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Ƀ ȴɛɜɞɠ Űɖɠ ȷɔɎÙɖɠ 

ȺɎɜ ŰŬɘɠ ɔɚɩůůŬɘɠ Űɤɜ ŬɜɗɟɩÙɤɜ ɚŬɚɩ əŬɘ Űɤɜ Ŭɔɔɏɚɤɜ, ŬɔɎÙɖɜ ŭŮ ɛɖ ɏɢɤ, 

ɔɏɔɞɜŬ ɢŬɚəɧɠ ɖɢɩɜ ɐ əɨɛɓŬɚɞɜ ŬɚŬɚɎɕɞɜ. ȾŬɘ ŮɎɜ ɏɢɤ ÙɟɞűɖŰŮɑŬɜ əŬɘ Ůɘŭɩ ŰŬ 

ɛɡůŰɐɟɘŬ ÙɎɜŰŬ əŬɘ ÙɎůŬɜ Űɖɜ ɔɜɩůɘɜ, əŬɘ ŮɎɜ ɏɢɤ ÙɎůŬɜ Űɖɜ ÙɑůŰɘɜ, ɩůŰŮ 

ɧɟɖ ɛŮɗɘůŰɎɜŮɘɜ, ŬɔɎÙɖɜ ŭŮ ɛɖ ɏɢɤ, ɞɡŭɏɜ Ůɘɛɑ. 

ȾŬɘ ŮɎɜ ɣɤɛɑůɤ ÙɎɜŰŬ ŰŬ ɡÙɎɟɢɞɜŰŬ ɛɞɡ, əŬɘ ŮɎɜ ÙŬɟŬŭɩ Űɞ ůɩɛŬ ɛɞɡ ɑɜŬ 

əŬɡɗɐůɞɛŬɘ, ŬɔɎÙɖɜ ŭŮ ɛɖ ɏɢɤ, ɞɡŭɏɜ ɤűŮɚɞɨɛŬɘ. 

ȼ ŬɔɎÙɖ ɛŬəɟɞɗɡɛŮɑ, ɢɟɖůŰŮɨŮŰŬɘ, ɖ ŬɔɎÙɖ ɞɡ ɕɖɚɞɑ, ɖ ŬɔɎÙɖ ɞɡ 

ÙŮɟÙŮɟŮɨŮŰŬɘ, ɞɡ űɡůɘɞɨŰŬɘ, ɞɡə ŬůɢɖɛɞɜŮɑ, ɞɡ ɕɖŰŮɑ ŰŬ ŮŬɡŰɐɠ, ɞɡ 

ÙŬɟɞɝɨɜŮŰŬɘ, ɞɡ ɚɞɔɑɕŮŰŬɘ Űɞ əŬəɧɜ, ɞɡ ɢŬɑɟŮɘ ŮÙɑ Űɖ ŬŭɘəɑŬ, ůɡɔɢŬɑɟŮɘ ŭŮ Űɖ 

ŬɚɖɗŮɑŬ, ÙɎɜŰŬ ůŰɏɔŮɘ, ÙɎɜŰŬ ÙɘůŰŮɨŮɘ, ÙɎɜŰŬ ŮɚÙɑɕŮɘ, ÙɎɜŰŬ ɡÙɞɛɏɜŮɘ. ȼ 

ŬɔɎÙɖ ɞɡŭɏÙɞŰŮ ŮəÙɑÙŰŮɘ. 

ȺɑŰŮ ŭŮ ÙɟɞűɖŰŮɑŬɘ, əŬŰŬɟɔɖɗɐůɞɜŰŬɘ, ŮɑŰŮ ɔɚɩůůŬɘ ÙŬɨůɞɜŰŬɘ, ŮɑŰŮ ɔɜɩůɘɠ 

əŬŰŬɟɔɖɗɐůŮŰŬɘ. Ⱥə ɛɏɟɞɡɠ ŭŮ ɔɘɜɩůəɞɛŮɜ əŬɘ Ůə ɛɏɟɞɡɠ ÙɟɞűɖŰŮɨɞɛŮɜ ɧŰŬɜ ŭŮ 

ɏɚɗɖ Űɞ ŰɏɚŮɘɞɜ, ŰɧŰŮ Űɞ Ůə ɛɏɟɞɡɠ əŬŰŬɟɔɖɗɐůŮŰŬɘ. ȳŰŮ ɐɛɖɜ ɜɐÙɘɞɠ, ɤɠ ɜɐÙɘɞɠ 

ɏɚɎɚɞɡɜ, ɤɠ ɜɐÙɘɞɠ Ůűɟɧɜɞɡɜ, ɤɠ ɜɐÙɘɞɠ Ůɚɞɔɘɕɧɛɖɜ ɧŰŮ ŭŮ ɔɏɔɞɜŬ Ŭɜɐɟ, 

əŬŰɐɟɔɖəŬ ŰŬ Űɞɡ ɜɖÙɑɞɡ. ȸɚɏÙɞɛŮɜ ɔŬɟ ɎɟŰɘ ŭɘ' ŮůɧÙŰɟɞɡ Ůɜ ŬɘɜɑɔɛŬŰɘ, ŰɧŰŮ ŭŮ 

ÙɟɧůɤÙɞɜ Ùɟɞɠ ÙɟɧůɤÙɞɜ ɎɟŰɘ ɔɘɜɩůəɤ Ůə ɛɏɟɞɡɠ, ŰɧŰŮ ŭŮ ŮÙɘɔɜɩůɞɛŬɘ 

əŬɗɩɠ əŬɘ ŮÙŮɔɜɩůɗɖɜ. Ɂɡɜɑ ŭŮ ɛɏɜŮɘ ÙɑůŰɘɠ, ɏɚÙɑɠ, ŬɔɎÙɖ, ŰŬ ŰɟɑŬ ŰŬɨŰŬ 

ɛŮɑɕɤɜ ŭŮ ŰɞɨŰɤɜ ɖ ŬɔɎÙɖ 

 

 

ȷÙɧůŰɞɚɞɠ ɄŬɨɚɞɠ 

Ʉɟɞɠ Ⱦɞɟɘɜɗɑɞɡɠ 

( ȷ' Ⱦɞɟɘɜɗɑɞɡɠ əŮű. ɘɔ' ůŰɑɢɞɘ 1 - 13)  
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ȷəɞɨɛŮ: ŭŮ ɗɏɚŮɘɠ ÙɘŬ ɜŬ ŭɞɡɚɏɣŮɘɠ 

ɛŬɕɑ ɛŬɠ. 

ũɞɜɎŰɘůŮɠ: ŭŮ ɛÙɞɟŮɑɠ Ɏɚɚɞ ɜŬ 

ŰɟɏɢŮɘɠ. 

ȾɞɡɟɎůŰɖəŮɠ: ŭŮ ɛÙɞɟŮɑɠ ÙɘŬ ɜŬ 

ɛŬɗŬɑɜŮɘɠ əŬɘɜɞɨɟɔɘŬ. 

ɂɧűɚɖůŮɠ: ȾŬɜŮɑɠ ŭŮ ɛÙɞɟŮɑ ɜŬ ůɞɡ 

ɕɖŰɐůŮɘ ɜŬ əɎɜŮɘɠ ÙɘŬ ŰɑÙɞŰŬ. 

ɀɎɗŮ ɚɞɘÙɧɜ: ŮɛŮɑɠ Űɞ ɕɖŰɎɛŮ. 

ɆŬɜ əɞɡɟŬůŰŮɑɠ əɘ ŬÙɞəɞɘɛɖɗŮɑɠ 

əŬɜŮɑɠ ŭŮ ɗŬ ůŮ ɝɡÙɜɐůŮɘ ÙɘŬ ɜŬ 

ÙŮɘ: ůɐəɤ Űɞ űŬȶ ŮɑɜŬɘ ɏŰɞɘɛɞ. 

ũɘŬŰɑ ɜŬ ɡÙɎɟɢŮɘ ɏŰɞɘɛɞ űŬȶ; 

ɆŬɜ ŭŮɜ ɛÙɞɟŮɑɠ Ɏɚɚɞ ɜŬ ŰɟɏɢŮɘɠ, 

ɗŬ ɛŮɑɜŮɘɠ ɝŬÙɚɤɛɏɜɞɠ. 

ȾŬɜŮɑɠ ŭŮ ɗŬ ůŮ ɣɎɝŮɘ ɔɘŬ ɜŬ ÙŮɘ: 

ɏɔɘɜŮ ŮÙŬɜɎůŰŬůɖ, 

ŰŬ ŮɟɔɞůŰɎůɘŬ ůŮ ÙŮɟɘɛɏɜɞɡɜ. 

ũɘŬŰɑ ɜŬ õɢŮɘ ɔɑɜŮɘ ŮÙŬɜɎůŰŬůɖ; 

ȳŰŬɜ ÙŮɗɎɜŮɘɠ ɗŬ ůŮ ɗɎɣɞɡɜ, 

ŮɑŰŮ űŰŬɘɠ Ùɞɡ ÙɏɗŬɜŮɠ, ŮɑŰŮ ɧɢɘ. 

ȿŮɠ: Ùɞɚɨɜ əŬɘɟɧ ŬɔɤɜɑůŰɖəŮɠ. 

ŭŮ ɛÙɞɟŮɑɠ Ɏɚɚɞ ÙɘŬ ɜõ ŬɔɤɜɘůŰŮɑɠ. 

ȯəɞɡ ɚɞɘÙɧɜ: ŮɑŰŮ űŰŬɘɠ, ŮɑŰŮ ɧɢɘ 

ůŬɜ ŭŮɜ ɛÙɞɟŮɑɠ Ɏɚɚɞ ɜŬ ÙŬɚɏɣŮɘɠ 

ɗŬ ÙŮɗɎɜŮɘɠ. 

ȿŮɠ: Ùɞɚɨɜ əŬɘɟɧ ɐɚÙɘɕŮɠ, 

ŭŮɜ ɛÙɞɟŮɑɠ Ɏɚɚɞ ÙɘŬ ɜŬ ŮɚÙɑůŮɘɠ. 

ȱɚÙɘɕŮɠ Űɘ; 

Ʉɩɠ ɞ ŬɔɩɜŬɠ ɗŬɜõ Ůɨəɞɚɞɠ; 

ȹŮɜ Ůɑɜõ ɏŰůɘ. 

ȼ ɗɏůɖ ɛŬɠ ŮɑɜŬɘ ɢŮɘɟɧŰŮɟɖ ŬÙõ ɧůɞ 

ɜɧɛɘɕŮɠ. 

ȺɑɜŬɘ ŰɏŰɞɘŬ Ùɞɡ: Ŭɜ ŭŮɜ 

əŬŰŬűɏɟɞɡɛŮ Űɞ ŬŭɨɜŬŰɞ 

ŭŮɜ ɏɢɞɡɛŮ ŮɚÙɑŭŬ. 

ȷɜ ŭŮɜ əɎɜɞɡɛŮ ŬɡŰɧ Ùɞɡ əŬɜŮɑɠ ŭŮɜ 

ɛÙɞɟŮɑ ɜŬ ɛŬɠ ɕɖŰɐůŮɘ 

ɗŬ ɢŬɗɞɨɛŮ. 

Ƀɘ Ůɢɗɟɞɑ ɛŬɠ ÙŮɟɘɛɏɜɞɡɜ ɜŬ 

əɞɡɟŬůŰɞɨɛŮ. 

ȳŰŬɜ ɞ ŬɔɩɜŬɠ ŮɑɜŬɘ ůŰɖɜ Ùɘɞ 

ůəɚɖɟɐ əŬɛÙɐ Űɞɡ, 

ɞɘ ŬɔɤɜɘůŰɏɠ ɏɢɞɡɜ Űɖɜ Ùɘɞ ɛŮɔɎɚɖ 

əɞɨɟŬůɖ. 

Ƀɘ əɞɡɟŬůɛɏɜɞɘ, ɢɎɜɞɡɜ Űɖ ɛɎɢɖ.

. 

ɀɄȺɅɇɃȿɁɇ ɀɄɅȺɉɇ
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ȺɂȺɇȷɆɇȽȾȼ ȺɄȽɇɅɃɄȼ 

 

 

ɆŰŬɛɎŰɘɞɠ ɇůɑɛŬɠ*: ȾŬɗɖɔɖŰɐɠ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, Ɇɢɞɚɐ ɉɖɛɘəɩɜ 

ɀɖɢŬɜɘəɩɜ, ɇɞɛɏŬɠ ɉɖɛɘəɩɜ ȺˊɘůŰɖɛɩɜ. 

 

 

ȷɔɔŮɚɘəɐ ɀɞɡŰůɎŰůɞɡ**: ȾŬɗɖɔɐŰɟɘŬ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, Ɇɢɞɚɐ 

ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ, ɇɞɛɏŬɠ ɉɖɛɘəɩɜ ȺˊɘůŰɖɛɩɜ. 

 

 

ũɚɡəŮɟɑŬ ȾŬəɎɚɖ**: ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, 

Ɇɢɞɚɐ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ, ɇɞɛɏŬɠ ɉɖɛɘəɩɜ ȺˊɘůŰɖɛɩɜ. 

 

 

ȷɜŰɤɜɑŬ ɀɞɟɞˊɞɨɚɞɡ: ȾŬɗɖɔɐŰɟɘŬ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, Ɇɢɞɚɐ 

ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ, ɇɞɛɏŬɠ ȺˊɘůŰɐɛɖɠ əŬɘ ɇŮɢɜɘəɐɠ Űɤɜ Ɉɚɘəɩɜ.  

 

 

ȾɤɜůŰŬɜŰɑɜɞɠ ɇůŬəŬɚɎəɖɠ: ȾŬɗɖɔɖŰɐɠ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, Ɇɢɞɚɐ 

ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ ɀŮŰŬɚɚɞɡɟɔɩɜ, ɇɞɛɏŬɠ ɀŮŰŬɚɚɞɡɟɔɑŬɠ əŬɘ 

ɇŮɢɜɞɚɞɔɑŬɠɈɚɘəɩɜ. 

 

 

ȹɟ. ũŮɩɟɔɘɞɠ Ƀɘəɞɜɧɛɞɡ: ȹɘŮɡɗɡɜŰɐɠ ɃɟɡəŰɞɚɞɔɑŬɠ ȽɜůŰɘŰɞɨŰɞɡ ũŮɤɚɞɔɘəɩɜ əŬɘ 

ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ. 

 

 

ȸŬůɑɚŮɘɞɠ ɆŰŬɗɧˊɞɡɚɞɠ: Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ ɇȺȽ ɉŬɚəɑŭŬɠ, Ɇɢɞɚɐ ɇŮɢɜɞɚɞɔɘəɩɜ 

ȺűŬɟɛɞɔɩɜ, ũŮɜɘəɧ ɇɛɐɛŬ ŪŮŰɘəɩɜ ȺˊɘůŰɖɛɩɜ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*: Ⱥˊɘɓɚɏˊɤɜ ȾŬɗɖɔɖŰɐɠ, ɀɏɚɞɠ Űɖɠ ɇɟɘɛŮɚɞɨɠ ɆɡɛɓɞɡɚŮɡŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ 

**: ɀɏɚɞɠ Űɖɠ ɇɟɘɛŮɚɞɨɠ ɆɡɛɓɞɡɚŮɡŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ 
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ȼ ɏɔəɟɘůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ Ŭˊɧ Űɖɜ ȺɝŮŰŬůŰɘəɐ ȺˊɘŰɟɞˊɐ əŬɘ Űɖ Ɇɢɞɚɐ 

ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ ŭŮɜ ˊɟɞɦˊɞɗɏŰŮɘ əŬɘ Űɖɜ 

Ŭˊɞŭɞɢɐ Űɤɜ ŬˊɧɣŮɤɜ Űɞɡ ůɡɔɔɟŬűɏŬ (Ɂɧɛɞɠ 5343/1932, ȯɟɗɟɞ 202). 
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ɆŰɘɠ ũɘŬɔɘɎŭŮɠ ɛɞɡ 



Ʉɟɧɚɞɔɞɠ 

 

7 

 

ɄɅɃȿɃũɃɆ 
H əŬŰŬɚɚɖɚɧŰɖŰŬ ŭɘŬűɧɟɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɔɘŬ ˊŬɟŬɔɤɔɐ 

ˊɞɘɞŰɘəɞɨ ŬůɓɏůŰɖ, ŮɑɜŬɘ ɏɜŬ ŮɟɩŰɖɛŬ ˊɞɡ ůɡɢɜɎ ŰɑɗŮŰŬɘ Ŭˊɧ ɎŰɞɛŬ ˊɞɡ, ɛŮ 

ŭɘɎűɞɟŮɠ ɘŭɘɧŰɖŰŮɠ, ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɞɜ ŬůɓɏůŰɖ. ȼ ŬˊɎɜŰɖůɖ ůŰɞ ŮɟɩŰɖɛŬ ŬɡŰɧ 

ŬˊŮŰɏɚŮůŮ əŬɘ Űɞ ɏɜŬɡůɛŬ ɔɘŬ Űɖɜ ŬɜɎ ɢŮɑɟŬɠ ŭɘŬŰɟɘɓɐ.  

ȼ Ŭɟɢɐ Űɖɠ çŭɘŮɟŮɨɜɖůɖ Űɤɜ əɟɘŰɖɟɑɤɜ əŬŰŬɚɚɖɚɧŰɖŰŬɠ ŬůɓŮůŰoɚɑɗɤɜ ɔɘŬ 

ˊŬɟŬɔɤɔɐ ɓɘɞɛɖɢŬɜɘəɞɨ ŬůɓɏůŰɖè ɏɔɘɜŮ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ɛɞɡ 

ŮɟɔŬůɑŬɠ. ȱŭɖ Ŭˊɧ ŰɧŰŮ ŮɑɢŬɜ űŬɜŮɑ ŰŬ ˊɟɩŰŬ ůɡɛˊŮɟɎůɛŬŰŬ, ɧˊɤɠ Ůˊɑůɖɠ ŮɑɢŮ 

ˊɟɞəɨɣŮɘ ɖ ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ Űɖɠ ůɡůŰɖɛŬŰɘəɧŰŮɟɖɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɞɡ ɗɏɛŬŰɞɠ ůŮ 

ŮˊɑˊŮŭɞ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. 

ɀŮŰɎ Ŭˊɧ ˊɞɚɚɏɠ ŭɘŮɝɞŭɘəɏɠ əɘ ŮˊɑˊɞɜŮɠ ůɡɕɖŰɐůŮɘɠ ɛŮ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ 

əŬɗɖɔɖŰɐ ɛɞɡ ə. Ɇ. ɇůɑɛŬ, ɞɟɑůŰɖəŬɜ ɞɘ ɓŬůɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ, ɖ ůɡůŰɖɛŬŰɘəɐ 

ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ɞˊɞɑɤɜ ɗŬ ɞŭɖɔɞɨůŮ ůŰɞ ɜŬ ŭɞɗŮɑ ŬˊɎɜŰɖůɖ ůŰɞ ɤɠ Ɏɜɤ Ŭɟɢɘəɧ 

ŮɟɩŰɖɛŬ.  

 ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 

ȷɜɧɟɔŬɜɖɠ əŬɘ ȷɜŬɚɡŰɘəɐɠ ɉɖɛŮɑŬɠ Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Ⱥ.ɀ.Ʉ. 

Ⱥˊɘɛɏɟɞɡɠ ˊŮɘɟɎɛŬŰŬ ɏɔɘɜŬɜ ůŰɞ Ƚ.ũ.ɀ.Ⱥ, Ⱥ.Ⱦ.Ⱥ.Ʉ.Ɉ., ȹɖɛɧəɟɘŰɞ əŬɘ ůŰɖɜ Ɇɢɞɚɐ 

ɀŮŰŬɚɚŮɘɞɚɧɔɤɜ ï ɀŮŰŬɚɚɞɡɟɔɩɜ Ⱥ.ɀ.Ʉ.  

ȽŭɘŬɑŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ ɗɏɚɤ ɜŬ ŮəűɟɎůɤ ˊɟɞɠ Űɞɜ ȾŬɗɖɔɖŰɐ ɛɞɡ, ə. Ɇ. 

ɇůɑɛŬ, ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ Űɞɡ ɗɏɛŬŰɞɠ əŬɘ Űɖɜ ŬɛɏɟɘůŰɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ ůŮ 

ɧɚŬ ŰŬ ůŰɎŭɘŬ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. ȷˊŮŰɏɚŮůŮ Űɞɜ ɛŮɔɎɚɞ ɛɞɡ ŭɎůəŬɚɞ ůŰɞɜ 

ŰɞɛɏŬ Űɖɠ ȺˊɘůŰɐɛɖɠ Űɞɡ ȷůɓɏůŰɖ əŬɘ ŭɘŬɛɧɟűɤůŮ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɞɜ Űɟɧˊɞ 

ůəɏɣɖɠ ɛɞɡ, ɛŮ əɨɟɘŬ əŬŰŮɨɗɡɜůɖ Űɖɜ ɞɟɗɞɚɞɔɘəɐ ůəɏɣɖ, Űɖɜ ůɤůŰɐ Ůɜɖɛɏɟɤůɖ əŬɘ 

ŮűŬɟɛɞɔɐ Űɤɜ ůɨɔɢɟɞɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ. ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɧɛɤɠ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ 

ˊɤɠ ɛŮ ŬɜɏɢŰɖəŮ əŬɘ ɛŮ ůɡɔɢɩɟɖůŮ ˊɞɚɚɏɠ űɞɟɏɠ. ȼ ŬɔɎˊɖ ˊɞɡ ɏŭŮɘɝŮ ůŰɞ ˊɟɧůɤˊɞ 

ɛɞɡ ŮɑɜŬɘ əɎŰɘ ůˊɎɜɘɞ. Ʉɞɚɚɏɠ űɞɟɏɠ əŬɘ ɔɘŬ ŭɘɎűɞɟɞɡɠ ɚɧɔɞɡɠ ŮɑɢŬ ˊŮɘ ˊɤɠ ɗŬ ŰŬ 

ˊŬɟŬŰɐůɤ əŬɘ ůŮ ɧɚŮɠ ŬɡŰɏɠ Űɘɠ ůŰɘɔɛɏɠ ɛŮ ůŰɐɟɘɝŮ əŬɘ ɛŮ əɟɎŰɖůŮ ɕɤɜŰŬɜɧ ůŰɞ 

ŰŬɝɑŭɘ Űɞɡ ŭɘŭŬəŰɞɟɘəɞɨ. Ⱥˊɑůɖɠ ůŰŬ ˊɞɚɨ ůɖɛŬɜŰɘəɎ ŬəŬŭɖɛŬɥəɎ ɛɞɡ ɚɎɗɖ ɛŮ 

ɛɎɚɤůŮ ŬɚɚɎ ŭŮɜ ɛɞɡ əɟɎŰɖůŮ əŬəɑŬ. ɀŮ ůɡɔɢɩɟɖůŮ əŬɘ ɛɞɡ ɏŭɤůŮ əŬɘ ˊɎɚɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɞɚɞəɚɖɟɩůɤ Űɖɜ ŭɘŬŰɟɘɓɐ ɛɞɡ. 

ȺɘɚɘəɟɘɜŮɑɠ ŮɡɢŬɟɘůŰɑŮɠ ŮəűɟɎɕɞɜŰŬɘ ˊɟɞɠ Űɖɜ ȾŬɗɖɔɐŰɟɘŬ, ə. ȷ. 

ɀɞɡŰůɎŰůɞɡ, ɔɘŬ Űɘɠ ˊɞɚɚɏɠ ŮˊɘůŰɖɛɞɜɘəɏɠ ůɡɕɖŰɐůŮɘɠ ˊɞɡ ŮɑɢŬɛŮ, Űɖɜ ɡˊɞɛɞɜɐ ůŮ 

ɧɚŬ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ ɗɏɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ əŬɘ Űɖɜ əŬɗɞŭɐɔɖůɖ ůŰɘɠ ɢɖɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ Űɞɡ ŭɘŭŬəŰɞɟɘəɞɨ ɛɞɡ. ŪŮɟɛɏɠ ŮɡɢŬɟɘůŰɑŮɠ ŮəűɟɎɕɤ ˊɟɞɠ 
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Űɖɜ ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ə. ũ. ȾŬəɎɚɖ, ɔɘŬ Űɖɜ ˊɞɚɨˊɚŮɡɟɖ ůɡɛˊŬɟɎůŰŬůɖ 

ůŰɞɜ ŰɞɛɏŬ Űɖɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ɡˊɞůŰɐɟɘɝɖɠ. 

ŪŮɤɟɩ əŬɗɐəɞɜ ɛɞɡ ɜŬ ŮəűɟɎůɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ˊɟɞɠ Űɖɜ ȾŬɗɖɔɐŰɟɘŬ 

ə. ȷ. ɀɞɟɞˊɞɨɚɞɡ əŬɘ Űɞɜ ȾŬɗɖɔɖŰɐ ə. Ⱦ. ɇůŬəŬɚɎəɖ ˊɞɡ ɛɞɡ ɏəŬɜŬɜ Űɖɜ Űɘɛɐ ɜŬ 

ůŰŮɚŮɢɩůɞɡɜ Űɖɜ ŮˊŰŬɛŮɚɐ ɛɞɡ ȺˊɘŰɟɞˊɐ. ȺɡɢŬɟɘůŰɩ Űɞɜ ȹɟ. ə. ũ. Ƀɘəɞɜɧɛɞɡ ɔɘŬ 

Űɘɠ ɡˊɞŭŮɑɝŮɘɠ Űɞɡ əŬŰɎ Űɖ ůɡɔɔɟŬűɐ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ əŬɗɩɠ əŬɘ ɔɘŬ Űɞɜ 

əŬɗɞɟɘůŰɘəɧ Űɞɡ ɟɧɚɞ ůŰɖɜ ŮɨɟŮůɖ Űɤɜ Ŭɟɢɘəɩɜ ŬɜɗɟŬəɘəəɩɜ ˊŮŰɟɤɛɎŰɤɜ. Ūɏɚɤ 

Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ Ůˊɑəɞɡɟɞ ȾŬɗɖɔɖŰɐ ə. ȸ.ɆŰŬɗɧˊɞɡɚɞ ɔɘŬ Űɘɠ ŮɨůŰɞɢŮɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ Ůˊɑ Űɞɡ ŰŮɚɘəɞɨ əŮɘɛɏɜɞɡ əŬɘ Űɖɜ ŬɛɏɟɘůŰɖ ɓɞɐɗŮɘɎ Űɞɡɠ ůŰɘɠ 

ŮɟɔŬůŰɖɟɘŬəɏɠ ŬɜŬɚɨůŮɘɠ.  

Ūɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɛɏůŬ Ŭˊɧ ŰŬ ɓɎɗɖ Űɖɠ əŬɟŭɘɎɠ ɛɞɡ Űɞɜ ŬɔŬˊɖɛɏɜɞ ɛɞɡ 

űɑɚɞ ȹɟ. ȽɤɎɜɜɖ ɀˊŬɕɘɩŰɖ, ɡˊɧ ŭɘɞɟɘůɛɧ ȿɏəŰɞɟŬ Űɞɡ ũŮɤˊɞɜɘəɞɨ ɄŬɜŮˊɘůŰɖɛɑɞɡ 

ȷɗɖɜɩɜ ɔɘŬ Űɖɜ ŬɛɏɟɘůŰɖ ůɡɛˊŬɟɎůŰŬůɐ Űɞɡ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ 

ŭɘŬŰɟɘɓɐɠ. ȼ ɣɡɢɞɚɞɔɘəɐ əɘ ŮˊɘůŰɖɛɞɜɘəɐ ɓɞɐɗŮɘŬ ɡˊɐɟɝŬɜ əŬɗɞɟɘůŰɘəɧŰŬŰŮɠ ɔɘŬ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŰɟɘɓɐɠ. ɆŰɞ ˊɘɞ əɟɑůɘɛɞ ůɖɛŮɑɞ, ɛŮ ɖɟɏɛɖůŮ əŬɘ ɛŮ ɏˊŮɘůŮ ɧŰɘ 

ˊɟɏˊŮɘ ɜŬ ŰŮɚŮɘɩůɤ Űɖ ŭɘŬŰɟɘɓɐ, Ůɜɩ ɛɏůŬ ɛɞɡ ŮɑɢŬ ˊɎɟŮɘ ɞɟɘůŰɘəɐ ŬˊɧűŬůɖ ɜŬ Űɞ 

ŮɔəŬŰŬɚŮɑɘɣɤ. ɇɖɜ ɖɛɏɟŬ ŬɡŰɐ ŭŮ ɗŬ Űɖ ɝŮɢɎůɤ ˊɞŰɏ ɔɘŬ ˊɞɚɚɞɨɠ ɚɧɔɞɡɠ.  

Ⱥˊɑůɖɠ ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞ ȾɞɘɜɞűŮɚɏɠ ȲŭɟɡɛŬ ȷɚɏɝŬɜŭɟɞɠ Ɇ. ɋɜɎůɖɠ 

əŬɘ əɡɟɑɤɠ Űɖɜ ə. ū.ɄŬˊŬɗɎɜɞɡ. ɀŮ ůŰɐɟɘɝŮ űɞɓŮɟɎ ůŮ ŭɡůəɞɚɏɠ Ůˊɞɢɏɠ. ȺɑɜŬɘ ɛɑŬ 

ŮɝŬɘɟŮŰɘəɐ ɔɡɜŬɑəŬ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ əŬɘ əŬɗɞɟɘůŰɘəɎ ɛŮ Űɖɜ ˊŮɟɎŰɤůɖ Űɖɠ 

ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ.  

ȺɑɛŬɘ ɘŭɘŬɑŰŮɟŬ ɡˊɞɢɟŮɤɛɏɜɞɠ ůŰɞɜ Ⱥˊɑəɞɡɟɞ ȾŬɗɖɔɖŰɐ ə. ȼ. 

ɉŬŰɕɖɗŮɞŭɤɟɑŭɖ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ůɡɛɓɞɚɐ Űɞɡ ůŰɞ SEM əŬɘ ůŰɖ ūŬůɛŬŰɞůəɞˊɑŬ 

Raman. Ⱥˊɑůɖɠ ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ əŬɚɧ ɛɞɡ űɑɚɞ ə. ȿ. ɄɟɞűɐŰɖ ɔɘŬ Űɖɜ 

ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ Űɞɡ ůŰɞ ɜŬ ɛɎɗɤ ŬɡŰɏɠ Űɘɠ ŰŮɢɜɘəɏɠ. ȼ ŭɡɜŬɛɘəɐ Űɞɡ ˊŬɟɞɡůɑŬ 

əŬɗɩɠ əŬɘ Űɞ ˊŬɟɎůŰɖɛɎ Űɞɡ, ɛŮ ɞŭɖɔɞɨɜ ůŰɞ ɜŬ Űɞɜ ɢŬɟŬəŰɖɟɑůɤ ɤɠ çɄɞɚɏɛŬɟɢɞè 

Űɤɜ ŪŮŰɘəɩɜ ȺˊɘůŰɖɛɩɜ.  

ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ Űɞɜ ȹɟ. Ⱦ. ũ. ȹŮɚŬɔɟŬɛɛɎŰɘəŬ ɔɘŬ Űɘɠ ŬˊŮɟɘɧɟɘůŰŮɠ ɩɟŮɠ 

ˊɞɡ ˊŮɟɎůŬɛŮ ůɡɕɖŰɩɜŰŬɠ ɔɘŬ Űɞ ɗɏɛŬ Űɞɡ ŬůɓɏůŰɖ. 

ȺɡɢŬɟɘůŰɩ Űɞɜ ˊɞɚɨ əŬɚɧ ɛɞɡ űɑɚɞ ə. ȷ. ȷůˊɟɞɔɏɟŬəŬ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ 

ɓɞɐɗŮɘɎ Űɞɡ ůŰŬ ŮɟɔŬůŰɐɟɘŬ ȷɜɧɟɔŬɜɖɠ əŬɘ ȷɜŬɚɡŰɘəɐɠ ɉɖɛŮɑŬɠ ˊɞɡ ŮŭɟɎɕɞɡɜ ůŰɖ 

Ɇɢɞɚɐ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥ.ɀ.Ʉ. ȹŮ ɛˊɞɟɩ ɜŬ ɝŮɢɎůɤ Űɞɡɠ əŬɚɞɨɠ ɛɞɡ 

űɑɚɞɡɠ ū. ɄŬɚŬɛɘŭɎəɖ əŬɘ ɉ. ɄŮɚŮəɎɜɞ ɔɘŬ Űɖ ɣɡɢɞɚɞɔɘəɐ ůŰɐɟɘɝɖ ůŮ ŭɨůəɞɚŮɠ 

ůŰɘɔɛɏɠ Űɖɠ ɕɤɐɠ ɛɞɡ.   
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ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ ŰŬ ˊŬɘŭɘɎ ůŰɞ ŮɟɔŬůŰɐɟɘɞ əŬɗɩɠ əŬɘ ɧɚɞɡɠ Űɞɡɠ űɑɚɞɡɠ 

ɛɞɡ, ˊɞɡ ɛŮ ɓɞɐɗɖůŬɜ ůŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ɛɞɡ ŭɘŬŰɟɘɓɐɠ. 

 ɇɘɠ ɘŭɘŬɑŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ əŬɘ Űɖɜ Ůɡɔɜɤɛɞůɨɜɖ ɛɞɡ ŮəűɟɎɕɤ ˊɟɞɠ Űɞɡɠ 

ɔɞɜŮɑɠ ɛɞɡ, ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŬɜ ɧɚŬ ŰŬ ŮűɧŭɘŬ, ɞɘəɞɜɞɛɘəɎ əŬɘ ɖɗɘəɎ, ɩůŰŮ ɜŬ 

ŬˊɞˊŮɟŬŰɩůɤ ɛŮ ŮˊɘŰɡɢɑŬ Űɘɠ ůˊɞɡŭɏɠ ɛɞɡ. ȽŭɘŬɑŰŮɟŬ ɖ ɛɖŰɏɟŬ ɛɞɡ ŬˊɞŰŮɚŮɑ Űɞɜ 

Ɏɜɗɟɤˊɞ ˊɞɡ ɛŮ ůŰɐɟɘɝŮ ůŮ ɧɚŮɠ Űɘɠ űɎůŮɘɠ Űɖɠ ɕɤɐɠ ɛɞɡ, ˊɟɘɜ əŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ. 
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ɄȺɅȽȿȼɊȼ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɛŮɚŮŰɩɜŰŬɘ ŰŬ űɡůɘəɎ, ɘůŰɞɚɞɔɘəɎ əŬɘ ɢɖɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬůɓɏůŰɖ əŬɘ Űɤɜ Ŭɟɢɘəɩɜ ɡɚɩɜ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊɟɞɐɚɗŮ.  

ȼ ůŰɟŬŰɖɔɘəɐ ˊɟɞůɏɔɔɘůɖ əɘ Ůˊɑɚɡůɖ ůŰɖ ůɡɜɏɢŮɘŬ Űɞɡ ɗɏɛŬŰɞɠ ɓŬůɑůŰɖəŮ: 

(1) ɆŰɖ ůɡɚɚɞɔɐ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ 

ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ůŰŬ ɓŬůɘəɎ ŭɞɛɘəɎ Űɞɡɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ. Ʉɟɞɠ ŰɞɨŰɞ ɛŮɚŮŰɐɗɖəŬɜ 11 ŭŮɑɔɛŬŰŬ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, 7 

ŬůɓŮůŰɞɚɑɗɤɜ əŬɘ 4 ɛŬɟɛɎɟɤɜ. ɇŬ ŭŮɑɔɛŬŰŬ ůɡɚɚɏɢɗɖəŬɜ Ŭˊɧ ɚŬŰɞɛŮɑŬ Űɞɡ 

Ⱥɚɚɖɜɘəɞɨ ɢɩɟɞɡ ˊɞɡ əŬɚɨˊŰɞɡɜ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŮˊɘəɟɎŰŮɘŬɠ.  (2) ɆŰɞ 

ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŬɡŰɩɜ ɛŮ ɧɚŮɠ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ. (3) ɆŰɖɜ 

ɏɣɖůɖ ůŮ ŮˊɘɚŮɔɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ůɡɜɗɐəŮɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŬɡŰɩɜ. (4) ɆŰɞ 

ɢŬɟŬəŰɖɟɘůɛɧ ɛŮ ŭɘŬůŰŬɨɟɤůɖ ˊɞɚɚɩɜ ŰŮɢɜɘəɩɜ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŬůɓɏůŰɖ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ ůŰɘɠ ŭɘɎűɞɟŮɠ ůɡɜɗɐəŮɠ ɏɣɖůɖɠ. (5) ɆŰɖ ůɡɔəɟɘŰɘəɐ ɛŮɚɏŰɖ Űɤɜ 

ŬůɓŮůŰɩɜ ɛŮ ɓŬůɘəɧ əɟɘŰɐɟɘɞ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡɠ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ 

ŬɜŬˊŰɨɢɗɖəŮ ŭɘɎŰŬɝɖ ɗŮɟɛɘŭɞɛɏŰɟɞɡ ˊɞɡ ɓŬůɑůŰɖəŮ ůŰɞ ŮɡɟɤˊŬɥəɧ ˊɟɧŰɡˊɞ 

ɛŮɗɧŭɤɜ ŮɝɏŰŬůɖɠ Űɞɡ ŭɞɛɘəɞɨ ŬůɓɏůŰɖ ȺɁ ï 459:2:2010. (6) ɆŰɖ ůɡɔəɟɘŰɘəɐ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŰŬ ůŰɎŭɘŬ (2) ɏɤɠ (5).  

ũɘŬ Űɖ ɛŮɚɏŰɖ əŬɘ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

(ŬůɓŮůŰɧɚɘɗɞɘ, ɛɎɟɛŬɟŬ) ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ŬəɧɚɞɡɗŮɠ ɛɏɗɞŭɞɘ: əɞəəɞɛŮŰɟɘəɐ 

ŬɜɎɚɡůɖ ɛŮ əɧůəɘɜŬ, ɢɖɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖ ɛɏɗɞŭɞ ICP əŬɘ əɚŬůůɘəɏɠ ɡɔɟɏɠ 

ɛŮɗɧŭɞɡɠ, ɞˊŰɘəɐ ɛɘəɟɞůəɞˊɑŬ, ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬ ŬəŰɑɜɤɜ-ɉ, ɖɚŮəŰɟɞɜɘəɐ 

ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ, űŬůɛŬŰɞůəɞˊɑŬ Raman, ɗŮɟɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖ ɛɏɗɞŭɞ TG ï 

DTA, ˊɞɟɞůɘɛŮŰɟɑŬ əŬɘ ˊɟɞůŭɘɞɟɘůɛɧɠ Ůɘŭɘəɞɨ ɓɎɟɞɡɠ. 

ȺɘŭɘəɧŰŮɟŬ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ əɨɟɘɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɘɢɜɞůŰɞɘɢŮɑɤɜ. 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Űɧůɞ ɖ ɛɏɗɞŭɞɠ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ ŬŰɞɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ, 

űɎůɛŬŰɞɠ Ůəˊɞɛˊɐɠ əŬɗɩɠ əŬɘ əɚŬůɘəɏɠ ɡɔɟɞɢɖɛɘəɏɠ  ɛɏɗɞŭɞɘ.  ȼ ɛŮɚɏŰɖ Űɖɠ 

ɛɘəɟɞŭɞɛɐɠ, Űɞɡ Ůɑŭɞɡɠ, Űɖɠ ůɢɏůɖɠ əŬɘ Űɖɠ ɢɖɛɘəɐɠ ůɨůŰŬůɖɠ Űɤɜ ɞɟɡəŰɞɚɞɔɘəɩɜ 

ůɡůŰŬŰɘəɩɜ ɏɔɘɜŮ ůŮ ɚŮˊŰɏɠ ůŰɘɚˊɜɏɠ Űɞɛɏɠ ɛŮ ˊŮŰɟɞɔɟŬűɘəɧ ɛɘəɟɞůəɧˊɘɞ əŬɘ 

ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ. ȷəɞɚɞɨɗɤɠ, Űɞ ɡɚɘəɧ ɛŮɚŮŰɐɗɖəŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

Űɖɠ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬɠ ŬəŰɑɜɤɜ-ɉ ɧˊɞɡ əŬɘ ˊɟɞůŭɘɞɟɑůŰɖəŮ ɞɘ ɞɟɡəŰɞɚɘəɏɠ űɎůŮɘɠ 

Űɧůɞ ůŰɖɜ ˊɟɩŰɖ ɨɚɖ ɧůɞ əŬɘ ůŰɞ ŬŭɘɎɚɡŰɞ ɡˊɧɚŮɘɛɛŬ. ȼ űŬůɛŬŰɞůəɞˊɑŬ Raman, 

ɤɠ ɛɑŬ ɛɖ-əŬŰŬůŰɟŮˊŰɘəɐ ɛɏɗɞŭɞ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ɔɟɐɔɞɟɞ ˊɟɞůŭɘɞɟɘůɛɧ 
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Űɤɜ űɎůŮɤɜ ŬůɓŮůŰɑŰɖ əŬɘ ŭɞɚɞɛɑŰɖ. ɇɞ ŰŮɚŮɡŰŬɑɞ ŭŮɜ ɐŰŬɜ ŭɡɜŬŰɧ ɜŬ ɔɑɜŮɘ ɛŮ Űɖ 

ɢɟɐůɖ Ŭˊɚɞɨ ˊŮŰɟɞɔɟŬűɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ. ȼ ɗŮɟɛɘəɐ ŬɜɎɚɡůɖ ɐɟɗŮ ůŮ ůɡɛűɤɜɑŬ 

ɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ. ɇɏɚɞɠ, ˊɟɞůŭɘɞɟɑůŰɖəŮ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɤɜ 

ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ŬɜɎɟŰɖůɖɠ ŭŮɑɔɛŬŰɞɠ, əŬɘ ůɡɜŭɏɗɖəŮ ɛŮ 

Űɖɜ ˊŬɟɞɡůɑŬ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ əɨɟɘɤɜ ɞɟɡəŰɩɜ, ŬůɓŮůŰɑŰɖɠ əŬɘ ŭɞɚɞɛɑŰɖɠ.  

ũɘŬ Űɖ ɛŮɚɏŰɖ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ŬůɓɏůŰɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊɟɞůŭɘɞɟɘůɛɞɑ 

ůŰɞɘɢŮɑɤɜ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ŬŰɞɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɗɩɠ əŬɘ əɚŬůůɘəɏɠ 

ɡɔɟɞɢɖɛɘəɏɠ ɛɏɗɞŭɞɘ, Ⱥˊɘˊɚɏɞɜ ŮűŬɟɛɧůɗɖəŬɜ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬ ŬəŰɑɜɤɜ-ɉ, 

ɖɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ, űŬůɛŬŰɞůəɞˊɑŬ Raman, ɗŮɟɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖ 

ɛɏɗɞŭɞ DTA ï DSC əŬɘ ˊɞɟɞůɘɛŮŰɟɑŬ (ŬɕɩŰɞɡ). 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŬůɓɏůŰɖ ɏɔɘɜŮ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ 

űŬůɛŬŰɞůəɞˊɑŬɠ ŬŰɞɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ, əŬɗɩɠ əŬɘ əɚŬůɘəɏɠ ɡɔɟɞɢɖɛɘəɏɠ ɛɏɗɞŭɞɡɠ 

ɛŮ Ůˊɘŭɑɘɤɝɖ Űɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ əɨɟɘɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɘɢɜɞůŰɞɘɢŮɑɤɜ, əŬɘ Űɞɡ 

ŮɚɏɗŮɟɞɡ CaO. ȼ ɛŮɚɏŰɖ Űɖɠ ɛɘəɟɞŭɞɛɐɠ, Űɞɡ Ůɑŭɞɡɠ, Űɖɠ ůɢɏůɖɠ əŬɘ Űɖɠ 

əŬɗŬɟɧŰɖŰŬɠ Űɞɡ ŬůɓɏůŰɖ ɏɔɘɜŮ ɛŮ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ. 

ȺˊɘˊɟɧůɗŮŰŬ, ɞ ŬůɓɏůŰɖɠ ɛŮɚŮŰɐɗɖəŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬ ŬəŰɑɜɤɜ-ɉ 

ɧˊɞɡ əŬɘ ˊɟɞůŭɘɞɟɑůŰɖəŮ ɖ ˊŬɟɞɡůɑŬ ŬɜɗɟŬəɘəɞɨ ɡɚɘəɞɨ ůŰɖ ɛɎɕŬ Űɞɡ ŬůɓɏůŰɖ. ȼ 

űŬůɛŬŰɞůəɞˊɑŬ Raman, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɣɖɛɏɜɞɡ əŬɘ 

ɎɣɖŰɞɡ ɡɚɘəɞɨ Ŭˊɧ Űɞ ŮɝɤŰŮɟɘəɧ əŬɘ ŮůɤŰŮɟɘəɧ ŰɛɐɛŬ ŬɜŰɑůŰɞɘɢŬ Űɞɡ ŬůɓɏůŰɖ. ɇɞ 

ŰŮɚŮɡŰŬɑɞ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ Raman, ɤɠ Űɟɧˊɞɠ 

Ůɚɏɔɢɞɡ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɏɣɖůɖɠ. ȼ ɗŮɟɛɘəɐ ŬɜɎɚɡůɖ ɏŭŮɘɝŮ Űɘɠ ŭɞɛɘəɏɠ ɛŮŰŬŰɟɞˊɏɠ 

ˊɞɡ ɡˊɧəŮɘŰŬɘ Űɞ ɡɚɘəɧ ɛŮ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. ȺɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɧŰɘ ɧůɞ 

ŬɡɝɎɜŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ ŬˊɩɚŮɘŬ ɛɎɕŬɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ əŬɗɩɠ ŭɘŬűŮɨɔɞɡɜ 

ˊŰɖŰɘəɎ ůɡůŰŬŰɘəɎ ɛŮ Ŭɨɝɖůɖ Űɖɠ. ȼ ɛɏɗɞŭɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ ˊɞɟɩŭɞɡɠ ɛŮ Űɖɜ 

ˊɞɟɞůɘɛŮŰɟɑŬ ŬɕɩŰɞɡ ɏŭɤůŮ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɟɩŭɞɡɠ əŬɘ Ůɘŭɘəɐɠ 

ŮˊɘűɎɜŮɘŬɠ.  

 ȼ ŭɟŬůŰɘəɧŰɖŰŬ ˊɞɡ ŬˊɞŰŮɚŮɑ əŬɘ Űɖ ɓŬůɘəɐ ˊŬɟɎɛŮŰɟɞ Űɖɠ ŮɟɔŬůɑŬɠ, ɤɠ 

ɛɏŰɟɞ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ŬůɓɏůŰɖ ɛŮɚŮŰɐɗɖəŮ ŮűŬɟɛɧɕɞɜŰŬɠ ŰɟŮɘɠ ɛŮɗɞŭɞɚɞɔɑŮɠ, ˊɞɡ 

ɛŮ ɚŮˊŰɞɛɏɟŮɘŮɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ ɞɘəŮɑɞ əŮűɎɚŬɘɞ.  

ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ɛŮɗɧŭɤɜ, əŬɗɞɟɑůŰɖəŮ ŬɟɢɘəɎ 

ɧŰɘ ɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ůɓɖůɛɏɜɞɡ ŬůɓɏůŰɖ ŮɑɜŬɘ Űɞ əɨɟɘɞ ɛɏŰɟɞ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ 

Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ Ůɜɧɠ ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ. ɇŬ ˊŮɟɘůůɧŰŮɟɞ ŭɟŬůŰɘəɎ 
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ŭŮɑɔɛŬŰŬ ɐŰŬɜ ŬɡŰɎ ˊɞɡ ˊŮɟɘŮɑɢŬɜ ˊŮɟɘůůɧŰŮɟɞ ŬůɓɏůŰɘɞ. ȺˊɘˊɟɧůɗŮŰŬ, ɖ ˊŬɟɞɡůɑŬ 

Űɞɡ ɛŬɔɜɖůɑɞɡ ůəɚɖɟŬɑɜŮɘ Űɞ ŭŮɑɔɛŬ, ɚɧɔɤ Űɖɠ ˊɟɩɥɛɖɠ ŭɘɎůˊŬůɖɠ Űɞɡ MgCO3. 

ȷɡŰɧ ɞŭɖɔŮɑ ůŰɖɜ ŬŭɟŬɜɞˊɞɑɖůɖ ɚɧɔɤ ɡˊŮɟɏɣɖůɖɠ Űɞɡ MgO ˊɞɡ ɝŮəɘɜɎ Ŭˊɧ Űɞɡɠ 

900 
o
C əŬɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ, ɧɜŰŬɠ ŬɜŮɜŮɟɔɧ, ůŰɞɡɠ 1200 

o
C. Ⱥˊɑůɖɠ ɞ Űɟɧˊɞɠ 

ŮɜɡŭɎŰɤůɖɠ Űɞɡ ŬůɓɏůŰɖ ɔɑɜŮŰŬɘ ůŮ 5 ůŰɎŭɘŬ. ȷˊɧ ŬɡŰɎ, Űɞ ůŰɎŭɘɞ Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɧɜɞ ůŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŮɑɜŬɘ ˊɚɞɨůɘŬ ůŮ Mg ŮɝŬɘŰɑŬɠ Űɖɠ 

əŬɗɡůŰŮɟɖɛɏɜɖɠ ŮɜɡŭɎŰɤůɖɠ Űɞɡ MgO ůŮ ůɢɏůɖ ɛŮ Űɞ CaO.  

O ɟɧɚɞɠ Űɞɡ ɜŮɟɞɨ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŮɜɡŭɎŰɤůɖɠ Űɞɡ ŬůɓɏůŰɖ ɏŭŮɘɝŮ ɧŰɘ 

ŭŮɜ ɡˊɎɟɢŮɘ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ɐ Űɞɡ ɟɡɗɛɞɨ ŮɜɡŭɎŰɤůɖɠ Űɞɡ 

ŬůɓɏůŰɖ, əŬɘ Űɤɜ ŬɜɘɧɜŰɤɜ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ˊɟɞůŰɘɗɏɛŮɜɞ ɜŮɟɧ. ȼ ŮˊɑŭɟŬůɖ Űɤɜ 

ɘɧɜŰɤɜ ɢɚɤɟɑɞɡ ůŰɞ ɟɡɗɛɧ ŭɟŬůŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ˊɎɜŰŬ ɗŮŰɘəɐ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖ 

ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ ŬůɓɏůŰɖ. ȷɡŰɧ ŮɑɜŬɘ ůɨɛűɤɜɞ əŬɘ  ɛŮ ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ. 

ɀɑŬ ůɢŮŰɘəɩɠ ŬɟɜɖŰɘəɐ ůɡůɢɏŰɘůɖ Űɤɜ ɗŮɘɘəɩɜ ɛŮ Űɞ ɟɡɗɛɧ ŭɟŬůŰɘəɧŰɖŰŬɠ ɏŭŮɘɝŮ ɧŰɘ 

ŬɡŰɎ ŮˊɘɓɟŬŭɨɜɞɡɜ Űɖ ŭɘŬŭɘəŬůɑŬ ŮɜɡŭɎŰɤůɖɠ. ɆɡɜɞɚɘəɎ, ůɡɜɑůŰŬŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ 

ŮɜɡŭɎŰɤůɖɠ Űɞɡ ŬůɓɏůŰɖ ɛŮ ɜŮɟɧ ˊɞɘɧŰɖŰŬɠ ŮəŮɑɜɖɠ ˊɞɡ əɡɛŬɑɜŮŰŬɘ ůŰŬ ɧɟɘŬ 

ŬɚŬŰɧŰɖŰŬɠ 2600 ɛS/cm.  

Ƀ əɨɟɘɞɠ ůŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ, ɖ ŬɜɎˊŰɡɝɖ ŭɖɚŬŭɐ Ůɜɧɠ ɛɞɜŰɏɚɞɡ 

əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɔɘŬ ˊŬɟŬɔɤɔɐ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ 

ŭɞɛɘəɞɨ ŬůɓɏůŰɖ, ŮˊŮŰŮɨɢɗɖ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ˊɞɚɡˊŬɟŬɔɞɜŰɘəɞɨ, ŰŮůůŬɎɟɤɜ 

ˊŮŭɑɤɜ, ɛɞɜŰɏɚɞɡ. ɇŬ ˊŮŭɑŬ ŬɡŰɎ ɞɜɞɛɎůŰɖəŬɜ ɤɠ çəŬŰɎɚɚɖɚɞè, çŬəŬŰɎɚɚɖɚɞè, 

çɛŮɟɘəɩɠ əŬŰɎɚɚɖɚɞè əŬɘ çɛŮɟɘəɩɠ ŬəŬŰɎɚɚɖɚɞè. ɇɞ ˊŮŭɑɞ çəŬŰɎɚɚɖɚɞè 

ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ůɡɜŭɡɎɕɞɡɜ Űɘɠ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɛŬɔɜɖůɑɞɡ 

əŬɘ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ŭɟŬůŰɘəɧŰɖŰŬɠ. ɇɞ ˊŮŭɑɞ çŬəŬŰɎɚɚɖɚɞè ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ 

ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ůɡɜŭɡɎɕɞɡɜ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɛŬɔɜɖůɑɞɡ əŬɘ Űɘɠ ɢŬɛɖɚɧŰŮɟŮɠ 

Űɘɛɏɠ ŭɟŬůŰɘəɧŰɖŰŬɠ.  

ɇŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŮɑɜŬɘ ˊɚɞɨůɘŬ ůŮ ŬůɓɏůŰɘɞ ɏɢɞɡɜ ɡɣɖɚɧŰŮɟɖ ŭɟŬůŰɘəɧŰɖŰŬ 

ůŮ ůɢɏůɖ ɛŮ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŮɑɜŬɘ ˊɚɞɨůɘŬ ůŮ ɛŬɔɜɐůɘɞ, ɔɘŬ Űɖɜ ɑŭɘŬ ɗŮɟɛɞəɟŬůɑŬ 

ɏɣɖůɖɠ. Ƀɘ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 

1050 
0
C, ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ əŬɘ ɤɠ ɓɏɚŰɘůɖ ɗŮɟɛɞəɟŬůɑŬ ɏɣɖůɖɠ  ɆŮ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ŭɘŬˊɘůŰɩɗɖəŮ ɖ ˊŬɟɞɡůɑŬ ɎɣɖŰɞɡ ɡɚɘəɞɨ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɏɣɖůɖ ɜŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŬŰŮɚɐɠ. H ŭɟŬůŰɘəɧŰɖŰŬ ŮɚɏɔɢŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ Ŭˊɧ 

ˊŬɟɎɔɞɜŰŮɠ əɘɜɖŰɘəɐɠ əŬɘ ɛɖɢŬɜɘəɐɠ əŬɘ ůŮ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɖɜ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ 

Űɖ ůɨůŰŬůɖ. 
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ȼ ŬɜɎˊŰɡɝɖ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɡŰɞɨ ŭɘŮɡəɞɚɨɜŮɘ Űɞ ŮɟɔɞůŰɎůɘɞ ŬůɓɏůŰɖ əŬɗɩɠ 

ɏɜŬ ɎɔɜɤůŰɞ ŬɜɗɟŬəɘəɧ ˊɏŰɟɤɛŬ, ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ŮˊŬɟəɩɠ ɤɠ əŬŰɎɚɚɖɚɞ ɐ 

ɧɢɘ, ɔɘŬ ˊŬɟŬɔɤɔɐ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ŬůɓɏůŰɖ, ɛŮ ŭŮŭɞɛɏɜŬ Ŭˊɧ ˊŮŰɟɞɔɟŬűɘəɧ 

ɛɘəɟɞůəɧˊɘɞ, ɢɖɛɘəɐɠ əŬɘ ɞɟɡəŰɞɚɞɔɘəɐɠ ŬɜɎɚɡůɖɠ. 
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ABSTRACT

In the present thesis we studied the physical, chemical and histological 

characteristics of carbonate rocks and the resulted lime. We studied 11 samples of 

carbonate rocks, 7 limestones and 4 marbles. The studied samples were collected from 

quarries that cover much of Greece. 

The methodological approach of the Thesis topic based upon the: (1) 

Collection of representative carbonate rocks with different textural characteristics. (2) 

Characterizing the raw materials applying the available methods. (3) Calcination at 

selected temperatures and conditions. (4) Characterizing the produced lime using 

disciplinary analytical techniques at different calcination conditions. (5) Comparative 

study of lime reactivity; due to that we developed a self-constractive calorimeter using 

the EN ȺɁ ï 459:2:2010. (6) Comparative evaluaton of data (2) ï (5).  

The carbonate rocks (limestones, marbles) were studied using the following 

methods: granulometry analysis, chemical analysis using ICP and conventional wet 

methods, optical microscopy, X-ray diffractometry (XRD), scanning electron 

microscopy, Raman Spectroscopy, thermal analysis using the method of TG - DTA, 

porosimetry and determination of specific gravity. 

In particular quantitative analysis of major and trace elements in the carbonate 

rocks was carried out using the method of atomic absorption and emission 

spectroscopy along with classical wet methods. The study of the microstructure and 

mineral chemistry was done in thin sections using petrographic microscope and 

scanning electron microscope. Subsequently, the material was studied by means of X-

ray diffractometry. The XRD method was used to determine the mineral phases in the 

raw material and the insoluble residue. Further, Raman Spectroscopy, a non-

destructive method, used for a quick determination of calcite and dolomite; the latter 

was not possible using single optical microscopy. The thermal analysis results was in 

accordance with chemistry data. The porosimetry method,  due to the very small pore 

size of carbonate rocks, did not gave satisfactory results. Determination of the specific 

weight of the carbonate rocks was linked with the presence of calcite and dolomite. 

The produced lime was studied using the the following methods: chemical 

analysis using ICP and conventional wet methods, X-ray diffractometry, scanning 
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electron microscopy, Raman Spectroscopy, thermal analysis method using DTA - 

DSC and porosimetry (nitrogen absorption). 

In particular quantitative analysis of major and trace elements and free CaO in 

the lime was carried out using the method of atomic absorption and emission 

spectroscopy along with classical wet methods. Microstructural relationships and 

purity of lime was done by scanning electron microscopy. Furthermore, XRD methos 

was applied to verify the quality of carbonation. Raman Spectroscopy, used for 

determination of burned and unburned material located at the outer and inner portion 

of lime, respectively. The latter is an important advantage of Raman Spectroscopy, as 

a fast and accurate control of the carbonation quality. The thermal analysis revealed 

the structural modifications subjected the lime with increasing temperature. 

Porosimetry, by mean of nitrogen absorption gave gave excellent results of porosity 

and specific surface area. 

The reactivity, as a measure of quality of lime, was studied by applying three 

methodologies. The first methodology following the standard EN459-2: 2001 requires 

the determination of the maximum temperature in the water-lime system. Then the 

reactivity is equal to the temperature that is given by 80% Å Tmaximum +20% Å Tinitial. 

The second methodology requires the reactivity calculation as the difference of the 

maximum water temperature from the value of the initial one. The third methodology 

calculated based on the RDIN parameter. Accordingly, the reactivity is distinguished 

in three groups: RDIN> 30 very active lime, 10 <RDIN <30 active lime and RDIN 

<10 inactive lime. 

From the results of the above methods, it was initially determined that the 

reactivity of quicklime constitute the main measure of the suitability of a carbonate 

rock. The most active samples, were those containing higher calcium contents. 

Additionally, the presence of magnesium hardens the sample, due to the early breakup 

of MgCO3. This leads to inactivation of MgO starting at 900 
0
C and ending up at 1200 

0
C, as inactive quicklime. Further, hydration process of lime is characterized by 5 

stages. An exception occur in the Mg-rich samples, inshich observed the acceleration 

stage due to delayed hydration of MgO relative to CaO. 

Herein, a systematic study, weighed the role of the natural waters on the 

reactivity and slaking rate on laboratory-produced lime. The role of water, during the 
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hydration of lime, showed no relationship between the reactivity or the hydration rate 

of the lime, and the anions contained in the added water. Comparing the 

physicochemical properties of limestone products with the natural waters chemistry 

(for the range of light brackish region <2600 ɛS/cm), only the chloride concentrations 

influence considerably the quicklime hydration reaction. This is consistent with 

literature data. A relatively negative correlation of sulfates with the reactivity rate 

showed a trend of retardancy during the hydration process. Overall, the process 

consists of lime hydration water quality that the range limits salinity 2600 mS / cm. 

The main objective of the present thesis, was to develop a suitability model for 

carbonate rocks aim to predict the production of good ñbuilding limeò quality. This 

was achieved by creating a multi-functional, four-fields model. These fields denoted 

as "appropriate", "inappropriate", "partially appropriate" and "partially inappropriate". 

The scope of "appropriate" is represented by the samples that combine lower 

magnesium and higher reactivity values. The field "inappropriate" is represented by 

the samples that combine higher magnesium and lower reaactivity values. 

The Ca-rich samples exhibit higher reactivity values compared to the Mg-rich 

ones, for the same calcination temperature. The highest reactivity values observed at 

1050 
0
C, due to that represent the optimum calcination temperature. At low 

temperatures, un-burned material signifies that the calcination process was 

incomplete.  Factors other than the surface area and composition are crucial for the 

tuning of reactivity in quicklime, for example kinetics and mechanistic aspects. 

The development of this model facilitates the lime factory to characterize an 

unknown carbonate rock in order to efficiently produce good quality lime. The 

necessary data include those from petrographic microscope, chemical and 

mineralogical analyses. 
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Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŬɜŬɚɨŮŰŬɘ ŮəŰŮɜɩɠ ɞ ŬůɓŮůŰɧɚɘɗɞɠ Űɧůɞ ɤɠ ɘɕɖɛŬŰɞɔŮɜɏɠ 

ɧůɞ əŬɘ ɤɠ ɛŮŰŬɛɞɟűɤɛɏɜɞ ˊɏŰɟɤɛŬ (ɛɎɟɛŬɟɞ), ɤɠ ˊɟɩŰɖ ɨɚɖ ůŰɖɜ 

ŬůɓŮůŰɞɓɘɞɛɖɢŬɜɑŬ. Ɇəɞˊɧɠ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ Ůˊɑůɖɠ ŮɑɜŬɘ ɖ ŮɘůŬɔɤɔɐ 

ůŰɖɜ ɏɜɜɞɘŬ Űɖɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ, ůɡůɢŮŰɑɕɞɜŰŬɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊɟɩŰɖɠ ɨɚɖɠ ɛŮ Űɞɜ 

ˊŬɟŬɔɧɛŮɜɞ ŬůɓɏůŰɖ.  

1.1 ȷɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ - ɈɚɘəɎ ˊŬɟŬɔɤɔɐɠ ŬůɓɏůŰɖ 

 

ɇŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ, ŭɞɚɞɛɑŰŮɠ əŬɘ 

ŰŬ ɛɎɟɛŬɟŬ (ȹɞɨŰůɞɠ 2000, ȾŬɜŰɖɟɎɜɖɠ 2000Ŭ). ɇŬ ˊŮŰɟɩɛŬŰŬ ŬɡŰɎ ˊŬɟɞɡůɘɎɕɞɡɜ 

Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŮűŬɟɛɞɔɏɠ Ŭˊɧ ɧɚŬ ŰŬ ɡˊɧɚɞɘˊŬ ɓɘɞɛɖɢŬɜɘəɎ ɞɟɡəŰɎ əŬɘ 

ˊŮŰɟɩɛŬŰŬ. ȷˊɞŰŮɚɞɨɜ ˊɟɩŰɖ ɨɚɖ ɔɘŬ ŭɞɛɘəɎ ɡɚɘəɎ, ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŰůɘɛɏɜŰɞɡ 

əŬɘ ůɘɚɚɘˊŬůɛɎŰɤɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ˊɚɖɟɤŰɘəɎ, ŬŭɟŬɜɐ ɡɚɘəɎ, ɔŮɤɟɔɘəɎ 

ɚɘˊɎůɛŬŰŬ ə.Ŭ. (Wenderhorst 1981, Spiropoulos 1985).  

Ƀ ŬůɓɏůŰɖɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ (ˊɨɟɤůɖ) ɡɚɘəɩɜ ˊɞɡ 

əŬŰŮɝɞɢɐɜ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ (CaCO3) əɘ Ŭəɞɚɞɨɗɤɠ Ŭˊɧ Űɖɜ 

ŮɜɡŭɎŰɤůɖ Űɤɜ ˊɟɞɥɧɜŰɤɜ ŬůɓŮůŰɞˊɞɑɖůɖɠ  (Boynton 1966, Eckel 1928, Holmes and 

Wingate 1997). ɇɞ ˊɘɞ ůɨɜɖɗŮɠ ŬɜɗɟŬəɘəɧ ˊɏŰɟɤɛŬ ŮɑɜŬɘ ɞ ŬůɓŮůŰɧɚɘɗɞɠ. ȷˊŬɜŰɎ ůŮ 

ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ ůŰɖ űɨůɖ. ɀŮɟɘəɞɑ Ŭˊɧ Űɞɡɠ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞɡɠ Űɨˊɞɡɠ ŬɜɗɟŬəɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ ŮɑɜŬɘ Űɞ ɛɎɟɛŬɟɞ, ɞ ŰɟŬɓŮɟŰɑɜɖɠ, ɖ əɘɛɤɚɑŬ, ɖ ɛɎɟɔŬ ə.Ŭ. (Boynton 

1966, Davey 1961, Eckel 1928). Ƀ əɨəɚɞɠ Űɤɜ ŮˊɘűŮɟɞɨɛŮɜɤɜ ŬɚɚŬɔɩɜ ůŮ ɏɜŬ ɡɚɘəɧ 

ˊɞɡ ŮɑɜŬɘ ˊɚɞɨůɘɞ ůŮ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ, Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɏɣɖůɐ ɛɏɢɟɘ Űɖɜ 

ŮɜɡŭɎŰɤůɖ əŬɘ Űɖ ůəɚɐɟɡɜůɖ Űɞɡ ŭɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 1.1.  

ɇɞ ɛɎɟɛŬɟɞ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ ˊɡəɜɐ ɛɞɟűɐ Űɞɡ ɡɚɘəɞɨ ŬɡŰɞɨ əŬɘ 

ůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓɎɗɞɠ ůŰɞ ɡɚɘəɧ Űɖɠ ɔɖɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ 

ɛŮŰŬɛɧɟűɤůɖɠ (Boynton 1966, Holmes and Wingate 1997). ȺɛűŬɜɑɕɞɜŰŬɘ ˊɞɚɚɞɑ 

ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ ɛŬɟɛɎɟɤɜ, ɛŮ ŭɘŬűɞɟŮŰɘəɎ ɢɟɩɛŬŰŬ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ˊɟɞůɛɑɝŮɘɠ, 

əŬɗŬɟɧŰɖŰŬ, ůɨůŰŬůɖ, ŭɞɛɐ (Boynton 1966, Holmes and Wingate 1997). Ƀ 

ŰɟŬɓŮɟŰɑɜɖɠ ŬˊɞŰŮɚŮɑ Ůˊɑůɖɠ ɛɑŬ ůɡɛˊŬɔɐ ɛɞɟűɐ ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ əŬɘ 

ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɢɖɛɘəɐ ŮɜŬˊɧɗŮůɖ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ ůŮ ˊŮɟɘɞɢɏɠ ɗŮɟɛɩɜ 

ˊɖɔɩɜ (ˊ.ɢ. Pamukkale ůŰɖɜ ˊŮɟɘɞɢɐ ɁŰŮɜɘɕɚɑ, ɜɞŰɘɞŭɡŰɘəɐ ɇɞɡɟəɑŬ)(Boynton 1966, 

Holmes and Wingate 1997). ȼ əɘɛɤɚɑŬ ůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ˊŮɟɘɓɎɚɚɞɜ ɟɖɢɩɜ ɜŮɟɩɜ, 

ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɚɑɛɜŮɠ, əŬɘ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɏɢŮɘ ɗɟŬɨůɛŬŰŬ əŮɚɡűɩɜ, ɐ ŬůɓŮůŰɞɨɢŮɠ 

ɎɚɔŮɠ (Holmes and Wingate 1997). ȷˊɞŰŮɚŮɑ ɏɜŬ ɚŮˊŰɧəɞəəɞ, ŮɨɗɟɡˊŰɞ əŬɘ 

Ɇ 
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ɘŭɘŬɘŰɏɟɤɠ ɛŬɚŬəɧ ˊɏŰɟɤɛŬ (Boynton 1966). ȼ ɛɎɟɔŬ ŮɑɜŬɘ ɏɜŬ ŬɜɗɟŬəɞɨɢɞ 

ˊɏŰɟɤɛŬ ˊɞɡ ˊŮɟɘɏɢŮɘ ɛŮɔɎɚŬ ˊɞůɞůŰɎ Ŭɟɔɘɚɘəɩɜ ɞɟɡəŰɩɜ əŬɘ Ɏɛɛɞɡ (Boynton 

1966).  

 

ɆɢɐɛŬ 1.1. Ƀ əɨəɚɞɠ Űɤɜ ŬɚɚŬɔɩɜ əŬŰɎ Űɞ ɣɐůɘɛɞ, ŮɜɡŭɎŰɤůɖ əŬɘ ůəɚɐɟɡɜůɖ Űɞɡ ŬɜɗɟŬəɘəɞɨ 

ɡɚɘəɞɨ. 

1.2 ȷůɓŮůŰɧɚɘɗɞɠ 

1.2.1 ɃɟɡəŰɞɚɞɔɑŬ ŬůɓŮůŰɧɚɘɗɤɜ 

Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŬůɓŮůŰɑŰɖ (CaCO3) əŬɘ ɛŬɔɜɖůɑŰɖ 

(MgCO3) (Boynton 1966, Holmes and Wingate 1997). ȺɛűŬɜɑɕɞɜŰŬɘ ɛŮ ŰɏůůŮɟɘɠ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ɞɟɡəŰɞɚɞɔɘəɞɨɠ Űɨˊɞɡɠ ˊɞɡ ŮɑɜŬɘ ɞ ŬůɓŮůŰɑŰɖɠ, ɞ ŬɟŬɔɤɜɑŰɖɠ 

(CaCɃ3), ɞ ɛŬɔɜɖůɑŰɖɠ əŬɘ ɞ ŭɞɚɞɛɑŰɖɠ (CaMg(CO
3
)
2
. Ƀ ŬɟŬɔɤɜɑŰɖɠ ůɡɜŬɜŰɎŰŬɘ 

ůɡɢɜɎ ůŰɞɡɠ ˊɟɧůűŬŰɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ (ɤɞɚɘɗɘəɞɑ əŬɘ əɞɟŬɚɚɘɞɔŮɜŮɑɠ 

ŬůɓŮůŰɧɚɘɗɞɘ, ˊɞɡ ůɢɖɛŬŰɑůɗɖəŬɜ Ŭˊɧ Űɖɜ ŭɟɎůɖ ɗŮɟɛɩɜ ˊɖɔɩɜ, ə.Ŭ.), ŬɚɚɎ əŬɗɩɠ 

ŮɑɜŬɘ ɛŮŰŬůŰŬɗɐɠ, ɛŮŰŬŰɟɏˊŮŰŬɘ ůɡɜɐɗɤɠ ůŮ ŬůɓŮůŰɑŰɖ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ 

ɔŮɤɚɞɔɘəɞɨ ɢɟɧɜɞɡ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɞ ŬɟŬɔɤɜɑŰɖɠ ŮɑɜŬɘ ůˊɎɜɘɞɠ ůŰɞɡɠ 

ŬůɓŮůŰɧɚɘɗɞɡɠ ɛŮɔɎɚɖɠ ɖɚɘəɑŬɠ. ɆŮ ɛɘəɟɧŰŮɟŬ ˊɞůɞůŰɎ ůɡɛɛŮŰɏɢɞɡɜ əŬɘ ɎɚɚŬ 

ŬɜɗɟŬəɘəɎ ɞɟɡəŰɎ ɧˊɤɠ: ůɘŭɖɟɑŰɖɠ FeCO3, ɛŬɔɜɖůɑŰɖɠ MgCO3, əŬɘ ŬɜəŮɟɑŰɖɠ 

Ca2MgFe(CO3)4. Ƀ ŭɞɚɞɛɑŰɖɠ ˊɞɡ ŬɜɐəŮɘ ůŰŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ, ŬˊɞŰŮɚŮɑŰŬɘ 

əɡɟɑɤɠ Ŭˊɧ ŬůɓŮůŰɑŰɖ (CaCO3) əŬɘ ŭɞɚɞɛɑŰɖ (CaCO3MgCO3).  
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ȺɑɜŬɘ ɘŭɘŬɑŰŮɟɤɠ ŭɨůəɞɚɞ ɜŬ ɓɟŮɗŮɑ ɞ ŬůɓŮůŰɧɚɘɗɞɠ ůŰɖɜ ŬˊɧɚɡŰŬ əŬɗŬɟɐ 

ɛɞɟűɐ Űɞɡ ŬˊɞŰŮɚɞɨɛŮɜɞɠ ɛɧɜɞ Ŭˊɧ ŬůɓŮůŰɑŰɖ. Ɇɡɜɐɗɤɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ŭɘɎűɞɟŬ 

ˊɞůɞůŰɎ, çŬəŬɗŬɟůɑŮɠè ɧˊɤɠ ŮɑɜŬɘ: SiO2, Al2O3, Fe2O3, ɗŮɑɞ, űɤůűɞɟɘəɎ əŬ 

(Boynton 1966, Davey 1961, Eckel 1928).  Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

Ůˊɘŭɟɞɨɜ əɘ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ŬůɓɏůŰɖ 

ŮɑɜŬɘ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ əɟɡůŰŬɚɚɘəɏɠ ɛɞɟűɏɠ əŬɘ ɖ ůɨůŰŬůɖ Űɞɡ Ŭɟɢɘəɞɨ ŬɜɗɟŬəɞɨɢɞɡ 

ɡɚɘəɞɨ (Boynton 1966, Holmes and Wingate 1997).  

Ƀɘ ɧɟɞɘ ŬůɓŮůŰɧɚɘɗɞɠ, ŭɞɚɞɛɑŰɖɠ əŬɘ ŭɞɚɞɛɘŰɘəɧɠ ŬůɓŮůŰɧɚɘɗɞɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůˊɎɜɘŬ ůŰɞ Ůɛˊɧɟɘɞ, ɔɘŬŰɑ ůŮ ˊɞɚɚɏɠ ɢɟɐůŮɘɠ ɖ ŭɘɎəɟɘůɖ ɛŮ ɓɎůɖ 

Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ. Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůŰɞ 

Ůɛˊɧɟɘɞ, əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ŰɞˊɞɗŮůɑŬ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɜ ɡűɐ Űɞɡɠ (ˊ.ɢ. Indiana 

Oolithic Limestone). 

Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ, ɛŮ ɓɎůɖ Űɖɜ ɞɟɡəŰɞɚɞɔɘəɐ Űɞɡɠ ůɨůŰŬůɐ, ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ 

ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ: (Ŭ) ɡɣɖɚɞɑ ůŮ ŬůɓɏůŰɘɞ ŬůɓŮůŰɧɚɘɗɞɘ, ɛŮ ˊɞůɞůŰɧ 

CaCO3 ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 95 ɏɤɠ 100%, (ɓ) ɛŬɔɜɖůɘɞɨɢɞɘ ŬůɓŮůŰɧɚɘɗɞɘ ɛŮ ˊɞůɞůŰɧ 

MgCO3 ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 5 ɏɤɠ 35% əŬɘ (ɔ) ŭɞɚɞɛɘŰɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ ɛŮ ˊɞůɞůŰɧ 

MgCO3 ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 35 ɏɤɠ 46%. ɆŰɖɜ ɨˊŬɘɗɟɞ ˊɞɚɚɏɠ űɞɟɏɠ ɝŮɢɤɟɑɕɞɡɜ 

ŭɨůəɞɚŬ ŰŬ ŬɜɗɟŬəɘəɎ ɞɟɡəŰɎ ɛŮŰŬɝɨ Űɞɡɠ ɔɘŬŰɑ ɏɢɞɡɜ ˊŬɟɧɛɞɘŮɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ. 

Ƀ ɓŬɗɛɧɠ ŭɘŬɚɡŰɧŰɖŰŬɠ ůŰɞ ŬɟŬɘɧ ɡŭɟɞɢɚɤɟɘəɧ ɞɝɨ ŮɑɜŬɘ ɖ ˊɘɞ ɢɟɐůɘɛɖ ɛɏɗɞŭɞɠ 

ŬɜŬɔɜɩɟɘůɐɠ Űɞɡɠ. Ƀ ŬůɓŮůŰɑŰɖɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ˊɘɞ ŭɘŬɚɡŰɧɠ ůŰɞ ɡŭɟɞɢɚɤɟɘəɧ ɞɝɨ 

Ŭˊȭ ɧŰɘ ɞ ŭɞɚɞɛɑŰɖɠ. ȺɎɜ ˊɟɞůɓɚɖɗŮɑ ɛɘŬ ɜɤˊɐ ŮˊɘűɎɜŮɘŬ ˊŮŰɟɩɛŬŰɞɠ ɛŮ ŬɟŬɘɧ 

ɣɡɢɟɧ ɞɝɨ, Űɞ ˊɞůɞůŰɧ Űɞɡ ŭɞɚɞɛɑŰɖ ˊɞɡ ŬˊɞɛɏɜŮɘ ůŬɜ ŬɜɎɔɚɡűɞ ɛˊɞɟŮɑ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɛŮɔŮɗɡɜŰɘəɞɨ űŬəɞɨ Ŭˊɧ ɏɜŬɜ ɏɛˊŮɘɟɞ ɛŮɚŮŰɖŰɐ. 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŬɜɗɟŬəɘəɩɜ ɞɟɡəŰɩɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ XRD əŬɗɩɠ əŬɘ ɖ ɛŮɚɏŰɖ ɚŮˊŰɩɜ Űɞɛɩɜ. ȷɜ əŬɘ ɖ 

ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ ŬůɓŮůŰɑŰɖ, ŭɞɚɞɛɑŰɖ, əŬɘ ŬɜəŮɟɑŰɖ ůŮ ɚŮˊŰɏɠ Űɞɛɏɠ ŮɑɜŬɘ ŭɨůəɞɚɖ 

ɢɤɟɑɠ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ɢɟɩůɖɠ, ɖ ŬɜŬɔɜɩɟɘůɖ Ɏɚɚɤɜ ɞɟɡəŰɩɜ, ɖ ɛŮɚɏŰɖ Űɖɠ ɡűɐɠ 

əŬɘ Űɖɠ ŭɞɛɐɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ˊŬɟɏɢŮɘ ůɡɢɜɎ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ. 

ɇɞ ɢɟɩɛŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɞŭɖɔɧ ɧůɞɜ ŬűɞɟɎ Űɖɜ əŬɗŬɟɧŰɖŰŬ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ, Ŭɜ əŬɘ ɛɘəɟɐ ɛɞɜɎɢŬ ˊɞůɧŰɖŰŬ ɛɖ ŬɜɗɟŬəɘəɞɨ ɡɚɘəɞɨ ŮɑɜŬɘ ůɡɢɜɎ 

ŬɟəŮŰɐ ɜŬ ˊɟɞəŬɚɏůŮɘ ůɖɛŬɜŰɘəɐ Ŭɚɚɞɑɤůɖ Űɞɡ ɢɟɩɛŬŰɞɠ. Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ 

ŬůɓŮůŰɧɚɘɗɞɘ ɡɣɖɚɐɠ əŬɗŬɟɧŰɖŰŬɠ ɏɢɞɡɜ ɢɟɩɛŬ ŬɜɞɘɢŰɧ əŬůŰŬɜɧ, ɔəɟɘ ɤɠ ɚŮɡəɧ. ȼ 

ˊɟɎůɘɜɖ ɏɤɠ ɔəɟɘ Ŭˊɧɢɟɤůɖ ůŰɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ŮɑɜŬɘ ŮɜŭŮɘəŰɘəɐ Űɖɠ ˊŬɟɞɡůɑŬɠ 
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ɞɝŮɘŭɑɤɜ Űɞɡ ůɘŭɐɟɞɡ. ȳŰŬɜ ɞɘ ɞɝŮɘŭɤŰɘəɏɠ ůɡɜɗɐəŮɠ ŮɑɜŬɘ ɏɜŰɞɜŮɠ, ŰŬ ɢɟɩɛŬŰŬ 

ɛŮŰŬɓɎɚɚɞɜŰŬɘ ůŮ əɑŰɟɘɜŬ, əŬůŰŬɜɎ ɐ əɧəəɘɜŬ. 

Ƀɘ ˊɟɞůɛɑɝŮɘɠ ůŰŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ˊɞɘəɑɚɞɡɜ ůɖɛŬɜŰɘəɎ ůŮ Űɨˊɞ əŬɘ 

ˊɞůɞůŰɧ ůɡɛɛŮŰɞɢɐɠ Űɞɡɠ ůŰɞ ˊɏŰɟɤɛŬ. ũŮɜɘəɎ, ŰŬ ŭɨɞ ˊɘɞ ůɖɛŬɜŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ˊɟɞůɛɑɝŮɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜ ˊɟɞůɞɢɐ, ŮɑɜŬɘ ɖ ůɡɢɜɧŰɖŰŬ 

ŮɛűɎɜɘůɖɠ əŬɘ ɖ əŬŰŬɜɞɛɐ Űɞɡɠ ůŰɖ ɛɎɕŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. ȼ ˊŬɟɞɡůɑŬ ˊɟɞůɛɑɝŮɤɜ 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɛɧɜɞ ŮɎɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŮəɛŮŰŬɚɚŮɡůɘɛɧŰɖŰŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. 

ȾɎˊɞɘɞ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ ˊɟɞůɛɑɝŮɤɜ ŮɑɜŬɘ ŬɜŮəŰɧ ůŰŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ɛŮ 

Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɞ ůŰɞ ůɨɜɞɚɞ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. 

ɇŬ ŬɟɔɘɚɘəɎ ɞɟɡəŰɎ, əɡɟɑɤɠ əŬɞɚɘɜɑŰɖɠ, ɘɚɚɑŰɖɠ, ɢɚɤɟɑŰɖɠ əŬɘ ůɛŮəŰɑŰɖɠ 

ŬˊɞŰŮɚɞɨɜ Űɖɜ ˊɚɏɞɜ ůɡɜɐɗɖ ˊɟɧůɛɘɝɖ ůŰŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ. ɆɡɢɜɎ 

ŮɛűŬɜɑɕŮŰŬɘ ůŰɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ əŬɘ ˊɡɟɘŰɘəɧ ɡɚɘəɧ ɛŮ Űɖɜ ɛɞɟűɐ ɢŬɚŬɕɑŬ ɐ Ɏɚɚɤɜ 

ˊɞɚɨɛɞɟűɤɜ Űɞɡ ˊɡɟɘŰɑɞɡ, ŭɘɎůˊŬɟŰɞ ůŰɖ ɛɎɕŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ɐ ůŮ əɞɜŭɨɚɞɡɠ, 

űŬəɞɨɠ əŬɘ ůŰɟɩɛŬŰŬ. 

