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ɄɅɃȿɃũɃɆ 

 

ȼ ŮɟɔŬůɑŬ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ȺˊɘůŰɐɛɖɠ əŬɘ ŰŮɢɜɘəɐɠ Űɤɜ Ɉɚɘəɩɜ 

Űɞɡ ŰɞɛɏŬ ȽȽȽ ȺˊɘůŰɐɛɖɠ əŬɘ ɇŮɢɜɘəɐɠ Űɤɜ Ɉɚɘəɩɜ Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ. ŪŬ 

ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ůŮ ɧɚɞɡɠ ɧůɞɡɠ ůɡɜɏɓŬɚŬɜ ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ 

Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ɛŮ ɞˊɞɘɞɜŭɐˊɞŰŮ Űɟɧˊɞ. 

× ɆŰɞɜ əŬɗɖɔɖŰɐ ə. Ƚ. ɉɟ. ɆɘɛɘŰɕɐ, Űɖɠ Ɇɢɞɚɐɠ  ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ ȺɀɄ, ɔɘŬ Űɖɜ 
əŬɗɞŭɐɔɖůɐ Űɞɡ, Űɘɠ ɢɟɐůɘɛŮɠ ɡˊɞŭŮɑɝŮɘɠ Űɞɡ əŬɘ Űɞ ŮɜŭɘŬűɏɟɞɜ ˊɞɡ ɏŭŮɘɝŮ ɔɘŬ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ɛŮ Űɞɜ əŬɚɨŰŮɟɞ ŭɡɜŬŰɧ Űɟɧˊɞ. 

× ɆŰɞɜ əŬɗɖɔɖŰɐ Ⱦ. ɄŬˊŬůˊɡɟɑŭɖ, Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ ɇɞɛ. Ɇɨɜɗ. & 

ȷɜɎˊŰ. ȸɘɞɛɖɢ. ȹɘŬŭɘəŬůɘɩɜ, əŬɘ ůŰɞ ˊɟɞůɤˊɘəɧ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɇŮɢɜɞɚɞɔɑŬɠ 

ɄɞɚɡɛŮɟɩɜ ɔɘŬ Űɖɜ ɓɞɐɗŮɘɎ Űɞɡɠ ůŰɘɠ ɛŮŰɟɐůŮɘɠ ŮűŮɚəɡůɛɞɨ. 

× ɇɞɜ Ůˊɑəɞɡɟɞ əŬɗɖɔɖŰɐ ə. ȿ. ȻɞɡɛˊɞɡɚɎəɖ, ɔɘŬ Űɞ ŮɜŭɘŬűɏɟɞɜ ˊɞɡ ɏŭŮɘɝŮ, Űɖɜ 

ůɡɛɛŮŰɞɢɐ Űɞɡ ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŭɞəɘɛɑɤɜ, Űɖɜ ˊŬɟɞɢɐ 

ɢɟɐůɘɛɤɜ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ ɔɘŬ Űɘɠ ůɡɛɓɞɡɚɏɠ Űɞɡ. 

× ɇɖɜ ə. ɆɞűɑŬ ȾŬɟŬɛɎɜɞɡ, Ɉˊ. ȹɘŭɎəŰɞɟŬ, ɔɘŬ Űɖɜ ůɖɛŬɜŰɘəɐ ɓɞɐɗŮɘŬ Űɖɠ əŬɗôɧɚɖ 

Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ əŬɘ ɘŭɘŬɑŰŮɟŬ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ Űɤɜ 

ˊŮɘɟŬɛɎŰɤɜ ˊŬɟŬůəŮɡɐɠ ˊɞɚɡɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ. 

× ɇɞɜ ə. ũŮɩɟɔɘɞ ɀɐŰůɖ, Ɉˊ. ȹɘŭɎəŰɞɟŬ, ɔɘŬ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ 
ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ FTIR ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɑɖůŮ. 

× ɇɞ ˊɟɞůɤˊɘəɧ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ȺˊɘůŰɐɛɖɠ əŬɘ ɇŮɢɜɞɚɞɔɑŬɠ ɇɟɞűɑɛɤɜ ɔɘŬ Űɖɜ 
ˊŬɟŬɢɩɟɖůɖ əŬɘ Űɖɜ ɡˊɧŭŮɘɝɖ ɢŮɘɟɘůɛɞɨ Űɞɡ ɢɟɤɛŬŰɧɛŮŰɟɞɡ Minolta CR-200. 

× ɇɖɜ ə. ȹɏůˊɞɘɜŬ ɇɟɘɎɜŰɞɡ, ȹɟ. ɉɖɛɘəɧ ɀɖɢŬɜɘəɧ ȺɀɄ, ɔɘŬ Űɘɠ ɡˊɞŭŮɑɝŮɘɠ  

ɢŮɘɟɘůɛɞɨ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ, Űɞɡ ɢɟɤɛŬŰɧɛŮŰɟɞɡ Minolta CR-200 əŬɘ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ. 

× ɇɞɜ Ƚȹȷɉ ə. Ɇˊɨɟɞ Ɇɞɨɚɖ, ȹɟ. ɉɖɛɘəɧ ɀɖɢŬɜɘəɧ ȺɀɄ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ɢɟɐůɘɛɤɜ 

ˊɚɖɟɞűɞɟɘɩɜ. 

× ɇɞɜ ůɨɕɡɔɞ ɛɞɡ ȾɤɜůŰŬɜŰɑɜɞ ɇɕɎɗŬ, Ɉˊ. ȹɘŭɎəŰɞɟŬ ɔɘŬ Űɖɜ ůɖɛŬɜŰɘəɐ ɓɞɐɗŮɘŬ 

ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŮ ŬɚɚɎ əɡɟɑɤɠ ɔɘŬ Űɖɜ ɖɗɘəɐ ɡˊɞůŰɐɟɘɝɖ əŬɘ əŬŰŬɜɧɖůɖ ˊɞɡ 

ɏŭŮɘɝŮ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ ŬɡŰɐɠ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ. 

 

ȾŬɘ Űɏɚɞɠ ɧɚɞ Űɞ ˊɟɞůɤˊɘəɧ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɔɘŬ Űɞ ŮɡɢɎɟɘůŰɞ əɚɑɛŬ ůɡɜŮɟɔŬůɑŬɠ ˊɞɡ 

ŭɖɛɘɞɨɟɔɖůŬɜ. 
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éé.ŬűɘŮɟɩɜɤ Űɖɜ ɛŮŰŬˊŰɡɢɘŬəɐ ɛɞɡ ŮɟɔŬůɑŬ ɛŮ ˊɞɚɨ ŬɔɎˊɖ  

ůŰɞɜ ůɨɕɡɔɧ ɛɞɡ ȾɩůŰŬ, ůŰɞɜ ɔɘɞ ɛɞɡ ŪɎɜɞ əŬɘ ůŰɖɜ əɧɟɖ ɛɞɡ ɉɟɘůŰɑɜŬ! 
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ɄȺɅȽȿȼɊȼ 

 

ȼ ŬəŰɘɜɞɓɞɚɑŬ UV ŬˊɞŰŮɚŮɑ Űɞɜ ůɖɛŬɜŰɘəɧŰŮɟɞ ˊŮɟɘɞɟɘůŰɘəɧ ˊŬɟɎɔɞɜŰŬ Űɞɡ 

ɢɟɧɜɞɡ ɕɤɐɠ Ůɜɧɠ ˊɞɚɡɛŮɟɞɨɠ, ɘŭɘŬɑŰŮɟŬ ɧŰŬɜ ŬɡŰɧ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ŮəŰŮɗŮɘɛɏɜŮɠ ůŰɞɜ 

ɐɚɘɞ ŮˊɘűɎɜŮɘŮɠ (ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ˊɢ. ůŮ ŭɘŬűŬɜɐ ˊɎɜŮɚ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ 

ɞɘəɞŭɞɛɘəɐ). ɀŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ UV ŬəŰɘɜɞɓɞɚɑŬɠ, ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ űɡůɘəɏɠ əŬɘ 

ɢɖɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ŭɞɛɐ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɤɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡ, ɧˊɤɠ ɛɖɢŬɜɘəɩɜ əɚˊ. ɇŬ ŮɛˊɞɟɘəɎ ˊɚŬůŰɘəɎ ɡɚɘəɎ, ˊɏɟŬɜ Űɤɜ Ɏɚɚɤɜ 

ˊɟɞůɗɏŰɤɜ, ůɡɢɜɎ ˊŮɟɘɏɢɞɡɜ əŬɘ ůŰŬɗŮɟɞˊɞɘɖŰɏɠ ɏɜŬɜŰɘ Űɖɠ UV ŬəŰɘɜɞɓɞɚɑŬɠ. Ƀ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɢɟɧɜɞɡ ɕɤɐɠ Ůɜɧɠ ˊɚŬůŰɘəɞɨ ɡɚɘəɞɨ ˊɞɡ ŮəŰɑɗŮŰŬɘ ůŮ ˊɟŬɔɛŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ ɏɢŮɘ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ, ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ŰŬ ŬˊŬɘŰɞɨɛŮɜŬ ɚŮɘŰɞɡɟɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůŰɖɜ ˊɟɎɝɖ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, əɡɟɑɤɠ ɔɘŬ ɡɚɘəɎ ˊɞɡ ɖ ˊɟɞɞˊŰɘəɐ 

ŮűŬɟɛɞɔɐɠ Űɞɡɠ ɔɑɜŮŰŬɘ ɛŮ ɞɟɑɕɞɜŰŬ ŭŮəŬŮŰɑŬɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɏɢŮɘ əŬɜŮɑɠ ɏɔəŬɘɟŬ 

ŬɜŰɑůŰɞɘɢŮɠ ˊɚɖɟɞűɞɟɑŮɠ, ŬˊŬɘŰɞɨɜŰŬɘ əŬŰɎɚɚɖɚɞɘ ɏɚŮɔɢɞɘ ŮˊɘŰŬɢɡɜɧɛŮɜɖɠ çɔɐɟŬɜůɖɠè, 

ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ Űɖɜ ɛŬəɟɧɢɟɞɜɖ ŮˊɑŭɟŬůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɖɠ 

ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮəŰɘɛɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ ŰɏŰɞɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ, ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ŭɘɎűɞɟŮɠ ˊɟɞŰɡˊɞˊɞɘɖɛɏɜŮɠ ɛɏɗɞŭɞɘ, əŬŰɎ Űɘɠ ɞˊɞɑŮɠ ɛɘəɟɎ 

ŭɞəɑɛɘŬ Ŭˊɧ Űɞ ɡɚɘəɧ ŭɏɢɞɜŰŬɘ ɛŮɔɎɚŮɠ ŭɧůŮɘɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɔɘŬ ɛɘəɟɎ ɢɟɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ. 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰŬ ŭɘŬűŬɜɐ ˊɞɚɡɛŮɟɐ ɡɚɘəɎ ˊɞɡ 

ŮűŬɟɛɧɕɞɜŰŬɘ ůŬɜ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ ˊɚɐɟɤůɖɠ ŮɝɤŰŮɟɘəɩɜ ɢɩɟɤɜ. ɋɠ ŰɏŰɞɘŬ ɡɚɘəɎ 

ŮˊɘɚɏɔɞɜŰŬɠ ŮɛˊɞɟɘəɎ ˊɚŬůŰɘəɎ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɞ ˊɚɏɝɘɔəɚŬɠ, Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ, ɞ 

ˊɞɚɡŮůŰɏɟŬɠ əŬɘ Űɞ corian. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ Ŭəɟɘɓɐɠ ůɨɜɗŮůɖ Űɤɜ Ůɛˊɞɟɘəɩɜ ˊɚŬůŰɘəɩɜ 

ˊɟɞɥɧɜŰɤɜ ůɢŮŰɘəɎ ɛŮ ŰŬ ˊɟɧůɗŮŰŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ (ɧˊɤɠ UV ůŰŬɗŮɟɞˊɞɘɖŰɐ əɚˊ.) ŭŮɜ 

ŮɑɜŬɘ ɔɜɤůŰɐ, ɗŬ ŮɝŮŰŬůŰŮɑ əŬɘ ŬɜŰɑůŰɞɘɢɞ ˊɞɚɡɛŮɟɏɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ůɨɜɗŮůɖɠ ůŰɞ ɞˊɞɑɞ 

ɗŬ ˊɟɞůŰŮɗŮɑ UV ůŰŬɗŮɟɞˊɞɘɖŰɐ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ˊɞɚɡɛŮɟɘůɛɧɠ Űɞɡ ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɢɨŰŮɡůɖ əŬɘ 

ŮɜůɤɛɎŰɤůɖ UV ůŰŬɗŮɟɞˊɞɘɖŰɩɜ ɔɜɤůŰɐɠ ůɡůŰɎůŮɤɠ, ůŮ ɛɑŬ ůɡɔəɏɜŰɟɤůɖ. 

 ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɏəɗŮůɖɠ Űɤɜ ɡɚɘəɩɜ ůŮ UV ŬəŰɘɜɞɓɞɚɑŬ, ŰŬ ŮɛˊɞɟɘəɎ 

əŬɗɩɠ əŬɘ ŰŬ ɛɞɟűɞˊɞɘɖɛɏɜŬ ŮɟɔŬůŰɖɟɘŬəɎ ŭɞəɑɛɘŬ, ŬəŰɘɜɞɓɞɚɐɗɖəŬɜ ůŮ Ůɘŭɘəɧ ˊɟɧŰɡˊɞ 

ɗɎɚŬɛɞ, ɘŭɘɞəŬŰŬůəŮɡɐ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ Ⱥ́ ɘůŰɐɛɖɠ  ȾŬɘ ɇŮɢɜɘəɐɠ ɇɤɜ Ɉɚɘəɩɜ. ɇŬ ɡɚɘəɎ 

ŬəŰɘɜɞɓɞɚɐɗɖəŬɜ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŭɘɎŰŬɝɖ ɛŮ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ŭɘŬŭɘəŬůɑŬ, ɧˊɞɡ əɎɗŮ 

űɞɟɎ ɞ ɢɟɧɜɞɠ ɏəɗŮůɖɠ əɡɛŬɑɜɞɜŰŬɜ Ŭˊɧ 2 ɏɤɠ ŰɏůůŮɟɘɠ ɩɟŮɠ əŬɘ ɡˊɞɚɞɔɑůŰɖəŮ 

ŬɗɟɞɘůŰɘəɎ. ɉŬɟŬəŰɖɟɘůŰɘəɞɑ ůŰŬɗɛɞɑ ɛŮŰɟɐůŮɤɜ ɐŰŬɜ ɞɘ 18, ɞɘ 36 əŬɘ ɞɘ 48 ɩɟŮɠ. ɆŰɘɠ 

ˊŬɟŬˊɎɜɤ ɩɟŮɠ ŬəŰɘɜɞɓɧɚɖůɖɠ UV ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɔɘŬ ŰŬ ŭɞəɑɛɘŬ, ɞɘ ɢŬɟŬəŰɖɟɘůɛɞɑ 

FTIR əŬɘ ɢɟɤɛŬŰɧɛŮŰɟɞɡ əŬɗɩɠ əŬɘ ɞɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰɏɠ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ, ŭɘɎŰɛɖůɖ 

əŬɘ ŮűŮɚəɡůɛɧ. 

 ɀŮ ɓɎůɖ Űɞɡɠ ɢŬɟŬəŰɖɟɘůɛɞɨɠ FTIR ŭɘŬɛɞɟűɩɗɖəŬɜ ŭŮɑəŰŮɠ  əŬɘ ɖ ɛŮŰŬɓɞɚɐ 

Űɞɡɠ ŮɟɛɖɜŮɨŰɖəŮ ɛŮ ɓɎůɖ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ ɚɧɔɤ Űɖɠ ŬəŰɘɜɞɓɧɚɖůɖɠ UV 

Űɞɡ ɡɚɘəɞɨ. ȷˊɧ Űɞɡɠ ɢŬɟŬəŰɖɟɘůɛɞɨɠ Űɞɡ ɢɟɤɛŬŰɧɛŮŰɟɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɔŮɜɘəɎ ůŮ ɧɚŬ ŰŬ 

ɡɚɘəɎ Ŭɨɝɖůɖ Űɖɠ űɤŰŮɘɜɧŰɖŰŬɠ ɛŮŰɎ Ŭˊɧ Űɘɠ 48h ŬəŰɘɜɞɓɧɚɖůɖɠ UV əŬɗɩɠ əŬɘ ɛŮŰŬɓɞɚɐ 

ůŰɞ ɢɟɩɛŬ Űɤɜ ɡɚɘəɩɜ ˊɟɞɠ Űɞ əɑŰɟɘɜɞ. Ƀɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŭɞəɘɛɑɤɜ 

ŮˊɖɟŮɎɕɞɜŰŬɘ ůɖɛŬɜŰɘəɎ ɛŮŰɎ Ŭˊɧ 48h UV ŬəŰɘɜɞɓɧɚɖůɖ 
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ABSTRACT  

Polymeric materials offer a lot of advantages in the construction field than 

conventional materials, as brightness, resistance in the erosion and facility of treatment. 

They can be strengthened with fibers and form complex materials that have improved 

properties and can be used as structural part but also as independent construction units. 

Approximately the 30% of total of polymeric materials that are produced each year are 

used in the building industry. These materials are usually  transparent for utilitarian reasons 

eg. shelters, greenhouses etc. and even if they are considered to be stable, yet they suffer 

alterations when exposed to environment. 

The present work is focused in the transparent polymeric materials that are applied 

as structural elements of fulfillment of exterior spaces. In such applications these materials 

are influenced by meteorological and particularly by the UV radiation. As it is also 

described in the theoretical part, the UV radiation spectrum of the sun is the main 

environmental factor that affects the structure of polymeric materials and its thoroughly 

examined. 

The materials that will be studied in the present work are commercial plastic 

materials that are applied in construction as exterior elements of fulfillment with the form 

of panels. Plexiglas, polycarbonate, polyester with glass fibers as well as a complex acrylic 

material named Corian. Despite the fact that Corian is not transparent, it is examined for 

reasons of comparison. Since the precise composition of commercial plastic products with 

regard to the additives that they contain (as UV of stabilizer etc) is not known, a similar 

polymeric material synthesized in the laboratory with added UV stabilizer in known 

concentration. This material is produced by polymerization of methyl-methacrylate with 

simultaneous addition of UV stabilizer. 

  The exposure of the commercial and the fabricated polymeric materials to solar UV 

radiation was simulated in a device, designed and assembled in the Materials Science and 

Engineering Laboratory of the National Technical University of Athens. The various 

materials were exposed to UV radiation and their properties were examined after 18, 36 

and 48 hours of exposure. The analytical methods used were FTIR, colorimetry and 

measurement of mechanical properties such as resistance in bending, stretching and 

shearing.  

According to the FTIR spectrums the indicator    was calculated as a function 

of the exposure time to UV radiation. The indicatorôs variations are considered to be a 

result of the degradation reactions. An increase of brightness after the 48h exposure is 

observed by colorimetry analysis as well as a change in the colour of materials towards 

yellow. The mechanical properties of the materials are noticeably influenced after 48h of 

exposure  to UV radiation. 
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1 ȹɃɀȽȾȷ ɈȿȽȾȷ 

 

ɃɘəɞŭɞɛɘəɎ ɡɚɘəɎ ɞɜɞɛɎɕɞɜŰŬɘ ŰŬ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ŬɜɏɔŮɟůɖ 

əŰɘůɛɎŰɤɜ. ɇɏŰɞɘŬ ɡɚɘəɎ ŮɑɜŬɘ ŰŬ ˊŬɟŬŭɞůɘŬəɎ, ŬɡŰɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨůŮ ɞ Ɏɜɗɟɤˊɞɠ 

ɛɏɢɟɘ Űɞɜ 19ɞ ŬɘɩɜŬ ɧˊɤɠ ˊɏŰɟŬ, ɝɨɚɞ, ŰɞɨɓɚŬ, ɔɡŬɚɑ ŬɚɚɎ əŬɘ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ 

ɜŮɩŰŮɟɤɜ ɡɚɘəɩɜ ɧˊɤɠ ŰůɘɛɏɜŰɞ, ɢɎɚɡɓŬɠ, ɛɞɜɤŰɘəɎ ɡɚɘəɎ, Ŭɚɞɡɛɑɜɘɞ əŬɘ ˊɚŬůŰɘəɧ. 

 

1.1 ɄɏŰɟŬ 

 ũŮɜɘəɎ ɤɠ ˊŮŰɟɩɛŬŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ŰŬ ɡɚɘəɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ ɞ 

ůŰŮɟŮɧɠ űɚɞɘɧɠ Űɖɠ ũɖɠ, Űɞ ŬɜɩŰŮɟɞ ŭɖɚ. ůŰɟɩɛŬ Űɖɠ ɚɘɗɧůűŬɘɟŬɠ. ɀŮɟɘəɎ Ůɝ ŬɡŰɩɜ 

ŮɛűŬɜɑɕɞɜŰŬɘ əŬŰɎ ůɡɛˊŬɔŮɑɠ ɛɎɕŮɠ ɧˊɤɠ ɞ ɔɟŬɜɑŰɖɠ ɐ ɞ ŬůɓŮůŰɧɚɘɗɞɠ. ȯɚɚŬ ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ ɜŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛŬɚŬəɧŰŮɟŬ ɐ ŬůɨɜŭŮŰŬ ɡɚɘəɎ ɧˊɤɠ ɖ Ɏɛɛɞɠ, ɖ Ɏɟɔɘɚɞɠ 

əɚˊ, Ůɜɩ əɎˊɞɘŬ ɎɚɚŬ ŮɑɜŬɘ ɟŮɡůŰɎ, ɧˊɤɠ Űɞ ɜŮɟɧ əŬɘ Űɞ ˊŮŰɟɏɚŬɘɞ. ɇŬ ˊŮŰɟɩɛŬŰŬ 

ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ɞɟɡəŰɞɚɞɔɘəɎ ůɡůŰŬŰɘəɎ.[1] 

 

1.2 ɂɨɚɞ 

 

To ɝɨɚɞ ɐ ɂɨɚɤɛŬ ɧˊɤɠ ŮɑɜŬɘ ɔɜɤůŰɧ ůŰɖ ɓɞŰŬɜɘəɐ ɞɟɞɚɞɔɑŬ, ŮɑɜŬɘ ɞ űɡŰɘəɧɠ 

ɘůŰɧɠ, ɖ ůɡɛˊŬɔɐɠ, ůəɚɖɟɐ əŬɘ ɘɜɩŭɖɠ əɡŰŰŬɟɘəɐ ɞɡůɑŬ ˊɞɡ ŬˊɞŰŮɚŮɑ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Űɞɜ 

əɞɟɛɧ, ŰŬ əɚŬŭɘɎ əŬɘ Űɘɠ ɟɑɕŮɠ Űɤɜ ŭɏɜŭɟɤɜ, Űɤɜ ɗɎɛɜɤɜ əŬɘ ɔŮɜɘəɧŰŮɟŬ, Űɤɜ ɚŮɔɧɛŮɜɤɜ 

ɝɡɚɤŭɩɜ űɡŰɩɜ. ɇɞ ɝɨɚɤɛŬ ŬˊɞŰŮɚŮɑ ŮəŮɑɜɞ Űɞ ůɨůŰɖɛŬ ɛŮ Űɞ ɞˊɞɑɞ ɛŮŰŬűɏɟŮŰŬɘ əŬɘ 

əɡəɚɞűɞɟŮɑ ɞ ŬəŬŰɏɟɔŬůŰɞɠ ɢɡɛɧɠ, ŭɖɚŬŭɐ Űɞ ɜŮɟɧ əŬɘ ɞɘ ŬɜɧɟɔŬɜŮɠ ɞɡůɑŮɠ ˊɞɡ 

Ŭˊɞɟɟɞűɞɨɜ ɞɘ ɟɑɕŮɠ Ŭˊɧ Űɞ ɏŭŬűɞɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ, ŬˊɞŰŮɚŮɑ Űɞɜ əɨɟɘɞ ůŰɖɟɘəŰɘəɧ ɘůŰɧ 

Űɤɜ ɓɚŬůŰɩɜ əŬɘ Űɤɜ ɟɘɕɩɜ.[2] 

ɇɞ ɝɨɚɞ ŮűŬɟɛɧɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬɟɢŬɘɧŰɖŰŬ ůŮ ˊɞɚɚɩɜ Ůɘŭɩɜ əŬŰŬůəŮɡɏɠ əŬɘ 

ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ɞɘəɞŭɞɛɘəɐ. ȼ ɝɨɚɘɜɖ əŬŰŬůəŮɡɐ (űɏɟɞɡůŬ əŬɘ ɛɖ űɏɟɞɡůŬ) əŬŰɏɢŮɘ 

ůɐɛŮɟŬ ɏɜŬ ɧɚɞ əŬɘ ŬɡɝŬɜɧɛŮɜɞ ŭɘŮɗɜɩɠ ˊŮŭɑɞ ŭɞɛɘəɩɜ ŮűŬɟɛɞɔɩɜ. ȾŬɚɨˊŰŮɘ ŰɟŮɘɠ 

ˊŮɟɘɞɢɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ Ŭˊɧ Űɖɜ Ɏˊɞɣɖ Űɖɠ əɚɑɛŬəŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ [3]: 

1. ɀɘəɟɐɠ əɚɑɛŬəŬɠ ɝɨɚɘɜŮɠ əŬŰŬůəŮɡɏɠ (ɏˊɘˊɚɞ, əɞɡűɩɛŬŰŬ, ŮˊŮɜŭɨůŮɘɠ, 

ˊŬŰɩɛŬŰŬ, ɞɟɞűɏɠ ə.ɚ.ˊ.). 

2. ɀŮůŬɑŬɠ əɚɑɛŬəŬɠ ɝɨɚɘɜŮɠ əŬŰŬůəŮɡɏɠ (əŬŰɞɘəɑŬ əŬɘ Ůɜ ɔɏɜŮɘ əŰɑůɛŬŰŬ ɏɤɠ 

əŬɘ 3 ɞɟɧűɞɡɠ, ɛɘəɟɏɠ ɔɏűɡɟŮɠ ə.ɚ.ˊ.). 

3. ɀŮɔɎɚɖɠ əɚɑɛŬəŬɠ ɝɨɚɘɜŮɠ əŬŰŬůəŮɡɏɠ (ɢɩɟɞɘ ɛŮɔɎɚɤɜ ŬɜɞɘɔɛɎŰɤɜ 20 ɏɤɠ 150ɛ., 

ɔɏűɡɟŮɠ ɛŮɔɎɚɞɡ ŬɜɞɑɔɛŬŰɞɠ ə.ɚ.ˊ.). 

ɆŰɖ ɁɧŰɘŬ Ⱥɡɟɩˊɖ, əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ȺɚɚɎŭŬ, ɞɘ əŬŰɖɔɞɟɑŮɠ 1 əŬɘ 3 ɓɟɑůəɞɡɜ ŮɡɟɨŰŮɟɖ 

ŮűŬɟɛɞɔɐ. ȼ ɛŮɔɎɚɖ ŬɜŰɞɢɐ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɘəɟɧ ɑŭɘɞ ɓɎɟɞɠ, ɖ ŰŬɢɨŰɖŰŬ Űɖɠ ŮűŬɟɛɞɔɐɠ, 

ɖ ŮɜŬɚɚŬɝɘɛɧŰɖŰŬ Űɖɠ əŬŰŬůəŮɡɐɠ, ɖ ŮɝŬɑɟŮŰɖ ůɡɛˊŮɟɘűɞɟɎ ůŮ ŭɡɜŬɛɘəɏɠ əŬŰŬˊɞɜɐůŮɘɠ, 

ɖ ŭɡɜŬŰɧŰɖŰŬ ɡˊɞɚɞɔɘůɛɞɨ ůŮ ŬɜŰɞɢɐ ůŮ ˊɡɟəŬɔɘɎ, ɖ ŮɝŬůűɎɚɘůɖ Űɖɠ ŬůɖɣɑŬɠ Űɞɡ ɝɨɚɞɡ 

əŬɘ ɏŰůɘ ŭɘŬůűɎɚɘůɖ ˊɞɚɨ ɛŮɔɎɚɖɠ ŬɜɗŮəŰɘəɧŰɖŰŬɠ ɢɤɟɑɠ ŬɜɎɔəɖ ůɡɜŰɐɟɖůɖɠ, ŮɑɜŬɘ 

ɛŮɟɘəɞɑ Ŭˊɧ Űɞɡɠ ɚɧɔɞɡɠ ŭɘɎŭɞůɖɠ Űɖɠ ɝɨɚɘɜɖɠ əŬŰŬůəŮɡɐɠ ůŰŬ ɛŮɔɎɚŬ ŬɜɞɑɔɛŬŰŬ. ɆŰɖ 

ɢɩɟŬ ɛŬɠ, ɖ ɏɚɚŮɘɣɖ ˊɟɧůűŬŰɤɜ ˊɟɞŰɨˊɤɜ əŬɘ ůɢŮŰɘəɐɠ ŮɛˊŮɘɟɑŬɠ (ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ 

ɛŬəɟɧŰŬŰɖ əŬɘ ˊɚɞɡůɘɧŰŬŰɖ ŮɛˊŮɘɟɑŬ Űɞɡ ˊŬɟŮɚɗɧɜŰɞɠ) ŭɖɛɘɞɡɟɔŮɑ ŮɑŰŮ ŭɘůŰŬɔɛɧ ůŰɞ 

ůɢŮŭɘŬůɛɧ ŰɏŰɞɘɤɜ əŬŰŬůəŮɡɩɜ ŮɑŰŮ, ŬəɧɛŬ ɢŮɘɟɧŰŮɟɞ, ɚɎɗɞɠ ˊɟɞůɏɔɔɘůɖ. ȼ ɢɟɐůɖ 

űɡůɘəɞɨ ɝɨɚɞɡ ɐ əɎˊɞɘŬɠ ɓɘɞɛɖɢŬɜɞˊɞɘɖɛɏɜɖɠ ɛɞɟűɐɠ ɝɨɚɞɡ (ˊ.ɢ. ůɡɔəɞɚɚɖŰɧ ɝɨɚɞ, 

ŬɜŰŮˊɘəɞɚɚɖŰɐ ɝɡɚŮɑŬ ə.ɚ.ˊ.) ŮɚɎɢɘůŰŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ ůɢŮŭɘŬůɛɞɨ, 

əŬŰŬůəŮɡɐɠ, ˊɟɞůŰŬůɑŬɠ, ůɡɜŰɐɟɖůɖɠ ə.ɚ.ˊ. ɛɘŬɠ ɝɨɚɘɜɖɠ əŬŰŬůəŮɡɐɠ. Ⱥˊɞɛɏɜɤɠ, ɖ 

ůɤůŰɐ Ůɜɖɛɏɟɤůɖ Ůɜɧɠ/ɛɘŬɠ ŰŮɢɜɘəɞɨ əŬɘ ɖ ŮɝɞɘəŮɑɤůɐ Űɞɡ/Űɖɠ ɛŮ Űɞ ɝɨɚɞ ůŬɜ ɡɚɘəɧ əŬɘ 

Űɖɜ ɝɨɚɘɜɖ əŬŰŬůəŮɡɐ ɔŮɜɘəɧŰŮɟŬ, Űɞɜ/Űɖɜ əŬɗɘůŰɎ ɘəŬɜɧ/-ɐ ɜŬ ˊɟɞůŮɔɔɑůŮɘ əŬɘ ŮˊɘɚɨůŮɘ 

http://el.wikipedia.org/wiki/%CE%A0%CE%AD%CF%84%CF%81%CF%89%CE%BC%CE%B1
http://el.wikipedia.org/wiki/%CE%9E%CF%8D%CE%BB%CE%BF
http://el.wikipedia.org/wiki/%CE%A4%CE%BF%CF%8D%CE%B2%CE%BB%CE%BF
http://el.wikipedia.org/wiki/%CE%93%CF%85%CE%B1%CE%BB%CE%AF
http://el.wikipedia.org/wiki/%CE%A4%CF%83%CE%B9%CE%BC%CE%AD%CE%BD%CF%84%CE%BF
http://el.wikipedia.org/wiki/%CE%A7%CE%AC%CE%BB%CF%85%CE%B2%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%91%CE%BB%CE%BF%CF%85%CE%BC%CE%AF%CE%BD%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%93%CE%B7
http://el.wikipedia.org/wiki/%CE%9B%CE%B9%CE%B8%CF%8C%CF%83%CF%86%CE%B1%CE%B9%CF%81%CE%B1
http://el.wikipedia.org/wiki/%CE%93%CF%81%CE%B1%CE%BD%CE%AF%CF%84%CE%B7%CF%82
http://el.wikipedia.org/wiki/%CE%91%CF%83%CE%B2%CE%B5%CF%83%CF%84%CF%8C%CE%BB%CE%B9%CE%B8%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%86%CE%BC%CE%BC%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%86%CF%81%CE%B3%CE%B9%CE%BB%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%9D%CE%B5%CF%81%CF%8C
http://el.wikipedia.org/wiki/%CE%A0%CE%B5%CF%84%CF%81%CE%AD%CE%BB%CE%B1%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9F%CF%81%CF%85%CE%BA%CF%84%CF%8C
http://el.wikipedia.org/wiki/%CE%9E%CF%8D%CE%BB%CE%BF
http://el.wikipedia.org/wiki/%CE%92%CE%BF%CF%84%CE%B1%CE%BD%CE%B9%CE%BA%CE%AE
http://el.wikipedia.org/wiki/%CE%94%CE%AD%CE%BD%CE%B4%CF%81%CE%BF
http://el.wikipedia.org/w/index.php?title=%CE%98%CE%AC%CE%BC%CE%BD%CE%BF%CF%82&action=edit&redlink=1
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ˊɟɞɓɚɐɛŬŰŬ ůɢŮŭɘŬůɛɞɨ, əŬŰŬůəŮɡɐɠ əŬɘ ůɡɜŰɐɟɖůɖɠ Űɧůɞ ɛɘŬɠ ˊŬɚŬɘɧŰŮɟɖɠ ɧůɞ əŬɘ Űɖɠ 

ůɨɔɢɟɞɜɖɠ ɝɨɚɘɜɖɠ əŬŰŬůəŮɡɐɠ. ȼ ɡɣɖɚɐ ůŮɘůɛɘəɧŰɖŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŬɠ ŮɡɜɞŮɑ ˊɞɚɨ Űɖ 

ɢɟɐůɖ Űɖɠ ɝɨɚɘɜɖɠ əŬŰŬůəŮɡɐɠ, ɔŮɔɞɜɧɠ ŮɝɎɚɚɞɡ ɔɜɤůŰɧ əŬɘ ŮűŬɟɛɞɕɧɛŮɜɞ Ŭˊɧ Űɖ 

ɀɘɜɤɘəɐ ŬəɧɛŬ Ůˊɞɢɐ. 

 

1.3 ɇɞɨɓɚɞ 

 ɇɞ Űɞɨɓɚɞ ɐ ɞ ˊɚɑɜɗɞɠ ŮɑɜŬɘ ɏɜŬɠ ŰŮɢɜɖŰɧɠ ɚɑɗɞɠ ɛŮ ŭɘɎűɞɟŮɠ ŭɘŬůŰɎůŮɘɠ əŬɘ 

ůɢɐɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, Ŭˊɧ Űɞɡɠ ŬɟɢŬɑɞɡɠ ɢɟɧɜɞɡɠ ŬɚɚɎ əŬɘ ůɐɛŮɟŬ, ůŰɖɜ 

ɞɘəɞŭɞɛɘəɐ. ɇŬ ŰɞɨɓɚŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ Ɏɟɔɘɚɞ əɡɟɑɤɠ əŬɘ ɎɚɚŬ ɡɚɘəɎ. ũɘŬ Űɖɜ 

əŬŰŬůəŮɡɐ Űɞɡɠ ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ ŭɘŬŭɘəŬůɑŬ: ȼ ˊɟɩŰɖ ɨɚɖ əŬɗŬɟɑɕŮŰŬɘ, 

ɕɡɛɩɜŮŰŬɘ ɛŮ Űɞ ɜŮɟɧ Ŭˊɧ Ůɘŭɘəɞɨɠ əɡɚɑɜŭɟɞɡɠ, ɛˊŬɑɜŮɘ ůŮ əŬɚɞɨˊɘŬ ɐ ˊɟɏůŮɠ əŬɘ ˊŬɑɟɜŮɘ 

ŭɘɎűɞɟŬ ůɢɐɛŬŰŬ, ɣɐɜŮŰŬɘ ůŰɞɜ ɐɚɘɞ ɐ ůŮ əŬɛɑɜɘŬ ɐ ůŮ ɗŬɚɎɛɞɡɠ ɖɚŮəŰɟɘəɞɨɠ. ȷɜɎɚɞɔŬ 

ɛŮ ŰŬ ɡɚɘəɎ, Űɞɜ Űɟɧˊɞ əŬŰŬůəŮɡɐɠ əŬɘ ɢɟɐůɖɠ Űɞɡɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ [4]: 

 

1) ɤɛɧˊɚɘɜɗɞɡɠ (ɧŰŬɜ ůŰŮɔɜɩɜɞɡɜ ůŰɞɜ ɐɚɘɞ), 

2) ɞˊŰɧˊɚɘɜɗɞɡɠ (ɧŰŬɜ ɣɐɜɞɜŰŬɘ ůŮ ɗŬɚɎɛɞɡɠ ɐ əŬɛɑɜɘŬ), 

3) ˊɚɑɜɗɞɡɠ ɞŭɞůŰɟɤůɑŬɠ, 

4) ˊɡɟɑɛŬɢɞɡɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŮˊŮɜŭɨůŮɘɠ ɚŮɓɐŰɤɜ, 

5) ˊɚɑɜɗɞɡɠ Ŭˊɧ ŬůɓŮůŰɞəɞɜɑŬɛŬ, 

6) ŬůɓŮůŰɞˊɡɟɘŰɘəɞɨɠ, 

7) ŬůɓŮůŰɞůəɤɟɘŬəɞɨɠ, 

8) ŬůɓŮůŰɞəɘůůɖɟɘŬəɞɨɠ, 

9) ˊɚɑɜɗɞɡɠ ˊɞɟůŮɚɎɜɖɠ, 

10) ˊɚɑɜɗɞɡɠ ŰůɘɛɏɜŰɞɡ. 

 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ Űɞɨɓɚɤɜ Ŭɜɐəɞɡɜ ŰŬ əŮɟŬɛɑŭɘŬ (əŬɛˊɨɚŬ əŬɘ ŮˊɑˊŮŭŬ) ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ əɎɚɡɣɖ ɞɘəɞŭɞɛɩɜ, əŬɗɩɠ əŬɘ ŭɘɎűɞɟɞɘ ůɤɚɐɜŮɠ, əŬˊɜɞŭɧɢɞɘ əŬɘ 

ŭɘŬəɞůɛɖŰɘəɎ Ŭɟɔɘɚɩŭɖ ˊɚŬəɎəɘŬ. ɇŬ ŰɞɨɓɚŬ ɤɠ ɞɘəɞŭɞɛɘəɧ ɡɚɘəɧ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ůɡɜɐɗɤɠ ůŮ ůɢɐɛŬ ˊŬɟŬɚɚɖɚŮˊɑˊŮŭɞɡ. Ⱥˊɑůɖɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ˊɚɑɜɗɞɘ ŭɘɎűɞɟɤɜ 

ůɢɖɛɎŰɤɜ ɔɘŬ Ůɘŭɘəɏɠ əŬŰŬůəŮɡɏɠ. ɆŰɘɠ ɞɘəɞŭɞɛɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘɎŰɟɖŰŬ ŰɞɨɓɚŬ 

ˊŬɟŬɚɚɖɚŮˊɑˊŮŭŬ, ˊɞɡ ŮɑɜŬɘ ŮɨɢɟɖůŰŬ, ŮɚŬűɟɎ ůŰɖ ɛŮŰŬűɞɟɎ Űɞɡɠ, ŬɜɗŮəŰɘəɎ, 

ˊɟɞůűɏɟɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɐ ŬɜŰɑůŰŬůɖ ůŰɘɠ əŬŰŬˊɞɜɐůŮɘɠ əŬɘ Ŭˊɞɛɞɜɩɜɞɡɜ Űɖ ɗŮɟɛɧŰɖŰŬ 

əŬɘ Űɞɜ ɐɢɞ ɚɧɔɤ Űɤɜ ůŰɟɤɛɎŰɤɜ ŬɏɟŬ ˊɞɡ ˊŮɟɘəɚŮɑɞɡɜ. 

1.4 ũɡŬɚɑ 

 ɇɞ ɔɡŬɚɑ ŮɑɜŬɘ ɡɚɘəɧ ůŰŮɟŮɧ əŬɘ Ɏɛɞɟűɞ, ŭɖɚŬŭɐ ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ əɟɡůŰŬɚɚɘəɐ 

ŭɞɛɐ. ȺɑɜŬɘ ɖɛɘŭɘɎűŬɜɞ ɐ ŭɘɎűŬɜɞ, ŮɨɗɟŬɡůŰɞ, ɎəŬɛˊŰɞ əŬɘ ůəɚɖɟɧ. ȿɧɔɤ Űɖɠ ɛɖ 

əɟɡůŰŬɚɚɘəɧŰɖŰɎɠ Űɞɡ, ɞ ɧɟɞɠ çɨŬɚɞɠè (ɔɡŬɚɑ) ɐ çɡŬɚɩŭɖɠè ɏɢŮɘ ŮˊŮəŰŬɗŮɑ ůɖɛŬɑɜɞɜŰŬɠ 

ɧɚŬ ŰŬ ɎɛɞɟűŬ ůŰŮɟŮɎ. ȼ ŭɘŬűɎɜŮɘɎ Űɞɡ ŬűɞɟɎ ůŰɞ ɞɟŬŰɧ űɤɠ, ɔɘŬŰɑ Űɞ əɞɘɜɧ ɔɡŬɚɑ ŮɑɜŬɘ 

ŬŭɘɎűŬɜɞ ɔɘŬ Űɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ. ɋɠ ɡɚɘəɧ ŮɑɜŬɘ ɢɖɛɘəɎ əŬɘ ɓɘɞɚɞɔɘəɎ ŬŭɟŬɜɏɠ, 

ˊɚɐɟɤɠ ŬɜŬəɡəɚɩůɘɛɞ əŬɘ, əŬŰɎ ůɡɜɏˊŮɘŬ, ɘŭɘŬɑŰŮɟŬ əŬŰɎɚɚɖɚɞ ɔɘŬ ɢɟɐůɖ ůŮ əŬŰŬůəŮɡɐ 

ůɡůəŮɡŬůɘɩɜ Űɟɞűɑɛɤɜ əŬɘ ˊɞŰɩɜ. ɇɞ ɔɡŬɚɑ ˊŬɟŬůəŮɡɎɕŮŰŬɘ ɛŮ ůɨɜŰɖɝɖ ɢŬɚŬɕɘŬəɐɠ 

Ɏɛɛɞɡ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɞ ɓŬůɘəɧ ůɡůŰŬŰɘəɧ Űɞɡ (ŭɘŬɛɞɟűɤŰɐ), Ůɜɧɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ 

ůɡɚɚɘˊŬůɛɎŰɤɜ əŬɘ Ůɜɧɠ (ɐ ˊŮɟɘůůɧŰŮɟɤɜ ůŰŬɗŮɟɞˊɞɘɖŰɩɜ. ȷɜ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ůŰŬɗŮɟɞˊɞɘɖŰɐɠ, ŰɧŰŮ Űɞ ɔɡŬɚɑ ɔɑɜŮŰŬɘ ŮɨɗɟɡˊŰɞ əŬɘ ŬˊɞůŬɗɟɩɜŮŰŬɘ Ŭˊɧ Űɞ ɜŮɟɧ. ɇɞ 

əɞɘɜɧ ɔɡŬɚɑ ˊŬɟŬůəŮɡɎɕŮŰŬɘ ɛŮ ůɨɜŰɖɝɖ ɢŬɚŬɕɘŬəɐɠ Ɏɛɛɞɡ (SiO2) (73,7%), ŬɜɗɟŬəɘəɞɨ 

ɜŬŰɟɑɞɡ (əɞɘɜ. ɆɧŭŬ, Na2CO3)) (16%), ɞɝŮɘŭɑɞɡ Űɞɡ əŬɚɑɞɡ (K2O) (0,5%) (ůɡɚɚɘˊɎůɛŬŰŬ) 

əŬɘ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ (əɞɘɜ. ŬůɓŮůŰɧɚɘɗɞɡ (CaCO3)) (5,2%) ŬɜɗɟŬəɘəɞɨ ɛŬɔɜɖůɑɞɡ 

http://el.wikipedia.org/w/index.php?title=%CE%9F%CE%B9%CE%BA%CE%BF%CE%B4%CE%BF%CE%BC%CE%B9%CE%BA%CE%AE&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%9F%CE%B9%CE%BA%CE%BF%CE%B4%CE%BF%CE%BC%CE%B9%CE%BA%CE%AC_%CF%85%CE%BB%CE%B9%CE%BA%CE%AC
http://el.wikipedia.org/wiki/%CE%A3%CF%84%CE%B5%CF%81%CE%B5%CF%8C
http://el.wikipedia.org/wiki/%CE%86%CE%BC%CE%BF%CF%81%CF%86%CE%BF_%CF%83%CF%84%CE%B5%CF%81%CE%B5%CF%8C
http://el.wikipedia.org/wiki/%CE%9A%CF%81%CF%8D%CF%83%CF%84%CE%B1%CE%BB%CE%BB%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%A3%CF%8D%CE%BD%CF%84%CE%B7%CE%BE%CE%B7
http://el.wikipedia.org/wiki/%CE%A7%CE%B1%CE%BB%CE%B1%CE%B6%CE%AF%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%A7%CE%B1%CE%BB%CE%B1%CE%B6%CE%AF%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%A7%CE%B1%CE%BB%CE%B1%CE%B6%CE%AF%CE%B1%CF%82
http://el.wikipedia.org/w/index.php?title=%CE%A3%CF%85%CE%BB%CE%BB%CE%AF%CF%80%CE%B1%CF%83%CE%BC%CE%B1&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%A3%CF%84%CE%B1%CE%B8%CE%B5%CF%81%CE%BF%CF%80%CE%BF%CE%B9%CE%B7%CF%84%CE%AE%CF%82&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%91%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B9%CE%BA%CF%8C_%CE%BD%CE%AC%CF%84%CF%81%CE%B9%CE%BF&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%91%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B9%CE%BA%CF%8C_%CE%BD%CE%AC%CF%84%CF%81%CE%B9%CE%BF&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%91%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B9%CE%BA%CF%8C_%CE%BD%CE%AC%CF%84%CF%81%CE%B9%CE%BF&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%A3%CF%8C%CE%B4%CE%B1&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%9A%CE%AC%CE%BB%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B9%CE%BA%CF%8C_%CE%B1%CF%83%CE%B2%CE%AD%CF%83%CF%84%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%91%CF%83%CE%B2%CE%B5%CF%83%CF%84%CF%8C%CE%BB%CE%B9%CE%B8%CE%BF%CF%82
http://el.wikipedia.org/w/index.php?title=%CE%91%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B9%CE%BA%CF%8C_%CE%BC%CE%B1%CE%B3%CE%BD%CE%AE%CF%83%CE%B9%CE%BF&action=edit&redlink=1
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(MgCO3) (3,6%) əŬɘ ɞɝŮɘŭɑɞɡ Űɞɡ Ŭɟɔɘɚɑɞɡ (Al2O3) (1%) (ůŰŬɗŮɟɞˊɞɘɖŰɏɠ). ȷɜɎɚɞɔŬ ɛŮ 

Űɞɜ Űɨˊɞ əŬɘ Űɞ ˊɞůɞůŰɧ Űɤɜ ůɡɚɚɘˊŬůɛɎŰɤɜ əŬɘ Űɤɜ ůŰŬɗŮɟɞˊɞɘɖŰɩɜ ɚŬɛɓɎɜɞɜŰŬɘ əŬɘ ɞɘ 

ŭɘɎűɞɟɞɘ Űɨˊɞɘ ɔɡŬɚɘɞɨ. ɇɞ ɔɡŬɚɑ, Ŭűɞɨ ˊŬɟŬůəŮɡŬůŰŮɑ ɤɠ ˊɟɩŰɖ ɨɚɖ, ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ Űɞ 

ŮˊɘɗɡɛɖŰɧ ůɢɐɛŬ ɛŮ ŰɟŮɘɠ Űɟɧˊɞɡɠ: ȺɑŰŮ ɛŮ Ůɛűɨůɖůɖ (űɡůɖŰɧ ɔɡŬɚɑ) ŮɑŰŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

əŬɚɞɡˊɘɩɜ ŮɑŰŮ ɛŮ ůɡůəŮɡɏɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ űɨɚɚŬ (çŮɚɎůɛŬŰŬè) ɔɡŬɚɘɞɨ [5]. 

ūɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɔɡŬɚɘɞɨ 

 ɆŰŮɟŮɧ ɡɣɖɚɐɠ ůəɚɖɟɧŰɖŰŬɠ (7 ůŰɖɜ əɚɑɛŬəŬ Mohs). 

 ɀɖ əɟɡůŰŬɚɚɘəɐɠ ŭɞɛɐɠ Ɏɛɞɟűɞ ɡɚɘəɧ. 

 ȺɨɗɟŬɡůŰɞ. ɇŬ ɗɟŬɨůɛŬŰɎ Űɞɡ ŮɑɜŬɘ ɞɝɨɚɖəŰŬ. 

 ȹɘŬűŬɜɏɠ ɔɘŬ Űɞ űɎůɛŬ Űɞɡ ɞɟŬŰɞɨ űɤŰɧɠ. 

 ȹɡůɗŮɟɛŬɔɤɔɧ əŬɘ ɛɞɜɤŰɘəɧ ɡɚɘəɧ. 

 ȷŭɟŬɜɏɠ ɢɖɛɘəɎ əŬɘ ɓɘɞɚɞɔɘəɎ. 

Ƀɘ ɓŬůɘəɞɑ Űɨˊɞɘ ɔɡŬɚɘɞɨ ŮɑɜŬɘ: 

 Ⱦɞɘɜɧ ɔɡŬɚɑ: ɄŬɟŬůəŮɡɎɕŮŰŬɘ ɛŮ ůɡɚɚɑˊŬůɛŬ ɞɝŮɑŭɘɞ Űɞɡ ɜŬŰɟɑɞɡ (12-18%) əŬɘ 

ůŰŬɗŮɟɞˊɞɘɖŰɐ ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ (5-12%). ɃɟɘůɛɏɜŬ ɎɚɚŬ ɞɝŮɑŭɘŬ ɛˊɞɟŮɑ ɜŬ 

ůɡɛɛŮŰɏɢɞɡɜ ɔɘŬ ɚɧɔɞɡɠ Ŭˊɧŭɞůɖɠ ɢɟɤɛŬŰɘůɛɩɜ. 

ɇɞ əɞɘɜɧ ɔɡŬɚɑ ŮɑɜŬɘ űɗɖɜɧ ůŰɖɜ əŬŰŬůəŮɡɐ Űɞɡ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɞˊŰɘəɏɠ əŬɘ 

űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬŰɎɚɚɖɚŮɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ əɞɘɜɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ, ɧˊɤɠ 

ɡŬɚɞˊɑɜŬəŮɠ əŬɘ ɞɘəɘŬəɎ ůəŮɨɖ (ˊɞŰɐɟɘŬ, űɘɎɚŮɠ, ŭɞɢŮɑŬ Űɟɞűɑɛɤɜ). ȺˊŮɘŭɐ ŭŮɜ 

ŮɑɜŬɘ ˊɞɟɩŭŮɠ, ŭŮɜ ůɡɔəɟŬŰŮɑ əŬɜɏɜŬ ůɡůŰŬŰɘəɧ əŬɘ əŬɗŬɟɑɕŮŰŬɘ ŮɨəɞɚŬ. ȹŮɜ 

ŬɜŰɘŭɟɎ ɛŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ ɐ ɏɚŬɘŬ əŬɘ ɚɑˊɖ, əɘ ɏŰůɘ ŭŮɜ ŬɚɚɞɘɩɜŮɘ Űɖ ůɨůŰŬůɖ 

Űɤɜ Űɟɞűɑɛɤɜ əŬɘ Űɖ ɔŮɨůɖ ɐ Űɖɜ ɞůɛɐ Űɞɡɠ. ȺɑɜŬɘ, Ůˊɑůɖɠ, ɓɘɞɚɞɔɘəɎ ŬŭɟŬɜɏɠ əŬɘ 

ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ ɓŬəŰɖɟɑɤɜ ɐ ɛɡəɐŰɤɜ. 

ɇɞ əɞɘɜɧ ɔɡŬɚɑ ŮɑɜŬɘ, Ůˊɑůɖɠ, ŬŭɘŬűŬɜɏɠ ůŰɖɜ űɤŰŮɘɜɐ ŬəŰɘɜɞɓɞɚɑŬ ɛŮ ɛɐəɖ 

əɨɛŬŰɞɠ ɛɘəɟɧŰŮɟŬ Űɤɜ 400 nm. ȷɡŰɧ Űɞ əɎɜŮɘ əŬŰɎɚɚɖɚɞ ɔɘŬ ɢɟɐůɖ ůŮ 

ɡŬɚɞˊɑɜŬəŮɠ ˊŬɟŬɗɨɟɤɜ. ȰɢŮɘ, ɧɛɤɠ, Űɞ ɛŮɘɞɜɏəŰɖɛŬ ɜŬ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɡŬɑůɗɖŰɞ 

ůŮ ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɞɚɏɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɜŬ ůˊɎɕŮɘ ɧŰŬɜ ŬɡŰɧ ůɡɛɓŮɑ. 

 ũɡŬɚɑ ɛɞɚɨɓŭɞɡ: ɄŬɟŬůəŮɡɎɕŮŰŬɘ ɛŮ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ɞɝŮɘŭɑɞɡ Űɞɡ ɜŬŰɟɑɞɡ 

Ŭˊɧ ɞɝŮɑŭɘɞ Űɞɡ əŬɚɑɞɡ əŬɘ Űɞɡ ɞɝŮɘŭɑɞɡ Űɞɡ ŬůɓŮůŰɑɞɡ Ŭˊɧ ɞɝŮɑŭɘɞ Űɞɡ ɛɞɚɨɓŭɞɡ 

(PbO). ȼ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ PbO ɛˊɞɟŮɑ ɜŬ űɗɎɜŮɘ əŬɘ Űɞ 30%, ŬɚɚɎ Űɞ ɔɡŬɚɑ ɛŮ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɛɏɢɟɘ 24% ůŮ PbO ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ əɟɨůŰŬɚɚɞ. ȰɢŮɘ ɡɣɖɚɐ 

ŬɜɗŮəŰɘəɧŰɖŰŬ, ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ůŰɘɚˊɜɎ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ 

ɡɣɖɚɧ ŭŮɑəŰɖ ŭɘɎɗɚŬůɖɠ. Ƀɘ ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ ɘŭɘɧŰɖŰŮɠ Űɞ əɎɜɞɡɜ ɡɚɘəɧ ɘŭɘŬɑŰŮɟŬ 

əŬŰɎɚɚɖɚɞ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŭɘŬəɞůɛɖŰɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŬɚɚɎ əŬɘ (Ŭəɟɘɓɩɜ) 

Ůɘŭɩɜ ɞɘəɘŬəɐɠ ɢɟɐůŮɤɠ, ɧˊɤɠ ˊɞŰɐɟɘŬ, ŬɜɗɞŭɞɢŮɑŬ əŰɚ. O ɛɧɚɡɓŭɞɠ ŮɑɜŬɘ 

ŭɖɚɖŰɖɟɘɩŭŮɠ ɡɚɘəɧ, ŬɚɚɎ ŮˊŮɘŭɐ ŰŬ ɎŰɞɛɎ Űɞɡ ŮɑɜŬɘ ɞɚɞůɢŮɟɩɠ ŬɔəɚɤɓɘůɛɏɜŬ 

ůŰɖ ɛɞɟɘŬəɐ ŭɞɛɐ Űɞɡ ɔɡŬɚɘɞɨ, ŭŮɜ ŮˊɘűɏɟŮɘ əŬɛɑŬ ŬˊɞɚɨŰɤɠ ɓɚɎɓɖ ůŰɖɜ 

Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ. ɋůŰɧůɞ, ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞ ůŰɘɠ ɛŮŰŬɓɞɚɏɠ 

ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɜŬ ɗɟŬɨŮŰŬɘ ŮɨəɞɚŬ Ŭˊɧ ŬɡŰɏɠ. ȿɧɔɤ Űɖɠ ɡɣɖɚɐɠ Űɞɡ 

ŭɘŬɗɚŬůŰɘəɧŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ ɞˊŰɘəɩɜ ɞɟɔɎɜɤɜ (ˊ.ɢ. 

űŬəɩɜ). ɀɘŬ Ůɘŭɘəɐ ɛɞɟűɐ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ɔɡŬɚɘɞɨ, ɛŮ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ PbO 

ˊŮɟɑˊɞɡ ůŰɞ 65% ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Ůɘŭɘəɩɜ ˊɟɞůŰŬŰŮɡŰɘəɩɜ 

http://el.wikipedia.org/wiki/%CE%91%CF%81%CE%B3%CE%AF%CE%BB%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%86%CE%BC%CE%BF%CF%81%CF%86%CE%BF_%CF%83%CF%84%CE%B5%CF%81%CE%B5%CF%8C
http://el.wikipedia.org/wiki/%CE%91%CF%83%CE%B2%CE%AD%CF%83%CF%84%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9C%CF%8C%CE%BB%CF%85%CE%B2%CE%B4%CE%BF%CF%82
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ɡŬɚɞˊɘɜɎəɤɜ, ŮˊŮɘŭɐ ɞ ɛɧɚɡɓŭɞɠ ŬˊɞɟɟɞűɎ Űɘɠ ŮˊɘəɑɜŭɡɜŮɠ ŬəŰɘɜɞɓɞɚɑŮɠ ˊɞɡ 

ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ ɖɚɘŬəɧ űɤɠ. 

 ũɡŬɚɑ ɓɞɟɑɞɡ: ȺɑɜŬɘ ɔɜɤůŰɧŰŮɟɞ ɛŮ Űɖɜ Ůɛˊɞɟɘəɐ ɞɜɞɛŬůɑŬ çPyrexè. ȼ ůɨůŰŬůɐ 

Űɞɡ ŮɑɜŬɘ ɞɝŮɑŭɘɞ Űɞɡ ˊɡɟɘŰɑɞɡ (70-80%), ɞɝŮɑŭɘɞ Űɞɡ ɓɞɟɑɞɡ B2O3 (7-13%) ɛɘəɟɎ 

ˊɞůɞůŰɎ ɞɝŮɘŭɑɤɜ Űɤɜ ŬɚəŬɚɑɤɜ (4-8% Na2O əŬɘ K2O, əŬɘ 2-7% ɞɝŮɑŭɘɞ Űɞɡ 

Ŭɟɔɘɚɑɞɡ (Al2O3). ȼ ˊŬɟɞɡůɑŬ ɓɞɟɑɞɡ əŬɘ Űɞ ɛɘəɟɧ ˊɞůɞůŰɧ ŬɚəŬɚɑɤɜ əɎɜɞɡɜ Űɞ 

ɔɡŬɚɑ ŬɡŰɧ ŬɜɗŮəŰɘəɧ ůŰɘɠ ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɞɚɏɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ˊŮɟɘůůɧŰŮɟɞ 

ŭɨůŰɖəŰɞ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŮɟɔŬůŰɖɟɘŬəɩɜ ɞɟɔɎɜɤɜ əŬɘ 

ůɡůəŮɡɩɜ, ůɡůəŮɡŬůɑŮɠ űŬɟɛŮəŮɡŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ůŮ ɚŬɛˊŰɐɟŮɠ ɡɣɖɚɩɜ 

ŬˊɞŭɧůŮɤɜ (ˊ.ɢ. ˊɟɞɓɞɚɏɤɜ) ŬɚɚɎ əŬɘ ɔɘŬ ɞɘəɘŬəɏɠ ŮűŬɟɛɞɔɏɠ (ůəŮɨɖ Pyrex, ŰŬ 

ɞˊɞɑŬ ŭŮɜ ɗɟŬɨɞɜŰŬɘ əŬŰɎ Űɞ ɛŬɔŮɑɟŮɛŬ). ɄŬɟɞɡůɘɎɕŮɘ, Ůˊɑůɖɠ, ɢŬɛɖɚɧ 

ůɡɜŰŮɚŮůŰɐ ŭɘŬůŰɞɚɐɠ, ˊɟɎɔɛŬ ˊɞɡ ŭɑɜŮɘ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ ɛŮŰɟɐůŮɤɜ ůŰŬ 

ˊŮɘɟɎɛŬŰŬ. 

 ɃˊŰɘəɏɠ ɑɜŮɠ - ɈŬɚɧɜɖɛŬ: ȾŬŰŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ˊɞɘəɑɚɞɡɠ Űɨˊɞɡɠ ɔɡŬɚɘɞɨ ůŮ 

ɛɞɟűɐ ɜɐɛŬŰɞɠ ɛŮ ˊɞɚɚŬˊɚɏɠ ɢɟɐůŮɘɠ. ɇɞ əɞɘɜɧ ɔɡŬɚɑ ˊŬɟɏɢŮɘ ɜɐɛŬŰŬ əŬŰɎɚɚɖɚŬ 

ɔɘŬ əŬŰŬůəŮɡɐ ɛɞɜɩůŮɤɜ (ɡŬɚɧɛŬɚɚɞ), Ůɜɩ Űɞ ɔɡŬɚɑ ɓɞɟɑɞɡ ŭɑɜŮɘ ɡŬɚɧɜɖɛŬ Ŭˊɧ 

Űɞ ɞˊɞɑɞ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɡűŬɜŰɘəɏɠ ŭɞɛɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

Ůɜɑůɢɡůɖ əŬŰŬůəŮɡɩɜ Ŭˊɧ ˊɚŬůŰɘəɧ, ɧˊɤɠ əɟɎɜɖ, ɛɘəɟɎ ůəɎűɖ, ůŬůɑ 

ŬɡŰɞəɘɜɐŰɤɜ, ůɤɚɖɜɩůŮɘɠ əŰɚ. əŬɘ ŮɑɜŬɘ ɔɜɤůŰɧ ɛŮ Űɞ Ůɛˊɞɟɘəɧ ɧɜɞɛŬ 

Fiberglass
È
. ɀɘŬ ˊɘɞ ˊɟɧůűŬŰɖ ŮűŬɟɛɞɔɐ Űɞɡ ɡŬɚɞɜɐɛŬŰɞɠ ŮɑɜŬɘ ɖ əŬŰŬůəŮɡɐ 

ɞˊŰɘəɩɜ ɘɜɩɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ɛŮŰɎŭɞůɖ űɤŰŮɘɜɩɜ ůɖɛɎŰɤɜ, 

ˊŬɟŬəɎɛˊŰɞɜŰŬɠ Űɞ ŮɡɗɨɔɟŬɛɛɞ Űɖɠ ŭɘɎŭɞůɖɠ Űɞɡ űɤŰɧɠ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

ŮɜŭɞůəɞˊɐůŮɘɠ ɞɟɔɎɜɤɜ ůŮ ɕɤɜŰŬɜɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ, ůŰɖ ŭɘŬɢŮɑɟɘůɖ ůɖɛɎŰɤɜ 

ɞŭɘəɐɠ əŬɘ ůɘŭɖɟɞŭɟɞɛɘəɐɠ əɡəɚɞűɞɟɑŬɠ əŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ Ůɘŭɘəɩɜ ɞɟɔɎɜɤɜ, 

ɧˊɤɠ ɆɧɜŬɟ, ɡŭɟɞűɩɜɤɜ əŰɚ. Ƀɘ ɞˊŰɘəɏɠ ɑɜŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, Ůˊɑůɖɠ, ůŰɖɜ 

ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ŰɖɚŮˊɘəɞɘɜɤɜɘɩɜ. ɉɎɟɖ ůŰɖ ɢɟɐůɖ Űɞɡɠ ŬɜŬˊŰɨɢɗɖəŬɜ ˊɞɚɨ ɖ 

ŰɖɚŮűɤɜɑŬ, ŰŬ ŭɑəŰɡŬ ɡˊɞɚɞɔɘůŰɩɜ əŬɘ Űɞ ȹɘŬŭɑəŰɡɞ (Ůɡɟɡɕɤɜɘəɏɠ ůɡɜŭɏůŮɘɠ). 

1.5 ɇůɘɛɏɜŰɞ  

ɇɞ ŰůɘɛɏɜŰɞ, ɐ ŮˊɑůɖɛŬ ůəɡɟɞəɞɜɑŬɛŬ, ŮɑɜŬɘ ɏɜŬ ɡŭɟŬɡɚɘəɧ ůɡɜŭŮŰɘəɧ əɞɜɑŬɛŬ. 

ȹɖɚŬŭɐ ŮɑɜŬɘ ɏɜŬ ɚŮˊŰɎ ŭɘŬɛŮɟɘůɛɏɜɞ ŬɜɧɟɔŬɜɞ ɡɚɘəɧ (ůəɧɜɖ) ˊɞɡ ůŮ ŬɜɎɛŮɘɝɖ ɛŮ ɜŮɟɧ 

ůɢɖɛŬŰɑɕŮɘ ɛɘŬ ˊɎůŰŬ ɖ ɞˊɞɑŬ ˊɐɕŮɘ əŬɘ ůəɚɖɟŬɑɜŮɘ ɛɏůɤ ŬɜŰɘŭɟɎůŮɤɜ əŬɘ ŭɘŮɟɔŬůɘɩɜ 

ŮɜɡŭɎŰɤůɖɠ əŬɘ ɛŮŰɎ Űɖɜ ůəɚɐɟɡɜůɖ ŮˊŬɜŬəŰɎ Űɖɜ ŬɜŰɞɢɐ əŬɘ Űɖɜ ůŰŬɗŮɟɧŰɖŰŬ ŬəɧɛŬ 

əŬɘ ɛɏůŬ ůŰɞ ɜŮɟɧ. Ƀ ɧɟɞɠ ŰůɘɛɏɜŰɞ ɐ ŰůɘɛŮɜŰɞəɞɜɑŬ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ůɡɜŭŮŰɘəɐ ůəɧɜɖ, 

ůɡɜɐɗɤɠ ˊɟɞ Űɖɠ ŬɜɎɛɘɝɖɠ ɛŮ ɜŮɟɧ, ɢɤɟɑɠ ɎɚɚŬ ŬŭɟŬɜɐ ˊɟɧůɗŮŰŬ ɧˊɤɠ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘ. 

Ⱥɜɩ Űɞ ůəɡɟɧŭŮɛŬ ŬɜŬűɏɟŮŰŬɘ ŮɑŰŮ ůŰɞ ɛŮɑɔɛŬ ŰůɘɛɏɜŰɞɡ ɛŮ ˊɞůɧŰɖŰŬ Ŭˊɧ ɎɚɚŬ ŬŭɟŬɜɐ 

ɡɚɘəɎ, ŮɑŰŮ ůɡɜɐɗɤɠ ůŰɞ ůŰŮɟŮɧ əŬŰŬůəŮɡŬůŰɘəɧ ɡɚɘəɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɛŮŰɎ Űɖɜ ŬɜɎɛɘɝɖ 

ŬɡŰɞɨ Űɞɡ ɛɑɔɛŬŰɞɠ ɛŮ ɜŮɟɧ, ˊɐɝɖ əŬɘ ůəɚɐɟɡɜůɖ. ɇɞ ůɘŭɖɟɞˊŬɔɏɠ ɐ ɞˊɚɘůɛɏɜɞ 

ůəɡɟɧŭŮɛŬ ɞɜɞɛɎɕŮŰŬɘ, Ůə Űɞɡ ɔŬɚɚɘəɞɨ ɧɟɞɡ, ɛˊŮŰɧɜ Ŭɟɛɏ(b®ton arm®).  

ȼ ɢɖɛɘəɐ ŬɜŰɑŭɟŬůɖ Űɞɡ ŰůɘɛɏɜŰɞɡ ɛŮ Űɞ ɜŮɟɧ (ŮɜɡŭɎŰɤůɖ ŰůɘɛɏɜŰɞɡ) ˊŬɟɎɔŮɘ 

ˊɟɞɥɧɜŰŬ ˊɞɡ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɐɝɖɠ əŬɘ ůəɚɐɟɡɜůɖɠ. ɃɡůɘŬůŰɘəɎ ɖ ɢɖɛŮɑŬ-

ŰŮɢɜɞɚɞɔɑŬ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ŮɑɜŬɘ ɖ ɢɖɛŮɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɛŮŰŬɝɨ Űɞɡ ŰůɘɛɏɜŰɞɡ əŬɘ 

Űɞɡ ɜŮɟɞɨ. ȰɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ˊŮɘɟŬɛŬŰɘəɎ ɧŰɘ ɧůɞ ˊŮɟɘůůɧŰŮɟɞ ŰůɘɛɏɜŰɞ (ɛɏɢɟɘɠ Ůɜɧɠ 

ɞɟɘůɛɏɜɞɡ ɞɟɑɞɡ ɓɏɓŬɘŬ) ˊŮɟɘɏɢŮŰŬɘ ůŰɖɜ ɛɞɜɎŭŬ ɧɔəɞɡ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ, Ůűɧůɞɜ əŬɘ ɞɘ 

ɚɞɘˊɞɑ ˊŬɟɎɔɞɜŰŮɠ (ˊɞɘɧŰɖŰŬ əŬɘ əɞəəɞɛŮŰɟɘəɐ ůɨɜɗŮůɖ Űɤɜ ŬŭɟŬɜɩɜ, ˊɞůɧŰɖŰŬ ɜŮɟɞɨ, 

ɛɏɗɞŭɞɠ ŭɘɎůŰɟɤůɖɠ əŬɘ ůɡɛˊɨəɜɤůɖɠ, əɚˊ.) ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɞɑ, Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ 

ŬɜŰɞɢɐ ŮɛűŬɜɑɕŮɘ Űɞ ůəɡɟɧŭŮɛŬ. ūɡůɘəɎ ɖ Ŭɨɝɖůɖ ŬɡŰɐɠ Űɖɠ ŬɜŰɞɢɐɠ ŭŮɜ ŮɑɜŬɘ 

http://el.wikipedia.org/wiki/%CE%92%CF%8C%CF%81%CE%B9%CE%BF
http://el.wikipedia.org/w/index.php?title=%CE%94%CE%B9%CE%B1%CF%83%CF%84%CE%BF%CE%BB%CE%AE&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%9F%CF%80%CF%84%CE%B9%CE%BA%CE%AD%CF%82_%CE%AF%CE%BD%CE%B5%CF%82
http://el.wikipedia.org/wiki/%CE%94%CE%B9%CE%B1%CE%B4%CE%AF%CE%BA%CF%84%CF%85%CE%BF
http://el.wikipedia.org/wiki/%CE%91%CE%B4%CF%81%CE%B1%CE%BD%CE%AE_%CF%85%CE%BB%CE%B9%CE%BA%CE%AC
http://el.wikipedia.org/wiki/%CE%91%CE%B4%CF%81%CE%B1%CE%BD%CE%AE_%CF%85%CE%BB%CE%B9%CE%BA%CE%AC
http://el.wikipedia.org/wiki/%CE%91%CE%B4%CF%81%CE%B1%CE%BD%CE%AE_%CF%85%CE%BB%CE%B9%CE%BA%CE%AC
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ŬˊŮɟɘɧɟɘůŰɖ, ŬɚɚɎ ůŰŬɛŬŰɎ ůŰɖɜ ŬɜŰɞɢɐ Űɞɡ ɚɘɔɧŰŮɟɞ ŬɜɗŮəŰɘəɞɨ ɡɚɘəɞɨ Űɞɡ 

ůəɡɟɞŭɏɛŬŰɞɠ. ɄɎɜŰɤɠ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ŰůɘɛŮɜŰɧˊŬůŰŬ ŮɑɜŬɘ ɖ ˊɖɔɐ 

ŬɜŮˊɘɗɨɛɖŰɤɜ űŬɘɜɞɛɏɜɤɜ (ˊɢ. Ůɟˊɡůɛɧɠ, ůɡůŰɞɚɐ ɝɐɟŬɜůɖɠ, ɛɘəɟɞɟɖɔɛɎŰɤůɖ, ɢɖɛɘəɐ 

ŮˊɑŭɟŬůɖ ŭɘŬɓɟɤŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ) ˊɞɡ ŭɟɞɡɜ ŬɟɜɖŰɘəɎ ůŰɖɜ ŬɜɗŮəŰɘəɧŰɖŰŬ Űɞɡ 

ůəɡɟɞŭɏɛŬŰɞɠ. ũɘôŬɡŰɧ ŮɑɜŬɘ ˊɟɞŰɘɛɧŰŮɟɞ ɖ ˊɞůɧŰɖŰŬ Űɞɡ ŰůɘɛɏɜŰɞɡ ɜŬ əɟŬŰɘɏŰŬɘ ůŮ 

ɢŬɛɖɚɏɠ Űɘɛɏɠ (əŬɚɐ əɞəəɞɛŮŰɟɑŬ ŬŭɟŬɜɩɜ).ȼ ŬɜŰɞɢɐ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ŮɝŬɟŰɎŰŬɘ əŬɘ 

Ŭˊɧ Űɖɜ əŬŰɖɔɞɟɑŬ ŬɜŰɞɢɐɠ Űɞɡ ŰůɘɛɏɜŰɞɡ. ɇɞ əɟɘŰɐɟɘɞ Űɖɠ ɞɘəɞɜɞɛɘəɧŰɖŰŬɠ ŮɑɜŬɘ ŮəŮɑɜɞ, 

ˊɞɡ əŬɗɞɟɑɕŮɘ ˊɞɘɞɠ ůɡɜŭɡŬůɛɧɠ ˊɞɘɧŰɖŰŬɠ ŰůɘɛɏɜŰɞɡ əŬɘ ɚɧɔɞɡ ɜŮɟɞɨ ˊɟɞɠ ŰůɘɛɏɜŰɞ ɗŬ 

ŮˊɘɚŮɔŮɑ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ.[29] ȷɜɎɚɞɔŬ ɛŮ Űɖ ůɨɜɗŮůɖ Űɞɡɠ, Űɞ 

ɓŬɗɛɧ ɎɚŮůɖɠ əŬɘ ŰŬ ˊɟɧůɗŮŰŬ ɡɚɘəɎ, ŰŬ ŰůɘɛɏɜŰŬ əŬŰŬŰɎůůɞɜŰŬɘ ůŮ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ 

əŬɘ əŬŰɖɔɞɟɑŮɠ ŬɜŰɞɢɩɜ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ Ůɚɚɖɜɘəɧ əŬɜɞɜɘůɛɧ ŰůɘɛɏɜŰɤɜ (ȺɁ 196-1) ŰŬ 

ŰůɘɛɏɜŰŬ ɢɤɟɑɕɞɜŰŬɘ ůŰɞɡɠ Ůɝɐɠ Űɨˊɞɡɠ [6]:  

ȷˊɧ Ɏˊɞɣɖ ůɨɜɗŮůɖɠ ůŮ: 

 ɇɨˊɞɠ Ƚ (ɇůɘɛɏɜŰɞ Portland) ɉŬɟŬəŰɖɟɑɕɞɜŰŬɘ ŰŬ ŰůɘɛɏɜŰŬ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ɎɚŮůɖ Űɞɡ əɚɑɜəŮɟ ɛŮ ˊɟɞůɗɐəɖ ɔɨɣɞɡ 2-3% əŬɘ filler<3% 

ə.ɓ. 

 ɇɨˊɞɠ ȽȽ (ɇůɘɛɏɜŰɞ Portland ɛŮ ˊɞɕɞɚɎɜŮɠ) ɉŬɟŬəŰɖɟɑɕɞɜŰŬɘ ŰŬ ŰůɘɛɏɜŰŬ 

ˊɞɡ ˊŮɟɘɏɢɞɡɜ ˊɞɕɞɚɎɜŮɠ. ɇɞ ŬŭɘɎɚɡŰɞ ɡˊɧɚŮɘɛɛŬ ŬɜɏɟɢŮŰŬɘ ůŮ ˊɞůɞůŰɧ 20% ə.ɓ. 

 ɇɨˊɞɠ ȽȽȽ (ɄɞɕɞɚŬɜɘəɎ ŰůɘɛɏɜŰŬ Portland) ɄŮɟɘɏɢɞɡɜ ˊɞɕɞɚɎɜɖ ůŮ ˊɞůɞůŰɧ 

ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ŮəŮɑɜŬ Űɞɡ Űɨˊɞɡ ȽȽ. ɇɞ ŬŭɘɎɚɡŰɞ ɡˊɧɚŮɘɛɛŬ ŬɜɏɟɢŮŰŬɘ ůŮ 

ˊɞůɞůŰɧ 20-40%. ɄŬɟɞɡůɘɎɕɞɡɜ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɧŰɖŰŬ ŮɜɡŭɎŰɤůɖɠ, əŬɘ 

ŮɜŭŮɑəɜɡɜŰŬɘ ůŮ ɞɔəɩŭɖ ɏɟɔŬ(ˊɢ. ɡˊŮɟɢŮɘɚɘůŰɏɠ ȹȺȼ əɚˊ) 

 ɇɨˊɞɠ ȽV(ɇůɘɛɏɜŰɞ Portland ŬɜɗŮəŰɘəɧ ůŰŬ ɗŮɘɘəɎ ɎɚŬŰŬ) ȹŮɜ ˊŮɟɘɏɢɞɡɜ 

ˊɞɕɞɚɎɜŮɠ ŬɚɚɎ Űɞ Ŭɟɔɘɚɘəɧ ŰɟɘŬůɓɏůŰɘɞ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Űɞɡ 3,5% əŬɘ ɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɜŬ ɛɖɜ ɡˊŮɟɓŬɑɜŮɘ Űɞ 2,5%. 

ȷˊɧ Ɏˊɞɣɖ ŬɜŰɞɢɐɠ ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ: 

 ȾŬŰɖɔɞɟɑŬ 35 (ɛŮ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ 28ɖɛŮɟɩɜ Ŭˊɧ 25-45 Mpa) 

 ȾŬŰɖɔɞɟɑŬ 45 (ɛŮ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ 28ɖɛŮɟɩɜ Ŭˊɧ 35-55 Mpa) 

 ȾŬŰɖɔɞɟɑŬ 55 (ɛŮ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ 28ɖɛŮɟɩɜ Ɏɜɤ Űɤɜ 45 Mpa) 

ŪŮɤɟɖŰɘəɎ ɞɘ Űɨˊɞɘ Űɤɜ ŰůɘɛɏɜŰɤɜ ɗŬ ɐŰŬɜ 27. Ƀɘ ˊŬɟŬɔɧɛŮɜɞɘ ɧɛɤɠ Űɨˊɞɘ ůŰɖɜ 

ȺɚɚɎŭŬ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞɘ ɔɘŬŰɑ ŮɑŰŮ ŭŮɜ ŮɑɜŬɘ ɧɚɞɘ ɞɘ ůɡɜŭɡŬůɛɞɑ ˊɟŬəŰɘəɎ ŮűɘəŰɞɑ, ŮɑŰŮ ŭŮɜ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɘ ůŰɖɜ ˊɟɎɝɖ. ȰŰůɘ ˊ.ɢ. ɏɜŬ ˊɞɕɞɚŬɜɘəɧ ŰůɘɛɏɜŰɞ (Űɨˊɞɠ III), ɔɘŬ ɜŬ 

ŮˊɘŰɨɢŮɘ ŬɜŰɞɢɐ 55 ɐ əŬɘ 45 ɀɅŬ ɗŬ ɢɟŮɘŬɕɧŰŬɜ ɡˊŮɟɓɞɚɘəɐ ɚŮˊŰɧŰɖŰŬ. 

1.6 ɉɎɚɡɓŬɠ 

Ƀ ɢɎɚɡɓŬɠ (əɞɘɜɩɠ ŬŰůɎɚɘ) ŮɑɜŬɘ əɟɎɛŬ ůɘŭɐɟɞɡïɎɜɗɟŬəŬ ˊɞɡ ˊŮɟɘɏɢŮɘ ɚɘɔɧŰŮɟɞ 

Ŭˊɧ 2,06% ə.ɓ. ɎɜɗɟŬəŬ, ɚɘɔɧŰŮɟɞ Ŭˊɧ 1,0% ɛŬɔɔɎɜɘɞ əŬɘ ˊɞɚɨ ɛɘəɟɎ ˊɞůɞůŰɎ ˊɡɟɘŰɑɞɡ, 

űɤůűɧɟɞɡ, ɗŮɑɞɡ əŬɘ ɞɝɡɔɧɜɞɡ. Ƀɘ əɟŬɛŬŰɤɛɏɜɞɘ ɢɎɚɡɓŮɠ, ɧˊɤɠ ˊ.ɢ. ɞɘ ŬɜɞɝŮɑŭɤŰɞɘ 

ɢɎɚɡɓŮɠ, ɞɘ ŮɟɔŬɚŮɘɞɢɎɚɡɓŮɠ, ə.ɚˊ., ŬˊɞŰŮɚɞɨɜ Ůɘŭɘəɐ əŬŰɖɔɞɟɑŬ ɢŬɚɨɓɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 

ɡɣɖɚɧŰŮɟŬ ˊɞůɞůŰɎ Ɏɚɚɤɜ ɛŮŰɎɚɚɤɜ. ȺɑɜŬɘ Űɞ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞ əŬŰŬůəŮɡŬůŰɘəɧ ɡɚɘəɧ 

ɛŮŰɎ Űɞ ůəɡɟɧŭŮɛŬ əŬɘ Űɞ ɝɨɚɞ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊŬɜŰɞɨ: Ŭˊɧ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ Űɖ 

ɜŬɡˊɖɔɘəɐ ɛɏɢɟɘ Űɖɜ əŬŰŬůəŮɡɐ ɢŮɘɟɞɡɟɔɘəɩɜ ŮɟɔŬɚŮɑɤɜ. ɇɞ ŬŰůɎɚɘ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ 

ůɖɛŬɜŰɘəɧŰŮɟŬ ɓɘɞɛɖɢŬɜɘəɎ ɡɚɘəɎ əŬɘ ɞɘ ɢŬɚɡɓɞɡɟɔɑŮɠ (ŮɟɔɞůŰɎůɘŬ ˊŬɟŬɔɤɔɐɠ ɢɎɚɡɓŬ) 

Ŭɜɐəɞɡɜ ůŰɘɠ çɓŬɟɘɏɠ ɓɘɞɛɖɢŬɜɑŮɠè. ɆŮ ˊŬɚŬɘɧŰŮɟŮɠ Ůˊɞɢɏɠ, ɖ ɓɘɞɛɖɢŬɜɘəɐ ˊŬɟŬɔɤɔɐ ɛɘŬɠ 

http://el.wikipedia.org/wiki/%CE%9A%CF%81%CE%AC%CE%BC%CE%B1
http://el.wikipedia.org/wiki/%CE%A3%CE%AF%CE%B4%CE%B7%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%9C%CE%B1%CE%B3%CE%B3%CE%AC%CE%BD%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A0%CF%85%CF%81%CE%AF%CF%84%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A6%CF%8E%CF%83%CF%86%CE%BF%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%98%CE%B5%CE%AF%CE%BF
http://el.wikipedia.org/wiki/%CE%9F%CE%BE%CF%85%CE%B3%CF%8C%CE%BD%CE%BF
http://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%BF%CE%BE%CE%B5%CE%AF%CE%B4%CF%89%CF%84%CE%BF%CF%82_%CF%87%CE%AC%CE%BB%CF%85%CE%B2%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%BF%CE%BE%CE%B5%CE%AF%CE%B4%CF%89%CF%84%CE%BF%CF%82_%CF%87%CE%AC%CE%BB%CF%85%CE%B2%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%BF%CE%BE%CE%B5%CE%AF%CE%B4%CF%89%CF%84%CE%BF%CF%82_%CF%87%CE%AC%CE%BB%CF%85%CE%B2%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%A3%CE%BA%CF%85%CF%81%CF%8C%CE%B4%CE%B5%CE%BC%CE%B1
http://el.wikipedia.org/wiki/%CE%9E%CF%8D%CE%BB%CE%BF
http://el.wikipedia.org/wiki/%CE%91%CF%81%CF%87%CE%B9%CF%84%CE%B5%CE%BA%CF%84%CE%BF%CE%BD%CE%B9%CE%BA%CE%AE
http://el.wikipedia.org/wiki/%CE%9D%CE%B1%CF%85%CF%80%CE%B7%CE%B3%CE%B9%CE%BA%CE%AE
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ɢɩɟŬɠ ŬɝɘɞɚɞɔɞɨɜŰŬɜ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ůŮ ɢɎɚɡɓŬ. ɀɘŬ Ŭˊɧ Űɘɠ ŰɟŮɘɠ ȺɡɟɤˊŬɥəɏɠ 

ȾɞɘɜɧŰɖŰŮɠ ˊɞɡ ɘŭɟɨɗɖəŬɜ Űɞ 1957 ɐŰŬɜ əŬɘ ɖ ȺɡɟɤˊŬɥəɐ ȾɞɘɜɧŰɖŰŬ ȯɜɗɟŬəŬ əŬɘ 

ɉɎɚɡɓŬ. 

