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I like baked potatoes. I don't have a mi-

crowave oven, and it takes forever to 

bake a potato in a conventional oven. 

Sometimes I'll just throw one in there, 

even if I don't want one, because by the 

time it's done, who knows? 

Mitch Hedberg 
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Ʉɟɧɚɞɔɞɠ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮ ŰɑŰɚɞ ñɆɨɜɗŮůɖ ɄɞɚɡɞɡɟŮɗŬɜɩɜ HEUR ɛŮ ɢɟɐůɖ 

ɆɡɛɓŬŰɘəɩɜ ɀŮɗɧŭɤɜ ŪɏɟɛŬɜůɖɠ əŬɘ ɀɘəɟɞəɡɛɎŰɤɜò ŮəˊɞɜɐɗɖəŮ əŬŰɎ Űɞ ŬəŬŭɖɛŬɥəɧ 

ɏŰɞɠ 2020-2021 ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɇŮɢɜɘəɐɠ ɉɖɛɘəɩɜ ȹɘŮɟɔŬůɘɩɜ Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖ-

ɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɞɡ ȷɜŬˊɚɖɟɤŰɐ ȾŬ-

ɗɖɔɖŰɐ ə. ɆŰŮűŬɜɑŭɖ ũŮɩɟɔɘɞɡ. 

ɄɟɤŰɑůŰɤɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ə. ũŮɩɟɔɘɞ ɆŰŮűŬɜɑŭɖ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ 

Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɗɏɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ůŰɞ ȺɡɟɤˊŬɥəɧ ɄɟɧɔɟŬɛɛŬ Simplify ï 

Sonication and Microwave Processing of Material Feedstock, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ əŬɗɞŭɐ-

ɔɖůɖ Űɞɡ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ. ɇɞɜ ŮɡɢŬɟɘůŰɩ ˊɞɡ ɛŮ ŮɛˊɘůŰŮɨ-

ŰɖəŮ ɛŮ Űɖɜ ŬɜɎɗŮůɖ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ əŬɘ ɛɞɡ ɏŭɤůŮ ˊɟɧůɓŬůɖ ůŰɞɡɠ ˊɧɟɞɡɠ Űɞɡ 

ŮɟɔŬůŰɖɟɑɞɡ. 

Ⱥˊɑůɖɠ, ŭŮɜ ɗŬ ɛˊɞɟɞɨůŬ ɜŬ ˊŬɟŬɚŮɑɣɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɈˊɞɣɐűɘŬ ȹɘŭɎəŰɞɟŬ Ƚɤ-

ɎɜɜŬ ɇɕɩɟŰɕɖ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɖɠ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ ŭɘ-

ˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ əŬɗɩɠ əŬɘ ɔɘŬ Űɘɠ ůɡɛɓɞɡɚɏɠ Űɖɠ. ȼ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ əŬŰɏůŰɖ 

ŭɡɜŬŰɐ ɩůŰŮ ɞɘ ˊɞɚɚɏɠ ɩɟŮɠ ˊɞɡ ɓɟɘůəɧɛŬůŰŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɜŬ ˊŮɟɜɞɨɜ ŮɡɢɎɟɘůŰŬ. 

ȷəɧɛɖ, ŮɡɢŬɟɘůŰɩ Űɖɜ ȹɘŭɎəŰɞɟŬ ȻɏɟɓŬ ȷɘəŬŰŮɟɑɜɖ ɔɘŬ Űɖ ɢɟɐůɘɛɖ ɓɞɐɗŮɘŬ Űɖɠ ůɢŮŰɘəɎ 

ɛŮ Űɖɜ ŮɝɞɘəŮɑɤůɖ ɛŮ Űɞ ŮɟɔŬůŰɐɟɘɞ əŬɗɩɠ əŬɘ ɔɘŬ Űɘɠ ŮˊɘůŰɖɛɞɜɘəɏɠ əŬɘ ŰŮɢɜɘəɏɠ Űɖɠ 

ůɡɛɓɞɡɚɏɠ. 

ɄŬɟɎɚɚɖɚŬ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚɞɡɠ ŮəŮɑɜɞɡɠ ˊɞɡ ɓɞɐɗɖůŬɜ ůŰɖɜ ɨˊŬɟɝɖ Ůɜɧɠ 

ɤɟŬɑɞɡ ŮɟɔŬůŰɖɟɘŬəɞɨ əɚɑɛŬŰɞɠ, ɧˊɤɠ ŮɑɜŬɘ ɞ ȾŬɗɖɔɖŰɐɠ ə. ɁɘəɧɚŬɞɠ ɄŬˊŬɔɘŬɜɜɎəɞɠ 

əŬɘ ɞ ŮɟŮɡɜɖŰɘəɧɠ ůɡɜŮɟɔɎŰɖɠ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɉɟɡůɞɓŬɚɎɜŰɖɠ ɇŮɛˊɚɐɠ.  

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɘŰɏɟɤɠ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ, Űɖɜ əɞˊɏɚŬ ɛɞɡ əŬɘ ɧɚɞ 

Űɞ əɞɜŰɘɜɧ ɛɞɡ űɘɚɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɔɘŬ Űɖ ůŰɐɟɘɝɖ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ ůŮ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

űɞɘŰɖŰɘəɐɠ ɛɞɡ ˊɞɟŮɑŬɠ. 
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ɄŮɟɑɚɖɣɖ 

 

Ƀ ůŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ȹɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŬűɞɟɎ ůŰɖɜ Ŭɟɢɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɞɡ əŬŰɎ 

ˊɧůɞ ɖ ɢɟɐůɖ ɛɘəɟɞəɡɛɎŰɤɜ ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ˊɟɞˊɞɚɡɛŮɟɞɨɠ (prepolymer), 

ˊɞɡ ŬˊɞŰŮɚŮɑ ŮɜŭɘɎɛŮůɞ ˊɟɞɥɧɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ HEUR (ɇɟɞˊɞˊɞɘ-

ɖɛɏɜɤɜ ɡŭɟɧűɞɓɤɜ Ŭɘɗɞɝɡɚɘɤɛɏɜɤɜ ɞɡɟŮɗŬɜɩɜ - Hydrophobically modified ethoxylated 

urethanes), əŬɗɩɠ ŭŮɜ ɡˊɎɟɢɞɡɜ ˊɟɞɖɔɞɨɛŮɜŮɠ ŬɜŬűɞɟɏɠ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ. ɆɡɔəŮəɟɘ-

ɛɏɜŬ, Űɞ ˊɟɞˊɞɚɡɛŮɟɏɠ ŬűɞɟɎ ůŰɖɜ ŬɜŰɑŭɟŬůɖ ɛɧɜɞ Űɖɠ ˊɞɚɡɧɚɖɠ, ˊɞɡ ˊɟɞůŭɑŭŮɘ Űɞ ɡ-

ŭɟɧűɘɚɞ ɛɏɟɞɠ ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ, ɛŮ Űɞ ɘůɞəɡɎɜɘɞ, Ůɜɩ ɖ ˊŬɟŬɔɧɛŮɜɖ ˊɞɚɡɞɡɟŮɗɎɜɖ 

HEUR ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɞɡ ˊɟɞˊɞɚɡɛŮɟɞɨɠ ɛŮ Űɖɜ Ŭɚəɞɧɚɖ, ˊɞɡ ˊɟɞůŭɑŭŮɘ 

Űɞ ɡŭɟɧűɞɓɞ əɞɛɛɎŰɘ ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ. 

ȼ ˊɞɚɡɞɡɟŮɗɎɜɖ HEUR ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŮ ŮˊɘůŰɟɩůŮɘɠ (coatings) əŬɘ ŬˊɞŰŮɚŮɑ 

ŰɟɞˊɞˊɞɘɖŰɐ ɟŮɞɚɞɔɑŬɠ (rheology modifier), ɡɚɘəɧ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ŮˊɖɟŮɎůŮɘ Űɖ 

ɟŮɞɚɞɔɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɘɠ ŮˊɑůŰɟɤůɖɠ ůŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ ˊŬɟŬɔɤɔɐɠ, ŮˊŮɝŮɟɔŬůɑŬɠ 

əŬɘ ŰŮɚɘəɐɠ ɢɟɐůɖɠ. 

Ƀɘ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ˊɟɞˊɞɚɡɛŮɟɞɨɠ ŮɑɜŬɘ ɛŮ ůɡɛɓŬ-

Űɘəɐ ɗɏɟɛŬɜůɖ əŬɘ ɛŮ ɛɘəɟɞəɨɛŬŰŬ. ȿɧɔɤ Űɞɡ ŭɘŬűɞɟŮŰɘəɞɨ Űɟɧˊɞɡ ɛŮŰɎŭɞůɖɠ ɗŮɟɛɧŰɖ-

ŰŬɠ, ŭɘŮɝɐɢɗɖ ɛŮɚɏŰɖ ŬɜɎɚɡůɖɠ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ɢɟɧɜɤɜ ɞɚɞəɚɐɟɤůɖɠ əɎɗŮ ůŰŬŭɑɞɡ 

Űɖɠ ŭɘŮɟɔŬůɑŬɠ ɛŮ Űɘɠ ŭɡɞ ɛŮɗɧŭɞɡɠ. 

Ⱥɜ ůɡɜŮɢŮɑŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɜɎɚɡůɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɞɚɩɜ 

(PEG), ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ˊɞɚɡɧɚŮɠ, ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ˊɖəŰɩ-

ɛŬŰɞɠ (GPC), Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ ɡˊŮɟɨɗɟɞɡ ɛŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier (FTIR) əŬɘ Űɖɠ 

űŬůɛŬŰɞůəɞˊɑŬɠ ˊɡɟɖɜɘəɞɨ ɛŬɔɜɖŰɘəɞɨ ůɡɜŰɞɜɘůɛɞɨ (1H NMR). 

ȷəɧɛɖ, ŭɘŮɜŮɟɔɐɗɖəŮ ůɨɔəɟɘůɖ Űɤɜ ɛŮɗɧŭɤɜ ŬűɡŭɎŰɤůɖɠ ůŰɘɠ PEG ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖ-

əŬɜ, əŬɗɩɠ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ɖ ɨˊŬɟɝɖ ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ɜŮ-

ɟɞɨ ůŰɘɠ ˊɞɚɡɧɚŮɠ, ɞŭɖɔŮɑ ůŮ ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɛŮ əɡɟɘɧŰŮɟɖ ŬɡŰɐ Űɖɠ ˊŬɟŬɔɤɔɐɠ 

ɞɡɟɑŬɠ. ɇɞ ŰŮɚŮɡŰŬɑɞ ŮˊɘɓŮɓŬɘɩɗɖəŮ ˊŮɘɟŬɛŬŰɘəɎ Ŭˊɧ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐ-

ɗɖəŬɜ ůŮ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ əŬɘ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ. ɆŰɘɠ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ ɢɟɖ-

ůɘɛɞˊɞɘŮɑŰŬɘ ɖ PEG ɛŮ Űɖɜ Ŭɟɢɘəɐ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɡɔɟŬůɑŬ, Ůɜɩ ůŰɘɠ ůɡɜɗɐəŮɠ 

əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ, ɖ PEG ɏɢŮɘ ɡˊɞůŰŮɑ ŮˊŮɝŮɟɔŬůɑŬ ŬűɡŭɎŰɤůɖɠ.  

ȺˊɘˊɟɞůɗɏŰɤɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮɘɟɎ ˊŮɘɟŬɛɎŰɤɜ ɛŮ ůŰɧɢɞ Űɖɜ ŭɘŮɟŮɨɜɖůɖ ɨˊŬɟɝɖɠ 

ɗŮɟɛɘəɩɜ ɐ ɛɖ űŬɘɜɞɛɏɜɤɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɢɟɐůɖɠ ɛɘəɟɞəɡɛɎŰɤɜ. ȷɜŬűɞɟɘəɎ ɛŮ ŰŬ 

ˊŮɘɟɎɛŬŰŬ ɛŮ ɢɟɐůɖ ůɡɛɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮɚɏŰɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖ-

ŰŬɠ əŬɗɩɠ Ůˊɑůɖɠ ŭɘŮɟŮɡɜɐɗɖəŮ əŬŰɎ ˊɧůɞ ɖ ɟɞˊɐ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞɜ ɎɝɞɜŬ Űɞɡ Ŭ-

ɜŬŭŮɡŰɐɟŬ ɚɧɔɤ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɘɝɩŭɞɡɠ ɛˊɞɟŮɑ ɜŬ ůɡɛɓɎɚŮɘ ůŰɖɜ ŮˊɞˊŰŮɑŬ Űɖɠ 

Ůɝɏɚɘɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. 

ɇɏɚɞɠ, ŬɜŬɚɨɗɖəŮ Ůɛˊɞɟɘəɧ ˊɟɞɥɧɜ ˊɞɚɡɞɡɟŮɗɎɜɖɠ HEUR ɛɏůɤ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ GPC 

əŬɘ  IR ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɞˊɞɑɞɡ ůɡɔəɟɑɗɖəŬɜ ɛŮ ŰŬ ˊɟɞɥɧɜŰŬ ˊɞɡ ˊŬɟɐɢɗɖůŬɜ ɛŮ ŰŬ 
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ɛɘəɟɞəɨɛŬŰŬ. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ŰŬ ˊŮɘɟɎɛŬŰŬ ɛŮ ɢɟɐůɖ ɛɘəɟɞəɡɛɎŰɤɜ əŬŰɏŭŮɘɝŬɜ Űɖ ŭɡ-

ɜŬŰɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ ˊɟɞɥɧɜŰɞɠ ˊŬɟɧɛɞɘɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ Mn ɛŮ Űɞ Ůɛˊɞɟɘəɧ ˊɟɞɥɧɜ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 18000 g/mol Ůɜɩ ɡˊɎɟɢŮɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬůəŮɡɐɠ ˊɟɞˊɞɚɡɛŮɟɞɨɠ ɛŮ 

ɡɣɖɚɧŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 42000 g/mol. 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ɄɞɚɡɞɡɟŮɗɎɜɖ, HEUR, PEG, ɘůɞəɡɎɜɘɞ, ŰɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ, Ůˊɘ-

ůŰɟɩůŮɘɠ, ůɡɛɓŬŰɘəɏɠ ɛɏɗɞŭɞɘ ɗɏɟɛŬɜůɖɠ, ɛɘəɟɞəɨɛŬŰŬ, GPC  
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Abstract 
 

The aim of this Thesis concerns the initial investigation of whether the use of microwave 

leads to the production of the prepolymer (prepolymer), which is an intermediate for the 

production of polyurethane HEUR (Hydrophobically modified ethoxylated urethanes), as 

there are no previous references in the literature. Particularly, the prepolymer refers to the 

reaction of only the polyol, which gives the hydrophilic part to the final product, with iso-

cyanate, while the produced polyurethane HEUR results from the reaction of the prepoly-

mer with a sort chain alcohol, which gives the hydrophobic part to the final product.  

HEUR is mainly used in coatings and as a rheology modifier, an additive that can influence 

the rheological behavior of coatings at various stages of production, processing, and appli-

cation.  

The methods that were used to produce the prepolymer were conventional and microwave 

heating. Due to the different modes of heat transfer, an analytical study of the required 

completion times of each stage of the process was carried out by the two methods.  

Then, the different polyethylene glycols (PEGs), used as polyols, were analyzed by gel 

permeation chromatography (GPC), Fourier-transform infrared spectroscopy (FTIR), and 

nuclear magnetic resonance spectroscopy (1H NMR).  

Furthermore, a comparison of different dehydration methods of the PEGs was performed, 

because as shown in the literature, the presence of high water content in polyols, leads to 

side reactions with the main one being that of urea formation. The latter was confirmed 

experimentally by the reactions carried out in open and closed vessel conditions. In the 

open vessel conditions PEG is used with its initial moisture content, while in the closed 

vessel conditions, the PEG has been dehydrated. 

Also, a series of preliminary experiments were performed to investigate the existence of 

thermal and non-thermal effects in the case of microwave heating. Regarding the experi-

ments using conventional heating, a repeatability study was performed as well as it was 

investigated whether the torque that develops on the impeller due to the development of 

viscosity can contribute to the monitoring of the reaction.  

Finally, a commercial HEUR polyurethane product was analyzed by GPC and IR analysis, 

the results of which were compared with the products produced by microwaves. In conclu-

sion, microwave experiments showed the possibility of producing a product with a similar 

molecular weight Mn to the commercial product of 18000 g/mol, while there is also the 

possibility of preparing a prepolymer with a higher molecular weight of 42000 g/mol. 

 

 

Key-Words: Polyurethane, HEUR, PEG, isocyanate, rheology modifiers, coatings, con-

ventional heating methods, microwaves, GPC  
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Ethoxylated Urethane 

ɈŭɟɧűɞɓŮɠ Űɟɞˊɞˊɞɘɖɛɏ-

ɜŮɠ ŬɘɗɞɝɡɚɘɤɛɏɜŮɠ ɞɡɟŮ-

ɗɎɜŮɠ 

HM-HEC 
Hydrophobically Modified 

Hydroxyethylcellulose 

Ɉŭɟɧűɞɓɖ Űɟɞˊɞˊɞɘɖɛɏɜɖ 

ɡŭɟɞɝɡŬɘɗɡɚɞəɡŰŰŬɟɑɜɖ 

HMP 
Hydrophobically Modified 

Polymers 

ɈŭɟɧűɞɓŬ ŰɟɞˊɞˊɞɘɖɛɏɜŬ 

ˊɞɚɡɛŮɟɐ 

PAA Polyacrylic acid ɄɞɚɡŬəɟɡɚɘəɧ ɞɝɨ 

PDI Polydispersity Index ȹŮɑəŰɖɠ ˊɞɚɡŭɘŬůˊɞɟɎɠ 

PEG Poly(ethylene) glycol ɄɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ 

PVA Polyvinylalcohol Ʉɞɚɡɓɘɜɡɚɘəɐ Ŭɚəɞɧɚɖ 

PVP Polyvinylpyrrolidone Ʉɞɚɡɓɘɜɡɚɞˊɡɟɟɞɚɘŭɧɜɖ 

RM Rheology Modifiers ɇɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ 

WSP Water Soluble Polymers ɈŭŬŰɞŭɘŬɚɡŰɎ ˊɞɚɡɛŮɟɐ 
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ȾŮűɎɚŬɘɞ 1: ɇɟɞˊɞˊɞɘɖɛɏɜŮɠ ɡŭɟɧűɞɓŮɠ ŬɘɗɞɝɡɚɘɤɛɏɜŮɠ 

ɞɡɟŮɗɎɜŮɠ (HEUR) 

1.1 ȺɘůŬɔɤɔɐ 

ɇŬ ɡŭŬŰɞŭɘŬɚɡŰɎ ˊɞɚɡɛŮɟɐ (Water-soluble polymers, WSP) ŬˊɞŰŮɚɞɨɜ ɛɘŬ ůɖɛŬɜŰɘəɐ əŬ-

ŰɖɔɞɟɑŬ ˊɞɚɡɛŮɟɩɜ, ŰŬ ɞˊɞɑŬ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ɓɘɞˊɞɚɡɛŮɟɐ, ɧˊɤɠ ˊɞɚɡɜɞɡəɚŮɞŰɑŭɘŬ, ˊɞ-

ɚɡˊŮˊŰɑŭɘŬ, ˊɞɚɡůŬəɢŬɟɑŰŮɠ əŰɚ, ɛɏɢɟɘ ŰŬ ůɡɜɗŮŰɘəɎ ˊɞɚɡɛŮɟɐ ŰŮɟɎůŰɘŬɠ Ůɛˊɞɟɘəɐɠ 

ɢɟɖůɘɛɧŰɖŰŬɠ, ɧɤ́ɠ ́ɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ (Polyethylene glycol, PEG), ́ ɞɚɡɓɘɜɡɚɞˊɡɟ-

ɟɞɚɘŭɧɜɖ (Polyvinylpyrrolidone, PVP), ́ ɞɚɡɓɘɜɡɚɘəɐ Ŭɚəɞɧɚɖ (Polyvinylalcohol, PVA), 

ɞ́ɚɡŬəɟɡɚɘəɧ ɞɝɨ (Polyacrylic acid, PAA) əŰɚ. ȾŬɗɩɠ Űɞ ɜŮɟɧ ŮɑɜŬɘ ŮɨəɞɚŬ ŭɘŬɗɏůɘɛɞ 

əŬɘ ŭɘŬɚɨŰɖɠ űɘɚɘəɧɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ, ŰŬ ˊɟɞɥɧɜŰŬ ɛŮ ɓɎůɖ Űɞ ɜŮɟɧ ɔɑɜɞɜŰŬɘ ɧɚɞ əŬɘ 

ˊɘɞ ůɖɛŬɜŰɘəɎ. ɇŬ ŰŮɚŮɡŰŬɑŬ 40 ɢɟɧɜɘŬ, ŰŬ ůɡɜɗŮŰɘəɎ ˊɞɚɡɛŮɟɐ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŮəŰŮɜɩɠ 

əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŬɕɑ ɛŮ ŰŬ űɡůɘəɎ ˊɞɚɡɛŮɟɐ ůŮ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ, ɧˊɤɠ ůŰŬ 

əŬɚɚɡɜŰɘəɎ əŬɘ Űɘɠ ɓŬűɏɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ŰŬ ůɡɛɓŬŰɘəɎ ɡŭŬŰɞŭɘŬɚɡŰɎ ˊɞɚɡɛŮɟɐ ŮɑɜŬɘ Ůɡ-

ɎɚɤŰŬ ɏɜŬɜŰɘ ůŰɖ ŭɘɎŰɛɖůɖ, ůŰɖ ɗŮɟɛɞəɟŬůɑŬ, Űɞɡ pH əŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬ ŬɚɎŰɤɜ. Ʉɟɞ-

əŮɘɛɏɜɞɡ ɜŬ ɝŮˊŮɟŬůŰɞɨɜ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŬɡŰɎ, ɜɏŬ ˊɞɚɡɛŮɟɐ ŰŬ ůɡɜŭŮŰɘəɎ ˊɞɚɡɛŮɟɐ 

(Associating Polymers, APs)/ɡŭɟɧűɞɓŬ ŰɟɞˊɞˊɞɘɖɛɏɜŬ ˊɞɚɡɛŮɟɐ (Hydrophobically Mod-

ified Polymers, HMPs) ŮɘůɐɢɗɖůŬɜ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 80.1,2 

ȼ ůɖɛŬɜŰɘəɧŰŮɟɖ ɏəɓŬůɖ əŬŰɎ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ŬˊɞŰŮɚŮɑ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɟɞˊɞˊɞɑ-

ɖůɖɠ Űɤɜ ɡŭŬŰɞŭɘŬɚɡŰɩɜ ˊɞɚɡɛŮɟɩɜ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ. ȷɡŰɐ ɖ Űɟɞ-

ˊɞˊɞɑɖůɖ ɞŭɖɔŮɑ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɛɘŬɠ ɜɏŬɠ əŬŰɖɔɞɟɑŬɠ ɡŭŬŰɞŭɘŬɚɡŰɩɜ ˊɞɚɡɛŮɟɩɜ ˊɞɡ 

ɞɜɞɛɎɕɞɜŰŬɘ ɡŭɟɧűɞɓŬ ŰɟɞˊɞˊɞɘɖɛɏɜŬ ˊɞɚɡɛŮɟɐ (HMPs) ɐ ůɡɜŭŮŰɘəɎ ˊɞɚɡɛŮɟɐ (APs) 

əŬɗɩɠ əŬɘ ůɡɜŭŮŰɘəɎ ˊɖəŰɘəɎ (Associative Thickeners, ATs). ɇŬ ˊɞɚɡɛŮɟɐ ŬɡŰɎ ŬˊɞŰŮ-

ɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ɡŭŬŰɞŭɘŬɚɡŰɧ ɡŭɟɧűɘɚɞ çůəŮɚŮŰɧè əŬɘ ɛɘŬ ɛɘəɟɐ ˊɞůɧŰɖŰŬ (ůɡɜɐɗɤɠ < 

2-8 mol%) ɞɛɞɘɞˊɞɚɘəɩɜ ŭŮůɛŮɡɛɏɜɤɜ ɡŭɟɧűɞɓɤɜ ŰɛɖɛɎŰɤɜ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ñstickersò 

(ñŬɡŰɞəɧɚɚɖŰŬò). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɤɜ ɡŭɟɧűɘɚɤɜ əŬɘ ɡŭɟɧűɞɓɤɜ Űɛɖ-

ɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ ˊɞɘəɑɚŮɘ Ůɡɟɏɤɠ. Ⱥɝɞɨ əŬɘ ɞɘ ˊɞɘəɑɚŮɠ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ əŬ-

Űɏɢɞɡɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ ŮűŬɟɛɞɔɩɜ ɧˊɤɠ ůŰŬ 

űŬɟɛŬəŮɡŰɘəɎ ˊɟɞɥɧɜŰŬ əŬɘ ůŰɘɠ ɓŬűɏɠ. ȳŰŬɜ ŰŬ ˊɞɚɡɛŮɟɐ ŬɡŰɎ ŭɘŬɚɨɞɜŰŬɘ ůŮ ɡŭŬŰɘəɧ 

ŭɘɎɚɡɛŬ, ɞɘ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ Űɧůɞ ůŮ ŮɜŭɞɛɞɟɘŬəɧ 

(intramolecular) ɧůɞ əŬɘ ůŮ ŭɘŬɛɞɟɘŬəɧ (intermolecular) ŮˊɑˊŮŭɞ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.1.1.2ï5 
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ȺɘəɧɜŬ 1.1.1: ɆɢŮŭɘɎɔɟŬɛɛŬ ŮɜŭɞɛɞɟɘŬəɩɜ əŬɘ ŭɘŬɛɞɟɘŬəɩɜ ůɡɜŭɏůŮɤɜ.
2 

ȷɡŰɧ ɞŭɖɔŮɑ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ŭɞɛɩɜ ŭɘəŰɨɞɡ, ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ Űɖɜ ŭɞɛɐ Űɤɜ ɛɘəəɡɚɑɤɜ, 

ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.1.2.2,5 

 

ȺɘəɧɜŬ 1.1.2: ȹɞɛɏɠ ɛɘəəɡɚɑɤɜ.2 

Ƀɘ ɟŮɞɚɞɔɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ, ɧˊɤɠ ɖ Ŭɨɝɖůɖ Űɞɡ ɘɝɩŭɞɡɠ, ɖ ŭɘɎŰɛɖůɖ əŬɘ ɖ ˊɎɢɡɜůɖ, 

ŮɑɜŬɘ ɞɘ əɨɟɘŮɠ ɢɟɐůŮɘɠ Űɤɜ ůɡɜŭŮŰɘəɩɜ ˊɞɚɡɛŮɟɩɜ. ɋɠ Ůə ŰɞɨŰɞɡ, ŰŬ ˊɞɚɡɛŮɟɐ ŬɡŰɎ Ŭ-

ˊɞəŬɚɞɨɜŰŬɘ əŬɘ ɤɠ ůɡɜŭŮŰɘəɎ ˊɖəŰɘəɎ (associative thickeners).4 

ɃɟɘůɛɏɜŬ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ˊɞɚɡɛŮɟɩɜ ŬɡŰɩɜ ˊɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ɟŮɞ-

ɚɞɔɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ:6 

¶ əŬɗɑɕɖůɖ / əŬŰŬɓɨɗɘůɖ (ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖ ůŰŬɗŮɟɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ) 

¶ ŬɜŰɑůŰŬůɖ ůŰɞ ɓɞɨɟŰůɘůɛŬ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ 

¶ ˊɘŰůɘɚɑůɛŬŰŬ 

¶ ɘəŬɜɧŰɖŰŬ ɣŮəŬůɛɞɨ 

¶ əɎɛɣɖ 

¶ ɟɞɐ 
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Ƀ ˊɖəŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ Űɤɜ ůɡɜŭŮŰɘəɩɜ ŬɡŰɩɜ ˊɖəŰɘəɩɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ 

ȺɘəɧɜŬ 1.1.3. 

 

ȺɘəɧɜŬ 1.1.3: ɀɖɢŬɜɘůɛɧɠ ůɡɜŭŮŰɘəɩɜ ˊɖəŰɘəɩɜ ůŮ ŭɘɎɚɡɛŬ.7 

ɇŬ ˊɘɞ ŮɛˊɞɟɘəɎ HMPs ŮɛˊɑˊŰɞɡɜ ůŰɘɠ Ůɝɐɠ 3 əŬŰɖɔɞɟɑŮɠ:5 

¶ ūɡůɘəɎ ˊɖəŰɘəɎ ɛŮ ɓɎůɖ Űɖɜ əɡŰŰŬɟɑɜɖ, ɔɜɤůŰɎ ɤɠ ŬɘɗɏɟŮɠ əɡŰŰŬɟɑɜɖɠ Űɨˊɞɡ 

HEC (Hydroxyethylcellulose)  ɐ Űɨˊɞɡ HM-HEC (Hydrophobically Modified 

HEC). 

¶ ȷəɟɡɚɘəɎ ˊɖəŰɘəɎ ɛɖ ůɡɜŭŮŰɘəɞɨ Űɨˊɞɡ, ɔɜɤůŰɎ ɤɠ ASE (Alkali  Swellable Emul-

sions), əŬɘ ŮəŮɑɜŬ ůɡɜŭŮŰɘəɞɨ Űɨˊɞɡ HASE (Hydrophobically modified ASE). 

¶ ɆɡɜŭŮŰɘəɏɠ ˊɖəŰɘəɏɠ ˊɞɚɡɞɡɟŮɗɎɜŮɠ Űɨˊɞɡ HEUR (Hydrophobically Modified 

Ethoxylated Urethane). 

ɇɞ ˊɖəŰɘəɧ HEC ŮɑɜŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɛɖ ɘɞɜŰɘəɧ ˊŬɟɎɔɤɔɞ əɡŰŰŬɟɑɜɖɠ. ȸɟɑůəŮŰŬɘ ůɡɜɖ-

ɗɏůŰŮɟŬ ůŮ ɛɞɟűɐ ůəɧɜɖɠ ɚŮɡəɞɨ ɏɤɠ ŬɜɞɘɢŰɞəɑŰɟɘɜɞɡ ɢɟɩɛŬŰɞɠ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ Ɏɞůɛɖ, 

ɎɔŮɡůŰɖ, ɛɖ Űɞɝɘəɐ əŬɘ ŮɡŭɘɎɚɡŰɖ Űɧůɞ ůŮ ɕŮůŰɧ ɧůɞ əŬɘ əɟɨɞ ɜŮɟɧ. ȳŰŬɜ ŭɘŬɚɨŮŰŬɘ ůŰɞ 

ɜŮɟɧ ůɢɖɛŬŰɑɕŮɘ ɏɜŬ ˊŬɢɨɟŮɡůŰɞ ŭɘɎɚɡɛŬ Űɞ ɞˊɞɑɞ ɏɢŮɘ ɀɖ ɁŮɡŰɤɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ.8 

Ƀɘ ɞɛɎŭŮɠ ɡŭɟɞɝɡɚɑɞɡ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ HEC ůŰɘɠ ˊɚŮɡɟɘəɏɠ ŬɚɡůɑŭŮɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘŭɟɎ-

ůɞɡɜ ɛŮ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ɔɘŬ ɜŬ Űɟɞˊɞˊɞɘɐůɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ 

ůɨɜŭŮůɖ Ŭɚɡůɑŭɤɜ ˊɞɚɡŬɘɗɏɟŬ ůŰɖɜ əɡŰŰŬɟɑɜɖ (Ŭɚəɞɝɡɚɑɤůɖ - alkoxylation) ˊŬɟɎɔŮɘ Űɞ 

ɡŭɟɧűɞɓɞ Űɟɞˊɞˊɞɘɖɛɏɜɞ HEC (HM-HEC). ȺɑɜŬɘ ɏɜŬ ůɡɜŭŮŰɘəɧ ˊɖəŰɘəɧ ˊɞɡ ůɢɖɛŬŰɑɕŮɘ 

ɏɜŬ ŬɜŬůŰɟɏɣɘɛɞ ŰɟɘůŭɘɎůŰŬŰɞ ɡˊŮɟɛɞɟɘŬəɧ ŭɑəŰɡɞ ůŮ ŭɘɎɚɡɛŬ ɛɏůɤ ŭɘŬɛɞɟɘŬəɩɜ əŬɘ 

ŮɜŭɞɛɞɟɘŬəɩɜ ůɡůɢŮŰɑůŮɤɜ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ.8 
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ȺɘəɧɜŬ 1.1.4: ɄɎɜɤ: ȹɞɛɐ HEC ȾɎŰɤ: ȹɞɛɐ HM-HEC.9 

ɇŬ ɡŭɟɧűɞɓŬ ŰɟɞˊɞˊɞɘɖɛɏɜŬ ŬɚəŬɚɘəɎ-ŭɘɞɔəɩůɘɛŬ/ŭɘŬɚɡŰɎ ɔŬɚŬəŰɩɛŬŰŬ (HASE) ɐŰŬɜ 

Ŭˊɧ ŰŬ ˊɟɩŰŬ ůɡɜŭŮŰɘəɎ ˊɞɚɡɛŮɟɐ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ. ȷɡŰɎ ŰŬ ˊɞɚɡɛŮɟɐ ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ůəŮɚŮŰɧ ˊɞɚɡɖɚŮəŰɟɞɚɨŰɖ ɛŮ ˊŬɟɎˊɚŮɡɟŮɠ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ. Ƀ ůəŮɚŮŰɧɠ Űɞɡ ˊɞɚɡ-

ɛŮɟɞɨɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůɡɛˊɞɚɡɛŮɟɏɠ ŬɘɗɡɚŬəɟɡɚŬŰɘɛŮɗŬəɟɡɚɘəɞɨ ɞɝɏɞɠ 

(ethylacrylatemethacrylic acid) ɛŮ ɡŭɟɧűɞɓɞ ɛŬəɟɞɛɞɜɞɛŮɟɏɠ. ȷɡŰɎ ŰŬ ˊɞɚɡɛŮɟɐ ˊŬɟŬ-

ůəŮɡɎɕɞɜŰŬɘ ɛŮ ˊɞɚɡɛŮɟɘůɛɧ ɔŬɚŬəŰɩɛŬŰɞɠ ɛŮɗŬəɟɡɚɘəɞɨ ɞɝɏɞɠ ɐ ŬɘɗɡɚŬəɟɡɚɘəɞɨ ɞɝɏɞɠ 

ɛŬɕɑ ɛŮ ɛɘəɟɐ ˊɞůɧŰɖŰŬ ɡŭɟɧűɞɓɞɡ ɛŬəɟɞɛɞɜɞɛŮɟɞɨɠ.2  

ȼ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ɢɖɛɘəɐ ŭɞɛɐ Ůɜɧɠ HASE ˊɞɚɡɛŮɟɞɨɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ 

ȺɘəɧɜŬ 1.1.5. 

 



5 
 

ȺɘəɧɜŬ 1.1.5: ɀɞɟɘŬəɐ ŭɞɛɐ Ůɜɧɠ HASE ˊɞɚɡɛŮɟɞɨɠ. ɇɞ R ŬɜŬűɏɟŮŰŬɘ ůŰɘɠ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ (ˊ.ɢ. ŬɚɡůɑŭŬ 

C22Ŭɚəɡɚɑɞɡ) əŬɘ ŰŬ x, y, z əŬɘ p ŮɑɜŬɘ ŭɞɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ.10 

ɇŬ ˊɞɚɡɛŮɟɐ HASE ŮɑɜŬɘ ŬŭɘɎɚɡŰŬ ůŮ ɡŭŬŰɘəɧ ɛɏůɞ ůŮ ɢŬɛɖɚɧ pH, ŬɚɚɎ Ŭɟɢɑɕɞɡɜ ɜŬ 

ŭɘŬɚɨɞɜŰŬɘ ˊɚɐɟɤɠ ůŮ ɡɣɖɚɧŰŮɟɞ pH. ȼ Ůɜɑůɢɡůɖ Űɞɡ ɘɝɩŭɞɡɠ ůŮ ŬɡŰɎ ŰŬ ˊɞɚɡɛŮɟɐ ůɡɛ-

ɓŬɑɜŮɘ ɛɏůɤ Ůɜɧɠ ůɡɜŭɡŬůɛɞɨ Űɟɘɩɜ ˊŬɟŬɔɧɜŰɤɜ: 

1) ɛŮ Űɖ ŭɘɎɚɡůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɔɘŬ ůɢɖɛŬŰɘůɛɧ ŭɘŬəɟɘŰɩɜ ɛɞɟɑɤɜ ůŮ ŭɘɎɚɡɛŬ,  

2) ɛŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɞɡ ˊɖɜɑɞɡ ůŮ ˊɞɚɨ ŮəŰŮŰŬɛɏɜɖ ŭɘŬɛɧɟűɤůɖ ɚɧɔɤ Ŭˊɩɗɖůɖɠ 

ˊŬɟɧɛɞɘɤɜ űɞɟŰɑɤɜ ůŰɖɜ ˊɞɚɡɛŮɟɘəɐ ŬɚɡůɑŭŬ ůŮ ɡɣɖɚɧ pH əŬɘ  

3) Ŭˊɧ Űɘɠ ŭɘŬɛɞɟɘŬəɏɠ ŮɜɩůŮɘɠ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ ˊɞɡ ɞŭɖɔɞɨɜ ůŰɞ ůɢɖɛŬŰɘ-

ůɛɧ ˊŬɟɞŭɘəɩɜ ŭɘəŰɨɤɜ.2 

ȾŬɗɩɠ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɗŬ ɛŮɚŮŰɖɗŮɑ ŬˊɞəɚŮɘůŰɘəɎ ɖ əŬŰɖɔɞɟɑŬ ůɡɜ-

ŭŮŰɘəɩɜ ˊɖəŰɘəɩɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ Űɨˊɞɡ HEUR ɗŬ ŬɜŬűŮɟɗɞɨɜ Ůɜ ůɡɜŮɢŮɑŬ ŰŬ ůŰɞɘɢŮɑŬ 

ɔɘŬ Űɖ ŭɞɛɐ, Űɖ ůɨɜɗŮůɖ Űɞɡɠ əŰɚ. 

ɄŬɟɧɚɞ ˊɞɡ ŰŬ ˊɞɚɡɛŮɟɐ Űɨˊɞɡ HASE əŬɘ HEUR Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ůɡɜŭŮŰɘ-

əɩɜ ˊɖəŰɘəɩɜ, ɞ ˊɖəŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ˊŬɜɞɛɞɘɧŰɡˊɞɠ. ȷɡŰɧ ůɡɛ-

ɓŬɑɜŮɘ ɔɘŬŰɑ ɞ ˊɖəŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŭɖɛɘɞɡɟɔɑŬɠ Ůɜɧɠ HASE ˊɞɚɡɛŮɟɞɨɠ 

ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ, ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

Űɤɜ ɛɘəəɡɚɘŬəɩɜ ŬŭɟŬɜɩɜ, ŬɚɚɎ əŬɘ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ˊɖəŰɩɛŬŰɞɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ 

Ŭˊɧ Űɘɠ ɘɞɜŰɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɞɛɎŭɤɜ ɡŭɟɞɝɡɚɑɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞɜ 

ůəŮɚŮŰɧ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ əŬɘ Űɤɜ ɛɞɟɑɤɜ ɜŮɟɞɨ Űɞɡ ɡŭŬŰɘəɞɨ ŭɘŬɚɨŰɖ. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑ-

ˊŰɤůɖ, ŰŬ HEUR ŮɑɜŬɘ ɛɖ ɘɞɜŰɘəɏɠ ŮɜɩůŮɘɠ əŬɘ ɞ ˊɖəŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ ŭŮɜ ɞűŮɑɚŮŰŬɘ ůŮ 

ɘɞɜŰɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ. Ⱥɝɞɨ əŬɘ ɞɘ ɟŮɞɚɞɔɘəɏɠ ůɡɛˊŮɟɘűɞɟɏɠ Űɤɜ HASE əŬɘ HEUR 

ɛˊɞɟŮɑ ɜŬ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ůɖɛŬɜŰɘəɎ ˊŬɟɧɚɞ ˊɞɡ ɞɘ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ɑŭɘŮɠ.5 

ɄɏɟŬ Ŭˊɧ Űɞɜ ɛɖɢŬɜɘůɛɧ Űɖɠ ůɡɜŭŮŰɘəɐɠ ˊɨəɜɤůɖɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟɑůŰŬŰŬɘ 

ůŰɖɜ ȺɘəɧɜŬ 1.1.3, ɡˊɎɟɢŮɘ əŬɘ ɞ ɛɖɢŬɜɘůɛɧɠ ɀɖ-ɆɡɜŭŮŰɘəɐɠ ˊɨəɜɤůɖɠ (Non-Associative 

Thickening Mechanism).  

Ƀ ɛɖɢŬɜɘůɛɧɠ Űɖɠ ɀɖ-ɆɡɜŭŮŰɘəɐɠ ˊɨəɜɤůɖɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ˊɨəɜɤůɖ ɡŭŬŰɞŭɘŬɚɡŰɩɜ 

ˊɞɚɡɛŮɟɘəɩɜ Ŭɚɡůɑŭɤɜ ɛŮɔɎɚɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Ůɜɧɠ ˊɖəŰɘəɞɨ 

ɛɏůɞɡ əŬɗɞɟɑɕŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. ɇŬ ůəŮɡɎůɛŬŰŬ ˊɞɡ 

ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ɀɖ-ɆɡɜŭŮŰɘəɐɠ ˊɨəɜɤůɖɠ ɏɢɞɡɜ ɣŮɡŭɞˊɚŬůŰɘəɐ ůɡ-

ɛˊŮɟɘűɞɟɎ ɛŮ ɡɣɖɚɏɠ ŮɚŬůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ȷɡŰɐ ɖ ůɡɛˊŮɟɘűɞɟɎ ˊɟɞůŭɑŭŮɘ əŬɚɐ ůŰŬɗŮɟɞ-

ˊɞɑɖůɖ ɏɜŬɜŰɘ űŬɘɜɞɛɏɜɤɜ əŬɗɑɕɖůɖɠ əŬɘ əɎɛɣɖɠ ŬəɧɛŬ əŬɘ ůŮ ɓŬűɏɠ ɛŮ ɛŮɔɎɚɞ ˊɎɢɞɠ. 

ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ɏɢɞɡɜ ůɡɜɐɗɤɠ ˊŮɟɘɞɟɘůɛɏɜɖ ɟɞɐ.6 
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ȺɘəɧɜŬ 1.1.6: ȷˊŮɘəɧɜɘůɖ ɛɖɢŬɜɘůɛɞɨ ɀɖ-ɆɡɜŭŮŰɘəɐɠ ˊɎɢɡɜůɖɠ ůŮ ɡŭŬŰɘəɧ ɛɏůɞ.11 

Ƀɘ əŬŰɖɔɞɟɑŮɠ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊɖəŰɘəɩɜ ɛɏůɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ ŬɔɞɟɎ ɛˊɞɟɞɨɜ ɜŬ 

ůɡɜɞɣɘůŰɞɨɜ ůŰɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬɠ 1.1.1.  

ɄɖəŰɘəɧ 
ɆɡɜŭŮŰɘəɐ 

ˊɨəɜɤůɖ 

ɀɖ-ɆɡɜŭŮŰɘəɐ 

ˊɨəɜɤůɖ 

ɇɡˊɘəɧ ɀɞɟɘŬəɧ 

ȸɎɟɞɠ 

HEUR ɁŬɘ ȷɛŮɚɖŰɏŬ <50 000 g/mol 

ASE ȳɢɘ ɁŬɘ 100 000- 

HASE ɁŬɘ ɁŬɘ 1 000 000 g/mol 

HEC ȳɢɘ ɁŬɘ 3000- 

HMEC  ɁŬɘ ɁŬɘ 100 000 g/mol 
ɄɑɜŬəŬɠ 1.1.1:ȽŭɘɧŰɖŰŮɠ ŭɘŬűɧɟɤɜ ˊɖəŰɘəɩɜ ɛɏůɤɜ.5 

ɇŬ ůɡɜŭŮŰɘəɎ ˊɖəŰɘəɎ ŬˊɞəŬɚɞɨɜŰŬɘ əŬɘ ŰɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ (Rheology Modifiers, 

RMs) əŬɘ ɗŮɤɟɞɨɜŰŬɘ:7 

1) Ʉɞɚɨ ŬˊɞŰŮɚŮůɛŬŰɘəɞɑ əŬɘ ŮɡɏɚɘəŰɞɘ. 

2) ȽŭŬɜɘəɞɑ ůŮ ɡɣɖɚɎ ɘɝɩŭɖ ɛŮ ɡɣɖɚɞɨɠ ɟɡɗɛɞɨɠ ŭɘɎŰɛɖůɖɠ (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, Ůˊɑ-

ůŰɟɤůɖ ɓŬűɐɠ ɛŮ ɟɞɚɧ) əŬɗɩɠ ɞŭɖɔɞɨɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ əŬɚɐɠ ŮˊɘəɎɚɡɣɖɠ ɓŬűɐɠ 

ɛŮ ɚɑɔŬ ˊɘŰůɘɚɑůɛŬŰŬ. 

3) ȸŮɚŰɘɩɜɞɡɜ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ŮˊɘəɎɚɡɣɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɚŬŰɏɝ 

ɐ ůɤɛŬŰɘŭɑɤɜ ˊɚɐɟɤůɖɠ ɛŮ ɏɜŬ ˊɟɞůŰŬŰŮɡŰɘəɧ ůŰɟɩɛŬ ˊɞɡ ɓɞɖɗɎ ůŰɖɜ ŬˊɞŰɟɞˊɐ 

Űɖɠ ˊɐɝɖɠ əŬɘ Űɖɠ əŬɗɑɕɖůɖɠ əŬŰɎ Űɖɜ ŬˊɞɗɐəŮɡůɖ. 

ɄŬɟɧɚŬ ŬɡŰɎ, ɛŮɟɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰŬ Ůɝɐɠ: 

1) ɈŭɟɞɚɡŰɘəɐ ŬůŰɎɗŮɘŬ. 

2) ȹɘŬɢɤɟɘůɛɧɠ űɎůɖɠ. 

3) ȺɡŬɘůɗɖůɑŬ ůŰɖɜ ŮűŬɟɛɞɔɐ. 

Ƀɘ ŰɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ ɛˊɞɟɞɨɜ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ůŮ:7 

¶ ɃɟɔŬɜɘəɞɨɠ ŰɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ 

o ũɘŬ ɓŬűɏɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞ ɜŮɟɧ ɤɠ ŭɘŬɚɨŰɖ (waterborne paints) 
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o ũɘŬ ɓŬűɏɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Ɏɚɚɞɡɠ ŭɘŬɚɨŰŮɠ ˊɏɟŬ Ŭˊɧ Űɞ ɜŮɟɧ (solvent-borne 

paints) 

¶ ȷɜɧɟɔŬɜɞɡɠ ŰɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ 

ȺɘəɧɜŬ 1.1.7: ȾŬŰɖɔɞɟɑŮɠ ɞɟɔŬɜɘəɩɜ ŰɟɞˊɞˊɞɘɖŰɩɜ ɟŮɞɚɞɔɑŬɠ.7 

Ƀɘ ɡŭŬŰɞŭɘŬɚɡŰɏɠ ɓŬűɏɠ ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ˊŮɟɘɏɢɞɡɜ ŭɘŬɚɨŰŮɠ, ůŮ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ Ŭˊɧ 

Űɘɠ ɓŬűɏɠ ɛŮ ɓɎůɖ ŭɘŬɚɨŰŮɠ. ȳŰŬɜ ɖ ɡŭŬŰɞŭɘŬɚɡŰɐ ɓŬűɐ ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ůŰŮɔɜɩɜŮɘ, Űɞ 

ɜŮɟɧ ŮɝŬŰɛɑɕŮŰŬɘ, ŰɧŰŮ ɞɘ ŭɘŬɚɨŰŮɠ ŮɝŬŰɛɑɕɞɜŰŬɘ əŬɘ ŰŬ ůɤɛŬŰɑŭɘŬ űɘɜɘɟɑůɛŬŰɞɠ ůɡɜŭɡɎɕɞ-

ɜŰŬɘ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬ ɛɧɜɞ ůŰɟɩɛŬ ɓŬűɐɠ.11 

ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɞɘ ɓŬűɏɠ ɛŮ ɓɎůɖ ŭɘŬɚɨŰŮɠ ɗŬ Ŭɜɐəɞɡɜ ůɨɜŰɞɛŬ ˊŬɟŮɚɗɧɜ, əŬɗɩɠ 

ˊɟɞŰɘɛɩɜŰŬɘ ˊɚɏɞɜ ɞɘ ɡŭŬŰɞŭɘŬɚɡŰɏɠ ɓŬűɏɠ ɚɧɔɤ Űɤɜ ɞɘəɞɜɞɛɘəɩɜ, ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əŬɘ 

Ɏɚɚɤɜ ɞűŮɚɩɜ. Ƀɘ ɓŬűɏɠ ɛŮ ɓɎůɖ ŭɘŬɚɨŰŮɠ ˊŮɟɘɏɢɞɡɜ ŭɘŬɚɨŰŮɠ ɧŰŬɜ ɖ ɓŬűɐ ŮɑɜŬɘ ɡɔɟɐ, 

ŬɚɚɎ əŬɗɩɠ ůŰŮɔɜɩɜŮɘ Űɞ ɢɟɩɛŬ, ɞɘ ŭɘŬɚɨŰŮɠ ŮɝŬŰɛɑɕɞɜŰŬɘ əŬɘ Ŭűɐɜɞɡɜ ˊɑůɤ Űɞɡɠ Űɖɜ 

ŮˊɘəɎɚɡɣɖ Űɖɠ ŮˊɑůŰɟɤůɖɠ.11 

ɇɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ əŬɘ ůŰɘɠ 2 ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ Űɞ ɑŭɘɞ: ɛɘŬ ɞɛɞɘɧɛɞɟűɖ, əŬɗŬɟɐ 

ɓŬűɐ. Ƀɘ ɡŭŬŰɞŭɘŬɚɡŰɏɠ ɓŬűɏɠ ŭŮɜ Ůəˊɏɛˊɞɡɜ ŰɧůŮɠ Űɞɝɘəɏɠ ŬɜŬɗɡɛɘɎůŮɘɠ əŬŰɎ Űɖ ŭɘŬŭɘ-

əŬůɑŬ ŮűŬɟɛɞɔɐɠ, ɤůŰɧůɞ ˊŬɟŬŭɞůɘŬəɎ ɢɟŮɘɎɕɞɜŰŬɘ ɚɑɔɞ ˊŮɟɘůůɧŰŮɟɞ ɢɟɧɜɞ ɔɘŬ ɜŬ ůŰŮ-

ɔɜɩůɞɡɜ. ȳůɞɜ ŬűɞɟɎ Űɖɜ Ŭˊɧŭɞůɖ, ɞɘ ˊɟɧůűŬŰŮɠ ŮɝŮɚɑɝŮɘɠ ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ ɓŬűɐɠ 

ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɓŬűɏɠ ɛŮ ɓɎůɖ Űɞ ɜŮɟɧ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ɑůŬ, ɐ Ŭəɧɛɖ 

əŬɘ ŬɜɩŰŮɟŬ, ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɓŬűɏɠ ɛŮ ɓɎůɖ ŭɘŬɚɨŰŮɠ. ȼ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɡŭŬŰɞŭɘŬ-

ɚɡŰɏɠ ɓŬűɏɠ ˊŬɟɏɢɞɡɜ ɘůɢɡɟɐ ŬɜŰɞɢɐ, ůɢŮŰɘəɎ ɔɟɐɔɞɟɞɡɠ ɢɟɧɜɞɡɠ ůŰŮɔɜɩɛŬŰɞɠ əŬɘ ɚɘɔɧ-

ŰŮɟɖ ɞůɛɐ.11 
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ȺɘəɧɜŬ 1.1.8: ȾŬŰɖɔɞɟɑŮɠ ŬɜɧɟɔŬɜɤɜ ŰɟɞˊɞˊɞɘɖŰɩɜ ɟŮɞɚɞɔɑŬɠ.7 

ȷɜ əŬɘ ɞɘ ɧɟɞɘ Űɤɜ ůɡɜŭŮŰɘəɩɜ ˊɖəŰɘəɩɜ əŬɘ Űɤɜ ŰɟɞˊɞˊɞɘɖŰɩɜ ɟŮɞɚɞɔɑŬɠ ɚŬɛɓɎɜɞɜŰŬɘ 

ɤɠ ŬɚɚɖɚɏɜŭŮŰɞɘ ůŰɞ Ůɛˊɧɟɘɞ, əŬɗɩɠ ɖ əɨɟɘŬ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɤɜ ŭɡɞ ŮɑɜŬɘ ɖ Űɟɞˊɞˊɞɑɖůɖ 

Űɞɡ ˊɟɞűɑɚ Űɞɡ ɘɝɩŭɞɡɠ, ɡˊɎɟɢɞɡɜ ɞɟɘůɛɏɜŮɠ ɛɘəɟɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ.  

Ƀɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Űɤɜ ŭɡɞ ŬɡŰɩɜ ɧɟɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬɠ 1.1.2. 

ɇɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ ɆɡɜŭŮŰɘəɎ ˊɖəŰɘəɎ 

ȸŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɘɝɩŭɞɡɠ ůŮ ůɡɔəŮəɟɘ-

ɛɏɜɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ ɐ ůŮ Ůɨɟɞɠ Űɘɛɩɜ 

ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ 

ȷɨɝɖůɖ Űɞɡ ɘɝɩŭɞɡɠ ůŮ ůɢŮŰɘəɎ ɢŬɛɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ əŬɘ ɔŮɜɘəɎ ɢŬɛɖɚɞɨɠ ɟɡɗ-

ɛɞɨɠ ŭɘɎŰɛɖůɖɠ 

ɃɟɔŬɜɘəɞɑ ɐ ŬɜɧɟɔŬɜɞɘ ȺɑɜŬɘ ůɡɜɐɗɤɠ ŬɜɧɟɔŬɜŬ 

ȹŮɜ ŬɡɝɎɜɞɡɜ ůɡɜɐɗɤɠ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ 

ůŰŮɟŮɩɜ Űɞɡ ůəŮɡɎůɛŬŰɞɠ 

ȷɜɧɟɔŬɜŬ ɡɚɘəɎ ˊɞɡ ɗŬ Ŭɡɝɐůɞɡɜ Űɞ ˊŮ-

ɟɘŮɢɧɛŮɜɞ ůŰŮɟŮɩɜ əŬɘ ˊŬɟɏɢɞɡɜ ɏɜŬ 

ɓŬɗɛɧ ɗɘɝɞŰɟɞˊɑŬɠ Ʉɘɞ ůŰɞɢŮɡɛɏɜɞɠ Űɨˊɞɠ ˊɖəŰɘəɞɨ 
ɄɑɜŬəŬɠ 1.1.2: ȹɘŬűɞɟɞˊɞɘɐůŮɘɠ ɛŮŰŬɝɨ ŰɟɞˊɞˊɞɘɖŰɩɜ ɟŮɞɚɞɔɑŬɠ əŬɘ ůɡɜŭŮŰɘəɩɜ ˊɖəŰɘəɩɜ.7 

ɇɏɚɞɠ, ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɜŬ ŮˊɘůɖɛŬɜɗɞɨɜ əŬɘ ɞɟɘůɛɏɜŬ ŮɘŭɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɤɜ ůɡɜŭŮŰɘəɩɜ ˊɖəŰɘəɩɜ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬɠ 1.1.3.  
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ɇɟɞˊɞˊɞɘɖŰɏɠ  

ɟŮɞɚɞɔɑŬɠ 
ɄɚŮɞɜŮəŰɐɛŬŰŬ ɀŮɘɞɜŮəŰɐɛŬŰŬ 

ɇɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ 

əɡŰŰŬɟɑɜɖɠ 

¶ ɀŮɔɎɚɞ Ůɨɟɞɠ ŮűŬɟɛɞ-
ɔɩɜ əŬɘ ɛɞɟűɞˊɞɘɐ-

ůŮɤɜ (ɛɖ ɘɞɜŰɘəɧ) 

¶ ɆŰŮɟŮɎ (ŭɨůəɞɚɖ ůɨɜ-
ɗŮůɖ) 

¶ ȿɏˊŰɡɜůɖ ɚɧɔɤ ŭɘɎ-
Űɛɖůɖɠ 

¶ ȰɚŮɔɢɞɠ ɢɟɧɜɞɡ ŮűŬɟ-

ɛɞɔɐɠ ɛŮ əŬŰŬəɟɎŰɖůɖ 

ɜŮɟɞɨ 

¶ ȰɚŮɔɢɞɠ əɎɛɣɖɠ 

¶ ȾŬɚɐ ɗŮɟɛɧŰɖŰŬ əŬɘ 
ůŰŬɗŮɟɧŰɖŰŬ ɕɤɐɠ 

¶ ɉŬɛɖɚɐ Ŭˊɧŭɞůɖ 

¶ ȾŬəɐ ŬɜŰɞɢɐ ůŰɖɜ ɡ-
ɔɟŬůɑŬ Űɞɡ ŬˊɞɝɖɟŬ-

ɛɏɜɞɡ űɘɚɛ 

ŮˊɑůŰɟɤůɖɠ 

¶ ȷˊɞŭɧɛɖůɖ ɚɧɔɤ ɛɘ-
əɟɞɓɑɤɜ 

¶ ɄɘŰůɘɚɑůɛŬŰŬ əŬŰɎ Űɖɜ 
ŮűŬɟɛɞɔɐ ɛŮ ɟɞɚɧ 

¶ ȾŬəɐ ɟɞɐ əŬɘ ɘůɞˊɏ-
ŭɤůɖ 

ȷɚəŬɚɘəɎ  ŭɘɞɔəɩůɘɛŬ Ŭ-

əɟɡɚɘəɎ ɔŬɚŬəŰɩɛŬŰŬ 

(ASE) 

¶ Ƚůɢɡɟɐ ɚɏˊŰɡɜůɖ ɚɧɔɤ 
ŭɘɎŰɛɖůɖɠ 

¶ Ⱥɨəɞɚɖ ɟɞɐ ɡɔɟɞɨ (Ůɨ-
əɞɚɖ ŬɜɎɛɘɝɖ) 

¶ ȷɜɗŮəŰɘəɧ ůŰɖ ɛɘəɟɞ-
ɓɘŬəɐ Ŭˊɞŭɧɛɖůɖ 

¶ ȹŮɜ ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞ 
ůŰɞ pH 

¶ ȾŬɚɏɠ ɘŭɘɧŰɖŰŮɠ ɣŮəŬ-
ůɛɞɨ 

¶ ɉŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ 
Ŭˊɧ Űɞɡɠ ŰɟɞˊɞˊɞɘɖŰɏɠ 

ɟŮɞɚɞɔɑŬɠ əɡŰŰŬɟɑɜɖɠ 

¶ ȹɘŬɚɡŰɎ əŬɘ ɎəŬɛˊŰŬ 

 

¶ ɀɏŰɟɘŬ Ŭˊɧŭɞůɖ 

¶ ɄŮɟɘɞɟɘůɛɏɜɖ əŬŰŬ-
ůəŮɡɐ űɘɚɛ 

¶ ɀɏŰɟɘŬ ŮɡŬɘůɗɖůɑŬ 
ůŰɞ ɜŮɟɧ 

ɈŭɟɧűɞɓŬ ŰɟɞˊɞˊɞɘɖɛɏɜŬ 

ŬɚəŬɚɘəɎ-ŭɘɞɔəɩůɘɛŬ Ŭ-

əɟɡɚɘəɎ ɔŬɚŬəŰɩɛŬŰŬ 

(HASE) 

¶ Ƚůɢɡɟɐ ɚɏˊŰɡɜůɖ ɚɧɔɤ 
ŭɘɎŰɛɖůɖɠ 

¶ ɀŮɔŬɚɨŰŮɟɞɠ ɏɚŮɔɢɞɠ 
ɟŮɞɚɞɔɑŬɠ ůŮ ɏɜŬ Ůɡɟɨ 

űɎůɛŬ ɟɡɗɛɞɨ ŭɘɎŰɛɖ-

ůɖɠ 

¶ Ɉɣɖɚɐ əŬŰŬůəŮɡɐ 
űɘɚɛ 

¶ ȷɜɗŮəŰɘəɎ ůŮ əɎɛɣɖ 

¶ ȷɜɗŮəŰɘəɎ ůŰɖ ɛɘəɟɞ-
ɓɘŬəɐ Ŭˊɞŭɧɛɖůɖ 

¶ Ⱥɨəɞɚɖ ɟɞɐ ɡɔɟɞɨ (Ůɨ-

əɞɚɖ ŬɜɎɛɘɝɖ) 

¶ ȺɡŬɘůɗɖůɑŬ ůŰɞ pH 

¶ ȷˊŬɘŰɞɨɜŰŬɘ ɛŮɔŬɚɨŰŮ-
ɟŮɠ ŭŮɝɘɧŰɖŰŮɠ əŬɘ 

űɟɞɜŰɑŭŬ ɔɘŬ Űɖɜ Ůˊɘ-

ɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ 

ŰɟɞˊɞˊɞɘɖŰɐ 
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¶ Ʉɞɚɨ ŬˊɞŭɞŰɘəɎ, ɢŬ-
ɛɖɚɧ əɧůŰɞɠ ŭɘŬɛɧɟ-

űɤůɖɠ 

¶ ȾŬɚɐ ŬɜŰɞɢɐ ůŰɖɜ ɡ-
ɔɟŬůɑŬ Űɞɡ ɝɖɟɞɨ űɘɚɛ 

ɈŭɟɧűɞɓŮɠ Űɟɞˊɞˊɞɘɖɛɏ-

ɜŮɠ ŬɘɗɞɝɡɚɘɤɛɏɜŮɠ ɞɡɟŮ-

ɗɎɜŮɠ 

(HEUR) 

¶ ȺɝŬɘɟŮŰɘəɧ ɘɝɩŭŮɠ ɛɏ-
ůɖɠ əŬɘ ɡɣɖɚɐɠ ŭɘɎ-

Űɛɖůɖɠ 

¶ ȷɜɗŮəŰɘəɧ ůŰɖ ɛɘəɟɞ-
ɓɘŬəɐ Ŭˊɞŭɧɛɖůɖ 

¶ ɀɖ ɘɞɜŰɘəɧ əŬɘ ŭŮɜ Ůɑ-
ɜŬɘ ŮɡŬɑůɗɖŰɞ ůŰɞ pH 

¶ Ⱥɨəɞɚɖ ɟɞɐ ɡɔɟɞɨ (Ůɨ-
əɞɚɖ ŬɜɎɛɘɝɖ) 

¶ Ʉɞɚɨ ŬˊɞŰŮɚŮůɛŬŰɘəɧ 

¶ ȷɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ 
ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɢŮɘ ɜŮɡ-

ŰɞɜɘəɎ ɐ ɣŮɡŭɞˊɚŬ-

ůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

¶ ɀɘəɟɧŰŮɟɞɠ ɓŬɗɛɧɠ Ů-
ɚɏɔɢɞɡ əɎɛɣɖɠ 

¶ ȷˊŬɘŰɞɨɜŰŬɘ ɛŮɔŬɚɨŰŮ-
ɟŮɠ ŭŮɝɘɧŰɖŰŮɠ əŬɘ 

űɟɞɜŰɑŭŬ ɔɘŬ Űɖɜ Ůˊɘ-

ɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ 

ŰɟɞˊɞˊɞɘɖŰɐ 

¶ ɈɣɖɚɧŰŮɟɞ əɧůŰɞɠ 
Ŭˊɧ Űɞɡɠ ŰɟɞˊɞɘɖŰɏɠ 

ɟŮɞɚɞɔɑŬɠ əɡŰŰŬɟɑɜɖɠ, 

ASE ɐ HASE 

ɄɑɜŬəŬɠ 1.1.3: ɄɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŰɟɞˊɞˊɞɘɖŰɩɜ ɟŮɞɚɞɔɑŬɠ.7 

ɆŰŬ ɛŮŰɏˊŮɘŰŬ ɡˊɞəŮűɎɚŬɘŬ Űɞɡ ȾŮűŬɚŬɑɞɡ 1 Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɗŬ 

ŬɜŬɚɡɗɞɨɜ ŬˊɞəɚŮɘůŰɘəɎ ɞɘ ɞɡɟŮɗɎɜŮɠ Űɨˊɞɡ HEUR. ȼ ŬɜɎɚɡůɖ ɗŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɚɖɟɞ-

űɞɟɑŮɠ ɔɘŬ Űɖ ŭɞɛɐ, Űɖ ɢɖɛɘəɐ ůɨɜɗŮůɖ, Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ əŬɗɩɠ əŬɘ ɔɘŬ Űɘɠ ŮűŬɟɛɞɔɏɠ 

ůŰɘɠ ɞˊɞɑŮɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ. 

 

1.2 ȹɞɛɐ 
 

Ƀɘ ɡŭɟɧűɞɓŮɠ ŰɟɞˊɞˊɞɘɖɛɏɜŮɠ ŬɘɗɞɝɡɚɘɤɛɏɜŮɠ ɞɡɟŮɗɎɜŮɠ (HEURs) ŮɑɜŬɘ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ɡŭŬŰɞŭɘŬɚɡŰɩɜ ˊɞɚɡɛŮɟɩɜ ɛŮ ŰŮɚɘəɐ əɎɚɡɣɖ ůŰŬ ɎəɟŬ (end-capped). ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ɏɜŬ ŰɛɐɛŬ ɡŭɟɧűɘɚɖɠ ˊɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖɠ (PEG) ůŰɖ ɛɏůɖ ɛŮ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ, Ŭɚ-

əɞɧɚɖɠ ɐ Ŭɛɑɜɖɠ, ůɡɜŭŮŭŮɛɏɜŮɠ əŬɘ ůŰŬ ŭɨɞ ɎəɟŬ. ɀˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ çŰŬůɘŮ-

ɜŮɟɔɎ ŭɘˊɚɞɨ Ɏəɟɞɡè (double ended surfactant). ɇŬ ŭɨɞ ɎəɟŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ŮɑɜŬɘ ˊɞɚɨ 

ɡŭɟɧűɞɓŬ Ůɜɩ Űɞ əŮɜŰɟɘəɧ ŰɛɐɛŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɡŭɟɧűɘɚɞ ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ȺɘəɧɜŬ 

1.2.1. ɆŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŬ ˊɞɚɡɛŮɟɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ˊɡəɜɤŰɘəɎ Űɞ ɛɞɟɘŬəɧ 

ɓɎɟɞɠ, MW, ɛɘŬɠ ɞɡɟŮɗɎɜɖɠ HEUR ŮɑɜŬɘ ůɡɜɐɗɤɠ ůɢŮŰɘəɎ ɢŬɛɖɚɧ, 15.000 ɏɤɠ 

50.000.12,13 
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ȺɘəɧɜŬ 1.2.1: ɉɖɛɘəɐ ŭɞɛɐ HEUR.13 

Ƀ ɛɖɢŬɜɘůɛɧɠ ˊɨəɜɤůɖɠ ŮɑɜŬɘ ɧŰɘ, ŬɡŰɏɠ ɞɘ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ 

ůɢɖɛŬŰɑɕɞɜŰŬɠ ɛɘəəɨɚɘŬ əŬɘ Ůˊɑůɖɠ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ ŰŬ ůɤɛŬŰɑŭɘŬ ɔŬɚŬəŰɩɛŬŰɞɠ ŬɡɝɎ-

ɜɞɜŰŬɠ Űɞ ɘɝɩŭŮɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. Ƀɟɘůɛɏɜɞɘ ˊŬɟɎɔɞɜŰŮɠ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ŮɝŬɟŰɎŰŬɘ ɞ 

ɓŬɗɛɧɠ ůɡůɢɏŰɘůɖɠ Űɤɜ ɡŭɟɧűɞɓɤɜ ŮɑɜŬɘ ɞɘ Ůɝɐɠ:13 

¶ ȼ ŬɜɎˊŰɡɝɖ Űɞɡ ɔŬɚŬəŰɩɛŬŰɞɠ   

¶ ɇɞ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŮˊŮɘŭɐ ɞ ɓŬɗɛɧɠ ůɡůɢɏŰɘůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ůɡɜɞ-

ɚɘəɐ ŮˊɘűɎɜŮɘŬ  

¶ ȼ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɞɡ ɔŬɚŬəŰɩɛŬŰɞɠ 

ɇɞ ɘɝɩŭŮɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɐəɞɠ Űɖɠ ɡŭɟɧűɞɓɖɠ ŬɚɡůɑŭŬɠ. ȾŬɗɩɠ ŬɡɝɎɜŮŰŬɘ Űɞ ɛɐəɞɠ 

Űɖɠ ɡŭɟɧűɞɓɖɠ ɞɛɎŭŬɠ, Űɞ ɘɝɩŭŮɠ ŬɡɝɎɜŮŰŬɘ əŬɘ ɞɘ ɛŬəɟɨŰŮɟŮɠ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ŭɑɜɞɡɜ 

Ŭɡɝɖɛɏɜɞ ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ ɔɘŬ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ŮɜŰɧɠ Űɞɡ ɛɘəəɡɚɑɞɡ ˊɞɡ ŬɡɝɎɜŮɘ Űɞ 

ɢɟɧɜɞ ɕɤɐɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ.13 

Ƀɘ HEUR ˊɞɚɡɞɡɟŮɗɎɜŮɠ ŬˊɞŰŮɚɞɨɜ ŰŮɚŮɢŮɘɚɘəɎ ˊɞɚɡɛŮɟɐ (telechelic polymers)* ŰŬ ɞ-

ˊɞɑŬ, ɧŰŬɜ ŭɘŬɚɨɞɜŰŬɘ, ůɡɜŭɏɞɜŰŬɘ ɛɏůɤ ŮɜŭɞɛɞɟɘŬəɩɜ ɐ ŭɘŬɛɞɟɘŬəɩɜ ůɡůɢŮŰɑůŮɤɜ ɛŮ-

ŰŬɝɨ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ Űɞɡɠ. ɀɧɚɘɠ ŭɘŬɚɡŰɞˊɞɘɖɗɞɨɜ ůŮ ɡŭŬŰɘəɧ ɛɏůɞ ˊɎɜɤ Ŭˊɧ 

Űɖɜ əɟɑůɘɛɖ ůɡɔəɏɜŰɟɤůɖ ůɡůůɤɛɎŰɤůɖɠ (Critical Aggregation Concentration, CAC) ɐ 

əɟɑůɘɛɖ ůɡɔəɏɜŰɟɤůɖ ɛɘəəɡɚɑɤɜ (Critical Micelle Concentration, CMC), ɞɘ ŮɜŭɞɛɞɟɘŬəɏɠ 

əŬɘ ŭɘŬɛɞɟɘŬəɏɠ ůɡůɢŮŰɑůŮɘɠ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ ɞŭɖɔɞɨɜ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɛɘəɡɚɚɑɤɜ 

ɡˊɧ Űɖɜ ɛɞɟűɐ Ŭɜɗɩɜ. ɇŬ ɛɘəɨɚɚɘŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɘɠ ůɡůɢŮŰɘɕɧɛŮɜŮɠ ɡŭɟɧűɞɓŮɠ ɞ-

ɛɎŭŮɠ ůŰɞɜ ˊɡɟɐɜŬ əŬɘ Ŭˊɧ Űɘɠ ɡŭɟɧűɘɚŮɠ ŬɚɡůɑŭŮɠ ɤɠ ɓɟɧɢɞɡɠ Ŭɜɗɩɜ. ɀɧɚɘɠ ɖ ůɡɔəɏ-

ɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɡˊŮɟɓŮɑ Űɖɜ əɟɑůɘɛɖ ůɡɔəɏɜŰɟɤůɖ ŭɘɐɗɖůɖɠ (Critical Percolation 

Concentration, Cp), ɞɘ ŬɚɡůɑŭŮɠ ˊɞɚɡɛŮɟɞɨɠ Ŭɟɢɑɕɞɡɜ ɜŬ ůɡɜŭɏɞɡɜ ŰŬ ɛɘəɨɚɚɘŬ ɛŬɕɑ ɞŭɖ-

ɔɩɜŰŬɠ ůŰɞ ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ŭɘəŰɨɞɡ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 

1.2.2.3,14 

 

*ɇŬ ŰŮɚŮɢŮɘɚɘəɎ ˊɞɚɡɛŮɟɐ ŮɑɜŬɘ ɛŬəɟɞɛɧɟɘŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŬɜŰɘŭɟŬůŰɘəɏɠ ŰŮɟɛŬŰɘəɏɠ ɞɛɎŭŮɠ ůŮ əɎɗŮ Ɏəɟɞ Űɖɠ 

ŬɚɡůɑŭŬɠ ˊɞɡ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ŮɜŭɞɛɞɟɘŬəɞɨɠ əŬɘ ŭɘŬɛɞɟɘŬəɞɨɠ ŭŮůɛɞɨɠ.15 
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ȺɘəɧɜŬ 1.2.2: ɆɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŬˊŮɘəɧɜɘůɖɠ Űɖɠ ŭɞɛɐɠ Űɤɜ HEUR ůŮ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ ŭɘŬűɞɟŮŰɘəɩɜ 

ůɡɔəŮɜŰɟɩůŮɤɜ.14 

ɇɞ ŭɡɜŬɛɘəɧ ŭɑəŰɡɞ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ŬɡɝɎɜŮɘ ůɖɛŬɜŰɘəɎ Űɞ ɘɝɩŭŮɠ əŬɘ Űɞ ůɡɜŰŮɚŮůŰɐ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ əŬɘ ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞ ůŰɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ. ɉɎɟɖ ůŰɘɠ ŭɡɜŬɛɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎ-

ůŮɘɠ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ, Űɞ ŭɑəŰɡɞ ɛˊɞɟŮɑ ɜŬ əŬŰŬůŰɟŬűŮɑ Ŭˊɧ ɡɣɖɚɧ ɟɡɗɛɧ ŭɘɎŰɛɖ-

ůɖɠ əŬɘ ɜŬ ŬɜŬɛɞɟűɤɗŮɑ ůŮ əŬŰɎůŰŬůɖ ɖɟŮɛɑŬɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ɞɘ ɣŮɡŭɞˊɚŬůŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ ŮűŬɟɛɞɔɏɠ ɓŬűɩɜ, ŮˊɘůŰɟɩůŮɤɜ əŬɘ ɛŮɚŬɜɘɩɜ. 

ɇɞ ɡɣɖɚɧ ɘɝɩŭŮɠ ɛŮ ɢŬɛɖɚɧ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ ˊɞɡ ˊɟɞůűɏɟŮŰŬɘ Ŭˊɧ Űɘɠ ɣŮɡŭɞˊɚŬůŰɘəɏɠ 

ŬɡŰɏɠ ɘŭɘɧŰɖŰŮɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŭɘɎɟəŮɘŬɠ ɕɤɐɠ Űɞɡ ɢɟɩɛŬŰɞɠ ŬˊɞűŮɨɔɞɜŰŬɠ 

űŬɘɜɧɛŮɜŬ əŬɗɑɕɖůɖɠ. Ⱥˊɘˊɚɏɞɜ, Űɞ ɢŬɛɖɚɧŰŮɟɞ ɘɝɩŭŮɠ ɡˊɧ ɡɣɖɚɧ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ Ůˊɘ-

ŰɟɏˊŮɘ ɛɘŬ ˊɘɞ Ůɨəɞɚɖ ŮˊɑůŰɟɤůɖ ŬˊɞűŮɨɔɞɜŰŬɠ űŬɘɜɧɛŮɜŬ ɢŬɚɎɟɤůɖɠ Űɖɠ ɓŬűɐɠ əŬɘ ˊɘ-

ŰůɘɚɘůɛɎŰɤɜ. ɄŮɟɘůůɧŰŮɟɖ ŬɜɎɚɡůɖ ɧůɞɜ ŬűɞɟɎ Űɘɠ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ HEUR ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŰɞ ɈˊɞəŮűɎɚŬɘɞ 1.4.3   

 

1.3 ɉɖɛɘəɐ ůɨɜɗŮůɖ 
 

Ƀɘ HEUR ŬˊɞŰŮɚɞɨɜ əŬŰɖɔɞɟɑŬ Űɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ. Ƀɘ ˊɞɚɡɞɡɟŮɗɎɜŮɠ ŮɑɜŬɘ ŭɟŬůŰɘəɎ 

ˊɞɚɡɛŮɟɐ ˊŬɟɧɛɞɘŬ ɛŮ ŰŬ ŮˊɞɝɘəɎ əŬɘ Űɞɡɠ ˊɞɚɡŮůŰɏɟŮɠ. ɄŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ 

ɛŮŰŬɝɨ ˊɞɚɡɞɚɩɜ (polyols) əŬɘ ŭɘɘůɞəɡŬɜɑɤɜ (diisocyanates) (ȺɘəɧɜŬ 1.3.1). Ƀɘ ˊɞɚɡɧɚŮɠ 

ŮɑɜŬɘ ŮɜɩůŮɘɠ ɛŮ ɞɛɎŭŮɠ ïOH Ůɜɩ ŰŬ ŭɘɘůɞəɡɎɜɘŬ ˊŮɟɘɏɢɞɡɜ Űɖɜ ɞɛɎŭŬ ïNCO ůŰŬ ɎəɟŬ. 

