʝʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
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Summary Silicon carbide (SiC) provides high efficiency and durability in solar energy systems. Its wide band gap, high 

thermal conductivity, and radiation resistance make it an ideal semiconductor. SiC reduces losses in energy conversion, operates 

efficiently at high power and frequencies. These properties increase the efficiency of solar panels and power converters and enable 

the miniaturization of energy systems. 

Keywords: Silicon carbide, solar energy, efficiency, durability, wide band gap, energy conversion, thermal conductivity  

 

Introduction  

The rapid development of solar technologies in recent years has paved the way for the development 

of more sustainable energy sources in the future. Solar energy is a clean and abundant source of energy that 

is captured from the Sun and converted into heat or electricity. This energy can be obtained in various ways, 

such as photovoltaic systems and solar thermal technologies. Solar power plants can be built as small grids 

that deliver energy to individual consumers, central plants close to renewable sources, and large-scale plants 

that feed energy into the electricity grid. Although the amount of energy reaching the Earth from the Sun is 

very high, the full use of this energy is limited by factors such as scattering, absorption, reflection, and 

climate. In addition, the efficiency of currently used silicon-based solar panels varies between 15%-17%, 

which hinders efficient energy conversion. Modern multilayer and focused photovoltaic cells can achieve 

higher efficiencies, but their high cost limits their wide application possibilities[4]. 

Physical Properties of Silicon Carbide and Its Application in Solar Energy Systems 

The discovery of a new production method at the end of the nineteenth century led to its use as a 

ceramic material. SiC is the most stable of the carbides due to the protective layer of silicon formed on its 

surface. The global production market has shown that it is used primarily as an abrasive, high-temperature, 

and wear-resistant product, as well as in metallurgy. SiC is the only carbide used as a ceramic material. SiC 

is also found in meteoroids in nature. In 1891, a chemist named Edward Goodrich Acheson tried to make 

diamonds by passing an electric current through clay using a carbon rod. The hard crystal he produced was 

not diamond, but carborundum, or SiC. Edward Goodrich thought this material would be useful, created the 

Acheson furnace, and began producing abrasive products from SiC. To obtain SiC, low-sulfur petroleum 

coke was used as carbon, and sand with a very high purity (99.4%) was used as silicon. The reaction between 

silicon and carbon begins when the temperature reaches 1400 ϊC. When the temperature reaches 1800ÁC, the 
cubic form of SiC (ɓ-SiC) is obtained, and when the temperature is above 1800 ÁC, its hexagonal form (Ŭ-

SiC) is obtained[2]. 

The theoretical efficiency of silicon-based cells is calculated to be between 31%-40%. However, in 

real conditions, this figure varies between 15%-30%. In solar power plants that are being built, the efficiency 

is usually below 30%. In concentrated solar power plants, this figure can be higher. The demand for solar 

energy continues to increase over the years, and strong development is predicted in this area. However, the 
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conversion of solar energy into electricity with high efficiency and low cost remains a significant 

technological challenge. Innovative approaches to this end include the use of lead and selenium-based 

nanocrystals, new technologies that reduce manufacturing costs, nanorod-structured cells, and methods such 

as combining titanium dioxide with dye molecules[4].  

SiC is a semiconductor material with a wide bandgap, which is widely used in optical applications. 

The bandgap of SiC is approximately 3.2 eV (for 4H-SiC) and 3.0 eV (for 6H-SiC), making it an ideal 

material for use in high-temperature and high-voltage applications. The optical properties of SiC are closely 

related to its bandgap, as SiC has a wide bandgap, which allows it to transmit light with low loss in the 

visible and infrared spectral ranges and provides high optical transmittance. In polytypes of SiC (e.g., 4H, 

6H, 3C), the bandgap width varies depending on the polytype structure, which directly affects the optical 

properties of the material. Polytypes with a wide band gap transmit light better at shorter wavelengths (e.g., 

blue and ultraviolet) (reduced transparency). The wide band gap of SiC minimizes the number of electron-

hole pairs created, which reduces light absorption and makes the material useful in optical devices (e.g., 

LEDs, lasers, detectors). The thermal conductivity of SiC is higher than that of other materials with a wide 

band gap (e.g., GaN), which allows for better thermal management of optical components. SiC is highly 

radiation resistant, which makes it widely used in optical applications[1]. 

 
 

This image shows the AMO (Air Mass Zero) photoresponse of a thin n-on-p SiC solar cell. The 

graph depicts the relationship between current (A) and voltage (V). The wide energy bandgap and high 

thermal conductivity of SiC material help to increase the efficiency of solar power systems. These properties 

make SiC a better choice for higher performance and lower power loss than traditional silicon-based 

components. As mentioned in the article, SiC power switches are ideal for use in high-power applications, 

such as solar inverters and electric vehicle charging systems. The photoresponse curve in the image 

demonstrates how a SiC-based solar cell can control the current as the voltage changes[3]. 

The role of renewable energy sources is rapidly increasing as a result of the energy revolution taking 

place around the world. According to the International Energy Agency, by 2026, more than 95 percent of the 

growth in energy capacity will be in this area, and more than half of this will be solar energy. In such a 

situation, it has become important to make energy conversion systems operate with higher efficiency, take up 

less space, and increase reliability. To meet these needs, SiC material is widely used and opens up new 

opportunities in the field of renewable energy. SiC has several advantages compared to traditional power 

converters. Its low electrical resistance and capacitance reduce energy loss and increase conversion 

efficiency. This means that solar panels and energy storage systems can produce more energy. Since SiC has 

a higher switching speed, losses during energy conversion are reduced, which increases the overall energy 

output. In addition, this material allows for the development of smaller and denser devices, as it can operate 

at higher temperatures, which ensures more efficient energy management. There are important points to 

consider when working with SiC. Since these power switches require high voltage and current, suitable gate 

drivers are needed to control them. Inappropriate drivers can cause power losses and component damage. 

SiC elements are less tolerant to short circuits, so additional protection mechanisms must be implemented. 

There are drivers on the market that have functions such as short circuit and temperature control already built 

into them. This both increases safety and simplifies design. The graph below shows at which frequency and 

power levels different power switches work most effectively. Traditional silicon-based components are used 

at lower power and frequencies. Super junction silicon can operate over a wider range. IGBT and GTO 

technologies are designed for high-power applications, but their frequency range is limited. Gallium nitride 

material is mainly suitable for very high frequencies, but the power level is relatively low. SiC is a very 
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suitable material for power conversion systems, as it can be widely used at both high power and high 

frequencies. 

Considering all these properties, the use of SiC in renewable energy systems not only increases 

efficiency but also makes the system more durable and compact. This makes its application in solar energy 

systems, energy storage devices, and charging infrastructure for electric vehicles even more attractive[5]. 

Conclusion 

The rapid development of solar technologies in recent years has led to significant progress in 

achieving more efficient and sustainable energy generation. The integration of SiC into solar energy systems 

is one of the main technological pillars of this progress. The stable operation of this material at high 

temperatures and voltages, low energy loss, wide band gap, and high thermal conductivity enables it to be 

widely used in both energy conversion systems and optical devices. SiC structures, which offer higher 

efficiency compared to classic silicon-based panels, are candidates to play a greater role in the future of solar 

cells. At the same time, the advantages of devices made based on this material in terms of durability, 

radiation tolerance, and miniaturization will allow for a wider application of solar technologies in the future. 

The data presented in this study show that SiC can play a key role in the more efficient use of solar energy 

and that its technological potential has not yet been fully exhausted. 
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X¿lasᴅ 

SILIKON KARBID TEXNOLOGIYASININ G¦Nᴄķ ENERJISI SISTEMLᴄRINDᴄ SᴄMᴄRᴄLILIK  

Vᴄ DAVAMLILIĴA TᴄSIRI  

Mahmudova T.S. 

 

Silisium karbid (SiC) g¿nᴅĸ enerjisi sistemlᴅrindᴅ y¿ksᴅk sᴅmᴅrᴅlilik vᴅ davamlēlēq tᴅmin edir. Geniĸ zolaq boĸluĵu, 

y¿ksᴅk istilik ke­iriciliyi vᴅ radiasiya m¿qavimᴅti onu ideal yarēmke­irici edir. SiC enerjinin ­evrilmᴅsindᴅ itkilᴅri azaldēr, y¿ksᴅk 

g¿c vᴅ tezliklᴅrdᴅ sᴅmᴅrᴅli iĸlᴅyir. Bu x¿susiyyᴅtlᴅr g¿nᴅĸ panellᴅrinin vᴅ enerji ­eviricilᴅrinin sᴅmᴅrᴅliliyini artērēr vᴅ enerji 

sistemlᴅrinin miniat¿rlᴅĸdirilmᴅsinᴅ imkan verir. 

A­ar sºzlᴅr: Silisium karbid, g¿nᴅĸ enerjisi, sᴅmᴅrᴅlilik, davamlēlēq, geniĸ bant boĸluĵu, enerji ­evrilmᴅsi, istilik 

ke­iriciliyi 

 

ʈʝʟʶʤʝ 

ɺʃʀʗʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʂɸʈɹʀɼɸ ʂʈɽʄʅʀʗ ʅɸ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʀ ʋʉʊʆʁʏʀɺʆʉʊʔ 

ɺ ʉʆʃʅɽʏʅʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 

ʄʘʭʤʫʜʦʚʘ ʊ.ʉ. 

 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ (SiC) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. ɽʛʦ ʰʠʨʦʢʘʷ ʟʘʧʨʝʱʝʥʥʘʷ ʟʦʥʘ, ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʜʝʣʘʶʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ. SiC ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ, ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʧʨʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʯʘʩʪʦʪʘʭ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ ʠ ʧʦʟʚʦʣʷʶʪ 

ʤʠʥʠʘʪʶʨʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʰʠʨʦʢʘʷ ʟʘʧʨʝʱʝʥʥʘʷ ʟʦʥʘ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
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X¿lasᴅ. G¿nᴅĸ enerjisi bᴅĸᴅriyyᴅtin enerji ehtiyaclarēnē ekoloji cᴅhᴅtdᴅn tᴅmiz, davamlē vᴅ iqtisadi baxēmdan sᴅrfᴅli ĸᴅkildᴅ 

ºdᴅmᴅyᴅ qadir olan alternativ enerji mᴅnbᴅlᴅrindᴅn biridir; g¿nᴅĸ radiasiyasēnēn y¿ksᴅk olduĵu regionlarda, x¿susilᴅ Azᴅrbaycanda 

bu enerji nºv¿n¿n tᴅtbiqi enerji tᴅhl¿kᴅsizliyinin tᴅmin olunmasēna vᴅ ᴅtraf m¿hitin qorunmasēna m¿h¿m tºhfᴅ verᴅ bilᴅr. 

A­ar sºzlᴅr:  qlobal, enerji, ᴅnᴅnᴅvi, panel, elektrik 

 

Son onilliklᴅrdᴅ d¿nyanēn enerji tᴅlᴅbatē s¿rᴅtlᴅ artmaqda, ᴅnᴅnᴅvi enerji mᴅnbᴅlᴅri isᴅ tᴅdricᴅn 

t¿kᴅnmᴅkdᴅdir. Eyni zamanda, fosil yanacaqlarēn istifadᴅsi nᴅticᴅsindᴅ yaranan ekoloji problemlᴅr ï 

atmosferin ­irklᴅnmᴅsi, qlobal istilᴅĸmᴅ vᴅ iqlim dᴅyiĸikliklᴅri ï insanlēĵēn gᴅlᴅcᴅyi ¿­¿n ciddi tᴅhdidlᴅr 

yaradēr. Bu sᴅbᴅbdᴅn, bᴅĸᴅriyyᴅt enerjiyᴅ olan ehtiyacēnē qarĸēlayarkᴅn alternativ vᴅ ekoloji cᴅhᴅtdᴅn tᴅmiz 

enerji mᴅnbᴅlᴅrinᴅ ¿st¿nl¿k vermᴅyᴅ baĸlamēĸdēr. Alternativ enerji nºvlᴅri arasēnda g¿nᴅĸ enerjisi ºz geniĸ 

yayēlma potensialē, texnoloji inkiĸafē vᴅ davamlēlēĵē ilᴅ x¿susi yer tutur. Mᴅqalᴅnin mᴅqsᴅdi g¿nᴅĸ enerjisinin 

¿st¿nl¿klᴅrini, texnologiyalarēnē vᴅ x¿susilᴅ Azᴅrbaycanēn bu sahᴅdᴅki potensialēnē tᴅhlil etmᴅkdir. 

G¿nᴅĸ enerjisi ï g¿nᴅĸdᴅn gᴅlᴅn elektromaqnit radiasiyasēnēn m¿xtᴅlif texnologiyalar vasitᴅsilᴅ 

elektrik vᴅ ya istilik enerjisinᴅ ­evrilmᴅsi prosesidir. Bu proses ᴅsasᴅn iki ¿sulla hᴅyata ke­irilir: fotovoltaik 

(PV) panellᴅr vasitᴅsilᴅ birbaĸa elektrik enerjisi ᴅldᴅ etmᴅk vᴅ ya g¿nᴅĸ termal sistemlᴅri vasitᴅsilᴅ istilik 

enerjisi istehsal etmᴅk. Fotovoltaik panellᴅr g¿nᴅĸ ĸ¿alarēnē udaraq elektrik cᴅrᴅyanē yaradēr, g¿nᴅĸ termal 

sistemlᴅri isᴅ g¿nᴅĸ iĸēĵēnē toplayaraq suyu vᴅ ya digᴅr mayelᴅri qēzdērēr. 

G¿nᴅĸ enerjisi t¿kᴅnmᴅyᴅn vᴅ ekoloji cᴅhᴅtdᴅn tᴅmiz bir mᴅnbᴅdir. Onun istifadᴅsi karbon qazē 

emissiyalarēnē ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azaldēr vᴅ atmosferin ­irklᴅnmᴅsinin qarĸēsēnē alēr. G¿nᴅĸ enerjisi hᴅm 

dᴅ uzunm¿ddᴅtli iqtisadi fayda verir: ilkin sᴅrmayᴅ y¿ksᴅk olsa da, iĸlᴅmᴅ vᴅ saxlanma xᴅrclᴅri azdēr. 

Bundan ᴅlavᴅ, g¿nᴅĸ panellᴅri ki­ik vᴅ bºy¿k miqyasda quraĸdērēla bildiyi ¿­¿n fᴅrdi evlᴅrdᴅn tutmuĸ sᴅnaye 

m¿ᴅssisᴅlᴅrinᴅ qᴅdᴅr geniĸ tᴅtbiq sahᴅsinᴅ malikdir. 

G¿nᴅĸ enerjisinin ᴅldᴅ olunmasē ¿­¿n istifadᴅ edilᴅn ᴅsas texnologiyalar fotovoltaik panellᴅr vᴅ 

g¿nᴅĸ termal sistemlᴅridir. Fotovoltaik sistemlᴅr daha ­ox elektrik enerjisi istehsalēna yºnᴅldilsᴅ dᴅ, termal 

sistemlᴅr isti su tᴅminatē vᴅ isitmᴅ mᴅqsᴅdlᴅri ¿­¿n istifadᴅ olunur. Bᴅzi ºlkᴅlᴅrdᴅ g¿nᴅĸ enerjisi ilᴅ ­alēĸan 

bºy¿k miqyaslē elektrik stansiyalarē da mºvcuddur. G¿nᴅĸ enerjisinin akkumulyatorlar vasitᴅsilᴅ saxlanmasē 

vᴅ gecᴅ saatlarēnda da istifadᴅsi bu texnologiyanēn effektivliyini artērēr. 

Azᴅrbaycan coĵrafi mºvqeyinᴅ gºrᴅ g¿nᴅĸ enerjisinin inkiĸafē ¿­¿n ᴅlveriĸli ºlkᴅlᴅrdᴅn biridir. 

¥lkᴅnin ᴅksᴅr bºlgᴅlᴅrindᴅ illik g¿nᴅĸli saatlarēn sayē 2,400-3,000 arasēnda dᴅyiĸir. Bu, g¿nᴅĸ enerjisi 

texnologiyalarēnēn tᴅtbiqi ¿­¿n geniĸ imkanlar yaradēr. Nax­ēvan Muxtar Respublikasēnda artēq bir ne­ᴅ 

g¿nᴅĸ elektrik stansiyasē fᴅaliyyᴅt gºstᴅrir vᴅ bu sahᴅdᴅ uĵurlu nᴅticᴅlᴅr ᴅldᴅ olunub. Eyni zamanda, dºvlᴅt 

sᴅviyyᴅsindᴅ alternativ enerji sahᴅsinᴅ investisiyalarēn cᴅlb olunmasē vᴅ bu istiqamᴅtdᴅ qanunvericiliyin 

tᴅkmillᴅĸdirilmᴅsi prosesi davam edir.  

          G¿nᴅĸ enerjisinin geniĸ tᴅtbiqinᴅ baxmayaraq, m¿ᴅyyᴅn ­ᴅtinliklᴅr dᴅ mºvcuddur. Ķlk nºvbᴅdᴅ, 

texnologiyanēn qurulmasē ¿­¿n tᴅlᴅb olunan baĸlanĵēc sᴅrmayᴅ y¿ksᴅkdir. Bundan ᴅlavᴅ, g¿nᴅĸ panellᴅrinin 

vᴅ digᴅr texniki avadanlēqlarēn yerli istehsalēnēn azlēĵē idxaldan asēlēlēĵē artērēr. Texniki bilik vᴅ tᴅcr¿bᴅyᴅ 

malik m¿tᴅxᴅssislᴅrin ­atēĸmazlēĵē, elᴅcᴅ dᴅ ictimai maariflᴅndirmᴅ sᴅviyyᴅsinin aĸaĵē olmasē bu sahᴅnin 

inkiĸafēnē yavaĸladan amillᴅrdᴅndir. 

Nᴅticᴅ. G¿nᴅĸ enerjisi d¿nyanēn enerji gᴅlᴅcᴅyindᴅ m¿h¿m rol oynayacaq alternativlᴅrdᴅn biridir. 

Onun t¿kᴅnmᴅz, ekoloji tᴅmiz vᴅ iqtisadi cᴅhᴅtdᴅn sᴅrfᴅli olmasē, bu mᴅnbᴅnin daha geniĸ tᴅtbiqinᴅ stimul 

yaradēr. Azᴅrbaycan kimi g¿nᴅĸli iqlimᴅ malik ºlkᴅlᴅr ¿­¿n bu sahᴅnin inkiĸafē hᴅm enerji tᴅhl¿kᴅsizliyini 

tᴅmin etmᴅk, hᴅm dᴅ ᴅtraf m¿hiti qorumaq baxēmēndan bºy¿k ᴅhᴅmiyyᴅt kᴅsb edir. Dºvlᴅt dᴅstᴅyi, texnoloji 

yeniliklᴅr vᴅ ictimai maariflᴅndirmᴅ ilᴅ bu sahᴅdᴅ daha bºy¿k uĵurlar ᴅldᴅ etmᴅk m¿mk¿nd¿r. G¿nᴅĸ 

enerjisi yalnēz bir enerji mᴅnbᴅyi deyil, hᴅm dᴅ davamlē inkiĸafēn vᴅ yaĸēl gᴅlᴅcᴅyin a­arēdēr. 
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Summary 

SUN IS THE KEY TO SUSTAINABLE DEVELOPMENT AND ENERGY SECURITY  

Guliyeva A.I., Jamalxanova I.S. 
 

 Solar energy is one of the alternative energy sources capable of meeting humanity's energy needs in an environmentally 

friendly, sustainable and economically viable manner; in regions with high solar radiation, especially in Azerbaijan, the application 

of this type of energy can make a significant contribution to ensuring energy security and protecting the environment. 
In recent decades, the world's energy demand has been growing rapidly, while traditional energy sources are gradually 

being depleted. At the same time, environmental problems resulting from the use of fossil fuels - atmospheric pollution, global 

warming and climate change - pose serious threats to the future of humanity. For this reason, humanity has begun to give preference 

to alternative and environmentally friendly energy sources when meeting its energy needs. Among alternative energy types, solar 

energy occupies a special place with its wide distribution potential, technological development and sustainability. The aim of the 

article is to analyze the advantages of solar energy, its technologies and, in particular, the potential of Azerbaijan in this field. 
Keywords: global, energy, traditional, panel, electricity 

 
ʈʝʟʶʤʝ 

ʉʆʃʅʎɽ ï  ʂʃʖʏ ʂ ʋʉʊʆʁʏʀɺʆʄʋ ʈɸɿɺʀʊʀʖ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ɻʫʣʠʝʚʘ ɸ.ʀ., ɼʞʘʤʘʣʭʘʥʦʚʘ ʀ.ʉ. 
 
 ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʥʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ, ʫʩʪʦʡʯʠʚʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʩʧʦʩʦʙʦʤ; ɺ 

ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʝʡ, ʦʩʦʙʝʥʥʦ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʚʠʜʘ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʚʥʝʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʤʠʨʦʚʦʡ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ ʧʦʩʪʝʧʝʥʥʦ ʠʩʪʦʱʘʶʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ð ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ð ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ 

ʫʛʨʦʟʫ ʙʫʜʫʱʝʤʫ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʘʣʦ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʩʚʦʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʉʨʝʜʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʰʠʨʦʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦ ʧʦʪʝʥʮʠʘʣʘ ɸʟʝʨʙʘʡʜʞʘʥʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʳʡ, ʵʥʝʨʛʠʷ, ʪʨʘʜʠʮʠʦʥʥʳʡ, ʧʘʥʝʣʴ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ 
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X¿lasᴅ ᴄtraf m¿hitᴅ minimum tᴅsirli dayanēqlē  enerji mᴅnbᴅlᴅrinin inkiĸafē mᴅsᴅlᴅsi qlobal enerji siyasᴅtinin ᴅsas 

prioritetlᴅrindᴅndir. B¿t¿n d¿nyada artan enerji tᴅlᴅbatē, karbon emissiyasē, iqlim dᴅyiĸikliyinin maksimuma ­atmasē bᴅrpa olunan 

enerji mᴅnbᴅlᴅrinin tᴅxirᴅsalēnmazlēĵēnē vacib edir. Respublikamēz neft- qaz ehtiyatlarē ilᴅ zᴅngindir. Lakin enerji tᴅhl¿kᴅsizliyininin 

dayanēqlē olmasē ¿­¿n ñyaĸēl enerjiò siyasᴅtinᴅ ᴅhᴅmiyyᴅt verir ki, bu da yaĸadēĵēmēz dºvr¿n vacib mᴅsᴅlᴅlᴅrindᴅndir. Bu mᴅqsᴅdlᴅ 

Azᴅrbaycanda bᴅrpa olunan enerji mᴅnbᴅlᴅrinin (g¿nᴅĸ, k¿lᴅk, hidro vᴅ bioenerji) inkiĸaf potensialē  bu sahᴅdᴅ gºr¿lᴅn iĸlᴅr vᴅ 

qarĸēda duran imkanlar tᴅhlil edilir. 

A­ar sºzlᴅr: ᴅtraf m¿hit, yaĸēl enerji, bᴅrpa olunan enerji, k¿lᴅk enerjisi, aĸaĵē karbonlu texnologiyalar 

 

D¿nyanēn enerji ehtiyaclarēnēn artmasē vᴅ ᴅtraf m¿hitin ­irklᴅnmᴅsi probleminin dᴅrinlᴅĸmᴅsi 

fonunda bᴅrpa olunan enerji mᴅnbᴅlᴅrinin ᴅhᴅmiyyᴅti daha da artmaqdadēr. Neft, qaz vᴅ kºm¿r kimi 

yanacaqlar bir tᴅrᴅfdᴅn t¿kᴅnᴅn resurslar olduĵu halda, digᴅr tᴅrᴅfdᴅn atmosferᴅ buraxēlan karbon qazē ilᴅ 

iqlim dᴅyiĸikliyinᴅ sᴅbᴅb olur. Bu vᴅziyyᴅt d¿nya ºlkᴅlᴅrini alternativ, ekoloji baxēmdan tᴅmiz enerji 

mᴅnbᴅlᴅrinᴅ yºnᴅldir. Bᴅrpa olunan enerji- g¿nᴅĸ, k¿lᴅk, hidro, biok¿tlᴅ vᴅ geotermal mᴅnbᴅlᴅr- m¿asir 

dºvrdᴅ enerji tᴅhl¿kᴅsizliyinin tᴅmin olunmasēnda vᴅ iqlim dᴅyiĸikliyi ilᴅ m¿barizᴅdᴅ ᴅsas rol oynayēr[1]. 

Normal ĸᴅraitdᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrinin t¿kᴅnmᴅ riski yoxdur. Bu c¿r enerji mᴅnbᴅlᴅri tᴅbii 

ehtiyatlarēn qorunmasē, ᴅtraf m¿hitᴅ tᴅsirin azaldēlmasē vᴅ insanlarēn enerji ehtiyaclarēnēn ºdᴅnilmᴅsi 
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mᴅqsᴅdi ilᴅ hazērlanēr. Baĸqa sºzlᴅ, dayanēqlē enerjiyᴅ hᴅm bᴅrpa olunan mᴅnbᴅlᴅrdᴅn alēnan enerji, hᴅm dᴅ 

enerji sᴅmᴅrᴅliliyi vᴅ enerjiyᴅ qᴅnaᴅt kimi ¿sullar daxildir. Belᴅliklᴅ, bᴅrpa olunan enerji tᴅbiᴅtdᴅn davamlē 

olaraq yenilᴅnᴅ bilᴅn bᴅrpa olunan mᴅnbᴅlᴅrdᴅn ᴅldᴅ edilᴅn enerjiyᴅ, davamlē enerji isᴅ ekoloji vᴅ iqtisadi 

davamlēlēq prinsipinᴅ uyĵun gᴅlᴅn enerji nºvlᴅrinᴅ aiddir.  

Enerji ke­idindᴅ davamlēlēq vᴅ bᴅrpaolunma- fᴅrqlᴅr vᴅ oxĸarlēqlar aĸaĵēdakē ĸᴅkildᴅ gºstᴅrilmiĸdir: 

 

 
   

Davamlēlēq enerjinin istehsalē vᴅ istehlakē, elᴅcᴅ dᴅ resurslarēn idarᴅ edilmᴅsi, ᴅtraf m¿hitᴅ tᴅsirlᴅr, 

iqtisadi dayanēqlēq vᴅ cᴅmiyyᴅtᴅ tᴅsir kimi enerji ke­idini ᴅhatᴅ edir, bᴅrpaolunma isᴅ yalnēz enerji 

resurslarēnēn sᴅmᴅrᴅli tᴅkrar istehsalēna diqqᴅt yetirir.  

¦mumiyyᴅtlᴅ, bᴅrpa olunan enerji mᴅnbᴅlᴅrinᴅ maraq son zamanlarda x¿susilᴅ artmēĸdēr. D¿nyada 

x¿susilᴅ Avropa Ķttifaqē ºlkᴅlᴅri, ¢in vᴅ ABķ bᴅrpa olunan enerjiyᴅ ke­idi s¿rᴅtlᴅndirir. Mᴅsᴅlᴅn, Almaniya 

enerji qarēĸēĵēnēn tᴅxminᴅn 50%-ni bᴅrpa olunan mᴅnbᴅlᴅrdᴅn tᴅmin edir. ¢in isᴅ g¿nᴅĸ panellᴅrinin 

istehsalēnda liderdir.  

Avropa Ķttifaqē bᴅrpa olunan enerji sektorunda ilk mºvqelᴅrdᴅdir, bu sahᴅdᴅ innovativ 

texnologiyalarē dᴅstᴅklᴅyir vᴅ bu istiqamᴅtdᴅ layihᴅlᴅr hᴅyata ke­irir. Bu sēradan Almaniya, Ķspaniya vᴅ 

Danimarka ºlkᴅlᴅri g¿nᴅĸ vᴅ k¿lᴅk enerjisi sahᴅsindᴅ irᴅlilᴅyiĸlᴅrᴅ nail olmuĸdur. 

D¿nyada bᴅrpa olunan enerji texnologiyalarēnēn istehsalᴅnda lider ºlkᴅ ¢indir. Bu ºlkᴅdᴅ g¿nᴅĸ 

enerjisinin istehsalēna gºrᴅ ilk yeri tutur.Bᴅrpa olunan enerji sahᴅsindᴅ texnoloji yeniliklᴅrᴅ imza atmēĸdēr. 

Bᴅrpa olunan enerji istehsalē son illᴅrdᴅ ABķ-da da artmēĸdēr. 

¥lkᴅmizdᴅ neft, qaz ehtiyatēna rᴅĵmᴅn bᴅrpa olunan enerji sahᴅsi dᴅ inkiĸaf etmᴅkdᴅdir.Cᴅnub vᴅ 

qᴅrb bºlgᴅlᴅrindᴅ k¿lᴅk enerjisi layihᴅlᴅri ºz uĵurlu tᴅtbiqini tapēr.  

Son illᴅrdᴅ Azᴅrbaycan BP, Masdar, ACWA Power, China Gezhouba Group Overseas Investment, 

Fortescue Future Industries, Total Energies, A-Z Czech Engineering, Baltech vᴅ Nobel Energy ilᴅ bᴅrpa 

olunan enerji sahᴅsindᴅ bir sēra layihᴅlᴅrin inkiĸafē vᴅ ᴅmᴅkdaĸlēq saziĸlᴅri imzalamēĸdēr [2].  

Xēzē vᴅ Siyᴅzᴅn bºlgᴅlᴅri k¿lᴅk enerjisi potensialē baxēmēndan, Nax­ēvan vᴅ Lᴅnkᴅran bºlgᴅlᴅri isᴅ 

g¿nᴅĸ enerjisi ¿­¿n ᴅlveriĸlidir.  

Respublikada bᴅrpa olunan enerjinin SWOT tᴅhlilini aparmaqla gᴅlᴅcᴅk perspektivlᴅri m¿ᴅyyᴅn 

etmᴅk olar: 

G¿cl¿ tᴅrᴅflᴅrᴅ dºvlᴅtin siyasi iradᴅsi vᴅ dᴅstᴅyi, tᴅbii resurslarēn bolluĵu, ᴅtraf m¿hitᴅ minimal 

tᴅsirvᴅ qlobal tendensiyalara uyĵunluĵu, zᴅif tᴅrᴅflᴅrᴅ infrastrukturun mᴅhdudluĵu, texnoloji asēlēlēq, kadr 

­atēĸmazlēĵē vᴅ tᴅlim ehtiyacē, enerji saxlama texnologiyalarēnēn yetᴅrsiziyini aid etmᴅk olar. 

Ķmkanlara xarici investisiyalarēn cᴅlbi, regional enerji ixrac potensialē, yerli texnologiya istehsalēnēn 

inkiĸafē, tᴅhl¿kᴅlᴅrᴅ isᴅ iqlim dᴅyiĸkᴅnliyi, qlobal bazardakē qiymᴅtlᴅndirmᴅ sᴅviyyᴅsinin aĸaĵē olmasē ola 

bilᴅr. 

Azᴅrbaycanēn enerji tᴅhl¿kᴅsizliyi, ᴅtraf m¿hitin qorunmasē vᴅ dayanēqlē iqtisadi inkiĸaf baxēmēndan 

bᴅrpa olunan enerji strateji ᴅhᴅmiyyᴅtᴅ malikdir vᴅ bu sahᴅdᴅ daha s¿rᴅtli addēmlar atmaq ¿­¿n aĸaĵēdakē 

tºvsiyᴅlᴅr irᴅli s¿r¿lᴅ bilᴅr: 

1. Maariflᴅndirmᴅ proqramlarēnē tᴅĸkil etmᴅk olar ki, ictimaiyyᴅtin vᴅ x¿susilᴅ gᴅnclᴅrin bu sahᴅdᴅ 

mᴅlumatlandērēlmasē baĸ versin. 

2. Tᴅdqiqat vᴅ innovasiya dᴅstᴅyi baxēmēndan yerli universitet vᴅ tᴅdqiqat mᴅrkᴅzlᴅrinin texnoloji 

yeniliklᴅrᴅ tºhfᴅ vermᴅsi imkanlarē geniĸlᴅnsin. 

3. Kadr hazērlēĵē istiqamᴅtindᴅ peĸᴅkar m¿hᴅndis vᴅ texniklᴅrin yetiĸdirilmᴅsi artsēn. 

4. Sosial vᴅ ekoloji layihᴅlᴅrin hᴅyata ke­irilmᴅsi ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ sosial inkiĸafē tᴅmin edᴅcᴅk. 
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Nᴅticᴅ olaraq qeyd etmᴅk olar ki,  bᴅrpa olunan enerji mᴅnbᴅlᴅrinin istifadᴅsinin artērēlmasē, hᴅm 

qlobal miqyasda, hᴅm dᴅ respublikanēn enerji gᴅlᴅcᴅyini dayanēqlē vᴅ potensiallē edᴅcᴅk vᴅ enerji ixracatēnda 

yeni bir mᴅrhᴅlᴅyᴅ qᴅdᴅm qoyacaq. 

ᴄdᴅbiyyat  

1. ĶRENA. Renewable Energy Statics. 2023. https://www.reportlinker.com/market-report/Renewable-

Energy/6441/Renewable-Energy 

2. https://www.caspianlegalcenter.az/az/what-we-do/renewable-energy 
 

Summary 

CURRENT STATUS AND DEVELOPMENT PROSPECTS OF RENEWABLE ENERGY SOURCES 

Jafarova S.N., Mammadov A.A., Allahverdiyeva S.N. 

 

The development of sustainable energy sources with minimal environmental impact is one of the main priorities of global 

energy policy. The increasing energy demand worldwide, carbon emissions, and the maximum climate change make the development 

of renewable energy sources urgent. Our republic is rich in oil and gas reserves. However, in order to ensure sustainable energy 

security, it attaches importance to the ñgreen energyò policy, which is one of the important issues of the time we live in. For this 

purpose, the development potential of renewable energy sources (solar, wind, hydro and bioenergy) in Azerbaijan, the work done in 

this area, and the opportunities ahead are analyzed. 

