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ȺɡɢŬɟɘůŰɑŮɠ 
 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɑɜŬɘ ŬűɘŮɟɤɛɏɜɖ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ, əŬɗɩɠ 

ɡˊɐɟɝŮ ɗŮɟɛɧɠ ůɡɛˊŬɟŬůŰɎŰɖɠ ůŰɘɠ ŭɨůəɞɚŮɠ ůŰɘɔɛɏɠ əŬɘ ɛŮ ɓɞɐɗɖůŮ ɜŬ 

ŬɜŰŮˊŮɝɏɚɗɤ ůŰɘɠ ˊɟɞəɚɐůŮɘɠ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ŬəŬŭɖɛŬɥəɩɜ ɛɞɡ ůˊɞɡŭɩɜ. 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ə. ɁɘəɧɚŬɞ ȸŬɟɧŰůɖ ɔɘŬ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ˊɞɡ ɛɞɡ ɏŭɤůŮ ɜŬ ŮɜŬůɢɞɚɖɗɩ ɛŮ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, 

əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ əŬɗɞŭɐɔɖůɖ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɐɠ Űɖɠ. 

Ⱥˊɑůɖɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ əŬɗɖɔɖŰɐ ə. ȻŬɢŬɟɑŬ ȷɔɘɞɡŰɎɜŰɖ ɔɘŬ Űɖɜ 

ůɡɛɛŮŰɞɢɐ Űɞɡ ůŰɖɜ ŮɝŮŰŬůŰɘəɐ ŮˊɘŰɟɞˊɐ. ɇɏɚɞɠ, ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɜ 

ȹɘŭɎəŰɞɟŬ Űɞɡ ŰɛɐɛŬŰɞɠ ə. ȸŬůɑɚɖ ũŬɔɎɜɖ, ɔɘŬ Űɖɜ ɡˊɞɛɞɜɐ əŬɘ Ůˊɘɛɞɜɐ ˊɞɡ 

ɡˊɏŭŮɘɝŮ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ, ŬɚɚɎ əŬɘ 

ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ ɔɘŬ Űɖɜ ŬɟŰɘɧŰŮɟɖ ŮˊɘůŰɖɛɞɜɘəɐ 

əŬŰɎɟŰɘůɖ ɛɞɡ.  
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ɄŮɟɑɚɖɣɖ 
 

ȷˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ 

ˊŮŰɟŮɚŬɑɞɡ əŬɘ űɡůɘəɞɨ ŬŮɟɑɞɡ ŮɑɜŬɘ ɞɘ PVT ɛŮɚɏŰŮɠ. Ƀɘ ɛŮɚɏŰŮɠ ŬɡŰɏɠ ůɡůɢŮŰɑɕɞɡɜ 

ŰŬ ŰɟɑŬ ɓŬůɘəɎ ɗŮɟɛɞŭɡɜŬɛɘəɎ ɛŮɔɏɗɖ, Űɖɜ ˊɑŮůɖ (P), Űɞɜ ɧɔəɞ(V) əŬɘ Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ (T). Ƀɘ PVT ɛŮɚɏŰŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŬ ŮɟɔŬůŰɐɟɘŬ 

ɛŮ  ůəɞˊɧ Űɖɜ ɛŮɚɏŰɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊŮŰɟŮɚŬɑɞɡ  ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ɔŮɤŰɟɐůŮɘɠ. Ƀɘ ɓŬůɘəɏɠ PVT ɛŮɚɏŰŮɠ ɔɘŬ ŰŬ ˊŮŰɟɏɚŬɘŬ ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ 

(Constant Mass Study), ɛŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ (Differential Vaporization), 

ɛŮɚɏŰɖ ɘɝɩŭɞɡɠ ɡɔɟɐɠ űɎůɖɠ ůŬɜ ůɡɜɎɟŰɖůɖ Űɖɠ ˊɑŮůɖɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŰŬɛɘŮɡŰɐɟŬ 

əŬɘ ɖ ŬɟɘůŰɞˊɞɑɖůɖ Űɤɜ ůɡɜɗɖəɩɜ ŭɘŬɢɤɟɘůɛɞɨ (Separation Test).    

ɀŮ ɓɎůɖ Űɘɠ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Ůɜɧɠ 

ˊŮŰɟŮɚŬɥəɞɨ ŭŮɑɔɛŬŰɞɠ ɧˊɤɠ ŮɑɜŬɘ ɞ ɞɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ 

űɎůɖɠ(ȸɞ), ɞ ɚɧɔɞɠ ŬŮɟɑɞɡ/ˊŮŰɟŮɚŬɑɞɡ (GOR), ɞ ɚɧɔɞɠ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ 

ˊŮŰɟɏɚŬɘɞ (Rs) əŬɗɩɠ əŬɘ ɞ ɞɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ŬɏɟɘŬɠ  űɎůɖɠ 

(Bg).  

ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ Interactive_Code, ůŰɞ ɞˊɞɑɞ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ  ɖ ˊɟɞůɞɛɞɑɤůɖ PVT ɛŮɚŮŰɩɜ ˊŮŰɟŮɚŬɑɤɜ ɛŮ Űɖɜ ɢɟɐůɖ əɡɓɘəɩɜ 

əŬŰŬůŰŬŰɘəɩɜ ŮɝɘůɩůŮɤɜ. Ƀɘ ɛŮɚɏŰŮɠ ɞɘ ɞˊɞɑŮɠ ˊɟɞůɞɛɞɘɩɗɖəŬɜ ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ 

ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ. ȷɟɢɘəɎ ɡɚɞˊɞɘɐɗɖəŮ ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ 

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ Űɞɡ ɟŮɡůŰɞɨ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ. ȷəɞɚɞɨɗɤɠ ɡɚɞˊɞɘɐɗɖəŮ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ əŬɘ Űɏɚɞɠ 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ ɞɔəɞɛŮŰɟɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ ȸɞ, Bg əŬɘ Rs. 

ũɘŬ ɜŬ ŭɞəɘɛŬůŰŮɑ Űɞ ˊɟɧɔɟŬɛɛŬ Interactive_Code, ɛŮɚŮŰɐɗɖəŮ Űɞ ŭŮɑɔɛŬ 5374-

S1-F Űɞ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ ŮɟɔŬůŰɐɟɘŬ Űɖɠ ŮŰŬɘɟɑŬɠ Corelab. ɆŰɖɜ ˊŬɟɞɨůŬ 

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ ŭɨɞ PVT ɛŮɚŮŰɩɜ 

ůɡɔəɟɑɗɖəŬɜ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮŰŬɘɟɑŬɠ Corelab.  

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮˊŰɎ Ůˊɘɛɏɟɞɡɠ ŮɜɧŰɖŰŮɠ. 

ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɛɘŬ ɔŮɜɘəɐ ŬɜŬűɞɟɎ ůŰɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮɚɏŰŮɠ PVT əŬɘ ůŰɞɡɠ 

ɞɔəɞɛŮŰɟɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ ȸɞ, Bg, əŬɘ Rs. ȷəɞɚɞɡɗɞɨɜ ɖ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ əŬɘ 

Ůɝɏɚɘɝɖ Űɤɜ əɡɓɘəɩɜ əŬŰŬůŰŬŰɘəɩɜ ŮɝɘůɩůŮɤɜ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ŰŬ ɛŬɗɖɛŬŰɘəɎ 

ŮɟɔŬɚŮɑŬ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ˊɟɞůɞɛɞɘɤŰɐ. ɆŰɖ 

ůɡɜɏɢŮɘŬ ŬəɞɚɞɡɗŮɑ ɖ ˊŮɟɘɔɟŬűɐ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ 

əŬɘ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ Ůɜɧɠ ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ. Ⱥɜ ůɡɜŮɢŮɑŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ŬɜŬɚɡŰɘəɎ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ, 

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ əŬɘ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ əŬɗɩɠ əŬɘ ɖ 

ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ɛŮɚŮŰɩɜ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ. ɇɏɚɞɠ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ ŬɡŰɩɜ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ŮɟɔŬůŰɖɟɘŬəɐɠ ɛŮɚɏŰɖɠ Űɖɠ ŮŰŬɘɟɑŬɠ Corelab.  
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1.1 ɄŮŰɟɏɚŬɘɞ  

ɇɞ ˊŮŰɟɏɚŬɘɞ ɐ ŭɘŬűɞɟŮŰɘəɎ ɛŬɨɟɞɠ ɢɟɡůɧɠ, ŬˊɞŰŮɚŮɑ Ůŭɩ əŬɘ ŭŮəŬŮŰɑŮɠ Űɖɜ 

ůˊɞɡŭŬɘɧŰŮɟɖ ˊɖɔɐ űɡůɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȼ ůˊɞɡŭŬɘɧŰɖŰŬ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ůŮ ůɢɏůɖ ɛŮ 

ɎɚɚŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ, ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ˊɤɠ əŬŰɎ Űɖɜ əŬɨůɖ Űɞɡ ŮəɚɨŮɘ ɛŮɔɎɚŮɠ 

ˊɞůɧŰɖŰŮɠ ŮɜɏɟɔŮɘŬɠ. Ⱥ́ ɑůɖɠ Űɞ ˊŮŰɟɏɚŬɘɞ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ŮɛűŬɜɑɕŮŰŬɘ ůŮ ɡɔɟɐ ɛɞɟűɐ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ  Űɖɜ Ůɨəɞɚɖ ɛŮŰŬűɞɟɎ, 

ŭɘŬəɑɜɖůɖ əŬɘ ŬˊɞɗɐəŮɡůɖ Űɞɡ. ȼ ɏəɚɡůɖ ɛŮɔɎɚɖɠ ˊɞůɧŰɖŰŬɠ ŮɜɏɟɔŮɘŬɠ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮɡəɞɚɑŬ ɛŮŰŬűɞɟɎɠ ï ŭɘŬəɑɜɖůɖɠ ï ŬˊɞɗɐəŮɡůɖɠ, ɏɢɞɡɜ 

əŬŰŬůŰɐůŮɘ Űɞ ˊŮŰɟɏɚŬɘɞ ɤɠ Űɞɜ əɨɟɘɞ ŮɜŮɟɔŮɘŬəɧ ˊɧɟɞ ůŰɞɜ ˊɚŬɜɐŰɖ. Ʉɚɏɞɜ ɖ 

ɞɘəɞɜɞɛɑŬ ŬɜɎ Űɞ ˊŬɔəɧůɛɘɞ ŮɑɜŬɘ ɎɟɟɖəŰŬ ůɡɜɡűŬůɛɏɜɖ ɛŮ Űɞ ˊŮŰɟɏɚŬɘɞ əŬɘ ɖ 

ŬɜɎˊŰɡɝɖ Űɖɠ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ ŬɡŰɧ. 

ɇɞ ˊŮŰɟɏɚŬɘɞ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɨɜɗŮŰɞ ɛŮɑɔɛŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ŭɖɚŬŭɐ ŮɜɩůŮɤɜ 

ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɎɜɗɟŬəŬ əŬɘ ɡŭɟɞɔɧɜɞ əŬɗɩɠ əŬɘ ŮɜɩůŮɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɎɕɤŰɞ, 

ɞɝɡɔɧɜɞ, ɗŮɑɞ əŬɘ ɎŰɞɛŬ ɛŮŰɎɚɚɤɜ. Ƀɘ əɨɟɘɞɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ˊɞɡ ŬˊŬɜŰɩɜŰŬɘ ůŰɞ 

ˊŮŰɟɏɚŬɘɞ ŮɑɜŬɘ ŰŬ ŬɚəɎɜɘŬ, ŰŬ əɡəɚɞŬɚəɎɜɘŬ əŬɘ ɞɘ ŬɟɤɛŬŰɘəɏɠ ŮɜɩůŮɘɠ. ɆŮ ůˊɎɜɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŬˊŬɜŰɩɜŰŬɘ ɞɘ ɞɚŮűɑɜŮɠ (ŬɚəɏɜɘŬ) Ůɜɩ Ŭəɧɛɖ ůˊŬɜɘɧŰŮɟŬ ŰŬ ŬɚəɑɜɘŬ.  ȼ 

ůɨůŰŬůɖ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ŬɚɚɎɕŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɟɞɏɚŮɡůɖ əŬɘ Űɖɜ ɖɚɘəɑŬ 

ůɢɖɛŬŰɘůɛɞɨ Űɞɡ. ɀŮŰɎ Ŭˊɧ ɛŬəɟɞɢɟɧɜɘŮɠ ɛŮɚɏŰŮɠ Ůɜɧɠ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ ŭŮɘɔɛɎŰɤɜ 

ˊŮŰɟŮɚŬɑɞɡ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ůəɞˊɧ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ 

Űɞ ŬˊɞŰŮɚɞɨɜ, ˊɟɞɏəɡɣŮ  ɛɑŬ ɛɏůɖ ůŰɞɘɢŮɘŬəɐ ŬɜɎɚɡůɖ ɖ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬ 1.1. 

ɆŰɞɘɢŮɑɞ ɄŮɟɘŮəŰɘəɧŰɖŰŬ % (ə.ɓ) 

ȯɜɗɟŬəŬɠ 84 ï 87 

Ɉŭɟɞɔɧɜɞ 11 ï 14 

ŪŮɑɞ  0.06 ï 8.00 

ȯɕɤŰɞ  0.02 ï 1.7 

Ƀɝɡɔɧɜɞ  0.08 ï 1.82 

ɀɏŰŬɚɚŬ  0.00 ï 0.14 

ɄɑɜŬəŬɠ 1.1 : ɀɏůɖ ůŰɞɘɢŮɘŬəɐ ŬɜɎɚɡůɖ ˊŮŰɟŮɚŬɑɞɡ
1
 

1.2 ȹɖɛɘɞɡɟɔɑŬ əɞɘŰŬůɛɎŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ
2
 ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ɛŬəɟɞɢɟɧɜɘɤɜ 

ŭɘŮɟɔŬůɘɩɜ (ŮəŬŰɞɛɛɡɟɑɤɜ ŮŰɩɜ), ɞɘ ɞˊɞɑŮɠ ɏɚŬɓŬɜ ɢɩɟŬ ɛɏůŬ ůŮ ɘɕɖɛŬŰɞɔŮɜɐ 

ˊŮŰɟɩɛŬŰŬ. ȺɑɜŬɘ ɔŮɜɘəɎ ŬˊɞŭŮəŰɧ, ɧŰɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡɠ ɞűŮɑɚŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ 

Ŭɟɔɐ əŬɘ ɛŬəɟɞɢɟɧɜɘŬ ŬˊɞůɨɜɗŮůɖ űɡŰɩɜ əŬɘ ɗŬɚɎůůɘɤɜ ɞɟɔŬɜɘůɛɩɜ ŰŬ ɞˊɞɑŬ 

ŭɘŬŰɖɟɐɗɖəŬɜ ɢɤɟɑɠ ŮˊŬűɐ ɛŮ Űɞ ɞɝɡɔɧɜɞ ɛɏůŬ ůŮ ɘɕɖɛŬŰɞɔŮɜɐ ˊŮŰɟɩɛŬŰŬ. ȼ Ŭɟɢɘəɐ 

ˊɟɞɦˊɧɗŮůɖ ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɘŬ ŰɏŰɞɘŬ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɖ ˊŬɟɞɡůɑŬ 

ɗɎɚŬůůŬɠ əŬɗɩɠ Ůˊɑůɖɠ ɏɚɖ əŬɘ Ůəɓɞɚɏɠ ˊɞŰŬɛɩɜ ɧˊɞɡ ŮɑɜŬɘ ˊɚɞɨůɘŬ ůŮ ɕɤɘəɞɨɠ əŬɘ 

űɡŰɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ. ȼ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əɡɟɑɤɠ 

Ŭˊɧ ɛɞɜɞəɨŰŰŬɟɞɡɠ ɗŬɚɎůůɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ əŬɘ ŬɡŰɧ ɔɑɜŮŰŬɘ ŮɨəɞɚŬ əŬŰŬɜɞɖŰɧ Ŭˊɧ 

Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ  ˊɞɡ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ɗɎɚŬůůŬ. 

ȷɟɢɘəɎ,  əŬŰɎ Űɖɜ ŬˊɞůɨɜɗŮůɖ Űɤɜ űɡŰɩɜ əŬɘ Űɤɜ ɗŬɚɎůůɘɤɜ ɞɟɔŬɜɘůɛɩɜ, 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ɛŮŰŬŰɟɏˊɞɡɜ ɛɏɟɞɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ ůŮ ɛŮɗɎɜɘɞ. ɀŮ Űɖɜ 
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ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, ůŰɘɓɎŭŮɠ ɚɎůˊɖɠ ŮɜŬˊɞɗɏŰɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞ ɞɟɔŬɜɘəɧ ɡɚɘəɧ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɎɜŮŰŬɘ Űɞ ɓɎɗɞɠ əŬɘ ůɡɜɎɛŬ ɖ ɗŮɟɛɞəɟŬůɑŬ. ȷɡŰɧ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜŬůŰɞɚɐ Űɖɠ ɛɘəɟɞɓɘŬəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. Ʉɚɏɞɜ, ɛŮ Űɖɜ Ŭɡɝɖɛɏɜɖ 

ɗŮɟɛɞəɟŬůɑŬ, ůɢɖɛŬŰɑɕŮŰŬɘ Űɞ əɖɟɞɔɧɜɞ Űɞ ɞˊɞɑɞ ŭɘŬůˊɎŰŬɘ ůŮ ɛɘəɟɧŰŮɟŬ ŮɡəɑɜɖŰŬ 

ɛɧɟɘŬ ŰŬ ɓɘŰɞɡɛɏɜɘŬ ŰŬ ɞˊɞɑŬ ɛŮ Űɖɜ ůŮɘɟɎ Űɞɡɠ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ɛɘəɟɧŰŮɟŬ ɛɧɟɘŬ 

ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ. 

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɛɞɟɑɤɜ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

Ŭɨɝɖůɖ Űɖɠ ˊɑŮůɖɠ ɛɏůŬ ůŰŬ ɘɕɖɛŬŰɞɔŮɜɐ ˊŮŰɟɩɛŬŰŬ. ȿɧɔɤ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ˊɑŮůɖɠ, 

ůɢɖɛŬŰɑɕɞɜŰŬɘ ɟɤɔɛɏɠ ůŰɞ ˊɏŰɟɤɛŬ  ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ˊɞůɧŰɖŰŮɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

ŭɘŬɢɏɞɜŰŬɘ ůŰɞɜ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞ. ȼ ɟɞɐ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

Ŭɜ ɏɜŬɠ ůɢɖɛŬŰɘůɛɧɠ ŮɑɜŬɘ ŭɘŬˊŮɟŬŰɧɠ ɐ ŬŭɘŬˊɏɟŬŰɞɠ.  ȼ ɟɞɐ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

ɛɏůŬ ůŮ ŭɘŬˊŮɟŬŰɎ ůŰɟɩɛŬŰŬ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ Űɖɠ Ɏɜɤůɖɠ əŬɗɧŰɘ 

ɞɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ɏɢɞɜŰŬɠ ɛɘəɟɧŰŮɟɖ ˊɡəɜɧŰɖŰŬ Ŭˊɧ Űɞ ɜŮɟɧ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ Űɞ 

ŮəŰɞˊɑɕɞɡɜ ˊɟɞɠ ŰŬ əɎŰɤ Ůɜɩ ŬɡŰɞɑ əɘɜɞɨɜŰŬɘ ˊɟɞɠ ŰŬ ˊɎɜɤ. 

ȼ ɟɞɐ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊɟɞɠ ŰŬ ˊɎɜɤ ůɡɜŮɢɑɕŮŰŬɘ ɛɏɢɟɘɠ ɧŰɞɡ ɖ ɟɞɐ ɜŬ 

ůɡɜŬɜŰɐůŮɘ ŬŭɘŬˊɏɟŬŰɞ ˊɏŰɟɤɛŬ ɧˊɞɡ ɞɘ ŰɟɘɢɞŮɘŭŮɑɠ ˊɘɏůŮɘɠ Ůɘůɧŭɞɡ ůŰɞɡɠ ˊɧɟɞɡɠ 

ŭŮɜ ŭɨɜŬŰŬɘ ɜŬ ɡˊŮɟəɘɜɖɗɞɨɜ Ŭˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ Ɏɜɤůɖɠ, ɞˊɧŰŮ əŬɘ ɞɘ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ˊŬɔɘŭŮɨɞɜŰŬɘ. ɇŬ ˊŮŰɟɩɛŬŰŬ ŰŬ ɞˊɞɑŬ ŭŮɜ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ 

ŭɘŬəɑɜɖůɖ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ɞɜɞɛɎɕɞɜŰŬɘ ˊŬɔɑŭŮɠ əŬɘ ŮɑŰŮ ŮɑɜŬɘ ŭɞɛɘəɏɠ ŮɑŰŮ 

ůŰɟɤɛŬŰɞɔɟŬűɘəɏɠ. 

 

1.3 ȺəɛŮŰɎɚɚŮɡůɖ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ          

1.3.1 ȷɜɑɢɜŮɡůɖ əɞɘŰŬůɛɎŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

ȼ ŬɜɑɢɜŮɡůɖ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŰɟŮɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɏɟŮɡɜŬɠ : 

¶ ȺˊɘűŬɜŮɘŬəɐ ɏɟŮɡɜŬ 

¶  ũŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ 

¶ ũŮɤűɡůɘəɐ ɏɟŮɡɜŬ 

ȼ ŮˊɘűŬɜŮɘŬəɐ ɏɟŮɡɜŬ ŭŮɜ ŬˊɞəŬɚɨˊŰŮɘ ˊɎɜŰɞŰŮ ŮˊɘűŬɜŮɘŬəɏɠ ŮɜŭŮɑɝŮɘɠ 

əɞɘŰŬůɛɎŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ůɡɜŮˊɩɠ ɖ ŬɜŬəɎɚɡɣɖ ŰɏŰɞɘɤɜ əɞɘŰŬůɛɎŰɤɜ  ɛˊɞɟŮɑ 

ɜŬ ɔɑɜŮɘ ŰŮɚŮɑɤɠ ůɡɛˊŰɤɛŬŰɘəɎ ȷɜŬɓɚɨůŮɘɠ ˊŮŰɟŮɚŬɑɞɡ ɐ ˊɑůůŬɠ ŬˊɞŰŮɚɞɨɜ Űɖɜ 

əɡɟɘɧŰŮɟɖ ŮˊɘűŬɜŮɘŬəɐ Ůəŭɐɚɤůɖ ɨˊŬɟɝɖɠ əɞɘŰɎůɛŬŰɞɠ. ȺɑɜŬɘ, ɧɛɤɠ, ŬŭɨɜŬŰɞɜ ɛŮ 

ɛɧɜɞɜ ŬɡŰɐ Űɖɜ ˊŬɟŬŰɐɟɖůɖ ɜŬ ŮɝŬɢɗɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ Ůˊɑ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ 

ŮəɛŮŰɎɚɚŮɡůɖɠ Űɞɡ Űɡɢɧɜ ɡˊɎɟɢɞɜŰɞɠ əɞɘŰɎůɛŬŰɞɠ. 

 ȰɜŬ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬɘ ŬəɟɘɓɏůŰŮɟɖ ɛŮɚɏŰɖ Űɤɜ 

ˊŮɟɘɞɢɩɜ ŮɑɜŬɘ ɞ ůɡůɢŮŰɘůɛɧɠ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ɡˊɧ ɏɟŮɡɜŬ ˊŮɟɘɞɢɐɠ 

ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ ɔŮɘŰɞɜɘəɩɜ ˊŮŰɟŮɚŬɘɞˊŬɟŬɔɤɔɩɜ ůɢɖɛŬŰɘůɛɩɜ. 

 ɇɏɚɞɠ, Ůűô ɧůɞɜ ɏɢŮɘ ˊɟɞɖɔɖɗŮɑ ɖ ɔŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ 

ɔŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ, ɞɘ ɞˊɞɑŮɠ ɗŬ ŬˊɞəŬɚɨɣɞɡɜ ɏɤɠ ɏɜŬ ɛŮɔɎɚɞ ɓŬɗɛɧ, ŮɎɜ ɖ ɡˊɧ 

ɛŮɚɏŰɖ ˊŮɟɘɞɢɐ ˊŬɟɞɡůɘɎɕŮɘ əɞɘŰŬůɛɎŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ.  Ƀɘ əɨɟɘŮɠ  ɔŮɤűɡůɘəɏɠ 

ɛŮɚɏŰŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ˊŮŰɟŮɚŬɑɤɜ ŮɑɜŬɘ 

ɞɘ ŬəɧɚɞɡɗŮɠ : 
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o ɆŮɘůɛɘəɐ ɛɏɗɞŭɞɠ 

o ȼɚŮəŰɟɘəɐ ɛɏɗɞŭɞɠ 

o ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ 

o ɆŰŬɗɛɘəɐ ɐ ɓŬɟɡŰɞɛŮŰɟɘəɐ ɛɏɗɞŭɞɠ 

o ɅŬŭɘŮɜŮɟɔɐ ɛɏɗɞŭɞɠ  

1.3.2 ȺɟŮɡɜɖŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ      

Ⱥűô ɧůɞɜ ɏɢɞɡɜ ˊɟɞɖɔɖɗŮɑ ɖ ɔŮɤɚɞɔɘəɐ əŬɘ ɔŮɤűɡůɘəɐ ɏɟŮɡɜŬ əɘ Ůűô ɧůɞɜ ɓɎůɖ 

Űɞɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡɠ ˊɟɞəɨɣŮɘ ɧŰɘ ɡˊɎɟɢŮɘ ˊɘɗŬɜɧ əɞɑŰŬůɛŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, 

ŰɧŰŮ ŮˊɘɚɏɔŮŰŬɘ Űɞ ˊɟɩŰɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ˊɟɩŰɖ ŭɞəɘɛŬůŰɘəɐ 

ɔŮɩŰɟɖůɖ. ɀŮ ŬɡŰɐ Űɖɜ ɔŮɩŰɟɖůɖ ɗŬ ŭɘŬˊɘůŰɤɗŮɑ Űɞ əŬŰɎ ˊɧůɞɜ ŮɑɜŬɘ ɓɎůɘɛŮɠ ɞɘ 

ŮɜŭŮɑɝŮɘɠ ˊɞɡ ˊɎɟɗɖəŬɜ Ŭˊɧ Űɘɠ ŮˊɘűŬɜŮɘŬəɏɠ , ɔŮɤɚɞɔɘəɏɠ əŬɘ ɔŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ. 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŭɞəɘɛŬůŰɘəɐɠ ɔŮɩŰɟɖůɖɠ ɚŬɛɓɎɜɞɜŰŬɘ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ 

ɔŮɤɚɞɔɑŬ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞ əɞɑŰŬůɛŬ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ 

ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɞ ɟŮɡůŰɧ ůŰɞɡɠ ˊɧɟɞɡɠ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ɔɘŬ ŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮɚɏŰŮɠ. 

ɀŮ Űɞ ˊɏɟŬɠ Űɖɠ ɔŮɩŰɟɖůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŭɘŬɔɟŬűɑŮɠ (wireline logs) ɛŮ ůəɞˊɧ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ űɡůɘəɩɜ əŬɘ ɢɖɛɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ əŬɘ Űɤɜ 

ɟŮɡůŰɩɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɎ. 

1.3.3 ȷɝɘɞɚɧɔɖůɖ ŰŬɛɘŮɡŰɐɟŬ      

ɀŮ Űɞ Űɏɚɞɠ Űɖɠ ŭɞəɘɛŬůŰɘəɐɠ ɔŮɩŰɟɖůɖɠ, ŰŬ ŭŮɑɔɛŬŰŬ ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɜŰŬɘ 

ůŰɏɚɜɞɜŰŬɘ ůŮ ŮɘŭɘəɎ ŮɟɔŬůŰɐɟɘŬ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖ əŬɘ ɏɟŮɡɜŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŰŬ ɞˊɞɑŬ ˊɎɟɗɖəŬɜ Ŭˊɧ Űɖɜ ŮɟŮɡɜɖŰɘəɐ űɎůɖ ůɡɜŮəŰɘɛɩɜŰŬɘ ɛŮ ŬɡŰɎ Űɤɜ 

ŮɟɔŬůŰɖɟɑɤɜ ɛŮ ůəɞˊɧ Űɖɜ əŬŰɎɟŰɘůɖ Ůɜɧɠ ɧůɞ Űɞ ŭɡɜŬŰɧ əŬɚɨŰŮɟɞɡ ůɢŮŭɑɞɡ 

ŬɜɎˊŰɡɝɖɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ůŰɞɘɢŮɑɞ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ŮɑɜŬɘ  ɞ 

ɧɔəɞɠ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊɞɡ ˊŮɟɘəɚŮɑɞɜŰŬɘ ɛɏůŬ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ əŬɗɩɠ əŬɘ Űɞ 

ˊɞůɞůŰɧ ŬɜɎəŰɖůɖɠ ŬɡŰɩɜ. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ 

ŮəɛŮŰɎɚɚŮɡůɖɠ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ əŬɗɩɠ ɗŬ ˊɟɏˊŮɘ  ɡˊɞɚɞɔɘůŰŮɑ ɞ Ŭɟɘɗɛɧɠ Űɤɜ  

ɔŮɤŰɟɐůŮɤɜ ˊŬɟŬɔɤɔɐɠ əŬɗɩɠ əŬɘ ŰŬ ůɖɛŮɑŬ ůŰŬ ɞˊɞɑŬ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ. Ƀɘ 

ˊŬɟɎɔɞɜŰŮɠ ɞɘ ɞˊɞɑɞɘ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬŰɎ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ŮɑɜŬɘ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡɠ əɧůŰɞɡɠ ŮəɛŮŰɎɚɚŮɡůɖɠ əŬɘ ɖ 

ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ŬˊɞɚɖɣɘɛɧŰɖŰŬɠ. Ⱥűô ɧůɞɜ ɞɚɞəɚɖɟɤɗŮɑ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ 

ŮəɛŮŰɎɚɚŮɡůɖɠ, əŬɗɞɟɑɕŮŰŬɘ ɞ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ Űɖɠ əɎɗŮ ɔŮɩŰɟɖůɖɠ əŬɘ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ 

ɟŮɡůŰɩɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ɀŮ Űɞ Űɏɚɞɠ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɘŮɟɔŬůɘɩɜ, ŮəˊɞɜɞɨɜŰŬɘ 

űɡůɘəɎ əŬɘ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ˊɟɧɓɚŮɣɖɠ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ əɑɜɖůɖɠ Űɤɜ ɟŮɡůŰɩɜ ŬɜɎ ˊɎůŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ɛɏůŬ ůŰɞ ˊɞɟɩŭŮɠ 

ɛɏůɞ. 

1.3.4 ɆŰɎŭɘɞ ˊŬɟŬɔɤɔɐɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

ȼ ˊŬɟŬɔɤɔɐ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊŬɟŬəɞɚɞɡɗŮɑŰŬɘ əŬɗɖɛŮɟɘɜɎ 

əŬɘ ɖ ŬɜɎɚɡůɖ Űɖɠ ɔɑɜŮŰŬɘ ɝŮɢɤɟɘůŰɎ ɔɘŬ əɎɗŮ ɔŮɩŰɟɖůɖ əŬɘ ŬɜɎ ˊŬɟɎɔɞɡůŬ ɕɩɜɖ. 

ũɑɜŮŰŬɘ ůɡɜŮɢɐɠ ɏɚŮɔɢɞɠ ůŰŬ ɧɟɔŬɜŬ ɛɏŰɟɖůɖɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ űɎůŮɤɜ əŬɗɩɠ ŮɑɜŬɘ 

ɧɟɔŬɜŬ ɛŮɔɎɚɖɠ ŬəɟɑɓŮɘŬɠ. Ⱥˊɑůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŰŮůŰ ŰŬ ɞˊɞɑŬ əŬŰŬɔɟɎűɞɡɜ 

Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ɛɏůɖɠ Űɘɛɐɠ Űɖɠ ˊɑŮůɖɠ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ. ɇŬ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ 
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ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ŬɜŬɚɨɞɜŰŬɘ ɛŮ ůəɞˊɧ Űɖɜ əŬŰŬɜɧɖůɖ Űɞɡ əɨɟɘɞɡ 

ɛɖɢŬɜɘůɛɞɨ ɛŮ Űɞɜ ɞˊɞɑɞ ˊŬɟɎɔŮŰŬɘ Űɞ ɟŮɡůŰɧ. ȷɡŰɧ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɏɔəŬɘɟɖ ɚɐɣɖ 

ɛɏŰɟɤɜ ɔɘŬ Űɖɜ ůɡɜɏɢɘůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɜ ɓŮɚŰɑɤůɖ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ Űɖɠ 

ŰŮɚɘəɐɠ ŬˊɞɚɖɣɘɛɧŰɖŰŬɠ. ȯɟŬ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ ɗŬ 

Űɟɞˊɞˊɞɘɖɗɞɨɜ ɏŰůɘ ɩůŰŮ ɜŬ ůɡɛűɤɜɞɨɜ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ əŬɘ ɜŬ ŭɘɞɟɗɤɗɞɨɜ ɞɘ 

Ŭɟɢɘəɏɠ ŮəŰɘɛɐůŮɘɠ əŬɘ ˊɟɞɓɚɏɣŮɘɠ Űɞɡɠ. ȼ ˊɟɞůɞɛɞɑɤůɖ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ ɛŮ ŭɘɎűɞɟŬ 

ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ  ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ ŭɡůəɞɚɧŰŮɟŬ əɞɛɛɎŰɘŬ ɛŮɚɏŰɖɠ əŬɘ 

əŬŰŬɜɧɖůɖɠ ɔɘŬ Űɘɠ ůɡɜɗɐəŮɠ ɞɘ ɞˊɞɑŮɠ ŮˊɘəɟŬŰɞɨɜ ɛɏůŬ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ 

1.4  ɄŮɟɘɔɟŬűɐ Űɤɜ ɛŮɚŮŰɩɜ PVT   

Ƀɘ ŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮɚɏŰŮɠ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɟŮɡůŰɩɜ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŬ ŮɟɔŬůŰɐɟɘŬ ŰŬ ɞˊɞɑŬ ŮɑŰŮ Ŭɜɐəɞɡɜ ůŰɘɠ ɑŭɘŮɠ 

ŮŰŬɘɟɑŮɠ ˊŮŰɟŮɚŬɑɤɜ, ŮɑŰŮ ŬɜŬŰɑɗŮɜŰŬɘ ŮɟɔɞɚŬɓɘəɎ ůŮ ŮŰŬɘɟɑŮɠ ˊɞɡ ˊɟɞůűɏɟɞɡɜ 

ɡˊɖɟŮůɑŮɠ  ɡɣɖɚɐɠ ŰŮɢɜɞɚɞɔɑŬɠ. ɇɞ əɧůŰɞɠ ŰɏŰɞɘɞɡ Ůɝɞˊɚɘůɛɞɨ ŮɑɜŬɘ ɛŮɔɎɚɞ əŬɘ ɔɘŬ 

ŬɡŰɧ Űɞ ɚɧɔɞ ɢɟŮɘɎɕɞɜŰŬɘ ɛŮɔɎɚŮɠ ŮˊŮɜŭɨůŮɘɠ əŬɗɩɠ əŬɘ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ ŮəˊŬɑŭŮɡůɖ  

ˊɟɞůɤˊɘəɞɨ. Ƀɘ ɛŮɚɏŰŮɠ ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɗɏůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɤɠ ˊɟɞɠ Űɖɜ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɞ ŭɘɎɔɟŬɛɛŬ 

űɎůŮɤɜ ŮɑɜŬɘ : 

¶ ȼ ɛŮɚɏŰɖ ˊŮŰɟŮɚŬɑɤɜ 

¶ ȼ ɛŮɚɏŰɖ Ŭɏɟɘɤɜ ůɡɛˊɡəɜɤɛɎŰɤɜ 

¶ ɇŮůŰ ŭɘŬɢɤɟɘůŰɐɟŬ 

¶ ɀŮɚɏŰɖ ˊɟɞůŭɘɞɟɘůɛɞɨ ɘɝɩŭɞɡɠ ɡɔɟɐɠ űɎůɖɠ   

ɇŬ ŭŮɑɔɛŬŰŬ ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɜŰŬɘ ɔɘŬ Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮɚɏŰŮɠ ŮɑɜŬɘ 

ŭɘŬűɞɟŮŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, ɏŰůɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮɚɏŰɖ Ŭˊɧ ŮˊɘűŬɜŮɘŬəɎ əŬɘ 

ɡˊɧɔŮɘŬ ŭŮɑɔɛŬŰŬ. Ƀɘ ɛŮɚɏŰŮɠ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŭŮɘɔɛɎŰɤɜ Űɤɜ ɟŮɡůŰɩɜ ɏɢŮɘ 

əŬɗɘŮɟɤɗŮɑ ɜŬ ŬˊɞəŬɚɞɨɜŰŬɘ əŬɘ ɛŮɚɏŰŮɠ PVT, ɧˊɞɡ PVT ɖ ůɡɜŰɞɛɞɔɟŬűɑŬ ůŰŬ 

ŬɔɔɚɘəɎ Űɤɜ Űɟɘɩɜ ɓŬůɘəɩɜ ɗŮɟɛɞŭɡɜŬɛɘəɩɜ ɘŭɘɞŰɐŰɤɜ ˊɞɡ ŮɑɜŬɘ ɖ ˊɑŮůɖ (P), ɞ ɧɔəɞɠ 

(V) əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ (T). ȹɖɚŬŭɐ ɞɘ ɛŮɚɏŰŮɠ ŬɡŰɏɠ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɞ ˊɩɠ 

ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɏɜŬɠ ůŰɞɘɢŮɘɩŭɖɠ ɧɔəɞɠ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ ˊŮŰɟŮɚŬɑɞɡ ůŮ ůɡɔəŮəɟɘɛɏɜɖ 

ˊɑŮůɖ əŬɘ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ɛŮɚɏŰɖ ŬɡŰɐ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɑɕɞɜɞɠ ůɖɛŬůɑŬɠ. ȼ 

ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ  ˊɎɜɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ 

űɡůŬɚɑŭŬɠ əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ŬˊɩɚŮɘŬ ɛɎɕŬɠ Ůɜɩ ɖ ŭɘŬűɞɟɘəɐ ŮɝɎŰɛɘůɖ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ. Ƀɘ ˊŮɘɟŬɛŬŰɘəɏɠ 

ŬɡŰɏɠ ɛŮŰɟɐůŮɘɠ ɓɞɖɗɞɨɜ ůŰɞ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ůɖɛŬɜŰɘəɏɠ  ɘŭɘɧŰɖŰŮɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ 

ɎɛŮůɖ ůɢɏůɖ ɛŮ Űɖɜ Ůɝɧɟɡɝɖ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ əŬɘ űɡůɘəɞɨ ŬŮɟɑɞɡ. Ƀ ɛɖɢŬɜɘəɧɠ 

ˊŮŰɟŮɚŬɑɞɡ ŮɜŭɘŬűɏɟŮŰŬɘ ˊɟɩŰɘůŰŬ ɔɘŬ Űɖɜ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ ɧɔəɤɜ ˊɞɡ ɏɜŬ 

ɛɑɔɛŬ Ŭɏɟɘɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ əŬŰŬɚŬɛɓɎɜŮɘ ŮɡɟɘůəɧɛŮɜɞ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ 

ůɡɜɗɐəŮɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɘɠ ůɡɜɗɐəŮɠ ůɢɖɛŬŰɘůɛɞɨ əŬɘ ůŰɘɠ əŬɜɞɜɘəɏɠ 

ůɡɜɗɐəŮɠ. ũɘôŬɡŰɧ Űɞ ɚɧɔɞ Ůɘůɐɢɗɖ ɞ ɧɟɞɠ Űɞɡ ɞɔəɞɛŮŰɟɘəɞɨ ůɡɜŰŮɚŮůŰɐ 

ůɢɖɛŬŰɘůɛɞɨ ŬɏɟɘŬɠ űɎůɖɠ (Bg). Ⱥˊɑůɖɠ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ ŮɑɜŬɘ ɞɔəɞɛŮŰɟɘəɧɠ 

ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ űɎůɖɠ (Bo), ɞ ɞˊɞɑɞɠ ŭɖɚɩɜŮɘ ˊɧůɞ ˊɞůɞůŰɧ Űɞɡ 

Ŭɟɢɘəɞɨ ɟŮɡůŰɞɨ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɗŬ űŰɎůŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ȯɚɚŮɠ ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ ɞ 

ɚɧɔɞɠ ŬŮɟɑɞɡ/ˊŮŰɟŮɚŬɑɞɡ (GOR), ɞ ɚɧɔɞɠ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ˊŮŰɟɏɚŬɘɞ (Rs) 

əŬɗɩɠ əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ (C). 
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ɃɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ űɎůɖɠ (Bo)    

ɆŬɜ ɞɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ űɎůɖɠ (ȸɞ) ɞɟɑɕŮŰŬɘ ɞ 

ɚɧɔɞɠ Űɞɡ ɧɔəɞɡ ˊɞɡ ɏɜŬ ɡɔɟɧ ɛɑɔɛŬ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ Űɤɜ ŬŮɟɑɤɜ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Ůɜ ŭɘŬɚɨůŮɘ) əŬŰŬɚŬɛɓɎɜŮɘ ůŰɘɠ ůɡɜɗɐəŮɠ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ˊɟɞɠ Űɞɜ 

ɧɔəɞ Űɞɡ ɡɔɟɞɨ ˊɞɡ ɗŬ ŬˊɞɛŮɑɜŮɘ Ŭűɞɨ Űɞ ɛɑɔɛŬ ɘůɞɟɟɞˊɐůŮɘ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ (ŰŬ Ůɜ ŭɘŬɚɨůŮɘ ŬɏɟɘŬ ɏɢɞɡɜ ŬˊŮɚŮɡɗŮɟɤɗŮɑ).   

_ tan
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oil

oil SC

oil k

V
B

V
=  (1.1) 

ȿɧɔɞɠ ŬŮɟɑɞɡ/ˊŮŰɟŮɚŬɑɞɡ (GOR) 

ɆŬɜ ɚɧɔɞɠ ŬŮɟɑɞɡ/ˊŮŰɟŮɚŬɑɞɡ (GOR) ɞɟɑɕŮŰŬɘ ɞ ɚɧɔɞɠ  Űɞɡ ɧɔəɞɡ Űɞɡ 

ˊŬɟŬɢɗɏɜŰɞɠ ŬŮɟɑɞɡ ɛŮŰɟɖɛɏɜɞ ůŮ ɡˊɧ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɤɠ ˊɟɞɠ Űɞɜ ɧɔəɞ Űɞɡ 

ˊŬɟŬɢɗɏɜŰɞɠ ˊŮŰɟŮɚŬɑɞɡ ɛŮŰɟɖɛɏɜɞ əŬɘ ŬɡŰɧɜ ɡˊɧ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ.  

SC

gas

SC

oil

V
GOR

V
=  (1.2) 

 

ȿɧɔɞɠ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ˊŮŰɟɏɚŬɘɞ (Rs)  

ɆŬɜ ɚɧɔɞɠ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ˊŮŰɟɏɚŬɘɞ (Rs) ůŮ ůɡɜɗɐəŮɠ p əŬɘ T, 

ɞɟɑɕŮŰŬɘ ɞ ɚɧɔɞɠ Űɞɡ ɞɚɘəɞɨ ɧɔəɞɡ Űɞɡ ŬŮɟɑɞɡ ˊɞɡ ˊŬɟŬɛɏɜŮɘ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ 

ˊŮŰɟɏɚŬɘɞ ůŮ ůɡɜɗɐəŮɠ p əŬɘ T, ɡˊɞɚɞɔɘůɛɏɜɞ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɤɠ ˊɟɞɠ Űɞɜ 

ɧɔəɞ Űɞɡ ɡɔɟɞɨ Űɞ ɞˊɞɑɞ ɗŬ ŬˊɞɛŮɑɜŮɘ ɧŰŬɜ Űɞ ˊŮŰɟɏɚŬɘɞ ɗŬ ˊŬɟŬɢɗŮɑ ůŮ ůɡɜɗɐəŮɠ 

Ůɘ́űŬɜŮɑŬɠ. ȼ Űɘɛɐ Űɞɡ Rs ŭɑɜŮɘ Űɞ ɛɏŰɟɞ Űɖɠ ˊŰɖŰɘəɧŰɖŰŬɠ Ůɜɧɠ ˊŮŰɟŮɚŬɑɞɡ. 
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 (1.3) 

ɃɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ŬɏɟɘŬɠ űɎůɖɠ (Bg) 

ɋɠ ɞɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ŬɏɟɘŬɠ űɎůɖɠ (Bg) ɞɟɑɕŮŰŬɘ ɞ 

ɧɔəɞɠ ůŰɘɠ ůɡɜɗɐəŮɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ɛɘŬ ɛɞɜɎŭŬ ɧɔəɞɡ 

ŬŮɟɑɞɡ ɤɠ ˊɟɞɠ Űɞɜ ɧɔəɞ Űɞɡ ɘŭɑɞɡ ŬŮɟɑɞɡ ˊɞɡ ɓɟɑůəŮŰŬɘ ɡˊɧ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ.  

RC

g

g SC

g

V
B

V
=  (1.4) 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ (C) 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ (C) ŭŮɑɢɜŮɘ Űɖɜ ɛŮŰŬɓɞɚɐ 

Űɞɡ ɧɔəɞɡ Űɞɡ ɟŮɡůŰɞɨ əŬɗɩɠ ˊɏűŰŮɘ ɖ ˊɑŮůɖ. ɆɡɔəŮəɟɘɛɏɜŬ ɞ ɧɔəɞɠ ɛŮɘɩɜŮŰŬɘ əŬɘ 

əŬŰɎ ůɡɜɏˊŮɘŬ əŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ.  

1

T

V
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V p

å õµ
=-æ ö

µç ÷
 (1.5) 

Ƀɘ ŰɡˊɞˊɞɘɖɛɏɜŮɠ PVT ɛŮɚɏŰŮɠ ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɟɔŬůŰɖɟɘŬəɎ
3
 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɑŬ ůŮɘɟɎ ŭɘŬŭɘəŬůɘɩɜ ŮəŰɧɜɤůɖɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, əɎɗŮ ɓɐɛŬ ɛɘŬɠ 

ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ŮəŰɧɜɤůɖ Űɞɡ ɟŮɡůŰɞɨ ɛŮ Űɞ ɞˊɞɑɞ 
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ŰɟɞűɞŭɞŰɐɗɖəŮ ɏɜŬ ŬɡŰɧəɚŮɘůŰɞ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ˊɑŮůɖ əŬɘ ɡˊɧ ɗŮɟɛɞəɟŬůɑŬ 

ŰŬɛɘŮɡŰɐɟŬ.  

1.5 ɀŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ - CMS 

ȼ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ɛŮɚŮŰɎ Űɖ ůɢɏůɖ ˊɑŮůɖɠ ï ɧɔəɞɡ ï ɗŮɟɛɞəɟŬůɑŬɠ ˊɞɡ 

ŬɜŬˊŰɨůůŮŰŬɘ ůŮ ɟŮɡůŰɎ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ ˊŮŰɟŮɚŬɑɞɡ əŬɘ ŬŮɟɑɞɡ. ȼ ɛŮɚɏŰɖ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɡˊɧ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ ɑůɖ ɛŮ ŬɡŰɐ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɞɜ 

ŰŬɛɘŮɡŰɐɟŬ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɞˊɞɑŬɠ ɖ ɛɎɕŬ ŰɟɞűɞŭɞůɑŬɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ əŬɘ 

ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ˊɑŮůɖ ŬɜɎ ůŰɎŭɘŬ. ȼ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ əŬɘ Űɞɡ 

ůɢŮŰɘəɞɨ Űɖɠ ɧɔəɞɡ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŰŬɛɘŮɡŰɐɟŬ. Ⱥˊɑůɖɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ˊɑŮůɖ 

əɞɟŮůɛɞɨ, ŭɖɚŬŭɐ ɖ ˊɑŮůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɜŰŬɘ ŭɨɞ űɎůŮɘɠ, ɡɔɟɐ əŬɘ ŬɏɟɘŬ.  

ɆɡɔəŮəɟɘɛɏɜŬ :  

¶ ɇɞ ŭŮɑɔɛŬ ˊŮŰɟŮɚŬɑɞɡ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ɏɜŬ əŮɚɑ ɡɣɖɚɐɠ ˊɑŮůɖɠ əŬɘ 

ɗŮɟɛɞəɟŬůɑŬɠ ŰŬɛɘŮɡŰɐɟŬ. ȷɟɢɘəɎ Űɞ ɟŮɡůŰɧ ůɡɛˊɘɏɕŮŰŬɘ ůŮ ˊɑŮůɖ ɑůɖ 

ɛŮ Űɖɜ Ŭɟɢɘəɐ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ pi ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɜŰɚɑŬ ɜŮɟɞɨ. 

ȼ ɗŮɟɛɞəɟŬůɑŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ 

ˊŮɘɟɎɛŬŰɞɠ. 

¶ ȷəɞɚɞɨɗɤɠ  ˊɑŮůɖ ŮɚŬŰŰɩɜŮŰŬɘ ůŰŬŭɘŬəɎ ɛɏɢɟɘ əŬɘ Űɞ ůɖɛŮɑɞ 

űɡůŬɚɑŭŬɠ. 

¶ ȷˊɧ ŰŬ ɞɔəɞɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ (p,V) ˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɖ ˊɑŮůɖ əɞɟŮůɛɞɨ (ůɖɛŮɑɞ əŬɛˊɐɠ), ɞ ůɢŮŰɘəɧɠ ɧɔəɞɠ 

əŬɘ ɖ ůɡɛˊɘŮůŰɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ ůŰɖɜ ɛɞɜɞűŬůɘəɐ ˊŮɟɘɞɢɐ (ȹɘɎɔɟŬɛɛŬ 

6.1).  

