
   

 

ɳʊɮʄɾʁɱɳʅ 

ʊʍʆʁɰʁɽʆɮɻɼʍɿ 

ʅʇʅʆɶɾɮʆʍɿ 
ɳɸɿɹɼʁ ɾɳʆʅʁɰɳɹʁ ʃʁɽʇʆɳʋɿɳɹʁ 

                                                                                                        2021 

 

 

ɲʃɾʅ ʃɮʄɮɱʍɱɶ ɼɮɹ ɲɹɮʋɳɹʄɹʅɶ ɳɿɳʄɱɳɹɮʅ  

ʁɿʁɾɮʆɳʃʍɿʇɾʁ 

ɲɳɽɶɲɶɾʁʅ ʋʄɶʅʆʁʅ 

ɮʄɹɸɾʁʅ ɾɶʆʄʍʁʇ 

03300873 

ɼɮɸɶɱɶʆɶʅ 

ʆɵɹɰɮɿɹɲɶʅ ʋʄɶʅʆʁʅ 



1 

 

ʃɳʄɹɳʋʁɾɳɿɮΥ 

ʃɳʄɹɽɶʌɶ              3 

ABSTRACT               4 

ɼɳʊɮɽɮɹʁ м - ʃɮɱɼʁʅɾɹʁ ɳɿɳʄɱɳɹɮɼʁ ɱɹɱɿɳʅɸɮɹ 

1.1 ɹˋˍˇˊʽˁʺ ɮ˄ʰʵˊˇ˃ʺ              5 

мΦн ʃʰʴˁˈˋ˃ʽʶˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ˁʰˍʰ˄ʰ˂˗ˋʶʽˌ           6 

мΦо ɳ˄ʶˊʴʶʽʰˁˈ ˃ʾʴ˃ʰ ʰ˄ʱ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌ                7 

мΦп ɳˁˉʶ˃ˉˈ˃ʶ˄ˇʽ ˊˏˉˇʽ                                                       9 

мΦр ɲʽʶʻ˄ʺˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ˉˇ˂ʽˍʽˁʺ            11 

ɼɳʊɮɽɮɹʁ н ς ɶɽɹɮɼɶ ɳɿɳʄɱɳɹɮ 

нΦм ʁ ʺ˂ʽˇˌ ˖ˌ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌ            12 

нΦн ʅˏʴ˔ˊˇ˄ˇʽ ˃ʷʻˇʵˇʽ ʹ˂ʶˁˍˊˇˉʰˊʰʴ˖ʴʺˌ ˃ʷˋ˖ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ       13 

   нΦнΦм ʅˍʰʻ˃ˇʾ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ʹ˂ʽʰˁʺˌ ʽˋ˔ˏˇˌ όCSP)        13 

   нΦнΦн ɳ˄ˋ˖˃ʱˍ˖ˋʹ ʹ˂ʽʰˁ˗˄ ˋˍʰʻ˃˗˄ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ       15 

ɼɳʊɮɽɮɹʁ о -  ʊʍʆʁɰʁɽʆɮɻɼʁɹ ʅʆɮɸɾʁɹ 

оΦм ɮˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˋˍʰʻ˃˗˄         16 

оΦн ʆʶ˔˄ˇ˂ˇʴʾʶˌ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˁʰʽ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ        17 

оΦо ɳʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ˒˖ˍˇʲˇ˂ˍʰʿˁʺ ʽˋ˔ˏˌΣ ˉˊˇˇˉˍʽˁʷˌ ˁʰʽ ʶ˒ʰˊ˃ˇʴʷˌ       19 

KEʊɮɽɮɹʁ п - ʃʄʁʅʁɾʁɹʍʅɶ ʅʇʅʆɶɾɮʆʁʅ ʊʍʆʁɰʁɽʆɮɻɼʍɿ ʅʇɿɲɳɲɳɾɳɿʁʇ ʅʆʁ  

                           ɲɹɼʆʇʁ 

пΦм ɳʽˋʰʴ˖ʴʺ              23 

пΦн ɱʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌ         24 

4.3 ɳˉʽ˂ˇʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˋˎˋˍʺ˃ʰˍˇˌ           26 

пΦп ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʰˉ˖˂ʶʽ˗˄            35 

пΦр ɴ˂ʶʴ˔ˇˌ ˋˁʾʰˋʹˌ             39 

пΦс ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ           45 

пΦт ʃʰˊʰ˃ʶˍˊʽˁʷˌ ˃ʶ˂ʷˍʶˌ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ʶˉʷ˄ʵˎˋʹˌ         48 

пΦу ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ           59 

пΦф ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ             61 

 

ɼɳʊɮɽɮɹʁ р - ʃʄʁʅʁɾʁɹʍʅɶ ɮʇʆʁɿʁɾʁʇ ʅʇʅʆɶɾɮʆʁʅ ʊʍʆʁɰʁɽʆɮɻɼʍɿ 

рΦм ɳʽˋʰʴ˖ʴʺ             62 

рΦн ɱʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹ ˁʰʽ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌ          63 

рΦо ɳ˄ʶˊʴʶʽʰˁʷˌ ˁʰˍʰ˄ʰ˂˗ˋʶʽˌ           65 

5.4 ʃˊˇʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ            70 

рΦрΦ ɳˉʽ˂ˇʴʺ ˋˎˋˋ˖ˊʶˎˍ˗˄            73 

рΦс ɳˉʽ˂ˇʴʺ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˉ˂ʰʽˋʾ˖˄ ˁʰʽ ˊˎʻ˃ʽˋˍ˗˄ ˒ˈˊˍʽˋʹˌ        77 

рΦт ɳˉʽ˂ˇʴʺ ˃ʶˍʰˍˊˇˉʷ˖˄ ˍʱˋʶ˖ˌ DC-AC (inverter)         83 

5.8 ɳˉʽ˂ˇʴʺ ʶ˒ʶʵˊʽˁʺˌ ʴʶ˄˄ʺˍˊʽʰˌ           84 

рΦф ɳˉʽ˂ˇʴʺ ˃ʷˋ˖˄ ˉˊˇˋˍʰˋʾʰˌ             84 

рΦмл ɮˉ˗˂ʶʽʶˌ ˁʰʽ ˋˁʾʰˋʹ            86 



2 

 

рΦмм ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ          86 

рΦмн ʃʰˊʰ˃ʶˍˊʽˁʷˌ ˃ʶ˂ʷˍʶˌ ˁʰʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ          94 

рΦмо ʁʽˁˇ˄ˇ˃ʽˁʺ ʰ˄ʱ˂ˎˋʹ ˉʰˊʰ˃ʶˍˊʽˁ˗˄ ˃ʶ˂ʶˍ˗˄       106 

5.14 ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ          115 

ɰʽʲ˂ʽˇʴˊʰ˒ʾʰ            117 

ɹˋˍˇˋʶ˂ʾʵʶˌ            119 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

 

ʃɳʄɹɽɶʌɶ 

ɶ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶˁˉˇ˄ʺʻʹˁʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ ɲʽʰˍ˃ʹ˃ʰˍʽˁˇˏ 

ɾʶˍʰˉˍˎ˔ʽʰˁˇˏ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ʅˉˇˎʵ˗˄ ζʃʰˊʰʴ˖ʴʺ ˁʰʽ ɲʽʰ˔ʶʾˊʽˋʹ ɳ˄ʷˊʴʶʽʰˌη ˍˇˎ ɳʻ˄ʽˁˇˏ 

ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎΦ ɸʷ˃ʰ ˍʹˌ ʶʾ˄ʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʽˋ˔ˏˇˌ 

ʷ˖ˌ рллkW ˋˎ˄ʵʶʵʶ˃ʷ˄˖˄ ˃ʶ ˍˇ ʵʾˁˍˎˇΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ʰˎˍˈ˄ˇ˃ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

˒˖ˍ̡̌ ˇ˂ˍʰʿˁ˗˄ ˃ʶ ʰˉˇʻʺˁʶˎˋʹ ʶ˄ʷˊʴʶʽʰˌ ʴʽʰ ˍʹ˄ ˁʱ˂ˎ˕ʹ ʶ˄ʶˊʴʶʽʰˁ˗˄ ʰ˄ʰʴˁ˗˄ 

ˋˎʴˁˊˇˍʺ˃ʰˍˇˌ ˁʰˍˇʽˁʽ˗˄Φ  

ʃʰˊʰʵˇˋʽʰˁʱ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇˋˇˋˍˈ ˉʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ 

ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄Φ ʂ˃˖ˌ ʹ ˊʰʴʵʰʾʰ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺˌ ˉʰˊʰʴ˖ʴʺˌ 

ˁʰʽ ˇʽ ˇ˂ˇʷ˄ʰ ʰˎ˅ʰ˄ˈ˃ʶ˄ʶˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ˍ˖˄ ʰ˄ʶˉˍˎʴ˃ʷ˄˖˄ ˔˖ˊ˗˄ ˁʰʻʽˋˍˇˏ˄ ˍʹ 

˔ˊʺˋʹ ˍʷˍˇʽ˖˄ ˉˈˊ˖˄ ʶ˅ʰʽˊʶˍʽˁʱ ʰ˄ˍʽˇʽˁˇ˄ˇ˃ʽˁˇˏˌ ʰ˂˂ʱ ˁʰʽ ˁʰˍʰˋˍˊʶˉˍʽˁˇˏˌ ʴʽʰ ˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ˂ˈʴ˖ ˍ˖˄ ʶˁˉʶ˃ˉˈ˃ʶ˄˖˄ ˊˏˉ˖˄ ʰˉˈ ˍʹ˄ ˁʰˏˋʹ ˍ˖˄ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄Φ 

ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉʰʴˁˇˋ˃ʾ˖ˌ ʹ ˋˍˊˇ˒ʺ ˉˊˇˌ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌ 

˃ʶ ʷ˃˒ʰˋʹ ˋˍʽˌ ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌΦ ʅˍˇ˄ ʶ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʹ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ 

ʲʰˋʾʸʶˍʰʽ ˉˊ˖ˍʾˋˍ˖ˌ ˋʶ ˂ʽʴ˄ʽˍʽˁʷˌ ˃ˇ˄ʱʵʶΦ̩ ʆˇ нлмф ʹ ʶ˂˂ʹ˄ʽˁʺ ˁˎʲʷˊ˄ʹˋʹ ʵʶˋ˃ʶˏˍʹˁʶ ˋʶ 

ˉ˂ʺˊʹ ζʰˉˇ˂ʽʴ˄ʽˍˇˉˇʾʹˋʹη ˍˇˎ ʶʻ˄ʽˁˇˏ ʶ˄ʶˊʴʶʽʰˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ʷ˖ˌ ˍˇ ʷˍˇˌ нлну. ɴˁˍˇˍʶ 

ˁˎˊ˗ʻʹˁʶ ˍˇ ɳʻ˄ʽˁˈ ʅ˔ʷʵʽˇ ʴʽʰ ˍʹ˄ ɳ˄ʷˊʴʶʽʰ ˁʰʽ ˍˇ ɼ˂ʾ˃ʰ όɳʅɳɼύ ˍˇ ˇˉˇʾˇ ʷˊ˔ʶˍʰʽ ˄ʰ 

ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ ˄ʷʰ ʃˊʱˋʽ˄ʹ ʅˎ˃˒˖˄ʾʰ ˉˇˎ ˉˊˇ˖ʻʶʾˍʰʽ ʰˉˈ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ɳˉʽˍˊˇˉʺΦ ɾʶ 

ʰˎˍˈ ʻʷˍˇ˄ˍʰʽ ˋˍˈ˔ˇʽ ʴʽʰ ˍˇ ʷˍˇˌ нлол ʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˋʶ 

ˉʱ˄˖ ʰˉˈ рс҈ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˍˇˎ ʷˍˇˎˌ нллрΣ ʹ ˋˎ˃˃ʶˍˇ˔ʺ ˍ˖˄ ɮʃɳ ˋˍʹ˄ 

ʰˁʰʻʱˊʽˋˍʹ ˍʶ˂ʽˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ˋʶ ˉˇˋˇˋˍˈ ор҈ ˁʰʽ ʹ ̡ ʶ˂ˍʾ˖ˋʹ ˍʹˌ ʶ˄ʶˊʴʶʽʰˁʺˌ ʰˉˈʵˇˋʹˌ 

˗ˋˍʶ ʹ ˍʶ˂ʽˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ʶ˄ʷˊʴʶʽʰˌ ˍˇ ʷˍˇˌ нлол ˄ʰ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʰˉˈ ʰˎˍʺ ˉˇˎ 

ˁʰˍʰʴˊʱ˒ʹˁʶ ˍˇ ʷˍˇˌ нлмт. 

ʃʰˊʰˍʹˊʶʾˍʰʽ ˂ˇʽˉˈ˄ ʷ˄ʰ ʰˎ˅ʰ˄ˈ˃ʶ˄ˇ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁˈ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˉˊˇˌ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ 

˃ˇ˄ʱʵ˖˄ ˉʰˊʰʴ˖ʴʺˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ɮʃɳΣ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ˉˊˇ˖ʻʶʾˍʰʽ ʹ ʶ˄ʶˊʴʶʽʰˁʺ 

ʰ˄ʰʲʱʻ˃ʽˋʹ ˎ˒ʽˋˍʰ˃ʷ˄˖˄ ˁˍʽˊʽʰˁ˗˄ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ˃ʷˋ˖ ˁˊʰˍʽˁ˗˄ ʶˉʽ˔ˇˊʹʴʺˋʶ˖˄Φ 

ɾʶ ˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶ˅ʶˍʱʸʶˍʰʽ ʹ ˇʽˁˇ˄ˇ˃ʽˁʺ ʲʽ˖ˋʽ˃ˈˍʹˍʰ ˍʷˍˇʽ˖˄ 

ʶˉʶ˄ʵˏˋʶ˖˄ ʴʽʰ ˒˖ˍˇʲˇ˂ˍʰʿˁ ˇˏˌ ˋˍʰʻ˃ˇˏˌ ˉʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ɾʶ ˍʹ ʲˇʺʻʶʽʰ 

˂ˇʴʽˋ˃ʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ  PVsyst ʴʾ˄ʶˍʰʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˋˍʰʻ˃˗˄ ˋˍʰ 

ˇˉˇʾʰ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˍʰ ˒˖ˍˇʲˇ˂ˍʰʿˁ ʱ ˉ˂ʰʾˋʽʰΣ ˇʽ ʰ˄ˍʽˋˍˊˇ˒ʶʾˌΣ ʹ ˔˖ˊˇʻʷˍʹˋʹ ˁʰʽ ˇ ˍˊˈˉˇˌ 

ˋˏ˄ʵʶˋʹˌΦ ɱʽʰ ˉʰˊʰ˃ʶˍˊʽˁʷˌ ˂ˏˋʶʽˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˍʶ˂ʽˁʺ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌΣ ˇʽ ʰˉ˗˂ʶʽʶˌ 

ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʴʽʰ ˁʱʻʶ ˂ˏˋʹ ˁʰʽ ʹ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʶˉʷ˄ʵˎˋʹˌΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʴʽʰ ʰˎˍˈ˄ˇ˃ˇ ˋˏˋˍʹ˃ʰ ˒˖ˍˇʲˇ˂ˍʰʽˁ˗˄ ˃ʶ ˉʰˊʰ˃ʶˍˊʽˁʷˌ 

˂ˏˋʶʽˌ ʴʽʰ ˍˇ ʶˉʾˉʶʵˇ ˍʱˋʹˌ ˁʰʽ ˍʽˌ ʶˉʽʻˎ˃ʹˍʷˌ ˃ʷˊʶˌ ʰˎˍˇ˄ˇ˃ʾʰˌ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ʶˉʽ˂ˇʴʺ 

ˍ˖˄ ˋˎˋˋ˖ˊʶˎˍ˗˄Φ ɼʰˍʱ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˋˎˋˋ˖ˊʶˎˍ˗˄Σ ˍʰ 

˒˖ˍˇʲˇ˂ˍʰʿˁ ʱ ˉ˂ʰʾˋʽʰ ˁʰʽ ˇʽ ˊˎʻ˃ʽˋˍʷˌ ˒ˈˊˍʽˋʹˌ ˁʰʽ ˈ˃ˇʽʰ ˃ʶ ˍˇˎˌ ˒˖ˍˇʲˇ˂ˍʰʿˁ ˇˏˌ 

ˋˍʰʻ˃ˇˏˌ ˉʰʾˊ˄ˇˎ˃ʶ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˍʽˌ ʰˉ˗˂ʶʽʶˌ 

ʴʽʰ ˁʱʻʶ ˂ˏˋʹ ˉˇˎ ˉˊˇˍʶʾ˄ʶˍʰʽ ˁ ʰʽ ʴʾ˄ʶˍʰʽ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹΦ 
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ABSTRACT 

¢Ƙƛǎ ǘƘŜǎƛǎ ƛǎ ŀ ǇŀǊǘ ƻŦ a{Ŏ ǇǊƻƎǊŀƳ ά9ƴŜǊƎȅ tǊƻŘǳŎǘƛƻƴ ŀƴŘ aŀƴŀƎŜƳŜƴǘέ ƻŦ bŀǘƛƻƴŀƭ 

Technical University of Athens. Its subject is the implementation of grid connected 

photovoltaic systems of power up to 500kW, as well as the implementation of autonomous 

system of photovoltaics with energy storage able to supply the energy needs of a residential 

complex up to four households. 

To this day, the largest percentage of energy production results from the exploitation of fossil 

fuels. However, the rapid growth of industrial production along with the growing energy 

requirements of developed countries make the use of such resources extremely uneconomical 

and more importantly destructive to the environment due to the pollutants emitted from the 

burning of fossil fuels. 

In recent years there has been a worldwide shift towards alternative energy resources with 

an emphasis on renewables. Greece is a country where the production of electricity is based 

ǇǊƛƳŀǊƛƭȅ ƻƴ ƭƛƎƴƛǘŜ ǇƭŀƴǘǎΦ Lƴ нлмфΣ ǘƘŜ DǊŜŜƪ ƎƻǾŜǊƴƳŜƴǘ ŎƻƳƳƛǘǘŜŘ ƛǘǎŜƭŦ ǘƻ ŀ ŎƻƳǇƭŜǘŜ άŘŜ-

ƭƛƎŀǘƛƻƴέ ƻŦ ǘƘŜ ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ǎȅǎǘŜƳ until the year 2028. Since then, the National Energy 

and Climate Plan (NECP) has been ratified, which comes to contribute to the new Green 

Agreement promoted by the European Commission. This sets target goals for the year 2030 

to reduce greenhouse gas emissions by over 56% compared to 2005 emissions, increase the 

share of RES in gross final consumption by 35% and the improvement of energy efficiency so 

that the final energy consumption in the year 2030 to be lower than that recorded in the year 

2017. 

Therefore, there is a growing business interest in the installation of RES electricity generation 

units, while at the same time the government promotes energy class upgrades of existing 

building facilities through state subsidies.  

This thesis examines the financial viability of such investments for photovoltaic power plants. 

With the help of software program, the photovoltaic stations are simulated. For the simulation 

the photovoltaic panels, the inverters the geographical location and the means of connection 

are selected. For parametric solutions, the final energy production, the losses observed for 

each solution and the economic evaluation of the investment are calculated. Then a 

simulation is performed for an autonomous photovoltaic system with parametric solutions for 

the voltage level and the desired days of autonomy regarding the choice of batteries. During 

the simulation, the number of batteries, the photovoltaic panels and the charge controllers 

are selected. Similar to the photovoltaic stations mentioned above, the output results are the 

energy production, the losses and an economic evaluation for each solution that is proposed.  
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ɼɳʊɮɽɮɹʁ м ς ʃɮɱɼʁʅɾɹʁ ɳɿɳʄɱɳɹɮɼʁ ɱɹɱɿɳʅɸɮɹ 

1.1  ɹˋˍˇˊʽˁʺ ʰ˄ ʰʵˊˇ˃ʺ 

ɾʶ ˍʹ˄ ˋˎ˄ʶ˔ˈ˃ʶ˄ʹ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΣ ˍʹ˄ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍˇˎ ʲʽˇˍʽˁˇˏ ʶˉʽˉʷʵˇˎ ˍ˖˄ 

ˁˇʽ˄˖˄ʽ˗˄ ˁʰʽ ˍʹ ˋˎ˄ʶ˔ʺ ʰ˄ʱʴˁʹ ˍ˖˄ ʲʽˇ˃ʹ˔ʰ˄ʽ˗˄ ʴʽʰ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ʵʽʰ˔ˊˇ˄ʽˁʱ ˋ˔ʶˍʽˁʱ ˋˍʰʻʶˊʺ ʰˏ˅ʹˋʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ʶ˄ʷˊʴʶʽʰˌ ˋʶ 

ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇΦ ʃˊʱʴ˃ʰˍʽΣ ʹ ʰ˄ʻˊ˗ˉʽ˄ʹ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ˋˎ˄ʵʷʶˍʰʽ ʰˉˈ ˍʰ ˉˊ˗ˍʰ ˔ˊˈ˄ʽʰ 

ˍʹˌ ˏˉʰˊ˅ʺˌ ˍʹˌ ˃ʶ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˒ˎˋʽˁ˗˄ ˉˈˊ˖˄ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ ˗ˋˍʶ ˄ʰ 

ʶ˅ʰˋ˒ʰ˂ʾˋʶʽ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌΦ ɶ ˋ˔ʷˋʹ ʰˎˍʺ ˅ʶˁʽ˄ʱ ˃ʶ ˍʹ˄ ʰ˄ʰˁʱ˂ˎ˕ʹ ˍʹˌ ˒˖ˍʽʱˌ ˁʰʽ ˍʹ˄ 

ˁʰˏˋʹ ˅ˏ˂ˇˎΦ ɴˉʶʽˍʰ ˉʶˊʾ ˍˇ пΦллл ˉΦʋΦ ˉʰˊʰˍʹˊʶʾˍʰʽ ʹ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍʹˌ ʰʽˇ˂ʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ 

ʰˉˈ ˍˇ˄ ʱ˄ʻˊ˖ˉˇ ˃ʶ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍ˖˄ ˉˊ˗ˍ˖˄ ʽˋˍʽˇ˒ˈˊ˖˄ ˁʰʽ ʰ˄ʶ˃ˈ˃ˎ˂˖˄ ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ʹ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍˇˎ ˄ʶˊˇˏ ˃ʶ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˄ʶˊˈ˃ˎ˂˖˄ ˁʰʽ ˋˎˋˍʹ˃ʱˍ˖˄ 

ʱˊʵʶˎˋʹˌ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ʰˎ˅ʱ˄ʶˍʰʽ ˊʰʴʵʰʾʰ ˇ ˊˎʻ˃ˈˌ ˉˇ˂ʽˍʽˋˍʽˁʺˌ ʰ˄ʱˉˍˎ˅ʹˌΦ ʁʽ 

ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌ όʹ˂ʽʰˁʺΣ ʰʽˇ˂ʽˁʺΣ ʶ˄ʷˊʴʶʽʰ ˄ʶˊˇˏ ˁʰʽ ʲʽˇ˃ʱʸʰύ ʺˍʰ˄ ʴʽʰ 

ʰˊˁʶˍʷˌ ˔ʽ˂ʽʱʵʶˌ ˔ˊˈ˄ʽʰ ˉˊ˖ˍʰʴ˖˄ʽˋˍʷˌ ˋˍʹ˄ ˁʱ˂ˎ˕ʹ ˍ˖˄ ʶ˄ʶˊʴʶʽʰˁ˗˄ ʰ˄ʰʴˁ˗˄Φ ɶ 

ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ʴʽʰ ˉˊ˗ˍʹ 

˒ˈˊʰ ˃ʶ ˍʹ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ʶˉʰ˄ʱˋˍʰˋʹ όмтсл-муслύΦ ʆʹ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ ʰˎˍʺ ʷʴʽ˄ʶ ʵˎ˄ʰˍʺ ʹ 

˃ʶˍʰˍˊˇˉʺ ˍʹˌ ʻʶˊ˃ˈˍʹˍʰˌ ˋʶ ˁʽ˄ʹˍʽˁʺ ʶ˄ʷˊʴʶʽʰΣ ˃ʷˋ˖ ˍʹˌ ˁʰˏˋʹˌ ʱ˄ʻˊʰˁʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ 

ˇʵʺʴʹˋʶ ˋʶ ʵˊʰ˃ʰˍʽˁʺ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ʰ˄ʱˉˍˎ˅ʹΦ ɳˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇ ˍʹˌ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ˋˍʶˊʶ̠˄  

ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄Σ ʺˍʰ˄ ʹ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˁˇʽˍʰˋ˃ʱˍ˖˄ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˃ʶˍʷˉʶʽˍʰ ˒ˎˋʽˁˇˏ 

ʰʶˊʾˇˎΦ ɳˉʽˉ˂ʷˇ˄Σ ˃ˈ˂ʽˌ ˉˊʽ˄ ˃ʽˋˈ ʰʽ˗˄ʰ ˅ʶˁʾ˄ʹˋʶ ʹ ʰ˅ʽˇˉˇʾʹˋʹ ˍʹˌ ˉˎˊʹ˄ʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ 

ʆʷ˂ˇˌΣ ʹ ʰˏ˅ʹˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˍ˖˄ ʰʶˊʾ˖˄ ʻʶˊ˃ˇˁʹˉʾˇˎ ˁʰʽ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˉˇˎ 

ˉʰˊʰˍʹˊʺʻʹˁʶ ʰˉˈ ˍʹ˄ ˁʰˏˋʹ ˍ˖˄ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄ ʶʾ˔ʶ ˋʰ˄ ʶˉʰˁˈ˂ˇˎʻˇ ˍʹ ˃ʶˍʱʲʰˋʹ ʶˁ 

˄ʷˇˎ ˍʹˌ ʰ˄ʻˊ˖ˉˈˍʹˍʰˌ ˋˍʹ˄ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍ˖˄ ʰ˄ʰ˄ʶ˗ˋʽ˃˖˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌ ˃ʶ 

ʵʽʱ˒ˇˊˇˎˌ ˍˊˈˉˇˎˌΦ [4] 

 

ɲʽʱʴˊʰ˃˃ʰ м-м ʃʰʴˁˈˋ˃ʽʰ ˁʰˍʰ˄ʱ˂˖ˋʹ ˉˊ˖ˍˇʴʶ˄ˇˏˌ ʶ˄ʷˊʴʶʽʰˌ ʰ˄ʱ ˉʹʴʺ 
ʃʹʴʺΥ https://ourworldindata.org/energy-production-consumption 

https://ourworldindata.org/energy-production-consumption
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мΦнΦ ʃʰʴˁˈˋ˃ʽʶˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ˁʰˍʰ˄ʰ˂˗ˋʶʽˌ 

ʍˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ˁʰˍʰ˄ʰ˂˗ˋʶʽˌ ˄ˇˇˏ˄ˍʰʽ ˇʽ ˁʰˍʰ˄ʰ˂˗ˋʶʽˌ ˉˊ˖ˍˇʴʶ˄ˇˏˌ ʶ˄ʷˊʴʶʽʰˌΦ ɮˎˍˈ 

ˋʹ˃ʰʾ˄ʶʽ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˒ˎˋʽˁˇˏˌ ˉˈˊˇˎˌ όˇˊˎˁˍʱ ˁʰˏˋʽ˃ʰΣ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰΣ 

ˁˍ˂Φύ ˔˖ˊʾˌ ˄ʰ ˎˉʱˊ˅ʶʽ ˁʱˉˇʽʰ ʵʽʶˊʴʰˋʾʰ ˋʶ ʱ˂˂ʹ ˃ˇˊ˒ʺ ʶ˄ʷˊʴʶʽʰˌ ˈˉ˖ˌ ˁʽ˄ʹˍʽˁʺ ʺ ˃ʹ˔ʰ˄ʽˁʺ. 