ɄŬɟŬɔɤɔɐ Űɞɡ ɢɎɚɡɓŬ 

Ƀ ɢɎɚɡɓŬɠ ˊŬɟɎɔŮŰŬɘ ɛŮ ŰɟŮɘɠ ɓŬůɘəɏɠ ɛŮɗɧŭɞɡɠ: 

1. ɛŮ ŬɜŬɔɤɔɐ ůɘŭɖɟɞɛŮŰŬɚɚŮɡɛɎŰɤɜ ůŮ ɡɣɘəɎɛɘɜɞ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɢɡŰɞůɘŭɐɟɞɡ, 

əŬɘ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɞɡ ɢɡŰɞůɘŭɐɟɞɡ ůŮ ɢɎɚɡɓŬ ɛɏůŬ ůŮ ɛŮŰŬɚɚɎəŰɖ ɛŮ Ůɛűɨůɖůɖ 

ɞɝɡɔɧɜɞɡĀ 

2. ɛŮ Űɖɜ ɎɛŮůɖ ŬɜŬɔɤɔɐ ůɘŭɖɟɞɛŮŰŬɚɚŮɡɛɎŰɤɜ (ŭɖɚ. ŬɜŬɔɤɔɐ ůŮ ůŰŮɟŮɎ 

əŬŰɎůŰŬůɖ) ůŮ űɟŮŬŰɩŭɖ əɎɛɘɜɞ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůˊɞɔɔɩŭɞɡɠ ůɘŭɐɟɞɡ (Ŭɔɔɚ., 

\\Direct reduced iron\ ɐ DRI), əŬɘ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɞɡ ůˊɞɔɔɩŭɞɡɠ ůɘŭɐɟɞɡ ůŮ 

ɢɎɚɡɓŬ ɛɏůŬ ůŮ əɎɛɘɜɞ (əɚɑɓŬɜɞ) ɖɚŮəŰɟɘəɞɨ ŰɧɝɞɡĀ əŬɘ 

3. ɛŮ Űɖɜ ŬɜɎŰɖɝɖ ˊŬɚŬɘɞůɘŭɐɟɞɡ (ůəɟŬˊ) ůŮ əɎɛɘɜɞ (əɚɑɓŬɜɞ) ɖɚŮəŰɟɘəɞɨ Űɧɝɞɡ 
(Electric Arc Furnace - EAF). 

ɆɨɛűɤɜŬ ɛŮ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ 2005, Űɞ 65,4% Űɖɠ ˊŬɔəɧůɛɘŬɠ ˊŬɟŬɔɤɔɐɠ ɢɎɚɡɓŬ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ ŭɨɞ ˊɟɩŰŮɠ əŬɗŮŰɞˊɞɘɖɛɏɜŮɠ ɛŮɗɧŭɞɡɠ əŬɘ Űɞ 31,7% Ŭˊɧ Űɖɜ ŬɜɎŰɖɝɖ 

ˊŬɚŬɘɞůɘŭɐɟɤɜ əŬɘ ůˊɞɔɔɩŭɞɡɠ ůɘŭɐɟɞɡ ůŮ əɚɘɓɎɜɞɡɠ ɖɚŮəŰɟɘəɞɨ Űɧɝɞɡ. ȰɜŬ ɛɘəɟɧ 

ˊɞůɞůŰɧ Űɖɠ ˊŬɔəɧůɛɘŬɠ ˊŬɟŬɔɤɔɐɠ ɢɎɚɡɓŬ (2,9% ɔɘŬ Űɞ 2005) ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ 

ɛŮŰŬŰɟɞˊɐ ɢɡŰɞůɘŭɐɟɞɡ ůŮ əɎɛɘɜɞɡɠ ŬɜɞɘəŰɐɠ ŮůŰɑŬɠ ɐ ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ. 

ɆŰɖɜ ȺɚɚɎŭŬ, ɧɚɖ ɖ ˊŬɟŬɔɤɔɐ ɢɎɚɡɓŬ (ˊŮɟɑˊɞɡ 2,5 ŮəŬŰ. Űɧɜɞɘ ŮŰɖůɑɤɠ) ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ 

Űɖɜ ŬɜɎŰɖɝɖ ˊŬɚŬɘɞůɘŭɐɟɞɡ əŬɘ ˊɟɞɞɟɑɕŮŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɛˊŮŰɧɓŮɟɔŬɠ. 

ɄɞɘɧŰɖŰŮɠ Űɞɡ ɢɎɚɡɓŬ    

 

ɆɐɛŮɟŬ ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 3.500 ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɢŬɚɨɓɤɜ ɛŮ ˊɞɚɨ 

ŭɘŬűɞɟŮŰɘəɏɠ űɡůɘəɏɠ, ɢɖɛɘəɏɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ɄŮɟɑˊɞɡ ŰŬ ŰɟɑŬ ŰɏŰŬɟŰŬ 

Űɤɜ Ůɘŭɩɜ Űɤɜ ɢŬɚɨɓɤɜ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛɧɚɘɠ ŰŬ ŰŮɚŮɡŰŬɑŬ Ůɑəɞůɘ ɢɟɧɜɘŬ. Ƀɘ ůɨɔɢɟɞɜɞɘ 

ɢɎɚɡɓŮɠ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ ŬɜɗŮəŰɘəɞɑ ůŮ ůɨɔəɟɘůɖ ɛŮ ˊŬɚɘɧŰŮɟŮɠ ˊɞɘɧŰɖŰŮɠ ɢŬɚɨɓɤɜ. ȷɜ 

ɢŰɘɕɧŰŬɜ ůɐɛŮɟŬ ɞ Ʉɨɟɔɞɠ Űɞɡ ȯɘűŮɚ ůŰɞ ɄŬɟɑůɘ, ɗŬ ɢɟŮɘŬɕɧŰŬɜ Űɞ ɏɜŬ ŰɟɑŰɞ Űɖɠ 

ˊɞůɧŰɖŰŬɠ ɢɎɚɡɓŬ. ȰɜŬ ůɨɔɢɟɞɜɞ ŬɡŰɞəɑɜɖŰɞ ɢɟŮɘɎɕŮŰŬɘ 25% ɚɘɔɧŰŮɟɞ ɢɎɚɡɓŬ Ŭˊɧ ɧ,Űɘ 

ɢɟŮɘŬɕɧŰŬɜ ɏɜŬ ŬɡŰɞəɑɜɖŰɞ ˊɟɘɜ Ŭˊɧ ŭɡɞ ɛŮ ŰɟŮɘɠ ŭŮəŬŮŰɑŮɠ.  

Ƀɘ ɢɎɚɡɓŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ (Ŭɔɔɚ. grades), ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ɢɖɛɘəɐ Űɞɡɠ ůɨůŰŬůɖ, Űɖɜ ˊŮɟŬɘŰɏɟɤ əŬŰŮɟɔŬůɑŬ Űɞɡɠ, Űɖɜ əɟɡůŰŬɚɚɘəɐ Űɞɡɠ ŭɞɛɐ ɐ əŬɘ 

Űɖɜ ŰŮɚɘəɐ Űɞɡɠ ɢɟɐůɖ. 

ɋɠ ˊɟɞɠ Űɖɜ ɢɖɛɘəɐ Űɞɡɠ ůɨůŰŬůɖ, ɞɘ ɢɎɚɡɓŮɠ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ɤɠ Ůɝɐɠ: 

 Ⱦɞɘɜɞɑ ɐ ŬɜɗɟŬəɞɨɢɞɘ ɢɎɚɡɓŮɠ (Ŭɔɔɚ. carbon steels). ɄŮɟɘɏɢɞɡɜ ɎɜɗɟŬəŬ (ɏɤɠ 

2,06%) əŬɘ ɛɘəɟɧ ˊɞůɞůŰɧ ɛŬɔɔŬɜɑɞɡ (ɏɤɠ 1,65%), ˊɡɟɘŰɑɞɡ (ɏɤɠ 0,6%) əŬɘ 

ɢŬɚəɞɨ (ɏɤɠ 0,6%). ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɚɨ əŬɘ ůɡɔəɞɚɚɞɨɜŰŬɘ ŮɨəɞɚŬ. ɀŮ ɓɎůɖ 

Űɞɜ ˊŮɟɘŮɢɧɛŮɜɞ ɎɜɗɟŬəŬ, ɞɘ əɞɘɜɞɑ ɢɎɚɡɓŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɘɠ Ůɝɐɠ 

ɡˊɞəŬŰɖɔɞɟɑŮɠ:  

o ɢɎɚɡɓŮɠ ɢŬɛɖɚɞɨ ɎɜɗɟŬəŬ ɐ ɛŬɚŬəɞɑ ɢɎɚɡɓŮɠ (Ŭɔɔɚ. mild steelsĀ C < 

0,30%), 

http://el.wikipedia.org/wiki/1957
http://el.wikipedia.org/wiki/%CE%95%CF%85%CF%81%CF%89%CF%80%CE%B1%CF%8A%CE%BA%CE%AE_%CE%9A%CE%BF%CE%B9%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1_%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1_%CE%BA%CE%B1%CE%B9_%CE%A7%CE%AC%CE%BB%CF%85%CE%B2%CE%B1
http://el.wikipedia.org/wiki/%CE%95%CF%85%CF%81%CF%89%CF%80%CE%B1%CF%8A%CE%BA%CE%AE_%CE%9A%CE%BF%CE%B9%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1_%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1_%CE%BA%CE%B1%CE%B9_%CE%A7%CE%AC%CE%BB%CF%85%CE%B2%CE%B1
http://el.wikipedia.org/w/index.php?title=%CE%A5%CF%88%CE%B9%CE%BA%CE%AC%CE%BC%CE%B9%CE%BD%CE%BF%CF%82&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%A7%CF%85%CF%84%CE%BF%CF%83%CE%AF%CE%B4%CE%B7%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%9F%CE%BE%CF%85%CE%B3%CF%8C%CE%BD%CE%BF
http://el.wikipedia.org/wiki/%CE%A3%CE%AF%CE%B4%CE%B7%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%91%CE%B3%CE%B3%CE%BB%CE%B9%CE%BA%CE%AE_%CE%B3%CE%BB%CF%8E%CF%83%CF%83%CE%B1
http://el.wikipedia.org/wiki/2005
http://el.wikipedia.org/wiki/%CE%95%CE%BB%CE%BB%CE%AC%CE%B4%CE%B1
http://el.wikipedia.org/w/index.php?title=%CE%9C%CF%80%CE%B5%CF%84%CF%8C%CE%B2%CE%B5%CF%81%CE%B3%CE%B1&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%A0%CF%8D%CF%81%CE%B3%CE%BF%CF%82_%CF%84%CE%BF%CF%85_%CE%86%CE%B9%CF%86%CE%B5%CE%BB
http://el.wikipedia.org/wiki/%CE%A0%CE%B1%CF%81%CE%AF%CF%83%CE%B9
http://el.wikipedia.org/wiki/%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%9C%CE%B1%CE%B3%CE%B3%CE%AC%CE%BD%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A0%CF%85%CF%81%CE%AF%CF%84%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A7%CE%B1%CE%BB%CE%BA%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1%CF%82
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o ɢɎɚɡɓŮɠ ɛɏŰɟɘɞɡ ɎɜɗɟŬəŬ (Ŭɔɔɚ. medium carbon steelsĀ 0,30% < C < 

0,60%), 

o ɢɎɚɡɓŮɠ ɡɣɖɚɞɨ ɎɜɗɟŬəŬ (Ŭɔɔɚ. high carbon steelsĀ 0,60% < C < 1,00%), 

əŬɘ 

o ɢɎɚɡɓŮɠ ˊɞɚɨ ɡɣɖɚɞɨ ɎɜɗɟŬəŬ (Ŭɔɔɚ. ultra-high carbon steelsĀ 1,00% < C 

< 2,00%)
[3]

. 

 ȾɟŬɛŬŰɤɛɏɜɞɘ ɢɎɚɡɓŮɠ (Ŭɔɔɚ. alloy steels), ŭɖɚ. əɟɎɛŬŰŬ ůɘŭɐɟɞɡ ɛŮ ɎɚɚŬ 

ɛɏŰŬɚɚŬ ůŮ ůɖɛŬɜŰɘəɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ. ɇɏŰɞɘɞɘ ŮɑɜŬɘ ɞɘ  

o ŮɚŬűɟɎ əɟŬɛŬŰɤɛɏɜɞɘ ɢɎɚɡɓŮɠ ɐ ɢɎɚɡɓŮɠ ɢŬɛɖɚɐɠ əɟŬɛɎŰɤůɖɠ, ˊɞɡ 

ˊŮɟɘɏɢɞɡɜ ůɡɜɐɗɤɠ ɢɟɩɛɘɞ, ɛɞɚɡɓŭŬɑɜɘɞ, ɓŬɜɎŭɘɞ, ɜɘəɏɚɘɞ ə.ɚˊ. ůŮ 

ůɡɜɞɚɘəɧ ˊɞůɞůŰɧ ˊɞɡ ŭŮɜ ɝŮˊŮɟɜɎ Űɞ 10 % ə.ɓ., ɧˊɤɠ ˊ.ɢ. ɞɘ 

ŮɟɔŬɚŮɘɞɢɎɚɡɓŮɠ (0,7% < C < 1,4%, Mn < 0,3%), əŬɘ ɞɘ 

o ɘůɢɡɟɎ əɟŬɛŬŰɤɛɏɜɞɘ ɢɎɚɡɓŮɠ ɐ ɢɎɚɡɓŮɠ ɡɣɖɚɐɠ əɟŬɛɎŰɤůɖɠ, ɧˊɤɠ ɞɘ 

ŬɜɞɝŮɑŭɤŰɞɘ ɢɎɚɡɓŮɠ (Cr > 10,5%), ɞɘ ŰŬɢɡɢɎɚɡɓŮɠ (C ~ 0.7%, Cr ~4,0%, 

5,0% < Mo < 10%, 1,5% < W < 18,0%, 0 % < Co < 8,0%), ə.ɚˊ. 

ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟŬɘŰɏɟɤ əŬŰŮɟɔŬůɑŬ Űɞɡɠ, ɞɘ ɢɎɚɡɓŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ: 

 ɢɎɚɡɓŮɠ ŭɘŬɛɧɟűɤůɖɠ, ˊɞɡ ɡűɑůŰŬɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ɛɖɢŬɜɘəɐ əŬŰŮɟɔŬůɑŬ (ɏɚŬůɖ, 

ŭɘɏɚŬůɖ, ə.ɚˊ.), əŬɘ 

 ɢɡŰɞɢɎɚɡɓŮɠ, ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ŬˊŮɡɗŮɑŬɠ ɛŮ ɢɨŰŮɡůɖ ɡˊɧ ɛɞɟűɐ ˊɚɘɜɗɤɛɎŰɤɜ 

(çɢŮɚɤɜɩɜè) əŬɘ ŮˊŬɜŬɢɡŰŮɨɞɜŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŭɘŬűɧɟɤɜ ŮɝŬɟŰɖɛɎŰɤɜ. 

ɇɏɚɞɠ, ůɡɢɜɎ ɔɑɜŮŰŬɘ ɚɧɔɞɠ ɔɘŬ űŮɟɟɘŰɘəɞɨɠ, ˊŮɟɚɘŰɘəɞɨɠ, ɛŬɟŰŮɜůɘŰɘəɞɨɠ, 

ɛˊŬɘɜɘŰɘəɞɨɠ ə.ɚ.ˊ. ɢɎɚɡɓŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɨɟɘŬ əɟɡůŰŬɚɚɘəɐ űɎůɖ Űɞɡɠ. ȼ 

ɞɜɞɛŬŰɞɚɞɔɑŬ Űɤɜ ɢŬɚɨɓɤɜ ɔɑɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ ŭɘɎűɞɟŬ ůɡůŰɐɛŬŰŬ Űɡˊɞˊɞɑɖůɖɠ ɧˊɤɠ 

DIN, ASTM, ȺȿɃɇ ə.ɚˊ. ɆɡɢɜɎ ɡˊɎɟɢŮɘ ŬɜŰɘůŰɞɘɢɑŬ ŬɜɎɛŮůŬ ůŰɞ ɧɜɞɛŬ ɛɘŬɠ əŬŰɖɔɞɟɑŬɠ 

ɢɎɚɡɓŬ əŬɘ Űɖɜ ŬɜŰɞɢɐ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ əŬŰɖɔɞɟɑŬɠ ɢɎɚɡɓŬ ůŮ ŮűŮɚəɡůɛɧ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, Űɞ ˊɟɧŰɡˊɞ ȺȿɃɇ 1421-3 ɞɟɑɕŮɘ ɧŰɘ ɞ ɢɎɚɡɓŬɠ B500C ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɧɟɘɞ 

ŭɘŬɟɟɞɐɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 500 MPa (500 N/mm
2
). ɇŬ ɢŬɚɡɓɞɡɟɔŮɑŬ ˊŬɟɎɔɞɡɜ ɖɛɘŰŮɚɐ əŬɘ 

ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ ɢɎɚɡɓŬ. ɇŬ ɖɛɘŰŮɚɐ ˊɟɞɥɧɜŰŬ ɢɎɚɡɓŬ ŮɑɜŬɘ ůɡɜɐɗɤɠ ŭɞəɞɑ ŰŮŰɟŬɔɤɜɘəɐɠ 

ŭɘŬŰɞɛɐɠ (çɛˊɘɔɘɏŰŮɠè) ɛŮ Ŭəɛɐ ˊŮɟɑˊɞɡ 10 Ůə. ɐ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ ɛŮ ŭɘɎɛŮŰɟɞ ˊŮɟɑˊɞɡ 

25 Ůə. (əɡɚɘɜŭɟɘəɏɠ çɛˊɘɔɘɏŰŮɠè ɐ çəɞɟɛɞɑè) əŬɘ ɛɐəɞɠ ɛŮɟɘəɎ ɛɏŰɟŬ, ɐ ŬəɧɛŬ ˊɚŬŰɘɎ 

ˊɟɑůɛŬŰŬ (ˊɚɎəŮɠ ɐ çůɚŬɛˊè) ŭɘŬŰɞɛɐɠ 10 Ůə. x 100 Ůə. əŬɘ ɛŮ ɛɐəɞɠ ɛŮɟɘəɩɜ ɛɏŰɟɤɜ. ȼ 

ˊŬɟŬɔɤɔɐ Űɤɜ ɖɛɘŰŮɚɩɜ ˊɟɞɥɧɜŰɤɜ ɔɑɜŮŰŬɘ ɛŮ ůɡɜŮɢɐ ɢɨŰŮɡůɖ ůŮ ɛɐŰɟŮɠ Ŭˊɧ ɢŬɚəɧ, ˊɞɡ 

ɣɨɢɞɜŰŬɘ ɛŮ ɜŮɟɧ əŬɘ ɛŮ ɏɚŬůɖ ůŮ ŮɘŭɘəɎ ɏɚŬůŰɟŬ. ɇŬ ɖɛɘŰŮɚɐ ˊɟɞɥɧɜŰŬ ŬɜŬɗŮɟɛŬɑɜɞɜŰŬɘ 

əŬɘ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ɏɚŬůɖ, ŭɘɏɚŬůɖ, ɞɚəɐ ə.ɚˊ. ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ŰŮɚɘəɩɜ 

ˊɟɞɥɧɜŰɤɜ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɚŬŰɏŬ ɐ Ůˊɘɛɐəɖ
[4]
. ɇɧůɞ ŰŬ ˊɚŬŰɏŬ ˊɟɞɥɧɜŰŬ ɧůɞ əŬɘ ŰŬ 

Ůˊɘɛɐəɖ ˊŬɟɎɔɞɜŰŬɘ ɛŮ ɗŮɟɛɐ ɐ ɣɡɢɟɐ ɏɚŬůɖ. ȼ ɗŮɟɛɐ ɏɚŬůɖ ɔɑɜŮŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 

ˊɞɡ ɝŮˊŮɟɜɞɨɜ Űɞɡɠ 925 ÁC, ɞˊɧŰŮ ɞɘ ˊŬɟŬɛɞɟűɤɛɏɜɞɘ əɧəəɞɘ Űɞɡ ɛŮŰɎɚɚɞɡ 

ŬɜŬəɟɡůŰŬɚɚɩɜɞɜŰŬɘ. ȼ ɣɡɢɟɐ ɏɚŬůɖ ɤůŰɧůɞ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɟɞɥɧɜŰɤɜ ɛŮ 

ŭɘŬůŰɎůŮɘɠ ˊɞɚɨ ˊɚɖůɘɏůŰŮɟŮɠ ůŰɘɠ ŰŮɚɘəɏɠ ŭɘŬůŰɎůŮɘɠ ˊɞɡ ɗɏɚŮɘ ɞ əŬŰŬɜŬɚɤŰɐɠ. ɇŬ 

ˊɚŬŰɏŬ ˊɟɞɥɧɜŰŬ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ˊɚɎəŮɠ ɐ ɢɞɜŭɟɏɠ əŬŰŬůəŮɡŬůŰɘəɏɠ ɚŬɛŬɟɑɜŮɠ (Ŭɔɔɚ., 

plates), ɛŮ ˊɎɢɞɠ 1 ɏɤɠ 20 Ůə. ɔɘŬ ɢɟɐůɖ ůŰɖɜ ɜŬɡˊɖɔɘəɐ, Űɖɜ ɞɘəɞŭɞɛɐ, ə.Ɏ., əŬɘ ůŮ 

ɚŮˊŰɏɠ ɚŬɛŬɟɑɜŮɠ ůŮ ɟɞɚɎ ɐ ŮˊɑˊŮŭŬ űɨɚɚŬ (Ŭɔɔɚ. strips), ɛŮ ˊɎɢɞɠ 0,1 ɏɤɠ 1 Ůə. ɔɘŬ Űɖɜ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ, Űɖɜ ɓɘɞɛɖɢŬɜɑŬ ɞɘəɘŬəɩɜ ůɡůəŮɡɩɜ, Űɖɜ ɞɘəɞŭɞɛɐ, ə.Ɏ. ɇŬ 

Ůˊɘɛɐəɖ ˊɟɞɥɧɜŰŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɟɎɓŭɞɘ ɐ ɢɎɚɡɓŬɠ ɞˊɚɘůɛɞɨ ůəɡɟɞŭɏɛŬŰɞɠ 

(ɛˊŮŰɧɓŮɟɔŬĀ Ŭɔɔɚ., reinforcing bars), ŮɚɎůɛŬŰŬ ɐ ɚɎɛŮɠ (ŰůɏɟəɘĀ Ŭɔɔɚ. narrow strips), 

ɛɞɟűɞůɑŭɖɟɞɠ (ɢɎɚɡɓŬɠ ŭɘŬɛɞɟűɤɛɏɜɖɠ ŭɘŬŰɞɛɐɠ, ɧˊɤɠ ɔɤɜɑŮɠ, ŰŬɡ, ə.ɚˊ.Ā Ŭɔɔɚ. 

profiles), əɞɑɚŮɠ ŭɞəɞɑ (Ŭɔɔɚ. hollow sections), ůɤɚɐɜŮɠ ɛŮ ɐ ɢɤɟɑɠ ɟŬűɐ (Ŭɔɔɚ. welded or 

http://el.wikipedia.org/wiki/%CE%A7%CE%AC%CE%BB%CF%85%CE%B2%CE%B1%CF%82#cite_note-2
http://el.wikipedia.org/wiki/%CE%9A%CF%81%CE%AC%CE%BC%CE%B1
http://el.wikipedia.org/wiki/%CE%A3%CE%AF%CE%B4%CE%B7%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%A7%CF%81%CF%8E%CE%BC%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9C%CE%BF%CE%BB%CF%85%CE%B2%CE%B4%CE%B1%CE%AF%CE%BD%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%92%CE%B1%CE%BD%CE%AC%CE%B4%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9D%CE%B9%CE%BA%CE%AD%CE%BB%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A6%CE%B5%CF%81%CF%81%CE%AF%CF%84%CE%B7%CF%82_%28%CE%BC%CE%B5%CF%84%CE%B1%CE%BB%CE%BB%CE%BF%CF%85%CF%81%CE%B3%CE%AF%CE%B1%29
http://el.wikipedia.org/wiki/%CE%A0%CE%B5%CF%81%CE%BB%CE%AF%CF%84%CE%B7%CF%82_%28%CE%BC%CE%B5%CF%84%CE%B1%CE%BB%CE%BB%CE%BF%CF%85%CF%81%CE%B3%CE%AF%CE%B1%29
http://el.wikipedia.org/wiki/%CE%9C%CE%B1%CF%81%CF%84%CE%B5%CE%BD%CF%83%CE%AF%CF%84%CE%B7%CF%82
http://el.wikipedia.org/wiki/%CE%9C%CF%80%CE%B1%CE%B9%CE%BD%CE%AF%CF%84%CE%B7%CF%82
http://el.wikipedia.org/w/index.php?title=DIN&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=ASTM&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%95%CE%9B%CE%9F%CE%A4
http://el.wikipedia.org/wiki/%CE%8C%CF%81%CE%B9%CE%BF_%CE%B4%CE%B9%CE%B1%CF%81%CF%81%CE%BF%CE%AE%CF%82
http://el.wikipedia.org/wiki/%CE%8C%CF%81%CE%B9%CE%BF_%CE%B4%CE%B9%CE%B1%CF%81%CF%81%CE%BF%CE%AE%CF%82
http://el.wikipedia.org/wiki/%CE%8C%CF%81%CE%B9%CE%BF_%CE%B4%CE%B9%CE%B1%CF%81%CF%81%CE%BF%CE%AE%CF%82
http://el.wikipedia.org/wiki/%CE%A7%CE%B1%CE%BB%CE%BA%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%A7%CE%AC%CE%BB%CF%85%CE%B2%CE%B1%CF%82#cite_note-3
http://el.wikipedia.org/wiki/%CE%91%CE%B3%CE%B3%CE%BB%CE%B9%CE%BA%CE%AE_%CE%B3%CE%BB%CF%8E%CF%83%CF%83%CE%B1
http://el.wikipedia.org/wiki/%CE%91%CE%B3%CE%B3%CE%BB%CE%B9%CE%BA%CE%AE_%CE%B3%CE%BB%CF%8E%CF%83%CF%83%CE%B1
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seamless tubes), ə.Ɏ. ɆŰŬ Ůˊɘɛɐəɖ ˊɟɞɥɧɜŰŬ ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ Űɞ ůɨɟɛŬ (Ŭɔɔɚ. wire). 

ȺəŰɧɠ Ŭˊɧ ŰŬ ˊɚŬŰɏŬ əŬɘ ŰŬ Ůˊɘɛɐəɖ ˊɟɞɥɧɜŰŬ, ɞ ɢɎɚɡɓŬɠ ŭɘŬŰɑɗŮŰŬɘ ŬəɧɛŬ ůŰɖɜ ɛɞɟűɐ 

ɢɡŰɐɠ ɢŮɚɩɜŬɠ (ɢɡŰɞɢɎɚɡɓŬɠ). Ʉɞɚɚɏɠ ɢŬɚɡɓɞɡɟɔɑŮɠ ŭɘŬɗɏŰɞɡɜ űɨɚɚŬ ɐ ɟɞɚɞɨɠ 

ŮˊɘɣŮɡŭŬɟɔɡɟɤɛɏɜɞɡ (ɔŬɚɓŬɜɘůɛɏɜɞɡ), ŮˊɘəŬůůɘŰŮɟɤɛɏɜɞɡ əŬɘ ŮˊɘɢɟɤɛŬŰɘůɛɏɜɞɡ 

ɢɎɚɡɓŬ. 

1.7 ȷɚɞɡɛɑɜɘɞ 

ɇɞ Ŭɟɔɑɚɘɞ ɐ Ŭɚɞɡɛɑɜɘɞ ŮɑɜŬɘ Űɞ ɢɖɛɘəɧ ůŰɞɘɢŮɑɞ ɛŮ ůɨɛɓɞɚɞ Al əŬɘ ŬŰɞɛɘəɧ 

Ŭɟɘɗɛɧ 13. ȺɑɜŬɘ ɏɜŬ ŬɟɔɡɟɧɚŮɡəɞ ɛɏŰŬɚɚɞ ůŰɞɘɢŮɑɞ ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ ɞɛɎŭŬ IIIA (13) Űɞɡ 

ˊŮɟɘɞŭɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɛŬɕɑ ɛŮ Űɞ ɓɧɟɘɞ. ȺɑɜŬɘ Űɞ ˊɘɞ Ɏűɗɞɜɞ ɛɏŰŬɚɚɞ ůŰɞ űɚɞɘɧ Űɖɠ ũɖɠ 

əŬɘ ůɡɜɞɚɘəɎ Űɞ ŰɟɑŰɞ (3
ɞ
) ˊɘɞ Ɏűɗɞɜɞ ɢɖɛɘəɧ ůŰɞɘɢŮɑɞ ůɡɜɞɚɘəɎ ůŰɞɜ ˊɚŬɜɐŰɖ ɛŬɠ, ɛŮŰɎ 

Űɞ ɞɝɡɔɧɜɞ əŬɘ Űɞ ˊɡɟɑŰɘɞ. ȾŬŰɎ ɓɎɟɞɠ ŬˊɞŰŮɚŮɑ ˊŮɟɑˊɞɡ Űɞ 8% Űɞɡ ůŰŮɟŮɞɨ űɚɞɘɞɨ. 

ɋůŰɧůɞ ŮɑɜŬɘ ˊɞɚɨ ŭɟŬůŰɘəɧ ɢɖɛɘəɎ ɩůŰŮ ɜŬ ɓɟɑůəŮŰŬɘ ůŰɖ űɨůɖ ɤɠ ŮɚŮɨɗŮɟɞ ɛɏŰŬɚɚɞ. 

ȷɜŰɑɗŮŰŬ, ɓɟɑůəŮŰŬɘ Ůɜɤɛɏɜɞ ůŮ ˊɎɜɤ Ŭˊɧ 270 ŭɘŬűɞɟŮŰɘəɎ ɞɟɡəŰɎ. ȼ əɨɟɘŬ ˊɖɔɐ ɔɘŬ Űɖ 

ɓɘɞɛɖɢŬɜɘəɐ ˊŬɟŬɔɤɔɐ Űɞɡ ɛŮŰɎɚɚɞɡ ŮɑɜŬɘ ɞ ɓɤɝɑŰɖɠ. 

ɇɞ ɛŮŰŬɚɚɘəɧ Ŭɚɞɡɛɑɜɘɞ ɏɢŮɘ (űŬɘɜɞɛŮɜɘəɎ) ɛŮɔɎɚɖ ɘəŬɜɧŰɖŰŬ ůŰɞ ɜŬ ŬɜŰɘůŰɏəŮŰŬɘ 

ůŰɖ ŭɘɎɓɟɤůɖ. ȷɡŰɧ ůŰɖɜ ɞɡůɑŬ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ɛŮ Űɖɜ ɏəɗŮůɖ Űɞɡ ɛŮŰɎɚɚɞɡ ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ ůɢɖɛŬŰɑɕŮɘ ůŰɘɔɛɘŬɑŬ ɏɜŬ ɚŮˊŰɧ ŮˊɘűŬɜŮɘŬəɧ, ɛɖ ɞɟŬŰɧ, ůŰɟɩɛŬ ɞɝŮɘŭɑɞɡ Űɞɡ, 

ˊɞɡ ŮɛˊɞŭɑɕŮɘ Űɖ ɓŬɗɨŰŮɟɖ ŭɘɎɓɟɤůɐ Űɞɡ (űŬɘɜɧɛŮɜɞ Űɖɠ ˊŬɗɖŰɘəɞˊɞɑɖůɖɠ). Ⱥˊɑůɖɠ, 

ŮɝŬɘŰɑŬɠ Űɖɠ ůɢŮŰɘəɎ ɢŬɛɖɚɐɠ Űɞɡ ˊɡəɜɧŰɖŰŬɠ əŬɘ Űɖɠ ɛŮɔɎɚɖɠ Űɞɡ ɘəŬɜɧŰɖŰŬɠ ɜŬ 

ŭɖɛɘɞɡɟɔŮɑ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ əɟŬɛɎŰɤɜ, ɏɔɘɜŮ ůŰɟŬŰɖɔɘəɧ ɛɏŰŬɚɚɞ ɔɘŬ Űɖɜ ŬŮɟɞŭɘŬůŰɖɛɘəɐ 

(əŬɘ ɧɢɘ ɛɧɜɞ) ɓɘɞɛɖɢŬɜɑŬ. ȺɑɜŬɘ, Ůˊɑůɖɠ, ŮɝŬɘɟŮŰɘəɎ ɢɟɐůɘɛɞ ůŰɖ ɢɖɛɘəɐ ɓɘɞɛɖɢŬɜɑŬ, Űɧůɞ 

ŬɡŰɞɨůɘɞ ɤɠ əŬŰŬɚɨŰɖɠ, ɧůɞ əŬɘ ɛŮ Űɖ ɛɞɟűɐ ŭɘŬűɧɟɤɜ ŮɜɩůŮɩɜ Űɞɡ [8]. 

 ȽŭɘɧŰɖŰŮɠ Ŭɚɞɡɛɘɜɑɞɡ 

Ƀɘ ɘŭɘɧŰɖŰŮɠ ˊɞɡ əɎɜɞɡɜ Űɞ Ŭɚɞɡɛɑɜɘɞ Űɧůɞ ůɖɛŬɜŰɘəɧ ɔɘŬ Űɖɜ ɓɘɞɛɖɢŬɜɑŬ ŮɑɜŬɘ Űɞ 

ɢŬɛɖɚɧ Űɞɡ Ůɘŭɘəɧ ɓɎɟɞɠ, ɖ ɡɣɖɚɐ ŬɜŰɞɢɐ Űɞɡ ůŮ ɛɖɢŬɜɘəɏɠ əŬŰŬˊɞɜɐůŮɘɠ əŬɘ ɖ 

ŮɝŬɘɟŮŰɘəɐ ŬɜŰɞɢɐ Űɞɡ ůŰɖ ŭɘɎɓɟɤůɖ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ˊŬɗɖŰɘəɞˊɞɑɖůɖɠ. ɇɞ əŬɗŬɟɧ Ŭɚɞɡɛɑɜɘɞ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŬɚŬəɧ əŬɘ ɧɚəɘɛɞ. ɀŮ Űɖɜ 

ˊɟɞůɗɐəɖ ůɘŭɐɟɞɡ, ɢŬɚəɞɨ əŬɘ Ɏɚɚɤɜ əɟŬɛŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ɓŮɚŰɘɩɜɞɜŰŬɘ əŬŰɎ ˊɞɚɨ ɞɘ 

ɛɖɢŬɜɘəɏɠ Űɞɡ ɘŭɘɧŰɖŰŮɠ. ɇɞ Ŭɚɞɡɛɑɜɘɞ ɡűɑůŰŬŰŬɘ ŮɨəɞɚŬ əŬŰŮɟɔŬůɑŬ ɛŮ ɢɨŰŮɡůɖ əŬɘ ɛŮ 

ŬűŬɑɟŮůɖ ɡɚɘəɞɨ. ɄŬɟɞɡůɘɎɕŮɘ, Ůˊɑůɖɠ, ˊɞɚɨ əŬɚɐ ɗŮɟɛɘəɐ əŬɘ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ. 

ɉɟɐůŮɘɠ Ŭɚɞɡɛɘɜɑɞɡ 

ɇŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ɛŮ 2,5-6,3% ə.ɓ. ɢŬɚəɧ ɞɜɞɛɎɕɞɜŰŬɘ ɜŰɞɡɟŬɚɞɡɛɑɜɘŬ. 

ɄŮɟɘɏɢɞɡɜ ůɡɜɐɗɤɠ ɤɠ ˊɟɧůɗŮŰŬ əɟŬɛŬŰɘəɎ ůŰɞɘɢŮɑŬ ɛŬɔɜɐůɘɞ əŬɘ ůˊŬɜɘɧŰŮɟŬ, ɛŬɔɔɎɜɘɞ 

əŬɘ ˊɡɟɑŰɘɞ. ɄŬɟɞɡůɘɎɕɞɡɜ ŮɝŬɘɟŮŰɘəɏɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɞɘ ɞˊɞɑŮɠ ɞűŮɑɚɞɜŰŬɘ ůŰɖ 

ůəɚɐɟɡɜůɐ Űɞɡɠ ɛŮ ŭɖɛɘɞɡɟɔɑŬ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɡɟɨŰŬŰŬ ůŰɖɜ 

ŬŮɟɞɜŬɡˊɖɔɘəɐ, ɚɧɔɤ Űɞɡ ɢŬɛɖɚɞɨ Űɞɡɠ ɓɎɟɞɡɠ əŬɘ Űɖɠ ŮɝŬɘɟŮŰɘəɐɠ Űɞɡɠ ŬɜŰɞɢɐɠ. ɇŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ŬŮɟɞɜŬɡˊɖɔɘəɐ əŬɘ ůŮ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ ɧˊɞɡ Űɞ 

ɢŬɛɖɚɧ ɓɎɟɞɠ əŬɘ ɞɘ əŬɚɏɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůŮ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮɑɜŬɘ ɕɖŰɞɨɛŮɜŬ 

əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ-ɚɘɗɑɞɡ. ȯɚɚŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ, Űɖ ɓɘɞɛɖɢŬɜɑŬ ŬɗɚɖŰɘəɩɜ Ůɘŭɩɜ əŬɘ Űɖ ɜŬɡˊɖɔɘəɐ. 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůˊɑůɖɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ əɞɡŰɘɩɜ ɔɘŬ ˊɞŰɎ, Űɞɡ ŬɚɞɡɛɘɜɧɢŬɟŰɞɡ 

əŬɘ Ɏɚɚɤɜ ɡɚɘəɩɜ əŬɘ ŮɟɔŬɚŮɑɤɜ Űɖɠ əɞɡɕɑɜŬɠ. ɇɞ ɞɝŮɑŭɘɞ Űɞɡ Ŭɟɔɘɚɑɞɡ, ɖ ŬɚɞɡɛɑɜŬ, 

ɓɟɑůəŮŰŬɘ ůŰɖ űɨůɖ ɛŮ Űɖ ɛɞɟűɐ Űɞɡ ɟɞɡɛˊɘɜɘɞɨ, Űɞɡ ɕŬűŮɘɟɘɞɨ əŬɘ Űɞɡ əɞɟɞɡɜŭɑɞɡ. To 

əɞɟɞɨɜŭɘɞ ɏɢŮɘ ůəɚɖɟɧŰɖŰŬ ůŰɖɜ əɚɑɛŬəŬ Mohs ɑůɖ ɛŮ 9, ˊɟɎɔɛŬ ˊɞɡ Űɞ əɎɜŮɘ ɏɜŬ Ŭˊɧ ŰŬ 
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ůəɚɖɟɧŰŮɟŬ ɡɚɘəɎ ůŰɖ űɨůɖ. ũɘ' ŬɡŰɧ Űɞ ɚɧɔɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɚŮɘŬɜŰɘəɧ ɖ ůɡɜɗŮŰɘəɐ 

ŬɚɞɡɛɑɜŬ. ɇŬ ɞɝŮɑŭɘŬ Űɞɡ Ŭɟɔɘɚɑɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ ůŰɖɜ ɡŬɚɞɡɟɔɑŬ əŬɘ Űɖɜ 

əŬŰŬůəŮɡɐ ɚɏɘɕŮɟ. ȾɟɨůŰŬɚɚɞɘ ɟɞɡɛˊɘɜɘɞɨ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ ɤɠ ŬɘůɗɖŰɐɟŮɠ 

ˊɑŮůɖɠ ɔɘŬ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ. ũɟŬɛɛɏɠ ɛŮŰŬűɞɟɎɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ 

Ůˊɑůɖɠ ůɡɢɜɎ Ŭˊɧ Ŭɚɞɡɛɑɜɘɞ, əŬɗɩɠ ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ əŬɘ əɧůŰɞɠ Ŭˊɧ Űɞ ɢŬɚəɧ (Ŭɜ 

əŬɘ ɧɢɘ Űɧůɞ əŬɚɐ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ). Ƀɘ ůŰɡˊŰɖɟɑŮɠ, əɟɡůŰŬɚɚɘəɏɠ ŮɜɩůŮɘɠ (ɎɚŬŰŬ) 

Űɞɡ Ŭɟɔɘɚɑɞɡ ɛŮ Űɞ ɔŮɜɘəɧ ɢɖɛɘəɧ Űɨˊɞ K2SO4ĀAl2(SO4)3Ā24H2O ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ 

ůŰɡˊŰɘəɎ əŬɗɩɠ əŬɘ ůŰɖ ɓŬűɘəɐ. 

ɄŬɟŬɔɤɔɐ Ŭɚɞɡɛɘɜɑɞɡ 

ɆɐɛŮɟŬ, ɖ ˊŬɟŬɔɤɔɐ Ŭɚɞɡɛɘɜɑɞɡ ŬəɞɚɞɡɗŮɑ ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ Űɖɜ Ŭəɧɚɞɡɗɖ 

ŭɘŬŭɘəŬůɑŬ: 

 

ɄɟɩŰŬ ɞ ɓɤɝɑŰɖɠ ŮɝɞɟɨůůŮŰŬɘ Ŭˊɧ Űɞ əɞɑŰŬůɛŬ (ůɡɜɐɗɤɠ ŮˊɘűŬɜŮɘŬəɧ). ɆŰɖ 

ůɡɜɏɢŮɘŬ ŮəˊɚɨɜŮŰŬɘ, ɗɟɡɛɛŬŰɑɕŮŰŬɘ əŬɘ ŭɘŬɚɨŮŰŬɘ ůŮ ˊɡəɜɧ ŭɘɎɚɡɛŬ əŬɡůŰɘəɞɨ ɜŬŰɟɑɞɡ 

ůŮ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ˊɑŮůɖ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ, ɞɘ ˊɟɞůɛɑɝŮɘɠ Űɞɡ ɓɤɝɑŰɖ (əɡɟɑɤɠ 

ɞɝŮɑŭɘŬ Űɞɡ ůɘŭɐɟɞɡ əŬɘ Űɞɡ ˊɡɟɘŰɑɞɡ) ŬˊɞɛŬəɟɨɜɞɜŰŬɘ əŬɘ ˊŬɟŬɛɏɜŮɘ ůŰɞ ŭɘɎɚɡɛŬ Űɞ 

əŬɡůŰɘəɧ ɜɎŰɟɘɞ ɛŮ Űɞ ɞɝŮɑŭɘɞ Űɞɡ Ŭɟɔɘɚɑɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬˊɞɛŬəɟɨɜŮŰŬɘ əŬɘ Űɞ əŬɡůŰɘəɧ 

ɜɎŰɟɘɞ əŬɘ ˊŬɟŬɛɏɜŮɘ ɛɧɜɞ Űɞ ɏɜɡŭɟɞ ɞɝŮɑŭɘɞ Űɞɡ Ŭɟɔɘɚɑɞɡ, Űɞ ɞˊɞɑɞ ˊɡɟɩɜŮŰŬɘ ůŰɞɡɠ 

1100Á C ɏŰůɘ, ɩůŰŮ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ Űɞ ɜŮɟɧ. 

ȷəɞɚɞɡɗŮɑ ɖ ɖɚŮəŰɟɧɚɡůɖ. ɇɞ ɞɝŮɑŭɘɞ Űɞɡ Ŭɟɔɘɚɑɞɡ ŭɘŬɚɨŮŰŬɘ ůŮ ŰɐɔɛŬ əɟɡɞɚɑɗɞɡ, 

Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŮ ɖɚŮəŰɟɞɚɡŰɘəɐ ɚŮəɎɜɖ ɛŮ Ɏɜɞŭɞ ɖɚŮəŰɟɧŭɘɞ ɎɜɗɟŬəŬ əŬɘ əɎɗɞŭɞ 

Űɖɜ Ůˊɏɜŭɡůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɧ ŬɜɗŮəŰɘəɧ ɛɏŰŬɚɚɞ. ɆŰɖ ůɡɜɏɢŮɘŬ ŭɘŬɓɘɓɎɕŮŰŬɘ ɛɏůŬ Ŭˊɧ 

ŬɡŰɧ ůɡɜŮɢɏɠ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ ɢŬɛɖɚɐɠ ŰɎůɖɠ ŬɚɚɎ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɐɠ ɏɜŰŬůɖɠ (ˊŮɟɑˊɞɡ 

150000 ȷɛˊɏɟ). ɇɞ Űɖɔɛɏɜɞ Ŭɚɞɡɛɑɜɘɞ ůɡɚɚɏɔŮŰŬɘ Ŭˊɧ Űɞ ɓɡɗɧ Űɖɠ ɚŮəɎɜɖɠ. ɇɞ 

ˊŬɟŬɔɧɛŮɜɞ əŬŰɎ Űɖɜ ɖɚŮəŰɟɧɚɡůɖ ɞɝɡɔɧɜɞ əŬŰŮɡɗɨɜŮŰŬɘ ˊɟɞɠ Űɖɜ Ɏɜɞŭɞ Ŭˊɧ ɎɜɗɟŬəŬ, 

Űɞɜ ɞˊɞɑɞ əŬɑŮɘ, (ɔɘ' ŬɡŰɧ əŬɘ ŰŬ ɖɚŮəŰɟɧŭɘŬ Űɖɠ Ŭɜɧŭɞɡ ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ ŰŬəŰɘəɎ) 

ŭɘŬŰɖɟɩɜŰŬɠ ɏŰůɘ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŰɐɔɛŬŰɞɠ ůŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ. ɄŬɟɎɚɚɖɚŬ, ɧɛɤɠ, 

ˊŬɟɎɔŮŰŬɘ əŬɘ űɗɧɟɘɞ (ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ Űɞɜ əɟɡɧɚɘɗɞ), Űɞ ɞˊɞɑɞ ůɡɚɚɏɔŮŰŬɘ ɛŮ Ůɘŭɘəɧ 

əɎɚɡɛɛŬ Űɖɠ ɚŮəɎɜɖɠ əŬɘ, əŬŰŮɡɗɡɜɧɛŮɜɞ ůŮ Ůɘŭɘəɐ ɛɞɜɎŭŬ ŬɜŬəɡəɚɩɜŮŰŬɘ, ɩůŰŮ ɜŬ ɛɖɜ 

əŬŰŬɚɐɝŮɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. 

ȼ ɖɚŮəŰɟɧɚɡůɖ ŮɑɜŬɘ ɛɘŬ ŭɘŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ɖɚŮəŰɟɞɓɧɟŬ. ȰɜŬ 

Űɡˊɘəɧ ŮɟɔɞůŰɎůɘɞ ˊŬɟŬɔɤɔɐɠ Ŭɚɞɡɛɘɜɑɞɡ əŬŰŬɜŬɚɩɜŮɘ ɟŮɨɛŬ ɧůɞ ɛɘŬ ɛɘəɟɐ ˊɧɚɖ. 

ȺɜŭŮɢɧɛŮɜɖ ŭɘŬəɞˊɐ ɟŮɨɛŬŰɞɠ ɔɘŬ ˊŬɟŬˊɎɜɤ Ŭˊɧ 4 ɩɟŮɠ ůɖɛŬɑɜŮɘ ůŰŮɟŮɞˊɞɑɖůɖ Űɤɜ 

ŰɖɔɛɎŰɤɜ ůŰɘɠ ɚŮəɎɜŮɠ əŬɘ, ůɡɜŮˊɩɠ, əŬŰŬůŰɟɞűɐ Űɞɡɠ. ũɘ' ŬɡŰɧ Űɞ ɚɧɔɞ, ŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ŮɟɔɞůŰɎůɘŬ ŮɑŰŮ ˊŬɟɎɔɞɡɜ ŮˊɘŰɧˊɞɡ Űɖɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ əŬŰŬɜŬɚɩɜɞɡɜ ŮɑŰŮ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ ˊŬɟŬˊɎɜɤ Ŭˊɧ ɛɑŬ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ (ɏɢɞɡɜ ŭɖɚŬŭɐ ŬˊŮɡɗŮɑŬɠ ŭɘŮɗɜŮɑɠ 

ůɡɜŭɏůŮɘɠ). 

ȺəŰɧɠ Ŭˊɧ Űɞ ɓɤɝɑŰɖ, Űɞ Ŭɟɔɑɚɘɞ ɓɟɑůəŮŰŬɘ ůŰɖ űɨůɖ ůŰŬ ɞɟɡəŰɎ Űɖɠ Ŭɟɔɑɚɞɡ əŬɘ 

ůŰɞɡɠ əɟɡůŰɎɚɚɞɡɠ Űɞɡ ɟɞɡɛˊɘɜɘɞɨ, Űɞɡ ɕŬűŮɘɟɘɞɨ əŬɘ Űɞɡ əɞɟɞɡɜŭɑɞɡ ŬɚɚɎ əŬɘ ůŮ ˊɞɚɨ 

ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɡɟɘŰɘəɩɜ, əɡɟɑɤɠ, ɞɟɡəŰɩɜ. ɀŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɓɘɞɛɖɢŬɜɘəɩɜ ɞɟɡəŰɩɜ 

ˊŮɟɘɏɢŮɘ Ŭɟɔɑɚɘɞ. 
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http://el.wikipedia.org/wiki/%CE%9A%CE%BF%CF%81%CE%BF%CF%8D%CE%BD%CE%B4%CE%B9%CE%BF#.CF.81.CE.BF.CF.85.CE.BC.CF.80.CE.AF.CE.BD.CE.B9
http://el.wikipedia.org/wiki/%CE%96%CE%B1%CF%86%CE%B5%CE%AF%CF%81%CE%B9
http://el.wikipedia.org/wiki/%CE%9A%CE%BF%CF%81%CE%BF%CF%8D%CE%BD%CE%B4%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%92%CE%B9%CE%BF%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CE%AC_%CE%BF%CF%81%CF%85%CE%BA%CF%84%CE%AC
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1.8 ɄɚŬůŰɘəɧ 

Ƀ ɧɟɞɠ ˊɚŬůŰɘəɧ ŮɑɜŬɘ əɞɘɜɐ ɞɜɞɛŬůɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣŮɘ ɛɘŬ 

ŮɡɟŮɑŬ ˊɞɘəɘɚɑŬ ůɡɜɗŮŰɘəɩɜ ɐ ɖɛɘůɡɜɗŮŰɘəɩɜ ɞɟɔŬɜɘəɩɜ ůŰŮɟŮɩɜ ɡɚɘəɩɜ. ɇŬ ˊɚŬůŰɘəɎ 

ŮɑɜŬɘ ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ ˊɞɚɡɛŮɟɐ ɛŮɔɎɚɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ, Ůɝ ɞɡ əŬɘ ɖ ɞɜɞɛŬůɑŬ 

ˊɞɚɚɩɜ Ůɝ ŬɡŰɩɜ űɏɟŮɘ Űɞ ˊɟɧɗŮɛŬ ˊɞɚɡ-, əŬɘ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɏɢɞɡɜ ˊɟɧůɗŮŰŬ, 

ɞɟɔŬɜɘəɎ ɐ ɛɖ, ɔɘŬ ɓŮɚŰɑɤůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ (ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ, ŮɛűɎɜɘůɖ, ɢɟɩɛŬ 

əɚˊ). Ⱦɨɟɘɞ ůɡůŰŬŰɘəɧ ˊŬɟŬůəŮɡɐɠ Űɞɡɠ ŮɑɜŬɘ ɞɘ ůɡɜɗŮŰɘəɏɠ ɟɖŰɑɜŮɠ ˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ 

"ŮˊɞɝŮɘŭɘəɏɠ" əŬɘ "Ŭəɟɡɚɘəɏɠ". 

ɈˊɎɟɢŮɘ ɘŭɘŬɑŰŮɟŬ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŮɜŰŮɚɩɠ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮŰŬɝɨ Űɞɡɠ ˊɚŬůŰɘəɩɜ, 

ɤůŰɧůɞ ɛˊɞɟɞɨɛŮ ɜŬ ŰŬ əŬŰŬŰɎɝɞɡɛŮ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ. ɇŬ ɗŮɟɛɞˊɚŬůŰɘəɎ ŮɑɜŬɘ 

ˊɞɚɡɛŮɟɐ ˊɞɡ ŬˊɞəŰɞɨɜ ɛŮɔŬɚɨŰŮɟɖ ˊɚŬůŰɘəɧŰɖŰŬ, ŭɖɚŬŭɐ ŮɡəɞɚɑŬ ůŰɞ ɜŬ 

ˊŬɟŬɛɞɟűɤɗɞɨɜ əŬɘ ɜŬ ŬˊɞəŰɐůɞɡɜ Űɞ ůɢɐɛŬ ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ, əɎɗŮ űɞɟɎ ˊɞɡ 

ɗŮɟɛŬɑɜɞɜŰŬɘ. ɆŰŬ ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜŬ əŬŰɎ Űɖɜ ˊɟɩŰɖ ɗɏɟɛŬɜůɖ əŬɘ ŬɜɎɛɘɝɖ Űɤɜ 

ůɡůŰŬŰɘəɩɜ Űɞɡɠ ˊɟɞəŬɚŮɑŰŬɘ ˊɞɚɡɛŮɟɘůɛɧɠ əŬɘ ůəɚɐɟɡɜůɖ əŬŰɎ Űɟɧˊɞ ɛɖ ŬɜŰɘůŰɟŮˊŰɧ. 

ȹɖɚŬŭɐ ŰŬ ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜŬ ɛŮŰɎ Űɖɜ ˊɐɝɖ Űɞɡɠ ŭŮɜ ŭɨɜŬɜŰŬɘ ɜŬ ɛɞɟűɞˊɞɘɖɗɞɨɜ 

ˊŮɟŬɘŰɏɟɤ. 

 

2 ɇȷ ɄɃȿɈɀȺɅȼ ɈȿȽȾȷ ɆɇȼɁ ɃȽȾɃȹɃɀȽȾȼ 

 

ɄŮɟɑˊɞɡ Űɞ 30% Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ˊɞɚɡɛŮɟɩɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əɎɗŮ ɢɟɧɜɞ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ əŰɘɟɘŬəɐ ɓɘɞɛɖɢŬɜɑŬ. ɇŬ ˊɞɚɡɛŮɟɐ ˊɟɞůűɏɟɞɡɜ ˊɞɚɚɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ůŰɘɠ ɞɘəɞŭɞɛɘəɏɠ əŬŰŬůəŮɡɏɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůɡɛɓŬŰɘəɎ ɡɚɘəɎ, ɧˊɤɠ 

űɤŰŮɘɜɧŰɖŰŬ, ŬɜŰɞɢɐ ůŰɖ ŭɘɎɓɟɤůɖ əŬɘ ŮɡəɞɚɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ. ɀˊɞɟɞɨɜ ɜŬ Ůɜɘůɢɡɗɞɨɜ 

ɛŮ ɑɜŮɠ əŬɘ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ůɨɜɗŮŰŬ ɡɚɘəɎ ˊɞɡ ɏɢɞɡɜ ɓŮɚŰɘɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɛˊɞɟɞɨɜ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ŭɞɛɘəɎ ɛɏɚɖ ŬɚɚɎ əŬɘ ŬɜŮɝɎɟŰɖŰŮɠ ɛɞɜɎŭŮɠ. ɇŬ ˊɞɚɡɛŮɟɐ 

ůɨɜɗŮŰŬ ɡɚɘəɎ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ˊɞɚɚɞɨɠ ŭɘŬűɞɟŮŰɘəɞɨɠ 

əŬŰŬůəŮɡŬůŰɘəɞɨɠ ŰɞɛŮɑɠ ɧˊɤɠ ɖ ŬŮɟɞŭɘŬůŰɖɛɘəɐ, ɖ ŬŮɟɞɜŬɡˊɖɔɘəɐ ŬɚɚɎ əŬɘ ɖ 

ɓɘɞɛɖɢŬɜɑŬ ŭɞɟɡűɧɟɤɜ.  

ɆɨɜɗŮŰŬ ˊɞɚɡɛŮɟɐ ɡɚɘəɎ ŬɜŬˊŰɨɢɗɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŭŮəŬŮŰɑŬɠ Űɞɡ 1940, ɔɘŬ ůŰɟŬŰɘɤŰɘəɏɠ əŬɘ ŬŮɟɞŭɘŬůŰɖɛɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɆɖɛŬɜŰɘəɏɠ 

ˊɟɧɞŭɞɘ ɏɢɞɡɜ ɔɑɜŮɘ Ŭˊɧ ŰɧŰŮ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɡɚɘəɞɨ ŬɡŰɞɨ ůŰɞɜ ŰɞɛɏŬ Űɤɜ 

əŬŰŬůəŮɡɩɜ. ūɏɟɞɜŰŬ əŬŰŬůəŮɡŬůŰɘəɎ ůŰɞɘɢŮɑŬ ŬɚɚɎ əŬɘ ůŰɞɘɢŮɑŬ ˊɚɐɟɤůɖɠ ɛŮ Űɖɜ 

ɛɞɟűɐ ˊɎɜŮɚ əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ ůɨɜɗŮŰŬ ˊɞɚɡɛŮɟɐ ɡɚɘəɎ. ɇŬ ůɨɜɗŮŰŬ ˊɞɚɡɛŮɟɐ 

ŮɜɘůɢɨɞɜŰŬɘ ůŰɖɜ ɞɘəɞŭɞɛɘəɐ ůɡɜɐɗɤɠ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ ˊɟɞůűɏɟŬɜŰŬɠ  əŬŰŬůəŮɡŬůŰɘəɎ 

ɡɚɘəɎ ɡɣɖɚɐɠ ŬəŬɛɣɑŬɠ. ɇŬ ŮɜɘůɢɡɛɏɜŬ ˊɞɚɡɛŮɟɐ ŰŬ ůɡɜŬɜŰɎɛŮ ůŮ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ, 

ɧˊɤɠ Ŭɔɤɔɞɨɠ, ɢɘŰɩɜɘŬ, ŭŮɝŬɛŮɜɏɠ əŬɘ ůŰɏɔŬůŰɟŬ əɚˊ. ȾŬŰɎ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ, ŰŬ 

ůɨɜɗŮŰŬ ˊɞɚɡɛŮɟɐ ɏɢɞɡɜ ɓɟŮɘ ŮűŬɟɛɞɔɐ ůŰɞɜ ŰɞɛɏŬ Űɤɜ əŬŰŬůəŮɡɩɜ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ɖ 

ŮˊɘůəŮɡɐ ɔŮűɡɟɩɜ,  əŬɚɩŭɘŬ ˊɟɧůŭŮůɖɠ, ŭɞɛɘəɐ Ůɜɑůɢɡůɖ ŬɚɚɎ əŬɘ ŬɡŰɧɜɞɛŬ ůŰɞɘɢŮɑŬ. 

 ɄŬɟŬəɎŰɤ ŬɜŬűɏɟɞɜŰŬɘ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ Ůɜɑůɢɡůɖɠ əŬŰŬůəŮɡŬůŰɘəɩɜ ŭɞɛɘəɩɜ 

ůŰɞɘɢŮɑɤɜ ɛŮ ůɨɜɗŮŰŬ ˊɞɚɡɛŮɟɐ ɡɚɘəɎ: 

ɆɡůŰɐɛŬŰŬ Ůɜɑůɢɡůɖɠ əŬŰŬůəŮɡɩɜ ɛŮ ŬɜɗɟŬəɞɜɐɛŬŰŬ [9]  

ȼ ŬˊɞəŬŰɎůŰŬůɖ əŬɘ Ůɜɑůɢɡůɖ ůŰɞɘɢŮɑɤɜ ůəɡɟɞŭɏɛŬŰɞɠ ɖ ɞˊɞɑŬ ŬˊŬɘŰŮɑŰŬɘ ůɡɢɜɎ ɔɘŬ 

ŭɘŬűɧɟɞɡɠ ɚɧɔɞɡɠ (ŬɜŮˊɎɟəŮɘŬ ɡˊɎɟɢɞɡůŬɠ əŬŰŬůəŮɡɐɠ ɚɧɔɤ ˊŬɚŬɘɧŰɖŰŬɠ, ŬɚɚŬɔɐ 

ɢɟɐůɖɠ Űɞɡ əŰɘɟɑɞɡ, ɓŮɚŰɑɤůɖ ůŮɘůɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ, ɓɚɎɓŮɠ Ŭˊɧ ůŮɘůɛɧ ɖ 

ŮɜŬɜɗɟɎəɤůɖ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ) ŬˊɞŰŮɚɞɨůŮ ɏɜŬ ůɞɓŬɟɧ ˊɟɧɓɚɖɛŬ ůŰɖɜ ɞɘəɞŭɞɛɐ ŭɘɧŰɘ 

ŬˊŬɘŰɞɨůŮ ůɖɛŬɜŰɘəɧ ɢɟɧɜɞ, ɢɩɟɞ əŬɘ əɧůŰɞɠ. ȼ ŬɜɎˊŰɡɝɖ Űɤɜ ɜɏɤɜ ŰŮɢɜɘəɩɜ Ůɜɑůɢɡůɖɠ 

ɛŮ ɢɟɐůɖ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ɧˊɤɠ ŰŬ ɘɜɞˊɚɘůɛɏɜŬ ˊɞɚɡɛŮɟɐ ï Fiber Reinforced Polymers 

(FRP) ŰŬ ɞˊɞɑŬ ŮˊɘəɞɚɚɞɨɜŰŬɘ ŮɝɤŰŮɟɘəɎ ɛŮ ŮˊɞɝŮɘŭɘəɏɠ ɟɖŰɑɜŮɠ ůŰŬ ˊɟɞɠ Ůɜɑůɢɡůɖ 

ůŰɞɘɢŮɑŬ ůəɡɟɞŭɏɛŬŰɞɠ ɏŭɤůŮ ɚɨůɖ ůŰɞ ˊŬɟŬˊɎɜɤ ˊɟɧɓɚɖɛŬ.  

ɇŬ IɜɞˊɚɘůɛɏɜŬ ɄɞɚɡɛŮɟɐ ɏɢɞɡɜ ŰŬ Ůɝɐɠ ˊɚŮɞɜŮəŰɐɛŬŰŬ [10]: 

http://el.wikipedia.org/wiki/%CE%9F%CF%81%CE%B3%CE%B1%CE%BD%CE%B9%CE%BA%CE%AD%CF%82_%CE%B5%CE%BD%CF%8E%CF%83%CE%B5%CE%B9%CF%82
http://el.wikipedia.org/wiki/%CE%A3%CF%84%CE%B5%CF%81%CE%B5%CF%8C
http://el.wikipedia.org/wiki/%CE%A0%CE%BF%CE%BB%CF%85%CE%BC%CE%B5%CF%81%CE%AD%CF%82
http://el.wikipedia.org/wiki/%CE%9C%CE%BF%CF%81%CE%B9%CE%B1%CE%BA%CF%8C_%CE%B2%CE%AC%CF%81%CE%BF%CF%82
http://el.wikipedia.org/w/index.php?title=%CE%A3%CF%85%CE%BD%CE%B8%CE%B5%CF%84%CE%B9%CE%BA%CE%AD%CF%82_%CF%81%CE%B7%CF%84%CE%AF%CE%BD%CE%B5%CF%82&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%A0%CE%BF%CE%BB%CF%85%CE%BC%CE%B5%CF%81%CE%B9%CF%83%CE%BC%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%A0%CE%AE%CE%BE%CE%B7
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 ȺɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɖ ŮűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ  

 ɀɘəɟɧ ɓɎɟɞɠ əŬɘ ŮɡəŬɛɣɑŬ  

 ȷɨɝɖůɖ Űɖɠ ŬɜŰɞɢɐɠ ɢɤɟɑɠ ůɖɛŬɜŰɘəɐ ɛŮŰŬɓɞɚɐ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɤɜ ůŰɞɘɢŮɑɤɜ 
Űɖɠ ɞɘəɞŭɞɛɐɠ  

 ȷɜɗŮəŰɘəɧŰɖŰŬ ůŮ ŭɘŬɓɟɤŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ  

 ɉŬɛɖɚɧ əɧůŰɞɠ  

 ɇŬ iɜɞˊɚɘůɛɏɜŬ ɞ́ɚɡɛŮɟɐ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ ůŰɞɘɢŮɑŬ ɞˊɚɘůɛɏɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ 

ɧˊɤɠ ŭɞəɞɑ, ˊɚŬəɞŭɞəɞɑ, ˊɚɎəŮɠ, ɡˊɞůŰɖɚɩɛŬŰŬ, ŰɞɘɢɑŬ, əɧɛɓɞɘ əŬɘ űɏɟɞɡůŬ 

ŰɞɘɢɞˊɞɘɑŬ. ɇŬ iɜɞˊɚɘůɛɏɜŬ ɞ́ɚɡɛŮɟɐ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɞɚɨ ɡɣɖɚɐɠ ŬɜŰɞɢɐɠ ɑɜŮɠ 

ɎɜɗɟŬəŬ, ɡɎɚɞɡ ɐ ŬɟŬɛɘŭɑɞɡ, ŰɞˊɞɗŮŰɖɛɏɜŮɠ ŮɑŰŮ ŮˊɎɚɚɖɚŬ ůŮ ˊɞɚɡɛŮɟɘəɐ ɛɐŰɟŬ 

ůɢɖɛŬŰɑɕɞɜŰŬɠ ŭɨůəŬɛˊŰŬ ŮɚɎůɛŬŰŬ, ŮɑŰŮ ˊɚŮɔɛɏɜŮɠ ůŮ ɨűŬůɛŬ ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ɏɡəŬɛˊŰɞ ɨűŬůɛŬ ɛɑŬɠ ɖ ŭɨɞ ŭɘŮɡɗɨɜůŮɤɜ. ȾŬɘ ɞɘ ŭɨɞ ŬɜɤŰɏɟɤ Űɨˊɞɘ ɡɚɘəɩɜ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ Űɞɡ ůŰɞɘɢŮɑɞɡ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ɤɠ 

ɞˊɚɘůɛɧɠ, ŮˊɘəɞɚɚɞɨɛŮɜŬ ɛŮ ŮˊɞɝŮɘŭɘəɏɠ ɟɖŰɑɜŮɠ, əŬɘ əŬŰɎ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ˊŬɟŬɚŬɛɓɎɜɞɡɜ Űɘɠ ŮűŮɚəɡůŰɘəɏɠ ŭɡɜɎɛŮɘɠ əŬŰɎ ɛɐəɞɠ Űɤɜ ɘɜɩɜ Űɞɡɠ. 

ɄɞɚɡɛŮɟŮɑɠ ɛŮɛɓɟɎɜŮɠ: 

ɄɞɚɡɛŮɟŮɑɠ ɛŮɛɓɟɎɜŮɠ Ŭˊɧ ŭɘɎűɞɟŬ ɡɚɘəɎ ɛŮ ŬɝɘɧɚɞɔŮɠ ɘŭɘɧŰɖŰŮɠ ŬɜŬˊŰɨɢɗɖəŬɜ 

əŬɘ ŮɛűŬɜɑůɗɖəŬɜ Ŭˊɧ Űɖɜ ɓɘɞɛɖɢŬɜɑŬ ˊɞɚɡɛŮɟɩɜ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ, ˊɞɡ 

ŮɝɡˊɖɟŮŰɞɨɜ ŮɡɟɨŰŬŰɞ űɎůɛŬ ŮűŬɟɛɞɔɩɜ. ɈɚɘəɎ ɧˊɤɠ Űɞ Polycarbonate ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ 

ŬɜɗŮəŰɘəɎ ůŮ ɛɖɢŬɜɘəɐ əŬŰŬˊɧɜɖůɖ Ůɜɩ ɎɚɚŬ ɧˊɤɠ Űɞ Plexiglass əŬɘ Űɞ Polycarbonate ůŮ 

ɛɞɟűɐ űɨɚɚɤɜ ɏɢɞɡɜ ɔɑɜŮɘ ɔɜɤůŰɎ ŮɝŬɘŰɑŬɠ Űɤɜ ŮɝŬɘɟŮŰɘəɩɜ ɞˊŰɘəɩɜ Űɞɡɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŬɜ ɡɚɘəɎ ɡˊɞəŬŰɎůŰŬŰŬ Űɞɡ ɔɡŬɚɘɞɨ ɛŮ ŮűŬɟɛɞɔɏɠ ůŰɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ 

əŬɘ ɞɘəɞŭɞɛɘəɐ ɧˊɤɠ əŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ ůɡůəŮɡɩɜ ŮəɛŮŰɎɚɚŮɡůɖɠ ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ. 

ɄɞɚɡɛŮɟɐ űɨɚɚŬ Ŭˊɧ Polyethylene ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɞɘəɞŭɞɛɘəɐ, ůŮ əŬŰŬůəŮɡɏɠ 

ɗŮɟɛɞəɖˊɑɤɜ Ůɜɩ ɎɚɚŬ ɧˊɤɠ Űɞ Tedlar ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɞɘəɞŭɞɛɘəɐ əŬɘ Űɖɜ 

əŬŰŬůəŮɡɐ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ. ɇɞ ůɡɜŮɢɩɠ ŬɡɝŬɜɧɛŮɜɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ 

ɢɟɖůɘɛɞˊɞɑɖůɖ ɛŮɛɓɟŬɜɩɜ ŭɘŬűɧɟɤɜ ɡɚɘəɩɜ ůŮ ůɡůŰɐɛŬŰŬ əŬɘ ůɡůəŮɡɏɠ ˊɞɡ ŬˊŬɘŰɞɨɜ 

ɡˊɞɚɞɔɘůɛɞɨɠ ɗŮɟɛɘəɩɜ ɘůɞɕɡɔɑɤɜ, ˊɟɞɦˊɞɗɏŰŮɘ Űɞɜ Ŭəɟɘɓɐ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜɞɚɘəɞɨ 

ůɡɜŰŮɚŮůŰɐ ŭɘɎɓŬůɖɠ Űɤɜ ɡɚɘəɩɜ ɔɘŬ ɏɜŬ ůɖɛŬɜŰɘəɧ ŰɛɐɛŬ Űɞɡ ɡˊɏɟɡɗɟɞɡ űɎůɛŬŰɞɠ. 

.  
ɄɑɜŬəŬɠ 1.1: ɇɘɛɏɠ ŭŮɑəŰɞɡ ŭɘɎɗɚŬůɖɠ n

f 
əŬɘ ůɡɜŰŮɚŮůŰɐ ŬɜɎəɚŬůɖɠ r(0) ɔɘŬ əɎɗŮŰɖ 

ˊɟɧůˊŰɤůɖ ŭɘŬűɧɟɤɜ ɡɚɘəɩɜ ˊɞɚɡɛŮɟɩɜ ɛŮɛɓɟŬɜɩɜ [10] 

Ɉɚɘəɧ ȹŮɑəŰɖɠ ŭɘɎɗɚŬůɖɠ  ɇɘɛɐ/  r(0)  

Plexiglas  1.49  1.49
 

 0.0387  

Fiberglas  1.54  1.54
 

 0.0451  

Polycarbonate  1.586  1.586, 1.6
 

 0.0513  

Polyethylene  1.5  1.5, 1.51- 1.54  0.0400  

Polypropylene  1.5  
1.5

[ 

 
0.0400  

Tedlar  1.46  1.46, 1.45
 

 0.0349  

Mylar  1.64  1.64, 1.62
 

 0.0587  

Kapton  1.816  1.816
 

 0.0839  

Vinyl  1.5  1.5  0.0400  
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2.1 ũŮɜɘəɎ 

 

ɇŬ ˊɞɚɡɛŮɟɐ, ůŬɜ ɡɚɘəɎ ɛŮ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ, ŬˊɞɚŬɛɓɎɜɞɡɜ ɛɘŬ ɛŮɔɎɚɖ 

ŬɜɎˊŰɡɝɖ Ŭˊɧ Űɞ 1960. ȽŭɘŬɑŰŮɟŬ, ůŰɖɜ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ, ŰŬ ˊɞɚɡɛŮɟɐ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ˊɞɚɚɩɜ ɛŮɟɩɜ ɧˊɤɠ Űɞ ŰŬɛˊɚɧ, ɞ ˊɑɜŬəŬɠ Űɤɜ 

ɞɟɔɎɜɤɜ, ŰŬ əŬɗɑůɛŬŰŬ, ɞɘ ˊɟɞűɡɚŬəŰɐɟŮɠ ə.Ŭ. . ɇŬ ˊɞɚɡɛŮɟɐ ůɡɜŭɡŬůɛɏɜŬ ɛŮ ŰŬ ɧˊɞɘŬ 

ˊɟɧůɗŮŰŬ ɞɜɞɛɎɕɞɜŰŬɘ ˊɚŬůŰɘəɎ. ȷɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əŬɘ 

ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ, ŰŬ ˊɞɚɡɛŮɟɐ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůŮ : [11]  

 ŪŮɟɛɞˊɚŬůŰɘəɎ: ȺɑɜŬɘ ůɡɜɐɗɤɠ ɔɟŬɛɛɘəɎ ɐ ŮɚŬűɟɩɠ 

ŭɘŬəɚŬŭɘůɛɏɜŬ, ɔŮɔɞɜɧɠ ˊɞɡ Űɞɡɠ ŮˊɘŰɟɏˊŮɘ ɜŬ ɟɏɞɡɜ ɡˊɧ ˊɑŮůɖ ɧŰŬɜ ɗŮɟɛŬɑɜɞɜŰŬɘ 

ˊɎɜɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ Űɐɝɖɠ Űɞɡɠ. ȼ ŭɘŬŭɘəŬůɑŬ Űɐɝɖɠ əŬɘ ɛɞɟűɞˊɞɑɖůɖɠ Űɞɡɠ 

ɛˊɞɟŮɑ ɜŬ ŮˊŬɜŬɚɖűɗŮɑ ˊɞɚɚɏɠ űɞɟɏɠ ɔɘŬ ŬɡŰɧ əŬɘ ŰŬ ɗŮɟɛɞˊɚŬůŰɘəɎ ŮɨəɞɚŬ 

ŬɜŬəɡəɚɩɜɞɜŰŬɘ.  

 ŪŮɟɛɞůəɚɖɟɡɜɧɛŮɜŬ: ȺɑɜŬɘ ɡɚɘəɎ, ŰŬ ɞˊɞɑŬ ɡűɑůŰŬɜŰŬɘ ɢɖɛɘəɐ 

ɛŮŰŬɓɞɚɐ əŬŰɎ Űɖ ɗɏɟɛŬɜůɐ Űɞɡɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ŭɞɛɐ ŰɟɘůŭɘɎůŰŬŰɞɡ 

ŭɘəŰɨɞɡ. ɀŮŰɎ Űɖ ɗɏɟɛŬɜůɖ əŬɘ ɛɞɟűɞˊɞɑɖůɐ Űɞɡɠ, ŰŬ ˊɞɚɡɛŮɟɐ ŬɡŰɎ ŭŮɜ 

ɛˊɞɟɞɨɜ ɜŬ ɡˊɞůŰɞɨɜ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ əŬɘ ɜŬ ŮˊŬɜŬɛɞɟűɞˊɞɘɖɗɞɨɜ.  

 ȺɚŬůŰɞɛŮɟɐ: ȺɑɜŬɘ ŰŬ ˊɞɚɡɛŮɟɐ ˊɞɡ ɏɢɞɡɜ ŬɜŮˊŰɡɔɛɏɜɖ Űɖɜ 

ɘŭɘɧŰɖŰŬ Űɖɠ ŮɚŬůŰɘəɧŰɖŰŬɠ ŮɚŬůŰɞɛŮɟɞɨɠ əŬɘ ˊɞɡ ŮűŮɚəɡɧɛŮɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɛŮɔɎɚɖ Ůˊɘɛɐəɡɜůɖ, ɛŮ ŰŬɢŮɑŬ əŬɘ ˊɚɐɟɖ ŮˊŬɜŬűɞɟɎ (ɧŰŬɜ ˊŬɨůŮɘ ɜŬ ŬůəŮɑŰŬɘ ɖ 

ŮűŮɚəɨɞɡůŬ ŭɨɜŬɛɖ). 

ȼ ŭɞɛɐ əŬɘ ɞ ɓŬɗɛɧɠ ˊɞɚɡɛŮɟɘůɛɞɨ əŬɗɞɟɑɕɞɡɜ ůɖɛŬɜŰɘəɎ Űɘɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ 

ˊɞɚɡɛŮɟɞɨɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖ ŭɞɛɐ Űɤɜ ɛŬəɟɞɛɞɟɘŬəɩɜ Ŭɚɡůɑŭɤɜ, ŰŬ ˊɞɚɡɛŮɟɐ 

ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ɔɟŬɛɛɘəɎ (linear polymers), ŭɘŬəɚŬŭɘůɛɏɜŬ (branched polymers) əŬɘ 

ŭɘŬůŰŬɡɟɤɛɏɜŬ (cross-linked polymers). ɆŰɘɠ ŭɡɞ ˊɟɩŰŮɠ əŬŰɖɔɞɟɑŮɠ Ŭɜɐəɞɡɜ ŰŬ 

ɗŮɟɛɞˊɚŬůŰɘəɎ, Ůɜɩ ŰŬ ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜŬ ˊɞɚɡɛŮɟɐ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ 

ŭɘŬůŰŬɡɟɤɛɏɜŬ.  

ɇɞ 80% Űɤɜ ˊɚŬůŰɘəɩɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɗŮɟɛɞˊɚŬůŰɘəɎ 

ˊɞɚɡɛŮɟɐ [The World Resource Foundation]. ɇɏŰɞɘŬ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ:  

 ɄɞɚɡŬɘɗɡɚɏɜɘɞ ɡɣɖɚɐɠ ˊɡəɜɧŰɖŰŬɠ, HDPE, (ůɤɚɐɜŮɠ, ɛˊɞɡəɎɚɘŬ, ˊŬɘɢɜɑŭɘŬ).  

 ɄɞɚɡŬɘɗɡɚɏɜɘɞ ɢŬɛɖɚɐɠ ˊɡəɜɧŰɖŰŬɠ, LDPE, (ˊɚŬůŰɘəɏɠ ůŬəɞɨɚŮɠ, ůɡůəŮɡŬůɑŮɠ). 

 ɄɞɚɡŰŮɟŮűɗŬɚɘəɧɠ ŬɘɗɡɚŮůŰɏɟŬɠ, ɅȺɇ, (ɛˊɞɡəɎɚɘŬ, ůɡůəŮɡŬůɑŮɠ Űɟɞűɑɛɤɜ).  

 Ʉɞɚɡˊɟɞˊɡɚɏɜɘɞ, ɅɅ, (ůɡůəŮɡŬůɑŮɠ Űɟɞűɑɛɤɜ, ˊɚŬɑůɘŬ ɛˊŬŰŬɟɘɩɜ, ɛɏɟɖ 

ŬɡŰɞəɘɜɐŰɞɡ, ɑɜŮɠ) .  

 ɄɞɚɡůŰɡɟɏɜɘɞ, PS, (ůɡůəŮɡŬůɑŮɠ ɔŬɚŬəŰɞəɞɛɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ŰŬɘɜɑŮɠ 

ɖɢɞɔɟɎűɖůɖɠ, Ůɑŭɖ ɞɘəɘŬəɞɨ Ůɝɞˊɚɘůɛɞɨ).  

 Ʉɞɚɡɓɘɜɡɚɞɢɚɤɟɑŭɘɞ, PVC, (ˊɚŬɑůɘŬ əɞɡűɤɛɎŰɤɜ, ŰŬɘɜɑŮɠ ůɡůəŮɡŬůɑŬɠ, 

ˊɘůŰɤŰɘəɏɠ əɎɟŰŮɠ əŬɘ ɘŬŰɟɘəɎ ˊɟɞɥɧɜŰŬ).  

 

ɇɞ ŮɜŬˊɞɛɏɜɞɜ 20% Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ˊɚŬůŰɘəɩɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ 

ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜŬ ˊɞɚɡɛŮɟɐ ɧˊɤɠ [The World Resource Foundation]: .  

 ɄɞɚɡɞɡɟŮɗɎɜŮɠ, PU (ŮˊɘůŰɟɩůŮɘɠ, əŬɗɑůɛŬŰŬ ŬɡŰɞəɘɜɐŰɤɜ), .  

 Ⱥˊɞɝɘəɏɠ ɟɖŰɑɜŮɠ (ˊɟɧůɗŮŰŬ ˊɞɚɡɛŮɟɩɜ, ŬɗɚɖŰɘəɧɠ Ůɝɞˊɚɘůɛɧɠ),   

 ūŬɘɜɞˊɚɎůŰŮɠ (ɛɏɟɖ ŬɡŰɞəɘɜɐŰɞɡ, űɞɨɟɜɞɘ).  

