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ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Ůɝ ɞɚɞəɚɐɟɞɡ ɐ ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ɔɘŬ 

Ůɛˊɞɟɘəɧ ůəɞˊɧ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ ɔɘŬ ůəɞˊɧ ɛɖ əŮɟŭɞůəɞˊɘəɧ, ŮəˊŬɘŭŮɡŰɘəɐɠ ɐ 

ŮɟŮɡɜɖŰɘəɐɠ űɨůɖɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ ŬɜŬűɏɟŮŰŬɘ ɖ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ ˊŬɟɧɜ ɛɐɜɡɛŬ. 

ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɢɟɐůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞɜ ůɡɔɔɟŬűɏŬ. 

Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ɏɔɔɟŬűɞ ŮəűɟɎɕɞɡɜ Űɞɜ ůɡɔɔɟŬűɏŬ əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ 

ŮɟɛɖɜŮɡɗŮɑ ɧŰɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɘɠ ŮˊɑůɖɛŮɠ ɗɏůŮɘɠ Űɞɡ ȹɖɛɞəɟɑŰŮɘɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪɟɎəɖɠ. 
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ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɖŰɐɠ ɔɐɟŬɜůɖɠ ɤɠ ɛŮɗɧŭɞɡ 

ŮəŰɑɛɖůɖɠ Űɤɜ ŬůŰɞɢɘɩɜ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ ˊɎɜŮɚ. ɆŰɧɢɞɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ, ˊɞɡ ŮɑɜŬɘ əŬɗŬɟɎ 

ˊŮɘɟŬɛŬŰɘəɐ, ŮɑɜŬɘ ɜŬ ŮɝŮŰŬůŰɞɨɜ ɞɘ ůɡɜɗɐəŮɠ ŰŮɢɜɘəɐɠ ɔɐɟŬɜůɖɠ ůŰŬ űɤŰɞɓɞɚŰŬɥəɎ ˊɚŬɑůɘŬ. ɆɡɔəŮəɟɘɛɏɜŬ ůŰɞ 

ȾŮűɎɚŬɘɞ 1 ŬɜŬűɏɟɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ ɓɚɎɓŮɠ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŮ ŭɘɎűɞɟŮɠ 

ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ.  

ɆŰŬ űɤŰɞɓɞɚŰŬɥəɎ ˊɚŬɑůɘŬ ɖ ŮɛűɎɜɘůɖ əŬɘ ɖ Ůɝɏɚɘɝɖ ůɡɔəŮəɟɘɛɏɜɤɜ Űɨˊɤɜ ɓɚŬɓɩɜ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡɠ. ȼ ˊŬɔəɧůɛɘŬ ɏɟŮɡɜŬ ŮůŰɘɎɕŮŰŬɘ ůŰɖɜ ŮˊɑŰŮɡɝɖ ɡɣɖɚɩɜ Ůˊɘˊɏŭɤɜ 

ŬɝɘɞˊɘůŰɑŬɠ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ ˊɚŬɘůɑɤɜ əŬɘ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡɠ ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ əŬɘ ŬɝɘɞˊɞɘɐůɘɛŬ.  

ɆŰɞ ȾŮűɎɚŬɘɞ 2 Űɖɠ ŮɟɔŬůɑŬɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰŮɢɜɘəɏɠ ŮˊɘŰŬɢɡɜɧɛŮɜɖɠ ɔɐɟŬɜůɖɠ əŬɘ ɔɑɜŮŰŬɘ 

ɘŭɘŬɑŰŮɟɖ ŬɜŬűɞɟɎ ůŰɞ ˊɟɧŰɡˊɞ IEC 61215. ɆŰɞ ȾŮűɎɚŬɘɞ 3 ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɞ Ůɝɞˊɚɘůɛɧɠ 

Űɞ ɡɚɘəɧ əŬɘ Űɞ ɚɞɔɘůɛɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ əŬɗɩɠ Ůˊɑůɖɠ ŭɑɜɞɜŰŬɘ 

ŬɜŬɚɡŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ Űɧˊɞ Űɞ ɢɟɧɜɞ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ ŭɘŮɝŬɔɤɔɐɠ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ 

ɛŮŰɟɐůŮɤɜ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ ɤɠ ˊɟɞɠ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ ɗŮɟɛɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɤɜ 

ɓɚŬɓɩɜ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ɖɚŮəŰɟɘəɐɠ Ŭˊɧŭɞůɖɠ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ Űɘɠ ɞˊŰɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ȾŮűɎɚŬɘɞ 4. ɆŰɞ ȾŮűɎɚŬɘɞ 5 ůɡɜɞɣɑɕɞɜŰŬɘ 

ŰŬ ɓŬůɘəɧŰŮɟŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ŮɟɔŬůɑŬɠ. 
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ȻɢɣŭɠəŰűɒůɡ 

 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ə. Ʌŭɝűůɛɑ ɂ. ɁˋɨűŰŭɠɗ, ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ Űɞɡ  

ɇɛɐɛŬŰɞɠ ɀɖɢŬɜɘəɩɜ ɄŬɟŬɔɤɔɐɠ & ȹɘɞɑəɖůɖɠ, Űɖɠ ɄɞɚɡŰŮɢɜɘəɐɠ Ɇɢɞɚɐɠ Űɞɡ ȹɖɛɞəɟɑŰŮɘɞɡ ɄŬɜŮˊɘůŰɐɛɘɞɡ 

ŪɟɎəɖɠ (ȹɄŪ), ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ Űɞɡ, Űɖɜ əŬɗɞŭɐɔɖůɖ əŬɘ Űɖɜ ůŰɐɟɘɝɖ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ ɤɠ 

Ůˊɘɓɚɏˊɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ. 

ɃűŮɑɚɤ, Ůˊɑůɖɠ, ɜŬ ŮəűɟɎůɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ůŰɖɜ ŮɟŮɡɜɖŰɘəɐ ɞɛɎŭŬ Űɞɡ ɇɞɛɏŬ ȺˊɘůŰɐɛɖɠ əŬɘ ɇŮɢɜɘəɐɠ Űɤɜ 

Ɉɚɘəɩɜ, Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ (ȺɀɄ) əŬɘ ůɡɔəŮəɟɘɛɏɜŬ:  

¶ Űɖɜ əŬ. ȸɝűɥɝɒŭ Ɂɟɠɟˋɟɩɛɟɢ, ȾŬɗɖɔɐŰɟɘŬ Űɞɡ ɇɞɛɏŬ ȺˊɘůŰɐɛɖɠ əŬɘ ɇŮɢɜɘəɐɠ Űɤɜ Ɉɚɘəɩɜ, Űɖɠ 

Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ (ȺɀɄ) 

¶ Űɞɜ ə. ȸŰűɐɠəɟ ȿŭɠŭɕəɏɝɝɗ-Ɂˋŭɚɨɛŭ, ȿɏəŰɞɟŬ Űɞɡ ɇɞɛɏŬ ȺˊɘůŰɐɛɖɠ əŬɘ ɇŮɢɜɘəɐɠ Űɤɜ Ɉɚɘəɩɜ, Űɖɠ 

Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ (ȺɀɄ) 

¶ Űɖɜ əŬ. Ɂŭɠɒŭ ȿŭɠɨɕɛɟɢ, ȹɟ., Ƚ.ȹ.ȷ.ɉ. əŬɘ 

¶ Űɖɜ əŬ. ȸəɚŭűůɠɒɝɗ Ⱥůɛɐɕɚɟɢ, ȹɟ., Ƚ.ȹ.ȷ.ɉ. 

ŪŬ ɐɗŮɚŬ Ůˊɘˊɚɏɞɜ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. Ⱦɥɏɝɝɗ ɈŰŭɝɏɚŭ ŭɘŭɎəŰɞɟŬ Űɞɡ ɇɛɐɛŬŰɞɠ ɀɖɢŬɜɘəɩɜ 

ɄŬɟŬɔɤɔɐɠ əŬɘ ȹɘɞɑəɖůɖɠ, Űɖɠ ɄɞɚɡŰŮɢɜɘəɐɠ Ɇɢɞɚɐɠ Űɞɡ ȹɖɛɞəɟɑŰŮɘɞɡ ɄŬɜŮˊɘůŰɐɛɘɞɡ ŪɟɎəɖɠ (ȹɄŪ) ɔɘŬ Űɖɜ 

ɞɡůɘŬůŰɘəɐ ůɡɜŮɟɔŬůɑŬ ˊɞɡ ŮɑɢŬɛŮ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ɄŬɟɎɚɚɖɚŬ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ űɑɚɞ Ⱦɥɏɝɝɗ ɅɟɢɠŰŭɝɒŮɗ, ŭɘˊɚɤɛŬŰɞɨɢɞ ȼɚŮəŰɟɞɚɧɔɞ ɀɖɢŬɜɘəɧ & 

ɀɖɢŬɜɘəɧ ɈˊɞɚɞɔɘůŰɩɜ, Űɖɠ ɄɞɚɡŰŮɢɜɘəɐɠ Ɇɢɞɚɐɠ Űɞɡ ȹɖɛɞəɟɑŰŮɘɞɡ ɄŬɜŮˊɘůŰɐɛɘɞɡ ŪɟɎəɖɠ (ȹɄŪ) əŬɘ M.Sc. 

Ʉɚɖɟɞűɞɟɘəɐɠ əŬɘ ȹɘɞɑəɖůɖɠ Űɞɡ ȹɄɀɆ Űɤɜ ɇɛɖɛɎŰɤɜ Ʉɚɖɟɞűɞɟɘəɐɠ əŬɘ Ƀɘəɞɜɞɛɘəɩɜ Űɞɡ ȷɟɘůŰɞŰɏɚŮɘɞɡ 

ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ (ȷɄŪ).  