ʅ˔ʶˍʽˁʱ ˃ʶ ˍʰ ˇˊˎˁˍʱ ˁʰˏˋʽ˃ʰΣ ˈˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʹ ˉʰˊʰʴˈ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰ ˉˊˇˁˏˉˍʶʽ 

ʰˉˈ ˍʹ˄ ˁʰˏˋʹ ˍˇˎˌ ʴʽʰ ˍʹ˄ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍʹˌ ˉʰˊʰʴˈ˃ʶ˄ʹˌ ʻʶˊ˃ˈˍʹˍʰˌΦ ɶ ˉʶˊʽˋˋˈˍʶˊʹ 

ʵʽʰʻʷˋʽ˃ʹ ʶ˄ʷˊʴʶʽʰ ˈ˃˖ˌ ʰˉˈ ˍʹ˄ ˁʰˏˋʹ ˍ˖˄ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄ ˉʰˊʰ˃ʷ˄ʶʽ ʰ˄ʶˁ˃ʶˍʱ˂˂ʶˎˍʹ 

ˋʶ ˉˇˋˇˋˍˈ ˉʶˊʾˉˇˎ тл҈ ώ4ϐΦ ɮˉ˗˂ʶʽʶˌ ʲʷʲʰʽʰ ˉˊˇˁˏˉˍˇˎ˄ ˁʰʽ ʰˉˈ ˍʹ˄ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ɮʃɳ 

ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ˉʰˊˈ˃ˇʽˇ ˉˇˋˇˋˍˈΦ ʅˎ˄ʶˉ˗ˌΣ ʴʾ˄ˇ˄ˍʰʽ ˋˎ˄ʶ˔ʶʾˌ 

ˉˊˇˋˉʱʻʶʽʶˌ ʴʽʰ ˍʹ˄ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊʹ ˉˇʽˇˍʽˁʺ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˒ˎˋʽˁ˗˄ 

ˉˈˊ˖˄Φ ʅʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ʰˎ˅ʰ˄ˈ˃ʶ˄ʶˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ʶˍʹˋʾ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ 

ˋˎ˄ʶ˔ˈ˃ʶ˄ʹ ʰˏ˅ʹˋʹ ˍʹˌ ˁʰˍʰ˄ʰ˂ʽˋˁˈ˃ʶ˄ʹˌ ʶ˄ʷˊʴʶʽʰˌ όɲʽʱʴˊʰ˃˃ʰ м-2). 

 

ɲʽʱʴˊʰ˃˃ʰ м-н ʅˎ˄ˇ˂ʽˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ʶ˄ʷˊʴʶʽʰˌ ʶˍʹˋʾ˖ˌ ˋʶ ƪǘƻŜ 
ʃʹʴʺΥ https://www.iea.org/data-and-statistics/data-  products?filter=balances%2Fstatistics 

ɮˉˈ ˍʰ ˋˍʰˍʽˋˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˇˊʴʰ˄ʽˋ˃ˇˏ International Energy Agency ʶˉʽʲʶʲʰʽ˗˄ʶˍʰʽ ˇ 

ˉʰˊʰˉʱ˄˖ ʽˋ˔ˎˊʽˋ˃ˈˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ мфтм - нлмф ˃ʶ ˃ˇ˄ʰʵʽˁʺ ʶ˅ʰʾˊʶˋʹ ˍˇ ʷˍˇˌ нллфΦ ɶ 

˃ʶʾ˖ˋʹ ʶ˄ʶˊʴʶʽʰˁʺˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʷˍˇˌ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˉʰʴˁˈˋ˃ʽʰ 

˔ˊʹ˃ʰˍˇˉʽˋˍ˖ˍʽˁʺ ˁˊʾˋʹ ˍʹˌ ʶˉˇ˔ʺˌ όнллт-нллфύ ώрϐΦ ɮ˄ˍʾˋˍˇʽ˔ʹ ˃ʶʾ˖ˋʹ ˁʰˍʰ˄ʰ˂ʽˋˁˈ˃ʶ˄ʹˌ 

ʶ˄ʷˊʴʶʽʰˌ ˉʰˊʰˍʹˊʺʻʹˁʶ ˁʰˍʱ ˍˇ ʷˍˇˌ нлнл ˂ˈʴ˖ ʷ˅ʰˊˋʹˌ ˍʹˌ ˉʰ˄ʵʹ˃ʾʰˌ Covid-мфΣ ʶ˄˗ ʴʽʰ 

ˍʰ ʶˉˈ˃ʶ˄ʰ ʷˍʹ ʶˁˍʽ˃ʱˍʰʽ ʶˉʱ˄ˇʵˇˌ ˋˍʹ˄ ʶ˄ʶˊʴʶʽʰˁʺ ʸʺˍʹˋʹ ˃ʶ ˋˎ˄ʶˉʰˁˈ˂ˇˎʻʹ ˍʹ˄ ʰˏ˅ʹˋʹ 

ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ όɲʽʱʴˊʰ˃˃ʰ м-3). ʅˍˇ ˉʰˊʰˁʱˍ˖ ʵʽʱʴˊʰ˃˃ʰ ʹ ʁ˄ ʶˊʴʶʽʰˁʺ 

ʸʺˍʹˋʹ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶˍʰʽ ˃ʶ ʵʶʾˁˍʹ ˈˉˇˎ ʴʽʰ ˍˇ ʷˍˇˌ нлмф ʻʶ˖ˊʶʾˍʰʽ ʾˋʹ ˃ʶ мΦ ʃʰˊʱ˂˂ʹ˂ʰΣ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʴʽʰ ˍʹ˄ ʾʵʽʰ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ ʹ ʶˁˍʽ˃˗˃ʶ˄ʹ ʶ˄ʶˊʴʶʽʰˁʺ ʸʺˍʹˋʹ ˋʶ ˉʶˊʾˉˍ˖ˋʹ 

ˉˇˎ ʵʶ˄ ʶʾ˔ʶ ˉˊˇˁˏ˕ʶʽ ʹ ˎʴʶʽˇ˄ˇ˃ʽˁʺ ˁˊʾˋʹ ˈˉˇˎ ˁʰʽ ˉʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ʰ˄ʰ˃ʶ˄ˈˍʰ˄ h ˁˈ˃ʰ 

˃ʶʴʰ˂ˏˍʶˊʹ ʰˏ˅ʹˋʹ ˍʹˌ ʸʺˍʹˋʹˌ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʵʶˁʰʶˍʾʰΦ 
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Total: Total final consumption (ktoe)

54. World Source: IEA (2020). All rights reserved.

https://www.iea.org/data-and-statistics/data-%20%20products?filter=balances%2Fstatistics
http://www.iea.org/t&c/termsandconditions/
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ɲʽʱʴˊʰ˃˃ʰ м-о ɳˁˍʽ˃ʺˋʶʽˌ ʸʺˍʹˋʹˌ ˋʶ ʶ˄ʷˊʴʶʽʰ ˁʰʽ ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ όнлнл -  2030) 
ʃʹʴʺΥ https://www.iea.org/data -and-statistics/charts/global-energy-demand-and-co2-emissions-trends-in-
the-stated-policies-scenario-2019-2030 

мΦо ɳ˄ʶˊʴʶʽʰˁˈ ˃ʾʴ˃ʰ ʰ˄ʱ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌ  

ʆˇ ˉˇˋˇˋˍˈ ˋˎ˃˃ʶˍˇ˔ʺˌ ˍ˖˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇ ˋˎ˄ˇ˂ʽˁˈ ʶ˄ʶˊʴʶʽʰˁˈ ˃ʾʴ˃ʰ ʴʽʰ ˍʹ˄ 

ˁʱ˂ˎ˕ʹ ˍ˖˄ ʰ˄ʰʴˁ˗˄ ʰ˄ʱ ˍʰ ˔ˊˈ˄ʽʰ ʶʾ˄ʰʽ ʵʽʰˊˁ˗ˌ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇ ˁʰʽ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ 

ˉʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌ ˇ ʲʰʻ˃ˈˌ ʰˉˈʵˇˋʹˌ ˍʹˌ ʶˁʱˋˍˇˍʶ ˉʹʴʺˌ ʶ˄ʷˊʴʶʽʰˌΣ ˍʰ ʵʽʰʻʷˋʽ˃ʰ 

ˍʶ˔˄ˇ˂ˇʴʽˁʱ ˃ʷˋʰ ʴʽʰ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʺ ˍʹˌ ˁʰʽ ˇʽ ʶˁˉʶ˃ˉˈ˃ʶ˄ˇʽ ˊˏˉˇʽΦ ʂˉ˖ˌ ˉʶˊʽʶʴˊʱ˒ʹˁʶ 

ˋˎ˄ˇˉˍʽˁʱ ˁʰˍʱ ˍʹ˄ ʽˋˍˇˊʽˁʺ ʰ˄ʰʵˊˇ˃ʺΣ ʰˉˈ ˍʽˌ ʰˊ˔ʷˌ ˍʽˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺˌ ʶˉʰ˄ʱˋˍʰˋʹˌ 

ˉˊ˖ˍʰˊ˔ʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ ʰˉˇˍʶ˂ˇˏˋʰ˄ ˍʰ ˇˊˎˁˍʱ ˁʰˏˋʽ˃ʰ ˁʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇ ʱ˄ʻˊʰˁʰˌ ˁʰʽ ˍˇ ˉʶˍˊʷ˂ʰʽˇΦ ʁʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌ ˈ˃˖ˌ ʵʶ˄ 

ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌ ʶˉΩ ʰˇˊʾˋˍˇˎ ˁʰʽ ʹ ˋˎ˄ʶ˔ʺˌ ʰˏ˅ʹˋʹ ˍʹˌ ʸʺˍʹˋʹˌ ʶ˂˂ˇ˔ʶˏʶʽ ˍˇ˄ ˁʾ˄ʵˎ˄ˇ ˍʹˌ 

ʶ˅ʱ˄ˍ˂ʹˋʹˌ ˍˇˎˌΦ ʆʰˎˍˈ˔ˊˇ˄ʰΣ ˃ʶˍʱ ʰˉˈ ʰ˂˂ʶˉʱ˂˂ʹ˂ʶˌ ʵʽʰˁˊʰˍʽˁʷˌ ˋˎ˃˒˖˄ʾʶˌ ˉʶˊʾ ˃ʶʾ˖ˋʹˌ 

ˍ˖˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʶˉʽˉˍ˗ˋʶ˖˄ ʰˉˈ ˍʹ˄ ˁʰˏˋʹ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄Σ ˉʰˊʰˍʹˊʶʾˍʰʽ ˇ˂ˇʷ˄ʰ 

ˁʰʽ ˉʶˊʽˋˋˈˍʶˊʹ ʵʽʶʾˋʵˎˋʹ ˍ˖˄ ɮʃɳ ˋˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˃ʾʴ˃ʰ ʰ˄ ˁʰʽ ˃ʶ ʲˊʰʵʶʾˌ ˊˎʻ˃ˇˏˌ 

όɲʽʱʴˊʰ˃˃ʰ м-4). ɮˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ ˋˍˇ˔ʰˋˍʽˁˈˍʹˍʰ ˍʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʽˋ˔ˏˇˌ ˉˇˎ ˉʰˊʱʴˇˎ˄Σ 

ʰ˄ʱ˂ˇʴʹ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ˃ʹ˔ʰ˄ʽˁʺˌ ʽˋ˔ˏˇˌ ʶʽˋˈʵˇˎ ˉˇˎ ˉˊˇˋ˒ʷˊʶˍʰʽ ˋʶ ʰˎˍʷˌ όˉΦ˔Φ ʰʽˇ˂ʽˁʺ 

ʽˋ˔ˏˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ʰ˄ʶ˃ˇʴʶ˄˄ʹˍˊʽ˗˄ύ ώ6ϐΦ ʅʶ ˋˎ˄ʵˎʰˋ˃ˈ ˂ˇʽˉˈ˄ ˃ʶ ˍʹ˄ ʺʵʹ 

ˋˍˇ˔ʰˋˍʽˁʺ ˒ˏˋʹ ˍˇˎ ˋˎ˄ʶ˔˗ˌ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇˎ ˒ˇˊˍʾˇˎ ˋʶ ʷ˄ʰ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇ 

ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˉˊˇˁ˂ʺˋʶʽˌ ʴʽʰ ˍʹ˄ ʰˉˇˊˊˈ˒ʹˋʹ ˍ˖˄ ɮʃɳΦ  

https://www.iea.org/data-and-statistics/charts/global-energy-demand-and-co2-emissions-trends-in-the-stated-policies-scenario-2019-2030
https://www.iea.org/data-and-statistics/charts/global-energy-demand-and-co2-emissions-trends-in-the-stated-policies-scenario-2019-2030


8 

 

 

ɲʽʱʴˊʰ˃˃ʰ м-п ʅˎ˄ˇ˂ʽˁʺ ˉˊˇˋ˒ˇˊʱ ʶ˄ʷˊʴʶʽʰˌ ʰ˄ʱ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌ όмффл-2018) 
ʃʹʴʺΥ https:// www.iea.org/data-and-statistics?country=WORLD&fuel=Energy-
consumption&indicator=TFCShareBySector 

ɾʶ ʲʱˋʹ ˍʰ ˋˍʰˍʽˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ɹɳɮΣ ˉʰˊʱ ˍʽˌ ˉˊˇˋˉʱʻʶʽʶˌ ˃ʶʾ˖ˋʹˌ ˍ˖˄ ʶˁˉʶ˃ˉˈ˃ʶ˄˖˄ 

ˊˏˉ˖˄ ˍʰ ˇˊˎˁˍʱ ˁʰˏˋʽ˃ʰ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰ ʹ ˁˏˊʽʰ ˉʹʴʺ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

ʶ˄ʷˊʴʶʽʰˌ ˃ʶ ˉˊ˖ˍʰʴ˖˄ʽˋˍʷˌ ˍʰ ˉˊˇʿˈ˄ˍʰ ˉʶˍˊʶ˂ʰʾˇˎΦ ʃʰˊʰˍʹˊˇˏ˃ʶ ʶˉʾˋʹˌ ˉ˖ˌ ˍˇ ˒ˎˋʽˁˈ 

ʰʷˊʽˇ ˉʰˊʰ˃ʷ˄ʶʽ ˋʶ ʶˉʾˉʶʵʰ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ˔ʰ˃ʹ˂ˈˍʶˊʰ ʰˉˈ ˍˇ˄ ʱ˄ʻˊʰˁʰΦ ʁ ˂ˈʴˇˌ ʴʽʰ ˈ˂ʰ 

ˍʰ ˉʰˊʰˉʱ˄˖ ʶʾ˄ʰʽ ˉ˖ˌ ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˔ʰ˃ʹ˂ˈˍʶˊ˖˄ ʶˉʽˉʷʵ˖˄ ˊˏˉ˖˄ ˁʰˍʰʲ˂ʺʻʹˁʰ˄ 

ˉˊˇˋˉʱʻʶʽʶˌ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ˉˇˎ ʶˋˍʽʱʸˇˎ˄ ˋˍʹ˄ ˉʰʴʾʵʶˎˋʹ ˍ˖˄ 

ʶˁˉʶ˃ˉˈ˃ʶ˄˖˄ ˊˏˉ˖˄Φ ɴˍˋʽ ʴʽʰ ʾʵʽʰ ˍʹ˄ ʾʵʽʰ ˁʰˍʰ˄ʱ˂˖ˋʹ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ 

˃ʽˁˊˈˍʶˊˇ ˉˇˋˈ ʶˁˉʶ˃ˉˈ˃ʶ˄˖˄ ˊˏˉ˖˄ ʰ˄ʱ ˃ˇ˄ʱʵʰ ˉʰˊʰʴˈ˃ʶ˄ʹˌ ʶ˄ʷˊʴʶʽʰˌΦ ʅˍˇ ʰ˃ʷˋ˖ˌ 

ʶˉˈ˃ʶ˄ˇ ˔ʰ˃ʹ˂ˈˍʶˊˇ ʶˉʾˉʶʵˇ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ʵʽʰ˔ˊˇ˄ʽˁʱ ˉʰˊʰˍʹˊʶʾˍʰʽ ʹ ˉʰˊʰʴ˖ʴʺ 

ʶ˄ʷˊʴʶʽʰˌ ʰˉˈ ʲʽˇ˃ʱʸʰ ˁʰʽ ʰˉˈ ˍʹ˄ ˁʰˏˋʹ ˋˁˇˎˉʽʵʽ˗˄Φ ɶ ʲʽˇ˃ʱʸʰ ʰ˄ʺˁʶʽ ˋˍʹ˄ ˇʽˁˇʴʷ˄ʶʽʰ 

ˍ˖˄ ɮʃɳ ˁʰʽ ʵʶ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ˄ ʶˉʽʵʶʾ˄˖ˋʹ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ [21]Φ ɮˉˈ ˍʹ˄ 

ʱ˂˂ʹ ʴʾ˄ˇ˄ˍʰʽ ˋˎ˄ʶ˔˗ˌ ʰˎ˅ʰ˄ˈ˃ʶ˄ʶˌ ˉˊˇˋˉʱʻʶʽʶˌ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ʰˉˇʲ˂ʺˍ˖˄ ˁʰʽ ʹ ˁʰˏˋʹ 

ˋˁˇˎˉʽʵʽ˗˄ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˍʷˍˇʽʰ ʵʽʰ˔ʶʾˊʽˋʹΦ ʃˊˇːˉˈʻʶˋʹ ˈ˃˖ˌ ʴʽʰ ˍʹ˄ ˁʰˏˋʹ ˋˁˇˎˉʽʵʽ˗˄ 

ʰˉˇˍʶ˂ʶʾ ʹ ˁʰˍʱ˂˂ʹ˂ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎˌ ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ʶˁˉˇ˃ˉʺˌ ʵʽˇ˅ʽ˄˗˄ ʹ ˇˉˇʾʰ 

ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ʰˊˁʶˍʱ ˁˇˋˍˇʲˈˊʰΦ ʆʷˍˇʽʰ ʶˉʶ˅ʶˊʴʰˋʾʰ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʴʾ˄ʶˍʰʽ ˋʶ ʋ˗ˊˇˎˌ 

ʇʴʶʽˇ˄ˇ˃ʽˁʺˌ ʆʰ˒ʺˌ ʇˉˇ˂ʶʽ˃˃ʱˍ˖˄ όʋΦʇΦʆΦʇΦ) [22].  ɶ ʰ˄ʱˉˍˎ˅ʹ ˈ˃˖ˌ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ʰˎˍʺˌ 

ʵʶ ʲˊʾˋˁʶʽ ʰˁˈ˃ʰ ʶˎˊʶʾʰ ˁˇʽ˄˖˄ʽˁʺ ʰˉˇʵˇ˔ʺΦ ʅ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˉˎˊʹ˄ʽˁʺ ʶ˄ʷˊʴʶʽʰ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍʰʻʶˊʺ ʰ˄ʱˉˍˎ˅ʺ ˍʹˌ ˃ʷ˔ˊʽ ˍˇ ʷˍˇˌ нлмм ˁʰˍʱ ˍˇ ˇˉˇʾˇ ˋˎ˄ʷʲʹ ˍˇ ʰˍˏ˔ʹ˃ʰ 

ˍˇˎ ˉˎˊʹ˄ʽˁˇˏ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˍʹˌ ʊˇˎˁˇˋʾ˃ʰΦ ɴˁˍˇˍʶ ˇʽ ˁʰˍʰˋˍˊʶˉˍʽˁʷˌ ˋˎ˄ʷˉʶʽʷˌ ˍˇˎ 

ʰˉˇˍʷ˂ʶˋʰ˄ ʰ˄ʱ˔˖˃ʰ ʴʽʰ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ʰ˄ ˁʰʽ ʰˉˈ ˍˇ нлмт 

ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ ʶ˂ʱ˔ʽˋˍʹ ʰˏ˅ʹˋʹ ˋʶ ˉˊˇˋ˒ˇˊʱ ʶ˄ʷˊʴʶʽʰˌΦ ʆʷ˂ˇˌ ʹ ˎʵˊˇʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ 

˃ʰʸʾ ˃ʶ ˍʹ˄ ʰʽˇ˂ʽˁʺ ˁʰʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʷ˔ˇˎ˄ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˃ʶˊʾʵʽˇ ˋˎ˃˃ʶˍˇ˔ʺˌ ˋˍˇ ˋˎ˄ˇ˂ʽˁˈ 

ʶ˄ʶˊʴʶʽʰˁˈ ˃ʾʴ˃ʰΦ ɶ ˋˍˇ˔ʰˋˍʽˁˈˍʹˍʰ ʰˎˍ˗˄ ˍ˖˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌ ʷ˔ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˈ˃˖ˌ 

ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ʰˉˇʻʺˁʶˎˋʹˌ ʶ˄ʷˊʴʶʽʰˌΦ ʃˊˇˌ ˍˇ ˉʰˊˈ˄ ˇʽ ˉʶˊʽˋˋˈˍʶˊʶˌ 

ˉˊˇˋˉʱʻʶʽʶˌ ʶˋˍʽʱʸˇ˄ˍʰʽ ˋˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ʶ˄ʷˊʴʶʽʰˌ ˃ʷˋ˖ ʰ˄ˍ˂ʹˋʽˇˍʰ˃ʾʁˎˋʹˌΣ 

ˋˎˋˍʹ˃ʱˍ˖˄ LAES (liquid air energy storageύΣ ˋˎˋˍʹ˃ʱˍ˖˄ ACAES (Adiabatic Compressed Air 

Energy Storage), ̀ ˎˋˋ˖ˊʶˎˍ˗˄ ˁʰʽ ˎʲˊʽʵʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ όPower to power)Φ ɮ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ 

https://www.iea.org/data-and-statistics?country=WORLD&fuel=Energy-consumption&indicator=TFCShareBySector
https://www.iea.org/data-and-statistics?country=WORLD&fuel=Energy-consumption&indicator=TFCShareBySector
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ˈ˃˖ˌ ʶʾ˄ʰʽ ˁʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ Power to Heat όʻʶˊ˃ʽˁʺ ʰˉˇʻʺˁʶˎˋʹύ ˁʰʽ Power to 

Fuel όʶˉʶ˅ʶˊʴʰˋʾʰ ˎʵˊˇʴˈ˄ˇˎΣ ˃ʶʻʰ˄ʾˇˎΣ ˃ʶʻʰ˄ˈ˂ʹˌΣ ˁˍ˂ΦύΦ ώ7] 

ʅˎ˄ʶˉ˗ˌ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ʴʽʰ ˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˃ʾʴ˃ʰ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʵʶˁʰʶˍʾʰ ʵʶʾ˔˄ˇˎ˄ 

˃ʽʰ ʶ˄ˍʶ˂˗ˌ ʵʽʰ˒ˇˊʶˍʽˁʺ ʶʽˁˈ˄ʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ IEA  

όɲʽʱʴˊʰ˃˃ʰ м-5). 

 

ɲʽʱʴˊʰ˃˃ʰ м-р ɵʺˍʹˋʹ ˉˊ˖ˍˇʴʶ˄ˇˏˌ ʶ˄ʷˊʴʶʽʰˌ ʰ˄ʱ ˁʰˏˋʽ˃ˇ - ɳˁˍʽ˃ʺˋʶʽˌ ˃ʷ˔ˊʽ ˍˇ ʷˍˇˌ нло0  
ʃʹʴʺΥ https://www.iea.org/reports/world-energy-outlook-2020/outlook-for-energy-demand 

ɮ˄ʰ˃ʷ˄ʶˍʰʽ ˂ˇʽˉˈ˄ ˊʰʴʵʰʾʰ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ɮʃɳ ʷ˖ˌ ˍˇ ʷˍˇˌ нлолΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʰ˂ʹʻʶˏʶˍʰʽ 

ˁʰʽ ˋˍˇ˄ ʶ˂˂ʰʵʽˁˈ ˔˗ˊˇ ˃ʶ ˍʹ ʵʷˋ˃ʶˎˋʹ ʴʽʰ ζʰˉˇ˂ʽʴ˄ʽˍˇˉˇʾʹˋʹη ˍʹˌ ˔˗ˊʰˌ ʷ˖ˌ ˍˇ ʷˍˇˌ нлну 

[8] 

мΦпΦ ɳˁˉʶ˃ˉˈ˃ʶ˄ˇʽ ˊˏˉˇʽ 

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʰˉˈ ˍʹ˄ ˁʰˏˋʹ ˇˊˎˁˍ˗˄ ˉˈˊ˖˄ ˉˊˇˁˏˉˍˇˎ˄ ʰˎ˅ʹ˃ʷ˄ʶˌ ʶˁˉˇ˃ˉʷˌ 

ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˁʰʽ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΦ ɮˉˈˊˊˇʽʰ ʰˎˍˇˏ ʶʾ˄ʰʽ ʹ ʶˉʽʵʶʾ˄˖ˋʹ 

ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΦ ɳ˄ʵʶʾ˅ʶʽˌ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ʰˎˍˇˏ ʰˉˇˍʶ˂ˇˏ˄ [20] : 

1. ɶ ̀ˎ˄ˇ˂ʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ʷˍʹ όglobal 
warming) 

2. H ̍ ˅ˎ˄ˋʹ ˍ˖˄ ˖ˁʶʰ˄˗˄  
3. ɶ ˉʽˇ ˋˎ˔˄ʺ ʶ˃˒ʱ˄ʽˋʹ ʰˁˊʰʾ˖˄ ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ όˁˏ˃ʰ ˁʰˏˋ˖˄ʰΣ ʵˎ˄ʰˍˇʾ 
ˍˎ˒˗˄ʶˌΣ ˎˉʶˊʲˇ˂ʽˁʱ ˔ʰ˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌύ 

4. ɮˏ˅ʹˋʹ ˈ˅ʽ˄˖˄ ˇˎˋʽ˗˄ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ όSOx, NOx NH3) 
5. ɳˉʽˍʱ˔ˎ˄ˋʹ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˂ˈʴ˖ ʰˏ˅ʹˋʹˌ ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ 
ˍˇˎ ʱ˄ʻˊʰˁʰ  

6. ʁʽ ˋˎ˔˄ʷˌ ˉ˂ʹ˃˃ˏˊʶˌ ʰ˂˂ʱ ˁʰʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʶˊʹ˃ˇˉˇʾʹˋʹˌ ˂ˈʴ˖ ˍʹˌ ʰ˂˂ʰʴʺˌ ˍ˖˄ 
˃ˇˍʾʲ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

https://www.iea.org/reports/world-energy-outlook-2020/outlook-for-energy-demand
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ɳʽˁˈ˄ʰ м-м ɳˁˉˇ˃ˉʷˌ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˉˊˇ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺˌ ʶˉʰ˄ʱˋˍʰˋʹˌ 
ʃʹʴʺΥ https://climate.nasa.gov/vital-signs/carbon-dioxide/ 

ɮˉˈ ˍʹ˄ ɳʽˁˈ˄ʰ м-м ʶʾ˄ʰʽ ˇ˂ˇ˒ʱ˄ʶˊʹ ʹ ˋˎ˃ʲˇ˂ʺ ˍʹˌ ˁʰˏˋʹˌ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄ ˋˍʹ˄ ʰˏ˅ʹˋʹ 

ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉʰˊʰˍʹˊʺʻʹˁʶ ʰˏ˅ʹˋʹ ˉʶˊʾˉˇˎ пл҈ 

ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ʶˉʾˉʶʵʰ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˍʹˌ ʶˉˇ˔ʺˌ ˉˊʽ˄ ˍʹ 

ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ʶˉʰ˄ʱˋˍʰˋʹΦ  

ɮ˅ʽˇˋʹ˃ʶʾ˖ˍʹ ʶˉʾˋʹˌ ʶʾ˄ʰʽ ʹ ˉʰˊʰˍʺˊʹˋʹ ˉ˖ˌ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʵʶˁʰʶˍʾʰ ʷ˔ˇˎ˄ ˁʰˍʰʴˊʰ˒ʶʾ ˇʽ 

ˎ˕ʹ˂ˈˍʶˊʶˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ʵʽʰ˔ˊˇ˄ʽˁʱΦ όɳʽˁˈ˄ʰ м-2). 