ȺɘŭɘəɎ ɞ ŬůɓŮůŰɧɚɘɗɞɠ ˊŮɟɘɏɢŮɘ ůŮ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ ɢŬɚŬɕɘŬəɐ ɘɚɨ ɐ Ɏɛɛɞ. 

Ƀɘ əɧəəɞɘ ŬɡŰɞɑ ŭɟɞɡɜ ɤɠ ˊɡɟɐɜŮɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɤɞɚɑɗɤɜ ɐ ˊɘůůɞɚɑɗɤɜ. 

ɃɟɔŬɜɘəɧ ɡɚɘəɧ ɚŮˊŰɞɛŮɟɩɠ ŭɘŬůəɞɟˊɘůɛɏɜɞ ŬˊɞŰŮɚŮɑ ůɡɢɜɎ ůɡůŰŬŰɘəɧ Űɤɜ 

ŬůɓŮůŰɧɚɘɗɤɜ əŬɘ ŭɞɚɞɛɘŰɩɜ əŬɘ ůɡɜɐɗɤɠ ŭɑɜŮɘ ůŰɞ ˊɏŰɟɤɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

əŬůŰŬɜɧ ɐ ɛŬɨɟɞ ɢɟɩɛŬ. 

Ƀɘ ŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮɚɏŰŮɠ ŬˊɞəŬɚɨˊŰɞɡɜ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɖɜ 

ɨˊŬɟɝɖ ɛŮɔɎɚɖɠ ˊɞɘəɘɚɑŬɠ Ɏɚɚɤɜ ɞɟɡəŰɩɜ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ. 

ȷɜ əŬɘ ŬɡŰɎ ŰŬ ɞɟɡəŰɎ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ŮˊɘɓɚŬɓɐ ůŰŬ ˊŮŰɟɩɛŬŰŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɖ ɓɘɞɛɖɢŬɜɑŬ ɔɘŬ Űɘɠ ɢɖɛɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ (ɧˊɤɠ əŬŰŬůəŮɡɐ 

ɔɡŬɚɘɞɨ), ɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɐ ŮˊɑˊŰɤůɖ ɔɘŬ ɢɟɐůŮɘɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɘɠ űɡůɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. 

1.2.2 ɄɟɞɏɚŮɡůɖ ŬůɓŮůŰɧɚɘɗɤɜ 

ɀɑŬ Ɏɚɚɖ ŭɘɎəɟɘůɖ Űɤɜ ŬůɓŮůŰɞɚɑɗɤɜ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊɟɞɏɚŮɡůɐ Űɞɡɠ 

(Wingate 1985). ȹɘŬəɟɑɜɞɜŰŬɘ ůŮ ŬůɓŮůŰɧɚɘɗɞɡɠ (Ŭ) ɓɘɞɔŮɜɞɨɠ əŬɘ (ɓ) ɢɖɛɘəɐɠ 

ɟ́ɞɏɚŮɡůɖɠ. Ƀɘ ɓɘɞɔŮɜŮɑɠ ŬůɓŮůŰɧɚɘɗɞɘ ŬˊŬɜŰɞɨɜ ůŰɖ űɨůɖ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ɞɘ 

ɚɑɛɜŮɠ, ɞɘ ɗɎɚŬůůŮɠ, ɞɘ ɤəŮŬɜɞɑ ůŰɘɠ ɞˊɞɑŮɠ ůɡůůɤɟŮɨɞɜŰŬɘ əŮɚɨűɖ, ˊɚɞɨůɘŬ ůŮ 

ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ, ŬˊɞɗɜɖůəɧɜŰɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ. ɄŬɟɎŭŮɘɔɛŬ ŬůɓŮůŰɞɚɑɗɤɜ 

ɞɟɔŬɜɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ŬˊɞŰŮɚɞɨɜ ɖ əɘɛɤɚɑŬ əŬɘ ɞɘ ŬˊɞɚɘɗɤɛŬŰɞűɧɟɞɘ 
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ŬůɓŮɤůŰɧɚɘɗɞɘ (Wingate 1985). Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ɢɖɛɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ůɢɖɛŬŰɑɕɞɜŰŬɘ 

ŮɝŬɘŰɑŬɠ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ŮɜŬˊɧɗŮůɖɠ ŬůɓŮůŰɑɞɡ ɛŮ ŰŬ ŬɜɗɟŬəɘəɎ ɘɧɜŰŬ.  

 

Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘəɞɜɞɛɘəɧ ŮɜŭɘŬűɏɟɞɜ ŮɑɜŬɘ ůɡɜɐɗɤɠ 

Ů́ŰɟɩɛŬŰŬ ɓɘɞɔŮɜɞɨɠ ˊɟɞɏɚŮɡůɖɠ. ɆŰɖɜ ˊɚŮɘɞɜɧŰɖŰɎ Űɞɡɠ ɞɘ ŬůɓŮůŰɧɚɘɗɞɘ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əŮɚɨűɖ ɐ ɗɟŬɨůɛŬŰŬ əŮɚɡűɩɜ. ȳŰŬɜ ŬɡŰɎ ɓɟŮɗɞɨɜ ůŮ ɡŭɎŰɘɜɞ 

ˊŮɟɘɓɎɚɚɞɜ ɧˊɞɡ ŮˊɘəɟŬŰɞɨɜ Űɡɟɓɩŭɖ ɟŮɨɛŬŰŬ, ɗɟɡɛɛŬŰɑɕɞɜŰŬɘ əŬɘ 

ŬɜŬəŬŰŬɜɏɛɞɜŰŬɘ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɧˊɤɠ ůŰɟɩůɖ əŬɘ 

ŰŬɝɘɜɧɛɖůɖ ɛŮɔɏɗɞɡɠ əɧəəɤɜ, ŬɜɎɚɞɔŬ ɛŮ ŬɡŰɎ Űɤɜ ɣŬɛɛɘŰɩɜ. Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ 

ɞɜɞɛɎɕɞɜŰŬɘ ŬůɓŮůŰŬɟŮɜɑŰŮɠ (calcarenites) ɧˊɞɡ ɞ ɧɟɞɠ ñŬɟŮɜɑŰɖɠò ŬɜŬűɏɟŮŰŬɘ ůŮ 

əɧəəɞɡɠ ɛŮɔɏɗɞɡɠ Ɏɛɛɞɡ. ɆŮ ˊɘɞ ɐɟŮɛŬ ɜŮɟɎ ŰŬ ŬɜɗŮəŰɘəɧŰŮɟŬ əŮɚɨűɖ ɛˊɞɟɞɨɜ ɜŬ 

ˊŬɟŬɛɏɜɞɡɜ ɎɗɘəŰŬ. ȳůŬ ŭɘŬɚɨɞɜŰŬɘ ůŮ ŰŮɛŬɢɑŭɘŬ ˊɞɚɨ ɛɘəɟɐɠ ŭɘŬɛɏŰɟɞɡ, 

ŬˊɞɛŬəɟɨɜɞɜŰŬɘ əŬɘ ˊŬɟŬɛɏɜŮɘ ɏɜŬ ɡˊɧɚŮɘɛɛŬ Ŭˊɧ ɛŮɔŬɚɨŰŮɟŬ əŮɚɨűɖ ŰŬ ɞˊɞɑŬ 

ŮɑɜŬɘ ŰŬɝɘɜɞɛɖɛɏɜŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡɠ. ɆŮ ŬˊɧɚɡŰŬ ɐɟŮɛŬ ɜŮɟɎ Űɞ 

ɚŮˊŰɧəɞəəɞ ŬůɓŮůŰɘŰɘəɧ ɡɚɘəɧ ɛŬɕɑ ɛŮ ŰŬ əŮɚɨűɖ Űɤɜ ɛɞɜɞəɨŰŰŬɟɤɜ 

ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɛˊɞɟŮɑ ɜŬ ůɢɖɛŬŰɑůŮɘ əɨɟɘŬ ɛɎɕŬ ɛɏůŬ ůŰɖɜ ɞˊɞɑŬ ɜŬ ɓɟɑůəɞɜŰŬɘ 

ŰŬ ɛŮɔŬɚɨŰŮɟŬ ŬˊɞɚɘɗɩɛŬŰŬ ŮɑŰŮ ůŮ ŰɡɢŬɑŮɠ ɗɏůŮɘɠ, ŮɑŰŮ ŰɞˊɞɗŮŰɖɛɏɜŬ əŬŰɎ 

ůŰɟɩůŮɘɠ. ɇŬ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɞɚɨ ɚŮˊŰɧəɞəəɞ ŬůɓŮůŰɑŰɖ 

ɚɏɔɞɜŰŬɘ ŬůɓŮůŰɞɚɞɡŰɑŰŮɠ (calcilutites). Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ůɝô 

ɞɚɞəɚɐɟɞɡ Ŭˊɧ əŮɚɨűɖ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɞɜɞɛɎɕɞɜŰŬɘ ñəɘɛɤɚɑŬò (chalk). 

Ƀɘ ɛɧɜɞɘ ŬůɓŮůŰɧɚɘɗɞɘ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ ɎɛŮůɖ ɢɖɛɘəɐ əŬɗɑɕɖůɖ ůŮ 

ŬɜɞɘəŰɏɠ ɗɎɚŬůůŮɠ, ŮɑɜŬɘ ɛŮ Űɖɜ ɛɞɟűɐ ɤɞɚɑɗɤɜ. Ƀɘ ɤɧɚɘɗɞɘ ŮɑɜŬɘ ɛɘəɟɞůəɞˊɘəɎ 

ůűŬɘɟɑŭɘŬ ŬůɓŮůŰɑŰɖ ɐ ŬɟŬɔɤɜɑŰɖ (ŭɘɎɛŮŰɟɞɠ ¢ 1mm) ˊɞɡ ɔŮɜɘəɎ ůɢɖɛŬŰɑɕɞɡɜ 

ŬəŰɘɜɤŰɐ ŭɞɛɐ ɔɨɟɤ Ŭˊɧ ɏɜŬ ˊɡɟɐɜŬ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɛɘəɟɧ ŬˊɞɚɑɗɤɛŬ ɐ 

ɗɟŬɨůɛŬ. Ƀɘ ɤɞɚɘɗɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ ŬˊɞŰŮɚɞɨɜŰŬɘ  Ůɝô ɞɚɞəɚɐɟɞɡ Ŭˊɧ ɤɞɚɑɗɞɡɠ, 

ŮɑŰŮ Ŭˊɧ ɏɜŬ ɛɑɔɛŬ ɤɞɚɑɗɤɜ əŬɘ ɗɟŬɡůɛɎŰɤɜ əŮɚɡűɩɜ. ȹŮɜ ŬˊɞəɚŮɑŮŰŬɘ ɓɏɓŬɘŬ, ɖ 

ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɤɞɚɑɗɤɜ ɜŬ ɞűŮɑɚŮŰŬɘ Ůɜ ɛɏɟŮɘ əŬɘ ůŮ ɓɘɞɚɞɔɘəɐ ŭɟɎůɖ 

ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ. 

ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, ɞɟɔŬɜɘůɛɞɑ ɧˊɤɠ ŰŬ əɞɟɎɚɚɘŬ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŭɖɛɘɞɡɟɔɞɨɜ ŬɜɗŮəŰɘəɞɨɠ ɡűɎɚɞɡɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ ˊɞɡ 

ˊŬɟŬɚŬɛɓɎɜɞɡɜ Ŭˊɧ Űɞ ɜŮɟɧ. 

ɇɞ ˊŮɟɘɓɎɚɚɞɜ ŬˊɧɗŮůɖɠ ɏɢŮɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ ɔɘŬŰɑ əŬɗɞɟɑɕŮɘ Űɞ ɛɏɔŮɗɞɠ, Űɞ 

ůɢɐɛŬ əŬɘ Űɖɜ əŬɗŬɟɧŰɖŰŬ Űɤɜ ŬɜɗɟŬəɘəɩɜ əɧəəɤɜ. Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ˊɞɡ 
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ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŰɖɜ əɟɖˊɑŭŬ, ůŮ ˊŮɟɘɞɢɏɠ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ (ɘůɢɡɟɎ ɗŬɚɎůůɘŬ 

ɟŮɨɛŬŰŬ), ˊŮɟɘɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɐ ˊɞůɧŰɖŰŬ ɛɖ ŬɜɗɟŬəɘəɩɜ ɡɚɘəɩɜ əŬɘ ɛˊɞɟɞɨɜ ɜŬ 

ŬˊɞŰŮɚɏůɞɡɜ ˊɖɔɐ ɡɚɘəɞɨ ɡɣɖɚɐɠ əŬɗŬɟɧŰɖŰŬɠ. ȷɜŰɑɗŮŰŬ, ɞ ɛɘəɟɑŰɖɠ ˊɞɡ 

ůɡůůɤɟŮɨŮŰŬɘ ůŮ ɕɩɜŮɠ ɢŬɛɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŬɜŬɛŮɘɢɗŮɑ ɛŮ ɛɖ 

ŬɜɗɟŬəɘəɎ ɡɚɘəɎ ůŮ ɛɏɔŮɗɞɠ ɘɚɨɞɠ. Ⱥˊɑůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɧŰɘ ŰŬ 

ŬɜɗɟŬəɘəɎ ɘɕɐɛŬŰŬ ɡˊɧəŮɘɜŰŬɘ ůŮ ɛŮŰŬɓɞɚɏɠ ɛŮŰɎ Űɖɜ ŬˊɧɗŮůɖ Űɞɡɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ 

ɞ ŭɞɚɞɛɑŰɖɠ ˊɟɞɏɟɢŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖ ŭɘŬɔɏɜŮůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ ɘɕɖɛɎŰɤɜ, Ůɜɩ ɖ 

Ŭˊô ŮɡɗŮɑŬɠ əŬɗɑɕɖůɐ Űɞɡ ɗŮɤɟŮɑŰŬɘ ŬɛŮɚɖŰɏŬ. 

1.2.3 ɇŬɝɘɜɧɛɖůɖ ŬůɓŮůŰɧɚɘɗɤɜ 

ũɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɚɚɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. Ƀɘ ˊɘɞ ɢɟɐůɘɛŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ 

ůɨůŰŬůɖ əŬɘ ůŰɖɜ ɡűɐ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ (ŪŮɞŭɤɟɑəŬɠ 1996, ȾŬŰŮɟɘɜɧˊɞɡɚɞɠ əŬɘ 

ɆŰŬɛŬŰɎəɖɠ 1995, ɇůɘɟŬɛˊɑŭɖɠ 2002, 2005). ȼ ůɨůŰŬůɖ ŬɜŬűɏɟŮŰŬɘ əɡɟɑɤɠ ůŰŬ 

ɞɟɡəŰɞɚɞɔɘəɎ ůɡůŰŬŰɘəɎ, ůŰŬ Ůɑŭɖ Űɤɜ ŬˊɞɚɘɗɤɛɎŰɤɜ əŬɘ ůŰŬ Ůɑŭɖ Űɤɜ əɧəəɤɜ. ȼ 

ɡűɐ ŬɜŬűɏɟŮŰŬɘ ůŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ, Űɞ ˊɞůɞůŰɧ əɨɟɘŬɠ 

ɛɎɕŬɠ əŬɘ ůɡɜŭŮŰɘəɞɨ ɡɚɘəɞɨ əŬɗɩɠ əŬɘ Űɞɜ Űɨˊɞ əŬɘ Űɞ ˊɞůɞůŰɧ ˊɞɟɩŭɞɡɠ. ȼ ˊɘɞ 

ůɡɜɖɗɘůɛɏɜɖ ŰŬɝɘɜɧɛɖůɖ ɛŮ ɓɎůɖ ŰŬ ɞɟɡəŰɞɚɞɔɘəɎ ůɡůŰŬŰɘəɎ űŬɑɜŮŰŬɘ ůŰɞ 

ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ (Ⱥɘə. 1.1): 

ȺɘəɧɜŬ 1.1. ȹɘɎɔɟŬɛɛŬ ɞɟɡəŰɞɚɞɔɘəɐɠ ŰŬɝɘɜɧɛɖůɖɠ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ. 
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ɇŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ůˊɎɜɘŬ ŮɑɜŬɘ ɛɧɜɞ ï ɞɟɡəŰɞɚɞɔɘəɎ. ȰŰůɘ ɛɘŬ 

ɞɟɡəŰɞɚɞɔɘəɐ ŰŬɝɘɜɧɛɖůɖ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɠ Űɖ ŭɘŬəɨɛŬɜůɖ ůŰɞ 

ˊɞůɞůŰɧ Űɞɡ ŬůɓŮůŰɑŰɖ, ŭɞɚɞɛɑŰɖ, əŬɘ Űɤɜ ɛɖ ŬɜɗɟŬəɘəɩɜ ɞɟɡəŰɩɜ. ȷɡŰɐ ɖ 

ŰŬɝɘɜɧɛɖůɖ ŭŮɜ ŮˊŬɟəŮɑ ɔɘŬ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ ˊŬɟɧɚɞ ˊɞɡ ˊɞɚɚɏɠ űɞɟɏɠ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɧůɞ ɞ ŬůɓŮůŰɧɚɘɗɞɠ ɧůɞ əŬɘ ɞ ŭɞɚɞɛɑŰɖɠ ɛŮ ŰŬ ɑŭɘŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ. ɈˊɎɟɢɞɡɜ ɧɛɤɠ ɢɟɐůŮɘɠ ˊɞɡ ɏɢɞɡɜ ůɡɔəŮəɟɘɛɏɜŮɠ ŬˊŬɘŰɐůŮɘɠ ɧůɞɜ 

ŬűɞɟɎ ŰŬ ɢɖɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɡɚɘəɞɨ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ. Ƀɘ 

ŬˊŬɘŰɐůŮɘɠ ŬɡŰɏɠ ŮəűɟɎɕɞɜŰŬɘ ɛŮ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ ɡɚɘəɞɨ. ȺɘŭɘəɧŰŮɟŬ 

əŬɗɞɟɑɕɞɜŰŬɘ ŰŬ ɧɟɘŬ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ ŬɜŮˊɘɗɨɛɖŰɤɜ ɞɡůɘɩɜ əŬɗɩɠ əŬɘ ɞɘ 

ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ůŮ CaO əŬɘ MgO ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ. ɀɘŬ ˊɟŬəŰɘəɐ ɢɖɛɘəɐ 

ŰŬɝɘɜɧɛɖůɖ ŮɑɜŬɘ (Ʉɑɜ. 1.1):  

ɄɑɜŬəŬɠ 1.1. ɉɖɛɘəɐ ŰŬɝɘɜɧɛɖůɖ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ. 

CaCO3 > 97 % ȷůɓŮůŰɧɚɘɗɞɠ ɛŮ ɡˊɏɟ ï ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Ca 

CaCO3 > 95 % ȷůɓŮůŰɧɚɘɗɞɠ ɛŮ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Ca 

CaCO3 + MgCO3  > 95 % ȷɜɗɟŬəɘəɧ ˊɏŰɟɤɛŬ ɡɣɖɚɐɠ əŬɗŬɟɧŰɖŰŬɠ 

MgCO3  > 43 % ȹɞɚɞɛɑŰɖɠ ɛŮ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Mg 

 

Ƀ ŭɞɚɞɛɑŰɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɏɜŬ Ůɘŭɘəɧ ˊɟɧɓɚɖɛŬ ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ əŬɘ ŬˊŬɘŰŮɑ 

ŭɘŬűɞɟŮŰɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ Ŭˊɧ Űɞɜ ŬůɓŮůŰɧɚɘɗɞ. ɀŮɟɘəɞɑ ŭɞɚɞɛɑŰŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɑɢɜɖ Űɖɠ Ŭɟɢɘəɐɠ Űɞɡɠ ŭɞɛɐɠ Ůɜɩ ůŮ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɐ ɏɢŮɘ əŬŰŬůŰɟŬűŮɑ 

ɞɚɞəɚɖɟɤŰɘəɎ. ũɘô ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ əŬɗɩɠ əŬɘ ɔɘŬ Űɞɜ ˊɟɤŰɞɔŮɜɐ ŭɞɚɞɛɑŰɖ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŰŬɝɘɜɧɛɖůɖ ɛŮ ɓɎůɖ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɟɡůŰɎɚɚɤɜ. 

ɇŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əɧəəɞɡɠ ŬůɓŮůŰɑŰɖ ɛŮɔɏɗɞɡɠ 

Ɏɛɛɞɡ ɏɤɠ ɛŮůɧəɞəəɖɠ ɘɚɨɞɠ əŬɘ ɚŮˊŰɞəɟɡůŰŬɚɚɘəɐɠ ɛɎɕŬɠ ɛŮɔɏɗɞɡɠ əɧəəɤɜ 

Ŭɟɔɑɚɞɡ. ȺɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűŮɟɗɞɨɜ ɞɘ ŰŬɝɘɜɞɛɐůŮɘɠ Űɞɡ Folk (1959) əŬɘ 

Űɞɡ Dunham (1962). 

O Folk (1959) ˊŬɟŬŰɐɟɖůŮ, ɧŰɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰɟɑŬ ůɡůŰŬŰɘəɎ: 

¶ ȺɡŭɘɎəɟɘŰŬ ŬɚɚɞɢɖɛɘəɎ (allochems) ŬɜɗɟŬəɘəɎ ůɡůŰŬŰɘəɎ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰŮɛɎɢɘŬ ˊ.ɢ. ůűŬɘɟɑŭɘŬ, ɤɞɚɑɗɞɡɠ, ɓɘɞəɚɎůŰŮɠ əŬɘ ŮɜŭɞəɚɎůŰŮɠ. 

¶ ɀɘəɟɞəɟɡůŰŬɚɚɘəɐ ŬůɓŮůŰɘŰɘəɐ ɨɚɖ ɐ ɛɘəɟɘŰɘəɐ. 
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¶ ȾɟɡůŰŬɚɚɘəɧ ŬůɓŮůŰɑŰɖ ɐ ůˊŬɟɑŰɖ, ˊɞɡ ŮɑɜŬɘ ůɡɔəɞɚɚɖŰɘəɧ ɡɚɘəɧ. 

ɆɢɖɛŬŰɑůŰɖəŮ ɢɖɛɘəɎ əŬɘ ɔŮɛɑɕŮɘ ŰŬ ŭɘɎəŮɜŬ Űɤɜ əɧəəɤɜ Űɤɜ ŬɜɗɟŬəɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ.  

ɇɞ ˊɟɩŰɞ ŰɛɐɛŬ Űɖɠ ɞɜɞɛŬůɑŬɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ űŬɜŮɟɩɜŮɘ Űɞ Ůɑŭɞɠ Űɞɡ 

Ŭɚɚɧɢɗɞɜɞɡ ɡɚɘəɞɨ, Ůɜɩ Űɞ ŭŮɨŰŮɟɞ, Ŭɜ ŮɑɜŬɘ ɛɘəɟɑŰɖɠ ɐ ůˊŬɟɑŰɖɠ. ɆŰɞ ŮɘəɧɜŬ 1.2 əŬɘ 

ůŰɞɜ ˊɑɜŬəŬ 1.2 ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ˊŮŰɟɞɔɟŬűɘəɞɑ Űɨˊɞɘ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

əŬŰɎ Folk (1959). 

Ƀɘ ŮɜŭɞůˊŬɟɑŰŮɠ əŬɘ ŮɜŭɞɛɘəɟɑŰŮɠ ˊŮɟɘɏɢɞɡɜ >25% ŮɜŭɞəɚɎůŰŮɠ əŬɘ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ůˊŬɟɘŰɘəɐ ůɡɔəɞɚɚɖŰɘəɐ ɞɡůɑŬ əŬɘ ɛɘəɟɘŰɘəɐ ɛɎɕŬ ŬɜŰɑůŰɞɘɢŬ. Ƀɘ 

ɤɞůˊŬɟɑŰŮɠ əŬɘ ɤɞɛɘəɟɑŰŮɠ ˊŮɟɘɏɢɞɡɜ <25% ŮɜŭɞəɚɎůŰŮɠ, ŬɚɚɎ >25% ɤɞɚɑɗɞɡɠ əŬɘ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ůˊŬɟɘŰɘəɐ ůɡɔəɞɚɚɖŰɘəɐ ɞɡůɑŬ əŬɘ ɛɘəɟɘŰɘəɐ ɛɎɕŬ ŬɜŰɑůŰɞɘɢŬ. Ƀɘ 

ɓɘɞůˊŬɟɑŰŮɠ əŬɘ ɓɘɞɛɘəɟɑŰŮɠ ˊŮɟɘɏɢɞɡɜ <25% ŮɜŭɞəɚɎůŰŮɠ, <25% ɤɞɚɑɗɞɡɠ. ȼ ůɢɏůɖ 

ɓɘɞəɚɎůŰŮɠ/ůűŬɘɟɑŭɘŬ ŮɑɜŬɘ >3/1 əŬɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ůˊŬɟɘŰɘəɐ ůɡɔəɞɚɚɖŰɘəɐ 

ɞɡůɑŬ əŬɘ ɛɘəɟɘŰɘəɐ ɛɎɕŬ ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ůűŬɘɟɘŭɘɞůˊŬɟɑŰŮɠ əŬɘ ůűŬɘɟɘŭɘɞɛɘəɟɑŰŮɠ 

ŭɘŬűɏɟɞɡɜ Ŭˊɧ Űɞɡɠ ɓɘɞůˊŬɟɑŰŮɠ əŬɘ ɓɘɞɛɘəɟɑŰŮɠ ŬɜŰɑůŰɞɘɢŬ ɛɧɜɞ ůŰɖɜ ŬɜŬɚɞɔɑŬ 

ɓɘɞəɚɎůŰŮɠ/ůűŬɘɟɑŭɘŬ ˊɞɡ ŮɑɜŬɘ >1/3. 

ȼ ŰŬɝɘɜɧɛɖůɖ Űɞɡ Dunham (1962) ůŰɖɟɑɕŮŰŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɘůŰɞɨ. 

ȹɘɏəɟɘɜŮ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ɞɘ əɧəəɞɘ ɐ ŰŬ ŰŮɛɎɢɘŬ Űɞɡɠ ŮűɎˊŰɞɜŰŬɘ əŬɘ ɎɚɚŬ ˊɞɡ 

ˊɚɏɞɡɜ ůŮ ŬɜɗɟŬəɘəɧ ɡɚɘəɧ ˊɚɐɟɤůɖɠ. ɋɠ ŰŮɛɎɢɘŬ ɗŮɤɟɞɨɜŰŬɘ ɡɚɘəɎ ɛŮɔɏɗɞɡɠ 

ɛɘəɟɧŰŮɟŬ Ŭˊɧ 20 ɛm. ɆŰɞɜ ˊɑɜŬəŬ 1.3 ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ˊŮŰɟɞɔɟŬűɘəɞɑ Űɨˊɞɘ Űɤɜ 

ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ əŬŰɎ Dunham (1962). 

 
ȺɘəɧɜŬ 1.2. ȼ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ  (Folk, 1959) (

*
ȷɜŰɑůŰɞɘɢŬ ɢŮɟůɞɔŮɜɐ əɚŬůŰɘəɎ 

ɘɕɐɛŬŰŬ). 
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ɄɑɜŬəŬɠ 1.2. ȼ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ  (Folk, 1959). 

 
 

ɄɑɜŬəŬɠ 1.3. ȼ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ  (Dunham, 1962). 

 
 

1.2.4 ȾŬŰŬɜɞɛɐ ŮəɛŮŰŬɚɚŮɨůɘɛɤɜ ŬˊɞɗŮɛɎŰɤɜ ŬůɓŮůŰɧɚɘɗɤɜ 

ȷɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ɏɢɞɡɜ ŬˊɞŰŮɗŮɑ Ŭˊɧ Űɞ ɄɟɞəɎɛɓɟɘɞ ɛɏɢɟɘ əŬɘ Űɞ 

ˊɟɧůűŬŰɞ ɔŮɤɚɞɔɘəɧ ˊŬɟŮɚɗɧɜ əŬɘ ŬˊɞŰŮɚɞɨɜ Űɞ 15% Űɤɜ ɘɕɖɛŬŰɞɔŮɜɩɜ 

ˊŮŰɟɤɛɎŰɤɜ. ȺəɛŮŰŬɚɚŮɨůɘɛŮɠ ŬˊɞɗɏůŮɘɠ ɡˊɎɟɢɞɡɜ ůŮ ɧɚŮɠ Űɘɠ ɖˊŮɑɟɞɡɠ, ɛŮ 

ŰŮɟɎůŰɘŬ ŬˊɞɗɏɛŬŰŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɚŬŰɞɛŮɑŬ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɡˊɎɟɢɞɡɜ 

ůŮ 46 Ŭˊɧ Űɘɠ 50 ˊɞɚɘŰŮɑŮɠ Űɤɜ ȼ. Ʉ. ȷ. əŬɘ ůŮ ɧɚŮɠ Űɘɠ ŮˊŬɟɢɑŮɠ Űɞɡ ȾŬɜŬŭɎ ŮəŰɧɠ 

Ŭˊɧ ɛɑŬ. ɇŬ ŬˊɞɗɏɛŬŰŬ ůŮ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ˊɟɞɓɚɏˊŮŰŬɘ ɜŬ ŭɘŬɟəɏůɞɡɜ ɔɘŬ 

ŬˊŮɟɘɧɟɘůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, Ŭɜ əŬɘ ɡɣɖɚɐɠ əŬɗŬɟɧŰɖŰŬɠ ŬˊɞɗɏůŮɘɠ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟɞɡůɘɎůɞɡɜ ɛɘəɟɐ ŭɘŬɗŮůɘɛɧŰɖŰŬ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ůŰɞ ɛɏɚɚɞɜ. 

Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ əɡɟɘɧŰŮɟŬ ˊɟɞɥɧɜŰŬ Űɞɡ ɡˊŮŭɎűɞɡɠ Űɖɠ 

ɢɩɟŬɠ ɛŬɠ. ȷˊɧ Űɖɜ Ɏˊɞɣɖ Űɖɠ ůɡɜɞɚɘəɐɠ ŬɝɑŬɠ Űɧůɞ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɧůɞ əŬɘ Űɤɜ 

ŮɝŬɔɤɔɩɜ, ɞ ŬůɓŮůŰɧɚɘɗɞɠ ůɡɜŬɔɤɜɑɕŮŰŬɘ Űɘɠ əɡɟɘɧŰŮɟŮɠ ɞɟɡəŰɏɠ ɨɚŮɠ ˊɞɡ 

ˊŬɟɎɔɞɜŰŬɘ ůŰɖɜ ȺɚɚɎŭŬ, ɧˊɤɠ ŮɑɜŬɘ ɞ ɓɤɝɑŰɖɠ, ŰŬ ɜɘəŮɚɘɞɨɢŬ ɛŮŰŬɚɚŮɨɛŬŰŬ, ɞ 
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ɚŮɡəɧɚɘɗɞɠ, ɞ ɢɟɤɛɑŰɖɠ, Űɞ ɛɎɟɛŬɟɞ ə.ɚˊ. Ƀ əɚɎŭɞɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ 

ɏɢŮɘ ɧɛɤɠ ŭɨɞ ŬəɧɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ Űɞɜ əɎɜɞɡɜ ɜŬ ɝŮɢɤɟɑɕŮɘ. ɇɞ ɏɜŬ ŮɑɜŬɘ ɖ 

ɛŮɔɎɚɖ ŮɝɎˊɚɤůɖ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ ɚŬŰɞɛɘəɐ əŬɘ ɓɘɞɛɖɢŬɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŮ 

ɧɚɞ ůɢŮŭɧɜ Űɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, əŬɗɩɠ əŬɘ ŰŬ ɛŮɔɎɚŬ ŬˊɞɗɏɛŬŰŬ. ɄɟɎɔɛŬŰɘ, 

ɚŬŰɞɛŮɑŬ ŬůɓŮůŰɞɚɑɗɞɡ əŬɘ ɞɘ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮ ŬɡŰɎ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŬůɓŮůŰɞɚɑɗɞɡ ɡˊɎɟɢɞɡɜ ůŮ ˊɞɚɚɞɨɠ ɜɞɛɞɨɠ Űɖɠ ɢɩɟŬɠ ɛŬɠ Ůɜɩ ŰŬ ŬˊɞɗɏɛŬŰŬ ˊɞɡ 

ɡˊɎɟɢɞɡɜ ůŰɞ ɡˊɏŭŬűɞɠ ŮɑɜŬɘ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ ˊɞɚɨ ɛŮɔɎɚŬ, ůɢŮŭɧɜ 

ŬɜŮɝɎɜŰɚɖŰŬ.  

1.2.5 ȽŭɘɧŰɖŰŮɠ ŬůɓŮůŰɧɚɘɗɤɜ 

Ƀɘ ɢɟɐůŮɘɠ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ əŬɘ ŭɞɚɞɛɑŰɖ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ŰŬ űɡůɘəɎ 

ɢŬɟŬəɖɟɘůŰɘəɎ əŬɘ Űɘɠ ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ. Ƀɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ ˊɘɞ 

ůɖɛŬɜŰɘəɏɠ ŮɎɜ ŰŬ ˊŮŰɟɩɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɢɤɟɑɠ ɘŭɘŬɑŰŮɟɖ ŮˊŮɝŮɟɔŬůɑŬ. Ƀɘ 

ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊŬɑɕɡɜ ɛŮɔɎɚɞ ɟɧɚɞ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ Űɞ Ŭɟɢɘəɧ ɡɚɘəɧ ɜŬ ɡˊɞůŰŮɑ 

ɛŮŰŬŰɟɞˊɐ. ɆɡɢɜɎ ɞɘ ɢɖɛɘəɏɠ əŬɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŬɚɚɖɚŮɝŬɟŰɩɜŰŬɘ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɖ ɚŮɡəɧŰɖŰŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ɞűŮɑɚŮŰŬɘ ůŮ ɏɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ ůŰɖɜ 

əŬɗŬɟɧŰɖŰŬ Űɖɠ ɢɖɛɘəɐɠ Űɞɡ ůɨůŰŬůɖɠ.  

ūɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ: ȺˊŮɘŭɐ ɞɘ ɢɟɐůŮɘɠ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ ŮɑɜŬɘ ˊɞɚɚɏɠ, ɏɢŮɘ 

ŬɜŬˊŰɡɢɗŮɑ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ŭɞəɘɛɩɜ ˊɞɡ ɏɢɞɡɜ ɤɠ ůəɞˊɧ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ 

űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ əŬɘ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ůŰɘɠ ŭɘɎűɞɟŮɠ 

ŮűŬɟɛɞɔɏɠ. 

ɉɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ: ȼ ůɨůŰŬůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ˊŬɟɞɡůɘɎɕŮɘ 

ˊɞɚɚɏɠ əŬɘ ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ ɚɧɔɤ Űɤɜ ŭɘŬűɧɟɤɜ ˊɟɞůɛɑɝŮɤɜ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ 

Ŭˊɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŬˊɧɗŮůɐɠ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ ŰŬ ˊŮŰɟɩɛŬŰŬ ŮɝŮɚɑůůɞɜŰŬɘ ɢɖɛɘəɎ əŬɘ 

űɡůɘəɎ əŬŰɎ Űɖɜ ŭɘŬɔɏɜŮůɖ.  ɀŮŰŬɔŮɜɏůŰŮɟŮɠ ŭɘŮɟɔŬůɑŮɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɖ 

ɔɏɜŮůɖ Űɤɜ ŬɡɗɘɔŮɜɩɜ ɞɟɡəŰɩɜ əŬɘ Űɖɜ ɞɝŮɑŭɤůɖ Űɞɡ ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ. ȿɧɔɤ Űɖɠ 

ɛŮɔɎɚɖɠ ˊɞɘəɘɚɑŬɠ ˊŮɟɘɓŬɚɚɧɜŰɤɜ ŬˊɧɗŮůɖɠ ɖ ůɨůŰŬůɖ ŭɘŬűɧɟɤɜ ŰɛɖɛɎŰɤɜ ɛɘŬɠ 

ŬůɓŮůŰɞɚɘɗɘəɐɠ ɛɎɕŬɠ ɛˊɞɟŮɑ ɜŬ ˊɞɘəɑɚŮɘ. 

ȾŬɗŬɟɧɠ ŬůɓŮůŰɑŰɖɠ ɛŮ ɛɞɟűɐ ñəɘɛɤɚɑŬɠò ɏɢŮɘ ɛɘəɟɐ ŬɜŰɞɢɐ əŬɘ ɛŮɔɎɚɖ 

ŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬ, ŰŬɡŰɧɢɟɞɜŬ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ ɢɖɛɘəɐ ŬɜŰɘŭɟŬůɘɛɧŰɖŰŬ ɚɧɔɤ 

Űɖɠ ɛŮɔɎɚɖɠ Ůɘŭɘəɐɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ŬůɓŮůŰɘŰɘəɩɜ əɧəəɤɜ. ɇɞ əŬɗŬɟɧ ŬůɓŮůŰɘŰɘəɧ 

ɛɎɟɛŬɟɞ Űɖɠ ɘŭɑŬɠ ůɨůŰŬůɖɠ ŮɑɜŬɘ ŬɜɗŮəŰɘəɧ, ɛɖ ŬˊɞɟɟɞűɖŰɘəɧ, əŬɘ ɢɖɛɘəɎ ŬŭɟŬɜɏɠ. 

ȼ ŮˊŮɝŮɟɔŬůɑŬ Ůˊɑůɖɠ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŮɜŮɟɔɐ ŮˊɘűɎɜŮɘŬ əŬɘ Űɖ ɢɖɛɘəɐ 
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ŬɜŰɘŭɟŬůɘɛɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ. Ⱥˊɞɛɏɜɤɠ ɞɘ ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŮɝŬɟŰɩɜŰŬɘ ɤɠ ɏɜŬ 

ɓŬɗɛɧ Ŭˊɧ ŰŬ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɖ 

ɞɟɡəŰɞɚɞɔɘəɐ ůɨůŰŬůɖ əŬɘ ɞɘ űɡůɘəɞɑ ɢŬɟŬəŰɐɟŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ˊɟɧɓɚŮɣɖ Űɖɠ ɢɖɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŬůɓŮůŰɞɚɑɗɤɜ. 

ȼ ɢɖɛɘəɐ ŬɜɎɚɡůɖ ɞɟɘůɛɏɜŮɠ űɞɟɏɠ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɞɜ əŬɗɞɟɘůɛɧ 

Űɖɠ əŬŰŬɚɚɖɚɧŰɖŰŬɠ ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ ɢɟɐůŮɘɠ, Ůɜɩ ɎɚɚŮɠ űɞɟɏɠ ɧɢɘ. ȺɎɜ Űɞ ˊɏŰɟɤɛŬ 

ˊɟɧəŮɘŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɚɧɔɤ Űɤɜ ɢɖɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ Űɞ ˊɞůɞůŰɧ 

ŭɘŬűɧɟɤɜ ůɡůŰŬŰɘəɩɜ ˊɟɏˊŮɘ ɜŬ əɡɛŬɑɜŮŰŬɘ ɛɏůŬ ůŮ əɎˊɞɘŬ ɧɟɘŬ. ɆŮ ɢɟɐůŮɘɠ ˊɞɡ 

ˊɟɞɏɢɞɡɜ ɞɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡɚɘəɞɨ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ɏɢŮɘ Űɞ ˊɞůɞůŰɧ Űɞɡ Al2O3 

əŬɘ SiO2. 

1.3 ɀɎɟɛŬɟŬ 

1.3.1 ɃɟɡəŰɞɚɞɔɑŬ ɛŬɟɛɎɟɤɜ 

ɇɞ ɛɎɟɛŬɟɞ ŮɑɜŬɘ ˊɏŰɟɤɛŬ əŬɗɞɚɘəɐɠ ɛŮŰŬɛɧɟűɤůɖɠ ɐ ɛŮŰŬɛɧɟűɤůɖɠ 

ŮˊŬűɐɠ ŬɜɗɟŬəɘəɩɜ ɘɕɖɛŬŰɞɔŮɜɩɜ ˊŮŰɟɤɛɎŰɤɜ (ŬůɓŮůŰɞɚɑɗɤɜ, ŭɞɚɞɛɘŰɩɜ). ɇɞ 

əŬɗŬɟɧ ɛɎɟɛŬɟɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬɜɗɟŬəɘəɎ ɞɟɡəŰɎ (ŬůɓŮůŰɑŰɖ ɐ ŭɞɚɞɛɑŰɖ). 

ɋůŰɧůɞ, ɛɖ əŬɗŬɟɎ ɛɎɟɛŬɟŬ ˊŮɟɘɏɢɞɡɜ ˊɚɐɗɤɠ Ɏɚɚɤɜ ɞɟɡəŰɩɜ (ɛŬɟɛŬɟɡɔɑŬ, 

ɢɚɤɟɑŰɖ, ŮˊɑŭɞŰɞ əɚˊ). Ƀ ɘůŰɧɠ Űɞɡ ŮɑɜŬɘ ɚɞɓɞŮɘŭɐɠ ɐ ˊɞɚɡɔɤɜɘəɧɠ ɔɟŬɜɞɓɚŬůŰɘəɧɠ 

əŬɘ ůˊɎɜɘŬ ŮɛűŬɜɑɕŮɘ ŬŰŮɚɐ űɞɚɑŭɤůɖ ɐ ůɢɘůŰɧŰɖŰŬ (ɓɚ. ɄŬɟɎɔɟŬűɞ 1.3.2). 

ȼ ŬɜŬɔɜɩɟɘůɖ Űɞɡ ŬɜɗɟŬəɘəɩɜ ɞɟɡəŰɩɜ ɔɑɜŮŰŬɘ ɛŮ Űɞɡɠ Űɟɧˊɞɡɠ ˊɞɡ 

ˊŮɟɘɔɟɎűɖůŬɜ ůŰɞ əŮűɎɚŬɘɞ 1.2.1 ŬɚɚɎ Ůˊɘˊɚɏɞɜ ůɖɛŬɜŰɘəɧ ŮɟɔŬɚŮɑɞ ŬˊɞŰŮɚŮɑ Űɞ 

ˊŮŰɟɞɔɟŬűɘəɧ ɛɘəɟɞůəɧˊɘɞ. ɇŬ ŬɜɗɟŬəɘəɎ ɞɟɡəŰɎ ůŰŬ ɛɎɟɛŬɟŬ ɏɢɞɡɜ ůɢŮŭɧɜ ˊɎɜŰŬ 

ɏɜŬ ŬɟəŮŰɎ ɛŮɔɎɚɞ ɛɏɔŮɗɞɠ, ŰɏŰɞɘɞ ˊɞɡ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ɞɟŬŰɏɠ ɞɘ ɞˊŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ŬɡŰɩɜ Űɤɜ ɞɟɡəŰɩɜ. ȳɛɞɘŬ, ɖ ˊŬɟɞɡůɑŬ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɞɟɡəŰɩɜ, ɧˊɤɠ ˊ.ɢ. 

ɛŬɟɛŬɟɡɔɑŬɠ, ɢɚɤɟɑŰɖɠ, ŮˊɑŭɞŰɞ, ɢŬɚŬɕɑŬɠ, ˊɡɟɧɝŮɜɞɠ, ɞɚɘɓɑɜɖɠ, ɔɑɜŮŰŬɘ ɛŮ Űɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ ˊŮŰɟɞɔɟŬűɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ.  

1.3.2 ɄɟɞɏɚŮɡůɖ ɛŬɟɛɎɟɤɜ 

ɇŬ ɛɎɟɛŬɟŬ ˊɞɚɚɏɠ űɞɟɏɠ ŮɛűŬɜɑɕɞɡɜ ɔɟŬɜɞɓɚŬůŰɘəɧ ɘůŰɧ. Ƀ 

ɔɟŬɜɞɓɚŬůŰɘəɧɠ ɘůŰɧɠ (granoblastic texture) ɢŬɟŬəŰɖɟɑɕŮɘ ŰŬ ɗŮɟɛɘəɎ 

ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ. ɇɞɜ ůɡɜŬɜŰɎɛŮ əŬɘ ůŮ ɡɣɖɚɞɨ ɓŬɗɛɞɨ ˊŮɟɘɞɢɘəɎ 

ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ. ɄŬɟɞɡůɘɎɕŮɘ ɘůɧɛŮŰɟɖ ŬɜɎˊŰɡɝɖ Űɤɜ əɟɡůŰŬɚɚɘəɩɜ 

əɧəəɤɜ Űɤɜ ɞɟɡəŰɩɜ. ɆɢɖɛŬŰɑɕŮŰŬɘ ůŰŬŭɘŬəɎ ɛŮ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ɛŮŰŬɛɧɟűɤůɖɠ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ Ŭˊɧ Űɞ ˊɟɞɦˊɎɟɢɞɜ ɛɖ ɛŮŰŬɛɞɟűɤɛɏɜɞ ˊɏŰɟɤɛŬ. ȺɡɜɞŮɑŰŬɘ Ŭˊɧ Űɖɜ 
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ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɢŬɛɖɚɐ ŰŬɢɨŰɖŰŬ ɛŮŰŬɛɧɟűɤůɖɠ. ɆŰŬ ŬɟɢɘəɎ ůŰɎŭɘŬ 

ŬɜɎˊŰɡɝɖɠ Űɞɡ ɘůŰɞɨ ɞɟɘůɛɏɜɞɘ əɧəəɞɘ ɞɟɡəŰɩɜ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ ɚɞɓɞŮɘŭŮɑɠ ɐ 

ɞŭɞɜŰɤŰɏɠ ŮˊŬűɏɠ. ȷɡŰɏɠ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɞ ɚɞɓɞŮɘŭɐ, ɔɟŬɜɞɓɚŬůŰɘəɧ ɘůŰɧ (lobate 

granoblastic texture). ɆŰŬ ɡɣɖɚɧŰŮɟŬ ůŰɎŭɘŬ ɛŮŰŬɛɧɟűɤůɖɠ ɛɞɟűɞˊɞɘŮɑŰŬɘ ɞ 

ˊɞɚɡɔɤɜɘəɧɠ, ɔɟŬɜɞɓɚŬůŰɘəɧɠ ɘůŰɧɠ (polygonal granoblastic texture). 

ɆŰŬ ɛɎɟɛŬɟŬ ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɡűɐɠ, ɖ ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ɓŬɗɛɧ ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ əŬɘ Űɞɜ Űɟɧˊɞ ˊɞɡ ɏɢɞɡɜ əŬŰŬɜŮɛɖɗŮɑ ɞɘ 

ŰɎůŮɘɠ ůŰɞ ˊɏŰɟɤɛŬ. ɇŬ ˊŮŰɟɩɛŬŰŬ ŬɡŰɎ ɢŬɟŬəŰɖɟɑɕɞɜŰŬ Ŭˊɧ Űɖɜ ŬɜɘůɧŰɟɞˊɖ ɡɔɐ ɖ 

ɞˊɞɑŬ əŬɘ ŭɘŬəɟɑɜŮŰŬɘ ůŰɞɡɠ Ůɝɐɠ Űɨˊɞɡɠ: 1) ɆŰɖɜ ŮˊɑˊŮŭɖ ɡűɐ (planar fabric) ɞɘ 

ˊɚŬəɩŭŮɘɠ ɐ űɡɚɚɩŭŮɘɠ əɟɨůŰŬɚɚɞɘ ɞɟɡəŰɩɜ ŭɘŬŰɎůůɞɜŰŬɘ ůŮ ˊŬɟɎɚɚɖɚŮɠ 

ŮˊɘűɎɜŮɘŮɠ. Ƀ ɧɟɞɠ űɞɚɑŭɤůɖ (foliation) ˊŮɟɘɚŬɛɓɎɜŮɘ əɎɗŮ Ůɑŭɞɡɠ ŮˊɑˊŮŭɖ ɡűɐ. 2) 

ɆɢɘůŰɧŰɖŰŬ (schistosity) ŮɑɜŬɘ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɔɜɩɟɘůɛŬ Űɤɜ ɞɟɡəŰɞɚɞɔɘəɩɜ 

ůɡůŰŬŰɘəɩɜ Űɖɠ ˊŬɟɎɚɚɖɚɖɠ ŭɘɎŰŬɝɖɠ Űɤɜ ɛŮŰŬɛɞɟűɤɛɏɜɤɜ ˊŮŰɟɤɛɎŰɤɜ. Ƀ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ŬɡŰɧɠ ɛŮɟɘəɏɠ űɞɟɏɠ ŭŮɜ ŬɜŬɔɜɤɟɑɕŮŰŬɘ ɛŬəɟɞůəɞˊɘəɎ. ȷɜ 

ŭɘŮɟŮɡɜɐůɞɡɛŮ Űɖ ŭɘɎŰŬɝɖ Űɤɜ əɟɡůŰŬɚɚɘəɩɜ ůŰɞɘɢŮɑɤɜ (ɞˊŰɘəɞɨɠ ɎɝɞɜŮɠ, ůɢɘůɛɧ 

ə.ɚ.ˊ.) Űɤɜ ɞɟɡəŰɩɜ, ŰɧŰŮ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɛɘəɟɞůəɞˊɘəɎ ɖ ůɢɘůŰɧŰɖŰŬ. ȾŬŰɎ Űɞɡɠ 

Sander əŬɘ Schmidt ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ ɞɟɡəŰɞɚɞɔɘəɩɜ ůɡůŰŬŰɘəɩɜ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ ŬˊɞŭɑŭŮŰŬɘ ůŮ əŬŰŮɡɗɡɜɧɛŮɜɖ ˊɑŮůɖ ɖ ɞˊɞɑŬ ˊɟɞəŬɚŮɑ Űɖɜ əɑɜɖůɖ Űɤɜ 

ɡɚɘəɩɜ ůɡůŰŬŰɘəɩɜ.  

1.3.3 ɇŬɝɘɜɧɛɖůɖ ɛŬɟɛɎɟɤɜ 

ȷɟɢɘəɎ ŰŬ ɛɎɟɛŬɟŬ ŭɘŬəɟɑɜɞɜŰŬɘ ɛŮ ɓɎůɖ Űɞ ˊɞůɞůŰɧ Űɤɜ ŬɜɗɟŬəɘəɩɜ 

ɞɟɡəŰɩɜ. ȷɜ ɡˊŮɟɓŬɑɜɞɡɜ Űɞ 95% ŰɧŰŮ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ əŬɗŬɟɎ, Ůɜɩ ůŮ ŬɜŰɑɗŮŰɖ 

ˊŮɟɑˊŰɤůɖ (95%) ɤɠ ŬəɎɗŬɟŰŬ (Ⱥɘə. 1.3).  
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ȺɘəɧɜŬ 1.3. ȼ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ɛŬɟɛɎɟɤɜ ɛŮ ɓɎůɖ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ ůŮ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ əŬɘ 

ˊɡɟɑŰɘɞ. 

ȳɛɞɘŬ ɛŮ Űɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ, ɖ ŭɘɎəɟɘůɖ Űɤɜ ɛŬɟɛɎɟɤɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ 

ɓɎůɖ Űɖɜ ɞɟɡəŰɞɚɞɔɘəɐ Űɞɡɠ ůɨůŰŬůɐ əŬɘ Űɞ ˊɞůɞůŰɧ ůŮ CaCO3 əŬɘ MgCO3. ȰŰůɘ 

ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŬůɓŮůŰɘŰɘəɎ ɛɎɟɛŬɟŬ ɐ ŭɞɚɞɛɘŰɘəɎ ɛɎɟɛŬɟŬ, ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ŮˊɘəɟŬŰɞɨɜ ůɡůŰŬŰɘəɧ (CaCO3 ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ əŬɘ MgCO3 ůŰɖ ŭŮɨŰŮɟɖ). 

1.3.4 ȾŬŰŬɜɞɛɐ ŮəɛŮŰŬɚɚŮɨůɘɛɤɜ ŬˊɞɗŮɛɎŰɤɜ ɛŬɟɛɎɟɤɜ 

ɇŬ əŬɗŬɟɎ əŬɘ ɚŮˊŰɧəɞəəŬ ŬůɓŮůŰɘŰɘəɎ ɛɎɟɛŬɟŬ, ɚŮɡəɎ ɐ ɢɘɞɜɧɚŮɡəŬ, ŮɑɜŬɘ 

ˊɞɚɨ ůˊɎɜɘŬ. ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ ɛɎɟɛŬɟŬ ŮɑɜŬɘ Űɖɠ ɄŮɜŰɏɚɖɠ əŬɘ Űɖɠ ɄɎɟɞɡ ůŰɞɜ 

Ůɚɚɖɜɘəɧ ɢɩɟɞ əŬɘ Űɖɠ ȾŬɟɎɟŬ ůŰɖɜ ȽŰŬɚɑŬ. ȼ ɗŬɡɛɎůɘŬ ŮɛűɎɜɘůɖ Űɤɜ ɛŬɟɛɎɟɤɜ 

ŬɡŰɩɜ ɞűŮɑɚŮŰŬɘ ůŰɖ ŭɘŬűɎɜŮɘɎ Űɞɡɠ, əŬɗɩɠ əŬɘ ůŰɖɜ ɘŭɘɧŰɖŰɎ Űɞɡɠ ɜŬ ŬɜŬəɚɞɨɜ Űɞ 

űɤɠ. ɆɐɛŮɟŬ, ůŰŬ ˊŮɟɘɕɐŰɖŰŬ ŭɘŮɗɜɩɠ ɚŮɡəɎ ɛɎɟɛŬɟŬ ŬɜɐəŮɘ əŬɘ ɞ ŭɞɚɞɛɑŰɖɠ Űɖɠ 

ŪɎůɞɡ (ɢɘɞɜɧɚŮɡəɞ ɢɟɩɛŬ). Ƀɘ ˊɟɞɖɔɞɨɛŮɜŮɠ ɘŭɘɧŰɖŰŮɠ, ŭŮ ɛŮɚŮŰɩɜŰŬɘ ůŰɖɜ 

ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ əɘ ɏŰůɘ ŭŮ ɔɑɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ůɢɞɚɘŬůɛɧɠ. 

ɆŰɞɜ ˊɑɜŬəŬ 1.5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Űɨˊɞɘ əŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ˊɟɞɏɚŮɡůɖɠ Űɤɜ 

Ůɚɚɖɜɘəɩɜ ɛŬɟɛɎɟɤɜ. Ƀɘ ˊŮɟɘɞɢɏɠ, ɧˊɞɡ ůɐɛŮɟŬ ɔɑɜŮŰŬɘ ˊŮɟɘɞŭɘəɐ ɐ ůɡůŰɖɛŬŰɘəɐ 

ŮəɛŮŰɎɚɚŮɡůɖ ɔɜɖůɑɤɜ ɛŬɟɛɎɟɤɜ, ŬɚɚɎ əŬɘ Ɏɚɚɤɜ Űɨˊɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

ůŰɖɜ ȺɚɚɎŭŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 1.4 ɛŮ ɓɎůɖ əɡɟɑɤɠ Űɘɠ ɢɟɤɛŬŰɘəɏɠ Űɞɡɠ 

ˊɞɘəɘɚɑŮɠ (ɂŮɘŭɎəɖɠ & ɆŬɛŬɟɎɠ 1994, ɇůɘɟŬɛˊɑŭɖɠ 1996 & 2001, ȸɞɡɔɘɞɨəŬɠ 1998,  

ũŬɚŬɜɎəɖɠ ə.Ɏ. 2000). ɇŬ ɛɎɟɛŬɟŬ Űɖɠ ȷɜŬŰ. ɀŬəŮŭɞɜɑŬɠ, ɧˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ 

ɚŮɘŰɞɡɟɔɑŬ 86 ɚŬŰɞɛŮɑŬ, əŬɚɨˊŰɞɡɜ ɏəŰŬůɖ ˊŮɟɑˊɞɡ 1.800 km
2 
əŬɘ ɏɢɞɡɜ ŮŰɐůɘŬ 
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ˊŬɟŬɔɤɔɐ 210.000 m
3
. ɆŰɞ Ůɚɚɖɜɘəɧ əŬɘ ŭɘŮɗɜɏɠ Ůɛˊɧɟɘɞ əɡəɚɞűɞɟɞɨɜ 40 Űɨˊɞɘ Űɞɡɠ 

ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬɝɑŬ ŰŬ ɢɘɞɜɧɚŮɡəŬ ŭɞɚɞɛɘŰɘəɎ (ɏɤɠ 1.800 ú/m
3
) (ɉŬŰɕɖˊŬɜŬɔɐɠ & 

ȸɞɡɔɘɞɨəŬɠ 2005). 

ɄɑɜŬəŬɠ  1.5: ɇɨˊɞɘ əŬɘ ˊɟɞɏɚŮɡůɖ Ⱥɚɚɖɜɘəɩɜ ɛŬɟɛɎɟɤɜ (ɇůɘɟŬɛˊɑŭɖɠ 2001). 
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ȺɘəɧɜŬ 1.4. ɄŮɟɘɞɢɏɠ ŮɛűɎɜɘůɖɠ ɀŬɟɛɎɟɤɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ (Ƚ.ũ.ɀ.Ⱥ. 1998 Ŭˊɧ ɇůɘɟŬɛˊɑŭɖ 

2005). 

1.3.5 ȽŭɘɧŰɖŰŮɠ ɛŬɟɛɎɟɤɜ 

ȼ ˊɞɘɧŰɖŰŬ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɖ əŬŰŬɚɚɖɚɧŰɖŰŬ Ůɜɧɠ ɛŬɟɛɎɟɞɡ ɔɘŬ ɢɟɐůɖ 

Űɞɡ ůŮ ŭɘɎűɞɟŮɠ əŬŰŬůəŮɡɏɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ ůŮɘɟɎ ˊŬɟɎɔɞɜŰŮɠ ɞɘ əɡɟɘɧŰŮɟɞɘ 

Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ: 

ȷ. ȼ ɢɟɤɛŬŰɘəɐ əŬɘ ɖ ŬɘůɗɖŰɘəɐ Űɞɡ ŮɛűɎɜɘůɖ. 

ȸ. ȼ ˊŬɟɞɡůɑŬ űɚŮɓɘŭɑɤɜ, ɖ ŭɘɎŰŬɝɖ əŬɘ Űɞ ɢɟɩɛŬ Űɞɡɠ. 

ũ. ȼ ˊŬɟɞɡůɑŬ əŬɘ ɖ ůɡɢɜɧŰɖŰŬ ˊɞɘəɑɚɤɜ ŮɔəɚŮɘůɛɎŰɤɜ. 

ȹ. Ƀɘ űɡůɘəɞɛɖɢŬɜɘəɏɠ Űɞɡ ɘŭɘɧŰɖŰŮɠ. 

ȷˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŮɠ ɞɘ ŰɟŮɑɠ ˊɟɩŰɞɘ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮɚŮɔɢɗɞɨɜ ɛŮ 

əɎˊɞɘŮɠ ŭɞəɘɛɏɠ ɐ ɜŬ ŮəűɟŬůŰɞɨɜ ɛŮ əɎˊɞɘɞɡɠ Ŭɟɘɗɛɞɨɠ, ɔɘô ŬɡŰɧ əŬɘ ɗŮɤɟɞɨɜŰŬɘ 
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ɡˊɞəŮɘɛŮɜɘəɞɑ. ȷˊɞŰŮɚɞɨɜ ɓɏɓŬɘŬ ůɖɛŬɜŰɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ əŬɘ 

ŬɘůɗɖŰɘəɐɠ ŮɛűɎɜɘůɖɠ, ˊɟɞɏɢŮɘ ɧɛɤɠ ɖ ɛŮɚɏŰɖ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ 

ɛŬɟɛɎɟɞɡ. ȼ ɔɜɩůɖ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɛŬɟɛɎɟɞɡ ɗŮɤɟŮɑŰŬɘ 

ŬˊŬɟŬɑŰɖŰɖ Űɧůɞ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ˊɞɘɧŰɖŰŬɠ, ɧůɞ əŬɘ Űɖɠ Ůɛˊɞɟɘəɐɠ Űɞɡ ŬɝɑŬɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ŬɝɘɧˊɘůŰŬ əŬɘ ɜŬ ɛŬɠ ˊŬɟɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůɨɔəɟɘůɖɠ Űɤɜ ɛŬɟɛɎɟɤɜ Űɧůɞ ɛŮŰŬɝɨ 

Űɞɡɠ, ɧůɞ əŬɘ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŬ ŭɘŬəɞůɛɖŰɘəɎ ɡɚɘəɎ (ɝɨɚɞ, ɛɏŰŬɚɚɞ, əŮɟŬɛɘəɎ 

ˊɚŬəɑŭɘŬ ə.ɚ.ˊ.). ȼ ɔɜɩůɖ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɛŬɟɛɎɟɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ɧɢɘ ɛɧɜɞ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ˊɞɘɧŰɖŰɎɠ Űɞɡ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɢɟɐůŮɘɠ Űɞɡ, ŬɚɚɎ əŬɘ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ əŬŰɎ 

Űɖɜ Ůɝɧɟɡɝɖ, əɞˊɐ əŬɘ əŬŰŮɟɔŬůɑŬ (ɉɟɖůŰɎɟŬɠ 1988, Tsirambides 1991, Siegesmund 

et al. 2000, Chabas & Jeannette 2001). 

ȼ ɡŭŬŰŬˊɞɟɟɧűɖůɖ əŬɗɞɟɑɕŮɘ əɡɟɑɤɠ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ Ůɜɧɠ ɛŬɟɛɎɟɞɡ ɔɘŬ 

ŮɝɤŰŮɟɘəɏɠ ɢɟɐůŮɘɠ, ɧˊɞɡ ŬɡŰɧ ŮɑɜŬɘ ŮəŰŮɗŮɘɛɏɜɞ ůŰɘɠ ɡɔɟɏɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. 

ȳɛɤɠ, ɗŮɤɟŮɑŰŬɘ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ əŬɘ ɔɘŬ ŮůɤŰŮɟɘəɏɠ ɢɟɐůŮɘɠ, ɘŭɑɤɠ ɧŰŬɜ Űɞ 

ɛɎɟɛŬɟɞ əŬɚɨˊŰŮɘ ŭɎˊŮŭŬ ɛŮ ɛŮɔɎɚɖ ůɡɔəɏɜŰɟɤůɖ Ŭɜɗɟɩˊɤɜ (ˊ.ɢ. ŬɑɗɞɡůŮɠ 

ůɢɞɚŮɑɤɜ, ŬŮɟɞŭɟɞɛɑɤɜ, ɚŮɤűɞɟŮɘŬəɩɜ əŬɘ ůɘŭɖɟɞŭɟɞɛɘəɩɜ ůŰŬɗɛɩɜ, ŰɟɎˊŮɕŮɠ, 

əŬŰŬůŰɐɛŬŰŬ əɞɘɜɤűŮɚɩɜ ɞɟɔŬɜɘůɛɩɜ, ŮɛˊɞɟɘəɎ əɏɜŰɟŬ, ɝŮɜɞŭɞɢŮɑŬ, ɜɞůɞəɞɛŮɑŬ, 

ŮəəɚɖůɑŮɠ ə.Ŭ.) əŬɘ ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɜŬ əŬɗŬɟɑɕŮŰŬɘ ůɡɢɜɎ ɛŮ Űɖ ɢɟɐůɖ ɡɔɟɩɜ 

əŬɗŬɟɘůɛɞɨ. 

ȼ ŬɜŰɞɢɐ ůŰɖ ɗɚɑɣɖ ɗŮɤɟŮɑŰŬɘ ɛɘŬ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛŬɟɛɎɟɤɜ ɔɘŬ ɢɟɐůɖ Űɞɡɠ ůŮ ˊɞɘəɑɚŮɠ əŬŰŬůəŮɡɏɠ (ˊ.ɢ. ŮˊŮɜŭɨůŮɘɠ, 

ŮˊɘůŰɟɩůŮɘɠ ŭŬˊɏŭɤɜ, ůəɎɚŮɠ ə.Ŭ.). ȺɘŭɘəɎ, ɔɘŬ Űɖɜ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ ɛŬɟɛɎɟɞɡ ůŮ 

ŮɝɤŰŮɟɘəɞɨɠ ɢɩɟɞɡɠ əŬɘ ůŮ ɢɩɟŮɠ ɛŮ ɏɜŰɞɜŮɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮɚɏɔɢŮŰŬɘ ɖ ŬɜŰɞɢɐ ůŰɖ ɗɚɑɣɖ ɛŮŰɎ Ŭˊɧ ɣɨɝɖ Űɞɡ. Ʉɘɞ ŬɜɗŮəŰɘəɎ ůŰɞɜ 

ˊŬɔŮŰɧ ŮɑɜŬɘ ŰŬ ɚŮˊŰɧəɞəəŬ ɛɞɜɞ-ɞɟɡəŰɞɚɞɔɘəɎ ɛɎɟɛŬɟŬ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ˊɞɚɡ-

ɞɟɡəŰɞɚɞɔɘəɎ, ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘŬűɞɟŮŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɞɟɡəŰɩɜ Űɞɡɠ ůŰɘɠ 

ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ. Ⱥˊɑůɖɠ, ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɛŮɔɎɚɞ 

ˊɞɟɩŭŮɠ (ˊ.ɢ. ŰɟŬɓŮɟŰɑɜŮɠ, ˊɤɟɧɚɘɗɞɘ) ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɘɤɛɏɜɖ ŬɜŰɞɢɐ ůŰɖ ɗɚɑɣɖ, 

ŮɝŬɘŰɑŬɠ Űɖɠ ˊɚɐɟɤůɖɠ Űɤɜ əŮɜɩɜ Űɞɡɠ ɛŮ ɜŮɟɧ. 

ȺɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ŰŬ ŬɟɢɘŰŮəŰɞɜɘəɎ ɛɏɚɖ Űɤɜ əŰɘɟɑɤɜ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ 

əŬŰŬˊɞɜɐůŮɘɠ Ŭˊɧ əɎɛɣɖ. ũɘôŬɡŰɧ ɖ ɘŭɘɧŰɖŰŬ Űɖɠ ŬɜŰɞɢɐɠ ůŰɖɜ əɎɛɣɖ ŮɑɜŬɘ 

ŬˊɞɚɨŰɤɠ ŬɜŬɔəŬɑŬ ɜŬ ŮɚɏɔɢŮŰŬɘ, ɧŰŬɜ ŰŬ ɛɎɟɛŬɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŮɝɤŰŮɟɘəɏɠ 
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ŮˊŮɜŭɨůŮɘɠ əŬɘ ůəɎɚŮɠ ŮɚŮɨɗŮɟɖɠ ɏŭɟŬůɖɠ. Ⱥˊɑůɖɠ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ, ɧŰŬɜ ŰŬ 

ɛɎɟɛŬɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŮůɤŰŮɟɘəɏɠ əŬɘ ŮɝɤŰŮɟɘəɏɠ ŮˊɘůŰɟɩůŮɘɠ ŭŬˊɏŭɤɜ. 

ɉɟŮɘɎɕŮŰŬɘ ɛŮɔɎɚɖ ˊɟɞůɞɢɐ, ɔɘŬŰɑ ŬɡŰɐ ɖ ɘŭɘɧŰɖŰŬ ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɞ 

ˊɘɗŬɜɐ ůɢɘůŰɧŰɖŰŬ Űɤɜ ɛŬɟɛɎɟɤɜ. 

ȼ ŬɜŰɞɢɐ ůŰɖ űɗɞɟɎ Ŭˊɧ Űɟɘɓɐ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

əɧəəɤɜ, Űɖɜ ɡűɐ əŬɘ Űɖɜ ɞɟɡəŰɞɚɞɔɘəɐ ůɨůŰŬůɖ əŬɘ Ůˊɞɛɏɜɤɠ Űɖɜ ůəɚɖɟɧŰɖŰŬ Űɞɡ 

ɛŬɟɛɎɟɞɡ. ɀŮɔɎɚɖ űɗɞɟɎ ůŰɖɜ Űɟɘɓɐ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ŬŭɟɞəɟɡůŰŬɚɚɘəɎ ɛɎɟɛŬɟŬ, 

Ůɜɩ ŰŬ ŭɞɚɞɛɘŰɘəɎ ŮɑɜŬɘ ŬɜɗŮəŰɘəɧŰŮɟŬ. ɇɏɚɞɠ, ɖ ůɖɛŬɜŰɘəɐ ˊŬɟɞɡůɑŬ ɞɝŮɘŭɑɤɜ Űɞɡ 

ůɘŭɐɟɞɡ ɐ Ŭɟɔɘɚɑɞɡ əŬɘ ˊɡɟɘŰɘəɩɜ ɞɟɡəŰɩɜ (ůŮ ůŰɟɩůŮɘɠ ɐ ůɡůůɤɛŬŰɩɛŬŰŬ), 

ŬɡɝɎɜŮɘ ɔŮɜɘəɎ Űɖɜ ŬɜŰɞɢɐ ůŰɖ űɗɞɟɎ Ŭˊɧ Űɟɘɓɐ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɔɜɐůɘŬ ŬůɓŮůŰɘŰɘəɎ 

ɛɎɟɛŬɟŬ. ȼ ŬɜŰɞɢɐ ůŰɖ űɗɞɟɎ Ŭˊɧ Űɟɘɓɐ ŮɑɜŬɘ ɖ əɡɟɘɧŰŮɟɖ ɘŭɘɧŰɖŰŬ ˊɞɡ ˊŬɑɟɜŮŰŬɘ 

ɡˊɧɣɖ, ɧŰŬɜ ŰŬ ɛɎɟɛŬɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŮɝɤŰŮɟɘəɏɠ ɐ ŮůɤŰŮɟɘəɏɠ 

ŭŬˊŮŭɞůŰɟɩůŮɘɠ. ũɘŬ Űɖɜ əŬŰŬůəŮɡɐ ůəŬɚɩɜ ɖ ŬɜŰɞɢɐ ůŰɖ űɗɞɟɎ Ŭˊɧ Űɟɘɓɐ ˊŬɑɕŮɘ 

Ůˊɑůɖɠ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ Ůˊɘɚɞɔɐ Űɞɡ ɛŬɟɛɎɟɞɡ ɔɘŬ ŰŬ ˊŬŰɐɛŬŰŬ, Ůɜɩ ɔɘŬ ŰŬ 

ɟɑɢŰɘŬ ˊɞɡ ŭŮɜ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ŬɡŰɐ Űɖɜ əŬŰŬˊɧɜɖůɖ, ɛˊɞɟɞɨɜ ɜŬ ŮˊɘɚŮɔɞɨɜ 

ɛɎɟɛŬɟŬ Ŭˊɧ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ Ůɘŭɩɜ əŬɘ ˊɞɘɞŰɐŰɤɜ. 

ɇɞ ɢɟɩɛŬ Űɞɡ ɛŬɟɛɎɟɞɡ ɞűŮɑɚŮŰŬɘ əɡɟɑɤɠ ůŮ ɞɟɘůɛɏɜŬ ůɡůŰŬŰɘəɎ ˊɞɡ 

ˊŮɟɘɏɢŮɘ ůŮ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ. ȷɡŰɎ ŮɑɜŬɘ ŭɘɎűɞɟŬ ˊɡɟɘŰɘəɎ ɞɟɡəŰɎ, ɞɝŮɑŭɘŬ əŬɘ 

ɡŭɟɞɝŮɑŭɘŬ Űɞɡ ůɘŭɐɟɞɡ, Űɞɡ Ŭɟɔɘɚɑɞɡ əŬɘ Űɞɡ ɛŬɔɜɖůɑɞɡ, ŭɘɎűɞɟŮɠ ɞɟɔŬɜɘəɏɠ 

ŮɜɩůŮɘɠ, ŮɜɩůŮɘɠ Űɞɡ ɗŮɑɞɡ ɐ ɢŬɚəɞɨ ə.Ɏ. ɇɞ ɢɟɩɛŬ Űɞɡ ɛŬɟɛɎɟɞɡ ŭŮɜ ŮˊɖɟŮɎɕŮɘ 

əŬɛɑŬ Ŭˊɧ Űɘɠ űɡůɘəɞɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ əŬɘ Ůˊɞɛɏɜɤɠ ŭŮɜ ŮɑɜŬɘ ŮɜŭŮɘəŰɘəɧ Űɖɠ 

ˊɞɘɧŰɖŰɎɠ Űɞɡ. ȷˊɚɩɠ ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ŮɝɤŰŮɟɘəɐ ŮɛűɎɜɘůɖ əŬɘ ˊŬɑɟɜŮŰŬɘ ɡˊɧɣɖ 

ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ Űɞ ɛɎɟɛŬɟɞ ɢɟɖůɘɛɞˊɞŮɑŰŬɘ ɔɘŬ ŮˊŮɜŭɨůŮɘɠ ɐ ŭŬˊŮŭɞůŰɟɩůŮɘɠ. 

ɇɞ ɢɟɩɛŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖ ɛɞɚɡůɛɏɜɖ ŬŰɛɧůűŬɘɟŬ əŬɘ Űɞ ɖɚɘŬəɧ űɩɠ. ȼ 

ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ɢɟɩɛŬŰɞɠ Ůɜɧɠ ɛŬɟɛɎɟɞɡ ɏɢŮɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ ɔɘŬ Űɖɜ əŬɗɘɏɟɤůɐ 

Űɞɡ ůŰɖɜ ŬɔɞɟɎ. ȷɜ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɛɎɟɛŬɟɞ ŭɘŬɗɏŰŮŰŬɘ ůŰɖɜ ŬɔɞɟɎ əɎɗŮ űɞɟɎ ɛŮ 

ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧɢɟɤůɖ, ŰɧŰŮ ɖ ɕɐŰɖůɐ Űɞɡ ɛˊɞɟŮɑ ɜŬ ɛŮɘɤɗŮɑ ůŰɞ ŮɚɎɢɘůŰɞ. 

ȺɑɜŬɘ ˊɟɞűŬɜɐɠ ɖ ůɖɛŬůɑŬ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɛŬɟɛɎɟɤɜ 

ůŰɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɢɟɐůɖɠ Űɞɡɠ. ɀɎɟɛŬɟŬ ˊ.ɢ. ɛŮ ɛŮɔɎɚɖ 

ɡŭŬŰŬˊɞɟɟɧűɖůɖ (ɡɣɖɚɧ ůɡɜŰŮɚŮůŰɐ ŮɛˊɞŰɘůɛɞɨ) ŮɑɜŬɘ ŮɜŰŮɚɩɠ ŬəŬŰɎɚɚɖɚŬ ɔɘŬ 

ŮɝɤŰŮɟɘəɏɠ ŭŬˊŮŭɞůŰɟɩůŮɘɠ. Ƀɛɞɑɤɠ, ɛɎɟɛŬɟŬ ɛŮ ɛɘəɟɐ ŬɜŰɞɢɐ ůŰɖɜ əɟɞɨůɖ 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ŮˊŮɜŭɨůŮɘɠ, ŬɚɚɎ ɧɢɘ ůŮ ŭŬˊŮŭɞůŰɟɩůŮɘɠ əŬɘ 

ɘŭɘŬɑŰŮɟŬ ůŮ ůəɎɚŮɠ. 
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ȼ əŬŰŬɚɚɖɚɧŰɖŰŬ Ůɜɧɠ ɛŬɟɛɎɟɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛɘŬ əŬŰŬůəŮɡɐ ŭŮɜ 

ŮɝŬɟŰɎŰŬɘ ˊɞŰɏ Ŭˊɧ ɛɘŬ ɛɧɜɞ ɘŭɘɧŰɖŰŬ, ŬɚɚɎ Ŭˊɧ ůɡɜŭɡŬůɛɧ ˊŮɟɘůůɞŰɏɟɤɜ. ũɘôŬɡŰɧ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ Űɘɠ ɔɜɤɟɑɕɞɡɛŮ ɧɚŮɠ. Ⱥˊɘˊɚɏɞɜ, ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɤɜ ɛŬɟɛɎɟɤɜ (ˊ.ɢ. ɖ ŬɜŰɞɢɐ Űɞɡ ɢɟɩɛŬŰɞɠ ůŰɞ ɢɟɧɜɞ) ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ 

ɛŮŰɟɖɗɞɨɜ ɛŮ əɎˊɞɘŮɠ ŭɞəɘɛɏɠ, ɔɘôŬɡŰɧ ɖ əŬŰŬɚɚɖɚɧŰɖŰŬ Ůɜɧɠ ɛŬɟɛɎɟɞɡ ɗŬ ˊɟɏˊŮɘ 

ɜŬ əŬɗɞɟɑɕŮŰŬɘ əŬɘ Ŭˊɧ ˊŬɟŬŰɖɟɐůŮɘɠ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ůŰɘɠ ŭɘɎűɞɟŮɠ 

əŬŰŬůəŮɡɏɠ Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɢɟɧɜɘŬ ɛɏɢɟɘ ůɐɛŮɟŬ. 

ɆɐɛŮɟŬ, ɔɘŬ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ űɡůɘəɞɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɘůɢɨɞɡɜ ŮɜɘŬɑŮɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ ˊɞɡ ɏɢŮɘ əŬɗɘŮɟɩůŮɘ ɖ Ⱥ.Ⱥ. ȼ ůɐɛŬɜůɖ CE ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŮ ŰŮɚɘəɎ 

ˊɟɞɥɧɜŰŬ ɔɘŬ ˊɘůŰɞˊɞɑɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ, ŬˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɞ ˊŬɟŬɔɤɔɧɠ ɏɢŮɘ 

ůɡɛɞɟűɤɗŮɑ ɛŮ ŰŬ ȺɡɟɤˊŬɥəɎ ˊɟɧŰɡˊŬ əŬɘ ˊɟɞŭɘŬɔɟŬűɏɠ (ȿŬůəŬɟɑŭɖɠ & ɄŬŰɟɩɜɖɠ 

2005). 

1.4 ȺˊɑŭɟŬůɖ ɘŭɘɞŰɐŰɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ɎůɓɖůŰɞɡ 

ŬůɓɏůŰɖ 

Ƀɘ ˊŬɟɎɔɞɜŰŮɠ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ 

ˊŬɟŬɔɧɛŮɜɖɠ ŬůɓɏůŰɞɡ ŮɑɜŬɘ: ɖ ɢɖɛɘəɐ ůɨůŰŬůɖ, ɖ ɞɟɡəŰɞɚɞɔɑŬ əŬɘ Űɞ ɛɏɔŮɗɞɠ 

əɟɡůŰɎɚɚɤɜ Űɞɡ Ŭɟɢɘəɞɨ ŬɜɗɟŬəɞɨɢɞɡ ɡɚɘəɞɨ (Eades and Sandberg 1970, McClellan 

& Eades 1970). 

1.4.1 ɉɖɛɘəɐ ůɨůŰŬůɖ 

Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɖɠ ŬůɓɏůŰɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ Ŭɟɢɘəɞɨ 

ŬɜɗɟŬəɞɨɢɞɡ ɡɚɘəɞɨ (Eades and Sandberg 1970, McClellan & Eades 1970). ȷɜ ɏɜŬɠ 

əŬɗŬɟɧɠ ŬůɓŮůŰɧɚɘɗɞɠ ɐ ɛɎɟɛŬɟɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɡɣɖɚɎ ˊɞůɞůŰɎ ŬɜɗɟŬəɘəɞɨ 

ŬůɓŮůŰɑɞɡ, ŰɧŰŮ ɖ ˊŬɟŬɔɧɛŮɜɖ ɎůɓŮůŰɞɠ ɗŬ ŮɑɜŬɘ ˊɚɞɨůɘŬ ůŮ ŬůɓɏůŰɘɞ. ȷɜŰɑɗŮŰŬ, Ŭɜ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬɠ ŬůɓŮůŰɧɚɘɗɞɠ ɐ ɛɎɟɛŬɟɞ ˊɞɡ ˊŮɟɘɏɢŮɘ ˊɡɟɘŰɘəɎ əŬɘ ŬɟɔɘɚɘəɎ 

ɞɟɡəŰɎ əŬɘ ɗŮɟɛŬɜɗŮɑ ůŮ ɗŮɟɛɞəɟŬůɑŬ ˊɎɜɤ Ŭˊɧ 950
0
C, ŰɧŰŮ ůŰŬ ůɡůŰŬŰɘəɎ 

ŮɜɡŭɎŰɤůɖɠ ɗŬ ŮɛűŬɜɑɕɞɜŰŬɘ ŬɟɔɘɚɞˊɡɟɘŰɘəɏɠ ŬůɓŮůŰɞɨɢŮɠ ŮɜɩůŮɘɠ. ȷˊɞŰɏɚŮůɛŬ 

ŮɑɜŬɘ ɖ ůŰŬŭɘŬəɐ ɛŮŰɎɓŬůɖ ůŮ ɡŭɟŬɡɚɘəɏɠ ŬůɓɏůŰɞɡɠ. 

ȼ ˊɞɘɧŰɖŰŬ Űɞɡ ŬůɓɏůŰɖ ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ 

ŬůɓŮůŰɧɚɘɗɞɡ ůŮ ˊɟɞůɛɑɝŮɘɠ. ȳůɞ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ˊɟɞůɛɑɝŮɘɠ ůŰŬ ŬɜɗɟŬəɘəɎ 

ˊŮŰɟɩɛŬŰŬ ɛŮɘɩɜŮŰŬɘ, Űɧůɞ ɖ ɎůɓŮůŰɞɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ˊŬɢɘɎ ɛŮ 

Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧɛɤɠ ɧŰɘ ɏɢŮɘ ɔɑɜŮɘ əŬɜɞɜɘəɧ ɣɐůɘɛɞ. 
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ȾŬŰɎ əŬɜɧɜŬ Űɞ ŬɜɗɟŬəɘəɧ ɛŬɔɜɐůɘɞ ŭŮɜ ɗŮɤɟŮɑŰŬɘ ˊɟɧůɛɘɝɖ ŮəŰɧɠ ŮɎɜ 

ˊɟɧəŮɘŰŬɘ ɜŬ ɚɖűɗŮɑ ɎůɓŮůŰɞɠ ɛŮɔɎɚɖɠ əŬɗŬɟɧŰɖŰŬɠ. ɄŬɟôɧɚɖ ˊɎɜŰɤɠ Űɖɜ ɔŮɜɘəɐ 

ŬɡŰɐ ŭɘŬˊɑůŰɤůɖ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɞɝŮɘŭɑɞɡ Űɞɡ ɛŬɔɜɖůɑɞɡ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 1% ŭɖɛɘɞɡɟɔŮɑ ˊɟɞɓɚɐɛŬŰŬ əŬŰɎ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡ 

ŬůɓŮůŰɞˊɞɚŰɞɨ (Mira et a. 2002). ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ Űɞ MgO ŭɡůəɞɚŮɨŮɘ Űɞ 

ˊɐɝɘɛɞ Űɞɡ ŬůɓŮůŰɞˊɞɚŰɞɨ ŬɡɝɎɜɞɜŰŬɠ Űɞɜ ɢɟɧɜɞ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ŬɡŰɧ. ȺɎɜ ɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ MgO ɡˊŮɟɓŮɑ Űɞ 3% ŰɧŰŮ Űɞ ˊɐɝɘɛɞ ŮɑɜŬɘ ůɢŮŭɧɜ ŬŭɨɜŬŰɞ. ȼ 

ˊŬɟŬŰɐɟɖůɖ ŬɡŰɐ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ŮɎɜ ɚɖűɗŮɑ ɡˊɧɣɖ ɧŰɘ Űɞ 70 ï 80% Űɖɠ 

ɎůɓŮůŰɞɡ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ůŰɖɜ ȺɚɚɎŭŬ ŭɘŬŰɑɗŮŰŬɘ ůŰɖɜ ɞɘəɞŭɞɛɘəɐ ɛŮ Űɖɜ ɛɞɟűɐ Űɞɡ 

ŬůɓŮůŰɞˊɞɚŰɞɨ. ȷɜŰɑɗŮŰŬ ŮɎɜ ɖ ɎůɓŮůŰɞɠ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůəɧɜɖɠ 

ɡŭɟŬůɓɏůŰɞɡ ŰɧŰŮ ɖ ɨˊŬɟɝɖ ɛɘəɟɩɜ ˊɞůɞŰɐŰɤɜ ɞɝŮɘŭɑɞɡ Űɞɡ ɛŬɔɜɖůɑɞɡ ŮɑɜŬɘ 

ŮˊɘɗɡɛɖŰɐ ŭɘɧŰɘ ůɡɜŰŮɚŮɑ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɚŬůŰɘəɧŰɖŰɎɠ Űɖɠ. ɀɘŬ ˊɘɗŬɜɐ Ůɝɐɔɖůɖ 

ůŰɞ ˊŬɟŬˊɎɜɤ ŬɜŰɘűŬŰɘəɧ űŬɘɜɧɛŮɜɞ ŮɑɜŬɘ ɖ ɘŭɘɧŰɖŰŬ Űɞɡ ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ ɛŬɔɜɖůɑɞɡ 

ɜŬ ůɡɔəɟŬŰŮɑ ɜŮɟɧ. 