Ƀɘ ˊɞɚɡɞɡɟŮɗɎɜŮɠ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŰŮɗɞɨɜ ůŮ ɏɜŬ ɛɧɜɞ ɓɐɛŬ (ɛɏɗɞŭɞɠ one shot) ɛŮ ɎɛŮůɖ 

ŬɜɎɛɘɝɖ ɧɚɤɜ Űɤɜ ŬɜŰɘŭɟɩɜŰɤɜ ɐ ɛŮ Űɖ ɛɏɗɞŭɞ Űɞɡ ˊɟɞˊɞɚɡɛŮɟɞɨɠ (prepolymer). ȼ ɛɏ-

ɗɞŭɞɠ Űɞɡ ˊɟɞˊɞɚɡɛŮɟɞɨɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ˊɟɞůɗɐəɖ Űɖɠ ˊɞɚɡɧɚɖɠ əŬɘ Űɞɡ ŭɘɘůɞəɡŬ-

ɜɑɞɡ ɔɘŬ ɜŬ ůɢɖɛŬŰɘůŰŮɑ Űɞ ˊɟɞˊɞɚɡɛŮɟɏɠ Űɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ ɛŮ Űɘɠ ɞɛɎŭŮɠ ïNCO ůŰŬ 
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ɎəɟŬ Űɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ˊɟɞˊɞɚɡɛŮɟɏɠ ŬɡŰɧ ŮˊŮəŰŮɑɜŮŰŬɘ ɛŮ ɢɟɐůɖ ŮɜɩůŮɤɜ ˊɞɡ ɞɜɞ-

ɛɎɕɞɜŰŬɘ ŮɜɩůŮɘɠ ŮˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ (chain extenders) ɩůŰŮ ɜŬ ůɢɖɛŬŰɘůŰŮɑ Űɞ ŰŮɚɘəɧ 

ˊɟɞɥɧɜ Űɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ.16 

 

ȺɘəɧɜŬ 1.3.1: Ⱦɞɘɜɐ ɞŭɧɠ ɔɘŬ Űɖ ůɨɜɗŮůɖ ˊɞɚɡɞɡɟŮɗŬɜɩɜ.17 

ɄɏɟŬ Ŭˊɧ ŰŬ 2 ŬɜŰɘŭɟɩɜŰŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ, ůŰɖ ůɨɜɗŮůɖ Űɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ ɢɟɖůɘɛɞ-

ˊɞɘɞɨɜŰŬɘ əŬɘ ɎɚɚŮɠ ŮɜɩůŮɘɠ ɤɠ ˊɟɧůɗŮŰŬ əŬɘ əŬŰŬɚɨŰŮɠ. ɄɟɧůɗŮŰŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ůɜ-

ůɤɛŬŰɤɗɞɨɜ ůŰɖ ůɨɜɗŮůɖ ˊɞɚɡɞɡɟŮɗŬɜɩɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮˊɘɓɟŬŭɡɜŰɘəɎ űɚɧɔŬɠ (flame 

retardants), ɢɟɤůŰɘəɏɠ ɞɡůɑŮɠ (pigments), ŭɘŬůŰŬɡɟɤŰɏɠ (cross-linkers), ˊɚɖɟɤŰɘəɎ 

(fillers), ŭɘɞɔəɤŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ (blowing agents) əŬɘ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɎ (surfacants). Ƀɘ 

ˊɞɚɡɞɡɟŮɗɎɜŮɠ ɛˊɞɟɞɨɜ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ ɛŮ ɛɘŬ ˊɞɘəɘɚɑŬ ɘŭɘɞŰɐŰɤɜ, ɧˊɤɠ ůəɚɖɟɧŰɖŰŬ 

əŬɘ ˊɡəɜɧŰɖŰŬ, ŬɚɚɎɕɞɜŰŬɠ Ŭˊɚɩɠ Űɖɜ ˊɞůɧŰɖŰŬ əŬɘ Űɞɡɠ Űɨˊɞɡɠ Űɖɠ ˊɞɚɡɧɚɖɠ, ɘůɞəɡŬ-

ɜɑɤɜ ɐ ˊɟɞůɗɏŰɤɜ. Ƀɘ ˊɘɞ əɞɘɜɏɠ ŮɜɩůŮɘɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗɞɨɜ ůŮ Űɡˊɘəɏɠ ˊɞɚɡɞɡɟŮɗɎ-

ɜŮɠ əŬɘ ɞɘ ɚɧɔɞɘ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ Űɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 1.3.1.17 

 

ȺɜɩůŮɘɠ ȿɧɔɞɠ ɢɟɐůɖɠ 

ɄɞɚɡɧɚŮɠ 

ɆɡɜŮɘůűɞɟɎ ɛŮɔɎɚɤɜ ŮɡɏɚɘəŰɤɜ ŰɛɖɛɎŰɤɜ 

ˊɞɡ ɞŭɖɔɞɨɜ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɛŬɚŬəɩɜ Ů-

ɚŬůŰɘəɩɜ ˊɞɚɡɛŮɟɩɜ 

ȽůɞəɡɎɜɘŬ 
ɈˊŮɨɗɡɜŬ ɔɘŬ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɤɜ ˊɞɚɡ-

ɞɡɟŮɗŬɜɩɜ əŬɘ Űɤɜ ɘŭɘɞŰɐŰɤɜ ůəɚɐɟɡɜůɖɠ 

ȾŬŰŬɚɨŰŮɠ 

ȺˊɘŰɎɢɡɜůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɛŮŰŬɝɨ ɘůɞ-

əɡŬɜɑɤɜ əŬɘ ˊɞɚɡɞɚɩɜ əŬɘ ɛŮɑɤůɖ ɗŮɟɛɞ-

əɟŬůɑŬɠ ŬɜŰɑŭɟŬůɖɠ 

ɄɚŬůŰɘəɞˊɞɘɖŰɏɠ ɀŮɑɤůɖ Űɖɠ ůəɚɖɟɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ 

ɉɟɤůŰɘəɏɠ ɞɡůɑŮɠ 
ɄŬɟŬɔɤɔɐ ɏɔɢɟɤɛɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ əɡ-

ɟɑɤɠ ɔɘŬ ŬɘůɗɖŰɘəɞɨɠ ůəɞˊɞɨɠ 

ȹɘŬůŰŬɡɟɤŰɏɠ/ȺˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ 

ȹɞɛɘəɐ Űɟɞˊɞˊɞɑɖůɖ Űɤɜ ɛɞɟɑɤɜ Űɤɜ ˊɞ-

ɚɡɞɡɟŮɗŬɜɩɜ əŬɘ Ůɜɑůɢɡůɖ ɘŭɘɞŰɐŰɤɜ Űɞɡ 

ɡɚɘəɞɨ ɛɏůɤ ɛɖɢŬɜɘəɐɠ ɡˊɞůŰɐɟɘɝɖɠ 
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ȹɘɞɔəɤŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ/ȺˊɘűŬɜŮɘɞŭɟŬ-

ůŰɘəɎ 

ɄŬɟŬɔɤɔɐ ˊɞɚɡɞɡɟŮɗŬɜɩɜ ůŮ ɛɞɟűɐ Ŭ-

űɟɞɨ, ɏɚŮɔɢɞɠ ůɢɖɛŬŰɘůɛɧɠ űɡůŬɚɑŭɤɜ 

əŬŰɎ Űɖ ůɨɜɗŮůɖ əŬɘ ɏɚŮɔɢɞɠ ŭɞɛɐɠ Űɖɠ Ŭ-

űɟɩŭɞɡɠ ŭɞɛɐɠ 

ɄɚɖɟɤŰɘəɎ 

ȺɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ əŬɘ ɓŮɚŰɑɤůɖ 

ɘŭɘɞŰɐŰɤɜ ɡɚɘəɞɨ, ˊ.ɢ. ŬəŬɛɣɑŬ əŬɘ ŬɜŰɞɢɐ 

ůŮ ŮűŮɚəɡůɛɧ 

ȺˊɘɓɟŬŭɡɜŰɘəɎ űɚɧɔŬɠ ɀŮɑɤůɖ Űɖɠ ŮɡűɚŮəŰɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ 

ȺˊɘɓɟŬŭɡɜŰɘəɎ əŬˊɜɞɨ 
ɀŮɑɤůɖ Űɞɡ ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ əŬˊɜɞɨ 

əŬŰɎ Űɖɜ əŬɨůɖ Űɞɡ ɡɚɘəɞɨ 
ɄɑɜŬəŬɠ 1.3.1: ȺɜɩůŮɘɠ Űɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ əŬɘ ɚɧɔɞɘ ɢɟɐůɖɠ Űɞɡɠ.17 

1.3.1 ɄɞɚɡɧɚŮɠ 
 

Ƀ ɧɟɞɠ çˊɞɚɡɧɚɖè ŬɜŬűɏɟŮŰŬɘ ůŮ ŭɞɛɏɠ ˊɞɚɡɛŮɟɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 2 ɐ ˊŮɟɘůůɧŰŮɟŮɠ ɡ-

ŭɟɞɝɡɚɞɛɎŭŮɠ. Ƀɘ ˊɞɚɡɧɚŮɠ ŬˊɞŰŮɚɞɨɜ ůŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɘɠ ˊɟɩŰŮɠ ɨɚŮɠ ˊɞɡ ɢɟɖůɘɛɞ-

ˊɞɘɞɨɜŰŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɚɡɞɡɟŮɗŬɜɩɜ ůŮ ˊɞůɞůŰɧ 90% ůŮ ŮɨəŬɛˊŰŬ ůŰŮɔŬɜɞˊɞɘɖŰɘəɎ, 

70% ůŮ ŮɨəŬɛˊŰɞɡɠ Ŭűɟɞɨɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ əŬɘ 30% ůŮ ɎəŬɛˊŰɞɡɠ Ŭűɟɞɨɠ ɛɧɜɤůɖɠ. ȷˊɧ 

ŰŬ ˊŬɟŬˊɎɜɤ ˊɞůɞůŰɎ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɞɘ ˊɞɚɡɧɚŮɠ ůŰɘɠ ˊɞɚɡɞɡɟŮɗɎɜŮɠ ˊɟɞůŭɑŭɞɡɜ 

Űɖɜ ŬˊŬɚɧŰɖŰŬ əŬɘ Űɖɜ ŮɡəŬɛɣɑŬ, Ůɜɩ ŰŬ ɘůɞəɡɎɜɘŬ əŬɘ ɞɘ ŮˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ ˊŬɟɏɢɞɡɜ 

Űɖ ůəɚɖɟɧŰɖŰŬ əŬɘ Űɖɜ ŬəŬɛɣɑŬ ůŰɘɠ ŭɞɛɏɠ Űɤɜ ˊɞɚɡɛŮɟɩɜ.18 

Ƀɘ ˊɞɚɡɧɚŮɠ ɛˊɞɟɞɨɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɜŬ ɞɛŬŭɞˊɞɘɖɗɞɨɜ ůŮ: 

¶ ˊɞɚɡŬɘɗŮɟɘəɏɠ ˊɞɚɡɧɚŮɠ (polyether polyols) 

¶ ˊɞɚɡŮůŰŮɟɘəɏɠ ˊɞɚɡɧɚŮɠ (polyester polyols) 

Ƀɘ ˊɞɚɡŬɘɗŮɟɘəɏɠ ˊɞɚɡɧɚŮɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ ɛŮŰŬɝɨ Ůɜɧɠ ŮˊɞɝŮɘŭɑɞɡ əŬɘ 

ɛɘŬɠ ŭɟŬůŰɘəɐɠ ɏɜɤůɖɠ ˊɞɡ ˊŮɟɘɏɢŮɘ ɡŭɟɞɔɧɜɞ. ɀˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ˊŬɟŬɚɖűɗɞɨɜ Ŭˊɧ Űɞ 

ɎɜɞɘɔɛŬ Űɞɡ ŭŬəŰɡɚɑɞɡ ŮˊɞɝŮɘŭɘəɩɜ ɛɞɜɞɛŮɟɩɜ. Ƀɘ ˊɞɚɡŮůŰŮɟɘəɏɠ ˊɞɚɡɧɚŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ɚɖűɗɞɨɜ Ŭˊɧ Űɖɜ ˊɞɚɡůɡɛˊɨəɜɤůɖ ɡŭɟɞɝɡɚɘəɩɜ ŮɜɩůŮɤɜ əŬɘ ˊɞɚɡɚŮɘŰɞɡɟɔɘəɩɜ əŬɟɓɞ-

ɝɡɚɘəɩɜ ɞɝɏɤɜ. ɀɘŬ Ŭəɧɛɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ˊɞɚɡɞɚɩɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ɓɎůɖ Űɖɜ 

ŰŮɚɘəɐ ɢɟɐůɖ. Ƀɘ ˊɞɚɡɧɚŮɠ ɡɣɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ, Ŭˊɧ 2000 ɏɤɠ 10000 g/mol, ɢɟɖůɘ-

ɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɖ ůɨɜɗŮůɖ ŮɨəŬɛˊŰɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ, Ůɜɩ Űɞɡ ɛɘəɟɞɨ ɛɞɟɘŬ-

əɞɨ ɓɎɟɞɡɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɎəŬɛˊŰɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ.17 
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ȺɘəɧɜŬ 1.3.2: ɃɟɘůɛɏɜŮɠ ůɖɛŬɜŰɘəɏɠ ˊɞɚɡɧɚŮɠ.19 

1.3.2 ȽůɞəɡɎɜɘŬ 
 

ɇŬ ɘůɞəɡɎɜɘŬ, əŬɘ ŮɘŭɘəɧŰŮɟŬ ŰŬ ˊɞɚɡɘůɞəɡɎɜɘŬ, ŰŬɡŰɑɕɞɜŰŬɘ ůŮ ɡɣɖɚɧ ɓŬɗɛɧ ɛŮ Űɖ ɢɖɛŮɑŬ 

Űɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ. Ⱥɜɩ ŰŬ ɘůɞəɡɎɜɘŬ ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ɚɎɓɞɡɜ ɛɏɟɞɠ ůŮ ˊɞɚɚɏɠ ŬɜŰɘŭɟɎ-

ůŮɘɠ, ɖ ůɖɛŬůɑŬ Űɞɡɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ůɢɏůɖɠ Űɞɡɠ ɛŮ Űɞɜ ˊɞɚɡɛŮɟɘůɛɧ Űɖɠ 

ˊɞɚɡɞɡɟŮɗɎɜɖɠ əŬɘ Űɖɠ ŭɞɛɐɠ Űɖɠ. ɇŬ ɘůɞəɡɎɜɘŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɛɘŬ əŬŰɖɔɞɟɑŬ ɢɖɛɘ-

əɩɜ ŮɜɩůŮɤɜ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɐ ŭɟŬůŰɘəɧŰɖŰŬ əŬɘ ŮɡŮɚɘɝɑŬ. ȷɡŰɧɠ ɞ ůɡɜ-

ŭɡŬůɛɧɠ Űɤɜ ɗŮŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɏɢŮɘ ůɡɛɓɎɚɚŮɘ ůɖɛŬɜŰɘəɎ ůŰɖɜ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ 

ɡɚɘəɩɜ ˊɞɚɡɞɡɟŮɗɎɜɖɠ, ŬɚɚɎ ŬˊɞŰŮɚŮɑ ŬɜŬˊɧůˊŬůŰɞ ɛɏɟɞɠ Űɤɜ Ůˊɘˊɚɞəɩɜ ˊɞɡ ůɢŮŰɑɕɞ-

ɜŰŬɘ ɛŮ ŰŬ ɎɚŬŰŬ Űɤɜ ɘůɞəɡŬɜɑɤɜ. ɇɞ ˊɘɞ ɢɖɛɘəɩɠ ůɢŮŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ɘůɞəɡŬɜɑɞɡ 

ŮɑɜŬɘ ɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ɛŮ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ŮɜŮɟɔɎ ɡŭɟɞɔɧɜŬ. ɇɏŰɞɘŬ ŭɟŬůŰɘəɎ ɡŭɟɞɔɧɜŬ 

ŬˊŬɜŰɩɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ ɧˊɤɠ Űɖɠ Ŭɚəɞɧɚɖɠ əŬɘ Űɖɠ Ŭ-

ɛɑɜɖɠ ŬɚɚɎ əŬɘ Űɞ ɜŮɟɧ. ȼ ɓŬůɘəɐ ŭɞɛɐ Ůɜɧɠ ɘůɞəɡŬɜɑɞɡ ˊŬɟŬŰɑɗŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ Ⱥɘ-

əɧɜŬ 1.3.3.18 

 

ȺɘəɧɜŬ 1.3.3: ȸŬůɘəɐ ŭɞɛɐ ɘůɞəɡŬɜɑɞɡ.18 

ȼ ɢɟɖůɘɛɧŰɖŰŬ əŬɘ ɖ ůˊɞɡŭŬɘɧŰɖŰŬ Űɤɜ ɘůɞəɡŬɜɑɤɜ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɖɚŮəŰɟɞɜɘŬəɐ ŭɞɛɐ 

Űɞɡɠ. ȳˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.3.4, ɞ ɛɞɜŬŭɘəɧɠ ůɡɜŭɡŬůɛɧɠ Űɖɠ ŰɟɘˊɚɏŰŬɠ 

N=C=O ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɖɚŮəŰɟɞɜɘɧűɘɚɞɡ ɎɜɗɟŬəŬ əŬɘ Ůɜɧɠ ůɢŮ-

ŰɘəɎ ˊɡɟɖɜɧűɘɚɞɡ ŬɕɩŰɞɡ. ȷɡŰɧ ŭɖɛɘɞɡɟɔŮɑ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ˊɟɞůɗɐəɖɠ ŮɜŮɟɔɩɜ ɛɞ-

ɟɑɤɜ ɡŭɟɞɔɧɜɞɡ əŬɘ Űɞ ůɢɖɛŬŰɘůɛɧ ɞɡɟŮɗŬɜɩɜ, ɞɡɟɑŬɠ, ŬɚɚɞűŬɘɜɘəɩɜ (allophanates), 

ŭɘɞɡɟɖŰɩɜ (biurets) əŬɘ Ɏɚɚɤɜ ŭɞɛɩɜ.19 
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ȺɘəɧɜŬ 1.3.4: ɆɢɖɛŬŰɘůɛɧɠ əŬŰɎɚɚɖɚɖɠ ŭɞɛɐɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɞɡɟŮɗŬɜɘəɞɨ ŭŮůɛɞɨ.19 

ȼ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Űɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ ɏɢŮɘ ůɡůɢŮŰɘůŰŮɑ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ ˊŬ-

ɟŬɔɤɔɐɠ ɛɞɜɞɛŮɟɩɜ ɘůɞəɡŬɜɑɞɡ, ɛŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɞɚɡɛŮɟɑɕɞɜŰŬɘ, ɛŮ ɢŬɛɖɚɧ əɧůŰɞɠ. 

ȼ ŬˊŬɑŰɖůɖ ŬɡŰɐ ɞŭɐɔɖůŮ Űɖ ɢɖɛŮɑŬ ůŰɖ ɢɟɐůɖ ŭɘŬɗɏůɘɛɤɜ əŬɘ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ŭɞɛɘəɩɜ 

ůŰɞɘɢŮɑɤɜ əŬɘ Űɖ ɓɘɞɛɖɢŬɜɘəɐ ˊŬɟŬɔɤɔɐ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɡŰɐɠ ůŮ 

ŮɝŬɘɟŮŰɘəɧ ɓŬɗɛɧ. ɇŬ ŭɡɞ ɘůɞəɡɎɜɘŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɧɔəɞ, Űɞ ɏɜŬ ɓŬůɑɕŮ-

ŰŬɘ ůŰɞ Űɞɚɞɡɧɚɘɞ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ŭɘɘůɞəɡŬɜɑɞɡ Űɞɚɞɡɞɚɑɞɡ (toluene diisocyanate, əɞɘ-

ɜɩɠ əŬɘ ɤɠ TDI) əŬɘ Űɞ Ɏɚɚɞ ɛŮ ɓɎůɖ Űɖɜ Ŭɜɘɚɑɜɖ (aniline) əŬɘ Űɖ űɞɟɛŬɚŭŮɒŭɖ 

(formaldehyde) ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡ ɛŮɗɡɚŮɜɏɛˊɖɠ (ɘůɞəɡŬɜɑɞɡ űŬɘɜɡɚɑɞɡ) 

(methylenebis (phenyl isocyanate), əɞɘɜɩɠ əŬɘ ɤɠ MDI). ɆŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.3.5 ́ Ŭ-

ɟŬŰɑɗŮɜŰŬɘ ɞɟɘůɛɏɜŮɠ ŭɞɛɏɠ ɘůɞəɡŬɜɑɤɜ.18    

 

ȺɘəɧɜŬ 1.3.5: ɉɖɛɘəɏɠ ŭɞɛɏɠ ůɖɛŬɜŰɘəɩɜ ɘůɞəɡŬɜɑɤɜ.19 
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1.3.3 ȾŬŰŬɚɨŰŮɠ 
 

Ƀɘ əŬŰŬɚɨŰŮɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɘ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ ŰŮɚɘəɧ ˊɟɞɥɧɜ. Ƀɘ ŰŮɚɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ŮɝŬɟŰɩɜŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɞɡɟŮɗŬ-

ɜɘəɞɨɠ ŭŮůɛɞɨɠ, ɞɡɟɑŬɠ, ŬɚɚɞűŬɘɜɘəɞɨɠ, ŭɘɞɡɟɖŰɩɜ əŬɘ ɘůɞəɡŬɜɞɡɟɘəɞɨɠ. ȷəɧɛɖ, ůŰɖɜ 

ˊŬɟŬɔɤɔɐ ˊɞɚɡɞɡɟŮɗŬɜɩɜ ɞɘ əŬŰŬɚɨŰŮɠ ˊɟɞůŰɑɗŮɜŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞŬɢɗŮɑ ɖ ŬɜŰɑ-

ŭɟŬůɖ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ Ŭɡɝɖɛɏɜɞɡɠ ɟɡɗɛɞɨɠ ŬɜŰɑŭɟŬůɖɠ, ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞ-

əɟŬůɑŮɠ, ɔɘŬ ɛŮɑɤůɖ Űɞɡ ɢɟɧɜɞɡ ŬɜŰɑŭɟŬůɖɠ əɚˊ. Ƀɘ əŬŰŬɚɨŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ 

ůŮ ŰɟŮɘɠ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ:19,20 

1) ɇɟɘŰɞŰŬɔŮɑɠ ŬɛɑɜŮɠ ɞɘ ɞˊɞɑŮɠ ˊɟɞəŬɚɞɨɜ ɛɏŰɟɘŬ Ŭɨɝɖůɖ Űɞɡ ɟɡɗɛɞɨ ůŰɘɠ ŬɜŰɘŭɟɎ-

ůŮɘɠ ɧɚɤɜ Űɤɜ ɘůɞəɡŬɜɑɤɜ, ŬɟɤɛŬŰɘəɩɜ əŬɘ ŬɚŮɘűŬŰɘəɩɜ. 

2) ɇɞ ɓɘůɛɞɨɗɘɞ, ɞ əŬůůɑŰŮɟɞɠ əŬɘ ɞ ɛɧɚɡɓŭɞɠ ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɞɑ ɏɜŬɜŰɘ Űɤɜ 

ŬɚŮɘűŬŰɘəɩɜ ɘůɞəɡŬɜɑɤɜ. 

3) ɇŬ ɎɚŬŰŬ ɣŮɡŭŬɟɔɨɟɞɡ, əɞɓŬɚŰɑɞɡ, ůɘŭɐɟɞɡ, ŬɜŰɘɛɞɜɑɞɡ əŬɘ əŬůůɘŰɏɟɞɡ ŮɜŮɟɔɞ-

ˊɞɘɞɨɜ ŰŬ ŬɚŮɘűŬŰɘəɎ ɘůɞəɡŬɜɘəɎ ɎɚŬŰŬ ůŰɞ ůɖɛŮɑɞ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘŭɟɎůɞɡɜ 

ɔɟɖɔɞɟɧŰŮɟŬ Ŭˊɧ ŰŬ ŬɟɤɛŬŰɘəɎ ˊɟɞɠ ŰŬ ɡŭɟɞɝɨɚɘŬ. 

ŪŬ ˊɟɏˊŮɘ Ůˊɑůɖɠ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ əŬŰŬɚɨŰŮɠ ŮɛűŬɜɑɕɞɡɜ ŭɘŬűɞɟŮŰɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ 

ɏɜŬɜŰɘ ŭɘŬűɞɟŮŰɘəɩɜ ɘůɞəɡŬɜɑɤɜ.19 

Ƀɘ əŬŰŬɚɨŰŮɠ ˊŬɟɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬəɧɛŬ əŬɘ ůŮ ˊɞůɧŰɖŰŮɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 10 ɏɤɠ 100 

ppm (ɛɏɟɖ ŬɜɎ ŮəŬŰɞɛɛɨɟɘɞ) ɜŬ ˊɟɞəŬɚɏůɞɡɜ ůɖɛŬɜŰɘəɏɠ ŬɡɝɐůŮɘɠ ůŰɞ ɟɡɗɛɧ ŬɜŰɑŭɟŬ-

ůɖɠ. ȹɖɛɞűɘɚŮɑɠ əŬŰŬɚɨŰŮɠ ˊɞɡ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɞɚɡɞɡɟŮɗŬɜɩɜ 

ŮɑɜŬɘ ɞɘ Ůɝɐɠ: dibutyltin dilaurate, stannous octoate, diaza(2.2.2)bicyclooctane, dibutyltin 

diacetate, bismuth stearate, əŬɘ zirconium octoate.11 

1.3.4 ȺˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ (chain extenders) 
 

Ƀɘ ŮˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ ŮɑɜŬɘ ŬɜŰɘŭɟŬůŰɐɟɘŬ ɢŬɛɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ˊɞɡ ˊŬɟɎɔɞɡɜ 

Űɘɠ ɔɜɤůŰɏɠ ŮɚŬůŰɞɛŮɟŮɑɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ. Ɇɡɜɐɗɤɠ ɏɢɞɡɜ ɛɞɟɘŬəɧ ɓɎɟɞɠ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 40-300 Da əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ɤɠ ɡŭɟɞɝɡɚɞ-ŰŮɟɛŬŰɘəɏɠ 

(hydroxyl-terminated) ɐ Ŭɛɘɜɞ-ŰŮɟɛŬŰɘəɏɠ (amine-terminated) ŮɜɩůŮɘɠ. Ƀɘ ŮɜɩůŮɘɠ ɛŮ ɚŮɘ-

ŰɞɡɟɔɘəɧŰɖŰŬ 2, ŭɖɚŬŭɐ ɞɘ ŮɜɩůŮɘɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 2 ɡŭɟɞɝɡɚɞɛɎŭŮɠ ɐ ŬɛɘɜɞɛɎŭŮɠ ŬɜɎ 

ɛɧɟɘɞ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ŮˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ Ůɜɩ ɞɘ ŮɜɩůŮɘɠ ɛŮ ɡɣɖɚɧŰŮɟɖ ɚŮɘŰɞɡɟ-

ɔɘəɧŰɖŰŬɠ, ŭɖɚŬŭɐ ŮɜɩůŮɘɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ ɡŭɟɞɝɡɚɞɛɎŭŮɠ ɐ ŬɛɘɜɞɛɎŭŮɠ ŬɜɎ 

ɛɧɟɘɞ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ŭɘŬůŰŬɡɟɤŰɏɠ (cross-linkers).19 
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ȺɘəɧɜŬ 1.3.6: ɇɟŮɘɠ ɔɜɤůŰɞɑ ŮˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ.19 

Ƀɘ ŮˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɡŭɟɞɝɡɚɞɛɎŭŮɠ ůɡɢɜɎ Ŭɟɔɞɨɜ ɜŬ ŬɜŰɘŭɟɎůɞɡɜ ɛŮ 

ŰŬ ˊɞɚɡɘůɞəɡɎɜɘŬ əŬɘ ɔɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ŬˊŬɘŰɞɨɜ ɏɜŬɜ ɐ əŬɘ ˊŮɟɘůůɧŰŮɟɞɡɠ əŬŰŬɚɨŰŮɠ ɔɘŬ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɟəŮŰɎ ɔɟɐɔɞɟŬ ɛɘŬ ŬɜŰɑŭɟŬůɖ. ɇɏŰɞɘɞɘ əŬŰŬɚɨŰŮɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɞɟɔŬɜɞ-

ɛŮŰŬɚɚɘəɞɑ ɧˊɤɠ ɞ dibutyl tin dilaurate. ɇŬ əŬŰɎɚɞɘˊŬ ɧɛɤɠ Űɤɜ əŬŰŬɚɡŰɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 

ɛɏŰŬɚɚŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɗŮɟɛɘəɐ ŬůŰɎɗŮɘŬ ůŰɞ ˊŬɟŬɔɧɛŮɜɞ ˊɞɚɡɛŮɟɏɠ. ɀɘŬ 

Ŭəɧɛɖ ŭɡɜɖŰɘəɐ ŭɡůəɞɚɑŬ ɛŮ Űɞɡɠ ŮˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɡŭɟɞɝɡɚɞɛɎŭŮɠ 

ŮɑɜŬɘ ɧŰɘ ɛŮɟɘəɞɑ ɏɢɞɡɜ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɘŬɚɡŰɧŰɖŰŬ ůŰɘɠ ˊɞɚɡɧɚŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ɤɠ Űɘɠ ˊɟɤŰŬɟɢɘəɏɠ ŭɟŬůŰɘəɏɠ ŮɜɩůŮɘɠ ɔɘŬ Űɖɜ ŬɜŰɑŭɟŬůɖ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ ɏŰůɘ Űɖɜ ˊɞůɧ-

ŰɖŰŬ Űɞɡ ŮˊɘɛɖəɡɜŰɐ ŬɚɡůɑŭŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖ ůɨɜɗŮůɖ.19 

 

ȺɘəɧɜŬ 1.3.7: ȷɘɗɡɚŮɜɞɔɚɡəɧɚɖ (ůŰɞ ŰŮŰɟɎɔɤɜɞ) ɤɠ ŮˊɘɛɖəɡɜŰɐɠ ŬɚɡůɑŭŬɠ.19 

ȷˊɧ Űɖɜ Ɏɚɚɖ, ɞɘ ŮˊɘɛɖəɡɜŰɏɠ ŬɚɡůɑŭŬɠ ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ ŬɛɘɜɞɛɎŭŮɠ ŬɜŰɘŭɟɞɨɜ ŰŬɢɨŰŮɟŬ 

Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɡɚɘəɎ ɛŮ ɡŭɟɞɝɡɚɞɛɎŭŮɠ ŬɚɚɎ ɞɟɘůɛɏɜŮɠ űɞɟɏɠ ŬɜŰɘŭɟɞɨɜ ˊɞɚɨ ŰŬɢɨ-

ŰŮɟŬ Ŭˊɧ Űɞ ŮˊɘɗɡɛɖŰɧ. Ⱥˊɘˊɚɏɞɜ, ŬɡŰɏɠ ɞɘ ŮɜɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɩůɞɡɜ ɛɘŬ ɞůɛɐ ůŰɞ 

ˊŬɟŬɔɧɛŮɜɞ ˊɞɚɡɛŮɟɏɠ.19 

1.3.5 ɆɨɜɗŮůɖ HEUR 
 

Ƀɘ ˊɞɚɡɞɡɟŮɗɎɜŮɠ HEUR ɚŬɛɓɎɜɞɜŰŬɘ ɛɏůɤ ŬɜŰɑŭɟŬůɖɠ ɘůɞəɡŬɜɑɤɜ ɛŮ ˊɞɚɡɧɚŮɠ ˊɞɡ 

ɞŭɖɔɞɨɜ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɞɡɟŮɗŬɜɘəɩɜ ŭŮůɛɩɜ. ȼ ŬɜŰɑŭɟŬůɖ ɛˊɞɟŮɑ ɜŬ əŬŰŬɚɡɗŮɑ ɛŮ dibu-

tyltin dilaurate (DBTDL) ůŮ ˊɞůɞůŰɧ 0,2% w/w ɐ ŰɟɘŰɞŰŬɔɐɠ ŬɛɑɜŮɠ. ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ ŭɘŬ-

űɞɟŮŰɘəɞɑ ŭɟɧɛɞɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ŰŮɚŮɢŮɘɚɘəɩɜ ŭɞɛɩɜ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ 

ůŰɖɜ ȺɘəɧɜŬ 1.3.8. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ŬɜŰɑŭɟŬůɖ ɛŮ Űɘɠ ɡŭɟɧűɞɓŮɠ 

ɞɛɎŭŮɠ Űɖɠ PEG, ɛŮ ŮˊɘɗɡɛɖŰɧ ɓɎɟɞɠ, ˊɞɡ ɞŭɖɔɞɨɜ ůŰɖɜ ˊŬɟŬɔɤɔɐ Uni-HEUR. ȷɡŰɏɠ ɞɘ 

ŭɞɛɏɠ ɛˊɞɟɞɨɜ, Ůˊɑůɖɠ, ɜŬ ˊŬɟŬůəŮɡŬůŰɞɨɜ ɛŮ ŬɜŰɑŭɟŬůɖ Űɖɠ PEG ɛŮ ɛŮɔɎɚɖ ˊŮɟɑůůŮɘŬ 

ŭɘɘůɞəɡŬɜɑɞɡ (ůɡɜɐɗɤɠ isophorone diisocyanate IPDI ɐ hydrogenated methylene diphenyl 

diisocyanate H12MDI) ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ ŬɜŰɑŭɟŬůɖ ɛŮ ɡŭɟɧűɞɓɖ Ŭɚəɞɧɚɖ. ȷˊɧ Űɖɜ 
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Ɏɚɚɖ ˊɚŮɡɟɎ, ɞɘ HEUR ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɢɗɞɨɜ ɛŮ ůŰŬŭɘŬəɧ ˊɞɚɡɛŮɟɘůɛɧ Űɖɠ PEG ɛŮ 

ŭɘɘůɞəɡɎɜɘŬ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ŬɜŰɑŭɟŬůɖ ɛŮ ɡŭɟɧűɞɓŮɠ ŬɚəɞɧɚŮɠ. ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ɞŭɖɔŮɑ 

ůŮ ɛŮɔŬɚɨŰŮɟɞ ŭŮɑəŰɖ ˊɞɚɡŭɘŬůˊɞɟɎɠ (polydispersity index, PDI) əŬɘ ŬɡŰɏɠ ɞɘ ŭɞɛɏɠ Ŭˊɞ-

əŬɚɞɨɜŰŬɘ S-G HEURs. ɇɏɚɞɠ, Űɖ ŭŮəŬŮŰɑŬ Űɞɡ ô90 Űɞ ŮˊɞɜɞɛŬɕɧɛŮɜɞ ɔəɟɞɡˊ Glass Ŭɜɏ-

űŮɟŮ Űɖ ůɨɜɗŮůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ŭɞɛɩɜ HEUR, ˊɞɡ ˊŮɟɘŮɑɢŬɜ ŮůɤŰŮɟɘəɏɠ ɡŭɟɧűɞɓŮɠ 

ɞɛɎŭŮɠ Ŭˊɧ ŭɘɘůɞəɡŬɜɘəɧ ŮɝŬɛŮɗɡɚɏɜɘɞ ŭɘɞɡɟɑŬɠ (biuret hexamethylene diisocyanate), ɘ-

ůɞəɡŬɜɞɡɟɘəɧ ŭɘɘůɞəɡɎɜɘɞ ɘůɞűɞɟɧɜɖɠ (isocyanurate of isophorone diisocyanate) ɐ ŭɘɘůɞ-

əɡŬɜɘəɧ m-ŰŮŰɟŬɛŮɗɡɚɞɝɡɚɏɜɘɞ (m-tetramethylxylene diisocyanate) ŭɖɛɘɞɡɟɔɩɜŰŬɠ Űɖ 

ŭɞɛɐ comb-HEUR.3 

 

ȺɘəɧɜŬ 1.3.8: ɉɖɛɘəɐ ůɨɜɗŮůɖ Uni-HEUR əŬɘ S-G HEUR ɞɡɟŮɗŬɜɩɜ .3  

ɄŬɟɧɚɞ Űɖ ɢŬɛɖɚɐ ŬɜŬɚɞɔɑŬ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ ůŰɘɠ ŭɞɛɏɠ Űɤɜ HEUR, ŬɡŰɏɠ ŮɑɜŬɘ 

ˊɞɡ ŮɡɗɨɜɞɜŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɘɠ ŰŮɚɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ. Ⱥˊɞɛɏ-

ɜɤɠ, ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛɘŬ ˊɚɖɗɩɟŬ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ 

ůŰɖɜ ȺɘəɧɜŬ 1.3.9, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞůŭɩůɞɡɜ ůŰɘɠ ˊɞɚɡɞɡɟŮɗɎɜŮɠ HEUR ɏɜŬ Ůɨɟɞɠ 

ŭɘŬűɞɟŮŰɘəɩɜ ɟŮɞɚɞɔɘəɩɜ ɘŭɘɞŰɐŰɤɜ. Ƀɘ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɡŭɟɧűɞɓŮɠ Ůɜɩ-

ůŮɘɠ ŮɑɜŬɘ ɡŭɟɧűɞɓŮɠ ŬɚəɞɧɚŮɠ ɐ ɛŮɟɘəɏɠ űɞɟɏɠ əŬɘ ŬɛɑɜŮɠ, ɛŮ 6 ɏɤɠ 20 ɎɜɗɟŬəŮɠ. ɋůŰɧůɞ, 

ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ ˊŮɟɘůůɧŰŮɟŮɠ ˊɟɤŰɧŰɡˊŮɠ ŭɞɛɏɠ ɧˊɤɠ fluorocarbon alkyl ŬɚɡůɑŭŮɠ, alkyl 

phenyl əŬɘ ŰɟɞˊɞˊɞɘɖɛɏɜŮɠ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŮɡŬɑůɗɖŰɏɠ ɐ ŭɟŬůŰɘəɏɠ ɚŮɘ-

ŰɞɡɟɔɑŮɠ.3 
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ȺɘəɧɜŬ 1.3.9: Ⱥˊɘůəɧˊɖůɖ Űɤɜ ŭɞɛɩɜ HEUR ˊɞɡ ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ.3 

ɆŰɖɜ Ŭ́ɟŬůəŮɡɐ Űɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ HEUR, ŬɚɚɎ əŬɘ ɔŮɜɘəɎ ůŰɖɜ ˊŬɟŬɔɤɔɐ ˊɞɚɡɞɡɟŮ-

ɗŬɜɩɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ɞɘ Ůɝɐɠ 3 ŰŮɢɜɘəɏɠ:21 

¶ ɇŮɢɜɘəɐ ˊɟɞˊɞɚɡɛŮɟɞɨɠ (prepolymer technique) 

¶ ɇŮɢɜɘəɐ quasiprepolymer (quasiprepolymer technique) 

¶ ɇŮɢɜɘəɐ Ůɜɧɠ ůŰŬŭɑɞɡ (óone shotô technique) 

1.3.5.1 ɇŮɢɜɘəɐ ˊɟɞˊɞɚɡɛŮɟɞɨɠ 
 

ɇŬ ˊɟɞˊɞɚɡɛŮɟɐ ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɞɡ ŭɘɘůɞəɡŬɜɑɞɡ ɛŮ Űɖɜ ˊɞɚɡɧɚɖ, 

ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɔɟŬɛɛɞɛɞɟɘŬəɐ ŬɜŬɚɞɔɑŬ [ŭɘɘůɞəɡɎɜɘɞ]/[ˊɞɚɡɧɚɖ]. ɄŬɟɎɔŮŰŬɘ ɚɞɘˊɧɜ 
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ɛɘŬ ŭɞɛɐ ɛŮ ŮɚŮɨɗŮɟŮɠ ɞɛɎŭŮɠ ïNCO ůŰŬ ɎəɟŬ Űɖɠ ŬɚɡůɑŭŬɠ əŬɘ ŬɡŰɐ ɖ ŭɞɛɐ əŬɚŮɑŰŬɘ ɤɠ 

ˊɟɞˊɞɚɡɛŮɟɏɠ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.3.10.21 

 

 

 

ȺɘəɧɜŬ 1.3.10: ȷɜŰɑŭɟŬůɖ ŭɘɘůɞəɡŬɜɑɞɡ əŬɘ ˊɞɚɡɧɚɖɠ ˊɟɞɠ ˊŬɟŬɔɤɔɐ ˊɟɞˊɞɚɡɛŮɟɞɨɠ.21 

Ⱥɜ ůɡɜŮɢŮɑŬ, ɛŮ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɞɡ ˊɟɞˊɞɚɡɛŮɟɞɨɠ ɛŮ ɏɜŬ ŮˊɘɛɖəɡɜŰɐ ŬɚɡůɑŭŬɠ ɧˊɤɠ Ŭɘ-

ɗɡɚŮɜɞɔɚɡəɧɚɖ, ŭɘŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ, 1,4-ɓɞɡŰŬɜɞŭɘɧɚɖ ɐ ŭɘŬɛɑɜɖ, ůɢɖɛŬŰɑɕɞɜŰŬɘ ˊɞɚɡɞɡ-

ɟŮɗɎɜŮɠ ɡɣɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.3.11.21 

 

ȺɘəɧɜŬ 1.3.11: ȷɜŰɑŭɟŬůɖ ˊɟɞˊɞɚɡɛŮɟɞɨɠ əŬɘ Ŭɚəɞɧɚɖɠ ˊɟɞɠ ˊŬɟŬɔɤɔɐ ˊɞɚɡɞɡɟŮɗɎɜɖɠ.21  

ȷɡŰɐ ɖ ŰŮɢɜɘəɐ ˊɞɚɡɛŮɟɞɨɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɢɜɎ ůŰɖɜ ˊŬɟŬůəŮɡɐ ŮɚŬůŰɞɛŮɟɩɜ ˊɞɚɡ-

ɞɡɟŮɗɎɜɖɠ, ŮˊɘůŰɟɩůŮɤɜ, ůŰŮɔŬɜɤŰɘəɩɜ ɡɚɘəɩɜ, ŮɨəŬɛˊŰɤɜ Ŭűɟɩɜ, ˊɞɚɡɞɡɟŮɗŬɜɘəɩɜ 

ɛɞɜɞůɡůŰŬŰɘəɩɜ əɚˊ.21 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɖ ɔɟŬɛɛɞɛɞɟɘŬəɐ ŬɜŬɚɞɔɑŬ ɛŮŰŬɝɨ Űɖɠ ŭɟŬůŰɘəɐɠ ɞɛɎŭŬɠ ïNCO ́ ɟɞɠ 

Űɘɠ ɡŭɟɞɝɡɚɞɛɎŭŮɠ ïOH, ɏɢŮɘ ˊɞɚɨ ɘůɢɡɟɐ ŮˊɑŭɟŬůɖ ůŰɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ, MW, Űɖɠ ˊŬɟŬ-

ɔɧɛŮɜɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ. ɇɞ ɛɏɔɘůŰɞ MW ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɘůɞɛɞɟɘŬəɐ ŬɜŬɚɞɔɑŬ [-

NCO]/[OH]=1, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 1.3.12. ɄŮɟɑůůŮɘŬ Űɞɡ 

ɘůɞəɡŬɜɑɞɡ ɞŭɖɔŮɑ ůŰɖ ŭɟŬůŰɘəɐ ɛŮɑɤůɖ Űɞɡ MW Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ.21 
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ȺɘəɧɜŬ 1.3.12: ŪŮɤɟɖŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ MW əŬɘ ŬɜŬɚɞɔɑŬɠ NCO/OH.19 

ɄŬɟɧɚŬ ŬɡŰɎ, ɖ ŬɜŬɚɞɔɑŬ ŬɡŰɐ ˊɟŬəŰɘəɎ ŭŮɜ ɘůɢɨŮɘ əŬɗɩɠ Űɞ ïNCO ŭŮɜ ŬɜŰɘŭɟɎ ɛɧɜɞ ɛŮ 

ŰŬ ïOH Űɖɠ ˊɞɚɡɧɚɖɠ ŬɚɚɎ əŬɘ ɛŮ ɎɚɚŮɠ ŮɜɩůŮɘɠ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ ɛɑɔɛŬ ɛŮ ŬˊɞŰɏɚŮ-

ůɛŬ Űɖɜ ˊŬɟŬɔɤɔɐ ˊŬɟŬˊɟɞɥɧɜŰɤɜ ɧˊɤɠ ɗŬ ŬɜŬűŮɟɗŮɑ Ůɜ ůɡɜŮɢŮɑŬ. 

1.3.5.2 ɇŮɢɜɘəɐ quasiprepolymer 
 

ɇŬ ˊɟɞˊɞɚɡɛŮɟɐ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛŮ Űɖɜ ŰŮɢɜɘəɐ quasiprepolymer ɚŬɛɓɎɜɞɜŰŬɘ ɛŮ ˊŬɟɧ-

ɛɞɘɞ Űɟɧˊɞ ɛŮ ŬɡŰɎ Űɖɠ ŰŮɢɜɘəɐɠ Űɞɡ ˊɟɞˊɞɚɡɛŮɟɞɨɠ, ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ ɖ ŬɜŰɑŭɟŬůɖ ɛŮ-

ŰŬɝɨ Űɖɠ ˊɞɚɡɧɚɖɠ əŬɘ Űɞɡ ɘůɞəɡŬɜɑɞɡ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ˊŮɟɘɓɎɚɚɞɜ ɛŮ ɛŮɔɎɚɖ ˊŮɟɑůůŮɘŬ 

ɘůɞəɡŬɜɑɞɡ. ɇŬ quasiprepolymers ŮɑɜŬɘ ɏɜŬ ɛŮɑɔɛŬ ˊɟɞˊɞɚɡɛŮɟɩɜ əŬɘ ŮɚŮɨɗŮɟɤɜ ɘůɞəɡŬ-

ɜɑɤɜ ůŮ ˊɞůɞůŰɧ ˊŮɟɑˊɞɡ 16-32% ŮɚŮɨɗŮɟɤɜ ɘůɞəɡŬɜɑɤɜ, ɧˊɤɠ ŭɘŬűŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ 

ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.3.13.21 

 

ȺɘəɧɜŬ 1.3.13: ɆɡůŰŬŰɘəɎ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ɏɜŬ ˊɟɞˊɞɚɡɛŮɟɏɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɛŮ Űɖɜ ŰŮɢɜɘəɐ quasiprepoly-

mer.21 

ɇŬ ˊɟɞˊɞɚɡɛŮɟɐ ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ɔɘŬ Űɖ ɛŮŰŬŰɟɞˊɐ Űɤɜ ůŰŮɟŮɩɜ ɘůɞəɡŬɜɘ-

əɩɜ ŬɚɎŰɤɜ (ˊ.ɢ. əŬɗŬɟɧ MDI) ůŮ ɡɔɟɧ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŮɨəŬɛˊŰɞɡɠ Ŭűɟɞɨɠ ˊɞ-

ɚɡɞɡɟŮɗɎɜɖɠ, ůŮ ɛɘəɟɞəɡŰŰŬɟɘəɎ ŮɚŬůŰɞɛŮɟɐ əŬɘ ůŮ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ ˊɞɚɡɞɡɟŮɗŬɜɩɜ.21 

1.3.5.3 ɇŮɢɜɘəɐ Ůɜɧɠ ůŰŬŭɑɞɡ 
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ɀɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŰŮɢɜɘəɏɠ ˊŬɟŬůəŮɡɐɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ ŮɑɜŬɘ ɖ ŰŮɢɜɘəɐ 

Ůɜɧɠ ůŰŬŭɑɞɡ, ɖ ɞˊɞɑŬ ůɡɜɞŭŮɨŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɜɎɛɘɝɖ Űɞɡ ɛŮɑɔɛŬŰɞɠ, 

ůŮ ůɨɜŰɞɛɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɧɚɤɜ Űɤɜ ˊɟɩŰɤɜ ɡɚɩɜ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖɜ ˊŬɟŬůəŮɡɐ 

Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ (ˊɞɚɡɧɚɖ, ɘůɞəɡɎɜɘɞ, əŬŰŬɚɨŰɖ, ŮˊɘɛɖəɡɜŰɐ ŬɚɡůɑŭŬɠ ɐ ŭɘŬůŰɡ-

ɟɤŰɐ, əɚˊ). ɇɞ əɚŮɘŭɑ Űɖɠ ŰŮɢɜɘəɐɠ ŬɡŰɐɠ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ˊŬɟŬůəŮɡɐ Űɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ 

ŮɑɜŬɘ ɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ůŮ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɡˊɧ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɜɎɛɘɝɖ.21  

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɚɞˊɞɘɖɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ɢɟɐůɖɠ ˊɞɚɚɩɜ ůɡůŰŬŰɘəɩɜ, ɏɜŬ ɛŮɑɔɛŬ ɛŮ Űɖɜ 

ɞɜɞɛŬůɑŬ ómasterbatchô ˊŬɟŬůəŮɡɎɕŮŰŬɘ Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ŰŬ ůɡůŰŬŰɘəɎ ˊɞɡ ŭŮɜ ŬɜŰɘ-

ŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ ɧˊɤɠ ŮɑɜŬɘ ɖ ˊɞɚɡɧɚɖ əŬɘ ɞ əŬŰŬɚɨŰɖɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛˊɞ-

ɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 2 ɛɧɜɞ ůɡůŰŬŰɘəɎ, Űɞ ɛŮɑɔɛŬ ómasterbatchô əŬɘ Űɞ ɘůɞəɡɎɜɘɞ. ȼ 

ˊɞɚɡɞɡɟŮɗɎɜɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜɎɛɘɝɖɠ ɛŮŰŬɝɨ Űɞɡ ɘůɞəɡŬɜɑɞɡ əŬɘ 

Űɞɡ ɛŮɑɔɛŬŰɞɠ ómasterbatchô, Űɞ ɞˊɞɑɞ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬ-

Űɧɜ əŬɚɨŰŮɟŬ ŬɜŬɛŮɘɔɛɏɜɞ ˊɟɞəŮɘɛɏɜɞɡ Űɞ ɘůɞəɡɎɜɘɞ ɜŬ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɏɟɗŮɘ ůŮ 

ŮˊŬűɐ ɛŮ ɧɚɖ Űɖɜ ˊɞůɧŰɖŰŬ Űɞɡ ómasterbatchô ɛŮɑɔɛŬŰɞɠ.21 

1.3.5.4 ɄŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ 
 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŰŬ ɘůɞəɡɎɜɘŬ ŬˊɞŰŮɚɞɨɜ ˊɞɚɨ ŭɟŬůŰɘəɏɠ ŮɜɩůŮɘɠ. 

ȼ ɡɣɖɚɐ ŬɡŰɐ ŭɟŬůŰɘəɧŰɖŰŬ Űɖɠ ɘůɞəɡŬɜɘəɐɠ ɞɛɎŭŬɠ ɛŮ ŭɟŬůŰɘəɏɠ ŮɜɩůŮɘɠ ɡŭɟɞɔɧɜɞɡ 

ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɖɗŮɑ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ŭɞɛɏɠ Űɖɠ ȺɘəɧɜŬ 1.3.14.21 

 

ȺɘəɧɜŬ 1.3.14: ȼɚŮəŰɟɞɜɘŬəɏɠ ŭɞɛɏɠ ɘůɞəɡŬɜɑɞɡ.21 

ȼ ˊɡəɜɧŰɖŰŬ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɖ ůŰɞ ɎŰɞɛɞ Űɞɡ ɞɝɡɔɧɜɞɡ, Ůɜɩ Űɞ ɎŰɞɛɞ 

Űɞɡ ɎɜɗɟŬəŬ ɏɢŮɘ Űɖ ɢŬɛɖɚɧŰŮɟɖ ˊɡəɜɧŰɖŰŬ ɖɚŮəŰɟɞɜɑɤɜ. ɋɠ ɎɛŮůɖ ůɡɜɏˊŮɘŬ ŬɡŰɞɨ, Űɞ 

ɎŰɞɛɞ Űɞɡ ɎɜɗɟŬəŬ ɏɢŮɘ ɗŮŰɘəɧ űɞɟŰɑɞ, Űɞ ɎŰɞɛɞ Űɞɡ ɞɝɡɔɧɜɞɡ ŬɟɜɖŰɘəɧ əŬɘ Űɞ ɎŰɞɛɞ Űɞɡ 

ŬɕɩŰɞɡ ɏɜŬ ŮɜŭɘɎɛŮůɞ ŬɟɜɖŰɘəɧ űɞɟŰɑɞ. ȼ ŬɜŰɑŭɟŬůɖ Űɤɜ ɘůɞəɡŬɜɘəɩɜ ŮɜɩůŮɤɜ ɛŮ Ůɜɩ-

ůŮɘɠ (HXR) ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŭɟŬůŰɘəɎ ɡŭɟɞɔɧɜŬ, ŮɑɜŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ˊɟɞůɗɐəɖ ůŰɞ 

ŭɘˊɚɧ ŭŮůɛɧ ɎɜɗɟŬəŬ-ŬɕɩŰɞɡ (ȺɘəɧɜŬ 1.3.15).21 

 

ȺɘəɧɜŬ 1.3.15: ȷɜŰɑŭɟŬůɖ ɘůɞəɡŬɜɘəɩɜ ŮɜɩůŮɤɜ ɛŮ ŭɟŬůŰɘəɏɠ ŮɜɩůŮɘɠ HXR.21 

ɇɞ ˊɡɟɖɜɧűɘɚɞ əɏɜŰɟɞ Űɤɜ ŮɜɩůŮɤɜ ɛŮ ŭɟŬůŰɘəɎ ɡŭɟɞɔɧɜŬ (Űɞ ɎŰɞɛɞ ɞɝɡɔɧɜɞɡ Űɤɜ ɡ-

ŭɟɞɝɡɚɞɛɎŭɤɜ ɐ Űɞ ɎŰɞɛɞ Űɞɡ ŬɕɩŰɞɡ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ Ŭɛɘɜɩɜ), ˊɟɞůɓɎɚɚŮɘ Űɞ ɖɚŮ-

əŰɟɞɜɘɧűɘɚɞ ɎŰɞɛɞ Űɞɡ ɎɜɗɟŬəŬ əŬɘ Űɞ ɞɝɡɔɧɜɞ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ ɎŰɞɛɞ ŬɕɩŰɞɡ Űɤɜ ïNCO 

ɞɛɎŭɤɜ. ȰŰůɘ, ɖ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ ŬɡɝɎɜɞɡɜ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɤɜ ɞɛɎŭɤɜ 

ïNCO Ůɜɩ ŬɜŰɑɗŮŰŬ ɞɘ ɞɛɎŭŮɠ ˊɞɡ ˊɟɞůŭɑŭɞɡɜ ɖɚŮəŰɟɧɜɘŬ ɛŮɘɩɜɞɡɜ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ ɏ-

ɜŬɜŰɘ Űɤɜ ŭɟŬůŰɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɡŭɟɞɔɧɜŬ. ȷəɧɛɖ, ŰŬ ŬɟɤɛŬŰɘəɎ ɘůɞəɡɎɜɘŬ 

ŮɑɜŬɘ ˊɘɞ ŭɟŬůŰɘəɎ Ŭˊɧ ŰŬ ŬɚŮɘűŬŰɘəɎ.21 
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ȺɝŬɘŰɑŬɠ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ Űɞɡ ɘůɞəɡŬɜɑɞɡ ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ, ˊɏɟŬ Ŭˊɧ Űɖɜ əɨɟɘŬ ŬɜŰɑ-

ŭɟŬůɖ ůɢɖɛŬŰɘůɛɞɨ ɞɡɟŮɗŬɜɘəɩɜ ŭŮůɛɩɜ (ȺɘəɧɜŬ 1.3.16 a), ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ əŬɘ Ɏɚ-

ɚŮɠ ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ ŭɘɎűɞɟɤɜ ŮɜɩůŮɤɜ ɧˊɤɠ ɞɡɟɑŬ, ŭɘɞɡɟɑŬ, 

Ŭɛɘŭɑɞɡ əɚˊ. 

 

ȺɘəɧɜŬ 1.3.16: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ˊŬɟɎˊɚŮɡɟɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ ˊɞɚɡɧɚɖɠ əŬɘ ɘůɞəɡŬ-

ɜɑɞɡ.16 

ȼ ɞɡɟɑŬ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ ɛɘŬɠ Ŭɛɑɜɖɠ ɐ ɜŮɟɞɨ ɛŮ ɘůɞəɡɎɜɘɞ (ȺɘəɧɜŬ 1.3.16 

b əŬɘ d) Ůɜɩ Ŭɜ ɖ ɞɡɟɑŬ ˊɞɡ ɏɢŮɘ ůɢɖɛŬŰɘůŰŮɑ, ɧŰŬɜ ŬɜŰɘŭɟɎůŮɘ ɛŮ ɘůɞəɡɎɜɘɞ ŰɧŰŮ ˊŬɟɎɔŮ-

ŰŬɘ ŭɘɞɡɟɑŬ (ȺɘəɧɜŬ 1.3.16 e). ȼ ɞˊɞɑŬ Ŭɛɑɜɖ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ ɘůɞəɡŬɜɑɞɡ 

ɛŮ ɜŮɟɧ (ȺɘəɧɜŬ 1.3.16 c). ȼ ŬɜŰɑŭɟŬůɖ Űɞɡ ɞɡɟŮɗŬɜɘəɞɨ ŭŮůɛɞɨ ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ 

ɛŮ ɘůɞəɡɎɜɘɞ ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɛɘŬɠ ɏɜɤůɖɠ ɞɜɧɛŬŰɘ allophanate (ȺɘəɧɜŬ 1.3.16 f). 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭɡɞ ɘůɞəɡŬɜɘəɏɠ ɞɛɎŭŮɠ ŬɜŰɘŭɟɎůɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ůɢɖɛŬŰɑɕŮŰŬɘ ɏɜŬ 

ŭɘɛŮɟɏɠ ɘůɞəɡŬɜɑɞɡ (ȺɘəɧɜŬ 1.3.16 g) Ůɜɩ Ŭɜ ŰɟŮɘɠ ɘůɞəɡŬɜɘəɏɠ ɞɛɎŭŮɠ ŬɜŰɘŭɟɎůɞɡɜ ɛŮ-

ŰŬɝɨ Űɞɡɠ ɗŬ ˊŬɟŬɢɗŮɑ ɏɜŬ ŰɟɘɛŮɟɏɠ ɘůɞəɡŬɜɑɞɡ (ȺɘəɧɜŬ 1.3.16 h). ȷəɧɛɖ, ůŰɖɜ ˊŮɟɑ-

ˊŰɤůɖ ŬɜŰɑŭɟŬůɖɠ əŬɟɓɞɝɡɚɘəɞɨ ɞɝɏɞɠ ɛŮ ɘůɞəɡɎɜɘɞ ˊŬɟɎɔŮŰŬɘ Ŭɛɑŭɘɞ (ȺɘəɧɜŬ 1.3.16 i) 

Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭɡɞ ɘůɞəɡŬɜɘəɏɠ ɞɛɎŭŮɠ ŬɜŰɘŭɟɎůɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ɗŬ ˊŬɟŬɢɗŮɑ 

əŬɟɓŬɛɑŭɘɞ (ȺɘəɧɜŬ 1.3.16 j) ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŬˊŮɚŮɡɗɏɟɤůɖ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ.11 
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ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŮɟɘɞɟɘůŰɞɨɜ ɞɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɗŬ ˊɟɏˊŮɘ ɖ ůɨɜ-

ɗŮůɖ ˊɞɚɡɞɡɟŮɗɎɜɖɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɎŰɤ Ŭˊɧ ŮˊɘɗɡɛɖŰɏɠ ůɡɜɗɐəŮɠ ˊ.ɢ. ˊŮɟɘɞɟɘ-

ůɛɏɜɖ ɡɔɟŬůɑŬ, ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɔɟŬɛɛɞɛɞɟɘŬəɐ ˊɞůɧŰɖŰŬ ɘůɞəɡŬɜɑɞɡ əɚˊ. 

 

1.4 ȽŭɘɧŰɖŰŮɠ 
 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ ȺɘůŬɔɤɔɐ, ɞɘ ˊɞɚɡɞɡɟŮɗɎɜŮɠ Űɨˊɞɡ HEUR Ŭɜɐəɞɡɜ ůŰɖɜ əŬ-

ŰɖɔɞɟɑŬ Űɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ŰɟɞˊɞˊɞɘɖŰɏɠ Űɖɠ ɟŮɞɚɞɔɑŬɠ. ɆɡɜŮˊɩɠ, 

ŮɑɜŬɘ Ůɨɚɞɔɞ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ɛɧɜɞ ɞɘ ɘŭɘɧŰɖŰŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ˊɞɚɡɞɡ-

ɟŮɗŬɜɩɜ əŬɘ ɧɢɘ ɔŮɜɘəɎ.  

ȾŬɗɩɠ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ˊɖəŰɘəɎ ɛɏůŬ Űɟɞˊɞˊɞɘɞɨɜ Űɖ ɟŮɞɚɞɔɑŬ əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ Űɟɞ-

ˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ ˊɡəɜɩɜɞɡɜ ůŮ ɞɟɘůɛɏɜɞ ɓŬɗɛɧ Űɘɠ ŮˊɘůŰɟɩůŮɘɠ, ŬɡŰɞɑ ɞɘ ŭɡɞ ɧɟɞɘ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɜŬɚɚŬəŰɘəɎ əŬɘ ɗŬ ŬɜŬűɏɟɞɜŰŬɘ ůɡɚɚɞɔɘəɎ ɤɠ TRMs (Thickeners ï 

Rheology Modifiers). ɄŬɟɧɚŬ ŬɡŰɎ, ɖ Ŭəɟɘɓɐɠ ɞɟɘɞɗɏŰɖůɖ Űɤɜ ŭɡɞ ŬɡŰɩɜ ɧɟɤɜ ɗŬ ˊɟŬɔ-

ɛŬŰɞˊɞɘɖɗŮɑ ˊŬɟŬɗɏŰɞɜŰŬɠ Űɖɜ Ŭəɟɘɓɐ ɞɟɞɚɞɔɑŬ.11 

ɋɠ ˊɖəŰɘəɧ ɛɏůɞ (thickener) ɞɟɑɕŮŰŬɘ ɞˊɞɘɞŭɐˊɞŰŮ ɡɚɘəɧ Űɞ ɞˊɞɑɞ ˊɟɞůŰɑɗŮŰŬɘ ůŮ ɛɘŬ Ůˊɑ-

ůŰɟɤůɖ ɛŮ ůəɞˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖ ůɡɜɞɢɐ Űɖɠ ŮˊɑůŰɟɤůɖɠ (ɘɝɩŭŮɠ ɛɏůɖɠ ŭɘɎŰɛɖůɖɠ  (mid 

shear viscosity)). ɆɖɛŮɑɤůɖ: ɇŬ ˊŮɟɘůůɧŰŮɟŬ ˊɖəŰɘəɎ ɛɏůŬ Űɟɞˊɞˊɞɘɞɨɜ Ůˊɑůɖɠ Űɖ ɟŮɞ-

ɚɞɔɑŬ Űɖɠ ŮˊɑůŰɟɤůɖɠ ůŮ ɞɟɘůɛɏɜɞ ɓŬɗɛɧ ɧŰŬɜ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŰɖɜ ŮˊɑůŰɟɤůɖ.11 

ɋɠ ŰɟɞˊɞˊɞɘɖŰɐɠ ɟŮɞɚɞɔɑŬɠ (rheology modifier) ɞɟɑɕŮŰŬɘ ɞˊɞɘɞŭɐˊɞŰŮ ɡɚɘəɧ Űɞ ɞˊɞɑɞ ˊɟɞ-

ůŰɑɗŮŰŬɘ ůŮ ɛɘŬ ŮˊɑůŰɟɤůɖ ɛŮ ůŰɧɢɞ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ Ůɜɧɠ ɐ ˊŮɟɘůůɞŰɏɟɤɜ ɢŬɟŬəŰɖɟɘůŰɘ-

əɩɜ (ˊ.ɢ. ɘɝɩŭŮɠ ɢŬɛɖɚɐɠ ŭɘɎŰɛɖůɖɠ (low-shear viscosity), ɘɝɩŭŮɠ ɡɣɖɚɐɠ ŭɘɎŰɛɖůɖɠ 

(high-shear viscosity), ɘɝɤŭɞŮɚŬůŰɘəɧŰɖŰŬ (visco-elasticity), ɗɘɝɞŰɟɞˊɑŬ (thixotropy), ɓŬɗ-

ɛɧɠ Ŭˊɧŭɞůɖɠ ɐ ɢɟɧɜɞɠ ɢŬɚɎɟɤůɖɠ). ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ ŰɟɞˊɞˊɞɘɖŰɏɠ ɟŮ-

ɞɚɞɔɑŬɠ ŬɡɝɎɜɞɡɜ Űɖ ůɡɜɞɢɐ Űɖɠ ŮˊɑůŰɟɤůɖɠ ɧŰŬɜ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŰɖɜ ŮˊɑůŰɟɤůɖ.11 

ȼ ɟŮɞɚɞɔɑŬ ɞɟɑɕŮŰŬɘ əɚŬůɘəɎ ɤɠ çɖ ɛŮɚɏŰɖ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ əŬɘ Űɖɠ ɟɞɐɠ Űɖɠ ɨɚɖɠè əŬɘ 

ɚŮɘŰɞɡɟɔɘəɎ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɤɠ ɖ Ŭˊɧəɟɘůɖ ɞɟɘůɛɏɜɤɜ ɡɚɘəɩɜ ɡˊɧ ɛɞɟűɏɠ ŰɎůɖɠ 

(stress). ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ ɖ ˊŬɟŬɛɧɟűɤůɖ (deformation) əŬɘ ɖ ɟŮɞɚɞɔɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ɡɚɘəɩɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ ŰɟŮɘɠ ɓŬůɘəɞɑ ɧɟɞɘ. Ƀɘ ŭɡɞ ˊɟɩŰɞɘ Ŭűɞ-

ɟɞɨɜ Űɖ ɛɏŰɟɖůɖ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ (əŬŰŬˊɧɜɖůɖ əŬɘ ɟɡɗɛɧɠ əŬŰŬˊɧɜɖůɖɠ (strain and 

strain rate)) əŬɘ ɞ ŰɟɑŰɞɠ Űɖ ɛɏŰɟɖůɖ Űɖɠ ŭɨɜŬɛɖɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ 

Ůɜɧɠ ɡɚɘəɞɨ.11 

1.4.1 ɄŬɟŬɛɧɟűɤůɖ ï ȾŬŰŬˊɧɜɖůɖ (Deformation ï Strain) 
 

ɄŬɟŬɛɧɟűɤůɖ (ɐ əŬŰŬˊɧɜɖůɖ) əŬɚŮɑŰŬɘ ɛɘŬ ŬɚɚŬɔɐ ůŰɞ ůɢɐɛŬ ɐ/əŬɘ ɧɔəɞ Ůɜɧɠ ɡɚɘəɞɨ 

ɧŰŬɜ ŮűŬɟɛɧɕŮŰŬɘ ŰɎůɖ. ɈˊɎɟɢɞɡɜ ŭɡɞ əɨɟɘɞɘ Űɨˊɞɘ ˊŬɟŬɛɧɟűɤůɖɠ: ŬɜŬůŰɟɏɣɘɛɖ (ŮɚŬ-
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ůŰɘəɐ ɧˊɤɠ ůŮ ɏɜŬ ɚɎůŰɘɢɞ) əŬɘ ɛɖ ŬɜŬůŰɟɏɣɘɛɖ (ŬɜŮɚŬůŰɘəɐ). ɈˊɎɟɢŮɘ əŬɘ ɛɘŬ ŰɟɑŰɖ əŬ-

ŰɖɔɞɟɑŬ ɡɚɘəɩɜ ˊɞɡ ɏɢɞɡɜ ɟŮɞɚɞɔɘəɧ ŮɜŭɘŬűɏɟɞɜ, ŬɡŰɎ ŰŬ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɡɜ əŬɘ ŮɚŬůŰɘəɐ 

əŬɘ ŬɜŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ, ɧŰŬɜ ŮˊɘŭɏɢɞɜŰŬɘ ŰɎůɖ, ŬɜŬɚɧɔɤɠ, Űɞ ɟɡɗɛɧ ɐ Űɖ ŭɘɎɟəŮɘŬ 

Űɖɠ ŰɎůɖɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ.11 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ ɛɘŬɠ ŮˊɑůŰɟɤůɖɠ, ɚŬɛɓɎɜɞɡɜ ɛɏɟɞɠ ˊɞɚɚɎ Ůɑŭɖ ˊŬɟŬɛɞɟűɩůŮɤɜ 

ɛŮ əɡɟɘɧŰŮɟɖ ˊŬɟŬɛɧɟűɤůɖ Űɖ ŭɘɎŰɛɖůɖ. ȼ ŭɘɎŰɛɖůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɛɘŬ ŭɨɜŬɛɖ 

F ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ˊɎɜɤ ɛɏɟɞɠ ůŰɞɘɢŮɘŬəɞɨ ɧɔəɞɡ ɛŮ ˊɎɢɞɠ dy, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŬɟŬ-

ɛɧɟűɤůɖ Űɞɡ ɡɚɘəɞɨ əŬɘ ɛŮŰŬŰɧˊɘůɖ Űɞɡ əŬŰɎ dx. ɇɞ ůɡɜɞɚɘəɧ ˊɎɢɞɠ ɞɟɑɕŮŰŬɘ ɤɠ ȹy Ůɜɩ 

ɖ ůɡɜɞɚɘəɐ ɛŮŰŬŰɧˊɘůɖ ɤɠ ȹx. ɇŬ ˊŬɟŬˊɎɜɤ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 

1.4.1.11   

 

ȺɘəɧɜŬ 1.4.1: ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɞɟɘůɛɞɨ Űɖɠ ŭɘɎŰɛɖůɖɠ.11 

ȼ ŭɘɎŰɛɖůɖ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ˊɖɚɑəɞ Űɖɠ ůɡɜɞɚɘəɐɠ ɛŮŰŬŰɧˊɘůɖɠ ȹx ˊɟɞɠ Űɞ ůɡɜɞɚɘəɧ ˊɎ-

ɢɞɠ ȹy (Ⱥɝɑůɤůɖ 1.1).11 

‎    (1.1) 

ȼ ŭɘɎůŰŬůɖ Űɖɠ ŭɘɎŰɛɖůɖɠ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ L*L-1 (ˊ.ɢ. cm*cm-1), ɧˊɞɡ L ɛɐəɞɠ, əŬɘ ɛŮ 

ŬˊŬɚɞɘűɐ Űɤɜ ɛɞɜɎŭɤɜ, əŬŰŬɚɐɔŮɘ ɖ ŭɘɎŰɛɖůɖ ɜŬ ŮɑɜŬɘ ŬŭɘɎůŰŬŰɞ ɛɏɔŮɗɞɠ. 

1.4.2 Ʌɡɗɛɧɠ əŬŰŬˊɧɜɖůɖɠ 
 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ůŰŮɟŮɎ (ˊ.ɢ. ɚɎůŰɘɢɞ), ŰŬ ɟŮɡůŰɎ ŭŮɜ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɡˊɞůŰɖ-

ɟɑɝɞɡɜ ůɡɜŮɢɐɠ ˊŬɟŬɛɧɟűɤůɖ ɐ əŬŰŬˊɧɜɖůɖ. ȰŰůɘ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛŮŰɟɖɗŮɑ Űɞ ɘɝɩŭŮɠ ɐ 

ɖ ŬɜŰɑůŰŬůɖ ůŰɖ ɟɞɐ Ůɜɧɠ ɡɔɟɞɨ, ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɧɟɞɠ Űɖɠ əŬŰŬˊɧɜɖůɖɠ ŬɚɚɎ ŬɡŰɧɠ 

Űɞɡ ɟɡɗɛɞɨ əŬŰŬˊɧɜɖůɖɠ. Ƀ ɟɡɗɛɧɠ əŬŰŬˊɧɜɖůɖɠ ŬˊɞŰŮɚŮɑ Űɖɜ əŬŰŬˊɧɜɖůɖ ŬɜɎ ɛɞɜɎŭŬ 

ɢɟɧɜɞɡ ɐ Ŭɚɚɘɩɠ Űɖɜ ˊŬɟɎɔɤɔɞ Űɖɠ əŬŰŬˊɧɜɖůɖɠ ɛŮ ɓɎůɖ Űɞ ɢɟɧɜɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ 

Ŭˊɧ Űɖɜ Ⱥɝɑůɤůɖ 1.2.11 

‎
ϳ ϳ

   (1.2) 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Ŭˊɚɐɠ ˊŬɟŬɛɧɟűɤůɖɠ, ɞ ɟɡɗɛɧɠ əŬŰŬˊɧɜɖůɖɠ ɞɜɞɛɎɕŮŰŬɘ ɟɡɗɛɧɠ ŭɘɎ-

Űɛɖůɖɠ. ȼ ŭɘɎůŰŬůɖ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ L*T-1*L-1, ɧˊɞɡ L ɛɐəɞɠ əŬɘ 

T ɢɟɧɜɞɠ, (ˊ.ɢ. cm*s-1*cm-1). ȼ ŬˊŬɚɞɘűɐ ɧɛɤɠ Űɤɜ ɛɞɜɎŭɤɜ ɛɐəɞɡɠ ɞŭɖɔŮɑ ůŰɖɜ ŰŮɚɘəɐ 

ŭɘɎůŰŬůɖ T-1 (s-1).11 
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1.4.3 ɇɎůɖ 
 

ȼ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŮ ɏɜŬ ɡɚɘəɧ ŭɖɛɘɞɡɟɔŮɑ ɛɘŬ əŬŰɎůŰŬůɖ ˊɑŮůɖɠ ɛɏůŬ ůŰɞ ɡɚɘəɧ. 

ȼ ŰɎůɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ůŮ ɛɞɜɎŭŮɠ ŭɨɜŬɛɖɠ ŬɜɎ ŮɛɓŬŭɧɜ (ˊ.ɢ. dyn*cm-2) ɐ 

ɘůɞŭɨɜŬɛŬ ɤɠ ŮɜɏɟɔŮɘŬ ŬɜɎ ɛɞɜɎŭŬ ɧɔəɞɡ (ˊ.ɢ. erg*cm-3). ȷəɧɛɖ, ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ 

əŬɘ ůŮ ɛɞɜɎŭŮɠ əŬŰɎ Pa. ɆɡůɢŮŰɑɕɞɜŰŬɠ ŰŬ ˊŬɟŬˊɎɜɤ ɛŮ Űɖɜ ŬˊŮɘəɧɜɘůɖ ˊɞɡ ˊŬɟɞɡůɘɎɕŮ-

ŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.4.1, ɖ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ ů ŮɑɜŬɘ ɖ ŭɨɜŬɛɖ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ 

Űɖ ŭɘŬŰɐɟɖůɖ ůŰŬɗŮɟɐɠ əɑɜɖůɖɠ Űɖɠ ŭɘɎŰɛɖůɖɠ ɏɜŬɜŰɘ Űɖɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ɡɔɟɞɨ, ˊɟɞɠ Űɞ 

ŮɛɓŬŭɧɜ ȷ. ɇɞ ˊɖɚɑəɞ ŬɡŰɧ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ⱥɝɑůɤůɖ 1.3.11 

„    (1.3) 

ȼ ŰɎůɖ əŬɗɞɟɑɕŮŰŬɘ Űɧůɞ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŭɨɜŬɛɖɠ ˊɞɡ ŬůəŮɑŰŬɘ ɧůɞ əŬɘ Ŭˊɧ Űɖɜ ˊŮ-

ɟɘɞɢɐ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ. ȳůɞ ɛɘəɟɧŰŮɟɞ ŮɑɜŬɘ Űɞ ŮɛɓŬŭɧɜ Űɖɠ ˊŮɟɘɞɢɐɠ Űɧůɞ ɡɣɖɚɧŰŮɟɖ 

ŮɑɜŬɘ ɖ ŰɎůɖ ˊɞɡ ŬůəŮɑŰŬɘ, ŭɘŬŰɖɟɩɜŰŬɠ ɧɛɤɠ Űɖɜ ɏɜŰŬůɖ Űɖɠ ŭɨɜŬɛɖɠ.11 

1.4.4 ȽɝɩŭŮɠ 
 

ɇɞ ɘɝɩŭŮɠ Ůɜɧɠ ɡɔɟɞɨ ɢŬɟŬəŰɖɟɑɕŮɘ Űɖɜ ŬɜŰɑůŰŬůɖ Űɞɡ ůŰɖ ɟɞɐ. ȼ ŬɜŰɑůŰŬůɖ ůŰɖ ɟɞɐ 

ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɏŰɟɞ Űɟɘɓɐɠ ɛŮŰŬɝɨ Űɤɜ ɛɞɜɎŭɤɜ Űɞɡ ɡɔɟɞɨ (ˊ.ɢ. Űɤɜ ɛɞɟɑɤɜ) əŬɘ ɛˊɞɟŮɑ 

ɜŬ ŬˊɞŰŮɚɏůŮɘ əŬɘ ɛɏŰɟɞ Űɤɜ ŭɡɜɎɛŮɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ Űɤɜ ɛɞɜɎŭɤɜ ŬɡŰɩɜ. Ɇɡ-

ɜŮˊɩɠ, ɏɜŬ ˊŬɢɨɟŮɡůŰɞ ɡɔɟɧ (ɡɔɟɧ Űɞ ɞˊɞɑɞ ŬɜŰɘŰɑɗŮŰŬɘ ůŰɖ ɟɞɐ) ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚŮŰŬɘ ůŰɞ 

ɡɣɖɚɧ ɛɞɟɘŬəɧ Űɞɡ ɓɎɟɞɠ (ˊ.ɢ. ɚɘˊŬɜŰɘəɎ əɘɜɖŰɐɟɤɜ) ɐ ɜŬ ɏɢŮɘ ůɢŮŰɘəɎ ɢŬɛɖɚɧ ɛɞɟɘŬəɧ 

ɓɎɟɞɠ ŬɚɚɎ Űɞ ɡɔɟɧ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɜŬ ɏɢŮɘ ɘůɢɡɟɏɠ ŭɘŬɛɞɟɘŬəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ (ˊ.ɢ. 

ŭŮůɛɞɑ ɡŭɟɞɔɧɜɞɡ ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɞɟɑɤɜ Űɖɠ ɕɎɢŬɟɖɠ ůŰɞ ɛɏɚɘ).11 

ȼ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ɛɞɟɑɤɜ ůŰɖ ɟɞɐ, ůɡɜɐɗɤɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮ Űɖɜ ɏəɚɡůɖ ŮɜɏɟɔŮɘŬɠ 

əŬɘ əɡɟɘɧŰŮɟŬ ɤɠ ɗŮɟɛɧŰɖŰŬ Űɟɘɓɐɠ. ȼ ɟɞɐ Ůˊɞɛɏɜɤɠ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɛŮ əɧůŰɞɠ Űɖɜ 

ŮɜɏɟɔŮɘŬ, Űɖɠ ɞˊɞɑŬɠ Űɞ ɘɝɩŭŮɠ ŮɑɜŬɘ ɛɏŰɟɞ. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ˊŬɟŬɛɧɟ-

űɤůɖɠ, Űɞ ɘɝɩŭŮɠ ɖ ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɚɧɔɞɠ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ ˊɟɞɠ Űɞɜ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ 

əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ⱥɝɑůɤůɖ 1.4. ɇɞ ɘɝɩŭŮɠ, Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ, ŮɑɜŬɘ Ůˊɞɛɏɜɤɠ ɖ ŮɜɏɟɔŮɘŬ 

ŬɜɎ ɛɞɜɎŭŬ ɧɔəɞɡ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ əɚɑůɖɠ ɛɘŬɠ ŰŬɢɨŰɖŰŬɠ.11 

–    (1.4) 

ȼ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ Űɞɡ ɘɝɩŭɞɡɠ ŬˊɞŰŮɚŮɑ Űɞ Poise (P)/Centipoise(Cp) ɐ Űɞ ɔɘɜɧɛŮɜɞ Pa*s 

əŬɘ mPa*s ŬɜŰɑůŰɞɘɢŬ.11 

1.4.5 ɀɏŰɟɞ ŭɘɎŰɛɖůɖɠ (Modulus)  
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ɇŬ ɡɚɘəɎ ɧŰŬɜ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ɛɘŬ ŮűŬɟɛɞɕɧɛŮɜɖ ŰɎůɖ ŰɧŰŮ ˊŬɟŬɛɞɟűɩɜɞɜŰŬɘ ɐ ɡˊɞ-

ɓɎɚɚɞɜŰŬɘ ůŮ ɛɘŬ ˊɑŮůɖ. ũɘŬ ɘŭŬɜɘəɎ ɡɚɘəɎ əŬŰɎ Hooke, ɖ ˊɑŮůɖ ŬɡŰɐ ˊɞɡ ŭɏɢɞɜŰŬɘ ŰŬ 

ɡɚɘəɎ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ŰɎůɖɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ. ɇɞ ɛɏŰɟɞ ŭɘɎŰɛɖůɖɠ ŬˊɞŰŮɚŮɑ Űɖ ůŰŬɗŮɟɎ 

ˊɞɡ ůɡɜŭɏŮɘ Űɖɜ ˊɑŮůɖ ɛŮ Űɖ ŮűŬɟɛɞɕɧɛŮɜɖ ŰɎůɖ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ⱥɝɑůɤůɖ 1.5.11 

Ὃ    (1.5) 

ɧˊɞɡ Űɞ ɛɏŰɟɞ ŭɘɎŰɛɖůɖɠ G ŮɑɜŬɘ ɑůɞ ɛŮ Űɞ ɚɧɔɞ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ ˊɟɞɠ Űɖɜ ˊŬɟŬ-

ɛɧɟűɤůɖ. ɇŬ ˊŮɟɘůůɧŰŮɟŬ ˊɞɚɡɛŮɟɘəɎ ɡɚɘəɎ əŬɗɩɠ əŬɘ ɞɘ ŮˊɘůŰɟɩůŮɘɠ Ŭɜɐəɞɡɜ ůŰŬ ɡ-

ɚɘəɎ ˊɞɡ ŭŮɜ Ŭəɞɚɞɡɗɞɨɜ Űɖ ɔɟŬɛɛɘəɐ ůɡɜɗɐəɖ əŬŰɎ Hooke, ŭɖɚŬŭɐ Űɞ ɛɏŰɟɞ G ŭŮɜ ŮɑɜŬɘ 

ůŰŬɗŮɟɧ ɛŮ ɓɎůɖ Űɞ ɡɚɘəɧ ŬɚɚɎ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɟɡɗɛɧ əŬɘ Űɖɜ ɏəŰŬůɖ Űɖɠ ˊŬɟŬɛɧɟűɤ-

ůɖɠ. ɇɞ ɛɏŰɟɞ G ŮəűɟɎɕŮŰŬɘ ůŮ ɛɞɜɎŭŮɠ dyne*cm-2 ɐ Pa.11 

ɄɏɟŬ ɧɛɤɠ Ŭˊɧ ŰŬ ɓŬůɘəɎ ɛŮɔɏɗɖ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ 

Űɤɜ ɡɔɟɩɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ əŬɘ ɞɘ əŬŰɖɔɞɟɑŮɠ Űɤɜ ɡɔɟɩɜ, ɞɘ ɞˊɞɑŮɠ ˊŬɟɎɔɞɜŰŬɘ 

Ŭˊɧ Űɞ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ɡɔɟɩɜ ɛŮ ɓɎůɖ ŰŬ ɛŮɔɏɗɖ ŬɡŰɎ.  