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɖɜ Ůɡɔɜɤɛɞůɨɜɖ ɛɞɡ əŬɘ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɡɠ ɔɞɜŮɑɠ ɛɞɡ 

ȸɝŭŰűɏŰəɟ ɅŭɢɛɒŮɗ əŬɘ Ȱɝɝŭ ɇŭɠŭɝűəɝɟɩ əŬɘ ŰŬ ŬŭɏɚűɘŬ ɛɞɡ ɔɘŬ Űɖɜ ŬɛɏɟɘůŰɖ ůɡɛˊŬɟɎůŰŬůɐ Űɞɡɠ, ɧɚŬ 

ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. 
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Ʌůɠɒɛɗɤɗ 

ɀŮ Űɖɜ ŬɚɛŬŰɩŭɖ Ůɝɏɚɘɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬŰɎ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ, ɞɘ ɛɖɢŬɜɞɚɞɔɘəɏɠ əŬŰŬůəŮɡɏɠ 

ŬɡɝɎɜɞɡɜ ŬɜɎɚɞɔŬ ɤɠ ˊɟɞɠ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ ŬɚɚɎ əŬɘ Űɖɜ ŮɡŬɘůɗɖůɑŬ , ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡűɑůŰŬɜŰŬɘ 

ůɨɜɗŮŰŮɠ ɓɚɎɓŮɠ ɐ/əŬɘ ŬůŰɞɢɑŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ ŬɟɜɖŰɘəɎ Űɖɜ ŬɝɘɞˊɘůŰɑŬ əŬɘ Űɖɜ ŬůűŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. 

 ɆŮ ŮˊɑˊŮŭɞ ŮɜŰɞˊɘůɛɞɨ əŬɘ ŭɘɎɔɜɤůɖɠ ɓɚŬɓɩɜ ůŮ ū/ȸ ˊɚŬɑůɘŬ, ɖ ŭɡɜŬɛɘəɐ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ɡˊɏɟɡɗɟɖɠ 

ɗŮɟɛɞɔɟŬűɑŬɠ ŬˊɞŰɘɛɐɗɖəŮ, ɛŮ Űɖɜ Ůəˊɧɜɖůɖ  ˊŮɘɟŬɛŬŰɘəɐɠ ɛŮɚɏŰɖɠ, ɤɠ ˊɟɞɠ Űɖɜ ŰŮɢɜɘəɐ ŬɜɎɚɡůɖɠ Űɤɜ 

ɗŮɟɛɘəɩɜ ŬˊɞŰɡˊɤɛɎŰɤɜ.  Ƀɘ ŭɡɜŬŰɧŰɖŰŮɠ Űɖɠ ɛŮɗɧŭɞɡ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɛŮ Űɖɜ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ůɝɏɚɘɝɖɠ 

ůɡɔəŮəɟɘɛɏɜɤɜ ɓɚŬɓɩɜ ůŰɞɜ ɢɟɧɜɞ, ɛɏůŬ Ŭˊɧ Űɖɜ ůɡɔəɟɘŰɘəɐ ɛŮɚɏŰɖ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ ɡˊɏɟɡɗɟɖɠ 

ɗŮɟɛɞɔɟŬűɑŬɠ, ɖɚŮəŰɟɘəɐɠ Ŭˊɧŭɞůɖɠ əŬɘ ɞˊŰɘəɐɠ ɛɘəɟɞůəɞˊɑŬɠ, ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɖŰɐɠ 

ŮˊɘŰŬɢɡɜɧɛŮɜɖɠ ɔɐɟŬɜůɖɠ ůŮ ū/ȸ ˊɚŬɑůɘŬ.  

ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ, ɞ ůɢŮŭɘŬůɛɧɠ əŬɘ ɖ ɡɚɞˊɞɑɖůɖ Űɤɜ ŭɞəɘɛɩɜ Űɖɠ ŮˊɘŰŬɢɡɜɧɛŮɜɖɠ 

ɔɐɟŬɜůɖɠ ůŰŬ ū/ȸ ˊɚŬɑůɘŬ, Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ 

ŮɟŮɡɜɖŰɘəɐ ɞɛɎŭŬ Űɖɠ ȾŬɗɖɔɐŰɟɘŬɠ ȷ. ɀɞɟɞˊɞɨɚɞɡ, Űɞɡ ɇɞɛɏŬ ȺˊɘůŰɐɛɖɠ əŬɘ ɇŮɢɜɘəɐɠ Űɤɜ Ɉɚɘəɩɜ, Űɖɠ Ɇɢɞɚɐɠ 

ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ (ȺɀɄ).  ɆŰɧɢɞɠ ɐŰŬɜ ɖ ŮˊɑŰŮɡɝɖ ɛɘŬɠ ˊɟɞůŮɔɔɘůŰɘəɐɠ 

ˊɟɞůɞɛɞɑɤůɖɠ ɛŮɔɎɚɞɡ ɛɏɟɞɡɠ Űɖɠ ŭɘɎɟəŮɘŬɠ ɕɤɐɠ Ůɜɧɠ ū/ȸ ˊɚŬɘůɑɞɡ ůŰɞ ˊŮŭɑɞ.  

 Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ Ůɝɏɚɘɝɖɠ Űɖɠ əŬŰɎůŰŬůɖɠ əŬɘ 

ŮɜŭŮɢɧɛŮɜɤɜ ɓɚŬɓɩɜ Űɟɘɩɜ ū/ȸ ˊɚŬɘůɑɤɜ ɛɞɜɞəɟɡůŰŬɚɚɘəɞɨ ˊɡɟɘŰɑɞɡ, ɛɘəɟɐɠ ɘůɢɨɞɠ, ɛŮŰŬ Űɖɜ ŮűŬɟɛɞɔɐ 

ŮˊɘŰŬɢɡɜɧɛŮɜɖɠ ɔɐɟŬɜůɖɠ ɗŮɟɛɘəɩɜ əɨəɚɤɜ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ Ůɘŭɘəɧ ɗŮɟɛɞɗɎɚŬɛɞ, ɞ 

ɞˊɞɑɞɠ ˊɟɞůɞɛɞɑɤɜŮ ˊɟɞůŮɔɔɘůŰɘəɎ ɛɏɟɞɠ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ ɕɤɐɠ, Űɤɜ ū/ȸ, ůŮ ůɡɜɗɐəŮɠ ˊŮŭɑɞɡ. Ƀɘ 

ˊŬɟɎɛŮŰɟɞɘ - ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŬɝɘɞɚɞɔɐɗɖəŬɜ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɖŰɐɠ ŮˊɘŰŬɢɡɜɧɛŮɜɖɠ ɔɐɟŬɜůɖɠ, ůŰɖɜ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ, ɐŰŬɜ ɖ Ůɝɏɚɘɝɖ Űɞɡ ɗŮɟɛɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɤɜ ɓɚŬɓɩɜ, ɖ ŬɚɚŬɔɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ 

Ŭˊɧŭɞůɖɠ əŬɘ ɖ ɛɞɟűɞɚɞɔɑŬ əɎɗŮ ū/ȸ ˊɚŬɘůɑɞɡ. ȷˊɩŰŮɟɞɠ ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɖ ŮɝŬɔɤɔɐ 

ˊɘɗŬɜɩɜ ˊɟɞɔɜɤůŰɘəɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ɤɠ ˊɟɞɠ Űɖɜ ɗŮɟɛɘəɐ, Űɖɜ ɖɚŮəŰɟɘəɐ əŬɘ Űɖɜ ɛɞɟűɞɚɞɔɘəɐ 

ůɡɛ́ŮɟɘűɞɟɎ, Űɧůɞ Űɤɜ ÌɡɔɘɩɜÌ ɧůɞ əŬɘ Űɤɜ ÌˊɟɞɓɚɖɛŬŰɘəɩɜÌ, ū/ȸ ˊɚŬɘůɑɤɜ ůŮ ŬɜŰɑůŰɞɘɢɖ ɏəɗŮůɖ Űɞɡɠ ůŮ 

ˊɟŬɔɛŬŰɘəɏɠ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ˊŮŭɑɞɡ.  

 Ƀ ˊŮɘɟŬɛŬŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ ˊŮɟɘŮɚɎɛɓŬɜŮ Űɖɜ ɛŬəɟɞůəɞˊɘəɐ űɤŰɞɔɟɎűɖůɖ Űɤɜ ū/ȸ ˊɚŬɘůɑɤɜ, Űɖɜ 

ɚɐɣɖ Ůɘəɧɜɤɜ ɛɘəɟɞůəɞˊɑɞɡ ůŰɖɜ ˊɟɧůɗɘŬ ŮˊɘűɎɜŮɘŬ əɎɗŮ ŭŮɑɔɛŬŰɞɠ ůŮ ůɡɜɗɐəŮɠ ŮɟɔŬůŰɖɟɑɞɡ, əŬɗɩɠ Ůˊɑůɖɠ 

Űɖɜ ˊŬɗɖŰɘəɐ ɗŮɟɛɞɔɟɎűɖůɖ əɎɗŮ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɖɜ ɛɏŰɟɖůɖ ɖɚŮəŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ůɝɧŭɞɡ ɡˊɧ 

ůɡɜɗɐəŮɠ ˊŮŭɑɞɡ, ůŰɖɜ Ŭɟɢɐ, ůŰɖ ɛɏůɖ əŬɘ ůŰɞ Űɏɚɞɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ɔɐɟŬɜůɖɠ.  

  

ɀɐɞůəɡ ɚɛůəŮəɏ: ɇŮɢɜɖŰɐ ɔɐɟŬɜůɖ, űɤŰɞɓɞɚŰŬɥəɎ ˊɚŬɑůɘŬ, ŭɘɎɔɜɤůɖ əŬɘ ˊɟɧɔɜɤůɖ ɓɚŬɓɩɜ, ɗŮɟɛɞɔɟŬűɑŬ 
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Abstract 

The last few decades technology faces a rapid development, mechanical constructions are 

being increased concerning the complexity and the sensitivity and as a result they undergo complex 

fault and/or failures which are affecting negatively the efficiency and their safe function. 