ɃɟɔŬɜɘəɏɠ ˊɟɞůɛɑɝŮɘɠ ůɡɢɜɎ ɡˊɎɟɢɞɡɜ ůŮ ˊɞůɞůŰɧ 1% əŬɘ ˊŬɟɧɚɞ ˊɞɡ ɖ 

ˊŬɟɞɡůɑŬ Űɞɡɠ ɗŮɤɟŮɑŰŬɘ ɢɤɟɑɠ ůɖɛŬůɑŬ Ŭűɞɨ ɛŮ Űɞ ɣɐůɘɛɞ əŬɑɔɞɜŰŬɘ əŬɘ 

əŬŰŬůŰɟɏűɞɜŰŬɘ, ɤůŰɧůɞ ˊɞɚɚɏɠ űɞɟɏɠ ŬɡŰɏɠ ɢɟɤɛŬŰɑɕɞɡɜ Űɞɜ ŬůɓɏůŰɖ Ŭˊɧ ŮɚŬűɟɨ 

ɔəɟɘ ɏɤɠ ůəɞɡɟɧŰŮɟŮɠ ŬˊɞɢɟɩůŮɘɠ. 

ɋɠ əɨɟɘŮɠ ˊɟɞůɛɑɝŮɘɠ ůŰɞɜ ŬůɓŮůŰɧɚɘɗɞ ɗŮɤɟɞɨɜŰŬɘ ŰŬ ɞɝŮɑŭɘŬ ˊɡɟɘŰɑɞɡ, 

Ŭɚɞɡɛɘɜɑɞɡ, ůɘŭɐɟɞɡ (SiO2, Al2O3, Fe2O3) əŬɘ ŭŮɡŰŮɟŮɡɧɜŰɤɠ Űɞɡ űɤůűɧɟɞɡ (P2O5) 

əŬɘ Űɞɡ ɗŮɑɞɡ (SO3 ˊɞɡ ˊŮɟɘɏɢŮɘ əŬɛɑŬ űɞɟɎ əŬɘ ůŰɞɘɢŮɘŬəɧ ɗŮɑɞ). ũɘŬ Űɖɜ ɎůɓŮůŰɞ 

ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ŭɞɛɘəɏɠ ɢɟɐůŮɘɠ ŮɜŭɘŬűɏɟŮɘ ˊŮɟɘůůɧŰŮɟɞ ɖ ˊɞůɧŰɖŰŬ Űɤɜ 

ˊɟɞůɛɑɝŮɤɜ ˊŬɟɎ ɖ ˊɞɘɧŰɖŰɎ Űɞɡɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ Ŭűô Ůɜɧɠ, əŬŰɎ Űɞ ɣɐůɘɛɞ 

ŭɘˊɚŬůɘɎɕŮŰŬɘ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰɎ Űɞɡɠ ɚɧɔɤ Űɞɡ CO2 ˊɞɡ űŮɨɔŮɘ, Ŭűô ŮŰɏɟɞɡ, ŭɘɧŰɘ 

əŬŰɎ Űɖɜ Űɐɝɖ ŭŮůɛŮɨɞɡɜ ůɢŮŭɧɜ ɑůɖ ˊɞůɧŰɖŰŬ CaO. ȰŰůɘ ɔɘŬ 2% ůɡɜɞɚɘəɏɠ 

ˊɟɞůɛɑɝŮɘɠ ůŰɞɜ Ŭɟɢɘəɧ ˊɏŰɟɤɛŬ ɡˊɎɟɢŮɘ ɛɘŬ ŬˊɩɚŮɘŬ ˊŮɟɑˊɞɡ 8% ŮɚŮɡɗɏɟɞɡ CaO ɐ 

ɞɝŮɘŭɑɤɜ ůŰɖɜ ɎůɓŮůŰɞ.  

Ʉɘɞ ŬɜŬɚɡŰɘəɎ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ  Fe2O3 ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ 

Ŭˊɧ 0.07% ŭɘɧŰɘ ůŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ ůəɞɡɟŬɑɜŮɘ Űɞ ɢɟɩɛŬ Űɖɠ ɎůɓŮůŰɞɡ ˊɞɡ 

ˊŬɟɎɔŮŰŬɘ. ȳŰŬɜ ˊ.ɢ. ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ Fe2O3 ůŰɞɜ ŬůɓŮůŰɧɚɘɗɞ ŮɑɜŬɘ 1%, Űɞ 

ɢɟɩɛŬ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ŬůɓŮůŰɞˊɞɚŰɞɨ ɔɑɜŮŰŬɘ ɡˊɧɚŮɡəɞ ˊɟɞɠ Űɞ əŬűɏ. ȼ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Ŭɟɔɑɚɘɞ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ, Ůɜɩ ɧŰŬɜ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 
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ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Űɞɡ 5% ůŮ  Al2O3 ɞ ŬůɓŮůŰɧɚɘɗɞɠ ŮɑɜŬɘ əŬŰɎɚɚɖɚɞɠ ɔɘŬ ɡŭɟŬɡɚɘəɐ 

ɎůɓŮůŰɞ. 

ȼ ŮˊɑˊŰɤůɖ Űɤɜ ˊɟɞůɛɑɝŮɤɜ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ ɐ Űɞɡ ɛŬɟɛɎɟɞɡ əŬɘ əɡɟɑɤɠ 

Űɤɜ SiO2, Al2O3, Fe2O3 ŮɑɜŬɘ ůŮ ůɡɜɎɟŰɖůɖ əŬɘ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ ŮɣɐůŮɤɠ. ɆŮ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊŮɟɑ Űɞɡɠ 900 
o
C, ůɢŮŰɘəɎ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ˊɟɞůɛɑɝŮɤɜ ŮɜɩɜɞɜŰŬɘ ɛŮ 

Űɖɜ ɎůɓŮůŰɞ. ɆŮ ɗŮɟɛɞəɟŬůɑŮɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ŭɘŬůˊɎůŮɤɠ Űɞɡ 

CaCO3, Űɞ űŬɘɜɧɛŮɜɞ ŮɑɜŬɘ ˊɞɚɨ ɏɜŰɞɜɞ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɧŰɘ Űɞ ˊŬɟŬɔɧɛŮɜɞ 

ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ŭɡůɢɏɟŮɘŬ əŬŰɎ Űɖ ůɓɏůɖ Űɞɡ. ȼ ŭɡůɢɏɟŮɘŬ ŬɡŰɐ ŭŮɜ ɞűŮɑɚŮŰŬɘ ɛɧɜɞ 

ůŰɖ ɛŮɔŬɚɨŰŮɟɖ ˊɡəɜɧŰɖŰɎ Űɞɡ, ŬɚɚɎ əŬɘ ůŰɞ ůɢɖɛŬŰɘůɛɧ ˊɡɟɘŰɘəɩɜ, Ŭɟɔɘɚɘəɩɜ ɐ 

ůɘŭɖɟɞɨɢɤɜ ŮɜɩůŮɤɜ Űɞɡ ŬůɓŮůŰɑɞɡ. Ƀɘ ŮɜɩůŮɘɠ ŬɡŰɏɠ ŮɑɜŬɘ ŮɨŰɖəŰŮɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɜŬ űɟɎůɞɡɜ Űɞɡɠ ˊɧɟɞɡɠ Űɖɠ ŬůɓɏůŰɞɡ ɐ ɜŬ Űɖɜ əŬɚɨˊŰɞɡɜ ɛŮ ɛɘŬ ɚŮˊŰɐ ŮˊɘŭŮɟɛɑŭŬ, 

ɖ ɞˊɞɑŬ ŮɛˊɞŭɑɕŮɘ Űɖɜ ŮˊŬűɐ Űɞɡ ɜŮɟɞɨ ůɓɏůɖɠ ɛŮ Űɞ CaO (Boynton 1980). 

ɇɞ ɗŮɑɞ, ˊŬɟɧɚɞ ɧŰɘ ɓɟɑůəŮŰŬɘ ůŮ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɛɏůŬ ůŰɞɡɠ 

ŬůɓŮůŰɧɚɘɗɞɡɠ, ŭɖɛɘɞɡɟɔŮɑ ˊɟɞɓɚɐɛŬŰŬ ůŰɘɠ ŬůɓŮůŰɞɓɘɞɛɖɢŬɜɑŮɠ. ȸɟɑůəŮŰŬɘ ůɢŮŭɧɜ 

ˊɎɜŰŬ ůŰɞɡɠ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ əŬɡůɑɛɞɡ əŬɘ ŬˊɞɟɟɞűɎŰŬɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ 

Űɤɜ əɧəəɤɜ Űɖɠ ŬůɓɏůŰɞɡ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɗŮɘɩŭŮɘɠ ɐ ɗŮɘɘəɏɠ ŮɜɩůŮɘɠ. 

ɇŬ ɎɚŬŰŬ Űɤɜ ŬɚəŬɚɑɤɜ Űɏɚɞɠ əŬɗɘůŰɞɨɜ Űɖɜ ɎůɓŮůŰɞ ˊɘɞ ŮɨŰɖəŰɖ, Ůɜɩ ɖ 

ɨˊŬɟɝɖ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ɚɧɔɤ Űɖɠ ɓɑŬɘɖɠ ŬˊɞɛŬəɟɨɜůŮɤɠ Űɖɠ əŬŰɎ Űɞ ɣɐůɘɛɞ 

ůɡɜŰŮɚŮɑ ůŰɖ ɢŬɚɎɟɤůɖ Űɞɡ ɘůŰɞɨ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ůŰɖɜ ˊɘɞ 

Ůɨəɞɚɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ CO2 ˊɞɡ ŮəɚɨŮŰŬɘ ɛŮ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɘŮɡəɞɚɨɜŮŰŬɘ 

Űɞ ɣɐůɘɛɞ. 

ȼ əŬŰŬɜɞɛɐ Űɤɜ ˊɟɞůɛɑɝŮɤɜ ůŰɞɜ ŬůɓŮůŰɘŰɘəɧ əŬɘ ŭɞɚɞɛɘŰɘəɧ ŬůɓɏůŰɖ 

űŬɑɜŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 1.6: 
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ɄɑɜŬəŬɠ 1.6. ɄɟɞůɛɑɝŮɘɠ ůŮ ŬůɓɏůŰɖ ɛŮ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ŬůɓɏůŰɘɞ əŬɘ ɛŬɔɜɐůɘɞ. 

 

ȷůɓɏůŰɖɠ ɛŮ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ŬůɓɏůŰɘɞ 

ȷůɓɏůŰɖɠ ɛŮ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ 

ŬůɓɏůŰɘɞ (ŭɞɚɞɛɘŰɘəɧɠ 

ŬůɓɏůŰɖɠ) 

ȺɜɩůŮɘɠ Ⱥɨɟɞɠ ůɡɛɛŮŰɞɢɐɠ  

SiO2 0.10 ï 2.89% 
0.02 ï 0.50% 

Al 2O3 0.13 ï 0.92% 
0.27 ï 1.05% 

Fe2O3  
0.10 ï 0.44% 

K2O < 0.21% 
 

Na2O < 0.16% 
 

SO3 < 0.05% 
 

CaO  0.518 ï 0.548 mols 

MgO 0.12 ï 3.11% 0.456 ï 0.541 mols 

H20 əŬɘ ɞɟɔŬɜɘəɎ  0.03 ï 0.80% 

 

             

1.4.2 EˊɑˊŰɤůɖ ɛŮɔɏɗɞɡɠ əɟɡůŰɎɚɚɞɡ 

ɇŬ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ ɐ Űɞɡ ɛŬɟɛɎɟɞɡ ůɡɛɓɎɚɞɡɜ 

ŬˊɞűŬůɘůŰɘəɎ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ ŬůɓɏůŰɞɡ (Eades and Sandberg 

1970, McClellan & Eades 1970). ȷˊɧ ɏɜŬɜ ŬůɓŮůŰɧɚɘɗɞ ˊɞɡ ɏɢŮɘ ŬɟəŮŰɎ ɛŮɔɎɚɞ 

ˊɞɟɩŭŮɠ, ɗŬ ůɢɖɛŬŰɘůŰŮɑ ŬůɓɏůŰɖɠ ɛŮ ŬɟəŮŰɞɨɠ ˊɧɟɞɡɠ. ȷɜŰɑɗŮŰŬ, Ŭˊɧ ɏɜŬɜ 

ŬůɓŮůŰɧɚɘɗɞ ɛŮ ɛɘəɟɧ ˊɞɟɩŭŮɠ, ˊɟɞəɨˊŰŮɘ ŬůɓɏůŰɖɠ ˊɞɡ ɏɢŮɘ ˊɞɚɨ ɚɘɔɧŰŮɟɞɡɠ 

ˊɧɟɞɡɠ. Ƀ ŬůɓɏůŰɖɠ ˊɞɡ ŮɑɜŬɘ ŬɟəŮŰɎ ˊɞɟɩŭɖɠ, ŬɜŰɘŭɟɎ ˊɞɚɨ ˊɘɞ ɔɟɐɔɞɟŬ ɛŮ Űɞ 

ɜŮɟɧ əŬɘ ŮɜɡŭŬŰɩɜŮŰŬɘ, ůŮ ůɢɏůɖ ɛŮ ɏɜŬɜ ɚɘɔɧŰŮɟɞ ˊɞɟɩŭɖ ŬůɓɏůŰɖ (Moropoulou et 

al. 2001).  

ȺɘŭɘəɧŰŮɟŬ, ɖ ŭɘɎůˊŬůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ˊɟɞɢɤɟŮɑ ˊɎɜŰɞŰŮ ˊɟɞɞŭŮɡŰɘəɎ Ŭˊɧ 

Űɖɜ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ ˊɟɞɠ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ  

ŬŭɟɧəɞəəŬ ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ ŭɡůəɞɚɧŰŮɟɞ ɜŬ ŬůɓŮůŰɞˊɞɘɖɗɞɨɜ ɞɛɞɘɧɛɞɟűŬ əŬɘ 

ŬˊŬɘŰɞɨɜ ˊŮɟɘůůɧŰŮɟɞ ɢɟɧɜɞ. ũɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ Űɞ CO2 Ŭˊɧ ŰŬ ŬŭɟɧəɞəəŬ ɡɚɘəɎ 

ŬˊŬɘŰŮɑŰŬɘ ŮˊŬɟəɐɠ ˊɑŮůɖ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ˊɞɡ ŮɝŬůűŬɚɑɕŮŰŬɘ Ŭˊɧ Űɘɠ 

ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȼ ŮűŬɟɛɞɔɐ ɧɛɤɠ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ ůɡɜŮˊɎɔŮŰŬɘ 

ɡˊŮɟɏɣɖůɖ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ŮˊɘűŬɜŮɑŬɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ɖ ɞˊɞɑŬ ɞŭɖɔŮɑ ůŮ ɡˊŮɟɓɞɚɘəɐ 

ůɡɟɟɑəɜɤůɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ůŰŮɜŮɨɞɡɜ əŬɘ ɜŬ űɟɎůůɞɡɜ ɞɘ ˊɧɟɞɘ əŬɘ ɞɘ ůɢɘůɛɏɠ 

Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. Ⱥˊɑůɖɠ, ŬɘŰɑŬ űɟŬɝɑɛŬŰɞɠ Űɤɜ ˊɧɟɤɜ ŮɑɜŬɘ ɞɘ ŭɖɛɘɞɡɟɔɞɨɛŮɜŮɠ 

ůəɤɟɑŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɖɠ ɎůɓŮůŰɞɡ ɛŮ Űɘɠ ɡˊɎɟɢɞɡůŮɠ 
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ɟ́ɞůɛɑɝŮɘɠ (SiO2 əɡɟɑɤɠ, Al2O3) ůŰɞ ˊɏŰɟɤɛŬ. ȷˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ 

ˊɡəɜɐɠ əŬɘ ɛɖ ŭɟŬůŰɘəɐɠ ɎůɓŮůŰɞɡ, ɖ ɞˊɞɑŬ ůɡɔɢɟɧɜɤɠ ŮɑɜŬɘ əŬɘ ŬɜŮˊŬɟəɩɠ ɣɖɛɏɜɖ 

ůŰɞɜ ˊɡɟɐɜŬ. Ƀɘ ˊŬɟŬˊɎɜɤ ůɡɜɗɐəŮɠ ŮˊɘŭŮɘɜɩɜɞɜŰŬɘ ůɖɛŬɜŰɘəɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŮɡɟŮɑŬɠ əɞəəɞɛŮŰɟɘəɐɠ ŭɘŬɓŬɗɛɑůŮɤɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. ȾŬɗɩɠ ŰŬ ɛɘəɟɎ ɛŮɔɏɗɖ 

ŰŮɑɜɞɡɜ ɜŬ ŬůɓŮůŰɞˊɞɘɖɗɞɨɜ ɔɟɖɔɞɟɧŰŮɟŬ əŬɘ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ ŰŬ 

ɛŮɔŬɚɨŰŮɟŬ, ŮˊŮɘŭɐ Űɞ ˊɟɞɠ ŭɘŬűɡɔɐ Ŭɏɟɘɞ ɏɢŮɘ ɜŬ ŭɘŬɜɨůŮɘ ɛɘəɟɧŰŮɟɖ ŬˊɧůŰŬůɖ. 

ȰŰůɘ ɗŮɟɛɞəɟŬůɑŮɠ ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŬůɓŮůŰɞˊɞɘɐůɞɡɜ ŮˊŬɟəɩɠ (ɢɤɟɑɠ ɜŬ 

ɡˊŮɟɣɐůɞɡɜ) ŰŬ ɛɘəɟɧŰŮɟŬ ɛŮɔɏɗɖ, ɗŬ ŬůɓŮůŰɞˊɞɘɐůɞɡɜ Űɖɜ ŮɝɤŰŮɟɘəɐ ɛɧɜɞ 

ŮˊɘűɎɜŮɘŬ Űɤɜ ɛŮɔŬɚɨŰŮɟɤɜ əɧəəɤɜ. ȷɜŰɑɗŮŰŬ əŬɜɞɜɘəɐ ŬůɓŮůŰɞˊɞɑɖůɖ Űɤɜ 

ɛŮɔɎɚɤɜ əɧəəɤɜ ɞŭɖɔŮɑ ůŮ ɡˊŮɟɏɣɖůɖ Űɤɜ ɛɘəɟɧŰŮɟɤɜ.  

ȯɚɚɞ ɏɜŬ ˊɚŮɞɜɏəŰɖɛŬ Űɤɜ ɚŮˊŰɧəɞəəɤɜ ˊŮŰɟɤɛɎŰɤɜ ŮɑɜŬɘ ɧŰɘ ˊɟɞůűɏɟɞɡɜ 

ɛŮɔŬɚɨŰŮɟɖ ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ ŬɜɎ Űɧɜɞ ŰɟɞűɞŭɞůɑŬɠ Űɖɠ əŬɛɑɜɞɡ əŬɘ ɛŮɔŬɚɨŰŮɟɖ 

ɛŮŰŬɓɑɓŬůɖ ɗŮɟɛɧŰɖŰŬɠ. ȰɢŮɘ ŮɡɟŮɗŮɑ ɧŰɘ ɖ "ˊɟɞůˊɎɗŮɘŬ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ" 

(ůɡɜŭɡŬůɛɧɠ ɢɟɧɜɞɡ, ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɗŮɟɛɘəɐɠ ɛŮŰŬɓɘɓɎůŮɤɠ) ɤɠ ůɡɜɎɟŰɖůɖ Űɤɜ 

ůɢŮŰɘəɩɜ ɢɟɧɜɤɜ ɗŮɟɛɎɜůŮɤɠ əŬɘ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ, ŮɑɜŬɘ ŬɜɎɚɞɔɖ ˊɟɞɠ Űɞ 

ŰŮŰɟɎɔɤɜɞ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɧəəɤɜ (ɐ Űɖɠ ɛɏůɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ ŬəŬɜɧɜɘůŰɞɡ 

ůɢɐɛŬŰɞɠ əɧəəɤɜ). ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɔɘŬ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ Ůɜɧɠ ˊŮŰɟɩɛŬŰɞɠ ȷ ɛŮ 

ɛɏɔŮɗɞɠ əɧəəɤɜ 10 cm ŬˊŬɘŰŮɑŰŬɘ 4 ˊŮɟɑˊɞɡ űɞɟɏɠ ˊŮɟɘůůɧŰŮɟɞɠ ɢɟɧɜɞɠ Ŭˊɧ ɧŰɘ ɔɘŬ 

Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ Ɏɚɚɞɡ ˊŮŰɟɩɛŬŰɞɠ ȸ ɛŮ ɛɏɔŮɗɞɠ əɧəəɤɜ 5 cm. ȾŬɘ ŰɞɨŰɞ, ŮˊŮɘŭɐ 

Űɞ ɛŮɔŬɚɨŰŮɟɞɡ ɛŮɔɏɗɞɡɠ ˊɏŰɟɤɛŬ ɏɢŮɘ 8 űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɞ ɧɔəɞ ˊɟɞɠ 

ŬůɓŮůŰɞˊɞɑɖůɖ əŬɘ ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ɛŮŰŬɓɘɓŬůɗŮɑ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŭɘŮɘůŭɨůŮɘ ůŮ ŭɘˊɚɎůɘɞ ɓɎɗɞɠ. ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɚɞɘˊɧɜ ɧŰɘ ɞɘ ɛɘəɟɞɑ əɧəəɞɘ 

Ŭˊɞɟɟɞűɞɨɜ ɗŮɟɛɧŰɖŰŬ ɛŮ ɟɡɗɛɧ ŭɘˊɚɎůɘɞ Űɞɡ ŬɜŰɘůŰɞɑɢɞɡ Űɤɜ ɛŮɔɎɚɤɜ, ŬɚɚɎ Űɞ 

ɛɏɔŮɗɞɠ Űɖɠ "ˊɟɞůˊɎɗŮɘŬɠ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ" ŮɑɜŬɘ ɛɧɜɞ Űɞ 1/4. ɇɞ ˊɎɢɞɠ ɚɞɘˊɧɜ Űɤɜ 

əɧəəɤɜ ɐ ɞ ɧɔəɞɠ, ŮɑɜŬɘ Űɞ ɓŬůɘəɧ əɟɘŰɐɟɘɞ ůŰɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ 

ɛŮɔɏɗɞɡɠ ůŰɞɜ ɟɡɗɛɧ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ. 

 ȼ əɞəəɞɛŮŰɟɘəɐ Ůˊɑůɖɠ ŭɘŬɓɎɗɛɘůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŰɟɞűɞŭɞůɑŬɠ Űɖɠ 

əŬɛɑɜɞɡ ɏɢŮɘ ɎɛŮůɖ ŮˊɑˊŰɤůɖ ůŰɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ ŮɣɐůŮɤɠ. ɀɑŬ ŮɡɟŮɑŬ 

əɞəəɞɛŮŰɟɘəɐ əŬŰŬɜɞɛɐ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɜɞɛɞɘɧɛɞɟűɖ ŭɘɎɢɡůɖ Űɖɠ 

ɗŮɟɛɧŰɖŰŬɠ ůŰɖ ɕɩɜɖ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ əŬɗ' ɧůɞɜ ɞɘ ɛɘəɟɧŰŮɟɞɘ əɧəəɞɘ 

ˊŬɟŮɘůűɟɨɞɡɜ əŬɘ ɔŮɛɑɕɞɡɜ ŰŬ ŭɘɎəŮɜŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ ɛŮɔŬɚɨŰŮɟɞɡɠ, 

űɟɎůůɞɜŰŬɠ ɏŰůɘ Űɘɠ ŭɘɧŭɞɡɠ əŬɘ ŭɡůɢŮɟŬɑɜɞɜŰŬɠ Űɖɜ ɛŮŰɎŭɞůɖ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ 

Űɖɜ ɏəɚɡůɖ Űɤɜ əŬɡůŬŮɟɑɤɜ. ȰɢŮɘ ɓɟŮɗŮɑ ɧŰɘ ɖ ɘŭŬɜɘəɐ ɛɞɟűɐ əɧəəɤɜ ˊɟɞəŮɘɛɏɜɞɡ 
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ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ɓɏɚŰɘůŰɞ ŬˊɞŰɏɚŮůɛŬ, ŮɑɜŬɘ ɗɟŬɡůɛɏɜɞɘ əɧəəɞɘ ŭɘŬůŰɎůŮɤɜ ɛŮŰŬɝɨ 

1 əŬɘ 2 cm. Ƀɘ ůɡɜɗɐəŮɠ ŬɡŰɏɠ ɧɛɤɠ ůŰɖɜ ˊɟɎɝɖ ůˊɎɜɘŬ ŮűŬɟɛɧɕɞɜŰŬɘ əŬɗɧůɞɜ 

ŮəŰɧɠ Ŭˊɧ Űɞ əɧůŰɞɠ ɔɘŬ Űɖɜ ɗɟŬɨůɖ Űɤɜ ŰŮɛŬɢɑɤɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊ' ɧɣɖ ŰŬ 

ˊɟɞɓɚɐɛŬŰŬ Ŭˊɧ Űɖɜ ŭɘŬəɑɜɖůɖ Űɞɡ ůɢŮŰɘəɎ ɚŮˊŰɧəɞəəɞɡ ŬɡŰɞɨ ɡɚɘəɞɨ. 
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Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ ůŰɖɜ ɏɜɜɞɘŬ Űɞɡ ŬůɓɏůŰɖ 

ɛŮ ŮůŰɑŬůɖ ůŰɖ ɗŮɤɟɑŬ Űɖɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ. ũɑɜŮŰŬɘ Ůˊɑůɖɠ ɛɘŬ ůɨɜŰɞɛɖ 

ŬɜŬűɞɟɎ   ůŰɘɠ ɘůɢɨɞɡůŮɠ ɓɘɞɛɖɢŬɜɘəɏɠ ŭɘŬŰɎɝŮɘɠ ˊŬɟŬɔɤɔɐɠ ŬůɓɏůŰɖ.  

2.1 ȽůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ 

 

Ƀ ŬůɓɏůŰɖɠ ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ˊɏɜŰŮ, ˊŮɟɘůůɧŰŮɟɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɢɖɛɘəɏɠ 

ŮɜɩůŮɘɠ ůŰɞɜ əɧůɛɞ, əŬɘ ˊŬɟɎɚɚɖɚŬ ŮɑɜŬɘ Űɞ űɗɖɜɧŰŮɟɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ŬɚəɎɚɘ (Boynton 1980, ɇůɑɛŬɠ 2001, ɇůɑɛŬɠ & ȿŮɞɜŰŬəɘŬɜɎəɞɠ 

2013). ȷɜ əŬɘ ɖ ŬɜŬűɞɟɎ Űɞɡ ɞɜɧɛŬŰɞɠ ˊŬɟŬˊɏɛˊŮɘ ůŰɘɠ ˊɎůɖɠ űɨůŮɤɠ 

əŬŰŬůəŮɡŬůŰɘəɏɠ ŮűŬɟɛɞɔɏɠ, Ůɜ ŰɞɨŰɞɘɠ ůŰɘɠ ŬɜŬˊŰɡɔɛɏɜŮɠ ɢɩɟŮɠ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ 

Űɞɡ ůŮ ɎɚɚŮɠ ɓɘɞɛɖɢŬɜɘəɏɠ ɢɟɐůŮɘɠ ŬˊɞɟɟɞűɎ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ (80-85%) Űɤɜ 

ɢɟɐůŮɤɜ Űɞɡ. ɆŰɖɜ ȺɚɚɎŭŬ ɖ ŮɘəɧɜŬ ŮɑɜŬɘ ŬɜŰɑůŰɟɞűɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɛɧɜɞ ɏɜŬ 20% 

Űɤɜ ɢɟɐůŮɤɜ Űɞɡ ɜŬ ŬˊɞɟɟɞűɎŰŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ŮəŰɧɠ Űɤɜ əŬŰŬůəŮɡŬůŰɘəɩɜ. 

Ƀ ŬůɓɏůŰɖɠ ŬɜŬűɏɟŮŰŬɘ ɤɠ ɏɜŬ Ŭˊɧ ŰŬ ˊŬɚŬɘɧŰŮɟŬ ɔɜɤůŰɎ ɡɚɘəɎ, Űɞ ɑŭɘɞ 

ˊŬɚɘɧ ɧůɞ ɖ ˊɏŰɟŬ. ȺɑɜŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɢɖɛɘəɧ ɡɚɘəɧ ɛŮ ŬɜŬɟɑɗɛɖŰŮɠ ɢɖɛɘəɏɠ, 

ɓɘɞɛɖɢŬɜɘəɏɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ɢɟɐůŮɘɠ. ȾɎˊɞɘŬ ůŰɞɘɢŮɑŬ Űɤɜ ɢɟɐůŮɤɜ Űɞɡ ɤɠ 

ŬůɓŮůŰɞəɞɜɑŬɛŬ ɏɢɞɡɜ ɓɟŮɗŮɑ ůŰɞ ɢɩɟɞ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ɇɞɡɟəɑŬɠ ɢɟɞɜɞɚɞɔɞɨɛŮɜŬ 

ɛŮŰŬɝɨ 7.000 əŬɘ 14.000 ɢɟɧɜɘŬ ˊɟɘɜ. Ʉɘɞ ɜɏŬ ůŰɞɘɢŮɑŬ ɡˊɎɟɢɞɡɜ ůŰɖɜ ɀɏůɖ 

ȷɜŬŰɞɚɐ əŬɘ ůŰɖɜ ˊŮɟɑɞŭɞ Űɖɠ ˊŬɚŬɘɎɠ ũɘɞɡɔəɞůɚŬɓɑŬɠ ˊɟɘɜ 8.000 ɢɟɧɜɘŬ. ɇɏɚɞɠ, 

ůŰɞ ŪɘɓɏŰ ɢɟɖůɘɛɞˊɞɘŮɑŰɞ ɔɘŬ ɜŬ ůŰŬɗŮɟɞˊɞɘɐůŮɘ Űɞɜ Ɏɟɔɘɚɞ ůŰɖɜ əŬŰŬůəŮɡɐ Űɤɜ 

ˊɡɟŬɛɑŭɤɜ Űɞɡ Shersi ˊɟɘɜ 5.000 ɢɟɧɜɘŬ. 

Ƀɘ ŬɟɢŬɑɞɘ ȷɘɔɨˊŰɘɞɘ ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ ŬůɓɏůŰɖ ůŬɜ ůɡůŰŬŰɘəɧ Ŭˊɧ 

ŬůɓŮůŰɞəɞɜɑŬɛŬ əŬɘ ɔɨɣɞ 4000 ˊ.ɉ. ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ˊɡɟŬɛɑŭɤɜ. Ƀ əɘɜɏɕɘəɞɠ, 

Ůɚɚɖɜɘəɧɠ əŬɘ ɟɞɡɛŬɜɘəɧɠ, ɧˊɤɠ əŬɘ Ɏɚɚɞɘ ŬɟɢŬɑɞɘ ˊɞɚɘŰɘůɛɞɑ, ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ Űɞɜ 

ŬůɓɏůŰɖ ůŰɘɠ əŬŰŬůəŮɡɏɠ, ůŰɖ ɔŮɤɟɔɑŬ əŬɘ ɔɘŬ ɎůˊɟɘůɛŬ (1.500 ˊ.ɉ. ůŰɖɜ 

əŬŰŬůəŮɡɐ Űɤɜ ŬɜŬəŰɧɟɤɜ Űɖɠ Ⱦɜɤůɞɨ ůŰɖɜ ȾɟɐŰɖ). ȷɜŬűɞɟɏɠ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ Űɞɡ 

ɏɢɞɡɛŮ ůŰɖɜ ȸɑɓɚɞ, ůŰɖɜ əŬŰŬůəŮɡɐ Űɞɡ Ɇɘɜɘəɞɨ ŰŮɑɢɞɡɠ əŬɗɩɠ əŬɘ ůŰɖɜ 

Ŭɜɞɘəɞŭɧɛɖůɖ Űɞɡ ɜŬɞɨ Űɞɡ ȷˊɧɚɚɤɜŬ ůŰɖɜ ŬɟɢŬɑŬ ȺɚɚɎŭŬ. 

ɆŰɖɜ ɅɤɛŬɥəɐ ȷɡŰɞəɟŬŰɞɟɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ 

Űɖɠ ȷˊˊɑŬɠ ɞŭɞɨ. Ƀ ȸɘŰɟɞɨɓɘɞɠ, ˊɞɡ ɐŰŬɜ ɛɖɢŬɜɘəɧɠ Űɞɡ Ƚɞɡɚɑɞɡ ȾŬɑůŬɟŬ ɏɔɟŬɣŮ 

ˊɟɞŭɘŬɔɟŬűɏɠ ɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɞɡ. ȼ ɛŮɔŬɚɨŰŮɟɖ ɧɛɤɠ ůɡɜŮɘůűɞɟɎ Űɤɜ ɅɤɛŬɑɤɜ 

ɐŰŬɜ ɖ ˊŬɟŬŰɐɟɖůɖ, ɧŰɘ ɧŰŬɜ ŬɜŬɛŮɘɔɜɨŮŰŬɘ ɛŮ ɖűŬɘůŰŮɘɞɔŮɜɞɨɠ ˊɟɞɏɚŮɡůɖɠ ɡɚɘəɎ, 

ɧˊɤɠ ɖ ɚɎɓŬ Ŭˊɧ Űɞɜ ȸŮɕɞɨɓɘɞ, ŭɘɎűɞɟŮɠ ŰɏűɟŮɠ ɐ ŬŭɟŬɜɐ, Űɞ ɛŮɑɔɛŬ ůəɚɖɟɨɜŮŰŬɘ. 

Ɇ 
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ȷɡŰɧɠ ɞ ɡŭɟŬɡɚɘəɧɠ ɢŬɟŬəŰɐɟŬɠ ɞŭɐɔɖůŮ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɡŭɟŬɡɚɘəɐɠ ɎůɓŮůŰɞɡ, 

ˊɞɡ ůɡɜɑůŰŬŰɞ Ŭˊɧ ŬůɓɏůŰɖ əŬɘ ˊɞɕɞɚɎɜɖ. ɀŮ Űɖɜ ˊŰɩůɖ Űɖɠ ɅɤɛŬɥəɐɠ 

ŬɡŰɞəɟŬŰɞɟɑŬɠ ɢɎɗɖəŮ əŬɘ ɖ ůɢŮŰɘəɐ ŰŮɢɜɞɚɞɔɑŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ əŬɗɡůŰŮɟɐůŮɘ 

ůɖɛŬɜŰɘəɎ ɖ Ůɝɏɚɘɝɖ Űɤɜ əŬŰŬůəŮɡɩɜ. 

ȼ ˊŬɟŬˊɎɜɤ ŰŮɢɜɞŰɟɞˊɑŬ ŬˊŬɜŰɎŰŬɘ ɝŬɜɎ ůŰɞ ȸɡɕɎɜŰɘɞ. ȾŬŰɎ Űɞɜ ɀŮůŬɑɤɜŬ 

əŬɘ əɡɟɑɤɠ Űɖɜ ȷɜŬɔɏɜɜɖůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůɡɟɏɤɠ ɞ ŬůɓɏůŰɖɠ ŮɑŰŮ ůəɏŰɞɠ ŮɑŰŮ ůŮ 

ɛŮɑɔɛŬŰŬ ɛŮ ˊɞɕɞɚɎɜŮɠ, ɧˊɤɠ ɛŬɟŰɡɟɞɨɜ əɞɜɘɎɛŬŰŬ, ˊɞɡ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ Ŭˊɧ ŮəŮɑɜŮɠ 

Űɘɠ ˊŮɟɘɧŭɞɡɠ. 

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɛɏɢɟɘ Űɞɜ 19
ɞ
 ŬɘɩɜŬ ůŰɖɜ Ⱥɡɟɩˊɖ əŬɘ ůŰɖɜ ȷɛŮɟɘəɐ, 

ɞˊɧŰŮ ɎɟɢɘůŮ ɜŬ ŬɜŬˊŰɨůůŮŰŬɘ əŬɘ Űɞ ŰůɘɛɏɜŰɞ ɄɧɟŰɚŬɜŰ, ɞ ŬůɓɏůŰɖɠ ɐŰŬɜ Űɞ 

əɡɟɘɧŰŮɟɞ ɡɚɘəɧ ɔɘŬ Űɘɠ ŰŮɘɢɞˊɞɘɑŮɠ. ȷəɧɛŬ əŬɘ ůɐɛŮɟŬ ůɩɕɞɜŰŬɘ ůŮ ŮəˊɚɖəŰɘəɎ əŬɚɐ 

əŬŰɎůŰŬůɖ əŬŰŬůəŮɡɏɠ 200-300 ŮŰɩɜ, ůŰɘɠ ɞˊɞɑŮɠ ŮɑɢŮ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬůɓɏůŰɖɠ. 

ȳɛɤɠ ɛŮŰŬɝɨ Űɞɡ 1895 əŬɘ Űɞɡ 1910, ɖ ɡˊŮɟɞɢɐ Űɞɡ ŬůɓɏůŰɖ ŭɞəɘɛɎůŰɖəŮ ůɞɓŬɟɎ 

əŬŰŬɟɢɐɜ Ŭˊɧ Űɞ ŰůɘɛɏɜŰɞ əŬɘ ŬɟɔɧŰŮɟŬ Ŭˊɧ Űɞɜ ɔɨɣɞ. ȼ ŬɜŬəɎɚɡɣɖ Űɞɡ ŰůɘɛɏɜŰɞɡ 

ˊɟɞəɎɚŮůŮ ŮˊŬɜɎůŰŬůɖ ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ əŬɘ əŬŰɏəŰɖůŮ Ŭɛɏůɤɠ Űɞ ŮɜŭɘŬűɏɟɞɜ əŬɘ 

Űɖɜ űŬɜŰŬůɑŬ Űɤɜ ŬɟɢɘŰŮəŰɧɜɤɜ. ɆŮ ŬɡŰɧ ɓɏɓŬɘŬ ůɡɜŰɏɚŮůŬɜ əŬɘ ɞɘ ˊɞɚɨ 

ɛŮɔŬɚɨŰŮɟŮɠ ŬɜŰɞɢɏɠ, ˊɞɡ ŬɜŬˊŰɨůůɞɡɜ ŰŬ ŰůɘɛŮɜŰɞəɞɜɘɎɛŬŰŬ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ŬůɓŮůŰɞəɞɜɘɎɛŬŰŬ.  

ɆŰɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ ŮˊŬɜɎůŰŬůɖɠ ɞɘ ɢɟɐůŮɘɠ Űɞɡ ŬůɓɏůŰɖ 

ɎɟɢɘůŬɜ ɜŬ ŮˊŮəŰŮɑɜɞɜŰŬɘ, ŬɚɚɎ ˊŬɟŬɛɏɜŮɘ ˊɟɤŰŬɟɢɘəɎ ɏɜŬ əŬŰŬůəŮɡŬůŰɘəɧ ˊɟɞɥɧɜ, 

ɛɏɢɟɘ Űɖɜ ɟŬɔŭŬɑŬ ŬɜɎˊŰɡɝɖ Űɖɠ ɢɖɛɘəɐɠ ɓɘɞɛɖɢŬɜɑŬɠ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 20
ɞɡ

 ŬɘɩɜŬ. ɆŰɘɠ 

Ŭɟɢɏɠ Űɞɡ 20
ɞɡ

 ŬɘɩɜŬ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞ 80% Űɖɠ əŬŰŬɜɎɚɤůɖɠ Űɞɡ ŬůɓɏůŰɖ ůŰɖɠ 

ȼ.Ʉ.ȷ. ɢɟɖůɘɛɞˊɞɘɞɨŰŬɜ ůŰɘɠ əŬŰŬůəŮɡɏɠ, ŬɚɚɎ ˊɟɧůűŬŰŬ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞ 90% 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɢɖɛɘəɐ ɓɘɞɛɖɢŬɜɑŬ. 

2.2 ŪŮɤɟɑŬ Űɖɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ 

 

2.2.1 ũŮɜɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ 

 

Ƀ ŬůɓɏůŰɖɠ ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɘɞ ůɖɛŬɜŰɘəɏɠ ŬŮɟɘəɏɠ əɞɜɑŮɠ, ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ əŬŰŬůəŮɡɏɠ. ȰɢŮɘ ˊɚɐɗɞɠ ŮűŬɟɛɞɔɩɜ ɛŮ ɎɟɘůŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ. 

ȺɎɜ ɞɘ əɞɘɜɞɑ ŬůɓŮůŰɧɚɘɗɞɘ ˊɡɟɤɗɞɨɜ ɛŮŰŬɝɨ 800 
ɞ
C əŬɘ 1100

 ɞ
C, Űɞ 

ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ (CaCO3), ˊɞɡ ˊŮɟɘɏɢɞɡɜ, ɗŬ ŭɘŬůˊŬůŰŮɑ ˊɟɞɠ ŭɘɞɝŮɑŭɘɞ Űɞɡ 
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ɎɜɗɟŬəŬ (CO2) əŬɘ ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ (CaO) ɐ ŮɜŮɟɔɧ ŬůɓɏůŰɘɞ. ȼ ŬɜŰɑŭɟŬůɖ 

ŮɑɜŬɘ: 

 

CaCO3 + 42,5 Kcal Ÿ CaO + CO2ŷ 

 

ɇɞ ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ (CaO) əŬɚŮɑŰŬɘ ɎůɓŮůŰɞɠ ɐ əŮəŬɡɛɏɜɖ ɎůɓŮůŰɞɠ 

(əɞɘɜɧɠ ŬůɓɏůŰɖɠ). ȰɢŮɘ Űɖ ɛɞɟűɐ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ɚɑɗɤɜ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ 

ˊɟɞɐɚɗŮ əŬɘ Űɞ ɢɟɩɛŬ Űɞɡ ŮɑɜŬɘ ɚŮɡəɧ. ȺɎɜ əŬŰɧˊɘɜ Űɞ ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ (CaO) 

ŬɜŬɛɘɢɗŮɑ ɛŮ ɜŮɟɧ (H2O), ŰɧŰŮ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɞ ɚŮɔɧɛŮɜɞ ůɓɐůɘɛɞ Űɞɡ ŬůɓɏůŰɖ 

əŬɘ ˊɟɞəɨˊŰŮɘ Űɞ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ (Ca(OH)2) ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜŰɑŭɟŬůɖ: 

CaO + H2O Ÿ Ca(OH)2 + 15,5 Kcal 

 

ɇɞ ŰŮɚŮɡŰŬɑɞ ŬɡŰɧ ɡɚɘəɧ, ˊɞɡ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɛɞɟűɐ ˊɞɚŰɞɨ 

əŬɘ ůˊŬɜɘɧŰŮɟŬ ɛŮ Űɖɜ ɛɞɟűɐ ůəɧɜɖɠ, ŮɑɜŬɘ ɖ əɞɜɑŬ əŬɘ əŬɚŮɑŰŬɘ ůɓɖůɛɏɜɞɠ 

ŬůɓɏůŰɖɠ (ŮůɓŮůɛɏɜɖ ɎůɓŮůŰɞɠ) ɐ ɡŭɟɎůɓŮůŰɞɠ (Mira et al. 2002). ȼ ɡŭɟɎůɓŮůŰɞɠ 

[Ca(OH)2] ɛŬɕɑ ɛŮ Űɞɡɠ ˊɖɚɞɨɠ ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊŬɚŬɘɧŰŮɟŮɠ ůɡɔəɞɚɚɖŰɘəɏɠ ɨɚŮɠ, ˊɞɡ 

ɢɟɖůɘɛɞˊɞɑɖůŮ ɞ Ɏɜɗɟɤˊɞɠ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ əɞɜɘŬɛɎŰɤɜ (ȸɚ. ȾŮűɎɚŬɘɞ 3.1). 

ɀɧɜɞ əŬŰɎ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ Űɞ ŰůɘɛɏɜŰɞ. 

2.2.2  ɆɡɜɗɐəŮɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ 

ȼ ɗŮɟɛɞəɟŬůɑŬ ŬůɓŮůŰɞˊɞɑɖůɖɠ əŬɘ ɞ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ ŮɑɜŬɘ ŭɨɞ Ŭˊɧ Űɞɡɠ 

ŬˊɧɚɡŰŬ ŬɚɚɖɚɞŮɝŬɟŰɩɛŮɜɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ 

ˊŬɟŬɔɧɛŮɜɖɠ əŬŰɎ Űɖɜ ɏɣɖůɖ ŬůɓɏůŰɞɡ. ũɘŬ ˊŬɟŬŰŮŰŬɛɏɜɖ ˊŬɟŬɛɞɜɐ ůŰɘɠ ŭɘŬŰɎɝŮɘɠ 

ˊɟɧůŭɤůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɖ ɓɏɚŰɘůŰɖ ɗŮɤɟɖŰɘəɐ ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ 

ŮɑɜŬɘ ɞɘ 900
0
C (Boynton 1966, Cowper 2000, Davey 1961). ȳŰŬɜ ɏɜŬɠ ŬůɓŮůŰɧɚɘɗɞɠ 

ˊɡɟɤɗŮɑ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 900
0
C, ˊŬɟɎɔŮŰŬɘ ŬůɓɏůŰɖɠ ɛŮ ɛŮɔɎɚɖ Ůɘŭɘəɐ 

ŮˊɘűɎɜŮɘŬ əŬɘ ŬɟəŮŰɎ ɛŮɔɎɚɞ ˊɞɟɩŭŮɠ, ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŬɡɝɎɜɞɡɜ Űɖ ɢɖɛɘəɐ 

ŭɟŬůŰɘəɧŰɖŰŬ (Boynton 1966, Cowper 2000, Davey 1961). ȷɜ ɏɜŬɠ ŬůɓŮůŰɧɚɘɗɞɠ 

ˊɡɟɤɗŮɑ ůŮ ɗŮɟɛɞəɟŬůɑŬ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɞɡɠ 900 
0
C, ŰɧŰŮ ɞ ˊŬɟŬɔɧɛŮɜɞɠ ŬůɓɏůŰɖɠ 

ɗŬ ŮɑɜŬɘ ɡˊɧ-ɣɖɛɏɜɞɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬŰŮɚɞɨɠ ŭɘŬŭɘəŬůɑŬɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ 

(Boynton 1966, Boynton 1984). ȷɜŰɘɗɏŰɤɠ, Ŭɜ ɞ ŬůɓŮůŰɧɚɘɗɞɠ ɗŮɟɛŬɜɗŮɑ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ɡɣɖɚɧŰŮɟɖ Ŭˊɧ ŮəŮɑɜɖ Űɤɜ 900
0
C, ŰɧŰŮ ɞ ŬůɓɏůŰɖɠ ɗŬ ŮɑɜŬɘ 

ɡˊŮɟŮɣɖɛɏɜɞɠ (Boynton 1984, Gillott 1967, Holmes and Wingate 1997). Ⱥˊɘˊɚɏɞɜ, 

ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ɏɣɖůɖɠ ɑůŮɠ ɐ ɛŮɔŬɚɨŰŮɟŮɠ Űɤɜ 1400 
0
C, ɞ ŬůɓɏůŰɖɠ ɏɢŮɘ ɣɖɗŮɑ 

ŰŮɚŮɘɤŰɘəɐ (dead-burnt) əɘ ɏɢŮɘ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛŬɨɟɞ ɢɟɩɛŬ, ɢŬɛɖɚɧ ˊɞɟɩŭŮɠ, 
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ɡɣɖɚɐ ˊɡəɜɧŰɖŰŬ əŬɘ ɛɘəɟɐ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ (Boynton 1984, Gillott 1967, Swallow 

& Carrington1995).  

Ƀ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ ŮˊɘŭɟɎ Ůˊɑůɖɠ ůŰɘɠ 

ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŬůɓɏůŰɞɡ. ȷɜ ɏɜŬɠ ŬůɓŮůŰɧɚɘɗɞɠ ɗŮɟɛŬɜɗŮɑ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟɖ ŭɘɎɟəŮɘŬ Ŭˊɧ Űɖ ɓɏɚŰɘůŰɖ, ŰɧŰŮ ůɢɖɛŬŰɑɕŮŰŬɘ ɏɜŬɠ ɡˊŮɟŮɣɖɛɏɜɞɠ 

ŬůɓɏůŰɖɠ. ȷɜŰɑɗŮŰŬ, ɏɜŬɠ ŬůɓŮůŰɧɚɘɗɞɠ ˊɞɡ ɗŮɟɛŬɑɜŮŰŬɘ ɔɘŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ ɓɏɚŰɘůŰɞ, ˊŬɟɎɔŮɘ ɏɜŬɜ ɡˊɧ-ɣɖɛɏɜɞ ŬůɓɏůŰɖ (Potgieter et al. 

2002a). 

ɆŰɖ ɓɘɞɛɖɢŬɜɘəɐ ˊɟŬəŰɘəɐ  əŬɘ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ Űɞɡ 

ŬůɓɏůŰɖ ůŰɞɡɠ űɞɨɟɜɞɡɠ ŮɑɜŬɘ ɛɘəɟɧɠ, ɞɘ ůɡɜɐɗŮɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ɏɣɖůɖɠ (ůŮ 

ůɡɜɎɟŰɖůɖ ˊɎɜŰɞŰŮ əŬɘ ɛŮ Űɞɜ ɡˊɎɟɢɞɜŰŬ Űɨˊɞ əŬɛɑɜɞɡ) ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ 

ɛŮɔŬɚɨŰŮɟŮɠ. 

2.2.3. ŪŮɟɛɞəɟŬůɑŬ ŭɘɎůˊŬůɖɠ 

 

ũɘŬ Űɞɜ ŬůɓŮůŰɑŰɖ (CaCO3) ɖ ɗŮɟɛɞəɟŬůɑŬ ŭɘɎůˊŬůɖɠ ŮɑɜŬɘ 898 
0
C ɔɘŬ 760 

mm (1
ɞ
 atm) ˊɑŮůɖ əŬɘ ɔɘŬ ŬŰɛɧůűŬɘɟŬ 100% CO2. ȼ ɗŮɟɛɞəɟŬůɑŬ ŭɘɎůˊŬůɖɠ Űɞɡ 

ŭɞɚɞɛɑŰɖ [CaMg(CO3)2], Ůɜ ŰɞɨŰɞɘɠ, ŭŮɜ ŮɑɜŬɘ Űɧůɞ ůŬűɐɠ. ȹɖɚŬŭɐ ŭɘŬůˊɎŰŬɘ ůŮ ɏɜŬ 

ˊɞɚɨ ɢŬɛɖɚɧŰŮɟɞ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ Ŭˊɧ 402 ï 480 
0
C. Ƀɘ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɘɠ 

Űɘɛɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɘɗŬɜɩɠ ɜŬ ɞűŮɑɚɞɜŰŬɘ ůŰɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɘɟŬɛŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ əŬɘ ůŰɘɠ ŬəŬɗŬɟůɑŮɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞɜ ɛŬɔɜɖůɑŰɖ 

(MgCO3). ȼ ɢŬɛɖɚɧŰŮɟɖ Űɘɛɐ ˊɞɡ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ˊɘɗŬɜɧŰŬŰŬ ɜŬ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟɞɡůɑŬ ɡɔɟŬůɑŬɠ. ɆŰɞ ůɢɐɛŬ 2.1 ˊŬɟŬŰɖɟɞɨɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ ˊɑŮůɖɠ ŭɘŬůˊɎůŮɤɠ ï 

ɗŮɟɛɞəɟŬůɑŬɠ, ɔɘŬ Űɞɜ ɛŬɔɜɖůɑŰɖ. ɀɑŬ Ɏɚɚɖ ɏɟŮɡɜŬ ɡˊɞɗɏŰŮɘ ɧŰɘ ɖ ŭɘɎůˊŬůɖ 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ŰɟɑŬ ůŰɎŭɘŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ůŰɞɡɠ 402, 438 əŬɘ 480 
0
C. 

 
 

ɆɢɐɛŬ 2.1. ȼ ˊɑŮůɖ ŭɘŬůˊɎůŮɤɠ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɛŬɔɜɖůɑŰɖ (MgCO3). 
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ȺˊŮɘŭɐ ɖ ˊɞůɞůŰɘŬɑŬ ŬɜŬɚɞɔɑŬ Űɞɡ ɛŬɔɜɖůɑŰɖ (MgCO3) əŬɘ Űɞɡ ŬůɓŮůŰɑŰɖ 

(CaCO3) ŭɘŬűɏɟŮɘ ůŰŬ ŭɘɎűɞɟŬ Ůɑŭɖ ŬůɓŮůŰɞɚɑɗɤɜ, ɖ ɗŮɟɛɞəɟŬůɑŬ ŭɘɎůˊŬůɖɠ 

ŭɘŬűɏɟŮɘ əŬɘ ŮɑɜŬɘ ŭɡůəɞɚɧŰŮɟɞ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ. ȼ əɟɡůŰŬɚɚɘəɧŰɖŰŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ 

Ůˊɑůɖɠ ˊɟɞůɗɏŰŮɘ ŭɡůəɞɚɑŮɠ ůŰŬ ŭŮŭɞɛɏɜŬ ɛŬɠ. To MgCO3 Űɞɡ ŭɞɚɞɛɑŰɖ 

[CaMg(CO3)2] ŭɘŬůˊɎŰŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊ`ɧŰɘ ɞ əŬɗŬɟɧɠ ɛŬɔɜɖůɑŰɖɠ 

(MgCO3). ɀŮɟɘəɞɑ ŮɟŮɡɜɖŰɏɠ ŭɘŬˊɑůŰɤůŬɜ ŭɘɎůˊŬůɖ Űɞɡ ŭɞɚɞɛɑŰɖ ůŰɞɡɠ 510 
ɞ
C, 

ŬɚɚɎ ŭŮɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɛɑŬ ɞɡůɘŬůŰɘəɐ ŭɘɎůˊŬůɖ ɛɏɢɟɘ Űɞɡɠ 590 
ɞ
C, ˊɏɟŬ Ŭˊɧ Űɖ 

ɗŮɟɛɞəɟŬůɑŬ ŬɡŰɐ ůŰɖɜ ɞˊɞɑŬ ɖ ŭɘɎůˊŬůɖ ŮˊɘŰŬɢɨɜŮŰŬɘ. ȯɚɚɞɘ ŮɟŮɡɜɖŰɏɠ ɓɟɐəŬɜ ɧŰɘ 

Űɞ ɝŮəɑɜɖɛŬ Űɖɠ ŭɘɎůˊŬůɖɠ əɡɛŬɑɜŮŰŬɘ ůŮ ɏɜŬ Ůɨɟɞɠ Ŭˊɧ 500 ï 750 
ɞ
C ɔɘŬ ŰɟɑŬ Ůɑŭɖ 

ŭɞɚɞɛɘŰɩɜ: (Ŭ) 500 
ɞ
C ɔɘŬ ˊɡəɜɧ - ɚŮˊŰɧ əɟɡůŰŬɚɚɘəɧ Űɨˊɞ, (ɓ) 650 

ɞ
C ɔɘŬ ŬɟəŮŰɎ 

əɟɡůŰŬɚɚɘəɧ Űɨˊɞ əŬɘ (ɔ) 750 
ɞ
C ɔɘŬ ɡɣɖɚɐɠ əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ Űɨˊɞ ɛŮ ˊɚɐɟɖ 

ŭɘɎůˊŬůɖ əɞɜŰɎ ůŰɞɡɠ 800 
ɞ
C.  

ɀɘŬ əŬɚɐ əŬŰɎ ɛɏůɞ ɧɟɞ Űɘɛɐ ɔɘŬ ˊɚɐɟɖ ŭɘɎůˊŬůɖ ŮɑɜŬɘ ůŰɞɡɠ 725 
ɞ
C ɔɘŬ 

ˊɑŮůɖ 760 mm ůŮ ŬŰɛɧůűŬɘɟŬ 100% CO2. ɇɞ CaCO3 Űɞɡ ŭɞɚɞɛɑŰɖ ˊɟɏˊŮɘ ɜŬ 

ˊɟɞůŰŮɗŮɑ ůŰɖɜ Ůˊɘˊɚɏɞɜ ɡɣɖɚɐ Űɘɛɐ, ŮəűɟɎɕɞɜŰŬɠ ɏŰůɘ Űɖ ŭɘɎůˊŬůɖ ůŮ ŭɨɞ ůŰɎŭɘŬ. 

ɋɠ ŬˊɞŰɏɚŮůɛŬ, Űɞ MgO ŮɑɜŬɘ ůɡɜɐɗɤɠ ɡˊŮɟɣɖɛɏɜɞ ůŮ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ ůɡɜɗɐəŮɠ, 

ˊɟɘɜ Űɞ CaO ůɢɖɛŬŰɘůŰŮɑ, ɚɧɔɤ Űɖɠ ŭɘŬŰɐɟɖůɖɠ Űɞɡ ůŮ ůɢŮŰɘəɎ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ. Ƀ ɓŬɗɛɧɠ Űɖɠ ɡˊŮɟɏɣɖůɖɠ ɛˊɞɟŮɑ ɜŬ ɛŮɘɤɗŮɑ ɣɨɢɞɜŰŬɠ Űɖɜ ɎůɓɖůŰɖ 

ɎůɓŮůŰɞ Ŭɛɏůɤɠ ɛŮŰɎ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ Űɞɡ CaCO3 əŬɘ ŬůɓŮůŰɞˊɞɘɩɜŰŬɠ ůŰŬɗŮɟɎ 

ůŰɖɜ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŬɚɚɎ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ. ȷəɧɛŬ əŬɘ Ŭɜ Űɞ 

CaO ɏɢŮɘ ɡˊɞůŰŮɑ əŬɜɞɜɘəɐ ɏɣɖůɖ (soft - burned), Űɞ ɡˊŮɟɣɖɛɏɜɞ MgO ŮˊɘŭɟɎ 

ŬɟɜɖŰɘəɎ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬɜ ˊɡəɜɧŰŮɟɞ əŬɘ ɢŬɛɖɚɐɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ŬůɓɏůŰɖ, ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ ɡɣɖɚɐɠ ůɡɔəɏɜŰɟɤůɖɠ ŬůɓŮůŰɑɞɡ ŬůɓɏůŰɖ. 

ȼ ŭɘɎůˊŬůɖ ˊɟɞɢɤɟɎŮɘ ˊɎɜŰŬ ɓŬɗɛɘŬɑŬ Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ ˊɟɞɠ 

Űɖɜ ŮůɤŰŮɟɘəɐ. Ɇɡɜɐɗɤɠ Űɞ ɓɎɗɞɠ Űɖɠ ŭɘŮɑůŭɡůɖɠ ˊɟɞɢɤɟɎŮɘ ɞɛɞɘɧɛɞɟűŬ ˊɟɞɠ Űɞ 

ŮůɤŰŮɟɘəɧ əŬɘ ˊɟɞɠ ɧɚŮɠ Űɘɠ ˊɚŮɡɟɏɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ůŬɜ ɜŬ "ɛŮɔŬɚɩɜŮɘ" ɏɜŬ 

ŮˊɑůŰɟɤɛŬ. ȼ ŭɘɎůˊŬůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ŭŮɑɔɛŬŰɞɠ 

ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ŮˊɘəɟŬŰɞɨůŮɠ ůɡɜɗɐəŮɠ. Ⱥˊɑůɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɢŬɛɖɚɐ 

ůɡɔəɏɜŰɟɤůɖ CO2 əŬɘ ɢŬɛɖɚɧŰŮɟŮɠ ˊɘɏůŮɘɠ. Ȱɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ɑɢɜɖ Ŭˊɧ 

ŮˊɘűŬɜŮɘŬəɐ ŭɘɎůˊŬůɖ ůŮ ɗŮɟɛɞəɟŬůɑŬ 724 
ɞ
C, ůŮ ŭŮɑɔɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ŬůɓŮůŰɑɞɡ. ɋůŰɧůɞ, ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɖ ŭɘɎůˊŬůɖ ɜŬ ˊɟɞɢɤɟɐůŮɘ ˊɟɞɠ 
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Űɞ ŮůɤŰŮɟɘəɧ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȳůɞ 

ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ Űɧůɞ ɛŮɔŬɚɨŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ 

ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖ ŭɘɎůˊŬůɖ Űɞɡ ˊɡɟɐɜŬ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ 

ŮůɤŰŮɟɘəɐɠ ˊɑŮůɖɠ əŬɗɩɠ əŬɘ ůŰɘɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəŮɑ Űɞ Ŭɏɟɘɞ CO2 ɔɘŬ ɜŬ ŭɘŬűɨɔŮɘ.  

ɆɡɛˊŮɟŬůɛŬŰɘəɎ ůŮ ŬůɓŮůŰɧɚɘɗɞɡɠ ɛŮ Űɖɜ ɑŭɘŬ əŬɗŬɟɧŰɖŰŬ, ɖ ŭɘɎűɞɟŬ ɛŮŰŬɝɨ 

ɗŮɟɛɞəɟŬůɑŬɠ ŭɘɎůˊŬůɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɞɡ ˊɡɟɐɜŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ əŬɘ ůŮ 

ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ űɗɎůŮɘ Űɞɡɠ 350
ɞ
C. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ŮɝŬɟŰɎŰŬɘ 

əɡɟɑɤɠ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ. 

Ƀɘ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ŭɘɎůˊŬůɖɠ əŬɘ Űɞ Ůɨɟɞɠ Űɞɡɠ ŭŮɜ ŮɑɜŬɘ 

ŬɡůŰɖɟɎ əŬɗɞɟɘůɛɏɜŮɠ əŬɗɩɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɑŮůɖ əŬɘ Űɖɜ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ CO2, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 2.2. ȺɎɜ ɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ˊɑŮůɖ 

ŮɑɜŬɘ ůŮ ɘůɞɟɟɞˊɑŬ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɘɠ Űɘɛɏɠ Űɞɡɠ, ɖ ŭɘɎůˊŬůɖ ŮɑɜŬɘ ůŰŬŰɘəɐ. ȷɚɚɎ 

ŮɎɜ ůɡɛɓŮɑ ɛɘŬ ɛɘəɟɐ ɛŮŰŬɓɞɚɐ ůŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ, ɧˊɤɠ ŮɚɎŰŰɤůɖ 

ůŰɖɜ ˊɑŮůɖ ɐ Űɖɜ ůɡɔəɏɜŰɟɤůɖ Űɞɡ CO2 ɐ ɛɘŬ Ŭɨɝɖůɖ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ, ɖ 

ŭɘɎůˊŬůɖ ˊɟɞɢɤɟɎŮɘ ɛŮ Ůɝɏɚɘɝɖ Űɞɡ ŬŮɟɑɞɡ CO2 əŬɘ Űɞɜ ŰŬɡŰɧɢɟɞɜɞ ůɢɖɛŬŰɘůɛɧ 

ɞɝŮɘŭɑɤɜ. ɆŰɞ ůɢɐɛŬ 2.2 ŮɎɜ ɖ ˊɑŮůɖ ŭɘɎůˊŬůɖɠ Űɞɡ CaCO3 ŮɑɜŬɘ 380 mm, 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ůɡɔəɏɜŰɟɤůɖ 50%  CO2, ŰɧŰŮ ɖ ɗŮɟɛɞəɟŬůɑŬ ŭɘŬůˊɎůŮɤɠ ŮɚŬŰŰɩɜŮŰŬɘ 

ůŰɞɡɠ 848 
ɞ
C. ɆŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɡˊɎɟɢŮɘ ɛɘŬ ůŬűɐɠ ůɢɏůɖ ɛŮŰŬɝɨ ˊɑŮůɖɠ CO2, 

ůɡɔəɏɜŰɟɤůɖɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ. 

ɋůŰɧůɞ, ɖ ŮɡŬɑůɗɖŰɖ ï ŬɜŰɘůŰɟŮˊŰɐ űɨůɖ ŬɡŰɐɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, ɛˊɞɟŮɑ ɜŬ 

ŭŮɑɝŮɘ Ůə ɜɏɞɡ ŬɗɟŬəɞˊɞɑɖůɖ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ɧŰŬɜ 

ŬůɓŮůŰɞˊɞɘŮɑŰŬɘ ɛŮɔɎɚɖ ɛɎɕŬ Ŭˊɧ ŬůɓŮůŰɧɚɘɗɞ. ȾŬɗɩɠ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ 

ɗŮɟɛɧŰɖŰŬ ŮɘůɟɏŮɘ, ŭɘŮɘůŭɨŮɘ ɓŬɗɘɎ ɛɏůŬ ůŰɖɜ ɛɎɕŬ əŬɘ əɞɜŰɎ ůŰɞ əɏɜŰɟɞ ɖ ŭɘɎůˊŬůɖ 

(ůŮ ŬŰɛɧůűŬɘɟŬ əŬɗŬɟɞɨ CO2) ɗŬ ɝŮəɘɜɐůŮɘ ɜŬ ŬůəŮɑ ŬɝɘɞůɖɛŮɑɤŰɖ ˊɑŮůɖ. ȼ 

ɗŮɟɛɞəɟŬůɑŬ ŬɡɝɎɜŮŰŬɘ ɧůɞ ɖ ˊɑŮůɖ ŬɡɝɎɜŮɘ əŬɘ ˊɟɞəŬɚŮɑ Űɖɜ ɐŭɖ ŬůɓŮůŰɞˊɞɘɖɛɏɜɖ 

ŮˊɘűɎɜŮɘŬ ɜŬ ɣɖɗŮɑ ɝŬɜɎ. ȷɡŰɧ ˊɟɞůˊŬɗŮɑ  ɜŬ ůɡɟɟɘəɜɩůŮɘ Űɖɜ ˊɏŰɟŬ, űɟɎɕɞɜŰŬɠ ɐ 

ůŰŮɜŮɨɞɜŰŬɠ Űɞɡɠ ˊɧɟɞɡɠ əŬɘ Űɘɠ ůɢɘůɛɏɠ ŭɘŬ ɛɏůɞɡ Űɤɜ ɞˊɞɑɤɜ Űɞ Ŭɏɟɘɞ CO2 ŰŮɑɜŮɘ 

ɜŬ ŭɘŬűɨɔŮɘ. ɆɡɜŮˊɩɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ˊɑŮůɖ. ȷɡŰɧ űɡůɘəɎ ɡˊɞɓŬɗɛɑɕŮɘ 

Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊɟɞəɨˊŰɞɜŰɞɠ ɞɝŮɘŭɑɞɡ Űɞɡ ŬůɓŮůŰɑɞɡ. Ⱥˊɞɛɏɜɤɠ ɧůɞ ɛŮɔŬɚɨŰŮɟɖ 

ŮɑɜŬɘ ɖ ˊɑŮůɖ Űɞɡ CO2, Űɧůɞ ɡɣɖɚɧŰŮɟɖ ɗŬ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ŭɘŬůˊɎůŮɤɠ (Ɇɢ. 

2.2). ɄŬɟŬŰɖɟŮɑŰŬɘ ɖ ɗŮŰɘəɐ ůɡůɢɏŰɘůɖ Űɖɠ ˊɑŮůɖɠ ɛŮ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ.  
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ɆɢɐɛŬ 2.2. ȺˊɑŭɟŬůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ CO2 əŬɘ Űɖɠ ˊɑŮůɖɠ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ ŭɘŬůˊɎůŮɤɠ 

Űɞɡ CaCO3. 

2.2.4 ȾŬŰŬɜŬɚɘůəɧɛŮɜɖ ɗŮɟɛɧŰɖŰŬ 

 

ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɗŮɤɟɖŰɘəɐ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŭɘɎůˊŬůɖɠ, ŬˊŬɘŰŮɑŰŬɘ 

ɛŮɔɎɚɖ ˊɟɞůűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ. ȷɡŰɐ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ Űɖɜ Ůɘŭɘəɐ 

ɗŮɟɛɧŰɖŰŬ ŬůɓŮůŰɞɚɑɗɤɜ ɡɣɖɚɐɠ ůɡɔəɏɜŰɟɤůɖɠ ŬůɓŮůŰɑɞɡ ɐ ŭɞɚɞɛɘŰɘəɩɜ 

ŬůɓŮůŰɞɚɑɗɤɜ, ůɨɛűɤɜŬ ɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ:  

Ⱥɘŭɘəɐ ɗŮɟɛɧŰɖŰŬ ŬůɓŮůŰɞɚɑɗɞɡ Ĭ 2000 lb (ɜŬ Űɞ ɛŮŰŬŰɟɏɣɤ ůŮ əɘɚɎ) Ĭ 

əŬɗŬɟɐ Ŭɨɝɖůɖ ɗŮɟɛəɟŬůɑŬɠ ůŮ 
0
C (ɜŬ ɓɎɚɤ ůɡɜŰŮɚŮůŰɐ ɛŮŰŬŰɟɞˊɐɠ Ŭˊɧ F ůŮ 

0
C) 

Ƀɘ ɗŮɟɛɘŭɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ ŬůɓŮůŰɧɚɘɗɞ ˊɚɞɨůɘɞ ůŮ ŬůɓɏůŰɘɞ ŮɑɜŬɘ 

ɡɣɖɚɧŰŮɟŮɠ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɔɘŬ ŭɞɚɞɛɘŰɘəɧ ŬůɓŮůŰɧɚɘɗɞ. ȷɡŰɧ 

ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ɞ ŭɞɚɞɛɘŰɘəɧɠ ŬůɓŮůŰɧɚɘɗɞɠ ɏɢŮɘ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬɠ 

ŭɘɎůˊŬůɖɠ. 

2.2.5 Ʌɡɗɛɧɠ ɗɏɟɛŬɜůɖɠ 

 

ȰɜŬ ɔŮɜɘəɧ ŬɝɑɤɛŬ ɛŮŰŬɝɨ Űɤɜ ɓɘɞɛɖɢŬɜɘɩɜ ŬůɓɏůŰɖ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞɜ 

Űɨˊɞ ɐ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ, ŮɑɜŬɘ ɧŰɘ ɧůɞ ɡɣɖɚɧŰŮɟɖ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ 

ɏɣɖůɖɠ əŬɘ ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ, Űɧůɞ ɛɑŬ ɡˊŮɟɣɖɛɏɜɖ 

(hard ï burned) ɎůɓɖůŰɖ ɎůɓŮůŰɞɠ ˊŬɟɎɔŮŰŬɘ. ȷɡŰɐ ɖ ɎůɓŮůŰɞɠ ɗŬ ɏɢŮɘ ɛŮɔɎɚɖ 

ůɡůŰɞɚɐ, ɡɣɖɚɐ ˊɡəɜɧŰɖŰŬ, ɢŬɛɖɚɧ ˊɞɟɩŭŮɠ əŬɘ ɢŬɛɖɚɐ ɢɖɛɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ. ɇŬ 

ŬɜŰɑůŰɟɞűŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɡˊŮɟɘůɢɨɞɡɜ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɏɣɖůɖɠ 

ɐ/əŬɘ ůɡɜŰɞɛɧŰŮɟŮɠ ŭɘɎɟəŮɘŮɠ ɏɣɖůɖɠ, ŬˊɞŭɑŭɞɜŰŬɠ Űɖɜ əŬɜɞɜɘəɐ ɏɣɖůɖ (soft ï 

burned), ˊɞɚɨ ŭɟŬůŰɘəɏɠ ɎůɓŮůŰɞɡɠ ɛŮ ɢŬɛɖɚɐ ůɡůŰɞɚɐ əŬɘ ˊɡəɜɧŰɖŰŬ əŬɘ ɡɣɖɚɧ 

ˊɞɟɩŭŮɠ. ȷɡŰɐ ɖ ŮɛˊŮɘɟɘəɐ ɗŮɤɟɑŬ ɏɢŮɘ ˊɘůŰɞˊɞɘɖɗŮɑ Ŭˊɧ ˊɞɚɚɞɨɠ ŮɟŮɡɜɖŰɏɠ. 
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ȺɟŮɡɜɖŰɏɠ ɏɢɞɡɜ ŬɜŬəŬɚɨɣŮɘ ɛŮɟɘəɏɠ ŮɜŰɡˊɤůɘŬəɏɠ ŮɝŬɘɟɏůŮɘɠ ůŰɘɠ ɛŮɚɏŰŮɠ 

Űɞɡɠ ɔɘŬ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɚɖɟɩɟŬ Ůɛˊɞɟɘəɩɜ ŬůɓŮůŰɞɚɑɗɤɜ. 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɛɘŬɠ ŰɏŰɞɘŬɠ ŬůɡɛűɤɜɑŬɠ ŭɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ (Ʉɘɜ. 2.1) ɛŮ ŭɡɞ 

ŬůɓŮůŰɧɚɘɗɞɡɠ ˊɚɞɨůɘɞɡɠ ůŮ ŬůɓɏůŰɘɞ: 

 
ɄɑɜŬəŬɠ 2.1: Ɇɨɔəɟɘůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬůɓŮůŰɞɚɑɗɤɜ. 

 

 ȷůɓŮůŰɧɚɘɗɞɠ 1 ȷůɓŮůŰɧɚɘɗɞɠ 2 

ɀɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ 963 
ɞ
C 1010 

ɞ
C 

ɉɟɧɜɞɠ ŭɘŬŰɐɟɖůɖɠ 46 min 474 min 

ɆɡɜŰŮɚŮůŰɐɠ ŭɟŬůŰɘəɧŰɖŰŬɠ (ȹɇ5) 12,0 33,4 

ɄɞɟɩŭŮɠ 38,4% 46,6% 

ɆɡůŰɞɚɐ 26,2% 15,1% 

 

ȹɨɞ Ůˊɘˊɚɏɞɜ ŭŮɑɔɛŬŰŬ ŬůɓŮůŰɞɚɑɗɤɜ ɣɐɗɖəŬɜ ɔɘŬ ˊŮɟɑˊɞɡ 4 ɩɟŮɠ ŬɚɚɎ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ 288
 ɞ

C ɏɤɠ 1316
 ɞ

C. ȺɜŰɞɨŰɞɘɠ ˊŬɟɞɡůɑŬůŬɜ 

ˊɟŬəŰɘəɎ Űɖɜ ɑŭɘŬ ɔɟŬɛɛɘəɐ ŭɘŬůŰɞɚɐ əŬɘ ŭɟŬůŰɘəɧŰɖŰŬ. 

ɇɏŰɞɘɞ ˊŬɟɎŭɞɝɞ ŬˊɞŰɏɚŮůɛŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɓɚŮűɗŮɑ, əŬɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŬˊɞŭɞɗŮɑ ůŮ ŮɟɔŬůŰɖɟɘŬəɧ ůűɎɚɛŬ. ȷˊɚɎ ŰɞɜɑɕŮɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɡˊɎɟɢɞɡɜ ŬəɧɛŬ 

ɛŮɟɘəɏɠ ŬůɡɛűɤɜɑŮɠ ɛŮ ŮɛˊɚŮəɧɛŮɜŮɠ ŬˊɞəɚɑɜɞɡůŮɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ 

ŬůɓŮůŰɧɚɘɗɞɡ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ ɓɏɚŰɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŬůɓŮůŰɞˊɞɑɖůɖɠ əŬɘ ɟɡɗɛɧɠ 

ɗɏɟɛŬɜůɖɠ ɔɘŬ əɎɗŮ ŬůɓŮůŰɧɚɘɗɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛɧɜɞ ˊŮɘɟŬɛŬŰɘəɎ. 

Ƀ ɟɡɗɛɧɠ ɗɏɟɛŬɜůɖɠ (əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ˊɟɞɗɏɟɛŬɜůɖɠ əŬɘ ŬůɓŮůŰɞˊɞɑɖůɖɠ) 

ɏɢŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ Ůˊɘɟɟɞɐ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŬůɓɏůŰɖ (ŭɘŬůŰɞɚɐ, ˊɞɟɩŭŮɠ əŬɘ 

ŭɟŬůŰɘəɧŰɖŰŬ) ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɖɜ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ɐ Űɞ ɢɟɧɜɞ ŭɘŬŰɐɟɖůɖɠ. 

ɆɡɜɖɔɞɟŮɑ ɓŬɗɛɘŬɑŬ, ŬɜŰɑ ɔɘŬ ɛɘŬ ŬɘűɜɑŭɘŬ ˊɟɞůɓɞɚɐ ˊɟɞɗɏɟɛŬɜůɖɠ, Ůɜ ůɡɜŮɢŮɑŬ ůŮ 

ɛɘŬ ɓŬɗɛɘŬɑŬ Ŭɨɝɖůɖ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ, ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ ˊɞɡ ɖ 

ŬůɓŮůŰɞˊɞɑɖůɖ ɏɢŮɘ ɞɚɞəɚɖɟɤɗŮɑ. ȴůŰŮɟŬ ŬˊɞűŮɨɔŮɘ, ŮɎɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ, Ůˊɑ ˊɚɏɞɜ 

ɢɟɧɜɞ ŭɘŬŰɐɟɖůɖɠ. ȷɡŰɧ ŬɜŰɘəɟɞɨŮŰŬɘ ůŰɖɜ ɗŮɤɟɑŬ Űɖɠ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ ɔɘŬ ɏɜŬ 

ůŰŬɗŮɟɧ ɢɟɧɜɞ əŬɘ ɔɘŬ ɛɘŬ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ.  

2.2.6 Ʌɡɗɛɧɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɛɑŬ ůŮɘɟɎ ˊŮɘɟŬɛɎŰɤɜ ŬůɓŮůŰɞˊɞɑɖůɖɠ ɛŮ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ŬůɓŮůŰɧɚɘɗɞɡɠ. ȺɑɜŬɘ ŬɚŮůɛɏɜɞɘ ůŮ ɏɜŬ ɞɛɞɘɧɛɞɟűɞ ɛɏɔŮɗɞɠ Ŭˊɧ 15 

ɏɤɠ 20 mm əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ŬůɓŮůŰɞˊɞɑɖůɖɠ ŮɑɜŬɘ 1000 
ɞ
C ůŮ 100% CO2  

ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ůɢɐɛŬ 2.3, ɖ ɞˊɞɑŬ 
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ŭŮɑɢɜŮɘ ɛɘŬ ŮəŰŮŰŬɛɏɜɖ ŭɘŬəɨɛŬɜůɖ ůŰɞɜ ɟɡɗɛɧ ˊɞɡ Űɞ CO2 ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ. ɇŬ 

ŭŮɑɔɛŬŰŬ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ ɟɡɗɛɧ (#2 əŬɘ #3) ŮɑɜŬɘ ˊɡəɜɎ, ɛŮ ɛŮɔɎɚɞɡɠ əɟɡůŰɎɚɚɞɡɠ, 

Ůɜɩ Űɞ ŮˊɧɛŮɜɞ ˊɘɞ Ŭɟɔɧ (#4) ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧ ŬůɓŮůŰɧɚɘɗɞ. ȷɡŰɎ 

ŰŬ ŭŮɑɔɛŬŰŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ůŬɜ ŭɨůəɞɚŬ ˊɟɞɠ ɏɣɖůɖ. ȷˊɧ ŰŬ 

ŭŮɑɔɛŬŰŬ ˊɞɡ ɣɐɜɞɜŰŬɘ ɔɟɐɔɞɟŬ, Űɞ #6 əŬɘ Űɞ #7 ŮɑɜŬɘ Űɞɡ əɟɖŰɘŭɘəɞɨ, ɚŮˊŰɧəɞəəɞɘ 

ŬůɓŮůŰɧɚɘɗɞɘ əŬɘ ɞ ɛɧɜɞɠ ŬůɓŮůŰɧɚɘɗɞɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬůɓŮůŰɞˊɞɘɖɗŮɑ ŮɨəɞɚŬ ŮɑɜŬɘ 

ɞ #5, ˊɞɡ ŮɑɜŬɘ ˊɞɚɨ ɚŮˊŰɧəɞəəɞɠ, ůɡɛˊŬɔɐɠ əŬɘ ˊŮɟɘɏɢŮɘ ɞɟɔŬɜɘəɏɠ ŬəŬɗŬɟůɑŮɠ. 

 

 
 

ɆɢɐɛŬ 2.3: Ʌɡɗɛɧɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ ŭɘɎűɞɟŬ Ůɑŭɖ ŬůɓŮůŰɧɚɘɗɤɜ. 