¶ ȼ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮŰŬɘ əŬɘ əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ ɏɤɠ ɧŰɞɡ ɖ 

ˊɑŮůɖ ɛŮɘɤɗŮɑ əŬŰɎ ůŰɎŭɘŬ ɛɏɢɟɘ ɛɘŬ Űɘɛɐ ˊɞɡ ŮəŰɘɛɎŰŬɘ ɧŰɘ ɗŬ ŮɑɜŬɘ 

ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ ŰŮɚɘəɐ ˊɑŮůɖ ˊɞɡ ɗŬ ŮˊɘəɟŬŰŮɑ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ 

ɧŰŬɜ ůŰŬɛŬŰɐůŮɘ ɖ ˊŬɟŬɔɤɔɐ. ɆŰɖ ůɡɜɏɢŮɘŬ ɛŮŰɟɘɏŰŬɘ ɖ ůɡɛˊɘŮůŰɧŰɖŰŬ 

Űɞɡ ŭɘűŬůɘəɞɨ ɡɔɟɞɨ ŮɜŰɧɠ Űɞɡ űŬəɏɚɞɡ űɎůŮɤɜ ɢɤɟɑɠ Űɖɜ 

Ŭ́ ɞɛɎəɟɡɜůɖ ŬɏɟɘŬɠ ɐ ɡɔɟɐɠ űɎůɖɠ. 

ɇɞ ŭŮɑɔɛŬ ŬɜŬŰŬɟɎůůŮŰŬɘ ŬɟəŮŰɎ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ, ɩůŰŮ ɜŬ 

ŮɝŬůűŬɚɘůŰŮɑ ɖ ɗŮɟɛɞŭɡɜŬɛɘəɐ ɘůɞɟɟɞˊɑŬ. Ⱥűô ɧůɞɜ ŮɝŬůűŬɚɘůŰŮɑ ɖ ɘůɞɟɟɞˊɑŬ 

ɛŮŰŬɝɨ Űɤɜ ŭɨɞ űɎůŮɤɜ, ɛŮŰɟɘɏŰŬɘ ɞ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ. 

ȰŰůɘ ůŮ əɎɗŮ ˊɑŮůɖ ŮɑɜŬɘ ŭɡɜŬŰɐ ˊɚɏɞɜ ɖ ůɨɔəɟɘůɖ Űɞɡ əɎɗŮ ɧɔəɞɡ ɤɠ ˊɟɞɠ Űɞɜ ɧɔəɞ 

ůŰɖɜ ˊɑŮůɖ ɓɟŬůɛɞɨ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊɟɞəɨˊŰŮɘ ɞ ůɢŮŰɘəɧɠ ɧɔəɞɠ : 

i

i

Pb

V
RV

V
=  (1.6)   

ɧˊɞɡ : 

V i : ɞ ɧɔəɞɠ ůŮ əɎɗŮ ˊɑŮůɖ 

VPb : ɞ ɧɔəɞɠ ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ 
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ȹɘɎɔɟŬɛɛŬ 1.1 : ɀŮŰŬɓɞɚɐ Űɖɠ ˊɑŮůɖɠ ɛŮ Űɖɜ ɛŮŰŬɓɞɚɐ Űɞɡ ɧɔəɞɡ ɔɘŬ ŬɘɗɎɜɘɞ ůŮ ŰɟŮɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ 

 

 ɆŰɞ ȹɘɎɔɟŬɛɛŬ 1.1
4
 ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ˊɑŮůɖɠ əŬɘ Űɞɡ ɧɔəɞ ɔɘŬ ɏɜŬ 

əŬɗŬɟɧ ůɡůŰŬŰɘəɧ (ŬɘɗɎɜɘɞ). ɇɞ C ůŰɞ ŭɘɎɔɟŬɛɛŬ ůɡɛɓɞɚɑɕŮɘ Űɞ əɟɑůɘɛɞ ůɖɛŮɑɞ 

(ȾŮű. 2, ˊŬɟ. 2.2). ȼ əŬɛˊɨɚɖ Ŭˊɧ Űɞ ůɖɛŮɑɞ ȷ ɏɤɠ Űɞ ůɖɛŮɑɞ C ɞɟɑɕŮɘ Űɖɜ əŬɛˊɨɚɖ 

Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ. ȺɜŰɧɠ Űɞɡ űŬəɏɚɞɡ űɎůŮɤɜ Űɞ ůɡůŰŬŰɘəɧ ɓɟɑůəŮŰŬɘ ůŮ ŭɨɞ 

űɎůŮɘɠ, ɡɔɟɐ əŬɘ ŬɏɟɘŬ.  

Vo

Vo1 

Vo2 Vo3

Vg1

Vg2

Vg3

Tres, p1>Pb 

Tres, p2<Pb

Tres, p3<Pb
Tres, p4<Pb

i = 1

i = 2

i = 3

i = 4

p1 > p2 > p3 > p4

 

ȹɘɎɔɟŬɛɛŬ 1.2 : ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ   
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ɇɞ ȹɘɎɔɟŬɛɛŬ 1.2 ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ űɎůŮɘɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ əŬŰɎ Űɖɜ ɛŮɚɏŰɖ 

ůŰŬɗŮɟɐɠ ɛɎɕŬɠ Ůɜɧɠ ɟŮɡůŰɞɨ. ȷɟɢɘəɎ Űɞ ɟŮɡůŰɧ ŮəŰɞɜɩɜŮŰŬɘ ůŮ ˊɑŮůɖ ɛŮɔŬɚɨŰŮɟɖ 

Űɖɠ ˊɑŮůɖɠ űɡůŬɚɑŭŬɠ (ɖ ɗŮɟɛɞəɟŬůɑŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ). ȼ ˊɑŮůɖ ŮɚŬŰŰɩɜŮŰŬɘ ɏɤɠ 

ɧŰɞɡ ŮɛűŬɜɘůŰŮɑ ɖ ˊɟɩŰɖ űɡůŬɚɑŭŬ ŬŮɟɑɞɡ əŬɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɔɟŬűɘəɎ Ŭˊɧ Űɞ 

ŭɘɎɔɟŬɛɛŬ p-V (ůɖɛŮɑɞ əŬɛˊɐɠ). ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɖ ˊɑŮůɖ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ 

ˊɑŮůɖ ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ. ȼ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮŰŬɘ ɔɘŬ ŬəɧɛŬ ɚɑɔŬ ůŰɎŭɘŬ 

ˊŬɟŬɔɤɔɐɠ ŬŮɟɑɞɡ.  

ɆŰɖɜ ȺɘəɧɜŬ 1.1
5
 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŰŬ ɞˊɞɑŬ 

ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ Ůɜɧɠ ˊŮŰɟŮɚŬɑɞɡ : 

 

 

ȺɘəɧɜŬ 1.1: ɀŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ Ŭˊɧ ŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮɚɏŰŮɠ Űɖɠ ŮŰŬɘɟɑŬɠ Core Lab 

1.6   ɀŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ - DV 

ȼ ɛŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ɏɢŮɘ ůəɞˊɧ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ůŰɞ ŮɟɔŬůŰɐɟɘɞ, 

Űɤɜ ɛŮŰŬɓɞɚɩɜ ůŰɖɜ ɗŮɟɛɞŭɡɜŬɛɘəɐ ɘůɞɟɟɞˊɑŬ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɞɜ 

ŰŬɛɘŮɡŰɐɟŬ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ Űɞɡ 

ɟŮɡůŰɞɨ, əŬɗɩɠ ɔɘŬ ɚɧɔɞɡɠ ŭɘŬűɞɟŮŰɘəɐɠ əɘɜɖŰɘəɧŰɖŰŬɠ ɖ ŬɏɟɘŬ űɎůɖ ůɡɜŮɢɩɠ 

ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɖɜ ɡɔɟɐ űɎůɖ ɛŮ Űɖɜ ɞˊɞɑŬ ɏɢŮɘ ŬˊɞəŬŰŬůŰɐůŮɘ ˊɟɞɖɔɞɡɛɏɜɤɠ 

ɘůɞɟɟɞˊɑŬ. 

ɇɞ ŭŮɑɔɛŬ Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ 

ŮˊŬɜŬůɡɛˊɘɏɕŮŰŬɘ ůŰɖɜ Ŭɟɢɘəɐ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ əŬɘ ŬɜŬŰŬɟɎɕŮŰŬɘ ɔɘŬ ɜŬ 

ŮɝŬůűŬɚɘůŰŮɑ ɖ ˊɚɐɟɖɠ ŮˊŬɜŬŭɘɎɚɡůɖ Űɞɡ ŬŮɟɑɞɡ ůŰɞ ɡɔɟɧ. ȷəɞɚɞɨɗɤɠ ɖ ˊɑŮůɖ Űɞɡ 

ɡɔɟɞɨ ŬˊɞəŬɗɑůŰŬŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ ˊɑŮůɖɠ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ (ɡˊɞɚɞɔɘůɛɏɜɞ Ŭˊɧ Űɞ 

ŭɘɎɔɟŬɛɛŬ p-V ůŰɖɜ  CMS). ȼ ˊɑŮůɖ ɛŮɘɩɜŮŰŬɘ ɏɤɠ ɧŰɞɡ űŰɎůŮɘ ůŰɖɜ ŬŰɛɞůűŬɘɟɘəɐ 

ˊɑŮůɖ. ɇŬ ůŰɎŭɘŬ Űɘɠ ŭɘŬŭɘəŬůɑŬɠ Ŭˊɧ Űɖɜ ˊɑŮůɖ ɓɟŬůɛɞɨ ɛɏɢɟɘ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ 

ŮɑɜŬɘ ůɡɜɐɗɤɠ  Ŭˊɧ 8 ɏɤɠ 10. ȼ ɗŮɟɛɞəɟŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɛŮɚɏŰɖ 

ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ŮɑɜŬɘ ŬɡŰɐ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 
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Vo

Vo1 

Vo2
Vo3

Vg1

Vg2

Tres, p1

Tres, p2

Tres, p3

Tamb, patm

i = 1

i = 2

i = 3

i = 4

p1 > p2 > p3 > patm

 

ȹɘɎɔɟŬɛɛŬ 1.3 : ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ  

ɆɡɔəŮəɟɘɛɏɜŬ : 

¶ ȷɡɝɎɜŮɘ ɞ ɧɔəɞɠ Űɞɡ əŮɚɘɞɨ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ɞ ɧɔəɞɠ Űɞɡ 

əŬɘ ɜŬ ɛŮɘɩɜŮŰŬɘ ɖ ˊɑŮůɖ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ ŮˊɧɛŮɜɞɡ ůŰŬŭɑɞɡ. ȰŰůɘ Űɞ 

ůɨůŰɖɛŬ ŰɩɟŬ ɓɟɑůəŮŰŬɘ ůŮ ŭɘűŬůɘəɐ ɘůɞɟɟɞˊɑŬ əŬɗɩɠ ɞɘ ŮˊɘəɟŬŰɞɨůŮɠ 

ůɡɜɗɐəŮɠ ɓɟɑůəɞɜŰŬɘ ˊɘŬ ɛɏůŬ ůŰɞ űɎəŮɚɞ űɎůŮɤɜ Űɞɡ ɟŮɡůŰɞɨ 

¶ ɀɧɚɘɠ Űɞ ůɨůŰɖɛŬ ɘůɞɟɟɞˊɐůŮɘ ˊɚɐɟɤɠ, ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɞ 

ŬɡŰɧəɚŮɘůŰɞ ɞɚɧəɚɖɟɖ ɖ ˊɞůɧŰɖŰŬ Űɞɡ ɡˊŮɟəŮɑɛŮɜɞɡ ŬŮɟɑɞɡ ɘůɞɓŬɟɩɠ 

ɏŰůɘ ɩůŰŮ ɜŬ ɛɖɜ ŭɘŬŰŬɟŬɢɗŮɑ ɖ ɘůɞɟɟɞˊɑŬ  əŬɘ ɛŮŰɟɘɏŰŬɘ ɞ ɧɔəɞɠ Űɖɠ 

ɡˊɧ Űɘɠ ŮˊɘəɟŬŰɞɨůŮɠ ůɡɜɗɐəŮɠ ˊɑŮůɖɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ ɧůɞ əŬɘ ɡˊɧ 

əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ. ȰɜŬ ŭŮɑɔɛŬ Űɞɡ ŬŮɟɑɞɡ ˊɞɡ ˊŬɟɎɢɗɖəŮ ŮɘůɎɔŮŰŬɘ 

ůŰɞɜ ɢɟɤɛŬŰɞɔɟɎűɞ ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ůɨůŰŬůɐɠ Űɞɡ 

¶ Ƀ ɧɔəɞɠ Űɞɡ ŮɜŬˊɞɛɏɜɞɜŰɞɠ ɡɔɟɞɨ ɛŮŰɟɘɏŰŬɘ ɛŮŰɎ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ 
ɛɏɟɞɡɠ Űɤɜ ˊŰɖŰɘəɩɜ Ůɜ ŭɘŬɚɨůŮɘ ůɡůŰŬŰɘəɩɜ Űɞɡ 

ȼ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮŰŬɘ ɞɨŰɤɠ ɩůŰŮ ɖ ˊɑŮůɖ ɔɑɜŮɘ ɑůɖ ɛŮ Űɖɜ 

ŬŰɛɞůűŬɘɟɘəɐ, ɞˊɧŰŮ əŬɘ ɖ ŮɝɎŰɛɘůɖ Űɞɡ ɟŮɡůŰɞɨ ɏɢŮɘ ɞɚɞəɚɖɟɤɗŮɑ. Ƀ ɧɔəɞɠ Űɞɡ 

ŰŮɚɘəɞɨ ɡɔɟɞɨ ɛŮŰɟɘɏŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŰŬɛɘŮɡŰɐɟŬ əŬɗɩɠ əŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ (60F). Ⱥˊɑůɖɠ ɛŮŰɟɘɏŰŬɘ əŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɡɔɟɞɨ ůŮ əŬɜɞɜɘəɏɠ 

ůɡɜɗɐəŮɠ. 

ɆŮ əɎɗŮ ůŰɎŭɘɞ Űɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ : 

¶ Ƀɘ ɞɔəɞɛŮŰɟɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖ Bo 

əŬɘ Bg ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ  

¶ Ƀɘ ɚɧɔɞɘ ŬŮɟɑɤɜ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ˊŮŰɟɏɚŬɘɞ Rs ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ  

¶ Ƀɘ ˊɡəɜɧŰɖŰŮɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ  

 

ɄŬɟŬəɎŰɤ ŭɑɜɞɜŰŬɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɚŬɛɓɎɜɞɜŰŬɘ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ɛɘŬɠ 

ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ : 
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ȺɘəɧɜŬ 1.2
6
: ɀŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖ Ŭˊɧ ŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮɚɏŰŮɠ Űɖɠ ŮŰŬɘɟɑŬɠ Core 

Lab 

1.7 ɉɟɖůɘɛɧŰɖŰŬ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ PVT ɛŮɚŮŰɩɜ 

 ȼ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮɚŮŰɩɜ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ 

ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɔɟɎűɖəŬɜ ˊŬɟŬˊɎɜɤ, ŬˊŬɘŰɞɨɜ ɛŮɔɎɚŮɠ 

ˊɞůɧŰɖŰŮɠ ŭŮɑɔɛŬŰɞɠ ŰŬ ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰɞŰŮ ŭɘŬɗɏůɘɛŬ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ əŬɗɩɠ ɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŬˊŬɘŰŮɑ ŬɟəŮŰɧ ɢɟɧɜɞ əŬɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞˊɞɘŬŭɐˊɞŰŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. Ⱥˊɑůɖɠ Űɞ əɧůŰɞɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ 

Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮɚŮŰɩɜ ŮɑɜŬɘ ɛŮɔɎɚɞ, əŬɗɩɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ əɧůŰɞɠ Űɞɡ 

ŮɝŮɘŭɘəŮɡɛɏɜɞɡ ŮɟɔŬůŰɖɟɘŬəɞɨ ˊɟɞůɤˊɘəɞɨ, ŰŬ ŮɝŮɘŭɘəŮɡɛɏɜŬ ɧɟɔŬɜŬ Űɞɡ 

ŮɟɔŬůŰɖɟɑɞɡ ŬɚɚɎ əŬɘ Űɞ əɧůŰɞɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ - ɛŮŰŬűɞɟɎɠ - ŬˊɞɗɐəŮɡůɖɠ Űɤɜ 

ŭŮɘɔɛɎŰɤɜ. ȰɜŬɠ Ŭəɧɛɖ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɤɜ 

ŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮɚŮŰɩɜ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ. Ƀɘ ˊŮŰɟŮɚŬɥəɏɠ ŮŰŬɘɟɑŮɠ ɢɟŮɘɎɕɞɜŰŬɘ ɎɛŮůŬ ŰŬ 

Ŭ́ ɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮŰɟɐůŮɤɜ ɔɘŬ Űɖɜ ůɡɜɏɢɘůɖ Űɖɠ ŮəɛŮŰɎɚɚŮɡůɖɠ 

Ůɜɧɠ əɞɘŰɎůɛŬŰɞɠ ˊŮŰɟŮɚŬɑɞɡ. ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ əŬŰŬɜɞɖŰɧ ˊɤɠ ŭŮɜ ŮɑɜŬɘ 

ŭɡɜŬŰɐ ɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮɚŮŰɩɜ ůŮ əɎɗŮ ůŰɎŭɘɞ Űɖɠ 

ŮəɛŮŰɎɚɚŮɡůɖɠ əŬɗɩɠ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ŮɑɜŬɘ ŮəŬŰɞɜŰɎŭŮɠ. 

 ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ŭɡůəɞɚɑŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬŰɎ Űɖɜ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮɚŮŰɩɜ, ŬɜŬˊŰɨɢɗɖəŬɜ ŬɟɘɗɛɖŰɘəɎ 

ɡˊɞɚɞɔɘůŰɘəɎ ɛɞɜŰɏɚŬ ŰŬ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɎɕɞɡɜ Űɘɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŮ ɏɜŬ 

ŰŬɛɘŮɡŰɐɟŬ əŬɘ ˊŮɟɘɔɟɎűɞɡɜ ɛŮ ŬəɟɑɓŮɘŬ Űɖɜ ɞɔəɞɛŮŰɟɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ űɎůŮɤɜ 

ɛɏůŬ ůŮ ŬɡŰɧɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ Ŭɚɔɧɟɘɗɛɞɡɠ ˊɟɞůɞɛɞɑɤůɖɠ (əɩŭɘəŮɠ) ɞɘ ɞˊɞɑɞɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ (Equation Of State, EOS) ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ 
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Űɖɜ ɗŮɟɛɞŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɟŮɡůŰɞɨ. ȼ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ 

ˊɟɞůɞɛɞɑɤůɖɠ, ůŰɖɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ : 

¶ ȷɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɞɡ 

ɟŮɡůŰɞɨ 

¶ ȷɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ Űɞɡ ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɞɡ 

ɟŮɡůŰɞɨ, ŬˊɞŰŮɚŮɑ ɓŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ŮəŰɧɜɤůɖɠ 

Űɞɡ ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ. ȷɡŰɧ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ əŬɗɩɠ əŬŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭɜ ɖ ŰɟɞűɞŭɞůɑŬ ůŮ 

ŭɞůɛɏɜɖ ˊɑŮůɖ əŬɘ ɗŮɟɛɞəɟŬůɑŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ɐ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ (ɐ əŬɘ 

ˊŮɟɘůůɧŰŮɟŮɠ) űɎůŮɘɠ. Ⱥűôɧůɞɜ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ ɖ ŰɟɞűɞŭɞůɑŬ ŭŮɜ ŮɑɜŬɘ ůŰŬɗŮɟɐ, ŰɧŰŮ 

ŰɑɗŮŰŬɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɞ Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ Űɞɡ 

ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɡůŰɎůŮɤɜ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ.      

1.8 ȷɜŰɘəŮɑɛŮɜɞ  ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ  

ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ, Interactive_Code, ůŰɞ ɞˊɞɑɞ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ  ɖ 

ˊɟɞůɞɛɞɑɤůɖ PVT ɛŮɚŮŰɩɜ ˊŮŰɟŮɚŬɑɞɡ ɛŮ Űɖɜ ɢɟɐůɖ əɡɓɘəɩɜ əŬŰŬůŰŬŰɘəɩɜ 

ŮɝɘůɩůŮɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ˊɟɞůɞɛɞɑɤůɖ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ 

ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ŬɜŬűŮɟɧɛŮɜŬ ůŰɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ 

ɛŮɚɏŰŮɠ PVT ˊɞɡ ˊŬɟɎɔŮɘ ɖ ŮŰŬɘɟɑŬ Corelab.  

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮˊŰɎ əŮűɎɚŬɘŬ Ůə Űɤɜ ɞˊɞɑɤɜ 

ůŰɞ ˊɟɩŰɞ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ ˊŮŰɟɏɚŬɘɞ əŬɘ ůŰɘɠ ɛŮɚɏŰŮɠ  PVT. Ⱥˊɑůɖɠ ɔɑɜŮŰŬɘ 

ˊŮɟɘɔɟŬűɐ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮɚŮŰɩɜ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ 

ŬɚɚɎ əŬɘ ůŰɖɜ ɢɟɖůɘɛɧŰɖŰŬ Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ PVT ɛŮɚŮŰɩɜ.  

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɛɘŬ ŬɜŬűɞɟɎ ůŰɖɜ ɘůŰɞɟɘəɐ ɛŮŰŮɝɏɚɘɝɖ Űɤɜ 

əŬŰŬůŰɘəɩɜ ŮɝɘůɩůŮɤɜ, Ŭˊɧ Űɖɜ ˊɟɩŰɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɤɜ Boyle - Mariotte 

əŬɘ Gay ï Lyssac ɏɤɠ əŬɘ Űɖɜ əɡɓɘəɐ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɤɜ Peng-Robinson. 

Ⱥˊɑůɖɠ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɘɠ ɓŮɚŰɘɩůŮɘɠ ˊɞɡ ˊɟɞɖɔɐɗɖəŬɜ ůŮ əɎɗŮ əŬŰŬůŰŬŰɘəɐ 

Ůɝɑůɤůɖ əŬɘ Űɞɡɠ ɜɏɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ˊɞɡ ɡˊŮɘůɏɟɢɞɜŰŬɘ ůŮ ŬɡŰɏɠ. ȷəɧɛɖ ɔɑɜŮŰŬɘ 

ŬɜŬűɞɟɎ ůŰɞɜ Űɟɧˊɞ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ (Ȼ), ůŰɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ůŰɞɡɠ əŬɜɧɜŮɠ ŬɜɎɛŮɘɝɖɠ. Ⱥˊɑůɖɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɖ Ůˊɑɚɡůɖ Űɞɡ əɡɓɘəɞɨ ˊɞɚɡɩɜɡɛɞɡ əŬŰɎ Peng ï Robinson  

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ. 

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰŬ ɛŬɗɖɛŬŰɘəɎ ŮɟɔŬɚŮɑŬ ŰŬ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. ȷɟɢɘəɎ ɔɑɜŮŰŬɘ 

ˊŮɟɘɔɟŬűɐ Űɤɜ ŬɟɘɗɛɖŰɘəɩɜ ɛŮɗɧŭɤɜ Newton-Raphson, Successive Substitution əŬɘ 

ɛŮɗɧŭɞɡ ŭɘɢɞŰɧɛɖůɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɓŬůɘəɏɠ űɧɟɛɞɡɚŮɠ ˊɘɜɎəɤɜ əŬɘ 

Űɡˊɞˊɞɘɖɛɏɜɤɜ ɛɖŰɟɩɤɜ ˊɞɡ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ɛɞɜŰɏɚɞɡ.  

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮŰŬɘ Űɞ ˊɟɧɓɚɖɛŬ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ 

ɔɘŬ ɏɜŬ ˊŮŰɟŮɚŬɥəɧ ŭŮɑɔɛŬ. ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɛɘŬ ˊŮɟɘɔɟŬűɐ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ əŬŰɎ 

Baker əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ əŬŰɎ Michelsen. Ⱥˊɑůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ Ŭˊɧ Űɞɜ Michelsen  əŬɘ ɞ 
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ɞˊɞɑɞɠ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. ɆŮ ŬɡŰɧ Űɞ 

əŮűɎɚŬɘɞ ůəɞˊɧɠ ŮɑɜŬɘ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ Ŭɜ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŮŰɟŮɚŬɥəɧ ŭŮɑɔɛŬ ɗŬ 

ˊŬɟŬɛŮɑɜŮɘ ɛɞɜɞűŬůɘəɧ ɐ ɗŬ ŭɘŬůˊŬůŰŮɑ əŬɘ ɔɑɜŮɘ ŭɘűŬůɘəɧ. ɇɞ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ 

ˊɞɡ ŭɑɜŮɘ Űɞ ˊɟɧɓɚɖɛŬ ůŰŬɗŮɟɧŰɖŰŬɠ  ŮɑɜŬɘ ɞɘ Ŭɟɢɘəɏɠ ŮəŰɘɛɐůŮɘɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɞɟɟɞˊɑŬɠ (ki) ɞɘ ɞˊɞɑɞɘ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɞ ˊɟɧɓɚɖɛŬ ŮəŰɧɜɤůɖɠ. 

ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŮəŰɧɜɤůɖɠ Ůɜɧɠ 

ŭɘűŬůɘəɞɨ ɛŮɑɔɛŬŰɞɠ. ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɛɘŬ ˊŮɟɘɔɟŬűɐ Űɤɜ əɨɟɘɤɜ ŮɝɘůɩůŮɤɜ ˊɞɡ 

ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ. ũɑɜŮŰŬɘ ɚŮˊŰɞɛŮɟɐɠ 

ŬɜŬűɞɟɎ ůŰɖɜ Ůɝɑůɤůɖ Rachford-Rice əŬɗɩɠ əŬɘ ůŰɖɜ ɓŮɚŰɘɤɛɏɜɖ ůɡɜɎɟŰɖůɖ 

ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɖɠ Rachford-Rice ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ. 

ɇɏɚɞɠ ˊŮɟɘɔɟɎűŮŰŬɘ ŭɘŮɝɞŭɘəɎ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ɛɏůɞɜ  

Űɞɡ ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ əŬŰɎ Peng-Robinson, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

Ůˊɑɚɡůɖ ɘůɢɡɟɩɜ ɛɖɜ ɔɟŬɛɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ. 

ɆŰɞ ɏəŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɟɢɘəɎ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ Ůˊɑɚɡůɖɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ, ŮəŰɧɜɤůɖɠ əŬɘ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ 

űɡůŬɚɑŭŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ 

ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ. Ⱥˊɑůɖɠ ɔɑɜŮŰŬɘ ˊŮɟɘɔɟŬűɐ Űɖɠ ŰŮɚɘəɐɠ ɛɞɟűɐɠ ˊɞɡ ɚŬɛɓɎɜŮɘ Űɞ 

ˊɟɧɔɟŬɛɛŬ ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ PVT ɛŮɚŮŰɩɜ. 

ɆŰɞ ɏɓŭɞɛɞ əŮűɎɚŬɘɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŮəŰɏɚŮůɖ Űɞɡ Interactive_Code 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Corelabs əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŬɡŰɎ Űɖɠ ŮŰŬɘɟɑŬɠ.  
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2.1 ȺɘůŬɔɤɔɐ  

ɀŮ Űɞɜ ɧɟɞ əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ ŮɜɜɞɞɨɛŮ Űɘɠ ŬɚɔŮɓɟɘəɏɠ ůɢɏůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ůɡůɢŮŰɑɕɞɡɜ ŰŬ ŰɟɑŬ ɓŬůɘəɎ ɗŮɟɛɞŭɡɜŬɛɘəɎ ɛŮɔɏɗɖ, ˊɑŮůɖ (P), ɗŮɟɛɞəɟŬůɑŬ (T) əŬɘ 

ɧɔəɞ (V) ɔɘŬ ɏɜŬ ɟŮɡůŰɧ. Ƀɘ əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ əŬŰɎůŰŬůɖ Űɖɠ 

ɨɚɖɠ ůŮ ŭŮŭɞɛɏɜŮɠ ůɡɜɗɐəŮɠ. ȾŬŰɎ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ ˊŮŰɟŮɚŬɥəɩɜ ɟŮɡůŰɩɜ, ɞɘ 

ůɡɜɗɐəŮɠ əɎŰɤ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɓɟɑůəŮŰŬɘ Űɞ ɟŮɡůŰɧ ɛŮŰŬɓɎɚɚɞɜŰŬɘ. Ƀɘ əŬŰŬůŰŬŰɘəɏɠ 

ŮɝɘůɩůŮɘɠ ˊŬɟɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ɗŮɟɛɞŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ 

ˊŮŰɟŮɚŬɥəɩɜ ɟŮɡůŰɩɜ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮəɛŮŰɎɚɚŮɡůɖɠ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɓɘəɏɠ əŬŰŬůŰŬŰɘəɏɠ 

ŮɝɘůɩůŮɘɠ (Cubic EOS) ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɔɟɎűɞɡɜ ɛŮŰŬɝɨ Ɏɚɚɤɜ Űɖɜ PVT ůɡɛˊŮɟɘűɞɟɎ 

ŬŮɟɑɤɜ əŬɘ ɡɔɟɩɜ ɛɘɔɛɎŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞ 

ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Z (Compressibility Factor), ɞ ůɡɜŰŮɚŮůŰɐɠ 

ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ C, ɞ ůɢŮŰɘəɧɠ ɧɔəɞɠ ɡɔɟɐɠ əŬɘ ŭɘűŬůɘəɐɠ 

ˊŮɟɘɞɢɐɠ, ɞɘ ɞɔəɞɛŮŰɟɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ Bo, Bg əŬɘ Rs əŬɗɩɠ Ůˊɑůɖɠ  ɞ ɧɔəɞɠ əŬɘ ɖ 

ˊɡəɜɧŰɖŰŬ Űɖɠ ɡɔɟɐɠ űɎůɖɠ Ůɜɧɠ ˊŮŰɟŮɚŬɥəɞɨ ɟŮɡůŰɞɨ ůŮ əɎɗŮ űɎůɖ. 

2.1.1 ȽŭŬɜɘəɧ Ŭɏɟɘɞ 

 ũɘŬ ɏɜŬ ɘŭŬɜɘəɧ Ŭɏɟɘɞ
7
 ɘůɢɨɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ ˊŬɟŬŭɞɢɏɠ : 

¶ Ƀ ɧɔəɞɠ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ ɏɜŬ ɘŭŬɜɘəɧ Ŭɏɟɘɞ ŮɑɜŬɘ ŬɛŮɚɖŰɏɞɠ ůŮ ůɢɏůɖ ɛŮ 
Űɞɜ ɧɔəɞ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ Ŭɏɟɘɞ. 

¶ ɇŬ ɛɧɟɘŬ ůɡɔəɟɞɨɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ əɟɞɨůɖɠ Űɤɜ 

ůűŬɘɟɩɜ. Ƀɘ əɟɞɨůŮɘɠ ŮɑɜŬɘ ŮɚŬůŰɘəɏɠ ɞˊɧŰŮ Űɞ ůɨɜɞɚɞ Űɖɠ əɘɜɖŰɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ Űɤɜ ɛɞɟɑɤɜ ŭɘŬŰɖɟŮɑŰŬɘ.  

¶ ɇŬ ɛɧɟɘŬ ŭŮɜ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ əŬɜɏɜŬɜ Ɏɚɚɞ Űɟɧˊɞ ɛŮŰŬɝɨ Űɞɡɠ. ȹŮɜ 
ɡˊɎɟɢɞɡɜ ŭɖɚŬŭɐ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖɚŮəŰɟɘəɏɠ ŭɡɜɎɛŮɘɠ ɏɚɝɖɠ ɐ Ɏˊɤůɖɠ. 

 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŬɟŬŭɞɢɏɠ, ŰɧŰŮ ɘůɢɨɞɡɜ ɞɘ ɜɧɛɞɘ Űɤɜ 

Robert Boyle əŬɘ Joseph Gay ï Lussac. ɀŮŰŬɝɨ Űɞɡ ɘŭŬɜɘəɞɨ əŬɘ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ 

ŬŮɟɑɞɡ ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ Ŭˊɧəɚɘůɖ. Ƀɘ ůɡɔəɟɞɨůŮɘɠ əŬɘ ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɤɜ ɛɞɟɑɤɜ 

ůŰŬ ˊɟŬɔɛŬŰɘəɎ ŬɏɟɘŬ ŮɑɜŬɘ ˊɘɞ ˊŮɟɑˊɚɞəŮɠ Ůɜɩ ŰŬ ŬɏɟɘŬ əɎŰɤ ɡˊɧ ɞɟɘůɛɏɜŮɠ 

ůɡɜɗɐəŮɠ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ɡɔɟɎ əŬɘ ůŮ ůŰŮɟŮɎ. 

2.1.2 ȽůŰɞɟɘəɐ Ůɝɏɚɘɝɖ Űɤɜ əŬŰŬůŰŬŰɘəɩɜ ŮɝɘůɩůŮɤɜ 

Ƀ ˊɟɩŰɞɠ ɜɧɛɞɠ Űɤɜ ŬŮɟɑɤɜ ŭɘŬŰɡˊɩɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1661 Ŭˊɧ Űɞɜ 

űɡůɘəɧ űɘɚɧůɞűɞ Robert Boyle
8
. ɆɨɛűɤɜŬ ɛŮ Űɞɜ Robert Boyle ɞ ɧɔəɞɠ Ůɜɧɠ ŬŮɟɑɞɡ 

ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɞɠ Űɖɠ ˊɑŮůɖɠ ŬɡŰɞɨ, ůŮ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ. 

Ɂɧɛɞɠ Űɞɡ Robert Boyle : 

 pV = ůŰŬɗŮɟɧ (ɔɘŬ ůŰŬɗŮɟɧ ɇ )    (2.1) 

ũɘŬ Űɘɠ ɛŮŰŬɓɞɚɏɠ ˊɑŮůɖɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ Ŭɜ P1 ɖ Ŭɟɢɘəɐ ˊɑŮůɖ Űɞɡ ŬŮɟɑɞɡ, V1 

ɞ Ŭɟɢɘəɧɠ Ůɘŭɘəɧɠ ɧɔəɞɠ Űɞɡ (ɞ Ůɘŭɘəɧɠ ɧɔəɞɠ Ůɜɧɠ ŬŮɟɑɞɡ ŮɑɜŬɘ ɞ ɧɔəɞɠ ůŮ m
3
 ˊɞɡ 

əŬŰŬɚŬɛɓɎɜŮɘ 1 kg ɓɎɟɞɡɠ Űɞɡ ŬŮɟɑɞɡ ɐ ɞ ɧɔəɞɠ ůŮ ft
3
 ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ ɛɑŬ lb 

ŬɡŰɞɨ) əŬɘ T ɖ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ əŬɘ ˊɟɞəɚɖɗŮɑ ɛŮŰŬɓɞɚɐ Űɖɠ ˊɑŮůɖɠ əŬɘ Űɞɡ 

ɧɔəɞɡ Űɞɡ ůŮ P2 əŬɘ V2 əŬŰɎ Űɟɧˊɞ ˊɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ ɛŮɑɜŮɘ ŬɛŮŰɎɓɚɖŰɖ, ŰɧŰŮ 

ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬˊɎɜɤ ɗŮɟɛɞŭɡɜŬɛɘəɩɜ ɛŮɔŮɗɩɜ Űɞɡ ŬŮɟɑɞɡ ɗŬ ɘůɢɨŮɘ ɖ ɛŬɗɖɛŬŰɘəɐ 

ůɢɏůɖ: 

http://el.wikipedia.org/wiki/%CE%9A%CF%81%CE%BF%CF%8D%CF%83%CE%B7
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1 2

2 1

P V

P V
=  ɐ ŭɘŬűɞɟŮŰɘəɎ 1 1 2 2PV PV=  (2.2) 

Ƀ ɜɧɛɞɠ Űɞɡ Robert Boyle ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɖɗŮɑ ɛɞɟɘŬəɎ. ȼ ˊɑŮůɖ ˊɞɡ ŮɝŬůəŮɑ 

ɏɜŬ Ŭɏɟɘɞ ɛɏůŬ ůŮ ɏɜŬ ŭɞɢŮɑɞ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ əɟɞɨůɖɠ Űɤɜ ɛɞɟɑɤɜ ůŰŬ 

ŰɞɘɢɩɛŬŰŬ ŬɡŰɞɨ. ȷɜ ɞ ɧɔəɞɠ ɡˊɞŭɘˊɚŬůɘŬůŰŮɑ, ŰɧŰŮ ɖ ˊɡəɜɧŰɖŰŬ Űɤɜ ɛɞɟɑɤɜ 

ŭɘˊɚŬůɘɎɕŮŰŬɘ əŬɘ ɏŰůɘ ůŮ ɏɜŬ ɞɟɘůɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ŭɘˊɚŬůɘɎɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ 

Űɤɜ ɛɞɟɑɤɜ ˊɞɡ ůɡɔəɟɞɨɞɜŰŬɘ ɛŮ ŰŬ ŰɞɘɢɩɛŬŰŬ. ȰŰůɘ ɖ ɛɏůɖ ŭɨɜŬɛɖ ˊɞɡ ŮɝŬůəŮɑŰŬɘ 

Ŭˊɧ Űɞ Ŭɏɟɘɞ, əŬɘ Ůˊɞɛɏɜɤɠ əŬɘ ɖ ˊɑŮůɖ Űɞɡ, ŭɘˊɚŬůɘɎɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ ɜɧɛɞ Űɞɡ 

Boyle.    

ȼ ɗŮɟɛɘəɐ ŭɘŬůŰɞɚɐ Űɤɜ ŬŮɟɑɤɜ ŮɝŮŰɎůŰɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1787 Ŭˊɧ Űɞɜ 

ɔɎɚɚɞ űɡůɘəɧ Jacques Charles. O Charles ɛɏŰɟɖůŮ Űɖɜ ŮɝɎɟŰɖůɖ Űɞɡ ɧɔəɞɡ ɛɘŬɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ ŬŮɟɑɞɡ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ. ɇɞ 1802 ɞ Joseph Gay ï 

Lussac ɛŮɚɏŰɖůŮ Űɖɜ ŮɝɎɟŰɖůɖ ŬɡŰɐ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ɚŮˊŰɞɛɏɟŮɘŬ. Ƀɘ ˊŬɟŬŰɖɟɐůŮɘɠ 

Űɞɡ Űɞɜ ɞŭɐɔɖůŬɜ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɡˊɧ ůŰŬɗŮɟɐ ˊɑŮůɖ, ɞ ɧɔəɞɠ ɞɟɘůɛɏɜɖɠ 

ˊɞůɧŰɖŰŬɠ ŬŮɟɑɞɡ ŮɑɜŬɘ ŬɜɎɚɞɔɞɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ, əŬɘ ɡˊɧ ůŰŬɗŮɟɧ ɧɔəɞ, ɖ 

ˊɑŮůɖ ɛɘŬɠ ɞɟɘůɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ ŬŮɟɑɞɡ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ : 

Ɂɧɛɞɠ Gay ï Lussac :  

 
V T

p T

´

´
 (ɔɘŬ ůŰŬɗŮɟɎ n,T) (2.3)  

ȷɜ ɞɟɘůɛɏɜɖ ˊɞůɧŰɖŰŬ ɘŭŬɜɘəɞɨ ŬŮɟɑɞɡ ɛŮŰŬɓŬɑɜŮɘ ɘůɞɓŬɟɩɠ (P = ůŰŬɗŮɟɧ) Ŭˊɧ 

Űɖɜ ɗŮɟɛɞŭɡɜŬɛɘəɐ əŬŰɎůŰŬůɖ A(P, VA, TA) ůŰɖɜ əŬŰɎůŰŬůɖ ȸ(P, VB, TB) ŰɧŰŮ 

ɘůɢɨŮɘ ɖ ůɢɏůɖ : 

A B

A B

V V

T T
=  (2.4) 

ȺɜŬɚɚŬəŰɘəɎ ŮɎɜ ɞ ɧɔəɞɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ ŰɧŰŮ ɘůɢɨŮɘ ɖ ůɢɏůɖ : 

A B

A B

p p

T T
=  (2.5) 

ȾŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ  

ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ, ɘŭŬɜɘəɧ Ŭɏɟɘɞ ɞɜɞɛɎɕŮŰŬɘ ŮəŮɑɜɞ Űɞ ɞˊɞɑɞ ŮˊŬɚɖɗŮɨŮɘ 

Űɞɡɠ ɜɧɛɞɡɠ Boyle əŬɘ Gay - Lyssac ˊɞɡ ůɡɜŰɑɗŮɜŰŬɘ ůŮ ŮɜɘŬɑɞ ɜɧɛɞ ɡˊɧ Űɖ ɛɞɟűɐ 

Űɖɠ ɔŮɜɘəɐɠ Ůɝɑůɤůɖɠ ɔɘɜɞɛɏɜɤɜ : 

PV nRT=  (2.6) 

ɧˊɞɡ 

P: ɖ ŬˊɧɚɡŰɖ ˊɑŮůɖ Űɞɡ ŬŮɟɑɞɡ  

T: ɖ ŬˊɧɚɡŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬŮɟɑɞɡ 

 n : ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɔɟŬɛɛɞɛɞɟɑɤɜ Űɞɡ ŬŮɟɑɞɡ 

V: ɞ ɧɔəɞɠ Űɞɡ ŬŮɟɑɞɡ 

R: ˊŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ ŬŮɟɑɤɜ. ȼ ůŰŬɗŮɟɎ Űɤɜ ŬŮɟɑɤɜ ŮɑɜŬɘ ɛɘŬ űɡůɘəɐ ůŰŬɗŮɟɎ ˊɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ ůŮ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɗŮɛŮɚɘɤŭɩɜ ŮɝɘůɩůŮɤɜ ůŰɘɠ űɡůɘəɏɠ ŮˊɘůŰɐɛŮɠ 

əŬɘ ɘůɞɨŰŬɘ ɛŮ : 

http://el.wikipedia.org/wiki/%CE%93%CF%81%CE%B1%CE%BC%CE%BC%CE%BF%CE%BC%CF%8C%CF%81%CE%B9%CE%BF
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ȼ Ⱥɝ. 2.6 ɞɜɞɛɎɕŮŰŬɘ ɔŮɜɘəɐ Ůɝɑůɤůɖ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ ŬŮɟɑɞɡ. ȼ əŬŰɎůŰŬůɖ 

Ůɜɧɠ ŬŮɟɑɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ ŰɟɑŬ ɗŮɛŮɚɘɩŭɖ ɗŮɟɛɞŭɡɜŬɛɘəɎ ɛŮɔɏɗɖ, ˊɑŮůɖ, 

ɧɔəɞ əŬɘ ɗŮɟɛɞəɟŬůɑŬ. ɇŬ ɛŮɔɏɗɖ ŬɡŰɎ ŭŮɜ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ ŬɚɚɎ ɔɘŬ ŭɘɎűɞɟɞɡɠ 

ɚɧɔɞɡɠ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬɓɚɖɗɞɨɜ əŬɘ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ ɜŬ ŬˊɞəŰɐůɞɡɜ ŭɘŬűɞɟŮŰɘəɐ 

Űɘɛɐ. ȯɟŬ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ˊɤɠ ŰŬ ŰɟɑŬ ŬɡŰɎ ɗŮɛŮɚɘɩŭɖ ɗŮɟɛɞŭɡɜŬɛɘəɎ ɛŮɔɏɗɖ 

ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖɜ ůŰɘɔɛɘŬɑŬ əŬŰɎůŰŬůɖ Ůɜɧɠ ŬŮɟɑɞɡ.    

ȼ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɞɡ ɘŭŬɜɘəɞɨ ŬŮɟɑɞɡ ŮɑɜŬɘ Ŭəɟɘɓɐɠ ůŮ ˊɞɚɨ ɢŬɛɖɚɏɠ 

ˊɘɏůŮɘɠ  (-Űɖɠ ŰɎɝŮɤɠ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ-) əŬɘ ɗŮɟɛɞəɟŬůɑŮɠ əɞɜŰɎ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɆŮ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ ɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɞɡ ɘŭŬɜɘəɞɨ ŬŮɟɑɞɡ 

ɘůɢɨŮɘ ŬəɧɛŬ əŬɘ ɔɘŬ ɛŮɑɔɛŬŰŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ɏůŰɤ əŬɘ Ŭɜ ŬɡŰɎ ŭŮɜ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ɘŭŬɜɘəɎ, əŬɗɩɠ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ůŬɜ ŬɡŰɎ əɎŰɤ Ŭˊɧ Űɘɠ 

ˊɟɞŬɜŬűŮɟɗɏɜŰŮɠ ůɡɜɗɐəŮɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɚɧɔɤ Űɞɡ ɧŰɘ ŰŬ ɛɧɟɘŬ Űɞɡɠ Ŭˊɏɢɞɡɜ 

ˊɞɚɨ Űɞ ɏɜŬ Ŭˊɧ Űɞ Ɏɚɚɞ əŬɘ ɞɘ ŮɚəŰɘəɏɠ ŭɡɜɎɛŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ ŮɑɜŬɘ ŬůɗŮɜŮɑɠ. ȼ 

Űɟɞˊɞˊɞɑɖůɖ Űɖɠ Ⱥɝ. 2.6 Ŭˊɧ Űɞɜ Van der Waals ɏŭɤůŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŮűŬɟɛɞůŰŮɑ ɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ əŬɘ ɔɘŬ ɡɔɟɎ ɖ ɞˊɞɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ 

ɄŬɟɎɔɟŬűɞ 2.2.   

ɄɟŬɔɛŬŰɘəɧ Ŭɏɟɘɞ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, ɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɞɡ ɘŭŬɜɘəɞɨ ŬŮɟɑɞɡ 

ɘůɢɨŮɘ ɔɘŬ ɢŬɛɖɚɏɠ ˊɘɏůŮɘɠ əŬɘ ɗŮɟɛɞəɟŬůɑŮɠ. ũɘô ŬɡŰɧ Űɞ ɚɧɔɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŮˊɏəŰŬůɖ Űɖɠ əŬŰŬůŰŬŰɘəɐɠ Ůɝɑůɤůɖɠ
9
. ɆŰɖɜ ɜɏŬ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ ɡˊŮɘůɏɟɢŮŰŬɘ 

ɛɘŬ ɜɏŬ ˊŬɟɎɛŮŰɟɞɠ, ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ȼ əŬɘ ɖ ɜɏŬ əŬŰŬůŰŬŰɘəɐ 

Ůɝɑůɤůɖ ɔɟɎűŮŰŬɘ ɤɠ : 

pV nZRT=  (2.7) 

 Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Z ŮɑɜŬɘ ɔɜɤůŰɧɠ əŬɘ ůŬɜ ůɡɜŰŮɚŮůŰɐɠ 

Ŭˊɧəɚɘůɖɠ əŬɘ ŮəűɟɎɕŮɘ Űɞ ɚɧɔɞ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɧɔəɞɡ Űɞɡ ŬŮɟɑɞɡ ˊɟɞɠ Űɞɜ ɧɔəɞ 

ˊɞɡ ɗŬ əŬŰŬɚɎɛɓŬɜŮ Ŭɜ Űɞ Ŭɏɟɘɞ ůɡɛˊŮɟɘűŮɟɧŰŬɜ ůŬɜ ɘŭŬɜɘəɧ. Ⱥˊɞɛɏɜɤɠ, Űɞ Z ŮɑɜŬɘ 

ŬŭɘɎůŰŬŰɞ (ŭɖɚŬŭɐ ŭŮɜ ɏɢŮɘ ɛɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ) əŬɘ ŮəűɟɎɕŮɘ Űɞ ɛɏŰɟɞ Űɖɠ Ŭˊɧəɚɘůɖɠ 

Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Ůɜɧɠ ˊɟŬɔɛŬŰɘəɞɨ ŬŮɟɑɞɡ ɛŮ ŬɡŰɐɜ Űɞɡ ɘŭŬɜɘəɞɨ. ȳůɞ ˊɘɞ Ŭəɟɘɓɐɠ 

ŮɑɜŬɘ ɖ ŮəŰɑɛɖůɖ Űɞɡ Ȼ Űɧůɞ ˊɘɞ Ŭəɟɘɓɐɠ ɔɑɜŮŰŬɘ ɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɤɜ 

ˊɟŬɔɛŬŰɘəɩɜ ŬŮɟɑɤɜ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ȼ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɧɔəɞɡ Űɞɡ ɟŮɡůŰɞɨ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɛŮ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ. ȼ 

ŮɘůŬɔɤɔɐ Űɞɡ ɜɏɞɡ ŬɡŰɞɨ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊɏəŰŬůɖ Űɞɡ 

ˊŮŭɑɞɡ ŮűŬɟɛɞɔɐɠ Űɖɠ əŬŰŬůŰŬŰɘəɐɠ Ůɝɑůɤůɖɠ ɛŮ əŬɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰŬ ɛŮɑɔɛŬŰŬ 

ŬŮɟɑɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ. ȼ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ŬŮɟɑɞɡ 

ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ůŮ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ɡɔɟɐɠ űɎůɖɠ.    