 

ɳʽˁˈ˄ʰ м-н ɲʽʰˁˏ˃ʰ˄ˋʹ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰ˄ʱ ʷˍˇˌ ʃʹʴʺΥ ƘǘǘǇǎΥκκŎƭƛƳŀǘŜΦƴŀǎŀΦƎƻǾκǾƛǘŀƭ-signs/global-temperature/ 

 

 

 

https://climate.nasa.gov/vital-signs/carbon-dioxide/
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мΦр ɲʽʶʻ˄ʺˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ˉˇ˂ʽˍʽˁʺ 

Oʽ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʶˌ ʰˉˈ ˍʽˌ ˋˎ˃˒˖˄ʾʶˌ ˉˇˎ ˍʷʻʹˁʰ˄ ˋʶ ʽˋ˔ˏ h ˄ʰ˒ʷˊˇ˄ˍʰʽ ʶˉʽʴˊʰ˃˃ʰˍʽˁʱΥ 

1. ʃˊ˖ˍˈˁˇ˂˂ˇ ˍˇˎ ɾˈ˄ˍˊʶʰ˂ ς 1987. [9] ʆʷʻʹˁʶ ˃ʶ ˋˁˇˉˈ ˍʹ ˃ʶʾ˖ˋʹ ʶˁˉˇ˃ˉ˗˄ 
˔˂˖ˊˇ˒ʻˇˊʰ˄ʻˊʱˁ˖˄ όCFCs), ˁ ˏˊʽˇʽ ˎˉʰʾˍʽˇʽ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˍˊˇ˒ʺ ˍʹˌ ˋˍˇʽʲʱʵʰˌ ˍˇˎ 
ˈʸˇ˄ˍˇˌΦ ɾʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˉˊ˖ˍˇˁˈ˂˂ˇˎ ʶˉʽˍʶˏ˔ʻʹˁʶ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ 
CFCs ̀ ʶ ˉˇˋˇˋˍˈ фф҈Φ [10] 

2. ʃˊ˖ˍˈˁˇ˂˂ˇ ˍˇˎ ɼˎˈˍˇ -1997 [11]. ʅ̱ ˈ˔ˇˌ ˍʹˌ ˋˎ˃˒˖˄ʾʰˌ ʶʾ˄ʰʽ ʹ ˃ʶʾ˖ˋʹ ˍ˖˄ 
ʶˁˉˇ˃ˉ˗˄ ʷ˅ʽ ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ όɮɳɸύ ό CO2, CH4, N2O, HFCs, PFCs, SF6ύ ˁʰˍʱ 
рΣн҈ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ʶˉʾˉʶʵʰ ˍˇˎ ʷˍˇˎˌ ʲʱˋʹˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нллу-2012. 

3. ʅˎ˃˒˖˄ʾʰ ˍ˖˄ ʃʰˊʽˋʾ˖˄ ς 2015 ώмнϐΦ ʅˍˈ˔ʶˎˋʹ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˋˎ˃˒˖˄ʾʰˌ 
ʰˉˇˍʶ˂ʶʾ ʹ ˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍʹˌ ʰ˄ˈʵˇˎ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋʶ ʶˉʾˉʶʵʰ ˁʱˍ˖ ˍ˖˄ н 
ʲʰʻ˃˗˄ ˁʶ˂ˋʾˇˎ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʰ ˉˊˇʲʽˇ˃ʹ˔ʰ˄ʽˁʱ ʶˉʾˉʶʵʰΣ ˃ʷˋ˖ ˍʹˌ ˃ʶʾ˖ˋʹˌ ˍ˖˄ 
ʶˁˉˇ˃ˉ˗˄ ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎΣ ʰˉˈ ˍʽˌ ˔˗ˊʶˌ- ˃ ʷ˂ʹ ˍʹˌ ˋˎ˃˒˖˄ʾʰˌΦ  

 

ɼˏˊʽˇʽ ʱ˅ˇ˄ʶˌ ʴˏˊ˖ ʰˉˈ ˍˇˎˌ ˇˉˇʾˇˎˌ ʵʽʰ˃ˇˊ˒˗˄ˇ˄ˍʰʽ ˍʰ ʵʽʱ˒ˇˊʰ ˉˊ˖ˍˈˁˇ˂˂ʰ ˁʰʽ 

ˋˎ˃˒˖˄ʾʶˌ ʶʾ˄ʰʽ ˍˊʶʾˌΦ ʁ ˉˊ˗ˍˇˌ ʶʾ˄ʰʽ ʹ ˊˏˉʰ˄ˋʹ ˁʰʽ ʹ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ˁʰʽ ʰˉˇˍʶ˂ʶʾˍʰʽ 

ʰˉˈ ˃ʷˍˊʰ ˉˇˎ ʰˉˇˋˁˇˉˇˏ˄ ˋˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˃ˈ˂ˎ˄ˋʹˌ ˍˇˎ ˇʽˁˇˋˎˋˍʺ˃ʰˍˇˌΦ ɲʶˏˍʶˊˇˌ 

ʱ˅ˇ˄ʰˌ ʶʾ˄ʰʽ ʹ ˉˊˇˋˍʰˋʾʰ ˍ˖˄ ˒ˎˋʽˁ˗˄ ˉˈˊ˖˄ ˗ˋˍʶ ˄ʰ ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ʹ ʶˉʱˊˁʶʽʱ ˍˇˎˌ ˋʶ 

ʲʱʻˇˌ ˔ˊˈ˄ˇˎ ˁʰʽ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ʹ ʶ˅ʱ˄ˍ˂ʹˋʹ ˍˇˎˌΦ ʁ ˍˊʾˍˇˌ ʱ˅ˇ˄ʰˌ ˉʶˊʽˋˍˊʷ˒ʶˍʰʽ 

ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʴˏˊ˖ ʰˉˈ ˍʹ˄ ˉˎˊʹ˄ʽˁʺ ʶ˄ʷˊʴʶʽʰ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʷˍˊʰ ʴʽʰ ˍʹ ˔ˊʺˋʹ 

ˉˎˊʹ˄ʽˁ˗˄ ˈˉ˂˖˄Φ ώмоϐ 

ʆʷ˂ˇˌΣ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ʴʽʰ ˍˇ˄ ʶ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʹ ˉˊ˖ˍˇʲˇˎ˂ʾʰ ˉˇˎ ˉʱˊʻʹˁʶ ˃ʶ ˍʹ˄ 

ˁˏˊ˖ˋʹ ˍˇˎ ɳʻ˄ʽˁˇˏ ʅ˔ʶʵʾˇˎ ʴʽʰ ˍʹ˄ ɳ˄ʷˊʴʶʽʰ ˁʰʽ ˍˇ ɼ˂ʾ˃ʰ όɳʅɳɼύ ʲʱˋʶʽ ˍˇˎ ˇˉˇʾˇˎ ˍʷʻʹˁʰ˄ 

ˋ˔ʶˍʽˁˇʾ ˋˍˈ˔ˇʽ ˍˈˋˇ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʰ ʴʽʰ ˍˇ ʷˍˇˌ нлолΣ ʰ˂˂ʱ ˁʰʽ ˉʽˇ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʱ ʷ˖ˌ ˍˇ 

ʷˍˇˌ нлрлΦ ʁʽ ˋˍˈ˔ˇʽ ʰˎˍˇʾ ʷ˔ˇˎ˄ ˄ʰ ˁʱ˄ˇˎ˄ ʰˊ˔ʽˁʱ ˃ʶ ʻʷ˃ʰˍʰ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ ˁʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶˉʽʵʽ˗ˁʶˍʰʽ ʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ CO2 ˁʰˍʱ рс҈ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ʷˍˇˌ нллр 

ˁʰʽ ˁʰˍʱ пн҈ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ʷˍˇˌ мффл ʷ˖ˌ ˍˇ нлолΣ ʶ˄˗ ˉˊˇʲ˂ʷˉʶˍʰʽ ʹ ˃ʶˍʱʲʰˋʹ ˋʶ 

ˁ˂ʽ˃ʰˍʽˁʱ ˇˎʵʷˍʶˊʹ ˇʽˁˇ˄ˇ˃ʾʰ ʷ˖ˌ ˍˇ ʷˍˇˌ нлрлΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ˍˇ ˃ʶˊʾʵʽˇ ˋˎ˃˃ʶˍˇ˔ʺˌ ˍ˖˄ 

ɮʃɳ ˋˍʹ˄ ʰˁʰʻʱˊʽˋˍʹ ˍʶ˂ʽˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ʶ˄ʷˊʴʶʽʰˌ ˍʾʻʶˍʰʽ ˋʶ ор҈Σ ˎ˕ʹ˂ˈˍʶˊˇ ˁʰʽ ʰˉˈ ˍˇ˄ 

ɳˎˊ˖ˉʰʿˁˈ ˋˍˈ˔ˇ ˉˇˎ ʶʾ˄ʰʽ ˍˇ он҈Φ ʆʷ˂ˇˌ ˍʾʻʶˍʰʽ ˋˍˈ˔ˇˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ 

ʶ˄ʶˊʴʶʽʰˁʺˌ ʰˉˈʵˇˋʹˌ ˗ˋˍʶ ʹ ˍʶ˂ʽˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ʶ˄ʷˊʴʶʽʰˌ ˍˇ нлол ˄ʰ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ˈˍʶˊʹ 

ʰˉˈ ʰˎˍʺ ˉˇˎ ʶʾ˔ʶ ˁʰˍʰʴˊʰ˒ʶʾ ˍˇ нлмтΦ ɹʵʽʰʾˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˉʰˊˇˎˋʽʱʸʶʽ ʶˉʾˋʹˌ ʹ 

ʵʷˋ˃ʶˎˋʹ ˃ʷˋ˖ ˍˇˎ ɳʅɳɼ ʴʽʰ ˉ˂ʺˊʹ ʰˉʷ˄ˍʰ˅ʹ ˍˇˎ ˃ʶˊʽʵʾˇˎ ˍˇˎ ˂ʽʴ˄ʾˍʹ ʰˉˈ ˍˇ ʶʴ˔˗ˊʽˇ 

ˋˏ̀ˍʹ˃ʰ ʹ˂ʶˁˍˊˇˉʰˊʰʴ˖ʴʺˌ ˃ʷ˔ˊʽ ˍˇ ʷˍˇˌ нлнуΣ ˁʰʻ˗ˌ ʹ ɳ˂˂ʱʵʰ ʶʾ˄ʰʽ ˃ʽʰ ˔˗ˊʰ ˉˇˎ 

ˋˍʹˊʾʸʶʽ ˍʹ˄ ʹ˂ʶˁˍˊˇˉʰˊʰʴ˖ʴʺ ˍʹˌ ˋˍʽˌ ˂ʽʴ˄ʽˍʽˁʷˌ ˃ˇ˄ʱʵʶˌ ˉʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌ [8]. 
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ɼɳʊɮɽɮɹʁ - н ɶɽɹɮɼɶ ɳɿɳʄɱɳɹɮ 

2.1 ʁ ̋ ˂ʽˇˌ ˖ˌ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌ 

ʁ ʺ˂ʽˇˌ ʁ ʾ˄ʰʽ ˃ʽʰ ʰ˄ʶ˅ʱ˄ˍ˂ʹˍʹ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌ ʹ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ʶʾˍʶ ʱ˃ʶˋʰ ʶʾˍʶ 
ʷ˃˃ʶˋʰ ˋʶ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰΦ  ʆˇ ˉˇˋˈ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ˋˍʷ˂˄ʶʽ ˉˊˇˌ ˍʹ ɱʹ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ мл17 
WΦ ʆˇ ˉˇˋˈ ʰˎˍˈ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˉʶˊʾˉˇˎ ʶˁʰˍˈ ʶˁʰˍˇ˃˃ˎ ˊʾ˖˄ ˋˏʴ˔ˊˇ˄˖˄ 
ˋˍʰʻ˃˗˄ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄Φ ɱʽʰ ˄ʰ ʴʾ˄ʶʽ ˉʶˊʽˋˋˈˍʶˊˇ ˍˇ ˉˇˋˈ ˍʹˌ ʰ˄ʶˁ˃ʶˍʱ˂˂ʶˎˍʹˌ ʹ˂ʽʰˁʺˌ 
ʶ˄ʷˊʴʶʽʰˌΣ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˉʰˊʷ˔ʶʽ ˋʶ ˃ʾʰ ˗ˊʰ ˍʽˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ʰ˄ʱʴˁʶˌ ˍˇˎ 
ˉʰʴˁˈˋ˃ʽˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʴʽʰ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ˔ˊˈ˄ˇΦ ʂ˃˖ˌ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇˋˇˋˍˈ ʹ˂ʽʰˁʺˌ 
ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˊˇˋˉʾˉˍʶʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ˖ˁʶʰ˄˗˄Σ ʶ˄˗ ʱ˂˂ˇ ˉˇˋˇˋˍˈ ʵʽʰˁˈˉˍʶˍʰʽ 
˂ˈʴ˖ ˋˎ˄˄ʶ˒ʽʱˌΦ ɱʽʰ ˃ʽʰ ˔˗ˊʰ ˃ʶ ˃ʶʴʱ˂ʹ ʹ˂ʽˇ˒ʱ˄ʶʽʰ ˈˉ˖ˌ ʹ ɳ˂˂ʱʵʰΣ ʹ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ 
ʰˉˇˍʶ˂ʶʾ ʰ˄ʶ˅ʱ˄ˍ˂ʹˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ˉˈˊˇΦ ɰʰˋʽˁˈ ˃ʷʴʶʻˇˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʶʾ˄ʰʽ ʹ 
ʹ˂ʽʰˁʺ ˋˍʰʻʶˊʱ GscΦ ʁˊʾʸʶˍʰʽ ˖ˌ ʹ ʶ˄ʷˊʴʶʽʰ ʰ˄ʱ ˃ˇ˄ʱʵʰ ˔ˊˈ˄ˇˎ ˉˇˎ ʵʷ˔ʶˍʰʽ ʶˁˍˈˌ 
ʰˍ˃ˈˋ˒ʰʽˊʰˌ ʰˉˈ ˍˇ˄ ʺ˂ʽˇΣ ʹ ˃ˇ˄ʱʵʰ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʱʻʶˍʹˌ ˋˍʹ ʵʽʶˏʻˎ˄ˋʹ ʵʽʱʵˇˋʹˌ ˍʹˌ 
ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˈˍʰ˄ ʹ ʰˉˈˋˍʰˋʹ ʴʹˌ-ʹ˂ʾˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ˃ʷˋʹ ˍʽ˃ʺ ˍʹˌΦ ɶ ˍʽ˃ʺ ˍʹˌ ʹ˂ʽʰˁʺˌ 
ˋˍʰʻʶˊʱˌ ʶʾ˄ʰʽ Gsc= 1353 W/m2. [1]  

ɯ˂˂ʰ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʷʻʹ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʶʾ˄ʰʽ [1]: 

¶ ɯ˃ʶˋˇˌ h ˁˍʽ˄ˇʲˇ˂ʾʰΥ ʶʾ˄ʰʽ ˍˇ ˃ʷˊˇˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˒ʻʱ˄ʶʽ ˋˍʹ ʴʹ 
ˁʰˍʶˎʻʶʾʰ˄ h ˉˈ ˍˇ˄ ʺ˂ʽˇ ˔˖ˊʾˌ ˄ʰ ˃ʶˋˇ˂ʰʲʺˋʶʽ ʵʽʰˋˁˇˊˉʽˋ˃ˈˌ ˃ʷˋʰ ˋˍʹ˄ 
ʰˍ˃ˈˋ˒ʰʽˊʰΦ ɶ ˋˍʽʴ˃ʽʰʾʰ ˍʽ˃ʺ όˋʶ W/m2ύ ˍʹˌ ʰ˃ʷˋˇˎ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʵʷ˔ʶˍʰʽ ˍˇ 
ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇ ˋˎ˃ʲˇ˂ʾʸʶˍʰʽ ˃ʶ Gb ʁ ˄˗ ʴʽʰ ˁʶˁ˂ʽ˃ʷ˄ˇ ʶˉʾˉʶʵˇ ˃ʶ GbT.  

¶ ɲʽʱ˔ˎˍˇˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰΥ ʶʾ˄ʰʽ ˍˇ ˃ʷˊˇˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˒ʻʱ˄ʶʽ ˋˍʹ ʴʹ 
ˏˋˍʶˊʰ ʰˉˈ ʵʽʰˋˁˇˊˉʽˋ˃ˈ ˁʰʽ ʰ˂˂ʰʴʺ ˁʰˍʶˏʻˎ˄ˋʹˌ ˁʰˍʱ ˍʹ ʵʽʰʵˊˇ˃ʺ ˃ʷˋʰ ˋˍʹ˄ 
ʰˍ˃ˈˋ˒ʰʽˊʰΦ ʅˎ˃ʲˇ˂ʾʸʶˍʰʽ ˃ʶ Gd ɹ ʽʰ ˇˊʽʸˈ˄ˍʽˇ ˁʰʽ GdT ɹ ʽʰ ˁʶˁ˂ʽ˃ʷ˄ˇ ʶˉʾˉʶʵˇΦ 

¶ ʁ˂ʽˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰΥ ʶʾ˄ʰʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹˌ ʰ˃ʷˋˇˎ ˁʰʽ ˍʹˌ ʵʽʱ˔ˎˍˇˎ ́ ˂ʽʰˁʺˌ 
ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˁʰʽ ˍʹˌ ʰ˄ʰˁ˂˗˃ʶ˄ʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰˉˈ 
ˉʰˊʰˁʶʾ˃ʶ˄ʶˌ ʶˉʽ˒ʱ˄ʶʽʶˌΦ ʅˎ˃ʲˇ˂ʾʸʶˍʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ˃ʶ ˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˃ʶ G ˁ ʰʽ 
GT. 

¶ ɮˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʻʷˍˇˎ ʶˉʽˉʷʵˇˎ όʺ ˁʱʻʶˍˇˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰύΥ ʶʾ˄ʰʽ ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ 
ʵʷ˔ʶˍʰʽ ʶˉʾˉʶʵˇ ˁʱʻʶˍˇ ˋˍʽˌ ʹ˂ʽʰˁʷˌ ʰˁˍʾ˄ʶˌΦ  

ʆˇ ʶˏˊˇˌ ˁʰʽ ʹ ʷ˄ˍʰˋʹ ˍ˖˄ ˃́ ˁ˗˄ ˁˏ˃ʰˍˇˌ ˍʹˌ ʶˁˉʶ˃ˉˈ˃ʶ˄ʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 
ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ʹ˂ʽʰˁʺ ˒ʰˋ˃ʰˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺΦ όɳʽˁˈ˄ʰ 2-1) 

 

                             ɳʽˁˈ˄ʰ 2-1 ɶ˂ʽʰˁʺ ʊʰˋ˃ʰˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 



13 

 

ɶ ˎˉʶˊʽ˗ʵʹˌΣ ʹ ˇˊʰˍʺ ˁʰʽ ʹ ˎˉʷˊˎʻˊˇˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˃ʹˁ˗˄ 

ˁˏ˃ʰˍˇˌ ˂ғлΦоу ˃m, 0.38˃ m < ˂  ғ лΦту ˃m ˁʰʽ ˂ Ҕ л.78 m˃ ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʹ ʶ˄ʷˊʴʶʽʰ ˋʶ ˁʱʻʶ 

ˉʶˊʽˇ˔ʺ фр W/m2 , 640 W/m2 ˁ ʰʽ сму W/m2 (95 + 640 + 618 = 1353 W/m2ύΦ ʆˇ ʹ˂ʽʰˁˈ ˒ʱˋ˃ʰ 

ʶʾ˄ʰʽ ˈ˃ˇʽˇ ˃ʶ ʰˎˍˈ ʶ˄ˈˌ ˍʷ˂ʶʽˇˎ ʶˁˉˇ˃ˉˇˏΣ ʴ˄˖ˋˍˈ ˁʰʽ ˖ˌ ˃ʷ˂ʰ˄ ˋ˗˃ʰΣ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ˉʶˊʾˉˇˎ сллл K. ɶ ˂ʶʾʰ ˁʰ˃ˉˏ˂ʹ ˍʹˌ ɳʽˁˈ˄ʰˌ м-о ʵʶʾ˔˄ʶʽ ˉ˖ˌ ˋˎ˄ˇ˂ʽˁʱ ˍʷˍˇʽʰ ʰˁˍʽ˄ˇʲˇ˂ʾʰ 

ʶˁˍʶʾ˄ʶˍʶ ˃ʶˍʰ˅ˏ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌ лΣн ˁʰʽ нΣл ˃m ˁʰʽ ˃ʶ ˁˇˊˎ˒ʺ ˉʶˊʾˉˇˎ ˋˍʰ лΣр ˃m. ʁʽ 

ˁʰ˃ˉˏ˂ʶˌ ɮɾл ˁʰʽ ɮɾмΦр ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ʹ˂ʽʰˁʷˌ ˒ʰˋ˃ʰˍʽˁʷˌ ˁʰˍʰ˄ˇ˃ʷˌ 

ˉˇˎ ˒ʻʱ˄ˇˎ˄ ˋˍʹ ɱʹΦ ɶ ɮɾл ʰ˒ˇˊʱ ʹ˂ʽʰˁˈ ˒˖ˌ ʷ˅˖ ʰˉˈ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ό˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 

ʴʽʰ ʊɰ ˋʶ ʵˇˊˎ˒ˈˊˇˎˌύΦ ɱʽʰ ʶˉʾʴʶʽʶˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˁʰ˃ˉˏ˂ʹ ɮɾм ˈˍʰ˄ ˇ ʺ˂ʽˇˌ ʶʾ˄ʰʽ ʰˁˊʽʲ˗ˌ ˁʰˍʰˁˈˊˎ˒ˇˌΦ ʁʽ ˉʰˊʰˉʱ˄˖ 

ʷ˄˄ˇʽʶˌ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʽ˄ ˉ˂ʷˇ˄ ˁʰˍʱ ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˋˎˋˍʹ˃ʱˍ˖˄ ʴʽʰ ˍˇ˄ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ʰˉˈʵˇˋʹˌ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ˃ʶ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ. 

нΦнΦ ʅˏʴ˔ˊˇ˄ˇʽ ˃ʷʻˇʵˇʽ ʹ˂ʶˁˍˊˇˉʰˊʰʴ˖ʴʺˌ ˃ʷˋ˖ ́ ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

ʇˉʱˊ˔ˇˎ˄ ʵˏˇ ˁˏˊʽʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ʹ˂ʽʰˁ˗˄ ˋˍʰʻ˃˗˄ ʹ˂ʶˁˍˊˇˉʰˊʰʴ˖ʴʺˌΦ 

1. ʅˍʰʻ˃ˇʾ ̀ ˎʴˁʷ˄ˍˊ˖ˋʹˌ ́ ˂ʽʰˁʺˌ ̔ ˋ˔ˏˇˌ (Concentrated Solar Power, CSP) 

2. ʊ˖ˍˇʲˇ˂ˍʰʿˁˇʾ ˋˍʰʻ˃ˇʾ (Photovoltaic Plants, PV) 

ʁʽ ˒̟ˍˇʲˇ˂ˍʰʿˁˇʾ ˋˍʰʻ˃ˇʾ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ʶˁˍʶ˄˗ˌ ˋʶ ʶˉˈ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇ 

нΦнΦм ʅˍʰʻ˃ˇʾ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ʹ˂ʽʰˁʺˌ ʽˋ˔ˏˇˌ όCSP) 

ʁ̔  ˋˍʰʻ˃ˇʾ CSP h ˁˇ˂ˇˎʻˇˏ˄ ʵˏˇ ˉˊˇˋʶʴʴʾˋʶʽˌ  ˖ˌ ˉˊˇˌ ˍˇ˄ ˍˊˈˉˇ ̀ ˎʴˁʷ˄ˍˊ˖ˋʹ ̩̱ ʹˌ ʹ˂ʽʰˁʺˌ 

ʽˋ˔ˏˇˌΦ ʆʹ˄ ˉˊˇˋʷʴʴʽˋʹ ˃ʷˋ˖ ˉˏˊʴˇ ʽˋ˔ˏˇˌ όPower Tower) όɳʽˁˈ˄ʰ 2-2ύ ˁʰʽ ˍ́  ˄ˉˊˇˋʷʴʴʽˋʹ 

˃ʶ ˍʹ ˔ˊʺˋʹ ˉʰˊʰʲˇ˂ʽˁ˗˄ ˁʰʻˊʶˉˍ˗˄ (Parabolic Trough). ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʶʴˁʰˍʰˋˍʱˋʶʽˌ 

˃ʶʴʱ˂ʹˌ ʽˋ˔ˏˇˌ ˃ʶ ˎ˕ʹ˂ˈ ʲʰʻ˃ˈ ʰˉˈʵˇˋʹˌ ˁʰʽ ˃ʶ ʵˎ˄ʰˍˈˍʹˍʰ ʰˉˇʻʺˁʶˎˋʹˌ ʶ˄ʷˊʴʶʽʰˌ [23]. 

ʅˍʽˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌ ˃ʶ ˔ˊʺˋʹ ˉˏˊʴˇˎ ʽˋ˔ˏˇˌΣ ˍh  ̡ʰˋʽˁʱ ˍˇˎ ˎˉˇˋˎˋˍʺ˃ʰˍʰ ʶʾ˄ʰʽ ˍˇ 

ʹ˂ʽˇˋˍʰˍʽˁˈ ˉʶʵʾˇΣ ˇ ˁʶ˄ˍˊʽˁˈˌ ʹ˂ʽʰˁˈˌ ʵʷˁˍʹˌ ˁʰʽ ˍˇ ˋˏˋˍʹ˃ʰ ˉʰˊʰʴ˖ʴʺˌ ʹ˂ʶˁˍˊʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌΦ ʅˎ˄ˇʵʶˏˇ˄ˍʰʽ ˋˎ˔˄ʱ ʰˉˈ ˋˏˋˍʹ˃ʰ ʰˉˇʻʺˁʶˎˋʹˌ ʻʶˊ˃ˈˍʹˍʰˌ ˁʰʽ ʰˉˈ ˋˏˋˍʹ˃ʰ 

ʶ˒ʶʵˊʽˁʺˌ ˁʰˏˋʹˌ. 