 

ȸɘɓɚɘɞɔɟŬűɘəɎ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɞɘ ŬůɓŮůŰɧɚɘɗɞɘ ˊɞɡ ɏɢɞɡɜ ɛŮɔɎɚɞɡɠ əŬɘ 

ŬəŬɜɧɜɘůŰɞɡɠ əɟɡůŰɎɚɚɞɡɠ, ɚɧɔɤ Űɖɠ ˊɡəɜɐɠ ɛɘəɟɞŭɞɛɐɠ Űɞɡɠ, ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ 

ŬɟɔɎ CO2, ŮˊŮɘŭɐ Űɞ Ŭɏɟɘɞ ɏɢŮɘ ŭɨůəɞɚɖ ŭɘŮɘůŭɡŰɘəɧŰɖŰŬ ŬɜɎɛŮůŬ Ŭˊɧ Űɞ ˊɡəɜɧ 

əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɛɧɜɞ əɎŰɤ Ŭˊɧ ŬɝɘɞůɖɛŮɑɤŰŬ ɢŬɛɖɚɐ ˊɑŮůɖ, 

ŭɖɚŬŭɐ ɖ ˊɑŮůɖ Űɞɡ  CO2 ŮɜŰɧɠ Űɞɡ əɟɡůŰɎɚɚɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ 

Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ. ɋůŰɧůɞ ůŰɞ ŭŮɑɔɛŬ #2 (ˊɡəɜɧɠ ŬůɓŮůŰɧɚɘɗɞɠ), ŭŮɜ 

ɗɟŬɨɞɜŰŬɘ ɞɘ əɟɨůŰŬɚɚɞɘ Űɞɡ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ˊɟɞɗɏɟɛŬɜůɖɠ, Ůɜɩ ůŰɞ #3, ˊɞɡ 

ŮɑɜŬɘ ůɡɔɔŮɜɘəɧɠ, ɗɟŬɨɞɜŰŬɘ. ȼ ŭɘɎɟɟɖɝɖ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɗɟŬɨůɖ əɟɡůŰɎɚɚɤɜ əŬŰɎ 

Űɖɜ ɗɏɟɛŬɜůɖ. ȿɧɔɤ ɏɚɚŮɘɣɖɠ ŭɘɧŭɤɜ ɔɘŬ ɜŬ ŭɘŬűɨɔŮɘ Űɞ Ŭɏɟɘɞ, ŮˊɘŰŬɢɨɜŮŰŬɘ ɖ 

ŭɘɎůˊŬůɖ. ȼ Ůɝɐɔɖůɖ ɔɘŬ ŬɡŰɐɜ Űɖɜ ɔɟɐɔɞɟɖ ŬůɓŮůŰɞˊɞɑɖůɖ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ #5 

ŮɑɜŬɘ ɧŰɘ Űɞ ˊɚɏɔɛŬ ˊŮɟɘɏɢŮɘ əŬɘ ɞɟɔŬɜɘəɏɠ ŬəŬɗŬɟůɑŮɠ, ˊɞɡ əŬŰŬɜŬɚɑůəɞɜŰŬɘ Ŭˊɧ Űɖɜ 
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ɗŮɟɛɧŰɖŰŬ ˊɞɡ űŮɨɔŮɘ, ɢɤɟɑɠ ůɡɜŮəŰɘəɧŰɖŰŬ ŭɞɛɐɠ əŬɘ ɡɣɖɚɧ ˊɞɟɩŭŮɠ ɔɘŬ Űɖɜ 

ŭɘŬűɡɔɐ Űɞɡ ŬŮɟɑɞɡ. 

ɆɡɜŮˊɩɠ, ɔɟɐɔɞɟɞ ɣɐůɘɛɞ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞɜ ˊɞɟɩŭɖ ŬůɓŮůŰɧɚɗɞ ɐ 

ŮəŮɑɜɞɜ ɛŮ űɡůɘəɏɠ ŭɘŬɟɟɐɝŮɘɠ ɐ ůɢɘůɛɏɠ, ˊɞɡ ŮɑɜŬɘ ɐ ŬɜɞɘɢŰɏɠ ɐ ɏɢɞɡɜ ˊɚɖɟɤɗŮɑ ɛŮ 

ɡɔɟŬůɑŬ ɐ ɛŮ ˊɚɞɨůɘɞ ůŮ ɎɜɗɟŬəŬ ɡɚɘəɧ. ȷɡŰɞɑ ɞɘ ˊɧɟɞɘ ˊŬɟɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ 

ŮˊɘűɎɜŮɘŬ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ CO2. ȼ Ŭɟɔɐ ŭɘɎɟɟɖɝɖ (ɛŮɔɎɚɞɘ əɟɨůŰŬɚɚɞɘ) ŭŮɜ 

əŬɗɞŭɖɔŮɑ Űɖɜ ɗŮɟɛɧŰɖŰŬ ŮɨəɞɚŬ, ɧˊɤɠ ɞ ˊŮɟɘůůɧŰŮɟɞ ˊɞɟɩŭɖɠ, ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧɠ 

Űɨˊɞɠ. 

2.2.7 ŪŮɟɛɞəɟŬůɑŬ 

 

ȺɎɜ ɖ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŭɘŬůˊŬůɖɠ ɐŰŬɜ ŭɘŬŰɖɟɖɛɏɜɖ ɛŮ ŬəɟɑɓŮɘŬ, ɖ 

ŬůɓŮůŰɞˊɞɑɖůɖ ɗŬ ɐŰŬɜ ŬŭɨɜŬŰɞ ɜŬ əŬɗɡůŰŮɟɐůŮɘ. ɄɘɗŬɜɧɜ ɛŮ əɎˊɞɘɞɡɠ 

ŬůɓŮůŰɧɚɘɗɞɡɠ ˊɞŰɏ ŭŮɜ ɗŬ ɏűŰŬɜŮ ůŰɞ 100%. ɆŬɜ ŮˊŬəɧɚɞɡɗɞ, ɔɘŬ ɜŬ ŮˊɘŰŬɢɡɜɗŮɑ 

ŬɡŰɐ ɖ ŬɜŰɑŭɟŬůɖ, ŮűŬɟɛɧɕɞɜŰŬɘ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŰɞ Ůɨɟɞɠ Ŭˊɧ 1038 ï 

1343 
o
C ɔɘŬ CaCO3 əŬɘ ɢŬɛɖɚɧŰŮɟŮɠ əŬŰɎ 66 ï 93 

ɞ
C ɔɘŬ ŭɞɚɞɛɘŰɘəɧ ŬůɓŮůŰɧɚɘɗɞ. 

ȽŭŬɜɘəɎ, ŭɘŬŰɖɟɞɨɜŰŬɘ ŬɡŰɏɠ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ, ɛɏɢɟɘ ɜŬ ŬˊɞɓɚɖɗŮɑ ɧɚɞ Űɞ CO2 Ŭˊɧ 

Űɞɜ ŬůɓŮůŰɧɚɘɗɞ. Ƀ ɟɡɗɛɧɠ Ŭˊɞɓɞɚɐɠ Űɞɡ CO2 ŮˊɘŰŬɢɨɜŮŰŬɘ ɔɟɐɔɞɟŬ əŬɗɩɠ ɖ 

ɗŮɟɛɞəɟŬůɑŬ ŬɜɡɣɩɜŮŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŭɘɎůˊŬůɖɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 

2.3 əŬɘ ɔɘŬ Űɞɡɠ ŭɨɞ Űɨˊɞɡɠ ŬůɓŮůŰɞɚɑɗɤɜ (ɡɣɖɚɞɨ ŬůɓŮůŰɑɞɡ əŬɘ ŭɞɚɞɛɘŰɘəɧɠ). 

2.2.8 Ɇɨɔəɟɘůɖ ɗŮɟɛɞəɟŬůɘɩɜ ŬůɓŮůŰɞˊɞɑɖůɖɠ  

 

ɀɘŬ Ŭɨɝɖůɖ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ ŮɝŬůəŮɑ ɛŮɔŬɚɨŰŮɟɖ ŮˊɑŭɟŬůɖ ůŰɞɜ ɟɡɗɛɧ 

ŭɘɎůˊŬůɖɠ. ȺɟŮɡɜɖŰɏɠ ŬɜŬəɎɚɡɣŬɜ ɧŰɘ ɛɑŬ Ŭɨɝɖůɖ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ŰɎɝŮɤɠ 

Űɤɜ 10 
ɞ
C ŮɝŬůəŮɑ ɛŮɔŬɚɨŰŮɟɖ ŮˊɑŭɟŬůɖ ůŰɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ, əŬɗɩɠ ŮəŰŮɑɜŮŰŬɘ ɞ 

ɢɟɧɜɞɠ ɏɣɖůɖɠ Ŭˊɧ 2 ůŮ 10 ɩɟŮɠ. ȺɑɜŬɘ ɔŮɔɞɜɧɠ ɧŰɘ ɞ ɟɡɗɛɧɠ Űɖɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ 

ɛˊɞɟŮɑ ɞɡůɘŬůŰɘəɎ ɜŬ ůɡɜŰɞɛŮɡŰŮɑ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ˊɞůɧŰɖŰŬ ŬůɓŮůŰɧɚɘɗɞɡ, ůŮ 

ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ, ɧˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ɗŮɟɛɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ. ȼ 

ɓɏɚŰɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ Űɖɜ ɛɏɔɘůŰɖ ŭɟŬůŰɘəɧŰɖŰŬ ŬůɓŮůŰɞˊɞɑɖůɖɠ (ɘəŬɜɧŰɖŰŬ əŬɘ 

Btu əŬŰŬɜɎɚɤůɖ) ŭɘŬűɏɟŮɘ ůŰŬ ŭɘɎűɞɟŬ ŭŮɑɔɛŬŰŬ əŬɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛŮ 

ŮɝŬɘɟŮŰɘəɐ ŬəɟɑɓŮɘŬ ɛɧɜɞ ɛŮ ˊŮɘɟɎɛŬŰŬ. ɋůŰɧůɞ, ŰɏŰɞɘŬ ɗŮɟɛɞəɟŬůɑŬ ˊɟɏˊŮɘ ɜŬ 

ŮɝɘůɞɟɟɞˊɖɗŮɑ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɓɏɚŰɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ, ɔɘŬ ɛɏɔɘůŰɖ ˊɞɘɧŰɖŰŬ. 

ũŮɜɘəɩɠ ŬɡŰɏɠ ɞɘ ŭɨɞ ɗŮɟɛɞəɟŬůɑŮɠ ŭɘŬűɏɟɞɡɜ Ŭˊɧ ůɖɛŬɜŰɘəɎ (ɏɤɠ əŬɘ 250 
ɞ
C) əŬɘ 

Űɞ ŭɑɚɖɛɛŬ ˊɞɡ ŰɑɗŮŰŬɘ ŮɑɜŬɘ ˊɞɘŬ ɗŮɟɛɞəɟŬůɑŬ ˊɟɏˊŮɘ ɜŬ ɡɘɞɗŮŰɖɗŮɑ. ȼ ɚɨůɖ ŮɑɜŬɘ 
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ůɡɜɐɗɤɠ ɏɜŬɠ ůɡɛɓɘɓŬůɛɧɠ ɛɘŬɠ  ŮɜŭɘɎɛŮůɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. ũɘŬ Űɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ 

ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ŬůɓŮůŰɑɞɡ əŬɘ Űɞɡɠ ŭɞɚɞɛɘŰɘəɞɨɠ ɛɑŬ ŮɜŭɘɎɛŮůɖ 

ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ ɞɘ 1149
 ɞ
C əŬɘ 1066 

ɞ
C ŬɜŰɑůŰɞɘɢŬ. ɄɟɞůŮɔɔɑɕɞɜŰŬɠ ˊɟŬəŰɘəɎ Űɖɜ 

ɛɏɔɘůŰɖ əŬɘ Űɖɜ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŬůɓŮůŰɞˊɞɑɖůɖɠ, ŬɡŰɏɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ əɟɡůŰŬɚɚɘəɧŰɖŰŬ əŬɘ Űɖɜ ɔɟŬɛɛɘəɐ ŭɘɎůŰŬůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. 

ɆɡɜŮˊɩɠ ɔɘŬ ɡɣɖɚɐɠ ůɡɔəɏɜŰɟɤůɖɠ ŬůɓŮůŰɑɞɡ ŬůɓŮůŰɧɚɘɗɞɡɠ ɏɢɞɡɛŮ 1010 ï 1343 
 

ɞ
C əŬɘ ɔɘŬ ŭɞɚɞɛɘŰɘəɞɨɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ɏɢɞɡɛŮ 941 ï 1232 

 ɞ
C.  

ȼ ŬɜŬűŮɟɗŮɑůŬ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ ɡɣɖɚɞɨ ŬůɓŮůŰɑɞɡ ŬůɓŮůŰɧɚɘɗɞ, 

ɓɟɑůəŮŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ ŭɖɛɞůɘŮɡɛɏɜŬ ŮɟŮɡɜɖŰɘəɎ ŭŮŭɞɛɏɜŬ. ũɘŬ ɓɏɚŰɘůŰɖ 

ˊɞɘɧŰɖŰŬ ɔŮɜɘəɩɠ ŮɜŭŮɑəɜɡŰŬɘ ɖ ɢŬɛɖɚɧŰŮɟɖ ŭɘŬəɨɛŬɜůɖ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ. 

ȷůɓŮůŰɞˊɞɘɩɜŰŬɠ ŬəɎɗŬɟŰɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬəɧɛŬ əŬɘ ŬůɐɛŬɜŰɖ, ŬɚɚɎ ɛŮŰɟɐůɘɛɖ, ɢɖɛɘəɐ 

ŭɟŬůŰɘəɧŰɖŰŬ.  

2.2.9 ȷɚɚŬɔɐ ŭɞɛɐɠ əŬŰɎ Űɖ ɗɏɟɛŬɜůɖ  əŬɘ ˊɟɞɗɏɟɛŬɜůɖ 

 

ɆŰɖ ɗŮɟɛɞəɟŬůɑŬ ŭɘɎůˊŬůɖɠ, ɖ ŮɚŮɨɗŮɟɖ ɡɔɟŬůɑŬ ůŰɞɜ ŬůɓŮůŰɧɚɘɗɞ 

ŮɝŬŰɛɑɕŮŰŬɘ əŬɘ ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ Ŭˊɧ ɞɟɔŬɜɘəɐ ɞɡůɑŬ ˊɞɡ ɡˊɎɟɢŮɘ ůɢŮŭɧɜ ůŮ əɎɗŮ 

ŬůɓŮůŰɧɚɘɗɞ ŬɜŬűɚɏɔŮŰŬɘ. ȷɡŰɎ ˊɟɞůŰɑɗŮɜŰŬɘ ŮɚŬűɟɩɠ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ ɗŮɟɛɧŰɖŰŬɠ 

ˊɞɡ ˊŮɟɘɔɟɎɣŬɛŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɆɡɜŮˊɩɠ, ůŰɞ ůɖɛŮɑɞ ŬůɓŮůŰɞˊɞɑɖůɖɠ, ŬɟɢɑɕŮɘ Űɞ 

ŭŮɑɔɛŬ ɜŬ ɔɑɜŮŰŬɘ ˊɘɞ ˊɞɟɩŭŮɠ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɠ ŬɜŬɟɑɗɛɖŰɞɡɠ ɛɘəɟɞˊɧɟɞɡɠ əŬɘ 

ɟɤɔɛɏɠ (ůɢɘůɛɏɠ) ˊɞɡ ŭɘŬůˊŮɑɟɞɜŰŬɘ ůŮ əɎɗŮ ůɖɛŮɑɞ Űɞɡ əɟɡůŰŬɚɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ. 

 ɄŮɘɟɎɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ ŬůɓŮůŰɞɚɑɗɤɜ əŬɘ əŬɗŬɟɞɨ 

ŬůɓŮůŰɑŰɖ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɞůəɞˊɘəɏɠ űɡůɘəɏɠ ŬɚɚŬɔɏɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɑˊɞɡ 

800 
ɞ
C, əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŭɘɎůˊŬůɖɠ. ũŮɜɘəɎ ŬɡŰɐ ɖ ɗŮɟɛɧŰɖŰŬ ˊɟɞəŬɚŮɑ ŭɘŬůŰɞɚɐ 

ůŰɖɜ əɟɡůŰŬɚɚɘəɐ əɨɟɘŬ ɛɎɕŬ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ. ɆŰɞɡɠ ˊɞɚɨ əɟɡůŰŬɚɚɘəɞɨɠ 

ŬůɓŮůŰɧɚɘɗɞɡɠ ɖ ɗŮɟɛɧŰɖŰŬ ŭɖɛɘɞɡɟɔŮɑ ŰɎůŮɘɠ ůŮ ɝŮɢɤɟɘůŰɞɨɠ əɟɡůŰɎɚɚɞɡɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɗɟŬɨɞɜŰŬɘ. Ƀ ɓŬɗɛɧɠ ɗɟŬɨůɖɠ Űɤɜ əɟɡůŰɎɚɚɤɜ əŬŰɎ Űɖɜ ɗɏɟɛŬɜůɖ 

ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ůŮ əɟɡůŰɎɚɚɞɡɠ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ɔɟŬɛɛɘəɐ ŭɘɎůŰŬůɖ. ȼ 

ɗŮɟɛɧŰɖŰŬ ůŮ ɛŮɟɘəɞɨɠ ˊɞɚɨ ɛŮɔɎɚɞɡɠ əɟɡůŰɎɚɚɞɡɠ, Űɞɡɠ ɛŮŰŬŰɟɏˊŮɘ ůŮ ůəɧɜɖ. ɆŮ 

ŬɜŰɑɗŮůɖ, ɞɘ ɛɘəɟɞɑ əɟɨůŰŬɚɚɞɘ (ŭɘɎɛŮŰɟɞ Ò 2.5 mm) ŮˊɘəɟŬŰɞɨɜ ůŮ ɚŮˊŰɧəɞəəɞɡɠ 

ŬůɓŮůŰɧɚɘɗɞɡɠ əŬɘ ɔŮɜɘəɎ ŬɜŰɏɢɞɡɜ ůŰɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ɞɘ ŰɎůŮɘɠ 

ɢɤɟɑɠ ɜŬ ɏɢɞɡɛŮ ŭɘɎůˊŬůɖ. ȰɜŬɠ Ɏɚɚɞɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ŬˊɞəŬɚɨˊŰŮɘ ˊɤɠ ůɡɛɓɎɚɚŮɘ 

ůŰɖɜ ŬɜŰɞɢɐ Ŭˊɧ Űɖɜ ŭɘŬůŰɞɚɐ ɚɧɔɤ ŰɎůŮɤɜ, ŮɑɜŬɘ ɖ ˊŬɟɞɡůɑŬ Ŭˊɧ ɏɜŬ ŭɑəŰɡɞ 
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ɚŮˊŰɩɜ ůɢɘůɛɩɜ, ˊɞɡ ŭɘŬɢɤɟɑɕɞɡɜ Űɞɡɠ ɚŮˊŰɞɨɠ əɟɡůŰɎɚɚɞɡɠ. ȷɡŰɏɠ ɞɘ ůɢɘůɛɏɠ 

ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɤɠ ůɖɛŮɑŬ ɏɜŬɟɝɖɠ ɟɖɔɛŬŰɩůŮɤɜ əŬɗɩɠ ɖ ɗŮɟɛɧŰɖŰŬ ˊɟɞəŬɚŮɑ 

ŭɘɧɔəɤůɖ Űɞɡ əɟɡůŰɎɚɚɞɡ. ɆɡɜŮˊɩɠ ŭɘŬŰɖɟɞɨɜ Űɖɜ ŬəŮɟŬɘɧŰɖŰŬ Űɖɠ əɨɟɘŬɠ ɛɎɕŬɠ 

Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ. ɇŬ ˊɟɞɖɔɞɨɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ŮɑɜŬɘ ɔŮɜɘəŮɨůŮɘɠ 

Ŭűɞɨ ɡˊɎɟɢŮɘ ɛɘŬ ɛŮɘɞɜɧŰɖŰŬ ŬɜŮɝɐɔɖŰɤɜ ŬɜŰɘűŬŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ˊ.ɢ. ɞɘ 

əɟɨůŰŬɚɚɞɘ Ůɜɧɠ ɚŮˊŰɧəɞəəɞɡ ŬůɓŮůŰɧɚɘɗɞɡ ɗɟŬɨɞɜŰŬɘ ůŮ ůəɧɜɖ əŬŰɎ ɛɐəɞɠ Űɤɜ 

əɟɡůŰŬɚɚɘəɩɜ ɞɟɑɤɜ, Ŭɜ əŬɘ ɞɘ ŬůɓŮůŰɧɚɘɗɞɘ Űɞɡ əɟɖŰɘŭɘəɞɨ ˊɞɡ ɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɞɨɠ 

əɟɡůŰɎɚɚɞɡɠ ŭŮɜ ɗɟŬɨɞɜŰŬɘ əŬɘ ɗɟɡɛɛŬŰɑɕɞɜŰŬɘ əŬŰɎ Űɖɜ ɗɏɟɛŬɜůɖ.  

ȷɡŰɐ ɖ ɏɟŮɡɜŬ ŬˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɧɚɖ ɖ ŮɛˊŮɘɟɑŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬůɓɏůŰɖ ˊɞɡ 

ɔɜɤɟɑɕŮɘ ɞ Ɏɜɗɟɤˊɞɠ əŬŰŬɚɐɔŮɘ ůŰɞ ɧŰɘ ŰŬ ɘŭɘŬɑŰŮɟŬ Ůɑŭɖ ŬůɓŮůŰɞɚɑɗɤɜ ŭŮɜ ɛˊɞɟɞɨɜ 

ɛŮ ŮˊɘŰɡɢɑŬ əŬŰɎ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ ɜŬ ŭɩůɞɡɜ ɛŮɔɎɚɖ ɐ ɛɘəɟɐ ɛɎɕŬ ɎůɓɖůŰɖɠ 

ɎůɓŮůŰɞɡ. ȷɡŰɞɑ ɞɘ Űɨˊɞɘ ɛˊɞɟŮɑ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɜŬ ŭɘŬůˊŬůŰɞɨɜ ůŮ ɞɝŮɑŭɘɞ, ŬɚɚɎ 

ɗŬ ɗɟŬɡůŰɞɨɜ ůŮ ɛɘəɟɎ əɚɎůɛŬŰŬ ɏɤɠ əŬɘ ˊɞɨŭɟŬ, əŬɗɘůŰɩɜŰŬɠ Űɞ ˊɟɞɥɧɜ ɎɢɟɖůŰɞ 

ˊɟɞɠ ˊɩɚɖůɖ ɔɘŬ ˊɞɚɚɏɠ ɢɟɐůŮɘɠ əŬɘ ůɞɓŬɟɎ ˊŮɟɑˊɚɞəɖ Űɖɜ ˊɟɧɞŭɞ Űɖɠ 

ŬůɓŮůŰɞˊɞɑɖůɖɠ. 

2.3  ȸɘɞɛɖɢŬɜɘəɐ ˊŬɟŬɔɤɔɐ ŬůɓŮůŰɖ. 

 

ɋɠ ˊɟɩŰɖ ɨɚɖ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡ ŬůɓɏůŰɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ Ɏűɗɞɜɞɘ 

ůŮ ɧɚɞ Űɞɜ əɧůɛɞ ŬůɓŮůŰɧɚɘɗɞɘ, ɞɘ ŭɞɚɞɛɑŰŮɠ, ŰŬ ɛɎɟɛŬɟŬ əŬɘ ɔŮɜɘəɎ ɧɚŬ ŰŬ 

ˊŮŰɟɩɛŬŰŬ, ˊɞɡ ˊŮɟɘɏɢɞɡɜ ůŮ ɛŮɔɎɚɖ ŬɜŬɚɞɔɑŬ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ (CaCO3). 

ȳɚŮɠ ɞɘ ɡˊɧɚɞɘˊŮɠ ˊɟɞůɛɑɝŮɘɠ, ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ, ɧˊɤɠ ŰŬ 

ɞɝŮɑŭɘŬ Űɞɡ ɛŬɔɜɖůɑɞɡ (MgO), Űɞɡ ˊɡɟɘŰɑɞɡ (SiO2), Űɞɡ ůɘŭɐɟɞɡ (Fe2O3) əɚˊ., ɛŮŰɎ 

Űɖɜ ˊɨɟɤůɖ Űɞɡ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ ˊŬɟŬɛɏɜɞɡɜ ŬɜŬɛŮɛŮɘɔɛɏɜŬ ɛŬɕɑ ɛŮ Űɞɜ 

ŬůɓɏůŰɖ. Ƀɘ ˊɟɞůɛŮɑɝŮɘɠ ŬɡŰɏɠ ɡˊɞɓŬɗɛɑɕɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ. ɄɟɏˊŮɘ Ůˊɞɛɏɜɤɠ, ɜŬ 

ŮˊɘɚɏɔɞɜŰŬɘ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ɞɘ  ŭɘŬŰɘɗɏɛŮɜɞɘ ŬůɓŮůŰɧɚɘɗɞɘ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɖ 

ɛŮɔŬɚɨŰŮɟɖ ŬɜŬɚɞɔɑŬ ůŮ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ əŬɘ Űɘɠ ɚɘɔɧŰŮɟŮɠ ˊɟɞůɛŮɑɝŮɘɠ. 

ȼ ˊɨɟɤůɖ ɔɑɜŮŰŬɘ ůŮ ŮɘŭɘəɎ əŬɛɑɜɘŬ (Moffat & Walmsley 2004, 2006). 

ɄŬɚŬɘɧŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰɞɜ ůɤɟɞəŬɛɑɜɘŬ, ˊɞɡ əŬŰŬůəŮɡɎɕɞɜŰŬɜ Ŭˊɧ Űɞɡɠ ɑŭɘɞɡɠ 

Űɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ˊɞɡ ɏˊɟŮˊŮ ɜŬ ɣɖɗɞɨɜ (Ⱥɘə. 2.1). ȷɟɢɘəɎ ŰŬ ˊŮɟɘůůɧŰŮɟɞ 

ɞɔəɩŭɖ ˊŮŰɟɩɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɔɘŬ Űɞ əŰɑůɘɛɞ ɛɘŬɠ ɗɞɚɤŰɐɠ ˊɡɟŮůŰɑŬɠ. ũɨɟɤ 

əŬɘ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮůŰɑŬ ŬɡŰɐ, ŰɞˊɞɗŮŰɞɨɜŰŬɜ ˊŮŰɟɩɛŬŰŬ ɛŮ ŰŬɝɘɜɧɛɖůɖ ɛɘəɟɧŰŮɟɞɡ 

ɛŮɔɏɗɞɡɠ ˊɟɞɠ ŰŬ ˊɎɜɤ. ũɘŬ Űɖ ŭɑɞŭɞ Űɤɜ ŬŮɟɑɤɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɜ ɞɟɘɕɧɜŰɘɞɘ əŬɘ 
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əŬŰŬəɧɟɡűɞɘ ɞɢŮŰɞɑ. ɇɞ ŮɝɤŰŮɟɘəɧ əŬɚɨˊŰɞɜŰŬɜ ɛŮ ůŰɟɩɛŬ ˊɖɚɞɨ ɔɘŬ ɜŬ ɛɖ űŮɨɔŮɘ ɖ 

ɗŮɟɛɧŰɖŰŬ Ŭˊɧ ŰŬ ɛŮŰŬɝɨ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ əŮɜɎ. 

 

 
 

ȺɘəɧɜŬ 2.1. ɆɤɟɞəŬɛɑɜɘ ˊŬɟŬůəŮɡɐɠ ŬůɓɏůŰɖ. ȹɡɜŬŰɧŰɖŰŮɠ ˊŬɟŬůəŮɡɐɠ ɛɘəɟɩɜ ˊɞůɞŰɐŰɤɜ əŬɘ 

ɛɧɜɞ ɧˊɞɡ ŮɑɜŬɘ ŭɨůəɞɚɖ ɖ ɛŮŰŬűɞɟɎ ɡŭɟŬůɓɏůŰɞɡ (ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ). 

ɋɠ əŬɨůɘɛɖ ɨɚɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɝɨɚŬ əŬɘ ɗɎɛɜɞɡɠ Ŭˊɧ Űɘɠ ɔɨɟɤ ˊŮɟɘɞɢɏɠ, 

ŰŬ ɞˊɞɑŬ ŰɞˊɞɗŮŰɞɨůŬɜ əŬŰɎ ůŰɟɩɛŬŰŬ ɛŮŰŬɝɨ Űɤɜ ɚɑɗɤɜ. ȼ ˊɨɟɤůɖ ŭɘŬɟəɞɨůŮ 

ˊŮɟɑˊɞɡ 4 ɏɤɠ 6 ɛɏɟŮɠ. ɀŮŰɎ, Űɖɜ ɣɨɝɖ, Ŭˊɧ Űɖ ŭɘɎɚɡůɖ Űɞɡ ůɤɟɞɨ ɚŬɛɓɎɜɞɜŰŬɜ ɞ 

ŬůɓɏůŰɖɠ ůŰɞɜ ɞˊɞɑɞ ŮɑɢŮ ɛŮŰŬŰɟŬˊŮɑ ɞ ŬůɓŮůŰɧɚɘɗɞɠ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬəɧɛŬ, ɤůŰɧůɞ ůŮ ˊŮɟɘɞɟɘůɛɏɜɖ ɏəŰŬůɖ. ɆɐɛŮɟŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ  ŭɘŬűɧɟɤɜ Űɨˊɤɜ 

əŬɛɑɜɘŬ ɛŮ ůɡɜŮɢɐ ɚŮɘŰɞɡɟɔɑŬ. Ʉɞɚɨ ˊŮɟɘɞɟɘůɛɏɜɖ ɢɟɐůɖ ɔɑɜŮŰŬɘ ɛŮ ŰŬ əŬɛɑɜɘŬ 

ŭɘŬəɞˊŰɧɛŮɜɖɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɤůŰɧůɞ, ŭŮɜ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ. 

 

2.3.1 ȾŬɛɑɜɘŬ ɛŮ ůɡɜŮɢɐ ɚŮɘŰɞɡɟɔɑŬ 

 ɇŬ əŬɛɑɜɘŬ ůɡɜŮɢɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ˊɘɞ ůɨɜɗŮŰŬ ůɡɔəɟɞŰɐɛŬŰŬ 

əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɧŰŬɜ ɖ ˊŬɟŬɔɤɔɐ ŬůɓɏůŰɖ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɛŮɔɎɚɖ. 

ɈˊɎɟɢɞɡɜ ŭɨɞ Űɨˊɞɘ əŬɛɘɜɑɤɜ ůɡɜŮɢɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ: əŬŰŬəɧɟɡűɞɠ əŬɘ ɞɟɘɕɧɜŰɘɞɠ 

Űɨˊɞɠ (Ⱥɘə. 2.2-2.6). ɇŬ əŬŰŬəɧɟɡűŬ ɏɢɞɡɜ ůɡɜɐɗɤɠ ůɢɐɛŬ ŭɨɞ əɧɚɞɡɟɤɜ əɩɜɤɜ 
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Ůɜɤɛɏɜɤɜ ůŰɘɠ ɓɎůŮɘɠ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŭɘɎɛŮŰɟɞ. ɀɏɔɘůŰɖ ŭɘɎɛŮŰɟɞɠ 3 m əŬɘ ɨɣɞɠ 

8 ɏɤɠ 12 m.  

ȾŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ ŰɞɘɢɞˊɞɘɑŬ ɐ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ɐ Ŭˊɧ ůɘŭŮɟɏɜɘŮɠ 

ɚŬɛŬɟɑɜŮɠ ŮɜɘůɢɡɛɏɜŮɠ ɛŮ ůɘŭŮɟɏɜɘŬ ŮɚɎůɛŬŰŬ. ȺůɤŰŮɟɘəɎ ɏɢɞɡɜ ɘůɢɡɟɐ ɗŮɟɛɘəɐ əŬɘ 

ˊɡɟɑɛŬɢɖ ɛɧɜɤůɖ. 

ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ůɖɛŮɑŬ ŮɑɜŬɘ: (Ŭ) ɖ ɢɞɎɜɖ űɞɟŰɩůŮɤɠ ůŰɞ ˊɎɜɤ 

ŰɛɐɛŬ, (ɓ) ɞɘ ŰɟɨˊŮɠ (ůŮ ɞɟɘůɛɏɜɞ ɨɣɞɠ) ɛɏůŬ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŮɘůɏɟɢɞɜŰŬɘ ɞɘ űɚɧɔŮɠ 

Űɖɠ əŬɨůɘɛɖɠ ɨɚɖɠ ůŰɞ əŬɛɑɜɘ əŬɘ ɞ (ɔ) ɗɎɚŬɛɞɠ ɣɨɝŮɤɠ, ůŰɞɜ ɞˊɞɑɞ əŬŰŬɚɐɔŮɘ ɞ 

ŬůɓɏůŰɖɠ ɛŮŰɎ Űɖɜ ˊɨɟɤůɖ ɔɘŬ ɜŬ əɟɡɩůŮɘ. ȼ ŰɟɞűɞŭɧŰɖůɖ Űɞɡ əŬɛɘɜɘɞɨ ɔɑɜŮŰŬɘ ɛŮ 

əŮəɚɘɛɏɜɖ ɛŮŰŬűɞɟɘəɐ ŰŬɘɜɑŬ, ɖ ɞˊɞɑŬ ɛŮŰŬűɏɟŮɘ Űɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ůŰɖ ɢɞɎɜɖ 

űɞɟŰɩůŮɤɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ Ɏɜɤ ŰɛɐɛŬ ɐ ůŮ ˊɚɎɔɘŬ ɗɏůɖ Űɞɡ əŬɛɘɜɘɞɨ.  

 

 
ȺɘəɧɜŬ 2.2: ȾŬŰŬəɧɟɡűɞɠ Űɨˊɞɠ ŬůɓŮůŰɞɡɟɔɘəɞɨ əŬɛɘɜɘɞɨ ůɡɜŮɢɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ (Maerz 2006). 
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ȺɘəɧɜŬ 2.3. ȾŬɛɑɜɘ əɡəɚɘəɐɠ ŭɘɎŰŬɝɖɠ (Circular  Kiln ). ȼ əŬɨůɖ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ɡɚɘəɞɨ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟɎɚɚɖɚɖ ɟɞɐ Űɞɡ ɡɚɘəɞɨ əŬɘ Űɤɜ ŬŮɟɑɤɜ ůŰɖɜ əŬɨůɘɛɖ ɕɩɜɖ əŬɘ Űɖɜ ˊɟɞɗɏɟɛŬɜůɖ 
Űɞɡ əŬŰŬɜŬɚɘůəɧɛŮɜɞɡ ŬɏɟŬ (Maerz 2006).  



ȾŮű. 2. ȯůɓŮůŰɞˊɞɑɖůɖ ȷɜɗɟŬəɘəɩɜ Ɉɚɘəɩɜ 

 

67 

 

 

 

 

 
ȺɘəɧɜŬ 2.4. ȾŬɛɑɜɘ ˊɞɚɡɔɤɜɘəɐɠ ŭɘɎŰŬɝɖɠ (Rectangular Kiln ). ȼ əŬɨůɖ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ɡɚɘəɞɨ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟɎɚɚɖɚɖ ɟɞɐ Űɞɡ ɡɚɘəɞɨ əŬɘ Űɤɜ ŬŮɟɑɤɜ ůŰɖɜ əŬɨůɘɛɖ ɕɩɜɖ əŬɘ Űɖɜ ˊɟɞɗɏɟɛŬɜůɖ 

Űɞɡ əŬŰŬɜŬɚɘůəɧɛŮɜɞɡ ŬɏɟŬ. ȼ Ŭˊɚɞɘəɐ ůɢŮŭɑŬůɖ űɏɟɜŮɘ ůŮ ŮˊŬűɐ ŭɨɞ əŬɛɑɜɘŬ ˊɞɚɡɔɤɜɘəɐɠ 

ŭɘŬŰɞɛɐɠ, əŬŰɎ Űɟɧˊɞ ɩůŰŮ ɖ ɟɞɐ Űɤɜ ŬŮɟɑɤɜ Ŭˊɧ Űɞ ɏɜŬ əŬɛɑŬ ůŰɞ Ɏɚɚɞ ɜŬ ɔɑɜŮŰŬɘ ɛɏůɤ Ůɜɧɠ 

əŬɜŬɚɘɞɨ crossover (Maerz 2006). 
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ȺɘəɧɜŬ 2.5. ȾŬɛɑɜɘ ɔɘŬ ɚŮˊŰɧəɞəəɞɡɠ ŬůɓɏůŰŮɠ (Finelime Kiln ). ȼ əŬɨůɖ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ɡɚɘəɞɨ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟɎɚɚɖɚɖ ɟɞɐ Űɞɡ ɡɚɘəɞɨ əŬɘ Űɤɜ ŬŮɟɑɤɜ ůŰɖɜ əŬɨůɘɛɖ ɕɩɜɖ əŬɘ Űɖɜ ˊɟɞɗɏɟɛŬɜůɖ 

Űɞɡ əŬŰŬɜŬɚɘůəɧɛŮɜɞɡ ŬɏɟŬ (Maerz 2006). 
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ȺɘəɧɜŬ 2.6. ȾŬɛɑɜɘ ŭŬəŰɡɚɘɞŮɘŭɞɨɠ ŭɘɎŰŬɝɖɠ (Annular  shaft Kiln ). ȸŬůɑɕŮŰŬɘ ůŰɖ ůɡɜŮɢɐ ɟɞɐ Űɞɡ 

ŬŮɟɑɞɡ ɛŮ ɡɣɖɚɧ ˊŮɟɘŮɢɧɛŮɜɞ ůŮ CO2 (Maerz 2006). 
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2.4 ɀŮŰŬűɞɟɎ ï Ⱥɛˊɧɟɘɞ 

ɀŮŰɎ Űɖɜ ˊɨɟɤůɖ əŬɘ Űɖɜ ɣɨɝɖ, ɞ ŬůɓɏůŰɖɠ ŭɘŬŰɑɗŮŰŬɘ ůŰɞ Ůɛˊɧɟɘɞ ůŮ 

ŰŮɛɎɢɘŬ, ɧˊɤɠ ŬɡŰɎ ɓɔɐəŬɜ Ŭˊɧ Űɞ əŬɛɑɜɘ, ɢɤɟɑɠ ˊŮɟŬɘŰɏɟɤ əŬŰŮɟɔŬůɑŬ. ɇɞ ɓɎɟɞɠ 

Űɤɜ ŰŮɛŬɢɩɜ ɛŮŰɟɎŰŬɘ ůŮ ůŮ əɘɚɎ, Ůɜɩ ˊŬɚŬɘɧŰŮɟŬ Űɞɜ ɛŮŰɟɞɨůŬɜ ůŮ ůŰŬŰɐɟŮɠ 

(əŬɜŰɎɟɘŬ).  

ȺˊŮɘŭɐ ɞ əŬɛɏɜɞɠ ŬůɓɏůŰɖɠ ɏɢŮɘ Űɖɜ ŰɎůɖ ŬɜŰɑŭɟŬɖɠ ɛŮ Űɞ ɜŮɟɧ, ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜɞɜŰŬɘ ɘŭɘŬɑŰŮɟŮɠ ˊɟɞűɡɚɎɝŮɘɠ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɐ Űɞɡ. Ƀɘ ŬˊɞɗɐəŮɠ Űɞɡ 

ŬůɓɏůŰɖ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɝɖɟɞɑ əŬɘ əŬɚɎ ůŰŮɔŬůɛɏɜɞɘ ɢɩɟɞɘ. ɀˊɞɟŮɑ ɜŬ ŬˊɞɟɟɞűɐůŮɘ 

ŮɨəɞɚŬ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ɡɔɟŬůɑŬ əŬɘ ɜŬ ɛŮŰŬŰɟŬˊŮɑ ůŮ ůəɧɜɖ ɎɢɟɖůŰɖ ɔɘŬ 

ɞˊɞɘŬŭɐˊɞŰŮ ŮɟɔŬůɑŬ. ũɘô ŬɡŰɧ Űɖɜ Ŭˊɞűɡɔɐ ɞˊɞɘŬŭɐˊɞŰŮ əŬŰŬůŰɟɞűɐ, ŮɑɜŬɘ 

ˊɟɞŰɘɛɧŰŮɟɞ Ŭɛɏůɤɠ ɛŮŰɎ Űɖɜ ˊŬɟŬɚŬɓɐ Űɞɡ, ůŰɞ ŮɟɔɞŰɎɝɘɞ ɜŬ ɔɑɜŮŰŬɘ Űɞ ůɓɐůɘɛɞ (ɖ 

ůɓɏůɖ) əŬɘ ɏŰůɘ ɜŬ ˊŬɟŬůəŮɡɎɕŮŰŬɘ ɡŭɟɎůɓŮůŰɞɠ. 

2.5 ɄɞɘɧŰɖŰŬ əŬɘ Ůɑŭɞɠ əŬɡůɑɛɞɡ ůŰɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ, ŰŬ ɢɟɖůɘɛɞˊɞɘɖɗɏɜŰŬ əŬɨůɘɛŬ ŮɑɜŬɘ 

ůɡɜɐɗɤɠ ˊŮŰɟɏɚŬɘɞ, əɎɟɓɞɡɜɞ ɐ űɡůɘəɧ Ŭɏɟɘɞ. ɇɡˊɘəɎ, ŰŬ əŬŰŬəɧɟɡűŬ əŬɛɑɜɘŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊŮŰɟɏɚŬɘɞ ɐ űɡůɘəɧ Ŭɏɟɘɞ, Ůɜɩ ŰŬ ɞɟɘɕɧɜŰɘŬ Űɞ əɎɟɓɞɡɜɞ, ɤɠ əŬɨůɘɛɖ 

ɨɚɖ. ɇɞ əɎɟɓɞɡɜɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ əɞɜɘɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ əŬɘ ŭɘɞɢŮŰŮɨŮŰŬɘ ɛɏůŬ 

ůŰɞ ɗɎɚŬɛɞ əŬɨůɖɠ.  

ȼ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɞɡ əŬɡůɑɛɞɡ ɔɘŬ Űɖɜ Ⱥɚɚɖɜɘəɐ ŬůɓŮůŰɞɓɘɞɛɖɢŬɜɑŬ 

ůŰɖɟɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŬɡŰɧ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ɛˊɞɟŮɑ ŬˊɞűŬůɘůŰɘəɎ ɜŬ ŮˊɖɟŮɎůŮɘ 

ŰŬ ˊŬɟŬəɎŰɤ ŰɏůůŮɟŬ ɔŮɜɘəɎ əɟɘŰɐɟɘŬ: 

1 ɇɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ, 

2 ɇɞ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ ɏɣɖůɖɠ, 

3 ɇɞ əɧůŰɞɠ ŬɜɎ Űɧɜɜɞ ˊŬɟŬɔɧɛŮɜɞɡ ŬůɓɏůŰɖ, 

4 ɇɘɠ Ůəˊɞɛˊɏɠ ɟɨˊɤɜ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ. 

ȷɜŬɚɨɞɜŰŬɠ ˊŮɟɘůůɧŰŮɟɞ Űɞ əɎɗŮ əɟɘŰɐɟɘɞ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ ůɡɜŭɏŮŰŬɘ 

ɎɛŮůŬ ɛŮ:  

¶ ɇɞ ˊɞůɞůŰɧ Űɖɠ ŰɏűɟŬɠ əŬɘ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ ŬɡŰɐ ŰɐəŮŰŬɘ  

¶ ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ S ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ .  

¶ ɇɞɜ ɓŬɗɛɧ ˊɟɧůɛɘɝɐɠ Űɞɡ ɛŮ ŭɘɎűɞɟŮɠ ŬəŬɗŬɟůɑŮɠ, ɞɘ ɞˊɞɑŮɠ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

ɚŮɡəɧŰɖŰŬ Űɞɡ.  

¶ ɇɖɜ ŬəŰɘɜɞɓɞɚɑŬ Űɞɡ əŬɡůɑɛɞɡ ɖ ɞˊɞɑŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ əɟɡůŰŬɚɚɘəɧŰɖŰŬ  
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ɄŮɟŬɘŰɏɟɤ, Űɞ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ ɏɣɖůɖɠ ůɡɜŭɏŮŰŬɘ ɛŮ:  

¶ ɇɞ əɧůŰɞɠ ŭɘŬɢŮɑɟɘůɖɠ Űɞɡ əŬɡůɑɛɞɡ  

¶ ɇŬ ɛɏŰɟŬ ŬůűɎɚŮɘŬɠ ˊɞɡ ŬɜɎ ˊŮɟɑˊŰɤůɖ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ  

¶ Ƀ ɓŬɗɛɧɠ Űɞɡ ŬɡŰɞɛɎŰɞɡ Ůɚɏɔɢɞɡ ɧɚɖɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɏɣɖůɖɠ  

¶ ȼ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ɚŮɘŰɞɡɟɔɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ (ˊɢ ŮˊɘəŬɗɑůŮɘɠ ůŰŬ 

ˊɡɟɧŰɞɡɓɚŬ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ Űɐɝɖ Űɖɠ ŰɏűɟŬɠ, ɏɛűɟɎɝɖ ůŰɞɡɠ əŬɡůŰɐɟŮɠ 

Űɖɠ əŬɛɑɜɞɡ əɚˊ).  

¶ ɇɞ əɧůŰɞɠ ŬˊɞɗŮɑɤůɖɠ ˊɟɞɥɧɜŰɞɠ Ŭˊɧ əŬɨůɘɛɞ ˊɞɡ ˊŮɟɘɏɢŮɘ ɗŮɑɞ  

ɆɖɛŬɜŰɘəɧ ɟɧɚɞ ŭɘŬŭɟŬɛŬŰɑɕŮɘ Űɞ əɧůŰɞɠ ŬɜɎ Űɧɜɜɞ ˊŬɟŬɔɧɛŮɜɞɡ ŬůɓɏůŰɖ 

ŭŮŭɞɛɏɜɞɡ ɧŰɘ Űɞ əŬɨůɘɛɞ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ 30-50% Űɞɡ əɧůŰɞɡɠ ˊŬɟŬɔɤɔɐɠ. ɇɞ 

əɧůŰɞɠ ŬɡŰɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ :  

¶ ɇɖɜ Űɘɛɐ əŰɐůɖɠ Űɞɡ əŬɡůɑɛɞɡ  

¶ ɇɖɜ ɗŮɟɛɞɔɧɜɞ Űɞɡ ŭɨɜŬɛɖ  

¶ ɇɞɜ ɓŬɗɛɧ ɗŮɟɛɘəɐɠ Ŭˊɧŭɞůɖɠ Űɖɠ əŬɛɑɜɞɡ  

¶ ɇɞ əɧůŰɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ Űɞɡ əŬɡůɑɛɞɡ  

ɇɏɚɞɠ, ɖ ˊɞɘɧŰɖŰŬ Űɞɡ əŬɡůɑɛɞɡ ɔŮɜɘəɩɠ ŮˊɘŭɟɎ ůŰɘɠ Ůəˊɞɛˊɏɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ, ɛɞɜɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ, ɞɝŮɘŭɑɤɜ Űɞɡ ŬɕɩŰɞɡ, ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɗŮɑɞɡ əŬɘ 

ůɤɛŬŰɘŭɑɤɜ. ŪŬ ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůɗŮɑ ɧŰɘ ɖ ůɡɜɞɚɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ ɔɘŬ Űɞ ŭɘɞɝŮɑŭɘɞ 

Űɞɡ ɎɜɗɟŬəŬ ŮɑɜŬɘ ɛɘəɟɐ əŬɗɧůɞɜ ŰŬ 2/3 Űɞɡ ůɡɜɞɚɘəɞɨ ŮəˊŮɛˊɧɛŮɜɞɡ Ŭˊɧ ɛɑŬ 

ŬůɓŮůŰɞɓɘɞɛɖɢŬɜɑŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŭɘŮɟɔŬůɑŬ əŬɘ ɛɧɜɞ Űɞ 1/3 ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ 

Űɖɜ əŬɨůɖ Űɞɡ əŬɡůɑɛɞɡ 

 



ȾŮű. 3. ȯůɓɖůŰɞɠ ŬůɓɏůŰɖɠ (CaO) 

72 

 

 

ȾŮű. 3 

 
 

 

ȷɆȸȼɆɇɃɆ ȷɆȸȺɆɇȼɆ (CaO) 

 

 

 



ȾŮű. 3. ȯůɓɖůŰɞɠ ŬůɓɏůŰɖɠ (CaO) 

73 

 

Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ Ůɑŭɖ Űɞɡ ŬůɓɏůŰɖ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ɞɘ 

ŮűŬɟɛɞɔɏɠ Űɞɡ ɡɚɘəɞɨ ŬɡŰɞɨ ůŰɞ ŭɞɛɘəɧ ŰɞɛɏŬ. ɄŬɟɎɚɚɖɚŬ, ŬɜŬˊŰɨůůɞɜŰŬɘ 

ɞɘ ɏɜɜɞɘŮɠ Űɖɠ ůɡɟɟɑəɜɤůɖɠ, Űɖɠ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬɠ, Űɖɠ ˊɡəɜɧŰɖŰŬɠ əŬɘ Űɞɡ 

ˊɞɟɩŭɞɡɠ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ŬůɓɏůŰɖ. ɇɏɚɞɠ ŬɜŬɚɨŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ɖ ɏɜɜɞɘŬ Űɖɠ 

ŭɟŬůŰɘəɧŰɖŰŬɠ ɖ ɞˊɞɑŬ əŬɘ əŬɗɞɟɑɕŮɘ Ůɜ ˊɞɚɚɞɑɠ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ.  

3.1  ɃɟɞɚɞɔɑŬ ŬůɓɏůŰɖ 

ȷˊɧ ŰŬ əɨɟɘŬ ˊŮŭɑŬ Űɤɜ ŮűŬɟɛɞɔɩɜ Űɖɠ ŬůɓɏůŰɞɡ ůŰɖɜ ȺɚɚɎŭŬ, ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ, ɞɘ ŭɞɛɘəɏɠ ɎůɓŮůŰɞɘ ŭɖɚŬŭɐ. ȺˊŮɘŭɐ ˊɞɚɚɏɠ űɞɟɏɠ 

ˊɟɞəŬɚŮɑŰŬɘ ůɨɔɢɡůɖ ɛŮ Űɖɜ ɞɟɞɚɞɔɑŬ Űɞɡ ŬůɓɏůŰɖ, əɟɑɜŮŰŬɘ ůəɧˊɘɛɞ ɜŬ ŭɞɗɞɨɜ ɞɘ 

ůɖɛŬɜŰɘəɧŰŮɟɞɘ ɞɟɘůɛɞɑ əŬɘ ɞɘ ɡˊɞŭɘŬɘɟɏůŮɘɠ Űɤɜ ŭɞɛɘəɩɜ ŬůɓɏůŰɤɜ ɛŮ Űɖɜ 

ˊŬɟŬŰɐɟɖůɖ ɧŰɘ ŬɡŰɏɠ əŬŰɎ əŬɜɧɜŬ ŬəɞɚɞɡɗɞɨɜŰŬɘ əŬɘ ɔɘŬ Űɘɠ ɎɚɚŮɠ ɢɟɐůŮɘɠ 

(National Lime Association January 2007). 

ȯůɓŮůŰɞɠ 

ȺɑɜŬɘ ɏɜŬɠ ɔŮɜɘəɧɠ ɧɟɞɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ Űɘɠ űɡůɘəɏɠ əŬɘ ɢɖɛɘəɏɠ ɛɞɟűɏɠ Űɤɜ 

ŭɘŬűɧɟɤɜ ˊɞɘɞŰɐŰɤɜ ɛŮ Űɘɠ ɞˊɞɑŮɠ Űɞ ɞɝŮɑŭɘɞ ɐ/əŬɘ Űɞ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ əŬɘ 

Űɞɡ ɛŬɔɜɖůɑɞɡ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɘůɗɞɨɜ. 

ȷŮɟɘəɏɠ ɎůɓŮůŰɞɘ 

ȷůɓŮůŰɞɘ ˊɞɡ əɡɟɑɤɠ ůɡɜɑůŰŬɜŰŬɘ Ŭˊɧ ɞɝŮɑŭɘɞ ɐ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ əŬɘ ɞɘ 

ɞˊɞɑŮɠ ůəɚɖɟɨɜɞɜŰŬɘ ŬɟɔɎ ůŰɞɜ ŬɏɟŬ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. ȾŬŰɎ əŬɜɧɜŬ ŭŮɜ ůəɚɖɟɨɜɞɜŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ɜŮɟɧ 

əŬɗɧůɞɜ ŭŮɜ ɏɢɞɡɜ ɡŭɟŬɡɚɘəɏɠ ɘŭɘɧŰɖŰŮɠ. 

ȯůɓɡůŰɞɘ ɎůɓŮůŰɞɘ (Quicklimes) 

ȺɑɜŬɘ ŬŮɟɘəɏɠ ɎůɓŮůŰɞɘ ˊɞɡ ůɡɜɑůŰŬɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ əŬɘ Űɞɡ 

ɛŬɔɜɖůɑɞɡ əŬɘ ˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɖ Űɤɜ ŬůɓŮůŰɞɚɑɗɤɜ. 

ɄŬɟɞɡůɘɎɕɞɡɜ ŮɝɩɗŮɟɛɖ ŬɜŰɑŭɟŬůɖ ɧŰŬɜ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɜŮɟɧ. ȷɜɎɚɞɔŬ ɛŮ 

Űɞ ɛɏɔŮɗɞɠ Űɤɜ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ɚɑɗɞɘ, əɞəəɩŭŮɘɠ, ŬɚŮůɛɏɜŮɠ, ˊɞɚɨ ŬɚŮůɛɏɜŮɠ. 

ɆɓɡůɛɏɜŮɠ ɎůɓŮůŰɞɘ ɐ ɡŭɟɎůɓŮůŰɞɘ (slaked ɐ hydrated limes)  

ȺɑɜŬɘ ŬŮɟɘəɏɠ ɎůɓŮůŰɞɘ ˊɞɡ əɡɟɑɤɠ ůɡɜɑůŰŬɜŰŬɘ Ŭˊɧ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ ˊɞɡ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŮɚŮɔɢɧɛŮɜɞ ůɓɨůɘɛɞ (ˊɟɞůɗɐəɖ ɜŮɟɞɨ) Űɤɜ ɎůɓɡůŰɤɜ ŬůɓɏůŰɤɜ. 

Ɇ 
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ɄŬɟɎɔɞɜŰŬɘ ɤɠ ɝɖɟɎ ůəɧɜɖ ɐ ɤɠ ˊɞɚŰɧɠ əŬɘ ŭŮɜ ŮɛűŬɜɑɕɞɡɜ ŮɝɩɗŮɟɛɖ ŬɜŰɑŭɟŬůɖ ůŮ 

ŮˊŬűɐ ɛŮ Űɞ ɜŮɟɧ. 

Ɇəɧɜɖ ɡŭɟŬůɓɏůŰɞɡ 

ȼ ůəɧɜɖ ɡŭɟŬůɓɏůŰɞɡ ŮɑɜŬɘ Űɞ ɑŭɘɞ ˊɟɞɥɧɜ ɛŮ Űɞɜ ˊɞɚŰɧ ŬůɓɏůŰɞɡ, ŬˊɚɎ 

ŮˊŮɝŮɟɔŬůɛɏɜɞ əŬɘ ɟŬűɘɜŬɟɘůɛɏɜɞ ůŮ ɛɞɟűɐ ɚŮˊŰɧŰŬŰɖɠ ůəɧɜɖɠ (ˊɞɨŭɟŬ). 

ɄɞɚŰɧɠ ŬůɓɏůŰɞɡ (Lime putty) 

Ɇɓɡůɛɏɜɖ ɎůɓŮůŰɞɠ ŬɜŬɛŮɛŮɘɔɛɏɜɖ ɛŮ ɜŮɟɧ ˊɟɞɠ ɛɑŬ ŮˊɘɗɡɛɖŰɐ ůɡɜŮəŰɘəɧŰɖŰŬ, ˊɞɡ 

ůɡɜɑůŰŬŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ ɛŮ ɐ ɢɤɟɑɠ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ 

ɛŬɔɜɖůɑɞɡ. ɄɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ůɓɨůɘɛɞ Űɤɜ ɎůɓɡůŰɤɜ ŬůɓɏůŰɤɜ ɛŮ ŮɚŮɔɢɧɛŮɜɖ 

(ˊɞɡ űɗɎɜŮɘ ɏɤɠ əŬɘ 5 űɞɟɏɠ Űɖɜ ůŰɞɘɢŮɘɞɛŮŰɟɘəɩɠ ŬˊŬɘŰɞɨɛŮɜɖ ˊɞůɧŰɖŰŬ) ˊŮɟɑůůŮɘŬ 

ɜŮɟɞɨ ɐ ɛŮŰɎ Űɖɜ ŬɜɎɛŮɘɝɖ ɡŭɟŬůɓɏůŰɞɡ ɛŮ ɜŮɟɧ. 

ũŬɚɎəŰɤɛŬ ɐ ɔɎɚŬ ŬůɓɏůŰɞɡ (milk  of lime) 

To ˊɟɞɥɧɜ ˊɞɡ ˊŬɟŬůəŮɡɎɕŮŰŬɘ ɧŰŬɜ ŬɟŬɘɤɗŮɑ ɛŮ ɜŮɟɧ ŬɟɑůŰɖɠ ˊɞɘɧŰɖŰŬɠ ˊɞɚŰɧɠ 

ŬůɓɏůŰɞɡ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŰɞɡɠ ɚŮɡəɞɨɠ ɢɟɤɛŬŰɘůɛɞɨɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

ɎɚɚŬ ɡɚɘəɎ ˊɞɡ Űɞɡ ŮˊŬɡɝɎɜɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ. ɇɞ ŬɘɩɟɖɛŬ ŬɡŰɧ ůɡɜɐɗɤɠ 

ˊŮɟɘɏɢŮɘ ɏɤɠ 40% ə.ɓ. ůŰŮɟŮɎ. 

ȹɞɚɞɛɘŰɘəɏɠ ɡŭɟɎůɓŮůŰɞɘ 

ɆɓɡůɛɏɜŮɠ ɎůɓŮůŰɞɘ ˊɞɡ ůɡɜɑůŰŬɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ əŬɘ Űɞɡ 

ɛŬɔɜɖůɑɞɡ əŬɗɩɠ əŬɘ ɞɝŮɑŭɘɞ Űɞɡ ɛŬɔɜɖůɑɞɡ. ȹɘŬəɟɑɜɞɜŰŬɘ ůŮ Ŭ) ɖɛɘ-ŮɜɡŭŬŰɤɛɏɜŮɠ 

ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ əŬɘ ɞɝŮɑŭɘɞ Űɞɡ ɛŬɔɜɖůɑɞɡ əŬɘ ɓ) ůŮ 

ˊɚɐɟɤɠ ŮɜɡŭŬŰɤɛɏɜŮɠ ˊɞɡ ŮɑɜŬɘ ɛɧɜɞ ɡŭɟɞɝŮɑŭɘŬ. ȹŮɜ ˊŬɟɎɔɞɜŰŬɘ ɓɘɞɛɖɢŬɜɘəɎ ůŰɖɜ 

ȺɚɚɎŭŬ. 

ɈŭɟŬɡɚɘəɏɠ ɎůɓŮůŰɞɘ 

ȺɑɜŬɘ ɎůɓŮůŰɞɘ ˊɞɡ əɡɟɑɤɠ ůɡɜɑůŰŬɜŰŬɘ Ŭˊɧ ˊɡɟɘŰɘəɎ ɎɚŬŰŬ Űɞɡ ŬůɓŮůŰɑɞɡ əŬɘ Űɞɡ 

Ŭɟɔɘɚɑɞɡ əŬɗɩɠ əŬɘ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ. ɄŬɟɎɔɞɜŰŬɘ ɛŮ ɏɣɖůɖ ˊɚɞɡůɑɤɜ ůŮ 

Ŭɟɔɑɚɘɞ ŬůɓŮůŰɞɚɑɗɤɜ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ůɓɨůɘɛɞ əŬɘ ɎɚŮůɖ ɐ ɛŮ Űɖɜ ŬɜɎɛŮɘɝɖ Űɤɜ 

əŬŰɎɚɚɖɚɤɜ ɡɚɘəɩɜ ɛŮ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ. óȺɢɞɡɜ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ˊɐɕɞɡɜ əŬɘ 

ɜŬ ůəɚɖɟɨɜɞɜŰŬɘ ɧŰŬɜ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɜŮɟɧ. ɇɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ 

ůɡɛɓɎɚɚŮɘ ɗŮŰɘəɎ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůəɚɐɟɡɜůɖɠ. ȹɘŬəɟɑɜɞɜŰŬɘ ůŰɘɠ ɡŭɟŬɡɚɘəɏɠ 

əŬɘ ůŰɘɠ űɡůɘəɏɠ ɡŭɟŬɡɚɘəɏɠ ŬůɓɏůŰɞɡɠ. ȹŮɜ ˊŬɟɎɔɞɜŰŬɘ ɓɘɞɛɖɢŬɜɘəɎ ůŰɖɜ ȺɚɚɎŭŬ. 
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ȷůɓŮůŰɞɘ ɞůŰɟɎəɤɜ 

ɄɟɞəɨˊŰɞɡɜ Ŭˊɧ ŬůɓŮůŰɞˊɞɑɖůɖ əŬɘ ůɓɨůɘɛɞ ɞůŰɟɎəɤɜ. 

ȷůɓŮůŰɞɘ əŬɟɓɘŭɑɤɜ 

ȺɑɜŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ ˊŬɟŬůəŮɡɐɠ ŬəŮŰɡɚŮɜɑɞɡ Ŭˊɧ ŬɜɗɟŬəŬůɓɏůŰɘɞ. 

ȹɘŬŰɑɗŮɜŰŬɘ ɛŮ ɛɞɟűɐ ˊɞɚŰɞɨ. 

3.2 ɇɨˊɞɘ ŬůɓɏůŰɖ 

Ƀɘ ŬůɓɏůŰŮɠ əŬŰŬŰɎůůɞɜŰŬɘ ůŮ ŭɨɞ Űɨˊɞɡɠ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ɡŭɟŬɡɚɘəɏɠ Űɞɡɠ 

ɘŭɘɧŰɖŰŮɠ (Cowper 2000, Eckel 1928, Vicat 2003): (Ŭ) ɛɖ-ɡŭɟŬɡɚɘəɏɠ ɎůɓŮůŰɞɘ əŬɘ 

(ɓ) ɡŭɟŬɡɚɘəɏɠ ɎůɓŮůŰɞɘ. Ƀɘ ɛɖ-ɡŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ, ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ 

ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ (CaO) əŬɘ ɞɝŮɑŭɘɞ Űɞɡ ɛŬɔɜɖůɑɞɡ (MgO) ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ŬɜŬɚɞɔɑŮɠ. Ƀɘ ɡŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ ˊŮɟɘɏɢɞɡɜ, ŮəŰɧɠ Ŭˊɧ CaO əŬɘ MgO, ɎɚɚŬ ŮɜŮɟɔɎ 

ůɡůŰŬŰɘəɎ ɧˊɤɠ ˊɡɟɘŰɘəɎ Űɞɡ ŬůɓŮůŰɑɞɡ əŬɘ ŬɟɔɘɚɘəɎ (Cowper 2000, Riveros et al. 

2004). 

3.2.1 ɀɖ-ɡŭɟŬɡɚɘəɏɠ ɎůɓŮůŰɞɘ 

Ƀɘ ɛɖ-ɡŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŰɟŮɘɠ Ůˊɑ ɛɏɟɞɡɠ əŬŰɖɔɞɟɑŮɠ 

ůɨɛűɤɜŬ ɛŮ Űɞ ˊŮɟɘŮɢɧɛŮɜɧ Űɞɡɠ ůŮ CaO: (Ŭ)  ˊŬɢŮɑɠ, (ɓ) ɘůɢɜɞɑ, əŬɘ (ɔ) 

ɛŬɔɜɖůɘɞɨɢɞɘ ŬůɓɏůŰŮɠ (Cowper 2000, Eckel 1928, Vicat 2003). 

Ƀɘ ˊŬɢŮɑɠ ŬůɓɏůŰŮɠ ˊŮɟɘɏɢɞɡɜ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 95 % CaO əŬɘ 5 % 

ŬəŬɗŬɟůɑŮɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ MgO, SiO2, Al2O3, Fe2O3 əɚˊ. ȺɜɡŭŬŰɩɜɞɜŰŬɘ ˊɞɚɨ 

ɔɟɐɔɞɟŬ, ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɧ ɟɡɗɛɧ ŭɘŬůŰɞɚɐɠ 3 űɞɟɏɠ Űɞɡ Ŭɟɢɘəɞɨ ɧɔəɞɡ Ůɜɩ 

ŭɘŬɢɏɞɡɜ Űɖ ɗŮɟɛɧŰɖŰŬ ůŮ ɛŮɔɎɚɖ ɏəŰŬůɖ ɛɏůŬ ůŰɖ ɛɎɕŬ Űɞɡɠ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ 

ŮɜɡŭɎŰɤůɖɠ (Cowper 2000, Eckel 1928, Vicat 2003). Ƀɘ ɛŬɔɜɖůɘɞɨɢɞɘ ŬůɓɏůŰŮɠ 

ˊŮɟɘɏɢɞɡɜ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 30% MgO (Cowper 2000, Eckel 1928, Vicat 2003) əŬɘ  

ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ˊŬɢŮɑɠ ŬůɓɏůŰŮɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɧŰŮɟɞ ɟɡɗɛɧ ŮɜɡŭɎŰɤůɖɠ əŬɘ 

ŭɘŬůŰɞɚɐɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ Ŭɟɢɘəɧ ɧɔəɞ. Ⱥˊɞɛɏɜɤɠ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖɠ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ ɔɘŬ Ŭɟɢɘəɐ ɢɟɖůɘɛɞˊɞɑɖůɖ ɑŭɘɤɜ ˊɞůɞŰɐŰɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ 

ˊŬɢŮɑɠ ŬůɓɏůŰŮɠ. Ƀɘ ɘůɢɜɞɑ ŬůɓɏůŰŮɠ ˊŮɟɘɏɢɞɡɜ ŬəŬɗŬɟůɑŮɠ ůŮ ˊɞůɞůŰɧ ɛŮɔŬɚɨŰŮɟɞ 

Űɞɡ 5%. (Cowper 2000, Eckel 1928, Vicat 2003). 

3.2.2 ɈŭɟŬɡɚɘəɏɠ ɎůɓŮůŰɞɘ 

Ƀɘ ɡŭɟŬɡɚɘəɏɠ ɎůɓŮůŰɞɘ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ űɡůɘəɞɨɠ ɡŭɟŬɡɚɘəɞɨɠ ŬůɓɏůŰŮɠ əŬɘ 

ɡŭɟŬɡɚɘəɞɨɠ ŬůɓɏůŰŮɠ. Ƀɘ űɡůɘəɎ ɡŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ 

ŬůɓŮůŰɧɚɘɗɞɡɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɡɣɖɚɎ ˊɞůɞůŰɎ ˊɡɟɘŰɘəɞɨ əŬɘ Ŭɟɔɘɚɘəɞɨ ɡɚɘəɞɨ. ȷɡŰɞɑ 

ɞɘ Űɨˊɞɘ ŬůɓɏůŰɖ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ CaO, MgO əŬɘ ŬəŬɗŬɟůɑŮɠ ɧˊɤɠ SiO2, Al2O3 əŬɘ 
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Fe2O3. ȷɜ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŬůɓŮůŰɧɚɘɗɞɘ ˊɚɞɨůɘɞɘ ůŮ ŬɟɔɘɚɞˊɡɟɘŰɘəɎ ɞɟɡəŰɎ ɔɘŬ 

Űɖɜ ˊŬɟŬɔɤɔɐ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ, ŰɧŰŮ ɞɘ ŬəŬɗŬɟůɑŮɠ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ ɗŬ 

ŬɜŰɘŭɟɎůɞɡɜ ɛŮ Űɞɜ ɎůɓɖůŰɞ ŬůɓɏůŰɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɗɏɟɛŬɜůɖɠ Űɞɡ ˊɟɩŰɞɡ, 

ůɢɖɛŬŰɑɕɞɜŰŬɠ ˊɞɚɨˊɚɞəŮɠ ŮɜɩůŮɘɠ 3CaOSiO2 ɐ əŬɘ 2CaOAl2O3
 
(Boynton 1966, 

Cowper 2000, Lea 1940). ɇŬ ŰŮɚŮɡŰŬɑŬ ůɡůŰŬŰɘəɎ, əŬŰɎ Űɖɜ ŬɜŰɑŭɟŬůɖ ŮɜɡŭɎŰɤůɖɠ, 

ůɡɛˊŬɔɞˊɞɘɞɨɜŰŬɘ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŬɜŰɞɢɐ Űɖɠ ŬůɓŮůŰɞɨɢɞɡ ɚɎůˊɖɠ. ũɘ`ŬɡŰɧ Űɞ 

ɚɧɔɞ, ŰɏŰɞɘŬ ɡɚɘəɎ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ůɡɜŭŮŰɘəɎ ůŮ ŬůɓɏůŰŮɠ ˊɞɡ 

ˊɟɞɞɟɑɕɞɜŰŬɘ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ůŮ əŬŰŬůəŮɡɏɠ ɔŮűɡɟɩɜ, ɏɟɔŬ Ŭˊɞɟɟɞɐɠ əɚˊ (Cowan 

1977, Davey 1961).  

ɈŭɟŬɡɚɘəɏɠ ɎůɓŮůŰɞɘ ˊŬɟɎɔɞɜŰŬɘ Ůˊɑůɖɠ Ŭˊɧ Űɖɜ ˊɟɞůɗɐəɖ ˊɡɟɘŰɘəɩɜ (ɐ əŬɘ 

Ŭɟɔɘɚɘəɩɜ ɞɟɡəŰɩɜ) ůŮ əŬɗŬɟɧ ŬůɓŮůŰɧɚɘɗɞ. ȼ ˊŬɟŬɔɤɔɐ Űɤɜ ɡŭɟŬɡɚɘəɩɜ 

ŬůɓŮůŰɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖ ɗɏɟɛŬɜůɐ Űɞɡɠ ůŰɞ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ 950-

1250 °C. ȼ ŭɘŬŭɘəŬůɑŬ ŮɜɡŭɎŰɤůɖɠ ŮɑɜŬɘ ˊɞɚɨ Ŭɟɔɐ ůɡɔəɟɘɜɧɛŮɜɖ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

Űɤɜ ɛɖ-ɡŭɟŬɡɚɘəɩɜ ŬůɓŮůŰɩɜ, Ůɜɩ ŭɘŬůŰɏɚɚɞɜŰŬɘ ůŮ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ əŬŰɎ Űɖɜ 

ŬɜŰɑŭɟŬůɖ ŮɜɡŭɎŰɤůɖɠ (Cowper 2000, Lea 1940). Ƀɘ ɡŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ, 

ůəɚɖɟŬɑɜɞɡɜ ɧɢɘ ɛɧɜɞ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ɜŮɟɞɨ ŬɚɚɎ əŬɘ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ 

Ŭɏɟɘɞɡ CO2 (Cowper 2000, Lea 1940).  

Ƀɘ ɡŭɟŬɡɚɘəɏɠ ɎůɓŮůŰɞɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ůˊɑůɖɠ ɛŮ ɓɎůɖ Űɞɡɠ ŭŮɑəŰŮɠ 

ɡŭɟŬɡɚɘəɧŰɖŰŬɠ əŬɘ ŰůɘɛŮɜŰɞˊɞɑɖůɖɠ. Ƀɘ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ŬɡŰɩɜ Űɤɜ ŭŮɘəŰɩɜ 

ŭŮɑɢɜɞɡɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ɡŭɟŬɡɚɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŬůɓɏůŰɖ. Ƀɘ Űɨˊɞɘ ˊɞɡ ŮəűɟɎɕɞɡɜ 

Űɞɡɠ ˊɟɞŬɜŬűŮɟɗɏɜŰŮɠ ŭŮɑəŰŮɠ ŮɑɜŬɘ ɞɘ Ŭəɧɚɞɡɗɞɘ (Boynton 1980, Vicat 2003).  

ȹŮɑəŰɖɠ ɡŭɟŬɡɚɘəɧŰɖŰŬɠ = (%Al2O3+%Fe2O3+%SiO2) / (%CaO+%MgO)  

ȹŮɑəŰɖɠ ŰůɘɛŮɜŰɞˊɞɑɖůɖɠ =(2.8%SiO2+1.1%Al2O3+0.7%Fe2O3) / (%CaO+1.4%MgO)  

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Cowper (2000), ɞɘ Űɘɛɏɠ ɡŭɟŬɡɚɘəɞɨ ŭŮɑəŰɖ Ŭˊɧ 0.1-0.2 

ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɘɠ ŬůɗŮɜŮɑɠ ɡŭɟŬɡɚɘəɏɠ ŬůɓɏůŰɞɡɠ Ůɜɩ Ŭˊɧ 0.2-0.4 Űɞɡɠ ŮɜŭɘɎɛŮůɞɡɠ 

ɏɤɠ əŬɜɞɜɘəɞɨɠ ɡŭɟŬɡɚɘəɞɨɠ ŬůɓɏůŰŮɠ.  
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ɆɢɐɛŬ 3.1. ȹɘɎűɞɟŮɠ ɛɞɟűɏɠ əŬɘ ɢɟɐůŮɘɠ ŬůɓɏůŰɖ. ɆŮ ɔəɟɑɕɞ űɧɜŰɞ ŮɑɜŬɘ ɞɘ ˊɞɘɧŰɖŰŮɠ ˊɞɡ ŭŮɜ 

ŬˊŬɜŰɩɜŰŬɘ ůŰɖɜ ȺɚɚɎŭŬ (dp : ůŮ ɛɞɟűɐ ůəɧɜɖɠ, sl : ůŮ ɛɞɟűɐ ŬɘɤɟɐɛŬŰɞɠ, pu :  ůŮ ɛɞɟűɐ ˊɞɚŰɞɨ) 

 

 

 

ȷůɓɏůŰɖɠ 

ȾɨɟɘŮɠ  ŮűŬɟɛɞɔɏɠ 

ȸɘɞɛɖɢŬɜɑŬ 

ůɘŭɐɟɞɡ əŬɘ  

ɢɎɚɡɓŬ 

ɉɖɛɘəɐ 

ɓɘɞɛɖɢŬɜɑŬ 

ȹɞɛɘəɏɠ 

ŮűŬɟɛɞɔɏɠ 

ɄɟɞůŰŬůɑŬ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ũŮɤɟɔɑŬ 

 

Ƀɘəɞŭɞɛɘəɧɠ 

ŬůɓɏůŰɖɠ 

ȷŮɟɘəɧɠ 

ŬůɓɏůŰɖɠ 

ɈŭɟŬɡɚɘəɧɠ 

ŬůɓɏůŰɖɠ  

ȷůɓɏůŰɞɚɘɗɘəɧɠ  

ŬůɓɏůŰɖɠ, CL 
ȹɞɚɞɛɘŰɘəɧɠ 

ŬůɓɏůŰɖɠ DL 

ȯůɓɖůŰɞɠ 

ŬůɓɏůŰɖɠ  

dp, lu 

ȺɜɡŭŬŰɤɛɏɜɞɠ 

ŬůɓɏůŰɖɠ dp, 

sl, pu 

ȼɛɘ-

ŮɜɡŭŬŰɤɛɏɜɞɠ 

ŬůɓɏůŰɖɠ dp 

 

Ʉɚɐɟɤɠ ɏɜɡŭɟɞɘ 

ŬůɓɏůŰŮɠ dp 

ūɡůɘəɞɑ 

ɡŭɟŬɡɚɘəɞɑ  

NHL dp 

 

ɈŭɟŬɡɚɘəɞɑ 

ŬůɓɏůŰŮɠ  NL   dp 
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3.3. ȺűŬɟɛɞɔɏɠ ŬůɓɏůŰɖ ůŰɖ ŭɞɛɘəɐ 

ɆŰɖɜ Ŭəɧɚɞɡɗɖ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Űɨˊɞɘ Űɤɜ ɞɘəɞŭɞɛɘəɩɜ ŬůɓŮůŰɩɜ 

əŬɘ ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ ŬůɓɏůŰɖ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ EN 459-1. 

3.3.1 ɇŬɝɘɜɧɛɖůɖ  

Ƀɘ ŬŮɟɘəɞɑ ŬůɓɏůŰŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůɨɛűɤɜŬ ɛŮ Űɞ ůɡɜɞɚɘəɧ Űɞɡɠ 

ˊŮɟɘŮɢɧɛŮɜɞ ůŮ CaO + MgO əŬɘ ɞɘ ɡŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɗɚɘˊŰɘəɐ ŬɜŰɞɢɐ 

ˊɞɡ ŭɑŭŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 3.1.  

ɄɑɜŬəŬɠ 3.1. ɇɨˊɞɘ Űɤɜ ɞɘəɞŭɞɛɘəɩɜ ŬůɓŮůŰɩɜ. 

ɆɢŮŭɘŬůɛɧɠ ɆɨɜŰɛɖůɖ 

ȷůɓɏůŰŮɠ Űɞɡ ŬůɓŮůŰɑɞɡ 90  CL 90 

ȷůɓɏůŰŮɠ Űɞɡ ŬůɓŮůŰɑɞɡ 80  CL 80 

ȷůɓɏůŰŮɠ Űɞɡ ŬůɓŮůŰɑɞɡ 70 CL 70 

ȹɞɚɞɛɘŰɘəɞɑ ŬůɓɏůŰŮɠ 85 DL 85 

ȹɞɚɞɛɘŰɘəɞɑ ŬůɓɏůŰŮɠ 80  DL 80 

ɈŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ 2  HL 2 

ɈŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ 3.5 HL 3.5 

ɈŭɟŬɡɚɘəɞɑ ŬůɓɏůŰŮɠ 5 HL 5 

ūɡůɘəɧɠ ɡŭɟŬɡɚɘəɧɠ ŬůɓɏůŰɖɠ 2  NHL 2 

ūɡůɘəɧɠ ɡŭɟŬɡɚɘəɧɠ ŬůɓɏůŰɖɠ 3.5 NHL 3.5 

ūɡůɘəɧɠ ɡŭɟŬɡɚɘəɧɠ ŬůɓɏůŰɖɠ 5 NHL 5 
*: ȺˊɘˊɟɞůɗɏŰɤɠ ɞɘ ŬŮɟɘəɞɑ ŬůɓɏůŰŮɠ ŮɑɜŬɘ ŰŬɝɘɜɞɛɖɛɏɜɞɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŭɘəɏɠ Űɞɡɠ ůɡɜɗɐəŮɠ ˊŬɟɎŭɞůɖɠ. Ƀ 

ɎůɓɖůŰɞɠ ŬůɓɏůŰɖɠ (Q) ɐ ɏɜɡŭɟɞɘ ŬůɓɏůŰŮɠ (S). ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ŮɜɡŭŬŰɤɛɏɜɤɜ ŭɞɚɞɛɘŰɘəɩɜ 

ŬůɓŮůŰɩɜ, ɞ ɓŬɗɛɧɠ ŮɜɡŭɎŰɤůɖɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɤɠ S1: ɖɛɘ-ŮɜɡŭŬŰɤɛɏɜɞɘ, S2 ŬˊɧɚɡŰŬ ŮɜɡŭŬŰɤɛɏɜɞɘ. 

 

ȼ ŰŬɝɘɜɧɛɖůɖ ŬɜŬűɏɟŮŰŬɘ ůŰɘɠ ŮɚɎɢɘůŰŮɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ əɎɗŮ Űɨˊɞ (ȸɚɏˊŮ ˊɑɜŬəŮɠ 

3.1 əŬɘ 3.2). ȼ ůɡɛɛɧɟűɤůɖ ɛŮ ŬɡŰɏɠ Űɘɠ ŬˊŬɘŰɐůŮɘɠ əŬɗɞɟɑɕŮŰŬɘ ɛŮ Űɖɜ ɏɜɜɞɘŬ Űɖɠ 

ůŰŬŰɘůŰɘəɐɠ ˊɞɘɧŰɖŰŬɠ Ůɚɏɔɢɞɡ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞɜ ɧɟɞ 5 ŬɡŰɞɨ Űɞɡ ȺɡɟɤˊŬɥəɞɨ 

ˊɟɞŰɨˊɞɡ.  

ɄŬɟŬŭŮɑɔɛŬŰŬ ɢŬɟŬəŰɖɟɘůɛɞɨ ŬůɓŮůŰɩɜ 

#1: Ƀ ŬůɓɏůŰɖɠ Űɞɡ ŬůɓŮůŰɑɞɡ 90 ůŰɖ ɛɞɟűɐ Űɞɡ ɎůɓŮůŰɞɡ ŬůɓɏůŰɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ȺɁ 

459-1 CL 90 Q. 

#2: O ŬůɓɏůŰɖɠ Űɞɡ ŬůɓŮůŰɑɞɡ 80 ůŰɖ ɛɞɟűɐ Űɞɡ ŮɜɡŭŬŰɤɛɏɜɞɡ ŬůɓɏůŰɖ (ůɓɖůɛɏɜɞɠ) 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ȺɁ 459-1 CL 80 S.  

#3: ȹɞɚɞɛɘŰɘəɧɠ ŬůɓɏůŰɖɠ 85 ůŰɖ ɛɞɟűɐ Űɞɡ ɖɛɘ-ŮɜɡŭŬŰɤɛɏɜɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ȺɁ 459-

1 DL 85 ï S1.  

#4: ɈŭɟŬɡɚɘəɧɠ ŬůɓɏůŰɖɠ 5 ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ȺɁ 459-1 HL 5.  
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#5: ūɡůɘəɧɠ ɡŭɟŬɡɚɘəɧɠ ŬůɓɏůŰɖɠ 3.5 ɛŮ ˊɞɕɞɚŬɜɘəɎ ˊɟɧůɗŮŰŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ȺɁ 459-1 

NHL 3.5 ï Ȼ. 

3.3.2 ɉɖɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ 

ȼ ůɨɜɗŮůɖ Űɞɡ ɞɘəɞŭɞɛɘəɞɨ ŬůɓɏůŰɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɛɛɞɟűɩɜŮŰŬɘ ɛŮ  Űɘɠ 

ŬɝɑŮɠ Űɞɡ ˊɑɜŬəŬ 3.2 ɧŰŬɜ ŭɞəɘɛɎɕŮŰŬɘ  ůŮ ůɢɏůɖ ɛŮ Űɞ ȺɁ 459-2:2010.  ȳɚɞɘ ɞɘ Űɨˊɞɘ 

ŬůɓɏůŰɖ ˊɞɡ ŭɑŭɞɜŰŬɘ ůŰɖ ɚɑůŰŬ Űɞɡ ˊɑɜŬəŬ 3.2 ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɏɢɞɡɜ ˊɟɧůɗŮŰŬ ůŮ 

ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ɩůŰŮ ɜŬ ɓŮɚŰɘɤɗɞɨɜ ɞɘ əŬŰŬůəŮɡŬůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɞɘəɞŭɞɛɘəɞɨ 

ŬůɓɏůŰɖ. ȳŰŬɜ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ ɡˊŮɟɓŬɑɜŮɘ Űɞ 0.1%, Űɞ ˊɟŬɔɛŬŰɘəɧ ˊɞůɧ əŬɘ ɞɘ Űɨˊɞɘ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɖɚɩɜɞɜŰŬɘ.  

ɄɑɜŬəŬɠ 3.2. ɉɖɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ŬůɓɏůŰɖ (% əŬŰɎ ɓɎɟɞɠ). 