The potential of the IR thermography method for PV modulesô fault diagnosis was assessed through this 

experimental study, regarding the featured thermal image processing and diagnosis technique. The 

prospect of IR thermography was evaluated by a comparative case study of IR, electrical I-V and optical 

microscopy measurements of faultsô evolution, through accelerated ageing tests to PV modules. 

Itôs worth remembering that the design and the implementation of the accelerated ageing tests 

to PV modules were helped by the research team of the professor A. Moropoulou, Department of 

Materials Science and Engineering, School of Chemical Engineering National Technical University of 

Athens (NTUA). 

The purpose of this thesis was to evaluate the progress of potential faults in three individual 

monocrystalline silicon PV modules, after the accelerated ageing tests of photovoltaic (PV) modules, of 

thermal cycles. This technique was took place inside a chamber, which was simulating a real part of PV 

modulesô life. The parameters and variables which were evaluated, through this proceeding, were the 

progress of the faultsô thermal images, the change of electrical performance and the change in the 

morphology of photovoltaic modules such as theyôve been exposed in real outdoor conditions. 

The experimental design included, macroscopic photography images of PV modules, microscope 

images of the front surface of every sample under laboratory condition, thermography. 

 

Keywords: Aging tests, PV modules, diagnosis and fault prognosis, infrared thermography
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1.1 ȻəŰŭɕɥɕɑ 

ɆŰŬ űɤŰɞɓɞɚŰŬɥəɎ ˊɚŬɑůɘŬ ɖ ŮɛűɎɜɘůɖ əŬɘ ɖ Ůɝɏɚɘɝɖ ůɡɔəŮəɟɘɛɏɜɤɜ Űɨˊɤɜ ɓɚŬɓɩɜ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡɠ. ȼ ˊŬɔəɧůɛɘŬ ɏɟŮɡɜŬ ŮůŰɘɎɕŮŰŬɘ ůŰɖɜ ŮˊɑŰŮɡɝɖ ɡɣɖɚɩɜ 

Ůˊɘˊɏŭɤɜ ŬɝɘɞˊɘůŰɑŬɠ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ ˊɚŬɘůɑɤɜ əŬɘ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡɠ ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ 

ŭɘŬɗɏůɘɛŬ əŬɘ ŬɝɘɞˊɞɘɐůɘɛŬ.  

ɆŮ ɏɜŬ ˊɎɜŮɚ űɤŰɞɓɞɚŰŬɥəɩɜ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ŭɘɎűɞɟŮɠ ɓɚɎɓŮɠ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɞɘ ɞˊɞɑŮɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɞɘ ɞˊɞɑɞɘ ŬɜŬɚɨɞɜŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ 

Űɞɡ əŮűŬɚŬɑɞɡ.  

ɆŰɞ ůɡɔəɟɘɛɏɜɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɡɜŬŰɏɠ ɓɚɎɓŮɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ 

ůŮ ɏɜŬ űɤŰɞɓɞɚŰŬɥəɧ ˊɎɜŮɚ ɛŮ ɓɎůɖ Űɖɜ ˊɟɞɏɚŮɡůɖ, Űɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɞɡɠ əŬɘ Űɖ ůɞɓŬɟɧŰɖŰŬ 

Űɞɡɠ. ɀŮ ɓɎůɖ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ɞ ɢɟɧɜɞɠ ɕɤɐɠ Ůɜɧɠ ū/ȸ ˊɚŬɘůɑɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ ŰŬ 20 ɢɟɧɜɘŬ 

əŬɘ ˊɤɠ ɞɘ ˊɟɩŰŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ ū/ȸ ɑůŬ ˊɞɡ ɏɢɞɡɜ ɝŮˊŮɟɎůŮɘ ŬɡŰɧ Űɞ ɧɟɘɞ ɖ ɏɟŮɡɜŬ ɔɘŬ Űɖɜ 

ŮˊɑŭɟŬůɖ Űɤɜ ɓɚŬɓɩɜ ůŰŬ ū/ȸ ŮɑɜŬɘ ŬəɧɛŬ ůŮ ˊɟɩɘɛɞ ůŰɎŭɘɞ.  

ȼ ŬɘŰɑŬ, ɖ űɨůɖ əŬɘ ɖ ɗɏůɖ ɛɘŬɠ ɓɚɎɓɖɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮɜɜɞɩɜŰŬɠ Űɖ 

ůɞɓŬɟɧŰɖŰŬ əŬɘ Űɖ ůɡɢɜɧŰɖŰŬ Űɖɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. ɇɞ ˊŬɟɧɜ 

əŮűɎɚŬɘɞ ŬˊɞŰŮɚŮɑ ɛɘŬ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬůəɧˊɖůɖ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɓɚɎɓŮɠ Űɤɜ ū/ȸ ˊɚŬɘůɑɤɜ 

ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ ŮůŰɘŬůŰŮɑ ůŰɖɜ ˊŬɔəɧůɛɘŬ ŮɛˊŮɘɟɑŬ. ȽŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ŭɑɜŮŰŬɘ ůŮ ŮəŮɑɜɞɡɠ Űɞɡɠ 

Űɨˊɞɡɠ ɓɚŬɓɩɜ ˊɞɡ ˊɟɤŰɑůŰɤɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ū/ȸ ˊɚŬɑůɘŬ ŰŮɢɜɞɚɞɔɑŬɠ əɟɡůŰŬɚɚɘəɞɨ ˊɡɟɘŰɑɞɡ.  

ɀŮ əɟɘŰɐɟɘɞ Űɖɜ ɗɏůɖ ŮɛűɎɜɘůɐɠ Űɞɡɠ, ɤɠ ˊɟɞɠ Űɖ ŭɞɛɐ Űɞɡ ū/ȸ ˊɚŬɘůɑɞɡ, ɞɘ Űɨˊɞɘ ɓɚŬɓɩɜ 

ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ: 

ȸɚɎɓŮɠ ůŰŬ ŮɝɤŰŮɟɘəɎ ůŰɟɩɛŬŰŬ Űɞɡ ū/ȸ ˊɚŬɘůɑɞɡ əŬɘ ůŰɞ ɑŭɘɞ Űɞ ˊɚŬɑůɘɞ, ůŰɘɠ ɞˊɞɑŮɠ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ Űɞ Ůɛˊɟɧůɗɘɞ (front cover) əŬɘ Űɞ ɞˊɑůɗɘɞ ůŰɟɩɛŬ (back sheet) əŬɗɩɠ əŬɘ Űɞ ˊɚŬɑůɘɞ 

ˊɞɡ ŰŬ ˊŮɟɘəɚŮɑŮɘ. 

ȸɚɎɓŮɠ ůŰɖɜ ŮɜɗɡɚɎəɤůɖ Űɞɡ ˊɚŬɘůɑɞɡ, ůŰɘɠ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞ ŬˊɞɢɟɤɛŬŰɘůɛɧɠ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ ŮɜɗɡɚɎəɤůɖɠ (ȺVA), ɖ ŬˊɩɚŮɘŬ ŮɚŬůŰɘəɧŰɖŰɎɠ Űɖɠ əŬɘ ɖ Ŭˊɞəɧɚɚɖůɖ ŬɡŰɐɠ. 

ȸɚɎɓŮɠ ůŰɞ ŮůɤŰŮɟɘəɧ ůŰɟɩɛŬ Űɞɡ ˊɚŬɘůɑɞɡ (ˊɑɜŬəŬɠ ɖɚɘŬəɩɜ əɡɣŮɚɩɜ), ůŰɘɠ ɞˊɞɑŮɠ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ɗŮɟɛɏɠ əɖɚɑŭŮɠ, ɞɘ ůɡɔəɞɚɚɐůŮɘɠ, ɞɘ ɟɤɔɛɏɠ, ɞɘ ŮůɤŰŮɟɘəɏɠ ɛŮŰŬɚɚɘəɏɠ 

ŭɘŬůɡɜŭɏůŮɘɠ əŬɗɩɠ əŬɘ ɖ ŭɘɎɓɟɤůɖ ŬɡŰɩɜ. 
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1.2 ȺəŭɣɥɠəŰɜɨɡ ůɝɝɟəɪɝ çɔɛɏɔɗ-ŭˋɟűɢɣɒŭè 

 

 Ƀ ɧɟɞɠ ɓɚɎɓɖ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ əŬŰɎůŰŬůɖ Űɞɡ ˊɚŬɘůɑɞɡ ˊɞɡ ɞŭɖɔŮɑ Űɞ ˊɚŬɑůɘɞ ůŮ 

ŭɡůɚŮɘŰɞɡɟɔɑŬ, ŮəŰŮŰŬɛɏɜɖ űɗɞɟɎ, ɡˊɞɓɎɗɛɘůɖ ɐ ŬəɧɛŬ əŬɘ ŬůŰɞɢɑŬ. ȼ ɓɚɎɓɖ Ůɜɧɠ ˊɚŬɘůɑɞɡ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ɓŬɗɛɘŬɑŬ ɐ ŬəŬɟɘŬɑŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɧŰŮ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ˊɤɠ ŮɝŮɚɑůůŮŰŬɘ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɞ 

ɧɟɞɠ ŬˊɞŰɡɢɑŬ ŬűɞɟɎ ůŰɖɜ əŬŰɎůŰŬůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ ˊɚŬɑůɘɞ ŭŮɜ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŮɝɡˊɖɟŮŰɐůŮɘ 

Űɞ ůəɞˊɧ ůɢŮŭɘŬůɛɞɨ Űɞɡɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ ɖ ɓɚɎɓɖ əŬɘ ɖ ŬˊɞŰɡɢɑŬ ŮɑɜŬɘ ŭɡɞ ɏɜɜɞɘŮɠ ˊɞɡ ŭŮɜ 