 

ɳʽˁˈ˄ʰ 2-2Υ ɲʽʱˍʰ˅ʹ ˍˎˉʽˁˇˏ ˋˍʰʻ˃ˇˏ CSP ʃʹʴʺΥ https://skepticalscience.com/Zero-Carbon-Australia-2020.html 

https://skepticalscience.com/Zero-Carbon-Australia-2020.html
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ɶ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʰˉˈ ˋˏˋˍʹ˃ʰ ʰˍ˃ˇˉʰˊʰʴ˖ʴʺˌ ʁ ʾˍʶ ʱ˃ʶˋʰ 

˃ʶ ˉʰˊʰʴ˖ʴʺ ʰˍ˃ˇˏ ˋˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ ʹ˂ʽʰˁˇˏ ʵʷˁˍʹ όɳʽˁˈ˄ʰ 2-3ύ ʶʾˍʶ ˃ʶ ˍʹ ˔ˊʺˋʹ ʵʶ˅ʰ˃ʶ˄˗˄ 

ʰˉˇʻʺˁʶˎˋʹˌ ˍʶʴʹʴ˃ʷ˄˖˄ ʰ˂ʱˍ˖˄ όɳʽˁˈ˄ʰ 2-2). 

 

ɳʽˁˈ˄ʰ 2-3 ɲʽʱˍʰ˅ʹ CSP ˃ ʶ ˋˏˋˍʹ˃ʰ ɦ ˃ʶˋʹˌ ʰˍ˃ˇˉʰˊʰʴ˖ʴʺˌ ώмпϐ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ʵʶ˅ʰ˃ʶ˄˗˄ ˍʶˍʹʴ˃ʷ˄˖˄ ʰ˂ʱˍ˖˄ ˍˇ ˋˏˋˍʹ˃ʰ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ʶ˅ʺˌΥ 

ɶ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˁʰʽ ˁʰˍʶˎʻˏ˄ʶˍʰʽ ʰˉˈ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˉʶʵʾˇ ˃ʶ 

ʹ˂ʽˇˋˍʱˍʶˌ ˋʶ ʵʷˁˍʹ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋʶ ˕ʹ˂ˈ ˉˏˊʴˇΦ ʆˇ ˋˏˋˍʹ˃ʰ ʵʽʰʻʷˍʶʽ ʵʶ˅ʰ˃ʶ˄ʺ 

ʰˉˇʻʺˁʶˎˋʹˌ ˍʶˍʹʴ˃ʷ˄˖˄ ʰ˂ʱˍ˖˄ ˔ʰ˃ʹ˂ʺˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʹ ˎ˕ʹ˂ʺˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌΦ ɮˉˈ ˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ˔ʰ˃ʹ˂ʺˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ˍʰ ˍʶˍʹʴ˃ʷ˄ʰ ʱ˂ʰˍʰ ̄ ʶˊ˄ʱ˄ʶ ˃ʷˋ˖ 

ʰ˄ˍʾ˂ʰˌ ˋˍˇ˄ ʵʷˁˍʹ ˍˇˎ ˉˏˊʴˇˎ ˈˉˇˎ ʻʶˊ˃ʰʾ˄ˇ˄ˍʰʽ ʷ˖ˌ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍ˖˄ уоф ɼΦ ʆʰ 

ʻʶˊ˃ʰʽ˄ˈ˃ʶ˄ʰ h ˉˈ ˍˇ˄ ʵʷˁˍʹ ɦ ˂ʰˍʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ʰˉˇʻʺˁʶˎˋʹˌ ˍʶˍʹʴ˃ʷ˄˖˄ 

ʰ˂ʱˍ˖˄ ˎ˕ʹ˂ʺˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΦ ɮˉˈ ʶˁʶʾ ˇʵʹʴˇˏ˄ˍʰʽ ˃ʶ ʰ˄ˍ˂ʾʰ ˉˊˇˌ ʴʶ˄˄ʺˍˊʽʰ ʰˍ˃ˇˏ ˃ ʷˋ˖ 

ˍʹˌ ʻʶˊ˃ˈˍʹˍʰˌ ʰˉˈ ˍʰ ʱ˂ʰˍʰ ʴʾ˄ʶˍʰʽ ˉʰˊʰʴ˖ʴʺ ʰˍ˃ˇˏ. O ˉʰˊʰʴˈ˃ʶ˄ˇˌ ʰˍ˃ˈˌ ˉʶˊʽˋˍˊʷ˒ʶʽ 

ˍˇ˄ ʰˍ˃ˇˋˍˊˈʲʽ˂ˇ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ˍʰ ʱ˂ʰˍʰ 

ʶˉʽˋˍˊʷ˒ˇˎ˄ ˋˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ˍʶˍʹʴ˃ʷ˄˖˄ ʰ˂ʱˍ˖˄ ˔ʰ˃ʹ˂ʺˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ˉʶˊʾˉˇˎ рсм ɼ ώмрϐΦ 

ʃʰˊˈ˃ˇʽʰ ˂ʶʽˍˇˎˊʴʾʰ ʷ˔ˇˎ˄ ˁʰʽ ˇʽ ʶʴˁʰˍʰˋˍʱˋʶʽˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˉʰˊʰʲˇ˂ʽˁˇˏˌ 

ˁʰʻˊʷˉˍʶˌ όɳʽˁˈ˄ʰ 2-4). ʁʽ ˉʰˊʰʲˇ˂ʽˁˇʾ ˁʰʻˊʷ˒ˍʶˌ ʶ˂ʶʴ˔ˈ˃ʶ˄ˇʽ ʰˉˈ ˎˉˇ˂ˇʴʽˋˍʺ ˋˍˊʷ˒ˇ˄ˍʰʽ 

ˋˎ˄ʶ˔˗ˌ ˉˊˇˌ ˍˇ˄ ʺ˂ʽˇΦ ʅˎʴˁʶ˄ˍˊ˗˄ˇˎ˄ ˍʽˌ ʰˁˍʾ˄ʶˌ ˍˇˎ ʺ˂ʽˇˎ ˁʰʽ ˍʽˌ ˃ʶˍʰˍˊʷˉˇˎ˄ ˋʶ 

ʻʶˊ˃ˈˍʹˍʰΦ ʁʽ ʶ˂ʰ˒ˊ˗ˌ ˁʰ˃ˉˏ˂ˇʽ ˁʰʻˊʷ˒ˍʶˌ ʶˁˍʶʾ˄ˇ˄ˍʰʽ ˋʶ ˏ˕ˇˌ ʱ˄˖ ˍ˖˄ мл ˃ʷˍˊ˖˄Φ 

ɳ˄ʵʽʱ˃ʶˋʰ ˍˇˎ ˉʶʵʾˇˎ ˍ˖˄ ˁʰʻˊʶˉˍ˗˄ ˍˊʷ˔ˇˎ˄ ʰʴ˖ʴˇʾΣ ˋˍˇˎˌ ˇˉˇʾˇˎˌ ˁˎˁ˂ˇ˒ˇˊʶ ʾʻʶˊ˃ʽˁˈ 

˂ʱʵʽΦ ɮˎˍˈ ˍˇ ˋˎ˄ʻʶˍʽˁˈ ˎʴˊˈΣ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʻʶˊ˃ʰ˄ʻʶʾ ˋˍˇˎˌ ссс ʲʰʻ˃ˇˏˌ ɼΣ 

ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ˋʶ ʴʶ˄˄ʺˍˊʽʰ ˉʰˊʰʴ˖ʴʺˌ ʰˍ˃ˇˏ ̀ ˍˇ ˁʷ˄ˍˊˇ ˍˇ  ˎ̄ ʶʵʾˇˎ ̱ ˖˄ ˁʰʻˊʶˉˍ˗˄Σ ˈˉˇˎ 

ˉʰˊʱʴʶˍʰʽ ʰˍ˃ˈˌ ʴʽʰ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ  ̌ʰˍ˃ˇˋˍˊˈʲʽ˂ˇ ̩ˍˇˎ ˋˍʰʻ˃ˇˏ ˉʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌΦ 

ɱʽʰ ˄ʰ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ʵʽʰʻʷˋʽ˃ʹ ʹ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ ˃ʶˍʱ ˍˇ ʹ˂ʽˇʲʰˋʾ˂ʶ˃ʰΣ ʴʾ˄ʶˍʰʽ 

ʶʴˁʰˍʱˋˍʰˋʹ ˃ˇ˄ʱʵ˖  ˄h ˉˇʻʺˁʶˎˋʹˌ ʻʶˊ˃ˈˍʹˍʰˌ [16].  
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ɳʽˁˈ˄ʰ 2-4 Parabolic Trough CSP ʃʹʴʺ: https://www.basf.com/gr/el/who-we-are/core-topics/smart-
energy/storing-sunshine.html 

нΦнΦн ɳ˄ˋ˖˃ʱˍ˖ˋʹ ʹ˂ʽʰˁ˗˄ ˋˍʰʻ˃˗˄ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ 

Ψʂˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ˇʽ ʹ˂ʽʰˁˇʾ ˋˍʰʻ˃ˇʾ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˎʲˊʽʵʽˁ˗˄ ˋˍʰʻ˃˗˄ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌΦ ʁʽ ˁˏˊʽˇʽ ˍˊˈˉˇʽ ˃ʶ ˍˇˎˌ 

ˇˉˇʾˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʰˎˍˈ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌ [24]: 

1. ɶ ʶ˄ˋ˖˃ʱˍ˖ˋʺ ˍˇˎˌ ʴʽʰ ˍʹ˄ ˎˉˇʲˇʺʻʹˋʹ ˍʹˌ ˉˊˇʻʷˊ˃ʰ˄ˋʹˌ ˄ʶˊˇˏ ˋˍˇ˄ ˁˏˁ˂ˇ ˍˇˎ 

ʰˍ˃ˇˏ 

2. ɶ ʶ˄ˋ˖˃ʱˍ˖ˋʺ ˍˇˎˌ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˉʰˊʱ˂˂ʹ˂ʹ ˉʰˊʰʴ˖ʴʺ ʰˍ˃ˇˏ ˋʶ ʶˉʽʻˎ˃ʹˍʱ 

ʶˉʾˉʶʵʰ ˉʾʶˋʹˌ 

3. ɶ ʶ˄ˋ˖˃ʱˍ˖ˋʺ ˍˇˎˌ ˗ˋˍʶ ˄ʰ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ʰ˄ʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ˁʰˎˋʾ˃ˇˎ όˈˉ˖ˌ ˋˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ h ˉˇˋˏ˄ʻʶˋʹˌ ˃ ʶʻʰ˄ˈ˂ʹˌύ 

ʁ ˋˎ˄ʵˎʰˋ˃ˈˌ ʹ˂ʽʰˁ˗˄ ʻʶˊ˃ʽˁ˗˄ ˋˍʰʻ˃˗˄ ˉʰˊʰʴ˖ʴʺˌ ʰˍ˃ˇˏ ˃ʶ ˋˍʰʻ˃ˈ ˎ˕ʹ˂ʺˌ ʰˉˈʵˇˋʹˌ 

ˋˎ˄ʵˎʰˋ˃ʷ˄ˇˎ ˁˏˁ˂ˇˎ ʰʶˊʾˇˎ ʷ˔ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ ˄ʷʰˌ ˁ˂ʱˋʹˌ 

ˉʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌΣ ˍˇˎ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇˎ ʹ˂ʽʰˁˇˏ ˋˎ˄ʵˎʰˋ˃ʷ˄ˇˎ ˁˏˁ˂ˇˎ όIntegrated Solar 

Combined Cycle, ISCC). ɶ ˎ˕ʹ˂ʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˍˇˎ ˋˎ˄ʵˎʰˋ˃ʷ˄ˇˎ ˁˏˁ˂ˇˎ ˃ˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʰ˄ ʶ˒ʶʵˊʽˁʺ ʴʽʰ ˍˇ˄ ʹ˂ʽʰˁˈ ˋˍʰʻ˃ˈ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ʵʶ˄ ˎˉʱˊ˔ʶʽ 

ʹ˂ʽˇ˒ʱ˄ʶʽʰΦ ɾʶ ˍʹ ˋˎ˄ʵˊˇ˃ʺ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹ 

ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˒ˎˋʽˁˇˏ ʰʶˊʾˇˎΣ ˔ʰ˃ʹ˂˗˄ˇ˄ˍʰˌ ˉʶˊʰʽˍʷˊ˖ ˍˇ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˍʹˌ 

ʶʴˁʰˍʱˋˍʰˋʹˌΦ ɳˉʽˉ˂ʷˇ˄Σ ˋʶ ˉʶˊʽˈʵˇˎˌ ˎ˕ʹ˂ʺˌ ʸʺˍʹˋʹˌΣ ˇ ˉʰˊʰʴˈ˃ʶ˄ˇˌ ʰˍ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ 

ʶ˄ʽˋ˔ˏˋʶʽ ˍʹ˄ ʹ˂ʶˁˍˊˇˉʰˊʰʴ˖ʴʺΦ ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˂ˇʽˉˈ˄ ˇ ˁˏˁ˂ˇˌ ISCC ̫ ˔ʶʽ ˍʰ ʶ˅ʺˌ 

ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰΥ 

¶ ɳˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʲʰʻ˃ˈˌ ʰˉˈʵˇˋʹˌ ˍʹˌ ʶʴˁʰˍʱˋˍʰˋʹˌ ˃ʶʴʰ˂ˏˍʶˊˇˌ ˍˇ тл҈ 

¶ ɾʶʽ˗˄ˇ˄ˍʰʽ ˇʽ ʶˁˉˇ˃ˉʷˌ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰˍʱ нол-250 g/kWh 

¶ ɳ˅ˇʽˁˇ˄ˇ˃ʶʾˍʰʽ ˁʰˏˋʽ˃ˇ ʷ˖ˌ ˁʰʽ пл҈ ʰ˒ˇˏ ʴʾ˄ʶˍʰʽ ˃ʶˊʽˁʺ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹ ˍˇˎ 

˒ˎˋʽˁˇˏ ʰʶˊʾˇˎ ʰˉˈ ˍʹ˄ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ 

¶ ʁ˃ʰ˂ˇˉˇʽʶʾˍʰʽ ʹ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ʰˉˈ ˍˇ˄ ʹ˂ʽʰˁˈ ˋˍʰʻ˃ˈ ˁʰʻ˗ˌ ʵʶ˄ 

ʵ̔ ʰˁˈˉˍʶˍʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ 

¶ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˇ ʾʵʽˇˌ ʶ˅ˇˉ˂ʽˋ˃ˈˌ ˃ʶ ʰˎˍˈ˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˇ ˋˎ˄ʵˎʰˋ˃ʷ˄ˇˌ 

ˁˏˁ˂ˇˌ όʰˍ˃ˇˋˍˊˈʲʽ˂ˇˌΣ ʴʶ˄˄ʺˍˊʽʰ ˁˍ˂Φύ ˁʰʽ ˇʽ ˎˉʱˊ˔ˇˎˋʶˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌ 

όˉˊˈˋʲʰˋʹ ˋˍˇ ˎˉʱˊ˔ˇ˄ ʵʾˁˍˎˇύ 

 

 

 

https://www.basf.com/gr/el/who-we-are/core-topics/smart-energy/storing-sunshine.html
https://www.basf.com/gr/el/who-we-are/core-topics/smart-energy/storing-sunshine.html


16 

 

ɼɳʊɮɽɮɹʁ о ς ʊʍʆʁɰʁɽʆɮɻɼʁɹ ʅʆɮɸɾʁɹ 

оΦм ɮˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ 

ɶ ˉ˂ʷˇ˄ ʵʽʰʵʶʵˇ˃ʷ˄ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ʶʾ˄ʰʽ ˃ʷˋ˖ 

˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˋˍʰʻ˃˗˄Φ ɮˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˉ˂ʹʻ˗ˊʰ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ όʊκɰύ ˁˎ˕ʶ˂˗˄ ʺ 

ʰ˂˂ʽ˗ˌ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˋˍˇʽ˔ʶʾʰ όphotovoltaic cells) ˍʰ ˇˉˇʾʰ ˃ʶˍʰˍˊʷˉˇˎ˄  ˍʹ˄ ʹ˂ʽʰˁʺ 

ʶ˄ʷˊʴʶʽʰ όʱ˃ʶˋʹΣ ʵʽʱ˔ˎˍʹ ˁʰʽ ʰ˄ʰˁ˂˗˃ʶ˄ʹύ ˋʶ ʹ˂ʶˁˍˊʽˁʺΦ ʆʰ ˋˍˇʽ˔ʶʾʰ ʰˎˍʱ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ 

ʰˉˈ ʹ˃ʽʰʴ˗ʴʽ˃ʰ ˎ˂ʽˁʱ ˃ʶ ˋˎ˄ʹʻʷˋˍʶˊˇ ˍˇ ˉˎˊʾˍʽˇ ˁʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎˌ ʲʰˋʾʸʶˍʰʽ ˋˍˇ 

˒˖ˍˇʲˇ˂ˍʰʿˁˈ ˒ʰʽ˄ˈ˃ʶ˄ˇΦ ʂˍʰ˄ ʵʹ˂ʰʵʺ ʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˊˇˋˉʾˉˍʶʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ 

ˍˇˎ ˋˍˇʽ˔ʶʾˇˎΣ ˃ʷˊˇˌ ˍʹˌ ʰˉˇˊˊˇ˒ʱˍʰʽ ʰˉˈ ˍˇ ʹ˃ʽʰʴ˗ʴʽ˃ˇ ˎ˂ʽˁˈ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ ˉʶˊʾˋˋʶʽʰˌ ʰˉˈ ʸʶˏʴʹ ˒ˇˊʷ˖˄ όʹ˂ʶˁˍˊˈ˄ʽʰ ˁʰʽ ˇˉʷˌύ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ 

ʶˁʵʺ˂˖ˋʹ ʵʽʰ˒ˇˊʱˌ ʵˎ˄ʰ˃ʽˁˇˏ ʰ˄ʱ˃ʶˋʰ ˋˍˇˎˌ ʰˁˊˇʵʷˁˍʶˌ ˍˇˎ ˋˍˇʽ˔ʶʾˇˎΦ ɳ˅ʶˍʱʸˇ˄ˍʰˌ ˍʹ˄ 

ˁˊˎˋˍʰ˂˂ʽˁʺ ʵˇ˃ʺ ʹ˃ʽʰʴ˖ʴˇˏ ˉˎˊʽˍʾˇˎ όSi)Σ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵˏˇ ˋˍˊ˗˃ʰˍʰΣ ˍˇ˄ ʹ˃ʽʰʴ˖ʴˈ 

ˍˏˉˇˎ n ˁ ʰʽ ˍˇ˄ ʹ˃ʽʰʴ˖ʴˈ ˍˏˉˇˎ p όɳʽˁˈ˄ʰ о-1) [18]. 

 

ɳʽˁˈ˄ʰ 3-м ɼˊˎˋˍʰ˂˂ʽˁʺ ʵˇ˃ʺ ʹ˃ʽʰʴ˖ʴˇˏ Si ʃʹʴʺΥ 
https://science.fandom.com/el/wiki/%CE%97%CE%BC%CE%B9%CE%B1%CE%B3%CF%89%CE%B3%CF%8C%CF%82 

ʆˇ ˉˎˊʾˍʽˇ ʷ˔ʶʽ ˋˍʹ˄ ʶ˅˖ˍʶˊʽˁʺ ˍˇˎ ˋˍˇʽʲʱʵʰ ˍʷˋˋʶˊʰ ʹ˂ʶˁˍˊˈ˄ʽʰ. ʆʰ ˉʶ˄ˍʰˋʻʶ˄ʺ ˋˍˇʽ˔ʶʾʰ 

ˈˉ˖ˌ ˍˇ P ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍʹ˄ ˁˊˎˋˍʰ˂˂ʽˁʺ ʵˇ˃ʺΣ ʰˉˇˍʶ˂ˇˏ˄ ʵˈˍʶˌΦ ʆʷˋˋʶˊʰ 

ʹ˂ʶˁˍˊˈ˄ʽʰ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ ˋˍˇʽʲʱʵʰˌ ˋˎ˄ʻʷˍˇˎ˄ ˍˇ˄ ʵʶˋ˃ˈ P-Si ̀ ˍˇ ˁˊˎˋˍʰ˂˂ʽˁˈ ˉ˂ʷʴ˃ʰΦ ʆˇ 

ˉʷ˃ˉˍˇ ʹ˂ʶˁˍˊˈ˄ʽˇ ˃ʶˍʰʲʰʾ˄ʶʽ ˋˍʹ ʸ˗˄ʹ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌ ˃ʶ ʶ˄ʷˊʴʶʽʰ ˉʶˊʾˉˇˎ лΦм eV ˁʰʽ ʴʽʰ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˍ˖˄ мрл K ̄ ʶˊʾˉˇˎ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ˇ ʽˇ˄ˍʽˋ˃ˈˌ ˍ˖˄ ʵˇˍ˗˄Φ ɮˉˈ ˍʹ˄ 

ʱ˂˂ʹ ˍʰ ˍˊʽˋʻʶ˄ʺ ˋˍˇʽ˔ʶʾʰ ˈˉ˖ˌ ˍˇ B h ˉˇˍʶ˂ˇˏ˄ ˍˇˎˌ ʵʷˁˍʶˌΦ ʆˊʾʰ ʹ˂ʶˁˍˊˈ˄ʽʰ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ 

ˋˍˇʽʲʱʵʰˌ ˋˎ˄ʻʷˍˇˎ˄ ˍˇ˄ ʵʶˋ˃ˈ B-Si  ˋˍˇ ˁˊˎˋˍʰ˂˂ʽˁˈ ˉ˂ʷʴ˃ʰΦ ɶ ʰˉˇˎˋʾʰ ˈ˃˖ˌ ˍˇˎ 

ˍʷˍʰˊˍˇˎ ʹ˂ʶˁˍˊˇ˄ʾˇˎ ˉˊˇˁʰ˂ʶʾ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ζˇˉʺˌη ˋˍˇ ˁˊˎˋˍʰ˂˂ʽˁˈ ˉ˂ʷʴ˃ʰΦ ɶ 

ʶ˄ʶˊʴˇˉˇʾʹˋʹ ʴʶʽˍˇ˄ʽˁˇˏ ʹ˂ʶˁˍˊˇ˄ʾˇˎ ˋˍʹ ʻʷˋʹ ˍʹˌ ˇˉʺˌ ʰˉʰʽˍʶʾ ʶˉʾˋʹˌ ʶ˄ʷˊʴʶʽʰ ˉʶˊʾˉˇˎ 

0.1 eVΦ ʅˎ˄ʶˉ˗ˌ ʴʾ˄ˇ˄ˍʰʽ ˉˊˇˋ˃ʾ˅ʶʽˌ ˃ʶ ʵˈˍʶˌ ˁʰʽ ʰˉˇʵʷˁˍʶˌ ˉʰˊʰˉ˂ʺˋʽ˖˄ ʰˍˇ˃ʽˁ˗˄ 

ʵʽʰˋˍʱˋʶ˖˄Φ ʊʷˊ˄ˇ˄ˍʰˌ ˋʶ ʶˉʰ˒ʺ ʹ˃ʽʰʴ˖ʴˇˏˌ ˉˎˊʽˍʾˇˎ ˍˏˉˇˎ n ˁʰʽ ˍˏˉˇˎ p ˍˇ˄ ʷ˄ʰ˄ 

ʰˉʷ˄ʰ˄ˍʽ ʰˉˈ ˍˇ˄ ʱ˂˂ˇΣ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʹ˂ʶˁˍˊʽˁˈ ˉʶʵʾˇ όʵʾˇʵˇˌύ ˋˍʹ˄ ʶˉʰ˒ʺ ˍˇˎˌ ˍˇ ˇˉˇʾˇ 

ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˁʾ˄ʹˋʹ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ˉˊˇˌ ˃ʽʰ ˃ˈ˄ˇ ˁʰˍʶˏʻˎ˄ˋʹΦ ʆʰ ʶˉʽˉ˂ʷˇ˄ ʹ˂ʶˁˍˊˈ˄ʽʰ ˍʹˌ 

ʶˉʰ˒ʺˌ n ʷ˂ˁˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˇˉʷˌ ˍʽˌ ʶˉʰ˒ʺˌ p ˁʰʽ ʰˎˍʱ ˍʰ ʸʶˏʴʹ ˍ˖˄ ʵˏˇ ˎ˂ʽˁ˗˄ ʰˉˇˍʶ˂ˇˏ˄ 

ˍʰ ʵˇ˃ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˒˖ˍˇʲˇ˂ˍʰʿˁʺˌ ˁˎ˕ʷ˂ʹˌΦ 

 

https://science.fandom.com/el/wiki/%CE%97%CE%BC%CE%B9%CE%B1%CE%B3%CF%89%CE%B3%CF%8C%CF%82
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оΦн ʆʶ˔˄ˇ˂ˇʴʾʶˌ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˁ ʰʽ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʁʽ ʵʽʱ˒ˇˊʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˉˇˎ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍˇˎˌ ʶ˅ʺˌ 

ˉʰˊʱʴˇ˄ˍʶˌΥ 

1. ʆˇ ˁˊˎˋˍʰ˂˂ʽˁˈ ˉˎˊʾˍʽˇ 

ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ʊκɰ ˋˍˇʽ˔ʶʾʰ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ʰˉˈ ʵʽˋˁʾʰ ˃ˇ˄ˇˁˊˎˋˍʰ˂˂ʽˁˇˏ ʺ 

ˉˇ˂ˎˁˊˎˋˍʰ˂˂ʽˁˇˏ ˉˎˊʽˍʾˇˎΦ 

2. ʆh  ˂ʶˉˍʱ ˎ˃ʷ˄ʽʰ (thin film) 

ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˎ ˂ʽˁʱ ̍ ˉ˖ˌ CdTe, CIGS (Copper-Indium-Gallium-Selenide), CIS 

(Copper-Indium-Selenide), ɦ ˃ˇˊ˒ˇ ̄ ˎˊʾˍʽˇ (a-Si), ˃ ʶʽ˗˄ˇ˄ˍʰˌ ˍˇ ˉʱ˔ˇˌ ˍ˖˄ 

ˋˍˇʽ˔ʶʾ˖˄ ˋʶ ˃ʶˊʽˁʱ ˃m ̄ ˇˎ ˋʹ˃ʰʾ˄ʶʽ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ ˁʰˍʰˋˁʶˎʺˌ ʰ˂˂ʱ 

˃ʽˁˊˈˍʶˊʹ ʰˉˈʵˇˋʹ ˃ʶˍʰˍˊˇˉʺˌΦ 

3. ɶ ʰˉˈʵˇˋʹ 

ʆˇ ˉˇˋˇˋˍˈ ʵʹ˂ʰʵʺ ˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ʹ˂ʶˁˍˊʽˁʺΦ 

ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˋˍˇ ˇˉˇʾˇ ʹ ʶ˄ʷˊʴʶʽʰ ˉˇˎ 

ˉʰˊʱʴʶˍʰʽ ʰ˄ˍʽˋˍʰʻ˃ʾʸʶʽ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ˁʰˍʰ˄ʰ˂˖ʻʶʾˋʰ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ʊκɰ 

ˋˍˇʽ˔ʶʾ˖˄ ˁʰʽ ˉ˂ʰʽˋʾ˖˄ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʷˋˋʶˊʰ ʷˍʹΦ ʆˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʰˎˍˈ ˂ʷʴʶˍʰʽ 

Energy Payback Time (EPBT) (ɳʽˁˈ˄ʰ н-2). 