ɇɨˊɞɠ Űɞɡ 

ɞɘəɞŭɞɛɘəɞɨ ŬůɓɏůŰɖ 
CaO + MgO CɃ2 SɃ3 

ȹɘŬɗɏůɘɛɞɠ 

ŬůɓɏůŰɖɠ 
 

CL 90 ² 90 ¢ 5* ¢ 4 ¢ 2 - 

CL 80 ² 80 ¢ 5* ¢ 7 ¢ 2 - 

CL 70 ² 70 ¢ 5 ¢ 12 ¢ 2 - 

DL 85 ² 85 ² 30 ¢ 7 ¢ 2 - 

DL 80 ² 80 ² 5 ¢ 7 ¢ 2 - 

HL 2 - - - ¢ 3**  ² 8 

HL 3.5 - - - ¢ 3**  ² 6 

HL 5 - - - ¢ 3**  ² 3 

NHL 2 - - - ¢ 3**  ² 15 

NHL 3.5 - - - ¢ 3**  ² 9 

NHL 5 - - - ¢ 3**  ² 3    
*
MgO ˊŮɟɘŮɢɧɛŮɜɞ ɛɏɢɟɘ 7% ŮɑɜŬɘ ŬˊɞŭŮəŰɧ ŮɎɜ ɖ ůŰŬɗŮɟɧŰɖŰŬ ɧɔəɞɡ ůɨɛűɤɜŬ ɛŮ Űɖ ŭɞəɘɛɐ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ 5.3 Űɞɡ ȺɁ 

459-2 ŮɑɜŬɘ ŭŮəŰɐ.  

ɆȼɀȺȽɋɆȼ : Ƀɘ Űɘɛɏɠ ŮɑɜŬɘ ŮűŬɟɛɧůɘɛŮɠ ůŮ ɧɚŬ ŰŬ Ůɑŭɖ ŬůɓɏůŰɖ. ũɘŬ Űɞɜ ɎůɓɖůŰɞ ŬůɓɏůŰɖ ŬɡŰɏɠ ɞɘ Űɘɛɏɠ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ 

ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ, ɔɘŬ ɧɚŬ ŰŬ ɎɚɚŬ Ůɑŭɖ ŬůɓɏůŰɖ (ŮɜɡŭŬŰɤɛɏɜɞɠ ŬůɓɏůŰɖɠ, ŬůɓŮůŰɞˊɞɚŰɧɠ əŬɘ ɡŭɟŬɡɚɘəɧɠ ŬůɓɏůŰɖɠ) ɞɘ Űɘɛɏɠ 

ŬɜŬűɏɟɞɜŰŬɘ ůŮ ˊɟɞɥɧɜ ɢɤɟɑɠ űɡůɘəɐ ɡɔɟŬůɑŬ ɐ Ůɜɤɛɏɜɞ ɜŮɟɧ.  
**

SO3 ˊŮɟɘŮɢɧɛŮɜɞ ˊŬɟŬˊɎɜɤ Ŭˊɧ 3% əŬɘ ɛɏɢɟɘ 7% ŮɑɜŬɘ ŮˊɘŰɟŮˊŰɧ, ŮɎɜ ŬɜŬűɏɟŮŰŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ ɧɔəɞɡ ɛŮŰɎ Ŭˊɧ ˊŬɟŬɛɞɜɐ 

ůŰɞ ɜŮɟɧ ɔɘŬ 28 ɖɛɏɟŮɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŭɞəɘɛɐ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ȺɁ 196-2.  

3.4 ɆɡůŰɞɚɐ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ŭɑɜɞɜŰŬɘ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɛŮŰɟɐůŮɤɜ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ůɡůŰɞɚɐɠ ůŮ 43 Ůɛˊɞɟɘəɞɨɠ ŬůɓŮůŰɧɚɘɗɞɡɠ (ɡɣɖɚɐɠ 

ůɡɔəɏɜŰɟɤůɖɠ ŬůɓŮůŰɑɞɡ). Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɞ ɛŮɔɎɚɞ Ůɨɟɞɠ 

ˊɡəɜɧŰɖŰŬɠ əŬɘ əɟɡůŰŬɚɚɘəɐɠ ŭɞɛɐɠ, əŬŰɎ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɐ Űɞɡɠ ůŮ 4 

ŭɘŬűɞɟŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 954 ï 1343 
o
C. ȳɚŬ ŰŬ ŭŮɑɔɛŬŰŬ 

ŬůɓŮůŰɞˊɞɘɐɗɖəŬɜ ˊɚɐɟɤɠ ɧˊɤɠ ŬˊɞŭŮɑɢɗɖəŮ Ŭˊɧ Űɘɠ Űɘɛɏɠ ůŰɘɠ ŬˊɩɚŮɘŮɠ ˊɨɟɤůɖɠ. 

ȼ ŬůɓŮůŰɞˊɞɑɖůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ɖɚŮəŰɟɘəɧ űɞɨɟɜɞ. ɄŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɖ 

ůɡůŰɞɚɐ ɧɚɤɜ Űɤɜ ŬůɓŮůŰɞɚɑɗɤɜ ŬɡɝɐɗɖəŮ ɛŮ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

ŬůɓŮůŰɞˊɞɑɖůɖɠ. ɇɞ ˊɞůɞůŰɧ % Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ůɡůŰɞɚɐɠ, ɤůŰɧůɞ, ŭɘɏűŮɟŮ 

ŬɜɎɛŮůŬ ůŰŬ ŭɘŬűɞɟŮŰɘəɎ ˊŮŰɟɩɛŬŰŬ. ȺɘŭɘəˊɞŰŮɟŬ, əɎˊɞɘɞɘ ŬůɓŮůŰɧɚɘɗɞɘ, ůŰɘɠ 

ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ (927 - 954 
o
C) ɎɟɢɘůŬɜ ɜŬ ŭɘŬůŰɏɚɚɞɜŰŬɘ ˊɟɘɜ ŰŮɚɘəɎ 



ȾŮű. 3. ȯůɓɖůŰɞɠ ŬůɓɏůŰɖɠ (CaO) 

80 

 

ůɡɟɟɘəɜɤɗɞɨɜ. Ʉɟɘɜ Űɖɜ ɏɣɖůɖ ɏɔɘɜŮ ɚŮˊŰɞɛŮɟɐɠ ˊŮŰɟɞɔɟŬűɘəɐ ŮɝɏŰŬůɖ Űɤɜ 

ˊŮŰɟɤɛɎŰɤɜ. ȹɧɗɖəŮ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ůŰɞɜ Ŭɜ ɞɘ əɟɨůŰŬɚɚɞɘ ŮɑɜŬɘ ɛɘəɟɞɑ, ɛɏŰɟɘɞɘ, 

ɤɞɚɘɗɘəɞɑ ə.ɚ.ˊ. ɄŬɟŬŰɖɟɐɗɖəŮ Ůˊɑůɖɠ ɛŮɟɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡ ɛŮɔɏɗɞɡɠ 

əɟɡůŰɎɚɚɤɜ əŬɘ Űɖɠ ůɡůŰɞɚɐɠ. ɀɏɔɘůŰɖ Űɘɛɐ ůɡůŰŬɞɚɐɠ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰŬ ŭŮɑɔɛŬŰŬ 

ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Ŭˊɧ ŰɟŬɢŮɑɠ əŬɘ ɤɞɚɘɗɘəɞɨɠ əɟɡůŰɎɚɚɞɡɠ. Ⱥɚ ɢɘůŰɖ Űɘɛɐ 

ůɡůŰɞɚɐɠ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰŬ ŭŮɑɔɛŬŰŬ ŮəŮɑɜŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Ŭˊɧ ɚŮˊŰɞɨɠ əŬɘ 

ɛŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ əɟɡůŰɎɚɚɞɡɠ. ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ əɎˊɞɘŮɠ ůɖɛŬɜŰɘəɏɠ ŮɝŬɘɟɏůŮɘɠ. 

ɆŰɖɜ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŮɟɛɖɜŮɡŰɞɨɜ ŬɡŰɏɠ ɞɘ ŬůɡɜɏˊŮɘŮɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɚɐɟɖɠ 

ɢɖɛɘəɐ, űŬůɛŬŰɞůəɞˊɘəɐ əŬɘ ˊŮŰɟɞɔɟŬűɘəɐ ŬɜɎɚɡůɖ Űɤɜ 43 ŬůɓŮůŰɞɚɑɗɤɜ. ȷˊɧ Űɘɠ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ ˊɟɞɏəɡɣŮ ɧŰɘ, ŭŮɜ ɡˊɐɟɢŮ ůɡůɢɏŰɘůɖ Űɖɠ ůɡůŰɞɚɐɠ ɛŮ 

Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ, ˊɞɘɞŰɘəɎ əŬɘ ˊɞůɞŰɘəɎ, ɛŮ ŮɝŬɑɟŮůɖ Űɞ Na2O. ȼ ůɡůŰɞɚɐ Űɖɠ 

ɎůɓŮůŰɖɠ ɎůɓŮůŰɞɡ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ əŬɘ Ŭˊɧ 

Űɖɜ ŬˊɩɚŮɘŬ ˊɨɟɤůɖɠ ɛŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ůɢɏůɖ: 

S

S

D

DL

L

D
S

100

100100

100

-
-

= ,  

ɧˊɞɡ S = ɆɡůŰɞɚɐ (%), DS = ɄɡəɜɧŰɖŰŬ ˊŮŰɟɩɛŬŰɞɠ, DL = ɄɡəɜɧŰɖŰŬ ɎůɓɖůŰɖɠ 

ɎůɓŮůŰɞɡ əŬɘ L = ȷˊɩɚŮɘŬ ˊɨɟɤůɖɠ 

ȷůɓɏůŰŮɠ ɛŮ ɢŬɛɖɚɐ ůɡůŰɞɚɐ əŬɘ ɡɣɖɚɧ ˊɞɟɩŭŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɐ 

ŭɟŬůŰɘəɧŰɖŰŬ. ȰɢŮɘ ɛŮɚŮŰɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Ŭˊɧ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ŬŰɛɧůűŬɘɟŬ 

ŬůɓŮůŰɞˊɞɑɖůɖɠ, ůŰɖ ůɡůŰɞɚɐ Űɖɠ ɎůɓɖůŰɖɠ ɎůɓŮůŰɞɡ ɛŮ ɢɟɐůɖ ɗŮɟɛŬɘɜɧɛŮɜɞɡ 

ɛɘəɟɞůəɞˊɑɞɡ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɤɜ 1400 
o
C. ȷůɓŮůŰɧɚɘɗɞɘ, ɡɣɖɚɞɑ ůŮ 

ŬůɓɏůŰɘɞ, ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɧɛɞɘŮɠ Űɘɛɏɠ ůɡůŰɞɚɐɠɧŰŬɜ ŮəŰŮɗɞɨɜ ɤůŰɧůɞ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ŬŰɛɧůűŬɘɟŮɠ, ɧˊɤɠ 100% CO2, 30% CO2 əŬɘ 70% N2, əŬɘ 100% N2. 

ȺɚɎɢɘůŰŮɠ Űɘɛɏɠ ůɡůŰɞɚɐɠ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ Űɞɡ ŬɕɩŰɞɡ əŬɘ 

ů`ŮəŮɑɜɖ ˊɞɡ ŮɑɜŬɘ əɞɟŮůɛɏɜɖ ůŮ CO2. 

ȹɞɚɞɛɑŰŮɠ Ůˊɑůɖɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɏɔɘůŰɖ ˊɞůɧŰɖŰŬ ɛŮŰŬɓɞɚɐɠ ůŰɖɜ ůɡůŰɞɚɐ 

ŬɚɚɎ ŰŮɑɜɞɡɜ ɜŬ ůɡůŰŬɚɗɞɨɜ ɔŮɜɘəɩɠ ɚɘɔɧŰŮɟɞ Ŭˊɧ ɡɣɖɚɞɨ ŬůɓŮůŰɑɞɡ ˊŮŰɟɩɛŬŰŬ. 

ɀŮɚɏŰŮɠ ɔɘŬ ŰɟŮɑɠ ŭɞɚɞɛɑŰŮɠ ůŰɞ ɗŮɟɛɘəɧ ɛɘəɟɞůəɧˊɘɞ ůŮ ŬŰɛɧůűŬɘɟŬ CO2 əŬɘ N2 

Ŭˊɞŭɑŭɞɡɜ ˊŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɘɛɩɜ ůɡůŰɞɚɐɠ. ȼ ŮɚɎɢɘůŰɖ ůɡůŰɞɚɐ 

ˊŬɟŬŰɖɟɐɗɖəŮ ůŮ ŬŰɛɧůűŬɘɟŬ CO2 əŬɘ ɖ ɛɏɔɘůŰɖ ůŮ N2. ȼ ŮɟɛɖɜŮɑŬ ɔɘŬ Űɖ 

ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůɡůŰɞɚɐɠ Űɤɜ ŭɞɚɞɛɘŰɩɜ ŬˊɞŭɑŭŮŰŬɘ ůŰɖ 

ŭɘŬűɞɟŮŰɘəɐɢɖɛɘəɐ Űɞɡɠ ůɨůŰŬůɖ. ȺɘŭɘəɧŰŮɟŬ, ɞ ɓŬɗɛɧɠ Űɖɠ ɔɟŬɛɛɘəɐɠ ůɡůŰɞɚɐɠ 
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ŬɡɝɎɜŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ůɡɜɞɚɘəɏɠ ŬəŬɗŬɟůɑŮɠ Űɤɜ ŭɞɚɞɛɘŰɩɜ Ůɜɩ ɧůɞ 

ɛŮɔŬɚɨŰŮɟŮɠ ŮɑɜŬɘ ɞɘ ŬəŬɗŬɟůɑŮɠ Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ůɡůŰɞɚɐ. 

3.5 ɄɞɟɩŭŮɠ əŬɘ ˊɡəɜɧŰɖŰŬ 

ɆŰɞɡɠ ˊŬɟɎɔɞɜŰŮɠ Űɞɡ ˊɞɟɩŭɞɡɠ, Űɖɠ ˊɡəɜɧŰɖŰŬɠ əŬɘ Űɖɠ əŬŰŬɜɞɛɐɠ Űɞɡ 

ɛŮɔɏɗɞɡɠ Űɤɜ ˊɧɟɤɜ, ɡˊɎɟɢŮɘ ɛɘŬ ŬɚɚɖɚŮɝɎɟŰɖůɖ. ȷɡŰɐ ɖ ůɡůɢɏŰɘůɖ ŬůəŮɑ ɛɑŬ 

ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɘɠ ůɡɜɐɗŮɘɠ ɛŮŰɟɐůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ɎůɓɖůŰɖɠ ɎůɓŮůŰɞɡ, 

ɧˊɤɠ ɖ ŭɟŬůŰɘəɧŰɖŰŬ (reactivity). ȰɜŬɠ ˊɞɟɩŭɖɠ ŬůɓɏůŰɖɠ ɏɢŮɘ ůɡɜɐɗɤɠ ɛɘəɟɐ 

ůɡůŰɞɚɐ. ɀɘŬ ˊɡəɜɐ ɎůɓŮůŰɞɠ ɛŮ ɛɘəɟɧ ˊɞɟɩŭŮɠ ɏɢŮɘ ɡɣɖɚɐ ɔɟŬɛɛɘəɐ ŭɘŬůŰɞɚɐ. 

ȳŰŬɜ ŬɡɝɎɜɞɡɜ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ ɐ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŮ ɏɜŬ ɛɏŰɟɘɞ ɐ 

ɡɣɖɚɧ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ, ɡˊɎɟɢŮɘ ɛɘŬ ɡˊɞɓɎɗɛɘůɖ ůŰɞ ˊɞɟɩŭŮɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɛŮŰɟɐůŮɤɜ ˊɞɟɩŭɞɡɠ 

ɔɘŬ 41 ŭŮɑɔɛŬŰŬ ŬůɓŮůŰɞɚɑɗɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɚɐűɗɖůŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ ɛŮ ŭɘŬűɞɟŮŰɘəɧ ůɡɜŭɡŬůɛɧ ɗŮɟɛɞəɟŬůɑŬɠ - ɢɟɧɜɞɡ. 

Ⱥɝ`ŬɡŰɩɜ, ŭɏəŬ ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ ŬůɓɏůŰɘɞ ŬůɓŮůŰɧɚɘɗɞɘ, ɡˊɏůŰɖůŬɜ ɛɘŬ 

ůŮɘɟɎ ˊŮɘɟŬɛɎŰɤɜ ůŮ ɖɚŮəŰɟɘəɧ űɞɨɟɜɞ. ɄŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɔɘŬ ůŰŬɗŮɟɧ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ Ŭˊɧ ɛɑŬ ɏɤɠ ŭɡɞ ɩɟŮɠ ɡˊɎɟɢŮɘ ŮɚɎɢɘůŰɖ ɏɤɠ əŬɗɧɚɞɡ ŮˊɑŭɟŬůɖ ůŰɞ 

ˊɞɟɩŭŮɠ, ůŰɖɜ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ ɐ ůŰɖɜ ŭɟŬůŰɘəɧŰɖŰŬ ůŮ ɏɜŬ ɢŬɛɖɚɧ Ůɨɟɞɠ 

ɗŮɟɛɞəɟŬůɘɩɜ ŬůɓŮůŰɞˊɞɑɖůɖɠ Ŭˊɧ 954 - 1066 
o
C. Ƀɘ ˊɡəɜɧŰɖŰŮɠ ŬɡŰɩɜ Űɤɜ 

ɎůɓɖůŰɤɜ ɎůɓŮůŰɤɜ ŭɘŬŰɖɟɐɗɖəŬɜ ůŰŬɗŮɟɏɠ. Ⱥˊɑůɖɠ əŬŰɎ Űɖɜ ŬɘűɜɑŭɘŬ 

ŬůɓŮůŰɞˊɞɑɖůɖ (ɝŬűɜɘəɐ ŮűŬɟɛɞɔɐ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ɢɤɟɑɠ ˊɟɞɗɏɟɛŬɜůɖ) 

ŬɡɝɎɜŮŰŬɘ, ůɡɜɐɗɤɠ ŬɜɩɛŬɚŬ, ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ɞɝŮɘŭɑɞɡ, . ɆŰɘɠ ŮɘəɧɜŮɠ 

3.2 əŬɘ 3.3 ˊŬɟŬŰɖɟɞɨɛŮ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ŬůɓŮůŰɧɚɘɗɞɡɠ ˊɞɡ 

ɏɢɞɡɜ 98.5% CaCO3. 
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ȺɘəɧɜŬ 3.2. Ɇɢɏůɖ Ůɘŭɘəɐɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ. 

 

 
 

ȺɘəɧɜŬ 3.3. Ɇɢɏůɖ Ůɘŭɘəɐɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ ɢɟɧɜɞɡ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ. 

 

ȼ əŬŰŬɜɞɛɐ Űɞɡ ˊɞɟɩŭɞɡɠ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ɛŮ ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜŬ ˊɞɟɞůɑɛŮŰɟɞ 

əŬɘ ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ɧŰɘ ɞ Űɨˊɞɠ Űɞɡ ˊɞɟɩŭɞɡɠ ˊɞɡ ůɡɛɓɎɚɚŮɘ ˊŮɟɘůůɧŰŮɟɞ ůŮ ɛɘŬ 

ɛŮɔɎɚɖ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ, ŮɑɜŬɘ ˊɧɟɞɘ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ əŬŰɎ ɛɏůɞ ɧɟɞ ɛɏɔŮɗɞɠ, 

ɛŮŰɟɖɛɏɜɞɘ ůŮ ɛɞɜɎŭŮɠ ¡. ŪŮɤɟɞɨɜ ɧŰɘ Ŭɜ ŭɨɞ ɎůɓɖůŰɞɘ ɎůɓŮůŰɞɘ ɏɢɞɡɜ Űɞ ɑŭɘɞ 

ˊɞůɞůŰɧ ˊɞɟɩŭɞɡɠ, ŬɚɚɎ ɖ ɛɑŬ ɏɢŮɘ əŬŰɎ ɛɏůɞ ɧɟɞ ŭɘɎɛŮŰɟɞ ˊɧɟɤɜ 1000 ¡ əŬɘ ɖ 

Ɏɚɚɖ 40 ¡, ɖ ŮůɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬůɓɏůŰɖ ɛŮ Űɞɡɠ ɛŮɔŬɚɨŰŮɟɞɡɠ ˊɧɟɞɡɠ ɗŬ ɏɢŮɘ 

ɛɧɜɞ Űɞ 4 % Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŬůɓɏůŰɖ ɛŮ Űɞɡɠ ɛɘəɟɧŰŮɟɞɡɠ ˊɧɟɞɡɠ. 
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ɆŮ ˊŮɘɟɎɛŬŰŬ ŬůɓŮůŰɞˊɞɑɖůɖɠ ůŮ ɘůɚŬɜŭɘəɐ əɟɨůŰŬɚɚɞ (ˊɞɘəɘɚɑŬ Űɞɡ 

ɞɟɡəŰɞɨ ŬůɓŮůŰɑŰɖɠ ɛŮ ɢŬɟŬəŰɖɟɑůŰɖəŬ ůɢɘůɛɞɔŮɜɐ ɟɞɛɓɧŮŭɟŬ əŬɘ ɘůɢɡɟɐ 

ŭɘˊɚɞɗɚŬůŰɘəɧŰɖŰŬ) ɏɢŮɘ ŮˊɘŰŮɡɢɗŮɑ ɡɣɖɚɧ ˊɞɟɩŭŮɠ, Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ 

ŭɟŬůŰɘəɧŰɖŰŬ. ȷɜŰɑɗŮŰŬ, ůŮ əɞɘɜɞɨɠ ŬůɓŮůŰɧɚɘɗɞɡɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ 

ŭɟŬůŰɘəɧŰɖŰŬɠ ŮɝŬɘŰɑŬɠ Űɤɜ ˊŮɟɘŮɢɧɛŮɜɤɜ ŬəŬɗŬɟůɘɩɜ.. 

ȼ Ůɝɐɔɖůɖ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɡəɜɧŰɖŰŬɠ əŬɘ Űɖɠ ůɡůŰɞɚɐɠ ŮɑɜŬɘ ɧŰɘ ɞɘ 

əɟɨůŰŬɚɚɞɘ Űɞɡ CaO ůɢɖɛŬŰɑɕɞɜŰŬɘ ŭɘŬ ɛɏůɤ Űɖɠ ŭɘɎůˊŬůɖɠ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɏɜɤůɖ 

ˊɟɞɞŭŮɡŰɘəɎ ˊɟɞɠ ɛŮɔŬɚɨŰŮɟɞɡɠ əɟɡůŰŬɚɚɑŰŮɠ. ɆŮ ˊŮɘɟɎɛŬŰŬ ɛŮ ŬůɓŮůŰɑŰɖ ɛɏůɤ 

ɛɘəɟɞűɤŰɞɔɟŬűɘɩɜ, ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ɧŰɘ ŬɡŰɞɑ ɞɘ əɟɨůŰŬɚɚɞɘ ůŰɞɡɠ 900 
ɞ
C (Ŭɟɢɐ Űɖɠ 

ŭɘɎůˊŬůɖɠ) ŮɑɜŬɘ ɛɧɚɘɠ 0.1ɛ. ɆŰɞɡɠ 1000
 ɞ

C ɏɢɞɡɜ ŬˊɞəŰɐůŮɘ ɛɏɔŮɗɞɠ 1ɛ ɚɧɔɤ Űɖɠ 

ůɡɜɎɗɟɞɘůɖɠ əɟɡůŰŬɚɚɘŰɩɜ. ɆŰɞɡɠ 1100
 ɞ

C ɛɘŬ Ŭəɧɛɖ ɛŮɔŬɚɨŰŮɟɖ ɛɎɕŬ Ŭˊɧ 

əɟɡůŰŬɚɚɑŰŮɠ ůɢɖɛŬŰɑɕŮŰŬɘ. ɀŮ Űɖɜ ůɡɜŮɢɧɛŮɜɖ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŬɡŰɐ ɖ 

ɛɎɕŬ ŬɡɝɎɜŮŰŬɘ ůŰŬɗŮɟɎ əŬɘ Űɖɜ ůɡɔəɟŬŰɞɨɜ ˊɞɚɨ ɘůɢɡɟɞɑ ŭŮůɛɞɑ. ȼ ŮɘəɧɜŬ 3.4 

ŮˊŮɝɖɔŮɑ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ əɟɡůŰɎɚɚɤɜ, ŭɘŮɡəɟɘɜɑɕɞɜŰŬɠ Űɖɜ ŬɘŰɑŬ Űɖɠ ůɡůŰɞɚɐɠ əŬɘ 

Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ˊɡəɜɧŰɖŰŬɠ.  

 

 
 

ȺɘəɧɜŬ 3.4. ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ  ůŰŬŭɘŬəɐɠ ɛŮŰŬŰɟɞˊɐɠ ɞɝŮɘŭɑɤɜ Űɞɡ ŬůɓɏůŰɖ ůŮ ɛŮɔɎɚɞɡɠ 

əɟɡůŰŬɚɚɑŰŮɠ əŬɗɩɠ ɖ ɗŮɟɛɞəɟŬůɑŬ ŬůɓŮůŰɞˊɞɘɐůŮɤɠ ŬɡɝɎɜŮɘ. 

 

ɀŮ ˊŮɘɟɎɛŬŰŬ ŬəŰɑɜɤɜ-ɉ ˊŬɟŬŰɖɟɐɗɖəŮ ɖ ůŰŬŭɘŬəɐ ŮˊŬɨɝɖůɖ Űɤɜ 

əɟɡůŰŬɚɚɘŰɩɜ əŬŰɎ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ. ȺəŰɘɛɎŰŬɘ əŬŰɎ 

ɛɏůɞ ɧɟɞ ɧŰɘ ɞɘ əɟɨůŰŬɚɚɞɘ Űɞɡ CaO  ŬɡɝɎɜɞɡɜ əŬŰɎ ɛɘŬ ŰɎɝɖ ɛŮɔɏɗɞɡɠ 1000 (Ŭˊɧ 

0.1 ůŮ 100 ɛ), ɛŮŰŬɝɨ Ŭɟɢɘəɐɠ əŬɘ ɛɏɔɘůŰɖɠ (1649 
0
C) ɗŮɟɛɞəɟŬůɑŬɠ 

ŬůɓŮůŰɞˊɞɑɖůɖɠ. ɆŰɖ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɞ ɡɚɘəɧ ɏɢŮɘ ɣɖɗŮɑ ɛŮ Űɟɧˊɞ ˊɞɡ 

ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɏɢŮɘ ŬŭɟŬɜɞˊɞɘɖɗŮɑ (dead ï burned). ɋůŰɧůɞ ɛŮ ŭɞɚɞɛɑŰɖ 

ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɖ ˊɟɞůŬɨɝɖůɖ Űɤɜ əɟɡůŰŬɚɚɘŰɩɜ CaO ŮɑɜŬɘ ˊɘɞ ɔɟɐɔɞɟɖ Ŭˊɧ Űɞɡɠ 

əɟɡůŰŬɚɚɑŰŮɠ Űɞɡ MgO. ȷˊɞŰɏɚŮůɛŬ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ űŬɘɜɞɛɏɜɞɡ ŮɑɜŬɘ ŰŮɚɘəɎ ɜŬ 
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ůɢɖɛŬŰɑɕɞɜŰŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɘ əɟɨůŰŬɚɚɞɘ CaO. ȼ Ůɝɐɔɖůɖ ɔɘŬ ŬɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ 

ŮɑɜŬɘ ɧŰɘ ŰŬ ůɤɛŬŰɑŭɘŬ Űɞɡ CaO əŬŰɏɢɞɡɜ ɢŬɛɖɚɧŰŮɟɖ çŮɜɏɟɔŮɘŬ ŭŮůɛɩɜè Ŭˊɧ ɧŰɘ 

ŮəŮɑɜŬ Űɞɡ MgO. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ Űɞɡ ɔŮɔɞɜɧŰɞɠ ŮɑɜŬɘ ɧŰɘ Űɞ CaO ɛˊɞɟŮɑ ɜŬ 

ɛŮŰŬɜŬůŰŮɨŮɘ ŮɡəɞɚɧŰŮɟŬ ůŰɞ ˊɚɏɔɛŬ. Ⱥˊɑůɖɠ ŭŮɜ ɡˊɎɟɢŮɘ ɔɟŬɛɛɘəɐ ŬɚɚŬɔɐ ůŰɖɜ 

ˊɡəɜɧŰɖŰŬ Űɞɡ Ŭɟɢɘəɞɨ ɚɑɗɞɡ əŬɗɩɠ ɞɘ əɟɡůŰŬɚɚɑŰŮɠ ŬɡɝɎɜɞɡɜ ɛɏɢɟɘ Űɞ ůŰɎŭɘɞ Űɖɠ 

ŬŭɟŬɜɞˊɞɑɖůɖɠ  (dead ï burned). ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ Űɞ űɡůɘəɧ ɛɏɔŮɗɞɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ ůɛɘəɟɨɜŮŰŬɘ ŬɘůɗɖŰɎ. Ʉɟɘɜ Űɞ ůŰɎŭɘɞ Űɖɠ ŬŭɟŬɜɞˊɞɑɖůɖɠ (dead ï 

burned), ɖ ɛɧɜɖ ŬɚɚŬɔɐ ůŰɖɜ ɛɞɟɘŬəɐ ɔŮɤɛŮŰɟɑŬ ŮɑɜŬɘ ɖ ŮɚɎŰŰɤůɖ ůŰɞ ɛɏɔŮɗɞɠ Űɤɜ 

ˊɧɟɤɜ əŬɘ ůŰɖɜ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ. 

ɇɞ Ŭɚɖɗɘɜɧ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ CaO ŮɑɜŬɘ Ŭˊɧ 3.34 ɏɤɠ 3.40 g/mL. ȷɡŰɧ 

ůɡɛɓŬɑɜŮɘ ɛɧɜɞ ɧŰŬɜ ɗŮɤɟɖŰɘəɎ əŬɗŬɟɐ ɎůɓŮůŰɖ ɎůɓŮůŰɞɠ ɏɢŮɘ ŬŭɟŬɜɞˊɞɘɖɗŮɑ (dead 

ï burned), ŬˊɞŭɑŭɞɜŰŬɠ ɏŰůɘ ɓɏɚŰɘůŰɖ ůɡůŰɞɚɐ, Ŭɨɝɖůɖ ˊɡəɜɧŰɖŰŬɠ əŬɘ ɛɖŭŮɜɘəɧ 

ˊɞɟɩŭŮɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ ůɢŮŭɧɜ ŬŭɨɜŬŰɞ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ŮɛˊɞɟɘəɎ. 

ũŮɜɘəɎ Űɘɛɏɠ ɛŮŰŬɝɨ 2.5 əŬɘ 3.0 g/cm
3
 ůɖɛŬɑɜɞɡɜ ɡˊŮɟɣɖɛɏɜɖ (hard ï burned), ɛɖ 

ŭɟŬůŰɘəɐ ɎůɓŮůŰɞ. ũɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ ŬůɓŮůŰɞˊɞɑɖůɖ ɛŮ ɡɣɖɚɧ ˊɞɟɩŭŮɠ əŬɘ 

ɛŮɔɎɚɖ ŭɟŬůŰɘəɧŰɖŰŬ ɛɧɜɞ ɛŮ 1.45 ɏɤɠ 1.65 g/ cm
3
 Ůɘŭɘəɧ ɓɎɟɞɠ, ɗŮɤɟɩɜŰŬɠ ɏɜŬ 

ˊɞɟɩŭŮɠ ˊɎɜɤ Ŭˊɧ Űɞ 50%. ɄɟŬəŰɘəɎ ɏɜŬɠ ŰɏŰɞɘɞɠ ŬůɓɏůŰɖɠ ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɧ ɜŬ 

ˊŬɟŬůəŮɡŬůŰŮɑ ɓɘɞɛɖɢŬɜɘəɎ. 

ɀɘŬ ˊŮɟɑɚɖɣɖ Űɤɜ Ůɘŭɘəɩɜ ɓŬɟɩɜ Ŭˊɧ ɡɣɖɚɞɨ ŬůɓŮůŰɑɞɡ ŬůɓŮůŰɧɚɘɗɞɡɠ 

ŬˊɞəŬɚɨˊŰŮɘ ɏɜŬ Ůɨɟɞɠ Űɘɛɩɜ Ŭˊɧ 1.72 ï 2.71 g/ cm
3
. Ƀɘ 25 Ŭˊɧ Űɞɡɠ 43 əɡɛŬɑɜɞɜŰŬɜ 

ɛŮŰŬɝɨ 1.72 əŬɘ 1.96 g/ cm
3
. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɔŮɜɘəɎ ɧŰɘ ɖ ŮˊɘəɟŬŰɞɨůŬ ůɡůŰɞɚɐ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛŮ əŬɗŬɟɧ 

ŬůɓŮůŰɑŰɖ (ȽůɚŬɜŭɘəɐ əɟɨůŰŬɚɚɞ). Ƀɘ ŮɘəɧɜŮɠ 3.5 əŬɘ 3.6 ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ əŬŰɎ 

ˊɟɞůɏɔɔɘůɖ 15%  ɔɟŬɛɛɘəɐ ɛŮɑɤůɖ Űɞɡ əɨɓɞɡ ŬůɓŮůŰɑŰɖ ůŮ ɗŮɟɛɘəɧ ɛɘəɟɞůəɧˊɘɞ 

ůŰɞɡɠ 500 əŬɘ 1400 
ɞ
C.  
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ȺɘəɧɜŬ 3.5. ȹŮɑɔɛŬ əɨɓɞɡ ŬůɓŮůŰɑŰɖ ůŮ ɗŮɟɛŬɘɜɧɛŮɜɞ ɛɘəɟɞůəɧˊɘɞ ůŰɞɡɠ 500 
ɞ
C. 

 

 
 

ȺɘəɧɜŬ 3.6. ɇɞ ŭŮɑɔɛŬ Űɖɠ ŮɘəɧɜŬɠ 3.5 ɛŮŰɎ Ŭˊɧ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɡɠ 1400
 ɞ
C (dead ï 

burned). 

 

3.6. ȹɟŬůŰɘəɧŰɖŰŬ 

ȼ ŭɟŬůŰɘəɧŰɖŰŬ ˊŮɟɘɔɟɎűŮɘ Űɖ ůɢŮŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ ɜŬ 

ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŮ ɢɖɛɘəɏɠ ŬɚɚŬɔɏɠ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ɜŮɟɞɨ. ȼ ŭɟŬůŰɘəɧŰɖŰŬ ŮɑɜŬɘ 

ůɡɜɎɟŰɖůɖ Űɖɠ əŬɗŬɟɧŰɖŰŬɠ, Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ Ɏɚɚɤɜ ˊŬɟŬɔɧɜŰɤɜ 

ɧˊɤɠ Űɞ ˊɞɟɩŭŮɠ. Ⱥˊɘˊɚɏɞɜ, ɞ ɟɡɗɛɧɠ ůɓɖůɑɛŬŰɞɠ (ŮɜɡŭɎŰɤůɖɠ) ŮɑɜŬɘ ɖ ɛɏŰɟɖůɖ Űɞɡ 

ɢɟɧɜɞɡ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɩůŰŮ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ůɓɖůɑɛŬŰɞɠ Űɞɡ ŬůɓɏůŰɖ. 

ȳŰŬɜ ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ űɗɎůŮɘ ůŮ ɏɜŬ ɛɏɔɘůŰɞ ŰɧŰŮ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɖ 

ŭɘŬŭɘəŬůɑŬ ɏɢŮɘ ɞɚɞəɚɖɟɤɗŮɑ. ȼ Ŭɨɝɖůɖ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ, ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ Ŭɨɝɖůɖ 

Űɞɡ ɟɡɗɛɞɨ ŮɜɡŭɎŰɤůɖɠ, Űɖɠ ŰŮɚɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ŮɜɡŭŬŰɤɛɏɜɞɡ ŬůɓɏůŰɖ. 

3.7 ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ 

ůɓɖůɛɏɜɞɡ ŬůɓɏůŰɖ 

Ƀɘ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜɡŭɎŰɤůɖɠ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ 

Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ůɓɖůɛɏɜɞɡ ŬůɓɏůŰɖ, Ůˊɞɛɏɜɤɠ əŬɘ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ, ŮɑɜŬɘ ɖ 

əŬɗŬɟɧŰɖŰŬ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ, Űɞ ˊɞɟɩŭŮɠ, ɖ əŬŰŬɜɞɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ 
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ˊɧɟɤɜ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɟɡůŰɎɚɚɤɜ əŬɘ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ ůŮ ɞɝŮɑŭɘɞ Űɞɡ ɛŬɔɜɖůɑɞɡ. 

ɄŬɟɎɚɚɖɚŬ, ɛɑŬ ůŮɘɟɎ ŮɝɤŰŮɟɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ 

ŮɜɡŭɎŰɤůɖɠ, ɖ ˊɞůɧŰɖŰŬ əŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ˊɟɞůŰɘɗɏɛŮɜɞɡ ɜŮɟɞɨ, ɖ ŬɜŬɚɞɔɑŬ 

ɜŮɟɞɨ/ŬůɓɏůŰɖ, ɞ ɟɡɗɛɧɠ ŬɜɎŭŮɡůɖɠ Űɞɡ ɡɚɘəɞɨ əŬɘ ɖ ɔɐɟŬɜůɖ Űɞɡ ŬůɓɏůŰɖ.  

3.7.1 ɄŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ MgO 

ȰɜŬɠ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɘŭɟɎ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ŮɜɡŭɎŰɤůɖɠ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ əŬɘ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ůɓɖůɛɏɜɞɡ ŬůɓɏůŰɖ, 

ŬˊɞŰŮɚŮɑ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ ůŮ MgO. ȼ ɏɜŰŬůɖ əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ 

ŮɜɡŭɎŰɤůɖɠ ŮɚŬŰŰɩɜɞɜŰŬɘ ɛŮ Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ MgO ůŰɞɜ ɎůɓɖůŰɞ ŬůɓɏůŰɖ 

(Boynton 1966, Eckel 1928). Ƀ ŭɞɚɞɛɘŰɘəɐɠ ůɨůŰŬůɖɠ ɎůɓɖůŰɞɠ ŬůɓɏůŰɖɠ ŬˊŬɘŰŮɑ 

ɡɣɖɚɧŰŮɟɖ ˊɑŮůɖ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɜɡŭɎŰɤůɖɠ ůŮ ůɢɏůɖ ɛŮ ɏɜŬɜ 

ɎůɓɖůŰɞ ŬůɓɏůŰɖ ɛŮ ɡɣɖɚɧ ŬůɓɏůŰɖɠ ˊɞɡ ŮɜɡŭŬŰɩɜŮŰŬɘ ůŮ ˊɑŮůɖ 1 atm (Boynton 

1966, Eckel 1928). ȳɛɞɘŬ, ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŮɝɩɗŮɟɛɖɠ ŬɜŰɑŭɟŬůɖɠ ɗŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ɧŰŬɜ ˊɟɞůŰɑɗŮɜŰŬɘ ŬůɓɏůŰŮɠ ɛŮ ɡɣɖɚɧŰŮɟɞ 

ˊŮɟɘŮɢɧɛŮɜɞ ůŮ MgO. ȰŰůɘ ɚɞɘˊɧɜ, ɖ Ŭɨɝɖůɖ Űɞɡ MgO ůŰɞɜ ɎůɓɖůŰɞ ŬůɓɏůŰɖ ɏɢŮɘ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮɚɎŰŰɤůɖ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɜɡŭɎŰɤůɖɠ (Boynton 1966, Eckel 1928). ȳŰŬɜ ŮɜɡŭŬŰɤɗŮɑ ɏɜŬ əɘɚɧ 

əŬɗŬɟɞɨ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ ˊŬɟɎɔɞɜŰŬɘ 123.5 cal ɗŮɟɛɧŰɖŰŬɠ. ȷˊɧ Űɖɜ Ɏɚɚɖ, əŬŰɎ 

Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜɡŭɎŰɤůɖɠ Ůɜɧɠ əɘɚɞɨ ŭɞɚɞɛɘŰɘəɐɠ ůɨůŰŬůɖɠ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ, 

ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ ɛɧɚɘɠ 95.8 cal ɗŮɟɛɧŰɖŰŬɠ.  

3.7.2 ɄɞɟɩŭŮɠ 

ȰɜŬɠ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɘŭɟɎ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ŮɜɡŭɎŰɤůɖɠ ŬˊɞŰŮɚŮɑ Űɞ ˊɞɟɩŭŮɠ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ (Boynton 1966, Schlitt and 

Healy 1970). ȯůɓɖůŰɞɘ ŬůɓɏůŰŮɠ ɛŮ ɡɣɖɚɧ ˊɞɟɩŭŮɠ ŮɜɡŭŬŰɩɜɞɜŰŬɘ ɔɟɖɔɞɟɧŰŮɟŬ ůŮ 

ůɢɏůɖ ɛŮ ŬɜŰɑůŰɞɘɢɞɡɠ ˊɞɡ ɏɢɞɡɜ ɛɘəɟɧŰŮɟɞ ˊɞɟɩŭŮɠ (Boynton 1966, Schlitt and 

Healy 1970).  

3.7.3 ɄɟɞůɛɑɝŮɘɠ 

ȷɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬɟɢɘəɎ, ˊɞůɧŰɖŰŬ ɛɖ əŬɗŬɟɞɨ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ, ŰɧŰŮ 

ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɧɠ ɜŬ ŮɜɡŭŬŰɩɜŮŰŬɘ ɛŮ ˊɞɚɨ ɢŬɛɖɚɧ ɟɡɗɛɧ ŮɝŬɘŰɑŬɠ Űɞɡ 

ɡɣɖɚɞɨ ˊɞůɞůŰɞɨ ŬəŬɗŬɟůɑɤɜ (Schlitt and Healy 1970). Ƀɘ ˊɟɞůɛɑɝŮɘɠ űɟɎůůɞɡɜ 

Űɞɡɠ ŭɘŬɗɏůɘɛɞɡɠ ˊɧɟɞɡɠ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊɟɞɚŬɛɓɎɜɞɡɜ 

Űɖɜ ŬɜŰɑŭɟŬůɖ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ ɛŮ Űɞ ˊɟɞůŰɘɗɏɛŮɜɞ ɜŮɟɧ (Schlitt and Healy 1970).  
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3.7.4 ɄɞůɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ 

ɀɑŬ ŬəɧɛŬ ɘŭɘɧŰɖŰŬ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ 

ůɓɖůɛɏɜɞɡ ŬůɓɏůŰɖ ŮɑɜŬɘ ɖ ŬɜŬɚɞɔɑŬ ɜŮɟɞɨ/ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ. Ƀ ůɢɖɛŬŰɘůɛɧɠ 

ŭɘŬűɞɟŮŰɘəɩɜ ŮɜɡŭŬŰɤɛɏɜɤɜ ɛɞɟűɩɜ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ (dry hydrate, putty, slurry, 

milk of lime) ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊɞůɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖ 

ŭɘŬŭɘəŬůɑŬ ŮɜɡŭɎŰɤůɖɠ (Boynton 1966, 1984).  

3.7.5 ɄɞɘɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ 

ȼ ˊŬɟɞɡůɑŬ Űɤɜ ɗŮɘɘəɩɜ əŬɘ ɗŮɘɞɨɢɤɜ ɛɏůŬ ůŰɞ ɜŮɟɧ, ˊɟɞəŬɚŮɑ ŮˊɘɓɟɎŭɡɜůɖ 

Űɞɡ ɟɡɗɛɞɨ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɜɡŭɎŰɤůɖɠ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ ůɢɖɛŬŰɑɕɞɜŰŬɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ əɡɟɑɤɠ ɎɚŬŰŬ ɔɨɣɞɡ əŬɘ calcium sulfite hemihydrate. ɇɞ ŰŮɚŮɡŰŬɑɞ ɏɢŮɘɠ 

ůŬɜ ŬˊɞŰɏɚŮůɛŬ ŰŬ ůɡůŰŬŰɘəɎ ŬɡŰɎ ɜŬ ˊɟɞəŬɚɞɨɜ ŬɜŬůŰɞɚɐ Űɖɠ ŬɜŰɑŭɟŬůɖɠ Űɞɡ 

ɜŮɟɞɨ ɛŮ Űɞ ŭɘŬɗɏůɘɛɞ ɎůɓɖůŰɞ ŬůɓɏůŰɖ (Boynton 1966, Dornap 1977, Hassibi 1999, 

Holmes and Wingate 1997). Ⱥˊɑůɖɠ, ɖ ˊŬɟɞɡůɑŬ ɢɚɤɟɘɧɜŰɤɜ əŬɘ ůŬəɢɎɟɤɜ 

ˊɟɞůŭɑŭŮɘ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ 

ˊɟɞůŰɑɗŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɜɡŭɎŰɤůɖɠ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ. ȼ ˊŬɟɞɡůɑŬ 

ŬɡŰɩɜ Űɤɜ ɘɧɜŰɤɜ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɜɡŭɎŰɤůɖɠ 

ŬɡɝɎɜɞɜŰŬɠ Űɞ ɟɡɗɛɧ Űɖɠ (Boynton 1966, Dornap 1977, Hassibi 1999, Holmes and 

Wingate 1997). ȷˊɧ Űɖɜ Ɏɚɚɖ ɖ ˊŬɟɞɡůɑŬ Űɤɜ ɢɚɤɟɘɧɜŰɤɜ ŭɖɛɘɞɡɟɔŮɑ ŮɡŭɘɎɚɡŰŬ 

ɎɚŬŰŬ ˊɞɡ ˊɟɞəŬɚɞɨɜ ŬɚɚɞɘɩůŮɘɠ. ɆɨɛűɤɜŬ ɛŮ ˊŬɚŬɘɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ɚɞɘˊɧɜ 

(Boynton 1966, Dornap 1977, Hassibi 1999, Holmes & Wingate 1997), ɔɘŬ ɜŬ 

ɞɚɞəɚɖɟɤɗŮɑ ŮˊɘŰɡɢɩɠ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜɡŭɎŰɤůɖɠ, Űɞ ɜŮɟɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ŬˊɧɚɡŰŬ əŬɗŬɟɧ.  

3.7.6 ŪŮɟɛɞəɟŬůɑŬ 

ȼ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɜɡŭɎŰɤůɖɠ, 

ŬˊɞŰŮɚŮɑ ɏɜŬɜ əɟɑůɘɛɞ ˊŬɟɎɔɞɜŰŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɞɚɞəɚɐɟɤůɖ Űɖɠ 

ŰŮɚŮɡŰŬɑŬɠ (Boynton 1966, Hedin 1963). ȷɜ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ŮɑɜŬɘ ɡɣɖɚɐ ŰɧŰŮ ɖ 

ŬɜŰɑŭɟŬůɖ ŮɜɡŭɎŰɤůɖɠ ɗŬ ɔɑɜŮɘ ŰŬɢɏɤɠ (Boynton 1966, Hedin 1963). ɄŬɟɧɚŬɡŰŬ, 

ůɨɛűɤɜŬ ɛŮ ˊɘɞ ˊɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ (Cowper 2000), ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ 

ɞŭɖɔɞɨɜ ůŰɖɜ əŬŰŬůŰɟɞűɐ Űɤɜ ɘŭɘɞŰɐŰɤɜ ˊɞɡ ŮəűɟɎɕɞɡɜ Űɖɜ ˊɚŬůŰɘəɧŰɖŰŬ Űɞɡ 

ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ. ũɘ`ŬɡŰɧ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮɜɡŭɎŰɤůɖ ɖ 

ŬɜŰɑŭɟŬůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɞ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ ɛŮŰŬɝɨ 71 əŬɘ 

93
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C (Boynton 1966).  
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3.7.7 ȷɜɎŭŮɡůɖ 

ȼ ŬɜɎŭŮɡůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬ ŮɜɡŭɎŰɤůɖɠ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

Űɖɜ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, ŮɝŬɘŰɑŬɠ Űɖɠ ɔɟɐɔɞɟɖɠ ŭɘɎɢɡůɖɠ Űɞɡ ɜŮɟɞɨ ˊɟɞɠ Űɞɜ 

ɎůɓɖůŰɞ ŬůɓɏůŰɖ (Boynton 1966, Dornap 1977). ȷɜŰɑɗŮŰŬ, ɧŰŬɜ ɖ ŭɘŬŭɘəŬůɑŬ 

ŬɜɎŭŮɡůɖɠ ɔɑɜŮŰŬɘ ɛŮ ɢŬɛɖɚɧ ɟɡɗɛɧ, ɞŭɖɔŮɑ ůŮ ɛɖ ŮˊɘɗɡɛɖŰɏɠ ŮˊɘŭɟɎůŮɘɠ, əŬɗɩɠ ɖ 

ŬɜŰɑŭɟŬůɖ ŮɜɡŭɎŰɤůɖɠ Űɖɠ ɎůɓɖůŰɖɠ ŬůɓɏůŰɞɡ ŭŮɜ ɞɚɞəɚɖɟɩɜŮŰŬɘ (Boynton 1966).  

3.7.8 ũɐɟŬɜůɖ 

ȼ ɔɐɟŬɜůɖ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ 

ůɓɖůɛɏɜɞɡ ŬůɓɏůŰɖ (Carrington and Swallow 1996, Lynch 1998). ȾŬŰɎ Űɖ ɔɐɟŬɜůɖ 

Űɞɡ ɡɚɘəɞɨ, ŬɡɝɎɜɞɜŰŬɘ Űɧůɞ ɖ ˊɚŬůŰɘəɧŰɖŰŬ ɧůɞ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ əŬŰŬəɟɎŰɖůɖɠ 

ɜŮɟɞɨ Ŭˊɧ Űɞɜ ůɓɖůɛɏɜɞ ŬůɓɏůŰɖ (Cowper 2000). ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɔɐɟŬɜůɖɠ, ɞ 

ŬůɓɏůŰɖɠ ɡˊɧəŮɘŰŬɘ ůŮ ŭɞɛɘəɏɠ ɛŮŰŬŰɟɞˊɏɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɚŬŰŰɩɜŮŰŬɘ Űɞ 

ɛɏɔŮɗɞɠ Űɤɜ əɟɡůŰɎɚɚɤɜ əŬɘ ɜŬ ŬɡɝɎɜŮŰŬɘ ɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ. ȷɨɝɖůɖ Űɖɠ Ůɘŭɘəɐɠ 

ŮˊɘűɎɜŮɘŬɠ ɞŭɖɔŮɑ ůŮ Ŭɨɝɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɜŬɜɗɟɎəɤůɖɠ (Rodriguez et al. 1998). 

3.7.9 ɈˊŮɟɏɣɖůɖ-Ⱥɘŭɘəɐ ȺˊɘűɎɜŮɘŬ 

 

ȼ ɗŮɟɛəɟŬůɑŬ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ CaO. 

ȼ ŮɜɡŭɎŰɤůɖ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ CaO ɞŭɖɔŮɑ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɡŭɟŬůɓɏůŰɞɡ. ɇɞ ˊɚɏɞɜ 

ˊɞɘɞŰɘəɧ ˊɟɞɥɧɜ CaO ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ˊɞɚɨ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ əɧəəɞɡɠ ɛŮ ɛŮɔɎɚɖ 

Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ. ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ ŭɘŬˊɘůŰɩɜɞɡɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ, ˊɞɡ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ Ůɘŭɘəɐ 

ŮˊɘűɎɜŮɘŬ Űɤɜ ŮɜɡŭŬŰɤɛɏɜɤɜ əɧəəɤɜ CaO. 
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ȺɘəɧɜŬ 3.7. ɆɡůɢɏŰɘůɖ Űɖɠ Ůɘŭɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ɛŮ Űɖ ɗŮɟɛəɟŬůɑŬ ŬůɓŮůŰɞˊɞɑɖůɖɠ. 

 
ȺɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɏɜŬ ŮɚŬűɟɎ ɣɖɛɏɜɞɠ ŬůɓɏůŰɖɠ ŮɑɜŬɘ ɔŮɛɎŰɞɠ Ŭˊɧ 

ŰɟɘɢɞŮɘŭɐ ɛɘəɟɞůˊŬůɑɛŬŰŬ ɧˊɞɡ Űɞ CO2 ŰŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɤɠ ɛɞɜɞˊɎŰɘŬ ŭɘŬűɡɔɐɠ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ. ȷɡŰɧɠ ɞ ŬůɓɏůŰɖɠ, ɧŰŬɜ ɏɟɗŮɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ 

ɜŮɟɧ, Űɞ ŰŮɚŮɡŰŬɑɞ ŭɘŮɘůŭɨŮɘ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɛɏůɤ Űɤɜ ɛɘəɟɞůˊŬůɘɛɎŰɤɜ əŬɘ 

ɔŮɛɑɕŮɘ Űɘɠ əɞɘɚɧŰɖŰŮɠ ˊɞɡ ɡˊɎɟɢɞɡɜ. ȼ ŭɘŮɟɔŬůɑŬ Űɖɠ ŮɜɡŭɎŰɤůɖɠ ŮɑɜŬɘ ŰŬɢɨŰŬŰɖ ɛŮ 

ŰŬɡŰɧɢɟɞɜɖ ŬˊŮɚŮɡɗɏɟɤůɖ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ɗŮɟɛɧŰɖŰŬɠ. ɈˊɎɟɢɞɡɜ ˊŮɟɘˊŰɩůŮɘɠ 

ɧˊɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ ˊɟɞəŬɚŮɑ Űɞ ɓɟŬůɛɧ Űɞɡ ɜŮɟɞɨ əŬɘ ˊŬɟŬɔɤɔɐ ŬŰɛɞɨ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ŬəɧɛŬ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ 

ɡŭɟŬůɓɏůŰɞɡ əɘ ɏŰůɘ ɖ ŬɜŰɑŭɟŬůɖ ŮɜɡŭɎŰɤůɖɠ ɞɚɞəɚɖɟɩɜŮŰŬɘ ůŮ ɛɘəɟɧŰŮɟɞ ɢɟɧɜɞ. 
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ŰŬɜ ɖ ɎůɓŮůŰɞɠ ɏɟɗŮɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɜŮɟɧ, ŰɧŰŮ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ 

ɛɞɟűɐ Űɞɡ (ɡɔɟɧ, ŬŰɛɧɠ ɐ ˊɎɔɞɠ), Űɞ ˊɟɞůɟɞűɎ ɏɜŰɞɜŬ ůŰɞɡɠ ˊɧɟɞɡɠ 

Űɖɠ. ȿɧɔɤ Űɖɠ ɡɔɟɞůəɞˊɘəɧŰɖŰŬɠ Űɖɠ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛɑŬ ŬɚɡůůɤŰɐ 

ŬɜŰɑŭɟŬůɖ əŬɘ ɧˊɤɠ Űɞ ɜŮɟɧ ŭɘŬˊŮɟɎ Űɞɡɠ ˊɧɟɞɡɠ Űɖɠ ŮˊɘűŬɜŮɑŬɠ ɖ 

ɗŮɟɛɧŰɖŰŬ ŮɜɡŭŬŰɩůŮɤɠ əŬŰŬ əɎˊɞɘɞ Űɟɧˊɞ ŮɔəɚɤɓɑɕŮŰŬɘ. ȷɡŰɧ ŭɖɛɘɞɡɟɔŮɑ ɛŮɔɎɚŮɠ 

ŮůɤŰŮɟɘəɏɠ ŰɎůŮɘɠ ůŰɞ əɞɛɛɎŰɘ Űɖɠ ŬůɓɏůŰɞɡ ˊɞɡ ɞŭɖɔɞɨɜ ůŰɖ ɗɟŬɨůɖ əŬɘ ŰŮɚɘəɎ 

ůŰɞɜ əŬŰŬəŮɟɛŬŰɘůɛɧ ůŮ ŬˊŮɘɟɎɟɘɗɛŬ ůɤɛŬŰɑŭɘŬ. ȷɡŰɎ Ůɢɞɡɜ ɛɞɟűɐ əɞɚɚɞŮɘŭɞɨɠ 

ŭɘŬɚɨɛŬŰɞɠ (ˊɞɚŰɧɠ) ɐ əɟɡůŰŬɚɚɘəɐɠ ůəɧɜɖɠ (ɡŭɟɎůɓŮůŰɞɠ), Űɖɠ ɛɞɟűɐɠ 

ŮɝŬɟŰɤɛɏɜɖɠ Ŭˊɧ Űɖɜ ˊɞůɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ. ɃŰŬɜ ŮˊɘŭɘɩəŮŰŬɘ 

ˊŬɟŬɚŬɓɐ ɡŭɟŬůɓɏůŰɞɡ, ŰɧŰŮ ˊɟɞůŰɑɗŮŰŬɘ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ŮɚŬűɟɎ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 

ŬɡŰɐ ˊɞɡ ɗŮɤɟɖŰɘəɎ ŬˊŬɘŰŮɑŰŬɘ (32% Űɞɡ ɓɎɟɞɡɠ Űɖɠ ŬůɓɏůŰɞɡ). ɃŰŬɜ ɧɛɤɠ 

ŮˊɘŭɘɩəŮŰŬɘ ɖ ˊŬɟŬɚŬɓɐ ˊɞɚŰɞɨ, ɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ɏɤɠ 

əŬɘ ˊŮɜŰŬˊɚɎůɘŬ Űɖɠ ɗŮɤɟɖŰɘəɎ ŬˊŬɘŰɞɡɛɏɜɖɠ. 

4.1 ȺɜɡŭɎŰɤůɖ Űɤɜ ŬůɓŮůŰɞˊɞɘɖɛɏɜɤɜ ŬɜɗɟŬəɘəɩɜ ɡɚɘəɩɜ 

ȼ ŮɜɡŭɎŰɤůɖ Űɞɡ ŬůɓɏůŰɖ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɜŮɟɞɨ, ɛɏůɤ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ůɓɏůɖɠ, ˊɞɡ ŬˊɞŰŮɚŮɑ ɛɑŬ ŮɝŬɘɟŮŰɘəɎ ŮɝɩɗŮɟɛɖ ŬɜŰɑŭɟŬůɖ. ȾŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ ŬɡŰɐɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ɞɝŮɑŭɘɞ ŬůɓŮůŰɑɞɡ ŬɜŰɘŭɟɎ ɛŮ Űɞ ɜŮɟɧ əŬɘ 

ůɢɖɛŬŰɑɕŮɘ Űɖɜ ŮɜɡŭŬŰɤɛɏɜɖ ɛɞɟűɐ ŬůɓɏůŰɖ, ɔɜɤůŰɐ ɤɠ ɡŭɟɎůɓŮůŰɞ (Ca(OH)
2
) (ɓɚ. 

ŬɜŰɑŭɟŬůɖ 1)(Boynton 1966, Wingate 1985). ȼ ůɓɏůɖ Űɖɠ ůɡɜɑůŰŬŰŬɘ ůŰɖɜ 

əŬŰŮɟɔŬůɑŬ ɛŮ ɜŮɟɧ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜŰɑŭɟŬůɖ:  

                                            CaO + H2O­ Ca(OH)2 + 15.5 Kcal                             (1) 

əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ ŬůɓŮůŰɑɞɡ Űɞ ɞˊɞɑɞ ɛŮ Űɞ ɔŮɜɘəɧ ɧɜɞɛŬ 

ɡŭɟɎůɓŮůŰɞɠ ŬˊɞŰŮɚŮɑ Űɖɜ əŬɗŮŬɡŰɧ əɞɜɑŬ.  

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, ɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ ɞ ɧɔəɞɠ Űɞɡ 

ůɓɖůɛɏɜɞɡ ŬůɓɏůŰɖ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŬ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɎůɓɖůŰɞ ŬůɓɏůŰɞ (Boynton 

1966 , Eckel 1928, Holmes and Wingate 1997, Oates 1998, Wingate 1985). Ƀ ɓŬɗɛɧɠ 

Űɖɠ ŭɘŬůŰɞɚɐɠ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ 

(Boynton 1966, Eckel 1928, Holmes and Wingate 1997, Wingate 1985). ȳŰŬɜ ɞ 

ɎůɓɖůŰɞɠ ŬůɓɏůŰɖɠ ŭɘŬŰɖɟŮɑ ɢŬɛɖɚɎ ˊɞůɞůŰɎ ɛŬɔɜɖůɑɞɡ əŬɘ ɎɚɚŮɠ çŬəŬɗŬɟůɑŮɠè 

ŭɘŬůŰɏɚɚŮŰŬɘ ɛɏɢɟɘ ŰɟŮɘɠ űɞɟɏɠ (Antiohos et a. 2008). Ƀ ɛɖ əŬɗŬɟɧɠ ɎůɓɖůŰɞɠ 

ŬůɓɏůŰɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧɠ ŭɘŬůŰɞɚɐɠ. Ⱥˊɘˊɚɏɞɜ, ɧŰŬɜ ɞ ɎůɓɖůŰɞɠ 

ŬůɓɏůŰɖɠ ŮɜɡŭŬŰɤɗŮɑ ŬˊɧŰɞɛŬ əŬɘ ɧɢɘ ůŰŬŭɘŬəɎ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Űɖɠ əŬŰɎɚɚɖɚɖɠ 

ˊɞůɧŰɖŰŬɠ ɜŮɟɞɨ ɩůŰŮ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɖ ŮɜɡŭɎŰɤůɖ, ɖ ŭɘŬůŰɞɚɐ űɗɎɜŮɘ Űɘɠ 3,5  

Ƀ 
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űɞɟɏɠ Ůˊɑ Űɞɡ Ŭɟɢɘəɞɨ ɧɔəɞɡ. ȷɜ ɧɛɤɠ ɖ ŮɜɡŭɎŰɤůɖ ɔɑɜŮŰŬɘ ůŰŬŭɘŬəɎ ŰɧŰŮ ɖ Ŭɨɝɖůɖ 

Űɞɡ ɧɔəɞɡ űɗɎɜŮɘ ˊŮɟɑˊɞɡ Űɘɠ 1.7 űɞɟɏɠ (Eckel 1928). 

4.2 ɇɞ ůɓɨůɘɛɞ Űɖɠ ŬůɓɏůŰɞɡ  

ũɘŬ ŭɞɛɘəɏɠ ɢɟɐůŮɘɠ ůŰŬ ˊɎůɖɠ űɨůŮɤɠ əɞɜɘɎɛŬŰŬ ɖ ɎůɓŮůŰɞɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ůɓɡůɛɏɜɖ Űɖɠ ɛɞɟűɐ (Becker 1987).  

ôȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ŮɘůŬɔɤɔɐ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ˊɞůɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɚŬɛɓɎɜŮŰŬɘ: Ŭ) ɖ ɡŭɟɎůɓŮůŰɞɠ ůŮ ůəɧɜɖ 

ŮɎɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ůŰɞɘɢŮɘɞɛŮŰɟɘəɩɠ ŬˊŬɘŰɞɨɛŮɜɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ (32% Űɞɡ 

ɓɎɟɞɡɠ Űɞɡ CaO) əŬɘ ɓ) ɞ ˊɞɚŰɧɠ, ŮɎɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ˊŮɟɑůůŮɘŬ (1 Űɧɜɞɠ ŬůɓɏůŰɖ 

ŭɑɜŮɘ 2.4-2.5 Űɧɜɞɡɠ ˊɞɚŰɧ). ȼ ŮɜɡŭɎŰɤůɖ (ůɓɨůɘɛɞ) ŬɡŰɐ Űɞɡ CaO ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ůŮ ŬɡŰɧɛŬŰŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ ůɡɜŮɢɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ ɧˊɞɡ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůŰŬɗŮɟɎ 

ˊɞůɧŰɖŰŬ ŬůɓɏůŰɞɡ əŬɘ ɨŭŬŰɞɠ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ŬɜŰɘŭɟɎůŮɤɠ ɗŮɟɛɞůŰŬŰŮɑŰŬɘ. 

ȺˊɘɔɟŬɛɛŬŰɘəɎ, ɞɘ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ Ca(OH)2 

ŮɑɜŬɘ ɞɘ Ůɝɐɠ : 

¶ ȷɜŰɘŭɟŬůŰɘəɧŰɖŰŬ ɛŮ ɜŮɟɧ Űɞɡ CaO, 

¶ ȾɞəəɞɛŮŰɟɘəɐ əŬŰŬɜɞɛɐ Űɞɡ CaO, 

¶ ɄɞůɧŰɖŰŬ əŬɘ ˊɞɘɧŰɖŰŬ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ ɜŮɟɞɨ, 

¶ ŪŮɟɛɞəɟŬůɑŬ ɜŮɟɞɨ, 

¶ ɇŮɢɜɘəɐ ˊɟɞůɗɐəɖɠ  CaO əŬɘ ɜŮɟɞɨ, əŬɘ 

¶ ȷɜɎɛŮɘɝɖ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ůɓɏůɖɠ. 

4.3 ɇɨˊɞɘ ɡŭɟŬůɓɏůŰɞɡ. 

Ƀɘ ŭɨɞ ɓŬůɘəɏɠ ɛɞɟűɏɠ Űɖɠ ɡŭɟŬůɓɏůŰɞɡ : ɈŭɟɎůɓŮůŰɞɠ ůŮ ůəɧɜɖ əŬɘ 

ŬůɓŮůŰɞˊɞɚŰɧɠ 

4.3.1 ȼ ɡŭɟɎůɓŮůŰɞɠ ůŮ ůəɧɜɖ 

Ƀˊɤɠ ůɖɛŮɘɩɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ˊɟɞəɨˊŰŮɘ ɛŮ ŮɚŮɔɢɧɛŮɜɖ ˊɟɞůɗɐəɖ ɜŮɟɞɨ 

ůŰɞ ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ. ȸɘɞɛɖɢŬɜɘəɎ ˊŬɟŬůəŮɡɎɕŮŰŬɘ ůŮ ŭɘŬŰɎɝŮɘɠ ŭɘŬəɞˊŰɧɛŮɜɖɠ 

ɐ ůɡɜŮɢɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ, Ŭűɞɨ ˊɟɞɖɔɞɡɛɏɜɤɠ ɖ ɎůɓŮůŰɞɠ ɗɟɡɛɛŬŰɘůɗŮɑ ůŮ əɞɛɛɎŰɘŬ 

ɛɘəɟɧŰŮɟŬ Ŭˊɧ 2 cm. ȺˊŮɘŭɐ ɧɛɤɠ ɖ ŬɜŰɑŭɟŬůɖ ŮɑɜŬɘ ŮɝɩɗŮɟɛɖ əŬɘ ɔɑɜŮŰŬɘ ɛŮ 

ŰŬɡŰɧɢɟɞɜɖ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɏɜŬ ɛɏɟɞɠ Űɞɡ ɜŮɟɞɨ ŮɝŬŰɛɑɕŮŰŬɘ. ũɘô ŬɡŰɧ 

ůŰɖɜ ɓɘɞɛɖɢŬɜɘəɐ ˊɟɎɝɖ ɖ ůɓɏůɖ ɔɑɜŮŰŬɘ ɛŮ ɜŮɟɧ ůŮ ŬɜŬɚɞɔɑŬ 60-65%, ɞˊɧŰŮ 

ˊɟɞəɨˊŰŮɘ ɖ ůəɧɜɖ. ɀŮŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ˊɟɏˊŮɘ ˊɟɩŰŬ ɜŬ ɡˊɞɓɚɖɗŮɑ ůŮ 

əŬɗŬɟɘůɛɧ ɛŮ Űɞɜ ɞˊɞɑɞɜ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ɞɘ ɎůɓŮůŰɞɘ, ɎɣɖŰɞɘ əŬɘ ɡˊŮɟɣɖɛɏɜɞɘ 

əɧəəɞɘ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɜŬ əɞɜɘɞˊɞɘɖɗŮɑ ɚŮˊŰɎ əŬɘ ɜŬ ůŬəəŮɡɗŮɑ.  
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ȼ ůəɧɜɖ ɏɢŮɘ ɢɟɩɛŬ ɡˊɧɚŮɡəɞ ɏɤɠ ɚŮɡəɧ əŬɘ ˊɟɞůɓɎɚɚŮŰŬɘ ˊɞɚɨ ɚɑɔɞ Ŭˊɧ Űɞ 

CO2 Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ əŬɗɧůɞɜ ŭŮɜ ɡˊɎɟɢŮɘ ŮɚŮɨɗŮɟɞ ɜŮɟɧ ɔɘŬ ɜŬ 

Ŭɟɢɑůɞɡɜ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ əŮűɎɚŬɘɞ Űɞɡ ɛɖɢŬɜɘůɛɞɨ Űɖɠ 

ŮɜŬɜɗɟɎəɤůɖɠ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ ˊɞɚŰɧ, ɧˊɞɡ ɖ ˊŬɟɞɡůɑŬ MgO ŬˊɞŰŮɚŮɑ ŭɡůɛŮɜɐ 

ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ ŰŬɢɨŰɖŰŬ űɨɟŬůɖɠ, ůŰɖɜ ůəɧɜɖ ɖ ɨˊŬɟɝɖ MgO ůɡɜŰŮɚŮɑ ůŰɖɜ 

Ŭɨɝɖůɖ Űɖɠ, ɛɘəɟɧŰŮɟɖɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ˊɞɚŰɧ, ˊɚŬůŰɘəɧŰɖŰŬɠ, ɚɞɔɤ Űɖɠ ɘəŬɜɧŰɖŰŬɠ 

Űɞɡ MgO ɜŬ ůɡɔəɟŬŰŮɑ ˊŮɟɘůůɧŰŮɟɞ ɜŮɟɧ. 

ɆŮ ůɢɏůɖ ɛŮ Űɞɜ ŬůɓŮůŰɞˊɞɚŰɧ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ, ɖ ůəɧɜɖ 

ˊɚŮɞɜŮəŰŮɑ ůŰɞ ɧŰɘ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ űɨɟŬůɖ (ŮɝɖɔŮɑŰŬɘ ɞ ɧɟɞɠ ůŰɖɜ ůɡɜɏɢŮɘŬ) əŬɘ ůŰɞ 

ɔŮɔɞɜɧɠ ɧŰɘ ŬˊɞɗɖəŮɨŮŰŬɘ əŬɘ ɛŮŰŬűɏɟŮŰŬɘ ŮɡəɞɚɧŰŮɟŬ əŬɘ ŬůűŬɚɏůŰŮɟŬ Ŭˊɧ ɧŰɘ ɞ 

ˊɞɚŰɧɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŭŮɜ ŬˊŬɘŰŮɑ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ɔɘŬ ɜŬ ˊɟɞůŰŬŰŮɡɗŮɑ Ŭˊɧ Űɖɜ 

ˊɟɞůɓɞɚɐ ɛŮ Űɞ CO2. O ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ŬɜŬɚɞɔɘɩɜ Űɤɜ əɞɜɘŬɛɎŰɤɜ ŮɑɜŬɘ ˊɘɞ 

Ůɨəɞɚɞɠ ɧˊɤɠ əŬɘ ɖ ˊɟɧůɛɘɝɖ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɤɜ əɞɜɘŬɛɎŰɤɜ ŮɑɜŬɘ ŰŬɢɨŰŮɟɖ əŬɘ 

ˊɚɖɟɏůŰŮɟɖ. ɇŬ əɞɜɘɎɛŬŰŬ ɛŮ ůəɧɜɖ Űɏɚɞɠ ŮɛűŬɜɑɕɞɡɜ ɛɘəɟɧŰŮɟɖ ůɡůŰɞɚɐ əŬŰɎ Űɖɜ 

ˊɐɝɖ (Boynton 1980).  

Ƀ ˊɞɚŰɧɠ ŬɜŰɑɗŮŰŬ ˊɚŮɞɜŮəŰŮɑ ůŰɞ ɧŰɘ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ɘəŬɜɧŰɖŰŬ ˊŬɟŬɚŬɓɐɠ 

Ɏɛɛɞɡ ůŰŬ əɞɜɘɎɛŬŰŬ ŰŬ ɞˊɞɑŬ, ɧŰŬɜ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɛŮ ˊɞɚŰɧ, ŮɑɜŬɘ ˊɘɞ ˊɚŬůŰɘəɎ. 

ɇŬ ŮˊɘɢɟɑůɛŬŰŬ ɛŮ ˊɞɚŰɧ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ, ˊɟɧůűɡůɖ əŬɘ ůɡɜɞɢɐ. 

ɄŬɟɎɚɚɖɚŬ ɞ ˊɞɚŰɧɠ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ (m
3
 ˊŬɟŬɔɧɛŮɜɞɡ ɏɜɡŭɟɞɡ ˊɟɞɥɧɜŰɞɠ 

ŬɜɎ t CaO) əŬŰɎ Űɖɜ ůɓɏůɖ Űɞɡ. ɆŰɖɜ ɡŭɟɎůɓŮůŰɞ Űɏɚɞɠ ɡˊɎɟɢŮɘ ɛŮɔŬɚɨŰŮɟɖ 

ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɓɟŮɗɞɨɜ ɎůɓŮůŰɞɘ, ɎɣɖŰɞɘ əŬɘ ɡˊŮɟɣɖɛɏɜɞɘ əɧəəɞɘ ɞɘ ɞˊɞɑɞɘ 

ˊɟɞűŬɜɩɠ ɗŬ ɏɢɞɡɜ ŭɡůɛŮɜɐ ŮˊɑˊŰɤůɖ ůŰɖɜ ŬɜɗŮəŰɘəɧŰɖŰŬ Űɤɜ əɞɜɘŬɛɎŰɤɜ. 

4.3.2 ȼ ɡŭɟɎůɓŮůŰɞɠ ůŮ ˊɞɚŰɧ 

ɆŰɖɜ ȺɚɚɎŭŬ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ȺɡɟɤˊŬɘəɏɠ ɢɩɟŮɠ əŬɘ Űɘɠ 

ȼɄȷ, ɞ ŬůɓɏůŰɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɛɞɟűɐ Űɞɡ ˊɞɚŰɞɨ. Ƀ ˊɞɚŰɧɠ ŬˊɞŰŮɚŮɑ 

ɛŮɑɔɛŬ əɞɚɚɞŮɘŭɞɨɠ əŬɘ əɟɡůŰŬɚɚɘəɐɠ ɛɞɟűɐɠ Űɞɡ ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ ŬůɓŮůŰɑɞɡ. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ˊɚŬůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɏɢŮɘ ɛɧɜɞ ɖ əɞɚɚɞŮɘŭɐɠ ɛɞɟűɐ, ŮˊɘɓɎɚɚŮŰŬɘ ɧˊɤɠ 

Űɞ ůɓɨůɘɛɞ (ɖ ˊɟɞůɗɐəɖ Űɞɡ ɜŮɟɞɨ ŭɖɚŬŭɐ) ɔɑɜŮŰŬɘ ɛŮ ůɡɜɗɐəŮɠ ˊɞɡ Ůɡɜɞɞɨɜ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɛɞɟűɐɠ ŬɡŰɐɠ (əɞɚɚɞŮɘŭɞɨɠ), ɖ ɞˊɞɑŬ ɏɢŮɘ ɛŮɔɎɚɞ ɧɔəɞ, ɛŮɔɎɚɖ 

ˊɚŬůŰɘəɧŰɖŰŬ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ˊŬɟŬɚɎɓŮɘ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ Ɏɛɛɞɡ əŬŰɎ Űɖɜ 

ˊŬɟŬůəŮɡɐ Űɤɜ ŬůɓŮůŰɞəɞɜɘŬɛɎŰɤɜ.  

ȼ ˊɞɘɧŰɖŰŬ Ůˊɞɛɏɜɤɠ Űɞɡ ˊɞɚŰɞɨ ŮɝŬɟŰɎŰŬɘ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ 

ŬůɓɏůŰɞɡ əŬɘ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ ůɓɏůɖɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ Űo əɞɚɚɞŮɘŭɏɠ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ 
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ŬůɓŮůŰɑɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ɛŮ ˊɞɚɨ ŰŬɢɨŰŮɟɞ ɟɡɗɛɧ Ŭˊɧ ɧŰɘ Űɞ əɟɡůŰŬɚɚɘəɧ, 

ŮˊɘŭɘɩəŮŰŬɘ ɖ ŰŬɢɨŰŮɟɖ ŭɡɜŬŰɐ ůɓɏůɖ Űɖɠ ŬůɓɏůŰɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ 

ůɡɜŮɢɐ ŬɜɎŭŮɡůɖ. ȼ ŰŮɚŮɡŰŬɑŬ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ˊɚɖɟɏůŰŮɟɖ ŬɜɎɛŮɘɝɖ Űɤɜ 

ŬɜŰɘŭɟɩɜŰɤɜ, ŭɘŬŰɖɟŮɑ əŬɘ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ůŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ. ȺˊŮɘŭɐ ɖ ŰŬɢɨŰɖŰŬ 

ɛɘŬɠ ŬɜŰɑŭɟŬůɖɠ ŬɡɝɎɜŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ɞˊɞɑŬ 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ, ŮˊɘɓɎɚɚŮŰŬɘ ůŰɖ ůɓɏůɖ Űɞ ůɨůŰɖɛŬ ɎůɓŮůŰɞɠï ɜŮɟɧ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ 

ůŮ ɧůɞ Űɞ ŭɡɜŬŰɧ ɡɣɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ, ŭɖɚŬŭɐ ɜŬ ɔɑɜŮŰŬɘ ɛŮ ɜŮɟɧ ůŮ ɓɟŬůɛɧ. 

ɆŰɖɜ ˊɟɎɝɖ ŬɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ŭ) ɛŮ Űɖɜ ůŰŬŭɘŬəɐ ˊɟɞůɗɐəɖ Űɞɡ ŬˊŬɘŰɞɨɛŮɜɞɡ 

ɜŮɟɞɨ əŬɘ ɓ) ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ŬɜɎŭŮɡůɖ. ȼ ŬɜɎŭŮɡůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛŮŰɎ Űɖɜ ˊɟɩŰɖ 

űɎůɖ Űɖɠ ŮɜŰŬŰɘəɐɠ ůɓɏůɖɠ əŬŰɎ Űɖɜ ɞˊɞɑŬɜ ŮɑɢŮ ŬɡɝɖɗŮɑ ŬˊɧŰɞɛŬ ɖ ɗŮɟɛɞəɟŬůɑŬ 

ůŰɞɡɠ 100
ɞ
C, ɧŰŬɜ ɏɢŮɘ ŬɟɢɑůŮɘ ɜŬ ŬŰɞɜŮɑ ɞ ɓɟŬůɛɧɠ əŬɘ ɏɢŮɘ ůəɞˊɧ ɜŬ ɡˊɞɓɞɖɗɐůŮɘ 

əŬɘ ɜŬ ůɡɛˊɚɖɟɩůŮɘ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɖɠ ůɓɏůɖɠ ɛŮ Űɖɜ ŭɘɎɚɡůɖ Űɤɜ ɛɖ ŭɘŬɚɡɗɏɜŰɤɜ 

ŰŮɛŬɢɑɤɜ.  

ɇɞ ɜŮɟɧ Űɖɠ ůɓɏůɖɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛŬɚŬəɧ əŬɘ əŬɗŬɟɧ. ɇɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ 

ŮɑɜŬɘ ŬəŬŰɎɚɚɖɚɞ ɔɘŬŰɑ, ɚɧɔɤ Űɤɜ ɗŮɘɘəɩɜ əŬɘ Űɤɜ ɢɚɤɟɘɞɨɢɤɜ ŬɚɎŰɤɜ ˊɞɡ ˊŮɟɘɏɢŮɘ, 

ˊɟɞəŬɚŮɑ ŮɝŬɜɗɐɛŬŰŬ ůŰɘɠ əŬŰŬůəŮɡɏɠ. Ⱥˊɘˊɚɏɞɜ əŬŰɎ Űɖɜ ůɓɏůɖ ɗŬ ˊɟɏˊŮɘ Űɞ ɜŮɟɧ 

ɜŬ əŬɚɨˊŰŮɘ ŰŮɚŮɑɤɠ Űɖɜ ɡŭɟɎůɓŮůŰɞ əŬɘ ɧˊɤɠ ˊɟɞɖɔɞɡɛɏɜɤɠ ŬɜŬűɏɟɗɖəŮ, ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ ˊɞɚŰɞɨ ɖ ˊɞůɧŰɖŰɎ Űɞɡ ŮɑɜŬɘ ɏɤɠ əŬɘ ˊŮɜŰŬˊɚɎůɘŬ Űɖɠ ɗŮɤɟɖŰɘəɩɠ 

ŬˊŬɘŰɞɡɛɏɜɖɠ. ȼ Ŭəɟɘɓɐɠ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ŬˊɞŰŮɚŮɑ Űɞɜ ɓŬůɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ 

ŮˊɘŰɡɢɐ ŭɖɛɘɞɡɟɔɑŬ ˊɞɚŰɞɨ. ȺɎɜ ɡˊɞɚŮɑˊŮŰŬɘ, ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ ŰŮɛɎɢɘŬ Űɖɠ 

ŬůɓɏůŰɞɡ ɜŬ ɛɏɜɞɡɜ ŬəɎɚɡˊŰŬ əŬɘ ɜŬ ɡˊŮɟɗŮɟɛŬɜɗɞɨɜ, ɞˊɧŰŮ ŭŮɜ ůɓɨɜɞɜŰŬɘ ŬɚɚɎ 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ůɓɩɚɞɡɠ əŬɘ ŰɟɑɛɛŬŰŬ ŬŭɟŬɜɞɨɠ ɡŭɟŬůɓɏůŰɞɡ. ȺɎɜ ˊɚŮɞɜɎɕŮɘ 

ŬɡŰɐɠ ˊɞɡ əŬɜɞɜɘəɎ ŬˊŬɘŰŮɑŰŬɘ, ŰɧŰŮ ŮˊɘɓɟŬŭɨɜŮŰŬɘ ɖ ŬɜŰɑŭɟŬůɖ ůɓɏůɖɠ ɚɧɔɤ ɣɨɝɖɠ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ˊŬɟɎɔŮŰŬɘ ˊɟɞɥɧɜ əɟɡůŰŬɚɚɘəɞɨ ɛɎɚɚɞɜ ɢŬɟŬəŰɐɟŬ (əɞəəɩŭɖɠ 

ɡŭɟɎůɓŮůŰɞɠ).     

ɃŰŬɜ ɖ ɡŭɟɎůɓŮůŰɞɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ůɓɏůɖ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ŬůɓɏůŰɞɡ 

əŬɘ ɏɢɞɡɜ ŰɖɟɖɗŮɑ ɞɘ əŬɜɧɜŮɠ Űɖɠ ůɓɏůɖɠ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ, ŰɧŰŮ 

ˊɟɞəɨˊŰŮɘ ɖ ɚŮɔɧɛŮɜɖ ˊŬɢŮɘɎ ɡŭɟɎůɓŮůŰɞɠ. ȷɡŰɐ ɏɢŮɘ ɚɘˊŬɟɐ ɡűɐ, ɛŮɔɎɚɖ 

ˊɚŬůŰɘəɧŰɖŰŬ əŬɘ ɘəŬɜɧŰɖŰŬ ˊŬɟŬɚŬɓɐɠ əŬɘ ůɡɔəɟɎŰɖůɖɠ ɛŮɔɎɚɖɠ ˊɞůɧŰɖŰŬɠ Ɏɛɛɞɡ. 