ˊɖɔŬɑɜɞɡɜ ŬɜŬɔəŬůŰɘəɎ ɛŬɕɑ. ȺɑɜŬɘ ŭɖɚŬŭɐ ŭɡɜŬŰɧ ɏɜŬ ˊɚŬɑůɘɞ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ŭɘɎűɞɟŮɠ ɓɚɎɓŮɠ 

ɢɤɟɑɠ ɧɛɤɠ ɜŬ ŬˊɞŰɡɔɢɎɜŮɘ əŬɘ ŬˊŬɟŬɑŰɖŰŬ Ⱥɜɩ ɤɠ ŬˊɞŰɡɢɑŬ əŬɚŮɑŰŬɘ ɖ əŬŰɎůŰŬůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ 

ɧˊɞɘŬ ůɡůəŮɡɐ/Ůɝɞˊɚɘůɛɧɠ ŬŭɡɜŬŰŮɑ ɜŬ ŮɝɡˊɖɟŮŰɐůŮɘ Űɖɜ ŮəɎůŰɞŰŮ ŬɜɎɔəɖ ɔɘŬ Űɖɜ ɞˊɞɑŬ ůɢŮŭɘɎůŰɖəŮ 

əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ. ɃˊɧŰŮ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɏɜŬ ɛɖɢɎɜɖɛŬ ɜŬ ɏɢŮɘ ŭɘɎűɞɟŮɠ ɓɚɎɓŮɠ əŬɘ ŬŰɏɚŮɘŮɠ ŬɚɚɎ ɜŬ 

ɛɖɜ ŬˊɞŰɡɔɢɎɜŮɘ ŬˊŬɟŬɑŰɖŰŬ [1]. 

 

Ʌɒɝŭɚŭɡ 1.1 ȹɘŬɓɎɗɛɘůɖ ɧɟɤɜ Ŭˊɧ Űɖɜ ɘŭŬɜɘəɐ əŬŰɎůŰŬůɖ ůŰɖɜ ŬˊɞŰɡɢɑŬ [1] 

English Ȼɛɛɗɝəɚɏ 

ideal ɘŭŬɜɘəɧ 

defective Ůɚɚɘˊɏɠ 

faulty ŮɚŬŰŰɤɛŬŰɘəɧ 

erroneous ŮůűŬɚɛɏɜɞ 

malfunctioning ŭɡůɚŮɘŰɞɡɟɔɘəɧ 

degraded ɡˊɞɓŬɗɛɘůɛɏɜɞ 

failed ŬˊɞŰɡɢɖɛɏɜɞ 

 

1.3 ȹɛɏɔůɡ ůɞɥűůɠəɚɪɝ Űűɠɥɜɏűɥɝ ɚŭə ˋɛŭəŰɒɟɢ 

 

ɇɞ ˊɧůɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ŮɑɜŬɘ ɏɜŬ ū/ȸ ˊɚŬɑůɘɞ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ ɡɚɘəɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Űɞ ˊɚŬɑůɘɞ Űɞɡ ˊɎɜŮɚ. ɇɞ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞ ɡɚɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŰŬ ū.ȸ ˊɚŬɑůɘŬ 

ŮɑɜŬɘ Űɞ ɔɡŬɚɑ. ɇɞ ɔɡŬɚɑ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɧůɞ ůŰŬ ˊɚŬɑůɘŬ əɟɡůŰŬɚɚɘəɞɨ ˊɡɟɘŰɑɞɡ ɧůɞ əŬɘ ůŰŬ 

ˊɚŬɑůɘŬ ɚŮˊŰɞɨ ɡɛŮɜɑɞɡ. Ⱥˊɘˊɚɏɞɜ Űɞ ɔɡŬɚɑ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŮɝɤŰŮɟɘəɧ ůŰɟɩɛŬ ůŰɞ ˊɑůɤ ɛɏɟɞɠ Űɞɡ 

ˊɚŬɘůɑɞɡ. ɇŬ ɓŬůɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɞɡ ɔɡŬɚɘɞɨ ɤɠ ɡɚɘəɧ Űɤɜ ū/ȸ ˊɚŬɘůɑɤɜ ŮɑɜŬɘ Űɞ ɓɎɟɞɠ Űɞɡ, Űɞ 

əɧůŰɞɠ Űɞɡ əŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ɗɟŬɨůɖɠ Űɞɡ.  

ȺɜŬɚɚŬəŰɘəɎ Ŭˊɧ Űɞ ɔɡŬɚɑ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɚɡɛŮɟɘəɏɠ ɛŮɛɓɟɎɜŮɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ 

ɛɘəɟɧŰŮɟɞ əɧůŰɞɠ əŬɘ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ ůŰɖɜ ɗɟŬɨůɖ. ɇɞ ɛŮɘɞɜɏəŰɖɛŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ 

ɛŮɛɓɟŬɜɩɜ ŮɑɜŬɘ ɧŰɘ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŭɘŬˊŮɟŬŰɏɠ ůŰɖɜ ɡɔɟŬůɑŬ [2]. 
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1.3.1 Ʌŭɠɏɕɟɝűůɡ Ųɘɟɠɏɡ Űűɟ ůɜˋɠɨŰɘəɟ Űűɠɪɜŭ (ɢˋɐɠŰűɠɥɜŭ) 

 

ɆŰŬ ū/ȸ ˊɚŬɑůɘŬ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ɏɢŮɘ Űɞ ɡˊɏɟůŰɟɤɛŬ ˊɞɡ ˊŬɟɏɢŮɘ Űɖɜ ɛɖɢŬɜɘəɐ ŬəŬɛɣɑŬ, Űɖɜ 

ɞˊŰɘəɐ ŭɘŬűɎɜŮɘŬ əŬɘ Űɖɜ ɖɚŮəŰɟɘəɐ Ŭˊɞɛɧɜɤůɖ ůŰɞ ɖɚŮəŰɟɘəɧ Űɞɡɠ əɨəɚɤɛŬ Ůɜɩ Ůˊɑůɖɠ ŭɟŬ 

ˊɟɞůŰŬŰŮɡŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ŮɝɤŰŮɟɘəɩɜ ůɡɜɗɖəɩɜ.  

ɋɠ ɡˊɏɟůŰɟɤɛŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ Űɞ ɗŮɟɛɘəɎ ŮˊŮɝŮɟɔŬůɛɏɜɞ ɔɡŬɚɑ. ȼ ɗŮɟɛɘəɐ 

ŮˊŮɝŮɟɔŬůɑŬ ŮɜɘůɢɨŮɘ Űɖɜ ŬəŬɛɣɑŬ əŬɘ ɖ ɛɘəɟɐ Űɞɡɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ůɑŭɖɟɞ ŭɘŬůűŬɚɑɕŮɘ Űɖɜ ɡɣɖɚɐ 

Űɞɡɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ůŰɞ űɤɠ. ɆŰɞ Űɡˊɘəɧ ɔɡŬɚɑ ɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ űŰɎɜŮɘ ůŰɞ 86% Ůɜɩ ůŮ ɗŮɟɛɘəɎ 

ŮˊŮɝŮɟɔŬůɛɏɜɞ ɔɡŬɚɑ ɢŬɛɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ ůɑŭɖɟɞ ɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ űŰɎɜŮɘ ůŰɞ 96%. ȼ 

ŬˊŬɑŰɖůɖ ɔɘŬ Űɞ ɡˊɏɟůŰɟɤɛŬ ŮɑɜŬɘ ɖ ɡɣɖɚɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ůŰŬ ɛŮůŬɑŬ əŬɘ ɛŮɔɎɚŬ ɛɐəɖ əɨɛŬŰɞɠ Űɖɠ 

ɞɟŬŰɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ (>500nm) əŬɘ ŮɚɎɢɘůŰɖ ɤɠ ɛɖŭŬɛɘɜɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ůŰŬ ɛɘəɟɎ ɛɐəɖ 

əɨɛŬŰɞɠ (<500nm). 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ əŬɚɡűɗɞɨɜ ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ɡˊŮɟůŰɟɤɛɎŰɤɜ Űɤɜ ū/ȸ 

ˊɚŬɘůɑɤɜ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɟɞůɛɑɝŮɘɠ ɔɡŬɚɘɞɨ ɛŮ ŭɖɛɐŰɟɘɞ [3]. ɇɞ ɡˊɏɟůŰɟɤɛŬ ŬˊŬɘŰŮɑŰŬɘ  

ɜŬ ɛˊɞɟŮɑ ɜŬ ŬˊɤɗɐůŮɘ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ ůŰŬ ɛɖ ŮəɛŮŰŬɚɚŮɨůɘɛŬ ɛɐəɖ əɨɛŬŰɞɠ ɔŮɔɞɜɧɠ ɧɛɤɠ 

ˊɞɡ ŭŮɜ ɏɢŮɘ ɓɟŮɗŮɑ ŬəɧɛŬ ˊɤɠ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ.    