2.2  ȾŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Van der Walls  

ȼ Ⱥɝ. 2.6 ɏɚɡɜŮ ˊɟɞɓɚɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮɑɢŬɜ ůɢɏůɖ ɛŮ ŬɏɟɘŬ əŬɘ ɛɧɜɞ. ȹŮɜ 

ɛˊɞɟɞɨůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬűɞɟɞɨůŬɜ ɡɔɟɎ əŬɘ ŭɘűŬůɘəɎ 

ůɡůŰɐɛŬŰŬ. ɋůŰɧůɞ ɖ əŬŰŬůŰŬŰɘəɐ ŬɡŰɐ Ůɝɑůɤůɖ ˊŬɟɞɡůɑŬɕŮ ŬŭɡɜŬɛɑŮɠ Űɘɠ ɞˊɞɑŮɠ 

ˊɟɞůˊɎɗɖůŮ ɜŬ ŭɘɞɟɗɩůŮɘ ɞ Van der Waals
10

 Űɞ 1873, ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɛɘŬ ɜɏŬ 

Űɟɞˊɞˊɞɘɖɛɏɜɖ əŬɘ ɓŮɚŰɘɤɛɏɜɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ : 
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ɆŰɖɜ Ⱥɝ. 2.8 ɞ ɧɔəɞɠ Vm ŮəűɟɎɕŮɘ Űɞ ůɡɜɞɚɘəɧ ɧɔəɞ ůŰɞɜ ɞˊɞɑɞ ɛˊɞɟɞɨɜ ɜŬ 

əɘɜɖɗɞɨɜ ŰŬ ɛɧɟɘŬ. Ƀ Van der Waals ɡˊɞŭŮɘəɜɨŮɘ ˊɤɠ ŰŬ ɛɧɟɘŬ Ŭˊɧ ɛɧɜŬ Űɞɡɠ 

əŬŰŬɚŬɛɓɎɜɞɡɜ əɎˊɞɘɞɜ ɧɔəɞ, ɎɟŬ ɞ ɧɔəɞɠ Űɞɡ ɢɩɟɞɡ (ˊ.ɢ ůŮ ɏɜŬ əŮɚɑ) ɛɏůŬ ůŰɞɜ 

ɞˊɞɑɞ ɛˊɞɟɞɨɜ ɜŬ əɘɜɖɗɞɨɜ ŰŬ ɛɧɟɘŬ ɛŮɘɩɜŮŰŬɘ. ȷɡŰɧ ɞŭɖɔŮɑ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɞ 

ɧɔəɞɠ ɛɏůŬ ůŰɞɜ ɞˊɞɑɞ ɛˊɞɟɞɨɜ ŰŬ ɛɧɟɘŬ ɜŬ əɘɜɖɗɞɨɜ ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɞɡ ɢɩɟɞɡ ɛŮɑɞɜ 

Űɞɜ ɧɔəɞ ˊɞɡ əŬŰŬɚŬɛɓɎɜɞɡɜ ůɡɜɞɚɘəɎ ŰŬ ɛɧɟɘŬ ɛɏůŬ ůŰɞ ɢɩɟɞ Vm ï b ɧˊɞɡ b ɞ 

ɧɔəɞɠ Űɤɜ ɑŭɘɤɜ Űɤɜ ɛɞɟɑɤɜ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ŮˊɘŰɡɔɢɎɜŮɘ ɜŬ ŭɘɞɟɗɩůŮɘ Űɖɜ ˊɑŮůɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰŬ ŰɞɘɢɩɛŬŰŬ 

Ůɜɧɠ ɢɩɟɞɡ (əŮɚɑ). ȾɎɜɞɜŰŬɠ Űɖɜ ˊŬɟŬŭɞɢɐ ˊɤɠ ŰŬ ɛɧɟɘŬ ŮɑɜŬɘ ůűŬɘɟɘəɎ, ɞ Van der 

Waals ɗŮɤɟŮɑ ˊɤɠ Ůɜɩ ŰŬ ɛɧɟɘŬ ŭɏɢɞɜŰŬɘ ŭɡɜɎɛŮɘɠ Ŭˊô ɧɚŮɠ Űɘɠ əŬŰŮɡɗɨɜůŮɘɠ ɛɏůŬ ůŮ 

ɏɜŬ əɚŮɘůŰɧ ɢɩɟɞ, ŰŬ ɛɧɟɘŬ ŰŬ ɞˊɞɑŬ əŰɡˊɎɜŮ ˊɎɜɤ ůŰŬ ŰɞɘɢɩɛŬŰŬ, ŭɏɢɞɜŰŬɘ ŭɡɜɎɛŮɘɠ 

ɛɧɜɞ ůŰɞ ɏɜŬ ɖɛɘůűŬɑɟɘɞ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ ˊɑŮůɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰŬ 

ŰɞɘɢɩɛŬŰŬ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊô ɧŰɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ȰŰůɘ ɡˊŮɘůɏɟɢŮŰŬɘ ɖ 

ˊŬɟɎɛŮŰɟɞɠ Ŭ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɏɜŬ ɛɏŰɟɞ Űɖɠ ɏɚɝɖɠ ɛŮŰŬɝɨ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɖ ůɡɜɞɚɘəɐ ˊɑŮůɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰŬ ŰɞɘɢɩɛŬŰŬ ɜŬ ɘůɞɨŰŬɘ ɛŮ p + Ŭ. ɀŮ 

ɓɎůɖ Űɖɜ ɜɏŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ Ůɝɑůɤůɖ Űɞɡ Van der Waals ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ 

ŭɘɧɟɗɤůɖ Űɖɠ ˊɑŮůɖɠ ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɖ ˊɟɞɠ Űɞ ŰŮŰɟɎɔɤɜɞ Űɞɡ ɧɔəɞɡ. 

Ⱥˊɑůɖɠ ɞ Van der Waals ŰɧɜɘůŮ ˊɤɠ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Ŭ əŬɘ 

b ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ əɟɑůɘɛŮɠ ůɡɜɗɐəŮɠ Űɞɡ ůɡůŰŬŰɘəɞɨ (əɟɑůɘɛɖ ˊɑŮůɖ, 

əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ) əŬɘ ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ˊɤɠ ɘůɢɨŮɘ : 
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ȹɖɚŬŭɐ ɖ ˊɟɩŰɖ ˊŬɟɎɔɤɔɞɠ ɛɘŬɠ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ əŬɛˊɨɚɖɠ ɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ 

Űɖ ŭŮɨŰŮɟɐ Űɖɠ ˊŬɟɎɔɤɔɞ əŬɘ ŬɡŰɏɠ ɞɘ ŭɨɞ ɜŬ ŮɑɜŬɘ ɑůŮɠ ɛŮ ɛɖŭɏɜ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ 

Űɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ɘůɢɨŮɘ ɖ ɘůɧŰɖŰŬ ŮɑɜŬɘ Űɞ əɟɑůɘɛɞ ůɖɛŮɑɞ (C). ɇɞ əɟɑůɘɛɞ ůɖɛŮɑɞ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ůɡɜɎɜŰɖůɖ Űɤɜ ůɖɛŮɑɤɜ ŭɟɧůɞɡ əŬɘ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ ɛɘŬɠ 

ɘůɞɗŮɟɛɘəɐɠ əŬɛˊɨɚɖɠ. ɀŮ ɓɎůɖ Űɞ ȹɘɎɔɟŬɛɛŬ 2.1 ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ Űɞ ůɖɛŮɑɞ 

űɡůŬɚɑŭŬɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ əŬɛˊɨɚɖ A-C əŬɘ Űɞ ůɖɛŮɑɞ ŭɟɧůɞɡ ůŰɖɜ əŬɛˊɨɚɖ C-B. 

ɇɞ ɓŬůɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ əɟɑůɘɛɞɡ ůɖɛŮɑɞɡ ŮɑɜŬɘ ɧŰɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŭɨɞ 

űɎůŮɤɜ ɡɔɟɞɨ-ŬŮɟɑɞɡ ŰŬɡŰɑɕɞɜŰŬɘ  əŬɘ  ŬɡŰɧ ŮɑɜŬɘ ŮɛűŬɜɏɠ ůŰɞ ůɖɛŮɑɞ C. 
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ȹɘɎɔɟŬɛɛŬ 2.1 : ȹɘɎɔɟŬɛɛŬ ˊɑŮůɖɠ-ɧɔəɞɡ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ 

 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 2.1
11

 ɔɘŬ Űɖɜ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐ əŬɛˊɨɚɖ ɇ = 

90F, ɖ ́ɟɩŰɖ ˊŬɟɎɔɤɔɞɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ Űɞɡ ɧɔəɞɡ ŮɑɜŬɘ ŬɟɜɖŰɘəɐ ɔɘŬ ɧɚŮɠ Űɘɠ Űɘɛɏɠ 

Űɞɡ ɧɔəɞɡ. ũɘŬ ɧɔəɞɡɠ  ɛɘəɟɧŰŮɟɞɡɠ Ŭˊɧ Űɞɜ əɟɑůɘɛɞ ɖ ůɡɜɎɟŰɖůɖ Űɞɡ ɧɔəɞɡ ɏɢŮɘ ŰŬ 

əɞɑɚŬ ˊɟɞɠ ŰŬ ˊɎɜɤ Ůɜɩ ɔɘŬ ɧɔəɞɡɠ ɛŮɔŬɚɨŰŮɟɞɡɠ Ŭˊɧ Űɞɜ əɟɑůɘɛɞ ɏɢŮɘ ŰŬ əɞɑɚŬ ˊɟɞɠ 

ŰŬ əɎŰɤ. Ⱥűô ɧůɞɜ ɖ ůɡɜɎɟŰɖůɖ Űɞɡ ɧɔəɞɡ ɏɢŮɘ əɞɑɚŬ əŬɘ ˊɟɞɠ ŰŬ ˊɎɜɤ əŬɘ ˊɟɞɠ ŰŬ 

əɎŰɤ, ŰɧŰŮ ůŮ əɎˊɞɘŬ űɎůɖ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ůɖɛŮɘɧ əŬɛˊɐɠ (C). ɇɞ ůɖɛŮɑɞ ŬɡŰɧ 

ŮɑɜŬɘ Űɞ əɟɑůɘɛɞ əŬɘ Ŭˊɧ ŬɡŰɧ ˊŬɑɟɜɞɡɛŮ Űɘɠ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ.  

ɀŮ Űɖɜ ɘůɧŰɖŰŬ Űɤɜ ˊŬɟŬɔɩɔɤɜ ɜŬ ɘůɢɨŮɘ, ɞ  Van der Waals ˊɟɞůŭɘɧɟɘůŮ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ Ŭ əŬɘ b ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ əɎɗŮ ůɡůŰŬŰɘəɞɨ. Ƀɘ 

əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ əɎɗŮ ůɡůŰŬŰɘəɞɨ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮŰɟɐůŮɤɜ ɔɘŬ 

əɎɗŮ ůɡůŰŬŰɘəɧ əŬɘ ɞɘ ɞˊɞɑŮɠ ŬɜŬɔɟɎűɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ɛŮ ůɡɜɖɗɏůŰŮɟɖ ˊɖɔɐ 

ɔɘŬ ŰŬ ɛɑɔɛŬŰŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, Űɞɡɠ ˊɑɜŬəŮɠ Űɞɡ Katz. Ƀ ˊɑɜŬəŬɠ Űɞɡ Katz 

(ɄɑɜŬəŬɠ 2.1
12

) ŭŮɜ ŬɜŬűɏɟŮŰŬɘ ůŮ ůɡůŰŬŰɘəɎ ŬɚɚɎ ɔɘŬ ɣŮɡŭɞůɡůŰŬŰɘəɎ. ũɘŬ 

ůɡůŰŬŰɘəɎ Űɤɜ ɞˊɞɑɤɜ ɖ ŬɚɡůɑŭŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ŮɑɜŬɘ ɛɘəɟɐ (ˊ.ɢ ɛŮɗɎɜɘɞ, ŬɘɗɎɜɘɞ 

əŬɘ ɓɞɡŰɎɜɘɞ), ɞɘ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ ŮɑɜŬɘ ɔɜɤůŰɏɠ. ũɘŬ ůɡůŰŬŰɘəɎ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ 

ɛŮɔɎɚŮɠ ŬɚɡůɑŭŮɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ (ˊ.ɢ ŭɤŭŮəɎɜɘɞ) əŬɘ ɛˊɞɟɞɨɜ ɜŬ ˊɎɟɞɡɜ 

ŭɘŬűɞɟŮŰɘəɏɠ ɛɞɟűɏɠ ɤɠ ˊɟɞɠ Űɖ ɔŮɤɛŮŰɟɑŬ, ɞɘ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛɏůɤ ůɡůɢŮŰɘůɛɩɜ (correlations). 
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ɄɑɜŬəŬɠ 2.1 : ȾɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ ůɡůŰŬŰɘəɩɜ əŬŰɎ Katz-Firoozabadi 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Ŭ əŬɘ b ɔɘŬ əɎɗŮ ůɡůŰŬŰɘəɧ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ : 

_ _

_

9

8

1

3

i c i c i

i c i

a RT V

b V

=

=

 (2.10) 

ɧˊɞɡ : 

ɇc_i : əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ ůɡůŰŬŰɘəɞɨ 

Vc_i : ɞ ɧɔəɞɠ ůŰɞ əɟɑůɘɛɞ ůɖɛŮɑɞ 

 ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ (2.10) ůŰɖ ůɢɏůɖ (2.8) ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ  Űɘɠ  

ɜɏŮɠ  ŰɟɞˊɞˊɞɘɖɛɏɜŮɠ ůɢɏůŮɘɠ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ Ŭ əŬɘ b: 

2 2

_

_

27

64

c i

i

c i

R T
a

p
=  (2.11) 
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_

_

1

8

c i

i

c i

RT
b

p
=  (2.12) 

ɧˊɞɡ əŬɘ ɞɘ ŭɨɞ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ ůŰŬɗŮɟɞɑ ɔɘŬ əɎɗŮ ůɡůŰŬŰɘəɧ əŬɘ : 

_c ip : ɖ əɟɑůɘɛɖ ˊɑŮůɖ əɎɗŮ ůɡůŰŬŰɘəɞɨ 

_c iT  : ɖ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ əɎɗŮ ůɡůŰŬŰɘəɞɨ 

ia əŬɘ ib  : ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘɧɟɗɤůɖɠ ɔɘŬ əɎɗŮ ůɡůŰŬŰɘəɧ. 

ɀŮ ɓɎůɖ Űɘɠ ˊŬɟŬˊɎɜɤ ɓŮɚŰɘɩůŮɘɠ ɞ Van der Waals əŬŰɎűŮɟŮ ɜŬ ɚɨůŮɘ ŭɨɞ 

ɓŬůɘəɎ ˊɟɞɓɚɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ŭŮɜ ɛˊɞɟɞɨůŬɜ ɜŬ ɚɡɗɞɨɜ ɛŮ Űɖɜ Ŭɟɢɘəɐ əŬŰŬůŰŬŰɘəɐ 

Ůɝɑůɤůɖ. 

¶ ɀŮŰɏŰɟŮɣŮ Űɖɜ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɞɡ ɘŭŬɜɘəɞɨ ŬŮɟɑɞɡ Ŭˊɧ 

ˊɟɤŰɞɓɎɗɛɘŬ ůŮ əɡɓɘəɐ ɤɠ ˊɟɞɠ Űɖɜ ˊɑŮůɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɔɘŬ ˊɟŬɔɛŬŰɘəɎ ŬɏɟɘŬ ůŮ ɢŬɛɖɚɏɠ ɧɛɤɠ ˊɘɏůŮɘɠ. 

¶ ɀˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ ɡɣɖɚɧŰŮɟŮɠ Űɖɠ əŬɜɞɜɘəɐɠ ˊɘɏůŮɘɠ əŬɘ 

ɗŮɟɛɞəɟŬůɑŮɠ əŬɗɩɠ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɘɠ ŮɚəŰɘəɏɠ ŭɡɜɎɛŮɘɠ ˊɞɡ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ ɛɞɟɑɤɜ ɧŰŬɜ ˊɚɖůɘɎɕɞɡɜ ŬɟəŮŰɎ Űɞ ɏɜŬ Űɞ 

Ɏɚɚɞ. 

2.3 ȾŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɤɜ Redlich əŬɘ Kwong (RK) 

ɇɞ 1949 ɞɘ Otto Redlich
13

 əŬɘ J.N.S. Kwong ŰɟɞˊɞˊɞɑɖůŬɜ Űɖɜ əŬŰŬůŰŬŰɘəɐ 

Ůɝɑůɤůɖ Űɞɡ Van der Waals, ŮɘůɎɔɞɜŰŬɠ  ɏɜŬ əŬɘɜɞɨɟɔɘɞ ɞɟɘůɛɧ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ Ŭ ɖ 

ɞˊɞɑŬ ŭŮɜ ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɞ ůɡůŰŬŰɘəɧ ŬɚɚɎ əŬɘ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ. Ƀɘ 

ˊŬɟɎɛŮŰɟɞɘ Ŭ əŬɘ b ŰɟɞˊɞˊɞɘɐɗɖəŬɜ ɤɠ Ůɝɐɠ :  

2 2

_

_

c i

i

c i

R T
a

p

o

a a=W  (2.13) 

_

_

c i

i b

c i

RT
b

p

o=W  (2.14) 

ɧˊɞɡ : 

o

aW = 0.42748 , b

oW = 0.08664 

a: ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɗŮɟɛɞəɟŬůɑŬ 
ŮəŰɧɜɤůɖɠ  

ȷɜ ɖ ˊɑŮůɖ əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ Ůɝɑůɤůɖɠ Van der Waals, ŬɜŬɢɗɞɨɜ ɤɠ ˊɟɞɠ 

Űɘɠ əɟɑůɘɛŮɠ ůɡɜɗɐəŮɠ ŰɧŰŮ ŮəűɟɎɕɞɜŰŬɘ ɤɠ ŬɜɖɔɛɏɜŬ ɛŮɔɏɗɖ ůŰɖɜ ɛɞɟűɐ :  

_

_

_

_

r i

c i

r i

c i

T
T

T

p
p

p

=

=

        (2.15) 

əŬɘ 
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( ) 0.5

_ _r i r iT Ta -=  (2.16) 

ɧˊɞɡ : 

Tr_i : Ŭɜɖɔɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ ůɡůŰŬŰɘəɞɨ 

pr_i : Ŭɜɖɔɛɏɜɖ ˊɑŮůɖ ůɡůŰŬŰɘəɞɨ 

 Ƀɘ ŬɜɖɔɛɏɜŮɠ ůɡɜɗɐəŮɠ ɔɘŬ ŰŬ ŬɏɟɘŬ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŮɨəɞɚŬ 

əŬɗɩɠ ɞɘ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ əŬɗŬɟɩɜ ůɡůŰŬŰɘəɩɜ ŮɑɜŬɘ ɔɜɤůŰɏɠ. 

ɀŮŰɎ Űɞɜ ɜɏɞ ɞɟɘůɛɧ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Ŭ əŬɘ b ɖ əŬŰŬůŰŬŰɘəɐ RK ɔɑɜŮŰŬɘ : 

( )
RT a

p
v b v v b
= -
- +

 (2.17) 

2.4 ȾŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Soave-Redlich-Kwong (SRK) 

ɇɞ 1972 ɞ Soave ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ ɔŮɤɛŮŰɟɑŬ Űɤɜ ɛɞɟɑɤɜ ŮɘůɐɔŬɔŮ ůŰɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ Ŭ Űɤɜ  Redlich əŬɘ Kwong
14

 Űɞɜ ɧɟɞ Űɞɡ ŬəŮɜŰɟɘəɞɨ 

ˊŬɟɎɔɞɜŰŬ ɤ. Ƀ ŬəŮɜŰɟɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɤ ŬˊɞŰŮɚŮɑ ɏɜŬ ŭŮɑəŰɖ Űɖɠ Ŭˊɧəɚɘůɖɠ Űɤɜ 

ɛɞɟɑɤɜ Ŭˊɧ Űɖɜ  ůűŬɘɟɘəɧŰɖŰŬ. Ƀ ŬəŮɜŰɟɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ŮɑɜŬɘ ɔɜɤůŰɧɠ ɔɘŬ əŬɗŬɟɎ 

ůɡůŰŬŰɘəɎ Ůɜɩ ɔɘŬ ɛŮɑɔɛŬŰŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ ůɡůɢŮŰɑůŮɤɜ. ɀŮ Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ 

ɤ,  ɖ Ⱥɝ. 2.16  ɛŮŰŬŰɟɏˊŮŰŬɘ : 

( )
2

0.5

_1 1i i r im Ta è ø= + -
ê ú

 (2.18) 

ɧˊɞɡ 

20.480 1.574 0.176i i im w w= + -  (2.19) 

ȼ Ůɝɑůɤůɖ Űɤɜ Soave - Redlich - Kwong ŮɑɜŬɘ ɖ ˊɘɞ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ 

ȺɃS əŬɗɩɠ əɎɜŮɘ əŬɚɨŰŮɟŮɠ ˊɟɞɓɚɏɣŮɘɠ ůŮ ůɡůŰɐɛŬŰŬ ŬɏɟɘŬɠ ï ɡɔɟɐɠ ɘůɞɟɟɞˊɑŬɠ 

əŬɘ Ŭɏɟɘɤɜ ɘŭɘɞŰɐŰɤɜ ɏůŰɤ əŬɘ Ŭɜ ˊɞɚɚɏɠ űɞɟɏɠ ɡˊŮɟŮəŰɘɛɎ Űɞɜ ɧɔəɞ ɛŮɘɔɛɎŰɤɜ Űɤɜ 

ˊŮŰɟŮɚŬɑɤɜ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ ɜŬ ŮɑɜŬɘ 

ɡˊɞŰɘɛɖɛɏɜɖ. 

2.5 ȾŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Peng-Robinson (PR) 

ɇɞ  1976 ɞɘ Peng əŬɘ Robinson
15

 Űɟɞˊɞˊɞɘɞɨɜ Űɞɜ ɧɟɞ Űɖɠ ˊɑŮůɖɠ əŬɘ ɖ 

əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ ɔɑɜŮŰŬɘ : 

( ) ( )
RT a

p
v b v v b b v b
= -
- + + -

 (2.20)  

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Ŭ əŬɘ b ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ : 

2 2

_

_

c i

i

c i

R T
a

p

o

a a=W  (2.21) 

_

_

c i

i b

c i

RT
b

p

o=W  (2.22) 

ɧˊɞɡ :  
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( )
2

_1 1i i r im Ta è ø= + -
ê ú

 (2.23) 

0.45724

0.45724b

o

a

o

W =

W =
 (2.24) 

ɆŰɖ ɜŮɧŰŮɟɖ ɏəŭɞůɖ Űɞɡ 1979 ɞɘ Peng-Robinson ɓŮɚŰɑɤůŬɜ Űɞɜ Űɟɧˊɞ 

ůɡɛɛŮŰɞɢɐɠ Űɞɡ ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ ɤ ůŰɞ ůɡɜŰŮɚŮůŰɐ Ŭ əŬɗɩɠ ɏɤɠ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ ɤ, ɞ ˊŬɟɎɔɞɜŰŬɠ m ˊŬɑɟɜŮɘ ŭɘŬűɞɟŮŰɘəɐ Űɘɛɐ. 

2

2 3

0.37464 1.54226 0.26992 0.49

0.3796 1.485 0.1644 0.01667 0.49

i i i

i

i i i i

m
w w w

w w w w

ë + - <
=ì

+ - + ²í
 (2.25) 

2.6  Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ   

ȿɨɜɞɜŰŬɠ  Űɘɠ əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ Űɤɜ Van der Waals, Soave - Redlich - 

Kwong əŬɘ Peng-Robinson ɤɠ ˊɟɞɠ Űɞɜ ɧɔəɞ (V), ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɖ Ůɝɑůɤůɖ ɖ 

ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ˊɞɚɡɤɜɡɛɘəɐ Ůɝɑůɤůɖ ŰɟɑŰɞɡ ɓŬɗɛɞɨ . ɆŰɖɜ Ůɝɑůɤůɖ ŬɡŰɐ ŭŮɜ 

ŮɝɡˊɖɟŮŰŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɡˊɎɟɢɞɡɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Ŭ əŬɘ b ɞɘ ɞˊɞɑŮɠ əɎɜɞɡɜ Űɖɜ 

Ůɝɑůɤůɖ ˊɘɞ ˊɞɚɨˊɚɞəɖ.  

ɇɞ ˊɟɧɓɚɖɛŬ ˊŬɟŬəɎɛˊŰŮŰŬɘ ɚɨɜɞɜŰŬɠ Űɖɜ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ  pV = nZRT 

ɤɠ ˊɟɞɠ Űɞɜ ɧɔəɞ əŬɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ŰŬ Ŭ əŬɘ b ɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ȷ əŬɘ ȸ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞəɨɣŮɘ ɛɘŬ ŬŭɘɎůŰŬŰɖ ŰɟɘŰɞɓɎɗɛɘŬ Ůɝɑůɤůɖ ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮɘ Űɞɜ 

ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Z.  

Ⱥɝɑůɤůɖ ůɡɛˊɘŮůŰɧŰɖŰŬɠ əŬŰɎ Van der Waals : 

( )3 21 0Z B Z AZ AB- + + - = (2.26) 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ, ɞɘ Soave - Redlich - Kwong əŬɘ Peng-

Robinson ŭɖɛɘɞɨɟɔɖůŬɜ Űɖɜ ŭɘəɐ Űɞɡɠ Ůɝɑůɤůɖ ůɡɛˊɘŮůŰɧŰɖŰŬɠ, ɞ əŬɗɏɜŬɠ ɛŮ Űɖɜ 

ŭɘəɐ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ.   

ɇɟɞˊɞˊɞɘɖɛɏɜɖ Ůɝɑůɤůɖ ůɡɛˊɘŮůŰɧŰɖŰŬɠ əŬŰɎ Soave - Redlich - Kwong : 

( )3 2 2 0Z Z A B B Z AB- + - - - = (2.27) 

ɇɟɞˊɞˊɞɘɖɛɏɜɖ Ůɝɑůɤůɖ ůɡɛˊɘŮůŰɧŰɖŰŬɠ əŬŰɎ Peng-Robinson : 

( ) ( ) ( )3 2 2 2 31 3 2 0Z B Z A B B Z AB B B- - + - - - - - = (2.28) 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ Ůɝɑůɤůɖ 

ůɡɛˊɘŮůŰɧŰɖŰŬɠ əŬŰɎ Peng-Robinson əŬɗɩɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɡɟɨŰŮɟŬ ůŰɖ 

ɓɘɞɛɖɢŬɜɑŬ ˊŮŰɟŮɚŬɑɞɡ.  

¶ ɄŬɟɏɢŮɘ ˊɟɞɓɚɏɣŮɘɠ ɛŮ əŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ əɞɜŰɎ ůŰɞ əɟɑůɘɛɞ ůɖɛŮɑɞ, 
ŮɘŭɘəɎ ɔɘŬ Űɞɜ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ. 

¶ ɆŮ ůɢɏůɖ ɛŮ Űɖɜ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɤɜ Soave - Redlich ï Kwong 

ˊŬɟɏɢŮɘ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɤɜ 

ɡɔɟɩɜ ˊɞɚɚɩɜ ɛŮɘɔɛɎŰɤɜ. 
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¶ ȳˊɤɠ əŬɘ ɖ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɤɜ Soave - Redlich ï Kwong ɏŰůɘ əŬɘ 

ɖ əŬŰŬůŰŬŰɘəɐ Űɤɜ Peng-Robinson ˊɎůɢŮɘ ůŰɞɜ Ŭəɟɘɓɐ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

ɧɔəɤɜ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ Űɞɡ ɛŮɑɔɛŬŰɞɠ. 

2.7 ȾŬɜɧɜŮɠ ŬɜɎɛŮɘɝɖɠ  

ȾŬɘ ɞɘ ŰɟŮɘɠ əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ Űɤɜ Van der Waals, Soave - Redlich - 

Kwong əŬɘ Peng-Robinson ŬɜŬűɏɟɞɜŰŬɘ ůŮ əŬɗŬɟɧ əŬɘ ɛɞɜɞűŬůɘəɧ ůɡůŰŬŰɘəɧ ŮˊŮɘŭɐ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ əɟɑůɘɛŮɠ ůɡɜɗɐəŮɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɔɘŬ əŬɗŬɟɎ ůɡůŰŬŰɘəɎ 

əŬɘ ɛɧɜɞ, əŬɘ ɧɢɘ ɔɘŬ ɛŮɑɔɛŬŰŬ. ȼ ˊɟɞűŬɜɐɠ ɚɨůɖ ɔɘŬ Űɖɜ ŮˊɏəŰŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ 

ɛɘŬɠ əŬŰŬůŰŬŰɘəɐɠ Ůɝɑůɤůɖɠ ůŮ ɛŮɑɔɛŬŰŬ ŮɑɜŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Ŭ əŬɘ 

b ɛŮ ɢɟɐůɖ Űɤɜ əɟɑůɘɛɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɛŮɑɔɛŬŰɞɠ. ȺˊŮɘŭɐ ŬɡŰɏɠ ŮɑɜŬɘ ɎɔɜɤůŰŮɠ, Ůɜɩ 

ŬɜŰɑɗŮŰŬ ɔɜɤůŰɏɠ ɔɘŬ əɎɗŮ ůɡůŰŬŰɘəɧ, ŬɜŬˊŰɨɢɗɖəŬɜ əŬŰɎɚɚɖɚɞɘ əŬɜɧɜŮɠ 

ŬɜɎɛŮɘɝɖɠ
16

 ɞɘ ɞˊɞɑɞɘ ůɡɜŭɡɎɕɞɡɜ Űɖ ůɨůŰŬůɖ əɎɗŮ űɎůɖɠ ɛŮ Űɘɠ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ȷ əŬɘ ȸ Űɞɡ əɎɗŮ ůɡůŰŬŰɘəɞɨ.  

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ Ⱥɝ. 2.20, 2.21, 2.22, 2.23 əŬɘ 2.24 əŬŰɎ Peng-Robinson  

ˊɟɞəɨˊŰɞɡɜ ɞɘ ɜɏɞɘ ůɡɜŰŮɚŮůŰɏɠ ȷi əŬɘ Bi əɎɗŮ ůɡůŰŬŰɘəɞɨ ůŰɞ ɛŮɑɔɛŬ :   

( )
( )_

_2 2

_

r i

i i r i

r i

pp
A a T

TRT

o

a a= =W  (2.29) 

_

_

r i

i i b

r i

pp
B b

RT T

o= =W  (2.30) 

ȷəɞɚɞɨɗɤɠ ˊɟɞəɨˊŰɞɡɜ ɞɘ ŮɡɟɨŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ůɢɏůŮɘɠ ŬɜɎɛŮɘɝɖɠ : 

1 1

N N

i j ij

i j

A y y A
= =

=ää  (2.31) 

1

N

i i

i

B y B
=

=ä  (2.32) 

ɧˊɞɡ : 

yi, yj : ɖ ůɨůŰŬůɖ Űɞɡ ɛŮɑɔɛŬŰɞɠ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ űɎůɖ  

     N : ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůɡůŰŬŰɘəɩɜ 

    ȸi : ɞ ɜɏɞɠ ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Ⱥɝ. 2.30 

   ȷij : ˊɑɜŬəŬɠ ɁxɁ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ⱥɝ. 2.27  

( )1ij ij i jA k A A= -  (2.33) 

ɧˊɞɡ : 

ȷi, A j : ɞ ɜɏɞɠ ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Ⱥɝ. 2.29 

      kij : ůɡɜŰŮɚŮůŰɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ (Binary interaction parameter) 

ȼ ˊŬɟɎɛŮŰɟɞɠ  kij ŮɑɜŬɘ ŭɡŬŭɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɞ ɞˊɞɑɞɠ 

ŭɘŬɛɞɟűɩɜŮŰŬɘ Ŭˊɧ ŰŬ ůɡůŰŬŰɘəɎ i əŬɘ j əŬɘ ˊɤɠ ŬɡŰɎ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ. Ƀ 

ŭɡŬŭɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ˊɟɞəɨˊŰŮɘ ŮɛˊŮɘɟɘəɎ. ȼ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɞɡ 

ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɘɠ əɡɓɘəɏɠ əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ ɔɘŬ Űɖɜ 

əŬɚɨŰŮɟɖ ˊɟɧɓɚŮɣɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɟŮɡůŰɩɜ.  
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2.8 Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ  

ȼ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŰɎůɖ ˊɞɡ ɏɢɞɡɜ ŰŬ ɛɧɟɘŬ ɛɘŬɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ űɎůɖɠ, ɡɔɟɐɠ ɐ ŬɏɟɘŬɠ, ɜŬ Ŭˊɞəɞɚɚɖɗɞɨɜ Ŭˊɧ ŬɡŰɐɜ əŬɘ ɜŬ ɛŮŰŬɓɞɨɜ 

ůŮ ɛɘŬ Ɏɚɚɖ űɎůɖ. ȯɟŬ ɤɠ ɘůɧŰɖŰŬ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ˊɞɡ ɘůɢɨŮɘ əŬŰɎ Űɖɜ ɘůɞɟɟɞˊɑŬ 

űɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ ɞɟɘůɗŮɑ ɤɠ : 

ȼ ŰɎůɖ Űɖɜ ɞˊɞɑŬ ɏɢɞɡɜ ŰŬ ɛɧɟɘŬ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ ůŰɖɜ ɡɔɟɐ űɎůɖ ɜŬ 

ɛŮŰŬɓɞɨɜ ůŰɖɜ ŬɏɟɘŬ űɎůɖ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ŰɎůɖ ɛŮŰɎɓŬůɖɠ Űɤɜ 

ɛɞɟɑɤɜ Űɞɡ ɑŭɘɞɡ ůɡůŰŬŰɘəɞɨ Ŭˊɧ Űɖɜ ŬɏɟɘŬ űɎůɖ ůŰɖɜ ɡɔɟɐ.  

 Ƀ ɗŮɟɛɞŭɡɜŬɛɘəɧɠ ɞɟɘůɛɧɠ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

1
ln ln lni

i

i iV

f p RT
dV Z

y p RT n V
f

¤å õµ
= = - -æ ö

µç ÷
ñ  (2.34) 

ɧˊɞɡ : 

f i :  ůɡɜŰŮɚŮůŰɐɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ Ůɜɧɠ ɛŮɑɔɛŬŰɞɠ 

yi:  ůɨůŰŬůɖ Űɞɡ ɛŮɑɔɛŬŰɞɠ  

p : ˊɑŮůɖ Űɖɜ ŭŮŭɞɛɏɜɖ ůŰɘɔɛɐ 

ɇ : ɗŮɟɛɞəɟŬůɑŬ Űɖɜ ŭŮŭɞɛɏɜɖ ůŰɘɔɛɐ ( ɗŮɟɛɞəɟŬůɑŬ ŰŬɛɘŮɡŰɐɟŬ) 

V : ɞ ɧɔəɞɠ Űɞɡ ɟŮɡůŰɞɨ Űɖɜ ŭŮŭɞɛɏɜɖ ůŰɘɔɛɐ 

Ȼ : ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ 

űi : ɞ ůɡɜŰŮɚŮůŰɐɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ Ůɜɧɠ ɛŮɑɔɛŬŰɞɠ  

ȼ ŰɎůɖ ŭɘŬűɡɔɐɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɝŮɢɤɟɘůŰɎ ɔɘŬ Űɖɜ ɡɔɟɐ əŬɘ ŬɏɟɘŬ űɎůɖ ɏŰůɘ ɩůŰŮ ɜŬ 

ɛˊɞɟŮɑ ɜŬ ŮɝɘůɤɗŮɑ ɖ ɘůɧŰɖŰŬ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ űɎůŮɤɜ (ȾŮű. 5, 

ˊŬɟɎɔɟŬűɞɠ 5.6). ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɖɜ ˊɑŮůɖ Ŭˊɧ ɞˊɞɘŬŭɐˊɞŰŮ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ 

ˊɞɡ ɗŬ ŮˊɘɚŮɔɗŮɑ, əɎɜɞɜŰŬɠ Űɘɠ ˊɟɎɝŮɘɠ əŬɘ ɚɨɜɞɜŰŬɠ Űɞ ɞɚɞəɚɐɟɤɛŬ, ˊɟɞəɨˊŰŮɘ əŬɘ ɖ 

ŬɜŰɑůŰɞɘɢɖ ɏəűɟŬůɖ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ. 

ȰəűɟŬůɖ ŰɎůɖɠ ŭɘŬűɡɔɐɠ əŬŰɎ  Soave - Redlich - Kwong : 

( ) ( )
2

ln ln 1 ln ln 1
N

i i i

i i ij

y ii

f B BA B
Z Z B y A

y p B B B A Z
f

=

å õå õ
= = - - - + - +æ öæ ö

ç ÷ç ÷
ä  (2.35) 

ȰəűɟŬůɖ ŰɎůɖɠ ŭɘŬűɡɔɐɠ əŬŰɎ Peng-Robinson : 

( ) ( )

( )
( )

ln ln 1 ln ...

1 22
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2 2 1 2

i i

i

i

N
i

i ij

j i

f B
Z Z B

y p B

Z BBA
y A

B AB Z B

f

=

= = - - - +

å õ+ +å õæ ö-æ ö
æ ö+ -ç ÷
ç ÷

ä

 (2.36)  

ȼ ŰɎůɖ ŭɘŬűɡɔɐɠ əŬŰɎ Peng-Robinson
17

 ŮɑɜŬɘ ŬɡŰɐ ɖ ɞˊɞɑŬ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ 

ůŰɖɜ ůɡɜɏɢŮɘŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ŮɘŭɘəɎ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ (ȾŮű.5, ɄŬɟ.5.3.2). 
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2.9  Ⱥˊɑɚɡůɖ əɡɓɘəɞɨ ˊɞɚɡɤɜɨɛɞɡ 

ɀŮ ɓɎůɖ ɧɚŬ ŬɡŰɎ ˊɞɡ ˊɟɞɖɔɐɗɖəŬɜ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ˊɤɠ ɞɘ əɡɓɘəɏɠ 

əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ  ˊŮɟɘɔɟɎűɞɡɜ ɛŮ ŬəɟɑɓŮɘŬ Űɖɜ ɞɔəɞɛŮŰɟɘəɐ ůɡɛˊŮɟɘűɞɟɎ əŬɘ 

Űɘɠ űɎůŮɘɠ Űɤɜ əŬɗŬɟɩɜ ůɡůŰŬŰɘəɩɜ ŬɚɚɎ əŬɘ Űɤɜ ɛŮɘɔɛɎŰɤɜ, ŬˊŬɘŰɩɜŰŬɠ ɛɧɜɞ Űɘɠ 

əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɡůŰŬŰɘəɩɜ əŬɘ Űɞɜ ŬəŮɜŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ ɤ. ȺəűɟɎɕɞɜŰŬɠ Űɖɜ 

Ɇɢɏůɖ 2.7 Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ŬŮɟɑɤɜ ɤɠ ˊɟɞɠ Ȼ ˊɟɞəɨˊŰŮɘ : 

pV
Z

nRT
=  (2.37)     

ɀŮ ɓɎůɖ Űɘɠ ŮɝɘůɩůŮɘɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɤɜ Van der Waals, Soave - Redlich - 

Kwong əŬɘ Peng-Robinson  Űɞ ˊɞɚɡɩɜɡɛɞ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ŰɟɑŰɞɡ ɓŬɗɛɞɨ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏɢŮɘ ɤɠ ɚɨůɖ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɘŬ Űɘɛɐ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ˊŬɟŬəɎŰɤ 

ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮɨɟŮůɖɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ˊɟɧůɖɛɞ Űɞ ɞˊɞɑɞ űɏɟŮɘ ɖ ŭɘŬəɟɑɜɞɡůŬ Űɞɡ ˊɞɚɡɤɜɨɛɞɡ. ȼ Ůˊɑɚɡůɖ Űɞɡ əɡɓɘəɞɨ 

ˊɞɚɡɤɜɨɛɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ Ůˊɑɚɡůɖɠ Űɖɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ əŬɗɩɠ əŬɘ əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ 

Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ Ůɜɧɠ ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ.  

ȼ Ⱥɝ. 2.31 ŬɚɚɎ əŬɘ əɎɗŮ əɡɓɘəɐ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŮɑ ůŬɜ 

ɛɘŬ Ŭˊɚɐ əɡɓɘəɐ Ůɝɑůɤůɖ Űɖɠ ɛɞɟűɐɠ :  

3 2

2 1 0 0Z Z Za a a+ + + = (2.38) 

ɧˊɞɡ 

2

2

1

2 3

0

1

3 2

a

a

a

=B-

=A- B - B

=-AB+B +B

 (2.39) 

ɇŬ Ŭ1, Ŭ2, əŬɘ Ŭ0 ŮɑɜŬɘ ůɡɜŰŮɚŮůŰɏɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ˊɑŮůɖɠ, Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

əŬɘ Űɖɠ ůɨůŰŬůɖɠ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŭɘŬəɟɑɜɞɡůŬ ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

3 2Q RD= + (2.40) 

ɧˊɞɡ 

2

1 2

3

1 2 0 2

3

9

9 27 2

54

Q

R

a a

aa a a

-
=

- -
=

 (2.41) 

ȺɎɜ ȹ > 0 ŰɧŰŮ ɖ Ůɝɑůɤůɖ ɏɢŮɘ ɛɘŬ ˊɟŬɔɛŬŰɘəɐ əŬɘ ŭɨɞ ɛɘɔŬŭɘəɏɠ ɟɑɕŮɠ. Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ : 

( )

( ) ( )

( ) ( )
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3
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1 1
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Z S T

Z S T i S T
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 (2.42) 
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ɧˊɞɡ : 

3

3

S R

T R

= + D

= - D

    (2.43) 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ S əŬɘ T ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ ŮɑŰŮ ɛɘɔŬŭɘəɞɑ. 

ȺɎɜ ȹ < 0 ŰɧŰŮ ɞɘ ɟɑɕŮɠ Űɖɠ Ůɝɑůɤůɖɠ ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɏɠ  əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ : 

2

1

2

2

2

3

2 cos
3 3

2
2 cos

3 3

4
2 cos

3 3

Z Q

Q

Q

aq

aq p

aq p

å õ
= - -æ ö

ç ÷

+å õ
Z = - -æ ö

ç ÷

+å õ
Z = - -æ ö

ç ÷

 (2.44) 

ɧˊɞɡ : 

1

3
cos

R

Q
q -

å õ
æ ö=
æ ö-ç ÷

 (2.45) 

ȼ Ůˊɑɚɡůɖ Űɖɠ əɡɓɘəɐɠ əŬŰŬůŰŬŰɘəɐɠ Ůɝɑůɤůɖɠ ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ɔɘŬ Űɖɜ ɡɔɟɐ 

əŬɘ ɔɘŬ Űɖɜ ŬɏɟɘŬ űɎůɖ. ȷˊɧ Űɞɡɠ ɡˊɞɚɞɔɘůɛɏɜɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ 

ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ ɛɘŬ ˊɟŬɔɛŬŰɘəɐ ɟɑɕŬ ɐ əŬɘ ŰɟŮɘɠ. ȼ ŮɜŭɘɎɛŮůɖ Űɘɛɐ ˊɎɜŰŬ 

ŬˊɞɟɟɑˊŰŮŰŬɘ ɤɠ ɛɘŬ Ŭűɨůɘəɖ Űɘɛɐ. ũɘŬ ɛŮɑɔɛŬŰŬ, ɖ ůɤůŰɐ ɟɑɕŬ Űɖɠ Ůɝɑůɤůɖɠ 

ŮˊɘɚɏɔŮŰŬɘ ŬɡŰɐ ɛŮ Űɖɜ ɛɘəɟɧŰŮɟɖ ŮɜɏɟɔŮɘŬ Gibbs. ɆɡɔəŮəɟɘɛɏɜŬ Ŭűɞɨ Ŭɔɜɞɖɗɞɨɜ ɞɘ 

ŬɟɜɖŰɘəɏɠ əŬɘ ɛɘɔŬŭɘəɏɠ ɟɑɕŮɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŮɜɏɟɔŮɘŬ Gibbs Űɞɡ ɟŮɡůŰɞɨ ɔɘŬ əɎɗŮ 

ˊɟŬɔɛŬŰɘəɐ ɟɑɕŬ. Ɇɡɜɐɗɤɠ ɖ ɛŮɔŬɚɨŰŮɟɖ ɟɑɕŬ ŭɑɜŮɘ Űɖɜ ɛɘəɟɧŰŮɟɖ ŮɜɏɟɔŮɘŬ Gibbs ɔɘŬ 

ŰŬ ŬɏɟɘŬ əŬɘ ɖ ɛɘəɟɧŰŮɟɖ ɔɘŬ ŰŬ ɡɔɟɎ. 
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3.1  ȺɘůŬɔɤɔɐ 

Ƀɘ ˊɟɞůɞɛɞɘɩůŮɘɠ Űɤɜ ɛŮɚŮŰɩɜ PVT ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ  (ȾŮű. 1, 

ˊŬɟɎɔɟŬűɞɠ 1.6), ɔɑɜɞɜŰŬɘ ɛŮ ɢɟɐůɖ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ ŰŬ ɞˊɞɑŬ  

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ əɡɓɘəɏɠ əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ ɛŮ 

ŬəɟɑɓŮɘŬ Űɖɜ ɞɔəɞɛŮŰɟɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ˊŮŰɟŮɚŬɑɤɜ. ȳˊɤɠ ɗŬ ˊŬɟŬŰɖɟɖɗŮɑ ůŰɞ 

ȾŮű.4 əŬɘ ůŰɞ ȾŮű.5, ɞɘ ŮɝɘůɩůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

ɛŬɗɖɛŬŰɘəɞɨ ɡˊɞɚɞɔɘůŰɘəɞɨ ɛɞɜŰɏɚɞɡ ŭŮɜ ŮɑɜŬɘ ɔɟŬɛɛɘəɏɠ. ȷɜŰɘɗɏŰɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɘůɢɡɟɎ ůɡůŰɐɛŬŰŬ ɛɖ ɔɟŬɛɛɘəɩɜ ŮɝɘůɩůŮɤɜ, ɔɘŬ Űɖɜ ɚɨůɖ Űɤɜ 

ɞˊɞɑɤɜ ŬˊŬɘŰŮɑŰŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŬɟɘɗɛɖŰɘəɩɜ ɛŮɗɧŭɤɜ Ůˊɑɚɡůɖɠ ůɡůŰɖɛɎŰɤɜ, əŬɘ 

ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ.  

Ⱥˊɑůɖɠ, əŬŰɎ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ əɩŭɘəŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɘŬɜɨůɛŬŰŬ əŬɘ 

ˊɑɜŬəŮɠ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ ŮɝɘůɩůŮɤɜ. ɆŰɘɠ ˊŬɟŬɔɟɎűɞɡɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ, ŭɑɜɞɜŰŬɘ 

ɓŬůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊɘɜɎəɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ Bo, Bg, Rs əŬɘ C. ȷɜŬűɞɟɎ ɔɑɜŮŰŬɘ ůŮ ŰŮɚŮůŰɏɠ ˊɘɜɎəɤɜ əŬɗɩɠ əŬɘ ůŮ 

ɞɟɘůɛɏɜŬ ŰɡˊɞˊɞɘɖɛɏɜŬ ɛɖŰɟɤɘəɎ ůŰɞɘɢŮɑŬ. 

3.2 ȷɟɘɗɛɖŰɘəɏɠ  ɛɏɗɞŭɞɘ Ůˊɑɚɡůɖɠ ůɡůŰɖɛɎŰɤɜ  

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɘɠ ŮɝɘůɩůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ, 

ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ ŮɑɜŬɘ ɘůɢɡɟɎ ɛɖ ɔɟŬɛɛɘəɏɠ. Ƀɘ ŮɝɘůɩůŮɘɠ ŬɡŰɏɠ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ : 

() 0f x =  (3.1) 

əŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊɟɞɏɟɢɞɜŰŬɘ ŮɑɜŬɘ ɛɖ ɔɟŬɛɛɘəɏɠ ɤɠ ˊɟɞɠ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡɠ. ɄɟɞəɨˊŰŮɘ Ůˊɞɛɏɜɤɠ ɏɜŬ ůɨůŰɖɛŬ ɛɖ ɔɟŬɛɛɘəɩɜ ŮɝɘůɩůŮɤɜ ɔɘŬ 

Űɞ ɞˊɞɑɞ ŭŮɜ ɡˊɎɟɢŮɘ ɔɜɤůŰɐ əɚŮɘůŰɐ ɛɞɟűɐ ɚɨůɖɠ. ɆŮ ŬɡŰɧ Űɞ ˊɟɧɓɚɖɛŬ ɏɟɢɞɜŰŬɘ ɜŬ 

ŭɩůɞɡɜ ɚɨůɖ ɞɘ ŬɟɘɗɛɖŰɘəɏɠ ɛɏɗɞŭɞɘ Ůˊɑɚɡůɖɠ ůɡůŰɖɛɎŰɤɜ ɛŮ Űɖɜ Newton-Raphson 

ɜŬ ŬˊɞŰŮɚŮɑ Űɖɜ ŮɡɟɨŰŮɟŬ ɔɜɤůŰɐ ŬɟɘɗɛɖŰɘəɐ ɛɏɗɞŭɞ Ůˊɑɚɡůɖɠ.  

3.2.1 ɀɏɗɞŭɞɠ Newton-Raphson  

ȼ Newton-Raphson
18

 ŮɑɜŬɘ ɛɑŬ Ŭˊɧ Űɘɠ əŬɚɨŰŮɟŮɠ ɛŮɗɧŭɞɡɠ ŭɘŬŭɞɢɘəɩɜ 

ˊɟɞůŮɔɔɑůŮɤɜ ɔɘŬ Űɖɜ ˊɟɞůŮɔɔɘůŰɘəɐ ŮɨɟŮůɖ Űɤɜ ɟɘɕɩɜ ɛɘŬɠ ˊɟŬɔɛŬŰɘəɐɠ 

ůɡɜɎɟŰɖůɖɠ. ȼ ɛɏɗɞŭɞɠ Newton-Raphson ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ůɡɔəɚɑɜŮɘ ůɖɛŬɜŰɘəɎ 

ɔɟɐɔɞɟŬ, ŮɘŭɘəɎ Ŭɜ ɖ ŭɘŬɗɏůɘɛɖ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ɚɨůɖɠ ɓɟɑůəŮŰŬɘ ŬɟəŮŰɎ əɞɜŰɎ 

ůŰɖɜ ɕɖŰɞɨɛŮɜɖ ɚɨůɖ. ɇɞ ˊɧůɞ əɞɜŰɎ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ˊɟɧɓɚɖɛŬ. 