 

                          ɳʽˁˈ˄ʰ 3-2 Energy Payback time for PV 

ʆʰ ʊκɰ ˋˍˇʽ˔ʶʾʰ ˂ˇʽˉˈ˄ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˋʶ ˋʶʽˊʱ ˁʰˍʱ ол ʷ˖ˌ ˁʰʽ тл ˋˍˇʽ˔ʶʾʰ 

ˉʶˊʾˉˇˎ ˁʰʽ ˋˍʹ˄ ʰʴˇˊʱ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋʰ˄ ʊκɰ ˉ˂ʰʾˋʽʰΦ ʆʰ ˉ˂ʰʾˋʽʰ ʰˎˍʱ ˃ʶˍʱ ʰˉˈ ʰ˄ˍʾˋˍˇʽ˔ʹ 

˃ʶ˂ʷˍʹ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋʶ ˋʶʽˊʱ ˁʰʽ ˉʰˊʱ˂˂ʹ˂ʰ ʴʽʰ ˄ʰ ˋˎ˄ʻʷˋˇˎ˄ ʷ˄ʰ ʊκɰ ˉʱˊˁˇΦ 

ʅ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ [19]: 

¶ ʆh  ˉ˂ʰʾˋʽʰ ˃ˇ˄ˇˁˊˎˋˍʰ˂˂ʽˁˇˏ ˉˎˊʽˍʾˇˎ ʷ˔ˇˎ˄ ˍˇ ˎ˕ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ ˁʰʽ ˍʹ˄ ˉʽˇ 

ʶ˄ʶˊʴˇʲˈˊʰ ˁʰˍʰˋˁʶˎʺ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌΦ ʁ ʲʰʻ˃ˈˌ 

ʰˉˈʵˇˋʹˌ ˍˇˎˌ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ мс -му҈ ˁʰʽ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˊˎʻ˃ˈ 

ʴʺˊʰ˄ˋʹˌ ˁʰʽ ˃ʶʾ˖ˋʹˌ ʰˉˈʵˇˋʹˌ ˃ʶ ˍʹ˄ ʻʶˊ˃ˇˁˊʰˋʾʰ 

¶ ʆh  ˉ˂ʰʾˋʽʰ ˉˇ˂ˎˁˊˎˋˍʰ˂˂ʽˁˇˏ ˉˎˊʽˍʾˇˎ ʷ˔ˇˎ˄ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ 

ʲʰʻ˃ˈ ʰˉˈʵˇˋʹˌ ˃ʶˍʰ˅ˏ мп ς 16% 
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¶ ʆʰ ˉ˂ʰʾˋʽʰ ʱ˃ˇˊ˒ˇˎ ˉˎˊʽˍʾˇˎ ʷ˔ˇˎ˄ ˍˇ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ ˁʰˍʰˋˁʶˎʺˌΦ 

ʃʰˊˇˎˋʽʱʸˇˎ˄ ˃ʽˁˊˈˍʶˊʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˋʶ ʰˎ˅ʹ˃ʷ˄ʶˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌΦ ʁ 

ʲʰʻ˃ˈˌ ʰˉˈʵˇˋʺˌ ˍˇˎˌ ˈ˃˖ˌ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ˃ʽˋˈˌ ˍˇˎ ˁˊˎˋˍʰ˂˂ʽˁˇˏΦ  

ɱʶ˄ʽˁʱ ˍʰ ʊκɰ ˉ˂ʰʾˋʽʰ ʷ˔ˇˎ˄ ʶˏˊˇˌ ʽˋ˔ˏˇˌ млл ς 550 Wp ˁʰʽ ʵʽʰˋˍʱˋʶʽˌ нΦл x 1.0 m. 

ɾʶˊʽˁˇʾ ˋˎ˔˄ʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʴʽʰ ˍʹ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ 

ʶʾ˄ʰʽ : 

¶ ɮˉˈʵˇˋʹ ˃ʶˍʰˍˊˇˉʺˌ ʶ˄ʷˊʴʶʽʰˌ όn) [26] 

ɳʾ˄ʰʽ ˇ ˂ˈʴˇˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˉʰˊʰʴˈ˃ʶ˄ʹˌ ʽˋ˔ˏˇˌ όPmpp) ̄ ˊˇˌ ˍʹ˄ ʽˋ˔ˏ ˍʹˌ 

ˉˊˇˋˉʾˉˍˇˎˋʰˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ όG.A) 

                                                          Î
Ȣ

                                                              (3.1) 

¶ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ˉ˂ʺˊ˖ˋʹˌ όFill factor, FF) [25] 

ɳʾ˄ʰʽ ˇ ˂ˈʴˇˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʽˋ˔ˏˇˌ (Pmpp) ̄ ˊˇˌ ˍˇ ʴʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ˊʶˏ˃ʰˍˇˌ 

ʲˊʰ˔ˎˁˏˁ˂˖ˋʹˌ ʶˉʾ ˍʹ˄ ˍʱˋʹ ʰ˄ˇʽˁˍˇˁˏˁ˂˖ˋʹˌ όVoc.Isc). ʃʶˊʽʴˊʱ˒ʶʽ ˍʽˌ 

ʰˉ˗˂ʶʽʶˌ ˍˇˎ ˉ˂ʰʽˋʾˇˎ 

                                                        &&
Ȣ
                                                            (3.2) 

¶ Packing Factor [27] 

ɳʾ˄ʰʽ ˇ ˂ˈʴˇˌ ˍʹˌ ʶ˄ʶˊʴʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍ˖˄ ʊκɰ ˉ˂ʰʽˋʾ˖˄Σ ʵʹ˂ʰʵʺ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˍ˖˄ ʊκɰ ˋˍˇʽ˔ʶʾ˖˄ ˉˊˇˌ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˉ˂ʰʽˋʾˇˎ 

ɳˉʽˉ˂ʷˇ˄ ˔ˊʺˋʽ˃ʶˌ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍ˖˄ ʊκɰ ˋˎˋˍˇʽ˔ʽ˗˄ ʶʾ˄ʰʽ ˇʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʷˌ 

ˁʰ˃ˉˏ˂ʶˌ P-V ˁʰʽ I-V όɳʽˁˈ˄ʰ н-оύΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʰˉˈ ˍʹ˄ ˁʰ˃ˉˏ˂ʹ P-V ʴʾ˄ʶˍʰʽ 

ʷ˂ʶʴ˔ˇˌ ˍ˖˄ ˋˎˋˍˇʽ˔ʽ˗˄ ˋˍˇ ʲʷ˂ˍʽˋˍˇ ˋʹ˃ʶʾˇ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ όMaximum Power 

Point, MPP). ɶ ˃ˇˊ˒ʺ ˍʹˌ ʶʾ˄ʰʽ ʴ˄ʹˋʾ˖ˌ ʰˏ˅ˇˎˋʰ ʷ˖ˌ ˍˇ MPP ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ʴ˄ʹˋʾ˖ˌ ˒ʻʾ˄ˇˎˋʰΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˋˍʹ ˋˎˋˍˇʽ˔ʾʰ ʷ˔ˇˎ˃ʶ ˃ʶˊʽˁʺ ˋˁʾʰˋʹΣ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʱ˄˖ ˍˇˎ ʶ˄ˈˌ ˍˇˉʽˁʱ ˃ʷʴʽˋˍʰΦ 

 

ɳʽˁˈ˄ʰ 3-о ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹ P-V, I-V ˁ ʰʽ ʵʽʰˋˍʱˋʶʽˌ ˍˎˉʽˁˇˏ ʊκɰ ˉ˂ʰʽˋʾˇˎ ʃʹʴʺΥ 
https://www.trinasolar.com/en-glb/product/VERTEX-DE19 

https://www.trinasolar.com/en-glb/product/VERTEX-DE19
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ʅˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ˍʰ ʊκɰ ˉ˂ʰʾˋʽʰ ʵʽʰʻʷˍˇˎ˄ ʵʽˈʵˇˎˌ ˉʰˊʱˁʰ˃˕ʹˌ ˇʽ ˇˉˇʾʶˌ ˉˊˇˋˍʰˍʶˏˇˎ˄ 

ˇ˃ʱʵʶˌ ˋˍˇʽ˔ʶʾ˖˄ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˉ˂ʰʽˋʾˇˎΦ ɮˎˍˈ ʴʽʰˍʾ ʴʽʰ ˊʶˏ˃ʰ ˃ʶʴʰ˂ˏˍʶˊˇ ˍˇˎ 

ˊʶˏ˃ʰˍˇˌ ʲˊʰ˔ˎˁˏˁ˂˖ˋʹˌ ˍˇ ʊκɰ ˋˍˇʽ˔ʶʾˇ ˉˇ˂˗˄ʶˍʰʽ ʰ˄ʱˋˍˊˇ˒ʰ ˁʰʽ ˁʰˍʰ˄ʰ˂˗˄ʶʽ ʽˋ˔ˏ 

ˉʰˊʱʴˇ˄ˍʰˌ ʻʶˊ˃ˈˍʹˍʰΦ ɮ˄ʱ˂ˇʴʰ ˂̌ ʽˉˈ˄ ˃ʶ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˕ˏ˅ʹˌ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄Σ ʰ˄ ʵʹ˂ʰʵʺ 

ˎˉʱˊ˔ʶʽ ʰʶˊʽˋ˃ˈˌ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ʺ ʶʾ˄ʰʽ ʶˁˍʶʻʶʽ˃ʷ˄ʰ ˋˍʹ˄ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ 

ˈˍʰ˄ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ʰˎ˅ʱ˄ʶˍʰʽ ˎˉʱˊ˔ʶʽ ˁʾ˄ʵˎ˄ˇˌ ʰ˄ʱˉˍˎ˅ʹˌ ʻʶˊ˃˗˄ ˁʹ˂ʾʵ˖˄ ˁʰʽ 

ʰ˄ʶˉʰ˄ˈˊʻ˖ˍʹˌ ʲ˂ʱʲʹˌΦ ʅˎ˄ʵʷˇ˄ˍʰˌ ʵʾˇʵˇ ˉʰˊʱˁʰ˃˕ʹˌ ʰ˄ˍʽˉʰˊʱ˂˂ʹ˂ʰ ˋˍʰ ʊκɰ ˋˍˇʽ˔ʶʾʰΣ 

ˈˍʰ˄ ˍˇ ˊʶˏ˃ʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍˇ ˊʶˏ˃ʰ ʲˊʰ˔ˎˁˏˁ˂˖ˋʹˌΣ ˊʷʶʽ ˃ʷˋ˖ ˍʹˌ ʵʽˈʵˇˎ 

ˉʰˊʱˁʰ˃˕ʹˌ ˁʰʽ ˈ˔ʽ ʰˉˈ ˍʰ ʊκɰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʲˊʰ˔ˎˁˎˁ˂˗˄ˇ˄ˍʰʽ [28]. ʆʷ˂ˇˌ ˍʰ ʊɰ ˉ˂ʰʾˋʽʰ 

ʶʵˊʱʸˇ˄ˍʰʽ ʶˉʾ ʶʵʱ˒ˇˎˌ ʶʾˍʶ ˋʶ ˋˍʰʻʶˊʷˌ ʲʱˋʶʽˌ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁ˂ʾˋʹ ˖ˌ ˉˊˇˌ ˍˇ˄ 

ˇˊʾʸˇ˄ˍʰΣ ʶʾˍʶ ˋʶ trackers ˃ ˇ˄ˇˏ ʺ ʵʽˉ˂ˇˏ ʱ˅ˇ˄ʰΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˃ˇ˄ˇˏ ʱ˅ˇ˄ʰΣ ˎˉʱˊ˔ʶʽ 

ˁʾ˄ʹˋʹ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ˋˍˇ˄ ʱ˅ˇ˄ʰ ɮ˄ʰˍˇ˂ʺˌ ς ɲˏˋʹˌ ʶ˄˗ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʵʽˉ˂ˇˏ ʱ˅ˇ˄ʰ 

ˎˉʱˊ˔ʶʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˊˏʻ˃ʽˋʹˌ ˍʹˌ ˁ˂ʾˋʹˌ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ˖ˌ ˉˊˇˌ ˍˇ˄ ˇˊʾʸˇ˄ˍʰ ʴʽʰ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ [17]. 

ɼ˂ʶʾ˄ˇ˄ˍʰˌΣ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ʴʾ˄ˇ˄ˍʰʽ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ʶ˃ˉˇˊʽˁʱ ʵʽʰʵʶʵˇ˃ʷ˄ʰ ˍʰ 

ʵʽ˒ʰˋʽˁʱ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˉ˂ʰʾˋʽʰ όbifacial photovoltaic modules). ɾʷ˔ˊʽ ˋˍʽʴ˃ʺˌ ʷ˔ʶʽ ʴʾ˄ʶʽ 

ʰ˄ʰ˒ˇˊʱ ˋˍʰ ˃ˇ˄ˇ˒ʰˋʽˁʱ ˉ˂ʰʾˋʽʰ όmonofacial photovoltaic modules) ˍʰ ˇˉˇʾʰ 

ʶˁ˃ʶˍʰ˂˂ʶˏˇ˄ˍʰʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ʰˉˈ ˍʹ˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ˉˊˇˋˉʾˉˍʶʽ ˋˍʹ˄ ʶˉʱ˄˖ 

ʶˉʽ˒ʱ˄ʶʽʱ ˍˇˎˌΦ ʆʰ bifacial ˉ˂ʰʾˋʽʰ ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʶˁ˃ʶˍʰ˂˂ʶˏˇ˄ˍʰʽ ˁʰʽ ˍʹ˄ 

ʰ˄ʰˁ˂˗˃ʶ˄ʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʰˉˈ ˍʹ˄ ˁʱˍ˖ ˉ˂ʶˎˊʱ ˍˇˎ ˉ˂ʰʽˋʾˇˎΣ ʰˎ˅ʱ˄ˇ˄ˍʰˌ ʷˍˋʽ ˍʹ 

ˋˎ˄ˇ˂ʽˁʺ ˉʰˊʰʴˈ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˁʱʻʶ ˉ˂ʰʾˋʽˇΦ ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ˋʹ˃ʰ˄ˍʽˁʺ 

ʶˉʾʵˊʰˋʹ ʴʽʰ ˍʹ˄ ʰˉˈʵˇˋʺ ˍˇˎˌ ʷ˔ʶʽ ˍˇ ʷʵʰ˒ˇˌ ˋˍˇ ˇˉˇʾˇ ʶʴˁʰʻʾˋˍʰ˄ˍʰʽΦ ʃʰˊʱʴˇ˄ˍʶˌ ˉˇˎ 

ˍʹ˄ ʶˉʹˊʶʱʸˇˎ˄ ʶʾ˄ʰʽ ʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ, ʶʽʵʽˁʱ ˈˍʰ˄ 

ˉˊ̍ˁʶʽˍʰʽ ʴʽʰ ʶʴˁʰˍʰˋˍʱˋʶʽˌ ˋʶ ˋˁˎˊˈʵʶ˃ʰΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋʶ ˁʰˍˇʽˁʾʶˌΣ ˉˇˎ ʹ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˒ˍʱˋˇˎ˄ ˁʰʽ ˍˇˎˌ слˇC ˋʶ ʰˁˊʰʾʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΦ ʁʽ ˉʰˊʱʴˇ˄ˍʶˌ 

ʰˎˍˇʾ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʹˊʶʱˋˇˎ˄ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˒˖ˍˇʲˇ˂ˍʰʿˁˇˏ ˉ˂ʰʽˋʾˇˎ 

ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˍʹ˄ ʰˉˈʵˇˋʺ ˍˇˎ ώонϐΦ 

оΦо ɳʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ˒˖ˍˇʲˇ˂ˍʰʿˁʺ ʽˋ˔ˏˌΣ ˉˊˇˇˉˍʽˁʷˌ ˁʰʽ ʶ˒ʰˊ˃ˇʴʷˌ 

ɮˉˈ ˍʽˌ ˋˍʰˍʽˋˍʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌ ʴʽʰ ˍʹ ˋˎ˃˃ʶˍˇ˔ʺ ˁʱʻʶ ˉʹʴʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇ ˋˎ˄ˇ˂ʽˁˈ ˃ʾʴ˃ʰ 

ˉʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌ ˉʰˊʰˍʹˊʺʻʹˁʶ ˉ˖ˌ ʹ ʶʴˁʰˍʱˋˍʰˋʹ ʹ˂ʽʰˁ˗˄ ˋˍʰʻ˃˗˄ ˉʰˊˇˎˋʽʱʸʶʽ 

˃ʷ˔ˊʽ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ʷˍʹ ʰ˄ʱˉˍˎ˅ʹ ˃ʶ ʰˊʴˇˏˌ ˊˎʻ˃ˇˏˌΦ ʍˋˍˈˋˇ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˇʽ ɮʃɳ ˄ʰ 

ʰ˄ʰ˂ʱʲˇˎ˄ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇˋˇˋˍˈ ˍˇˎ ˃ʾʴ˃ʰˍˇˌ ˃ʷˋʰ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʵʶˁʰʶˍʾʰΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˍʰ ˒˖ˍˇʲˇ˂ˍʰʿˁʱΣ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʶˉʾˋʹˌ ˍˊˇ˃ʶˊʺ ʰ˄ʱˉˍˎ˅ʹ ˃ʷˋʰ ˋˍʰ 

ʶˉˈ˃ʶ˄ʰ ˔ˊˈ˄ʽʰ όɳʽˁˈ˄ʰ н-4). ʅˏ˃˒˖˄ʰ ˃ʶ ˋˍʰˍʽˋˍʽˁʱ ˍʹˌ EPIA ̄ ʰˊʰˍʹˊʶʾˍʰʽ ʶˍʹˋʾ˖ˌ ʰˏ˅ʹˋʹ 

ˍʹˌ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹˌ ʽˋ˔ˏˇˌ ˁʰˍʱ му ς нл҈Φ ʆˇ ʷˍˇˌ нлмф ˁʰˍʰʴˊʱ˒ʹˁʶ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ʽˋ˔ˏˌ 

ˉʰʴˁˇˋ˃ʾ˖ˌ сооΣт GW ʁ ˄˗ ˍˇ ʷˍˇˌ нлнп ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʰˎ˅ʹʻʶʾ ʰˉˈ мΦмттΣр ʷ˖ˌ ˁʰʽ мΦстуΣл 

GW. 



20 

 

 

ɳʽˁˈ˄ʰ 3-п ɳ˅ʷ˂ʽ˅ʹ ˁʰʽ ˉˊˈʲ˂ʶ˕ʹ ʊκɰ ʽˋ˔ˏˇˌ ˉʰʴˁˇˋ˃ʾ˖ˌ ʃʹʴʺΥ EPIA - Global Outlook for Photovoltaics 
                   2020-2024 https://www.solarpowereurope.org/global-market-outlook-2020-2024/ 

ɮˉˈ ˍʹ˄ ʾʵʽʰ ˉʹʴʺΣ ʹ ˔˗ˊʰ ˃ʶ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˃ʶˊʾʵʽˇ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹˌ ʊκɰ ʽˋ˔ˏˇˌ ʶʾ˄ʰʽ ʹ 

ɼʾ˄ʰΣ ʶ˄˗ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶˊʾʵʽʰ ʷ˔ˇˎ˄ ɶʃɮ ˁʰʽ ɹʰˉ˖˄ʾʰ όɳʽˁˈ˄ʰ н-5). ɳˉʽˉ˂ʷˇ˄ ʹ ˔˗ˊʰ ˃ʶ ˍʹ 

˃ʶʴʰ˂ˏˍʶˊʹ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ʽˋ˔ˏ ˁʰˍʱ ˁʶ˒ʰ˂ʺ˄ ʶʾ˄ʰʽ ʹ ɮˎˋˍˊʰ˂ʾʰ όсун Watt/capita) ˁʰʽ 

ʰˁˇ˂ˇˎʻˇˏ˄ ɱʶˊ˃ʰ˄ʾʰ όрфр Watt/capita) ˁʰʽ ɹʰˉ˖˄ʾʰ όпфс Watt/capita). ɶ ɳ˂˂ʱʵʰ ˁʰˍʷ˔ʶʽ 

ˍʹ˄ ˈʴʵˇʹ ʻʷˋʹ ˋʶ ʰˎˍʺ ˍʹ˄ ˁʰˍʱˍʰ˅ʹ ˃ʶ нтл Watt/capita [29]. 

 

ɳʽˁˈ˄ʰ 3-5 Global share of energy production 2020 ʃʹʴʺ: https://www.solarpowereurope.org/global-market-
outlook-2020-2024/ 

ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱ ˉʰˊʰˍʹˊʶʾˍʰʽ ˒ʻʾ˄ˇˎˋʰ ˍʱˋʹ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ʊκɰ ˋˍʰʻ˃˗˄ 

ˍˈˋˇ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ όɳʽˁˈ˄ʰ н-сύ ˈˋˇ ˁʰʽ ˋˍˇ ˋˍʰʻ˃ʽˋ˃ʷ˄ˇ ˁˈˋˍˇˌ 

ˉʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌ LCOE (ɳʽˁˈ˄ʰ н-7). 

https://www.solarpowereurope.org/global-market-outlook-2020-2024/
https://www.solarpowereurope.org/global-market-outlook-2020-2024/
https://www.solarpowereurope.org/global-market-outlook-2020-2024/


21 

 

 

ɳʽˁˈ˄ʰ 3-6 ɼˈˋˍˇˌ ʊκɰ ˉ˂ʰʽˋʾ˖˄ ʃʹʴʺΥ NREL Q2/Q3 2020 Solar Industry Update http://nrel -
primo.hosted.exlibrisgroup.com/primo_library/libweb/action/search.do?menuitem=0&fromTop=true&fromPrefer

ences=false&fromEshelf=false&vid=Pubs

 

ɳʽˁˈ˄ʰ 3-7 LCOE ̄ ʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌ ʰˉˈ ʊκɰ ʃʹʴʺΥ Lazard's levelised cost of energy analysis 
https:// www.lazard.com/perspective/ levelized-cost-of-energy-levelized-cost-of-storage-and-levelized-cost-of-
hydrogen/ 

ʅˍˇ˄ ʶ˂˂ʰʵʽˁˈ ̝ ˗ˊˇ ʹ ʶʴˁʰˍʱˋˍʰˋʹ ʊκɰ ˅ʶˁʾ˄ʹˋʶ ˇˎˋʽʰˋˍʽˁʱ ˍˇ ʷˍˇˌ нллс ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ 

ˍˇˎ ɿΦ опсуκнллс ˇ ˇˉˇʾˇˌ ʷʵ˖ˋʶ ˗ʻʹˋʹ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ɮʃɳΦ ɳˁʶʾ˄ʹ ˍʹ˄ ˉʶˊʾˇʵˇ 

ˁʰˍʰˍʷʻʹˁʰ˄ ˉʶˊʾˉˇˎ уллл ʰʽˍʺˋʶʽˌ ʴʽʰ ʶʴˁʰˍʱˋˍʰˋʹ ʊκɰ ʽˋ˔ˏˇˌ ˉʶˊʾˉˇˎ оΣт GW. ɾʶ ˍˇ˄ 

˄ˈ˃ˇ ʰˎˍˈ ˇʽ ˍʽ˃ʷˌ ˍʹˌ ˍʰˊʾ˒ʰˌ ˉˇˎ ʶʾ˔ʰ˄ ˁʰʻʽʶˊ˖ʻʶʾ όFeed in Tariff) ʺˍʰ˄ ˎ˕ʹ˂ʷˌ ˃ʶ 

http://nrel-primo.hosted.exlibrisgroup.com/primo_library/libweb/action/search.do?menuitem=0&fromTop=true&fromPreferences=false&fromEshelf=false&vid=Pubs
http://nrel-primo.hosted.exlibrisgroup.com/primo_library/libweb/action/search.do?menuitem=0&fromTop=true&fromPreferences=false&fromEshelf=false&vid=Pubs
http://nrel-primo.hosted.exlibrisgroup.com/primo_library/libweb/action/search.do?menuitem=0&fromTop=true&fromPreferences=false&fromEshelf=false&vid=Pubs
http://nrel-primo.hosted.exlibrisgroup.com/primo_library/libweb/action/search.do?menuitem=0&fromTop=true&fromPreferences=false&fromEshelf=false&vid=Pubs
https://www.lazard.com/perspective/levelized-cost-of-energy-levelized-cost-of-storage-and-levelized-cost-of-hydrogen/
https://www.lazard.com/perspective/levelized-cost-of-energy-levelized-cost-of-storage-and-levelized-cost-of-hydrogen/
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ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˍˊˇˉˇˉˇʽʹʻʶʾ ʰˉˈ ˃ʽʰ ˋʶʽˊʱ ʶˉˈ˃ʶ˄˖˄ ˄ˈ˃˖˄ όɿΦ оурмκнлмлΣ ɿΦ 4001/2011, 

ɿ пнрпκнлмпύ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʽˌ ˍʽ˃ʷˌ ʴʽʰ ʊκɰ ʶ˄ʷˊʴʶʽʰ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˄ʰ ˃ʶʽ˖ʻʶʾ ˇ ˊˎʻ˃ˈˌ 

ʶʴˁʰˍʱˋˍʰˋʹˌ ˄ʷ˖˄ ˋˍʰʻ˃˗˄Φ ʁ ʰˊ˔ʽˁˈˌ ˋˍˈ˔ˇˌ ˉˇˎ ˍʷʻʹˁʶ ʰˉˈ ˍʹ˄ ɳ˂˂ʱʵʰ ˍˇ нлмл ʺˍʰ˄ ˄ʰ 

ˉʶˍˏ˔ʶʽ мΣр GW ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʰ ʊκɰ ʷ˖ˌ ˍˇ нлмп ˁʰʽ нΣн GW ʷ˖ˌ ˍˇ нлнл ˔˖ˊʾˌ ˄ʰ 

ˉˊˇˋ˃ʶˍˊ˗˄ˍʰʽ ˍʰ ˇʽˁʽʰˁʱ ʊκɰΦ ʁ ˋˍˈ˔ˇˌ ʰˎˍˈˌ ˎˉʶˊˁʰ˂ˏ˒ʻʹˁʶ ˍˇ нлмо ˁʰʽ ʷˁˍˇˍʶ ˎˉʺˊ˅ʶ 

ˏ˒ʶˋʹ ˋˍʹ˄ ʰʴˇˊʱ ʷ˖ˌ ˈˍˇˎ ˍʹ˄ ˁˏˊ˖ˋʹ ˍˇˎ ɿΦ ппмпκнлмсΦ ɶ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ʽˋ˔ˏˌ ʊκɰ 

ʶˉʽˁˊʱˍʶʽʰˌ ˋˍʹ˄ ɳ˂˂ʱʵʰ ˍʹ˄ мκнлнм ˁʰˍʰʴˊʱ˒ʹˁʶ ˋʶ оΣо GW όɳʽˁˈ˄ʰ н-уύΦ ɾʶ ˍʹ ʻʷˋˉʽˋʹ 

ˍˇˎ ɳʅɳɼ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉˊˇʹʴˇˎ˃ʷ˄˖ ̩ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˋˎ˄ˇ˂ʽˁʺ ʽˋ˔ˏˌ тΣт GW ʷ˖ˌ ˍˇ ʷˍˇˌ 

2030 [29] [30].  

