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1 ɳ̔ ˋʰʴ˖ʴʺ 
ʆˇ ˉʰˊˈ˄ ˍʶ˔˄ʽˁˈ ʵʶ˂ˍʾˇ ˁʰˍʰʴˊʰ˒ʺˌ ˍ˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ʵʽʱ˔ˎˋʹˌ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˇˎˋʽʰˋˍʽˁˈ 

ˉʰˊʰʵˇˍʷˇ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ оDt±-пLb5¦{¢w¸ όˁ˖ʵʽˁˈˌ ʃʅɼɳΥ ¢!95w-0537347) 

˃ʶ ˍʾˍ˂ˇ ζɮ˄ʱˉˍˎ˅ʹ ʰˉˇʵˇˍʽˁ˗˄ ʊɰ ˎ˂ʽˁ˗˄ ˁʰʽ ʵʽʰˍʱ˅ʶ˖˄ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ʴʽʰ ˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ 

ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈˍʹˍʰˌ ˍˇˎ ˉʰˊʰʴ˖ʴʽˁˇˏ ˍˇ˃ʷʰ ˋˍʹ˄ ˉˊʱˋʽ˄ʹ ʶ˄ʷˊʴʶʽʰηΦ ʆˇ ʷˊʴˇ ˎ˂ˇˉˇʽʶʾʻʹˁʶ 

ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ɲˊʱˋʹˌ ζɳ˃ʲ˂ʹ˃ʰˍʽˁʷˌ ʵˊʱˋʶʽˌ ˋʶ ʵʽʰʻʶ˃ʰˍʽˁʷˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ 

ʶʽʵʽˁˈ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ˃ʶ ˍˇ˄ ˉʰˊʰʴ˖ʴʽˁˈ ʽˋˍˈηΣ ʹ ˇˉˇʾʰ ˔ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍʹ˄ 

ɱʶ˄ʽˁʺ ɱˊʰ˃˃ʰˍʶʾʰ ɴˊʶˎ˄ʰˌ ˁʰʽ ɼʰʽ˄ˇˍˇ˃ʾʰˌ όɱɱɳɼύ ˁʰʽ ʰˉˈ ˍˇ ɳʻ˄ʽˁˈ ʅ˔ʷʵʽˇ ɮ˄ʱˁʰ˃˕ʹˌ ˁʰʽ 

ɮ˄ʻʶˁˍʽˁˈˍʹˍʰˌ ζɳ˂˂ʱʵʰ нΦлηΦ 

ʁ ˁˏˊʽˇˌ ˋˁˇˉˈˌ ˍˇˎ ʵʶ˂ˍʾˇˎ ʶʾ˄ʰʽ ʹ ˋʰ˒ʺˌ ˁʰʽ ˍʶˁ˃ʹˊʽ˖˃ʷ˄ʹ ˁʰˍʰʴˊʰ˒ʺ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ˍ˖˄ 

ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ʵʽʱ˔ˎˋʹˌ ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʷˊʴˇˎΦ ɶ ʵʽʱ˔ˎˋʹ ˍ˖˄ 

ʶˊʶˎ˄ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰˉˇˍʷ˂ʶˋʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˉʽˇ ˁˊʾˋʽ˃ʶˌ ˒ʱˋʶʽˌ ˁʱʻʶ ʶˊʶˎ˄ʹˍʽˁˇˏ 

ˉˊˇɹ́ ʱ˃˃ʰˍˇˌΣ ˁʰʻ˗ˌ ʶ˅ʰˋ˒ʱ˂ʽˋʶ ˈˍʽ ˍʰ ʶˉʽˍʶˏʴ˃ʰˍʰ ˍʹˌ ʷˊʶˎ˄ʰˌ ʻʰ ˒ˍʱˋˇˎ˄ ˋˍˇ ʶˎˊˏˍʶˊˇ 

ˁˇʽ˄ˈΣ ˋˍʹ ʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰΣ ˋˍˇ ˉʰˊʰʴ˖ʴʽˁˈ ʽˋˍˈ ˁʰʽ ˋˍˇˎˌ ˁˏˊʽˇˎˌ 

ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇˎˌ ˒ˇˊʶʾˌ όǎǘŀƪŜƘƻƭŘŜǊǎύΦ ʋ˖ˊʾˌ ˍʹ ʵʽʱ˔ˎˋʹΣ ʰˁˈ˃ʹ ˁʰʽ ˍʰ ˉʽˇ ˁʰʽ˄ˇˍˈ˃ʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʰˊʰ˃ʷ˄ˇˎ˄ ʰˉˇ˃ˇ˄˖˃ʷ˄ʰ ˁʰʽ ʰ˔ˊʹˋʽ˃ˇˉˇʾʹˍʰΦ 

ʆˇ ˉʰˊˈ˄ ʵʶ˂ˍʾˇ ˁʰˍʰʴˊʱ˒ʶʽ ˍʽˌ ʶ˄ʷˊʴʶʽʶˌ ˉˇˎ ʰˉˇˋˁˇˉˇˏˋʰ˄ ˋˍʹ ʵʽʱ˔ˎˋʹ ˍ˖˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʷˋ˖ ʵʽʰ˒ˈˊ˖˄ ˁʰ˄ʰ˂ʽ˗˄ ˁʰʽ ˃ʷˋ˖˄Φ ɮˎˍʷˌ ˉʶˊʽ˂ʶ˂ʱ˃ʲʰ˄ʰ˄ ˍʹ ʵʹ˃ˇˋʾʶˎˋʹ 

ˋʶ ˁˇˊˎ˒ʰʾʰ ʵʽʶʻ˄ʺ ˉʶˊʽˇʵʽˁʱ ˁʰʽ ˍʹ ˋˎ˃˃ʶˍˇ˔ʺ ˋʶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˋˎ˄ʷʵˊʽʰΣ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ 

˕ʹ˒ʽʰˁ˗˄ ˉ˂ʰˍ˒ˇˊ˃˗˄ ˈˉ˖ˌ ʹ ʽˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʷˊʴˇˎΣ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˁʰʽ 

ˉˊˇ˖ʻʹˍʽˁˇˏ ˎ˂ʽˁˇˏΣ ˍʹ ʵʽˁˍˏ˖ˋʹ ˃ʶ ʱ˂˂ʶˌ ʶˊʶˎ˄ʹˍʽˁʷˌ ˇ˃ʱʵʶˌ ˁʰʽ ˒ˇˊʶʾˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʽˌ 

ʵˊʱˋʶʽˌ ʶ˄ʹ˃ʷˊ˖ˋʹˌ ˍʹˌ ˁˇʽ˄ʺˌ ʴ˄˗˃ʹˌ ˁʰʽ ˍʹˌ ʲʽˇ˃ʹ˔ʰ˄ʾʰˌΦ ɼʱʻʶ ʰˉˈ ʰˎˍʷˌ ˍʽˌ 

ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˋ˔ʶʵʽʱˋˍʹˁʶ ˗ˋˍʶ ˄ʰ ʽˁʰ˄ˇˉˇʽʶʾ ˍʽˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʰ˄ʱʴˁʶˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

ˇ˃ʱʵ˖˄-ˋˍˈ˔˖˄Φ 

ɴ˄ʰˌ ˋʹ˃ʰ˄ˍʽˁˈˌ ˂ˈʴˇˌ ʴʽʰ ˍʹ˄ ˏˉʰˊ˅ʹ ˍˇˎ ˉʰˊʰʵˇˍʷˇˎ ʰˎˍˇˏ ʶʾ˄ʰʽ ʹ ʰ˄ʱʴˁʹ ˁʰˍʱʵʶʽ˅ʹˌ ˍʹˌ 

ˋˎ˃˃ˈˊ˒˖ˋʹˌ ˃ʶ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ ˔ˊʹ˃ʰˍˇʵˇˍˇˏˋʰˌ ʰˊ˔ʺˌ όɱɱɳɼύ ˁʰʽ ˍˇˎ ɳʻ˄ʽˁˇˏ ʅ˔ʶʵʾˇˎ 

ζɳ˂˂ʱʵʰ нΦлηΦ ʁʽ ʰˉʰʽˍʺˋʶʽˌ ʰˎˍʷˌ ʶˉʽʲʱ˂˂ˇˎ˄ ʰˎˋˍʹˊʱ ˁˊʽˍʺˊʽʰ ˁʰʽ ʵʶʾˁˍʶˌ ʵʽʱ˔ˎˋʹˌΣ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ˍʰ ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˉˇˎ ˔ˊʹ˃ʰˍˇʵˇˍˇˏ˄ˍʰʽ ˃ʶ 

ʵʹ˃ˈˋʽʰ ˔ˊʺ˃ʰˍʰ ʻʰ ˉʰˊʱʴˇˎ˄ ˃ʶˍˊʺˋʽ˃ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʶ ʶˎˊʶʾʰ ʶˉʽˊˊˇʺΦ ʆˇ ˉʰˊʰʵˇˍʷˇ 

ʰˎˍˈ ˉʰˊʷ˔ʶʽ ʰˉˇʵʶʽˁˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˋˎ˃˃ˈˊ˒˖ˋʹˌ ˃ʶ ʰˎˍʷˌ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌΦ 

ʆʷ˂ˇˌΣ ˍˇ ˉʰˊʰʵˇˍʷˇ ʰˎˍˈ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁˈ ʴʽʰ ˍˇ ˉˊˈʴˊʰ˃˃ʰ оDt±-пLb5¦{¢w¸ ˂ˈʴ˖ 

ˍˇˎ ʽʵʽʰʾˍʶˊˇˎ ˔ʰˊʰˁˍʺˊʰ ˍˇˎ ʷˊʴˇˎΦ ʆˇ ʷˊʴˇ ʶˋˍʾʰʸʶ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˎ˂ʽˁ˗˄ 

ˍˊʾˍʹˌ ʴʶ˄ʽʱˌΣ ʷ˄ʰˌ ˔˗ˊˇˌ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˉˊˇˍʶˊʰʽˈˍʹˍʰ ʴʽʰ ˍʹ˄ ɳˎˊ˗ˉʹ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ʴʽʰ ˍʹ˄ 

ɳ˂˂ʱʵʰ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ɳˎˊ˖ˉʰʿˁˇˏ ʃˊʱˋʽ˄ˇˎ ʅˎ˃˒˗˄ˇˎ ˁʰʽ ˍʹˌ ˃ʶˍʱʲʰˋʹˌ ˉˊˇˌ ˍʽˌ 

ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌΦ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍˇˉˇʻʷˍʹˋʹ ˍˇˎ ʷˊʴˇˎ ʰˉʰʽˍʶʾ ʶ˄ʽˋ˔ˎ˃ʷ˄ʹ 



 

 

ʵʽʱ˔ˎˋʹ ˗ˋˍʶ ˄ʰ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ ˋˎ˄ˍˈ˃ʶˎˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ʰˉˈ ˍʹ˄ ʰ˄ʰˁʱ˂ˎ˕ʹ ʷ˖ˌ ˍʹ˄ ʶ˃ˉˇˊʽˁʺ 

ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΦ ɾʷˋ˖ ˍʹˌ ˋˍˇ˔ʶˎ˃ʷ˄ʹˌ ʵʽʱ˔ˎˋʹˌΣ ˍˇ ʷˊʴˇ ʶ˄ʾˋ˔ˎˋʶ ˍʹ ʻʷˋʹ ˍʹˌ 

ʶ˂˂ʹ˄ʽˁʺˌ ʷˊʶˎ˄ʰˌ ˋʶ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇ ˁʰʽ ˋˎ˄ʷʲʰ˂ʶ ˋˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈˍʹˍʰˌ 

ˍˇˎ ʶ˂˂ʹ˄ʽˁˇˏ ˉʰˊʰʴ˖ʴʽˁˇˏ ˍˇ˃ʷʰ. 

2 ʅˁˇˉˇʾ ˁʰʽ ʅˍˈ˔ˇʽ 

2.1 ɳʽˋʰʴ˖ʴʺ ˋˍʹ ʅʹ˃ʰˋʾʰ ˍ˖˄ ʅˍˈ˔˖˄ ɲʽʱ˔ˎˋʹˌ 
ʁʽ ˋˁˇˉˇʾ ˁʰʽ ˇʽ ˋˍˈ˔ˇʽ ˍʹˌ ʵʽʱ˔ˎˋʹˌ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ оGPV-4INDUSTRY h ˉˇˍʶ˂ˇˏ˄ 

ˍˇ ʻʶ˃ʷ˂ʽˇ ʶˉʾ ˍˇˎ ˇˉˇʾˇˎ ˁˍʾʸʶˍʰʽ ˇ˂ˈˁ˂ʹˊʹ ʹ ˋˍˊʰˍʹʴʽˁʺ ʶˉʽˁˇʽ˄˖˄ʾʰˌ ˁʰʽ ʵʽʱ˔ˎˋʹˌ ˍˇˎ ʷˊʴˇˎΦ ɶ 

˅ʶˁʱʻʰˊʹ ˁʰʽ ˉˊˇˋʶˁˍʽˁʱ ˋ˔ʶʵʽʰˋ˃ʷ˄ʹ ʻʷˋˉʽˋʹ ˍ˖˄ ˋˍˈ˔˖˄ ʰˎˍ˗˄ ʶ˅ʰˋ˒ʱ˂ʽˋʶ ˈˍʽ ˁʱʻʶ ʵˊʱˋʹ 

ʵʽʱ˔ˎˋʹˌ ʺˍʰ˄ ˋˍˇ˔ʶˎ˃ʷ˄ʹΣ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˁʰʽ ˃ʶˍˊʺˋʽ˃ʹΦ ʋ˖ˊʾˌ ˋʰ˒ʶʾˌ ˋˍˈ˔ˇˎˌΣ ˇʽ 

ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ʵʽʱ˔ˎˋʹˌ ˁʽ˄ʵˎ˄ʶˏʰ˄ ˄ʰ ʴʾ˄ˇˎ˄ ʰˉˇˋˉʰˋ˃ʰˍʽˁʷˌΣ ˄ʰ ˋˉʰˍʰ˂ˇˏ˄ ˉˈˊˇˎˌ ˁʰʽ ˄ʰ 

ʰˉˇˍˎʴ˔ʱ˄ˇˎ˄ ˋˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ʶˉʽʻˎ˃ʹˍˇˏ ʰ˄ˍʾˁˍˎˉˇˎΦ ʍˌ ʶˁ ˍˇˏˍˇˎΣ ˇʽ ˋˍˈ˔ˇʽ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʶʵ˗ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ˃ʶ ˁˊʽˍʽˁʺ ˋˁʷ˕ʹ ˁʰʽ ˋʶ ˉ˂ʺˊʹ ˋˎ˃˒˖˄ʾʰ ˃ʶ ˍʹ˄ ʰˉˇˋˍˇ˂ʺ ˁʰʽ 

ˍˇ ˈˊʰ˃ʰ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRY. 

2.2 ɱʶ˄ʽˁˈˌ ʅˁˇˉˈˌ ˍʹˌ ɲʽʱ˔ˎˋʹˌ 
ʁ ɹʶ˄ʽˁˈˌ ˋˁˇˉˈˌ ˍʹˌ ʵʽʱ˔ˎˋʹˌ ʺˍʰ˄ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˁʰʽ ˉˇ˂ˎʵʽʱˋˍʰˍʹ ʵʽʱ˔ˎˋʹ ˍ˖˄ 

ʶˊʶˎ˄ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRY ˋʶ ˈ˂ʰ ˍʰ ˋ˔ʶˍʽˁʱ ˁˇʽ˄ʱ όstakeholders). 