ɇŬ ˊɞɚɡɛŮɟɐ ůˊɎɜɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ əŬɗŬɟɐ Űɞɡɠ ɛɞɟűɐ. Ɇɡɜɐɗɤɠ, 

ŰɟɞˊɞˊɞɘɞɨɜŰŬɘ ɐ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɢɖɛɘəɎ ˊɟɧůɗŮŰŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŮɟɘɏɚɗɞɡɜ ůŮ 

Ŭɝɘɞˊɞɘɐůɘɛɖ ɛɞɟűɐ. ɇŬ ˊɞɚɡɛŮɟɐ ůɡɜŭɡŬůɛɏɜŬ ɛŮ ŰŬ ˊɟɧůɗŮŰŬ ɞɜɞɛɎɕɞɜŰŬɘ ˊɚŬůŰɘəɎ. 

ɇŬ ˊɟɧůɗŮŰŬ ŬɡŰɎ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɞɨɜ:  

Á ŭɘɞɔəɤŰɘəɏɠ ɞɡůɑŮɠ (foaming agents),  
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Á ɟŮɡůŰɞˊɞɘɖŰɏɠ ɔɘŬ Űɖɜ Ůɝɩɗɖůɖ (extrusion aids),  

Á ŬɜŰɘɞɝŮɘŭɤŰɘəɎ,  

Á ůŰŬɗŮɟɞˊɞɘɖŰɏɠ UV ŬəŰɘɜɞɓɞɚɑŬɠ (UV stabilizers),  

Á ŮˊɘɓɟŬŭɡɜŰɏɠ ŬɜɎűɚŮɝɖɠ (flame retardants) əŬɘ  

Á ˊŬɟɎɔɞɜŰŮɠ ůɨɕŮɡɝɖɠ (coupling agent) (ɄɑɜŬəŬɠ 1.1).  

 
ɄɑɜŬəŬɠ 2.1: ȾŬŰɖɔɞɟɑŮɠ ˊɟɞůɗɏŰɤɜ ůŮ ˊɞɚɡɛŮɟɐ [13] 

ɄɟɧůɗŮŰɞ 

 

 

ȿŮɘŰɞɡɟɔɑŬ 

ɄŬɟɎɔɞɜŰŮɠ ɆɨɕŮɡɝɖɠ ȸɞɖɗɞɨɜ Űɖɜ ˊɟɧůűɡůɖ 

ȿɘˊŬɜŰɘəɎ ȸŮɚŰɘɩɜɞɡɜ Űɖ ɟɞɐ əŬɘ Ůɛˊɞŭɑɕɞɡɜ Űɖɜ 

əŬŰŬůŰɟɞűɐ Űɤɜ 

Ɏəɟɤɜ Űɤɜ Ŭɚɡůɑŭɤɜ 

ɆŰŬɗŮɟɞˊɞɘɖŰɏɠ ɗŮɟɛɧŰɖŰŬɠ ȷˊɞŰɟɏˊɞɡɜ Űɖɜ ɡˊɞɓɎɗɛɘůɖ əŬŰɎ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ ɚɧɔɤ 

ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ 

ɆŰŬɗŮɟɞˊɞɘɖŰɏɠ UV ŬəŰɘɜɞɓɞɚɑŬɠ  

 

ȷˊɞŰɟɏˊɞɡɜ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Ŭˊɧ Űɖɜ ɏəɗŮůɖ ůŮ 

ɡˊŮɟɘɩŭɖ 

ŬəŰɘɜɞɓɞɚɑŬ 

ȷűɟɩŭŮɘɠ ˊŬɟɎɔɞɜŰŮɠ  

 

ɀŮɘɩɜɞɡɜ Űɖɜ ˊɡəɜɧŰɖŰŬ 

 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ ɗŬ ŬůɢɞɚɖɗɞɨɛŮ ɛŮ Űɞɡɠ ŬəɧɟŮůŰɞɡɠ ˊɞɚɡŮůŰɏɟŮɠ, 

ŰŬ ˊɞɚɡəŬɟɓɞɜɘəɎ əŬɘ ŰŬ ŬəɟɡɚɘəɎ (PMMA) 

 

 

2.2 ɄɞɚɡɛŮɟɘůɛɧɠ 
 

ȼ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ɢɖɛɘəɐ ŬɜŰɑŭɟŬůɖ, ɛŮ Űɖɜ ɞˊɞɑŬ ŰŬ ɛɧɟɘŬ Ůɜɧɠ ɐ əŬɘ 

ˊŮɟɘůůɞŰɏɟɤɜ ɛɞɜɞɛŮɟɩɜ ŮɜɩɜɞɜŰŬɘ ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ Űɞɡ ɛɞɟɑɞɡ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, 

ɞɜɞɛɎɕŮŰŬɘ ˊɞɚɡɛŮɟɘůɛɧɠ (polymerization). ȸɎůŮɘ Űɞɡ ɛɖɢŬɜɘůɛɞɨ əŬɘ Űɖɠ əɘɜɖŰɘəɐɠ Űɖɠ 

ŬɜŰɘŭɟɎůŮɤɠ, ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɚɡɛŮɟɘůɛɞɨ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ [2]: 

 ȷɜŰɘŭɟɎůŮɘɠ ůŰŬŭɘŬəɞɨ ˊɞɚɡɛŮɟɘůɛɞɨ (step-reaction polymerization), ɞɘ ɞˊɞɑŮɠ ɛŮ 

Űɖ ůŮɘɟɎ Űɞɡɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɚɡůɡɛˊɡəɜɩůŮɤɠ (polycondesation) 

əŬɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɚɡˊɟɞůɗɐəɖɠ (polyaddition). 

 ȷɜŰɘŭɟɎůŮɘɠ ŬɚɡůɤŰɞɨ ˊɞɚɡɛŮɟɘůɛɞɨ (radical chain polymerization). 

ɄɞɚɡɛŮɟɐ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬůəŮɡŬůɗɞɨɜ əŬɘ ɛŮ ɢɖɛɘəɐ Űɟɞˊɞˊɞɑɖůɖ Ɏɚɚɤɜ 

ˊɞɚɡɛŮɟɩɜ, űɡůɘəɩɜ (ˊ.ɢ. əɡŰŰŬɟɑɜɖ) ɐ ůɡɜɗŮŰɘəɩɜ, ɛŮ ůɡɜɐɗŮɘɠ ŬɜŰɘŭɟɎůŮɘɠ Űɖɠ 

ɃɟɔŬɜɘəɐɠ ɉɖɛŮɑŬɠ [2]. 

 

Ƀɘ ɓŬůɘəɧŰŮɟŮɠ ŭɘŬűɞɟɏɠ ŬɜɎɛŮůŬ ůŰɘɠ ŬɜŰɘŭɟɎůŮɘɠ ůŰŬŭɘŬəɞɨ əŬɘ ŬɚɡůɤŰɞɨ 

ˊɞɚɡɛŮɟɘůɛɞɨ ŮɑɜŬɘ[3]: 

 ɆŰɞɜ ůŰŬŭɘŬəɧ, ɖ ŬɜŰɑŭɟŬůɖ ɞŭŮɨŮɘ ɛŮŰŬɝɨ ɞˊɞɘɞɜŭɐˊɞŰŮ ɛɞɟɘŬəɩɜ Ůɘŭɩɜ ˊɞɡ 

ŮɑɜŬɘ ˊŬɟɧɜŰŬ ůŰɞ ɛɑɔɛŬ ŬɜŰɘŭɟɎůŮɤɠ, əŬɘ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɞɡɠ, Ůɜɩ 

ůŰɞɜ ŬɚɡůɤŰɧ ŰŬ ɛɧɟɘŬ Űɞɡ ɛɞɜɞɛŮɟɞɨɠ ŬɜŰɘŭɟɞɨɜ ɛɧɜɞ ɛŮ ˊɞɚɡɛŮɟɐ 

ŬɡɝŬɜɧɛŮɜɖɠ ŬɚɡůɑŭŬɠ. 
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 ȼ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɛɞɜɞɛŮɟɞɨɠ ŮɚŬŰŰɩɜŮŰŬɘ ŰŬɢɨŰŬŰŬ ůŰɘɠ ŬɜŰɘŭɟɎůŮɘɠ 

ůŰŬŭɘŬəɞɨ ˊɞɚɡɛŮɟɘůɛɞɨ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ŬɚɡůɤŰɞɨ 

ˊɞɚɡɛŮɟɘůɛɞɨ. 

 ȳůɞɜ ŬűɞɟɎ Űɞ ůŰŬŭɘŬəɧ ˊɞɚɡɛŮɟɘůɛɧ, ůŰɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ ɓɟɑůəɞɜŰŬɘ ˊŬɟɧɜŰŬ, 
ůŮ ɡˊɞɚɞɔɑůɘɛɖ ůɡɔəɏɜŰɟɤůɖ, ɧɚŬ ŰŬ ɛɞɟɘŬəɎ Ůɑŭɖ Ŭˊɧ Űɞ ɛɞɜɞɛŮɟɏɠ ɛɏɢɟɘ əŬɘ Űɞ 

ˊɞɚɡɛŮɟɏɠ. ɆŰɞɜ ŬɚɡůɤŰɧ ˊɞɚɡɛŮɟɘůɛɧ, ɧɛɤɠ, ɓɟɑůəɞɜŰŬɘ ˊŬɟɧɜŰŬ ɛɧɜɞ Űɞ 

ɛɞɜɞɛŮɟɏɠ, Űɞ ˊɞɚɡɛŮɟɏɠ əŬɘ" ˊŮɟɑˊɞɡ 10'
8
 ɛɏɟɖ ŬɡɝŬɜɧɛŮɜɤɜ Ŭɚɡůɑŭɤɜ 

ˊɞɚɡɛŮɟɞɨɠ[19]. 

 ɇɏɚɞɠ, ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ŮɑɜŬɘ ɧŰɘ ůŰɞ ůŰŬŭɘŬəɧ ˊɞɚɡɛŮɟɘůɛɧ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ 
Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ŬɡɝɎɜŮŰŬɘ ůɡɜŮɢɩɠ, ůɡɜŬɟŰɐůŮɘ Űɖɠ ɏəŰŬůɖɠ Űɖɠ ŬɜŰɘŭɟɎůŮɤɠ, əŬɘ 

ŭŮɜ ɡˊɎɟɢŮɘ ɧɟɘɞ ůŰɞ ɛɏɔŮɗɞɠ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ, əŬɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ 

ˊɞɚɡɛŮɟɞɨɠ əŬɘ ɖ ɏəŰŬůɖ Űɖɠ ŬɜŰɘŭɟɎůŮɤɠ ŮɝŬɟŰɩɜŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɞ ɢɟɧɜɞ. 

ɀŮɔɎɚɞɘ ɢɟɧɜɞɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɞɚɡɛŮɟɞɨɠ ɛŮɔɎɚɞɡ 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. ȷɜŰɘɗɏŰɤɠ, ůŰɞɜ ŬɚɡůɤŰɧ ˊɞɚɡɛŮɟɘůɛɧ, ɞ ɢɟɧɜɞɠ ŮˊɖɟŮɎɕŮɘ 

ɛɧɜɞ Űɖɜ ɏəŰŬůɖ Űɖɠ ŬɜŰɘŭɟɎůŮɤɠ. ȼ ŰŮɚŮɡŰŬɑŬ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ 

Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ˊɞɚɡɛŮɟɞɨɠ. ȷɛɏůɤɠ ɛŮŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ŬɜŰɘŭɟɎůŮɤɠ 

ɚŬɛɓɎɜɞɜŰŬɘ ɛɧɟɘŬ ˊɞɚɡɛŮɟɞɨɠ ɛŮɔɎɚɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. 

 

2.3 ȾŬŰɖɔɞɟɑŮɠ ˊɞɚɡɛŮɟɩɜ 

ɈˊɎɟɢɞɡɜ ˊɞɚɚɏɠ əŬŰɖɔɞɟɑŮɠ ůŰɘɠ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ɢɤɟɘůɗɞɨɜ ŰŬ ˊɞɚɡɛŮɟɐ 

ŬɜɎɚɞɔŬ ɛŮ Űɞ əɟɘŰɐɟɘɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. ɀˊɞɟɞɨɛŮ ɜŬ ŭɘŬəɟɑɜɞɡɛŮ ˊŬɟŬəɎŰɤ 

əŬŰɖɔɞɟɑŮɠ [ 11]:  

 ɀŮ ɓɎůɖ Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ əɞɟɛɞɨ Űɖɠ ŬɚɡůɑŭŬɠ Űɞɡɠ ɡˊɎɟɢɞɡɜ ŰŬ ɞɟɔŬɜɘəɎ əŬɘ 

ŰŬ ŬɜɧɟɔŬɜŬ ˊɞɚɡɛŮɟɐ. 

 ȿŬɛɓɎɜɞɜŰŬɠ ɤɠ əɟɘŰɐɟɘɞ Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ˊɞɚɡɛŮɟɞɨɠ ůŰɖ űɨůɖ ɐ ɧɢɘ ŭɘŬəɟɑɜɞɡɛŮ ŰŬ 

űɡůɘəɎ əŬɘ ŰŬ ůɡɜɗŮŰɘəɎ ˊɞɚɡɛŮɟɐ. 

 ɆɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ əŬŰŬŰɎɝŮɘɠ ɏɢɞɡɛŮ ŰŬ ɞɟɔŬɜɘəɎ ˊɞɚɡɛŮɟɐ: ɓɘɞɚɞɔɘəɎ 

əŬɘ ůɡɜɗŮŰɘəɎ, əŬɘ ŰŬ ŬɜɧɟɔŬɜŬ ˊɞɚɡɛŮɟɐ: ɞɟɡəŰɎ əŬɘ ůɡɜɗŮŰɘəɎ. 

 ȼ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ əŬŰɎ Űɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ŮˊɘɓɎɚɚŮɘ ɛɑŬ ůɡůɢɏŰɘůɖ ɛŮ Űɖ 

ɛɞɟɘŬəɐ ŭɞɛɐ Űɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ əŬŰɎŰŬɝɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ůŮ ɗŮɟɛɞˊɚŬůŰɘəɎ 

(thermoplastics), ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜŬ (thermosettings) əŬɘ ŮɚŬůŰɞɛŮɟɐ (elastomers). 

 ȳůɞɜ ŬűɞɟɎ Űɞ Ůɑŭɞɠ Űɤɜ ŬŰɧɛɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ Űɖɠ ŬɚɡůɑŭŬɠ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ɧɛɞɘŬ ɛŮŰŬɝɨ Űɞɡɠ ɐ ŬɜɧɛɞɘŬ. ȰŰůɘ, ɛɘɚɎɛŮ ɔɘŬ ɞɛɞŬɚɡůɤŰɎ əŬɘ ŮŰŮɟɞŬɚɡůɤŰɎ 

ˊɞɚɡɛŮɟɐ, ŬɜŰɘůŰɞɑɢɤɠ. 

 ȳŰŬɜ Űɞ ɛŬəɟɞɛɧɟɘɞ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ Ůɑŭɞɠ ŭɞɛɘəɩɜ ɛɞɜɎŭɤɜ, 

ɞɜɞɛɎɕŮŰŬɘ ɞɛɞˊɞɚɡɛŮɟɏɠ (homopolymer), Ůɜɩ ɧŰŬɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ 

Ůɑŭɖ ŭɞɛɘəɩɜ ɛɞɜɎŭɤɜ ɞɜɞɛɎɕŮŰŬɘ ůɡɛˊɞɚɡɛŮɟɏɠ (copolymer). ɇŬ ŰŮɚŮɡŰŬɑŬ ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŮ: 

 

2.4 ȺűŬɟɛɞɔɏɠ 

Ƀɘ ŬůɡɜɐɗɘůŰŮɠ ɘŭɘɧŰɖŰŮɠ ŭɘŬűɧɟɤɜ ˊɞɚɡɛŮɟɩɜ ɡɚɘəɩɜ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ 

ˊŬɟŬŭɞůɘŬəɎ ɡɚɘəɎ (ɛɏŰŬɚɚŬ, əŮɟŬɛɘəɎ əɚˊ.), ɘəŬɜɞˊɞɘɩɜŰŬɠ Űɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŬˊŬɘŰɐůŮɘɠ 

Űɖɠ Ůˊɞɢɐɠ ɛŬɠ, ɞŭɐɔɖůŬɜ ůŮ ɛɑŬ ˊɚŬŰɘɎ ɢɟɐůɖ Űɤɜ ɡɚɘəɩɜ ŬɡŰɩɜ. ȰŰůɘ ůɐɛŮɟŬ ŰŬ 

ˊɞɚɡɛŮɟɐ ɡɚɘəɎ ɓɟɑůəɞɡɜ ůɖɛŬɜŰɘəɧŰŬŰɖ ŮűŬɟɛɞɔɐ ůŰɞɡɠ ŰɞɛŮɑɠ Űɖɠ ůɡůəŮɡŬůɑŬɠ, Űɖɠ 

ɞɘəɞŭɞɛɐɠ, Űɖɠ ɖɚŮəŰɟɞŰŮɢɜɑŬɠ, Űɤɜ ɛŮŰŬűɞɟɘəɩɜ ɛɏůɤɜ, Űɤɜ ůɡůəŮɡɩɜ əɚˊ. ɇŬ 

ˊɞɚɡɛŮɟɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ɚɧɔɤ Űɤɜ ˊɞɘəɑɚɤɜ, Ŭɝɘɧɚɞɔɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ əŬɘ 

Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ. Ⱥˊɑ ˊɚɏɞɜ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ ɛˊɞɟɞɨɜ ůəɧˊɘɛŬ ɜŬ 

ɛŮŰŬɓɚɖɗɞɨɜ. ȽŭɘŬɑŰŮɟŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ ɖ ɢŬɛɖɚɐ ˊɡəɜɧŰɖŰŬ Űɞɡɠ əŬɘ ɖ 

ůŰŬɗŮɟɧŰɖŰŬ Űɞɡɠ ɏɜŬɜŰɘ Űɖɠ ŭɘŬɓɟɩůŮɤɠ. ȼ ůɨɔɢɟɞɜɖ ɧɛɤɠ ŰŮɢɜɞɚɞɔɑŬ ɗɏŰŮɘ ůɡɜŮɢɩɠ 
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ɛŮɔŬɚɨŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ ůŰɞ űɎůɛŬ Űɤɜ ɘŭɘɞŰɐŰɤɜ ŬɡŰɩɜ Űɤɜ ɡɚɘəɩɜ. ɄŬɟ' ɧɚŬ ŬɡŰɎ 

ŬɜŬɛɏɜŮŰŬɘ ɧŰɘ ŰŬ ˊɞɚɡɛŮɟɐ ɗŬ ŬɜŰŬˊɞəɟɘɗɞɨɜ ůŰɘɠ ˊɟɞůŭɞəɑŮɠ ɛŬɠ ɔɘŬ Űɖ əŬŰɎɚɚɖɚɖ 

Ůˊɑɚɡůɖ ɜɏɤɜ ˊɟɞɓɚɖɛɎŰɤɜ əŬɘ ŮűŬɟɛɞɔɩɜ. ɀŮɟɘəɏɠ ˊŮɟɘɞɢɏɠ ɘŭɘɞŰɐŰɤɜ, ɧˊɞɡ ɏɢŮɘ ɐŭɖ 

ɔɑɜŮɘ ŬɚɚɎ əŬɘ ŬɜŬɛɏɜŮŰŬɘ ŬɡɝŬɜɧɛŮɜɖ ɓŮɚŰɑɤůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɡɚɘəɩɜ ŮɑɜŬɘ [13]: 

 ȼ ŬəŬɛɣɑŬ əŬɘ ɖ ŮɚŬůŰɘəɧŰɖŰŬ (ŭɘŮɨɟɡɜůɖ əŬɘ ŬɜŰɘəŬŰɎůŰŬůɖ ɛŮŰɎɚɚɤɜ Ŭˊɧ 
ˊɞɚɡɛŮɟɐ, ˊ.ɢ. ůŰɞɜ ŰɞɛɏŬ Űɤɜ ɛŮŰŬűɞɟɘəɩɜ ɛɏůɤɜ). 

 ȼ ɗŮɟɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ (ɏŰůɘ ɩůŰŮ ˊ.ɢ. ˊɞɚɡɛŮɟɐ ɡɚɘəɎ 
ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰŬ ɗŮɟɛɎ ŰɛɐɛŬŰŬ Űɞɡ əɘɜɖŰɐɟŬ Űɞɡ 

ŬɡŰɞəɘɜɐŰɞɡ). 

 ȼ ŭɘŬɢɤɟɘůŰɘəɐ ɘəŬɜɧŰɖŰŬ ɞɡůɘɩɜ ɛɘəɟɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ (ŭɘŮɨɟɡɜůɖ ůŰɖ 
ɢɟɖůɘɛɞˊɞɑɖůɖ ˊɞɚɡɛŮɟɩɜ ɛŮ Űɖ ɛɞɟűɐ ɛŮɛɓɟŬɜɩɜ əŬɘ ɘɞɜŰɞŮɜŬɚɚŬəŰɘəɩɜ 

ɟɖŰɘɜɩɜ, ˊ.ɢ. ɡŭɟɞɛŮŰŬɚɚɞɡɟɔɑŬ, ɓɘɞɢɖɛŮɑŬ əɚˊ.). 

 ȼ ɖɚŮəŰɟɘəɐ əŬɘ ɞˊŰɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ (ɛŮ ɢɟɖůɘɛɞˊɞɑɖůɖ ˊɞɚɡɛŮɟɩɜ ɡɚɘəɩɜ, ˊ.ɢ. 

ůŰɖɜ əŬŰŬůəŮɡɐ ŮɚŬűɟɩɜ ˊɚŬůŰɘəɩɜ ɛˊŬŰŬɟɘɩɜ ŬɡŰɞəɘɜɐŰɞɡ, űŬəɩɜ ŮˊŬűɐɠ 

ɞɟɎůŮɤɠ əɚˊ). 

 Ƀɘ űŬɟɛŬəɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ (ˊɞɡ ɗŬ Ŭɜɞɑɝɞɡɜ ɜɏɞɡɠ ŭɟɧɛɞɡɠ ůŰɖɜ əŬŰŬˊɞɚɏɛɖůɖ 
ŬůɗŮɜŮɘɩɜ, ˊ.ɢ ɛŮ Űɖɜ ŬˊɞɗɐəŮɡůɖ ˊɚɖɟɞűɞɟɘɩɜ ůŮ ŭɘɎűɞɟŬ ŰɛɐɛŬŰŬ Űɞɡ 

ɛŬəɟɞɛɞɟɑɞɡ ˊɞɡ ɜŬ ˊɟɞůŬɟɛɧɕɞɡɜ Űɞɜ ɛŮŰŬɓɞɚɘůɛɧ Űɖɠ ɨɚɖɠ). 

 

 

3 ȺɄȽȹɅȷɆȼ UV ȷȾɇȽɁɃȸɃȿȽȷɆ Ɇɇȷ ɄɃȿɈɀȺɅȼ ɈȿȽȾȷ 

 

3.1 ūɤŰɞŬˊɞɘəɞŭɧɛɖůɖ ˊɞɚɡɛŮɟɩɜ  

3.1.1 ɈˊŮɟɘɩŭɖɠ (UV) ȷəŰɘɜɞɓɞɚɑŬ 

ȼ ɡˊŮɟɘɩŭɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ ɏɢŮɘ ɛɐəɖ əɨɛŬŰɞɠ ˊɞɡ ŮəŰŮɑɜɞɜŰŬɘ 

Ŭˊɧ ŰŬ 4 ɤɠ ŰŬ 400 nm. ɂŮəɘɜɎ Ŭˊɧ Űɞ ɛɘəɟɧŰŮɟɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɖɠ ɞɟŬŰɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ 

(ɘɩŭŮɠ) əŬɘ űŰɎɜŮɘ ɛɏɢɟɘ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɤɜ ŬəŰɑɜɤɜ ɉ. ɆɖɛŬɜŰɘəɎ űŬɘɜɧɛŮɜŬ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ ŮɑɜŬɘ ɓɘɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ əŬɘ ŮűŬɟɛɞɔɏɠ, 

ɢɖɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɛɏůɤ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ űɗɞɟɘůɛɞɨ. 

ȼ UV ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ űŰɎɜŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ ɏɢŮɘ ɛɐəɖ əɨɛŬŰɞɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɤɜ 290-400 nm əŬɘ ŬˊɞŰŮɚŮɑ ɛɧɜɞ Űɞ 5% Űɖɠ ůɡɜɞɚɘəɐɠ ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ 

ŭɏɢŮŰŬɘ ɖ ɔɖ. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ ŬɜŰɑůŰɞɘɢɖ ŮɜɏɟɔŮɘŬ űɤŰɞɜɑɤɜ ˊɞɡ ŮɑɜŬɘ 418-293 kJ/mol 

ŮɑɜŬɘ ŬɟəŮŰɎ ɘůɢɡɟɐ ɩůŰŮ ɜŬ ˊɟɞəŬɚɏůŮɘ ŭɘɎůˊŬůɖ ŭŮůɛɩɜ ůŰŬ ˊɞɚɡɛŮɟɐ. ȼ ŮɜɏɟɔŮɘŬ Űɖɠ 

ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŮɑɜŬɘ ŬɜŰɑůŰɟɞűŬ ŬɜɎɚɞɔɖ Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ, ůɨɛűɤɜŬ ɛŮ Űɖɜ 

Ůɝɑůɤůɖ Ⱥ = hc/ɚ, ɧˊɞɡ h: ɖ ůŰŬɗŮɟɎ Űɞɡ Plank, c: ɖ ŰŬɢɨŰɖŰŬ Űɞɡ űɤŰɧɠ (300000km/sec) 

əŬɘ ɚ: Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ɆɡɛˊŮɟŬɑɜɞɡɛŮ ɚɞɘˊɧɜ ɧŰɘ ɖ ɡˊŮɟɘɩŭɖɠ 

ŬəŰɘɜɞɓɞɚɑŬ (UV) ˊɞɡ ɏɢŮɘ ɛɘəɟɧ ɛɐəɞɠ əɨɛŬŰɞɠ, ɏɢŮɘ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟɖ ŮɜɏɟɔŮɘŬ, Űɧůɞ 

Ŭˊɧ Űɖɜ ɞɟŬŰɐ ŬəŰɘɜɞɓɞɚɑŬ (VIS) ɧůɞ əŬɘ Ŭˊɧ Űɖɜ ɡˊɏɟɡɗɟɖ (IR)[14]. 

ȼ ɡˊŮɟɘɩŭɖɠ ŬəŰɘɜɞɓɞɚɑŬ ŭɘŬɘɟŮɑŰŬɘ ůŮ ŰɟŮɘɠ ˊŮɟɘɞɢɏɠ : 

 ɇɖɜ çŮɔɔɨɠè ˊŮɟɘɞɢɐ UVA: ȷɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ɛŮɔɎɚŬ ɛɐəɖ əɨɛŬŰɞɠ (320-400 

nm) əŬɘ ůɡɜŮˊɩɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ɢŬɛɖɚɐɠ ŮɜɏɟɔŮɘŬɠ. ȹɘŮɘůŭɨŮɘ ɓŬɗɘɎ ɛɏůŬ ůŰɞɜ 

ɞɟɔŬɜɘůɛɧ. ɄɟɞəŬɚŮɑ ɎɛŮůɞ ɛŬɨɟɘůɛŬ Űɞɡ, ɚɧɔɤ Űɖɠ ɞɝŮɑŭɤůɖɠ Űɖɠ ɐŭɖ 

ɡˊɎɟɢɞɡůŬɠ ɛŮɚŬɜɑɜɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭɏɟɛŬŰɞɠ. ȹŮɜ ˊɟɞəŬɚŮɑ űɚŮɔɛɞɜɐ ŭɖɚ. 

ůɖɛŬɜŰɘəɧ ŮɟɨɗɖɛŬ əŬɘ ɖɚɘŬəɧ ɏɔəŬɡɛŬ. 

 ɇɖɜ çɛɏůɤè ˊŮɟɘɞɢɐ UVB: ȷɡŰɐ əɡɛŬɑɜŮŰŬɘ ůŮ ůɢŮŰɘəɎ ɛɘəɟɎ ɛɐəɖ (290-320) əŬɘ 

ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ŮɑɜŬɘ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ. ȰɢŮɘ ɛɘəɟɧ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ, ˊɞɡ 

ůŰŬɛŬŰɎ ůŰɖɜ ŮˊɘŭŮɟɛɑŭŬ, ɢɤɟɑɠ ɜŬ ŮɘůɏɟɢŮŰŬɘ əŬɗɧɚɞɡ ůŰɞ ɢɧɟɘɞ.  ȺɡɗɨɜŮŰŬɘ ɔɘŬ 

Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ɛŮɚŬɜɑɜɖɠ əŬɘ Űɞɡ ɛŬɡɟɑůɛŬŰɞɠ,   Ŭűɞɨ   ˊɟɞɖɔɞɡɛɏɜɤɠ   ɏɢŮɘ   
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ˊɟɞəɚɖɗŮɑ   ŮɟɨɗɖɛŬ.   ȼ ˊŬɟŬŰŮŰŬɛɏɜɖ ɏəɗŮůɖ ůŮ ŬɡŰɐ, ˊɟɞəŬɚŮɑ ɖɚɘŬəɧ 

ɏɔəŬɡɛŬ.  

 ɇɖɜ çɎˊɤè ˊŮɟɘɞɢɐ UVC: ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ ɛɘəɟɎ ɛɐəɖ əɨɛŬŰɞɠ (185-

290nm) əŬɘ Űɖɜ ɡɣɖɚɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊŮɟɘɏɢŮɘ. ɀˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɢɖɛɘəɏɠ əŬɘ 

ɔŮɜŮŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ, ŬɚɚɎ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬˊŮɟɎůŮɘ 

Űɖɜ ůŰɞɘɓɎŭŬ əŮɟɎŰɘɜɖɠ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ. ɆɡɜŮˊɩɠ ŭŮɜ ˊɟɞəŬɚŮɑ ɛŬɨɟɘůɛŬ, ŬɚɚɎ    

ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ˊɟɞəŬɚɏůŮɘ ůɞɓŬɟɎ ŮɔəŬɨɛŬŰŬ. ȹŮɜ űŰɎɜŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ, 

ŭɘɧŰɘ ůɡɔəɟŬŰŮɑŰŬɘ Ŭˊɧ Űɞ ůŰɟɩɛŬ Űɞɡ ɧɕɞɜŰɞɠ Űɖɠ ůŰɟŬŰɧůűŬɘɟŬɠ, ɛˊɞɟŮɑ ɧɛɤɠ 

ɜŬ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ ɡˊŮɟɘɩŭŮɘɠ ŰŮɢɜɖŰɏɠ ˊɖɔɏɠ.  

 

 
ɆɢɐɛŬ 3.1: ūɎůɛŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ 

ɆŰɘɠ ˊɖɔɏɠ Űɖɠ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞ ɐɚɘɞɠ (Ŭɜ əŬɘ ɛŮɔɎɚɞ 

ɛɏɟɞɠ Űɖɠ ŮəˊŮɛˊɧɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ), ůŰɞɘɢŮɑŬ ɧˊɤɠ 

ɞ ɎɜɗɟŬəŬɠ, Űɞ ɡŭɟɞɔɧɜɞ əŬɘ ɞ ɡŭɟɎɟɔɡɟɞɠ əŬɘ Ůˊɑůɖɠ ŬəŰɘɜɞɓɞɚɞɨɜŰŬ ůɩɛŬŰŬ. ɇŮɢɜɖŰɏɠ   

ˊɖɔɏɠ   ɡˊŮɟɘɩŭɞɡɠ   ŬəŰɘɜɞɓɞɚɑŬɠ   ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ   ůɡɢɜɎ   ɔɘŬ   ɜŬ ˊɟɞůɞɛɞɘɎɕɞɡɜ Űɘɠ 

ŮˊɘŭɟɎůŮɘɠ Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɖ űɗɞɟɎ Űɤɜ ɡɚɘəɩɜ. ūɗɞɟɘůɛɧɠ   ɞɜɞɛɎɕŮŰŬɘ   ɖ   

űɤŰɞɓɞɚɑŬ   ˊɞɡ   ˊɟɞəŬɚŮɑ   ɖ   Ŭˊɞɟɟɧűɖůɖ   Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. Ƀ 

ˊɘɞ ɏɜŰɞɜɞɠ űɗɞɟɘůɛɧɠ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ, əŬɘ ɓɟɑůəŮɘ ˊɞɚɚɏɠ 

ŮűŬɟɛɞɔɏɠ. 

ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ UVB ůŰɖɜ 

ȷɗɐɜŬ Ŭˊɧ 08.05.2011 ɏɤɠ 06.06.2011 [15]. 
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ɆɢɐɛŬ 3.2: ɀŮŰɟɐůŮɘɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ UVB ůŰɖɜ ȷɗɐɜŬ Ŭˊɧ 08.05.2011 ɏɤɠ 06.06.2011 

 

3.1.2 ȷɚɚɖɚŮˊɑŭɟŬůɖ Űɖɠ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮ Űɖɜ ɨɚɖ 

ɆŮ ɏɜŬ ŭŮɑɔɛŬ ɛɞɟɑɤɜ, ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ŭɘŬɗɏŰŮɘ ɏɜŬ ɛɞɜŬŭɘəɧ ɛɧɟɘɞ ŮɑɜŬɘ 

ŭɘŬɛɞɘɟŬůɛɏɜɖ ůŮ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ. ɀŮɟɘəɏɠ Ŭˊɧ ŬɡŰɏɠ ŮɑɜŬɘ: əɘɜɖŰɘəɐ (Translation), 

ˊŮɟɘůŰɟɞűɐɠ (Rotation), ŭɧɜɖůɖɠ (Vibration), əŬɘ ɖɚŮəŰɟɞɜɘŬəɐ (Electronic). ȼ ŮɜɏɟɔŮɘŬ 

Ⱥ, Űɖɜ ɞˊɞɑŬ ˊɟɞůɚŬɛɓɎɜŮɘ Űɞ ɛɧɟɘɞ əŬŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ űɤŰɧɠ, ɛˊɞɟŮɑ ůɡɜŮˊɩɠ ɜŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɟɑŬ ůɡůŰŬŰɘəɎ: Ⱥ = Ⱥɖɚ+ȺŰŬɚ+ȺˊŮɟ, ɧˊɞɡ: Ⱥɖɚ: ȺɜɏɟɔŮɘŬ ŭɘɏɔŮɟůɖɠ Űɞɡ 

ɖɚŮəŰɟɞɜɑɞɡ ȺŰŬɚ: ȺɜɏɟɔŮɘŬ ŰŬɚɎɜŰɤůɖɠ Űɞɡ ŬŰɧɛɞɡ ȺˊŮɟ: ȺɜɏɟɔŮɘŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ 

ɛɞɟɑɞɡ [14]. 

ȹɨɞ ŬəɧɛŬ ůɖɛŬŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɘɠ ŮɜɏɟɔŮɘŮɠ Űɤɜ ɛɞɟɑɤɜ: 

1. ȺɑɜŬɘ ɧɚŮɠ əɓŬɜŰɘůɛɏɜŮɠ 

2. ȾŬɗŮɛɑŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ ůɡɔəŮəɟɘɛɏɜɞ ŰɛɐɛŬ Űɞɡ űɎůɛŬŰɞɠ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȷɡŰɐ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɡˊŮɟɘɩŭɖ 

ŬəŰɘɜɞɓɞɚɑŬ ŮɑɜŬɘ ɖ ɖɚŮəŰɟɞɜɘŬəɐ [14]. 

Ƀɘ ˊŮɟɘɞɢɏɠ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ űɎůɛŬŰɞɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɡɠ Űɨˊɞɡɠ ŮɜɏɟɔŮɘŬɠ 

ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.2 [14]. 

 
ɄɑɜŬəŬɠ 3.1: Ƀɘ ˊŮɟɘɞɢɏɠ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ űɎůɛŬŰɞɠ əŬɘ ɞɘ Űɨˊɞɘ ŮɜɏɟɔŮɘŬɠ ɛŮ 

Űɞɡɠ ɞˊɞɑɞɡɠ ůɢŮŰɑɕɞɜŰŬɘ.[14] 

ɇɨˊɞɠ ŮɜɏɟɔŮɘŬɠ ɆɢŮŰɘəɐ ˊŮɟɘɞɢɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ 

űɎůɛŬŰɞɠ 

ɄŮɟɘůŰɟɞűɐɠ ɀɘəɟɞəɨɛŬŰŬ 

ȹɧɜɖůɖɠ Ɉˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ 

ȼɚŮəŰɟɞɜɘŬəɐ ɃɟŬŰɐ əŬɘ ɡˊŮɟɘɩŭɖɠ ŬəŰɘɜɞɓɞɚɑŬ 
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ȳŰŬɜ ɏɜŬ ɛɧɟɘɞ ŬˊɞɟɟɞűɐůŮɘ ŮɜɏɟɔŮɘŬ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ Űɖɠ ɛˊɞɟŮɑ ɜŬ 

ůɡɛɓŮɑ ɏɜŬ Ŭˊɧ ŰŬ ŰɟɑŬ ˊŬɟŬəɎŰɤ űŬɘɜɧɛŮɜŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 3.3 [21]. 

 
ɄɑɜŬəŬɠ 3.2: ȷˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ɛɧɟɘɞ 

 

3.1.3 ūɤŰɞŬˊɞɘəɞŭɧɛɖůɖ ˊɞɚɡɛŮɟɩɜ 

ɋɠ űɤŰɞŬˊɞɘəɞŭɧɛɖůɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɖ Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɛŮ Űɖɜ 

ŮˊɑŭɟŬůɖ Űɞɡ ɖɚɘŬəɞɨ űɤŰɧɠ, əŬɘ əɡɟɑɤɠ Űɖɠ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȼ ŬəŰɘɜɞɓɞɚɑŬ 

Űɞɡ űɤŰɧɠ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŮ ɏɜŬ ˊɞɚɡɛŮɟɏɠ ɛˊɞɟŮɑ [16,18]: 

 ɜŬ ŬɜŬəɚɎŰŬɘ ɛŮɟɘəɩɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

 ɜŬ ůəŮŭɎɕŮŰŬɘ ɛŮɟɘəɩɠ ɛɏůŬ ůŰɖ ɛɎɕŬ Űɞɡ 

 ɜŬ ŭɘɏɟɢŮŰŬɘ ɛŮɟɘəɩɠ ɛɏůŬ Ŭˊɧ Űɞ ˊɞɚɡɛŮɟɏɠ 

 ɐ ɜŬ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞ ˊɞɚɡɛŮɟɏɠ. 

ɀɧɜɞ Űɞ ŬɜŬɟɟɞűɞɨɛŮɜɞ ɛɏɟɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ űɤŰɧɠ ɞŭɖɔŮɑ ůŮ 

űɤŰɞɢɖɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ. ȺɎɜ əŬɘ ůŮ ˊɞɘɎ ɏəŰŬůɖ ůɡɛɓŬɑɜŮɘ Ŭˊɞɟɟɧűɖůɖ Űɞɡ űɤŰɧɠ Ŭˊɧ 

Űɞ ˊɞɚɡɛŮɟɏɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ůɨůŰŬůɖ Űɞɡ űɎůɛŬŰɞɠ Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ űɤŰɧɠ əŬɘ Ŭˊɧ 

Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɖɠ ɞɡůɑŬɠ ˊɞɡ ŭɏɢŮŰŬɘ Űɖɜ ŬəŰɘɜɞɓɞɚɑŬ. ũɘŬ əɎɗŮ ɞɡůɑŬ, ŬɜɎɚɞɔŬ ɛŮ 

Űɖ ůɨůŰŬůɖ Űɖɠ, ɡˊɎɟɢŮɘ ɛɘŬ ˊŮɟɘɞɢɐ ɛɖəɩɜ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ, ɔɘŬ Űɖɜ ɞˊɞɑŬ ɔɑɜɞɜŰŬɘ 

űɤŰɞɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. Ƀɘ Űɘɛɏɠ Űɞɡ ŮɜŮɟɔɞɨ ɛɐəɞɡɠ əɨɛŬŰɞɠ ɔɘŬ ŰŬ Ůˊɘɛɏɟɞɡɠ 

ˊɞɚɡɛŮɟɐ ˊɟɏˊŮɘ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ ˊɟɞůŮɔɔɘůŰɘəɏɠ, ŭɘɧŰɘ ɛˊɞɟɞɨɜ ŬɡŰɏɠ ɜŬ 

ɛŮŰŬɓɎɚɚɞɜŰŬɘ ŮɝŬɘŰɑŬɠ ŭɘŬűɧɟɤɜ ɚɧɔɤɜ, ɧˊɤɠ ˊ.ɢ. ˊŬɟɞɡůɑŬ ŬəŬɗŬɟůɘɩɜ, ɛŮŰŬɓɞɚɏɠ 

əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ (ɛɞɟűɞˊɞɑɖůɖ) Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, ůɨůŰŬůɖ Űɤɜ ˊɟɞůɗɏŰɤɜ.  

ɀŮ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ űɤŰɧɠ ŬɜŮɓŬɑɜŮɘ Űɞ ŮɜŮɟɔŮɘŬəɧ 

ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ ɛŬəɟɞɛɞɟɑɞɡ, Űɞ ɞˊɞɑɞ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ űɗɎɜŮɘ ůŮ ɛɘŬ ɜɏŬ, 

ɡɣɖɚɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ əŬŰɎůŰŬůɖ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ˊɟɞůɚŬɛɓŬɜɧɛŮɜɖɠ 

ŮɜɏɟɔŮɘŬɠ əŬŰŬɜŬɚɩɜŮŰŬɘ ɔɘŬ ɜŬ ɛŮŰŬɓŮɑ Űɞ ɖɚŮəŰɟɞɜɘŬəɧ ůɨůŰɖɛŬ ůŮ ɛɑŬ ɡɣɖɚɧŰŮɟɖ 

əɓŬɜŰɘəɐ əŬŰɎůŰŬůɖ. ɇɞ ŭɘɖɔɖɟɛɏɜɞ ɖɚŮəŰɟɧɜɘɞ, Ŭˊɧ Űɖ ůŰɞɘɓɎŭŬ ˊɞɡ ŮɑɜŬɘ ůŰɖ ɓŬůɘəɐ 

əŬŰɎůŰŬůɖ Űɞɡ ɛɞɟɑɞɡ, ɛŮŰŬɓŬɑɜŮɘ ůŮ ɛɘŬ ɡɣɖɚɧŰŮɟɖ, ɛɖ əŬŰŮɘɚɖɛɛɏɜɖ ůŰɞɘɓɎŭŬ [19]. 

ȰɜŬ ɖɚŮəŰɟɞɜɘŬəɎ ŭɘŮɔŮɟɛɏɜɞ ɎŰɞɛɞ ɛˊɞɟŮɑ ɜŬ ŬˊŮɜŮɟɔɞˊɞɘɖɗŮɑ ɛŮ űɡůɘəɏɠ 

ŭɘŮɟɔŬůɑŮɠ (űɗɞɟɘůɛɧ, ɢŬɚŬɟɩůŮɘɠ ŰŬɚŬɜŰɩůŮɤɜ əɚˊ) əŬɘ ɢɖɛɘəɎ ɛŮ ŭɘŬɛɞɟɘŬəɏɠ əŬɘ 

ɛɞɜɞɛɞɟɘŬəɏɠ űɤŰɞɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ (űɤŰɞɥůɞɛŮɟɘůɛɧɠ, ůɢɎůɖ ŭŮůɛɩɜ əɚˊ). ũɘŬ Űɖɜ 

Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɖ ŮɜŮɟɔŮɘŬəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ 

ŭɘŮɔŮɟɛɏɜɤɜ əŬŰŬůŰɎůŮɤɜ əŬɘ Űɖɠ ɓŬůɘəɐɠ əŬŰɎůŰŬůɖɠ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ 

ŮɜɏɟɔŮɘŬ ŭɘŬůˊɎůŮɤɠ Űɞɡ ɢɖɛɘəɞɨ ŭŮůɛɞɨ. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ 

ɗɟŬɨůɖ ŭŮůɛɩɜ C-C ɐ C-H əŬɘ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɔɑɜŮŰŬɘ Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡ 

ˊɞɚɡɛŮɟɞɨɠ.  

 
 

 

Ƚɞɜɘůɛɧɠ ūɤŰɧɚɡůɖ 

(Photodissociation) 

ȹɘɏɔŮɟůɖ 

ȼ Ŭˊɞɟɟɧűɖůɖ Ůɜɧɠ 

űɤŰɞɜɑɞɡ ɛŮ ˊɞɚɨ ɡɣɖɚɐ 

ŮɜɏɟɔŮɘŬ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ Űɖɜ ŬˊɩɚŮɘŬ 

Ůɜɧɠ ɖɚŮəŰɟɞɜɑɞɡ Ŭˊɧ Űɞ 

ɛɧɟɘɞ. 

 

ȼ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ 

ŮɑɜŬɘ Űɧůɞ ɛŮɔɎɚɖ ɩůŰŮ ŰŬ 

ŭŮůɛŮɡɛɏɜŬ ɖɚŮəŰɟɧɜɘŬ ŭŮɜ 

ůɡɔəɟŬŰɞɨɜ ŰŬ ɎŰɞɛŬ ɛŮŰŬɝɨ 

Űɞɡɠ, əŬɘ ɞ ŭŮůɛɧɠ ůˊɎŮɘ. ȰŰůɘ 

ůɢɖɛŬŰɑɕɞɜŰŬɘ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ. 

 

ɇŬ ɖɚŮəŰɟɧɜɘŬ 

əŬŰŬɚŬɛɓɎɜɞɡɜ 

ɡɣɖɚɧŰŮɟŮɠ ŮɜŮɟɔŮɘŬəɎ 

ɗɏůŮɘɠ ŬɚɚɎ ɔɟɐɔɞɟŬ 

ɛŮŰŬˊɑˊŰɞɡɜ ůŰɘɠ 

ɢŬɛɖɚɧŰŮɟŮɠ. 
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ɀŮ ɓɎůɖ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ, ɔɘŬ əɎɗŮ ɞɡůɑŬ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ůɨůŰŬůɖ Űɖɠ, ɡˊɎɟɢŮɘ 

ɛɑŬ ˊŮɟɘɞɢɐ ɛɖəɩɜ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ, ɔɘŬ Űɖɜ ɞˊɞɑŬ ɔɑɜɞɜŰŬɘ űɤŰɞɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ, 

ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 9ɓ. Ƀɘ Űɘɛɏɠ Űɞɡ ŮɜŮɟɔɞɨ ɛɐəɞɡɠ əɨɛŬŰɞɠ ɔɘŬ ŰŬ Ůˊɑ 

ɛɏɟɞɡɠ ˊɞɚɡɛŮɟɐ ˊɟɏˊŮɘ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ ˊɟɞůŮɔɔɘůŰɘəɏɠ ŭɘɧŰɘ ɛˊɞɟɞɨɜ ŬɡŰɏɠ ɜŬ 

ɛŮŰŬɓɎɚɚɞɜŰŬɘ Ůɝ ŬɘŰɑŬɠ ŭɘŬűɧɟɤɜ ɚɧɔɤɜ, ɧˊɤɠ ˊ.ɢ ˊŬɟɞɡůɑŬ ŬəŬɗŬɟůɘɩɜ, ɛŮŰŬɓɞɚɏɠ 

əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ (ɛɞɟűɞˊɞɑɖůɖ) Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, ůɨůŰŬůɖ Űɤɜ ˊɟɞůɗɏŰɤɜ. ɆŮ ŬɡŰɏɠ 

Űɘɠ ˊŮɟɘɞɢɏɠ Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ ůɡɛɓŬɑɜŮɘ Ůˊɑůɖɠ ɛɑŬ ɛɏɔɘůŰɖ Ŭˊɞɟɟɧűɖůɖ ɐ űɗɞɟɘůɛɧɠ 

ɔɘŬ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊɞɚɡɛŮɟɐ. 

 
ɄɑɜŬəŬɠ 3.3: ɀɐəɖ əɨɛŬŰɞɠ űɤŰɧɠ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ɛŮɔɑůŰɖ Ŭˊɞɘəɞŭɧɛɖůɖ ŭɘŬűɧɟɤɜ 

ˊɞɚɡɛŮɟɩɜ [16] 

ɄɞɚɡɛŮɟɏɠ ȺɜŮɟɔɧ ɛɐəɞɠ əɨɛŬŰɞɠ űɤŰɧɠ, (nm) 

ɄɞɚɡŮůŰɏɟŬɠ 315 

ɄɞɚɡůŰɡɟɏɜɘɞ 318 əŬɘ 340 

ɄɞɚɡŬɘɗɡɚɏɜɘɞ 300 

Ʉɞɚɡˊɟɞˊɡɚɏɜɘɞ,    ɛɖ    ůŰŬɗŮɟɞˊɞɘɖɛɏɜɞ 

ɏɜŬɜŰɘ ɗŮɟɛɘəɐɠ ŬˊɞɘəɞŭɞɛɐůŮɤɠ 

370 (280) 

Ʉɞɚɡ(ɢɚɤɟɘɞɨɢɞ ɓɘɜɨɚɘɞ) 310 əŬɘ 370 

Ʉɞɚɡ(ɞɝŮɘəɧ ɓɘɜɨɚɘɞ) <280 

ɄɞɚɡŬɜɗɟŬəɘəɧ 280 ɏɤɠ 305 əŬɘ 330 ɏɤɠ 360 

ɁɘŰɟɘəɐ əɡŰŰŬɟɑɜɖ 310 

ɄɞɚɡŬɛɑŭɘɞ 250 ɏɤɠ 310 

ɄɞɚɡəŬɟɓɞɜɘəɧ 293 ɏɤɠ 345 

ɀŮ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ űɤŰɧɠ ŬɜŮɓŬɑɜŮɘ Űɞ ŮɜŮɟɔŮɘŬəɧ 

ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ ɛŬəɟɞɛɞɟɑɞɡ, Űɞ ɞˊɞɑɞɜ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ űɗɎɜŮɘ ůŮ ɛɑŬ ɜɏŬ, 

ɡɣɖɚɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ əŬŰɎůŰŬůɖ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ˊɟɞůɚŬɛɓŬɜɧɛŮɜɖɠ 

ŮɜɏɟɔŮɘŬɠ əŬŰŬɜŬɚɩɜŮŰŬɘ ɔɘŬ ɜŬ ɛŮŰŬɓŮɑ Űɞ ɖɚŮəŰɟɞɜɘŬəɧ ůɨůŰɖɛŬ ůŮ ɛɑŬ ɡɣɖɚɧŰŮɟɖ 

əɓŬɜŰɘəɐ əŬŰɎůŰŬůɖ. ɇɞ ŭɘɖɔŮɟɛɏɜɞ ɖɚŮəŰɟɧɜɘɞ, Ŭˊɧ Űɖɜ ůŰɞɘɓɎŭŬ ˊɞɡ ŮɑɜŬɘ ůŰɖ ɓŬůɘəɐ 

əŬŰɎůŰŬůɖ Űɞɡ ɛɞɟɑɞɡ, ɛŮŰŬɓŬɑɜŮɘ ůŮ ɛɑŬ ɡɣɖɚɧŰŮɟɖ, ɛɖ əŬŰŮɘɚɖɛɛɏɜɖ ůŰɞɘɓɎŭŬ. Ⱦɡɟɑɤɠ 

ɔɘŬ Űɘɠ űɤŰɞɢɖɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ůŮ ˊɞɚɡɛŮɟɐ, ˊɞɚɨ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ 

ɛŮŰŬűɞɟɎɠ Űɖɠ ŮɜŮɟɔŮɘŬəɎ ŭɘɖɔŮɟɛɏɜɖɠ əŬŰŬůŰɎůŮɤɠ Ŭˊɧ ɏɜŬ ɛɧɟɘɞ ůŮ ɏɜŬ Ɏɚɚɞ, Űɞ 

ɞˊɞɑɞɜ əŬŰɧˊɘɜ ɐ Űɞ ɑŭɘɞ ɚŬɛɓɎɜŮɘ ɛɏɟɞɠ ůŮ ɛɑŬ űɤŰɞɢɖɛɘəɐ ŬɜŰɑŭɟŬůɖ ɐ ɖ ŭɘɏɔŮɟůɖ 

ɞŭɖɔŮɑŰŬɘ ˊɎɟŬ ˊɏɟŬ əŬŰɎ ɛɐəɞɠ Űɞɡ ɛŬəɟɞɛɞɟɑɞɡ. 

ȾŬŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ űɤŰɧɠ ůŰɞ ɛɧɟɘɞ, ˊɏɟŬ Ŭˊɧ Űɖɜ əɑɜɖůɖ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ 

ɔɑɜŮŰŬɘ Ůˊɑůɖɠ Ŭəɧɛɖ ɛɑŬ əɑɜɖůɖ Űɞɡ ɛɞɟɑɞɡ ɔɨɟɤ Ŭˊɧ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ, əŬɗɩɠ 

Ůˊɑůɖɠ əŬɘ ŰŬ ɎŰɞɛŬ Űɞɡ ɛɞɟɑɞɡ ŰŬɚŬɜŰɩɜɞɜŰŬɘ ɔɨɟɤ Ŭˊɧ ɛɑŬ ɗɏůɖ, ŮŰůɘ ɩůŰŮ ɎɚɚɞŰŮ ɜŬ 

ˊɚɖůɘɎɕɞɡɜ ɛŮŰŬɝɨ ɜɞɡɠ əŬɘ ɎɚɚɞŰŮ ɜŬ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ. ɄŬɟɧɛɞɘŬ, ɧˊɤɠ əŬŰɎ Űɖɜ 

ɖɚŮəŰɟɞɜɘŬəɐ ɛŮŰɎɓŬůɖ Ŭˊɧ ɏɜŬ ŮɜŮɟɔŮɘŬəɧ ŮˊɑˊŮŭɞ ůŮ ɏɜŬ Ɏɚɚɞ, ˊɟɧəŮɘŰŬɘ Ůˊɑůɖɠ ɔɘŬ 

əɓŬɜŰɤɛɏɜŬ űŬɘɜɧɛŮɜŬ əŬŰɎ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɞɡ ɛɞɟɑɞɡ əŬɘ Űɖɜ ŰŬɚɎɜŰɤůɖ Űɤɜ ŬŰɧɛɤɜ 

Űɞɡ. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ ŮɑɜŬɘ ŭɡɜŬŰɏɠ ɛɧɜɞ Ůɘŭɘəɏɠ əŬŰŬůŰɎůŮɘɠ ˊŮɟɘůŰɟɞűɐɠ əŬɘ 

ŰŬɚŬɜŰɩůŮɤɠ. ɆŮ əɎɗŮ ɖɚŮəŰɟɞɜɘŬəɐ əŬŰɎůŰŬůɖ ɛŮ ɞɟɘůɛɏɜɖ ŮɜɏɟɔŮɘŬ ŬɜɐəŮɘ ɏɜŬɠ 

ɞɟɘůɛɏɜɞɠ Ŭɟɘɗɛɧɠ əŬŰŬůŰɎůŮɤɜ ŰŬɚŬɜŰɩůŮɤɜ ɛŮ ůɢŮŰɘəɎ ɛɘəɟɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŭɘŬűɞɟɏɠ 

əŬɘ ůŮ əɎɗŮ əŬŰɎůŰŬůɖ ŰŬɚŬɜŰɩůŮɤɠ Ŭɜɐəɞɡɜ ɞɟɘůɛɏɜŮɠ əŬŰŬůŰɎůŮɘɠ ˊŮɟɘůŰɟɞűɐɠ ɛŮ 

Ŭəɧɛɖ ɛɘəɟɧŰŮɟŮɠ ŮɜŮɟɔŮɘŬəɏɠ ŭɘŬűɞɟɏɠ.  
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ȼ ŮɜɏɟɔŮɘŬ Ⱥ, Űɖɜ ɞˊɞɑŬ ˊɟɞůɚŬɛɓɎɜŮɘ Űɞ ɛɧɟɘɞ əŬŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ űɤŰɧɠ 

ɛˊɞɟŮɑ ůɡɜŮˊɩɠ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɟɑŬ ůɡůŰŬŰɘəɎ: 

 

Ⱥ = Ⱥɖɚ. + ȺŰŬɚ + EˊŮɟ 

ɧˊɞɡ: Ⱥɖɚ : ŮɜɏɟɔŮɘŬ ŭɘŮɔɏɟůŮɤɠ Űɞɡ ɖɚŮəŰɟɞɜɑɞɡ  

ȺŰŬɚ.: ŮɜɏɟɔŮɘŬ ŰŬɚŬɜŰɩůŮɤɠ Űɞɡ ŬŰɧɛɞɡ  

EˊŮɟ: ŮɜɏɟɔŮɘŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ɛɞɟɑɞɡ 

 

ȼ ˊŮɟɘůůɧŰŮɟɖ Ŭˊɧ Űɖɜ ˊɟɞůɚŬɛɓŬɜɧɛŮɜɖ ŮɜɏɟɔŮɘŬ əŬŰŬɜŬɚɩɜŮŰŬɘ ɔɘŬ Űɖɜ 

Ŭɜɨɣɤůɖ Űɞɡ ɖɚŮəŰɟɞɜɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ůŮ ɛɑŬ ɡɣɖɚɧŰŮɟɖ əɓŬɜŰɤɛɏɜɖ əŬŰɎůŰŬůɖ, Ůɜɩ 

Űɞ ɡˊɧɚɞɘˊɞ ɛɏɟɞɠ ˊɟɞəŬɚŮɑ Űɘɠ ŬɚɚŬɔɏɠ Űɤɜ əŬŰŬůŰɎůŮɤɜ Űɤɜ ŰŬɚŬɜŰɩůŮɤɜ əŬɘ Űɖɠ 

ˊŮɟɘůŰɟɞűɐɠ. ȷɜŮɝɎɟŰɖŰŬ Ŭˊɧ ŮɎɜ ɏɜŬ ɛɧɟɘɞ ŮɡɟɑůəŮŰŬɘ ůŰɖɜ ɓŬůɘəɐ əŬŰɎůŰŬůɖ ɐ ůŮ 

əɎˊɞɘŬ Űɤɜ ŭɘɖɔŮɟɛɏɜɤɜ ɖɚŮəŰɟɞɜɘŬəɩɜ əŬŰŬůŰɎůŮɤɜ, ɢɤɟɑɕŮŰŬɘ Űɞ ɛɧɟɘɞ ůŮ ɎŰɞɛŬ ɐ ůŮ 

ɎŰɞɛŬ əŬɘ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ ɐ ůŮ ŭɨɞ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ, Ůɡɗɨɠ ɤɠ ɖ ˊɟɞůɚŬɛɓŬɜɧɛŮɜɖ 

ŮɜɏɟɔŮɘŬ ŰŬɚŬɜŰɩůŮɤɜ ɔɑɜŮɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŮɜɏɟɔŮɘŬ ŭɘŬůŰɎůŮɤɠ. 

ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɖ űɤŰɞɢɖɛɘəɐ ŬɜŰɑŭɟŬůɖ ůŮ ˊɞɚɡɛŮɟɐ əŬŰŬɜŬɚɩɜŮɘ ɛɧɜɞɜ ɏɜŬ 

ɛɘəɟɧ ɛɏɟɞɠ Űɖɠ ˊɟɞůɚŬɛɓŬɜɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȼ ɢɖɛɘəɐ ŮˊɑŭɟŬůɖ Űɞɡ 

űɤŰɧɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞůŬűɖɜɘůɗŮɑ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ ˊŬɟŬŭɞɢɐɠ ɧŰɘ Űɞ űɤɠ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ űɤŰɧɜɘŬ. ȰɜŬ Ŭˊɞɟɟɞűɖɛɏɜɞ űɤŰɧɜɘɞ ŮɜŮɟɔɞˊɞɘŮɑ əɎɗŮ űɞɟɎ ɛɧɜɞɜ ɏɜŬ ɛɧɟɘɞ, 

ŭɖɚŬŭɐ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮɜŮɟɔɞˊɞɘɖɛɏɜɤɜ ɛɞɟɑɤɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ űɤŰɞɜɑɤɜ 

(ɜɧɛɞɠ Űɖɠ űɤŰɞɢɖɛɘəɐɠ ɘůɞŭɡɜŬɛɑŬɠ əŬŰɎ Űɞɜ Einstein). ɇɞ űɤɠ ˊɟɞůɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ 

ɞɡůɑŬ ɛŮ Űɖɜ ɛɞɟűɐ ˊɚɐɟɤɜ űɤŰɞɜɑɤɜ. Ƀ Ŭɟɘɗɛɧɠ Ɂ Űɤɜ ŮɜŮɟɔɞˊɞɘɖɛɏɜɤɜ ɛɞɟɑɤɜ, ŰŬ 

ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ Ŭˊɞɟɟɧűɖůɖ ŬəŰɘɜɞɓɞɚɑŬɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ Ⱥ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

ůɢɏůɖ : 

N = E/h.v 

ɧˊɞɡ : Ɂ: Ŭɟɘɗɛɧɠ Űɤɜ ŮɜŮɟɔɞˊɞɘɖɛɏɜɤɜ ɛɞɟɑɤɜ   

Ⱥ: ŮɜɏɟɔŮɘŬ 

h : ůŰŬɗŮɟɎ Űɞɡ Plank (6,624.10
-34

 J. s)  

ɜ: ůɡɢɜɧŰɖŰŬ 

ȺɎɜ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮɜŮɟɔɞˊɞɘɖɛɏɜɤɜ ɛɞɟɑɤɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɞɡ 

Avogadro (Ɂ - 6,023.10 /mol), ŰɧŰŮ ɞɟɑɕŮŰŬɘ ɖ ˊɟɞůɚŬɛɓŬɜɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ɤɠ ç1 

Einsteinè. ȼ Ŭˊɞɟɟɧűɖůɖ 1 Einstein ŭɖɚŬŭɐ Ůɜɧɠ "mol" əɓŬɜŰɤɛɏɜɞɡ űɤŰɧɠ ɞŭɖɔŮɑ əŬŰɎ 

ůɡɜɏˊŮɘŬ ůŮ ŮɜŮɟɔɞˊɞɑɖůɖ 6,023.ȽɃ
23

 ɛɞɟɑɤɜ. ɀŮŰŬɝɨ ŬɡŰɐɠ Űɖɠ ɛɞɜɎŭŬɠ əŬɘ Űɞɡ 

ɔɟŬɛɛɞɛɞɟɑɞɡ (mol) ɡűɑůŰŬŰŬɘ ɖ ɑŭɘŬ ůɢɏůɖ ɧˊɤɠ ɛŮŰŬɝɨ Űɞɡ űɤŰɞɜɑɞɡ əŬɘ Űɞɡ ɛɞɟɑɞɡ. ȼ 

ŮɜɏɟɔŮɘŬ 1 Einstein ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ Ŭˊɧ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ ŭɑɜŮŰŬɘ 

Ŭˊɧ Űɖɜ ůɢɏůɖ : 

 

E=10
-7
N(h.c)/ɚ    J/mol 

ɧˊɞɡ: Ɂ: Ŭɟɘɗɛɧɠ Avogadro  

h: ůŰŬɗŮɟɎ Plank  

c: ŰŬɢɨŰɖŰŬ űɤŰɧɠ(3.10
10
Ŭɖ/8) 

ɚ: ɛɐəɞɠ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ ůŮ A (Angrtroem) 

ɐ 

Ⱥ = 1,197.10
-6
 /ɚ     kJ/mol 

 

ȼ ŮɜɏɟɔŮɘŬ 1 Einstein ɘŬ ŭɘɎűɞɟŬ ɛɐəɖ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 

3.4. ȹɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ ɖ ŮɜɏɟɔŮɘŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ əŬŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ ŮɜɏɟɔŮɘŬɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ 1 Einstein ŬɡɝɎɜŮɘ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ ˊ,ɢ. 290 nm əŬŰɎ 413 kJ. ȷɡŰɐ ɖ 

ŮɜɏɟɔŮɘŬ ŮˊŬɟəŮɑ, ŮəŰɧɠ Űɤɜ Ɏɚɚɤɜ, ɔɘŬ ɜŬ ŭɘŬůˊŬůɗŮɑ ɞ ŭŮůɛɧɠ C-C ůŮ ŬɚŮɘűŬŰɘəɞɨɠ 
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ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ɞ ŭŮůɛɧɠ ɛŮŰŬɝɨ ɎɜɗɟŬəŬ əŬɘ ɢɚɤɟɑɞɡ əɚˊ. ȺɎɜ ůɡɔəɟɘɗŮɑ ɖ ŮɜɏɟɔŮɘŬ 

Űɞɡ űɤŰɧɠ ɛŮ Űɖɜ ŬɜŰɞɢɐ ɢɖɛɘəɩɜ ŭŮůɛɩɜ (ɄɑɜŬəŬɠ 9ŭ), ŰɧŰŮ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ŮɜɏɟɔŮɘŬ 

Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ ŮɘŭɘəɎ ŬɡŰɐ Űɖɠ ɡˊŮɟɘɩŭɞɡɠ ˊŮɟɘɞɢɐɠ, ŮˊŬɟəŮɑ ɔɘŬ 

űɤŰɞɚɡŰɘəɐ ŭɘɎůˊŬůɖ ɢɖɛɘəɩɜ ŭŮůɛɩɜ ůŰɞ ˊɞɚɡɛŮɟɏɠ. ɄɞɚɡɛŮɟɐ ɛŮ ŬɛɘŭɞɛɎŭŬ (-

CONH-, ˊ.ɢ. ˊɞɚɡŬɛɑŭɘŬ, ɛŬɚɚɑ, ɛŮŰɎɝɖ) ŮɛűŬɜɑɕɞɡɜ, ŮəŰɧɠ Űɤɜ Ɏɚɚɤɜ, ɛɑŬ ŰŬɘɜɑŬ 

ŬˊɞɟɟɞűɐůŮɤɠ ůŰɖ ˊŮɟɘɞɢɐ 250 ɏɤɠ 310 nm. ȼ ɞɛɎŭŬ əŬɟɓɞɜɡɚɑɞɡ (>C=0) ŬˊɞɟɟɞűɎ 

ŬəŰɘɜɞɓɞɚɑŬ ɛɐəɞɡɠ əɨɛŬŰɞɠ 310 nm, Űɖɜ ɞˊɞɑŬ Ůˊɑůɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɖ ɖɚɘŬəɐ 

ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŰɖ ɔɖ əŬɘ ɖ ŮɜɏɟɔŮɘŬ Űɖɠ ɞɡůɑŬɠ ŬɜŮɓŬɑɜŮɘ ůŰŬ 385 kJ/mol. 

ȷɡŰɐ ɖ ŮɜɏɟɔŮɘŬ ŭŮɜ űɗɎɜŮɘ ɔɘŬ Űɖɜ ŭɘɎůˊŬůɖ Űɞɡ ŭŮůɛɞɨ C=0 (ŮɜɏɟɔŮɘŬ ŭɘŬůŰɎůŮɤɠ 730 

kJ/mol), ŮˊŬɟəŮɑ ɧɛɤɠ ɔɘŬ Űɖɜ ŭɘɎůˊŬůɖ Űɞɡ ŭŮůɛɞɨ C-N (ŮɜɏɟɔŮɘŬ ŭɘŬůŰɎůŮɤɠ 222 

kJ/mol) ɐ Űɞɡ ŭŮůɛɞɨ C-C (ŮɜɏɟɔŮɘŬ ŭɘŬůŰɎůŮɤɠ ˊŮɟɑˊɞɡ 300 kJ/mol). ȼ 

ˊɟɞůɚŬɛɓŬɜɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ˊɟɞəŬɚɏůŮɘ ɛɑŬ ŬɜŰɑŭɟŬůɖ ŰɏŰɞɘŬɠ 

ŭɟŬůŰɘəɐɠ ɞɛɎŭŬɠ (ɞɛɎŭŬ əŬɟɓɞɜɡɚɑɞɡ), Ŭˊɧ Űɖɜ ɞˊɞɑŬ ŬˊɞɟɟɞűɎŰŬɘ, ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔŮɑŰŬɘ əŬŰɎ ɛɐəɞɠ Űɞɡ ɛŬəɟɞɛɞɟɑɞɡ əŬɘ ɜŬ Űɞ ŭɘŬůˊɎ ůŮ ɛɑŬ ŬůɗŮɜɐ ɗɏůɖ Űɞɡ. 

 

ɄɑɜŬəŬɠ 3.4. ȺɜɏɟɔŮɘŬ əŬŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ 1 Einstein ɔɘŬ ŬəŰɘɜɞɓɞɚɑŬ ŭɘŬűɧɟɤɜ ɛɖəɩɜ 

əɨɛŬŰɞɠ [16] 

ɀɐəɞɠ əɨɛŬŰɞɠ nm ȺɜɏɟɔŮɘŬ 

kJ/mol kcal / mol 

800 149,8 35,74 

700 171,0 40,84 

600 200,0 47,65 

500 239,5 57,18 

400 299,3 71,48 

350 341,8 81,65 

320 373,9 . 89,31 

310 386,0 92,19 

300 398,8   * 95,26 

295 405,6 96,88 

290 412,5 98,50 

254 471,5 112,60 

200 598,5 142,95 

185 646,9 154,50 

100 1196,6 285,80 

 
ɄɑɜŬəŬɠ 3.5. ȺɜɏɟɔŮɘŬ ŭŮůɛɞɨ ɛŮɟɘəɩɜ ɢɖɛɘəɩɜ ŭŮůɛɩɜ [16] 

ȹŮůɛɧɠ ȺɜɏɟɔŮɘŬ ŭŮůɛɞɨ 

kJ/mol kcal/mol 

CsN (ɜɘŰɟɑɚɘɞ) 875,0 209 

C=C 837,4 200 

C=O 728,5 174 

C=C 607,1 145 

C=S 540,1 129 

C-C (ŬɟɤɛŬŰɘəɧ) 519,2 124 

C-H (ŬəŮŰɡɚɏɜɘɞ) 506,3 121 

O-H Ā 460,5 110 

C-H (Ŭɘɗɡɚɏɜɘɞ) 443,8 106 

C-H (ɛŮɗɎɜɘɞ) 410,3 98 
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Si-0 372,6 89 

C-0 364,3 87 

S-H 364,3 87 

N-H 351,7 84 

C-C (ŬɚŮɘűŬŰɘəɧ) 335,0 80 

C-0 (ŬɘɗɏɟŬɠ) 330,8 79 

C-Cl 32646 78 

Si-H 314,0 75 

Si-C 293,1 70 

C-N (ɜɘŰɟɞɛŮɗɎɜɘɞ) 284,7 68 

0-0 (ɡˊŮɟɞɝŮɑŭɘɞ) 268,0 64 

C-N (Ŭɛɑŭɘɞ) 222,0 53 

 

ũɟŬɛɛɘəɧɠ ˊɞɚɡŮůŰɏɟŬɠ, ˊ.ɢ. ˊɞɚɡ(ŰŮɟŮűɗŬɚɘəɧ Ŭɘɗɡɚɏɜɘɞ), ŬˊɞɟɟɞűɎ ůŰɖ ˊŮɟɘɞɢɐ 

290 ɏɤɠ 330 nm. ȼ Ŭˊɞɟɟɧűɖůɖ ůŰɖ ˊŮɟɑˊŰɤůɖ Űɞɡ ˊɞɚɡ(ŰŮɟŮűɗŬɚɘəɞɨ ŬɘɗɡɚŮɜɑɞɡ) ŮɑɜŬɘ 

ɘŭɘŬɑŰŮɟŬ ɏɜŰɞɜɖ ůŰŬ 315 nm (Ŭˊɞɟɟɧűɖůɖ ɛŮ Űɖɜ ɞɛɎŭŬ C=0). ȼ ŮɜɏɟɔŮɘŬ Űɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ ŬɜŬűŮɟɧɛŮɜɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ ŭŮɜ ŮˊŬɟəŮɑ ɔɘŬ Űɖɜ ŭɘɎůˊŬůɖ Űɞɡ 

ŭŮůɛɞɨ C=C, ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ ŭɘŬůˊɎůŮɘ Űɞɜ ŭŮůɛɧ C-C. ȺˊŮɘŭɐ ɧɛɤɠ Űɞ 

ˊɞɚɡ(ŰŮɟŮűɗŬɚɘəɧ Ŭɘɗɡɚɏɜɘɞ) ŭŮɜ ˊŮɟɘɏɢŮɘ əŬɜɏɜŬ ŭŮůɛɧ ɛŮ ɢŬɛɖɚɐ ŮɜɏɟɔŮɘŬ ŭɘŬůŰɎůŮɤɠ 

(ɧˊɤɠ ˊɢ. ɞ ŭŮůɛɧɠ C-N ůŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɞɚɡŬɛɘŭɑɤɜ) ɔɑɜŮŰŬɘ ɖ űɤŰɞɢɖɛɡůɑ 

Ŭˊɞɘɢɞŭɧɛɖůɖ ˊɞɘɞ ŬɟɔɎ Ŭˊɧ ɧŰɘ ůŰɞ ˊɞɚɡŬɛɑŭɘɞ. 

ȾŬɗŬɟɧ ˊɞɚɡ(ɢɚɤɟɘɞɨɢɞ ɓɘɜɨɚɘɞ) ŭŮɜ ŮɛűŬɜɑɕŮɘ əŬɛɑŬ Ŭˊɞɟɟɧűɖůɖ ůŰɖ ˊŮɟɘɞɢɐ 

Űɤɜ ɛɖəɩɜ əɨɛŬŰɞɠ Űɖɠ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ 

əŬɘ ɔɘŬ ŬɡŰɧ ɗŬ ɏˊɟŮˊŮ ɜŬ ŮɑɜŬɘ ůŰŬɗŮɟɧ ɏɜŬɜŰɘ Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. Ƀɛɤɠ Ŭˊɧ Űɖɜ 

ˊɟɎɝɖ ŮɑɜŬɘ ɔɜɤůŰɧ, ɧŰɘ Űɞ PVC ŭɘŬůˊɎŰŬɘ ůɢŮŰɘəɎ ŮɨəɞɚŬ ɛŮ Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ. 

ȷɘŰɑŬ ɔɘŬ ŬɡŰɐ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ ŮɑɜŬɘ ɞɘ ůɡɕɡɔŮɑɠ ŭɘˊɚɞɑ ŭŮůɛɞɑ əŬɘ ɞɘ ɞɛɎŭŮɠ 

əŬɟɓɞɜɡɚɑɞɡ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ (ɛɞɟűɞˊɞɑɖůɖ) Űɞɡ PVC ůŮ 

ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ɞɘ ɞˊɞɑŮɠ ɛŮŰŬɗɏŰɞɡɜ Űɞ ŬˊɞɟɟɞűɞɨɛŮɜɞ űɤɠ ůŮ ɛŮɔŬɚɨŰŮɟŬ 

ɛɐəɖ əɨɛŬŰɞɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ůŮ ŰɏŰɞɘŬ ˊɞɚɡɛŮɟɐ ɔɑɜŮŰŬɘ ɛɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɐ 

Ŭˊɞɟɟɧűɖůɖ ůŮ ˊŮɟɘɞɢɐ ɛɐəɞɡɠ əɨɛŬŰɞɠ ˊɎɜɤ Ŭˊɧ 290 nm, ŭɖɚŬŭɐ ůŮ ɛɐəɖ əɨɛŬŰɞɠ, ŰŬ 

ɞˊɞɑŬ ˊŬɟɏɢɞɡɜ ɛɑŬ ŮˊŬɟəɐ ŮɜɏɟɔŮɘŬ ɔɘŬ ɜŬ ɝŮəɘɜɐůŮɘ ɛɑŬ űɤŰɞɢɖɛɘəɐ ŬɜŰɑŭɟŬůɖ. 

Ⱥˊɑůɖɠ ŬɜɎɚɞɔŬ, Űɞ əŬɗŬɟɧ ˊɞɚɡŬɘɗɡɚɏɜɘɞ ŭŮɜ ŬˊɞɟɟɞűɎ əŬɛɑŬ ŬəŰɘɜɞɓɞɚɑŬ ɛŮ 

ɛɐəɞɠ əɨɛŬŰɞɠ ˊɎɜɤ Ŭˊɧ 290 nm. Ƀɛɤɠ əŬŰɎ Űɖɜ ɛɞɟűɞˊɞɑɖůɖ ɛŮ ɗɏɟɛŬɜůɖ Űɞɡ 

ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɞɛɎŭŮɠ əŬɟɓɞɜɡɚɑɞɡ ɛŮ Ŭˊɞɟɟɧűɖůɖ ůŰŬ 310 nm əŬɘ ɖ 

Ŭɞ́ɟɟɧűɖůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŬɡŰɐɠ Űɖɠ ˊŮɟɘɞɢɐɠ ˊŬɟɏɢŮɘ ůŰɞ ůɨůŰɖɛŬ ŮˊŬɟəɐ ŮɜɏɟɔŮɘŬ 

ɔɘŬ ɜŬ ɝŮəɘɜɐůɞɡɜ űɤŰɞɢɖɛɜəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. 

ɋɠ űɤŰɞŬˊɞɘəɞŭɧɛɖůɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɖ Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɛŮ Űɖɜ 

ŮˊɑŭɟŬůɖ Űɞɡ ɖɚɘŬəɞɨ űɤŰɧɠ. ȼ Ŭˊɞɘəɞŭɧɛɖůɖ ŬɡŰɐ ŬˊɞŰŮɚŮɑ ɛɑŬ ɓŬůɘəɐ ˊŮɟɑˊŰɤůɖ 

çɔɖɟɎɜůŮɤɠè, əŬɗɧůɞɜ Űɞ ɖɚɘŬəɧ űɤɠ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ ůŰɞɘɢŮɑɞ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ 

ůɡɜɗɖəɩɜ. Ƀˊɤɠ əŬɘ ɖ ɗŮɟɛɘəɐ Ŭˊɞɘəɞŭɧɛɖůɖ ɏŰůɘ əŬɘ ɖ űɤŰɞŬˊɞɘəɞŭɧɛɖůɖ ˊɟɞůɓɎɚɚŮɘ 

Űɘɠ ŬůɗŮɜŮɑɠ ɗɏůŮɘɠ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ əŬɘ ɖ ɏəŰŬůɖ Űɖɠ ˊɟɞůɓɞɚɐɠ ŬɡɝɎɜŮɘ, ɧůɞ ŬɡɝɎɜŮɘ ɖ 

ŮɜɏɟɔŮɘŬ ŭɖɚŬŭɐ ɧůɞ ɛŮɘɞɨŰŬɘ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ. 

ȼ Ŭˊɞɟɟɧűɖůɖ űɤŰɧɠ ɞŭɖɔŮɑ ůŮ ɛŮŰŬɓɞɚɐ Űɖɠ ɖɚŮəŰɟɞɜɘŬəɐɠ ŬˊŮɘɜɞɜɑůŮɤɠ 

(configuration) ŬɜŰɑůŰɞɘɢŬ ůŮ ɛŮŰɎɓŬůɖ ůŮ ɛɑŬ ŭɘɖɔŮɟɛɏɜɖ ɛɞɟɘŬəɐ əŬŰɎůŰŬůɖ. ȺɜŬ 

ɖɚŮəŰɟɞɜŬŬəɎ ŭɘɖɔŮɟɛɏɜɞ ɛɧɟɘɞ ɛˊɞɟŮɑ ɜŬ ŬˊŮɜŮɟɔɞˊɞɘɖɗŮɑ ɛŮ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ 

(űɗɞɟɘůɛɧ, ɢŬɚŬɟɩůŮɘɠ ŰŬɚŬɜŰɩůŮɤɜ əɚˊ) əŬɘ ɢɖɛɘəɎ ɛŮ ŭɘŬɛɞɟɘŬəɏɠ əŬɘ ɛɞɜɞɛɞɟɘŬəɏɠ 

űɤŰɞɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ (űɤŰɞɥůɞɛŮɟɘůɛɧɠ, űɤŰɞŭɘɎůŰŬůɖ əɚˊ). ȼ ŮˊɑŭɟŬůɖ Űɖɠ 

űɡůɘəɐɠ ŬˊŮɜŮɟɔɞˊɞɘɐůŮɤɠ ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ (ɐ ɔɐɟŬɜůɖ) Űɤɜ ˊɞɚɡɛŮɟɩɜ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟŬɚɖűɗŮɑ. ũɘŬ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ (ɐ ɔɐɟŬɜůɖ) Űɤɜ ˊɞɚɡɛŮɟɩɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ, ɧŰɘ ɖ 
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ŮɜŮɟɔŮɘŬəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŭɘɖɔŮɟɛɏɜɤɜ əŬŰŬůŰɎůŮɤɜ əŬɘ Űɖɠ ɓŬůɘəɐɠ əŬŰŬůŰɎůŮɤɠ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŮɜɏɟɔŮɘŬ ŭɘŬůˊɎůŮɤɠ Űɞɡ ɢɖɛɘəɞɨ ŭŮůɛɞɨ (ɆɢɐɛŬ 32). ɆŮ ŬɡŰɐ 

Űɖɜ ˊŮɟɑˊŰɤůɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɗɟŬɨůɖ ŭŮůɛɩɜ C-C ɐ C-H əŬɘ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ɔɑɜŮŰŬɘ 

Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. 

ɇŬ ɞɟɔŬɜɘəɎ ˊɞɚɡɛŮɟɐ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əɡɟɑɤɠ ŭŮůɛɞɨɠ C-C, C-H, -Ƀȼ əŬɘ C-C1. 

ȾŬŰɎ ůɡɜɏˊŮɘŬ ɗŬ ŬɜŬɛɏɜŮŰɞ ɧŰɘ ŬɡŰɎ ɗŬ ŬˊɞɟɟɞűɞɨůŬɜ Űɞ űɤɠ ɛŮ ɛɐəɞɠ əɨɛŬŰɞɠ ɚ < 

200 nm. ȹɘŬˊɘůŰɩɜŮŰŬɘ ɧɛɤɠ, ɧŰɘ ɛŮŰɎ Ŭˊɧ ŬəŰɑɜɞɓɧɚɘůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɛŮ UV-

ŬəŰɘɜɞɓɞɚɑŬ əŬɘ ɛɎɚɘůŰŬ ɛŮ ɏɜŬ ɛɐəɞɠ əɨɛŬŰɞɠ ɛŮ ɚ > 300 nm, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

ɛŬəɟɞɟɑɕŮɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ŰŬ ˊɞɚɡɛŮɟɐ ˊŮɟɘɏɢɞɡɜ ˊɟɎɔɛŬŰɘ ɏɜŬ Ůɑŭɞɠ ɢɟɤɛɞűɧɟɤɜ 

ɞɛɎŭɤɜ. ũɤ Űɖɜ Ŭˊɞɟɟɧűɖůɖ űɤŰɧɠ ůŰŬ ˊɞɚɡɛŮɟɐ ŮɡɗɨɜɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ 

ŬəɧɟŮůŰŮɠ ɞɛɎŭŮɠ, əŮŰɞɜɘəɏɠ ɞɛɎŭŮɠ, ɞɘ ɞˊɞɑŮɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əŬŰɎ Űɖɜ ůɨɜɗŮůɖ əŬɘ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ˊɞɚɡɛŮɟɩɜ, əŬɗɩɠ əŬɘ ɛŮɟɘəɏɠ ŬəŬɗŬɟůɑŮɠ (ˊ.ɢ. ɛŮŰŬɚɚɘɧɜŰŬ). 