 

ɳʽˁˈ˄ʰ 3-у ɳ˂˂ʹ˄ʽˁʺ ʰʴˇˊʱ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ʃʹʴʺΥ https://helapco.gr/statistika-ellhnikhs-agoras-fwtovoltaikwn/ 

ɴ˄ʰˌ ʰˉˈ ˍˇˎˌ ˂ˈʴˇˎˌ ˉˇˎ ʶʾ˄ʰʽ ʶˏˁˇ˂ʹ ʹ ˔ˊʺˋʹ ʊκɰ ʶʾ˄ʰʽ ˈˍʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ 

ˍˈˋˇ ˋʶ ʶˉʾˉʶʵʰ ˃ʶʴʱ˂ʹˌ ʽˋ˔ˏˇˌ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ʊκɰ ˉʱˊˁ˖˄ ʺ ˎʲˊʽʵʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ISCC 

ˉˇˎ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˋˍˇ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇΣ ʰ˂˂ʱ ˁʰʽ ˋʶ ˃ʽˁˊˈˍʶˊʰ ʶˉʾˉʶʵʰ ʽˋ˔ˏˇˌ ʴʽʰ 

ˇʽˁʽʰˁʺ ˔ˊʺˋʹ ʺ ʴʽʰ ˃ʽˁˊʷˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ˔ˊʺˋʶʽˌ ˃ʶ ˍʹ ˃ˇˊ˒ʺ net meteringΦ ɳˉʽˉ˂ʷˇ˄ ʴʽʰ 

ʶʴˁʰˍʰˋˍʱˋʶʽˌ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ʶˌ ʰˉˈ ˍˇ ˎˉʱˊ˔ˇ˄ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇΣ ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋʻʶʾ 

ʰˎˍˈ˄ˇ˃ˇ ˋˏˋˍʹ˃ʰ ʊκɰ ʴʽʰ ʰˉˇ˒ˎʴʺ ˍˇˎ ˃ʶʴʱ˂ˇˎ ˁˈˋˍˇˎˌ ʷˊʴ˖˄ ˋˏ˄ʵʶˋʹˌΦ ɶ ʶ˒ʰˊ˃ˇʴʺ 

ˍʷˍˇʽˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˉˊˇːˉˇʻʷˍʶʽ ˁʱˉˇʽʰ ˃ʷʻˇʵˇ ʰˉˇʻʺˁʶˎˋʹˌ ʶ˄ʷˊʴʶʽʰˌ ʴʽʰ ʶ˅ʰˋ˒ʱ˂ʽˋʹˌ 

ʰˎˍˇ˄ˇ˃ʾʰˌΦ ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʻʰ ˉˊˇˋˇ˃ˇʽ˖ʻʶʾ ˍˈˋˇ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎ 

ʊκɰ ˉʱˊˁˇˎ ʴʽʰ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˉ˗˂ʹˋʹ ˋˍʹ˄ ˍʽ˃ʺ ˍʰˊʾ˒ʰˌΣ ˈˋˇ ˁʰʽ ʷ˄ʰ ʰˎˍˈ˄ˇ˃ˇ 

ˋˏˋˍʹ˃ʰ ʴʽʰ ˇʽˁʽʰˁʺ ˔ˊʺˋʹΦ 

ʆʷ˂ˇˌ ˂ˈʴ˖ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁˈˍʹˍʰˌ ˍ˖˄ ɮʃɳ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉʰʴˁˇˋ˃ʾ˖ˌ ˉˊˇˋˉʱʻʶʽʶˌ ʴʽʰ 

ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ʰˉˇʻʺˁʶˎˋʹˌ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˊˎʻ˃ʽˋˍʽˁ˗˄ ˉ˂ʰʽˋʾ˖˄Φ 

ʍˌ ʰˉˇʻʺˁʶˎˋʹ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˇˊʾʸʶˍʰʽ 

ζʹ ʰ˄ʰʲˇ˂ʺ ˍʹˌ ˍʶ˂ʽˁʺˌ ˔ˊʺˋʹˌ ˍʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˃ʶˍʰʴʶ˄ʷˋˍʶˊʹ 

ʰˉˈ ʰˎˍʺ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ˍʹˌ ʺ ʹ ˃ʶˍʰˍˊˇˉʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ˃ˇˊ˒ʺ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ 

˃ˉˇˊʶʾ ˄ʰ ʰˉˇʻʹˁʶˎˍʶʾΣ ʹ ʰˉˇʻʺˁʶˎˋʹ ˍʹˌ ʶ˄ ˂ˈʴ˖ ʶ˄ʷˊʴʶʽʰˌΣ ˁʰʽ ʹ ˃ʶˍʰʴʶ˄ʷˋˍʶˊʹ ʶˁ ˄ʷˇˎ 

˃ʶˍʰˍˊˇˉʺ ˍʹˌ ʶ˄ ˂ˈʴ˖ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ ʺ ʹ ˔ˊʺˋʹ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ˒ˇˊʷʰ 

ʶ˄ʷˊʴʶʽʰˌΦη ɮ˅ʽˇˋʹ˃ʶʾ˖ˍʹ ˉˊˇˌ ʰˎˍʺ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˋˍˇ˄ ʶ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʶʾ˄ʰʽ ʹ ʶʽˋʺʴʹˋʹ 

ˍʹˌ ʁɲɳ ζɲʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ʻʶˋ˃ʽˁˇˏ ˁʰʽ ˊˎʻ˃ʽˋˍʽˁˇˏ ˉ˂ʰʽˋʾˇˎ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ 

ˋˎ˃˃ʶˍˇ˔ʺ ˃ˇ˄ʱʵ˖˄ ʰˉˇʻʺˁʶˎˋʹˌ ˋˍʽˌ ʰʴˇˊʷˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˋʶ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ 

ʽˋ˔ˏˇˌη, 2021. [33] 

https://helapco.gr/statistika-ellhnikhs-agoras-fwtovoltaikwn/
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ɼɳʊɮɽɮɹʁ п ς ʃʄʁʅʁɾʁɹʍʅɶ ʊʍʆʁɰʁɽʆɮɻɼʁʇ ʅʇʅʆɶɾɮʆʁʅ 

                            ɲɹɮʅʇɿɲɳɲɳɾɳɿʁʇ ʅʆʁ ɲɹɼʆʇʁ 

пΦм ɳʽˋʰʴ˖ʴʺ 

ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ʴʾ˄ʶʽ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ 

ˋˎˋˍʹ˃ʱˍ˖˄ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄˖˄ ˋˍˇ ʵʾˁˍˎˇ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ PVsystΦ ɶ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʰ˒ˇˊʱ ˋˏˋˍʹ˃ʰ ʽˋ˔ˏˇˌ рллkW. ɰʰˋʾʸʶˍʰʽ ˋʶ ̄ ˊʰʴ˃ʰˍʽˁˈ ʷˊʴˇ ˉˇˎ ʲˊʾˋˁʶˍʰʽ 

ˋˍ́ ˉʶˊʽˇ˔ʺ ˍʹˌ ɸʶˋˋʰ˂ʾʰˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ˁˇ˄ˍʱ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ʊʰˊˋʱ˂˖˄Φ 

ɮˊ˔ʽˁʱ ʻʰ ʰ˄ʰ˂ˎʻʶʾ ˇ ˍˊˈˉˇˌ ʶʽˋʰʴ˖ʴʺˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˁʰʽ ˇʽ ʲʰˋʽˁʷˌ 

ʷ˄˄ˇʽʶˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʽ˄ ˁʰˍʱ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʻʰ 

ʶ˅ʶˍʰˋʻʶʾ ʹ ˔˖ˊˇʻʷˍʹˋʹ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˖ˌ ˉˊˇˌ ˍʹ ˋˁʾʰˋʹ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄Φ ɾʶ ˍˇ ˍˊʷ˅ʽ˃ˇ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˇ ˔ˊʺˋˍʹˌ ˉʰʾˊ˄ʶʽ ˍʹ˄ ˉʰˊʰʴˈ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰ ʰ˄ʱ ˃ʺ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʶˍʱˋʶʽ ˍˇ 

ˋˏˋˍʹ˃ʱ ˍˇˎ ˖ˌ ˉˊˇˌ ˍʽˌ ʰˉ˗˂ʶʽʶˌΦ ɰʱˋʶʽ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰˎˍ˗˄ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʵʾ˄ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ʵʽʶ˅ʰʴ˖ʴʺˌ ˇʽˁˇ˄ˇ˃ʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄Φ ʃʷˊʰ˄ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˃ʶ˂ʷˍʹˌ ʻʰ ʴʾ˄ʶʽ 

ˁʰʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʶ ˉʰˊʰ˃ʶˍˊʽˁʷˌ ˃ʶ˂ʷˍʶˌ ʴʽʰ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ʃʰˊʰˁʱˍ˖ 

˒ʰʾ˄ʶˍʰʽ ʷ˄ʰ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ˇ ˋˁʾˍˋˇ ˍˇˎ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ όɳʽˁˈ˄ʰ пΦмύΦ  

 

 

ɳʽˁˈ˄ʰ п-1 ɮˉ˂ˇˉˇʽʹ˃ʷ˄ˇ ˋˁʾˍˋˇ ʊɰ ˋˎˋˍʺ˃ʰˍˇˌ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎ ˋˍˇ ʵʾˁˍˎˇ 

ɱʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˇ ˔ˊʺˋˍʹˌ ˁʰ˂ʶʾˍʰʽ ʰˊ˔ʽˁʱ ˄ʰ ˇˊʾˋʶʽ ˍˇ ʶʾʵˇˌ ˍ˖˄ ʲʱˋʶ˖˄ ˋˍʺˊʽ˅ʹˌ ˍ˖˄ 

ʊɰ ˉ˂ʰʽˋʾ˖˄ ˁʰʽ ˍˇ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍˇˎˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ ʶˉʽ˂ˇʴʺ ˍˇˎ ˍˏˉˇˎ 

ˉ˂ʰʽˋʾ˖˄ ˁʰʽ ʰ˄ˍʽˋˍˊˇ˒ʷ˖˄ ˉˇˎ ʶˉʽʻˎ˃ʶʾ ˁʰʻ˗ˌ ˁʰʽ ˇˊʽˋ˃ˈˌ ˍʹˌ ˋˎ˄ʵʶˋ˃ˇ˂ˇʴʾʰˌ ˍˇˎˌΦ 

ɮˁˇ˂ˇˎʻʶʾ ˉˊˇʰʽˊʶˍʽˁʱ ʶʽˋʰʴ˖ʴʺ ˋˍˇʽ˔ʶʾ˖˄ ʴʽʰ ˍˇ˄ ʰˁˊʽʲʺ ˎˉˇ˂ˇʴʽˋ˃ˈ ʰˉ˖˂ʶʽ˗˄ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌΦ ʆʷ˂ˇˌΣ ̌  ˔ˊʺˋˍʹˌ ʶ˂ʷʴ˔ʶʽ ˍʹ ˋˁʾʰˋʹ ˍʹˌ ˔˖ˊˇʻʷˍʹˋʹˌ ˃ʶ ˋ˔ʶʵʽʰˋ˃ˈ ˍʹˌ ʶʾˍʶ ˃ʶ 

ˍʹ ʲˇʺʻʶʽʰ ˍˊʾˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ʶʾˍʶ ˃ʷˋʰ ˋˍˇ ʾʵʽˇ ˍˇ PVsyst. 

ʆˇ ʴˊʰ˒ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ˋˍˇ ˇˉˇʾˇ ʵˇˎ˂ʶˏʶʽ ˇ ˔ˊʺˋˍʹˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ˉʰˊʰˁʱˍ˖ όɳʽˁˈ˄ʰ п-нύΦ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˇ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌΣ ʹ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

ˁʰʽ ˇʽ ʰˉ˗˂ʶʽʶˌ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʽˌ ˁˏˊʽʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ʴʽʰ ˍʹ˄ ʵʽʶ˅ʰʴ˖ʴʺ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

ˁʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ˋˁʽʱˋʶ˖˄ ˋˍʽˌ ˉˊˇʰʽˊʶˍʽˁʷˌΦ ɳˉʽˉ˂ʷˇ˄ ˇ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 

˄ʰ ˇˊʾˋʶʽ ˉʰˊʰ˃ʷˍˊˇˎˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʰˉˇʻʹˁʶˏʶʽ ʶ˄ʷˊʴʶʽʰ ˁʰʽ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʻʷ˂ʶʽ 

˄ʰ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻˇˏ˄ ˋˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˇʽ ʽʵʽˇˁʰˍʰ˄ʰ˂˗ˋʶʽˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ʅˍʹ˄ 

ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹ ʵʶ˄ ʻʰ ʰˋ˔ˇ˂ʹʻˇˏ˃ʶ ˃ʶ ʰˎˍʷˌ ˍʽˌ ʶˉʽ˂ˇʴʷˌΦ  
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ɳʽˁˈ˄ʰ п-н ɱˊʰ˒ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ t±ǎȅǎǘ ʴʽʰ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇ ˋˏˋˍʹ˃ʰ 

пΦн ɱʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌ 

ɮˊ˔ʽˁʱ ˇˊʾʸʶˍʰʽ ʹ ʴʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˗ˋˍʶ ˄ʰ ˇˊʽˋʻˇˏ˄ ˍʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ 

ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌΦ ʁ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ʶʾˍʶ ˃ʷˋʰ ʰˉˈ ˔ʱˊˍʹ 

ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ όɳʽˁˈ˄ʰ п-3)Σ ʶʾˍʶ ʶʽˋʱʴˇ˄ˍʰˌ ˍʽˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍˇˎ ʷˊʴˇˎΦ ɾˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ 

ʰˉˇʻʹˁʶˏʶʽ ˋʶ ʲʽʲ˂ʽˇʻʺˁʶˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ˍʹ˄ ˍˇˉˇʻʶˋʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˗ˋˍʶ ˄ʰ ʷ˔ʶʽ 

ʴˊʺʴˇˊʹ ˉˊˈˋʲʰˋʹ ˋʶ ʰˎˍʺ˄ ʴʽʰ ˃ʶˍʷˉʶʽˍʰ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌΦ  

 

ɳʽˁˈ˄ʰ п-о ɳˉʽ˂ˇʴʺ ʴʶ˖ʴˊʰ˒ʽˁʺˌ ʻʷˋʹˌ ˃ʶ˂ʷˍʹˌ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ t±ǎȅǎǘ 

ɾʶ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ʴʶ˖ʴˊʰ˒ʽˁʺˌ ˍˇˉˇʻʶˋʾʰˌ ˍʹˌ ˃ʶ˂ʷˍʹˌΣ ˍʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˒ˇˊˍ˗˄ˇ˄ˍʰʽ ʰˎˍˈ˃ʰˍʰ ʰˉˈ ʲʽʲ˂ʽˇʻʺˁʶˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏΦ ʁ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ ˉˊˈˋʲʰˋʹ 

ˋʶ ʰˎˍʱ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˍʰ ʶ˅ʱʴʶʽ ˋʶ ˉʾ˄ʰˁʶˌ excel. ʆˇ ʷˊʴˇ ʲˊʾˋˁʶˍʰʽ ˋˍʹ ʻʷˋʹ ˃ʶ ʴʶ˖ʴˊʰ˒ʽˁˈ 

ˉ˂ʱˍˇˌ офΣоллтˇ ˁ ʰʽ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ ннΣорпнˇΦ ʆʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 

ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ п-1. 
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Site Khaidaria      

Country Greece      

Region Europe      

Source 
Meteonorm 8.0 (1994-2006), Sat=100% 
     

Latitude 39.3007 o    

Longitude 22.3542 o    

Altitude 134 m    

Time Zone 2 GMT    

Albedo 0.2    

Values 

Global Horizontal 
Irradiation 

Horizontal Diffuse 
Irradiation 

Temperature 
Wind 

Velocity 
Relative 
Humidity 

 
Month ƪ²ƘκƳчκƳƻƴǘƘ ƪ²ƘκƳчκƳƻƴǘƘ ϲ/ m/s %  

January 63.2 28.9 6 1.90 78.1  

February 77.2 36.6 7.7 2.19 75.5  

March 125.7 60.3 11.1 2.3 68.7  

April 160.5 72.5 14.6 2.39 67.4  

May 199.5 72.7 20.2 2.5 58  

June 207.9 85.3 25 2.6 51.5  

July 215.1 85.2 27.9 2.7 46.6  

August 197 70.3 27.3 2.51 48.3  

September 143.9 49.8 21.8 2.2 63.4  

October 98.1 48.4 17 1.71 71.6  

November 63.8 29.8 11.7 1.41 80.7  

December 52 29.1 7.2 1.69 79.5  

Year 1603.9 668.9 16.4 2.17 65.8  

ʃʾ˄ʰˁʰˌ п-м ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʴʶ˖ʴˊʰ˒ʽˁʺˌ ʻʷˋʹˌ ˃ʶ˂ʷˍʹˌ ʰˉˈ ˂ˇʴʽˋ˃ʽˁˈ t±ǎȅǎǘ 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˉʾ˄ʰˁʰ ˈˉ˖ˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʰˍʱ ˋˍʺ˂ʹ ʶʾ˄ʰʽ ʹ ˇˊʽʸˈ˄ˍʽʰ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ʹ ˇˊʽʸˈ˄ˍʽʰ ʵʽʱ˔ˎˍʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ʹ ˃ʷˋʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ʰ˄ʱ ˃ʺ˄ʰΣ ʹ ˃ʷˋʹ 

ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰʽ ʹ ˋ˔ʶˍʽˁʺ ˎʴˊʰˋʾʰΦ 

ɮˁˇ˂ˇˎʻʶʾ ʹ ʶˉʽ˂ˇʴʺ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄Φ ʁ ˔ˊʺˋˍʹˌ ˁʰ˂ʶʾˍʰʽ ˄ʰ ˇˊʾˋʶʽ ˍˇ 

ʰʸʽ˃ˇˏʻʽˇ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ˉˇˎ ʶˉʽʻˎ˃ʶʾΣ ˍˇ ʶʾʵˇˌ ˍ˖˄ ʲʱˋʶ˖˄ ˋˍʺˊʽ˅ʹˌ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ 

όˋˍʰʻʶˊʷˌ ʲʱˋʶʽˌ ʺ trackerύ ˁʰʽ ˍʹ ʴ˖˄ʾʰ ˁ˂ʾˋʹˌ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˋˍʰʻʶˊ˗˄ 

ʲʱˋʶ˖˄Φ 

ɶ ʴʶ˖ʴˊʰ˒ʽˁʺ ˍˇˉˇʻʶˋʾʰ ˍˇˎ ʷˊʴˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʲˈˊʶʽˇ ʹ˃ʽˋ˒ʰʾˊʽˇ ˍʹˌ ʴʹˌΦ ʅˎ˄ʶˉ˗ˌ ˍˇ 

ʰʸʽ˃ˇˏʻʽˇ ʴʽʰ ˍʹ ʲʷ˂ˍʽˋˍʹ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ʴҐлˇ ώмϐΦ ʆˇ 

ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʶˉʰ˂ʹʻʶˏʶˍʰʽ ˁʰʽ ʰˉˈ ʴˊʱ˒ʹ˃ʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˁʰˍʱ ˍˇ˄ 

ʶʽˋʰʴ˖ʴʺ ̱ ˇˎ ʰʸʽ˃ˇˏʻʽˇˎ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ ʵʶ˅ʽʱ ˉ˂ʶˎˊʱ ˍʹˌ ɳʽˁˈ˄ʰˌ п-4. 
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ɳʽˁˈ˄ʰ п-п ɳˉʽ˂ˇʴʺ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ ˁʰʽ ʴ˖˄ʾʰˌ ˁ˂ʾˋʹˌ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˋˍˇ t±ǎȅǎǘ 

ɱʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶ˂ʷˍʹ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˋˍʰʻʶˊʷˌ ʲʱˋʶʽˌΦ ɶ ˁ˂ʾˋʹ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ˇˊʾˋˍʹˁʶ 

ˋˍʽˌ нтˇΦ ɶ ʶˉʽ˂ˇʴʺ ʰˎˍʺ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʰˉʷ˔ʶʽ ʰˉˈ ˍˇ ʲʷ˂ˍʽˋˍˇ ʵˎ˄ʰˍˈ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˁʰˍʱ лΣс҈Φ ɼʰˍʱ ˍˇ ˋˍʱʵʽˇ ʰˎˍˈ ˈ˃˖ˌ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʵʶ˄ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʽ˄ ˍˇ 

ʶʾʵˇˌ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄Φ ʂˉ˖ˌ ʻʰ ʵˇˏ˃ʶ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˍʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶ˂ʷˍʹ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ʊɰ ˉʱ˄ʶ˂ Bifacial. Th  ˉ˂ʰʾˋʽʰ ʰˎˍʱ ʶˁ˃ʶˍʰ˂˂ʶˏˇ˄ˍʰʽ ˍʹ˄ 

ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ˁʰʽ ʰˉˈ ˍʽˌ ʵˏˇ ˉ˂ʶˎˊʷˌ ˍˇˎ ˉ˂ʰʽˋʾˇˎΦ ɾʶ ˉʰˊˈˍˊˎ˄ˋʹ ˂ˇʽˉˈ˄ ˍˇˎ 

ˁʰˍʰˋˁʶˎʰˋˍʺΣ ʹ ˁ˂ʾˋʹ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ʴʽʰ ˍʹ˄ ʲʷ˂ˍʽˋˍʹ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ʰˎˍʺˌ 

ˇˊʾˋˍʹˁʶ ˋˍʽˌ нтˇΦ ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ʹ  ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʴʾ˄ʶˍʰʽ ˃ʶ 

ʴ˄˗˃ˇ˄ʰ ̱ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˋʶ ˈ˂ˇ ˍˇ ʷˍˇˌΦ ʁ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ ʴʽʰ ˇˉˇʽˇʵʺˉˇˍʶ ˂ˈʴˇ ˄ʰ 

ˇˊʾˋʶʽ ˋʰ˄ ˉˊˇʶˉʽ˂ˇʴʺ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˃ˈ˄ˇ ˁʰˍʱ ˍˇˎˌ 

ʻʶˊʽ˄ˇˏˌ όɮˉˊʾ˂ʽˇ ʷ˖ˌ ʅʶˉˍʷ˃ʲˊʽˇύ ʺ ˍˇˎˌ ˔ʶʽ˃ʶˊʽ˄ˇˏˌ ˃ʺ˄ʶˌ όʁˁˍ˗ʲˊʽˇ ʷ˖ˌ ɾʱˊˍʽˇύΦ ɾʶ 

ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˎˍ˗˄ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʶˉʽˋˍˊʷ˒ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ 

ʶˁ˃ʶˍʰ˂˂ʶˎˈ˃ʶ˄ʹ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ʾˋʹ ˃ʶ мупн kWh/m2.  

пΦо ɳˉʽ˂ˇʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˋˎˋˍʺ˃ʰˍˇˌ 

ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍˇ ˍˊʷ˅ʽ˃ˇ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʶʾ˄ʰʽ ˇ ˍˏˉˇˌ ˍ˖˄ ʊɰ 

ˉ˂ʰʽˋʾ˖˄Σ ˇ ˍˏˉˇˌ ˍ˖˄ ʰ˄ˍʽˋˍˊˇ˒ʷ˖˄Σ ˍˇ ˉ˂ʺʻˇˌ ʰˎˍ˗˄ ˁʰʽ ˇ ˍˊˈˉˇˌ ˋˎ˄ʵʶˋ˃ˇ˂ˇʴʾʰˌ ˍˇˎΦ  

ɶ ʵʽʰʵʽˁʰˋʾʰ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʶ˄ˈˌ ʰˎˍˈ˄ˇ˃ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʹ ʶ˅ʺˌ [2]: 

ɮˊ˔ʽˁʱ ˁʰʻˇˊʾʸʶˍʰʽ ʹ ʽˋ˔ˏˌ ʰʽ˔˃ʺˌ ˍʹˌ ˒˖ˍˇʲˇ˂ˍʰʿˁʺˌ ˋˎˋˍˇʽ˔ʾʰˌΦ ʂˉ˖ˌ ʷ˔ʶʽ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾ 

ʹ ʽˋ˔ˏˌ ʰˎˍʺ ʶʾ˄ʰʽ рллkWΦ ɴˉʶʽˍʰ ˁʰʻˇˊʾʸʶˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄Φ ʅˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 

˃ʶ˂ʷˍʹ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˉʱ˄ʶ˂ ˍˏˉˇˎ Trina Solar 535W 26V TSM-DEG19C.20 Bifacial. 
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ʃʰˊʰˍʾʻʶ˄ˍʰʽ ˍʰ ˍʶ˔˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˉ˂ʰʽˋʾˇˎ 

όɳʽˁˈ˄ʰ п-5). 