Ƀɘ ŭɡɞ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ ˊɞɡ əŬŰŬŰɎůůɞɜŰŬɘ ŰŬ ɡɔɟɎ ŮɑɜŬɘ ŰŬ ɁŮɡŰɤɜɘəɎ əŬɘ ŰŬ ɀɖ ɁŮɡ-

ŰɤɜɘəɎ. 

1.4.6 ɁŮɡŰɤɜɘəɎ ɡɔɟɎ 
 

ɁŮɡŰɤɜɘəɎ ɡɔɟɎ əŬɚɞɨɜŰŬɘ ŰŬ ɡɔɟɎ ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɡɜ ůɡɛˊŮɟɘűɞɟɎ ɧˊɤɠ ŬɡŰɐ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ Űɖɠ ȺɘəɧɜŬ 1.4.2.22 

 

ȺɘəɧɜŬ 1.4.2: ɁŮɡŰɤɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɡɔɟɞɨ.22 

ȰɜŬ ŭɘɎɔɟŬɛɛŬ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ ɏɜŬɜŰɘ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ ŬˊɞŭɑŭŮɘ ɛɘŬ ŮɡɗŮɑŬ 

ɔɟŬɛɛɐ ɛŮ əɚɑůɖ ɑůɖ ɛŮ Űɞ ɘɝɩŭŮɠ. Ⱥɜɩ Űɞ ɘɝɩŭŮɠ ɏɜŬɜŰɘ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ ŬˊɞŭɑŭŮɘ 

ɛɘŬ ɞɟɘɕɧɜŰɘŬ ɔɟŬɛɛɐ əŬɗɩɠ Űɞ ɘɝɩŭŮɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ. ȼ ˊŬɟŬ-

ˊɎɜɤ ůɡɛˊŮɟɘűɞɟɎ ˊŮɟɘɔɟɎűŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ Ⱥɝɑůɤůɖ 1.4. 

„ –z ‎ 

ȼ Ůɝɑůɤůɖ ŬɡŰɐ ŬˊɞŰŮɚŮɑ Űɖɜ ŬˊɚɞɨůŰŮɟɖ ɏəűɟŬůɖ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɛˊɞɟŮɑ əɎˊɞɘɞɠ ɜŬ 

ˊɟɞɓɚɏɣŮɘ Űɘɠ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ɡɔɟɞɨ ůŰɞ ɞˊɞɑɞ ŮűŬɟɛɧɕŮŰŬɘ ɛɘŬ ŭŮŭɞɛɏɜɖ ŰɎůɖ. 
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ɅŮɡůŰɎ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ Űɖ ůɢɏůɖ ŬɡŰɐ ůŮ ɏɜŬ Ůɨɟɞɠ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖ ɢŬɟŬəŰɖɟɑɕɞ-

ɜŰŬɘ ɤɠ ɁŮɡŰɞɜɘəɎ ůŮ ŬɡŰɧ Űɞ Ůɨɟɞɠ. ɇɞ ɘɝɩŭŮɠ Űɤɜ ɁŮɡŰɤɜɘəɩɜ ɡɔɟɩɜ ŬˊɞŰŮɚŮɑ ɛɘŬ ůŰŬ-

ɗŮɟɎ ɡɚɘəɞɨ əŬɘ ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɘɠ ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɧˊɤɠ ŮɑɜŬɘ ɖ 

ɗŮɟɛɞəɟŬůɑŬ, ɖ ˊɑŮůɖ əŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ. ȼ ɛɏŰɟɖůɖ Űɞɡ ɘɝɩŭɞɡɠ ůŮ ɏɜŬ ŭŮŭɞɛɏɜɞ ɟɡɗɛɧ 

ŭɘɎŰɛɖůɖɠ ɐ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ, əŬɗɘůŰɎ ŭŮŭɞɛɏɜɞ Űɞ ɘɝɩŭŮɠ ɡˊɧ ɧɚŮɠ Űɘɠ ůɡɜɗɐəŮɠ ˊŬɟŬ-

ɛɧɟűɤůɖɠ.11 

 

1.4.7 ɀɖ ɁŮɡŰɤɜɘəɎ ɡɔɟɎ 
 

ɀɖ ɁŮɡŰɤɜɘəɎ ɡɔɟɎ ɞɜɞɛɎɕɞɜŰŬɘ ŰŬ ɡɔɟɎ ˊɞɡ ŭŮɜ Ŭəɞɚɞɡɗɞɨɜ Űɞ ɜɧɛɞ Űɞɡ ɁŮɨŰɤɜŬ ɧůɞɜ 

ŬűɞɟɎ Űɞ ɘɝɩŭŮɠ ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ ɘɝɩŭŮɠ ˊɞɘ-

əɑɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɛɘŬ ɛɧɜɞ ɛɏŰɟɖůɖ ŭŮɜ ŬɟəŮɑ ɔɘŬ 

ɜŬ ˊŮɟɘɔɟŬűɞɨɜ ɞɘ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡɔɟɞɨ.  

ɇŬ ɀɖ ɁŮɡŰɤɜɘəɎ ɟŮɡůŰɎ ɛˊɞɟɞɨɜ ɜŬ ŮɜŰŬɢɗɞɨɜ ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ: 

- ȷɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ɢɟɧɜɞ (time independent) 

¶ ȽɝɤŭɞˊɚŬůŰɘəɎ (Viscoplastic ɐ Bingham behavior) 

¶ ɊŮɡŭɞˊɚŬůŰɘəɎ (Pseudoplastic) 

¶ ȹɘŬůŰŬɚŰɘəɎ (Dilatant) 

- ȺɝŬɟŰɩɛŮɜŬ Ŭˊɧ Űɞ ɢɟɧɜɞ (time dependent) 

¶ ŪɘɝɞŰɟɞˊɘəɎ (Thixotropic) 

¶ ɅŮɞˊɖəŰɘəɎ (Rheopectic) 

- ȽɝɤŭɞŮɚŬůŰɘəɎ (Viscoelastic) 

Ƀ ůɡɜɖɗɏůŰŮɟɞɠ Űɨˊɞɠ ɀɖ ɁŮɡŰɤɜɘəɩɜ ɟŮɡůŰɩɜ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŬ Űɞɡ ɢɟɧɜɞɡ 

ŮɑɜŬɘ ŰŬ ɣŮɡŭɞˊɚŬůŰɘəɎ ɐ Ŭɚɚɘɩɠ ɡɔɟɎ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ɛɘŬ ůɡɛˊŮɟɘűɞɟɎ ŬɟŬɑɤůɖ ŭɘɎ-

Űɛɖůɖɠ (shear thinning) əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛŮɑɤůɖ Űɞɡ ɘɝɩŭɞɡɠ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ 

ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.4.5. ɇɧůɞ ůŮ ˊɞɚɨ ɢŬɛɖɚɞɨɠ 

ɧůɞ əŬɘ ůŮ ˊɞɚɨ ɡɣɖɚɞɨɠ ɟɡɗɛɞɨɠ ŭɘɎŰɛɖůɖɠ, ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŭɘŬɚɨɛŬŰŬ ˊɞɚɡɛŮɟɩɜ Ůɛ-

űŬɜɑɕɞɡɜ ɁŮɡŰɤɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ. ȷɡŰɧ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ůŰɖɜ EɘəɧɜŬ 1.4.4 ůŰɖɜ ɞˊɞɑŬ 

ɞɘ ɔɟŬűɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ Űɤɜ ɣŮɡŭɞˊɚŬůŰɘəɩɜ ɟŮɡůŰɩɜ ŰŮɑɜɞɡɜ ɜŬ ɔɑɜɞɡɜ ŮɡɗŮɑŮɠ ɔɟŬɛ-

ɛɏɠ.11 

ɆɡɜŮˊɩɠ, ɖ ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐ Űɖɠ ŬɟŬɑɤůɖɠ ŭɘɎŰɛɖůɖɠ ůɡɜŮˊɎɔŮŰŬɘ ůŰɞ ɧŰɘ ɖ Ŭɨɝɖůɖ 

Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ ˊɟɞəŬɚŮɑ ɛɘŬ ŭɞɛɘəɐ ŬɚɚŬɔɐ ůŰɞ ɟŮɡůŰɧ ˊɞɡ Űɞɡ ŮˊɘŰɟɏˊŮɘ ɜŬ ɟɏŮɘ 

ˊŮɟɘůůɧŰŮɟɞ ŬˊɞŰŮɚŮůɛŬŰɘəɎ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɜŬ ŬˊɞɓɎɚɚŮŰŬɘ ɚɘɔɧŰŮɟɖ ŮɜɏɟɔŮɘŬ.11 

ɇɏɚɞɠ, ɖ ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ⱥɝɑůɤůɖ 1.6: 

„ Ὼ ‎z    (1.6) 
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ȼ Ůɝɑůɤůɖ ŬɡŰɐ ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ power law ɐ ɛɞɜŰɏɚɞ Ostwald-de Waele əŬɘ ɛŬɠ ŭɑɜŮɘ Űɖ 

ůɡůɢɏŰɘůɖ Űɖɠ ŰɎůɖɠ ɛŮ Űɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ. ɇɞ Ⱦ ŬˊɞŰŮɚŮɑ ɛɘŬ ůŰŬɗŮɟɎ ˊɞɡ ɏɢŮɘ ŬɜŰɘəŬ-

ŰŬůŰɐůŮɘ Űɞ ůɡɜŰŮɚŮůŰŮɑ ɘɝɩŭɞɡɠ. ȷɡŰɐ ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ Ⱦ ɗŮɤɟŮɑŰŬɘ ŬˊŬɟŬɑŰɖŰɖ 

əŬɗɩɠ ɞ ŮəɗɏŰɖɠ n ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŭɘɎűɞɟɞɠ Űɖɠ ɛɞɜɎŭŬɠ, Ƀ ŮəɗɏŰɖɠ n ɏɢŮɘ ɞɜɞɛŬůŰŮɑ əŬɘ 

ɤɠ çŭŮɑəŰɖɠ ɟɞɐɠè əŬɗɩɠ ɖ Űɘɛɐ Űɞɡ ɢŬɟŬəŰɖɟɑɕŮɘ Űɖɜ ŮɝɎɟŰɖůɖ Űɞɡ ɘɝɩŭɞɡɠ Ŭˊɧ Űɞ ɟɡɗɛɧ 

ŭɘɎŰɛɖůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɣŮɡŭɞˊɚŬůŰɘəɩɜ ɟŮɡůŰɩɜ, ɞ ŭŮɑəŰɖɠ ŬɡŰɧɠ ˊŬɑɟɜŮɘ Űɘɛɏɠ 

ɛɘəɟɧŰŮɟŮɠ Űɞɡ 1 (n<1).11 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭɘŬɘɟɏůɞɡɛŮ Űɖɜ Ⱥɝɑůɤůɖ 1.6 ɛŮ Űɞ ɘɝɩŭŮɠ ɖ, ɚŬɛɓɎɜɞɡɛŮ Űɖɜ ˊŬɟŬ-

əɎŰɤ Ⱥɝɑůɤůɖ 1.7: 

– Ὼ ‎z    (1.7) 

ȼ ɞˊɞɑŬ ůɢɏůɖ ŬɡŰɐ, ɛŬɠ ŭɑɜŮɘ Űɖ ůɡůɢɏŰɘůɖ Űɞɡ ɘɝɩŭɞɡɠ ɛŮ Űɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ. 

ɇŬ ŭɘŬůŰŬɚŰɘəɎ ɡɔɟɎ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŰŬ ɣŮɡŭɞˊɚŬůŰɘəɎ ůɡůŰɐɛŬŰŬ ɛŮ ŬɜŰɑɗŮůɖ ɧŰɘ Űɞ 

ɘɝɩŭŮɠ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ Űɖɜ Ⱥɘ-

əɧɜŬ 1.4.5. ȷɡŰɧɠ ɞ Űɨˊɞɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɡɔɟɞɨ ˊŬɟŬŰɖɟɐɗɖəŮ ůŮ ɛŮɑɔɛŬŰŬ ůŰŬ ɞˊɞɑŬ 

əŬɗɩɠ ŬɡɝŬɜɧŰŬɜ ɖ əɑɜɖůɖ Űɞɡɠ, ŬɡɝŬɜɧŰŬɜ ɞ ŮůɤŰŮɟɘəɧɠ ɧɔəɞɠ ŬɜɎɛŮůŬ ůŰŬ ůɤɛŬŰɑŭɘŬ 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ɖ ŬɜŰɑůŰŬůɖ ůŰɖ ɟɞɐ. ȷɡŰɐ ɖ ůɡɛˊŮɟɘűɞɟɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.4.3.11 

 

ȺɘəɧɜŬ 1.4.3: ȼ ŭɘŬůŰŬɚŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŬˊɞŰŮɚŮɑ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɧɔəɞɡ Űɞɡ ɛŮɑɔɛŬŰɞɠ ɡˊɧ Űɖɜ Ůˊɘɓɞɚɐ 

ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ.11 

ɇŬ ŭɘŬůŰŬɚŰɘəɎ ɟŮɡůŰɎ ŮəűɟɎɕɞɜŰŬɘ Ůˊɑůɖɠ Ŭˊɧ Űɘɠ ȺɝɘůɩůŮɘɠ 1.6 əŬɘ 1.7, ɧˊɞɡ ɞ ŮəɗɏŰɖɠ 

n ɚŬɛɓɎɜŮɘ Űɘɛɏɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɖɠ ɛɞɜɎŭŬɠ (n>1).11 

ɇɏɚɞɠ, ůŰɖɜ ŰŮɚŮɡŰŬɑŬ əŬŰɖɔɞɟɑŬ Űɤɜ ɡɔɟɩɜ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŬ Űɞɡ ɢɟɧɜɞɡ Ŭɜɐ-

əɞɡɜ ŰŬ ɘɝɤŭɞˊɚŬůŰɘəɎ ɡɔɟɎ. ȷɡŰɧɠ ɞ Űɨˊɞɠ Űɤɜ ɟŮɡůŰɩɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ 

ɛɘŬɠ Ŭɟɢɘəɐɠ ŰɎůɖɠ Ŭˊɧŭɞůɖɠ (yield stress) ůɞ , ɖ ɞˊɞɑŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ɝŮˊŮɟŬůŰŮɑ ˊɟɞəŮɘ-

ɛɏɜɞɡ Űɞ ɟŮɡůŰɧ ɜŬ ˊŬɟŬɛɞɟűɤɗŮɑ ɐ ɜŬ ŬɟɢɑůŮɘ ɜŬ ɟɏŮɘ. ȷɜŰɑɗŮŰŬ, ɏɜŬ ŰɏŰɞɘɞ ɡɚɘəɧ ɗŬ 

ˊŬɟŬɛɞɟűɩɜŮŰŬɘ ŮɚŬůŰɘəɎ (ɐ ɗŬ ŬɟɢɑůŮɘ ɜŬ ɟɏŮɘ ɛŬɕɘəɎ ůŬɜ ɏɜŬ ɎəŬɛˊŰɞ ůɩɛŬ) ɧŰŬɜ ɖ 

ŰɎůɖ ˊɞɡ ɗŬ ŮűŬɟɛɞůŰŮɑ ŮɝɤŰŮɟɘəɎ ɗŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Űɖɠ ŰɎůɖɠ Ŭˊɧŭɞůɖɠ ůɞ. ɀɧɚɘɠ ɖ 



31 
 

ŰɎůɖ ɡˊŮɟɓŮɑ ŬɡŰɐ Űɖɜ Űɘɛɐ, ŰɧŰŮ ɖ əŬɛˊɨɚɖ ɟɞɐɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɔɟŬɛɛɘəɐ ɐ ɛɖ ɔɟŬɛɛɘəɐ 

ŬɚɚɎ ŭŮɜ ɗŬ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ Űɞɛɐ Űɤɜ Ŭɝɧɜɤɜ. ɋɠ Ůə ŰɞɨŰɞɡ, ůŮ ˊŮɟɑˊŰɤůɖ ɏɚɚŮɘɣɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ŰɎůɖɠ, Űɞ ɡɚɘəɧ ŭŮɜ ɗŬ ɘůɞˊŮŭɤɗŮɑ (əŬŰŬəŬɗɑůŮɘ) ɡˊɧ Űɖɜ ŮˊɐɟŮɘŬ Űɖɠ ɓŬ-

ɟɨŰɖŰŬɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛɘŬ ŮˊɑˊŮŭɖ ŮˊɘűɎɜŮɘŬ.11 

ȼ ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐ ˊɟɞůɞɛɞɘɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ⱥɝɑůɤůɖ 1.8, ɖ ɞˊɞɑŬ ɞɜɞɛɎɕŮ-

ŰŬɘ əɘɧɚŬɠ Ůɝɑůɤůɖ Bingham.11 

„ „ – ‎z   (1.8) 

ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ŬɜŬűɏɟŮɘ ɧŰɘ ˊɎɜɤ Ŭˊɧ Űɖɜ ŰɎůɖ Ŭˊɧŭɞůɖɠ ůɞ, ɖ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ 

(ɛŮɑɞɜ Űɖɜ ŰɎůɖ Ŭˊɧŭɞůɖɠ ůɞ) ŮɑɜŬɘ ɎɛŮůŬ ŬɜɎɚɞɔɖ ɛŮ Űɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ. Ɇɡɜɐɗɤɠ, 

ɚɧɔɤ Űɖɠ ɔɟŬɛɛɘəɧŰɖŰŬɠ ŬɡŰɐɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɘŬ ˊŬɟŬɜɧɖůɖ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ůɢɏůɖ 

ˊɞɡ ŮəűɟɎɕŮɘ ŰŬ ɁŮɡŰɤɜɘəɎ ɡɔɟɎ.11 

Ƀɘ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɑŮɠ Űɤɜ ŬɜŮɝɎɟŰɖŰɤɜ Ŭˊɧ Űɞ ɢɟɧɜɞ ɟŮɡůŰɩɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡ-

ɔəɟɘŰɘəɎ ůŰɘɠ ˊŬɟŬəɎŰɤ ŮɘəɧɜŮɠ. 

 

EɘəɧɜŬ 1.4.4: ɀɖ ɁŮɡŰɤɜɘəɎ ɟŮɡůŰɎ ŬɜŮɝɎɟŰɖŰŬ Űɞɡ ɢɟɧɜɞɡ.22 
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ȺɘəɧɜŬ 1.4.5: ɀɖ ɁŮɡŰɤɜɘəɎ ɟŮɡůŰɎ ŬɜŮɝɎɟŰɖŰŬ Űɞɡ ɢɟɧɜɞɡ (ɘɝɩŭŮɠ vs ɟɡɗɛɧɠ ŭɘɎŰɛɖůɖɠ).23 

ȼ ɟŮɞɚɞɔɘəɐ ůɡɛˊŮɟɘűɞɟɎ ˊɞɚɚɩɜ ůɖɛŬɜŰɘəɩɜ ɓɘɞɛɖɢŬɜɘəɩɜ ɡɚɘəɩɜ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘ-

ɔɟŬűŮɑ ɛŮ ɛɘŬ Ŭˊɚɐ ɟŮɞɚɞɔɘəɐ Ůɝɑůɤůɖ ɧˊɤɠ ɞɘ ȺɝɘůɩůŮɘɠ 1.6 ɐ 1.7. ɆŰɖɜ ˊɟɎɝɖ, Űɞ ɘɝɩŭŮɠ 

ɛˊɞɟŮɑ ɜŬ ŮɝŬɟŰɎŰŬɘ ɧɢɘ ɛɧɜɞ Ŭˊɧ Űɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ ŬɚɚɎ əŬɘ Ŭˊɧ Űɞ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ɞˊɞɑɞ ɏɢŮɘ ɡˊɞůŰŮɑ ŭɘɎŰɛɖůɖ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŮ ɞɟɘůɛɏɜŬ ɡɚɘəɎ ɧˊɤɠ Űɞ ŬɘɩɟɖɛŬ ɛˊŮ-

ŰɞɜɑŰɖ-ɜŮɟɞɨ, Űɞ ɘɝɩŭŮɠ Űɞɡɠ ɛŮɘɩɜŮŰŬɘ Ŭɜ ŬůəɖɗŮɑ ɛɘŬ ŰɎůɖ ɏˊŮɘŰŬ Ŭˊɧ ɛɘŬ ɛŮɔɎɚɖ ˊŮɟɑ-

ɞŭɞ ɢŬɚɎɟɤůɖɠ.11 

ȼ ˊɘɞ ůɡɜɖɗɘůɛɏɜɖ ůɡɛˊŮɟɘűɞɟɎ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɘɠ ŮˊɘůŰɟɩůŮɘɠ ŮɑɜŬɘ ŬɡŰɐ Űɖɠ ŮɝŬɟ-

ŰɩɛŮɜɖɠ Ŭˊɧ Űɞ ɢɟɧɜɞ ŬɟŬɑɤůɖ ŭɘɎŰɛɖůɖɠ (time-dependent shear thinning) ɐ ɗɘɝɞŰɟɞˊɑŬɠ. 

ũɘŬ ůŰŬɗŮɟɧ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ əŬɘ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ, Űɞ ɘɝɩŭŮɠ Űɤɜ ɗɘɝɞŰɟɞˊɘəɩɜ 

ɟŮɡůŰɩɜ ɗŬ ɛŮɘɤɗŮɑ ɏɤɠ ɧŰɞɡ ŰŮɚɘəɎ űŰɎůŮɘ ɛɘŬ ůŰŬɗŮɟɐ ŰŮɚɘəɐ Űɘɛɐ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

Űɖɜ əŬŰɎůŰŬůɖ ɘůɞɟɟɞˊɑŬɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ɟɡɗɛɧɠ ŭɘɎŰɛɖůɖɠ ɛŮŰŬɓɚɖɗŮɑ, Űɞ ɘɝɩ-

ŭŮɠ ɗŬ ˊɚɖůɘɎůŮɘ ɛɘŬ ɜɏŬ Űɘɛɐ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ. ȷɡŰɐ ɖ ůɡɛˊŮɟɘűɞɟɎ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟŬůŰŬɗŮɑ ůŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 1.4.6, ˊŬɟɞɡůɘɎɕɞɜŰŬɠ Űɞɜ Űɟɧˊɞ ŬɚɚŬɔɐɠ Űɞɡ ɘ-

ɝɩŭɞɡɠ ɔɘŬ ɏɜŬ ůɨůŰɖɛŬ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɢɟɧɜɞ ɧŰŬɜ ɞ ɟɡɗɛɧɠ ŭɘɎŰɛɖůɖɠ ŬɚɚɎɕŮɘ 

ůŰŬŭɘŬəɎ.11 

 

ȺɘəɧɜŬ 1.4.6: ɅŮɞɚɞɔɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɟŮɡůŰɩɜ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɞ ɢɟɧɜɞ.11 

ȷɟɢɘəɎ, ɞ ɟɡɗɛɧɠ ŭɘɎŰɛɖůɖɠ ŮɑɜŬɘ ɛɖŭɏɜ (‎ π) əŬɘ Űɞ ɘɝɩŭŮɠ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɘŬ ɡɣɖɚɐ 
Űɘɛɐ ɔɘŬ Űɞ ɗɘɝɞŰɟɞˊɘəɧ ůɨůŰɖɛŬ. ȺɎɜ ɞ ɟɡɗɛɧɠ ŭɘɎŰɛɖůɖɠ ˊɞɡ ŮˊɘɓɎɚɚŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Űɞɡ ɛɖŭɏɜ (‎ π), ŰɧŰŮ Űɞ ɘɝɩŭŮɠ ɛŮɘɩɜŮŰŬɘ ŮəɗŮŰɘəɎ, əŬŰŬɚɐɔɞɜŰŬɠ 

ůŮ ɛɘŬ ůŰŬɗŮɟɐ Űɘɛɐ. ɄŮɟŬɘŰɏɟɤ Ŭɨɝɖůɖ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ (‎ ‎) ɞŭɖɔŮɑ ůŮ ɛŮɑ-

ɤůɖ Űɞɡ ɘɝɩŭɞɡɠ. Ⱥɜɩ, ɛŮɑɤůɖ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ (‎ ‎), ɞŭɖɔŮɑ ůŮ ŮəɗŮŰɘəɐ Ŭɨ-

ɝɖůɖ Űɞɡ ɘɝɩŭɞɡɠ əŬɘ ŮˊɑŰŮɡɝɖ ɡɣɖɚɧŰŮɟɞɡ ůɖɛŮɑɞɡ ɘůɞɟɟɞˊɑŬɠ.11 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ ˊɞɡ ɖ Ŭɨɝɖůɖ ɐ ɛŮɑɤůɖ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ ŭŮɜ ɐŰŬɜ ůŰŬŭɘŬəɐ 

ŬɚɚɎ ŬɡɝŬɜɧŰŬɜ ɐ ŬɜŰɑůŰɞɘɢŬ ɛŮɘɤɜɧŰŬɜ ɔɟŬɛɛɘəɎ (ɐ ɚɞɔŬɟɘɗɛɘəɎ) ůŮ ɛɘŬ əŬɗɞɟɘůɛɏɜɖ 

ˊŮɟɑɞŭɞ (ȺɘəɧɜŬ 1.4.7 ȷ), ŰɧŰŮ ɗŬ ɞŭɖɔɞɨɛŬůŰŬɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɓɟɧɔɢɞɡ (ȺɘəɧɜŬ 

1.4.7 ȸ) ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ɗɘɝɞŰɟɞˊɘəɧɠ ɓɟɧɔɢɞɠ. ȼ ŭɘɢɞŰɧɛɖůɖ Űɞɡ ɓɟɧɔɢɞɡ ŬɡŰɞɨ ɛŬɠ 

ŭɑɜŮɘ Űɖɜ əŬɛˊɨɚɖ ɘůɞɟɟɞˊɑŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɏɢɞɡɜ ˊŬɟŬɚɖűɗŮɑ 

ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬˊɎɜɤ ȺɘəɧɜŬ 1.4.6.11 
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ȺɘəɧɜŬ 1.4.7: ɄŮɑɟŬɛŬ ɔɟŬɛɛɘəɐɠ ŬɡɝɞɛŮɑɤůɖɠ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ/ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ.11 

ȼ ŬɜɎɚɞɔɖ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɞ ɢɟɧɜɞ ůɡɛˊŮɟɘűɞɟɎ ɔɘŬ ɡɚɘəɎ ˊɨəɜɤůɖɠ ŭɘɎŰɛɖůɖɠ (time-

dependent shear thickening) ɞɜɞɛɎɕŮŰŬɘ ɟŮɞˊɖəŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɐ Ŭɚɚɘɩɠ ŬɜŰɘ-ɗɘɝɞŰɟɞ-

ˊɑŬ (antithixotropy).11 

ɇŬ ɡɔɟɎ ɔɘŬ ŰŬ ɞˊɞɑŬ Űɞ ɘɝɩŭŮɠ (ɐ ɖ ŬɜŰɑůŰɞɘɢɖ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ) ŬɡɝɎɜŮŰŬɘ ɛŮ Űɞ ɢɟɧɜɞ 

ˊɞɡ ŭɘŬɟəŮɑ ɖ ŭɘɎŰɛɖůɖ ɞɜɞɛɎɕɞɜŰŬɘ ɟŮɞˊɖəŰɘəɎ ɡɔɟɎ. ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɛűŬ-

ɜɑɕɞɜŰŬɘ űŬɘɜɧɛŮɜŬ ɡůŰɏɟɖůɖɠ ůŰɖɜ əŬɛˊɨɚɖ ɟɞɐɠ ŬɚɚɎ ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ɗɘɝɞŰɟɞˊɘəɎ 

ɡɔɟɎ, ɖ əŬɛˊɨɚɖ ŬɜŰɘůŰɟɏűŮŰŬɘ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.4.8. 

ɃɟɘůɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ɡɚɘəɩɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ŮɑɜŬɘ ŰŬ ɛŮɑɔɛŬŰŬ ɔɨ-

ɣɞɡ ŬɚɚɎ əŬɘ ŰŬ ɛŮɚɎɜɘŬ ŮəŰɨˊɤůɖɠ.11 

ɇɏɚɞɠ, ůŰɘɠ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.4.8 əŬɘ ȺɘəɧɜŬ 1.4.9 ŮɛűŬɜɑɕɞɜŰŬɘ ůɡɔəɟɘŰɘəɎ ɞɘ ůɡɛˊŮ-

ɟɘűɞɟɏɠ Űɤɜ ɗɘɝɞŰɟɞˊɘəɩɜ əŬɘ Űɤɜ ɟŮɞˊɖəŰɘəɩɜ ɟŮɡůŰɩɜ. 

 

 

ȺɘəɧɜŬ 1.4.8: ɆɢɖɛŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ ï ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ ɔɘŬ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɞ ɢɟɧɜɞ 

ůɡɛˊŮɟɘűɞɟɎ ɟŮɡůŰɞɨ.11 
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ȺɘəɧɜŬ 1.4.9: ɀɖ ɁŮɡŰɤɜɘəɎ ɟŮɡůŰɎ ŮɝŬɟŰɖɛɏɜŬ Űɞɡ ɢɟɧɜɞɡ (ɘɝɩŭŮɠ vs ɢɟɧɜɞɡ).23 

ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ əŬŰɖɔɞɟɑŬ Űɤɜ ɀɖ ɁŮɡŰɤɜɘəɩɜ ɟŮɡůŰɩɜ ɡˊɎɔɞɜŰŬɘ ŰŬ ɟŮɡůŰɎ ˊɞɡ ɢŬɟŬ-

əŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɘɝɤŭɞŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ. 

ɆŰɖɜ ɘŭŬɜɘəɐ ɘɝɩŭɖ ɟɞɐ, ɧɚɖ ɖ ŮɘůŮɟɢɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɗŮɟɛɧŰɖŰŬ ɐ əɘɜɖ-

Űɘəɐ ŮɜɏɟɔŮɘŬ əŬɘ ŭŮɜ ŬˊɞɗɖəŮɨŮŰŬɘ əŬɜɏɜŬ ɛɏɟɞɠ ŬɡŰɐɠ. Ⱥˊɞɛɏɜɤɠ, ɖ ɘɝɩŭɖɠ ɟɞɐ ɞŭɖɔŮɑ 

ůŮ ɛɘŬ ɛɖ ŬɜŬůŰɟɏɣɘɛɖ ˊŬɟŬɛɧɟűɤůɖ. ɇŬ ɁŮɡŰɤɜɘəɎ ɡɔɟɎ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɡůɘŬůŰɘəɎ ɛɘŬ 

ɘŭŬɜɘəɐ ɘɝɩŭɖ ůɡɛˊŮɟɘűɞɟɎ, ɖ ɞˊɞɑŬ ɞɜɞɛɎɕŮŰŬɘ Ůˊɑůɖɠ əŬɘ ŬɜŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ) ůŮ 

ɏɜŬ Ůɡɟɨ űɎůɛŬ ŭɘŬűɧɟɤɜ Űɘɛɩɜ ɟɡɗɛɞɨ ˊŬɟŬɛɧɟűɤůɖɠ. ũɘŬ ɘŭŬɜɘəɎ ŮɚŬůŰɘəɎ ɡɚɘəɎ, 

ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ Űɞɜ əŬɜɧɜŬ Űɞɡ Hooke, ɧɚɖ ɖ ŮɜɏɟɔŮɘŬ ˊŬɟŬɛɧɟűɤůɖɠ ŬˊɞɗɖəŮɨŮŰŬɘ, 

ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ ɏɜŬ ŰŮɜŰɤɛɏɜɞ ɚɎůŰɘɢɞ. ɆɡɜŮˊɩɠ, ɖ ŮɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ ŭŮɜ 

ŮɑɜŬɘ ɛɧɜɘɛɖ, ŬɚɚɎ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŮɑɜŬɘ ˊɚɐɟɤɠ ŬɜŰɘůŰɟɏɣɘɛɖ. ɇŬ ˊɟŬɔɛŬŰɘəɎ ɡ-

ɚɘəɎ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɑůɞɡɜ ɏɜŬ ɛŮɑɔɛŬ Ŭˊɧ ŮɚŬůŰɘəɐ əŬɘ ɘɝɩŭɖ ůɡɛˊŮɟɘűɞɟɎ ůŮ ŭɘɎűɞ-

ɟɞɡɠ ɓŬɗɛɞɨɠ. ɆɡɜŮˊɩɠ, ůŮ ŬɡŰɎ ŰŬ ɡɚɘəɎ ŮűŬɟɛɧɕŮŰŬɘ ɞ ɧɟɞɠ ɘɝɤŭɞŮɚŬůŰɘəɎ ɡɚɘəɎ. 

ɄŬɟɧɚŬ ŬɡŰɎ, ŭŮɜ ůɖɛŬɑɜŮɘ ˊɤɠ ɧɚŬ ŰŬ ɀɖ ɁŮɡŰɤɜɘəɎ ɟŮɡůŰɎ ˊŬɟɞɡůɘɎɕɞɡɜ ůŮ ɏɜŬ 

ɓŬɗɛɧ ŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ, ŬɚɚɎ ŰŬ ˊŮɟɘůůɧŰŮɟŬ. ɆɖɛŬɜŰɘəɐ ŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ˊŬɟɞɡůɑŬ ŭɘəŰɨɤɜ ůɨɜŭŮůɖɠ ɐ əŬɘ ɨˊŬɟɝɖɠ ɛɘəɟɞŭɞɛɩɜ. ȹɖɚŬŭɐ, ɞɘ ůŰɞɘ-

ɢŮɘɩŭŮɘɠ ɛɞɜɎŭŮɠ ɟɞɐɠ (ˊ.ɢ. ɛɧɟɘŬ) ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ůŮ ɏɜŬ ɓŬɗɛɧ ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɞ ɢɟɧɜɞɠ ɢŬɚɎɟɤůɖɠ Űɞɡ ɡɚɘəɞɨ ɜŬ ŮɑɜŬɘ ɛŮŰɟɐůɘɛɞɠ. ȷɡŰɐ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ Ŭˊɞɘəɞŭɧ-

ɛɖůɖɠ əŬɘ Űɖɠ Ŭɜɞɘəɞŭɧɛɖůɖɠ ˊɞɡ ůɡɛɓŬɑɜŮɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŮűŬɟɛɞɔɐɠ Űɤɜ ŮˊɘůŰɟɩ-

ůŮɤɜ, ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ůɖɛŬɜŰɘəɏɠ ůɡɜɏˊŮɘŮɠ ůŰɘɠ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ.11 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ (a) Űɖɠ ȺɘəɧɜŬ 1.4.10 ɛŮɚŮŰɎŰŬɘ ɖ ŬɜɎəŰɖůɖ Ůɟˊɡůɛɞɨ Űɞɡ ɡɚɘəɞɨ (creep 

recovery), ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɞ ɟɡɗɛɧɠ ɛŮɑɤůɖɠ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ ŬűŬɘ-

ɟŮɑŰŬɘ ɖ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ ˊɞɡ ɏɢŮɘ ŬůəɖɗŮɑ ůŰɞ ɡɚɘəɧ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ, 

Űɞ ɡɔɟɧ ɡˊɧəŮɘŰŬɘ ůŮ ɛɘŬ ůŰŬɗŮɟɐ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ ů, ɖ ɞˊɞɑŬ ůŰɖ ůɡɜɏɢŮɘŬ ŬűŬɘɟŮɑŰŬɘ, 

əŬɘ ɛŮɚŮŰɎŰŬɘ ɖ ˊŬɟŬɛɧɟűɤůɖ ɔ.24 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ (b) Űɖɠ ȺɘəɧɜŬ 1.4.10 ɛŮɚŮŰɎŰŬɘ ɖ ɓɖɛŬŰɘəɐ ŮűŬɟɛɞɔɐ əŬŰŬˊɧɜɖůɖɠ (step 

strain). ɇɞ ɡɔɟɧ ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ůŰɘɔɛɘŬɑŬ əŬŰŬˊɧɜɖůɖ ɔ, ɖ ɞˊɞɑŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɐ əŬɘ 

əŬŰŬɔɟɎűŮŰŬɘ ɖ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ ů ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ. ȳůɞɜ ŬűɞɟɎ Űɞɜ Ůɟˊɡůɛɧ Űɞɡ 
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ɡɚɘəɞɨ, Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɓɖɛŬŰɘəɐɠ ŮűŬɟɛɞɔɐɠ əŬŰŬˊɧɜɖůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ 

Űɞɡ ɟŮɡůŰɞɨ.24 

 

ȺɘəɧɜŬ 1.4.10: ȽɝɤŭɞŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŮűŬɟɛɞɔɐɠ ůŰŬɗŮɟɐɠ ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ (a) əŬɘ 

ɓɖɛŬŰɘəɐɠ əŬŰŬˊɧɜɖůɖɠ (b).24 

ɆɡɜŮˊɩɠ, ɏɢɞɜŰŬɠ ŮɝŮŰɎůŮɘ Űɘɠ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɑŮɠ Űɤɜ ɟŮɡůŰɩɜ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ŮˊɘůŰɟɩůŮɤɜ ŬɜŬɚɧɔɤɠ Űɞ ŮˊɘɗɡɛɖŰɧ ɟŮɞɚɞɔɘəɧ ˊɟɞűɑɚ ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ ɜŬ ɏɢŮɘ Űɞ ɟŮɡ-

ůŰɧ, ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ŭɘŬűɞɟŮŰɘəɧɠ Űɟɧˊɞɠ ŮˊɑůŰɟɤůɖɠ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ Ůɜ ůɡɜŰɞɛɑŬ 

ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.4.11. 
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ȺɘəɧɜŬ 1.4.11: ɇŮɢɜɘəɏɠ ŮűŬɟɛɞɔɐɠ ŮˊɘůŰɟɩůŮɤɜ əŬɘ ŬɜŰɑůŰɞɘɢŬ ɟŮɞɚɞɔɘəɎ ˊɟɞűɑɚ.25 

ɆɢŮŭɧɜ ɧɚŮɠ ɞɘ ɡŭŬŰɞŭɘŬɚɡŰɏɠ ŮˊɘůŰɟɩůŮɘɠ (waterborne coatings) ŮɑɜŬɘ ɟŮɡůŰɎ ɛŮ ůɡɛˊŮ-

ɟɘűɞɟɎ ŬɟŬɑɤůɖɠ ŭɘɎŰɛɖůɖɠ. ȹɖɚŬŭɐ Űɞ ɘɝɩŭŮɠ Űɖɠ ŮˊɑůŰɟɤůɖɠ ɛŮɘɩɜŮŰŬɘ ɛŮ Ŭɨɝɖůɖ Űɞɡ 

ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ. ɃɟɘůɛɏɜŮɠ ŭɘŮɟɔŬůɑŮɠ ŮˊɑůŰɟɤůɖɠ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ɢŬɛɖɚɞɨɠ ɟɡɗɛɞɨɠ 

ŭɘɎŰɛɖůɖɠ (low shear rates) Ůɜɩ ɎɚɚŮɠ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ɛɏŰɟɘɞɡɠ (mid shear rates) ɐ ůŮ 

ɡɣɖɚɞɨɠ ɟɡɗɛɞɨɠ ŭɘɎŰɛɖůɖɠ (high shear rates). ɆɡɜŮˊɩɠ, Űɞ ɟŮɞɚɞɔɘəɧ ˊɟɞűɑɚ Űɖɠ ɡɔɟɐɠ 

ŮˊɑůŰɟɤůɖɠ əŬɗɞɟɑɕŮɘ əŬɘ Űɖɜ Ŭˊɧŭɞůɖ ˊɞɚɚɩɜ ŭɘŬŭɘəŬůɘɩɜ ŮˊɑůŰɟɤůɖɠ.11 

ɇŬ ˊŮɟɘůůɧŰŮɟŬ űŬɘɜɧɛŮɜŬ ŮˊɑůŰɟɤůɖɠ ɢŬɛɖɚɞɨ, ɛŮůŬɑɞɡ əŬɘ ɡɣɖɚɞɨ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŭɘŬŰɛɖŰɘəɐ ɟɞɐ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ůŰɟɤŰɐ ɟɞɐ əŬɗɩɠ ůŰɖɜ Űɡɟɓɩŭɖ 

ɟɞɐ ŰŬ ɛɞɜŰɏɚŬ ˊɟɞůɞɛɞɑɤůɖɠ ŬˊɞŰɡɔɢɎɜɞɡɜ. ȳůɞɜ ŬűɞɟɎ Űɘɠ ɓŬűɏɠ əŬɘ Űɘɠ ŮˊɘůŰɟɩůŮɘɠ 

ŮɑɜŬɘ ɢɟɐůɘɛɞ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɞ ɘɝɩŭŮɠ ůŮ ŭɘɎűɞɟɞɡɠ ɟɡɗɛɞɨɠ ŭɘɎŰɛɖůɖɠ ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ɔɑɜŮɘ ˊŬɟɞɡůɑŬůɖ Ůɜɧɠ ˊɚɐɟɞɡɠ ɟŮɞɚɞɔɘəɞɨ ˊɟɞűɑɚ, ɧˊɤɠ ŬɡŰɧ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 1.4.12. ɇŬ ɟŮɞɚɞɔɘəɎ ˊɟɞűɑɚ ŬɡŰɎ ɢɤɟɑɕɞɜŰŬɘ ůŰɘɠ Ůɝɐɠ ŰɟŮɘɠ ˊŮɟɘɞɢɏɠ ɟɡɗɛɞɨ 

ŭɘɎŰɛɖůɖɠ:11 

1. ɅŮɡůŰɧ ůŮ əŬŰɎůŰŬůɖ ɖɟŮɛɑŬɠ (fluid at rest) 

2. ɅŮɡůŰɧ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ (fluid during processing) 

3. ɅŮɡůŰɧ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŮűŬɟɛɞɔɐɠ (fluid during application) 

 

 

ȺɘəɧɜŬ 1.4.12: ɇɟŮɘɠ ˊŮɟɘɞɢɏɠ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ əŬɘ ůɢŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŮˊɘůŰɟɩůŮɤɜ.11 

ȺəŰɧɠ Ŭˊɧ Űɖɜ Ŭˊɚɐ ŭɘŬŰɛɖŰɘəɐ ɟɞɐ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɖɠ ŬɜɎɛɘɝɖɠ əŬɘ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ŮˊɘůŰɟɩůŮɤɜ, ɏɜŬ ŬəɧɛŬ Ůɑŭɞɠ ɟɞɐɠ ɛˊɞɟŮɑ ɜŬ ůɢɖ-

ɛŬŰɘůŰŮɑ. ȷɡŰɧ Űɞ Ůɑŭɞɠ ɟɞɐɠ ɞɜɞɛɎɕŮŰŬɘ Ůˊɘɛɐəɖ (ŮəŰŬŰɘəɐ) ɟɞɐ əŬɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗŮɑ 
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əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ŮˊɑůŰɟɤůɖɠ ɛŮ ɛɞɟűɐ ɣŮəŬůɛɞɨ, ɟɞɚɞɨ ɐ ůˊɎŰɞɡ-

ɚŬɠ.11 

ɆŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.4.13 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɡɞ Űɨˊɞɘ ɟɞɐɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɞɡ 

ɏɢɞɡɜ ŮűŬɟɛɞɔɐ ůŰɘɠ ŮˊɘůŰɟɩůŮɘɠ. 

 

ȺɘəɧɜŬ 1.4.13: ɇɨˊɞɘ ɟɞɐɠ ůŰɖɜ ɟŮɞɚɞɔɑŬ Űɤɜ ŮˊɘůŰɟɩůŮɤɜ.11 

ȳůɞɜ ŬűɞɟɎ Űɘɠ ˊɞɚɡɞɡɟŮɗɎɜŮɠ HEUR, ɧŰŬɜ ŮɑɜŬɘ ŭɘŬɚɡɛɏɜŮɠ ůŮ əɎˊɞɘɞ ŭɘɎɚɡɛŬ, ɞɘ ɟŮɞ-

ɚɞɔɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ ŮɜŭɞɛɞɟɘŬəɏɠ əŬɘ ŭɘŬɛɞɟɘŬəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

ɛŮŰŬɝɨ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ. ȷɜŬɚɧɔɤɠ ɛŮ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, ůɢɖɛŬ-

ŰɑɕɞɜŰŬɘ ɛɘəəɨɚɘŬ ůŮ ůɢɐɛŬ Ŭɜɗɩɜ, ɧˊɤɠ ůŰɖɜ ȺɘəɧɜŬ 1.2.2, ɐ ɏɜŬ ŭɑəŰɡɞ ɛɏůɤ Űɤɜ Ŭɚɡ-

ůɑŭɤɜ Űɞɡ HEUR ˊɞɡ ůɡɜŭɏɞɡɜ ŭɡɞ ŭɘŬűɞɟŮŰɘəɞɨɠ ˊɡɟɐɜŮɠ ɛɘəəɡɚɑɤɜ. ȷɡŰɏɠ ɞɘ 

ůɡɜŭɏůŮɘɠ ɞɜɞɛɎɕɞɜŰŬɘ ůɡɢɜɎ ɡˊŮɟ-ɔɏűɡɟŮɠ (super-bridges). Ƀɘ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɏ-

Űɞɘɤɜ ůɡɜŭŮŰɘəɩɜ ˊɞɚɡɛŮɟɩɜ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ůɢɖɛŬŰɘůɛɧ ŬɡŰɩɜ Űɤɜ ůɡɜŭɏůŮɤɜ əŬɘ 

Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ŭɘəŰɨɞɡ ŬɡŰɞɨ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ, Űɞ 

ɢɟɧɜɞ ɢŬɚɎɟɤůɖɠ əŬɘ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɚŬɛɓɎɜɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɎ ɟŮɞɚɞ-

ɔɘəɎ ˊɟɞűɑɚ. ɇŬ ŭɑəŰɡŬ Űɤɜ HEUR ˊŬɟɞɡůɑŬůŬɜ Űɖ ɔɟŬɛɛɘəɐ ɘɝɤŭɞŮɚŬůŰɘəɧŰɖŰŬ Ůɜɧɠ 

ɛɞɜŰɏɚɞɡ Maxwell ŬɚɚɎ ɖ ɛɖ ɔɟŬɛɛɘəɐ ŮɚŬůŰɘəɧŰɖŰŬ ŮɑɜŬɘ ˊɘɞ ˊŮɟɑˊɚɞəɖ ɔɘŬ ɜŬ ŮɝɖɔɖɗŮɑ. 

ɄɟɎɔɛŬŰɘ, ůŮ ˊɞɚɚɎ ůɡůŰɐɛŬŰŬ ˊŬɟɞɡůɘɎůŰɖəŮ ˊɨəɜɤůɖ ŭɘɎŰɛɖůɖɠ ůŮ ɛɏůɞɡɠ ɟɡɗɛɞɨɠ 

ŭɘɎŰɛɖůɖɠ ŬəɞɚɞɡɗɞɨɛŮɜɞ Ŭˊɧ ŬɟŬɑɤůɖ ŭɘɎŰɛɖůɖɠ ůŮ ɡɣɖɚɞɨɠ ɟɡɗɛɞɨɠ ŭɘɎŰɛɖůɖɠ, Ůɜɩ 

ůŮ ɎɚɚŬ ůɡůŰɐɛŬŰŬ ˊŬɟŬŰɖɟɐɗɖəŮ ɛɧɜɞ ŬɟŬɑɤůɖ ŭɘɎŰɛɖůɖɠ. ɇɞ ˊŬɟŬˊɎɜɤ ɔɑɜŮŰŬɘ əŬŰŬ-

ɜɞɖŰɧ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.4.14.3 

 

ȺɘəɧɜŬ 1.4.14: ɀɞɜŰɏɚɞ ŭɞɛɐɠ Űɞɡ ŭɘəŰɨɞɡ HEUR ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɡɔəɏɜŰɟɤůɖ əŬɘ Űɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ.3 

ȼ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ŬɟŬɑɤůɖɠ ŭɘɎŰɛɖůɖɠ Űɞɡ ŭɘəŰɨɞɡ ɛɞɜŰŮɚɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞɡɠ Tanaka 

əŬɘ Edwards Űɞ 1992. ȼ ɛɖ ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ŬɟŬɑɤůɖɠ ŭɘɎŰɛɖůɖɠ Űɤɜ HEUR 
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ůŮ ɛɞɟűɐ ŭɘŬɚɨɛŬŰɞɠ ŮɝɖɔŮɑŰŬɘ Ŭˊɧ Űɖ ŭɘɎůˊŬůɖ Űɞɡ ŭɘəŰɨɞɡ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ɚɧɔɤ ŭɘɎ-

Űɛɖůɖɠ əŬɘ Űɖ ɛŮŰŬŰɟɞˊɐ Űɤɜ ɡˊŮɟ-ɔŮűɡɟɩɜ ůŮ ɡˊŮɟ-ɓɟɧɔɢɞɡɠ (super-loops) ɞŭɖɔɩɜŰŬɠ 

ůŰɖ ɛŮɑɤůɖ Űɞɡ ɘɝɩŭɞɡɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. ɋůŰɧůɞ, ŬɡŰɐ ɖ ɛɖ ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŭŮɜ 

ŮɝɖɔŮɑŰŬɘ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ Űɤɜ Tanaka-Edwards. ɄŬɟɧɚŬ ŬɡŰɎ, ɏɢɞɡɜ ɡˊɎɟɝŮɘ əŬɘ ɛŮŰɏˊŮɘ-

ŰŮɠ ˊɟɞůˊɎɗŮɘŮɠ əŬŰŬɜɧɖůɖɠ əŬɘ ˊɟɧɓɚŮɣɖɠ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ŬɡŰɐɠ ɢɤɟɑɠ ɧɛɤɠ ɜŬ ɡ-

ˊɎɟɝɞɡɜ ŮˊɘŰɡɢɐ ŬˊɞŰŮɚɏůɛŬŰŬ.3 

ɆŰɞɜ ŬɜŰɑˊɞŭŬ, ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬɟəŮŰɏɠ ɛŮɚɏŰŮɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŮɝɖɔɐůŮɘ Űɖɜ Ůɛ-

űɎɜɘůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ˊɨəɜɤůɖɠ ɚɧɔɤ Űɖɠ ˊŮˊŮɟŬůɛɏɜɖɠ ŮˊɏəŰŬůɖɠ 

Űɖɠ ɛɖ ɔɟŬɛɛɘəɐɠ ŮɚŬůŰɘəɧŰɖŰŬɠ ɐ/əŬɘ Űɞɡ ůɢɖɛŬŰɘɕɧɛŮɜɞɡ ɚɧɔɤ ŭɘɎŰɛɖůɖɠ ŭɘəŰɨɞɡ. ȷˊɧ 

Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ ɞɘ Watanabe et al ůɨɜŭŮůŬɜ Űɖɜ ˊɎɢɡɜůɖ ɛŮ ɛɘŬ ɜɏŬ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ɚŬɛ-

ɓɎɜŮɘ ɡˊɧɣɖ Űɖɜ ŬɜɘůɞŰɟɞˊɑŬ Űɞɡ ŭɘəŰɨɞɡ. ɄɟɎɔɛŬŰɘ, Űɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ɏŭŮɘɝŮ ɧŰɘ ɖ ˊɎ-

ɢɡɜůɖ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖ ůɨɜŭŮůɖ ɚɧɔɤ ŭɘɎŰɛɖůɖɠ Űɞɡ ŭɘəŰɨɞɡ HEUR. Ⱥˊɘˊɚɏɞɜ, 

ŰɧɜɘůŬɜ ɧŰɘ Űɞ ŭɑəŰɡŬ HEUR ɏɢɞɡɜ ŭɡɞ ˊŮɟɘˊŰɩůŮɘɠ ůɡɔəŮɜŰɟɩůŮɤɜ, ɔɘŬ C < C* əŬɘ C > 

C*, ɧˊɞɡ C* ŮɑɜŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ ůŰɖɜ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɡŰɐ ɖ ɛŮŰŬɓɞɚɐ. ɆŮ ɢŬɛɖɚɐ 

ůɡɔəɏɜŰɟɤůɖ (C < C*), ŭɖɚŬŭɐ əɎŰɤ Ŭˊɧ 4% w/w ɔɘŬ Űɖɜ ˊɞɚɡɞɡɟŮɗɎɜɖ HEUR ˊɞɡ ɛŮ-

ɚŮŰɐɗɖəŮ, Ůɚɐűɗɖ ŬɟŬɘɧ ŭɑəŰɡɞ ˊɞɡ ŬˊɞŰŮɚɞɨŰŬɜ Ŭˊɧ ɛɘəəɨɚɘŬ əŬɘ ɡˊŮɟ-ɔɏűɡɟŮɠ (ȺɘəɧɜŬ 

1.4.14). Ƀɘ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ŰɏŰɞɘɞɡ ŭɘəŰɨɞɡ ŮˊɖɟŮɎůŰɖəŬɜ Ŭˊɧ Űɖɜ Ŭɜɞɘəɞŭɧ-

ɛɖůɖ/Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ ɡŭɟɧűɘɚɤɜ ŰɛɖɛɎŰɤɜ ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ ɛɘəəɡɚɑɤɜ əŬɘ ɡˊŮɟ-ɔŮ-

űɡɟɩɜ. ȷəɧɛɖ, Űɞ ŭɑəŰɡɞ ɐŰŬɜ ŮɡŬɑůɗɖŰɞ ůŰɖɜ ŬɜɘůɞŰɟɞˊɑŬ Űɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ 

ɛɘəəɡɚɑɤɜ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ ůɡɛˊŮɟɘűɞɟɎ ŭɘŬŰɛɖŰɘəɐɠ ˊɨəɜɤůɖɠ əŬɘ ɏ-

ɜŰɞɜɖ ŮɝɎɟŰɖůɖ Ŭˊɧ Űɞ ɛɏŰɟɞ ŭɘɎŰɛɖůɖɠ G əŬɘ Űɞ ɢɟɧɜɞ ɢŬɚɎɟɤůɖɠ. ȷɜŰɘɗɏŰɤɠ, ůŮ ůɡ-

ɔəɏɜŰɟɤůɖ Ɏɜɤ Űɤɜ 4% w/w (C > C*) ŬˊɞəŰɐɗɖəŮ ɏɜŬ ˊɘɞ ɞɛɞɘɧɛɞɟűɞ əŬɘ ŭɞɛɖɛɏɜɞ 

ŭɑəŰɡɞ. ɇŬ ɛɘəəɨɚɘŬ ůɡɜŭɏɗɖəŬɜ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɛɘŬ ɛɧɜɞ ŬɚɡůɑŭŬ HEUR əŬɘ ŭŮɜ ˊŬɟŬ-

ŰɖɟɐɗɖəŬɜ ŮɜŭɞɛɞɟɘŬəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ. ȰŰůɘ, Űɞ ɛɏŰɟɞ ŭɘɎŰɛɖůɖɠ G əŬɘ ɞ ɢɟɧɜɞɠ ɢŬ-

ɚɎɟɤůɖɠ ŮɝŬɟŰɩɜŰŬɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. Ⱥˊɘˊɚɏɞɜ, ɐŰŬɜ 

ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɞ ůŰɖɜ ŬɜɘůɞŰɟɞˊɑŬ Űɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ ˊɡɟɐɜɤɜ Űɤɜ ɛɘəəɡ-

ɚɑɤɜ əŬɘ ɞˊɧŰŮ ŭŮɜ ˊŬɟŬŰɖɟɐɗɖəŮ űŬɘɜɧɛŮɜɞ ˊɎɢɡɜůɖɠ. ȳɚŬ ŬɡŰɎ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ɛɞ-

ɜŰɏɚŬ Ŭűɞɟɞɨɜ əŬɗŬɟɎ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ HEUR Ůɜɩ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ ŬůŬűɏɠ ɧŰŬɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɚŬŰɏɝ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ŭɘŬɚɡɛɎŰɤɜ HEUR.3 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ɗŮɤɟɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ŬɜŬɚɨɗɖəŮ ɜɤɟɑŰŮɟŬ, ɞɘ Barmar et al ɛŮɚɏ-

ŰɖůŬɜ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɘɝɩŭɞɡɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ ɔɘŬ ŭɞɛɏɠ HEUR 

ŭɘŬűɞɟŮŰɘəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ Barmar et al ůɡɜɏɗŮůŬɜ ŭɞɛɏɠ S-G HEUR Ŭˊɧ ŬɜŰɑŭɟŬůɖ ůŰŬŭɘŬəɞɨ 

ˊɞɚɡɛŮɟɘůɛɞɨ PEG ɛŮ ɛɞɟɘŬəɧ ɓɎɟɞɠ Mn=6000 g/mol ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ˊɞůɧŰɖŰŬ ŭɘɘůɞ-

əɡŬɜɑɞɡ ŭɘəɡəɚɞŮɝɡɚɞɛŮɗŬɜɑɞɡ H12MDI. ɇŬ ɛɞɟɘŬəɎ ɓɎɟɖ Űɤɜ ˊɟɞˊɞɚɡɛŮɟɩɜ ɟɡɗɛɑůŰɖ-

əŬɜ ŮˊɘɚɏɔɞɜŰŬɠ Űɖɜ əŬŰɎɚɚɖɚɖ ɔɟŬɛɛɞɛɞɟɘŬəɐ ŬɜŬɚɞɔɑŬ Űɤɜ ŬɜŰɘŭɟɩɜŰɤɜ. Ⱥɜ ůɡɜŮɢŮɑŬ, 

ɔɘŬ Űɖɜ ˊɟɩŰɖ ůŮɘɟɎ HEUR ɞɘ ŮɚŮɨɗŮɟŮɠ ɎəɟŮɠ ɘůɞəɡŬɜɑɞɡ Űɤɜ ˊɟɞˊɞɚɡɛŮɟɩɜ ŬɜŰɏŭɟŬ-

ůŬɜ ɛŮ əŮŰɡɚɘəɐ Ŭɚəɞɧɚɖ ɐ ŭŮəŬŮɝŬɜɧɚɖ (cetyl alcohol), ɖ ɞˊɞɑŬ ɏɢŮɘ ɛɞɟɘŬəɧ Űɨˊɞ 

C16H34O, Ůɜɩ ɖ ŭŮɨŰŮɟɖ ůŮɘɟɎ ŬɜŰɏŭɟŬůŮ ɛŮ ŭɤŭŮəɡɚɘəɐ Ŭɚəɞɧɚɖ ɐ ŭɤŭŮəŬɜɧɚɖ (dodecyl 

alcohol), ɖ ɞˊɞɑŬ ɏɢŮɘ ɛɞɟɘŬəɧ Űɨˊɞ C12H26O.26  
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ɆɡɔəŮɜŰɟɤŰɘəɎ, ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ Űɖɠ ȺɘəɧɜŬ 1.4.15 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŬɟŬɔɧɛŮ-

ɜŮɠ ˊɞɚɡɞɡɟŮɗɎɜŮɠ HEUR. ɁŬ ŭɘŮɡəɟɘɜɘůŰŮɑ ɧŰɘ Űɞ ɜɞɨɛŮɟɞ 6 ɐ 15 ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ ŭɞɛɏɠ 

HEUR ɛŮ ůŰɧɢɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ 6000 ɐ 15000 g/mol Ůɜɩ ŰŬ ɔɟɎɛɛŬ D ɐ C ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 

Ŭɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŭɤŭŮəŬɜɧɚɖ ɐ ŭŮəŬŮɝŬɜɧɚɖ. ȼ 2ɖ ůŰɐɚɖ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɔɟŬɛɛɞɛɞ-

ɟɘŬəɐ ŬɜŬɚɞɔɑŬ Űɤɜ ŬɜŰɘŭɟɩɜŰɤɜ, ɖ 3ɖ ůŰɐɚɖ ůŰɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ ˊɞɡ ŮˊɘŰŮɨɢɗɖəŮ Ůɜɩ ɖ 

ŰŮɚŮɡŰŬɑŬ ŬɜŬűɏɟŮɘ Űɞ ŭŮɑəŰɖ ˊɞɚɡŭɘŬůˊɞɟɎɠ.  

HEUR models OH/NCO Mn (g/mol) PDI 

6D 0.478 6195 1.9 

15D 0.703 15750 1.8 

6C 0.478 6270 1.8 

15C 0.703 16150 1.7 
ȺɘəɧɜŬ 1.4.15: ɄŬɟŬɔɧɛŮɜŮɠ ŭɞɛɏɠ HEUR Ŭˊɧ Űɞɡɠ Barmar et al.26 

ɆŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ ȺɘəɧɜŬ 1.4.16 əŬɘ ȺɘəɧɜŬ 1.4.17 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɘ-

ɝɩŭɖ Űɤɜ HEUR ůɡɜŬɟŰɐůŮɘ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ.  

 

ȺɘəɧɜŬ 1.4.16: ȽɝɩŭŮɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ˊɞɚɡɛŮɟɞɨɠ ɔɘŬ Űɞ 6C (ɔŮɛɎŰɞ ůɨɛɓɞɚɞ) əŬɘ Űɞ 15C 

(ɎŭŮɘɞ ůɨɛɓɞɚɞ).26 
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ȺɘəɧɜŬ 1.4.17: ȽɝɩŭŮɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ˊɞɚɡɛŮɟɞɨɠ ɔɘŬ Űɞ 15D (ɔŮɛɎŰɞ ůɨɛɓɞɚɞ) əŬɘ Űɞ 6D 

(ɎŭŮɘɞ ůɨɛɓɞɚɞ).26 

ɆŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 1.4.16 ɔɘŬ ŰŬ ŭɘŬɚɨɛŬŰŬ 6C 1%, 15C 1% əŬɘ 1,5% ŭŮɜ ˊŬɟɞɡ-

ůɘɎůŰɖəŮ ɖ ɛŮŰŬɓɞɚɐ Űɞɡ ɘɝɩŭɞɡɠ ɛŮ Ŭɨɝɖůɖ Űɞɡ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ əŬɘ ˊŬɟɞɡůɑŬůŬɜ 

ɛɧɜɞ ɁŮɡŰɤɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ. ȷɡŰɧ ůɡɜɏɓɖ ŮɝŬɘŰɑŬɠ Űɖɠ ŮɡŬɘůɗɖůɑŬɠ Űɞɡ ɞɟɔɎɜɞɡ ůŰɘɠ 

ɛɘəɟɏɠ Űɘɛɏɠ ɘɝɩŭɞɡɠ, ɖ ɞˊɞɑŬ ŮɡŬɘůɗɖůɑŬ ŭɘŬŰɖɟɐɗɖəŮ ůŮ ɧɚŮɠ Űɘɠ ɛŮŰɟɐůŮɘɠ, Ŭűɞɨ ɧɚŬ 

ŰŬ ŭŮɑɔɛŬŰŬ ŬɜŬɚɨɗɖəŬɜ Ŭˊɧ Űɞ ɑŭɘɞ ɧɟɔŬɜɞ.26 

1.4.8 ȺˊɑŭɟŬůɖ ɡŭɟɧűɘɚɞɡ ŰɛɐɛŬŰɞɠ 
 

ɄŬɟɎ Űɘɠ ˊɞɚɡɎɟɘɗɛŮɠ ŭɞɛɏɠ HEUR ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ, Űɞ ɡŭɟɧűɘɚɞ 

ŰɛɐɛŬ ŮɑɜŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ PEG ́ ɞɡ ŮˊɘŰɟɏˊŮɘ əŬɘ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ 

ůŰɞ ɜŮɟɧ. ɁŬ ůɖɛŮɘɤɗŮɑ, ɧŰɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ, ŰŬ ůɡɛˊɞɚɡɛŮɟɐ Űɖɠ PEG, ɧˊɤɠ ŮɑɜŬɘ ɖ 

ˊɞɚɡ(ˊɟɞˊɡɚŮɜɞɔɚɡəɧɚɖ) (poly(propylene glycol) / PPG) ɐ ɖ ˊɞɚɨ (ɓɞɡŰɡɚŮɜɞɔɚɡəɧɚɖ) 

(poly(butylene glycol) / PBG) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮɟɘəɏɠ űɞɟɏɠ ɤɠ ɖ ɡŭɟɧűɘɚɖ ɞɛɎŭŬ. ȼ 

ɡŭɟɧűɘɚɖ ɞɛɎŭŬ, ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞ 90% w/w Űɖɠ 

ŭɞɛɐɠ HEUR, ůɡɜŮˊɩɠ ŮɑɜŬɘ ůŮ ɏɜŬ ɛŮɔɎɚɞ ɓŬɗɛɧ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɞ ˊŬɟŬɔɧɛŮɜɞ ɛɞɟɘŬəɧ 

ɓɎɟɞɠ. ɇɞ ɛɐəɞɠ Űɖɠ ɡŭɟɧűɘɚɖɠ ŬɚɡůɑŭŬɠ ŮɑɜŬɘ ɛɘŬ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ ŭŮŭɞɛɏɜɞɡ ɧŰɘ 

əŬɗɞɟɑɕŮɘ Űɖɜ ɡŭɟɧűɘɚɖ/ɡŭɟɧűɞɓɖ ŬɜŬɚɞɔɑŬ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɛɘŬ ůŰŬɗŮɟɐ ɡŭɟɧűɞɓɖ 

ɞɛɎŭŬ. ȷɡŰɐ ɖ ŬɜŬɚɞɔɑŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɞ ŭɑəŰɡɞ HEUR ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ. ɀŮ PEG 

ɢŬɛɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ, ŮɡɜɞɞɨɜŰŬɘ ɞɘ ŮɜŭɞɛɞɟɘŬəɏɠ ůɡůɢŮŰɑůŮɘɠ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎ-

ŭɤɜ ɏɜŬɜŰɘ Űɤɜ ŭɘŬɛɞɟɘŬəɩɜ ɚɧɔɤ Űɖɠ ŮɔɔɨŰɖŰŬɠ Űɞɡɠ. ȰŰůɘ, ůŮ ŭɘŬɚɨɛŬŰŬ ɢŬɛɖɚɞɨ ɛɞ-

ɟɘŬəɞɨ ɓɎɟɞɡɠ, ŮɡɜɞŮɑŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ ɛɘəəɡɚɑɤɜ ɏɜŬɜŰɘ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ŭɘəŰɨɞɡ ɛɏůɤ 
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ŭɘŬɛɞɟɘŬəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ ŮɑɜŬɘ ɢŬɛɖɚɐ ɞ-

ŭɖɔɩɜŰŬɠ ůŮ ŭɘɎɚɡɛŬ ɢŬɛɖɚɞɨ ɘɝɩŭɞɡɠ.3 

ȷɡɝɎɜɞɜŰŬɠ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ Űɖɠ PEG, ŬɡɝɎɜŮŰŬɘ ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 

ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ ŮɡɜɞɩɜŰŬɠ ɏŰůɘ Űɘɠ ŭɘŬɛɞɟɘŬəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ɛɘəəɡɚɑɤɜ ůɡɜŰɑɗŮŰŬɘ Ŭˊɧ ɛɘəɟɧŰŮɟŮɠ ŬɚɡůɑŭŮɠ əŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ 

ŬɡɝɎɜŮŰŬɘ. Ⱥˊɞɛɏɜɤɠ, ŬɡɝɎɜɞɜŰŬɠ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɖɠ PEG ŬɡɝɎɜŮŰŬɘ əŬɘ Űɞ ɘɝɩŭŮɠ. 

ɋůŰɧůɞ, ɛŮ ɛŮɔɎɚɖ Ŭɨɝɖůɖ Űɖɠ ŭɞɛɐɠ Űɖɠ PEG, ɖ ɡŭɟɧűɘɚɖ/ɡŭɟɧűɞɓɖ ŬɜŬɚɞɔɑŬ ŬɡɝɎɜŮ-

ŰŬɘ ůŮ ůɖɛŮɑɞ ˊɞɡ ɞɘ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ŮɑɜŬɘ ˊɞɚɨ ɚɑɔŮɠ əŬɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡɠ ˊŮɟɘɞɟɑɕŮŰŬɘ 

ůŰɞ ůɢɖɛŬŰɘůɛɧ ˊŬɟɞŭɘəɞɨ ŭɘəŰɨɞɡ. ũɘŬ ɜŬ ŬɜŰɘůŰŬɗɛɘůŰŮɑ ŬɡŰɧ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ Ŭɡ-

ɝɖɗŮɑ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ HEUR, Űɞ ɞˊɞɑɞ ɧɛɤɠ ŮɑɜŬɘ ůˊɎɜɘŬ ŮˊɘɗɡɛɖŰɧ. Ⱥˊɘˊɚɏɞɜ, ɧůɞ 

ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ HEUR, Űɧůɞ ˊŮɟɘůůɧŰŮɟŮɠ ŬɚɡůɑŭŮɠ ŮɛˊɚɏəɞɜŰŬɘ. 

ȸɞɖɗɎŮɘ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ɘɝɩŭɞɡɠ ŬɚɚɎ Ŭˊɧ ɛɘŬ ůɡɔəɏɜŰɟɤůɖ əŬɘ ɛŮŰɎ ɡˊɎɟɢŮɘ ŬˊɩɚŮɘŬ 

Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. ɆŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ HEUR 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ɛŮŰŬɝɨ 6000 əŬɘ 35000 g/mol ŬɚɚɎ ɞɘ Glass et al ŬɜɏűŮɟŬɜ ɤɠ ˊɘɞ Ŭˊɞ-

ŰŮɚŮůɛŬŰɘəɧ HEUR ŬɡŰɧ ɛŮ ɛɞɟɘŬəɧ ɓɎɟɞɠ ˊŮɟɑˊɞɡ 23000 g/mol. ɋůŰɧůɞ, ŬɜɎɚɞɔŬ ɛŮ 

Űɖɜ ŰŮɚɘəɎ ŮűŬɟɛɞɔɐ, ɞ ůŰɧɢɞɠ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ Űɞ ɡɣɖɚɧ ɘɝɩŭŮɠ. ɄɟɎɔɛŬŰɘ, ɞɘ Reuvers et 

al ŬɜɏűŮɟŬɜ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɢɟɐůɖɠ HEUR ɛŮ ɛɞɟɘŬəɧ ɓɎɟɞɠ 12000 g/mol ůŮ ŭɘŬ-

ɚɨɛŬŰŬ ɚŬŰɏɝ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɞɡ ɣŮɡŭɞˊɚŬůŰɘəɞɨ ɢŬɟŬəŰɐɟŬ əŬɘ ɓŮɚŰɑɤůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ 

Űɖɠ ɓŬűɐɠ. ȰɜŬ ŬəɧɛŬ ˊɚŮɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɧŰɘ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ˊɘɞ Ŭɟɔɐ Ŭɨɝɖůɖ Űɞɡ ɘɝɩ-

ŭɞɡɠ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ůəɚɐɟɡɜůɖɠ Űɖɠ ɓŬűɐɠ, ɞŭɖɔɩɜŰŬɠ ůŮ ɛŮɔŬɚɨŰŮɟɞ ŬˊŬɘŰɞɨɛŮɜɞ 

ɢɟɧɜɞ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŮˊɑůŰɟɤůɖɠ. ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, ɖ ɛŮɑɤůɖ Űɞɡ ɛɞɟɘŬəɞɨ 

ɓɎɟɞɡɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ əŬɘ ůŮ ŬɜŮˊɘɗɨɛɖŰɞ ŭɘŬɢɤɟɘůɛɧ űɎůŮɤɜ.3 

ɄŬɟɧɚɞ ˊɞɡ ɖ PEG ŬˊɞŰŮɚŮɑ Űɞɜ ŭɧŰɖ Űɤɜ ɡŭɟɧűɘɚɤɜ ɞɛɎŭɤɜ, ŬɜŬɚɧɔɤɠ Űɖɠ ɛŮɗɧŭɞɡ 

ˊɞɡ ɗŬ ŬəɞɚɞɡɗɖɗŮɑ ɔɘŬ ɜŬ ˊŬɟŬůəŮɡŬůŰŮɑ ɖ ŭɞɛɐ HEUR, ɗŬ ŮɝŬɟŰɖɗɞɨɜ əŬɘ ɞɘ ɟŮɞɚɞɔɘ-

əɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ Ŭɟɢɐ ɡˊɎɟɢɞɡɜ ŭɨɞ əɨɟɘɞɘ ɛɏɗɞŭɞɘ ˊɞɡ ɞŭɖɔɞɨɜ 

ůŮ Uni-HEUR əŬɘ S-G HEUR. ȼ əɨɟɘŬ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ŭɨɞ HEUR ŬˊɞŰŮɚŮɑ 

ɞ ŭŮɑəŰɖɠ ˊɞɚɡŭɘŬůˊɞɟɎɠ PDI. ɄɟɎɔɛŬŰɘ, ŰŬ Uni-HEUR ɚŬɛɓɎɜɞɜŰŬɘ ůŮ ɛɘŬ ůŰŮɜɐ əŬŰŬ-

ɜɞɛɐ Ůɜɩ ŰŬ S-G HEUR ɞŭɖɔɞɨɜ ůŮ ˊɘɞ ŮɡɟŮɑŮɠ əŬŰŬɜɞɛɏɠ ɛŮ ɛŮɔŬɚɨŰŮɟɞ ŭŮɑəŰɖ PDI. 

ɀŮŰɎ Űɖ ůɨɔəɟɘůɖ Űɤɜ ŭɡɞ Űɨˊɤɜ HEUR ́ ŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ Űɞ S-G HEUR ŬˊŬɘŰŮɑ ŭɘˊɚɎ-

ůɘŬ ůɡɔəɏɜŰɟɤůɖ Ŭˊɧ Űɞ Uni-HEUR ɔɘŬ ɜŬ ɏɢŮɘ Űɘɠ ɑŭɘŮɠ ɘŭɘɧŰɖŰŮɠ. Ƀ əɨɟɘɞɠ ɚɧɔɞɠ ŮɑɜŬɘ 

ɞɘ ɛɘəɟɏɠ ŬɚɡůɑŭŮɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ɏɜŬ Ůɡɟɨ əŬŰŬɜŮɛɖɛɏɜɞ űɎůɛŬ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ 

ŮɜŭɞɛɞɟɘŬəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŬɜŰɑ ɜŬ ůɡɛɓɎɚɚɞɡɜ ůŰɞ ůɢɖɛŬŰɘůɛɧ ŭɘəŰɨɞɡ ɛɏůɤ ŭɘŬ-

ɛɞɟɘŬəɩɜ ůɡůɢŮŰɑůŮɤɜ.3 

ɇŬ ˊŬɟŬˊɎɜɤ ɛˊɞɟɞɨɜ ɜŬ ůɡɜɞɣɘůŰɞɨɜ əŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 1.4.18.3 
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ȺɘəɧɜŬ 1.4.18: Ƀ ŭŮɑəŰɖɠ PDI əŬɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɖɠ ɡŭɟɧűɘɚɖɠ ɞɛɎŭŬɠ ɤɠ ˊŬɟɎɛŮŰɟɞɘ ɔɘŬ Űɞ ůɢɖɛŬŰɘ-

ůɛɧ ŭɘəŰɨɞɡ.3 

ɇŬ ˊŬɟŬˊɎɜɤ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ɡŭɟɧűɘɚɞɡ ŰɛɐɛŬŰɞɠ Űɞɡ HEUR 

ɛˊɞɟɞɨɜ ɜŬ ŬɘŰɘɞɚɞɔɖɗɞɨɜ əŬɘ Ŭˊɧ ŰŬ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ Űɤɜ Barmar et al ˊɞɡ ˊŬɟŬ-

ŰɑɗŮɜŰŬɘ ůŰɘɠ ȺɘəɧɜŬ 1.4.16 əŬɘ ȺɘəɧɜŬ 1.4.17. 

ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɖɜ ȺɘəɧɜŬ 1.4.16 ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ ŰŬ ŭŮɑɔɛŬŰɎ, ŮəŰɧɠ Ŭˊɧ ŬɡŰɎ ˊɞɡ 

ˊŬɟɞɡůɑŬůŬɜ ɁŮɡŰɤɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ, ɡˊɎɟɢɞɡɜ 3 ˊŮɟɘɞɢɏɠ ɟɡɗɛɞɨ ŭɘɎŰɛɖůɖɠ. ȼ ˊɟɩŰɖ 

ŮɑɜŬɘ ɔɘŬ ɢŬɛɖɚɞɨɠ ɟɡɗɛɞɨɠ ŭɘɎŰɛɖůɖɠ ́ ɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɁŮɡŰɤɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ Ůɜɩ 

ůŰɘɠ ɎɚɚŮɠ 2 ˊŮɟɘɞɢɏɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɡɣɖɚɧŰŮɟɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ, ɖ Űɘɛɐ Űɞɡ ɘɝɩ-

ŭɞɡɠ ɛŮɘɩɜŮŰŬɘ ŭɟŬůŰɘəɎ. ȷəɧɛɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɏɤɠ Űɖ ůɡɔəɏɜŰɟɤůɖ 4% w/w ŮɛűŬɜɑ-

ɕŮŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ˊɎɢɡɜůɖɠ Ůɜɩ ɔɘŬ ůɡɔəɏɜŰɟɤůɖ 4% w/w əŬɘ Ɏɜɤ ŭŮɜ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ. ȹɖɚŬŭɐ ɞ ɓŬɗɛɧɠ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ˊɎɢɡɜůɖɠ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

Ůˊɘˊɏŭɤɜ Űɞɡ ɘɝɩŭɞɡɠ.26 

ȺˊɘˊɟɞůɗɏŰɤɠ, əŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.4.17 ˊŬɟŬŰɖɟŮɑŰŬɘ ɞɘ Űɘɛɏɠ ɘɝɩŭɞɡɠ ɛŮɘɩɜɞɜŰŬɘ ɛŮ Űɖɜ 

Ŭɨɝɖůɖ Űɖɠ ɡŭɟɧűɘɚɖɠ ŬɚɡůɑŭŬɠ, əŬɗɩɠ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ 

ɡŭɟɧűɞɓɖ ŬɚɡůɑŭŬ (ŭɤŭŮəŬɜɧɚɖ) ŬɚɚɎ ŭɘŬűɞɟŮŰɘəɧ ɛɏɔŮɗɞɠ ɡŭɟɧűɘɚɖɠ ŬɚɡůɑŭŬɠ. Ɇɡɔəɟɘ-

ŰɘəɎ, ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 1.4.16, ŰŬ ŭŮɑɔɛŬŰŬ ůŰɞ ŭɘɎɔɟŬɛɛŬ ŬɡŰɧ (ȺɘəɧɜŬ 

1.4.17) ɏɢɞɡɜ ɛɘəɟɧŰŮɟɖ ɡŭɟɧűɞɓɖ ŬɚɡůɑŭŬ əɎŰɘ Űɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ 

ɘɝɩŭɞɡɠ, əɎŰɘ ˊɞɡ ɗŬ ŮɝɖɔɖɗŮɑ ɛŮŰɏˊŮɘŰŬ ůŰɖɜ ŮˊɑŭɟŬůɖɠ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ.26 

1.4.9 ȺˊɑŭɟŬůɖ ɡŭɟɧűɞɓɞɡ ŰɛɐɛŬŰɞɠ 
 

ɄŬɟɧɚɞ ˊɞɡ ɞɘ ɡŭɟɧűɞɓŮɠ ɞɛɎŭŮɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɚɘɔɧŰŮɟɞ Ŭˊɧ 10% əŬŰɎ ɓɎɟɞɠ Űɖɠ 

ŭɞɛɐɠ HEUR, ŮɑɜŬɘ ɞɘ əɡɟɑɤɠ ɡˊŮɨɗɡɜŮɠ ɞɛɎŭŮɠ ɔɘŬ Űɘɠ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ɚŬɛɓɎ-

ɜɞɜŰŬɘ/ Ƀ ɚɧɔɞɠ ŮɑɜŬɘ ɧŰɘ ŮˊŮɘŭɐ ůɡɜŭɏɞɜŰŬɘ ɛɏůɤ ŮɜŭɞɛɞɟɘŬəɩɜ ɐ ŭɘŬɛɞɟɘŬəɩɜ ŬɚɚɖɚŮ-

ˊɘŭɟɎůŮɤɜ, ɞŭɖɔɞɨɜ ůŮ ůɢɖɛŬŰɘůɛɧ ɛɘəəɡɚɑɤɜ ŬɚɚɎ əŬɘ ˊŬɟɞŭɘəɩɜ ŭɘəŰɨɤɜ. Ƀɘ 
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ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɚɞɘˊɧɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ŭɨɞ ˊŬɟŬɛɏŰɟɞɡɠ, Űɖɜ ˊɡəɜɧŰɖŰŬ əŬɘ Űɞ 

ɢɟɧɜɞ ɢŬɚɎɟɤůɖɠ Űɞɡ ˊŬɟɞŭɘəɞɨ ŭɘəŰɨɞɡ.3 

ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɧůɞ ɢŬɛɖɚɧŰŮɟɞ ŮɑɜŬɘ Űɞ ɛɐəɞɠ Űɖɠ ɡŭɟɧűɘɚɖɠ ɞɛɎŭŬɠ, 

Űɧůɞ ˊŮɟɘůůɧŰŮɟŮɠ ŮɑɜŬɘ ɞɘ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜɎɛŮůŬ ůŰɘɠ ŭɡɞ ɡŭɟɧűɞ-

ɓŮɠ ɞɛɎŭŮɠ.3 

Ƀɘ Peng et al ůɡɜɏəɟɘɜŬɜ 3 ŭɞɛɏɠ HEUR, Űɘɠ HEUR-1C10, HEUR-2C10 əŬɘ HEUR-3C10, 

ɧˊɞɡ ɖ ˊɟɩŰɖ ŭɞɛɐ ŮɑɢŮ ůŰŬ ɎəɟŬ ŬɜŰɘŭɟɎůŮɘ (end-capped) ɛŮ ɛɘŬ Ŭɚəɡɚɘəɐ ŬɚɡůɑŭŬ 

(alkyl chain) ˊɞɡ ˊŮɟɘŮɑɢŮ 10 ɎɜɗɟŬəŮɠ, ɖ ŭŮɨŰŮɟɖ ŭɞɛɐ ɛŮ ŭɡɞ Ŭɚəɡɚɘəɏɠ ŬɚɡůɑŭŮɠ ɛŮ 10 

ɎɜɗɟŬəŮɠ ɖ əŬɗŮɛɘɎ əŬɘ ɖ ŰɟɑŰɖ ɛŮ 3 ŰɟŮɘɠ Ŭɚəɡɚɘəɏɠ ŬɚɡůɑŭŮɠ ɛŮ 10 ɎɜɗɟŬəŮɠ ɖ əŬɗŮɛɘɎ. 