Keywords: environment, green energy, renewable energy, wind energy, low-carbon technologies 

 
ʈʝʟʶʤʝ 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ 

ɼʞʘʬʘʨʦʚʘ ʉ.ʅ., ʄʘʤʝʜʦʚ ɸ.ɸ., ɸʣʣʘʭʚʝʨʜʠʝʚʘ ʉ.ʅ. 

 

ʈʘʟʚʠʪʠʝ ʫʩʪʦʡʯʠʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ, ʚʳʙʨʦʩʳ ʫʛʣʝʨʦʜʘ ʠ ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ, ʜʦʩʪʠʛʘʶʱʠʝ ʩʚʦʝʛʦ ʧʠʢʘ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʜʝʣʘʶʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʥʘʩʪʦʷʪʝʣʴʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ. ʅʘʰʘ ʨʝʩʧʫʙʣʠʢʘ ʙʦʛʘʪʘ ʟʘʧʘʩʘʤʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʆʜʥʘʢʦ ʦʥ ʧʨʠʜʘʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʠʪʠʢʝ çʟʝʣʝʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠè ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʥʘʰʝʛʦ 

ʚʨʝʤʝʥʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ʩʦʣʥʝʯʥʦʡ, ʚʝʪʨʦʚʦʡ, 

ʛʠʜʨʦ- ʠ ʙʠʦʵʥʝʨʛʠʠ) ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʧʨʦʜʝʣʘʥʥʘʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʙʦʪʘ ʠ ʧʨʝʜʩʪʦʷʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʟʝʣʝʥʘʷ ʵʥʝʨʛʠʷ, ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ, ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
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 X¿lasᴅ Kᴅnd tᴅsᴅrr¿fatē qlobal iqtisadiyyatēn ᴅsas sektorlarēndan biri olaraq qalēr, bu sahᴅ d¿nyada milyonlarla insanēn 

ᴅrzaq tᴅhl¿kᴅsizliyini vᴅ mᴅĸĵulluĵunu tᴅmin edir. Bununla belᴅ, d¿nya ᴅhalisinin artmasē vᴅ tᴅbii ehtiyatlarēn mᴅhdud olmasē 

sᴅbᴅbindᴅn ᴅnᴅnᴅvi ᴅkin­ilik ¿sullarē ciddi problemlᴅrlᴅ ¿zlᴅĸir. Ķqlim dᴅyiĸikliyi, torpaq - su resurslarēnēn azalmasē vᴅ  onlarēn 

keyfiyyᴅtinin pislᴅĸmᴅsi, atmosferᴅ zᴅrᴅrli emissiyalarēn azaldēlmasē ehtiyacē kᴅnd tᴅsᴅrr¿fatē istehsalēna yeni, daha dayanēqlē vᴅ 

sᴅmᴅrᴅli yanaĸmalarēn axtarēĸēnē tᴅlᴅb edir. 

Bu kontekstdᴅ g¿nᴅĸ enerjisi ᴅn perspektivli hᴅllᴅrdᴅn biridir.  Mᴅqalᴅdᴅ g¿nᴅĸ enerjisinin aqrar sektoru necᴅ dᴅyiĸdirᴅ 

bilᴅcᴅyini, onu daha dayanēqlē vᴅ sᴅmᴅrᴅli edᴅ bilᴅcᴅyi araĸdērēlēr. 

A­ar sºzlᴅr: aqrar sahᴅ,g¿nᴅĸ enerjisi, g¿nᴅĸ kollektorlarē, fotovoltaik sistemlᴅr 

 

Aqrar sektor ¿­¿n mºvcud g¿nϸĸ texnologiyalarēna ¿mumi baxēĸ 

ᴄl­atanlēĵē, bᴅrpa olunan tᴅbiᴅti vᴅ ᴅtraf m¿hitᴅ uyĵunluĵu sayᴅsindᴅ g¿nᴅĸ enerjisi yaĸēl kᴅnd 

tᴅsᴅrr¿fatēnēn yeni nᴅslinin inkiĸafē ¿­¿n ᴅsas olmaq potensialēna malikdir. Kᴅnd tᴅsᴅrr¿fatē sektorunda g¿nᴅĸ 

texnologiyalarēndan istifadᴅ tᴅkcᴅ enerji xᴅrclᴅrini vᴅ karbon emissiyalarēnē azaltmaĵa kºmᴅk etmir, hᴅm dᴅ 

kᴅnd tᴅsᴅrr¿fatē m¿ᴅssisᴅlᴅrinin enerji qiymᴅtlᴅrindᴅki dalĵalanmalara davamlēlēĵēnē artērēr vᴅ bununla da 

ᴅrzaq tᴅhl¿kᴅsizliyini g¿clᴅndirir. 

  Aqrar sektor ¿­¿n mºvcud olan g¿nᴅĸ texnologiyalarēna, o c¿mlᴅdᴅn fotovoltaik vᴅ aqro- 

fotovoltaik sistemlᴅrᴅ, g¿nᴅĸ enerjisi ilᴅ iĸlᴅyᴅn su, hava qēzdērēcēlarēna vᴅ suvarma ¿­¿n g¿nᴅĸ nasoslarēna 

daha yaxēndan nᴅzᴅr salaq. Bu texnologiyalar kᴅnd tᴅsᴅrr¿fatē istehsalēnēn sᴅmᴅrᴅliliyini v ᴅ dayanēqlēĵēnē 

ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ artēra bilᴅn innovativ hᴅllᴅri tᴅmsil edir[1,2]. 

1. Fotovoltaik sistemlᴅr 

https://www.reportlinker.com/market-report/Renewable-Energy/6441/Renewable-Energy
https://www.reportlinker.com/market-report/Renewable-Energy/6441/Renewable-Energy
https://www.caspianlegalcenter.az/az/what-we-do/renewable-energy
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G¿nᴅĸ panellᴅri olaraq da bildiyimiz fotovoltaik (PV) sistemlᴅr g¿nᴅĸ enerjisini birbaĸa elektrik 

enerjisinᴅ ­evirir. PV sistemlᴅri binanēn damlarēnda, yerᴅ quraĸdērēlmēĸ vᴅ  sᴅmᴅrᴅliliyi artērmaq ¿­¿n hᴅtta 

g¿nᴅĸin hᴅrᴅkᴅtini izlᴅyᴅn g¿nᴅĸ izlᴅyicilᴅri ĸᴅklindᴅ quraĸdērēla bilᴅr. 

Aqrar  sektorda fotovoltaik sistemlᴅrdᴅn tᴅsᴅrr¿fat binalarē, kºmᴅk­i tikililᴅr, bitkilᴅr ¿­¿n s¿ni 

iĸēqlandērma sistemlᴅri vᴅ enerjiyᴅ nᴅzarᴅt, monitorinq vᴅ suvarma sistemlᴅri ¿­¿n enerji tᴅmin etmᴅk ¿­¿n 

istifadᴅ edilᴅ bilᴅr [3]. ᴄnᴅnᴅvi enerji mᴅnbᴅlᴅrindᴅn asēlēlēĵē azaltmaq vᴅ istismar xᴅrclᴅrini minimuma 

endirmᴅk potensialēna gºrᴅ, PV sistemlᴅri kᴅnd tᴅsᴅrr¿fatēnda getdikcᴅ populyarlaĸēr. 

2. Su isidᴅn g¿nᴅĸ kollektorlarē   

G¿nᴅĸ enerjisi ilᴅ iĸlᴅyᴅn su qēzdērēcēlarē suyu qēzdērmaq ¿­¿n g¿nᴅĸ enerjisindᴅn istifadᴅ edir, 

sonradan suvarma, heyvanlara qulluq vᴅ yerin isitilmᴅsi dᴅ daxil olmaqla m¿xtᴅlif kᴅnd tᴅsᴅrr¿fatē 

mᴅqsᴅdlᴅri ¿­¿n istifadᴅ oluna bilᴅr. Bu sistemlᴅr adᴅtᴅn g¿nᴅĸ radiasiyasēnē udan g¿nᴅĸ kollektorlarēndan vᴅ 

qēzdērēlan suyu saxlamaq ¿­¿n  ­ᴅndᴅn ibarᴅtdir. Aktiv vᴅ passiv su isitmᴅ sistemlᴅri var: aktiv olanlar suyun 

kollektorlar vasitᴅsilᴅ dºvriyyᴅsi ¿­¿n nasoslardan istifadᴅ edir, passiv olanlar isᴅ tᴅbii konveksiyaya 

ᴅsaslanēr [4]. 

G¿nᴅĸ enerjisi ilᴅ iĸlᴅyᴅn su qēzdērēcēlarē, x¿susilᴅ g¿nᴅĸ enerjisinin y¿ksᴅk olduĵu ᴅrazilᴅrdᴅ suyun 

istidilmᴅsi xᴅrclᴅrini ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ azalda bilᴅr. Onlar hᴅm­inin kᴅnd tᴅsᴅrr¿fatē m¿ᴅssisᴅlᴅrinin 

karbon emissiyasēnē azaltmaĵa kºmᴅk edir.    

3. Suvarma ¿­¿n g¿nᴅĸ nasoslarē 

G¿nᴅĸ suvarma nasoslarē kᴅnd tᴅsᴅrr¿fatē torpaqlarēnē su ilᴅ tᴅmin etmᴅk ¿­¿n y¿ksᴅk effektiv hᴅll 

yoludur. Bu sistemlᴅr fotovoltaik panellᴅr tᴅrᴅfindᴅn yaradēlan elektrik enerjisi ilᴅ iĸlᴅyir vᴅ quyulardan, 

­aylardan vᴅ ya su anbarlarēndan su ­ᴅkmᴅk ¿­¿n istifadᴅ edilᴅ bilᴅr. G¿nᴅĸ nasoslarē mᴅrkᴅzi elektrik 

ĸᴅbᴅkᴅsinᴅ qoĸulmanēn ­ᴅtin vᴅ ya qeyri-m¿mk¿n olduĵu uzaq vᴅ ya tᴅcrid olunmuĸ ᴅrazilᴅrdᴅ x¿susilᴅ 

effektivdir[5]. 

G¿nᴅĸ nasoslarēndan istifadᴅnin ¿st¿nl¿klᴅri arasēnda aĸaĵē ᴅmᴅliyyat xᴅrclᴅri daxildir, ­¿nki onlar 

yanacaq iĸlᴅtmir,elektrik enerjisi ¿­¿n ºdᴅniĸ tᴅlᴅb etmir vᴅ ᴅtraf m¿hitᴅ daha az tᴅsir gºstᴅrir. Bundan ᴅlavᴅ, 

bu sistemlᴅr ­ox vaxt modul quruluĸa malikdir, bu da tᴅsᴅrr¿fat ehtiyaclarēndan asēlē olaraq onlarē asanlēqla 

miqyaslandērmaĵa imkan verir. 

4.Kᴅnd tᴅsᴅrr¿fatē mᴅhsullarēnēn qurudulmasē 

Mᴅhsullarēn (meyvᴅ, pambēq, taxēl, ot, t¿t¿n, barama, ­ay vᴅ s.) qurudulmasē kimi fasilᴅsiz iĸ rejimi 

tᴅlᴅb etmᴅyᴅn proseslᴅrin yerinᴅ yetirilmᴅsindᴅ enerji yēĵan (akkumulyator) qurĵuya ehtiyac olmadēĵēndan 

belᴅ  sahᴅlᴅr g¿nᴅĸ enerjisinin tᴅtbiqi ¿­¿n olduqca mᴅqsᴅdᴅuyĵun vᴅ sᴅmᴅrᴅlidir.Digᴅr tᴅrᴅfdᴅn mᴅhsul 

yēĵēmē ᴅsasᴅn yay aylarēna,yᴅni g¿nᴅĸ enerjisinin bol olduĵu vaxtla tᴅsad¿f etdiyindᴅn bu sahᴅ g¿nᴅĸ 

enerjisinin tᴅtbiqi ¿­¿n ideal sahᴅ hesab edilir. 

5.Aqrofotovoltaika 

   Kᴅnd tᴅsᴅrr¿fatē sahᴅsindᴅ inkiĸafēn digᴅr aspektlᴅri ilᴅ yanaĸē, yeni enerji vᴅ resursa qᴅnaᴅt edᴅn 

texnologiyalarēn, ilk nºvbᴅdᴅ, aqrofotovoltaiklᴅrin tᴅdqiqi vᴅ inkiĸafē sahᴅsi dᴅ kᴅnd tᴅsᴅrr¿fatē 

tᴅdqiqat­ēlarēnēn da diqqᴅt mᴅrkᴅzindᴅdir. 

Bu mᴅqsᴅdlᴅ torpaqdan istifadᴅnin iki m¿mk¿n variantē gºt¿r¿l¿r - ya kᴅnd tᴅsᴅrr¿fatē bitkilᴅrinin 

becᴅrilmᴅsi, ya da g¿nᴅĸ modullarēnēn quraĸdērēlmasē. Sonra bu fᴅaliyyᴅtlᴅr kᴅnd tᴅsᴅrr¿fatē maĸēnlarēnēn 

iĸlᴅmᴅsinᴅ imkan verᴅn g¿nᴅĸ modullarēnēn quraĸdērēlmasē ¿­¿n x¿susi montaj strukturlarēndan istifadᴅ 

etmᴅklᴅ birlᴅĸdirilir. Nᴅticᴅdᴅ torpaq iki mᴅhsul verir: g¿nᴅĸ enerjisi vᴅ kᴅnd tᴅsᴅrr¿fatē mᴅhsullarē. 

ABķ, Almaniya, Yaponiya, ¢in vᴅ digᴅr ºlkᴅlᴅrin universitetlᴅrinin alimlᴅri ­oxsaylē araĸdērmalarla 

s¿but ediblᴅr ki, bu texnologiya quraq rayonlar ¿­¿n y¿ksᴅk tᴅlᴅbatdēr. G¿nᴅĸ enerjisi istehsalē vᴅ kᴅnd 

tᴅsᴅrr¿fatēnēn birlᴅĸmᴅsi tᴅkcᴅ Azᴅrbaycan kimi ᴅhalinin sēx mᴅskunlaĸdēĵē ºlkᴅlᴅrdᴅ fotovoltaik layihᴅlᴅr 

¿­¿n mºvcud torpaq ­atēĸmazlēĵēnēn hᴅllini tᴅklif etmir, hᴅm dᴅ bᴅzi bitkilᴅrin mᴅhsuldarlēĵēnēn artērēlmasēna 

kºmᴅk edᴅ bilᴅr[6]. 

Kϸnd tϸsϸrr¿fatēnda g¿nϸĸ enerjisindϸn istifadϸnin ¿st¿nl¿klϸri 

Kᴅnd tᴅsᴅrr¿fatēnda g¿nᴅĸ enerjisindᴅn istifadᴅ kᴅnd tᴅsᴅrr¿fatē sektorunun davamlēlēĵēna vᴅ iqtisadi 

sᴅmᴅrᴅliliyin ᴅ ᴅhᴅmiyyᴅtli dᴅrᴅcᴅdᴅ tᴅsir gºstᴅrᴅ bilᴅcᴅk bir ­ox ¿st¿nl¿klᴅr tᴅklif edir.   

1.Elektrik enerji xᴅrclᴅrinin azaldēlmasē 

G¿nᴅĸ enerjisindᴅn istifadᴅnin ᴅn nᴅzᴅrᴅ ­arpan faydalarēndan biri elektrik enerjisi xᴅrclᴅrinin 

azalmasēdēr. Fotovoltaik sistemlᴅr vᴅ digᴅr g¿nᴅĸ texnologiyalarē aqrotᴅsᴅrr¿fatlara ºz yerindᴅ elektrik 

enerjisi istehsal etmᴅyᴅ imkan verir, kᴅnar mᴅnbᴅlᴅrdᴅn elektrik enerjisi almaq ehtiyacēnē azaldēr vᴅ ya 

aradan qaldērēr. Bu, elektrik enerjisinᴅ y¿ksᴅk tᴅlᴅbat dºvr¿ndᴅ, elektrik enerjisinin dᴅyᴅri ᴅhᴅmiyyᴅtli 

dᴅrᴅcᴅdᴅ arta bilᴅcᴅyi dºvrlᴅrdᴅ x¿susilᴅ aktualdēr. Bundan ᴅlavᴅ, bᴅzi ºlkᴅlᴅrdᴅ artēq enerjini yenidᴅn 

ĸᴅbᴅkᴅyᴅ satmaq m¿mk¿nd¿r, bu isᴅ fermerlᴅr ¿­¿n ᴅlavᴅ gᴅlir mᴅnbᴅyi yaratmaĵa imkan verir.i 

2. Karbon izininin azaldēlmasē 



160 
 

G¿nᴅĸ enerjisinᴅ ke­id kᴅnd tᴅsᴅrr¿fatē sektorunun karbon izinin azaldēlmasēnda ᴅsas rol oynayēr. 

ᴄnᴅnᴅvi yanacaqlar, mᴅsᴅlᴅn karbohidrogen mᴅnĸᴅli  enerji  yandērēldēqda ­oxlu miqdarda karbon qazē vᴅ 

digᴅr istixana qazlarēnē atmosferᴅ buraxaraq qlobal istilᴅĸmᴅyᴅ tºhfᴅ verir. Bunun ᴅksinᴅ olaraq, g¿nᴅĸ 

enerjisi tᴅmiz vᴅ bᴅrpa olunan bir mᴅnbᴅdir vᴅ elektrik enerjisi istehsalē zamanē he­ bir emissiya yaratmēr. 

Bu, g¿nᴅĸ texnologiyasēnē daha ekoloji cᴅhᴅtdᴅn tᴅmiz vᴅ davamlē mᴅhsullar istehsal etmᴅk istᴅyᴅn kᴅnd 

tᴅsᴅrr¿fatē m¿ᴅssisᴅlᴅri ¿­¿n ideal se­im edir. 

3. Enerjinin qiymᴅtlᴅrindᴅki dᴅyiĸkᴅnliyᴅ qarĸē davamlēlēĵēn vᴅ m¿stᴅqilliyin artērēlmasē 

Enerji m¿stᴅqilliyi vᴅ enerji qiymᴅtlᴅrindᴅki artēmlara davamlēlēq kᴅnd tᴅsᴅrr¿fatēnda g¿nᴅĸ 

enerjisindᴅn istifadᴅnin digᴅr m¿h¿m ¿st¿nl¿y¿d¿r. ᴄnᴅnᴅvi yanacaq vᴅ enerji qiymᴅtlᴅri siyasi, iqtisadi vᴅ 

tᴅbii amillᴅrᴅ gºrᴅ geniĸ ĸᴅkildᴅ dᴅyiĸᴅ bilᴅr, bu da tᴅsᴅrr¿fatlar ¿­¿n maliyyᴅ qeyri-m¿ᴅyyᴅnliyi yaradēr. 

G¿nᴅĸ texnologiyalarēnēn tᴅtbiqi sabit vᴅ proqnozlaĸdērēla bilᴅn enerji mᴅnbᴅyi tᴅmin etmᴅklᴅ bu asēlēlēĵē 

azaltmaĵa kºmᴅk edir. Bundan ᴅlavᴅ, g¿nᴅĸ enerjisi kᴅnd tᴅsᴅrr¿fatē m¿ᴅssisᴅlᴅrinin enerji bºhranlarēna vᴅ 

elektrik enerjisinin kᴅsilmᴅsinᴅ davamlēlēĵēnē artērmaĵa, davamlē istehsalē tᴅmin etmᴅyᴅ vᴅ mᴅhsul itkisini 

azaltmaĵa kºmᴅk edir. 

Kᴅnd tᴅsᴅrr¿fatēnda g¿nᴅĸ enerjisindᴅn istifadᴅnin faydalarēna tᴅkcᴅ iqtisadi faydalar vᴅ ekoloji 

davamlēlēq deyil, hᴅm dᴅ aqrar sahᴅ ¿­¿n artan m¿stᴅqillik vᴅ tᴅhl¿kᴅsizlik daxildir. G¿nᴅĸ texnologiyalarēna 

ke­id gᴅlᴅcᴅkdᴅ ᴅrzaq tᴅhl¿kᴅsizliyinin vᴅ davamlē kᴅnd tᴅsᴅrr¿fatēnēn inkiĸafēnēn tᴅmin edilmᴅsindᴅ ᴅsas 

amil ola bilᴅr. 

Aqrar  sektorda  g¿nϸĸ enerjisi tϸtbiqlϸrinin iqtisadi faydasē vϸ xϸrclϸrin geri qaytarēlma m¿ddϸti 

Aqrar sektorda   g¿nᴅĸ enerjisi tᴅtbiqlᴅrinin iqtisadi faydalarēnēn vᴅ geri qaytarēlmasēnēn tᴅhlili bᴅrpa 

olunan enerji mᴅnbᴅlᴅrinᴅ ke­idi nᴅzᴅrdᴅn ke­irᴅrkᴅn ᴅsas aspektdir. Bu tᴅhlil kᴅnd tᴅsᴅrr¿fatē istehsalēnda 

xᴅrclᴅrin azaldēlmasē vᴅ sᴅmᴅrᴅliliyin artērēlmasē baxēmēndan g¿nᴅĸ texnologiyalarēna investisiyalarēn nᴅ 

dᴅrᴅcᴅdᴅ faydalē olacaĵēnē m¿ᴅyyᴅn etmᴅyᴅ kºmᴅk edir. 

1. Quraĸdērma dᴅyᴅri vᴅ ilkin investisiya 

G¿nᴅĸ sistemlᴅrinin quraĸdērēlmasēnēn ilkin xᴅrclᴅri ᴅhᴅmiyyᴅtli ola bilᴅr vᴅ bunlara g¿nᴅĸ panellᴅri, 

­eviricilᴅr, montaj sistemlᴅri, quraĸdērma vᴅ naqillᴅrin ­ᴅkilmᴅsi xᴅrclᴅri daxildir. Bununla belᴅ, bir ­ox 

tᴅchizat­ē vᴅ istehsal­ē avadanlēqlarēn alēnmasēnē asanlaĸdēran rahat kredit vᴅ lizinq sistemlᴅri tᴅklif edir. 

2. Ķstismar xᴅrclᴅri vᴅ qᴅnaᴅt 

G¿nᴅĸ texnologiyalarēnēn ᴅsas ¿st¿nl¿klᴅrindᴅn biri onlarēn nisbᴅtᴅn aĸaĵē ᴅmᴅliyyat xᴅrclᴅridir. 

G¿nᴅĸ sistemlᴅri quraĸdērēldēqdan sonra texniki xidmᴅt vᴅ tᴅmir xᴅrclᴅri, x¿susᴅn dᴅ ᴅnᴅnᴅvi enerji 

mᴅnbᴅlᴅri ilᴅ m¿qayisᴅdᴅ adᴅtᴅn minimal olur. Xᴅrclᴅrᴅ qᴅnaᴅt xarici mᴅnbᴅlᴅrdᴅn elektrik enerjisi almaq 

ehtiyacēnēn azaldēlmasē, elᴅcᴅ dᴅ ᴅlavᴅ gᴅlir tᴅmin edᴅ bilᴅn artēq enerjinin ĸᴅbᴅkᴅyᴅ satēlmasē ilᴅ ᴅldᴅ edilir. 

3. Xᴅrcin geri qaytarēlma m¿ddᴅti   

G¿nᴅĸ texnologiyalarēnda xᴅrclᴅrin geri qaytarēlma m¿ddᴅti quraĸdērma xᴅrclᴅri, cari elektrik 

tariflᴅri, coĵrafi yer vᴅ g¿nᴅĸ enerjisinin mºvcudluĵu vᴅ dºvlᴅt dᴅstᴅyinin mºvcudluĵu da daxil olmaqla bir 

­ox amillᴅrdᴅn asēlēdēr. Orta hesabla, g¿nᴅĸ sistemlᴅri 5-10 il ᴅrzindᴅ ºz¿n¿ ºdᴅyir, bundan sonra onlar xalis 

qᴅnaᴅt yaratmaĵa baĸlayērlar. Y¿ksᴅk insolyasiya vᴅ y¿ksᴅk elektrik tariflᴅri olan bºlgᴅlᴅrdᴅ geri ºdᴅmᴅ 

m¿ddᴅti daha qēsa ola bilᴅr  

4. Enerji qiymᴅtlᴅrinin dᴅyiĸmᴅsinᴅ davamlēlēq 

G¿nᴅĸ enerjisi texnologiyalarēna sᴅrmayᴅ qoymaq hᴅm dᴅ aqrar sahᴅdᴅ enerji qiymᴅtlᴅrinin 

dᴅyiĸkᴅnliyinᴅ mᴅruz qalmalarēnē azaltmaĵa imkan verir, uzun m¿ddᴅt ᴅrzindᴅ daha ­ox maliyyᴅ sabitliyi vᴅ 

enerji xᴅrclᴅrinin proqnozlaĸdērēlmasēnē tᴅmin edir. 

5. ᴄmlak dᴅyᴅrlᴅrinᴅ tᴅsir 

G¿nᴅĸ sistemlᴅrinin quraĸdērēlmasē enerji sᴅmᴅrᴅliliyini v ᴅ davamlēlēĵēnē yaxĸēlaĸdērmaqla kᴅnd 

tᴅsᴅrr¿fatē obyektlᴅrinin dᴅyᴅrini artēra bilᴅr. Bu, g¿nᴅĸ enerjisinᴅ investisiyanē yalnēz enerji xᴅrclᴅrinᴅ 

qᴅnaᴅt baxēmēndan sᴅrfᴅli deyil, hᴅm dᴅ aktivlᴅrin dᴅyᴅrinin artērēlmasē baxēmēndan dᴅyᴅrli edir. 

Aqrar  sektor ¿­¿n g¿nᴅĸ enerjisi hᴅllᴅrinin iqtisadi faydalarēnēn vᴅ xᴅrclᴅrin geri qaytarēlmasēnēn 

tᴅhlili onlarēn xᴅrclᴅri azaltmaq, maliyyᴅ dayanēqlēĵēnē artērmaq vᴅ kᴅnd tᴅsᴅrr¿fatē daĸēnmaz ᴅmlakēnēn 

dᴅyᴅrini artērmaq potensialēnē vurĵulayēr. Ķlkin investisiyaya baxmayaraq, uzunm¿ddᴅtli qᴅnaᴅt vᴅ ᴅlavᴅ gᴅlir 

g¿nᴅĸ texnologiyasēnē aqrar sahᴅ ¿­¿n sᴅrfᴅli investisiya halēna gᴅtirir. 

Kϸnd tϸsϸrr¿fatē ¿­¿n g¿nϸĸ enerjisi sahϸsindϸ tϸdqiqat vϸ inkiĸaf 

Kᴅnd tᴅsᴅrr¿fatē ¿­¿n g¿nᴅĸ enerjisi sahᴅsindᴅ tᴅdqiqat vᴅ tᴅkmillᴅĸdirmᴅlᴅr aqrar sektorda bᴅrpa 

olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅnin optimallaĸdērēlmasē vᴅ geniĸlᴅndirilmᴅsindᴅ ᴅsas rol oynayēr. Bu 

sᴅylᴅr sᴅmᴅrᴅliliyin artērēlmasēna, xᴅrclᴅrin azaldēlmasēna vᴅ texniki vᴅ iqtisadi maneᴅlᴅrin aradan 

qaldērēlmasēna yºnᴅlib. 

Aqrar sahᴅ ¿­¿n g¿nᴅĸ enerjisi tᴅdqiqatlarēnda mºvcud tendensiyalar: 

1. G¿nᴅĸ enerjisinin kᴅnd tᴅsᴅrr¿fatē proseslᴅri ilᴅ inteqrasiyasē 
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Aparēcē tendensiyalardan biri g¿nᴅĸ enerjisini kᴅnd tᴅsᴅrr¿fatē proseslᴅrinᴅ birbaĸa inteqrasiya edᴅn 

sistemlᴅrin hazērlanmasē vᴅ tᴅtbiqidir. Bura suvarma avadanlēĵēnē, istixana ventilyasiyasēnē vᴅ iqlimᴅ nᴅzarᴅt 

sistemlᴅrini birbaĸa enerji ilᴅ tᴅmin etmᴅk ¿­¿n fotovoltaik sistemlᴅrdᴅn istifadᴅ daxildir. 

2. ¢evik vᴅ ­ap olunmuĸ g¿nᴅĸ panellᴅrinin hazērlanmasē 

X¿susi montaj sistemlᴅri tᴅlᴅb olunmadan fermalarda, o c¿mlᴅdᴅn istixanalarda vᴅ kᴅnd tᴅsᴅrr¿fatē 

avadanlēqlarēnda m¿xtᴅlif sᴅthlᴅrᴅ asanlēqla inteqrasiya oluna bilᴅn elastik vᴅ ­ap olunmuĸ fotovoltaik 

materiallar kimi yeni g¿nᴅĸ panellᴅri nºvlᴅri tᴅdqiq vᴅ inkiĸaf etdirilir. 

3. Sᴅmᴅrᴅliliyi artērmaq vᴅ xᴅrclᴅri azaltmaq 

Fotovoltaik elementlᴅrin sᴅmᴅrᴅliliyinin artērēlmasē vᴅ onlarēn istehsal xᴅrclᴅrinin azaldēlmasē 

istiqamᴅtindᴅ iĸlᴅr davam etdirilir. Perovskitlᴅr vᴅ ¿zvi fotovoltaiklᴅr kimi yeni materiallar vᴅ texnologiyalar 

tᴅdqiq edilir ki, bu da g¿nᴅĸ enerjisinin elektrik enerjisinᴅ ­evrilmᴅsindᴅ daha az xᴅrc vᴅ daha y¿ksᴅk 

sᴅmᴅrᴅlilik vᴅd edir. 

4. Enerji saxlama sistemlᴅri 

Artēq g¿nᴅĸ enerjisini gecᴅ vᴅ ya aĸaĵē insolyasiya dºvrlᴅrindᴅ istifadᴅ etmᴅk ¿­¿n saxlamaĵa imkan verᴅn 

enerji saxlama sistemlᴅrinin inkiĸafē vᴅ inteqrasiyasēna da diqqᴅt yetirilir. Bu, kᴅnd tᴅsᴅrr¿fatē ehtiyaclarē 

¿­¿n daha sabit vᴅ etibarlē enerji tᴅchizatēnē tᴅmin edir. 

Nᴅticᴅ 

Bᴅrpa olunan enerjiyᴅ ke­id tᴅkcᴅ ᴅmᴅliyyat xᴅrclᴅrini azaltmaĵa vᴅ tᴅsᴅrr¿fatlarēn karbon izini 

azaltmaĵa kºmᴅk etmir, hᴅm dᴅ onlarēn enerji qiymᴅtlᴅrinin dᴅyiĸmᴅsinᴅ davamlēlēĵēnē artērēr vᴅ enerji 

m¿stᴅqilliyini g¿clᴅndirir. 

G¿nᴅĸ enerjisi sahᴅsindᴅ m¿asir tᴅdqiqatlar vᴅ inkiĸaflar kᴅnd tᴅsᴅrr¿fatē  ¿­¿n yeni imkanlar a­ēr, 

g¿nᴅĸ enerjisindᴅn istifadᴅni daha da ᴅl­atan vᴅ sᴅmᴅrᴅli edᴅn innovativ hᴅllᴅr tᴅklif edir. Mºvcud ­aĵērēĸlara 

vᴅ maneᴅlᴅrᴅ baxmayaraq, texnologiyalarēn daimi inkiĸafē vᴅ dºvlᴅt vᴅ beynᴅlxalq sᴅviyyᴅdᴅ dᴅstᴅk siyasᴅti 

bu maneᴅlᴅri dᴅf etmᴅyᴅ kºmᴅk edir. 

Kᴅnd tᴅsᴅrr¿fatēnda g¿nᴅĸ enerjisinin tᴅtbiqi ilkin investisiya vᴅ ºhdᴅlik tᴅlᴅb edir, lakin 

uzunm¿ddᴅtli faydalar ilkin xᴅrclᴅrdᴅn qat-qat ¿st¿nd¿r.   

Kᴅnd tᴅsᴅrr¿fatēnēn gᴅlᴅcᴅyi davamlē inkiĸaf vᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅ ilᴅ 

ayrēlmaz ĸᴅkildᴅ baĵlēdēr. G¿nᴅĸ enerjisi bu prosesin ᴅsas elementidir, m¿asir d¿nyanēn ­aĵērēĸlarē ilᴅ 

¿zlᴅĸmᴅyᴅ vᴅ d¿nya ᴅhalisinin ᴅrzaq tᴅhl¿kᴅsizliyini tᴅmin etmᴅyᴅ qadir olan daha yaĸēl, daha sᴅmᴅrᴅli vᴅ 

dayanēqlē kᴅnd tᴅsᴅrr¿fatē sektorunun yaradēlmasēna kºmᴅk edir. 
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Summary 

APPLICATION OF SOLAR ENERGY IN THE AGRICULTURAL SECTOR  

Nadirov N.A., Bayramova A.S. 

 

 Agriculture remains one of the key sectors of the global economy, providing food security and employment for 

millions of people around the world. However, due to the growth of the world population and the limited availability of natural 

resources, traditional farming methods are facing serious challenges. Climate change, the depletion of soil and water resources 

and their deterioration, and the need to reduce harmful emissions into the atmosphere require the search for new, more 

sustainable and efficient approaches to agricultural production. In this context, solar energy is one of the most promising 

solutions. The article examines how solar energy can transform the agricultural sector, making it more sustainable and efficient. 