ɮˎˍˈˌ ˇ ʴʶ˄ʽˁˈˌ ˋˁˇˉˈˌ ˉˉʶˊʽʶ˂ʱ˃ʲʰ˄ʶ ʷ˄ʰ ˋˏ˄ʻʶˍˇ ˋˏˋˍʹ˃ʰ ʶ˄ʶˊʴʶʽ˗˄ ˉˇˎ ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ʴʽʰ ˄ʰ 

˒ˍʱˋˇˎ˄ ˋˍʹ ʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰΣ ˋˍˇ ʶʴ˔˗ˊʽˇ ˁʰʽ ʵʽʶʻ˄ʷˌ ˉʰˊʰʴ˖ʴʽˁˈ ʽˋˍˈΣ ˋˍʽˌ 

ˁˎʲʶˊ˄ʹˍʽˁʷˌ ˁʰʽ ʵʽʰ˔ʶʽˊʽˋˍʽˁʷˌ ʰˊ˔ʷˌΣ ˁʰʽ ˋˍˇ ʶˎˊˏˍʶˊˇ ˁˇʽ˄ˈΦ ɹʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ʵˈʻʹˁʶ ˋˍˇ˄ 

ˋˎ˄ʵˎʰˋ˃ˈ h ˎˍ˗˄ ˍ˖˄ ˍˊʽ˗˄ ˁˏˊʽ˖˄ ˋˎˋˍʰˍʽˁ˗˄Υ ˍʹˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌΣ ˍˇˎ ˉʰˊʰʴ˖ʴʽˁˇˏ 

ʽˋˍˇˏ ˁʰʽ ˍʹˌ ʶˎˊˏˍʶˊʹˌ ˁˇʽ˄˖˄ʾʰˌΦ 

ɮˎˍʺ ʹ ˇ˂ʽˋˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ʺˍʰ˄ ʰˉʰˊʰʾˍʹˍʹΣ ʵʶʵˇ˃ʷ˄ˇˎ ˍˇˎ ʽʵʽʰʾˍʶˊˇˎ ˔ʰˊʰˁˍʺˊʰ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ оGPV-4INDUSTRYΣ ˍˇ ˇˉˇʾˇ ʶʾ˔ʶ ˖ˌ ˋˍˈ˔ˇ ˍʹ ˋˏ˄ʵʶˋʹ ˍʹˌ ʰʽ˔˃ʺˌ ˍʹˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ 

ʷˊʶˎ˄ʰˌ ˃ʶ ˍʽˌ ˉˊʰˁˍʽˁʷˌ ʰ˄ʱʴˁʶˌ ˍˇˎ ˉʰˊʰʴ˖ʴʽˁˇˏ ʽˋˍˇˏΦ ʆˇ ʷˊʴˇ ʵʶ˄ ʰˉˇˋˁˇˉˇˏˋʶ ʰˉ˂˗ˌ ˋˍʹ 

ʵʹ˃ˇˋʾʶˎˋʹ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ʰ˄ʰˁʰ˂ˏ˕ʶ˖˄Σ ʰ˂˂ʱ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˍˈ˅ˇˎ ˉˇˎ ˃ʶˍʷ˒ʶˊʶ ˍʽˌ 

ʰ˄ʰˁʰ˂ˏ˕ʶʽˌ ʰˎˍʷˌ ʰˉˈ ˍˇ ʶˊʴʰˋˍʺˊʽˇ ˋˍʹ˄ ʰʴˇˊʱ ˁʰʽΣ ˍʶ˂ʽˁʱΣ ˋˍʹ˄ ˁˇʽ˄˖˄ʾʰΦ 

2.3 ɳʽʵʽˁˇʾ ʅˍˈ˔ˇʽ ˍʹˌ ɲʽʱ˔ˎˋʹˌ 
ʁ ̄ˊ˗ˍˇˌ ʶʽʵʽˁˈˌ ˋˍˈ˔ˇˌ ʺˍʰ˄ ʹ ˉˊˇ˗ʻʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ ʷˊʴˇˎ ˋˍʹ ʵʽʶʻ˄ʺ 

ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰΦ ɮˎˍˈ ʶˉʽˍʶˏ˔ʻʹˁʶ ˁˎˊʾ˖ˌ ˃ʷˋ˖ ˍ˖˄ ʵʹ˃ˇˋʽʶˏˋʶ˖˄ ˋʶ ˁˇˊˎ˒ʰʾʰ ʵʽʶʻ˄ʺ 

ˉʶˊʽˇʵʽˁʱ όpeer-reviewed journalsύΣ ˍʹˌ ˋˎ˃˃ʶˍˇ˔ʺˌ ˋʶ ʵʽʶʻ˄ʺ ˋˎ˄ʷʵˊʽʰ ˁʰʽ ˍʹˌ ʶ˄ʶˊʴʺˌ 

ˋˎ˃˃ʶˍˇ˔ʺˌ ˋʶ ʶˊʶˎ˄ʹˍʽˁʱ ʵʾˁˍˎʰ ˁʰʽ ˋˎ˃˃ʰ˔ʾʶˌΦ ɶ ˁʰˍʰ˔˗ˊʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋˍʰ ʰˊ˔ʶʾʰ 

ʰ˄ˇʽˁˍʺˌ ˉˊˈˋʲʰˋʹˌ όopen access repositoriesύ ʶˉʾˋʹˌ ˋˎ˄ʷʲʰ˂ʶ ˋʶ ʰˎˍˈ˄ ˍˇ˄ ˋˍˈ˔ˇΦ 



 

 

ɶ ˉˊˇ˗ʻʹˋʹ ʰˎˍʺ ʺˍʰ˄ ˁˊʾˋʽ˃ʹ ʴʽʰ ˍʹ˄ ʰˁʰʵʹ˃ʰʿˁʺ ʰ˅ʾʰ ˍˇˎ ʷˊʴˇˎΦ ɼʰˍʷˋˍʹˋʶ ʵˎ˄ʰˍʺ ˍʹ ˂ʺ˕ʹ 

ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹˌ ʰˉˈ ʰ˄˗ˍʶˊˇˎˌ ʶˊʶˎ˄ʹˍʷˌΣ ˍʹ ʵʽʰˉʾˋˍ˖ˋʹ ˉʽʻʰ˄˗˄ ˋˎ˄ʶˊʴʶʽ˗˄ ˃ʶ ʱ˂˂ʶˌ 

ʶˊʶˎ˄ʹˍʽˁʷˌ ˇ˃ʱʵʶˌΣ ˁʰʽ ˍʹ ˋˎ˃ʲˇ˂ʺ ˍˇˎ ʷˊʴˇˎ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷʰˌ ʴ˄˗ˋʹˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ʵʽʶʻ˄ʺˌ 

ʰ˄ʰʴ˄˗ˊʽˋʹ ʶ˄ʾˋ˔ˎˋʶ ˍʹ ˒ʺ˃ʹ ˍˇˎ ʾʵʽˇˎ ˍˇˎ ʷˊʴˇˎ ˁʰʽ ˍ˖˄ ˒ˇˊʷ˖˄ ˉˇˎ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋʶ ʰˎˍˈΣ 

ʴʶʴˇ˄ˈˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʰ ˇ˒ʷ˂ʹ ʴʽʰ ˍʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʶˉˈ˃ʶ˄˖˄ 

˔ˊʹ˃ʰˍˇʵˇˍʺˋʶ˖˄Φ 

ʁ ɻʶˏˍʶˊˇˌ ʶʽʵʽˁˈˌ ˋˍˈ˔ˇˌ ʺˍʰ˄ ʹ ʶ˄ʹ˃ʷˊ˖ˋʹ ˁʰʽ ʵʽˁˍˏ˖ˋʹ ˃ʶ ˍˇ˄ ˉʰˊʰʴ˖ʴʽˁˈ ʽˋˍˈ ˁʰʽ ˍʹ 

ʲʽˇ˃ʹ˔ʰ˄ʾʰ ɹ ʽʰ ʵˎ˄ʹˍʽˁʺ ʶ˃ˉˇˊʽˁʺ ʰ˅ʽˇˉˇʾʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɮˎˍˈˌ ˇ ˋˍˈ˔ˇˌ ʰˉˇˍʷ˂ʶˋʶ ʷ˄ʰ 

ʰˉˈ ˍʰ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˇ ˍʾˍ˂ˇˌ ˍˇˎ ʷˊʴˇˎ ˊʹˍʱ ʰ˄ʰ˒ʷˊʶʽ 

ζˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈˍʹˍʰˌ ˍˇˎ ˉʰˊʰʴ˖ʴʽˁˇˏ ˍˇ˃ʷʰ ˋˍʹ˄ ˉˊʱˋʽ˄ʹ ʶ˄ʷˊʴʶʽʰηΦ 

ɶ ʶˉʾˍʶˎ˅ʹ ʰˎˍˇˏ ˍˇˎ ˋˍˈ˔ˇˎ ˉʶˊʽ˂ʱ˃ʲʰ˄ʶΥ 

¶ ʃˊˇˋʷʴʴʽˋʹ ʲʽˇ˃ʹ˔ʰ˄ʽˁ˗˄ ˒ˇˊʷ˖˄Υ ʅˎʴˁˊˇˍʺʻʹˁʶ ʵʾˁˍˎˇ ʶˉʰ˒˗˄ ˃ʶ ʶˍʰʽˊʶʾʶˌ ˉˇˎ 
ʵˊʰˋˍʹˊʽˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˁʰʽ ˍʹˌ ˉˊʱˋʽ˄ʹˌ ʶ˄ʷˊʴʶʽʰˌΣ ˗ˋˍʶ ˄ʰ 
ʶ˄ʹ˃ʶˊ˖ʻˇˏ˄ ʴʽʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʷˊʴˇˎΦ 

¶ ɲʽˇˊʴʱ˄˖ˋʹ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁ˗˄ ʹ˃ʶˊʾʵ˖˄ ˁʰʽ workshopΥ ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʶʽʵʽˁʷˌ 
ʶˁʵʹ˂˗ˋʶʽˌ ˋˍʽˌ ˇˉˇʾʶˌ ˋˎ˃˃ʶˍʶʾ˔ʰ˄ ˉˊˈˋ˖ˉʰ ʰˉˈ ˍʹ ʲʽˇ˃ʹ˔ʰ˄ʾʰΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʴʾ˄ʶʽ 
ˉʰˊˇˎˋʾʰˋʹ ˁʰʽ ˋˎʸʺˍʹˋʹ ˍ˖˄ ʵˎ˄ʰˍˇˍʺˍ˖˄ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΦ 

¶ ɲʹ˃ˇˋʾʶˎˋʹ ˍʶ˔˄ʽˁ˗˄ ʶˁʻʷˋʶ˖˄ όTechnical Reports)Υ ɲʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ʶˁʻʷˋʶʽˌ ˉˇˎ ʺˍʰ˄ 
ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʶˌ ʴʽʰ ˍʹ ʲʽˇ˃ʹ˔ʰ˄ʾʰΣ ˃ʶ ʷ˃˒ʰˋʹ ˋˍʹ ˉˊʰˁˍʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ˁʰʽ ˍʰ ˇ˒ʷ˂ʹ ˉˇˎ 
˃ˉˇˊʶʾ ˄ʰ ʰˉˇ˒ʷˊʶʽ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰΦ 

ʁ ̱ˊʾˍˇˌ ʶʽʵʽˁˈˌ ˋˍˈ˔ˇˌ ʺˍʰ˄ ʹ ʶˎʰʽˋʻʹˍˇˉˇʾʹˋʹ ˍˇˎ ˁˇʽ˄ˇˏ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ˋʹ˃ʰˋʾʰ ˁʰʽ ˍʽˌ 

ʵˎ˄ʰˍˈˍʹˍʶˌ ˍ˖˄ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ʴʽʰ ˍʹ˄ ʶ˄ʷˊʴʶʽʰ ˁʰʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɮˎˍˈˌ ˇ ˋˍˈ˔ˇˌ 

ʰ˒ˇˊˇˏˋʶ ˍʹ ʴʶ˄ʽˁˈˍʶˊʹ ˁˇʽ˄˖˄ʾʰ ˁʰʽ ˈ˔ʽ ˃ˈ˄ˇ ˍʽˌ ʶʽʵʽˁʷˌ ˇ˃ʱʵʶˌΦ 

ɶ ʶˉʾˍʶˎ˅ʺ ˍˇˎ ˉʶˊʽ˂ʱ˃ ʲh˄ ʶΥ 

¶ ɲʹ˃ʽˇˎˊʴʾʰ ˉ˂ʹˊˇ˒ˇˊʽʰˁˇˏ ˎ˂ʽˁˇˏ ʴʽʰ ˍˇ ˁˇʽ˄ˈΥ ʃʰˊˇˏˋʽʱˋʶʽˌ ˉˇˎ ˉʶˊʽʷʴˊʰ˒ʰ˄ ˃ʶ ʰˉ˂ʺ 
ʴ˂˗ˋˋʰ ˍʽ ʶʾ˄ʰʽ ˍʰ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌΣ ˍʽ ˉˊˇˋ˒ʷˊˇˎ˄ ˁʰʽ ʴʽʰˍʾ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱΦ 

¶ ɲʽˇˊʴʱ˄˖ˋʹ ʵʹ˃ˈˋʽ˖˄ ʶˁʵʹ˂˗ˋʶ˖˄Υ ʃˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʹ˃ʶˊʾʵ˖˄Σ ʶˊʴʰˋˍʹˊʾ˖˄ ˁʰʽ 
ʶˁʻʷˋʶ˖˄ ˉˇˎ ʺˍʰ˄ ʰ˄ˇʽˁˍʷˌ ʴʽʰ ˍˇ ˁˇʽ˄ˈΦ 

ʁ ̱ʷˍʰˊˍˇˌ ʶʽʵʽˁˈˌ ˋˍˈ˔ˇˌ ʺˍʰ˄ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁˊʾˋʽ˃ʹˌ ˃ʱʸʰˌ ʴ˄˗ˋʹˌ ˁʰʽ ʵʶ˅ʽˇˍʺˍ˖˄ ˋˍˇ˄ ˍˇ˃ʷʰ 

ˍ˖˄ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʽˁʰ˄ˇˍʺˍ˖˄ ˉˇˎ ʻʰ ʶˉʽˍˊʷ˕ˇˎ˄ ˋˍˇ 

ʶˊʶˎ˄ʹˍʽˁˈ ʵˎ˄ʰ˃ʽˁˈ ˍʹˌ ˔˗ˊʰˌ ˄ʰ ˋˎ˄ʶ˔ʾˋʶʽ ˍʹ˄ ʷˊʶˎ˄ʰ ˁʰʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˋʶ ʰˎˍˈ˄ ˍˇ˄ ˍˇ˃ʷʰ 

ʰˁˈ˃ʹ ˁʰʽ ˃ʶˍʱ ˍˇ ˍʷ˂ˇˌ ˍˇˎ ʷˊʴˇˎΦ 

ɮˎˍˈ ʶˉʽˍʶˏ˔ʻʹˁʶ ˃ ʷˋ˖Υ 

¶ ɳˁˉʰʾʵʶˎˋʹˌ ˄ʷ˖˄ ʶˊʶˎ˄ʹˍ˗˄Υ ʃˇ˂˂ˇʾ ˄ʷˇʽ ʶˊʶˎ˄ʹˍʷˌ ʶ˄ʶˉ˂ʱˁʹˋʰ˄ ˋˍˇ ʷˊʴˇΣ ˁˍ˗˃ʶ˄ˇʽ 
ˉˇ˂ˏˍʽ˃ʹ ʶ˃ˉʶʽˊʾʰ ˉˇˎ ʻʰ ˃ʶˍʰ˒ʷˊˇˎ˄ ˋʶ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʷˊʶˎ˄ʶˌΦ 



 

 

¶ ʅˏ˄ʻʶˋʹˌ ˋʶ˃ʽ˄ʰˊʾ˖˄ ˁʰʽ ʶˊʴʰˋˍʹˊʾ˖˄ ʶˁˉʰʾʵʶˎˋʹˌΥ ɮ˄ʰˉˍˏ˔ʽʽʹˁʰ˄ ʰ˄ʰ˒ˇˊʷˌ ˁʰʽ 
ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ ʶˁˉʰʾʵʶˎˋʹ ʱ˂˂˖˄Φ 

¶ ɮ˄ˇʽˁˍʺ ˉˊˈˋʲʰˋʹ ˋˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΥ ɲʹ˃ˇˋʾʶˎˋʹ ˈ˂˖˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍ˖˄ 
ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋʶ ʰ˄ˇʽˁˍʷˌ ˉ˂ʰˍ˒ˈˊ˃ʶˌΣ ˗ˋˍʶ ʱ˂˂ʶˌ ʶˊʶˎ˄ʹˍʽˁʷˌ ˇ˃ʱʵʶˌ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˍʰ 
˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˄Φ 

ʁ ̄ʷ˃ˉˍˇˌ ʶʽʵʽˁˈˌ ˋˍˈ˔ˇˌ ʺˍʰ˄ ʹ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˇˊʰˍˈˍʹˍʰˌ ˍʹˌ ʶ˂˂ʹ˄ʽˁʺˌ ʷˊʶˎ˄ʰˌ ˋʶ ʵʽʶʻ˄ʷˌ 

ʶˉʾˉʶʵˇΦ ɮˎˍˈ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁˈ ʴʽʰ ˍʹ ˔˗ˊʰ ˃ʰˌΣ ˁʰʻ˗ˌ ˋˎ˔˄ʱ ʹ ʶ˂˂ʹ˄ʽˁʺ ʷˊʶˎ˄ʰ ʵʶ˄ 

˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˋʶ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇΦ 

ɶ ʶˉʾˍʶˎ˅ʹ ʰˎˍˇˏ ˍˇˎ ˋˍˈ˔ˇˎ ˉʶˊʽ˂ʱ˃ʲʰ˄ʶΥ 

¶ ɳ˄ʵˎ˄ʱ˃˖ˋʹ ˍˇˎ ʵʹ˃ˇˋʾˇˎ ˉˊˇ˒ʾ˂Υ ʅˏ˄ʻʶˋʹ ˃ʽʰˌ ʽˋ˔ˎˊʺˌ ˉʰˊˇˎˋʾʰˌ ˋˍˇ ʵʽʰʵʾˁˍˎˇΦ 
¶ ɮ˄ʰ˒ˇˊʱ ˍʹˌ ɳ˂˂ʹ˄ʽˁʺˌ ˋˎ˃˃ʶˍˇ˔ʺˌΥ ʀʶˁʱʻʰˊʹ ʰ˄ʰ˒ˇˊʱ ˋˍʹ˄ ʶ˂˂ʹ˄ʽˁʺ ˋˎ˃˃ʶˍˇ˔ʺ ˁʰʽ 
ˋˎ˄ʶʽˋ˒ˇˊʱ ˋʶ ˁʱʻʶ ʵʹ˃ˇˋʾʶˎˋʹ ˁʰʽ ʶˁʵʺ˂˖ˋʹΦ 

¶ ʅˎ˃˃ʶˍˇ˔ʺ ˋʶ ʵʽʶʻ˄ʺ ʴʶʴˇ˄ˈˍʰΥ ɳˁˉˊˇˋ˗ˉʹˋʹ ˍʹˌ ʶ˂˂ʹ˄ʽˁʺˌ ʷˊʶˎ˄ʰˌ ˋʶ ʵʽʶʻ˄ʶʾˌ 
ʵʽʰˋˁʷ˕ʶʽˌ ˁʰʽ ʶˁʵʹ˂˗ˋʶʽˌΦ 

ʁ ̫ ˁˍˇˌ ʶʽʵʽˁˈˌ ˋˍˈ˔ˇˌ ʺˍʰ˄ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˋˎ˄ʶˊʴʶʽ˗˄ ˁʰʽ ʵʽˁˍˏ˖˄ ˋˎ˄ʶˊʴʰˋʾʰˌ ˃ʶ 

ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇˎˌ ˒ˇˊʶʾˌΦ ɮˎˍˈ ˉʶˊʽ˂ʱ˃ʲʰ˄ʶ ˍʹ ˋˏ˄ʵʶˋʹ ˍˇˎ ʷˊʴˇˎ ˃ʶ ʱ˂˂ʰ ˋ˔ʶˍʽˁʱ ʷˊʴʰΣ ˃ʶ ʵʾˁˍˎʰ 

ˁʰʽ˄ˇˍˇ˃ʾʰˌΣ ˃ʶ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁʱ ˁʷ˄ˍˊʰ ˁʰʽ ˃ʶ ʱ˂˂ˇˎˌ ˒ˇˊʶʾˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˃ʲʱ˂ˇˎ˄ ˋˍʹ˄ 