ȷɜŰɘɗɏŰɤɠ ɡˊɎɟɢŮɘ ɖ ɘůɢɜɐ ɡŭɟɎůɓŮůŰɞɠ ˊɞɡ ŮɑɜŬɘ ŬɡŰɐ ɛŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ 

ˊɟɞůɛɑɝŮɤɜ ɐ ɖ ˊɟɞŮɟɢɧɛŮɜɖ Ŭˊɧ ŬɜŰɘəŬɜɞɜɘəɧ ɣɐůɘɛɞ əŬɘ ůɓɨůɘɛɞ. ȼ ɘůɢɜɐ 

ɡŭɟɎůɓŮůŰɞɠ ɏɢŮɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊŬɢŮɘɎɠ ůŮ ůɖɛŬɜŰɘəɎ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ.  
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Ƀɘ ůɡɜɗɐəŮɠ ɤɟɘɛɎɜůŮɤɠ (űɨɟŬůɖɠ) Ůˊɑůɖɠ, ůɡɜɐɗɤɠ ŭɘŬɟəɞɨɜ ŰɞɡɚɎɢɘůŰɞɜ 

20 ɖɛɏɟŮɠ, ůɡɜŰŮɚɞɨɜ ůŰɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ˊɞɚŰɞɨ. ȼ ɡŭɟɎůɓŮůŰɞɠ ˊɞɡ 

ɚŬɛɓɎɜŮŰŬɘ əŬŰɎ Űɖɜ ůɓɏůɖ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊɟɞɖɔɞɨɛŮɜŬ ɏɢŮɘ Űɖɜ ɛɞɟűɐ Űɞɡ 

ɔŬɚŬəŰɩɛŬŰɞɠ əŬɘ ɗŬ ˊɟɏˊŮɘ ɜŬ ɛŮɑɜŮɘ ůŰɞɜ ŬůɓŮůŰɧɚŬəəɞ ɞɟɘůɛɏɜɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɢɡɜɗŮɑ. Ƀɘ ŬůɓŮůŰɧɚŬəəɞɘ ɏɢɞɡɜ ŭɘŬůŰɎůŮɘɠ ˊɞɡ 

əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 3Ĭ3Ĭ5 ɏɤɠ 5Ĭ5Ĭ8 ɛɏŰɟŬ, ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŭɘɎůŰŬůɖ ɜŬ ŬˊɞŰŮɚŮɑ 

Űɞ ɓɎɗɞɠ (Ⱥɘə. 4.1 ɏɤɠ 4.2).  

 
Ⱥɘə. 4.1: ɄŬɟɎŭŮɘɔɛŬ ŬůɓŮůŰɧɚŬəəɞɡ ɛŮ ɓɎɗɞɠ 8 ɛɏŰɟŬ 
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Ⱥɘə. 4.2: ɄŬɟɎŭŮɘɔɛŬ ŭɘŬŭɞɢɘəɩɜ ŬůɓŮůŰɧɚŬəəɤɜ. ȹɘŬəɟɑɜŮŰŬɘ ɞ ˊɟɩŰɞɠ ɞ ɞˊɞɑɞɠ ˊŮɟɘɏɢŮɘ ɜŮɟɧ 

ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜɡŭɎŰɤůɖɠ Űɞɡ ŬůɓɏůŰɖ. 

 

ȷɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ ɚɏɔŮŰŬɘ űɨɟŬůɖ əŬɘ ŬˊɞŰŮɚŮɑ Űɞ ŭŮɨŰŮɟɞ ŬɚɚɎ Ůɝô ɑůɞɡ ůɖɛŬɜŰɘəɧ 

ɔɘŬ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ůŰɎŭɘɞ Űɖɠ ˊŬɟŬůəŮɡɐɠ Űɞɡ ˊɞɚŰɞɨ. Ɇəɞˊɧɠ Űɖɠ űɨɟŬůɖɠ ŮɑɜŬɘ : 

¶ H ůɡɛˊɚɐɟɤůɖ Űɖɠ ůɓɏůɖɠ ůŰŬ ɛɘəɟɎ əɞɛɛɎŰɘŬ ɞɝŮɘŭɑɞɡ ˊɞɡ ŭŮɜ ŮɑɢŬɜ ůɓŮůɗŮɑ 

əŬɘ ŰŬ ɞˊɞɑŬ ɗŬ ˊɟɞəŬɚɞɨůŬɜ ůŰŬ ɛŮɜ əɞɜɘɎɛŬŰŬ ŭɧɛɖůɖɠ ɛŮɘɩůŮɘɠ ŬɜŰɞɢɩɜ, ůŰŬ 

ŭŮ əɞɜɘɎɛŬŰŬ ŮˊɘɢɟɘůɛɎŰɤɜ, ŭɘɞɔəɩůŮɘɠ əŬɘ ŬˊɞɚŮˊɑůŮɘɠ. 

¶ ȼ Űɧɜɤůɖ Űɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ɛŮ Űɞɜ ŮɛˊɚɞɡŰɘůɛɧ ůŰɖɜ əɞɚɚɞŮɘŭɐ 

Űɖɠ ɛɞɟűɐ. 

¶ ȼ ŬˊɞɛɎəɟɡɜůɖ ŭɘŬűɧɟɤɜ ŭɘŬɚɡɛɏɜɤɜ ŬɚɎŰɤɜ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ ˊŬɟɎɔɞɜŰŮɠ 

ŮɛűɎɜɘůɖɠ ŮɝŬɜɗɖɛɎŰɤɜ Ůűô ɧůɞɜ ˊŬɟŬɛŮɑɜɞɡɜ ůŰɞɜ ˊɞɚŰɧ. ȼ ŬˊɞɛɎəɟɡɜůɖ 

ŬɡŰɐ ɔɑɜŮŰŬɘ ɛŮ ůɡɜŮɢɐ ˊŬɟŬɚŬɓɐ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɡˊŮɟɢŮɘɚɑɕŮɘ ůŰɞɜ ɚɎəəɞ əŬɗɩɠ 

əŬɘ ɛŮ ŮɝɎŰɛɘůɖ ɐ ɛŮ Ŭˊɞɟɟɧűɖůɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɘɠ ˊɚŮɡɟɏɠ Űɞɡ ɚɎəəɞɡ. 

¶ ȼ ŰŮɚɘəɐ ˊŬɟŬɚŬɓɐ  ůɡɛˊŬɔɞɨɠ, ˊɚŬůŰɘəɞɨ əŬɘ ɚɘˊɩŭɞɡɠ ˊɞɚŰɞɨ ɡŭɟŬůɓɏůŰɞɡ. 

Ⱥˊɞɛɏɜɤɠ ɛŮ Űɖɜ ɤɟɑɛŬɜůɖ Űɞɡ (űɨɟŬůɖ Űɞɡ) ɞ ˊɞɚŰɧɠ ŮɛˊɚɞɡŰɑɕŮŰŬɘ ŬəɧɛŬ 

ˊŮɟɘůůɧŰŮɟɞ ůŰɖɜ əɞɚɚɞŮɘŭɐ Űɞɡ ɛɞɟűɐ əŬɘ ůɡɜŮˊɩɠ ŰɞɜɩɜŮŰŬɘ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɞ 

ɖ ˊɚŬůŰɘəɧŰɖŰŬ Űɞɡ. ɋɠ ˊɟɞɠ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŰŬ əɞɜɘɎɛŬŰŬ, ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

Űɞɡ ˊɞɚŰɞɨ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɡŭɟɎůɓŮůŰɞ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɖ ɛŮɔŬɚɨŰŮɟɖ 

ˊɚŬůŰɘəɧŰɖŰŬ Űɤɜ əɞɜɘŬɛɎŰɤɜ, ůŰɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ əŬɘ ůɡɜɞɢɐ Űɤɜ 

ŮˊɘɢɟɘůɛɎŰɤɜ, Ůɜɩ ɖ ɡŭɟɎůɓŮůŰɞɠ ˊɚŮɞɜŮəŰŮɑ ůŰɖɜ ɛŮɔŬɚɨŰŮɟɖ ŮɡəɞɚɑŬ ɔɘŬ Űɖɜ 
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ŭɖɛɘɞɡɟɔɑŬ ŭɘŬűɧɟɤɜ ŬɜŬɚɞɔɘɩɜ əɞɜɘŬɛɎŰɤɜ əŬɘ ůŰɖɜ ŮɡəɞɚɑŬ ŬˊɞɗɖəŮɨůŮɤɠ.. ȳůɞ 

əŬɘɟɧ ˊŬɟŬɛɏɜŮɘ ɞ ŬůɓɏůŰɖɠ ůŰɞ ŬůɓŮůŰɧɚŬəəɞ ŮˊɘŭɘɩəŮŰŬɘ ɜŬ əŬɚɨˊŰŮŰŬɘ ɛŮ ɜŮɟɧ 

ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɖɠ ˊɟɧɤɟɖɠ ŮɜŬɜɗɟɎəɤůɖɠ. ȼ ŮɜŬɜɗɟɎəɤůɖ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ çəɟɞɨůŰŬɠè ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɞɚŰɞɨ ˊɞɡ ŮɑɜŬɘ ŮəŰŮɗŮɘɛɏɜɖ 

ůŰɞɜ ŬɏɟŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ. 

Ƀ ˊɞɚŰɧɠ ŭɘŬəɟɑɜŮŰŬɘ ůŰɖɜ ˊɟɎɝɖ ůŮ ůɡɜŭŮŰɘəɐ əŬɘ ŮˊɘəŬɚɡˊŰɘəɐ ɡŭɟɎůɓŮůŰɞ 

ȼ ůɡɜŭŮŰɘəɐ ɡŭɟɎůɓŮůŰɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ɔɘŬ əɞɜɘɎɛŬŰŬ Ůɜɩ ɖ 

ŮˊɘəŬɚɡˊŰɘəɐ, ˊɞɡ ŮɑɜŬɘ ŬɜɩŰŮɟɖɠ ˊɞɘɧŰɖŰŬɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ ŰŬ 

ŮˊɘɢɟɑůɛŬŰŬ. ȼ ůɡɜŭŮŰɘəɐ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əɞɜŰɎ ůŰɞ ůŰɧɛɘɞ ˊɚɖɟɩůŮɤɠ Űɞɡ 

ŬůɓŮůŰɧɚŬəəɞɡ, ůŰɞɜ ˊɡɗɛɏɜŬ Űɞɡ əŬɘ ůŰɖɜ ŮˊɎɜɤ ŮˊɘűɎɜŮɘŬ əŬɘ ˊŮɟɘɏɢŮɘ ɛŮɔɎɚɖ 

ŬɜŬɚɞɔɑŬ Ŭˊɧ ŬɛɛɩŭŮɘɠ əŬɘ ůəɞŰŮɘɜɞɨ ɢɟɩɛŬŰɞɠ ˊɟɞůɛɑɝŮɘɠ. ɇɞ ɛˊɟɞůŰɘɜɧ ŰɛɐɛŬ 

Űɞɡ ŬůɓŮůŰɧɚŬəəɞɡ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɖɜ ůɡɜŭŮŰɘəɐ ɡŭɟɎůɓŮůŰɞ ŬɜŬɔɜɤɟɑɕŮŰŬɘ ŮɨəɞɚŬ 

Ŭˊɧ Űɖɜ ˊŬɟŬŰɖɟɞɨɛŮɜɖ ŮɚŬűɟɎ ɢŬɟŬəŰɖɟɘůŰɘəɐ əŬɗɑɕɘůɖ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ 

ŮˊɘəŬɚɡˊŰɘəɐ, ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŰɞ ɡˊɧɚɞɘˊɞ ŰɛɐɛŬ Űɞɡ ɚɎəəɞɡ, ɖ ůɡɜŭŮŰɘəɐ 

ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰŮɑ űɨɟŬůɖ əŬɘ ɔɘŬ ɢɟɧɜɞ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 15 ɖɛɏɟŮs ȼ ŮˊɘəŬɚɡˊŰɘəɐ 

ɡŭɟɎůɓŮůŰɞɠ, ˊɞɡ ɗŮɤɟŮɑŰŬɘ əŬɚɨŰŮɟɖɠ ˊɞɘɧŰɖŰŬɠ, ŮɑɜŬɘ ˊɘɞ ɚŮɡəɐ, ŰŮɚŮɑɤɠ 

ɞɛɞɘɞɔŮɜɐɠ əŬɘ ɚɘˊŬɟɐ. ɇɞ ɚŮˊŰɧ ůŰɟɩɛŬ əɞɜŰɎ ůŰɖɜ ɓɎůɖ Űɞɡ ɚɎəəɞɡ ɡˊɎɟɢŮɘ 

ŮɜŭŮɢɧɛŮɜɞ ɜŬ ˊŮɟɘɏɢŮɘ ɛɘəɟɐ ˊɞůɧŰɖŰŬ ˊɟɞůɛɑɝŮɤɜ ɛŮ Ɏɛɛɞ. 

4.4 ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɘɟŮɎɕɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɘɠ ɡŭɟŬůɓɏůŰɞɡ 

Ƀɘ Ŭəɧɚɞɡɗɞɘ ˊŬɟɎɔɞɜŰŮɠ ŮɑɜŬɘ ŬɡŰɞɑ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ 

ɡŭɟŬůɓɏůŰɞɡ: 

¶ ɇɨˊɞɠ ŬůɓŮůŰɧɚɘɗɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ Ŭɟɢɘəɐ ɏɣɖůɖ 

¶ ȹɘŮɟɔŬůɑŬ ɏɣɖůɖɠ  

¶ ŪŮɟɛɞəɟŬůɑŬ ŮɜɡŭɎŰɤůɖɠ 

¶ ȷɜŬɚɞɔɑŬɠ ɜŮɟɞɨ/ŬůɓɏůŰɖ əŬŰɎ Űɖɜ ŮɜɡŭɎŰɤůɖ 

¶ ȸŬɗɛɧɠ ŬɜɎŭŮɡůɖɠ əŬŰɎ Űɖɜ ŮɜɡŭɎŰɤůɖ 

¶ ȽɝɩŭŮɠ ŬůɓŮůŰɞˊɞɚŰɞɨ 

¶ ɉɟɧɜɞɠ ŮɜɡŭɎŰɤůɖɠ 

¶ ɆɨůŰŬůɖ Űɞɡ ɜŮɟɞɨ  

¶ ŪŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŮɟɞɨ 

¶ ȺɜŬɜɗɟɎəɤůɖ  
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4.4.1 ɇɨˊɞɠ ŬůɓŮůŰɧɚɘɗɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ Ŭɟɢɘəɐ ɏɣɖůɖ 

ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŰŬ ŬůɓŮůŰɞɚɘɗɘəɎ ˊŮŰɟɩɛŬŰŬ ŭŮɜ ŮɑɜŬɘ əŬɗŬɟɎ ŬɚɚɎ 

ˊŮɟɘɏɢɞɡɜ ˊɟɞůɛɑɝŮɘɠ. ɄŮɟɘɏɢɞɡɜ ůŰɞɘɢŮɑŬ ɧˊɤɠ Űɞ ɛŬɔɜɐůɘɞ, Ŭɟɔɑɚɘɞ, əŬɘ ůɡůŰŬŰɘəɎ 

ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɖɜ ɡŭɟɎůɓŮůŰɞ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ɏɣɖůɖ Űɤɜ ŬůɓŮůŰɞɚɑɗɤɜ.  

4.4.2 ȹɘŮɟɔŬůɑŬ ɏɣɖůɖɠ  

ȼ əŬŰɎɚɚɖɚɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɞ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ əŬŰɎ Űɖ ŭɘŮɟɔŬůɑŬ 

ɏɣɖůɖɠ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ, ůɡɛɓɎɚɞɡɜ ŬˊɞűŬůɘůŰɘəɎ ůŰɜ 

ˊɞɘɧŰɖŰŬ Űɖɠ ŰŮɚɘəɩɠ ˊŬɟŬɔɧɛŮɜɖɠ ɡŭɟŬůɓɏůŰɞɡ. ɇɞ ˊɘɞ ůɨɜɖɗŮɠ ˊɟɧɓɚɖɛŬ ˊɞɡ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ ŭɘŮɟɔŬůɑŬ Űɖɠ ɏɣɖůɖɠ ŬˊɞŰŮɚŮɑ ɞ ɡˊŮɟŮɣɖɛɏɜɞɠ ŬůɓɏůŰɖɠ. ȳŰŬɜ ɞ 

ŬůɓɏůŰɖɠ ŮɑɜŬɘ ůŮ əŬŰɎůŰŬůɖ ɡˊŮɟɏɣɖůɖɠ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɛɖ ˊŮɟŬŰɧ ůŰɟɩɛŬ 

ɔɨɟɤ Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ CaO, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɡůəɞɚŮɨŮɘ Űɖ ŭɘŮɑůŭɡůɖ Űɞɡ ɜŮɟɞɨ 

əŬɘ əŬŰ`ŮˊɏəŰŬůɖ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŮɜɡŭɎŰɤůɖɠ. ũɘŬ Űɖɜ ŮɜɡŭɎŰɤůɖ Ůɜɧɠ 

ɡˊŮɟŮɣɖɛɏɜɞɡ ŬůɓɏůŰɖ, Űɞ ŮɝɤŰŮɟɘəɧ ůŰɟɩɛŬŰŬ ɗŬ ˊɟɏˊŮɘ ɜŬ çůˊɎůŮɘè ɩůŰŮ ɜŬ 

ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ ŮˊŬűɐ Űɞɡ ɜŮɟɞɨ ɛŮ Űɞɡɠ ˊɧɟɞɡɠ. ɇɞ ŰŮɚŮɡŰŬɑɞ ˊɟŬɔɛŬɞˊɞɘŮɑŰŬɘ 

ɛɏůɤ Űɖɠ ɏɜŰɞɜɖɠ ŬɜɎŭŮɡůɖɠ ˊɞɡ çŰɟɑɓŮɘè Űɞ ŮɝɤŰŮɟɘəɧ ůŰɟɩɛŬ CaO.  

4.4.3 ŪŮɟɛɞəɟŬůɑŬ ŮɜɡŭɎŰɤůɖɠ 

ȼ ɗŮɟɛɞəɟŬůɑŬ ŮɜɡŭɎŰɤůɖɠ ŮɑɜŬɘ ɞ ˊɘɞ ůɖɛŬɜŰɘəɧɠ ɑůɤɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ 

ŮˊɖɟŮɎɕŮɘ Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɖɜ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ Űɤɜ ŮɜɡŭŬŰɤɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ. ȳůɞ 

ˊɘɞ əɞɜŰŬ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 100
0
C, Űɧůɞ ɛɘəɟɧŰŮɟɞ ŮɑɜŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ɖ Ůɘŭɘəɐ Űɞɡɠ ŮˊɘűɎɜŮɘŬ. ɋůŰɧůɞ, ɖ ůɢɏůɖ ɛŮŰŬɝɨ 

ŬɡŰɩɜ Űɤɜ Űɟɘɩɜ ˊŬɟŬɔɧɜŰɤɜ ŭŮɜ ŮɑɜŬɘ ɔɟŬɛɛɘəɐ (Boynton 1980).  

ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊɟɩůŮɘɠ, əŬŰɎ Űɖɜ ŮɜɡŭɎŰɤůɖ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ əɞɜŰɎ ůŰɞ 

ůɖɛŮɑɞ ɓɟŬůɛɞɨ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɗŮɟɛɏɠ ˊŮɟɘɞɢɏɠ ɛɏůŬ ůŰɞɜ ŬůɓŮůŰɞˊɞɚŰɧ, ˊɞɡ 

ˊɟɞəŬɚɞɨɜ Űɖɜ əɟɡůŰɎɚɚɤůɖ ŮɜɡŭŬŰɤɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɞɡ ůɡůůɤɛŬŰɩɜɞɜŰŬɘ, 

ůɢɖɛŬŰɑɕɞɜŰŬɠ ůɢŮŰəɎ ɛŮɔɎɚŬ əɘ ŮˊɑˊŮŭŬ ůɤɛŬŰɑŭɘŬ ɛŮ ŮɚŬŰŰɤɛɏɜɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ 

ɆŰɖɜ ˊɟɎɝɖ, ɖ ŮɜɡŭɎŰɤůɖ ɓŮɚŰɘůŰɞˊɞɘŮɑŰŬɘ ůŰɞ Ůɨɟɞɠ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ 77-85 
0
C 

(Boynton 1980).  

ȼ ŬˊŮɚŮɡɗɏɟɤůɖ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɝɩɗŮɟɛɖɠ ŬɜŰɑŭɟŬůɖɠ 

ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ ɔɘŬ ŭɘŬűɞɟŮŰɘəɞɨɠ ɎůɓɖůŰɞɡɠ ŬůɓɏůŰŮɠ. ȾŬŰŬɚɐɔɞɜŰŬɠ, ŮɜŬɠ 

ŬɟəŮŰɎ ŭɟŬůŰɘəɧɠ ŬůɓɏůŰɖɠ ˊŬɟɎɔŮɘ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟɖ ɗŮɟɛɧŰɖŰŬ ŬɜŬ əɘɚɧ 

ɎůɓɖůŰɞɡ ŬůɓɏůŰɖ, ůŮ ůɢɏůɖ ɛŮ ɏɜŬɜ ɚɘɔɧŰŮɟɞ ŭɟŬůŰɘəɧ.  

4.4.4 ȷɜŬɚɞɔɑŬ ɜŮɟɞɨ/ŬůɓɏůŰɖ əŬŰɎ Űɖɜ ŮɜɡŭɎŰɤůɖ 

ȼ ŬɜŬɚɞɔɑŬ ɜŮɟɞɨ/ŬůɓɏůŰɖ ŮˊɖɟŮɎɕŮɘ Űɞ ɢɟɧɜɞ ŮɜɡŭɎŰɤůɖɠ əŬɗɩɠ ŮˊɘŭɟɎ 

ůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŮɜɡŭɎŰɤůɖɠ. ȳůɞ ɡɣɖɚɧŰŮɟɖ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ, Űɧůɞ 
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ɛɘəɟɧŰŮɟɞɠ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ŮɜɡŭɎŰɤůɖɠ. ɆɖɛŬɜŰɘəɧ ŮɑɜŬɘ ɧŰɘ ɖ ŭɘŬŰɐɟɖůɖ ůŰŬɗŮɟɐɠ 

ŬɜŬɚɞɔɑŬɠ ɜŮɟɞɨ/ŬůɓɏůŰɖ, ŭŮɜ ůɡɜŮˊɎɔŮŰŬɘ əŬŰ`ŬɜɎɔəɖ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ. ȼ 

ɗŮɟɛɞəɟŬůɑŬ ɗŬ ɛŮŰŬɓɎɚŮŰŬɘ ɚɧɔɤ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɜŮɟɞɨ, Űɖɠ 

ŭɟŬůŰɘəɧŰɖŰŬɠ Űɞɡ ŬůɓɏůŰɖ, əŬɘ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ 

ŬˊŬɘŰŮɑŰŬɘ ůɡɜŮɢɐɠ ɏɚŮɔɢɞɠ əŬɘ ůɡɢɜɐ ˊɟɞůŬɟɛɞɔɐ Űɖɠ ŬɜŬɚɞɔɑŬɠ. ȳˊɤɠ 

ˊɟɞŬɜŬűɏɟŬɛŮ, ɞ əŬɚɨŰŮɟɞɠ Űɟɧˊɞɠ ŭɘŬŰɐɟɖůɖɠ Űɖɠ ůɤůŰɐɠ ŬɜŬɚɞɔɑŬɠ 

ɜŮɟɞɨ/ŬůɓɏůŰɖ, ŮɑɜŬɘ ɞ ɏɚŮɔɢɞɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɜɡŭɎŰɤůɖɠ. ȷɨɝɖůɖ Űɖɠ 

ŬɜŬɚɞɔɑŬɠ ɜŮɟɧ/ŬůɓɏůŰɖ ɏɢŮɘ ɤɠ  ŬˊɞŰɏɚŮůɛŬ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘəɟɧŰŮɟɤɜ 

ůɤɛŬŰɘŭɑɤɜ. 

4.4.5 ȸŬɗɛɧɠ ŬɜɎŭŮɡůɖɠ əŬŰɎ Űɖɜ ŮɜɡŭɎŰɤůɖ 

Ƀ ɓŬɗɛɧɠ ŬɜɎŭŮɡůɖɠ əŬŰɎ Űɖ ŭɘŮɟɔŬůɑŬ ŮɜɡŭɎŰɤůɖɠ, ŮˊɖɟŮɎɕŮɘ Űɞ ŰŮɚɘəɩɠ 

ˊŬɟŬɔɧɛŮɜɞ ˊɟɞɥɧɜ. ɀɘəɟɧɠ ɓŬɗɛɧɠ ŬɜɎŭŮɡůɖɠ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ɏɜɘůɖ 

əŬŰŬɜɞɛɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛɏůŬ ůŰɞ ɗɎɚŬɛɞ ŮɜɡŭɎŰɤůɖɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŰŮɚɘəɎ 

ɣɡɢɟɏɠ əŬɘ ɗŮɟɛɏɠ ˊŮɟɘɞɢɏɠ.Ƀɘ ɗŮɟɛɏɠ ˊŮɟɘɞɢɏɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɧŰŬɜ ɞɘ 

ɗŮɟɛɞəɟŬůɑŮɠ ɡˊŮɟɓŬɑɜɞɡɜ Űɞɡɠ 100 
0
C. ȼ ŮɜɡŭɎŰɤůɖ ůŮ ŬɡŰɏɠ Űɘɠ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŮɝŬɔɤɜɘəɩɜ əɟɡůŰɎɚɚɤɜ, ɛŮɔɎɚɞɡ 

ɛŮɔɏɗɞɡɠ əŬɘ ɛɘəɟɐɠ Ůɘŭɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, ɧˊɤɠ Ůˊɑůɖɠ ɏɜŰɞɜɖ ůɡůůɤɛɎŰɤůɖ. 

ȷɜŰɑɗŮŰŬ, ůŰɘɠ ɣɡɢɟɏɠ ˊŮɟɘɞɢɏɠ, ŭɘŬŰɖɟɞɨɜŰŬɘ ɛɖ ŮɜɡŭŬŰɤɛɏɜŬ ůɤɛŬŰɑŭɘŬ CaO. 

4.4.6 ȽɝɩŭŮɠ ŬůɓŮůŰɞˊɞɚŰɞɨ 

ɇɞ ɘɝɩŭŮɠ Űɞɡ ŮɜɡŭŬŰɤɛɏɜɞɡ ŬůɓŮůŰɞˊɞɚŰɞɨ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟŮɘ Ŭˊɧ 

ŬůɓɏůŰɖ ůŮ ŬůɓɏůŰɖ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Űɖɠ ŬəɞɚɞɡɗɞɨɛŮɜɖɠ ŭɘŮɟɔŬůɑŬɠ. 

ɆɡɔəŮəɟɘɛɏɜŮɠ ŬɚɚŬɔɏɠ ůŰɘɠ ůɡɜɗɐəŮɠ ŮɜɡŭɎŰɤůɖɠ ɐ ŬəŬɗŬɟůɑŮɠ ůŰɞɜ ŬůɓɏůŰɖ 

ɞŭɖɔɞɨɜ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ɘɝɩŭɞɡɠ Űɞɡ ˊɞɚŰɞɨ ˊɟɞəŬɚɩɜŰŬɠ Ŭɨɝɖůɖ Űɞɡ ɢɟɧɜɞɡ 

ɞɚɞəɚɐɟɤůɖɠ Űɖɠ ŮɜɡŭɎŰɤůɖɠ. ɆɡɢɜɎ, Űɞ ɘɝɩŭŮɠ ŬɡɝɎɜŮŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 

ŮɜɡŭɎŰɤůɖɠ ˊɎɜɤ Ŭˊɧ 82
0
C. ȺɑɜŬɘ ɔŮɜɘəɎ ŬˊɞŭŮəŰɧ ɤůŰɧůɞ, ɧŰɘ ɖ ůɢɏůɖ ɘɝɩŭɞɡɠ, 

ɛɏɔŮɗɞɠ ůɤɛŬŰɘŭɑɤɜ, Ůɘŭɘəɐɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ ɟɡɗɛɞɨ ɞɚɞəɚɐɟɤůɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ 

ŭŮɜ ɏɢŮɘ ŮˊŬɟəɩɠ ɛŮɚŮŰɖɗŮɑ. ɄŬɟɧɚŬɡŰɎ, Ŭɡɝɖɛɏɜɞ ɘɝɩŭŮɠ ůɖɛŬɑɜŮɘ ɛɘəɟɧŰŮɟɞ 

ɛɏɔŮɗɞɠ ŮɜɡŭŬŰɤɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ, ɛŮɔŬɚɨŰŮɟɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ ɛɘəɟɧŰŮɟɞ 

ɟɡɗɛɧ ŮɜɡŭɎŰɤůɖɠ.  

4.4.7 ɉɟɧɜɞɠ ŮɜɡŭɎŰɤůɖɠ 

Ƀ ɢɟɧɜɞɠ ŮɜɡŭɎŰɤůɖɠ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɩůŰŮ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɖ 

ŮɜɡŭɎŰɤůɖ Űɞɡ ŬůɓɏůŰɖ. ȰɜŬɠ ˊɞɚɨ ŭɟŬůŰɘəɧɠ ŬůɓɏůŰɖɠ ŮɜɡŭŬŰɩɜŮŰŬɘ ůŮ ˊŮɟɑˊɞɡ 2-

3 ɚŮˊŰɎ. Ƀɘ ŮɜŭɘɎɛŮůɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ŬůɓɏůŰŮɠ ŬˊŬɘŰɞɨɜ ˊŮɟɑˊɞɡ 5-10 ɚŮˊŰɎ. 
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ȷɜŰɑɗŮŰŬ, ɞɘ ɢŬɛɖɚɐɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ŬůɓɏůŰŮɠ, ɞɘ ɡˊŮɟŮɣɖɛɏɜɞɘ ɧˊɤɠ əŬɘ ɞɘ 

ˊɚɞɨůɘɞɘ ůŮ ɛŬɔɜɐůɘɞ, ŮɜɡŭŬŰɩɜɞɜŰŬɘ ůŮ ˊŮɟɑˊɞɡ 15-30 ɚŮˊŰɎ.  

4.4.8 ŪŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŮɟɞɨ 

ȼ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŮɟɞɨ ŮɜɡŭɎŰɤůɖɠ ɏɢŮɘ ɛŮɔɎɚɖ ŮˊɑŭɟŬůɖ ůŰɖ ŭɘŮɟɔŬůɑŬ 

ŮɜɡŭɎŰɤůɖɠ əŬɘ Űɖɜ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ Űɤɜ ŮɜɡŭŬŰɤɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ. Ƀ ɢɟɧɜɞɠ 

ŮɜɡŭɎŰɤůɖɠ ŮˊɖɟŮɎɕŮŰŬɘ ŬɟɜɖŰɘəɎ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŮɟɞɨ əŬɘ Űɖɜ ŬɜŬɚɞɔɑŬ 

ɜŮɟɧ/ŬůɓɏůŰɖ. ȺɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɧŰɘ əŬŰɎ Űɖɜ ŮɜɡŭɎŰɤůɖ, Ŭɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

əɟɨɞ ɜŮɟɧ, ŰɧŰŮ ŭŮ ɗŬ ˊɟɏˊŮɘ ɜŬ ɏɟɗŮɘ ůŮ ŮˊŬűɐ ɛŮ ɝɖɟɧ ŬůɓɏůŰɖ (ɛɖ ŮɜɡŭŬŰɤɛɏɜɞ). 

ɇɞ ɜŮɟɧ əŬɘ ɞ ŬůɓɏůŰɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ɢɤɟɘůŰɎ, əɘ ɏŰůɘ ɛŮ Űɞ ˊɏɟŬůɛŬ 

Űɞɡ ɢɟɧɜɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ űɗɎɜŮɘ ˊŮɟɑˊɞɡ Űɞɡɠ 65
0
C. ȷɜ ɏɟɗŮɘ ůŮ ɎɛŮůɖ ŮˊŬűɐ Űɞ 

ɜŮɟɧ ɛŮ Űɞɜ ŬůɓɏůŰɖ ŮˊɏɟɢŮŰŬɘ ɖ ɚŮɔɧɛŮɜɖ ŭɘŬŭɘəŬůɑŬ çˊɜɔɛɞɨè. ȷˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ 

ɜŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɏɜɡŭɟŬ ůɤɛŬŰɑŭɘŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬɟəŮŰɎ ŬŭɟɧəɞəəŬ əŬɘ əŬɗɧɚɞɡ 

ŭɟŬůŰɘəɎ. 

4.5 ȺɜŬɜɗɟɎəɤůɖ Űɞɡ ŬůɓɏůŰɖ 

Ƀ ŬůɓɏůŰɖɠ, ɧŰŬɜ ŮəŰɑɗŮŰŬɘ ůŮ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ, ŬɜŰɘŭɟɎ ɛŮ Űɞ 

ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ ůɢɖɛŬŰɑɕɞɜŰŬɠ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ. ȷɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ 

ɔɜɤůŰɐ ɤɠ ŮɜŬɜɗɟɎəɤůɖ. ȺɑɜŬɘ Ůˊɑůɖɠ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ůəɚɐɟɡɜůɖ Űɞɡ ɡɚɘəɞ. ȺɑɜŬɘ 

ɔɜɤůŰɧ ɧŰɘ ɖ ɡŭɟɎůɓŮůŰɞɠ [Ca(OH)2] ŮɑɜŬɘ ŬɚəŬɚɘəɐ, Ůɜɩ Űɞ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ 

(CaCO3) ɞɡŭɏŰŮɟɞ. ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜŬɜɗɟəɎəɤůɖɠ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ 

Ŭəɧɚɞɡɗɖ ɢɖɛɘəɐ ŭɘŮɟɔŬůɑŬ (Moorehead 1986): 

 

 

Ca(OH)2+CO2ÝCaCO3+H2O+74KJ   (2) 

      74           44         100        18               ɀɞɟɘŬəɧ ɓɎɟɞɠ g/mol 

     2.24                     2.71                           Ⱥɘŭɘəɧ ɓɎɟɞɠ (SG) g/ml 

ɇɞ ɓɎɟɞɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 35% ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɞ ŬɜŰɑůŰɞɘɢɞ 

ɓɎɟɞɠ Űɖɠ ɡŭɟŬůɓɏůŰɞɡ, Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɟɞɏɟɢŮŰŬɘ. Ⱥˊɑůɖɠ ɡˊɎɟɢŮɘ Ŭɨɝɖůɖ Űɞɡ 

ɧɔəɞɡ Űɤɜ ůŰŮɟŮɩɜ. ȼ ɡŭɟɎůɓŮůŰɞɠ [Ca(OH)2] ɏɢŮɘ Ůɘŭɘəɧ ɓɎɟɞɠ 2.24 g/mL əŬɘ 

ɛɞɟɘŬəɧ ɧɔəɞ 33 ml ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ (CaCO3) (calcite ï ɐ 

ɓŬŰŮɟɑŰɖ ɐ ŬɟŬɔɞɜɑŰɖ) ˊɞɡ ɏɢŮɘ Ůɘŭɘəɧ ɓɎŰɞɠ 2.71g/ml əŬɘ ɛɞɟɘŬəɧ ɧɔəɞ 36.9 ml. 

ȷˊɞŰɏɚŮůɛŬ Űɤɜ ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ Ŭɨɝɖůɖ 11.8% Űɞɡ ɧɔəɞɡ Űɤɜ ůŰŮɟŮɩɜ. ȷɡŰɐ ɖ 

Ŭɨɝɖůɖ ůɡɜɞŭŮɨŮŰŮŬɘ Ŭˊɧ ŬɜŰɑůŰɞɘɢɖ Űɤɜ ˊɧɟɤɜ əɘ ɏɢŮɘ Űɖɜ ŰɎůɖ ɜŬ ɛŮɘɩɜŮɘ Űɖɜ 

ˊɟɧůɓŬůɖ ůŰɞ CO2. ɄŬɟɎɚɚɖɚŬ, ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ Ŭˊɧ Űɖɜ 

ŬɜŰɑŭɟŬůɖ ŮɑɜŬɘ ~74 KJ/mol, əŬɘ ŰɞˊɘəɎ ůɡɛɓɎɚŮɘ ůŰɖɜ ŮɝɎŰɛɘůɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɞɡɠ 
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ˊɧɟɞɡɠ. ɇɞ ŰŮɚŮɡŰŬɑɞ ɞŭɖɔŮɑ ůŰɖɜ ŮɚɎŰŰɤůɖ Űɞɡ ɟɡɗɛɞɨ Űɖɠ ŮɜŬɜɗɟɎəɤůɖɠ əŬɗɩɠ Űɞ 

ɜŮɟɧ ŬˊɞŰŮɚŮɑ Űɞ çəɨɟɘɞ ɛɏůɞè ɔɘŬ Űɖɜ ŮɜŬɜɗɟɎəɤůɖ. 

ȼ ɡŭɟɎůɓŮůŰɞɠ [Ca(OH)2], Ůɜɧůɤ ɓɟɑůəŮŰŬɘ ůŮ ŭɘŬɚŮɚɡɛɏɜɖ əŬŰɎůŰŬůɖ 

ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ CO2 (Johannesson & Utgennant, 2001; Radonjic et al, 2001; 

Beruto et al, 2005). ɆŰɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎɣŬɛŮ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ 

ŬəɧɚɞɡɗŬ ˊɏɜŰŮ ůŰɎŭɘŬ (ŬɜŰɘŭɟɎůŮɘɠ 3-6): 

1. ȹɘɎɢɡůɖ Űɞɡ Ŭɏɟɘɞɡ CO2 ɛɏůɤ Űɤɜ ˊɧɟɤɜ 

2. ȹɘɎɚɡůɖ Űɞɡ Ca(OH)2 ůŰɞ ɜŮɟɧ Űɤɜ ˊɧɟɤɜ 

 

 

Ca(OH)2ÚCa2++2OH-  (1.ɉ) 

3. ȹɘɎɚɡůɖ Űɞɡ CO2 ůŰɞ ɜŮɟɧ Űɤɜ ˊɧɟɤɜ 

 

 

CO2+OH-ÚHCO3

-  (1.X) 

4. ɉɖɛɘəɐ ɘůɞɟɟɞˊɑŬ Űɞɡ ŭɘŬɚŮɚɡɛɏɜɞɡ CO2 ůŰɞ ɜŮɟɧ Űɤɜ ˊɧɟɤɜ  

 

 

HCO3

-+OH-ÝCO3

2-+H2O  (1.X) 

5. ȷˊɧɗŮůɖ CaCO3  

 

 

Ca2++CO3

2-ÝCaCO3  (1.X) 

 

4.5.1 ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŮɜŬɜɗɟɎəɤůɖ 

ȼ ŮɜŬɜɗɟɎəɤůɖ ŬˊɞŰŮɚŮɑ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ ŭɘɎɢɡůɖ (van 

Balen & van Gemert, 1994). Ɉɣɖɚɏɠ ˊɞůɧŰɖŰŮɠ ɡɔɟŬůɑŬɠ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ɔŮɛɑůɞɡɜ 

Űɞɡɠ ˊɧɟɞɡɠ ɛŮ ɜŮɟɧ. ɇɞ ŰŮɚŮɡŰŬɑɞ ˊɟŬəŰɘəɎ ŮɛˊɞŭɑɕŮɘ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ ɜŬ 

ɏɢŮɘ ˊɟɧůɓŬůɖ, ŮˊŮɘŭɐ ɖ ŭɘɎɢɡůɖ Űɤɜ ŬŮɟɑɤɜ ůŮ ɟŮɡůŰɎ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 10000 űɞɟɏɠ 

ɓɟŬŭɨŰŮɟɖ Ŭˊ`ɧŰɘ ůŰɞɜ ŬɏɟŬ (Houst, 1996). Ⱥˊɑůɖɠ, əŬɗɩɠ ɖ ŮɜŬɜɗɟɎəɤůɖ ɚŬɛɓɎɜŮɘ 

ɢɩɟŬ ɛɧɜɞ ůŰɞ ŭɘɎɚɡɛŬ, ɖ ɢŬɛɖɚɐ ɡɔɟŬůɑŬ ŬɜŬůŰɏɚŮɘ Űɖɜ ŮɜŬɜɗɟɎəɤůɖ. ɆɨɛűɤɜŬ 

ɛŮ Űɞɡɠ (van Balen & van Gemert, 1994), ɔɘŬ ˊɞůɞůŰɎ ɡɔɟŬůɑŬɠ 40-80%, Űɞ ůɨɜɞɚɞ 

Űɖɠ ˊɞɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜŬɜɗɟɎəɤůɖɠ.. ũɘŬ 

ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ ɛɘəɟɧŰŮɟɞ Űɞɡ 20%, ŮɝŬɘŰɑŬɠ Űɖɠ ŬɜŮˊŬɟəɞɨɠ ˊɞůɧŰɖŰŬɠ ɜŮɟɧ Űɤɜ 

ˊɧɟɤɜ, ɖ ŮɜŬɜɗɟɎəɤůɖ ŭŮɜ ˊɟɞɢɤɟɎ Ŭűɞɨ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬɚɡɗŮɑ Ca(OH)2 ɐ CO2. 

ɆŮ ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 90%, ɖ ŭɘŬɗɏůɘɛɖ ˊɞɟɘəɐ ŮˊɘűɎɜŮɘŬ ɔɘŬ 

ŮɜŬɜɗɟɎəɤůɖ űɗɎɜŮɘ Űɞ 50%.  

ȼ ŮɜŬɜɗɟɎəɤůɖ ŭŮɜ ˊŮɟɘɞɟɑɕŮŰŬɘ ɛɧɜɞ Ŭˊɧ Űɞɜ űɟŬɔɛɧ Űɤɜ ˊɧɟɤɜ. ȰɢŮɘ 

ŬˊɞŭŮɘɢɗŮɑ, ɧŰɘ ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ŮɜŬɜɗɟɎəɤůɖɠ, 

ˊŬɟŬɛɏɜɞɡɜ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ɛɖ ŮɜŬɜɗɟŬəɤɛɏɜɞɡ  ɡɚɘəɞɨ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ 
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Cultrone et al, (2005), ɞ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ ŮɜŬɜɗɟɎəɤůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊŬɟŬɔɧɛŮɜɖ 

ɗŮɟɛɧŰɖŰŬ əŬŰɎ Űɖ ɛŮŰŬŰɟɞˊɐ Ca(OH)2 ůŮ CaCO3. ɇɞ ŰŮɚŮɡŰŬɑɞ űŬɑɜŮŰŬɘ ɜŬ ɛɖɜ 

ŮɑɜŬɘ ŭɡɜŬŰɧ əŬɗɩɠ ɖ ɛŮɑɤůɖ Űɖɠ ɡɔɟŬůɑŬɠ ŮɑɜŬɘ ˊɟɞůɤɟɘɜɐ, əɘ Ŭəɞɚɞɨɗɤɠ ŬɡɝɎɜŮŰŬɘ 

ɩůŰŮ ɜŬ ɘůɞɟɟɞˊɐůŮɘ ɛŮ Űɖɜ ɡɔɟŬůɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜŬɜɗɟɎəɤůɖɠ ɝŮəɘɜɎ əŬɘ ˊɎɚɘ.  

ȼ ŮˊɘəɟŬŰɏůŰŮɟɖ ɗŮɤɟɑŬ ɓŬůɑɕŮŰŬɘ ůŰɞ ɧŰɘ ɞɘ əɟɨůŰŬɚɚɞɘ ɡŭɟŬůɓɏůŰɞɡ 

əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ɏɜŬ ŬŭɘŬˊɏɟŬŰɞ ůŰɟɩɛŬ ŭɡůŭɘɎɚɡŰɞɡ ŬůɓŮůŰɑŰɖ, ŮɛˊɞŭɑɕɞɜŰŬɠ Űɖɜ 

ˊɟɧůɓŬůɖ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ůŰɞɜ ˊɡɟɐɜŬ Űɖɠ ɡŭɟŬůɓɏůŰɞɡ (Dheilly et al, 

1998; van Balen, 2005). Ƀɘ Swenson & Sereda (1968) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɞˊŰɘəɏɠ əŬɘ 

ɢɖɛɘəɏɠ ɛŮɗɧŭɞɡɠ ɏŭŮɘɝŬɜ ɞŰɘ ŰŬ ůɤɛŬŰɑŭɘŬ Űɞɡ ŬůɓɏůŰɖ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ɏɜŬ ɡɛɏɜɘɞ 

ŬůɓŮůŰɑŰɖ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŬɔɑŭŮɡůɖ Űɖɠ ɡɔɟŬůɑŬɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ 

ɡɛŮɜɑɞɡ. ȳŰŬɜ ɖ ɡɔɟŬůɑŬ ɏɝɤ Ŭˊɧ Űɞ ɡɛɏɜɘɞ ɛɖŭŮɜɘůŰŮɑ, ŰɧŰŮ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɑŬ 

ɓŬɗɛɑŭŬ ɡɔɟŬůɑŬɠ ŰɏŰɞɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɟɔɐůŮɘ ɟɤɔɛɏɠ ůŰɞ ŮůɤŰŮɟɘəɧ. 

ɆɡɜɞɚɘəɎ ɖ ŬəɞɚɞɡɗɑŬ ŬɟɢɑɕŮɘ ɛŮ Űɖɜ ŬˊɧɗŮůɖ Űɞɡ ŬůɓŮůŰɑŰɖ ˊɞɡ ŮˊɘɓɟŬŭɨɜŮɘ Űɖɜ 

ŬɜŰɑŭɟŬůɖ, ɝɐɟŬɜůɖ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ɟɤɔɛɩɜ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ Űɞɡ ɡɛŮɜɑɞɡ. ɇŮɚɘəɎ 

ůŰŬɛŬŰɎ ɖ ŬɜŰɑŭɟŬůɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɚɏɞɜ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ŮɜŬɜɗɟɎəɤůɖɠ, ˊŬɔɘŭŮɨɞɜŰŬɠ əɎˊɞɘŬ ˊɞůɧŰɖŰŬ Ŭˊɧ ɛɖ ŮɜŬɜɗɟŬəɤɛɏɜɞ ɡɚɘəɧ ůŰɞ 

ŮůɤŰŮɟɘəɧ Űɞɡ ɡɛŮɜɑɞɡ. 

ɇɞ ɛɏɔŮɗɞɠ Űɤɜ əɟɡůŰɎɚɚɤɜ Űɖɠ ɡŭɟŬůɓɏůŰɞɡ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɞ 

ɟɡɗɛɧ Űɖɠ ŮɜŬɜɗɟɎəɤůɖɠ. Ƀɘ ɛɘəɟɧŰŮɟɞɘ əɟɨůŰŬɚɚɞɘ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŮɚŮɨɗŮɟɖ 

ŮˊɘűɎɜŮɘŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ ɜŬ ŮˊɘŭɟɎ ůŮ ŬɡŰɞɨɠ ŰŬɢɨŰŮɟŬ. 

ũɘŬ ˊŮɟɑˊŰɤůɖ ŭɘŬɚɡɛɎŰɤɜ, Űɞ ɛɏɔɗɞɠ Űɤɜ əɧəəɤɜ ɗŬ ŬɡɝɖɗŮɑ ɛŮ Ŭɨɝɖůɖ Űɖɠ ɖɚɘəɑŬɠ 

Űɞɡ ɡɚɘəɞɨ ɛɏůɤ Űɖɠ ɤɟɑɛŬɜůɖɠ Ostwald (Hansen et al. 2005). ȼ ɤɟɑɛŬɜůɖ Ostwald 

ŮəűɟɎɕŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ɛŮɔɎɚɤɜ əɟɡůŰɎɚɚɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŮəŮɑɜɞɡɠ ɛŮ 

ɛɘəɟɧŰŮɟɞ ɛɏɔŮɗɞɠ əŬɘ ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŭɘŬɚɡŰɧŰɖŰŬ Ŭˊɧ Űɞɡɠ 

ɛŮɔŬɚɨŰŮɟɞɡɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ůɡɢɜɎ ɔɘŬ əɟɡůŰŬɚɚɘəɎ ɡɚɘəɎ ˊɞɡ űɗɎɜɞɡɜ Űɞ ůŰɎŭɘɞ 

Űɖɠ ɤɟɘɛɧŰɖŰŬɠ. ɇŮůŰ çɖɚɘəɑŬɠè ůŰɞɜ ŬůɓɏůŰɖ ɏŭŮɘɝŬɜ ɧŰɘ ɞɘ əɟɨůŰŬɚɚɞɘ 

ɡŭɟŬůɓɏůŰɞɡ ɡűɑůŰŬɜŰŬɘ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡɠ (Rodriguez-Navarro 

et al. 1998; Cazalla et al. 2000; Hansen et al. 2000). Ⱥˊɑůɖɠ, Űɞ ɛɘəɟɧ ɛɏɔŮɗɞɠ əɧəəɤɜ 

Ůɜɧɠ ɔɖɟŬůɛɏɜɞɡ ŬůɓɏůŰɖ ŭŮɑɢɜŮɘ ɧŰɘ ɡˊɎɟɢŮɘ əŬŰŬəɟɎŰɖůɖ ɛŮɔŬɚɨŰŮɟɖɠ ˊɞůɧŰɖŰŬɠ 

ɜŮɟɞɨ  (Hansen et al, 2000), ɔŮɔɞɜɧɠ ˊɞɡ ɓŮɚŰɘɩɜŮɘ Űɖɜ ŮɟɔŬůɘɛɧŰɖŰɎ Űɞɡ (Atzeni et 

al, 2004). ȷɟɜɖŰɘəɧ Űɖɠ əŬŰŬəɟɎŰɖůɖɠ ɜŮɟɞɨ ŮɑɜŬɘ ɧŰɘ ŬɡŰɧ Űɞ ɡɚɘəɧ ɗŬ ˊŬɟɞɡůɘɎůŮɘ 

ɟɤɔɛɏɠ ůɡůŰɞɚɐɠ, əɎŰɘ ˊɞɡ ŭŮɜ ɘůɢɨŮɘ ůŰŬ ɝɖɟɎ ɡɚɘəɎ. 
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4.6 Ƀ ɟɧɚɞɠ Űɞɡ ɜŮɟɞɨ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɡŭɟŬůɓɏůŰɞɡ. 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ɛɏɢɟɘ ŰɩɟŬ ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ, ɖ əŬɗŬɟɧŰɖŰŬ əŬɘ ɖ ɢɖɛɘəɐ 

ůɨůŰŬůɖ Űɞɡ ɜŮɟɞɨ ŮˊɘŭɟɎ ůɖɛŬɜŰɘəɎ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɡŭɟŬůɓɏůŰɞɡ. 

ɇŬ əɨɟɘŬ ůɡůŰŬŰɘəɎ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɜɡŭɎŰɤůɖɠ Űɞɡ ŬůɓɏůŰɖ 

ŮɑɜŬɘ ŰŬ ˊŬɟŬəɎŰɤ: 

4.6.1 ɉɚɤɟɘɧɜŰŬ 

ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ůŮ ɢɚɤɟɘɧɜŰŬ ɏɢŮɘ ɗŮŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖ ŭɘŮɟɔŬůɑŬ Űɖɠ 

ŮɜɡŭɎŰɤůɖɠ Űɞɡ ŬůɓɏůŰɖ. ɇŬ ɢɚɤɟɘɧɜŰŬ Ůˊɘŭɟɞɨɜ ɤɠ ŮˊɘŰŬɢɡɜŰɏɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ. 

ɁŮɟɎ ˊɞɡ ɏɢɞɡɜ ɢɚɤɟɘɧɜŰŬ ɛɏɢɟɘ 10.000 ppm ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ˊŬɟɎɚɚɖɚŬ, ɛŮ ɏɜŬ pȼ ˊɞɡ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ 12 əŬɘ 13. ɇŬ ɜŮɟɎ ŬɡŰɎ ŭŮ 

ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬɓɟɤŰɘəɎ űŬɘɜɧɛŮɜŬ. ɋůŰɧůɞ, ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɐ 

ŭɘɎɓɟɤůɖ ůŰɞɡɠ ůɤɚɐɜŮɠ ˊɞɡ ŰɟɞűɞŭɞŰɞɨɜ Űɞ ůɨůŰɖɛŬ Űɞɡ ŬůɓɏůŰɖ ɛŮ ɜŮɟɧ. 

ũɘ`ŬɡŰɧ, ɔɘŬ ŰɏŰɞɘŬ ɜŮɟɎ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ˊɚŬůŰɘəɩɜ ůɤɚɐɜɤɜ. ɆŰɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ɓŬɟɏɤɠ ɡűɎɚɛɡɟɞɡ ɐ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ, ˊɞɡ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ ůŮ 

ɢɚɤɟɘɧɜŰŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 10.000 ppm, əŬɘ əɡɛŬɑɜŮŰŬɘ əɞɜŰɎ ůŰŬ 25-30.000 

ppm, Űɞ ɜŮɟɧ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ɚŬɛɓɎɜɞɜŰŬɠ ɤůŰɧůɞ ɛɏŰɟŬ ˊɟɞůŰŬůɑŬɠ ůŰŬ 

ůɡůŰɐɛŬŰŬ ůɤɚɖɜɩůŮɤɜ (ˊ.ɢ. ˊɞɘɧŰɖŰŬ stainless steel ɛŮ duplex). 

4.6.2 ŪŮɘɘəɎ ɘɧɜŰŬ 

ɇŬ ɗŮɘɘəɎ əŬɘ ɗŮɘɩŭɖ ɘɧɜŰŬ ɏɢɞɡɜ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖ ŭɘŮɟɔŬůɑŬ 

Űɖɠ ŮɜɡŭɎŰɤůɖɠ. ɇŬ ůɡůŰŬŰɘəɎ ŬɡŰɎ, ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ ɚŮˊŰɧ ɡɛɏɜɘɞ ˊɎɜɤ Ŭˊɧ ŰŬ 

ůɤɛŬŰɑŭɘŬ CaO, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɛˊɞŭɑɕŮŰŬɘ ɖ ŭɘŮɑůŭɡůɖ Űɞɡ ɜŮɟɞɨ ɛɏůɤ Űɤɜ 

ˊɧɟɤɜ. ɇɞ ŰŮɚŮɡŰŬɑɞ ɏɢŮɘ ɤɠ ůɡɜɏˊŮɘŬ Űɖɜ ŮˊɘɓɟɎŭɡɜůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŮɜɡŭɎŰɤůɖɠ. 

ȺɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɧŰɘ ŰŬ ɗŮɘɘəɎ ŭŮ ɗŬ ˊɟɏˊŮɘ ɜŬ ɝŮˊŮɟɜɞɨɜ ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ ŰŬ 

500 ppm.  

ɆŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ (Ʉɘɜ. 4.1) ůɡɔəɟɑɜŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ůɨůŰŬůɖɠ Űɞɡ 

ɜŮɟɞɨ ůŰɞ ɢɟɧɜɞ ŮɜɡŭɎŰɤůɖɠ əŬɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ űɗɎɜŮɘ Űɞ ɜŮɟɧ. Ƀ 

ˊɑɜŬəŬɠ ˊŮɟɘəɚŮɑŮɘ Űɘɛɏɠ ɔɘŬ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊɞɘɧŰɖŰŮɠ ɜŮɟɞɨ, Ŭˊɘɞɜɘůɛɏɜɞ, 

ŭɘəŰɨɞɡ əŬɘ ɓɘɞɛɖɢŬɜɘəɧ. 
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ɄɑɜŬəŬɠ 4.1. ɆɡɔəɟɘŰɘəɧɠ ˊɑɜŬəŬɠ ɢɟɧɜɞɡ ŮɜɡŭɎŰɤůɖɠ/ˊŬɟŬɔɧɛŮɜɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ ŰɟŮɘɠ (3) ˊɞɘɧŰɖŰŮɠ ɜŮɟɞɨ 

 

ɉɟɧɜɞɠ 

ŮɜɡŭɎŰɤůɖɠ (min) 

ɄŬɟŬɔɧɛŮɜɖ 

ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ 

Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ 

ɄŬɟŬɔɧɛŮɜɖ 

ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ 

ɜŮɟɧ ŭɘəŰɨɞɡ 

ɄŬɟŬɔɧɛŮɜɖ 

ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ 

ɓɘɞɛɖɢŬɜɘəɧ ɜŮɟɧ 

(5.000 ppm ɗŮɘɘəɎ, 

ɗŮɘɩŭɖ) 

1 68.5 64.9 56.4 

2 70.1 68. 61.1 

3 70.0 70.1 63.6 

5 70.1 70.1 65.1 

6 70.1 70.1 66.4 

 

ɆŰɞɜ ˊɑɜŬəŬ 4.1 ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɚŬɛɓɎɜɞɜŰŬɘ ɔɘŬ 

Űɖɜ ˊŮɟɑˊŰɤůɖ Ŭˊɘɞɜɘůɛɏɜɞɡ ɜŮɟɞɨ ˊɞɡ ŮɑɜŬɘ ŬˊŬɚɚŬɔɛɏɜɞ Ŭˊɧ ɎɚŬŰŬ, Ůɜɩ Űɘɠ 

ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɘɠ ɚŬɛɓɎɜɞɡɛŮ ɔɘŬ ˊŮɟɑˊŰɤůɖ ɡűɎɚɛɡɟɞɡ ɓɘɞɛɖɢŬɜɘəɞɨ 

ɜŮɟɞɨ. 

 

4.6.3 ȹɘŬɚŮɚɡɛɏɜŬ əŬɘ ŬɘɤɟɞɨɛŮɜŬ ůŰŮɟŮɎ 

ɇŬ ŮɡŭɘɎɚɡŰŬ ůŰŮɟŮɎ, ˊɟɞəŬɚɞɨɜ Ŭűɟɘůɛɧ Űɞɡ ɜŮɟɞɨ əŬŰɎ Űɖɜ ŬɜŰɑŭɟŬůɖ 

ŮɜɡŭɎŰɤůɖɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŬɟəŮŰɎ ˊɟɞɓɚɐɛŬŰŬ əŬŰɎ Űɖ ŭɘŮɟɔŬůɑŬ. 

ȺˊɘˊɟɧůɗŮŰŬ, ˊɞɚɚɎ ŭɘŬɚŮɚɡɛɏɜŬ ůŰŮɟŮɎ ŬɜŰɘŭɟɞɨɜ ɛŮ Űɞɜ ŬůɓɏůŰɖ ˊɟɞəŬɚɩɜŰŬɠ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ŮˊɘəŬɗɐůŮɤɜ.  
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5.1 Ɇəɞˊɧɠ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ 

ȸŬůɘəɧɠ ůəɞˊɧɠ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ əɟɘŰɖɟɑɤɜ 

əŬŰŬɚɚɖɚɧŰɖŰŬɠ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ŬůɓɏůŰɖ ɔɘŬ 

ŭɞɛɘəɐ ɢɟɐůɖ. ũɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ɘŭɘɞŰɐŰɤɜ əŬŰŬɚɚɖɚɧŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɤɠ ˊɟɤŰɞɔŮɜɐ ŬɜɗɟŬəɘəɎ ɡɚɘəɎ, ŬůɓŮůŰɧɚɘɗɞɘ əŬɘ ɛɎɟɛŬɟŬ. ɇŬ ɡɚɘəɎ ŬɡŰɎ 

ŬˊɞŰŮɚɞɨɜ Űɘɠ ɛɧɜŮɠ ˊɖɔɏɠ ɛŮ ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ ŬɜɗɟŬəɘəɩɜ ɞɟɡəŰɩɜ ˊɞɡ 

ɝŮˊŮɟɜɞɨɜ Űɞ 95%. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ ˊɟɞɥɧɜŰɞɠ ɛŮ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɞɝŮɘŭɑɤɜ ŬůɓŮůŰɑɞɡ əŬɘ ɛŬɔɜɖůɑɞɡ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘɎůˊŬůɖɠ Űɤɜ 

ŬɜɗɟŬəɘəɩɜ ɞɟɡəŰɩɜ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ ˊɟɞɏəɡɣŬɜ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ŬˊɞəɎɚɡɣŬɜ 

Űɧůɞ Űɞɜ Űɟɧˊɞ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ŬůɓɏůŰɖ ɧůɞ əŬɘ Űɞɜ Űɟɧˊɞ ŭɘŮɟŮɨɜɖůɖɠ Űɞɡ ɡɚɘəɞɨ 

ŬɡŰɞɨ ɛŮ ůəɞˊɧ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰɎ Űɞɡ ůŰɖ ŭɞɛɘəɐ ɢɟɐůɖ. 

5.2 ɇɞˊɞɗɏŰɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ Űɞ ůɨɜɞɚɞ əŬɘ ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ əŬɘ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊŬɟŬɔɤɔɐ ŬůɓɏůŰɖ ɔɘŬ ŭɞɛɘəɏɠ ŮűŬɟɛɞɔɏɠ ŭŮɜ ɏɢŮɘ 

ůŮ ɓɎɗɞɠ ɛŮɚŮŰɖɗŮɑ, ɖ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɏɟɢŮŰŬɘ ɜŬ ůɡɛɓɎɚŮɘ ůŰɖ əɎɚɡɣɖ Űɞɡ əŮɜɞɨ 

ŬɡŰɞɨ ůŰɞɢŮɨɞɜŰŬɠ əɡɟɑɤɠ ůŰɖɜ ŭɘŮɟŮɨɜɖůɖ Űɖɠ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɤɜ ŬɜɗɟŬəɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ. ɄɟŬəŰɘəɎ, ɛɧɜɞ ɞ Boynton (1966) ŮəˊɧɜɖůŮ ɛɑŬ ˊɟɤŰɞˊɧɟɞ ɛŮɚɏŰɖ ɔɘŬ 

Űɖɜ Ůˊɞɢɐ ɏɢɞɜŰŬɠ ɤůŰɧůɞ ɛŮɟɘəɩɠ ɛŮɚŮŰɐůŮɘ Űɞ ɗɏɛŬ ˊɞɡ ŰɑɗŮŰŬɘ ůŰɖ ˊŬɟɞɨůŬ 

ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ. Ƀ ɑŭɘɞɠ ůɡɔɔɟŬűɏŬɠ əŬŰɏŰŬɝŮ ɛɧɜɞ ŬůɓŮůŰɧɚɘɗɞɡɠ ůŮ ŰɏůůŮɟɘɠ 

əŬŰɖɔɞɟɑŮɠ ɓŬůɘůɛɏɜɞɠ əɡɟɑɤɠ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ əŬŰɎ Űɞ ůɓɨůɘɛɞ. ɇɞ 

ˊɟɧɓɚɖɛŬ Ůˊɞɛɏɜɤɠ ˊɞɡ ŰɑɗŮŰŬɘ ŮɑɜŬɘ ɧŰɘ: (1) ŭŮɜ ɡˊɎɟɢŮɘ ˊɞɘɞŰɘəɧɠ ɢŬɟŬəŰɖɟɘůɛɧɠ 

Ůɜɧɠ ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ, ɤɠ əŬŰɎɚɚɖɚɞ/ŬəŬŰɎɚɚɖɚɞ, ɢɤɟɑɠ ɜŬ ɏɢŮɘ ɡˊɞůŰŮɑ 

ɏɣɖůɖ, (2) ŭŮɜ ɡˊɎɟɢŮɘ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ɏɜɜɞɘŬɠ Űɖɠ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Ůɜɧɠ 

ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ əŬɘ (3) ŭŮɜ ɡˊɎɟɢŮɘ əɟɘŰɐɟɘɞ əŬŰɎŰŬɝɖɠ ɛŬɟɛɎɟɤɜ. ɇɞ 

ŰŮɚŮɡŰŬɑɞ əɟɘŰɐɟɘɞ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬˊɞɡůɑŬ əŬŰɎŰŬɝɖɠ Űɤɜ ɛŬɟɛɎɟɤɜ əɡɟɑɤɠ 

ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ɚɧɔɤ Űɖɠ ŭɘŬűɞɟŮŰɘəɐɠ 

Ůɛˊɞɟɘəɐɠ Űɞɡɠ ŬɝɑŬɠ, ůŮ ˊɚɐɗɞɠ Ɏɚɚɤɜ ŮűŬɟɛɞɔɩɜ əŬɘ əɡɟɑɤɠ ɤɠ ŭɘŬəɞůɛɖŰɘəɩɜ 

ɡɚɘəɩɜ. ɋůŰɧůɞ, ŬűŮɜɧɠ ɛŮɜ ɖ ɢŬɛɖɚɐ Ůɛˊɞɟɘəɐ ŬɝɑŬ ɞɟɘůɛɏɜɤɜ ɛŬɟɛɎɟɤɜ ɧˊɤɠ ˊɢ. 

ŮəŮɑɜɤɜ ˊɞɡ ŮɑɜŬɘ ŰŮəŰɞɜɘůɛɏɜŬ, ŬűŮŰɚŮɟɞɡ ŭŮ Űɞ ɡɣɖɚɧ ˊɞůɞůŰɧ Űɞɡ ɡɚɘəɞɨ ˊɞɡ 

ˊɟɞɏɟɢŮŰŬɘ ɤɠ ˊŬɟŬˊɟɞɥɧɜ Ŭˊɞ Űɖɜ əŬŰŬŮɟɔŬůɑŬ Űɤɜ ɛŬɟɛɎɟɤɜ, ŰŬ əŬɗɘůŰɎ 

ŮɝŬɘɟŮŰɘəɐ ˊɟɩŰɖ ɨɚɖ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬůɓɏůŰɖ.  
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ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɛŮɚŮŰɩɜŰŬɘ ŰŬ ɘŭɘŬɑŰŮɟŬ ŭɞɛɘəɎ əŬɘ ɢɖɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ ŰŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ. ȷɡŰɎ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ 

ŭɞɛɐ, Űɖɜ ˊɞůɞŰɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ɞɟɡəŰɩɜ, Űɖɜ ɞɟɡəŰɞɚɞɔɑŬ, Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ, Űɖɜ 

Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ.  

ũɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɏɜŰŮəŬ (11) ŭɘŬűɞɟŮŰɘəɎ 

ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ. ɀŮŰɎ Ŭˊɧ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ɡɚɘəɩɜ ŬɡŰɩɜ ɏɔɘɜŮ ɛɘŬ 

ˊɟɞůˊɎɗŮɘŬ ɜŬ ŭɘŬŰɡˊɤɗɞɨɜ əɟɘŰɐɟɘŬ ɔɘŬ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ Űɞɡɠ. ɇŬ ŭŮɑɔɛŬŰŬ ɗŬ 

ɣɖɗɞɨɜ ůŮ ŮˊɘɚŮɔɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ůɡɜɗɐəŮɠ ɛŮ Ůˊɘŭɑɤɝɖ Űɖɜ ˊŬɟŬɔɤɔɐ 

ŬůɓɏůŰɖ. ɇɞ ˊŬɟŬɔɧɛŮɜɞ ɡɚɘəɧ ŮɝŮŰɎɕŮŰŬɘ ɤɠ ˊɟɞɠ Űɖɜ ˊɞɘɧŰɖŰɎ Űɞɡ ɛŮ ŰŮɚɘəɧ ůŰɧɢɞ 

Űɖ ŭɘɎəɟɘůɖ ůŮ ŬůɓɏůŰɖ əŬɚɐɠ əŬɘ əŬəɐɠ ˊɞɘɧŰɖŰŬɠ. 

ɀŮɚŮŰɎŰŬɘ ɖ ůɢɏůɖ ɛŮŰŬɝɨ ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ əŬɘ ŭɟŬůŰɘəɧŰɖŰŬɠ 

ŬůɓɏůŰɖ. ȼ ŭɟŬůŰɘəɧŰɖŰŬ Ůɜɧɠ ŬůɓɏůŰɖ ŬˊɞŰŮɚŮɑ ɛɏŰɟɞ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ. ɃˊɧŰŮ 

ŮɝŮŰɎɕɞɜŰŬɠ Űɞ ˊɏŰɟɤɛŬ əŬɘ ŭɘŮɟŮɡɜɩɜŰŬɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ, ŮɝɎɔɞɜŰŬɘ 

ůɡɛˊŮɟɎůɛŬŰŬ əŬŰɎ ˊɧůɞɜ ɞ ůɡɔəŮəɟɘɛɏɜɞɠ ŬůɓŮůŰɧɚɘɗɞɠ ɗŬ ŭɩůŮɘ ɐ ɧɢɘ ŬůɓɏůŰɖ 

əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ. ȾŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɗŬ ɏɢŮɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊɘɗŬɜɧŰɖŰŮɠ 

ŮəɛŮŰɎɚɚŮɡůɖɠ.  

ȯɝɘɞ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ ɧŰɘ ůŰɖɜ ˊŬɔəɧůɛɘŬ ɓɘɞɛɖɢŬɜɑŬ ɞ ŬůɓɏůŰɖɠ ɏɢŮɘ ˊɎɟŬ 

ˊɞɚɚɏɠ ɢɟɐůŮɘɠ. ȳɛɤɠ ůŰɖɜ ȺɚɚɎŭŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Ŭˊɧ Űɘɠ ɢɟɐůŮɘɠ Űɞɡ ŮɑɜŬɘ 

ůŰɘɠ ŭɞɛɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɆŰɘɠ ŬůɓŮůŰɞɓɘɞɛɖɢŬɜɑŮɠ ɤɠ ˊɟɩŰɖ ɨɚɖ ɔɘŬ ˊŬɟŬɔɤɔɐ 

ŬůɓɏůŰɖ ŭɞɛɘəɩɜ ŮűŬɟɛɞɔɩɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬůɓŮůŰɧɚɘɗɞɠ ˊɚɞɨůɘɞɠ ůŮ ŬůɓɏůŰɘɞ.  

5.3 ɄɟɤŰɞŰɡˊɑŬ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ 

Ƀ ɛŮɔŬɚɨŰŮɟɞɠ ɓŬɗɛɧɠ ˊɟɤŰɞŰɡˊɑŬɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ɞűŮɑɚŮŰŬɘ ůŰɞɜ 

Űɟɧˊɞ ˊɟɞůɏɔɔɘůɖɠ Űɞɡ əŮɜŰɟɘəɞɨ ŮɟɤŰɐɛŬŰɞɠ ˊɞɡ ŰɏɗɖəŮ ůŰɖɜ Ŭɟɢɐ Űɞɡ əŮűŬɚŬɑɞɡ. 

ɆŰɖ ɗɏůˊɘůɖ əɟɘŰɖɟɑɤɜ əŬŰŬɚɚɖɚɧŰɖŰŬɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬůɓɏůŰɖ. ȷɡŰɧ Űɞ 

ůɖɛŬɜŰɘəɧ əŮɜɧ, ŮɑɜŬɘ ˊɞɡ ɏɟɢŮŰŬɘ ɜŬ əŬɚɨɣŮɘ ɖ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, ŬəɞɚɞɡɗɩɜŰŬɠ 

ŭɨɞ ůɡɛˊɚɖɟɤɛŬŰɘəɏɠ ŭɘŬŭɞɢɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ. ȷɟɢɘəɎ ɛŮ Űɖɜ ŭɘŬəɟɘŰɐ əŬŰɎŰŬɝɖ 

Űɤɜ ŬůɓŮůŰɞɚɑɗɤɜ əŬɘ Űɤɜ ɛŬɟɛɎɟɤɜ ɤɠ çəŬŰɎɚɚɖɚɤɜè ɐ çŬəŬŰɎɚɚɖɚɤɜè ɛŮ ɓɎůɖ 

Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ŮəŮɑɜɞɡɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ ŮˊŬɟəɩɠ ɏɜŬ ŬɜɗɟŬəɘəɧ ɡɚɘəɧ (ŭɞɛɐ, 

ɞɟɡəŰɞɚɞɔɘəɐ əŬɘ ɢɖɛɘəɐ ůɨůŰŬůɖ). ȷɡŰɞɑ ɞɘ ˊŬɟɎɔɞɜŰŮɠ ůɡɜŭɡɎůŰɖəŬɜ ɛŮ Űɘɠ 

ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŭɨɜŬŰŬɘ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŰŮɚɘəɩɠ 

ˊŬɟŬɔɧɛŮɜɞɡ ŬůɓɏůŰɖ əŬɘ ɡŭɟŬůɓɏůŰɞɡ. ȷˊɞŰɏɚŮůɛŬ ɐŰŬɜ ɖ ˊɞɘɞŰɘəɐ ŬˊŮɘəɧɜɘůɖ 

ŭɘŬɔɟŬɛɛɎŰɤɜ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɤɜ ɢɟɖůɘɛɞˊɞɘɖɗɏɜŰɤɜ ŬɜɗɟŬəɘəɩɜ ɡɚɘəɩɜ.  
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Ⱥˊɘˊɚɏɞɜ, ɖ ŮɟɔŬůɑŬ ˊɟɤŰɞŰɡˊŮɑ əŬɘ ɤɠ ˊɟɞɠ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ əŬɘ 

ŬˊŮɘəɧɜɘůɖ Űɖɠ ɏɜɜɞɘŬɠ çəŬŰŬɚɚɖɚɧŰɖŰŬɠ ɐ ɛɖ Űɞɡ ŬůɓɏůŰɖè. ȼ ŭɘɎəɟɘůɖ ˊŮŭɑɤɜ 

əŬŰŬɚɚɖɚɧŰɖŰŬɠ ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŮ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ əŮűŬɚŬɑɞ, 

ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɏɜɜɞɘŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɛŮ ɓɎůɖ Űɖ ɛɏɗɞŭɞ Űɖɠ ŭɘŬəɟɘŰɘəɐɠ 

ŬɜɎɚɡůɖɠ. ɀŮ ŬɡŰɧ Űɞ Űɟɧˊɞ ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ɛɞɜŰɏɚɞ ˊɞɘɧŰɖŰŬɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ 

Űɖɠ ˊŬɟɞɨůɖɠ ɛŮɚɏŰɖɠ. ȷɜ əŬɘ Űɞ ɛɞɜŰɏɚɞ ůŰɖɟɑɕŮŰŬɘ ůŮ ɛɘəɟɧ Ŭɟɘɗɛɧ ŭŮɘɔɛɎŰɤɜ, ɖ 

ˊŬɟɞɨůŬ ˊɟɞůɏɔɔɘůɖ ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɞ ŮɟɔŬɚŮɑɞ ˊɞɡ  ŮɑɜŬɘ ɘəŬɜɧ ɜŬ 

əŬŰŮɡɗɨɜŮɘ Űɞ ŮɟɔɞůŰɎůɘɞ ˊŬɟŬɔɤɔɐɠ ŬůɓɏůŰɖ, ůŮ ɛŮɗɧŭɞɡɠ ˊɞɡ ɗŬ Űɞɡ 

Ůɝɞɘəɞɜɞɛɐůɞɡɜ ɢɟɐɛŬŰŬ Ŭˊɧ ŬɜɩűŮɚɖ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ (ˊ.ɢ. ɣɐůɘɛɞ Űɞɡ 

ɡɚɘəɞɨ ɔɘŬ ˊŮɟɘůůɧŰŮɟɖ ɩɟŬ ɐ əŬɘ ůŮ ɡɣɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ). Ⱥˊɘˊɚɏɞɜ, ůɡɛɓɎɚŮɘ 

ůŰɖ ɓŮɚŰɑɤůɖ Űɤɜ Űɞˊɘəɩɜ əɚɘɛŬŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɓɏɚŰɘůŰɖɠ 

ŭɘŬɢŮɑɟɘůɖɠ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ɡɚɘəɞɨ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ ɏɣɖůɖɠ əŬɘ 

ˊŬɟŬɔɤɔɐɠ ŬůɓɏůŰɖ.  

ɄŬɟɎɚɚɖɚŬ, əŬɘ ɛɏůɤ Űɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ űɡůɘəɞɢɖɛɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ɛɞɜŰɏɚɞ Ůɝɏɚɘɝɖɠ Űɞɡ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɠ 

Űɖ ɓɏɚŰɘůŰɖ ɡŭɟŬɡɚɘəɐ Űɞɡ ůɡɛˊŮɟɘűɞɟɎ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

ɗŮɟɛɞəɟŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ. 
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ȾȺūȷȿȷȽɃ 6: ȹɃɀȼ ɇɃɈ ɄȺȽɅȷɀȷɇȽȾɃɈ ɀȺɅɃɈɆ 

ȾȺūȷȿȷȽɃ 7: ȹȺȽũɀȷɇɃȿȼɊȽȷ ȷɁŪɅȷȾȽȾɋɁ ɄȺɇɅɋɀȷɇɋɁ 

ȾȺūȷȿȷȽɃ 8: ɄȺɅȽũɅȷūȼ ɄȺȽɅȷɀȷɇȽȾɋɁ ɀȺŪɃȹɃȿɃũȽɋɁ 

ȾȺūȷȿȷȽɃ 9: ɉȷɅȷȾɇȼɅȽɆɀɃɆ ȷɁŪɅȷȾȽȾɋɁ ɄȺɇɅɋɀȷɇɋɁ 

ȾȺūȷȿȷȽɃ 10: ȰɊȼɆȼ ȷɁŪɅȷȾȽȾɋɁ ɄȺɇɅɋɀȷɇɋɁ ȾȷȽ 

ɄȷɅȷũɋũȼ ȷɆȸȺɆɇȼ 

ȾȺūȷȿȷȽɃ 11: ɉȷɅȷȾɇȼɅȽɆɀɃɆ ȷɆȸȼɆɇɃɈ ȷɆȸȺɆɇȼ 

ȾȺūȷȿȷȽɃ 12: ȷɄɃ ɇɃɁ ȷɆȸȺɆɇȼɆ ɆɇȼɁ ɈȹɅȷɆȸȺɆɇɃ

ȾȺūȷȿȷȽɃ 13: ɆɈȻȼɇȼɆȼ ɄȺȽɅȷɀȷɇȽȾɋɁ ȷɄɃɇȺȿȺɆɀȷɇɋɁ
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ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŭɑɜŮŰŬɘ ɛɑŬ ŮɜŰŮɚɩɠ ůɡɜɞˊŰɘəɐ ɛɞɟűɐ Űɖɠ ŭɞɛɐɠ əŬɘ Űɞɡ 

ˊŮɟɘŮɢɞɛɏɜɞɡ Űɤɜ əŮűŬɚŬɑɤɜ Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ ɛɏɟɞɡɠ ˊɞɡ ŬəɞɚɞɡɗŮɑ əŬɘ ŰŬ ɞˊɞɑŬ 

ŮɑɜŬɘ ŭɘŬɟɗɟɤɛɏɜŬ ɛŮ ɓɎůɖ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ 

űŬɑɜŮŰŬɘ ůŰɞɜ  ˊɑɜŬəŬ 6.1. 

ɄɑɜŬəŬɠ 6.1: ɆŰɎŭɘŬ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɇɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɟɞŰɑɗŮŰŬɘ ɖ Ⱥˊɘɚɞɔɐ Űɤɜ ŬɜɗɟŬəɘəɩɜ ŭŮɘɔɛɎŰɤɜ 

(əŮűɎɚŬɘɞ 7) ůŰɖɜ ɞˊɞɑŬ ŬˊɞŭɑŭɞɡɛŮ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ əŬɘ ɖ ɞˊɞɑŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ Ƚ.ũ.ɀ.Ⱥ əŬɗɧůɞɜ ɏˊɟŮˊŮ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ 

ɡűɘůŰɎɛŮɜŬ ɔŮɤɚɞɔɘəɎ ůŰɞɘɢŮɑŬ əŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɩůŰŮ ɜŬ ɓɟŮɗɞɨɜ ŰŬ əŬŰɎɚɚɖɚŬ 

ɚŬŰɞɛŮɑŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɗŬ ɔɘɜɧŰŬɜ ɖ ˊɟɞɛɐɗŮɘŬ  Űɤɜ əŬŰɎɚɚɖɚɤɜ ŬɜɗɟŬəɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ (ŬůɓŮůŰɧɚɘɗɞɘ əŬɘ ɛɎɟɛŬɟŬ) ŰŬ ɞˊɞɑŬ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ 

Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ (ɘŭɘɞŰɐŰɤɜ) ˊɞɡ ůŰɞɢŮɨůŬɛŮ ɜŬ ůɡɔəɟɑɜɞɡɛŮ. ɀŮ Űɞɜ Űɟɧˊɞ 

ɀŮɚɏŰɖ ŬůɓŮůŰɧɚɘɗɞɡ 

ȾɞůəɑɜɘůɛŬ ŬůɓŮůŰɧɚɘɗɤɜ 

ICP 

ɃɟɔŬɜɘəɧ ɡɚɘəɧ əŬɘ ȷŭɘɎɚɡŰɞ ɡˊɧɚŮɘɛɛŬ 

XRD 

RAMAN 

TG əŬɘ DTA 

ɄɞɟɤůɘɛŮŰɟɑŬ Hg əŬɘ Ɂ2 

SEM 

ɄŮŰɟɞɔɟŬűɘəɧ ɛɘəɟɞůəɧˊɘɞ 

Ȱɣɖůɖ ŬůɓŮůŰɧɚɘɗɞɡ ï ɄŬɟŬɔɤɔɐ ŬůɓɏůŰɖ 

Ȱɣɖůɖ ůŰɞɡɠ 900
ɞ
C, 1050

 ɞ
C əŬɘ 1200

 ɞ
C ɔɘŬ 2 h 

ɀŮɚɏŰɖ ŬůɓɏůŰɖ 

ɉɖɛɘəɐ ŬɜɎɚɡůɖ  

XRD 

SEM 

ȹɘŬɗɏůɘɛɞ CaO 

ɄɞɟɤůɘɛŮŰɟɑŬ Hg əŬɘ Ɂ2 

TG əŬɘ DSC 

RAMAN 

ȷˊɧ Űɞɜ ŬůɓɏůŰɖ ůŰɖɜ ɡŭɟɎůɓŮůŰɞ 

Ʉɟɞůŭɘɞɟɘůɛɧɠ ŭɟŬůŰɘəɧŰɖŰŬɠ 

ȺˊŮɝŮɟɔŬůɑŬ ˊŮɘɟŬɛŬŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 
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ŬɡŰɧ ŮˊŮɚɏɔɖůŬɜ 11 ŭŮɑɔɛŬŰŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɞˊɞɑɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ 

əŮűɎɚŬɘɞ 7. 

ɆŰɖ ůɡɜɏɢŮɘŬ Űɞ əŮűɎɚŬɘɞ 8 ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɚŮˊŰɞɛŮɟɐ ˊŮɟɘɔɟŬűɐ Űɤɜ 

ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ. 

ɆŰɖ ůɡɜɏɢŮɘŬ Űɞ əŮűɎɚŬɘɞ 9 ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɀŮɚɏŰɖ əŬɘ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ 

ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ Ůɝɐɠ Ůˊɘɛɏɟɞɡɠ Ůɚɏɔɢɞɡɠ :  

9.1 ȾɞůəɑɜɘůɛŬ. ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ əɚɎůɛŬ 1.6 ï 

2.0 cm. ȺˊɘˊɟɧůɗŮŰŬ, ɔɘŬ ɏɜŬ ŭŮɑɔɛŬ ɧˊɤɠ ɗŬ ŬɜŬűŮɟɗŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ (ůŮɚɑŭŬ é) 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɨɞ əɚɎůɛŬŰŬ ɛŮɔɏɗɞɡɠ <3.0 mm əŬɘ 5.0 ï 6.0 cm. 