Ƀ ɛɏůɞɠ ɧɟɞɠ Űɞɡ ɖɚɘŬəɞɨ űɤŰɧɠ ɛŮ ɛɐəɞɠ əɨɛŬŰɞɠ ɚ < 450 nm ůŰɞ ůɡɜɞɚɘəɧ 

ɖɚɘŬəɧ űɎůɛŬ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 5%. Ƀˊɤɠ űŬɑɜŮŰŬɘ 

Ŭˊɧ ŰŬ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŬ ɆɢɐɛŬŰŬ 32 əŬɘ 33 Űɞ ɛɘəɟɞɨ ɛɐəɞɡɠ əɨɛŬŰɞɠ ɛɏɟɞɠ (ɚ < 400 

nm) Űɞɡ űɎůɛŬŰɞɠ Űɞɡ ɖɚɘŬəɞɨ űɤŰɧɠ ŮɑɜŬɘ ŮˊŬɟəɩɠ ɛŮɔɎɚɞ, ɔɘŬ ɜŬ ˊɟɞəŬɚɏůŮɘ 

űɤŰɞɢɖɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ ůŰŬ ˊɞɚɡɛŮɟɐ ɛŮŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɞɡ Ŭˊɧ ŬɡŰɎ. 

ȾŮŰɞɜɘəɏɠ ɞɛɎŭŮɠ (C=0) ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰŬ ˊɞɚɡɛŮɟɐ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɟɟɞűɐůɞɡɜ 

Űɞ űɤɠ ɛŮ ɏɜŬ ɛɐəɞɠ əɨɛŬŰɞɠ Ŭˊɧ 270 ɏɤɠ 330 nm əŬɘ ůɡɜŮˊɩɠ ɛŮŰŬɓŬɑɜɞɡɜ ůŮ ɛɑŬ 

ŭɘɖɔŮɟɛɏɜɖ əŬŰɎůŰŬůɖ. Ƀɘ əŮŰɞɜɘəɏɠ ɞɛɎŭŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɡɟɑůəɞɜŰŬɘ ůŮ ɛɑŬ ŰɏŰɞɘŬ 

ŭɘɖɔŮɟɛɏɜɖ əŬŰɎůŰŬůɖ, ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘŭɟɎůɞɡɜ ˊɎɟŬ-ˊɏɟŬ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ 

[16]: 

 

 

 ɗɟŬɨůɖ Űɤɜ C-C ŭŮůɛɩɜ, ɞɘ ɞˊɞɑŮɠ ɔŮɘŰɞɜŮɨɞɡɜ ɛŮ Űɘɠ əŮŰɞɜɘəɏɠ ɞɛɎŭŮɠ: 

 
 ŬűŬɑɟŮůɖ ɡŭɟɞɔɧɜɞɡ Ŭˊɧ Űɖɜ ɔ-ɗɏůɖ 

 

 ŬűŬɑɟŮůɖ ɡŭɟɞɔɧɜɞɡ Ŭˊɧ Űɖɜ' ɓ-ɗɏůɖ əŬɘ ɗɟŬɨůɖ 

 

ȾŬɘ ɞɘ ŰɟŮɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŬɜŰɘŭɟɎůŮɘɠ ˊŬɑɕɞɡɜ ɏɜŬ ůɖɛŬɜŰɘəɧ ɟɧɚɞ əŬŰɎ Űɖɜ 

űɤŰɞɢɖɛɘəɐ Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ. Ƀ Űɨˊɞɠ ɗɟŬɨůŮɤɠ əŬŰɎ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ 

Ůɜɧɠ ˊɞɚɡɛŮɟɞɨɠ, Űɞ ɞˊɞɑɞɜ ˊŮɟɘɏɢŮɘ əŮŰɞɜɘəɏɠ ɞɛɎŭŮɠ, ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ŭɞɛɐ 

Űɞɡ, Űɖɜ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ůɢɖɛŬŰɘɕɧɛŮɜɤɜ ɟɘɕɩɜ əŬɘ Űɖɜ ŮɜɏɟɔŮɘŬ ŭɘŮɔɏɟůŮɩɠ Űɞɡ. 

ȺɚŮɨɗŮɟŮɠ ɟɑɕŮɠ, ɞɘ ɞˊɞɑŮɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ űɞˊɞɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ɛˊɞɟɞɨɜ 

ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɞɝɡɔɧɜɞɡ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ ŬɏɟŬ ůŰɞ ůəɞŰɎŭɘ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ɟɑɕŮɠ 

ɡˊŮɟɞɝŮɘŭɑɤɜ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘŭɟɎůɞɡɜ ˊɎɟŬ-ˊɏɟŬ, ɧˊɤɠ ɏɢŮɘ ˊŮɟɘɔɟŬűŮɑ əŬɘ 

ˊɟɞɖɔɞɡɛɏɜɤɠ (əŮű.2.14). ɆŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɛɘɚŮɑ əŬɜŮɑɠ ɔɘŬ űɤŰɞɞɝŮɘŭɤŰɘəɐ 

Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ. Ⱥˊɑ ˊɚɏɞɜ, ɛŮŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ űɤŰɧɠ ŬəɞɚɞɡɗŮɑ 
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űɡůɘəɐ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ, ɖ ɞˊɞɑŬ ŬɡɝɎɜŮɘ Űɖɜ ɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ ɛŬəɟɞɛɞɟɑɤɜ, ɛŮ Űɖɜ 

ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮɡɜɞɞɨɜŰŬɘ ŬɜŰɘŭɟɎůŮɘɠ ɗŮɟɛɘəɐɠ ŬˊɞɘəɞŭɞɛɐůŮɤɠ. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɡɝɖɗŮɑ ɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɏɜŬɜŰɘ Űɖɠ UV 

ŬəŰɘɜɞɓɞɚɑŬɠ (űɤŰɞŬˊɞɘəɞŭɧɛɖůɖ) ůŰɖ əŬɗɖɛŮɟɘɜɐ ŮűŬɟɛɞɔɐ Űɤɜ ˊɞɚɡɛŮɟɩɜ 

ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŮ ŬɡŰɎ ůŰŬɗŮɟɞˊɞɘɖŰɏɠ ɏɜŬɜŰɘ UV ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ Ŭˊɞɟɟɞűɞɨɜ 

ɏɜŰɞɜŬ ŰŬ ŮˊɘəɑɜŭɡɜŬ ɛɐəɖ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ (ɓɚ əŮű. 2). 

 

 

3.2 ɆŰŬɗŮɟɞˊɞɑɖůɖ ɏɜŬɜŰɘ Űɖɠ űɤŰɞŬˊɞɘəɞŭɧɛɖůɖɠ 

ȰɜŬɜŰɘ Űɤɜ ŬɜŮˊɘɗɨɛɖŰɤɜ ŬɘŰɘɩɜ ˊɞɡ ůɡɜŰŮɚɞɨɜ ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡ 

ˊɞɚɡɛŮɟɞɨɠ, ɚŬɛɓɎɜɞɜŰŬɘ əŬŰɎɚɚɖɚŬ çŬɛɡɜŰɘəɎè ɛɏŰɟŬ, ˊɞɡ ɗŬ ŮˊɘŰɟɏɣɞɡɜ Űɖɜ 

ŬɝɘɧˊɘůŰɖ ŬɜŰŬˊɧəɟɘůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮűŬɟɛɞɔɐɠ. 

ɇɏŰɞɘŬ ɛɏŰɟŬ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ, ɛˊɞɟɞɨɜ ɜŬ 

ŮəŰŮɑɜɞɜŰŬɘ Ŭˊɧ ɛɑŬ Ŭˊɚɐ ˊɟɞůɗɐəɖ əɎˊɞɘŬɠ ɞɡůɑŬɠ (ˊ.ɢ. ůŰŬɗŮɟɞˊɞˊɞɘɖŰɐ) ůŮ ɛɑŬ űɎůɖ 

Űɖɠ ˊŬɟŬɔɤɔɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ Űɞɡ ŰŮɚɘəɞɨ ˊɞɚɡɛŮɟɞɨɠ Ůɤɠ Űɖ ůɖɛŬɜŰɘəɐ ɛŮŰŬɓɞɚɐ Űɖɠ 

ˊŬɟŬɔɤɔɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ɐ Ŭəɧɛɖ əŬɘ Űɞ ŭɘŬűɞɟŮŰɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ 

ˊɟɞɥɧɜŰɞɠ [15]. ɀŮɟɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ɞɡůɘɩɜ ˊɞɡ ŬˊɞŰɟɏˊɞɡɜ Űɖɜ ɞɝŮɘŭɤŰɘəɐ 

Ŭˊɞɘəɞŭɧɛɖůɖ ŬɚɚɎ əŬɘ Űɖ űɤŰɞŬˊɞɘəɞŭɧɛɖůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ əŬɘ ɞɘ ɛɖɢŬɜɘůɛɞɑ ŭɟɎůɖɠ 

Űɞɡɠ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.4. 

 

ɄɑɜŬəŬɠ 3.4. ɀɖɢŬɜɘůɛɞɑ UV ůŰŬɗŮɟɞˊɞɘɖŰɩɜ əŬɘ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ [16]. 

ɀɖɢŬɜɘůɛɧɠ ɉɖɛɘəɧ ɛɏůɞ 

ȷɜŰŬɔɤɜɘůŰɘəɐ Ŭˊɞɟɟɧűɖůɖ UV 2-ɈŭɟɞɝɡɓŮɜɕɞűŬɘɜɧɜŮɠ 

 2-ɈŭɟɞɝɡűŬɘɜɡɚɞɓŮɜɕɞŰɟɘŬɕɧɜŮɠ 

 2-ɈŭɟɞɝɡűŬɘɜɡɚɞ-8-ŰɟɘŬɕɑɜŮɠ 

 ȯɚɚŮɠ ɢɖɛɘəɏɠ əɚɎůŮɘɠ 

ȷˊŮɜŮɟɔɞˊɞɑɖůɖ ŭɘɖɔɖɟɛɏɜɖɠ əŬŰɎůŰŬůɖɠ ūŬɘɜɞɝŮɑŭɘɞ Űɞɡ ɜɘəŮɚɑɞɡ 

ȺɝɎɚŮɘɣɖ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ ūŬɘɜɞɝŮɑŭɘɞ Űɞɡ ɜɘəŮɚɑɞɡ 

 ɄŬɟŮɛˊɞŭɘůɛɏɜŮɠ ŬɛɑɜŮɠ 

 ɄŬɟŮɛˊɞŭɘůɛɏɜɞɘ ɓŮɜɕɞŮůŰɏɟŮɠ 

ȷˊɞůɨɜɗŮůɖ HDP ūŬɘɜɞɝŮɑŭɘɞ Űɞɡ ɜɘəŮɚɑɞɡ 

 ɄŬɟŮɛˊɞŭɘůɛɏɜŮɠ ŬɛɑɜŮɠ 

ȷˊŮɜŮɟɔɞˊɞɑɖůɖ ɡˊɞɚŮɘɛɛɎŰɤɜ əŬŰŬɚɡŰɩɜ ūɤůűɑŰŮɠ 

 ȹɏəŰŮɠ ɞɝɏɤɜ 

 ɄŬɟŮɛˊɞŭɘůŰɏɠ ɛŮŰɎɚɚɤɜ 
 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɡɝɖɗŮɑ ɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɏɜŬɜŰɘ Űɖɠ UV 

ŬəŰɘɜɞɓɞɚɑŬɠ (űɤŰɞŬˊɞɘəɞŭɧɛɖůɖ) ůŰɖɜ əŬɗɖɛŮɟɘɜɐ ŮűŬɟɛɞɔɐ Űɤɜ ˊɞɚɡɛŮɟɩɜ 

ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŮ ŬɡŰɎ ůŰŬɗŮɟɞˊɞɘɖŰɏɠ ɏɜŬɜŰɘ UV-ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ Ŭˊɞɟɟɞűɞɨɜ 

ɏɜŰɞɜŬ ŰŬ ŮˊɘəɑɜŭɡɜŬ ɛɐəɖ əɨɛŬŰɞɠ. 

Ƀɘ ůŰŬɗŮɟɞˊɞɘɖŰɏɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ UV ŬˊɞɟɟɞűɖŰɏɠ ɞɘ ɞˊɞɑɞɘ Ŭˊɞɟɟɞűɞɨɜ Űɞ 

űɤŰɞɢɖɛɘəɎ ŮɜŮɟɔɧ űɤɠ, ɞɡůɑŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬűɏɟɞɡɜ ŮɜɏɟɔŮɘŬ Ŭˊɧ ŭɘɖɔɖɟɛɏɜŮɠ 

əŬŰŬůŰɎůŮɘɠ ŬˊŮɜŮɟɔɞˊɞɘɩɜŰŬɠ ŬɡŰɏɠ, əŬɘ Űɏɚɞɠ ɞɡůɑŮɠ ˊɞɡ əŬŰŬůŰɟɏűɞɡɜ Űɘɠ 

ůɢɖɛŬŰɘɕɧɛŮɜŮɠ ŮɜɩůŮɘɠ ɡˊŮɟɞɝŮɘŭɑɤɜ əŬɘ Ůɛˊɞŭɑɕɞɡɜ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ Űɤɜ ŮɛűŬɜɘɕɧɛŮɜɤɜ 

ɟɘɕɩɜ. 

ɀɑŬ ˊɟɞůŰŬůɑŬ ɏɜŬɜŰɘ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ űɤŰɧɠ ɔɑɜŮŰŬɘ ɛŮ ŮˊɘəŬɚɡˊŰɘəɎ ɐ ɛŮ 

ŮɜůɤɛɎŰɤůɖ ˊɘɔɛɏɜŰɤɜ ɐ ɞɟɘůɛɏɜɤɜ ˊɟɞůɗɏŰɤɜ (ˊ.ɢ. ŬɘɗɎɚɖ, ȻɖɃ əŬɘ Cr2U3 ŮɜŮɟɔɞɨɜ 
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ůŰŬɗŮɟɞˊɞɘɖŰɘəɎ). UV-ŬˊɞɟɟɞűɖŰɏɠ, ɞɘ ɞˊɞɑɞɘ ɢɟɖůɘɛŮɨɞɡɜ ɤɠ ɛɏůɞ ˊɟɞůŰŬůɑŬɠ ɏɜŬɜŰɘ 

Űɞɡ űɤŰɧɠ, ˊɟɏˊŮɘ ɜŬ Ŭˊɞɟɟɞűɞɨɜ ɡɜ-űɞɞɠ əŬɘ ɜŬ ŬˊŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ɛɧɜɞɘ Űɞɡɠ, ɢɤɟɑɠ 

ɏŰůɘ ɜŬ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɟɑɕŮɠ. Ƀɘ ŬˊɚɞɨůŰŮɟŮɠ ŮɜɩůŮɘɠ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŮɑɜŬɘ Űɞ ůŬɚɘəɡɚɘəɧ 

ɞɝɨ, ɖ 2-ɡŭɟɞɝɡɓŮɜɕɞűŬɘɜɧɜɖ əŬɘ ɖ ɡŭɟɞɝɡűŬɘɜɡɚɞɓŮɜɕɞŰɟɘŬɕɧɚɖ. Ƀɘ ŬɜŬűŮɟɧɛŮɜŮɠ 

ŮɜɩůŮɘɠ ŮɑɜŬɘ ɘəŬɜɏɠ ɔɘŬ űɤŰɞŰŬɡŰɞɛɏɟŮɘŬ, ŭɖɚŬŭɐ əŬŰɎ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɞɡ űɤŰɧɠ 

ɔɑɜŮŰŬɘ ɏɜŬ űɤŰɞŰŬɡŰɞɛŮɟɏɠ, Űɞ ɞˊɞɑɞ ůŮ ɛɘŬ ɗŮɟɛɘəɐ ŬɜŰɑŭɟŬůɖ ˊŬɟɏɢŮɘ ˊɎɚɘ Űɖɜ Ŭɟɢɘəɐ 

ɞɡůɑŬ. ȼ ˊɟɞůɚŬɛɓŬɜɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŬəŰɘɜɞɓɞɚɑŬɠ ŮəŰŮɜɩɠ əŬŰŬɜŬɚɩɜŮŰŬɘ ɛŮ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ əŬɘ ŭŮɜ ɛˊɞɟŮɑ ˊɚɏɞɜ ɜŬ ŮˊɘŭɟɎůŮɘ ɓɚŬɓŮɟɎ ůŰɞ ˊɞɚɡɛŮɟɏɠ. ȼ ɞɟɗɞ-

ɡŭɟɞɝɡɓŮɜɕɞűŬɘɜɧɜɖ ɛŮŰŬɓŬɑɜŮɘ ɛŮ ŬəŰɘɜɞɓɞɚɑŬ ůŮ ɛɘŬ ŭɘɖɔɖɟɛɏɜɖ əŬŰɎůŰŬůɖ, 

ˊɟɞůɚŬɛɓɎɜŮɘ Űɖɖɜ ˊɟɞůˊɑˊŰɞɡůŬ ŮɜɏɟɔŮɘŬ ŭɘŬ ɛɏůɞɡ Űɖɠ ɔɏűɡɟŬɠ ɡŭɟɞɔɧɜɞɡ əŬɘ 

ŬəŰɘɜɞɓɞɚŮɑ ŬɡŰɐ ɤɠ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ (ŭɖɚŬŭɐ ɤɠ ɗɏɟɛŬɜůɖ) [16]. 

Ƀɘ ŰɏůůŮɟɘɠ əɡɟɘɧŰŮɟɞɘ Űɨˊɞɘ UV ůŰŬɗŮɟɞˊɞɘɖŰɩɜ ŮɑɜŬɘ: 

 ūɑɚŰɟŬ UV (screener) 

 ŬˊɞɟɟɞűɖŰɏɠ UV 

 ȷˊŮɜŮɟɔɞˊɞɘɖŰɏɠ ŭɘŮɔŮɟɛɏɜɖɠ əŬŰɎůŰŬůɖɠ 

 ɃɡůɑŮɠ ŮɝɎɚŮɘɣɖɠ ŮɚŮɡɗɏɟɤɜ ɟɘɕɩɜ ɐ/əŬɘ ŬˊɞůɨɜɗŮůɖɠ HDP:  

ɄɘůŰŮɨŮŰŬɘ ɞŰɘ ɞɘ ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ ɛɏɗɞŭɞɘ ŮɑɜŬɘ ɞɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ. ȺɑɜŬɘ ˊɚɏɞɜ 

ŮɝŬəɟɘɓɤɛɏɜɞ ɞŰɘ ɏɜŬɠ UV ůŰŬɗŮɟɞˊɞɘɖŰɐɠ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ˊɞɚɚɞɨɠ 

ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ, Ŭɜ əŬɘ ŬɡŰɧ ŭŮ ůɖɛŬɚɘɜŮɘ ɞŰɘ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŮɑɜŬɘ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ.  

ɃɟɘůɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ UV ůŰŬɗŮɟɞˊɞɘɖŰɩɜ ŮɑɜŬɘ [16]: 

 ɄɘɔɛɏɜŰŬ: 

ȷɡŰɎ ŬɜŰŬɜŬəɚɞɨɜ Űɖ ɓɚŬɓŮɟɐ ŬəŰɘɜɞɓɞɚɑŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɛŮ 

ŮˊɘəɎɚɡɣɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɐ ɛŮ ŮɜůɤɛɎŰɤůɖ Ůɜɧɠ ˊɘɔɛɏɜŰɞɡ ɛŮ ɡɣɖɚɐ ɘəŬɜɧŰɖŰŬ 

ŬɜŰŬɜɎəɚŬůɖɠ UV. ɃɟɘůɛɏɜŬ ŬɜɧɟɔŬɜŬ ˊɘɔɛɏɜŰŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ 

ŰɘŰŬɜɑɞɡ, Űɞ ɞɝŮɑŭɘɞ Űɞɡ Zn, BaS04 (barium sulphate), Fe2U3 (iron oxide), Cr02 

(chromium oxide), PbO (lead oxide) ə.Ɏ. ɃɟɔŬɜɘəɎ ˊɘɔɛɏɜŰŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞ 

əɡŬɜɞɨɜ əŬɘ Űɞ ˊɟɎůɘɜɞ Űɖɠ űɗŬɚɞəɡŬɜɑɜɖɠ (phthalocyanine blues and greens), ŰŬ 

ŮɟɡɗɟɎ Űɖɠ əɘɜŬəɟɘɘŭɧɜɖɠ (quinacridone reds), ŰŬ ɘɩŭɖ Űɖɠ əŬɟɓŬɕɧɚɖɠ (carbazole 

violet), əŬɘ Űɞ əɡŬɜɞɨɜ Űɞɡ ɞɡɚŰɟŬɛŬɟɘɜ (ultramarine blue). 

 ɃɟɗɞɡŭɟɞɝɡŬɟɤɛŬŰɘəɏɠ ŮɜɩůŮɘɠ: 

ũŮɜɘəɎ ɚŮɘŰɞɡɟɔɞɨɜ ŬˊɞɟɟɞűɩɜŰŬɠ Űɖɜ UV ŬəŰɘɜɞɓɞɚɑŬ, ŬɚɚɎ ɡˊɎɟɢɞɡɜ əŬɘ Ůɑŭɖ 

ˊɞɡ ŬˊŮɜŮɟɔɞˊɞɘɞɨɜ ŭɘŮɔŮɟɛɏɜŮɠ əŬŰŬůŰɎůŮɘɠ əŬɘ ŮɝŬɚŮɑűɞɡɜ Űɘɠ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ. 

ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟɞɡɛŮ Űɘɠ 2-ɡŭɟɞɝɡɓŮɜɕɞűŬɘɜɧɜŮɠ, 2-

ɡŭɟɞɝɡűŬɘɜɡɚɞɓŮɜɕɞŰɟɘŬɕɧɚŮɠ, 2-ɡŭɟɞɝɡűŬɘɜɡɚɞ-8-ŰɟɘŬɕɑɜŮɠ. 

 ɄŬɟŬ-ɡŭɟɞɝɡɓŮɜɕɞŮůŰɏɟŮɠ (para-hydroxybenzoates): 

ɇŬ p-hydroxybenzoates ɛŮ űŬɘɜɞɚɘəɞɨɠ ɡˊɞəŬŰɎůŰŬŰŮɠ ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ɛɏůɤ ɛɘŬɠ 

űɤŰɞɢɖɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ ˊɟɞɠ ɏɜŬ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ˊɟɞɥɧɜ, Űɘɠ 2-

ɡŭɟɞɝɡɓŮɜɕɞűŬɘɜɧɜŮɠ. 

 ɆɨɛˊɚɞəŬ ɛŮŰɎɚɚɤɜ: ȷɜ əŬɘ ŮɑɜŬɘ ůɢŮŰɘəɎ ɝŮˊŮɟŬůɛɏɜŬ, ŰŬ ɛŮŰŬɚɚɘəɎ ůɨɛˊɚɞəŬ 

ůɡɜŮɢɑɕɞɡɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. 

 ȺɜɩůŮɘɠ ˊŬɟŬɛˊɞŭɘůɛɏɜɖɠ ˊɘˊŮɟɘŭɑɜɖɠ: 

 ȷˊɞŰŮɚɞɨɜ Űɖɜ ˊɘɞ ˊɟɧůűŬŰɖ Ůɝɏɚɘɝɖ ůŰɞɡɠ UV ůŰŬɗŮɟɞˊɞɘŰɏɠ əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ 

ˊɎɟŬ ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ ˊɟɞɠ ˊɟɞůŰŬůɑŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɏɜŬɜŰɘ Űɖɠ UV 

ŬəŰɘɜɞɓɞɚɑŬɠ. 

Ʉɞɚɚɞɑ UV ůŰŬɗŮɟɞˊɞɘɖŰɏɠ ŭɟɞɡɜ ůɡɜŮɟɔŬŰɘəɎ ɛŮ ɞɟɘůɛɏɜŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ, ɤɠ 

Ůɝɐɠ: Ƀɘ UV ŬˊɞɟɟɞűɖŰɏɠ ŬˊɞŰɟɏˊɞɡɜ Űɞ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ Ŭˊɧ Űɖ űɤŰɧɚɡůɖ, əŬɘ ŰŬ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɎ əŬŰŬůŰɟɏűɞɡɜ ŰŬ HDP ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮˊɘŰŮɗɞɨɜ ůŰɞ UV 

ŬˊɞɟɟɞűɖŰɐ [16]. 
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4 ȺɄȽȿȺũɀȺɁȷ ɄɃȿɈɀȺɅȼ ɈȿȽȾȷ 

 

4.1 ɄɞɚɡŮůŰɏɟŮɠ  

ɀŮ Űɞɜ ɧɟɞ ˊɞɚɡŮůŰɏɟŮɠ ŮɜɜɞɞɨɛŮ Űɘɠ ˊɞɚɡɛŮɟŮɑɠ ŮɜɩůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɏɢɞɡɜ ůŰɖ 

ŭɞɛɐ Űɖɠ ɓŬůɘəɐɠ ŬɚɡůɑŭŬɠ Űɞɡɠ Űɖɜ ŮůŰŮɟɘəɐ ɞɛɎŭŬ (-COO-). ȹɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ 

ɛŮɔɎɚŮɠ əŬŰɖɔɞɟɑŮɠ, Űɞɡɠ ɗŮɟɛɞˊɚŬůŰɘəɞɨɠ ˊɞɚɡŮůŰɏɟŮɠ (thermoplastic polyesters) əŬɘ 

Űɞɡɠ ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜɞɡɠ ˊɞɚɡŮůŰɏɟŮɠ (thermosetting polyesters), ɞɘ ɞˊɞɑɞɘ ˊŬɟɧɚɞ ˊɞɡ 

Ŭɜɐəɞɡɜ ůŰɖɜ ɑŭɘŬ ɞɛɎŭŬ ˊɞɚɡɛŮɟɩɜ, ŭɘŬűɏɟɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ Űɧůɞ ůŰɘɠ űɡůɘəɏɠ ɧůɞ əŬɘ 

ůŰɘɠ ɢɖɛɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ, əŬɘ əŬŰ' ŮˊɏəŰŬůɖ ůŰɘɠ ŮűŬɟɛɞɔɏɠ Űɞɡɠ [17]. 

 

4.1.1 ŪŮɟɛɞˊɚŬůŰɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ 

ȼ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Űɤɜ ˊɞɚɡŮůŰɏɟɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɞɚɡɛŮɟɐ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ɔɟŬɛɛɘəɎ, əɞɟŮůɛɏɜŬ, əŬɘ ŮɡŭɘɎɚɡŰŬ. ȷɜɎɚɞɔŬ ɛŮ Űɞ ɓŬɗɛɧ ˊɞɚɡɛŮɟɘůɛɞɨ əŬɘ ŰŬ 

ɛɞɜɞɛŮɟɐ Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊŬɟɎɔɞɜŰŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Ŭˊɧ ɘɝɩŭɖ ɡɔɟɎ ɏɤɠ əŬɘ ůŰŮɟŮɎ, ŰŬ 

ɞˊɞɑŬ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɎɛɞɟűŬ ɐ ɖɛɘəɟɡůŰŬɚɚɘəɎ. Ƀɘ ɗŮɟɛɞˊɚŬůŰɘəɞɑ 

ˊɞɚɡŮůŰɏɟŮɠ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɏɠ ůŰɖɜ ˊŬɟŬɔɤɔɐ ˊɞɚɡŮůŰŮɟɘəɩɜ ɘɜɩɜ, ŮˊɘəŬɚɡˊŰɘəɩɜ, 

ɓŬűɩɜ ə.Ɏ. [17]. 

ȼ ˊɘɞ Ůɛˊɞɟɘəɐ ɛɏɗɞŭɞɠ ˊŬɟŬɔɤɔɐɠ ɗŮɟɛɞˊɚŬůŰɘəɩɜ ˊɞɚɡŮůŰɏɟɤɜ ŮɑɜŬɘ ŬɡŰɐ Űɖɠ 

Ŭˊɚɐɠ ŬɜŰɑŭɟŬůɖɠ ŭɘɞɝɏɤɠ ɐ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ŭɘŮůŰɏɟŬ əŬɘ ŭɘɧɚɖɠ [17]. 

Ƀɘ ɗŮɟɛɞˊɚŬůŰɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ɤɠ Ůɝɐɠ [17]: 

 ȷɚŮɘűŬŰɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ (aliphatic polyesters). Ƀɘ ˊɞɚɡŮůŰɏɟŮɠ ŬɡŰɞɑ ˊŬɟɎɔɞɜŰŬɘ 

Ŭˊɧ ŬɚŮɘűŬŰɘəɎ ɛɞɜɞɛŮɟɐ (ŭɘɓŬůɘəɎ ɞɝɏŬ əŬɘ ɔɚɡəɧɚŮɠ). 

 ɇŬ əɡɟɘɧŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɚŮɘűŬŰɘəɩɜ ˊɞɚɡŮůŰɏɟɤɜ ŮɑɜŬɘ ɖ ŮɡəŬɛɣɑŬ əŬɘ 
Űɞ ɢŬɛɖɚɧ ůɖɛŮɑɞ ŰɐɝŮɤɠ. ũɈ ŬɡŰɧ əŬɘ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞɜ ŰɞɛɏŬ Űɤɜ 

əŬŰŬůəŮɡŬůŰɘəɩɜ ɡɚɘəɩɜ, ŬɚɚɎ ɤɠ ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ ɐ ɤɠ ŮˊɘəŬɚɡˊŰɘəɎ. ũŮɜɘəɎ, 

ɧɛɤɠ, ŭŮɜ ɗŮɤɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɞɑ ɗŮɟɛɞˊɚŬůŰɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ əŬɘ ɖ 

ŮɛˊɞɟɘəɧŰɖŰŬ Űɞɡɠ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ [17]. 

 ɀŮɟɘəɩɠ ŬɟɤɛŬŰɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ (partly aromatic polyesters). Ƀɘ ˊɞɚɡŮůŰɏɟŮɠ 

ŬɡŰɞɑ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŬɚŮɘűŬŰɘəɏɠ ɔɚɡəɧɚŮɠ əŬɘ ŬɟɤɛŬŰɘəɎ ŭɘɓŬůɘəɎ ɞɝɏŬ ɐ ŬɟɤɛŬŰɘəɞɨɠ 

ŮůŰɏɟŮɠ. Ƀɘ əɡɟɘɧŰŮɟŮɠ ŭɘŬűɞɟɏɠ ŬɡŰɩɜ Ŭˊɧ Űɞɡɠ ŬɚŮɘűŬŰɘəɞɨɠ ˊɞɚɡŮůŰɏɟŮɠ ŮɑɜŬɘ ɖ 

Ŭɡɝɖɛɏɜɖ ŬəŬɛɣɑŬ Űɞɡɠ, əŬɘ ɞɘ ŬɡɝɖɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɐɝɖɠ əŬɘ ɡŬɚɩŭɞɡɠ 

ɛŮŰɎˊŰɤůɖɠ.ɆŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ˊɞɚɡŮůŰɏɟɤɜ Ŭɜɐəɞɡɜ ŰŬ ˊɞɚɡŰŮɟŮűɗŬɚɘəɎ 

ŬɚəɡɚɏɜɘŬ, əɨɟɘɞɘ Ůəˊɟɧůɤˊɞɘ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ Űɞ ˊɞɚɡŰŮɟŮűɗŬɚɘəɧ Ŭɘɗɡɚɏɜɘɞ (PET) əŬɘ 

Űɞ ˊɞɚɡŰŮɟŮűɗŬɚɘəɧ ɓɞɡŰɡɚɏɜɘɞ (Ʌȸɇ). ɆŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ɛŮɟɘəɩɠ ŬɟɤɛŬŰɘəɩɜ 

ˊɞɚɡŮůŰɏɟɤɜ Ŭɜɐəɞɡɜ əŬɘ ŰŬ ˊɟɞɥɧɜŰŬ ˊɞɚɡůɡɛˊɨəɜɤůɖɠ ŬɚŮɘűŬŰɘəɩɜ ŭɘɓŬůɘəɩɜ ɞɝɏɤɜ 

əŬɘ ŬɟɤɛŬŰɘəɩɜ ŭɘɓŬůɘəɩɜ Ŭɚəɞɞɚɩɜ, ŰŬ ɞˊɞɑŬ ɧɛɤɠ ŭŮɜ ŮɑɜŬɘ ŮɛˊɞɟŮɡɛŬŰɞˊɞɘɐůɘɛŬ 

ɚɧɔɤ Űɤɜ Ŭəɟɘɓɩɜ ˊɟɩŰɤɜ ɡɚɩɜ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡɠ, Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ˊɞɚɡůɡɛˊɨəɜɤůɖɠ, əŬɘ Űɤɜ ɛɏŰɟɘɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŰŮɚɘəɩɜ ˊɟɞɥɧɜŰɤɜ. 

 ȷɟɤɛŬŰɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ (aromatic polyesters). Ƀɘ ˊɞɚɡŮůŰɏɟŮɠ ŬɡŰɞɑ ɏɢɞɡɜ ɧɚɞɡɠ 

Űɞɡɠ ŮůŰŮɟɘəɞɨɠ ŭŮůɛɞɨɠ Ůɜɤɛɏɜɞɡɠ ɛŮ ŬɟɤɛŬŰɘəɞɨɠ ŭŬəŰɡɚɑɞɡɠ. Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ 

ŬɟɤɛŬŰɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ ɏɢɞɡɜ ɛŮɘɤɛɏɜɖ ŮˊŮɝŮɟɔŬůɘɛɧŰɖŰŬ. ȷɜŰɑɗŮŰŬ, ɞɘ ŬɟɤɛŬŰɘəɞɑ 

ˊɞɚɡŮůŰɏɟŮɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ɛɑɔɛŬ ŰŮɟŮűɗŬɚɘəɞɨ əŬɘ ɘůɞűɗŬɚɘəɞɨ ɞɝɏɞɠ əŬɘ 

ŭɘűŬɘɜɧɚɖɠ-ȷ, ˊŬɟɞɡůɘɎɕɞɡɜ ˊɞɚɨ əŬɚɏɠ ɘŭɘɧŰɖŰŮɠ ɧˊɤɠ ɡɣɖɚɎ ůɖɛŮɑŬ Űɐɝɖɠ, əŬɚɐ 

ŮˊŮɝŮɟɔŬůɘɛɧŰɖŰŬ əŬɘ əŬɚɐ ŬɜɗŮəŰɘəɧŰɖŰŬ əŬŰɎ Űɖɠ ɔɐɟŬɜůɖɠ. 
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4.1.2 ŪŮɟɛɞůəɚɖɟɡɜɧɛŮɜɞɘ ˊɞɚɡŮůŰɏɟŮɠ 

Ƀɘ ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜɞɘ ˊɞɚɡŮůŰɏɟŮɠ ɢɤɟɑɕɞɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ əŬŰɖɔɞɟɑŮɠ: 

 ȷɚəɡŭɘəɏɠ ɟɖŰɑɜŮɠ (alkyds). ȺɑɜŬɘ ˊɟɞɥɧɜŰŬ ůɡɛˊɨəɜɤůɖɠ Űɖɠ ɔɚɡəŮɟɑɜɖɠ (ŰɟɘŭɟŬůŰɘəɐ 

Ŭɚəɞɧɚɖ) əŬɘ ŭɘŭɟŬůŰɘəɩɜ ɞɝɏɤɜ (ɐ əŬɘ ˊŬɟŬɔɩɔɤɜ Űɞɡɠ). Ɇɡɜɐɗɤɠ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

Űɞɡɠ ůɡɛɛŮŰɏɢɞɡɜ əŬɘ ɚɘˊŬɟɎ ɞɝɏŬ (ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ɝɖɟŬɘɜɧɛŮɜŬ ɐ ɛɖ ɏɚŬɘŬ), ɛŮ 

ůəɞˊɧ ɜŬ ɛŮɘɤɗŮɑ ɖ ɛɏůɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɜŰɘŭɟɩɜŰɤɜ əŬɘ əŬŰɎ 

ůɡɜɏˊŮɘŬ ɜŬ ɛɖɜ ˊŬɟŬɢɗŮɑ ˊɞɚɡɛŮɟɏɠ ˊɚɏɔɛŬŰɞɠ ˊɞɡ ŮɑɜŬɘ ɎəŬɛˊŰɞ əŬɘ ɎŰɖəŰɞ. ȷɜ 

ŭŮɜ ůɡɛɛŮŰɏɢɞɡɜ ɚɘˊŬɟɎ ɞɝɏŬ, ɞɘ Ŭɚəɡŭɘəɏɠ ɟɖŰɑɜŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ 

çŮɚŮɨɗŮɟŮɠ ɚɘˊŬɟɩɜ ɞɝɏɤɜè (oil free alkyds) [17]. 

 ȼ ůəɚɐɟɡɜůɖ (ɝɐɟŬɜůɖ ɐ ůŰɏɔɜɤɛŬ) Űɤɜ Ŭɚəɡŭɘəɩɜ ɟɖŰɘɜɩɜ ɔɑɜŮŰŬɘ ůŮ ůɡɜɐɗɖ 

ɗŮɟɛɞəɟŬůɑŬ ˊŬɟɞɡůɑŬ ɞɝɡɔɧɜɞɡ. ɉŬɟŬəŰɖɟɘůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ Ŭɚəɡŭɘəɩɜ 

ɟɖŰɘɜɩɜ ŮɑɜŬɘ ɖ ŬɜɗŮəŰɘəɧŰɖŰŬ, ɖ ŮɡəŬɛɣɑŬ, ɖ ŭɘŬŰɐɟɖůɖ ŮˊɘűŬɜŮɘŬəɐɠ ɚɎɛɣɖɠ, ɖ 

əŬɚɐ ɗŮɟɛɘəɐ ŬɜŰɞɢɐ, ɞɘ əŬɚɏɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɞ Ůɨəɞɚɞɠ ɢɟɤɛŬŰɘůɛɧɠ əŬɘ ɖ 

ůŰŬɗŮɟɧŰɖŰŬ ɧůɞɜ ŬűɞɟɎ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɞɡɠ. ȷɡŰɏɠ ɞɘ ɘŭɘɧŰɖŰŮɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

Űɞ ɧɢɘ ɡɣɖɚɧ əɧůŰɞɠ Űɞɡɠ, Űɘɠ əŬɗɘůŰɞɨɜ ˊɞɚɨ ŮɚəɡůŰɘəɏɠ ɔɘŬ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ 

ůŰɖɜ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ, ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ ɖɚŮəŰɟɘəɩɜ əŬɘ ɖɚŮəŰɟɞɜɘəɩɜ, ɧˊɤɠ 

əŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ŮˊɘəŬɚɡˊŰɘəɩɜ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ɓŮɟɜɘəɘɩɜ, ɔɡŬɚɘůŰɘəɩɜ, ɓŬűɩɜ ə.Ɏ. 

.Ƀɘ ˊŮɟɘůůɧŰŮɟɞ Ůɛˊɞɟɘəɏɠ Ŭɚəɡŭɘəɏɠ ɟɖŰɑɜŮɠ (glyptals) ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ űɗŬɚɘəɧ 

ŬɜɡŭɟɑŰɖ, ɔɚɡəŮɟɑɜɖ əŬɘ ɛɞɜɞɓŬůɘəɎ. 

 ȷəɧɟŮůŰɞɘ ˊɞɚɡŮůŰɏɟŮɠ (unsaturated polyesters). ɉŬɟŬəŰɖɟɘůŰɘəɧ ŬɡŰɩɜ Űɤɜ 

ˊɞɚɡŮůŰɏɟɤɜ ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ ŬəɧɟŮůŰɤɜ ŭŮůɛɩɜ (ŭɘˊɚɩɜ ŭŮůɛɩɜ) ůŰɖ ŭɞɛɐ Űɖɠ 

ɓŬůɘəɐɠ Űɞɡɠ ŬɚɡůɑŭŬɠ, ɔŮɔɞɜɧɠ Ŭˊɧ Űɞ ɞˊɞɑɞ ˊɟɞɐɚɗŮ əŬɘ ɖ ɞɜɞɛŬůɑŬ Űɞɡɠ. ȿɧɔɤ 

Űɖɠ ɨˊŬɟɝɖɠ ŬɡŰɩɜ Űɤɜ ŬəɧɟŮůŰɤɜ ŭŮůɛɩɜ ɏɢɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ŬɜŰɘŭɟɎůŮɘɠ ůəɚɐɟɡɜůɖɠ ɛŮ ɎɚɚŬ ɛɞɜɞɛŮɟɐ əŬɘ ɏŰůɘ ɜŬ 

ůɢɖɛŬŰɑɕɞɡɜ ŭɘŬůŰŬɡɟɩůŮɘɠ ˊɚɏɔɛŬŰɞɠ. ȼ əɡɟɘɧŰŮɟɖ Űɞɡɠ ŮűŬɟɛɞɔɐ ŮɑɜŬɘ ůŬɜ 

ɛɐŰɟŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ɛŮ ɑɜŮɠ ɨŬɚɞɡ ɖ Ɏɚɚɤɜ ɛɏůɤɜ 

Ůɜɑůɢɡůɖɠ[24].  

 

4.2 ȷəɧɟŮůŰɞɘ ˊɞɚɡŮůŰɏɟŮɠ (UP) 
 

4.2.1 ɄŬɟŬɔɤɔɐ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ 

  

4.2.1.1  ɄɞɚɡŮůŰŮɟɞˊɞɑɖůɖ 

ȼ ˊɞɚɡŮůŰŮɟɞˊɞɑɖůɖ ŮɑɜŬɘ ɛɑŬ ŬɜŰɑŭɟŬůɖ ˊɞɚɡůɡɛˊɨəɜɤůɖɠ ůŰɞɘɢŮɘɞɛŮŰɟɘəɩɜ 

ˊɞůɞŰɐŰɤɜ əɞɟŮůɛɏɜɤɜ əŬɘ ŬəɧɟŮůŰɤɜ ɞɝɏɤɜ ɐ ŬɜɡŭɟɘŰɩɜ Űɞɡɠ ɛŮ ɔɚɡəɧɚŮɠ, ɢɤɟɑɠ ɐ ɛŮ 

ˊŬɟɞɡůɑŬ ɘůɢɡɟɎ ɧɝɘɜɞɡ əŬŰŬɚɨŰɖ (ˊ.ɢ. ɟ-Űɞɚɞɡɞɚɘɞůɞɡɚűɞɜɘəɧ ɞɝɨ) ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 200 ÁC ɐ 

əŬɘ Ŭəɧɛɖ ɡɣɖɚɧŰŮɟŮɠ, ɛŮ ŬɜɎŭŮɡůɖ əŬɘ ˊŬɟɞɡůɑŬ ŬŭɟŬɜɞɨɠ ŬŰɛɧůűŬɘɟŬɠ (ˊ.ɢ. ŬɕɩŰɞɡ). ɇɞ 

ˊŬɟŬɔɧɛŮɜɞ ɜŮɟɧ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɛŮ əŬŰɎɚɚɖɚɖ əɡəɚɞűɞɟɘŬəɐ ŬˊɧůŰŬɝɖ, Ůɜɩ ůŰɞ Űɏɚɞɠ Űɖɠ 

ŬɜŰɘŭɟɎůŮɤɠ ŮűŬɟɛɧɕŮŰŬɘ əŮɜɧ ˊɟɞɠ ˊɚɐɟɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ [19]. 

ȺɑɜŬɘ ɛɑŬ ŮɝɩɗŮɟɛɖ ŬɜŰɑŭɟŬůɖ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ Ůˊɘɛɏɟɞɡɠ ŬɜŰɘŭɟɎůŮɘɠ [15]: 

 ɆɢɖɛŬŰɘůɛɧɠ ɛɞɜɞŮůŰɏɟŬ, ˊɞɡ ůɡɛɓŬɑɜŮɘ ůŰɞ ɗŮɟɛɞəɟŬůɘŬəɧ ŭɘɎůŰɖɛŬ 100 - 150 ÁC, 

əŬɘ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ɏəɚɡůɖ ɗŮɟɛɧŰɖŰŬɠ. 

 ȷɜŰɑŭɟŬůɖ ˊɞɚɡůɡɛˊɨəɜɤůɖɠ, ˊɞɡ ůɡɛɓŬɑɜŮɘ ˊɎɜɤ Ŭˊɧ Űɞɡɠ 160 ÁC. ȺˊŮɘŭɐ Űɞ 

ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ˊɞɚɡŮůŰɏɟŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɏəŰŬůɖ ŬɡŰɐɠ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ, ŬɡɝɎɜŮŰŬɘ ŬɟəŮŰɎ ɖ ɗŮɟɛɞəɟŬůɑŬ (ɏɤɠ ˊŮɟɑˊɞɡ 200 ÁC), ɛŮ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ 

ɧɛɤɠ ɔɘŬŰɑ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɎɟɢŮɘ ɞ əɑɜŭɡɜɞɠ ɕŮɚŬɟɑůɛŬŰɞɠ, ŭɖɚŬŭɐ ɖ 
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ŭɖɛɘɞɡɟɔɑŬ ˊɟɧɤɟɤɜ ŭɘŬůŰŬɡɟɩůŮɤɜ ˊɚɏɔɛŬŰɞɠ əŬɘ ɖ ŬɜŮˊɘɗɨɛɖŰɖ Ŭɨɝɖůɖ Űɞɡ ɘɝɩŭɞɡɠ 

Űɞɡ ˊɟɞɥɧɜŰɞɠ. 

 

4.2.1.2  ɄɟɩŰŮɠ ɨɚŮɠ 

Ƀɘ ˊɟɩŰŮɠ ɨɚŮɠ ɔɘŬ Űɖɜ ŬɜŰɑŭɟŬůɖ ˊɞɚɡŮůŰŮɟɞˊɞɑɖůɖɠ ɢɤɟɑɕɞɜŰŬɘ ůŰɘɠ Ůɝɐɠ ŭɨɞ 

əŬŰɖɔɞɟɑŮɠ [19]: 

 ɆŰŬ ɛɞɜɞɛŮɟɐ (ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ɛɘəɟɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ) əŬɘ 

 ɆŰɘɠ ˊɟɩŰŮɠ ɨɚŮɠ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ ɧŭŮɡůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. 

 

ɋɠ ɛɞɜɞɛŮɟɐ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ: 

 ȷəɧɟŮůŰŬ ŭɘəŬɟɓɞɝɞɚɘəɎ ɞɝɏŬ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Űɤɜ ŭɘəŬɟɓɞɝɡɚɘəɩɜ ɞɝɏɤɜ 

Ŭɜɐəɞɡɜ ŮəŮɑɜŬ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ŭɘˊɚɧ ŭŮůɛɧ ɛŮŰŬɝɨ Űɤɜ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖɜ ŬɚŮɘűŬŰɘəɐ ɛɞɟɘŬəɐ ŭɞɛɐ, ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ ŭɨɞ ɟɑɕŮɠ əŬɟɓɞɝɡɚɑɞɡ. 

ȼ ˊŬɟɞɡůɑŬ Űɤɜ ŬəɧɟŮůŰɤɜ ŭɘˊɚɩɜ ŭŮůɛɩɜ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖɜ ɡɣɖɚɐ ŭɟŬůŰɘəɧŰɖŰŬ əŬɘ 

ŬəŬɛɣɑŬ Űɞɡ ŬəɧɟŮůŰɞɡ ˊɞɚɡŮůŰɏɟŬ. ȳůɞ ˊŮɟɘůůɧŰŮɟɞɡɠ ŬəɧɟŮůŰɞɡɠ ŭŮůɛɞɨɠ ˊŮɟɘɏɢɞɡɜ 

əŬɘ ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ŬɡŰɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ 

ˊɞɚɡŮůŰɏɟɤɜ, Űɧůɞ ˊɘɞ ůəɚɖɟɐ əŬɘ ɎəŬɛˊŰɖ ɔɑɜŮŰŬɘ ɖ ŰŮɚɘəɐ ˊɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ, ɚɧɔɤ 

Űɤɜ ˊɡəɜɩɜ ŭɘŬůŰŬɡɟɩůŮɤɜ ˊɚɏɔɛŬŰɞɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮŰɎ Űɖ ůəɚɐɟɡɜůɖ ɛŮ Űɞ 

ɓɘɜɡɚɘəɧ ɛɞɜɞɛŮɟɏɠ [19]. 

 ȾɞɟŮůɛɏɜŬ ŬɟɤɛŬŰɘəɎ ŭɘəŬɟɓɞɝɞɚɘəɎ ɞɝɏŬ._ɄɟɧəŮɘŰŬɘ ɔɘŬ əɞɟŮůɛɏɜŬ ŭɘɞɝɏŬ ˊɞɡ ůŰɖ 

ɛɞɟɘŬəɐ Űɞɡɠ ŭɞɛɐ ˊŮɟɘɏɢɞɡɜ ɏɜŬɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (ɓŮɜɕɞɚɘəɧ). ȳˊɤɠ ůɡɛɓŬɑɜŮɘ əŬɘ 

ɛŮ Űɞ ůŰɡɟɏɜɘɞ ɞɘ ŭɘˊɚɞɑ ŭŮůɛɞɑ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŰɞɜ ɓŮɜɕɞɚɘəɧ ŭŬəŰɨɚɘɞ ŭŮɜ 

ůɡɛɛŮŰɏɢɞɡɜ ůŰɞɡɠ ˊɞɚɡɛŮɟɘůɛɞɨɠ. Ȱɝɤ Ŭˊɧ Űɞɜ ŭŬəŰɨɚɘɞ ŭŮɜ ɡˊɎɟɢŮɘ ŬəɞɟŮůŰɧŰɖŰŬ 

əŬɗɩɠ ɞɘ ŭɨɞ ɞɛɎŭŮɠ əŬɟɓɞɝɡɚɑɞɡ ůɡɔəɟŬŰɞɨɜŰŬɘ ɛŮ Ŭˊɚɞɨɠ ŭŮůɛɞɨɠ ɇŬ Ůɜ ɚɧɔɤ ɞɝɏŬ 

ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɤɠ əɞɟŮůɛɏɜŬ ɞɝɏŬ, ŬɚɚɎ ŭŮɜ ˊŬɟɏɢɞɡɜ ɡɣɖɚɐ ŮɡɚɡɔɘůɑŬ ůŰŬ ŰŮɚɘəɎ 

ˊɟɞɥɧɜŰŬ ŮɝŬɘŰɑŬɠ Űɖɠ ɨˊŬɟɝɖɠ Űɞɡ ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ ůŰɖɜ ɛɞɟɘŬəɐ Űɞɡɠ ŭɞɛɐ. Ƀ 

űɗŬɚɘəɧɠ ŬɜɡŭɟɑŰɖɠ ŮɑɜŬɘ ɞ əɡɟɘɧŰŮɟɞɠ Ůəˊɟɧůɤˊɞɠ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ [19]. 

 ɞ ȾɞɟŮůɛɏɜŬ ŭɘəŬɟɓɞɝɞɚɘəɎ ŬɚŮɘűŬŰɘəɎ ɞɝɏŬ ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Űɤɜ ɞɝɏɤɜ ɞɘ 

ɞɛɎŭŮɠ əŬɟɓɞɝɡɚɑɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŮ ɛɑŬ ŬɚŮɘűŬŰɘəɐ ŭɞɛɐ ɢɤɟɑɠ ˊŬɟɞɡůɑŬ ŭɘˊɚɩɜ 

ŭŮůɛɩɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭŮ ɔɘŬ ɜŬ ɟɡɗɛɑůɞɡɜ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɖɠ ɟɖŰɑɜɖɠ ŮɘůɎɔɞɜŰŬɠ 

ɛŮɔŬɚɨŰŮɟɞɡ ɛɐəɞɡɠ ŬɚɡůɑŭŮɠ ŬɜɎɛŮůŬ ůŰŬ ůɖɛŮɑŬ ŭɘŬůŰŬɡɟɩůŮɤɠ, ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɖɜ 

ˊɡəɜɧŰɖŰŬ ˊɚɏɔɛŬŰɞɠ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ əŬŰɎ Űɖɜ ůəɚɐɟɡɜůɖ. Ƀɘ ɟɖŰɑɜŮɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ 

ɛŮ ɓɎůɖ ŬɡŰɎ ŰŬ ɞɝɏŬ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ əŬɘ ŮɑɜŬɘ ˊɘɞ ŮɡɚɨɔɘůŰŮɠ. ɇɞ 

Ŭŭɘˊɘəɧ ɞɝɨ ŮɑɜŬɘ ɞ əɡɟɘɧŰŮɟɞɠ Ůəˊɟɧůɤˊɞɠ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ Űɤɜ ɞɝɏɤɜ.  

 ȿɘŭɟŬůŰɘəɏɠ ŬɚəɞɧɚŮɠ (ɔɚɜəɧɚŮɠ). Ƀɘ ŭɘŭɟŬůŰɘəɏɠ ŬɚəɞɧɚŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ŬɚŮɘűŬŰɘəɏɠ ŬɚɡůɑŭŮɠ ɔɚɡəɧɚɖɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŭɨɞ ɞɛɎŭŮɠ ɡŭɟɞɝɡɚɑɞɡ (-Ƀȼ) əŬɘ 

ŬɜŰɘŭɟɞɨɜ ɛŮ ŰŬ ŭɨɞ əŬɟɓɞɝɨɚɘŬ Űɤɜ ŭɘɞɝɏɤɜ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ Űɘɠ ŮůŰŮɟɘəɏɠ ɞɛɎŭŮɠ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ 1,2 ˊɟɞˊɡɚŮɜɞɔɚɡəɧɚɖ əŬɘ ɖ ŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ ŮɑɜŬɘ ɞɘ 

əɡɟɘɧŰŮɟɞɘ Ůəˊɟɧůɤˊɞɘ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ [19]. 

ɆɐɛŮɟŬ ˊɟɞŰɘɛɞɨɜŰŬɘ ɞɘ ɟɖŰɑɜŮɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ˊɟɞˊɡɚŮɜɞɔɚɡəɧɚɖ əŬɗɧůɞɜ 

ˊŬɟɞɡůɘɎɕɞɡɜ əŬɚɨŰŮɟŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŭɘŬɚɡŰɏɠ ůŰɞ ůŰɡɟɏɜɘɞ (ɓɘɜɡɚɘəɧ 

ɛɞɜɞɛŮɟɏɠ) [18]. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ɛŮɘɩůɞɡɛŮ Űɖɜ ŬɜŬűɚŮɝɘɛɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ, ɖ ɞˊɞɑŬ ɧɛɤɠ ɛŮɘɩɜŮɘ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ůŰɞ ůŰɡɟɏɜɘɞ. ȷɜ 

ůŰɧɢɞɠ ŮɑɜŬɘ ɖ Ŭɡɝɖɛɏɜɖ ŮɡəŬɛɣɑŬ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɟɖŰɑɜɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

ŭɘŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ. ɇɏɚɞɠ, ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬəŬɛɣɑŬɠ Űɖɠ ɟɖŰɑɜɖɠ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŬəɧɟŮůŰŮɠ ŬɚəɞɧɚŮɠ, ɧˊɤɠ ɖ Ŭɚɚɡɚɘəɐ Ŭɚəɞɧɚɖ. 

Ƀɘ ˊɟɩŰŮɠ ɨɚŮɠ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ əŬŰŮɨɗɡɜůɖ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɑɜŬɘ 

[19]: 
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 ɀɏůɞ ŬɕŮɞŰɟɞˊɘəɐɠ ŬˊɧůŰŬɝɖɠ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ ŬɕŮɧŰɟɞˊɞɡ 

ɛɑɔɛŬŰɞɠ ɛŮ Űɞ ˊŬɟŬɔɧɛŮɜɞ ɜŮɟɧ, ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ. ȰŰůɘ, 

ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɖ ŭɘɎɓɟɤůɖ Űɞɡ ˊɞɚɡŮůŰɏɟŬ Ŭˊɧ ŰŬ ɑɢɜɖ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊŮɟɘɏɢɞɜŰŬɘ ɛɏůŬ ůŰɞ ɛɑɔɛŬ, ŬɚɚɎ əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɔŬɚɨŰŮɟɞɠ ɓŬɗɛɧɠ ˊɞɚɡɛŮɟɘůɛɞɨ 

Űɞɡ ˊɟɞɥɧɜŰɞɠ. Ⱥˊɘˊɚɏɞɜ, ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ ɛŬɚŮɥəɞɨ ɞɝɏɞɠ ɐ Űɞɡ ŬɜɡŭɟɑŰɖ Űɞɡ, ɏɢŮɘ Űɞ 

ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ŭɘɎɚɡůɖɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ŭɘŬɓɟɤŰɘəɩɜ ɧɝɘɜɤɜ ŬŰɛɩɜ. Ɇɡɜɐɗɤɠ ɔɘŬ 

ŬɡŰɧ Űɞ ůəɞˊɧ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡəɚɘəɞɑ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ɧ́ ɤɠ Űɞ ŰɞɚɞɡɏɜŬɞ əŬɘ Űɞ 

ɝɡɚɏɜɘɞ . 

 ȷɏɟɘɞ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬŭɟŬɜɞɨɠ ŬŰɛɧůűŬɘɟŬɠ. ȷɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ɞɝɡɔɧɜɞɡ Ŭˊɧ Űɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɛˊɞŭɘůŰŮɑ ɖ ɞɝŮɑŭɤůɖ 

əŬɘ ɞ ŬˊɞɢɟɤɛŬŰɘůɛɧɠ Űɞɡ ˊɞɚɡŮůŰɏɟŬ. Ɇɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɎɕɤŰɞ ɐ ŭɘɞɝŮɑŭɘɞ Űɞɡ 

ɎɜɗɟŬəŬ . 

 ȾŬŰŬɚɨŰɖɠ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɤɗɐůŮɘ Űɖɜ ŬɜŰɑŭɟŬůɖ ˊɞɚɡɛŮɟɘůɛɞɨ ˊɟɞɠ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɖɠ, ŮɛˊɞŭɑɕɞɜŰŬɠ Űɖɜ ŬɜŰɑůŰɟɞűɖ ŬɜŰɑŭɟŬůɖ. ȳɛɤɠ, ɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ 

ůŰɞ Űɏɚɞɠ Űɖɠ ˊɞɚɡŮůŰŮɟɞˊɞɑɖůɖɠ ˊŬɟɞɡůɘɎɕŮɘ ŭɡůəɞɚɑŮɠ, ɔɘ' ŬɡŰɧ ůˊɎɜɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. 

Ƀ ˊɘɞ ŭɖɛɞűɘɚɐɠ əŬŰŬɚɨŰɖɠ ɔɘŬ ŬɡŰɏɠ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ŮɑɜŬɘ Űɞ ɟ-Űɞɚɞɡɞɚɘɞůɞɡɚűɞɜɘəɧ 

ɞɝɨ. 

 ȷɜŬůŰɞɚɏŬɠ ŬɚɡůɤŰɞɨ ˊɞɚɡɛŮɟɘůɛɞɨ. ȷɡŰɐ ɖ ɏɜɤůɖ ˊɟɞůŰɑɗŮŰŬɘ ˊɟɞɚɖˊŰɘəɎ, ůŮ 

ˊɞɚɨ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ɔɘŬ ɜŬ ŮɛˊɞŭɑůŮɘ ˊɘɗŬɜɏɠ ˊɟɧɤɟŮɠ ŭɘŬůŰŬɡɟɩůŮɘɠ ˊɚɏɔɛŬŰɞɠ əŬɘ 

əŬŰɎ ůɡɜɏˊŮɘŬ Ŭɨɝɖůɖ Űɞɡ ɘɝɩŭɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ŮɑɜŬɘ ŮűɘəŰɐ ɖ ɞɚɞəɚɐɟɤůɖ 

Űɞɡ ˊɞɚɡɛŮɟɘůɛɞɨ. Ʉɞɚɨ ɔɜɤůŰɞɑ ŬɜŰɘˊɟɧůɤˊɞɘ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮɑɜŬɘ ɖ ɡŭɟɞəɘɜɧɜɖ 

əŬɘ ŰŬ ˊŬɟɎɔɤɔŬ Űɖɠ, ɧˊɤɠ əŬɘ ŰŬ ˊŬɟɎɔɤɔŬ Űɖɠ ˊɡɟɞəŬŰŮɢɑɜɖɠ ]. 

 ɆŰɖ űɎůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŰŮɗɞɨɜ ůŰɞ ůɨůŰɖɛŬ Űɖɠ ɟɖŰɑɜɖɠ əŬɘ ŭɘɎűɞɟŬ 

ɎɚɚŬ ˊɟɧůɗŮŰŬ ɔɘŬ Ůɘŭɘəɞɨɠ ɚɧɔɞɡɠ. ȰŰůɘ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɘɝɩŭɞɡɠ ˊɟɞůɗɏŰɞɜŰŬɘ 

ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ, ɧˊɤɠ ɞ űɗŬɚɘəɧɠ ŭɘɓɞɡŰɡɚŮůŰɏɟŬɠ (DBP). Ⱥˊɑůɖɠ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ 

ɧɔəɞɡ əŬɘ Űɖɜ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ ˊɟɞůɗɏŰɞɜŰŬɘ ˊɚɖɟɤŰɘəɎ ɡɚɘəɎ. Ⱥˊɘˊɚɏɞɜ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞůŰŮɗɞɨɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ɛɏůŬ, ɧˊɤɠ ɞ űɤůűɞɟɘəɧɠ ŰɟɘűŬɘɜɡɚŮůŰɏɟŬɠ, ɛɏůŬ ɟɡɗɛɑůŮɤɠ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮˊɘűŬɜŮɘŬəɐɠ ŰɎůɖɠ Űɖɠ ɟɖŰɑɜɖɠ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ UV- ůŰŬɗŮɟɞˊɞɘɖŰɏɠ 

ˊɞɡ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɞɑ ɔɘŬ ŮɝɤŰŮɟɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɓŮɜɕɞŰɟɘŬɕɧɚŮɠ . 

 

4.2.2 ȾŬŰɎŰŬɝɖ Űɤɜ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ. 

Ƀɘ ŬəɧɟŮůŰɞɘ ˊɞɚɡŮůŰɏɟŮɠ, ůɡɜɐɗɤɠ, ŮɑɜŬɘ ɔɟŬɛɛɘəɎ ɞɚɘɔɞɛŮɟɐ ɛŮ ɛɘəɟɧ ɓŬɗɛɧ 

ˊɞɚɡɛŮɟɘůɛɞɨ, ɛŮ ɢɟɩɛŬ ˊɞɡ ˊɞɘəɑɚŮɘ ůɡɜɐɗɤɠ Ŭˊɧ ŭɘɎűŬɜɞ ɛɏɢɟɘ ɖɛɘŭɘɎűŬɜɞ ŭɘŬűɧɟɤɜ 

ŬˊɞɢɟɩůŮɤɜ. ȷɜɎɚɞɔŬ ɛŮ Űɖ ɢɖɛɘəɐ Űɞɡɠ ůɨůŰŬůɖ əŬɘ Űɞ ɛɞɟɘŬəɧ Űɞɡɠ ɓɎɟɞɠ, ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ ɘɝɩŭɖ ɡɔɟɎ ɐ ŮɨɗɟŬɡůŰŬ ůŰŮɟŮɎ. Ⱥˊɑůɖɠ, ɛŮ ɓɎůɖ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ 

əŬŰŬŰɎůůɞɜŰŬɘ ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ [11]: 

 ɃɟɗɞűɗŬɚɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ. ȺɑɜŬɘ ɞɘ ˊɤ ŭɘŬŭŮŭɞɛɏɜɞɘ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ 

Ŭˊɧ ˊɞɚɨ ɢŬɛɖɚɧ əɧůŰɞɠ əŬɘ ɛŮɔɎɚɖ ŬəŬɛɣɑŬ Űɞɡ ůəɚɖɟɡɛɏɜɞɡ ˊɟɞɥɧɜŰɞɠ ɚɧɔɤ 

Űɞɡ űɗŬɚɘəɞɨ ŬɜɡŭɟɑŰɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡɠ. ȷəɧɛŬ ŭŮɜ 

ɏɢɞɡɜ əŬɚɐ ɢɖɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ ŬɜŰɞɢɐ ůŰɘɠ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. 

 ȽůɞűɗŬɚɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ. ȺɑɜŬɘ ŬəɟɘɓɧŰŮɟɞɘ Ŭˊɧ Űɞɡɠ ɞɟɗɞűɗŬɚɘəɞɨɠ, ŬɚɚɎ 

ˊŬɟɧɚɞ ˊɞɡ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ɘɝɩŭŮɘɠ, ˊŬɟɞɡůɘɎɕɞɡɜ əŬɚɨŰŮɟŮɠ ɛɖɢŬɜɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ, əŬɘ ɗŮɟɛɘəɐ əŬɘ ɢɖɛɘəɐ ŬɜŰɞɢɐ. 

 ɉɚɤɟŮɜŭɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ. ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ŬɜɡŭɟɑŰŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ůŰɞ ɛɧɟɘɞ Űɞɡɠ ɎŰɞɛŬ ɢɚɤɟɑɞɡ ɐ ɓɟɤɛɑɞɡ, ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɜŬ ɛŮɘɩɜŮŰŬɘ ɖ ŬɜŬűɚŮɝɘɛɧŰɖŰɎ Űɞɡɠ. 
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 ɄɞɚɡŮůŰɏɟŮɠ ŭɘűŬɘɜɧɚɖɠ-ȷ. ȼ ŮɘůŬɔɤɔɐ Űɖɠ ŭɘűŬɘɜɧɚɖɠ-ȷ ůŰɖɜ ŬɚɡůɑŭŬ Űɞɡ 

ɛɞɟɑɞɡ ˊɟɞůŭɑŭŮɘ ůəɚɖɟɧŰɖŰŬ, ŬəŬɛɣɑŬ əŬɘ əŬɚɨŰŮɟɖ ůɡɛˊŮɟɘűɞɟɎ ůŮ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ. 

 ȸɘɜɡɚɘəɞɑ ˊɞɚɡŮůŰɏɟŮɠ. Ȱɢɞɡɜ Ŭɡɝɖɛɏɜɞ ɘɝɩŭŮɠ. ȳɛɤɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ ɛŮɘɤɛɏɜɖ Ůəˊɞɛˊɐ ůŰɡɟŮɜɑɞɡ, ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ əŬɘ ůŰɖ 

ŭɘɎɓɟɤůɖ, əŬɘ ɔŮɜɘəɎ Űɞ əɧůŰɞɠ Űɞɡɠ ŮɑɜŬɘ ŬɜɎɚɞɔɞ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡɠ. 
 

4.2.3  Ɇəɚɐɟɡɜůɖ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ 

  ȼ ůəɚɐɟɡɜůɖ Űɤɜ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ ŮɑɜŬɘ ɛɑŬ ŬɜŰɑŭɟŬůɖ ˊɞɚɡɛŮɟɘůɛɞɨ 

əŬŰɎ Űɖɜ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŭɘŬůŰŬɡɟɩůŮɘɠ ˊɚɏɔɛŬŰɞɠ ɛŮŰŬɝɨ Űɤɜ ŭɘˊɚɩɜ ŭŮůɛɩɜ Űɞɡ 

ɛŬəɟɞɛɞɟɑɞɡ, ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ŬəɧɟŮůŰɞ ɞɝɨ ɐ əŬɘ Űɞɜ ŬɜɡŭɟɑŰɖ Űɞɡ, əŬɘ Űɤɜ 

ŭɘˊɚɩɜ ŭŮůɛɩɜ Űɞɡ ɛɞɜɞɛŮɟɞɨɠ (ůɡɜɐɗɤɠ ůŰɡɟŮɜɑɞɡ) ůŰɞ ɞˊɞɑɞ ɏɢŮɘ ŭɘŬɚɡɗŮɑ ɞ 

ŬəɧɟŮůŰɞɠ ˊɞɚɡŮůŰɏɟŬɠ ɛŮŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ, ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ˊɘɞ ˊɟɑɜ. ȾŬŰɎ Űɖɜ 

ůəɚɐɟɡɜůɖ Űɞɡ, ɞ ɔɟŬɛɛɘəɧɠ ŬəɧɟŮůŰɞɠ ˊɞɚɡŮůŰɏɟŬɠ ŬˊɞəŰɎ ɛɑŬ ŰɟɘůŭɘɎůŰŬŰɖ ŭɞɛɐ 

ˊɚɏɔɛŬŰɞɠ ˊɞɡ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮŰŬɓɞɚɐ Űɤɜ ɢɖɛɘəɩɜ, űɡůɘəɩɜ əŬɘ əɡɟɑɤɠ 

ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ (ůəɚɖɟɧŰɖŰŬ, ŬəŬɛɣɑŬ ɐ ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ ə.Ŭ.) [20]. 

ȼ ŬɜŰɑŭɟŬůɖ Űɖɠ ůəɚɐɟɡɜůɖɠ, ŮɑɜŬɘ ɛɘŬ ŬɜŰɑŭɟŬůɖ ŬɚɡůɤŰɞɨ ˊɞɚɡɛŮɟɘůɛɞɨ ɛŮ 

ɛɖɢŬɜɘůɛɧ ŮɚŮɡɗɏɟɤɜ ɟɘɕɩɜ. ȺˊŮɘŭɐ ŰŬ ɛɞɜɞɛŮɟɐ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɑɜŬɘ ŬɜɧɛɞɘŬ, ɛˊɞɟŮɑ 

ɜŬ ɗŮɤɟɖɗŮɑ ůŬɜ ŬɜŰɑŭɟŬůɖ ůɡɛˊɞɚɡɛŮɟɘůɛɞɨ. 

ɇɞ űŬɘɜɧɛŮɜɞ Űɖɠ ůəɚɐɟɡɜůɖɠ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ɏəɚɡůɖ Ůɜɧɠ ůɖɛŬɜŰɘəɞɨ ˊɞůɞɨ 

ɗŮɟɛɧŰɖŰŬɠ (ŮɝɩɗŮɟɛɞ űŬɘɜɧɛŮɜɞ), ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŮˊɑŰŮɡɝɖ ɗŮɟɛɞəɟŬůɘɩɜ 

Űɖɠ ŰɎɝŮɤɠ Űɤɜ 250 ÁC, ˊɟɎɔɛŬ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ˊɟɞɓɚɐɛŬŰŬ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɡ ŬˊŬɘŰɞɨɜ 

ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȯɚɚɞ ɏɜŬ ɛŮɘɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɖ ůɡůŰɞɚɐ (8% əŬŰ' ɧɔəɞ) Űɖɠ 

ˊɞɚɡŮůŰŮɟɘəɐɠ ɟɖŰɑɜɖɠ, ˊɟɎɔɛŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ůɞɓŬɟɎ ˊɟɞɓɚɐɛŬŰŬ ůŮ 

əɎˊɞɘŮɠ ŮűŬɟɛɞɔɏɠ. ɇɞ ɓŬůɘəɧ Űɖɠ ˊɚŮɞɜɏəŰɖɛŬ, ɧɛɤɠ, ŮɑɜŬɘ ɧŰɘ ŭŮɜ ŮəɚɨɞɜŰŬɘ ˊŰɖŰɘəɏɠ 

ɞɡůɑŮɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ůəɚɐɟɡɜůɖ Ɏɚɚɤɜ ɟɖŰɘɜɩɜ, ɧˊɤɠ Űɖɠ űɞɟɛŬɚŭŮɨŭɖɠ [23]. 

Ƀɘ Űɟɧˊɞɘ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŬɜŰɑŭɟŬůɖ ůəɚɖɟɨɜůŮɤɠ 

ˊɞɘəɑɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ. ȼ ɛɞɟűɞˊɞɑɖůɖ Űɞɡ ŬəɧɟŮůŰɞɡ ˊɞɚɡŮůŰɏɟŬ ůŮ 

ˊɟɏůŬ ɔɑɜŮŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ 100 ÁC ˊŮɟɑˊɞɡ, Ůɜɩ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ŮˊɑůŰɟɤůɖ ɐ 

ŮˊɘəɎɚɡɣɖ əɎˊɞɘɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮɔɎɚɖɠ ŮˊɘűɎɜŮɘŬɠ ɖ ůəɚɐɟɡɜůɖ ɔɑɜŮŰŬɘ ůŮ ůɡɜɗɐəŮɠ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ [23]. 

ɇɟŮɘɠ ŮɑɜŬɘ ɞɘ ůɖɛŬɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ əŬŰɎ Űɖ 

ůəɚɐɟɡɜůɖ ˊɞɚɡŮůŰŮɟɘəɩɜ ɟɖŰɘɜɩɜ [20]: 

 Ƀ ɢɟɧɜɞɠ ŭɘɎɟəŮɘŬɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. 

 ȼ ŬˊŬɟŬɑŰɖŰɖ ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ ɜŬ ůəɚɖɟɡɜɗŮɑ ɖ ɟɖŰɑɜɖ. 

 ȼ ůɡůŰɞɚɐ Űɞɡ ɧɔəɞɡ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖ ůəɚɐɟɡɜůɖ. 

ȷűɞɨ ŬɡŰɞɑ ɞɘ ˊŬɟɎɔɞɜŰŮɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞɘ, ɞ əŬŰŬůəŮɡŬůŰɐɠ ɛˊɞɟŮɑ ɜŬ ˊŮŰɨɢŮɘ 

Űɞɜ Űɨˊɞ Űɖɠ ůəɚɐɟɡɜůɖɠ ˊɞɡ ŮɑɜŬɘ əŬŰŬɚɚɖɚɧŰŮɟɞɠ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ, ŮˊɘɚɏɔɞɜŰŬɠ 

Űɞɜ əŬŰɎɚɚɖɚɞ ˊɞɚɡŮůŰɏɟŬ 

(ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ Ůˊɘɚɞɔɐ Űɞɡ ˊɟɞɥɧɜŰɞɠ ˊɞɚɡŮůŰŮɟɞˊɞɑɖůɖɠ əŬɘ Űɞɡ ŭɘŬɚɨŰɖ), Űɞɜ 

əŬŰŬɚɨŰɖ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ ůəɚɐɟɡɜůɖɠ. 
 

4.2.4  ɄɟɩŰŮɠ ɨɚŮɠ 

Ʉɟɘɜ ɜŬ ŬɜŬűŮɟɗɞɨɜ ɞɘ ˊɟɩŰŮɠ ɨɚŮɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůəɚɐɟɡɜůɖɠ Űɞɡ ŬəɧɟŮůŰɞɡ 

ˊɞɚɡŮůŰɏɟŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ůŮ ɛŮɟɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɟɏˊŮɘ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ 

ɞ ŬɜŬůŰɞɚɏŬɠ, ˊɞɡ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŬɜɎɛɘɝɖɠ. ȷɡŰɧ ŮɑɜŬɘ 
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ŬˊŬɟŬɑŰɖŰɞ ɛɧɜɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ (ˊ.ɢ. ɔɘŬ 

ɛŬəɟɞɢɟɧɜɘŬ ŬˊɞɗɐəŮɡůɖ Űɖɠ ɟɖŰɑɜɖɠ). 

 Ƀɘ ˊɟɩŰŮɠ ɨɚŮɠ, ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůɡůŰŬŰɘəɎ ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ůəɚɐɟɡɜůɖ 
Űɞɡ ŬəɧɟŮůŰɞɡ ˊɞɚɡŮůŰɏɟŬ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 Ƀ ŭɘŬɚɡɛɏɜɞɠ ˊɞɚɡŮůŰɏɟŬɠ, ˊɟɞɥɧɜ ŬɜɎɛɘɝɖɠ Űɞɡ ŬəɧɟŮůŰɞɡ ɞɟɔŬɜɘəɞɨ ŭɘŬɚɨŰɖ 

əŬɘ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ˊɞɚɡɛŮɟɞɨɠ Ŭˊɧ Űɞ ůŰɎŭɘɞ Űɖɠ ˊɞɚɡŮůŰŮɟɞˊɞɑɖůɖɠ. 

 ɇɞ ůɨůŰɖɛŬ ŭɘɏɔŮɟůɖɠ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ Ůɝɐɠ ŭɨɞ ɞɡůɑŮɠ: 

 ɇɞɜ ŭɘŮɔɏɟŰɖ. ȺɑɜŬɘ ɖ ɞɟɔŬɜɘəɐ ɏɜɤůɖ, ɖ ɞˊɞɑŬ ŭɘŬůˊɩɛŮɜɖ ŭɑɜŮɘ Űɘɠ ŮɚŮɨɗŮɟŮɠ 

ɟɑɕŮɠ ɔɘŬ Űɖɜ ŬɜŰɑŭɟŬůɖ ŬɚɡůɤŰɞɨ ˊɞɚɡɛŮɟɘůɛɞɨ. Ⱥɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɘ 

ŭɘŮɔɏɟŰŮɠ ŮɑɜŬɘ Űɞ ɓŮɜɕɞɦɚɞˊŮɟɞɝŮɑŭɘɞ, Űɞ ɡˊŮɟɞɝŮɑŭɘɞ Űɖɠ ɛɏɗɡɚɞ-Ŭɑɗɡɚɞ-əŮŰɧɜɖɠ, 

Űɞ ɡˊŮɟɞɝŮɑŭɘɞ Űɖɠ əɡəɚɞˊŮɜŰŬɜɧɜɖɠ əŬɘ ɎɚɚŬ ɡˊŮɟɞɝŮɑŭɘŬ. 

 ɇɞɜ ŮˊɘŰŬɢɡɜŰɐ. ȺɑɜŬɘ ůɡɜɐɗɤɠ ɛɏŰŬɚɚŬ ɛŮŰɎˊŰɤůɖɠ ˊɞɡ (ɛɏůɤ ɞɝŮɘŭɞŬɜŬɔɤɔɘəɐɠ 

ŭɟɎůɖɠ) ŮˊɘŰŬɢɨɜɞɡɜ Űɖ ŭɘɎůˊŬůɖ Űɞɡ ŭɘŮɔɏɟŰɖ. Ɇɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ŮɜɩůŮɘɠ Űɞɡ əɞɓŬɚŰɑɞɡ, ɧˊɤɠ Űɞ ɜŬűɗŮɜɘəɧ əɞɓɎɚŰɘɞ. 

 Ⱥɘŭɘəɏɠ ˊɟɩŰŮɠ ɨɚŮɠ - ˊɟɧůɗŮŰŬ. ȺɑɜŬɘ ŬŭɟŬɜɐ ɡɚɘəɎ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ŮɑŰŮ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ Űɖɠ ɟɖŰɑɜɖɠ, ŮɑŰŮ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ ůɡɔəŮəɟɘɛɏɜɤɜ 

ɘŭɘɞŰɐŰɤɜ Űɖɠ, ɧˊɤɠ ɛŮɑɤůɖ ůɡůŰɞɚɐɠ Űɞɡ ɧɔəɞɡ, Ŭɨɝɖůɖ Űɖɠ ŬəŬɛɣɑŬɠ, ɓŮɚŰɑɤůɖ 

Űɖɠ ŮɛűɎɜɘůɖɠ, ɟɨɗɛɘůɖ Űɞɡ ɢɟɩɛŬŰɞɠ, ɛŮɑɤůɖ Űɞɡ ŮɝɩɗŮɟɛɞɡ, Ŭɡɝɖɛɏɜɖ ŬɜŰɞɢɐ 

ůŮ ŭɘŬɓɟɤŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ, ɛŮɑɤůɖ ŬɜŬűɚŮɝɘɛɧŰɖŰŬɠ ə.Ɏ. [20]. 

4.2.5 ɉɟɧɜɞɠ ɕŮɚŬɟɑůɛŬŰɞɠ  

ȾŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ ˊɞɚɡŮůŰŮɟɘəɩɜ ɟɖŰɘɜɩɜ əŬɘ ůɡɜɗɏŰɤɜ ɡɚɘəɩɜ, ɛɘŬ ůɖɛŬɜŰɘəɐ 

ˊŬɟɎɛŮŰɟɞɠ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ɕŮɚŬɟɑůɛŬŰɞɠ (pot life), əŬŰɎ Űɞɜ ɞˊɞɑɞɜ ɞ ˊɞɚɡŮůŰɏɟŬɠ 

ˊŬɟŬɛɏɜŮɘ ůŰɖɜ ɡɔɟɐ űɎůɖ, Ŭűɞɨ ˊɟɞůŰŮɗŮɑ ůŮ ŬɡŰɧɜ ɞ ŭɘŮɔɏɟŰɖɠ əŬɘ ɞ ŮˊɘŰŬɢɡɜŰɐɠ. Ƀ 

ɢɟɧɜɞɠ ɕŮɚŬɟɑůɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛŮɔɎɚɞɠ, ɏŰůɘ ɩůŰŮ ɞ əŬŰŬůəŮɡŬůŰɐɠ ɜŬ ˊɟɞɚɎɓŮɘ ɜŬ 

əɎɜŮɘ ɧɚŮɠ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŬŭɘəŬůɑŮɠ ɧŰŬɜ ɖ ɟɖŰɑɜɖ ɛˊŮɘ ůŰɞ əŬɚɞɨˊɘ. Ƀ ɢɟɧɜɞɠ ŬɡŰɧɠ 

ŮɑɜŬɘ ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ Űɞ ŮɝɩɗŮɟɛɞ űŬɘɜɧɛŮɜɞ. ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ 

ɛŮɑɤůɖ ŬɡŰɞɨ ŮɑɜŬɘ [24]: 

 ȷɡɝɖɛɏɜɖ ˊɞůɧŰɖŰŬ ŭɘŮɔɏɟŰɖ ɐ ŮˊɘŰŬɢɡɜŰɐ 

 ȷɡɝɖɛɏɜɖ ŬəɞɟŮůŰɧŰɖŰŬ Űɖɠ ɟɖŰɑɜɖɠ. 

 ȷɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ (ˊŮɟɘɓɎɚɚɞɜŰɞɠ) ůŰɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɖ 

ůəɚɐɟɡɜůɖ. 

 ɀŮŰŬɚɚɘəɏɠ ŬəŬɗŬɟůɑŮɠ ɛɏůŬ ůŰɖ ɟɖŰɑɜɖ. 

 ȼ ɡˊŮɟɘɩŭɖɠ ŬəŰɘɜɞɓɞɚɑŬ. 