ʶˉʽˍˎ˔ʾʰ ˍˇˎ ʷˊʴˇˎΦ 

2.4 ɮ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˍ˖˄ ʅˍˈ˔˖˄ 
ɳʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˇʽ ʷ˅ʽ ʶʽʵʽˁˇʾ ˋˍˈ˔ˇʽ ˉˇˎ ˉʰˊˇˎˋʽʱˋˍʹˁʰ˄ ˉʰˊʰˉʱ˄˖ ʵʶ˄ ʺˍʰ˄ 

ʰˉˇ˃ˇ˄˖˃ʷ˄ˇʽΦ ɮ˄ˍʽʻʷˍ˖ˌΣ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋˍʶ˄ʱ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ˋˎ˄ʶˍʷ˂ʶˋʰ˄ ʰˉˈ ˁˇʽ˄ˇˏ ˉˊˇˌ ˍʹ˄ 

ʶˉʾˍʶˎ˅ʹ ˍˇˎ ʴʶ˄ʽˁˇˏ ˋˁˇˉˇˏΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ ˉˊˇ˗ʻʹˋʹ ˋˍʹ ʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰ 

ˋˎ˄ʷʲʰ˂ʶʽ ˁʰʽ ˋˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˇˊʰˍˈˍʹˍʰˌ ˍʹˌ ʶ˂˂ʹ˄ʽˁʺˌ ʷˊʶˎ˄ʰˌΦ ʁ˃ˇʾ˖ˌΣ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁˊʾˋʽ˃ʹˌ 

˃ʱʸʰˌ ʴ˄˗ˋʹˌ ˁʰʽ ʹ ʶ˄ʹ˃ʷˊ˖ˋʹ ˍˇˎ ˉʰˊʰʴ˖ʴʽˁˇˏ ʽˋˍˇˏ ˋˎ˃ˉˇˊʶˏˍʹˁʰ˄ ʴʽʰ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ 

ɮˎˍʺ ʹ ˇ˂ʽˋˍʽˁʺ ˁʰʽ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ʶ˅ʰˋ˒ʱ˂ʽˋʶ ˈˍʽ ˁʱʻʶ ʵˊʱˋʹ ʵʽʱ˔ˎˋʹˌ ˍˇˎ ʷˊʴˇˎ 

ˋˎ˄ʷʲʰ˂ʶ ˍˈˋˇ ˋʶ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋˍˈ˔ˇ ˈˋˇ ˁʰʽ ˋˍˇ ʶˎˊˏˍʶˊˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʶˉʽʵʽ˗˅ʶ˖˄ ˍˇˎ ʷˊʴˇˎΦ 

 

3 ʆʰˎˍˇˉˇʾʹˋʹ ˇ˃ʱʵ˖˄ ˋˍˈ˔ˇˎ 

3.1 ʅʹ˃ʰˋʾʰ ˍʹˌ ʆʰˎˍˇˉˇʾʹˋʹˌ Stakeholders 
ɶ ˍʰˎˍˇˉˇʾʹˋʹ ˁʰʽ ʹ ˂ʶˉˍˇ˃ʶˊʺˌ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˇ˃ʱʵ˖˄ ˋˍˈ˔ˇˎ όstakeholdersύ ʰˉˇˍʷ˂ʶˋʶ ʷ˄ʰ 

ʻʶ˃ʶ˂ʽ˗ʵʶˌ ˋʹ˃ʶʾˇ ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˃ʽʰˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺˌ ˁʰʽ ʵʹ˃ʽˇˎˊʴʽˁʺˌ ˋˍˊʰˍʹʴʽˁʺˌ 

ʵʽʱ˔ˎˋʹˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ оGPV-4INDUSTRYΦ ʁ ˈˊˇˌ Ϧstakeholder" 

ʺ Ϧʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇˌ ˒ˇˊʷʰˌϦ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋʶ ˁʱʻʶ ʱˍˇ˃ˇΣ ˒ˇˊʷʰΣ ˇˊʴʰ˄ʽˋ˃ˈ ʺ ˇ˃ʱʵʰ ˉˇˎ ʷ˔ʶʽ ˁʱˉˇʽˇ 

ˋˎ˃˒ʷˊˇ˄Σ ʶˉʹˊʶʱʸʶˍʰʽ ʺ ˃ˉˇˊʶʾ ˄ʰ ʶˉʹˊʶʱˋʶʽ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹΣ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ 



 

 

ʷˊʴˇˎΦ ʁʽ stakeholders ʵʶ˄ ʶʾ˄ʰʽ ʷ˄ʰ ˇ˃ˇʽˈ˃ˇˊ˒ˇ ˋˏ˄ˇ˂ˇΣ ʰ˂˂ʱ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ˉˇ˂ˏˉ˂ˇˁʹ ˁʰʽ 

ˉˇ˂ˎʵʽʱˋˍʰˍʹ ˁˇʽ˄˖˄ʾʰ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʰ˄ʱʴˁʶˌΣ ˋˎ˃˒ʷˊˇ˄ˍʰΣ ˉˊˇˋʵˇˁʾʶˌ ˁʰʽ ʵˎ˄ʰˍˈˍʹˍʶˌ 

ʶˉʹˊʶʰˋ˃ˇˏΦ 

ʋ˖ˊʾˌ ˍʹ ˋʰ˒ʺ ˁʰʽ ʰˁˊʽʲʺ ˍʰˎˍˇˉˇʾʹˋʹ ˍ˖˄ stakeholdersΣ ˇʽ ʵˊʱˋʶʽˌ ʵʽʱ˔ˎˋʹˌ ˁʽ˄ʵˏ˄ʶˎʰ˄ ˄ʰ ʴʾ˄ˇˎ˄ 

ʰˋˏ˃˃ʶˍˊʶˌΣ ʰˉ˂ʱ ˁʰʽ ˃ʹ-ʵʹ˃ʽˇˎˊʴʽˁʷˌΣ ˄ʰ ˋˉʰˍʰ˂ˇˏ˄ ˔ˊʺ˃ʰˍʰ ˁʰʽ ʰ˄ʻˊ˗ˉʽ˄ˇˎˌ ˉˈˊˇˎˌΣ ˁʰʽ ˄ʰ 

ʰˉˇˍˎʴ˔ʱ˄ˇˎ˄ ˄ʰ ˒ˍʱˋˇˎ˄ ˍˇˎˌ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʰˁˊˇʰˍʷˌΦ ɮ˄ˍʽʻʷˍ˖ˌΣ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ 

ˇ˃ʱʵ˖˄ ˋˍˈ˔ˇˎ ʶˉʷˍˊ˕ʶ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄˖˄ ˁʰʽ ˋˍˇ˔ʶˎ˃ʷ˄˖˄ ˃ʹ˄ˎ˃ʱˍ˖˄Σ ˍʹ ˔ˊʺˋʹ 

ˁʰˍʱ˂˂ʹ˂˖˄ ˁʰ˄ʰ˂ʽ˗˄ ʶˉʽˁˇʽ˄˖˄ʾʰˌΣ ˁʰʽ ˍʹ ˋ˔ʶʵʾʰˋʹ ʵˊʱˋʶ˖˄ ˉˇˎ ʶʾ˔ʰ˄ ˉˊʰʴ˃ʰˍʽˁˈ ʰ˄ˍʾˁˍˎˉˇ ˁʰʽ 

ʵʹ˃ʽˇˏˊʴʹˋʰ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʰ˂˂ʰʴʷˌΦ ɳʽʵʽˁʱ ʴʽʰ ˍˇ ˉˊˈʴˊʰ˃˃ʰ оGPV-4INDUSTRYΣ ˉˇˎ ʶʾ˔ʶ ˖ˌ ˋˍˈ˔ˇ 

ˍʹ ˋˏ˄ʵʶˋʹ ˍʹˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ʷˊʶˎ˄ʰˌ ˃ʶ ˍˇ˄ ˉʰˊʰʴ˖ʴʽˁˈ ʽˋˍˈΣ ʹ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ˍ˖˄ 

stakeholders ̋ ˍʰ˄ ˁˊʾˋʽ˃ʹ ʴʽʰ ˍʹ˄ ʶˉʽˍˎ˔ʺ ˃ʶˍʰ˒ˇˊʱ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˁʰʽ ˁʰʽ˄ˇˍˇ˃ʾʰˌΦ 

3.2 ɯ˃ʶˋʶˌ ʁ˃ʱʵʶˌ ʅˍˈ˔ˇˎ όPrimary Stakeholders) 

3.2.1 ɳˊʶˎ˄ʹˍʽˁʺ ɼˇʽ˄ˈˍʹˍʰ 
ɶ ʶˊʶˎ˄ʹˍʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ʰˉˇˍʷ˂ʶ̀ ʶ ˍʹ˄ ʱ˃ʶˋʹ ˇ˃ʱʵʰ ˋˍˈ˔ˇˎ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRYΦ ɮˎˍʺ 

ˉʶˊʽ˂ʱ˃ʲʰ˄ʶ ˍˇˎˌ ʰˁʰʵʹ˃ʰʿˁˇˏˌΣ ˍˇˎˌ ʶˊʶˎ˄ʹˍʷˌΣ ˍˇˎˌ ʵʽʵʰˁˍʽˁˇˏˌ ˎˉʰ˂˂ʺ˂ˇˎˌΣ ˍˇˎˌ ˎˉˇ˕ʺ˒ʽˇˎˌ 

ʵʽʵʱˁˍˇˊʶˌ ˁʰʽ ˍʰ ˃ʷ˂ʹ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ʵˎ˄ʰ˃ʽˁˇˏ ˉˇˎ ʵˊʰˋˍʹˊʽˇˉˇʽˇˏ˄ˍʰʽ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ 

ˎ˂ʽˁˇˍʶ˔˄ˇ˂ˇʴʾʰˌΣ ˍʹˌ ˒ˎˋʽˁʺˌΣ ˍʹˌ ˔ʹ˃ʶʾʰˌΣ ˍʹˌ ʹ˂ʶˁˍˊˇ˂ˇʴʾʰˌΣ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˁʰʽ ˍ˖˄ ʶ˒ʰˊ˃ˇˋ˃ʷ˄˖˄ 

ʶˉʽˋˍʹ˃˗˄Φ ʍˋˍˈˋˇΣ ʹ ʶˊʶˎ˄ʹˍʽˁʺ ˁˇʽ˄ˈˍʹˍʰ-ˋˍˈ˔ˇˌ ˍˇˎ оGPV-4INDUSTRY ˉʶˊʽ˂ʱ˃ʲʰ˄ʶ ˁˎˊʾ˖ˌ 

ʶˊʶˎ˄ʹˍʷˌ ˉˇˎ ʶˊʴʱʸˇ˄ˍʰʽ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄Σ ˍ˖˄ ˎ˂ʽˁ˗˄ ˃ʶ ʵʽʶˎˊˎ˃ʷ˄ʶˌ ʽʵʽˈˍʹˍʶˌ όwide 

bandgap materialsύΣ ˁʰʽ ʴʶ˄ʽˁˈˍʶˊʰ ˋˍʹ˄ ʶ˄ʷˊʴʶʽʰ ˁʰʽ ˍʹ ʲʽ˖ˋʽ˃ˈˍʹˍʰΦ 

3.2.1.1 ɳʽʵʽˁʱ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ɳˊʶˎ˄ʹˍʽˁʺˌ ɼˇʽ˄ˈˍʹˍʰˌΥ 

ɶ ʶˊʶˎ˄ʹˍʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ʴ˄˗ˋʹˌ ˁʰʽ ˁʰʽ˄ˇˍˇ˃ʾʰˌΣ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ 

ˇ˃ˇˍʾ˃˖˄ όpeer recognitionύΣ ˁʰʽ ˍʹ ʸʺˍʹˋʹ ʴʽʰ ʵʹ˃ˇˋʽʶˏˋʶʽˌ ˁʰʽ ʰˁʰʵʹ˃ʰʿˁʺ ʰˉˇʵˇ˔ʺΦ ʁʽ ʶˊʶˎ˄ʹˍʷˌ 

ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ˃ʶ ʲʱˋʹ ˍˇ˄ ʰˊʽʻ˃ˈ ˁʰʽ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍ˖˄ ʱˊʻˊ˖˄ ˉˇˎ ʵʹ˃ˇˋʽʶˏˇˎ˄Σ ˍˇ˄ ʰˊʽʻ˃ˈ 

ˍ˖˄ ʰˉˈ˕ʶ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ όcitationsύΣ ˍʰ grants ̄ ˇˎ ˁʶˊʵʾʸˇˎ˄Σ ˁʰʽ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍˇˎˌ ˖ˌ leading 

experts ̀ ˍˇ ˉʶʵʾˇ ˍˇˎˌΦ 

3.2.1.2 ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʴʽʰ ʊ˖ˍˇʲˇ˂ˍʰʿˁʱ ʆˊʾˍʹˌ ɱʶ˄ʽʱˌΥ 

ɶ ʶˊʶˎ˄ʹˍʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ˉˇˎ ʶ˄ʵʽʰ˒ʷˊʶˍʰʽ ʴʽʰ ˍʰ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ 

ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶˌ ˇ˃ʱʵʶˌ ʶˊʶˎ˄ʹˍ˗˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΥ 

¶ ɳˊʶˎ˄ʹˍʷˌ ˋˍʰ Perovskite Solar Cells: ʅʶ ˉʰ˄ʶˉʽˋˍʺ˃ʽʰ ˁʰʽ ʶˊʶˎ˄ʹˍʽˁʱ ˁʷ˄ˍˊʰ ʰ˄ʱ ˍˇ˄ ˁˈˋ˃ˇΣ 
ˎˉʱˊ˔ˇˎ˄ ʶʽʵʽˁˇʾ ˉˇˎ ʶˊʴʱʸˇ˄ˍʰʽ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˉʶˊˇʲˋˁʾˍʽˁ˗˄ ʹ˂ʽʰˁ˗˄ ˁˎ˕ʶ˂˗˄Φ ɮˎˍʷˌ ʶʾ˄ʰʽ 
ʹ˃ʽʰʴ˖ʴʽˁʷˌ ʵˇ˃ʷˌ ˃ʶ ʵˇ˃ʺ ˇˊˎˁˍˇˏ ˉʶˊˇʲˋˁʾˍʹ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ˉˇ˂˂ʱ ˎˉˇˋ˔ˈ˃ʶ˄ʹ 
ˍʶ˔˄ˇ˂ˇʴʾʰ ˂ˈʴ˖ ˍʹˌ ˎ˕ʹ˂ʺˌ ˍˇˎˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌΣ ˍʹˌ ˔ʰ˃ʹ˂ʺˌ ˍˇˎˌ ˁˇˋˍˇ˂ˈʴʹˋʹˌ ˁʰʽ ˍʹˌ 
ʵˎ˄ʰˍˈˍʹˍʰˌ ʶˎʷ˂ʽˁˍ˖˄ όflexibleύ ʶ˒ʰˊ˃ˇʴ˗˄Φ ɴ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍ˖˄ ˉʶˊˇʲˋˁʽˍ˗˄ 
ʶʾ˄ʰʽ ˈˍʽ ʹ ʰˉˈʵˇˋʺ ˍˇˎˌ ʷ˔ʶʽ ʰˎ˅ʹʻʶʾ ʵˊʰ˃ʰˍʽˁʱΣ ʰˉˈ о҈ ˍˇ нллф ˋʶ ˉʱ˄˖ ʰˉˈ оо҈ ˋʺ˃ʶˊʰΣ 
ʰ˄ˍʰʴ˖˄ʽʸˈ˃ʶ˄ʹ ˍʰ ˉʰˊʰʵˇˋʽʰˁʱ ˉˎˊʾˍʽʰ ˒˖ˍˇʲˇ˂ˍʰʿˁʱΦ 

¶ ɳˊʶˎ˄ʹˍʷˌ ˋˍʰ Dye-Sensitized Solar Cells (DSSCs): ʁʽ ˔ˊ˖ˋˍʽˁʷˌ ʹ˂ʽʰˁʷˌ ˁˎ˕ʶ˂ʾʵʶˌ ʶʾ˄ʰʽ ˃ʽʰ 
ʱ˂˂ʹ ˋʹ˃ʰ˄ˍʽˁʺ ˁʰˍʹʴˇˊʾʰ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌΦ ɮˎˍʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˔ˊ˖ˋˍʽˁʷˌ 



 

 

ʰ˄ˈˊʴʰ˄ʶˌ ʺ ˇˊʴʰ˄ʽˁʷˌ ˉˇˎ ʰˉˇˊˊˇ˒ˇˏ˄ ˍˇ ˒˖ˌ ˁʰʽ ˍˇ ˃ʶˍʰʵʾʵˇˎ˄ ˋʶ ʷ˄ʰ˄ ʹ˃ʽʰʴ˖ʴˈΦ ɳʾ˄ʰʽ 
ʽʵʽʰʾˍʶˊʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰ ʶˉʶʽʵʺ ʵˇˎ˂ʶˏˇˎ˄ ˁʰ˂ʱ ˋʶ ˋˎ˄ʻʺˁʶˌ ˔ʰ˃ʹ˂ˇˏ ˒˖ˍʽˋ˃ˇˏ ˁʰʽ ˃ˉˇˊˇˏ˄ 
˄ʰ ʶ˄ˋ˖˃ʰˍ˖ʻˇˏ˄ ˋʶ ˁˍʾˊʽʰ ˁʰʽ ˁʽ˄ʹˍʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΦ 

¶ ɳˊʶˎ˄ʹˍʷˌ ˋˍʰ Quantum Dot Solar Cells: ɮˎˍʷˌ ˇʽ ˁˎ˕ʷ˂ʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˁʲʰ˄ˍʽˁʷˌ ˍʶ˂ʶʾʶˌ 
(quantum dotsύΣ ʵʹ˂ʰʵʺ ˉˇ˂ˏ ˃ʽˁˊʱ ˋ˖˃ʰˍʾʵʽʰ ʹ˃ʽʰʴ˖ʴ˗˄Σ ʴʽʰ ˄ʰ ʰˉˇˊˊˇ˒ʺˋˇˎ˄ ˍˇ ˒˖ˌ ˁʰʽ 
˄ʰ ˉʰˊʱʴˇˎ˄ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰΦ ʁʽ ˁʲʰ˄ˍʽˁʷˌ ˍʶ˂ʶʾʶˌ ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˍˊˇˉˇˉˇʽʺˋˇˎ˄ 
ˍʽˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ˍˇˎˌ ʸ˗˄ʶˌ ˃ʶˍʰʲʱ˂˂ˇ˄ˍʰˌ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎˌΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˃ʽʰ ʰˁˊʽʲʺ ʵˇ˃ʺ ˍʹˌ 
ʰˉ̌ˊˊˈ˒ʹˋʹˌ ˒˖ˍˈˌΦ 