ɀɘŬ ˊɘɗŬɜɐ əɟɞɨůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ůŰɞ ū/ȸ ůɡɜŮˊɎɔŮŰŬɘ ˊɘɗŬɜɐ ŬůŰɞɢɑŬ 

Űɞɡ ɡˊŮɟůŰɟɩɛŬŰɞɠ. Ƀɘ ˊɟɞŭɘŬɔɟŬűɏɠ Űɤɜ ˊɟɩŰɤɜ ɡˊŮɟůŰɟɤɛɎŰɤɜ ɐŰŬɜ ŰɏŰɞɘŮɠ ˊɞɡ Űɞɡɠ 

ˊɟɞůɏŭɘŭŬɜ ŬɜŰɞɢɐ ůŰɖɜ əɟɞɨůɖ Ŭˊɧ Űɞ ɢŬɚɎɕɘ Ůɜɩ ůɐɛŮɟŬ ɏɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ ˊɤɠ ɡˊɎɟɢŮɘ ɖ 

ˊɘɗŬɜɧŰɖŰŬ ɟɐɝɖɠ ůŰɞ Ůɛˊɟɧůɗɘɞ ŰɛɐɛŬ Űɞɡ ū/ȸ əŬɘ Ŭˊɧ ɛɘəɟɧ ɢŬɚɑəɘ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůəɟɞɨůŮɘ ˊɎɜɤ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ū/ȸ ɛŮŰŬűŮɟɧɛŮɜɞ Ŭˊɧ Űɞɜ ŬɏɟŬ [4]. ȼ ɕɖɛɘɎ ůŰɞ ɛˊɟɞůŰɘɜɧ 

ŰɛɐɛŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ɡɚɘəɧ əŬɘ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŮɡɗɟŬɡůŰɧŰɖŰŬ Űɞɡ ɔɡŬɚɘɞɨ ɐ 

Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. Ƀɘ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ Ůˊɑůɖɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɟɐɔɛŬŰŬ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ū/ȸ.  

ȷɜ Űɞ ˊɚŬɑůɘɞ ŭŮɜ ůŰɖɟɑɕŮŰŬɘ ůɤůŰɎ ɐ ŬɜŬˊŰɡɢɗŮɑ ɛŮɔɎɚɖ ɗŮɟɛɞəɟŬůɑŬ ɚɧɔɤ ɛɘŬɠ ɗŮɟɛɐɠ 

əɖɚɑŭŬɠ ɐ Ůɜɧɠ ɖɚŮəŰɟɘəɞɨ Űɧɝɞɡ ůŰɞɜ ˊɑɜŬəŬ Űɤɜ əɡɣŮɚɩɜ ɖ ˊɑŮůɖ ɛˊɞɟŮɑ ɜŬ ŬůəɖɗŮɑ əŬŰɎ Űɖɜ 

ŰɞˊɞɗɏŰɖůɖ Űɞɡ ˊɚŬɘůɑɞɡ əŬɘ ŭɘŬűɞɟɏɠ ɗŮɟɛɞəɟŬůɑŬ ˊɎɜɤ Ŭˊɧ Űɞɡɠ 25ɞ C ɛŮŰŬɝɨ Űɞɡ əɏɜŰɟɞɡ əŬɘ Űɤɜ 

Ɏəɟɤɜ Űɞɡ ˊɚŬɘůɑɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ űɗɞɟɎ əŬɘ ɗɟŬɨůɖ Űɞɡ ɔɡŬɚɘɞɨ ɐ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ.  Ƀɘ 

ŬůŰɞɢɑŮɠ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ɏɢɞɡɜ əŬŰŬůŰɟŮˊŰɘəɏɠ ůɡɜɏˊŮɘŮɠ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ 

ˊɚŬɘůɑɞɡ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬˊɩɚŮɘŬ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ əŬɘ Űɖɜ Ůɑůɞŭɞ ɡɔɟŬůɑŬɠ, ɞɘ ɞˊɞɑŮɠ ɛŮ Űɖ 

ůŮɘɟɎ Űɞɡɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ɞŭɖɔɐůɞɡɜ ŬəɧɛŬ əŬɘ ůŮ ɗɟŬɨůɖ ɐ əŬŰŬůŰɟɞűɐ Űɤɜ ɖɚɘŬəɩɜ əɡɣŮɚɩɜ [4]. 
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ɇɣɑɜŭ 1.1 ȷůŰɞɢɑŬ ɚɧɔɤ ɗɟŬɨůɖɠ Űɞɡ Ůɛˊɟɧůɗɘɞɡ ůŰɟɩɛŬŰɞɠ Ůɜɧɠ ū/ȸ ˊɚŬɘůɑɞɡ [5] 

 

1.3.2 ȹɛɏɔůɡ Űűɟ ɟˋɒŰɘəɟ Űűɠɪɜŭ (ɢˋɨŰűɠɥɜŭ) 

 

ɇɞ ˊɑůɤ ɛɏɟɞɠ ɐ ɡˊɧůŰɟɤɛŬ Űɞɡ ˊɎɜŮɚ (back sheet), ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ůɡůŰɞɘɢɑŬ 

ɡɚɘəɩɜ ˊɞɚɚŬˊɚɩɜ ůŰɟɤɛɎŰɤɜ ˊɞɡ ŮɜɩɜŮŰŬɘ ɛŮ ŰŬ ɖɚɘŬəɎ ůŰɞɘɢŮɑŬ ɛɏůɤ Űɖɠ ɛŮɛɓɟɎɜɖɠ 

ŮɜɗɡɚɎəɤůɖɠ əɎɗŮ ůŰɞɘɢŮɑɞ Űɖɠ ɞˊɞɑŬɠ ŮɝɡˊɖɟŮŰŮɑ ůɡɔəŮəɟɘɛɏɜɞ ůəɞˊɧ.  

ɇɞ ɞˊɑůɗɘɞ ŰɛɐɛŬ ůɡɜɐɗɤɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ɡɚɘəɎ [6]: 

 

1. TPE : Tedlar (PVF) / Polyester (PET) / EVA 

2. TPT : Tedlar (PVF) / Polyester (PET) / Tedlar (PVF) 

3. TPAT: Tedlar (PVF) / Polyester (PET) / Aluminum / Tedlar (PVF) 

4. TAT: Tedlar (PVF) / Aluminum / Tedlar (PVF) 

 

ȷˊɧ ŬɡŰɏɠ Űɞ Tedlar, ˊɟɞůŭɑŭŮɘ ůŰɞ ˊɚŬɑůɘɞ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ əŬɘ ŬɜŰɞɢɐ ůŰɖɜ ɡˊŮɟɘɩŭɖ 

ŬəŰɘɜɞɓɞɚɑŬ Ůɜɩ Űɞ ɅȺɇ ˊɟɞůŭɑŭŮɘ ŭɘɖɚŮəŰɟɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůŰɞ ˊɚŬɑůɘɞ ŬˊɞŰŮɚɩɜŰŬɠ 

ɏɜŬ űɡůɘəɧ űɟɎɔɛŬ əŬŰɎ Űɖɜ ɡɔɟŬůɑŬ.  ɇɞ EVA ŬˊɞŰŮɚŮɑ ɛɘŬ ɛŮɛɓɟɎɜɖ ŮɜɗɡɚɎəɤůɖɠ Űɤɜ 

əɡɣŮɚɩɜ. ȼ ɛŮɛɓɟɎɜɖ ŮɜɗɡɚɎəɤůɖɠ (EVA) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮɜɗɡɚɎəɤůɖ Űɤɜ əɡɣŮɚɩɜ. ɆŮ 

əɎɗŮ ˊŮɟɑˊŰɤůɖ ɖ ˊɘɞ ɢɟɖůɘɛɞˊɞɘɖɛɏɜɖ ůɡůŰɞɘɢɑŬ ŮɑɜŬɘ ɖ TPE (Tedlar ï Polyester ï EVA).  
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ɇɣɑɜŭ 1.2 ɈɚɘəɎ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ɞˊɑůɗɘɞ ŰɛɐɛŬ TPE [6] 

 
      ɀɘŬ ˊɘɗŬɜɐ ɓɚɎɓɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘŬůŰŮɑ ŮɑɜŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůŰɟɤɛɎŰɤɜ 

Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ űɡůŬɚɑŭɤɜ əŬɘ ɟɤɔɛɏɠ. ȼ ŮɛűɎɜɘůɖ ŬɡŰɩɜ Űɤɜ 

ɓɚŬɓɩɜ ɔɑɜŮŰŬɘ ůŰŬ ɛɖ ŭɘŬˊŮɟŬŰɎ Ŭˊɧ ŬɏɟɘŬ ɡˊɞůŰɟɩɛŬŰŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ˊɟɞɥɧɜ ɢɖɛɘəɩɜ 

ŬɜŰɘŭɟɎůŮɤɜ [7] 

  

 

ɇɣɑɜŭ 1.3 ɈˊɧůŰɟɤɛŬ ū/ȸ ˊɚŬɘůɑɞɡ ɛŮ ŮəŰŮŰŬɛɏɜŮɠ ɟɤɔɛɏɠ [5] 

 

 ȼ ŮˊɘɗɡɛɖŰɐ əŬŰɎůŰŬůɖ ɔɘŬ Űɞ ɡˊɧůŰɟɤɛŬ ŮɑɜŬɘ ɜŬ ŮɑɜŬɘ ŭɘŬˊŮɟŬŰɧ ůŰŬ ŭɘɎűɞɟŬ ŬɏɟɘŬ əŬɘ Űɘɠ 

ŭɘŬɓɟɤŰɘəɏɠ ɞɡůɑŮɠ ɢɤɟɑɠ ɧɛɤɠ ɜŬ ŮɘůɏɟɢŮŰŬɘ ɡɔɟŬůɑŬ ůŰɞ ůɨůŰɖɛŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɡɜŬɛɩůŮɘ 

Űɞɡɠ ŭŮůɛɞɨɠ ůɡɔəɟɎŰɖůɖɠ Űɤɜ ɡɚɘəɩɜ ŭɖɛɘɞɡɟɔɩɜŰŬɠ Ŭˊɞəɧɚɚɖůɖ Űɞɡɠ əŬ ɖɚŮəŰɟɞɢɖɛɘəɐ ŭɘɎɓɟɤůɖ 

ɞŭɖɔɩɜŰŬɠ ŰŮɚɘəɎ ůŰɖɜ ŬůŰɞɢɑŬ Űɞɡ űɤŰɞɓɞɚŰŬɥəɞɨ.  
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ɇɣɑɜŭ 1.4 ɈˊɧůŰɟɤɛŬ ˊɞɡ ɏɢŮɘ ɡˊɞůŰŮɑ ŮəŰŮŰŬɛɏɜɖ Ŭˊɞəɧɚɚɖůɖ [8] 