 ȼ ɛŮɔɎɚɖ çɖɚɘəɑŬè (ɢɟɧɜɞɠ ɕɤɐɠ) Űɖɠ ɟɖŰɑɜɖɠ. Ƀ ŬɜŬůŰɞɚɏŬɠ ůŰŬŭɘŬəɎ ɏɢŮɘ 

əŬŰŬɜŬɚɤɗŮɑ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŰŬɢŮɑŬ ůəɚɐɟɡɜůɖ Űɞɡ ˊɞɚɡŮůŰɏɟŬ ɛɧɚɘɠ 

ˊɟɞůŰŮɗŮɑ Űɞ ůɨůŰɖɛŬ ŭɘɏɔŮɟůɖɠ. 

 

4.2.6  ɄɚŮɞɜŮəŰɐɛŬŰŬ - ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɤɜ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ 

ɆŰɖ ɓɘɞɛɖɢŬɜɑŬ ŬəɧɟŮůŰɞɠ ˊɞɚɡŮůŰɏɟŬɠ ɞɜɞɛɎɕŮŰŬɘ Űɞ ŭɘɎɚɡɛŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ 

ˊɞɚɡŮůŰŮɟɞˊɞɑɖůɖɠ ɛŮ əŬŰɎɚɚɖɚɞ ŬəɧɟŮůŰɞ ɞɟɔŬɜɘəɧ ŭɘŬɚɨŰɖ (ˊ.ɢ. ůŰɡɟɏɜɘɞ). ɇɞ 

ŰŮɚŮɡŰŬɑɞ ŮəŰɧɠ Ŭˊɧ Űɞ ɟɧɚɞ Űɞɡ ŭɘŬɚɨŰɖ, ŮɑɜŬɘ əŬɘ Űɞ ɛɞɜɞɛŮɟɏɠ ŮəŮɑɜɞ ˊɞɡ ɗŬ 

ŬɜŰɘŭɟɎůŮɘ ɛŮ Űɞɜ ˊɞɚɡŮůŰɏɟŬ ˊɟɞɠ ˊŬɟŬɔɤɔɐ ůəɚɖɟɞɨ əŬɘ ɎəŬɛˊŰɞɡ ˊɟɞɥɧɜŰɞɠ ɛŮ 

ŭɘŬůŰŬɡɟɩůŮɘɠ ˊɚɏɔɛŬŰɞɠ ůŰɖɜ ŬɚɡůɑŭŬ Űɞɡ ɛɞɟɑɞɡ Űɞɡ. ɇɞ ŰŮɚɘəɧ ŬɡŰɧ ˊɟɞɥɧɜ ŮɑɜŬɘ 

ɔɜɤůŰɧ ɤɠ ˊɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ [21]. 

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ ˊɞɚɡŮůŰŮɟɘəɩɜ ɟɖŰɘɜɩɜ ŮɑɜŬɘ ɖ ɢŬɛɖɚɐ Űɞɡɠ ˊɡəɜɧŰɖŰŬ, ɖ 

əŬɚɐ ŬɜŰɞɢɐ ůŰɖ ŭɘɎɓɟɤůɖ, ɖ ŮɡəɞɚɑŬ ɢŮɘɟɘůɛɞɨ Űɞɡɠ, ɖ ŰŬɢŮɑŬ ůəɚɐɟɡɜůɖ ɢɤɟɑɠ ˊŰɖŰɘəɎ 
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ˊŬɟŬˊɟɞɥɧɜŰŬ, Űɞ ŬɜɞɘɢŰɧ ɢɟɩɛŬ, əŬɘ ɔŮɜɘəɎ ɞɘ əŬɚɏɠ űɡůɘəɏɠ əŬɘ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ. 

ɇɞ əɡɟɘɧŰŮɟɞ Űɞɡɠ, ɧɛɤɠ, ˊɚŮɞɜɏəŰɖɛŬ ŮɑɜŬɘ Űɞ ˊɞɚɨ ɢŬɛɖɚɧ əɧůŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ɎɚɚŮɠ ŬɜŰŬɔɤɜɘůŰɘəɏɠ Űɞɡɠ ɟɖŰɑɜŮɠ (űŬɘɜɞɚɘəɏɠ, ŮˊɞɝŮɘŭɘəɏɠ). ȸɏɓŬɘŬ, ɡˊɎɟɢɞɡɜ əŬɘ 

ɛŮɘɞɜŮəŰɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ Ůɛˊɞŭɑɕɞɡɜ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡɠ ůŮ ɞɟɘůɛɏɜɞɡɠ ŰɞɛŮɑɠ, ɧˊɤɠ ɖ 

ɛɘəɟɐ ŬɜŰɞɢɐ Űɞɡɠ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɖ ůɖɛŬɜŰɘəɐ ůɡůŰɞɚɐ Űɞɡɠ əŬŰɎ Űɖ 

ůəɚɐɟɡɜůɖ əŬɘ ɖ ˊɟɧəɚɖůɖ ˊɟɞɓɚɖɛɎŰɤɜ ɡɔŮɑŬɠ. ũɑɜŮŰŬɘ ɛŮɔɎɚɖ ˊɟɞůˊɎɗŮɘŬ ɜŬ 

ɛŮɘɤɗɞɨɜ ůŰɞ ŮɚɎɢɘůŰɞ ŬɡŰɎ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ɛŮ ɢɟɖůɘɛɞˊɞɑɖůɖ əŬŰŬɚɚɐɚɤɜ 

ɛɞɜɞɛŮɟɩɜ ˊŬɟŬɔɤɔɐɠ Űɞɡ ˊɞɚɡŮůŰɏɟŬ əŬɘ ŬəɧɟŮůŰɞɡ ŭɡɢɚɨŰɖ, əŬɗɩɠ əŬɘ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ ŬɜŬɚɞɔɘɩɜ ŬɡŰɩɜ, ɧˊɤɠ əŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŭɘŬűɧɟɤɜ ˊɟɞůɗɏŰɤɜ [20,23 ]. 

ɆɐɛŮɟŬ ɏɜŬ ɛŮɔɎɚɞ əɞɛɛɎŰɘ Űɖɠ ˊŬɟŬɔɤɔɐɠ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ 

ŬˊɞɟɟɞűɎŰŬɘ ůŰɞɜ ŰɞɛɏŬ Űɤɜ Ůɜɘůɢɡɛɏɜɤɜ ˊɞɚɡɛŮɟɩɜ. ɆŰɖ ũŮɟɛŬɜɑŬ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ 

70% Űɖɠ ůɡɜɞɚɘəɐɠ ˊŬɟŬɔɤɔɐɠ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɜ ŰɞɛɏŬ 

ŬɡŰɧ. ȼ Ůɜɑůɢɡůɖ Űɤɜ ˊɞɚɡŮůŰɏɟɤɜ ɔɑɜŮŰŬɘ ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞɜ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ (fiber 

glass). Ƀɘ Ůɜɘůɢɡɛɏɜɞɘ ˊɞɚɡŮůŰɏɟŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ ɔŮɜɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

[24]: 

 ȷɡɝɖɛɏɜɞɠ ɚɧɔɞɠ ŬɜŰɞɢɐɠ / ɓɎɟɞɡɠ ůŮ ɓŬɗɛɧ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɝɞɘəɞɜɞɛɖɗŮɑ ˊɎɜɤ 
Ŭˊɧ 50% ůŮ ɓɎɟɞɠ, ɧŰŬɜ ɞ Ůɜɘůɢɡɛɏɜɞɠ ˊɞɚɡŮůŰɏɟŬɠ ɡˊɞəŬɗɘůŰɎ Űɞ ɢɎɚɡɓŬ əŬɘ 

ˊɎɜɤ Ŭˊɧ 30% ůŰɖɜ ɡˊɞəŬŰɎůŰŬůɖ Űɞɡ Ŭɚɞɡɛɘɜɑɞɡ. 

 ȾŬɚɐ ŮɚŬůŰɘəɧŰɖŰŬ. ɉŬɟŬəŰɖɟɘůŰɘəɎ, ɖ ŬɜŰɞɢɐ ůŮ əɟɞɨůɖ ůɡɔəɟɑɜŮŰŬɘ ɛŮ 
ŮˊɘŰɡɢɑŬ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɞɡ ɢɎɚɡɓŬ əŬɘ Űɞɡ Ŭɚɞɡɛɘɜɑɞɡ. 

 ũŮɜɘəɎ əŬɚɐ ŬɜŰɞɢɐ ůŮ ˊɟɞůɓɞɚɐ Ŭˊɧ ɜŮɟɧ, ɎɚŬŰŬ, ŬůɗŮɜɐ ɞɝɏŬ, ŬɚəɎɚɘŬ əŬɘ 
ɞɟɔŬɜɘəɞɨɠ ŭɘŬɚɨŰŮɠ. 

 ȼ ŮɡəɞɚɑŬ ůŰɖ ɢɨŰŮɡůɖ ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ əŬŰŬůəŮɡɐɠ əɎɗŮ ůɢɐɛŬŰɞɠ əŬɘ ɛŮ 
ůŰŬɗŮɟɧŰɖŰŬ ŭɘŬůŰɎůŮɤɜ. 

 ȾŬɚɏɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ (ɢŬɛɖɚɐ ɛŮŰɎŭɞůɖ ɗŮɟɛɧŰɖŰŬɠ, ŭɘŬűɎɜŮɘŬ) əŬɘ 

ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ (ŭɘɖɚŮəŰɟɘəɎ ɡɚɘəɎ). 

 ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɛŮ ˊɟɞůɗɐəɖ ɛɘəɟɩɜ ˊɞůɞŰɐŰɤɜ əŬŰɎɚɚɖɚɤɜ ɡɚɘəɩɜ 

(ˊɟɧůɗŮŰŬ), ɞɘ ŬəɧɟŮůŰɞɘ ˊɞɚɡŮůŰɏɟŮɠ ɛˊɞɟɞɨɜ ɜŬ ɘəŬɜɞˊɞɘɐůɞɡɜ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ 

ŬˊŬɘŰɐůŮɘɠ, ɧˊɤɠ ɛŮɘɤɛɏɜɖ ŬɜŬűɚŮɝɘɛɧŰɖŰŬ, ŬɜŰɞɢɐ ůŰɖ ŭɘɎɓɟɤůɖ əŬɘ 

ůŰŬɗŮɟɧŰɖŰŬ ůŰɖɜ ŮˊɑŭɟŬůɖ Űɞɡ űɤŰɧɠ əŬɘ Űɤɜ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ. 

 Ⱥˊɘˊɚɏɞɜ, Űɞ ˊɞɚɨ əŬɚɧ ŬˊɞŰɏɚŮůɛŬ Űɖɠ Ůɜɑůɢɡůɖɠ Űɤɜ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ 

ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ, ɞűŮɑɚŮŰŬɘ ůŰɞɡɠ Ůɝɐɠ ˊŬɟɎɔɞɜŰŮɠ [6]: 

 Ƀɘ ˊɞɚɡŮůŰŮɟɘəɏɠ ɟɖŰɑɜŮɠ ŮɑɜŬɘ ɟŮɡůŰɏɠ əŬɘ ɏŰůɘ ŭɘŬɓɟɏɢɞɡɜ ˊɚɐɟɤɠ Űɘɠ ɑɜŮɠ 
ɔɡŬɚɘɞɨ ůŮ ɢŬɛɖɚɐ ɐ əŬɘ əŬɗɧɚɞɡ ˊɑŮůɖ. 

 Ƀɘ ɑɜŮɠ ɔɡŬɚɘɞɨ ŮɑɜŬɘ Ŭˊɧ ŰŬ əŬɚɨŰŮɟŬ ɛɏůŬ Ůɜɑůɢɡůɖɠ ɛŮ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ɧˊɤɠ ˊ.ɢ. ŬɜŰɞɢɐ ůŮ ŭɘɎɓɟɤůɖ əŬɘ ŭɘŬŰɐɟɖůɖ ůŰŬɗŮɟɩɜ 

ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ, ˊɞɡ ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ Űɞ 

ˊɏɟŬůɛŬ Űɞɡ ɢɟɧɜɞɡ. 

 Ⱥɜɩ ɞɘ ɑɜŮɠ ɔɡŬɚɘɞɨ ɗɟŬɨɞɜŰŬɘ ŮɨəɞɚŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ əŬɗɑůŰŬɜŰŬɘ 

ŬəŬŰɎɚɚɖɚŮɠ ɔɘŬ ŰŮɢɜɘəɏɠ ɢɨŰŮɡůɖɠ ɡɣɖɚɐɠ ˊɑŮůɖɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ˊɞɚɡŮůŰŮɟɘəɩɜ ɟɖŰɘɜɩɜ ŬɡŰɧ Űɞ ˊɟɧɓɚɖɛŬ ŭŮɜ ɡűɑůŰŬŰŬɘ Ŭűɞɨ ɛˊɞɟɞɨɜ ɜŬ 

ůəɚɖɟɡɜɗɞɨɜ ɛŮ ɚɑɔɞ ɐ əŬɘ əŬɗɧɚɞɡ ˊɑŮůɖ, ɞˊɧŰŮ ɞɘ ɑɜŮɠ ɔɡŬɚɘɞɨ ŬˊɞŰŮɚɞɨɜ Űɞ 

ɘŭŬɜɘəɧ ɛɏůɞ Ůɜɑůɢɡůɖɠ ɔɘŬ ŬɡŰɏɠ. 

 ɋůŰɧůɞ ɛŮɟɘəɏɠ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɤɜ Ůɜɘůɢɡɛɏɜɤɜ ˊɞɚɡŮůŰɏɟɤɜ ŭɖɛɘɞɡɟɔɞɨɜ 
ˊɟɞɓɚɐɛŬŰŬ ůŮ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ. ɇɏŰɞɘŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŮɑɜŬɘ [24]: 

 ũɟɐɔɞɟɖ ŬˊɩɚŮɘŬ Űɖɠ ŬɜŰɞɢɐɠ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, əŬɗɩɠ ɞɘ 
ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɟɖŰɑɜŮɠ Ŭɟɢɑɕɞɡɜ ɜŬ ɢɎɜɞɡɜ Űɖɜ ŬɜŰɞɢɐ Űɞɡɠ ɔɘŬ 

ɗŮɟɛɞəɟŬůɑŮɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɤɜ 80 ÁC. ȸɏɓŬɘŬ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɘŭɘəɏɠ ɟɖŰɑɜŮɠ ɛŮ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŮ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. 
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 ɉŬɛɖɚɐ ŬɜŰɞɢɐ ůŰɖɜ Űɟɘɓɐ, əŬɗɧůɞɜ ŮˊɘűŬɜŮɘŬəɐ ůəɚɖɟɧŰɖŰŬ ůɡɔəɟɑůɘɛɖ ɛŮ 
ŬɡŰɐ Űɞɡ ɢɎɚɡɓŬ ɐ Űɞɡ Ŭɚɞɡɛɘɜɑɞɡ ŭŮɜ ɏɢŮɘ ŮˊɘŰŮɡɢɗŮɑ. 

 ȹɡůəɞɚɑŬ ůŰɖ ɚɐɣɖ ŮɜŰŮɚɩɠ ɚŮɑŬɠ űɘɜɘɟɘůɛɏɜɖɠ ŮˊɘűɎɜŮɘŬɠ. 

 ɉŬɛɖɚɐ ŬɜŰɞɢɐ ůŰɖɜ əɧˊɤůɖ ɛŮŰɎ Ŭˊɧ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ŮˊɘɓŬɟɨɜůŮɘɠ. 

 ɉŬɛɖɚɧɠ ůɡɜŰŮɚŮůŰɐɠ ŮɚŬůŰɘəɧŰɖŰŬɠ. ɆŮ ŬɡŰɧ Űɞɜ ŰɞɛɏŬ ɔɑɜɞɜŰŬɘ ŬɟəŮŰɏɠ ɏɟŮɡɜŮɠ 
əŬɘ ŭɡůŰɡɢɩɠ ŭŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘɞ ŬˊɞŰɏɚŮůɛŬ. ȼ ɛɧɜɖ ɚɨůɖ ŮɑɜŬɘ ɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ əŬŰŬůəŮɡɩɜ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɤɠ 'sandwitches' (ŮɝɤŰŮɟɘəɎ 

ůŰɟɩɛŬŰŬ ɟɖŰɘɜɩɜ ˊɞɡ ˊŮɟɘəɚŮɑɞɡɜ ˊŬɢɨ əŬɘ ŮɚŬűɟɨ ˊɡɟɐɜŬ). 

 

4.2.7 ȹɘŬŭɘəŬůɑŬ ɄŬɟŬůəŮɡɐɠ ȷəɧɟŮůŰɤɜ ɄɞɚɡŮůŰɏɟɤɜ 

 

Ɇɡɜɐɗɤɠ ɞɘ ŬəɧɟŮůŰɞɘ ˊɞɚɡŮůŰɏɟŮɠ ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ 

ůɡɛˊɨəɜɤůɖɠ ɛŮŰŬɝɨ ŬəɧɟŮůŰɤɜ ŬɜɡŭɟɑŰɤɜ əŬɘ ɔɚɡəɧɚɤɜ. ɇɞ ůŰɡɟɏɜɘɞ ˊɟɞůŰɑɗŮŰŬɘ ůŰɖɜ 

ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ Űɤɜ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ ɛŮ ůəɞˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ˊɡəɜɧŰɖŰŬɠ Űɤɜ ŭɘŬůɡɜŭɏůŮɤɜ, Űɖ ɛŮɑɤůɖ Űɞɡ ɘɝɩŭɞɡɠ əŬɗɩɠ əŬɘ Űɖ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ 

ˊŬɟŬɔɤɔɐɠ. Ⱥˊɘˊɚɏɞɜ ɧůɞ ŬűɞɟɎ ŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ůŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ 

ŬəɧɟŮůŰɞɘ ˊɞɚɡŮůŰɏɟŮɠ ɤɠ ɛɐŰɟŬ Űɞ ůŰɡɟɏɜɘɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬŰɑ ŰŬ ɡɚɘəɎ ˊɞɡ 

ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ˊŬɟɞɡůɘɎɕɞɡɜ ɗŮɟɛɘəɐ ñɗŮɟŬˊŮɑŬò ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 

ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 100
ɞ
 C. ɇɞ ůŰɡɟɏɜɘɞ ˊɞɡ ˊɟɞůŰɑɗŮŰŬɘ ůŮ ŬɡŰɎ ŰŬ ɡɚɘəɎ ŬɜŰɘŭɟɎ ɛŮ Űɘɠ 

ŬəɧɟŮůŰŮɠ ŬɚɡůɑŭŮɠ əŬɘ əŬɗɘůŰɎ ŬɡŰɎ ŰŬ ɡɚɘəɎ ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜŬ. ɆŰɖ ɓɘɞɛɖɢŬɜɑŬ 

ˊŬɟŬɔɤɔɐɠ ŬɡŰɩɜ Űɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ Űɞ ůŰɡɟɏɜɘɞ ɔɘŬŰɑ 

ŬɜŬɛɘɔɜɨŮŰŬɘ ɛŮ Űɞɜ ˊɞɚɡŮůŰɏɟŬ, ɏɢŮɘ ɢŬɛɖɚɧ ɓŬɗɛɧ ɞɛɞˊɞɚɡɛŮɟɘůɛɞɨ əŬɘ ŮɑɜŬɘ űŰɖɜɧɠ.   

ȷəɞɚɞɡɗŮɑ ɖ ůəɚɐɟɡɜůɖ Űɞɡ ɛɑɔɛŬŰɞɠ ˊɞɚɡŮůŰɏɟŬ ï ůŰɡɟŮɜɑɞɡ ɛŮ ŰŬɡŰɧɢɟɞɜɖ 

ɛɞɟűɞˊɞɑɖůɖ ůŮ əŬŰɎɚɚɖɚɖ ɛŮŰŬɚɚɘəɐ ɛɐŰɟŬ ɛŮ ɢɟɐůɖ ɗŮɟɛɞˊɟɏůůŬɠ ůŰɞɡɠ 60
o
 C ɔɘŬ 30 

ɚŮˊŰɎ. ɇɞ ůɨůŰɖɛŬ ůəɚɐɟɡɜůɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɜŬűɗŮɜɘəɧ əɞɓɎɚŰɘɞ ɤɠ ŮˊɘŰŬɢɡɜŰɐ əŬɘ 

Űɞ ɡˊŮɟɞɝŮɑŭɘɞ Űɖɠ ɛŮɗɡɚɞŬɘɗɡɚɞəŮŰɧɜɖɠ ɤɠ ŭɘŮɔɏɟŰɖ [23].  

Ƀɘ ŬəɧɟŮůŰɞɘ ˊɞɚɡŮůŰɏɟŮɠ ɧˊɤɠ əŬɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ˊɞɚɡɛŮɟɐ ŮɑɜŬɘ ŮɡˊŬɗŮɑɠ ůŰɖ 

űɤŰɞŬˊɞɘəɞŭɧɛɖůɖ ɖ ɞˊɞɑŬ ˊɟɞůɓɎɚŮɘ Űɘɠ ŬůɗŮɜŮɑɠ ɗɏůŮɘɠ Űɤɜ ɛŬəɟɞɛɞɟɑɤɜ Űɞɡɠ. ȳˊɤɠ 

ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ Ŭˊɧ Űɖɜ ŮˊɧɛŮɜɖ ŬɜŬűɞɟɎ ůŰɘɠ ŮűŬɟɛɞɔɏɠ Űɤɜ ŬəɧɟŮůŰɤɜ 

ˊɞɚɡŮůŰɏɟɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮɔɎɚɖ ůŮ ŭɘɎɟəŮɘŬ ɏəɗŮůɖ ŬɡŰɩɜ ůŮ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ 

əŬɘ ɏŰůɘ  əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮɜůɤɛɎŰɤůɖ əŬŰɎɚɚɖɚɤɜ ůŰŬɗŮɟɞˊɞɘɖŰɩɜ ˊɞɡ 

Ŭˊɞɟɟɞűɞɨɜ ŰŬ ŮˊɘəɑɜŭɡɜŬ ɛɐəɖ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ. ȾŬŰɎ əɨɟɘɞ ɚɧɔɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ůŰŬɗŮɟɞˊɞɘɖŰɏɠ ɔɘŬ Űɘɠ ŬəŰɘɜɞɓɞɚɑŮɠ Űɖɠ UV ˊŮɟɘɞɢɐɠ. Ⱥˊɘˊɚɏɞɜ ɞɘ ůŰŬɗŮɟɞˊɞɘɖŰɏɠ ŬɡŰɞɑ 

ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡɚɘəɩɜ əŬɗɩɠ əŬɘ Ůˊɘűɏɟɞɡɜ ɢɟɤɛŬŰɘəɏɠ 

ɛŮŰŬɓɞɚɏɠ ůŰŬ ɡɚɘəɎ [23].  

 

4.2.8 ȺűŬɟɛɞɔɏɠ Űɤɜ ŬəɧɟŮůŰɤɜ ˊɞɚɡŮůŰɏɟɤɜ 

 

Ƀɘ ŬəɧɟŮůŰɞɘ ˊɞɚɡŮůŰɏɟŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɤɠ ɛɐŰɟŬ ɔɘŬ Űɖɜ 

əŬŰŬůəŮɡɐ   Ůɜɘůɢɡɛɏɜɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ ɔɡŬɚɑ. ɆŮ ŬɡŰɐɜ Űɖɜ 

ɛɞɟűɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖɜ ɜŬɡˊɖɔɘəɐ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ůəŬűɩɜ, 

ůŰɖɜ əŬŰŬůəŮɡɐ əŰɖɟɑɤɜ əŬɘ ŭŮɝŬɛŮɜɩɜ əŬɗɩɠ əŬɘ ůŰɖɜ ůɡůəŮɡŬůɑŬ ɢɖɛɘəɩɜ ɞɡůɘɩɜ. 

Ⱥˊɘˊɚɏɞɜ ŰŬ ŬɜɞɝŮɑŭɤŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ɛŮ ɛɐŰɟŬ Űɘɠ ˊɞɚɡŮůŰŮɟɘəɏɠ ɟɖŰɑɜŮɠ (ŬəɧɟŮůŰɞɘ 

ˊɞɚɡŮůŰɏɟŮɠ) əŬɘ ɛŮ Ůɜɑůɢɡůɖ Űɘɠ ɑɜŮɠ ɔɡŬɚɘɞɨ ɓɟɑůəɞɡɜ ɛŮɔɎɚɖ ŮűŬɟɛɞɔɐ ůŰɖɜ 

ŬŮɟɞŭɘŬůŰɖɛɘəɐ əŬɘ Űɘɠ ɓɘɞɛɖɢŬɜɘəɏɠ ɛŮŰŬűɞɟɏɠ ŮɝŬɘŰɑŬɠ Űɞɡ ŮɚŬűɟɞɨ ɓɎɟɞɡɠ Űɞɡɠ, Űɖɠ 

ɘŭɘɧŰɖŰŬɠ Űɞɡɠ ɤɠ ɖɚŮəŰɟɘəɞɑ ɛɞɜɤŰɏɠ əŬɘ Űɤɜ ˊɞɚɨ əŬɚɩɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ.  

ɀɑŬ Ɏɚɚɖ ɛɞɟűɐ ɛŮ Űɖɜ ɞˊɞɑŬ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ŰŬ ůɨɜɗŮŰŬ ŬɡŰɎ ɡɚɘəɎ ŮɑɜŬɘ ŬɡŰɐ Űɤɜ 

ŮˊɘəŬɚɡˊŰɘəɩɜ. ɆŰɞɜ ŰɞɛɏŬ ŬɡŰɧ ˊɚŮɞɜŮəŰɞɨɜ ɏɜŬɜŰɘ Űɤɜ ŬɜŰŬɔɤɜɘůŰɘəɩɜ ŮˊɘəŬɚɡˊŰɘəɩɜ 
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ɔɘŬŰɑ əŬŰɎ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡɠ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŭɘŬɚɨŰɖ əŬɗɩɠ Ůˊɑůɖɠ 

əŬɘ ɚɧɔɤ Űɖɠ ˊɞɚɨ əŬɚɐɠ ŬɜŰɞɢɐɠ Űɞɡɠ ɏɜŬɜŰɘ Űɤɜ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ ŬɚɚɎ əŬɘ Űɖɠ ˊɞɚɨ 

əŬɚɐɠ ŬɘůɗɖŰɘəɎ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ. ɇɏɚɞɠ ɓɟɑůəɞɡɜ ɛŮɔɎɚɖ ŮűŬɟɛɞɔɐ ůŬɜ 

ŰŮɚɘəɐ ŮˊɘəɎɚɡɣɖ ůŮ ɝɨɚɘɜŮɠ əŬŰŬůəŮɡɏɠ ɛŮ Űɖ ɛɞɟűɐ ˊɚɖɟɤŰɘəɩɜ ɛɏůɤɜ ɐ ůŬɜ ŰŮɚɘəɧ 

ůŰɎŭɘɞ ɓŬűɐɠ Űɤɜ əŬŰŬůəŮɡɩɜ ŬɡŰɩɜ.  

ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞɡɠ  ŰɞɛŮɑɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ɞɘ 

ˊɞɚɡŮůŰŮɟɘəɏɠ ɟɖŰɑɜŮɠ: 

 ɆŰɖ ɓɘɞɛɖɢŬɜɑŬ Űɤɜ ɛɏůɤɜ ɛŮŰŬűɞɟɎɠ. ȾŬŰŬůəŮɡɎɕɞɜŰŬɘ ɓɎɟəŮɠ əŬɘ ůəɎűɖ 
ŬɜŬɣɡɢɐɠ, ɧˊɤɠ əŬɘ ŬɡŰɞəɑɜɖŰŬ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɖɜ ŬŮɟɞˊɞɟɑŬ, ŮəŰɧɠ 

Ŭˊɧ Űɖɜ əŬŰŬůəŮɡɐ ŭɘŬűɧɟɤɜ ŮɝŬɟŰɖɛɎŰɤɜ əŬɘ əɞɛɛŬŰɘɩɜ Űɤɜ ŬŮɟɞˊɚɎɜɤɜ, ɛɑŬ 

ŮűŬɟɛɞɔɐ ŮɑɜŬɘ ɖ əŬŰŬůəŮɡɐ Űɤɜ ŮˊɘəŬɚɡɛɛɎŰɤɜ Űɤɜ ɟŬɜŰɎɟ Űɤɜ ŬŮɟɞˊɚɎɜɤɜ 

(radomes), ɚɧɔɤ Űɤɜ ˊɞɚɨ əŬɚɩɜ ŭɘɖɚŮəŰɟɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ [21]. 

 ɆŰɖ ɓɘɞɛɖɢŬɜɑŬ Űɤɜ ɖɚŮəŰɟɘəɩɜ əŬɘ ɖɚŮəŰɟɞɜɘəɩɜ. ȿɧɔɤ Űɖɠ ˊɞɚɨ əŬɚɐɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ɛɞɜɤŰɘəɎ ůŮ əŮɟŬɑŮɠ 

ŰɖɚŮɞɟɎůŮɤɜ, ůŮ əŬɚɩŭɘŬ, ůŮ ɞɚɞəɚɖɟɤɛɏɜŬ əɡəɚɩɛŬŰŬ ə.Ɏ. [21]. 

 ɆŰɖ ɓɘɞɛɖɢŬɜɑŬ ɔŮɜɘəɧŰŮɟŬ. ȷɜɎɛŮůŬ ůŰɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ŮűŬɟɛɞɔɏɠ Űɞɡɠ ŮɑɜŬɘ 
əŬɘ ɖ əŬŰŬůəŮɡɐ ůɤɚɖɜɩůŮɤɜ, ŭŮɝŬɛŮɜɩɜ, ŮɝŬɟŰɐɛŬŰŬ ŬɜɎɟŰɖůɖɠ, əŬɚɞɨˊɘŬ, 

əɚˊ. 

 ɆŰɖɜ əŬŰŬůəŮɡɐ əŰɘɟɑɤɜ. Ƀɘ ŭɘŬűŬɜŮɑɠ ˊɞɚɡŮůŰŮɟɘəɏɠ ɟɖŰɑɜŮɠ (plexiglass) ɏɢɞɡɜ 

ŬɜŰɘəŬŰŬůŰɐůŮɘ ŰŬ ɔɡŬɚɑ ůŰŬ ˊŬɟɎɗɡɟŬ ɞɡɟŬɜɞɝɡůŰɩɜ, ɗŮɟɛɞəɖˊɑɤɜ ŬəɧɛŬ əŬɘ 

ŮɟɔɞůŰŬůɑɤɜ. ȷəɧɛŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ŭɘŬɢɤɟɘůŰɘəɎ ŰɞɘɢɩɛŬŰŬ 

ɛɏůŬ ůŰŬ ůˊɑŰɘŬ, ůŰɖɜ əŬŰŬůəŮɡɐ ŰŮɜŰɩɜ əŬɘ ˊŬŰɤɛɎŰɤɜ. 

 ȷəɧɛŬ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ˊɟɞɥɧɜŰɤɜ ůɡůəŮɡŬůɑŬɠ əŬɘ ůŮ 

əŬɗɖɛŮɟɘɜɎ əŬŰŬɜŬɚɤŰɘəɎ ˊɟɞɥɧɜŰŬ ɧˊɤɠ ɏˊɘˊɚŬ, əŬɟɏəɚŮɠ, əŬɚɎɛɘŬ ɣŬɟɏɛŬŰɞɠ, 

ůəɎɚŮɠ ˊɘůɘɜɩɜ əŬɘ ˊɞɚɚɎ ɎɚɚŬ. 

 ɇɏɚɞɠ, ɏɢɞɡɜ ŮɡɟŮɑŬ əŬŰŬɜɎɚɤůɖ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ ɡɚɘəɩɜ ɧɢɘ ůŬɜ ůɨɜɗŮŰŬ 
ɡɚɘəɎ, ŬɚɚɎ ůŬɜ Ŭˊɚɏɠ ɟɖŰɑɜŮɠ. ȰŰůɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŮˊɘəŬɚɡˊŰɘəɎ ɏɢɞɜŰŬɠ 

ůŬɜ ˊɚŮɞɜɏəŰɖɛŬ Űɖ ɛɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŭɘŬɚɨŰɖ əŬɘ Űɖɜ ɛɖ ˊŬɟŬɔɤɔɐ 

ˊŬɟŬˊɟɞɥɧɜŰɤɜ. ȼ ɢɟɐůɖ Űɞɡɠ ůŮ ŬɡŰɧɜ Űɞɜ ŰɞɛɏŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ əŬɚɐɠ 

ŬɜŰɞɢɐɠ ůŰɖ ŭɘɎɓɟɤůɖ Ŭˊɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ, ŬɚɚɎ əŬɘ Űɖɠ ˊɞɚɨ əŬɚɐɠ ŮɝɤŰŮɟɘəɐɠ 

ŮɛűɎɜɘůɖɠ Űɞɡɠ. ȷəɧɛŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ, əɧɚɚŮɠ əŬɘ 

ɚɘˊŬɜŰɘəɎ [21]. 

 

4.3 ɆɨɜɗŮŰŬ ɡɚɘəɎ 

ũŮɜɘəɎ ɤɠ ůɨɜɗŮŰɞ ɡɚɘəɧ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Űɞ ɡɚɘəɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ 

ůɡɜŭɡŬůɛɧ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟɤɜ Ɏɚɚɤɜ ɡɚɘəɩɜ, ŰŬ ɞˊɞɑŬ ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɖɜ ůɨɜɗŮůɖ, 

Űɖɜ ɛɞɟűɐ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ əŬɘ ˊɞɡ ŮɡɟɑůəɞɜŰŬɘ ɤɠ ŭɘŬůˊɞɟɎ ɛŬəɟɞůəɞˊɘəɐɠ 

əɚɑɛŬəŬɠ. ȳˊɤɠ ůɡɜɐɗɤɠ ůɡɛɓŬɑɜŮɘ ɛŮ Űɞɡɠ ɞɟɘůɛɞɨɠ çűɡůɘəɩɜè Ůɜɜɞɘɩɜ ɡˊɎɟɢŮɘ 

ŭɡůəɞɚɑŬ ůŬűɞɨɠ ɞɟɘɞɗŮŰɐůŮɤɠ Űɞɡɠ. ȰŰůɘ ˊ.ɢ. ɏɜŬ ɛŮɑɔɛŬ ˊɞɚɡɛŮɟɩɜ ŭŮɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ 

ɤɠ ůɨɜɗŮŰɞ ɡɚɘəɧ, ŬɚɚɎ ɤɠ ˊɞɚɡɛŮɑɔɛŬ (polyblend). ɇŬ əɟɎɛŬŰŬ ɛŮŰɎɚɚɤɜ ŭŮɜ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ůɨɜɗŮŰŬ ɡɚɘəɎ, Ŭɜ əŬɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ ɡɚɘəɎ, 

ɧɛɤɠ ŬɡŰɎ ŮɑɜŬɘ əŬŰŬɛŮɟɘůɛɏɜŬ ůŮ ɛɘəɟɞůəɞˊɘəɐ əɚɑɛŬəŬ (əɎŰɤ Űɞɡ 0.1 mm). ɀŮɑɔɛŬ 

Ůɜɧɠ ˊɞɚɡɛŮɟɞɨɠ ɛŮ ɏɜŬ Ŭɏɟɘɞ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŬűɟɩŭŮɠ ɡɚɘəɧ, Ůɜɩ ɛŮɑɔɛŬ ˊɞɚɡɛŮɟɞɨɠ 

ɛŮ ˊɚŬůŰɘəɞˊɞɘɖŰɐ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɚŬůŰɘəɞˊɞɘɖɛɏɜɞ ˊɞɚɡɛŮɟɏɠ. ȳŰŬɜ Űɞ ˊɞɚɡɛŮɟɏɠ 

ˊŮɟɘɏɢŮɘ ˊɟɧůɗŮŰɞ ɛɞɟűɐɠ ˊɚɖɟɤŰɘəɞɨ ɛɏůɞɡ (ˊ.ɢ. ɎůɓŮůŰɞ, ŰɎɚəɖ, əŬɞɚɑɜɖ, ɝɡɚɎɚŮɡɟɞ, 

ŬɘɗɎɚɖ) ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɞɚɡɛŮɟɏɠ ɛŮ ˊɚɖɟɤŰɘəɧ ɛɏůɞ (. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɛŮɑɔɛŬ 

ˊɞɚɡɛŮɟɞɨɠ ɛŮ ɘɜɩŭŮɠ ɡɚɘəɧ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ Ůɜɘůɢɡɛɏɜɞ ˊɞɚɡɛŮɟɏɠ, ɛŮɑɔɛŬ 

ˊɞɚɡɛŮɟɞɨɠ ɛŮ ɨűŬůɛŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɞɚɨůŰɟɤɛŬ (ũŮɟɛ.: Laminate), Ůɜɩ ɛˊɞɟŮɑ 
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Ůˊɑůɖɠ Űɞ ˊɟɧůɗŮŰɞ ɡɚɘəɧ ɜŬ ɏɢŮɘ ɛŬəɟɞůəɞˊɘəɎ ŰɟɘůŭɘɎůŰŬŰɖ ɛɞɟűɐ, ˊ.ɢ. ɛɞɟűɐ. ɄɎɜŰɤɠ 

əŬɘ ɞɘ ŰɟŮɘɠ ŰŮɚŮɡŰŬɑŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɜŰɎůůɞɜŰŬɘ ůŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ [22]. 

ȺɜŬ Űɡˊɘəɧ ůɨɜɗŮŰɞ ɡɚɘəɧ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ůɡɜŮɢɐ ɛɐŰɟŬ (ɐ űɏɟɞɜ ɡɚɘəɧ) 

(matrix) Űɞɡ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ, ɛɏůŬ ůŰɖɜ ɞˊɞɑŬ ŮɑɜŬɘ ŭɘŮůˊŬɟɛɏɜɞ Űɞ ŭŮɨŰŮɟɞ ůɡůŰŬŰɘəɧ 

ɛŮ Űɖɜ ɛɞɟűɐ ůɤɛŬŰɘŭɑɤɜ ɐ ɘɜɩɜ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ űɨůɖ Űɖɠ ɛɐŰɟŬɠ ŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ 

ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ůɨɜɗŮŰŬ ɡɚɘəɎ ɛŮ ɛɐŰɟŬ ɛɏŰŬɚɚɞ, əŮɟŬɛɘəɧ ɐ ˊɞɚɡɛŮɟɏɠ. ȼ ŰŮɚŮɡŰŬɑŬ 

ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ əŬɘ ɖ ůɡɜɖɗɏůŰŮɟɖ. Ɇɡɜɐɗɤɠ əŬɘ Űɞ ŮɜɘůɢɡŰɘəɧ ɛɏůɞ ŮɑɜŬɘ Ůˊɑůɖɠ 

ˊɞɚɡɛŮɟɏɠ, ɧˊɤɠ ˊ.ɢ. ŬɟŬɛɘŭɘəɏɠ ɑɜŮɠ, ɑɜŮɠ ɎɜɗɟŬəŬ. 

Ƀɘ ůɡɜŮɢɩɠ ŬɡɝŬɜɧɛŮɜŮɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ůɨɔɢɟɞɜɖɠ ŰŮɢɜɞɚɞɔɑŬɠ, ůŮ ˊɞɚɚɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ŰŬ ɔɜɤůŰɎ ɘůɧŰɟɞˊŬ ɡɚɘəɎ, ˊɟɎɔɛŬ ˊɞɡ 

ɞŭɐɔɖůŮ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ əŬŰɖɔɞɟɘɩɜ ɡɚɘəɩɜ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ. ɀŮ 

ůɡɜŭɡŬůɛɧ əŬɘ Ůɘŭɘəɐ ŭɘɎŰŬɝɖ ŭɘŬűɧɟɤɜ ůɡůŰŬŰɘəɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɜɏɤɜ 

ɡɚɘəɩɜ, ŰŬ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɡɜ ɓŮɚŰɘɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ ɐ ɏɜŬ ůɡɜŭɡŬůɛɧ ɘŭɘɞŰɐŰɤɜ ɤɠ ˊɟɞɠ 

ŰŬ ŬɟɢɘəɎ ůɡůŰŬŰɘəɎ Űɞɡɠ. ȽŭɘŬɑŰŮɟŬ ˊɚŮɞɜŮəŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ůɨɜɗŮŰŬ 

ɡɚɘəɎ ˊɞɡ ŮɜɘůɢɨɞɜŰŬɘ ɛŮ ɑɜŮɠ ɞˊɚɘůɛɞɨ. ɇŬ ɡɚɘəɎ ŬɡŰɎ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ ůɡɜŭɡŬůɛɧ 

ɡɚɘəɞɨ Ŭˊɧ ɑɜŮɠ ɡɣɖɚɩɜ ŬɜŰɞɢɩɜ ˊɞɡ ɢɟɖůɘɛŮɨŮɘ ɤɠ űɞɟɏŬɠ Űɖɠ ŬɜŰɞɢɐɠ əŬɘ Ůɜɧɠ 

űɏɟɞɜŰɞɠ ɡɚɘəɞɨ ɐ ɛɐŰɟŬɠ. ɇɞ ŰŮɚŮɡŰŬɑɞ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ɛɞɟűɞˊɞɘɖɗŮɑ əŬɘ ɢɟɖůɘɛŮɨŮɘ 

ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ əŬɘ ůɡɔəɟɎŰɖůɖ Űɤɜ ɘɜɩɜ, Ůɜɩ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬŭɑŭŮɘ Űɘɠ ŮɛűŬɜɘɕɧɛŮɜŮɠ 

əŬŰŬˊɞɜɐůŮɘɠ Űɤɜ ɘɜɩɜ ˊɟɞɠ Űɘɠ ɑɜŮɠ ɞˊɚɘůɛɞɨ [22]. 

ɇɞ űɏɟɞɜ ɡɚɘəɧ, Űɞ ɞˊɞɑɞɜ ŬɟɢɘəɎ ɐŰŬɜ ɗŮɟɛɞˊɚŬůŰɘəɧ ˊŬɟɞɡůɘɎɕŮɘ ɞɛɞɑɤɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ əŬŰɎ Űɖɜ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ ůŰɖ ˊɟɎɝɖ, əɡɟɑɤɠ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. 

ɆɡɜɐɗŮɘɠ ˊɞɚɡŮůŰŮɟɘəɏɠ ɟɖŰɑɜŮɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ ɛɧɜɞɜ ɛɏɢɟɘ 100ÁC, Ůɜɩ ŮˊɞɝŮɘŭɘəɏɠ ɟɖŰɑɜŮɠ "ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ" ɛɧɜɞɜ 

ɛɏɢɟɘ ˊŮɟɑˊɞɡ 200ÁC. ɀŮŰŬɔŮɜɏůŰŮɟŬ ŬɜŬˊŰɡɢɗŮɑůŮɠ ɟɖŰɑɜŮɠ ŮɑɜŬɘ əŬŰɎɚɚɖɚŮɠ ɛɏɢɟɘ 

400ÁC ɔɘŬ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬɘ ɛɏɢɟɘ 300ÁC ɔɘŬ ɛŬəɟɞɢɟɧɜɘŬ ɢɟɖůɘɛɞˊɞɑɖůɖ. ũɘŬ 

ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ űɏɟɞɜŰŬ ɡɚɘə', Űɧůɞɜ ŮɚŬűɟɎ ɛɏŰŬɚɚŬ, 

ɧˊɤɠ Ŭɚɞɡɛɑɜɘɞ, əŬɗɩɠ Ůˊɑůɖɠ əɟɎɛŬŰŬ ŬɜɗŮəŰɘəɎ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ əŮɟŬɛɘəɎ 

ɡɚɘəɎ, ɧˊɤɠ əŬɟɓɑŭɘɞ Űɞɡ ˊɡɟɘŰɑɞɡ, ɎɜɗɟŬəŬɠ əɚˊ. Ⱦɡɟɑɤɠ ŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ˊɞɡ ɏɢɞɡɜ ɤɠ 

ɑɜŮɠ ɞˊɚɘůɛɞɨ ɑɜŮɠ ɎɜɗɟŬəŬ əŬɘ ŬɟŬɛɘŭɘəɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ŮŰɩɜ ůŮ ɛŮɔɎɚɖ ŰŮɢɜɘəɐ 

əɚɑɛŬəŬ [22].   

4.3.1 ɄɞɚɡŮůŰɏɟŬɠ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ (UP-FG) 

 Ƀɘ ˊɞɚɡŮůŰɏɟŮɠ Ůɜɘůɢɡɛɏɜɞɘ ɛŮ ɑɜŮɠ ɡɎɚɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ˊɞɚɚɏɠ 

əŬŰŬůəŮɡɏɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɏɜŬ ɡɚɘəɧ əɡɟɑɤɠ ɛŮ ɡɣɖɚɐ ŬɜŰɞɢɐ əŬɘ ůɡɔɢɟɧɜɤɠ ɛŮ ɢŬɛɖɚɧ 

Ůɘŭɘəɧ ɓɎɟɞɠ əŬɘ ɛɑŬ əŬɚɐ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŮ ɛɑŬ ˊŮɟɘɞɢɐ ɛŮŰɟɑɤɜ ɗŮɟɛɞəɟŬůɘɩɜ, ɢɤɟɑɠ ɜŬ 

ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɏɜŬ ɡɣɖɚɧ ɛɏŰɟɞɜ ŮɚŬůŰɘəɧŰɖŰŬɠ (ˊ.ɢ. əŬŰŬůəŮɡɐ ŭŮɝŬɛŮɜɩɜ, əŬŰŬůəŮɡɐ 

ɛɘəɟɩɜ ˊɚɞɑɤɜ əɚˊ). ɆŰɘɠ əŬŰŬůəŮɡɏɠ ŬŮɟɞˊɚɎɜɤɜ əŬɘ ŭɘŬůŰɖɛɞˊɚɞɑɤɜ, ɧˊɞɡ 

ŮɜŭɘŬűɏɟɞɡɜ ɧɢɘ ɛɧɜɞɜ ɛɑŬ ŮɚɎŰŰɤůɖ Űɞɡ ɓɎɟɞɡɠ, ŬɚɚɎ Ůˊɑůɖɠ əŬɘ ɛɑŬ ɛŮɔɎɚɖ ŬəŬɛɣɑŬ 

Űɖɠ əŬŰŬůəŮɡɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɐɛŮɟŬ ŮˊɞɝŮɘŭɘəɏɠ ɟɖŰɑɜŮɠ ŮɜɘůɢɡɛɏɜŮɠ ɛŮ ɑɜŮɠ ɓɞɟɑɞɡ. 

Ⱥˊɑůɖɠ ɑɜŮɠ ɎɜɗɟŬəŬ ɛŮ ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜŬ ˊɞɚɡɛŮɟɐ Ůɡɟɑůəɞɡɜ ɐŭɖ ŰŮɢɜɞɚɞɔɘəɐ 

ŮűŬɟɛɞɔɐ (əŬŰŬůəŮɡɐ ŬŮɟɞˊɚɎɜɤɜ, ŮɚɘəɞˊŰɏɟɤɜ, ůɡůəŮɡɏɠ ůˊɞɟ, ɧˊɤɠ ůəɘ, ɟŬəɏŰŰŮɠ 

Űɏɜɜɘɠ əɚˊ) [26]. 

Ƀůɞɜ ŬűɞɟɎ Űɘɠ ɞɘəɞɜɞɛɘəɏɠ ˊɟɞɞˊŰɘəɏɠ Űɤɜ ůɡɜɗɏŰɤɜ ɡɚɘəɩɜ ɛŮ ɑɜŮɠ, ɞɘ 

űɗɖɜɧŰŮɟŮɠ ɧɚɤɜ Űɤɜ ɘɜɩɜ ŮɑɜŬɘ ɞɘ ɑɜŮɠ ɡɎɚɞɡ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɘŭɘŬɘŰɏɟɤɠ 

ɛɑŬ ɡɣɖɚɐ ŬəŬɛɣɑŬ ɐ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɗŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ 

ůŰɞ ɛɏɚɚɞɜ ŬɜŰɑ Űɤɜ ɘɜɩɜ ɡɎɚɞɡ, ɞɘ ɑɜŮɠ ɎɜɗɟŬəŬ əŬɘ ɞɘ ŬɟŬɛɘŭɘəɏɠ ɑɜŮɠ. Ƀɘ ɑɜŮɠ ɎɜɗɟŬəŬ 

ŮɛűŬɜɑɕɞɡɜ Űɘɠ ŬɡŰɏɠ ˊŮɟɑˊɞɡ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ (ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ əŬɘ ɛɏŰɟɞɜ 

ŮɚŬůŰɘəɧŰɖŰŬɠ) ɛŮ Űɘɠ ɑɜŮɠ ɓɞɟɑɞɡ, ɧˊɞɡ ɧɛɤɠ ɞɘ ŰŮɚŮɡŰŬɑŮɠ ŮɑɜŬɘ ůŬűɩɠ ŬəɟɘɓɧŰŮɟŮɠ [26]. 

ɇŬ ́ɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ ˊɟɞɖɔɛɏɜɤɜ ůɡɜɗɏŰɤɜ ɡɚɘəɩɜ ɛŮ ɑɜŮɠ ůŮ ůɢɏůɖ ɛŮ 

ɛŮŰŬɚɚɘəɎ ɡɚɘəɎ ŮɑɜŬɘ: 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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 ɡɣɖɚɐ ŬɜŰɞɢɐ əŬɘ ŬəŬɛɣɑŬ ɛŮ ŰŬɡŰɧɢɟɞɜŬ ɢŬɛɖɚɐ ˊɡəɜɧŰɖŰŬ 

 ˊɞɚɨ əŬɚɐ ůŰŬɗŮɟɧŰɖŰŬ ɏɜŬɜŰɘ ŭɘŬɓɟɩůŮɤɠ 

 əŬɚɐ ůɡɛˊŮɟɘűɞɟɎ ŬˊɞůɓɏůŮɤɠ 

 ɡɣɖɚɐ ůŰŬɗŮɟɧŰɖŰŬ ɛɞɟűɐɠ 

 

4.3.2 Ƀɘəɞŭɞɛɘəɏɠ ŮűŬɟɛɞɔɏɠ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ 

ɇŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɑɜŮɠ ɡɎɚɞɡ ɐ ɎɜɗɟŬəŬ ɡɣɖɚɐɠ ŬɜŰɞɢɐɠ 

çůɡɟɟŬɛɛɏɜŮɠ ɐ ˊɚŮɔɛɏɜŮɠè ůŮ ɛɞɟűɐ çɡűɎůɛŬŰɞɠè. ɇŬ çɡűɎůɛŬŰŬè ɘɜɩɜ, Ŭűɞɨ 

ŮɛˊɞŰɘůŰɞɨɜ ɛŮ Ůɘŭɘəɏɠ ŮˊɞɝŮɘŭɘəɏɠ ɟɖŰɑɜŮɠ, ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬ ůɨɜɗŮŰɞ ɡɚɘəɧ ɡɣɖɚɐɠ 

ŬɜŰɞɢɐɠ Űɞ ɞˊɞɑɞ ŮˊɘəɞɚɚɎŰŬɘ ůŰɘɠ əŬŰɎɚɚɖɚŬ ˊɟɞŮŰɞɘɛŬůɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ Űɞɡ ŭɞɛɘəɞɨ 

ůŰɞɘɢŮɑɞɡ ŬˊɞŰŮɚɩɜŰŬɠ ɛɧɜɘɛɖ Ůˊɏɜŭɡůɖ əŬɘ Ůɜɑůɢɡůɐ Űɞɡ. ȼ ɢɟɐůɖ Űɤɜ ůɨɜɗŮŰɤɜ 

ɡɚɘəɩɜ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ Ůɝɏɚɘɝɖ Űɤɜ ŮɜɘůɢɨůŮɤɜ ɛŮ ɛŮŰŬɚɚɘəɎ ŮɚɎůɛŬŰŬ. 

ȺˊɘůəŮɡɐ ɛŮ ůɨɜɗŮŰŬ ɡɚɘəɎ ŮűŬɟɛɧɕŮŰŬɘ ůŮ: 

ɈˊɞůŰɡɚɩɛŬŰŬ ï ɇɞɘɢŮɑŬ: ũɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɓɚŬɓɩɜ əŬɘ Űɖɜ Ůɜɑůɢɡůɖ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ ŰɞɘɢŮɑɤɜ (Ŭɨɝɖůɖ ŭɘŬŰɛɖŰɘəɐɠ əŬɘ əŬɛˊŰɘəɐɠ ŬɜŰɞɢɐɠ, Ŭɨɝɖůɖ 

űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ Ŭɝɞɜɘəɞɨ űɞɟŰɑɞɡ, Ŭɨɝɖůɖ ˊɚŬůŰɘɛɧŰɖŰŬɠ) ůɡɜɘůŰɎŰŬɘ ɢɟɐůɖ 

ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ Ŭˊɧ ɑɜŮɠ ɡɎɚɞɡ. 

ɄɚɎəŮɠ ï ȹɞəɞɑ: ũɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɓɚŬɓɩɜ əŬɘ Űɖɜ Ůɜɑůɢɡůɖ ˊɚŬəɩɜ əŬɘ ŭɞəɩɜ 

(Ŭɨɝɖůɖ əŬɛˊŰɘəɐɠ ŬɜŰɞɢɐɠ) ɔɑɜŮŰŬɘ ɢɟɐůɖ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ Ŭˊɧ ɑɜŮɠ ɡɎɚɞɡ ɐ ɎɜɗɟŬəŬ. 

Ⱦɧɛɓɞɘ: ũɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɓɚŬɓɩɜ əŬɘ Űɖɜ Ůɜɑůɢɡůɖ əɧɛɓɤɜ ŭɞəɩɜ ï 

ɡˊɞůŰɡɚɤɛɎŰɤɜ (Ŭɨɝɖůɖ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ) ɔɑɜŮŰŬɘ ɢɟɐůɖ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ Ŭˊɧ ɑɜŮɠ 

ɡɎɚɞɡ ɐ ɎɜɗɟŬəŬ.  

ūɏɟɞɡůŮɠ ɇɞɘɢɞˊɞɘɑŮɠ: ũɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɓɚŬɓɩɜ əŬɘ Űɖɜ Ůɜɑůɢɡůɖ űɏɟɞɡůɤɜ 

Űɞɘɢɞˊɞɘɘɩɜ Ŭˊɧ ˊɚɘɜɗɞŭɞɛɐ ɐ ɚɘɗɞŭɞɛɐ (Ŭɨɝɖůɖ ŭɘŬŰɛɖŰɘəɐɠ əŬɘ əŬɛˊŰɘəɐɠ ŬɜŰɞɢɐɠ) 

ɔɑɜŮŰŬɘ ɢɟɐůɖ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ Ŭˊɧ ɑɜŮɠ ɡɎɚɞɡ ɐ ɎɜɗɟŬəŬ. 

ɇɞɘɢɞˊɞɘɑŮɠ Ʉɚɐɟɤůɖɠ: ũɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɓɚŬɓɩɜ Űɞɘɢɞˊɞɘɘɩɜ ˊɚɐɟɤůɖɠ 

(Ŭɨɝɖůɖ ŭɘŬŰɛɖŰɘəɐɠ əŬɘ əŬɛˊŰɘəɐɠ ŬɜŰɞɢɐɠ) ɔɑɜŮŰŬɘ ɢɟɐůɖ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ Ŭˊɧ ɑɜŮɠ 

ɡɎɚɞɡ ɐ ɎɜɗɟŬəŬ. 

 

4.4 Ʉɞɚɡ(ɛŮɗŬəɟɡɚɘəɧ ɛŮɗɨɚɘɞ) (PMM A) 

 

ɇɞ PMMA ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ Ŭəɟɡɚɘəɩɜ ˊɞɚɡɛŮɟɩɜ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ 

ůŰŬ ɗŮɟɛɞˊɚŬůŰɘəɎ. ȺɑɜŬɘ Űɞ ˊɞɚɡɛŮɟɏɠ Űɞɡ ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚŮůŰɏɟŬ əŬɘ ŮɑɜŬɘ 

ŮɡɟɨŰŮɟŬ ɔɜɤůŰɧ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ Plexiglas, ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Ůɛˊɞɟɘəɐ ɢɟɐůɖ Űɞɡ 

ɡɚɘəɞɨ. ȷɜŬˊŰɨɢɗɖəŮ Űɞ 1928, Ůɜɩ ůŰɖɜ ŬɔɞɟɎ əɡəɚɞűɧɟɖůŮ Űɞ 1933 Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ 

Rohm and Haas [27]. 
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ɆɢɐɛŬ 4.1: ɇɞ PMMA ŮɑɜŬɘ Űɞ ˊɞɚɡɛŮɟɏɠ Űɞɡ ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚŮůŰɏɟŬ [27,28]. 

 

 

  
 

ɆɢɐɛŬ 2: ɇɟɘůŭɘɎůŰŬŰɖ ŭɞɛɐ Űɞɡ Ʌɀɀȷ. 

  
ɄɑɜŬəŬɠ 4.1: Ɇɨɜɞɣɖ Űɤɜ ˊɟɞůŮɔɔɘůŰɘəɩɜ Űɘɛɩɜ ˊɞɡ ŭɑɜɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɘɠ ɘŭɘɧŰɖŰŮɠ 

Űɞɡ Ʌɀɀȷ [27,28]. 

 
 

 

ɇɞ ŮɜŮɟɔŮɘŬəɧ ɢɎůɛŬ Űɞɡ Ʌɀɀȷ ŮɑɜŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɡˊŮɟɘɩŭɞɡɠ, ɧˊɞɡ ɞ ůɡɜŰŮɚŮůŰɐɠ 

Ŭˊɞɟɟɧűɖůɖɠ ŮɑɜŬɘ ɛŮɔɎɚɞɠ. ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɡˊŮɟɘɩŭŮɠ űɎůɛŬ 

Űɞɡ Ʌɀɀȷ. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ˊŬɟɞɡůɘɎɕŮɘ ɏɜŰɞɜŮɠ əɞɟɡűɏɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰŬ 193nm əŬɘ 

ůŰŬ 213 nm. [1][2][3][4] 

 

 

 
 

ɆɢɐɛŬ 4.2: ɆɡɜŰŮɚŮůŰɐɠ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ Ʌɀɀȷ ůŰɞ ɡˊŮɟɘɩŭŮɠ. ɇŬ ɓɏɚɖ ŭŮɑɢɜɞɡɜ 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
 

                  ɄŮŰɟɞɨɚŬ ɀˊɞɡůɛˊɞɡɟɏɚɖ                                                                                                    48 
 

ɛɐəɖ əɨɛŬŰɞɠ ůŰŬ ɞˊɞɑŬ ɡˊɎɟɢɞɡɜ ɔɟŬɛɛɏɠ Ůəˊɞɛˊɐɠ Űɤɜ excimer laser.[27] 

 

ɆŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɞɟŬŰɞɨ Űɞ Ʌɀɀȷ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ űɎůɛŬ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ, ŮɑɜŬɘ ůɢŮŭɧɜ ŭɘŬˊŮɟŬŰɧ Ŭˊɧ ŰŬ 400 ɏɤɠ ŰŬ 1100 nm: 

 

 

 
ɆɢɐɛŬ 4.3: ūɎůɛŬ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Ʌɀɀȷ [28]. 

 

ɆŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɡˊɎɟɢɞɡɜ űŬůɛŬŰɞůəɞˊɘəɏɠ ɛŮŰɟɐůŮɘɠ ɡˊŮɟɨɗɟɞɡ əɘ Ŭˊɧ ɛŮŰɟɐůŮɘɠ 

űŬůɛŬŰɞůəɞˊɑŬɠ Raman ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ PMMAəŬɘ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŰŬ Ůɝɐɠ: 

 

 ɀɑŬ ɕɩɜɖ Ŭˊɞɟɟɧűɖůɖɠ Ůɨɟɞɡɠ 1500-700 cm
-1

 ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ ůɡɛɛŮŰɟɘəɐ 

ŰŬɚɎɜŰɤůɖ Űɞɡ Ŭˊɚɞɨ ŭŮůɛɞɨ C-O ɛŮ ŭɘŬəɟɘŰɏɠ əɞɟɡűɏɠ ůŰŬ1270-990 cm
-1
. 

 ɇŬɚɎɜŰɤůɖ ɚɡɔɘůɛɞɨ Űɞɡ ŭŮůɛɞɨ C-H ɛŮ əɞɟɡűɏɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰŬ 1450-1350 

cm
-1
ŬɜŰɘůɡɛɛŮŰɟɘəɐ (rocking)ŰŬɚɎɜŰɤůɖ Űɤɜ CH2 ůŰŬ 810-750 cm

-1
əŬɘ Űɤɜ CH3 

ůŰŬ 816 cm
-1
. 

 ɀɑŬ ˊŮɟɘɞɢɐ Ŭˊɞɟɟɧűɖůɖɠ Ůɨɟɞɡɠ 3100-2800 cm
-1
 ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ 

ůɡɛɛŮŰɟɘəɏɠ (stretching) ŰŬɚŬɜŰɩůŮɘɠ Űɞɡ ŭŮůɛɞɨ C-H Űɤɜ CH2 əŬɘ CH3. 

 ɀɑŬ əɞɟɡűɐ Ŭˊɞɟɟɧűɖůɖɠ ůŰŬ 1720 cm-1
 ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɘɠ ůɡɛɛŮŰɟɘəɏɠ 

ŰŬɚŬɜŰɩůŮɘɠ Űɞɡ ŭɘˊɚɞɨ ŭŮůɛɞɨ C=O Űɖɠ ɞɛɎŭŬɠ (-COOCH3) Űɞɡ PMMA. 

4.4.1 ȺűŬɟɛɞɔɏɠ 

ȳˊɤɠ ɗŬ ɏɢŮŰŮ ŭɘŬˊɘůŰɩůŮɘ ŰŬ ˊɟɞɥɧɜŰŬ Ŭˊɧ Ŭəɟɡɚɘəɧ (ɔɜɤůŰɧŰŮɟɞ ɛŮ Űɖɜ 

Ůɛˊɞɟɘəɐ ɞɜɞɛŬůɑŬ Ʌlexiglass) ɛˊŬɑɜɞɡɜ ůŮ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞɡɠ ŰɞɛŮɑɠ Űɖɠ ɕɤɐɠ ɛŬɠ 

(əɞɘɜɤɜɘəɐɠ əŬɘ ŮˊŬɔɔŮɚɛŬŰɘəɐɠ) ŬɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ŮɑɜŬɘ ˊɞɚɡɎɟɘɗɛŮɠ ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ 

Űɞɡ Ŭəɟɡɚɘəɞɨ, ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɛɞɟűɞˊɞɑɖůɖ Űɞɡ, əŬɗɩɠ əŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ, ɞɘ 

ɞˊɞɑŮɠ ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ [27]: 

 

 ȼ ŭɘŬűɎɜŮɘŬ Űɞɡ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ əŬɗŬɟɧŰɖŰŬ Ŭˊɧ Űɞ ɔɡŬɚɑ, Ůɜɩ ŰŬ ɏɔɢɟɤɛŬ 
űɨɚɚŬ ɏɢɞɡɜ ɡˊɏɟɞɢɞɡɠ ɢɟɤɛŬŰɘůɛɞɨɠ. 

 ɀŮɔɎɚɖ ŬɜŰɞɢɐ əŬŰɎ Űɖ ɢɟɐůɖ, əŬɗɩɠ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ɎɗɟŬɡůŰɞ, Ůɜɩ ůŰŬ ˊɎɢɖ 
Ɏɜɤ Űɤɜ 20mm ŮɑɜŬɘ ŬɚŮɝɑůűŬɘɟɞ. 

 ȺɑɜŬɘ ɗŮɟɛoɛɞɜɤŰɘəɎ əŬɘ ɖɢɞɛɞɜɤŰɘəɎ. 
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 ȷɜŰɞɢɐ ůŰɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ əŬɘ ůŮ ɧɚŬ ŰŬ űɡůɘəɎ űŬɘɜɧɛŮɜŬ. (ũɘ' ŬɡŰɧ Űɞ 
ɚɧɔɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰŬ ˊɚɞɑŬ əŬɘ ůŰŬ ůəɎűɖ). 

 ɄɞɘəɘɚɑŬ ůŰɘɠ ɛɞɟűɏɠ Űɞɡ: űɨɚɚŬ, ůɤɚɐɜŮɠ, ɟɎɓŭɞɘ ůŰɟɞɔɔɡɚɏɠ əŬɘ ŰŮŰɟɎɔɤɜŮɠ, 
əŬɗɟɏˊŰŮɠ. 

 ɉŬɛɖɚɧ ɓɎɟɞɠ (Űɞ ɛɘůɧ Űɞɡ ɔɡŬɚɘɞɨ ůŰɞ ɑŭɘɞ ˊɎɢɞɠ). 

 

ɇɞ PMMA ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɤɠ ŬɜŰɘəŬŰŬůŰɎŰɖɠ Űɞɡ 

ɔɡŬɚɘɞɨ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɏɢŮɘ Űɞ ɐɛɘůɡ Űɞɡ ɓɎɟɞɡɠ Űɞɡ, ŭɘŬɛɞɟűɩɜŮŰŬɘ ŮɡəɞɚɧŰŮɟŬ, ŭŮ 

ůəŮŭɎɕŮɘ Űɞ űɤɠ, əŬɘ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ. Ⱥˊɑůɖɠ ɢɟɖůɘɛŮɨŮɘ ůŬ ɛɞɜɤŰɘəɧ 

ɛɏůɞ ůŰɘɠ əŰɖɟɘŬəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ. ȺűŬɟɛɞɔɏɠ ɏɢŮɘ Ůˊɑůɖɠ ůŰɖ ɛɘəɟɞɖɚŮəŰɟɞɜɘəɐ, ůŰɖɜ 

ɞɚɞɔɟŬűɑŬ, ůŰɖɜ ɡˊŮɟɘɩŭɖ əŬɘ ůŰɖɜ ɖɚŮəŰɟɞɜɘəɐ ɚɘɗɞɔɟŬűɑŬ, əŬɗɩɠ əŬɘ ůŰɖ ɚɘɗɞɔɟŬűɑŬ 

ŬəŰɑɜɤɜ-ɉ. ȷəɧɛɖ ɓɟɑůəŮɘ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ ůŮ ŰɕɎɛɘŬ ŬŮɟɞˊɚɎɜɤɜ, ůŮ ŬɜŰɚɑŮɠ, ůŰɖɜ 

əŬŰŬůəŮɡɐ ŭɑůəɤɜ CD əŬɘ DVD əŬɘ űɤŰɘůŰɘəɩɜ, əŬɗɩɠ əŬɘ ůŰɖɜ ˊŬɟŬůəŮɡɐ ɢɟɤɛɎŰɤɜ. 

ɇɏɚɞɠ ůŰɖɜ ɞűɗŬɚɛɞɚɞɔɑŬ ɓɟɑůəŮɘ ŮűŬɟɛɞɔɐ Űɖɜ əŬŰŬůəŮɡɐ űŬəɩɜ əɘ ŮɜŭɞűŬəɩɜ. 

 

4.4.2 ūŬɘɜɧɛŮɜɞ ŬɡŰɞŮˊɘŰɎɢɡɜůɖɠ ɐ ˊɐɔɛŬŰɞɠ tromsdorf 

ɇɞ űŬɘɜɧɛŮɜɞ Trommsdorff ŮɛűŬɜɑɕŮŰŬɘ əɡɟɑɤɠ ůŮ ŬɜŰɘŭɟɎůŮɘɠ ŬɚɡůɤŰɞɨ 

ˊɞɚɡɛŮɟɘůɛɞɨ. ɆɡɜŮˊɩɠ, ɤɠ ˊɟɞɦˊɧɗŮůɖ ŮɛűɎɜɘůɖɠ Űɞɡ ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ ɟɘɕɩɜ ůŰɞ 

ůɨůŰɖɛŬ. ȾŬŰɎ Űɞɜ ˊɞɚɡɛŮɟɘůɛɧ ɛŮɟɘəɩɜ ɛɞɜɞɛŮɟɩɜ ůŮ ɡɣɖɚɏɠ ɛŮŰŬŰɟɞˊɏɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ Ŭɨɝɖůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ ˊɞɚɡɛŮɟɘůɛɞɨ, Ůɜɩ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ 

ɛɞɜɞɛŮɟɞɨɠ ŮɚŬŰŰɩɜŮŰŬɘ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ˊŬɟŬŰɖɟŮɑŰŬɘ ɘŭɘŬɑŰŮɟŬ ůŮ ˊɞɚɡɛŮɟɘůɛɞɨɠ 

ɢɤɟɑɠ ŭɘŬɚɨŰɖ (ŰŮɢɜɘəɐ ɛɎɕŬɠ). ȰɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ Űɞ ɛŮɗŬəɟɡɚɘəɧ 

ɛŮɗɨɚɘɞ ˊɞɡ ůŮ ɛɘəɟɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɛɞɜɞɛŮɟɞɨɠ ɖ ˊɞɟŮɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŬəɞɚɞɡɗŮɑ 

əŬɜɞɜɘəɐ əɘɜɖŰɘəɐ, Ůɜɩ ůŮ ɡɣɖɚɧŰŮɟŮɠ ɧɢɘ [11]. 

ɇɞ űŬɘɜɧɛŮɜɞ ˊɐɔɛŬŰɞɠ (gel effect) ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ŭɨɝɖůɖ ɘɝɩŭɞɡɠ Űɖɠ ɛɎɕŬɠ Űɞɡ 

ˊɞɚɡɛŮɟɞɨɠ ŬɡɝŬɜɧɛŮɜɖɠ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ. ȼ əɑɜɖůɖ (ŭɘɎɢɡůɖ) Űɤɜ ŬɜŬˊŰɡůůɞɛɏɜɤɜ 

Ŭɚɡůɑŭɤɜ ˊŬɟŮɛˊɞŭɑɕŮŰŬɘ ɚɧɔɤ Űɤɜ ɛŬəɟɞɛɞɟɑɤɜ ˊɞɡ ɏɢɞɡɜ ůɢɖɛŬŰɘůŰŮɑ, Ůɜɩ ɖ əɑɜɖůɖ 

Űɤɜ ɛɞɟɑɤɜ Űɞɡ ɛɞɜɞɛŮɟɞɨɠ ŮɑɜŬɘ ŬɜŮɛˊɧŭɘůŰɖ. ȰŰůɘ, ɞɘ ŬɚɡůɑŭŮɠ ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ 

ɛŮɔŬɚɩɜɞɡɜ Ůɜɩ ɔɑɜɞɜŰŬɘ ůˊŬɜɘɧŰŮɟŮɠ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ŰŮɟɛŬŰɘůɛɞɨ. ȰɢɞɡɛŮ ŭɖɚŬŭɐ 

Ŭɨɝɖůɖ Űɞɡ ɢɟɧɜɞɡ ɕɤɐɠ Űɤɜ ɟɘɕɩɜ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Ŭɨɝɖůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ əŬɘ Űɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ. ɆŮ ŬəɧɛŬ 

ɛŮɔŬɚɨŰŮɟŮɠ ɛŮŰŬŰɟɞˊɏɠ ɡˊɧəŮɘŰŬɘ ůŮ ɏɚŮɔɢɞ ŭɘɎɢɡůɖɠ ɖ əɑɜɖůɖ Űɞɡ ɛɞɜɞɛŮɟɞɨɠ ˊɟɞɠ Űɘɠ 

ɛŬəɟɧɟɘɕŮɠ ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ ŮɚɎŰŰɤůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ ˊɞɚɡɛŮɟɘůɛɞɨ. ȷɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ 

ɞɜɞɛɎɕŮŰŬɘ ɡŬɚɩŭŮɠ űŬɘɜɧɛŮɜɞ (glass effect). 

ɀɞɜɞɛŮɟɐ ɛŮ ɛŮɔɎɚɖ Űɘɛɐ ůŰŬɗŮɟɎɠ ɛŮŰŬűɞɟɎɠ ŭŮɜ ŭŮɑɢɜɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɐ 

ŬɡŰɞŮˊɘŰɎɢɡɜůɖ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɛŮɗŬəɟɡɚɘəɧ ɛŮɗɨɚɘɞ əŬɘ Űɞ ůŰɡɟɏɜɘɞ. ȷɡŰɧ ɔɑɜŮŰŬɘ 

ɔɘŬŰɑ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɛŮŰŬűɞɟɎɠ ɛŮɘɩɜɞɡɜ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ əŬɘ ŮɚŬŰŰɩɜɞɡɜ Űɞ ɘɝɩŭŮɠ. 

ȯɚɚɞɘ Űɟɧˊɞɘ Ŭˊɞűɡɔɐɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŮɑɜŬɘ ɖ ˊɟɞůɗɐəɖ ŭɘŬɚɨŰɖ əŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ [25]. 

 

4.5  Corian  

4.5.1 ȹɞɛɐ 

ɇɞ corian ŮɑɜŬɘ ɏɜŬ ůɡɛˊŬɔɏɠ, ɛɖ ˊɞɟɩŭŮɠ ɡɚɘəɧ ŮˊɘűŬɜŮɘɩɜ ɛŮ ɞɛɞɔŮɜɐ ůɨůŰŬůɖ: 

1/3 Ŭəɟɡɚɘəɐ ɟɖŰɑɜɖ (ˊɞɚɡɛŮɗŬəɟɡɚɘəɧ ɛŮɗɨɚɘɞ ɐ ɅMɀȷ) əŬɘ 2/3 űɡůɘəɎ ɛŮŰŬɚɚŮɨɛŬŰŬ. 

ɇɞ əɨɟɘɞ ůɡůŰŬŰɘəɧ Űɞɡ ŮɑɜŬɘ ɞ ɡŭɟɑŰɖɠ Űɞɡ Ŭɟɔɘɚɑɞɡ (ȷɇȼ) ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ 

ɓɤɝɑŰɖ, ɏɜŬ ɞɟɡəŰɧ Ŭˊɧ Űɞ ɞˊɞɑɞ ˊŬɟŬůəŮɡɎɕŮŰŬɘ əŬɘ Űɞ Ŭɚɞɡɛɑɜɘɞ.  

ɇŬ ŰɡˊɘəɎ ˊɟɞɘɧɜŰŬ Űɞɡ ŮɑɜŬɘ [29]: 
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ūɨɚɚŬ: ȹɘŬŰɑɗŮɜŰŬɘ ůŮ ŰɟɑŬ ɛŮɔɏɗɖ, ɛŮ ŭɘŬűɞɟŮŰɘəɧ ˊɎɢɞɠ, ˊɞɡ ŮɨəɞɚŬ 

əŬŰŮɟɔɎɕɞɜŰŬɘ ůŰɞ ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ Ŭˊɧ ŮˊŬɔɔŮɚɛŬŰɑŮɠ əŬŰŬůəŮɡŬůŰɏɠ. ȳɚɞɘ ɞɘ 

ɢɟɤɛŬŰɘůɛɞɑ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞɘ ůŮ űɨɚɚŬ ŭɘŬůŰɎůŮɤɜ 3680x760x13mm. ȼ ɢɟɐůɖ Űɞɡ 

űɨɚɚɞɡ, ɛŮ ˊɎɢɞɠ 6 mm, ˊɟɏˊŮɘ Ůɜ ɔɏɜŮɘ ɜŬ ŬˊɞűŮɨɔŮŰŬɘ ůŮ  əɎɗŮŰŮɠ ŮűŬɟɛɞɔɏɠ. 

 

 
 

ɀɞɟűɞˊɞɘɖɛɏɜŬ ˊɟɞɥɧɜŰŬ [29]:ɈˊɎɟɢɞɡɜ ɏŰɞɘɛɞɘ ˊɎɔəɞɘ ɛŮ ɔɞɨɟɜŬ, ůŮ ɛŮɔɎɚɞ 

Ůɨɟɞɠ ɛŮɔŮɗɩɜ əŬɗɩɠ əŬɘ ˊɞɚɚɞɑ Űɨˊɞɘ Ůɘŭɩɜ ɡɔɘŮɘɜɐɠ, ɛŮ űɘɜɘɟɘůɛɏɜŬ ɎəɟŬ. ũɑɜŮŰŬɘ ɛŮ 

Ůɔɔɨɖůɖ 10 ɢɟɧɜɤɜ ɏɜŬɜŰɘ ɗŮɟɛɘəɐɠ əŬŰŬˊɧɜɖůɖɠ. ũɘŬ ɎɚɚŮɠ ɡɔɟɏɠ ˊŮɟɘɞɢɏɠ, ɡˊɎɟɢŮɘ ɛɘŬ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ˊɞɘəɘɚɑŬ ɜŮɟɞɢɡŰɩɜ, ɛɞɜɐɠ əŬɘ ŭɘˊɚɐɠ ɚŮəɎɜɖɠ, ˊɞɡ ŮɑɜŬɘ əŬŰɎɚɚɖɚŮɠ ɔɘŬ 

ɜɞůɞəɞɛŮɑŬ ɐ ŮɟɔŬůŰɐɟɘŬ, əɞɡɕɑɜŮɠ, ɛˊŬɟ əŬɘ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ ˊɚɡůɑɛŬŰɞɠ. ȼ 

ůɡɜŬɟɛɞɚɧɔɖůɖ ɔɑɜŮŰŬɘ ŮɑŰŮ ɛŮ Ŭɟɛɞɨɠ ŮɑŰŮ ɛŮ űŬɚŰůɞɔɤɜɘɏɠ ɢɤɟɑɠ ˊɟɧɓɚɖɛŬ ˊŬɔɑŭŮɡůɖɠ 

ůəɧɜɖɠ əŬɘ ɡɔɟŬůɑŬɠ, ůŰɘɠ ŮɜɩůŮɘɠ, ůɢŮŭɧɜ ɛɖŭŮɜɑɕɞɜŰŬɠ ɛŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧɜ Űɞ əɧůŰɞɠ 

əŬɗŬɟɘůɛɞɨ əŬɘ ůɡɜŰɐɟɖůɖɠ. ɈˊɎɟɢɞɡɜ əŬŰɎɚɚɖɚŬ ɓɞɖɗɖŰɘəɎ ˊɟɞɥɧɜŰŬ, ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɘ ŰŬ ŮɟɔŬɚŮɑŬ ŰɞˊɞɗɏŰɖůɖɠ əŬɘ ůɡɜɘůŰɎŰŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɐ Űɞɡɠ.  

ɇɞ ŮɚɎɢɘůŰɞ ˊɟɞŰŮɘɜɧɛŮɜɞ ŭɘɎəŮɜɞ ŭɘŬůŰɞɚɐɠ, ůŮ ɛɖ əŬɚŬűŬŰɘůɛɏɜŮɠ ŮɜɩůŮɘɠ, 

ŮɑɜŬɘ 3.5ӧ10
-6
 ˊɞɚɚŬˊɚŬůɘŬůɛɏɜɞ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɡɚɘəɞɨ əŬɘ Űɖ ɛɏɔɘůŰɖ ŬɜŬɛŮɜɧɛŮɜɖ 

ɗŮɟɛɞəɟŬůɑŬ, ŮəűɟŬůɛɏɜɖ ůŮ ęC. Ƀɘ əŬɚŬűŬŰɘůɛɏɜŮɠ ŮɜɩůŮɘɠ ˊɟɏˊŮɘ ɜŬ ŭɘŬɗɏŰɞɡɜ 

ˊŮɟɑˊɞɡ 3mm ˊɚɎŰɞɠ. 

Oɘ ɢɟɤɛŬŰɘůɛɞɑ ůŰɞɡɠ ɞˊɞɑɞɡɠ ˊɟɞůűɏɟŮŰŬɘ Űɞ corian ŮˊɘŰɟɏˊɞɡɜ Űɖ ɢɟɐůɖ ɛɘŬɠ 

ůɢŮŭɧɜ ŬˊŮɟɘɧɟɘůŰɖɠ ˊŬɚɏŰŬɠ ŮɟɔŬůɑŬɠ. ɀˊɞɟŮɑ ɜŬ ŭɘŬɚɏɝŮɘ əɎˊɞɘɞɠ ɏɜŬ Ŭˊɚɧ ɢɟɩɛŬ, ɛɘŬ 

ɞɡŭɏŰŮɟɖ ɓɎůɖ ɔɘŬ ůɢŮŭɘŬůɛɧ ɐ ɜŬ ˊŮɘɟŬɛŬŰɘůŰŮɑ ɛŮ ˊɞɚɚɞɨɠ ůɨɜɗŮŰɞɡɠ ůɡɜŭɡŬůɛɞɨɠ. ɇɞ 

corian ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŬɜ ŭɘŬəɞůɛɖŰɘəɧ, ŮɑŰŮ ůŬɜ ůŰɞɘɢŮɑɞ ˊɞɡ ŭɑɜŮɘ 

ɏɛűŬůɖ, ŮɑŰŮ ůŬɜ ŮɡˊɟɞůɎɟɛɞůŰɞ ůɡɛˊɚɐɟɤɛŬ ůŮ ɎɚɚŬ ɡɚɘəɎ ɧˊɤɠ: ɝɨɚɞ, ɛɏŰŬɚɚɞ, 

ˊɏŰɟŬ əŰɚ. 

ũɘŬ Űɖɜ əŬɚɐ ůɡɜŰɐɟɖůɐ Űɞɡ əŬɘ Űɖɜ Ŭˊɞűɡɔɐ ɕɖɛɘɩɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬˊɞűŮɨɔŮŰŬɘ ɖ 

ˊŬɟŬŰŮŰŬɛɏɜɖ ɏəɗŮůɖ ůŮ ɘůɢɡɟɎ ɢɖɛɘəɎ ɧˊɤɠ ɞɝɏŬ, ɓɎůŮɘɠ əŬɘ ɞɟɔŬɜɘəɞɨɠ ŭɘŬɚɨŰŮɠ. ɇŬ 

ɢɡɛɏɜŬ ɡɔɟɎ ˊɟɏˊŮɘ ɜŬ əŬɗŬɟɑɕɞɜŰŬɘ əŬŰɎɚɚɖɚŬ. Aɜ əŬɘ Űɞ CORIANÈ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ 

Ŭˊɧ əŰɡˊɐɛŬŰŬ, ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰŮɑ əɎˊɞɘŮɠ űɗɞɟɏɠ Ŭɜ ŰŬ əŰɡˊɐɛŬŰŬ ŮɑɜŬɘ ɘůɢɡɟɎ əŬɘ 

ɛɎɚɘůŰŬ ɛŮ ŬɘɢɛɖɟɎ ŬɜŰɘəŮɑɛŮɜŬ. ɆɖɛŬɜŰɘəɐ ɓɚɎɓɖ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗŮɑ ůŰɞ ɡɚɘəɧ ŬɡŰɧ 

Ŭˊɧ ɡˊŮɟɓɞɚɘəɐ ɗŮɟɛɧŰɖŰŬ.  