¶ ɳˊʶˎ˄ʹˍʷˌ ˋˍʰ Organic Photovoltaics (OPV): ʆʰ ˇˊʴʰ˄ʽˁʱ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ 
ˇˊʴʰ˄ʽˁʱ ˃ˈˊʽʰ ʺ ˉˇ˂ˎ˃ʶˊʺ ˎ˂ʽˁʱ ʴʽʰ ˍʹ˄ ʰˉˇˊˊˈ˒ʹˋʹ ˒˖ˍˈˌ ˁʰʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 
ʹ˂ʶˁˍˊˇ˂ˎ˃ʱˍ˖˄Φ ʆʰ OPV ʷ˔ˇˎ˄ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˈˍʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰˍʰˋˁʶˎʰˋˍˇˏ˄ ˃ʶ ˔ʰ˃ʹ˂ˈ 
ˁˈˋˍˇˌΣ ˄ʰ ʶʾ˄ʰʽ ʶˏˁʰ˃ˉˍʰ ˁʰʽ ʵʽʰ˒ʰ˄ʺΦ 

3.2.1.3 ɲˊʱˋʶʽˌ ɲʽʱ˔ˎˋʹˌ ʴʽʰ ˍʹ˄ ɳˊʶˎ˄ʹˍʽˁʺ ɼˇʽ˄ˈˍʹˍʰΥ 

ɱʽʰ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍʹˌ ʶˊʶˎ˄ʹˍʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌΣ ˍˇ ʷˊʴˇ оGPV-4INDUSTRY 

ʶˉʽˁʶ˄ˍˊ˗ʻʹˁʶ ˋʶΥ 

¶ ɲʹ˃ˇˋʾʶˎˋʹ ˋʶ ˁˇˊˎ˒ʰʾʰ ʵʽʶʻ˄ʺ ˉʶˊʽˇʵʽˁʱΥ ɮˎˍʷˌ ˇʽ ʵʹ˃ˇˋʽʶˏˋʶʽˌ ʶ˅ʰˋ˒ʱ˂ʽˋʰ˄ ˈˍʽ ˍʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʻʰ ʵʽʰʲʰˋˍˇˏ˄ ʰˉˈ ʶˊʶˎ˄ʹˍʷˌ ˉʰʴˁˇˋ˃ʾ˖ˌΦ 

¶ ʅˎ˃˃ʶˍˇ˔ʺ ˋʶ ʵʽʶʻ˄ʺ ˋˎ˄ʷʵˊʽʰΥ ʅʶ ʰˎˍʱ ˍʰ ˋˎ˄ʷʵˊʽʰΣ ˇʽ ʶˊʶˎ˄ʹˍʷˌ ˉʰˊˇˎˋʾʰˋʰ˄ ˍʰ ˉʽˇ 
ˉˊˈˋ˒ʰˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ʵʽˁˍˎ˗ʻʹˁʰ˄ ˃ʶ ˇ˃ˇˍʾ˃ˇˎˌΦ 

¶ ɲʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ˋˎ˃˃ʶˍˇ˔ʺ ˋʶ ʶˊʶˎ˄ʹˍʽˁʱ ʵʾˁˍˎʰΥ ɮˎˍʱ ˍʰ ʵʾˁˍˎʰ ʶˉʷˍˊʶ˕ʰ˄ ˍʹ ˋˎ˄ʶˊʴʰˋʾʰΣ 
ˍʹ˄ ʰ˄ˍʰ˂˂ʰʴʺ ʴ˄˗ˋʹˌ ˁʰʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁˊʾˋʽ˃˖˄ ˃ʰʸ˗˄ ʷˊʶˎ˄ʰˌΦ 

¶ ʃˊˈˋʻʶˋʹ ʶˊʶˎ˄ʹˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʰ˄ˇʽˁˍʷˌ ʲʱˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄Υ ɮˎˍˈ ʶ˅ʰˋ˒ʱ˂ʽˋʶ ˈˍʽ ˍʰ 
ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ʷˊʴˇˎ ʺˍʰ˄ ʵʽʰʻʷˋʽ˃ʰ ʴʽʰ ʱ˂˂ˇˎˌ ʶˊʶˎ˄ʹˍʷˌ ˁʰʽ ʶ˄ʵˎ˄ʱ˃˖ˋʶ ˍʹ˄ ʰˊ˔ʺ ˍˇˎ 
ʰ˄ˇʽˁˍˇˏ ʶˉʽˋˍʹ˃ˇ˄ʽˁˇˏ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌΦ 

3.2.2 ʃʰˊʰʴ˖ʴʽˁˈˌ ʆˇ˃ʷʰˌ ˁʰʽ ɰʽˇ˃ʹ˔ʰ˄ʾʰ 
ʁ ˉʰˊʰʴ˖ʴʽˁˈˌ ˍˇ˃ʷʰˌ ʰˉˇˍʶ˂ʶʾ ˍʹ ʵʶˏˍʶˊʹ ˋʹ˃ʰ˄ˍʽˁʺ ʱ˃ʶˋʹ ˇ˃ʱʵʰ ˋˍˈ˔ˇˎΦ ɮˎˍˈˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ 

ʶˎˊˏ ˒ʱˋ˃ʰ ˒ˇˊʷ˖˄Υ ʰˉˈ ˃ʶʴʱ˂ʶˌ ˉˇ˂ˎʶʻ˄ʽˁʷˌ ʶˍʰʽˊʶʾʶˌ ˉˇˎ ʵˊʰˋˍʹˊʽˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ ˒˖ˍˇʲˇ˂ˍʰʿˁʺ 

ʶ˄ʷˊʴʶʽʰΣ ˃ʷ˔ˊʽ ˃ʽˁˊˇ˃ʶˋʰʾʶˌ ʶˉʽ˔ʶʽˊʺˋʶʽˌ όɾɾɳύ ˉˇˎ ˉʰˊʱʴˇˎ˄ ʶ˅ʰˊˍʺ˃ʰˍʰ ʺ ˎ˂ʽˁʱΣ ʷ˖ˌ ˁʰʽ 

˄ʶˇʵʹ˃ʽˇˎˊʴˇˏ˃ʶ˄ʶˌ ʶˉʽ˔ʶʽˊʺˋʶʽˌ όstartupsύ ˉˇˎ ˉˊˇˋˉʰʻˇˏ˄ ˄ʰ ʶ˃ˉˇˊʶˎ˃ʰˍˇˉˇʽʺˋˇˎ˄ ˁʰʽ˄ˇˍˈ˃ʶˌ 

ʽʵʷʶˌΦ 

3.2.2.1 ɳʽʵʽˁʷˌ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ʃʰˊʰʴ˖ʴʽˁˇˏ ʆˇ˃ʷʰ 

ʁ ˉʰˊʰʴ˖ʴʽˁˈˌ ˍˇ˃ʷʰˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˁʶˊʵˇ˒ˇˊʾʰˌΣ ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ 

ˉʰˊʰʴ˖ʴʺˌΣ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˉˇʽˈˍʹˍʰˌΣ ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʰ˄ʱˉˍˎ˅ʹˌ όtime-to-marketύΣ ˁʰʽ ˍʹ˄ 

ʰ˄ʰʸʺˍʹˋʹ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˇˏ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍˇˌΦ ʁʽ ʲʽˇ˃ʹ˔ʰ˄ʾʶˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ʴʽʰ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 

ˁ˂ʽ˃ʱˁ˖ˋʹˌ όscalabilityύ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΣ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ʲʽ˖ˋʽ˃ˈˍʹˍʰΣ ˍʹ ˋˎ˃ʲʰˍˈˍʹˍʰ ˃ʶ ˎˉʱˊ˔ˇ˄ˍʶˌ 

ˉʰˊʰʴ˖ʴʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌΣ ˁʰʽ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ʶ˃ˉˇˊʽˁʺˌ ʶˉʽˍˎ˔ʾʰˌΦ 

3.2.2.2 ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʴʽʰ ʊ˖ˍˇʲˇ˂ˍʰʿˁʱ ʆˊʾˍʹˌ ɱʶ˄ʽʱˌ 

¶ ɾʶʴʱ˂ʶˌ ʵʽʶʻ˄ʶʾˌ ʶˍʰʽˊʶʾʶˌΥ ɳˍʰʽˊʶʾʶˌ ˈˉ˖ˌ ʹ First Solar όʶʽʵʽˁʺ ˋʶ CdTe thin-film photovoltaics), 
ʹ SunPower όʴ˄˖ˋˍʺ ʴʽʰ ˎ˕ʹ˂ʺ ʰˉˈʵˇˋʹ Si ˁˎˍˍʱˊ˖˄ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˉʶʽˊʰ˃ʰˍʽˋ˃ˈ ˃ʶ ʶˍʶˊˇʴʶ˄ʺ 



 

 

ˁˏˍˍʰˊʰύΣ ʹ Perovskite Optics ˁʰʽ ʱ˂˂ʶˌΦ ɮˎˍʷˌ ˇʽ ʶˍʰʽˊʶʾʶˌ ʷ˔ˇˎ˄ ʺʵʹ ˎˉʱˊ˔ˇ˄ˍʶˌ ˉʰˊʰʴ˖ʴʽˁʷˌ 
ʵˎ˄ʰˍˈˍʹˍʶˌ ˁʰʽ ʰ˄ʰʸʹˍˇˏ˄ ˍˊˈˉˇˎˌ ˄ʰ ʶ˄ˋ˖˃ʰˍ˗ˋˇˎ˄ ˄ʷʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌΦ 

¶ ɶ˂ʽʰˁʷˌ startups: ɳˍʰʽˊʶʾʶˌ ˈˉ˖ˌ ʹ Perovskite Optics όʽʵˊˏʻʹˁʶ ʰˉˈ ʶˊʶˎ˄ʹˍʷˌ ˁʰʽ ʶˋˍʽʱʸʶʽ ˋˍʰ 
perovskiteύΣ ʹ Heliatek όʶ˄ʶˊʴˈ ˋˍʰ organic photovoltaicsύΣ ʹ Quantumscape όˈˉˇˎ ˎˉʱˊ˔ˇˎ˄ 
ˋˎ˃˒ʷˊˇ˄ˍʰ ʴʽʰ quantum dotsύΣ ˁʰʽ ˉˇ˂˂ʷˌ ʱ˂˂ʶˌ ˉˇˎ ʽʵˊˏˇ˄ˍʰʽ ˁʱʻʶ ˔ˊˈ˄ˇΦ ɮˎˍʷˌ ʰ˄ʰʸʹˍˇˏ˄ 
ˉʹʴʷˌ ʶˊʶˎ˄ʹˍʽˁʺˌ ʴ˄˗ˋʹˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˄ˋ˖˃ʰˍ˗ˋˇˎ˄ ˋˍʽˌ ʵʽʰʵʽˁʰˋʾʶˌ ˍˇˎˌΦ 

¶ ɼʰˍʰˋˁʶˎʰˋˍʷˌ ˎ˂ʽˁ˗˄Υ ɳˍʰʽˊʶʾʶˌ ˉˇˎ ˉʰˊʱʴˇˎ˄ ˍʰ ʲʰˋʽˁʱ ˎ˂ʽˁʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʰ 
˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌΣ ˈˉ˖ˌ ˍʰ ˔ʹ˃ʽˁʱ ʰˊ˔ʷʴˇ˄ʰ ʴʽʰ ˉʶˊˇʲˋˁʾˍʶˌΣ ˍʰ ˁʲʰ˄ˍʽˁʱ ˋ˖˃ʰˍʾʵʽʰΣ 
ˍʰ ˇˊʴʰ˄ʽˁʱ ˉˇ˂ˎ˃ʶˊʺ ˁΦ˂ˉΦ 

¶ ɳˍʰʽˊʶʾʶˌ ʶʴˁʰˍʱˋˍʰˋʹˌ ˁʰʽ ʶ˄ʷˊʴʶʽʰˌΥ ɳˍʰʽˊʶʾʶˌ ˉˇˎ ʶʴˁʰʻʽˋˍˇˏ˄ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˋˎˋˍʺ˃ʰˍʰ 
ˁʰʽ ʰ˄ʰʸʹˍˇˏ˄ ˄ʷʶˌ ˁʰʽ ˉʽˇ ʰˉˇʵˇˍʽˁʷˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ʴʽʰ ˄ʰ ˉˊˇˋ˒ʷˊˇˎ˄ ˋʶ ˉʶ˂ʱˍʶˌ ˍˇˎˌΦ 

¶ ɳ˂˂ʹ˄ʽˁʷˌ ɾɾɳΥ ʅˍʹ˄ ɳ˂˂ʱʵʰΣ ˎˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊʶˌ ˃ʽˁˊˇ˃ʶˋʰʾʶˌ ʶˉʽ˔ʶʽˊʺˋʶʽˌ ˉˇˎ 
ʵˊʰˋˍʹˊʽˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ɮˎˍʷˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʴʾ˄ˇˎ˄ ˉˇ˂ˏˍʽ˃ˇʽ 
ˋˎ˄ʶˊʴʱˍʶˌ ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇˍʶ˂ʷˋˇˎ˄ ˉˈˊˇˎˌ ʴʽʰ ˍʹ ʵˇˁʽ˃ʺ ˁʰʽ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ˄ʷ˖˄ 
ˍʶ˔˄ˇ˂ˇʴʽ˗˄Φ 

3.2.2.3 ɲˊʱˋʶʽˌ ɲʽʱ˔ˎˋʹˌ ʴʽʰ ˍˇ˄ ʃʰˊʰʴ˖ʴʽˁˈ ʆˇ˃ʷʰ 

ɱʽʰ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ ˉʰˊʰʴ˖ʴʽˁˇˏ ˍˇ˃ʷʰΣ ˍˇ ʷˊʴˇ оGPV-4INDUSTRY ̫ ˉˊʶˉʶ ˄ ʰΥ 

¶ ɲʽˇˊʴʰ˄˗ˋʶʽ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁʷˌ ʹ˃ʶˊʾʵʶˌ ˁʰʽ workshop: ʅʶ ʰˎˍʷˌΣ ʻʰ ˉˊˇˋˁ˂ʺʻʹˁʰ˄ ʁ ˁˉˊˈˋ˖ˉˇʽ 
ʰˉˈ ʲʽˇ˃ʹ˔ʰ˄ʾʶˌ ʴʽʰ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˉʰˊˇˎˋʽʱˋʶʽˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ ʷˊʴˇˎ ˁʰʽ 
ʰ˄ˍʱ˂˂ʰ˅ʰ˄ h ˉˈ˕ʶʽˌ ˃ʶ ˍˇˎˌ ʶˊʶˎ˄ʹˍʷˌΦ 

¶ ɮ˄ʰˉˍˏ˅ʶʽ ˉˊ˖ˍˈˍˎˉʰ ʺ proof-of-concept: ʆ̌  ʷˊʴˇ ˉʰˊʺʴʰʴʶ ˃ʽˁˊʺˌ ˁ˂ʾ˃ʰˁʰˌ ˂ʶʽˍˇˎˊʴʽˁʱ 
˃ˇ˄ˍʷ˂ʰ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʶʾ˅ˇˎ˄ ˋˍʹ ʲʽˇ˃ʹ˔ʰ˄ʾʰ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΦ 

3.2.3 ɼˇʽ˄˖˄ʾʰ ˁʰʽ ɼˇʽ˄ˈ 
ɶ ˍ́ʾˍʹ ʱ˃ʶˋʹ ˇ˃ʱʵʰ ˋˍˈ˔ˇˎ ʶʾ˄ʰʽ ˍˇ ʶˎˊˏ ˁˇʽ˄ˈΦ ɮˎˍˈ ˉʶˊʽʶ˂ʱ˃ʲʰ˄ʶ ˉˇ˂ʾˍʶˌ ˁʱʻʶ ʹ˂ʽˁʾʰˌΣ 

ʶˁˉʰʽʵʶˎˍʽˁʷˌ ˁˇʽ˄ˈˍʹˍʶˌ ό˃ʰʻʹˍʷˌΣ ˒ˇʽˍʹˍʷˌΣ ʶˁˉʰʽʵʶˎˍʽˁˇʾύΣ ˋˎ˂˂ˈʴˇˎˌ ˁʰʽ ʰ˂˂ʹ˂ʷʴʴˎ˖˄ ˇˊʴʰ˄ʽˋ˃ˇˏˌ 

ˉˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰ ˄ɹ ʽʰ ˍʽˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ʰ˄ʰ˄ʶ˗ˋʽ˃ʹˌ ʶ˄ʷˊʴʶʽʰˌΣ ˍʹ˄ ˁʰʽ˄ˇˍˇ˃ʾʰΣ ˍʹ˄ ˁ˂ʽ˃ʰˍˇ˂ˇʴʾʰ ˁʰʽ ˍʹ 

ʲʽ˖ˋʽ˃ˈˍʹˍʰΦ 

3.2.3.1 ɳʽʵʽˁʷˌ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ɼˇʽ˄ˇˏ 

ʆˇ ˁˇʽ˄ˈ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˉˇʽˁʽ˂ʾʰ ˍ˖˄ ʴ˄˗ˋʶ˖˄Σ ˍ˖˄ ʶ˄ʵʽʰ˒ʶˊˈ˄ˍ˖˄ ˁʰʽ ˍ˖˄ ˉˊˇˋʵˇˁʽ˗˄Φ ɲʶ˄ 