ȺɎɜ ɖ ɛɏɗɞŭɞɠ ɝŮəɘɜɐůŮɘ çɛŬəɟɘɎè Ŭˊɧ Űɖɜ ɟɑɕŬ, ŰɧŰŮ ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɛɖɜ 

ůɡɔəɚɑɜŮɘ. ɀŮ ŭŮŭɞɛɏɜɖ Űɖɜ ůɡɜɎɟŰɖůɖ f(x) əŬɘ Űɖɜ ˊŬɟɎɔɤɔɞ Űɖɠ fȭ(x) əŬɘ 

ɝŮəɘɜɩɜŰŬɠ ɛŮ ɏɜŬ ŰɡɢŬɑɞ ůɖɛŮɑɞ x
(n)

 ɛɘŬ əŬɚɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ Űɞɡ  x
(n+1)

 ŮɑɜŬɘ : 

( ) ()

()( )
()( )

1

'

n

n n

n

f x
x x

f x

+
= -     (3.4) 

ɧˊɞɡ n = 0,1é.  

ɀŮ ɓɎůɖ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ, ɖ ŮˊɧɛŮɜɖ ŮˊŬɜɎɚɖɣɖ Űɖɠ Newton-Raphson ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ɚɨůɖɠ Űɖɜ Űɘɛɐ x
(n+1)
. ȼ ŭɘŬŭɘəŬůɑŬ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɞɨŰɤɠ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůɨɔəɚɘůɖ ůŰɖɜ ůŰɖ ɟɑɕŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ. 

Ƀɘ ŮˊŬɜŬɚɐɣŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ůŰŬɛŬŰɐůɞɡɜ ɧŰŬɜ ɘůɢɨůŮɘ ɖ ˊŬɟŬəɎŰɤ ůɡɜɗɐəɖ : 
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1 0n nx x -- ¢ (3.5) 

ȼ ŮˊŬɜŬɚɖˊŰɘəɐ ɛɏɗɞŭɞɠ  Newton-Raphson ˊŬɟɞɡůɘɎɕŮŰŬɘ ɔɟŬűɘəɎ ůŰɞ 

ȹɘɎɔɟŬɛɛŬ 3.1
19

. 

 

ȹɘɎɔɟŬɛɛŬ 3.1 : ȹɘɎɔɟŬɛɛŬ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ɛɏɗɞŭɞɡ Newton-Raphson 

ȼ ůɡɜɎɟŰɖůɖ Űɖɠ əŬɛˊɨɚɖɠ y = f(x) ɏɢŮɘ ɤɠ ɟɑɕŬ Űɖɜ x
*
. ȿŬɛɓɎɜɞɜŰŬɠ ɛɘŬ 

Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ɟɑɕŬɠ xn, ɖ ŮűŬˊŰɧɛŮɜɖ ůŰɖɜ ɟɑɕŬ ŬɡŰɐ ŰɏɛɜŮɘ Űɞɜ ɎɝɞɜŬ Űɤɜ x 

ůŰɖɜ Űɘɛɐ xn+1. ȼ xn+1 ŬˊɞŰŮɚŮɑ Űɖɜ ɜɏŬ ŮəŰɑɛɖůɖ Űɖɠ ɟɑɕŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɜɏŬ 

ŮűŬˊŰɧɛŮɜɖ ˊŮɟɜɎ Ŭˊɧ Űɞ ůɖɛŮɑɞ xn+1 Űɖɠ əŬɛˊɨɚɖɠ y = f(x), ŰɏɛɜɞɜŰŬɠ Űɞɜ ɎɝɞɜŬ 

Űɤɜ x ůŰɞ ůɖɛŮɑɞ xn+2. ȼ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɞɨŰɤɠ ɩůŰŮ ɖ ɜɏŬ 

ˊɟɞůŮɔɔɘůŰɘəɐ Űɘɛɐ Űɘɠ ɟɑɕŬɠ ɜŬ ɘəŬɜɞˊɞɘŮɑ Űɖɜ Ɇɡɜɗɐəɖ 3.5. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɖ ůɡɜɗɐəɖ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ ɔɘŬ Űɞɜ ŰŮɟɛŬŰɘůɛɧ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ɛŮɗɧŭɞɡ Newton-Raphson ŮɑɜŬɘ : 

1

log n

n

x
c

x -

å õ
=æ ö

ç ÷
       (3.6) 

ɧˊɞɡ c ɏɜŬɠ ˊɎɟŬ ˊɞɚɨ ɛɘəɟɧɠ Ŭɟɘɗɛɧɠ. 

O ŬˊɧɚɡŰɞɠ ɚɞɔɎɟɘɗɛɞɠ Űɞɡ ɚɧɔɞɡ xn ɤɠ ˊɟɞɠ Űɖɜ xn-1, ŰŮɑɜŮɘ ˊɟɞɠ Űɞ ɛɖŭɏɜ. ɇɞ c 

ŬˊɞŰŮɚŮɑ əɟɘŰɐɟɘɞ ůɨɔəɚɘůɖɠ Űɞ ɞˊɞɑɞ ůŰŬɛŬŰɎŮɘ Űɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŮɎɜ ɞ 

ŬˊɧɚɡŰɞɠ ɚɞɔɎɟɘɗɛɞɠ Űɞɡ ɚɧɔɞɡ xn ɤɠ ˊɟɞɠ Űɖɜ xn-1 ˊɎɟŮɘ Űɖɜ Űɘɛɐ Űɞɡ ŭɖɚɤɗɏɜŰɞɠ c.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɡˊɎɟɢŮɘ ɏɜŬ ůɨůŰɖɛŬ Ɂ ŮɝɘůɩůŮɤɜ ɛŮ Ɂ 

ŬɔɜɩůŰɞɡɠ, ŮűŬɟɛɧɕŮŰŬɘ Űɞ ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ Űɞ ɞˊɞɑɞ ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ 

ůŰɞ ȾŮű. 5. ɆɡɔəŮəɟɘɛɏɜŬ Űɞ ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ ŮɑɜŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ɛŮ ɛɏɔŮɗɞɠ (Ɂ x 

Ɂ) ɧˊɞɡ Űɞ Ɂ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ůɨůŰɖɛŬ əŬɘ ɞɘ Űɘɛɏɠ ůŮ 

əɎɗŮ ůɖɛŮɑɞ Űɞɡ ˊɑɜŬəŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ɛŮɟɘəɐɠ ˊŬɟŬɔɩɔɘůɖɠ. ȰůŰɤ y1(x1,é, xn) 

əŬɘ yn(x1,..., xn). ɇɞ ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ :  

1 1

1

1

n

n n

n

y y

x x

J

y y

x x

µ µå õ
æ öµ µ
æ ö
æ ö=
æ ö
µ µæ ö
æ öµ µç ÷

 (3.7) 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ Ⱥɝ. 3.4 ɜŬ ˊŬɑɟɜŮɘ Űɖɜ ɛɞɟűɐ : 
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( ) ()

()( ) () ()( )1 ( ) 1

( )

n

n n n nn

n

f x
x x x J f x

J

+ -= - = -  (3.8) 

 ɇɞ ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŭɘŬŰɟɘɓɐ ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖɜ Ůɝɑůɤůɖ: 

() () ()
1 1V L

V L

d dd
diag diag

d ln d ln d ln

ë û ë û
= = -ì ü ì ü

í ýí ý

f fe
J

k f k f k
     (3.9) 

ɧˊɞɡ : 

J : Űɞ ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ 

e : ɞ ɚɞɔɎɟɘɗɛɞɠ Űɞɡ ɚɧɔɞɡ Űɖɠ ŰɎůɖɠ űɡɔɐɠ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ ɤɠ ˊɟɞɠ Űɖɜ ŰɎůɖ 

űɡɔɐɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ (ȾŮű. 5, ˊŬɟɎɔɟŬűɞɠ 5.2, Ⱥɝ. 5.3) 

k : ůɡɜŰŮɚŮůŰɐɠ ɘůɞɟɟɞˊɑŬɠ  

fL : ŰɎůɖ ŭɘŬűɡɔɐɠ ɡɔɟɐɠ űɎůɖɠ  

fV : ŰɎůɖ ŭɘŬűɡɔɐɠ ŬɏɟɘŬɠ űɎůɖɠ  

ɀɏůɤ Űɖɠ Ⱥɝ. 3.9 ŮɑɜŬɘ ŮűɘəŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ. Ƀ 

ɚɧɔɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ ŮɑɜŬɘ ŬɜŬɔəŬɑɞɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ȾŮű. 5. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ əŬɜɧɜŬɠ ŬɚɡůɑŭŬɠ ˊŬɟŬɔɩɔɘůɖɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ŮɎɜ ɞ 

ůɡɜŰŮɚŮůŰɐɠ Z ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ Y əŬɘ Űɞ ɞˊɞɑɞ Ɉ ŮɑɜŬɘ əŬɘ ŬɡŰɧ ůɡɜɎɟŰɖůɖ Űɞɡ 

ɉ, ŰɧŰŮ : 

Z

X

Z Y

Y X

µ µ µ
=

µ µ µ
 (3.10) 

ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɛŮɟɘəɐ ˊŬɟŬɔɩɔɘůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɖɜ Ⱥɝ. 3.9 ŮɑɜŬɘ 

ɤɠ ˊɟɞɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŬɠ əŬɘ ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ ůŰɖɜ 

ɄŬɟɎɔɟŬűɞ 5.7 Űɞɡ ȾŮű. 5.  

ȼ Newton-Raphson ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ Ůˊɑɚɡůɖ Űɖɠ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ Űɖɠ Rachford Rice ɔɘŬ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ng əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ki ůŰɞ ˊɟɧɓɚɖɛŬ ŮəŰɧɜɤůɖɠ ŰŬ ɞˊɞɑŬ ɗŬ ŬɜŬɚɡɗɞɨɜ ůŰɞ 

ȾŮű. 5. 

3.2.2 ɀɏɗɞŭɞɠ Successive Substitution 

ȼ Successive Substitution
20

 ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɚɐ ŮˊŬɜŬɚɖˊŰɘəɐ ɛɏɗɞŭɞ ŮɨɟŮůɖɠ 

ɟɘɕɩɜ ɔɘŬ ɛɖ ɔɟŬɛɛɘəɎ ůɡůŰɐɛŬŰŬ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ 

ŮəŰɧɜɤůɖɠ ŭɨɞ űɎůŮɤɜ (ɡɔɟɐ əŬɘ ŬɏɟɘŬ) əŬɗɩɠ əŬɘ ɔɘŬ ˊɟɞɓɚɐɛŬŰŬ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ůŰŬɗŮɟɧŰɖŰŬɠ . ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ɛɖ ɔɟŬɛɛɘəɐ ůɡɜɎɟŰɖůɖ Űɖɠ ɛɞɟűɐɠ x = f(x), 

ɔɑɜŮŰŬɘ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ɟɑɕŬɠ, xn. ɈˊɞɚɞɔɑɕɞɜŰŬɠ Űɖɜ Űɘɛɐ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

f(xn) ůŰɖɜ ˊɟɩŰɖ ŮˊŬɜɎɚɖɣɖ xn, ɚŬɛɓɎɜŮŰŬɘ ɖ ɜɏŬ ɟɑɕŬ xn+1. ȼ ŭɘŬŭɘəŬůɑŬ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɞɨŰɤɠ ɩůŰŮ ɖ ɟɑɕŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ůɡɜɎɟŰɖůɖ ɜŬ ɛɖɜ 

ɛŮŰŬɓɎɚɚŮŰŬɘ ŬɟəŮŰɎ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ɟɑɕŬ. ȯɟŬ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ ůɨɔəɚɘůɖɠ ɞ ɞˊɞɑɞɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ əɟɘŰɐɟɘɞ : 

1n nx x e+- ¢ (3.11)     
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ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɖ ɛɏɗɞŭɞɠ Successive Substitution 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ əŬɚɨŰŮɟɖɠ ŮəŰɑɛɖůɖɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɞɟɟɞˊɑŬɠ ki əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ əŬŰɎ Michelsen (ȾŮű. 4, ˊŬɟɎɔɟŬűɞɠ 4.4). Ⱥˊɑůɖɠ, Űɞ 

əɟɘŰɐɟɘɞ ůɨɔəɚɘůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧ Ŭˊɧ ŬɡŰɧ Űɞɡ ȾɟɘŰɖɟɑɞɡ 

3.12 (ȾŮű. 4, ˊŬɟɎɔɟŬűɞɠ 4.4). ɇɞ ˊɚŮɞɜɏəŰɖɛŬ ˊɞɡ ɏɢŮɘ ɖ Successive Substitution 

ɏɜŬɜŰɘ Űɖɠ Newton-Raphson ŮɑɜŬɘ ɖ ŬˊɚɧŰɖŰŬ Űɤɜ ˊɟɎɝŮɤɜ Űɖɠ, ŭɖɚŬŭɐ ŭŮɜ ŮɑɜŬɘ 

ŬɜŬɔəŬɑɞɠ  ɞ ɡˊɞɚɞɔɘůɛɧɠ ˊŬɟŬɔɩɔɤɜ ɧˊɤɠ ɗŬ ˊŬɟŬŰɖɟɖɗŮɑ ůŰɞ ȾŮű. 4. 

3.2.3  ɀɏɗɞŭɞɠ ŭɘɢɞŰɧɛɖůɖɠ  

ȼ ɛɏɗɞŭɞɠ Űɖɠ ŭɘɢɞŰɧɛɖůɖɠ ŮɑɜŬɘ ɑůɤɠ ɖ ŬˊɚɞɨůŰŮɟɖ ŬɟɘɗɛɖŰɘəɐ ɛɏɗɞŭɞɠ ɔɘŬ 

Űɖɜ ˊɟɞůɏɔɔɘůɖ ɛɑŬɠ ɟɑɕŬɠ x
*
 Űɖɠ Ůɝɑůɤůɖɠ f(x) = 0, ɧˊɞɡ ɖ ɛŮŰŬɓɚɖŰɐ ŮɑɜŬɘ ɛɧɜɞ ɛɘŬ, 

Űɞ x. ȼ ɛɏɗɞŭɞɠ Űɖɠ ŭɘɢɞŰɧɛɖůɖɠ ɡˊɞɗɏŰŮɘ ɧŰɘ ɖ ůɡɜɎɟŰɖůɖ f ⱦ [Ŭ, b], ŮɑɜŬɘ ůɡɜŮɢɐɠ 

əŬɘ ɏɢŮɘ ŮŰŮɟɧůɖɛŮɠ Űɘɛɏɠ ůŰŬ ɎəɟŬ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ [Ŭ, b]. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ 

ˊɟɧůɖɛɞ Űɖɠ ůɡɜɎɟŰɖůɖɠ  f(a) ŮɑɜŬɘ ŭɘɎűɞɟɞ Űɞɡ ˊɟɧůɖɛɞɡ Űɖɠ ůɡɜɎɟŰɖůɖɠ f(b) əŬɘ 

Űɞ ɞˊɞɑɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.2. ȼ ɛɏɗɞŭɞɠ Űɖɠ ŭɘɢɞŰɧɛɖůɖɠ ɓŬůɑɕŮŰŬɘ ůŰɞ 

ɗŮɩɟɖɛŬ Űɖɠ ŮɜŭɘɎɛŮůɖɠ Űɘɛɐɠ.  

ȸɎůɖ Űɞɡ ɗŮɤɟɐɛŬŰɞɠ Űɖɠ ŮɜŭɘɎɛŮůɖɠ Űɘɛɐɠ, ɖ f ɛɖŭŮɜɑɕŮŰŬɘ ůŮ ɏɜŬ 

ŰɞɡɚɎɢɘůŰɞɜ ůɖɛŮɑɞ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ [Ŭ, b].  ɆŰɞ ȹɘɎɔɟŬɛɛŬ 3.2
21

 ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ 

əŬɛˊɨɚɖ f(x) Ŭˊɧ Űɖɜ ɞˊɞɑŬ ŮɑɜŬɘ ɔɜɤůŰɎ ŰŬ ɧɟɘŬ ůŰɞ Ŭ əŬɘ b. ɆŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ, 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ ɛɏůɞɜ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ [a,b] x0,  Űɞ ɞˊɞɑɞ ŮɘůŬɔɎɔŮŰŬɘ ůŰɖɜ f(x) ɔɘŬ 

ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ŮɎɜ ɖ f(x0) = 0 əŬɘ ˊɞɘɞ ŮɑɜŬɘ Űɞ ˊɟɧůɖɛɞ Űɖɠ f ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ. ȷˊɧ 

Űɞ ŭɘɎɔɟŬɛɛŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ f(x0) Í 0 əŬɗɩɠ ɖ Űɘɛɐ ɖ ɞˊɞɑŬ ɛɖŭŮɜɑɕŮɘ Űɖɜ 

ůɡɜɎɟŰɖůɖ f(x) ɓɟɑůəŮŰŬɘ ˊɚɏɞɜ ɛŮŰŬɝɨ Űɤɜ ɜɏɤɜ ɞɟɑɤɜ Ŭ əŬɘ x0. ɇɞ Ɏəɟɞ Űɞɡ 

Ŭɟɢɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɖ f ŮɛűŬɜɑɕŮɘ Űɞ ɑŭɘɞ ˊɟɧůɖɛɞ ɛŮ ŬɡŰɧ Űɞɡ ɛɏůɞɡ 

ůɖɛŮɑɞɡ ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ Űɞ ɛɏůɞ. ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Űɞ b 

ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ Űɞ x0. ȾŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ Űɞ ɜɏɞ ŭɘɎůŰɖɛŬ ɏɢŮɘ Ůɨɟɞɠ ɑůɞ ɛŮ 

Űɞ ɛɘůɧ Űɞɡ Ŭɟɢɘəɞɨ əŬɘ ŮŰŮɟɧůɖɛŮɠ Űɘɛɏɠ Űɖɠ f ůŰŬ ɎəɟŬ Űɞɡ. ȼ ŭɘŬŭɘəŬůɑŬ 

ŮűŬɟɛɧɕŮŰŬɘ ŮˊŬɜŬɚɖˊŰɘəɎ ɡˊɞŭɘˊɚŬůɘɎɕɞɜŰŬɠ ŭɘŬɟəɩɠ Űɞ Ŭɟɢɘəɧ ŭɘɎůŰɖɛŬ ˊɘɏůŮɤɜ 

ɛɏɢɟɘ Űɞ Ůɨɟɞɠ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ ŬɡŰɞɨ ɜŬ ɔɑɜŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ɛɘəɟɧ. 

 

ȹɘɎɔɟŬɛɛŬ 3.2 : ȹɘɎɔɟŬɛɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŭɘɢɞŰɧɛɖůɖɠ  
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ȼ ɛɏɗɞŭɞɠ Űɖɠ ŭɘɢɞŰɧɛɖůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ŭɚɔɞɟɑɗɛɞɡ, ɞ 

ɞˊɞɑɞɠ ɡˊɞɚɞɔɑɕŮɘ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ (ȾŮű. 6, ɄŬɟɎɔɟŬűɞɠ 6.4.2) ɞˊɞɘɞɡŭɐˊɞŰŮ 

ɛŮɑɔɛŬŰɞɠ ˊŮŰɟŮɚŬɑɞɡ. ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ˊɑŮůɖɠ ůŰɞ 

ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ, Pb, ɤɠ ɛŮŰŬɓɚɖŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ˊɑŮůɖ əŬɘ ɤɠ ůɡɜɎɟŰɖůɖ f 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ŮɡůŰɎɗŮɘŬ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ůŰɖɜ ˊɑŮůɖ ŬɡŰɐ. 

3.3 ɉɟɐůɖ ɀŬɗɖɛŬŰɘəɩɜ ɛɖŰɟɩɤɜ  

ɀɖŰɟɩɞ ɐ ˊɑɜŬəŬɠ ɞɜɞɛɎɕŮŰŬɘ ɛɑŬ ɞɟɗɞɔɩɜɘŬ ŭɘɎŰŬɝɖ ůŮ ůɢɐɛŬ ɞɟɗɞɔɤɜɑɞɡ 

ˊŬɟŬɚɚɖɚŮˊɑˊŮŭɞɡ, ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ ůŮ ŬɡŰɧ n x m ˊɚɐɗɞɠ ůŰɞɘɢŮɑɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ 

ɞ ˊɑɜŬəŬɠ ȷ : 

11 1

1

m

n nm

a a

A

a a

å õ
æ ö
=æ ö
æ ö
ç ÷

 (3.14) 

ɧˊɞɡ : 

n : Űɞ ˊɚɐɗɞɠ Űɤɜ ɔɟŬɛɛɩɜ 

m : Űɞ ˊɚɐɗɞɠ Űɤɜ ůŰɖɚɩɜ 

ȷ : ˊɑɜŬəŬɠ ɛŮɔɏɗɞɡɠ n x m 

Ⱥˊɑůɖɠ ŰŬ ŭɘŬɜɨůɛŬŰŬ ɧˊɤɠ Űɞ ȹɘɎɜɡůɛŬ 3.15 ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ 

ˊɑɜŬəŮɠ : 

1

2

n

y

y
Y

y

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

 (3.15) 

ɧˊɞɡ : 

n  : Űɞ ˊɚɐɗɞɠ Űɤɜ ɔɟŬɛɛɩɜ 

Y: ŭɘɎɜɡůɛŬ n x 1   

Ƀɘ ˊɑɜŬəŮɠ əŬɘ ŰŬ ŭɘŬɜɨůɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŬɟəŮŰɎ əŬŰɎ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

Űɞɡ əɩŭɘəŬ, əŬɗɩɠ ŰŬ ɟŮɡůŰɎ ŰŬ ɞˊɞɑŬ ɛŮɚŮŰɞɨɜŰŬɘ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɛŮɑɔɛŬŰŬ ˊɞɚɚɩɜ 

ůɡůŰŬŰɘəɩɜ. ȯɟŬ ɞɘ ˊɟɎɝŮɘɠ ɞ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɞɡ 

əɩŭɘəŬ, ŭŮɜ ŮɑɜŬɘ ɛɧɜɞ ɛŮŰŬɝɨ Ŭɟɘɗɛɩɜ ŬɚɚɎ əŬɘ ɛŮŰŬɝɨ ŭɘŬɜɡůɛɎŰɤɜ əŬɘ ˊɘɜɎəɤɜ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɏɜŬ ɡɔɟɧ ɛŮɑɔɛŬ Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɏůůŮɟŬ ůɡůŰŬŰɘəɎ, ŰɧŰŮ 

ɖ ůɨůŰŬůɖ Űɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ : 

1

2
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4
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x
X

x

x

å õ
æ ö
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 (3.16) 
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3.3.1 ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ ˊɘɜɎəɤɜ  

 ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɤɜ ˊɟɎɝŮɤɜ, ˊɟɞəɨˊŰɞɡɜ ˊɞɚɚŬˊɚŬůɘŬůɛɞɑ ŬɚɚɎ əŬɘ 

ŭɘŬɘɟɏůŮɘɠ ɛŮŰŬɝɨ Ŭɟɘɗɛɩɜ ï ˊɘɜɎəɤɜ ŬɚɚɎ əŬɘ ˊɘɜɎəɤɜ ï ˊɘɜɎəɤɜ. ȷɜɎɚɞɔŬ ɛŮ ŰŬ 

ɛŮɔɏɗɖ ˊɞɡ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɘ ɐ ŭɘŬɘɟɞɨɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ, ŬɚɚɎɕŮɘ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ 

Űɤɜ ˊɟɎɝŮɤɜ. 

3.3.1.1 ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ əŬɘ ŭɘŬɑɟŮůɖ ˊɑɜŬəŬ ɛŮ Ŭɟɘɗɛɧ  

   Ƀ ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ Ůɜɧɠ ˊɑɜŬəŬ
22

 ȷ (ɛŮ ůŰɞɘɢŮɑŬ Ŭij) ɛŮ ɏɜŬ Ŭɟɘɗɛɧ ɝ, ŭɑɜŮɘ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ɜɏɞ ˊɑɜŬəŬ ɝŬij ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ůɢɏůɖ 3.17 : 

   

11 12

21 22

11 12 11 12

21 22 21 22

new

a a
A

a a

a a a a
A

a a a a

x x
x

x x

å õ
=æ ö
ç ÷

å õ å õ
= =æ ö æ ö
ç ÷ ç ÷

 (3.17) 

ɧˊɞɡ i =1,2 əŬɘ j = 1,2 

ɏɢɞɜŰŬɠ ɤɠ ɘŭɘɧŰɖŰŮɠ : 

¶ ɝ[(Ŭ) + (b)] = ɝ(Ŭ) + ɝ(b) 

¶ (ɝ + ɛ)(Ŭ) = ɝ(Ŭ) + ɛ(Ŭ) 

¶ (ɝɛ)(Ŭ) = ɝ(ɛ(Ŭ)) 

ɧˊɞɡ ŰŬ ɝ əŬɘ ɛ ŮɑɜŬɘ Ŭɟɘɗɛɞɑ. 

ȿŬɛɓɎɜɞɜŰŬɠ ɏɜŬ ŭɘɎɜɡůɛŬ ȸ  ɛŮɔɏɗɞɡɠ 4 x 1 əŬɘ ŭɘŬɘɟɩɜŰŬɠ Űɞ ɛŮ ɏɜŬ Ŭɟɘɗɛɧ 

ɝ, ŰɧŰŮ ɞ ˊɑɜŬəŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ : 
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 (3.18) 

  ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ ˊɞɚɚŬˊɚŬůɘŬůɛɞɑ əŬɘ ŭɘŬɘɟɏůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɟəŮŰɎ 

ůɖɛŮɑŬ ůŰɞɜ əɩŭɘəŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŰɎůɖɠ űɡɔɐɠ (ȾŮű.2, 

ˊŬɟɎɔɟŬűɞɠ 2.8, Ⱥɝ.2.30), Űɞ ŭɘɎɜɡůɛŬ Bi ŭɘŬɘɟŮɑŰŬɘ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ȸ Űɞɡ 

əɡɓɘəɞɨ ˊɞɚɡɤɜɨɛɞɡ əŬŰɎ Peng ï Robinson ɛŮ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ɜɏɞ ŭɘɎɜɡůɛŬ. ɆŰɖ 

ůɡɜɏɢŮɘŬ Űɞ ŭɘɎɜɡůɛŬ ŬɡŰɧ ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛŮ Űɖɜ ŭɘŬűɞɟɎ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ 

Z-1 ɏɢɞɜŰŬɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Ŭəɧɛɖ ɏɜŬ əŬɘɜɞɨɟɘɞ ŭɘɎɜɡůɛŬ. 
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3.3.1.2 ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ ˊɑɜŬəŬ ɛŮ ˊɑɜŬəŬ əŬɘ ˊɑɜŬəŬ ɛŮ ŭɘɎɜɡůɛŬ 

ũɘŬ ɜŬ ɘůɢɨŮɘ Űɞ ɔɘɜɧɛŮɜɞ ŭɨɞ ˊɘɜɎəɤɜ
23

 (c) əŬɘ (d), ɗŬ ˊɟɏˊŮɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ 

ůŰɖɚɩɜ Űɞɡ (c) ɜŬ ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɔɟŬɛɛɩɜ Űɞɡ (d). ȰůŰɤ ɞ ˊɑɜŬəŬɠ (c) 

ŭɘŬůŰɎůŮɤɜ n x m əŬɘ ɞ ˊɑɜŬəŬɠ (d) ŭɘŬůŰɎůŮɤɜ m x j. Ƀ ɜɏɞɠ ˊɑɜŬəŬɠ ˊɞɡ ɗŬ 

ˊɟɞəɨɣŮɘ ɗŬ ɏɢŮɘ ɤɠ ŭɘŬůŰɎůŮɘɠ Űɘɠ n x j, ŭɖɚŬŭɐ : 
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 (3.19) 

  ɄɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ ɏɜŬ ˊɑɜŬəŬ ɛŮ ŭɘɎɜɡůɛŬ, ɗŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ɜɏɞ 

ŭɘɎɜɡůɛŬ. ɄɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɞɜ ˊɑɜŬəŬ (c) ɛŮ Űɞ ŭɘɎɜɡůɛŬ (y) ŭɘŬůŰɎůŮɤɜ 2 x 1, 

Űɞ ɜɏɞ ŭɘɎɜɡůɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ : 

11 12 1

21 22 2

11 12 1 11 1 12 2

21 22 2 21 1 22 2

,
c c y

c y
c c y

c c y c y c y
T

c c y c y c y

å õ å õ
= =æ ö æ ö
ç ÷ ç ÷

+å õå õ å õ
= =æ öæ ö æ ö

+ç ÷ç ÷ ç ÷

 (3.20) 

ȰɜŬɠ ŰɏŰɞɘɞɠ ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ˊɎɚɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ŰɎůɖɠ ŭɘŬűɡɔɐɠ (ȾŮű.2, ˊŬɟɎɔɟŬűɞɠ 2.8, Ⱥɝ.2.30), ɧˊɞɡ Űɞ ŭɘɎɜɡůɛŬ yi 

ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛŮ Űɞɜ ˊɑɜŬəŬ A ij. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ɜɏɞ ŭɘɎɜɡůɛŬ. 

3.3.2 ɇŮɚŮůŰɐɠ ɔɘɜɞɛɏɜɞɡ Hadamard 

Ƀ ŰŮɚŮůŰɐɠ ɔɘɜɞɛɏɜɞɡ Hadamard
24

 ŮűŬɟɛɧɕŮŰŬɘ ɛŮŰŬɝɨ ŭɨɞ ˊɘɜɎəɤɜ (ȷ) əŬɘ (ȸ) 

ɑŭɘɤɜ ŭɘŬůŰɎůŮɤɜ əŬɘ ˊŬɟɎɔŮɘ ɏɜŬ ɜɏɞ ɛɖŰɟɩɞ ɑŭɘŬɠ ŭɘɎůŰŬůɖɠ ɛŮ ŰŬ ɞɟɑůɛŬŰŬ. ȼ 

ŭɘŬűɞɟɎ ɧɛɤɠ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ŬɡŰɧ Űɞ ɔɘɜɧɛŮɜɞ, ŮɑɜŬɘ ˊɤɠ ɞ ŰŮɚŮůŰɐɠ Hadamard 

əɎɜŮɘ ˊɞɚɚŬˊɚŬůɘŬůɛɧ ůŰɞɘɢŮɑɞ ɛŮ ůŰɞɘɢŮɑɞ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ Űɞ ˊɟɩŰɞ ůŰɞɘɢŮɑɞ 

c11 Űɞɡ ɜɏɞɡ ˊɑɜŬəŬ (C) ˊɞɡ ɗŬ ˊɟɞəɨɣŮɘ, ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɞɡ ɔɘɜɞɛɏɜɞɡ Űɞɡ 

ˊɟɩŰɞɡ ůŰɞɘɢŮɑɞɡ Ŭ11 Űɞɡ ˊɑɜŬəŬ (ȸ) əŬɘ Űɞɡ ˊɟɩŰɞɡ ůŰɞɘɢŮɑɞɡ b11 Űɞɡ ˊɑɜŬəŬ (ȸ) əŬɘ 

ɞɨŰɤ əŬɗô Ůɝɐɠ. ȹɖɚŬŭɐ : 

11 12 11 12

21 22 21 22

11 12 11 12 11 11 12 12 11 12

21 22 21 22 21 21 22 22 21 22

,
a a b b

A B
a a b b

a a b b a b a b c c
C A B

a a b b a b a b c c

å õ å õ
= =æ ö æ ö
ç ÷ ç ÷

å õå õ å õ å õ
= = = =æ öæ ö æ ö æ ö

ç ÷ç ÷ ç ÷ ç ÷

 (3.21) 

ȼ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ůŰɖɜ ŭɘŬɑɟŮůɖ ˊɘɜɎəɤɜ əŬɘ 

ŭɘŬɜɡůɛɎŰɤɜ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ : 
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1 1

2 2

3 3

1 1

2 1

1

3 2

2

1 2

3

2 3

3 3

,

a b

A a B b

a b

a a

a b
c

a aA
C c

bB b
c

b a

b b

å õ å õ
æ ö æ ö
= =æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

å õå õ
æ öæ ö
æ öæ ö å õæ öæ öæ öç ÷

= = = =æ öæ öå õæ öæ ö
æ ö ç ÷æ ö
æ öæ öæ öæ ö
ç ÷ç ÷

  (3.22) 

Ƀ ŰŮɚŮůŰɐɠ Hadamard ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɟəŮŰɎ əŬŰɎ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

əɩŭɘəŬ ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ Ŭi (ȾŮű.2, ˊŬɟɎɔɟŬűɞɠ 2.5, Ⱥɝ. 2.21) 

əŬɘ Ŭi ((ȾŮű.2, ˊŬɟɎɔɟŬűɞɠ 2.5, Ⱥɝ. 2.23). O ůɡɜŰŮɚŮůŰɐɠ i (ˊ.ɢ Ŭi, bi) ŬɜŬűɏɟŮŰŬɘ ɔɘŬ 

əɎɗŮ ůɡůŰŬŰɘəɧ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ůɡɜɞɚɘəɧ ŬˊɞŰɏɚŮůɛŬ Űɖɠ Ⱥɝ. 2.21 ŮɑɜŬɘ ɏɜŬ 

ŭɘɎɜɡůɛŬ, ɧˊɞɡ ɖ əɎɗŮ Űɘɛɐ Ŭi ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůɡůŰŬŰɘəɧ : 

1

2 2

_ 2

_

c i

i

c i

n

a

R T a
a

p

a

o

a a

å õ
æ ö
æ ö=W =
æ ö
æ ö
ç ÷

  (3.23) 

ɧˊɞɡ n ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůɡůŰŬŰɘəɩɜ. 

3.3.3 ɄŬɟɎɔɤɔɞɠ ˊɘɜɎəɤɜ  

ȼ ˊŬɟɎɔɤɔɞɠ ˊɘɜɎəɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬŰɎ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ 

ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ, ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŰɖɜ ɄŬɟɎɔɟŬűɞ 3.2.1. ɆɡɔəŮəɟɘɛɏɜŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛŮɟɘəɐ ˊŬɟɎɔɤɔɞɠ (ȾŮű. 5) əŬɘ ɖ Űɡˊɞˊɞɘɖɛɏɜɖ Űɖɠ ɛɞɟűɐ ɔɘŬ 

ɏɜŬ ˊɑɜŬəŬ (n x m) ŮɑɜŬɘ : 

 
()

111

1

m

n nm

xx

y y
X y

y
x x

y y

µµå õ
æ ö
µ µ
æ öµ
æ ö=

µ æ ö
µ µæ ö
æ öµ µç ÷

 (3.24) 

ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɖɜ ɛŮɟɘəɐ ˊŬɟɎɔɤɔɞ Ůɜɧɠ ŭɘŬɜɨůɛŬŰɞɠ (n x 1) : 

()
1 2 n

x y xx x

y y y y

µ µµ µè ø
=é ù

µ µ µ µê ú
 (3.25) 

3.3.4 ɇŮɚŮůŰɐɠ ŭɘŬɔɤɜɑɞɡ (diag) əŬɘ ŰŮɚŮůŰɐɠ ŬɗɟɞɑůɛŬŰɞɠ (sum) 

Ƀ ŰŮɚŮůŰɐɠ ŭɘŬɔɤɜɑɞɡ ŮűŬɟɛɧɕŮŰŬɘ Űɧůɞ ůŮ ɛɖŰɟɩŬ ɧůɞ əŬɘ ůŮ ŭɘŬɜɨůɛŬŰŬ. 

ɆŮ ɧŰɘ ŬűɞɟɎ ŰŬ ŭɘŬɜɨůɛŬŰŬ, ɞ ŰŮɚŮůŰɐɠ ˊŬɟɎɔŮɘ ɏɜŬ ɛɖŰɟɩɞ ɖ ŭɘŬɔɩɜɘɞɠ Űɞɡ ɞˊɞɑɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ : 
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{ }

1 1

2 2

1

0 0

0 0

0 0

nx

n n

a a

a a
diag a diag

a a

ë û å õ
æ öî î

î îæ ö= =ì ü
æ ö

î î
æ ö

î îí ý ç ÷

 (3.26) 

Ƀ ŰŮɚŮůŰɐɠ ŭɘŬɔɤɜɑɞɡ diag ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ȽŬəɤɓɘŬɜɞɨ 

ɛɖŰɟɩɞɡ, ɧˊɤɠ ŮɑɜŬɘ ŮɛűŬɜɏɠ ůŰɖɜ Ⱥɝ. 3.9. 

Ƀ ŰŮɚŮůŰɐɠ ŬɗɟɞɑůɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ŰŮɚŮůŰɐ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

Űɞɡ əɩŭɘəŬ əŬɗɩɠ ɖ ɡɚɞˊɞɑɖůɖ Űɞɡ ɞŭɖɔŮɑ ůŮ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɞɡ ɢɟɧɜɞɡ 

ŮəŰɏɚŮůɖɠ Űɞɡ əɩŭɘəŬ. Ƀ ŰŮɚŮůŰɐɠ ŬɗɟɞɑůɛŬŰɞɠ ɔɘŬ ɏɜŬ ŭɘɎɜɡůɛŬ (n x 1)ŮɑɜŬɘ : 

( )

1

2

1 1

1

n

nx nx

i

n

a

a
sum a sum a

a

=

å õ
æ ö
æ ö= =
æ ö
æ ö
ç ÷

ä  (3.27) 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ ŰŮɚŮůŰɐɠ ŬɗɟɞɑůɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ Űɖɠ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ Ůɝɑůɤůɖɠ Rachford ï Rice (ȾŮű.5, ˊŬɟɎɔɟŬűɞɠ 

5.3.2). 

3.3.5 ɇɡˊɞˊɞɘɖɛɏɜɞɘ ˊɑɜŬəŮɠ əŬɘ ɘŭɘɧŰɖŰŮɠ   

ɆŰɞɜ əɩŭɘəŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ Űɡˊɞˊɞɘɖɛɏɜɞɘ 

ˊɑɜŬəŮɠ, ɞɘ ɞˊɞɑɞɘ ɐŰŬɜ ŬɜŬɔəŬɑɞɘ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ ɞ ɛɞɜŬŭɘŬɑɞɠ 

əŬɘ ɞ ɛɖŭŮɜɘəɧɠ ˊɑɜŬəŬɠ
25
. Ƀ ɛɞɜŬŭɘŬɑɞɠ ˊɑɜŬəŬɠ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ : 

1 1 1

1 1 1

1 1 1

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

nxm1  (3.28) 

əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ɛɞɜŬŭɘŬɑɞ ŭɘɎɜɡůɛŬ : 

( )1 1 1 1=
T

xn1  (3.29) 

əŬŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɛŮɟɘəɩɜ ˊŬɟŬɔɩɔɤɜ Űɞɡ ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ (ȾŮű.5, 

ɄŬɟɎɔɟŬűɞɠ 5.3.4.1). ɇɞ ɇ ́ɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ ȹɘɎɜɡůɛŬ 3.29, ŬˊɞŰŮɚŮɑ ɛɘŬ 

ɘŭɘɧŰɖŰŬ ɖ ɞˊɞɑŬ ŬɜŰɘůŰɟɏűŮɘ (transpose) Űɞ ŭɘɎɜɡůɛŬ əŬɘ ɔɑɜŮŰŬɘ : 

1

1

1
1

1

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

T

nx  (3.30) 

ɆŰɞɜ əɩŭɘəŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɛɞɜŬŭɘŬɑɞɡ ˊɑɜŬəŬ ɐ ŭɘŬɜɨůɛŬŰɞɠ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ŮɜŰɞɚɐ ones(i,j). ȼ ŮɜŰɞɚɐ ŬɡŰɐ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ˊɑɜŬəŬ i x j ɧˊɞɡ ɖ 

əɎɗŮ ɗɏůɖ Űɞɡ ˊɑɜŬəŬ əŬŰŬɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ ɛɞɜɎŭŬ (1).  

Ƀ ɛɖŭŮɜɘəɧɠ ˊɑɜŬəŬɠ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ : 
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0 0 0

0 0 0
0

0 0 0

nxm

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

 (3.31) 

əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɘɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ K ij ůŰŬ ŬɟɢɘəɎ 

ůŰɎŭɘŬ Űɞɡ əɩŭɘəŬ. ɆŰɞɜ əɩŭɘəŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɛɖŭŮɜɘəɞɨ 

ˊɑɜŬəŬ ɐ ŭɘŬɜɨůɛŬŰɞɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ŮɜŰɞɚɐ zeros(i,j). ȼ ŮɜŰɞɚɐ ŬɡŰɐ ŭɖɛɘɞɡɟɔŮɑ 

ɏɜŬ ˊɑɜŬəŬ i x j ŬˊɞŰŮɚɞɨɛŮɜɞɠ ɛɧɜɞ Ŭˊɧ ɛɖŭŮɜɘəɎ. 
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ȾŮűɎɚŬɘɞ 4
ɞ
:ɄɟɧɓɚɖɛŬ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ 
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4.1 ŪŮɤɟɑŬ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ 

ȰɜŬ Ŭˊɧ ŰŬ ŭɡůəɞɚɧŰŮɟŬ ŮɟɤŰɐɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ  

ɘůɞɟɟɞˊɑŬɠ űɎůŮɤɜ, ŮɑɜŬɘ Űɞ əŬŰɎ ˊɧůɞ ɏɜŬ ɛŮɑɔɛŬ ɗŬ ŭɘŬɢɤɟɘůŰŮɑ ůŮ ŭɨɞ (ŬɚɚɎ əŬɘ 

ˊŮɟɘůůɧŰŮɟŮɠ) űɎůŮɘɠ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ˊɑŮůɖ əŬɘ ɗŮɟɛɞəɟŬůɑŬ. ɆŮ ˊɟɩŰɖ űɎůɖ, Űɞ 

ˊɟɧɓɚɖɛŬ ŬɡŰɧ ɚɡɜɧŰŬɜ ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ Űɖɜ ɛɏɗɞŭɞ ŮəŰɧɜɤůɖɠ ŭɨɞ űɎůŮɤɜ əŬɘ 

Űɖɜ ɛɏɗɞŭɞ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ (bubble point), ɡůŰŮɟɩɜŰŬɠ ɧɛɤɠ ůŮ 

ɗɏɛŬŰŬ ŬəɟɑɓŮɘŬɠ. 

ȿɨůɖ ůŰɞ ˊɟɧɓɚɖɛŬ ŮɡůŰɎɗŮɘŬɠ ɏɟɢɞɜŰŬɘ ɜŬ ŭɩůɞɡɜ ɞɘ Baker
26

 əŬɘ 

Michelsen
27

, ɛɏůɤ Ɏɟɗɟɤɜ ŰŬ ɞˊɞɑŬ ŭɖɛɞůɘŮɨŰɖəŬɜ Űɞ 1982 ˊŮɟɘɔɟɎűɞɜŰŬɠ Űɞ 

ȾɟɘŰɐɟɘɞ ȺűŬˊŰɧɛŮɜɞɡ Ⱥˊɘˊɏŭɞɡ Űɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs. ɇŬ ɎɟɗɟŬ ŬɡŰɎ ŬˊɞŭŮɘəɜɨɞɡɜ 

ˊɤɠ Űɞ əɟɘŰɐɟɘɞ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ Ůɜɧɠ ɛɑɔɛŬŰɞɠ. 

ɆŰɘɠ ˊŬɟŬəɎŰɤ ˊŬɟŬɔɟɎűɞɡɠ ɔɑɜŮŰŬɘ ɛɘŬ ˊŮɟɘɔɟŬűɐ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ Baker əŬɘ əŬŰɎ Michelsen, ɛŮ Űɞɜ əŬɗɏɜŬ ɜŬ ɏɢŮɘ 

ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ Ůˊɑɚɡůɖɠ Űɞɡɠ ˊɟɞɓɚɐɛŬŰɞɠ. Ƀ Baker ɛŮɜ, ŭɑɜŮɘ ɛɘŬ 

ɗŮɤɟɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ɞ Michelsen ŭŮ, ŮəŰɧɠ Ŭˊɧ ɗŮɤɟɖŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ ˊɟɞŰŮɑɜŮɘ əŬɘ ɛɑŬ Ŭɚɔɞɟɘɗɛɘəɐ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ.   

4.2 ɄŮɟɘɔɟŬűɐ ˊɟɞɓɚɐɛŬŰɞɠ  ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ 

Baker 

Ƀ Baker ɏɚŬɓŮ ɡˊô ɧɣɘɜ ɏɜŬ ɛɑɔɛŬ ůɨůŰŬůɖɠ z ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ c  ůɡůŰŬŰɘəɎ, 

əŬɗɏɜŬ Ůə Űɤɜ ɞˊɞɑɤɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ni moles. ɀŮ ɓɎůɖ Űɖɜ Ŭɟɢɐ Űɖɠ ŮɚɎɢɘůŰɖɠ 

ŮɜɏɟɔŮɘŬɠ (ɧɚŬ ŰŬ ůɩɛŬŰŬ ůŰɖ űɨůɖ ŰŮɑɜɞɡɜ ɜŬ ŬˊɞəŰɐůɞɡɜ Űɖɜ ŮɚɎɢɘůŰɖ ŮɜɏɟɔŮɘŬ) , 

ɗŮɩɟɖůŮ ˊɤɠ ŮɎɜ ɓɟŮɗɞɨɜ ŭɨɞ ůɡůŰɎůŮɘɠ x əŬɘ y  ŰɏŰɞɘŮɠ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ 

ŬɜŬɛŮɘɔɜɡɧɛŮɜŮɠ ůŮ əŬŰɎɚɚɖɚɖ ŬɜŬɚɞɔɑŬ ɜŬ ́ŬɟɎɔɞɡɜ Űɖ ůɨůŰŬůɖ ŰɟɞűɞŭɞůɑŬɠ  z 

(ɚɧɔɤ ŭɘŬŰɐɟɖůɖɠ ɛɎɕŬɠ), ɜŬ ɏɢɞɡɜ ɑŭɘɞ ɢɖɛɘəɧ ŭɡɜŬɛɘəɧ ůŰɘɠ ŭɞɗŮɑůŮɠ ůɡɜɗɐəŮɠ 

(ɚɧɔɤ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ɘůɞɟɟɞˊɑŬɠ) əŬɘ ɜŬ ɏɢɞɡɜ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ Gibbs ɛɘəɟɧŰŮɟɖ 

Ŭˊɧ ŬɡŰɐ ˊɞɡ ɗŬ ŮɑɢŮ ɖ ůɨůŰŬůɖ z Ŭɜ ŭŮɜ ŮɑɢŮ ŭɘŬɢɤɟɘůŰŮɑ ůŰɘɠ x əŬɘ y, ŰɧŰŮ ɖ 

ůɨůŰŬůɖ z ŭŮɜ ŮɑɜŬɘ ɗŮɟɛɞŭɡɜŬɛɘəɎ ůŰŬɗŮɟɐ (ŮɑɜŬɘ ŬůŰŬɗɐɠ) ůŰɖɜ ŭɞɗŮɑůŬ ˊɑŮůɖ əŬɘ 

ɗŮɟɛɞəɟŬůɑŬ. ȷɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ŰɏŰɞɘŮɠ ůɡůŰɎůŮɘɠ x əŬɘ y, ŰɧŰŮ ɖ ůɨůŰŬůɖ z ŮɑɜŬɘ 

ɗŮɟɛɞŭɡɜŬɛɘəɎ ůŰŬɗŮɟɐ əŬɘ ˊŬɟŬɛɏɜŮɘ ɛɞɜɞűŬůɘəɐ.  

ũɘŬ ɏɜŬ ɛɞɜɞűŬůɘəɧ ɛɑɔɛŬ ɖ ŮɜɏɟɔŮɘŬ Gibbs ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

  ()
c

z i i

i 1

G n
=

= mä z  (4.1) 

ũɘŬ ɏɜŬ ŭɘűŬůɘəɧ ɛɑɔɛŬ ɖ ŮɜɏɟɔŮɘŬ Gibbs ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ : 

() ()
c c

V L

mix i i i i

i 1 i 1

G n n
= =

= m + mä äy x  (4.2) 

ɧˊɞɡ ni
V
 əŬɘ ni

L
 ŰŬ moles əɎɗŮ ůɡůŰŬŰɘəɞɨ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ űɎůɖ əŬɘ ɛi(y) əŬɘ ɛi(x) Űɞ 

ɢɖɛɘəɧ ŭɡɜŬɛɘəɧ ůŮ əɎɗŮ űɎůɖ. 

Ⱥɝɑůɤůɖ ŭɘŬŰɐɟɖůɖɠ ɛɎɕŬɠ  : 

( )i g i g i1 n n= - +z x y  (4.3) 

ɧˊɞɡ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ng ˊɟɏˊŮɘ ɜŬ ŬɜɐəŮɘ ůŰɞ ŭɘɎůŰɖɛŬ [0,1].  
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ɉɖɛɘəɧ ŭɡɜŬɛɘəɧ : 

() ()i i im =m =mx y  (4.4) 

ɇɞ ɢɖɛɘəɧ ŭɡɜŬɛɘəɧ
28

 ɛɘŬɠ ɞɡůɑŬɠ ůŮ ɏɜŬ ɛŮɑɔɛŬ ɞɟɑɕŮŰŬɘ ɤɠ ɖ ɛŮɟɘəɐ ɛɞɟɘŬəɐ 

ŮɜɏɟɔŮɘŬ Gibbs ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ɘůɞɟɟɞˊɑŬ ůŰɞ ɛŮɑɔɛŬ. ȹɖɚŬŭɐ ɖ ɛŮɟɘəɐ ɛɞɟɘŬəɐ 

ŮɜɏɟɔŮɘŬ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ i
th
 ůŰɖɜ ɡɔɟɐ űɎůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ɛŮɟɘəɐ 

ɛɞɟɘŬəɐ ŮɜɏɟɔŮɘŬ Űɞɡ ɘŭɑɞɡ ůɡůŰŬŰɘəɞɨ ůŰɖɜ ŬɏɟɘŬ űɎůɖ. ȼ  Ɇɢɏůɖ 4.4 ŬˊɞŰŮɚŮɑ Űɖɜ 

ůɡɜɗɐəɖ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ɘůɞɟɟɞˊɑŬɠ.   