 

ȼ ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɤɜ ůŰɟɤɛɎŰɤɜ ůŮ ɡɔɟŬůɑŬ ɛŮŰɟɘɏŰŬɘ ɛŮ Űɞ ɟɡɗɛɧ ɛŮŰɎŭɞůɖɠ ŬŰɛɩɜ (water 

vapor transmission rate, WVTR). Ƀ ɛɘəɟɧŰŮɟɞɠ WVTR ŮɛűŬɜɑɕŮŰŬɘ ůŰɖ ůɡůŰɞɘɢɑŬ TedlarÈ-ȷɚɞɡɛɑɜɘɞ-

TedlarÈ (TAT) (Barber, 2002). ȰɜŬ Ŭˊɧ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ůɡůŰɞɘɢɑŬɠ ŮɑɜŬɘ Űɞ 

ŮɜŭɘɎɛŮůɞ ůŰɟɩɛŬ Ŭɚɞɡɛɘɜɑɞɡ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɞɜ əɑɜŭɡɜɞ Ŭˊɞəɧɚɚɖůɖɠ Űɤɜ ɡɚɘəɩɜ ŮɝŬɘŰɑŬɠ Űɤɜ 

ŬůɗŮɜɩɜ ŭŮůɛɩɜ ɛŮŰŬɝɨ Ŭɚɞɡɛɘɜɑɞɡ əŬɘ Tedlar Ůɜɩ ůŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ůɡɔəŬŰŬɚɏɔŮŰŬɘ əŬɘ Űɞ ɔŮɔɞɜɧɠ 

ˊɤɠ Űɞ Tedlar ŬˊŬɘŰŮɑ Ůɘŭɘəɐ ŭɘŬɢŮɑɟɘůɖ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ůɨɜŭŮůɖ Űɞɡ ɛŮ Űɞ EVA.   

 

Ʌɒɝŭɚŭɡ 1.2 WVTR ŭɘŬűɧɟɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ əŬɘ ɡɚɘəɩɜ [9] 

ɉɛəɚɨ Ʌɏɣɟɡ (mm) WVTR (g/m2 ð d) 

Tedlar/Al/Tedlar (TAT) 0.10 0.02-0.04 

Tedlar/PET/EVA (TPE) 0.20 3 

PET 0.10 3.4 

EVA 0.4-0.5 27-33 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɢŬɛɖɚɞɨ WVTR, ɖ ɡɔɟŬůɑŬ ŮɘůɏɟɢŮŰŬɘ ůŰɞ ˊɎɜŮɚ Ŭˊɧ Űɘɠ Ŭəɛɏɠ Űɞɡ ˊɚŬɘůɑɞɡ 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ Űɞɜ əɑɜŭɡɜɞ ŭɘɎɓɟɤůɖɠ Ŭűɞɨ ůŰɞ EVA ɞ ŭŮɑəŰɖɠ ɡɔɟŬůɑŬɠ ŮɑɜŬɘ ɡɣɖɚɧɠ [9].ɇŬ 

ůɡɔəŮəɟɘɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ ɞŭɐɔɖůŬɜ ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ˊɚɐɗɞɡɠ ŭɞəɘɛɩɜ ŰŮɢɜɖŰɐɠ ɔɐɟŬɜůɖɠ Űɤɜ 

ɡˊɞůŰɟɤɛɎŰɤɜ ɞɘ ɞˊɞɑŮɠ ŬˊɏŭŮɘɝŬɜ ˊɤɠ Ŭɜ ɖ ɗŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ū/ȸ ŮɑɜŬɘ 65ɞ C ůŰɞ 30% 

Űɖɠ ŭɘɎɟəŮɘŬɠ ɕɤɐɠ Űɞɡɠ ŬɡŰɐ ɛŮɘɩɜŮŰŬɘ ůŰŬ 19 ɢɟɧɜɘŬ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘɎɓɟɤůɖɠ Űɞɡ EVA Ůɜɩ Ŭɜ ɖ 

ɗŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮɘɤɗŮɑ əŬŰɎ 1ɞ C ɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ ŬɡɝɎɜŮŰŬɘ ɛɏɢɟɘ əŬɘ 5 ɢɟɧɜɘŬ [10]. 

Ⱥˊɘˊɚɏɞɜ ŬˊɞŭŮɑɢɗɖəŮ ˊɤɠ Űɞ ɅȺɇ ɡűɑůŰŬŰŬɘ ɘůɢɡɟɐ Ŭɚɚɞɑɤůɖ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ əŬɘ ůŰɖɜ ɟɤɔɛɐ Űɞɡ.  
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ɇɣɑɜŭ 1.5 ɆˊŬůɛɏɜɞ PET ɚɧɔɤ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ [10] 

 

1.3.3 ȹɛɏɔůɡ Űűɟ ˋɛŭɒŰəɟ Űűɑɠəɞɗɡ 

ɇɞ ˊɚŬɑůɘɞ ůŰɐɟɘɝɖɠ Ůɜɧɠ ū/ȸ ɧˊɤɠ əŬɘ ɖ ŭɞɛɐ Űɞɡ ŬˊŬɘŰɞɨɜ Űɖɜ ŬɜŰɞɢɐ ůŮ ŬəɟŬɑŮɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ əŬŰɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ū/ȸ ůɡůŰɐɛŬŰɞɠ. ɇɞ ˊɚŬɑůɘɞ ˊɟɞůŰŬůɑŬɠ Űɞɡ ū/ȸ 

ŮɑɜŬɘ ůɡɜɐɗɤɠ Ŭˊɧ ůɘŭɖɟɞɨɢɞ əɟɎɛŬ Ŭɚɞɡɛɘɜɑɞɡ (Al 6063 T5) Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŮɚŬűɟɨ əŬɘ ɛŮ ɘŭɘŬɑŰŮɟŮɠ 

ɘŭɘɧŰɖŰŮɠ ŬɜŰɞɢɐɠ. ɇɞ ˊŮɟɘɛŮŰɟɘəɧ ˊɚŬɑůɘɞ əŬŰŬůəŮɡɎɕŮŰŬɘ ɡŭŬŰɞůŰŮɔɩɠ ɢɤɟɑɠ əɞɘɚɧŰɖŰŮɠ Ůɜɩ Űɞ 

ˊɚŬɑůɘɞ ůŰɐɟɘɝɖɠ əŬŰŬůəŮɡɎɕŮŰŬɘ ɛŮ əɟɘŰɐɟɘɞ Űɞ əɧůŰɞɠ Űɖɠ ŮűŬɟɛɞɔɐɠ.   

ɇŬ ˊɚŬɑůɘŬ ůŰɐɟɘɝɖɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ ɛɖɢŬɜɘəɏɠ ɓɚɎɓŮɠ əŬɘ ŬůŰɞɢɑŮɠ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ ɛɖ ůɤůŰɧ ɡˊɞɚɞɔɘůɛɧ ůŰɐɟɘɝɖɠ ɞ ɞˊɞɑɞɠ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɧɠ 

ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ ŮɔəŬŰɎůŰŬůɖɠ Űɤɜ ū/ȸ [11].   

 

 

ɇɣɑɜŭ 1.6 ȹɨɞ ŭɘŬűɞɟŮŰɘəɞɑ Űɟɧˊɞɘ ůŰɐɟɘɝɖɠ Űɤɜ ˊɚŬɘůɑɤɜ [11] 
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ɇɣɑɜŭ 1.7 Ɉˊɞɢɩɟɖůɖ ˊɚŬɘůɑɤɜ ůŰɐɟɘɝɖɠ ɚɧɔɤ ŭɡɜŬŰɩɜ Ŭɜɏɛɤɜ [12] 

 
 

 

ɇɣɑɜŭ 1.8 ȾŬŰŬůəŮɡŬůŰɘəɧ ˊɟɧɓɚɖɛŬ ůŰɞ ˊɚŬɑůɘɞ [11] 

 
 

1.4 ȹɛɏɔůɡ ɛɨɕɥ ůɝɘɢɛɏɚɥŰɗɡ 

 

ȼ ůɨɜŭŮůɖ ɧɚɤɜ Űɤɜ ůŰɟɤɛɎŰɤɜ ůŮ ɏɜŬ ū/ȸ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ŮɜɗɡɚɎəɤůɖɠ, ɛŮ Űɖ ɢɟɐůɖ 

ˊɞɚɡɛŮɟɩɜ ŭɘɎűŬɜɤɜ ɡɚɘəɩɜ ɛŮ əɨɟɘɞ Űɞ EVA. ɇɞ EVA ɛɞɜɩɜŮɘ Ůˊɘˊɚɏɞɜ ɖɚŮəŰɟɘəɎ ŰŬ ůŰɞɘɢŮɑŬ 

əŬɘ ŰŬ ɛɞɜɩɜŮɘ Ŭˊɧ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ Űɖ ŭɘɎɓɟɤůɖ. ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ 

Űɞ EVA ŮɑɜŬɘ ɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɞɡ ůŰɞ űɤɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬůűŬɚɑɕŮŰŬɘ ɖ ŬˊɞŭɞŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡ ˊɎɜŮɚ [13]. 