ʷ˔ˇˎ˄ ˈ˂ʰ ˍʰ ʱˍˇ˃ʰ ˍʹˌ ˁˇʽ˄˖˄ʾʰˌ ˍʶ˔˄ʽˁʺ ʴ˄˗ˋʹΣ ʰ˂˂ʱ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰʽ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ ˁʰ˂ˏˍʶˊʹˌ 

˃ˇʾˊʰˌ ʴʽʰ ˍˇ˄ ˁˈˋ˃ˇ ˁʰʽ ˍʰ ˉʰʽʵʽʱ ˍˇˎˌΦ ʆˇ ˁˇʽ˄ˈ ʵʶ˄ ʶ˄ʵʽʰ˒ʷˊʶˍʰʽ ʰˉʰˊʰʾˍʹˍʰ ʴʽʰ ˍʹ ˂ʶˉˍˇ˃ʷˊʶʽʰ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰ˂˂ʱ ʴʽʰ ˍʽˌ ˋˎ˄ʷˉʶʽʶˌ ˍˇˎˌ ʴʽʰ ˍʹ˄ ˁʰʻʹ˃ʶˊʽ˄ʺ ʸ˖ʺΣ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˍʹ ˃ʶ˂˂ˇ˄ˍʽˁʺ 

ʰˋ˒ʱ˂ʶʽʰΦ 

3.2.3.2 ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʴʽʰ ʊ˖ˍˇʲˇ˂ˍʰʿˁʱ ʆˊʾˍʹˌ ɱʶ˄ʽʱˌ 

¶ ʁʽˁʽʰˁˇʾ ˁʰˍʰ˄ʰ˂˖ˍʷˌΥ ɯˍˇ˃ʰ ˉˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰʽ ˄ʰ ʶʴˁʰˍʰˋˍʺˋˇˎ˄ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˋˎˋˍʺ˃ʰˍʰ 
ˋˍˇ ˋˉʾˍʽ ˍˇˎˌ ˁʰʽ ʰ˄ʰʸʹˍˇˏ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʽˌ ʵʽʰʻʷˋʽ˃ʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌΣ ˍˇ ˁˈˋˍˇˌ ˁʰʽ ˍʰ 
ˇ˒ʷ˂ʹΦ ʆʰ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌΣ ʽʵʽʰʾˍʶˊʰ ˍʰ ʶˎʷ˂ʽˁˍʰ ˁʰʽ ʵʽʰ˒ʰ˄ʺΣ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ 
ˉˊˇˋ˒ʷˊˇˎ˄ ˄ʷʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌΣ ˈˉ˖ˌ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˋʶ ˉʰˊʱʻˎˊʰ ʺ ʶˎʷ˂ʽˁˍʰ ˁʱ˂ˎ˃˃ʰΦ 



 

 

¶ ʅ˔ˇ˂ʶʾʰ ˁʰʽ ʶˁˉʰʽʵʶˎˍʽˁˇʾ ˒ˇˊʶʾˌΥ ɲʱˋˁʰ˂ˇʽ ˁʰʽ ˒ˇʽˍʹˍʷˌ ˉˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰʽ ˄ʰ ˃ʱʻˇˎ˄ 
ˉʶˊʽˋˋˈˍʶˊʰ ʴʽʰ ˍʰ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˁʰʽ ˍʹ˄ ʶ˄ʷˊʴʶʽʰΦ ʆˇ ʷˊʴˇ ˃ˉˇˊʶʾ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ 
ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍʰ ˋ˔ˇ˂ʶʾʰΦ 

¶ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˁʽ˄ʺ˃ʰˍʰΥ ʁ˃ʱʵʶˌ ˉˇˎ ʰˋ˔ˇ˂ˇˏ˄ˍʰʽ ˃ʶ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ 
ˍʹ˄ ˉˊˇʰʴ˖ʴʺ ˍʹˌ ˉˊʱˋʽ˄ʹˌ ʶ˄ʷˊʴʶʽʰˌΦ 

¶ ɿʷʶˌ ʴʶ˄ʽʷˌΥ ɿʷˇʽ ˉˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˁʰʽ˄ˇˍˇ˃ʾʰ ˁʰʽ ˍʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ˁʰʽ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 
ʰˉˇˍʶ˂ʷˋˇˎ˄ ˍʹ ˋʶʽˊʱ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ˁʰʽ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁˇˏ ʵˎ˄ʰ˃ʽˁˇˏΦ 

3.2.3.3 ɲˊʱˋʶʽˌ ɲʽʱ˔ˎˋʹˌ ʴʽʰ ˍˇ ɼˇʽ˄ˈ 

ɱʽʰ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ ˁˇʽ˄ˇˏΣ ˍˇ ʷˊʴˇ оGPV-4INDUSTRY ̫ ˉˊʶˉʶ ˄ ʰΥ 

¶ ɲʹ˃ʽˇˎˊʴʺˋʶʽ ˉ˂ʹˊˇ˒ˇˊʽʰˁˈ ˎ˂ʽˁˈ ʴʽʰ ˍˇ ˁˇʽ˄ˈΥ ʊˎ ˂˂ʱʵʽʰ ˉˇˎ ʶ˅ʹʴˇˏˋʰ˄ ˃ ʶ ʰˉ˂ʺ ʴ˂˗ˋˋʰ ˍʽ 
ʶʾ˄ʰʽ ˍʰ ˒˖ˍˇʲˇ˂ˍʰʿˁʱ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ˁʰʽ ʴʽʰˍʾ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱΦ 

¶ ɲʽˇˊʴʰ˄˗ˋʶʽ ʵʹ˃ˈˋʽʶˌ ʶˁʵʹ˂˗ˋʶʽˌΥ ɶ˃ʶˊʾʵʶˌΣ ʶˊʴʰˋˍʺˊʽʰΣ ʶˁʻʷˋʶʽˌ ˉˇˎ ʺˍʰ˄ ʰ˄ˇʽˁˍʷˌ ʴʽʰ ˍˇ 
ˁˇʽ˄ˈΦ 

3.3 ɴ˃˃ʶˋʶˌ ʁ˃ʱʵʶˌ ʅˍˈ˔ˇˎ ό{ŜŎƻƴŘŀǊȅ {ǘŀƪŜƘƻƭŘŜǊǎύ 

3.3.1 ʋˊʹ˃ʰˍˇʵˇˍʽˁˇʾ ʊˇˊʶʾˌ ɴˊʶˎ˄ʰˌ 
ʁʽ ˔ˊʹ˃ʰˍˇʵˇˍʽˁˇʾ ˒ˇˊʶʾˌ ʷˊʶˎ˄ʰˌ ʰˉˇˍʶ˂ˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʷ˃˃ʶˋʶˌ ˇ˃ʱʵʶˌ ˋˍˈ˔ˇˎΦ ɮˎˍˇʾ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʶʻ˄ʽˁˇˏˌ ˁʰʽ ʶˎˊ˖ˉʰʿˁˇˏˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌ ˈˉ˖ˌ ʹ ɱʶ˄ʽˁʺ ɱˊʰ˃˃ʰˍʶʾʰ ɴˊʶˎ˄ʰˌ ˁʰʽ 

ɼʰʽ˄ˇˍˇ˃ʾʰˌ όɱɱɳɼύΣ Σ ˍʰ ɳʅʃɮΣ ʹ ɳˎˊ˖ˉʰʿˁʺ ɳˉʽˍˊˇˉʺΦ 

3.3.1.1 ʅʹ˃ʰˋʾʰ ʴʽʰ ˍˇˎˌ ʋˊʹ˃ʰˍˇʵˇˍʽˁˇˏˌ ʊˇˊʶʾˌΥ 

ʁʽ ˔ˊʹ˃ʰˍˇʵˇˍʽˁˇʾ ˒ˇˊʶʾˌ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ʵˇˎ˄ ˈˍʽ ʹ ˔ˊʹ˃ʰˍˇʵˈˍʹˋʹ ˉˇˎ ˉʰˊʷ˔ˇˎ˄ ˉʰˊʱʴʶʽ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʷ˔ʶʽ ʰ˄ˍʾˁˍˎˉˇ ˁʰʽ ˋˎ˃ʲʱ˂˂ʶʽ ˋˍˇˎˌ ˋˍˈ˔ˇˎˌ ˍˇˎˌΦ ɳ˄ʵʽʰ˒ʷˊˇ˄ˍʰʽ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍˇˎ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌΣ ˍʹ ʵʹ˃ˇˋʽˇˉˇʾʹˋʹ ˁʰʽ ˍʹ˄ ʰˁʰʵʹ˃ʰʿˁʺ ʰˉˇʵˇ˔ʺΦ ɳˉʾˋʹˌΣ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰʽ ˄ʰ ʵˇˎ˄ ˈˍʽ 

ˎˉʱˊ˔ʶʽ ˋˎ˄ʷˊʴʶʽʰ ˁʰʽ ʵʽˁˍˏ˖ˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʷˊʴ˖˄ ˉˇˎ ˔ˊʹ˃ʰˍˇʵˇˍˇˏ˄Φ 

3.3.1.2 ɲˊʱˋʶʽˌ ɲʽʱ˔ˎˋʹˌ 

¶ ɲʹ˃ˇˋʽʶˏˋʶʽˌ ˉˇˎ ʰ˄ʰ˒ʷˊˇˎ˄ ˍʹ ˔ˊʹ˃ʰˍˇʵˈˍʹˋʹΥ ʅʶ ˁʱʻʶ ʵʹ˃ˇˋʾʶˎˋʹΣ ˍˇ ʷˊʴˇ ʰ˄ʷ˒ʶˊʶ ˍʹ˄ 
ʰ˄ʰ˒ˇˊʱ ˍˇˎ ˒ˇˊʷʰ ˔ˊʹ˃ʰˍˇʵˈˍʹˋʹˌΣ ˁʱˍʽ ˉˇˎ ʶ˄ʾˋ˔ˎʶ ̱ ʹ˄ ˇˊʰˍˈˍʹˍʰ ˍˇˎ ˍʶ˂ʶˎˍʰʾˇˎΦ 
 

3.4 ɮ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˁʰʽ ʅˎ˄ʷˊʴʶʽʶˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʁ˃ʱʵ˖˄ ʅˍˈ˔ˇˎ 
ɳʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˇʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˇ˃ʱʵʶˌ ˋˍˈ˔ˇˎ ʵʶ˄ ʺˍʰ˄ ʰˉˇ˃ˇ˄˖˃ʷ˄ʶˌ ʰ˂˂ʱ 

ʰ˂˂ʹ˂ʶˉʽʵˊˇˏˋʰ˄ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΥ 

¶ ɶ ʶˊʶˎ˄ʹˍʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ˉʰˊʺʴʰʴʶ ʴ˄˗ˋʹ ˉˇˎ ˃ˉˇˊˇˏˋʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʰˉˈ ˍˇ˄ 
ˉʰˊʰʴ˖ʴʽˁˈ ˍˇ˃ʷʰΦ 

¶ ʁʽ ʵʽʰ˔ʶʽˊʽˋˍʽˁʷˌ ʰˊ˔ʷˌ ʵʹ˃ʽˇˏˊʴʹˋʰ˄ ̱ ˇ ʻʶˋ˃ʽˁˈ ˉ˂ʰʾˋʽˇ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ˍˈˋˇ 
ˍʹˌ ʶˊʶˎ˄ʹˍʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌ ˈˋˇ ˁʰʽ ˍˇˎ ˉʰˊʰʴ˖ʴʽˁˇˏ ˍˇ˃ʷʰΦ 

3.5 ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʽˌ ʁ˃ʱʵʶˌ ʅˍˈ˔ˇˎ 
ɶ ˂ʶˉˍˇ˃ʶˊʺˌ ˍʰˎˍˇˉˇʾʹˋʹ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˇ˃ʱʵ˖˄ ˋˍˈ˔ˇˎ ʶ˅ʰˋ˒ʱ˂ʽˋʶ ̍ ˍʽ ˍˇ ʷˊʴˇ оGPV-4INDUSTRY 

ʻʰ ʁʾ ˔ʶ ˍʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʰˍʺ ʶˉʾʵˊʰˋʹ ˁʰʽ ʰ˄ˍʾˁˍˎˉˇΦ ɾʷˋ˖ ˍˇˎ ˁʰˍʰ˄ˈʹˋʹˌ ˍ˖˄ ʽʵʽʰʾˍʶˊ˖˄ 



 

 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˁʰʽ ˍ˖˄ ʰˉʰʽˍʺˋʶ˖  ˄ˁʱʻʶ ˇ˃ʱʵʰˌΣ ˍˇ ʷˊʴˇ ʵʹ˃ʽˇˏˊʴʹˋʶ ʶ˅ʰˍˇ˃ʽˁʶˎ˃ʷ˄ʶˌ ˁʰʽ 

ˋˍˇ˔ʶˎ˃ʷ˄ʶˌ ʵˊʱˋʶʽˌ ʵʽʱ˔ˎˋʹˌ ˉˇˎ ʺˍʰ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌ ˁʰʽ ˉˇʽˁʾ˂ʶˌΦ ɶ ˇ˂ʽˋˍʽˁʺ ʰˎˍʺ ˉˊˇˋʷʴʴʽˋʹ 

ʶ˄ʵˎ˄ʱ˃˖ˋʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʷˊʴˇˎ ˁʰʽ ʵʹ˃ʽˇˏˊʴʹˋʶ ˉˊʰʴ˃ʰˍʽˁʺ ʰ˅ʾʰ ˍˈˋˇ ʴʽʰ ˍʹ˄ ʶˊʶˎ˄ʹˍʽˁʺ 

ˁˇʽ˄ˈˍʹˍʰΣ ˈˋˇ ˁʰʽ ʴʽʰ ˍˇ˄ ˉʰˊʰʴ˖ʴʽˁˈ ʽˋˍˈΣ ˍʹ ʵʽʰ˔ʶʽˊʽˋˍʽˁʺ ʰˊ˔ʺ ˁʰʽ ˍʹ˄ ʶˎˊˏˍʶˊʹ ˁˇʽ˄˖˄ʾʰΦ 

4 ʃʶˊʽʴˊʰ˒ʺ ɲˊʰˋˍʹˊʽˇˍʺˍ˖˄ ɲʽʱ˔ˎˋʹˌ 
ɶ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˁʶ˄ˍˊʽˁʺ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʺ ʶ˄ˈˍʹˍʰ ˍˇˎ ˉʰˊʰʵˇˍʷˇˎΦ ɮˎˍʺ ˍʹ˄ 

ʶ˄ˈˍʹˍʰ ˉʰˊˇˎˋʽʱʸʶʽ ˂ʶˉˍˇ˃ʶˊ˗ˌ ˈ˂ʶˌ ˍʽˌ ʵˊʱˋʶʽˌΣ ˍʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ˁʰʽ ˍʽˌ ˉˊ˖ˍˇʲˇˎ˂ʾʶˌ ˉˇˎ 

ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˋˁˇˉʶˏˇ˄ˍʰˌ ˋˍʹ ʵʽʱ˔ˎˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRY ˉˊˇˌ ˍʽˌ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˇ˃ʱʵʶˌ ˋˍˈ˔ˇˎΦ ɼʱʻʶ ʵˊʱˋʹ ʵʽʱ˔ˎˋʹˌ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˃ʶ ʰ˄ʰ˂ˎˍʽˁˈ ˍˊˈˉˇΣ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰˌ 

ˍʰ ˂ʶˉˍˇ˃ʶˊʺ ˋˍˇʽ˔ʶʾʰΣ ˍʽˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˎ˂ˇˉˇʾʹˋʹˌΣ ˍˇˎˌ ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˍʰ 

˃ʶˍˊʺˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰΦ 

4.1 kiasˏ ˋʶʽˌ ˋʶ ɳˉʽˋˍʹ˃ˇ˄ʽˁʱ ʃʶˊʽˇʵʽˁʱ ˁʰʽ ʅˎ˄ʷʵˊʽʰ 

4.1.1 ɯˊʻˊʰ ˋʶ ɳˉʽˋˍʹ˃ˇ˄ʽˁʱ ʃʶˊʽˇʵʽˁʱ όPeer-Reviewed) 
ɶ ʵʹ˃ˇˋʾʶˎˋʹ ˋʶ ˁˇˊˎ˒ʰʾʰ ʵʽʶʻ˄ʺ ˉʶˊʽˇʵʽˁʱ ʰˉˇˍʷ˂ʶˋʶ ʷ˄ʰ ʰˉˈ ˍʰ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˋˍˇʽ˔ʶʾʰ ˍʹˌ ʵʽʱ˔ˎˋʹˌ ʶˊʶˎ˄ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ʆʰ ʱˊʻˊʰ ˉˇˎ ʵʹ˃ˇˋʽʶˏˍʹˁʰ˄ ˋʶ ˉʶˊʽˇʵʽˁʱ ˃ʶ 

ʵʽʰʵʽˁʰˋʾʰ ˁˊʾˋʹˌ όpeer reviewύ ʰˉˇˍʷ˂ʶˋʰ˄ ˍʹ ˃ʷʴʽˋˍʹ ʶˉʾʵˊʰˋʹ ˋˍʹ ʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰΣ 

ˁʰʻ˗ˌ ˉˇˊʶˏˍʹˁʰ˄ ˃ʷˋʰ ʰˉˈ ʰˎˋˍʹˊʺ ʵʽʰʵʽˁʰˋʾʰ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ʰˉˈ ʰ˄˗ˍʶˊˇˎˌ ʶˊʶˎ˄ʹˍʷˌ ˍˇˎ ˉʶʵʾˇˎΦ 

ɱʽʰ ˍˇ ʷˊʴˇ оGPV-4INDUSTRYΣ ˍʰ ʱˊʻˊʰ ˉˇˎ ʵʹ˃ˇˋʽʶˏʻʹˁʰ˄ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ мΦ 
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Solid State Physics & Materials Science (FSK39), 14-17/09/2025, Paphos, Cyprus. Book of 

Abstracts, page 25. 