ȼ ŬɜɘůɧŰɖŰŬ ɖ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ ɏŰůɘ ɩůŰŮ ɖ ůɨůŰŬůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ɜŬ 

ŮɑɜŬɘ ŬůŰŬɗɐɠ ɔɘŬ Űɘɠ ˊŬɟŬˊɎɜɤ ůɡɜɗɐəŮɠ ŮɑɜŬɘ : 

() () ()
c c c

V L

mix z i i i i i i

i 1 i 1 i 1

G G n n n
= = =

< Ý m + m < mä ä äy x z  (4.5) 

ȼ Ⱥɝ. 4.5 ɛˊɞɟŮɑ ɜŬ ɔɟŬűŮɑ ůŮ ɛɘŬ ˊɘɞ Ŭˊɚɐ ɛɞɟűɐ ɞɟɑɕɞɜŰŬɠ Űɖɜ Ŭɜɖɔɛɏɜɖ ɤɠ 

ˊɟɞɠ Űɖ ɛɎɕŬ ŮɜɏɟɔŮɘŬ Gibbs : 

()

()

()

c
z z

z i ic
i 1

i

i 1

c

x i i

i 1

c

y i i

i 1

G G
g z

n
n

g x

g y

=

=

=

=

= = = m

= m

= m

ä
ä

ä

ä

z

x

y

 (4.6) 

ɧˊɞɡ g ɖ Ŭɜɖɔɛɏɜɖ ŮɜɏɟɔŮɘŬ Gibbs əɎɗŮ űɎůɖɠ əŬɘ 

() () () ()

()( ) () ( )

c c c c
V Lmi x

mi x i i i i V i i L i i

i 1 i 1 i 1 i 1

c c

mi x g i i g i i g y g x

i 1 i 1

G 1 1
g n n n y n x

n n n

g n y 1 n x n g 1 n g

= = = =

= =

å õ å õ
= = m + m = m + m Ýæ ö æ ö

ç ÷ ç ÷

= m + - m = + -

ä ä ä ä

ä ä

y x y x

y x

 (4.7) 

 ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ ŬɜɘůɧŰɖŰŬ ɖ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ ɩůŰŮ ɖ ůɨůŰŬůɖ Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ ɜŬ ŮɑɜŬɘ ŬůŰŬɗɐɠ ɔɘŬ Űɘɠ ˊŬɟŬˊɎɜɤ ůɡɜɗɐəŮɠ ɜŬ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŰɖɜ :   

( )mi x z mi x z g y g x zG G g g n g 1 n g g< Ý < Ý + - < (4.8) 

ɧˊɞɡ : 

Gmix : ɖ ŮɜɏɟɔŮɘŬ Gibbs Űɞɡ ɛŮɑɔɛŬŰɞɠ 

Gz    : ɖ Ŭɟɢɘəɐ ŰɟɞűɞŭɞůɑŬ 

gmix  : ɖ Ŭɜɖɔɛɏɜɖ ŮɜɏɟɔŮɘŬ Gibbs Űɞɡ ɛŮɑɔɛŬŰɞɠ 

gz     : ɖ Ŭɜɖɔɛɏɜɖ ŮɜɏɟɔŮɘŬ Gibbs Űɖɠ Ŭɟɢɘəɐɠ ŰɟɞűɞŭɞůɑŬɠ 

ng     : Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ 

gy     : ɖ Ŭɜɖɔɛɏɜɖ ŮɜɏɟɔŮɘŬ Gibbs Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ 

gx      : ɖ Ŭɜɖɔɛɏɜɖ ŮɜɏɟɔŮɘŬ Gibbs Űɖɠ ɡɔɟɐɠ űɎůɖɠ 

Ƀɘ Ⱥɝ. 4.3, 4.4 əŬɘ 4.5 ŬˊɞŰŮɚɞɨɜ Űɖɜ ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ Űɞɡ əɟɘŰɖɟɑɞɡ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ əŬŰɎ Baker. 
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ũɟŬűɘəɐ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ 

Baker 

Ƀ Baker ŮˊɑɚɡůŮ ɔɟŬűɘəɎ Űɞ ˊɟɧɓɚɖɛŬ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ɔɘŬ 

ɛŮɑɔɛŬŰŬ ŭɨɞ ůɡůŰŬŰɘəɩɜ. ũɘŬ ɏɜŬ ɛɑɔɛŬ ůɨůŰŬůɖɠ w ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ŭɨɞ 

ůɡůŰŬŰɘəɎ, ɖ ŮɜɏɟɔŮɘŬ Gibbs ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ ɛɧɜɞ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ Ůɜɧɠ 

ůɡůŰŬŰɘəɞɨ 1w  Ůűô ɧůɞɜ Űɞ 2w ŮɑɜŬɘ ŮɝŬɟŰɖɛɏɜɞ Ŭˊɧ Űɖɜ ůɢɏůɖ :  

2 1w 1 w= -  (4.9) 

ȯɟŬ : 

() ( ) ( )1 2g g w g w= =w  (4.10) 

ɆŰɞ ȹɘɎɔɟŬɛɛŬ 4.1
29

 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɑŬ ŮűŬˊŰɞɛɏɜɖ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ 

ɢŬɟŬɢɗŮɑ ůŰɖɜ əŬɛˊɨɚɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs Ůɜɧɠ ɛɑɔɛŬŰɞɠ ŭɨɞ ůɡůŰŬŰɘəɩɜ. ȼ 

ŮűŬˊŰɧɛŮɜɖ ŬɡŰɐ ɘəŬɜɞˊɞɘŮɑ Űɧůɞ Űɖ ŭɘŬŰɐɟɖůɖ ɛɎɕŬɠ ɧůɞ əŬɘ Űɖɜ ůɡɜɗɐəɖ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ɘůɞɟɟɞˊɑŬɠ ɛŮŰŬɝɨ Űɤɜ ůɡůŰɎůŮɤɜ x əŬɘ y. ũɘŬ ɜŬ ŮɑɜŬɘ ɞɘ ůɡůŰɎůŮɘɠ 

x əŬɘ y ŬˊɞŭŮəŰɏɠ, ɗŬ ˊɟɏˊŮɘ ɖ ůɨůŰŬůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ z ɜŬ ɓɟɑůəŮŰŬɘ ŬɜɎɛŮůŬ Űɤɜ 

ŭɨɞ ůɡůŰɎůŮɤɜ (x < z < y). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ ŰɟɞűɞŭɞůɑŬ z ɓɟɑůəŮŰŬɘ ŮəŰɧɠ 

ŬɡŰɞɨ Űɞɡ ɞɟɑɞɡ, ŰɧŰŮ ˊŬɟŬɓɘɎɕŮŰŬɘ Űɞ ɘůɞɕɨɔɘɞ ɛɎɕŬɠ əŬɘ ɖ ŰɟɞűɞŭɞůɑŬ ˊŬɟŬɛɏɜŮɘ 

ůŰŬɗŮɟɐ. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, ɖ ŮɜɏɟɔŮɘŬ Gibbs Űɞɡ ɛŮɑɔɛŬŰɞɠ g
*
mix ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŮɜɏɟɔŮɘŬ Gibbs Űɖɠ ŰɟɞűɞŭɞůɑŬɠ g
*
z əŬɘ Űɞ ɛŮɑɔɛŬ ŮɑɜŬɘ ŬůŰŬɗɏɠ.  

  ɆŰɖɜ  əŬɛˊɨɚɖ ŮɜɏɟɔŮɘŬɠ Gibbs ɛˊɞɟɞɨɜ ɜŬ ɢŬɟŬɢɗɞɨɜ əŬɘ ɎɚɚŮɠ ŮűŬˊŰɧɛŮɜŮɠ 

ɞɘ ɞˊɞɑŮɠ ɘəŬɜɞˊɞɘɞɨɜ Űɘɠ Ⱥɝ. 4.3 əŬɘ 4.4, ŬɚɚɎ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɘɞ ˊɎɜɤ, ɧɚŬ 

ŰŬ ůɡůŰɐɛŬŰŬ ŰŮɑɜɞɡɜ ɜŬ ŬˊɞəŰɐůɞɡɜ Űɖɜ ŮɚɎɢɘůŰɖ ŮɜɏɟɔŮɘŬ. ɆŰɞ ȹɘɎɔɟŬɛɛŬ 4.1 ŭŮɜ 

ɡˊɎɟɢŮɘ Ɏɚɚɖ ŮűŬˊŰɞɛɏɜɖ ɖ ɞˊɞɑŬ ɜŬ ŭɑɜŮɘ ɛɘəɟɧŰŮɟɖ ŮɜɏɟɔŮɘŬ Gibbs  əŬɘ ɜŬ 

ɘəŬɜɞˊɞɘŮɑ Űɘɠ Ⱥɝ. 4.3 əŬɘ 4.4  

 

ȹɘɎɔɟŬɛɛŬ 4.1 : ȹɘɎɔɟŬɛɛŬ Űɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs Ůɜɧɠ ɛɑɔɛŬŰɞɠ ŭɨɞ ůɡůŰŬŰɘəɩɜ ɤɠ 

ůɡɜɎɟŰɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ˊɟɩŰɞɡ ůɡůŰŬŰɘəɞɨ əŬŰɎ Baker 
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4.3 ɄŮɟɘɔɟŬűɐ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ 

Michelsen 

Ƀ Michelsen ˊɟɞůɏɔɔɘůŮ ŭɘŬűɞɟŮŰɘəɎ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ. ŪŮɩɟɖůŮ ɏɜŬ ɞɛɞɔŮɜɏɠ ɛɑɔɛŬ ůŮ ŭɞɗŮɑůŬ ˊɑŮůɖ əŬɘ ɗŮɟɛɞəɟŬůɑŬ, ɧˊɞɡ 

əɎɗŮ ůɡůŰŬŰɘəɧ Űɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ  Ni moles. ȺɎɜ ŬűŬɘɟŮɗŮɑ ɛɘŬ ŬˊŮɘɟɞůŰɎ ɛɘəɟɐ 

ˊɞůɧŰɖŰŬ ŬŮɟɑɞɡ ɐ ɡɔɟɞɨ, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ni moles əŬɘ ůɢɖɛŬŰɑůŮɘ ɛɘŬ ŭŮɨŰŮɟɖ 

űɎůɖ, ŰɧŰŮ ɖ ŭɘŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ Gibbs ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

( ) ( ) ( )II IG G G G ,T,P G ,T,P G ,T,PD = - = - + -N n n N  (4.11) 

ɧˊɞɡ  

( ) ()

( ) ( )

c
I

i i

i 1

II

G G ,T,P N

G G ,T,P G ,T,P

=

= = m

= - +

äN z

N n n

 (4.12) 

¶ IG ŮɑɜŬɘ ɖ ŮɜɏɟɔŮɘŬ Gibbs ɔɘŬ ɏɜŬ ɛɞɜɞűŬůɘəɧ ɛɑɔɛŬ 

¶ IIG ŮɑɜŬɘ ɖ ŮɜɏɟɔŮɘŬ Gibbs ůɡůŰɐɛŬŰɞɠ ŭɨɞ űɎůŮɤɜ 

ɖ ůɨůŰŬůɖ z ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

i i
i c

j

j 1

N N
z

N
N

=

= =

ä
 (4.13) 

əŬɘ 

[ ]
T

1 2 cN N N=N  (4.14) 

Ⱥˊɑůɖɠ ɖ ůɨůŰŬůɖ Űɖɠ ŬˊŮɘɟɞůŰɐɠ ŬɡŰɐɠ ˊɞůɧŰɖŰŬɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

i i

i c

j

j 1

n n
x

n
n

=

= =

ä
 (4.15) 

ɧˊɞɡ Űɞ n ŬˊɞŰŮɚŮɑ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ nj. 

ȺɎɜ ɡˊɎɟɢɞɡɜ ŬˊŮɘɟɞůŰɎ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ Ŭˊɧ n moles Űɤɜ ůɡůŰŬŰɘəɩɜ Ůɜɧɠ 

ɛŮɑɔɛŬŰɞɠ ŰɟɞűɞŭɞůɑŬɠ z, ŰɏŰɞɘŮɠ ɩůŰŮ ɖ ŭɘŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ Gibbs  ɜŬ ŮɑɜŬɘ ŬɟɜɖŰɘəɐ 

(ȹG < 0 Ŭˊɧ Ⱥɝ. 4.11), ŰɧŰŮ ɖ ŰɟɞűɞŭɞůɑŬ ŮɑɜŬɘ ŬůŰŬɗɐɠ əŬɗɩɠ ɖ ŭŮɨŰŮɟɖ űɎůɖ 

(ŬˊŮɘɟɞůŰɐ ˊɞůɧŰɖŰŬ n) ɗŬ ɏɢŮɘ ŮɜɏɟɔŮɘŬ Gibbs ɛɘəɟɧŰŮɟɖ Űɖɠ Ŭɟɢɘəɐɠ (ůɨůŰŬůɖ 

ŰɟɞűɞŭɞůɑŬɠ). ȺɎɜ ɘůɢɨŮɘ Űɞ ŬɜŰɑɗŮŰɞ ɔɘŬ əɎɗŮ ˊɘɗŬɜɐ ůɨůŰŬůɖ Űɖɠ ŭŮɨŰŮɟɖɠ űɎůɖɠ  

ŭɖɚŬŭɐ ȹG > 0, ŰɧŰŮ ɖ ŰɟɞűɞŭɞůɑŬ ŮɑɜŬɘ ɗŮɟɛɞŭɡɜŬɛɘəɎ ůŰŬɗŮɟɐ əŬɘ ˊŬɟŬɛɏɜŮɘ ɤɠ 

ɏɢŮɘ.   

ũɟŬűɘəɐ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ Michelsen 

Ƀ  Michelsen ŮˊɑɚɡůŮ ɔɟŬűɘəɎ Űɞ ˊɟɧɓɚɖɛŬ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ 

ůɢŮŭɘɎɕɞɜŰŬɠ Űɖɜ Ŭɜɖɔɛɏɜɖ ŮɜɏɟɔŮɘŬ Gibbs Űɖɠ ŬˊŮɘɟɞůŰɐɠ ˊɞůɧŰɖŰŬɠ n ɛŮ Űɖ 

ůɨůŰŬůɖ x  ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

() ()
c

i i

i 1

g x
=

= mäx x    (4.16) 
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ȹɘɎɔɟŬɛɛŬ 4.2 : ȹɘɎɔɟŬɛɛŬ Űɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs Ůɜɧɠ ɛɑɔɛŬŰɞɠ ŭɨɞ ůɡůŰŬŰɘəɩɜ ɤɠ 

ůɡɜɎɟŰɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ˊɟɩŰɞɡ ůɡůŰŬŰɘəɞɨ əŬŰɎ Michelsen 

ȼ ɔɟŬűɘəɐ Ůˊɑɚɡůɖ əŬŰɎ Michelsen ɓŬůɑɕŮŰŬɘ ůŰɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ ůɡůŰɎůŮɤɜ x 

ɐ y Űɖɠ ŭŮɨŰŮɟɖɠ űɎůɖɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŮűŬˊŰɧɛŮɜɞ ŮˊɑˊŮŭɞ ˊŬɟɎɚɚɖɚɞ ɛŮ ŬɡŰɧ Űɖɠ 

ůɨůŰŬůɖɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ. ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 4.2
30
, ŭɨɞ ŮˊɑˊŮŭŬ 

ŮɑɜŬɘ ˊŬɟɎɚɚɖɚŬ əŬɘ ŮűɎˊŰɞɜŰŬɘ ůŰɖɜ əŬɛˊɨɚɖ Űɖɠ Ŭɜɖɔɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs, ůŰɞ 

ůɖɛŮɑɞ z (ůɨůŰŬůɖ ŰɟɞűɞŭɞůɑŬɠ) əŬɘ ůŰɞ ůɖɛŮɑɞ y (ůɨůŰŬůɖ ŭŮɨŰŮɟɖɠ űɎůɖɠ). ȷˊɧ 

Űɞ ȹɘɎɔɟŬɛɛŬ 4.2 ŮɨəɞɚŬ ɛˊɞɟŮɑ ɜŬ ŭŮɘɢɗŮɑ ˊɤɠ ɖ ŭɘŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ Gibbs ɔɘŬ ɛɘŬ 

ŰɡɢŬɑŬ ůɨůŰŬůɖ x ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɞɡ Ůˊɘˊɏŭɞɡ ŮɜɏɟɔŮɘŬɠ Gibbs Űɖɠ 

ůɨůŰŬůɖɠ x ɛŮ ŬɡŰɐɜ Űɞɡ Ůˊɘˊɏŭɞɡ ŮɜɏɟɔŮɘŬɠ Gibbs Űɖɠ ŰɟɞűɞŭɞůɑŬɠ. ȼ ŭɘŬűɞɟɎ ŬɡŰɐ 

ɞɜɞɛɎɕŮŰŬɘ ȷˊɧůŰŬůɖ ȺűŬˊŰɧɛŮɜɞɡ Ⱥˊɘˊɏŭɞɡ (Tangent Plane Distance) əŬɘ ŮɑɜŬɘ 

ɔɜɤůŰɐ ɤɠ TPD(x). 

ȺɎɜ TPD(x) < 0 ɔɘŬ əɎɗŮ ůɨůŰŬůɖ Űɖɠ ŭŮɨŰŮɟɖɠ űɎůɖɠ ŰɧŰŮ ɖ ŰɟɞűɞŭɞůɑŬ  ŮɑɜŬɘ 

ŬůŰŬɗɐɠ əŬɘ ɗŬ ŭɘŬɢɤɟɘůŰŮɑ ůŮ ŭɨɞ űɎůŮɘɠ.  

ȺɎɜ TPD(x)  > 0 ŰɧŰŮ ɖ ŰɟɞűɞŭɞůɑŬ ŮɑɜŬɘ ůŰŬɗŮɟɐ əŬɘ ˊŬɟŬɛɏɜŮɘ ɤɠ ɏɢŮɘ.  

ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ (ȹɘɎɔɟŬɛɛŬ 4.2), Űɞ ŮűŬˊŰɧɛŮɜɞ ŮˊɑˊŮŭɞ ůŰɞ 

ůɖɛŮɑɞ y ɓɟɑůəŮŰŬɘ ɢŬɛɖɚɧŰŮɟŬ Ŭˊɧ ŬɡŰɧ Űɞɡ ůɖɛŮɑɞ z. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ 

TPD(x) ɜŬ ŮɑɜŬɘ ŬɟɜɖŰɘəɐ, ɞˊɧŰŮ əŬɘ ɖ ŰɟɞűɞŭɞůɑŬ ŮɑɜŬɘ ŬůŰŬɗɐɠ əŬɘ ɗŬ ŭɘŬɢɤɟɘůŰŮɑ 

ůŮ ŭɨɞ űɎůŮɘɠ.  

ȼ ŬɜŬɕɐŰɖůɖ Űɤɜ ůɡůŰɎůŮɤɜ ŮəŮɑɜɤɜ ˊɞɡ Ůˊɘűɏɟɞɡɜ Űɖɜ ŬůŰɎɗŮɘŬ ůŰɖɜ 

ŰɟɞűɞŭɞůɑŬ ŮɑɜŬɘ ɢɟɞɜɞɓɧɟŬ. Ƀ Michelsen ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ Baker ŮˊɑɚɡůŮ 

ŬɚɔɞɟɘɗɛɘəɎ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ɔɘŬ Űɖɜ ŮɝŮɨɟŮůɖ ŬɡŰɩɜ 

Űɤɜ ůɡůŰɎůŮɤɜ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ.  



ȾŮűɎɚŬɘɞ 4 

 

64 

 

4.4 ȷɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ əŬŰɎ Michelsen 

Ƀ Michelsen ˊɏɟŬ Ŭˊɧ Űɖɜ ɔɟŬűɘəɐ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ, ˊŬɟɞɡůɑŬůŮ əŬɘ ɏɜŬ Ŭɚɔɧɟɘɗɛɞ Ůˊɑɚɡůɖɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ŭɨɞ ɛɏɟɖ. ȾŬŰɎ ˊɟɩŰɞɜ 

ŮɚɏɔɢŮŰŬɘ Ŭɜ ɖ ŭŮɨŰŮɟɖ űɎůɖ ˊɞɡ ŮɜŭŮɢɞɛɏɜɤɠ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ Ŭɟɢɘəɐ 

ŰɟɞűɞŭɞůɑŬ ŮɑɜŬɘ ɡɔɟɐ, Ůɜɩ əŬŰɎ ŭŮɨŰŮɟɞ ɗŮɤɟŮɑŰŬɘ Ŭɜ ŮɑɜŬɘ ŬɏɟɘŬ. ȼ ůɡɜŮɢɐɠ ɛŮɚɏŰɖ 

Űɤɜ ůɡůŰɎůŮɤɜ x, ɔɘŬ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ Ŭɜ ɡˊɎɟɢŮɘ ˊŬɟɎɚɚɖɚɞ ŮűŬˊŰɧɛŮɜɞ ŮˊɑˊŮŭɞ Űɞ 

ɞˊɞɑɞ ɗŬ ɞŭɖɔŮɑ ůŮ ŬɟɜɖŰɘəɐ TPD(x), ŮɑɜŬɘ ŮɝŬɜŰɚɖŰɘəɐ əŬɘ ɢɟɞɜɞɓɧɟŬ. Ƀ Michelsen 

ˊɟɧŰŮɘɜŮ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ ɖ ɞˊɞɑŬ çŬˊŮɚŮɡɗŮɟɩɜŮɘè Ŭˊɧ Űɖ ɢɟɞɜɞɓɧɟŬ 

ɏɟŮɡɜŬ Űɤɜ ůɡůŰɎůŮɤɜ x.  

Ƀ Michelsen ˊɟɧŰŮɘɜŮ ˊɤɠ ŮɎɜ ŮɜŰɞˊɘůŰŮɑ ɛɘŬ ůɨůŰŬůɖ x ɖ ɞˊɞɑŬ ɏɢŮɘ 

ŮűŬˊŰɧɛŮɜɞ ůŰɖɜ əŬɛˊɨɚɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ Gibbs Ůɑ́ˊŮŭɞ ˊŬɟɎɚɚɖɚɞ ɛŮ ŬɡŰɧ Űɖɠ 

ůɨůŰŬůɖɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ z, ŰɧŰŮ ɘůɞŭɨɜŬɛŬ ɞɘ ŰɎůŮɘɠ ŭɘŬűɡɔɐɠ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɖɠ 

ůɨůŰŬůɖɠ x, f i
x
, Ůˊɑ əɎŰɘ ůŰŬɗŮɟɧ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ŰɎůɖ ŭɘŬűɡɔɐɠ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ 

ɛɑɔɛŬŰɞɠ f i
z
 : 

z

i

x

i

f
S

f
=    (4.17) 

ɧˊɞɡ  

S : ůŰŬɗŮɟɧ 

        

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛŮ ɓɎůɖ Űɖɜ 

Ⱥɝ. 4.17 Űɞɡ Michelsen ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŬɟɘɗɛɖŰɘəɐ ɛɏɗɞŭɞ Successive 

Substitution. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ : 

1. ȷɟɢɘəɎ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŰɎůɖ ŭɘŬűɡɔɐɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ Űɞɡ ɛŮɑɔɛŬŰɞɠ f i
z
 

2. ȿŬɛɓɎɜŮŰŬɘ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ki ůŰɘɠ 

ŭɞɗŮɑůŮɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖ ůɨůŰŬůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ z ɛɏůɤ Űɖɠ ůɢɏůɖɠ 

ŰɞɡWilson
31

 : 

                                    
( )( )1ri

i

ri

exp 5.37 1 1 T
K

p

-

i
è ø+w -
ê ú

=  (4.18) 

3. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ Ŭɟɢɘəɏɠ ŮəŰɘɛɐůŮɘɠ Űɤɜ X i
V
 əŬɘ X i

L
 ŬɜɎɚɞɔŬ ɛŮ Űɖɜ űɨůɖ Űɖɠ 

Ŭɟɢɘəɐɠ ŰɟɞűɞŭɞůɑŬɠ (ɡɔɟɐ ɐ ŬɏɟɘŬ) Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ : 

                                                      

V

i i i

L i

i

i

X z k

z
X

k

=

=
   (4.19) 

4. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ŬɗɟɞɑůɛŬŰŬ SV əŬɘ SL Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ : 

                                                       
1

1

n
V

V i

i

n
L

L i

i

S X

S X

=

=

=

=

ä

ä
 (4.20) 
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5. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɜɏŮɠ ůɡůŰɎůŮɘɠ xi
V
 əŬɘ xi

L
 Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ : 
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 (4.21) 

6. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŰɎůɖɠ ŭɘŬűɡɔɐɠ Űɤɜ f i
V
 əŬɘ f i

L
 ( ȾŮű. 2, ˊŬɟɎɔɟŬűɞɠ 2.8, Ⱥɝ. 

2.30) 

7. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɚɧɔɞɘ ŭɘɧɟɗɤůɖɠ Ri
V
 əŬɘ Ri

L
 Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ : 
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8. ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɚŮɔɢɞɠ ůɨɔəɚɘůɖɠ  Űɖɠ ɛŮɗɧŭɞɡ ɛŮ ŬəɟɑɓŮɘŬ Ů ɛɏůɤ Űɤɜ 

ůɢɏůŮɤɜ : 
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  (4.23) 

9. ȷɜ ŭŮɜ ŮˊɘŰŮɡɢɗŮɑ ůɨɔəɚɘůɖ ůŰɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŬəɟɑɓŮɘŬ ŰɧŰŮ ŬˊŬɘŰŮɑŰŬɘ ɖ 
Ůɜɖɛɏɟɤůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ki Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ : 
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 (4.24) 

10.  ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɚŮɔɢɞɠ ůŮ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ, ŭɖɚŬŭɐ ki = 1Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ : 
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 (4.25) 

11.  ȺɎɜ ŭŮɜ ŮˊɘŰŮɡɢɗŮɑ ůɨɔəɚɘůɖ ůŮ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ, ŰɧŰŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŮˊɘůŰɟɏűŮɘ ůŰɞ 3
ɞ
 ɓɐɛŬ əŬɘ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ. 

Ⱥűô ɧůɞɜ ɞɚɞəɚɖɟɤɗŮɑ ɖ ůɨɔəɚɘůɖ Űɤɜ ŭɨɞ ɚɨůŮɤɜ ůŮ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ, ɞ 

ɏɚŮɔɢɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɞɜ ɄɑɜŬəŬ 4.1 :  
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ɇŮůŰ ŬɏɟɘŬɠ űɎůɖɠ ɇŮůŰ ɡɔɟɐɠ űɎůɖɠ ɇɟɞűɞŭɞůɑŬ 

ɇŮŰɟɘɛɛɏɜɖ ɚɨůɖ ɇŮŰɟɘɛɛɏɜɖ ɚɨůɖ ɆŰŬɗŮɟɐ 

SVÒ1 ɇŮŰɟɘɛɛɏɜɖ ɚɨůɖ ɆŰŬɗŮɟɐ 

ɇŮŰɟɘɛɛɏɜɖ ɚɨůɖ SLÒ1 ɆŰŬɗŮɟɐ 

SVÒ1 SLÒ1 ɆŰŬɗŮɟɐ 

SV>1 ɇŮŰɟɘɛɛɏɜɖ ɚɨůɖ ȷůŰŬɗɐɠ 

ɇŮŰɟɘɛɛɏɜɖ ɚɨůɖ SL>1 ȷůŰŬɗɐɠ 

SV>1 SL>1 ȷůŰŬɗɐɠ 

SV>1 SLÒ1 ȷůŰŬɗɐɠ 

SVÒ1 SL>1 ȷůŰŬɗɐɠ 

 

ɄɑɜŬəŬɠ 4.1
32

 : ɆɡɜɗɐəŮɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ Michelsen 

ȼ ɛɏɗɞŭɞɠ Successive Substitution ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ. ɀŮ ɓɎůɖ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ Űɖɠ Successive 

Substitution (ȾŮű. 3, ɄŬɟ. 3.2.2), ɔɑɜŮŰŬɘ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɞɟɟɞˊɑŬɠ. ȷəɞɚɞɡɗŮɑŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɛɏɢɟɘ Űɞ 8
ɞ
 ɓɐɛŬ, ɧˊɞɡ ɔɑɜŮŰŬɘ ɞ ɏɚŮɔɢɞɠ 

ůɨɔəɚɘůɖɠ Űɖɠ ɛŮɗɧŭɞɡ. ȺɎɜ ŭŮɜ ˊŬɟŬŰɖɟɖɗŮɑ ůɨɔəɚɘůɖ ŰɧŰŮ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɜɏŮɠ 

Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮˊɘůŰɏűŮɘ ůŰɞ 3
ɞ
 ɓɐɛŬ əŬɘ Ŭˊô 

ɧˊɞɡ ůɡɜŮɢɑɕŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɘɠ ɜɏŮɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ. ȼ 

ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɞɨŰɤɠ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůɨɔəɚɘůɖ Űɖɠ ɛŮɗɧŭɞɡ əŬɘ ɜŬ 

ɚɖűɗɞɨɜ ɞɘ əŬɚɨŰŮɟŮɠ ŭɡɜŬŰɏɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ. Ⱥűɧůɞɜ ɏɢŮɘ 

ŮˊɘŰŮɡɢɗŮɑ ůɨɔəɚɘůɖ Űɖɠ ɛŮɗɧŭɞɡ, ŰɧŰŮ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɚɘůɖ ůŮ ŰŮŰɟɘɛɛɏɜɖ 

ɚɨůɖ. ȺɎɜ ŭŮɜ ůɡɔəɚɑɜŮɘ ůŮ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ, ŰɧŰŮ ɖ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ 

Űɞ 3
ɞ
 ɓɐɛŬ, ɏɢɞɜŰŬɠ ɤɠ ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŮɠ ŰŬ ɜɏŬ ki ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ ůŰɞ 9

ɞ
 

ɓɐɛŬ. ȺɎɜ ɡˊɎɟɢŮɘ ůɨɔəɚɘůɖ ůŮ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ, ŰɧŰŮ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ 

Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ɛŮ ɓɎůɖ Űɞɜ ɄɑɜŬəŬ 4.1.   

ɋɠ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ ɞɜɞɛɎɕŮŰŬɘ ɖ ɚɨůɖ ɛɘŬɠ Ůɝɑůɤůɖɠ ɐ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ 

ŮɝɘůɩůŮɤɜ, ɖ ɞˊɞɑŬ Ůɜɩ Ŭˊɧ ɛŬɗɖɛŬŰɘəɐɠ Ɏˊɞɣɖɠ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ, ŭŮɜ ɛˊɞɟŮɑ Ŭˊɧ 

űɡůɘəɐɠ Ɏˊɞɣɖɠ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ɘůɞɟɟɞˊɑŬɠ ŮəűɟɎɕŮɘ Űɞɜ ɚɧɔɞ Űɖɠ ŬɏɟɘŬɠ ůɨůŰŬůɖɠ 

Ůɜɧɠ ůɡůŰŬŰɘəɞɨ ɤɠ ˊɟɞɠ Űɖɜ ɡɔɟɐ ůɨůŰŬůɖ Űɞɡ ɘŭɑɞɡ ůɡůŰŬŰɘəɞɨ. ȾŬŰɎ Űɖɜ ɛŮɚɏŰɖ 

Ůɜɧɠ ɡɔɟɞɨ ŭŮɑɔɛŬŰɞɠ ˊŮŰɟŮɚŬɑɞɡ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ, ɖ ůɡɜŮɢɐɠ ˊŰɩůɖ Űɖɠ ˊɑŮůɖɠ ɗŬ 

ŮˊɘűɏɟŮɘ əɎˊɞɘŬ ůŰɘɔɛɐ ŬůŰɎɗŮɘŬ ůŰɞ ŭŮɑɔɛŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ 

ŭŮɨŰŮɟɖɠ űɎůɖɠ, Űɖɜ ŬɏɟɘŬ. ȾŬŰɎ Űɖɜ ɛŬɗɖɛŬŰɘəɐ Ůˊɑɚɡůɖ Űɤɜ ŮɝɘůɩůŮɤɜ ɔɘŬ Űɖɜ 

ŮəŰɑɛɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ, Űɞ ŬˊɞŰɏɚŮůɛŬ Űɞ ɞˊɞɑɞ ɗŬ ˊɟɞəɨɣŮɘ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ɖ ɛɞɜɎŭŬ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ˊŬɟɧŰɘ Űɞ ɛŮɑɔɛŬ ŭŮɜ ɓɟɑůəŮŰŬɘ ůŰɞ 

əɟɑůɘɛɞ ůɖɛŮɑɞ Űɞɡ. ɇŮŰɟɘɛɛɏɜɖ ɚɨůɖ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘŬůŰŮɑ əŬɘ əŬŰɎ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ůŰɞ ˊɟɧɓɚɖɛŬ ŮəŰɧɜɤůɖɠ (ȾŮű. 5). ȾŬɘ 

ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɚŮɔɢɞɠ ůɨɔəɚɘůɖɠ ůŮ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ (ki = 

1). 
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5.1 ŪŮɤɟɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ   

ɇɞ ˊɟɧɓɚɖɛŬ ŮəŰɧɜɤůɖɠ Ůɜɧɠ ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ, ŬˊɞŰŮɚŮɑ Űɖɜ əŬŰɎɚɖɝɖ Űɤɜ 

ɧůɤɜ ˊŮɟɘɔɟɎűɖəŬɜ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ. ũɘŬ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ 

Űɤɜ ɞɔəɞɛŮŰɟɘəɩɜ ůɡɜŰŮɚŮůŰɩɜ Bo, Bg, əŬɘ Rs, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ 

ŮɜŰŬŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ˊɑŮůɖ əŬɘ ɗŮɟɛɞəɟŬůɑŬ, əŬɗɩɠ əŬɘ ɞɘ ɧɔəɞɘ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ 

űɎůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ. ɀŮ ɓɎůɖ Űɖɜ Ⱥɝ. 2.7, ɞ ɧɔəɞɠ əɎɗŮ űɎůɖɠ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ȼ əŬɘ ŰŬ moles ni əɎɗŮ űɎůɖɠ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ əŬɘ Űɤɜ moles ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ůɨůŰŬůɖ Űɖɠ ɡɔɟɐɠ 

əŬɘ ŬɏɟɘŬɠ űɎůɖɠ əŬɗɩɠ əŬɘ Ŭˊɧ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ng ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ.   

ȼ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ Ůɜɧɠ ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ, ůɡɜŭɡɎɕŮɘ Űɘɠ 

əŬŰɎɚɚɖɚŮɠ ŮɝɘůɩůŮɘɠ ɏŰůɘ ɩůŰŮ ɜŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ŰɟɑŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ůŰɞɘɢŮɑŬ 

ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɟŬűɞ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ŮɑɜŬɘ ɖ ůɨůŰŬůɖ Űɖɠ 

ɡɔɟɐɠ (xi) əŬɘ ŬɏɟɘŬɠ (yi) űɎůɖɠ əŬɗɩɠ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ 

(ng). Ⱥűô ɧůɞɜ ŮɑɜŬɘ ɔɜɤůŰɎ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ, ɖ ůɨůŰŬůɖ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ 

űɎůɖɠ, ˊɚɏɞɜ ŮɑɜŬɘ ŮűɘəŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɧɔəɤɜ əɎɗŮ űɎůɖɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ 

ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɞɔəɞɛŮŰɟɘəɩɜ ůɡɜŰŮɚŮůŰɩɜ Bo, Bg, Rs. Ⱥˊɑůɖɠ ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ 

Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ.  

Ⱥűô ɧůɞɜ ɏɢŮɘ ˊɟɞɖɔɖɗŮɑ ɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ əŬɘ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ ɖ ŰɟɞűɞŭɞůɑŬ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɖ ˊŮɟɘůůɧŰŮɟŮɠ 

űɎůŮɘɠ ɧŰŬɜ ŮəŰŮɗŮɑ ůŮ ůɡɜɗɐəŮɠ ŮəŰɧɜɤůɖɠ ŰɧŰŮ Űɞ ˊɟɧɓɚɖɛŬ ŮəŰɧɜɤůɖɠ ɛˊɞɟŮɑ ɜŬ 

ŮəűɟŬůŰŮɑ ɤɠ :    

ȹɞɗŮɑůŬɠ Űɖɠ ůɨůŰŬůɖɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ, Űɤɜ əɟɑůɘɛɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ 

ůɡůŰŬŰɘəɩɜ Űɞɡ ɟŮɡůŰɞɨ, Űɞɜ ŬəŮɜŰɟɘəɧ ůɡɜŰŮɚŮůŰɐ əɎɗŮ ůɡůŰŬŰɘəɞɨ, Űɖɜ ˊɑŮůɖ əŬɘ 

Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɖɜ ŭŮŭɞɛɏɜɖ ůŰɘɔɛɐ, ˊɞɘŬ ɗŬ ŮɑɜŬɘ ɖ ůɨůŰŬůɖ Űɖɠ ɡɔɟɐɠ (xi) əŬɘ Űɖɠ 

ŬɏɟɘŬɠ (yi) űɎůɖɠ əŬɗɩɠ əŬɘ ˊɞɘɞ ɗŬ ŮɑɜŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ (ng) Űɤɜ űɎůŮɤɜ ˊɞɡ 

ɗŬ ˊɟɞəɨɣɞɡɜ Ŭˊɧ ŬɡŰɧ Űɞ ŭɘŬɢɤɟɘůɛɧ. 

5.2 ɀŬɗɖɛŬŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, Űɞ ˊɟɧɓɚɖɛŬ ŮəŰɧɜɤůɖɠ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ 

Ůűô ɧůɞɜ ɖ ŰɟɞűɞŭɞůɑŬ ɏɢŮɘ ŭɘŬɢɤɟɘůŰŮɑ ůŮ ŭɨɞ űɎůŮɘɠ, ɡɔɟɐ əŬɘ ŬɏɟɘŬ. ũɘŬ Űɖɜ 

Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ, ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ŭɨɞ ɓŬůɘəɞɑ 

ˊŮɟɘɞɟɘůɛɞɑ : 

¶  ɁŬ ɘůɢɨŮɘ ɖ ŭɘŬŰɐɟɖůɖ Űɞɡ ɘůɞɕɡɔɑɞɡ ɛɎɕŬɠ 

¶  ɁŬ ɘůɢɨŮɘ ɖ ɘůɧŰɖŰŬ ŰɎůɖɠ ŭɘŬűɡɔɐɠ 

ɇɞ ɘůɞɕɨɔɘɞ ɛɎɕŬɠ ŭɖɚɩɜŮɘ ˊɤɠ Ŭɜ ɖ Ŭɟɢɘəɐ ŰɟɞűɞŭɞůɑŬ zi ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ n moles ŭɘŬɢɤɟɘůŰŮɑ ůŮ ŭɨɞ űɎůŮɘɠ, ɡɔɟɧ əŬɘ Ŭɏɟɘɞ, ŰɧŰŮ ɖ ɡɔɟɐ űɎůɖ ɗŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ nL moles əŬɘ ůɨůŰŬůɖ xi Ůɜɩ ɖ ŬɏɟɘŬ űɎůɖ Ŭˊɧ nV moles əŬɘ 

ůɨůŰŬůɖ yi ɢɤɟɑɠ ŬˊɩɚŮɘŬ ɛɎɕŬɠ. 

ȼ Ůɝɑůɤůɖ Űɞɡ ɘůɞɕɡɔɑɞɡ ɛɎɕŬɠ ˊɟɞəɨˊŰŮɘ ŮˊɘɚɨɞɜŰŬɠ Űɘɠ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ : 

   = + ­ = +V L i V i L in n n nz n y n x (5.1) 

ɇɞ ɛɞɟɘŬəɧ əɚɎůɛŬ Űɞɡ ŬŮɟɑɞɡ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ ng əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ : 

= +g on n n  (5.2) 
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ŪŮɤɟɩɜŰŬɠ 1 mole ŰɟɞűɞŭɞůɑŬɠ ɖ Ⱥɝ. 5.2 ɛŮŰŬŰɟɏˊŮŰŬɘ : 

1= +g on n  (5.3) 

ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɖɜ Ⱥɝ. 5.3 ůŰɖɜ Ⱥɝ. 5.1 ˊɟɞəɨˊŰŮɘ ɖ ŰŮɚɘəɐ Ůɝɑůɤůɖ ŭɘŬŰɐɟɖůɖɠ 

Űɖɠ ɛɎɕŬɠ : 

( )1= + -i i g i gz y n x n  (5.4) 

   ȼ ɘůɧŰɖŰŬ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ŮɝŬůűŬɚɑɕŮɘ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

űɎůŮɤɜ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

=V L

i if f  (5.5) 

ɐ ŬɜŰɑůŰɞɘɢŬ : 

0=
V

i

L

i

f
ln

f
 (5.6) 

Ⱥűô ɧůɞɜ ŰŬ xi əŬɘ yi ŮɑɜŬɘ ůɡůŰɎůŮɘɠ ɗŬ ˊɟɏˊŮɘ ůŰɞ ůɨɜɞɚɞ Űɞɡɠ Űɞ əŬɗɏɜŬ ɜŬ 

ŬɗɟɞɑɕŮŰŬɘ ůŰɖ ɛɞɜɎŭŬ : 

1

1
=

=ä
N

i

i

x  (5.7) 

əŬɘ 

1

1
=

=ä
N

i

i

y  (5.8) 

ɧˊɞɡ Űɞ N ɞ Ŭɟɘɗɛɧɠ  Űɤɜ ůɡůŰŬŰɘəɩɜ.  

ȼ Eɝ. 5.8 ɛˊɞɟŮɑ ɜŬ ŬɔɜɞɖɗŮɑ əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ Ŭˊɧ Űɘɠ Ⱥɝ. 5.7 əŬɘ 5.4. 

ȷɗɟɞɑɕɞɜŰŬɠ ŰŬ ŭɨɞ ɛɏɟɖ Űɖɠ Ⱥɝ.5.4, ŰɧŰŮ ˊɟɞəɨˊŰŮɘ ɖ Ⱥɝ. 5.9 ɖ ɞˊɞɑŬ ŮˊɘɓŮɓŬɘɩɜŮɘ 

Űɖɜ ŭɘŬŰɐɟɖůɖ Űɞɡ ɘůɞɕɡɔɑɞɡ ɛɎɕŬɠ :  

  

( ) ( )

( ) ( )

1 1 1 1 1 1

1 1

1

1 1

1
1 1 1

1

N N N N N N

i g i g i i g i g i

i i i i i i

N N

i g iN
gi i

i

i g g

z n x n y z n x n y

z n x
n

y
n n

= = = = = =

= =

=

= - + Ý = - + Ý

- -
- -

= = =

ä ä ä ä ä ä

ä ä
ä

 (5.9) 

əŬɘ : 

( )
1

0
N

i i

i

y x
=

- =ä  (5.10) 

ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ, ɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ɚɨůɖ Űɤɜ Ⱥɝ. 5.4, 5.5 əŬɘ 5.7. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

ůɡůŰɐɛŬŰɞɠ 2Ɂ + 1 ŮɝɘůɩůŮɤɜ ɛŮ 2Ɂ + 1 ŬɔɜɩůŰɞɡɠ, Űɞ xi, yi əŬɘ ng ɧˊɞɡ Ɂ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ůɡůŰŬŰɘəɩɜ.    
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5.2.1 ɀŮɑɤůɖ Űɖɠ ŭɘɎůŰŬůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ  

ȼ Ůˊɑɚɡůɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 2Ɂ + 1 ŮɝɘůɩůŮɘɠ əŬɘ ɛŮ 

2Ɂ + 1 ŬɔɜɩůŰɞɡɠ ŮɑɜŬɘ ˊɞɚɨˊɚɞəɖ. ɀŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɞɟɟɞˊɑŬɠ ki, 

Űɞ ůɨůŰɖɛŬ ˊɞɡ ˊŮɟɘɔɟɎűŰɖəŮ ˊɘɞ ˊɎɜɤ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ ɏɜŬ ɜɏɞ 

ůɨůŰɖɛŬ Űɞ ɞˊɞɑɞ ɗŬ ɏɢŮɘ Ɂ+1 ŮɝɘůɩůŮɘɠ əŬɘ Ɂ+1 ŬɔɜɩůŰɞɡɠ, ɧˊɞɡ Ɂ ɞ Ŭɟɘɗɛɧɠ Űɤɜ 

ŮɝɘůɩůŮɤɜ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ki ɔɘŬ əɎɗŮ ůɡůŰŬŰɘəɧ əŬɘ 1 ɖ Ůɝɑůɤůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ 

ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ  ng. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŬˊɚɞˊɞɘŮɑŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Ůˊɑɚɡůɖɠ Űɞɡ 

ůɡůŰɐɛŬŰɞ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŬɠ  ki  əŬɘ ɞɘ ůɡůŰɎůŮɘɠ ɡɔɟɐɠ əŬɘ 

ŬɏɟɘŬɠ űɎůɖɠ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

( )
( )1 1

1 1

i

i

i i i

i

i g i
i

g i

i

i

i

y
k

x z k
y

z n k
x

n k

y
x

k

û
= î

î
Ý =ü

+ -î=
î+ -ý

=

 (5.11) 

ɀɘŬ Ŭɟɢɘəɐ ˊɟɞůɏɔɔɘůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛɏůɤ Űɖɠ 

ůɡůɢɏŰɘůɖɠ Űɞɡ Wilson (ȾŮű. 4. ɄŬɟɎɔɟŬűɞɠ 4.4, Ⱥɝ. 4.18). Ⱥűô ɧůɞɜ ɧɛɤɠ ɏɢŮɘ 

ˊɟɞɖɔɖɗŮɑ ɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰŬɗŮɟɧŰɖŰŬɠ, ɞɘ Űɘɛɏɠ Űɤɜ ki ˊɞɡ ɏɢɞɡɜ 

ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ ŮəŮɑ, ɗŮɤɟɞɨɜŰŬɘ ɤɠ ɛɘŬ ˊɞɚɨ əŬɚɐ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ. ɇɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ 

Ůɝɑůɤůɖɠ Rachford ï Rice
33

.  

5.3 Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ng əŬɘ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɞɟɟɞˊɑŬɠ ki 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ, Űɞ ˊɟɧɓɚɖɛŬ ŮəŰɧɜɤůɖɠ 

Ůɜɧɠ ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ əŬŰŬɚɐɔŮɘ ůŰɖɜ Ůˊɑɚɡůɖ Ɂ + 1 ŮɝɘůɩůŮɤɜ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŬɠ əŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ. ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ 

ɛɘŬ ˊŮɟɘɔɟŬűɐ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ əŬɘ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɞɟɟɞˊɑŬɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɖɠ Ůɝɑůɤůɖɠ Rachford-Rice, Űɖɠ 

ŬɟɘɗɛɖŰɘəɐɠ ɛŮɗɧŭɞɡ Newton ï Raphson, Űɞɡ əŬɜɧɜŬ ŬɚɡůɑŭŬɠ ˊŬɟŬɔɩɔɖůɖɠ əŬɘ Űɞɡ 

ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ.   

5.3.1 Ɉˊɞɚɞɔɘůɛɧɠ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ɛŮ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ Ůɝɑůɤůɖɠ 

Űɤɜ Rachford-Rice 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ, ng, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ 

Ůɝɑůɤůɖɠ Űɤɜ Rachford-Rice. ȼ Rachford-Rice ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɘɠ əɡɓɘəɏɠ 

əŬŰŬůŰŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ng əŬɘ 

ɚɨɜŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ŮˊŬɜŬɚɖˊŰɘəɩɜ ɛŮɗɧŭɤɜ. ȼ Rachford-Rice ˊɞɘɞŰɘəɎ ŮəűɟɎɕŮɘ 

Űɞ ɘůɞɕɨɔɘɞ ɛɎɕŬɠ əŬɗɩɠ ɡˊɞɚɞɔɑɕŮɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ Űɞ ɞˊɞɑɞ ŮˊŬɚɖɗŮɨŮɘ Űɖɜ 

ůɢɏůɖ 5.4. ȼ ŮˊŬɜŬɚɖˊŰɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ 

ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Newton ï Raphson. 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ⱥɝ. 5.10 əŬɘ ŮɘůɎɔɞɜŰŬɠ ůŮ ŬɡŰɐɜ Űɖɜ Ⱥɝ. 5.11, ˊɟɞəɨˊŰŮɘ 

ɖ Ůɝɑůɤůɖ Rachford ï Rice ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ : 
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 ( ) ( )
( )

( )1 1

1
0

1 1= =

-
= - = =

+ -
ä ä
N N

i i

g i i

i i g i

z K
h n y x

n K
 (5.12) 

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɞ ȹɘɎɔɟŬɛɛŬ 5.1
34

 ɖ Űɘɛɐ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ  FV 

əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ ngmin < ng < ngmax ɧˊɞɡ : 

min

max

max

min

1

1

1

1

=
-

=
-

g

g

n
K

n
K

 (5.13) 

Ƀɘ əŬɛˊɨɚŮɠ əɘɜɞɨɜŰŬɘ ŬůɡɛˊŰɤŰɘəɎ ŬɜɎɛŮůŬ ůŰɞɡɠ əɚɎŭɞɡɠ əŬɘ ɖ ɚɨůɖ ɖ 

ɞˊɞɑŬ  ɚŬɛɓɎɜŮŰŬɘ ŮɑɜŬɘ ɛɧɜɞ ɛɑŬ ɔɘŬ əɎɗŮ əɚɎŭɞ. ɀˊɞɟŮɑ ɜŬ ŭŮɘɢɗŮɑ ɧŰɘ ngmin < 1 əŬɘ 

ngmax > 1 ɧŰŬɜ ɛɑŬ ŰɞɡɚɎɢɘůŰɞɜ Űɘɛɐ K ŮɑɜŬɘ  K<1 əŬɘ ɛɑŬ Ɏɚɚɖ K>1. ȷɡŰɧ 

əŬŰŬŭŮɘəɜɨŮɘ ˊɤɠ ɖ ɚɨůɖ ɔɘŬ Űɖɜ h(Fv) = 0 ɗŬ ˊɟɏˊŮɘ ˊɎɜŰŬ ɜŬ ɓɟɑůəŮŰŬɘ ůŰŬ ɧɟɘŬ Űɞɡ  

ngmin < ng < ngmax. ɆŬɜ ˊɟɩŰɖ ŮəŰɑɛɖůɖ ɔɘŬ Űɞ ng ɚŬɛɓɎɜŮŰŬɘ Űɞ 0.5 ɤɠ ɖ ɛɏůɖ Űɘɛɐ 

Űɞɡ ɞɟɑɞɡ  [0,1]. 