Keywords:agriculture, solar energy, solar collectors, photovoltaic systems 
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ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʩʝʢʪʦʨʦʚ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ 
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ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʪʨʝʙʫʶʪ ʧʦʠʩʢʘ ʥʦʚʳʭ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. 
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ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʩʝʢʪʦʨ, ʩʜʝʣʘʚ ʝʛʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤ. 
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ʈʝʟʶʤʝ. ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʮʠʢʣʦʧʨʦʧʘʥʩʦʜʝʨʞʘʱʠʭ ʵʬʠʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʪʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʶʪʩʷ ʜʚʝ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʝ ʛʨʫʧʧʳ, ʯʪʦ ʧʨʠʜʘʝʪ ʠʤ ʚʳʨʘʞʝʥʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ɺʳʷʚʣʝʥ ʨʷʜ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ PASS Online. 

ʀʩʩʣʝʜʦʚʘʥʘ ʬʫʥʛʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʪʦʛʝʥʥʳʤ ʛʨʠʙʘʤ ʨʦʜʘ Penicillium ʠ Aspergillus niger. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʢʦʣʦʥʠʠ ʧʣʝʩʥʝʚʳʭ 

ʛʨʠʙʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʢʣʦʧʨʦʧʘʥʩʦʜʝʨʞʘʱʠʝ ʵʬʠʨʳ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʬʫʥʛʠʮʠʜ, ʛʝʨʙʠʮʠʜ, ʠʥʩʝʢʪʠʮʠʜ, 

ʨʝʛʫʣʷʪʦʨ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʮʠʢʣʦʧʨʦʧʘʥʘ ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʘʭ. ʌʨʘʛʤʝʥʪʳ ʮʠʢʣʦʧʨʦʧʘʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʧʨʝʧʘʨʘʪʳ, ʘʥʪʠʙʠʦʪʠʢʠ, ʠʥʩʝʢʪʠʮʠʜʳ, 

ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ ʠ ʪ.ʜ. [1,3]. ʎʠʢʣʦʧʨʦʧʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʷʚʣʷʷʩʴ 

ʦʜʥʠʤʠ ʠʟ ʥʘʧʨʷʞʝʥʥʳʭ ʢʦʣʝʮ, ʧʨʠʚʣʝʢʘʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʎʠʢʣʦʧʨʦʧʘʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʢʣʦʧʨʦʧʘʥʘ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [2,4]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʨʦʜʥʦʛʦ 

ʙʠʦʘʢʪʠʚʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʨʘʥʩ-ʭʨʠʟʘʥʪʝʤʦʚʫʶ ʢʠʩʣʦʪʫ Chrysanthemum 

cinerariaefolium. ɺʳʜʝʣʝʥʥʘʷ ʠʟ ʵʪʦʛʦ ʮʚʝʪʢʘ 2-ʚʠʥʠʣʮʠʢʣʦʧʨʦʧʘʥʢʘʨʙʦʥʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʝʜʠʥʠʮʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʨʫʛʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʧʠʨʝʪʨʠʥʦʚ, ʠʥʩʝʢʪʠʮʠʜʦʚ ʠ 

ʬʫʥʛʠʮʠʜʦʚ. ʄʥʦʛʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʮʠʢʣʦʧʨʦʧʘʥʘ ʦʙʣʘʜʘʶʪ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʢʘʢ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʪʘʢ ʠ ʜʣʷ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʟʘʱʠʪʳ ʠʟʜʝʣʠʡ ʠʟ 

ʧʣʘʩʪʤʘʩʩ [4,5]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʠʥʪʝʟʠʨʦʚʘʥʳʝ ʥʝʜʘʚʥʦ ʩʦʝʜʠʥʝʥʠʷ ï ʘʬʠʜʦʧʠʨʦʧʝʥ ʠ 

ʮʠʧʨʦʬʣʘʥʠʣʠʜ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʮʠʢʣʦʧʨʦʧʘʥʘ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʘʛʨʦʭʠʤʠʢʘʪʦʚ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʮʠʢʣʘ, ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʬʫʥʛʠʮʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʪʦʛʝʥʥʳʤ ʛʨʠʙʘʤ ʨʦʜʘ Penicillium ʠ Aspergillus niger.  

ʉʦʝʜʠʥʝʥʠʷ 1-3 ʧʦʣʫʯʝʥʳ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝʤ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʢʘʨʙʝʥʘʤʠ, 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʠʟ ʭʣʦʨʦʬʦʨʤʘ ʠ ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʘ. ʉʦʝʜʠʥʝʥʠʝ 1 ʧʦʣʫʯʝʥʦ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝʤ ʜʚʫʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʜʠʚʠʥʠʣʦʚʦʛʦ ʵʬʠʨʘ ʢʘʨʙʝʥʦʤ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʠʟ 

ʭʣʦʨʦʬʦʨʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 40%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ NaOH ʩ ʫʯʘʩʪʠʝʤ ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʊʕɹɸ: 

 
ʇʦʣʫʯʝʥʥʳʡ ʙʠʩ-ʛʝʤ-ʜʠʭʣʦʨʮʠʢʣʦʧʨʦʧʠʣʦʚʳʡ ʵʬʠʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 1,4-ʙʫʪʘʥʜʠʦʣʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʧʨʝʚʨʘʱʝʥ ʚ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 2 ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ 

ʩʭʝʤʝ: 
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ʉʦʝʜʠʥʝʥʠʝ 3 ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʘʨʘ-ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ ʩ ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʦʤ ʚ 

ʨʘʩʪʚʦʨʝ ʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʟʚʦʜʥʦʛʦ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʧʦ ʩʭʝʤʝ: 

 
ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʀʂ ʠ ʇʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦ ʜʚʝ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʝ ʛʨʫʧʧʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ: ʛʝʤ-ʜʠʭʣʦʨʥʳʤʠ, ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʠ ʩʣʦʞʥʦʵʬʠʨʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʅʘʣʠʯʠʝ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʡ ʛʨʫʧʧʳ ʚ ʩʪʫʨʢʪʫʨʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʜʘʝʪ ʠʤ ʚʳʨʘʞʝʥʥʫʶ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʚʝʙ-ʨʝʩʫʨʩʘ PASS Online, ʚʳʷʚʣʝʥ ʨʷʜ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ ʮʠʢʣʦʧʨʦʧʘʥʩʦʜʝʨʞʘʱʠʲʭ ʩʦʝʜʠʥʝʥʠʡ 1-3 [6,7]. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʇɺʍ-ʢʦʤʧʦʟʠʮʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʮʠʜʥʳʭ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ [8,9]. 

ʆʩʫʱʝʩʪʚʣʝʥ ʧʝʨʚʠʯʥʳʡ ʩʢʨʠʥʠʥʛ ʬʫʥʛʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 1-3 ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʘʭ, ʚʳʟʳʚʘʶʱʠʭ  ʛʥʠʝʥʠʝ ʨʘʩʪʝʥʠʡ, Penicillium 

ʠ Aspergillus niger ʧʫʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʛʨʠʙʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʛʘʨʦʚʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, 

ʩʦʜʝʨʞʘʱʝʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 1-3. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ ʢ 

ʩʦʝʜʠʥʝʥʠʷʤ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ50, ʚʳʟʳʚʘʶʱʝʡ ʪʦʨʤʦʞʝʥʠʝ ʨʦʩʪʘ ʛʨʠʙʦʚ ʥʘ 50%.  

 

ɺʠʜ ʛʨʠʙʦʚ 
ʉ50, ʤʢʛ/ʤʣ 

ʉʦʝʜʠʥʝʥʠʝ 1 ʉʦʝʜʠʥʝʥʠʝ 2 ʉʦʝʜʠʥʝʥʠʝ 3 

Penicillium 25 270 160 

Aspergillus niger 40 350 190 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʥʘʠʙʦʣʴʰʠʤ ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʢʦʣʦʥʠʠ ʧʣʝʩʥʝʚʳʭ 

ʛʨʠʙʦʚ ʦʙʣʘʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ 1 ï ʙʠʩ-ʛʝʤ-ʜʠʭʣʦʨʮʠʢʣʦʧʨʦʧʠʣʦʚʳʡ ʵʬʠʨ, ʥʘʠʤʝʥʴʰʠʤ ï ʩʦʝʜʠʥʝʥʠʝ 2 

ï ʙʠʩ-4,9-ʜʠʦʢʩʘʩʧʠʨʦ-[2,6,0]-ʥʦʥʘʥ.  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʣʠʟʢʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢ ʪʨʘʥʩ-ʭʨʠʟʘʥʪʝʤʦʚʦʡ ʢʠʩʣʦʪʝ ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʤ. ʇʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʧʠʨʝʪʨʦʠʜʘʤʠ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʙʦʨʴʙʝ ʩ ʥʘʩʝʢʦʤʳʤʠ-ʚʨʝʜʠʪʝʣʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʧʠʨʝʪʨʦʠʜʥʳʭ ʠʥʩʝʢʪʠʮʠʜʦʚ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʦʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

1-3 ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʪʘʢʞʝ ʠʥʩʝʢʪʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ,  ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.    
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X¿lasᴅ. 

TSĶKLOPROPANTᴄRKĶBLĶ EFĶRLᴄRĶN SĶNTEZĶ Vᴄ ONLARIN FUNGĶSĶD AKTĶVLĶKLᴄRĶNĶN TᴄDQĶQĶ 

ķahnϸzϸrli R.Z., Nϸzϸrϸliyev X.Q., Qarayeva ķ.H. 

  

M¿xtᴅlif ᴅvᴅzlᴅyicilᴅrᴅ malik tsiklopropantᴅrkibli efirlᴅr sintez olunmuĸdur. Sintez olunmuĸ birlᴅĸmᴅlᴅrin tᴅrkibindᴅ 2 

tsiklopropanᴅvᴅzli qruplarēn olmasē onlara bioloji aktivlik verir.  PASS Online kompyuter proqramēndan istifadᴅ edᴅrᴅk onlarēn 

potensial bioloji aktivliklᴅri m¿ᴅyyᴅn edilmiĸdir. Sintez olunmuĸ tsiklopropantᴅrkibli efirlᴅrin Penicillium vᴅ Aspergillus niger 

tºrᴅmᴅli gºbᴅlᴅklᴅr ᴅleyhinᴅ funqisid aktivliklᴅri tᴅdqiq edilmiĸdir. M¿ᴅyyᴅn olunmuĸdur ki, sintez edilmiĸ birlᴅĸmᴅlᴅr kif 

gºbᴅlᴅklᴅri ᴅleyhinᴅ daha y¿ksᴅk toksiki aktivlik gºstᴅrir. 

 A­ar sºzlᴅr : tsiklopropantᴅrkibli efirlᴅr, bioloji aktivlik, fungisid, herbisid, inseksisid, bitkilᴅrin bºyatmasē 

tᴅnzimlᴅyicisi 

 

Summary 

SYNTHESIS AND INVESTIGATION  OF FUNGICIDAL  ACTIVITY  OF CYCLOPROPANE-CONTAINING ESTERS  

Shahnazarli R.Z., Nazaraliyev Kh.G., Garayeva Sh.G. 

 

Cyclopropane-containing esters with various substituents have been synthesized. The availability of 2 cyclopropane 

substituted groups in the synthesized compounds gives them biological activity. Their potential biological activity has been 

determined using the PASS Online computer program. The fungicidal activity of the synthesized cyclopropane-containing esters 

against fungi of the genus Penicillium vᴅ Aspergillus niger has been investigated. It has been established that the synthesized 

compounds show higher toxic activity against mold fungi.  
Key words: cyclopropane-containing esters, biological activity, fungicide, herbicide, insecticide, plant growth regulator.  
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X¿lasᴅ.  Mᴅqalᴅdᴅ  qoyulmuĸ mᴅsᴅlᴅdᴅ bᴅĸᴅriyyᴅtin narahat­ēlēĵēna sᴅbᴅb olan ekoloji problemlᴅrin hᴅlli yollarēndan 

olan  atmosferᴅ atēlan karbon emissiyalarēnēn qarĸēsēnēn alēnmasē, enerjiyᴅ qᴅnaᴅt mᴅsᴅlᴅlᴅrindᴅ yaranmēĸ problemlᴅr vᴅ onlarēn 

aradan qaldērēlmasē mᴅsᴅlᴅlᴅri, ĸᴅhᴅr sᴅrniĸin daĸēma nᴅqliyyat vasitᴅlᴅrinin istismarē zamanē tormozlanma prosesindᴅ yaranan 

yanacaq itkilᴅrinin tᴅhlili verilmiĸdir. Nᴅqliyyat vasitᴅlᴅrinin istismarēnda tormozlanmada tᴅkᴅr konstruksiyasēnda yaranan 

mexaniki enerjinin nᴅqli, toplanēlmasē, 70% qᴅdᴅr  elektromexaniki ­evrilmᴅsinᴅ nail olunmasē vᴅ istehsal olunmuĸ elektrik 

enerjisinin toplanēlmasē ¿­¿n qurĵunun tᴅtbiqi mᴅsᴅlᴅlᴅrinᴅ baxēlmēĸdēr. Qurĵunun istismarē zamanē onun konstruktiv 

elementlᴅri, ºt¿rmᴅ mexanizmlᴅri vᴅ elektrik generatorunda yaranan mexaniki, elektriki itkilᴅrin yaranma sᴅbᴅblᴅrinin 

araĸdērēlmasē vᴅ qurĵunun faydalē iĸ ᴅmsalēnēn tᴅyin edilmᴅ mᴅsᴅlᴅlᴅri hᴅll edilmiĸdir.  

A­ar sºzlᴅr: tormoz diski, elektrogenerator, mexaniki enerji toplayēcēsē, diĸli ­arxlar kompleksi, konstruktiv element , 

kinematik bᴅndlᴅr, akkumulyator. 

 

Mᴅsᴅlᴅnin qoyuluĸu. Son zamanlar korbohidrogen yanacaqlarēn, tᴅbii sᴅrvᴅtlᴅrin t¿kᴅnmᴅsi ilᴅ 

ᴅlaqᴅdar yanacaĵa vᴅ enerjiyᴅ qᴅnaᴅt olunmasē, d¿nyanē qlobal istilᴅĸmᴅyᴅ aparan  problemlᴅri yaradan 

amillᴅrin yaranmasē, insan ºl¿m faktorlarēna sᴅbᴅb olan ekoloji problemlᴅr vᴅ s. mᴅsᴅlᴅlᴅr d¿nya  

m¿tᴅxᴅssislᴅrini narahat edᴅn qlobal problemlᴅrdir. Tᴅsad¿fi deyildir ki, 13 noyabr 2024- c¿ ildᴅ BMT- 

nin Ķqlim Dᴅyiĸikliyi ¿zrᴅ ¢ᴅr­ivᴅ Konsepsiyasēnēn Tᴅrᴅflᴅr Konfransē COP29-un hᴅyata ke­irilmᴅsilᴅ 

iqlim bºhranēnēn hᴅlli yollarēnēn m¿zakirᴅ edilmᴅsi vᴅ  bu tᴅdbirᴅ ev sahibliyi edᴅn Azᴅrbaycan 

Respublikasēnēn tᴅĸᴅbb¿slᴅrindᴅn biri dᴅ  ºlkᴅnin 2050 - ci ilᴅ qᴅdᴅr istixana qazē emissiyalarēnēn 40% 

azaltmaq, gᴅlᴅcᴅkdᴅ ºlkᴅmizin  alternativ  vᴅ bᴅrpaolunan enerji potensialē ilᴅ zᴅngin olmasēnē nᴅzᴅrᴅ 

mailto:balayeva.efile@mail.ru
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almaqla, qlobal iqlim dᴅyiĸmᴅsinin tᴅsirini azaldēlmasē problemlᴅrinin hᴅlli vᴅ ᴅtraf m¿hitᴅ tᴅsiri 

azaldacaq texnoloji yeniliklᴅrdᴅn istifadᴅ, x¿susilᴅ ñAĵēllē ĸᴅhᴅrò texnologiyalarēnē vᴅ ñAĵēllē nᴅqliyyatò 

sistemlᴅrinin  vᴅ m¿asir texnologiyalarēnē tᴅtbiq vᴅ inkiĸaf etdirmᴅk prioritet mᴅsᴅlᴅlᴅrdᴅn biridir. 

Bᴅĸᴅriyyᴅti narahat edᴅn bu problemlᴅrᴅ nᴅzᴅrᴅn deyᴅ bilᴅrik ki,  iri, meqapolis ĸᴅhᴅrlᴅrdᴅ ĸᴅhᴅr 

sᴅrniĸin daĸēnma nᴅqliyyatē olan avtobuslarēn da dayanacaqlarda mᴅcburi  dayanmalara mᴅruz qalmasē 

atmosferin qlobal istilᴅĸmᴅ, ekoloji  ­irklᴅnmᴅ amillᴅrinin   yaranmasē ilᴅ yanaĸē  y¿ksᴅk  miqdarda 

yanacaq vᴅ enerji itkilᴅrinin yaranmasēna da sᴅbᴅb olur. 

  D¿nyanēn aparēcē dᴅmir yol ķirkᴅti  Alstom enerji sᴅmᴅrᴅliliyinin artērēlmasēnda  metro, 

tramvay vᴅ ĸᴅhᴅrᴅtrafē dᴅmir yolu ᴅmᴅliyyatlarēnda sᴅrf olunan enerjini optimallaĸdēran vᴅ Hesop 

yarēmstansiyalarēnēn tormoz enerjisindᴅn istifadᴅ etmᴅklᴅ ĸᴅbᴅkᴅyᴅ gᴅrginliyin verilmᴅsi layihᴅsi, MDB 

dºvlᴅtlᴅrindᴅ, Yaponiyada vᴅ s. ºlkᴅlᴅrdᴅ ­ox saylē alimlᴅr vᴅ m¿tᴅxᴅssislᴅr tᴅrᴅfindᴅn elektromobollᴅrdᴅ 

vᴅ velosipedlᴅrdᴅ vᴅ s. nᴅqliyyat vasitᴅlᴅrindᴅ rekuperasiya prosesindᴅ enerji xᴅrclᴅrinin kompensasiyasē,  

s¿rᴅt azalmasē m¿ddᴅtindᴅ m¿hᴅrrikin generator rejiminᴅ ke­mᴅsi  metodlarēnēn iĸlᴅnmᴅsi, s¿rᴅt azalmasē 

prosesindᴅ enerjinin saxlanc qurĵularēnda toplanēlmasē ilᴅ nᴅqliyyat vasitᴅlᴅrinin sᴅmᴅrᴅliliyinin 

artērēlmasē vᴅ yanacaĵa qᴅnaᴅt mᴅqsᴅdilᴅ m¿xtᴅlif  nºv nᴅqliyyat vasitᴅlᴅrindᴅ texniki rekonstruksiya 

iĸlᴅri, qeyri - ᴅnᴅnᴅvi elektrik enerjisi istehsal edᴅn layihᴅlᴅri vᴅ mᴅsᴅlᴅlᴅri qarĸēya qoyularaq hᴅll 

olunmasē mᴅsᴅlᴅlᴅrinᴅ  baxēlmēĸdēr [4;6]. Lakin, qarĸēya qoyulmuĸ mᴅsᴅlᴅnin iĸlᴅnmᴅsi bu tip layihᴅlᴅrin 

vᴅ qurĵularēn ĸᴅhᴅrdaxili sᴅrniĸin daĸēyan nᴅqliyyat vasitᴅsi olan avtobuslarda geniĸ tᴅdbiq olunmamasē, 

tormozlanma prosesindᴅ kᴅskin yanacaq itkisinin aradan qaldērēlmasē problemi bu sistemdᴅ cᴅrᴅyan edᴅn 

kinematik, dinamik vᴅ energetik proseslᴅrin kompleks ĸᴅkildᴅ araĸdērēlmasē qarĸēda duran mᴅsᴅlᴅlᴅrdᴅn 

biridir [3;5]. 

Qoyulmuĸ mᴅsᴅlᴅnin nᴅzᴅri analizi. ķᴅhᴅrlᴅrdᴅ nᴅqliyyatēn, avtobuslarēn sayēnēn ­ox olmasē, 

s¿rᴅtin optimaldan tez-tez aĸaĵē d¿ĸmᴅsi vᴅ tormozlanmanēn intensivliyi yanacaq  itkisinᴅ sᴅbᴅb olur. 

Nᴅzᴅrᴅ alsaq ki, ĸᴅhᴅr sᴅrniĸin daĸēma  avtobus nᴅqliyyatē  tᴅyin edilmiĸ  marĸrut ¿zrᴅ t zaman kᴅsiyindᴅ 

verilmiĸ mᴅsafᴅni qᴅt etmᴅlidir. Lakin, tez- tez dayanmalara mᴅruz qalmasē ilᴅ ᴅlaqᴅdar olaraq baĸ verᴅn 

tormozlanmalar sᴅbᴅbindᴅn o, verilmiĸ mᴅsafᴅni t+æt m¿ddᴅtindᴅ qᴅt edir. æt m¿ddᴅtindᴅ isᴅ sᴅrf olunan 

yanacaĵēn itkiyᴅ sᴅrf olunmasēdēr  vᴅ bu itkinin hᴅr hansē bir enerji formasēnda geri qaytarēlmasē yanacaĵa 

qᴅnaᴅt edilmᴅsidir[10;11].  

Yaranmēĸ bu problemin hᴅlli yollarē ¿­¿n tᴅklif olunan elektromexaniki ­evirmᴅ qurĵusunun 

tᴅtbiqi ilᴅ  ĸᴅhᴅr sᴅrniĸin daĸēma nᴅqliyyatē - avtobus nᴅqliyyatēnēn istismarēnda tormozlanmada  yaranmēĸ 

mexaniki enerjinin   tᴅkᴅr konstruksiyasēndan  xaric olunaraq, mexaniki enerji toplayēcēsēnda  toplanēlaraq 

onun 60 -70% - nin elektrik enerjisinᴅ ­evrilmᴅsinᴅ nail olunur[3;5]. ķᴅhᴅr sᴅrniĸin daĸēma avtobus 

nᴅqliyyatēnēn dayanacaqlarda dayanmalarēn sayēndan asēlē olaraq tᴅtbiq olunan elektromexaniki ­evirmᴅ 

qurĵusu vasitᴅsilᴅ  tᴅkᴅr konstruksiyasēnda yaranan mexaniki enerjinin toplanēlaraq, elektrik enerjisinᴅ 

­evrilmᴅsi hᴅm­inin, dayanacaqlarēn sayēndan vᴅ dayananacaqlar arasē mᴅsafᴅdᴅn asēlē olaraq istehsal 

olunan  elektrik enerjisinin akkumulyatora doldurulmasē vᴅ hᴅcminin tᴅyin edilmᴅsi  diaqramda 

gºstᴅrilmiĸdir ( ĸᴅkil 1). 

 

 

 
 

ķϸkil 1. Marĸrut xarakteristikalarēna gºrϸ avtobusun akkumulyatoruna doldurulan  

elektrik enerjisinin hϸcminin tϸyini  
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Elektromexaniki ­evirmᴅ qurĵusunun iĸ prinsipi nᴅqliyyat vasitᴅsinin dayanacaqlarda  dayanmasē 

vᴅ ya s¿rᴅtinin azaldēlmasē ¿­¿n icra olunan funksiyalarla ᴅlaqᴅdardēr. Bu proses dᴅ tormozlanma zamanē 

yaranan mexaniki  enerji tormozlanma diskinᴅ verilir. M¿asir texnologiyalara ᴅsasᴅn tormozlayēcē disk 

nᴅqliyyat vasitᴅsinin gºvdᴅsinᴅ bᴅrkidilmiĸdir. Tᴅqdim edilᴅn qurĵunun konstruksiyasēnda  tormozlayēcē 

disk arxa tᴅkᴅr kºrp¿s¿n¿n oxu boyunca p / 2 bucaq qᴅdᴅr dºnᴅ bilmᴅ x¿susiyyᴅti olan  konstruksiyaya 

malikdir 

Mexaniki enerjinin hᴅcmi Pmex.  nᴅqliyyat vasitᴅsinin s¿rᴅtinin  t= 0 anēnda tormoz diskinin 

dºnmᴅ bucaĵēndan  asēlēdēr.  Tormoz diskinin dºnmᴅ bucaĵē isᴅ  aĸaĵēdakē amillᴅrdᴅn  asēlēdēr [10;11]: 

- ictimai nᴅqliyyat vasitᴅsinin tutumundan; 

- ictimai nᴅqliyyat vasitᴅsinin s¿rᴅtindᴅn;  

- ictimai nᴅqliyyat vasitᴅsinin tormozlanma intensivliyindᴅn; 

-mexaniki enerji toplayēcēsēnda real toplanan enerjinin hᴅcmindᴅn vᴅ s. 

Nᴅqliyyat vasitᴅlᴅrinin istismarēnda tormozlanma nᴅticᴅsindᴅ yaranmēĸ mexaniki enerjinin 

toplanmasē vᴅ elektromexaniki ­evrilmᴅsi  ¿­¿n  elektromexaniki ­evirmᴅ sisteminin struktur sxemi ĸᴅkil 

2 - dᴅ gºstᴅrilmiĸdir [10;11]. 

 

 
ķϸkil 2. Elektromexaniki ­evirmϸ sisteminin struktur sxemi 

1-nϸqliyyat vasitϸlϸrinin tϸkϸr qurĵusu; 2-mexaniki enerji toplayēcēsē; 3-elektrogenerator; 

4 -tros. 

 

Elektromexaniki ­evirmᴅ sisteminin konstruksiyasēnda  mexaniki enerji toplayēcēsē vᴅ elektrik 

generatoru ilᴅ yanaĸē bir sēra  birlᴅĸdirici vᴅ kinematik bᴅndlᴅrdᴅn,  ºt¿r¿c¿  mexanizmlᴅrdᴅn dᴅ istifadᴅ 

olunur [1;7]. Lakin, nᴅqliyyat vasitᴅlᴅrindᴅ tormozlanma nᴅticᴅsindᴅ  tᴅkᴅr konstruksiyasē ilᴅ 

tormozlayēcē disk arasēnda yaranan mexaniki enerjinin ºt¿r¿lmᴅsi vᴅ elektromexaniki ­evirmᴅ prosesi 

zamanē itkilᴅrᴅ mᴅruz qalaraq, qurĵuda tᴅtbiq edilᴅn  mexanizmlᴅrdᴅ vᴅ   birlᴅĸmᴅlᴅrdᴅ  yaranan bu itkilᴅr 

qurĵunun faydalē iĸ ᴅmsalēnēn azalmasēna sᴅbᴅb olur. Mexaniki enerjinin toplanēlmasē,  ºt¿r¿lmᴅsi vᴅ 

elektromexaniki ­evirmᴅ prosesindᴅ yaranmēĸ elektriki vᴅ mexaniki itkilᴅri araĸdērsaq gºrᴅrik ki, adᴅtᴅn, 

mexanizmlᴅrdᴅ, birlᴅĸmᴅlᴅrdᴅ itkilᴅrin yaranmasē, onlarēn s¿rt¿nmᴅyᴅ, yeyilmᴅyᴅ mᴅruz qalmasē vᴅ 

deformasiyaya uĵraya bilmᴅsi m¿xtᴅlif amillᴅrdᴅn ᴅmᴅlᴅ gᴅlᴅ bilᴅr, belᴅ ki, s¿rt¿nᴅn hissᴅlᴅrᴅ tᴅsir edᴅn 

y¿k¿n miqdarēndan, tormozlanmanēn nisbi s¿rᴅtindᴅn,  konstruksiyanēn materialarēnēn fiziki - kimyᴅvi 

x¿susiyyᴅti, materiallarēn istilik ke­iriciliyindᴅn vᴅ s. sᴅbᴅblᴅrdᴅn  yarana bilᴅr [7;8;9]. Nᴅzᴅrᴅ alsaq ki, 

konstruksiyada   istifadᴅ olunan hᴅr bir mexanizmin  f.i.ᴅ.  

– ρ •  olur. 

burada • ï mexanizmdᴅ itki ᴅmsalēdēr vᴅ  f.i.ᴅ. sēfēr ilᴅ vahid arasēnda olmaqla uyĵun hᴅdd daxilindᴅ 

π – ρ  olmaqla dᴅyiĸir[2]. Sistemdᴅ tᴅtbiq olunan mexanizmlᴅrin qoĸulma ardēcēllēĵēna baxaq: 

 

 
ķϸkil 3. Elektromexaniki ­evirmϸ qurĵusunun  mexanizmlϸrinin  birlϸĸmϸ sxemi 

1 - nϸqliyyat vasitϸsinin tϸkϸr sistemi; 2- tros; 3 - mexaniki enerji toplayēcēsē; 4- diĸli s¿r¿ngϸc;  

5 - sϸrbϸst hϸrϸkϸt muftasē; 6- diĸli ­arx ºt¿rmϸsi; 7- val; 8- elektrik generatoru. 

 

Tormozlanmada yaranan mexaniki enerjinin nᴅqli, toplanēlmasē  vᴅ elektrik enerjisinᴅ ­evrilmᴅsi 

prossesindᴅ yaranmēĸ itkilᴅri nᴅzᴅrᴅ almaqla, konstruksiyada tᴅtbiq edilᴅn ayrē-ayrē mexanizmlᴅrin vᴅ 

elektrik generatorunun  f.i.ᴅ. - nē tᴅyin etmᴅklᴅ [1;8;9], qurĵnun ¿mumi f.i.ᴅ.  

–İ –Ͻ–Ͻ–ȢϽ–ȢȢ Ͻ–ȢëȢĘϽ–ȢϽ–  πȟωψ Ͻ πȟωσ Ͻπȟωψ ϽπȟωχϽ πȟωψ ϽπȟωωυϽ

 πȟψσ πȟφωτρ  tᴅyin edilmiĸdir. 

 Nᴅticᴅ. Tᴅdqiqatda riyazi hesablamalarēn  nᴅticᴅsi eksperiment tᴅcr¿bᴅlᴅr vᴅ sēnaq nᴅticᴅsindᴅ 

alēnmēĸ qiymᴅtlᴅri tᴅsdiqlᴅyir. Qurĵunun  m¿ᴅyyᴅn edilmiĸ itkilᴅri nᴅzᴅrᴅ almaqla, tormozlanmada 
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yaranan mexaniki enerjinin  70% -ᴅ qᴅdᴅr elektromexaniki ­evrilmᴅsinᴅ,  yanacaĵa qᴅnaᴅt olunmasē vᴅ 

istehsal olunan enerjinin akkumulyatorlara toplanēlaraq nᴅqliyyatēn idarᴅ olunmasē  vᴅ  AEM - kimi 

istifadᴅsinᴅ nail olmaq olur.  
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ʈʝʟʶʤʝ 

ʊʈɸʅʉʇʆʈʊʀʈʆɺʂɸ, ʉɹʆʈ ʀ ʇʆʊɽʈʀ ɺ ʇʈʆʎɽʉʉɽ ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʆɻʆ 

ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʄɽʍɸʅʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ, ʇʈʆʀʉʍʆɼʗʑʀɽ ʇʈʀ ʊʆʈʄʆɾɽʅʀʀ ɺ ɼɺʀɾɽʅʀʀ 

ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ 

ɹʘʣʘʝʚʘ ɸ.ʍ., ʐʠʨʠʥʦʚʘ ɸ.ʗ., ɸʙʜʫʣʣʘʝʚʘ ʋ.ʈ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʤʝʨ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʨʝʰʝʥʠʷʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʚʳʟʳʚʘʶʱʠʭ ʙʝʩʧʦʢʦʡʩʪʚʦ ʫ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʰʠʭ ʚ ʚʦʧʨʦʩʘʭ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʠʭ ʫʩʪʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʴ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʪʦʨʤʦʞʝʥʠʷ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʥʘʢʦʧʣʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʣʝʩʘ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʜʦʩʪʠʞʝʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦ 70%, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʙʦʨʘ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʈʝʰʝʥʳ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʝʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ 

ʝʛʦ ʨʘʙʦʪʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʤʦʟʥʦʡ ʜʠʩʢ, ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ, ʥʘʢʦʧʠʪʝʣʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʟʫʙʯʘʪʳʡ ʢʦʤʧʣʝʢʩ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʘʢʢʫʤʫʣʷʪʦʨ. 

 

Summary 

TRANSPORTATION, COLLECTION AND LOSSES IN THE PROCESS OF ELECTROMECHANICAL 

CONVERSION OF MECHANICAL ENERGY OCCURRING DURING BRAKING IN THE OPERATION OF 

VEHICLES  

Balayeva A.H., Shirinova A.Y., Abdullayeva U.R. 

 

The article presents the problems of preventing carbon emissions into the atmosphere, which are among the solutions to 

the environmental problems that cause concern to humanity, the problems that have arisen in energy saving issues and their 

elimination, and the analysis of fuel losses during the braking process during the operation of urban passenger transport vehicles. 

The issues of transporting, accumulating, achieving up to 70% electromechanical conversion of mechanical energy generated in 

the wheel construction during braking during the operation of vehicles and the application of the device for collecting the 

generated electrical energy were considered. The issues of investigating the causes of mechanical and electrical losses in the 
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structural elements, transmission mechanisms, and electric generator of the device during its operation and determining the useful 

work coefficient of the device were resolved. 

Keywords: brake disc, electric generator, mechanical energy accumulator, gear complex, structural element, kinematic 

joints, accumulator. 
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ʈʝʟʶʤʝ ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ (ɺʀʕ). ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʪʠ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤʠ ʠ ʧʨʠʤʝʥʷʝʤʳʤʠ. ʊʨʝʙʫʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ɺʀʕ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʤʫʣʷʮʠʶ. ʇʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʚʝʜʸʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʜʝʣʘʥʦ ʚʳʚʦʜ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʥʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʥʝʨʛʝʪʠʢʠ, ʫʩʪʦʡʯʠʚʘʷ 

ʵʥʝʨʛʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʤʫʣʷʮʠʷ.   

 

ʇʦ ʨʝʟʫʣʴʪʘʪʫ ʧʦʩʣʝʜʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢ 2025 ʛʦʜʫ ʨʘʩʭʦʜ ʧʨʠʨʦʜʥʦʛʦ ʪʦʧʣʠʚʦ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʟʨʘʩʪʘʶʪ ʩ 5800 ʤʠʣ. ʪʦʥ ʜʦ 9000 ʤʠʣ. ʪʦʥ ʫʩʣʦʚʥʦʡ 

ʪʦʧʣʠʚʥʦʡ ʝʜʠʥʠʮʳ (ʫ.ʝ.)  

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʥʝʨʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʪʦʧʣʠʚʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦ 33 % 

- ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʜʦ 20 % - ʚ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʠ 7 % - ʚ ʤʘʟʫʪ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʫ ʩʪʘʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʥʘʩʪʦʷʚʰʝʝ ʚʨʝʤʷ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʠʭ ʙʫʜʫʱʝʝ 

ʠʩʪʝʯʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʚʳʷʚʣʝʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʩʦʩʪʦʷʱʝʡ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʳʤʠ ʵʥʝʨʛʝʪʠʢʘʤʠ. ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʛʠʙʨʠʜʥʳʭ ʩʪʘʥʮʠʡ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦ. 

ɻʠʙʨʠʜʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ ʠ ʩʣʦʤ ʚʝʪʨʘ. 

ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʛʘʟʦʜʠʟʝʣʴʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʧʨʝʨʳʚʥʫʶ 

ʧʦʜʘʯʫ ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʠʣʳ ʚʝʪʨʘ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ɻʠʙʨʠʜʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʟʚʝʥʝʚ; ʤʦʜʫʣʠ ʚʝʪʨʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ, ʤʦʜʫʣʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʠ, ʛʝʥʝʨʘʪʦʨʳ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʪʦʧʣʠʚʝ, 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʜʠʟʝʣʴʥʳʝ ʠʣʠ ʛʘʟʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʨʦʣʴ ʨʝʟʝʨʚʥʦʛʦ 

ʧʠʪʘʥʠʷ.  

ʅʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠ ʪʝʤʧʳ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʪʦʱʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɸ ʵʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʩʪʘʣʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʚʥʝʜʨʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʣʠ ʠʥʘʯʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ï ʵʪʦ ʠʩʪʦʯʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʂ ɸʀʕ 

ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʵʥʝʨʛʠʷ ʚʝʪʨʘ, ʵʥʝʨʛʠʷ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, 

ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠ ʜʨ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ɸʀʕ ʚʦ ʤʥʦʛʦ ʨʘʟ 

ʧʨʝʚʳʰʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʦ ʨʘʩʯʝʪʫ ʵʢʩʧʝʨʪʦʚ ʧʦʪʝʥʮʠʘʣ ɸʀʕ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ 30 ʤʣʨʜ. ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʦʜ, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʦʙʲʝʤ 

ʛʦʜʦʚʦʡ ʜʦʙʳʯʠ ʚʩʝʭ ʚʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ï ʵʪʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ. 
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ʕʪʠ ʢʘʯʝʩʪʚʘ ʠ ʧʦʩʣʫʞʠʣʠ ʧʨʠʯʠʥʦʡ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʚʝʩʴʤʘ 

ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʝʝ ʨʘʟʚʠʪʠʷ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

ʂ ʥʝʜʦʩʪʘʪʢʫ ɸʀʕ ʦʪʥʦʩʷʪʩʷ: ʥʝʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʠʭ 

ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʚʦ ʚʨʝʤʝʥʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʩʙʦʨ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʀʕ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʭ ʩʪʦʠʤʦʩʪʠ [1].  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʵʥʝʨʛʝʪʠʢʝ ʥʘ ʙʘʟʝ ɸʀʕ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʟʘʚʦʝʚʘʥʠʝ ʤʠʨʦʚʳʭ ʨʳʥʢʦʚ ɸʀʕ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʟʚʠʚʘʶʱʠʭ ʩʪʨʘʥʘʭ; 

- ʩʦʭʨʘʥʝʥʠʝ ʟʘʧʘʩʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʜʣʷ ʙʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ.  

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʪʝʧʣʦ. ʇʦʩʪʝʧʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʥʫʞʜ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʢʨʳʚʘʪʴ ʟʘ ʩʯʝʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʦʣʶ ʛʦʜʦʚʦʡ 

ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ï Fʛʦʜ ʘ ʦʩʪʘʣʴʥʫʶ ʝʝ ʯʘʩʪʴ   ὗ̎Ȣ̄̏̅ ρ Ὂ̄̏  ̅ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʟʝʨʚʥʳʡ 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ʄʝʩʷʯʥʘʷ ʜʦʣʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʢʨʳʪʠʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                Ὂ Ȣ

Ȣ

Ȣ Ȣ

Ȣ
ρ Ȣ

Ȣ
                                                    (1) 

ʛʜʝ  ὗȢ  ï ʤʝʩʷʯʥʘʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ,  ὗȢ  ï ʤʝʩʷʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʝ ʫʩʪʘʥʦʚʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʊʦʛʜʘ ʛʦʜʦʚʘʷ ʜʦʣʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʢʨʳʪʠʠ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ:       

                                       Ὂ̄̏̅
В Ȣ

В Ȣ
                                                                        (2) 

ɹʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʠʤʝʝʪ 

ʵʥʝʨʛʠʷ ʚʝʪʨʘ. ʀʟʚʝʩʪʥʳ ʩʭʝʤʳ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ɺʕʋ), ʨʘʙʦʪʘʶʱʠʭ ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʘʩʢʘʜʦʤ ɻʕʉ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʨʫʩʣʫ ʦʜʥʦʡ ʨʝʢʠ. ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ɺʕʋ ʚ ɻʕʉ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʳʩʠʪʴ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ɻʕʉ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʩʪʦʢʝ ʨʝʢʠ. 

ɼʣʷ ʥʘʩʦʩʥʦʛʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩ ʛʠʜʨʦʘʢʢʫʤʫʣʷʪʦʨʦʤ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʦʙʲʝʤʦʚ ʚʦʜʳ, 

ʧʦʜʘʚʘʝʤʦʡ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʫʜʝʪ:  

                         ὠ ὠ ᷿ὗὨὸ᷿ὄ̒ ̔Ὠ̓ὸ                                                          (3) 

ʛʜʝ ὠ ʠ ὠ ï ʦʙʲʝʤ ʚʦʜʳ, ʩʦʜʝʨʞʘʚʰʠʡʩʷ ʚ ʙʘʢʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t0 ʠ ʚ 

ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ t;  ᷿ ὗὨὸ ï ʩʫʤʤʘʨʥʘʷ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʟʘ ʚʨʝʤʷ  t- t0. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʵʥʝʨʛʠʷ ʩ ʛʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʙʫʜʝʪ: 

                               Ὁ Ὅ ᷿̋̔̍Ὁ̎ ́Ὠ̒ὸ᷿Ὁ Ὠὸ                                                 (4) 

ʕʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʦʩʥʦʚʘ ʤʠʨʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʪʥʦʩʠʪʩʷ ʵʢʦʥʦʤʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʚʦʧʨʦʩʦʤ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʨʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʦʟʥʠʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʥʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʝʨʝʜʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ.  

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ:  

- ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ; 

- ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ʠʤʝʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ; 

- ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʛʨʘʞʜʘʥ ʨʝʛʠʦʥʘ; 

- ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʚʥʫʪʨʝʥʥʝʝ, ʪʘʢ ʠ ʚʥʝʰʥʝʝ ʧʦʣʦʞʝʥʠʝ ʨʝʛʠʦʥʘ [3]. 

ʇʦʩʢʦʣʴʢʫ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʥʷʪʠʝ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ, ʪʦ ʨʘʟʚʠʪʠʝ 

ʧʦʯʪʠ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʟʘʚʠʩʠʪ ʠʤʝʥʥʦ ʦʪ ʵʪʦʛʦ ʬʘʢʪʦʨʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʥʦʝ ʠʟʫʯʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʩʫʨʩʦʚ. 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

                                            ̞˒Ȣ̏̂
˒̐ ̑

˒̉ ̒̐
                                                                      (5) 

ʛʜʝ  ˒̞Ȣ̏  ̂ - ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ; ˒̐  ̑ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ; ˒̉ ̒̐ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ. 
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ɺ ʦʩʥʦʚʥʦʤ ʚ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ ʠ ʚʝʪʨʘ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʩ ʫʯʝʪʦʤ ʪʘʢʠʭ ʘʩʧʝʢʪʦʚ ʢʘʢ 

ʵʥʝʨʛʦʧʦʪʝʥʮʠʘʣ ʠ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʦʧʣʠʚʘ, ʘʜʝʢʚʘʪʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʠʙʝʨʟʘʱʠʪʳ, ʠ ʠʟʤʝʥʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʘʚʘʨʠʡʥʳʝ ʦʪʢʣʶʯʝʥʠʷ). ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤ 

ʪʨʝʙʫʶʪ ʨʘʩʰʠʨʠʪʴ ʨʘʤʢʠ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʝ ʠ ʥʘʜʝʞʥʦʝ ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢ 2040 ʛʦʜʫ 

ʵʥʝʨʛʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʜʦʩʪʠʛʥʝʪ 45% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʩʠʣʝʥʠʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ: ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʨʘʩʰʠʨʝʥʠʝ ʨʘʤʦʢ ʚʦʟʤʦʞʥʳʭ ʢʠʙʝʨʥʘʧʘʜʝʥʠʡ ʠ 

ʩʦʟʜʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʤʦʞʥʳʭ ʢʠʙʝʨʥʘʧʘʜʝʥʠʡ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ʩʚʷʟʘʥʦ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʵʢʦʥʦʤʠʢʠ 

ʛʦʩʫʜʘʨʩʪʚʘ, ʜʣʷ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʰʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʛʘʨʘʥʪʠʨʫʝʪ ʛʦʩʫʜʘʨʩʪʚʫ ʟʘʱʠʪʫ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʨʦʣʠ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʳ ʥʠʞʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʫʩʣʦʚʠʷ: 

- ʫʩʢʦʨʝʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ; 

- ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʛʦʨʦʜʩʢʠʭ ʩʝʪʝʡ;  

- ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

- ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʵʢʦʥʦʤʠʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; 

- ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʦʧʣʘʪʳ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. Wʧ.ʨ. ï ʧʦʣʝʟʥʳʡ 

ʨʘʩʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

ὡ̐ Ȣ̑ ὡ̃ Ȣ̑ Ўὡ̐ ̏̓̆̑̉ 

ʛʜʝ  ὡ̃Ȣ̑ ï ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʡʦʥʥʦʡ ʩʝʪʠ;  Ўὡ̐ ̏̓̆̑̉ ï ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʧʣʘʪʘ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

                                     ὗϷ
ὡ̏ ̐
ὡ̐ Ȣ̑

ϽρππϷ                                                    (6) 

ʇʦʣʝʟʥʳʡ ʨʘʩʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

                                         ὡ̐ Ȣ̑ ὡ̃Ȣ̑ Ўὡ                                                          (7) 

ʛʜʝ ὡ̃Ȣ̑  - ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʘʥʥʦʡ ʨʘʡʦʥʥʦʡ ʩʝʪʠ; Ўὡ  - ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʦʧʣʘʪʳ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
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X¿lasϸ 

BᴄRPA OLAN ENERJĶ MᴄNBᴄLᴄRĶ ᴄSASINDA ENERJĶ TᴄHL¦KᴄSĶZLĶĴĶ 

Hacēbalayev N.M., Hϸmidov M.H., Hϸmidova G.M., Cabbarova S.M. 

 

Mᴅqalᴅdᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrinᴅ (RES) ᴅsaslanan elektrik enerjisi sᴅnayesinin inkiĸafē araĸdērēlēr.M¿ᴅyyᴅn 

edilmiĸdir ki, bᴅrpa olunan enerji mᴅnbᴅlᴅri olan ĸᴅbᴅkᴅlᴅr iqtisadi baxēmdan ᴅn optimal vᴅ tᴅtbiq oluna bilᴅndir. Qeyd etmᴅk lazēmdēr 

ki, sistem inteqrasiyasē bᴅrpa olunan enerji istehsalēnē geniĸlᴅndirmᴅk imkanē verir vᴅ hᴅm­inin dᴅqiq modellᴅĸdirmᴅ vᴅ simulyasiya 

etmᴅyᴅ imkan verir. Aparēlan tᴅdqiqatlarēn nᴅticᴅlᴅrinᴅ ᴅsasᴅn belᴅ qᴅnaᴅtᴅ gᴅlinib ki, qeyri-ᴅnᴅnᴅvi vᴅ bᴅrpa olunan enerji 

mᴅnbᴅlᴅrinᴅ ke­id daha dayanēqlē vᴅ tᴅhl¿kᴅsiz elektrik enerjisi yaratmaĵa imkan verir. 

A­ar sºzlᴅr : enerji mᴅnbᴅlᴅri, bᴅrpa olunan enerji mᴅnbᴅlᴅri, enerji tᴅhl¿kᴅsizliyi, davamlē enerji, modellᴅĸdirmᴅ vᴅ 

simulyasiya 

 

Summary 

ENERGY SECURITY BASED ON RENEWABLE ENERGY SOURCES 

Hajibalayev N.M., Hamidov M.H., Gamidova G.M., Jabbarova S.M. 

 

The article raises questions on the feasibility of development of energy based on alternative energy sources.  As it was found, 

networks with renewable energy sources are the most optimal from an economic point of view. It should be noted that system 

integration makes it possible to expand the production of RES, and also allows you to perform accurate modeling and simulation. 

According to the results of the studies, it can be conducted that the transition to non-traditional and renewable energy sources makes it 

possible to create a more sustainable and safe energy. 

Keywords: energy sources, energy security, alternative energy courses, renewable energy sources, sustainable energy. 

 

 

INTEGRATING THE CONCEPT OF ALTERNATIVE ENERGY INTO THE EDUCATION OF 

THE YOUNGER GENERATION  

 

Latifova Sevil Seyfulla, Mammadov Murad Mardan,   

Novruzova Rahida Emin, Abdulova Izzat Najmaddin 

Sumgait State University, Sumgait, Azerbaijan 

letifovasevil1968@gmail.com, memmedowmurad@gmail.com,  

rahidanovruz@gmail.com , izzet.abdulova@mail.ru 

 
Summary. The depletion of traditional energy sources and the environmental threats they create increase the importance of 

alternative energy resources in the modern era. Integrating knowledge about solar, wind, hydro, biomass, and geothermal energy into 

education helps develop ecological responsibility and energy-saving awareness among youth. Project-based learning, experiments, 

and digital simulations strengthen practical skills, while the STEAM model enhances innovative and critical thinking abilities. This 

approach contributes to the expansion of ecological culture and improved energy efficiency in line with sustainable development 

goals and is considered essential for the future of society. 

Keywords: alternative energy, ecological education, sustainable development, energy in STEAM, energy efficiency, youth 

ecological awareness 

 

The Necessity of Integrating Alternative Energy into Education 

Alternative energy is not only a field of technical knowledge but also an important means of shaping 

ecological responsibility and environmental culture. In the modern era, the depletion of energy resources, 

climate change, and global warming pose serious threats to the future of humanity[3]. Therefore, the study 

and application of alternative energy sources (solar, wind, biomass, hydro, and geothermal energy) should 

become one of the main directions not only in engineering and technology but also in general education. 

Integrating the concept of alternative energy into the education system from early years directly 

influences the culture of energy consumption and ecological values of future citizens[11]. Integrating 

alternative energy topics into education is an indispensable tool for raising environmentally aware young 

people, fostering responsible behavior toward nature, and developing innovative thinking. This integration 

must be reflected in curricula as well as extracurricular activities and should be implemented using practical 

and research-oriented methods. 

The main reasons for integrating alternative energy into education are as follows: 

Å Environmental awareness: Students develop a more responsible attitude toward nature by learning 

about the environmental impact of energy sources[7]. For this purpose, the scope of alternative energy topics 

in the physics curriculum should be expanded and supported with real-life examples and experiments. For 

example, by studying the operating principles of solar cells in laboratory settings, students gain a deeper 

understanding of the ecological consequences of energy production. Additionally, within ñGreen Schoolò 

initiatives, concepts such as energy saving, waste management, and environmental protection can be 

combined with practical activities. 

mailto:letifovasevil1968@gmail.com
mailto:memmedowmurad@gmail.com
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Å Innovative thinking: The topic of alternative energy increases studentsô creative thinking and 

interest in technology. Innovative technologies in the field of energy production and use such as solar panels, 

smart energy systems, and energy storage devices enhance studentsô interest in the STEAM field. As a result, 

modern pedagogical approaches such as critical thinking, problem solving, and project-based learning 

naturally develop in the teaching process. 

Å Sustainable development: Future engineers, scientists, and policymakers must make decisions that 

take energy efficiency into account. Therefore, the concept of the Sustainable Development Goals (SDGs) 

must be widely promoted within the education system. In particular, the UNôs seventh goal, ñclean and 

affordable energy for all,ò should be incorporated into studentsô worldview. Forming an integrative approach 

among economics, environmental sciences, and social sciences in the teaching process creates a foundation 

for equipping future decision-makers with the ability to guide energy policies in the right direction. 

Å Applied skills: Through school projects, students can create simple models of solar panels and wind 

turbines. These activities not only reinforce theoretical knowledge but also develop practical skills[4]. For 

instance, in physics classes, assembling small solar-powered car models, constructing miniature versions of 

wind turbines, and conducting experiments on energy measurements increase studentsô interest in research 

and enhance their engineering thinking. Thus, students adopt the principle of ñlearning by creatingò and 

acquire the ability to apply their knowledge to real-life problems. 

Methods of Implementation in the Educational Process 

Integrating the concept of alternative energy into the educational process not only shapes studentsô 

ability to apply scientific knowledge in real life but also develops their creative and critical thinking skills. 

This process requires not only enriching the curriculum but also combining modern pedagogical methods 

project-based learning, experimentation, digital simulation, and ecological initiatives within a unified system. 

Below are the main methods of implementation: 

1. Integration into Physics Lessons: Physics is the most suitable scientific platform for teaching 

alternative energy concepts. This integration must be reflected in both the content of educational programs 

and teaching methods. 

Explaining alternative sources within the topic of energy transformations: When explaining the 

process of converting one form of energy into another, special emphasis should be placed on the role of 

solar, wind, hydro, and biomass as alternative energy sources. Along with the laws of energy exchange, 

classroom discussions should also address the ecological consequences of efficient natural resource use. For 

example, while explaining the working principle of solar panels, their mechanism of converting light energy 

into electrical energy can be demonstrated using practical models. 

Practical examples related to energy efficiency in heat and mechanics: Topics such as thermal 

insulation, mechanical energy loss, and friction should be taught in relation to daily life. For example, 

students can test the selection of materials to reduce heat transfer and work on building an ñenergy-efficient 

house model.ò 

2. The STEAM Approach: The STEAM model (Science, Technology, Engineering, Art, 

Mathematics) provides a multidisciplinary framework for teaching alternative energy topics[1]. Through 

preparing projects on alternative energy, students develop both technical and creative skills. They not only 

learn the principles of energy production but also integrate design, aesthetics, and functionality to create 

innovative projects. For example, some students construct solar powered car models, while others build 

models using wind turbines. Thus, they bring together engineering thinking and artistic creativity. 

3. Laboratory Work and Experiments: Experiments conducted in laboratory settings develop 

studentsô scientific research skills and ensure the practical application of theoretical knowledge. 

Preparing models of solar panels and wind turbines in the laboratory improves studentsô ability to 

draw scientific conclusions and solve real-world problems [8]. Students can create small-scale energy 

systems using various materials and observe both the mechanical structure and the process of electrical 

energy generation. 

Experiments on energy production from waste: During biomass energy experiments, students learn 

the principles of generating energy from organic waste (plant residues, food waste, etc.). This increases their 

ecological and economic sense of responsibility. 

4. Digital Technologies: Integrating digital technologies into education is one of the core 

requirements of the 21st-century learning environment. 

Modeling energy production and consumption using computer simulations: Students can analyze the 

functioning of energy systems using programmed models and evaluate the results. Programs such as PhET 

Simulation and Energy3D allow the observation of energy flow, changes in solar angles, and efficiency 

factors. Learning the working principles of alternative energy stations through virtual reality: Through VR 
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technologies, students can take a ñvirtual tourò inside solar and wind power plants and explore real processes 

interactively. This significantly enhances learning motivation and retention. 

5. Ecological Projects and Volunteering: The social dimension of alternative energy is closely related 

to ecological responsibility and civic engagement. Misconceptions about the concept of energy are often 

resolved through projects and experiments[9]. 

Organizing ñGreen Energy Dayò events: Students present their projects, posters, and models, raising 

awareness among their peers about energy efficiency. Such events strengthen the promotion of ecological 

values within the learning environment. Participation in community-based ecological projects: In 

cooperation with environmental organizations, students can participate in tree-planting campaigns, waste-

separation initiatives, and renewable energy projects[6]. These activities help shape social responsibility and 

develop ecological leadership. 

Forming an Alternative Energy Mindset Among the Younger Generation 

Shaping the concept of alternative energy in the worldview of the younger generation is one of the 

most important directions of modern education. This approach involves integrating not only technological 

knowledge but also social responsibility, ecological ethics, and global citizenship values into the educational 

system. The energy crisis and climate change key challenges of the 21st century require not only 

strengthening scientific literacy but also transforming values and behavioral models. 

Key directions for forming an alternative energy culture among youth include: 

Å Values: integrating values such as frugality, responsibility, and respect for nature 

Education related to alternative energy should not only convey knowledge but also aim to form a 

harmonious relationship between humans and nature. Therefore, incorporating moral and ecological values 

such as conservation, responsibility, and respect for nature into the teaching process is essential. For 

example, organizing discussions on the consequences of energy waste, the impact of increased waste on the 

climate, and the importance of renewable energy sources can fundamentally transform studentsô attitudes 

toward nature. The unity of moral and social values with scientific knowledge forms the basis of ecological 

citizenship. 

Å Motivation: presenting examples of successful youth in alternative energy projects 

Motivation strengthens young peopleôs scientific curiosity, creative potential, and willingness to 

learn. Presenting examples of local and international youth who have succeeded in alternative energy 

projects fosters a ñI can do it tooò mindset among students. For instance, sharing the success stories of 

participants in international programs such as Young Innovators for Renewable Energy and Green Skills for 

Youth can inspire students to join similar initiatives. Additionally, school-level events such as ñEnergy 

Saving Weekò or ñGreen Ideas Competitionò help transform motivation into practical action[10]. 

Å Studying local problems: analyzing regional energy consumption, waste recycling, and green 

technologies 

Studying local issues strengthens studentsô connection to their environment and encourages research-

oriented thinking. Analyzing regional energy consumption, managing and recycling waste, and applying 

green technologies suitable for local conditions give students opportunities for practical learning. For 

example, building simple biomass energy models in rural schools or conducting energy-monitoring projects 

in urban schools is valuable both in terms of experience and ecological responsibility. These activities help 

students become not only consumers but also active participants in energy production and management. 

Å Career orientation: increasing interest in alternative energy engineering, ecotechnologies, and 

scientific research 

Alternative energy is one of the fastest-growing professional fields of the 21st century. Therefore, it 

is necessary to implement career-oriented awareness programs in schools and universities. Organizing 

seminars on ñgreen careers,ò promoting specializations in alternative energy engineering, ecotechnologies, 

and energy management guide young peopleôs future career planning[2]. Furthermore, laboratory practice, 

fieldwork, start-up projects, and university-industry cooperation strengthen studentsô interest through 

practical engagement. 

Conclusion 

Integrating the concept of alternative energy into the education of the younger generation is an 

important step toward forming ecological awareness, applying innovative technologies, and achieving 

sustainable development goals. If educational institutions work systematically in this direction, young people 

will develop a culture based on energy efficiency and ecological values. This will contribute to sustainable 

development in both the economy and societal behavior. Applying alternative energy technologies in the 

teaching of physics fosters the development of environmentally responsible and socially conscious 

citizens[5]. 
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X¿lasᴅ 

ALTERNATIV ENERJI KONSEPSIYASININ GᴄNC NᴄSILIN TᴄHSILINᴄ INTEQRASIYASI  

Lᴅtifova S.S., Mᴅmmᴅdov M.M., Novruzova R.E., Abdulova Ķ.N. 

 

M¿asir dºvrdᴅ ᴅnᴅnᴅvi enerji mᴅnbᴅlᴅrinin t¿kᴅnmᴅsi vᴅ yaratdēĵē ekoloji tᴅhl¿kᴅlᴅr alternativ enerji resurslarēnēn 

ᴅhᴅmiyyᴅtini artērēr. G¿nᴅĸ, k¿lᴅk, su, biok¿tlᴅ vᴅ geotermal enerji barᴅdᴅ biliklᴅrin tᴅhsilᴅ inteqrasiyasē gᴅnclᴅrdᴅ ekoloji mᴅsuliyyᴅt 

vᴅ enerji qᴅnaᴅti d¿ĸ¿ncᴅsini formalaĸdērēr. Layihᴅᴅsaslē ºyrᴅnmᴅ, eksperiment vᴅ rᴅqᴅmsal simulyasiyalar praktiki bacarēqlarē 

g¿clᴅndirir, STEAM modeli isᴅ innovativ vᴅ tᴅnqidi d¿ĸ¿nmᴅ qabiliyyᴅtini inkiĸaf etdirir. Bu yanaĸma dayanēqlē inkiĸaf 

mᴅqsᴅdlᴅrinᴅ uyĵun olaraq ekoloji mᴅdᴅniyyᴅtin geniĸlᴅnmᴅsinᴅ vᴅ enerji sᴅmᴅrᴅliliyinin artērēlmasēna tºhfᴅ verir, cᴅmiyyᴅtin 

gᴅlᴅcᴅyi ¿­¿n vacibdir sayēlēr. 

A­ar sºzlᴅr:  alternativ enerji, ekoloji tᴅhsil, dayanēqlē inkiĸaf, STEAM-dᴅ enerji, enerji sᴅmᴅrᴅliliyi, gᴅnclᴅrdᴅ ekoloji ĸ¿ur 

 
ʈʝʟʶʤʝ 

ʀʅʊɽɻʈɸʎʀʗ ʂʆʅʎɽʇʎʀʀ ɸʃʔʊɽʈʅɸʊʀɺʅʆʁ ʕʅɽʈɻʀʀ ɺ ʆɹʈɸɿʆɺɸʅʀɽ ʄʆʃʆɼʆɻʆ ʇʆʂʆʃɽʅʀʗ  

ʃʘʪʠʬʦʚʘ ʉ.ʉ., ʄʘʤʝʜʦʚ ʄ.ʄ., ʅʦʚʨʫʟʦʚʘ ʈ.ʕ., ɸʙʜʫʣʦʚʘ ʀ.ʅ. 

 

 ʀʩʪʦʱʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʚʳʟʳʚʘʝʤʳʝ ʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʛʨʦʟʳ ʧʦʚʳʰʘʶʪ ʟʥʘʯʝʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ. ʀʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʦ ʩʦʣʥʝʯʥʦʡ, ʚʝʪʨʦʚʦʡ, ʚʦʜʥʦʡ, 

ʙʠʦʤʘʩʩʦʚʦʡ ʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʠʨʫʝʪ ʫ ʤʦʣʦʜʸʞʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʢʫʣʴʪʫʨʫ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʇʨʦʝʢʪʥʦʝ ʦʙʫʯʝʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʮʠʬʨʦʚʳʝ ʩʠʤʫʣʷʮʠʠ ʫʩʠʣʠʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʘ ʤʦʜʝʣʴ 

STEAM ʨʘʟʚʠʚʘʝʪ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʠ ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʷʤʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʯʠʪʘʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ 

ʙʫʜʫʱʝʛʦ ʦʙʱʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʵʥʝʨʛʠʷ ʚ STEAM, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ ʤʦʣʦʜʸʞʠ 
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Bϸrpa Olunan Enerji Mϸnbϸlϸri:  Qlobal Perspektiv vϸ Azϸrbaycanēn Ķmkanlarē 

Bᴅrpa olunan enerji mᴅnbᴅlᴅri (B¥EM) m¿asir dºvrdᴅ enerji tᴅhl¿kᴅsizliyi, ᴅtraf m¿hitin m¿hafizᴅsi 

vᴅ iqtisadi inkiĸaf baxēmēndan m¿h¿m ᴅhᴅmiyyᴅt kᴅsb edir. ᴄnᴅnᴅvi enerji mᴅnbᴅlᴅrinin t¿kᴅnmᴅsi vᴅ ᴅtraf 

m¿hitᴅ mᴅnfi tᴅsirlᴅri, alternativ enerji mᴅnbᴅlᴅrinᴅ ke­idi zᴅruri edir. 
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Bᴅrpa Olunan Enerji  Mᴅnbᴅlᴅrinin  Nºvlᴅri  vᴅ ¦st¿nl¿klᴅri  

Bᴅrpa olunan enerji mᴅnbᴅlᴅri tᴅbii proseslᴅr nᴅticᴅsindᴅ davamlē olaraq yenilᴅnᴅn enerji 

mᴅnbᴅlᴅridir. ᴄsas nºvlᴅri aĸaĵēdakēlarē misal ­ᴅkmᴅk olar: 

G¿nᴅĸ enerjisi: G¿nᴅĸ radiasiyasēndan ᴅldᴅ olunan enerji, panellᴅr vᴅ g¿nᴅĸ kollektorlarē vasitᴅsilᴅ 

elektrik vᴅ istilik enerjisinᴅ ­evrilir. 

K¿lᴅk enerjisi: K¿lᴅyin kinetik enerjisi k¿lᴅk turbinlᴅri vasitᴅsilᴅ elektrik enerjisinᴅ ­evrilir. 

Hidroenerji: ¢aylar vᴅ su anbarlarēndan ᴅldᴅ olunan suyun potensial vᴅ kinetik enerjisi Su Elektrik 

Stansiyalarē (SES) vasitᴅsilᴅ elektrik enerjisinᴅ ­evrilir. 

Bioenerji:  Bitki  vᴅ heyvan mᴅnĸᴅli  orqanik maddᴅlᴅrin (biok¿tlᴅ) yandērēlmasē vᴅ ya 

fermentasiyasē nᴅticᴅsindᴅ enerji ᴅldᴅ olunur. 

Geotermal enerji:  Yer qabēĵēnēn dᴅrinliklᴅrindᴅki istilik  enerjisi, geotermal stansiyalar vasitᴅsilᴅ 

elektrik vᴅ istilik enerjisinᴅ ­evrilir. 

Dalĵa vᴅ qabarma-­ᴅkilmᴅ enerjisi: Dᴅniz vᴅ okeanlarda yaranan dalĵalar vᴅ qabarma- ­ᴅkilmᴅ 

hadisᴅlᴅri nᴅticᴅsindᴅ ᴅldᴅ olunan enerji. 

Bu enerji mᴅnbᴅlᴅrinin ᴅsas ¿st¿nl¿klᴅri arasēnda t¿kᴅnmᴅz olmalarē, ᴅtraf m¿hitᴅ minimum tᴅsir 

gºstᴅrmᴅlᴅri vᴅ enerji tᴅhl¿kᴅsizliyini tᴅmin etmᴅlᴅri qeyd oluna bilᴅr. 

D¿nyada Bᴅrpa Olunan Enerji  Mᴅnbᴅlᴅrinin  Ķnkiĸafē 

Son illᴅrdᴅ d¿nya ¿zrᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrinin istifadᴅsi s¿rᴅtlᴅ artēr. Beynᴅlxalq Bᴅrpa 

Olunan Enerji Agentliyinin (IRENA) mᴅlumatēna gºrᴅ, 2018-ci ildᴅ d¿nyada bᴅrpa olunan enerji mᴅnbᴅlᴅri 

¿zrᴅ quraĸdērēlmēĸ g¿c 2350,756 GVt olub. Bu g¿c¿n 70 faizi ¢in, ABķ, Braziliya, Almaniya, Hindistan, 

Kanada, Yaponiya, Ķtaliya, Rusiya vᴅ Fransanēn payēna d¿ĸ¿b. 

ᴄn ­ox istifadᴅ olunan bᴅrpa olunan enerji mᴅnbᴅlᴅri arasēnda hidroenergetika, k¿lᴅk vᴅ g¿nᴅĸ 

enerjisi ºn sēralarda yer alēr. Hidroenergetika d¿nya ¿zrᴅ g¿c¿ 1295 GVt-ē ºtᴅrᴅk ¿mumi elektrik istehsalē 

tutumunun 18%-dᴅn ­oxunu tᴅĸkil edir. K¿lᴅk enerjisi isᴅ 2018-ci ildᴅ 563 GVt-a ­atmēĸdēr. D¿nyada bᴅrpa 

olunan enerji mᴅnbᴅlᴅrinin inkiĸafē ¿­¿n m¿xtᴅlif ºlkᴅlᴅrdᴅ bºy¿k investisiyalar qoyulur. Mᴅsᴅlᴅn, 2014-c¿ 

ildᴅ g¿nᴅĸ enerjisi hasilatē sahᴅsinᴅ yatērēlan investisiyalar 149,5 milyard dollara, k¿lᴅk enerjisi ¿­¿n isᴅ 99,5 

milyard dollara ­atēb. 