19 

ά¢ƘŜ LƳǇŀŎǘ ƻŦ IƻƭŜ ¢ǊŀƴǎǇƻǊǘ [ŀȅŜǊǎ ƻƴ /ƘŀǊƎŜ ¢ǊŀƴǎǇƻǊǘ ŀƴŘ 9ŦŦƛŎƛŜƴŎȅ ƛƴ hǊƎŀƴƛŎ 
9ƭŜŎǘǊƻƴƛŎ 5ŜǾƛŎŜǎέΣ 5ƛƳƛǘǊƛƻǎ YŀƴŀǘǎƛƻǇƻǳƭƻǎΦ офth Panhellenic Conference on Solid State 
Physics & Materials Science (FSK39), 14-17/09/2025, Paphos, Cyprus. Book of Abstracts, 
page 43. 

20 

ά!ƭǘŜǊƴŀǘƛǾŜ tƭŀǎƳƻƴƛŎ bŀƴƻƳŀǘŜǊƛŀƭǎ ŀƴŘ CŀōǊƛŎŀǘƛƻƴ tǊƻŎŜǎǎŜǎέΣ {ǇȅǊƛŘƻƴ YŀǎǎŀǾŜǘƛǎΦ офth 

Panhellenic Conference on Solid State Physics & Materials Science (FSK39), 14-17/09/2025, 

Paphos, Cyprus. Book of Abstracts, page 47. Invited lecture, (Wednesday 17th September 

2025). 

21 

ά!ƳōƛŜƴǘ CŀōǊƛŎŀǘƛƻƴ ƻŦ Cǳƭƭȅ tǊƛƴǘŜŘ CƭŜȄƛōƭŜ tŜǊƻǾǎƪƛǘŜ {ƻƭŀǊ aƻŘǳƭŜǎ ŀƴŘ {ǘŀōƛƭƛǘȅ 

!ǎǎŜǎǎƳŜƴǘέΣ /ƘǊȅǎƛ {ǘŀǾǊŀƪƛΦ мрth International Conference & Exhibition on Green Flexible 

Printed Electronics Industry (ICEFPE25) and AGRIVOLTAICS 2025, 17-19/11/2025, Athens, 

Greece. Book of Abstracts, page 45, Poster. 

22 

άaƻƭŜŎǳƭŀǊ 5ƻǇƛƴƎ {ǘǊŀǘŜƎƛŜǎ ŦƻǊ LƳǇǊƻǾŜŘ hǇǘƻŜƭŜŎǘǊƻƴƛŎ tŜǊŦƻǊƳŀƴŎŜ ƛƴ Cǳƭƭȅ tǊƛƴǘŜŘ 

CƭŜȄƛōƭŜ hǊƎŀƴƛŎ {ƻƭŀǊ /ŜƭƭǎέΣ !ƭŜȄŀƴŘǊƻǎ tŀƭƛŀƎƪŀǎΦ мрth International Conference & 

Exhibition on Green Flexible Printed Electronics Industry (ICEFPE25) and AGRIVOLTAICS 

2025, 17-19/11/2025, Athens, Greece. Book of Abstracts, page 42, Poster. 

23 

ά¢ǳƴƛƴƎ IƻƭŜ ¢ǊŀƴǎǇƻǊǘ [ŀȅŜǊ tǊƻǇŜǊǘƛŜǎ ƛƴ tǊƛƴǘŜŘ tŜǊƻǾǎƪƛǘŜ {ƻƭŀǊ /Ŝƭƭǎ ǘƘǊƻǳƎƘ t95h¢Υt{{ 

aƻŘƛŦƛŎŀǘƛƻƴ ŦƻǊ 9ƴƘŀƴŎŜŘ tŜǊŦƻǊƳŀƴŎŜέΣ !ŦǊƻŘƛǘƛ YƻǎǘƻǇƻǳƭƻǳΦ мрth International 

Conference & Exhibition on Green Flexible Printed Electronics Industry (ICEFPE25) and 

AGRIVOLTAICS 2025, 17-19/11/2025, Athens, Greece. Book of Abstracts, page 46, Poster. 

24 
άwϧ5 LƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŦƻǊ LƴǘŜƎǊŀǘŜŘ {ŜǊǾƛŎŜǎ ŦƻǊ CƭŜȄƛōƭŜ tǊƛƴǘŜŘ 9ƭŜŎǘǊƻƴƛŎǎ {ǘŀǊǘ-Ups & 

{a9ǎέΣ {ǇȅǊƛŘƻƴ YŀǎǎŀǾŜǘƛǎΦ мрth International Conference & Exhibition on Green Flexible 



 

 

Printed Electronics Industry (ICEFPE25) and AGRIVOLTAICS 2025, 17-19/11/2025, Athens, 

Greece. Book of Abstracts, page 26. Invited lecture, (Tuesday 18 November). 

30 

ά!ŘǾŀƴŎƛƴƎ tǊƛƴǘŜŘ hǊƎŀƴƛŎ ŀƴŘ tŜǊƻǾǎƪƛǘŜ tƘƻǘƻǾƻƭǘŀƛŎǎΥ {ŎŀƭŀōƭŜ CŀōǊƛŎŀǘƛƻƴ ŀƴŘ 

Metrology for Next-DŜƴŜǊŀǘƛƻƴ CƭŜȄƛōƭŜ {ƻƭŀǊ ¢ŜŎƘƴƻƭƻƎƛŜǎέΣ !ǊƎƛǊƛǎ [ŀǎƪŀǊŀƪƛǎΦ мрth 

International Conference & Exhibition on Green Flexible Printed Electronics Industry 

(ICEFPE25) and AGRIVOLTAICS 2025, 17-19/11/2025, Athens, Greece. Book of Abstracts, 

page 19. Invited lecture, (Monday 17 November). 

31 

ά!ƭǘŜǊƴŀǘƛǾŜ tƭŀǎƳƻƴƛŎ bŀƴƻƳŀǘŜǊƛŀƭǎ tƭŀǘŦƻǊƳ ŀƴŘ CŀōǊƛŎŀǘƛƻƴ tǊƻŎŜǎǎŜǎέΣ {ǇȅǊƛŘƻƴ 

Kassavetis.  Materials Research Society (MRS) Fall Meeting, 30/11-05/12/2025, Boston, 

USA. Book of Abstracts, page 263. 

32 

ά{ǘŀōƛƭƛǘȅ {ǘǳŘƛŜǎ ƻŦ Cǳƭƭȅ tǊƛƴǘŜŘ [ŀǊƎŜ-!ǊŜŀ tŜǊƻǾǎƪƛǘŜ tƘƻǘƻǾƻƭǘŀƛŎǎέΣ {ǇȅǊƛŘƻƴ YŀǎǎŀǾŜǘƛǎΦ  

Materials Research Society (MRS) Fall Meeting, 30/11-05/12/2025, Boston, USA. Book of 

Abstracts, page 447. 

 

ʅˎ˃˃ʶˍˇ˔ʺ ˋʶ ʅˎ˄ʷʵˊʽʰ ʰˉˈ ˍˇ ʃʰʃʶ˂ 
 

1. D.A. Chalkias, A. Mourtzikou, E. Stathatos. All printed perovskite solar cells and modules for next 
generation energy production devices. 17th International Symposium on Flexible Organic 
Electronics (ISFOE24), 1-4 July 2024, Thessaloniki, Greece) 

2. D.A. Chalkias, A. Nikolakopoulou, A. Mourtzikou, E. Stathatos. Enabling the Factory Floor: 
Industrially Relevant Strategies for All-Printed Carbon-based Perovskite Photovoltaics.  «3rd 
International Conference on Nanotechnologies and Bionanoscience (NanoBio2025), Heraklion, 
Crete, Greece, September 08-12, 2025» 

оΦ 5Φ!Φ /ƘŀƭƪƛŀǎΣ !Φ bƛƪƻƭŀƪƻǇƻǳƭƻǳΣ [Φ/Φ YƻƴǘŀȄƛǎΣ 9Φ {ǘŀǘƘŀǘƻǎΣ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ нл҈πŜŶŎƛŜƴǘ 
ŀƴŘ ƳŜŎƘŀƴƛŎŀƭƭȅ Ǌƻōǳǎǘ ŀƳōƛŜƴǘπŀƛǊπǇǊƻŎŜǎǎŜŘ ŎŀǊōƻƴπōŀǎŜŘ ƅŜȄƛōƭŜ ǇŜǊƻǾǎƪƛǘŜ ǎƻƭŀǊ 
ŎŜƭƭǎ ǳǎƛƴƎ ƎǊŜŜƴ ŀƴŘ ōŜƴƛƎƴπǘƻπǇƭŀǎǝŎǎ ŀƴǝǎƻƭǾŜƴǘ ǉǳŜƴŎƘƛƴƎΦ ¢ƘŜ мсǘƘ LƴǘŜǊƴŀǝƻƴŀƭ 
/ƻƴŦŜǊŜƴŎŜ ƻƴ /ƻƴŦŜǊŜƴŎŜ ƻƴ IȅōǊƛŘ ŀƴŘ hǊƎŀƴƛŎ tƘƻǘƻǾƻƭǘŀƛŎǎΣ όIht±нпύ моǘƘ ς мрǘƘ 
aŀȅ нлнпΣ ±ŀƭŜƴŎƛŀΣ {ǇŀƛƴΦ 

пΦ 5Φ!Φ /ƘŀƭƪƛŀǎΣ !Φ bƛƪƻƭŀƪƻǇƻǳƭƻǳΣ ɮΦ aƻǳǊǘȊƛƪƻǳΣ YΦ {ǘŀǾǊƻǇƻǳƭƻǎΣ [Φ/Φ YƻƴǘŀȄƛǎΣ !ΦbΦ 
YŀƭŀǊŀƪƛǎΣ 9Φ {ǘŀǘƘŀǘƻǎΣ ¦ƴǊŀǾŜƭƛƴƎ ŘŜǇǘƘπŘŜǇŜƴŘŜƴǘ ǇƘƻǘƻπŘŜƎǊŀŘŀǝƻƴ ƻŦ ǇŜǊƻǾǎƪƛǘŜ 
ƳŀǘŜǊƛŀƭ ƛƴ ǇƘƻǘƻǾƻƭǘŀƛŎǎ ǎǳōƧŜŎǘŜŘ ǘƻ L{h{π[πм ŀƴŘ L{h{π[πн ŀŎŎŜƭŜǊŀǘŜŘ ŀƎƛƴƎΥ ǘƘŜ 
ƛƴƅǳŜƴŎŜ ƻŦ ǎǳōǎǘǊŀǘŜΣ ŜƭŜŎǘǊƻƴπǘǊŀƴǎǇƻǊǘπƳŀǘŜǊƛŀƭ ŀƴŘ ǇŜǊƻǾǎƪƛǘŜ ŘŜǇƻǎƛǝƻƴ ƳŜǘƘƻŘΦ 
L{h{ мс LƴǘŜǊƴŀǝƻƴŀƭ {ǳƳƳƛǘ ƻƴ hǊƎŀƴƛŎ ŀƴŘ IȅōǊƛŘ tƘƻǘƻǾƻƭǘŀƛŎǎ {ǘŀōƛƭƛǘȅ DŜƴƪ .ŜƭƎƛǳƳ 
όнфκфκнлнр π мκмлκнлнрύΦ 

5. M.G. Kordouli, D.A. Chalkias, A. Nikolakopoulou, T.C. Stamatatos, E. Stathatos. Single-Crystal-
Derived Perovskite Precursor Inks via Methylamine-Diffusion Route: Optimizing Solution 
Chemistry toward High-Performance, Anti-Solvent-Free Photovoltaics Made under Ambient Air. 
3rd Panhellenic Symposium on Inorganic Chemistry, Conference Center "Karolos Papoulias", 
University of Ioannina, November 8 ς 9, 2025 

 



 

 

 

 

 

ɳʽˁˈ˄ʰ 1: ʊ˖ˍˇʴˊʰ˒ʾʰ ɲˊ ʃˇ˂ˏˁʰˊˉˇˎ ʊʰ˂ʱˊʰ ʰˉˈ ˍʹ˄ ˉʰˊˇˎˋʾʰˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ɳ˃ʲ˂ʹ˃ʰˍʽˁʺˌ  ɲˊʱˋʹˌ 
ˋ̱  ̌ˋˎ˄ʷʵˊʽˇ (ICECETΩнрύ  International Conference on Electrical Computer and Energy Technologies ˋˍˇ ʃʰˊʾˋʽ 
(ɹˇˏ˂ʽˇˌнлнрύ. 

 

4.1.3 ɶ˃ʶˊʾʵʶˌ ˁʰʽ ɳˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʅˎ˄ʰ˄ˍʺˋʶʽˌ 
ʃʷˊʰ ʰˉˈ ˍʰ ʵʽʶʻ˄ʺ ˋˎ˄ʷʵˊʽʰΣ ˍˇ ʷˊʴˇ ʵʽˇˊʴʱ˄˖ˋʶ ʺ ˋˎ˃˃ʶˍʶʾ˔ʶ ˋʶ ʱ˂˂ʶˌ ʹ˃ʶˊʾʵʶˌ ˁʰʽ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ 

ˋˎ˄ʰ˄ˍʺˋʶʽˌΦ 

4.1.3.1 ʃʰˊˇˎˋʽʱˋʶʽˌ ˋʶ ʹ˃ʶˊʾʵʶˌ όɳ˂˂ʱʵʰΣ ʶ˅˖ˍʶˊʽˁˈύ 
ʃʾ˄ʰˁʰˌ оΥ ʃʰˊˇˎˋʽʱˋʶʽˌ ˋʶ ʹ˃ʶˊʾʵʶˌ όɳ˂˂ʱʵʰΣ ʶ˅˖ˍʶˊʽˁˈύ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRY (TAEDR-0537347) 

1. άDǊŜŜƪ CƭŀƎǎƘƛǇ tǊƻƧŜŎǘ ƻƴ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŜŦŦƛŎƛŜƴǘ оrd t± ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŘŜǾƛŎŜǎέΦ tΦ CŀƭŀǊŀǎΣ 9ƳŜǊƎƛƴƎ t± 

Technologies Platform, Industry Day, Electra Metropolis Hotel, Athens, Greece, 30 November 2023. 

 

4.1.3.2 ʅˎ˄ʷʵˊʽʰ ˁʰʽ ɶ˃ʶˊʾʵʶˌ ˉˇˎ ˇˊʴʰ˄˗ʻʹˁʰ˄ ʰˉˈ ˒ˇˊʶʾˌ ˍʹˌ ˁˇʽ˄ˇˉˊʰ˅ʾʰˌ 
ʃʾ˄ʰˁʰˌ пΥ ʅˎ˄ʷʵˊʽʰ ˁʰʽ ɶ˃ʶˊʾʵʶˌ ˉˇˎ ˇˊʴʰ˄˗ʻʹˁʰ˄ ʰˉˈ ˒ˇˊʶʾˌ ˍʹˌ ˁˇʽ˄ˇˉˊʰ˅ʾʰˌ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRY 

(TAEDR-0537347) 



 

 

A/A 
ʅʇɿɳɲʄɹʁΣ ɶɾɳʄɹɲɮΣ ʆʁʃʁʅΣ ɶɾɳʄʁɾɶɿɹɮ όʊʁʄɳɮʅ ʁʄɱɮɿʍʅɶʅύΣ ɮʄɹɸɾʁʅ 

ʅʇɾɾɳʆɳʋʁɿʆʍɿ   

1 

13th International Conference & Exhibition on Green Flexible Printed Electronics Industry 

(ICEFPE23) and AGRIVOLTAICS 2023, Divani Caravel Hotel, Athens, Greece, 30/10-1/11/2023 

(ɮʃɸ), 120 

2 
Emerging PV Technologies Platform, Industry Day, Electra Metropolis Hotel, Athens, Greece, 

30/11/2023 (ɮʃɸ), 50 

3 
NANOTEXNOLOGY 2024, 17th International Symposium on Flexible Organic Electronics 

(ISFOE24), Porto Palace, Thessaloniki, Greece, 1-4/07/2024 (ɮʃɸ), 127. 

4 

14th International Conference & Exhibition on Green Flexible Printed Electronics Industry 

(ICEFPE24) and AGRIVOLTAICS 2024, Crowne Plaza Hotel, Athens, Greece, 04-06/11/2024 

(ɮʃɸ), 81. 

5 
NANOTEXNOLOGY 2025, 18th International Symposium on Flexible Organic Electronics 

(ISFOE25), Porto Palace, Thessaloniki, Greece, 07-10/07/2025 (ɮʃɸ), 112. 

6 

15th International Conference & Exhibition on Green Flexible Printed Electronics Industry 

(ICEFPE25) and AGRIVOLTAICS 2025, Crowne Plaza Hotel, Athens, Greece, 17-19/11/2025 

(ɮʃɸ), 70. 