ȷɜɏűŮɟŬɜ ɧŰɘ ɖ Ŭɨɝɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ Ŭɚəɡɚɘəɩɜ Ŭɚɡůɑŭɤɜ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ 

ŮˊɘŰɟɏˊŮɘ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ɢɟɧɜɞɡ ɢŬɚɎɟɤůɖɠ Űɤɜ ŭɘŬɚɡɛɎŰɤɜ. ɀŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ, ɞɘ 

Wang et al əŬɘ  ɞɘ Du et al əŬŰɏɚɖɝŬɜ ůŰɞ ɑŭɘɞ ůɡɛˊɏɟŬůɛŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɛɤɠ ŭɘŬ-

űɞɟŮŰɘəɏɠ ŭɞɛɏɠ. ȰŰůɘ ůɡɜŮˊɎɔŮŰŬɘ Ŭˊɧ Űɘɠ ŰɟŮɘɠ ŬɡŰɏɠ ɛŮɚɏŰŮɠ ɧŰɘ ɖ Ŭɨɝɖůɖ Űɞɡ ɛɐəɞɡɠ 

Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ əŬɗɩɠ əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ Ŭɚəɡɚɘəɩɜ Ŭɚɡůɑŭɤɜ, ɞŭɖɔŮɑ ůŰɖɜ 

Ŭɨɝɖůɖ Űɞɡ ɢɟɧɜɞɡ ɢŬɚɎɟɤůɖɠ Ůɜɧɠ ŭɘŬɚɨɛŬŰɞɠ HEUR. ȼ ŮˊɑŭɟŬůɖ Űɤɜ Ŭɚəɡɚɘəɩɜ ɞɛɎ-

ŭɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ˊŮɟɘɚɖˊŰɘəɎ ůŰɖɜ ȺɘəɧɜŬ 1.4.19.3 

 

ȺɘəɧɜŬ 1.4.19: ȺˊɑŭɟŬůɖ Űɞɡ ɛŮɔɏɗɞɡɠ əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ Ŭɚəɡɚɘəɩɜ Ŭɚɡůɑŭɤɜ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ ŭɘ-

əŰɨɞɡ əŬɘ Űɘɠ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ.3 

Ⱥɜ ůɡɜŮɢŮɑŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŰŮɚɘəɐ 

Űɘɛɐ Űɞɡ ɘɝɩŭɞɡɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. ȳůɞ ɡɣɖɚɧŰŮɟɞɠ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɔŮűɡɟɩɜ ˊɞɡ ůɢɖ-

ɛŬŰɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ ɛɘəəɡɚɑɤɜ, Űɧůɞ ɡɣɖɚɧŰŮɟɞ ŮɑɜŬɘ əŬɘ Űɞ ɘɝɩŭŮɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. ȼ 

ˊɡəɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŰɟŮɘɠ ˊŬɟɎɔɞɜŰŮɠ: 

¶ ɇɞ ɛɏɔŮɗɞɠ Űɖɠ ɡŭɟɧűɘɚɖɠ ɞɛɎŭŬɠ 

¶ ɇɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ 

¶ ɇɞɜ Ŭɟɘɗɛɧ ůɡɔəɏɜŰɟɤůɖɠ Nagg
* 

ȳůɞɜ ŬűɞɟɎ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɡŭɟɧűɘɚɖɠ ŬɚɡůɑŭŬɠ ˊŬɟɞɡůɘɎůŰɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ȼ Ŭɨ-

ɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ 
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ɛɘəəɡɚɑɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ. ɋ-

ůŰɧůɞ, ůŮ ɛɘŬ ŭŮŭɞɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ, ŭɡɞ ŭɘŬűɞɟŮŰɘəɎ HEUR ɛŮ Űɞ ɑŭɘɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ 

ɗŬ ɛˊɞɟɞɨůŬɜ, ɛŮ ɓɎůɖ ɛŮɚɏŰŮɠ ˊɞɡ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ, ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ ɛɘŬ ŭɘŬ-

űɞɟŮŰɘəɐ ˊɡəɜɧŰɖŰŬ ŭɘəŰɨɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ ɜŬ Ŭɚ-

ɚɖɚɞŮˊɘŭɟɎůɞɡɜ. ȳůɞɜ ŬűɞɟɎ Űɞɜ Ŭɟɘɗɛɧ Nagg, ɞɘ ŮɜŭɞɛɞɟɘŬəɏɠ ůɡůɢŮŰɑůŮɘɠ ŬɡɝɎɜɞɡɜ 

Űɞɜ Ŭɟɘɗɛɧ ɓɟɧɔɢɤɜ ůŰŬ ɛɘəəɨɚɘŬ ɞŭɖɔɩɜŰŬɠ ůŮ ɡɣɖɚɧŰŮɟɞ Nagg Ůɜɩ ɞɘ ŭɘŬɛɞɟɘŬəɏɠ Ŭɚ-

ɚɖɚŮˊɘŭɟɎůŮɘɠ Ůɜɩɜɞɡɜ ŰŬ ɛɘəəɨɚɘŬ ɛŮŰŬɝɨ Űɞɡɠ, əɎŰɘ Űɞ ɞˊɞɑɞ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɢŬɛɖɚɧŰŮɟɞ 

Nagg. ɆɡɜŮˊɩɠ, ɛŮɔŬɚɨŰŮɟɞɠ Ŭɟɘɗɛɧɠ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ ɞŭɖɔŮɑ ůŮ ɛɘəɟɧŰŮɟɞ Ŭɟɘɗɛɧ Nagg 

əŬɘ ɎɟŬ ɚɘɔɧŰŮɟŮɠ ŬɚɡůɑŭŮɠ ůɡɛɛŮŰɏɢɞɡɜ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɛɘəəɡɚɑɤɜ. Ⱥɜ ŰɏɚŮɘ, ˊɟɞəŮɘɛɏ-

ɜɞɡ ɜŬ ŬɡɝɖɗŮɑ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɡɝɖɗŮɑ Űɞ ɛɏɔŮɗɞɠ əŬɘ ɞ Ŭɟɘɗɛɧɠ 

Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ ɐ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ.3 

ɄŮɘɟŬɛŬŰɘəɎ, ɞɘ Barmar et al ɛŮɚɏŰɖůŬɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɛɎŭɤɜ ůŮ ůɡɜ-

ŭɡŬůɛɧ əŬɘ ɛŮ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ Űɘɛɏɠ Űɞɡ ɘɝɩŭɞɡɠ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ. ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ ȺɘəɧɜŬ 1.4.20 əŬɘ ȺɘəɧɜŬ 1.4.21 ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ Űɞ 

ɛɐəɞɠ Űɖɠ ɡŭɟɧűɞɓɖɠ ŬɚɡůɑŭŬɠ ŮˊɖɟŮɎɕŮɘ ɎɛŮůŬ Űɞ ɘɝɩŭŮɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ ɘɝɩŭŮɠ 

Űɞɡ ŭŮɑɔɛŬŰɞɠ 6C, Űɞ ɞˊɞɑɞ ɏɢŮɘ əŬŰŬůəŮɡŬůŰŮɑ ɛŮ ŬɜŰɑŭɟŬůɖ ŭŮəŬŮɝŬɜɧɚɖɠ, ůŮ ůɡɔəɏ-

ɜŰɟɤůɖ 4% w/w ɏɢŮɘ 40 űɞɟɏɠ ɡɣɖɚɧŰŮɟɞ ɘɝɩŭŮɠ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ 6D, ˊɞɡ ɏɢŮɘ əŬŰŬůəŮɡ-

ŬůŰŮɑ ɛŮ ŬɜŰɑŭɟŬůɖ ŭɤŭŮəŬɜɧɚɖɠ, ůŰɖɜ ɑŭɘŬ ůɡɔəɏɜŰɟɤůɖ (ȺɘəɧɜŬ 1.4.20). ɇɖɜ ɑŭɘŬ ŰɎůɖ 

ˊŬɟɞɡůɘɎɕŮɘ əŬɘ Űɞ ɛɞɜŰɏɚɞ 15C ɏɜŬɜŰɘ Űɞɡ 15D ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.4.21. 

ɆɡɜɞɚɘəɎ, ŰŬ ɛɞɜŰɏɚŬ HEUR 15C əŬɘ 15D ɏɢɞɡɜ ɢŬɛɖɚɧŰŮɟɞ ɘɝɩŭŮɠ Ŭˊɧ ŰŬ ɛɞɜŰɏɚŬ 

HEUR 6C əŬɘ 6D əŬɗɩɠ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɡŭɟɧűɘɚɞ əɞɛɛɎŰɘ. ȷəɧɛɖ, ŰŬ ɛɞɜŰɏɚŬ ɛŮ 

ɛŮɔŬɚɨŰŮɟɞ ɡŭɟɧűɞɓɞ əɞɛɛɎŰɘ (6C əŬɘ 15C) ɏɢɞɡɜ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɘɝɩŭɞɡɠ. ũɘŬ ˊŬɟɎ-

ŭŮɘɔɛŬ, Űɞ ɘɝɩŭŮɠ Űɞɡ ɛɞɜŰɏɚɞɡ 6D ŮɑɜŬɘ 10 Pa s ɔɘŬ ůɡɔəɏɜŰɟɤůɖ 4% w/w, Ůɜɩ ɔɘŬ ůɡ-

ɔəɏɜŰɟɤůɖ 5% w/w Űɞ ɛɞɜŰɏɚɞ 15D ɏɢŮɘ ɘɝɩŭŮɠ ɛɧɜɞ 2 Pa s. ɆɡɜŮˊɩɠ, ɖ ŮˊɑŭɟŬůɖ Űɞɡ 

ɡŭɟɧűɞɓɞɡ əɞɛɛŬŰɘɞɨ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞɡ ɡŭɟɧűɘɚɞɡ ɛɏɟɞɡɠ. ȷɡŰɧ ůɡɜŮˊɎɔŮŰŬɘ 

Ŭˊɧ Űɖ ůɨɔəɟɘůɖ Űɤɜ ɛɞɜŰɏɚɤɜ 15C əŬɘ 6D (ȺɘəɧɜŬ 1.4.20 əŬɘ ȺɘəɧɜŬ 1.4.21), ˊŬɟɧɚɞ 

ˊɞɡ ɖ ɡŭɟɧűɘɚɖ ɞɛɎŭŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ.26 

*O Ŭɟɘɗɛɧɠ ůɡɔəɏɜŰɟɤůɖɠ Nagg ŮɑɜŬɘ ɛɘŬ ˊŮɟɘɔɟŬűɐ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ɛɞɟɑɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ɏɜŬ ɛɘəəɨɚɘɞ 

ɛɧɚɘɠ ŮˊɘŰŮɡɢɗŮɑ ɖ əɟɑůɘɛɖ ůɡɔəɏɜŰɟɤůɖ ɛɘəəɡɚɑɞɡ (CMC). 
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ȺɘəɧɜŬ 1.4.20: ȽɝɩŭŮɠ ůɡɜŬɟŰɐůŮɘ ůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ ŰŬ ɛɞɜŰɏɚŬ HEUR 6D əŬɘ 6C.26 

 

 

ȺɘəɧɜŬ 1.4.21: ȽɝɩŭŮɠ ůɡɜŬɟŰɐůŮɘ ůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ ŰŬ ɛɞɜŰɏɚŬ HEUR 15D əŬɘ 15C.26 

1.4.10 ȺˊɑŭɟŬůɖ ɘůɞəɡŬɜɑɞɡ 
 

ȼ ŮˊɑŭɟŬůɖ Űɖɠ ŭɞɛɐɠ Űɞɡ ŭɘɘůɞəɡŬɜɑɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ůɨɜɗŮůɖ Űɤɜ ŭɞɛɩɜ 

HEUR ɛŮɚŮŰɐɗɖəŮ Ŭˊɧ Űɞɡɠ Kaczmarski et al. ȼ ˊŬɟɎɛŮŰɟɞɠ ŬɡŰɐ ɏɢŮɘ ɢŬɛɖɚɐ ŮˊɑŭɟŬůɖ 

ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ɡŭɟɧűɞɓŮɠ əŬɘ ɡŭɟɧűɘɚŮɠ ɞɛɎŭŮɠ. ɄŬɟɧɚŬ ŬɡŰɎ ɏɜŬɠ ɞɔəɩŭŮɠ ŭɘɘůɞ-

əɡɎɜɘɞ ɧˊɤɠ Űɞ H12MDI ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ űŬɘɜɧɛŮɜɞ ůɡůůɤɛɎŰɤůɖɠ ůŮ ɢŬɛɖɚɧŰŮɟɖ ůɡ-

ɔəɏɜŰɟɤůɖ Ŭˊɧ ɧŰɘ Űɞ HDI, ŬɡɝɎɜɞɜŰŬɠ Űɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɛɏɔŮɗɞɠ Űɖɠ ɡŭɟɧűɞɓɖɠ 

ɞɛɎŭŬɠ, ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞ ůɡɜŭɡŬůɛɧ Űɞɡ ŭɘɘůɞəɡŬɜɑɞɡ əŬɘ Űɖɠ Ŭɚəɡɚɘəɐɠ ŬɚɡůɑŭŬɠ.3 

 

1.5 ȺűŬɟɛɞɔɏɠ 
 

ȳˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ɖ ˊɞɚɡɞɡɟŮɗɎɜɖ Űɨˊɞɡ HEUR ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ Űɟɞˊɞ-

ˊɞɘɖŰɩɜ ɟŮɞɚɞɔɑŬɠ (rheology modifier). ɆɡɜŮˊɩɠ, ɖ ɢɟɐůɖ Űɞɡ HEUR ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŰɟɞˊɞˊɞɘɐůŮɘ Űɘɠ ɟŮɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ŭɘŬɚɨɛŬŰɞɠ ɩůŰŮ ɜŬ ŮˊɘŰŮɡ-

ɢɗɞɨɜ ɞɘ ŮˊɘɗɡɛɖŰɏɠ. ȷəɧɛɖ, Űɞ HEUR ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɖ ɛŮŰŬɓɞɚɐ Űɤɜ ɟŮɞ-

ɚɞɔɘəɩɜ ɘŭɘɞŰɐŰɤɜ ɧůɞɜ ŬűɞɟɎ Űɘɠ ŮˊɘůŰɟɩůŮɘɠ əŬɘ Űɘɠ  ɓŬűɏɠ. ȼ ɢɟɐůɖ Űɤɜ ŰɟɞˊɞˊɞɘɖŰɩɜ 

ɟŮɞɚɞɔɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Ŭˊɧ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɖɠ ŮˊɑůŰɟɤůɖɠ, Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɏɤɠ əŬɘ Űɖɜ ŰŮɚɘəɐ ŮűŬɟɛɞɔɐ Űɖɠ (ȺɘəɧɜŬ 1.4.12 əŬɘ ȺɘəɧɜŬ 1.5.1). ȳˊɤɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ, Űɞ əɧəəɘɜɞ ɢɟɩɛŬ ɏɢŮɘ Ŭɟɔɐ ŬɜŬɔɏɜɜɖůɖ əŬɘ Ůˊɞɛɏɜɤɠ ŮɑɜŬɘ ŮˊɘɟɟŮˊɏɠ ůŮ 

űŬɘɜɧɛŮɜŬ ɢŬɚɎɟɤůɖɠ (sagging). ɇɞ ˊɟɎůɘɜɞ ɢɟɩɛŬ ɏɢŮɘ ˊɞɚɨ ɔɟɖɔɞɟɧŰŮɟɖ ŬɜŬɔɏɜɜɖůɖ 

əŬɘ ŰŮɚɘəɎ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛɎŭɘŬ Ŭˊɧ Űɞ ˊɘɜɏɚɞ (brush marks). ɀɧɜɞ ɖ ɛˊɚŮ ɓŬűɐ ˊŬɟɞɡ-

ůɘɎɕŮɘ ɘůɞɟɟɞˊɖɛɏɜɞ ɢɟɧɜɞ ŬɜŬɔɏɜɜɖůɖɠ əŬɘ ˊɟɞůűɏɟŮɘ Űɞ ŮˊɘɗɡɛɖŰɧ ŬˊɞŰɏɚŮůɛŬ.27 
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ȺɘəɧɜŬ 1.5.1: ȷɝɘɞɚɧɔɖůɖ Űɖɠ ŬɜŬɔɏɜɜɖůɖɠ Űɟɘɩɜ ŮˊɘůŰɟɩůŮɤɜ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ.27 

ɆɡɜŮˊɩɠ, ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɞɘ ŰɟɞˊɞˊɞɘɖŰɏɠ ɟŮɞɚɞɔɑŬɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɧɚŮɠ Űɘɠ 

ŮűŬɟɛɞɔɏɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɘɠ ŮˊɘůŰɟɩůŮɘɠ, Ŭˊɧ ɞɘəɘŬəɏɠ ɢɟɐůŮɘɠ (ˊ.ɢ. ɓɎɣɘɛɞ ůˊɘŰɘɞɨ) ɏɤɠ 

əŬɘ Űɖ ɓɘɞɛɖɢŬɜɑŬ (ˊ.ɢ. ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ ï ȺɘəɧɜŬ 1.5.2 əŬɘ ȺɘəɧɜŬ 1.5.3), ŬəɧɛŬ 

ɧɛɤɠ əŬɘ ůŮ ŮűŬɟɛɞɔɏɠ əŬɚɚɡɜŰɘəɩɜ ɧˊɤɠ ŮɑɜŬɘ ɞɘ əɟɏɛŮɠ. 

 

ȺɘəɧɜŬ 1.5.2: ȺˊɑůŰɟɤůɖ ɢɟɩɛŬŰɞɠ ůŮ ŬɛɎɝɤɛŬ ɛŮ Űɖ ɛɏɗɞŭɞ ɣŮəŬůɛɞɨ.28 

 

 

 

 

ȺɘəɧɜŬ 1.5.3: ȺűŬɟɛɞɔɐ ŮˊɑůŰɟɤůɖɠ ůŮ ŬɛɎɝɤɛŬ ɛŮ ɢɟɐůɖ ɚɞɡŰɟɞɨ ɓŬűɐɠ.28  
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ȾŮűɎɚŬɘɞ 2: ɀɏɗɞŭɞɘ ˊŬɟŬɔɤɔɐɠ ˊɞɚɡɞɡɟŮɗŬɜɩɜ HEUR 

2.1 ɆɡɛɓŬŰɘəɏɠ ɛɏɗɞŭɞɘ ɗɏɟɛŬɜůɖɠ 
 

ɆŰɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ ɞ əɨɟɘɞɠ ɛɖɢŬɜɘůɛɧɠ ɛŮŰɎŭɞůɖɠ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ Ůɑ-

ɜŬɘ ɖ Ŭɔɤɔɐ. ɀɑŬ ŮɝɤŰŮɟɘəɐ ˊɖɔɐ ˊŬɟɏɢŮɘ Űɖɜ ɗŮɟɛɧŰɖŰŬ, ɖ ɞˊɞɑŬ ɛŮŰŬűɏɟŮŰŬɘ ůŰŬ Űɞɘ-

ɢɩɛŬŰŬ Űɞɡ ŭɞɢŮɑɞɡ əŬɘ Ŭˊɧ ŮəŮɑ ůŰɞ ŭɘɎɚɡɛŬ. ȺɑŰŮ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɗŮɟɛɘəɧɠ ɛŬɜŭɨŬɠ, 

ɚɞɡŰɟɧ ɚŬŭɘɞɨ ɐ ŬŰɛɞɨ ŮɑŰŮ ŬəɧɛŬ əŬɘ ɗŮɟɛŬɜŰɐɟŬɠ əŬŰŬɓɨɗɘůɖɠ (immersion heater), Űɞ 

ɛɑɔɛŬ ˊɟɏˊŮɘ ɜŬ ɓɟɑůəŮŰŬɘ ůŮ űɡůɘəɐ ŮˊŬűɐ ɛŮ ɛɘŬ ŮˊɘűɎɜŮɘŬ ɡɣɖɚɧŰŮɟɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. 

Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɏɠ ŮɑɜŬɘ ɢɟɞɜɞɓɧɟŮɠ, əŬɗɩɠ ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɗŮɟɛɘəɐ ɘůɞɟɟɞˊɑŬ ůŰɞ 

ůɨůŰɖɛŬ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ.29,30 

ȺˊɘˊɟɞůɗɏŰɤɠ, ɖ ŮɜɏɟɔŮɘŬ ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ ɛɘŬ ŮˊɘűɎɜŮɘŬ ůŮ ɧɚɖ Űɖ ɛɎɕŬ Űɞɡ ɛɑɔɛŬŰɞɠ 

əŬɘ ůŰŬŭɘŬəɎ ůŰŬ ŬɜŰɘŭɟɩɜŰŬ ůɡůŰŬŰɘəɎ (ȺɘəɧɜŬ 2.1.1). ȼ ŮɜɏɟɔŮɘŬ ɛˊɞɟŮɑ ŮɑŰŮ ɜŬ Ůˊɘ-

ŰɟɏɣŮɘ ůŰɖɜ ŬɜŰɑŭɟŬůɖ ɜŬ ɔɑɜŮɘ ɗŮɟɛɞŭɡɜŬɛɘəɎ, ŮɑŰŮ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ Űɖɜ əɘɜɖŰɘəɧŰɖŰŬ 

Űɖɠ ŬɜŰɑŭɟŬůɖɠ. ɇŬ ŬɜŰɘŭɟɩɜŰŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɛɘɢɗɞɨɜ ŬɡɗɧɟɛɖŰŬ ɚɧɔɤ Űɖɠ ɗŮɟɛɘəɐɠ 

ɛŮŰŬűɞɟɎɠ ɐ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛɖɢŬɜɘəɎ ɛɏůŬ (ˊ.ɢ. ŬɜɎɛŮɘɝɖ), ɩůŰŮ ŰŬ ŬɜŰɘ-

ŭɟɩɜŰŬ ɜŬ ŭɘŬɜŮɛɖɗɞɨɜ ɞɛɞɘɞɔŮɜɩɠ əŬɗɩɠ Űɞ ɛɑɔɛŬ ɗŮɟɛŬɑɜŮŰŬɘ Ůɝɞɚɞəɚɐɟɞɡ.29,30 

 
ȺɘəɧɜŬ 2.1.1: ɀɖɢŬɜɘůɛɧɠ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ.31 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŬɠ, ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ɛŮ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ 

ɗɏɟɛŬɜůɖɠ, ɧˊɤɠ ɗŬ ŬɜŬűŮɟɗŮɑ əŬɘ ˊŬɟŬəɎŰɤ, ŭɘŬŰɑɗŮŰŬɘ ɏɜŬ ɚɞɡŰɟɧ ɚŬŭɘɞɨ (əŬɘ ɜŮɟɞɨ 

ŬɜŰɑůŰɞɘɢŬ) əŬɘ ɏɜŬɠ ŬɜŰɘŭɟŬůŰɐɟŬɠ ɛŮ ŭɘˊɚɎ ŰɞɘɢɩɛŬŰŬ, ˊɞɡ ŬɜɎɛŮůŬ Űɞɡɠ ŬɜŬəɡəɚɞűɞ-

ɟŮɑ Űɞ ɚɎŭɘ (əŬɘ ɜŮɟɧ ŬɜŰɑůŰɞɘɢŬ) Ŭˊɧ Űɞ ɚɞɡŰɟɧ. ɆɡɜŮˊɩɠ, ɏɢɞɡɛŮ ɛɘŬ əŬŰɎůŰŬůɖ ˊɞɡ 

ˊɟɞůɞɛɞɘɎɕŮŰŬɘ Ůɜ ɛɏɟŮɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 2.1.2.  
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ȺɘəɧɜŬ 2.1.2: ɀŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ŭɘŬɛɏůɞɡ ɔɡɎɚɘɜɞɡ ŰɞɘɢɩɛŬŰɞɠ. 

ɆɡɜŮˊɩɠ, ˊɟɞəŮɘɛɏɜɞɡ Űɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ ɜŬ ɏɢŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ T4, Űɞ ɚɞɡ-

Űɟɧ Űɞɡ ɚŬŭɘɞɨ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ ŬɜŬɚɧɔɤɠ, ɩůŰŮ Űɞ ɚɎŭɘ ˊɞɡ űŰɎɜŮɘ ŬɜɎɛŮůŬ 

ůŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ, ɜŬ ɏɢŮɘ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ɗŮɟɛɞəɟŬůɑŬ To, ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɛɑɔɛŬŰɞɠ.  

 

2.2 ɀɘəɟɞəɨɛŬŰŬ 
 

Ƀ ŭŮɨŰŮɟɞɠ ˊŬɔəɧůɛɘɞɠ ˊɧɚŮɛɞɠ ůɖɛŬŰɞŭɧŰɖůŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɔɘŬ ŰŬ ɛɘ-

əɟɞəɨɛŬŰŬ, əŬɗɩɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ůŰŬ ɟŬɜŰɎɟ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ Ůɢɗɟɘəɩɜ ŬŮɟɞ-

ˊɚɎɜɤɜ. ȼ ŰɡɢŬɑŬ ŬɜŬəɎɚɡɣɖ Űɞɡ Percy LeBaron Spencer, ɧŰɘ ɏɜŬ ɔɚɡəɧ ˊɞɡ ŮɑɢŮ ůŰɖɜ 

Űůɏˊɖ Űɞɡ ɏɚɘɤůŮ ɧŰŬɜ ˊŮɘɟŬɛŬŰɘɕɧŰŬɜ ɛŮ ŬəŰɘɜɞɓɞɚɑŬ, ɞŭɐɔɖůŮ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ŰŬ 

ɛɘəɟɞəɨɛŬŰŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɗŮɟɛɎɜɞɡɜ Űɞ űŬɔɖŰɧ ŰŬɢɨŰŮɟŬ Ŭˊɧ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ 

əŬɘ ɏŰůɘ, ɨůŰŮɟŬ Ŭˊɧ ŮəŰŮŰŬɛɏɜɖ ɏɟŮɡɜŬ ˊŬɟɞɡůɘɎůŰɖəŮ Űɞ 1954 ɞ ˊɟɩŰɞɠ ɞɘəɘŬəɧɠ űɞɨɟ-

ɜɞɠ ɛɘəɟɞəɡɛɎŰɤɜ.29 

2.2.1 ȺɘůŬɔɤɔɐ 
 

ɇŬ ɛɘəɟɞəɨɛŬŰŬ ŮɑɜŬɘ ɛɘŬ ɛɞɟűɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ ˊŮ-

ɟɘɞɢɐ ɢŬɛɖɚɩɜ ůɡɢɜɞŰɐŰɤɜ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ űɎůɛŬŰɞɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ əɡ-

ɛŬɑɜŮŰŬɘ ůŮ ůɡɢɜɧŰɖŰŮɠ Ŭˊɧ 0,3 ɛɏɢɟɘ 300 GHz (ȺɘəɧɜŬ 2.2.1). ȼ ůɡɢɜɧŰɖŰŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ŮɑɜŬɘ ŰŬ 2,45 GHz, ɔɘŬ ɜŬ ŬˊɞűŮɨɔŮŰŬɘ ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Ɏɚ-

ɚŮɠ ůɡůəŮɡɏɠ.29 
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ȺɘəɧɜŬ 2.2.1: ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɧ űɎůɛŬ.29 

ɇŬ ɛɘəɟɞəɨɛŬŰŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ ˊŮŭɑŬ: Űɞ ɖɚŮəŰɟɘəɧ əŬɘ Űɞ ɛŬɔɜɖŰɘəɧ (ȺɘəɧɜŬ 

2.2.2). ɇɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ ɛŮŰŬűɏɟŮɘ ŮɜɏɟɔŮɘŬ əŬɘ ŬˊɞŰŮɚŮɑ əŬŰŬɚɡŰɘəɧ ˊŬɟɎɔɞɜŰŬ ůŰɖɜ 

ɗɏɟɛŬɜůɖ Ůɜɩ ŬɜŰɑɗŮŰŬ ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ŭŮɜ Ůˊɘŭɟɞɨɜ ůŰɖɜ ɗɏɟ-

ɛŬɜůɖ.29 

ȼ ɗɏɟɛŬɜůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛɘŬ ɛɞɟűɐ ŭɘɖɚŮəŰɟɘəɐɠ ɗɏɟɛŬɜůɖɠ, ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɖɜ ɘəŬɜɧŰɖŰŬ ůɡɔəŮəɟɘɛɏɜɤɜ ɡɚɘəɩɜ (ŭɘŬɚɡɛɎŰɤɜ ɐ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ) ɜŬ Ŭˊɞɟɟɞűɐ-

ůɞɡɜ Űɖɜ ŮɜɏɟɔŮɘŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ ɜŬ Űɖɜ ɛŮŰŬŰɟɏɣɞɡɜ ůŮ ɗŮɟɛɧŰɖŰŬ. ũɘŬ Űɖ ɛŮ-

ŰŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ ɛŮŰŬɝɨ Űɖɠ ˊɖɔɐɠ ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ŭɏɢŮŰŬɘ Űɖɜ 

ŬəŰɘɜɞɓɞɚɑŬ, ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ Űɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ. ȰŰůɘ, ɖ ɗɏɟɛŬɜůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ, Ůɝɖ-

ɔŮɑŰŬɘ ůŬɜ ˊŬɟŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ ůŮ ɡɚɘəɎ ɛŮ ɢŬɛɖɚɐ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Ŭˊɧ Űɖɜ 

ŮɜɏɟɔŮɘŬ Ůɜɧɠ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ.29 

 

ȺɘəɧɜŬ 2.2.2: ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ ɛɘəɟɞəɡɛɎŰɤɜ.29 

ȺˊɘˊɟɧůɗŮŰŬ, ɖ əɓŬɜŰɘəɐ Űɞɡɠ ŮɜɏɟɔŮɘŬ (0,037kcal/mol) ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ ɛɘəɟɐ Ŭˊɧ Űɖɜ Ů-

ɜɏɟɔŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ŭɘɎůˊŬůɖ Ůɜɧɠ ɛɞɟɘŬəɞɨ ŭŮůɛɞɨ (80-120 kcal/mol) əŬɘ ɖ 

ŰŬɢɨŰɖŰŬ əɑɜɖůɖɠ Űɞɡɠ ŮɑɜŬɘ ŬɡŰɐ Űɞɡ űɤŰɧɠ (3*105 km/s). ɋɠ Ůə ŰɞɨŰɞɡ, ŰŬ ɛɘəɟɞəɨɛŬŰŬ 

ŭŮɜ Ůˊɘŭɟɞɨɜ ůŰɖɜ ŭɞɛɐ Űɤɜ ɛɞɟɑɤɜ Ůɜɩ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɐ Űɖɜ ŭɘɎůˊŬůɖ Ůɜɧɠ ŭŮůɛɞɨ 

ɛɏůɤ ɛɘəɟɞəɡɛɎŰɤɜ ŬˊŬɘŰŮɑŰŬɘ ɛŮŰŬűɞɟɎ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȷɡŰɧ ŬˊɞŰŮɚŮɑ əŬɘ ɛɘŬ ŭɘŬ-

űɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ Ɏɚɚɤɜ ɛɞɟűɩɜ ŬəŰɘɜɞɓɞɚɑŬɠ ɧˊɤɠ ɖ ɔ- ɐ ɉ-ŬəŰɘɜɞ-

ɓɞɚɑŬ. ȼ ŮɜɏɟɔŮɘŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ŮɑɜŬɘ ɛɖ ɘɞɜɑɕɞɡůŬ əŬɘ ŭŮ ɛŮŰŬɓɎɚɚŮɘ Űɖ ɛɞɟɘŬəɐ 

ŭɞɛɐ Űɤɜ ŮɜɩůŮɤɜ ˊɞɡ ɗŮɟɛŬɑɜɞɜŰŬɘ ŬɚɚɎ ˊŬɟɏɢŮɘ ɛɧɜɞ ɗŮɟɛɘəɐ ŮɜŮɟɔɞˊɞɑɖůɖ.32 
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2.2.2 ɀɖɢŬɜɘůɛɞɑ ɗɏɟɛŬɜůɖɠ ɛɘəɟɞəɡɛɎŰɤɜ 
 

ɀɘŬ ɞɡůɑŬ, ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞɟɟɞűɐůŮɘ Űɖ ɗŮɟɛɧŰɖŰŬ Ŭˊɧ ŰŬ ɛɘəɟɞəɨɛŬŰŬ, ˊɟɏˊŮɘ ɜŬ 

ɏɢŮɘ ŬůɨɛɛŮŰɟɖ ɛɞɟɘŬəɐ ŭɞɛɐ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɛɧɟɘɞ Űɞɡ ɜŮɟɞɨ. ɇŬ ɛɧɟɘŬ ŰɏŰɞɘɤɜ 

ɞɡůɘɩɜ ůɢɖɛŬŰɑɕɞɡɜ ɖɚŮəŰɟɘəɎ ŭɑˊɞɚŬ, ɧŰŬɜ ŮəŰɑɗŮɜŰŬɘ ůŮ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ ɛŮ ˊɟɞůŬɜŬ-

Űɞɚɘůɛɧ ůɢŮŰɘəɧ ɛŮ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɞɡ ˊŮŭɑɞɡ. ȷɡŰɧɠ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ˊɧɚɤůɖɠ ŮɑɜŬɘ 

ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ.33  

ũŮɜɘəɎ, ůô ɏɜŬ ůŰɏɟŮɞ ɐ ɡɔɟɧ, ŰŬ ɛɧɟɘŬ ɐ ɘɧɜŰŬ ŭŮɜ ŮɑɜŬɘ ŮɚŮɡɗɏɟŬ ɜŬ ˊŮɟɘůŰɟɏűɞɜŰŬɘ əŬɘ 

Ůˊɞɛɏɜɤɠ ɖ ɗɏɟɛŬɜůɖ ŭŮɜ ŮɑɜŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɛɘəɟɞəɡ-

ɛɎŰɤɜ Ŭˊɧ ŰŬ ɛɧɟɘŬ ɩůŰŮ ɜŬ ˊɟɞəɚɖɗɞɨɜ ˊŮɟɘůŰɟɞűɘəɏɠ ɛŮŰŬɓɎůŮɘɠ, ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ůŰɖɜ 

ŬɏɟɘŬ əŬŰɎůŰŬůɖ.33 

ȼ ŮɜɏɟɔŮɘŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ ŰŬ ɛɧɟɘŬ ɛŮ ŰɟŮɘɠ ɛɖɢŬɜɘůɛɞɨɠ, ɞɘ 

ɞˊɞɑɞɘ ŮɑɜŬɘ ɞɘ Ůɝɐɠ:33ï35 

¶ ȹɘˊɞɚɘəɐ ˊŮɟɘůŰɟɞűɐ (Dipolar polarization): ɀɧɚɘɠ ɖ ŮɜɏɟɔŮɘŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ 

ˊŮɟɎůŮɘ ɛɏůŬ Ŭˊɧ Űɞ ŭŮɑɔɛŬ, ŰŬ ɛɧɟɘŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ (ɏɢɞɜŰŬɠ ŭɘˊɞɚɘəɏɠ ɟɞˊɏɠ) ɗŬ 

ˊɟɞůˊŬɗɐůɞɡɜ ɜŬ ŮɡɗɡɔɟŬɛɛɘůɗɞɨɜ ɛŮ ŬɡŰɐɜ. 

¶ ȽɞɜŰɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ (Ionic conduction): ɄŬɟɞɡůɑŬ Ůɜɧɠ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, ɘɞ-

ɜŰɘəɎ ɛɧɟɘŬ ɗŬ ɛŮŰŬɜŬůŰŮɨůɞɡɜ ˊɟɞɠ ɛɘŬ əŬŰŮɨɗɡɜůɖ ɐ Ŭɚɚɘɩɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ 

ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɛŮŰŬűɞɟɎɠ ŬɡŰɐɠ, ɖ ŮɜɏɟɔŮɘŬ ɛŮŰŬűɏɟŮŰŬɘ 

Ŭˊɧ Űɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ ˊɟɞəŬɚɩɜŰŬɠ ɘɞɜɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ŮˊɘŰŬɢɨ-

ɜɞɡɜ Űɖ ɗɏɟɛŬɜůɖ ɛɘŬɠ ŭɘɎɚɡůɖɠ. ȼ ɘɞɜŰɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ŬɡɝɎɜŮɘ ɛŮ ɗɏɟɛŬɜůɖ, 

ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɘɠ ɘɞɜŰɘəɏɠ ŭɘŬɚɨůŮɘɠ ɜŬ ɔɑɜɞɜŰŬɘ ɘůɢɡɟɧŰŮɟɞɘ ŬˊɞɟɟɞűɖŰɏɠ Űɖɠ Ů-

ɜɏɟɔŮɘŬɠ ɛɘəɟɞəɡɛɎŰɤɜ əŬɗɩɠ ɗŮɟɛŬɑɜɞɜŰŬɘ. 

¶ ȹɘŮˊɘűŬɜŮɘŬəɐ ˊɧɚɤůɖ (Interfacial polarization): Ƀ ɛɖɢŬɜɘůɛɧɠ ŬɡŰɧɠ ůɡɛɓŬɑɜŮɘ 

ɞɟɘůɛɏɜŮɠ űɞɟɏɠ əŬɘ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖɠ ůɖɛŬůɑŬɠ. 

ȹɘˊɞɚɘəɐ ˊŮɟɘůŰɟɞűɐ 

ũɘŬ ɏɜŬ ɛɧɟɘɞ ůŮ ɏɜŬ ˊɞɚɘəɧ ɡɔɟɧ, ɧˊɤɠ Űɞ ɜŮɟɧ, ɖ ɛŮɗŬɜɧɚɖ, ɖ ŬɘɗŬɜɧɚɖ əɚˊ, ɡˊɎɟɢɞɡɜ 

ŭɘŬɛɞɟɘŬəɏɠ ŭɡɜɎɛŮɘɠ, ˊɞɡ ŭɑɜɞɡɜ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ əɑɜɖůɖ Űɞɡ ɛɞɟɑɞɡ ɛŮɟɘəɐ ŬŭɟɎɜŮɘŬ. 

ȾɎŰɤ Ŭˊɧ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ, Űɞ ˊɞɚɘəɧ ɛɧɟɘɞ ɗŬ ŮˊɘɢŮɘɟɐůŮɘ ɜŬ Űɞ Ŭ-

əɞɚɞɡɗɐůŮɘɠ ŬɚɚɎ ɖ ŭɘŬɛɞɟɘŬəɐ ŬŭɟɎɜŮɘŬ ůŰŬɛŬŰɎ əɎɗŮ ůɖɛŬɜŰɘəɐ əɑɜɖůɖ ˊɟɘɜ Űɞ ˊŮŭɑɞ 

ŬɜŰɘůŰɟŬűŮɑ əŬɘ ɏŰůɘ ɞɡůɘŬůŰɘəɎ ŭŮɜ ɡˊɎɟɢŮɘ əɑɜɖůɖ ˊɟɞɠ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɞɡ ˊŮŭɑɞɡ. ȷɜ 

ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ˊŮŭɑɞɡ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɐ ŰɧŰŮ ŰŬ ɛɧɟɘŬ ɗŬ ˊɞɚɤɗɞɨɜ ɞɛɞɘɧɛɞɟűŬ əŬɘ 

ɏŰůɘ ŭŮɜ ɗŬ ɡˊɎɟɢŮɘ ŰɡɢŬɑŬ əɑɜɖůɖ. ɆŰɖɜ ŮɜŭɘɎɛŮůɖ ˊŮɟɑˊŰɤůɖ, ɖ ůɡɢɜɧŰɖŰŬ ɗŬ ŮɑɜŬɘ Űɏ-

ŰɞɘŬ ˊɞɡ ŰŬ ɛɧɟɘŬ ɜŬ ŮɑɜŬɘ ůɢŮŭɧɜ, ŬɚɚɎ ɧɢɘ ŬɟəŮŰɎ ɘəŬɜɎ ɜŬ əɟŬŰɖɗɞɨɜ ůŮ űɎůɖ ɛŮ Űɞ 

ˊŮŭɑɞ ˊɞɚɘəɧŰɖŰŬɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ ŰɡɢŬɑŬ əɑɜɖůɖ ˊɞɡ ŬˊɞɟɟɏŮɘ əŬɗɩɠ ŰŬ ɛɧɟɘŬ 

ɛɎŰŬɘŬ ŮˊɘɢŮɘɟɞɨɜ ɜŬ Ŭəɞɚɞɡɗɐůɞɡɜ Űɞ ˊŮŭɑɞ, ŮɑɜŬɘ ɖ ɗɏɟɛŬɜůɖ ˊɞɡ ˊŬɟŬŰɖɟɞɨɛŮ ůŰɞ 

ŭŮɑɔɛŬ (ȺɘəɧɜŬ 2.2.3).33ï35 
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ȺɘəɧɜŬ 2.2.3: ɀɖɢŬɜɘůɛɞɑ ɘɞɜɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ ŭɘˊɞɚɘəɐɠ ˊŮɟɘůŰɟɞűɐɠ.36 

ȽɞɜŰɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ 

ȳůɞ Űɞ ŮəŰŮɗŮɘɛɏɜɞ ůŮ ŬəŰɘɜɞɓɞɚɑŬ ŭŮɑɔɛŬ ŮɑɜŬɘ ɏɜŬɠ ɖɚŮəŰɟɘəɧɠ Ŭɔɤɔɧɠ, ɞɘ əɨɟɘɞɘ ɛŮŰŬ-

űɞɟŮɑɠ (ɖɚŮəŰɟɧɜɘŬ, ɘɧɜŰŬ əŰɚ) ɛŮŰŬəɘɜɞɨɜŰŬɘ ɛɏůŬ ůŰɖ ɨɚɖ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ɖɚŮ-

əŰɟɘəɞɨ ˊŮŭɑɞɡ Ⱥ, ŭɑɜɞɜŰŬɠ Űɖɜ ˊɧɚɤůɖ Ʌ. ȷɡŰɎ ŰŬ ˊŬɟŬəɘɜɞɨɛŮɜŬ ɟŮɨɛŬŰŬ ɗŬ 

ˊɟɞəŬɚɏůɞɡɜ Űɖ ɗɏɟɛŬɜůɖ ůŰɞ ŭŮɑɔɛŬ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŮ əɎɗŮ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ. 

ũɘŬ ɏɜŬɜ ˊɞɚɨ əŬɚɧ Ŭɔɤɔɧ ɞɚɞəɚɖɟɤɛɏɜɖ ˊɧɚɤůɖ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůŮ ˊŮɟɑˊɞɡ 1018 

sec ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɧŰɘ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ůŰŬ 2,45 GHz, ŰŬ ɖɚŮ-

əŰɟɧɜɘŬ ɛŮŰŬəɘɜɞɨɜŰŬɘ Ŭəɟɘɓɩɠ ůŮ űɎůɖ ɛŮ Űɞ ˊŮŭɑɞ (ȺɘəɧɜŬ 2.2.3).33ï35 

ȺɎɜ Űɞ ŭŮɑɔɛŬ ŮɑɜŬɘ Űɧůɞ Ŭɔɩɔɘɛɞ ɧˊɤɠ ɏɜŬ ɛɏŰŬɚɚɞ, ɖ ˊŮɟɘůůɧŰŮɟɖ ŮɜɏɟɔŮɘŬ ɛɘəɟɞəɡɛɎ-

Űɤɜ ŭŮɜ ŭɘŬˊŮɟɜɎ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɚɘəɞɨ, ŬɚɚɎ ŬɜŰŬɜŬəɚɎŰŬɘ. ɋůŰɧůɞ ɖ ˊɞɚɨ ɛŮɔɎɚɖ 

ŮˊɘűŬɜŮɘŬəɐ ɖɚŮəŰɟɘəɐ ŰɎůɖ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ŬəɧɛŬ ɜŬ ˊɟɞəɚɖɗŮɑ, ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ 

ˊŬɟŬɛɧɟűɤůɖ Űɤɜ ɛŮŰɎɚɚɤɜ ˊɞɡ ɡˊɧəŮɘɜŰŬɘ ůŮ ŬəŰɘɜɞɓɞɚɑŬ ɛɘəɟɞəɡɛɎŰɤɜ.33ï35 

ȰŰůɘ Ŭɜ əɎˊɞɘɞɠ ˊɎɟŮɘ əŬɗŬɟɧ ɜŮɟɧ əŬɘ Űɞ ɗŮɟɛɎɜŮɘ ůŮ ɏɜŬ űɞɨɟɜɞ ɛɘəɟɞəɡɛɎŰɤɜ, ɧˊɞɡ 

ɞ ɛɖɢŬɜɘůɛɧɠ ˊɧɚɤůɖɠ əɡɟɘŬɟɢŮɑ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞ ɟɡɗɛɧɠ ɗɏɟɛŬɜůɖɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ 

ɛɘəɟɧŰŮɟɞɠ Ŭˊɧ ɧŰŬɜ əɎˊɞɘɞɠ ˊɎɟŮɘ Űɞɜ ɑŭɘɞ ɧɔəɞ ɜŮɟɞɨ əŬɘ ˊɟɞůɗɏůŮɘ ŬɚɎŰɘ. ɆŰɖɜ ŰŮɚŮɡ-

ŰŬɑŬ ˊŮɟɑˊŰɤůɖ əŬɘ ɞɘ ŭɡɞ ɛɖɢŬɜɘůɛɞɑ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬɘ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖ ɗŮɟɛɘəɐ 

ŮɜɏɟɔŮɘŬ.33ï35 

ȹɘŮˊɘűŬɜŮɘŬəɐ ˊɧɚɤůɖ 

ȷɡŰɧɠ ɞ ɛɖɢŬɜɘůɛɧɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧɠ ɔɘŬ ŰŬ ůɡůŰɐɛŬŰŬ ɗɏɟɛŬɜůɖɠ - ŬŮɟɘůɛɞɨ ŬˊɞŰŮɚɞɨ-

ɛŮɜŬ Ŭˊɧ ɛɖ ŬɔɩɔɘɛŬ ɡɚɘəɎ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɗŬ ɐŰŬɜ ɛɘŬ ŭɘŬůˊɞɟɎ Űɤɜ ɛɞɟɑɤɜ ɛŮŰɎɚɚɤɜ, 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɞ ɗŮɑɞ. ɇɞ ɗŮɑɞ ŮɑɜŬɘ ŭɘŬűŬɜɏɠ ůŰɖɜ ŮɜɏɟɔŮɘŬ ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ ŰŬ ɛɏ-

ŰŬɚɚŬ ŬɜŰŬɜŬəɚɞɨɜ ŰŬ ɛɘəɟɞəɨɛŬŰŬ, ɤůŰɧůɞ ˊŮɟɘɏɟɔɤɠ, ɞ ůɡɜŭɡŬůɛɧɠ Űɞɡɠ ŬˊɞŰŮɚŮɑ ɏɜŬ 

ŮɝŬɘɟŮŰɘəɎ əŬɚɧ ŬˊɞɟɟɞűɖŰɘəɧ ɡɚɘəɧ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɛɘəɟɞəɡɛɎŰɤɜ (Űɧůɞ əŬɚɧ ˊɞɡ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɞɘ ŭɘŮˊɘűŬɜŮɘŬəɏɠ ŮɜɏɟɔŮɘŮɠ ˊɧɚɤůɖɠ ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ ŮɑɜŬɘ ɖ ɓɎůɖ Űɤɜ 

Stealth ɟŬɜŰɎɟ). ȼ ŭɘŮˊɘűŬɜŮɘŬəɐ ˊɧɚɤůɖ ŮɑɜŬɘ ɛɘŬ ŮɜɏɟɔŮɘŬ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɖ 

ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ əŬŰɎ əɎˊɞɘɞɜ Ŭˊɚɧ Űɟɧˊɞ əŬɘ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɞ ɚŬɛɓɎɜɞɜŰɎɠ Űɖɜ ɡˊɧɣɖ, 

ɤɠ ɏɜŬ ůɡɜŭɡŬůɛɧ ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ ŭɘˊɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɧɚɤůɖɠ.33ï35  
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ũɘŬ ɏɜŬ (ɧɢɘ ɡˊŮɟŬɔɩɔɘɛɞ) ɛɏŰŬɚɚɞ, ɗŬ ɡˊɎɟɢŮɘ ˊɎɜŰŬ ɏɜŬ ˊɞɚɨ ɚŮˊŰɧ ŮˊɘűŬɜŮɘŬəɧ 

ůŰɟɩɛŬ ůŰɞ ɞˊɞɑɞ əɎˊɞɘŬ Ŭˊɧ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ɛŮɘɩɜɞɜŰŬɘ əŬɘ ůŰɞ ɞˊɞɑɞ, ŰŬ ˊɟɞəɚɖɗɏɜŰŬ 

ɟŮɨɛŬŰŬ ɗŬ ˊɟɞəŬɚɏůɞɡɜ Űɖ ɗɏɟɛŬɜůɖ. ũɘŬ ɛɘŬ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ ɛŮŰɎɚɚɞɡ, ŬɡŰɐ ɖ Ůɜɏɟ-

ɔŮɘŬ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ ɏɤɠ əŬɘ ŬɛŮɚɖŰɏŬ, ŬɚɚɎ ɧŰŬɜ Űɞ ɛɏŰŬɚɚɞ ŮɑɜŬɘ əɞɜɘɞɟŰɞˊɞɘɖɛɏɜɞ Űɞ 

ŮˊɘűŬɜŮɘŬəɧ ůŰɟɩɛŬ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ Űɞɡ ɡɚɘəɞɨ. ɋůŰɧůɞ ɖ ˊɧɚɤůɖ ˊɞɡ 

ˊɟɞəŬɚŮɑŰŬɘ ůŰɞ ɛɏŰŬɚɚɞ ŮɝŬɟŰɎŰŬɘ Ůˊɑůɖɠ Ŭˊɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛɏůɞɡ. 

ɀŮ ŬˊɚɎ ɚɧɔɘŬ ˊɟɞəŬɚŮɑ ɏɜŬ Ůɛˊɧŭɘɞ ůŰɖɜ ˊɧɚɤůɖ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ůɡɜŭɏůɛɤɜ, əɎɜɞɜŰɎɠ 

Űɞ ɚɘɔɧŰŮɟɞ ŭɟŬůŰɘəɧ Ŭˊɧ ɧŰɘ ɗŬ ɐŰŬɜ ŭɘŬűɞɟŮŰɘəɎ. ȾɎŰɤ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ, ɖ ˊɧ-

ɚɤůɖ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ɛɞɟɑɤɜ ŭŮ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŰɘɔɛɘŬɑŬ, ŬɚɚɎ əŬɗɡůŰŮɟŮɑ ˊɑůɤ Ŭˊɧ Űɞ 

ˊɟɞəŬɚɞɨɛŮɜɞ ˊŮŭɑɞ, ɧˊɤɠ ɛŮ ŰŬ ˊɞɚɘəɎ ɛɧɟɘŬ ůŰɞ ɛɖɢŬɜɘůɛɧ ŭɘˊɞɚɘəɐɠ ˊɧɚɤůɖɠ. ũɘô 

ŬɡŰɧ Űɞ ɚɧɔɞ ɞɘ ɗŮɟɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ůɡɢɜɧŰɖŰŬ ɧˊɤɠ əŬɘ 

ůŰɞɜ ɛɖɢŬɜɘůɛɧ ŭɘˊɞɚɘəɐɠ ˊɧɚɤůɖɠ, ˊŬɟɧɚɞ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ ɛɖɢŬɜɘůɛɧ ŬɔɤɔɘɛɧŰɖ-

ŰŬɠ.33ï35 

2.2.3 Ɇɨɔəɟɘůɖ ɛɘəɟɞəɡɛɎŰɤɜ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟ-

ɛŬɜůɖɠ 
 

Ƀ ɛɖɢŬɜɘůɛɧɠ ɛŮ Űɞɜ ɞˊɞɑɞɜ ɗŮɟɛŬɑɜɞɡɜ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ŭɘŬűɏɟŮɘ ˊɞɚɨ Ŭˊɧ ŬɡŰɧɜ Űɤɜ 

ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ. 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ůŰɞ ȾŮűɎɚŬɘɞ 2.1, ůŰɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ, ɞ əɨɟɘɞɠ 

ɛɖɢŬɜɘůɛɧɠ ɛŮŰɎŭɞůɖɠ ŮɑɜŬɘ ɖ Ŭɔɤɔɐ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ ɗŮɟɛɧŰɖŰŬ ́ ŬɟɏɢŮŰŬɘ Ŭˊɧ 

ɛɘŬ ŮɝɤŰŮɟɘəɐ ˊɖɔɐ əŬɘ ɛŮŰŬűɏɟŮŰŬɘ ůŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ŭɞɢŮɑɞɡ əŬɘ Ŭˊɧ ŮəŮɑ ůŰɞ ŭɘɎɚɡɛŬ. 

ȷɜŰɑɗŮŰŬ, ůŰɖɜ ɗɏɟɛŬɜůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ, ɖ ɛŮŰŬűɞɟɎ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ɔɑɜŮŰŬɘ ŬˊŮɡɗŮɑŬɠ 

ůŰɞ ŭɘɎɚɡɛŬ (ȺɘəɧɜŬ 2.2.4), əŬɗɩɠ ŬɡŰɧ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŬˊɞɟɟɞűɎ Űɖɜ ŬəŰɘɜɞɓɞ-

ɚɞɨɛŮɜɖ ŮɜɏɟɔŮɘŬ Ůɜɩ Űɞ ŭɞɢŮɑɞ ɧɢɘ. ȰŰůɘ, ɖ ɗɏɟɛŬɜůɖ ɔɑɜŮŰŬɘ ŰŬɢɨŰŮɟŬ, ŭŮɜ ɔɑɜŮŰŬɘ ůˊŬ-

ŰɎɚɖ ŮɜɏɟɔŮɘŬɠ əŬɘ ŭŮɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ɗŮɟɛɘəɐɠ 

ŬɔɤɔɘɛɧŰɖŰŬɠ Űɞɡ ŭɞɢŮɑɞɡ. 

 

ȺɘəɧɜŬ 2.2.4: ɀɖɢŬɜɘůɛɧɠ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ ůŰŬ ɛɘəɟɞəɨɛŬŰŬ.31 
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ȼ ˊŬɟŬˊɎɜɤ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ ɛˊɞɟŮɑ ɜŬ ůɡɜɞɣɘůŰŮɑ ůŰɖɜ ˊŬɟŬəɎŰɤ 

ȺɘəɧɜŬ 2.2.5, ɧˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ˊɟɞűɑɚ ŭɨɞ ŭɞəɘɛŬůŰɘəɩɜ ůɤɚɐɜɤɜ, Ŭˊɧ Űɞɡɠ ɞˊɞɑ-

ɞɡɠ ɞ ŬɟɘůŰŮɟɎ ɗŮɟɛɎɜɗɖəŮ ɛŮ ɢɟɐůɖ ɛɘəɟɞəɡɛɎŰɤɜ, Ůɜɩ ɞ ŭŮɝɘɎ ůŮ ɚɞɡŰɟɧ ɚŬŭɘɞɨ. ūŬɑ-

ɜŮŰŬɘ ɧŰɘ ůŰɞɜ ŬɟɘůŰŮɟɧ ůɤɚɐɜŬ ɖ ɗŮɟɛɧŰɖŰŬ ɛŮŰŬűɏɟɗɖəŮ əŬŰŮɡɗŮɑŬɜ ůŰɞ ŭɘɎɚɡɛŬ, ɛŮ 

ůɡɜɏˊŮɘŬ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɡɠ 500Ⱦ Ůɜɩ ůŰɞɜ ŭŮɝɘɧ ůɤɚɐɜŬ 

ɖ ɗŮɟɛɧŰɖŰŬ ˊŬɟŬɛɏɜŮɘ ůŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ůɤɚɐɜŬ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ ɜŬ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɞɡɠ 400Ⱦ. ɆŰɖ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ, ɖ ɛŮŰŬűɞɟɎ Űɖɠ 

ɗŮɟɛɧŰɖŰŬɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ɗŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɤɜ ŭɘŬűɧɟɤɜ ɡɚɘəɩɜ ˊɞɡ ɛŮůɞ-

ɚŬɓɞɨɜ Ŭˊɧ Űɖɜ ˊɖɔɐ ɗɏɟɛŬɜůɖɠ ɛɏɢɟɘ Űɞ ɛɑɔɛŬ ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ ɜŬ ɗŮɟɛɎɜɞɡɛŮ, Ůɜɩ ɖ 

ŬəŰɘɜɞɓɧɚɖůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ˊɟɞəŬɚŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮůɤŰŮɟɘəɐ ɗɏɟɛŬɜůɖ ɚɧɔɤ Űɖɠ 

ɎɛŮůɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɖɠ ɛɘəɟɞəɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛŮ ŰŬ ɛɧɟɘŬ Űɞɡ ˊɟɞɠ ɗɏɟɛŬɜůɖ 

ɛɑɔɛŬŰɞɠ.29,37 

 

ȺɘəɧɜŬ 2.2.5: Ɇɨɔəɟɘůɖ ɗɏɟɛŬɜůɖɠ ɛŮ ɛɘəɟɞəɨɛŬŰŬ (ŬɟɘůŰŮɟɎ) əŬɘ ɛŮ ɚɞɡŰɟɧ ɚŬŭɘɞɨ (ŭŮɝɘɎ).37 

ȰɜŬ Ɏɚɚɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɢɟɐůɖɠ ɛɘəɟɞəɡɛɎŰɤɜ ůŰɘɠ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ŮɑɜŬɘ ɞɘ ɛɘ-

əɟɧŰŮɟɞɘ ɢɟɧɜɞɘ ŬɜŰɑŭɟŬůɖɠ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.2.6. 

 

ȺɘəɧɜŬ 2.2.6: ȺˊɑŰŮɡɝɖ ŮˊɘɗɡɛɖŰɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ɛɘəɟɞəɨɛŬŰŬ əŬɘ ɚɞɡŰɟɧ ɚŬŭɘɞɨ.37 
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ȳˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ, ɖ ŭɘɖɚŮəŰɟɘəɐ ɗɏɟɛŬɜůɖ ɛŮ Űɖɜ ŮɜɏɟɔŮɘŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɎ ˊɘɞ ɔɟɐɔɞɟɖ Ŭˊɧ Űɖ ɗɏɟɛŬɜůɖ ůŮ ɚɞɡŰɟɧ ɚŬŭɘɞɨ ɛŮ Űɖɜ Ŭɔɤɔɐ ɤɠ əɨɟɘɞ Űɟɧˊɞ 

ɛŮŰɎŭɞůɖɠ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ. ȷűɞɨ ŮˊɘŰŮɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 160oC ɛŮ ŰŬ 

ɛɘəɟɞəɨɛŬŰŬ ůŰŬ ˊŮɟɑˊɞɡ 100s, ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɞɜ ŬɘůɗɖŰɐɟŬ ɛɏŰɟɖ-

ůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɟɡɗɛɑɕŮɘ Űɖɜ ɘůɢɨ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɩůŰŮ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɖ ɗŮɟɛɞ-

əɟŬůɑŬ ůŰŬɗŮɟɎ ɏɤɠ ŰŬ 180s əŬɘ ɨůŰŮɟŬ ɏɜŬ Ŭɏɟɘɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬˊɧŰɞɛɖ ɣɨɝɖ 

Űɞɡ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬŰɞɠ.37 

ɀŮ ɓɎůɖ Űɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ Arrhenius (Ⱥɝɑůɤůɖ 2.1), ɔɘŬ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

əŬŰɎ 10oC, ɞ ɟɡɗɛɧɠ ŬɜŰɑŭɟŬůɖɠ ůɢŮŭɧɜ ŭɘˊɚŬůɘɎɕŮŰŬɘ. 

Ὧ ὃ Ὡz    (2.1) 

ɆɡɜŮˊɩɠ, əŬɘ ɞ ɢɟɧɜɞɠ ŬɜŰɑŭɟŬůɖɠ ɗŬ ɡˊɞŭɘˊɚŬůɘŬůŰŮɑ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬ-

əɎŰɤ ȺɘəɧɜŬ 2.2.7. 

 

ȺɘəɧɜŬ 2.2.7: ȺɝɎɟŰɖůɖ ɢɟɧɜɞɡ ŬɜŰɑŭɟŬůɖɠ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ.38 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɡˊɎɟɢɞɡɜ ɓŬůɘəɎ ŭɡɞ Űɟɧˊɞɘ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ 

ɟɡɗɛɞɨ ɛɘŬɠ ɢɖɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ. ɄɟɩŰɞɜ, ɛɏůɤ Űɞɡ ˊŬɟɎɔɞɜŰŬ A ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ 

ɛɞɟɘŬəɐ əɘɜɖŰɘəɧŰɖŰŬ əŬɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ůɡɢɜɧŰɖŰŬ ŰŬɚɎɜŰɤůɖɠ Űɤɜ ɛɞɟɑɤɜ ůŰɖɜ Ůˊɘ-

űɎɜŮɘŬ ŬɜŰɑŭɟŬůɖɠ. ȷɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ˊɩɠ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ɛɞ-

ɟɘŬəɏɠ ŰŬɚŬɜŰɩůŮɘɠ əŬɘ ˊɟɞŰɎɗɖəŮ ɧŰɘ ŬɡŰɧɠ ɞ ˊŬɟɎɔɞɜŰŬɠ A ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮŬůŰŮɑ. ȯɚɚɞɘ 

ŮɟŮɡɜɖŰɏɠ ɤůŰɧůɞ ɡˊɏɗŮůŬɜ, ɧŰɘ ɖ ŬəŰɘɜɞɓɞɚɑŬ ɛɘəɟɞəɡɛɎŰɤɜ ˊɟɞəŬɚŮɑ ɛɘŬ ŭɘŬűɞɟɞˊɞɑ-

ɖůɖ ůŰɞɜ ŮəɗŮŰɘəɧ ˊŬɟɎɔɞɜŰŬ ŮˊɖɟŮɎɕɞɜŰŬɠ Űɖɜ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ ŮɜŮɟɔɞˊɞɑɖůɖɠ Ea. 

ȺəŰɧɠ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ űŬɘɜɧɛŮɜŬ ˊɞɡ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ɛɘəɟɞəɡɛɎŰɤɜ, ɡ-

ˊɎɟɢɞɡɜ əŬɘ ɎɚɚŬ ŰŬ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ Űɞɜ ɘŭɘŬɑŰŮɟɞ ɛɖɢŬɜɘůɛɧ ɛŮŰɎŭɞůɖɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬŰɎ Űɖɜ ɗɏɟɛŬɜůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ. ɇŬ űŬɘɜɧɛŮɜŬ ŬɡŰɎ ŭŮɜ 

ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɛŮ Űɞɡɠ ůɡɛɓŬŰɘəɞɨɠ Űɟɧˊɞɡɠ ɗɏɟɛŬɜůɖɠ əŬɘ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ 

əŬŰɖɔɞɟɑŮɠ, ŰŬ ɗŮɟɛɘəɎ (thermal effects) əŬɘ ŰŬ ɛɖ ɗŮɟɛɘəɎ (non thermal effects). 

ɇŬ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ ŮɑɜŬɘ ŬɡŰɎ ŰŬ ɞˊɞɑŬ ɞűŮɑɚɞɜŰŬɘ ůŰɖ ŭɘŬűɞɟŮŰɘəɐ ɗŮɟɛɞəɟŬůɘŬəɐ 

əŬŰɎůŰŬůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ŮɝŬɘŰɑŬɠ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ. ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ 

Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

¶ ɈˊŮɟɗɏɟɛŬɜůɖ (Overheating). ȼ ɗɏɟɛŬɜůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ 

Ŭɜɨɣɤůɖ Űɞɡ ůɖɛŮɑɞɡ ɕɏůŮɤɠ ˊɞɚɚɩɜ ˊɞɚɘəɩɜ ŭɘŬɚɡŰɩɜ ɛɏɢɟɘ əŬɘ 26oC ́ Ɏɜɤ Ŭˊɧ 
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Űɞ əŬɜɞɜɘəɧ. ȷɡŰɧ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 2.2.8, ɧˊɞɡ Ŭ-

ˊŮɘəɞɜɑɕŮŰŬɘ ɖ Ŭɨɝɖůɖ Űɞɡ ůɖɛŮɑɞɡ ɕɏůŮɤɠ Űɖɠ ŬɘɗŬɜɧɚɖɠ Ŭˊɧ Űɞɡɠ 79oC ůŰɞɡɠ 

103oC (ŬɟɘůŰŮɟɎ) əŬɘ Űɖɠ ɛŮɗŬɜɧɚɖɠ Ŭˊɧ 65oC ůŰɞɡɠ 84oC əŬŰɎ Űɖ ɗɏɟɛŬɜůɖ ɛŮ 

ɛɘəɟɞəɨɛŬŰŬ.39 

 

ȺɘəɧɜŬ 2.2.8: ŪɏɟɛŬɜůɖ ŬɘɗŬɜɧɚɖɠ (ŬɟɘůŰŮɟɎ) əŬɘ ɛŮɗŬɜɧɚɖɠ (ŭŮɝɘɎ) ɛŮ ɛɘəɟɞəɨɛŬŰŬ.39 

ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŬɜŬůŰɟɞűɐ Űɖɠ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ, Ŭˊɧ Űɞ 

ŬəŰɘɜɞɓɞɚɞɨɛŮɜɞ ɛɏůɞ ˊɟɞɠ Űɖɜ ŮɝɤŰŮɟɘəɐ ˊɖɔɐ, ɛɧɚɘɠ ŬɟɢɑɕŮɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ˊɡ-

ɟɐɜɤɜ ɓɟŬůɛɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɔɟɞɨ ɛɏůɞɡ, əɎŰɘ ˊɞɡ ɞŭɖɔŮɑ ůŰɖɜ ŭɘɎůˊŬůɐ 

Űɞɡɠ. 

ɆŮ əŬɗŬɟɞɨɠ ŭɘŬɚɨŰŮɠ ɖ Ŭɨɝɖůɖ Űɞɡ ůɖɛŮɑɞɡ ɕɏůŮɤɠ ŭɘŬŰɖɟŮɑŰŬɘ ɔɘŬ ɧůɞ ŭɘŬɟəŮɑ 

ɖ ŬəŰɘɜɞɓɧɚɖůɖ, Ůɜɩ ɖ ˊŬɟɞɡůɑŬ ɘɧɜŰɤɜ ɓɞɖɗɎ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ ˊɡɟɐɜɤɜ ɓɟŬ-

ůɛɞɨ əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ŮˊŬɜɏɟɢŮŰŬɘ ŰŮɚɘəɎ ůŰɞ ůɡɛɓŬŰɘəɧ ůɖɛŮɑɞ ɕɏůŮɤɠ Űɞɡ 

ŭɘŬɚɨŰɖ. 

¶ ŪŮɟɛɎ ůɖɛŮɑŬ (Hot spots). ɆŮ ˊɞɚɚɎ ŬəŰɘɜɞɓɞɚɞɨɛŮɜŬ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ŭɘŬɚɨɛŬŰŬ 

ɏɢŮɘ ŬɜɘɢɜŮɡɗŮɑ ɖ ˊŬɟɞɡůɑŬ ˊŮɟɘɞɢɩɜ ɛŮ ɗŮɟɛɞəɟŬůɑŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ɛŬəɟɞ-

ůəɞˊɘəɐ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. ȼ ŮɛűɎɜɘůɖ ŬɡŰɩɜ Űɤɜ ˊŮɟɘɞɢɩɜ ɞűŮɑɚŮŰŬɘ 

ůŰɖɜ ŮŰŮɟɞɔɏɜŮɘŬ Űɞɡ ŮűŬɟɛɞɕɧɛŮɜɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ. ȼ ɗŮɟɛɞəɟŬůɑŬ ůŮ ŬɡŰɎ 

ŰŬ ůɖɛŮɑŬ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ɛɏɢɟɘ əŬɘ 100-200ɞC ˊɎɜɤ Ŭˊɧ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ, Ůɜɩ Űɞ ɛɏɔŮɗɞɠ Űɞɡɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 100ɛm.40 

ɆŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 2.2.9, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ əŬŰŬɜɞɛɐ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ ɛɑɔɛŬ 

ˊɞɡ ɗŮɟɛŬɑɜŮŰŬɘ Ŭˊɧ ɛɘəɟɞəɨɛŬŰŬ ɧŰŬɜ ɞ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬɠ (activated carbon, 

AC) ɓɟɑůəŮŰŬɘ ůŮ əɡəɚɞŮɝɎɜɘɞ (ŬɟɘůŰŮɟɎ), ɛɖ ˊɞɚɘəɧ ŭɘŬɚɨŰɖ, əŬɘ ɜŮɟɧ (ŭŮɝɘɎ), 

ˊɞɚɘəɧ ŭɘŬɚɨŰɖ. ɆŰɘɠ ŭɡɞ ŬɡŰɏɠ ŮɘəɧɜŮɠ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬŰɖɟɖɗɞɨɜ ɞɟɘůɛɏɜŬ ɗŮɟɛɎ 

ůɖɛŮɑŬ əŬɗɩɠ əŬɘ ůŰɖɜ ŭɘˊɚŬɜɐ ŮɘəɧɜŬ, ůŰɖɜ ɞˊɞɑŬ ɞ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬɠ ɏɢŮɘ Űɞˊɞ-

ɗŮŰɖɗŮɑ ˊɎɜɤ ůŮ ˊŬɚɚɎŭɘɞ ůŮ ŭɘɎɚɡɛŬ Űɞɚɞɡɞɚɑɞɡ.41 
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ȺɘəɧɜŬ 2.2.9: ȾŬŰŬɜɞɛɐ ɗŮɟɛɞəɟŬůɑŬɠ ȺɜŮɟɔɞɨ ȯɜɗɟŬəŬ ůŮ əɡəɚɞŮɝɎɜɘɞ əŬɘ ɜŮɟɧ.41 

ɇŬ ɗŮɟɛɎ ůɖɛŮɑŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜɞɛɞɘɞɔŮɜɞɨɠ əŬŰŬɜɞɛɐɠ Űɞɡ ˊŮŭɑɞɡ əŬŰɎ 

ɛɐəɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ůŮ ŮŰŮɟɞɔŮɜɐ ɛɑɔɛŬŰŬ ɛŮ ůɡ-

ůŰŬŰɘəɎ ŭɘŬűɞɟŮŰɘəɩɜ ŬˊɞɟɟɞűɐůŮɤɜ Ŭˊɧ ŰŬ ɛɘəɟɞəɨɛŬŰŬ. ɀˊɞɟɞɨɜ ɜŬ ŬɜɘɢɜŮɡ-

ɗɞɨɜ ɛɏůɤ ɗŮɟɛɞɔɟŬűɑŬɠ ɡˊŮɟɨɗɟɞɡ, ɗŮɟɛɘəɏɠ əɎɛŮɟŮɠ, űŬůɛŬŰɞůəɞˊɑŬ Raman 

əɚˊ. ȼ ˊŬɟɞɡůɑŬ ɗŮɟɛɩɜ ůɖɛŮɑɤɜ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬˊɞŰŮ-

ɚŮůɛɎŰɤɜ ɛɖ ŮˊɘŰŮɨɝɘɛɤɜ Ŭˊɧ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ. ɇŬ ɗŮɟɛɎ ůɖ-

ɛŮɑŬ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɎ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɏŰŬɚɚŬ ɐ 

ɞɟɔŬɜɞɛŮŰŬɚɚɘəɏɠ ŮɜɩůŮɘɠ.40 

ɆɡɜŮˊɩɠ, ɖ ˊŬɟɞɡůɑŬ ɗŮɟɛɩɜ ůɖɛŮɑɤɜ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ŮɡŮɟɔŮŰɘəɧ ɐ ŮˊɘɓɚŬɓɏɠ Ŭ-

ɜŰɑəŰɡˊɞ ůŰɘɠ ŬɜŰɘŭɟɎůŮɘɠ. Ƀɘ Hulsfold et al ɛŮɚɏŰɖůŬɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŬəŰɘɜɞ-

ɓɞɚɑŬɠ ɛɘəɟɞəɡɛɎŰɤɜ ůŰɞ ůɢɖɛŬŰɘůɛɧ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ Grignard. ȷˊɏŭŮɘɝŬɜ ɧŰɘ 

ŰŬ ɗŮɟɛɎ ůɖɛŮɑŬ ŮɑɢŬɜ ŮɡŮɟɔŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭűɞɨ ɞɘ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŬɡŰɏɠ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ŭɖɛɘɞɨɟɔɖůŬɜ ˊɞɚɨ ŮɜŮɟɔɎ ůɤɛŬŰɑŭɘŬ ɛŬɔɜɖůɑɞɡ ˊɞɡ ɗŬ ɛˊɞ-

ɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ˊŬɟŬůəŮɡɐ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ Grignard. ɋůŰɧůɞ, 

ɖ ɢɟɐůɖ ˊɘɞ ɏɜŰɞɜɞɡ ɛɘəɟɞəɡɛŬŰɘəɞɨ ˊŮŭɑɞɡ ˊŬɟɎɔŮɘ ɛŮɔŬɚɨŰŮɟŮɠ ɗŮɟɛɞəɟŬůɘŬ-

əɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ əŬɘ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɞůɨɜɗŮůɖ Űɞɡ ŭɘŬɚɨŰɖ. ȷɡŰɧ 

ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ əɎɚɡɣɖ Űɖɠ ɛŮŰŬɚɚɘəɐɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɛŬɔɜɖůɑɞɡ əŬɘ Ŭ-

ˊŮɜŮɟɔɞˊɞɘɩɜŰŬɠ Űɞɜ əŬɘ əŬɗɘůŰɩɜŰŬɠ Űɞɜ ɛɖ ɘŭŬɜɘəɧ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ ŬɜŰɘŭɟŬ-

ůŰɖɟɑɞɡ Grignard.40 

¶ ȺˊɘɚŮəŰɘəɐ ɗɏɟɛŬɜůɖ (Selective heating). ȾŬŰɎ Űɖɜ ɗɏɟɛŬɜůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ɖ 

ɛŮŰŬűɞɟɎ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜŮɝɏɚŮɔəŰŬ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, 

ɖ ŮɜɏɟɔŮɘŬ ɛŮŰŬűɏɟŮŰŬɘ ɛɧɜɞ ůŮ ˊɞɚɘəɏɠ ɐ ɘɞɜŰɘəɏɠ ŮɜɩůŮɘɠ. Ƀɘ ŮɜɩůŮɘɠ ŬɡŰɏɠ ɛˊɞ-

ɟŮɑ ɜŬ ŮɑɜŬɘ ŭɘŬɚɨŰŮɠ, ŬɜŰɘŭɟɩɜŰŬ, əŬŰŬɚɨŰŮɠ ɐ ŮɡŬɘůɗɖŰɞˊɞɘɖŰɏɠ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ 

ˊɞɚɘəɏɠ ŮɜɩůŮɘɠ ˊɞɡ ˊɟɞůŰɑɗŮɜŰŬɘ ůŮ ɎˊɞɚŬ ŭɘŬɚɨɛŬŰŬ ɔɘŬ ɜŬ ɓɞɖɗɐůɞɡɜ ůŰɖɜ 

ɛŮŰŬűɞɟɎ Űɖɠ ŮɜɏɟɔŮɘŬɠ. ȼ ŮˊɘɚŮəŰɘəɐ ɗɏɟɛŬɜůɖ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

Ŭɨɝɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ, ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ŬɜŰɘŭɟɎůŮɤɜ 

ˊɞɡ ŬˊŬɘŰɞɨɜ Ůɘŭɘəɏɠ ůɡɜɗɐəŮɠ, ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮəɚŮəŰɘəɧŰɖŰŬɠ əɚˊ. ȷˊɞŰŮɚŮɑ 

ɏɜŬ űŬɘɜɧɛŮɜɞ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ əɡɟɘɧŰŮɟŬ ůŮ ŮŰŮɟɞɔŮɜɐ ɛɑɔɛŬŰŬ əŬɘ ŭŮɜ ɛˊɞɟŮɑ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ.40 
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Ƀɘ Richert əŬɘ Huang ɏŭŮɘɝŬɜ ɧŰɘ ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŬəŰɘɜɞɓɞɚɑŬ 

Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ɛɏůŬ ůŮ ɏɜŬ ɡɔɟɧ əŬɘ ɐŰŬɜ ŭɡɜŬŰɧ ɜŬ 

ˊŬɟŬŰɖɟɖɗɞɨɜ ˊŮɟɘɞɢɏɠ ɗŮɟɛɧŰŮɟŮɠ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. ȾŬŰɎ ůɡɜɏ-

ˊŮɘŬ, ɖ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ŭŮɜ ɏɢŮɘ ˊŬɜɞɛɞɘɧŰɡˊɖ əɘɜɖŰɘəɐ ɛŮ Űɖ ɗɏɟɛŬɜůɖ ɛɏůɤ 

Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ɞɛɞɘɞɔŮɜɐ ůɡůŰɐɛŬŰŬ. ȷɡŰɧ Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ůɖɛŬɜŰɘəɧ ůŰɘɠ ŮɜŭɞɛɞɟɘŬəɏɠ ŬɜŰɘŭɟɎůŮɘɠ əŬɗɩɠ ŰŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ ɛˊɞɟɞɨɜ ɜŬ Ŭ-

ɜŰɘŭɟɎůɞɡɜ ůŰɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɗŮɟɛɞəɟŬůɑŬ ɢɤɟɑɠ ɛŮŰɎŭɞůɖ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ 

ɗŮɟɛŬɜŰɘəɧ ɛɏůɞ.   