Azᴅrbaycanda Bᴅrpa Olunan Enerji  Mᴅnbᴅlᴅri Mºvcud Potensial 

Azᴅrbaycan bᴅrpa olunan enerji mᴅnbᴅlᴅri ¿zrᴅ y¿ksᴅk potensiala malik olan ºlkᴅlᴅrdᴅndir. 

¥lkᴅmizin bᴅrpa olunan enerji mᴅnbᴅlᴅrinin texniki potensialē quruda 135 QVt, dᴅnizdᴅ 157 QVt- dēr. Bᴅrpa 

olunan enerji mᴅnbᴅlᴅrinin iqtisadi potensialē 27 QVt, o c¿mlᴅdᴅn, k¿lᴅk enerjisi ¿zrᴅ 3 000 MVt, g¿nᴅĸ 

enerjisi ¿zrᴅ 23 000 MVt, bioenerji potensialē 380 MVt, daĵ ­aylarēnēn potensialē 520 MVt hᴅcmindᴅ 

qiymᴅtlᴅndirilir. 

Dºvlᴅt Siyasᴅti  vᴅ H¿quqi ¢ᴅr­ivᴅ 

Azᴅrbaycan hºkumᴅti bᴅrpa olunan enerji sahᴅsindᴅ bir sēra lazēmi addēmlar atmēĸdēr. 2004-c¿ ildᴅ 

ñAzᴅrbaycan Respublikasēnda alternativ vᴅ bᴅrpa olunan enerji mᴅnbᴅlᴅrindᴅn istifadᴅ olunmasē ¿zrᴅ Dºvlᴅt 

Proqramēò qᴅbul edilmiĸdir. 2020-ci ildᴅ Energetika Nazirliyi yanēnda Bᴅrpa Olunan Enerji Mᴅnbᴅlᴅri 

Dºvlᴅt Agentliyi yaradēlmēĸdēr. 2021-ci ildᴅ isᴅ ñElektrik enerjisi istehsalēnda bᴅrpa olunan enerji 

mᴅnbᴅlᴅrindᴅn istifadᴅ haqqēndaò Qanun qᴅbul edilmiĸdir. 

Azᴅrbaycan Paris Saziĸinᴅ ᴅsasᴅn, 2030-cu ilᴅdᴅk istixana effekti yaradan qaz emissiyalarēnēn 35% 

azaldēlmasēnē hᴅdᴅflᴅyir. Bu mᴅqsᴅdlᴅ, Energetika Nazirliyi tᴅrᴅfindᴅn 2030-cu ilᴅ qᴅdᴅr ºlkᴅnin ¿mumi 

enerji balansēnda bᴅrpa olunan enerji ¿zrᴅ qoyuluĸ g¿c¿ payēnēn 30%-ᴅ ­atdērēlmasē ᴅsas hᴅdᴅf kimi m¿ᴅyyᴅn 

edilmiĸdir. 

Son illᴅrdᴅ Azᴅrbaycanda bir sēra m¿h¿m bᴅrpa olunan enerji layihᴅlᴅri hᴅyata ke­irilmiĸdir. 

Mᴅsᴅlᴅn, 2023-c¿ ilin oktyabr ayēnda Bᴄᴄ-nin ñMasdarò ĸirkᴅti ilᴅ ᴅmᴅkdaĸlēq ­ᴅr­ivᴅsindᴅ 230 MVt 

g¿c¿ndᴅ ñQaradaĵ G¿nᴅĸ Elektrik Stansiyasēò istifadᴅyᴅ verilmiĸdir. Bu stansiya ildᴅ 500 milyon kVtĿst 

elektrik enerjisi istehsal etmᴅklᴅ 110 milyon kubmetr hᴅcmindᴅ tᴅbii qaza qᴅnaᴅt edᴅcᴅk vᴅ atmosferᴅ atēlan 

karbon emissiyasēnē 200 min ton azaldacaq. 

Ķĸĵaldan azad edilmiĸ Qarabaĵ bºlgᴅsi vᴅ Nax­ēvan Muxtar Respublikasē bᴅrpa olunan enerji 

mᴅnbᴅlᴅrinin inkiĸafē ¿­¿n bºy¿k potensiala malikdir. Bu bºlgᴅlᴅrdᴅ g¿nᴅĸ, k¿lᴅk vᴅ hidroenerji mᴅnbᴅlᴅri 

geniĸ yayēlmēĸdēr. M¿tᴅxᴅssislᴅr bu sahᴅdᴅ m¿xtᴅlif layihᴅlᴅr vᴅ tᴅklifl ᴅr irᴅli s¿rm¿ĸlᴅr. 
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ʈʝʟʶʤʝ ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʥʘʜʝʞʥʦʩʪʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʠʥʚʝʨʪʦʨʦʚ ʚ ʢʨʫʧʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ. ʇʨʝʜʣʦʞʝʥʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IoT-

ʩʝʥʩʦʨʦʚ ʠ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʢʘʟʳ ʠ ʧʦʚʳʰʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʠʥʚʝʨʪʦʨʳ, IoT-ʩʝʥʩʦʨʳ, ʮʠʬʨʦʚʦʡ ʤʦʥʠʪʦʨʠʥʛ, 

ʜʠʘʛʥʦʩʪʠʢʘ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʥʘʜʝʞʥʦʩʪʴ. 

 

ʈʦʩʪ ʤʠʨʦʚʦʛʦ ʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʝʣʘʝʪ ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ 

ʚʦʧʨʦʩ ʧʝʨʝʭʦʜʘ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ɼʣʷ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, 

ʦʙʣʘʜʘʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʵʪʦʡ ʩʬʝʨʝ, ʨʘʟʚʠʪʠʝ çʟʝʣʸʥʦʡè ʛʝʥʝʨʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ, ʥʦ ʠ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʠ ʧʨʦʛʥʦʟʘʤ, ʢ 2030 ʛʦʜʫ ʩʪʨʘʥʘ 

ʥʘʤʝʨʝʥʘ ʫʚʝʣʠʯʠʪʴ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʦ 27 ɻɺʪ. 

ʊʘʢʦʡ ʰʘʛ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʜʦʚʝʩʪʠ ʜʦʣʶ çʟʝʣʸʥʦʡè ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ 40% ʠ ʚʳʰʝ, ʥʦ ʠ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ 34 

ʤʠʣʣʠʦʥʘ ʪʦʥʥ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʳʤ ʚʢʣʘʜʦʤ ʚ ʚʳʧʦʣʥʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ. ʇʨʠ ʵʪʦʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʸʪ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʩʪʠʯʴ 

ʤʦʱʥʦʩʪʠ 8,6 ɻɺʪ, ʯʪʦ ʩʪʘʥʝʪ ʚʘʞʥʝʡʰʝʡ ʚʝʭʦʡ ʥʘ ʧʫʪʠ ʤʘʩʰʪʘʙʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [1]. 

ɼʘʣʴʥʝʡʰʠʝ ʧʣʘʥʳ ʝʱʸ ʙʦʣʝʝ ʘʤʙʠʮʠʦʟʥʳ: ʢ 2035 ʛʦʜʫ ʚ ʈʝʩʧʫʙʣʠʢʝ ʋʟʙʝʢʠʩʪʘʥ ʦʙʱʘʷ 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ 57,1 ɻɺʪ, ʠʟ ʢʦʪʦʨʳʭ 42,9 ɻɺʪ, ʠʣʠ 

ʙʦʣʝʝ 75%, ʙʫʜʫʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʤʦʱʥʦʩʪʝʡ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʟʘʡʤʫʪ: 

¶ ʚʝʪʨʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ð ʦʢʦʣʦ 21,1 ɻɺʪ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʨʝʛʠʦʥʘʭ 

ʩ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʚʝʪʨʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ, ʅʘʚʦʠʡʩʢʘʷ, ɹʫʭʘʨʩʢʘʷ 

ʦʙʣʘʩʪʠ ʠ ʜʨ.); 

¶ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ð ʦʢʦʣʦ 18,5 ɻɺʪ, ʨʘʟʤʝʱʸʥʥʳʝ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʤʘʪʘ ʩʪʨʘʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ; 

¶ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʘʢʢʫʤʫʣʷʪʦʨʳ) ð ʦʢʦʣʦ 3,3 ɻɺʪ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ 

ʙʘʣʘʥʩʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ, ʩʛʣʘʞʠʚʘʥʠʝ ʧʠʢʦʚ ʛʝʥʝʨʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ 

https://minenergy.gov.az/
http://www.irena.org/
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ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʪʘʢʦʛʦ ʤʘʩʰʪʘʙʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʋʟʙʝʢʠʩʪʘʥʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʙʫʜʫʪ ʧʦʩʪʝʧʝʥʥʦ 

ʚʳʪʝʩʥʷʪʴʩʷ, ʩʦʭʨʘʥʷʷʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʨʝʛʫʣʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʠ ʵʢʩʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ɺʀʕ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ, 

ʚʥʝʜʨʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ (Smart Grid), ʘ ʪʘʢʞʝ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʵʥʝʨʛʝʪʠʢʫ ʙʦʣʝʝ ʛʠʙʢʦʡ, ʫʩʪʦʡʯʠʚʦʡ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʦʨʠʪʝʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʥʠʨʫʝʤʦʝ ʢ 2030ï2035 ʛʦʜʘʤ ʨʘʩʰʠʨʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʡ ʤʦʜʝʣʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. ʕʪʘ ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʥʝ ʪʦʣʴʢʦ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʥʦ ʠ ʟʥʘʯʠʤʳʤ ʚʢʣʘʜʦʤ ʚ ʛʣʦʙʘʣʴʥʳʝ ʫʩʠʣʠʷ ʧʦ 

ʧʝʨʝʭʦʜʫ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʢʦʥʦʤʠʢʝ (ʩʤ. ʈʠʩ. 1). 

 

 
ʈʠʩ. 1. ʈʦʩʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʋʟʙʝʢʠʩʪʘʥʝ (ɻɺʪ) 

 

ʐʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʠʥʚʝʨʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʫʧʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʆʥʠ ʚʳʧʦʣʥʷʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ (DC), ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ, ʚ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ (AC) ʜʣʷ ʧʦʜʘʯʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ. ʆʜʥʘʢʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʠʥʚʝʨʪʦʨʦʚ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʠʥʚʝʨʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʣʘʞʥʦʩʪʠ, ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ) ʠʥʚʝʨʪʦʨʳ ʧʦʜʚʝʨʞʝʥʳ ʫʩʢʦʨʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ ʠ ʨʠʩʢʫ ʦʪʢʘʟʦʚ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩ IoT-ʩʝʥʩʦʨʘʤʠ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʢʣʶʯʝʚʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ 

ʩʠʪʫʘʮʠʠ. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʥʘʜʸʞʥʦʩʪʴ 

ʠʥʚʝʨʪʦʨʦʚ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ 

 

 

 
ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

 ʥʘ ʥʘʜʸʞʥʦʩʪʴ ʠʥʚʝʨʪʦʨʦʚ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʥʘʜʸʞʥʦʩʪʴ ʠʥʚʝʨʪʦʨʦʚ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ɺ ʮʝʥʪʨʝ ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʣʦʞʝʥ ʠʥʚʝʨʪʦʨ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʦʜʫʣʷʤʠ, ʚ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʧʦʜʘʚʘʝʤʳʡ ʚ ʩʝʪʴ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ IoT-ʩʝʥʩʦʨʳ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪ ʢʣʶʯʝʚʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʯʝʨʝʟ ʧʦʨʪʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʩʠʩʪʝʤʫ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʛʜʝ ʦʥʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ, ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʠ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʢʫʱʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ, ʚʳʷʚʣʷʪʴ 

ʘʥʦʤʘʣʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʦʪʢʘʟʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʘʚʝʨʰʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʩʪʫʧʘʝʪ ʣʠʯʥʳʡ ʢʦʥʪʨʦʣʴ 

ʦʧʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʠʤʘʝʪ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ 

ʢʦʨʨʝʢʪʠʨʫʝʪ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʦʢ-ʩʭʝʤʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʜʸʞʥʦʩʪʴʶ ʠʥʚʝʨʪʦʨʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʥʘʜʸʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ɸʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʥʘʜʸʞʥʦʩʪʴ 

ʠʥʚʝʨʪʦʨʦʚ, ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦʪ ʩʝʥʩʦʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʸʞʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʥʜʝʢʩ ʩʦʩʪʦʷʥʠʷ. ɽʩʣʠ 

ʝʛʦ ʟʥʘʯʝʥʠʝ ʚʳʰʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ, ʧʘʨʘʤʝʪʨ ʩʯʠʪʘʝʪʩʷ ʠʩʧʨʘʚʥʳʤ, ʠ ʧʨʦʚʝʨʢʘ 

ʧʨʦʜʦʣʞʘʝʪʩʷ. ɽʩʣʠ ʞʝ ʠʥʜʝʢʩ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ ʧʦʨʦʛʘ, ʩʠʩʪʝʤʘ ʬʠʢʩʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 
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ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʠ ʬʦʨʤʠʨʫʝʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʣʘʥʦʚʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʬʠʢʩʠʨʫʝʪʩʷ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʝʛʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ. ɽʩʣʠ ʦʪʢʣʦʥʝʥʠʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ, ʩʠʩʪʝʤʘ ʧʨʦʜʦʣʞʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʇʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʳʭ ʛʨʘʥʠʮ ʧʨʠʥʠʤʘʶʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʤʝʨʳ ð ʣʠʙʦ ʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ 

ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʣʠʙʦ ʚʢʣʶʯʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʝʥʩʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʟʘʧʘʩ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. ɽʩʣʠ ʨʝʟʝʨʚ ʜʦʩʪʘʪʦʯʝʥ, 

ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʠ ʩʠʩʪʝʤʘ ʦʙʥʦʚʣʷʝʪʩʷ ʚ ʥʦʚʦʤ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ. ɽʩʣʠ ʞʝ ʨʝʩʫʨʩʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʬʦʨʤʠʨʫʝʪʩʷ ʘʚʘʨʠʡʥʦʝ ʫʚʝʜʦʤʣʝʥʠʝ ʠ ʠʥʚʝʨʪʦʨ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ: ʧʣʘʥʦʚʫʶ ʦʮʝʥʢʫ 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ, ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦʪʢʘʟʳ ʠ ʧʦʚʳʰʘʪʴ ʦʙʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ɺʳʧʦʣʥʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʄʘʩʰʪʘʙʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ ʢ ʥʘʜʸʞʥʦʩʪʠ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʠʥʚʝʨʪʦʨʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ IoT-ʩʝʥʩʦʨʦʚ ʠ ʮʠʬʨʦʚʳʭ 

ʧʣʘʪʬʦʨʤ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʬʠʢʩʠʨʦʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʦʪʢʘʟʳ. ɺʚʝʜʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʯʝʪʘʥʠʝ ʧʣʘʥʦʚʦʡ ʦʮʝʥʢʠ 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʬʦʨʤʠʨʫʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʜʸʞʥʦʩʪʴʶ ʠʥʚʝʨʪʦʨʦʚ ʚ ʢʨʫʧʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʸ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʋʟʙʝʢʠʩʪʘʥ. 
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X¿lasᴅ 

B¥Y¦K G¦Nᴄķ ELEKTRIK STANSIYALARINDA INVERTORLARIN ANALIZI Vᴄ  

DIAQNOSTIKASI ¦¢¦N AĴILLI METODLAR 

Raxmonov I.U., Reymov K.M., Rasulov A.N. 

 

 Mᴅqalᴅdᴅ ¥zbᴅkistandakē iri g¿nᴅĸ elektrik stansiyalarēnda mᴅrkᴅzlᴅĸdirilmiĸ invertorlarēn etibarlēlēĵē mᴅsᴅlᴅlᴅri 

araĸdērēlēr. Real vaxt rejimindᴅ monitorinq ¿­¿n IoT sensorlarēna vᴅ rᴅqᴅmsal platformalara ᴅsaslanan intellektual analiz vᴅ 

diaqnostika ¿sullarē tᴅklif olunur. Hazērlanmēĸ dinamik monitorinq alqoritmi nasazlēqlarē ᴅvvᴅlcᴅdᴅn aĸkarlamaĵa, qᴅza risklᴅrini 

proqnozlaĸdērmaĵa vᴅ enerji sisteminin sabitliyini artērmaĵa imkan verir. 

A­ar sºzlᴅr. g¿nᴅĸ elektrik stansiyalarē, mᴅrkᴅzlᴅĸdirilmiĸ invertorlar, IoT sensorlarē, rᴅqᴅmsal monitorinq, diaqnostika, 

dinamik alqoritm, etibarlēlēq. 

 
Summary 

INTELLIGENT METHODS FOR ANALYZING AND DIAGNOSING INVERTERS  

IN LARGE SOLAR POWER PLANTS  

Rakhmonov I.U., Reimov K.M., Rasulov A.N, 

 

This paper addresses the reliability challenges of centralized inverters in large-scale solar power plants in Uzbekistan. 

Intelligent methods of analysis and diagnostics based on IoT sensors and digital platforms are proposed for real-time monitoring. The 

developed dynamic monitoring algorithm enables early anomaly detection, failure prediction, and improved system stability, 

ensuring efficient operation and reducing risks for sustainable energy development. 

Keywords. solar power plants, centralized inverters, IoT sensors, digital monitoring, diagnostics, dynamic algorithm, 

reliability. 
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ʈʝʟʶʤʝ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʳ ʤʦʣʥʠʝʟʘʱʠʪʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʨʦʟʦʚʳʭ 

ʨʠʩʢʦʚ ʚ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʥʘʟʝʤʥʳʭ IoT-ʩʝʥʩʦʨʦʚ ʠ ʩʠʩʪʝʤ 

LIDAR/ʈɸɼɸʈ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʘʪʤʦʩʬʝʨʳ ʠ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ 

ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʦʙʣʘʢʦʚ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʣʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ, ʩʥʠʞʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʤʦʣʥʠʝʟʘʱʠʪʘ, IoT-ʩʝʥʩʦʨʳ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʛʨʦʟ, 

LIDAR/ʈɸɼɸʈ,  ʩʧʫʪʥʠʢʦʚʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʥʘʜʝʞʥʦʩʪʴ. 

 

ʇʦʪʨʝʙʥʦʩʪʴ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʵʥʝʨʛʠʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʠ ʚʩʸ ʙʦʣʝʝ ʚʝʩʦʤʫʶ 

ʨʦʣʴ ʚ ʝʸ ʦʙʝʩʧʝʯʝʥʠʠ ʠʛʨʘʶʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ (ɺʀʕ). ɼʘʥʥʳʡ ʪʨʝʥʜ 

ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʥʦ ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʢ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ 
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ʩʥʠʞʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʢʦʪʦʨʘʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʦʜʠʥ ʠʟ 

ʢʣʶʯʝʚʳʭ ʩʝʛʤʝʥʪʦʚ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ɺ 2024 ʛʦʜʫ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʝʢʦʨʜʥʳʡ ʧʨʠʨʦʩʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ð 117 ɻɺʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ 

ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʦʪʨʘʩʣʠ. ʇʨʠ ʵʪʦʤ ʥʘ ʜʦʣʶ ʂʠʪʘʷ ʧʨʠʰʣʦʩʴ 68,2% ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʣʠʜʝʨʩʪʚʦ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɹʣʘʛʦʜʘʨʷ ʩʪʦʣʴ 

ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʩʦʚʦʢʫʧʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ 

ʤʠʨʝ ʜʦʩʪʠʛʣʘ 1,14 ʊɺʪ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʫʨʦʚʥʝʤ ʛʝʥʝʨʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʨʫʧʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʪ ʢʘʩʘʣʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʟʝʤʥʳʭ (onshore) 

ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʚʠʪʠʝ ʤʦʨʩʢʦʡ (offshore) ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʧʦʢʘʟʘʣʦ 

ʥʝʢʦʪʦʨʳʡ ʩʧʘʜ. ɺ 2024 ʛʦʜʫ ʧʨʠʨʦʩʪ ʦʬʬʰʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʦʩʪʘʚʠʣ ʣʠʰʴ 8 ɻɺʪ, ʯʪʦ 

ʥʠʞʝ ʫʨʦʚʥʷ ʧʨʝʜʳʜʫʱʝʛʦ ʛʦʜʘ. ɼʘʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ: ʚʳʩʦʢʦʡ 

ʢʘʧʠʪʘʣʦʸʤʢʦʩʪʴʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʠ ʫʜʦʨʦʞʘʥʠʝʤ ʧʨʦʝʢʪʦʚ ʥʘ ʬʦʥʝ 

ʛʣʦʙʘʣʴʥʦʡ ʠʥʬʣʷʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʨʝʤʝʥʥʳʡ ʩʧʘʜ, ʤʦʨʩʢʘʷ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʩʦʭʨʘʥʷʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʩʪʦʡʯʠʚʳʡ ʚʝʪʨʦʚʦʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʙʨʝʞʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ 

ʛʝʥʝʨʘʮʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 
ʈʠʩ. 1. ʀʩʪʦʨʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ 

 (2001ï2024 ʛʛ.) 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ ʠ ʦʪʨʘʩʣʝʚʳʭ 

ʘʩʩʦʮʠʘʮʠʡ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʥʳʡ ʨʦʩʪ. ʂ 2030 ʛʦʜʫ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʝʞʝʛʦʜʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʝʡ ʜʦʩʪʠʛʥʝʪ 194,1 ɻɺʪ (ʈʠʩ. 1), ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ ʧʨʝʚʳʩʠʪ ʨʝʢʦʨʜʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ 2024 ʛʦʜʘ. ʕʪʦʪ ʨʦʩʪ ʙʫʜʝʪ ʦʙʫʩʣʦʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʬʘʢʪʦʨʦʚ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʦʡ ʧʨʦʝʢʪʦʚ çʟʝʣʸʥʦʡè ʵʥʝʨʛʝʪʠʢʠ, ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʩʥʠʞʝʥʠʝʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʝʪʨʦʪʫʨʙʠʥ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʜʨʘʡʚʝʨʦʚ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʈʝʢʦʨʜʥʳʡ ʧʨʠʨʦʩʪ ʤʦʱʥʦʩʪʝʡ ʚ 

2024 ʛʦʜʫ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʸ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʘ ʦʞʠʜʘʝʤʦʝ 

ʫʩʢʦʨʝʥʠʝ ʪʝʤʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʩʪʘʥʝʪ 

ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʡ ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʙʫʜʫʱʝʛʦ [1,2].  

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ, ʤʘʪʝʨʠʘʣʳ ʠ 

ʚʝʣʠʯʠʥʳ. ʉʧʫʪʥʠʢʦʚʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ð ʪʘʢʠʝ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʦʙʣʘʢʦʚ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʜʠʘʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʦʣʥʠʡ, ʘ ʪʘʢʞʝ ʛʣʦʙʘʣʴʥʳʝ 

ʤʝʪʝʦʢʘʨʪʳ ð ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʣʥʠʝʟʘʱʠʪʳ ʥʘ 

ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʤʝʪʝʦʦʧʘʩʥʦʩʪʠ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ. ʇʣʦʪʥʦʩʪʴ ʦʙʣʘʢʦʚ (Cloud Density) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʩʧʫʪʥʠʢʦʚ MODIS (NASA) ʠ EUMETSAT, ʜʘʥʥʳʝ ʢʦʪʦʨʳʭ ʜʦʩʪʫʧʥʳ ʯʝʨʝʟ ʦʪʢʨʳʪʳʝ API ʠ 

ʦʙʥʦʚʣʷʶʪʩʷ ʢʘʞʜʳʝ 3ï6 ʯʘʩʦʚ. ʇʣʦʪʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [3]: 

”  
ά

ὠ
 

ʛʜʝ ɟ ð ʧʣʦʪʥʦʩʪʴ ʦʙʣʘʢʦʚ (ʛ/ʤį), m ð ʤʘʩʩʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠʣʠ ʣʴʜʘ, V ð ʦʙʲʝʤ ʦʙʣʘʢʘ.  

ʉʧʫʪʥʠʢʠ (ʥʘʧʨʠʤʝʨ, MODIS) ʦʧʨʝʜʝʣʷʶʪ ʜʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʨʘʜʠʘʮʠʠ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ (cloud optical thickness) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʭʥʝʡ 

ʛʨʘʥʠʮʳ ʦʙʣʘʢʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʦʙʣʘʢʘʭ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʘʨʘʤʝʪʨ ʞʠʜʢʦʝ ʚʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (liquid water content, LWC), ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ὒὡὅ
τ

σ
“ὶϽὔϽ”  

ʛʜʝ, ► ð ʨʘʜʠʫʩ ʢʘʧʝʣʴ ʚʦʜʳ (ʤ), ╝ ð ʯʠʩʣʦ ʢʘʧʝʣʴ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ (1/ʤį), ”  ð 

ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ (å 1000 ʢʛ/ʤį). 

ʇʦʚʳʰʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʢʦʥʚʝʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʟʘʨʷʜʢʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʦʣʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʛʨʦʟʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʙʣʠʟʠ ɺʕʉ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʜʠʘʮʠʠ 

(Radiation Intensity) ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚ MODIS ʠ Copernicus, ʦʙʥʦʚʣʷʝʪʩʷ 1ï2 

ʨʘʟʘ ʚ ʜʝʥʴ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [4-6]: 

Ὁ  
Ὠ 

Ὠὃ
 

ʛʜʝ E ð ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ (ɺʪ/ʤĮ), ū ð ʧʦʪʦʢ ʵʥʝʨʛʠʠ, A ð ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺʳʩʦʢʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʝʚʫ ʠʥʚʝʨʪʦʨʦʚ, ʩʝʥʩʦʨʦʚ ʠ 

ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʫʨʙʠʥʳ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʦʪʢʘʟʦʚ ʠ ʪʨʝʙʫʝʪ 

ʘʢʪʠʚʘʮʠʠ ʪʝʧʣʦʚʳʭ ʟʘʱʠʪ. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʥʠʡ (Lightning Strikes) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ GLM (GOES) ʠ LIS (ISS), ʦʙʥʦʚʣʷʶʱʠʭʩʷ ʢʘʞʜʳʝ 15 

ʤʠʥʫʪ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ TOA (Time of Arrival), ʛʜʝ ʢʦʦʨʜʠʥʘʪʳ ʤʦʣʥʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʪʫʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʥʩʦʨʦʚ [15,16]: 

Ὢὼȟώ  ὪὸϛȟὸϜȟὸϝȟȢȢȢ 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʵʧʠʮʝʥʪʨʘ ʨʘʟʨʷʜʘ ʠ ʟʘʧʫʩʪʠʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʪʢʣʶʯʝʥʠʝ ʪʫʨʙʠʥʳ ʠʣʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʚ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤ. 

ɻʣʦʙʘʣʴʥʳʝ ʤʝʪʝʦʢʘʨʪʳ (Weather Maps), ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʤʦʜʝʣʷʤʠ GFS ʠ ECMWF, 

ʦʙʥʦʚʣʷʶʪʩʷ ʢʘʞʜʳʝ 1ï3 ʯʘʩʘ. ʆʥʠ ʦʪʦʙʨʘʞʘʶʪ ʤʘʢʨʦʘʪʤʦʩʬʝʨʥʳʝ ʧʨʦʮʝʩʩʳ ð ʜʘʚʣʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ð ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʧʨʠʙʣʠʞʝʥʠʝ ʮʠʢʣʦʥʦʚ, ʬʨʦʥʪʦʚ ʠ ʟʦʥ ʢʦʥʚʝʢʮʠʠ. ʕʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʫʭʫʜʰʝʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʟʦʥʝ ɺʕʉ. 

ʀʪʘʢ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʫʶ ʦʮʝʥʢʫ 

ʤʦʣʥʠʝʚʦʡ ʦʧʘʩʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʅʘʟʝʤʥʳʝ ʩʝʥʩʦʨʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ð ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʠ ʥʘʣʠʯʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ð ʠʟʤʝʨʷʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ IoT-ʜʘʪʯʠʢʦʚ (BME280, DHT22, YL-83, 

VEML6075, ʘʥʝʤʦʤʝʪʨʳ ʦʪ SparkFun ʠ Adafruit), ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʧʣʘʪʬʦʨʤʦʡ Raspberry Pi 5. 

ʊʝʤʧʝʨʘʪʫʨʘ (T), ʜʘʚʣʝʥʠʝ (P) ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ (RH) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

ὙὌ
Ὡ

Ὡ
ẗρππ͵Ϸ 

ʛʜʝ Ὡ ð ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, Ὡ ð ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʯʝʨʝʟ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʦʟʜʫʭʘ ʧʦ ʬʦʨʤʫʣʝ: 

ὺ
ςὉ

”
 



183 
 

ʠʣʠ ʠʟʤʝʨʷʝʪʩʷ ʥʘʧʨʷʤʫʶ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὁ ʚ ʤɺ/ʤ. ʄʦʥʠʪʦʨʠʥʛ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ ʤʦʣʥʠʝʟʘʱʠʪʳ ɺʕʉ, ʧʦʩʢʦʣʴʢʫ: 1) ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ 

ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʵʣʝʢʪʨʠʟʘʮʠʠ ʦʙʣʘʢʦʚ ʠ 

ʨʘʟʨʷʜʘʤ; 2) ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʥʘʛʨʫʟʢʘʭ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ; 3) ʦʩʘʜʢʠ ʠ ʛʨʘʜ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ; 4) ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʩʪʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠʙʣʠʞʝʥʠʠ ʛʨʦʟʳ. ʉʦʚʦʢʫʧʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ ʠ ʧʝʨʝʚʦʜ ʪʫʨʙʠʥʳ ʚ ʙʝʟʦʧʘʩʥʳʡ 

ʨʝʞʠʤ [7,8]. 

ʉʠʩʪʝʤʳ LIDAR ʠ ʈɸɼɸʈ-ʥʘʙʣʶʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʤʝʨʝʥʠʝ ʢʣʶʯʝʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚ ʦʙʣʘʢʘʭ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦʪʦʢʠ 

ʚʦʟʜʫʭʘ, ʩʪʨʫʢʪʫʨʘ ʠ ʚʳʩʦʪʘ ʦʙʣʘʢʦʚ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʘʪʤʦʩʬʝʨʝ. 

ɼʚʠʞʝʥʠʝ ʟʘʨʷʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὁ
ὠ

Ὠ
 

ʛʜʝ Ὁ ð ʥʘʧʨʷʞʸʥʥʦʩʪʴ (ʢɺ/ʤ), ὠ ð ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, Ὠ ð ʨʘʩʩʪʦʷʥʠʝ. ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʣʫʯʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʧʨʦʪʦʪʠʧʳ Open Source) ʠ 

ʦʙʥʦʚʣʷʶʪʩʷ ʢʘʞʜʳʝ 1ï5 ʤʠʥʫʪ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʦʪʦʢʠ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ ʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʡ 

ʢʦʥʚʝʢʮʠʠ. ʉʪʨʫʢʪʫʨʘ ʠ ʚʳʩʦʪʘ ʦʙʣʘʢʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ LIDAR-

ʫʩʪʨʦʡʩʪʚʘʤʠ (ceilometers) ʢʘʞʜʳʝ 10 ʤʠʥʫʪ ï 1 ʯʘʩ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʠ ʧʣʦʪʥʦʩʪʴ 

ʦʙʣʘʯʥʦʛʦ ʩʣʦʷ. ɺʝʨʦʷʪʥʦʩʪʴ ʤʦʣʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʢʠ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʬʦʨʤʫʣʝ: 

ὖʤʦʣʥʠʠὪὉȟὙὌȟὝ 
ʠ ʦʙʥʦʚʣʷʝʪʩʷ ʢʘʞʜʳʝ 5ï10 ʤʠʥʫʪ. ʄʦʥʠʪʦʨʠʥʛ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ 

ʤʦʣʥʠʝʟʘʱʠʪʳ ɺʕʉ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʘʥʥʠʝ ʧʨʠʟʥʘʢʠ ʨʘʟʚʠʪʠʷ ʛʨʦʟʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʟʘʧʫʩʪʠʪʴ ʩʠʩʪʝʤʫ ʦʧʦʚʝʱʝʥʠʷ ʠ ʧʝʨʝʚʝʩʪʠ ʪʫʨʙʠʥʳ ʚ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤ. 

ʂʘʞʜʳʡ ʧʘʨʘʤʝʪʨ ʚʳʧʦʣʥʷʝʪ ʦʪʜʝʣʴʥʫʶ ʬʫʥʢʮʠʶ: ʥʘʢʦʧʣʝʥʠʝ ʟʘʨʷʜʦʚ ð ʦʧʨʝʜʝʣʷʝʪ ʨʠʩʢ 

ʨʘʟʨʷʜʦʚ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦʪʦʢʠ ð ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʛʨʦʟʦʚʳʝ ʷʯʝʡʢʠ, ʚʳʩʦʪʘ 

ʦʙʣʘʢʦʚ ð ʦʮʝʥʠʚʘʝʪ ʤʦʱʥʦʩʪʴ ʦʙʣʘʯʥʦʡ ʤʘʩʩʳ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʤʦʣʥʠʠ ð ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʷʤʫʶ ʫʛʨʦʟʫ ʫʜʘʨʦʚ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʤʦʣʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʩʠʣʳ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʷʜʦʚ, ʩʪʘʪʠʩʪʠʢʫ ʤʝʩʪ ʫʜʘʨʦʚ ʤʦʣʥʠʠ, ʘ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʥʛ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʜʝʞʥʦʡ 

ʟʘʱʠʪʳ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʪ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ. ʉʠʣʘ ʪʦʢʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʦʣʥʠʠ 

ʠʟʤʝʨʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ LD-250 ʩ ʯʘʩʪʦʪʦʡ ʦʙʥʦʚʣʝʥʠʷ 1 

ʤʠʥʫʪʘ. ʄʛʥʦʚʝʥʥʳʡ ʪʦʢ ʤʦʣʥʠʠ I(t) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʴʶ: 

Ὅὸ ὍẗὩ  
ʛʜʝ Ὅ ð ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ (ʢɸ), ‌ð ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ, ὸ ð ʚʨʝʤʷ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʪ ʨʘʟʨʷʜʘ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʟʘʱʠʪʥʳʝ 

ʤʝʭʘʥʠʟʤʳ. 