7 
3rd International Conference on Nanotechnologies & Bionanoscience, September 08-12 2025 
Heraklion, Crete, Greece (ɳɽɾɳʃɮ), 200 

 

4.2 ɲʹ˃ʽˇˎˊʴʾʰ ʌʹ˒ʽʰˁʺˌ ʃʰˊˇˎˋʾʰˌ 

4.2.1 ɹˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ɴˊʴˇˎ 
ɶ ʽˋˍˇˋʶ˂ʾʵʰ ʰˉˇˍʷ˂ʶˋʶ ˍˇ ˁʶ˄ˍˊʽˁˈ ˕ʹ˒ʽʰˁˈ ˁʷ˄ˍˊˇ ˍˇˎ ʷˊʴˇˎ ˁʰʽ ʵʽʰʵˊʰ˃ʱˍʽˋʶ ˁʰʾˊʽʰ ˋʹ˃ʰˋʾʰ ʴʽʰ 

ˍʹ ʵʽʱ˔ˎˋʹ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˁʰʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍʹˌ ʶˉʰ˒ʺˌ ˃ʶ ˍʰ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ʰ ˁˇʽ˄ʱΦ 

4.2.1.1 ʅˍˇʽ˔ʶʾʰ ɼʰˍʰʴˊʰ˒ʺˌ 

¶ URL: https://advmat-pvflagship.inn.demokritos.gr/ 
¶ ɶ˃ʶˊˇ˃ʹ˄ʾʰ ɴ˄ʰˊ˅ʹˌΥ 01/03/2023 
¶ ɶ˃ʶˊˇ˃ʹ˄ʾʰ ʆʶ˂ʶˎˍʰʾʰˌ ɳ˄ʹ˃ʷˊ˖ˋʹˌΥ 31/12/2025 
¶ ʃʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍʹˌ ɹˋˍˇˋʶ˂ʾʵʰˌΥ 

o ʅˍˈ˔ˇʽ ˍˇˎ ʷˊʴˇˎ 
o ʅˏ˄ʻʶˋʹ ˁˇʽ˄ˇˉˊʰ˅ʾʰˌ ˁʰʽ ˒ˇˊʷ˖˄ ˋˎ˃˃ʶˍˇ˔ʺˌ 
o ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʷˊʴˇˎ 
o ɳˁʵʹ˂˗ˋʶʽˌ ˁʰʽ ʰ˄ʰˁˇʽ˄˗ˋʶʽˌ 
o ɳˉʽˁˇʽ˄˖˄ʾʰ ˁʰʽ ʶˉʰ˒ʷˌ 

¶ ɱ˂˗ˋˋʶˌΥ ɳ˂˂ʹ˄ʽˁʱ 
ɶ ʽˋˍˇˋʶ˂ʾʵʰ ˋˎʴˁʷ˄ˍˊ˖ˋʶ ˋʹ˃ʰ˄ˍʽˁˈ ʰˊʽʻ˃ˈ ʶˉʽˋˁʷ˕ʶ˖˄Σ ˃ʶ ʽˋ˔ˎˊʺ ˉʰˊˇˎˋʾʰ ˍˈˋˇ ˋʶ ɳ˂˂ʱʵʰ ˈˋˇ ˁʰʽ 

ˋˍʹ˄ ˎˉˈ˂ˇʽˉʹ ɳˎˊ˗ˉʹΦ  



 

 

4.2.2 ɹˋˍˇˋʶ˂ʾʵʶˌ ˍ˖˄ ˋˎ˃˃ʶˍʶ˔ˈ˄ˍ˖˄ ˋˍˇ ʷˊʴˇ 
ʂ˂ˇʽ ˇʽ ʶˍʰʾˊˇʽ ʵʽʰʻʷˍˇˎ˄ ʵʽˁˍˎʰˁˇˏˌ ˍˈˉˇˎˌΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˎˉʱˊ˅ʶʽ ʶˎˊʶʾʰ ʵʽʱʵˇˋʹΣ ˍˇ 

ʷˊʴˇ 3GPV-4INDUSTRY ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ʰˎˍʺ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʴʽʰ ˄ʰ ʵʽʰʵ˗ˋʶʽ ʶˉʾˋʹˌ ˍʽˌ ˁˏˊʽʶˌ 

ʶ˄ʹ˃ʶˊ˗ˋʶʽˌ ˍˇˎ ʷˊʴˇˎΦ ɳˉʾˋʹˌΣ ˇˊʽˋ˃ʷ˄ˇʽ ʶˍʰʾˊˇʽ ˉˊˈˋʻʶˋʰ˄ ˃ʽʰ ʴʶ˄ʽˁʺ ʶˉʽˋˁˈˉʹˋʹ ˍˇˎ ʷˊʴˇˎ ˋˍˇ 

˔ʰˊˍˇ˒ˎ˂ʱˁʽˇ ʷˊʴ˖˄ ˍˇˎˌΣ ʰˎ˅ʱ˄ˇ˄ˍʰˌ ʷˍˋʽ ˍʹ˄ ʶˎˊˏˍʶˊʹ ˉˊˈˋʲʰˋʹ ʰˁˈ˃ʹ ˁʰʽ ˃ʶˍʱ ˍʹ ˂ʺ˅ʹ ˍˇˎ ʷˊʴˇˎΦ 

ʊˇˊʷʰˌ ɲʽʶˏʻˎ˄ˋʹ ʽˋˍˇˋʶ˂ʾʵʰˌ ˍˇˎ ʷˊʴˇˎ ˋˍˇ ʵʽʰʵʽˁˍˎʰˁˈ ˍˈˉˇ ˍˇˎ ˒ˇˊʷʰ 

ɳʻ˄ʽˁˈ ɼʷ˄ˍˊˇ ɴˊʶˎ˄ʰˌ 
ʊˎˋʽˁ˗˄ ɳˉʽˋˍʹ˃˗˄ 
ɲʹ˃ˈˁˊʽˍˇˌ 

https:// inn.demokritos.gr/ funded_project/greek-flagship-on-3rd-
generation-pvs-3gpv-4industry/  

ɳ˂˂ʹ˄ʽˁˈ ɾʶˋˇʴʶʽʰˁˈ 
ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 

https://nanohmu.gr/3gpv-4industry/ 

ɮˊʽˋˍˇˍʷ˂ʶʽˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 
ɸʶˋˋʰ˂ˇ˄ʾˁʹˌ 

https://ltfn.gr/index.php/research/r-d-projects/active-projects/792-
3gpv-4industry 

ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 
ʃʶ˂ˇˉˇ˄˄ʺˋˇˎ 

 

ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɹ˖ʰ˄˄ʾ˄˖˄  

ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ʃʰˍˊ˗˄  

ɳʻ˄ʽˁˈ ɺʵˊˎ˃ʰ ɳˊʶˎ˄˗˄ https://www.eie.gr/ereyna/xrimatodotoumena-ereynitika-erga/3gpv-
4industry/ 

 

 

ɳʽˁˈ˄ʰ 2: ɹˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʷˊʴˇˎ ˋˍˇ ʵʽʰʵʽˁˍˎʰˁˈ ˍˈˉˇ ˍˇˎ ɳɼɳʊɳ ɲʹ˃ˈˁˊʽˍˇˌ 

(https:// inn.demokritos.gr/ funded_project/greek-flagship-on-3rd-generation-pvs-3gpv-4industry/). 

 

https://inn.demokritos.gr/funded_project/greek-flagship-on-3rd-generation-pvs-3gpv-4industry/
https://inn.demokritos.gr/funded_project/greek-flagship-on-3rd-generation-pvs-3gpv-4industry/
https://inn.demokritos.gr/funded_project/greek-flagship-on-3rd-generation-pvs-3gpv-4industry/


 

 

 

ɳʽˁˈ˄ʰ 3: ɹˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʷˊʴˇˎ ˋˍˇ ʵʽʰʵʽˁˍˎʰˁˈ ˍˈˉˇ ˍˇˎ ɮˊʽˋˍˇˍʷ˂ʶʽˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ 

ɸʶˋˋʰ˂ˇ˄ʾˁʹˌ όhttps:// ltfn.gr/ index.php/ research/ r-d-projects/active-projects/792-3gpv-4industry). 

 

ɳʽˁˈ˄ʰ 4: ɹˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʷˊʴˇˎ ˋˍˇ ʵʽʰʵʽˁˍˎʰˁˈ ˍˈˉˇ ˍˇˎ ɳ˂˂ʹ˄ʽˁˇˏ ɾʶˋˇʴʶʽʰˁˇˏ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ 

(https:// nanohmu.gr/3gpv-4industry/ ) 

https://ltfn.gr/index.php/research/r-d-projects/active-projects/792-3gpv-4industry
https://nanohmu.gr/3gpv-4industry/


 

 

 

ɳʽˁˈ˄ʰ 5: ɹˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʷˊʴˇˎ ˋˍˇ ʵʽʰʵʽˁˍˎʰˁˈ ˍˈˉˇ ˍˇˎ ɳʻ˄ʽˁˇˏ ɹʵˊˏ˃ʰˍˇˌ ɳˊʶˎ˄˗˄ 

(https:// www.eie.gr/ereyna/xrimatodotoumena-ereynitika-erga/3gpv-4industry/ ) 

4.2.3 ɼˇʽ˄˖˄ʽˁʱ ɾʷˋʰ 
ʆʰ ˁˇʽ˄˖˄ʽˁʱ ˃ʷˋʰ ʰˉˇˍʷ˂ʶˋʰ˄ ʷ˄ʰ ʰˁˈ˃ʰ ˁʰ˄ʱ˂ʽ ʵʽʱ˔ˎˋʹˌ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˋˎ˄ʵʷˋʶ˖˄ ˃ʶ ʶˎˊˏˍʶˊˇ 

ˁˇʽ˄ˈΣ ʽʵʽʰʾˍʶˊʰ ˍʽˌ ˄ʷʶˌ ʴʶ˄ʽʷˌΦ 

4.2.3.1 ɳ˄ʶˊʴʱ ɼʰ˄ʱ˂ʽʰ ɼˇʽ˄˖˄ʽˁ˗˄ ɾʷˋ˖˄ 
ʃʾ˄ʰˁʰˌ р ɲˊʰˋˍʹˊʽˈˍʹˍʶˌ ʵʽʱ˔ˎˋʹˌ ˍˇˎ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRY (TAEDR-лротоптύ ˋʶ ˃ʷˋʰ ˁˇʽ˄˖˄ʽˁʺˌ 

ʵʽˁˍˏ˖ˋʹˌ Facebook, Instagram, LinkedIn, X  

ʃ˂ʰˍ˒ˈˊ˃ʰ URL 

Facebook https://www.facebook.com/profile.php?id=61584133075328 

X https://x.com/3gpv4industry 

LinkedIn https://www.linkedin.com/company/3gpv-4industry/ 

YouTube youtube.com/@3gpv4industry 

 

4.3 ʃʰˊʰʴ˖ʴʺ ɳˁˉʰʽʵʶˎˍʽˁˇˏ ˁʰʽ ʃˊˇ˖ʻʹˍʽˁˇˏ ʇ˂ʽˁˇˏ 

4.3.1 ʌʹ˒ʽʰˁˈ ʇ˂ʽˁˈ 
ɶ ˉʰˊʰʴ˖ʴʺ ˕ʹ˒ʽʰˁˇˏ ˎ˂ʽˁˇˏ ʰˉˇˍʷ˂ʶˋʶ ˃ʽʰ ˁˊʾˋʽ˃ʹ ʵˊʱˋʹ ʵʽʱ˔ˎˋʹˌΣ ʽʵʽʰʾˍʶˊʰ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 

ˋˎ˄ʵʷˋʶ˖˄ ˃ʶ ˄ʷʶˌ ʴʶ˄ʽʷˌ όɳˉʽˋˎ˄ʰˉˍˈ˃ʶ˄o h ˊ˔ʶʾo mp4). 



 

 

ʃʾ˄ʰˁʰˌ сΥ ɶ˂ʶˁˍˊˇ˄ʽˁˈ ʶˁˉʰʽʵʶˎˍʽˁˈ ˁʰʽ ˉˊˇ˖ʻʹˍʽˁˈ ˎ˂ʽˁˈ όʲʾ˄ˍʶˇΣ ˃ʰʴ˄ʹˍˇ˒˗˄ʹˋʹύ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˍˇ 

ʷˊʴˇ оGPV-4INDUSTRY (TAEDR-0537347) 

1. ʃˊˇ˖ʻʹˍʽˁˈ ɰʾ˄ˍʶˇ ʷˊʴˇˎΣ mp4 

2. ±L59h tŜǊƻǾǎƪƛǘŜ aƻŘǳƭŜ 59ah ɮʃɸ 

4.3.2 ɴ˄ˍˎˉˇ ʇ˂ʽˁˈ 
ʃʰˊʱ ˍʹ ˄̞ ʹ˒ʽˇˉˇʾʹˋʹΣ ˍˇ ʷ˄ˍˎˉˇ ˎ˂ʽˁˈ ˉʰˊʰ˃ʷ˄ʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ʴʽʰ ˇˊʽˋ˃ʷ˄ʶˌ ˇ˃ʱʵʶˌ ˋˍˈ˔ˇˎΦ 

ʃʾ˄ʰˁʰˌ тΥ ɴ˄ˍˎˉˇ ˉˊˇ˖ʻʹˍʽˁˈ ˎ˂ʽˁˈ όʰ˒ʾˋʶˌΣ ˒ˎ˂˂ʱʵʽʰΣ posterύΣ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˍˇ ʷˊʴˇ оGPV-4INDUSTRY 

(TAEDR-0537347) 

1. ʊˎ˂˂ʱʵʽˇ όBrochure), 6-ˋʶ˂ʽʵˇ ˒ˎ˂˂ʱʵʽˇ ˃ʶ ˉʰˊˇˎˋʾʰˋʹ ˍˇˎ ʷˊʴˇˎ 

2. Poster A3Σ ʆʶ˔˄ʽˁˈ poster ˃ ʶ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷˊʴˇˎ όʶˉʽˋˎ˄ʰˉˍˈ˃ʶ˄ˇ ʰˊ˔ʶʾˇ pdf) 

3. ɮ˒ʾˋʰ ʷˊʴˇˎ ʴʽʰ ɱɱɳɼ (A0) 

4. Roller up ˃ ʶ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ʷˊʴˇ 

 

ɳʽˁˈ˄ʰ 6: ʆʶ˂ʽˁʺ ˃ˇˊ˒ʺ ˒ˎ˂˂ʰʵʾˇˎ ˍˇˎ ʷˊʴˇˎ 3GPV-4INDUSTRY. 



 

 

 

ɳʽˁˈ˄ʰ 7: ɳ˅˖ˍʶˊʽˁʺ ˈ˕ʹ ˍˇˎ ˒ˎ˂˂ʰʵʾˇˎ ˍˇˎ ʷˊʴˇˎ 3GPV-4INDUSTRY. 

 

ɳʽˁˈ˄ʰ 8:   ɳˋ˖ˍʶˊʽˁʺ ˈ˕ʹ ˍˇˎ ˒ˎ˂˂ʱʵʽˇ ˍˇˎ ʷˊʴˇˎ 3GPV-4INDUSTRY. 

 



 

 

 

ɳʽˁˈ˄ʰ 9: ɮ˒ʾˋʰ ɮл ˍˇˎ ʷˊʴˇˎ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˉˊ˗ˍˎˉˇ ʰ˄ʰˊˍʹ˃ʷ˄ʹ ˋʶ ʶˎʵʽʱˁˊʽˍˇ ˁʰʽ ˁʶ˄ˍˊʽˁˈ ˋʹ˃ʶʾˇ 

ˋˍˇ ˁˍʺˊʽˇ ˍˇˎ ɹɿɿ ˍˇˎ ɳɼɳʊɳ ζɲʹ˃ˈˁˊʽˍˇˌηΦ 

    



 

 

    

     



 

 

 

ɳʽˁˈ˄ʰ 10: ɮ˒ʾˋʰ ɮл ˍˇˎ ʷˊʴˇˎ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˉˊ˗ˍˎˉˇ ʰ˄ʰˊˍʹ˃ʷ˄ʹ ˋʶ ʶˎʵʽʱˁˊʽˍˇ ˁʰʽ ˁʶ˄ˍˊʽˁˈ ˋʹ˃ʶʾˇ 

ˋˍˇ ˁˍʺˊʽˇ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄Φ 

 

 

 



 

 

  

ɳʽˁˈ˄ʰ 11: Roller ς up ˃ ʶ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ʷˊʴˇ 3GPV-4INDUSTRY. 

 



 

 

                  
ɳʽˁˈ˄ʰ ммʰΦ ROLLUP BANNER ˁ ʰʽ ɮ˒ʾˋʰ ɮʃɸ 



 

 

 

ɳʽˁˈ˄ʰ ммʲΦ ʆˊʾˉˍˎ˔ˇ ɮʃɸ  



 

 

4.3.3 ʁˉˍʽˁˇʰˁˇˎˋˍʽˁˈ ʇ˂ʽˁˈ 
ʃʾ˄ʰˁʰˌ уΥ ʁˉˍʽˁˇʰˁˇˎˋˍʽˁˈ ˎ˂ʽˁˈ ʰˉˈ ˍʰ ʶˊʴʰˋˍʺˊʽʰ ˒ˇˊʷ˖˄ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRY (TAEDR-0537347)  

1. N&AML BRITE perovskites, mpп όɳˉʽˋˎ˄ʰˉˍˈ˃ʶ˄ˇ ʰˊ˔ʶʾˇύ 

2. OET_ Next Generation in Energy Harvesting - Organic Electronics Made in Greece (Short Version), mp4 

(ɳˉʽˋˎ˄ʰˉˍˈ˃ʶ˄ˇ ʰˊ˔ʶʾˇ) 

3. PPVs_LTFN, mpп όɳˉʽˋˎ˄ʰˉˍˈ˃ʶ˄ˇ ʰˊ˔ʶʾˇύ 

4. Video Graphene Flagship, mpп όɳˉʽˋˎ˄ʰˉˍˈ˃ʶ˄ˇ ʰˊ˔ʶʾˇύ 

5. Video ɼɳʆʇʊΣ mpп όɳˉʽˋˎ˄ʰˉˍˈ˃ʶ˄ˇ ʰˊ˔ʶʾˇύ 

4.4 ɲʽˁˍˏ˖ˋʹ ˁʰʽ ʅˎ˄ʶˊʴʰˋʾʶˌ 

4.4.1 ɳ˅ʰ˃ʹ˄ʽʰʾʶˌ ˋˎ˄ʰ˄ˍʺˋʶʽˌ ʊˇˊʷ˖˄ 
ʃʾ˄ʰˁʰˌ млΥ ɳ˅ʰ˃ʹ˄ʽʰʾʶˌ ˋˎ˄ʰ˄ˍʺˋʶʽˌ ˍˇˎ ʷˊʴˇˎ оGPV-4INDUSTRY (TAEDR-лротоптύ  ό˃ʶ ˉʰˊˇˎˋʽʱˋʶʽˌ ˁʰʽ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ ʷˊʴˇˎ ˁʰʻ˗ˌ ˁʰʽ ˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ˍʹˌ ʶˉˈ˃ʶ˄ʹˌ 

ˉʶˊʽˈʵˇˎύΦ 

- ʅˎ˄ʱ˄ˍʹˋʹ ˉˊ˗ˍˇˎ ʶ˅ʰ˃ʺ˄ˇˎ ˍ˖˄ ˒ˇˊʷ˖˄ 

ʅˍʽˌ ну ɾʰˊˍʾˇˎ ˍˇˎ нлнп  ʷ˂ʰʲʶ ˔˗ˊʰ ʹ ˉˊ˗ˍʹ ʶ˅ʰ˃ʹ˄ʽʰʾʰ ˋˎ˄ʱ˄ˍʹˋʹ ˈ˂˖˄ ˍ˖˄ ˇ˃ʱʵ˖˄ ʶˊʴʰˋʾʰˌ ˍˇˎ 