ɇŬ ɛɖ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ ŮɑɜŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬŰɎ Űɖɜ ɗɏɟɛŬɜůɖ 

ɛŮ ɛɘəɟɞəɨɛŬŰŬ əŬɘ ŭŮɜ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŭɘŬűɞɟŮŰɘəɐ ɗŮɟɛɞəɟŬůɘŬəɐ əŬŰɎůŰŬůɖ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ŮɝŬɘŰɑŬɠ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ. ȷˊɞŰŮɚɞɨɜ ůɖɛŮɑɞ ɏɜŰɞɜɖɠ ŬɜŰɘˊŬ-

ɟɎɗŮůɖɠ ɛŮŰŬɝɨ Űɤɜ ŮɟŮɡɜɖŰɩɜ. Ƀɘ ˊɟɩŰɞɘ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ɨˊŬɟɝɖ Űɞɡɠ ɐŰŬɜ ɞɘ 

Gedye et al əŬɘ Majetich et al, ɧŰŬɜ ŭɘŬˊɑůŰɤůŬɜ ɧŰɘ ɖ ɗɏɟɛŬɜůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ůŮ ɞɟɘ-

ůɛɏɜŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɡŭɟɧɚɡůɖɠ əŬɘ ŮůŰŮɟɞˊɞɑɖůɖɠ ŬɨɝŬɜŮ ůɖɛŬɜŰɘəɎ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡɠ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŰŬɢɨŰɖŰŮɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɜ ɧŰŬɜ ɖ ɗɏɟɛŬɜůɖ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɜ ɛŮ 

ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ȼ Ɏˊɞɣɖ Űɞɡɠ ŬˊɞŭŮɑɢŰɖəŮ ŮůűŬɚɛɏɜɖ, əŬɗɩɠ ɞɘ ɢɟɧɜɞɘ ˊɞɡ ɡˊɐɟ-

ɢŬɜ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɖɜ ɗɏɟɛŬɜůɖ ɛŮ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟɞɘ Ŭˊɧ 

Űɞɡɠ ˊɟŬɔɛŬŰɘəɞɨɠ.40 

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɖ ɢɟɐůɖ ɛɘəɟɞəɡɛɎŰɤɜ ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ Diels-Alder 

űɎɜɖəŮ ɧŰɘ ŮˊɘŰŬɢɨɜŮɘ Űɖɜ ŬɜŰɑŭɟŬůɖ, ɤůŰɧůɞ ɡˊɐɟɝŬɜ ŭɘŬűɤɜɑŮɠ ůŰɞ əŬŰɎ ˊɧůɞ ɐŰŬɜ 

ůɤůŰɐ ɖ əŬŰŬɔɟŬűɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ.40  

Ƀɘ ŮɟŮɡɜɖŰɏɠ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ Űɖɜ ɨˊŬɟɝɖ Űɤɜ ɛɖ ɗŮɟɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ ˊɘůŰŮɨɞɡɜ ɧŰɘ 

ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ́ Ůŭɑɞɡ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ 

ɛŮ ůɡɔəŮəɟɘɛɏɜŬ ɛɧɟɘŬ ůŰɞ ɗŮɟɛŬɘɜɧɛŮɜɞ ůɨůŰɖɛŬ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɡˊɞůŰɖɟɑɕɞɡɜ ɧŰɘ Űɞ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ˊɟɞəŬɚŮɑ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ɞɟɘůɛɏɜɤɜ 

ɛɞɟɑɤɜ, ɛŮ ůɡɜɏˊŮɘŬ ŮɑŰŮ ɜŬ ŬɡɝɎɜŮŰŬɘ ɞ ˊŬɟɎɔɞɜŰŬɠ ȷ ůŰɖɜ Ůɝɑůɤůɖ Űɞɡ Arrhenius (Ⱥɝɑ-

ůɤůɖ 2.1), ŮɑŰŮ ɜŬ ˊɟɞəŬɚŮɑŰŬɘ ɛŮɑɤůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ (Ea). Ƀɘ ŮɟŮɡɜɖŰɏɠ 

ˊɞɡ ŬɛűɘůɓɖŰɞɨɜ Űɖɜ ɨˊŬɟɝɖ Űɞɡɠ ˊɘůŰŮɨɞɡɜ ɧŰɘ ɞɘ ŮˊɘŰŬɢɨɜůŮɘɠ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ˊɞɡ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɞűŮɑɚɞɜŰŬɘ ůŮ ɚŬɜɗŬůɛɏɜɖ əŬŰŬɔɟŬűɐ 

Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ.29 

ɀɘŬ ˊɞɘəɘɚɑŬ ɛŮɗɧŭɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɐ Űɖɜ Ŭˊɧɟɟɘɣɖ Űɖɠ ŮɛűɎɜɘ-

ůɖɠ ɛɖ ɗŮɟɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ, ɧˊɤɠ ŮɑɜŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ ɣɨɝɖ (simultaneous cooling), 

ɢɟɐůɖ ŭɞɢŮɑɤɜ əŬɟɓɘŭɑɞɡ ˊɡɟɘŰɑɞɡ, ɡɓɟɘŭɘəɩɜ (ůɡɛɓŬŰɘəɩɜ əŬɘ ɛɘəɟɞəɡɛŬŰɘəɩɜ) ŬɜŰɘ-

ŭɟŬůŰɐɟɤɜ, űɞɨɟɜɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ, űŬůɛŬŰɞůəɞˊɑŬ 

RAMAN əŬɘ ɛŮŰɟɐůŮɘɠ ŬɔɤɔɘɛɧŰɖŰŬɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ˊŬɟŬɛɏɜŮɘ ɖ ŭɡůəɞɚɑŬ ŭɘŬɢɤɟɘůɛɞɨ 

ɛŮ ŰŬ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ.40 
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2.2.4 ɄŬɟɎɛŮŰɟɞɘ Ůɚɏɔɢɞɡ ůŰɖ ɢɟɐůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ 
 

ȾŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ, ˊɟɏˊŮɘ ɜŬ ŭɘŮɝɎɔŮŰŬɘ ɏɜŬɠ ɏɚŮɔɢɞɠ Űɤɜ ɓŬůɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ ŬɜŰɑŭɟŬůɖ. ɇɏŰɞɘŮɠ ɓŬůɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ: ȼ ɗŮɟɛɞəɟŬůɑŬ, ɖ ˊɑ-

Ůůɖ əŬɘ ɖ ɘůɢɨɠ/ɢɟɧɜɞ.32 

ŪŮɟɛɞəɟŬůɑŬ 

ȷˊɞŰŮɚŮɑ ɓŬůɘəɐ ˊŬɟɎɛŮŰɟɞ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ ɛɘəɟɞəɨɛŬŰŬ əŬɘ Ŭˊɧ ŬɡŰɐɜ ŮɝŬɟŰɎŰŬɘ 

Űɞ ŮˊɑˊŮŭɞ ŭɘɎɚɡůɖɠ Űɤɜ ɞɡůɘɩɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ŬɜŰɑŭɟŬůɖ. ȰŰůɘ, əɟɑɜŮŰŬɘ ŬˊŬ-

ɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ Ůɜɧɠ ŬɘůɗɖŰɐɟŬ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮ ŰŬ ˊŬɟŬəɎŰɤ ɔɜɤɟɑůɛŬŰŬ:32 

¶ ɁŬ ŭŮɑɢɜŮɘ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŭɞɢŮɑɞɡ 

¶ ɁŬ ŮɑɜŬɘ ŬŭɟŬɜɐɠ ůŰɖɜ ŮɜɏɟɔŮɘŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ 

¶ ɁŬ ŬˊɞəɟɑɜŮŰŬɘ ɔɟɐɔɞɟŬ ůŰŬ ŮɟŮɗɑůɛŬŰŬ 

ɄɑŮůɖ 

ȼ ˊɑŮůɖ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑ-

ŭɟŬůɖɠ ŬˊɞŰŮɚŮɑ ˊŬɟɎɛŮŰɟɞɠ ɛɧɜɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŬɜŰɑŭɟŬůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ 

əɚŮɘůŰɧ ŭɞɢŮɑɞ, ɧˊɤɠ ŬɡŰɧ Űɖɠ ȺɘəɧɜŬ 2.2.10. ȺɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɖɜ ŰɎůɖ ŬŰɛɩɜ Űɤɜ 

ŬɜŰɘŭɟɩɜŰɤɜ ɧůɞ əŬɘ Ŭˊɧ Űɖɜ ˊɑŮůɖ Űɤɜ Ŭɏɟɘɤɜ Űɤɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ.32  

ɆŮ ɔŮɜɘəɎ ˊɚŬɑůɘŬ, ɞɘ ŬɘůɗɖŰɐɟŮɠ ˊɑŮůɖɠ ŮɑɜŬɘ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ. ɇŬ ŭɞɢŮɑŬ əŬŰŬůəŮɡɎɕɞ-

ɜŰŬɘ ɏŰůɘ ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŮɚŮɔɢɧɛŮɜɖ ˊŬɟɞɢɐ ɘůɢɨɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɛŮ ɓɎůŮɘ 

Űɖɜ ŮůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ ŭɞɢŮɑɞɡ. ȼ ˊŬɟɞɢɐ ɘůɢɨɞɠ ŭɘŬəɧˊŰŮŰŬɘ ɧŰŬɜ Űɞ ůɨůŰɖɛŬ űŰɎůŮɘ 

ůŰɖɜ ŮˊɘɗɡɛɖŰɐ-ˊɟɞŮˊɘɚŮɔɛɏɜɖ ˊɑŮůɖ əŬɘ ŮˊŬɜɏɟɢŮŰŬɘ ɧŰŬɜ ɖ Űɘɛɐ ɛŮɘɤɗŮɑ.32 

 

ȺɘəɧɜŬ 2.2.10: ȷɜŰɘŭɟŬůŰɐɟŬɠ ɛɘəɟɞəɡɛɎŰɤɜ ɛŮ ŮɜůɤɛŬŰɤɛɏɜɞɡɠ ŬɘůɗɖŰɐɟŮɠ ˊɑŮůɖɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ.42 

Ƚůɢɨɠ/ɉɟɧɜɞɠ 

ȼ ɘůɢɨɠ əŬɘ ɞ ɢɟɧɜɞɠ ŮɑɜŬɘ ɞɘ ŭɡɞ ˊɘɞ ŮɨəɞɚŮɠ ɤɠ ˊɟɞɠ Űɞɜ ɏɚŮɔɢɞ ˊŬɟɎɛŮŰɟɞɘ ɟɨɗɛɘůɖɠ 

əŬɘ ŮɑɜŬɘ ŬɚɚɖɚɏɜŭŮŰɞɘ. Ƀ əŬɗɞɟɘůɛɧɠ Űɞɡɠ ˊɟɞəɨˊŰŮɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɞɜ ŮəɎůŰɞŰŮ 
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ŮɟŮɡɜɖŰɐ ɏˊŮɘŰŬ Ŭˊɧ ŭɞəɘɛɐ & ůűɎɚɛŬ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ ŮˊɘəɟŬ-

ŰŮɑ ɛɏůŬ ůŰɞ ŭɞɢŮɑɞ.32 

ɆŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 2.2.11, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ˊŬɟŬɗɏŰŮɘ Űɞɜ ůɡůɢŮ-

Űɘůɛɧ ɧɚɤɜ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ˊŬɟŬɛɏŰɟɤɜ. 

 

ȺɘəɧɜŬ 2.2.11: Ʉɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ (T), ˊɑŮůɖɠ (p) əŬɘ ɘůɢɨɞɠ (P) ɔɘŬ ŭŮɑɔɛŬ 3mL ɛŮɗŬɜɧɚɖɠ ůŮ ůűɟŬɔɘ-

ůɛɏɜɞ ŭɞɢŮɑɞ.29  

2.2.5 Ⱥɝɞˊɚɘůɛɧɠ 
 

ȼ ˊɎɟɞŭɞɠ Űɤɜ ɢɟɧɜɤɜ ɏɢŮɘ ŮˊɘűɏɟŮɘ ůɖɛŬɜŰɘəɎ ɎɚɛŬŰŬ ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ űɞɨɟɜɤɜ 

ɛɘəɟɞəɡɛɎŰɤɜ, Űɧůɞ ůŮ ŮəŮɑɜɞɡɠ ˊɞɡ ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ ɞɘəɘŬəɐ ɢɟɐůɖ ɧůɞ əŬɘ ɔɘŬ ɓɘɞɛɖ-

ɢŬɜɘəɐ. 

Ƀɘ űɞɨɟɜɞɘ ɛɘəɟɞəɡɛɎŰɤɜ ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɞɡɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 4 ɓŬůɘəɎ ɛɏɟɖ, ŰŬ 

ɞˊɞɑŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ:29,30 

1. ȿɡɢɜɑŬ Magnetron (Magnetron generator) 

2. ȾɡɛŬŰɞŭɖɔɧɠ (Wavequide) 

3. ŪɎɚŬɛɞɠ ɗɏɟɛŬɜůɖɠ (Cavity) 

4. ɅɧŰɞɟŬɠ ŬɜɎŭŮɡůɖɠ əŬɘ ˊŮɟɘůŰɟŮűɧɛŮɜɖ ɓɎůɖ (Stirrer mode and Rotating base) 

ȿɡɢɜɑŬ Magnetron 

ȼ ɚɡɢɜɑŬ Magnetron ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ˊŬɟɎɔŮɘ ɛɘəɟɞəɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ. ȺɑɜŬɘ ɛɑŬ 

əɡɚɘɜŭɟɘəɐ ŭɑɞŭɞɠ ɛŮ ɛɑŬ Ɏɜɞŭɞ əŬɘ ɛɑŬ əɎɗɞŭɞ. ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ Magnetron ůŰɖ-

ɟɑɕŮŰŬɘ ůŰɖɜ əɑɜɖůɖ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ, ɡˊɧ Űɖɜ ůɡɜŭɡŬůɛɏɜɖ ŮˊɑŭɟŬůɖ Űɤɜ ɖɚŮəŰɟɘəɩɜ 

əŬɘ ɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ. ɀɧɚɘɠ ɗŮɟɛŬɜɗŮɑ ɖ əɎɗɞŭɞɠ, ŮəˊɏɛˊɞɜŰŬɘ ɖɚŮəŰɟɧɜɘŬ Ŭˊɧ ŬɡŰɐɜ 

əŬɘ ŮˊɘŰŬɢɨɜɞɜŰŬɘ ˊɟɞɠ Űɖɜ Ɏɜɞŭɞ Ŭˊɧ Űɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ. ɇŬɡŰɧɢɟɞɜŬ, ŮɝɤŰŮɟɘəɞɑ ɛŬ-

ɔɜɐŰŮɠ ŰɞˊɞɗŮŰɖɛɏɜɞɘ ɔɨɟɤ Ŭˊɧ Űɞ Ŭɜɞŭɘəɧ ɛɏɟɞɠ Űɞɡ Magnetron ŭɖɛɘɞɡɟɔɞɨɜ ɛŬɔɜɖŰɘəɧ 

ˊŮŭɑɞ ˊŬɟɎɚɚɖɚɞ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Űɖɠ əŬɗɧŭɞɡ. ȷɡŰɧ Űɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ŬɜŬɔəɎɕŮɘ ŰŬ 

ɖɚŮəŰɟɧɜɘŬ ɜŬ ˊŮɟɘůŰɟɏűɞɜŰŬɘ ɔɨɟɤ Ŭˊɧ Űɖɜ əɎɗɞŭɞ ˊɟɞŰɞɨ űŰɎůɞɡɜ ůŰɖɜ Ɏɜɞŭɞ. ɇŬ 

ˊŮɟɘůŰɟŮűɧɛŮɜŬ ɖɚŮəŰɟɧɜɘŬ ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬɜ ɟɧŰɞɟŬ ˊɞɡ əɘɜŮɑŰŬɘ ůɡɔɢɟɧɜɤɠ ɔɨɟɤ Ŭˊɧ 
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Űɖɜ əɎɗɞŭɞ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ŮˊɘɓɟŬŭɨɜɞɡɜ əŬɘ ɏŰůɘ ɛŮŰŬŰɟɏˊɞɡɜ Űɖɜ ŮɜɏɟɔŮɘɎ Űɞɡɠ ůŮ 

ŰŬɚŬɜŰɩůŮɘɠ ɛɘəɟɞəɡɛɎŰɤɜ ůŰɘɠ əɞɘɚɧŰɖŰŮɠ ˊɞɡ əɧɓɞɜŰŬɘ ůŰŬ ɛˊɚɞə Ŭɜɧŭɞɡ.30   

ȾɡɛŬŰɞŭɖɔɧɠ 

ȷˊɧ Űɖɜ ɚɡɢɜɑŬ Magnetron, ŮɜɏɟɔŮɘŬ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞɜ ɗɎɚŬɛɞ ɗɏɟɛŬɜůɖɠ ɛɏůɤ Űɞɡ əɡ-

ɛŬŰɞŭɖɔɞɨ. Ƀ əɡɛŬŰɞŭɖɔɧɠ ŮɑɜŬɘ ɏɜŬ ɛŮŰŬɚɚɘəɧ ɞɟɗɞɔɩɜɘɞ ˊŮɟɑɓɚɖɛŬ ˊɞɡ ůɡɔəŮɜŰɟɩɜŮɘ 

əŬɘ ɛŮŰŬűɏɟŮɘ Űɖɜ ɛɘəɟɞəɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ ůŰɞɜ ɗɎɚŬɛɞ ɗɏɟɛŬɜůɖɠ ɛŮ ŮɚɎɢɘůŰŮɠ Ŭˊɩ-

ɚŮɘŮɠ. ɉɤɟɑɠ Űɖ ɢɟɐůɖ əɡɛŬŰɞŭɖɔɞɨ, ŰŬ ˊɚɎŰɖ Űɤɜ əɡɛɎŰɤɜ ɛŮɘɩɜɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ 

ɜɧɛɞ Űɞɡ ŬɜŰɑůŰɟɞűɞɡ ŰŮŰɟŬɔɩɜɞɡ əŬɗɩɠ ŮˊŮəŰŮɑɜɞɜŰŬɘ ůŰɞɜ ŰɟɘůŭɘɎůŰŬŰɞ ɢɩɟɞ.30 

ŪɎɚŬɛɞɠ ɗɏɟɛŬɜůɖɠ 

ȼ ɛɘəɟɞəɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ ɛŮŰŬűɏɟŮŰŬɘ ɛɏůɤ Űɞɡ əɡɛŬŰɞŭɖɔɞɨ ůŰɞɜ ɗɎɚŬɛɞ ɗɏɟɛŬɜůɖɠ. 

ɀɏůɤ ůɡɜŮɢɧɛŮɜɤɜ ŬɜŰŬɜŬəɚɎůŮɤɜ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əɎɗŮŰŬ əŬɘ ɞɟɘɕɧɜŰɘŬ ɛɞŰɑɓŬ ɛɘəɟɞ-

əɡɛɎŰɤɜ. ȼ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɛŮ ŰŬ ŭŮɑɔɛŬŰŬ ɛɏůŬ ůŰɞɜ ɗɎɚŬɛɞ ůɡɜŮ-

ɢɑɕŮŰŬɘ ɛɏɢɟɘ ˊɚɐɟɞɡɠ ŭɘɎɢɡůɖɠ Űɤɜ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ŰŬ ˊɟɞɠ ɗɏɟɛŬɜůɖ ŭŮɑɔɛŬŰŬ 

ɗŮɟɛŬɑɜɞɜŰŬɘ ɛɏůɤ Űɖɠ ůɡɜŮɢɧɛŮɜɖɠ ɏəɗŮůɖɠ ůŰŬ ɛɘəɟɞəɨɛŬŰŬ. Ƀɘ ɗɎɚŬɛɞɘ ɗɏɟɛŬɜůɖɠ 

ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ˊɞɚɚɎ ŭɘŬűɞɟŮŰɘəɎ ůɢɐɛŬŰŬ əŬɘ ŭɘŬůŰɎůŮɘɠ, əŬɘ ůŰɖɜ ˊɟŬɔɛŬ-

ŰɘəɧŰɖŰŬ ɞ ůɢŮŭɘŬůɛɧɠ Űɞɡɠ ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ɛŮ 

ŰŬ ɛɘəɟɞəɨɛŬŰŬ. ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ əɟɘŰɐɟɘɞ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮɘ Űɞɡɠ ɗŬɚɎɛɞɡɠ ŮɑɜŬɘ ɖ ɛɏ-

ɔɘůŰɖ ɘůɢɨɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɛɏůŬ ůŰɞ ɡɚɘəɧ. ȼ əŬŰŬɜɞɛɐ Űɞɡ ˊŮŭɑɞɡ 

ɛɏůŬ ůŰɞɜ ɗɎɚŬɛɞ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ.30 

ɅɧŰɞɟŬɠ ŬɜɎŭŮɡůɖɠ əŬɘ ˊŮɟɘůŰɟŮűɧɛŮɜɖ ɓɎůɖ 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɞɛɞɘɧɛɞɟűɖ ɗɏɟɛŬɜůɖ ɛɏůŬ ůŰɞɜ ɗɎɚŬɛɞ, ɢɟɖůɘɛɞˊɞɘɞɨ-

ɜŰŬɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ůɡůəŮɡɏɠ. ɄɟɩŰɞɜ, ɞ ɟɧŰɞɟŬɠ ŬɜɎŭŮɡůɖɠ ˊŮɟɘůŰɟɏűŮŰŬɘ, ŰŬ ɛŮŰŬɚ-

ɚɘəɎ əɞɛɛɎŰɘŬ ŬɜŰŬɜŬəɚɞɨɜ əŬɘ ŬɚɚɎɕɞɡɜ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ŮɜŰɧɠ Űɞɡ 

ɗŬɚɎɛɞɡ ɗɏɟɛŬɜůɖɠ ɏŰůɘ ɩůŰŮ ɜŬ ŬˊɞűŮɨɔŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ůɖɛŮɑɤɜ ɛŮ ɡɣɖɚɐ ŮɜɏɟɔŮɘŬ 

ŰŬ ɞˊɞɑŬ ɗŬ ŮɑɢŬɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Ŭɜɞɛɞɘɧɛɞɟűɖ ɗɏɟɛŬɜůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ɀŮ Űɖɜ ɑŭɘŬ 

ɚɞɔɘəɐ ˊɟɞůŰɏɗɖəŬɜ əŬɘ ɞɘ ˊŮɟɘůŰɟŮűɧɛŮɜŮɠ ɓɎůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘůŰɟɏűɞɡɜ Űɞ ŭŮɑɔɛŬ, ɐ 

Űɞ ŭɞɢŮɑɞ ŭŮɑɔɛŬŰɞɠ ɛɏůŬ ůŰɞ ɗɎɚŬɛɞ ɗɏɟɛŬɜůɖɠ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɐ ɖ ɨˊŬɟɝɖ ŰɞɡɚɎɢɘůŰɞɜ 

ɛɑŬɠ Ůə Űɤɜ ŭɨɞ ůɡůəŮɡɩɜ ůŮ əɎɗŮ űɞɨɟɜɞ ɛɘəɟɞəɡɛɎŰɤɜ.30 

ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɨˊɞɘ ŮɟɔŬůŰɖɟɘŬəɩɜ ŬɜŰɘŭɟŬůŰɐɟɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ˊɞɡ ŭɘŬűɏɟɞɡɜ 

ɤɠ ˊɟɞɠ Űɖɜ ˊɖɔɐ ɛɘəɟɞəɡɛɎŰɤɜ, Űɞ ɗɎɚŬɛɞ ɗɏɟɛŬɜůɖɠ, Űɖɜ əɚɑɛŬəŬ əŬɘ Űɞɜ ŬɡŰɞɛŬŰɘ-

ůɛɧ. Ƀɘ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŬɜŰɘŭɟŬůŰɐɟɤɜ ŬɡŰɩɜ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ əŬŰɖɔɞ-

ɟɑŮɠ:43 

¶ ȷɜŰɘŭɟŬůŰɐɟŮɠ ɛɘəɟɞəɡɛɎŰɤɜ ɛɞɜɐɠ ɚŮɘŰɞɡɟɔɑŬɠ (Monomode microwave reac-

tors) 

¶ ȷɜŰɘŭɟŬůŰɐɟŮɠ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ ˊŬɟɎɚɚɖɚɖ ůɨɜɗŮůɖ (Multimode microwave re-

actors for parallel synthesis) 

¶ ȷɜŰɘŭɟŬůŰɐɟŮɠ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ əɚɘɛɎəɤůɖ ˊŬɟŰɑŭŬɠ (Multimode microwave 

reactors for single-batch scale-up) 
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3.2.5.1 ȷɜŰɘŭɟŬůŰɐɟŮɠ ɛɘəɟɞəɡɛɎŰɤɜ ɛɞɜɐɠ ɚŮɘŰɞɡɟɔɑŬɠ 
 

Ƀɘ ŬɜŰɘŭɟŬůŰɐɟŮɠ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ ɏɢɞɡɜ ɛɘəɟɞɨɠ ůɡɛˊŬɔŮɑɠ ɗŬɚɎɛɞɡɠ ɗɏɟɛŬɜůɖɠ, ůŰɞɡɠ 

ɞˊɞɑɞɡɠ ɖ ŬəŰɘɜɞɓɞɚɑŬ ɛɘəɟɞəɡɛɎŰɤɜ ŮůŰɘɎɕŮŰŬɘ ɎɛŮůŬ ůŮ ɏɜŬ ɛɧɜɞ ŭɞɢŮɑɞ ˊɞɡ ˊŮɟɘɏɢŮɘ 

Űɞ ɛŮɑɔɛŬ ŬɜŰɑŭɟŬůɖɠ (ȺɘəɧɜŬ 2.2.12). ȾŬŰɎ ůɡɜɏˊŮɘŬ, ˊŬɟɏɢŮŰŬɘ ɡɣɖɚɐ ˊɡəɜɧŰɖŰŬ ˊŮ-

ŭɑɞɡ ɛɘəɟɞəɡɛɎŰɤɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ŮɝŬɘɟŮŰɘəɎ ɔɟɐɔɞɟɞɘ ɟɡɗɛɞɑ ɗɏɟ-

ɛŬɜůɖɠ.43 

Ƀ ɛɏɔɘůŰɞɠ ɧɔəɞɠ ŬɜŰɑŭɟŬůɖɠ ůŰɞɡɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ ɛɞɜɐɠ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ 20mL, ɔŮɔɞ-

ɜɧɠ ˊɞɡ Űɞɡɠ əŬɗɘůŰɎ ɘŭŬɜɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ 

ůŮ ɛɘəɟɐ əɚɑɛŬəŬ. ɄɟɞŬɘɟŮŰɘəɎ ŮɑɜŬɘ Ůɝɞˊɚɘůɛɏɜɞɘ ɛŮ əɎɛŮɟŬ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ 

ˊɞɟŮɑŬɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, ɛŮ ɛɞɜɎŭŮɠ ŬɡŰɧɛŬŰɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɗɩɠ əŬɘ ɛŮ ɎɚɚŮɠ ŭɡ-

ɜŬŰɧŰɖŰŮɠ ɔɘŬ ɜŬ ŮɑɜŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ ˊɘɞ űɘɚɘəɧ ˊɟɞɠ Űɞ ɢɟɐůŰɖ.43 

 

ȺɘəɧɜŬ 2.2.12: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ əŬŰŬɜɞɛɐɠ ˊŮŭɑɞɡ ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ɏɜŬɜ ŬɜŰɘŭɟŬůŰɐɟŬ ɛɞɜɐɠ ɚŮɘ-

ŰɞɡɟɔɑŬɠ.43 

3.2.5.2 ȷɜŰɘŭɟŬůŰɐɟŮɠ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ ˊŬɟɎɚɚɖɚɖ ůɨɜɗŮůɖ 
 

ɆŰɞɡɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ ˊŬɟɎɚɚɖɚɖ ůɨɜɗŮůɖ, ɞ ɗɎɚŬɛɞɠ ɗɏɟɛŬɜůɖɠ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɞɠ, əɎŰɘ Űɞ ɞˊɞɑɞ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞ ˊŮŭɑɞ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɜŬ ŮɑɜŬɘ ˊɘɞ 

ɢŬɞŰɘəɧ. ɆŰɞɡɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ, ŰŬ əɨɛŬŰŬ ŬɜŬəɚɩɜŰŬɘ Ŭˊɧ ŰŬ ŰɞɘɢɩɛŬŰŬ 

Űɞɡ ɗŬɚɎɛɞɡ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊɞɚɚɞɑ Űɟɧˊɞɘ ɛŮŰŬűɞɟɎɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ 

ůŰɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ (ȺɘəɧɜŬ 2.2.13).43 

ȿɧɔɤ Űɞɡ ɛŮɔŬɚɨŰŮɟɞɡ ŬɡŰɞɨ ɛŮɔɏɗɞɡɠ Űɞɡ ɗŬɚɎɛɞɡ, ɞɘ ŬɜŰɘŭɟŬůŰɐɟŮɠ ŬɡŰɞɑ ɏɢɞɡɜ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůŬɟɛɧůɞɡɜ ɟɧŰɞɟŮɠ ŭɘŬűɞɟŮŰɘəɞɨ ɛŮɔɏɗɞɡɠ. ȷəɧɛɖ, ɏɢɞɡɜ Űɖɜ ŭɡɜŬ-

ŰɧŰɖŰŬ ɜŬ űɘɚɞɝŮɜɐůɞɡɜ ŭɞɢŮɑŬ ŬɜŰɑŭɟŬůɖɠ ɛŮ ɛɏɔŮɗɞɠ Ŭˊɧ ɚɑɔŬ mL ɏɤɠ əŬɘ ɛŮɟɘəɎ ɚɑŰɟŬ, 

L.43 
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ȺɘəɧɜŬ 2.2.13: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ əŬŰŬɜɞɛɐɠ ˊŮŭɑɞɡ ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ɏɜŬɜ ŬɜŰɘŭɟŬůŰɐɟŬ ˊŬɟɎɚɚɖ-

ɚɖɠ ůɨɜɗŮůɖɠ.43 

3.2.5.3 ȷɜŰɘŭɟŬůŰɐɟŮɠ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ əɚɘɛɎəɤůɖ ˊŬɟŰɑŭŬɠ 
 

ȷɡŰɧɠ ɞ Ůɘŭɘəɧɠ Űɨˊɞɠ ŬɜŰɘŭɟŬůŰɐɟŬ ŭɘŬɗɏŰŮɘ ɏɜŬɜ əɡəɚɘəɧ əɡɛŬŰɞŭɖɔɧ ůŰɞɜ ɞˊɞɑɞ ŭɘɎ-

űɞɟɞɘ Űɟɧˊɞɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ Űɞ ŭɞɢŮɑɞ ŬɜŰɑŭɟŬůɖɠ ɔɘŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɗɏɟɛŬɜůɖ ɛŮɔŬɚɨŰŮɟɤɜ ɧɔəɤɜ (ȺɘəɧɜŬ 2.2.14). ȰɜŬ Ŭˊɚɧ ŭɞɢŮɑɞ 1L Űɞ-

ˊɞɗŮŰŮɑŰŬɘ ůŮ ɛɘŬ ůɡɛˊŬɔɐ əɞɘɚɧŰɖŰŬ, ɖ ɞˊɞɑŬ ˊŬɟɏɢŮɘ ůɢŮŰɘəɎ ɡɣɖɚɐ ˊɡəɜɧŰɖŰŬ ˊŮŭɑɞɡ, 

ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ űɞɨɟɜɞɡɠ ɛɘəɟɞəɡɛɎŰɤɜ Űɖɠ ȺɘəɧɜŬ 2.2.13. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮ-

ůɛŬ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɞɡɠ ɟɡɗɛɞɨɠ ɗɏɟɛŬɜůɖɠ ɔɘŬ ɛŮɔŬɚɨŰŮɟŮɠ ˊɞůɧŰɖŰŮɠ ŬɜŰɘŭɟɩɜŰɞɠ 

ɛɑɔɛŬŰɞɠ. ɇɏɚɞɠ, ɞ ŬɜŰɘŭɟŬůŰɐɟŬɠ ŬɡŰɧɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ůɨɜɗŮůɖ ɛŮɔɎɚɤɜ ˊɞůɞ-

ŰɐŰɤɜ əŬɘ əɚɘɛɎəɤůɖ Űɖɠ ˊŬɟŰɑŭŬɠ.43 

 

ȺɘəɧɜŬ 2.2.14: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ əŬŰŬɜɞɛɐɠ ˊŮŭɑɞɡ ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ɏɜŬɜ ŬɜŰɘŭɟŬůŰɐɟŬ əɚɘɛɎəɤ-

ůɖɠ ˊŬɟŰɑŭŬɠ (əɎŰɞɣɖ).43 
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2.2.6 ɄɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɗɏɟɛŬɜůɖɠ ɛŮ ɛɘəɟɞəɨɛŬŰŬ 
 

ɆŰɖ ɢɖɛŮɑŬ, əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɖɜ ɞɟɔŬɜɘəɐ ɢɖɛŮɑŬ, ɖ ˊɟɞůɗɐəɖ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ŬɜŰɘŭɟɩɜ 

ůɨůŰɖɛŬ ɔɑɜŮŰŬɘ Ŭˊɧ ŮɝɤŰŮɟɘəɐ ˊɖɔɐ ɗŮɟɛɧŰɖŰŬɠ (ˊ.ɢ. ɚɞɡŰɟɧ ɚŬŭɘɞɨ, ɗŮɟɛŬɜŰɘəɧɠ ɛŬɜ-

ŭɨŬɠ). ȼ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ɓɏɓŬɘŬ ŮɑɜŬɘ ŬɟəŮŰɎ Ŭɟɔɐ əŬɘ ɛɖ ŬˊɞŰŮɚŮůɛŬŰɘəɐ Ŭűɞɨ ɖ 

ŮɝɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŭɞɢŮɑɞɡ ŬɜŰɑŭɟŬůɖɠ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɖ Ŭˊɧ ŮəŮɑɜɖ Űɞɡɠ ɛɑɔɛŬ-

Űɞɠ ŬɜŰɑŭɟŬůɖɠ. ȷɜŰɘɗɏŰɤɠ, ɖ ŬəŰɘɜɞɓɞɚɑŬ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ 

ɏɢŮɘ ɎɛŮůɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ůŰŬ ɛɧɟɘŬ (ŭɘŬɚɨŰŮɠ, ŬɜŰɘŭɟŬůŰɐɟɘŬ) Űɞɡ ɛɑɔɛŬŰɞɠ.29,33 

ɇŬ ŭɞɢŮɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜŬ Ŭˊɧ ɡɚɘəɎ ŭɘŬˊŮɟŬŰɎ ɤɠ ˊɟɞɠ Űɖɜ ŬəŰɘ-

ɜɞɓɞɚɑŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ (ɓɞɟɘɞˊɡɟɘŰɘəɧ ɔɡŬɚɑ, ɢŬɚŬɕɑŬ, ɐ ŰŮűɚɧɜ). ȰŰůɘ, ɖ ŮɜɏɟɔŮɘŬ 

ɛŮŰŬűɏɟŮŰŬɘ əŬŰŮɡɗŮɑŬɜ ůŰŬ ɛɧɟɘŬ Űɞɡ ɛɑɔɛŬŰɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ əŬɘ ɖ ɛŮŰŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ 

ŮɑɜŬɘ ˊɘɞ ɔɟɐɔɞɟɖ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɛɘŬ ůŰɘɔɛɘŬɑŬ Űɞˊɘəɐ ɡˊŮɟɗɏɟɛŬɜůɖ ůŮ ɞŰɘŭɐˊɞŰŮ 

ŬɜŰŬˊɞəɟɘɗŮɑ ŮɑŰŮ ůŰɖɜ ŭɘɖɚŮəŰɟɘəɐ ˊɧɚɤůɖ ŮɑŰŮ ůŰɖɜ ɘɞɜŰɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, Űɤɜ ŭɨɞ ɗŮ-

ɛŮɚɘɤŭɩɜ ɛɖɢŬɜɘůɛɩɜ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ůŰɖɜ ˊɟɞɠ ɗɏɟ-

ɛŬɜůɖ ɞɡůɑŬ (ȺɘəɧɜŬ 2.2.4). ȷɡŰɐ ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮůɤŰŮɟɘəɐ ɛŮŰŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ, 

ůɡɜŰŮɚŮɑ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ űŬɘɜɞɛɏɜɤɜ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ ůŰŬ ŰɞɘɢɩɛŬŰŬ 

Űɞɡ ŭɞɢŮɑɞɡ ŬɜŰɑŭɟŬůɖɠ.29,33 

ɆɡɜɞˊŰɘəɎ, ɖ ɗɏɟɛŬɜůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ˊɚŮɞɜŮəŰŮɑ ɏɜŬɜŰɘ Űɖɠ ɗɏɟɛŬɜůɖɠ ɛŮ Űɞɜ ůɡɛɓŬ-

Űɘəɧ Űɟɧˊɞ ɤɠ Ůɝɐɠ:44 

¶ Ƀɛɞɘɧɛɞɟűɖ əŬɘ ŮˊɘɚŮəŰɘəɐ ɗɏɟɛŬɜůɖ 

¶ ȷɨɝɖůɖ ůŰɖɜ ŰŬɢɨŰɖŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŭɘŮɝŬɔɤɔɐɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ 

¶ ɀŮɔɎɚɖ Ŭˊɧŭɞůɖ ůŰɖ ɗɏɟɛŬɜůɖ 

¶ ɀŮɑɤůɖ Űɤɜ ˊŬɟɎˊɚŮɡɟɤɜ ŬɜŰɘŭɟɎůŮɤɜ 

¶ ȾŬɗŬɟɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ 

¶ ȸŮɚŰɘɤɛɏɜɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ 

¶ ȷˊɞűɡɔɐ ŬˊɩɚŮɘŬɠ ɗŮɟɛɧŰɖŰŬɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ 

¶ ɉŬɛɖɚɧ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ 
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ȾŮűɎɚŬɘɞ 3: ɄŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ˊɟɞˊɞɚɡ-

ɛŮɟɞɨɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ HEUR 
 

ɆŰɞ ˊŬɟɧɜ ȾŮűɎɚŬɘɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬ-

ŭɘəŬůɑŬɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ŬɚɚɎ əŬɘ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɘŬŰɎɝŮɤɜ əŬɘ ˊɟɩŰɤɜ ɡɚɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ. ɇɏɚɞɠ, ɗŬ ŬɜŬɚɡɗŮɑ ɖ ɢɟɐůɖ Űɤɜ 

ɛɘəɟɞəɡɛɎŰɤɜ ɏɜŬɜŰɘ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ. 

3.1 ɄɟɩŰŮɠ ɨɚŮɠ 
 

Ʉɟɘɜ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ůəɧˊɘɛɞ ŮɑɜŬɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ ŰŬ ɢɖ-

ɛɘəɎ ŬɜŰɘŭɟŬůŰɐɟɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ŬɚɚɎ əŬɘ 

Ůɜ ɔɏɜŮɘ Űɤɜ ˊɟɩŰɤɜ ɡɚɩɜ ˊɞɡ ɐŰŬɜ ŬˊŬɟŬɑŰɖŰŬ Űɧůɞ ɔɘŬ ŰŬ ˊŮɘɟɎɛŬŰŬ ɧůɞ əŬɘ Űɘɠ ŬɜŬ-

ɚɨůŮɘɠ ɢŬɟŬəŰɖɟɘůɛɞɨ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ. 

ɆɡɜŮˊɩɠ, ůŰɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬɠ 3.1.1 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɢɖɛɘəɏɠ ˊɟɩŰŮɠ ɨɚŮɠ əŬɗɩɠ əŬɘ 

ɞ ɚɧɔɞɠ ɢɟɐůɖɠ Űɞɡɠ. 

ɉɖɛɘəɐ ɞɜɞɛŬůɑŬ ɉɖɛɘəɧɠ Űɨˊɞɠ CAS Number ȿɧɔɞɠ ɢɟɐůɖɠ 

ɉɚɤɟɞűɧɟɛɘɞ CHCl3 67-66-3 

ȹɘŬɚɨŰɖɠ ɢɟɤɛŬŰɞ-

ɔɟŬűɑŬɠ əŬɘ ɔɘŬ Űɖɜ 

ˊŬɟŬůəŮɡɐ ŭɘŬɚɡ-

ɛɎŰɤɜ 

ɇɞɚɞɡɧɚɘɞ C7H8 108-88-3 

ȹɘŬɚɨŰɖɠ ɔɘŬ Űɖɜ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ 

Űɖɠ ŬˊɧůŰŬɝɖɠ 

4,4-Methylenebis 

(cyclohexyl isocya-

nate) / HMDI  

C8H12N2O2 5124-30-1 

ɇɞ ŬˊŬɟŬɑŰɖŰɞ ŭɘɘ-

ůɞəɡɎɜɘɞ ɔɘŬ Űɖ ŭɖ-

ɛɘɞɡɟɔɑŬ 

ɞɡɟŮɗŬɜɘəɞɨ ŭŮ-

ůɛɞɨ 

Bismuth carbox-

ylate 
 

N/A N/A 

ȾŬŰŬɚɨŰɖɠ ɔɘŬ Űɖɜ 

ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɢɖ-

ɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ 

PEG 8000 Fisher C2nH4n+2On+1 25322-68-3 Ʉɞɚɡɧɚɖ 

PEG 8000 Acros C2nH4n+2On+1 25322-68-3 Ʉɞɚɡɧɚɖ 

PEG 8000 Clariant C2nH4n+2On+1 N/A Ʉɞɚɡɧɚɖ 

ɃəŰŬɜɧɚɖ C8H18O 111-87-5 

ɄɟŬɔɛŬŰɞˊɞɑɖůɖ 

end capping Űɞɡ ˊŬ-

ɟŬɔɧɛŮɜɞɡ ˊɟɞˊɞ-

ɚɡɛŮɟɞɨɠ 

ɇɟɘŬɘɗɡɚŬɛɑɜɖ C6H15N 121-44-8 
Ʉɟɞůɗɐəɖ ůŰɞ 

ɢɚɤɟɞűɧɟɛɘɞ Űɖɠ 
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ɢɟɤɛŬŰɞɔɟŬűɑŬɠ 

GPC 

HYDRANAL TM  

Coulomat AG 
N/A N/A 

ȹɘɎɚɡɛŬ ɔɘŬ Űɖɜ 

Karl Fischer 

ȷɏɟɘɞ ɎɕɤŰɞ N2  

ȹɖɛɘɞɡɟɔɑŬ çŮˊɘűɎ-

ɜŮɘŬɠ ˊɟɞůŰŬůɑŬɠè 

ˊɎɜɤ Ŭˊɧ Űɞ ŬɜŰɘ-

ŭɟɩɜ ɛɑɔɛŬ 
ɄɑɜŬəŬɠ 3.1.1: ɉɖɛɘəɏɠ ˊɟɩŰŮɠ ɨɚŮɠ. 

3.3 ɆɡɛɓŬŰɘəɏɠ ɛɏɗɞŭɞɘ ɗɏɟɛŬɜůɖɠ 
 

3.3.1 Ɇəɞˊɧɠ 
 

Ɇəɞˊɧɠ Űɖɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ Ůɑ-

ɜŬɘ ˊɟɩŰɞɜ, ɖ Ŭɟɢɘəɐ əŬŰŬɜɧɖůɖ Űɞɡ ɢɖɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ, əŬɘ ŭŮɨŰŮɟɞɜ, ɖ ɛŮŰɏˊŮɘŰŬ ůɨ-

ɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬɡŰɩɜ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ ŭɘŮɝɐɢɗɖůŬɜ 

ɛŮ ɛɘəɟɞəɨɛŬŰŬ. 

 

3.3.2 ɄŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ 
 

ȼ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧ-

ŭɞɡɠ ɗɏɟɛŬɜůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 3.3.1. 

 

ȺɘəɧɜŬ 3.3.1: ɄŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ. 

ȷɜŬɚɡŰɘəɎ, ɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ Ůɝɐɠ ůŰɞɘɢŮɑŬ: 
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1. ɇɞɡɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ŭɘˊɚɎ ŰɞɘɢɩɛŬŰŬ ŬɜɎɛŮůŬ ůŰŬ ɞˊɞɑŬ əɡəɚɞ-

űɞɟŮɑ Űɞ ɗŮɟɛŬɜŰɘəɧ ɛɏůɞ (ɚɎŭɘ ɐ ɜŮɟɧ), əŬɗɩɠ əŬɘ ŰŬ əŬˊɎəɘŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 4 

ɚŬɘɛɞɨɠ. 

2. ȰɜŬ ɚɞɡŰɟɧ ɚŬŭɘɞɨ ˊɞɡ ˊŮɟɘɏɢŮɘ ɚɎŭɘ ůɘɚɘəɧɜɖɠ əŬɘ ɏɜŬ ɚɞɡŰɟɧ ɜŮɟɞɨ ˊɞɡ ˊŮɟɘɏ-

ɢŮɘ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ. ɇŬ ɚɞɡŰɟɎ ŬɡŰɎ ˊŬɟɏɢɞɡɜ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ɗŮɟɛɧŰɖŰŬ ůŰɞ 

ůɨůŰɖɛŬ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ɚɞɡŰɟɧ ɚŬŭɘɞɨ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ űŰɎůŮɘ ůŮ ɗŮɟɛɞəɟŬ-

ůɑŬ ɏɤɠ 180oC ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɚɞɡŰɟɧ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŮɝŬɘŰɑŬɠ Űɖɠ űɨůɖɠ Űɞɡ 

űŰɎɜŮɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ɏɤɠ 90oC, əŬɗɩɠ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ŬɡŰɐ əŬɘ ɛŮŰɏˊŮɘŰŬ, 

Űɞ ɜŮɟɧ ŮɝŬŰɛɑɕŮŰŬɘ ɔɟɖɔɞɟɧŰŮɟŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ůɡɜŮɢɐɠ ˊɟɞůɗɐəɖ 

ɜŮɟɞɨ ůŰɞ ɚɞɡŰɟɧ, əŬɘ ɎɟŬ Űɖ ŭɘŬŰŬɟŬɢɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. 

3. ȷəɧɛɖ, ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ɗɏɟɛŬɜůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, əɎŰɤ Ŭˊɧ əɎɗŮ ŬɜŰɘŭɟŬ-

ůŰɐɟŬ ɏɢŮɘ ŰɞˊɞɗŮŰɖɗŮɑ ɛɘŬ ɗŮɟɛŬɜŰɘəɐ ˊɚɎəŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɗŮɟɛŬɑɜŮŰŬɘ əŬɘ 

ɞ Ɏ́Űɞɠ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ, Ŭűɞɨ Űɞ ɚɎŭɘ ŬɜŬəɡəɚɞűɞɟŮɑ ɛɧɜɞ ůŰɞ ˊɚŬɥɜɧ ɛɏɟɞɠ 

Űɞɡ. ȼ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ˊɚɎəŬɠ ɞɟɑɕŮŰŬɘ ɩůŰŮ Űɞ ůɨůŰɖɛŬ ɜŬ ŭɘŬŰɖɟŮɑ ůŮ ɧɚɖ Űɞɡ 

Űɖ ɛɎɕŬ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ. 

4. ɇɖ ɓɎůɖ ɛŮ Űɞɜ ŬɜŬŭŮɡŰɐɟŬ. 

5. ɇɖɜ ŬɜŰɚɑŬ əŮɜɞɨ. ȼ ɢɟɐůɖ Űɖɠ ŬɜŰɚɑŬɠ əŮɜɞɨ ŬˊɞůəɞˊŮɑ ůŰɖ ɛŮɑɤůɖ Űɖɠ ɡɔɟŬ-

ůɑŬɠ Űɖɠ PEG, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ (ȺɘəɧɜŬ 

1.3.16), ɞɘ ɞˊɞɑŮɠ ɞűŮɑɚɞɜŰŬɘ ůŰɞ ɡɣɖɚɧ ˊɞůɞůŰɧ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɡˊɎɟɢŮɘ. ȼ ŮɚɎ-

ɢɘůŰɖ ˊɑŮůɖ ˊɞɡ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ űŰɎůŮɘ ɖ ŬɜŰɚɑŬ ŮɑɜŬɘ ŰŬ 0,15bar. 

6. ɇɞɜ əŬŰŬɔɟŬűɏŬ ɗŮɟɛɞəɟŬůɑŬɠ. 

 

3.3.3 ɄŮɟɘɔɟŬűɐ ŭɘŬŭɘəŬůɑŬɠ 
 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɏɤɠ ɧŰɞɡ ˊŬɟŬɚɎɓɞɡɛŮ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ, Űɞ ɞˊɞɑɞ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɧɜɞ Űɞ ˊɟɞˊɞɚɡɛŮɟɏɠ ŮɑŰŮ ɖ ŰŮɚɘəɐ ˊɞɚɡɞɡɟŮɗɎɜɖ HEUR ůŰɖɜ ˊŮɟɑ-

ˊŰɤůɖ ˊɞɡ ˊɟɞůŰŮɗŮɑ əŬɘ ɞəŰŬɜɧɚɖ. 

3.3.3.1 ɄɟɞəŬŰŮɟɔŬůɑŬ ˊɟɩŰɤɜ ɡɚɩɜ 
 

ȼ ˊɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ PEG ɓɟɑůəŮŰŬɘ ůŮ ůŰŮɟŮɐ əŬŰɎůŰŬůɖ ůŰɖ ůɡůəŮɡŬůɑŬ Ŭˊɞɗɐ-

əŮɡůɖɠ, ůɡɜŮˊɩɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɗŮɟɛŬɜɗŮɑ ůŮ ɗŮɟɛɞəɟŬůɑŬ Ɏɜɤ Űɞɡ ůɖɛŮɑɞɡ Űɐɝɖɠ Űɖɠ, ɖ 

ɞˊɞɑŬ ŮɑɜŬɘ ůŰɞɡɠ 67oC. ɆɡɜŮˊɩɠ Űɞ ɚɞɡŰɟɧ ɗŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ, 

ɖ ɞˊɞɑŬ ŬɜŬɚɧɔɤɠ Űɞ ˊŮɑɟŬɛŬ ɛŮŰŬɓɎɚɚŮŰŬɘ, əŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Ŭˊɧ 80 ɏɤɠ 120oC. Ⱥűɧ-

ůɞɜ, Űɞ ɚɞɡŰɟɧ űŰɎůŮɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ, ŰɧŰŮ ɕɡɔɑɕŮŰŬɘ ˊɞůɧŰɖŰŬ PEG Ŭˊɧ 

60gr ɏɤɠ 100gr, ŬɜŬɚɧɔɤɠ Űɞ ˊŮɑɟŬɛŬ, əŬɘ ˊŮɟɘɛɏɜɞɡɛŮ ɛɏɢɟɘ ɜŬ ɚɘɩůŮɘ. ɇɏɚɞɠ, ůɡɜŭɏŮŰŬɘ 

ɞ ɏɜŬɠ ɚŬɘɛɧɠ Űɞɡ əŬˊŬəɘɞɨ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ ɛŮ Űɖɜ ŬɜŰɚɑŬ əŮɜɞɨ əŬɘ ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 

ɚŬɘɛɞɨɠ ŰɞˊɞɗŮŰŮɑŰŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ Ůůɛɡɟɘůɛɏɜɞ ˊɩɛŬ. ũɘŬ Űɞ ŬŮɟɞůŰŮɔɏɠ ůűɟɎɔɘůɛŬ Űɞɡ 

ŬɜŰɘŭɟŬůŰɐɟŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ Ůɘŭɘəɐ əɧɚɚŬ Űɖɠ DOW. Ⱥűɧůɞɜ, ɓŮɓŬɘɤɗɞɨɛŮ ɧŰɘ ŭŮɜ 

ɡˊɎɟɢŮɘ əɎˊɞɘɞ ŬɜɞɘɢŰɧ əɞɛɛɎŰɘ ůŰɞ ŬɜŰɘŭɟŬůŰɐɟŬ, ŬɜɞɑɔɞɡɛŮ Űɖɜ ŬɜŰɚɑŬ əŮɜɞɨ. ɀŮŰɎ Űɞ 

ˊɏɟŬɠ ɘəŬɜɞˊɞɘɖŰɘəɞɨ ɢɟɧɜɞɡ, Űɞ ɞˊɞɑɞ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 2 ɏɤɠ 4 ɩɟŮɠ, ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ 
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ŭŮɑɔɛŬ PEG, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŬɚɡɗŮɑ ɛŮ Űɖ ɛɏɗɞŭɞ Karl Fischer. ȷɜŬɚɧɔɤɠ Űɞɡ ŬˊɞŰŮ-

ɚɏůɛŬŰɞɠ əŬɘ Ŭɜ ɏɔəŮɘŰŬɘ ůŰɞ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ Űɖɠ ɡɔɟŬůɑŬɠ, ŰɧŰŮ ɖ ŬɜŰɚɑŬ ɗŬ Ŭˊɞůɡɜ-

ŭŮɗŮɑ Ŭˊɧ Űɞ əŬˊɎəɘ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ əŬɘ ůŰɖ ɗɏůɖ Űɖɠ ɗŬ ůɡɜŭŮɗŮɑ ɖ űɘɎɚɖ Űɞɡ Ŭɏɟɘɞɡ 

ŬɕɩŰɞɡ, ɛŮ ˊɟɞůɞɢɐ ɜŬ ɡˊɎɟɢŮɘ ɏɝɞŭɞɠ Űɞɡ ŬŮɟɑɞɡ əŬɘ ɜŬ ɛɖɜ ŮɑɜŬɘ ŬŮɟɞůŰŮɔɩɠ ůűɟŬɔɘ-

ůɛɏɜɞ Űɞ ŭɞɢŮɑɞ. ɇɞ Ŭɏɟɘɞ ɎɕɤŰɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɖɛɘɞɡɟɔŮɑ ɛɘŬ ŭɘŮˊɘ-

űɎɜŮɘŬ ˊɎɜɤ Ŭˊɧ Űɖɜ Űɖɔɛɏɜɖ PEG əŬɘ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůɟɞűɐůŮɘ ɜŮɟɧ 

Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ, əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɡɚɘəɧ ˊɞɡ ˊɟɞůɟɞűɎ ŮɨəɞɚŬ ɜŮɟɧ. ɆŰɖɜ ŬɜŰɑ-

ɗŮŰɖ ˊŮɟɑˊŰɤůɖ, ˊɞɡ Űɞ ˊɞůɞůŰɧ Űɖɠ ɡɔɟŬůɑŬɠ ˊɞɡ ɗŬ ɚɎɓɞɡɛŮ Ŭˊɧ Űɖ ɛɏŰɟɖůɖ Űɖɠ Karl 

Fischer ŭŮɜ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɧ, ŰɧŰŮ ɗŬ ůɡɜŮɢɘůŰŮɑ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŬɜŰɚɑŬɠ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ˊɟɞŮŰɞɘɛŬůɑŬɠ Űɞɡ əŬŰŬɚɨŰɖ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ Ŭˊɚɐ. ȿɧɔɤ Űɞɡ ɡ-

ɣɖɚɞɨ ɘɝɩŭɞɡɠ Űɞɡ əŬŰŬɚɨŰɖ əŬɘ Űɞ ɧŰɘ ŮɑɜŬɘ ˊɞɚɨ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ əŬɘ ɎɟŬ ŬˊŬɘŰŮɑŰŬɘ 

ɛɘəɟɐ ˊɞůɧŰɖŰŬ əŬɗŬɟɞɨ əŬŰŬɚɨŰɖ ůŰɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŭɘɎɚɡɛŬ əŬŰŬɚɨŰɖ 

əŬɘ ɢɚɤɟɞűɞɟɛɑɞɡ ɛŮ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ əŬŰŬɚɨŰɖ ůŰɞ ɛɑɔɛŬ. ɇɞ ˊɞůɞůŰɧ əŬŰɎ ɓɎɟɞɠ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0,02% ɏɤɠ 0,1% w/w. ɆɡɜŮˊɩɠ, ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ əŬŰŬ-

ɚɨŰɖ, ɕɡɔɑɕŮŰŬɘ ŬɟɢɘəɎ ɛɘŬ ɛɘəɟɐ ˊɞůɧŰɖŰŬ əŬɗŬɟɞɨ əŬŰŬɚɨŰɖ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ŬɟŬɘɩɜŮŰŬɘ 

ɛŮ ɢɚɤɟɞűɧɟɛɘɞ, ɛɏɢɟɘ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ. 

3.3.3.2 ȷɜŰɑŭɟŬůɖ ˊɟɩŰɤɜ ɡɚɩɜ 
 

Ⱥűɧůɞɜ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɡɔɟŬůɑŬɠ Űɖɠ PEG ŮɑɜŬɘ ůŰŬ ŮˊɘɗɡɛɖŰɎ ŮˊɑˊŮŭŬ, ůɡɜŮɢɑɕɞɡɛŮ ɛŮ 

Űɞ ůŰɎŭɘɞ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. ȷɟɢɘəɎ, ɟɡɗɛɑɕŮŰŬɘ Űɞ ɚɞɡŰɟɧ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ, 

ˊɟɞəŮɑɛŮɜɞɡ Űɞ ɛɑɔɛŬ ɜŬ űŰɎůŮɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ. Ⱥɜ ůɡɜŮɢŮɑŬ, ˊɟɞůŰɑɗŮŰŬɘ 

əŬɘ ɖ ɟɎɓŭɞɠ ŬɜɎŭŮɡůɖɠ əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ ŬɜŬŭŮɡŰɐɟŬ (ůŰɟɞűɏɠ ŬɜɎ ɚŮˊŰɧ ï rounds per 

minute, rpm) əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 100 ɏɤɠ 400rpm əŬɘ ɝŮəɘɜɎŮɘ ɖ ŬɜɎŭŮɡůɖ ɏŰůɘ ɩůŰŮ Űɞ ɛɑɔɛŬ 

ɜŬ ɏɢŮɘ ɞɛɞɘɧɛɞɟűɖ ɗŮɟɛɞəɟŬůɑŬ ůŮ ɧɚɖ Űɞɡ Űɖ ɛɎɕŬ. ȴůŰŮɟŬ, ɔɑɜŮŰŬɘ ɏɔɢɡůɖ Űɖɠ ɡˊɞɚɞ-

ɔɘůɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ Űɞɡ əŬŰŬɚɨŰɖ ůŰɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ əŬɘ ŬűɐɜŮŰŬɘ ɜŬ 

ŬɜŬŭŮɡŰŮɑ. ɀŮŰɎ Ŭˊɧ ŬɡŰɧ Űɞ ůŰɎŭɘɞ, ɕɡɔɑɕŮŰŬɘ ɖ ŬˊŬɟŬɑŰɖŰɖ ˊɞůɧŰɖŰŬ HMDI, ɖ ɞˊɞɑŬ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɞɜ ɚɧɔɞ HMDI/PEG ˊɞɡ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ Ŭˊɧ 1 ɏɤɠ 2, əŬɘ ɖ ůŰɘɔɛɐ 

ɏɔɢɡůɖɠ Űɖɠ ˊɞůɧŰɖŰŬɠ ŬɡŰɐɠ ŬˊɞŰŮɚŮɑ Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ɏɜŬɟɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ əŬɘ 

ŬɜŬɚɧɔɤɠ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ ɜŬ ŭɘŬɟəɏůŮɘ ɖ ŬɜŰɑŭɟŬůɖ (treaction), ɚŬɛ-

ɓɎɜɞɡɛŮ ŭŮɑɔɛŬŰŬ, ŰŬ ɞˊɞɑŬ ůŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŬˊɞɗɖəŮɨɞɡɛŮ ůŮ ɝɖɟŬɜŰɐɟŬ. 

3.4 ɀɘəɟɞəɨɛŬŰŬ 
 

3.4.1 Ɇəɞˊɧɠ 
 

ȾŬɗɩɠ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ŬˊɞŰŮɚɞɨɜ ɏɜŬɜ ŮɜŬɚɚŬəŰɘəɧ Űɟɧˊɞ ˊɟɧůŭɞůɖɠ ŮɜɏɟɔŮɘŬɠ ůŰɞ Ŭ-

ɜŰɘŭɟɩɜ ůɨůŰɖɛŬ, ŰŬ ˊŮɘɟɎɛŬŰŬ ˊɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ɗŬ ůɡɔəɟɘ-

ɗɞɨɜ ɛŮ ŬɡŰɎ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ, ɩůŰŮ ɜŬ ŮɝŬɢɗŮɑ Űɞ ůɡɛˊɏɟŬůɛŬ ˊɞɘŬ 

ɛɏɗɞŭɞɠ ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɗɩɠ əŬɘ Űɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ɡˊɎɟɢɞɡɜ.  
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3.4.2 ɄŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ 
 

ɇŬ ́ŮɘɟɎɛŬŰŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ Űɖ ɢɟɐůɖ 2 ˊŮɘɟŬɛŬŰɘəɩɜ ŭɘŬ-

ŰɎɝŮɤɜ, ɞɘ ɞˊɞɑŮɠ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɜ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨůŬɜ ůŰɞɜ ŬɜŰɘŭɟŬ-

ůŰɐɟŬ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ: 

¶ ɆɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ (Open vessel conditions) 

¶ ɆɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ (Close vessel conditions) 

əŬɗɩɠ əŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ. 

3.4.2.1 ɆɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ  
 

ȼ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ůɡɜ-

ɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 3.4.1. 

 

 

ȺɘəɧɜŬ 3.4.1: ɄŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ (ŬɟɘůŰŮɟɎ) əŬɘ ŬɜŰɘŭɟŬ-

ůŰɐɟŬɠ (ŭŮɝɘɎ). 

Ƀ űɞɨɟɜɞɠ ɛɘəɟɞəɡɛɎŰɤɜ ́ ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ Űɖɠ ŮŰŬɘɟŮɑŬɠ CEM əŬɘ Űɞ ɛɞɜŰɏɚɞ 

Discover. Ƀ ŬɜŰɘŭɟŬůŰɐɟŬɠ ɏɢŮɘ ɢɤɟɖŰɘəɧŰɖŰŬ Űɖɠ ŰɎɝɖɠ Űɤɜ 40mL.  

ȾŬɗɩɠ ɞ ŬɜŰɘŭɟŬůŰɐɟŬɠ ŭŮɜ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůűɟŬɔɑɕŮŰŬɘ ɛŮ əŬˊɎəɘ, ŬɡŰɧ ůɖɛŬɑɜŮɘ 

ɧŰɘ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŭɘŮɝŬɔɤɔɐ əŮɜɞɨ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ ɖ ɡɔɟŬůɑŬ Űɖɠ 
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PEG. ɆɡɜŮˊɩɠ, ŬɡɝɎɜŮŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ˊŬɟɎˊɚŮɡɟɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɧˊɤɠ ŬɡŰɏɠ ˊŬɟɞɡ-

ůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.3.16. 

ȼ ɟɨɗɛɘůɖ Űɞɡ ɞɟɔɎɜɞɡ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮɑŰŮ ɛɏůɤ Űɞɡ ɡˊɞɚɞɔɘůŰɐ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 3.4.1 əŬɘ ˊɟɞůűɏɟŮɘ ˊɘɞ űɘɚɘəɧ ˊɟɞɠ Űɞ ɢŮɘɟɘůŰɐ ˊŮɟɘɓɎɚɚɞɜ, ŮɑŰŮ Ŭˊɧ Űɞ ɑŭɘɞ Űɞ 

ɧɟɔŬɜɞ. ɄɟɞəŮɘɛɏɜɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɛɑɔɛŬŰɞɠ ɜŬ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ŬɜɎŭŮɡůɖ. ɇɏɚɞɠ, ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ŬɘůɗɖŰɐɟŮɠ ɗŮɟ-

ɛɞəɟŬůɑŬɠ ɞˊŰɘəɐɠ ɑɜŬɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ ŬɘůɗɖŰɐɟŬ ɗŮɟɛɞəɟŬůɑŬɠ TMI . 

3.4.2.2 ɆɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ  
 

ȼ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ůɡɜ-

ɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 3.4.2. 

 

ȺɘəɧɜŬ 3.4.2: ɄŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ůɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ. 

ȼ ˊŬɟŬˊɎɜɤ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 3 əɨɟɘŬ ɛɏɟɖ, Ůə Űɤɜ ɞˊɞɑɤɜ ŰŬ 2 Ŭˊɧ 

ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

¶ ūɞɨɟɜɞɠ ɛɘəɟɞəɡɛɎŰɤɜ 

¶ ȷɜŰɚɑŬ əŮɜɞɨ 

¶ ɆɡɛˊɡəɜɤŰɐɟŬɠ 

Ƀ űɞɨɟɜɞɠ ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ ɖ ŬɜŰɚɑŬ əŮɜɞɨ ɐŰŬɜ ŰŬ ŭɨɞ ɛɏɟɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɞ űɞɨɟɜɞɠ ɛɘəɟɞəɡɛɎŰɤɜ ŮɑɜŬɘ Űɖɠ ŮŰŬɘɟŮɑŬɠ Milestone SRL əŬɘ Űɞ ɛɞ-

ɜŰɏɚɞ Flexiwave. ȰɢŮɘ ɢɤɟɖŰɘəɧŰɖŰŬ 70L əŬɘ ɛɏɔɘůŰɖ ɘůɢɨɠ 1800W. ȷəɧɛŬ, ůɡɜɞŭŮɨŮŰŬɘ 
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Ŭˊɧ ɛɘŬ ɞɗɧɜɖ ɔɘŬ əŬɚɨŰŮɟɞ ɢŮɘɟɘůɛɧ. ɇɏɚɞɠ, ɡˊɎɟɢɞɡɜ 2 ŭɘŬɛɞɟűɩůŮɘɠ ŬɜŰɘŭɟŬůŰɐɟŬ 

ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.4.3. ɆŰɖɜ 

ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ɖ ŬɜɎŭŮɡůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ 

ˊɞɡ ɟɡɗɛɑɕŮŰŬɘ ɛɏůɤ Űɞɡ űɞɨɟɜɞɡ əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɛɏŰɟɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬ-

ůɑŬɠ Ŭˊɧ Űɞ əŬŰŬɔɟŬűɘəɧ TMI, Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊŬɟŮɛűŮɟɏɠ 

ŭɞɢŮɑɞ ɛŮ ŬɡŰɧ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ, ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ 

ɏɢŮɘ ɏɜŬ ɛɧɜɞ ŰɞɑɢɤɛŬ. ȼ ŬɜɎŭŮɡůɖ ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞɜ ŮɝɤŰŮɟɘəɧ ŬɜŬŭŮɡŰɐɟŬ Űɖɠ 

Heidolph əŬɘ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ əŬŰŬɔɟŬűɐɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛɏůɤ ŬɘůɗɖŰɐɟɤɜ ɗŮɟ-

ɛɞəɟŬůɑŬɠ ɞˊŰɘəɐɠ ɑɜŬɠ ůɡɜŭŮŭŮɛɏɜɤɜ ůŰɞ əŬŰŬɔɟŬűɘəɧ ɗŮɟɛɞəɟŬůɑŬɠ TMI . 

 

ȺɘəɧɜŬ 3.4.3: ȹɘŬűɞɟŮŰɘəɏɠ ŭɘŬɛɞɟűɩůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. 

ȼ ŬɜŰɚɑŬ əŮɜɞɨ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ űŰɎɜŮɘ ůŮ ˊɘɏůŮɘɠ ɛɘəɟɧŰŮɟŮɠ Űɤɜ 20mbar ɛŮ Ŭˊɞ-

ŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŰɖɜ ŬűŬɑɟŮůɖ Űɖɠ ɡɔɟŬůɑŬɠ Ŭˊɧ Űɖɜ PEG. Ʉɟɞ-

əŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɎ Űɞ əŮɜɧ, ɗŬ ˊɟɏˊŮɘ ɞ ŬɜŰɘŭɟŬůŰɐɟŬɠ ɜŬ ɏɢŮɘ 

ůűɟŬɔɘůŰŮɑ ŬŮɟɞůŰŮɔɩɠ ɛŮ ɢɟɐůɖ Űɖɠ əɧɚɚŬɠ Űɖɠ DOW. 

Ⱥɜ ůɡɜŮɢŮɑŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŬɠ ŮɜŭɘɏűŮɟŮ ɜŬ ˊŬɟŬɚɎɓɞɡɛŮ Űɞɡɠ ŬŰɛɞɨɠ ˊɞɡ ŬˊŮ-

ɚŮɡɗŮɟɩɜɞɜŰŬɜ Ŭˊɧ Űɞ ɛɑɔɛŬ, ɗŬ əɎɜŬɛŮ ɢɟɐůɖ Űɞɡ ůɡɛˊɡəɜɤŰɐɟŬ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ Űɖɠ 

ŮŰŬɘɟŮɑŬɠ LabTech əŬɘ ŮɑɜŬɘ Űɞ ɛɞɜŰɏɚɞ SMART H150-1500. 

3.4.3 ɄŮɟɘɔɟŬűɐ ŭɘŬŭɘəŬůɑŬɠ 
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Ⱥɜ ůɡɜŮɢŮɑŬ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ ůŰɎŭɘŬ ˊɞɡ ŬəɞɚɞɡɗɞɨɜŰŬɘ ɏɤɠ ɧŰɞɡ ˊŬɟŬɚɎɓɞɡɛŮ Űɞ 

ˊɟɞɥɧɜ Űɖɠ ŬɜŰɑŭɟŬůɖɠ Űɧůɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůɡɜɗɖəɩɜ ŬɜɞɘɢŰɞɨ ŬɚɚɎ əŬɘ əɚŮɘůŰɞɨ 

ŭɞɢŮɑɞɡ. 

3.4.3.1 ɄɟɞəŬŰŮɟɔŬůɑŬ ˊɟɩŰɤɜ ɡɚɩɜ 

 

3.4.3.1.1 ɆɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ 
 

ũɘŬ Űɖɜ Űɐɝɖ Űɖɠ ůŰŮɟŮɐɠ PEG, ŬˊŬɘŰŮɑŰŬɘ ɢŬɛɖɚɐ ɘůɢɨɠ, ɏŰůɘ ɩůŰŮ ɜŬ ɛɖɜ ŬɡɝɖɗŮɑ ŬɜŮɝɏ-

ɚŮɔəŰŬ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɛɑɔɛŬŰɞɠ, Űɖɠ ŰɎɝɖɠ Űɤɜ 15W ɔɘŬ ɚɑɔŬ ɚŮˊŰɎ əŬɘ ɡˊɎɟɢŮɘ ůɡ-

ɜŮɢɐɠ ɏɚŮɔɢɞɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ɗŮɟɛɞůŰɞɘɢŮɑɤɜ. ȾŬɗɩɠ ɖ 

ɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ ŮɑɜŬɘ ɛɘəɟɐ, ůŰŬ ˊŮɘɟɎɛŬŰŬ ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɞůɧ-

ŰɖŰŬ PEG Űɖɠ ŰɎɝɖɠ Űɤɜ 10gr. Ⱥɜ ůɡɜŮɢŮɑŬ, Ůűɧůɞɜ ɏɢŮɘ ɚɘɩůŮɘ ɖ PEG əŬɘ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ůŰŮɟŮɎ əɞɛɛɎŰɘŬ, ɟɡɗɛɑɕŮŰŬɘ ɖ ɘůɢɨɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ Ŭɟɢɘəɐɠ ɗŮɟɛɞəɟŬ-

ůɑŬɠ ŬɜŰɑŭɟŬůɖɠ.  

ũɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ əŬŰŬɚɨŰɖ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ŬəɞɚɞɡɗɞɨɜŰŬɘ ŰŬ 

ɓɐɛŬŰŬ ɧˊɤɠ ŬɡŰɎ ˊŮɟɘŮɔɟɎűɖəŬɜ ůŰɞ əŮűɎɚŬɘɞ 3.3.3.1 

 

3.4.3.1.2 ɆɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ 
 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŰɖɢɗŮɑ ɖ ůŰŮɟŮɐ PEG ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɡɣɖɚɐ ɘůɢɨɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 500W 

ɛŮ ɏɚŮɔɢɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɩůŰŮ ɜŬ ɛɖɜ ŬɡɝɖɗŮɑ ˊɏɟŬ Ŭˊɧ ŰŬ ŮˊɘɗɡɛɖŰɎ ɗŮɟɛɞəɟŬůɘŬəɎ 

ɧɟɘŬ. ȾŬɘ ůŰŬ ˊŮɘɟɎɛŬŰŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɞůɧŰɖŰŬ PEG Űɖɠ ŰɎɝɖɠ 

Ŭˊɧ 60gr ɏɤɠ 100gr. Ⱥɜ ůɡɜŮɢŮɑŬ, Ůűɧůɞɜ ɏɢŮɘ ɚɘɩůŮɘ ɖ PEG əŬɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ůŰŮɟŮɎ 

əɞɛɛɎŰɘŬ, ůűɟŬɔɑɕŮŰŬɘ ɞ ŬɜŰɘŭɟŬůŰɐɟŬɠ əŬɘ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŬɜŰɚɑŬ əŮɜɞɨ. ȼ ˊɑŮůɖ ˊɞɡ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ɛŬɜɧɛŮŰɟɞ ˊɞɡ ɡˊɎɟɢŮɘ ůɡɜŭŮŭŮɛɏɜɞ ˊɎɜɤ ůŰɖɜ Ŭ-

ɜŰɚɑŬ. ɀŮŰɎ Űɞ ˊɏɟŬɠ ɘəŬɜɞˊɞɘɖŰɘəɞɨ ɢɟɧɜɞɡ, Űɞ ɞˊɞɑɞ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 2 ɏɤɠ 4 ɩɟŮɠ, ˊŬ-

ɟŬɚŬɛɓɎɜŮŰŬɘ ŭŮɑɔɛŬ PEG, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŬɚɡɗŮɑ ɛŮ Űɖ ɛɏɗɞŭɞ Karl Fischer ɔɘŬ Űɖɜ 

ŮɨɟŮůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɖɠ ɡɔɟŬůɑŬɠ. ȷɜŬɚɧɔɤɠ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ əŬɘ Ŭɜ ɏɔəŮɘŰŬɘ 

ůŰɞ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ Űɖɠ ɡɔɟŬůɑŬɠ, ŰɧŰŮ ɖ ŬɜŰɚɑŬ ɗŬ ŬˊɞůɡɜŭŮɗŮɑ Ŭˊɧ Űɞ əŬˊɎəɘ Űɞɡ 

ŬɜŰɘŭɟŬůŰɐɟŬ əŬɘ ůŰɖ ɗɏůɖ Űɖɠ ɗŬ ůɡɜŭŮɗŮɑ ɖ űɘɎɚɖ Űɞɡ Ŭɏɟɘɞɡ ŬɕɩŰɞɡ, ɛŮ ˊɟɞůɞɢɐ ɜŬ 

ɡˊɎɟɢŮɘ ɏɝɞŭɞɠ Űɞɡ ŬŮɟɑɞɡ əŬɘ ɜŬ ɛɖɜ ŮɑɜŬɘ ŬŮɟɞůŰŮɔɩɠ ůűɟŬɔɘůɛɏɜɞ Űɞ ŭɞɢŮɑɞ. ɇɞ Ŭɏɟɘɞ 

ɎɕɤŰɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɖɛɘɞɡɟɔŮɑ ɛɘŬ ŭɘŮˊɘűɎɜŮɘŬ ˊɎɜɤ Ŭˊɧ Űɖɜ Űɖɔɛɏɜɖ 

PEG əŬɘ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůɟɞűɐůŮɘ ɜŮɟɧ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ, əŬɗɩɠ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ɡɚɘəɧ ˊɞɡ ˊɟɞůɟɞűɎ ŮɨəɞɚŬ ɜŮɟɧ. ɆŰɖɜ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, ˊɞɡ Űɞ ˊɞůɞ-

ůŰɧ Űɖɠ ɡɔɟŬůɑŬɠ ˊɞɡ ɗŬ ɚɎɓɞɡɛŮ Ŭˊɧ Űɖ ɛɏŰɟɖůɖ Űɖɠ Karl Fischer ŭŮɜ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖ-

Űɘəɧ, ŰɧŰŮ ɗŬ ůɡɜŮɢɘůŰŮɑ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŬɜŰɚɑŬɠ. 

ũɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ əŬŰŬɚɨŰɖ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ŬəɞɚɞɡɗɞɨɜŰŬɘ ŰŬ 

ɓɐɛŬŰŬ ɧˊɤɠ ŬɡŰɎ ˊŮɟɘŮɔɟɎűɖəŬɜ ůŰɞ əŮűɎɚŬɘɞ 3.3.3.1 
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3.4.3.2 ȷɜŰɑŭɟŬůɖ ˊɟɩŰɤɜ ɡɚɩɜ 
 

3.4.3.2.1 ɆɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ 
 

ȼ ɢɟɐůɖ Űɞɡ űɞɨɟɜɞɡ ɛɘəɟɞəɡɛɎŰɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɡɞ ŭɡɜŬŰɧŰɖŰŮɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ Ŭ-

ɜŰɑŭɟŬůɖ. ɄɟɩŰɞɜ, ɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ɢɟɐůɖ ůŰŬɗŮɟɐɠ ɘůɢɨɠ əŬɘ ɎɟŬ 

Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ əŬɘ ŭŮɨŰŮɟɞɜ, Űɖ ŭɘŬŰɐɟɖůɖ 

Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛɏůɤ Űɖɠ ɟɨɗɛɘůɖɠ (ŬɡɝɞɛŮɑɤůɖɠ) Űɖɠ ɘůɢɨɞɠ. ɀŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ 

əŬŰŬɚɨŰɖ ůŰɞ ɛɑɔɛŬ, Űɞ ŭɘɎɚɡɛŬ ŬɜŬŭŮɨŮŰŬɘ ɔɘŬ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. Ⱥɜ ůɡɜŮɢŮɑŬ, 

ɛɏůɤ Űɖɠ ɟɨɗɛɘůɖɠ Űɖɠ ɘůɢɨɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ɏɜŬɟɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ əŬɘ 

ɕɡɔɑɕŮŰŬɘ ɖ ŬˊŬɟŬɑŰɖŰɖ ˊɞůɧŰɖŰŬ HMDI, ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɞɜ ɚɧɔɞ 

HMDI/PEG ˊɞɡ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ Ŭˊɧ 1 ɏɤɠ 2, əŬɘ ɖ ůŰɘɔɛɐ ɏɔɢɡůɖɠ Űɖɠ ˊɞůɧŰɖŰŬɠ ŬɡŰɐɠ 

ŬˊɞŰŮɚŮɑ Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ɏɜŬɟɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. Ⱥűɧůɞɜ, ˊɟɞůŰŮɗŮɑ ɖ ˊɞůɧŰɖŰŬ Űɞɡ 

HMDI, ɟɡɗɛɑɕŮŰŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɖɠ ŬɜɎŭŮɡůɖɠ ůŰɞ Ůɨɟɞɠ Ŭˊɧ 100 ɏɤɠ 200rpm əŬɘ ŮűŬɟ-

ɛɧɕŮŰŬɘ Űɞ ˊɟɞűɑɚ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ/ɘůɢɨɞɠ ɔɘŬ Űɖɜ ŮəɎůŰɞŰŮ ŬɜŰɑŭɟŬůɖ. ȷɜŬɚɧɔɤɠ Űɞ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ ɜŬ ŭɘŬɟəɏůŮɘ ɖ ŬɜŰɑŭɟŬůɖ (treaction), ɚŬɛɓɎɜɞɡɛŮ ŭŮɑɔ-

ɛŬŰŬ, ŰŬ ɞˊɞɑŬ ůŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŬˊɞɗɖəŮɨɞɡɛŮ ůŮ ɝɖɟŬɜŰɐɟŬ. 