ʉʪʘʪʠʩʪʠʢʘ ʫʜʘʨʦʚ ʤʦʣʥʠʠ ʩʦʙʠʨʘʝʪʩʷ ʝʞʝʛʦʜʥʦ ʠʟ ʦʪʢʨʳʪʳʭ ʙʘʟ ʜʘʥʥʳʭ, API ʢʘʢ ʧʨʘʚʠʣʦ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɼʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʟʦʥ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʦʥʠʪʦʨʠʥʛ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ EMF-ʩʝʥʩʦʨʦʚ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ Raspberry Pi. ʄʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὖ ρπÌÏÇ
Ὁ

Ὑ
 

ʛʜʝ ὖ ð ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ (ɛɺ/ʤ), Ὁ ð ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, Ὑ ð ʦʧʦʨʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʚʩʧʣʝʩʢʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʛʨʦʟʦʚʫʶ ʦʧʘʩʥʦʩʪʴ ʜʦ ʧʦʷʚʣʝʥʠʷ ʤʦʣʥʠʡ. ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ 
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ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʪʢʣʶʯʘʪʴ ʪʫʨʙʠʥʳ, ʧʝʨʝʭʦʜʠʪʴ ʚ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʱʝʨʙ ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʨʘʟʨʷʜʦʚ. 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʝʦʜʘʥʥʳʝ ð ʪʘʢʠʝ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʛʨʦʟʦʚʳʭ ʜʥʝʡ 

ʚ ʛʦʜʫ, ʠʩʪʦʨʠʷ ʘʚʘʨʠʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʣʥʠʝʟʘʱʠʪʳ ð ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʮʝʥʢʝ ʜʦʣʛʦʩʨʦʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʢ ʛʨʦʟʦʚʳʤ ʨʠʩʢʘʤ. 

ʂʦʣʠʯʝʩʪʚʦ ʛʨʦʟʦʚʳʭ ʜʥʝʡ ʚ ʛʦʜʫ (ὔ) ʙʝʨʝʪʩʷ ʠʟ ʦʪʢʨʳʪʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʠ 

ʦʙʥʦʚʣʷʝʪʩʷ ʦʜʠʥ ʨʘʟ ʚ ʛʦʜ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʜʚʘ ʜʥʷ (ὔ ς), ʪʝʨʨʠʪʦʨʠʷ 
ʩʯʠʪʘʝʪʩʷ ʦʧʘʩʥʦʡ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ IEC 62305: 

ὔ ˗̘̏̌̉̆̒̓̃̏ ̜̖̄̑̏̈̏̃ ̅̎̆ ̊̃ ̄̏̅̔ 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʛʨʦʟʦʚʦʡ ʦʧʘʩʥʦʩʪʠ ʚ ʢʦʥʢʨʝʪʥʦʤ 

ʨʘʡʦʥʝ. ʀʩʪʦʨʠʷ ʘʚʘʨʠʡ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʝʞʝʤʝʩʷʯʥʦ ʥʘ ʦʩʥʦʚʝ ʚʥʫʪʨʝʥʥʠʭ ʘʨʭʠʚʦʚ, ʚʳʷʚʣʷʷ 

ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʷʟʚʠʤʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʣʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʣʥʠʝʟʘʱʠʪʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʝʞʝʢʚʘʨʪʘʣʴʥʦ ʧʦ ʨʫʯʥʳʤ ʦʪʯʝʪʘʤ 

ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [13,17]: 

PE ρ
ὔ

ὔ
ẗρππ͵Ϸ 

ʛʜʝ ὔ ð ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ, ʚʳʟʚʘʥʥʳʭ ʫʜʘʨʘʤʠ ʤʦʣʥʠʠ, ὔ ð ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʫʜʘʨʦʚ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʨʝʰʝʥʠʡ. ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ 

ʵʪʠʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʟʘʱʠʪʳ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʢʨʫʧʥʳʭ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʟʘʱʠʪʝ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʤʦʣʥʠʝʟʘʱʠʪʘ, ʪʘʢ ʢʘʢ ʛʨʦʟʦʚʳʝ ʧʨʦʮʝʩʩʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʜʣʷ ʚʝʪʨʦʪʫʨʙʠʥ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ (MODIS, EUMETSAT, Copernicus, 
GLM, LIS) ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʦʙʣʘʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʛʨʦʟʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʜʠʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʥʠʡ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʦʧʘʩʥʳʝ ʤʝʪʝʦʫʩʣʦʚʠʷ. 

2. ɼʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʟʝʤʥʳʭ IoT-ʩʝʥʩʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ), ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ 

(Raspberry Pi, SCADA), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʝʪʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʟʘʱʠʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

3. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ LIDAR- ʠ ʈɸɼɸʈ-ʩʠʩʪʝʤ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʢʦʚ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʛʨʦʟʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʚʳʰʘʝʪ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʥʥʝʤʫ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

4. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ ʨʘʩʯʸʪʘ (LWC, RH, ʚʝʨʦʷʪʥʦʩʪʴ ʤʦʣʥʠʡ P(E,RH,T), 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʨʘʟʨʷʜʘ I(t), ʠʥʜʝʢʩ ʵʬʬʝʢʪʠʚʥʦʩʪʠ PE) ʧʦʟʚʦʣʷʶʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʫʛʨʦʟʳ ʠ ʥʘʜʝʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʨʝʰʝʥʠʡ. 

5. ʀʩʪʦʨʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʯʠʩʣʦ ʛʨʦʟʦʚʳʭ ʜʥʝʡ, ʘʨʭʠʚ ʘʚʘʨʠʡ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʣʥʠʝʟʘʱʠʪʳ) ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ɺʕʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, IoT-ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʠ 

ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʟʘʱʠʪʳ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʪʫʨʙʠʥ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ, ʧʨʦʜʣʠʪʴ 

ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʩʪʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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Summary 

INTEGRATED METHODS OF LIGHTNING PROTECTION AND LIGHTNING RISK FORECASTING  

IN WIND ENERGY   

Kurbonov N.N., Uzakov N.Ch. 

 

This paper presents comprehensive methods for lightning protection and thunderstorm risk forecasting in wind energy 

systems. It highlights the integration of satellite data, ground-based IoT sensors, and LIDAR/RADAR technologies for atmospheric 

monitoring and early detection of hazardous weather conditions. Models for cloud density, radiation intensity, and lightning 

probability are proposed. The use of statistical data and analytical algorithms improves wind turbine reliability, reduces operational 

risks, and supports the sustainable development of wind energy. 

Keywords: wind energy, lightning protection, IoT sensors, thunderstorm forecasting, LIDAR/RADAR, satellite 

monitoring, reliability. 

 

X¿lasᴅ 

K¦LᴄK ENERGETĶKASINDA ĶNTEQRASIYA OLUNMUķ ILDIRIMDAN QORUNMA Vᴄ ILDIRIM RISKININ 

PROQNOZLAķDIRILMASI METODLARI  

Kurbonov N.N., Uzakov N.¢. 

 

 Mᴅqalᴅdᴅ k¿lᴅk energetikasēnda ildērēmdan qorunma vᴅ ildērēm risklᴅrinin proqnozlaĸdērēlmasē ¿­¿n kompleks ¿sullar 

tᴅqdim olunur. Atmosferin monitorinqi vᴅ tᴅhl¿kᴅli hava ĸᴅraitinin erkᴅn aĸkarlanmasē ¿­¿n peyk mᴅlumatlarēnēn, yer¿st¿ IoT 

sensorlarēnēn vᴅ LIDAR/RADAR texnologiyalarēnēn inteqrasiyasē vurĵulanēr. Bulud sēxlēĵē, radiasiya y¿k¿ vᴅ ildērēm ehtimalēnēn 

hesablanmasē modellᴅri iĸlᴅnmiĸdir. Statistik mᴅlumatlarēn vᴅ analitik alqoritmlᴅrin istifadᴅsi k¿lᴅk turbinlᴅrinin etibarlēlēĵēnē artērēr, 

istismar risklᴅrini azaldēr vᴅ k¿lᴅk energetikasēnēn dayanēqlē inkiĸafēnē dᴅstᴅklᴅyir.. 

A­ar sºzlᴅr: k¿lᴅk energetikasē, ildērēmdan qorunma, IoT sensorlarē, ildērēm proqnozlaĸdērēlmasē, LIDAR/RADAR, peyk 

monitorinqi, etibarlēlēq. 
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ʈʝʟʶʤʝ ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʝʡ 

ʫʩʪʘʥʦʚʢʠ (ɻɸʋ), ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʢʘʩʢʘʜʥʦ ʩʦʝʜʠʥʸʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʟʘ ʩʯʸʪ ʙʝʟʤʘʰʠʥʥʦʡ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʚʝʨʭʥʠʡ ʨʝʟʝʨʚʫʘʨ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ɻɸʋ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʸʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦ 78% ʚʦʟʚʨʘʪʘ ʚʦʜʳ ʚ ʚʝʨʭʥʠʡ ʙʘʢ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 113 730 ʢɺʪĿʯ ʚ ʛʦʜ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ, ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʘʨʘʥ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ, ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʦʜʦʧʦʜʲʸʤʥʘʷ ʩʠʩʪʝʤʘ, ʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ. 

 
ɼʣʷ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʥʠʭ ʵʥʝʨʛʠʠ ʚʦ ʚʨʝʤʝʥʠ. ʀʟʚʝʩʪʥʦ, 
ʯʪʦ ʧʨʠʭʦʜ ʵʥʝʨʛʠʠ ɺʀʕ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʠ ʟʘʚʠʩʷʱʠʤ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʨʦʮʝʩʩ ʧʦʪʨʝʙʣʝʥʠʷ ʠʣʠ ʛʨʘʬʠʢʠ ʥʘʛʨʫʟʢʠ ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʨʠʪʤʘ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʭʘʨʘʢʪʝʨʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʪ.ʜ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 
ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʥʘ ɺʀʕ [1]: 

1) ʨʘʙʦʪʘ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʩʝʪʴʶ ʚ ʨʝʞʠʤʝ ʤʘʢʩʠʤʫʤʘ ʚʳʨʘʙʦʪʢʠ; 
2)  ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʫʪʝʤ ʜʠʩʩʠʧʘʮʠʠ ʣʠʰʥʝʡ 

ʵʥʝʨʛʠʠ; 
3) ʧʦʜʩʪʨʘʠʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʜ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ; 
4) ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʳʡ ʨʝʞʠʤ ʧʦʪʨʝʙʣʝʥʠʷ; 
5) ʥʘʢʦʧʣʝʥʠʝ ʠʟʣʠʰʢʦʚ ʵʥʝʨʛʠʷ ʚ ʧʝʨʠʦʜʳ ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʘ ɺʀʕ ʠ ʦʪʜʘʯʘ ʚ ʧʝʨʠʦʜʳ 

ʤʠʥʠʤʫʤʦʚ, ʪ.ʝ. ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ. 
ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʜʘʞʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺʀʕ ʥʝ ʦʩʚʦʙʦʞʜʘʝʪ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ     ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʧʫʩʪʴ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ 
ʧʨʦʙʣʝʤʘ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɺʀʕ. ʇʨʠ ʵʪʦʤ 
ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʯʘʱʝ ʚʩʝʛʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʪʝʧʣʦʚʦʡ ʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʩʠʩʪʝʤ: 

- ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ; 

- ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ; 

- ʠʥʝʨʮʠʦʥʥʳʝ; ʝʤʢʦʩʪʥʳʝ (ʪʝʧʣʦʚʳʝ); 

- ʬʘʟʦʧʝʨʝʭʦʜʥʳʝ; 

- ʝʤʢʦʩʪʥʳʝ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ); 

- ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ; 

- ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ; 

- ʚʦʜʦʨʦʜʥʳʝ.  
ɼʠʘʧʘʟʦʥ ʤʦʱʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʵʪʠʭ ʩʠʩʪʝʤ, ʠ ʫʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
ʊʘʙʣʠʮʘ 1.  

ʋʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʊʠʧ ɸʉ ɼʠʘʧʘʟʦʥ ʤʦʱʥʦʩʪʠ, ʄɺʪ ʋʜʝʣʴʥʘʷ ʩʪʠʤʦʩʪʴ, ʜʦʣʣ.\ʢɺʊ 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ 05,-3500 400-1000 

ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ 5,0-150,0 500-1200 

ʀʥʝʨʮʠʦʥʥʳʝ 0,5-60,0 400-700 

ɽʤʢʦʩʪʥʳʝ 0,01-0,2 400-1500 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 10,0-500 3000-100 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 0,001-0,01 170-250 

ɺʦʜʦʨʦʜʥʳʝ 0,001-0,1 450-1500 

mailto:r.juraev.sanjar@gmail.com
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ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʚʠʜʘ ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʷ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʫʶ ʚ ʪʨʝʙʫʝʤʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʦʞʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʥʝʦʙʭʦʜʠʤʳʡ ʚʠʜ ʵʥʝʨʛʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʚ ʧʨʠʥʮʠʧʝ, ʩ ʧʦʤʦʱʴʶ 

ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ, 

ʤʝʭʘʥʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ, 

ʤʝʭʘʥʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ. 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʨʘʬʠʢʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ 

ʛʠʙʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ. 

ɼʦʩʪʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚʦ ʚʨʝʤʝʥʠ, 

ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʢʦʧʠʪʴ ʠʟʣʠʰʢʠ 

ʵʥʝʨʛʠʠ ʚ ʧʝʨʠʦʜʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʦʪʜʘʚʘʪʴ ʠʭ ʚ ʧʝʨʠʦʜʳ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ.  

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʳ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʦʭʨʘʥʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʪ.ʝ. ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʜʨʫʛʦʡ ʵʥʝʨʛʠʠ.  ʆʜʥʘʢʦ, 

ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʷʚʣʷʝʪʩʷ   ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʨʝʩʫʨʩʘ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝ ʪʝʨʷʝʪʩʷ ʵʥʝʨʛʠʷ ʥʘ ʧʝʨʝʪʦʢʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ. ʊʘʢʠʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʝʤʢʦʩʪʠ, 

ʙʘʢʠ, ʙʘʩʩʝʡʥʳ, ʚʦʜʦʝʤʳ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʘ ʩʘʤ ʩʧʦʩʦʙ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʥʘʟʳʚʘʝʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ.  

ʉʧʦʩʦʙ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʪʘʢʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʢʘʢ ʥʝʩʣʦʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ (ʩʦʦʨʫʞʝʥʠʡ), 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʵʥʝʨʛʠʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʠʝʤʣʝʤʳʝ ʟʘʪʨʘʪʳ ʠ 

ʜʨʫʛʠʝ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ (ɻɸʋ) ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʚʠʩʷʪ 

ʦʪ ʨʘʟʤʝʨʦʚ ʟʘʪʨʘʪ ʥʘ ʧʦʜʘʯʫ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʦʜʳ ʠʟ ʥʠʞʥʝʛʦ ʚʦʜʦʸʤʘ ʚ ʚʝʨʭʥʠʡ. ʆʙʳʯʥʦ ʜʣʷ ʵʪʦʡ 

ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ, ʫ ʢʦʪʦʨʳʭ ʣʠʥʠʷ ʚʩʘʩʳʚʘʥʠʷ ʩʦʝʜʠʥʝʥʘ ʩ ʥʠʞʥʠʤ ʚʦʜʦʝʤʦʤ 

(ʙʘʢʦʤ), ʘ ʣʠʥʠʷ ʥʘʛʥʝʪʘʥʠʷ - ʩ ʚʝʨʭʥʠʤ ʚʦʜʦʝʤʦʤ (ʙʘʢʦʤ). ʇʨʠ ʵʪʦʤ ʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ ʧʦʪʨʝʙʣʷʶʪ 

ʥʝ 18-38% ʙʦʣʴʰʝ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʪʫʨʙʠʥʘʤʠ ɻɸʋ ʵʥʝʨʛʠʠ [1,2,3]. ʀʟ ʵʪʦʛʦ ʷʩʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ 

ʟʘʪʨʘʪ ʥʘ ʧʦʜʘʯʫ ʚʦʜʳ ʚ ʚʝʨʭʥʠʡ ʙʘʩʩʝʡʥ ʙʝʩʩʧʦʨʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ɻɸʋ. 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ ʜʣʷ ʧʦʜʘʯʠ ʚʦʜʳ ʚ 

ʚʝʨʭʥʠʡ ʚʦʜʦʸʤ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʚʳʛʦʜʥʳʤ ʩʧʦʩʦʙʦʤ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʘʨʘʥ ï ʵʪʦ 

ʚʦʜʦʧʦʜʲʸʤʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʩʠʣʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʧʦʪʦʢʘ ʚʦʜʳ, ʜʚʠʞʫʱʝʛʦʩʷ ʚ 

ʪʨʫʙʝ ʜʣʷ ʝʸ ʧʦʜʲʸʤʘ ʥʘ ʚʳʩʦʪʫ. ʊʘʨʘʥ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʟ ʦʩʤʦʪʨʘ, ʘ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʷ ʤʦʱʥʦʩʪʴ ʚʦʜʥʦʡ ʵʥʝʨʛʠʠ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʥʝʢʦʪʦʨʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [4,5,6]. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ɻɸʋ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʪʘʨʘʥʘʤʠ 

1 ï ʚʝʨʭʥʠʡ ʙʘʢ; 2 ï ʪʫʨʙʠʥʘ; 3 ï ʥʠʞʥʠʡ ʙʘʢ; 4 ï ʚʦʜʦʧʨʦʚʦʜʷʱʘʷ ʪʨʫʙʘ; 

5 ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʪʘʨʘʥʳ; 6 ï ʥʘʧʦʨʥʳʝ ʪʨʫʙʳ; 7 ï ʧʠʪʘʶʱʠʡ ʙʘʢ 2 ï ʪʘʨʘʥʘ; 8 ï ʧʠʪʘʶʱʠʡ ʙʘʢ  

3  ʪʘʨʘʥʘ; 9 ï ʧʠʪʘʶʱʠʡ ʙʘʢ ʥʘʩʦʩʘ; 10 ï ʚʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ; 11 ï ʥʘʩʦʩ; 12 ïʘʚʘʨʠʡʥʳʝ ʪʨʫʙʳ. 
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʘʨʘʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʧʦʜʘʚʘʝʤʦʡ ʚʦʜʳ ʠʩʪʝʢʘʝʪ ʠʟ ʦʪʚʝʨʩʪʠʷ ʫʜʘʨʥʦʛʦ ʢʣʘʧʘʥʘ ʚ ʘʪʤʦʩʬʝʨʫ.  ʇʨʠ ʩʘʤʳʭ ʫʜʘʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʢʦʣʦ 40% ʚʦʜʳ, ʟʘʙʠʨʘʝʤʦʡ ʠʟ ʚʦʜʦʠʩʪʦʯʥʠʢʘ, ʧʦʩʪʫʧʘʝʪ ʚ ʚʝʨʭʥʠʡ ʙʘʢ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʚʦʜʳ ʠʟ ʪʨʫʙʳ ʚ ʘʪʤʦʩʬʝʨʫ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʪʴʩʷ ʜʦ ʪʘʢʦʡ ʚʝʣʠʯʠʥʳ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʩʥʠʟʫ-ʚʚʝʨʭ ʥʘ ʫʜʘʨʥʳʡ ʢʣʘʧʘʥ, ʧʨʝʚʳʩʠʪ ʚʝʩ 

ʢʣʘʧʘʥʘ, ʠ ʦʥ ʜʦʣʞʝʥ ʨʝʟʢʦ ʟʘʢʨʳʪʴʩʷ. ɼʦ ʵʪʦʛʦ ʤʛʥʦʚʝʥʴʷ ʚʦʜʘ ʚʳʪʝʢʘʝʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʫʜʘʨʥʦʛʦ 

ʢʣʘʧʘʥʘ ʚ ʘʪʤʦʩʬʝʨʫ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ   ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʘʨʘʥʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʩʦʩʪʘʚʝ 

ɻɸʋ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ.  ʉʪʨʫʶ ʩʙʨʘʩʳʚʘʝʤʦʡ ʯʝʨʝʟ 

ʫʜʘʨʥʳʡ ʢʣʘʧʘʥ ʚʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʨʘʚʣʷʪʴ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʙʘʢ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʩʣʝʜʫʶʱʝʛʦ   ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʘʨʘʥʘ, ʧʝʨʝʢʘʯʠʚʘʶʱʝʛʦ ʦʯʝʨʝʜʥʦʡ, ʦʙʲʝʤ ʚʦʜʳ ʚ ʚʝʨʭʥʠʡ ʙʘʢ. ʇʨʠ 

ʵʪʦʤ ʪʦʯʥʦ ʚ ʪʘʢʦʤ ʞʝ ʧʦʨʷʜʢʝ ʚʳʪʝʢʘʶʱʫʶ ʠʟ ʵʪʦʛʦ ʪʘʨʘʥʘ ʚʦʜʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʪʘʨʘʥʦʚ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘʧʦʨ ʚʦʜʳ ʚ ʥʠʞʥʝʤ (ʧʠʪʘʶʱʝʤ) 

ʙʘʢʝ ʤʦʞʝʪ ʠʤʝʪʴ ʚʝʣʠʯʠʥʫ 0,8-1,0 ʤ ʠ ʙʦʣʴʰʝ    ʘ ʪʘʨʘʥ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴ ʵʪʦʪ ʥʘʧʦʨ ʚ ʜʝʩʷʪʠʢʨʘʪʥʫʶ 

ʚʝʣʠʯʠʥʫ, ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪʘʶʱʠʭ ʚ ʢʘʩʢʘʜʥʦʤ ʧʦʨʷʜʢʝ ʪʘʨʘʥʦʚ. 

ʉʭʝʤʘ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʜʝʡʩʪʚʫʶʪ ʪʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʦʢ 1 [7, 8]. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʪʦʢ ʚʦʜʳ ʩ ʚʝʨʭʥʝʛʦ ʙʘʢʘ 1 ʯʝʨʝʟ 

ʪʫʨʙʠʥʫ 2, ʛʝʥʝʨʠʨʫʷ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʧʦʩʪʫʧʘʝʪ ʚ ʥʠʞʥʠʡ ʙʘʢ 3, ʦʪʢʫʜʘ ʩ ʧʦʤʦʱʴʶ 

ʚʦʜʦʧʦʜʚʦʜʷʱʝʡ ʪʨʫʙʳ 4 ʧʦʜʘʸʪʩʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʘʨʘʥ 5, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʢʘʯʫ 

ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʙʘʢʘ 3 ʚʦʜʳ ʚ ʚʝʨʭʥʠʡ ʙʘʢ 1 ʧʨʠ ʧʦʤʦʱʠ ʥʘʧʦʨʥʦʡ ʪʨʫʙʳ 6 (ʆʙʲʸʤ ʚʦʜʳ, 

ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʚ ʚʝʨʭʥʠʡ ʙʘʢ, ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ 40%). 

ɺ ʙʘʢʝ 7 ʩʢʘʧʣʠʚʘʝʪʩʷ ʦʢʦʣʦ 60% ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʪʘʨʘʥʘ 5 ʚʦʜʳ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʜʘʸʪʩʷ ʚ ʩʣʝʜʫʶʱʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʘʨʘʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʝʨʝʢʘʯʢʫ ʚ ʚʝʨʭʥʠʡ ʙʘʢ 1 ʦʯʝʨʝʜʥʦʡ 

ʧʦʨʮʠʡ ʚʦʜʳ ʚ ʦʙʲʸʤʝ 40% ʦʪ ʙʘʢʘ 7. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʙʦʪʝ ʦʙʦʠʭ ʪʘʨʘʥʦʚ ʩ 40% ʚʦʜʦʧʦʜʘʯʝʡ ʚ ʙʘʢʝ 8   ʦʩʪʘʥʝʪʩʷ 36% ʦʪ 

ʦʙʲʸʤʘ ʚʦʜʳ ʙʘʢʘ 3, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ ʚ ʩʣʝʜʫʶʱʫʶ ʩʪʫʧʝʥʴ ʢʦʤʧʣʝʢʩʘ ʩ ʪʨʝʪʴʠʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʪʘʨʥʦʤ. ʇʨʠ ʵʪʦʤ ʚʥʦʚʴ ʤʦʞʥʦ ʠʤʝʪʴ ʚʳʠʛʨʳʰ ʩ 40% ʥʳʤ ʦʙʲʸʤʦʤ ʚʦʜʳ, 

ʧʦʜʘʚʘʝʤʳʤ ʚ ʚʝʨʭʥʠʡ ʙʘʢ 1, ʘ ʦʩʪʘʶʱʘʷʩʷ ʯʘʩʪʴ ʚʦʜʳ ʪʨʝʪʴʝʛʦ ʪʘʨʘʥʘ ʚ ʙʘʢʝ 9 ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ 

ʥʘʩʦʩʥʳʤ ʘʛʨʝʛʘʪʘʤ 11 ʚ ʚʝʨʭʥʠʡ ʙʘʢ 1. ɺ ʩʣʫʯʘʝ ʚʨʝʤʝʥʥʦʡ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʝʤʦʥʪʘ ʪʘʨʘʥʦʚ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʘʚʘʨʠʡʥʳʝ ʪʨʫʙʳ 12. 

ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ 

ʧʨʠʤʝʨʥʦ 78% ʦʪ ʦʙʲʸʤʘ ʚʦʜʳ ʥʠʞʥʝʛʦ ʙʘʢʘ 3 ʧʦʜʘʸʪʩʷ ʚ ʚʝʨʭʥʠʡ ʙʘʢ 1 ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

 
ʈʠʩ. 2. ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʭʝʤʘ ɻɸʋ.  

ʅɸ ï ʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ; ʊʅɸ ï ʪʫʨʙʠʥʥʦ-ʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ; 

1 ï ʚʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ ʅɸ; 2 ï ʥʘʧʦʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʅɸ; 3 ï ʥʘʧʦʨʥʳʡ ʙʘʢ; 4 ï ʥʘʧʦʨʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ ʊʅɸ; 5 ï ʟʘʜʚʠʞʢʘ; 6 ï ʦʧʦʨʥʘʷ ʨʘʤʘ ʜʣʷ ʘʛʨʝʛʘʪʦʚ; 7 -  ʦʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ ʊʅɸ; 

 8 ï ʚʦʜʦʧʨʠʸʤʥʳʡ ʙʘʢ. 

 

ɺ ʪʘʢʦʤ ʞʝ ʧʦʨʷʜʢʝ ʯʠʩʣʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ ʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʜʦ 

ʯʝʪʳʨʝʭ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ ʙʝʟʤʘʰʠʥʥʦʡ ʚʦʜʦʧʦʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 
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87%.  ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʦ ʪʘʨʘʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʱʠʡ ʥʘʧʦʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ, ʧʦʚʳʰʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʚʦʟʚʝʜʝʥʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʨʘʩʭʦʜʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, 

ʧʦʪʨʝʙʣʷʝʤʫʶ ʥʘʩʦʩʥʳʤ ʘʛʨʝʛʘʪʦʤ 11. 

ʕʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪ ʧʦʪʨʝʙʣʷʝʤʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʩʨʘʚʥʠʪʝʣʴʥʘ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ɻɸʋ (ʨʠʩʫʥʦʢ 2) ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʚʦʜʳ ʥʘ ʚʝʨʭʥʝʝ ʙʘʢ, ʘ ʪʘʢʞʝ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ [3,8].  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʨʘʚʥʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʤʦʱʥʦʩʪʷʭ 

ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʭʝʤʳ ɻɸʋ ʩ ʧʨʝʜʣʘʛʘʝʤʦʝ ʩʭʝʤʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ 

(ɻʊʅ). 

ʊʘʙʣʠʮʘ 2. 

ʉʨʘʚʥʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʤʦʱʥʦʩʪʷʭ ʪʨʘʜʠʮʠʦʥʥʦʝ 

 ʩʭʝʤʳ ɻɸʋ ʩ ʧʨʝʜʣʘʛʘʝʤʦʝ ʩʭʝʤʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ ɻʊʅ 

 

ʇʘʨʘʤʝʪʨʳ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʇʦ 

ʦʙʳʯʥʦʡ 

ʩʭʝʤʝ 

ʇʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʝ 

1 ɻʊʅ 2 ɻʊʅ 3 ɻʊʅ 

ʄʦʱʥʦʩʪʴ ʚ ʊʈ ʢɺʪ 100 100 100 100 

ʅʘʧʦʨ ʚ ʊʈ ʤ 5 5 5 5 

ʈʘʩʭʦʜ ʚʦʜʳ ʚ ʊʈ ʤ
3
/ʩʝʢ 2,4 2,4 2,4 2,4 

ʅʘʧʦʨ ʚ ʅʈ ʤ 5,5 8 11 15 

ʈʘʩʭʦʜ ʚʦʜʳ ʚ ʅʈ  ʤ
3
/ʩʝʢ 1,7 1,7 1,4 1,2 

ʆʙʲʝʤ ʚʝʨʭʥʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʤ
3
 34 560 34 560 34560 34560 

ʆʙʲʝʤ ʥʠʞʥʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʤ
3
 34 560 20750 12450 7500 

ʉʫʪʦʯʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʊʈ ʯʘʩ 4 4 4 4 

ʉʫʪʦʯʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʅʈ ʯʘʩ 6 3,4 2,46 1,72 

ʄʦʱʥʦʩʪʴ ʚ ʅʈ ʢɺʪ 115 167 189 220 

ɻʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʢɺʪĿʯʘʩ 146 000 146 000 146 000 146 000 

ɻʦʜʦʚʘʷ ʧʦʪʨʝʙʣʝʥʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʢɺʪĿʯʘʩ 251 850 207 250 169 700 138 120 

ʉʵʢʦʥʦʤʣʝʥʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʢɺʪĿʯʘʩ - 44 600 82 150 113 730 

ɻʦʜʦʚʘʷ ʧʨʠʙʳʣʴ* ʜʦʣʣ. ʉʐɸ - 1 561 2 875 3 980 
       *  ʮʝʥʘ 1 ʢɺʪĀʯʘʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 0,05 ʜʦʣʣ. ʉʐɸ 

 

ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ɻɸʋ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʘʨʘʥʦʚ, ʥʘʤʥʦʛʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ɻɸʕʋ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʠʧʘ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʊʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ɻɸʋ ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʚʦʜʳ ʚ ʚʝʨʭʥʝʤ 

ʙʘʢʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ɻɸʕʋ ʟʘ ʛʦʜ: 

- ʩ ʦʜʥʠʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʪʘʨʘʥʦʤ ʤʦʞʥʦ ʩʵʢʦʥʦʤʠʪʴ 44 600 ʢɺʪĿʯʘʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʧʦʣʫʯʠʪʴ ʧʨʠʙʳʣʴ 1 561 ʜʦʣʣ. ʉʐɸ; 

- ʩ ʜʚʫʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʪʘʨʘʥʘʤʠ ʤʦʞʥʦ ʩʵʢʦʥʦʤʠʪʴ 82 150 ʢɺʪĿʯʘʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʧʦʣʫʯʠʪʴ ʧʨʠʙʳʣʴ 2 875 ʜʦʣʣ. ʉʐɸ; 

- ʩ ʪʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʪʘʨʘʥʘʤʠ ʤʦʞʥʦ ʩʵʢʦʥʦʤʠʪʴ 113 730 ʢɺʪĿʯʘʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʧʦʣʫʯʠʪʴ ʧʨʠʙʳʣʴ 3 980 ʜʦʣʣ. ʉʐɸ. 
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X¿lasᴅ 

NASOSLU SAXLAMA QURĴUSUNUN YENI DIZAYNININ M¦MK¦NL¦Y¦ 

Juraev S.R., Juraev K.S. 

 

 Mᴅqalᴅdᴅ hidravlik tapanlardan ibarᴅt kaskad sistemᴅ ᴅsaslanan yeni tipli hidroakkumulyasiya qurĵusunun texniki-iqtisadi 

ᴅsaslandērēlmasē tᴅqdim olunur. Tᴅklif olunan sxem elektrik enerjisi istifadᴅ etmᴅdᴅn suyu yuxarē ­ᴅnᴅ qaldērmaqla enerji yēĵēmē 

prosesinin sᴅmᴅrᴅliliyini artērmaĵa imkan verir. Qurĵunun iĸ prinsipi vᴅ konstruktiv x¿susiyyᴅtlᴅri tᴅhlil olunur, ᴅnᴅnᴅvi 

hidroakkumulyasiya stansiyasē ilᴅ iqtisadi gºstᴅricilᴅri m¿qayisᴅ edilir. Hesablamalar gºstᴅrir ki, ¿­ hidravlik tapanēn istifadᴅsi suyun 

78%-ᴅ qᴅdᴅrini yuxarē ­ᴅnᴅ qaytarmaĵa vᴅ ildᴅ 113 730 kVtĿs elektrik enerjisinᴅ qᴅnaᴅt etmᴅyᴅ imkan verir. Bu da tᴅklif olunan 

qurĵunu enerji baxēmēndan sᴅmᴅrᴅli vᴅ iqtisadi cᴅhᴅtdᴅn mᴅqsᴅdᴅuyĵun edir. 