ʷˊʴˇˎΦ ɶ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʰˎˍʺ ʴ˄˖ˋˍˇˉˇʽʺʻʹˁʶ ˃ʷˋ˖ ʹ˂ʶˁˍˊˇ˄ʽˁʺˌ ˉˊˈˋˁ˂ʹˋʹˌ  ˍˇˎ ˋˎ˄ˍˇ˄ʽˋˍʺ ˍˇˎ ʷˊʴˇˎ 

ˉˊˇˌ ˈ˂ˇˎˌ ˍˇˎˌ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇˎˌ ˒ˇˊʶʾˌΦ ʅʶ ˈ˂ˇˎ ˍˇˎˌ ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ʶʾ˔ʶ ˋˍʰ˂ʶʾ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ˍˇ 

ˉˊˈʴˊʰ˃˃ʰ ˍʹˌ ˋˎ˄ʱ˄ˍʹˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ʁˊʴʰ˄˖ˍʽˁʺ ʵˇ˃ʺ ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ʷˊʴˇˎΦ 

ʎˊʰ ʃʶˊʽʴˊʰ˒ʺ ʅˎ˄ˍˇ˄ʽˋˍʺˌ 

ʅˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ  

14 00 ς 14 20 ɳ˄ʹ˃ʷˊ˖ˋʹΣ ɳˁʻʷˋʶʽˌΣ ʃʰˊʰʵˇˍʷʰΣ ˁ˂ˉ ɳɼɳʊɳ ɲ  

 

14 20 ς 14 50 ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳм  

ʅˏ˄ʻʶˋʹ- ̝ ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˋˍʰʻʶˊ˗˄ ˁʰʽ ʰˉˇʵˇˍʽˁ˗˄ 
ˎ˂ʽˁ˗˄ ʴʽʰ ʊɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ  

ɳɼɳʊɳ ɲ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

14 50 ς 15 20 ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳн 

ɼʰˍʰˋˁʶˎʺ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˎ˕ʹ˂ʺˌ ʰˉˈʵˇˋʹˌ 
ˋˍˇʽ˔ʶʾ˖˄ ʰˉˈ ʊɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ 
ʵʽʰˋˍʱˋʶ˖˄ 

ʃʰ˄κ˃ʽˇ 
ʃʶ˂ˇˉˇ˄˄ʺˋˇˎ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

15 20 ς 15 50 ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳо 

ʊɰ ˋˎˋˍˇʽ˔ʾʶˌ ʰˉˈ ʃʶˊˇʲˋˁʽˍʽˁʱ ˁʰʽ ˇˊʴʰ˄ʽˁʱ ˎ˂ʽˁʱ 
(upscaling). 

ɮʃɸ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 



 

 

15 50 ς 16 20 ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳп  

ɲˇˁʽ˃ʷˌ ʰ˄ˍˇ˔ʺˌ ʊκɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ˋʶ ʶˋ˖ˍʶˊʽˁʷˌ ˁʰʽ 
ʶ˅˖ˍʶˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌΦ 

ɳɽɾɳʃɮ  

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ  

16 20 ς 16 50 ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳр 

ɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ʰ˅ʽˇˉˇʾʹˋʹΦ 

ɳɼɳʊɳ ɲ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

16 50 ς 17 00 ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˉʰˊʰʵˇˍʷʰ 
ʶˉˈ˃ʶ˄ˇˎ ʶ˅ʰ˃ʺ˄ˇˎΦ  

ʂ˂ˇʽ ˇʽ ʶˍʰʾˊˇʽ 

ɳʽˁˈ˄ʰ 12: ʃˊˈʴˊʰ˃˃ʰ ˉˊ˗ˍʹˌ ʶ˅ʰ˃ʹ˄ʽʰʾʰˌ ˋˎ˄ʱ˄ˍʹˋʹˌ ˒ˇˊʷ˖˄Φ 

ɶ ʵʽʰʵʽˁˍˎʰˁʺ ˋˎ˄ʱ˄ˍʹˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ zoomΣ ˁʰʽ ˋˎ˄ˇ˂ʽˁʱ ˇʽ ом 

ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ʶ˄ʹ˃ʶˊ˗ʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ˉˇˊʶʾʰ ʶ˅ʷ˂ʽ˅ʹˌ ˍˇˎ ʷˊʴˇˎΣ ˍʰ ˃ʷ˔ˊʽ ˋˍʽʴ˃ʺˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰκʶˉʽˍʶˏʴ˃ʰˍʰΦ ʅˎʸʹˍʺʻʹˁʰ˄ ˇʽ ˍˊˈˉˇʽ ˋˎ˄ʶˊʴʰˋʾʰˌ ˁʰʽ ˋˎ˄ˍˇ˄ʽˋ˃ˇˏ ˍ˖˄ ˇ˃ʱʵ˖˄Σ ˁʰʻ˗ˌ 

ˁʰʽ ˇˊˇʻʶˍʺʻʹˁʰ˄ ˇʽ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ʷˊʴˇˎΦ   

 



 

 

 

 

ɳʽˁˈ˄ʰ 13: ʅˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ˉˊ˗ˍʹˌ ʵʽʰʵʽˁˍˎʰˁʺˌ ʶ˅ʰ˃ʹ˄ʽʰʾʰˌ ˋˎ˄ʱ˄ˍʹˋʹˌ. 

- ɲ˖ʵʶˁʱ˃ʹ˄ʹ ˋˎ˄ʱ˄ˍʹˋʹ ˇ˃ʱʵ˖˄ ʶˊʴʰˋʾʰˌ  ʷˊʴˇˎ ˋˍʹ ɸʶˋˋʰ˂ˇ˄ʾˁʹ 

ʅˍʽˌ м  ɹˇˎ˄ʾˇˎ нлнпΣ ʰˉˈ ˍʽˌ ммΥол ʷ˖ˌ ˍʽˌ моΥол  ʷ˂ʰʲʶ ˔˗ˊʰ ʹ ˉˊ˗ˍʹ ʵ˖ʵʶˁʱ˃ʹ˄ʹ ˋˎ˄ʱ˄ˍʹˋʹ ˈ˂˖˄ ˍ˖˄ 

ˇ˃ʱʵ˖˄ ʶˊʴʰˋʾʰˌ ˍˇˎ ʷˊʴˇˎ ˋˍʹ ɸʶˋˋʰ˂ˇ˄ʾˁʹΦ ɶ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʰˎˍʺ ʴ˄˖ˋˍˇˉˇʽʺʻʹˁʶ ˁʰʽ ˃ʷˋ˖ 

ʹ˂ʶˁˍˊˇ˄ʽˁʺˌ ˉˊˈˋˁ˂ʹˋʹˌ  ˍˇˎ ˋˎ˄ˍˇ˄ʽˋˍʺ ˍˇˎ ˋˎ˄ʶʵˊʾˇˎ nanotechnology нлнп ˉˊˇˌ ˈ˂ˇˎˌ ˍˇˎˌ 

ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇˎˌ ˒ˇˊʶʾˌΦ  



 

 

ʅʶ ˈ˂ˇˎ ˍˇˎˌ ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ʶʾ˔ʶ ˋˍʰ˂ʶʾ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˍʹˌ ˋˎ˄ʱ˄ˍʹˋʹˌΣ ʹ ˇˉˇʾʰ 

ʶˉʽˁʰʽˊˇˉˇʽʺʻʹˁʶ ʶˁ ˄ʷˇˎ ˁʰˍʱ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍʹˌ ˋˎ˄ʱ˄ˍʹˋʹˌΦ 

ʎˊʰ ʃʶˊʽʴˊʰ˒ʺ ʅˎ˄ˍˇ˄ʽˋˍʺˌ 

ʅˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ  

11:30 ς 11:45 ɴ˄ʰˊ˅ʹ ˎˉˇʵˇ˔ʺ ˍ˖˄ ˋˎ˃˃ʶˍʶ˔˗˄ˍ˖˄  

11:45 ς 12:00 
ɳ˄ʹ˃ʷˊ˖ˋʹΣ ɳˁʻʷˋʶʽˌΣ ʃʰˊʰʵˇˍʷʰΣ ˁ˂ˉ ɳɼɳʊɳ ɲ  

12:00 ς 12:15 
ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳм  

ʅˏ˄ʻʶˋʹ- ̝ ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˋˍʰʻʶˊ˗˄ ˁʰʽ ʰˉˇʵˇˍʽˁ˗˄ 
ˎ˂ʽˁ˗˄ ʴʽʰ ʊɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ  

ɳɼɳʊɳ ɲ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

12:15 ς 12:30 
ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳн 

ɼʰˍʰˋˁʶˎʺ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˎ˕ʹ˂ʺˌ ʰˉˈʵˇˋʹˌ 
ˋˍˇʽ˔ʶʾ˖˄ ʰˉˈ ʊɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ 
ʵʽʰˋˍʱˋʶ˖˄ 

ʃʰ˄κ˃ʽˇ 
ʃʶ˂ˇˉˇ˄˄ʺˋˇˎ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

12:30 ς 12:45 
ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳо 

ʊɰ ˋˎˋˍˇʽ˔ʾʶˌ ʰˉˈ ʃʶˊˇʲˋˁʽˍʽˁʱ ˁʰʽ ˇˊʴʰ˄ʽˁʱ ˎ˂ʽˁʱ 
(upscaling). 

ɮʃɸ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

12:45 ς 13:00 
ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳп  

ɲˇˁʽ˃ʷˌ ʰ˄ˍˇ˔ʺˌ ʊκɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ˋʶ ʶˋ˖ˍʶˊʽˁʷˌ ˁʰʽ 
ʶ˅˖ˍʶˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌΦ 

ɳɽɾɳʃɮ  

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ  

13:00 ς 13:15 
ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳр 

ɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ʰ˅ʽˇˉˇʾʹˋʹΦ 

ɳɼɳʊɳ ɲ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

13:15 ς 13:30 
ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˉʰˊʰʵˇˍʷʰ 
ʶˉˈ˃ʶ˄ˇˎ ʶ˅ʰ˃ʺ˄ˇˎΦ  

ʂ˂ˇʽ ˇʽ ʶˍʰʾˊˇʽ 

ɳʽˁˈ˄ʰ 14: ʃˊˈʴˊʰ˃˃ʰ ʵ˖ʵʶˁʱ˃ʹ˄ʹˌ ˋˎ˄ʱ˄ˍʹˋʹˌ ˒ˇˊʷ˖˄Φ 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 



 

 



 

 



 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

ɳʽˁˈ˄ʰ 15: ɳ˄ʵʶʽˁˍʽˁʷˌ ˉʰˊˇˎˋʽʱˋʶʽˌ ʰˉˈ ˍʹ˄ ʵ˖ʵʶˁʱ˃ʹ˄ʹ ˋˎ˄ʱ˄ˍʹˋʹ ˍ˖˄ ˒ˇˊʷ˖˄. 

ɶ ˋˎ˄ʱ˄ˍʹˋʹ ʺˍʰ˄ ʵʽʰʸ˗ˋʹˌ ˁʰʽ ˎˉʺˊ˔ʶ ˁʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʶ˅ ʰˉˇˋˍʱˋʶ˖ˌ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˃ʶ˂˗˄ ˍ˖˄ 

ˇ˃ʱʵ˖˄ ˍ˖˄ ˒ˇˊʷ˖˄ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ zoomΦ ʁʽ ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ʶ˄ʹ˃ʶˊ˗ʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ˉˇˊʶʾʰ 

ʶ˅ʷ˂ʽ˅ʹˌ ˍˇˎ ʷˊʴˇˎΣ ˍʰ ˃ʷ˔ˊʽ ˋˍʽʴ˃ʺˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰκʶˉʽˍʶˏʴ˃ʰˍʰΦ ʅˎʸʹˍʺʻʹˁʰ˄ ˇʽ ˍˊˈˉˇʽ 

ˋˎ˄ʶˊʴʰˋʾʰˌ ˁʰʽ ˋˎ˄ˍˇ˄ʽˋ˃ˇˏ ˍ˖˄ ˇ˃ʱʵ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˇˊˇʻʶˍʺʻʹˁʰ˄ ˇʽ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ 

ʷˊʴˇˎΦ   

- ɲʶˁʰˇ˔ˍʱ˃ʹ˄ʹ ʵʽʰʵʽˁˍˎʰˁʺ ˋˎ˄ʱ˄ˍʹˋʹ ˇ˃ʱʵ˖˄ ʶˊʴʰˋʾʰˌ ˍˇˎ ʷˊʴˇˎ 

ʆʹ˄ ʃʷ˃ˉˍʹ нт ɾʰˊˍʾˇˎ нлнрΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʵʽʰʵʽˁˍˎʰˁʱ ʹ оʹ ʶ˅ʰ˃ʹ˄ʽʰʾʰ ˋˎ˄ʱ˄ˍʹˋʹ ˍʹˌ 

ɳ˃ʲ˂ʹ˃ʰˍʽˁʺˌ ɲˊʱˋʹˌ оGPV-4INDUSTRYΦ ʅˍʹ ˋˎ˄ʱ˄ˍʹˋʹ ˋˎ˃˃ʶˍʶʾ˔ʰ˄ нн ʶˊʶˎ˄ʹˍʷˌ ʵʽʰ˒ˈˊ˖˄ 

ʶʽʵʽˁˇˍʺˍ˖˄Σ ʶˁˉˊˇˋ˖ˉ˗˄ˍʰˌ ˍˇˎˌ ʶˉˍʱ όтύ ˒ˇˊʶʾˌ ˍʹˌ ˁˇʽ˄ˇˉˊʰ˅ʾʰˌΦ ɼʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋˎ˄ʱ˄ˍʹˋʹˌΣ 

ˉʰˊˇˎˋʽʱˋˍʹˁʰ˄ ʰ˄ʰ˂ˎˍʽˁʱ ʹ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ˁʰʽ ˍʰ ʶˊʶˎ˄ʹˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʽˌ р ʶ˄ˈˍʹˍʶˌ ʶˊʴʰˋʾʰˌΣ 

ˋˎʸʹˍʺʻʹˁʰ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ʵˈʻʹˁʰ˄ ʶˎˁʰʽˊʾʶˌ ˉʶˊʰʽˍʷˊ˖ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˁʰʽ ˉʽʻʰ˄˗˄ 



 

 

ˋˎ˄ʶˊʴʰˋʽ˗˄Σ ʶ˄˗ ʷʴʽ˄ʶ ˁʰʽ ˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ʴʽʰ ˍˇ ʶˉˈ˃ʶ˄ˇ όпˇύ ʶ˅ʱ˃ʹ˄ˇΦ 

ɲʽʰˉʽˋˍ˗ʻʹˁʶ ʹ ˇ˃ʰ˂ʺ ˉˇˊʶʾʰ ˎ˂ˇˉˇʾʹˋʹˌ ˍˇˎ ʷˊʴˇˎ ˁʰʻ˗ˌ ˁʰʽ ʹ ʶ˄ʾˋ˔ˎˋʹ ˍ˖˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ 

ʴ˄˗ˋʶ˖˄ ˁʰʽ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ оʹˌ ʴʶ˄ʽʱˌΦ 

ʎˊ h ʃʶˊʽʴˊʰ˒ʺ 
ʅˎ˄ˍˇ˄ʽˋˍʺˌ 

ʅˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ 

09:00 - 09:30 ɳ˄ʹ˃ʷˊ˖ˋʹΣ ɳˁʻʷˋʶʽˌΣ ʃʰˊʰʵˇˍʷʰΣ ˁ˂ˉ ɳɼɳʊɳ ɲ  

09:30 - 10:10 

ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳм  

ʅˏ˄ʻʶˋʹ- ̝ ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˋˍʰʻʶˊ˗˄ ˁʰʽ ʰˉˇʵˇˍʽˁ˗˄ 
ˎ˂ʽˁ˗˄ ʴʽʰ ʊɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ  

ɳɼɳʊɳ ɲ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

10:10 - 10:50 

ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳн 

ɼʰˍʰˋˁʶˎʺ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋ˃ˈˌ ˎ˕ʹ˂ʺˌ ʰˉˈʵˇˋʹˌ 
ˋˍˇʽ˔ʶʾ˖˄ ʰˉˈ ʊɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ 
ʵʽʰˋˍʱˋʶ˖˄ 

ʃʰ˄κ˃ʽˇ ʃʶ˂ˇˉˇ˄˄ʺˋˇˎ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

10:50 - 11:30 

ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳо 

ʊɰ ˋˎˋˍˇʽ˔ʾʶˌ ʰˉˈ ʃʶˊˇʲˋˁʽˍʽˁʱ ˁʰʽ ˇˊʴʰ˄ʽˁʱ ˎ˂ʽˁʱ 
(upscaling). 

ɮʃɸ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

11:30 - 12:10 

ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳп  

ɲˇˁʽ˃ʷˌ ʰ˄ˍˇ˔ʺˌ ʊκɰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ˋʶ ʶˋ˖ˍʶˊʽˁʷˌ ˁʰʽ 
ʶ˅˖ˍʶˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌΦ 

ɳɽɾɳʃɮ  

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ  

12:10 ς 12:50 
ʃˊˈˇʵˇˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˋˎʸʺˍʹˋʹ ˋˍʹ˄ ɳɳр 

ɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ʰ˅ʽˇˉˇʾʹˋʹΦ 

ɳɼɳʊɳ ɲ 

ɯ˂˂ˇʽ ˒ˇˊʶʾˌ 

12:50 - 14:00 
ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˉʰˊʰʵˇˍʷʰ 
ʶˉˈ˃ʶ˄ˇˎ ʶ˅ʰ˃ʺ˄ˇˎΦ  

ʂ˂ˇʽ ˇʽ ʶˍʰʾˊˇʽ 

ɳʽˁˈ˄ʰ 16: ʃˊˈʴˊʰ˃˃ʰ ˍʹˌ ʵʶˁʰˇ˔ˍʱ˃ʹ˄ʹˌ ˋˎ˄ʱ˄ˍʹˋʹˌ 

 

 

 

 



 

 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 



 

 

 



 

 



 

 














































