 

4.5.2 ȽŭɘɧŰɖŰŮɠ 

ȽŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ ůŰɖɜ Ŭˊɞűɡɔɐ ŮɔəŬŰŬůŰɎůŮɤɜ ɧˊɞɡ ŮɑɜŬɘ 

ŭɡɜŬŰɐ ɖ ˊŬɔɑŭŮɡůɖ ɡɔɟŬůɑŬɠ ˊɑůɤ Ŭˊɧ Űɞ corian. ɈˊɎɟɢɞɡɜ Ůɘŭɘəɏɠ ˊɟɞɡˊɞɗɏůŮɘɠ ɔɘŬ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ ůŮ ŬɟɢɘŰŮəŰɞɜɘəɏɠ əŬŰŬůəŮɡɏɠ. ȷɜ əŬɘ Űɞ corian ɛˊɞɟŮɑ ɜŬ ŬɜŰɏɝŮɘ ůŮ 

ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, ˊɟɏˊŮɘ ɜŬ ˊɟɞůŰŬŰŮɨŮŰŬɘ ɛŮ ŬůˊɑŭŮɠ ɏɜŬɜŰɘ ˊɞɚɨ ɡɣɖɚɐɠ 

ɗŮɟɛɧŰɖŰŬɠ. 

ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɢɖɛɘəɐɠ ŬɜŰɞɢɐɠ Űɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ 

ŭɞəɘɛɐɠ, ANSI Z124.3. ȹɡɞ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɞ ɑŭɘɞ ɢɖɛɘəɧ ůŮ ɡɔɟɐ ɛɞɟűɐ, ŰɞˊɞɗŮŰɞɨɜŰŬɘ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ. ɇɞ ˊɟɩŰɞ ŭŮɑɔɛŬ əŬɚɨˊŰŮŰŬɘ ɛŮ ɨŬɚɞ ɤɟɞɚɞɔɑɞɡ, ɩůŰŮ ɖ ŮˊɘűɎɜŮɘŬ 

ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɡɔɟɐ ůŮ ɧɚɖ Űɖ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ Űɖɠ ŭɞəɘɛɐɠ, Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ŭŮɑɔɛŬ 

ɓɟɑůəŮŰŬɘ ŮəŰŮɗŮɘɛɏɜɞ ůŰɞɜ ŬɏɟŬ. ɀŮŰɎ Ŭˊɧ ˊŮɟɑɞŭɞ ɏəɗŮůɖɠ 16 ɤɟɩɜ, Űɞ ɢɖɛɘəɧ 

ɡˊɧɚŮɘɛɛŬ ŰɟɑɓŮŰŬɘ ɛŮ ɏɜŬ ɡɔɟɧ ůűɞɡɔɔɎɟɘ əŬɘ ɏɜŬ ůɡɜɖɗɘůɛɏɜɞ ɞɘəɘŬəɧ əŬɗŬɟɘůŰɘəɧ. ɇŬ 
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ŬəɧɚɞɡɗŬ ɢɖɛɘəɎ əŬɘ ɓɘɞɚɞɔɘəɎ ɡˊɞɚŮɑɛɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛŮ Űɞɜ Űɟɧˊɞ 

ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊɘɞ ˊɎɜɤ [29]: 

 ȷəŮŰɧɜɖ 

 ȷɛɛɤɜɑŬ (10%) 

 ȷɟɤɛŬŰɘəɐ ŬɛɛɤɜɑŬ 

 ɀŮɚɎɜɘ 

 ȸŮɜɕɧɚɘɞ 

 ȷɑɛŬ 

 ɁɘəɞŰɑɜɖ 

 ȾŬűɏɠ 

 ɀŬɔŮɘɟɘəɧ ɚɎŭɘ 

 ȸŮɟɜɑəɘ 

 ɈɚɘəɎ əŬɗŬɟɘůɛɞɨ ˊɘɎŰɤɜ 

 ɃŭɞɜŰɘŬŰɟɘəɐ əɧɚɚŬ 

ȺˊŮɘŭɐ ɖ ɕɖɛɘɎ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŭɘŬűɏɟŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɢɖɛɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ əŬɘ Űɞ 

ɢɟɧɜɞ ɏəɗŮůɖɠ əŬɘ ŮˊŮɘŭɐ Űɞ Űɟɑɣɘɛɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɛŮ əɞɘɜɎ  əŬɗŬɟɘůŰɘəɎ ɛˊɞɟŮɑ ɜŬ ɛɖɜ 

ŮɑɜŬɘ ˊɎɜŰŬ Űɞ əŬŰŬɚɚɖɚɧŰŮɟɞ (ˊ.ɢ. ůəɞŰŮɘɜɞɑ ɗɎɚŬɛɞɘ), ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ 

ŭɞəɘɛŬůŰɘəɎ Ůɜɧɠ əɞɛɛŬŰɘɞɨ ɔɘŬ Űɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɞɡ ůŮ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ. 

ũɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ŬˊŬɘŰɞɨɛŮɜɞɡ ɡɚɘəɞɨ əŬɘ ɔɘŬ Űɖ ŭɘŮɡəɧɚɡɜůɖ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ŮɔəŬŰɎůŰŬůɖɠ, ŰŬ ŰɛɐɛŬŰŬ ˊɞɡ ɗŬ ůɡɔəɞɚɚɖɗɞɨɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŰŮŰɟɎɔɤɜŬ. 

Ƀɘ ůɡɔəɞɚɚɐůŮɘɠ ˊɟɏˊŮɘ ɜŬ ɡˊɞůŰɖɟɑɕɞɜŰŬɘ. Ƀɘ ɎəɟŮɠ ˊɞɡ ɗŬ Ůɜɤɗɞɨɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ŮɡɗŮɑŮɠ, ɞɛŬɚɏɠ əŬɘ əŬɗŬɟɏɠ. Ƀɘ Űɞɛɏɠ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɜŰŬɘ ɛŮ ŮɟɔŬɚŮɑɞ ˊɞɡ ŭɘŬɗɏŰŮɘ 

əɞűŰŮɟɐ Ɏəɟɖ Ŭˊɧ əŬɟɓɑŭɘɞ, ɛŮ ŮɚɎɢɘůŰɖ ŭɘɎɛŮŰɟɞ 9.5 mm. Ƀɘ ɔɤɜɑŮɠ Űɞɛɐɠ ˊɟɏˊŮɘ ɜŬ 

ůŰɟɞɔɔɡɚɞˊɞɘɞɨɜŰŬɘ ůŮ ŬəŰɑɜŬ 5 mm, əŬɘ ɞɘ ŮˊɎɜɤ əŬɘ əɎŰɤ ɎəɟŮɠ ˊɞɡ ˊŮɟɘɓɎɚɚɞɡɜ Űɖɜ 

Űɞɛɐ ɜŬ ɚŮɘŬɑɜɞɜŰŬɘ.  Ƀɘ ɔɤɜɑŮɠ ůɢɐɛŬŰɞɠ L əŬɘ U ɢɟŮɘɎɕɞɜŰŬɘ ɚŮɑŮɠ ŮůɤŰŮɟɘəɏɠ ɔɤɜɑŮɠ 

ŬəŰɑɜŬɠ 13 mm. ũɘŬ ɢŬɛɖɚɏɠ Űɞɛɏɠ ɞɘ ɔɤɜɑŮɠ ˊɟɏˊŮɘ ɜŬ ŮɜɘůɢɨɞɜŰŬɘ ɛŮ ɔɤɜɘŬəɧ 

ůɨɜŭŮůɛɞŬˊɧ Űɞ ɑŭɘɞ ɡɚɘəɧ [31]. 

ɇɞ corian ŮɑɜŬɘ ůɡɛɓŬŰɧ ɛŮ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ůɡɔəɞɚɚɖŰɘəɩɜ, ˊɞɡ ŭɘŬŰɑɗŮɜŰŬɘ 

ůŰɞ Ůɛˊɧɟɘɞ. ȳɛɤɠ, ɏɜŬ ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜɞ ˊŬɟɏɛɓɡůɛŬ ůɘɚɘəɧɜɖɠ, ůɨɛűɤɜŬ ɛŮ ŰŬ 

ˊɟɧŰɡˊŬ FDA, ˊɞɡ ŭɘŬŰɑɗŮŰŬɘ Ŭˊɧ Űɞɡɠ ˊɟɞɛɖɗŮɡŰɏɠ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ůɡɛˊŮɟɘűɞɟɎɠ əŬɘ ɢɟɤɛŬŰɘəɐɠ ɞɛɞɘɞɛɞɟűɑŬɠ. ɇŬ əɎɗŮŰŬ ˊɎɜŮɚ 

Ŭˊɧ corian ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ˊɎɜɤ ůŮ əŬŰɎɚɚɖɚŬ ɡˊɞůŰɟɩɛŬŰŬ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɡŭŬŰɞůŰŮɔɐ ɔɨɣɞ, əɧɜŰɟŬ-ˊɚŬəɏ ɗŬɚɎůůɖɠ ɐ əŮɟŬɛɘəɎ ˊɚŬəɑŭɘŬ. ɄɟɏˊŮɘ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ: ŬɜɞɘɢŰɧɢɟɤɛɖ əɧɚɚŬ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ɜŮɞˊɟɏɜɘɞ, ɧˊɤɠ ɖ Panel 

Adhesive for DuPont CORIAN ɐ ŬɜɞɘɢŰɧɢɟɤɛɖ əɧɚɚŬ ˊɞɚɡɞɡɟŮɗɎɜɖɠ ɐ ɚɘɗɧəɞɚɚŮɠ 

Űɨˊɞɡ Ƚ (ANSI A136.1-1967), ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ŭɘŬɚɨŰŮɠ, ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ŭŮɜ ˊɟɏˊŮɘ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɡŭŬŰɞŭɘŬɚɡŰɏɠ əɧɚɚŮɠ. ȼ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ˊɎɔəɤɜ ˊɎɜɤ ůŮ 

ˊɚŬɘůɘɤŰɞɨɠ űɞɟŮɑɠ (ɢɤɟɑɠ Űɖɜ ˊɟɞůɗɐəɖ ɡˊɞůŰɟɤɛɎŰɤɜ) ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɢɟɐůɖ 

ɛɘəɟɐɠ ˊɞůɧŰɖŰŬɠ ůŰŮɔŬɜɤŰɘəɞɨ ůɘɚɘəɧɜɖɠ. ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ŮɜɩůŮɤɜ əŬɘ 

ŮˊɘůəŮɡɩɜ ůŮ ˊɎɔəɞɡɠ, ŬˊŬɘŰŮɑŰŬɘ ɖ əɧɚɚŬ Joint Adhesive for DuPont CORIAN. ȳŰŬɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɞŭɖɔɑŮɠ Űɞɡ əŬŰŬůəŮɡŬůŰɐ, ˊŬɟɎɔŮɘ ɛɘŬ ɚŮɑŬ əŬɘ 

ŭɡůŭɘɎəɟɘŰɖ ɏɜɤůɖ. Ƀɘ ŮˊɘůəŮɡɏɠ, Ŭɜ əŬɘ ˊɚɐɟɤɠ ɚŮɘŰɞɡɟɔɘəɏɠ, ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɑɜŬɘ 

ŮɚŬűɟɩɠ ɞɟŬŰɏɠ.  

ɇɞ corian ɏɢŮɘ ɛŮɔɎɚɖ ŬɝɑŬ ŮˊŮɘŭɐ ɏɢŮɘ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ŮˊɘŭɏɢŮŰŬɘ ŮˊɘůəŮɡɏɠ ˊɞɡ 

ŭɨůəɞɚŬ ŭɘŬəɟɑɜɞɜŰŬɘ. ɀɘəɟɎ əɞɣɑɛŬŰŬ, ɔŭŬɟůɑɛŬŰŬ əŬɘ əɖɚɑŭŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ŬˊɞɛŬəɟɡɜɗɞɨɜ Ŭˊɧ Űɞɡɠ ɢɟɐůŰŮɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɚŮˊŰɧ ɔɡŬɚɧɢŬɟŰɞ ɐ ɡɔɟɧ ˊŬɜɑ. 

ȸŬɗɘɏɠ əɞɘɚɧŰɖŰŮɠ ɐ ɕɖɛɘɏɠ ˊɟɧůəɟɞɡůɖɠ, ɧˊɤɠ ɟŬɔɑůɛŬŰŬ, ɛˊɞɟŮɑ ɜŬ ŬˊŬɘŰɞɨɜ ɏɜŬ 

ŮɝɞɡůɘɞŭɞŰɖɛɏɜɞ ůɡɜŮɟɔŮɑɞ ŮˊɘůəŮɡɩɜ (ˊɎɜŰɤɠ ŬˊɞəŬɗɑůŰŬɜŰŬɘ). 
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ɆɢɐɛŬ 4.1: ūɎůɛŬ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ FTIR Al 2O3[28] 

 

4.5.3 ȺűŬɟɛɞɔɏɠ 

ɇɞ corian ŮɑɜŬɘ ɏɜŬ Ůɡɟɏɤɠ ŬˊɞŭŮəŰɧ ɡɚɘəɧ ɔɘŬ ɢɟɐůɖ ůŮ ˊɎɔəɞɡɠ ŮɟɔŬůɑŬɠ, 

ŬˊŬɔɤɔɞɨɠ, ɜŰɞɡɚɎˊŮɠ əŬɘ ɎɚɚŬ ɏˊɘˊɚŬ ŮɟɔŬůŰɖɟɑɤɜ, ɔɘŬ ˊɎɔəɞɡɠ əŬɘ ɜŮɟɞɢɨŰŮɠ 

əɞɡɕɑɜŬɠ, ɔɘŬ ŰɞɘɢɩɛŬŰŬ ɛˊɎɜɘɤɜ, ɔɘŬ ŮűŬɟɛɞɔɏɠ ɡɔɘŮɘɜɐɠ, ɔɘŬ ŮůŰɘŬŰɧɟɘŬ, ŰɟɎˊŮɕŮɠ, 

ŬŮɟɞŭɟɧɛɘŬ əŬɘ ɔɘŬ ŬɟəŮŰɏɠ ŬəɧɛŬ Ůɛˊɞɟɘəɏɠ ŮűŬɟɛɞɔɏɠ. ȯɚɚŮɠ Űɡˊɘəɏɠ ŮűŬɟɛɞɔɏɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮˊɘűɎɜŮɘŮɠ ŰɟŬˊŮɕɘɩɜ, ŭɑůəɞɡɠ ůŮɟɓɘɟɑůɛŬŰɞɠ, ŰɛɐɛŬŰŬ ŬˊɞɢɤɟɖŰɖɟɑɤɜ, 

ˊŮɟɓɎɕɘŬ ˊŬɟŬɗɨɟɤɜ, ŮɝɤŰŮɟɘəɏɠ ŮˊɘəŬɚɨɣŮɘɠ əŰɘɟɑɤɜ, əŰɚ. ɇɞ corian ˊɟɞůűɏɟŮɘ 

əŬɚŬɑůɗɖŰɖ ŮɛűɎɜɘůɖ əŬɘ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ: ŮɑɜŬɘ 

ůɡɛˊŬɔɏɠ, ŭŮɜ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɞ ɞɨŰŮ ɛŮ ŮˊɑůŰɟɤůɖ, ɞɨŰŮ ɛŮ ůɡɛˊɑŮůɖ űɨɚɚɤɜ. ȼ 

ůəɚɖɟɐ, ɛɖ ˊɞɟɩŭɖɠ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ ŬɜɗŮəŰɘəɐ əŬɘ ɛˊɞɟŮɑ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ əŬɗŬɟɐ ɛŮ Űɖ 

ɢɟɐůɖ Ŭˊɚɩɜ ɞɘəɘŬəɩɜ əŬɗŬɟɘůŰɘəɩɜ. Ⱥɝô ŬɘŰɑŬɠ Űɖɠ ůɡɛˊŬɔɞɨɠ ůɨůŰŬůɐɠ Űɞɡ ɞ 

ɢɟɤɛŬŰɘůɛɧɠ əŬɘ Űɞ ɛɞŰɑɓɞ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŮ ɧɚɞ Űɞ ˊɎɢɞɠ Űɞɡ ɡɚɘəɞɨ. ȾɞɣɑɛŬŰŬ, 

ɔŭŬɟůɑɛŬŰŬ, əŬɣɑɛŬŰŬ Ŭˊɧ ŰůɘɔɎɟɞ əŬɘ ɎɚɚŮɠ ɛɘəɟɞűɗɞɟɏɠ, ɛˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ 

ŬˊɞɛŬəɟɡɜɗɞɨɜ, ŮˊŬɜŬűɏɟɞɜŰŬɠ Űɖɜ Ŭɟɢɘəɐ ˊɞɘɧŰɖŰɎ Űɞɡ. ɆŰɘɠ ɓŬůɘəɏɠ Űɞɡ ɘŭɘɧŰɖŰŮɠ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɞ əŬɗŬɟɘůɛɧɠ ɟŬŭɘŮɜŮɟɔɩɜ ůɡůŰŬŰɘəɩɜ əŬɘ Űɞɡ HIV (ɘɧɠ Űɞɡ AIDS) 

Ŭˊɧ ŮɔəŬŰŬůŰɎůŮɘɠ ɡɔɘŮɘɜɐɠ [30]. 
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ɄɑɜŬəŬɠ 4.2: ɇɡˊɘəɏɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ corian [29]. 
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4.6 ɄɞɚɡəŬɟɓɞɜɘəɧ (PC) 

 

4.6.1 ȹɞɛɐ  

ɇŬ ˊɞɚɡəŬɟɓɞɜɘəɎ ŮɑɜŬɘ ˊɞɚɡɛŮɟɐ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŬɜɗɟŬəɘəɏɠ ɞɛɎŭŮɠ (-O-(C = O)-

O-). ɄŬɟŬəɎŰɤ ůŰɞ (ůɢ. 4.6-1) ɓɚɏˊɞɡɛŮ Űɞɜ ɛɞɟɘŬəɧ Űɨˊɞ Űɞɡ əŬɗŬɟɞɨ ˊɞɚɡəŬɟɓɞɜɘəɞɨ 

ɐ ˊɞɚɡŬɜɗɟŬəɘəɞɨ ɡɚɘəɞɨ [32]. 

 
ɆɢɐɛŬ 4.6-1: ɀɞɟɘŬəɧɠ Űɨˊɞɠ Űɞɡ ˊɞɚɡəŬɟɓɞɜɘəɞɨ [32] 

 

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ˊɞɚɡəŬɟɓɞɜɘəɎ Ůɛˊɞɟɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ɎəŬɛˊŰŬ ɛɞɜɞɛŮɟɐ. ɀɘŬ ɘůɞɟɟɞˊɑŬ ɢɟɐůɘɛɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ɧˊɤɠ ɖ ŬɜŰɑůŰŬůɖ ůŰɖɜ 

ɗŮɟɛɞəɟŬůɑŬ, ɖ ŬɜŰɞɢɐ ůŮ əɟɞɨůŮɘɠ əŬɘ ɞɘ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɏɢɞɡɜ ŮɜŰɎɝŮɘ ŰŬ 

ˊɞɚɡəŬɟɓɞɜɘəɎ ŬɜɎɛŮůŬ ůŰŬ ůɡɜɐɗɖ ˊɚŬůŰɘəɎ ŮɛˊɧɟŮɡɛŬ əŬɘ ɓɘɞɛɖɢŬɜɘəɎ ˊɚŬůŰɘəɎ. 

 
ɄɑɜŬəŬɠ 4.3-4.4: ūɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɔɘŬ Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ 

ūɡůɘəɏɠ ȽŭɘɧŰɖŰŮɠ 

 

ɄɡəɜɧŰɖŰŬ 1.20ï1.22 g/cm
3
 

ȷɟɘɗɛɧɠ Abbe (V) 34.0 

ȹŮɑəŰɖɠ ŭɘɎɗɚŬůɖɠ (n) 1.584ï1.586 

ȷɜŬűɚŮɝɘɛɧŰɖŰŬ V0-V2 

ɄŮɟɘɞɟɘůɛɧɠ ŭŮɑəŰɖ ɞɝɡɔɧɜɞɡ 25ï27% 

ȷˊɞɟɟɧűɖůɖ ɜŮɟɞɨ- ɘůɞɟɟɞˊɑŬ (ASTM) 0.16ï0.35% 

Aˊɞɟɟɧűɖůɖ Űɞɡ ɜŮɟɞɨ - ˊɎɜɤ Ŭˊɧ 24 

ɩɟŮɠ 

0.1% 

AɜŰɞɢɐ ůŰɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ fair 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

ɀɖɢŬɜɘəɏɠ ȽŭɘɧŰɖŰŮɠ 

ɀɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Young (Ⱥ) 2.0ï2.4 GPa 

 ȷɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ (ůt) 55ï75 MPa 

 ȷɜŰɞɢɐ ůŮ ɗɚɑɣɖ (ůc) >80 MPa 

 Ⱥˊɘɛɐəɡɜůɖ (Ů)  80ï150% 

 ȿɧɔɞɠ Poisson (ɜ) 0.37 

ɆəɚɖɟɧŰɖŰŬ  Rockwell M70 

ȹɨɜŬɛɖ Izod  600ï850 J/m 

ȹɞəɘɛɐ Notch  20ï35 kJ/m
2
 

ɇɟɘɓɐ - ASTM D1044 10ï15 mg/1000 cycles 

 ɆɡɜŰŮɚŮůŰɐɠ Űɟɘɓɐɠ (ɛ) 0.31 

ɇŬɢɨŰɖŰŬ Űɞɡ ɐɢɞɡ 2270 m/s 

http://en.wikipedia.org/wiki/Abbe_number
http://en.wikipedia.org/wiki/Refractive_index
http://en.wikipedia.org/wiki/List_of_indices_of_refraction
http://en.wikipedia.org/wiki/Flammability
http://en.wikipedia.org/wiki/Giga
http://en.wikipedia.org/wiki/Giga
http://en.wikipedia.org/wiki/Giga
http://en.wikipedia.org/wiki/Tensile_strength
http://en.wikipedia.org/wiki/Mega-
http://en.wikipedia.org/wiki/Compressive_strength
http://en.wikipedia.org/wiki/Strain_%28materials_science%29
http://en.wikipedia.org/wiki/Poisson%27s_ratio
http://en.wikipedia.org/wiki/Rockwell_scale
http://en.wikipedia.org/wiki/Joule
http://en.wikipedia.org/wiki/Kilo-
http://en.wikipedia.org/wiki/Milli
http://en.wikipedia.org/wiki/Milli
http://en.wikipedia.org/wiki/Milli
http://en.wikipedia.org/wiki/Rotation
http://en.wikipedia.org/wiki/Coefficient_of_friction
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ɆɢɐɛŬ 4.6-2:Ɉˊɏɟɡɗɟɞ űɎůɛŬ ȹɘŬˊŮɟŬŰɧŰɖŰŬɠ(FTIR) 

əŬɗŬɟɞɨ ˊɞɚɡəŬɟɓɞɜɘəɞɨ [32] 

 

4.6.2 ɄŬɟŬɔɤɔɐ  

ɇɞ əɨɟɘɞ ˊɞɚɡŬɜɗɟŬəɘəɧ ɡɚɘəɧ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɖɠ ŭɘűŬɘɜɧɚɖɠ ȷ 

əŬɘ Űɞɡ űɤůɔɏɜɘɞɡ (CoCl2). ȼ ůɡɜɞɚɘəɐ ŬɜŰɑŭɟŬůɖ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ ɤɠ Ůɝɐɠ [32]: 

 
 

ɇɞ ˊɟɩŰɞ ɓɐɛŬ Űɖɠ ůɨɜɗŮůɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ŭɘűŬɘɜɧɚɖɠ ȷ ɛŮ 

ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ɜŬŰɟɑɞɡ, Űɞ ɞˊɞɑɞ ɡˊɞəŬɗɘůŰɎ Űɞ ɡŭɟɞɔɧɜɞ Űɤɜ ŭɨɞ  ɡŭɟɞɝɡɚɞɛɎŭɤɜ ɛŮ 

ɜɎŰɟɘɞ. [3] 

 

(HOC6H4)2CMe2 + 2 NaOH Ÿ (NaOC6H4)2CMe2 + 2 H2O 

 

 

ɇɞ ɞɝŮɑŭɘɞ Űɖɠ ŭɘűŬɘɜɧɚɖɠ (NaOC6H4)2CMe2  ŬɜŰɘŭɟɎ ɛŮ űɤůɔɏɜɘɞ ɔɘŬ ɜŬ ŭɩůŮɘ 

ɢɚɤɟɞɛɡɟɛɖəɘəɧ, Űɞ ɞˊɞɑɞ ůŰɖ ůɡɜɏɢŮɘŬ ŭɏɢŮŰŬɘ ŮˊɑɗŮůɖ Ŭˊɧ ɏɜŬ Ɏɚɚɞ űŬɘɜɞɚɘəɧ ɞɝŮɑŭɘɞ. 

ȼ əŬɗŬɟɐ ŬɜŰɑŭɟŬůɖ ŮɑɜŬɘ: 

 

(NaOC6H4)2CMe2 + COCl2 Ÿ 1/n [OC(OC6H4)2CMe2]n + 2 NaCl 

 

ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, ˊŬɟɎɔɞɜŰŬɘ ŮŰɖůɑɤɠ ˊŮɟɑˊɞɡ ɏɜŬ ŭɘůŮəŬŰɞɛɛɨɟɘɞ əɘɚɎ 

ˊɞɚɡŬɜɗɟŬəɘəɧ ɡɚɘəɧ. ɆŰɖ ɗɏůɖ Űɖɠ ŭɘůűŬɘɜɧɚɖɠ ȷ ɏɢɞɡɜ ŭɞəɘɛŬůŰŮɑ ˊɞɚɚɏɠ ɎɚɚŮɠ 

ŭɘɧɚŮɠ, ˊ.ɢ. 1,1-ŭɘɠ(4-ɡŭɟɞɝɡűŬɘɜɡɚɞ)əɡəɚɞŮɝɎɜɘɞ əŬɘ dihydroxybenzophenone 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ ɞɟɘůɛɏɜɤɜ, ˊ.ɢ. tetramethylcyclobutanediol. ɀɘŬ ŮɜŬɚɚŬəŰɘəɐ 

ŭɘŬŭɟɞɛɐ ɔɘŬ ˊɞɚɡŬɜɗɟŬəɘəɎ ůɡɜŮˊɎɔŮŰŬɘ ɛŮŰŮůŰŮɟɞˊɞɑɖůɖ Ŭˊɧ Űɖɜ BPA əŬɘ Űɞ 

ŬɜɗɟŬəɘəɧ ŭɘűŬɘɜɨɚɘɞ: 

 

(HOC6H4)2CMe2 + (C6H5O)2CO Ÿ 1/n [OC(OC6H4)2CMe2]n + 2 C6H5OH 

http://en.wikipedia.org/wiki/File:Polycarbonate_IR_transmission.png
http://en.wikipedia.org/wiki/File:Polycarbonatsynthese.svg
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ȼ ŭɘűŬɘɜɡɚŬɘɗɏɟŮɠ ŬɜɗɟŬəɘəɞɨ ˊɟɞɐɚɗŮ Ůɜ ɛɏɟŮɘ Ŭˊɧ Űɞ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ, 

ŬɡŰɐ ɖ ŭɘŬŭɟɞɛɐ ŮɑɜŬɘ ˊɘɞ űɘɚɘəɐ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ ŮəŮɑɜɖ ɛŮ Űɞ űɤůɔɏɜɘɞ [3]. 

 

4.6.3 ȽŭɘɧŰɖŰŮɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ  

ɇɞ ˊɞɚɡəŬɟɓɞɜɘəɧ ŮɑɜŬɘ ɏɜŬ ˊɞɚɨ ŬɜɗŮəŰɘəɧ ɡɚɘəɧ. ȷɜ əŬɘ ɏɢŮɘ ɡɣɖɚɐ ŬɜŰɞɢɐ ůŰŬ 

ɢŰɡˊɐɛŬŰŬ, ɏɢŮɘ ɢŬɛɖɚɐ ŬɜŰɞɢɐ ůŰɘɠ ɔɟŬŰůɞɡɜɘɏɠ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ůɡɜɐɗɤɠ  ŮűŬɟɛɧɕŮŰŬɘ 

ɛɘŬ ůəɚɖɟɐ ŮˊɑůŰɟɤůɖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ əɡɟɑɤɠ ůŮ űŬəɞɨɠ ɔɡŬɚɘɩɜ ɞɟɎůŮɤɠ əŬɘ ůŰɞ 

ŮɝɤŰŮɟɘəɧ ˊŮɟɑɓɚɖɛŬ Űɤɜ ŮɝŬɟŰɐɛŬŰɤɜ ŬɡŰɞəɘɜɐŰɤɜ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ˊɞɚɡŬɜɗɟŬəɘəɞɨ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɎ Űɞɡ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ) (PMMA), 

ŬɚɚɎ ɧɛɤɠ ŮɑɜŬɘ ɘůɢɡɟɧŰŮɟɞ ůŬɜ ɡɚɘəɧ,  ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɏɜŬ ŮɡɟɨŰŮɟɞ 

űɎůɛŬ ɗŮɟɛɞəɟŬůɘɩɜ, ŬɚɚɎ ŮɑɜŬɘ əŬɘ ˊɘɞ Ŭəɟɘɓɧ. ȷɡŰɧ Űɞ ˊɞɚɡɛŮɟɏɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ŭɘŬűŬɜɏɠ ůŰɞ ɞɟŬŰɧ űɤɠ əŬɘ ɏɢŮɘ Űɖɜ əŬɚɨŰŮɟɖ ɛŮŰɎŭɞůɖ Űɞɡ űɤŰɧɠ Ŭˊɧ ˊɞɚɚɎ ɎɚɚŬ Ůɑŭɖ 

ɔɡŬɚɘɞɨ [33]. 

ɇɞ ˊɞɚɡəŬɟɓɞɜɘəɧ ɏɢŮɘ ɛɘŬ ɗŮɟɛɞəɟŬůɑŬ ɛŮŰɎɓŬůɖɠ ɔɡŬɚɘɞɨ ˊŮɟɑˊɞɡ ůŰɞɡɠ 150 Á 

C (302 Á F), ɏŰůɘ ɩůŰŮ ɜŬ ɛŬɚŬəɩɜŮɘ ɓŬɗɛɘŬɑŬ ˊɎɜɤ Ŭˊɧ ŬɡŰɧ Űɞ ůɖɛŮɑɞ əŬɘ ɜŬ ɟɏŮɘ ˊɎɜɤ 

Ŭˊɧ Űɞɡɠ 300 Á C (572 Á F). ɇŬ ŮɟɔŬɚŮɑŬ ˊɟɏˊŮɘ ɜŬ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, 

ůɡɜɐɗɤɠ ˊɎɜɤ Ŭˊɧ 80 Á C (176 Á F) ɔɘŬ ɜŬ ŬˊɞəŰɐůɞɡɜ ŬɜŰɞɢɐ ůŮ ŰɎůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ, 

əɡɟɑɤɠ ůŰɞɜ ŮűŮɚəɡůɛɧ. ȺɜɩůŮɘɠ ɢŬɛɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɞ ɜŬ ɚɘɩůŮɘ 

əŬɘ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŮ əŬɚɞɨˊɘ ůŮ ůɨɔəɟɘůɖ ɛŮ ɛɎɕŬ ɡɣɖɚɧŰŮɟɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ, ŬɚɚɎ 

ɖ ŭɨɜŬɛɐ Űɞɡ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɖ. ȼ ˊɘɞ ŬˊŬɘŰɖŰɘəɐ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɞɘ 

əŬŰɖɔɞɟɑŮɠ ˊɞɡ ɏɢɞɡɜ Űɞ ɡɣɖɚɧŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ, ɞˊɧŰŮ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ 

ŭɨůəɞɚɖ.  

ȷɜŰɑɗŮŰŬ ɛŮ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɗŮɟɛɞˊɚŬůŰɘəɎ, Űɞ ́ɞɚɡŬɜɗɟŬəɘəɧ ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰŮɑ 

ɛŮɔɎɚŮɠ ˊɚŬůŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ɢɤɟɑɠ ɟɤɔɛɏɠ ɐ ɗɟŬɨůɖ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɛˊɞɟŮɑ ɜŬ 

ŮˊŮɝŮɟɔŬůŰŮɑ əŬɘ ɜŬ ůɢɖɛŬŰɘůŰŮɑ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɛŮ Űɖ ɢɟɐůɖ ŰŮɢɜɘəɩɜ 

ɚŬɛŬɟɑɜŬɠ. ȷəɧɛɖ ɔɘŬ Űɞ ɚɡɔɘůɛɧ ůŮ ɞɝŮɑŮɠ ɔɤɜɑŮɠ ɐ ɔŮɜɘəɎ ɔɤɜɑŮɠ ɛŮ ɛɘŬ ɛɘəɟɐ ŬəŰɑɜŬ ɖ 

ŭɘŬŭɘəŬůɑŬ ɔɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰŬ ɢɤɟɑɠ ɗɏɟɛŬɜůɖ. ȷɡŰɧ Űɞ əŬɗɘůŰɎ ˊɞɚɨŰɘɛɞ ůŮ ŮűŬɟɛɞɔɏɠ 

ˊɟɤŰɞŰɨˊɤɜ ɧˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ŭɘŬűŬɜɐ ɐ ɛɖ ɖɚŮəŰɟɘəɎ ŬɔɩɔɘɛŬ ɛɏɟɖ, ɧˊɞɡ ŭŮɜ ɛˊɞɟŮɑ 

ɜŬ ŮűŬɟɛɞůŰŮɑ ɖ ŰŮɢɜɘəɐ ɚŬɛŬɟɑɜŬɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ Űɞ PMMA/Plexiglas, Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ˊŬɟɧɛɞɘɞ ůŮ ŮɛűɎɜɘůɖ ɛŮ Űɞ ́ɞɚɡŬɜɗɟŬəɘəɧ, ŮɑɜŬɘ ŮɨɗɟŬɡůŰɞ əŬɘ ŭŮɜ ɛˊɞɟŮɑ 

ɜŬ əŬɛűɗŮɑ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ. 

ȾɨɟɘŮɠ ŰŮɢɜɘəɏɠ  ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɔɘŬ ˊɞɚɡəŬɟɓɞɜɘəɎ [34]:   

 Ůɝɩɗɖůɖ ůŮ ůɤɚɐɜŮɠ, ɟɎɓŭɞɘ əŬɘ ɎɚɚŬ ˊɟɞűɑɚ ŭɘɏɚŬůɖɠ  

 ɛŮ əɡɚɑɜŭɟɞɡɠ ůŮ űɨɚɚŬ (0,5 - 15 mm (0,020 ɏɤɠ 0,59 in)) əŬɘ ŰŬɘɜɑŮɠ 

(əɎŰɤ Ŭˊɧ 1 mm (0,039 in)), ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɎɛŮůŬ 

ɐ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŮ ɎɚɚŬ ůɢɐɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ 

ɗŮɟɛɞŭɘŬɛɧɟűɤůɖ ɐ ŭŮɡŰŮɟɞɓɎɗɛɘŬ ŰŮɢɜɘəɐ əŬŰŬůəŮɡɐɠ, ɧˊɤɠ ɖ əɎɛɣɖ, 

ɔŮɩŰɟɖůɖ, ŭɟɞɛɞɚɧɔɖůɖ, əɞˊɐ ɛŮ ɚɏɘɕŮɟ əɚˊ. 

 ɏɔɢɡůɖ ůŮ ɏŰɞɘɛŬ ŬɜŰɘəŮɑɛŮɜŬ 

 

4.6.4 ȺűŬɟɛɞɔɏɠ  

 ȼɚŮəŰɟɞɜɘəɎ ŮɝŬɟŰɐɛŬŰŬ: ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɘɠ ɖɚŮəŰɟɞɜɘəɏɠ ŮűŬɟɛɞɔɏɠ 

əŬɗɩɠ ŮɑɜŬɘ ɏɜŬ ɘŭɘŬɑŰŮɟŬ ŬůűŬɚɏɠ ɡɚɘəɧ. ȳɜŰŬɠ ɏɜŬ əŬɚɧ ɖɚŮəŰɟɘəɧ ɛɞɜɤŰɘəɧ 

ɡɚɘəɧ əŬɘ ɏɢɞɜŰŬɠ ŬɜŰɞɢɐ ůŰɖ ɗŮɟɛɧŰɖŰŬ (ɘŭɘɧŰɖŰŬ ŮˊɘɓɟŬŭɡɜŰɘəɞɨ űɚɧɔŬɠ), ŰŬ 

ˊɞɚɡəŬɟɓɞɜɘəɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɘɎűɞɟŬ ɖɚŮəŰɟɘəɎ əŬɘ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɎ 

ˊɟɞɥɧɜŰŬ. ɉɟɖůɘɛŮɨŮɘ Ůˊɑůɖɠ ɤɠ ŭɘɖɚŮəŰɟɘəɧ ˊɡəɜɤŰɩɜ ɡɣɖɚɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ 

[35]. 
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 ɈɚɘəɎ əŬŰŬůəŮɡɩɜ: ɞ ŭŮɨŰŮɟɞɠ ɛŮɔŬɚɨŰŮɟɞɠ ŰɞɛɏŬɠ ŮűŬɟɛɞɔɐɠ Űɞɡ 

ˊɞɚɡŬɜɗɟŬəɘəɞɨ ŮɑɜŬɘ ɖ əŬŰŬůəŮɡŬůŰɘəɐ ɓɘɞɛɖɢŬɜɑŬ, ˊ.ɢ. ɔɘŬ domelights, ŮˊɑˊŮŭŬ 

ɐ əŬɛˊɨɚŬ ŰɕɎɛɘŬ, ɖɢɞɛɞɜɤŰɘəɎ ˊŬɜɏɚŬ ə.Ŭ. 

 ȷˊɞɗɐəŮɡůɖ ŭŮŭɞɛɏɜɤɜ: ɛɘŬ ůɖɛŬɜŰɘəɐ ŮűŬɟɛɞɔɐ Űɞɡ ˊɞɚɡɎɜɗɟŬəŬ ŮɑɜŬɘ ɖ 

ˊŬɟŬɔɤɔɐ ɣɖűɘŬəɩɜ ŭɑůəɤɜ, DVD əŬɘ Blu-ray Discs. Ƀɘ ŭɑůəɞɘ ˊɞɚɡəŬɟɓɞɜɘəɞɨ 

ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ɏɔɢɡůɖ ůŮ ɛɘŬ əɞɘɚɧŰɖŰŬ əŬɚɞɡˊɘɞɨ ˊɞɡ ɏɢŮɘ Ŭˊɧ Űɖ ɛɑŬ ˊɚŮɡɟɎ 

ɏɜŬ Stamper ɛŮŰɎɚɚɤɜ ˊɞɡ ˊŮɟɘɏɢŮɘ ɛɘŬ ŬɟɜɖŰɘəɐ ŮɘəɧɜŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ 

ŭɑůəɞɡ, Ůɜɩ ɖ Ɏɚɚɖ ˊɚŮɡɟɎ Űɞɡ əŬɚɞɡˊɘɞɨ ŮɑɜŬɘ ɛɘŬ ŮˊɘűɎɜŮɘŬ əŬɗɟɏűŰɖ. ɇɡˊɘəɎ 

ˊɟɞɥɧɜŰŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ űɨɚɚɞ/űɘɚɛ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮűŬɟɛɞɔɏɠ ůŰɞɜ ŰɞɛɏŬ Űɖɠ 

ŭɘŬűɐɛɘůɖɠ (ˊɘɜŬəɑŭŮɠ, ɞɗɧɜŮɠ, ə.ɚ.ˊ) [36]. 

 ȷɡŰɞəɑɜɖŰŬ, ŬŮɟɞˊɚɎɜŬ:  Űɞ ́ɞɚɡŬɜɗɟŬəɘəɧ ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ ˊɞɚɨ ɚŮɑŮɠ 

ŮˊɘűɎɜŮɘŮɠ ˊɞɡ Űɞ əŬɗɘůŰɞɨɜ əŬŰɎɚɚɖɚɞ ɔɘŬ ŬˊŮɡɗŮɑŬɠ (ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ɛɘŬ 

ůŰɟɩůɖ ɓɎůɖɠ) ŮűŬɟɛɞɔɐ ůŮ ɛŮŰŬɚɚɘəɎ ɛɏɟɖ, ɧˊɤɠ ŭɘŬəɞůɛɖŰɘəɎ ɚ́ŬɑůɘŬ əŬɘ 

ɞˊŰɘəɞɨɠ ŬɜŬəɚŬůŰɐɟŮɠ. Ⱥˊɑůɖɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɧůŮɘ ɞɛɞɘɧɛɞɟűŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ 

ůɖɛŮɑŬ ˊɞɡ ŬˊŬɘŰɞɨɜ ɛɏɔɘůŰɖ ŬəɟɑɓŮɘŬ Ŭˊɧ ɧ,Űɘ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ Űɞ 

ˊɞɚɡˊɟɞˊɡɚɏɜɘɞ. ɋůŰɧůɞ, ɚɧɔɤ Űɖɠ ŮɡŬɘůɗɖůɑŬɠ Űɞɡ ůŮ ŰɎůŮɘɠ Ŭˊɧ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ŬɑŰɘŬ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ɟɤɔɛɏɠ, ɖ ɢɟɐůɖ Űɞɡ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ 

ŮűŬɟɛɞɔɏɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ. ȺűŬɟɛɧɕŮŰŬɘ ůŬɜ ˊɚŬůŰɘəɞˊɞɘɖɛɏɜɞ ŬɚŮɝɑůűŬɘɟɞ 

"ɔɡŬɚɑ" ůŮ ɢɩɟɞɡɠ əŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŮ ŬɡŰɞəɑɜɖŰŬ ɚɧɔɤ Űɞɡ ɛŮɔŬɚɨŰŮɟɞɡɠ 

ˊɎɢɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ əŬɘ Űɏɚɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŬɜ ɗɧɚɞɠ ůŰɞ ˊɘɚɞŰɐɟɘɞ Űɞɡ 

ɛŬɢɖŰɘəɞɨ ŬŮɟɞůəɎűɞɡɠ F-22 Raptor. 

 ȽŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ: ɞɟɘůɛɏɜŮɠ ˊɞɘɧŰɖŰŮɠ ˊɞɚɡəŬɟɓɞɜɘəɞɨ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ 

ɘŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ (ISO 10993-1 əŬɘ USP Class ˊɟɧŰɡˊŬ VI ɛŮɟɘəɏɠ űɞɟɏɠ 

ŬɜŬűɏɟŮŰŬɘ ɤɠ PC-ISO). ȷɡŰɞɑ ɞɘ ɓŬɗɛɞɑ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞůŰŮɘɟɤɗɞɨɜ ɛŮ ŬŰɛɧ 

ůŰɞɡɠ 120 Á C, ŬəŰɘɜɞɓɞɚɑŬ ɔɎɛɛŬ, ɐ Ŭˊɧ Űɞ ɞɝŮɑŭɘɞ Űɞɡ ŬɘɗɡɚŮɜɑɞɡ (ETO) ɛɏɗɞŭɞ. 

ɋůŰɧůɞ, ɖ ŮˊɘůŰɖɛɞɜɘəɐ ɏɟŮɡɜŬ ɡˊɞŭŮɘəɜɨŮɘ ˊɘɗŬɜɎ ˊɟɞɓɚɐɛŬŰŬ ɛŮ Űɖɜ 

ɓɘɞůɡɛɓŬŰɧŰɖŰŬ.  

 ȺɝŮɘŭɘəŮɡɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ: Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ, ŮɑɜŬɘ ɏɜŬ ŮɡˊɟɞůɎɟɛɞůŰɞ ɡɚɘəɧ 

ˊɞɡ ɏɢŮɘ ˊɟɞůŮɚəɨůŮɘ ɢɘɚɘɎŭŮɠ ɛɘəɟɧŰŮɟŮɠ ŮűŬɟɛɞɔɏɠ ɧˊɤɠ ůŮ  molded ɛˊɞɡəɎɚɘŬ 

Ŭɚəɞɧɚ əŬɘ ŭɞɢŮɑŬ Űɟɞűɑɛɤɜ,  ˊɞɚɚɎ Ůɑŭɖ űŬəɩɜ əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ 

ˊɞɚɡŬɜɗɟŬəɘəɧ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬɠ  ɛŮ Űɞɡɠ 

űŬəɞɨɠ ˊɟɞɓɞɚɏŬ, űŬəɞɑ űɤŰɘůɛɞɨ, ɔɡŬɚɘɩɜ ɖɚɑɞɡ əŬɘ ˊɟɞůŰŬŰŮɡŰɘəɎ ɔɡŬɚɘɎ, 

MP3/Digital audio player ˊŮɟɘˊŰɩůŮɘɠ, ˊŮɟɘˊŰɩůŮɘɠ ɡˊɞɚɞɔɘůŰɐ, ŬůˊɑŭŮɠ 

ɖɢɞˊɟɞůŰŬůɑŬɠ, ɔŮɑůŬ, ˊɑɜŬəŮɠ ɞɟɔɎɜɤɜ, ɛˊɚɏɜŰŮɟ, ɓɎɕŬ, ˊɞɚɚɎ ˊŬɘɢɜɑŭɘŬ əŬɘ Ůɑŭɖ 

ɢɧɛˊɡ, ˊŰŮɟɨɔɘŬ, ŬɜŬɟŰɐůŮɘɠ, əŬɘ əɚŮɘŭŬɟɘɏɠ flybar ɔɘŬ ɢɟɐůɖ ɛŮ 

ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜŬ ŮɚɘəɧˊŰŮɟŬ. [36] 

 

 ũɘŬ ɢɟɐůɖ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɡ ŮəŰɑɗŮɜŰŬɘ ůŮ ɔɐɟŬɜůɖ ɐ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ, ɛɘŬ 

Ůɘŭɘəɐ ŮˊɘűŬɜŮɘŬəɐ ŮˊŮɝŮɟɔŬůɑŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ. ȷɡŰɧ ŮɑŰŮ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɘŬ Ůˊɏɜŭɡůɖ 

(ˊ.ɢ. ɔɘŬ ɓŮɚŰɘɤɛɏɜɖ ŬɜŰɞɢɐ ůŰɖɜ Űɟɘɓɐ), ɐ ɛɘŬ coextrusion ɔɘŬ ɓŮɚŰɘɤɛɏɜɖ ŬɜŰɞɢɐ ůŰɘɠ 

əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. ũɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɏɜŬ ŮɚŬűɟɨ ŭɞɛɘəɧ ůŰɞɘɢŮɑɞ ˊɞɡ 

ɜŬ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɘŮɑůŭɡůɖ Űɞɡ űɤŰɧɠ (ŬɑɗɟɘŬ, ůŰɏɔŬůŰɟŬ), ŭɘŬŰɑɗŮɜŰŬɘ ŰŬ ˊɞɚɡəŬɟɓɞɜɘəɎ 

űɨɚɚŬ, ˊɞɡ ůɡɜŭɡɎɕɞɡɜ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ɔɡŬɚɘɞɨ (űɤŰɞŭɘŬˊŮɟŬŰɧŰɖŰŬ) əŬɘ Űɞɡ 

ˊɚŬůŰɘəɞɨ (ɛɘəɟɧ ɑŭɘɞ ɓɎɟɞɠ, ŮɡəŬɛɣɑŬ, ŮɡəɞɚɑŬ ůŰɖɜ ŮűŬɟɛɞɔɐ). 

ɇŬ ˊɞɚɡəŬɟɓɞɜɘəɎ ŮɑɜŬɘ Ŭˊɧ ŰŬ ˊɘɞ ˊɟɞɖɔɛɏɜŬ Ůɑŭɖ ˊɞɚɡɛŮɟɩɜ ˊɚŬůŰɘəɩɜ, ɛŮ 

Ůɘŭɘəɐ ˊɟɞůŰŬůɑŬ Ŭˊɧ Űɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ əŬɘ Űɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ, əŬɗɩɠ əŬɘ ɛŮ 

ɛŮɔɎɚŮɠ ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ. 
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5 ɆȾɃɄɃɆ ɇȼɆ ȺɅũȷɆȽȷɆ  

 

ȳˊɤɠ ŭɘŬˊɘůŰɩɗɖəŮ əŬɘ Ŭˊɧ Űɞ ɗŮɤɟɖŰɘəɧ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ŰŬ ˊɞɚɡɛŮɟɐ 

ˊɟɞůűɏɟɞɡɜ ˊɞɚɚɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ůŰɘɠ ɞɘəɞŭɞɛɘəɏɠ əŬŰŬůəŮɡɏɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ůɡɛɓŬŰɘəɎ ɡɚɘəɎ, ɧˊɤɠ űɤŰŮɘɜɧŰɖŰŬ, ŬɜŰɞɢɐ ůŰɖ ŭɘɎɓɟɤůɖ əŬɘ ŮɡəɞɚɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ. 

ɀˊɞɟɞɨɜ ɜŬ Ůɜɘůɢɡɗɞɨɜ ɛŮ ɑɜŮɠ əŬɘ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ůɨɜɗŮŰŬ ɡɚɘəɎ ˊɞɡ ɏɢɞɡɜ 

ɓŮɚŰɘɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ŭɞɛɘəɎ ɛɏɚɖ ŬɚɚɎ əŬɘ 

ŬɜŮɝɎɟŰɖŰŮɠ ɛɞɜɎŭŮɠ. ɄŮɟɑˊɞɡ Űɞ 30% Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ˊɞɚɡɛŮɟɩɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əɎɗŮ 

ɢɟɧɜɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ əŰɘɟɘŬəɐ ɓɘɞɛɖɢŬɜɑŬ. ɆɡɢɜɎ ŰŬ ˊɞɚɡɛŮɟɐ ŬɡŰɎ ɡɚɘəɎ ŮɑɜŬɘ 

ŭɘŬűŬɜɐ ɔɘŬ ɢɟɖůŰɘəɞɨɠ ɚɧɔɞɡɠ ˊ.ɢ. ůŰɏɔŬůŰɟŬ, ɗŮɟɛɞəɐˊɘŬ əɚˊ. ɇŬ ˊɞɚɡɛŮɟɐ ɡɚɘəɎ 

ˊŬɟɧɚɞ ˊɞɡ ŮɑɜŬɘ ůŰŬɗŮɟɎ ɡɚɘəɎ ɡűɑůŰŬɜŰŬɘ ŬɚɚɞɘɩůŮɘɠ ɚɧɔɤ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ŮűŬɟɛɞɔɐɠ Űɞɡɠ. 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰŬ ŭɘŬűŬɜɐ ˊɞɚɡɛŮɟɐ ɡɚɘəɎ ˊɞɡ 

ŮűŬɟɛɧɕɞɜŰŬɘ ɤɠ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ ˊɚɐɟɤůɖɠ ŮɝɤŰŮɟɘəɩɜ ɢɩɟɤɜ. ɆŮ ŰɏŰɞɘŮɠ ŮűŬɟɛɞɔɏɠ ŰŬ 

ˊɞɚɡɛŮɟɐ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ ɘŭɘŬɑŰŮɟŬ Ŭˊɧ Űɖɜ UV ŬəŰɘɜɞɓɞɚɑŬ. 

ȳˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ əŬɘ ůŰɞ əŮűɎɚŬɘɞ Ŭˊɞɘəɞŭɧɛɖůɖɠ ůŰɞ ɗŮɤɟɖŰɘəɧ ɛɏɟɞɠ Űɞ űɎůɛŬ Űɖɠ 

UV ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ ɖɚɘŬəɞɨ űɤŰɧɠ ŮɑɜŬɘ ɞ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɤɜ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ 

ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɡɚɘəɩɜ. 

ȾŬŰɎ ůɡɜɏˊŮɘŬ ɖ ŮˊɑŭɟŬůɖ Űɖɠ UV ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ ˊɚŬůŰɘəɎ ɡɚɘəɎ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɞɛɘəɏɠ ŮűŬɟɛɞɔɏɠ ŬˊɞəŰɎ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ. ɇŬ ɡɚɘəɎ ˊɞɡ ɗŬ 

ɛŮɚŮŰɖɗɞɨɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɑɜŬɘ ŮɛˊɞɟɘəɎ ˊɚŬůŰɘəɎ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɘɠ 

əŬŰŬůəŮɡɏɠ ɤɠ ŮɝɤŰŮɟɘəɎ ůŰɞɘɢŮɑŬ ˊɚɐɟɤůɖɠ ɛŮ Űɖ ɛɞɟűɐ ˊɎɜŮɚ, ɧˊɤɠ Űɞ ˊɚɏɝɘɔəɚŬɠ 

(plexiglass), Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ (polycarbonate), o ˊɞɚɡŮůŰɏɟŬɠ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ əŬɗɩɠ əŬɘ 

ɏɜŬ ůɨɜɗŮŰɞ Ŭəɟɡɚɘəɧ ɡɚɘəɧ Űɞ corian. ɇɞ corian  ˊŬɟɧɚɞ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŭɘŬűŬɜɏɠ Űɞ 

ŮɝŮŰɎɕɞɡɛŮ ɔɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ ŮɝŮŰɎɕɞɜŰŬɘ: Ŭ) ɗŮɟɛɞˊɚŬůŰɘəɎ 

ˊɞɚɡɛŮɟɐ Űɞ ˊɚɏɝɘɔəɚŬɠ, Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ əŬɘ Űɞ Ŭəɟɡɚɘəɧ ɡɚɘəɧ corian, ɓ) 

ɗŮɟɛɞůəɚɖɟɡɛɏɜŬ ˊɞɚɡɛŮɟɐ: ŬəɧɟŮůŰɞɠ ˊɞɚɡŮůŰɏɟŬɠ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ. 

 ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ Ŭəɟɘɓɐɠ ůɨɜɗŮůɖ Űɤɜ Ůɛˊɞɟɘəɩɜ ˊɚŬůŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ ůɢŮŰɘəɎ 

ɛŮ ŰŬ ˊɟɧůɗŮŰŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ (ɧˊɤɠ UV ůŰŬɗŮɟɞɞ́ɘɖŰɐ əɚˊ.) ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ, ɗŬ 

ŮɝŮŰŬůŰŮɑ əŬɘ ŬɜŰɑůŰɞɘɢɞ ˊɞɚɡɛŮɟɏɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ůɨɜɗŮůɖɠ ůŰɞ ɞˊɞɑɞ ɗŬ ˊɟɞůŰŮɗŮɑ UV 

ůŰŬɗŮɟɞˊɞɘɖŰɐɠ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

ˊɞɚɡɛŮɟɘůɛɧɠ Űɞɡ ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɢɨŰŮɡůɖ əŬɘ ŮɜůɤɛɎŰɤůɖ UV 

ůŰŬɗŮɟɞˊɞɘɖŰɐ ɔɜɤůŰɐɠ ůɡůŰɎůŮɤɠ, ůŮ ɛɑŬ ůɡɔəɏɜŰɟɤůɖ.  

ȼ ŮˊɘůŰɖɛɞɜɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ UV ŬəŰɘɜɞɓɞɚɑŬɠ əŬɗɩɠ əŬɘ ɖ 

ˊɟɞůɞɛɞɑɤůɖ əŬɘ ŮˊɘůŰɖɛɞɜɘəɐ ɛŮɚɏŰɖ ɗŬ ɔɑɜŮɘ ɛɏůɤ əŬŰɎɚɚɖɚɖɠ ŮɟɔŬůŰɖɟɘŬəɐɠ 

ŭɘɎŰŬɝɖɠ. ɇŬ ŭɞəɑɛɘŬ Ŭˊɧ ŰŬ ɡɚɘəɎ ɗŬ ɡˊɞůŰɞɨɜ ŬəŰɘɜɞɓɧɚɖůɖ ůŰɖɜ Ůɘŭɘəɐ ŭɘɎŰŬɝɖ əŬɘ ɗŬ 

ɛŮɚŮŰɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŭɧůɖɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ( ɧˊɤɠ ŭɘŬűɎɜŮɘŬ, 

ɝŮɗɩɟɘŬůɛŬ, əɚˊ.), Űɖɜ ŭɞɛɐ əŬɘ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰɏɠ Űɞɡɠ. ȼ ɛŮɚɏŰɖ Űɤɜ ɡɚɘəɩɜ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɏůɤ ɢŬɟŬəŰɖɟɘůɛɩɜ FTIR, ɢɟɤɛŬŰɞɛŮŰɟɑŬɠ əŬɘ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ, 

ŬɜŰɞɢɐ ůŮ əɎɛɣɖ, ŭɘɎŰɛɖůɖ əŬɘ ŮűŮɚəɡůɛɧ,  ́ ɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ  UV ŬəŰɘɜɞɓɞɚɑŬ. 

ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ɗŬ ŬəɞɚɞɡɗɖɗŮɑ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŭɘŬɔɟŬɛɛŬŰɘəɎ ůŰɞ ůɢɐɛŬ 5.1 

ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ. 
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6  ȺɄȽȿɃũȼ ɄɃȿɈɀȺɅɋɁ ɈȿȽȾɋɁ ɃȽȾɃȹɃɀȽȾɋɁ ȺūȷɅɀɃũɋɁ 

 

 

6.1 ȺɛˊɞɟɘəɎ ˊɞɚɡɛŮɟɐ ɡɚɘəɎ 

 

ɇŬ ŮɛˊɞɟɘəɎ ˊɞɚɡɛŮɟɐ  ɡɚɘəɎ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ 

ŮɟɔŬůɑŬ ŮɑɜŬɘ Űɞ ˊɚɏɝɘɔəɚŬɠ, Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ, Űɞ Ŭəɟɡɚɘəɧ corian əŬɘ ɞ ˊɞɚɡŮůŰɏɟŬɠ ɛŮ 

ɑɜŮɠ ɔɡŬɚɘɞɨ. 

6.1.1 Ⱥɛˊɞɟɘəɧ ˊɚɏɝɘɔəɚŬɠ 

ũŮɜɘəŬ 

ɇŬ űɨɚɚŬ Ŭəɟɡɚɘəɞɨ ŮˊɘɚɏɔɞɜŰŬɘ Ůŭɩ əŬɘ ˊɞɚɨ əŬɘɟɧ ůŮ ɞɘəɞŭɞɛɘəɏɠ ŮűŬɟɛɞɔɏɠ 

əŬɗɩɠ ˊɟɞůűɏɟɞɡɜ ŮɝŬɘɟŮŰɘəɐ ůŰŬɗŮɟɧŰɖŰŬ ɢɟɩɛŬŰɞɠ, ɢŬɛɖɚɧ ɓɎɟɞɠ, ɡɣɖɚɐ 

űɤŰɞŭɘŬˊŮɟŬŰɧŰɖŰŬ əŬɘ ŮɝŬɘɟŮŰɘəɐ ŬɜŰɞɢɐ ůŰɖ űɗɞɟɎ ɚɧɔɤ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ. 

Ʉɟɞůűɏɟɞɡɜ ˊɏɜŰŮ űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ ůŮ əɟɞɨůɖ Ŭˊɧ Űɞ əŬɜɞɜɘəɧ ɔɡŬɚɑ əŬɘ ɧɜŰŬɠ 

Űɞ ɛɘůɧ ɓɎɟɞɠ Ůɜɧɠ ɘůɞŭɨɜŬɛɞɡ ˊɎɢɞɡɠ ɔɡŬɚɘɞɨ, ŰŬ űɨɚɚŬ Ŭəɟɡɚɘəɞɨ ŭŮɜ ŬˊŬɘŰɞɨɜ 

ŬɜŰɘůŰɐɟɘɝɖ. ɇŬ ŬəɟɡɚɘəɎ űɨɚɚŬ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞůŰɞɨɜ ŮɨəɞɚŬ ɗŮɟɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ 

əŬŰɎ ůɡɜɏˊŮɘŬ ŮɡəɞɚɧŰŮɟɖ ɛɞɟűɞˊɞɑɖůɖ. ɇŬ ŬəɟɡɚɘəɎ űɨɚɚŬ ˊɟɞŰɘɛɞɨɜŰŬɘ Ŭˊɧ 

ŬɟɢɘŰɏəŰɞɜŮɠ əŬɘ ŭɘŬəɞůɛɖŰɏɠ ŭɘɧŰɘ ŭɑɜɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮűŬɟɛɞɔɐɠ ɛŮɔɎɚɤɜ əŬɗŬɟɩɜ 

ŬɜɞɘɔɛɎŰɤɜ ɢɤɟɑɠ ŮɜŭɘɎɛŮůɖ ɡˊɞůŰɐɟɘɝɖ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŭɘŮɑůŭɡůɖ Űɞɡ 

űɤŰɧɠ əŬɘ ŭɑɜɞɡɜ əŬɚɐ ŬɘůɗɖŰɘəɐ əŬɘ əɞɛɣɐ ŮɛűɎɜɘůɖ. ɇɞ Ŭəɟɡɚɘəɧ Plazit ŮɑɜŬɘ 

əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɧ ɛŮɗɨɚɘɞ) əŬɘ űɏɟŮɘ Űɖɜ ŮˊɤɜɡɛɑŬ çPlazcrylè. 

ȼ ŬɜŰɞɢɐ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ŭɘŬůŰɎůŮɤɜ əŬɘ Űɞ ˊɎɢɞɠ Űɞɡ ŮɑɜŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ 

"ISO ůŰɎɜŰŬɟ" . ȳɚŬ ŰŬ űɨɚɚŬ əŬɚɨˊŰɞɜŰŬɘ ɛŮ ˊɟɞůŰŬŰŮɡŰɘəɐ ɛŮɛɓɟɎɜɖ Ŭˊɧ 

ˊɞɚɡŬɘɗɡɚɏɜɘɞ əŬɘ Ŭˊɧ Űɘɠ ŭɨɞ ˊɚŮɡɟɏɠ Ůɜɩ ŰŬ ŬɜɎɔɚɡűŬ űɨɚɚŬ ˊɟɞůŰŬŰŮɨɞɜŰŬɘ ɛɧɜɞ ůŰɖ 

ɛɑŬ ˊɚŮɡɟɎ. ɆɡɜɘůŰɩɛŮɜɖ ɗŮɟɛɞəɟŬůɑŬ ɢɨŰŮɡůɖɠ: 150 - 170 Á C [35].  

 

ɄɚŬůŰɘəɎ ŰɕɎɛɘŬ 

ɇŬ ˊɚŬůŰɘəɎ ŰɕɎɛɘŬ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ůɨɔɢɟɞɜɖ ɚɨůɖ ɛŮ ɛŮɔɎɚɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɩɜ. 

Ȱɢɞɡɜ ˊŮɟɑˊɞɡ Űɞ ɛɘůɧ ɓɎɟɞɠ ɘůɧˊŬɢɞɡ ɔɡŬɚɘɞɨ Ůɜɩ ŮɑɜŬɘ 3 ɤɠ 5 űɞɟɏɠ ŬɜɗŮəŰɘəɧŰŮɟŬ. 

Ɇɡɔɢɟɧɜɤɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ůɑůɞŭɞ ůŰɞ 92% Űɞɡ űɤŰɧɠ. ɄŬɟɎɚɚɖɚŬ ɧɛɤɠ ˊɟɞűɡɚɎůůɞɡɜ 

Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ əŬɘ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ Ŭˊɞ Űɖɜ ɏəɗŮůɖ Űɞɡɠ ůŰɖɜ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ. 

ȾŬɛˊɡɚɩɜɞɜŰŬɘ ɛŮ ɗŮɟɛɧŰɖŰŬ, ŬɚɚɎ əŬɘ Ůɜ ɣɡɢɟɩ. ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ŮɑɜŬɘ Ůɨəɞɚɖ əŬɘ 

Ŭəɑɜŭɡɜɖ ɛŮ ůɡɜɖɗɘůɛɏɜŬ ŮɟɔŬɚŮɑŬ. 

ɆŰɎɜŰŬɟ ŭɘŬůŰɎůŮɘɠ [36]: 

 205 x 305 cm 

 152.5 x 205 cm 

 122 x 205 cm 

ɇŬ űɨɚɚŬ ˊɎɢɞɡɠ 3, 4, 5 mm ŭɘŬűŬɜɐ əŬɘ ɞˊɎɚ ŭɘŬŰɑɗŮɜŰŬɘ ŮŰɞɘɛɞˊŬɟɎŭɞŰŬ əŬɘ 

ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ.  ȳɚŬ ŰŬ ˊɚŬůŰɘəɎ űɨɚɚŬ ŭŮɜ ŮɑɜŬɘ ɑŭɘŬ, ŭɖɚŬŭɐ ŭŮɜ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ 

ŬɜŰɞɢɐ ůŰɞɜ ɐɚɘɞ. 

 

ȺűŬɟɛɞɔɏɠ: 

 ɈɎɚɤůɖ ŬůűŬɚŮɑŬɠ, ŭɘŬɢɤɟɘůŰɘəɎ ŮůɤŰŮɟɘəɩɜ ɢɩɟɤɜ əŬɘ ɛˊŬɚəɞɜɘɩɜ, 

ɣŮɡŭɞɟɞűɏɠ əŬɘ ɞɟɞűɏɠ ŬůŬɜůɏɟ, əŬɛˊɑɜŮɠ ɜŰɞɡɠ, ɗŮɟɛɞəɐˊɘŬ əŬɘ ŬɑɗɟɘŬ, ŭɘŬűɖɛɘůŰɘəɎ 

stand, Ŭˊɚɏɠ əŬɘ űɤŰŮɘɜɏɠ ŮˊɘɔɟŬűɏɠ əŬɘ ɞˊɞɡŭɐˊɞŰŮ ɗɏɚɞɡɛŮ ɜŬ ůɡɜŭɡɎůɞɡɛŮ Űɖɜ 

ŬůűɎɚŮɘŬ ɛŮ Űɞ űɡůɘəɧ űɤŰɘůɛɧ. 
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ɆɢɐɛŬ 6.1: ūɤŰɞɔɟŬűɑŮɠ Ŭˊɧ əŬŰŬůəŮɡɏɠ ɛŮ ˊɚɏɝɘɔəɚŬɠ 

 

ȽŭɘɧŰɖŰŮɠ [37] 

Ⱥɘŭɘəɧ ɓɎɟɞɠ 1.19 Gr/Cm
3
 

ȹŮɑəŰɖɠ ŭɘɎɗɚŬůɖɠ 1.49 ND 

ɀŮŰɎŭɞůɖ Űɞɡ űɤŰɧɠ 92% 

ȷɜŰɞɢɐ ůŮ əɟɞɨůɖ 0.4 - /11 Ft-Lb/ln - KJ/Sqm 

ȷɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ 10500 PSI / 72 -PMA 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ 16000 PSI / 100-PMA 

ɆəɚɖɟɧŰɖŰŬ Rockwell 95 M-scale 

ȷɜŬűɚŮɝɘɛɧŰɖŰŬ 0.7 Inc/min 

Ʌɡɗɛɧɠ əŬɨůɖɠ 94 HB 

ŪŮɟɛɞəɟŬůɑŬ ŮəŰɟɞˊɐɠ ɗŮɟɛɧŰɖŰŬɠ 90ÁC - 208ÁF 

ȷˊɞɟɟɧűɖůɖ ɜŮɟɞɨ 0.3% weight gain 
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6.1.2 ɄɞɚɡəŬɟɓɞɜɘəɧ 

ũŮɜɘəɎ 

ɇŬ ˊɞɚɡəŬɟɓɞɜɘəɎ űɨɚɚŬ ŬˊɞŰŮɚɧɡɜ Űɖɜ ˊɘɞ ŮɝŮɚɘɔɛɏɜɖ ɚɨůɖ ɡɎɚɤůɖɠ əŬɘ ůŰɏɔŬůɖɠ, 

əŬɗɩɠ ůɡɜŭɡɎɕɞɡɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ ůɡɔəɟɘɜɧɛŮɜŬ ɛŮ ɞˊɞɘɞŭɐˊɞŰŮ Ɏɚɚɞ 

ɡɚɘəɧ. ɉɎɟɖ ůŰɖɜ Ůɘŭɘəɐ ˊɟɞůŰŬůɑŬ Űɞɡɠ Ŭˊɧ Űɖɜ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡɠ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ůɡɜŮɝɩɗɖůɖɠ, ŰŬ ˊɞɚɡəŬɟɓɞɜɘəɎ 

űɨɚɚŬ ŮɑɜŬɘ ɖ əŬŰŬɚɚɖɚɧŰŮɟɖ ɚɨůɖ ɔɘŬ ɧɚŮɠ Űɘɠ əŬŰŬůəŮɡɏɠ ůŮ ŮɝɤŰŮɟɘəɞɨɠ əŬɘ 

ŮəŰŮɗŮɘɛɏɜɞɡɠ ůŰɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ɢɩɟɞɡɠ. 

ɇɞ űɑɚŰɟɞ Ŭˊɞɟɟɧűɖůɖɠ Űɤɜ ŬəŰɑɜɤɜ U.V. ˊɟɞůűɏɟŮɘ ɛŬəɟɞɢɟɧɜɘŬ ˊɟɞůŰŬůɑŬ Űɤɜ 

űɨɚɚɤɜ ŬɚɚɎ ůɡɔɢɟɧɜɤɠ əŬɘ Űɤɜ Ŭɜɗɟɩˊɤɜ əŬɘ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ ŰŬ űɨɚɚŬ 

ˊɟɞůŰŬŰŮɨɞɡɜ. ȼ Ůˊɘɚɞɔɐ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ (1 ɤɠ 5) əŬɘ Űɞɡ ɢɟɩɛŬŰɞɠ ɛŬɠ 

ŭɑɜɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɟɨɗɛɘůɖɠ Űɞɡ ɓŬɗɛɞɨ ɛɧɜɤůɖɠ əŬɘ Űɖɠ űɤŰɞŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

[36,37]. 

ɇŬ ˊɞɚɡəŬɟɓɞɜɘəɎ ŮűŬɟɛɧɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ: 

 ȺɝɤŰŮɟɘəɞɨɠ ɢɩɟɞɡɠ: ůŰɏɔŬůŰɟŬ ɧɚɤɜ Űɤɜ Űɨˊɤɜ, ůəŮˊŬůŰɞɑ ŭɘɎŭɟɞɛɞɘ, 

ˊɏɟɔəɞɚŮɠ, ůŰɎůŮɘɠ ɚŮɤűɞɟŮɑɤɜ, ŮˊɘəŬɚɨɣŮɘɠ əŮɟəɑŭɤɜ, ŭɘŬűɩŰɘůŰŮɠ ˊɡɟŬɛɑŭŮɠ 

əŬɘ ɗɧɚɞɘ, ɖɢɞˊŮŰɎůɛŬŰŬ, ɗŮɟɛɞ-ɖɢɞɛɞɜɤŰɘəɐ ɡɎɚɤůɖ, ŮˊɘəŬɚɨɣŮɘɠ 

əɞɚɡɛɓɖŰɖɟɑɤɜ, űɤŰŬɔɤɔɩɜ, ɗŮɟɛɞəɐˊɘŬ, ŮˊɘɔɟŬűɏɠ, ŰɖɚŮűɤɜɘəɏɠ əŬɛˊɑɜŮɠ, 

ˊŬɟɎɗɡɟŬ ɓɘɞɛɖɢŬɜɘəɩɜ əŬŰŬůəŮɡɩɜ, ŬɑɗɟɘŬ, ŬɜɞɘɢŰɏɠ Ŭɔɞɟɏɠ.  

 ȺůɤŰŮɟɘəɏɠ ŮűŬɟɛɞɔɏɠ: ȹɘŬɢɤɟɘůŰɘəɎ, ɜŰɞɡɕɑŮɟŮɠ, ɣŮɡŭɞɟɞűɏɠ, ŮˊɘɔɟŬűɏɠ, 

ŭɘŬűɖɛɘůŰɘəɏɠ əŬŰŬůəŮɡɏɠ. 

ɇŬ ˊɞɚɡəŬɟɓɞɜɘəɎ űɨɚɚŬ ŮɑɜŬɘ ɡɚɘəɧ ŮɝŬɘɟŮŰɘəɐɠ ˊŮɟŬŰɧŰɖŰŬɠ ůŰɖɜ ɞɟŬŰɐ 

ŬəŰɘɜɞɓɞɚɑŬ, ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ əŬɘ ŭɘɎɟəŮɘŬɠ ɕɤɐɠ. ȺˊɘŰɟɏˊŮɘ Űɖɜ ŬˊɟɧůəɞˊŰɖ ŭɘɎɢɡůɖ 

Űɞɡ űɤŰɧɠ, ŮɛˊɞŭɑɕŮɘ Űɖɜ Ůɑůɞŭɞ Űɖɠ ɓɚŬɓŮɟɐɠ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ Ůɜɩ ŮɑɜŬɘ ˊŮɟŬŰɧ 

ůŰɖɜ ɡˊɏɟɡɗɟɖ. Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŬɡŰɏɠ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ɛŮɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ 

əŬɡůɑɛɤɜ ɔɘŬ ɗɏɟɛŬɜůɖ. ɇɞ űɨɚɚɞ ŬɡŰɧ ɏɢŮɘ ŮɝŬɘɟŮŰɘəɐ ˊŮɟŬŰɧŰɖŰŬ ůŰŬ ɞɟŬŰɎ ɛɐəɖ 

əɨɛŬŰɞɠ Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ůŰɖɜ űɤŰɞůɨɜɗŮůɖ əŬɘ ɔɘ' ŬɡŰɧ 

ůɡɜŰŮɚŮɑ ůŰɖɜ ɎɟɘůŰɖ ŬɜɎˊŰɡɝɖ Űɤɜ űɡŰɩɜ. ɇŬ ˊɞɚɡəŬɟɓɞɜɘəɎ űɨɚɚŬ ŮɑɜŬɘ ŬɜɗŮəŰɘəɎ ůŰŬ 

ɞɝɏŬ, ůŰŬ ŬˊɞɟɟɡˊŬɜŰɘəɎ, ůŰɞ ŬɚɎŰɘ ŬɚɚɎ əŬɘ ůŰɞɡɠ ɟɨˊɞɡɠ Űɞɡ ŬɏɟŬ. ȹŮɜ ŮɑɜŬɘ ŮɨűɚŮəŰŬ 

əŬɘ ŬɜŰɏɢɞɡɜ ůŰɖɜ əɟɞɨůɖ ɛŮ ɢŬɚɎɕɘ ŭɘŬɛɏŰɟɞɡ 20mm ɛŮ ŰŬɢɨŰɖŰŬ 80km/h [36]. 

ūɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ [37]:  

ɄɎɢɞɠ                                                            6 mm 

ɄŮɟŬŰɧŰɖŰŬ ůŰɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ         >80 % 

ȷɜɩŰŬŰɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŰɞɢɐɠ                  +120 ÜC 

ȾŬŰɩŰŬŰɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŰɞɢɐɠ               -30 ÜC 

Ⱥˊɘɛɐəɡɜůɖ 500 % 

 

ɄɟɞŭɘŬɔɟŬűɏɠ [37]: 
 

ɆɡɜŰŮɚŮůŰɐɠ ūɤŰɞŭɘŬˊŮɟŬŰɧŰɖŰŬɠ(%) 

ɄɎɢɞɠ mm  4,5mm  6mm  8mm  10mm  16mm  20mm  25mm  

ȹȽȷūȷɁȺɆ  86  84  77  75  70  66  63  

ɀɄɅɃɁȻȺ  70  65  63  53  43  32  30  

ɃɄȷȿ  79  74  66  59  45  35  33  
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 ŪŮɟɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ [37]: 
ŪŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɤɜ ˊɞɚɡəŬɟɓɞɜɘəɩɜ Ƚ = 0,20 (W/mĮ ÁC) 

    

ŪŮɟɛɞɛɧɜɤůɖ - ɇɘɛɐ Ⱦ 

ɄɎɢɞɠ mm  4,5mm  6mm  8mm  10mm  16mm  20mm  25mm  

Kcal/mĮhÁC  3,4  3,1  2,5  2,3  1,9  1,8  1,6  

 

  Ŭˊɚɧ ɔɡŬɚɑ 4mm = 6,4 W/mĮÁC 

  ŭɘˊɚɎ ŰɕɎɛɘŬ (ɛɏůɞɠ ɧɟɞɠ): 3 W/mĮÁC 

 

ŪŮɟɛɘəɐ ŭɘŬůŰɞɚɐ 0,065mm/mĮÁC 

ȾŬŰɎ Űɖɜ ŰɞˊɞɗɏŰɖůɖ ˊɟɏˊŮɘ ɜŬ ˊɟɞɦˊɞɚɞɔɑɕɞɡɛŮ ŭɘŬůŰɞɚɐ 4mm ɔɘŬ əɎɗŮ Űɟɏɢɞɜ ɛɏŰɟɞ 

ˊɟɞɠ əɎɗŮ əŬŰŮɨɗɡɜůɖ 

 

 ȷəɞɡůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ [37] 
 

 ȹŮɑəŰɖɠ ŬəɞɡůŰɘəɐɠ ŭɘŬəɟɎŰɖůɖɠ əŬŰɎ NFS 31051 dB(A) 

ɄɎɢɞɠ mm  6mm  8mm  10mm  16mm  25mm  

ȼɉɃɀɃɁɋɆȼ  16  16  17  21  22  

 

 ȾŬɛˊɨɚɤůɖ Ůɜ ɣɡɢɟɩ [37] 
 

  ɇŬ ˊɞɚɡəŬɟɓɞɜɘəɎ ɛˊɞɟɞɨɜ ɜŬ əŬɛˊɡɚɤɗɞɨɜ Ůɜ ɣɡɢɟɩ, ˊɎɜŰɞŰŮ əŬŰɎ ɛɖəɞɠ Űɤɜ 

ɜŮɡɟɩůŮɤɜ. 
ɄɎɢɞɠ mm  4,5mm  6mm  8mm  10mm  16mm  20mm  25mm  

ȺȿȷɉȽɆɇȼ ȷȾɇȽɁȷ (mm)  750  1000  1500  1700  3000  4000  5000  

 

ɆɡɛˊŮɟɘűɞɟɎ ůŰɖ űɤŰɘɎ [37] 

 

ɇŬ ˊɞɚɡəŬɟɓɞɜɘəɎ ŮɑɜŬɘ Ŭˊɧ Űɖ űɨůɖ Űɞɡɠ ɛɖ ŮɨűɚŮəŰŬ, ŬɡŰɞůɓŬɘɜɧɛŮɜŬ əŬɘ ɡˊɎɔɞɜŰŬɘ 

ůŰɖɜ əŬŰɖɔɞɟɑŬ 1  

 

ũŮɜɘəɏɠ ɀɖɢŬɜɘəɏɠ ȽŭɘɧŰɖŰŮɠ [37] 

 
ɉŬɟŬəŰɖɟɘůŰɘəɎ  ȾŬɜɞɜɘůɛɧɠ  ɇɘɛɐ/ɀɞɜɎŭŮɠ  

ɄɡəɜɧŰɖŰŬ (Ůɘŭɘəɧ ɓɎɟɞɠ)  ISO 1183,ASTM D 792,DIN 
53479  

1,2 g / cmį  

ȷɜŰɞɢɐ ůŮ ˊɑŮůɖ  ISO 527,ASTM D 638,DIN 

53455  

>60MPa  

ɃɜɞɛŬůŰɘəɐ ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ 
ɛɏɢɟɘ ɗɟŬɨůŮɤɠ  

ISO 527,ASTM D 638,DIN 
53455  

>50%  

Tensile modulus  ISO 527,ASTM D 638,DIN 

53457  

2300MPa  

ɆɡɜŰŮɚŮůŰɐɠ ɔɟŬɛɛɘəɐɠ ɗŮɟɛɘəɐɠ 
ŭɘŬůŰɞɚɐɠ  

VDE 0304/1  6,7 x 10/ÁC  

Vicat softening temperature VST/B50  ISO 306,DIN 53460  145ÁC  
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IZOD ůŮ ɢɎɟŬɝɖ Ŭˊɧ əɟɞɨůɖ(23ÁC)  ISO 180 4A,ASTM D 256B  >70KJ/mĮ  

ȷɜŰɞɢɐ ůŮ əɟɞɨůɖ Charpy ůŰɞɡɠ 23ÁC  ISO 179-1eU,ASTM D 

256B,DIN 53453  

no break  

ɈŭŬŰɞŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬ  ISO 62,ASTM D 570,DIN 

53495-1L(24h - 32ÁC)  

0,36%  

ȹɘŬˊŮɟŬŰɧŰɖŰŬ Ŭˊɧ ŬŰɛɞɨɠ  DIN 53122-1  approx. 15 

g/(mĮ.24H.bar)  

 

ȹɘŬůŰɎůŮɘɠ[37] 

 
ɄɎɢɞɠ mm  4,5mm  6mm  8mm  10mm  16mm  20mm  25mm  

ȸɎɟɞɠ g/mĮ  1000  1300  1500  1700  2700  3000  3200  

ɄɚɎŰɞɠ űɨɚɚɞɡ  2100 

(1250)  

2100 

(1250)  

2100 

(1250)  

2100 

(1250)  

2100 

(1250)  

2100 

(1250)  

2100 

(1250)  

ɀɐəɞɠ űɨɚɚɞɡ  3000  3000 

4000 
6000  

3000 

6000  

3000 

4000 
6000  

3000 

6000  

3000 

6000  

3000 

6000  

ȷɜɞɢɏɠ ˊɎɢɞɡɠ  Ñ 0,5mm  Ñ 0,5mm  Ñ 0,5mm  Ñ 0,5mm  Ñ 0,5mm  Ñ 0,5mm  Ñ 0,5mm  

 

 

ɄɑɜŬəŬɠ ŬɜŰɞɢɩɜ ůŮ űɞɟŰɑŬ [37] 
(űɨɚɚɞ ůŰŮɟŮɤɛɏɜɞ ůŮ 4 ˊɚŮɡɟɏɠ) 

   ȷɄɃɆɇȷɆȼ 
ɇȺũȽȹɋɁ  

ȷɄɃɆɇȷɆȼ "ɊȷȿȽȹȽɋɁ" 
ˊɚɎŰɞɠ űɨɚɚɞɡ  

ɄɎɢɞɠ 

űɨɚɚɞɡ 

mm 

ɛɐəɞɠ 

űɨɚɚɞɡ 

űɞɟŰɑɞ ɢɘɞɜɘɞɨ 

128 

daN/mĮ 

92 

daN/mĮ 
 

űɞɟŰɑɞ 

ŬɏɟŬ 

60 
daN/mĮ 

4,5 1 

1,5 
2 

0,55 

0,40 
0,30 

0,60 

0,50 
0,40 

0,80 

0,65 
0,60 

6 1 

1,5 

2 

0,75 

0,70 

0,60 

0,80 

0,75 

0,65 

1,00 

0,85 

0,75 

8 1 

1,5 

2 

0,95 

0,85 

0,75 

1,10 

0,95 

0,85 

1,15 

1,00 

0,90 

10 1 
1,5 

2 

1,10 
1,00 

0,80 

1,20 
1,10 

1,00 

1,35 
1,20 

1,10 

16 1 
1,5 

2 

1,40 
1,20 

1,10 

1,50 
1,30 

1,20 

1,60 
1,40 

1,30 

20 1 

1,5 
2 

0,90 

0,85 
0,80 

1,00 

0,90 
0,85 

1,10 

1,05 
0,95 

25 1 

1,5 

2 

1,00 

0,90 

0,80 

1,05 

0,95 

0,90 

1,15 

1,10 

1,00 
 

 

ɆɢɐɛŬ 6.2: ȹɘŬŰɞɛɏɠ ˊɞɚɡəŬɟɓɞɜɘəɩɜ űɨɚɚɤɜ 
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ɆɢɐɛŬ 6.3: ūɤŰɞɔɟŬűɑŮɠ Ŭˊɧ əŬŰŬůəŮɡɏɠ ɛŮ ˊɞɚɡəŬɟɓɞɜɘəɧ 
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6.1.3 ɄɞɚɡŮůŰɏɟŬɠ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ 

ɇɞ ůəɚɖɟɧ ˊɚŬůŰɘəɧ ɡɚɘəɧ, ˊɞɚɡŮůŰɏɟŬɠ Axpet, əŬŰŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ŬəɧɟŮůŰɞ 

ˊɞɚɡŮůŰɏɟŬ ůŰɞɜ ɞˊɞɑɞ ɏɢɞɡɜ ˊɟɞůŰŮɗŮɑ 20-34% ɑɜŮɠ ɨŬɚɞɡ əŬɘ ɑɜŮɠ ˊɞɚɡŬɛɘŭɑɞɡ. ȺɑɜŬɘ 

ɡɚɘəɧ ŮɝŬɘɟŮŰɘəɐɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ əŬɘ ɛŮ ɛŮɔɎɚɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ. ɀɘŬ Ůɘŭɘəɐ ŮˊɘəɎɚɡɣɖ 

ŭɘŬŰɖɟŮɑ Űɘɠ ɑɜŮɠ Űɞɡ ɨŬɚɞɡ əŬɘ Űɞɡ ˊɞɚɡŬɛɘŭɑɞɡ ůŰɖ ůɤůŰɐ ɗɏůɖ əŬɘ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɘɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ. ɇɞ ɡɚɘəɧ ŬɡŰɧ ŭɘŬɢɏŮɘ Űɞ űɤɠ, ŭŮɜ ŭɖɛɘɞɡɟɔŮɑ ůəɘɏɠ əŬɘ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

Ůɑůɞŭɞ Űɞɡ ɞɟŬŰɞɨ űɎůɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Ůɜɩ ŮɛˊɞŭɑɕŮɘ Űɖɜ Ůɑůɞŭɞ Űɖɠ ɓɚŬˊŰɘəɐɠ 

ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȹɘŬŰɑɗŮŰŬɘ əŬɘ ɛŮ ˊɟɞůŰŬůɑŬ UV əŬŰɧˊɘɜ ˊŬɟŬɔɔŮɚɑŬɠ. ɇŬ 

ŭɞəɑɛɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ŬɡŰɐ Űɖɜ ɛŮɚɏŰɖ ŭŮɜ ˊŮɟɘɏɢɞɡɜ ůŰŬɗŮɟɞˊɞɘɖŰɐ UV 

[38, 39]. 

ūɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ [38]: 

Ⱥɘŭɘəɧ ɓɎɟɞɠ 1,4 gr/cm3 

ɄɎɢɞɠ 1,0 m 

ɄŮɟŬŰɧŰɖŰŬ ůŰɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ 90 % 

ȷɜɩŰŬŰɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŰɞɢɐɠ 120 ÜC 

ȾŬŰɩŰŬŰɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŰɞɢɐɠ -30 ÜC 

  

  

 

 

 
 

 
 

ɆɢɐɛŬ 6.4: ȺűŬɟɛɞɔɏɠ ˊɞɚɡŮůŰŮɟɘəɩɜ űɨɚɚɤɜ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ. 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
 

                  ɄŮŰɟɞɨɚŬ ɀˊɞɡůɛˊɞɡɟɏɚɖ                                                                                                    68 
 

6.1.4 ȷəɟɡɚɘəɧ CORIAN 

 

ɇɞ Corian ŮɑɜŬɘ ŬŭɟŬɜɏɠ, ɛɖ Űɞɝɘəɧ, ɡˊɞŬɚɚŮɟɔɘəɧ ɡɚɘəɧ, Űɞ ˊɚɏɞɜ ɘŭŬɜɘəɧ ɔɘŬ 

ɢɟɐůɖ ůŮ ŭɖɛɞůɑɞɡɠ ɢɩɟɞɡɠ ɐ ɢɩɟɞɡɠ ɡɔŮɑŬɠ.To Corian ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 75% űɡůɘəɎ 

ɞɟɡəŰɎ ɡɚɘəɎ ɛŮ əɨɟɘŬ ˊŬɟɞɡůɑŬ Űɞɜ ɡŭɟɑŰɖ Űɞɡ Ŭɚɞɡɛɘɜɑɞɡ, ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ 

ɓɞɝɑŰɖ əŬɘ 25% Ŭəɟɡɚɘəɏɠ ɟɖŰɑɜŮɠ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ ɎɚɚŬ ɡɚɘəɎ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ 

ˊɞɚɡŮůŰŮɟɘəɐ ůɨůŰŬůɖ Űɞ Corian ˊŮɟɘɏɢŮɘ Ŭəɟɡɚɘəɏɠ ɟɖŰɑɜŮɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɘɠ ɡɣɖɚɩɜ 

ˊɟɞŭɘŬɔɟŬűɩɜ ɘŭɘɧŰɖŰŮɠ Űɞɡ [40]. 

ɇɞ Corian ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ űɘɚɘəɧ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ŬűŮɜɧɠ ɛŮɜ ɔɘŬŰɑ ŭŮɜ ˊŮɟɘɏɢŮɘ 

Űɞɝɘəɏɠ ɞɡůɑŮɠ, ŬűŮŰɏɟɞɡ ɔɘŬŰɑ ŬɜŬəɡəɚɩɜŮŰŬɘ. ȼ ŮűŬɟɛɞɔɐ Űɞɡ Corian ˊŮɟɘɞɟɑɕŮɘ Űɖɜ 

ɢɟɐůɖ Ɏɚɚɤɜ ɡɚɘəɩɜ ɧˊɤɠ Űɞɡ ɝɨɚɞɡ əŬɘ Űɤɜ ɛŬɟɛɎɟɤɜ ŭɘŬűɡɚɎůůɞɜŰŬɠ Űɞɡɠ űɡůɘəɞɨɠ 

ˊɧɟɞɡɠ Űɞɡ ˊɚŬɜɐŰɖ ɛŬɠ 

ɇɞ Corian ŭŮɜ ŮɑɜŬɘ ˊɘɞ Ŭəɟɘɓɧ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɎɟɛŬɟɞ ɐ Űɞɜ ɔɟŬɜɑŰɖ. ȺɎɜ 

ůɡɔəɟɘɗɞɨɜ ŭɨɞ ˊɟɞůűɞɟɏɠ Ůˊɑ ɞɛɞɑɤɜ ŭɘŬůŰɎůŮɤɜ ůɢŮŭɘŬůŰɘəɩɜ ˊɟɞŰɎůŮɤɜ, 

ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ ɞɘ ŭɘŬűɞɟɏɠ ɞɘ ɞˊɞɑŮɠ ˊɟɞəɨˊŰɞɡɜ ŮɑɜŬɘ ɛɖŭŮɜɘəɏɠ ɐ ŮɚɎɢɘůŰŮɠ. ɀŮ 

ɔɜɩɛɞɜŬ ŭŮ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊɟɞůűɏɟŮɘ ɖ ŮˊɘűɎɜŮɘŬ Corian əŬɘ ɖ ŮɚɎɢɘůŰɖ 

ŭɘŬűɞɟɎ Űɘɛɐɠ Űɞ əŬɗɘůŰɎ ɘəŬɜɧ ɜŬ ˊŬɟŬɛŮɑɜŮɘ ɖ ˊɟɩŰɖ Ůˊɘɚɞɔɐ Űɞɡ əɞɘɜɞɨ[41]. 

ɇɞ Ŭəɟɡɚɘəɧ ŬɡŰɧ ɡɚɘəɧ ˊŬɟɞɡůɘɎɕŮɘ ŬɜŰɞɢɐ ůŮ ɢŰɡˊɐɛŬŰŬ, əŬɣɑɛŬŰŬ əŬɘ ɢɟɐůɖ 

ɢɖɛɘəɩɜ. ɆŮ ˊŮɟɑˊŰɤůɖ əŬəɐɠ ɢɟɐůɖɠ ŮˊɘŭɘɞɟɗɩɜŮŰŬɘ ŮɨəɞɚŬ ŬɜŬəŰɩɜŰŬɠ Űɖɜ Ŭɟɢɘəɐ Űɞɡ 

ŮɛűɎɜɘůɖ. To Corian ůɡɜŰɖɟŮɑŰŬɘ ɛŮ Űɖɜ əŬɗɖɛŮɟɘɜɐ əŬɗŬɟɘɧŰɖŰŬ əŬɘ ɛŮ ŰŬ ůɡɜɐɗɖ 

əŬɗŬɟɘůŰɘəɎ ɞɘəɘŬəɐɠ ɢɟɐůɖ [42].  

ɇɞ corian ŮɑɜŬɘ ɏɜŬ ˊɞɚɨˊɚŮɡɟɞ ŭɘŬəɞůɛɖŰɘəɧ ɡɚɘəɧ, ˊɞɡ ɏɢŮɘ ˊɞɚɚŬˊɚɏɠ 

ŮűŬɟɛɞɔɏɠ əŬɘ ɢɟɐůŮɘɠ ɛɏůŬ əŬɘ ɏɝɤ Ŭˊɧ Űɞ ůˊɑŰɘ. Ƀɘ ˊɟɞŭɘŬɔɟŬűɏɠ Űɞɡ ɡɚɘəɞɨ əŬɘ ɞɘ 

Ůˊɘɛɏɟɞɡɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ əŮűɎɚŬɘɞ 4.5. 

 

 
 

 
 

 
ɆɢɐɛŬ 6.5: ȺűŬɟɛɞɔɏɠ Űɞɡ ɡɚɘəɞɨ corian ůŮ ɞɘəɞŭɞɛɘəɏɠ əŬŰŬůəŮɡɏɠ. 
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6.2 ȺɟɔŬůŰɖɟɘŬəɐɠ ůɨɜɗŮůɖɠ ˊɞɚɡɛŮɟɐ ɡɚɘəɎ (PMMA -L) 

6.2.1 ɄɞɚɡɛŮɟɘůɛɧɠ ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ 

ũɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɤɜ ŭɞəɘɛɑɤɜ PMMA ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɞɚɡɛŮɟɘůɛɧɠ Űɞɡ 

ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ (MMA) ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɢɨŰŮɡůɖ əŬɘ ŮɜůɤɛɎŰɤůɖ UV 

ůŰŬɗŮɟɞˊɞɘɖŰɐ ɔɜɤůŰɐɠ ůɡůŰɎůŮɤɠ. ȷɟɢɘəɎ ɏɔɘɜŬɜ ŭɨɞ ŭɘŬɚɨɛŬŰŬ ɏɜŬ ɛŮ 10ml MMA  əŬɘ 

0,1 gr ŭɘŮɔɏɟŰɖ ȷȽȸɁ (Azoisobutyronitrile) əŬɘ ɏɜŬ ɛŮ 10ml MMA , 0,02 gr ŭɘŮɔɏɟŰɖ 

ȷȽȸɁ əŬɘ 0,01gr TINUVIN-144/Ciba Geigy, Ŭűɞɨ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɜɎŭŮɡůɖ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ ůŮ ŭɞəɘɛŬůŰɘəɧ ůɤɚɐɜŬ ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞ ɡŭŬŰɧɚɞɡŰɟɞ ɔɘŬ 30min ůŰɞɡɠ 

60ęC, ŰŮɚɘəɎ ɧɚɖ ɖ ˊɞůɧŰɖŰŬ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ŮɝŬŰɛɑůŰɖəŮ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ˊŬɟŬůəŮɡɎůŰɖəŬɜ ŭɨɞ ɑŭɘŬ ŭɘŬɚɨɛŬŰŬ  ɛŮ 10ml MMA  əŬɘ 0,02 gr ŭɘŮɔɏɟŰɖ ȷȽȸɁ 

(Azoisobutyronitrile) əŬɘ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŰɞ ɡŭŬŰɧɚɞɡŰɟɞ ɔɘŬ 30 min Űɞ ɏɜŬ ůŰɞɡɠ 70ęC 

əŬɘ Űɞ Ɏɚɚɞ ůŰɞɡɠ 50ęC ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟɐɗɖəŮ űŬɘɜɧɛŮɜɞ Trommsdorff  

Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ Űɞ ŭɘɎɚɡɛŬ ŮɝŬŰɛɑůŰɖəŮ.  ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɜɎŭŮɡůɖ 10 

ml MMA  əŬɘ 0,04gr AIBN (Azoisobutyronitrile) ůŮ ŭɞəɘɛŬůŰɘəɧ ůɤɚɐɜŬ əŬɘ ŰɞˊɞɗɏŰɖůɖ 

ɛɏůŬ ůŮ ɡŭŬŰɧɚɞɡŰɟɞ ɔɘŬ 35 min ůŰɞɡɠ 70 ęC.  

 

6.2.2 ɄŬɟŬůəŮɡɐ ɡɛŮɜɑɤɜ ˊɞɚɡɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ ɛŮ ɐ ɢɤɟɑɠ ˊɟɞůɗɐəɖ UV 

ůŰŬɗŮɟɞˊɞɘɖŰɐ 

ȾŬɗɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ˊɞɚɡɛŮɟɘůɛɞɨ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ Űɞɡ ŭŮɑəŰɖ 

ŭɘɎɗɚŬůɖɠ əɎɗŮ 10 min, ɛɧɚɘɠ ɞ ŭŮɑəŰɖɠ ŭɘɎɗɚŬůɖɠ ɏɔɘɜŮ 1,4358 Űɞ ŭɘɎɚɡɛŬ ɓɔɐəŮ Ŭˊɧ Űɞ 

ɡŭŬŰɧɚɞɡŰɟɞ əŬɘ ɢɡŰŮɨɗɖəŮ ůŮ əŬɚɞɨˊɘ Ŭˊɧ Teflon. ȿɧɔɤ ɨˊŬɟɝɖɠ ɗɡɚɎəɤɜ ŬɏɟŬ ɛɏůŬ 

ůŰɞ ˊɞɚɡɛŮɟɏɠ ɛŮŰɎ Ŭˊɧ Űɖɜ ˊɚɐɟɖ ɝɐɟŬɜůɐ Űɞɡ ɏɔɘɜŮ ŬɜŬŭɘɎɚɡůɖ Űɞɡ ůŮ Űɞɚɞɡɧɚɘɞ ůŮ 

ŬɜŬɚɞɔɑŬ 20% ə.ɓ. ɡˊɧ ŬɜɎŭŮɡůɖ əŬɘ ɗɏɟɛŬɜůɖ ůŰɞɡɠ 45ęC, ˊɟɞůɗɐəɖ  UV 

ůŰŬɗŮɟɞˊɞɘɖŰɐ ůŮ ŬɜŬɚɞɔɑŬ 0,30% ə.ɓ. əŬɘ ŮˊŬɜŬɢɨŰŮɡůɖ ůŰɞ əŬɚɞɨˊɘ Ŭˊɧ Teflon. 

ɇŮɚɘəɎ ˊŬɟŬůəŮɡɎůŰɖəŬɜ ɞəŰɩ űɘɚɛ PMMA, ŰɏůůŮɟŬ Ůə Űɤɜ ɞˊɞɑɤɜ ɏɢɞɡɜ ˊɟɞůɗɐəɖ  

UV ůŰŬɗŮɟɞˊɞɘɖŰɐ. 

 

 

6.3 Ⱦɤŭɘəɞˊɞɑɖůɖ Ůɛˊɞɟɘəɩɜ əŬɘ ŮɟɔŬůŰɖɟɘŬəɐɠ ůɨɜɗŮůɖɠ ˊɞɚɡɛŮɟɩɜ ɡɚɘəɩɜ 

  ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ əɤŭɘəɞˊɞɑɖůɖ Űɤɜ ɡɚɘəɩɜ ˊɞɡ 

ɛŮɚŮŰɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ: 

 
ɄɑɜŬəŬɠ 6.1:Ⱦɤŭɘəɞˊɞɑɖůɖ Űɤɜ ɡɚɘəɩɜ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ 

 

Ɉɚɘəɧ ɃɜɞɛŬůɑŬ 

Ⱥɛˊɞɟɘəɧɠ ŬəɧɟŮůŰɞɠ ˊɞɚɡŮůŰɏɟŬɠ ɛŮ 

ɑɜŮɠ ɔɡŬɚɘɞɨ ɛŮ ůŰŬɗŮɟɞˊɞɘɖŰɐ UV 

UP-FG-C 

Ⱥɛˊɞɟɘəɧ ˊɞɚɡəŬɟɓɞɜɘəɧ ɛŮ 

ůŰŬɗŮɟɞˊɞɘɖŰɐ UV 

PC-C 

Ⱥɛˊɞɟɘəɧ ˊɚɏɝɘɔəɚŬɠ ɛŮ ůŰŬɗŮɟɞˊɞɘɖŰɐ 

UV 

PMMA-C 

Ⱥɛˊɞɟɘəɧ Ŭəɟɡɚɘəɧ ɛŮ ɓɤɝɑŰɖ  CORIAN-C 

ȺɟɔŬůŰɖɟɘŬəɧ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɧ 

ɛŮɗɨɚɘɞ) 

PMMA-L 

ȺɟɔŬůŰɖɟɘŬəɧ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɧ 

ɛŮɗɨɚɘɞ) ɛŮ ůŰŬɗŮɟɞˊɞɘɖŰɐ UV 

PMMA-S-L 
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7 UV ȷȾɇȽɁɃȸɃȿȼɆȼ ɄɃȿɈɀȺɅɋɁ ɈȿȽȾɋɁ 

 

7.1 ɄɟɧŰɡˊɞɠ ɗɎɚŬɛɞɠ ɏəɗŮůɖɠ ɡɚɘəɩɜ ůŮ ŬəŰɘɜɞɓɞɚɑŬ UV 

 

ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɏəɗŮůɖɠ Űɤɜ ɡɚɘəɩɜ ůŮ UV ŬəŰɘɜɞɓɞɚɑŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůɘŭɘəɧɠ ˊɟɧŰɡˊɞɠ ɗɎɚŬɛɞɠ, ɘŭɘɞəŬŰŬůəŮɡɐ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ŮˊɘůŰɐɛɖɠ  

əŬɘ ŰŮɢɜɘəɐɠ Űɤɜ ɡɚɘəɩɜ. Ƀɘ ɚɎɛˊŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŬɟɎɔɞɡɜ UV ŬəŰɘɜɞɓɞɚɑŬ 

ɛɐəɞɡɠ əɨɛŬŰɞɠ 302 nm (ɓ ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ), ɞˊɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊɑɜŬəŬ, ɖ 

ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ Ůəˊɏɛˊɞɡɜ ɏɢŮɘ ŮɜɏɟɔŮɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŭɘɎůˊŬůɖ ŭŮůɛɩɜ O-

H, C-H, C-C.  

 

     
 

    
ɆɢɐɛŬ 6.5: ɄɟɧŰɡˊɞɠ ɗɎɚŬɛɞɠ ɏəɗŮůɖɠ ɡɚɘəɩɜ ůŮ ŬəŰɘɜɞɓɞɚɑŬ UV 

 

 

7.2 ɄŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŬəŰɘɜɞɓɧɚɖůɖɠ 

 

ɇŬ ɡɚɘəɎ ŬəŰɘɜɞɓɞɚɐɗɖəŬɜ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŭɘɎŰŬɝɖ ɛŮ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ 

ŭɘŬŭɘəŬůɑŬ, ɧˊɞɡ əɎɗŮ űɞɟɎ ɞ ɢɟɧɜɞɠ ɏəɗŮůɖɠ əɡɛŬɑɜɞɜŰŬɜ Ŭˊɧ 2 ɏɤɠ ŰɏůůŮɟɘɠ ɩɟŮɠ əŬɘ 

ɡˊɞɚɞɔɑůŰɖəŮ ŬɗɟɞɘůŰɘəɎ. Ʉɟɘɜ Ŭˊɧ əɎɗŮ ŬəŰɘɜɞɓɧɚɖůɖ Űɤɜ ɡɚɘəɩɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɛɏŰɟɖůɖ Űɖɠ ɏɜŰŬůɖɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮ Ůɘŭɘəɧ ɛɖɢɎɜɖɛŬ ůŮ ŰɟŮɘɠ ɗɏůŮɘɠ ɛɏůŬ ůŰɞ 

ɗɎɚŬɛɞ (Ɏəɟɖ - ɛɏůɖ - Ɏəɟɖ) əŬɘ ɖ ɛɏůɖ ɏɜŰŬůɖ ŬəŰɘɜɞɓɧɚɖůɖɠ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ ɐŰŬɜ 

ŬɜŰɑůŰɞɘɢŬ 8,5 -11,5 -5,5 mW/cm
2
. ɄŬɟŬəɎŰɤ ɚŬɛɓɎɜŮŰŬɘ ůŬɜ Űɘɛɐ ɏɜŰŬůɖɠ ɞ ɛɏůɞɠ ɧɟɞɠ 

ůŰɖ ɛŮůŬɑŬ ɗɏůɖ ɧˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ŭɖɚ. 11,5 mW/cm
2
 . ɆŰɖ ůɡɜɏɢŮɘŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ əɎɗŮ ŬəŰɘɜɞɓɧɚɖůɖ ɛɏŰɟɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɧˊɞɡ  əɡɛŬɑɜɞɜŰŬɜ 

ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŭɤɛŬŰɑɞɡ ˊɞɡ ɐŰŬɜ ˊɎɜŰŬ ůŮ 

ɎɛŮůɖ ŮˊŬűɐ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŮɝɤŰŮɟɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ŮˊɖɟɏŬɕŮ ůɖɛŬɜŰɘəɎ 

Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɗŮɟɛɞəɟŬůɑŬ ŮɜŰɧɠ Űɞɡ ɗŬɚɎɛɞɡ Űɖɠ ŭɘɎŰŬɝɖɠ. ɀŮŰɎ Ŭˊɧ əŬŰŬɔɟŬűɐ Űɖɠ 

əɎɗŮ ɗŮɟɛɞəɟŬůɑŬɠ ɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ ɛɏůŬ ůŰɞ ɗɎɚŬɛɞ ɐŰŬɜ 

32,535ęC.ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛɧɜɞ ɞɘ ŰɟŮɘɠ Ůə Űɤɜ ˊɏɜŰŮ 

ɚŬɛˊŰɐɟɤɜ UV ɚɧɔɤ Ŭɡɝɖɛɏɜɞɡ əɘɜŭɨɜɞɡ ɡˊŮɟɗɏɟɛŬɜůɖɠ Űɖɠ ŭɘɎŰŬɝɖɠ Ŭűɞɨ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŰŬɡŰɧɢɟɞɜɖɠ ɢɟɐůɖɠ əŬɘ Űɤɜ ˊɏɜŰŮ ɚŬɛˊŰɐɟɤɜ ɖ ɗŮɟɛɞəɟŬůɑŬ ɝŮˊŮɟɜɞɨůŮ 

Űɞɡɠ 55ęC. ɇŬ ŭɞəɑɛɘŬ ɛŮŰɎ Űɖɜ ɛɏŰɟɖůɖ Űɖɠ ɏɜŰŬůɖɠ əŬɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

ŰɞˊɞɗŮŰɞɨɜŰŬɜ ůŰɖɜ ůŮɘɟɎ ůŮ Ůɘŭɘəɐ ɟɎɔŬ ɛɏůŬ ůŰɞ ɗɎɚŬɛɞ (ůɢɐɛŬ 6.5) əŬɘ ůŮ əɎɗŮ 
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ŬəŰɘɜɞɓɧɚɖůɖ ɖ ůŮɘɟɎ Űɤɜ ŭɞəɘɛɑɤɜ ɛŮŰŬɓɎɚɚɞɜŰŬɜ, ɛˊŬɑɜɞɜŰŬɠ ˊɎɜŰŬ Űɞ ŰŮɚŮɡŰŬɑɞ Ŭˊɧ 

ŭŮɝɘɎ ˊɟɩŰɞ ɩůŰŮ ɧɚŬ ŰŬ ŭɞəɑɛɘŬ ɜŬ ɡˊɞɓɚɖɗɞɨɜ ŰŮɚɘəɎ ůŰɖɜ ɑŭɘŬ ɏɜŰŬůɖ ŬəŰɘɜɞɓɞɚɑŬɠ 

əŬɗɩɠ  ŬɡŰɐ ɛŮŰŬɓɎɚɚŮŰŬɘ Ŭˊɧ Űɖɜ Ɏəɟɖ ˊɟɞɠ Űɞ əɏɜŰɟɞ Űɞɡ ɗŬɚɎɛɞɡ, ɧˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ɖ ɛɏɔɘůŰɖ ɏɜŰŬůɖ. ɉŬɟŬəŰɖɟɘůŰɘəɞɑ ůŰŬɗɛɞɑ ɛŮŰɟɐůŮɤɜ ɐŰŬɜ ɞɘ 18, ɞɘ 36 əŬɘ ɞɘ 48 ɩɟŮɠ. 

ɇŬ ŭɞəɑɛɘŬ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɡɚɘəɩɜ ˊɞɡ ŬəŰɘɜɞɓɞɚɐɗɖəŬɜ ɛŮ UV ŬəŰɘɜɞɓɞɚɑŬ 

ŮɑɜŬɘ: 

A. ȺɛˊɞɟɘəɎ ŭɞəɑɛɘŬ: 

1. ɄɞɚɡŮůŰɏɟŬɠ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ ɛɐəɞɡɠ 10,160cm, ˊɚɎŰɞɡɠ 1,575cm əŬɘ ˊɎɢɞɡɠ 

0,095 cm. 

2. ɄɞɚɡəŬɟɓɞɜɘəɧ ɛɐəɞɡɠ 7,885cm, ˊɚɎŰɞɡɠ 1,550cm əŬɘ ˊɎɢɞɡɠ 0,590cm. 

3. Plexiglass ɛɐəɞɡɠ 7,990cm, ˊɚɎŰɞɡɠ 1,580cm əŬɘ ˊɎɢɞɡɠ 0,495 cm. 

4. Corian ɛɐəɞɡɠ 9,980cm, ˊɚɎŰɞɡɠ 0,790cm əŬɘ ˊɎɢɞɡɠ 1,215 cm. 

B. EɟɔŬůŰɖɟɘŬəɎ ɡɛɏɜɘŬ (űɘɚɛ): 

1. ɈɛɏɜɘŬ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ) (PMMA) ɛɐəɞɡɠ 6,50cm, ˊɚɎŰɞɡɠ 0,960cm 

əŬɘ ˊɎɢɞɡɠ 1,012 cm. 

2. ɈɛɏɜɘŬ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ) (PMMA)+TINUVIN-144/Ciba Geigy ɛɐəɞɡɠ 

6,50cm, ˊɚɎŰɞɡɠ 0,960cm əŬɘ ˊɎɢɞɡɠ 1,012 cm. 

 

 

 
ȺɘəɧɜŬ 6.1 , 6.2: ɈɚɘəɎ ˊɞɡ ŬəŰɘɜɞɓɞɚɐɗɖəŬɜ Ŭˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ: 1. Corian, 2. 

ɄɞɚɡəŬɟɓɞɜɘəɧ, 3. ɄɚɏɝɘɔəɚŬɠ, 4. ɄɞɚɡŮůŰɏɟŬɠ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ. ȷɟɘůŰŮɟɎ ŮɑɜŬɘ ˊɟɘɜ Űɖɜ 
ŬəŰɘɜɞɓɧɚɖůɖ əŬɘ ŭŮɝɘɎ ŮɑɜŬɘ ɛŮŰɎ Ŭˊɧ 48h. 

 

 

 
       ȺɘəɧɜŮɠ 6.3 , 6.4: ɈɛɏɜɘŬ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ) ŬɟɘůŰŮɟɎ ˊɟɘɜ əŬɘ ŭŮɝɘɎ ɛŮŰɎ Űɖɜ 

ŬəŰɘɜɞɓɧɚɖůɖ ( 5,7: ɈɛɏɜɘŬ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ), 6,8: ɈɛɏɜɘŬ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɞɨ 
ɛŮɗɡɚɑɞɡ) + ůŰŬɗŮɟɞˊɞɘɖŰɐɠ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ) 
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8 ɉȷɅȷȾɇȼɅȽɆɀɃɆ ɀȺ ūȷɆɀȷɇɃɀȺɇɅȽȷ ɈɄȺɅɈŪɅɃɈ (FTIR) 

 

8.1 ȷɟɢɐ Űɖɠ ɛŮɗɧŭɞɡ FTIR 

ȼ űŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɨɗɟɞɡ (IR), ŬɜɐəŮɘ ůŰɘɠ ɞˊŰɘəɏɠ ɛŮɗɧŭɞɡɠ ŬɜɎɚɡůɖɠ əŬɘ 

ŮɑɜŬɘ ɛɑŬ Ŭˊɧ Űɘɠ əŬɚɨŰŮɟŮɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɛɞɟɘŬəɐɠ ŭɞɛɐɠ əŬɘ 

ŰŬɡŰɞˊɞɑɖůɖɠ ɞɟɔŬɜɘəɩɜ (əɡɟɑɤɠ), ŬɚɚɎ əŬɘ ŬɜɧɟɔŬɜɤɜ ŮɜɩůŮɤɜ, ɛŮ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ 

ůŰɖɜ ɃɟɔŬɜɘəɐ əŬɘ ūŬɟɛŬəŮɡŰɘəɐ ɉɖɛŮɑŬ, ůŰɖ ūŬɟɛŬəɞɔɜɤůɑŬ əŬɘ ůŰɖɜ ŬɜɎɚɡůɖ 

űŬɟɛɎəɤɜ, ˊŮŰɟŮɚŬɘɞŮɘŭɩɜ, ˊɞɚɡɛŮɟɩɜ, əɚˊ. Ⱥˊɑůɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊŮɟɘɞɟɘůɛɏɜŬ əŬɘ 

ɔɘŬ ˊɞůɞŰɘəɏɠ ŬɜŬɚɨůŮɘɠ, əŬɗɩɠ Űɞ ɛɏɔŮɗɞɠ Űɤɜ  əɞɟɡűɩɜ Ŭˊɞɟɟɧűɖůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɖɜ ˊɞůɧŰɖŰŬ Űɖɠ ɏɜɤůɖɠ ůŰɞ ŭŮɑɔɛŬ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ. 

ɇɞ ɡˊɏɟɡɗɟɞ űɎůɛŬ Ůɜɧɠ ɡɚɘəɞɨ, ŬˊɞŰŮɚŮɑ Űɖɜ ŰŬɡŰɧŰɖŰɎ Űɞɡ, əŬɗɩɠ ɞɘ əɞɟɡűɏɠ 

Ŭˊɞɟɟɧűɖůɖɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ůɡɢɜɧŰɖŰŮɠ ɛɞɟɘŬəɩɜ ŭɞɜɐůŮɤɜ Űɞɡ ɡɚɘəɞɨ. 

ȼ ɡˊɏɟɡɗɟɖ ˊŮɟɘɞɢɐ Űɞɡ űɎůɛŬŰɞɠ ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ Űɖɠ ɞɟŬŰɐɠ ˊŮɟɘɞɢɐɠ əŬɘ Űɖɠ 

ˊŮɟɘɞɢɐɠ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ əŬɚɨˊŰŮɘ Űɞ űɎůɛŬ Ŭˊɧ 13300-10cm
-1
. ȹɘŬəɟɑɜŮŰŬɘ ůŮ 

ŰɟŮɘɠ ˊŮɟɘɞɢɏɠ: 

 ɇɞ Ůɔɔɨɠ ɡˊɏɟɡɗɟɞ (13300-4000 cm
-1
) 

 ɇɞ ɛɏůɞ ɡˊɏɟɡɗɟɞ (4000-400 cm
-1
) 

 ɇɞ Ɏˊɤ ɡˊɏɟɡɗɟɞ (400-10 cm
-1
) 

Ɇɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɏůɞ ɡˊɏɟɡɗɟɞ, əŬɗɩɠ ŰŬ ɎŰɞɛŬ ŭɞɜɞɨɜŰŬɘ ɛŮ 

ůɡɢɜɧŰɖŰŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ. ɇɞ ɛɏůɞ ɡˊɏɟɡɗɟɞ, ɡˊɞŭɘŬɘɟŮɑŰŬɘ ůŮ ŭɨɞ ˊŮɟɘɞɢɏɠ, Űɖɜ 

ˊŮɟɘɞɢɐ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɞɛɎŭɤɜ (4000-1250 cm
-1
) əŬɘ Űɖɜ ˊŮɟɘɞɢɐ Űɤɜ 

ŬˊɞŰɡˊɤɛɎŰɤɜ (1250-400 cm
-1
). ȼ ˊɟɩŰɖ ˊŮɟɘɞɢɐ ɢŬɟŬəŰɖɟɑɕŮɘ Ůɘŭɘəɏɠ ŭɟŬůŰɘəɏɠ ɞɛɎŭŮɠ 

əŬɘ ŮɑɜŬɘ ůɢŮŰɘəɎ ŬɜŮɝɎɟŰɖŰɖ Űɖɠ ůɨůŰŬůɖɠ Űɞɡ ɡˊɧɚɞɘˊɞɡ ɛɞɟɑɞɡ, Ůɜɩ ɖ ŭŮɨŰŮɟɖ 

ɢŬɟŬəŰɖɟɑɕŮɘ Űɞ ɛɧɟɘɞ ɤɠ ůɨɜɞɚɞ. 

 

 
ɆɢɐɛŬ 7.1: ȷɜŰɘůŰɞɘɢɑŬ əɡɛŬŰŬɟɘɗɛɩɜ ɛŮ ůŰɞɘɢŮɑŬ əŬɘ ŭŮůɛɞɨɠ 

 

ȼ ŮɡɟŮɑŬ ɢɟɐůɖ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ ɡˊŮɟɨɗɟɞɡ ɛŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier, 

ɓŬůɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ůɢŮŭɧɜ ɧɚŬ ŰŬ ɛɧɟɘŬ Ŭˊɞɟɟɞűɞɨɜ Űɞ ɡˊɏɟɡɗɟɞ űɎůɛŬ, ŮəŰɧɠ 

Ŭˊɧ ŰŬ ɛɞɜɞŬŰɞɛɘəɎ əŬɘ ŰŬ ɞɛɞɘɞˊɞɚɘəɎ ŭɘŬŰɞɛɘəɎ ɛɧɟɘŬ ɧˊɤɠ H2, N2, O2. ɇŬ ɛɧɟɘŬ, 

Ŭˊɞɟɟɞűɞɨɜ Űɖɜ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ ɛɧɜɞ ɧŰŬɜ ŭɞɜɞɨɜŰŬɘ əŬŰɎ ŰɏŰɞɘɞɜ Űɟɧˊɞ, ɩůŰŮ ɖ 

ŭɘˊɞɚɘəɐ ɟɞˊɐ Űɞɡɠ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɞɜɐůŮɤɠ. ɇŬ ɛɧɟɘŬ ɛŮ 

ŭɘˊɞɚɘəɐ ɟɞˊɐ, ŮˊɘŰɟɏˊɞɡɜ ůŰŬ űɤŰɧɜɘŬ ɜŬ ŬɚɚɖɚŮˊɘŭɟɎůɞɡɜ ɛŮ ŬɡŰɎ, ˊɟɞəŬɚɩɜŰŬɠ Űɖ 

ŭɘɏɔŮɟůɖ Űɞɡɠ ůŮ ɡɣɖɚɧŰŮɟŮɠ ŮɜŮɟɔŮɘŬəɏɠ ůŰɎɗɛŮɠ ŭɧɜɖůɖɠ ɐ ˊŮɟɘůŰɟɞűɐɠ. ȳůɞ 

ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŭɘˊɞɚɘəɐɠ ɟɞˊɐɠ, Űɧůɞ ɘůɢɡɟɧŰŮɟɖ ŮɑɜŬɘ əŬɘ ɖ 

Ŭˊɞɟɟɧűɖůɖ. ɇŬ ɞɛɞɘˊɞɚɘəɎ ŭɘŬŰɞɛɘəɎ əŬɘ ŰŬ ɛɞɜɞŬŰɞɛɘəɎ ɛɧɟɘŬ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ 

ŭɘˊɞɚɘəɐ ɟɞˊɐ əŬɗɩɠ ůŰŬ ɛŮɜ ˊɟɩŰŬ ŰŬ ɖɚŮəŰɟɞɜɘŬəɎ ŰɟɞɢɘŬəɎ Űɞɡɠ ŮɑɜŬɘ ɑůŬ, Ůɜɩ ŰŬ 

ŭŮɨŰŮɟŬ ɏɢɞɡɜ ɛɧɜɞ ɏɜŬ ɎŰɞɛɞ. 

ɆŰŬ ˊɞɚɡŬŰɞɛɘəɎ ɛɧɟɘŬ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ ŭɧɜɖůɖɠ Űɤɜ ŬŰɧɛɤɜ ɞɘ ɞˊɞɑɞɘ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ: 

 ȹɞɜɐůŮɘɠ ŰɎůɖɠ (stretching vibrations): ŮɑɜŬɘ ŬɡŰɏɠ əŬŰɎ Űɘɠ ɞˊɞɑŮɠ ŭɨɞ 

ůɡɜŭŮŭŮɛɏɜŬ ɎŰɞɛŬ ˊɎɚɚɞɜŰŬɘ ůɡɜɏɢŮɘŬ, ɛŮŰŬɓɎɚɚɞɜŰŬɠ Űɖ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ 

ɢɤɟɑɠ ɧɛɤɠ ɜŬ ŬɚɚɎɝɞɡɜ Űɞɜ ɎɝɞɜŬ ɐ Űɘɠ ɔɤɜɑŮɠ ŭŮůɛɞɨ. ɈˊɎɟɢɞɡɜ ŮɑŰŮ 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
 

                  ɄŮŰɟɞɨɚŬ ɀˊɞɡůɛˊɞɡɟɏɚɖ                                                                                                    73 
 

ɛŮɛɞɜɤɛɏɜŮɠ ŭɞɜɐůŮɘɠ, ˊ.ɢ. ɞ ŭŮůɛɧɠ O-H, ŮɑŰŮ ůɡɕŮɡɔɛɏɜŮɠ, ˊ.ɢ. ɛŮɗɡɚɏɜɘɞ, ɞɘ 

ɞˊɞɑŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ůɡɛɛŮŰɟɘəɏɠ əŬɘ ŬůɨɛɛŮŰɟŮɠ. Ƀɘ ŭɞɜɐůŮɘɠ ŰɎůɖɠ ŬˊŬɘŰɞɨɜ 

ɛŮɔŬɚɨŰŮɟŮɠ ŮɜɏɟɔŮɘŮɠ Ŭˊɧ Űɘɠ ŭɞɜɐůŮɘɠ əɎɛɣɖɠ. 

 ȹɞɜɐůŮɘɠ əɎɛɣɖɠ (bending vibrations): ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɑŬ ůɡɜŮɢɐ ɛŮŰŬɓɞɚɐ 

Űɖɠ ɔɤɜɑŬɠ ɛŮŰŬɝɨ ŭɨɞ ŭŮůɛɩɜ. 

 ȹɞɜɐůŮɘɠ ůŮɑůɖɠ (wagging vibrations): ˊŬɟɎɔɞɜŰŬɘ ɧŰŬɜ ɛɑŬ ɛɖ ɔɟŬɛɛɘəɐ ɛɞɜɎŭŬ 

Űɟɘɩɜ ŬŰɧɛɤɜ ˊɎɚɚŮŰŬɘ ŮɜŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ ɘůɞɟɟɞˊɑŬɠ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ ŰŬ 

ɎŰɞɛŬ əŬɘ Űɞɡɠ ŭɨɞ ŭŮůɛɞɨɠ. 

 ȹɞɜɐůŮɘɠ Ŭɘɩɟɖůɖɠ (rocking vibrations): ůɡɛɓŬɑɜɞɡɜ ɧŰŬɜ ɖ ɑŭɘŬ ŭɞɛɘəɐ ɛɞɜɎŭŬ 

ˊɎɚɚŮŰŬɘ ŮəŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ ɘůɞɟɟɞˊɑŬɠ. 

 ȹɞɜɐůŮɘɠ ůɡůŰɟɞűɐɠ (twisting vibrations): ůɡɛɓŬɑɜɞɡɜ ɧŰŬɜ ɖ ɑŭɘŬ ŭɞɛɘəɐ ɛɞɜɎŭŬ 

ˊŮɟɘůŰɟɏűŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞ ŭŮůɛɧ ˊɞɡ Űɖ ůɡɜŭɏŮɘ ɛŮ Űɞ ɡˊɧɚɞɘˊɞ ŰɛɐɛŬ Űɞɡ 

ɛɞɟɑɞɡ. 

 ȹɞɜɐůŮɘɠ ɣŬɚɘŭɘɞɨ ɐ ˊŬɟŬɛɧɟűɤůɖɠ (scissoring or deformation vibrations): 

ˊŬɟɎɔɞɜŰŬɘ ɧŰŬɜ ŭɨɞ ɛɖ ůɡɜŭŮɧɛŮɜŬ ɎŰɞɛŬ əɘɜɞɨɜŰŬɘ ɛˊɟɞɠ ˊɑůɤ əŬɘ ˊɟɞɠ Űɖ 

ɛŮŰŬɝɨ Űɞɡɠ ŭɘŮɨɗɡɜůɖ. 

 

 
ɆɢɐɛŬ 7.2: Ⱥɑŭɖ ɛɞɟɘŬəɩɜ ŭɞɜɐůŮɤɜ. ɇɞ (+) ɡˊɞŭɖɚɩɜŮɘ əɑɜɖůɖ Ŭˊɧ Űɖɜ 

ůŮɚɑŭŬ ˊɟɞɠ Űɞɜ ŬɜŬɔɜɩůŰɖ əŬɘ Űɞ (-) Ŭˊɧ Űɞɜ ŬɜŬɔɜɩůŰɖ ůŰɖɜ ůŮɚɑŭŬ 

 

ȷɜ ˊŮɟɎůɞɡɜ Ŭˊɧ ɏɜŬ ŭŮɑɔɛŬ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, 

ɗŬ ŮɛűŬɜɘůŰɞɨɜ ůŰɞ IR űɎůɛŬ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɕɩɜŮɠ Ŭˊɞɟɟɧűɖůɖɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞɡɠ 

ˊŬɟŬˊɎɜɤ Űɟɧˊɞɡɠ ŭɧɜɖůɖɠ əŬɘ ɗŬ ˊɟɞəɨɣɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ űɨůɖ Űɤɜ ŬŰɧɛɤɜ ůŰɞ 

ɛɧɟɘɞ, Űɖ ŭɘɎŰŬɝɐ Űɞɡɠ ůŰɞ ɢɩɟɞ əŬɘ Űɘɠ ɢɖɛɘəɏɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŰŬ ůɡɜŭɏɞɡɜ. 

 

8.2 ɃɟɔŬɜɞɚɞɔɑŬ Űɖɠ ůɡůəŮɡɐɠ FTIR  
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ɇŬ űŬůɛŬŰɧɛŮŰɟŬ FTIR ŮɛűŬɜɑůŰɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1970. 

ȺɑɜŬɘ űŬůɛŬŰɧɛŮŰɟŬ Ŭˊɚɐɠ ŭɏůɛɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɤɠ ɛɞɜɞɢɟɤɛɎŰɞɟŬ ɏɜŬ 

ůɡɛɓɞɚɧɛŮŰɟɞ Űɨˊɞɡ Michelson, ˊɞɡ ŰɞˊɞɗŮŰŮɑŰŬɘ ɛŮŰŬɝɨ Űɖɠ ˊɖɔɐɠ əŬɘ Űɞɡ  ŭŮɑɔɛŬŰɞɠ 

əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɑŬ ˊɖɔɐ, ɏɜŬɜ ŬɜɘɢɜŮɡŰɐ, ɏɜŬ ŭɘŬɢɤɟɘůŰɐ ŬəŰɘɜɞɓɞɚɑŬɠ, ŭɨɞ əŬɗɟɏűŰŮɠ 

əŬɘ ɚɞɔɘůɛɘəɧ. 

 ɆŰɞ űŬůɛŬŰɧɛŮŰɟɞ FTIR, ɖ ŬəŰɘɜɞɓɞɚɑŬ Ŭˊɧ Űɖɜ ˊɖɔɐ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŮ ɛɑŬ 

ŭɏůɛɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ əɞɑɚɞɡ əŬŰɧˊŰɟɞɡ əŬɘ ˊɟɞůˊɑˊŰŮɘ ůŮ ɏɜŬ ŭɘŬɢɤɟɘůŰɐ ŭɏůɛɖɠ 

ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ űɑɚɛ ɔŮɟɛŬɜɑɞɡ ůŮ ɡˊɧůŰɟɤɛŬ KBr, ŭɘŬˊŮɟŬŰɧ ůŰɞ əɡɟɑɤɠ IR. 

ȿɧɔɤ Űɖɠ ɖɛɘŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Űɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŭɨɞ ŭɏůɛŮɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɖ ɛɑŬ 

ˊɟɞůəɟɞɨŮɘ ( ŬɜŬəɚɎŰŬɘ) ůŮ ɏɜŬ ůŰŬɗŮɟɧ əɎŰɞˊŰɟɞ əŬɘ ɖ Ɏɚɚɖ ŬɜŬəɚɎŰŬɘ ůŮ ɏɜŬ əɘɜɖŰɧ 

əɎŰɞˊŰɟɞ, Űɞɡ ɞˊɞɑɞɡ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ŬˊɧůŰŬůɖ əŬŰɎ ɚɑɔŬ mm Ŭˊɧ Űɞ ŭɘŬɢɤɟɘůŰɐ 

ŭɏůɛɖɠ.  ɀŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ Laser HeNe, ɛŮŰɟɘɏŰŬɘ ŮˊŬəɟɘɓɩɠ ɖ ɗɏůɖ Űɞɡ əɘɜɞɨɛŮɜɞɡ 

əŬŰɧˊŰɟɞɡ. ȼ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ŭɏůɛŮɠ ɧŰŬɜ ŮˊɘůŰɟɏɣŮɘ ůŰɞ ŭɘŬɢɤɟɘůŰɐ 

ŭɘŬɢɤɟɑɕŮŰŬɘ Ůə ɜɏɞɡ ůŮ ŭɨɞ ɛɏɟɖ ( ɏɜŬ ˊɞɡ Űɞɜ ŭɘŬˊŮɟɜɎ əŬɘ ɏɜŬ ˊɞɡ ŬɜŬəɚɎŰŬɘ), ŰŬ 

ɞˊɞɑŬ ɏɢɞɡɜ Űɞ ɏɜŬ ŰɏŰŬɟŰɞ Űɖɠ ɘůɢɨɞɠ Űɖɠ ŮəˊŮɛˊɧɛŮɜɖɠ Ŭˊɧ Űɖɜ ˊɖɔɐ ŭɏůɛɖɠ. ȾŬŰɧˊɘɜ, 

ɖ ŭɏůɛɖ, ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ůŰŬɗŮɟɧ əɎŰɞˊŰɟɞ əŬɘ ŭɘŬˊŮɟɜɎ Űɞɜ ŭɘŬɢɤɟɘůŰɐ əŬɘ ɖ 

ŭɏůɛɖ, ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ əɘɜɞɨɛŮɜɞ əɎŰɞˊŰɟɞ əŬɘ ŬɜŬəɚɎŰŬɘ ůŰɞ ŭɘŬɢɤɟɘůŰɐ 

ŮɜɩɜɞɜŰŬɘ, ŭɘŬůɢɑɕɞɡɜ Űɞ ŭŮɑɔɛŬ əŬɘ ˊɟɞůəɟɞɨɞɡɜ ɤɠ ůɨɜɞɚɞ ůŰɞɜ ŬɜɘɢɜŮɡŰɐ. Ƀ 

ŬɜɘɢɜŮɡŰɐɠ ɛŮŰŬŰɟɏˊŮɘ Űɞ ůɐɛŬ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ ɖɚŮəŰɟɘəɧ ůɐɛŬ. ɀɏůɤ Űɞɡ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Fourier ŰŬ ůɐɛŬŰŬ ŬɜŬɚɨɞɜŰŬɘ ɏŰůɘ ɩůŰŮ ɜŬ ˊŬɟɞɡůɘŬůɗɞɨɜ  ɛŮ Űɖ 

ɛɞɟűɐ űɎůɛŬŰɞɠ. 

ɆŰŬ ˊŬɟŬəɎŰɤ ůɢɐɛŬŰŬ űŬɑɜɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ɧɟɔŬɜŬ Űɞɡ űŬůɛŬŰɧɛŮŰɟɞɡ FTIR. 

 

 
ɆɢɐɛŬ 8.3: ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɘɜŰŮɟűŮɟɧɛŮŰɟɞɡ Michelson 
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ɆɢɐɛŬ 8.4: ȷɟɘůŰŮɟɎ: ȺɝɤŰŮɟɘəɐ Ɏˊɞɣɖ Űɞɡ FTIR ůˊŮəŰɟɧɛŮŰɟɞɡ Bruker IFS 66v/S 

(A) ŪɎɚŬɛɞɠ ŭŮɑɔɛŬŰɞɠ, (ȸ) ŪɎɚŬɛɞɠ ɘɜŰŮɟűŮɟɧɛŮŰɟɞɡ, (ũ) ɀɞɜɎŭŬ Laser, 

(ȹ) ȼɚŮəŰɟɞɜɘəɐ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ, (Ⱥ) ŪɎɚŬɛɞɠ ŬɜɑɢɜŮɡůɖɠ, 

ȹŮɝɘɎ: ɆɢɖɛŬŰɘəɐ ŮůɤŰŮɟɘəɐ Ɏˊɞɣɖ. 
 

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ űŬůɛŬŰɧɛŮŰɟɞɡ FTIR ŮɑɜŬɘ ŰŬ ˊŬɟŬəɎŰɤ: 

 ɇŬɢɨŰɡŰŬ: ɧɚŮɠ ɞɘ ůɡɢɜɧŰɖŰŮɠ ɛŮŰɟɘɞɨɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɞɡ űɎůɛŬŰɞɠ ɚɑɔŬ ŭŮɡŰŮɟɧɚŮˊŰŬ. 

 ȺɡŬɘůɗɖůɑŬ: ɞɘ ŬɜɘɢɜŮɡŰɏɠ ŮɑɜŬɘ ˊɘɞ ŮɡŬɑůɗɖŰɞɘ, ŰŬ ŮˊɑˊŮŭŬ ɗɞɟɨɓɞɡ ɛɘəɟɧŰŮɟŬ əŬɘ 
ɞɘ ŰŬɢŮɑŮɠ ůŬɟɩůŮɘɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ˊɟɞůɗɐəɖ əŬɘ Űɖ ůɨəɟɘůɖ ˊɞɚɚŬˊɚɩɜ 

ůŬɟɩůŮɤɜ ɔɘŬ ɛŮɑɤůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ŰɡɢŬɑɞɡ ɗɞɟɨɓɞɡ. 

 ɀɖɢŬɜɘəɐ ŬˊɚɞɨůŰŮɡůɖ: ɇɞ əɘɜɞɨɛŮɜɞ əɎŰɞˊŰɟɞ Űɞɡ ůɡɛɓɞɚɧɛŮŰɟɞɡ ŮɑɜŬɘ Űɞ 
ɛɧɜɞ əɘɜɖŰɧ ŮɝɎɟŰɖɛŬ Űɞɡ ɞɟɔɎɜɞɡ,  ɏŰůɘ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ɛɘəɟɐ ŭɡɜŬŰɧŰɖŰŬ 

ɛɖɢŬɜɘəɩɜ ɓɚŬɓɩɜ. 

 ȺůɤŰŮɟɘəɐ ɓŬɗɛɞɜɧɛɖůɖ: ɇɞ űŬůɛŬŰɧɛŮŰɟɞ FTIR ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ laser HeNe 

ɤɠ ŮůɤŰŮɟɘəɧ ˊɟɧŰɡˊɞ ɓŬɗɛɞɜɧɛɖůɖɠ Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ. 

 ȼ ɔɟɐɔɞɟɖ ˊɞɘɞŰɘəɐ ŬɜɎɚɡůɖ ŭɘŬűɧɟɤɜ ˊɞɚɨˊɚɞəɤɜ ůŰŮɟŮɩɜ, ɡɔɟɩɜ ɐ Ŭɏɟɘɤɜ 
ɛɘɔɛɎŰɤɜ 

 ȼ ŬˊŬɑŰɖůɖ ɛɘəɟɐɠ ˊɞůɧŰɖŰŬɠ ŭŮɑɔɛŬŰɞɠ 

 ɇɞ ɢŬɛɖɚɧɠ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ, Űɖɠ ŰɎɝɖɠ Űɤɜ 10ppb 

 ȼ ɛŮɚɏŰɖ ɡŭŬŰɘəɩɜ ŭɘŬɚɡɛɎŰɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮŰŬɝɨ 950 əŬɘ 1550cm
-1
 

 ȼ ɛŮɚɏŰɖ ɡˊɏɟɡɗɟɤɜ űŬůɛɎŰɤɜ ɛɞɜɩɜ əɟɡůŰɎɚɚɤɜ 

 ȼ ŭɞɜɖŰɘəɐ ŬɜɎɚɡůɖ əɚˊ. 

 

 

 

8.3 ɄŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ  

  

 ȷɟɢɘəɎ, ɚŬɛɓɎɜŮŰŬɘ ɞɟɘůɛɏɜɖ ˊɞůɧŰɖŰŬ ɓɟɤɛɘɞɨɢɞɡ əŬɚɑɞɡ (KBr), ɖ ɞˊɞɑŬ 

əɞɜɘɞˊɞɘŮɑŰŬɘ ůŮ ɔɞɡŭɑ Ŭˊɧ ŬɢɎŰɖ əŬɘ ɝɖɟŬɑɜŮŰŬɘ ɔɘŬ ŬɟəŮŰɏɠ ɩɟŮɠ ůŰɞɡɠ 110ęC. ȼ 

ɝɐɟŬɜůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ, ŭɘɧŰɘ ˊɞůɧŰɖŰŬ ɡɔɟŬůɑŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ˊŬɟŬɛŮɑɜŮɘ, 

ŭɖɛɘɞɡɟɔŮɑ ˊɟɧɓɚɖɛŬ ůŰɖ ɚɐɣɖ Űɤɜ űŬůɛɎŰɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞ űɎůɛŬ ŮɛűŬɜɑɕɞɜŰŬɘ 

əɞɟɡűɏɠ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ ɔɘŬ Űɖɜ ɞɛɎŭŬ Űɞɡ ɡŭɟɞɝɡɚɑɞɡ-Ƀȼ, ɞɘ ɞˊɞɑŮɠ ɡˊŮɟəŬɚɨˊŰɞɡɜ 

ŮɜŭŮɢɧɛŮɜŮɠ ɢŬɟŬəŰɖɟɘůŰɖəɏɠ ɕɩɜŮɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖ ɑŭɘŬ ˊŮɟɘɞɢɐ Űɞɡ űɎůɛŬŰɞɠ. 

 ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ɡɚɘəɧ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ŬɜŬɛɘɔɜɨŮŰŬɘ ɛŮ ɞɟɘůɛɏɜɖ ˊɞůɧŰɖŰŬ 

ɓɟɤɛɘɞɨɢɞɡ əŬɚɑɞɡ. ɇɞ ɛɑɔɛŬ ŬɡŰɧ, ɛɞɟűɞˊɞɘŮɑŰŬɘ ůŮ ŰŬɛˊɚɏŰŬ, ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɘŭɘəɐɠ 

ɛɐŰɟŬɠ, ˊɟɏůŬɠ əŬɘ ŬɜŰɚɑŬɠ əŮɜɞɨ, ɧˊɞɡ ůɡɛˊɘɏɕŮŰŬɘ ɡˊɧ ˊɑŮůɖ 10-11 atm əŬɘ Ůˊɑ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ 1-1.5 min. 
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 Ƀɘ ŰŬɛˊɚɏŰŮɠ ˊɞɡ ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ, ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ɝɖɟŬɜŰɐɟŬ ŮɝŬɘŰɑŬɠ Űɖɠ 

ɡɔɟɞůəɞˊɘəɧŰɖŰŬɠ Űɞɡ KBr, ɛɏɢɟɘ ɜŬ ɞŭɖɔɖɗɞɨɜ ůŰɞ űŬůɛŬŰɧɛŮŰɟɞ ɡˊŮɟɨɗɟɞɡ, ɧˊɞɡ 

ɚŬɛɓɎɜɞɜŰŬɘ ŰŬ űŬůɛŬŰɎ Űɞɡɠ. ȼ ůɡůəŮɡɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ ūŬůɛŬŰɧɛŮŰɟɞ 

ɈˊŮɟɨɗɟɞɡ Perkin Elmer Spectrum GX. 

 

 

8.3.1 ɄŬɟŬůəŮɡɐ ŭɘůəɑɤɜ FTIR  

 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ, ˊŬɟŬůəŮɡɎůŰɖəŬɜ ŭɘůəɑŬ Ŭˊɧ KBr ɛŮ Ůɛˊɞɟɘəɧ 

ˊɞɚɡŮůŰɏɟŬ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ, ɛŮ Ůɛˊɞɟɘəɧ ˊɞɚɡəŬɟɓɞɜɘəɧ, ɛŮ Ůɛˊɞɟɘəɧ ˊɚɏɝɘɔəɚŬɠ, ɛŮ 

corian əŬɘ ɛŮ ŮɟɔŬůŰɖɟɘŬəɧ űɑɚɛ Ŭˊɧ PMMA ɛŮ ˊɟɞůɗɐəɖ UV ůŰŬɗŮɟɞˊɞɘɖŰɐ əŬɘ ɢɤɟɑɠ. 

ɄŬɟŬůəŮɡɎůŰɖəŮ ɛɑŬ ŰŬɛˊɚɏŰŬ ɔɘŬ əɎɗŮ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ əŬɘ ɛŮŰɎ 

Ŭ́ɟŬůəŮɡɎůŰɖəŬɜ ɛɑŬ ŰŬɛˊɚɏŰŬ ɔɘŬ əɎɗŮ ŭɞəɑɛɘɞ ɛŮŰɎ Ŭˊɧ 18, 36 əŬɘ 48 ɩɟŮɠ UV 

ŬəŰɘɜɞɓɧɚɖůɖɠ. ɆɡɜɞɚɘəɎ ˊŬɟŬůəŮɡɎůŰɖəŬɜ 18 ŰŬɛˊɚɏŰŮɠ. 

Ʉɞɚɨ ɛɘəɟɐ ˊɞůɧŰɖŰŬ Űɞɡ ŮəɎůŰɞŰŮ ŭɞəɘɛɑɞɡ, ŰŮɛŬɢɘůɛɏɜɖ ůŮ ɛɘəɟɎ əɞɛɛɎŰɘŬ, 

ŬɜŬɛɘɔɜɨŮŰŬɘ ɛŮ ˊɞůɧŰɖŰŬ ɓɟɤɛɘɞɨɢɞɡ əŬɚɑɞɡ (ˊŮɟɑˊɞɡ 100-200 mg). ȼ ˊɞůɧŰɖŰŬ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŰŬɛˊɚɏŰŬ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ 

ˊŬɟɎɔɟŬűɞ, əŬɘ ɖ ŰŬɛˊɚɏŰŬ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɏɢŮɘ ŭɘɎɛŮŰɟɞ 13mm əŬɘ ˊɎɢɞɠ 1mm ˊŮɟɑˊɞɡ. 

 

8.3.2 ȷˊɞŰŮɚɏůɛŬŰŬ FTIR 

 

ɄŬɟŬəɎŰɤ ɓɚɏˊɞɡɛŮ ŰŬ ůɡɔəɟɘŰɘəɎ űɎůɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ (FTIR) ɧɚɤɜ Űɤɜ 

ŭɞəɘɛɑɤɜ  Űɞɡ ˊɞɚɡŮůŰɏɟŬ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ, Űɞɡ ˊɞɚɡəŬɟɓɞɜɘəɞɨ, ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɞɨ 

ɛŮɗɨɚɘɞɡ) (PMMA) ɛŮ əŬɘ ɢɤɟɑɠ ůŰŬɗŮɟɞˊɞɘɖŰɐ UV əŬɘ Űɞɡ corian, ˊɞɡ 

ŬəŰɘɜɞɓɞɚɐɗɖəŬɜ ɛŮ UV ŬəŰɘɜɞɓɞɚɑŬ, ůŰɘɠ 0h, 18h, 36h əŬɘ 48h ŬɜŰɑůŰɞɘɢŬ əŬɗɩɠ əŬɘ ŰŬ 

űɎůɛŬŰŬ ůɨɔəɟɘůɖɠ Űɞɡ Ůɛˊɞɟɘəɞɨ ˊɚɏɝɘɔəɚŬɠ əŬɘ Űɞɡ ŮɟɔŬůŰɖɟɘŬəɞɨ ɡɛŮɜɑɞɡ PMMA 

ɢɤɟɑɠ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ UV ŬəŰɘɜɞɓɞɚɑŬɠ. ȷɜŬɚɡŰɘəɎ ŰŬ Ůˊɘɛɏɟɞɡɠ űɎůɛŬŰŬ Űɤɜ ɡɚɘəɩɜ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ˊŬɟɎɟŰɖɛŬ. 
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ɆɢɐɛŬ 8.5: ūɎůɛŬ FTIR, ůŰŬɗŮɟɞˊɞɘɖŰɐ UV TINUVIN 144 [28]. 
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ɆɢɐɛŬ 8.6: ūɎůɛŬŰŬ FTIR ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ ˊɚɏɝɘɔəɚŬɠ, 

ɛŮŰɎ Ŭˊɧ 0, 18,36 əŬɘ 48h UV, ŬəŰɘɜɞɓɧɚɖůɖ. 
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ɄɑɜŬəŬɠ 8-1 .  ɄŬɟŬŰɖɟɞɨɛŮɜɞɘ əɡɛŬŰŬɟɘɗɛɞɑ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ Űɞ  ˊɚɏɝɘɔəɚŬɠ (PMMA -C) 

 

ɉŬɟŬəŰɖɟɘůŰɘəɐ ɞɛɎŭŬ əŬɘ əɡɛŬŰŬɟɘɗɛɧɠ 

Ŭˊɞɟɟɧűɖůɖɠ  (cm
-1
)Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ {23] 

 

PMMA-C 

 

ȾɡɛŬŰŬɟɘɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ 

(cm
-1
) 

1 ȹɞɜɐůŮɘɠ ŮűŮɚəɡůɛɞɨ ɛŮɗɡɚŮůŰɏɟŬ (2.995, 

2.948, 3.024) 

3000 m/sh 

2 >CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

ŬɚŮɘűŬŰɘəɎ ŰɛɐɛŬŰŬ 

(2980-2950) 2954 s/sh 

 

 

>CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

əɡəɚɘəɎ əŬɘ ɔɟŬɛɛɘəɎ 

ŰɛɐɛŬŰŬ 

(2890-2850) 2850 w/sh 

4 (>C=O) ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1733) 1739 s/sh 

5 C=C ŭɞɜɐůŮɘɠ ŰɎůɖɠ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(1600,1580,1500) 

1639 w/br 

6 C-C ŭɞɜɐůŮɘɠ ŰɎůɖɠ Űɞɡ ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ 

(1480-1400) 

1459 w/br 

7 CH3 ůɡɛɛŮŰɟɘəɐ ŭɧɜɖůɖ əɎɛɣɖɠ (1390-1370) 1392 m/sh 

8 Csp3-O (ŮůŰɏɟŬɠ) (1330-1200) 1249 w/br 

9 Csp3-O (Ŭɚəɞɧɚɖ) (1200-1100) 1201, 1155 w/br 

10 C-H ŭɞɜɐůŮɘɠ óin planeô (1080-1036) 1076 w/br 

11 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 

ɛŮɛɞɜɤɛɏɜɤɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(876) 

844 s/sh 

12 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 3 ɐ 

4 ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (750) 

754 s/sh 

13 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 5 

ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (666) 

(700) 

670 w/sh 

* ȺˊŮɝɐɔɖůɖ ɢŬɟŬəŰɖɟɘůɛɩɜ ɏɜŰŬůɖɠ əɞɟɡűɐɠ w=weak/ŬůɗŮɜɐɠ, 

m=medium/ɛɏŰɟɘŬ, s=strong/ŭɡɜŬŰɐ, sh=sharp/ɞɝŮɑŬ,  br=broad/ŮɡɟŮɑŬ 
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ɆɢɐɛŬ 8.7: ūɎůɛŬŰŬ FTIR ɔɘŬ Űɞɜ Ůɛˊɞɟɘəɧ ˊɞɚɡŮůŰɏɟŬ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ, 
ɛŮŰɎ Ŭˊɧ 0, 18,36 əŬɘ 48h UV, ŬəŰɘɜɞɓɧɚɖůɖ. 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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ɄɑɜŬəŬɠ 8-2 .  ɄŬɟŬŰɖɟɞɨɛŮɜɞɘ əɡɛŬŰŬɟɘɗɛɞɑ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ Űɞɜ ˊɞɚɡŮůŰɏɟŬ (UP-FG-C) 

 

ɉŬɟŬəŰɖɟɘůŰɘəɐ ɞɛɎŭŬ əŬɘ əɡɛŬŰŬɟɘɗɛɧɠ 

Ŭˊɞɟɟɧűɖůɖɠ  (cm
-1
)Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ[23] 

 

UP-FG-C 

 

ȾɜɛŬŰŬɟɘɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ 

(cm
-1
) 

1 -Ƀȼ ŭɞɜɐůŮɘɠ ŰɎůɖɠ(3600-3200) 3466 w/br 

2 >CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

ŬɚŮɘűŬŰɘəɎ ŰɛɐɛŬŰŬ 

(2980-2950) 2943 m/sh 

 

 

>CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

əɡəɚɘəɎ əŬɘ ɔɟŬɛɛɘəɎ 

ŰɛɐɛŬŰŬ 

(2890-2850) - 

4 (>C=O) ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1736-1726) 1735 s/sh 

5 C=C ŭɞɜɐůŮɘɠ ŰɎůɖɠ ůŰɞɜ ŬɟɤɛŬŰɘəɧ 

ŭŬəŰɨɚɘɞ (1600,1580,1500) 

1602,1597,1496 s 

6 C-C ŭɞɜɐůŮɘɠ ŰɎůɖɠ Űɞɡ ŬɟɤɛŬŰɘəɞɨ 

ŭŬəŰɡɚɑɞɡ (1480-1400) 

1456 s/sh 

7 CH3 ůɡɛɛŮŰɟɘəɐ ŭɧɜɖůɖ əɎɛɣɖɠ (1390-1370) 1386 w/sh 

8 Csp3-O (ŮůŰɏɟŬɠ) (1330-1200) 1290 s/sh 

9 Csp3-O (Ŭɚəɞɧɚɖ) (1200-1100) 1132 s/sh 

10 C-H ŭɞɜɐůŮɘɠ óin planeô (1080-1036) 1070 s/sh 

11 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 

ɛŮɛɞɜɤɛɏɜɤɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(876) 

859 w 

12 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 3 ɐ 

4 ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (750) 

747 m/sh 

13 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 5 

ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (666) 

(700) 

704 s/sh 

* ȺˊŮɝɐɔɖůɖ ɢŬɟŬəŰɖɟɘůɛɩɜ ɏɜŰŬůɖɠ əɞɟɡűɐɠ w=weak/ŬůɗŮɜɐɠ, 

m=medium/ɛɏŰɟɘŬ, s=strong/ŭɡɜŬŰɐ, sh=sharp/ɞɝŮɑŬ,  br=broad/ŮɡɟŮɑŬ 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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ɆɢɐɛŬ 8.8: ūɎůɛŬŰŬ FTIR ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ ˊɞɚɡəŬɟɓɞɜɘəɧ, 

ɛŮŰɎ Ŭˊɧ 0, 18, 36 əŬɘ 48h UV, ŬəŰɘɜɞɓɧɚɖůɖ. 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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ɄɑɜŬəŬɠ 8-3 .  ɄŬɟŬŰɖɟɞɨɛŮɜɞɘ əɡɛŬŰŬɟɘɗɛɞɑ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ Űɞ  ɄɞɚɡəŬɟɓɞɜɘəɧ (PC) 
 

ɉŬɟŬəŰɖɟɘůŰɘəɐ ɞɛɎŭŬ əŬɘ əɡɛŬŰŬɟɘɗɛɧɠ 

Ŭˊɞɟɟɧűɖůɖɠ  (cm
-1
)Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ [23] 

 

PC 

 

ȾɡɛŬŰŬɟɘɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ 

(cm
-1
) 

1 -Ƀȼ ŭɞɜɐůŮɘɠ ŰɎůɖɠ(3600-3200) 3122 w/br 

2 >CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

ŬɚŮɘűŬŰɘəɎ ŰɛɐɛŬŰŬ 

(2980-2950) 2971 s/sh 

 

 

>CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

əɡəɚɘəɎ əŬɘ ɔɟŬɛɛɘəɎ 

ŰɛɐɛŬŰŬ 

(2890-2850) 2875 w/sh 

4 (>C=O) ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1736-1726) 1781 s/sh 

5 C=C ŭɞɜɐůŮɘɠ ŰɎůɖɠ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(1600,1580,1500) 

1606,1564,1550 m,w,w/sh 

6 C-C ŭɞɜɐůŮɘɠ ŰɎůɖɠ Űɞɡ ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ 

(1405) 

 1473 w/sh 

7 CH3 ůɡɛɛŮŰɟɘəɐ ŭɧɜɖůɖ əɎɛɣɖɠ (1362) 1390 w/sh 

8 C-O ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1230) 1247 m/br 

9 C-O ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1160 ï 1193)  1195 m/sh 

10 (CH3)2 ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1080) 1080 m/sh 

11 C-H ŭɞɜɐůŮɘɠ əɎɛɣɖɠ óin planeô CH (1015) 1016 s/sh 

12 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 

ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ  CH ŭɨɞ ɔŮɘŰɞɜɘəɩɜ Hs 

(830) 

830 w 

13 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 3 ɐ 

4 ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (750) 

770 m/sh 

14 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 5 

ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (666) 

(700) 

705 s/sh 

* ȺˊŮɝɐɔɖůɖ ɢŬɟŬəŰɖɟɘůɛɩɜ ɏɜŰŬůɖɠ əɞɟɡűɐɠ w=weak/ŬůɗŮɜɐɠ, 

m=medium/ɛɏŰɟɘŬ, s=strong/ŭɡɜŬŰɐ, sh=sharp/ɞɝŮɑŬ,  br=broad/ŮɡɟŮɑŬ 
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ɆɢɐɛŬ 8.9: ūɎůɛŬŰŬ FTIR ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ ůɨɜɗŮŰɞ Ŭəɟɡɚɘəɧ ɡɚɘəɧ, corian, 

ɛŮŰɎ Ŭˊɧ 0, 18, 36 əŬɘ 48h, UV ŬəŰɘɜɞɓɧɚɖůɖ. 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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ɄɑɜŬəŬɠ 8-4 .  ɄŬɟŬŰɖɟɞɨɛŮɜɞɘ əɡɛŬŰŬɟɘɗɛɞɑ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ Űɞ  CORIAN-C 

 

ɉŬɟŬəŰɖɟɘůŰɘəɐ ɞɛɎŭŬ əŬɘ əɡɛŬŰŬɟɘɗɛɧɠ 

Ŭˊɞɟɟɧűɖůɖɠ  (cm
-1
)Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ[23] 

 

CORIAN-C  

 

ȾɡɛŬŰŬɟɘɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ 

(cm
-1
) 

 

1 ȹɞɜɐůŮɘɠ ŮűŮɚəɡůɛɞɨ ɛŮɗɡɚŮůŰɏɟŬ 

CH3COOCH3 (2.995, 2.948, 3.024) 

3529 s/sh 

2 >CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

ŬɚŮɘűŬŰɘəɎ ŰɛɐɛŬŰŬ 

(2980-2950) 3006 w/sh 

 

 

>CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

əɡəɚɘəɎ əŬɘ ɔɟŬɛɛɘəɎ 

ŰɛɐɛŬŰŬ 

(2890-2850) 2956 w/sh 

4 (>C=O) ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1736-1726) 1735 s/sh 

5 C=C ŭɞɜɐůŮɘɠ ŰɎůɖɠ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(1600,1580,1500) 

1635 w/br 

6 C-C ŭɞɜɐůŮɘɠ ŰɎůɖɠ Űɞɡ ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ 

(1480-1400) 

1490,1457,1396 w/br 

7 CH3 ůɡɛɛŮŰɟɘəɐ ŭɧɜɖůɖ əɎɛɣɖɠ (1390-1370) 1394 w/sh 

8 Csp3-O (ŮůŰɏɟŬɠ) (1330-1200) 1278 m/br 

9 Csp3-O (Ŭɚəɞɧɚɖ) (1200-1100) 1153 m/sh 

10 C-H ŭɞɜɐůŮɘɠ óin planeô (1080-1036) 1025 s/sh 

11 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 

ɛŮɛɞɜɤɛɏɜɤɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(876) 

808 w 

12 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 3 ɐ 

4 ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (750) 

754 m/sh 

13 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 5 

ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (666) 

(700) 

669 s/sh 

* ȺˊŮɝɐɔɖůɖ ɢŬɟŬəŰɖɟɘůɛɩɜ ɏɜŰŬůɖɠ əɞɟɡűɐɠ w=weak/ŬůɗŮɜɐɠ, 

m=medium/ɛɏŰɟɘŬ, s=strong/ŭɡɜŬŰɐ, sh=sharp/ɞɝŮɑŬ,  br=broad/ŮɡɟŮɑŬ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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ɆɢɐɛŬ 8.10: ūɎůɛŬŰŬ FTIR ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɧ ɛŮɗɨɚɘɞ),  
ɛŮŰɎ Ŭˊɧ 0, 18, 36 əŬɘ 48h, UV ŬəŰɘɜɞɓɧɚɖůɖ. 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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ɄɑɜŬəŬɠ 8-5 .  ɄŬɟŬŰɖɟɞɨɛŮɜɞɘ əɡɛŬŰŬɟɘɗɛɞɑ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ Űɞ  ɡɛɏɜɘɞ Űɘɠ(ɛŮɗŬəɟɡɚɘəɞɨ 

ɛŮɗɡɚɑɞɡ) (PMMA-L)  

 

ɉŬɟŬəŰɖɟɘůŰɘəɐ ɞɛɎŭŬ əŬɘ əɡɛŬŰŬɟɘɗɛɧɠ 

Ŭˊɞɟɟɧűɖůɖɠ  (cm
-1
)Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ[23] 

 

PMMA-L 

ȾɡɛŬŰŬɟɘɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ 

(cm
-1
) 

 

 

1 ȹɞɜɐůŮɘɠ ŮűŮɚəɡůɛɞɨ ɛŮɗɡɚŮůŰɏɟŬ 

CH3COOCH3 (2.995, 2.948, 3.024) 

3012 w/br 

2 >CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

ŬɚŮɘűŬŰɘəɎ ŰɛɐɛŬŰŬ 

(2980-2950) 2952 w/sh 

 

 

>CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

əɡəɚɘəɎ əŬɘ ɔɟŬɛɛɘəɎ 

ŰɛɐɛŬŰŬ 

(2890-2850) 2852 w/sh 

4 (>C=O) ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1736-1726) 1735 s/sh 

5 C=C ŭɞɜɐůŮɘɠ ŰɎůɖɠ ůŰɞɜ ŬɟɤɛŬŰɘəɧ 

ŭŬəŰɨɚɘɞ (1600,1580,1500) 

1618 w/br 

6 C-C ŭɞɜɐůŮɘɠ ŰɎůɖɠ Űɞɡ ŬɟɤɛŬŰɘəɞɨ 

ŭŬəŰɡɚɑɞɡ (1480-1400) 

1452 w/br 

7 CH3 ůɡɛɛŮŰɟɘəɐ ŭɧɜɖůɖ əɎɛɣɖɠ (1390-1370) 1388 w/sh 

8 Csp3-O (ŮůŰɏɟŬɠ) (1330-1200) 1274 s/sh 

9 Csp3-O (Ŭɚəɞɧɚɖ) (1200-1100) 1195, 1151 s/sh 

10 C-H ŭɞɜɐůŮɘɠ óin planeô (1080-1036) 1074 w/br 

11 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 

ɛŮɛɞɜɤɛɏɜɤɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(876) 

850 w 

12 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 3 ɐ 

4 ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (750) 

752 m/sh 

13 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 5 

ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (666) 

(700) 

698 m/sh 

* ȺˊŮɝɐɔɖůɖ ɢŬɟŬəŰɖɟɘůɛɩɜ ɏɜŰŬůɖɠ əɞɟɡűɐɠ w=weak/ŬůɗŮɜɐɠ, 

m=medium/ɛɏŰɟɘŬ, s=strong/ŭɡɜŬŰɐ, sh=sharp/ɞɝŮɑŬ,  br=broad/ŮɡɟŮɑŬ 
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ɆɢɐɛŬ 8.11: ūɎůɛŬŰŬ FTIR ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɧ ɛŮɗɨɚɘɞ)  

ɛŮ ˊɟɞůɗɐəɖ ůŰŬɗŮɟɞˊɞɘɖŰɐ UV, ɛŮŰɎ Ŭˊɧ 0, 18, 36 əŬɘ 48h, UV ŬəŰɘɜɞɓɧɚɖůɖ. 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
 

                  ɄŮŰɟɞɨɚŬ ɀˊɞɡůɛˊɞɡɟɏɚɖ                                                                                                    89 
 

 

ɄɑɜŬəŬɠ 8-6 .  ɄŬɟŬŰɖɟɞɨɛŮɜɞɘ əɡɛŬŰŬɟɘɗɛɞɑ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ Űɞ  ɡɛɏɜɘɞ PMMA+0,3% 

ůŰŬɗŮɟɞˊɞɘɖŰɐɠ tinUVin 144, (PMMA-S-L) 

 

ɉŬɟŬəŰɖɟɘůŰɘəɐ ɞɛɎŭŬ əŬɘ əɡɛŬŰŬɟɘɗɛɧɠ 

Ŭˊɞɟɟɧűɖůɖɠ  (cm
-1
)Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ[23] 

 

PMMA-S-L 

ȾɡɛŬŰŬɟɘɗɛɧɠ Ŭˊɞɟɟɧűɖůɖɠ 

(cm
-1
) 

1 ȹɞɜɐůŮɘɠ ŮűŮɚəɡůɛɞɨ ɛŮɗɡɚŮůŰɏɟŬ 

CH3COOCH3 (2.995, 2.948, 3.024) 

3010 w/br 

2 >CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

ŬɚŮɘűŬŰɘəɎ ŰɛɐɛŬŰŬ 

(2980-2950) 2958 w/br 

 

 

>CH2, ŭɞɜɐůŮɘɠ ŰɎůɖɠ, 

əɡəɚɘəɎ əŬɘ ɔɟŬɛɛɘəɎ 

ŰɛɐɛŬŰŬ 

(2890-2850) 2852 w/sh 

4 (>C=O) ŭɞɜɐůŮɘɠ ŰɎůɖɠ (1736-1726) 1737 s/sh 

5 C=C ŭɞɜɐůŮɘɠ ŰɎůɖɠ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(1600,1580,1500) 

1619 w/br 

6 C-C ŭɞɜɐůŮɘɠ ŰɎůɖɠ Űɞɡ ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ 

(1480-1400) 

1454 w/br 

7 CH3 ůɡɛɛŮŰɟɘəɐ ŭɧɜɖůɖ əɎɛɣɖɠ (1390-1370) 1392 w/sh 

8 Csp3-O (ŮůŰɏɟŬɠ) (1330-1200) 1276 w/sh 

9 Csp3-O (Ŭɚəɞɧɚɖ) (1200-1100) 1197, 1151 m/sh 

10 C-H ŭɞɜɐůŮɘɠ óin planeô (1080-1036) 1068 w/br 

11 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 

ɛŮɛɞɜɤɛɏɜɤɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

(876) 

844 w/sh 

12 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 3 ɐ 

4 ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (750) 

752 w/sh 

13 C-H ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ óout of planeô 5 

ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ (666) 

(700) 

696 m/sh 

* ȺˊŮɝɐɔɖůɖ ɢŬɟŬəŰɖɟɘůɛɩɜ ɏɜŰŬůɖɠ əɞɟɡűɐɠ w=weak/ŬůɗŮɜɐɠ, 

m=medium/ɛɏŰɟɘŬ, s=strong/ŭɡɜŬŰɐ, sh=sharp/ɞɝŮɑŬ,  br=broad/ŮɡɟŮɑŬ 
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ɆɢɐɛŬ 8.12: ūɎůɛŬŰŬ FTIR ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɧ ɛŮɗɨɚɘɞ), Űɞ ŮɟɔŬůŰɖɟɘŬəɧ 
ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɧ ɛŮɗɨɚɘɞ)ɛŮ ˊɟɞůɗɐəɖ ůŰŬɗŮɟɞˊɞɘɖŰɐ UV əŬɘ Űɞ Ůɛˊɞɟɘəɧ ˊɚɏɝɘɔəɚŬɠ,  

ɢɤɟɑɠ UV ŬəŰɘɜɞɓɧɚɖůɖ. 
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8.3.3 ȹŮɑəŰŮɠ əɞɟɡűɩɜ ɛŮ ɓɎůɖ ŰŬ űɎůɛŬŰŬ FTIR 

 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ˊŬɟŬəɎŰɤ ˊɞůɞŰɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ Űɤɜ űŬůɛɎŰɤɜ FTIR 

ɧɚɤɜ Űɤɜ ŭɞəɘɛɑɤɜ. ȰɔɘɜŬɜ ɛŮŰɟɐůŮɘɠ Űɤɜ əɞɟɡűɩɜ IC-H, IC=H ůŮ ɧɚŬ ŰŬ űɎůɛŬŰŬ əŬɘ 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ɚɧɔɞɘ Űɤɜ ɡɣɩɜ Űɤɜ ŮəɎůŰɞŰŮ əɞɟɡűɩɜ Űɘɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

 ɄɞɚɡŮůŰɏɟŬɠ 0h:                     

 

ɄɞɚɡŮůŰɏɟŬɠ 18h:                   

 

ɄɞɚɡŮůŰɏɟŬɠ 36h:                   

 

ɄɞɚɡŮůŰɏɟŬɠ 48h:                   

 

 ɄɞɚɡəŬɟɓɞɜɘəɧ 0h:                 

 

ɄɞɚɡəŬɟɓɞɜɘəɧ 18h:               

 

ɄɞɚɡəŬɟɓɞɜɘəɧ 36h:               

 

ɄɞɚɡəŬɟɓɞɜɘəɧ 48h:               

 

 Corian 0h:                                  

 

Corian 18h:                                

 

Corian 36h:                                

 

Corian 48h:                                

 

 ɄɚɏɝɘɔəɚŬɠ 0h:                         

 

ɄɚɏɝɘɔəɚŬɠ 18h:                       

 

ɄɚɏɝɘɔəɚŬɠ 36h:                       

 

ɄɚɏɝɘɔəɚŬɠ 48h:                       

 

 Ɉɛɏɜɘɞ PMMA 0h:                         
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Ɉɛɏɜɘɞ PMMA 18h:                       

 

Ɉɛɏɜɘɞ PMMA 36h:                       

 

Ɉɛɏɜɘɞ PMMA 48h:                        

 

 Ɉɛɏɜɘɞ PMMA+tinUVin 0h:             

 

Ɉɛɏɜɘɞ PMMA+tinUVin 18h:           

 

Ɉɛɏɜɘɞ PMMA+tinUVin 36h:           

 

Ɉɛɏɜɘɞ PMMA+tinUVin 48h:           

 

ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ɚɧɔɞɡɠ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ əɎˊɞɘŬ ůɡůŰɖɛŬŰɘəɐ ˊɞɟŮɑŬ Ŭɨɝɖůɖɠ 

ɐ ɛŮɑɤůɖɠ Űɘɠ əɞɟɡűɏɠ Űɤɜ űŬůɛɎŰɤɜ Űɤɜ ɡɚɘəɩɜ ˊŬɟɎ ɛɧɜɞ ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ˊɞɨɛŮ 

ɧŰɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ ůɡůŰɖɛŬŰɘəɐ ɛŮɑɤůɖ Űɤɜ ɚɧɔɤɜ əŬɘ ůɡɜŮˊɩɠ ɛŮŰŬŰɧˊɘůɖ Űɤɜ 

əɞɟɡűɩɜ ɛŮŰɎ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ 18h UV ŬəŰɘɜɞɓɧɚɖůɖɠ. 