A­ar sºzlᴅr.  Hidroakkumulyasiya qurĵusu, bᴅrpa olunan enerji, hidravlik tapan, enerjiyᴅ qᴅnaᴅt, enerji yēĵēmē, elektrik 

enerjisinᴅ qᴅnaᴅt, su qaldērēcē sistem, nasos aqreqatē. 

 

Summary 

FEASIBILITY STUDY OF A NEW DESIGN OF A PUMPED STORAGE UNIT  

Juraev S.R., Juraev K.S. 

 

 The article presents the technical and economic justification of a new design for a pumped-storage plant (PSP) using a 

cascade system of hydraulic rams. The proposed scheme increases energy storage efficiency by lifting water to the upper reservoir 

without consuming electrical energy. The design features and operation principles are described, and the economic performance is 

compared with that of conventional PSPs. Calculations show that using three hydraulic rams allows up to 78% of the lower reservoir 

water to be returned to the upper tank and saves approximately 113,730 kWh of electricity per year, making the proposed design both 

energy-efficient and economically advantageous. 

Keywords.  pumped-storage plant, renewable energy, hydraulic ram, energy efficiency, energy storage, electricity saving, 

water lifting system, pump unit. 
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Summary. A biodegradable polymer made from sea algae, sodium alginate is a great option for medication administration 

because of its high level of environmental safety and biocompatibility.  When paired with sodium alginate's non-toxic and 

biodegradable qualities, the medicinal qualities of naturally occurring curcumin provide substantial benefits for controlled drug 

release systems.  Curcumin's conjugation with sodium alginate extends the compound's bioactivity in vivo and enables targeted 

distribution.  This combination was used to create a drug delivery system, which was then thoroughly tested at different 

concentrations to determine its stability and effectiveness. 

Introduction 

Keywords: Biodegradable adsorbents, curcumin, sodium alginate, adsorption, drug delivery systems 

 

One of the most important areas of study in pharmaceutical sciences and biomedical engineering 

nowadays is the creation of safe and effective drug delivery systems [7].  Traditional medication 

administration techniques frequently encounter issues such low bioavailability, quick degradation, and 

untargeted distribution, which reduce therapeutic effectiveness and may result in unfavorable side effects [8].  

Because of their biocompatibility, environmental safety, and capacity for regulated and targeted drug release, 

biodegradable polymers generated from natural sources have garnered a lot of attention as a means of 

overcoming these constraints [4]. 

One substance that shows promise in this area is sodium alginate, a naturally occurring 

polysaccharide that is mostly derived from marine algae [5].  It is a great option for creating drug delivery 

systems because of its special qualities, which include biodegradability, non-toxicity, and outstanding 

biocompatibility [6].  Furthermore, a variety of bioactive chemicals may be encapsulated and released under 

regulated conditions thanks to its gel-forming property when divalent cations are present [1]. One possible 

mailto:rqubadova@std.beu.edu.az


191 
 

tactic to improve curcumin's stability, bioavailability, and targeted distribution is to combine it with sodium 

alginate-based carriers [9]. 

 In this work, a new drug delivery system based on the conjugation of sodium alginate with 

curcumin, which is derived from turmeric, is synthesized and characterized.  To maximize the system's 

stability and effectiveness, a variety of extraction techniques and compositions were studied.  The main 

objective is to create a safe, efficient, and biodegradable platform for regulated medication administration 

that will enhance therapeutic results and lessen adverse effects [3]. 

 Modification Techniques 

  Sodium alginate and other biodegradable adsorbents need to be modified in order to enhance their 

mechanical strength, controlled release behavior, drug loading efficiency, and physicochemical 

characteristics.  These parameters are optimized using a number of tried-and-true methods for efficient 

medication delivery applications. 

 1. Crosslinking of chemicals 

 Chemical crosslinking is frequently used to improve sodium alginate hydrogels' mechanical and 

stability characteristics.  The most popular technique is ionic crosslinking with calcium ions (Ca2+), which 

creates a three-dimensional network that enhances encapsulation effectiveness and regulates drug release 

rates [1,2].  To alter mechanical strength and degradation rates, additional crosslinkers as genipin or 

glutaraldehyde are also employed [3]. 

2. Composite Formation and Physical Blending 

 The characteristics of the composite are improved by physically mixing sodium alginate with other 

natural or artificial polymers like chitosan, gelatin, or polyethylene glycol (PEG).  Better drug delivery 

performance can be facilitated by these blends by enhancing the curcumin-alginate formulations' solubility, 

stability, and mucoadhesive properties [4,5]. 

 3. Surface Alteration 

  Alginate-based carriers' selectivity and biocompatibility are improved by surface functionalization 

methods such as PEGylation and grafting with targeted ligands.  For targeted drug delivery systems, surface 

charge alteration is essential because it enhances interaction with biological membranes and encourages 

cellular absorption [6,7]. 

4. Formation of Nanoparticles 

 When sodium alginate-curcumin nanoparticles are produced via ionic gelation or emulsification 

techniques, the curcumin is protected from early degradation, has a larger surface area, and is more 

bioavailable.  By enabling targeted distribution and controlled release, nanoparticles increase the 

effectiveness of treatments [8,9]. 

  5. Techniques for Encapsulation   

Curcumin bioactivity is preserved and a longer shelf life is provided by stable alginate-based 

microparticles or nanoparticles produced by encapsulation using freeze-drying or spray-drying.  Particle size 

and release kinetics may also be precisely controlled using these techniques [1]. 

We changed sodium alginate in our work utilizing the ionic crosslinking method, a practical and 

biocompatible technology, to enhance its structural properties for potential functional purposes. 

Application areas 

In contemporary drug delivery systems, biodegradable adsorbents like sodium alginate and its 

modified derivatives have garnered a lot of interest because of their functional versatility, biocompatibility, 

and biodegradability.  Numerous application options in regulated, targeted, and effective medicinal delivery 

are provided by these materials. 

 Sustained and Regulated Drug Release 

 The matrix structures offered by biodegradable carriers allow for slow and prolonged drug release, 

which lowers the frequency of dosage and helps to maintain therapeutic concentrations over time [3, 4]. 

 Targeted Administration of Medicines 

 In order to facilitate site-specific delivery and reduce off-target effects, surface-functionalized 

adsorbents can be designed to identify certain biological targets, such as tumor receptors or inflammatory 

tissues [1]. 

Enhancement of Bioavailability via Nanoformulations 

  Hydrophobic medications, such as curcumin, are encapsulated in nanoparticles made of modified 

polysaccharide-based adsorbents like alginate, which improve solubility, stability, and bioavailability while 

maintaining therapeutic effectiveness [2, 8]. 

Transdermal and Oral Administration 
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 These materials are frequently used in oral and transdermal administration systems because of their 

mucoadhesive and gel-forming qualities.  They facilitate skin absorption in transdermal systems and 

safeguard medications in the gastrointestinal tract [3, 9]. 

 Combining Regenerative Medicine with Integration 

 Biodegradable hydrogels serve as scaffolds in tissue engineering, delivering therapeuticagents including 

anti-inflammatory chemicals along with structural support,promoting healing and regeneration [4, 6]. 

 Multipurpose Systems in the Environment and Cosmetics 

  These compounds are employed in cosmetic formulations and environmental detoxification, despite 

their primary usage in medicines [5, 6]. 

Experimental Procedure 

In this work, sodium alginate, a naturally occurring biopolymer obtained from seaweed, was combined with 

curcumin and calcium chloride-mediated ionic cross-linking to create a biodegradable hydrogel with 

improved adsorption capabilities.  To create a uniform viscous solution, six grams of sodium alginate were 

dissolved in 200 milliliters of distilled water while being stirred magnetically for 30 to 40 minutes at room 

temperature. 

 After that, 100 mL of curcumin solution was added. This solution was made by dissolving curcumin 

in a tiny amount of ethanol and then diluting it with distilled water.  To guarantee that curcumin was evenly 

distributed throughout the alginate matrix, the mixture was agitated for 80 minutes at 700 rpm.  The pH was 

then gradually raised to 5 by adding 1 M NaOH, which improved cross-linking by ionizing functional 

groups. 

In order to start ionic cross-linking and create hydrogel beads using "egg-box" structures, the curcuminï

alginate solution was then put dropwise into a 2% calcium chloride solution while being constantly stirred.  

For sixty minutes, the cross-linking process was let to continue. 

  Following a 72-hour aging period at room temperature to improve ion transport and structural 

integrity, the hydrogels were filtered and dried in an oven set at 40ÁC until they reached a consistent weight 

of 7.751g, indicating hydrogel stability.  A magnetic stirrer, pH meter, vacuum filtration unit, drying oven, 

ultrasonic bath, and centrifuge were among the tools utilized to guarantee accuracy and effectiveness during 

the synthesis. 

Conclusion 

This work used ionic cross-linking with calcium chloride to effectively create a biodegradable 

hydrogel system based on sodium alginate and curcumin.  Curcumin's uniform dispersion and successful 

absorption into the alginate matrix were guaranteed by the meticulous preparation process, which included 

pH adjustment, regulated stirring, and dropwise addition.  Infrared (IR) spectroscopy, which showed clear 

spectrum changes indicating effective chemical interaction and alteration, validated the hydrogel's desired 

physicochemical characteristics and structural stability. 

The improved hydrogel's potential for oral drug delivery applications was confirmed by further 

testing in simulated gastrointestinal fluids (SGF, SIF, and SCF), which showed that it retained structural 

integrity throughout a range of physiological settings.  The material's promise as a viable option for targeted 

and sustained drug release systems is highlighted by its biocompatibility, environmental safety, and capacity 

to encapsulate and shield hydrophobic molecules like curcumin.  These results highlight the use of modified 

biodegradable adsorbents in pharmaceutical and biomedical domains, especially in the creation of secure and 

effective drug delivery systems. 
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X¿lasᴅ 

BĶOPARLANAN ADSORBENTLᴄRĶN Vᴄ ONLARIN DᴄYĶķĶLᴄN TᴄRᴄVVᴄLᴄRĶNĶN TᴄDQĶQĶ 

Qubadova R.B., Nϸzϸrova R.Z. 

   

Bioloji par­alanabilᴅn adsorbentlᴅrdᴅn olan natrium alginat ᴅtraf m¿hitᴅ, hᴅm­inin insan orqanizminᴅ zᴅrᴅrsizdir. Dᴅniz 

yosunlarēndan alēnan polisaxarid olan natrium alginatēn bu x¿s¿siyyᴅti onun dᴅrman daĸēma sistemlᴅrindᴅ istifadᴅsini unikal 

edir.Tᴅbii mᴅnĸᴅli kurkuminin terapevtik faydalarē vᴅ natrium alqinatēn orqanizmᴅ zᴅrᴅrsizliyi dᴅrman daĸēma sistemlᴅri ¿­¿n 

¿st¿nl¿k tᴅĸkil edir. Kurkumin natrium alqinat kimi biopar­alanan vᴅ zᴅrᴅrsiz polimerlᴅrlᴅ modifikasiya olunduqda hᴅdᴅf toxumaya 

­atdērēlmasē asanlaĸēr. Bu hᴅm dᴅ orqanizmdᴅ daha uzun m¿ddᴅt aktiv qala bilmasēnē tᴅmin edir. Kurkumin vᴅ natrium alqinatēn 

kombinasiyasē ᴅsasēnda dᴅrman daĸēma sistemi sintez edilᴅrᴅk m¿xtᴅlif mºhtᴅviyyatlarda tᴅdqiq edilmiĸdir. 

A­ar sºzlᴅr:  Bioloji par­alabilᴅn adsorbentlᴅr, kurkumin, natrium alginat, adsorbsiya, dᴅrman daĸēma sistemmlᴅri 

 

ʈʝʟʶʤʝ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɹʀʆʈɸɿʃɸɻɸɽʄʓʍ ɸɼʉʆʈɹɽʅʊʆɺ ʀ ʀʍ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ 

ɻʫʙʘʜʦʚʘ ʈ.ɹ., ʅʘʟʘʨʦʚʘ ʈ.ɿ. 

 

 ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ ʧʦʣʠʤʝʨ ʥʘʪʨʠʡ ʘʣʴʛʠʥʘʪ, 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʝʡ, ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ.  ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʥʦʛʦ ʢʫʨʢʫʤʠʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʝʪʦʢʩʠʯʥʳʤʠ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘʪʨʠʷ ʘʣʴʛʠʥʘʪʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚ.  ʂʦʥʲʶʛʘʮʠʷ ʢʫʨʢʫʤʠʥʘ 

ʩ ʥʘʪʨʠʝʤ ʘʣʴʛʠʥʘʪʦʤ ʫʣʫʯʰʘʝʪ ʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ in vivo ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  ɼʣʷ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʦʡ ʢʦʤʙʠʥʘʮʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʘʜʩʦʨʙʝʥʪʳ, ʢʫʨʢʫʤʠʥ, ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʘʜʩʦʨʙʮʠʷ, ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ 
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ĶMKANLARI 

 

Mᴅhᴅrrᴅmov ᴄ.F. 

Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan 

alimhrrmv14012003@gmail.com 

 
X¿lasᴅ. T¿rk d¿nyasē ºlkᴅlᴅri y¿ksᴅk g¿nᴅĸ enerjisi potensialēna malikdir vᴅ son 5 ildᴅ bu sahᴅdᴅ ciddi inkiĸaf 

gºstᴅrmiĸdir. T¿rkiyᴅ, Azᴅrbaycan,Qazaxēstan, ¥zbᴅkistan,T¿rkmᴅnistan , Macarēstan vᴅ ķimali Kipr T¿rk C¿mhuriyyᴅti kimi 

ºlkᴅlᴅrdᴅ g¿nᴅĸ enerjisi istehsalē artmaqdadēr. Regional ᴅmᴅkdaĸlēq layihᴅlᴅri vᴅ texnologiya m¿badilᴅsi enerji sektorunun 

g¿clᴅndirilmᴅsindᴅ m¿h¿m rol oynaya bilᴅr. G¿nᴅĸ enerjisi, hᴅm enerji tᴅhl¿kᴅsizliyi, hᴅm dᴅ T¿rk d¿nyasēnda birlik ¿­¿n strateji 

ᴅhᴅmiyyᴅt daĸēyēr. 

A­ar sºzlᴅr:  G¿nᴅĸ enerjisi,T¿rk d¿nyasē, Enerji potensialē, Bᴅrpa olunan enerji, Enerji ᴅmᴅkdaĸlēĵē, Regional 

inkiĸaf,Enerji tᴅhl¿kᴅsizliyi 

 

21-ci ᴅsrdᴅ enerji tᴅhl¿kᴅsizliyi, ekoloji davamlēlēq vᴅ iqtisadi inkiĸaf arasēnda balans yaratmaq 

ºlkᴅlᴅrin ᴅsas prioritetlᴅrindᴅn birinᴅ ­evrilmiĸdir. Bu kontekstdᴅ g¿nᴅĸ enerjisi bᴅrpa olunan vᴅ ᴅtraf m¿hitᴅ 

zᴅrᴅr vermᴅyᴅn alternativ kimi x¿susi ᴅhᴅmiyyᴅt kᴅsb edir.[1] T¿rk d¿nyasē ºlkᴅlᴅri :T¿rkiyᴅ, Azᴅrbaycan, 

Qazaxēstan, ¥zbᴅkistan, T¿rkmᴅnistan, Qērĵēzēstan vᴅ ķimali Kipr T¿rk C¿mhuriyyᴅti (ķKTC) y¿ksᴅk g¿nᴅĸ 

radiasiyasē vᴅ ᴅlveriĸli iqlim ĸᴅraitinᴅ malik olaraq bu sahᴅdᴅ bºy¿k potensiala sahibdirlᴅr. Bundan baĸqa, 

T¿rk d¿nyasēnēn Avropadakē qapēsē olan  Macarēstan da bᴅrpa olunan enerji sahᴅsindᴅ, x¿susilᴅ g¿nᴅĸ 

enerjisindᴅ s¿rᴅtlᴅ inkiĸaf edir vᴅ regional ᴅmᴅkdaĸlēq ¿­¿n perspektivli tᴅrᴅfdaĸdēr.[2] 

Son 5 ilin gºstᴅricilᴅri gºstᴅrir ki, bu ºlkᴅlᴅrdᴅ g¿nᴅĸ enerjisinᴅ maraq kᴅskin ĸᴅkildᴅ artmēĸdēr. 

T¿rkiyᴅ 2019-cu ildᴅ 5.063 MVt olan g¿nᴅĸ elektrik g¿c¿n¿ 2024-c¿ ildᴅ 12.100 MVt-a ­atdēraraq regional 

liderliyini qoruyur.[3] Qazaxēstan 270 MVt-dan 1.600 MVt-a, [5] ¥zbᴅkistan isᴅ cᴅmi 4 MVt-dan 1.000 

MVt-a y¿ksᴅlᴅrᴅk bu sahᴅdᴅ ciddi irᴅlilᴅyiĸ gºstᴅrmiĸdir.[6] Azᴅrbaycan 80 MVt,[4] T¿rkmᴅnistan 100 

MVt, Qērĵēzēstan isᴅ tᴅxminᴅn 20 MVt g¿cᴅ ­atmēĸdēr. ķimali Kipr T¿rk C¿mhuriyyᴅti dᴅ 2019-cu ildᴅn bᴅri 

g¿nᴅĸ enerjisinᴅ ke­idᴅ ºnᴅm vermiĸ, hazērda tᴅxminᴅn 15 MVt g¿c¿ndᴅ sistemlᴅr qurmuĸdur. ķKTC-dᴅ ildᴅ 

3000 saatdan ­ox g¿nᴅĸ iĸēĵē olmasē bu ke­idi s¿rᴅtlᴅndirmᴅk ¿­¿n m¿h¿m f¿rsᴅtdir.[8] Macarēstan isᴅ 2019-
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cu ildᴅn bᴅri son 5 ildᴅ g¿nᴅĸ enerjisindᴅ illik orta artēm s¿rᴅti 15%-ᴅ ­ataraq Avropa ºlkᴅlᴅri arasēnda 

aparēcē mºvqeyᴅ y¿ksᴅlib.[9] 

B¿t¿n bu ºlkᴅlᴅr arasēnda g¿nᴅĸ enerjisi sahᴅsindᴅ ᴅmᴅkdaĸlēq ¿­¿n geniĸ imkanlar mºvcuddur. 

Ortaq layihᴅlᴅr, texnologiya vᴅ tᴅcr¿bᴅ m¿badilᴅsi, birgᴅ elmi-tᴅdqiqat mᴅrkᴅzlᴅri vᴅ regional investisiya 

fondlarē bu sahᴅnin inkiĸafēnda m¿h¿m rol oynaya bilᴅr. T¿rk Dºvlᴅtlᴅri Tᴅĸkilatē ­ᴅr­ivᴅsindᴅ enerji 

ᴅmᴅkdaĸlēĵē ¿zrᴅ ortaq strategiyanēn hazērlanmasē, enerji diplomatiyasēnēn g¿clᴅndirilmᴅsi vᴅ tᴅlim 

proqramlarēnēn tᴅĸkili bu prosesi daha da s¿rᴅtlᴅndirᴅ bilᴅr.[7] 

Nᴅticᴅ olaraq, g¿nᴅĸ enerjisi tᴅkcᴅ enerji mᴅnbᴅyi deyil, hᴅm dᴅ T¿rk d¿nyasēnda birlik vᴅ ortaq 

gᴅlᴅcᴅk ¿­¿n strateji kºrp¿ rolunu oynayacaq. Bu potensialēn reallaĸdērēlmasē ¿­¿n koordinasiyalē yanaĸma 

vᴅ siyasi iradᴅ vacibdir. Vᴅ tᴅmᴅllᴅri 30 oktyabr 1992-ci ildᴅ atēlan vᴅ 3 oktyabr 2009-cu ildᴅ Nax­ēvanda 

ke­irilᴅn zirvᴅ toplantēsēnda dahada q¿drᴅtlᴅnᴅn T¿rk  Konseyi vᴅ 12 noyabr 2021-ci ildᴅ Ķstanbulda 

ke­irilᴅn zirvᴅ toplantēsēnda adē T¿rk Dºvlᴅtlᴅri Tᴅĸkilatē olaraq dᴅyiĸdirilᴅn tᴅĸkilat ­ᴅr­ivᴅsindᴅ gᴅlᴅcᴅkdᴅ 

rᴅsmi olaraq qurulacaq olan T¿rk D¿nyasē Enerji Birliyi tᴅĸkilatē vasitᴅsilᴅ d¿nya daha tᴅmiz ,daha dayanēqlē 

vᴅ kᴅsilmᴅz  enerji ilᴅ tᴅmin edilᴅcᴅk.  
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Summary 

SOLAR ENERGY POTENTIAL AND FUTURE COOPERATION OPPORTUNITIES IN THE TURKISH WORLD  

Maharramov A.F. 

 

Turkic world countries have high solar energy potential and have shown significant development in this field in the last 5 

years. Solar energy production is increasing in countries such as Turkey, Azerbaijan, Kazakhstan, Uzbekistan, Turkmenistan, 

Hungary and the Turkish Republic of Northern Cyprus. Regional cooperation projects and technology exchange can play an 

important role in strengthening the energy sector. Solar energy is of strategic importance for both energy security and unity in the 

Turkic world. 

Keywords: Solar energy,Turkish world, Energy potential, Renewable energy, Energy cooperation, Regional development, 

Energy security 

 

ʈʝʟʶʤʝ 

ʇʆʊɽʅʎʀɸʃ ʉʆʃʅɽʏʅʆʁ ʕʅɽʈɻʀʀ ʀ ɹʋɼʋʑʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʉʆʊʈʋɼʅʀʏɽʉʊɺɸ  

ɺ ʊʋʈɽʎʂʆʄ ʄʀʈɽ 

ʄʘʭʘʨʨʘʤʦʚ ɸ.ʌ. 

 

ʉʪʨʘʥʳ ʪʶʨʢʩʢʦʛʦ ʤʠʨʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʨʘʩʪʝʪ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ 

ʊʫʨʮʠʷ, ɸʟʝʨʙʘʡʜʞʘʥ, ʂʘʟʘʭʩʪʘʥ, ʋʟʙʝʢʠʩʪʘʥ, ʊʫʨʢʤʝʥʠʩʪʘʥ, ɺʝʥʛʨʠʷ ʠ ʊʫʨʝʮʢʘʷ ʈʝʩʧʫʙʣʠʢʘ ʉʝʚʝʨʥʦʛʦ ʂʠʧʨʘ. 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʦʙʤʝʥ ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʦʛʫʪ ʩʳʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʢʨʝʧʣʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʝʢʪʦʨʘ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʠʤʝʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʝʜʠʥʩʪʚʘ 

ʪʶʨʢʩʢʦʛʦ ʤʠʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʊʫʨʝʮʢʠʡ ʤʠʨ, ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ɺʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ, 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʈʝʛʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ, ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 
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G¦Nᴄķ PV SĶSTEMLᴄRĶ ¦¢¦N MAKSĶMUM G¦C N¥QTᴄSĶNĶN ĶZLᴄMᴄ (MPPT) 

ALQORĶTMLᴄRĶNĶN DĶZAYN Vᴄ SĶMULYASĶYASI 

 

Mᴅmmᴅdov Allahĸ¿k¿r ᴄli  

Sumqayēt Dºvlϸt Universiteti, Sumqayēt, Azϸrbaycan 

allahsukur929@gmail.com 

 
Bu dissertasiyada g¿nᴅĸ fotovoltaik (PV) sistemlᴅri ¿­¿n MPPT alqoritmlᴅri araĸdērēlēr. ᴄnᴅnᴅvi metodlar (P&O, IC) ilᴅ 

m¿asir yanaĸmalar (PSO, GWO, Fuzzy Logic) m¿qayisᴅ olunur. MATLAB/Simulink simulyasiyalarē gºstᴅrir ki, s¿ni intellekt ᴅsaslē 

¿sullar daha y¿ksᴅk enerji sᴅmᴅrᴅliliyi vᴅ ­eviklik tᴅmin edir. Hibrid MPPT metodlarēnēn tᴅtbiqi sistemin mᴅhsuldarlēĵēnē artērmaq 

¿­¿n tºvsiyᴅ olunur vᴅ gᴅlᴅcᴅk tᴅdqiqatlar ¿­¿n ᴅsas istiqamᴅt sayēlēr. 

A­ar sºzlᴅr: G¿nᴅĸ sistemi, Maksimum g¿c nºqtᴅsinin izlᴅnmᴅsi, MPPT alqoritmlᴅri, Simulyasiya, Enerji sᴅmᴅrᴅliliyi, 

S¿ni intellekt, Perturb vᴅ Observe metodu  

 

I. Giriĸ vᴅ ᴄdᴅbiyyat Araĸdērmasē 

Qlobal iqlim dᴅyiĸikliyi vᴅ enerji tᴅhl¿kᴅsizliyi ­aĵērēĸlarē bᴅrpa olunan enerji mᴅnbᴅlᴅrinin tᴅtbiqini 

zᴅruri etmiĸdir. G¿nᴅĸ enerjisi, istismar sadᴅliyi, ekoloji tᴅmizliyi vᴅ geniĸ yayēlma potensialēna gºrᴅ bu 

sahᴅdᴅ aparēcē mºvqeyᴅ sahibdir. G¿nᴅĸ fotovoltaik (PV) sistemlᴅrinin mᴅhsuldarlēĵē, g¿nᴅĸ ĸ¿alarēnēn 

intensivliyi, temperatur, kºlgᴅlᴅnmᴅ vᴅ digᴅr ᴅtraf m¿hit faktorlarē ilᴅ dᴅyiĸir. Bu sᴅbᴅbdᴅn PV sistemlᴅrindᴅ 

maksimum g¿c nºqtᴅsinin izlᴅnmᴅsi (MPPT) texnologiyasē tᴅtbiq olunur ki, bu da sistemin ­ēxēĸ g¿c¿n¿ real 

vaxtda optimallaĸdērmaĵa imkan verir [1]. ᴄnᴅnᴅvi MPPT alqoritmlᴅri sadᴅ struktura vᴅ tᴅtbiq asanlēĵēna 

malik olub, PV sistemlᴅrdᴅ geniĸ istifadᴅ olunur. Bunlardan ikisi ï Perturb and Observe (P&O) vᴅ 

Incremental Conductance (IC) alqoritmlᴅridir. P&O alqoritmi sistemin ­ēxēĸ g¿c¿ndᴅki dᴅyiĸikliklᴅrᴅ 

ᴅsaslanaraq nºvbᴅti addēmē tᴅyin edir. Bu metod sabit ĸᴅraitdᴅ osilasiya yaradēr vᴅ dᴅyiĸkᴅn hava ĸᴅraitindᴅ 

qeyri-dᴅqiq nᴅticᴅlᴅr verir [1]. Bunun ᴅksinᴅ olaraq, IC alqoritmi g¿c-gᴅrginlik m¿nasibᴅtinin diferensial 

tᴅhlilinᴅ ᴅsaslanēr. Daha y¿ksᴅk dᴅqiqliyᴅ malik olsa da, onun riyazi m¿rᴅkkᴅbliyi vᴅ hesablama y¿k¿ real 

vaxt sistemlᴅrindᴅ tᴅtbiqini ­ᴅtinlᴅĸdirir [2]. 

II. M¿asir Yanaĸmalar vᴅ Simulyasiya ᴄsaslē Tᴅhlil 
Son illᴅrdᴅ s¿ni intellekt metodlarēnēn tᴅtbiqi ilᴅ MPPT texnologiyasēnda ᴅhᴅmiyyᴅtli irᴅlilᴅyiĸlᴅr 

ᴅldᴅ olunmuĸdur. Bulanēq mᴅntiq sistemlᴅri (Fuzzy Logic), s¿ni neyron ĸᴅbᴅkᴅlᴅri (ANN) vᴅ tᴅbiᴅtᴅ 

ᴅsaslanan optimallaĸdērma alqoritmlᴅri (mᴅsᴅlᴅn, Particle Swarm Optimization ï PSO, Grey Wolf Optimizer 

ï GWO) real vaxtlē vᴅ qeyri-xᴅtti sistemlᴅr ¿­¿n ᴅlveriĸlidir [3]. Mᴅsᴅlᴅn, PSO alqoritmi hissᴅciklᴅrin 

koordinasiyalē axtarēĸē ᴅsasēnda qlobal maksimumu tapmaĵa ­alēĸēr. Bu metod lokal maksimumlarda iliĸib 

qalma problemini hᴅll edᴅ vᴅ dinamik dᴅyiĸikliklᴅrᴅ daha tez uyĵunlaĸa bilir [4]. GWO isᴅ predator 

davranēĸlarēna ᴅsaslanaraq ­evik vᴅ s¿rᴅtli nᴅticᴅlᴅr ᴅldᴅ etmᴅyᴅ imkan verir [4]. Bu c¿r metodlar 

kºlgᴅlᴅnmᴅ ĸᴅraitindᴅ dᴅ dᴅqiq iĸlᴅyᴅ bilir. MPPT alqoritmlᴅrinin performansēnē qiymᴅtlᴅndirmᴅk ¿­¿n 

MATLAB/Simulink proqram m¿hitindᴅ m¿xtᴅlif ssenarilᴅr ¿zrᴅ simulyasiya aparēlēr. Bu simulyasiyalar 

nᴅticᴅsindᴅ hᴅr bir alqoritmin izlᴅmᴅ s¿rᴅti (transient response), sabitlik (steady-state performance), enerji 

ᴅldᴅetmᴅ effektivliyi vᴅ ᴅtraf m¿hit dᴅyiĸikliklᴅrinᴅ uyĵunlaĸma qabiliyyᴅti ºyrᴅnilir [3]. Mᴅsᴅlᴅn, [3] 

nºmrᴅli mᴅnbᴅyᴅ ᴅsasᴅn PSO ᴅsaslē MPPT sistemi, P&O ilᴅ m¿qayisᴅdᴅ 14ï18% daha ­ox enerji ᴅldᴅ 

etmiĸdir. 

 III. Nᴅticᴅ vᴅ Gᴅlᴅcᴅk Tᴅdqiqat Ķstiqamᴅtlᴅri 

MPPT alqoritmlᴅrinin optimallaĸdērēlmasē g¿nᴅĸ PV sistemlᴅrinin sᴅmᴅrᴅliliyini artērmaq ¿­¿n 

m¿h¿m vasitᴅdir. ᴄnᴅnᴅvi metodlarēn sadᴅliyi onlarēn tᴅtbiqini asanlaĸdērsa da, m¿asir metodlar dᴅqiqlik, 

­eviklik vᴅ adaptasiya baxēmēndan daha ¿st¿n nᴅticᴅlᴅr verir. Gᴅlᴅcᴅk tᴅdqiqatlar aĸaĵēdakē istiqamᴅtlᴅrdᴅ 

davam etdirilᴅ bilᴅr: Hibrid MPPT alqoritmlᴅrinin yaradēlmasē (mᴅsᴅlᴅn, PSO + Fuzzy Logic), aĸaĵē 

hesablama y¿k¿ ilᴅ y¿ksᴅk dᴅqiqlikli alqoritmlᴅr, real vaxtlē sistemlᴅr ¿­¿n inteqrasiya edilmiĸ MPPT 

kontrollerlᴅri, hᴅm­inin Hardware-in-the-loop (HIL) simulyasiya vᴅ test metodlarēnēn tᴅtbiqi. Bu yanaĸmalar 

hᴅm elmi, hᴅm dᴅ sᴅnaye baxēmēndan yeni imkanlar yaradacaq. 
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Summary 

DESIGN AND SIMULATION OF MAXIMUM POWER POINT TRACKING (MPPT) ALGORITHMS FOR SOLAR PV 

SYSTEMS 

Mammadov A.A. 

 

This dissertation analyzes MPPT algorithms for solar PV systems. Traditional methods (P&O, IC) are compared with 

modern AI-based techniques (PSO, GWO, Fuzzy Logic). Simulations in MATLAB/Simulink show that modern methods improve 

energy efficiency and adaptability. Hybrid MPPT strategies are recommended for better performance and are considered a key 

direction for future photovoltaic system research and practical implementation. 

Keywords: Solar photovoltaic system, Maximum Power Point Tracking (MPPT), MPPT algorithms, Simulation, Energy 

efficiency, Artificial intelligence, Perturb and Observe method 

 
ʈʝʟʶʤʝ 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʆʊʉʃɽɾʀɺɸʅʀʗ ʊʆʏʂʀ ʄɸʂʉʀʄɸʃʔʅʆʁ 

ʄʆʑʅʆʉʊʀ (MPPT) ɼʃʗ ʉʆʃʅɽʏʅʓʍ ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

ʄʘʤʝʜʦʚ ɸ.ɸ. 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ MPPT-ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʦʣʥʝʯʥʳʭ PV-ʩʠʩʪʝʤ. ʉʨʘʚʥʠʚʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ (P&O, IC) ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ (PSO, GWO, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ MATLAB/Simulink ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʠʙʨʠʜʥʳʝ MPPT-ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʦʣʥʝʯʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʆʪʩʣʝʞʠʚʘʥʠʝ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (MPPT), 

ɸʣʛʦʨʠʪʤʳ MPPT, ʉʠʤʫʣʷʮʠʷ, ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʄʝʪʦʜ ʚʦʟʤʫʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ 
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Summary Green hydrogen produced through water electrolysis using renewable electricity is a promising vector for 

decarbonization and strengthening national energy security. This extended Summary presents a control-ready, real-time multiphysics 

model of a Proton Exchange Membrane (PEM) electrolyzer implemented in the Typhoon HIL environment. The model couples three 

core subsystems electrical polarization, thermal dynamics, and hydrogen production kinetics and is integrated with a buck DC/DC 

converter and a variable renewable source model (PV/wind profiles). Lookup-table representations of polarization curves and 

temperature-dependent parameterizations preserve nonlinear fidelity while enabling deterministic HIL execution. The platform is 

explicitly prepared for Model Predictive Control (MPC) integration to optimize hydrogen production under fluctuating renewable 

inputs. Validation planning and initial model checks indicate physical consistency across electrical and thermal domains and 

suitability for controller-in-the-loop experiments that aim to increase renewable utilization, reduce curtailment, and support resilient 

energy systems. 