 

 

 

ɳʽˁˈ˄ʰ 4-5 Data sheet ʊɰ ̄ ʱ˄ʶ˂ ¢Ǌƛƴŀ {ƻƭŀǊ рор² .ƛŦŀŎƛŀƭΣ ʃʹʴʺΥ https://www.trinasolar.com/en-
glb/product/VERTEX-DE19 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˉ˂ʰʾˋʽʰ ˃ˇ˄ˇˁˊˎˋˍʰ˂˂ʽˁʱ ˇ˄ˇ˃ʰˋˍʽˁʺˌ ʽˋ˔ˏˇˌ Pmax= 535 WpΣ ʵʽ˒ʰˋʽˁʱΦ 

ɯˊʰ ˇ ʰˊʽʻ˃ˈˌ ˉ˂ʰʽˋʾ˖˄ ˉˇˎ ʻʰ ˔ˊʶʽʰˋˍʶʾ ʴʽʰ ˍʹ˄ ˁʱ˂ˎ˕ʹˌ ˍʹˌ ʽˋ˔ˏˇˌ ʰʽ˔˃ʺˌ ʶʾ˄ʰʽ  

ɿҐ Ph ʽ˔˃ʺˌ/ P̄ ˂ʰʽˋʾˇˎҐ рллΦлллκрор Ґ фопΦру ˉ˂ʰʾˋʽʰΦ ɯˊʰ ʶˉʽ˂ʷʴˇ˄ˍʰʽ фоп ˉ˂ʰʾˋʽʰ ˁʰʽ ʹ 

ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ʽˋ˔ˏˌ ˇˊʾʸʶˍʰʽ ˋʶ P= 934 x 535W= 499,69 kW. 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰʻˇˊʾʸʶˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ ˁʰʽ ˍ˖˄ ˉʰˊʱ˂˂ʹ˂˖˄ ˁ˂ʱʵ˖˄Φ  

ʆʰ ˃ʶʴʷʻʹ ʰˎˍʱ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʹ˄ ˍʱˋʹ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˉˇˎ ʷ˔ˇˎ˃ʶ ʶˉʽ˂ʷ˅ʶʽΦ ɱʶ˄ʽˁʱ ʹ 

˃ʷʴʽˋˍʹ ˍʱˋʹ ˊʶˏ˃ʰˍˇˌ ʊɰ ˋˎˋˍˇʽ˔ʾʰˌ ʴʽʰ ˋˎˋˍʺ˃ʰˍʰ ʽˋ˔ˏˇˌ ˃ʶʴʰ˂ˏˍʶˊʹˌ ˍ˖˄ млkWp 

ʶˉʽ˂ʷʴʶˍʰʽ ʰˉˈ плл V ̫ ˖ˌ тлл V [2]. ɳˉʾˋʹˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇ ˍˏˉˇˌ ˍˇˎ ʰ˄ˍʽˋˍˊˇ˒ʷʰ ʷ˔ʶʽ 

ʶˉʽ˂ʶ˔ʻʶʾ ʺʵʹ ˉˊʽ˄ ˍʹ˄ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ˇ ˔ˊʺˋˍʹˌ ˉˊʷˉʶʽ ˄ʰ ˂ʱʲʶʽ ˎˉˈ˕ʽ˄ 

ˉ˖ˌ ʹ ˍʱˋʹ ʰ˄ˇʽ˔ˍˇˏ ˁˎˁ˂˗˃ʰˍˇˌ ˋˍʹ˄ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ό-10ˇCύ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ 

ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋʶ ˋʶʽˊʱ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ˅ʶˉʶˊ˄ʱ ˍʹ˄ ˃ʷʴʽˋˍʹ ˍʱˋʹ ʶʽˋˈʵˇˎ ˍˇˎ ˃ʶˍʰˍˊˇˉʷʰ 

ˍʱˋʶ˖ˌ DC-AC.  ɮ˒ˇˏ ˇˊʽˋʻʶʾ ˇ ʰˊʽʻ˃ˈˌ ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱΣ ʰˉˇ˒ʰˋʾʸʶˍʰʽ ˁʰʽ ˇ ʰˊʽʻ˃ˈˌ 

ˉʰˊʱ˂˂ʹ˂˖˄ ˁ˂ʱʵ˖˄ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˁʱ˂ˎ˕ʹ ˍʹˌ ˁʰʻˇˊʽˋ˃ʷ˄ʹˌ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹˌ 

ʽˋ˔ˏˇˌΦ 

https://www.trinasolar.com/en-glb/product/VERTEX-DE19
https://www.trinasolar.com/en-glb/product/VERTEX-DE19
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ɳʽˁˈ˄ʰ п-с ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˍʱˋʹˌ ʰ˄ˇʽ˔ˍˇˏ ˁˎˁ˂˗˃ʰˍˇˌ ±ƻŎό-млƻ/ύ ʰˉˈ ˍˇ t±ǎȅǎǘ 

ɳˉˈ˃ʶ˄ˇ ʲʺ˃ʰ ʶʾ˄ʰʽ ʹ ʶˉʽ˂ˇʴʺ ˍ˖˄ ʰ˄ˍʽˋˍˊˇ˒ʷ˖˄ όinverterύΦ ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶ ʹ 

ʶˉʽ˂ˇʴʺ ʰˎˍʺ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ ˍʱˋʹ ʰ˄ˇʽ˔ˍˇˏ ˁˎˁ˂˗˃ʰˍˇˌ ˋˍʹ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʻʶˊ˃ˇˁˊʰˋʾʰ 

(-10oCύ ˍˇˎ ˉ˂ʰʽˋʾˇˎΦ ɶ ˍʱˋʹ ʰˎˍʺ ˉʰˊʷ˔ʶˍʰʽ ʰˎˍˈ˃ʰˍʰ ʰˉˈ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˔˖ˊʾˌ ˄ʰ ˔ˊʶʽʰˋˍʶʾ 

ˇ ˔ˊʺˋˍʹˌ ˄ʰ ˁʱ˄ʶʽ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ όɳʽˁˈ˄ʰ п-сύΦ ʅʶ ʶˉˈ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇ όрΦсύ ʵʾ˄ˇ˄ˍʰʽ ˇʽ ˋ˔ʷˋʶʽˌ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ˍʱˋʹˌ ʰˎˍʺˌ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ˇ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʰ˂ʹʻʶˏˋʶʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏΦ ɲʶˏˍʶˊˇ ˁˊʽˍʺˊʽˇ ʶʾ˄ʰʽ ʹ ʽˋ˔ˏˌ ʶ˅ˈʵˇˎ ˍˇˎ ˃ʶˍʰˍˊˇˉʷʰΦ ɶ 

ʽˋ˔ˏˌ ʶ˅ˈʵˇˎ ˃ʶˍʰˍˊˇˉʷʰ Pinv ɻ ʾ˄ʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

                                                                 0
ȟ
 Ë7                                                               (4.1) 

 

ˈˉˇˎ Ppʅ [kWpϐ ʹ ʽˋ˔ˏˌ ʰʽ˔˃ʺˌ ʊɰ ˋˎˋˍˇʽ˔ʾʰˌ 

ɶ ʶˉʽ˂ˇʴʺ ˍˇˎ ˃ʶˍʰˍˊˇˉʷʰ ˍʱˋʶ˖ˌ ʴʾ˄ʶˍʰʽ ˉʰˊʱ˂˂ʹ˂ʰ ˃ʶ ʴ˄˗˃ˇ˄ʰ ˍʹ˄ ˇ˃ʰ˂ʺ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˎˉʱˊ˅ʶʽ ˉˊˈʲ˂ʹ˃ʰ ˋˍˇ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇΦ ɳʾ˄ʰʽ ˉˊˇˍʽ˃ˈˍʶˊˇ 

ʵʹ˂ʰʵʺ ˄ʰ ˃ʹ˄ ʶˉʽ˂ʷʴʶˍʰʽ ˃ˈ˄ˇ ʷ˄ʰˌ ˃ʶˍʰˍˊˇˉʷʰˌ ˃ʶʴʱ˂ʹˌ ʽˋ˔ˏˇˌ ʰ˂˂ʱ ˉʶˊʽˋˋˈˍʶˊˇʽ ˃ʶ 

ʰʻˊˇʽˋˍʽˁʱ ˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʽˋ˔ˏΣ ˗ˋˍʶ ˈˍʰ˄ ˁʱˉˇʽˇˌ ˉʰˊˇˎˋʽʱˋʶʽ ʲ˂ʱʲʹ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ 

ʵʽʰˁˈ˕ʶʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˁʰʽ ˇʽ ˎˉˈ˂ˇʽˉˇʽ ˄ʰ ˂ʶʽˍˇˎˊʴˇˏ˄ ˁʰ˄ˇ˄ʽˁʱΦ ɳˉʽˉ˂ʷˇ˄ ˉˊʷˉʶʽ ˄ʰ 

ʵʽʰʻʷˍʶʽ ˊˎʻ˃ʽˋˍʺ ʽˋ˔ˏˇˌ MPPT (Maximum Power Point Trackingύ ˗ˋˍʶ ˄ʰ ˉˊˇˋʰˊ˃ˈʸʶˍʰʽ ˍˇ 

ˋʹ˃ʶʾˇ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˋˍˇ ˋʹ˃ʶʾˇ ˃ʷʴʽˋˍʹˌ ʽˋ˔ˏˇˌΦ ʅʶ ʶʴˁʰˍʰˋˍʱˋʶʽˌ млл ς 500 

kWp ̀ ˎ˄ʺʻ˖ˌ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ʷ˖ˌ ˉʷ˄ˍʶ ˍˊʽ˒ʰˋʽˁˇʾ inverters. 

ʆʷ˂ˇˌ, ʹ ˍʱˋʹ ʶʽˋˈʵˇˎ inverter ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ˍʱˋʹ ˊʶˏ˃ʰˍˇˌ ˍʹˌ ʊɰ 

ˋˎˋˍˇʽ˔ʾʰˌ ˁʰʽ ʹ ˍʱˋʹ ʶ˅ˈʵˇˎ ˄ʰ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍʹ˄ ˒ʰˋʽˁʺ ʰ˄ ˇ inverter ʁ ʾ˄ʰʽ ˃ˇ˄ˇ˒ʰˋʽˁˈˌΣ ʺ 

˃ʶ ˍʹ˄ ˉˇ˂ʽˁʺ ʰ˄ ˇ inverter ʁ ʾ˄ʰʽ ˍˊʽ˒ʰˋʽˁˈˌΦ 

ʅˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶ˂ʷˍʹ ʶʾ˔ʶ ʴʾ˄ʶʽ ʺʵʹ ʶˉʽ˂ˇʴʺ ˍ˖˄ inverter ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄Φ ʁ 

ˍˏˉˇˌ inverter ʶʾ˄ʰʽ Solis GW 100KHT ˍʹˌ Ginlong Technologies ˃ʶ ˍʶ˔˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˉˇˎ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ όɳʽˁˈ˄ʰ п-7). 
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ɳʽˁˈ˄ʰ 4-7a Data sheet inverter Solis GW100K-HT ʃʹʴʺ:https://www.ginlong.com/uk/downloadcenter.html 

 

ɳʽˁˈ˄ʰ 4-7  ̡Data sheet inverter Solis GW100K-HT ʃʹʴʺ: https://www.ginlong.com/uk/downloadcenter.html 
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ɶ ˋˎ˄ʵʶˋ˃ˇ˂ˇʴʾʰ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʶˉʽ˂ʶ˔ʻʶʾ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˖ˌ ʶ˅ʺˌΦ 

ʋˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ р inverter ̱ ʱˋʶ˖ˌ мллkWΦ ʅˍˇ˄ ˉˊ˗ˍˇ inverter ̀ ˎ˄ʵʷʻʹˁʰ˄ р ˉʰˊʱ˂˂ʹ˂ˇʽ 

ˁ˂ʱʵˇʽ όstringsύ ˍ˖˄ нл ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ ˁʰʽ 5 string ˍ˖˄ нм ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ όˋˎ˄ˇ˂ʽˁʱ 

нлр ˉ˂ʰʾˋʽʰύΦ ʅˍˇ˄ ʵʶˏˍʶˊˇ ˋˎ˄ʵʷʻʹˁʰ˄ ф string ˍ˖˄ нм ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ όˋˎ˄ˇ˂ʽˁʱ муф 

ˉ˂ʰʾˋʽʰύΦ ʅʶ ˁʰʻʷ˄ʰ ʰˉˈ ˍˇˎˌ ˎˉˈ˂ˇʽˉˇˎˌ ˍˊʶʽˌ ˋˎ˄ʵʷʻʹˁʰ˄ ф string ˍ˖˄ нл ˉ˂ʰʽˋʾ˖˄ 

όˋˎ˄ˇ˂ʽˁʱ мул ˉ˂ʰʾˋʽʰύΦ ɳˉʰ˂ʹʻʶˏˇ˄ˍʰˌ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ʷ˔ˇˎ˃ʶ n=205+189+3x180=  

фоп ˉ˂ʰʾˋʽʰΦ 

ʁ ˍˏˉˇˌ ˉʱ˄ʶ˂ ˉˇˎ ʷ˔ʶʽ ʶˉʽ˂ʶ˔ʻʶʾΣ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˉˊˈˋ˒ʰˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΣ ʵʶ˄ ʶʾ˔ʶ ˉʶˊʰˋˍʶʾ 

ˋˍʽˌ ʲʽʲ˂ʽˇʻʺˁʶˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ PVsystΦ ʁ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˈ˃˖ˌ ˄ʰ ˉˊˇˋʻʷˋʶʽ 

˃ˈ˄ˇˌ ˍˇˎ ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ ˈˉˇʽʰ ˉʰˊʱ˃ʶˍˊˇ ʶˉʽʻˎ˃ʶʾΦ ɮˎˍˈ ʴʾ˄ʶˍʰʽ ˃ʶ ʵˏˇ ˍˊˈˉˇˎˌΦ ʃˊ˗ˍˇ˄ 

˃ˉˇˊʶʾ ˄ʰ ʶˉʽˁˇʽ˄˖˄ʺˋʶʽ ˃ʶ ˍʹ˄ ˁʰˍʰˋˁʶˎʰˋˍʽˁʺ ʶˍʰʽˊʶʾʰ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ˉˇˎ 

ʶ˄ʵʽʰ˒ʷˊʶˍʰʽ ʴʽʰ ˄ʰ ˍˇˎ ˋˍʰ˂ʶʾ ʰˊ˔ʶʾˇ ZIP ˃ ʶ ˍʰ ˍʶ˔˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ˄ʰ 

ʶʽˋʱʴʶʽ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈΦ ɲʶˏˍʶˊˇ˄Σ ʶ˒ˈˋˇ˄ ʷ˔ʶʽ ʵʽʰʻʷˋʽ˃ˇ ˍˇ data sheet ʴʽʰ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ 

ˉˇˎ ʶˉʽʻˎ˃ʶʾ ˃ˉˇˊʶʾ ˄ʰ ʶʽˋʱʴʶʽ ˔ʶʽˊˇˁʾ˄ʹˍʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˍˇ ˋˏˋˍʹ˃ʰΦ ɶ ʶʽˋʰʴ˖ʴʺ ˍˇˎ 

ˉ˂ʰʽˋʾˇˎ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ʷʴʽ˄ʶ ˃ʶ ˍˇ˄ ˔ʶʽˊˇˁʾ˄ʹˍˇ ˍˊˈˉˇ ʲʱˋʶʽ data sheetΦ ʁ ˍˊˈˉˇˌ 

ʶʽˋʰʴ˖ʴʺˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖ όɳʽˁˈ˄ʰ п-уΣ ɳʽˁˈ˄ʰ 4-фΣ ɳʽˁˈ˄ʰ п-10). 

 

ɳʽˁˈ˄ʰ п-у ɳʽˋʰʴ˖ʴʺ ʲʰˋʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʊɰ ˉ˂ʰʽˋʾˇˎ ˋˍˇ t±ǎȅǎǘ ʲʱˋʶʽ 5ŀǘŀ {ƘŜŜǘ 
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ɳʽˁˈ˄ʰ п-ф ɳʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶʴʷʻˇˎˌ ˁʰʽ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ʊɰ ˉ˂ʰʽˋʾˇˎ ˋˍˇ t±ǎȅǎǘ ʲʱˋʶʽ 5ŀǘŀ {ƘŜŜǘ 

 

ɳʽˁˈ˄ʰ п-мл ɳʽˋʰʴ˖ʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ˇ˄ˍʷ˂ˇˎ ʊɰ ˉ˂ʰʽˋʾˇˎ ˋˍˇ t±ǎȅǎǘ ʲʱˋʶʽ 5ŀǘŀ {ƘŜŜǘ 

ʅˍʹ˄ ɳʽˁˈ˄ʰ п-ф ˉʰˊʰˍʹˊˇˏ˃ʶ ʶˉʾˋʹˌΣ ˉ˖ˌ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʽ˄ ˋˍʹ˄ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇ ʵʽ˒ʰˋʽˁˈ όbifacialύ ʊɰ ˉ˂ʰʾˋʽˇΦ ɮˎˍˈ ʴʾ˄ʶˍʰʽ ˃ʷˋˇ ʶ˄ˈˌ ˉʰˊʱʴˇ˄ˍʰ ˉˇˎ ˍˇ 

PVsyst ̌ ˄ˇ˃ʱʸʶʽ Bifaciality factor ̱ ˇ ˇˉˇʾˇ ʷ˔ˇˎ˃ʶ ˁʰʻˇˊʾˋʶʽ ˋʶ лΣсф ˁʰʽ ʶˁ˒ˊʱʸʶʽ ˍˇ˄ ˂ˈʴˇ 

˃ʶˍʰ˅ˏ ˍʹˌ ˇ˄ˇ˃ʰˋˍʽˁʺˌ ʰˉˈʵˇˋʹˌ ˍʹˌ ʶ˃ˉˊˈˋʻʽʰˌ ˁʰʽ ˇˉʾˋʻʽʰˌ ˉ˂ʶˎˊʱˌ ˍˇˎ ˉ˂ʰʽˋʾˇˎ ˋʶ 

ɼʰ˄ˇ˄ʽˁʷˌ ʅˎ˄ʻʺˁʶˌ ɳ˂ʷʴ˔ˇˎΦ  
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ɮ˒ˇˏ ʷ˔ʶʽ ˁʰˍʰ˔˖ˊʽˋʻʶʾ ˋˍˇ ˋˏˋˍʹ˃ʰ ˇ ˍˏˉˇˌ ˉ˂ʰʽˋʾˇˎ ˉˊˇ˔˖ˊʱ˃ʶ ˋˍʹ˄ ˋˎ˄ʵʶˋ˃ˇ˂ˇʴʾʰΦ 

ɼʰʻ˗̩ ʵʶ˄ ʵʷ˔ˇ˄ˍʰʽ ˈ˂ˇʽ ˇʽ inverter ˍˇ˄ ʾʵʽˇ ˋˎ˄ʵˎʰˋ˃ˈ string ˁʰʽ ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ ˍˇ 

ˋˏˋˍʹ˃ʰ ʻʰ ˔˖ˊʽˋˍʶʾ ˋʶ о ˇ˃ʱʵʶˌΦ ɾʾʰ ˇ˃ʱʵʰ ʻʰ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇˎˌ о inverter ˃ʶ ˍʰ ф sting 

ˍ˖˄ нл ˉ˂ʰʽˋʾ˖˄Φ ɯˊʰ ʻʷˍ˖ ʰˊʽʻ˃ˈ inverter оΣ ʰˊʽʻ˃ˈ string нт ˁʰʽ ʰˊʽʻ˃ˈ ˉ˂ʰʽˋʾ˖˄ ˋʶ ̀ ʶʽˊʱ 

нл όɳʽˁˈ˄ʰ п-11).  ɶ ʵʶˏˍʶˊʹ ˇ˃ʱʵʰ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ˄ inverter ˃ ʶ ˍʰ ф string ˍ˖˄ нл ˉ˂ʰʽˋʾ˖˄ 

ˋʶ ˋʶʽˊʱ όɳʽˁˈ˄ʰ п-мнύΦ ʁ ˍʶ˂ʶˎˍʰʾˇˌ inverter ʷ˔ʶʽ ˈ˃˖ˌ ʷ˔ʶʽ р string ˍ˖˄ нл ˉ˂ʰʽˋʾ˖˄ ˁʰʽ р 

string ˍ˖˄ нм ˉ˂ʰʽˋʾ˖˄Φ ʆˇ PVsyst ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˇˊʽˋ˃ˇˏ ˍʷˍˇʽ˖˄ ʵʽʰˍʱ˅ʶ˖˄ ˃ʷˋ˖ 

ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ Power SharingΦ ɮˎˍˈ ʴʾ˄ʶˍʰʽ ˃ʶ ˍˇ˄ ʶ˅ʺˌ ˍˊˈˉˇΦ ʁˊʾʸˇ˄ˍʰʽ ʱ˂˂ʶˌ н 

ˎˉˇˇ˃ʱʵʶˌΦ ʅˍʽˌ ˎˉˇˇ˃ʱʵʶˌ ʰˎˍʷˌ ʵʶ˄ ʶˉʽ˂ʷʴʶˍʰʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ inverter ʰ˂˂ʱ ˍˇ ˉ˂ʺʻˇˌ 

ˍ˖˄ MPPT ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʹ ˁʱʻʶ ˇ˃ʱʵʰΦ ɼʱʻʶ MPPT ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ млkW ʽˋ˔ˏˇˌ ˍˇˎ 

inverter ˈˉ˖ˌ ʶʾ˄ʰʽ ʺʵʹ ˁʰʻˇˊʽˋ˃ʷ˄ˇ ʰˉˈ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏΦ ʅˎ˄ʶˉ˗ˌ ˋˍʹ˄ ˃ʾʰ 

ˎˉˇˇ˃ʱʵʰ ʶʽˋʱʴ˖ р MPPT ʴʽʰ ˍˇ˄ inverter ˁʰʽ р string ˍ˖˄ нл ˉ˂ʰʽˋʾ˖˄ όɳʽˁˈ˄ʰ п-13) ˁʰʽ 

ˋˍʹ˄ ʱ˂˂ʹ р MPPT ɹ ʽʰ ˍˇ˄ inverter ˁ ʰʽ р string ̱ ˖˄ нм ˉ˂ʰʽˋʾ˖˄  όɳʽˁˈ˄ʰ п-мпύΦ ʁ ˔ˊʺˋˍʹˌ ʴʽʰ 

˄ʰ ˇˊʾˋʶʽ ˉ˖ˌ ˇʽ ˎˉˇˇ˃ʱʵʶˌ ʰˎˍʷˌ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍˇ˄ ʾʵʽˇ inverter ʶˉʽ˂ʷʴʶʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ 

Power Sharing ˉˇˎ ʶ˄ʶˊʴˇˉˇʽʶʾˍʰʽ ˈˍʰ˄ ʻʷˍʶʽ MPPT inputsΦ ɮˉˈ ʶˁʶʾ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˄ʰ 

ˋˎ˄ʵʷˋʶʽ ˍʽˌ ˎˉˇˇ˃ʱʵʶˌ ˉˇˎ ʶˉʽʻˎ˃ʶʾ ˋˍˇˎˌ ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ inverter όɳʽˁˈ˄ʰ п-15). 

 

ɳʽˁˈ˄ʰ п-мм ɳʽˋʰʴ˖ʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˇ˃ʱʵʰˌ ˃ʶ о LƴǾŜǊǘŜǊ ˍ˖˄ ф ǎǘǊƛƴƎ ˁʰʽ нл ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ ˋˍˇ t±ǎȅǎǘ 
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ɳʽˁˈ˄ʰ п-мн ɳʽˋʰʴ˖ʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˇ˃ʱʵʰˌ ˃ʶ м ƛƴǾŜǊǘŜǊ ˍ˖˄ ф ǎǘƛƴƎ нм ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ ˋˍˇ t±ǎȅǎǘ 

 

ɳʽˁˈ˄ʰ 4-мо ¸ˉˇˇ˃ʱʵʰ ǇƻǿŜǊ ǎƘŀǊƛƴƎ ˃ʶ р ǎǘǊƛƴƎ ˍ˖˄ нл ˉ˂ʰʽˋʾ˖˄ ˋˍˇ t±ǎȅǎǘ 
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ɳʽˁˈ˄ʰ п-мп ¸ˉˇˇ˃ʱʵʰ ǇƻǿŜǊ ǎƘŀǊƛƴƎ ˃ʶ р ǎǘǊƛƴƎ ˍ˖˄ нм ˉ˂ʰʽˋʾ˖˄ ˋˍˇ t±ǎȅǎǘ 

 

ɳʽˁˈ˄ʰ п-мр ɮ˄ˍʽˋˍˇʾ˔ʽˋʹ ˎˉˇˇ˃ʱʵ˖˄ ǇƻǿŜǊ ǎƘŀǊƛƴƎ ˋˍˇ˄ ʾʵʽˇ ƛƴǾŜǊǘŜǊ ˋˍˇ t±ǎȅǎǘ 

ɼʰˍΩ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ʹ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˔ˊʶʽʱʸˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹΦ ʆˇ ˂ˇʴʽˋ˃ʽˁˈ ˃ˉˇˊʶʾ ˋʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ˄ʰ ʻʷˋʶʽ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ʴʽʰ 

ˍʽˌ ʰˉ˗˂ʶʽʶˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˄ʰ ˍˊʷ˅ʶʽ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʶ ˍʹ˄ ˉʰˊʰʵˇ˔ʺ ˉ˖ˌ ʵʶ˄ 

ˎˉʱˊ˔ʶʽ ˋˁʾʰˋʹΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ʶˉʾˋʹˌ ̄ ˖ˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˂ʱʻˇˎˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʵʶ˄ ʶˉʽˍˊʷˉʶʽ ˍˇ ˍˊʷ˅ʽ˃ˇ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʽ ʵʾ˄ʶʽ ʷ˄ʵʶʽ˅ʹ ʴʽʰ ˍˇ ˉˇˎ ʷ˔ʶʽ 

ʴʾ˄ʶʽ ˋ˒ʱ˂˃ʰΦ ɱʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʶˉʾˋʹˌ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ˇ ˇˊʽˋ˃ˈˌ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍʺ 
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ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΦ ɮ˄ʰ˒ʷˊʶˍʰʽ ʴʽʰ ˂ˈʴˇˎˌ ˉ˂ʹˊˈˍʹˍʰˌ ˉ˖ˌ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶ˂ʷˍʹ 

ʶˉʽ˂ʷ˔ʻʹˁʶ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍʺˌ ʵʽʰ˄ˇ˃ʺˌ ʶ˂ʰʾˇˎ ˍʹˌ ʶˍʰʽˊʶʾʰˌ ɮɰɰΦ 

пΦп ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʰˉ˖˂ʶʽ˗˄  

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ˉˇˊʶʾ ˄ʰ ˍˊʷ˅ʶʽ ˁʰʽ ˔˖ˊʾˌ ˄ʰ ˇˊʾˋˇˎ˃ʶ ˍʽˌ 

ʰˉ˗˂ʶʽʶˌΦ ɱʽʰ ˄ʰ ʷ˔ˇˎ˃ʶ ˈ˃˖ˌ ʰˁˊʽʲʷˋˍʶˊʹ ʶʽˁˈ˄ʰ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ʶ˄ʷˊʴʶʽʰˌ ʰˎˍʷˌ ʻʰ 

ˇˊʽˋˍˇˏ˄ ˖ˌ ʶ˅ʺˌΦ ɮˊ˔ʽˁʱ ˇˊʾʸˇ˄ˍʰʽ ˇʽ ʻʶˊ˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ʲʱˋʶʽ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ˋˎ˄ʶ˔˗˄ 

ʰˉ˖˂ʶʽ˗˄ UcΦ ɱʽʰ ˍˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˈ˄ ʵʶ˄ ʴʾ˄ʶˍʰʽ ˁʱˉˇʽˇˌ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹΦ 

ɮˊˁʶʾ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˍʰ ˉ˂ʰʾˋʽʰ ˋˍʽˌ ʲʱˋʶʽˌΦ ɮ˄ ʵʹ˂ʰʵʺ 

˂ʰ˃ʲʱ˄ʶˍʰʽ ˁʱˉˇʽʰ ˃ʷˊʽ˃˄ʰ ʴʽʰ ˍʹ ˋˎ˄ʰʴ˖ʴʺ ˍˇˎˌ ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ʅˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 

˃ʶ˂ʷˍʹ ʵʶ˄ ʷ˔ʶʽ ˂ʹ˒ʻʶʾ ˁʱˉˇʽʰ ˍʷˍˇʽʰ ˃ʷˊʽ˃˄ʰ ˇˉˈˍʶ ʶˉʽ˂ʷʴˇˎ˃ʶ ˍʹ˄ ˉˊ˗ˍʹ ʶˉʽ˂ˇʴʺ ˉˇˎ ˃ʰˌ 

ʵʾ˄ʶˍʰʽ όɳʽˁˈ˄ʰ п-16). 

 

ɳʽˁˈ˄ʰ п-мс ɳʽˋʰʴ˖ʴʺ ʰˉ˖˂ʶʽ˗˄ ˋˎˋˍʺ˃ʰˍˇˌ ˋˍˇ t±ǎȅǎǘ - ɸʶˊ˃ʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ 

ʅˎ˄ʶ˔ʾʸˇˎ˃ʶ ˃ʶ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˖˃ʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄Φ ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎˌ ˇ ˔ˊʺˋˍʹˌ 

ˁʰ˂ʶʾˍʰʽ ˄ʰ ʵ˗ˋʶʽ ˍʹ ʵʽʱ˃ʶˍˊˇ, ˍˇ ˃ʷˋˇ ˃ʺˁˇˌ ˁʰʽ ˍˇ ˎ˂ʽˁˈ ˁʰˍʰˋˁʶˎʺˌ ˍ˖˄ ˁʰ˂˖ʵʾ˖˄ ˍ˖˄ 

ˉ˂ʰʽˋʾ˖˄ ˉˇˎ ʰˉˇˍʶ˂ˈˎ˄ ʷ˄ʰ stringΣ ˍ˖˄ ˁʰ˂˖ʵʾ˖˄ ˍ˖˄ string ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍˇˎˌ 

inverter όɳʽˁˈ˄ʰ п-мтύΣ ˍ˖˄ ˁʰ˂˖ʵʾ˖˄ ˉˇˎ ˋˎ˄ʵʷˇˎ˄ ˍˇˎˌ inverter ˃ ʶ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍʺ ˁʰʽ 

ˍˇ˄ ˁʰ˂˖ʵʾ˖˄ ˉˇˎ ˋˎ˄ʵʷˇˎ˄ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍʺ ˃ʶ ˍˇ ʵʾˁˍˎˇ ˃ʷˋʹˌ ˍʱˋʹˌ όɳʽˁˈ˄ʰ п-18).  