 

 

 

ȹɘɎɔɟŬɛɛŬ 5.1 : ɆɡɜɎɟŰɖůɖ Rachford-Rice ( )vh F ɔɘŬ ɛɑɔɛŬ 5 ůɡůŰŬŰɘəɩɜ 

 

 ȼ Rachford ï Rice ˊɞɡ ɛɧɚɘɠ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟɞɡůɘɎɕŮɘ ŬɟəŮŰɎ ˊɟɞɓɚɐɛŬŰŬ 

ɧůɞɜ ŬűɞɟɎ Űɖɜ ŮɨɟŮůɖ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ˊɞɡ Űɖɜ ɛɖŭŮɜɑɕŮɘ. ɄŬɟŬŰɖɟɩɜŰŬɠ 

Űɞ ȹɘɎɔɟŬɛɛŬ 5.1, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ůɡɜɎɟŰɖůɖ ŭŮɜ ŮɑɜŬɘ ɔɟŬɛɛɘəɐ ŬɚɚɎ ˊŬɟɞɡůɘɎɕŮɘ 

ɏɜŰɞɜɖ əŬɛˊɡɚɧŰɖŰŬ. ɀŮ ɓɎůɖ Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ Newton ï Raphson  ɗŬ 

ɢɟŮɘŬůŰɞɨɜ ŬɟəŮŰɏɠ ŮˊŬɜŬɚɐɣŮɘɠ ɔɘŬ ɜŬ ůɡɔəɚɑɜŮɘ ɖ ɛɏɗɞŭɞɠ ůŰɖɜ Űɘɛɐ Űɞɡ ɛɞɟɘŬəɞɨ 

əɚɎůɛŬŰɞɠ ˊɞɡ ɛɖŭŮɜɑɕŮɘ Űɖɜ ůɡɜɎɟŰɖůɖ Rachford ï Rice. Ⱥˊɑůɖɠ, ɚɧɔɤ Űɖɠ 

əŬɛˊɡɚɧŰɖŰŬɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ, ɖ ɛɏɗɞŭɞɠ Űɖɠ Newton ï Raphson ɛˊɞɟŮɑ ɜŬ əɎɜŮɘ 
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ůɡɜŮɢŮɑɠ ŮˊŬɜŬɚɐɣŮɘɠ ɢɤɟɑɠ  ɜŬ ůɡɔəɚɑɜŮɘ ůŰɖɜ ɚɨůɖ, ŬɚɚɎ ɜŬ ɡˊɞɚɞɔɑɕŮɘ Űɘɛɏɠ ɔɨɟɤ 

Ŭˊɧ Űɞ çɚɞɔɘəɧè ɛɞɟɘŬəɧ əɚɎůɛŬ. ũɘŬ Űɖɜ  ŬɜŰɘɛŮŰɩˊɘůɖ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ˊɟɞɓɚɖɛɎŰɤɜ, ɞɘ Yinghui Li  əŬɘ Russell T. Johns ˊŬɟɞɡůɑŬůŬɜ ɛɘŬ ŬˊɚɞɨůŰŮɟɖ 

ɛɏɗɞŭɞ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰɐůŮɘ Űɖɜ Rachford-Rice əŬɘ ɎɚɚŮɠ ˊŬɟɧɛɞɘŮɠ 

ɛŮɗɧŭɞɡɠ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ. ȼ Newton ï Raphson 

ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɚɏɞɜ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɛɘŬ ůɡɜɎɟŰɖůɖ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ 

ɛŮɔŬɚɨŰŮɟɖ ɔɟŬɛɛɘəɧŰɖŰŬ Ŭˊô ɧŰɘ ˊɘɞ ˊɟɘɜ əŬɘ ůɡɔəɚɑɜŮɘ ɔɟɖɔɞɟɧŰŮɟŬ ˊɟɞɠ Űɖɜ ɚɨůɖ.   

5.3.2 Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ɛŮ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ 

Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɖɠ Rachford ï Rice 

Ƀɘ Yinghui Li  əŬɘ Russell T
35

. Johns ˊŬɟɞɡůɑŬůŬɜ ɛɑŬ ɜɏŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ 

ůɡɜɎɟŰɖůɖ, ɖ ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɤɜ Ŭɟɢɘəɩɜ ůɡůŰɎůŮɤɜ. Ƀ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŬɡŰɧɠ ɓŮɚŰɘɩɜŮɘ Űɖɜ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ. 

Ƀɘ ɜɏŮɠ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŮɠ ůɡůŰɎůŮɘɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ : 

* * *

1 1 1( 1) 1 ( 1) 1 ( 1) 1
= = = = =

- + - + - +

i i i

i i i

i i i

x y z
x y z

a x a y a z
 (5.14) 

ɔɘŬ i = 2,é.N - 1 

ɧˊɞɡ : 

 Ŭi  : ɖ ɛŮŰŬůɢɖɛŬŰɘůɗŮɑůŬ ˊŬɟɎɛŮŰɟɞɠ ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

1 1

11
1 i

i

i

K
a

x K K

å õ-
= + æ ö

-ç ÷
 (5.15) 

ɔɘŬ i = 2,é.N ï 1 

x1   : ɖ ůɨůŰŬůɖ ɡɔɟɐɠ űɎůɖɠ ɔɘŬ Űɞ ˊɟɩŰɞ ůɡůŰŬŰɘəɧ 

y1   : ɖ ůɨůŰŬůɖ ŬɏɟɘŬɠ űɎůɖɠ ɔɘŬ Űɞ ˊɟɩŰɞ ůɡůŰŬŰɘəɧ 

z1   : ɖ ŰɟɞűɞŭɞůɑŬ ɔɘŬ Űɞ ˊɟɩŰɞ ůɡůŰŬŰɘəɧ 

  

ȷˊɧ Űɖɜ ɘůɧŰɖŰŬ ůŰɖɜ Ⱥɝ. 5.14 ŮɨəɞɚŬ ɛˊɞɟŮɑ ɜŬ ŭŮɘɢɗŮɑ ɧŰɘ ɔɘŬ Űɖɜ ɡɔɟɐ űɎůɖ 

ɘůɢɨŮɘ : 

( )

( ) ( )
1 1

1 1 1

( 1) 1 ( 1) 1

1

1

= ­
- + - +

-
­ =

- + -

i i

i i i i

i

i

i i

x z

a x a z

K z x
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K z K K x

 (5.16) 

ɔɘŬ i = 2,é.N ï 1 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ ŰŬ xi əŬɘ yi ŬɗɟɞɑɕɞɜŰŬɘ ůŰɖ ɛɞɜɎŭŬ. ɆŮ 

ůɡɜŭɡŬůɛɧ ŭŮ ɛŮ Űɖɜ Ⱥɝ. 5.11 ˊɟɞəɨˊŰŮɘ ɧŰɘ : 

( )
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1 1
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ɇŮɚɘəɎ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɖɜ Ⱥɝ. 5.16 ůŰɖɜ Ⱥɝ. 5.17, ˊɟɞəɨˊŰŮɘ ɖ ɜɏŬ 

ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ůŰɖɜ ɞˊɞɑŬ Űɞ x1 ŬˊɞŰŮɚŮɑ ˊɚɏɞɜ Űɖɜ ŬɜŮɝɎɟŰɖŰɖ ɛŮŰŬɓɚɖŰɐ 

ɤɠ ˊɟɞɠ Űɖɜ ɞˊɞɑŬ ɚɨɜŮŰŬɘ ɖ ůɡɜɎɟŰɖůɖ  : 

()
( )

( )

( )

( )

( )

( ) ( )

1
1 1 1

1 1

2 1 1 1

1
1 0

1 1 1
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= + + =é ù

- - - + -ê ú
ä
N

N i N i

iN N i i

K K K K z K x
F x x

K K K z K K x
  (5.18) 

ȼ ɟɑɕŬ ɖ ɞˊɞɑŬ ɗŬ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖɜ ɜɏŬ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ɓɟɑůəŮŰŬɘ 

ŬɜɎɛŮůŬ ůŮ ɏɜŬ ɛɘəɟɧ ɧɟɘɞ Űɘɛɩɜ. ɇɞ ɧɟɘɞ ŬɡŰɧ ɞɟɑůɗɖəŮ ɩůŰŮ ɧɚŮɠ ɞɘ ůɡůŰɎůŮɘɠ 

əɎɗŮ űɎůɖɠ ɜŬ ŮɑɜŬɘ ɗŮŰɘəɏɠ ůŰɖɜ Ⱥɝ. 5.16. Ƀ ŬˊɚɞɨůŰŮɟɞɠ Űɟɧˊɞɠ ɏəűɟŬůɖɠ Űɞɡ 

ɞɟɑɞɡ Űɘɛɩɜ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

1 1

1 1

1 1å õ- -
¢ ¢æ ö

- -ç ÷

N N

N N

K K
z x

K K K K
     (5.19) 

ɆɡɜŭɡɎɕɞɜŰŬɠ Űɖɜ Ⱥɝ. 5.4 (ɘůɞɕɨɔɘɞ ɛɎɕŬɠ) əŬɘ Űɖɜ Ⱥɝ. 5.11 (ůɡɜŰŮɚŮůŰɐɠ 

ɘůɞɟɟɞˊɑŬɠ) ˊɟɞəɨˊŰŮɘ ɖ ɜɏŬ Ůɝɑůɤůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ : 

( )

( )
1 1

1 1 1

-
=

-
g

z x
n

x k x
   (5.20) 

5.3.3  Ⱥˊɑɚɡůɖ Űɖɠ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɖɠ 

Rachford ï Rice ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ ɛŮɗɧŭɞɡ Newton ï 

Raphson  

ȼ ɜɏŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ ůɡɜɎɟŰɖůɖ ŮˊɘɚɨŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ Newton 

ï Raphson. ȼ ůɡɜɎɟŰɖůɖ ɖ ɞˊɞɑŬ ŮˊɘɚɨŮŰŬɘ ɛŮ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞ ŮɑɜŬɘ ɖ 

ɆɡɜɎɟŰɖůɖ 5.18. 

ɀŮ ɓɎůɖ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮɗɧŭɞɡ Newton ï Raphson (ȾŮű. 3, ɄŬɟ. 3.2.1), 

ɗŬ ˊɟɏˊŮɘ ˊɟɩŰŬ ɔɑɜŮɘ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ɡɔɟɐɠ ůɨůŰŬůɖɠ, x1, Űɞɡ ˊɟɩŰɞɡ 

ůɡůŰŬŰɘəɞɨ. ȷɡŰɐ ɖ ŮəŰɑɛɖůɖ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ 

Ɇɢɏůɖ 5.19, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɞ ɧɟɘɞ Űɘɛɩɜ ɛɏůŬ ůŰɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɓɟɑůəŮŰŬɘ ɖ 

Űɘɛɐ Űɞɡ x1. ɈˊɞɚɞɔɑɕɞɜŰŬɠ Űɞ ɛɏɔɘůŰɞ əŬɘ ŮɚɎɢɘůŰɞ ɧɟɘɞ Űɖɠ Ɇɢɏůɖɠ 5.19 əŬɘ 

ɚŬɛɓɎɜɞɜŰŬɠ Űɖɜ ɛɏůɖ Űɘɛɐ Űɤɜ ŭɨɞ, ˊɟɞəɨˊŰŮɘ ɖ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɖɠ Űɘɛɐɠ Űɞɡ x1 : 

1 1
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1 1
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å õ- -
+æ ö

- -ç ÷
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N N

N N

K K

K K K K
x  (5.21) 

Ⱥűɧůɞɜ ɏɢŮɘ ɡˊɞɚɞɔɘůɗŮɑ ɖ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɞɡ x1, ɚŬɛɓɎɜŮŰŬɘ ɖ ˊɟɩŰɖ 

ˊŬɟɎɔɤɔɞɠ Űɖɠ ɆɡɜɎɟŰɖůɖɠ 5.18  əŬɘ ˊɚɏɞɜ ɖ ůɡɜɎɟŰɖůɖ ˊŬɑɟɜŮɘ Űɖɜ ɛɞɟűɐ : 
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11

1 1
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f x
x x

f x
 (5.22) 

ɧˊɞɡ n ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ Űɖɠ Newton ï Raphson. Ƀɘ ŮˊŬɜŬɚɐɣŮɘɠ 

ůŰŬɛŬŰɎɜŮ ɧŰŬɜ ɘəŬɜɞˊɞɘɖɗŮɑ ɖ ůɢɏůɖ : 
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 (5.23) 
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ȳůɞ ɖ Űɘɛɐ Űɞɡ ŬˊɧɚɡŰɞɡ ɚɞɔɎɟɘɗɛɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ 0.2, ɖ Newton ï 

Raphson ůɡɜŮɢɑɕŮɘ Űɘɠ ŮˊŬɜŬɚɐɣŮɘɠ. ɀɧɚɘɠ ɖ Űɘɛɐ ɔɑɜŮɘ 0.2 ŬɚɚɎ əŬɘ ˊɘɞ əɎŰɤ Ŭˊɧ Űɞ 

0.2, ɖ Newton ï Raphson ůŰŬɛŬŰɎŮɘ Űɘɠ ŮˊŬɜŬɚɐɣŮɘɠ əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɖ ɜɏŬ əŬɚɨŰŮɟɖ 

Űɘɛɐ Űɞɡ x1. ɇɏɚɞɠ ɖ ɜɏŬ Űɘɛɐ x1 ŬɜŰɘəŬɗɑůŰŬŰŬɘ ůŰɖɜ Ⱥɝ. 5.20 ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ 

ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ əɎɗŮ 

ůŰɎŭɘɞ ˊɑŮůɖɠ.   

ȼ ɜɏŬ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Űɖɠ Ⱥɝ. 5.18 ůɡɔəɚɑɜŮɘ ˊɎɜŰɞŰŮ ůŮ űɡůɘəɐ ɟɑɕŬ 

ŬɜŮɝŬɟŰɐŰɤɠ ůɨůŰŬůɖɠ. ȼ ɜɏŬ ɛɏɗɞŭɞɠ ˊŬɟɞɡůɘɎɕŮɘ ŮɜŭŮɘəŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ɏɜŬɜŰɘ 

Űɖɠ əɚŬůɘəɐɠ Rachford-Rice. 

¶ ȼ 1 0x =  ŭŮɜ ɗŮɤɟŮɑŰŬɘ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ Űɖɠ ɜɏŬɠ ůɡɜɎɟŰɖůɖɠ. 

¶  Ƀɘ ɟɑɕŮɠ ɓɟɑůəɞɜŰŬɘ ŬɜɎɛŮůŬ ůŮ ɏɜŬ ˊɞɚɨ ɛɘəɟɧ ɧɟɘɞ Űɘɛɩɜ. 

¶ ȼ ɜɏŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ ůɡɜɎɟŰɖůɖ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔŬɚɨŰŮɟɖ ɔɟŬɛɛɘəɧŰɖŰŬ 
ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŬɚɘɎ Rachford ï Rice  

¶ ȾŬɘ Űɏɚɞɠ, ɖ ɜɏŬ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɑɕŮɘ ůɖɛŬɜŰɘəɎ ŰŬ ůűɎɚɛŬŰŬ ůŮ ůɢɏůɖ 

ɛŮ Űɖɜ Rachford-Rice. 

ȷɡŰɎ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛˊɞɟɞɨɜ ɜŬ ŮɚŬŰŰɩůɞɡɜ ŭɟŬɛŬŰɘəɎ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ ůɨɔəɚɘůɖ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɚɨůɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ Rachford-Rice. 

 

 

 

ȹɘɎɔɟŬɛɛŬ 5.2
36

 : ȹɘɎɔɟŬɛɛŬ ŮɨɟŮůɖɠ ɡɔɟɐɠ ůɨůŰŬůɖɠ ɔɘŬ ɏɜŬ ůɡůŰŬŰɘəɧ 

 

ɆŰɞ ȹɘɎɔɟŬɛɛŬ 5.2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɡɜɎɟŰɖůɖ Űɖɠ əɚŬůůɘəɐɠ Rachford ï Rice 

əŬɘ ɖ ůɡɜɎɟŰɖůɖ Űɖɠ ɜɏŬɠ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ. ȼ ŭɘŬűɞɟɎ ůŰɖɜ 

ɔɟŬɛɛɘəɧŰɖŰŬ ŮɑɜŬɘ ŮɛűŬɜɐɠ əŬɘ ŬɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ ɛɏɗɞŭɞɠ Newton ï 

Raphson ůŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɜŬ ůɡɔəɚɑɜŮɘ ɔɟɐɔɞɟŬ ɛŮ ŮɚɎɢɘůŰŮɠ ŮˊŬɜŬɚɐɣŮɘɠ. ȼ 

ɜɏŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ ůɡɜɎɟŰɖůɖ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɖɠ Rachford ï Rice ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɛɞɟɘŬəɞɨ 

əɚɎůɛŬŰɞɠ ng. 
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5.3.4 Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ k i ŮˊɘɚɨɞɜŰŬɠ Űɞ 

ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ ɔɘŬ Peng - Robinson  

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ɄŬɟ. 5.2.1, ɛɘŬ əŬɚɐ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ŬˊɞŰŮɚŮɑ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡɠ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Ůˊɑɚɡůɖɠ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ. ɀŮ ɓɎůɖ Űɖɜ ɛŬɗɖɛŬŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ ɖ ɘůɧŰɖŰŬ ŰɎůɖɠ 

ŭɘŬűɡɔɐɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ űɎůŮɤɜ. ɆŮ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ ˊɞɡ ŭŮɜ ɘůɢɨŮɘ ɖ ɘůɧŰɖŰŬ ŬɡŰɐ 

ŰɧŰŮ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ŮɝŮɨɟŮůɖɠ ɜɏɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ, ɞɘ 

ɞˊɞɑɞɘ ɗŬ ŮˊŬɚɖɗŮɨɞɡɜ Űɖɜ ɘůɧŰɖŰŬ ŰɎůɖɠ ŭɘŬűɡɔɐɠ. Ƀɘ ɜɏɞɘ ŬɡŰɞɑ ůɡɜŰŮɚŮůŰɏɠ 

ɘůɞɟɟɞˊɑŬɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ Ⱥɝ. 5.24 ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ 

ɛŮɗɧŭɞɡ Newton ï Raphson əŬɘ Ůűô ɧůɞɜ ɏɢŮɘ ˊɟɞɖɔɖɗŮɑ ɖ Ůˊɑɚɡůɖ Űɞɡ ȽŬəɤɓɘŬɜɞɨ 

ɛɖŰɟɩɞɡ. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŬɠ ki ɛˊɞɟɞɨɜ ɜŬ ɚɎɓɞɡɜ Űɘɛɏɠ Ŭˊɧ (0, +Ð). ȰŰůɘ 

ůŮ ɧɚɖ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŮəŰɧɜɤůɖɠ, ɞɘ Űɘɛɏɠ Űɤɜ ki ŬɜŰɘəŬŰŬůŰɎɗɖəŬɜ 

Ŭˊɧ Űɞ ɘůɞŭɨɜŬɛɞ lnki, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛŮɘɤɗŮɑ Űɞ ɛŮɔɎɚɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɚɎɓɞɡɜ.   

5.3.4.1 Ⱥˊɑɚɡůɖ Űɞɡ ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ 

ɇɞ ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ ŮɑɜŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ɛŮ ɛɏɔŮɗɞɠ (Ɂ x Ɂ), ɧˊɞɡ Űɞ Ɂ ŮɑɜŬɘ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ůɨůŰɖɛŬ əŬɘ ɞɘ Űɘɛɏɠ ůŮ əɎɗŮ ůɖɛŮɑɞ Űɞɡ 

ˊɑɜŬəŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ɛŮɟɘəɐɠ ˊŬɟŬɔɩɔɘůɖɠ (ɢɟɐůɖ əŬɜɧɜŬ ŬɟɘɗɛɖŰɘəɐɠ 

ˊŬɟŬɔɩɔɘůɖɠ).  

ɇɞ ůɨůŰɖɛŬ Ůˊɑɚɡůɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ ɘůɧŰɖŰŬɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ : 

()( )
()( )

V

L

,ln , p,T
ln

,ln , p,T
=

f z k
0

f z k
  (5.24) 

əŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ Rachford ï Rice : 

( ) ( )( )1 01 z k 1 k 1è ø- + - =è øê úê ú
T

g/ n  (5.25) 

ɧˊɞɡ 1 Űɞ ɛɞɜŬŭɘŬɑɞ ŭɘɎɜɡůɛŬ (ȾŮű.3, ɄŬɟ. 3.35, Ⱥɝ. 3.29) . ȾŬɘ ůŰɘɠ ŭɨɞ ŮɝɘůɩůŮɘɠ 

ŮűŬɟɛɧɕŮŰŬɘ ɞ əŬɜɧɜŬɠ ŬɚɡůɑŭŬɠ ˊŬɟŬɔɩɔɖůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɛŮɟɘəɐ ˊŬɟŬɔɩɔɖůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ůɨůŰɖɛŬ ɤɠ ˊɟɞɠ Űɞɡɠ 

ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŬɠ. ɀŮ ɓɎůɖ Űɖɜ ɏəűɟŬůɖ ŰɎůɖ ŭɘŬűɡɔɐɠ əŬŰɎ Peng ï Robinson 

(ȾŮű.2, ɄŬɟ. 2.8, Ⱥɝ. 2.36) əŬɘ Űɖɜ Ůɝɑůɤůɖ Rachford ï Rice  ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɛŮɟɘəɐ ˊŬɟŬɔɩɔɘůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ.      

ȳˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ, ɏŰůɘ əŬɘ Ůŭɩ, ɖ 

Ůˊɑɚɡůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ŬɟɘɗɛɖŰɘəɩɜ ɛŮɗɧŭɤɜ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ Űɖɜ ɛɏɗɞŭɞ Newton-Raphson. ȷɟɢɑɕɞɜŰŬɠ Ŭˊɧ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ k
(0)

 

ɔɘŬ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŬɠ (ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɞɘ ɞˊɞɑɞɘ ɚɐűɗɖəŬɜ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ), ɖ ŮˊɧɛŮɜɖ ŮəŰɑɛɖůɖ ŭɑɜŮŰŬɘ Ŭˊɧ : 

()( )
()( )

()( )
()( )

1V V

L L

,ln , p,T ,ln , p,T
e ln ln

,ln , p,T ,ln , p,T

-= =     ­   = -(n+1) (n)
f z k f z k

0 k k J
f z k f z k

  (5.26) 

ɧˊɞɡ Űɞ ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ J ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ : 
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()

() ( )

() ( )

() ( )

() ( )

1 1 1 11 1

1 1

1 1

e
J

k

µ µè øµ µè ø
é ùé ùµ µ µ µé ùé ùµ é ùé ù= = =
é ùµ é ù

µ µ µ µé ùé ù
é ùé ùµ µ µ µê úê ú

c c c c

V L V L

c c

c c V L V L

c c

ln f f ln f fe e

ln k ln k ln k ln k

ln
e e ln f f ln f f

ln k ln k ln k ln k

          (5.27) 

 

5.3.4.2  ɄŬɟŬɔɩɔɘůɖ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ng ɤɠ ˊɟɞɠ Űɞ k  

ȷɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟŬɔɩɔɘůɖ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ng ɤɠ ˊɟɞɠ Űɞ 

k. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ, ɔɑɜŮŰŬɘ ɛŮɟɘəɐ ˊŬɟŬɔɩɔɘůɖ Űɖɠ Ůɝɑůɤůɖɠ Rachford ï Rice : 

( )
( )

( )( )( ) ( )( )

( )( )

( )

( )( )

2

2

2

1 1 1 11
0 0

1 1 1 1

1
0

1 1

+ - - - - +-
= Ý = Ý

+ - + -

- -
=

+ -

ä ä

ä

j g j j g j g jj j

j

g j
g j

j j

j

g j

dk n k k dn k n dkz k
z

n k n k

dk k dF
z

n k

 

ɖ ɞˊɞɑŬ ŬˊɚɞˊɞɘŮɑŰŬɘ ůŮ : 

( )( )

( )

( )( )

( )( )

( )

( )( )

( )( )

( )

( )( )

2

2 2

2

2 2

2

2

2

1
0

1 1 1 1

1
0

1 1 1 1

1 1

1

1 1

å õ
-æ ö= = Ý

æ ö
æ ö+ - + -
ç ÷

å õ
-æ ö= = Ý

æ ö
æ ö+ - + -
ç ÷

+ -
Ý =

-

+ -

ä ä
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ä

j jj

j g

g j g j

j jj j g

i i
g j g j

i

g ig

i
j j

g j

z kz
dk dn

n k n k

z kz dk dn

dk dkn k n k

z

n kdn

dk z k

n k

 (5.28) 
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ȼ Ⱥɝ. 5.28 ɛˊɞɟŮɑ ɜŬ ɔɟŬűŮɑ ůŮ ŭɘŬɜɡůɛŬŰɘəɐ ɛɞɟűɐ : 

( )( )

( )

( )( )

( )( )

( )

( )( )

( )

( )( )
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 (5.29) 

5.3.4.3  ɄŬɟŬɔɩɔɘůɖ Űɞɡ y ɤɠ ˊɟɞɠ Űɞ k 

ȷəɞɚɞɨɗɤɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟŬɔɩɔɘůɖ Űɞɡ y ɤɠ ˊɟɞɠ Űɞ k ɛŮ Űɖɜ ɢɟɐůɖ 

Űɞɡ ɘůɞɕɡɔɑɞɡ ɛɎɕŬɠ əŬɘ Űɞɜ ɞɟɘůɛɧ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ əŬɘ ˊɟɞəɨˊŰŮɘ ɧŰɘ : 

( )
( )

( )

1

1
1 1

û= - +
î
Ý = - + Ý =ü

+ -= î
ý

i g i g i

i i i

i g g i ii
i g ii

i

z n x n y
y z k

z n n y yy
k n kk

x

  (5.30) 

ȹɘŬűɞɟɑɕɞɜŰŬɠ Űɖɜ Ⱥɝ. 5.30 ˊɟɞəɨˊŰŮɘ ɧŰɘ : 
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i

g i

i g i i i i g i g i i

i g

g ii g ig i

i g i i

i g

g ig i

i g i ii i

j j g ig i

z n k dk z k k dn z k n dk
dy

n k

z n dk z k k dn y n y k
dk dn

n kk n kn k

x n y k
dk dn

n kn k

x n dny kdy dk

dk dk n kn k

g

jdk

 (5.31) 

ɖ ɘůɞŭɨɜŬɛŬ ůŮ ŭɘŬɜɡůɛŬŰɘəɐ ɛɞɟűɐ : 
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( )
( )( )

( )

( )

( )
( )( )

( )

( )

1 1

1 11 1

1 1

1 11 1

x y ky

k k kk

- -
= -

+ -+ -

ë û- -î î
= -ì ü

+ -+ -î îí ý

i g gi ii i

j j g i jg i

g g

gg

x n dny kdy dk

dk dk n k dkn k

n dnd
diag

d n dn

 (5.32) 

5.3.4.4  ɄŬɟŬɔɩɔɘůɖ Űɞɡ x ɤɠ ˊɟɞɠ Űɞ k 

ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ˊŬɟŬɔɩɔɘůɖ Űɞɡ x ɤɠ ˊɟɞɠ Űɞ k ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ 

ůɢɏůŮɘɠ Űɤɜ ůŰŬɗŮɟɩɜ ůɡɜŰŮɚŮůŰɩɜ A əŬɘ B Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ ŬɜɎɛŮɘɝɖɠ ( ȾŮű. 2, ɄŬɟ. 

2.7, Ⱥɝ. 2.31 əŬɘ 2.32), ɧˊɞɡ Űɞ x ŬɜŰɘəŬɗɘůŰɎ ŰŬ yi əŬɘ yj. Ƀɘ ˊŬɟɎɔɤɔɞɘ Űɤɜ 

ůŰŬɗŮɟɩɜ ůɡɜŰŮɚŮůŰɩɜ ȷ əŬɘ ȸ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ : 

2

2 2

T T

ij ij

T T

ij ij

A dA d

d dA d
dA d

d d d

= Ý = Ý

= Ý =

x A x x A x

x x
x A k x A

k k k

 (5.33) 

əŬɘ  

d dB d
B dB d d

d d d
= Ý = Ý =T T T T

i i i i

x x
B x B x = B k B

k k k
 (5.34) 

5.3.4.5  ɄŬɟŬɔɩɔɘůɖ Űɞɡ Z ɤɠ ˊɟɞɠ Űɞ k 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ȼ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ 

ɢɟɐůɖ Űɖɠ Ůɝɑůɤůɖɠ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ əŬŰɎ Peng ï Robinson (ȾŮű.2, ɄŬɟ. 

2.6, Ⱥɝ. 2.28). ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ŬɚɚŬɔɐ ˊɟɧůɖɛɞɡ ůŰɖɜ Ůɝɑůɤůɖ ɔɘŬ ŭɘŮɡəɧɚɡɜůɖ Űɤɜ 

ˊɟɎɝŮɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ Ůɝɑůɤůɖ ɜŬ ɔɑɜŮŰŬɘ : 

( ) ( ) ( )

( ) ( ) ( )

3 2 2 2 3

3 2 2 2 3

1 3 2 0

1 3 2 0

Z B Z A B B Z AB B B

Z B Z A B B Z B B AB

- - + - - - - - = Ý

+ - + - - + + - =
   (5.35) 

ȹɘŬűɞɟɑɕɞɜŰŬɠ Űɖɜ ɜɏŬ Ůɝɑůɤůɖ ɛŮ ɓɎůɖ Űɖɜ ɛɞɟűɐ Űɞɡ əɡɓɘəɞɨ ˊɞɚɡɩɜɡɛɞɡ ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ȾŮű. 2 əŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.9 ˊɟɞəɨˊŰŮɘ ɧŰɘ : 

( )

3 2 2 2

2 1 0 2

2 1 1 0

2 2

2 1 2 1 0

2 02 1

2

2 1

0 3

2 0

3 2 0

1

3 2

Z a Z a Z a Z dZ Z da

a ZdZ Zda a dZ da

Z a Z a dZ Z da Zda da

dada dadZ
Z Z

d d d dZ a Z a

+ + + = Ý + +

+ + + + = Ý

+ + + + + = Ý

å õ
=- + +æ ö

+ + ç ÷k k k k

 (5.36) 

ɧˊɞɡ : 

2
2 1

da dB
a B

d d
= - Ý =

k k
 (5.37) 

əŬɘ  
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2

1 1

1

3 2 6 2

6 2

da dA BdB dB

da dA BdB dB

d d d d

a=A- B - BÝ = - - Ý

= - -
k k k k

 (5.38) 

əŬɘ  

( )

2 3 2

0 0

2 20 0

2 3

2 3 3 2

a B B AB da BdB B dB AdB BdA

da dadB dB dB dA dA dB
B B A B B B B A

d d d d d d d d

= + - Ý = + - - Ý

= + - - Ý =- + + -
k k k k k k k k

 (5.39) 

5.3.4.6  ɄŬɟŬɔɩɔɘůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ű ɤɠ ˊɟɞɠ Űɞ k 

ȼ ŰɎůɖɠ ŭɘŬűɡɔɐɠ əŬŰɎ Peng ï Robinson ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ lnűi. ũɘŬ Űɖɜ 

ŬˊɚɞɨůŰŮɡůɖ Űɤɜ ˊɟɎɝŮɤɜ ɞ ůɡɜŰŮɚŮůŰɐɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

( ) ( )
( )
( )

1 22
1

2 2 1 2
i j

j

å õ+ +å õæ öj = - - - + -æ ö
æ ö+ -ç ÷
ç ÷

äi i

ij

Z BB BA
Z ln Z B A x ln

B B AB Z B
  (5.40) 

Ůɜɩ ůŮ ɛɖŰɟɤɘəɐ ɔɟŬűɐ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

( ) ( )
( )
( )

1 22
1

2 2 1 2

i i
ij

Z BA
Z ln Z B ln

B B AB Z B

å õ+ +å õæ ö= - - - + -æ öæ öç ÷ + -
ç ÷

B B
ű 1 A x   (5.41) 

əŬɘ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ Űɞ ɔɟɎɛɛŬ ű. ȿɧɔɤ Űɞɡ ɧŰɘ ɖ Ⱥɝ. 5.41 ŮɑɜŬɘ ɛŮɔɎɚɖ əŬɘ 

ˊɞɚɨˊɚɞəɖ, ŮˊɘɢŮɘɟŮɑŰŬɘ ŭɘŬɢɤɟɘůɛɧɠ Űɖɠ Ůɝɑůɤůɖɠ ůŮ ɏɝɘ ɛɘəɟɧŰŮɟŬ ɛɏɟɖ (ű1 ɏɤɠ ű6) 

ɔɘŬ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ Űɖɠ ɛŮɟɘəɐɠ ˊŬɟŬɔɩɔɘůɖɠ. ȰŰůɘ ɖ Ⱥɝ. 5.41 

ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ : 

( ) ( )

( )

( )

1

1 2

2

2 2 1 2

i

i

ij

Z ln Z B
B

Z B

A
ln

B AB Z B

ln

j

j

j
j

= - - - +

å õ+ +
æ ö

å õæ ö
+ - Ýæ öæ ö

ç ÷+ -æ ö
æ ö
ç ÷

å õj
= - j +jæ ö

jç ÷

2
1

4

3 6

5

ű

ű

4

1 2 3 6

5

B
ű 1

B
A x

ű ű 1 ű

   (5.42) 

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɖɜ ɜɏŬ Ůɝɑůɤůɖ, ŰŬ ű1 ű3 ű4 ű5 əŬɘ ű6 ŬˊɞŰŮɚɞɨɜ ŭɘŬɜɨůɛŬŰŬ ɛŮ 

ŮɝŬɑɟŮůɖ Űɞ ű2. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜŬŭɘŬɑɞ ŭɘɎɜɡůɛŬ 1 ɏŰůɘ ɩůŰŮ 

ɞɘ ˊɟɎɝŮɘɠ ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ Ⱥɝ. 5.42 ɜŬ ŮɑɜŬɘ ɛŮŰŬɝɨ ɘŭɑɤɜ ɛŮɔŮɗɩɜ. 

ȰŰůɘ ŭɘŬűɞɟɑɕɞɜŰŬɠ Űɖɜ ɜɏŬ Ůɝɑůɤůɖ ˊɟɞəɨˊŰŮɘ ɧŰɘ : 
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2

5

d d
d d d ln d

ln d

d d d ln d d d

ln d

å õ j j j -j jj
= - j + j +jæ ö

j j jç ÷

å õj
j Ýæ ö

jç ÷

å õ j jj
= - j + j + j - jæ ö

j j jç ÷

å õj
j æ ö

jç ÷

5 5 4 4 54

1 2 6 3 3 6

5 4

4

3 6

5

3 34

1 2 6 3 6 4 6 5

5 4 5

4

3 6

5

ű ű 1 ű ű +

+ ű

ű ű 1 ű ű ű +

+ ű

 (5.43) 

əŬɘ ŰŮɚɘəɎ ɜŬ ˊŬɑɟɜŮɘ Űɖɜ ɛɞɟűɐ : 

d d dd d dd
ln ln

d d d d d d d

å õ å õj j j jj j j j
= - + + - jæ ö æ ö

j j j jç ÷ ç ÷

3 3 3 5 61 2 4 4 4

6 6 6 3

5 4 5 5

űűű
1 ű ű ű +

k k k k k k k
 (5.44) 

Ʉɚɏɞɜ ɖ ˊŬɟŬɔɩɔɘůɖ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ɏɢŮɘ ŭɘŬɢɤɟɘůŰŮɑ ůŮ ɛɘəɟɧŰŮɟŬ ɛɏɟɖ 

ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɝŮɢɤɟɘůŰɐ ˊŬɟŬɔɩɔɘůɖ ɔɘŬ Űɞ əɎɗŮ ɛɏɟɞɠ əŬɘ ŰŮɚɘəɎ 

ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ˊŬɟɎɔɤɔɞɠ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ɤɠ ˊɟɞɠ Űɞ k.  

5.3.4.7  ɄŬɟŬɔɩɔɘůɖ Űɤɜ ű1, ű2, ű3, ű4, ű5 əŬɘ ű6 ɤɠ ˊɟɞɠ Űɞ k 

ȼ ˊŬɟŬɔɩɔɘůɖ Űɤɜ ŬˊɚɞɨůŰŮɟɤɜ ű ɧɟɤɜ Űɖɠ Ⱥɝ. 5.44 ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ 

ŮɝɘůɩůŮɘɠ : 

( )
( )

2

1
1

1

i ii
B dZ Z dB d dZ dB

Z d
B d Z d B dB

- -
= - Ý = Ý = -

-

1 1 1

1 1

B BB ű ű ű
ű ű

k k k
 (5.45) 

əŬɘ 

( )
d1 1 1 dZ dB

ln Z B d dZ dB
Z B Z B d Z B d d

j å õ
j = - Ý j = - Ý = -æ ö

- - -ç ÷

2
2 2

k k k
 (5.46) 

əŬɘ    

2 2

1 1 1

2 2 2 2 2 2

dA BdA AdB dA A dB
d

B d B d B dB

d dA dB

d A d B d

j- å õ
j = Ý j = Ý = - Ýæ ö

ç ÷

j j j
= -

3
3 3

3 3 3

k k k

k k k

 (5.47) 

əŬɘ 

( ) ( ) ( )

( ) ( ) ( )

1 2 1 2 1 2

1 2 1 2 1 2

d dZ dB
Z B d dZ dB

d d d

d dZ dB
Z B d dZ dB

d d d

j
j = + + Ý j = + + Ý = + +

j
j = - + Ý j = + - Ý = + -

4
4 4

5
5 5

k k k

k k k

 (5.48) 

əŬɘ 
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2 2

2 2

2
2 2

2 2

ij iji i
ij

ij iji

d dB d dA
B A B A A

d dB d dA

d B d A d A d

= - Ý =- - + Ý

=- - +

6 6

6

A A xB B
ű A x ű x

A A xű B x

k k k k

 (5.49) 

5.3.4.8  ɄŬɟŬɔɩɔɘůɖ Űɞɡ f ɤɠ ˊɟɞɠ Űɞ k 

ɀŮ ɓɎůɖ Űɖɜ ɏəűɟŬůɖ ŰɎůɖ ŭɘŬűɡɔɐɠ əŬŰɎ Peng ï Robinson (ȾŮű. 2, ˊŬɟ. 2.8, 

Ⱥɝ. 2.36) ɘůɢɨŮɘ ɧŰɘ : 

ln lni

i

i

f

x p
f=  (5.50) 

ȷˊɞɛŬəɟɨɜɞɜŰŬɠ ŰŬ ln Ŭˊɧ Űɖɜ Ⱥɝ. 5.50 ˊɟɞəɨˊŰŮɘ ɧŰɘ : 

( )i

i if px e p e= Ý =
ű ű

f x   (5.51) 

ɄŬɟŬɔɤɔɑɕɞɜŰŬɠ Űɖɜ Ⱥɝ. 5.51 ɖ ˊŬɟɎɔɤɔɞɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ɤɠ ˊɟɞɠ Űɞ k ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖɜ Ůɝɑůɤůɖ : 

{}

i
i i i i i i i

i

i i i
i

j i j j

f
f px e df pe dx px e d dx f d

x

df f dx d d d d
f diag diag

dk x dk dk d d d

j j j
= Ý = + j = + j Ý

j ë û
= + Ý = +ì ü

í ý

i i i

i i

i f f x ű
f

k x k k

 (5.52) 

ȼ ́ŬɟŬɔɩɔɘůɖ Űɞɡ f ɔɑɜŮŰŬɘ ɤɠ ˊɟɞɠ ln(k) ɛŮŰŬŰɟɏˊɞɜŰŬɠ Űɖɜ Ⱥɝ. 5.52 ůŰɖɜ : 

()

()

() ()

()
{}

1-

å õë û ë û
= = Ý = Ýì ü ì üæ ö

í ý í ýç ÷

=

d lnd d d d d
diag diag

d d ln d d ln d ln d

d d
diag

d ln d

kf f f 1 f f 1

k k k k k k k k

f f
k

k k

  (5.53) 

5.3.4.9  ɄŬɟɎɔɤɔɞɠ Űɞɡ ȽŬəɤɓɘŬɜɞɨ ɀɖŰɟɩɞɡ 

Ⱥűô ɧůɞɜ ɏɢɞɡɜ ŮˊɘɚɡɗŮɑ ɧɚŮɠ ɞɘ ˊŬɟŬˊɎɜɤ ˊŬɟŬɔɤɔɑůŮɘɠ əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ Űɖɜ ůɢɏůɖ ɘůɧŰɖŰŬɠ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ, ˊɟɞəɨˊŰŮɘ ɖ ˊŬɟɎɔɤɔɞɠ Űɞɡ 

ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ : 

() () ()

() () ()

2

1 1

1 1

i i i i i

i i

i i

i i

i i

L L V V L

i V L i

V L

V Li

V L

V L

V L

f f df f df
e ln f f de

f f

df dfde

d ln f d ln f d ln

d dd
diag diag

d ln d ln d ln

å õ-
= Ý = Ýæ ö

æ ö
ç ÷

= - Ý

ë û ë û
= = -ì ü ì ü

í ýí ý

k k k

f fe
J

k f k f k

 (5.54) 

Ʉɚɏɞɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ Ůˊɑɚɡůɖ Űɖɠ Ⱥɝ. 5.26 ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ ɛŮɗɧŭɞɡ 

Newton ï Raphson əŬɗɩɠ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɧɚŮɠ ɞɘ ˊŬɟŬɔɤɔɑůŮɘɠ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɞ ůɨůŰɖɛŬ əŬɘ ɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ɜɏŮɠ Űɘɛɏɠ Űɤɜ 
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ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ. ȼ ɧɚɖ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɡɔɟɐ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ŬɏɟɘŬ űɎůɖ.   

5.4 ȷɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ  Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ Ůɜɧɠ 

ŭɘűŬůɘəɞɨ ɟŮɡůŰɞɨ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ əɡɓɘəɐɠ əŬŰŬůŰŬŰɘəɐɠ 

Ůɝɑůɤůɖɠ Űɤɜ Peng-Robinson 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ əɡɓɘəɐ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɤɜ Peng-

Robinson ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ əɎɗŮ ůɡůŰŬŰɘəɞɨ ůŰɖɜ ɡɔɟɐ əŬɘ 

ŬɏɟɘŬ űɎůɖ ŰɧŰŮ ŬəɞɚɞɡɗɞɨɜŰŬɘ ŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ : 

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ m əɎɗŮ ůɡůŰŬŰɘəɞɨ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ 

ŬəŮɜŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ ɤ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ Ŭi ɔɘŬ əɎɗŮ ůɡůŰŬŰɘəɧ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ m əɎɗŮ ůɡůŰŬŰɘəɞɨ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ 

ŬəŮɜŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ ɤ  

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ A i əŬɘ Bi ɔɘŬ əɎɗŮ ůɡůŰŬŰɘəɧ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ 

ůɢɏůŮɘɠ : 
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 (5.25) 

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ɛŮ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ 

Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɖɠ Rachford ï Rice  

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ yi əŬɘ xi ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ : 
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¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ AL, AV, BL əŬɘ BV ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ : 
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 (5.27) 
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 (5.28) 

 

¶ ɁŬ ŭɞɗŮɑ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ki ŮɑŰŮ Ŭˊɧ Űɞɜ ˊɟɧɓɚɖɛŬ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ɐ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ůɡůɢɏŰɘůɖ Űɞɡ 

Wilson  
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¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ ůɨůŰŬůɖɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ xi ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ 

Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɖɠ Rachford ï Rice əŬɘ 

Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ɛŮɗɧŭɞɡ Newton ï Raphson 

¶ ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ki əŬɘ xi ɡˊɞɚɞɔɑɕŮŰŬɘ  Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ Ŭˊɧ Űɖɜ 

Ⱥɝ. 5.20 

¶ Ⱥˊɑɚɡůɖ Űɞɡ əɡɓɘəɞɨ ˊɞɚɡɩɜɡɛɞɡ Űɤɜ Peng-Robinson əɎɗŮ űɎůɖɠ ɔɘŬ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Z. 
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 (5.29) 

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ əɎɗŮ ůɡůŰŬŰɘəɞɨ ůŰɖɜ ɡɔɟɐ əŬɘ ŬɏɟɘŬ 

űɎůɖ 

                                      

( ) ( )

( )
( )

( ) ( )

( )
( )

1

1

1

1 22

2 2 1 2

1

1 22

2 2 1 2

V

i i

V V V

i V

N
V V

V i

j ij

jV VV V V

L

i i

L L L

i L

N
L L

iL

j ij

jL LL L L

f B
ln Z ln Z B

y p B

Z BA B
y A ln

B AB Z B

f B
ln Z ln Z B

x p B

Z BBA
x A ln

B AB Z B

=

=

= - - - +

å õ+ +å õæ ö+ -æ ö
æ ö- +ç ÷
ç ÷

= - - - +

å õ+ +å õæ ö-æ ö
æ ö- +ç ÷
ç ÷

ä

ä

 (5.30) 

¶ Ɉˊɞɚɞɔɘůɛɧɠ ůűɎɚɛŬŰɞɠ Űɖɠ ɘůɧŰɖŰŬɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ Ŭˊɧ Űɖɜ Ⱥɝ. 5.6  

¶ ȺɎɜ ɖ ɘůɧŰɖŰŬ ŰɎůɖɠ ŭɘŬűɡɔɐɠ ŭŮɜ ɘəŬɜɞˊɞɘŮɑ Űɞ əɟɘŰɐɟɘɞ ůɨɔəɚɘůɖɠ, 

ŰɧŰŮ ŮˊɘɚɨŮŰŬɘ Űɞ ȽŬəɤɓɘŬɜɧ ɛɖŰɟɩɞ ɔɘŬ Űɖɜ ŮɨɟŮůɖ ɜɏɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɞɟɟɞˊɑŬɠ ki. ȼ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛŮ Űɘɠ ɜɏŮɠ Űɘɛɏɠ Űɤɜ ki 

ɞɨŰɤɠ ɩůŰŮ ɜŬ ɘůɢɨŮɘ ɖ ɘůɧŰɖŰŬ ŰɎůɖɠ ŭɘŬűɡɔɐɠ 

ȼ ŬɜŬɚɡŰɘəɧŰŮɟɖ ˊŮɟɘɔɟŬűɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɩŭɘəŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ 

ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ əŬɗɩɠ ůɡɜŭɡɎɕɞɜŰŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ əŬɘ ŮəŰɧɜɤůɖɠ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ɛŮɚŮŰɩɜ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ 

ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ.  
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ȾŮűɎɚŬɘɞ 6
ɞ
: ɄŮɟɘɔɟŬűɐ ˊɟɞůɞɛɞɑɤůɖɠ 

ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ 

ŮɝɎŰɛɘůɖɠ
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6.1 ȺɘůŬɔɤɔɐ 

ȼ ŬɜɎˊŰɡɝɖ Űɞɡ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ɛŮɚŮŰɩɜ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ 

ŮɝɎŰɛɘůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ˊŮɟɘɓɎɚɚɞɜ Matlab əŬɗɩɠ ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ 

ŬɝɘɧˊɘůŰŬ ɛŬɗɖɛŬŰɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢŮɘɟɘůŰɞɨɜ ˊɞɚɨˊɚɞəŮɠ 

ůɡɜŬɟŰɐůŮɘɠ əŬɘ ɛŮ Űɖɜ ůɤůŰɐ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ɜŬ ŭɩůŮɘ ŬɝɘɧˊɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ.  

6.2 Ɇəɞˊɧɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ˊɟɞůɞɛɞɘɤŰɐ 

Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ ˊɟɞůɞɛɞɘɤŰɐɠ ɡɚɞˊɞɘɐɗɖəŮ ɛŮ ůəɞˊɧ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ 

ɛŮɚŮŰɩɜ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ˊŮŰɟŮɚŬɑɤɜ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ŭɘŬɗɏůɘɛŬ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ɛŮɚŮŰɩɜ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ 

ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ɔɘŬ ɏɜŬ ˊɟŬɔɛŬŰɘəɧ ˊŮŰɟŮɚŬɥəɧ ɟŮɡůŰɧ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Core 

Lab, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɑŭɘɞɡ ɟŮɡůŰɞɨ ɤɠ ˊɟɞɠ Űɘɠ ˊŮɘɟŬɛŬŰɘəɏɠ 

ɛŮɚɏŰŮɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɡɔəɟɘɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɛŮ Űɘɠ 

ˊŮɘɟŬɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ. 

6.3 Ɉˊɞɚɞɔɘůɛɧɠ Voil, Vgas, doil, Bo, Bg əŬɘ Rs 

ɆŰɘɠ ɡˊɞɚɞɔɘůŰɘəɏɠ ɛŮɚɏŰŮɠ PVT, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɖɛŬɜŰɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ ɧˊɤɠ 

ŮɑɜŬɘ ɞɘ ɧɔəɞɘ Űɖɠ ɡɔɟɐɠ (Voil) əŬɘ ŬɏɟɘŬɠ (Vgas) űɎůɖɠ, ɖ ˊɡəɜɧŰɖŰŬ ɡɔɟɐɠ űɎůɖɠ 

(doil), ɞ ɞɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ űɎůɖɠ (Bo), ɞ ɚɧɔɞɠ ŬŮɟɑɞɡ Ůɜ 

ŭɘŬɚɨůŮɘ ůŰɞ ˊŮŰɟɏɚŬɘɞ (Rs) əŬɘ ɞ ɞɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ŬɏɟɘŬɠ  

űɎůɖɠ (Bg). ȾɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ əɎɗŮ ůŰɎŭɘɞ 

ˊɑŮůɖɠ. 