Keywords: green hydrogen, electrolyzer modeling, Typhoon HIL, model predictive control, renewable integration, energy 

security 

 
1. Intr oduction 
Transitioning to low-carbon energy systems requires practical pathways for storing and transporting 

renewable energy at scale. Green hydrogen hydrogen produced by electrolysis powered by renewable 

electricity offers a flexible solution for long-duration storage, sector coupling, and reduction of imported 

fossil fuels. To deploy hydrogen systems reliably, engineers must address technical challenges related to 

electrolyzer dynamics, thermal management, and control under variable power inputs from wind and solar. 

This research develops a modular, real-time electrolyzer model in the Typhoon HIL environment to 

serve as a testing platform for advanced control strategies. The model is intended to bridge detailed 

electrochemical behavior and system-level issues in power electronics and grid interaction, creating a 

research tool that supports both academic study and practical controller validation. 
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2. Research Objectives 
The main objectives of this work are: 

1. To build a modular, physically grounded electrolyzer model compatible with real-time HIL 

simulation. 

2. To integrate the electrolyzer with a buck DC/DC converter and time-varying renewable source 

models to reproduce realistic operating conditions. 

3. To prepare the model for Model Predictive Control (MPC) integration, enabling anticipatory and 

constrained optimization of hydrogen production. 

4. To provide a validation roadmap that establishes the model's credibility for controller-in-the-loop 

experiments. 

3. Modeling Approach 

3.1 Subsystem decomposition 
The model is organized into three tightly coupled subsystems: 

Electrical Polarization:  Represents the stack voltage as a sum of reversible voltage, activation over 

potential, ohmic losses and when needed concentration overpotential. Lookup tables map current and 

temperature to component voltages to keep execution deterministic.  

Thermal Dynamics: A lumped-parameter heat-balance model captures temperature evolution using 

stack thermal capacitance, heat generation (electrical loss and reaction enthalpy), and convective/conductive 

losses to ambient. Temperature feedback modifies polarization and efficiency.  

Hydrogen Production Kinetics: Faradayôs law is used to compute instantaneous molar and 

volumetric hydrogen production, while Faraday and energy efficiencies are estimated from lookup tables 

indexed by operating point and temperature. 

3.2 Power-electronic interface 
A buck DC/DC converter regulates current to the electrolyzer stack. The converter model includes 

switching devices, filter elements, sensing blocks, and a PWM generator whose duty cycle is the control 

input. Signal conditioning blocks emulate sensor delays and filtering to improve controller realism. 

3.3 Real-time considerations 
Lookup tables and simplified algebraic relationships are preferred for computational efficiency. The 

model uses Typhoon HIL native blocks (math, integrators, lookup tables) and hierarchical subcircuits to keep 

the top-level schematic readable and maintainable. 

4. Control Strategy and MPC Preparation 
Model Predictive Control is chosen for its ability to optimize performance over a finite horizon while 

handling constraints (current limits, thermal thresholds, renewable availability). To support MPC, a reduced-

order discrete-time model is derived that captures the salient dynamics (fast electrical transients and slower 

thermal response) while remaining tractable for real-time optimization. The Typhoon HIL platform is 

arranged to exchange measured states with an external MPC solver or with an embedded optimization 

routine for closed-loop testing. 

5. Validation Roadmap 

The validation process is organized in phases: 

Phase 1 ï Open-loop parameter checks: Constant-current sweeps and comparison to expected 

polarization curves; thermal step tests to verify time constants. 

Phase 2 ï Closed-loop basic control: Implement PI current loop and verify tracking and 

disturbance rejection under simulated renewable transients. 

Phase 3 ï System-level scenarios: Simulate realistic irradiance and wind profiles to measure total 

hydrogen output, efficiency, and thermal safety margins. 

Phase 4 ï MPC trials:  Integrate the MPC solver and quantify improvements in hydrogen yield, 

reduced curtailment, smoother control actions, and better thermal management. 

Success criteria include close agreement with manufacturer curves (where available), stable 

numerical performance in Typhoon, and reliable controller behavior under disturbances. 

6. Expected Contributions and Impact 
This work provides a reusable HIL-ready electrolyzer model that advances experimental control 

research for renewable-driven hydrogen systems. Expected benefits include: 

 ̧ Enhanced renewable energy utilization and reduced curtailment through predictive control; 

 ̧ Support for scalable hydrogen demonstrations and energy security strategies; 

 ̧ A practical testbed for students and researchers to prototype controllers prior to hardware 

deployment. 

7. Challenges and Future Work 
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Remaining challenges include accounting for long-term degradation under dynamic operation, 

scaling the model to multi-stack installations, and coupling the electrolyzer model with hydrogen storage and 

fuel cell systems for round-trip analyses. Future work will focus on hardware-in-the-loop demonstrations, 

MPC refinement, and system-level optimization for economic and operational metrics. 
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X¿lasᴅ 

ĶNKĶķAF ETMĶķ ELEKTROLĶZER MODELLᴄķDĶRMᴄSĶ ĶLᴄ YAķIL HIDROGEN:  

DAVAMLI ENERJĶ SĶSTEMLᴄRĶ Vᴄ QLOBAL ENERJĶ TᴄHL¦KᴄSĶZLĶYĶ ¦¢¦N YOL 

Ķftixar ᴄhmᴅd 
 

Bᴅrpa olunan elektrik enerjisindᴅn istifadᴅ edilᴅrᴅk su elektrolizi vasitᴅsilᴅ istehsal olunan yaĸēl hidrogen, dekarbonizasiya 

vᴅ milli enerji tᴅhl¿kᴅsizliyinin g¿clᴅndirilmᴅsi ¿­¿n perspektivli bir istiqamᴅtdir. Bu geniĸlᴅndirilmiĸ x¿lasᴅdᴅ, Typhoon HIL 

m¿hitindᴅ tᴅtbiq edilmiĸ, idarᴅetmᴅyᴅ hazēr, real vaxt rejimindᴅ ­oxfizikalē Proton M¿badilᴅsi Membranlē (PEM) elektrolizer modeli 

tᴅqdim olunur. Model ¿­ ᴅsas alt sistemi ï elektrik poliarizasiyasē, termal dinamika vᴅ hidrogen istehsalē kinetikasēnē birlᴅĸdirir vᴅ bir 

buck DC/DC konverteri vᴅ dᴅyiĸkᴅn bᴅrpa olunan mᴅnbᴅ modeli (PV/ĸᴅkil profilᴅri vᴅ ya k¿lᴅk profillᴅri) ilᴅ inteqrasiya olunur. 

Poliarizasiya ᴅyrilᴅrinin vᴅ temperaturdan asēlē parametrlᴅĸmᴅnin axtarēĸ cᴅdvᴅllᴅri ilᴅ gºstᴅrilmᴅsi qeyri-xᴅtti dᴅqiqliyi qoruyur vᴅ 

eyni zamanda deterministik HIL icrasēna imkan verir. Platforma, dᴅyiĸkᴅn bᴅrpa olunan giriĸlᴅr altēnda hidrogen istehsalēnē 

optimallaĸdērmaq ¿­¿n Model Proqnozlu Ķdarᴅetmᴅ (MPC) inteqrasiyasēna a­ēq ĸᴅkildᴅ hazērdēr. Doĵrulama planlaĸdērēlmasē vᴅ ilkin 

model yoxlamalarē elektrik vᴅ termal sahᴅlᴅrdᴅ fiziki uyĵunluĵu gºstᴅrir vᴅ bᴅrpa olunan enerjidᴅn istifadᴅni artērmaq, 

mᴅhdudiyyᴅtlᴅri azaltmaq vᴅ dayanēqlē enerji sistemlᴅrini dᴅstᴅklᴅmᴅk mᴅqsᴅdilᴅ dºvriyyᴅdᴅki kontrollerlᴅ aparēlan tᴅcr¿bᴅlᴅr ¿­¿n 

uyĵundur. 

A­ar sºzlᴅr: yaĸēl hidrogen, elektrolizer modellᴅĸdirilmᴅsi, Typhoon HIL, model proqnozlu idarᴅetmᴅ, bᴅrpa olunan enerji 

inteqrasiyasē, enerji tᴅhl¿kᴅsizliyi. 

 

ʈʝʟʶʤʝ 

ɿɽʃɽʅʓʁ ɺʆɼʆʈʆɼ ʉ ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʅʓʄ ʄʆɼɽʃʀʈʆɺɸʅʀɽʄ ʕʃɽʂʊʈʆʃʀɿɽʈɸ: ʇʋʊʔ ʂ 
ʋʉʊʆʁʏʀɺʓʄ ʕʅɽʈɻɽʊʀʏɽʉʂʀʄ ʉʀʉʊɽʄɸʄ ʀ ɻʃʆɹɸʃʔʅʆʁ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʀʬʪʠʭʘʨ ɸʭʤʘʜ 
 

ɿʝʣʸʥʳʡ ʚʦʜʦʨʦʜ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʫʢʨʝʧʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ 

ʜʘʥʥʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʘʥʥʦʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʛʦʪʦʚʳʡ ʢ ʫʧʨʘʚʣʝʥʠʶ, ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʡ ʤʦʜʝʣʴ 

ʵʣʝʢʪʨʦʣʠʟʸʨʘ ʩ ʧʨʦʪʦʥʥʦ-ʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ (PEM), ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ Typhoon HIL. ʄʦʜʝʣʴ ʦʙʲʝʜʠʥʷʝʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤʳ: ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʪʝʧʣʦʚʫʶ ʜʠʥʘʤʠʢʫ ʠ ʢʠʥʝʪʠʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʩ ʧʦʥʠʞʘʶʱʠʤ DC/DC-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠ ʤʦʜʝʣʴʶ ʧʝʨʝʤʝʥʥʦʛʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʧʨʦʬʠʣʠ 

ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ). ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʢʨʠʚʳʭ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʯʝʨʝʟ 

ʪʘʙʣʠʮʳ ʧʦʠʩʢʘ ʩʦʭʨʘʥʷʶʪ ʥʝʣʠʥʝʡʥʫʶ ʪʦʯʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʚ HIL. ʇʣʘʪʬʦʨʤʘ 

ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʨʝʜʠʢʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʤʦʜʝʣʴʶ (MPC) ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʦʜʦʨʦʜʘ ʧʨʠ ʢʦʣʝʙʣʶʱʠʭʩʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʚʘʣʠʜʘʮʠʠ ʠ ʧʝʨʚʦʥʘʯʝʥʥʳʝ 

ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʶʪ ʬʠʟʠʯʝʩʢʫʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʦʙʣʘʩʪʷʭ ʠ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ ʚ ʧʝʪʣʝ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʩʥʠʞʝʥʠʝ ʝʸ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʫ ʫʩʪʦʡʯʠʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʣʸʥʳʡ ʚʦʜʦʨʦʜ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʣʠʟʸʨʘ, Typhoon HIL, ʧʨʝʜʠʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʤʦʜʝʣʴʶ, ʠʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
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Summary. The integration of renewable energy sources (RES) like solar and wind challenges grid stability due to 

production uncertainties. This study applies fuzzy logic theory (FLT) to manage and integrate RES efficiently. A developed method 

and algorithm assess surplus and deficit balances, analyzing their impact using real system data. Results confirm that fuzzy logic-

based management improves reliability, stability, and RES integration capacity. Additionally, implementing turbulence control 

systems increases the flexibility and sustainability of modern energy systems, ensuring more stable and efficient energy production 

and consumption processes. 

Keywords: energy system, power system, renewable energy sources, fuzzy logic, energy generation forecasting, fuzzy 

control systems, uncertainty management. 

 

Introduction  

 In recent years, the rise of renewable energy sources (RES) has significantly transformed energy 

production and consumption. Climate change, energy security, and environmental concerns have accelerated 

the expansion of RES, making their integration essential for building more stable and flexible energy 

systems. However, this integration faces major challenges, particularly in balancing consumption with 

intermittent energy production [1ï3]. The increase in production capacity in modern energy systems is 

largely driven by the widespread use of wind and solar power, with numerous plants commissioned annually 

in various regions [4ï6]. Modeling the variability of annual production capacity in wind and solar plants is 

crucial for addressing integration challenges. Unlike conventional plants, the stochastic uncertainty of RES 

requires the use of additional energy sources and storage systems to reliably meet demand, introducing new 

operational conditions [7,8]. This article explores the integration of RES into energy systems using Fuzzy 

Logic Theory (FLT). FLT offers an effective and universal approach to managing complex systems and, 

with its strength in handling uncertainty, serves as an ideal tool for solving the challenges of RES integration 

[9ï13]. 

FLT and the Integration of RES into Energy Systems 
The Fuzzy Logical Theory (FLT) was introduced by Lotfi Zadeh in 1965. This approach helps to 

make decisions under circumstances where the information is not entirely accurate [14]. Fuzzy systems 

enable more adequate decisions to be made under uncertain conditions [0.1] by accepting membership 

values in the interval. 

The implementation of FLT to address issues related to RES integration into electrical systems 

covers the following areas with more impactful results: 

Data analysis : Fuzzy systems allow for a more accurate analysis of uncertain data related to energy 

production. Data analysis and processing play an important role in predicting electricity production within 

the RES and the electricity system in general. FLT enables complex linked data to be better adapted for use 

[15]. 

Generation forecasting of electricity. By applying FLT, you can get more accurate results in 

predicting reS production while reviewing unstable factors in the electrical system. The following formula is 

used when predicting generations to achieve more accurate results: 

                                  0 Ô ɻϽ0 Ô ρ ɻϽ0 Ô ρ                           (1) 

Here, ὖ ὸ at the time, RES represents the predicted generation of power, the existing power 

production, ὖ ὸ‌ and the forecasting process. 

Application of FLT in the Optimal Management of Electricity Generation, Transmission, and 

Consumption. FLT enables the development of methods and algorithms that ensure the optimal utilization 

of generation resources in RES-integrated power systems. It facilitates the efficient management of power 

generation, transmission, and consumption processes by handling uncertainties and variability. 

For optimal control, the following linear programming model can be applied: 

ὓὭὲὭάὭᾀὩ ὅ  В ὧϽὼ                                                        (2) 

Here ὅ ï epresents the total cost, ὧ ï is the cost coefficient of the Ὥ -th resource, ὼ - is the 

production volume of the Ὥ - th resource. 

 

mailto:nijat.huseyn.98@gmail.com


200 
 

Integration of Renewable Energy Sources into the Power System 

The integration of RES into power systems involves various non-traditional energy sources. Letôs 

examine them individually: 

¶ Integration of Solar Energy Sources. This process involves converting natural solar radiation 

into electrical energy using solar panels. The electrical power generated from solar energy is expressed 

using the following formula [6]: 

ὖ ὃϽὋϽ–                                                                      (3) 

Here ὖ  ï Solar panel generation power; ὃ  ï Surface area of the solar panel;  Ὃ ï Amount of 

solar radiation; –  ï is the efficiency coefficient of the solar panel.. 

The comparison between actual energy production and the electricity generation forecasted using 

fuzzy logic demonstrates the superiority of FLT over other methods. In other words, the obtained results are 

very close (the difference does not exceed 1-2%), confirming that forecasting with FLT provides more 

accurate results. This highlights the potential of fuzzy logic in predicting solar energy generation, which is 

stochastically variable due to climatic conditions, enabling a more precise formulation of integration 

problems. 

Beyond this, integrating RES into the grid faces several challenges: 

¶ Instability : RES production depends on climatic conditions, threatening the reliability and stable 

operation of the system [16]. Figure 3 shows production variations in real solar and wind plants, 

highlighting intermittency as a key challenge requiring FLT application. 

¶ Infrastructure demands: Integrating RES requires developing new infrastructure and 

modernizing existing grids with smart technologies like WAMS and PMUs [17]. 

FLT in Enhancing the Reliability and Optimization of RES-Integrated Power Systems 

The integration of RES into power systems presents challenges in ensuring reliability and stability, 

making the application of FLT particularly important due to the limitations of traditional approaches. To 

address integration issues, FLT is applied in the following areas: 

Å Electricity Distribution: Fuzzy control systems significantly enhance the stability of power          

generation, ensuring efficient electricity distribution [18]. 

Å Demand Management: Considering the stochastic variations in consumer loads, FLT optimizes 

electricity generation. In this case, with demand management as the objective function, FLT expresses the 

following relationship: 

Ὀὸ Ὢὖ ȟὝ                                                         (4) 

Here, Ὀὸ ï expresses the energy demand at a specific time (t). Demand is related to electricity 

consumption and varies depending on the forecasted production volume and ambient temperature. 

ὖ  ï Forecasted electricity production. This represents the amount of energy (power) that will be 

generated by renewable energy sources (such as solar, wind, etc.) at a given time. The forecasted generation 

of renewable sources is used to determine the potential power capacity of energy sources; Ὕ  ï 

Ambient temperature. This parameter plays a crucial role in the integration, generation, and management of 

demand for solar and wind energy. Ambient temperature significantly affects the efficiency of renewable 

energy production, as well as overall energy demand.  

The following key drawbacks also exist: 

¶ Data quality: The accuracy of fuzzy systems depends heavily on the quality input data. 

¶ Application development: The use of FLT models in RES integration is still developing and 

can be extended to more sectors in the future. 

¶ Future research should aim to expand FLT modeling capabilities and ensure more effective 

RES integration. Advancements expected in this direction include [19]: 

¶ Development of new algorithms: Improved computational methods, such as combining 

machine learning with fuzzy logic, can enhance forecasting and optimization for RES integration 

[20]. 

¶ Modern intelligent control systems: Integrating fuzzy logic with Smart Grid technologies 

will enable more efficient energy production, transmission, and consumption management, 

including intelligent fault handling. Such systems will allow real-time data collection and flexible 

energy strategies. 

¶ Infrastructure upgrades: Modernizing energy infrastructure is essential for effective RES 

use. FLT can assist in planning and designing new RES-integrated infrastructures. 
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Conclusion 

The integration of renewable energy sources (RES) into the power system with the help of fuzzy 

logic theory (FLT) has been demonstrated as an effective approach for managing the dynamics of energy 

production and consumption. It has been confirmed through examples that FLT is a crucial mathematical 

tool for ensuring the reliability and resilience of the energy system while increasing the integration volume 

of RES. It has been determined that the application of fuzzy control systems will significantly enhance the 

flexibility of RES-integrated energy systems, leading to the creation of more resilient and reliable modern 

transformed energy systems. 
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X¿lasᴅ 

QEYRY-SᴄLĶS MᴄNTĶQᴄ ᴄSASLANAN ENERJĶ SĶSTEMĶNᴄ BᴄRPA OLUNAN ENERJĶ MᴄNBᴄLᴄRĶNĶN 

ĶNTEQRASĶYASI ¦ZRᴄ TᴄDQĶQAT  

H¿seynov N.R., Quliyev H.B. 

 

Bᴅrpa olunan enerji mᴅnbᴅlᴅrinin (BOEM), mᴅsᴅlᴅn, g¿nᴅĸ vᴅ k¿lᴅk enerjisinin inteqrasiyasē istehsalēn qeyri-m¿ᴅyyᴅnliyi 

sᴅbᴅbindᴅn ĸᴅbᴅkᴅnin sabitliyini ­ᴅtinlᴅĸdirir. Bu tᴅdqiqat bᴅrpa olunan enerji mᴅnbᴅlᴅrinin sᴅmᴅrᴅli idarᴅ olunmasē vᴅ inteqrasiyasē 

¿­¿n qeyri-sᴅlis mᴅntiq nᴅzᴅriyyᴅsinin (QMN) tᴅtbiqini araĸdērēr. Hazērlanan metod vᴅ alqoritm artēqlēq vᴅ ­atēĸmazlēq balansēnē 

qiymᴅtlᴅndirir vᴅ onlarēn tᴅsirini real enerji sistemi mᴅlumatlarē ᴅsasēnda tᴅhlil edir. Nᴅticᴅlᴅr gºstᴅrir ki, qeyri-sᴅlis mᴅntiq ᴅsaslē 

idarᴅetmᴅ etibarlēlēĵē, sabitliyi vᴅ BOEM-in inteqrasiya g¿c¿n¿ artērēr. Bundan ᴅlavᴅ, t¿rb¿lans idarᴅetmᴅ sistemlᴅrinin tᴅtbiqi 

m¿asir enerji sistemlᴅrinin elastikliyini vᴅ davamlēlēĵēnē artēraraq enerji istehsalē vᴅ istehlakē ʈʝʟʶʤʝnēn daha sabit vᴅ sᴅmᴅrᴅli 

olmasēnē tᴅmin edir. 

A­ar sºzlᴅr: enerji sistemi, enerji sistemi, bᴅrpa olunan enerji mᴅnbᴅlᴅri, bulanēq mᴅntiq, enerji istehsalē 

proqnozlaĸdērēlmasē, bulanēq idarᴅetmᴅ sistemlᴅri, qeyri-m¿ᴅyyᴅnlik idarᴅetmᴅsi. 

 

ʈʝʟʶʤʝ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆ ʀʅʊɽɻʈɸʎʀʀ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ ɺ ʕʅɽʈɻʆʉʀʉʊɽʄʋ 

ʅɸ ʆʉʅʆɺɽ ʅɽʏɽʊʂʆʁ ʃʆɻʀʂʀ  

ʍʫʩʝʡʥʦʚ ʅ.ʈ., ɻʫʣʠʝʚ ɻ.ɹ. 

 

ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ), ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ, ʫʩʣʦʞʥʷʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʪʠ ʠʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ (ʅʃ) ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʦʮʝʥʠʚʘʶʪ ʙʘʣʘʥʩ ʠʟʙʳʪʢʘ ʠ ʜʝʬʠʮʠʪʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʘʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ, ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ɺʀʕ. ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ 

ʫʚʝʣʠʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʵʥʝʨʛʦʩʠʩʪʝʤʘ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ, ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ. 
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 ʈʝʟʶʤʝ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʪʠʮʳ ʧʨʠ ʢʣʝʪʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʥʘ 

ʧʪʠʮʝʬʝʨʤʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʦʠʣʦʢ ð ʚʘʢʫʫʤʥʳʝ, ʞʝʣʦʙʢʦʚʳʝ, ʤʠʢʨʦʯʘʰʝʯʥʳʝ ʠ 

ʥʠʧʧʝʣʴʥʳʝ, ʠʭ ʫʩʪʨʦʡʩʪʚʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ʆʧʠʩʘʥʘ ʩʭʝʤʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʙʘʪʘʨʝʡ, ʚʢʣʶʯʘʶʱʘʷ 

ʧʠʪʘʶʱʠʝ ʙʘʯʢʠ, ʥʠʧʧʝʣʴʥʳʝ ʣʠʥʠʠ ʠ ʢʘʧʣʝʫʣʦʚʠʪʝʣʠ. ʇʦʜʯʸʨʢʥʫʪʦ ʟʥʘʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʵʣʝʤʝʥʪʦʚ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ 

ʜʣʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʧʦʠʣʦʢ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʧʪʠʮʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʝʥʠʝ ʧʪʠʮʳ, ʢʣʝʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʦʠʣʢʠ, ʚʘʢʫʫʤʥʘʷ ʧʦʠʣʢʘ, ʞʝʣʦʙʢʦʚʘʷ 

ʧʦʠʣʢʘ, ʤʠʢʨʦʯʘʰʝʯʥʘʷ ʧʦʠʣʢʘ, ʥʠʧʧʝʣʴʥʘʷ ʧʦʠʣʢʘ, ʩʠʩʪʝʤʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʪʠʮʝʬʝʨʤʳ, ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ, ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ. 

 

ʇʪʠʮʳ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʷʪ ʦʪ ʚʦʜʳ ʜʣʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ ʧʝʨʠʦʜʳ ʟʘʩʫʭʠ, ʞʘʨʳ ʠ 

ʟʠʤʥʠʭ ʤʦʨʦʟʦʚ, ʢʦʛʜʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤʳ ʥʝʜʦʩʪʫʧʥʳ, ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʥʠʭ ʞʠʟʥʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʦʡ. ʅʘ ʧʪʠʮʝʬʝʨʤʘʭ, ʛʜʝ ʧʪʠʮ ʩʦʜʝʨʞʘʪ ʚ ʢʣʝʪʢʘʭ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʩʚʝʞʝʡ ʚʦʜʝ ʠʩʧʦʣʴʟʫʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʦʠʣʢʠ. ʕʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ 

ʧʝʨʥʘʪʳʭ. 

ɺ ʧʪʠʮʝʚʦʜʩʪʚʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʦʠʣʦʢ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳ ʚʘʢʫʫʤʥʳʝ, ʯʘʰʝʯʥʳʝ ʠ ʤʠʢʨʦʯʘʰʝʯʥʳʝ, ʘ ʪʘʢʞʝ ʥʠʧʧʝʣʴʥʳʝ. ʆʩʥʦʚʥʦʝ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʝ ʧʦʜʘʯʠ ʚʦʜʳ. ɺʘʢʫʫʤʥʳʝ, ʯʘʰʝʯʥʳʝ ʠ ʤʠʢʨʦʯʘʰʝʯʥʳʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʛʨʫʧʧʦʚʦʛʦ ʧʦʝʥʠʷ. ʅʠʧʧʝʣʴʥʳʝ ʧʦʠʣʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʪ 
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ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʚʦʜʝ ʜʣʷ ʢʘʞʜʦʡ ʧʪʠʮʳ. ʆʙʱʠʡ ʚʠʜ ʦʩʥʦʚʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʦʠʣʦʢ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʪʠʮ ʥʘ ʧʪʠʮʝʬʝʨʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. [1, 2]. 

ɺʘʢʫʫʤʥʳʝ ʧʦʠʣʢʠ (ʨʠʩʫʥʦʢ 1. ʘ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʩʪʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʤʦʣʦʜʥʷʢʘ ʧʪʠʮʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʮʳʧʣʷʪ, ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʭ ʚʳʨʘʱʠʚʘʥʠʷ 

ʧʨʠ ʥʘʧʦʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʠʣʢʠ ʷʚʣʷʶʪʩʷ: ʛʝʨʤʝʪʠʯʥʳʡ ʙʘʣʣʦʥ (ʠʟ 

ʩʪʝʢʣʘ ʠʣʠ ʧʣʘʩʪʠʢʘ) ʚʤʝʩʪʠʤʦʩʪʴʶ ʦʪ 3 ʜʦ 4,5 ʣʠʪʨʦʚ, ʠ ʧʣʦʩʢʠʡ ʢʨʫʛʣʳʡ ʧʦʜʜʦʥ ʜʠʘʤʝʪʨʦʤ 230 ʤʤ. 

ʇʨʦʮʝʩʩ ʥʘʧʦʣʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ: ʙʘʣʣʦʥ ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʜʦʡ, ʟʘʪʝʤ ʥʘ ʝʛʦ 

ʛʦʨʣʳʰʢʦ ʧʣʦʪʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʜʜʦʥ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʝʨʝʚʦʨʘʯʠʚʘʝʪʩʷ ʚʚʝʨʭ ʜʥʦʤ 

ʠ ʩʪʘʚʠʪʩʷ ʥʘ ʧʦʣ. ɺʦʜʘ ʠʟ ʙʘʣʣʦʥʘ ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʢʘʝʪ ʚ ʧʦʜʜʦʥ, ʟʘʧʦʣʥʷʷ ʝʛʦ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʫʨʦʚʥʷ. ʎʳʧʣʷʪʘ ʧʴʶʪ ʚʦʜʫ ʠʟ ʧʦʜʜʦʥʘ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʧʦʜʜʝʨʞʘʥʠʠ ʫʨʦʚʥʷ ʚʦʜʳ: ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʩʥʘʨʫʞʠ 

ʙʘʣʣʦʥʘ, ʢʦʤʧʝʥʩʠʨʫʝʪ ʚʘʢʫʫʤ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚʥʫʪʨʠ ʙʘʣʣʦʥʘ ʠʟ-ʟʘ ʫʨʦʚʥʷ ʚʦʜʳ, ʪʝʤ ʩʘʤʳʤ ʨʝʛʫʣʠʨʫʷ 

ʝʝ ʧʦʜʘʯʫ. ɺʘʢʫʫʤʥʳʝ ʧʦʠʣʢʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʘʚʪʦʥʦʤʥʦ, ʥʝ ʪʨʝʙʫʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤʫ ʚʦʜʦʩʥʘʙʞʝʥʠʶ, ʠ ʪʨʝʙʫʶʪ ʨʫʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ [3]. 
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ʚ ʛ 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʦʠʣʦʢ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʪʠʮ ʥʘ ʧʪʠʮʝʬʝʨʤʘʭ:  

ʘ ï ʚʘʢʫʫʤʥʘʷ; ʙ ï ʞʝʣʦʙʢʦʚʘʷ; ʚ ï ʤʠʢʨʦʯʘʰʝʯʥʘʷ; ʛ ï ʥʠʧʧʝʣʴʥʘʷ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʞʝʣʦʙʢʦʚʦʡ ʧʦʠʣʢʠ (ʨʠʩʫʥʦʢ 1. ʙ) ʜʣʷ ʧʪʠʮʳ ʚʢʣʶʯʘʝʪ ʪʨʫʙʯʘʪʳʡ ʞʝʣʦʙ ʩ 

ʙʦʢʦʚʳʤʠ ʧʨʦʨʝʟʷʤʠ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʜʥʘʢʦ ʤʦʥʪʘʞ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʪʠʯʥʠʢʘ ʩʦʧʨʷʞʝʥ ʩ ʪʨʫʜʥʦʩʪʷʤʠ. ʕʪʠ ʧʦʠʣʢʠ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʚʦʜʳ ʠ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʝʝ ʟʘʛʨʷʟʥʝʥʠʶ [3]. 

ʄʠʢʨʦʯʘʰʝʯʥʳʝ ʧʦʠʣʢʠ (ʨʠʩʫʥʦʢ 1. ʚ) ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʦʜʦʡ ʧʪʠʮ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʭ ʞʠʟʥʠ, ʥʘʯʠʥʘʷ ʩ ʧʪʝʥʮʦʚ ʧʝʨʚʳʭ 10 ʜʥʝʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʪʠʮʘʤʠ ʚ 

ʧʨʦʜʫʢʪʠʚʥʦʤ ʚʦʟʨʘʩʪʝ. ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʣʷ ʚʦʜʦʧʣʘʚʘʶʱʠʭ ʧʪʠʮ, ʪʘʢʠʭ ʢʘʢ ʫʪʢʠ 

ʠ ʛʫʩʠ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪ ʧʦʛʨʫʞʝʥʠʷ ʢʣʶʚʘ ʚ ʚʦʜʫ ʧʨʠ ʧʠʪʴʝ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʪʠʮʘ, ʠʩʧʳʪʳʚʘʷ ʞʘʞʜʫ, ʥʘʞʠʤʘʝʪ ʢʣʶʚʦʤ ʥʘ 

ʩʧʝʮʠʘʣʴʥʳʡ ʢʣʘʧʘʥ (ʚ ʚʠʜʝ ʰʘʨʠʢʘ ʠʣʠ ʨʳʯʘʞʢʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʨʳʪʠʶ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʯʘʰʢʫ. ʇʦ 

ʤʝʨʝ ʥʘʧʦʣʥʝʥʠʷ ʯʘʰʢʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ, ʢʣʘʧʘʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʥʠʤʘʝʪʩʷ, ʧʝʨʝʢʨʳʚʘʷ 

ʜʘʣʴʥʝʡʰʝʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ. ʂ ʥʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʠʢʨʦʯʘʰʝʯʥʳʭ ʩʠʩʪʝʤ ʧʦʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʠʛʠʝʥʠʯʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʤʦʣʦʜʥʷʢʘ (ʙʣʘʛʦʜʘʨʷ ʥʝʙʦʣʴʰʦʤʫ 

ʦʙʲʝʤʫ ʚʦʜʳ, ʠʩʢʣʶʯʘʶʱʝʤʫ ʨʠʩʢ ʫʪʦʧʣʝʥʠʷ), ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʚʦʜʳ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʝʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʣʠʯʠʷ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ [3]. 

ʅʠʧʧʝʣʴʥʳʝ ʧʦʠʣʢʠ (ʨʠʩʫʥʦʢ 1. ʛ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʧʪʠʮʳ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʢʘʢ ʚ ʢʣʝʪʦʯʥʳʭ ʙʘʪʘʨʝʷʭ, ʪʘʢ ʠ ʥʘ ʥʘʧʦʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ. ʄʦʥʪʘʞ ʧʦʠʣʦʢ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʩ ʠʥʪʝʨʚʘʣʦʤ 300é400 ʤʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʝʟʴʙʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʞʜʦʡ ʧʦʠʣʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʣʠʯʠʝ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 