ɮˉˈ ˁʱˍˇ˕ʹ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˉˇˎ ʻʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʲˊʾˋˁˇ˄ˍʰʽ ˍʰ ˃ʺˁʹ ˍ˖˄ 

ˁʰ˂˖ʵʾ˖˄Φ ʅ˔ʶˍʽˁʱ ˃ʶ ˍʰ ˎ˂ʽˁʱ ˁʰˍʰˋˁʶˎʺˌΣ ˈ˂ʰ ˍʰ ˁʰ˂˗ʵʽʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʶʾ˄ʰʽ 

˔ʰ˂ˁˇˏΦ ʂˋˇ ʴʽʰ ˍʽˌ ʵʽʰ˃ʷˍˊˇˎˌ ˍˇˎˌ ʰˎˍʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʶʾ˄ʰʽ с mm2 ʴʽʰ ˍʹ 

ˋˏ˄ʵʶˋʹ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ʶ˄ˈˌ ˁ˂ʱʵˇˎΣ тл mm2 ʴʽʰ ˍʰ ˁʰ˂˗ʵʽʰ ˋˏ˄ʵʶˋʹˌ ˍ˖˄ string ˃ʶ ˍˇˎˌ 

inverter, 70 mm2 ʴʽʰ ˍʰ ˁʰ˂˗ʵʽʰ inverter ς ɾκʅΦ ɱʽʰ ˍʰ ˁʰ˂˗ʵʽʰ ɾκʅ ς ʵʾˁˍˎˇ ˃ʷˋʹˌ ˍʱˋʹˌ 
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ʵʶ˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ ˍʽ ʷ˔ʶʽ ʶˉʽ˂ʶ˔ʻʶʾΦ ɱʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʶˉʽ˂ʷʴʶˍʰʽ ʶ˄ʵʶʽˁˍʽˁʱ ʵʽʰˍˇ˃ʺ нр 

mm2Φ ɮ˄ ʶˉʽ˂ʶʴˈˍʰ˄ ʵʽʰˍˇ˃ʺ ор mm2 ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʵʶʾ˔˄ʶʽ ʷ˄ʵʶʽ˅ʹ ˉ˖ˌ ʹ ʵʽʰˍˇ˃ʺ ˍ˖˄ 

ˁʰ˂˖ʵʾ˖˄ ʰˎˍ˗˄ ʶʾ˄ʰʽ ˎˉʶˊʵʽʰˋˍʰˋʽˇ˂ˇʴʹ˃ʷ˄ʹΦ 

 

ɳʽˁˈ˄ʰ п-мт ɳʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ʰʴ˖ʴ˗˄ ˋˏ˄ʵʶˋʹˌ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ǎǘǊƛƴƎ ˃ʶ ƛƴǾŜǊǘŜǊ 
ˋˍˇ t±ǎȅǎǘ 

 

ɳʽˁˈ˄ʰ п-му ɳʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ʰʴ˖ʴ˗˄ ˋˏ˄ʵʶˋʹˌ ƛƴǾŜǊǘŜǊ ˃ʶ ɾκʅ ˁʰʽ ˋˏ˄ʵʶˋʹˌ aκʅ ˃ʶ ʵʾˁˍˎˇ 
˃ʷˋʹˌ ˍʱˋʹˌ 
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ɾˉˇˊˇˏ˃ʶ ˄ʰ ʶˉʰ˂ʹʻʶˏˋˇˎ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʵʽʰˍˇ˃˗˄ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ʰˉˈ ˍʽˌ ʶ˅ʺˌ ˋ˔ʷˋʶʽˌ 

[2]: 

¶ ɱʽʰ ˍˇˎˌ ʹ˂ʶˁˍˊʽˁˇˏˌ ʰʴ˖ʴˇˏˌ ˋˏ˄ʵʶˋʹˌ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˍ˖˄ string. 

                                                        3
 Ȣ   Ȣ  

Ȣ  
 ÍÍ                                                         (4.2) 

 

ˈˉˇˎΥ 

ˊ ώʍ Φ mm2/mϐΥ ʶʽʵʽˁʺ ʰ˄ˍʾˋˍʰˋʹ ʹ˂ʶˁˍˊʽˁˇˏ όлΣлмт ʍΦmm2/m ɹ ʽʰ ˍˇ˄ ˔ʰ˂ˁˈ 

l[m]                  : ˃ ʺˁˇˌ ʹ˂ʶˁˍˊʽˁˇˏ ʰʴ˖ʴˇˏ ˋˏ˄ʵʶˋʹˌ 

ɹmʃ ώɮϐ           Υ ˃ʷʴʽˋˍʹ ʷ˄ˍʰˋʹ ˊʶˏ˃ʰˍˇˌ ˉ˂ʰʽˋʾˇˎ 

ɲV/V               Υ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˉˍ˗ˋʹ ˍʱˋʶ˖˄ όм҈ύ 

Vmʃ ώVϐ          Υ  ˃ʷʴʽˋˍʹ ˍʱˋʹ ˊʶˏ˃ʰˍˇˌ ˉ˂ʰʽˋʾˇˎ 

ʱˊʰ ʷ˔ˇˎ˃ʶ 3
  Ȣ   Ȣ    Ȣ

Ȣ   Ȣ  
τȢρρτ ÍÍ  

ˋˎ˄ʶˉ˗ˌ ̀ ˖ˋˍʺ ʹ ʶˉʽ˂ˇʴʺ ˍʹˌ ˃ʶʴʰ˂ˏˍʶˊʹˌ ʵʽʰˍˇ˃ʺˌ ˍ˖˄ сmm2. 

¶ ɱʽʰ ˍˇˎˌ ʹ˂ʶˁˍˊʽˁˇˏˌ ʰʴ˖ʴˇˏˌ ˋˏ˄ʵʶˋʹˌ ˍ˖˄ string ˃ ʶ ˍˇ˄ inverter 

                                                       3
 Ȣ   Ȣ  

Ȣ  
 ÍÍ                                                           (4.3) 

ˈˉˇˎΥ 

Imʅ ώɮϐ   Υ ˍˇ ˊʶˏ˃ʰ ʶʽˋˈʵˇˎ ˋˍˇ˄ ˃ʶˍʰˍˊˇˉʷʰ 

Vmʅ ώVϐ  Υ ʹ ˃ʷʴʽˋˍʹ ˍʱˋʹ ˊʶˏ˃ʰˍˇˌ ʊɰ ˋˎˋˍˇʽ˔ʾʰˌ 

 

ʱˊʰ ʷ˔ˇˎ˃ʶ 3
  Ȣ       

Ȣ    
υρȢψς ÍÍ  

ˋˎ˄ʶˉ˗ˌ ˋ˖ˋˍʺ ʹ ʶˉʽ˂ˇʴʺ ˍ˖˄ тл mm2. 

¶ ɱʽʰ ˍˇˎˌ ʹ˂ʶˁˍˊʽˁˇˏˌ ʰʴ˖ʴˇˏˌ ˋˏ˄ʵʶˋʹˌ ˍˊʽ˒ʰˋʽˁˇˏ ˃ʶˍʰˍˊˇˉʷʰ ˍʱˋʶ˖ˌ DC ς AC 

˃ʶ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍʺ 

 

                                                       3
  Ȣ  

Ȣ Ȣ  
 ÍÍ                                                          (4.4) 

ˈˉˇˎΥ 

Ppʅ ώWϐ Υ ʹ ʽˋ˔ˏˌ ʰʽ˔˃ʺˌ ˍʹˌ ʊɰ ˋˎˋˍˇʽ˔ʾʰˌ 

ɲV/V      Υ ʹ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˉˍ˗ˋʹ ˍʱˋʶ˖ˌ όɲV/V = 2%) 

Vʃ [Vϐ     Υ ʹ ˉˇ˂ʽˁʺ ˍʱˋʹ όоул V) 

ˁ              Υ ʹ ʰʴ˖ʴʽ˃ˈˍʹˍʰ ʹ˂ʶˁˍˊʽˁˇˏ ʰʴ˖ʴˇˏ ˋˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ όʻҐпл-60ˇC) 

                  ˁҐрсώм-лΣллпόʻ-20)]=49.28 

ʱˊʰ ʷ˔ˇˎ˃ʶ 3
     

Ȣ      Ȣ
υφȢψσ ÍÍ  ̀ ˎ˄ʶˉ˗ˌ ˋ˖ˋˍʺ ʹ ʶˉʽ˂ˇʴʺ ˍ˖˄ тл mm2. 

ʅˍʽˌ ʰˉ˗˂ʶʽʶˌ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˁʰʽ ʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ʰˉˈ ˍʹ 

ʴʺˊʰ˄ˋʺ ˍˇˎˌ ˃ʶ ˍˇ ˔ˊˈ˄ˇΦ ɶ ʴʺˊʰ˄ˋʹ ʶʽˋʱʴʶˍʰʽ ʶ˄ʵʶʽˁˍʽˁʱ ˋʶ лΣп҈ ˍˇ ˔ˊˈ˄ˇ όɳʽˁˈ˄ʰ п-19). 
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ɳʽˁˈ˄ʰ п-мф ɮˉ˗˂ʶʽʶˌ ˂ˈʴ˖ ʴʺˊʰ˄ˋʹˌ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˋˍˇ t±ǎȅǎǘ 

ʆʷ˂ˇˌ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ʰˉ˗˂ʶʽʶˌ ʰˉˈ ˉʽʻʰ˄ʷˌ ʲ˂ʱʲʶˌ ˉˇˎ ˁʰʻʽˋˍˇˏ˄ 

ˍˇ ˋˏˋˍʹ˃ʰ ˄ʰ ˃ʹ ˂ʶʽˍˇˎˊʴʶʾΦ ʆˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ʰˉ˖˂ʶʽ˗˄ ʰˎˍ˗˄ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʽˌ ˃ʷˊʶˌ ˉˇˎ 

ˍˇ ˋˏˋˍʹ˃ʰ ʶˁˍʽ˃ʱˍʰʽ ˉ˖ˌ ʵʶ˄ ʻʰ ˂ʶʽˍˇˎˊʴʶʾ ˃ʷˋʰ ˋˍˇ ˔ˊˈ˄ˇΦ ʆˇ ˉˇˋˈ ʰˎˍˈ ʶˁˍʽ˃ʱˍʰʽ ˖ˌ 

лΣр҈ ˍˇˎ ˔ˊˈ˄ˇˎ ʵʹ˂ʰʵʺ мΣуо ˃ʷˊʶˌ ˋˍˇ ˔ˊˈ˄ˇ όɳʽˁˈ˄ʰ п-20). 

 

ɳʽˁˈ˄ʰ п-нл ɮˉ˗˂ʶʽʶˌ ˂ˈʴ˖ ˃ʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˃ʷˋʰ ˋˍˇ ˔ˊˈ˄ˇ 
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пΦр ɴ˂ʶʴ˔ˇˌ ˋˁʾʰˋʹˌ 

ɳʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ ʴʽʰ ˄ʰ ʷ˔ˇˎ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ʰˉˈʵˇˋʹ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ 

˔˖ˊˇʻʶˍʹ˃ʷ˄ʰ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ʹ˄ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˋˁʾʰˋʹ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ʃʰˊʰˁʱˍ˖ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˔˖ˊˇʻʷˍʹˋʹ ˍˇˎ ʊɰ ˉʱˊˁˇˎ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˋʶ ˁʱˍˇ˕ʹ (as built) όɳʽˁˈ˄ʰ п-21). 

 

ɳʽˁˈ˄ʰ 4-нм ɼʱˍˇ˕ʹ ʊɰ ˉʱˊˁˇˎ ʽˋ˔ˏˇˌ пффΣсф ƪ² 

ʁʽ ʲʱˋʶʽˌ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ʷ˔ˇˎ˄ ˍˇˉˇʻʶˍʹʻʶʾ ˋʶ ʶ˂ʶˏʻʶˊʹ ʰˉˈˋˍʰˋʹ рΣрл ˃ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ 

ɳˉʾˋʹˌ ˈˉ˖ˌ ʲ˂ʷˉˇˎ˃ʶ ʹ ˔˖ˊˇʻʷˍʹˋʹ ʷ˔ʶʽ ʴʾ˄ʶʽ ˋʶ ˋʶʽˊʷˌ ˍ˖˄ н ˉ˂ʰʽˋʾ˖˄Φ 

ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʶ˂ʱ˔ʽˋˍʹˌ ʰˉˈˋˍʰˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʲʱˋʶ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ʴʾ˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ 

ʇˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʶˉʽˁʱ˂ˎ˕ʹ ˍˇˎ ˏ˕ˇˎˌ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˋˍʺˊʽ˅ʹˌ ʰˉˈ ˍʹ ˋ˔ʷˋʹ 

                                                                ʑ ɾ Ȣʂʈɼɿ Í                                                            (4.5) 

ˈˉˇˎ ʴώmϐ  Υ ˍˇ ˃ʺˁˇˌ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ 

ʲώˇϐ              Υ ʹ ʴ˖˄ʾʰ ˁ˂ʾˋʹˌ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ 

ʵώmϐ            Υ ˎ˕ˇ˃ʶˍˊʽˁʺ ʵʽʰ˒ˇˊʱ ʰ˄ʱ˃ʶˋʰ ˋˍʰ ˋˍʹˊʾʴ˃ʰˍʰ ʵˏˇ ˋʶʽˊ˗˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ 

 

ɮˉˈ ˍˇ ˍʶ˔˄ʽˁˈ ˒ˎ˂˂ʱʵʽˇ ˍˇˎ ˉ˂ʰʽˋʾˇˎ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʶʾ˄ʰʽ нΣоуп m όɳʽˁˈ˄ʰ п-5)Φ ʅˍʹ ˃ʶ˂ʷˍʹ 

ʷ˔˖ н ˉ˂ʰʾˋʽʰ ˋʶ ˁʱʻʶ ˋʶʽˊʱ ʱˊʰ ʴ Ґ н x 2.384 = 4.768 m. 

 

H ɹ ˖˄ʾʰ ˁ˂ʾˋʹˌ ʷ˔ʶʽ ʺʵʹ ˇˊʽˋˍʶʾ ˋʶ ʲҐнтˇ. 

ɶ ˎ˕ˇ˃ʶˍˊʽˁʺ ʵʽʰ˒ˇˊʱ ˍˇˎ ʴʹˉʷʵˇˎ ʶʾ˄ʰʽ ʰ˃ʶ˂ʹˍʷʰ ʱˊʰ ʵҐлΦ 

ʅˎ˄ʶˉ˗ˌ ˎҐ пΣтсу x ́ ˃нт ̌  = 2,165 m 
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ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʶ˂ʶˏʻʶˊʹ ʰˉˈˋˍʰˋʹ ʰ ˃ʶˍʰ˅ˏ ʵˏˇ ʴʶʽˍˇ˄ʽˁ˗˄ ˋʶʽˊ˗˄ ʊɰ 

ˉ˂ʰʽˋʾ˖˄Φ ɶ ʰˉˈˋˍʰˋʹ ʰˎˍʺ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ ɳʽˁˈ˄ʰˌ п-22 

 

ɳʽˁˈ˄ʰ п-нн ɼʰ˃ˉˏ˂ʹ ˍˇˎ ˂ˈʴˇˎ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ h ˉˈˋˍʰˋʹˌ ʰ ˃ʶˍʰ˅ˏ ʵˏˇ ʴʶʽˍˇ˄ʽˁ˗˄ ˋʶʽˊ˗˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˉˊˇˌ 
ˍʹ˄ ʶˉʽˁʱ˂ˎ˕ʹ ˍˇˎ ˏ˕ˇˎˌ ˎΣ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍˇˎ ˍˈˉˇˎ ώнϐ 

ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˈˉ˖ˌ ʷ˔ʶʽ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾ ʶʾ˄ʰʽ ˒Ґ39,3007ˇ 

ɯˊʰ ʰκˎ Ґ нΣрл ė  h Ґ нΣмср x 2.5 = 5.4125 mҖ рΣрл mΦ ɯˊʰ ʹ ˔˖ˊˇʻʷˍʹˋʹ ʶʾ˄ʰʽ ˋ˖ˋˍʺ ʲʱˋʶʽ 

ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˋ˔ʷˋʶ˖˄Φ  

ɶ ˋˎ˄ˇ˂ʽˁʺ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʴʶʽˍˇ˄ʽˁ˗˄ ˋʶʽˊ˗˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ όʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˍˇˎ ʶ˄ˈˌ 

ʷ˖ˌ ˍʹ˄ ʰˊ˔ʺ ˍˇˎ ʱ˂˂ˇˎύ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹ  

                                                                  ʀ ɻ ɾ Ȣʎʑʉɼ Í                                                        (4.6) 

ˇˉˈˍʶ ʶ Ґ рΣпмнр Ҍ пΣтсу Φ ˋˎ˄нт ̌  = 9,66 m.  

ʅˍʹ ˃ʶ˂ʷˍʹ ʹ ʰˉˈˋˍʰˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ʶ Ґ фΣус m. 

ɰɦ ˋʶʽ ʻʶ˖ˊʾʰˌ ʹ ˔˖ˊˇʻʷˍʹˋʹ ʵʶ˄ ʷ˔ʶʽ ʻʷ˃ʰ ˋˁʽʱˋʶ˖˄Φ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 

ˋˁʾʰˋʹˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʷ˔ˇˎ˃ʶ ˃ʽʰ ˉʽˇ ˉˊʰʴ˃ʰˍʽˁʺ ʶʽˁˈ˄ʰ ˁʰʻ˗ˌ ˉʰʾˊ˄ˇˎ˃ʶ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˉʽʻʰ˄ʷˌ ʻʷˋʶʽˌ ˍˇˎ ʺ˂ʽˇˎΦ  

ɮˊ˔ʽˁʱ ʴʾ˄ʶˍʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˍʹˌ ˔˖ˊˇʻʷˍʹˋʹˌ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ PVsystΦ ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ 

ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˁʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˊʾˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ˍˊʽˋʵʽʱˋˍʰˍˇˎ 

ˋ˔ʶʵʽʰˋ˃ˇˏΦ ʅˍʹ˄ ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹ ʷʴʽ˄ʶ ˃ʶ ˍʰ ˋ˔ʶʵʽʰˋˍʽˁʱ ʶˊʴʰ˂ʶʾʰ ˍˇˎ PVsyst ̟ ˌ ʶ˅ʺˌΥ 

ɮˊ˔ʽˁʱ ʷʴʽ˄ʶ ˇˊʽˋ˃ˈˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ˃ʶ ˍʹ˄ ˉʰˊʰʵˇ˔ʺ ˉ˖ˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁ˂ʾˋʹ όɳʽˁˈ˄ʰ п-23). 

ʆˇ ʷʵʰ˒ˇˌ ˉˇˎ ˇˊʾʸʶˍʰʽ ʷ˔ʶʽ ˁʰʽ ˍʹ˄ ʽʵʽˈˍʹˍʰ ˍˇˎ ˁʰ˄ʱʲˇˎ ˗ˋˍʶ ˄ʰ ʲˇʹʻʱ ˍˇ˄ ˔ˊʺˋˍʹ ˋˍʹ 

˃ʷˍˊʹˋʹ ʰˉˇˋˍʱˋʶ˖˄ ʰ˄ ˍˇ ʶˉʽʻˎ˃ʶʾΦ   
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ɳʽˁˈ˄ʰ п-но ɳʽˋʰʴ˖ʴʺ ʶʵʱ˒ˇˎˌ ʴʽʰ ˎˉˇ˂ˇʴʽˋ˃ˈ ˋˁʽʱˋʶ˖˄ ˋˍˇ t±ǎȅǎǘ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˇˊʾʸˇ˄ˍʰʽ ˇʽ ˋʶʽˊʷˌ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍ˖˄ 

ˉ˂ʰʽˋʾ˖˄ όportrait, landscapeύΣ ˍʹ ʴ˖˄ʾʰ ˁ˂ʾˋʹˌΣ ˍˇ˄ ʰˊʽʻ˃ˈ ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ ˁʰʽ ˍˇ˄ ʰˊʽʻ˃ˈ 

ˉ˂ʰʽˋʾ˖˄ ˉʰˊʱ˂˂ʹ˂ʰ όɳʽˁˈ˄ʰ п-нпύΦ ʂˋ˖˄ ʰ˒ˇˊʱ ˍʰ ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ 

ˉ˂ʰʽˋʾˇˎΣ ʰˎˍʱ ˒ˇˊˍ˗˄ˇ˄ˍʰʽ ʰˎˍˈ˃ʰˍʰ ʰˉˈ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ʁ 

˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ˇˊʾˋʶʽ ʶˉʾˋʹˌ ˍʹ˄ ʰˉˈˋˍʰˋʹ ˍˇˎ ˁʶ˄ˇˏ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄Φ ʅˍʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰˎˍʺ ˇˊʾˋˍʹˁʶ ˋʶ лΣлн˃Φ 

 

ɳʽˁˈ˄ʰ п-нп ɳʽˋʰʴ˖ʴʺ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˋʶ ˋʶʽˊʱ ʴʽʰ ˎˉˇ˂ˇʴʽˋ˃ˈ ˋˁʾʰˋʹˌ ˋˍˇ t±ǎȅǎǘ 
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ʁʽ ˋʶʽˊʷˌ ˍ˖˄ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʰˋˍˇˏ˄ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˁʰʽ ˋʰ˄ ˇ˃ʱʵʶˌ ʰ˄ ʶʾ˄ʰʽ 

ˉʰ˄ˇ˃ˇʽˈˍˎˉʶˌΦ ɮ˒ˇˏ ˉʶˊʰˋˍˇˏ˄ ˉˊʷˉʶʽ ˄ʰ ˃ʶˍʰˁʽ˄ʹʻˇˏ˄ ˋˍʹ˄ ʰˉˈˋˍʰˋʹ ˉˇˎ ʶˉʽʻˎ˃ʶʾ ˇ 

˔ˊʺˋˍʹˌΦ όɳʽˁˈ˄ʰ п-25) 

 

ɳʽˁˈ˄ʰ п-нр ɾʶˍʰˁʾ˄ʹˋʹ ˉ˂ʰʽˋʾ˖˄ ˋˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ʻʷˋʹ ʴʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˋˍˇ t±ǎȅǎǘ 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˉ˖ˌ ˈ˂ʶˌ ˇʽ ˋʶʽˊʷˌ ʊɰ ˉ˂ʰʽˋʾ˖˄ ˇˊʾˋˍʹˁʰ˄ ˋʶ ʰˉˈˋˍʰˋʹ лΣрл ˃ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌΦ 

ʃʰˊʰˁʱˍ˖ ˒ʰʾ˄ʶˍʰʽ ʹ ˍʶ˂ʽˁʺ ʶʽˁˈ˄ʰ ʰˉˈ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˍʹˌ ˋˎˋˍˇʽ˔ʾʰˌ ˋʶ ˁʱˍˇ˕ʹ όɳʽˁˈ˄ʰ п-

нсύ ˁʰʽ ˋʶ ˉˊˇˇˉˍʽˁˈ ˋ˔ʷʵʽˇ όɳʽˁˈ˄ʰ п-27). 

 

ɳʽˁˈ˄ʰ п-нс ɼʱˍˇ˕ʹ ˔˖ˊˇʻʷˍʹˋʹˌ ˋˎˋˍˇʽ˔ʾʰˌ ˋˍˇ t±ǎȅǎǘ 
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ɳʽˁˈ˄ʰ п-нт ʃˊˇˇˉˍʽˁʺ ʱˉˇ˕ʹ ˔˖ˊˇʻʷˍʹˋʹˌ ˋˎˋˍˇʽ˔ʾʰˌ ˋˍˇ t±ǎȅǎǘ 

ɴˍˋʽ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˍʹˌ ˔˖ˊˇʻʷˍʹˋʹˌ ˁʰʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˍˊʷ˔ʶʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 

ʴʽʰ ˄ʰ ʵ˗ˋʶʽ ʰ˄ʰ˒ˇˊʱ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖ όʃʾ˄ʰˁʰ п-2). 

 

ʃʾ˄ʰˁʰˌ п-н ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋˁʾʰˋʹˌ ʰˉˈ ˂ˇʴʽˋ˃ʽˁˈ t±ǎȅǎǘ 

ʂˉ˖ˌ ˉʰˊʰˍʹˊˇˏ˃ʶ ʴʽʰ ˔ʰ˃ʹ˂ˈ ˏ˕ˇˌ ʺ˂ʽˇˎ όнˇ ʷ˖ˌ нлˇύ ˁʰʽ ʴʽʰ ʰʸʽ˃ˇˏʻʽˇ ʰˉˈ -80ˇ ʷ˖ˌ улˇ 

ʷ˔ˇˎ˃ʶ ˋˁʾʰˋʹ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄Φ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʱ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˔ʶʽ˃ʶˊʽ˄ˇˏˌ ˃ʺ˄ʶˌΦ 

ʁ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʵʶʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ˋˁʾʰˋʹˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ʴʽʰ 

ˈˉˇʽʰ ˉʶˊʾˇʵˇ ʶˉʽʻˎ˃ʶʾ ˉʱ˄˖ ˋˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˋ˔ʷʵʽˇ ˉˇˎ ʷ˔ʶʽ ˋ˔ʶʵʽʱˋʶʽΦ ʅˍʽˌ ˉʰˊʰˁʱˍ˖ 

ʶʽˁˈ˄ʶˌ ˒ ʰʾ˄ʶˍʰʽ ʹ ʴˊʰ˒ʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ˋˁʽʱˋʶ˖˄ ʴʽʰ ˃ʽʰ ˍˎ˔ʰʾʰ ˔ʶʽ˃ʶˊʽ˄ʺ όɳʽˁˈ˄ʰ п-28) 

ˁʰʽ ˃ʾʰ ˍˎ˔ʰʾʰ ˁʰ˂ˇˁʰʽˊʽ˄ʺ όɳʽˁˈ˄ʰ п-нфύ ʹ˃ʶˊˇ˃ʹ˄ʾʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ɳʽˁˈ˄ ʰ п-28 

ˉʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˋˍʽˌ нм-12-2020 ʶʾ˔ʰ˃ʶ ˋˁʾʰˋʹ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ʰˉˈ ˍʽˌ уΥлл ʷ˖ˌ ˍʽˌ млΥлл 

ˁʰʽ ʰˉˈ ˍʽˌ мрΥмр ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˅ʰ˄ʱ ˋˁʾʰˋʹΦ ɱʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʷˊʰ ˇʽ ʴˊʰ˃˃ʽˁʷˌ 

ʰˉ˗˂ʶʽʶˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˋˍˇ нΣс҈Φ ɮ˄ˍʽʻʷˍ˖ˌ ʴʽʰ ˍʹ˄ ˁʰ˂ˇˁʰʽˊʽ˄ʺ ʹ˃ʶˊˇ˃ʹ˄ʾʰ 

ʷ˔ˇˎ˃ʶ ˃ʹʵʶ˄ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˂ˈʴ˖ ˋˁʾʰˋʹˌΦ 