 

3.4.3.2.2 ɆɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ 
 

ȼ ɢɟɐůɖ Űɞɡ űɞɨɟɜɞɡ ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɡɞ ŭɡɜŬ-

ŰɧŰɖŰŮɠ ɟɨɗɛɘůɖɠ Űɖɠ ɘůɢɨɞɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŬɜŰɑŭɟŬůɖ. ɀŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ əŬŰŬ-

ɚɨŰɖ ůŰɞ ɛɑɔɛŬ, Űɞ ŭɘɎɚɡɛŬ ŬɜŬŭŮɨŮŰŬɘ ɔɘŬ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. Ⱥɜ ůɡɜŮɢŮɑŬ, ɛɏůɤ 

Űɖɠ ɟɨɗɛɘůɖɠ Űɖɠ ɘůɢɨɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ɏɜŬɟɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ əŬɘ ɕɡɔɑ-

ɕŮŰŬɘ ɖ ŬˊŬɟŬɑŰɖŰɖ ˊɞůɧŰɖŰŬ HMDI, ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɞɜ ɚɧɔɞ HMDI/PEG 

ˊɞɡ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ Ŭˊɧ 1 ɏɤɠ 2, əŬɘ ɖ ůŰɘɔɛɐ ɏɔɢɡůɖɠ Űɖɠ ˊɞůɧŰɖŰŬɠ ŬɡŰɐɠ ŬˊɞŰŮɚŮɑ Űɖɜ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ ɏɜŬɟɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. Ⱥűɧůɞɜ, ˊɟɞůŰŮɗŮɑ ɖ ˊɞůɧŰɖŰŬ Űɞɡ HMDI, ɟɡɗ-

ɛɑɕŮŰŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɖɠ ŬɜɎŭŮɡůɖɠ ůŰɞ Ůɨɟɞɠ Ŭˊɧ 100 ɏɤɠ 400rpm əŬɘ ŮűŬɟɛɧɕŮŰŬɘ Űɞ 

ˊɟɞűɑɚ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ/ɘůɢɨɞɠ ɔɘŬ Űɖɜ ŮəɎůŰɞŰŮ ŬɜŰɑŭɟŬůɖ. ȷɜŬɚɧɔɤɠ Űɞ ɢɟɞɜɘəɧ ŭɘɎ-

ůŰɖɛŬ ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ ɜŬ ŭɘŬɟəɏůŮɘ ɖ ŬɜŰɑŭɟŬůɖ (treaction), ɚŬɛɓɎɜɞɡɛŮ ŭŮɑɔɛŬŰŬ, ŰŬ ɞˊɞɑŬ 

ůŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŬˊɞɗɖəŮɨɞɡɛŮ ůŮ ɝɖɟŬɜŰɐɟŬ. 
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ȾŮűɎɚŬɘɞ 4: ɀɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ˊɟɩŰɤɜ ɡɚɩɜ əŬɘ ˊŬɟŬɔɧ-

ɛŮɜɤɜ ˊɞɚɡɞɡɟŮɗŬɜɩɜ 

4.1 Karl Fischer 
 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ˊɞůɞůŰɞɨ ɡɔɟŬůɑŬɠ Ůɜɧɠ ɢɖɛɘəɞɨ ˊɟɞɥɧɜŰɞɠ ˊɞɡ ŬˊɞŰŮɚŮɑ ŬɜŰɘŭɟɩɜ 

ůŮ ɛɘŬ ŭɘŮɟɔŬůɑŬ ůɨɜɗŮůɖɠ ŮɑɜŬɘ əɟɑůɘɛɞɠ ɔɘŬ ˊɞɚɚɞɨɠ ɚɧɔɞɡɠ. ȺɘŭɘəɧŰŮɟŬ, ůŰɖɜ ˊŮɟɑ-

ˊŰɤůɖ ɛŬɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɜŬ ɔɜɤɟɑɕɞɡɛŮ Űɞ ˊɞůɞůŰɧ Űɖɠ ɡɔɟŬůɑŬɠ ůŰɖɜ PEG 

əŬɗɩɠ ɧˊɤɠ ŮɑŭŬɛŮ ůŰɞ ɈˊɞəŮűɎɚŬɘɞ 1.3 (ȺɘəɧɜŬ 1.3.16), Űɞ ɜŮɟɧ ůɡɛɛŮŰɏɢŮɘ ůŮ ˊɞɚɚɏɠ 

ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɧŰŬɜ ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ŭɘɘůɞəɡɎɜɘɞ. ɆɡɜŮˊɩɠ, ɗŬ ˊɟɏˊŮɘ 

ɜŬ ɔɜɤɟɑɕɞɡɛŮ Űɞ Ŭɟɢɘəɧ ˊɞůɞůŰɧ Űɖɠ ɡɔɟŬůɑŬɠ ůŰɖɜ PEG ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬɗɞɟɑůɞɡɛŮ 

Űɞɜ ɢɟɧɜɞ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ Űɞɜ ŬˊŬɟŬɑŰɖŰɞ ɢɟɧɜɞ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɧůɞɡɛŮ Űɞ əŮɜɧ, 

ɏŰůɘ ɩůŰŮ Űɞ ˊɞůɞůŰɧ Űɖɠ ɡɔɟŬůɑŬɠ ɜŬ ˊɏůŮɘ ůŰɞ ŮˊɘɗɡɛɖŰɧ ŮˊɑˊŮŭɞ ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ ůŰɞ 

ɛɏɔɘůŰɞ Űɖɠ ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ. 

ɀɏŰɟɖůɖ ɡɔɟŬůɑŬɠ ůŮ ɏɜŬ ŭŮɑɔɛŬ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ ɝɖɟŬɜŰɘəɏɠ ɛŮɗɧŭɞɡɠ 

(űɞɨɟɜɞɘ ɐ ˊɡɟɘŬɜŰɐɟɘŬ ɝɖɟŬɑɜɞɡɜ Űɞ ŭŮɑɔɛŬ ɛɏůɤ ɗɏɟɛŬɜůɖɠ əŬɘ ɕɡɔɑɕŮŰŬɘ ɖ ŬˊɩɚŮɘŬ Űɖɠ 

ɛɎɕŬɠ əŬɘ ɎɟŬ Űɞɡ ɜŮɟɞɨ) ɐ ŭɘŬɚɡŰɞˊɞɑɖůɖɠ, ɧˊɞɡ ɛŮ ɢɖɛɘəɏɠ ɛŮɗɧŭɞɡɠ ɛŮŰɟɘɏŰŬɘ Űɞ ˊŬ-

ɔɘŭŮɡɛɏɜɞ ɜŮɟɧ Űɞ ɞˊɞɑɞ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ ůŮ əŬŰɎɚɚɖɚɞ ŭɘɎɚɡɛŬ Ŭˊɧ Űɞ ŭŮɑɔɛŬ. ȾŬɗɩɠ 

ɧɛɤɠ ɞɘ ˊŬɟŬˊɎɜɤ Űɟɧˊɞɘ ŭŮɜ ɏɢɞɡɜ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ Űɞɡ ˊɞůɞůŰɞɨ ɡɔɟŬůɑŬɠ, 

ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ɛɏɗɞŭɞɠ Karl Fischer ˊɞɡ ŮɑɜŬɘ 

ˊɘɞ ŬɝɘɧˊɘůŰɖ. 

ȼ ɛɏɗɞŭɞɠ Karl Fischer ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ Ŭˊɚɏɠ, ŮˊŬɜŬɚɐɣɘɛŮɠ əŬɘ ŬɝɘɧˊɘůŰŮɠ ɛŮ-

ɗɧŭɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ ɡɔɟŬůɑŬɠ Ůɜɧɠ ůŰŮɟŮɞɨ ɐ ɡɔɟɞɨ ŭŮɑɔɛŬŰɞɠ. ȺɑɜŬɘ ɘəŬɜɐ ɜŬ ŬɜɘɢɜŮɨůŮɘ 

Űɧůɞ ŮɚŮɨɗŮɟɞ ɜŮɟɧ ɧůɞ əŬɘ ŭŮůɛŮɡɛɏɜɞ ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ əɟɡůŰɎɚɚɤɜ ɐ ůɡůůɤɛŬŰɤ-

ɛɎŰɤɜ. ɄɟɞŰɎɗɖəŮ Ŭˊɧ Űɞɜ ũŮɟɛŬɜɧ Karl Fischer ɤɠ ɛɏɗɞŭɞɠ ɛɏŰɟɖůɖɠ ɛɘəɟɩɜ ˊɞůɞŰɐ-

Űɤɜ ɜŮɟɞɨ ůŮ ŭŮɑɔɛŬŰŬ əŬɘ ɏəŰɞŰŮ ŮɑɜŬɘ ɖ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞɠ ɔɘŬ ɛɏŰɟɖůɖ 

ɡɔɟŬůɑŬɠ.45 

4.1.1 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛŮɗɧŭɞɡ 
 

ȼ Ŭɟɢɐ Űɖɠ ɛŮɗɧŭɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ŭɘŬɚɡŰɞˊɞɑɖůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŮ ɏɜŬ ŭɘŬɚɨŰɖ ɛŮ 

ůəɞˊɧ Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ ŬɡŰɧ. ɇɞ ɜŮɟɧ ŬɜŰɘŭɟɎ ɛŮ Űɞ ŭɘɎɚɡɛŬ Űɞɡ ŰɘŰɚɞ-

ŭɧŰɖ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬɜɘɢɜŮɨŮŰŬɘ ɖ ˊɞɟŮɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. 

ȼ ɢɖɛɘəɐ ŬɜŰɑŭɟŬůɖ ůŰɖɜ ɞˊɞɑŬ ɓŬůɑůŰɖəŮ ɞ Karl Fischer ɔɘŬ Űɖ ɛɏɗɞŭɞ Űɞɡ, ŮɑɜŬɘ ŬɡŰɐ 

ˊɞɡ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛŮŰŬɝɨ Űɞɡ ŰɘŰɚɞŭɧŰɖ əŬɘ Űɞɡ ɜŮɟɞɨ əŬɘ ɞɜɞɛɎɕŮŰŬɘ ŬɜŰɑŭɟŬůɖ Bun-

sen, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɗŮɑɞɡ ůŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ 

əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ:45 

SO2 + I2 + 2 H2O -> H2SO4 + 2 HI 
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ȼ ŬɜŰɑŭɟŬůɖ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɜŮɟɞɨ ŬəɧɛŬ əŬɘ ůŮ 

ˊŮɟɑůůŮɘŬ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɗŮɑɞɡ. ɇŬ ɞɝɏŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ, ŮɝɞɡŭŮŰŮɟɩɜɞɜŰŬɘ ɛŮ Űɖɜ ˊɟɞ-

ůɗɐəɖ ɓɎůɖɠ, Űɖɜ ɞˊɞɑŬ ɞ Karl Fischer ŮˊɏɚŮɝŮ ŰɡɢŬɑŬ ɜŬ ŮɑɜŬɘ ɖ ˊɡɟɘŭɑɜɖ. ɀŮ Űɖɜ Ůˊɘɚɞɔɐ 

Űɖɠ ɛŮɗŬɜɧɚɖɠ ɤɠ Ŭɟɢɘəɧ ŭɘŬɚɨŰɖ, ˊɟɞɏəɡɣŮ Űɞ əɚŬůůɘəɧ ŬɜŰɘŭɟŬůŰɐɟɘɞ KF, Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ŭɘɎɚɡɛŬ ɘɤŭɑɞɡ əŬɘ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɗŮɑɞɡ ůŮ ɛŮɑɔɛŬ ˊɡɟɘŭɑɜɖɠ əŬɘ ɛŮɗŬɜɧɚɖɠ.45 

ɆŰɞ ˊɏɟŬɠ Űɤɜ ŮŰɩɜ, ˊɟɞɏəɡɣŬɜ ɓŮɚŰɘɩůŮɘɠ ůŰɖ ɛɏɗɞŭɞ Űɧůɞ ůŮ ɢɖɛɘəɧ ŮˊɑˊŮŭɞ ɧůɞ əŬɘ 

ůŮ ŮˊɑˊŮŭɞ ɞɟɔŬɜɞɚɞɔɑŬɠ. ȼ ɛŮɗŬɜɧɚɖ ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ ŬɘɗŬɜɧɚɖ, ˊɞɡ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ 

Űɞɝɘəɐ. ȼ ˊɡɟɘŭɑɜɖ ˊɞɡ ŮɑɜŬɘ ŭɨůɞůɛɖ əŬɘ ŮˊɘɓɚŬɓɐɠ ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ ŭɘɎűɞɟŮɠ ɓɎ-

ůŮɘɠ, ɛŮ Űɖɜ ɘɛɘŭŬɕɧɚɖ (C3H4N2) ɜŬ ŮɑɜŬɘ ɖ ˊɟɞŰɘɛɧŰŮɟɖ, ɛɞɘɎɕɞɜŰŬɠ ɢɖɛɘəɎ ůŰɖɜ ˊɡɟɘŭɑɜɖ 

ɢɤɟɑɠ ŰŬ ŬɟɜɖŰɘəɎ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ.45 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ɞɟɔŬɜɞɚɞɔɑŬ, Ůɜɩ ˊŬɚŬɘɧŰŮɟŬ ŬˊŬɘŰɞɨɜŰŬɜ ˊŮɟɑˊɚɞəɖ ůɡɜŭŮůɛɞɚɞɔɑŬ 

Űɧůɞ ɔɘŬ Űɖɜ ɞɔəɞɛɏŰɟɖůɖ Űɖɜ ɑŭɘŬ, ɧůɞ əŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ˊɞɟŮɑŬɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, 

ˊɚɏɞɜ ɞɘ ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ ˊɚɐɟɤɠ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŮɠ. ȷɟəŮɑ ɖ ŮɘůŬɔɤɔɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŰɞ 

əŮɚɑ ŰɘŰɚɞŭɧŰɖůɖɠ əŬɘ ɞɘ ůɡůəŮɡɏɠ ŰɘŰɚɞŭɧŰɖůɖɠ Karl Fischer ŮəŰŮɚɞɨɜ ŬɡŰɧɜɞɛŬ Űɖɜ ŰɘŰ-

ɚɞŭɧŰɖůɖ əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ ůŮ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŬˊŬɘŰɞɨ-

ɜŰŬɘ.45  

ȼ ɛɏŰɟɖůɖ Űɞɡ ˊɞůɞůŰɞɨ ɡɔɟŬůɑŬɠ ůŰɘɠ PEG ɏɔɘɜŮ ɛŮ ɢɟɐůɖ Űɞɡ ˊŬɟŬəɎŰɤ ɞɟɔɎɜɞɡ Karl 

Fischer əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ ůɡůəŮɡɐɠ 831 Coulometric Titrator Űɖɠ Metrohm (ȺɘəɧɜŬ 

4.1.1). 

 

ȺɘəɧɜŬ 4.1.1: 831 Coulometric Titrator. 

4.1.2 ɀɏɗɞŭɞɠ Karl Fischer 
 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɜŮɟɞɨ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ əɞɡɚɞɛŮŰɟɘəɐɠ ŰɘŰɚɞŭɧŰɖůɖɠ. 

ȼ əɞɡɚɞɛŮŰɟɘəɐ ŰɘŰɚɞŭɧŰɖůɖ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ŰɘŰɚɞŭɞŰɘəɧ əŮɚɑ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ŭɨɞ ɛɏɟɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 4.1.2, ɏɜŬ Ŭɜɞŭɘəɧ əŬɘ ɏɜŬ əŬɗɞŭɘəɧ 
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ɛɏɟɞɠ. Ɇɡɜɐɗɤɠ ŬɡŰɎ ɢɤɟɑɕɞɜŰŬɘ ɛŮ ɏɜŬ əŮɟŬɛɘəɧ ɐ ˊɞɚɡɛŮɟɏɠ űɟɎɔɛŬ. ɇɞ Ŭɜɞŭɘəɧ ɛɏɟɞɠ 

(ŭɘɎɚɡɛŬ) ŮɑɜŬɘ Űɞ ŭɘɎɚɡɛŬ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɗŮɑɞɡ, Űɞ ɘɩŭɘɞ əŬɘ Űɖ ɓɎůɖ (ˊ.ɢ. 

ɘɛɘŭŬɕɧɚɖ). ɇɞ ɘɩŭɘɞ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ŮɝɞɡŭŮŰŮɟɩůŮɘ Űɞ ɜŮɟɧ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŭɖɛɘɞɡɟ-

ɔŮɑŰŬɘ ɖɚŮəŰɟɞɚɡŰɘəɎ ůŰɖɜ Ɏɜɞŭɞ ɛɏůɤ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ˊɚŬŰɑɜŬɠ əŬɘ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ 

ůŰɞ ŭɘɎɚɡɛŬ ɔɘŬ ɜŬ ŭŮůɛŮɨůŮɘ Űɞ ɜŮɟɧ. ȼ ŬɡůŰɖɟɎ ˊɞůɞŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡ ɖɚŮəŰɟɘəɞɨ 

űɞɟŰɑɞɡ əŬɘ Űɞɡ ˊɞůɞɨ ɘɤŭɑɞɡ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛŮɔɎɚɖɠ ŬəɟɑɓŮɘŬɠ 

ˊŬɟɞɢɐ ɘɤŭɑɞɡ. ɇɞ ŰŮɚɘəɧ ůɖɛŮɑɞ Űɖɠ ŰɘŰɚɞŭɧŰɖůɖɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɓɞɚŰŬɛŮŰɟɘəɎ ŮűŬɟ-

ɛɧɕɞɜŰŬɠ ŮɜŬɚɚŬůůɧɛŮɜɞ ɟŮɨɛŬ ůŰŬɗŮɟɐɠ ɏɜŰŬůɖɠ ůŰɞ ŭɘˊɚɧ ɖɚŮəŰɟɧŭɘɞ Űɖɠ ˊɚŬŰɑɜŬɠ. 

ȷɡŰɧ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɘŬűɞɟɎɠ ŰɎůɖɠ ŬɜɎɛŮůŬ ůŰɞ ůɨɟɛŬŰŬ ˊɚŬŰɑɜŬɠ 

Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ, ɖ ɞˊɞɑŬ ɛŮɘɩɜŮŰŬɘ ŭɟŬůŰɘəɎ ˊŬɟɞɡůɑŬ ɛɖŭŬɛɘɜɩɜ ˊɞůɞŰɐŰɤɜ ŮɚŮɨɗŮɟɞɡ 

ɘɤŭɑɞɡ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŰŮɚɘəɞɨ ůɖɛŮɑɞɡ ŰɘŰ-

ɚɞŭɧŰɖůɖɠ. ɇɏɚɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ˊɤɠ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŰɘŰɚɞŭɧŰɖůɖɠ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢŮɘ əŬɚɐ ŬɜɎŭŮɡůɖ ůŰɞ ŭɞɢŮɑɞ ŰɘŰɚɞŭɧŰɖůɖɠ.45,46 

 

ȺɘəɧɜŬ 4.1.2: ȹɞɢŮɑɞ ŰɘŰɚɞŭɧŰɖůɖɠ Karl Fischer.46 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɡɔɟŬůɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ əɞɡɚɞɛŮŰɟɘəɐ 

ɛɏɗɞŭɞɠ. ũɘŬ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ůŮ ɜŮɟɧ Ŭˊɧ 10ɛg ɏɤɠ 1000ɛg, ɖ ŬəɟɑɓŮɘŬ Űɖɠ ůɡůəŮɡɐɠ 

ŮɑɜŬɘ Ñ3ɛg, Ůɜɩ ɔɘŬ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ůŮ ɜŮɟɧ ɛŮɔŬɚɨŰŮɟŮɠ Űɤɜ 1000ɛg, ɖ ŬəɟɑɓŮɘŬ ŮɑɜŬɘ 

ŰɞɡɚɎɢɘůŰɞɜ 0,3%.45,46 
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4.1.3 ɄɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɀŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ 
 

ɇɏɚɞɠ, ŬɜŬűɏɟɞɜŰŬɘ ɞɟɘůɛɏɜŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ. ȼ ɛɏɗɞŭɞɠ 

Karl Fischer ˊɟɞŰɘɛɎŰŬɘ ɔɘŬŰɑ ŮɑɜŬɘ Ŭˊɚɐ, Ŭəɟɘɓɐɠ əŬɘ ŬɡůŰɖɟɎ ŮəɚŮəŰɘəɐ ˊɟɞɠ Űɞ ɜŮɟɧ. 

ȺˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɑɢɜŮɡůɖ ˊɞɚɨ ɛɘəɟɩɜ ˊɞůɞŰɐŰɤɜ əŬɘ Űɖɜ Ůɨəɞɚɖ ŮˊŬɜɎɚɖɣɖ Űɤɜ ɛŮŰɟɐ-

ůŮɤɜ. ȼ əɞɡɚɞɛŮŰɟɘəɐ ŰɘŰɚɞŭɧŰɖůɖ ɏɢŮɘ ŬəɧɛŬ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ, əŬɘ ɚɧɔɤ ŬˊɞɡůɑŬɠ 

ŮɝɤŰŮɟɘəɞɨ ŰɘŰɚɞŭɧŰɖ ŭŮ ɢɟŮɘɎɕŮŰŬɘ ŭɘŬəɟɑɓɤůɖ ɤɠ ˊɟɞɠ Űɖɜ ɡɔɟŬůɑŬ, Ůɜɩ ůŰɖɜ ɞɔəɞɛŮ-

Űɟɘəɐ ˊɟɏˊŮɘ ɞ ŰɘŰɚɞŭɧŰɖɠ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ɝɖɟɧɠ. ȷŭɡɜŬɛɑŮɠ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ˊɤɠ ŬˊŬɘ-

ŰɞɨɜŰŬɘ ŬɡůŰɖɟɎ ůŰŮɔŬɜɏɠ ůɡɜɗɐəŮɠ, ɞɘ ŭɘŬɚɨŰŮɠ Űɖɠ ɞɔəɞɛŮŰɟɘəɐɠ ɛŮɗɧŭɞɡ ŭŮɜ ŮɑɜŬɘ 

ɞɘəɞɜɞɛɘəɞɑ əŬɘ ɖ ɛɏɗɞŭɞɠ ˊŬɟɞɡůɘɎɕŮɘ ˊɟɞɓɚɐɛŬŰŬ ůŰɘɠ ɛŮŰɟɐůŮɘɠ ɧŰŬɜ ůŰɞ ŭɘɎɚɡɛŬ 

ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɐ ˊŬɟɞɡůɑŬ ůɡɔəŮəɟɘɛɏɜɤɜ ɞɝɏɤɜ. ȷɡŰɎ ŬɜŰɘ-

ɛŮŰɤˊɑɕɞɜŰŬɘ ɛŮ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ɓɎůŮɤɜ ɐ ɛŮ ˊɟɧůɗŮŰŬ, ɤůŰɧůɞ ɖ ŬɜŰɘɛŮŰɩˊɘůɖ ɔɑ-

ɜŮŰŬɘ Ŭűɞɨ ˊŬɟɞɡůɘŬůŰŮɑ ɖ Ůˊɘˊɚɞəɐ əŬɗɩɠ ɖ ˊɟɧɓɚŮɣɖ ŮɑɜŬɘ ŭɨůəɞɚɖ.45,46  

4.2 ūŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɨɗɟɞɡ ɛŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier 

(FTIR) 
 

4.2.1 ȺɘůŬɔɤɔɐ ůŰɖ űŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɨɗɟɞɡ 
 

ȼ ŬɜɎˊŰɡɝɖ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ ɡˊŮɟɨɗɟɞɡ (Infrared Spectroscopy, IR) ŰɞˊɞɗŮŰŮɑŰŬɘ 

ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 1903, ɧŰŬɜ ɞ W. Coblentz ɝŮəɑɜɖůŮ Űɖɜ ˊŮɘɟŬɛŬŰɘəɐ ɛɏŰɟɖůɖ Űɤɜ űŬůɛɎ-

Űɤɜ Ŭˊɞɟɟɧűɖůɖɠ əŬɗŬɟɩɜ ɞɡůɘɩɜ. ȷˊɧ Űɞ 1930 ŬˊɞŰŮɚŮɑ ɓŬůɘəɐ ɛɏɗɞŭɞ ŰŬɡŰɞˊɞɑɖůɖɠ 

Űɖɠ ɛɞɟɘŬəɐɠ ŭɞɛɐɠ ŬɚɚɎ əŬɘ ůɨůŰŬůɖɠ ɞɟɔŬɜɘəɩɜ əɡɟɑɤɠ ŬɚɚɎ əŬɘ ŬɜɧɟɔŬɜɤɜ ŮɜɩůŮɤɜ, 

ŬɚɚɎ əŬɘ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɤɜ ɛɞɟɑɤɜ ůŰɞ ɢɩɟɞ.47 

ȸŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ɡɣɖɚɐ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ ŬɜɎɚɡůɖɠ (Ŭˊɧ 

ˊɞɚɨ ɛŮɔɎɚŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɤɠ Űɞ ŮˊɑˊŮŭɞ ɘɢɜɩɜ ɛɘŬɠ ɏɜɤůɖɠ). ȷɡŰɐ ɖ ɛŮɔɎɚɖ ŮəɚŮəŰɘ-

əɧŰɖŰŬ Űɖɠ, əɎɜŮɘ Űɞ űɎůɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɜŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ Űɞ çŭŬəŰɡɚɘəɧ ŬˊɞŰɨ-

ˊɤɛŬè Űɖɠ ɏɜɤůɖɠ.48 

ɆɖɛŬɜŰɘəɧ ůɖɛŮɑɞ ůŰɖɜ Ůɝɏɚɘɝɖ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ űŬůɛŬŰɞ-

űɤŰɞɛɏŰɟɤɜ ɡˊŮɟɨɗɟɞɡ ɛŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier, ŰŬ ɞˊɞɑŬ əŬɘ ŬɜŰɘəŬŰɏůŰɖůŬɜ ŰŬ ɏɤɠ 

ŰɧŰŮ əɞɘɜɎ űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɐɠ Űɖɠ Ůɝɏɚɘɝɖɠ ŮɑɜŬɘ ɧŰɘ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ 

ŭŮəŬŮŰɑŮɠ ɖ ɛɏɗɞŭɞɠ ɜŬ ɏɢŮɘ ŮˊŮəŰŬɗŮɑ ůŮ ɏɜŬ Ůɡɟɨ ˊŮŭɑɞ ŮűŬɟɛɞɔɩɜ ŮɝŬɘŰɑŬɠ Űɖɠ ŰŬɢɨŰɖ-

ŰŬɠ əŬɘ Űɖɠ ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɖɠ.48 

ȼ ɛɏɗɞŭɞɠ Űɖɠ ɡˊɏɟɡɗɟɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɖɠ ɡˊɏɟɡɗɟɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮ ŰŬ ɛɧɟɘŬ Űɖɠ ɏɜɤůɖɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɘɏɔŮɟůɖ Űɞɡɠ ůŮ ɡɣɖɚɧŰŮɟŮɠ 

ŮɜŮɟɔŮɘŬəɏɠ ůŰɎɗɛŮɠ ŭɧɜɖůɖɠ ɐ ˊŮɟɘůŰɟɞűɐɠ (ȺɘəɧɜŬ 4.2.1).48 
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ȺɘəɧɜŬ 4.2.1: ɀŮŰŬɓɞɚɐ Űɖɠ ŭɘˊɞɚɘəɐɠ ɟɞˊɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɞɜɖŰɘəɐɠ əŬɘ ˊŮɟɘůŰɟɞűɘəɐɠ ŭɘŬŭɘəŬ-

ůɑŬɠ.48 

ɆŰɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ űɎůɛŬ, ɖ ˊŮɟɘɞɢɐ Űɞɡ ɡˊŮɟɨɗɟɞɡ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ 

ɞɟŬŰɞɨ ɤɠ Űɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ, ŭɖɚŬŭɐ Ŭˊɧ 0,8ɛm ɤɠ 300ɛm əŬɘ ŭɘŬəɟɑɜŮŰŬɘ 

ůŮ ŰɟŮɘɠ Ůˊɘɛɏɟɞɡɠ ˊŮɟɘɞɢɏɠ. ȺɘŭɘəɧŰŮɟŬ:48 

¶ ɇɞ Ůɔɔɨɠ IR (NIR) ˊɞɡ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 0,8ɛm ɏɤɠ 2,5ɛm əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 

əɡɛŬŰŬɟɘɗɛɞɨɠ 14000cm-1-4000cm-1, ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɡɜŭɡŬůɛɞɑ ŰŬɚŬɜŰɩ-

ůŮɤɜ əŬɘ ɡˊŮɟŰɞɜɘəɩɜ ŭɞɜɐůŮɤɜ, əŬɗɩɠ əŬɘ ɛŮɔɎɚɖɠ ŰɎɝɖɠ ůəŮŭɎůŮɘɠ. 

¶ ɇɞ ɛɏůɞ IR (MIR) ˊɞɡ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 2,5ɛm ɏɤɠ 25ɛm əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɡ-

ɛŬŰŬɟɘɗɛɞɨɠ 4000cm-1-400cm-1, ɧˊɞɡ ŭɘŮɔŮɑɟɞɜŰŬɘ ɗŮɛŮɚɘɩŭŮɘɠ ŰŬɚŬɜŰɩůŮɘɠ əŬɘ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ɓŬůɘəɏɠ ɛŮŰŬɓɞɚɏɠ ůŰɖ ŭɧɜɖůɖ Űɤɜ ɛɞɟɑɤɜ ɚɧɔɤ Ŭˊɞɟɟɧűɖůɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ. 

¶ ɇɞ Ɏˊɤ IR (FIR) ˊɞɡ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 25ɛm ɏɤɠ 300ɛm əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɡ-

ɛŬŰŬɟɘɗɛɞɨɠ 400cm-1-10cm-1, ɧˊɞɡ əŬɚɨˊŰɞɜŰŬɘ ɞɘ ůɡɢɜɧŰɖŰŮɠ ŰŬɚɎɜŰɤůɖɠ Űɤɜ 

ɛŮɔɎɚɤɜ ɛɞɟɑɤɜ. ȺɘŭɘəɧŰŮɟŬ ˊŬɟɏɢɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɘɠ ɛɞɟɘŬəɏɠ ˊŮɟɘůŰɟɞ-

űɏɠ əŬɘ Űɘɠ ŭɞɜɐůŮɘɠ ɓŬɟɏɤɜ ŬŰɧɛɤɜ ŬɚɚɎ əŬɘ Űɞɡ əɟɡůŰŬɚɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ. 

4.2.2 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ ɡˊɏɟɡɗɟɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ 
 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɧŰŬɜ ɏɜŬ ɛɧɟɘɞ ŬˊɞɟɟɞűɐůŮɘ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ ŰɧŰŮ ŬɡŰɧ ŭɘŮɔŮɑ-

ɟŮŰŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ ůŰɎɗɛŮɠ ŭɧɜɖůɖɠ ɐ ˊŮɟɘůŰɟɞűɐɠ. ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ 

ŭɘɏɔŮɟůɖ ŮɑɜŬɘ Űɞ ɛɧɟɘɞ ɜŬ ŮɛűŬɜɑɕŮɘ ɛŮŰŬɓɞɚɐ Űɖɠ ŭɘˊɞɚɘəɐɠ ɟɞˊɐɠ. ɇɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ 

ɛɞɟɑɤɜ ŮɑɜŬɘ ŰŬ ɛɧɟɘŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ ŮŰŮɟɞɎŰɞɛŬ (ˊ.ɢ. Űɞ ɛɧɟɘɞ Űɞɡ HCl, Űɞɡ 

NO, Űɞɡ CO əɚˊ) ɐ ŰŬ ɛɧɟɘŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭŮůɛɞɨɠ ɎɜɗɟŬəŬ. ɇŬ ŭɘŬŰɞɛɘəɎ ɛɧɟɘŬ 

ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞ ɑŭɘɞ ɎŰɞɛɞ (ˊ.ɢ. H2, N2 əɚˊ) ŭŮɜ ŭɘŮɔŮɑɟɞɜŰŬɘ ɛŮ Ŭˊɞɟɟɧűɖůɖ 

ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɗɩɠ ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ŭɘˊɞɚɘəɐ Űɞɡɠ ɟɞˊɐ.47,48 

ȼ ɡˊɏɟɡɗɟɖ űŬůɛŬŰɞůəɞˊɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ŭˊɞɟɟɧűɖůɖ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůɡɔəŮ-

əɟɘɛɏɜɖɠ ůɡɢɜɧŰɖŰŬɠ Ŭˊɧ ɏɜŬ ɛɧɟɘɞ ɚɧɔɤ ŭɞɜɐůŮɤɜ əŬɘ ˊŮɟɘůŰɟɞűɩɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ 

ɢɩɟŬ ůŮ ŬɡŰɧ ůŰɖɜ ɑŭɘŬ ůɡɢɜɧŰɖŰŬ. ɆŰɖɜ ɡˊɏɟɡɗɟɖ űŬůɛŬŰɞůəɞˊɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

ˊŮɟɘɞɢɐ ɛŮ ɛɐəɖ əɨɛŬŰɞɠ Ŭˊɧ 2ɛm ɏɤɠ 50ɛm ɐ ɛŮ əɡɛŬŰŬɟɘɗɛɞɨɠ 4000cm-1-200cm-1, 

ŭɖɚŬŭɐ ɖ ɛɏůɖ ɡˊɏɟɡɗɟɖ ˊŮɟɘɞɢɐ. ɆŰɞ ŭɘɎůŰɖɛŬ Ŭˊɧ 4000cm-1 ɏɤɠ 1500cm-1, Ŭˊɞɟɟɞ-

űɞɨɜ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɞɛɎŭŮɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ əɡɟɑɤɠ ůŰɘɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ Ůɜɩ ůŰɞ 

ŭɘɎůŰɖɛŬ Ŭˊɧ 1500cm-1 ɏɤɠ 200cm-1 Ŭˊɞɟɟɞűɞɨɜ ŭɘɎűɞɟɞɘ Ŭˊɚɞɑ ŭŮůɛɞɑ. ɇɞ űɎůɛŬ Ŭ-

ˊɞɟɟɧűɖůɖɠ ́ ɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ŭŮɨŰŮɟɞ ŭɘɎůŰɖɛŬ ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɔɘŬ əɎɗŮ ɏɜɤůɖ 

əŬɘ ŬˊɞŰŮɚŮɑ Űɞ çŭŬəŰɡɚɘəɧ ŬˊɞŰɨˊɤɛŬè Űɖɠ.47,48 
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ȷɜɘɢɜŮɨɞɜŰŬɠ Űɞɡɠ Űɟɧˊɞɡɠ ŭɧɜɖůɖɠ ɐ ˊŮɟɘůŰɟɞűɐɠ Űɤɜ ŬŰɧɛɤɜ ůŮ ɏɜŬ ɛɧɟɘɞ, əŬɗɞɟɑɕŮ-

ŰŬɘ ɞ Űɟɧˊɞɠ ŭɘɎŰŬɝɖɠ Űɞɡɠ əŬɘ ɖ ŭɞɛɐ Űɞɡ ɛɞɟɑɞɡ. Ⱥˊɞɛɏɜɤɠ, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŭɘɎəɟɘůɖ 

ɛŮŰŬɝɨ ŭɡɞ ŮɜɩůŮɤɜ ˊɞɡ ɏɢɞɡɜ Űɞɜ ɑŭɘɞ ɢɖɛɘəɧ Űɨˊɞ ŬɚɚɎ ŭɘŬűɞɟŮŰɘəɐ ŭɞɛɐ.48 

ȺəŰɧɠ ɧɛɤɠ Ŭˊɧ Űɖɜ ˊɞɘɞŰɘəɐ ŬɜɎɚɡůɖ, ɛŮ Űɖɜ ɡˊɏɟɡɗɟɖ űŬůɛŬŰɞůəɞˊɑŬ ŮɑɜŬɘ ŭɡɜŬŰɐ əŬɘ 

ɖ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ, əŬɗɩɠ Űɞ ˊɞůɧ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ ŮɑɜŬɘ 

ŬɜɎɚɞɔɞ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ȼ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ 

ůɡɔəɟɑɜɞɜŰŬɠ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŰŬɘɜɑŬɠ ˊɞɡ ŮɜŭɘŬűɏɟŮɘ ůŰɞ űɎůɛŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŬɜŰɑ-

ůŰɞɘɢɖɠ ŰŬɘɜɑŬɠ ůŮ űɎůɛŬ Ŭˊɧ ŭŮɑɔɛŬ ɔɜɤůŰɐɠ ůɡɔəɏɜŰɟɤůɖɠ.47,48 

ȼ ˊɞůɧŰɖŰŬ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ ɏɜŬ ŭŮɑɔɛŬ ŮəűɟɎɕŮŰŬɘ ɛŮ Űɖ ŭɘŬˊŮ-

ɟŬŰɧŰɖŰŬ T (transmission), ɖ ɞˊɞɑŬ ɘůɞɨŰŬɘ ɛŮ Űɞ ɚɧɔɞ Űɖɠ ɏɜŰŬůɖɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ 

ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ŭŮɑɔɛŬ, I, ˊɟɞɠ Űɖɜ ɏɜŰŬůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŮ ŬɡŰɧ, Io 

(Ⱥɝɑůɤůɖ 4.1).48 

Ὕ    (4.1) 

ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɤɠ Ůˊɑ Űɞɘɠ ŮəŬŰɧ ŭɘŬˊŮɟŬŰɧŰɖŰŬ (%T). 

ȷəɧɛɖ, ŬɜŰɑ ɔɘŬ Űɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɞ ɧɟɞɠ Ŭˊɞɟɟɧűɖůɖ ɐ Ŭˊɞɟɟɞűɖ-

ŰɘəɧŰɖŰŬ A (absorbance), ɖ ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ (Ⱥɝɑůɤůɖ 4.2):48 

ὃ ÌÏÇ ÌÏÇ   (4.2) 

ȼ ŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɘɞ ůɡɢɜɎ Ŭˊɧ Űɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ əŬɗɩɠ ůɨɛűɤɜŬ 

ɛŮ Űɞɜ ɜɧɛɞ Lambert-Beer ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ (Ⱥɝɑůɤůɖ 

4.3).48 

ὃ Ὡz ὰz ὧ   (4.3) 

ɧˊɞɡ: e ɞ ůɡɜŰŮɚŮůŰɐɠ ɔɟŬɛɛɞɛɞɟɘŬəɐɠ ŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬɠ (M-1*cm-1), l Űɞ ɛɐəɞɠ Űɖɠ 

əɡɣŮɚɑŭŬɠ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ŭŮɑɔɛŬ (cm-1) əŬɘ c ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ (M). 

4.2.3 ȹɞɜɐůŮɘɠ ˊɞɚɡŬŰɞɛɘəɩɜ ɛɞɟɑɤɜ 
 

ɆŮ ɏɜŬ ůɨůŰɖɛŬ ŭɨɞ ŬŰɧɛɤɜ ˊɞɡ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ůŮ ɏɜŬ əɞɘɜɧ ŰɟɑŰɞ ɎŰɞɛɞ, ɧˊɤɠ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ Űɞ ůɨůŰɖɛŬ ŭɨɞ ŬŰɧɛɤɜ ɡŭɟɞɔɧɜɞɡ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɏɜŬ ɎŰɞɛɞ ɎɜɗɟŬəŬ, 

ɡˊɎɟɢɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ Űɟɧˊɞɘ ŭɞɜɐůŮɤɜ:47,48 

¶ ȹɞɜɐůŮɘɠ ŰɎůŮɘɠ (stretching vibrations): ŰŬ ŭɨɞ ɎŰɞɛŬ ˊɎɚɚɞɜŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ 

ɩůŰŮ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ůɡɜŮɢɩɠ ɖ ŬˊɧůŰŬůɖ ˊɞɡ ɏɢɞɡɜ ɛŮ Űɞ əɞɘɜɧ ɎŰɞɛɞ. ȹɘŬəɟɑ-

ɜɞɜŰŬɘ ůŮ ůɡɛɛŮŰɟɘəɏɠ əŬɘ ŬɜŰɘůɡɛɛŮŰɟɘəɏɠ. ɆɡɛɛŮŰɟɘəɏɠ ŮɑɜŬɘ ɧŰŬɜ ŰŬ ŭɨɞ ɎŰɞɛŬ 

ˊɎɚɚɞɜŰŬɘ ˊɟɞɠ Űɖɜ ɑŭɘŬ űɞɟɎ ůŮ ůɢɏůɖ ɛŮ Űɞ əɞɘɜɧ ɎŰɞɛɞ Ůɜɩ ŬůɨɛɛŮŰɟŮɠ ɧŰŬɜ 



79 
 

ˊɎɚɚɞɜŰŬɘ ˊɟɞɠ ŬɜŰɑɗŮŰŮɠ űɞɟɏɠ (ȺɘəɧɜŬ 4.2.2). Ƀɘ ŬɜŰɘůɡɛɛŮŰɟɘəɏɠ ɏɢɞɡɜ ɚɑɔɖ ˊŬ-

ɟŬˊɎɜɤ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɘɠ ůɡɛɛŮŰɟɘəɏɠ. ȾŬɘ ɞɘ ŭɨɞ Űɨˊɞɘ ŬɡŰɩɜ Űɤɜ ŭɞɜɐůŮɤɜ ůɡɛ-

ɓɞɚɑɕɞɜŰŬɘ ɛŮ Űɞ ɔɟɎɛɛŬ ɜ.47,48 

¶ ȹɞɜɐůŮɘɠ əɎɛɣɖɠ ɐ ɣŬɚɑŭɘůɖɠ (bending or scissoring vibrations): ŰŬ ŭɨɞ ɎŰɞɛŬ 

ˊɎɚɚɞɜŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ůɡɜŮɢɩɠ ɖ ɔɤɜɑŬ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

ŭŮůɛɩɜ ˊɞɡ ɏɢŮɘ Űɞ əŬɗɏɜŬ ɛŮ Űɞ əɞɘɜɧ ɎŰɞɛɞ (ȺɘəɧɜŬ 4.2.2). ɆɡɛɓɞɚɑɕɞɜŰŬɘ ɛŮ Űɞ 

ɔɟɎɛɛŬ ŭ.47,48 

¶ ȹɞɜɐůŮɘɠ Ŭɘɩɟɖůɖɠ (rocking vibrations): ŰŬ ŭɨɞ ɎŰɞɛŬ ˊɎɚɚɞɜŰŬɘ ŮɜŰɧɠ Űɞɡ Ůˊɘ-

ˊɏŭɞɡ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɛŮ Űɞ əɞɘɜɧ ɎŰɞɛɞ (ȺɘəɧɜŬ 4.2.2). ɆɡɛɓɞɚɑɕɞɜŰŬɘ ɛŮ ɟr. 
47,48 

¶ ȹɞɜɐůŮɘɠ ůɡůŰɟɞűɐɠ (twisting vibrations): ŰŬ ŭɨɞ ɎŰɞɛŬ ˊɎɚɚɞɜŰŬɘ ŮəŰɧɠ Űɞɡ Ů-

ˊɘˊɏŭɞɡ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɛŮ Űɞ əɞɘɜɧ ɎŰɞɛɞ ˊɟɞɠ ŬɜŰɑɗŮŰŮɠ űɞɟɏɠ (ȺɘəɧɜŬ 4.2.2). 

ɆɡɛɓɞɚɑɕɞɜŰŬɘ ɛŮ ɟt.
47,48 

¶ ȹɞɜɐůŮɘɠ ůŮɑůɖɠ (wagging vibrations): ŰŬ ŭɨɞ ɎŰɞɛŬ ˊɎɚɚɞɜŰŬɘ ŮəŰɧɠ Űɞɡ Ůˊɘˊɏ-

ŭɞɡ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɛŮ Űɞ əɞɘɜɧ ɎŰɞɛɞ ˊɟɞɠ Űɖɜ ɑŭɘŬ űɞɟɎ (ȺɘəɧɜŬ 4.2.2). Ɇɡɛɓɞ-

ɚɑɕɞɜŰŬɘ ɛŮ ɟw.47,48 

 

ȺɘəɧɜŬ 4.2.2: ȺˊɘŰɟŮˊŰɏɠ ɛɞɟɘŬəɏɠ ŭɞɜɐůŮɘɠ.49 

4.2.4 ūŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɨɗɟɞɡ ɛŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier 
 

ɇŬ űŬůɛŬŰɧɛŮŰɟŬ FTIR ŮɛűŬɜɑůŰɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1970. ȺɑɜŬɘ űŬ-

ůɛŬŰɧɛŮŰɟŬ Ŭˊɚɐɠ ŭɏůɛɖɠ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ɛɞɜɞɢɟɤɛɎŰɞɟŬ űɟɎɔɛŬŰɞɠ, ŬɚɚɎ ɢɟɖůɘɛɞˊɞɘ-

ɞɨɜ ɏɜŬ ůɡɛɓɞɚɧɛŮŰɟɞ (interferometer) Űɨˊɞɡ Michelson (ȺɘəɧɜŬ 4.2.3), ˊɞɡ ŰɞˊɞɗŮŰŮɑŰŬɘ 

ɛŮŰŬɝɨ Űɖɠ ˊɖɔɐɠ əŬɘ Űɞɡ ŭŮɑɔɛŬŰɞɠ.48 
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ȺɘəɧɜŬ 4.2.3: ɆɡɛɓɞɚɧɛŮŰɟɞ Michelson.50 

ɇɞ ůɡɛɓɞɚɧɛŮŰɟɞ Michelson ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ əɎŰɞˊŰɟŬ əɎɗŮŰŬ ɛŮŰŬɝɨ Űɞɡɠ ɧˊɞɡ Űɞ 

ɏɜŬ ŮɑɜŬɘ ůŰŬɗŮɟɧ Ůɜɩ Űɞ Ɏɚɚɞ ɛŮŰŬəɘɜŮɑŰŬɘ. ȷɜɎɛŮůŬ Űɞɡɠ ɡˊɎɟɢŮɘ ɏɜŬɠ ŭɘŬɢɤɟɘůŰɐɠ ŭɏ-

ůɛɖɠ. ȼ ŬəŰɘɜɞɓɞɚɑŬ Űɖɠ ˊɖɔɐɠ ˊɟɞůˊɑˊŰŮɘ ůŰɞ ŭɘŬɢɤɟɘůŰɐ ŭɏůɛɖɠ əŬɘ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ 

ŭɏůɛŮɠ ɑůɖɠ ɏɜŰŬůɖɠ. ȼ ɛɑŬ ŭɏůɛɖ (1) əŬŰŮɡɗɨɜŮŰŬɘ ůŰɞ ůŰŬɗŮɟɧ əɎŰɞˊŰɟɞ əŬɘ ɖ Ɏɚɚɖ (2) 

ůŰɞ əɘɜɖŰɧ. Ƀɘ ŭɨɞ ŭɏůɛŮɠ ŬɜŬəɚɩɜŰŬɘ ůŰŬ əɎŰɞˊŰɟŬ əŬɘ ɞɘ ŬɜŬəɚɩɛŮɜŮɠ ŭɏůɛŮɠ əŬŰŮɡ-

ɗɨɜɞɜŰŬɘ ůŰɞ ŭɘŬɢɤɟɘůŰɐ ɧˊɞɡ ůɡɛɓɎɚɚɞɡɜ. ɀŮŰɎ Űɖ ůɡɛɓɞɚɐ, ɖ ŬəŰɘɜɞɓɞɚɑŬ ˊŮɟɜɎŮɘ 

Ŭˊɧ Űɞ ŭŮɑɔɛŬ əŬɘ əŬŰŬɚɐɔŮɘ ůŰɞɜ ŬɜɘɢɜŮɡŰɐ. ɇɞ əɎŰɞˊŰɟɞ əɘɜŮɑŰŬɘ ůŰŬŭɘŬəɎ ŬɚɚɎɕɞɜŰŬɠ 

əɎɗŮ űɞɟɎ Űɖ ŭɘŬűɞɟɎ ŬɜɎɛŮůŬ ůŰɖ ŭɘŬŭɟɞɛɐ ˊɞɡ ŮəŰŮɚŮɑ ɖ ɛɑŬ ŭɏůɛɖ Ŭˊɧ Űɖ ŭɘŬŭɟɞɛɐ 

ˊɞɡ ŮəŰŮɚŮɑ ɖ Ɏɚɚɖ. ȺɎɜ ɖ ŭɘŬűɞɟɎ Űɖɠ ŭɘŬŭɟɞɛɐɠ Űɤɜ ŭɨɞ ŭŮůɛɩɜ ŮɑɜŬɘ ŬəɏɟŬɘɞ ˊɞɚɚŬ-

ˊɚɎůɘɞ Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ŰɧŰŮ ˊŬɟŬŰɖɟŮɑŰŬɘ Ůɜɑůɢɡůɖ Űɖɠ ŬəŰɘɜɞɓɞ-

ɚɑŬɠ. ȷɜ ŭŮɜ ŮɑɜŬɘ ŬəɏɟŬɘɞ ˊɞɚɚŬˊɚɎůɘɞ, ˊŬɟŬŰɖɟŮɑŰŬɘ ŬˊɧůɓŮůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ɀŮ 

ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, Űɞ ůɡɛɓɞɚɧɛŮŰɟɞ ŮˊŮɝŮɟɔɎɕŮŰŬɘ ůɡɔɢɟɧɜɤɠ ˊɞɚɚɎ ůɖɛŮɑŬ Ŭˊɧ Űɞ űɎůɛŬ 

Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȳŰŬɜ ůɡɢɜɧŰɖŰŮɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůɡɛˊɑˊŰɞɡɜ ɛŮ ůɡɢɜɧŰɖŰŮɠ ůɡɔəŮ-

əɟɘɛɏɜɤɜ Űɟɧˊɤɜ ŭɧɜɖůɖɠ ɐ ˊŮɟɘůŰɟɞűɐɠ ɛɞɟɑɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ŰɧŰŮ ŬˊɞɟɟɞűɞɨɜŰŬɘ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ɛɐəɖ əɨɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ ŮɛűŬɜɑɕɞɜŰŬɘ əɞɟɡűɏɠ ůŰɞ űɎůɛŬ ˊɞɡ 

ɚŬɛɓɎɜŮŰŬɘ.47,48 

ɇŬ űɎůɛŬŰŬ FTIR ŮɑɜŬɘ űɎůɛŬŰŬ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ, əŬɗɩɠ ɞ ɗɧɟɡɓɞɠ ɛŮɘɩɜŮŰŬɘ ůŰɞ Ů-

ɚɎɢɘůŰɞ, ɛɏůŬ Ŭˊɧ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ůŬɟɩůŮɘɠ Űɞɡ űɎůɛŬŰɞɠ, ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞ-

ˊɞɑŬ əŬɘ ɞɘ ŮɜŰɎůŮɘɠ Űɤɜ ŬˊɞɟɟɞűɐůŮɤɜ ɓŮɚŰɘɩɜɞɜŰŬɘ ůɖɛŬɜŰɘəɎ. ȺɑɜŬɘ ŭɡɜŬŰɧɜ Ůˊɑůɖɠ 

ɜŬ ŬűŬɘɟŮɑŰŬɘ ɏɜŬ űɎůɛŬ Ŭˊɧ ɏɜŬ Ɏɚɚɞ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ űɎůɛŬ ŭŮɑɔɛŬŰɞɠ əŬɘ űɎůɛŬ ŬɜŬ-

űɞɟɎɠ ï ˊɟɞůɛɑɝŮɤɜ (ȺɘəɧɜŬ 4.2.4). ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɖ Ŭəɟɘɓɐɠ 

ŬɜɑɢɜŮɡůɖ ŬəɧɛŬ əŬɘ Űɤɜ ɛɘəɟɧŰŮɟɤɜ ɛŮŰŬɓɞɚɩɜ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚɞɜŰŬɘ Űɧůɞ ůŰɖ 

ɛŮŰŬɓŬɚɚɧɛŮɜɖ ůɨůŰŬůɖ ɧůɞ əŬɘ ůŰɖ űɡůɘəɐ əŬŰɎůŰŬůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ.47,48 
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ȺɘəɧɜŬ 4.2.4: ɇɟɧˊɞɠ ŮɝŬɔɤɔɐɠ űŬůɛɎŰɤɜ FTIR.51 

Ƀ ůɡɜɖɗɏůŰŮɟɞɠ Űɟɧˊɞɠ ůɡɚɚɞɔɐɠ űŬůɛɎŰɤɜ IR ŮɑɜŬɘ ɛŮ Űɖ ŭɘɎŰŬɝɖ Űɖɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

(ȺɘəɧɜŬ 4.2.5). ɋůŰɧůɞ ɛɧɜɞ ɞɟɘůɛɏɜŬ ɡɚɘəɎ ŮɑɜŬɘ ŬɟəŮŰɎ ŭɘŬűŬɜɐ əŬɘ ɚŮˊŰɎ ɩůŰŮ ɜŬ 

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŭɘɏɚŮɡůɖ Űɖɠ ŭɏůɛɖɠ ɡˊŮɟɨɗɟɞɡ əŬɘ Űɖ ůɡɚɚɞɔɐ ŬɝɘɧˊɘůŰɞɡ űɎůɛŬŰɞɠ. 

ȺɜŬɚɚŬəŰɘəɎ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬɟŬɑɤůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ ɓɟɤɛɘɞɨɢɞ əɎɚɘɞ (KBr) 

əŬɘ Űɖɜ ˊŬɟŬůəŮɡɐ ŭŮɑɔɛŬŰɞɠ ůŮ ɛɞɟűɐ ŭɘůəɑɞɡ (pellet). ȼ ŭɘŬŭɘəŬůɑŬ ŮɜɏɢŮɘ ůɞɓŬɟɎ ɛŮɘɞ-

ɜŮəŰɐɛŬŰŬ ɧˊɤɠ Űɞ ɧŰɘ ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɡŭŬŰɞɔŮɜɐ ŭŮɑɔɛŬŰŬ ɚɧɔɤ Űɖɠ ɡɔɟɞůəɞˊɘəɧŰɖ-

ŰŬɠ Űɞɡ KBr əŬɘ ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ ůŮ əɖɟɩŭŮɘɠ ɞɡůɑŮɠ ŮˊŮɘŭɐ ŬɡŰɏɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ 

ɚŮɘɞŰɟɘɓɖɗɞɨɜ. Ⱥˊɑůɖɠ, ŮɑɜŬɘ ɢɟɞɜɞɓɧɟŬ əŬɘ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊɟɞəŬɚɏůŮɘ ɡŭɟɧɚɡůɖ ɐ ɘɞ-

ɜŰɞŮɜŬɚɚŬɔɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ ŭŮɜ ŮɑɜŬɘ ŮˊŬɜŬɚɐɣɘɛɖ əŬɗɩɠ Űɞ ŭŮɑɔɛŬ ŭŮɜ ŮɑɜŬɘ ŬɜŬəŰɐ-

ůɘɛɞ ɛŮŰɎ Űɖɜ ɛɏŰɟɖůɖ.47,48 

 

ȺɘəɧɜŬ 4.2.5: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ůɡůŰɐɛŬŰɞɠ FTIR.52 
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ȼ ɘŭŬɜɘəɐ ɛɏŰɟɖůɖ Űɞɡ űɎůɛŬŰɞɠ ɡˊŮɟɨɗɟɞɡ ˊɟɏˊŮɘ ɜŬ ɛɖɜ ŬˊŬɘŰŮɑ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ, ɜŬ ŮűŬɟɛɧɕŮŰŬɘ Ůɝ ɑůɞɡ ůŮ ůŰŮɟŮɎ əŬɘ ɡɔɟɎ, ɜŬ ŮɑɜŬɘ ŮˊŬɜŬɚɐɣɘɛɖ əŬɘ ɛɖ əŬ-

ŰŬůŰɟɞűɘəɐ ɔɘŬ Űɞ ŭŮɑɔɛŬ. ȼ əŬŰô Ůɝɞɢɐɜ ɛɏɗɞŭɞɠ ůɡɚɚɞɔɐɠ űŬůɛɎŰɤɜ ˊɞɡ ůɡɜŭɡɎɕŮɘ ɧɚŬ 

ŰŬ ˊŬɟŬˊɎɜɤ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ ȺɝŬůɗŮɜɖɛɏɜɖ Ƀɚɘəɐ ȷɜŬəɚŬůŰɘəɧŰɖŰŬ 

(Attenuated Total Reflectance, ATR).47 

ȾŬŰɎ Űɖɜ ŰŮɢɜɘəɐ ŬɡŰɐ, ɖ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ ˊɟɘɜ ˊɟɞůˊɏůŮɘ ůŰɞ ŭŮɑɔɛŬ ŭɘŬˊŮɟɜɎ ɏɜŬɜ 

əɟɨůŰŬɚɚɞ ɡɣɖɚɞɨ ŭŮɑəŰɖ ŭɘɎɗɚŬůɖɠ, ˊɞɡ əŬŰŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ɔŮɟɛɎɜɘɞ ɐ ŭɘŬɛɎɜŰɘ. ȼ 

ŬəŰɘɜɞɓɞɚɑŬ ˊɟɞůˊɑˊŰŮɘ ɡˊɧ ůɡɔəŮəɟɘɛɏɜɖ ɔɤɜɑŬ, ůɡɜɐɗɤɠ 45ɞ, əŬɘ ɡˊɧəŮɘŰŬɘ ůŮ ˊɞɚɚŬ-

ˊɚɏɠ ɞɚɘəɏɠ ŬɜŬəɚɎůŮɘɠ ŮɜŰɧɠ Űɞɡ əɟɡůŰɎɚɚɞɡ, ŭɘŮɘůŭɨɞɜŰŬɠ ůŮ ˊɞɚɨ ɛɘəɟɧ ɓɎɗɞɠ ɛɏůŬ 

ůŰɞ ŭŮɑɔɛŬ, Űɖɠ ŰɎɝɖɠ Űɞɡ 1 ɛm. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɖ ŬəŰɘɜɞɓɞɚɑŬ ŭɘɏɟɢŮŰŬɘ ɛɏůŬ ůŰɞ 

ŭŮɑɔɛŬ ɢɤɟɑɠ ɛŮɔɎɚɖ ŬˊɩɚŮɘŬ ŮɜɏɟɔŮɘŬɠ əŬɘ ɞɘ ˊɞɚɚŬˊɚɏɠ ɞɚɘəɏɠ ŬɜŬəɚɎůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ 

ɡˊɧəŮɘɜŰŬɘ ŬɡɝɎɜɞɡɜ Űɖɜ ŬɜŬɚɞɔɑŬ Űɞɡ ůɐɛŬŰɞɠ ˊɟɞɠ Űɞ ɗɧɟɡɓɞ, ɩůŰŮ Űɞ ůɐɛŬ ɜŬ ŮɑɜŬɘ 

ˊɘɞ ɏɜŰɞɜɞ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɧ Űɖɠ FT-IR. ȷˊŬɟŬɑŰɖŰŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ ɜŬ ŮűŬɟɛɞůŰŮɑ 

ůɤůŰɎ ɖ ŰŮɢɜɘəɐ ŮɑɜŬɘ ɖ əŬɚɐ ŮˊŬűɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ Űɞɜ əɟɨůŰŬɚɚɞ. ȷɡŰɧ ŮɝŬůűŬɚɑɕŮŰŬɘ 

ɛŮ Űɖ ɢɟɐůɖ Ůɘŭɘəɞɨ Ůɝɞˊɚɘůɛɞɨ ˊɞɡ ˊɘɏɕŮɘ Űɞ ŭŮɑɔɛŬ ˊɎɜɤ ůŰɞɜ əɟɨůŰŬɚɚɞ əŬɘ ɛŮ Űɖɜ 

Ůˊɘɚɞɔɐ əɟɡůŰɎɚɚɞɡ ˊɞɡ ɜŬ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɞ ŭŮɑəŰɖ ŭɘɎɗɚŬůɖɠ Ŭˊɧ ŮəŮɑɜɞ Űɞɡ ŭŮɑɔɛŬŰɞɠ, 

ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɖ ŬəŰɘɜɞɓɞɚɑŬ ɜŬ ɡˊɧəŮɘŰŬɘ ůŮ ˊɞɚɚŬˊɚɏɠ ɞɚɘəɏɠ ŬɜŬəɚɎůŮɘɠ. ɇɞ ůɨůŰɖɛŬ 

ATR-FTIR ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɢɖɛŬŰɘəɎ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 4.2.6.47,48 

 

ȺɘəɧɜŬ 4.2.6: ȷɜŬˊŬɟɎůŰŬůɖ ůɡůŰɐɛŬŰɞɠ ATR-FTIR.53 

Ⱥˊɞɛɏɜɤɠ, ɖ ɛɏɗɞŭɞɠ ATR-FTIR ůŮ ůɢɏůɖ ɛŮ Űɖɜ əɚŬůůɘəɐ ɛɏɗɞŭɞ FTIR ɛŮ ˊŬůŰɑɚɘŬ, 

ˊŬɟɞɡůɘɎɕŮɘ ŰŬ Ůɝɐɠ ˊɚŮɞɜŮəŰɐɛŬŰŬ:47,48 

¶ ɇɞ ŭŮɑɔɛŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůŮ ˊɞɚɨ ɛɘəɟɐ ˊɞůɧŰɖŰŬ, ˊɚŮɞɜɏəŰɖɛŬ ˊɞɡ ŮɑɜŬɘ ɘŭɘŬɑ-

ŰŮɟŬ ůɖɛŬɜŰɘəɧ ůŰɖɜ ŬɜɎɚɡůɖ ɧˊɞɡ ɖ ŮəŰŮŰŬɛɏɜɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ əŬɘ ɖ ŮˊŮɝŮɟɔŬ-

ůɑŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ ŬˊŬɔɞɟŮɡŰɘəɐ. 

¶ ȹŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ əɎˊɞɘŬ ˊŬůŰɑɚɘŬ, ɛŮ ůɡɜɏˊŮɘŬ ɜŬ ŬˊɞűŮɨɔɞɜŰŬɘ 

ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ. 

¶ ȼ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɓŮɚŰɘɩɜŮŰŬɘ ɢɎɟɖ ůŰɘɠ ˊɞɚɚŬˊɚɏɠ ɞɚɘəɏɠ ŬɜŬ-

əɚɎůŮɘɠ. 

ɇɏɚɞɠ, ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 4.2.7 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ɧɟɔŬɜɞ FTIR ˊŬɟɧɛɞɘɞ ɛŮ ŬɡŰɧ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɘɠ ŬɜŬɚɨůŮɘɠ, Ůɜɩ ůŰɖɜ ȺɘəɧɜŬ 4.2.8 ˊŬɟŬŰɑɗŮŰŬɘ ɏɜŬ ɔŮɜɘəɧ űɎ-

ůɛŬ FTIR Űɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ HEUR ˊɞɡ ˊŬɟɎɢɗɖəŮ Ŭˊɧ Űɞɡɠ Najafi et al54. 
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ȺɘəɧɜŬ 4.2.7: FTIR-4700 Űɖɠ Jasco.55 

 

ȺɘəɧɜŬ 4.2.8: ūɎůɛŬ HEUR Ŭˊɧ Űɞɡɠ Najafi et al.54 

4.3 ɉɟɤɛŬŰɞɔɟŬűɑŬ ˊɖəŰɩɛŬŰɞɠ (GPC) 

4.3.1 ȺɘůŬɔɤɔɐ ůŰɖ ɢɟɤɛŬŰɞɔɟŬűɑŬ ˊɖəŰɩɛŬŰɞɠ 
 

ɀɘŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɛŮɗɧŭɞɡɠ əŬɗɞɟɘůɛɞɨ Űɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ əŬɘ Űɖɠ əŬŰŬɜɞ-

ɛɐɠ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ Űɤɜ ˊɞɚɡɛŮɟɩɜ ŮɑɜŬɘ ɖ ɢɟɤɛŬŰɞɔɟŬűɑŬ ŬˊɞəɚŮɘůɛɞɨ ɛŮɔŮɗɩɜ (Size 

Exclusion Chromatography, SEC) ɖ ɞˊɞɑŬ ŬɜŬűɏɟŮŰŬɘ ůɡɢɜɎ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ɤɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ ŭɘŮɑůŭɡůɖɠ ɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ ɛɏůɤ ˊɖəŰɩɛŬŰɞɠ (Gel Permeation Chro-

matography, GPC). ȺɑɜŬɘ ɏɜŬ Ůɑŭɞɠ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ (Liquid Chromatography, LC) 

əŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ɢɟɐůɘɛŮɠ ŬɜŬɚɡŰɘəɏɠ ɛŮɗɧŭɞɡɠ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ Űɤɜ ˊɞɚɡɛŮɟɩɜ. ȼ ɢɟɤ-

ɛŬŰɞɔɟŬűɑŬ GPC ɚŮɘŰɞɡɟɔŮɑ əŬɘ ɤɠ ɛɏɗɞŭɞɠ Ůɚɏɔɢɞɡ ˊɞɚɡɛŮɟɩɜ, ɛɘŬɠ əŬɘ ɛŬɠ ɓɞɖɗɎŮɘ ɜŬ 



84 
 

ɓŮɚŰɘɩůɞɡɛŮ Űɖɜ ɛɞɟűɐ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɛŮ ɛŮɗɧŭɞɡɠ əɚŬůɛŬŰɞˊɞɑɖůɖɠ əŬɘ ɜŬ ŮˊɘŰɨ-

ɢɞɡɛŮ Űɞ ůŰŬŭɘŬəɧ əŬɗŬɟɘůɛɧ Űɞɡ Ŭˊɧ ˊɟɞůɛɑɝŮɘɠ. Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ əŬŰŬɜɞɛɐɠ Űɞɡ 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ɛɏůɤ Űɖɠ GPC ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧɠ ɛɘŬɠ əŬɘ ŬɡŰɐ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ 

Űɘɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ ɏɜŬ ˊɞɚɡɛŮɟɏɠ, ɧˊɤɠ ɖ ůəɚɖɟɧŰɖŰŬ, ɖ ŮɚŬůŰɘəɐ ŬɜŰɞɢɐ, 

ɖ ŮɡɗɟŬɡůŰɧŰɖŰŬ əŬɘ Űɞ ɘɝɩŭŮɠ ˊɞɚɡɛŮɟɘəɞɨ ɛɑɔɛŬŰɞɠ.56 

4.3.2 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ 
 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ GPC, ŰŬ ɛŬəɟɞɛɧɟɘŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ 

Űɞɜ ɡŭɟɞŭɡɜŬɛɘəɧ Űɞɡɠ ɧɔəɞ, ŭɖɚŬŭɐ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɏəŰŬůɖ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ ɛɧɟɘɞ 

Űɞɡɠ ɛɏůŬ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ŭɘŬɚɨŰɖ. ȼ ŭɘŬŭɘəŬůɑŬ ɓŬůɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɏɜŬ ŬɟŬɘɧ 

ˊɞɚɡɛŮɟɘəɧ ŭɘɎɚɡɛŬ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɏɢŮɘ ɛɘŬ ˊɚŬŰɘɎ əŬŰŬɜɞɛɐ MW ́ ɞɚɡɛŮɟɘəɩɜ 

Ŭɚɡůɑŭɤɜ, ɞɚɘɔɞɛŮɟɩɜ ɐ ŬəɧɛŬ əŬɘ ɛɞɜɞɛŮɟɩɜ, ŰŬ ɞˊɞɑŬ ŭŮɜ ˊɞɚɡɛŮɟɑůŰɖəŬɜ, ŬűɐɜŮŰŬɘ 

ɜŬ ˊŮɟɎůŮɘ ɛɏůŬ Ŭˊɧ ɛɘŬ ůŰɐɚɖ ɖ ɞˊɞɑŬ ɏɢŮɘ ˊɚɖɟɤɗŮɑ ɛŮ ůŰŮɟŮɎ ˊɞɟɩŭɖ ůɤɛŬŰɑŭɘŬ ˊɞɚɨɠ 

ɛɘəɟɐɠ ŭɘŬɛɏŰɟɞɡ. ȼ Ŭɟɢɐ Űɖɠ ɛŮɗɧŭɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ɛɘəɟɎ ɛɧɟɘŬ ɛˊɞɟɞɨɜ 

ɜŬ ŭɘŮɘůŭɨůɞɡɜ ɓŬɗɨŰŮɟŬ ɛɏůŬ ůŰɞɡɠ ˊɧɟɞɡɠ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ Űɖɠ ůŰɐɚɖɠ ɛŮ Ŭˊɞ-

ŰɏɚŮůɛŬ ɜŬ əŬɗɡůŰŮɟɐůɞɡɜ ɜŬ Ůɝɏɚɗɞɡɜ Űɖɠ ůŰɐɚɖɠ, Ůɜɩ ŰŬ ɛŮɔɎɚŬ ɛɧɟɘŬ, ŮˊŮɘŭɐ ŭŮɜ 

ɛˊɞɟɞɨɜ ɜŬ Ůɘůɢɤɟɐůɞɡɜ ɛɏůŬ ůŰɞɡɠ ɛɘəɟɧŰŮɟɞɡɠ ˊɧɟɞɡɠ, ŮəɚɞɨɞɜŰŬɘ ˊɟɩŰŬ. Ƀ Űɟɧˊɞɠ 

ɛŮ Űɞɜ ɞˊɞɑɞ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŰŬ ɛɧɟɘŬ ŬɜŬɚɧɔɤɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 

4.3.1.56 

 

ȺɘəɧɜŬ 4.3.1: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ŭɘŬɢɤɟɘůɛɞɨ Ůɜɧɠ ˊɞɚɡɛŮɟɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ ɛŮ ɢɟɐůɖ Űɖɠ ɢɟɤ-

ɛŬŰɞɔɟŬűɑŬɠ GPC.57 

ȳŰŬɜ ŰŬ ɛɧɟɘŬ Ůɝɏɚɗɞɡɜ Ŭˊɧ Űɖ ůŰɐɚɖ əŬŰŮɡɗɨɜɞɜŰŬɘ ůŰɞɜ ŬɜŬɚɡŰɐ, ɧˊɞɡ ɛŮŰɟɎ Űɖ ůɡ-

ɔəɏɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ůŬɜ ůɡɜɎɟŰɖůɖ Űɞɡ ɢɟɧɜɞɡ ɐ Űɞɡ ɧɔəɞɡ ɏəɚɞɡůɖɠ Ve ˊɞɡ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ŮɝɘůɩůŮɘɠ.56 



85 
 

ũɘŬ ˊɞɚɨ ɛŮɔɎɚŬ ɛɧɟɘŬ, ŰŬ ɞˊɞɑŬ ŬŭɡɜŬŰɞɨɜ ɜŬ Ůɘůɏɚɗɞɡɜ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɡɚɘəɞɨ Űɖɠ 

ůŰɐɚɖɠ, ɞ ɧɔəɞɠ ɏəɚɞɡůɖɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ⱥɝɑůɤůɖ 4.4:56 

ὠ ὠ   (4.4) 

ɧˊɞɡ Vo ŮɑɜŬɘ ɞ ŬˊɞəɚŮɘɧɛŮɜɞɠ ɧɔəɞɠ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɞ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ Űɤɜ ŭɘɎəŮɜɤɜ 

ɛŮŰŬɝɨ Űɤɜ ůűŬɘɟɘəɩɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ ŮəɚɞɨɞɜŰŬɘ ɧɚŬ ŰŬ ɛɧɟɘŬ ŬɡŰɞɨ Űɞɡ ɛŮɔɏɗɞɡɠ Mo 

əŬɘ ɛŮɔŬɚɨŰŮɟŬ.56 

Ⱥɜɩ, ɔɘŬ ɛɘəɟɧŰŮɟŬ ɛɧɟɘŬ ˊɞɡ Ůɘůɢɤɟɞɨɜ ůŰɞɡɠ ˊɧɟɞɡɠ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ɘůɢɨŮɘ ɖ 

Ⱥɝɑůɤůɖ 4.5, ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖɜ əŬɛˊɨɚɖ ɓŬɗɛɞɜɧɛɖůɖɠ Űɖɠ ȺɘəɧɜŬ 4.3.2:56 

ὠ ὠ ὑ ὠz   (4.5) 

ɧˊɞɡ VR ɞ ɧɔəɞɠ ɞɚɘəɐɠ ŭɘɏɚŮɡůɖɠ ˊɞɡ ŮəɚɞɨɞɜŰŬɘ ɧɚŬ ŰŬ ɛɧɟɘŬ ˊɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŬ Ŭˊɧ 

ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɛɘəɟɧ ɛɏɔŮɗɞɠ M t, V i ŮɑɜŬɘ ɞ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ Űɤɜ ˊɧɟɤɜ əŬɘ KGPC ŮɑɜŬɘ 

ɞ ůɡɜŰŮɚŮůŰɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮŰŬɝɨ Űɞɡ ŮůɤŰŮɟɘəɞɨ əŬɘ ŮɝɤŰŮɟɘəɞɨ Űɤɜ ˊɧ-

ɟɤɜ (ŭɖɚŬŭɐ Űɞɡ ɧɔəɞɡ Űɤɜ ŭɘɎəŮɜɤɜ ɛŮŰŬɝɨ Űɤɜ ůɤɛŬŰɘŭɑɤɜ), ɞ ɞˊɞɑɞɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ 

Űɖ űɨůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, Űɖ ɗŮɟɛɞəɟŬůɑŬ, Űɞ ŭɘŬɚɨŰɖ əŬɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ. ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ ɔɘŬ ɛŮɔɎɚŬ ɛɧɟɘŬ ɞ ůɡɜŰŮɚŮůŰɐɠ KGPC=0 ɞˊɧŰŮ ˊɟɞəɨˊŰŮɘ 

ɖ Ⱥɝɑůɤůɖ 4.4, Ůɜɩ ɔɘŬ ɛɘəɟɎ ɛɧɟɘŬ KGPC=1.56 

 

ȺɘəɧɜŬ 4.3.2: ȾŬɛˊɨɚɖ ɓŬɗɛɞɜɧɛɖůɖɠ.58 
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4.3.3 Ʉɟɞůŭɘɞɟɘůɛɧɠ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ 
 

ȼ ɢɟɤɛŬŰɞɔɟŬűɑŬ GPC ŮɑɜŬɘ ɛɘŬ ůɢŮŰɘəɐ ɛɏɗɞŭɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ɀȸ ŮˊŮɘŭɐ ŬˊŬɘŰŮɑ ɓŬɗ-

ɛɞɜɧɛɖůɖ ɔɘŬ ɛŮŰŬŰɟɞˊɐ Űɖɠ əŬŰŬɜɞɛɐɠ ɧɔəɤɜ ɏəɚɞɡůɖɠ ůŮ əŬŰŬɜɞɛɐ ɀȸ (ȺɘəɧɜŬ 

4.3.3).56 

 

ȺɘəɧɜŬ 4.3.3: ȾŬŰŬɜɞɛɐ Űɞɡ əɚɎůɛŬŰɞɠ ɛɎɕŬɠ Űɤɜ ɛɞɟɑɤɜ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ŭŮɑɔɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞɜ ɧɔəɞ ɐ 

Űɞ ɢɟɧɜɞ ɏəɚɞɡůɖɠ.58 

ȼ ɓŬɗɛɞɜɧɛɖůɖ ɔɑɜŮŰŬɘ ɛŮ ˊɟɧŰɡˊŬ, ɛɞɜɞŭɘɎůˊŬɟŰŬ ˊɞɚɡɛŮɟɐ, Űɤɜ ɞˊɞɑɤɜ ŰŬ ɀȸ ŮɑɜŬɘ 

ɔɜɤůŰɎ, əŬɗɩɠ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰŮɑ ɛŮ ŬˊɧɚɡŰŮɠ ɛŮɗɧŭɞɡɠ, ɧˊɤɠ ɖ ůŰŬŰɘəɐ ůəɏŭŬůɖ űɤ-

Űɧɠ. ȰŰůɘ, ɔɑɜŮŰŬɘ ɔɜɤůŰɧɠ ɞ ɢɟɧɜɞɠ əŬŰŬəɟɎŰɖůɖɠ ůŰɖ ůŰɐɚɖ ɛɞɟɑɤɜ ůɡɔəŮəɟɘɛɏɜɞɡ ɀȸ 

əŬɘ ɛŮ ɓɎůɖ ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ ɞɘ ɢɟɧɜɞɘ əŬŰŬəɟɎŰɖůɖɠ ŬɔɜɩůŰɤɜ ŭŮɘɔɛɎŰɤɜ 

ůŮ ɘůɞŭɨɜŬɛŬ ɀȸ, ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɞɘ ůɡɜɗɐəŮɠ ŭɘŮɝŬɔɤɔɐɠ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ əŬɘ 

ŬɜɎɚɡůɖɠ Ůɜɧɠ ŬɔɜɩůŰɞɡ ɀȸ ŭŮɑɔɛŬŰɞɠ ˊŬɟŬɛɏɜɞɡɜ ɞɘ ɑŭɘŮɠ (ˊ.ɢ. ɖ ˊɑŮůɖ, ɖ ůŰɐɚɖ). ɇŬ 

ˊɘɞ ůɡɜɖɗɘůɛɏɜŬ ˊɟɧŰɡˊŬ ŮɑɜŬɘ Űɞɡ ˊɞɚɡůŰɡɟŮɜɑɞɡ, Űɞɡ ˊɞɚɡŬɘɗɡɚŮɜɞɝŮɘŭɑɞɡ əŬɘ Űɞɡ 

ˊɞɚɨ(ɛŮɗŬəɟɡɚɘəɞɨɛŮɗɡɚŮůŰɏɟŬ). ɆɡɜŮˊɩɠ, ɛŮ Űɖ ɢɟɐůɖ ˊɟɧŰɡˊɤɜ ŭŮɘɔɛɎŰɤɜ ɔɑɜŮŰŬɘ ɖ 

ɓŬɗɛɞɜɧɛɖůɖ ɛŮ ɓɎůɖ Űɞɜ ɡŭɟɞŭɡɜŬɛɘəɧ ɧɔəɞ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ůŰɞ ŭɘŬɚɨŰɖ.56 

ɀŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ, ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůɗɞɨɜ Űɞ ɛɏůɞ əŬŰɎ Ŭɟɘɗɛɧ ɀȸ, ὓ , əŬɘ Űɞ ɛɏůɞ 

əŬŰɎ ɓɎɟɞɠ ɀȸ, ὓ , əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɞ ŭŮɑəŰɖɠ ˊɞɚɡŭɘŬůˊɞɟɎɠ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ, PDI. 

ɇɞ ὓ  ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ Űɖɠ ˊŬɟŬəɎŰɤ Ⱥɝɑůɤůɖɠ:56 

ὓ
В

В
Вὲὓ    (4.6) 

ɧˊɞɡ Ni ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɛɞɟɑɤɜ ɛŮ ɛɞɟɘŬəɐ ɛɎɕŬ M i əŬɘ ni ŮɑɜŬɘ Űɞ ŬɟɘɗɛɖŰɘəɧ əɚɎůɛŬ 

ŬɡŰɩɜ Űɤɜ ɛɞɟɑɤɜ (ὲ ὔ Вὔϳ . 

ɇɞ ὓ  ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ Ⱥɝɑůɤůɖ:56 

ὓ
В

В

В

В
Вύὓ    (4.7) 
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ȳˊɞɡ Wi ŮɑɜŬɘ ɖ ɛɎɕŬ Űɤɜ ɛɞɟɑɤɜ ɛŮ ɛɞɟɘŬəɐ ɛɎɕŬ əŬɘ əɚɎůɛŬ ɛɎɕŬɠ ŬɡŰɩɜ Űɤɜ ɛɞɟɑɤɜ 

(ύ ὡ Вὡϳ . 

ɇɏɚɞɠ, ɞ ŭŮɑəŰɖɠ ˊɞɚɡŭɘŬůˊɞɟɎɠ PDI ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

ὖὈὍ    (4.8) 

Ƀ ŭŮɑəŰɖɠ ˊɞɚɡŭɘŬůˊɞɟɎɠ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ Űɘɛɏɠ Ŭˊɧ 1 ɛɏɢɟɘ Ð. ȺɎɜ (ὓ ὓϳ ρ) ŰɧŰŮ 
ɧɚŬ ŰŬ ɛɧɟɘŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɏɢɞɡɜ Ŭəɟɘɓɩɠ Űɞ ɑŭɘɞ ɀȸ əŬɘ Űɞ ˊɞɚɡɛŮɟɏɠ ɚɏɔŮŰŬɘ ɧŰɘ 

ŮɑɜŬɘ ɛɞɜɞŭɘɎůˊŬɟŰɞ.56 

4.3.4 ɄŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ 
 

ȼ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ GPC ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ɓŬůɘəɎ 

ɛɏɟɖ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 4.3.4. 

 

ȺɘəɧɜŬ 4.3.4: ȸŬůɘəɎ ɛɏɟɖ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘɎŰŬɝɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ GPC.58 

ȷɜŬɚɡŰɘəɧŰŮɟŬ ɖ ɢɟɤɛŬŰɞɔɟŬűɑŬ GPC ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ:58 

1) ɇɞ ŭɞɢŮɑɞ ŭɘŬɚɨŰɖ ˊɞɡ ˊŮɟɘɏɢŮɘ ɢɚɤɟɞűɧɟɛɘɞ ůŰɞ ɞˊɞɑɞ ɏɢŮɘ ˊɟɞůŰŮɗŮɑ ŰɟɘŬɘɗɡ-

ɚŬɛɑɜɖ ɔɘŬ ŬɜŰɘɛŮŰɩˊɘůɖ űŬɘɜɞɛɏɜɤɜ Ŭɚɚɞɑɤůɖɠ Űɞɡ ɢɚɤɟɞűɞɟɛɑɞɡ. 

2) ɇɞɜ ŬˊŬŮɟɤŰɐ (degasser) ɔɘŬ ŬˊɞɛɎəɟɡɜůɖ űɡůŬɚɑŭɤɜ ŬɏɟŬ Ŭˊɧ Űɞ ŭɘŬɚɨŰɖ. 

3) ɇɖɜ ŬɜŰɚɑŬ (pump), ɖ ɞˊɞɑŬ ŬɜŰɚŮɑ Űɞɜ ŭɘŬɚɨŰɖ Ŭˊɧ Űɞ ŭɞɢŮɑɞ Űɞɡ ŭɘŬɚɨŰɖ əŬɘ Űɞɜ 

ůˊɟɩɢɜŮɘ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ ɏɔɢɡůɖɠ. 