 
8.4 ɆɡɕɐŰɖůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɀŮŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ űŬůɛɎŰɤɜ Ŭˊɞɟɟɧűɖůɖɠ ůɡɛˊŮɟŬɑɜɞɜŰŬɘ ŰŬ ˊŬɟŬəɎŰɤ, ɧůɞɜ 

ŬűɞɟɎ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɞɛɎŭŮɠ Űɞɡ ˊɞɚɡŮůŰɏɟŬ, Űɤɜ Ŭəɟɡɚɘəɩɜ, Űɞɡ ˊɞɚɡəŬɟɓɞɜɘəɞɨ əŬɘ Űɘɠ 

ŬɜŰɑůŰɞɘɢɞɡɠ əɡɛŬŰŬɟɘɗɛɞɨɠ Ŭˊɞɟɟɧűɖůɖɠ [23]: 

 Ƀɘ əɞɟɡűɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ 3600 ï 3200 cm
-1
 ɡˊɞŭɖɚɩɜɞɡɜ Űɖɜ ɨˊŬɟɝɖ ɡŭɟɞɝɡɚɞɛɎŭŬɠ (-

Ƀȼ). 

 Ƀɘ əɞɟɡűɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ 1736 ï 1726 cm
-1
 ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ 

ŮůŰŮɟɞɛɎŭŬɠ (>C=0). 

 Ƀɘ əɞɟɡűɏɠ ůŰŬ 1600, 1580 əŬɘ 1500 cm
-1
 ɞűŮɑɚɞɜŰŬɘ Űɘɠ ŭɞɜɐůŮɘɠ ŰɎůɖɠ Űɞɡ ŭŮůɛɞɨ C-H 

ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ. Ƀɘ əɞɟɡűɏɠ ŬɡŰɏɠ ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɞɡ ŬɟɤɛŬŰɘəɞɨ 

ŭŬəŰɡɚɑɞɡ Űɞɡ űɗŬɚɘəɞɨ ŬɜɡŭɟɑŰɖ əŬɗɩɠ əŬɘ Űɞɡ ůŰɡɟŮɜɑɞɡ. 

 Ƀɘ əɞɟɡűɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ 1330 ï 1200 cm
-1
 ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɞɡ ŭŮůɛɞɨ Csp3- Ƀ Űɘɠ 

ŮůŰŮɟɞɛɎŭŬɠ. 

 Ƀɘ əɞɟɡűɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ 1200 ï 1100 cm
-1
 ɡˊɞŭɖɚɩɜɞɡɜ Űɖɜ ɨˊŬɟɝɖ Űɞɡ ŭŮůɛɞɨ Csp3- Ƀ 

Űɘɠ ɔɚɡəɧɚɖɠ (ŬɘɗɡɚŮɜɞɔɚɡəɧɚɖɠ). 

 Ƀɘ əɞɟɡűɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ əɡɛŬŰŬɟɘɗɛɧ ɛɘəɟɧŰŮɟɞ Űɞɡ 1080 cm
-1
 əŬɘ 

ɛŮɔŬɚɨŰŮɟɞ Űɞɡ 666 cm
-1
 ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɞɡ ŭŮůɛɞɨ C-H Űɞɡ ɓŮɜɕɞɚɘəɞɨ 

ŭŬəŰɡɚɑɞɡ, əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɞűŮɑɚɞɜŰŬɘ ůŰɞ űɗŬɚɘəɧ ŬɜɡŭɟɑŰɖ əŬɘ ůŰɞ ůŰɡɟɏɜɘɞ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ŬɡŰɏɠ ɞɘ ˊŮɟɘɞɢɏɠ ŮɑɜŬɘ ůŰŬ 1080 -1036 cmè
1
 ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ óin planeô 

ŭɞɜɐůŮɘɠ Űɞɡ ŭŮůɛɞɨ C-H, ůŰŬ 876 cmè
1
 ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ 

ŭŮůɛɞɨ C-H óout of planeô ɛŮɛɞɜɤɛɏɜɤɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ, ůŰŬ 815 cm
-1
 ˊɞɡ 

ɞűŮɑɚɞɜŰŬɘ ůŮ ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ ŭŮůɛɞɨ C-H óOut of planeô 2 ɔŮɘŰɞɜɘəɩɜ ȼ 

ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ, ůŰŬ 750 cm
-1
 ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ 

ŭŮůɛɞɨ C-H óOut of planeô 3 ɐ 4 ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ, əŬɘ ůŰŬ 700 cm
-

1
 əŬɘ 666 cm

-1
 ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ ŭɞɜɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ ŭŮůɛɞɨ C-H óout of planeô 

5 ɔŮɘŰɞɜɘəɩɜ ȼ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ. 
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ũŮɜɘəɎ ˊŬɟŬŰɖɟɩɜŰŬɠ ŰŬ űɎůɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ (FTIR) ŭŮɜ ˊŬɟŬŰɖɟɞɨɛŮ ˊɞůɞŰɘəɏɠ 

ŬɚɚŬɔɏɠ ɐ ɜɏŮɠ əɞɟɡűɏɠ.  Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ŬɚɚŬɔɐ ůŰɖ ɛɞɟűɐ Űɞɡ 

ŬˊɞŰɡˊɩɛŬŰɞɠ Űɞɡ ɡɛŮɜɑɞɡ Űɞɡ Űɘɠ(ɛŮɗŬəɟɡɚɘəɞɨ ɛŮɗɡɚɑɞɡ) əŬɘ Űɞɡ Űɘɠ(ɛŮɗŬəɟɡɚɘəɞɨ 

ɛŮɗɡɚɑɞɡ) ɛŮ Űɞɜ ůŰŬɗŮɟɞˊɞɘɖŰɐ UV.  

 ũɘŬ Űɞɜ ˊɞɚɡŮůŰɏɟŬ ɡˊɎɟɢɞɡɜ Űɘɠ ɞɘ əɞɟɡűɏɠ  ŮəŰɧɠ Ŭˊɧ ŰŬ 1600 əŬɘ ŰŬ 1580 ɧˊɞɡ ɏɢɤ 

ůɨɕŮɡɝɖ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ Űɞɡ ůŰɡɟŮɜɑɞɡ ɐ  Űɞɡ űɗŬɚɘəɞɨ ŬɜɡŭɟɑŰɖ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ˊɘɗŬɜɩɠ 

ůŰɖɜ ɨˊŬɟɝɖ UV ůŰŬɗŮɟɞˊɞɘɖŰɐ (Űɨˊɞɡ űŬɘɜɧɚɖɠ) ˊɞɡ ɡˊɎɟɢŮɘ ɛɏůŬ ůŰɞɜ Ůɛˊɞɟɘəɧ ˊɞɚɡŮůŰɏɟŬ. ȼ 

ˊŬɟŬˊɎɜɤ Ɏˊɞɣɖ ŮɜɘůɢɨŮŰŬɘ ɛŮ Űɖɜ Ŭɡɝɖɛɏɜɖ ɏɜŰŬůɖ Űɘɠ əɞɟɡűɐɠ ůŰŬ 1070 ( ŭɞɜɐůŮɘɠ ŰɎůɖɠ C-

OH) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŬɚɚɖɚɞɡɢɑŬ Űɤɜ Űɟɘɩɜ əɞɟɡűɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ. ɇɘɠ ɖ ɨˊŬɟɝɖ Űɘɠ əɞɟɡűɐɠ ůŰŬ 

3024 ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖɜ ɨˊŬɟɝɖ ůŰŬɗŮɟɞˊɞɘɖŰɐ əŬɗɩɠ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ űɎůɛŬ Űɞɡ əŬɗŬɟɞɨ 

ˊɞɚɡŮůŰɏɟŬ. 

 ɆŰɞ űɎůɛŬ Űɞɡ Ŭəɟɡɚɘəɞɨ corian ˊŬɟŬŰɖɟɞɨɜŰŬɘ ˊɞɚɨ ɏɜŰɞɜŮɠ əɞɟɡűɏɠ ɛŮ ɛŮɔɎɚŬ ˊɚɎŰɖ 

ůŰɞ ɏɡɟɞɠ 3300-3600 ˊɞɡ ŭŮɜ Űɘɠ ůɡɜŬɜŰɎɛŮ ůŰɞ űɎůɛŬ Űɞɡ əŬɗŬɟɞɨ Ŭəɟɡɚɘəɞɨ əŬɘ ˊɘɗŬɜɧɜ 

ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ Űɞɡ ɓɤɝɑŰɖ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ ɡŭɟɑŰɖ Űɞɡ Ŭɟɔɡɚɑɞɡ (ȷɇȼ) 

Ƀ ɚɧɔɞɠ Űɤɜ FTIR ˊŬɟɞɡůɘɎɕŮɘ ůɨɛűɤɜŬ əŬɘ ɛŮ Űɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ (ůɢɐɛŬ 

8.2) ůɡůŰɖɛŬŰɘəɐ ɛŮɑɤůɖ ɛŮŰɎ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ 18h ŬəŰɘɜɞɓɧɚɖůɖɠ UV Ůɜɩ Űɘɠ 36h 

ŬɡɝɎɜŮɘ ɔɘŬ ɜŬ ˊɏůŮɘ ˊɎɚɘ əɞɜŰɎ ůŰɖɜ Ŭɟɢɘəɐ Űɘɛɐ ɛŮŰɎ Ŭˊɧ Űɘɠ 48h ŬəŰɘɜɞɓɧɚɖůɖɠ UV. 

 

 
ɆɢɐɛŬ 8.2: Ɇɨɔəɟɘůɖ Űɤɜ ɚɧɔɤɜ Űɤɜ űŬůɛɎŰɤɜ Űɤɜ ɡɚɘəɩɜ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ɩɟŮɠ ŬəŰɘɜɞɓɧɚɖůɖɠ 
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ɄɑɜŬəŬɠ 8.7 : ɀŮŰŬɓɞɚɐ ŭŮɑəŰɖ ůŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɞɜ ɢɟɧɜɞ. 

ȹɘɎɟəŮɘŬ ŬəŰɘɜɞɓɧɚɖůɖɠ ɀŮŰŬɓɞɚɐ ŭŮɑəŰɖ  

0 ï 18h Ź 

18 ï 36h ŷ 

36 ï 48h Ź 

 

  ɆŰɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛŮŰŬɓɞɚɏɠ ůŰɞɜ ŭŮɑəŰɖ  ŬɜɎɚɞɔŬ ɛŮ 

Űɞɜ ɢɟɧɜɞ UV ŬəŰɘɜɞɓɧɚɖůɖɠ ˊɞɡ ɏɢŮɘ ŭŮɢŰŮɑ Űɞ ɡɚɘəɧ.  

 ȼ ɛŮɑɤůɖ ŭŮɑəŰɖ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ Űɘɠ 18 əŬɘ Űɘɠ 48h UV ŬəŰɘɜɞɓɧɚɖůɖɠ 

ůɖɛŬɑɜŮɘ ɐ ŮɚɎŰŰɤůɖ Űɤɜ ɛŮɗɡɚŮɜɞɛɎŭɤɜ ɐ Ɏɡɝɖůɖ Űɤɜ əŬɟɓɞɜɡɚɞɛɎŭɤɜ ŭɖɚŬŭɐ 

ŮɚɎŰŰɤůɖ Űɞɡ ŬɟɘɗɛɖŰɐ ɐ Ŭɨɝɖůɖ Űɞɡ ˊŬɟɞɜɞɛŬůŰɐ.  

 ȼ Ŭɨɝɖůɖ Űɤɜ əŬɟɓɞɜɡɚɞɛɎŭɤɜ ůɡɜɐɗɤɠ ɔɑɜŮŰŬɘ ɛɏůɤ ɗŮɟɛɘəɐɠ 

ɞɝŮɘŭɤŰɘəɐɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŮɑɢŬɛŮ əŬɘ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ɛɏɢɟɘ əŬɘ 50ęC. Ⱥˊɞɛɏɜɤɠ ɛˊɞɟɞɨůŬɜ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ 

əŬɟɓɞɜɡɚɞɛɎŭŮɠ (C=O). 

 ȼ ŮɚɎŰŰɤůɖ Űɞɡ ŬɟɘɗɛɖŰɐ (ɛŮɗɡɚŮɜɞɛɎŭŮɠ) ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ Ŭˊɧ ɗɟŬɨůɖ 
ɧŰŬɜ ɖ əŬɟɓɞɜɡɚɞɛɎŭŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɞ Ɏəɟɞ Űɞɡ ɛɞɟɑɞɡ ɞˊɧŰŮ ɛŮ Űɖɜ 

ɗɟŬɨůɖ Űɞ ŭŮɨŰŮɟɞ ŰɛɐɛŬ ɗŬ ˊŮɟɘɏɢŮɘ ɛɧɜɞ ŭɨɞ ɎɜɗɟŬəŮɠ əŬɘ ŬɜŰɑůŰɞɘɢŬ 

ɡŭɟɞɔɧɜŬ əŬɘ ɛˊɞɟŮɑ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ ɤɠ Ŭɏɟɘɞ Ŭɘɗɡɚɏɜɘɞ (CH2= CH2) 

 ȼ Ŭɨɝɖůɖ Űɞɡ ŭŮɑəŰɖ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ Űɘɠ 36h UV ŬəŰɘɜɞɓɧɚɖůɖɠ ůɖɛŬɑɜŮɘ 

Ŭɨɝɖůɖ ŬɟɘɗɛɖŰɐ ɐ ŮɚɎŰŰɤůɖ ˊŬɟɞɜɞɛŬůŰɐ. 

 ȼ Ŭɨɝɖůɖ Űɞɡ ŬɟɘɗɛɖŰɐ ůɖɛŬɑɜŮɘ ˊŮɟɘůůɧŰŮɟŮɠ ɞɛɎŭŮɠ ˊɞɡ ɜŬ ˊŮɟɘɏɢɞɡɜ 
ɎɜɗɟŬəŬ əŬɘ ɡŭɟɞɔɧɜɞ. ȷˊɧ Űɖɜ ɇɟɑŰɖ ŬɜŰɑŭɟŬůɖ ůŮɚ.33 ɧˊɞɡ ŰŮɚɘəɎ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ɏɚɚɖ ɛɑŬ ɞɛɎŭŬ C-H. 

 ȼ ɛŮɑɤůɖ ˊŬɟɞɜɞɛŬůŰɐ ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɖɗŮɑ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɩŰɖ 
ŬɜŰɑŭɟŬůɖ ůŰɖ ůŮɚ.33 ɧˊɞɡ ɏɢɞɡɛŮ ɗɟŬɨůɖ Űɞɡ ŭɘˊɚɞɨ ŭŮůɛɞɨ ɎɜɗɟŬəŬ ɛŮ 

Űɞ ɞɝɡɔɧɜɞ (C=O) əŬɘ űŮɨɔŮɘ ɤɠ Ŭɏɟɘɞ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ (CO). 
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9 ɉȷɅȷȾɇȼɅȽɆɀɃɆ ɀȺ ɉɅɋɀȷɇɃɀȺɇɅɃ 

 

9.1 ȷɟɢɐ Űɘɠ ɛŮɗɧŭɞɡ 

 

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɛɏůɤ Űɞɡ ɢɟɤɛŬŰɧɛŮŰɟɞɡ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ 

L, a əŬɘ b. ɇɞ L ɢŬɟŬəŰɖɟɑɕŮɘ Űɖ űɤŰŮɘɜɧŰɖŰŬ əŬɘ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ Ŭˊɧ ɛɖŭɏɜ (ɛŬɨɟɞ) ɏɤɠ 

100 (ɚŮɡəɧ). ɇŬ a əŬɘ b ŮɑɜŬɘ ɞɘ ŬɟɘɗɛɖŰɘəɏɠ Űɘɛɏɠ Űɞɡ ɢɟɩɛŬŰɞɠ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, Űɘɠ 

ɎɝɞɜŮɠ əɧəəɘɜɞ ɢɟɩɛŬ (ɗŮŰɘəɏɠ Űɘɛɏɠ Űɞɡ  Ŭ)/ˊɟɎůɘɜɞ (ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ Űɞɡ a) əŬɘ əɑŰɟɘɜɞ 

ɢɟɩɛŬ (ɗŮŰɘəɏɠ Űɘɛɏɠ Űɞɡ b)/ɛˊɚŮ (ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ Űɞɡ b) ůŰɞɜ əɨəɚɞ Űɤɜ ɢɟɤɛɎŰɤɜ. ȼ 

Ŭɨɝɖůɖ Űɤɜ ŬɟɘɗɛɖŰɘəɩɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ a əŬɘ b əŬŰɎ ŬˊɧɚɡŰɖ Űɘɛɐ, ɡˊɞŭɖɚɩɜŮɘ 

ŮɜŰɞɜɧŰŮɟɞ ɢɟɩɛŬ. ȷˊɧ ŰŬ L, a əŬɘ b ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɢɟɤɛŬŰɘəɧŰɖŰŬ C,ɖ ɔɤɜɑŬ 

Ŭˊɧɢɟɤůɖɠ ȼ əŬɘ Űɞ ůɡɜɞɚɘəɧ ɢɟɩɛŬ Ⱥ ɛŮ ɓɎůɖ Űɘɠ ˊŬɟŬəɎŰɤ ŮɝɘůɩůŮɘɠ: 
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9.2 ɄŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɢɟɤɛŬŰɧɛŮŰɟɞɡ 

 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɢɟɤɛŬŰɧɛŮŰɟɞ Minolta CR-200. 

ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ɞɟɔɎɜɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɛɘŬ ɚŮɡəɐ ˊɚŬəɏŰŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ŰɞˊɞɗŮŰɞɨɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɞɡ ŬɜɘɢɜŮɡŰɐ ˊɎɜɤ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɩůŰŮ ɞɘ 

ŭɨɞ ŮˊɘűɎɜŮɘŮɠ ɜŬ ŮűɎˊŰɞɜŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ əŬɚɨŰŮɟŬ. ȰŰůɘ 

ˊŬɑɟɜɞɡɛŮ Űɖ ɛɏŰɟɖůɖ Űɤɜ ŭŮɘəŰɩɜ L,a,b. 
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9.3 ȷˊɞŰŮɚɏůɛŬŰŬ ɢɟɤɛŬŰɞɛŮŰɟɑŬɠ 

 

 
ɄɑɜŬəŬɠ 9.1: ɀŮŰɟɐůŮɘɠ ɢɟɤɛŬŰɧɛŮŰɟɞɡ ɔɘŬ ŰŬ ŮɛˊɞɟɘəɎ ŭɞəɑɛɘŬ 

 

 
ɄɑɜŬəŬɠ 9.2: ɀŮŰɟɐůŮɘɠ ɢɟɤɛŬŰɧɛŮŰɟɞɡ ɔɘŬ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ ɡɛɏɜɘŬ (PMMA) 

 

 

 

 

ȺɛˊɞɟɘəɎ ȹɞəɑɛɘŬ ɀɏůɞɠ 

ɧɟɞɠ 

L 

ɀɏůɞɠ 

ɧɟɞɠ 

a 

ɀɏůɞɠ 

ɧɟɞɠ 

b 

ɈˊɞɚɞɔɘɕɧɛŮɜŬ ɛŮɔɏɗɖ 

 

C H E 

ɄɞɚɡŮůŰɏɟŬɠ 0h 46,20 9,34 3,48 9,97 2,56 47,26 

ɄɞɚɡŮůŰɏɟŬɠ 18h 88,41 -4,91 13,84 14,68 2,98 89,62 

ɄɞɚɡŮůŰɏɟŬɠ  36h 48,67 6,82 5,84 8,98 0,87 49,49 

ɄɞɚɡŮůŰɏɟŬɠ  48h 87,35 -4,94 15,07 15,86 11,15 88,78 

ɄɞɚɡəŬɟɓɞɜɘəɧ 0h 50,40 3,92 12,28 12,89 -111,86 52,02 

ɄɞɚɡəŬɟɓɞɜɘəɧ  18h 72,48 -2,31 3,54 4,23 -0,04 72,60 

ɄɞɚɡəŬɟɓɞɜɘəɧ  36h 50,35 3,14 -1,36 3,42 -2,16 50,46 

ɄɞɚɡəŬɟɓɞɜɘəɧ  48h 71,91 -2,53 4,91 5,53 0,39 72,12 

ɄɚɏɝɘɔəɚŬɠ 0h 43,65 8,86 3,10 9,39 2,74 44,64 

ɄɚɏɝɘɔəɚŬɠ  18h 84,32 -3,07 6,82 7,48 0,76 84,65 

ɄɚɏɝɘɔəɚŬɠ  36h 43,94 9,86 3,96 10,62 2,36 45,20 

ɄɚɏɝɘɔəɚŬɠ  48h 84,58 -3,05 6,96 7,60 0,86 84,92 

corian 0h 86,98 -2,11 3,81 4,35 0,24 87,08 

corian 18h 86,50 -2,63 6,02 6,56 0,87 86,75 

corian 36h 87,15 -2,52 5,56 6,10 0,73 87,36 

corian 48h 87,62 -2,45 4,32 4,96 0,19 87,76 

ȺɟɔŬůŰɖɟɘŬəɎ 

ɡɛɏɜɘŬ 

ˊɞɚɡ(ɛŮɗŬəɟɡɚɘəɞɨ 

ɛŮɗɡɚɑɞɡ) (PMMA ) 

ɀɏůɞɠ ɧɟɞɠ  

L 

ɀɏůɞɠ ɧɟɞɠ  

a 

ɀɏůɞɠ 

ɧɟɞɠ b 

 

ɈˊɞɚɞɔɘɕɧɛŮɜŬ ɛŮɔɏɗɖ 

C H E 

PMMA , 0h 88,39 -3,39 10,80 11,32 -22,97 89,11 

PMMA , 18h 88,00 -3,12 8,60 9,14 2,44 88,47 

PMMA , 36h 87,97 -0,01 11,13 11,13 -0,33 88,67 

PMMA , 48h 87,76 -3,55 11,27 11,81 -29,50 88,55 

PMMA  + tinUVin, 

0h 

88,77 -3,78 10,79 11,43 3,44 89,50 

PMMA  + tinUVin , 

18h 

89,10 -3,02 8,71 9,22 3,80 89,57 

PMMA  + tinUVin , 

36h 

88,16 -3,48 11,34 11,86 -8,56 88,96 

PMMA  + tinUVin , 

48h 

88,53 -3,54 11,63 12,15 -6,87 89,36 
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ɆɢɐɛŬ 9.3: ɆɡɔəɟɘŰɘəɧ ɟŬɓŭɧɔɟŬɛɛŬ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ űɤŰŮɘɜɧŰɖŰŬɠ (L)  Űɤɜ ŬəŰɘɜɞɓɞɚɖɛɏɜɤɜ 

Ůɛˊɞɟɘəɩɜ ŭɞəɘɛɑɤɜ 

 

 
ɆɢɐɛŬ 9.4: ɆɡɔəɟɘŰɘəɧ ɟŬɓŭɧɔɟŬɛɛŬ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ űɤŰŮɘɜɧŰɖŰŬɠ (L)  Űɤɜ ŬəŰɘɜɞɓɞɚɖɛɏɜɤɜ 

ɡɛŮɜɑɤɜ PMMA 
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ɆɢɐɛŬ 9.5: ɅŬɓŭɧɔɟŬɛɛŬ Űɤɜ ́ŬɟŬɛɏŰɟɤɜ a,b ɔɘŬ Űɞɜ Ůɛˊɞɟɘəɧ ˊɞɚɡŮůŰɏɟŬ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ. 

 

 

 

 
ɆɢɐɛŬ 9.6: ɄŬɟɎɛŮŰɟɞɘ  a,b ɔɘŬ Űɞɜ Ůɛˊɞɟɘəɧ ˊɞɚɡŮůŰɏɟŬ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ. 
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ɆɢɐɛŬ 9.7: ɅŬɓŭɧɔɟŬɛɛŬ Űɤɜ ́ŬɟŬɛɏŰɟɤɜ a,b ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ ˊɞɚɡəŬɟɓɞɜɘəɧ. 

 

 

 

 
ɆɢɐɛŬ 9.8: ɄŬɟɎɛŮŰɟɞɘ  a,b ɔɘŬ ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ ˊɞɚɡəŬɟɓɞɜɘəɧ. 
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ɆɢɐɛŬ 9.9: ɅŬɓŭɧɔɟŬɛɛŬ Űɤɜ ́ŬɟŬɛɏŰɟɤɜ a,b ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ ˊɚɏɝɘɔəɚŬɠ. 

 

 

 

 
ɆɢɐɛŬ 9.10: ɄŬɟɎɛŮŰɟɞɘ  a,b ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ ˊɚɏɝɘɔəɚŬɠ. 
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ɆɢɐɛŬ 9.11: ɅŬɓŭɧɔɟŬɛɛŬ Űɤɜ ́ŬɟŬɛɏŰɟɤɜ a,b ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ Ŭəɟɡɚɘəɧ corian. 

 

 

 

 

 
ɆɢɐɛŬ 9.12: ɄŬɟɎɛŮŰɟɞɘ  a,b ɔɘŬ Űɞ Ůɛˊɞɟɘəɧ Ŭəɟɡɚɘəɧ corian. 
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ɆɢɐɛŬ 9.13: ɄŬɟɎɛŮŰɟɞɘ a,b ɔɘŬ ŰŬ ŮɛˊɞɟɘəɎ ŭɞəɑɛɘŬ ɔɘŬ Űɘɠ 0,18,36,48h ŬəŰɘɜɞɓɧɚɖůɖɠ 
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ɆɢɐɛŬ 9.14: ɅŬɓŭɧɔɟŬɛɛŬ Űɤɜ ́ŬɟŬɛɏŰɟɤɜ a,b ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɚɏɝɘɔəɚŬɠ. 

 

 

 

 

 
ɆɢɐɛŬ 9.15: ɄŬɟɎɛŮŰɟɞɘ a,b ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɚɏɝɘɔəɚŬɠ. 
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ɆɢɐɛŬ 9.16: ɆɡɔəɟɘŰɘəɧ ɟŬɓŭɧɔɟŬɛɛŬ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ űɤŰŮɘɜɧŰɖŰŬɠ (L)  Űɤɜ ŬəŰɘɜɞɓɞɚɖɛɏɜɤɜ 

ɡɛŮɜɑɤɜ PMMA 

 

 

 
ɆɢɐɛŬ 9.17: ɆɡɔəɟɘŰɘəɧ ɟŬɓŭɧɔɟŬɛɛŬ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ űɤŰŮɘɜɧŰɖŰŬɠ (L)  Űɤɜ ŬəŰɘɜɞɓɞɚɖɛɏɜɤɜ 

ɡɛŮɜɑɤɜ PMMA ůŮ ɛɘəɟɧŰŮɟɞ Ůɨɟɞɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ L. 
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ɆɢɐɛŬ 9.18: ɅŬɓŭɧɔɟŬɛɛŬ Űɤɜ ́ŬɟŬɛɏŰɟɤɜ a,b ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɚɏɝɘɔəɚŬɠ. 

 

 

 

 
ɆɢɐɛŬ 9.18: ɄŬɟɎɛŮŰɟɞɘ a,b ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɚɏɝɘɔəɚŬɠ. 
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ɆɢɐɛŬ 9.19: ɅŬɓŭɧɔɟŬɛɛŬ Űɤɜ ́ŬɟŬɛɏŰɟɤɜ a,b ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɚɏɝɘɔəɚŬɠ. 

 

 

 

 

 
ɆɢɐɛŬ 9.20: ɄŬɟɎɛŮŰɟɞɘ a,b ɔɘŬ Űɞ ŮɟɔŬůŰɖɟɘŬəɧ ˊɚɏɝɘɔəɚŬɠ ɛŮ UV ůŰŬɗŮɟɞˊɞɘɖŰɐ. 
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9.4 ɆɡɕɐŰɖůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

 

ɄŬɟŬŰɖɟɩɜŰŬɠ ɛŮ ɛɘŬ ɔŮɜɘəɐ ɛŬŰɘɎ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ ŭɞəɘɛɑɤɜ ůŰɞ 

ɢɟɤɛŬŰɧɛŮŰɟɞ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɛŮŰɎ Űɖɜ ůɡɜɞɚɘəɐ ŬəŰɘɜɞɓɧɚɖůɖ ɧɚŬ ŰŬ ŭɞəɑɛɘŬ 

ˊŬɟɞɡůɑŬůŬɜ ɛŮŰŬɓɞɚɐ ůŰɞ űɡůɘəɧ ɢɟɤɛŬŰɘůɛɧ Űɞɡɠ ˊɟɞɠ Űɞ əɑŰɟɘɜɞ ɢɟɩɛŬ ˊɚɖɜ Űɞɡ 

ŭɞəɘɛɑɞɡ corian, ˊɞɡ ŭŮɜ ˊŬɟɞɡůɑŬůŮ əɎˊɞɘŬ ŬɝɘɞůɖɛŮɑɤŰɖ ɛŮŰŬɓɞɚɐ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɓɚɏˊɞɡɛŮ Űɘɠ ɛŮŰŬɓɞɚɏɠ Ŭɨɝɖůɖɠ ɐ ɛŮɑɤůɖɠ ůŰɞ ɢɟɩɛŬ əŬɘ Űɖ 

űɤŰŮɘɜɧŰɖŰŬ Űɞɡ əɎɗŮ ɡɚɘəɞɨ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

 
ɄɑɜŬəŬɠ 9.3: ɄɞůɞůŰɘŬɑŮɠ ɛŮŰŬɓɞɚɏɠ (%) ůŰɞ ɢɟɩɛŬ əŬɘ Űɖɜ űɤŰŮɘɜɧŰɖŰŬ Űɤɜ ɡɚɘəɩɜ 

Ɉɚɘəɧ L a b 

UP-FG-C 89,07 ŷ -152,85 Ź 333,05 ŷ 

PC-C   42,69 ŷ -164,60 Ź -60,02 Ź 

PMMA-C 93.80 ŷ -134,41Ź 124,52 ŷ 

CORIAN-C 0.74 ŷ 16,39 ŷ 13,39 ŷ 

PMMA-L 0,7 ŷ 4,72 ŷ 4,35 ŷ 

PMMA-S-L 0,27 ŷ -6,35 Ź 7,78 ŷ 

 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɔɘŬ Űɞɜ ˊɞɚɡŮůŰɏɟŬ ˊŬɟŬŰɖɟɐɗɖəŮ 

Ŭɨɝɖůɖ Űɖɠ űɤŰŮɘɜɧŰɖŰŬɠ (L) 89,07% Ůɜɩ Űɞ ɢɟɩɛŬ ɎɚɚŬɝŮ ˊɟɞɠ Űɞ ˊɟɎůɘɜɞ, ɛŮɑɤůɖ 

152,85% əŬɘ Űɞ əɑŰɟɘɜɞ. ɇɞ ˊɞɚɡəŬɟɓɞɜɘəɧ ˊŬɟɞɡůɑŬůŮ Ŭɨɝɖůɖ ůŰɖ űɤŰŮɘɜɧŰɖŰŬ əŬɘ Űɞ 

ɢɟɩɛŬ Űɞɡ ɛŮŰŬɓɚɐɗɖəŮ ˊɟɞɠ Űɞ ˊɟɎůɘɜɞ əŬɘ Űɞ ɛˊɚɏ. ɇɞ ˊɚɏɝɘɔəɚŬɠ ˊŬɟɞɡůɑŬůŮ Ŭɨɝɖůɖ 

Űɖɠ űɤŰŮɘɜɧŰɖŰŬɠ Űɞɡ əŬɘ Űɞ ɢɟɩɛŬ Űɞɡ ŬɚɚɞɘɩɗɖəŮ ˊɟɞɠ Űɞ ˊɟɎůɘɜɞ əŬɘ Űɞ əɑŰɟɘɜɞ. ɇɞ 

corian ŭŮɜ ůɖɛŮɑɤůŮ əŬɛɑŬ ɛŮŰŬɓɞɚɐ ɞɨŰŮ ůŰɖ űɤŰŮɘɜɧŰɖŰŬ ɞɨŰŮ ůŰɞ ɢɟɩɛŬ Űɞɡ. ɇɏɚɞɠ Űɞ 

PMMA ŭŮɜ ˊŬɟɞɡůɑŬůŮ ɛŮŰŬɓɞɚɐ ůŰɖ űɤŰŮɘɜɧŰɖŰŬ ˊŬɟɎ ɛɧɜɞ ůŰɞ ɢɟɩɛŬ ˊɟɞɠ Űɞ 

əɧəəɘɜɞ əŬɘ Űɞ əɑŰɟɘɜɞ, Ůɜɩ Űɞ PMMA-S-L ˊŬɟɞɡůɑŬůŮ ɛŮŰŬɓɞɚɐ ɛɧɜɞ ůŰɞ ɢɟɩɛŬ 

ŬɚɚɎɕɞɜŰŬɠ ˊɟɞɠ Űɞ əɑŰɟɘɜɞ. 

ũŮɜɘəɎ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɨɝɖůɖ Űɖɠ űɤŰŮɘɜɧŰɖŰŬɠ ɛŮŰɎ Ŭˊɧ Űɘɠ 48h ŬəŰɘɜɞɓɧɚɖůɖɠ 

UV əŬɗɩɠ əŬɘ ɛŮŰŬɓɞɚɐ ůŰɞ ɢɟɩɛŬ Űɤɜ ɡɚɘəɩɜ ˊɟɞɠ Űɞ əɑŰɟɘɜɞ. ȺɝŬɑɟŮůɖ ŬˊɞŰŮɚŮɑ Űɞ 

Ůɛˊɞɟɘəɧ ɡɚɘəɧ corian ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ůŰŬɗŮɟɐ ůɡɛˊŮɟɘűɞɟɎ ɛŮŰɎ Űɘɠ 48h 

ŬəŰɘɜɞɓɧɚɖůɖɠ UV. Ƀ əɘŰɟɘɜɘůɛɧɠ ůŰɞ ɢɟɩɛŬ Űɤɜ ɡɚɘəɩɜ ůɖɛŬɑɜŮɘ ˊɤɠ ŬɡɝɎɜɞɜŰŬɘ ŰŬ 

əŬɟɓɞɜɨɚɘŬ (C=O). ɆɨɛűɤɜŬ ɛŮ Űɞɜ ˊɑɜŬəŬ: 3.5 ůŰɞ ɗŮɤɟɖŰɘəɧ ɛɏɟɞɠ (əŮű.3) ɖ UV 

ŬəŰɘɜɞɓɞɚɑŬ ɏɢŮɘ ɛɐəɞɠ əɨɛŬŰɞɠ 302nm  ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŮɜɏɟɔŮɘŬ 398,8 kj/mol, ɞ 

ŭŮůɛɧɠ Űɞɡ əŬɟɓɞɜɡɚɑɞɡ ɔɘŬ ɜŬ ŭɘŬůˊŬůŰŮɑ ɗɏɚŮɘ ŮɜɏɟɔŮɘŬ 728,5 ɎɟŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ůˊɎůŮɘ 

ŬɜŰɑɗŮŰŬ ůˊɎɜŮ ŬɚŮɘűŬŰɘəɞɑ ŭŮůɛɞɑ C-C əŬɗɩɠ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŭɘɎůˊŬůɐ Űɞɡɠ ŮɑɜŬɘ 335 kj/mol. 
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ɆɢɐɛŬ 9.21: ȹɘɎɔɟŬɛɛŬ ůɨɔəɟɘůɖɠ űɤŰŮɘɜɧŰɖŰŬɠ Űɤɜ ŬəŰɘɜɞɓɞɚɖɛɏɜɤɜ ɡɚɘəɩɜ. 

 

 
ɆɢɐɛŬ 9.22: ȹɘɎɔɟŬɛɛŬ ůɨɔəɟɘůɖɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a, Űɤɜ ŬəŰɘɜɞɓɞɚɖɛɏɜɤɜ ɡɚɘəɩɜ. 
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ɆɢɐɛŬ 9.23: ȹɘɎɔɟŬɛɛŬ ůɨɔəɟɘůɖɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ b, Űɤɜ ŬəŰɘɜɞɓɞɚɖɛɏɜɤɜ ɡɚɘəɩɜ. 

 

 
ɆɢɐɛŬ 9.24: ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ (%) Űɖɠ űɤŰŮɘɜɧŰɖŰŬɠ (L) ɔɘŬ ŰŬ ŮɛˊɞɟɘəɎ ŭɞəɑɛɘŬ ɛŮŰɎ Ŭˊɧ 

48h ŬəŰɘɜɞɓɧɚɖůɖɠ. 
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ɆɢɐɛŬ 9.25: ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ (%) Űɖɠ űɤŰŮɘɜɧŰɖŰŬɠ (L) ɔɘŬ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ ŭɞəɑɛɘŬ ɛŮŰɎ 

Ŭˊɧ 48h ŬəŰɘɜɞɓɧɚɖůɖɠ. 
 

 

 
ɆɢɐɛŬ 9.26: ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ (%) Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a, ɔɘŬ ŰŬ ŮɛˊɞɟɘəɎ ŭɞəɑɛɘŬ ɛŮŰɎ Ŭˊɧ 48h 

ŬəŰɘɜɞɓɧɚɖůɖɠ. 
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ɆɢɐɛŬ 9.27: ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ (%) Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a, ɔɘŬ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ ŭɞəɑɛɘŬ ɛŮŰɎ Ŭˊɧ 

48h ŬəŰɘɜɞɓɧɚɖůɖɠ. 
 

 
ɆɢɐɛŬ 9.28: ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ (%) Űɖɠ ˊŬɟŬɛɏŰɟɞɡ b, ɔɘŬ ŰŬ ŮɛˊɞɟɘəɎ ŭɞəɑɛɘŬ ɛŮŰɎ Ŭˊɧ 48h 

ŬəŰɘɜɞɓɧɚɖůɖɠ. 
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ɆɢɐɛŬ 9.29: ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ (%) Űɖɠ ˊŬɟŬɛɏŰɟɞɡ b, ɔɘŬ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ ŭɞəɑɛɘŬ ɛŮŰɎ Ŭˊɧ 

48h ŬəŰɘɜɞɓɧɚɖůɖɠ. 

 

 

10 ɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ 

 

10.1 ȹɞəɘɛɐ ůŮ ȾɎɛɣɖ əŬɘ ȹɘɎŰɛɖůɖ 

10.1.1 ȹɞəɘɛɐ ůŮ əɎɛɣɖ 

 

ȼ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬəɞɚɞɡɗŮɑ ŰŬ ˊɟɧŰɡˊŬ əŬŰɎ ASTM D 790-71ɐ 

DIN EN ISO 178 ɐ DIN 53 452. ȳɚŬ ŰŬ ŭɞəɑɛɘŬ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ŮɑɢŬɜ ɛɐəɞɠ 100mm Ůɜɩ 

ŰŬ ˊɎɢɖ əŬɘ ŰŬ ˊɚɎŰɖ Űɞɡɠ ŬɜŬɔɟɎűɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ Űɤɜ Űɟɘɩɜ ůɖɛŮɑɤɜ, ɧˊɞɡ Űɞ űɞɟŰɑɞ P 

ŬůəŮɑŰŬɘ ůŰɞ ɛɏůɞ Űɖɠ ŬˊɧůŰŬůɖɠ Űɤɜ ůɖɛŮɑɤɜ ůŰɐɟɘɝɖɠ LS (ůɢɐɛŬ 9.1). ȼ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ ůŰɐɟɘɝɖɠ ɐŰŬɜ 10cm. ȼ ŭɨɜŬɛɖ ɛŮŰɟɐɗɖəŮ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɛŮ 

ŭɡɜŬɛɧɛŮŰɟɞ ŬəɟɘɓŮɑŬɠ 9,81N əŬɘ Űɞ ɓɏɚɞɠ əɎɛɣɖɠ ɛŮ ɓŮɚɧɛŮŰɟɞ ŬəɟɘɓŮɑŬɠ ŮəŬŰɞůŰɞɨ 

mm. 

ȼ ŬɜŰɞɢɐ ůŮ əɎɛɣɖ, ůȸ, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ 

Ůɝɑůɤůɖ: 

  

 

ɧˊɞɡ,  ůȸ: ŬɜŰɞɢɐ ůŮ əɎɛɣɖ (MPa) 

  Pmax: ɛɏɔɘůŰɞ ŮűŬɟɛɞɕɧɛŮɜɞ űɞɟŰɑɞ ˊɞɡ ŬɜŰɏɢŮɘ Űɞ ŭɞəɑɛɘɞ (Ɂ) 

  Ls: ŬˊɧůŰŬůɖ Űɤɜ ůɖɛŮɑɤɜ ůŰɐɟɘɝɖɠ (mm) 

  b : ˊɚɎŰɞɠ Űɞɡ ŭɞəɘɛɑɞɡ (mm) 

  d : ˊɎɢɞɠ Űɞɡ ŭɞəɘɛɑɞɡ (mm) 
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10.1.2 ȹɞəɘɛɐ ůŮ ŭɘɎŰɛɖůɖ 

 

ȼ ŬɜŰɞɢɐ ůŮ ŭɘɎŰɛɖůɖ Űɤɜ ŭɞəɘɛɑɤɜ ɏɔɘɜŮ ɛŮ ɓɎůɖ Űɖɜ ŬɜŰɞɢɐ ůŮ əɎɛɣɖ, ɛŮ 

ŮɚŬŰŰɤɛɏɜɖ ŬˊɧůŰŬůɖ Űɤɜ ůɖɛŮɑɤɜ ůŰɐɟɘɝɖɠ ɤɠ ˊɟɞɠ Űɞ ˊɎɢɞɠ Űɞɡ ŭɞəɘɛɑɞɡ, ůɨɛűɤɜŬ ɛŮ 

Űɞ ˊɟɧŰɡˊɞ ASTM-NORM.D 2344-65 T, (ůɢɐɛŬ 9.1). ȳɚŬ ŰŬ ŭɞəɑɛɘŬ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ 

ŮɑɢŬɜ ɛɐəɞɠ 100mm Ůɜɩ ŰŬ ˊɎɢɖ əŬɘ ŰŬ ˊɚɎŰɖ Űɞɡɠ ŬɜŬɔɟɎűɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

ȰŰůɘ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŬɡŰɐɜ Űɖɠ əɎɛɣɖɠ Űɟɘɩɜ 

ůɖɛŮɑɤɜ, ɛŮ Űɖ ɛɧɜɖ ŭɘŬűɞɟɎ ɧŰɘ ŰŬ ůɖɛŮɑŬ ůŰɐɟɘɝɖɠ Ŭˊɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɞɡɠ, ˊŮɟɑˊɞɡ 10mm. 

 ȼ ŬɜŰɞɢɐ ůŮ ŭɘɎŰɛɖůɖ, Űȸ, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ 

Ůɝɑůɤůɖ: 

 

 

ɧˊɞɡ,    Űȸ : ŬɜŰɞɢɐ ůŮ ŭɘɎŰɛɖůɖ (ɀPa) 

Pmax : ɛɏɔɘůŰɞ ŮűŬɟɛɞɕɧɛŮɜɞ űɞɟŰɑɞ ˊɞɡ ŬɜŰɏɢŮɘ Űɞ ŭɞəɑɛɘɞ (Ɂ) 

    b : ˊɚɎŰɞɠ Űɞɡ ŭɞəɘɛɑɞɡ (mm) 

d : ˊɎɢɞɠ Űɞɡ ŭɞəɘɛɑɞɡ (mm) 

 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ, ɡˊɏůŰɖůŬɜ ŭɞəɘɛɐ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ əŬɘ ůŮ ŭɘɎŰɛɖůɖ 

ŰɞɡɚɎɢɘůŰɞɜ ŰɏůůŮɟŬ ŭɞəɑɛɘŬ Ŭˊɧ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ȷˊɧ Űɘɠ Űɘɛɏɠ ŬɡŰɏɠ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ 

ɞɘ ɛɏůɞɘ ɧɟɞɘ, ɞɘ ɞˊɞɑɞɘ əŬɘ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ. 

ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ (Ůɘə.1) ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ŭɘɎŰŬɝɖ ɛɏŰɟɖůɖɠ Űɖɠ ŭɞəɘɛɐɠ ůŮ 

əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ ɛŮ Űɖɜ ɞˊɞɑŬ ɛŮŰɟɐɗɖəŬɜ ŰŬ ŭɞəɑɛɘŬ ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɏŰůɘ ɧˊɤɠ űŬɑɜɞɜŰŬɘ ŰŬ ůɖɛŮɑŬ ůŰɐɟɘɝɖɠ ɛŮŰɟɎŰŬɘ ɖ ŬɜŰɞɢɐ ůŮ əɎɛɣɖ, Ůɜɩ 

ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŬˊɧůŰŬůɖ Űɤɜ ůɖɛŮɑɤɜ ŬɡŰɩɜ ɛŮŰɟɎŰŬɘ ɖ ŬɜŰɞɢɐ ůŮ ŭɘɎŰɛɖůɖ. 

 

 
               ɆɢɐɛŬ 10.1: ȹɘɎŰŬɝɖ ɛɏŰɟɖůɖɠ ŭɞəɘɛɐɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 

(1) ȷɜŬɚɞɔɘəɧ ï ɀɖɢŬɜɘəɧ ɓŮɚɧɛŮŰɟɞ (ŮˊɘɛɖəɡɜůɘɧɛŮŰɟɞ) 

(2) ȹɞəɑɛɘɞ 

(3) ɀŮŰŬɓɚɖŰɐ ŬˊɧůŰŬůɖ ůɖɛŮɑɤɜ ůŰɐɟɘɝɖɠ, ɧˊɞɡ ɞɘ ŬˊɞůŰɎůŮɘɠ ŮɑɜŬɘ 
100 mm ˊɟɞəŮɘɛɏɜɞɡ ɔɘŬ Űɖ ŭɞəɘɛɐ ůŮ əɎɛɣɖ əŬɘ 100 mm ɔɘŬ Űɖ 

ŭɞəɘɛɐ ůŮ ŭɘɎŰɛɖůɖ 

 

10.1.3 ȷˊɞŰŮɚɏůɛŬŰŬ ɛŮŰɟɐůŮɤɜ əɎɛɣɖɠ əŬɘ ŭɘɎŰɛɖůɖɠ 

 

 ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛɏŰɟɖůɖɠ ŭŮɜ əŬŰɎűŮɟŬɜ ɜŬ ŭɩůɞɡɜ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ 

əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ, əŬɗɩɠ əŬɘ ŰŬ űɑɚɛ  PMMA ˊɞɡ 

ˊŬɟŬůəŮɡɎůŰɖəŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ əŬɗɩɠ ˊŬɟɞɡůɑŬůŬɜ ŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɖ ɞˊɞɑŬ 

ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɗɟŬɨůɖ. Ⱥˊɞɛɏɜɤɠ ŰŬ ɡɚɘəɎ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ůŮ əɎɛɣɖ əŬɘ ůŮ 
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ŭɘɎŰɛɖůɖ ŮɑɜŬɘ, Űɞ corian əŬɘ Űɞ plexiglass Ůɜɩ ɞ ˊɞɚɡŮůŰɏɟŬɠ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ ɏŭɤůŮ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛɧɜɞ ůŮ ŭɘɎŰɛɖůɖ. 

Ʉɟɘɜ ˊŬɟŬŰŬɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛɖɢŬɜɘəɩɜ ɛŮŰɟɐůŮɤɜ Űɤɜ ŭɞəɘɛɑɤɜ ˊɞɡ 

ɛŮŰɟɐɗɖəŬɜ, ŮɑɜŬɘ ůəɧˊɘɛɞ ɜŬ ŬɜŬűŮɟɗɞɨɜ ɞɘ ɛɞɜɎŭŮɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɞˊɞɑŮɠ ɛŮŰɟɎŰŬɘ ɖ 

ŬɜŰɞɢɐ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ. 

ȼ ůɡɜɐɗɖɠ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ ŮɑɜŬɘ Űɞ Ɂ/mm
2
,Űɞ ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ MPa ˊɞɡ 

ŮɑɜŬɘ ɖ ˊŮɟɘůůɧŰŮɟɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ ůŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ. ȯɚɚŮɠ 

ɚɘɔɧŰŮɟɞ ŮɨɢɟɖůŰŮɠ ɛɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ əŬɘ ɖ ŬɜŰɘůŰɞɘɢɑŬ Űɞɡɠ ɛŮ Űɞ N/mm
2
 ŬɜŬűɏɟɞɜŰŬɘ 

ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

 
 ɄɑɜŬəŬɠ 10.1 : ɀɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 

ɀɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ ɀŮŰŬŰɟɞˊɏɠ ɛɞɜɎŭɤɜ 

1 MPa 1N/mm
2 

1 N/mm
2
 10,191 kp/cm

2 

1 kp/cm
2
 0.0981 N/mm

2
 

1 kp/mm
2
 9.81 N/mm

2
 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɎ ɞɘ Űɘɛɏɠ Űɤɜ ɛɖɢŬɜɘəɩɜ 

ɛŮŰɟɐůŮɤɜ Űɤɜ ɡɚɘəɩɜ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ əŬɗɩɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ˊɎɢɖ əŬɘ 

ˊɚɎŰɖ. 
ɄɑɜŬəŬɠ 10.2: ɀɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡɚɘəɩɜ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ 

ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 
ɄɑɜŬəŬɠ 10.3 : ɀɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡɚɘəɩɜ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ 

ɛŮŰɎ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 

 

 

 

ɡɚɘəɧ ˊɎɢɞɠ 

(d) 

ˊɚɎŰɞɠ 

(b) 

ȾɎɛɣɖ 

ɛ.ɞ. 

ɛŮŰɟɐůŮɤɜ 

ȾɎɛɣɖ 

Pmax 

ȹɘɎŰɛɖůɖ 

ɛ.ɞ. 

ɛŮŰɟɐůŮɤɜ 

ȹɘɎŰɛɖůɖ 

Pmax 

ȷɜŰɞɢɐ ůŮ 

əɎɛɣɖ(ůȸ) 

(MPa) 

ȷɜŰɞɢɐ ůŮ 

ŭɘɎŰɛɖůɖ(Űȸ) 

(MPa) 

PMMA-C 4,88 17,68 67 1041,87 130 2021,5 371,178 17,572 

CORIAN-C 5,99 12,1 11 171,05 103 1601,65 59,098 16,573 

UP-FG-C 12,73 0,84 - - 6 93,3 - 6,543 

ɡɚɘəɧ ˊɎɢɞɠ 

(d) 

ˊɚɎŰɞɠ 

(b) 

ȾɎɛɣɖ 

ɛ.ɞ. 

ɛŮŰɟɐůŮɤɜ 

ȾɎɛɣɖ 

Pmax 

ȹɘɎŰɛɖůɖ 

ɛ.ɞ. 

ɛŮŰɟɐůŮɤɜ 

ȹɘɎŰɛɖůɖ 

Pmax 

ȷɜŰɞɢɐ ůŮ 

əɎɛɣɖ(ůȸ) 

(MPa) 

ȷɜŰɞɢɐ ůŮ 

ŭɘɎŰɛɖůɖ(Űȸ) 

(MPa) 

PMMA-C 

 
4,88 17,68 32 497.6 65 1010.75 177.276 10.459 

CORIAN-C 

 
5,99 12,10 6 93.3 60 933 32,23 9.654 

UP-FG-C 

 
12,73 0,84 - - 2 31.1 - 2.181 
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ɆɢɐɛŬ 10.2: ȹɘɎɔɟŬɛɛŬ ɔɟŬɛɛɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ  
Űɖɠ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ (ůɓ) əŬɘ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ŭɘɎŰɛɖůɖ (Űɓ) 

 

 

 

 
ɆɢɐɛŬ 10.3: ɆɡɔəɟɘŰɘəɧ ɟŬɓŭɧɔɟŬɛɛŬ Űɤɜ Ůɛˊɞɟɘəɩɜ ŭɞəɘɛɑɤɜ, 

 ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ əŬɘ ůŮ ŭɘɎŰɛɖůɖ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 

 

 

 

 

 

ʴˊʰ˃˃ʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺ

y = 15,557x

R
2
 = 0,9997

0

1000

2000

3000

4000

5000

6000

0 100 200 300 400

˃

ɿ



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
 

                  ɄŮŰɟɞɨɚŬ ɀˊɞɡůɛˊɞɡɟɏɚɖ                                                                                                    116 
 

 
ɆɢɐɛŬ 10.4: ɆɡɔəɟɘŰɘəɧ ɟŬɓŭɧɔɟŬɛɛŬ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ  

ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ 
 

 

 

 

 

 
ɆɢɐɛŬ 10.5: ɆɡɔəɟɘŰɘəɧ ɟŬɓŭɧɔɟŬɛɛŬ ŬɜŰɞɢɐɠ ůŮ ŭɘɎŰɛɖůɖ  

ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ 
 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
 

                  ɄŮŰɟɞɨɚŬ ɀˊɞɡůɛˊɞɡɟɏɚɖ                                                                                                    117 
 

 
ɆɢɐɛŬ 10.6: ɆɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ  

ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 
ɆɢɐɛŬ 10.7: ɆɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŬɜŰɞɢɐɠ ůŮ ŭɘɎŰɛɖůɖ  

ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ 
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10.2 ȹɞəɘɛɐ ŮűŮɚəɡůɛɞɨ 

10.2.1 ũŮɜɘəɎ 

MɑŬ Ŭˊɧ Űɘɠ ŮɡɟɨŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŭɞəɘɛɏɠ Űɖɠ ɛɖɢŬɜɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Űɤɜ ˊɞɚɡɛŮɟɩɜ ŮɑɜŬɘ ɖ ŭɞəɘɛɐ ŮűŮɚəɡůɛɞɨ (tensile test). ȼ ŭɞəɘɛɐ ŬɡŰɐ ɛŬɠ ŭɑɜŮɘ ŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ ŰɎůɖɠ ï ˊŬɟŬɛɧɟűɤůɖɠ (ůïŮ). ɀɑŬ ŰɏŰɞɘŬ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɑɕŮɘ Űɖɜ 

ɘəŬɜɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ ɜŬ ŬɜŰɏɢŮɘ ůŮ ŭɡɜɎɛŮɘɠ ˊɞɡ ŰŮɑɜɞɡɜ ɜŬ Űɞ ŮəŰŮɑɜɞɡɜ əŬɘ Űɞ ɓŬɗɛɧ 

ůŰɞ ɞˊɞɑɞ Űɞ ɡɚɘəɧ ɏɢŮɘ ŮəŰŬɗŮɑ ɐ ˊŬɟŬɛɞɟűɤɗŮɑ ˊɟɘɜ Űɖ ɗɟŬɨůɖ Űɞɡ. ɈˊɎɟɢŮɘ ɏɜŬ ˊɚɐɗɞɠ 

ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ɛɞɟűɐ Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ ŰɎůɖɠ ï ˊŬɟŬɛɧɟűɤůɖɠ. 

ɀŮɟɘəɞɑ Ŭˊɧ ŬɡŰɞɨɠ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ, ɞ ɟɡɗɛɧɠ Ůˊɘɛɐəɡɜůɖɠ, ɖ ˊɟɞɥůŰɞɟɑŬ Űɞɡ 

ɡɚɘəɞɨ, ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŭɞəɘɛɑɞɡ, ɖ ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ȰɜŬ ŰɏŰɞɘɞ 

ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ɢɟɐůɘɛɞ ɛɧɜɞ ɧŰŬɜ ŮɑɜŬɘ ˊɚɐɟɤɠ əŬɗɞɟɘůɛɏɜɞɘ ɞɘ ˊɟɞɖɔɞɨɛŮɜɞɘ 

ˊŬɟɎɔɞɜŰŮɠ.  

ɆŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ (ȹɘɎɔɟ.9.1) űŬɑɜŮŰŬɘ ɏɜŬ Űɡˊɘəɧ ŭɘɎɔɟŬɛɛŬ ŰɎůɖɠ ï 

ˊŬɟŬɛɧɟűɤůɖɠ (ůïŮ) Ůɜɧɠ ˊɞɚɡɛŮɟɞɨɠ. ɆŰɘɠ ɢŬɛɖɚɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ɖ əŬɛˊɨɚɖ ů-Ů 

ŮɑɜŬɘ ŮɡɗŮɑŬ ɔɟŬɛɛɐ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ Ⱥ. ȼ ˊŮɟɘɞɢɐ ŬɡŰɐ (ˊŮɟɘɞɢɐ Ŭ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ) 

ɞɜɞɛɎɕŮŰŬɘ ɔɟŬɛɛɘəɐ ŮɚŬůŰɘəɐ ˊŮɟɘɞɢɐ Űɞɡ ɡɚɘəɞɨ. ȷˊɧ Űɖɜ əɚɑůɖ Űɖɠ ɔɟŬɛɛɐɠ ŬɡŰɐɠ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ (Young Modulus) Ⱥ Űɞɡ ɡɚɘəɞɨ. ɀŮŰɎ Űɞ ůɖɛŮɑɞ 

Ⱥ ŬəɞɚɞɡɗŮɑ ɖ ɛɖ ɔɟŬɛɛɘəɐ ŮɚŬůŰɘəɐ ˊŮɟɘɞɢɐ (ˊŮɟɘɞɢɐ ɓ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ). ȼ əŬɛˊɨɚɖ 

ŬɡŰɐ ŮɛűŬɜɑɕŮɘ ɏɜŬ ɛɏɔɘůŰɞ ůŰɞ ůɖɛŮɑɞ Ɉ. ɇɞ ůɖɛŮɑɞ ŬɡŰɧ ɞɜɞɛɎɕŮŰŬɘ ůɖɛŮɑɞ ŭɘŬɟɟɞɐɠ 

(yield point), ɖ ŬɜŰɑůŰɞɘɢɖ ŰɎůɖ ůɈ əŬɚŮɑŰŬɘ ŰɎůɖ ŭɘŬɟɟɞɐɠ (yield strength) Ůɜɩ ɖ 

ŬɜŰɑůŰɞɘɢɖ ˊŬɟŬɛɧɟűɤůɖ Ůˊɘɛɐəɡɜůɖ ŭɘŬɟɟɞɐɠ (elongation at strength). ɀŮŰɎ Űɞ ůɖɛŮɑɞ 

ŭɘŬɟɟɞɐɠ Űɞ ɡɚɘəɧ ůɡɜŮɢɑɕŮɘ ɜŬ ˊŬɟŬɛɞɟűɩɜŮŰŬɘ ɛŮ ŰɎůɖ ɛɘəɟɧŰŮɟɖ Űɖɠ ůɈ, ɛŮ Űɖɜ 

ŮɛűɎɜɘůɖ ůŰɏɜɤůɖɠ ɐ ɚŬɘɛɞɨ ůŰɞ ŭɞəɑɛɘɞ (ˊŮɟɘɞɢɐ ɔ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ).ȷɡŰɐ ɖ ˊŮɟɘɞɢɐ 

ɞɜɞɛɎɕŮŰŬɘ ˊŮɟɘɞɢɐ ɚŬɑɛɤůɖɠ (necking). ɀŮŰɎ Űɖɜ ˊŮɟɘɞɢɐ ɚŬɑɛɤůɖɠ Űɞ ŭɞəɑɛɘɞ 

ˊŬɟŬɛɞɟűɩɜŮŰŬɘ ɡˊɧ ůŰŬɗŮɟɐ ůɢŮŭɧɜ ŰɎůɖ. ɆŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ (ˊŮɟɘɞɢɐ ŭ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ), Űɞ ɡɚɘəɧ ůɡɛˊŮɟɘűɏɟŮŰŬɘ əŬŰɎ əɎˊɞɘɞ Űɟɧˊɞ, ůŬɜ ŮɨəɞɚŬ ˊŬɟŬɛɞɟűɩůɘɛɞ 

ɐ ŮɨˊɚŬůŰɞ, ˊŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭŮɜ ɗŮɟɛŬɑɜŮŰŬɘ ŮɝɤŰŮɟɘəɎ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ əŬɚŮɑŰŬɘ 

ɣɡɢɟɐ ɏɚŬůɖ (cold drawing). ɆŮ ɛŮɔɎɚŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɖ ŰɎůɖ ŬɡɝɎɜŮɘ ůɡɜɐɗɤɠ əŬɘ 

ˊɎɚɘ ɛɏɢɟɘ Űɞ ŰŮɚɘəɧ ůɖɛŮɑɞ ɗɟŬɨůɖɠ ȸ. ȼ ŰɎůɖ ůȸ ůŰɞ ůɖɛŮɑɞ ɗɟŬɨůɖɠ ɞɜɞɛɎɕŮŰŬɘ ŰɎůɖ 

ɗɟŬɨůɖɠ ɐ ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ (tensile or ultimate strength) əŬɘ ɖ ˊŬɟŬɛɧɟűɤůɖ Ůȸ 

Ůˊɘɛɐəɡɜůɖ əŬŰɎ Űɖ ɗɟŬɨůɖ (elongation at break). ũɘŬ ɞɟɘůɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ ɞɘ ɞˊɞɑŮɠ 

ŬˊŬɘŰɞɨɜ ɛŮɔɎɚɖ ŬɜŰɞɢɐ, ɖ əɟɑůɘɛɖ ŰɎůɖ Űɞɡ ɡɚɘəɞɨ ɗŮɤɟŮɑŰŬɘ ɖ ůɈ əŬɘ ɧɢɘ ɖ ůȸ.  
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ɆɢɐɛŬ 10.8: ɇɡˊɘəɧ ȹɘɎɔɟŬɛɛŬ ɇɎůɖɠ-Ⱥˊɘɛɐəɡɜůɖɠ  

 

ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ (ȹɘɎɔɟ. 9.2) űŬɑɜŮŰŬɘ ɖ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮɘ ɏɜŬɠ ˊɞɚɡŮůŰɏɟŬɠ ɔɘŬ ŭɨɞ ɟɡɗɛɞɨɠ ˊŬɟŬɛɧɟűɤůɖɠ: ɏɜŬɜ ɡɣɖɚɧ (ɛŮɔŬɚɨŰŮɟɞ 

Ŭˊɧ 1 mm/s), əŬɘ ɏɜŬɜ ɢŬɛɖɚɧ (ɛɘəɟɧŰŮɟɞ Ŭˊɧ 0,05 mm/s). ɇɞ ɡɚɘəɧ ůɡɛˊŮɟɘűɏɟŮŰŬɘ 

ŮɜŰŮɚɩɠ ŭɘŬűɞɟŮŰɘəɎ ůŰɘɠ ŭɨɞ ŬɡŰɏɠ ůɡɜɗɐəŮɠ ŭɞəɘɛɐɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɢŬɛɖɚɞɨ 

ɟɡɗɛɞɨ, Űɞ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ɛɑŬ ůɖɛŬɜŰɘəɐ Ůˊɘɛɐəɡɜůɖ ˊɟɘɜ Űɖ ɗɟŬɨůɖ Űɞɡ. ɄŬɟɧɚŬ ŬɡŰɎ 

əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ůŰɞ ŭɘɎɔɟŬɛɛɎ Űɞɡ ɏɜŬ ɛɏɔɘůŰɞ ůɖɛŮɑɞ, Űɞ 

ůɖɛŮɑɞ ŭɘŬɟɟɞɐɠ.  

 

 

 
ɆɢɐɛŬ 10.9: ɆɡɛˊŮɟɘűɞɟɎ ˊɞɚɡŮůŰɏɟŬ ɔɘŬ ŭɨɞ ɟɡɗɛɞɨɠ Ůˊɘɛɐəɡɜůɖɠ  
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Ƀɘ ŰŮɚɘəɏɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊɞɚɡɛŮɟɩɜ ŮɑɜŬɘ: Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŭɘŬɟɟɞɐɠ 

(yielding), Űɖɠ ɚŬɑɛɤůɖɠ (necking), Űɖɠ ɣɡɢɟɐɠ ɏɚŬůɖɠ (cold drawing), Űɖɠ ɗɟŬɨůɖ 

(fracture) əŬɘ Űɖɠ əɧˊɤůɖɠ (fatique). ȺɛŮɑɠ ɗŬ ŬůɢɞɚɖɗɞɨɛŮ ɛŮ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ŭɘŬɟɟɞɐɠ, Űɞ ɞˊɞɑɞ əŬɘ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ.  

ȺɑɜŬɘ ɔɜɤůŰɧ ˊɤɠ ɖ ůɡɛˊŮɟɘűɞɟɎ Ůɜɧɠ ˊɞɚɡɛŮɟɞɨɠ ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ 

Űɖɜ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɞ ɟɡɗɛɧ ˊŬɟŬɛɧɟűɤůɖɠ. ũɘ ŬɡŰɧ əŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ űɞɟŰɑɞɡï

Ůˊɘɛɐəɡɜůɖɠ ɛŮŰŬɓɎɚɚŮŰŬɘ əŬɗɩɠ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ. ɆŰɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ 

ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ Űɟɧˊɞɠ ŮɝɎɟŰɖůɖɠ Ŭˊɧ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ ůŰŬɗŮɟɧ ɟɡɗɛɧ 

ˊŬɟŬɛɧɟűɤůɖɠ.  

ɆŰɘɠ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, Űɞ űɞɟŰɑɞ ŬɡɝɎɜŮŰŬɘ ůɢŮŭɧɜ ɔɟŬɛɛɘəɎ ɛŮ Űɖɜ 

Ůˊɘɛɐəɡɜůɖ ɛɏɢɟɘ Űɞɡ ůɖɛŮɑɞɡ ɗɟŬɨůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ əŬɛˊɨɚɖ Ŭ. ȼ 

Ůˊɘɛɐəɡɜůɖ ůŰɞ ůɖɛŮɑɞ ɗɟŬɨůɖɠ ŭɘŬŰɖɟŮɑŰŬɘ ɔŮɜɘəɎ ůŮ ˊɞɚɨ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ, Űɡˊɘəɏɠ 

Űɘɛɏɠ Űɖɠ ŮɑɜŬɘ əɎŰɤ Űɞɡ 10%. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ Űɞ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ɣŬɗɡɟɐ ɗɟŬɨůɖ. 

ɆŮ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, Űɞ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ɏɜŬ ɛɏɔɘůŰɞ ůŰɖɜ əŬɛˊɨɚɖ űɞɟŰɑɞɡ 

(əŬɛˊɨɚɖ ɓ), ɔɜɤůŰɧ ɤɠ ůɖɛŮɑɞ ŭɘŬɟɟɞɐɠ ɐ ůɖɛŮɑɞ ŮɜŭɩůŮɤɠ ɐ ɧɟɘɞ ŮɚŬůŰɘəɧŰɖŰŬɠ. ɀŮŰɎ 

Ŭˊɧ ŬɡŰɧ Űɞ ůɖɛŮɑɞ, ŬəɞɚɞɡɗŮɑ ɖ ɗɟŬɨůɖ Űɞɡ ɡɚɘəɞɨ ɛŮ ůɢŮŰɘəɎ ɢŬɛɖɚɏɠ ŮˊɘɛɖəɨɜůŮɘɠ, 

ɔɨɟɤ ůŰɞ 10-20%. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ˊɟɘɜ Űɖ ɗɟŬɨůɖ, Űɞ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ɛɑŬ 

ůŰɏɜɤůɖ Űɖɠ ŭɘŬŰɞɛɐɠ Űɞɡ, ɔɜɤůŰɐ ɤɠ ɚŬɑɛɤůɖ. ȼ ɗɟŬɨůɖ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɜŬűɏɟŮŰŬɘ ɤɠ ˊɚŬůŰɘəɐ ɐ ŮɚŬŰɐ ɗɟŬɨůɖ. ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐ 

ŮɑɜŬɘ ɧŰɘ Űɞ ˊɞɚɡɛŮɟɏɠ, ˊɏɟŬɜ Űɞɡ ůɖɛŮɑɞɡ ŭɘŬɟɟɞɐɠ, ɡűɑůŰŬŰŬɘ ɛɘŬ ɛɖ ŬɜŰɘůŰɟŮˊŰɐ ɐ 

ˊɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ. ɆŮ Ŭəɧɛɖ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɡˊɧ ɞɟɘůɛɏɜŮɠ ůɡɜɗɐəŮɠ, ɖ 

ɚŬɑɛɤůɖ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ Űɞ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ɛɘŬ ůəɚɐɟɡɜůɖ ɚɧɔɤ Ůˊɘɛɐəɡɜůɖɠ, 

ɞŭɖɔɩɜŰŬɠ ɏŰůɘ ůŮ ɣɡɢɟɐ ɏɚŬůɖ Űɞɡ ɡɚɘəɞɨ (əŬɛˊɨɚɖ ɔ). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɖ 

ŮˊɘɛɖəɨɜůŮɘɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ Űɖɠ ŰɎɝŮɤɠ Űɞɡ 100% əŬɘ Űɞ ɡɚɘəɧ ŬɜŬűɏɟŮŰŬɘ əŬɘ ˊɎɚɘ ɤɠ 

ŮɚŬŰɧ. ɇɏɚɞɠ, ůŮ ŬəɧɛŬ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, Űɞ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ɛɑŬ ɞɛɞɘɧɛɞɟűɖ 

ˊŬɟŬɛɧɟűɤůɖ ɢɤɟɑɠ ůɖɛŮɑŬ ŭɘŬɟɟɞɐɠ əŬɘ ɖ ɗɟŬɨůɖ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ˊɞɚɨ ɡɣɖɚɏɠ 

ŮˊɘɛɖəɨɜůŮɘɠ (əŬɛˊɨɚɖ ŭ). ȼ ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

Ɏɛɞɟűɤɜ ˊɞɚɡɛŮɟɩɜ ˊɎɜɤ Ŭˊɧ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ɡŬɚɩŭɞɡɠ ɛŮŰŬˊŰɩůŮɤɠ (ˊŮɟɘɞɢɐ 

ŮɚŬůŰɞŮɚŬůŰɘəɧŰɖŰŬɠ) Ůɜɩ ɞɘ ŬůəɞɨɛŮɜŮɠ ŰɎůŮɘɠ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŮ ůɢŮŰɘəɎ ɢŬɛɖɚɎ 

ŮˊɑˊŮŭŬ.  

 

 
 

ɆɢɐɛŬ 10.10: Ŭ)ɊŬɗɡɟɐ ɗɟŬɨůɖ ɓ) ɆɖɛŮɑɞ ŭɘŬɟɟɞɐɠ ɐ ŮɜŭɩůŮɤɠ əŬɘ ˊɚŬůŰɘəɐ ɐ ŮɚŬŰɐ ɗɟŬɨůɖ 

ɔ)ɚŬɑɛɤůɖ əŬɘ ɣɡɢɟɐ ɏɚŬůɖ ŭ) ȺɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ 
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10.2.2 ɄŮɟɘɔɟŬűɐ Űɖɠ ŭɘɎŰŬɝɖɠ  

ɆŮ ɛɘŬ ŭɘɎŰŬɝɖ ŮűŮɚəɡůɛɞɨ, ŰŬ ɎəɟŬ Űɤɜ ŭɞəɘɛɑɤɜ ůɡɔəɟŬŰɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ 

Ůɘŭɘəɞɨɠ ůűɘɔəŰɐɟŮɠ (ŬɟˊɎɔŮɠ), ɞɘ ɞˊɞɑɞɘ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŬˊɧɚɡŰŬ 

ŮɚŮɔɢɧɛŮɜɖ ŰŬɢɨŰɖŰŬ, ŮˊɘɓɎɚɚɞɜŰŬɠ ɏŰůɘ ŮɚŮɔɢɧɛŮɜɞ ɟɡɗɛɧ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ. 

ɄɎɜɤ ůŰɞ ŭɞəɑɛɘɞ ŮɑɜŬɘ ˊɟɞůŬɟɛɞůɛɏɜɞ ɏɜŬ ŮˊɘɛɖəɡɜůɘɧɛŮŰɟɞ ɔɘŬ Űɞɜ Ŭəɟɘɓɐ ɏɚŮɔɢɞ Űɖɠ 

ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ.  

Ƀɘ ɛŮŰɟɐůŮɘɠ Űɤɜ ŭɞəɘɛɑɤɜ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ɛɘŬ ɛɖɢŬɜɐ ŮűŮɚəɡůɛɞɨ Űɨˊɞɡ Instron 1121 ɛɏɔɘůŰɞɡ űɞɟŰɑɞɡ 10 

KN ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ (Ⱥɘə. 9.9). ɇŬ ŭɞəɑɛɘŬ ŮɑɢŬɜ ɛɐəɞɠ 100 mm əŬɘ ɖ 

ŮˊɘɓŬɚɚɧɛŮɜɖ ŰŬɢɨŰɖŰŬ ɛŮŰŬəɑɜɖůɖɠ ŬɟˊŬɔɩɜ ɐŰŬɜ ŭɘŬűɞɟŮŰɘəɐ ɔɘŬ Ůˊɘɛɏɟɞɡɠ ŭɞəɑɛɘŬ 

(ɄɑɜŬəŬɠ 9.4). 

 

 

 

 

 

 

 

   
ɆɢɐɛŬ 9.9: ȹɘɎŰŬɝɖ ɛɏŰɟɖůɖɠ ŮűŮɚəɡůɛɞɨ Instron 1121 

 

 

 

 

 

 

10.2.3 ȷˊɞŰŮɚɏůɛŬŰŬ ɛŮŰɟɐůŮɤɜ ŮűŮɚəɡůɛɞɨ 

 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ŬɜŬűɏɟɞɜŰŬɘ ůɡɔəŮɜŰɟɤɛɏɜŮɠ ɧɚŮɠ ɞɘ ɛŮŰɟɐůŮɘɠ ŭɞəɘɛɐɠ ůŮ 

ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ əɎɗŮ ŭɞəɑɛɘɞ ˊɟɘɜ əŬɘ ɛŮŰɎ Ŭˊɧ 48h UV ŬəŰɘɜɞɓɧɚɖůɖ. ũɘŬ ŰŬ ŭɞəɑɛɘŬ 

ˊɟɘɜ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ ɗɟŬɨŰɖəŬɜ ŭɨɞ ɔɘŬ əɎɗŮ ɡɚɘəɧ Ůɜɩ ɔɘŬ ɛŮŰɎ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ 

ɏɜŬ. 
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ɄɑɜŬəŬɠ 10.4: ȷɜŬɚɡŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮűŮɚəɡůɛɞɨ ɔɘŬ Űɞ əɎɗŮ 

ŭɞəɑɛɘɞ ɛŮŰɎ Ŭˊɧ 48 ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖɠ  

 

 

 

 

 

 

 

ɃɜɞɛŬůɑŬ 
ŭŮɑɔɛŬŰɞɠ 

Sample 

ɇŬɢɨŰɖŰ
Ŭ 

ɛŮŰŬəɑɜ
ɖůɖɠ 
ŬɟˊŬɔɩ

ɜ 

Rate 
(mm/mi

n) 

ɀɏɔɘůŰɞ 
ūɞɟŰɑɞ 

Maximu

m load 

(N) 

ȺűŮɚəɡůŰɘə
ɐ ŰɎůɖ ůŰɞ 
ɛɏɔɘůŰɞ 
űɞɟŰɑɞ 

Tensile 

strain at 

maximum 

load 
(MPa) 

ȺűŮɚəɡůŰɘəɐ 
ŰɎůɖ ůŰɞ 
ɛɏɔɘůŰɞ 
űɞɟŰɑɞ 

Tensile strain 

at maximum 

load 
(%) 

ȺűŮɚəɡůŰɘəɐ 
ŰɎůɖ ɗɟŬɨůɖɠ 

tensile strain at 

break 
 

ɀɏŰɟɞ 
ŮɚŬůŰɘəɧŰ
ɖŰŬɠ 

modulus 
(MPa) 

Ⱥˊɘɛɐəɡɜůɖ 

extension 
(mm) 

 

     (MPa) (%)  L0 Lô dl 

Corian-C 0h  

1 

2 902,28 37,60 2.23 37.60 2.24 2436.915 99.80 101.35 1.55 

Corian-C 0h 

 2 

2 203,22 16.93 1.19 16.91 1.19 

Corian-C 

(after 48h 

UV) 

2 801.61 33.40 1.65 33.40 1.65 4152.973 99.80 100.57 0.77 

PC-C 0h  

1 

10 1316.51 10.45 10.65 7.39 17.38 186.093 78.85 87 8.15 

PC-C 0h  

2 

10 1238.12 9.83 16.73 2.81 20.61 

PC-C 
 (after 48h 

UV) 

10 1107.65 10.86 11.64 9.58 14.75 185.842 78.85 84.45 5.6 

PMMA-C 0h  

1 

2 3506.04 43.83 5.67 43.83 5.67 886.136 79.99 82.2 2.21 

PMMA-C 0h  

2 

2 2708.72 21.50 5.22 21.50 5.22 

PMMA-C  

(after 48h 

UV) 

2 4375.83 54.70 8.01 54.70 8.01 1330.079 79.99 83.14 3.15 

UP-FG-C 0h  

1 

2 1193.02 91.77 4.51 75.04 4.53 3229.282 101.6

0 

103.35 1.75 

UP-FG-C 0h  

2 

2 728.32 66.21 3.09 49.81 3.12 

UP-FG-C  

(after 48h 

UV) 

1 1048.05 65.50 3.61 65.47 3.61 2718.662 101.6

0 

103.02 1.42 

PMMA-L 0h  

1 

10 51.00 7.39 2.09 0.00 10.31 567.204 60 10.1 4.1 

PMMA-L  
(after 48h 

UV) 

5 35.70 5.41 1.89 0.24 3.61 458.958 60 60.79 0.79 

PMMA-S-L  

0h 1 

5 52.34 9.52 2.04 -0.10 3.88 669.003 60 61.29 1.29 

PMMA-S-L 

(after 48h 

UV) 

5 59.59 10.83 

 

3.09 0.10 4.21 596.266 60 60.925 0.925 
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UP-FG-C ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.11: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ,   

ɔɘŬ Űɞɜ ˊɞɚɡŮůŰɏɟŬ ɢɤɟɑɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 
ɄɑɜŬəŬɠ 10.5: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞɜ UP-FG-C Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 
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UP-FG-C ɛŮŰɎ Ŭˊɧ 48 ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.12: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞɜ ˊɞɚɡŮůŰɏɟŬ ɛŮŰɎ Ŭˊɧ 48 ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 
ɄɑɜŬəŬɠ 10.6: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞɜ UP-FG-C  

ɛŮŰɎ Ŭˊɧ 48 ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
 

 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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PC-C ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.13: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 

 

 
ɄɑɜŬəŬɠ 10.7: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ PC-C ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
 

 

 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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PC-C ɛŮŰɎ Ŭˊɧ 48 ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.14: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ ˊɞɚɡəŬɟɓɞɜɘəɧ ɛŮŰɎ Ŭˊɧ 48ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 

 
ɄɑɜŬəŬɠ 10.8: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ PC-C  

ɛŮŰɎ Ŭˊɧ 48ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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PMMA -C ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.15: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ ˊɚɏɝɘɔəɚŬɠ ˊɟɘɜ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ UV 

 

 

 
ɄɑɜŬəŬɠ 10.9: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ PMMA -C  

ˊɟɘɜ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ UV 

 
 

 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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PMMA -C ɛŮŰɎ Ŭˊɧ 48 ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ  

 
ɆɢɐɛŬ 10.16: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ ˊɚɏɝɘɔəɚŬɠ ɛŮŰɎ Ŭˊɧ 48ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 

 
ɄɑɜŬəŬɠ 10.10: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ PMMA -C  

ɛŮŰɎ Ŭˊɧ 48ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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Corian-C ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.17: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ corian ˊɟɘɜ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ UV 

 

 

 

 
ɄɑɜŬəŬɠ 10.11: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ CORIAN -C  

ˊɟɘɜ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ UV 

 
 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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Corian-C ɛŮŰɎ Ŭˊɧ 48 ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ  

 
ɆɢɐɛŬ 10.18: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ corian ɛŮŰɎ Ŭˊɧ 48ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 

 
ɄɑɜŬəŬɠ 10.12: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ CORIAN -C 

ɛŮŰɎ Ŭˊɧ 48ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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PMMA -L ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.19: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ PMMA ˊɟɘɜ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ UV 

 

 

 

 
ɄɑɜŬəŬɠ 10.13: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ PMMA  

ˊɟɘɜ Űɖɜ ŬəŰɘɜɞɓɧɚɖůɖ UV 

 
 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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PMMA -L ɛŮŰɎ Ŭˊɧ 48 ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.20: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ PMMA ɛŮŰɎ Ŭˊɧ 48ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 

 
ɄɑɜŬəŬɠ 10.14: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ PMMA -L 

ɛŮŰɎ Ŭˊɧ 48ɩɟŮɠ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
 

 

 

 

 

 

 

 

 



ȺˊɑŭɟŬůɖ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ (UV) ůŮ ŭɘŬűŬɜɐ ˊɚŬůŰɘəɎ ɡɚɘəɎ 
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PMMA -S-L ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
ɆɢɐɛŬ 10.21: ȹɘɎɔɟŬɛɛŬ ŮűŮɚəɡůɛɞɨ, ŰɎůɖɠ ï Ůˊɘɛɐəɡɜůɖɠ, 

ɔɘŬ Űɞ PMMA+tinUVin 144 ́ ɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 

 

 

 
ɄɑɜŬəŬɠ 10.15: ɀŮŰɟɐůŮɘɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ɔɘŬ Űɞ PMMA -S-L  

ˊɟɘɜ Űɖɜ UV ŬəŰɘɜɞɓɧɚɖůɖ 

 
 

 

 

 

 

 

 

 

 

 

 

 