9.2 ɉɖɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ  ICP. 

9.3 ɉɖɛɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ əŬɘ Űɞɡ ŬŭɘɎɚɡŰɞɡ ɡˊɞɚŮɑɛɛŬŰɞɠ.  

9.4 ɄŮɟɘɗɚŬůɘɛŮŰɟɑŬ ŬəŰɑɜɤɜ-ɉ (X-ray Diffraction  - XRD) ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɤɜ ɞɟɡəŰɩɜ űɎůŮɤɜ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ˊŮŰɟɩɛŬŰɞɠ əŬɘ Űɞɡ ŬŭɘɎɚɡŰɞɡ 

ɡˊɞɚŮɑɛɛŬŰɞɠ. 

9.5 ȼɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ (Secondary Electron Microscopy - 

SEM). ɀŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ ɗŬ ˊɟŬɔɛŰɞˊɞɘɖɗŮɑ ɖ ˊŬɟŬŰɐɟɖůɖ Űɖɠ ŭɞɛɐɠ Űɞɡ ɡɚɘəɞɨ, 

əŬɗɩɠ Ůˊɑůɖɠ ɗŬ ŬɜŬɚɡɗɞɨɜ ɢɖɛɘəɎ ŰŬ ɞɟɡəŰɎ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰŬ ɛŮɚŮŰɖɗɏɜŰŬ 

ŭŮɑɔɛŬŰŬ.  

9.6 ɄŮŰɟɞɔɟŬűɘəɧ ɛɘəɟɞůəɧˊɘɞ ɛŮ ůəɞˊɧ Űɖ ɛŮɚɏŰɖ Űɖɠ ŭɞɛɐɠ əŬɘ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɧəəɤɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ ŰŬ ɛŮɚŮŰɖɗɏɜŰŬ ŭŮɑɔɛŬŰŬ.  

9.7 ūŬůɛŬŰɞůəɞˊɑŬ Raman ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɞɟɡəŰɩɜ űɎůŮɤɜ. ɇŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ɓɔɐəŬɜ Ŭˊɧ Űɖ ɛɏɗɞŭɞ Raman ɐŰŬɜ ůŮ ˊɚɐɟɖ ůɡɛűɤɜɑŬ ɛŮ ŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞ ˊɞɚɤŰɘəɧ ɛɘəɟɞůəɧˊɘɞ.  

9.8 ŪŮɟɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖɠ ɛŮɗɧŭɞɡɠ TG əŬɘ DTA.  

9.9 ɄɞɟɞůɘɛŮŰɟɑŬ ɡŭɟŬɟɔɨɟɞɡ əŬɘ ŬɕɩŰɞɡ. 

ɇɞ əŮűɎɚŬɘɞ 10 ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ Ȱɣɖůɖ ŬůɓŮůŰɧɚɘɗɞɡ əŬɘ ˊŬɟŬɔɤɔɐ ŬůɓɏůŰɖ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜŮɘ : 

10.1 Űɖɜ ɏɣɖůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůŮ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ 

(900
ɞ
C, 1050

 ɞ
C əŬɘ 1200

 ɞ
C) ɔɘŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ɢɟɧɜɞ 2 ɤɟɩɜ. ɄɟɞɏəɡɣŬɜ 12 

ŭɘŬűɞɟŮŰɘəɎ ŭŮɑɔɛŬŰŬ ŬůɓɏůŰɖ.   

10.2 Űɖɜ ɏɣɖůɖ Űɞɡ Ůɜɧɠ ŬůɓŮůŰɧɚɘɗɞɡ, ůŰɖ ɗŮɟɛɞəɟŬůɑŬ 1050
 ɞ

C ɔɘŬ ŭɨɞ Ůˊɘˊɚɏɞɜ 

ŭɘŬűɞɟŮŰɘəɎ ɛŮɔɏɗɖ Ŭˊɧ ŬɡŰɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ ůŰɎŭɘɞ.  

ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ ɡˊɞɚɞɔɑůŰɖəŮ ɖ ŬˊɩɚŮɘŬ ɓɎɟɞɡɠ əɎɗŮ ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ɏɣɖůɖɠ ůŰɖɜ ɞˊɞɑŬ ɡˊɞɓɚɐɗɖəŮ. 
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ɇɞ əŮűɎɚŬɘɞ 11 ŬɜŬűɏɟŮŰŬɘ ůŰɞɜ ɀŮɚɏŰɖ əŬɘ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ˊɟɞəɡˊŰɞɡůɩɜ 

ˊɞɘɞŰɐŰɤɜ ŬůɓɏůŰɖ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ : 

11.1 XRD ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɞɟɡəŰɩɜ űɎůŮɤɜ. 

11.2 ɉɖɛɘəɐ ŬɜɎɚɡůɖ ŬůɓɏůŰɖ. 

11.3 Ʉɟɞůŭɘɞɟɘůɛɧɠ ŭɘŬɗɏůɘɛɞɡ CaO. 

11.4 ūŬůɛŬŰɞůəɞˊɑŬ Raman ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɞɟɡəŰɩɜ űɎůŮɤɜ. 

11.5 SEM ɛŮ ůəɞˊɧ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ŭɞɛɐɠ, Űɖɠ ɞɟɡəŰɞɚɞɔɑŬɠ əŬɘ Űɖ ɢɖɛɘəɐɠ 

ůɨůŰŬůɖɠ.  

11.6 ŪŮɟɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖɠ ɛŮɗɧŭɞɡɠ TG əŬɘ DSC. 

11.7 ɄɞɟɞůɘɛŮŰɟɑŬ ɡŭɟŬɟɔɨɟɞɡ əŬɘ ŬɕɩŰɞɡ. 

ɇɞ əŮűɎɚŬɘɞ 12, ˊɞɡ Űɞɡ ŭɩůŬɛŮ Űɞɜ ůɡɛɓɞɚɘəɧ ŰɑŰɚɞ ȷˊɧ Űɞɜ ŬůɓɏůŰɖ ůŰɖɜ 

ɡŭɟɎůɓŮůŰɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɨɞ ŮɜɧŰɖŰŮɠ: 

12.1 Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ (reactivity) Űɤɜ ŭŮɘɔɛɎŰɤɜ Űɞɡ ŬůɓɏůŰɖ. 

12.2 ȺˊɑŭɟŬůɖ Űɖɠ ˊɟɞɏɚŮɡůɖɠ Űɞɡ ɜŮɟɞɨ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɘŬűɞɟŮŰɘəɐɠ 

ɢɖɛɘəɐɠ ůɨůŰŬůɖɠ ɜŮɟɎ əɘ ŮɝɎɢɗɖəŬɜ ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮˊɑŭɟŬůɐ Űɖɠ 

ůŰɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ. 

ɇɞ əŮűɎɚŬɘɞ 13 ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ  ȺˊŮɝŮɟɔŬůɑŬ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ůɡůɢŮŰɑɕɞɜŰŬɘ ɛɏůɤ ɛɞɜŰɏɚɤɜ ŰŬ ˊŮɘɟŬɛŬŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ əŮűŬɚŬɑɤɜ ˊɟɞɠ ŰɞɨŰɞ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ůɡɜɞˊŰɘəɞɑ ˊɑɜŬəŮɠ, ůɢɐɛŬŰŬ əŬɘ əŬɛˊɨɚŮɠ ůɡůɢɏŰɘůɖɠ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Excel. ȷˊɧ ŬɡŰɏɠ Űɘɠ əŬɛˊɨɚŮɠ ˊɟɞɏəɡɣŬɜ 

ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭŮɘɔɛɎŰɤɜ.  

ɇɏɚɞɠ ɔɑɜŮŰŬɘ ŮəŰŮɜɐɠ ŬɜŬűɞɟɎ ůŰɞ ůŰŬŰɘůŰɘəɧ ɛɞɜŰɏɚɞ əŬŰŬɚɚɖɚɧŰɖŰŬɠ-

ŬəŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɤɜ Ŭɟɢɘəɩɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ 

ŬůɓɏůŰɖ. ȼ ůŰŬŰɘůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ɏɔɘɜŮ ɛŮ Űɞ ˊɟɧůɗŮŰɞ StatistiXL ůŮ ˊŮɟɘɓɎɚɚɞɜ 

Excel.   
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7.1 ȷɜŰɘˊɟɞůɤˊŮɡŰɘəɧŰɖŰŬ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ  

ȼ ŭɘŬŭɘəŬůɑŬ ůɤůŰɞɨ Űɟɧˊɞɡ ɚɐɣɖɠ ŭŮɘɔɛɎŰɤɜ əŬŰɎ Űɖɜ ŮɟɔŬůɑŬ ɡˊŬɑɗɟɞɡ 

ŬˊɞŰŮɚŮɑ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɓɐɛŬ ˊɟɘɜ ɛŮɚŮŰɖɗɞɨɜ ŰŬ ŭŮɑɔɛŬŰŬ ůŰɞ ŮɟɔŬůŰɐɟɘɞ. ȼ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧŰɖŰŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŬɡŰɩɜ ŮɑɜŬɘ ŰɏŰɞɘŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ůɡɛɓŬŭɑɕŮɘ 

ɛŮ Űɞɡɠ ůŰɧɢɞɡɠ Űɖɠ ˊŬɟɞɨůɖɠ ŮɟɔŬůɑŬɠ. ɇɟɑŬ (3) ŮɑɜŬɘ ŰŬ əɨɟɘŬ əɟɘŰɐɟɘŬ ˊɞɡ 

ŰɏɗɖəŬɜ ɛŮ ůəɞˊɧ ŰŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟɞ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧŰŮɟŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ. ɇŬ əɟɘŰɐɟɘŬ ˊɞɡ 

ŰɏɗɖəŬɜ əŬɘ ɘəŬɜɞˊɞɘɐɗɖəŬɜ ŮɑɜŬɘ: (Ŭ) ɘəŬɜɞˊɞɑɖůɖ Űɖɠ ŭɘŬűɞɟŮŰɘəɐɠ ɔŮɤɔɟŬűɘəɐɠ 

ɗɏůɖɠ, (ɓ) ɘəŬɜɞˊɞɑɖůɖ Űɖɠ ŭɘŬűɞɟŮŰɘəɐɠ ɔŮɤɚɞɔɘəɐɠ ŮɜɧŰɖŰŬɠ əŬɘ (ɔ) ɘəŬɜɞˊɞɑɖůɖ 

Űɖɠ ŭɘŬűɞɟŮŰɘəɐɠ ŭɞɛɐɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ.  

ɇŬ əɟɘŰɐɟɘŬ (Ŭ) əŬɘ (ɓ) ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɛŮɔŬɚɨŰŮɟɖ 

ɔŮɤɔɟŬűɘəɐ ŭɘŬůˊɞɟɎ Űɤɜ ŭŮɘɔɛɎŰɤɜ əŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬŰŬɜɞɛɐ Űɞɡɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ. ȼ ɔŮɤɔɟŬűɘəɐ-ɔŮɤɚɞɔɘəɐ ˊɞɘəɘɚɧŰɖŰŬ Űɞɡ  

ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ, ɛŬɠ ɩɗɖůŮ ůŰɞ ɜŬ əŬŰŬɜŮɑɛɞɡɛŮ ŰŬ 11 ɚɖűɗɏɜŰŬ ŭŮɑɔɛŬŰŬ ůŮ 

ŬɟəŮŰɏɠ ɔŮɤɔɟŬűɘəɏɠ ŮˊŬɟɢɑŮɠ əŬɘ ŰɞɡɚɎɢɘůŰɞɜ 5 ɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ (Ɇɢ. 7.1 əŬɘ 

7.2). ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ůɢɐɛŬ 7.2 ŰŬ ɚɖűɗɏɜŰŬ ŭŮɑɔɛŬŰŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞ ~50-

60% Űɤɜ ɔŮɤɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ Űɖɠ ȺɚɚɎŭɞɠ.  

ɇɞ əɟɘŰɐɟɘɞ (ɔ) ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ůŮ ˊŮɟɘɞɢɏɠ 

ˊɞɡ ŬˊŬɜŰɞɨɜ ŮɑŰŮ ŬɛŮŰŬɛɧɟűɤŰŬ (ɘɕɖɛŬŰɞɔŮɜɐ-ŬůɓŮůŰɧɚɘɗɞɘ) ŮɑŰŮ ɛŮŰŬɛɞɟűɤɛɏɜŬ 

(ɛɎɟɛŬɟŬ)  ˊŮŰɟɩɛŬŰŬ. ȼ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧŰɖŰŬ Űɖɠ ɛɑŬɠ ɐ Űɖɠ Ɏɚɚɖɠ ɞɛɎŭŬɠ 

ɘəŬɜɞˊɞɘɐɗɖəŮ ɛŮ Űɖ ɚɐɣɖ ŮˊŰɎ (7) ŬůɓŮůŰɞɚɑɗɤɜ əŬɘ ŰŮůůɎɟɤɜ (4) ɛŬɟɛɎɟɤɜ. Ƀɘ 

ŬůɓŮůŰɧɚɘɗɞɘ űŬɘɜɞɛŮɜɘəɎ ɡˊŮɟŰŮɟɞɨɜ ůŮ Ŭɟɘɗɛɧ, ɤůŰɧůɞ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ŭŮɑɔɛŬ 

Ůɝ`ŬɡŰɩɜ ŮɑɜŬɘ Ŭŭɟɧəɞəəɞ, ɛŮ ŭɞɛɐ ɛŮŰŬɓŬŰɘəɐ ˊɟɞɠ ŮəŮɑɜɖ Űɞɡ ɛŬɟɛɎɟɞɡ. 

ȿŮˊŰɞɛŮɟɐɠ ˊŮɟɘɔɟŬűɐ ɧɚɤɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ɚɖűɗɏɜŰɤɜ ŭŮɘɔɛɎŰɤɜ 

ɓɟɑůəŮŰŬɘ ůŰɞ əŮűɎɚŬɘɞ 9. 

ȼ əɤŭɘəɞˊɞɑɖůɖ əŬɘ ŰŬ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 7.1. ȳɚŬ ŰŬ ŭŮɑɔɛŬŰŬ ɚɐűɗɖəŬɜ ɛŮŰɎ Ŭˊɧ ŮˊɘŰɧˊɘŮɠ 

ŮˊɘůəɏɣŮɘɠ əŬɘ ɓɟɑůəɞɜŰŬɜ ŮɜůŬəɘůɛɏɜŬ ůŮ əɚɎůɛŬŰŬ Űɤɜ 1.6 ï 2.0 cm Űɤɜ 9 ï 10 kg 

Űɞ əŬɗɏɜŬ. Ⱥˊɘˊɚɏɞɜ ɔɘŬ Űɞ ŭŮɑɔɛŬ L8 Ůɚɐűɗɖ Ůˊɘˊɚɏɞɜ ŮɜůŬəɘůɛɏɜɞ ŭŮɑɔɛŬ ɛŮɔɏɗɞɡɠ 

5.0 ï 6.0 cm əŬɘ ɓɎɟɞɡɠ 9 - 10 kg. Ƀɘ ŰɟŮɘɠ ŰŮɚŮɡŰŬɑŮɠ ůŰɐɚŮɠ Űɞɡ ˊɑɜŬəŬ 7.1 

ůɡɔəŮɜŰɟɩɜɞɡɜ ŰŬ ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ɛŬɠ ɩɗɖůŬɜ ɜŬ ŮˊɘɚɏɝɞɡɛŮ ŰŬ 

ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɠ ɤɠ Ɏɜɤ ɔŮɤɔɟŬűɘəɏɠ ˊŮɟɘɞɢɏɠ. Ƀ ůŰɧɢɞɠ ɛŬɠ ɐŰŬɜ ɜŬ ɡˊɎɟɢŮɘ 

ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɤɠ ˊɟɞɠ Űɖɜ ŭɞɛɐ, Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ əŬɘ Űɖɜ 

ɞɟɡəŰɞɚɞɔɑŬ. 
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7.2 ũŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ˊŮɟɘɞɢɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

Ƀɘ ɔŮɤɔɟŬűɘəɏɠ ˊŮɟɘɞɢɏɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬŰŬɜɏɛɞɜŰŬɘ ůŰɖ ɓɧɟŮɘŬ, ȾŮɜŰɟɘəɐ 

əŬɘ ɁɧŰɘŬ ȺɚɚɎŭŬ. ȹɨɞ ŭŮɑɔɛŬŰŬ (L1, L2) ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ɜɖůɘɤŰɘəɐ ˊŮɟɘɞɢɐ 

Űɞɡ ɢɩɟɞɡ Űɖɠ ŪɎůɞɡ. ȼ ˊŮɟɘɞɢɐ Űɖɠ ɁɧŰɘŬɠ ȺɚɚɎŭŬɠ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ Űɞ 

ŭŮɑɔɛŬ L3 (ˊŮɟɘɞɢɐ ɇɟɑˊɞɚɖɠ). ɇɟɑŬ (3) ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ 

ȾŮɜŰɟɘəɐ ȺɚɚɎŭŬɠ əŬŰŬɜɏɛɞɜŰŬɘ ůŮ ŭɨɞ ˊɧɚŮɘɠ. ɇŬ ŭɨɞ (2) ŭŮɑɔɛŬŰŬ (L4, L11) 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȾŬɟŭɑŰůŬɠ əŬɘ Űɞ ɏɜŬ ŭŮɑɔɛŬ (L9) Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ 

Űɖɠ ȿɎɟɘůŬɠ. ɇɏůůŮɟŬ (4) ŭŮɑɔɛŬŰŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ 

ȸɧɟŮɘŬɠ ȺɚɚɎŭŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ŭŮɑɔɛŬ L5 Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɤɜ ũɟŮɓŮɜɩɜ əŬɘ Űɞ 

L6 Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȾŬɓɎɚŬɠ. Ⱥˊɘˊɚɏɞɜ, ŰŬ ŭŮɑɔɛŬŰŬ L7 əŬɘ L8 ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

Űɘɠ ɔŮɘŰɞɜɘəɏɠ ˊŮɟɘɞɢɏɠ ȾɞɕɎɜɖɠ əŬɘ ũɘŬɜɜɘŰůɩɜ ŬɜŰɑůŰɞɘɢŬ. ɇɏɚɞɠ, Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ 

Űɖɠ ȷŰŰɘəɐɠ ˊɟɞɏɟɢŮŰŬɘ ɏɜŬ ŭŮɑɔɛŬ (L10).  
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ɆɢɐɛŬ 7.1. ɇɞˊɞɔɟŬűɘəɧɠ ɢɎɟŰɖɠ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ ɗɏůŮɘɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɤɜ ŬůɓŮůŰɞɚɑɗɤɜ 

əŬɘ Űɤɜ ɛŬɟɛɎɟɤɜ 
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ɄɑɜŬəŬɠ 7.1: ȷɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ɔɘŬ Űɞ əɚɎůɛŬ ɛŮɔɏɗɞɡɠ 1.6-2.0 cm əŬɘ ˊŬɟŬɔɧɛŮɜɞɘ ɎůɓɖůŰɞɘ ŬůɓɏůŰŮɠ ɛŮ 

Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ əɤŭɘəɞɑ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ. 

 

  
ȸɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ 

 

Ⱦɤŭɘəɧɠ 

ŭŮɑɔɛŬŰɞɠ 
ɀŬəɟɞůəɞˊɑŬ ȹɞɛɐ ɉɖɛɘəɐ ůɨůŰŬůɖ ɃɟɡəŰɞɚɞɔɑŬ* 

L1 
ȿŮɡəɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ, ɛŮ 

ŮɜůŰɟɩůŮɘɠ ɡˊɧűŬɘɞɡ ɢɟɩɛŬŰɞɠ 
ɀɎɟɛŬɟɞ 

(ɀŮůɞəɟɡůŰŬɚɚɘəɧ) 

Ʉɚɞɨůɘɞ ůŮ 

ɀŬɔɜɐůɘɞ 
>>** Dol 

L2 ȿŮɡəɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ 
ɀɎɟɛŬɟɞ 

(ȷŭɟɞəɟɡůŰŬɚɚɘəɧ) 

Ʉɚɞɨůɘɞ ůŮ 

ȷůɓɏůŰɘɞ 
>>Cal 

L3 

ūŬɘɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ, ɛŮ 

ɛɘəɟɞŭɘŬəɚɎůŮɘɠ ˊɚɖɟɤɛɏɜŮɠ ɛŮ 

ŭŮɡŰŮɟɞɔŮɜɏɠ ɡɚɘəɧ 
ȷůɓŮůŰɧɚɘɗɞɠ 

ɆɢŮŰɘəɎ ˊɚɞɨůɘɞ ůŮ 

ɀŬɔɜɐůɘɞ 

>>Cal 

Dol 

L4 Ɇəɞɨɟɞɡ ɛˊŮɕ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ 
ȷůɓŮůŰɧɚɘɗɞɠ 

(ɚŮˊŰɧəɞəəɞɠ) 

Ʉɚɞɨůɘɞ ůŮ 

ȷůɓɏůŰɘɞ 

>>Cal 

L5 ȿŮɡəɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ 
ȷůɓŮůŰɧɚɘɗɞɠ 

(ɚŮˊŰɧəɞəəɞɠ) 

Ʉɚɞɨůɘɞ ůŮ 

ȷůɓɏůŰɘɞ 

>>Cal 

L6 ȿŮɡəɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ 
ɀɎɟɛŬɟɞ 

(ɀŮůɞəɟɡůŰŬɚɚɘəɧ) 

Ʉɚɞɨůɘɞ ůŮ 

ȷůɓɏůŰɘɞ 

>>Cal 

L7 

ȷɜɞɘəŰɞɨ űŬɘɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ 

ˊɏŰɟɤɛŬ. ȹɘŬůɢɑɕŮŰŬɘ Ŭˊɧ űɚŮɓɑŭɘŬ əŬɘ 

ɛɘəɟɞŭɘŬəɚɎůŮɘɠ ˊɚɖɟɤɛɏɜŬ ŭŮɡŰŮɟɞɔŮɜɩɠ 
ɛŮ ŬŭɟɞəɟɡůŰŬɚɚɘəɧ ɡɚɘəɧ 

ȷůɓŮůŰɧɚɘɗɞɠ 

(ȷŭɟɧəɞəəɞɠ) 

Ʉɚɞɨůɘɞ ůŮ 

ɀŬɔɜɐůɘɞ 

>>Dol 

Cal 

L8 

ɇŮűɟɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ. 

ȹɘŬůɢɑɕŮŰŬɘ Ŭˊɧ űɚŮɓɑŭɘŬ ˊɚɖɟɤɛɏɜŬ 

ŭŮɡŰŮɟɞɔŮɜɩɠ ɛŮ ŬŭɟɞəɟɡůŰŬɚɚɘəɧ ɡɚɘəɧ 

ȷůɓŮůŰɧɚɘɗɞɠ 

(ȿŮˊŰɧəɞəəɞɠ) 

Ʉɚɞɨůɘɞ ůŮ 

ȷůɓɏůŰɘɞ 
>>Cal 

L9 

Ɇəɞɨɟɞɡ űŬɘɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ 

ˊɏŰɟɤɛŬ. ȹɘŬůɢɑɕŮŰŬɘ Ŭˊɧ űɚŮɓɑŭɘŬ 

ˊɚɖɟɤɛɏɜŬ ŭŮɡŰŮɟɞɔŮɜɩɠ ɛŮ 

ŬŭɟɞəɟɡůŰŬɚɚɘəɧ ɡɚɘəɧ 

ȷůɓŮůŰɧɚɘɗɞɠ 

(ȿŮˊŰɧəɞəəɞɠ) 

ɆɢŮŰɘəɎ ˊɚɞɨůɘɞ ůŮ 

ɀŬɔɜɐůɘɞ 

Cal 

Dol 

L10 
ȷɜɞɘəŰɞɨ űŬɘɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ 

ˊɏŰɟɤɛŬ 
ȷůɓŮůŰɧɚɘɗɞɠ 

(ȷŭɟɧəɞəəɞɠ) 

Ʉɚɞɨůɘɞ ůŮ 

ȷůɓɏůŰɘɞ 

>>Cal 

L11 
ȿŮɡəɞɨ ɢɟɩɛŬŰɞɠ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ ˊɞɡ 

ŭɘŬůɢɑɕŮŰŬɘ Ŭˊɧ űɚŮɓɑŭɘŬ 
ɀɎɟɛŬɟɞ 

(ȷŭɟɞəɟɡůŰŬɚɚɘəɧ) 

Ʉɚɞɨůɘɞ ůŮ 

ȷůɓɏůŰɘɞ 

>>Cal 

*: Cal ŬůɓŮůŰɑŰɖɠ, Dol: ŭɞɚɞɛɑŰɖɠ 

**: >> ŮˊɘəɟŬŰɞɨůŬ űɎůɖ ůŮ ˊɞůɞůŰɧ ˊɎɜɤ Ŭˊɧ 95%. 
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7.3 ũŮɤɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ˊŮɟɘɞɢɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ɇŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɚŬŰɞɛŮɑŬ ŭɘŬűɞɟŮŰɘəɩɜ ˊŮɟɘɞɢɩɜ Űɖɠ ȺɚɚɎŭɞɠ. ȹɘŬəɟɑɜɞɜŰŬɘ ůŮ 

ŬůɓŮůŰɧɚɘɗɞɡɠ əŬɘ ɛɎɟɛŬɟŬ. ȼ ŭŮɘɔɛŬŰɞɚɖɣɑŬ əŬɚɨˊŰŮɘ Űɞ ůɨɜɞɚɞ Űɤɜ ɔŮɤɚɞɔɘəɩɜ 

ŮɜɞŰɐŰɤɜ Űɞɡ ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ (Ɇɢ. 7.1 əŬɘ 7.2).  

ȹŮɑɔɛŬ L1, 2: ŪɎůɞɠ 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ŪɎůɞɡ  ɔŮɤɚɞɔɘəɎ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ Űɖɠ Ʌɞŭɧˊɖɠ 

(Dixon and Dimitriadis 1984; ȾŬŰůɘəɎŰůɞɠ 1992). ɀŮ ŮɝŬɑɟŮůɖ ɛŮɟɘəɞɨɠ ɛɘəɟɐɠ 

ɏəŰŬůɖɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɞɡ ɇɟɘŰɞɔŮɜɞɨɠ əŬɘ ɇŮŰŬɟŰɞɔŮɜɞɨɠ, ůŰɖ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ Űɖɠ 

ŪɎůɞɡ ɛŮŰɏɢɞɡɜ ŬˊɞəɚŮɘůŰɘəɎ ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŮ ůɡɜŮɢŮɑɠ ŮɜŬɚɚŬɔɏɠ ŬɜɗɟŬəɘəɩɜ əŬɘ ɔɜŮɡůɘŬəɩɜ ɐ ůɢɘůŰɞɚɘɗɘəɩɜ ůŰɟɤɛɎŰɤɜ.  

 

ɆɢɐɛŬ  7.2. ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ ɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ ˊɞɡ ŬˊŬɜŰɞɨɜ ůŰɞɜ 

ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

 

ȹŮɑɔɛŬ L3: ɇɟɑˊɞɚɖ 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ɇɟɑˊɞɚɖɠ ɔŮɤɚɞɔɘəɎ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ ũŬɓɟɧɓɞɡ-

ɇɟɑˊɞɚɖɠ (Ɇɢ. 7.2, ȺɝɤŰŮɟɘəɏɠ ȺɚɚɖɜɑŭŮɠ). ȼ ŮɜɧŰɖŰŬ ŬɡŰɐ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ŬɜɗɟŬəɘəɐ ɜɖɟɘŰɘəɐ ɘɕɖɛŬŰɞɔɏɜŮůɖ Ŭˊɧ Űɞ ɇɟɘŬŭɘəɧ ɏɤɠ ɃɚɘɔɧəŬɘɜɞ (Fleury 1980; 

ȾŬŰůɘəɎŰůɞɠ 1992). ȼ ɘɕɖɛŬŰɞɔɏɜŮůɖ ɎɟɢɘůŮ ůŰɞ ȷɜɩŰŮɟɞ ɇɟɘŬŭɘəɧ ɛŮ ŭɞɚɞɛɑŰŮɠ 
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əŬɘ ůɡɜŮɢɑůŰɖəŮ ɛɏɢɟɘ Űɞ ȷɜɩŰŮɟɞ ȼɩəŬɘɜɞ, ŬˊɞəɚŮɘůŰɘəɎ ɛŮ ɜɖɟɖŰɘəɞɨɠ, əŬɘ 

ɛŮɟɘəɏɠ űɞɟɏɠ ɚŬŰɡˊɞˊŬɔŮɑɠ ˊɚɞɨůɘɞɡɠ ůŮ ŬˊɞɚɘɗɩɛŬŰŬ, ŬůɓŮůŰɧɚɘɗɞɡɠ.  

ȹŮɑɔɛŬ L4, L11: ȾŬɟŭɑŰůŬ 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ȾŬɟŭɑŰůŬɠ ŬɜɐəŮɘ ůŰɖɜ ɈˊɞˊŮɚŬɔɞɜɘəɐ ɕɩɜɖ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ 

ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ůŰɟɤɛŬŰɞɔɟŬűɘəɏɠ-ŰŮəŰɞɜɘəɏɠ ŭɘŬŭɞɢɏɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ Űɖɠ 

(ȾŬŰůɘəɎŰůɞɠ 1992). ȷɡŰɐ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɧɜɞ Űɖɜ ɞűɘɞɚɘɗɘəɐ ŬəɞɚɞɡɗɑŬ əŬɘ 

ɘɕɐɛŬŰŬ ɓŬɗɘɎɠ ɗɎɚŬůůŬɠ ɢɤɟɑɠ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɜɏɜŬ ŰŮəŰɞɜɘəɧ ɡˊɧɓŬɗɟɞ ŬɡŰɩɜ, 

ŬɡŰɐ ůŰɖɜ ɞˊɞɑŬ ɞɘ ɞűɘɧɚɘɗɞɘ ɛŮ ŰŬ ůɡɜɞŭɎ ɘɕɐɛŬŰŬ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɖ ˊɎɜɤ ůŮ 

ˊŮɚŬɔɘəɎ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ əɘ ŮəŮɑɜɖ ˊɞɡ ɞɘ ɞűɘɧɚɘɗɞɘ ɛŮ ŰŬ ůɡɜɞŭɎ ɘɕɐɛŬŰŬ 

ŮˊɤɗɞɨɜŰŬɘ ˊɎɜɤ ůŮ ɜɖɟɘŰɘəɎ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ɖˊŮɘɟɤŰɘəɞɨ ˊŮɟɘɗɤɟɑɞɡ. 

ȹŮɑɔɛŬ L5: ũɟŮɓŮɜɎ 

ȳɛɞɘŬ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȾŬɟŭɑŰůŬɠ, ɖ ˊŮɟɘɞɢɐ Űɤɜ ũɟŮɓŮɜɩɜ ɔŮɤɚɞɔɘəɎ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ɈˊɞˊŮɚŬɔɞɜɘəɐ ɕɩɜɖ, ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ůŰɟɤɛŬŰɞɔɟŬűɘəɏɠ-ŰŮəŰɞɜɘəɏɠ ŭɘŬŭɞɢɏɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ Űɖɠ.  

ȹŮɑɔɛŬ L6: ȾŬɓɎɚŬ 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ȾŬɓɎɚŬɠ ɔŮɤɚɞɔɘəɎ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ Űɖɠ Ʌɞŭɧˊɖɠ 

(Jacobshagen 1986). ȼ ɛɎɕŬ Űɖɠ Ʌɞŭɧˊɖɠ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɡɞ ŰŮəŰɞɜɘəɏɠ ɛɞɜɎŭŮɠ: Űɖɜ 

ŬɜɩŰŮɟɖ ŰŮəŰɞɜɘəɐ ŮɜɧŰɖŰŬ Űɞɡ ɆɘŭɖɟɧɜŮɟɞɡ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɞɟɗɞɔɜŮɨůɘɞɡɠ, 

ɛŬɟɛŬɟɡɔɘŬəɞɨɠ ůɢɘůŰɧɚɘɗɞɡɠ, ŬɛűɘɓɞɚɑŰŮɠ, ɚŮˊŰɏɠ ŮɜůŰɟɩůŮɘɠ ɛŬɟɛɎɟɤɜ əŬɘ 

ɛɘɔɛŬŰɑŰŮɠ əŬɘ ůŰɖɜ əŬŰɩŰŮɟɖ ŰŮəŰɞɜɘəɐ ŮɜɧŰɖŰŬ Űɞɡ ɄŬɔɔŬɑɞɡ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ɏɜŬɜ əŬŰɩŰŮɟɞ ɞɟɑɕɞɜŰŬ ɛŮ ɞɟɗɞɔɜŮɨůɘɞɡɠ, ůɢɘůŰɧɚɘɗɞɡɠ əŬɘ ŬɛűɘɓɞɚɑŰŮɠ, ɏɜŬɜ 

ɛŮůŬɑɞ ɞɟɑɕɞɜŰŬ ɛŬɟɛɎɟɤɜ əŬɘ ɏɜŬɜ ŬɜɩŰŮɟɞ ɛŮ ŮɜŬɚɚŬɔɏɠ ůɢɘůŰɞɚɑɗɤɜ əŬɘ 

ɛŬɟɛɎɟɤɜ. 

ȹŮɑɔɛŬ L7: ȾɞɕɎɜɖ 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ȾɞɕɎɜɖɠ ɔŮɤɚɞɔɘəɎ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ, ˊɞɡ 

ůɡɔəɟɞŰŮɑŰŬɘ Ŭˊɧ Űɞ ɡˊɧɓŬɗɟɞ, Űɞɡɠ ɔɜŮɡůɘɤɛɏɜɞɡɠ ɔɟŬɜɑŰŮɠ, ŰŬ ɄŮɟɛɞ-ɇɟɘŬŭɘəɎ 

ˊŮŰɟɩɛŬŰŬ, ŰŬ ŭɨɞ ŬɜɗɟŬəɘəɎ əŬɚɨɛɛŬŰŬ ɇɟɘŬŭɘəɞɨ-ȽɞɡɟŬůɘəɞɡ, Űɞɡɠ ɞűɘɞɚɑɗɞɡɠ 

əŬɘ ŰŬ ȷɜɤŰɟɘŬŭɘəɎ ŮˊɘəɚɡůɘɔɜŮɐ ɘɕɐɛŬŰŬ (ȾŬŰůɘəɎŰůɞɠ 1992). 

ȹŮɑɔɛŬ L8: ũɘŬɜɜɘŰůɎ  

ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ɜŮɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ: 

¶ ɆŮɘɟɎ ɛŬɟɔŬɘəɩɜ ŬůɓŮůŰɞɚɑɗɤɜ əŬɘ ɛŬɟɔɩɜ (ɚɘɛɜŬɑŬ űɎůɖ) 

¶ ɊŬɛɛɘŰɞɛŬɟɔŬɥəɐ ůŮɘɟɎ (ɚɘɛɜɞɗŬɚɎůůɘŬ űɎůɖ) 

¶ ȷŭɟɞɛŮɟɐ əɚŬůŰɘəɎ ɘɕɐɛŬŰŬ (ɡűɎɚɛɡɟɖ űɎůɖ) 
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¶ ŰŮŰŬɟŰɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ: 

¶ ȷˊɞɗɏůŮɘɠ əɡɟɑɤɠ ˊɞŰŬɛɩɜ əŬɘ ɢŮɑɛŬɟɟɤɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŰɖɜ ˊŮŭɘɎŭŬ 

¶ ɄɚŮɡɟɘəɎ əɞɟɐɛŬŰŬ əŬɘ əɩɜɞɘ əɞɟɖɛɎŰɤɜ ůŰɞ ɜɧŰɘɞ ˊɟŬɜɏɠ Űɖɠ ɞɟŮɘɜɐɠ 

ɛɎɕŬɠ.  

ɆŰɞ ȸȹ ŰɛɐɛŬ ŬɜŬˊŰɨůůɞɜŰŬɘ ŰŬ ɘɕɐɛŬŰŬ Űɤɜ ɡˊɞɕɤɜɩɜ ɄɎɥəɞɡ əŬɘ ɄɟɞˊŬɘɞɜɑŬɠ, 

əŬɗɩɠ əŬɘ ɛŬɔɛŬŰɘəɎ ˊŮŰɟɩɛŬŰŬ. 

Ɉˊɞɕɩɜɖ ɄɎɥəɞɡ 

¶ ȽɕɐɛŬŰŬ ŬɛŮŰŬɛɧɟűɤŰŬ əŬɘ ɛŮŰŬɛɞɟűɤɛɏɜŬ: 

¶ ȹɞɚɞɛɑŰŮɠ, ŬůɓŮůŰɧɚɘɗɞɘ ɜɖɟɖŰɘəɞɑ əŬɘ ˊŮɚŬɔɘəɞɑ, ȷɜ. ȾɟɖŰɘŭɘəɧ. 

¶ ūɚɨůɢɖɠ Űɖɠ ɓɎůɖɠ Űɞɡ ȾɟɖŰɘŭɘəɞɨ, ŮɜŬɚɚŬɔɏɠ ɣŬɛɛɘŰɩɜ, ˊɖɚɘŰɩɜ əŬɘ 

ŬůɓŮůŰɞɚɑɗɤɜ. 

¶ ȷůɓŮůŰɧɚɘɗɞɘ Ⱦɟɩɛɖɠ: ŰŮűɟɧɛŬɡɟɞɘ ŬůɓŮůŰɧɚɘɗɞɘ əŬɘ ŭɞɚɞɛɑŰɖɠ, Ⱦ. 

ȾɟɖŰɘŭɘəɧ. 

¶ ɆŮɘɟɎ ůˊɖɚɘŰɩɜ-əŮɟŬŰɞűɡɟɩɜ, ȷɜ. ȽɞɡɟŬůɘəɧ. 

¶ ɆɢɖɛŬŰɘůɛɧɠ ũəɟɧˊɖɠ: ɛɎɟɛŬɟŬ ɚŮɡəɎ ɢŬɚŬɕɘŬəɎ əŬɘ ůɘˊɞɚɑɜŮɠ, ȷɜ. 

ȽɞɡɟŬůɘəɧ. 

¶ ȼűŬɘůŰŮɘɞɘɕɖɛŬŰɞɔŮɜɐɠ ůɢɖɛŬŰɘůɛɧɠ ȿɘɓŬŭɘɩɜ: ůɨɛˊɚŮɔɛŬ ůɢɘůŰɞɚɑɗɤɜ, 

ɢŬɚŬɕɘŰɩɜ, ɣŬɛɛɘŰɩɜ əŬɘ ˊɟɞűɡɟɞŮɘŭɩɜ, ůˊɖɚɘŰɩɜ, ȷɜ. ȽɞɡɟŬůɘəɧ. 

¶ ɆŮɘɟɎ ȾŬɜŰɎŰůɘ: ɀɎɟɛŬɟŬ, ůɘˊɞɚɑɜŮɠ əŬɘ ůɢɘůŰɧɚɘɗɞɘ ɀ. ȾɟɖŰɘŭɘəɧ. 

Ɉˊɞɕɩɜɖ ɄɟɞˊŬɘɞɜɑŬɠ 

ɄŮŰɟɩɛŬŰŬ ɛŮŰŬɛɞɟűɤɛɏɜŬ əŬɘ ɖɛɘɛŮŰŬɛɞɟűɤɛɏɜŬ: 

¶ ȷůɓŮůŰɧɚɘɗɞɘ ũɟɑɓŬ: ȷůɓŮůŰɧɚɘɗɞɘ ɛŮ ˊŬɜɑŭŬ ȷɜ. ȽɞɡɟŬůɘəɐ. 

¶ ȼűŬɘůŰŮɘɞɘɕɖɛŬŰɞɔŮɜɐɠ ůɢɖɛŬŰɘůɛɧɠ ȾŬůŰŬɜŮɟɐɠ: ɆɨɛˊɚŮɔɛŬ ůɢɘůŰɞɚɑɗɤɜ, 

ˊɡɟɞəɚŬůŰɘəɩɜ ɣŬɛɛɘŰɩɜ, ŰɞűűɘŰɩɜ, əŬɘ ˊɞɟűɡɟɞŮɘŭɩɜ ɛŮ ŮɜůŰɟɩůŮɘɠ 

ŬůɓŮůŰɞɚɑɗɤɜ, ȾɘɛɛŮɟɑŭɘɞɜ 

¶ ȷůɓŮůŰɧɚɘɗɞɘ ũəɧɚŬ ɇůɞɨəŬ: ɀɎɟɛŬɟŬ əŬɘ ŭɞɚɞɛɑŰŮɠ, ɇɟɘŬŭɘəɧ-ȽɞɡɟŬůɘəɧ. 

ɀŬɔɛŬŰɘəɎ ˊŮŰɟɩɛŬŰŬ 

¶ ũɟŬɜɑŰɖɠ ūŬɜɞɨ: ȸɘɞŰɘŰɘəɧɠ, ŬˊŬŰɘŰɘəɧɠ ɔɟŬɜɑŰɖɠ ɛŮ ɛŬɔɛŬŰɘəɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ɛɞɜɕɞɜɘŰɘəɞɨ ɔɟŬɜɑŰɖ, ȷɜ. ȽɞɡɟŬůɘəɧ. 

¶ Ƀűɘɞɚɘɗɘəɧ ůɨɛˊɚŮɔɛŬ: ȹɘŬɓɎůŮɠ, ɚɎɓŮɠ, ɔɎɓɓɟɞɘ əŬɘ ɢŬɚŬɕɘŬəɞɑ ŭɘɞɟɑŰŮɠ. 

ȹŮɑɔɛŬ L9: ȿɎɟɘůŬ 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ȿɎɟɘůŬɠ ɔŮɤɚɞɔɘəɎ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ 

(ȾŬŰůɘəɎŰůɞɠ 1992).  ɆŰɖɜ ˊŮɟɘɞɢɐ ŬˊŬɜŰɞɨɜ ˊŮŰɟɩɛŬŰŬ Űɞɡ ȷɚˊɘəɞɨ ɡˊɞɓɎɗɟɞɡ, 
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ˊɚŮɘɞəŬɘɜɘəɎ-ˊɚŮɘůŰɞəŬɘɜɘəɎ ɘɕɐɛŬŰŬ əŬɘ ɜŮɩŰŮɟŮɠ ŬɜɤˊɚŮɘůŰɞəŬɘɜɘəɏɠ-ɞɚɞəŬɘɜɘəɏɠ 

ɢŮɟůŬɑŮɠ ŬˊɞɗɏůŮɘɠ.  Ƀɘ ˊɚŮɘɞ-ˊɚŮɘůŰɞəŬɘɜɘəɏɠ ŬˊɞɗɏůŮɘɠ ŬˊɞŰŮɚɞɨɜ ɖˊŮɘɟɤŰɘəɏɠ 

ɚɘɛɜŬɑŮɠ ˊɞŰŬɛɞɚɘɛɜŬɑŮɠ ŬˊɞɗɏůŮɘɠ. ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ ŬɟɔɘɚɞŬɛɛɞɨɢɤɜ 

əŬɘ ŬɟɔɘɚɞɛŬɟɔŬɥəɩɜ ɘɕɖɛɎŰɤɜ ɛŮ Ŭɟɔɑɚɞɡɠ, Ɏɛɛɞɡɠ, ɚŮˊŰɧəɞəəɞɡɠ ɖɛɘůɡɜŮəŰɘəɞɨɠ 

ɣŬɛɛɑŰŮɠ, ɣɖűɘŭɞˊŬɔɐ, ŬɛɛɞɨɢŮɠ ɛɎɟɔŮɠ ɛŮ ŭɘŬůŰŬɡɟɞɨɛŮɜɖ ůŰɟɩůɖ, ůɡɜŮəŰɘəɞɨɠ 

ɛŬɟɔŬɥəɞɨɠ ŬůɓŮůŰɞɚɑɗɞɡɠ, ŰɟŬɓŮɟŰɘɜɞŮɘŭŮɑɠ ŬůɓŮůŰɞɚɑɗɞɡɠ, ŭɘŬŰɞɛɑŰŮɠ. 

ȹŮɑɔɛŬ L10: ȷŰŰɘəɐ 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ȷŰŰɘəɐɠ ŬɜɐəŮɘ ůŰɖɜ ɈˊɞˊŮɚŬɔɞɜɘəɐ ɕɩɜɖ Ůɜɩ ůŰɞ ȷɜŬŰɞɚɘəɧ 

Űɖɠ ŰɛɐɛŬ, ŬˊɞŰŮɚŮɑ Űɖ ȹɡŰɘəɐ ˊɟɞɏəŰŬůɖ Űɖɠ ȷŰŰɘəɞ-ȾɡəɚŬŭɘəɐɠ ɕɩɜɖɠ 

(ɄŬˊŬɜɘəɞɚŬɞɡ ə.Ŭ. 2004, ɀˊŬɕɘɩŰɖɠ 2008; Mposkos et al. 2010).  
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ɞ ˊŮɘɟŬɛŬŰɘəɧ ɛɏɟɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ ɢɤɟɑɕŮŰŬɘ ůŮ 

ŰɏůůŮɟŬ Ůˊɘɛɏɟɞɡɠ əŮűɎɚŬɘŬ.  ɆŰɞ əŮűɎɚŬɘɞ 8 ɗŬ ŬɜŬɚɡɗɞɨɜ ɞɘ ˊŮɘɟŬɛŬŰɘəɏɠ 

ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ůŰŬ əŮűɎɚŬɘŬ Űɖɠ ɛŮɚɏŰɖɠ əŬɘ Űɞɡ 

ɢŬɟŬəŰɖɟɘůɛɞɨ Űɧůɞ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ (əŮű 9) ɧůɞ əŬɘ Űɤɜ 

ˊɟɞəɡˊŰɞɡůɩɜ ˊɞɘɞŰɐŰɤɜ ŬůɓɏůŰɖ (əŮű 11). ɇŬ Ůˊɘɛɏɟɞɡɠ ˊŮɘɟɎɛŬŰŬ Űɖɠ ɏɣɖůɖɠ 

əŬɘ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰŬ ɞɘəŮɑŬ əŮűɎɚŬɘŬ (əŮű 10, 12). 

8.1 ɄŮɘɟŬɛŬŰɘəɏɠ ɛŮɗɞŭɞɚɞɔɑŮɠ Űɞɡ əŮűŬɚŬɑɞɡ 9: ɀŮɚɏŰɖ əŬɘ 

ɢŬɟŬəŰɖɟɘůɛɧɠ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ  

8.1.1ȾɞəəɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ ɛŮ əɧůəɘɜŬ 

ȷɟɢɘəɎ ŰŬ ŭŮɑɔɛŬŰŬ Űɤɜ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ (ŬůɓŮůŰɧɚɘɗɞɘ, ŭɞɚɞɛɘŰɘəɞɑ 

ŬůɓŮůŰɧɚɘɗɞɘ) ˊɏɟŬůŬɜ Ŭˊɧ Űɞ ůŰɎŭɘɞ əɞůəɘɜɑɛŬŰɞɠ ɛŮ ɛɘŬ ůŮɘɟɎ Űɡˊɘəɩɜ əoůəɑɜɤɜ 

ASTM ï ANALYSENSIEB RETSCH (ȺɘəɧɜŬ 8.1). ɇɞ ˊɟɞɠ ŮɝɏŰŬůɖ ŭŮɑɔɛŬ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ əɧůəɘɜɞ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ɞˊɐ, Ŭˊɧ Űɞ ɞˊɞɑɞ, ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ 

Űɞɡ ŭŮɑɔɛŬŰɞɠ ŭɘɏɟɢŮŰŬɘ ɧɚɖ ɖ ˊɞůɧŰɖŰŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ɛŮ ɞɟɘɕɧɜŰɘŮɠ əŬɘ əɎɗŮŰŮɠ 

əɘɜɐůŮɘɠ, ˊɞɡ ˊŮɟɘɞŭɘəɎ ůɡɜɞŭŮɨɞɜŰŬɘ ɛŮ ˊɟɞůŮəŰɘəɏɠ ŬɜŬŰɘɜɎɝŮɘɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, 

ɔɑɜŮŰŬɘ Űɞ əɞůəɑɜɘůɛŬ Űɞɡ ɡɚɘəɞɨ. ɇɞ ɡɚɘəɧ ˊɞɡ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ əɧůəɘɜɞ ůɡɚɚɏɔŮŰŬɘ 

ůŮ əŬŰɎɚɚɖɚŮɠ ˊɚŬŰɨůŰɞɛŮɠ ɚŮəɎɜŮɠ. ɇɞ əɞůəɑɜɘůɛŬ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɏɚɖɝŮ ɧŰŬɜ 

ŰɞˊɞɗŮŰɩɜŰŬɠ ɏɜŬ Ɏůˊɟɞ ɢŬɟŰɑ əɎŰɤ Ŭˊɧ Űɞ əɧůəɘɜɞ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ ŭŮɜ ŭɘɏɟɢŮŰŬɘ 

Ɏɚɚɞ ɡɚɘəɧ. ȼ ŭɘŬŭɘəŬůɑŬ Űɞɡ əɞůəɘɜɑůɛŬŰɞɠ, ɧˊɤɠ ŬɡŰɐ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ, 

ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ əŬɘ ɛŮ Ůɘŭɘəɏɠ ɛɖɢŬɜɏɠ əɞůəɘɜɑůɛŬŰɞɠ (Ⱥɘə. 8.2). ɆŰɘɠ ůɡůəŮɡɏɠ ŬɡŰɏɠ 

ŰŬ əɧůəɘɜŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ Űɞ ɏɜŬ ŮˊɎɜɤ ůŰɞ Ɏɚɚɞ ɛŮ Űɞ əɧůəɘɜɞ ɛŮɔŬɚɨŰŮɟɖɠ ɞˊɐɠ 

ůŰɖɜ əɞɟɡűɐ əŬɘ ɡˊɞŭɞɢɏŬ ůɡɚɚɞɔɐɠ Űɞɡ ɚŮˊŰɧŰŮɟɞɡ ɡɚɘəɞɨ ůŰɞ Űɏɚɞɠ. ȽŭɘŬɑŰŮɟɖ 

ˊɟɞůɞɢɐ ŬˊŬɘŰŮɑŰŬɘ ůŰɖ ɢɟɐůɖ Űɤɜ ɛɖɢŬɜɩɜ ŬɡŰɩɜ ɔɘŬ Űɖɜ ŭɘŬˊɑůŰɤůɖ Űɖɠ ɚɐɝɖɠ 

Űɞɡ əɞůəɘɜɑůɛŬŰɞɠ. ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɤɜ ɛŮŰɟɐůŮɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ əɚɎůɛŬ 1,6 

- 2 cm. ȺˊɘˊɟɞůɗɏŰɤɠ ɔɘŬ ɏɜŬ ŬɜɗɟŬəɘəɧ ˊɏŰɟɤɛŬ (L8) ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ əɚɎůɛŬ 

ɛɘəɟɧŰŮɟɞ Űɤɜ 3 mm əŬɘ ɏɜŬ ɗɟŬɨůɛŬ 5 - 6 cm. 

                                        

T 
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ȺɘəɧɜŬ 8.1: ɇɡˊɘəɐ ůŮɘɟɎ əɞůəɑɜɤɜ. 

 

 

 

 

ȺɘəɧɜŬ 8.2: ɆɡůəŮɡɐ əɞůəɑɜɖůɖɠ (ɛɞɜŰɏɚɞ RP08). 

8.1.2 ɉɖɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ  ICP 

8.1.2.1 ūŬůɛŬŰɞůəɞˊɑŬ ȷŰɞɛɘəɐɠ Ⱥəˊɞɛˊɐɠ (AȺS) 

ȼ űŬůɛŬŰɞůəɞˊɑŬ ŬŰɞɛɘəɐɠ Ůəˊɞɛˊɐɠ (Atomic Emission Spectroscopy) 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ űɎůɛŬ Ůəˊɞɛˊɐɠ ŭɘŮɔŮɟɛɏɜɤɜ ŬŰɧɛɤɜ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ 

əɨɟɘɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɘɢɜɞůŰɞɘɢŮɑɤɜ ůŰɞɘɢŮɑɤɜ ůŮ ŭɘŬɚɨɛŬŰŬ (ȳɝŮɜəɘɞɡɜ 1997, 2003, 

Wheeler 1999).  
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ȼ ˊɖɔɐ Űɞɡ űɎůɛŬŰɞɠ Ůəˊɞɛˊɐɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ɘəŬɜɐ ɜŬ ŬŰɛɞˊɞɘŮɑ Űɞ ˊɟɞɠ ŬɜɎɚɡůɖ ŭŮɑɔɛŬ, ɜŬ ŭɘŬůˊɎ Űɘɠ ɢɖɛɘəɏɠ ŮɜɩůŮɘɠ ˊɞɡ 

ɡˊɎɟɢɞɡɜ ůŮ ŬɡŰɧ əŬɘ ɜŬ ŭɘŮɔŮɑɟŮɘ ŰŬ ɎŰɞɛŬ əŬɘ ɘɧɜŰŬ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. ȼ ˊŬɟŬˊɎɜɤ 

ŬəɞɚɞɡɗɑŬ ŭɘŮɟɔŬůɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɛŮ Űɖ ɢɟɐůɖ ˊɚɎůɛŬŰɞɠ
1
. ȼ 

ŰŮɢɜɘəɐ ɛŮ ɢɟɐůɖ ˊɚɎůɛŬŰɞɠ ŮɑɜŬɘ ɖ ɞɜɞɛŬɕɧɛŮɜɖ çűŬůɛŬŰɞůəɞˊɑŬ ŬŰɞɛɘəɐɠ 

Ůəˊɞɛˊɐɠ ɛŮ ŮˊŬɔɤɔɘəɐ ůɨɕŮɡɝɖ ˊɚɎůɛŬŰɞɠè (Inductively Plasma Atomic Emission 

Spectroscopy ɐ ICP-AES). ɄɚŮɧɜŮəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ůɨɔɢɟɞɜɖ 

ŭɘɏɔŮɟůɖ ɧɚɤɜ Űɤɜ ŬŰɧɛɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ ˊɞɚɡůŰɞɘɢŮɘŬəɐ ŬɜɎɚɡůɖ ŬɡŰɞɨ. 

8.1.2.1.1 ȷɟɢɐ ȿŮɘŰɞɡɟɔɑŬɠ & ɃɟɔŬɜɞɚɞɔɑŬ ICP-AES 

ȼ ŰŮɢɜɘəɐ Ůɘůɐɢɗɖ Űɞ 1975 ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ůŮɘɟɎɠ ɘɢɜɞůŰɞɘɢŮɑɤɜ. ȼ 

ˊɖɔɐ Űɞɡ ˊɚɎůɛŬŰɞɠ ŮˊŬɔɤɔɘəɐɠ ůɨɕŮɡɝɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 3 ůɡɔəŮɜŰɟɘəɞɨɠ 

ɢŬɚŬɕɘŬəɞɨɠ əɡɚɑɜŭɟɞɡɠ ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ŭɘɞɢŮŰŮɨŮŰŬɘ Űɞ ɘɞɜɘɕɧɛŮɜɞ Ŭɏɟɘɞ Ŭɟɔɞɨ ɛŮ 

ɛŮɔɎɚɖ ŰŬɢɨŰɖŰŬ, űŰɎɜɞɜŰŬɠ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 6000 ɏɤɠ 10000 

0
Ⱦ (ɆɢɐɛŬ 8.1).  

 
ɆɢɐɛŬ 8.1. ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Ŭˊɧ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ  ŭŮɑɔɛŬŰɞɠ ɏɤɠ Űɖɜ ŰŮɚɘəɐ ɛŮŰŬűɞɟɎ 

ŭŮŭɞɛɏɜɤɜ ůŮ ɡˊɞɚɞɔɘůŰɐ. (ȷɟɔɡɟɎəɖ 2007). 

ɇɞ ˊɟɞɠ ŬɜɎɚɡůɖ ŭɘɎɚɡɛŬ ŮɘůɎɔŮŰŬɘ ůŰɞ ˊɚɎůɛŬ ɛŮ ɛɞɟűɐ ŬŮɟɞɕɧɚ 

ˊŮɟɜɩɜŰŬɠ Ŭˊɧ Űɞɜ ŮəɜŮűŮɚɤŰɐ. ȷəɞɚɞɡɗŮɑ ɖ ŭɘɏɔŮɟůɖ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ŮɝŬɘŰɑŬɠ Űɖɠ 

ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ. ɇŬ ůŰɞɘɢŮɑŬ Ůəˊɏɛˊɞɡɜ ŬəŰɘɜɞɓɞɚɑŬ ɛŮ ɛɐəɞɠ əɨɛŬŰɞɠ Űɞ 

əɎɗŮ ɏɜŬ, ŬɟəŮŰɎ ůŰŮɜɧ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ ůɨůŰŬůɐɠ Űɞɡ. ɇɞ ɛɘəɟɧ ˊɎɢɞɠ Űɤɜ 

                                                
1 ȷɟɢɘəɎ ŬɜŬˊŰɨɢɗɖəŮ ɖ ŰŮɢɜɘəɐ Űɖɠ ŭɘɏɔŮɟůɖɠ űɎůɛŬŰɞɠ Ůəˊɞɛˊɐɠ ɛŮ űɚɧɔŬ ɤůŰɧůɞ ŮɑɢŮ 

ˊŮɟɘɞɟɘůɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɚɧɔɤ Űɖɠ ɛɘəɟɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɜ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ 

ɐŰŬɜ ɜŬ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ŮˊŬɟəɩɠ ɛɧɜɞ ŰŬ ŬɚəɎɚɘŬ Ⱦ əŬɘ Ɂa, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŭŮɜ 

ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ŭɘŮɔŮɑɟɞɡɜ ŰŬ ɎŰɞɛŬ ɛɖ ŬɚəŬɚɘəɩɜ ɛŮŰɎɚɚɤɜ. 
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ɔɟŬɛɛɩɜ Űɞɡ űɎůɛŬŰɞɠ Ůəˊɞɛˊɐɠ ˊŬɟɏɢŮɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ ůŰɞ ɜŬ ɛɖɜ 

ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ, əŬɘ ɏŰůɘ ɛˊɞɟɞɨɜ əŬɘ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ˊɞɚɚɎ 

ɢɖɛɘəɎ ůŰɞɘɢŮɑŬ ůŰɞ ŭŮɑɔɛŬ. ȰɜŬɠ ˊɞɚɡɢɟɤɛɎŰɞɟŬɠ, ŬˊɞɛɞɜɩɜŮɘ ůŰɖ ůɡɜɏɢŮɘŬ ŰŬ 

ŭɘŬűɞɟŮŰɘəɎ ɛɐəɖ əɨɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɖɠ ɞˊɞɑŬɠ ɖ ɏɜŰŬůɖ ɛŮŰɟɘɏŰŬɘ ůŮ ɏɜŬ 

ůɨůŰɖɛŬ ŬɜɘɢɜŮɡŰɩɜ. 

8.1.2.1.2 ȷɜŬɚɡŰɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ï ˊɟɞůŭɘɞɟɘůɛɧɠ ůɡɔəɏɜŰɟɤůɖɠ ůŰɞɘɢŮɑɤɜ 

ɀŮ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞ ɖ ɛɏŰɟɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ůŰɞɘɢŮɑɤɜ 

ɔɑɜŮŰŬɘ ɛŮ ɢɟɐůɖ əŬɛˊɨɚɤɜ ɓŬɗɛɞɜɧɛɖůɖɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɔɟŬɛɛɘəɏɠ ɔɘŬ ɛŮɔɎɚɞ 

Ůɨɟɞɠ ůɡɔəŮɜŰɟɩůŮɤɜ. ȿɧɔɤ Űɤɜ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ ŬŰɞɛɞˊɞɑɖůɖɠ Ŭəɧɛɖ əŬɘ 

ŰŬ ŬɜɗŮəŰɘəɧŰŮɟŬ ɢɖɛɘəɎ ůŰɞɘɢŮɑŬ (B, P, Sn, U, Zr, Nb) ŬŰɞɛɞˊɞɘɞɨɜŰŬɘ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏɢɞɡɜ ŬɟəŮŰɎ ɢŬɛɖɚɧ ɧɟɘɞ ŬɜɘɢɜŮɡůɘɛɧŰɖŰŬɠ  

8.1.2.2 ɉɖɛɘəɏɠ ȷɜŬɚɨůŮɘɠ 

Ƀɘ ɢɖɛɘəɏɠ ŬɜŬɚɨůŮɘɠ Űɞɡ Ŭɟɢɘəɞɨ ŬəŬŰɏɟɔŬůŰɞɡ ˊŮŰɟɩɛŬŰɞɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ ɛŮ ŭɘɏɔŮɟůɖ ˊɚɎůɛŬŰɞɠ. 500 

g Ŭɟɢɘəɞɨ ŭŮɑɔɛŬŰɞɠ ɗɟɡɛɛŬŰɑůŰɖəŬɜ ůŮ ŰŮɛɎɢɘŬ ˊŮɟɑˊɞɡ 0.3 cm, ŰŬ ɞˊɞɑŬ ɏˊŮɘŰŬ 

Ŭˊɧ ŬɜɎɛɘɝɖ əŬɘ ɚɐɣɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɞɨ ŭŮɑɔɛŬŰɞɠ, ˊŮɟɑˊɞɡ 200 g, əɞɜɘɞˊɞɘɐɗɖəŬɜ 

ůŮ ɛɨɚɞ əŬɟɓɘŭɑɤɜ ɓɞɚűɟŬɛɑɞɡ. ɇŬ əɨɟɘŬ ůŰɞɘɢŮɑŬ əŬɘ ɘɢɜɞůŰɞɘɢŮɑŬ 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ Ůəˊɞɛˊɐɠ ɛŮ ŭɘɏɔŮɟůɖ 

ˊɚɎůɛŬŰɞɠ (ɓɚ. ˊŬɟŬˊɎɜɤ), ɏˊŮɘŰŬ Ŭˊɧ Űɐɝɖ ɛŮ LiBO2 əŬɘ ŭɘŬɚɡŰɞˊɞɑɖůɖ ɛŮ ɜɘŰɟɘəɧ 

ɞɝɨ Űɖɠ ůəɧɜɖɠ ˊŮŰɟɩɛŬŰɞɠ. ȷˊɞɛŬəɟɨɜɗɖəŮ Űɞ əɟɡůŰŬɚɚɘəɧ ɜŮɟɧ ɛŮ ɗɏɟɛŬɜůɖ 

ůŰɞɡɠ 1000
0
C ɔɘŬ ˊŮɟɑˊɞɡ 1 ɩɟŬ. ȼ ŬˊɩɚŮɘŬ ˊɨɟɤůɖɠ (LOI) ˊɟɞůŭɘɞɟɑůŰɖəŮ Ŭˊɧ Űɖ 

ůɡɜɞɚɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ ɓɎɟɞɡɠ. ɇŬ ɧɟɘŬ ŬɜɘɢɜŮɡůɘɛɧŰɖŰŬɠ ɔɘŬ ŰŬ əɨɟɘŬ ůŰɞɘɢŮɑŬ 

ŮɑɜŬɘ (ůŮ %ə.ɓ.):  <0.04 ɔɘŬ SiO2, Fe2O3t əŬɘ K2O, <0.03 ɔɘŬ Űɞ Al2O3 əŬɘ <0.01 ɔɘŬ 

ŰŬ TiO2, MnO, MgO, CaO, Na2O əŬɘ P2O5. ɇŬ ɧɟɘŬ ŬɜɘɢɜŮɡůɘɛɧŰɖŰŬɠ ɔɘŬ ŰŬ 

ɘɢɜɞůŰɞɘɢŮɑŬ (ůŮ ppm) ŮɑɜŬɘ: <0.5 ɔɘŬ ŰŬ Ba, Hf, Nb, Rb, Sr əŬɘ Zr, <1 ɔɘŬ Űɞ Be, <0.1 

ɔɘŬ ŰŬ Cs, Pb, Ta, Th, U, Y əŬɘ Ni, <5 ɔɘŬ Űɞ V əŬɘ <7 ɔɘŬ Űɞ Cr. Ƀɘ ɢɖɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ ɞɚɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ɓɟɑůəɞɜŰŬɘ ůŰŬ ȾŮűɎɚŬɘŬ 9 əŬɘ 11. 

8.1.3 ɉɖɛɘəɧɠ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ əŬɘ Űɞɡ ŬŭɘɎɚɡŰɞɡ 

ɡˊɞɚŮɑɛɛŬŰɞɠ  

ɇɞ ɞɟɔŬɜɘəɧ ɡɚɘəɧ ɛŮŰɟɐɗɖəŮ ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɞɝŮɑŭɤůɖ Űɞɡ ɛŮ 

ɡˊŮɟɞɝŮɑŭɘɞ Űɞɡ ɡŭɟɞɔɧɜɞɡ (H2O2) ůɨɛűɤɜŬ ɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ ŭɘŬŭɘəŬůɑŬ (Jackson 

1974): ůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 80 
0
C, ŭɘŬɓɟɏɢɞɜŰŬɘ 10 g əɞɜɘɞˊɞɘɖɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ 

20 g ɜŮɟɞɨ. ȷəɞɚɞɨɗɤɠ, ˊɟɞůŰɑɗŮŰŬɘ ɡˊŮɟɞɝŮɑŭɘɞ Űɞɡ ɡŭɟɞɔɧɜɞɡ (H2O2) ůŮ 
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ˊɞůɧŰɖŰŮɠ 5ml (ɛɏɢɟɘ ˊɞůɧŰɖŰŬ 30ml) ɡˊɧ ůɡɜŮɢɐ ŬɜɎŭŮɡůɖ. ɇɞ ůɨůŰɖɛŬ 

űɡɔɞəŮɜŰɟŮɑŰŬɘ ůŰɞɡɠ 80 
0
C ɔɘŬ 3 ɩɟŮɠ. ȰˊŮɘŰŬ ɝŮˊɚɏɜŮŰŬɘ əŬɘ ɝɖɟŬɑɜŮŰŬɘ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ əɎŰɤ Ŭˊɧ 80 
0
C ɔɘŬ 12 ɩɟŮɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɝɎɚŮɘɣɖ 

əɎɗŮ ɑɢɜɞɡɠ ůəɞɨɟɞɡ ɢɟɩɛŬŰɞɠ. ȼ ŬˊɩɚŮɘŬ ɛɎɕŬɠ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɖɜ Ŭɟɢɘəɐ ɛɎɕŬ, 

ŬˊɞŰŮɚŮɑ Űɞ ɞɟɔŬɜɘəɧ ˊŮɟɘŮɢɧɛŮɜɞ. 

ɇɞ ŬŭɘɎɚɡŰɞ ɡˊɧɚŮɘɛɛŬ ɡˊɞɚɞɔɑůŰɖəŮ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ §4.7.3, EN 

459-2:2001. ȼ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŬŭɘɎɚɡŰɞɡ, ůŰɞ 

ɡŭɟɞɢɚɤɟɘəɧ ɞɝɨ, ɡˊɞɚŮɑɛɛŬŰɞɠ Űɤɜ ŬɜɗɟŬəɘəɩɜ ɞɟɡəŰɩɜ. ȷɟɢɘəɎ ɕɡɔɑɕɞɜŰŬɘ 1 g 

ŭŮɑɔɛŬŰɞɠ, ɛŬɕɑ ɛŮ 5-10 ml Ŭˊɘɞɜɘůɛɏɜɞɡ ɜŮɟɞɨ əŬɘ ˊɟɞůŰɑɗŮɜŰŬɘ ůŮ ŭɞɢŮɑɞ Űɤɜ 

250ml, ɏɢɞɜŰŬɠ ŭɘŬɚɡɗŮɑ ɛŮ ɡŭɟɞɢɚɤɟɘəɧ ɞɝɨ 25 ml (1:1). ȰˊŮɘŰŬ Ŭˊɧ ɗɏɟɛŬɜůɖ ɔɘŬ 

ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ 2 ɚŮˊŰɩɜ, Űɞ ɛɑɔɛŬ ŭɘŬɚɨŮŰŬɘ ɛŮ 50 ml Ŭˊɘɞɜɘůɛɏɜɞɡ ɜŮɟɞɨ. 

ȷɛɏůɤɠ ɛŮŰɎ, ɛɏůɤ Ůɜɧɠ űɑɚŰɟɞɡ ˊɞɚɨ ɛɘəɟɞɨ ˊɞɟɩŭɞɡɠ (ɢŬɛɖɚɧɠ ɟɡɗɛɧɠ 

űɑɚŰɟŬɜůɖɠ), Űɞ ɛɑɔɛŬ ŭɘɖɗŮɑŰŬɘ əŬɘ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ŭɞɢŮɑɞ Űɤɜ 250 ml. ɇɞ 

ɡˊɧɚŮɘɛɛŬ Űɖɠ űɑɚŰɟŬɜůɖɠ ŮəˊɚɨɜŮŰŬɘ ɛŮ 10 ml ɗŮɟɛɞɨ ɡŭɟɞɢɚɤɟɘəɞɨ ɞɝɏɞɠ əɘ 

ɏˊŮɘŰŬ ɛŮ ɗŮɟɛɧ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ. ȷəɞɚɞɡɗŮɑ ɖ əɞɜɘɞˊɞɑɖůɖ Űɞɡ əŬŰŬəɟŬŰɖɗɏɜŰɞɠ 

ůŰɞ űɑɚŰɟɞ ɡɚɘəɞɨ əŬɘ ɗɏɟɛŬɜůɐ Űɞɡ ůŰɞɡɠ 1000 Ñ50 
0
C ɛɏɢɟɘ ůŰŬɗŮɟɞɨ ɓɎɟɞɡɠ. 

ɇɏɚɞɠ Űɞ ŭŮɑɔɛŬ ŬűɐɜŮŰŬɘ ɜŬ ɣɡɢɗŮɑ ŮɚŮɨɗŮɟŬ ůŮ ɝɖɟŬɜŰɐɟŬ əŬɘ ŰŮɚɘəɎ ɕɡɔɑɕŮŰŬɘ. 

8.1.4 ɄŮɟɘɗɚŬůɘɛŮŰɟɑŬ ŬəŰɑɜɤɜ-ɉ (X-ray Diffraction  - XRD)  

8.1.4.1 Ʉɟɞůŭɘɞɟɘůɛɧɠ ɞɟɡəŰɩɜ űɎůŮɤɜ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ˊŮŰɟɩɛŬŰɞɠ əŬɘ Űɞɡ 

ŬŭɘɎɚɡŰɞɡ ɡˊɞɚŮɑɛɛŬŰɞɠ 

ȼ ɛɏɗɞŭɞɠ Űɖɠ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬɠ ŬəŰɑɜɤɜ-ɉ (XRD) ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŮɟɑɗɚŬůɖ 

ɛɞɜɞɢɟɤɛŬŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŬəŰɑɜɤɜ ɉ, ɔɜɤůŰɞɨ ɛɐəɞɡɠ əɨɛŬŰɞɠ ɚ, ŮˊɎɜɤ ůŰŬ 

ŮˊɑˊŮŭŬ Űɞɡ əɟɡůŰŬɚɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ŮɜɩůŮɤɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɛɏůɤ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ɔɤɜɑŬɠ ɗ, Űɤɜ ŮůɤŰŮɟɘəɩɜ ŭɘŬůŰɖɛɎŰɤɜ d 

Űɤɜ Ůˊɘˊɏŭɤɜ ɛŮ ŮűŬɟɛɞɔɐ Űɖɠ Ůɝɑůɤůɖɠ Űɞɡ Bragg: 

 

n ɚ = 2 d sinɗ 

ɇɞ n ˊŬɑɟɜŮɘ Űɘɛɏɠ 1, 2, 3, é əŬɘ ɞɜɞɛɎɕŮŰŬɘ ŰɎɝɖ Űɖɠ ˊŮɟɑɗɚŬůɖɠ. ɇŬ 

ˊɟɞůŭɘɞɟɘůɗɏɜŰŬ d ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ əɎɗŮ əɟɡůŰŬɚɚɘəɐ ɏɜɤůɖ əŬɘ ɛŮ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡɠ ɔɑɜŮŰŬɘ ŬɜŬɔɜɩɟɘůɖ Űɖɠ ɏɜɤůɖɠ ɐ Űɤɜ ŮɜɩůŮɤɜ ˊɞɡ ůɡɜɘůŰɞɨɜ 

Űɖɜ ŮɝŮŰŬɕɧɛŮɜɖ ɞɡůɑŬ (ɄɞɘɞŰɘəɐ ŬɜɎɚɡůɖ). ȼ ɏɜŰŬůɖ Űɖɠ ˊŮɟɘɗɚɧɛŮɜɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ əɎɗŮ ɔɤɜɑŬ ɗ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɖɠ əɟɡůŰŬɚɚɘəɐɠ 

ɏɜɤůɖɠ. ȰŰůɘ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ ɛɘŬɠ ɏɜɤůɖɠ ɛŮ əŬŰɎɚɚɖɚɖ ɛɏŰɟɖůɖ 

Űɖɠ ɏɜŰŬůɖɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ ŮˊɘɚŮɔɛɏɜɖ ɔɤɜɑŬ ɗ. 
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ɇŬ ŭŮɑɔɛŬŰŬ ˊɟɞɠ ŬɜɎɚɡůɖ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ɞɛɞɔŮɜɐ. ũɘŬ 

Űɞɜ ɚɧɔɞ ŬɡŰɧ Űɞ ŭŮɑɔɛŬ əɞɜɘɞˊɞɘŮɑŰŬɘ əŬɘ ɞɛɞɔŮɜɞˊɞɘŮɑŰŬɘ. ȼ ůəɧɜɖ ŰɞˊɞɗŮŰŮɑŰŬɘ 

ůŰɞɜ ŭŮɘɔɛŬŰɞűɞɟɏŬ əŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ɔɡŬɚɘɞɨ ŬˊɞəŰɎ ŮˊɑˊŮŭɖ ŮˊɘűɎɜŮɘŬ. Ƀ 

ŭŮɘɔɛŬŰɞűɞɟɏŬɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ˊŮɟɘɗɚŬůɑɛŮŰɟɞ əŬɘ ɛɏůɤ Űɞɡ ɡˊɞɚɞɔɘůŰɐ ŬɟɢɑɕŮɘ ɖ 

ŬɜɎɚɡůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ȾɎɗŮ ŭŮɑɔɛŬ ŬəŰɘɜɞɓɞɚɐɗɖəŮ ɔɘŬ ɏɜŬ Ůɨɟɞɠ ɔɤɜɘɩɜ Ŭˊɧ 5 

ɏɤɠ 70 ɛɞɑɟŮɠ.  

ũɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ Űɖɠ ˊŮɟɑɗɚŬůɖɠ ŬəŰɑɜɤɜ-ɉ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɧɟɔŬɜɞ D5000 Űɖɠ ŮŰŬɘɟŮɑŬɠ SIEMENS, ɛŮ ˊɖɔɐ ŬəŰɑɜɤɜ-ɉ Ⱦa 

Cu (ɚ=1.54184 ¡) əŬɘ űɑɚŰɟɞ ɛɞɜɞɢɟɤɛɎŰɞɟŬ Ni. Ƀɘ ůɡɜɗɐəŮɠ ɛŮɚɏŰɖɠ ɐŰŬɜ: 

ŭɘɎůŰɖɛŬ 5-70
o
, ɓɐɛŬ 0.02

o
/sec, ŰɎůɖ ɟŮɨɛŬŰɞɠ 35 KV əŬɘ ɏɜŰŬůɖ ɟŮɨɛŬŰɞɠ 25 mA. 

ɇŬ ŬəŰɘɜɞŭɘŬɔɟɎɛɛŬŰŬ ɛŮɚŮŰɐɗɖəŬɜ ɛŮ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊŬəɏŰɞ DIFFRAC. ɇɞ 

ůɨůŰɖɛŬ Űɖɠ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬɠ ŬəŰɑɜɤɜ-ɉ ɓɟɑůəŮŰŬɘ ůŰŬ ŮɟɔŬůŰɐɟɘŬ Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ 

ũŮɤɚɞɔɘəɩɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ (ȽũɀȺ). ɇŬ ŬəŰɘɜɞŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ 

ŬůɓŮůŰɧɚɘɗɤɜ əŬɘ Űɞɡ ŬŭɘɎɚɡŰɞɡ ɡˊɞɚŮɑɛɛŬŰɞɠ Űɤɜ ŬůɓŮůŰɧɚɘɗɤɜ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ 

ˊŬɟɎɟŰɖɛŬ ȷ. 

8.1.5 ȼɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ (Scanning Electron Microscopy - 

SEM) 

ȷɜŬɚɡŰɘəɐ ŭɘŮɟŮɨɜɖůɖ ůŮ ɚŮˊŰɏɠ ůŰɘɚˊɜɏɠ Űɞɛɏɠ (ŬůɓŮůŰɧɚɘɗɞɘ-ɛɎɟɛŬɟŬ) 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ (Scanning Electron 

microscope-SEM). Ɇəɞˊɧɠ ɐŰŬɜ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ɛɘəɟɞŭɞɛɐ, Űɞ Ůɑŭɞɠ, ůɢɏůɖ əŬɘ ɖ 

ɢɖɛŮɑŬ Űɤɜ ɞɟɡəŰɞɚɞɔɘəɩɜ ůɡůŰŬŰɘəɩɜ. Ƀɘ ŬɜŬɚɨůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰŬ 

ŮɟɔŬůŰɐɟɘŬ Űɖɠ Ɇɢɞɚɐɠ ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ ɀŮŰŬɚɚɞɡɟɔɩɜ Űɞɡ Ⱥɗɜɘəɞɨ 

ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ əŬɘ Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ ũŮɤɚɞɔɘəɩɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ 

ȺɟŮɡɜɩɜ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ Űɨˊɞɡ JEOL JSM-

5600 ůɡɜŭŮŭŮɛɏɜɞ ɛŮ űŬůɛŬŰɧɛŮŰɟɞ ŬɜɎɚɡůɖɠ ŮɜŮɟɔŮɘɩɜ OXFORD LINK  ISIS 3000 

(EDXS) (EDS). Ƀɘ ůɡɜɗɐəŮɠ ɛɏŰɟɖůɖɠ ɐŰŬɜ: ŰɎůɖ 15 kV, ɏɜŰŬůɖ ŭɏůɛɖɠ ɟŮɨɛŬŰɞɠ 5 

nA, ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ ɛɏŰɟɖůɖɠ 100s əŬɘ ŭɘɎɛŮŰɟɞɠ ŭɏůɛɖɠ 4-8 

ɛm. ɋɠ ˊɟɧŰɡˊŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɟɡəŰɎ əŬɘ ůɡɜɗŮŰɘəɎ ɡɚɘəɎ: ɢŬɚŬɕɑŬɠ (ɔɘŬ Si), 

ŬůɓŮůŰɑŰɖɠ (ɔɘŬ Ca), əɞɟɞɨɜŭɘɞ (ɔɘŬ Al), ɓɞɚɚŬůŰɞɜɑŰɖɠ (ɔɘŬ Ca), ůɘŭɖɟɞˊɡɟɑŰɖɠ (ɔɘŬ 

Fe), ŬŭɞɡɚɎɟɘɞɠ (ɔɘŬ K) əŬɘ ɥŬŭŮɥŰɖɠ (ɔɘŬ Na). ȳɚŬ ŰŬ ůŰɞɘɢŮɑŬ ɛŮŰɟɐɗɖəŬɜ ɛŮ Űɞ 

ůɨůŰɖɛŬ ŬɜɎɚɡůɖɠ ŮɜŮɟɔŮɘɩɜ (Energy Dispersive System-EDS). ɇŬ ŭŮɑɔɛŬŰŬ 

ŮˊɘɛŮŰŬɚɚɩɗɖəŬɜ ɛŮ ɎɜɗɟŬəŬ ɔɘŬ ˊɞůɞŰɘəɐ əŬɘ ˊɞɘɞŰɘəɐ ɛŮɚɏŰɖ, Ůɜɩ ɔɘŬ Űɖɜ 

ˊŬɟŬŰɐɟɖůɖ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ ɛŮɚŮŰɐɗɖəŬɜ ɢɤɟɑɠ ŮˊɘɛŮŰɎɚɚɤůɖ.  
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8.1.6 ɄŮŰɟɞɔɟŬűɘəɧ ɛɘəɟɞůəɧˊɘɞ 

ɇɞ ˊɞɚɤŰɘəɧ ɐ ˊŮŰɟɞɔɟŬűɘəɧ ɛɘəɟɞůəɧˊɘɞ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɞ əɞɘɜɧ 

ɛɘəɟɞůəɧˊɘɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɘɠ ɓɘɞɚɞɔɘəɏɠ əŬɘ ɘŬŰɟɘəɏɠ ŮˊɘůŰɐɛŮɠ ůŰɞ ɧŰɘ ɏɢŮɘ 

ůŰɟŮűɧɛŮɜɖ ŰɟɎˊŮɕŬ əŬɘ ŭɨɞ ˊɞɚɤŰɘəɎ űɑɚŰɟŬ, Űɞɜ ˊɞɚɤŰɐ əŬɘ Űɞɜ ŬɜŬɚɡŰɐ. ɆŰɖ 

ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ˊɞɚɤŰɘəɎ ɛɘəɟɞůəɧˊɘŬ Űɤɜ ŮɟɔŬůŰɖɟɑɤɜ 

Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ ũŮɤɚɞɔɘəɩɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ əŬɘ Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ 

ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ. ɇŬ əɡɟɘɧŰŮɟŬ ɛɏɟɖ Űɞɡ 

ˊɞɚɤŰɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ ŮɑɜŬɘ ɞ ˊɞɚɤŰɐɠ əŬɘ ɞ ŬɜŬɚɡŰɐɠ. Ƀ ˊɞɚɤŰɐɠ ŮɑɜŬɘ 

ŰɞˊɞɗŮŰɖɛɏɜɞɠ Ŭəɟɘɓɩɠ ˊɎɜɤ Ŭˊɧ Űɖ űɤŰŮɘɜɐ ˊɖɔɐ Ůɜɩ ɞ ŬɜŬɚɡŰɐɠ ɓɟɑůəŮŰŬɘ ˊɎɜɤ 

Ŭˊɧ Űɞɡɠ ŬɜŰɘəŮɘɛŮɜɘəɞɨɠ űŬəɞɨɠ əŬɘ ˊŬɟŮɛɓɎɚɚŮŰŬɘ ůŰɖɜ ˊɞɟŮɑŬ Űɞɡ űɤŰɧɠ əŬŰɎ 

ɓɞɨɚɖůɖ.  