4) ɇɞɜ ɛŮŰɟɖŰɐ ˊɑŮůɖɠ ɔɘŬ ɛɏŰɟɖůɖ Űɖɠ ˊɑŮůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɟɡɗɛɑɕŮŰŬɘ ɏŰůɘ 

ɩůŰŮ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ˊɑŮůɖ ɔɘŬ əɎˊɞɘɞ ɚɧɔɞ ɝŮˊŮɟɎůŮɘ Űɞ ŬɜɩŰŬŰɞ ɧɟɘɞ Űɤɜ 

ůŰɖɚɩɜ, ůŰŬɛŬŰɎŮɘ ŬɡŰɧɛŬŰŬ ɖ ɎɜŰɚɖůɖ Űɞɡ ŭɘŬɚɨŰɖ. 
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5) ɇɞ ůɨůŰɖɛŬ ɏɔɢɡůɖɠ (injector) ɛŮ Űɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɖ ŮɘůŬɔɤɔɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŰɖ 

ůŰɐɚɖ. 

6) ɇɘɠ ůŰɐɚŮɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ. ɇɞ ůɨůŰɖɛŬ ɛŬɠ ŭɘŬɗɏŰŮɘ ɛɘŬ ˊɟɞ-ůŰɐɚɖ əŬɘ 4 əɨɟɘŮɠ 

ůŰɐɚŮɠ. 

7) ɇɞɜ ŬɜɘɢɜŮɡŰɐ. ɇɞ ůɨůŰɖɛŬ ˊɞɡ ŭɘŬɗɏŰɞɡɛŮ ˊŮɟɘɏɢŮɘ ŭɨɞ ŬɜɘɢɜŮɡŰɏɠ. ɇɞ ŭɘŬűɞ-

ɟɘəɧ ŭɘŬɗɚŬůɑɛŮŰɟɞ (Refractive Index (RI) Detector), ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ 

əŬŰɎ ɓɎůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ) ˊɞɡ ŬɜɘɢɜŮɨŮɘ Űɘɠ ɞɡůɑŮɠ ˊɞɡ ŮɝɏɟɢɞɜŰŬɘ Ŭˊɧ Űɘɠ ůŰɐ-

ɚŮɠ, ůɡɔəɟɑɜɞɜŰŬɠ Űɞɜ ŭŮɑəŰɖ ŭɘɎɗɚŬůɖɠ Űɞɡɠ ɛŮ Űɞɜ ŭŮɑəŰɖ ŭɘɎɗɚŬůɖɠ Űɞɡ ŭɘŬɚɨŰɖ 

(ɢɚɤɟɞűɧɟɛɘɞ) əŬɘ ɏɜŬɜ ŬɜɘɢɜŮɡŰɐ Ŭˊɞɟɟɧűɖůɖɠ UV-Vis (Ultaviolet-Visible Ab-

sorption Detector). 

8) ɇɞɜ əŬŰŬɔɟŬűɏŬ ˊɞɡ ˊŬɟŬɚŬɛɓɎɜŮɘ Űɞ ɖɚŮəŰɟɘəɧ ůɐɛŬ Űɞɡ ŬɜɘɢɜŮɡŰɐ əŬɘ ˊŬɟɎ-

ɔŮɘ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɢɟɤɛŬŰɞɔɟɎűɖɛŬ. 

9) ɇɞ ŭɞɢŮɑɞ ůɡɚɚɞɔɐɠ ŬˊɞɓɚɐŰɤɜ ůŰɞ ɞˊɞɑɞ ůɡɚɚɏɔɞɜŰŬɘ ŰŬ ŬˊɧɓɚɖŰŬ Űɖɠ ɢɟɤɛŬ-

ŰɞɔɟŬűɑŬɠ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ GPC ˊɞɡ ɡˊɎɟɢŮɘ 

ůŰɞ ŮɟɔŬůŰɐɟɘɞ. 

 

ȺɘəɧɜŬ 4.3.5: ɆɨůŰɖɛŬ GPC Nexera LC-40. 

4.4 ūŬůɛŬŰɞůəɞˊɑŬ ˊɡɟɖɜɘəɞɨ ɛŬɔɜɖŰɘəɞɨ ůɡɜŰɞɜɘůɛɞɨ (NMR) 
 

ȼ űŬůɛŬŰɞůəɞˊɑŬ ˊɡɟɖɜɘəɞɨ ɛŬɔɜɖŰɘəɞɨ ůɡɜŰɞɜɘůɛɞɨ (Nuclear Magnetic Resonance, 

NMR) ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɡŬɑůɗɖŰɖ ŬɜŬɚɡŰɘəɐ ŰŮɢɜɘəɐ ɛŮ ŮűŬɟɛɞɔɏɠ ůŮ ŭɘɎűɞɟŮɠ ŮˊɘůŰɐɛŮɠ. 

ȼ ŰŮɢɜɘəɐ ŬɡŰɐ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ ɛŬɔɜɖŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŬŰɞɛɘəɩɜ 

ˊɡɟɐɜɤɜ (əɡɟɑɤɠ ˊɡɟɐɜŮɠ ɡŭɟɞɔɧɜɞɡ, 1H-NMR) ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ ŭɘŬűɞɟŮ-

Űɘəɩɜ ŬŰɞɛɘəɩɜ ˊɡɟɐɜɤɜ ɛŮ ɓɎůɖ Űɘɠ ůɡɢɜɧŰɖŰŮɠ ůɡɜŰɞɜɘůɛɞɨ Űɞɡɠ, ɞɘ ɞˊɞɑŮɠ ŮɝŬɟŰɩɜŰŬɘ 

Ŭˊɧ Űɘɠ ɗɏůŮɘɠ Űɞɡɠ ůŰɞ ɛɧɟɘɞ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ɚɞɘˊɧɜ, ŬűȭŮɜɧɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɖɠ ŭɞɛɐɠ əŬɘ Ŭűô ŮŰɏɟɞɡ ɔɘŬ Űɞɜ ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ ɢɖɛɘəɩɜ ɞɡůɘɩɜ.56 
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4.4.1 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ 
 

ȼ űŬůɛŬŰɞůəɞˊɑŬ NMR ɓŬůɑɕŮŰŬɘ ůŰɖ ɛɏŰɟɖůɖ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɟŬŭɘɞůɡɢɜɞŰɐŰɤɜ (4-900 Mhz). ɆŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ ɛŮŰɏɢɞɡɜ ɞɘ ˊɡɟɐɜŮɠ Űɤɜ ŬŰɧɛɤɜ əŬɘ ɧɢɘ ŰŬ ɖɚŮəɟɧɜɘŬ, Ůɜ ŬɜŰɘɗɏůŮɘ ɛŮ Űɘɠ 

ŰŮɢɜɘəɏɠ Ŭˊɞɟɟɧűɖůɖɠ ɡˊŮɟɘɩŭɞɡɠ, ɞɟŬŰɐɠ əŬɘ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. Ƀɘ ˊɡɟɐɜŮɠ Űɤɜ 

ŬŰɧɛɤɜ ˊŬɟɞɡůɑŬ ɘůɢɡɟɞɨ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ɛˊɞɟɞɨɜ ɜŬ əŬŰŬɚɎɓɞɜ ůŰɎɗɛŮɠ 

ŭɘŬűɞɟŮŰɘəɐɠ ŭɡɜŬɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɖ ŬɜɑɢɜŮɡůɖ Űɞɡ ŮɚɎɢɘůŰɞɡ ˊɞůɞɨ ŮɜɏɟɔŮɘŬɠ ˊɞɡ 

Ŭ́ ɞɟɟɞűɎŰŬɘ ɐ ŮəˊɏɛˊŮŰŬɘ, əŬɗɩɠ ɛŮŰŬɓŬɑɜŮɘ Ŭˊɧ ɛɘŬ ŮɜŮɟɔŮɘŬəɐ ůŰɎɗɛɖ ůŮ Ɏɚɚɖ, ɔɑɜŮŰŬɘ 

ɛŮ Űɞɜ ˊɡɟɖɜɘəɧ ɛŬɔɜɖŰɘəɧ ůɡɜŰɞɜɘůɛɧ.56 

Ƀɘ ˊɡɟɐɜŮɠ Űɤɜ ŬŰɧɛɤɜ, ɧˊɤɠ əŬɘ ŰŬ ɖɚŮəŰɟɧɜɘŬ, ŬɡŰɞˊŮɟɘůŰɟɏűɞɜŰŬɘ (spin). ɄɡɟɐɜŮɠ ɛŮ 

ɎɟŰɘɞ Ŭɟɘɗɛɧ ˊɟɤŰɞɜɑɤɜ əŬɘ ɜŮŰɟɞɜɑɤɜ (ˊ.ɢ. 6O, 12C) ŭŮɜ ŬɡŰɞˊŮɟɘůŰɟɏűɞɜŰŬɘ, ŭɖɚŬŭɐ 

ɏɢɞɡɜ ɘŭɘɞůŰɟɞűɞɟɛɐ I=0, ɞˊɧŰŮ ŭŮɜ Ůəŭɖɚɩɜɞɡɜ ɛŬɔɜɖŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ɛɖɜ ɛˊɞɟɞɨɜ ɜŬ ŬɜɘɢɜŮɡɗɞɨɜ ɛŮ ɢɟɐůɖ űŬůɛŬŰɞůəɞˊɑŬɠ NMR. Ⱥɜɩ, ɞɘ ˊɡɟɐɜŮɠ ˊɞɡ ɏɢɞɡɜ 

ˊŮɟɘŰŰɧ ŬŰɞɛɘəɧ ɐ ɛŬɕɘəɧ Ŭɟɘɗɛɧ (ˊ.ɢ. 19F, 13C, 1H) ŮɑɜŬɘ ɛŬɔɜɖŰɘəɎ ŮɜŮɟɔɞɑ. ȼ ŬɡŰɧ-

ůŰɟɞűɞɟɛɐ Űɤɜ ˊɡɟɐɜɤɜ ˊɞɡ ɏɢɞɡɜ ˊŮɟɘŰŰɧ ɛŬɕɘəɧ Ŭɟɘɗɛɧ ŭɖɛɘɞɡɟɔŮɑ ɛɘŬ ɛŬɔɜɖŰɘəɐ 

ɟɞˊɐ ɑůɖ ɛŮ:56 

‘ ‎ Ὅ   (4.9) 

ɧˊɞɡ ɔ ŮɑɜŬɘ ɖ ˊɡɟɖɜɘəɐ ɛŬɔɜɖŰɘəɐ ůŰŬɗŮɟɎ Űɞɡ ůŰɞɘɢŮɑɞɡ, I ŮɑɜŬɘ ɞ əɓŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ 

ˊɡɟɖɜɘəɐɠ ůŰɟɞűɞɟɛɐɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɖɛɘŬəɏɟŬɘŮɠ Űɘɛɏɠ əŬɘ h ŮɑɜŬɘ ɖ ůŰŬɗŮɟɎ Plank. 

ȷɜ ɏɜŬ ˊɟɤŰɧɜɘɞ ɓɟŮɗŮɑ ɛɏůŬ ůŮ ɏɜŬ ŮɝɤŰŮɟɘəɧ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ɏɜŰŬůɖɠ Bo, ɖ ɛŬɔɜɖŰɘəɐ 

Űɞɡ ɟɞˊɐ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ŬɜŰɑɗŮŰɖ ɛŮ ŬɡŰɐ Űɞɡ ŮɝɤŰŮɟɘəɞɨ ˊŮŭɑɞɡ (ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ) 

ŮɑŰŮ ˊŬɟɎɚɚɖɚɖ ˊɟɞɠ Űɞ ŮɛűŬɜɘɕɧɛŮɜɞ ˊŮŭɑɞ (ɢŬɛɖɚɐɠ ŮɜɏɟɔŮɘŬɠ). ȼ ŮɜŮɟɔŮɘŬəɐ ŭɘŬűɞɟɎ 

ɛŮŰŬɝɨ Űɤɜ ŭɡɞ ŬɡŰɩɜ əŬŰŬůŰɎůŮɤɜ ŮɑɜŬɘ:56 

ῳῴ ‎ ὄ   (4.10) 

əŬɘ ŮˊŮɘŭɐ ȹȺ=h*v, ɖ ůɡɢɜɧŰɖŰŬ ůŰɖɜ ɞˊɞɑŬ ɏɜŬɠ ˊɡɟɐɜŬɠ ůɡɜŰɞɜɑɕŮŰŬɘ, ŮɑɜŬɘ:56 

ὺ    (4.11) 

ȹɖɚŬŭɐ ɖ ůɡɢɜɧŰɖŰŬ ůɡɜŰɞɜɘůɛɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɛŬɔɜɖŰɘəɐ ůŰŬɗŮɟɎ Űɞɡ ůŰɞɘɢŮɑɞɡ, 

ɎɟŬ Ŭˊɧ Űɖ űɨůɖ Űɞɡ ůŰɞɘɢŮɑɞɡ. 

ȳŰŬɜ Űɞ ɎŰɞɛɞ ɓɟŮɗŮɑ ŮɜŰɧɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ŰŬ ɖɚŮəŰɟɧɜɘɎ Űɞɡ ŮəŰŮɚɞɨɜ 

ŮɝŬɜŬɔəŬůɛɏɜɖ əɑɜɖůɖ ɔɨɟɤ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ ɖ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ŮˊŬɔɧɛŮɜɞ 

ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ˊɞɡ ŬɜŰɘŰɑɗŮŰŬɘ ůŰɞ ŮɝɤŰŮɟɘəɧ əŬɘ ˊɟɞŬůˊɑɕŮɘ (ˊɟɞůŰŬŰŮɨŮɘ) Űɞɜ ˊɡɟɐɜŬ. 

ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɏɜŰŬůɖ ˊŮŭɑɞɡ ůŰɞɜ ˊɡɟɐɜŬ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɞ Bo əŬŰɎ Űɞ ŮˊŬɔɧɛŮɜɞ 

ˊŮŭɑɞ: ὄ ὄ „ὄ, ɧˊɞɡ ů ŮɑɜŬɘ ɖ ŬŭɘɎůŰŬŰɖ ůŰŬɗŮɟɎ ɗɤɟɎəɘůɖɠ.56 
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ɇɧŰŮ ɖ ůɡɢɜɧŰɖŰŬ ůɡɜŰɞɜɘůɛɞɨ ɔɑɜŮŰŬɘ: 

ὺ ὄ ρ „   (4.12) 

ȼ ůɡɢɜɧŰɖŰŬ ůɡɜŰɞɜɘůɛɞɨ Űɤɜ ɛŬɔɜɖŰɘəɩɜ ˊɡɟɐɜɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɢɖɛɘəɧ Űɞɡɠ 

ˊŮɟɘɓɎɚɚɞɜ. Ƀɘ ˊɡɟɐɜŮɠ ůɡɜŰɞɜɑɕɞɜŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ 

Űɞɡ ŭŮůɛɞɨ əŬɘ Űɖɜ ɨˊŬɟɝɖ ůŰɞ ɛɧɟɘɞ ɞɛɎŭɤɜ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ. 

ȷɡŰɐ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖ ůɡɢɜɧŰɖŰŬ ůɡɜŰɞɜɘůɛɞɨ Űɤɜ ˊɡɟɐɜɤɜ əŬɚŮɑŰŬɘ ɢɖɛɘəɐ 

ɛŮŰŬŰɧˊɘůɖ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ŰŬ ɖɚŮəŰɟɧɜɘŬ ˊɟɞůŰŬŰŮɨɞɡɜ 

(ɗɤɟŬəɑɕɞɡɜ) Űɞɜ ˊɡɟɐɜŬ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ŮűŬɟɛɞɕɧɛŮɜɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ Bo, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŰɞˊɘəɎ, ɛɘəɟɧŰŮɟŬ ŭŮɡŰŮɟɞɔŮɜɐ ɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ. ȼ ɢɖɛɘəɐ ɛŮŰŬŰɧˊɘůɖ 

ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ Űɞ ɔɟɎɛɛŬ ŭ əŬɘ ŮəűɟɎɕŮŰŬɘ ůŮ ppm (parts per million, ɛɏɟɖ ŬɜɎ 

ŮəŬŰɞɛɛɨɟɘɞ), ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ Űɞɡ ŮűŬɟɛɞɕɧɛŮɜɞɡ ˊŮŭɑɞɡ Bo əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

Ŭəɧɚɞɡɗɖ ůɢɏůɖ:56 

‏ ρzπ   (4.13) 

ɧ́ ɞɡ vŭ əŬɘ vŬ ɞɘ ůɡɢɜɧŰɖŰŮɠ ůɡɜŰɞɜɘůɛɞɨ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɖɠ ɞɡůɑŬɠ ŬɜŬűɞɟɎɠ 

ŬɜŰɑůŰɞɘɢŬ. 

ɄɡɟɐɜŮɠ ɛŮ ɡɣɖɚɐ ɖɚŮəŰɟɞɜɘŬəɐ ˊɡəɜɧŰɖŰŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡɠ, ůɡɜŰɞɜɑɕɞɜŰŬɘ ůŮ 

ɢŬɛɖɚɧŰŮɟɖ ůɡɢɜɧŰɖŰŬ əŬɘ ɏɢɞɡɜ ɛɘəɟɐ ɢɖɛɘəɐ ɛŮŰŬŰɧˊɘůɖ. ȼ Ŭɨɝɖůɖ Űɖɠ 

ɖɚŮəŰɟɞŬɟɜɖŰɘəɧŰɖŰŬɠ Űɤɜ ɔŮɘŰɞɜɘəɩɜ ŬŰɧɛɤɜ ɛŮɘɩɜŮɘ Űɖ ɗɤɟɎəɘůɖ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ 

ˊɡɟɐɜŬ əŬɘ Űɞ ůɐɛŬ ŮɜŰɞˊɑɕŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɖɠ əɚɑɛŬəŬɠ ppm.56 

4.4.2 ɃɟɔŬɜɞɚɞɔɑŬ 
 

ɇŬ əɡɟɘɧŰŮɟŬ ůɡůŰŬŰɘəɎ ɛɏɟɖɠ Űɖɠ ŭɘɎŰŬɝɖɠ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ NMR ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 4.4.1. 

 

ȺɘəɧɜŬ 4.4.1: ȸŬůɘəɎ ɛɏɟɖ űŬůɛŬŰɞůəɞˊɑŬɠ NMR.59 
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ɆŰɖɜ ȺɘəɧɜŬ 4.4.1 ́ ŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ Űɡˊɘəɧ ɡˊŮɟůɨɔɢɟɞɜɞ űŬůɛŬŰɧɛŮŰɟɞ NMR Űɞɡ 21ɞɡ 

ŬɘɩɜŬ. ȰɜŬɠ ŮɜŮɟɔɎ ɗɤɟŬəɘůɛɏɜɞɠ ɡˊŮɟŬɔɩɔɘɛɞɠ ɛŬɔɜɐŰɖɠ (ȷ) ˊŬɟɎɔŮɘ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 600Mhz. Ƀ ɛŬɔɜɐŰɖɠ ŬɡŰɧɠ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞɠ ˊɎɜɤ ůŮ 

ŬɜŰɘəɟŬŭŬůɛɘəɞɨɠ ůŰɐɚɞɡɠ (ȸ) ɔɘŬ Űɖɜ Ŭˊɞɛɧɜɤůɖ ŭɞɜɐůŮɤɜ ɢŬɛɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ (<25 

hz) ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɖ űŬůɛŬŰɞůəɞˊɑŬ. Ƀɘ 

ŭɞɜɐůŮɘɠ ɚɧɔɤ ŭŬˊɏŭɞɡ ɛˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ ˊŬɟŬŰɖɟɖɗɞɨɜ ɤɠ əɞɟɡűɏɠ ůŰɞ 

űŬůɛŬŰɞɔɟɎűɖɛŬ. ɀŮ ɚɞɔɘəɎ ŮˊɑˊŮŭŬ ɞɛɞɘɞɔɏɜŮɘŬɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ɞɘ ŮɜŰɎůŮɘɠ ŬɡŰɏɠ 

Űɤɜ ŭɞɜɐůŮɤɜ ɛˊɞɟɞɨɜ ɜŬ ɛŮɘɤɗɞɨɜ ůŮ ˊɞůɞůŰɧ <0,55% Űɖɠ əɞɟɡűɐɠ.59 

Ƀɘ ɔŮɜɜɐŰɟɘŮɠ Űɤɜ ɟŬŭɘɞůɡɢɜɞŰɐŰɤɜ (radio frequencies, RF), ŮɜɘůɢɡŰɏɠ, ŭɏəŰŮɠ əŬɘ ɎɚɚŮɠ 

ɛɞɜɎŭŮɠ Ůɚɏɔɢɞɡ Űɞɡ űŬůɛŬŰɧɛŮŰɟɞɡ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŮɠ ɛɏůŬ ůŰɖɜ əɞɜůɧɚŬ Űɞɡ 

űŬůɛŬŰɧɛŮŰɟɞɡ (D). ɆŮ ɛɘŬ ɓŬůɘəɐ ŭɘŬɛɧɟűɤůɖ ˊŮɟɘɏɢɞɜŰŬɘ 3 ɔŮɜɜɐŰɟɘŮɠ 

ɟŬŭɘɞůɡɢɜɞŰɐŰɤɜ. ɀɘŬ ɔɘŬ 1H, ɛɘŬ ŭŮɨŰŮɟɖ ɔɘŬ Ɏɚɚɞɡɠ ˊɡɟɐɜŮɠ (ˊ.ɢ. 13C, 15N, 31P) əŬɘ ɛɘŬ 

ŰɟɑŰɖ ɔɘŬ Űɞ ŭŮɡŰɏɟɘɞ ˊɞɡ ŮɚɏɔɢŮɘ Űɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ. Ƀɘ ˊŬɚɛɞɑ RF ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ 

ɏɜŬ ˊŬɚɛɘəɧ ˊɟɧɔɟŬɛɛŬ ŮɚŮɔɢɧɛŮɜɞ ɛɏůɤ ɡˊɞɚɞɔɘůŰɐ. ȷɡŰɧɠ ɞ ɡˊɞɚɞɔɘůŰɐɠ ŮɚɏɔɢŮɘ 

Ŭəɟɘɓɩɠ Űɘɠ ůɡɢɜɧŰɖŰŮɠ əŬɘ Űɖ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ Űɤɜ ˊŬɚɛɩɜ ŬɡŰɩɜ.59 

Ƀ ůɤɚɐɜŬɠ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ŭŮɑɔɛŬ əŬɘ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞɠ ɛɏůŬ ůŰɞɜ ɛŬɔɜɐŰɖ, ŮɚɏɔɢŮŰŬɘ 

ɗŮɟɛɞəɟŬůɘŬəɎ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɛɘŬɠ əɟɡɞɔŮɜɘəɐɠ ɛɞɜɎŭŬɠ (C). ɇɏɚɞɠ, ɞ ɡˊɞɚɞɔɘůŰɐɠ (D) 

ˊŬɟɏɢŮɘ Űɞ ɔɟŬűɘəɧ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ɢŮɘɟɘůŰɐ Űɞɡ űŬůɛŬŰɧɛŮŰɟɞɡ 

ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬ ˊŬɚɛɘəɧ ˊɟɧɔɟŬɛɛŬ, ɜŬ ŮɚɏɔɝŮɘ Űɖɜ ˊɟɧɞŭɞ Űɖɠ ɛɏŰɟɖůɖɠ əŬɘ ɜŬ 

ŮˊŮɝŮɟɔŬůŰŮɑ ŰŬ ɚɖűɗɏɜŰŬ ŭŮŭɞɛɏɜŬ.59 

ɄŬɟŬəɎŰɤ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɚɐɣɖɠ Ůɜɧɠ űŬůɛɞŰɧɛŮŰɟɞɡ (ȺɘəɧɜŬ 4.4.2) Ůɜɩ 

ůŰɖ ůɡɜɏɢŮɘŬ ɏɜŬ Űɡˊɘəɧ űŬůɛŬŰɧɛŮŰɟɞ 1H NMR ɛɘŬɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ ˊɞɡ 

ˊŬɟŬůəŮɡɎůŰɖəŮ Ŭˊɧ Űɞɡɠ Najafi et al (ȺɘəɧɜŬ 4.4.3).54  

 

ȺɘəɧɜŬ 4.4.2: ȹɘŬŭɘəŬůɑŬ ɚɐɣɖɠ űɎůɛŬŰɞɠ NMR.60 

 



92 
 

 

ȺɘəɧɜŬ 4.4.3: ūɎůɛŬ 1H NMR Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ HEUR ůŮ CDCl3.54 
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ȾŮűɎɚŬɘɞ 5: ȷˊɞŰŮɚɏůɛŬŰŬ əŬɘ ɆɢɞɚɘŬůɛɧɠ 
 

ɆŰɞ ˊŬɟŬəɎŰɤ ȾŮűɎɚŬɘɞ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ Űɤɜ ˊŮɘɟŬ-

ɛɎŰɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ, əŬɗɩɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬɜŬ-

ɚɨůŮɘɠ ŬɡŰɏɠ 

5.1 ȷɜɎɚɡůɖ PEG 
 

ɇŬ ́ŮɘɟɎɛŬŰŬ ŭɘŮɝɐɢɗɖůŬɜ ɛŮ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɏɠ PEG Ŭˊɧ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɞɨɠ ˊɟɞɛɖ-

ɗŮɡŰɏɠ, Fisher, ACROS , Clariant. ɆŮ ŬɡŰɧ ůɡɜɏɓŬɚŮ əŬɗɞɟɘůŰɘəɎ ɖ ŭɘŬəɞˊɐ Űɖɠ ˊŬɟŬɔɤ-

ɔɐɠ Ŭˊɧ Űɞ ŮɟɔɞůŰɎůɘɞ Űɖɠ Fisher, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ ɖ ŬɜŰɑůŰɞɘɢɖ ˊɟɩŰɖ ɨɚɖ 

ɔɘŬ Űɖ ůɡɜɏɢŮɘŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ. Ⱥɜ ůɡɜŮɢŮɑŬ ɖ ˊɟɞɛɐɗŮɘŬ Űɖɠ PEG ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ ACROS ɖ ɞˊɞɑŬ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɑɜŬɘ ŮɛˊɚɞɡŰɘůɛɏɜɖ 

ɛŮ ɡɔɟŬůɑŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮɜŭŮɚŮɢɐɠ ɛŮɚɏŰɖ ŬűɡŭɎŰɤůɐɠ Űɖɠ ɩůŰŮ 

ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ. ɇɏɚɞɠ, ɚɧɔɤ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ əŬɛɑŬ ɛɏɗɞŭɞɠ 

ŬűɡŭɎŰɤůɖɠ ŭŮɜ ɛˊɞɟɞɨůŮ ɜŬ ɛŮɘɩůŮɘ ůɖɛŬɜŰɘəɎ Űɞ ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ Űɖɠ ACROS, ɖ 

ˊɟɞɛɐɗŮɘŬ Űɖɠ PEG ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ Clariant, ɖ ɞˊɞɑŬ ˊŮɟɘŮɑɢŮ ˊɞɚɨ 

ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɡɔɟŬůɑŬɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɎɚɚŮɠ ŭɡɞ. 

ɆŰɖ ɓɎůɖ ŬɡŰɐ, ɏɔɘɜŮ ŭɘŮɝɞŭɘəɐ ŬɜɎɚɡůɖ Űɤɜ ŭɘŬűɧɟɤɜ PEG, ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ əŬɘ ůŰŬ ŮˊɧɛŮɜŬ ɡˊɞəŮűɎɚŬɘŬ ɔɑɜŮŰŬɘ ˊŬɟɎɗŮůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ əɎɗŮ ˊɟŬɔɛŬŰɞˊɞɘɗŮɑůŬ ŬɜɎɚɡůɖ. 

5.1.1 ɀɏɗɞŭɞɘ ŬűɡŭɎŰɤůɖɠ 
 

ȼ ŬűɡŭɎŰɤůɖ Űɖɠ PEG ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ŬɜŰɚɘɩɜ əŮɜɞɨ, ɛɏůɤ 

ɝɐɟŬɜůɖɠ ɡˊɧ ɣɨɝɖ əŬɘ Űɏɚɞɠ ɛɏůɤ ŬˊɧůŰŬɝɖɠ. Ƀɘ ŭɨɞ ŬɜŰɚɑŮɠ ŭɘɏűŮɟŬɜ ůŰɖɜ ŰŮɚɘəɐ Űɘɛɐ 

Űɖɠ ˊɑŮůɖɠ ˊɞɡ ɛˊɞɟɞɨůŬɜ ɜŬ ɚɎɓɞɡɜ, ɛŮ Űɖɜ Ůɜ ɞɜɧɛŬŰɘ ŬɜŰɚɑŬ ŭɘŬűɟɎɔɛŬŰɞɠ 

(Conventional) ɜŬ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ŰŬ 0.2-0.15 bar Ůɜɩ ɖ ɑŭɘɞɡ Űɨˊɞɡ ŬɜŰɚɑŬ Ŭˊɧ Űɖɜ 

ŮŰŬɘɟŮɑŬ (Milestone) ɜŬ űŰɎɜŮɘ ŰŬ 20 mbar. ȷɜɎɚɞɔŬ ɛŮ Űɘɠ ɩɟŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɞ 

əŮɜɧ əŬɘ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ˊɑŮůɖɠ ˊɞɡ űŰɎɜŮɘ əɎɗŮ ŬɜŰɚɑŬ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ŭɘŬűɞɟŮŰɘəɎ 

ŮˊɑˊŮŭŬ ɛŮɑɤůɖɠ Űɖɠ ɡɔɟŬůɑŬɠ. ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŬűɡŭɎŰɤůɖɠ Űɤɜ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ PEG ́ ɞůɧŰɖŰŬɠ 60gr ɛŮ Űɞ ɢɟɧɜɞ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ 

Űɞɡ əŮɜɞɨ ɔɘŬ Űɘɠ 2 ŬɜŰɚɑŮɠ ɜŬ ŮɑɜŬɘ 2-4 ɩɟŮɠ əŬɘ Űɖɜ ɝɐɟŬɜůɖ ɡˊɧ ɣɨɝɖ 24 ɩɟŮɠ. ȷɜŬűɞ-

ɟɘəɎ ɛŮ Űɖɜ ŬˊɧůŰŬɝɖ (ȺɘəɧɜŬ 5.1.1), ɖ ŬˊɧůŰŬɝɖ ˊɟŬɔɛŬŰɞˊɞɘɞɨŰŬɜ ɛŮ ŭɘɎɚɡůɖ 50-60 g 

PEG ůŮ 200mL Űɞɚɞɡɧɚɘɞ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɞɚɞəɚɖɟɤɜɧŰŬɜ ɧŰŬɜ ɖ ɗŮɟɛɞəɟŬůɑŬ ɏűŰŬɜŮ 

ůŰɞɡɠ 170oC əŬɘ Űɞ ŬˊɧůŰŬɔɛŬ ˊɞɡ ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɜ ɐŰŬɜ ɔɨɟɤ ůŰŬ 180 mL. Ⱥɜ ůɡɜŮ-

ɢŮɑŬ, ɖ ŮɜŬˊɞɛŮɑɜɞɡůŬ PEG ŰɞˊɞɗŮŰɞɨɜŰŬɜ ůŮ ˊŮɟɘůŰɟɞűɘəɧ ŮɝŬŰɛɖůŰɐɟŬ ɔɘŬ Űɖɜ ŬˊɞɛɎ-

əɟɡɜůɖ Űɖɠ ɡˊɧɚɞɘˊɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ Űɞɚɞɡɞɚɑɞɡ. 
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  ɀɏɗɞŭɞɘ ŬűɡŭɎŰɤůɖɠ 

PEG 

8000 

ȷɟɢɘəɐ  

ɈɔɟŬůɑŬ 

(ppm) 

ȷɜŰɚɑŬ  

ŭɘŬűɟɎɔɛŬŰɞɠ 

(Milestone)  

(ppm) 

ȷɜŰɚɑŬ  

ŭɘŬűɟɎɔɛŬ-

Űɞɠ 

(Conven-

tional) 

(ppm) 

Freeze drying 

24h 

(ppm) 

ȷˊɧůŰŬɝɖ 

(ppm) 

Fisher 3500 - 2300 2700 - 

Acros 6000 3500-4000 3500-4000 1600 4000 

Clariant 2300 700-1100 800-1200 - 800 

ɄɑɜŬəŬɠ 5.1.1: ɄŮɟɘŮəŰɘəɧŰɖŰŬ ɡɔɟŬůɑŬɠ ůŰɘɠ ŭɘɎűɞɟŮɠ PEG. 

 

ȺɘəɧɜŬ 5.1.1: ɄŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ŬˊɧůŰŬɝɖɠ. 

ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ ˊɟɞəɨˊŰŮɘ ˊɤɠ əŬɘ ɞɘ ŭɡɞ ŬɜŰɚɑŮɠ ŮɑɜŬɘ Ůűɘ-

əŰɧ ɜŬ űŰɎůɞɡɜ Űɞɜ ŮˊɘɗɡɛɖŰɧ ůŰɧɢɞ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 1000ppm ɛŮ Űɖɜ 

(Conventional) ɜŬ ɢɟŮɘɎɕŮŰŬɘ ɚɑɔɞ ˊŬɟŬˊɎɜɤ ɢɟɧɜɞ əŮɜɞɨ ɚɧɔɤ Űɖɠ ɡɣɖɚɧŰŮɟɖɠ Űɘɛɐɠ ůŰɖ 

ˊɑŮůɖ. ɈˊɞɔɟŬɛɛɑɕŮŰŬɘ ˊɤɠ ɞ ůŰɧɢɞɠ ŭŮɜ ŮɑɜŬɘ ɖ ˊɚɐɟɖɠ ŬűɡŭɎŰɤůɖ Űɖɠ PEG əŬɗɩɠ əɎŰɘ 

ŰɏŰɞɘɞ ɗŬ ŬˊŬɘŰɞɨůŮ ˊɎɟŬ ˊɞɚɚɏɠ ɩɟŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŬɜŰɚɘɩɜ əŬɘ ŬɡŰɧ ɗŬ ŭɡůɢɏɟŬɘɜŮ 

əŬɘ ɗŬ ɛŬəɟɖɔɞɟɞɨůŮ ˊɞɚɨ Űɖɜ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŬɚɚɎ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɤɜ 

ŬɜŰɚɘɩɜ. 

ɄŬɟɧɚɞ, ˊɞɡ ɖ ŬˊɧůŰŬɝɖ ɛŮ Űɞ Űɞɚɞɡɧɚɘɞ ɛŬɠ ŭɑɜŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɖɠ 

ɡɔɟŬůɑŬɠ Űɖɠ PEG, ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɞɜɞɓɧɟŬ ŬɚɚɎ əŬɘ əɞůŰɞɓɧɟŬ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɔɑɜŮŰŬɘ əŬɗŬɟɘůɛɧɠ Űɞɡ ŬˊɞůŰɎɔɛŬŰɞɠ ɔɘŬ ˊŬɟŬɚŬɓɐ əŬɗŬɟɞɨ Űɞɚɞɡ-

ɞɚɑɞɡ. ȷəɧɛɖ, ŬˊɞɟɟɑˊŰŮŰŬɘ əŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ ɝɐɟŬɜůɖɠ ɡˊɧ ɣɨɝɖ əŬɗɩɠ, ˊɟɩŰɞɜ, ŭŮɜ 

ɛŮɘɩɜŮɘ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɖɠ ɡɔɟŬůɑŬɠ ůŰŬ ŮˊɘɗɡɛɖŰɎ ŮˊɑˊŮŭŬ əŬɘ ŭŮɨŰŮɟɞɜ, ɔɘŬŰɑ ŮɑɜŬɘ 
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ɘŭɘŬɑŰŮɟŬ ɢɟɞɜɞɓɧɟŬ ŭɘŮɟɔŬůɑŬ. ɆɡɜŮˊɩɠ, ɔɘŬ Űɖɜ ŬűɡŭɎŰɤůɖ Űɖɠ PEG ɗŬ ɢɟɖůɘɛɞˊɞɘɖ-

ɗɞɨɜ ɞɘ ɎɚɚŮɠ 2 ŬɜŰɚɑŮɠ.  

5.1.2 ūŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɨɗɟɞɡ FTIR 
 

ɄŬɟŬəɎŰɤ ůŰɘɠ ȺɘəɧɜŬ 5.1.2 əŬɘ ȺɘəɧɜŬ 5.1.3 ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ űɎůɛŬŰŬ Űɤɜ 3 ŭɘŬűɞɟŮ-

Űɘəɩɜ PEG ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Ůɜɩ ůŰɞɜ ɄɑɜŬəŬɠ 5.2.1 ŬɜŬűɏɟɞɜŰŬɘ ŰŬ Ůɑŭɖ Űɤɜ ŭŮ-

ůɛɩɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ əɎɗŮ ɛɐəɞɠ əɨɛŬŰɞɠ. 
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ȺɘəɧɜŬ 5.1.2: Ɇɨɔəɟɘůɖ űŬůɛŬŰɞɔɟŬűɖɛɎŰɤɜ FTIR PEG Ŭˊɧ Fisher əŬɘ Acros. 
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ȺɘəɧɜŬ 5.1.3: ūŬůɛŬŰɞɔɟɎűɖɛŬ FTIR PEG Ŭˊɧ Clariant. 
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ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ űɎůɛŬŰŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɟɘůɛɏɜŮɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ɔɘŬ əɡɛŬŰŬɟɘɗ-

ɛɞɨɠ Ŭˊɧ 1640cm-1-1610cm-1, ůŰɞɡɠ ɞˊɞɑɞɡɠ əɡɛŬŰŬɟɘɗɛɞɨɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɞɜɐůŮɘɠ 

Űɤɜ ŭŮůɛɩɜ C=C, N-H əŬɘ C=O ɛŮ ɓɎůɖ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ. ȿɧɔɤ Űɞ ɧŰɘ ŬɡŰɞɑ ɞɘ ŭŮůɛɞɑ 

ŭŮɜ ŬɜŰɘəŬŰɞˊŰɟɑɕɞɡɜ Űɖ ŭɞɛɐ Űɖɠ PEG, ɔɑɜŮŰŬɘ ɖ ŮɘəŬůɑŬ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚɞɜŰŬɘ ůŮ 

ɡˊɞɚŮɑɛɛŬŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ɓɘɞɛɖɢŬɜɘəɐɠ ́ ŬɟŬɔɤɔɐɠ Űɖɠ. ȾŬŰɎ 

ŬɡŰɐ Űɖɜ ɏɜɜɞɘŬ, ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ űŬůɛɎŰɤɜ Űɖɠ PEG Ŭˊɧ ŭɘŬűɞɟŮŰɘəɞɨɠ ˊɟɞɛɖɗŮɡ-

Űɏɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ůŰɞ ɓɘɞɛɖɢŬɜɘəɧ Űɟɧˊɞ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ əŬɘ ůŰɖɜ ɨˊŬɟɝɖ ŬɜŰɑ-

ůŰɞɘɢɤɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ůŰɞ ˊŬɟŬɢɗɏɜ ˊɟɞɥɧɜ 

5.1.3 ɉɟɤɛŬŰɞɔɟŬűɑŬ GPC 
 

Ⱥɜ ůɡɜŮɢŮɑŬ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ɢɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ GPC əŬɘ ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ Mn.  

  

ȺɘəɧɜŬ 5.1.4: ɉɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ GPC əŬɘ ɛɞɟɘŬəɎ ɓɎɟɖ Űɤɜ 3 ŭɘŬűɞɟŮŰɘəɩɜ PEG. 

ȳˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ɢɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ ɖ PEG (ACROS) ɏɢŮɘ Űɞ ɛɘ-

əɟɧŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɘɛɐ Űɤɜ 8000 g/mol. Ⱥˊɑůɖɠ, ɖ 

PEG(ACROS) ɏɢŮɘ ˊɞɚɨ ˊɘɞ ŮɡɟŮɑŬ əŬŰŬɜɞɛɐ ɏɜŬɜŰɘ Űɤɜ Ɏɚɚɤɜ ŭɨɞ, ɛŮ əɨɟɘɞ ɢŬɟŬəŰɖ-

ɟɘůŰɘəɧ ɏɜŬ ɛŮɔɎɚɞ ɎɜɞɘɔɛŬ Űɖɠ əŬɛˊɨɚɖɠ ˊɟɞɠ ɛɘəɟɧŰŮɟɞɡɠ ɢɟɧɜɞɡɠ ɏəɚɞɡůɖɠ ɎɟŬ əŬɘ 

ɛɘəɟɧŰŮɟŬ ɛɞɟɘŬəɎ ɓɎɟɖ. ɇɞ ŰŮɚŮɡŰŬɑɞ ɨůŰŮɟŬ Ŭˊɧ ɏɟŮɡɜŬ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ŭɘŬˊɘůŰɩ-

ɗɖəŮ ˊɤɠ ɞűŮɑɚŮŰŬɘ ůŮ ˊɘɗŬɜɐ ɞɝŮɑŭɤůɖ Űɖɠ PEG, Űɞ ɞˊɞɑɞ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ůɢɎůɖ 

Űɤɜ Ŭɚɡůɑŭɤɜ Űɖɠ əŬɘ Űɖ ŭɘŬɛɧɟűɤůɖ Ŭɚɡůɑŭɤɜ ɛɘəɟɧŰŮɟɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. ȼ 

PEG(Fisher) əɟɑɜɞɜŰŬɠ Ŭˊɧ Űɞ Mn ŬɚɚɎ əŬɘ Űɖɜ ɑŭɘŬ Űɖ əŬɛˊɨɚɖ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ əɞɜŰɎ Űɞ 

ɛɞɟɘŬəɧ Űɖɠ ɓɎɟɞɠ ůŰɞ ɞɜɞɛŬůŰɘəɧ Űɖɠ əŬɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ ŮɑɜŬɘ ůŰŮɜɐ. ɇɏɚɞɠ, ɖ 

PEG(Clariant) ɏɢŮɘ ɛɞɟɘŬəɧ ɓɎɟɞɠ 6500g/mol əŬɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ ŮɑɜŬɘ ůŰŮɜɐ ůŬɜ Űɖɠ 

Fisher.61ï64 

25 30ɉɟɧɜɞɠ ɏəɚɞɡůɖɠ (min)

PEG 8000 ACROS PEG 8000 Fisher PEG 8000 CLARIANT

Mn(g/mol) 6000 7000 6500

 PEG 8000 CLARIANT

 PEG 8000 FISHER

 PEG 8000 ACROS
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5.1.4 ūŬůɛŬŰɞůəɞˊɑŬ 1H NMR 
 

ɇɏɚɞɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ əŬɘ əɎˊɞɘŮɠ ŬɜŬɚɨůŮɘɠ H-NMR ɛŮ ůəɞˊɧ Űɖɜ ůɡɔəɟɘŰɘəɐ Ŭ-

ˊŮɘəɧɜɘůɖ Űɖɠ ɡɔɟŬůɑŬɠ ŬɚɚɎ əŬɘ Űɡɢɧɜ ŭɘŬűɞɟɏɠ ůŰɖ ŭɞɛɐ Űɖɠ PEG əŬɘ ůŰɖɜ ɨˊŬɟɝɖ Ɏɚ-

ɚɤɜ ůɡůŰŬŰɘəɩɜ ɤɠ ˊɟɧůɗŮŰŬ. ȷɟɢɘəɎ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɝŮɢɤɟɘůŰɎ ɞɘ ŬɜŬɚɨůŮɘɠ ȼ-NMR 

ɔɘŬ Űɘɠ 3 PEG. ȴůŰŮɟŬ ɔɘŬ ůɡɔəɟɘŰɘəɞɨɠ ɚɧɔɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɑŭɘɞ ŭɘɎɔɟŬɛɛŬ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Fisher ɛŮ ACROS. 

 

ȺɘəɧɜŬ 5.1.5: ūɎůɛŬ 1H NMR PEG Ŭˊɧ Acros. 



100 
 

 

ȺɘəɧɜŬ 5.1.6: ūɎůɛŬ 1H NMR PEG Ŭˊɧ Fisher. 
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ȺɘəɧɜŬ 5.1.7: ūɎůɛŬ 1H NMR PEG Ŭˊɧ Clariant. 

 

ȺɘəɧɜŬ 5.1.8: Ɇɨɔəɟɘůɖ űŬůɛɎŰɤɜ 1H NMR PEG Ŭˊɧ Acros əŬɘ Fisher.  

ɆŰŬ 7 ppm ŬˊɞŭɑŭŮŰŬɘ Űɞ ŭŮɡŰŮɟɘɤɛɏɜɞ ɢɚɤɟɞűɧɟɛɘɞ (CDCl3), ůŰŬ 3-4 ppm ŮɛűŬɜɑɕɞɜŰŬɘ 

ŰŬ ɡŭɟɞɔɧɜŬ Űɞɡ ɓŬůɘəɞɨ əɞɟɛɞɨ Űɖɠ PEG, -CH2-, Ůɜɩ ɔɘŬ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ůŮ ˊɞɘŬ ppm 

ɏɢɞɡɛŮ Űɖ əɞɟɡűɐ Űɤɜ ɡŭɟɞɔɧɜɤɜ Űɞɡ ɜŮɟɞɨ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɛɘŬ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰɖ. Ⱥˊɑ-

ůɖɠ, Ŭˊɧ Űɞ ůɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ˊŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əɎˊɞɘŮɠ ŭɘŬűɞɟɏɠ 

ůŰŬ ɢŬɛɖɚɧŰŮɟŬ ppm 1-1.5ppm, ŰŬ ɞˊɞɑŬ ɑůɤɠ ɞűŮɑɚɞɜŰŬɘ əŬɘ ůŮ Űɡɢɧɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ɐ 

ɡˊɞɚŮɑɛɛŬŰŬ ɞɡůɘɩɜ əŬŰɎ Űɖɜ ŮɟɔɞůŰŬůɘŬəɐ ůɨɜɗŮůɖ Űɖɠ PEG. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞ-

ɜŰŬɘ 3 ůɡɔəɟɘŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɧ́ ɞɡ ŭɘŬɚɨɗɖəŮ əŬɘ ŬɜŬɚɨɗɖəŮ ůɡɔəŮəɟɘɛɏɜɖ ˊɞůɧŰɖŰŬ 

PEG ůŰɞ ŭŮɡŰŮɟɘɤɛɏɜɞ ɢɚɤɟɞűɧɟɛɘɞ, ɨůŰŮɟŬ ˊɟɞůŰɏɗɖəŬɜ 15ɛL ɜŮɟɞɨ əŬɘ ŰŮɚɘəɩɠ ˊɟɞ-

ůŰɏɗɖəŬɜ 150 ɛL ɜŮɟɞɨ.  

 



102 
 

 

ȺɘəɧɜŬ 5.1.9: ūɎůɛŬŰŬ 1H NMR ɛŮ əŬɗŬɟɐ PEG əŬɘ ɛŮ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ. 

ȳˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɘɠ ŬɜŬɚɨůŮɘɠ ɖ əɞɟɡűɐ ůŰŬ 2.5 ppm ŬɡɝɎɜŮŰŬɘ ɧůɞ ˊɟɞůɗɏŰɞɡɛŮ ɜŮɟɧ 

Ůɜɩ Ůˊɑůɖɠ ŮɛűŬɜɑɕŮŰŬɘ ɛɘŬ əŬɘɜɞɨɟɔɘŬ əɞɟɡűɐ ˊŮɟɑˊɞɡ ůŰŬ 4.7 ppm. ɀŮ ɓɎůɖ Űɖ ɓɘɓɚɘɞ-

ɔɟŬűɑŬ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ɜŮɟɧ ůŰɞ ŭŮɡŰŮɟɘɤɛɏɜɞ ɢɚɤɟɞűɧɟɛɘɞ ɏɢŮɘ ˊɞɚɨ 

ɛɘəɟɐ ŭɘŬɚɡŰɧŰɖŰŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ˊɎɜɤ Ŭˊɧ ɛɘŬ ůɡɔəɏɜŰɟɤůɖ Űɞ ɜŮɟɧ əŬɘ Űɞ ŭŮɡŰŮɟɘɤ-

ɛɏɜɞ ɢɚɤɟɞűɧɟɛɘɞ ɜŬ ůɢɖɛŬŰɑɕɞɡɜ ŭɨɞ űɎůŮɘɠ əŬɘ Űɞ 1H NMR ɜŬ ŮɜŰɞˊɑɕŮɘ əŬɘ Űɞ ɜŮɟɧ 

ůŰɖ űɎůɖ Űɞɡ ɜŮɟɞɨ ŬɚɚɎ əŬɘ ůŰɖ űɎůɖ Űɞɡ ŭŮɡŰŮɟɘɤɛɏɜɞɡ ɢɚɤɟɞűɞɟɛɑɞɡ ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ Ŭˊɧ ɛɘŬ ɓɘɓɚɘɞɔɟŬűɘəɐ ɏɟŮɡɜŬ.65  

 

ȺɘəɧɜŬ 5.1.10: ūɎůɛŬ 1H NMR ŭɘűŬůɘəɞɨ ůɡůŰɐɛŬŰɞɠ CDCl3/H2O:10% D2O.65 
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ȺɑɜŬɘ ůŬűɏɠ ˊɤɠ ůŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ Űɞ ɡˊɧ ŬɜɎɚɡůɖ ůɨůŰɖɛŬ ɐŰŬɜ ɛɧɜɞ ŭŮɡŰŮɟɘɤɛɏɜɞ 

ɢɚɤɟɞűɧɟɛɘɞ əŬɘ ɜŮɟɧ Ůɜɩ ůŰɖ ŭɘəɐ ɛŬɠ ˊŮɟɑˊŰɤůɖ ɏɢɞɡɛŮ əŬɘ Űɖ ŭɘŬɚɡɛɏɜɖ PEG əŬɘ 

ɏŰůɘ ŮɑɜŬɘ ŮűɘəŰɧ əɎˊɞɘŮɠ əɞɟɡűɏɠ ɜŬ ɛŮŰŬŰɞˊɘůŰɞɨɜ ůŮ ɎɚɚŬ ppm ůŮ ůɢɏůɖ ɛŮ Űɞ əŬɗŬɟɧ 

ůɨůŰɖɛŬ ŭŮɡŰŮɟɘɤɛɏɜɞɡ ɢɚɤɟɞűɞɟɛɑɞɡ-ɜŮɟɧ. ȰŰůɘ ɚɞɘˊɧɜ, ůŰŬ 4.7 ppm ŬˊɞŭɑŭŮŰŬɘ Űɞ 

ɜŮɟɧ ůŰɖ űɎůɖ Űɞɡ ɜŮɟɞɨ. ȺˊŬɜŮɟɢɧɛŮɜɞɘ ɚɞɘˊɧɜ ůŰŬ ɝŮɢɤɟɘůŰɎ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ PEG 

əŬɘ Ůűɧůɞɜ ŭɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ˊŮɟɑˊɞɡ ůŰŬ 2.5ppm ŮɜŰɞˊɑɕŮŰŬɘ ɖ ŭɘŬɚɡɛɏɜɖ ɡɔɟŬůɑŬ Űɖɠ 

PEG ůŰɞ ŭŮɡŰŮɟɘɤɛɏɜɞ ɢɚɤɟɞűɧɟɛɘɞ əŬɘ ŮˊŮɘŭɐ ɖ ŬɜɎɚɡůɖ ɏɔɘɜŮ ɛŮ Ŭəɟɘɓɩɠ Űɖɜ ɑŭɘŬ 

ŭɘɎɚɡůɖ Űɖɠ PEG, Űɞ ůɐɛŬ ˊɞɡ ˊŬɑɟɜɞɡɛŮ ɔɘŬ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ɡɔɟŬůɑŬɠ ůŰɖ PEG 

ŮˊɘɓŮɓŬɘɩɜŮɘ Űɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ: 

H2OPEG,ACROS >H2OPEG,Fisher  >H2OPEG,Clariant 

5.2 ȷɜɎɚɡůɖ Ůɛˊɞɟɘəɞɨ ˊɟɞɥɧɜŰɞɠ 
 

ɇɞ Ůɛˊɞɟɘəɧ ˊɟɞɥɧɜ ˊɞɡ ŬɜŬɚɨɗɖəŮ əŬɘ Űɞɡ ɞˊɞɑɞɡ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ˊŬɟŬ-

əɎŰɤ ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊɞɚɡɞɡɟŮɗɎɜɖ HEUR, ɖ ɞˊɞɑŬ ɏɢŮɘ ˊŬɟŬɢɗŮɑ ɛŮ PEG Ŭˊɧ Űɖɜ Clariant. 

ȼ ŬɜɎɚɡůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ ɖ ɢɟɤɛŬŰɞɔɟŬűɑŬ GPC əŬɘ ɖ űŬůɛŬŰɞůəɞˊɑŬ 

ɡˊŮɟɨɗɟɞɡ (FTIR), ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ əŬɗɩɠ əŬɘ ŰŬ Ůɑŭɖ 

Űɤɜ ŭŮůɛɩɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ŬɡŰɧ. 

ȷɟɢɘəɎ, ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ɢɟɤɛŬŰɞɔɟɎűɖɛŬ GPC Űɞɡ ˊɟɞɥɧɜŰɞɠ ůŰɖɜ ȺɘəɧɜŬ 5.2.1. 

 

ȺɘəɧɜŬ 5.2.1: ɉɟɤɛŬŰɞɔɟɎűɖɛŬ GPC Ůɛˊɞɟɘəɞɨ ˊɟɞɥɧɜŰɞɠ. 

ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɞ ˊŬɟŬˊɎɜɤ ɢɟɤɛŬŰɞɔɟɎűɖɛŬ, ŭŮɜ ɏɢŮɘ ŬɜŰɘŭɟɎůŮɘ ɧɚɖ ɖ ˊɞůɧ-

ŰɖŰŬ Űɖɠ PEG. 

Ⱥɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ űŬůɛŬŰɞɔɟɎűɖɛŬ FTIR ůŰɖɜ ȺɘəɧɜŬ 5.2.2.  

25 30

ɉɟɧɜɞɠ ɏəɚɞɡůɖɠ (min)

 HEUR
HEUR

Mn (g/mol) 16485

Mw (g/mol) 24445
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ȺɘəɧɜŬ 5.2.2: ūŬůɛŬŰɞɔɟɎűɖɛŬ 1H NMR Ůɛˊɞɟɘəɞɨ ˊɟɞɥɧɜŰɞɠ. 
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ũɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɔɑɜŮɘ ŬɜŰɘůŰɞɑɢɘůɖ Űɞɡ əɡɛŬŰŬɟɘɗɛɞɨ Űɖɠ ŭɧɜɖůɖɠ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ŭŮůɛɩɜ ˊɟɏˊŮɘ ŬűŮɜɧɠ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ŬɜŰɑůŰɞɘɢɖ ŬɜɎɚɡůɖ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ŬɚɚɎ əŬɘ 

ɖ ŬɜɎɚɡůɖ Űɞɡ IR Űɖɠ PEG əŬɗɩɠ ɖ ŰŮɚŮɡŰŬɑŬ ŬˊɞŰŮɚŮɑ Űɖɜ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ŭɞɛɘəɐ 

ɛɞɜɎŭŬ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ˊɞɚɡɛŮɟɞɨɠ. ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ Najafi et al, Űɤɜ Mattia əŬɘ 

Painter əŬɘ Űɤɜ Hussain et al, ˊŬɟŬŰɑɗŮŰŬɘ ɞ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬɠ 5.2.1 ˊɞɡ ˊŮɟɘɏɢŮɘ ɛɘŬ 

ˊɘɗŬɜɐ ŬɜŰɘůŰɞɑɢɘůɖ ůŰŬ Ůɑŭɖ Űɤɜ ŭŮůɛɩɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ ɢɟɤɛŬŰɞɔɟɎűɖɛŬ.54,66,67 

ɀɐəɞɠ əɨɛŬŰɞɠ 

(cm-1) 
Ⱥɑŭɞɠ ŭŮůɛɞɨ 

945 ȿɧɔɤ ŬɜŰɘůɡɛɛŮŰɟɘəɐɠ ŭɧɜɖůɖɠ ŰɎůɖɠ 

1111 C-O ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ PEG 

1282 C-O ɚɧɔɤ ŰɎůɖɠ ɞɡɟŮɗŬɜɘəɞɨ ŭŮůɛɞɨ 

1351 -CH3 ɚɧɔɤ əɎɛɣɖɠ 

1467 -CH2- ɚɧɔɤ əɎɛɣɖɠ 

1533 C=O ɚɧɔɤ əɎɛɣɖɠ Ŭɛɘŭɘəɐɠ ɞɛɎŭŬɠ ȽȽ 

1618 
C=O ɚɧɔɤ ŰɎůɖɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɞ ůŮ ŰɎɝɖ H Űɞɡ 

əŬɟɓɞɜɡɚɑɞɡ Űɖɠ ɞɡɟɑŬɠ 

1637 
C=O ɚɧɔɤ ŰɎůɖɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɞ ůŮ ŬŰŬɝɑŬ H Űɞɡ 

əŬɟɓɞɜɡɚɑɞɡ Űɖɠ ɞɡɟɑŬɠ 

1713 
C=O ɚɧɔɤ ŰɎůɖɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɞ ůŮ ŬŰŬɝɑŬ H Űɞɡ 

əŬɟɓɞɜɡɚɑɞɡ Űɖɠ ɞɡɟŮɗɎɜɖɠ 

2888 C-H (ŬɚŮɘűŬŰɘəɞɨ ŭŮůɛɞɨ) ɚɧɔɤ ŰɎůɖɠ 

3420 N-H ɚɧɔɤ ŰɎůɖɠ Űɞɡ ɞɡɟŮɗŬɜɘəɞɨ ŭŮůɛɞɨ 
ɄɑɜŬəŬɠ 5.2.1: Ⱥɑŭɖ ŭŮůɛɩɜ űŬůɛŬŰɞɔɟŬűɐɛŬŰɞɠ Ůɛˊɞɟɘəɞɨ ˊɟɞɥɧɜŰɞɠ.54,66,67 

ɆŮ ůɨɔəɟɘůɖ ɛŮ Űɞ ɢɟɤɛŬŰɞɔɟɎűɖɛŬ Űɞɡ Ůɛˊɞɟɘəɞɨ ˊɟɞɥɧɜŰɞɠ (ȺɘəɧɜŬ 5.2.2) əŬɘ Űɤɜ 

PEG ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ (ȺɘəɧɜŬ 5.1.2 əŬɘ ȺɘəɧɜŬ 5.1.3) ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ŭŮɜ ŮɛűŬ-

ɜɑɕɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɞɡɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Ůűɧůɞɜ Űɞ ɛɞ-

ɟɘŬəɧ ɓɎɟɞɠ Űɖɠ əɨɟɘŬɠ ɏɜɤůɖɠ, ˊɞɡ ŮɑɜŬɘ ɖ PEG, ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ ɏɜŬɜŰɘ Űɞɡ HMDI 

əŬɘ Űɖɠ ɞəŰŬɜɧɚɖɠ, ŬɡŰɞɛɎŰɤɠ ɞɘ ŭɞɜɐůŮɘɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖ PEG ɧɢɘ ɛɧɜɞ ɗŬ ŮɑɜŬɘ ɞɘ 

əɡɟɘɧŰŮɟŮɠ ŬɚɚɎ ɗŬ ŮˊɘəŬɚɨˊŰɞɡɜ əŬɘ Űɘɠ ŭɞɜɐůŮɘɠ Űɤɜ ŭŮůɛɩɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ 

ŬɜŰɑŭɟŬůɖ. ȰŰůɘ ɚɞɘˊɧɜ, ˊŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ɘŭɘŬɑŰŮɟŬ ůŰɞ Ůɨɟɞɠ Űɤɜ 1610-1640cm-1 ŭɨɜŬ-

ŰŬɘ ɜŬ ůɡɛˊɏůɞɡɜ ɞɘ ŭɞɜɐůŮɘɠ Űɖɠ ɞɡɟɑŬɠ ˊɞɡ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ɏɢŮɘ ˊŬɟŬɢɗŮɑ ŬɚɚɎ əŬɘ Űɞɡ 

Ŭɟɢɘəɞɨ űɎůɛŬŰɞɠ Űɖɠ PEG. ɆŰɖ ɓɎůɖ ŬɡŰɐ ɖ ŬɜɎˊŰɡɝɖ Űɞɡ ɞɡɟŮɗŬɜɘəɞɨ ŭŮůɛɞɨ ŭɨɜŬŰŬɘ 

ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɛɧɜɞ Ŭˊɧ Űɘɠ ŭɘŬəɟɘŰɏɠ ŭɞɜɐůŮɘɠ ůŰŬ 1530cm-1 əŬɘ ˊŮɟɑˊɞɡ ůŰŬ 1710-1720 

cm-1. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ űŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɨɗɟɞɡ ŭŮɜ ŬˊɞŰŮɚŮɑ Űɖɜ ɘŭŬɜɘəɐ ɛɏɗɞŭɞ ɔɘŬ ŬɜŬ-

ɚɨůŮɘɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ˊɟɞɥɧɜŰɤɜ, əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮɝŬɢɗɞɨɜ ŭɘŮɡ-

əɟɘɜɘůŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ɧɚŬ ŰŬ Ůɑŭɖ Űɤɜ ŭŮůɛɩɜ əŬɗɩɠ ůŰɞ ŭɘɎůŰɖɛŬ 1610-1640 cm-

1 ŭɨɜŬŰŬɘ ɜŬ ůɡɛˊɏůɞɡɜ ɞɘ ŭɞɜɐůŮɘɠ əŬɘ Ɏɚɚɤɜ ŭŮůɛɩɜ. 
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5.3 ɄŬɟŬɔɤɔɐ ˊɟɞˊɞɚɡɛŮɟɞɨɠ ɛŮ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ əŬɘ ɛɘəɟɞ-

əɨɛŬŰŬ 
 

ɄŬɟŬəɎŰɤ ɗŬ ŬɜŬűŮɟɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊɟɞˊɞɚɡɛŮɟɩɜ ˊɞɡ ˊŬɟɎɢɗɖəŬɜ Űɧůɞ ɛŮ 

Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ ɧůɞ əŬɘ ɛŮ ɛɘəɟɞəɨɛŬŰŬ. ȷəɧɛɖ, ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ 

əŬɘ ůɡɔəɟɘŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ ŭɡɞ ɛŮɗɧŭɤɜ. 

5.3.1 ɆɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ 
 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ ˊŮɘɟŬɛŬŰɘəɧ ɛɏɟɞɠ, ŰŬ ˊŮɘɟɎɛŬŰŬ ˊɞɡ ŭɘŮɝɐɢɗɖůŬɜ ůŮ ůɡɜɗɐ-

əŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ, ůɖɛŬɑɜŮɘ ɧŰɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɢɤɟɑɠ ɜŬ ŬűɡŭŬŰɤɗŮɑ ɖ PEG, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŮɟɘɏɢŮɘ ŰŬ ŬɟɢɘəɎ ˊɞůɞůŰɎ Űɖɠ ůŮ ɡɔɟŬůɑŬ. ɇɞ ŰŮɚŮɡŰŬɑɞ ɏɢŮɘ ɤɠ ŬˊɞŰɏ-

ɚŮůɛŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɛɘŬɠ ˊŬɟɎˊɚŮɡɟɖɠ ŬɜŰɑŭɟŬůɖɠ, ŬɡŰɐɠ Űɞɡ ŭɘɘůɞəɡŬɜɑɞɡ ɛŮ Űɞ 

ɜŮɟɧ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ 1.3.16. ȼ ́ŬɟŬɔɤɔɐ Űɖɠ ɞɡɟɑŬɠ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ 

Űɖɜ ŬɜŰɑŭɟŬůɖ 1 mol HMDI ɛŮ 1 mol ɜŮɟɞɨ ɔɘŬ ˊɚɐɟɖ ŬɜŰɑŭɟŬůɖ. ɆɡɜŮˊɩɠ, ɧˊɤɠ ɗŬ ˊŬ-

ɟɞɡůɘŬůŰŮɑ əŬɘ ˊŬɟŬəɎŰɤ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɛŮ ŬɜŬɚɞɔɑŬ HMDI/PEG=1 ŭŮɜ Ůˊɘűɏɟɞɡɜ Űɞ 

ŮˊɘɗɡɛɖŰɧ ŬˊɞŰɏɚŮůɛŬ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ůŰɘɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ůɡɜ-

ɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ, ɖ ŬɜŬɚɞɔɑŬ ŬɡŰɐ ŮɑɜŬɘ 2, ɩůŰŮ ɜŬɘ ɛŮɜ ɜŬ ůɢɖɛŬŰɘůŰŮɑ ɞɡɟɑŬ ŬɚɚɎ 

ɜŬ ůɢɖɛŬŰɘůŰŮɑ əŬɘ ɞ ŮˊɘɗɡɛɖŰɧɠ ɞɡɟŮɗŬɜɘəɧɠ ŭŮůɛɧɠ. 

5.3.1.1 ȷɜɎɚɡůɖ ůɡɜɞɚɘəɞɨ ɢɟɧɜɞɡ ŭɘŮɟɔŬůɑŬɠ 
 

ȷɟɢɘəɎ, Ůűɧůɞɜ ɛŮ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ˊɘɞ ɔɟɐɔɞɟŬ ɖ ɛŮŰŬűɞɟɎ 

ɗŮɟɛɧŰɖŰŬɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ Ŭɝɘɞ-

ˊɞɑɖůɐ Űɞɡɠ əŬɘ ůŮ ɎɚɚŬ ůŰɎŭɘŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůɨɜɗŮůɖɠ Űɤɜ HEUR Űɧůɞ ůŮ ůɡɜɗɐəŮɠ 

ŬɜɞɘɢŰɞɨ ŬɚɚɎ əŬɘ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ. ɆŰɘɠ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ ɞ ůɡɜɞɚɘəɧɠ ɢɟɧɜɞɠ 

Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůɨɜɗŮůɖɠ Űɞɡ HEUR ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ Űɞɡɠ Ůɝɐɠ ɧɟɞɡɠ: 

ὸ ὸ  ὸ  

ɆɡɜŮˊɩɠ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ Űɞ əŬŰɎ ˊɧůɞ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ŮˊɘŰŬɢɨɜɞɡɜ Űɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ Űɐɝɖɠ Űɖɠ PEG ŬɚɚɎ əŬɘ Ŭɜ ɛˊɞɟɞɨɜ ůŮ ɛɘəɟɧŰŮɟɞɡɠ ɐ ɑŭɘɞɡɠ ɢɟɧɜɞɡɠ Ŭ-

ɜŰɑŭɟŬůɖɠ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɜŬ ŮˊɘŰɨɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ.  

ũɘŬ Ŭɟɢɐ ŬəɞɚɞɡɗŮɑ ɛɘŬ ůɨɔəɟɘůɖ Űɞɡ ɢɟɧɜɞɡ Űɐɝɖɠ Űɖɠ PEG Űɧůɞ ɛŮ ɢɟɐůɖ Űɞɡ ɚɞɡŰɟɞɨ 

ɜŮɟɞɨ ɧůɞ əŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ űɞɨɟɜɞɡ ɛɘəɟɞəɡɛɎŰɤɜ CEM. Ƀ Űɨˊɞɠ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ ŬɡŰɩɜ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ɐŰŬɜ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎ-

ɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.4.1 əŬɘ ɖ ˊɞůɧŰɖŰŬ Űɖɠ PEG ɐŰŬɜ Űɖɠ ŰɎɝɖɠ Űɤɜ 10gr. 

ũɘŬ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɘůɢɨɠ Űɤɜ 60Watt Ůɜɩ ɔɘŬ Űɞ ɚɞɡŰɟɧ ɚŬŭɘɞɨ ŭŮɜ 

ɚɐűɗɖəŮ ɡˊɧɣɖ ɞ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ Űɞ ɜŮɟɧ ɜŬ űŰɎůŮɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ 

ɗŮɟɛɞəɟŬůɑŬ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ȷəɧɛɖ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɧŰɘ əŬɘ ůŰɘɠ 2 ɛŮɗɧŭɞɡɠ ɡˊɐɟɢŮ 

ŬɜɎŭŮɡůɖ əŬɘ ɧŰɘ Űɞ əɟɘŰɐɟɘɞ ɔɘŬ Űɖ ɚɐɣɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɐŰŬɜ ŬűŮɜɧɠ ɖ Űɐɝɖ Űɖɠ 
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PEG ŬɚɚɎ əŬɘ Űɞ ɜŬ űŰɎůŮɘ ɖ PEG ůŰɖɜ ŮəɎůŰɞŰŮ ɗŮɟɛɞəɟŬůɘŬəɐ ɓŬɗɛɑŭŬ ɧˊɤɠ ˊŬɟɞɡ-

ůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 5.3.1. 

 

ȺɘəɧɜŬ 5.3.1: ȿɘɩůɘɛɞ PEG ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 85oC. 

ȳˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ Ŭˊɧ Űɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ, ɖ ɢɟɐůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ 

ŮˊɘűɏɟŮɘ ɛŮɑɤůɖ Űɞɡ ɢɟɧɜɞɡ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ɚɘɩůŮɘ ɖ PEG ůŮ ˊɞůɞůŰɧ Ŭˊɧ 50% ɏɤɠ 

90% ŬɜŬɚɧɔɤɠ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ. 

ɄɏɟŬ ɧɛɤɠ Ŭˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ůɨɔəɟɘůɖ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬəɧɛŬ ɛɘŬ ůɨɔəɟɘůɖ ɧůɞɜ 

ŬűɞɟɎ Űɖ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɘůɢɨɤɜ ůŰŬ ɛɘəɟɞəɨɛŬŰŬ əŬɘ Űɞ ɢɟɧɜɞ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ůŮ 

əɎɗŮ ˊŮɟɑˊŰɤůɖ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ. ɄŬɟŬəɎŰɤ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ 

ȺɘəɧɜŬ 5.3.2 ɔɘŬ ɘůɢɨŮɠ 35, 45 əŬɘ 60Watt. 

 

ȺɘəɧɜŬ 5.3.2: ȿɘɩůɘɛɞ PEG ɛŮ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɘůɢɨɤɜ. 

ȷˊɧ Űɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ ŮɝɎɔŮŰŬɘ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɔɘŬ Ŭɨɝɖůɖ Űɖɠ ɘůɢɨɞɠ ɛŮɘɩɜŮ-

ŰŬɘ ɞ ŬˊŬɘŰɞɨɛŮɜɞɠ ɢɟɧɜɞɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɘɩůŮɘ ɖ PEG əŬɘ ɜŬ ŬɜŬˊŰɨɝŮɘ ɛɘŬ ŭŮŭɞɛɏɜɖ 

ɗŮɟɛɞəɟŬůɑŬ. 
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5.3.1.2 ŪŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ 
 

ɇŬ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ ɛˊɞɟɞɨɜ ɜŬ ɛŮɚŮŰɖɗɞɨɜ Ŭˊɧ Űɖ ŭɘŬŰɐɟɖůɖ ůŰŬɗŮɟɐɠ ɘůɢɨɞɠ ůŰŬ 

ɛɘəɟɞəɨɛŬŰŬ, Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ůɡɜŮɢɩɠ ɗŬ ŬɡɝɎɜŮŰŬɘ. ɆŰŬ ŬˊɞŰŮɚɏ-

ůɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɘɠ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ Űɧůɞ ɔɘŬ ŰŬ ɗŮɟɛɘəɎ ɧůɞ əŬɘ 

ɔɘŬ ŰŬ ɛɖ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ ɖ PEG ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ Űɖɠ Fisher. 

ɆɡɜŮˊɩɠ, ˊŬɟŬəɎŰɤ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ˊŮɘɟɎɛŬŰŬ ˊɞɡ ŭɘŮɝɐɢɗɖůŬɜ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ Űɘ-

ɛɏɠ ɘůɢɨɞɠ ŭɘŬŰɖɟɩɜŰŬɠ ůŰŬɗŮɟɐ Űɖ ɢɖɛŮɑŬ ŬɚɚɎ ɧɢɘ Űɞ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ. ȼ ɢɖɛŮɑŬ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ɐŰŬɜ ɖ Ůɝɐɠ: 

¶ ȾŬŰŬɚɨŰɖɠ=0,05% w/w 

¶ HMDI/PEG=2 

ɄŬɟŬəɎŰɤ, ůŰɖɜ ȺɘəɧɜŬ 5.3.3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɢɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ GPC ůɡɔəɟɘŰɘəɎ 

Ůɜɩ ůŰɞɜ ɄɑɜŬəŬɠ 5.3.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɛɞɟɘŬəɎ ɓɎɟɖ ˊɞɡ ŮɚɐűɗɖůŬɜ. 

 

ȺɘəɧɜŬ 5.3.3: ȷˊɞŰŮɚɏůɛŬŰŬ GPC ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ɘůɢɨŮɠ əŬɘ ɢɟɧɜɞɠ ŬɜŰɑŭɟŬůɖɠ. 

 P=80Watt, t=7,5min P=40Watt, t=15min P=60Watt, t=7,5min 

Mn (g/mol) 41981 42082 26570 

Mw (g/mol) 107719 168457 57090 
ɄɑɜŬəŬɠ 5.3.1: ɄŬɟŬɔɧɛŮɜŬ ɛɞɟɘŬəɎ ɓɎɟɖ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ɘůɢɨŮɠ əŬɘ ɢɟɧɜɞɡɠ ŬɜŰɑŭɟŬůɖɠ. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɚɧɔɤ Űɤɜ ɗŮɟɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ, ɞ ɡˊɞŭɘˊɚŬůɘŬůɛɧɠ Űɖɠ ɘůɢɨɞɠ əŬɘ ɞ 

ŰŬɡŰɧɢɟɞɜɞɠ ŭɘˊɚŬůɘŬůɛɧɠ Űɞɡ ɢɟɧɜɞɡ ŬɜŰɑŭɟŬůɖɠ ŮˊɘűɏɟŮɘ Űɞ ɑŭɘɞ ŮˊɘɗɡɛɖŰɧ ɛɞɟɘŬəɧ 

ɓɎɟɞɠ Mn ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 40Watt əŬɘ 80Watt. ȾɎŰɘ Űɞ ɞˊɞɑɞ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɖ Ŭɨ-

ɝɖůɖ Űɖɠ ɘůɢɨɞɠ əŬɘ ɎɟŬ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮˊɘűɏɟŮɘ ɛŮɔŬɚɨŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ ůŮ ɚɘɔɧ-

ŰŮɟɞ ɢɟɧɜɞ. ȷɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖɜ Ⱥɝɑůɤůɖ 2.1, ŭɖɚŬŭɐ Űɖɜ Ůɝɑůɤůɖ Arrhenius, ɖ ɞˊɞɑŬ 

ŬɜŬɚɨŮŰŬɘ əŬɘ ɔɟŬűɘəɎ ůŰɖɜ ȺɘəɧɜŬ 2.2.7, ɧŰɘ ŭɖɚŬŭɐ ɛŮ Űɞɜ ŭɘˊɚŬůɘŬůɛɧ Űɖɠ ɗŮɟɛɞəɟŬ-

ůɑŬɠ ɡˊɞŭɘˊɚŬůɘɎɕŮŰŬɘ ɞ ɢɟɧɜɞɠ ŬɜŰɑŭɟŬůɖɠ əŬɘ ɎɟŬ ŭɘˊɚŬůɘɎɕŮŰŬɘ ɖ əɘɜɖŰɘəɐ Űɖɠ ŬɜŰɑ-

ŭɟŬůɖɠ. 

25 30 35 40 45 50

Comparative GPC resutls with Microwave and Conventional Heating

                                 HMDI/PEG=2 , Catalyst=0.05%

ɉɟɧɜɞɠ ɏəɚɞɡůɖɠ (min)

 P=80 Watt,t=7.5 min

 P=40 Watt,t=15 min

 P=60 Watt,t=7.5 min

 P=80W,t=7,5 min P=40W,t=15 min P=60W,t=7,5 min

Mn(g/mol) 125943 126247 79710

Mw(g/mol) 323159 505372 171270
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ȷəɧɛɖ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ  űŬůɛɎŰɤɜ IR Űɤɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ˊŬɟɐɢɗɖůŬɜ Ŭˊɧ 

Űɖ ɢɟɐůɖ Űɤɜ 40Watt əŬɘ 80Watt ɛŮ Űɞ Ůɛˊɞɟɘəɧ ˊɟɞɥɧɜ, Űɞ ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ 

ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.3.4. 
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ȺɘəɧɜŬ 5.3.4: Ɇɨɔəɟɘůɖ űŬůɛɎŰɤɜ IR Ůɛˊɞɟɘəɞɨ ˊɟɞɥɧɜŰɞɠ ɛŮ ŰŬ ˊŬɟŬɢɗɏɜŰŬ ˊɟɞɥɧɜŰŬ ůŰŬ 80Watt əŬɘ 40Watt.  
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ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ŭɞɜɐůŮɤɜ ůŰɞ Ůɨɟɞɠ Űɤɜ əɡɛŬŰŬɟɘɗɛɩɜ 1610-1640 cm-1 ɞűŮɑɚŮŰŬɘ 

ůŰɖ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ PEG ɔɘŬ Űɖɜ ůɨɜɗŮůɖ Űɤɜ ˊɟɞɥɧɜŰɤɜ ɛŮ Űɞ Ůɛˊɞɟɘəɧ ˊɟɞɥɧɜ ɜŬ 

ɏɢŮɘ ˊŬɟŬɢɗŮɑ ɛŮ PEG(Clariant) Ůɜɩ ŰŬ ˊɟɞɥɧɜŰŬ ɛŮ Űɖ ɢɟɐůɖ 40, 80 Watt ɜŬ ɏɢɞɡɜ ˊŬɟŬ-

ɢɗŮɑ ɛŮ PEG(Fisher). ȼ Ŭɝɘɞɚɧɔɖůɖ ɚɞɘˊɧɜ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɞɡɟŮɗŬɜɘəɞɨ ŭŮůɛɞɨ ɛˊɞɟŮɑ 

ɜŬ ɔɑɜŮɘ Ŭˊɧ Űɘɠ ŭɞɜɐůŮɘɠ ůŰŬ 1720 cm-1 əŬɘ 1530 cm-1 Ůɜɩ ɞɘ əɞɟɡűɏɠ ŬɡŰɏɠ Ůˊɑůɖɠ ŮɜŰɞ-

ˊɑɕɞɜŰŬɘ əŬɘ ůŰŬ ŭɨɞ ˊŬɟŬɔɧɛŮɜŬ ˊɟɞɥɧɜŰŬ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ 40 əŬɘ 80 Watt. 

Ⱥɜ ůɡɜŮɢŮɑŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ɘůɢɨɠ Űɤɜ 40Watt ɔɘŬ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ 15min ˊŬɟɞɡůɘɎɕŮɘ 

Űɞ ɡɣɖɚɧŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ ɏɜŬɜŰɘ Űɤɜ Ɏɚɚɤɜ ŭɡɞ Ůˊɘˊɏŭɤɜ ɘůɢɨɞɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

Űɞ ɑŭɘɞ ˊŮɑɟŬɛŬ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ PEG. ȼ ɢɖɛŮɑŬ ɐŰŬɜ ɖ Ůɝɐɠ: 

¶ ȾŬŰŬɚɨŰɖɠ=0,05% w/w 

¶ HMDI/PEG=1 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ɢɟɤɛŬŰɞɔɟɎűɖɛŬ Űɖɠ ȺɘəɧɜŬ 5.3.5. 

 

ȺɘəɧɜŬ 5.3.5: Ɇɨɔəɟɘůɖ PEG ɔɘŬ ŬɜŰɑŭɟŬůɖ ɛŮ 40Watt ɔɘŬ 15min əŬɘ ˊɞůɧŰɖŰŬ əŬŰŬɚɨŰɖ 0,05% w/w əŬɘ 

HMDI/PEG=1. 

ɀŮ ɓɎůɖ Űɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ ˊŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ 

ɛŮ ɢɟɐůɖ Űɖɠ PEG(ACROS) ŭŮɜ ˊŬɟɐɔŬɔŮ ˊɞɚɡɞɡɟŮɗɎɜɖ Ŭűɞɨ ɖ əɞɟɡűɐ ˊɞɡ űŬɑɜŮŰŬɘ 

ůŰɞ ɢɟɤɛŬŰɞɔɟɎűɖɛŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ əŬɗŬɟɐ PEG. ȼ ŬɜŰɑŭɟŬůɖ ɛŮ Űɖ ɢɟɐůɖ 

PEG(Fisher) ŭɑɜŮɘ ɏɜŬ ŮɜŭɘɎɛŮůɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ˊɞɚɡɛŮɟɏɠ ɛŮ əɨɟɘɞ ůɢɖɛŬŰɘůɛɧ ŭɘ-

ɛŮɟɩɜ əŬɘ ŰɟɘɛŮɟɩɜ Ůɜɩ ɖ ŬɜŰɑŭɟŬůɖ ɛŮ ɢɟɐůɖ Űɖɠ PEG(Clariant) ɞŭɐɔɖůŮ ůŰɖ ůɨɜɗŮůɖ 

ˊɞɚɡɛŮɟɞɨɠ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 20.000 g/mol. ȼ ŭɘŬűɞ-

ɟɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŮ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ ɛŮ Űɖ ɢɟɐůɖ 

ŭɘŬűɞɟŮŰɘəɩɜ PEG ɞűŮɑɚŮŰŬɘ ůŰŬ ŭɘŬűɞɟŮŰɘəɎ ŬɟɢɘəɎ ˊɞůɞůŰɎ ɡɔɟŬůɑŬɠ. 