ȸŬůɘəɧ ɡɚɘəɧ ůŰɞ EVA ɗŮɤɟŮɑŰŬɘ Űɞ Elvax 150 Űɞ ɞˊɞɑɞ əŬŰŬůəŮɡɎůŰɖəŮ əŬɘ 

əŬŰɞɢɡɟɩɗɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ DuPont. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɡɚɘəɧ ŬɜŬɛɘɔɜɨŮŰŬɘ ɛŮ ñůəɚɖɟɡɜŰɘəɧò 

(curing agent) (Lupersol 101 ɐ Lupersol TBEC ůŮ ́ɞůɞůŰɧ 1,5%), ɛŮ ɏɜŬɜ ŬˊɞɟɟɞűɖŰɐ 
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ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (Cyasorb UV 531 ůŮ ˊɞůɞůŰɧ 0,3%), ɛŮ ɏɜŬ űɤŰɞŬɜŰɘɞɝŮɘŭɤŰɘəɧ 

(Tinuvin 770 ůŮ ˊɞůɞůŰɧ 0,1%) əŬɘ ɛŮ ɏɜŬ ɗŮɟɛɞŬɜŰɘɞɝŮɘŭɤŰɘəɧ (Naugard P ůŮ ˊɞůɞůŰɧ 0,2%) 

(ɄɑɜŬəŬɠ 1.3) ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬ ñůŰŬɗŮɟɧò (stabilized) EVA ˊɞɡ ŭɘŬŰɖɟŮɑ Űɖɜ ůəɚɖɟɧŰɖŰŬ 

Űɞɡ ɢɤɟɑɠ ɜŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ gel [14]. 

 

Ʌɒɝŭɚŭɡ 1.3 ɆɡůŰŬŰɘəɎ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖɜ EVA [15] 

ȴɝɟɜŭ 
ɅɟŰɟŰűɨ 

(pph) 
ȻɒŮɟɡ ɢɛəɚɟɩ Ɋɗɜəɚɑ ɟɝɟɜŭŰɒŭ 

Elvax 150 100 
ȸŬůɘəɧ 

ůɡɛˊɞɚɡɛŮɟɏɠ 

Ethylene vinyl acetate 

copolymer 

Cyasorb UV 531 0.3 ȷˊɞɟɟɞűɖŰɐɠ UV 
2-Hydroxy-4-n-

octyloxybenzophenone 

Tinuvin 770 0.1 ūɤŰɞŬɜŰɘɞɝŮɘŭɤŰɘəɧ 

Bis(2,2,6,6-

tetramethyl-4-

piperidinyl) sebacetate 

Naugard P 0.2 ŪŮɟɛɞŬɜŰɘɞɝŮɘŭɤŰɘəɧ 

Tris(mono-

nonylphenyl) 

phosphite 

Lupersol 101 1.5 ɆəɚɖɟɡɜŰɘəɧ (Ŭɟɔɧ) 

2,5-Bis(tert-

butyldioxy)-2,5-

dimethylhexane 

Lupersol TBEC 1.5 ɆəɚɖɟɡɜŰɘəɧ (ŰŬɢɨ) 

OO-t-Butyl-O-(2-

ethylhexyl) 

monoperoxycarbonate 

 

ȷɡŰɐ ɖ ɛɞɟűɐ Űɖɠ ůəɚɖɟɞˊɞɘɖɛɏɜɖɠ EVA ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ ůŮ ɛŮɛɓɟɎɜŮɠ ˊɎɢɞɡɠ 

0,5mm Ůɜɩ ŮɜɩɜŮŰŬɘ ɛŮ ɧɚŬ ŰŬ ůŰɟɩɛŬŰŬ Űɞɡ ˊɎɜŮɚ əŬɘ ɡűɑůŰŬŰŬɘ ɗŮɟɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ůŰɞɡɠ 

140-150ɞ C ɛɏɢɟɘɠ ɧŰɞɡ ɛŬɚŬəɩůŮɘ Űɞ EVA əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɛɏɢɟɘ Űɞ 70% ůɢŮŭɧɜ ɛŮŰŬŰɟŬˊŮɑ ůŮ 

gel [14]. 



11 

 

 

ɇɣɑɜŭ 1.9 ȹɘŬŭɘəŬůɑŬ curing [14] 

 

Ʉɟɘɜ Űɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɞɡ EVA ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɞ ůɡɛˊɞɚɡɛŮɟɏɠ ɞɝɘəɧ ɞɝɨ əŬɘ ŬɚŭŮɒŭɖ 

ˊɞɡ ŬˊɞŰŮɚɞɨɜ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ Ŭɚɚɞɑɤůɖɠ ŮɝŬɘŰɑŬɠ Űɞɡ űɤŰɧɠ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ 

ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ŬˊɞɟɟɞűɖŰɩɜ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɛŮ Űɖ 

ɢɟɐůɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ɞɡůɘɩɜ [14]. ȼ ɛŮɟɘəɐ Ŭˊɞəɧɚɚɖůɖ Űɞɡ EVA Ŭˊɧ ŰŬ ůŰɞɘɢŮɑŬ əŬɘ Űɞ ɔɡŬɚɑ 

ɧˊɤɠ əŬɘ ɞ ŬˊɞɢɟɤɛŬŰɘůɛɧɠ Űɖɠ əŬɘ ɖ ɛŮɔɎɚɖ ŮɡɗɟŬɡůŰɧŰɖŰŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗɞɨɜ ɛŮŰɎ Ŭˊɧ 

Űɖɜ ɏəɗŮůɖ Űɞɡ ˊɎɜŮɚ ůŰɘɠ ŮɝɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɏɜŰŮ ɢɟɧɜɤɜ.  

 

1.4.1 ȸˋɟɣɠɥɜŭűəŰɜɨɡ űɟɢ EVA   

 

ȳŰŬɜ Űɞ EVA ŮəŰŮɗɞɨɜ ůŰɘɠ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɞ ɢɟɩɛŬ 

Űɞɡɠ ɛŮŰŬŰɟɏˊŮŰŬɘ Ŭˊɧ ŬɜɞɘəŰɧ əɑŰɟɘɜɞ ɛɏɢɟɘ ůəɞɨɟɞ əŬűɏ ŮɘŭɘəɎ ůŰɞ ůŰɟɩɛŬ ŮəŮɑɜɞ ˊɞɡ ŮɜɩɜŮɘ Űɞ 

ɛˊɟɞůŰɘɜɧ ŰɛɐɛŬ Űɞɡ ˊɚŬɘůɑɞɡ ɛŮ Űɞɜ ˊɑɜŬəŬ Űɤɜ ɖɚɘŬəɩɜ əɡɣŮɚɩɜ. Ƀ ɓŬɗɛɧɠ Ŭɚɚɞɑɤůɖɠ Űɞɡ ȺVA 

ŮəŰɘɛɎŰŬɘ ɛŮ ɓɎůɖ Űɞ ˊɎɢɞɠ Űɞɡ ŬˊɞɢɟɤɛŬŰɘůɛɏɜɞɡ ˊɚŬɘůɑɞɡ.  
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ɇɣɑɜŭ 1.10 ȷˊɞɢɟɤɛŬŰɘůɛɏɜŬ ůŰɟɩɛŬŰŬ EVA ůŮ ůɡůŰɞɘɢɑŬ ū/ȸ ˊɚŬɘůɑɤɜ [16] 

 

ȼ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɧˊɤɠ əŬɘ ɖ ɏəɗŮůɖ ůŰɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ ůŰɘɠ ɛŮɛɓɟɎɜŮɠ 

EVA ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɞɡ ŬˊɞɟɟɞűɖŰɐ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ɆŰɞ əŬŰɎɚɚɖɚɞ 

ɢŬɛɖɚɧŰŮɟɞ ŮˊɑˊŮŭɞ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ɖ ɛŮɛɓɟɎɜɖ ŬɚɚɞɘɩɜŮŰŬɘ ŬˊɞɢɟɤɛŬŰɑɕŮŰŬɘ əŬɘ ˊŬɟɎɔŮŰŬɘ ɞɝɘəɧ 

ɞɝɨ [16]. ȼ ŬˊɞɢɟɤɛŬŰɘůɛɏɜɖ ɛŮɛɓɟɎɜɖ ɛˊɞɟŮɑ əŬɘ ŬˊɞɟɟɞűɎ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ Űɖɠ ɖɚɘŬəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɞ ɡˊŮɟɘɩŭŮɠ əŬɘ ůŰɞ ɞɟŬŰɧ űɎůɛŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ 

űɤŰɞɜɑɤɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, Űɞ ū/ȸ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ɡˊɞɚŮɘŰɞɡɟɔŮɑ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɘɤɛɏɜɖ Ŭˊɧŭɞůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ 50% [17]. 

Ƀɘ Pern, F.J. & Czanderna, A.W (1992) ŬˊɏŭŮɘɝŬɜ ɧŰɘ Ŭɜ ŰŬ ˊɎɜŮɚ ŮəŰŮɗɞɨɜ ɔɘŬ ɏɜŬ ŭɘɎůŰɖɛŬ 5 

ŮŰɩɜ, ɛŮɘɩɜŮŰŬɘ Űɞ gel Űɖɠ ɛŮɛɓɟɎɜɖɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŬˊɞɟɟɞűɖŰɐ UV (Cyasorb). 

ȳŰŬɜ ɖ ɛŮɑɤůɖ Űɞɡ ɏűŰŬůŮ Űɞ 70% ŮɛűŬɜɑůŰɖəŮ Űɞ əɑŰɟɘɜɞ ɢɟɩɛŬ əŬɘ Űɞ gel ůŰɞ EVA ŬɡɝɐɗɖəŮ əŬŰɎ 

88%. ȳůɞ ɖ Ŭɚɚɞɑɤůɖ ɛŮɔɎɚɤɜŮ ɛŮɘɤɜɧŰŬɜ ˊŮɟɘůůɧŰŮɟɞ ɖ ˊɞůɧŰɖŰŬ Űɞɡ ŬˊɞɟɟɞűɖŰɐ əŬɘ ɞ 

ŬˊɞɢɟɤɛŬŰɘůɛɧɠ ŮɑɜŬɘ ˊɘɞ ɏɜŰɞɜɞɠ. ȳŰŬɜ Űɞ EVA ŮɑɜŬɘ ˊɚɐɟɤɠ ŬˊɞɢɟɤɛŬŰɘůɛɏɜɞ ɞɘ ɛŮɛɓɟɎɜŮɠ 

ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ gel. ɆŰɖɜ ɑŭɘŬ ŮɟɔŬůɑŬ ŬɜŬűɏɟŮŰŬɘ əŬɘ ɖ ɨˊŬɟɝɖ Űɞɡ ɞɝɘəɞɨ ɞɝɏɞɠ. Ƀ ɓŬɗɛɧɠ 

ŬˊɞɢɟɤɛŬŰɘůɛɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ Űɞ ɓŬɗɛɧ ɏəɗŮůɖɠ Űɤɜ ˊɎɜŮɚ ůŰɘɠ 

ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ.  