Ɉˊɞɚɞɔɘůɛɧɠ ɧɔəɤɜ Űɖɠ ɡɔɟɐɠ (Voil) əŬɘ ŬɏɟɘŬɠ (Vgas) űɎůɖɠ  

ɀŮ ɓɎůɖ Űɖɜ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ŬŮɟɑɞɡ ˊɟɞəɨˊŰŮɘ ɧŰɘ : 

NZRT
pV NZRT V

p
= ­ =   (6.1) 

ȷˊɧ Űɖɜ Ⱥɝ. 6.1 ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɞ ɧɔəɞɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ moles Űɤɜ ůɡůŰŬŰɘəɩɜ, 

Űɞɜ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ, Űɖɜ ůŰŬɗŮɟɎ R, Űɖɜ ɗŮɟɛɞəɟŬůɑŬ (ŮɑŰŮ ŰŬɛɘŮɡŰɐɟŬ 

ŮɑŰŮ ŬŰɛɞůűŬɘɟɘəɐ) əŬɘ Űɖɜ ˊɑŮůɖ Űɖɜ ŭŮŭɞɛɏɜɖ ůŰɘɔɛɐ. ɇɞ R əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ 

ɔɜɤůŰɎ Ůɜɩ ŰŬ moles əŬɘ ɖ ůɡɛˊɘŮůŰɧŰɖŰŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɔɘŬ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ (p) 

Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ŮəŰɧɜɤůɖɠ. ɆŮ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ 

ˊɑŮůɖ ŮɑɜŬɘ ŬɡŰɏɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ), ŰɧŰŮ ˊŬɑɟɜɞɡɜ Űɖ Űɘɛɐ 

60F əŬɘ 14.7 psi ŬɜŰɑůŰɞɘɢŬ. 

ɆŰɖ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ, ɧůɞ ɖ ˊɑŮůɖ ˊŬɟŬɛɏɜŮɘ ˊɎɜɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ 

űɡůŬɚɑŭŬɠ, ŰŬ moles (N) Űɖɠ ɡɔɟɐɠ űɎůɖɠ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ 

ŬˊɩɚŮɘŬ ɛɎɕŬɠ. ȺɎɜ ɧɛɤɠ ɖ ˊɑŮůɖ ˊɏůŮɘ əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ, ŰɧŰŮ ŰŬ 

moles Űɖɠ ɡɔɟɐɠ űɎůɖɠ ŬɚɚɎɕɞɡɜ əŬɗɩɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ˊɚɏɞɜ əŬɘ ɛɑŬ ŭŮɨŰŮɟɖ űɎůɖ 

(ŬɏɟɘŬ). ɆŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮəŰɧɜɤůɖɠ ɡˊɞɚɞɔɑɕŮɘ Űɞ ɛɞɟɘŬəɧ 

əɚɎůɛŬ (ng). ȰŰůɘ, əɎɗŮ űɞɟɎ, ŰŬ moles Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ :  

ɨ g

ɑ g

N 1 n

N n

ugro

aerou

= -

=
 (6.2) 
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ɆŰɖ ɛŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ɡˊɎɟɢŮɘ ɛɘŬ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ. ɆŰɞ Űɏɚɞɠ 

əɎɗŮ ůŰŬŭɑɞɡ ˊɑŮůɖɠ, Űɞ Ŭɏɟɘɞ Űɞ ɞˊɞɑɞ ˊŬɟɎɢɗɖəŮ ŭŮɜ ɡˊɞɚɞɔɑɕŮŰŬɘ ˊɚɏɞɜ ůŬɜ ɛɏɟɞɠ 

Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ɔɘŬ Űɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ˊɑŮůɖɠ ŬɚɚɎ ŬˊɞɛŬəɟɨɜŮŰŬɘ. ȷɡŰɧ ɏɢŮɘ ůŬɜ 

ŬˊɞŰɏɚŮůɛŬ ɖ ɜɏŬ ŰɟɞűɞŭɞůɑŬ ɜŬ ŮɑɜŬɘ Űɞ ɡɔɟɧ Űɞ ɞˊɞɑɞ ŬˊɏɛŮɘɜŮ. ȯɟŬ ŰŬ moles Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ ɛŮɘɩɜɞɜŰŬɘ əŬɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ  ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ : 

( )1= -

=

ɨ ɨ g

ɑ ɨ g

N N n

N N n

ugro ugro

aer ou ugro

      (6.3) 

Ɉˊɞɚɞɔɘůɛɧɠ ˊɡəɜɧŰɖŰŬɠ ɡɔɟɐɠ űɎůɖɠ (doil) 

ȼ ˊɡəɜɧŰɖŰŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

m
d

V
=   (6.4) 

Ƀ ɧɔəɞɠ (V) ŮɑɜŬɘ ŬɡŰɧɠ ɞ ɞˊɞɑɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ Ŭˊɧ Űɖɜ Ⱥɝ. 6.1. 

ȼ ɛɎɕŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŭɨɞ ˊŬɟɎɔɞɜŰŮɠ, Űɖɜ ůɨůŰŬůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ əŬɘ Űɞ ɛɞɟɘŬəɧ 

ɓɎɟɞɠ Űɞɡ əɎɗŮ ůɡůŰŬŰɘəɞɨ. ȯɟŬ ɔɘŬ Űɖɜ ɡɔɟɐ űɎůɖ Ůɜɧɠ ůɡůŰŬŰɘəɞɨ ůŮ 

ůɡɔəŮəɟɘɛɏɜɖ ˊɑŮůɖ əŬɘ ɗŮɟɛɞəɟŬůɑŬ, ɖ ˊɡəɜɧŰɖŰŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

NMW
d

V
=  (6.5)  

ɧˊɞɡ MW Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ ůɡůŰŬŰɘəɞɨ əŬɘ Ɂ ŰŬ moles Űɖɠ ɡɔɟɐɠ űɎůɖɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɖɠ ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ɧˊɞɡ ɖ ŰɟɞűɞŭɞůɑŬ ŬɚɚɎɕŮɘ, ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ moles ŬəɞɚɞɡɗŮɑ Űɖɜ Ⱥɝ. 6.3.     

 Ɉˊɞɚɞɔɘůɛɧɠ  ɞɔəɞɛŮŰɟɘəɞɨ ůɡɜŰŮɚŮůŰɐ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ űɎůɖɠ (Bo) 

  Ƀ ɞɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ űɎůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬŰɎ 

Űɖɜ ɛŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

_ tan

=
RS

oil

oil SC

oil k

V
B

V
 (6.6) 

Ƀɘ ŭɨɞ ɧɔəɞɘ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ŮɝŬɟŰɎŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ űɎůɖɠ 

ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɞ ůŰɎŭɘɞ ˊɑŮůɖɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ɞ əŬɗɏɜŬɠ ŬɚɚɎ əŬɘ ɤɠ ˊɟɞɠ Űɘɠ 

ůɡɜɗɐəŮɠ ůŰɘɠ ɞˊɞɑŮɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ əɎɗŮ ɧɔəɞɠ. ɇo Voil
RS

 ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɧɔəɞ ˊɞɡ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ ˊɑŮůɖɠ ɛŮŰɟɖɛɏɜɞ ůŮ ůɡɜɗɐəŮɠ ŰŬɛɘŮɡŰɐɟŬ. ɇɞ 

Voil_tank
SC

 ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɧɔəɞ Űɞɡ ɡɔɟɞɨ ˊɞɡ ŬˊɞɛɏɜŮɘ ůŰɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ ˊɑŮůɖɠ 

ɛŮŰɟɖɛɏɜɞ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ (Tamb, patm). Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɧɔəɤɜ Űɞɡ ɡɔɟɞɨ 

ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ Ⱥɝ. 6.1. 

Ɉˊɞɚɞɔɘůɛɧɠ ɞɔəɞɛŮŰɟɘəɞɨ ůɡɜŰŮɚŮůŰɐ ůɢɖɛŬŰɘůɛɞɨ ŬɏɟɘŬɠ  űɎůɖɠ (Bg) 

Ƀ ɞɔəɞɛŮŰɟɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ŬɏɟɘŬɠ űɎůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰɖɜ 

ɛŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

RC

g

g SC

g

V
B

V
=  (6.7) 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɧɔəɤɜ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ ɔɑɜŮŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɧˊɤɠ əŬɘ ɔɘŬ 

Űɖɜ ɡɔɟɐ űɎůɖ. ȼ ŭɘŬűɞɟɎ Űɤɜ ŭɨɞ, ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ˊɖɚɑəɞ Űɞɡ Bg ŮɑɜŬɘ 

ŬˊɞŰɏɚŮůɛŬ Űɞɡ ɧɔəɞɡ Űɞɡ ŬŮɟɑɞɡ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊɑŮůɖ ɛŮŰɟɖɛɏɜɞ ůŮ ůɡɜɗɐəŮɠ 
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ŰŬɛɘŮɡŰɐɟŬ, ɤɠ ˊɟɞɠ Űɞɜ ɑŭɘɞ ɧɔəɞ Űɞɡ ŬŮɟɑɞɡ ɛŮŰɟɖɛɏɜɞ ɧɛɤɠ ůŮ əŬɜɞɜɘəɏɠ 

ůɡɜɗɐəŮɠ (Tamb, patm). 

 Ɉˊɞɚɞɔɘůɛɧɠ ɚɧɔɞɡ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ˊŮŰɟɏɚŬɘɞ (Rs) 

Ƀ ɚɧɔɞɠ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ˊŮŰɟɏɚŬɘɞ ŬˊɞŰŮɚŮɑ ŬəɧɛŬ ɛɘŬ ˊŬɟɎɛŮŰɟɞ ˊɞɡ 

ɏɢŮɘ ůɢɏůɖ ɛŮ Űɖɜ Ůɝɧɟɡɝɖ ˊŮŰɟŮɚŬɑɞɡ ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ 

ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

1

_ tan

==
ä

N
SC

gas

i

s SC

oil k

V

R
V

 (6.8) 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɧɔəɤɜ ɔɑɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ⱥɝ. 6.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɠ 

ɞɟɘůɛɏɜŮɠ ŭɘŬűɞɟɏɠ. ȷɟɢɘəɎ ɞ əɎɗŮ ɧɔəɞɠ ɛŮŰɟɘɏŰŬɘ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ (Tamb əŬɘ 

patm). Ⱥˊɑůɖɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɧɔəɤɜ Űɤɜ ŬŮɟɑɤɜ ůŮ əɎɗŮ ůŰɎŭɘɞ ŭŮɜ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ůɜɩ ŰŬ moles ůŮ əɎɗŮ ůŰɎŭɘɞ 

ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ Ⱥɝ.6.3.  

ȿɧɔɤ Űɞɡ ɧŰɘ ɖ Ⱥɝ. 6.8 ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɞ Ŭɏɟɘɞ ˊɞɡ ˊŬɟŬɛɏɜŮɘ ŭɘŬɚɡɛɏɜɞ ůŰɞ 

ɡɔɟɧ, ůɖɛŬɑɜŮɘ ɧŰɘ ůŮ əɎɗŮ ůŰɎŭɘɞ ɢŬɛɖɚɧŰŮɟɖɠ ˊɑŮůɖɠ ɞ ɧɔəɞɠ Űɞɡ ŬŮɟɑɞɡ ˊɞɡ 

ˊŬɟŬɛɏɜŮɘ Ůɜ ŭɘŬɚɨůŮɘ ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɞɡ ŬŮɟɑɞɡ ˊɞɡ ɐŰŬɜ Ůɜ ŭɘŬɚɨůŮɘ ůŰɖɜ Ŭɛɏůɤɠ 

ŬɜɩŰŮɟɖ ˊɑŮůɖ ɛŮɑɞɜ Űɞɜ ɧɔəɞ Űɞɡ ŬŮɟɑɞɡ ˊɞɡ ˊŬɟɐɢɗŮɘ ůŰɖɜ ɜɏŬ ˊɑŮůɖ. ȹɖɚŬŭɐ ŮɎɜ 

ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ Rs ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ŭɨɞ ůŰɎŭɘŬ ŰɧŰŮ ɞ Ŭˊɞɛɏɜɤɜ ɧɔəɞɠ Űɞɡ 

ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ɡɔɟɧ ůŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

_ _ 2 _1 _ 2

SC SC SC

remaining gas gas gasV V V= -  (6.9) 

ȯɟŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜɞɚɘəɞɨ ɧɔəɞɡ Űɞɡ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ɡɔɟɧ, ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŬɗɟɞɘůŰɞɨɜ ɧɚɞɘ ɞɘ ɧɔəɞɘ Űɤɜ ŬŮɟɑɤɜ Ůɜ ŭɘŬɚɨůŮɘ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ. ɇɞ 

Voil_tank
SC

 ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɧɔəɞ Űɞɡ ɡɔɟɞɨ ˊɞɡ ŬˊɞɛɏɜŮɘ ůŰɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ ˊɑŮůɖɠ 

ɛŮŰɟɖɛɏɜɞ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ (Tamb, patm). 

Ƀ ŬɜŬɚɡŰɘəɧɠ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɧɔəɤɜ Űɖɠ ɡɔɟɐɠ (Voil) əŬɘ ŬɏɟɘŬɠ (Vgas) űɎůɖɠ, 

Űɖɠ ˊɡəɜɧŰɖŰŬ ɡɔɟɐɠ űɎůɖɠ (doil), Űɞɡ ɞɔəɞɛŮŰɟɘəɞɨ ůɡɜŰŮɚŮůŰɐ ůɢɖɛŬŰɘůɛɞɨ ɡɔɟɐɠ 

űɎůɖɠ (Bo), Űɞɡ ɞɔəɞɛŮŰɟɘəɞɨ ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ ŬɏɟɘŬɠ  űɎůɖɠ (Bg) əŬɘ Űɞɡ 

ɚɧɔɞɡ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ˊŮŰɟɏɚŬɘɞ (Rs) ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɘɠ ˊŬɟŬɔɟɎűɞɡɠ 6.5 əŬɘ 

6.6. 

6.4 ȷɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ, ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ əŬɘ Ŭɚɔɧɟɘɗɛɞɠ 

Ůˊɑɚɡůɖɠ  ́ ɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ 

Ƀ əɩŭɘəŬɠ ˊɞɡ ɡɚɞˊɞɘɐɗɖəŮ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ  ůɖɛŬɜŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ 

ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ŬɜŬɔəŬɑɞɘ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ əŬɘ 

ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ. Ƀɘ ŰɟŮɘɠ  ŬɡŰɞɑ Ŭɚɔɧɟɘɗɛɞɘ ŮɑɜŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ  

ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ (ȾŮű. 4), Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ 

(ȾŮű. 5) əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ. ɄŬɟŬəɎŰɤ ŭɑɜŮŰŬɘ 

ɛɘŬ ˊŮɟɘɔɟŬűɐ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ Ůˊɑɚɡůɖɠ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ, 

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ əŬɘ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ.  
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6.4.1 ȷɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ ɚŮɘŰɞɡɟɔɑŬɠ Ŭɚɔɞɟɑɗɛɞɡ Ůˊɑɚɡůɖɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ   

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ˊŮɟɘɔɟɎűŮŰŬɘ 

ůɡɜɞˊŰɘəɎ ůŰɞ ȾŮű. 4 ɔɘŬ ɡɔɟɐ əŬɘ ŬɏɟɘŬ ŰɟɞűɞŭɞůɑŬ. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ 

əŬŰɎ Michelsen əŬɗɩɠ ŮɑɜŬɘ ŮɡəɞɚɧŰŮɟɖ ɖ ŮɨɟŮůɖ Űɤɜ ůɡůŰɎůŮɤɜ ŮəŮɑɜɤɜ ɞɘ ɞˊɞɑŮɠ 

Ůˊɘűɏɟɞɡɜ Űɖɜ ŬůŰɎɗŮɘŬ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ůɡɜɐɗɤɠ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ 

ɡɔɟɧ ˊŮŰɟɏɚŬɘɞ əŬɗɩɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ ŭŮɘɔɛɎŰɤɜ Ůɜɧɠ ˊŮŰɟŮɚŬɑɞɡ ŮɑɜŬɘ 

ɡɔɟɐɠ űɎůɖɠ.  

ȿɧɔɤ Űɞɡ ɧŰɘ ɖ ˊɑŮůɖ ůŮ ɏɜŬ ŰŬɛɘŮɡŰɐɟŬ ˊŬɟɞɡůɘɎɕŮɘ ůɡɜŮɢɐ ˊŰɩůɖ, ɞ 

Ŭɚɔɧɟɘɗɛɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ůŮ əɎɗŮ ůŰɎŭɘɞ 

ˊɑŮůɖɠ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɎɜ ɖ ŰɟɞűɞŭɞůɑŬ (ɡɔɟɧ ŭŮɑɔɛŬ Ŭˊɧ Űɞɜ ɑŭɘɞ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ) 

ŮɑɜŬɘ ɛɞɜɞűŬůɘəɐ ɐ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ űɎůŮɘɠ. ȳůɞ ɖ ˊɑŮůɖ ɓɟɑůəŮŰŬɘ ɎɜɤɗŮɜ Űɞɡ 

ůɖɛŮɑɞɡ ɓɟŬůɛɞɨ Űɞ ŭŮɑɔɛŬ ˊŬɟŬɛɏɜŮɘ ɛɞɜɞűŬůɘəɧ Ůɜɩ ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ Űɞ 

ŭŮɑɔɛŬ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ űɎůŮɘɠ, ɡɔɟɐ əŬɘ ŬɏɟɘŬ. 

ũɘŬ Űɖɜ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Ŭɚɔɧɟɘɗɛɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɟɢɘəɎ 

ɜŬ ŭɞɗɞɨɜ əŬɘ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ əɎˊɞɘŮɠ ˊŬɟɎɛŮŰɟɞɘ. Ƀ ɢɟɐůŰɖɠ ɞ ɞˊɞɑɞɠ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɔɟŬɛɛŬ ɗŬ ˊɟɏˊŮɘ ŬɟɢɘəɎ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ ŰŬ 

ˊŬɟŬəɎŰɤ ŭŮŭɞɛɏɜŬ : 

¶ ȾɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɡůŰŬŰɘəɩɜ (Tc əŬɘ pc)  

¶ ȷəŮɜŰɟɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɤ ůɡůŰŬŰɘəɩɜ 

¶ ɀɞɟɘŬəɧ ɓɎɟɞɠ əɎɗŮ ůɡůŰŬŰɘəɞɨ 

¶ ɆɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij 

¶ ɄɞůɞůŰɧ Űɤɜ moles % Űɤɜ ůɡůŰŬŰɘəɩɜ ůŰɞ ŭŮɑɔɛŬ 

¶ ŪŮɟɛɞəɟŬůɑŬ ŰŬɛɘŮɡŰɐɟŬ Tres 

¶ ȷɟɢɘəɐ  ŮˊɘəɟŬŰɞɨůŬ ˊɑŮůɖ 

ɆŰɞɜ əɩŭɘəŬ ɡˊɎɟɢɞɡɜ Ůɑŭɖ ŮɜůɤɛŬŰɤɛɏɜŮɠ ůŰŬɗŮɟɏɠ əŬɘ ˊŬɟɎɛŮŰɟɞɘ ɧˊɤɠ : 

¶ ȼ ˊŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ Űɤɜ ŬŮɟɑɤɜ R 

¶ ȼ ŬˊŬɘŰɞɨɛŮɜɖ ŬəɟɑɓŮɘŬ Ů ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɏɚŮɔɢɞɡ ůɨɔəɚɘůɖɠ 

Űɖɠ ɛŮɗɧŭɞɡ Successive Substitution (Űɖɠ ŰɎɝŮɤɠ Űɤɜ 10
-5

) 

¶ ȼ ŮɚɎɢɘůŰɖ Űɘɛɐ ŭ ɖ ɞˊɞɑŬ ŮˊɘűɏɟŮɘ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ 

Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ (Űɖɠ ŰɎɝŮɤɠ Űɤɜ 10
-2

).  

Ⱥűô ɧůɞɜ ˊɟɞůŭɘɞɟɘůɗɞɨɜ ŰŬ ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑŬ, ɔɘŬ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ 

ɝŮəɘɜɩɜŰŬɠ ˊɎɜŰŬ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ŮəŰŮɚŮɑŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɔɘŬ 

ɜŬ ˊɟɞůŭɘɞɟɘůɗŮɑ ŮɎɜ ɖ ŰɟɞűɞŭɞůɑŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ɐ ɧɢɘ. 

ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ A i, Bi əŬɘ A ij ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɡɠ əŬɜɧɜŮɠ 

ŬɜɎɛŮɘɝɖɠ Űɤɜ Redlich ï Kwong (ȾŮű. 2, ˊŬɟɎɔɟŬűɞɠ 2.6). Ⱥűô ɧůɞɜ ɡˊɞɚɞɔɘůŰɞɨɜ 

ŰŬ A i, Bi əŬɘ A ij ŬəɞɚɞɡɗŮɑ ɖ Ůˊɑɚɡůɖ Űɞɡ əɡɓɘəɞɨ ˊɞɚɡɤɜɨɛɞɡ əŬŰɎ Peng ï 

Robinsons (ȾŮű. 2, ˊŬɟɎɔɟŬűɞɠ 2.9) ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ȷ əŬɘ ȸ əŬɘ əŬŰɎ 

ůɡɜɏˊŮɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ȼ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ. 

ȷəɞɚɞɨɗɤɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŰɎůɖɠ ŭɘŬűɡɔɐɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ əŬŰɎ 

Peng ï Robinsons (ȾŮű. 2, ˊŬɟɎɔɟŬűɞɠ 2.8, Ⱥɝ. 2.36) əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɛɘŬ Ŭɟɢɘəɐ 
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ŮəŰɑɛɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ki Ŭˊɧ Űɖɜ ůɢɏůɖ Űɞɡ Wilson (ȾŮű. 4, 

ˊŬɟɎɔɟŬűɞɠ 4.4, Ⱥɝ. 4.18). ȼ ŭɘŬŭɘəŬůɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 6.1. 
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ɆɨůŰŬůɖ zi

ȾɟɑůɘɛŮɠ ȽŭɘɧŰɖŰŮɠ 

(pc, Tc)

əŬɘ ɤ

Ⱥ́ ɑɚɡůɖ Ⱦɡɓɘəɞɨ 

Ʉɞɚɡɤɜɨɛɞɡ Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ

Ɉ́ ɞɚɞɔɘůɛɧɠ ŰɎůɖɠ 

ŭɘŬűɡɔɐɠ ŰɟɞűɞŭɞůɑŬɠ fi
z

ȷɟɢɘəɐ ŮəŰɑɛɖůɖ Ki Ŭ́ ɧ 

Wilson 

ȷɟɢɘəɐ ŮəŰɑɛɖůɖ ɡɔɟɐɠ 

űɎůɖɠ Xi
L

Ɉ́ ɞɚɞɔɘůɛɧɠ 

ŬɗɟɞɑůɛŬŰɞɠ ɡɔɟɐɠ 

űɎůɖɠ SL

Ʉɟɞůŭɘɞɟɘůɛɧɠ ɡɔɟɐɠ 

ůɨůŰŬůɖɠ xi
L

Ɉ́ ɞɚɞɔɘůɛɧɠ ŰɎůɖɠ 

ŭɘŬűɡɔɐɠ ɡɔɟɐɠ űɎůɖɠ fi
L

Ɉ́ ɞɚɞɔɘůɛɧɠ ɚɧɔɞɡ 

ŭɘɧɟɗɤůɖɠ ɡɔɟɐɠ űɎůɖɠ 

Ri
L

ɆɡɔəɚɑɜŮɘ?ɁȷȽ ɃɉȽ Ɉ́ ɞɚɞɔɘůɛɧɠ ɜɏɤɜ Ki
ɇŮŰɟɘɛɛɏɜɖ 

ɚɨůɖ?

ɇŮɟɛŬŰɘůɛɧɠ 

ɁȷȽ

ɃɉȽ

 

ȹɘɎɔɟŬɛɛŬ 6.1 : ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Ŭɚɔɞɟɑɗɛɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ 

əŬŰɎ Michelsen ɔɘŬ ŰɟɞűɞŭɞůɑŬ ˊŮŰɟŮɚŬɑɞɡ   
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ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 6.1, ɖ ɟɞɐ ŮɑɜŬɘ ɔɘŬ ŭŮɑɔɛŬ ˊŮŰɟŮɚŬɑɞɡ 

ɡˊɞɚɞɔɑɕɞɜŰŬɠ əɎɗŮ űɞɟɎ ŰŬ X i
L
, SL, xi

L
, f i

L
 əŬɘ Ri

L
. ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɏɚŮɔɢɞɠ ůɨɔəɚɘůɖɠ ɧˊɞɡ ɡˊɎɟɢɞɡɜ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ : 

¶ ȺɎɜ ɞ ɚɧɔɞɠ ŭɘɧɟɗɤůɖɠ RL ůɡɔəɚɑɜŮɘ ůŰɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŬəɟɑɓŮɘŬ əŬɘ ŭŮɜ 

ɚŬɛɓɎɜŮɘ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ Ů, ŰɧŰŮ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɚŮɔɢɞɠ 

ůɨɔəɚɘůɖɠ ůŮ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ. Ⱥűô ɧůɞɜ ˊŬɟɞɡůɘŬůŰŮɑ əŬɘ ŮəŮɑ 

ůɨɔəɚɘůɖ ŰɧŰŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŰŮɟɛŬŰɑɕŮɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əŬɘ ɛŮ ɓɎůɖ 

Űɞɜ ɄɑɜŬəŬ 4.1 (ȾŮű. 4, ˊŬɟɎɔɟŬűɞɠ 4.4) ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭɜ ɖ ŰɟɞűɞŭɞůɑŬ 

ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ɐ ɧɢɘ ŭɑɜɞɜŰŬɠ ɤɠ Űɘɛɐ ɔɘŬ ůŰŬɗŮɟɧ ůɨůŰɖɛŬ Űɞ 1 əŬɘ 

ɔɘŬ ŬůŰŬɗɏɠ ůɨůŰɖɛŬ Űɞ 0.  

¶ ȺɎɜ  ɞ ɚɧɔɞɠ ŭɘɧɟɗɤůɖɠ RL ŭŮɜ ůɡɔəɚɑɜŮɘ ůŰɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŬəɟɑɓŮɘŬ 

ŰɧŰŮ ŬˊŬɘŰŮɑŰŬɘ ɖ Ůɜɖɛɏɟɤůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ki (ŭɖɚŬŭɐ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ ɜɏɤɜ ki) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ɛɏɗɞŭɞ 

Successive Substitution (ȾŮű. 3, ˊŬɟɎɔɟŬűɞɠ 3.2.2) əŬɘ ɏŰůɘ ɖ 

ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɞɨŰɤɠ ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɖ 

ŬˊŬɘŰɞɨɛŮɜɖ ŬəɟɑɓŮɘŬ ůɨɔəɚɘůɖɠ əŬɘ ɞ ɏɚŮɔɢɞɠ ůɨɔəɚɘůɖɠ ůŮ ŰŮŰɟɘɛɛɏɜɖ 

ɚɨůɖ. 

ȼ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ 

Michelsen ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ ɏɤɠ ɧŰɞɡ ˊŬɟɞɡůɘŬůŰŮɑ 

ŭɘŬɢɤɟɘůɛɧɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ, ŭɖɚŬŭɐ ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ. ȼ ŭɘŬŭɘəŬůɑŬ 

ůɡɜŮɢɑɕŮŰŬɘ əŬɘ ŮəŬŰɏɟɤɗŮɜ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ ŭɑɜɞɜŰŬɠ ɔɘŬ əɎɗŮ ŮˊɧɛŮɜɞ 

ůŰɎŭɘɞ ɛɘŬ əŬɚɐ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ki ɔɘŬ Űɖɜ ɡɔɟɐ əŬɘ 

ŬɏɟɘŬ űɎůɖ ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ŬɜŬɔəŬɑɞɘ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ əŬɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ɔɘŬ ŭɘűŬůɘəɧ 

ůɨůŰɖɛŬ. 

6.4.2 ȷɚɔɧɟɘɗɛɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ 

ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɧ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɗɩɠ ɛŮ ɓɎůɖ ŬɡŰɧ 

ŮˊɘɚɏɔɞɜŰŬɘ əŬɘ ŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ ˊɑŮůɖɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ ɛŮɚɏŰɖɠ. ȳˊɤɠ 

ŬɜŬűɏɟɗɖəŮ ůŰɞ ȾŮű.1, ɖ ɛŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ 

ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ əŬɘ əɎŰɤ, ɎɟŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮɨɟŮůɖ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ. 

  Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ ɡɚɞˊɞɘɐɗɖəŮ ɛŮ Űɖɜ 

ɢɟɖůɘɛɞˊɞɑɖůɖ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ŭɘɢɞŰɧɛɖůɖɠ (ȾŮű. 3, ˊŬɟɎɔɟŬűɞɠ 3.2.3). ɃɟɑɕɞɜŰŬɠ 

ŭɨɞ Ŭɟɢɘəɏɠ ˊɘɏůŮɘɠ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ  

ŮűŬɟɛɧɕŮɘ Űɖɜ ɛɏɗɞŭɞ ŭɘɢɞŰɧɛɖůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ Ŭɟɢɘəɩɜ ˊɘɏůŮɤɜ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ Ůɜɧɠ ɟŮɡůŰɞɨ. ɇŬ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ ɢɟŮɘɎɕŮŰŬɘ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ɔɘŬ Űɖɜ ŮɝŮɨɟŮůɖ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ : 

¶ ȾɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɡůŰŬŰɘəɩɜ (pc,Tc) 

¶ ȷəŮɜŰɟɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɤ ůɡůŰŬŰɘəɩɜ 

¶ ɆɨůŰŬůɖ ŰɟɞűɞŭɞůɑŬɠ z 

¶ ŪŮɟɛɞəɟŬůɑŬ ŰŬɛɘŮɡŰɐɟŬ Tres 

¶ ȷɟɘɗɛɧɠ ůɡůŰŬŰɘəɩɜ 
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¶ ɆɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij  

¶ ȹɨɞ Ŭɟɢɘəɏɠ ˊɘɏůŮɘɠ 

¶ ȷəɟɑɓŮɘŬ Ŭˊɧəɚɘůɖɠ ɡˊɞɚɞɔɘůɛɞɨ 

ɆŰɞɜ Ŭɚɔɧɟɘɗɛɞ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ ɏɢɞɡɜ ɞɟɘůɗŮɑ ŭɨɞ Ŭɟɢɘəɏɠ 

ˊɘɏůŮɘɠ (psi)  : 

p1 = 14.5 əŬɘ p2 = 20000 

Ƀɘ ŭɨɞ ŬɡŰɏɠ ˊɘɏůŮɘɠ ŬˊɞŰŮɚɞɨɜ Űɘɠ ŬəɟŬɑŮɠ Űɘɛɏɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ˊɑŮůɖɠ 

ɔɜɤɟɑɕɞɜŰŬɠ ɧŰɘ ůŮ ŬɡŰɏɠ Űɘɠ ˊɘɏůŮɘɠ ŭŮɜ ɡˊɎɟɢŮɘ ˊŮŰɟɏɚŬɘɞ ɛɞɜɞűŬůɘəɧ ɐ ŭɘűŬůɘəɧ 

ůŰɘɠ ˊɘɏůŮɘɠ ŬɡŰɏɠ ŬɜŰɑůŰɞɘɢŬ. ȰŰůɘ ŭɘŬůűŬɚɑɕŮŰŬɘ ɧŰɘ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ˊɑŮůɖ űɡůŬɚɑŭŬɠ 

ɓɟɑůəŮŰŬɘ ŬɜɎɛŮůŬ ůŰɞ ŭɘɎůŰɖɛŬ [p1, p2]. Ⱥˊɑůɖɠ  ɞɟɑɕŮŰŬɘ ɖ ŬɜŮəŰɐ Ŭˊɧəɚɘůɖ Űɞɡ 

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ůɨɔəɚɘůɖɠ ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖɜ Ŭɜɑůɤůɖ : 

1

2

log 0.01
å õ

¢æ ö
ç ÷

p
abs

p
 (6.10) 

ȳůɞ ɞ ɚɧɔɞɠ Űɤɜ p1 əŬɘ p2 ŬˊɞəɚɑɜŮɘ Ŭˊɧ Űɞ 0.01, ŰɧŰŮ ɗŮɤɟŮɑŰŬɘ ˊɤɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŭŮɜ ɏɢŮɘ ůɡɔəɚɑɜŮɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ Űɘɛɐ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ.  

ȷɟɢɘəɎ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ŭɨɞ Ŭɟɢɘəɏɠ ˊɘɏůŮɘɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŬˊɧɚɡŰɖ Űɘɛɐ 

Űɖɠ Ŭɜɑůɤůɖɠ 6.10. Ⱥűô ɧůɞɜ ɖ Ŭɜɑůɤůɖ ŭŮɜ ŭɑɜŮɘ Űɖɜ Ŭˊɧəɚɘůɖ ɖ ɞˊɞɑŬ ɢɟŮɘɎɕŮŰŬɘ 

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ ŰɧŰŮ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɛɏůɖ Űɘɛɐ (pm) Űɤɜ 

ŭɨɞ Ŭɟɢɘəɩɜ ˊɘɏůŮɤɜ ɏŰůɘ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ ɜɏŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ˊɑŮůɖɠ.  

ɀŮ ɓɎůɖ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊɑŮůɖɠ  ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ A i, Bi əŬɘ A ij 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɡɠ əŬɜɧɜŮɠ ŬɜɎɛŮɘɝɖɠ. ȷəɞɚɞɨɗɤɠ ŮəŰŮɚŮɑŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ Michelsen ɞ ɞˊɞɑɞɠ ɚŬɛɓɎɜŮɘ ɤɠ 

Ŭɟɢɘəɐ ˊɑŮůɖ Űɖɜ ɛɏůɖ Űɘɛɐ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɘɠ ŭɨɞ Ŭɟɢɘəɏɠ ˊɘɏůŮɘɠ. Ƀ 

Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ əŬŰɎ Michelsen 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ ɏɤɠ ɧŰɞɡ ˊŬɟɞɡůɘŬůŰŮɑ ŭɘŬɢɤɟɘůɛɧɠ Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ, ŭɖɚŬŭɐ ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ. 

 ɀŮŰɎ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ, 

ˊɟɞəɨˊŰɞɡɜ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŬˊɞŭɑŭŮɘ Űɘɛɐ 1 

(ůŰŬɗŮɟɧ ůɨůŰɖɛŬ) əŬɘ ůŰɖ ŭŮɨŰŮɟɖ Űɘɛɐ 0 (ŬůŰŬɗɏɠ ůɨůŰɖɛŬ). ȷɡŰɧ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɜŬ ɘůɢɨɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ :  

¶ ȺɎɜ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ ŭɩůŮɘ Űɖɜ 
Űɘɛɐ 1, ŰɧŰŮ ɖ p2  ɚŬɛɓɎɜŮɘ ɜɏŬ Űɘɛɐ ɧˊɞɡ p2 = pm. Ʉɚɏɞɜ ŬɚɚɎɕɞɡɜ ŰŬ ɧɟɘŬ 

Űɤɜ ˊɘɏůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ ɗŬ ŮűŬɟɛɞůŰŮɑ ɖ ɛɏɗɞŭɞɠ Űɖɠ ŭɘɢɞŰɧɛɖůɖɠ 

ɏɢɞɜŰŬɠ ɤɠ ɜɏŮɠ ˊɘɏůŮɘɠ Űɘɠ p1 əŬɘ pm. Ƀɘ ɜɏŮɠ ŬɡŰɏɠ ˊɘɏůŮɘɠ ŬɜŰɘəŬɗɘůŰɩɜŰŬɘ 

ůŰɖɜ ȷɜɑůɤůɖ 6.10 əŬɘ Ůűô ɧůɞɜ ɘəŬɜɞˊɞɘɞɨɜ Űɖɜ ŬɜŮəŰɐ Ŭˊɧəɚɘůɖ, ŰɧŰŮ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŭɨɞ ˊɘɏůŮɤɜ ɞ ɞˊɞɑɞɠ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ůɖɛŮɑɞ 

űɡůŬɚɑŭŬɠ Pb əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŰŮɟɛŬŰɑɕŮŰŬɘ. ȺɎɜ ŭŮɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ 

Ŭɜɑůɤůɖ, ŰɧŰŮ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŭɨɞ ˊɘɏůŮɤɜ əŬɘ ɖ ɜɏŬ ˊɑŮůɖ 

ˊɞɡ ˊɟɞəɨˊŰŮɘ ŬɜŰɘəŬɗɑůŰŬŰŬɘ ɝŬɜɎ ůŰɞ ˊɟɧɓɚɖɛŬ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ. 

¶ ȺɎɜ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ ŭɩůŮɘ Űɖɜ 
Űɘɛɐ 0, ŰɧŰŮ ɖ p1 ɚŬɛɓɎɜŮɘ ɜɏŬ Űɘɛɐ ɧˊɞɡ p1 = pm. Ʉɚɏɞɜ ŬɚɚɎɕɞɡɜ ŰŬ ɧɟɘŬ Űɤɜ 

ˊɘɏůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ ɗŬ ŮűŬɟɛɞůŰŮɑ ɖ ɛɏɗɞŭɞɠ Űɖɠ ŭɘɢɞŰɧɛɖůɖɠ 
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ɏɢɞɜŰŬɠ ɤɠ ɜɏŮɠ ˊɘɏůŮɘɠ Űɘɠ p2 əŬɘ pm. Ƀɘ ɜɏŮɠ ŬɡŰɏɠ ˊɘɏůŮɘɠ ŬɜŰɘəŬɗɘůŰɩɜŰŬɘ 

ůŰɖɜ Ŭɜɑůɤůɖ 6.10 əŬɘ Ůűô ɧůɞɜ ɘəŬɜɞˊɞɘɞɨɜ Űɖɜ ŬɜŮəŰɐ Ŭˊɧəɚɘůɖ, ŰɧŰŮ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŭɨɞ ˊɘɏůŮɤɜ ɞ ɞˊɞɑɞɠ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ůɖɛŮɑɞ 

űɡůŬɚɑŭŬɠ Pb əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŰŮɟɛŬŰɑɕŮŰŬɘ. ȺɎɜ ŭŮɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ 

Ŭɜɑůɤůɖ, ŰɧŰŮ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŭɨɞ ˊɘɏůŮɤɜ əŬɘ ɖ ɜɏŬ ˊɑŮůɖ 

ˊɞɡ ˊɟɞəɨˊŰŮɘ ŬɜŰɘəŬɗɑůŰŬŰŬɘ ɝŬɜɎ ůŰɞ ˊɟɧɓɚɖɛŬ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ 

űɡůŬɚɑŭŬɠ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ :  
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ȾɟɑůɘɛŮɠ 

ɘŭɘɧŰɖŰŮɠ, ɤ

Pm = (p1+p2)/2

ɇres, Kij, əŬɘ 

Ŭɟɘɗɛɧɠ 

ůɡůŰŬŰɘəɩɜ 

ɇɟɞűɞŭɞůɑŬ z

ȷəɟɑɓŮɘŬ(e), 

ȳɟɘŬ ́ɑŮůɖɠ 

p1 əŬɘ p2

p1 = Pm p2 = Pm  

ɄɟɧɓɚɖɛŬ 

ɗŮɟɛɞəɟŬůɘŬəɐɠ 

ŮɡůŰɎɗŮɘŬɠ, S
If S = 1 If S = 0

(p1 + p2)/2 > e (p1 + p2)/2 > e 

If 

(p1 + p2)/2 = e 

If 

Pb = (p1 + p2)/2 Pb = (p1 + p2)/2

(p1 + p2)/2 = e 

If If 

ɇŮɟɛŬŰɘůɛɧɠ ɇŮɟɛŬŰɘůɛɧɠ 

 

ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ 6.2 : ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ Pb   
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6.4.3 ȷɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ ɟŮɡůŰɞɨ ŭɘűŬůɘəɞɨ 

ŭŮɑɔɛŬŰɞɠ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɞ ȾŮű. 5, ɛŮ Űɞ ˊɟɧɓɚɖɛŬ ŮəŰɧɜɤůɖɠ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɖ 

ůɨůŰŬůɖ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ əŬɗɩɠ əŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ůŮ əɎɗŮ ůŰɎŭɘɞ 

ˊɑŮůɖɠ. ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɔɘŬ ɜŬ ŮəəɘɜɐůŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ˊɟɞůŭɘɞɟɘůɗɞɨɜ ŰŬ əɎŰɤɗɘ : 

¶ ȼ Űɘɛɐ Űɤɜ Bi əŬɘ A ij 

¶ ȼ ůɨůŰŬůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ (z) 

¶ ȼ ˊɑŮůɖ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ 

¶ ɀɘŬ ŮəŰɑɛɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ ki 

¶ ȼ ŬˊŬɘŰɞɨɛŮɜɖ ŬəɟɑɓŮɘŬ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ 

Ƀɘ Űɘɛɏɠ Űɤɜ Bi əŬɘ A ij ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ ˊɞɡ ɏɢŮɘ ŮəŰŮɚŮůŰŮɑ ˊɟɞɖɔɞɡɛɏɜɤɠ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɘɞ ˊɟɘɜ, ɞ 

Ŭɚɔɧɟɘɗɛɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ ŭɑɜŮɘ ɛɘŬ əŬɚɐ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ.  

Ⱥűô ɧůɞɜ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɛŮŰɟɞɘ, ŬɟɢɘəɎ ɔɑɜŮŰŬɘ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɜɏŬɠ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ 

ůɡɜɎɟŰɖůɖɠ Űɖɠ Rachford ï Rice (ȾŮű. 5, ˊŬɟɎɔɟŬűɞɠ 5.3.2), ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Ŭˊɧ 

ɛɧɜɖ Űɖɠ ɏɜŬɜ Ŭɚɔɧɟɘɗɛɞ ŮɜůɤɛŬŰɤɛɏɜɞ ůŰɞɜ əɡɟɑɤɠ Ŭɚɔɧɟɘɗɛɞ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ŮəŰɧɜɤůɖɠ. ɇɞ ȹɘɎɔɟŬɛɛŬ 6.3 ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ɛɞɟűɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɡˊɞɚɞɔɘůɛɞɨ 

Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ. 

ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɚŬɛɓɎɜŮŰŬɘ ɡˊô ɧɣɘɜ ɏɜŬ əɟɘŰɐɟɘɞ ůɨɔəɚɘůɖɠ Űɞ 

ɞˊɞɑɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

1_

1

log
new

r

x
abs

x

å õå õ
= æ öæ öæ ö

ç ÷ç ÷
c  (6.11) 

ɧˊɞɡ : 

cr Ò 2 x 10
-1
 

ȷɟɢɘəɎ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɖ ɛɏɔɘůŰɖ əŬɘ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɖɠ ůɨůŰŬůɖɠ Űɖɠ ɡɔɟɐɠ 

űɎůɖɠ ɛŮ ɓɎůɖ Űɖɜ Ɇɢɏůɖ 5.19 (ȾŮű. 5, ˊŬɟɎɔɟŬűɞɠ 5.3.2) əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ ŭɨɞ, ŭɑɜɞɜŰŬɠ ɏŰůɘ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ x1 Űɖɠ 

ůɨůŰŬůɖɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ. ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɖɜ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ x1 ůŰɖɜ Ⱥɝ. 5.18 

(ȾŮű. 5, ˊŬɟɎɔɟŬűɞɠ 5.3.2) ɚŬɛɓɎɜŮŰŬɘ ɖ ɜɏŬ Űɘɛɐ Űɖɠ ůɨůŰŬůɖɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ 

x1_new. ȷəɞɚɞɨɗɤɠ ŬɜŰɘəŬɗɘůŰɩɜŰŬɘ  əŬɘ ɞɘ ŭɨɞ Űɘɛɏɠ ůŰɖɜ Ⱥɝ. 6.11. ȺɎɜ Űɞ əɟɘŰɐɟɘɞ cr 

ŭŮɜ ůɡɔəɚɑɜŮɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ Űɘɛɐ, ŰɧŰŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ɛɏɗɞŭɞ 

Newton ï Raphson əŬɘ Űɖɜ x1_new , ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

ɜɏŬ ůɨůŰŬůɖɠ ɡɔɟɐɠ űɎůɖɠ, ŭɘŬűɞɟŮŰɘəɎ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ Ŭˊɧ Űɖɜ 

Ⱥɝ. 5.19 (ȾŮű. 5, ˊŬɟɎɔɟŬűɞɠ 5.3.2) əŬɘ ŰŮɟɛŬŰɑɕŮŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ.     
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ȷɟɢɘəɐ ŮəŰɑɛɖůɖ ůɨůŰŬůɖɠ 

ɡɔɟɐɠ űɎůɖɠ x1

Ʉɟɞůŭɘɞɟɘůɛɧɠ 

ůɨůŰŬůɖɠ ɡɔɟɐɠ 

űɎůɖɠ x1  min

Ʉɟɞůŭɘɞɟɘůɛɧɠ 

ůɨůŰŬůɖɠ ɡɔɟɐɠ 

űɎůɖɠ x1 max

Ɉ́ ɞɚɞɔɘůɛɧɠ ɜɏŬɠ ůɨůŰŬůɖɠ 

ɡɔɟɐɠ űɎůɖɠ x1_new 

ɆɡɔəɚɑɜŮɘ ?

Ɉ́ ɞɚɞɔɘůɛɧɠ ɛɞɟɘŬəɞɨ 

əɚɎůɛŬŰɞɠ ng

ɇŮɟɛŬŰɘůɛɧɠ 

Ⱥ́ ŬɜɎɚɖɣɖ ŭɘŬŭɘəŬůɑŬɠ 

ɛŮ Newton ï Raphson  

ɢɟɖůɘɛɞ́ɞɘɩɜŰŬɠ Űɖɜ 

ɜɏŬ ůɨůŰŬůɖ x1

ɆɨůŰŬůɖ ŰɟɞűɞŭɞůɑŬɠ 

zi əŬɘ ůɡɜŰŮɚŮůŰɏɠ ki 

ɃɉȽ

ɁȷȽ

ȾɟɘŰɐɟɘɞ = abs(log(x1_new / x1)

 

ȹɘɎɔɟŬɛɛŬ 6.3 : ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ɡˊɞɚɞɔɘůɛɞɨ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ ɛŮ ɢɟɐůɖ Űɖɠ ɜɏŬɠ 

Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ Űɖɠ Rachford ï Rice  
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Ⱥűô ɧůɞɜ ɞɚɞəɚɖɟɤɗŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɛɞɟɘŬəɞɨ əɚɎůɛŬŰɞɠ, 

ŬəɞɚɞɡɗŮɑ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ ůɨůŰŬůɖɠ  ɛŮ ɓɎůɖ Űɖɜ Ⱥɝ. 5.11 (ȾŮű. 

5, ɄŬɟɎɔɟŬűɞɠ 5.2) əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ AL, AV, BL 

əŬɘ BV ɛŮ ɓɎůɖ Űɘɠ Ⱥɝ. 5.27 əŬɘ 5.27 (ȾŮű. 5, ɄŬɟɎɔɟŬűɞɠ 5.4). ȷəɞɚɞɨɗɤɠ, 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ZV əŬɘ ZL ŮˊɘɚɨɞɜŰŬɠ Űɞ əɡɓɘəɧ 

ˊɞɚɡɩɜɡɛɞ əŬŰɎ Peng ï Robinson (ȾŮű. 2, ˊŬɟɎɔɟŬűɞɠ 2.9) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŰɎůŮɘɠ ŭɘŬűɡɔɐɠ əɎɗŮ ůɡůŰŬŰɘəɞɨ ůŰɖɜ ɡɔɟɐ (f iL) əŬɘ ŬɏɟɘŬ (f i_V) 

űɎůɖ ɛŮ ɓɎůɖ Űɖɜ Ⱥɝ. 5.30 (ȾŮű. 5, ɄŬɟɎɔɟŬűɞɠ 5.4). 