 

25 30

40W -15 min , HMDI/PEG=1 , cat=0.05%

ɉɟɧɜɞɠ ɏəɚɞɡůɖɠ (min)

ACROS

 FISHER

 CLARIANT
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ȺˊɘˊɟɞůɗɏŰɤɠ, ˊɏɟŬ Ŭˊɧ Űɖ ŭɘŬŰɐɟɖůɖ ůŰŬɗŮɟɐɠ ɘůɢɨɞɠ ɔɘŬ ɏɜŬ əŬɗɞɟɘůɛɏɜɞ ŭɘɎůŰɖɛŬ 

ɢɟɧɜɞɡ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ŭɘŬűɞɟŮŰɘəɎ ˊɟɞűɑɚ ɘůɢɨɤɜ (power 

profiles). ȰɜŬ Ŭˊɧ ŰŬ ˊɟɞűɑɚ ɘůɢɨɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ɞŭɐɔɖůŬɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ 

ˊɞɚɡɛŮɟɞɨɠ ɛŮ ɛɞɟɘŬəɧ ɓɎɟɞɠ ˊŬɟɧɛɞɘɞ əŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ŬɡŰɧ Űɞɡ Ůɛˊɞɟɘəɞɨ ˊɟɞɥɧ-

ɜŰɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.3.6. 

 

ȺɘəɧɜŬ 5.3.6: Ʉɟɞűɑɚ ɘůɢɨɞɠ ŭŮɑɔɛŬŰɞɠ Ⱥ12. 

ȺˊɘɓɎɚɚɞɡɛŮ ɡɣɖɚɐ ɘůɢɨ ůŰɞ ůɨůŰɖɛŬ Űɖɠ ŰɎɝɖɠ Űɤɜ 100Watt ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Űɞɡ ˊɟɞů-

ŭɩůɞɡɛŮ ŬɟəŮŰɐ ŮɜɏɟɔŮɘŬ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮɘɩ-

ɜɞɡɛŮ Űɖɜ ŮˊɘɓŬɚɚɧɛŮɜɖ ɘůɢɨ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɏɜŬ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. ɇɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ 

ˊŬɟŬəɎŰɤ ɢɟɤɛŬŰɞɔɟɎűɖɛŬ Űɖɠ ȺɘəɧɜŬ 5.3.7: 

 

ȺɘəɧɜŬ 5.3.7: ɉɟɤɛŬŰɞɔɟɎűɖɛŬ ˊŬɟŬɢɗɏɜŰɞɠ ˊɟɞˊɞɚɡɛŮɟɞɨɠ ɛŮ Űɞ ŬɜŬűŮɟɧɛŮɜɞ ˊɟɞűɑɚ ɘůɢɨɞɠ Ⱥ12. 
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ɆɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘɓŬɚ-

ɚɧɛŮɜɖɠ ɘůɢɨɞɠ 80Watt əŬɘ 40Watt ɔɘŬ 7,5min əŬɘ 15min, ŬɜŰɑůŰɞɘɢŬ, ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŬ.  

5.3.1.3 ɀɖ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ 
 

ȷəɟɘɓɩɠ ŬɜŰɑɗŮŰŬ Ŭˊɧ ŰŬ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ, ŰŬ ɛɖ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮɜŰɞ-

ˊɘůŰɞɨɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭɘŬŰɖɟŮɑŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ůŰŬɗŮɟɐ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ, Űɞ ɚɞɡŰɟɧ Űɞɡ ɜŮɟɞɨ/ɚŬŭɘɞɨ ɏɢŮɘ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ, 

Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɖ ɗŮɟɛɞəɟŬůɑŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɐ ɛɏůɤ Ŭɡɝɞ-

ɛŮɑɤůɖɠ Űɖɠ ɘůɢɨɞɠ. ȼ PEG ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ Űɖɠ Fisher. 

ɄŬɟŬəɎŰɤ, ůŰɖɜ ȺɘəɧɜŬ 5.3.8 əŬɘ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ɄɑɜŬəŬɠ 5.3.2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ Ŭˊɞ-

ŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 87oC əŬɘ ɔɘŬ 

ɢɟɧɜɞ ɑůɞ ɛŮ 60min, Ůɜɩ ɖ ɢɖɛŮɑŬ ɐŰŬɜ ɖ Ůɝɐɠ: 

¶ ȾŬŰŬɚɨŰɖɠ=0,05% w/w 

¶ HMDI/PEG=1 (1ɖ ˊŮɟɑˊŰɤůɖ) əŬɘ HMDI/PEG=2 (2ɖ ˊŮɟɑˊŰɤůɖ) 

 

ȺɘəɧɜŬ 5.3.8: ȷˊɞŰŮɚɏůɛŬŰŬ GPC ɔɘŬ T=87oC əŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŬɚɞɔɑŮɠ HMDI/PEG. 

 HMDI/PEG=1  HMDI/PEG=2  

Mn (g/mol) 12668 26901 

Mw (g/mol) 19540 66687 
ɄɑɜŬəŬɠ 5.3.2: ɄŬɟŬɔɧɛŮɜŬ ɛɞɟɘŬəɎ ɓɎɟɖ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŬɚɞɔɑŮɠ HMDI/PEG. 

ȳˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 5.3.8 ŬɚɚɎ əŬɘ Ŭˊɧ Űɞ ɛɞɟɘŬəɧ 

ɓɎɟɞɠ Mn ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŬɜŬɚɞɔɑŬɠ HMDI/PEG=1, ŰŬ ́ɟɞɥɧɜŰŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ˊŮ-

ɟɘɏɢɞɡɜ əɡɟɑɤɠ PEG, ŭɘɛŮɟɐ əŬɘ əɎˊɞɘŬ ŰɟɘɛŮɟɐ ɚɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ ɡɔɟŬůɑŬɠ əŬɘ Űɖɠ əŬ-

ŰŬɜɎɚɤůɖɠ Űɞɡ HMDI ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ ɞɡɟɑŬɠ. ɆɡɜŮˊɩɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɡɝɖɗŮɑ Űɞ 

ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɡɝɖɗŮɑ ɖ ŬɜŬɚɞɔɑŬ HMDI/PEG, ɩůŰŮ ɜŬ ˊɟɞ-

ɢɤɟɐůŮɘ ˊŮɟɘůůɧŰŮɟɞ ɞ ˊɞɚɡɛŮɟɘůɛɧɠ. ȷɡŰɧ űŬɑɜŮŰŬɘ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ Űɖɠ PEG, ɖ ɞˊɞɑŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŮɟɑˊɞɡ ɔɘŬ t=38min, əŬɘ űŬɑɜŮŰŬɘ ɧŰɘ ůŰɖ 2ɖ ˊŮɟɑˊŰɤůɖ ɏɢŮɘ əŬŰŬɜŬɚɤɗŮɑ 

ˊŮɟɘůůɧŰŮɟɞ əŬɘ ɎɟŬ ɏɢŮɘ ˊɟɞɢɤɟɐůŮɘ ɖ ŬɜŰɑŭɟŬůɖ. 

25 30 35 40 45

Catalyst=0.05%,Reaction time=60 min 

T=87oC , Power Cycles with 20W max

ɉɟɧɜɞɠ ɏəɚɞɡůɖɠ (min)

 MW,HMDI/PEG=1

 MW,HMDI/PEG=2

HMDI/PEG=1 HMDI/PEG=2

Mn(g/mol) 38003 80703

Mw(g/mol) 58619 200060
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ ˊɞɡ ŭɘŬŰɖɟɐůɞɡɛŮ Űɖɜ ŬɜŬɚɞɔɑŬ HMDI/PEG=1 ŬɚɚɎ ŬɡɝɐůɞɡɛŮ 

Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ əŬŰŬɚɨŰɖ Ŭˊɧ 0,05% w/w ůŮ 0,1% w/w, ŰɧŰŮ ɚŬɛɓɎɜɞɡɛŮ ŰŬ Ŭ-

əɧɚɞɡɗŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

 

ȺɘəɧɜŬ 5.3.9: ȷˊɞŰŮɚɏůɛŬŰŬ GPC ɔɘŬ T=87oC əŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ əŬŰŬɚɨŰɖ. 

 ȾŬŰŬɚɨŰɖɠ=0,05% ȾŬŰŬɚɨŰɖɠ=0,1% 

Mn (g/mol) 12668 15742 

Mw (g/mol) 19540 27366 
ɄɑɜŬəŬɠ 5.3.3: ɄŬɟŬɔɧɛŮɜŬ ɛɞɟɘŬəɎ ɓɎɟɖ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ əŬŰŬɚɨŰɖ. 

ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ɧŰɘ ɛŮ Űɞɜ ŭɘˊɚŬůɘŬůɛɧ Űɖɠ ˊɞ-

ůɧŰɖŰŬɠ Űɞɡ əŬŰŬɚɨŰɖ ɖ ŬɜŰɑŭɟŬůɖ ˊɟɞɢɤɟɎŮɘ ˊŮɟɘůůɧŰŮɟɞ ŬɚɚɎ əŬɘ ˊɎɚɘ ɧɢɘ ůŰŬ Ůˊɘɗɡ-

ɛɖŰɎ ŮˊɑˊŮŭŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞ ŭɘˊɚŬůɘŬůɛɧɠ Űɞɡ əŬŰŬɚɨŰɖ ɜŬ ɛɖɜ ɞŭɖɔŮɑ ůŮ ůɖɛŬɜŰɘəɐ 

Ŭɨɝɖůɖ Űɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ŭɘˊɚŬůɘŬůɛɧ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ HMDI. 

ɇɩɟŬ ɧůɞɜ ŬűɞɟɎ ůɡɔəɟɘŰɘəɎ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ɛŮ Űɖ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ˊɟŬɔɛŬŰɞˊɞɘ-

ɐɗɖəŬɜ ɞɟɘůɛɏɜŬ ˊŮɘɟɎɛŬŰŬ ůŮ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ ɑůɖ ɛŮ 87oC əŬɘ ɔɘŬ ɢɟɧɜɞ ŬɜŰɑŭɟŬ-

ůɖɠ ɑůɞ ɛŮ 60min. 

ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ɖ ɢɖɛŮɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɐŰŬɜ ɖ Ůɝɐɠ: 

¶ ȾŬŰŬɚɨŰɖɠ=0,1% w/w 

¶ HMDI/PEG=2 

əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŮɚɐűɗɖůŬɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

25 30 35 40 45

             HMDI/PEG=1 , Reaction time=60 min ,

T=87oC constant with Power Cycles with 20W max

ɉɟɧɜɞɠ ɏəɚɞɡůɖɠ (min)

 MW, cat=0,05% w/w

 MW, cat=0,1% w/w

Cat=0.05% Cat=0.1%

Mn(g/mol) 38003 47227

Mw(g/mol) 58619 82098
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ȺɘəɧɜŬ 5.3.10: ɀɘəɟɞəɨɛŬŰŬ ɏɜŬɜŰɘ ůɡɛɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ ɔɘŬ T=87oC, HMDI/PEG=2 əŬɘ əŬŰŬɚɨŰɖ 0,1% 

w/w. 

 ɆɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ɀɘəɟɞəɨɛŬŰŬ 

Mn (g/mol) 40842 40014 

Mw (g/mol) 145754 198560 
ɄɑɜŬəŬɠ 5.3.4: ɄŬɟŬɔɧɛŮɜŬ ɛɞɟɘŬəɎ ɓɎɟɖ ɔɘŬ T=87oC, HMDI/PEG=2 əŬɘ əŬŰŬɚɨŰɖ 0,1% w/w. 

Ⱥɜɩ ůŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, ɖ ɢɖɛŮɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɐŰŬɜ ɖ Ůɝɐɠ: 

¶ ȾŬŰŬɚɨŰɖɠ=0,05% w/w 

¶ HMDI/PEG=1 

əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŮɚɐűɗɖůŬɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

 

ȺɘəɧɜŬ 5.3.11: ɀɘəɟɞəɨɛŬŰŬ ɏɜŬɜŰɘ ůɡɛɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ ɔɘŬ T=87oC, HMDI/PEG=1 əŬɘ əŬŰŬɚɨŰɖ 

0,05% w/w. 

 ɆɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ɀɘəɟɞəɨɛŬŰŬ 

Mn (g/mol) 12668 12255 

Mw (g/mol) 19540 16827 
ɄɑɜŬəŬɠ 5.3.5: ɄŬɟŬɔɧɛŮɜŬ ɛɞɟɘŬəɎ ɓɎɟɖ ɔɘŬ T=87oC, HMDI/PEG=1 əŬɘ əŬŰŬɚɨŰɖ 0,05% w/w. 

25 30 35 40 45

25 30 35 40 45

Catalyst=0.05%,HMDI/PEG=1 , Reaction time=60 min , T=87oC 

t (min)

 MW,T=87oC Power cycles with P=20W max

 Oil Bath at 87oC

ɉɟɧɜɞɠ ɏəɚɞɡůɖɠ (min)

 Oil Bath at 87oC

 MW,T=87oC,constant,Power Cycles with P=20W max

HMDI/PEG=2, Catalyst=0.1%,Reaction time=60 min

 Oil Bath at 87oC MW , Power Cycles

Mn(g/mol) 122527 120043

Mw(g/mol) 437263 595681

25 30 35 40 45

Catalyst=0.05%,HMDI/PEG=1 , Reaction time=60 min , T=87oC 

ɉɟɧɜɞɠ ɏəɚɞɡůɖɠ (min)

 MW,T=87oC Power cycles with P=20W max

 Oil Bath at 87oC

 Oil Bath at 87oC MW , Power Cycles

Mn(g/mol) 38003 36765

Mw(g/mol) 58619 50481
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ȾŬɘ Ŭˊɧ Űɘɠ 2 ŬɡŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ŮɝɎɔŮŰŬɘ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɔɘŬ ŭɘŬŰɐɟɖůɖ Űɖɠ ɗŮɟɛɞ-

əɟŬůɑŬɠ ůŰŬ ɛɘəɟɞəɨɛŬŰŬ ɛŮ ŬɡɝɞɛŮɑɤůɖ Űɖɠ ɘůɢɨɞɠ, ŭŮɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛɖ ɗŮɟɛɘəɎ űŬɘ-

ɜɧɛŮɜŬ ůŰɞ ůɨůŰɖɛŬ ɛŬɠ. ɋůŰɧůɞ, ɔɘŬ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ɛŮ ŬəɟɑɓŮɘŬ ɖ ɨˊŬɟɝɖ ɐ ɛɖ Űɤɜ ɛɖ 

ɗŮɟɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ əŬɘ ɎɚɚŬ ˊŮɘɟɎɛŬŰŬ ůŮ ŭɘŬűɞɟŮ-

Űɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. 

 

5.3.2 ɆɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ 
 

ɇŬ ˊŮɘɟɎɛŬŰŬ ˊɞɡ ŭɘŮɝɐɢɗɖůŬɜ ůŮ ůɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ ˊŮɟɘɚɎɛɓŬɜŬɜ Űɖɜ əŬŰŮɟ-

ɔŬůɑŬ ɡˊɧ əŮɜɧ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛŮɘɤɗŮɑ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɖɠ ɡɔɟŬůɑŬɠ Űɖɠ PEG, ɩůŰŮ ɜŬ 

ɛŮɘɤɗɞɨɜ ɞɘ ˊŬɟɎˊɚŮɡɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ Űɖɠ ȺɘəɧɜŬ 1.3.16 əŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɜŬ ŬˊɞűŮɡ-

ɢɗŮɑ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɖɠ ɞɡɟɑŬɠ ɤɠ əɨɟɘɞɡ ˊŬɟŬˊɟɞɥɧɜŰɞɠ. ȼ ŭɘɎɟəŮɘŬ Űɞɡ əŮɜɞɨ ɧˊɤɠ Ŭ-

ɜŬűɏɟɗɖəŮ ɐŰŬɜ Ŭˊɧ 2 ɏɤɠ 4 ɩɟŮɠ. ȼ PEG ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ Űɖɠ Clariant. 

5.3.2.1 ȷɜɎɚɡůɖ ɢɟɧɜɞɡ ŭɘŮɟɔŬůɑŬɠ 
 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ˊɟɘɜ ɝŮəɘɜɐůŮɘ ɖ ůɨɔəɟɘůɖ Űɤɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɡɛ-

ɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ əŬɘ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ůŮ ůɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ, ɗŬ ˊɟɏ-

ˊŮɘ ɜŬ ɔɑɜŮɘ ɛɘŬ ŬɜŬűɞɟɎ ůŰɞ ɢɟɧɜɞ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ əɎɗŮ ˊŮɘɟɎɛŬŰɞɠ. Ƀ 

ɢɟɧɜɞɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ ŮəɎůŰɞŰŮ ŭɘŮɟɔŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ əɟɘŰɐɟɘɞ 

ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɛŮɗɧŭɞɡ ˊɏɟŬ Ŭˊɧ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧ-

ɜŰɞɠ. 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬɠ 5.3.6 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ Ůˊɘɛɏɟɞɡɠ ɢɟɧɜɞɘ ti (i=1-5) Ŭˊɧ Űɞɡɠ ɞˊɞɑ-

ɞɡɠ ŬˊɞŰŮɚŮɑŰŬɘ ɖ əɎɗŮ ŭɘŮɟɔŬůɑŬ. 

t 
ɉɟɧɜɞɠ  

ŭɘŮɟɔŬůɑŬɠ 

ɆɡɛɓŬŰɘəɏɠ  

ɛɏɗɞŭɞɘ ɗɏɟɛŬɜůɖɠ 
ɀɘəɟɞəɨɛŬŰŬ 

t1 

ȷˊŬɘŰɞɨɛŮɜɞɠ ɢɟɧɜɞɠ ɩůŰŮ Űɞ ŮůɤŰŮ-

ɟɘəɧ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ ɜŬ ŬˊɞəŰɐůŮɘ 

Űɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ɗŬ ˊɟŬɔ-

ɛŬŰɞˊɞɘɖɗŮɑ Űɞ əŮɜɧ 

+ - 

t2 

ȷˊŬɘŰɞɨɛŮɜɞɠ ɢɟɧɜɞɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɚɘɩůŮɘ ɖ PEG əŬɘ ɜŬ űŰɎůŮɘ ůŰɖ ɗŮɟ-

ɛɞəɟŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘ-

ɖɗŮɑ Űɞ əŮɜɧ 

+ + 

t3 ɉɟɧɜɞɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ əŮɜɞɨ + + 

t4 

ȷˊŬɘŰɞɨɛŮɜɞɠ ɢɟɧɜɞɠ ˊɟɞəŮɘɛɏɜɞɡ ɖ 

PEG ɜŬ űŰɎůŮɘ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ ɏ-

ɜŬɟɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ 

+ + 

t5 ɉɟɧɜɞɠ ŬɜŰɑŭɟŬůɖɠ + + 
ɄɑɜŬəŬɠ 5.3.6: ȷɜɎɚɡůɖ Ůˊɘɛɏɟɞɡɠ ɢɟɧɜɤɜ ŭɘŮɟɔŬůɑŬɠ. 
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ɃɟɘůɛɏɜŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɧůɞɜ ŬűɞɟɎ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɢɟɧɜɞɡɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

¶ ȳůɞɜ ŬűɞɟɎ Űɞ ɢɟɧɜɞ t1, ŭŮɜ ɘůɢɨŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ, Ŭűɞɨ ůŰŬ 

ɛɘəɟɞəɨɛŬŰŬ ŭŮɜ ɡˊɎɟɢŮɘ ɗŮɟɛŬɜŰɘəɧ ɛɏůɞ, ɧˊɤɠ ŮɑɜŬɘ Űɞ ɚɎŭɘ ɐ Űɞ ɜŮɟɧ ůŰɘɠ ůɡɛ-

ɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ. 

¶ Ƀ ɢɟɧɜɞɠ t2 ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖɜ ɘůɢɨ ˊɞɡ 

ɗŬ ˊɟɞůŭɩůɞɡɛŮ ůŰɞ ůɨůŰɖɛŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɧůɞ ɡɣɖɚɧŰŮɟɖ ŮɑɜŬɘ ɖ ɘůɢɨɠ Űɧůɞ 

ɛɘəɟɧŰŮɟɞɠ ɗŬ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ t2, Ŭűɞɨ ɖ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ ɗŬ ŮˊɘŰŮɡɢɗŮɑ ɔɟɖ-

ɔɞɟɧŰŮɟŬ.  

¶ Ƀ ɢɟɧɜɞɠ t3 ŮɑɜŬɘ ɗŮɤɟɖŰɘəɎ ɞ ɑŭɘɞɠ əŬɘ ůŰɘɠ 2 ɛŮɗɧŭɞɡɠ, əŬɗɩɠ ŭŮɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɞɜ Űɟɧˊɞ ɗɏɟɛŬɜůɖɠ ŬɚɚɎ Ŭˊɧ Űɖɜ ŬɜŰɚɑŬ əŮɜɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. ȳˊɤɠ ˊɟɞ-

ŬɜŬűɏɟɗɖəŮ, ɖ ŬɜŰɚɑŬ ˊɞɡ ůɡɜŭɡɎɕŮŰŬɘ ɛŮ Űɞ űɞɨɟɜɞ Milestone ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮ-

ůɛŬŰɘəɐ əŬɗɩɠ űŰɎɜŮɘ ůŮ ɢŬɛɖɚɧŰŮɟɖ ˊɑŮůɖ əŬɘ ɎɟŬ ɖ ŬűɡŭɎŰɤůɖ Űɖɠ PEG 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɟɖɔɞɟɧŰŮɟŬ. ɄŬɟɧɚŬ ŬɡŰɎ, ůŰɖɜ ŬɜɎɚɡůɖ ŬɡŰɐ ɗŬ ɗŮɤɟɖɗŮɑ 

ɧŰɘ ɞ ɢɟɧɜɞɠ t3 ŮɑɜŬɘ, ˊɟŬəŰɘəɎ, ɑŭɘɞɠ əŬɘ ůŰɘɠ 2 ˊŮɟɘˊŰɩůŮɘɠ. 

¶ ȳůɞɜ ŬűɞɟɎ Űɞ ɢɟɧɜɞ t4, ɘůɢɨɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ: 

ɉɟɧɜɞɠ 

1ɖ ɄŮɟɑˊŰɤůɖ 2ɖ ɄŮɟɑˊŰɤůɖ 3ɖ ɄŮɟɑˊŰɤůɖ 

ŪŮɟɛɞəɟŬůɑŬ ˊɟŬɔɛŬ-

Űɞˊɞɑɖůɖɠ əŮɜɞɨ > 

ŪŮɟɛɞəɟŬůɑŬ ɏɜŬɟɝɖɠ 

ŬɜŰɑŭɟŬůɖɠ 

ŪŮɟɛɞəɟŬůɑŬ ˊɟŬɔɛŬ-

Űɞˊɞɑɖůɖɠ əŮɜɞɨ < 

ŪŮɟɛɞəɟŬůɑŬ ɏɜŬɟɝɖɠ 

ŬɜŰɑŭɟŬůɖɠ 

ŪŮɟɛɞəɟŬůɑŬ ˊɟŬɔɛŬ-

Űɞˊɞɑɖůɖɠ əŮɜɞɨ = 

ŪŮɟɛɞəɟŬůɑŬ ɏɜŬɟɝɖɠ 

ŬɜŰɑŭɟŬůɖɠ 

t4 ɉɟɧɜɞɠ ɣɨɝɖɠ ɉɟɧɜɞɠ ɗɏɟɛŬɜůɖɠ - 
ɄɑɜŬəŬɠ 5.3.7: ȹɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ Űɞ ɢɟɧɜɞ t4. 

ɆɡɜŮˊɩɠ, ůŰɖɜ 1ɖ ˊŮɟɑˊŰɤůɖ ɧůɞ ɡɣɖɚɧŰŮɟɖ ɘůɢɨɠ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɧůɞ ˊɘɞ ɔɟɐ-

ɔɞɟŬ ɗŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ. ɆŰɖ 2ɖ ˊŮɟɑˊŰɤůɖ, Ŭɜ ɢɟɖůɘɛɞˊɞɘɖ-

ɗɞɨɜ ɞɘ ŬɜŮɛɘůŰɐɟŮɠ ɣɨɝɖɠ ˊɞɡ ˊŮɟɘɏɢŮɘ ɞ űɞɨɟɜɞɠ ɛɘəɟɞəɡɛɎŰɤɜ ůŰɖɜ ˊɚɐɟɖ 

ŭɡɜŬɛɘəɧŰɖŰŬ Űɞɡɠ, Űɧůɞ ˊɘɞ ɔɟɐɔɞɟŬ ɗŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ. ȾŬɘ 

Űɏɚɞɠ, ůŰɖɜ 3ɖ ́ ŮɟɑˊŰɤůɖ, Ůűɧůɞɜ ɖ ɗŮɟɛɞəɟŬůɑŬ ɏɜŬɟɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɘůɞɨŰŬɘ 

ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ əŮɜɧ, ŰɧŰŮ ɞ ɢɟɧɜɞɠ t4 ŭŮɜ 

ɡűɑůŰŬŰŬɘ ɔɘŬ əŬɛɑŬ Ŭˊɧ Űɘɠ 2 ɛŮɗɧŭɞɡɠ. 

¶ ɇɏɚɞɠ, ɞ ɢɟɧɜɞɠ t5 ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘɓŬɚ-

ɚɧɛŮɜɖ ɘůɢɨ. ȹɖɚŬŭɐ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬɡɝɐůɞɡɛŮ Űɖɜ ɘůɢɨ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬ-

ŰɧŰɖŰŬ ɜŬ ɚɎɓɞɡɛŮ Űɞ ɑŭɘɞ ˊɞɘɞŰɘəɎ ˊɟɞɥɧɜ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ 

ůŮ ɛɘəɟɧŰŮɟɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 

ɆŰɖ ɓɎůɖ ŬɡŰɐ ɏɢɞɜŰŬɠ ŮˊɘɚɏɝŮɘ ŭŮŭɞɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ əŮ-

ɜɞɨ ŬɚɚɎ əŬɘ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 5.3.8, əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ ŬˊŬɘ-

ŰɞɨɛŮɜɞɘ ɢɟɧɜɞɘ ɔɘŬ əɎɗŮ ůŰɎŭɘɞ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜɞɜŰŬɘ ůŰŬ 

ˊŬɟŬəɎŰɤ ȹɘŬɔɟɎɛɛŬŰŬ. 

ŪŮɟɛɞəɟŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ 

 əŮɜɞɨ 

ŪŮɟɛɞəɟŬůɑŬ ŬɜŰɑŭɟŬůɖɠ  

(1ɖ ɄŮɟɑˊŰɤůɖ) 

110oC 80oC 
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ɄɑɜŬəŬɠ 5.3.8: ɆɡɜɗɐəŮɠ ˊŬɟŬŭŮɑɔɛŬŰɞɠ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ ɚŬɛɓɎɜŮŰŬɘ Űɞ ˊŬɟŬəɎŰɤ ɗŮɟɛɞ-

əɟŬůɘŬəɧ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 5.3.12. 

 

ȺɘəɧɜŬ 5.3.12: ŪŮɟɛɞəɟŬůɘŬəɧ ŭɘɎɔɟŬɛɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůɡɛɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ. 

Ⱥɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɚŬɛɓɎɜŮŰŬɘ Űɞ ˊŬɟŬəɎŰɤ ɗŮɟɛɞəɟŬůɘŬəɧ ŭɘɎ-

ɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 5.3.13. 

 

ȺɘəɧɜŬ 5.3.13: ŪŮɟɛɞəɟŬůɘŬəɧ ŭɘɎɔɟŬɛɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ. 

Ƀɘ ɢɟɧɜɞɘ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟŬɛɛɎŰɤɜ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬɠ 5.3.9 ůɡ-

ɔəɟɘŰɘəɎ əŬɘ ɔɘŬ Űɘɠ 2 ɛŮɗɧŭɞɡɠ.  

ɉɟɧɜɞɠ 

(min) 
ɀɘəɟɞəɨɛŬŰŬ 

ɆɡɛɓŬŰɘəɏɠ ɛɏɗɞŭɞɘ 

ɗɏɟɛŬɜůɖɠ 

t1 - 45 

t2 22 73 

t4 6,5 62 

Ɇɨɜɞɚɞ 28,5 180 
ɄɑɜŬəŬɠ 5.3.9: ɉɟɧɜɞɘ ŭɘŮɟɔŬůɑŬɠ ůɡɛɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ əŬɘ ɛɘəɟɞəɡɛɎŰɤɜ ůŮ ůɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ. 

ɉɟɧɜɞɠ ŭɘŮɟɔŬůɑŬɠ (min) 

ɉɟɧɜɞɠ ŭɘŮɟɔŬůɑŬɠ (min) 

Ū
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ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ ŭɘŮɟɔŬůɑŬ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ 

ŮɑɜŬɘ ˊɘɞ ɢɟɞɜɞɓɧɟŬ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛŮ ŰŬ ɛɘəɟɞəɨɛŬŰŬ.  

 

5.3.2.2 ɀɖ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ 
 

ȼ ɧɚɖ ŬɜɎɚɡůɖ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ Űɤɜ ɛɖ ɗŮɟɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɘɠ 

ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ əŬɘ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 80, 90, 100 əŬɘ 

110oC. Ƀɘ ůɡɜɗɐəŮɠ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ əŬɗɩɠ əŬɘ ɖ ɢɖɛŮɑŬ Űɤɜ 

ŬɜŰɘŭɟɎůŮɤɜ ŮɑɢŮ ɤɠ Ůɝɐɠ:  

¶ ɄɞůɧŰɖŰŬ PEG=60gr 

¶ ȾŬŰŬɚɨŰɖɠ=0,02% w/w 

¶ HMDI/PEG=1 

¶ ɄŮɟɘŮəŰɘəɧŰɖŰŬ ɡɔɟŬůɑŬɠå1300ppm 

¶ ɉɟɧɜɞɠ ŬɜŰɑŭɟŬůɖɠ=30min 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.3.14 əŬɘ Ⱥɘ-

əɧɜŬ 5.3.15. 

ɆŰɖɜ ȺɘəɧɜŬ 5.3.14 ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ɛɏůɞ-Ŭɟɘɗɛɞɨ ɛɞɟɘŬəɧ ɓɎɟɞɠ (Mn) ůɡɜŬɟŰɐůŮɘ Űɤɜ 

ŭɘŬűɧɟɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ŬɜŰɑŭɟŬůɖɠ, Ůɜɩ ůŰɖɜ ȺɘəɧɜŬ 5.3.15 Űɞ ɛɏůɞ-ɓɎɟɞɡɠ ɛɞɟɘŬəɧ 

ɓɎɟɞɠ (Mw) ůɡɜŬɟŰɐůŮɘ Űɤɜ ŭɘɎűɞɟɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ŬɜŰɑŭɟŬůɖɠ. 

 

ȺɘəɧɜŬ 5.3.14: ɄŬɟɎůŰŬůɖ ɛɏůɞɡ-Ŭɟɘɗɛɞɨ ɛɞɟɘŬəɎ ɓɎɟɖ (Mn) ůŮ ůɢɏůɖ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ. 

ŪŮɟɛɞəɟŬůɑŬ (oC) 
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ȺɘəɧɜŬ 5.3.15: ɄŬɟɎůŰŬůɖ ɛɏůɞɡ-ɓɎɟɞɡɠ ɛɞɟɘŬəɎ ɓɎɟɖ (Mw) ůŮ ůɢɏůɖ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ. 

ȳˊɤɠ ɗŬ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŬɡɝɎɜŮŰŬɘ 

ɖ əɘɜɖŰɘəɐ Űɖɠ ŬɜŰɑŭɟŬůɖɠ əŬɘ ɎɟŬ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ. ȳˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ŰŬ ˊŮɘɟɎɛŬŰŬ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ ˊŬɟɞɡůɑŬůŬɜ 

ɛŮɔŬɚɨŰŮɟɞ ˊŬɟŬɔɧɛŮɜɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ. ɆɡɜŮˊɩɠ, ůŮ ˊɟɩŰɞ ŮˊɑˊŮŭɞ ŮɝɎɔŮŰŬɘ Űɞ ŬˊɞŰɏ-

ɚŮůɛŬ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘɞ ɛɖ ɗŮɟɛɘəɧ űŬɘɜɧɛŮɜɞ ˊɞɡ ɜŬ ɓŮɚŰɘɩɜŮɘ Űɖɜ ŬɜŰɑŭɟŬůɖ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ.  

ɆŰɞ ˊŬɟŬəɎŰɤ ɟŬɓŭɧɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 5.3.16 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ ŰŬ ɛɞ-

ɟɘŬəɎ ɓɎɟɖ Mn ɔɘŬ əɎɗŮ ɗŮɟɛɞəɟŬůɑŬ Űɧůɞ ɛŮ Űɖ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ɧůɞ əŬɘ ɛŮ ŰŬ 

ɛɘəɟɞəɨɛŬŰŬ. 

 

ȺɘəɧɜŬ 5.3.16: ɄŬɟɎɗŮůɖ Ŭəɟɘɓɩɜ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ Mn ůɡɜŬɟŰɐůŮɘ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ 

ůŰɞɡɠ 110oC, ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ ˊɞɡ ˊŬɟɎɢɗɖəŬɜ, Űɧůɞ Űɞ Mn ɧůɞ əŬɘ Űɞ Mw, ɐŰŬɜ ɢŬɛɖ-

ɚɧŰŮɟŬ Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɛɞɟɘŬəɎ ɓɎɟɖ ˊɞɡ ˊŬɟɎɢɗɖəŬɜ ůŰɞɡɠ 100oC Űɞ ɞˊɞɑɞ ŬɜŰɘɓŬɑɜŮɘ 

ŪŮɟɛɞəɟŬůɑŬ (oC) 
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Űɖɠ ɗŮɤɟɑŬɠ ɧŰɘ ɔɘŬ ɛɞɜɧŭɟɞɛŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɞɘ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɞŭɖɔɞɨɜ ůŮ ɡ-

ɣɖɚɧŰŮɟŮɠ ɛŮŰŬŰɟɞˊɏɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɏɔɘɜŮ ŬɜɎɚɡůɖ ˊŮɟɘůůɧŰŮɟɤɜ ŭŮɘɔɛɎŰɤɜ Ŭˊɧ Űɖɜ 

ˊŬɟŬɔɧɛŮɜɖ ˊɞůɧŰɖŰŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ůŰɞɡɠ 110oC ɛŮ ůəɞˊɧ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ Űɡɢɧɜ Ŭɜɞ-

ɛɞɘɞɔɏɜŮɘŬ Űɞɡ ɛŮɑɔɛŬŰɞɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ Mn ˊɞɡ ŮɚɐűɗɖůŬɜ 

Ŭˊɧ ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ Űɞɡ ŬɜŰɘŭɟɩɜŰɞɠ ɛŮɑɔɛŬŰɞɠ ɛŮ  ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ 

ůŰɞɡɠ 110oC, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.3.17 

 

ȺɘəɧɜŬ 5.3.17: ɀɞɟɘŬəɎ ɓɎɟɖ Mn ŭŮɑɔɛŬŰɞɠ ŬɜŰɑŭɟŬůɖɠ ůŰɞɡɠ 110oC ɛŮ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ. 

ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ, Űɞ ŭŮɑɔɛŬ ŮɑɜŬɘ ŬɟəŮŰɎ ŬɜɞɛɞɘɞɔŮɜɏɠ, əŬɗɩɠ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Mn 

ɚŬɛɓɎɜŮɘ Űɘɛɏɠ Ŭˊɧ 22574g/mol ɏɤɠ 35581g/mol, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ ɛŮɔɎɚɞ Ůɨɟɞɠ Űɘɛɩɜ. 

ȷɜŰɑůŰɞɘɢŬ, ɚɐűɗɖəŬɜ əŬɘ ŭŮɑɔɛŬŰŬ ˊɟɞɠ ŬɜɎɚɡůɖ GPC əŬɘ Ŭˊɧ Űɞ ˊŮɑɟŬɛŬ Űɤɜ ɛɘəɟɞəɡ-

ɛɎŰɤɜ ůŰɞɡɠ 110oC, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.3.18.  

 

ȺɘəɧɜŬ 5.3.18: ɀɞɟɘŬəɎ ɓɎɟɖ Mn ŭŮɑɔɛŬŰɞɠ ŬɜŰɑŭɟŬůɖɠ ůŰɞɡɠ 110oC ɛŮ ɛɘəɟɞəɨɛŬŰŬ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ, ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ ŭŮɑɔɛŬ ŮɑɜŬɘ ˊɘɞ ɞɛɞɘɞɔŮɜɏɠ Ŭˊɧ ˊɟɘɜ, Ŭűɞɨ Űɞ 

ɛɞɟɘŬəɧ ɓɎɟɞɠ Mn ɚŬɛɓɎɜŮɘ Űɘɛɏɠ Ŭˊɧ 19877g/mol ɏɤɠ 21423g/mol, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ 

ɛɘəɟɧ Ůɨɟɞɠ Űɘɛɩɜ. 

ɆŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 5.3.19 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɏůɤ ɛˊɎɟŬɠ ůűɎɚɛŬŰɞɠ 

(error bar) ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ Mn ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 2 

ɛŮɗɧŭɤɜ ɔɘŬ ɗŮɟɛɞəɟŬůɑŬ ɑůɖ ɛŮ 110oC. 



122 
 

 

ȺɘəɧɜŬ 5.3.19: Ⱥɨɟɞɠ ůűɎɚɛŬŰɞɠ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ Mn ɔɘŬ T=110oC. 

Ƀ ́ɘɞ ˊɘɗŬɜɧɠ ɚɧɔɞɠ ˊɞɡ Űɞ ɛɑɔɛŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ɐŰŬɜ ˊɘɞ ɞɛɞɘɞɔŮɜɏɠ Ŭˊɧ Űɞ ŬɜŰɑ-

ůŰɞɘɢɞ ɛɑɔɛŬ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ ŮɑɜŬɘ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡ-

ɛɏɜɤɠ, Űɞ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ɛɏůŬ ůŰɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ. Ⱥűɧůɞɜ, ɛŮ ŰŬ ɛɘəɟɞəɨɛŬŰŬ 

ɖ ɗŮɟɛɧŰɖŰŬ ɛŮŰŬŭɑŭŮŰŬɘ ůŰɖɜ əɨɟɘŬ ɛɎɕŬ Űɞɡ ŬɜŰɘŭɟɩɜŰɞɠ ɛɑɔɛŬŰɞɠ əŬɘ ɚɧɔɤ Űɖɠ ŬˊɞŰŮ-

ɚŮůɛŬŰɘəɐɠ ŬɜɎŭŮɡůɖɠ ˊɞɡ ɡˊɎɟɢŮɘ, ŭŮɜ ɡˊɎɟɢɞɡɜ ˊŮɟɘɞɢɏɠ ɛŮ ɛŮɔɎɚɞ ȹɇ əŬɘ ɎɟŬ Űɞ Ŭ-

ɜŰɘŭɟɩɜ ɛɑɔɛŬ ɏɢŮɘ əŬŰŬɜŮɛɖɛɏɜɖ ůŮ ɧɚɖ Űɖ ɛɎɕŬ Űɞɡ ůɢŮŭɧɜ Űɖɜ ɑŭɘŬ ɗŮɟɛɞəɟŬůɑŬ. ɆŮ 

ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ, ˊɞɡ ɛɧɜɞ ŰŬ ŰɞɘɢɩɛŬŰŬ ɏɢɞɡɜ ɛŮɔɎɚɖ 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɎɟŬ ɧŰŬɜ Űɞ ɛɑɔɛŬ ŬɟɢɑɕŮɘ ɜŬ ɝŮəɞɚɚɎŮɘ Ŭˊɧ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ŬɜŰɘŭɟŬ-

ůŰɐɟŬ ɧˊɤɠ ůŰɖɜ ȺɘəɧɜŬ 5.4.4, ɖ ɛŮŰɎŭɞůɖ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ɛɑɔɛŬ ɛŮɘɩɜŮŰŬɘ ŬəɧɛŬ 

ˊŮɟɘůůɧŰŮɟɞ. ɋůŰɧůɞ, ɔɘŬ ɜŬ ŭɘŬŰɡˊɤɗŮɑ ɏɜŬ ůŬűɏɠ ůɡɛˊɏɟŬůɛŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ Ŭɜɞ-

ɛɞɘɞɔɏɜŮɘŬ, Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ˊɟɏˊŮɘ ɜŬ ŭɘŮɝŬ-

ɢɗɞɨɜ ůŮ ŭɘɎűɞɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ŰɞɡɚɎɢɘůŰɞɜ ŰɟŮɑɠ ŮˊŬɜŬɚɐɣŮɘɠ ůŮ əɎɗŮ ɗŮɟɛɞəɟŬůɑŬ 

əŬɘ ɛɏɗɞŭɞ əŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ůŰɞ ŮəɎůŰɞŰŮ ˊŮɑɟŬɛŬ ɖ ŬɜɞɛɞɘɞɔɏɜŮɘŬ Űɞɡ ŬɜŰɘŭɟɩɜŰɞɠ ɛŮɑɔ-

ɛŬŰɞɠ. 

ȾŬɗɩɠ ɞɘ ŭɨɞ Űɟɧˊɞɘ ɛŮŰɎŭɞůɖɠ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ŭɘŬűɏɟɞɡɜ ɤɠ ́ɟɞɠ Űɖɜ ɞɛɞɘɞɛɞɟűɑŬ Űɖɠ 

əŬŰŬɜɞɛɐɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ (ȺɘəɧɜŬ 2.2.5), ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ Ŭəɧɛɖ əŬɘ ɛŮ Űɖɜ ŬˊŬ-

ɟŬɑŰɖŰɖ ŬɜɎŭŮɡůɖ Űɞ ɛɑɔɛŬ ɜŬ ɛɖɜ ŮɑɜŬɘ ɞɛɞɘɞɔŮɜɏɠ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ əŬɘ Űɞ ˊɟɞɠ ŬɜɎɚɡůɖ 

ŭŮɑɔɛŬ ɜŬ ɛɖɜ ŮɑɜŬɘ ɞɛɞɘɞɔŮɜɏɠ. ɄɏɟŬ ɧɛɤɠ Ŭˊɧ Űɖɜ ɞɛɞɘɞɛɞɟűɑŬ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, əŬɘ 

ɖ ɟŮɡůŰɧŰɖŰŬ Űɞɡ ɛɑɔɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ Űɖɜ ɞɛɞɘɞɔɏɜŮɘŬ Űɞɡ. ȾŬɗɩɠ Űɞ ɛɑɔɛŬ 

ŮɑɜŬɘ ŬɟəŮŰɎ ɘɝɩŭŮɠ, ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ Ŭˊɧ ɏɜŬ ůɖɛŮɑɞ əŬɘ ɛŮŰɎ, Űɞ ɘůɞəɡɎɜɘɞ ɜŬ ɛɖɜ 

ŬɜŰɘŭɟɎ ɛŮ ɧɚɖ Űɖ ɛɎɕŬ Űɞɡ ɛɑɔɛŬŰɞɠ, ŬɚɚɎ ɜŬ ɡˊɎɟɢɞɡɜ ůɖɛŮɑŬ ɛŮ ŰŬ ɞˊɞɑŬ ŭŮɜ ɗŬ ɏɟɗŮɘ 

ůŮ ŮˊŬűɐ.  

 

5.3.3 ȺˊŬɜŬɚɖɣɘɛɧŰɖŰŬ ˊŮɘɟŬɛɎŰɤɜ ůɡɛɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ 
 

ũɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɞɡ ŬɜŰɘŭɟɩɜŰɞɠ ůɡůŰɐɛŬŰɞɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 2 ůŮŰ ˊŬɟŰɑŭɤɜ ˊɞɡ ˊŮɟɘɚɎɛɓŬɜŬɜ 

ŪŮɟɛɞəɟŬůɑŬ (oC) 
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6 əŬɘ 7 ˊŮɘɟɎɛŬŰŬ ŬɜŰɑůŰɞɘɢŬ. ȼ ɗŮɟɛɞəɟŬůɑŬ ŬɜŰɑŭɟŬůɖɠ ɐŰŬɜ 85oC ɧɚŬ ŰŬ ˊŮɘɟɎɛŬŰŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ PEG(Fisher). 

ɇɞ ˊɟɩŰɞ ůŮŰ ˊɞɡ ŬˊɞŰŮɚɞɨŰŬɜ Ŭˊɧ 6 ˊŮɘɟɎɛŬŰŬ, ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ 1h, ŮɑɢŮ Űɖɜ Ůɝɐɠ 

ɢɖɛɘəɐ ůɨůŰŬůɖ: 

¶ ȾŬŰŬɚɨŰɖ=0,05% w/w 

¶ HMDI/PEG=1 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ əŬɛˊɡɚɩɜ Űɤɜ ɢɟɤɛŬŰɞɔɟŬűɖɛɎŰɤɜ GPC ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ 

ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.3.20 Ůɜɩ ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ ˊɞɡ ˊŬɟɐɢɗɖůŬɜ ůŰɖɜ ȺɘəɧɜŬ 5.3.21. 

 

ȺɘəɧɜŬ 5.3.20: ɉɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ GPC ɔɘŬ əŬŰŬɚɨŰɖ 0,05% w/w əŬɘ HMDI/PEG=1. 
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ȺɘəɧɜŬ 5.3.21: ɄŬɟŬɔɧɛŮɜŬ ɛɞɟɘŬəɎ ɓɎɟɖ ɔɘŬ əŬŰŬɚɨŰɖ 0,05% w/w əŬɘ HMDI/PEG=1. 

ɇɞ ŭŮɨŰŮɟɞ ůŮŰ ˊɞɡ ŬˊɞŰŮɚɞɨŰŬɜ Ŭˊɧ 7 ˊŮɘɟɎɛŬŰŬ, ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ 30min, əŬɘ ŮɑɢŮ Űɖɜ 

Ůɝɐɠ ɢɖɛɘəɐ ůɨůŰŬůɖ: 

¶ ȾŬŰŬɚɨŰɖ=0,05% w/w 

¶ HMDI/PEG=1,5 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ əŬɛˊɡɚɩɜ Űɤɜ ɢɟɤɛŬŰɞɔɟŬűɖɛɎŰɤɜ GPC ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ 

ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.3.22 Ůɜɩ ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ ˊɞɡ ˊŬɟɐɢɗɖůŬɜ ůŰɖɜ ȺɘəɧɜŬ 5.3.23. 
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ȺɘəɧɜŬ 5.3.22: ɉɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ GPC ɔɘŬ əŬŰŬɚɨŰɖ 0,05% w/w əŬɘ HMDI/PEG=1,5. 

 

ȺɘəɧɜŬ 5.3.23: ɄŬɟŬɔɧɛŮɜŬ ɛɞɟɘŬəɎ ɓɎɟɖ ɔɘŬ əŬŰŬɚɨŰɖ 0,05% w/w əŬɘ HMDI/PEG=1,5. 

ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ ɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ Űɤɜ ˊŮɘɟŬ-

ɛɎŰɤɜ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬɜŬɚɞɔɑŬ HMDI/PEG ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɚɨŰŮɟɖ. Ƀɘ ŭɘŬ-

űɞɟɏɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɤɜ ŭɨɞ ůŮɘɟɩɜ 

ˊŮɘɟŬɛɎŰɤɜ ɛŮ ɑŭɘŮɠ ůɡɜɗɐəŮɠ ŬɚɚɎ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŬɚɞɔɑŮɠ HMDI/PEG,ɞűŮɑɚɞɜŰŬɘ ˊɟɩ-

Űɞɜ ůŰɞɜ Űɨˊɞ Űɞɡ ˊɞɚɡɛŮɟɘůɛɞɨ (ůŰŬŭɘŬəɧɠ ˊɞɚɡɛŮɟɘůɛɧɠ) ɧˊɞɡ ɖ ůɨɜŭŮůɖ Űɖɠ ŮˊŬɜŬ-

ɚŬɛɓŬɜɧɛŮɜɖɠ ŭɞɛɘəɐɠ ɛɞɜɎŭŬɠ əŬɘ ɖ ŬɜɎˊŰɡɝɖ ŭɘɛŮɟɩɜ, ŰɟɘɛŮɟɩɜ əɚˊ ɔɑɜŮŰŬɘ ŰɡɢŬɑŬ, 

ŬɚɚɎ əŬɘ ůŰɖɜ ɨˊŬɟɝɖ ˊŬɟɎˊɚŮɡɟɤɜ ŬɜŰɘŭɟɎůŮɤɜ. ȷɜŬűɞɟɘəɎ ɛŮ Űɞ ŰŮɚŮɡŰŬɑɞ əŬɘ Űɖ 

ˊɟɩŰɖ ůŮɘɟɎ ˊŮɘɟŬɛɎŰɤɜ ɧˊɞɡ ɡˊɐɟɢŮ ŮˊŬɟəɐɠ ˊɞůɧŰɖŰŬ ɡɔɟŬůɑŬɠ ɔɘŬ ɜŬ əŬŰŬɜŬɚɩůŮɘ 

Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɞɡ HMDI, ŮɑɜŬɘ ˊɘɗŬɜɧ ɖ ɏɚɚŮɘɣɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ ɜŬ ɞűŮɑɚŮ-

ŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ ŭɨɞ ŬɜŰŬɔɤɜɘůŰɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ (ɞɡɟɑŬɠ-ɞɡɟŮɗɎɜɖɠ) ɧˊɞɡ əŬŰŬɜŬɚɩ-

ɜɞɡɜ Űɞ HMDI. 

 

5.4 Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ˊɞɟŮɑŬɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɛɏůɤ Űɖɠ ŬɜŬ-

ˊŰɡůůɧɛŮɜɖɠ ɟɞˊɐɠ ůŰɞɜ ŬɜŬŭŮɡŰɐɟŬ 
 

ȰɜŬɠ Űɟɧˊɞɠ ɞ ɞˊɞɑɞɠ əŬɗɞɟɑɕŮɘ Űɖɜ ˊɟɧɞŭɞ Űɞɡ ˊɞɚɡɛŮɟɘůɛɞɨ, əŬɘ ůɡɜŮˊɩɠ Űɖɠ ŬɜŰɑŭɟŬ-

ůɖɠ, ŮɑɜŬɘ ɖ ɟɞˊɐ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰŬ ˊŰŮɟɨɔɘŬ Űɞɡ ŬɜŬŭŮɡŰɐɟŬ ɚɧɔɤ Űɞɡ ŬɜŬˊŰɡůůɧ-

ɛŮɜɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ Űɞɡ ŬɜŰɘŭɟɩɜŰɞɠ ɛɑɔɛŬŰɞɠ, ɎɟŬ əŬɘ Űɖɠ Ŭɨɝɖůɖɠ Űɞɡ ɘɝɩŭɞɡɠ Űɞɡ. 

ɆɡɜŮˊɩɠ, ɏɢɞɜŰŬɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ əŬŰŬɔɟŬűɐɠ Űɤɜ Űɘɛɩɜ Űɖɠ ɟɞˊɐɠ ́ Ɏɜɤ ůŰŬ ˊŰŮɟɨɔɘŬ Űɞɡ 

ŬɜŬŭŮɡŰɐɟŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ŮˊɞˊŰŮɑŬɠ Űɖɠ 

ˊɞɟŮɑŬɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ɓɎůɖ Űɖɜ ŬɜŬˊŰɡůůɧɛŮɜɖ ɟɞˊɐ. ɁŬ ŮˊɘůɖɛŬɜɗŮɑ ɧŰɘ ŰŬ ˊŬɟŬ-

əɎŰɤ ˊŮɘɟɎɛŬŰŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ PEG(Acros). 
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ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɟɘůɛɏɜŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ 3 ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɐəŮɠ ˊŮɘɟŬɛɎŰɤɜ. 

ɆŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 5.4.1 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɟɞˊɐ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ 

ɔɘŬ Űɘɠ Ůɝɐɠ ůɡɜɗɐəŮɠ (1ɖ ɄŮɟɑˊŰɤůɖ): 

¶ ȺˊŮɝŮɟɔŬůɑŬ PEG ɡˊɧ əŮɜɧ ɔɘŬ 4h 

¶ ȾŬŰŬɚɨŰɖɠ=0,05% w/w 

¶ HMDI/PEG=1 

  

ȺɘəɧɜŬ 5.4.1: ȾŬŰŬɔɟŬűɐ ɟɞˊɐɠ ɔɘŬ ŬɜŰɑŭɟŬůɖ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Űɖɠ 1ɖɠ ˊŮɟɑˊŰɤůɖɠ. 

ɆŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬ 5.4.2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɟɞˊɐ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ 

ɔɘŬ Űɘɠ Ůɝɐɠ ůɡɜɗɐəŮɠ (2ɖ ɄŮɟɑˊŰɤůɖ): 

¶ ȹŮɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŮɜɧ 

¶ ȾŬŰŬɚɨŰɖɠ=0,05% w/w 

¶ HMDI/PEG=1 
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ȺɘəɧɜŬ 5.4.2: ȾŬŰŬɔɟŬűɐ ɟɞˊɐɠ ɔɘŬ ŬɜŰɑŭɟŬůɖ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Űɖɠ 2ɖɠ ˊŮɟɑˊŰɤůɖɠ. 

ɆŰɖɜ 3ɖ ɄŮɟɑˊŰɤůɖ, ɖ ˊɞůɧŰɖŰŬ Űɞɡ əŬŰŬɚɨŰɖ ɐŰŬɜ 0,05% əŬɘ ɏɔɘɜŬɜ ˊŮɘɟɎɛŬŰŬ ɛŮ ŭɡɞ 

ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŬɚɞɔɑŮɠ HMDI/PEG, ɧˊɤɠ ŬɜŬűɏɟɞɜŰŬɘ əŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.4.3. 

 

ȺɘəɧɜŬ 5.4.3: ȾŬŰŬɔɟŬűɐ ɟɞˊɐɠ ɔɘŬ ŬɜŰɑŭɟŬůɖ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Űɖɠ 3ɖɠ ˊŮɟɑˊŰɤůɖɠ. 

ȷɜŬɚɡŰɘəɎ, ůŰɖɜ 1ɖ ˊŮɟɑˊŰɤůɖ, ɖ ŰŮɚɘəɐ Űɘɛɐ Űɖɠ ɟɞˊɐɠ ŰŮɑɜŮɘ ůŮ ɏɜŬ ˊŬɟŬˊɚɐůɘɞ Ůɨɟɞɠ 

Űɘɛɩɜ əŬɘ ůŰɘɠ 3 ŬɜŰɘŭɟɎůŮɘɠ, Ůɜɩ ůŰɖɜ 2ɖ ́ ŮɟɑˊŰɤůɖ, ɛɧɜɞ ɞɘ ŭɡɞ Ŭˊɧ Űɘɠ ŰɟŮɘɠ ŬɜŰɘŭɟɎůŮɘɠ 

ŰŮɑɜɞɡɜ ɜŬ ŬˊɞəŰɐůɞɡɜ ˊŬɟŬˊɚɐůɘŬ Űɘɛɐ. ȷəɧɛɖ, ůŰɖɜ 3ɖ ́ ŮɟɑˊŰɤůɖ, ɧɚŮɠ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ 
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ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ŬɜŬɚɞɔɑŬ HMDI/PEG=2 Ůɜɩ ɛɧɜɞ ɞɘ ŭɡɞ Ŭˊɧ Űɘɠ ŰɟŮɘɠ ŬɜŰɘ-

ŭɟɎůŮɘɠ ɛŮ ŬɜŬɚɞɔɑŬ HMDI/PEG=1 ˊɟɞůŮɔɔɑɕɞɡɜ Űɞ ɑŭɘɞ ŰŮɚɘəɧ ůɖɛŮɑɞ. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ (ȾŮű. 5.5.3), ɞ ˊɞɚɡɛŮɟɘ-

ůɛɧɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɘɝɩŭŮɠ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ. Ƀ ɚɧɔɞɠ ˊɞɡ ůŮ 

ɞɟɘůɛɏɜŮɠ ŬɜŰɘŭɟɎůŮɘɠ, ɖ ɟɞˊɐ ŭŮɜ ˊɟɞůŮɔɔɑɕŮɘ Űɖɜ ɑŭɘŬ Űɘɛɐ ŰŮɚɘəɐɠ ɟɞˊɐɠ ŬɚɚɎ əŬɘ ɖ 

ˊɞɟŮɑŬ Űɖɠ ɟɞˊɐɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŭŮɜ ŮɑɜŬɘ ɑŭɘŬ, ɞűŮɑɚŮŰŬɘ ůŰɞ ůɡɛɓɎɜ 

ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ȺɘəɧɜŬ 5.4.4. 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɘɝɩŭɞɡɠ, Űɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ, ŬɟɢɘəɎ, ɝŮəɞɚɚɎ Ŭˊɧ ŰŬ 

ŰɞɘɢɩɛŬŰŬ, əŬɘ Ůɜ ůɡɜŮɢŮɑŬ, ŰɡɚɑɔŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞɜ ŬɜŬŭŮɡŰɐɟŬ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮ-

ůɛŬ, ˊɟɩŰɞɜ, Űɖ ɛɖ ůɤůŰɐ ŬɜɎŭŮɡůɖ Űɞɡ ɛɑɔɛŬŰɞɠ əŬɘ ɎɟŬ ˊŬɟɞɡůɑŬůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ 

Űɖɠ ŬɜɞɛɞɘɞɔɏɜŮɘŬɠ ůŰɖ ɛɎɕŬ Űɞɡ ɛɑɔɛŬŰɞɠ, əŬɘ ŭŮɨŰŮɟɞɜ, Űɖ ɛɖ ůɤůŰɐ əŬŰŬɔɟŬűɐ Űɖɠ 

ɟɞˊɐɠ Ŭˊɧ Űɞɜ ŬɜŬŭŮɡŰɐɟŬ. ɆɡɜŮˊɩɠ, ɗŬ ˊɟɏˊŮɘ ɞ ŬɜŬŭŮɡŰɐɟŬɠ ɜŬ ɟɡɗɛɑɕŮŰŬɘ ůŰɘɠ Ůˊɘɗɡ-

ɛɖŰɏɠ ůŰɟɞűɏɠ (rpm) əŬɘ ɧɢɘ ůŮ ˊɞɚɨ ɡɣɖɚɏɠ. 

    

ȺɘəɧɜŬ 5.4.4: ɆɡɛˊŮɟɘűɞɟɎ ŬɜŰɘŭɟɩɜŰɞɠ ɛɑɔɛŬŰɞɠ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ɘɝɩŭɞɡɠ. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ɛŮɚɏŰɖ əŬɘ əŬŰŬɔɟŬűɐ Űɖɠ ɟɞˊɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ 

ɛˊɞɟŮɑ ɜŬ ɛŬɠ ŭɩůŮɘ ɛɘŬ ˊɟɞůŮɔɔɘůŰɘəɐ, ɛɧɜɞ, ɏɜŭŮɘɝɖ ɔɘŬ Űɖɜ ˊɞɟŮɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. 
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ȾŮűɎɚŬɘɞ 6: ɆɡɛˊŮɟɎůɛŬŰŬ 
 

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɛŮɚŮŰɐɗɖəŮ ɖ ˊŬɟŬɔɤɔɐ Űɞɡ ˊɟɞˊɞɚɡɛŮɟɞɨɠ, ŮɜŭɘɎ-

ɛŮůɞɡ ˊɟɞɥɧɜŰɞɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ˊɞɚɡɞɡɟŮɗɎɜɖɠ HEUR, ɛŮ ɢɟɐůɖ ůɡɛɓŬŰɘəɩɜ ɛŮ-

ɗɧŭɤɜ ɗɏɟɛŬɜůɖɠ əŬɘ ɛɘəɟɞəɡɛɎŰɤɜ. 

ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ PEG Ŭˊɧ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘ-

əɞɨɠ ˊɟɞɛɖɗŮɡŰɏɠ, Űɖ Fisher, Űɖɜ Acros əŬɘ Űɖɜ Clariant. ȷˊɧ Űɘɠ 3 ŭɘŬűɞɟŮŰɘəɏɠ ŬɡŰɏɠ 

PEG Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Ŭɟɢɘəɐɠ ɡɔɟŬůɑŬɠ Űɞ ŮɑɢŮ ɖ Acros (6000ppm) əŬɘ Űɞ ɛɘəɟɧ-

ŰŮɟɞ ˊɞůɞůŰɧ Űɞ ŮɑɢŮ ɖ Clariant (2300ppm), ɛŮ Űɖɜ PEG Ŭˊɧ Űɖ Fisher ɜŬ ɏɢŮɘ 4000ppm. 

ȼ ɛŮɚɏŰɖ ŬˊɞɛɎəɟɡɜůɖɠ Űɖɠ ɡɔɟŬůɑŬɠ Ŭˊɧ Űɖɜ PEG ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬ-

ůəŮɡɐ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɡˊɏŭŮɘɝŮ ɧŰɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ɛɏɗɞŭɞɠ əŬŰɏůŰɖ ɖ ŬˊɞɛɎ-

əɟɡɜůɖ Űɖɠ ɡɔɟŬůɑŬɠ ɡˊɧ əŮɜɧ ɛŮ ɢɟɐůɖ ŬɜŰɚɑŬɠ ŭɘŬűɟɎɔɛŬŰɞɠ. ȼ PEG Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ 

Clariant ɛŮŰɎ Ŭˊɧ ŮˊŮɝŮɟɔŬůɑŬ ˊŬɟɞɡůɑŬůŮ Űɖ ɢŬɛɖɚɧŰŮɟɖ ŰŮɚɘəɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɡɔɟŬ-

ůɑŬɠ (700-800ppm) Ůɜɩ ɖ ɡɔɟŬůɑŬ Űɖɠ PEG Ŭˊɧ Űɖɜ Acros ŭŮɜ əŬŰɏůŰɖ ŭɡɜŬŰɧ ɜŬ ɛŮɘɤɗŮɑ 

əɎŰɤ Ŭˊɧ 3500ppm əŬɘ ɛŮ Űɖ PEG Űɖɠ Fisher ɜŬ ɏɢŮɘ ŮɚɎɢɘůŰɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ŰŬ 

2300ppm.  

ɇɧůɞ ůŰɘɠ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŬɚɚɎ əŬɘ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ ŬɜŬɚɨɗɖəŮ ɞ ůɡɜɞɚɘəɧɠ ɢɟɧɜɞɠ 

Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůŮ Ůˊɘɛɏɟɞɡɠ ɢɟɧɜɞɡɠ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɞɡ Űɖɜ ŬˊŬɟŰɑɕŮɘ. 

ɆŰɘɠ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɛŮ ɢɟɐůɖ ɛɘəɟɞəɡɛɎŰɤɜ, ɛŮ ɘůɢɨɠ 

60Watt, ɞ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɘɩůŮɘ ɖ PEG, ɛˊɞɟŮɑ ɜŬ ɛŮɘɤɗŮɑ ůŮ 

ˊɞůɞůŰɧ Ŭˊɧ 50% ɏɤɠ 90%, ŬɜŬɚɧɔɤɠ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ. ɄŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ 

ůŮ ůɡɜɗɐəŮɠ ŬɜɞɘɢŰɞɨ ŭɞɢŮɑɞɡ ɡˊɎɟɢɞɡɜ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ ɛŮ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɘ-

ůɢɨɤɜ ɛŮ Űɞ ɡɣɖɚɧŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ (42082g/mol) ɜŬ ŮɝɎɔŮŰŬɘ ɔɘŬ ɢɟɐůɖ ɘůɢɨɞɠ 

45Watt ɔɘŬ ŭɘɎůŰɖɛŬ 15min. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ůŰɘɠ ˊŬ-

ɟŬˊɎɜɤ ůɡɜɗɐəŮɠ ɛŮ ɢɟɐůɖ PEG Ŭˊɧ Űɞɡɠ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɞɨɠ ˊɟɞɛɖɗŮɡŰɏɠ ɞɜɞɛŬůŰɘəɞɨ 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ 8000 g/mol, ɖ ŬɜŰɑŭɟŬůɖ ɛŮ ɢɟɐůɖ PEG Acros ůɖɛŮɑɤůŮ ɛɖŭŮɜɘəɧ Ůˊɑ-

ˊŮŭɞ ɓŬɗɛɞɨ ˊɞɚɡɛŮɟɘůɛɞɨ ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰɎɠ Űɖɠ ůŮ ɡɔɟŬůɑŬ. ɆŰɖɜ ˊŮɟɑ-

Ű́ɤůɖ Űɖɠ PEG Ŭˊɧ Űɖ Clariant, ɧˊɞɡ ŮɑɢŮ əŬɘ Űɞ ɛɘəɟɧŰŮɟɞ ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ, 

ˊŬɟŬŰɖɟɐɗɖəŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊŬɟŬɢɗɏɜ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɖɠ ŰɎɝŮɤɠ 20.000g/mol. ȼ ɗɏɟ-

ɛŬɜůɖ ɛŮ ˊɟɞűɑɚ ɘůɢɨɤɜ, ɞŭɐɔɖůŮ ůŮ ˊɞɚɨ ɡˊɞůɢɧɛŮɜŬ ˊɟɞɥɧɜŰŬ ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ˊɞɚɡ-

ɞɡɟŮɗɎɜŮɠ ɛŮ ɛɞɟɘŬəɧ ɓɎɟɞɠ 18557g/mol.  ũɘŬ ŰŬ ɛɖ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɡˊɧ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɞ ůɡɛˊɏ-

ɟŬůɛŬ ˊɞɡ ŭɘŮɝɐɢɗɖ ɐŰŬɜ ɧŰɘ Űɞ ŬɜŰɘŭɟɩɜ ůɨůŰɖɛŬ ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ɛɖ ɗŮɟɛɘəɎ űŬɘɜɧ-

ɛŮɜŬ, ɚɧɔɤ Űɤɜ ˊŬɟŬˊɚɐůɘɤɜ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ ˊɞɡ ŮˊɘŰŮɨɢɗɖəŬɜ ɛŮ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ 

(ɆɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ: 40842g/mol & ɀɘəɟɞəɨɛŬŰŬ: 40014g/mol). ȷəɧɛɖ, ɓɟɏɗɖəŮ ɧŰɘ ɞ 

ŭɘˊɚŬůɘŬůɛɧɠ Űɖɠ ŬɜŬɚɞɔɑŬɠ HMDI/PEG ŮˊɘűɏɟŮɘ ɛŮɔŬɚɨŰŮɟɞ ˊŬɟŬɔɧɛŮɜɞ ɛɞɟɘŬəɧ ɓɎ-

ɟɞɠ ɏɜŬɜŰɘ Űɞɡ ŭɘˊɚŬůɘŬůɛɞɨ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ əŬŰŬɚɨŰɖ. ɆɡɔəŮəɟɘɛɏɜŬ ɛŮ ŬɜŬɚɞɔɑŬ 

HMDI/PEG  ɑůɖ ɛŮ 1 Űɞ ˊŬɟŬɢɗɏɜ ɛɞɟɘŬəɧ ɓɎɟɞɠ ɐŰŬɜ 12668g/mol Ůɜɩ ɞ ɑŭɘɞɠ ɚɧɔɞɠ ɑůɞɠ 

ɛŮ  2 ɐŰŬɜ 26901g/mol, Ůɜɩ ɔɘŬ ˊɞůɞůŰɧ əŬŰŬɚɨŰɖ 0,05% w/w  ɐŰŬɜ 12668g/mol əŬɘ ɔɘŬ 
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0,1% w/w ɐŰŬɜ 15742g/mol. ɆɡɜŮˊɩɠ, ɔɘŬ ŭɘŬŰɐɟɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮ ŬɡɝɞɛŮɑɤůɖ 

Űɖɠ ɘůɢɨɞɠ, Űɞ ŬɜŰɘŭɟɩɜ ůɨůŰɖɛŬ ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ɛɖ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůɡɜɗɖəɩɜ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ, ˊŬɟŬŰɖɟɐɗɖəŮ, Ůˊɑůɖɠ, ɧŰɘ ɖ ɗɏɟɛŬɜůɖ 

ɛŮ ɛɘəɟɞəɨɛŬŰŬ ɛŮɘɩɜŮɘ Űɞ ɢɟɧɜɞ Űɖɠ ůɡɜɞɚɘəɐɠ ŭɘŮɟɔŬůɑŬɠ ɏɜŬɜŰɘ Űɖɠ ůɡɛɓŬŰɘəɐɠ ɗɏɟ-

ɛŬɜůɖɠ ˊɞɡ ŮɑɜŬɘ ˊɘɞ ɢɟɞɜɞɓɧɟŬ ŭɘŮɟɔŬůɑŬ ɛŮ ɛɏɔɘůŰɞ ˊɞůɞůŰɧ ɛŮɑɤůɖɠ ɢɟɧɜɞɡ 84%. ũɘŬ 

Űɖ ŭɘŮɝŬɔɤɔɐ ɏɟŮɡɜŬɠ ɨˊŬɟɝɖɠ ɛɖ ɗŮɟɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɧˊɤɠ əŬɘ 

ˊɟɞɖɔɞɡɛɏɜɤɠ, ˊŮɘɟɎɛŬŰŬ ůŮ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ. ɄŬ-

ɟŬŰɖɟɐɗɖəŮ ɧŰɘ ŰŬ ˊŮɘɟɎɛŬŰŬ ˊɞɡ ŭɘŮɝɐɢɗɖůŬɜ ɛŮ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ˊŬɟɞɡůɑŬůŬɜ ɡ-

ɣɖɚɧŰŮɟɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ ɏɜŬɜŰɘ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ ůŰɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ. ɇɏɚɞɠ, 

ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɡˊɎɟɢŮɘ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ůŰɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ ůŰŬ 

ˊŮɘɟɎɛŬŰŬ ɛŮ ůɡɛɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ɏɜŬɜŰɘ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɏəɓŬůɖ 

ɞˊɞɘɞɡŭɐˊɞŰŮ ůɡɛˊŮɟɎůɛŬŰɞɠ ŬɜŬűɞɟɘəɎ ɛŮ ŰŬ ɛɖ ɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ ɜŬ ŬˊŬɘŰŮɑ ˊɘɞ ɚŮ-

ˊŰɞɛŮɟɐ ɛŮɚɏŰɖ ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŬɜɞɛɞɘɞɔɏɜŮɘŬ Űɞɡ ɛŮɑɔɛŬŰɞɠ. 

Ⱥɜ ůɡɜŮɢŮɑŬ, ɛŮɚŮŰɐɗɖəŮ ɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ˊŮɘɟɎɛŬŰŬ ůŰɖɜ ˊŮɟɑ-

ˊŰɤůɖ Űɖɠ ůɡɛɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ. ȼ ɛɖ ŮˊɘɗɡɛɖŰɐ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ ˊɞɡ ˊŬɟɞɡůɘɎ-

ůŰɖəŮ, ɛŮ ɛɏɔɘůŰɖ Ŭˊɧəɚɘůɖ Űɘɛɩɜ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ ɡˊɧ Űɘɠ ɑŭɘŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ 

ɜŬ ŮɑɜŬɘ ɏɤɠ 13098g/mol, ɞűŮɑɚŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɞ Ůɑŭɞɠ Űɞɡ ˊɞɚɡɛŮɟɘůɛɞɨ ŬɚɚɎ 

əŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ŬɜŰŬɔɤɜɘůŰɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ. 

ɇɏɚɞɠ, ɛŮɚŮŰɐɗɖəŮ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ˊɞɟŮɑŬɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɛɏůɤ Űɖɠ ɟɞˊɐɠ ˊɞɡ Ŭ-

ɜŬˊŰɨůůŮŰŬɘ ůŰɞɜ ɎɝɞɜŬ Űɞɡ ŬɜŬŭŮɡŰɐɟŬ ɚɧɔɤ Űɖɠ Ŭɨɝɖůɖɠ Űɞɡ ɘɝɩŭɞɡɠ Űɞɡ ŬɜŰɘŭɟɩɜŰɞɠ 

ɛŮɑɔɛŬŰɞɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. ȷɜ əŬɘ ɖ ɛɏŰɟɖůɖ Űɖɠ ɟɞˊɐɠ, ɚɧɔɤ Űɖɠ ŬɜɎ-

ˊŰɡɝɖɠ Űɞɡ ɘɝɩŭɞɡɠ əŬɘ Űɤɜ ŭɡůəɞɚɘɩɜ ŬɜɎŭŮɡůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ 

ɛɧɜɞ ˊɟɞůŮɔɔɘůŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ 

ɛɘŬ ɛɘəɟɐ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ˊŮɘɟɎɛŬŰŬ ůŰŬ ɞˊɞɑŬ 

ŮɑɢŮ ˊɟɞɖɔɖɗŮɑ ˊɟɞəŬŰŮɟɔŬůɑŬ ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ Űɖɠ ɡɔɟŬůɑŬɠ Ŭˊɧ Űɖɜ PEG ɏŰŮɘɜŬɜ ɜŬ 

ŮˊɘŰɡɔɢɎɜɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŰŮɚɘəɐ Űɘɛɐ ɟɞˊɐɠ (90Nmm) ɏɜŬɜŰɘ ůŮ ŬɡŰɎ ůŰŬ ɞˊɞɑŬ ŭŮɜ ɡ-

ˊɐɟɝŮ ˊɟɞəŬŰŮɟɔŬůɑŬ ŬűŬɑɟŮůɖɠ ɡɔɟŬůɑŬɠ (70Nmm). ȷəɧɛɖ, əŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ ŬɜŬɚɞɔɑŬɠ 

HMDI/PEG Ŭˊɧ 1 ůŮ 2 ɞŭɖɔŮɑ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŰŮɚɘəɏɠ Űɘɛɏɠ ɟɞˊɐɠ, 65Nmm əŬɘ 

85Nmm ŬɜŰɑůŰɞɘɢŬ.  
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ȾŮűɎɚŬɘɞ 7: ɄɟɞŰɎůŮɘɠ ɔɘŬ Űɞ ɛɏɚɚɞɜ 
 

ȼ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰɖ ŭɖɛɘɞɨɟɔɖůŮ Ůˊɘˊɚɏɞɜ ŮɟɤŰɐɛŬŰŬ ɧůɞɜ ŬűɞɟɎ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ 

Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ůɡɛɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ əŬɘ ŰŬ ɛɘəɟɞəɨɛŬŰŬ. ũɜɤɟɑɕɞ-

ɜŰŬɠ ˊɚɏɞɜ ɧŰɘ ɖ ɡɔɟŬůɑŬ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰɘɠ PEG ŬˊɞŰŮɚŮɑ Ůɛˊɧŭɘɞ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑ-

ɖůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ˊɞɚɡɛŮɟɘůɛɞɨ, ŮˊɞɘəɞŭɞɛɖŰɘəɧŰŮɟɞ ɗŬ ɐŰŬɜ ŰŬ ɛŮŰɏˊŮɘŰŬ ˊŮɘɟɎɛŬŰŬ 

ɜŬ Ŭűɞɟɞɨɜ ˊŮɟɘůůɧŰŮɟɞ Űɖ ŭɘŮɝŬɔɤɔɐ ůŮ ůɡɜɗɐəŮɠ əɚŮɘůŰɞɨ ŭɞɢŮɑɞɡ. 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ɛŮɘɩůɞɡɜ Űɞ ɢɟɧɜɞ Űɖɠ ůɡɜɞɚɘəɐɠ 

ŭɘŮɟɔŬůɑŬɠ, ŮɑɜŬɘ ůəɧˊɘɛɞ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ŮɜŭŮɚŮɢɏůŰŮɟŬ ɞɘ ůɡɜɗɐəŮɠ ŭɘŮɝŬɔɤɔɐɠ Űɤɜ ˊŮɘ-

ɟŬɛɎŰɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɓɟŮɗɞɨɜ ɧɢɘ ɛɧɜɞ ɞɘ ɓɏɚŰɘůŰŮɠ ɢɖɛŮɑŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɚɚɎ 

əŬɘ ɞ ŮˊɘɗɡɛɖŰɧɠ ůɡɜŭɡŬůɛɧɠ ɘůɢɨɞɠ, ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɢɟɧɜɞɡ ŬɜŰɑŭɟŬůɖɠ.  

ȳůɞɜ ŬűɞɟɎ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ, əŬɘ ŰŬ ɛɘəɟɞəɨɛŬŰŬ ŮɑɜŬɘ ɢɟɐůɘɛɞ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɘŬ ɛŮɚɏŰɖ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ ɗŮɛɎŰɤɜ ŬɜɞɛɞɘɞɔɏɜŮɘŬɠ ˊɞɡ ɡˊɎɟɢɞɡɜ 

ůŰɞ ŬɜŰɘŭɟɩɜ ɛɑɔɛŬ. 

Ⱥɜ ůɡɜŮɢŮɑŬ, ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŬɜɎɚɡůɖɠ ůŰɞ ůŰɎŭɘɞ ˊŬɟŬɔɤɔɐɠ Űɞɡ ˊɟɞˊɞɚɡɛŮ-

ɟɞɨɠ, ŮˊɧɛŮɜɞ ŮɑɜŬɘ ɜŬ ŮɘůŬɢɗŮɑ əŬɘ ɖ ɞəŰŬɜɧɚɖ ɤɠ ŬɜŰɘŭɟɩɜ, ɩůŰŮ Űɞ ˊŬɟŬɢɗɏɜ ˊɟɞɥɧɜ 

ɜŬ ŮɑɜŬɘ ɖ ˊɞɚɡɞɡɟŮɗɎɜɖ HEUR. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ, ɖ ˊɟɞůɗɐəɖ Űɖɠ ɞəŰŬɜɧɚɖɠ ɗŬ Ůˊɘ-

űɏɟŮɘ ɜɏŬ ŮɟɤŰɐɛŬŰŬ. ȽŭɘŬɑŰŮɟŬ ŮɜŭɘŬűɏɟɞɜ ŮɑɜŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ˊɞůɧŰɖŰŬ ɞəŰŬɜɧɚɖɠ ˊɞɡ 

ɗŬ ˊɟɞůŰɑɗŮŰŬɘ əŬɗɩɠ əŬɘ ɞ ɢɟɧɜɞɠ ůŰɞɜ ɞˊɞɑɞɜ ɗŬ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɔɑɜŮŰŬɘ ɖ ˊɟɞůɗɐəɖ ŬɡŰɐ, 

ɩůŰŮ ɜŬ ɞŭɖɔɞɨɛŬůŰŮ ůŰɞ ŮˊɘɗɡɛɖŰɧ ˊɟɞɥɧɜ. ɇɏɚɞɠ, ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɞ ɗŬ ˊŬɟɞɡůɑŬɕŮ ɖ 

ɔɜɩůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɖɠ ɞəŰŬɜɧɚɖɠ ˊɞɡ ŭŮɜ ŬɜŰɏŭɟŬůŮ. 

ɇɏɚɞɠ, Űɧůɞ ůŰɘɠ Ŭɟɢɘəɏɠ ˊɞɚɡɧɚŮɠ ɧůɞ əŬɘ ůŰɞ ˊŬɟŬɔɧɛŮɜɞ ˊɟɞˊɞɚɡɛŮɟɏɠ əŬɘ Űɖɜ ˊɞɚɡ-

ɞɡɟŮɗɎɜɖ HEUR, ɖ ɛŮɚɏŰɖ Űɖɠ ɟŮɞɚɞɔɑŬɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛŮɔɎɚɞ ˊŮŭɑɞ ɏɟŮɡɜŬɠ. ȾŬɗɩɠ, 

ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɖ ˊɞɚɡɞɡɟŮɗɎɜɖ HEUR ŬˊɞŰŮɚŮɑ ɏɜŬɜ ŰɟɞˊɞˊɞɘɖŰɐ ɟŮɞɚɞɔɑŬɠ, ɗŬ ˊŬ-

ɟɞɡůɑŬɕŮ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ɖ ɛŮɚɏŰɖ Űɖɠ ɟŮɞɚɞɔɑŬɠ ůŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ Űɖɠ ŭɘŮɟɔŬ-

ůɑŬɠ.  
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