ɆŮ ˊɘɞ ˊɟɧůűŬŰɖ ɏɟŮɡɜŬ [15] ŬˊɞŭŮɑɢɗɖəŮ ˊɤɠ ɖ ɢɟɐůɖ Űɞɡ Lupersol 101, L-101 ɞŭɖɔŮɑ ůŮ 

ŮˊɘŰɎɢɡɜůɖ Űɞɡ ŬˊɞɢɟɤɛŬŰɘůɛɞɨ Űɞɡ EVA. ȼ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ůəɚɖɟɡɜŰɘəɞɨ 

ɛŮɘɩɜŮŰŬɘ ɛŮŰɎ Űɖ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ əŬɘ Űɞ ŮɜŬˊɞɛŮɑɜŬɜŰŬ L-101 ůɡɛɛŮŰɏɢŮɘ ůŰɞɜ ŬˊɞɢɟɤɛŬŰɘůɛɧ 

Űɞɡ EVA ɛŮɘɩɜɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɞ ɗŮɟɛɞŬɜŰɘɞɝŮɘŭɤŰɘəɧ ůɡůŰŬŰɘəɧ (Naugard P). ȳůɞ ˊŮɟɘůůɧŰŮɟɞ 

ŭɘŬɟəŮɑ ɖ əŬŰŮɟɔŬůɑŬ Űɧůɞ ˊŮɟɘůůɧŰŮɟɞ ɞɝɘəɧ ɞɝɨ ˊŬɟɎɔŮŰŬɘ ůŰɞ EVA ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ 

űɤŰɞŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ ůɡůŰŬŰɘəɞɨ ɜŬ ˊɟɞůŰŬŰɏɣŮɘ Űɖ ɛŮɛɓɟɎɜɖ.  
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ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŬˊɞɟɟɞűɖŰɐ ůŰɞ EVA Űɧůɞ 

ɛŮɔŬɚɨŰŮɟɖ ˊɟɞůŰŬůɑŬ ɗŬ ɡˊɎɟɢŮɘ ɤɠ ˊɟɞɠ Űɞɜ ŬˊɞɢɟɤɛŬŰɘůɛɧ əŬɘ Űɖɜ Ŭɚɚɞɑɤůɖ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ 

ˊɤɠ ŬɡŰɧɠ ŮɜɘůɢɨŮɘ Űɞɜ ŬˊɞɢɟɤɛŬŰɘůɛɧ əŬɘ ŮɜɘůɢɨŮɘ əŬɘ ɎɚɚŬ űŬɘɜɧɛŮɜŬ Ŭɚɚɞɑɤůɖɠ [15]. 

Ƀ ŬˊɞɢɟɤɛŬŰɘůɛɧɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ ɞŭɖɔŮɑ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ŬˊɞɟɟɞűɞɨɛŮɜɞɡ űɤŰɧɠ ůŰɞ 

űɎůɛŬ ɡˊŮɟɘɩŭɞɡɠ-ɞɟŬŰɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȰɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ˊɤɠ ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ Ŭɚɚɞɑɤůɖ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ Űɧůɞ ɛŮɘɩɜŮŰŬɘ ɖ ŬˊɞɟɟɞűɖŰɘəɐ ɘəŬɜɧŰɖŰŬ ůŰɞ ɡˊŮɟɘɩŭŮɠ əŬɘ ŬɡɝɎɜŮŰŬɘ ɖ Ŭˊɞɟɟɧűɖůɖ Űɞɡ 

űɤŰɧɠ [15]. Ⱥˊɘˊɚɏɞɜ, ɧŰŬɜ ɖ ɛŮɛɓɟɎɜɖ ŮɑɜŬɘ ˊɚɐɟɤɠ ŬˊɞɢɟɤɛŬŰɘůɛɏɜɖ Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ 

ŬɜŬəɚŬůŰɘəɐ Űɖɠ ɘŭɘɧŰɖŰŬ.   

 

  

ɇɣɑɜŭ 1.11 ȷˊɞɢɟɤɛŬŰɘůɛɧɠ EVA ůŮ ůəɞɨɟɞ əŬűɏ ɢɟɩɛŬ ɛŮ Ŭɚɚɞɑɤůɖ ůŰŬ əŮɜŰɟɘəɎ ŰɛɐɛŬŰŬ Űɤɜ ɖɚɘŬəɩɜ 
əɡɣŮɚɩɜ [17] 

 

ɇɞ ȺVA ŬˊɞɢɟɤɛŬŰɑɕŮŰŬɘ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɎɜŮɚ əɟɡůŰŬɚɚɘəɞɨ ˊɡɟɘŰɑɞɡ Űɤɜ 

ɞˊɞɑɤɜ ɖ ɗŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ŮɑɜŬɘ 40Ñ10 ɞC ɧŰŬɜ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŰɞ ɏŭŬűɞɠ əŬɘ 

70Ñ10 ɞC ɧŰŬɜ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŮ ɞɟɞűɐ. ȳŰŬɜ Űɞ EVA Ůɜɧɠ ŰɏŰɞɘɞɡ ˊɎɜŮɠ ɗŮɟɛŬɜɗŮɑ ůŮ 

ůɡɜɗɐəŮɠ ɢɤɟɑɠ űɤɠ ŬˊɞɢɟɤɛŬŰɑɕŮŰŬɘ ŮɚŬűɟɩɜ əŬɘ ɛŮɘɩɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ˊɎɜŮɚ əŬŰɎ 3% Ůɜɩ 

ɧŰŬɜ Űɞ ɑŭɘɞ ˊɎɜŮɚ ŮəŰŮɗŮɑ ůŮ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ ɡűɑůŰŬŰŬɘ ɏɜŰɞɜɞ ŬˊɞɢɟɤɛŬŰɘůɛɧ Űɞɡ EVA 

əŬɘ ɛŮɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ əŬŰɎ 20% ˊŮɟɑˊɞɡ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɖ űɤŰɞɗŮɟɛɘəɐ Ŭɚɚɞɑɤůɖ ŮɑɜŬɘ 

ɘůɢɡɟɧŰŮɟɖ Űɖɠ ɗŮɟɛɘəɐɠ [13]..  
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ȼ ůɨɔəɟɘůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɛˊɡɚɩɜ I-V Ůɜɧɠ ū/ȸ ˊɚŬɘůɑɞɡ ɛŮ ɛɖ ŬˊɞɢɟɤɛŬŰɘůɛɏɜɞ 

EVA əŬɘ Ůɜɧɠ ɘŭɑɞɡ ɛŮ EVA əɑŰɟɘɜɞɡ ɢɟɩɛŬŰɞɠ ɞŭɖɔŮɑ ůŰɞ ůɡɛˊɏɟŬůɛŬ ˊɤɠ ɖ ɛŮɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ 

Űɞɡ ū/ȸ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɛŮɟɘəɞɨ ŬˊɞɢɟɤɛŬŰɘůɛɞɨ ŮɑɜŬɘ əŬŰɎ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ 

Űɞɡ ˊɚɐɟɖ ŬˊɞɢɟɤɛŬŰɘůɛɞɨ [16] .  

 

ɇɣɑɜŭ 1.12 ȷˊɩɚŮɘŮɠ ɘůɢɨɞɠ əŬɘ ɟŮɨɛŬŰɞɠ Ůɝɧŭɞɡ ɧˊɤɠ əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ I-V, 
ůŮ Ŭɚɚɞɘɤɛɏɜɖ, ŬˊɞɢɟɤɛŬŰɘůɛɏɜɖ ɛŮɛɓɟɎɜɖ EVA əɑŰɟɘɜɞɡ ɢɟɩɛŬŰɞɠ [16] 

 
ɆŰɞɜ ˊɑɜŬəŬ 1.4 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŬˊɩɚŮɘŮɠ ůŮ ɏɜŬ ůŰɞɘɢŮɑɞ ˊɡɟɘŰɑɞɡ ɚɧɔɤ 

ŬˊɞɢɟɤɛŬŰɘůɛɞɨ Űɖɠ EVA [14]. 

 

Ʌɒɝŭɚŭɡ 1.4 ȷˊɩɚŮɘŮɠ ůŮ ɏɜŬ ůŰɞɘɢŮɑɞ ˊɡɟɘŰɑɞɡ ɚɧɔɤ ɏɜŰɞɜɞɡ ŬˊɞɢɟɤɛŬŰɘůɛɞɨ Űɖɠ EVA  [14] 

 Voc Isc Pmax ȸˋɪɛůəŭ % 

 (V) (mA/cm2) (mW) Voc Jsc Pmax 

ɇűɟəɣůɒɟ 

ˋɢɠəűɒɟɢ 
0.398 22.54 3.54 - - - 

EVA ɚŭŲɐ 

ɣɠɪɜŭűɟɡ 
0.347 13.15 1.80 12,81 41,66 49,15 

EVA ɚŭŲɐ 

ɣɠɪɜŭűɟɡ 

+ɕɢŭɛɒ 

0.341 12.64 1.70 14,32 43,92 51,98 

 












































































































































