ɆɡɜɞɚɘəɎ ɛŮɚŮŰɐɗɖəŬɜ 11 ɚŮˊŰɏɠ Űɞɛɏɠ ŬůɓŮůŰɞɚɑɗɤɜ əŬɘ ɛŬɟɛɎŰɤɜ ɛŮ Űɖ 

ɢɟɐůɖ Űɞɡ ˊɞɚɤŰɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ. ɇɞ ˊɞɚɤŰɘəɧ ɛɘəɟɞůəɧˊɘɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɘůŰɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ Ŭɟɢɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ 

(ŭɘɎəɟɘůɖ ɛŬɟɛɎɟɞɡ/ŬůɓŮůŰɞɚɑɗɞɡ), Űɖɜ ˊɞůɞŰɘəɐ ůɡɛɛŮŰɞɢɐ Űɤɜ ŭɘŬűɧɟɤɜ 

ɞɟɡəŰɩɜ əŬɘ Űɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɧəəɤɜ. ȺŰɞɘɛɎůŰɖəŬɜ Ůɘŭɘəɏɠ 

ɚŮˊŰɏɠ Űɞɛɏɠ ɞɘ ɞˊɞɑŮɠ ɚŮɘɎɜɗɖəŬɜ əŬɘ ŰŮɚɘəɩɠ ůŰɘɚɓɩɗɖəŬɜ ɛŮ ůəɞˊɧ Űɖɜ 

ˊɞɘɞŰɘəɧŰŮɟɖ ˊŬɟŬŰɐɟɖůɖ. Ƀɘ ɘůŰɞɚɞɔɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ əŮűɎɚŬɘɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ (ȾŮű. 9). ȼ ˊɞůɞŰɘəɐ ůɡɛɛŮŰɞɢɐ 

Űɤɜ ŭɘŬűɧɟɤɜ ɞɟɡəŰɩɜ ůɡůŰŬŰɘəɩɜ ůɡɔəɟɑɜŮŰŬɘ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬ ŬəŰɑɜɤɜ-ɉ ŭɑɜɞɜŰŬɘ ůŰo ŬɜŰɑůŰɞɘɢo əŮűɎɚŬɘo 9 

əŬɘ Űɞ ˊŬɟɎɟŰɖɛŬ ȷ. 

ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ 

əɧəəɤɜ ŬɜŬɚɨŮŰŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ:  

(1) ɄɟɞůŮəŰɘəɐ űɤŰɞɔɟɎűɘůɖ ɛŮ ɛɘəɟɐ ɛŮɔɏɗɡɜůɖ (ŬˊɞŰɨˊɤůɖ ɛŮɔɎɚɖɠ 

ŮˊɘűɎɜŮɘŬɠ), 

(2) ɄŮɟŬɘŰɏɟɤ űɤŰɞɔɟɎűɘůɖ ɛɏɢɟɘ əɎɚɡɣɖɠ ɧɚɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ 

ɚŮˊŰɐɠ Űɞɛɐɠ (əɎɗŮ ɚŮˊŰɐ Űɞɛɐ əŬɚɨűɗɖəŮ Ŭˊɧ 30 űɤŰɞɔɟŬűɑŮɠ) 

(3) ȺɘůŬɔɤɔɐ űɤŰɞɔɟŬűɘɩɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ COREL DRAW (Ȱəŭɞůɖ 

16),  

(4) ɀɏŰɟɖůɖ ɛɏɔɘůŰɖɠ-ŮɚɎɢɘůŰɖɠ ŭɘɎůŰŬůɖɠ əɧəəɞɡ (ɓɎůŮɘ əɚɑɛŬəŬɠ 

űɤŰɞɔɟŬűɑŬɠ),  
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(5) ȷˊɧ əɎɗŮ űɤŰɞɔɟŬűɑŬ ɛŮŰɟɐɗɖəŮ Űɞ 70-80% Űɤɜ əɧəəɤɜ, 

(6) ȹɖɛɘɞɡɟɔɑŬ űɨɚɚɞɡ EXCEL ɛŮ ůəɞˊɧ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

Űɘɛɩɜ ůŮ əŮɚɘɎ, 

(7) ȺɝŬɔɤɔɐ ɛɏůɤɜ Űɘɛɩɜ əŬɘ ɛɏɔɘůŰɞɡ ɛŮɔɏɗɞɡɠ əɧəəɤɜ. 

ɆŰɞ əŮűɎɚŬɘɞ 9 ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊŮŰɟɞɔɟŬűɘəɐ ŬɜɎɚɡůɖ Űɤɜ ɛŮɚŮŰɖɗɏɜŰɤɜ 

ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ. Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɧəəɤɜ əŬɘ ɖ 

ˊɞůɞŰɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ɞɟɡəŰɩɜ ůŰɞ ˊɏŰɟɤɛŬ ɏɔɘɜŮ ɛŮ űɤŰɞɔɟŬűɘəɐ ŬɜɎɚɡůɖ 11 

űɤŰɞɔɟŬűɘɩɜ (ŮɜɤɛɏɜŮɠ ɔɘŬ ɧɚɖ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ Űɞɛɐɠ) ɛŮ ɢɟɐůɖ Űɤɜ 

ˊɟɞɔɟŬɛɛɎŰɤɜ CorelDraw (Ȱəŭɞůɖ 16) əŬɘ ImageFit (Ȱəŭɞůɖ 15).   

8.1.7 ūŬůɛŬŰɞůəɞˊɑŬ Raman ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɞɟɡəŰɩɜ űɎůŮɤɜ 

8.1.7.1 ɆɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ 

ȼ űŬůɛŬŰɞůəɞˊɑŬ Raman ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ɏɜŬ ŮˊɘˊɟɧůɗŮŰɞ ŮɟɔŬɚŮɑɞ 

ŬɜŮɝɎɟŰɖŰɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ŬɜɗɟŬəɘəɩɜ ɞɟɡəŰɩɜ (ŬůɓŮůŰɑŰɖɠ, ŭɞɚɞɛɑŰɖɠ) əŬɘ 

Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ Ŭˊɧ Űɖɜ ɏɣɖůɖ, ŬůɓɏůŰɖ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɡůəŮɡɐ Raman 

ɞɛɞŮůŰɘŬəɞɨ Űɨˊɞɡ RM1000B Űɖɠ Renishaw, Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɃɟɡəŰɞɚɞɔɑŬɠ-

ɄŮŰɟɞɚɞɔɑŬɠ-ȾɞɘŰŬůɛŬŰɞɚɞɔɑŬɠ Űɞɡ ŰɞɛɏŬ ũŮɤɚɞɔɘəɩɜ ŮˊɘůŰɖɛɩɜ Űɖɠ Ɇɢɞɚɐɠ 

ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ ɀŮŰŬɚɚɞɡɟɔɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ. ȼ 

ɚɐɣɖ Űɤɜ űŬůɛɎŰɤɜ Raman ɏɔɘɜŮ ɡˊɧ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ~25 
0
C 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ əɧəəɘɜɞ ɚɏɘɕŮɟ He-Ne ůɡɢɜɧŰɖŰŬɠ 632.817 nm. ȼ ŭɏůɛɖ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɢŮ ŭɘɎɛŮŰɟɞ ˊŮɟɑˊɞɡ 5 ɛm əŬɘ ŮɜɏɟɔŮɘŬ < 5 mW. Ƀ 

ŬɜŰɘəŮɘɛŮɜɘəɧɠ űŬəɧɠ Űɞɡ ɛɘəɟɞůəɞˊɑɞɡ ŮɑɢŮ ɛŮɔɏɗɡɜůɖ Ĭ100 (ɄɟŬɔɛŬŰɘəɐ 

ɛŮɔɏɗɡɜůɖ Ĭ 1000). ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɤɜ ŮˊɘŭɟɎůŮɤɜ Ŭˊɧ ɔŮɘŰɞɜɘəɎ ɞɟɡəŰɎ, 

ŬˊɧůˊŬůɖɠ ŬɜɗɟŬəɘəɞɨ ɡɚɘəɞɨ, ɗɏɟɛŬɜůɖɠ, ůŰɑɚɓɤůɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, ɏɔɘɜŮ ŮůŰɑŬůɖ 

əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜɗɟŬəɞɨɢɞɡ ɡɚɘəɞɨ ɛŮ ɢɟɧɜɞ ɚɐɣɖɠ Űɞɡ űɎůɛŬŰɞɠ 100 

sec.  

ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ űŬůɛɎŰɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ɧˊɤɠ: 

ɛɏɔɘůŰɞ ˊɚɎŰɞɠ ůŰɞ ɐɛɘůɡ Űɞɡ ɛɏɔɘůŰɞɡ ɨɣɞɡɠ (FWHM), ɨɣɞɠ, ŮɛɓŬŭɧ əŬɘ ɗɏůɖ Űɖɠ 

Raman ɕɩɜɖɠ (Raman band). ɇŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ˊɟɞůŬɟɛɧɕɞɜŰŬɠ 

ɏɜŬ ɛɑɔɛŬ Gaussian-Laurenztian əŬɛˊɡɚɩɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊŬəɏŰɞ 

Grams32 ˊɞɡ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɖ Renishaw.  
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8.1.7.2 ɀɏɗɞŭɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŭɘŬɔɟŬɛɛɎŰɤɜ Raman  

ȼ əŬŰŬɜɧɖůɖ əɘ ŮɟɛɖɜŮɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ Raman 

ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ ɛɑŬ Ůɨəɞɚɖ ɡˊɧɗŮůɖ. ɄŬɟŬɛɏɜŮɘ ɛɑŬ ůɢŮŰɘəɎ ɢɟɞɜɞɓɧɟɞɠ ŭɘŬŭɘəŬůɑŬ 

ŮɝŬɘŰɑŬɠ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ əŬɘ ŬəŬɜɧɜɘůŰɖɠ ŭɞɛɐɠ Űɞɡ űɎůɛŬŰɞɠ Raman. ɇŬ 

ŰɡˊɘəɎ űɎůɛŬŰŬ Raman ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŬɟəŮŰɏɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ əɞɟɡűɏɠ, 

ŭɘŬűɞɟŮŰɘəɐɠ ɏɜŰŬůɖɠ, ˊɚɎŰɞɡɠ, əɘ ɏɜŬ Ůɡɟɨ ůɐɛŬ ɗɞɟɨɓɞɡ. ȼ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɩɜ 

Űɤɜ űŬůɛɎŰɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ůɡɜŰŬɑɟɘŬůɛŬ, Űɞɡ ůɢɐɛŬŰɞɠ əŬɘ Űɖɠ ɗɏůɖɠ ɧɚɤɜ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɗɏůŮɤɜ Raman, ɛŮ ŮűŬɟɛɞɔɐ ůɨɜɗŮŰɤɜ ɛŬɗɖɛŬŰɘəɩɜ 

ůɡɜŬɟŰɐůŮɤɜ. ɆɖɛŬɜŰɘəɧ ůɖɛŮɑɞ ˊɞɡ ɚɎɓŬɛŮ ɡˊɧɣɖ ŮɑɜŬɘ ɖ ŬűŬɑɟŮůɖ Űɞɡ ůɐɛŬŰɞɠ 

ˊɞɡ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŰɞ ɗɧɟɡɓɞ. 

ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ, ɔɘŬ 

Űɖ ůɡɜɞɚɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ űŬůɛɎŰɤɜ Raman ɢɤɟɑůŰɖəŮ ůŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ 

(ˊ.ɢ. Mysen et al. 1982, van Spenger 2012): (1) űɧɟŰɤůɖ Űɤɜ űŬůɛɎŰɤɜ Raman ůŰɞ 

ɡˊɞɚɞɔɘůŰɘəɧ ˊɟɧɔɟŬɛɛŬ Grams32, (2) Ůˊɘɚɞɔɐ ŮəŮɑɜɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ űɎůɛŬŰɞɠ 

ˊɞɡ ɛŬɠ ŮɜŭɘɏűŮɟŮ (ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ Ŭɟɢɘəɩɠ ŮˊɘɚŮɢɗŮɑůŬ űŬůɛŬŰɘəɐ 

ˊŮɟɘɞɢɐ), (3) ŬűŬɑɟŮůɖ Űɞɡ ůɐɛŬŰɞɠ ɗɞɟɨɓɞɡ-ɡˊɞɓɎɗɟɞɡ (background signal) Ŭˊɧ Űɞ 

ŭɘɎɔɟŬɛɛŬ. ȼ ŬűŬɑɟŮůɖ Űɞɡ ɗɞɟɨɓɞɡ ɓŬůɑůŰɖəŮ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ Ŭˊɧ 

ŮɛɎɠ ɧɢɘ ůŮ ɛŮɜɞɜɤɛɏɜŬ ůɖɛŮɑŬ. ɄŬɟɎɚɚɖɚŬ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬűŬɑɟŮůɖɠ Űɞɡ 

ɗɞɟɨɓɞɡ ɔɑɜŮɘ ˊɟŬəŰɘəɎ ůŮ çˊɟŬɔɛŬŰɘəɧè ɢɟɧɜɞ (real time) ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɞ ɢɟɐůŰɖ 

ɜŬ ŮɚɏɔɢŮɘ ŮˊŬɟəɩɠ Űɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮˊɘɚɏɔŮɘ ˊɟɞɠ ŬűŬɑɟŮůɖ Űɞɡ ɗɞɟɨɓɞɡ. (4) 

ȹɘŮɟɔŬůɑŬ ŰŬɨŰɘůɖɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɗɏůŮɤɜ Raman. ȺˊɘɚɏɢɗɖəŬɜ Űɞ əɏɜŰɟɞ 

Űɖɠ əɞɟɡűɐ ˊɞɡ ɗɏɚŬɛŮ ɜŬ ŮˊŮɝŮɟɔŬůŰɞɨɛŮ əŬɗɩɠ əŬɘ ɖ ɛŬɗɖɛŬŰɘəɐ ɛɏɗɞŭɞɠ 

ˊɟůɞɛɞɑɤůɖɠ. ɄɚŮɞɜɏəŰɖɛŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ ɧŰɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ əɞɟɡűɏɠ 

ɛˊɞɟɞɡɜ ɜŬ ɓɟŮɗɞɨɜ ɛŮ ŬɡŰɧɛŬŰɞ Űɟɧˊɞ. (5) ŰŬɨŰɘůɖɠ Űɤɜ əɞɟɡűɩɜ ŮůŰɘɎɕɞɜŰŬɠ ůŰŬ 

ɚŮˊŰɞɛŮɟɐ ůŰɞɘɢŮɑŬ Űɞɡ űɎŬůɛŬŰɞɠ (fine tuning). ɆŰɞ ɓɐɛŬ ŬɡŰɧ ɔɑɜŮŰŬɘ ŰŬɡŰɧɢɟɞɜɞ 

ůɡɜŰŬɑɟɘŬůɛŬ Űɞɡ űɎůɛŬŰɞɠ əŬɘ Űɖɠ ɔɟŬɛɛɐɠ ɓɎůɖɠ (ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ ŬűŬɑɟŮůɖ Űɞɡ 

ɗɞɟɨɓɞɡ ůŰɞ ɓɐɛŬ 3). ɀŮ ŬɡŰɧ Űɞ Űɟɧˊɞ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ Ŭəɟɘɓɏɠ Űɞ ŰŮɚɘəɧ 

ŬˊɞŰɏɚŮůɛŬ. (6) ɆŮ ŬɡŰɧ Űɞ ɓɐɛŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŭɞɡɚŮɘɎɠ.  

8.1.7.3 ɀŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊɟɞůɞɛɞɑɤůɖɠ 

ȼ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ əɞɟɡűɩɜ Űɤɜ űŬůɛɎŰɤɜ Raman ɏɔɘɜŮ ɛŮ ŮűŬɟɛɞɔɐ ŭɨɞ 

ɛŬɗɖɛŬŰɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, Gaussian əŬɘ Lorentzian, ɞɘ ɞˊɞɑŮɠ ˊŬɟŬŰɑɗŮɜŰŬɘ 

ůɡɜɞˊŰɘəɎ ˊŬɟŬəɎŰɤ (ˊ.ɢ. Wang et al. 1995): 

(1) ɆɡɜɎɟŰɖůɖ Gaussian: 
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ɧˊɞɡ IG ɖ ɏɜŰŬůɖ Űɖɠ əɞɟɡűɐɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ (ɤ), IG0 ŮɑɜŬɘ ɖ 

ɛɏɔɘůŰɖ ɏɜŰŬůɖ Űɖɠ əɞɟɡűɐɠ, ɤ0 ɖ ɗɏůɖ Űɖɠ əɞɟɡűɐɠ, ũ ŮɑɜŬɘ Űɞ FWHM (full  width 

at half maximum-ɛɏɔɘůŰɞ ˊɚɎŰɞɠ ůŰɞ ɐɛɘůɡ Űɞɡ ɨɣɞɡɠ). ȼ ůɡɜɎɟŰɖůɖ Gaussian 

ɛˊɞɟŮɑ ɜŬ ˊɟɞůɞɛɞɘɩůŮɘ Űɞ űɎůɛŬ Raman ŬɡŰɧɜɞɛŬ, Ůɜɩ ůɡɜɐɗɤɠ ŮűŬɟɛɧɕŮŰŬɘ ɖ 

ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŭɨɞ ůɡɜŬɟŰɐůŮɘɠ Űɨˊɞɡ Gaussian. 

(2) ɆɡɜɎɟŰɖůɖ Lorentzian: 

 

ɧˊɞɡ IL ɖ ɏɜŰŬůɖ Űɖɠ əɞɟɡűɐɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ (ɤ), IL0 ŮɑɜŬɘ ɖ 

ɛɏɔɘůŰɖ ɏɜŰŬůɖ Űɖɠ əɞɟɡűɐɠ, ɤ0 ɖ ɗɏůɖ Űɖɠ əɞɟɡűɐɠ, ũ ŮɑɜŬɘ Űɞ FWHM. ȳˊɤɠ ɖ 

ůɡɜɎɟŰɖůɖ Gaussian, ɏŰůɘ əŬɘ ɖ Lorentzian ɛˊɞɟŮɑ ɜŬ ˊɟɞůɞɛɞɘɩůŮɘ Űɞ űɎůɛŬ 

Raman ŬɡŰɧɜɞɛŬ, ɛŮ ŭɨɞ ůɡɜŬɟŰɐůŮɘɠ ɑŭɘɞɡ Űɨˊɞɡ, ɐ ůɡɜŭɡŬůɛɞɨ ɛŮ ɛɑŬ Gaussian. 

8.1.7.4 ɄŬɟɎɛŮŰɟɞɘ Raman ˊɞɡ ɛŮŰɟɐɗɖəŬɜ  

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Raman ˊɞɡ ɛŮŰɟɐɗɖəŬɜ, ɧɜŰŬɠ ɘəŬɜɏɠ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ ŬɡŰɧɜɞɛŬ əŬɘ 

ɞɚɞəɚɖɟɤɛɏɜŬ ɛɑŬ əɞɟɡűɐ ŮɑɜŬɘ: 

Ūɏůɖ əɞɟɡűɐɠ (ůŮ wavenumber, cm
-1
) 

ȰɜŰŬůɖ əɞɟɡűɐɠ (ůɡɜɐɗɤɠ Űɞ ŬˊɞŭɑŭɞɡɛŮ ůŮ ŬɡɗŬɑɟŮŰŮɠ ɛɞɜɎŭŮɠ- ůŰŬ ˊɚŬɑůŬɘ Űɖɠ 

ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ ɞɘ ůɢŮŰɘəɏɠ ŮɜŰɎůŮɘɠ, əŬɘ ɧɢɘ ɞɘ ŬˊɧɚɡŰŮɠ Űɘɛɏɠ) 

FWHM  (full width at half maximum-ɛɏɔɘůŰɞ ˊɚɎŰɞɠ ůŰɞ ɐɛɘůɡ Űɞɡ ɨɣɞɡɠ- ůŮ 

wavenumber, cm
-1
). 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ Raman 

ŭɑɜɞɜŰŬɘ ůŰɞ ˊŬɟɎɟŰɖɛŬ ȸ. ɆŰŬ əŮűɎɚŬɘŬ 9 əŬɘ 11, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ˊɟɞŬɜŬűŮɟɗŮɑůŬ ůŰŬŰɘůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ (fitting, deconvolution) Űɤɜ űŬůɛɎŰɤɜ 

Raman ɛŮ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɟɧɔɟŬɛɛŬ Grams32 Űɖɠ Renishaw. 
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8.1.8 ŪŮɟɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ TG əŬɘ DTA ï DSC 

8.1.8.1 ȷɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ŪŮɟɛɞůŰŬɗɛɘəɐɠ ȷɜɎɚɡůɖɠ (Thermogravimetric  

Analysis - TGA) 

ȷɟɢɘəɎ əɟɑɜŮŰŬɘ ůəɧˊɘɛɞ Űɞ ɜŬ ŭɤɗŮɑ ɏɜŬɠ ɞɟɘůɛɧɠ ɔɘŬ Űɞ Űɘ ŮɑɜŬɘ ɖ ŰŮɢɜɘəɐ 

Űɖɠ ɗŮɟɛɞůŰŬɗɛɘəɐɠ ŬɜɎɚɡůɖɠ (TGA). ȼ TGA ŮɑɜŬɘ ɛɑŬ ŰŮɢɜɘəɐ ůŰɖɜ ɞˊɞɑŬ ɖ ɛɎɕŬ 

ɛɑŬɠ ɞɡůɑŬɠ ɓɟɑůəŮŰŬɘ ɡˊɧ ůɡɜŮɢɐ ŮˊɞˊŰŮɑ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɐ Űɞɡ 

ɢɟɧɜɞɡ əŬɗɩɠ ŬɡŰɐ ɡˊɧəŮɘŰŬɘ ůŮ ɏɜŬ ˊɟɧɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ɡˊɧ 

ůɡɜɗɐəŮɠ ůŰŬɗŮɟɐɠ ŬŰɛɧůűŬɘɟŬɠ (ɄŬˊˊɎ 2000). ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɖ ŰŮɢɜɘəɐ ɓŬůɑɕŮŰŬɘ 

ůŰɖɜ əŬŰŬɔɟŬűɐ Űɖɠ Ŭɨɝɖůɖɠ ɐ ɛŮɑɤůɖɠ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ɡɚɘəɞɨ, ɧŰŬɜ ŬɡŰɧ 

ɗŮɟɛŬɜɗŮɑ ɛŮ ŮɚŮɔɢɧɛŮɜɞ Űɟɧˊɞ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ ŮɑɜŬɘ ɜŬ ɚŬɛɓɎɜɞɡɛŮ Űɞ 

ɗŮɟɛɞɔɟɎűɖɛŬ (thermogram) ɐ ŭɘŬűɞɟŮŰɘəɎ Űɖɜ əŬɛˊɨɚɖ ɗŮɟɛɘəɐɠ ŭɘɎůˊŬůɖɠ, ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ ɏɜŬ ŭɘɎɔɟŬɛɛŬ ɛɎɕŬɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ ɢɟɧɜɞɡ.  

8.1.8.2 ȷɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ȹɘŬűɞɟɘəɐɠ ɗŮɟɛɘəɐɠ ŬɜɎɚɡůɖɠ (Differential  Thermal 

Analysis ï DTA 

ɆŰɖ ŭɘŬűɞɟɘəɐ ɗŮɟɛɘəɐ ŬɜɎɚɡůɖ ˊŬɟŬəɞɚɞɡɗŮɑŰŬɘ ůɡɜŮɢɩɠ ɖ ŭɘŬűɞɟɎ ůŰɖ 

ɗŮɟɛɞəɟŬůɑŬ ɛŮŰŬɝɨ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɟɞɠ ŬɜɎɚɡůɖ əŬɘ Ůɜɧɠ ɡɚɘəɞɨ ŬɜŬűɞɟɎɠ ɤɠ 

ůɡɜɎɟŰɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɧŰŬɜ ɖ əŬɘ ŰŬ ŭɨɞ, ɡˊɧəŮɘɜŰŬɘ ůŮ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɖ 

ɛŮŰŬɓɞɚɐ ɗŮɟɛɞəɟŬůɑŬɠ.  

ȼ ɗɏɟɛŬɜůɖ Űɞɡ ɛŮɚŮŰɖɗɏɜŰɞɠ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɞɡ ɡɚɘəɞɨ ŬɜŬűɞɟɎɠ ɔɑɜɞɜŰŬɘ 

ɏŰůɘ, ɩůŰŮ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɜŬ ŬɡɝɎɜŮɘ ɔɟŬɛɛɘəɎ ɛŮ Űɞ ɢɟɧɜɞ (ɄŬˊˊɎ 

2000). ȷəɞɚɞɨɗɤɠ ɔɑɜŮŰŬɘ əŬŰŬɔɟŬűɐ Űɖɠ ŭɘŬűɞɟɎɠ ɛŮŰŬɝɨ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ əŬɘ Űɞɡ ɡɚɘəɞɨ ŬɜŬűɞɟɎɠ əŬɘ ůɢŮŭɘɎɕŮŰŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ɔɟŬűɘəɐ 

ˊŬɟɎůŰŬůɖ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ, ŮɑɜŬ 

ůɖɛŬɜŰɘəɧ ɧŰɘ Űɞ ɡɚɘəɧ ŬɜŬűɞɟɎɠ ˊɟɏˊŮɘ ɜŬ ŬˊɞŰŮɚŮɑ ɞɡůɑŬ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬŭɟŬɜɐɠ 

ůŰɘɠ ɡˊɞɓŬɚɧɛŮɜŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ (ˊ.ɢ. əŬɟɓɑŭɘɞ Űɞɡ ˊɡɟɘŰɑɞɡ).  

ɀɑŬ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ Űɖɠ ɛŮɗɧŭɞɡ DTA Ŭˊɧ Űɖɜ TG ŮɑɜŬɘ ɧŰɘ ɖ ȹɘŬűɞɟɘəɐ 

ŪŮɟɛɘəɐ ȷɜɎɚɡůɖ ˊŬɟŬəɞɚɞɡɗŮɑ ɛɧɜɞ ŮəŮɑɜŮɠ Űɘɠ ɛŮŰŬɓɞɚɏɠ ˊɞɡ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ 

ŬɜŰɑůŰɞɘɢɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŮɜɗŬɚˊɑŬɠ
2
 əŬɘ ŭŮɜ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŮ ɛŮŰŬɓɞɚɏɠ ɛɎɕŬɠ. 

                                                
2
 ūɡůɘəɏɠ ŮɜŭɧɗŮɟɛŮɠ ŭɘŮɟɔŬůɑŮɠ ŮɑɜŬɘ ɖ Űɐɝɖ, ɖ ŮɝɎŰɛɘůɖ, ɖ ŮɝɎɢɜɤůɖ, ɖ Ŭˊɞɟɟɧűɖůɖ əŬɘ ɖ 

Ůəɟɧűɖůɖ. ȺɝɩɗŮɟɛŮɠ ŭɘŮɟɔŬůɑŮɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɖ ˊɟɞůɟɧűɖůɖ əŬɘ ɖ əɟɡůŰɎɚɚɤůɖ. 

Ƀɘ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŮɑɜŬɘ ŮɜŭɧɗŮɟɛŮɠ ɐ ŮɝɩɗŮɟɛŮɠ. ȺɜŭɧɗŮɟɛŮɠ ŬɜŰɘŭɟɎůŮɘɠ 

ŮɑɜŬɘ ɖ ŬűɡŭɎŰɤůɖ, ɖ ŬɜŬɔɤɔɐ ůŮ ŬŰɛɧůűŬɘɟŬ ŬŮɟɑɞɡ əŬɘ ɖ ŭɘɎůˊŬůɖ. ȺɝɩɗŮɟɛŮɠ ŬɜŰɘŭɟɎůŮɘɠ ŮɑɜŬɘ ɖ 

ɞɝŮɑŭɤůɖ ˊŬɟɞɡůɑŬ ŬɏɟŬ ɐ ɞɝɡɔɧɜɞɡ, ɞ ˊɞɚɡɛŮɟɘůɛɧɠ əŬɘ ɞɘ əŬŰŬɚɡŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. 
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8.1.8.3 ȷɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ȹɘŬűɞɟɘəɐɠ ŪŮɟɛɘŭɞɛŮŰɟɑŬɠ ɆɎɟɤůɖɠ (Differential  

Scanning Calorimetry  ï DSC) 

ɆŰɖ ɛɏɗɞŭɞ ŬɡŰɐ ɔɑɜŮŰŬɘ ůɡɜŮɢɐɠ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ŭɘŬűɞɟɎ ɟɞɐɠ 

ɗŮɟɛɧŰɖŰŬɠ ˊɟɞɠ ɛɑŬ ɞɡůɑŬ-ŭŮɑɔɛŬ əŬɘ ˊɟɞɠ ɛɑŬ ɞɡůɑŬ ŬɜŬűɞɟɎɠ, ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ɧŰŬɜ ɞɘ ŭɨɞ ɞɡůɑŮɠ ɡˊɧəŮɘɜŰŬɘ ůŮ ɏɜŬ ŮɚŮɔɢɧɛŮɜɞ 

ˊɟɧɔɟŬɛɛŬ ɗŮɟɛɞəɟŬůɑŬɠ. ɋɠ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɖ əŬŰŬɔɟŬűɐ ůŮ ŭɘɎɔɟŬɛɛŬ 

ŭɘŬűɞɟɩɜ ŮɜɏɟɔŮɘŬɠ. 

8.1.8.4 ɃɟɔŬɜɞɚɞɔɑŬ TG-DTA əŬɘ TG-DTA/DSC 

ɆɡɜɞˊŰɘəɐ ɞɟɔŬɜɞɚɞɔɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɗŮɟɛɞůŰŬɗɛɘəɐ ŬɜɎɚɡůɖ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ŬəɧɚɞɡɗŬ ɛɏɟɖ: 

(1) ȺɡŬɑůɗɖŰɞ ŬɜŬɚɡŰɘəɧ ɕɡɔɧ, 

(2) ūɞɨɟɜɞ, 

(3) ɆɨůŰɖɛŬ əŬɗŬɟɘůɛɞɨ ŬŮɟɑɞɡ ˊɞɡ ŮɝŬůűŬɚɑɕŮɘ ŬŭɟŬɜɐ ŬŰɛɧůűŬɘɟŬ, 

(4) ɡˊɞɚɞɔɘůŰɐ 

8.1.8.5 ȷɜŬɚɨůŮɘɠ 

ȼ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ɞɟɡəŰɩɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ ŰŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ 

(əɡɟɑɤɠ ŬůɓŮůŰɑŰɖɠ əŬɘ ŭɞɚɞɛɑŰɖɠ), ɧˊɤɠ ˊɟɞŬɜŬűɏɟŬɛŮ, ɞŭɖɔŮɑ ůŮ ˊɞɚɨŰɘɛŬ 

ůɡɛˊŮɟɎůɛŬŰŬ Ŭɜ ŬɡŰɎ ɡˊɞɓɚɖɗɞɨɜ ůŮ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əɎŰɤ Ŭˊɧ ɏɜŬ 

ŮɚŮɔɢɧɛŮɜɞ ˊŮɟɘɓɎɚɚɞɜ. ȼ ɛŮɚɏŰɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ŬɡŰɐɠ Űɤɜ ŬɜɗɟŬəɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ, ůŰɖɟɑɕŮŰŬɘ ůŮ ˊɞɚɨ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ 

Űɖɠ ɗŮɟɛɘəɐɠ ŬɜɎɚɡůɖɠ (ɓɚɏˊŮ ˊŬɟŬˊɎɜɤ). 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ůɨůŰɖɛŬ Űɨˊɞɡ SDT 2960-ɇȷ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɛɏŰɟɖůɖ 

Űɖɠ ɗŮɟɛɘəɐɠ ɟɞɐɠ əŬɘ Űɖɠ ŬˊɩɚŮɘŬɠ ɛɎɕŬɠ (TG-DTA/DSC
3
). ȼ ɗŮɟɛɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ ɛŮɚŮŰɐɗɖəŮ ůŮ ůɡɜɗɐəŮɠ 30-1100 
0
C ɛŮ ůŰŬɗŮɟɧ ɟɡɗɛɧ ɗŮɟɛɘəɐɠ 

ˊŬɟɞɢɐɠ 10 
0
C/min ůŮ ůɡɜɗɐəŮɠ Ŭɏɟɞɠ. 

8.1.9 ɄɞɟɞůɘɛŮŰɟɑŬ  

8.1.9.1 ɈŭɟŬɟɔɨɟɞɡ 

ɆŰɖɜ ˊɞɟɞůɘɛŮŰɟɑŬ ɡŭɟŬɟɔɨɟɞɡ ŮűŬɟɛɧɕŮŰŬɘ ˊɑŮůɖ ˊɟɞɤɗɩɜŰŬɠ Űɞɜ 

ɡŭɟɎɟɔɡɟɞ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ȾŬŰɎ Űɖ ɛɏŰɟɖůɖ, əŬŰŬɔɟɎűŮŰŬɘ ɞ ɧɔəɞɠ 

Űɞɡ ŮɘůŮɟɢɧɛŮɜɞɡ ɐ ŮɝŮɟɢɧɛŮɜɞɡ ɧɔəɞɡ ɡŭɟŬɟɔɨɟɞɡ V ůɡɜŬɟŰɐůŮɘ Űɖɠ ˊɑŮůɖɠ Űɞɡ P. 

                                                
3 ȼ ɛŮɚɏŰɖ ɛŮ Űɖ ɛɏɗɞŭɞ DSC ŬűɞɟɎ Űɞ ɡɚɘəɧ Űɞɡ ŬůɓɏůŰɖ.  
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ȷˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜɎɚɡůɖɠ ŮɑɜŬɘ ɞɘ əŬɛˊɨɚŮɠ, ŭɘŮɑůŭɡůɖɠ-Ůɝɩɗɖůɖɠ Űɞɡ ůɢɐɛŬŰɞɠ 

8.2.  

 

ɆɢɐɛŬ 8.2 ȾŬɛˊɨɚŮɠ ŭɘŮɑůŭɡůɖɠ-Ůɝɩɗɖůɖɠ. ɆŰɞɜ ɎɝɞɜŬ ɢ ˊɟɞɓɎɚɚŮŰŬɘ ɖ ŭɘɎɛŮŰɟɞɠ Űɤɜ ˊɧɟɤɜ 

əŬɘ ůŰɞɜ ɎɝɞɜŬ ɣ ɞ ɧɔəɞɠ 

8.1.9.2 ɄɞɟɞůɘɛŮŰɟɑŬ ɛŮ ˊɟɞůɟɧűɖůɖ ŬɕɩŰɞɡ - Ⱥɘŭɘəɐ ŮˊɘűɎɜŮɘŬ 

ȼ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɖɜ Ůɝɑůɤůɖ BET (Brunauer et al. 1938) ɤɠ 

Ŭəɞɚɞɨɗɤɠ: 
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ɧˊɞɡ V ŮɑɜŬɘ ɞ ˊɟɞůɟɞűɞɨɛŮɜɞɠ ɧɔəɞɠ, Vm ɞ ɧɔəɞɠ Ůɜɧɠ ɛɞɜɞůŰɟɤɛŬŰɘŭɑɞɡ, p ɖ 

ˊɑŮůɖ ůŰɞ ŭŮɑɔɛŬ, p0 ɖ ˊɑŮůɖ əɞɟŮůɛɞɨ əŬɘ c ůŰŬɗŮɟɎ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŮɜɗŬɚˊɑŬ 

ˊɟɞůɟɧűɖůɖɠ (ůŰŬɗŮɟɎ BET). ȼ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ (SBET) ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Űɘɛɐ 

Vm ɛɏůɤ Űɖɠ Ŭəɧɚɞɡɗɖɠ Ůɝɑůɤůɖɠ: 

L

ma
BET

Vm

anVm
S

Ö

ÖÖ
= , 

ɧˊɞɡ na ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Avogadro, am ɖ ˊŮɟɘɞɢɐ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ əɎɗŮ ɛɧɟɘɞ 

ŬɕɩŰɞɡ (0.162 nm
2
), m Űɞ ɓɎɟɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ VL ɞ ɛɞɟɘŬəɧɠ ɧɔəɞɠ Űɞɡ Ŭɏɟɘɞɡ 

ŬɕɩŰɞɡ (22414 cm
3
). ȼ ɗŮɤɟɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɡˊɧɗŮůɖ ɧŰɘ Űɞ ˊɟɩŰɞ 
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ˊɟɞůɟɞűɞɨɛŮɜɞ ůŰɟɤɛŬŰɑŭɘɞ ˊŮɘɟɘɚŬɛɓɎɜŮɘ Űɘɠ ŮɜɏɟɔŮɘŮɠ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ 

ůŰɟɤɛŬŰɑŭɘŬ Űɘɠ ŮɜɏɟɔŮɘŮɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ  

8.1.10 Ⱥɘŭɘəɧ ɓɎɟɞɠ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ Ůɘŭɘəɞɨ ɓɎɟɞɡɠ Űɤɜ ŬůɓŮůŰɧɚɘɗɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ɖ ɛɏɗɞŭɞɠ Űɖɠ ŬɜɎɟŰɖůɖɠ ŭŮɑɔɛŬŰɞɠ (Ⱦɞɨəɖɠ əŬɘ ɆŬɛˊŬŰŬəɎəɖɠ. 2002). ȼ 

ɛŮɗɞŭɞɚɞɔɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ ɏɢŮɘ ɤɠ Ůɝɐɠ: 

ȷɟɢɘəɎ Űɞ ŭŮɑɔɛŬ ɕɡɔɑɕŮŰŬɘ ůŰɖ űɡůɘəɐ Űɞɡ əŬŰɎůŰŬůɖ ɛŮ ŬəɟɑɓŮɘŬ 0.01 Űɞɡ 

ɔɟŬɛɛŬɟɑɞɡ. ȰůŰɤ ɧŰɘ ɡˊɎɟɢɞɡɜ Ŭ gr ŭŮɑɔɛŬŰɞɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŮˊɘəŬɚɨˊŰŮŰŬɘ ɛŮ 

ɚŮˊŰɐ ɛŮɛɓɟɎɜɖ ɚɘɤɛɏɜɖɠ ˊŬɟŬűɑɜɖɠ əŬɘ Ŭűɞɨ əɟɡɩůŮɘ ɕɡɔɑɕŮŰŬɘ ˊŬɟŬűɘɜɤɛɏɜɞ. 

ɈˊɞŰɑɗŮŰŬɘ ɧŰɘ ɡˊɎɟɢɞɡɜ ɓ gr ˊŬɟŬűɘɜɤɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ. Ⱥˊɞɛɏɜɤɠ ɖ ŭɘŬűɞɟɎ 

ɓɎɟɞɡɠ Űɞɡ əŬɗŬɟɞɨ Ŭˊɧ Űɞ ˊŬɟŬűɘɜɤɛɏɜɞ ŭŮɑɔɛŬ, ɘůɞɨŰŬɘ ɛŮ Űɞ ɓɎɟɞɠ Űɖɠ 

ˊŬɟŬűɑɜɖɠ. ȹɖɚŬŭɐ Űɞ ɓɎɟɞɠ Űɖɠ ˊŬɟŬűɑɜɖɠ ɘůɞɨŰŬɘ (ɓ-Ŭ) gr.  

ȼ ˊŬɟŬűɑɜɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɢŮɘ Ůɘŭɘəɧ ɓɎɟɞɠ 0.89 gr/cm
3
. ȳˊɤɠ 

ɔɜɤɟɑɕɞɡɛŮ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ ɘůɞɨŰŬɘ ɛŮ Űɞ ˊɖɚɑəɞ Űɞɡ ɓɎɟɞɡɠ ŭɘŬ Űɞɡ ɧɔəɞɡ. 

Ⱥˊɞɛɏɜɤɠ ɞ ɧɔəɞɠ Űɖɠ ˊŬɟŬűɑɜɖɠ ɗŬ ɘůɞɨŰŬɘ ɛŮ Űɞ ˊɖɚɑəɞ Űɞɡ ɓɎɟɞɡɠ ŭɘŬ Űɞɡ Ůɘŭɘəɞɨ 

ɓɎɟɞɡɠ Űɖɠ. ȹɖɚŬŭɐ ɞ ɧɔəɞɠ Űɖɠ ˊŬɟŬűɑɜɖɠ ŮɑɜŬɘ 
89.0

ab-
cm

3
. 

ɇɞˊɞɗŮŰŮɑŰŬɘ ůŰɞɜ ɕɡɔɧ ŭɞɢŮɑɞ ɛŮ ɜŮɟɧ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɞ ɕɡɔɧɠ ɛɖŭŮɜɑɕŮŰŬɘ. 

ɇɞ ˊŬɟŬűɘɜɤɛɏɜɞ ŭŮɑɔɛŬ ŬɜŬɟŰɖɛɏɜɞ ɓɡɗɑɕŮŰŬɘ ůŰɞ ɜŮɟɧ. ȰŰůɘ ɖ ɏɜŭŮɘɝɖ Űɞɡ ɕɡɔɞɨ 

ŬˊɞŰŮɚŮɑ Űɞɜ ɧɔəɞ Űɞɡ ˊŬɟŬűɘɜɤɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ. ȼ ɏɜŭŮɘɝɖ Űɖɠ ɕɡɔŬɟɘɎɠ ŭɑɜŮɘ Űɞɜ 

ɧɔəɞ Űɞɡ ˊŬɟŬűɘɜɤɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ, ůŮ ɓɎɟɞɠ ɜŮɟɞɨ ˊɞɡ ŮəŰɞˊɑɕŮŰŬɘ. ȷɡŰɧ 

ůɡɛɓŬɑɜŮɘ ŮˊŮɘŭɐ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ (ˊɡəɜɧŰɖŰŬ) Űɞɡ ɜŮɟɞɨ ŮɑɜŬɘ 1 gr/cm
3
 əŬɘ ɏŰůɘ ɖ 

ɏɜŭŮɘɝɖ ŭɑɜŮɘ əŬŰŮɡɗŮɑŬɜ Űɞɜ ɧɔəɞ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŮəŰɞˊɑɕŮŰŬɘ, ɎɟŬ əŬɘ Űɞɜ ɧɔəɞ Űɞɡ 

ˊŬɟŬűɘɜɤɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ. ȰůŰɤ ɧŰɘ ɞ ɧɔəɞɠ Űɞɡ ˊŬɟŬűɘɜɤɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ ɔ 

cm
3
.  

ɆɡɜŮˊɩɠ ɞ ɧɔəɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɘůɞɨŰŬɘ ɛŮ Űɖɜ ŭɘŬűɞɟɎ Űɞɡ ɧɔəɞɡ Űɞɡ 

ˊŬɟŬűɘɜɤɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ Ŭˊɧ Űɞɜ ɧɔəɞ Űɖɠ ˊŬɟŬűɑɜɖɠ. ȹɖɚŬŭɐ: 
89.0

ab
g

-
- cm

3
.  

ɇŮɚɘəɎ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ ˊɖɚɑəɞ Űɞɡ ɓɎɟɞɡɠ ŭɘŬ Űɞɡ 

ɧɔəɞɡ Űɞɡ. ɆɡɜŮˊɩɠ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ ˊɞɡ ˊɟɞəɨˊŰŮɑ ŮɑɜŬɘ 

89.0

ab
g

-
-

=
a

Sg gr/cm
3
. 
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8.2 ɄŮɘɟŬɛŬŰɘəɏɠ ɛŮɗɞŭɞɚɞɔɑŮɠ Űɞɡ əŮűŬɚŬɑɞɡ 11: ɀŮɚɏŰɖ əŬɘ 

ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ˊɟɞəɡˊŰɞɡůɩɜ ˊɞɘɞŰɐŰɤɜ ŬůɓɏůŰɖ 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ɛŮɗɞŭɞɚɞɔɑŮɠ Űɖɠ ɄŮɟɘɗɚŬůɘɛŮŰɟɑŬɠ ŬəŰɑɜɤɜ-ɉ, ȼɚŮəŰɟɞɜɘəɐ 

ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ, űŬůɛŬŰɞůəɞˊɑŬ Raman, ˊɞɟɞůɘɛŮŰɟɑŬ, ˊŮɟɘɔɟɎűɖəŬɜ ɛŮ 

ɚŮˊŰɞɛɏɟŮɘŮɠ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ 8.1, ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ ˊŬɟŬŰɑɗŮŰŬɘ ɖ 

ˊŮɟɘɔɟŬűɐ Űɖɠ ɢɖɛɘəɐɠ əŬɘ Űɖɠ ɗŮɟɛɘəɐɠ ŬɜɎɚɡůɖɠ Űɞɡ ŬůɓɏůŰɖ 

8.2.1 ɉɖɛɘəɐ ŬɜɎɚɡůɖ ŬůɓɏůŰɖ 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ɢɖɛŮɑŬɠ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ŬůɓɏůŰɖ ɏɔɘɜŮ ɛŮ Űɖ ɛɏɗɞŭɞɠ 

Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŮ ŬŰɞɛɘəɐ Ŭˊɞɟɟɧűɖůɖ ɧůɞ əŬɘ ɛŮ ɢɖɛɘəɧ Űɟɧˊɞ Űɤɜ Ůˊɑ 

ɛɏɟɞɡɠ ůɡůŰŬŰɘəɩɜ. ɄŬɟŬəɎŰɤ ŬɜŬɚɨŮŰŬɘ ˊŮɟɘɚɖˊŰɘəɎ ɖ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ 

ŭŮɘɔɛɎŰɤɜ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůɨůŰŬůɐɠ Űɞɡɠ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ŬŰɞɛɘəɐɠ 

Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ, ŭɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɔɘŬ əɎɗŮ əŬŰɖɔɞɟɑŬ ɢɖɛɘəɩɜ 

ůŰɞɘɢŮɑɤɜ ɞ Űɟɧˊɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡɠ. 

8.2.1.1 ūŬůɛŬŰɞůəɞˊɑŬ ȷŰɞɛɘəɐɠ ȷˊɞɟɟɧűɖůɖɠ 

ȼ űŬůɛŬŰɞůəɞˊɑŬ ŬŰɞɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ (Atomic Absorption Spectroscopy 

ï AAS) ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ˊŮɟɘůůɧŰŮɟɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖɜ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ ůŮ ŭɘŬɚɨɛŬŰŬ. ɇɞ ŭŮɑɔɛŬ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ 

ŬɜŬɚɡɗŮɑ ŬŰɛɞˊɞɘŮɑŰŬɘ əɘ Ůɜ ůɡɜŮɢŮɑŬ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ ŬəŰɑɜŬ űɤŰɧɠ əŬŰɎɚɚɖɚɞɡ 

ɛɐəɞɡɠ əɨɛŬŰɞɠ Űɞ ɞˊɞɑɞ ŭɘŮɔŮɑɟŮɘ ŰŬ ɎŰɞɛŬ Űɞɡ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɞɡ ůŰɞɘɢŮɑɞɡ əŬŰɎ 

Űɖɜ Ŭˊɞɟɟɧűɖůɐ Űɞɡ Ŭˊɧ ŬɡŰɎ. ȼ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɟɞɠ ŬɜɎɚɡůɖ ůŰɞɘɢŮɑɞɡ ɔɑɜŮŰŬɘ 

ɛŮ Űɖ ůɨɔəɟɘůɖ Űɖɠ ɛŮŰɟɞɨɛŮɜɖɠ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ Űɖɜ Ŭˊɞɟɟɧűɖůɖ 

ŭŮɑɔɛŬŰɞɠ ɔɜɤůŰɐɠ ůɡɔəɏɜŰɟɤůɖɠ. 

8.2.1.1.1 ȷɟɢɐ ȿŮɘŰɞɡɟɔɑŬɠ & ɃɟɔŬɜɞɚɞɔɑŬ AAS 

ȼ űŬůɛŬŰɞůəɞˊɑŬ ŬŰɞɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ ŭɘŬəɟɑɜŮŰŬɘ ůŮ ŮəŮɑɜɖ ɛŮ Űɞ 

ůɨůŰɖɛŬ űɚɧɔŬɠ (Flame Atomic Absorption Spectroscopy - FAAS) əŬɘ ůŮ ŮəŮɑɜɞ ɛŮ 

ɔɟŬűɑŰɖ (Graphite Atomic Absorption Spectroscopy - GAAS). ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ 

ŭɨɞ ɏɔəŮɘŰŬɘ ůŰɞɜ Űɟɧˊɞ ŮɘůŬɔɤɔɐɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɞɜ Űɟɧˊɞ ŬŰɞɛɞˊɞɑɖůɖɠ. ȼ 

ŰŮɢɜɘəɐ AAS ŮɑɜŬɘ ɛɞɜɞůŰɞɘɢŮɘŬəɐ, ŭɖɚŬŭɐ əɎɗŮ űɞɟɎ ˊɞɡ ŮɘůɎɔŮŰŬɘ ɏɜŬ ŭŮɑɔɛŬ ɔɘŬ 

ŬɜɎɚɡůɖ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ ɛɧɜɞ Ůɜɧɠ ɢɖɛɘəɞɨ 

ůŰɞɘɢŮɑɞɡ. Ƀ ˊŮɟɘɞɟɘůɛɧɠ ŬɡŰɧɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɖɔɐ ŭɘɏɔŮɟůɖɠ Űɤɜ ŬŰɧɛɤɜ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ. 
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ȷ. FAAS 

ȼ ůɢɖɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɞɡ ɞɟɔɎɜɞɡ ɛŮ űɚɧɔŬ (FAAS) űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 8.3. 

 
ɆɢɐɛŬ 8.3. ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Ŭˊɧ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ  ŭŮɑɔɛŬŰɞɠ ɏɤɠ Űɖɜ ŰŮɚɘəɐ ɛŮŰŬűɞɟɎ 

ŭŮŭɞɛɏɜɤɜ ůŮ ɡˊɞɚɞɔɘůŰɐ. (ȷɟɔɡɟɎəɖ 2007). 

ɇɞ ˊɟɞɠ ŬɜɎɚɡůɖ ŭɘɎɚɡɛŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ŬɟɢɘəɎ ůŮ ŬŮɟɞɕɧɚ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ɞŭɖɔŮɑŰŬɘ ůŰɖ űɚɧɔŬ, ɧˊɞɡ ŬŰɞɛɞˊɞɘŮɑŰŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ 

ɘɧɜŰɤɜ. ɋɠ ˊɖɔɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɚɡɢɜɑŬ əŬɗɧŭɞɡ ɖ 

ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ ɏɚŬůɛŬ əŬɗɧŭɞɡ Űɞɡ ˊɟɞɠ ŬɜɎɚɡůɖ ɛŮŰɎɚɚɞɡ əŬɘ ŮɡɔŮɜɏɠ Ŭɏɟɘɞ (Ŭɟɔɧ 

ɐ ɜɏɞɜ). ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ ɡɣɖɚɐɠ ɖɚŮəŰɟɘəɐɠ ŰɎůɖɠ ɖ ɚɡɢɜɑŬ ŮəˊɏɛˊŮɘ ŬəŰɘɜɞɓɞɚɑŬ 

ůŰɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɐəɞɠ əɨɛŬŰɞɠ Űɞɡ ŬɜŬɚɡɧɛŮɜɞɡ ɛŮŰɎɚɚɞɡ, ɖ ɞˊɞɑŬ ŭɘɏɟɢŮŰŬɘ 

Ŭˊɧ Űɖ űɚɧɔŬ əŬɘ ŭɘŮɔŮɑɟŮɘ ŰŬ ɎŰɞɛŬ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɛŮŰŬɚɚɘəɞɨ ůŰɞɘɢŮɑɞɡ. 

ȷəɞɚɞɨɗɤɠ ůɡɜŰŮɚŮɑŰŬɘ ɖ Ŭˊɞɛɧɜɤůɖ Űɖɠ űŬůɛŬŰɘəɐɠ ɔɟŬɛɛɐɠ Űɞɡ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɡ 

ɛŮŰɎɚɚɞɡ ůŰɞɜ ɛɞɜɞɢɟɤɛɎŰɞɟŬ. Ⱥɜ ůɡɜŮɢŮɑŬ ůɨůŰɖɛŬ ŮɜɘůɢɡŰɩɜ əŬɘ 

űɤŰɞˊɞɚɚŬˊɚŬůɘŬůŰɩɜ Ůɜɘůɢɨɞɡɜ əŬɘ ɛŮŰŬŰɟɏˊɞɡɜ Űɖɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ ůŮ ɖɚŮəŰɟɘəɧ ůɐɛŬ. ɇɞ ɖɚŮəŰɟɘəɧ ůɐɛŬ əŬŰŬɔɟɎűŮŰŬɘ Ŭˊô ŮɡɗŮɑŬɠ əŬɘ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ɡˊɧ Űɖ ɛɞɟűɐ ŬɜŬɚɡŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŮ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ. 

ȸ GAAS 

ȼ ůɢɖɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɞɡ ɞɟɔɎɜɞɡ ɛŮ ɔɟŬűɑŰɖ (GAAS) űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 

8.4. ȷˊɞŰŮɚŮɑ Ůɝɏɚɘɝɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ FAAS əɘ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ.  

ɇɞ ˊɟɞɠ ŬɜɎɚɡůɖ ŭɘɎɚɡɛŬ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ŮɝŬɢɜɤŰɐ ɔɟŬűɑŰɖ ɛŮ ɢɟɐůɖ 

ɛɘəɟɞˊɘˊɏŰŬɠ ɐ əɎˊɞɘɞɡ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ. ȺəŮɑ ɗŮɟɛŬɑɜŮŰŬɘ ɛŮ ˊɘɞ 

Ŭɟɔɧ ɟɡɗɛɧ Ŭˊɧ ɧŰɘ ůŰɖ űɚɧɔŬ ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ əŬɚɨŰŮɟɞ ɓŬɗɛɧ ŬŰɞɛɞˊɞɑɖůɖɠ əɘ 
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ɏŰůɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ŬɜŬɚɡŰɘəɐ ŮɡŬɘůɗɖůɑŬ. ȼ ŮˊŬəɧɚɞɡɗɖ ŭɘŬŭɘəŬůɑŬ 

ŮɑɜŬɘ ɧɛɞɘŬ ɛŮ ŬɡŰɐ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ (ɓɚɏˊŮ FAAS).  

 

ɆɢɐɛŬ 8.4. ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Ŭˊɧ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ  ŭŮɑɔɛŬŰɞɠ ɏɤɠ Űɖɜ ŰŮɚɘəɐ ɛŮŰŬűɞɟɎ 

ŭŮŭɞɛɏɜɤɜ ůŮ ɡˊɞɚɞɔɘůŰɐ. (ȷɟɔɡɟɎəɖ 2007). 

8.2.1.1.2 ɉɖɛɘəɏɠ ȷɜŬɚɨůŮɘɠ 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɢɖɛɘəɐɠ ůɨůŰŬůɖɠ Űɞɡ ŬůɓɏůŰɖ ŬɟɢɘəɎ ɚɐűɗɖəŮ ɛɑŬ 

ˊɞůɧŰɖŰŬ 0.5 g Ŭˊɧ əɎɗŮ ŭŮɑɔɛŬ Ŭɟɢɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ɖ ɞˊɞɑŬ ɚŮɘɞŰɟɘɓŮɑŰŬɘ, 

ˊŮɟɜɩɜŰŬɠ Ŭˊɧ əɧůəɘɜɞ 200 ɛm əŬɘ Ŭəɞɚɞɨɗɤɠ əŬŰŮɟɔɎɕŮŰŬɘ ɛŮ 20 ml HCl 1:1. 

ȷˊɞɛŬəɟɨɜɞɜŰŬɘ ɛŮ ŭɘɐɗɖůɖ Űɡɢɧɜ ˊɟɞůɛɑɝŮɘɠ ˊɞɡ ˊŬɟŬɛɏɜɞɡɜ ŬŭɘɎɚɡŰŮɠ. ɇɞ 

ŭɘɐɗɖɛŬ ůɡɛˊɚɖɟɩɜŮŰŬɘ ůŮ ɞɔəɞɛŮŰɟɘəɐ Űɤɜ 250 ml əŬɘ Űɞ ŭŮɑɔɛŬ ɞŭɖɔŮɑŰŬɘ ˊɟɞɠ 

ɛɏŰɟɖůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ Ca, Si, Al, Fe, Mg, Na əŬɘ Ⱦ. ɇɞ ɕɖŰɞɨɛŮɜɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ 

% ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ ɞɝŮɘŭɑɤɜ ůŰɞ ŭŮɑɔɛŬ.  

8.2.1.1.3 ɉɖɛɘəɧɠ ˊɟɞůŭɘɞɟɘůɛɧɠ Ůˊɑ ɛɏɟɞɡɠ ůɡůŰŬŰɘəɩɜ 

ȷ Ʉɟɞůŭɘɞɟɘůɛɧɠ CaO əŬɘ MgO 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ əɨɟɘɤɜ ůŰɞɘɢŮɑɤɜ Ca əŬɘ Mg ɏɔɘɜŮ ůɨɛűɤɜŬ ɛŮ Űɞ 

ˊɟɧŰɡˊɞ EN 12485:2001, EN 459-2:2010, EN 459-3:2010. ũɘŬ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ 

Ŭɟɢɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ, ɕɡɔɑůŰɖəŬɜ 0.25 g ŭŮɑɔɛŬŰɞɠ ůŮ ɏɜŬ ɢɤɜŮɡŰɐɟɘ ˊɚŬŰɑɜŬɠ 

ˊɟɞůɗɏŰɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ 1.5 g ŰŮŰɟŬɓɞɟɘəɞɨ ɚɘɗɑɞɡ. ɇɞ ɛɑɔɛŬ ɗŮɟɛɎɜɗɖəŮ ůŰɞɡɠ 

1000 
o
C ɛɏɢɟɘ ɜŬ ˊŬɟŬɢɗŮɑ ɏɜŬ ŭɘŬɡɔɏɠ ŰɐɔɛŬ. ȷəɞɚɞɨɗɤɠ Űɞ ɢɤɜŮɡŰɐɟɘɞ 

ůəŮˊɎůŰɖəŮ əŬɘ ŬűɏɗɖəŮ ɜŬ ɣɡɢɗŮɑ. ɇɞ ɣɡɢɟɧ ŰɐɔɛŬ ŭɘŬɚɨɗɖəŮ ˊɟɞůɗɏŰɞɜŰŬɠ 50 ml 

ɡŭɟɞɢɚɤɟɘəɞɨ ɞɝɏɞɠ, ɡˊɧ ůɡɜŮɢɐ ŬɜɎŭŮɡůɖ əŬɘ ɗɏɟɛŬɜůɖ ůŰɞɡɠ 100 
o
C.ɇɞ ŭɘɎɚɡɛŬ 

ɛŮŰŬűɏɟɗɖəŮ ůŮ ɞɔəɞɛŮŰɟɘəɧ əɨɚɘɜŭɟɞ Űɤɜ 250 ml ˊɟɞůɗɏɞɜŰŬɠ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ 

ɛɏɢɟɘ Űɖɜ ɢŬɟŬɔɐ.  
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ɇɞ CaO ˊɟɞůŭɘɞɟɑůŰɖəŮ ɛŮ ŰɘŰɚɞŭɧŰɖůɖ ɛŮ ŭɘɎɚɡɛŬ EDTA ůŮ pH=13, ɏˊŮɘŰŬ 

Ŭˊɧ Űɖɜ ˊɟɞůɗɐəɖ ŭŮɑəŰɖ Ca (caloncarboxylic acid indicator) əŬɘ ŬɚɚŬɔɐ Űɞɡ 

ɢɟɩɛŬŰɞɠ ˊɞɡ űŬɜŮɟɩɜŮɘ Űɖɜ ŰŮɚɘəɐ əŬŰɎůŰŬůɖ. 25 ml ŭɘŬɚɨɛŬŰɞɠ ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ 

ŭɞɢŮɑɞ 400 ml ˊɟɞůɗɏŰɞɜŰŬɠ 150 ml ɜŮɟɞɨ əŬɘ 5 ml Űɟɘ-ŮɗŬɜɞɚŬɛɑɜɖɠ (1:1). 

ȼ Űɘɛɐ Űɞɡ pH Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ŰɏɗɖəŮ ůŰɞ 13 ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɡŭɟɞɝŮɘŭɑɞɡ 

Űɞɡ ɜŬŰɟɑɞɡ (4M). ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖ ŰɘŰɚɞŭɧŰɖůɖɠ ɖ Űɘɛɐ Űɞɡ pH ŭɘŬŰɖɟɞɨɜŰŬɜ 

>13. ɇɘŰɚɞŭɧŰɖůɖ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ɔɑɜŮŰŬɘ ɛŮ ˊɟɞůɗɐəɖ EDTA (0.04M) ůŮ 0.1 g 

ŭŮɑəŰɖ ŬůɓŮůŰɑɞɡ (caloncarboxylic acid). ɇɞ EDTA ŬɟɢɘəɎ ŬɜŰɘŭɟɎ ɛŮ ŰŬ ŮɚŮɨɗŮɟŬ 

ɘɧɜŰŬ ŬůɓŮůŰɑɞɡ əɘ ɏˊŮɘŰŬ ɛŮ ŰŬ ɘɧɜŰŬ ˊɞɡ ŮɑɜŬɘ ŭŮůɛŮɡɛɏɜŬ ůŰɞɜ ŭŮɑəŰɖ, 

ˊɟɞəŬɚɩɜŰŬɠ ŬˊɧŰɞɛɖ ɛŮŰŬɓɞɚɐ Űɞɡ ɢɟɩɛŬŰɞɠ Ŭˊɧ əɧəəɘɜɞ ůŮ ɛˊɚŮ. 

ȳɛɞɘŬ, Űɞ ɞɚɘəɧ CaO+MgO ˊɟɞůŭɘɞɟɑůŰɖəŮ ɛŮ ŰɘŰɚɞŭɧŰɖůɖ ɛŮ EDTA, ůŮ 

Űɘɛɐ pH=10. 25 ml ŭɘŬɚɨɛŬŰɞɠ ɛŮŰŬűɏɟɗɖəŬɜ ůŮ ŭɞɢŮɑɞ ůŰɞ ɞˊɞɑɞ ˊɟɞůŰɏɗɖəŬɜ 150 

ml ɜŮɟɞɨ. ȷəɞɚɞɨɗɤɠ, ˊɟɞůŰɏɗɖəŬɜ 5 ml ŭɘŬɚɨɛŬŰɞɠ Űɟɘ-ŮɗŬɜɞɚŬɛɑɜɖɠ (1:1) 

ɗɏŰɞɜŰŬɠ Űɞ pH=10.5 ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɟɡɗɛɘůŰɞɨ ŭɘŬɚɨɛŬŰɞɠ (ammonium chloride 

/ammonium hydroxide). Ⱥɜ ůɡɜŮɢŮɑŬ, ůŰɞ 90% Űɞɡ ŭɘŬɚɨɛŬŰɞɠ EDTA ˊɞɡ 

ɢɟɖůɘɛɞˊɞɑɖɗɖəŮ ɔɘŬ Űɖɜ ŰɘŰɚɞŭɧŰɖůɖ Űɞɡ CaO ˊɟɞůŰɑɗŮɜŰŬɘ 0.1 g ŭŮɑəŰɖ 

Eriochrome Black T  əŬɘ Űɞ ŭɘɎɚɡɛŬ ŰɘŰɚɞŭɞŰŮɑŰŬɘ ɛɏɢɟɘ Űɖɜ ŬɚɚŬɔɐ Űɞɡ ɢɟɩɛŬŰɞɠ 

Ŭˊɧ əɧəəɘɜɞ ůŮ ɛˊɚŮ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŰɘŰɚɞŭɧŰɖůɖɠ, ŬɟɢɘəɎ Űɞ EDTA ŬɜŰɘŭɟɎ 

ɛŮ ŰŬ ŮɚŮɨɗŮɟŬ ɘɧɜŰŬ ŬůɓŮůŰɑɞɡ əŬɘ ɛŬɔɜɖůɑɞɡ əɘ ɏˊŮɘŰŬ ɛŮ ŮəŮɑɜŬ ˊɞɡ ŮɑɜŬɘ 

ŭŮůɛŮɡɛɏɜŬ ɛŮ Űɞɜ ˊɟɞůŰɘɗɏɛŮɜɞ ŭŮɑəŰɖ. ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɞɡ ɞɚɘəɞɨ CaO+MgO 

əŬɘ Űɞɡ CaO, ŭɑɜŮɘ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ ůŮ MgO.  

ȸ ȹŮɡŰŮɟŮɨɞɜŰŬ ůɡůŰŬŰɘəɎ  

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Si, Al, Fe əŬɘ Mn ɏɔɘɜŮ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ 

űɚɧɔŬɠ ŬŰɞɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ EN 12485:2001.  

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɢɖɛɘəɩɜ ůŰɞɘɢŮɑɤɜ, ˊɟɞůŰɏɗɖəŮ ŭɘɎɚɡɛŬ ɜɘŰɟɘəɞɨ 

ɚŬɜɗŬɜɑɞɡ. ɄŬɟɎɚɚɖɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɚɏɔɢɗɖəŬɜ ɛŮ ŭɘŬɚɨɛŬŰŬ ɓŬɗɛɞɜɧɛɖůɖɠ 

ɩůŰŮ ɜŬ ŭɘɞɟɗɤɗɞɨɜ ɢɖɛɘəɏɠ ˊŬɟŮɛɓɞɚɏɠ ŮɝŬɘŰɑŬɠ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ŮɜŭɘɎɛŮůɤɜ 

ůɡůŰŬŰɘəɩɜ. ȾɎɗŮ ɛŮŰŬɓɞɚɐ ŮɝŬɘŰɑŬɠ Űɞɡ ɘɞɜɘůɛɞɡ ůŰɖ űɚɧɔŬ, ŬˊɞɛŬəɟɨɜŮŰŬɘ 

ˊɟɞůɗɏŰɞɜŰŬɠ ŭɘɎɚɡɛŬŰŬ ɓŬɗɛɞɜɧɛɖůɖɠ əŬɘ ɢɚɤɟɘŭɑɞɡ Űɞɡ əŮůɑɞɡ.  

ȽɢɜɞůŰɞɘɢŮɑŬ (Pb, Cd, Cr, Ni)  

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɘɢɜɞůŰɞɘɢŮɑɤɜ (Pb, Cd, Cr, Ni) ɏɔɘɜŮ əŬŰɎ Űɖ ɗŮɟɛɘəɐ 

ŭɘɎůˊŬůɖ ůŮ űɞɨɟɜɞ ɔɟŬűɑŰɖ ɛŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ EN 12485:2001. Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ 

Űɞɡ Cr ɏɔɘɜŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɜɘŰɟɘəɞɨ ɛŬɔɜɖůɑɞɡ Ůɜɩ Űɤɜ  Pb əŬɘ Cs ɛŮ ůɡɜŭɡŬůɛɧ 

ŭɘŬɛɛɤɜɘŬəɞɨ ɡŭɟɞɔɞɜɞɛɏɜɞɡ űɤůűɞɟɘəɞɨ (diammonium hydrogenphosphate) 



ȾŮű. 8. ɄŮɟɘɔɟŬűɐ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮɗɞŭɞɚɞɔɘɩɜ 

142 

 

ɜɘŰɟɘəɞɨ ɛŬɔɜɖůɑɞɡ, ŬɜŰɑůŰɞɘɢŬ. ȼ ɓŬɗɛɞɜɧɛɖůɖ əŬɘ ŬɜɎɚɡůɖ ɏɔɘɜŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ 

Űɖɠ ɓŬɗɛɞɜɞɛɖɛɏɜɖɠ əŬɛˊɨɚɖɠ ɔɘŬ əɎɗŮ ůŰɞɘɢŮɑɞ. 

ŪŮɘɥəɎ 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɗŮɘɥəɩɜ ɏɔɘɜŮ ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ əŬɗɑɕɖůɐ Űɞɡɠ ɤɠ ɗŮɘɥəɧ 

ɓɎɟɘɞ, ɛŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ EN 12485:2001. ɆŮ 1 g ŭŮɑɔɛŬŰɞɠ ˊɟɞůŰɏɗɖəŮ, ůŮ 

ŬɜŬɚɞɔɑŬ 1:1, ˊɞůɧŰɖŰŬ ɜŮɟɞɨ əŬɘ ɡŭɟɞɢɚɤɟɘəɞɨ ɞɝɏɞɠ. ȷəɞɚɞɨɗɤɠ Űɞ ŭɘɎɚɡɛŬ 

ɗŮɟɛɎɜɗɖəŮ ůŮ ɗŮɟɛŬɘɜɧɛŮɜɖ ˊɚɎəŬ əŬɘ ˊŮɟɎůŰɖəŮ Ŭˊɧ ůɡůəŮɡɐ űɘɚŰɟŬɟɑůɛŬŰɞɠ. 

ɇɞ ɡˊɧɚŮɘɛɛŬ çɝŮˊɚɨɗɖəŮè ŬɟəŮŰɏɠ űɞɟɏɠ ɛŮ ɛɘəɟɐ ˊɞůɧŰɖŰŬ ŬɟŬɘɞɨ ɡŭɟɞɢɚɤɟɘəɞɨ 

ɞɝɏɞɠ. ɆŰɞ ŭɘɐɗɖɛŬ ˊɟɞůŰɏɗɖəŮ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ɛɏɢɟɘ ŰŬ 250 250 ml əŬɘ ˊŬɟɎɚɚɖɚŬ 

ɟɡɗɛɑůŰɖəŮ Űɞ pH (ɛŮ əŬŰɎɚɚɖɚɖ ˊɞůɧŰɖŰŬ ɡŭɟɞɢɚɤɟɘəɞɨ ɞɝɏɞɠ) ůŰɖɜ Űɘɛɐ 1. 

ɉɚɤɟɘɞɨɢɞ ɓɎɟɘɞ ˊɟɞůŰɏɗɖəŮ ɔɘŬ 12 ɩɟŮɠ ůŰɞɡɠ 60
o
C ɛŮ ůəɞˊɧ Űɖɜ əŬɗɑɕɖůɖ 

ɗŮɘɥəɞɨ ɓŬɟɑɞɡ. ɇŮɚɘəɎ Űɞ ŭɘɎɚɡɛŬ ˊŮɟɎůŰɖəŮ Ŭˊɧ ůŰŬɗɛɘəɧ űɑɚŰɟɞ. ɇɞ ŭɘɖɗɖŰɘəɧ 

ɢŬɟŰɑ ɗŮɟɛɎɜɗɖəŮ ůŮ əɚɑɓŬɜɞ ůŰɞɡɠ 950 
0
C ɛɏɢɟɘ ůŰŬɗŮɟɞˊɞɑɖůɖɠ Űɖɠ ɛɎɕŬɠ Űɞɡ. 

8.2.1.1.4 Ʉɟɞůŭɘɞɟɘůɛɧɠ ŭɘŬɗɏůɘɛɞɡ CaO 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ŭɘŬɗɏůɘɛɞɡ CaO ɏɔɘɜŮ ɛŮ ɓɎůɖ Űɞɡ ˊɟɧŰɡˊɞ §4.7.3, EN 

459-2:2001. ȼ ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ ŭɘŬɗɏůɘɛɞɡ ɏɔɘɜŮ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ Ůɗɡɚ-

ŬəŮŰɞŬəŮŰɘəɧ ɞɝɨ (ethylacetoacetate) Ůɜɩ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ ˊŮɟɘŮɚɎɛɓŬɜŮ  

ŰɘŰɚɞŭɧŰɖůɖ ɛŮ ɡŭɟɞɢɚɤɟɘəɧ ɞɝɨ əŬɘ ɛˊɚŮ ŭŮɑəŰɖ ɓɟɤɛɞűŬɘɜɧɚɖɠ. 

8.2.2 ŪŮɟɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖɠ ɛŮɗɧŭɞɡɠ TG əŬɘ DSC 

ȼ ɛŮɗɞŭɞɚɞɔɑŬ (ɗŮɟɛɞůŰŬɗɛɘəɐɠ ŬɜɎɚɡůɖɠ TG əŬɘ ȹɘŬűɞɟɘəɐɠ 

ŪŮɟɛɘŭɞɛŮŰɟɑŬɠ ɆɎɟɤůɖɠ ï DSC) əŬɘ ɞɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ɞɟɔɎɜɞɡ ŮɑɜŬɘ ɧɛɞɘŬ 

ɛŮ ŬɡŰɐ Űɞɡ əŮűŬɚŬɑɞɡ 8.1.8.   
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Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɛŮɚŮŰɎŰŬɘ ŬɜŬɚɡŰɘəɎ ɞ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ŬɜɗɟŬəɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ. Ƀɘ ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ: 

ˊŮŰɟɞɔɟŬűɘəɧ ɛɘəɟɞůəɧˊɘɞ, ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ, 

ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬ ŬəŰɑɜɤɜ-ɉ, ɢɖɛɘəɐ ŬɜɎɚɡůɖ, ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ 

əŬɘ Űɞɡ ŬŭɘɎɚɡŰɞɡ ɡˊɞɚŮɑɛɛŬŰɞɠ, űŬůɛŬŰɞůəɞˊɑŬ Raman, ˊɞɟɞůɘɛŮŰɟɑŬ ɡŭɟŬɟɔɨɟɞɡ 

əŬɘ ŬɕɩŰɞɡ, ɗŮɟɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖɠ ɛŮɗɧŭɞɡɠ TG əŬɘ DTA əŬɘ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ. 

9.1 ɄŮŰɟɞɔɟŬűɘəɧ ɛɘəɟɞůəɧˊɘɞ 

Ƀɘ ˊŬɟŬəɎŰɤ ɘůŰɞɚɞɔɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɛɘəɟɞůəɞˊɘəɐ 

ŮɝɏŰŬůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐůŬɛŮ ůŰŬ ɏɜŰŮəŬ (11) ŭŮɑɔɛŬŰŬ ŬůɓŮůŰɞɚɑɗɤɜ (L3, L4, 

L5, L7, L8, L9 əŬɘ L10) əŬɘ ɛŬɟɛɎɟɤɜ (L1, L2, L6, əŬɘ L11). Ƀ ˊɑɜŬəŬɠ 9.1 

ůɡɜɞɣɑɕŮɘ ɧɚŬ ŰŬ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɘɠ ŭɘŬűɞɟɏɠ Űɤɜ ɏɜŰŮəŬ (11) 

ŭŮɘɔɛɎŰɤɜ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ (Ⱥɘə. 9.1-9.11). 

Ɇ 
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ȷůɓŮůŰɧɚɘɗɞɘ 

ȹŮɑɔɛŬ L3:  

ȷɜŬəɟɡůŰŬɚɚɤɛɏɜɞɠ ŭɞɚɞɛɘŰɘəɧɠ ŬůɓŮůŰɧɚɘɗɞɠ ɛŮ ůɢŮŰɘəɎ ɞɛɞɘɞɔŮɜɐ 

ɢŬɟŬəŰɐɟŬ. ȹɘŬűɞɟɘəɎ ŬɜŮˊŰɡɔɛɏɜɞɘ ŬɜŮŭɟɘəɞɑ ɏɤɠ ŮɡŮŭɟɘəɞɑ əɟɨůŰŬɚɚɞɘ ŬůɓŮůŰɑŰɖ 

əŬɘ ŭɞɚɞɛɑŰɖ. ɄŬɟŬŰɖɟɞɨɜŰŬɘ ˊɞɚɚŬˊɚɎ űɚŮɓɑŭɘŬ ˊɞɡ ɏɢɞɡɜ ˊɚɖɟɤɗŮɑ Ŭˊɧ 

əɟɡůŰɎɚɚɞɡɠ ŬůɓŮůŰɑŰɖ. ȾŬŰɎ ɗɏůŮɘɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůɢɖɛŬŰɘůɛɞɑ ŬˊɞɚɘɗɤɛɎŰɤɜ ˊɞɡ 

ɏɢɞɡɜ Ůˊɑůɖɠ ˊɚɖɟɤɗŮɑ ɛŮ ŬɜɗɟŬəɘəɧ ɡɚɘəɧ. ɇɞ ɛɏůɞ ɛɏɔŮɗɞɠ əɧəəɤɜ əɡɛŬɑɜŮŰŬɘ 

Ŭˊɧ 0.01-0.015 mm. 

  

  

 

ȺɘəɧɜŬ 9.1: ȹŮɑɔɛŬ L3: (Ŭ), (ɔ) Ŭˊɧ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ (Ƀ.ɀ.) ůŮ ˊŬɟɎɚɚɖɚŬ Nicols əŬɘ (ɓ),(ŭ) 

Ŭˊɧ (Ƀ.ɀ.) ůŮ əɎɗŮŰŬ Nicols. Ūɏůɖ űɤŰɧ Ŭ: ˊɎɜɤ ŬɟɘůŰŮɟɎ, ɓ: ˊɎɜɤ ŭŮɝɘɎ, ɔ: əɎŰɤ ŬɟɘůŰŮɟɎ əŬɘ 

ŭ: əɎŰɤ ŭŮɝɘɎ. 
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ȹŮɑɔɛŬ L4:  

ȺɝŬɘɟŮŰɘəɎ ɚŮˊŰɧəɞəəɞ ˊɏŰɟɤɛŬ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŭɞɚɞɛɘŰɘəɧɠ 

ŬůɓŮůŰɧɚɘɗɞɠ ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ŬɚɚɞŰɟɘɧɛɞɟűɞɡɠ-ŬɜŮŭɟɘəɞɨɠ əɟɡůŰɎɚɚɞɡɠ 

ŬůɓŮůŰɑŰɖ əŬɘ ŭɘɎůˊŬɟŰɞɡɠ ɘŭɘɧɛɞɟűɞɡɠ əɧəəɞɡɠ ŭɞɚɞɛɑŰɖ. ɇɞ ɛɏůɞ ɛɏɔŮɗɞɠ əɧəəɤɜ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0.003-0.005 mm. 

 

  

  

 

ȺɘəɧɜŬ 9.2: ȹŮɑɔɛŬ L4: (Ŭ), (ɔ) Ŭˊɧ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ (Ƀ.ɀ.) ůŮ ˊŬɟɎɚɚɖɚŬ Nicols əŬɘ (ɓ), (ŭ) Ŭˊɧ 

(Ƀ.ɀ.) ůŮ əɎɗŮŰŬ Nicols. Ūɏůɖ űɤŰɧ Ŭ: ˊɎɜɤ ŬɟɘůŰŮɟɎ, ɓ: ˊɎɜɤ ŭŮɝɘɎ, ɔ: əɎŰɤ ŬɟɘůŰŮɟɎ əŬɘ ŭ: əɎŰɤ 

ŭŮɝɘɎ. 
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ȹŮɑɔɛŬ L5:  

ȿŮˊŰɧəɞəəɞɠ ɛɘəɟɘŰɘəɧɠ ŬůɓŮůŰɧɚɘɗɞɠ ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ŬɚɚɞŰɟɘɧɛɞɟűɞɡɠ-

ŬɜŮŭɟɘəɞɨɠ əɟɡůŰɎɚɚɞɡɠ ŬůɓŮůŰɑŰɖ. ɇɞ ɛɏůɞ ɛɏɔŮɗɞɠ əɧəəɤɜ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0.005-

0.007 mm. 

 

  

  

 

ȺɘəɧɜŬ 9.3: ȹŮɑɔɛŬ L5: (Ŭ), (ɔ) Ŭˊɧ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ (Ƀ.ɀ.) ůŮ ˊŬɟɎɚɚɖɚŬ Nicols əŬɘ (ɓ), (ŭ) Ŭˊɧ 

(Ƀ.ɀ.) ůŮ əɎɗŮŰŬ Nicols. Ūɏůɖ űɤŰɧ Ŭ: ˊɎɜɤ ŬɟɘůŰŮɟɎ, ɓ: ˊɎɜɤ ŭŮɝɘɎ, ɔ: əɎŰɤ ŬɟɘůŰŮɟɎ əŬɘ ŭ: əɎŰɤ 

ŭŮɝɘɎ. 
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ȹŮɑɔɛŬ L7:  

ȹɞɚɞɛɘŰɘəɧɠ ŬůɓŮůŰɧɚɘɗɞɠ. ȷˊɞŰŮɚŮɑŰŬɘ əŬŰŮɝɞɢɐɜ Ŭˊɧ ɘŭɘɧɛɞɟűɞɡɠ ɏɤɠ 

ŬɚɚɞŰɟɘɧɛɞɟűɞɡɠ əɟɡůŰɎɚɚɞɡɠ ŭɞɚɞɛɑŰɖ. ɇɞ ɛɏůɞ ɛɏɔŮɗɞɠ əɧəəɤɜ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 

0.21-0.24 mm. 

 

Dol

Dol

  

 

Dol

Dol

 

 

ȺɘəɧɜŬ 9.4: ȹŮɑɔɛŬ L7: (Ŭ), (ɔ) Ŭˊɧ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ (Ƀ.ɀ.) ůŮ ˊŬɟɎɚɚɖɚŬ Nicols əŬɘ (ɓ), (ŭ) Ŭˊɧ 

(Ƀ.ɀ.) ůŮ əɎɗŮŰŬ Nicols. Ūɏůɖ űɤŰɧ Ŭ: ˊɎɜɤ ŬɟɘůŰŮɟɎ, ɓ: ˊɎɜɤ ŭŮɝɘɎ, ɔ: əɎŰɤ ŬɟɘůŰŮɟɎ əŬɘ ŭ: əɎŰɤ 

ŭŮɝɘɎ. 
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ȹŮɑɔɛŬ L8:  

ȷˊɞɚɘɗɤɛŬŰɞűɧɟɞɠ ɓɘɞɛɘəɟɘŰɘəɧɠ ŬůɓŮůŰɧɚɘɗɞɠ. ɇɞ ɛɏůɞ ɛɏɔŮɗɞɠ əɧəəɤɜ 

ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 0.001 mm. ȺɝŬɑɟŮůɖ ŬˊɞŰŮɚɞɨɜ ɞɘ űŬəɞŮɘŭŮɑɠ ůɢɖɛŬŰɘůɛɞɑ, 

űɚŮɓɘŭɑɤɜ, ˊɞɡ űɗɎɜɞɡɜ ŰŬ 0.01 mm əŬɘ ŭŮɡŰŮɟɞɔŮɜɩɠ ɏɢɞɡɜ ˊɚɖɟɤɗŮɑ Ŭˊɧ 

ůˊŬɟɘŰɘəɧ ŬůɓŮůŰɑŰɖ. 

 

Cal

  

 

Cal

 

 

ȺɘəɧɜŬ 9.5: ȹŮɑɔɛŬ L8: (Ŭ), (ɔ) Ŭˊɧ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ (Ƀ.ɀ.) ůŮ ˊŬɟɎɚɚɖɚŬ Nicols əŬɘ (ɓ), (ŭ) Ŭˊɧ 

(Ƀ.ɀ.) ůŮ əɎɗŮŰŬ Nicols. Ūɏůɖ űɤŰɧ Ŭ: ˊɎɜɤ ŬɟɘůŰŮɟɎ, ɓ: ˊɎɜɤ ŭŮɝɘɎ, ɔ: əɎŰɤ ŬɟɘůŰŮɟɎ əŬɘ ŭ: əɎŰɤ 

ŭŮɝɘɎ. 

 