ɀŮ Űɞ ˊɏɟŬɠ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ŰɎůŮɤɜ ŭɘŬűɡɔɐɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ Űɘɛɐ Űɞɡ 

əɟɘŰɖɟɑɞɡ ůɨɔəɚɘůɖɠ : 

 
_

_

log
i V

i L

f
e

f

å õ
= æ öæ ö

ç ÷

 (6.12) 

ȺɎɜ ɖ Űɘɛɐ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɖɠ ŬˊɧɚɡŰɖɠ Űɘɛɐɠ Űɤɜ e ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɖɜ Űɘɛɐ 

Űɞɡ əɟɘŰɖɟɑɞɡ ůɨɔəɚɘůɖɠ c  : 

 ()( )sum abs e c<  (6.13) 

ŰɧŰŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ ŰŮɟɛŬŰɑɕŮŰŬɘ ŭɑɜɞɜŰŬɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ZV əŬɘ ZL, Űɖɜ ůɨůŰŬůɖ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ 

əŬɗɩɠ əŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ. ȺɎɜ ɖ Űɘɛɐ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɖɠ ŬˊɧɚɡŰɖɠ Űɘɛɐɠ Űɤɜ e 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Űɖɠ Űɘɛɐɠ Űɞɡ əɟɘŰɖɟɑɞɡ ůɨɔəɚɘůɖɠ, ŰɧŰŮ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ȽŬəɤɓɘŬɜɧ 

ɛɖŰɟɩɞ əŬŰɎ Peng ï Robinson ɏŰůɘ ɩůŰŮ ɜŬ ɔɑɜŮɘ Ůɜɖɛɏɟɤůɖ Űɤɜ ɜɏɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɞɟɟɞˊɑŬɠ ki ɛŮ ɓɎůɖ Űɖɜ Ⱥɝ. 5.26 (ȾŮű. 5, ˊŬɟɎɔɟŬűɞɠ 5.3.4.1). ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ɚŬɛɓɎɜŮŰŬɘ əɟɘŰɐɟɘɞ ůɨɔəɚɘůɖɠ ůŮ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ Űɞ ɞˊɞɑɞ ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖɜ ůɢɏůɖ : 

( )( )( )exp ln 1sum abs k
Ts

N

-
<  (6.14) 

ɧˊɞɡ Ts ɖ ŰŮŰɟɘɛɛɏɜɖ ɚɨůɖ (Trivial solution). ȷɜ ɖ Ɇɢɏůɖ 6.14 ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Űɞɡ 

Ts, ŰɧŰŮ ɞɘ ɜɏɞɘ ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŬɠ ki ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ɛŮɗɧŭɞɡ 

Newton ï Raphson ŬɜŰɘəŬɗɘůŰɞɨɜ Űɞɡɠ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɘůɞɟɟɞˊɑŬɠ ɞɘ 

ɞˊɞɑɞɘ ˊɎɟɗɖəŬɜ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛŮ Űɘɠ ɜɏŮɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɞɟɟɞˊɑŬɠ, ɡˊɞɚɞɔɑɕɞɜŰŬɠ əɎɗŮ űɞɟɎ ɜɏŮɠ Űɘɛɏɠ AL, AV, BL, BV, ZV, ZL, fL əŬɘ fV  

ɞɨŰɤɠ ɩůŰŮ ɜŬ ŮˊŬɚɖɗŮɡŰŮɑ ɖ Ɇɢɏůɖ 6.13 əŬɘ ɜŬ ŰŮɟɛŬŰɘůŰŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ. ɇɞ 

ȹɘɎɔɟŬɛɛŬ 6.4 ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ ŮəŰɧɜɤůɖɠ ɟŮɡůŰɞɨ ŭŮɑɔɛŬŰɞɠ. 
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Ɉ́ ɞɚɞɔɘůɛɧɠ Ki values 

Ŭ́ ɧ ́ɟɧɓɚɖɛŬ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ

ɆɨůŰŬůɖ ŰɟɞűɞŭɞůɑŬɠ 

zi 

ȾɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ 

ůɡůŰŬŰɘəɩɜ (pc, Tc) əŬɘ ɤ

Ɉ́ ɞɚɞɔɘůɛɧɠ Ai, Bi əŬɘ 

Aij

Ɉ́ ɞɚɞɔɘůɛɧɠ ɛɞɟɘŬəɞɨ 

əɚɎůɛŬŰɞɠ ng ȷ́ ɧ 

Rachford - Rice

Ɉ́ ɞɚɞɔɘůɛɧɠ ɡɔɟɐɠ 

(xi) əŬɘ ŬɏɟɘŬɠ (yi) 

ůɨůŰŬůɖɠ

Ɉ́ ɞɚɞɔɘůɛɧɠ AL əŬɘ BL

ɡɔɟɐɠ űɎůɖɠ

Ɉ́ ɞɚɞɔɘůɛɧɠ AV əŬɘ BV 

ŬɏɟɘŬɠ űɎůɖɠ

Ⱥ́ ɑɚɡůɖ əɡɓɘəɞɨ 

ɞ́ɚɡɤɜɨɛɞɡ ɔɘŬ ɡɔɟɐ 

űɎůɖ, ZL

Ⱥ́ ɑɚɡůɖ əɡɓɘəɞɨ 

ɞ́ɚɡɤɜɨɛɞɡ ɔɘŬ ŬɏɟɘŬ 

űɎůɖ, ZV

Ɉ́ ɞɚɞɔɘůɛɧɠ ŰɎůɖɠ 

ŭɘŬűɡɔɐɠ ɡɔɟɐɠ 

űɎůɖɠ, fL

Ɉ́ ɞɚɞɔɘůɛɧɠ ŰɎůɖɠ 

ŭɘŬűɡɔɐɠ ɔɘŬ ŬɏɟɘŬ 

űɎůɖ, fV

Ɉ́ ɞɚɞɔɘůɛɧɠ 

ůűɎɚɛŬŰɞɠ ɘůɧŰɖŰŬɠ 

ŰɎůɖɠ ŭɘŬűɡɔɐɠ

e = log(fV/fL)

Ɇɨɔəɚɖůɖ 

ɇŮɟɛŬŰɘůɛɧɠ 

Ɉ́ ɞɚɞɔɘůɛɧɠ 

ȽŬəɤɓɘŬɜɞɨ ɛɖŰɟɩɞɡ 

ɔɘŬ ɜɏŬ ki 

Ⱥ́ ŬɜɎɚɖɣɖ Newton-

Raphson ɛŮ ŰŬ ɜɏŬ ki  

NAI

OXI

ɁȷȽ

Ɇɨɔəɚɖůɖ 

ɃɉȽ

 

ȹɘɎɔɟŬɛɛŬ 6.4 : ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ Ůɜɧɠ ɟŮɡůŰɞɨ 

ŭŮɑɔɛŬŰɞɠ 
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6.5 ȷɚɔɧɟɘɗɛɞɠ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ   

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Űɖɠ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ůɡɜŭɡɎɕŮɘ ɧɚŬ ɧůŬ ŬɜŬűɏɟɗɖəŬɜ 

ůŰɖɜ ˊŬɟɎɔɟŬűɞ 6.2.1 ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏɢŮɘ Űɖɜ ɛɞɟűɐ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ 

ˊŬɟŬəɎŰɤ. 

ȷˊɧ Űɞɜ ɢɟɐůŰɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɘůŬɢɗɞɨɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ŰŬ 

ˊŬɟŬəɎŰɤ ŭŮŭɞɛɏɜŬ : 

¶ Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ůɡůŰŬŰɘəɩɜ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Űɞ ŭŮɑɔɛŬ 

¶ Ƀɘ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ (Tc əŬɘ pc)  

¶ Ƀ  ŬəŮɜŰɟɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ (ɤ) əɎɗŮ ůɡůŰŬŰɘəɞɨ 

¶ ɇŬ ɛɞɟɘŬəɎ ɓɎɟɖ əɎɗŮ ůɡůŰŬŰɘəɞɨ 

¶ Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij 

¶ ɇɞ ˊɞůɞůŰɧ Űɤɜ moles % Űɤɜ ůɡůŰŬŰɘəɩɜ ůŰɞ ŭŮɑɔɛŬ 

¶ ȼ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, Tres 

¶ ȼ Ŭɟɢɘəɐ ˊɑŮůɖ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ, p 

¶ ɇɞ ɓɐɛŬ ˊŰɩůɖɠ Űɖɠ ˊɑŮůɖɠ (dp) 

ɇɞ ɛɧɜɞ ɎɔɜɤůŰɞ ůŰɞɘɢŮɑɞ ŮɑɜŬɘ Űɞ ɓɐɛŬ ˊŰɩůɖɠ Űɖɠ ˊɑŮůɖɠ əŬɘ Űɞ ɞˊɞɑɞ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭűɞɨ ˊɟɩŰŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ. ɇɖɜ Űɘɛɐ Űɞɡ 

ɓɐɛŬŰɞɠ Űɖɜ ŭɑɜŮɘ ɞ ɢɟɐůŰɖɠ. ũɜɤɟɑɕɞɜŰŬɠ ˊɚɏɞɜ Űɖɜ Ŭɟɢɘəɐ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 

əŬɘ Űɞ ɓɐɛŬ ˊŰɩůɖɠ Űɖɠ ˊɑŮůɖɠ, ŮəŰŮɚŮɑŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ. ũɘŬ əɎɗŮ ůŰɎŭɘɞ Űɖɠ ˊɑŮůɖɠ, 

ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ 

ŭɘŬŭɘəŬůɑŬ : 

ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ A i, Bi əŬɘ A ij əŬɘ Ŭəɞɚɞɨɗɤɠ əŬɚŮɑŰŬɘ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ (ȾŮű. 4) ɔɘŬ Űɞɜ 

Ŭɟɢɘəɧ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɘůɞɟɟɞˊɑŬɠ. ȺɎɜ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɖɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ŬˊɞŭŮɑɝŮɘ ˊɤɠ Űɞ ůɨůŰɖɛŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ, ŰɧŰŮ ɖ 

ůɨůŰŬůɖ (x) Űɞɡ ɟŮɡůŰɞɨ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊɑŮůɖ ŮɑɜŬɘ ɑŭɘŬ ɛŮ Űɖɜ Ŭɟɢɘəɐ ůɨůŰŬůɖ 

Űɖɠ ŰɟɞűɞŭɞůɑŬɠ, ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ (ZV) ŮɑɜŬɘ ɑůɞɠ ɛŮ ŬɡŰɧɜ Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ əŬɘ Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ (ng) ɚŬɛɓɎɜŮɘ Űɖɜ Űɘɛɐ 0. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ 

Űɞ ůɨůŰɖɛŬ ŬˊɞŭŮɘɢɗŮɑ ŬůŰŬɗɏɠ, ŰɧŰŮ ŮəŰŮɚŮɑŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŮəŰɧɜɤůɖɠ ɞɨŰɤɠ ɩůŰŮ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ Űɘɛɏɠ ZV, ZL, xi, yi əŬɘ ng ɔɘŬ 

Űɞ ŭɘűŬůɘəɧ ůɨůŰɖɛŬ. ɈˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ ůŰɖɜ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ŭŮɜ ˊŬɟɎɔɞɜŰŬɘ 

ɟŮɡůŰɎ. ũɘŬ əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ ɧˊɞɡ ɖ ŰɟɞűɞŭɞůɑŬ ˊŬɟŬɛɏɜŮɘ ɛɞɜɞűŬůɘəɐ, ŰŬ moles 

Űɖɠ ɡɔɟɐɠ űɎůɖɠ ˊŬɟŬɛɏɜɞɡɜ ŰŬ ɑŭɘŬ ɛŮ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɧɔəɞɠ 

Űɖɠ ɡɔɟɐɠ űɎůɖɠ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ : 

_ _

_

L i L i

oil i

i

N Z RT
V

p
=      (6.15) 

ɧˊɞɡ  

    NL_i : ŰŬ moles Űɤɜ ůɡůŰŬŰɘəɩɜ ůŰɖɜ ɡɔɟɐ űɎůɖ ůŮ əɎɗŮ ůŰɎŭɘɞ 

    ZL_i : ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ 

        R : ɖ ˊŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ Űɤɜ ŬŮɟɑɤɜ 
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        ɇ : ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 

        pi : ɖ ˊɑŮůɖ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ 

ũɘŬ ŰŬ ůŰɎŭɘŬ ˊɑŮůɖɠ ɧˊɞɡ Űɞ ɟŮɡůŰɧ ɔɑɜŮŰŬɘ ŭɘűŬůɘəɧ, ɞ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ Űɞɡ 

ɟŮɡůŰɞɨ (ɡɔɟɧ əŬɘ Ŭɏɟɘɞ) ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ : 

( )_ _

_

1L i g i

oil i

i

Z RT n
V

p

-
=  (6.16) 

_ _

_

V i g i

gas i

i

Z RTn
V

p
=  (6.17) 

_ _ _total i oil i gas iV V V= +  (6.18) 

ɧˊɞɡ  

ng_i : Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ůŮ əɎɗŮ ůŰɎŭɘɞ 

ZL_i : ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ 

ZV_i : ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ 

ũɘŬ əɎɗŮ ůŰɎŭɘɞ ůŰɖɜ ɛɞɜɞűŬůɘəɐ ˊŮɟɘɞɢɐ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɢŮŰɘəɧɠ ɧɔəɞɠ Ŭˊɧ 

Űɖɜ Ůɝɑůɤůɖ : 

_

_

oil i

i

oil Pb

V
RV

V
=  (6.19) 

ɧˊɞɡ  

Voil_i : ɞ ɧɔəɞɠ Űɞɡ ɡɔɟɞɨ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊɑŮůɖ  

Voil_Pb : ɞ ɧɔəɞɠ ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ 

 

Ůˊɑůɖɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɡɔɟɞɨ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ : 

_

_

_

=
L i i i

oil i

oil i

N X MW
d

V
 (6.20) 

ɧˊɞɡ  

X i : ɖ ůɨůŰŬůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ  

MW i : Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ əɎɗŮ ůɡůŰŬŰɘəɞɨ 

NL_i : ŰŬ moles ůŰɖɜ ɡɔɟɐ űɎůɖ  

Voil_i : ɞ ɧɔəɞɠ Űɞɡ ɡɔɟɞɨ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊɑŮůɖ 

əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ : 

( ) _1 _ 2

_1 _ 2 1 2

1 --
=

+ -

oil oil

i

oil oil

V V
C

V V p p
     (6.21) 

ɧˊɞɡ 

 Voil_1 : ɞ ɧɔəɞɠ Űɞɡ ɡɔɟɞɨ ůŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ ˊɑŮůɖɠ  
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Voil_2 : ɞ ɧɔəɞɠ ůŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ ˊɑŮůɖɠ   

 p2 : ɖ ˊɑŮůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ůŰŬŭɑɞɡ 

 p1 : ɖ ˊɑŮůɖ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ ůŰŬŭɑɞɡ   

 C : ɖ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐ ůɡɛˊɘŮůŰɧŰɖŰŬ ɛŮŰŬɝɨ ŭɨɞ əŬŰɎ ůŮɘɟɎ ůŰŬŭɑɤɜ. 

ɇɏɚɞɠ ɔɘŬ əɎɗŮ ůŰɎŭɘɞ ůŰɖɜ ŭɘűŬůɘəɐ ˊŮɟɘɞɢɐ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɢŮŰɘəɧɠ ɧɔəɞɠ 

Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ : 

_

_

_

total i

tf i

oil Pb

V
RV

V
=  (6.22) 

ɧˊɞɡ : 

Voil_Pb : ɞ ɧɔəɞɠ Űɞɡ ɡɔɟɞɨ ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ 

Vtotal_i : ɞ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ɡɔɟɞɨ əŬɘ Ŭɏɟɘɞɡ ůŮ əɎɗŮ ůŰɎŭɘɞ 

 Ⱥűô ɧůɞɜ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ˊŬɟŬˊɎɜɤ ůɡɜŰŮɚŮůŰɏɠ, ɞ Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɖɠ 

ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ɛɞɟűɐ ŭɘŬɔɟŬɛɛɎŰɤɜ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ: 

¶ ȹɘɎɔɟŬɛɛŬ ůɢŮŰɘəɞɨ ɧɔəɞɡ Űɖɠ ɛɞɜɞűŬůɘəɐɠ ˊŮɟɘɞɢɐɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ 

ˊɑŮůɖɠ 

¶ ȹɘɎɔɟŬɛɛŬ ůɢŮŰɘəɞɨ ɧɔəɞɡ Űɖɠ ŭɘűŬůɘəɐɠ ˊŮɟɘɞɢɐɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ 

ˊɑŮůɖɠ  

¶ ȹɘɎɔɟŬɛɛŬ ůɡɜŰŮɚŮůŰɐ ɘůɞɗŮɟɛɞəɟŬůɘŬəɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ůɡɜŬɟŰɐůŮɘ 

Űɖɠ ˊɑŮůɖɠ   

¶ ȹɘɎɔɟŬɛɛŬ ˊɡəɜɧŰɖŰŬɠ Űɞɡ ɡɔɟɞɨ ůŰɖɜ ɛɞɜɞűŬůɘəɐ ˊŮɟɘɞɢɐ ůɡɜŬɟŰɐůŮɘ 

Űɖɠ ˊɑŮůɖɠ 

ɆŰɞ ȹɘɎɔɟŬɛɛŬ 6.5 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ůˊɑɚɡůɖɠ 

Űɖɠ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ. 
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ɆɨůŰŬůɖ ŰɟɞűɞŭɞůɑŬɠ zi

ɀɞɟɘŬəɎ ɓɎɟɖ MW əŬɘ 

ůɡɔəɏɜŰɟɤůɖ c ůɡůŰŬŰɘəɩɜ 

ȾɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ ůɡůŰŬŰɘəɩɜ 

(pc, Tc) əŬɘ ɤ

Ɉ́ ɞɚɞɔɘůɛɧɠ Ai, Bi əŬɘ Aij

ɇŮɟɛŬŰɘůɛɧɠ 

x = ůɨůŰŬůɖ ŰɟɞűɞŭɞůɑŬɠ

ȻL = Ɇɡɛ́ ɘŮůŰɧŰɖŰŬ 

ŰɟɞűɞŭɞůɑŬɠ

ng = 0

ȷɚɔɧɟɘɗɛɞɠ Ů́ɑɚɡůɖɠ 

ɟ́ɞɓɚɐɛŬŰɞɠ  ȺəŰɧɜɤůɖɠ əŬɘ 

ɡ́ ɞɚɞɔɘůɛɧɠ ZV, ZL, x, y əŬɘ ng

Ɉ́ ɞɚɞɔɘůɛɧɠ Voil, RV, doil əŬɘ C
Ɉ́ ɞɚɞɔɘůɛɧɠ Voil, Vgas, Vtotal əŬɘ 

RV

ɇŮɟɛŬŰɘůɛɧɠ 

IF S = ůŰŬɗŮɟɧ IF S = ŬůŰŬɗɏɠ

ȷɚɔɧɟɘɗɛɞɠ Ů́ɑɚɡůɖɠ ́ɟɞɓɚɐɛŬŰɞɠ  

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ, S

pi, Tres 

    

ȹɘɎɔɟŬɛɛŬ 6.5 : ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Ŭɚɔɞɟɑɗɛɞɡ Ůˊɑɚɡůɖɠ Űɖɠ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ɔɘŬ 

əɎɗŮ ůŰɎŭɘɞ ˊɑŮůɖɠ 
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6.6 ȷɚɔɧɟɘɗɛɞɠ ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ  

ȳˊɤɠ əŬɘ ůŰɖɜ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ɏŰůɘ əŬɘ Ůŭɩ ɔɑɜŮŰŬɘ ůɡɜŭɡŬůɛɧɠ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 6.2.1. Ƀɘ ŭɘŬűɞɟɏɠ  ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ 

ɖ ɛŮɚɏŰɖ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ŮɑɜŬɘ ŰɟŮɘɠ :  

¶ ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛŮɚɏŰɖɠ Űɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 
ŮəŬŰɏɟɤɗŮɜ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ 

¶ ɆŮ əɎɗŮ ůŰɎŭɘɞ ůŰɖɜ ŭɘűŬůɘəɐ ˊŮɟɘɞɢɐ Űɞ Ŭɏɟɘɞ Űɞ ɞˊɞɑɞ ˊŬɟɎɔŮŰŬɘ ŭŮɜ 
ɗŮɤɟŮɑŰŬɘ ˊɚɏɞɜ ɤɠ ɛɏɟɞɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ɔɘŬ Űɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ŬɚɚɎ 

ɤɠ ŰɟɞűɞŭɞůɑŬ ɚŬɛɓɎɜŮŰŬɘ  ɛɧɜɞ ɖ ɡɔɟɐ űɎůɖ ˊɞɡ ŬˊɞɛɏɜŮɘ əɎɗŮ űɞɟɎ. 

ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ɛɎɕŬɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ əŬɘ 

əŬŰɎ ůɡɜɏˊŮɘŬ Űɤɜ moles Űɖɠ. 

¶ ɇɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ ŮəŰɧɜɤůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ əŬɜɞɜɘəɏɠ 

ůɡɜɗɐəŮɠ (Tamb əŬɘ patm)    

ȷˊɧ Űɞɜ ɢɟɐůŰɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɘůŬɢɗɞɨɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ŰŬ 

ˊŬɟŬəɎŰɤ ŭŮŭɞɛɏɜŬ (ɞ ɢɟɐůŰɖɠ ŮɘůɎɔŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ɛɘŬ űɞɟɎ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ 

ɛŮɚɏŰŮɠ) :  

¶ ɇɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɡůŰŬŰɘəɩɜ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Űɞ ŭŮɑɔɛŬ 

¶ ɇɘɠ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ (Tc əŬɘ pc)  

¶ ɇɞɜ  ŬəŮɜŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ (ɤ) əɎɗŮ ůɡůŰŬŰɘəɞɨ 

¶ ɇŬ ɛɞɟɘŬəɎ ɓɎɟɖ əɎɗŮ ůɡůŰŬŰɘəɞɨ 

¶ ɇɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij 

¶ ɇɞ ˊɞůɞůŰɧ Űɤɜ moles % Űɤɜ ůɡůŰŬŰɘəɩɜ ůŰɞ ŭŮɑɔɛŬ 

¶ ɇɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, Tres 

¶ ɇɖɜ ˊɑŮůɖ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ, Pb 

¶ ɇɞ ɓɐɛŬ ˊŰɩůɖɠ Űɖɠ ˊɑŮůɖɠ  

ɆŰɞɜ əɩŭɘəŬ ɡˊɎɟɢɞɡɜ Ůɑŭɖ ŮɜůɤɛŬŰɤɛɏɜŬ ůŰŬɗŮɟɏɠ ɧˊɤɠ : 

¶ ȼ ˊŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ Űɤɜ ŬŮɟɑɤɜ R 

¶ ȼ ŬˊŬɘŰɞɨɛŮɜɖ ŬəɟɑɓŮɘŬ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ (Űɖɠ ŰɎɝŮɤɠ Űɤɜ 10-5
) 

¶ ɇɞ ɧɟɘɞ Űɖɠ ŮɚɎɢɘůŰɖɠ ŰŮŰɟɘɛɛɏɜɖɠ ɚɨůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘŬůɗŮɑ 

(Űɖɠ ŰɎɝŮɤɠ Űɤɜ 10
-2

)  

¶ ȼ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ, patm = 14.7 psi 

¶ ȼ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ,  Tamb = 60 F 

əŬɗɩɠ əŬɘ ŮɝɘůɩůŮɘɠ ɛŮŰŬŰɟɞˊɐɠ Űɤɜ ɛɞɜɎŭɤɜ ɛɏŰɟɖůɖɠ Űɖɠ ˊɑŮůɖɠ əŬɘ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ. ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ ɖ ɑŭɘŬ ɛŮ ŬɡŰɐɜ Űɖɠ ɛŮɚɏŰɖɠ 

ůŰŬɗŮɟɐɠ ɛɎɕŬɠ ɧˊɞɡ ůŮ əɎɗŮ ůŰɎŭɘɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ŭɘŬɢɤɟɘůɛɧɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ůŮ 

ŭɨɞ űɎůŮɘɠ. ɆŰɞ Űɏɚɞɠ əɎɗŮ ůŰŬŭɑɞɡ Űɖɠ ˊɑŮůɖɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞ ɧɔəɞɠ Űɞɡ ɡɔɟɞɨ, ɞ 

ɧɔəɞɠ Űɞɡ ŬŮɟɑɞɡ, ɞ ɧɔəɞɠ Űɞɡ ŬŮɟɑɞɡ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ, ɖ ˊɡəɜɧŰɖŰŬ Űɖɠ ɡɔɟɐɠ 

űɎůɖɠ əŬɗɩɠ əŬɘ ɜŬ ɜɏŬ moles Űɖɠ ɡɔɟɐɠ ŰɟɞűɞŭɞůɑŬɠ. 
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Ƀɘ ɧɔəɞɘ Űɖɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ ůŮ ůɡɜɗɐəŮɠ ŰŬɛɘŮɡŰɐɟŬ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ŮɝɘůɩůŮɘɠ : 

( )_ _ _

_

1L i res L i g i

oil i

i

Z RT N n
V

p

-
=  (6.23) 

ɧˊɞɡ : 

ɇres : ɖ ɗŮɟɛɞəɟŬůɑŬ ŰŬɛɘŮɡŰɐɟŬ 

ng_i : Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ůŮ əɎɗŮ ůŰɎŭɘɞ 

pi : ɖ ˊɑŮůɖ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ əŬɘ  

ZL_1 : ɖ ůɡɛˊɘŮůŰɧŰɖŰŬ Űɖɠ ɡɔɟɐɠ űɎůɖɠ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ 

NL_i : ŰŬ moles Űɖɠ ɡɔɟɐɠ űɎůɖɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ ŰɟɞűɞŭɞůɑŬ  

 

_ _ _

_

V i res L i g i

gas i

i

Z RT N n
V

p
=  (6.24) 

ɧˊɞɡ : 

Tres : ɖ ɗŮɟɛɞəɟŬůɑŬ ŮəŰɧɜɤůɖɠ 

ng_i : Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ůŮ əɎɗŮ ůŰɎŭɘɞ 

pi : ɖ ˊɑŮůɖ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ əŬɘ  

ZV_i : ɖ ůɡɛˊɘŮůŰɧŰɖŰŬ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ 

NL_i : ŰŬ moles Űɖɠ ɡɔɟɐɠ űɎůɖɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ ŰɟɞűɞŭɞůɑŬ  

 

ȷəɞɚɞɨɗɤɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɧɔəɞɠ Űɞɡ ŬŮɟɑɞɡ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ : 

_ _

_

amb L i g iSC

gas i

atm

RT N n
V

p
=  (6.25) 

ɧˊɞɡ : 

ambT  : ɖ ɗŮɟɛɞəɟŬůɑŬ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ  

ip       : ɖ ˊɑŮůɖ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ  

_V iZ      : ɖ ůɡɛˊɘŮůŰɧŰɖŰŬ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ 

_g in          : Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ůŮ əɎɗŮ ůŰɎŭɘɞ 

NL_i : ŰŬ moles Űɖɠ ɡɔɟɐɠ űɎůɖɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ ŰɟɞűɞŭɞůɑŬ  

ɇɡɢɧɜ ůɡɛˊɨəɜɤůɖ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰŮɑ ɧŰŬɜ Űɞ ˊŬɟŬɔɧɛŮɜɞ Ŭɏɟɘɞ 

ŮəŰɞɜɤɗŮɑ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ŬɔɜɞŮɑŰŬɘ.  

ɇŬ ɜɏŬ moles Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ůŮ əɎɗŮ ůŰɎŭɘɞ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ : 

( )1L L gN N n= -  (6.26) 

ɧˊɞɡ ɖ ɜɏŬ ŰɟɞűɞŭɞůɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ůɨůŰŬůɖ Űɖɠ ɡɔɟɐɠ űɎůɖɠ, ɉ. 
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ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ŬəɞɚɞɡɗŮɑ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɖɠ ɡɔɟɐɠ 

űɎůɖɠ ůŮ əɎɗŮ ůŰɎŭɘɞ : 

( )( )_ _

_

_

1L i g i i i

oil i

oil i

N n X MW
d

V

-
=  (6.27) 

ɧˊɞɡ :   

MW i : ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ Űɤɜ ůɡůŰŬŰɘəɩɜ 

X i : ɞɘ ůɡůŰɎůŮɘɠ Űɖɠ ɡɔɟɐɠ űɎůɖɠ  

NL_i : ŰŬ moles Űɖɠ ɡɔɟɐɠ űɎůɖɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ ŰɟɞűɞŭɞůɑŬ  

_g in      : Űɞ ɛɞɟɘŬəɧ əɚɎůɛŬ ůŮ əɎɗŮ ůŰɎŭɘɞ 

Voil_i : ɞ ɧɔəɞɠ Űɞɡ ɡɔɟɞɨ ůŮ əɎɗŮ ůŰɎŭɘɞ 

 

ɇɏɚɞɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɞɔəɞɛŮŰɟɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ ɡɔɟɐɠ əŬɘ ŬɏɟɘŬɠ űɎůɖɠ 

əŬɗɩɠ əŬɘ ɞ ɚɧɔɞɠ ŬŮɟɑɞɡ Ůɜ ŭɘŬɚɨůŮɘ  ůŮ əɎɗŮ ůŰɎŭɘɞ Űɖɠ ˊɑŮůɖɠ : 

_

_

_ tan

=

RC

oil i

oil i SC

oil k

V
B

V
 (6.28) 

_

_

_

=

RC

gas i

g i SC

gas i

V
B

V
 (6.29) 

əŬɘ 

_

1

_

_ tan

N
SC

gas i

i

s i SC

oil k

V

R
V

==
ä

 (6.30) 

ɧˊɞɡ  

V
SC

gas_i      : ɞ ɧɔəɞɠ Űɞɡ ɡɔɟɞɨ ůŮ əɎɗŮ ůŰɎŭɘɞ ůŮ ůɡɜɗɐəŮɠ ŰŬɛɘŮɡŰɐɟŬ 

V
SC 

oil_tank
 
: ɞ ɧɔəɞɠ Űɞɡ Ůɜ ŭɘŬɚɨůŮɘ ŬŮɟɑɞɡ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ ɡɔɟɧ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ 

ůŰɎŭɘɞ, ɞ ɞˊɞɑɞɠ ɚŬɛɓɎɜŮŰŬɘ ůŮ əɎɗŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ɚɧɔɞ Űɖɠ ůŰŬŭɘŬəɐɠ  ɛŮɑɤůɖɠ 

Űɖɠ ˊɑŮůɖɠ ɛŮŰɟɖɛɏɜɞ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ. 

V
SC

oil_tank
 
 : ɞ ɧɔəɞɠ Űɞɡ ɡɔɟɞɨ Űɞ ɞˊɞɑɞ ɗŬ ŬˊɞɛŮɑɜŮɘ ɧŰŬɜ Űɞ ˊŮŰɟɏɚŬɘɞ ɗŬ ˊŬɟŬɢɗŮɑ 

ůŮ ůɡɜɗɐəŮɠ ŮˊɘűŬɜŮɑŬɠ. 

Ⱥűô ɧůɞɜ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ˊŬɟŬˊɎɜɤ ůɡɜŰŮɚŮůŰɏɠ, ɞ Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɖɠ 

ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ  ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ŬɡŰɧɠ  ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ɛɞɟűɐ 

ŭɘŬɔɟŬɛɛɎŰɤɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ ŬəɧɚɞɡɗŬ : 

¶ ȹɘɎɔɟŬɛɛŬ ɞɔəɞɛŮŰɟɘəɞɨ ůɡɜŰŮɚŮůŰɐ ɡɔɟɐɠ űɎůɖɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ 

ˊɑŮůɖɠ 

¶ ȹɘɎɔɟŬɛɛŬ ɞɔəɞɛŮŰɟɘəɞɨ ůɡɜŰŮɚŮůŰɐ ŬɏɟɘŬɠ űɎůɖɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ 

ˊɑŮůɖɠ 



ȾŮűɎɚŬɘɞ 6 

 

108 

 

¶ ȹɘɎɔɟŬɛɛŬ ɚɧɔɞɡ Űɤɜ ŬŮɟɑɤɜ Ůɜ ŭɘŬɚɨůŮɘ ůŰɞ ɡɔɟɧ ůɡɜŬɟŰɐůŮɘ Űɖɠ 

ˊɑŮůɖɠ 

¶ ȹɘɎɔɟŬɛɛŬ ˊɡəɜɧŰɖŰŬɠ Űɞɡ ɡɔɟɞɨ ůŰɖɜ ŭɘűŬůɘəɐ ˊŮɟɘɞɢɐ ůɡɜŬɟŰɐůŮɘ 

Űɖɠ ˊɑŮůɖɠ 

 

ɆŰɞ ȹɘɎɔɟŬɛɛŬ 6.6 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ůˊɑɚɡůɖɠ 

Űɖɠ ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ. 
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ɆɨůŰŬůɖ ŰɟɞűɞŭɞůɑŬɠ zi, 

ɛɞɟɘŬəɎ ɓɎɟɖ ůɡůŰŬŰɘəɩɜ MW 

əŬɘ ůɡɔəɏɜŰɟɤůɖ ůɡůŰŬŰɘəɩɜ c

ȾɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ ůɡůŰŬŰɘəɩɜ 

(Pc, Tc) ȾŬɘ ɤ

ȷɚɔɧɟɘɗɛɞɠ  ́ɟɞɓɚɐɛŬŰɞɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɡůŰɎɗŮɘŬɠ 

ȷɚɔɧɟɘɗɛɞɠ ́ɟɞɓɚɐɛŬŰɞɠ 

ŮəŰɧɜɤůɖɠ Űɤɜ ŭɨɞ űɎůŮɤɜ

Ɉ́ ɞɚɞɔɘůɛɧɠ ɧɔəɞɡ ɡɔɟɐɠ 

űɎůɖɠ VL əŬɘ VL ůŮ əŬɜɞɜɘəɏɠ 

ůɡɜɗɐəŮɠ

Ɉ́ ɞɚɞɔɘůɛɧɠ ɧɔəɞɡ ŬɏɟɘŬɠ 

űɎůɖɠ VV əŬɘ ɧɔəɞɡ ŬɏɟɘŬɠ 

űɎůɖɠ VVSC (ȾŬɜɞɜɘəɏɠ 

ůɡɜɗɐəŮɠ)

Ɉ́ ɞɚɞɔɘůɛɧɠ ́ɡəɜɧŰɖŰŬɠ ɡɔɟɐɠ 

űɎůɖɠ əŬɘ ɞɔəɞɛŮŰɟɘəɩɜ 

ůɡɜŰŮɚŮůŰɩɜ Bo, Bg əŬɘ Rs

ɇŮɟɛŬŰɘůɛɧɠ

ɆɖɛŮɑɞ űɡůŬɚɑŭŬɠ, Pb, Tres

Ɉ́ ɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Ai, 

Bi əŬɘ Aij

 

ȹɘɎɔɟŬɛɛŬ 6.6 : ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Ŭɚɔɞɟɑɗɛɞɡ ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ůŮ əɎɗŮ 

ůŰɎŭɘɞ ˊɑŮůɖɠ 
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6.7 ɇŮɚɘəɐ ɛɞɟűɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ ɛŮɚŮŰɩɜ 

PVT 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɞɘ ɞˊɞɑɞɘ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ ɡɚɞˊɞɘɐɗɖəŬɜ Ůɜ ŰɏɚŮɘ ůŮ ɏɜŬ 

ŮɜɘŬɑɞ əɩŭɘəŬ ɞ ɞˊɞɑɞɠ ɏɚŬɓŮ Űɞ ɧɜɞɛŬ Interactive_Code. ɄɚɖəŰɟɞɚɞɔɩɜŰŬɠ Űɞ 

ɧɜɞɛŬ Űɞɡ əɩŭɘəŬ ůŰɞ command window Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Űɖɠ Matlab ŮɛűŬɜɑɕŮŰŬɘ 

ɖ ŰŮɚɘəɐ ɛɞɟűɐ Űɤɜ Ůˊɘɚɞɔɩɜ (Menu) ˊɞɡ ɏɢŮɘ ɞ ɢɟɐůŰɖɠ əŬɘ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ : 

MAIN MENU  

1. Enter new fluid data 

2. Enter feed composition 

3. Load fluid data from file 

4. Save fluid data to file 

5. Show fluid data 

6. Calculate pb at given temperature 

7. Run constant mass study 

8. Run differential vaporization study 

9. Exit program 

What is your choice (1-9) ? 

6.7.1 ɄŮɟɘɔɟŬűɐ Űɞɡ MAIN MENU  

ɇɞ ˊɟɧɔɟŬɛɛŬ ˊŬɟɞɡůɘɎɕŮɘ ŮɜɜɏŬ ŭɘŬűɞɟŮŰɘəɏɠ Ůˊɘɚɞɔɏɠ Űɘɠ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɞ 

ɢɟɐůŰɖɠ ɜŬ ŮəŰŮɚɏůŮɘ. 

1. ȺɜŰɞɚɐ  Enter new fluid data 

ȼ ŮɜŰɞɚɐ óEnter new fluid dataô ɕɖŰɎŮɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɞɡ ɟŮɡůŰɞɨ, ŭɖɚŬŭɐ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɡůŰŬŰɘəɩɜ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ 

Űɞ ɟŮɡůŰɧ, Űɘɠ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ əɎɗŮ ůɡůŰŬŰɘəɞɨ, Űɞɜ ŬəŮɜŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ əɎɗŮ 

ůɡůŰŬŰɘəɞɨ, Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ əŬɘ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij ɔɘŬ əɎɗŮ 

ɕŮɨɔɞɠ ůɡůŰŬŰɘəɩɜ. ɆŰɞ ˊɟɧɔɟŬɛɛŬ ɡˊɎɟɢŮɘ ŮɜůɤɛŬŰɤɛɏɜɞɠ ˊɑɜŬəŬɠ ɛŮ Űɘɠ əɟɑůɘɛŮɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɖɛŬɜŰɘəɧŰŮɟɤɜ ůɡůŰŬŰɘəɩɜ, Űɞɜ ŬəŮɜŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ əŬɘ ŰŬ ɛɞɟɘŬəɎ 

ɓɎɟɖ, ɎɟŬ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊɘɚɏɝŮɘ ŰŬ ůɡůŰŬŰɘəɎ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ 

ŮˊɘɚɏɔɞɜŰŬɠ Űɞ ɛɐɜɡɛŬ óEnter components properties from libraryô Ŭɚɚɘɩɠ ɛˊɞɟŮɑ ɜŬ 

ɟ́ɞůŭɘɞɟɑůŮɘ ɞ ɑŭɘɞɠ ɜɏŬ ůɡůŰŬŰɘəɎ ŮˊɘɚɏɔɞɜŰŬɠ Űɞ ɛɐɜɡɛŬ óEnter components 

properties from userô ˊŬɟɏɢɞɜŰŬɠ ůɡɔɢɟɧɜɤɠ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ.  

2. ȺɜŰɞɚɐ Enter feed composition 

ȼ ŮɜŰɞɚɐ óEnter feed compositionô ɕɖŰɎ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ ɛɞɟɘŬəɐ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ əɎɗŮ ůɡůŰŬŰɘəɞɨ ůŰɞ ɟŮɡůŰɧ.  

3. ȺɜŰɞɚɐ Load fluid data from file 

ȼ ŮɜŰɞɚɐ óLoad fluid data from fileô ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ űɞɟŰɤɗɞɨɜ ůŰɞ 

ˊɟɧɔɟŬɛɛŬ ˊŬɚŬɘɧŰŮɟŬ ŬɟɢŮɑŬ ŭŮŭɞɛɏɜɤɜ ɟŮɡůŰɩɜ ɛŮ ŰŬ ɞˊɞɑŬ ɗɏɚŮɘ ɞ ɢɟɐůŰɖɠ ɜŬ 

ŮəŰŮɚɏůŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ. ũɘŬ Űɖɜ ůɤůŰɐ űɧɟŰɤůɖ ˊŬɚŬɘɩɜ ŭŮŭɞɛɏɜɤɜ ɗŬ ˊɟɏˊŮɘ Űɞ 

ɧɜɞɛŬ Űɞɡ űŬəɏɚɞɡ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɜŬ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ Example.mat. Ƀ 
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ɢɟɐůŰɖɠ ɗŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ əŬɘɜɞɨɟɔɘŬ ɛɞɟɘŬəɐ ůɡɔəɏɜŰɟɤůɖ ɔɘŬ Űɞ əɎɗŮ 

ůɡůŰŬŰɘəɧ.  

4. ȺɜŰɞɚɐ Save fluid data to file 

ȼ ŮɜŰɞɚɐ óSave fluid data to fileô ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ űɨɚŬɝɖ ůŮ ŬɟɢŮɑɞ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭɧɗɖəŬɜ ůŰɘɠ ŮɜŰɞɚɏɠ 1 əŬɘ 2. ɄɎɜŰŬ Űɞ ɧɜɞɛŬ Űɞɡ űŬəɏɚɞɡ ˊɞɡ ɗŬ 

űɡɚɎůůɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ Example.mat. 

5. Show fluid data 

ȼ ŮɜŰɞɚɐ óShow fluid dataô ŮɛűŬɜɑɕŮɘ ůŰɖɜ ɞɗɧɜɖ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ůŰɖɜ Ŭɟɢɐ, ŭɖɚŬŭɐ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɡůŰŬŰɘəɩɜ, Űɘɠ əɟɑůɘɛŮɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɡůŰŬŰɘəɩɜ, Űɞɜ ŬəŮɜŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ, ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ, Űɞɡɠ 

ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ əŬɘ Űɖ ůɡɔəɏɜŰɟɤůɖ əɎɗŮ ůɡůŰŬŰɘəɞɨ. 

6. ȺɜŰɞɚɐ Calculate pb at given temperature 

ȼ ŮɜŰɞɚɐ óCalculate pb at given temperatureô ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ 

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ. ȺɛűŬɜɑɕŮŰŬɘ Űɞ ɛɐɜɡɛŬ óReservoir temperature 

in Kô ŭɑɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ůŮ Kelvin əŬɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ 

Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ ˊŬɟɏɢŮŰŬɘ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ. 

7. ȺɜŰɞɚɐ Run constant mass study 

ȼ ŮɜŰɞɚɐ óRun constant mass studyô ɗɏŰŮɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

Ůˊɑɚɡůɖɠ Űɖɠ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ ɛɎɕŬɠ. ɄɟɩŰŬ ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɛɐɜɡɛŬ óGive initial 

pressure in psiô ɧˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ ɖ Ŭɟɢɘəɐ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɛɐɜɡɛŬ óGive pressure step for CMSô ɧˊɞɡ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ Űɞ ɓɐɛŬ 

ˊŰɩůɖɠ Űɖɠ ˊɑŮůɖɠ ɩůŰŮ ɜŬ ŮəŰŮɚŮůŰŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɖɠ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ 

ɛɎɕŬɠ əŬɘ ɜŬ ŮɛűŬɜɑůŮɘ ůŰɖɜ ɞɗɧɜɖ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŰŬ ɞˊɞɑŬ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ 

ˊŬɟɎɔɟŬűɞ 6.5. 

8.  ȺɜŰɞɚɐ Run differential vaporization study 

ȼ ŮɜŰɞɚɐ óRun differential vaporization studyô ɗɏŰŮɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ Ůˊɑɚɡůɖɠ Űɖɠ ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ. ȺˊɘɚɏɔɞɜŰŬɠ ŬɡŰɐ Űɖɜ ŮɜŰɞɚɐ 

ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɛɐɜɡɛŬ  óGive pressure step for DVô ɧˊɞɡ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ Űɞ ɓɐɛŬ 

ˊŰɩůɖɠ Űɖɠ ˊɑŮůɖɠ ɔɘŬ ɜŬ ŮəŰŮɚŮůŰŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ Ůˊɑɚɡůɖɠ Űɖɠ ɛŮɚɏŰɖɠ ŭɘŬűɞɟɘəɐɠ 

ŮɝɎŰɛɘůɖɠ ŮɛűŬɜɑɕɞɜŰŬɠ ůŰɖɜ ɞɗɧɜɖ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŰŬ ɞˊɞɑŬ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ 

ˊŬɟɎɔɟŬűɞ 6.6. 

9. ȺɜŰɞɚɐ Exit program 

ȼ ŮɜŰɞɚɐ Exit program ŰŮɟɛŬŰɑɕŮɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ.  
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ȺɘəɧɜŬ 6.1 : ɇŮɚɘəɐ ɛɞɟűɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ ɛŮɚŮŰɩɜ ůŰŬɗŮɟɐɠ 

ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ ůŰɞ command window Űɞɡ ŮɟɔŬɚŮɑɞɡ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

Matlab  
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ȾŮűɎɚŬɘɞ 7
ɞ
 : ȺűŬɟɛɞɔɐ ɛɞɜŰɏɚɞɡ ɔɘŬ 

Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ɛŮɚɏŰɖɠ ůŰŬɗŮɟɐɠ 

ɛɎɕŬɠ əŬɘ ŭɘŬűɞɟɘəɐɠ ŮɝɎŰɛɘůɖɠ Űɞɡ 

ˊŮŰɟŮɚŬɑɞɡ 5374 ï S1 ï F 
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7.1 ɄŮŰɟŮɚŬɥəɧ ŭŮɑɔɛŬ 5374 ï S1 ï F 

ɇɞ ́ŮŰɟŮɚŬɥəɧ ɟŮɡůŰɧ  Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ 

ŭɨɞ ɛŮɚŮŰɩɜ PVT ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ ŮɟɔŬůŰɐɟɘŬ Űɖɠ ŮŰŬɘɟɑŬɠ Core Lab ɖ ɞˊɞɑŬ 

ŮŭɟŮɨŮɘ ůŰɞ ȿɞɜŭɑɜɞ. Ƀ ɄɑɜŬəŬɠ 7.1 ˊŬɟɞɡůɘɎɕŮɘ Űɖ ůɨůŰŬůɖ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ 

ˊŮŰɟŮɚŬɑɞɡ, Űɘɠ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ, Űɞɜ ŬəŮɜŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ  əŬɘ ŰŬ ɛɞɟɘŬəɎ ɓɎɟɖ 

əɎɗŮ ůɡůŰŬŰɘəɞɨ. Ƀɘ Űɘɛɏɠ Űɤɜ əɟɑůɘɛɤɜ ɘŭɘɞŰɐŰɤɜ, Űɞɡ ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ əŬɘ 

Űɤɜ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ Űɤɜ əŬɗŬɟɩɜ ůɡůŰŬŰɘəɩɜ əŬɘ Űɤɜ ɣŮɡŭɞůɡůŰŬŰɘəɩɜ ɚɐűɗɖəŬɜ 

Ŭˊɧ Űoɜ ˊɑɜŬəŬ Űɞɡ Katz ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏɜɞɠ ůŰɞɜ Interactive_Code. ɇŬ 

moles % ŮɑɜŬɘ ɞɘ Űɘɛɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ŮɟɔŬůŰɖɟɘŬəɐ ɛŮɚɏŰɖ Űɖɠ Core Lab.  

ɇɞ ˊŮŰɟŮɚŬɥəɧ ɟŮɡůŰɧ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 40 ůɡůŰŬŰɘəɎ, ɧˊɞɡ Űɞ ɓŬɟɏɤɠ əɚɎůɛŬ 

ŮɑɜŬɘ Űɞ ɣŮɡŭɞůɡůŰŬŰɘəɧ C36+. ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ŰŬ ůɡůŰŬŰɘəɎ C12 ɏɤɠ C36+ 

çůɡɛˊɘɏůŰɖəŬɜè ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊɟɞəɨɣŮɘ ɏɜŬ ɜɏɞ ɓŬɟɨ əɚɎůɛŬ, Űɞ 

ɣŮɡŭɞůɡůŰŬŰɘəɧ C12+.      

 

ȹŮɑɔɛŬ 5374 ï S1 ï F ɏɤɠ C12+, T = 424 K 

ȷ/ȷ ɆɡůŰŬŰɘəɎ Moles % Pc in atm Tc in K Omega ɀɞɟɘŬəɎ ɓɎɟɖ 

(gr/mole) 

1 Nitrogen ï N2  1.35 33.9 126.2 0.039 28.013 

2 Carbon Dioxide ï CO2 0.35 73.8 304.1 0.239 44.01 

3 Methane ï C1 16.12 46 190.4 0.011 16.043 

4 Ethane ï C2 6.84 48.8 305.4 0.099 30.07 

5 Propane ï C3 7.06 42.5 369.8 0.153 44.097 

6 iButene ï iC4 1.05 36.5 408.2 0.183 58.124 

7 nButene ï nC4 4.42 38 425.2 0.199 58.124 

8 iPentane ï iC5 1.68 33.9 460.4 0.227 72.151 

9 nPentane ï iC5 2.87 33.7 469.7 0.251 72.151 

10 Hexanes ï C6 3.81 33.3 512.8 0.25 86 

11 Heptanes ï C7 6.34 31.2 547.2 0.28 100 

12 Octanes ï C8 5.82 28.9 575.6 0.312 114 

13 Nonanes ï C9 4.52 26.4 602.8 0.348 128 

14 Decanes ï C10 3.99 24.2 626.7 0.385 142 

15 Undecanes ï C11 3.53 22.4 647.8 0.419 156 

16 Dodecanes plus ï C12+ 30.25 - - - - 

  Sum = 100     

 

ɄɑɜŬəŬɠ 7.1: ɄɑɜŬəŬɠ ůɡůŰŬŰɘəɩɜ ɔɘŬ Űɞ ŭŮɑɔɛŬ 5374 ï SL ï F ɏɤɠ C12+ 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij Űɤɜ ůɡůŰŬŰɘəɩɜ ɏɢɞɡɜ ŰŮɗŮɑ ɑůɞɘ ɛŮ ɛɖŭɏɜ. 

ɇɞ C12+ ŬˊɞŰŮɚŮɑ Űɞ ɓŬɟɨ əɚɎůɛŬ əŬɘ ɞɘ əɟɑůɘɛŮɠ Űɞɡ ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ ɎɔɜɤůŰŮɠ. ȳˊɤɠ 
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ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.1, ɡˊɞɚŮɑˊɞɜŰŬɘ ɞɘ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ, ɞ ŬəŮɜŰɟɘəɧɠ 

ˊŬɟɎɔɞɜŰŬɠ əŬɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ C12+. ɀɘŬ Ŭˊɚɐ ˊɟɞůɏɔɔɘůɖ Űɤɜ əɟɑůɘɛɤɜ 

ɘŭɘɞŰɐŰɤɜ əŬɘ Űɞɡ ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ Űɞɡ C12+, ŮɑɜŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɤɜ 

əɟɑůɘɛɤɜ ɘŭɘɞŰɐŰɤɜ Ɏɚɚɤɜ ɣŮɡŭɞůɡůŰŬŰɘəɩɜ ŰŬ ɞˊɞɑŬ ɜŬ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ˊŮɟɑˊɞɡ 

ɧˊɤɠ Űɞ C12+. ȷɡŰɧ Ůɜ ɞɚɑɔɞɘɠ, ŬˊɞŰŮɚŮɑ ɏɜŬ Űɟɧˊɞ ɟɨɗɛɘůɖɠ (Tuning) Űɤɜ əɟɑůɘɛɤɜ 

ɘŭɘɞŰɐŰɤɜ əŬɘ Űɞɡ ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɞ ɓŬɟɨ əɚɎůɛŬ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ 

ɏɢɞɡɜ ɔɑɜŮɘ ɡˊɞɚɞɔɘůɛɞɑ ůŰɞɜ Interactive_Code ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ əɟɑůɘɛɤɜ ɘŭɘɞŰɐŰɤɜ 

Űɤɜ ɣŮɡŭɞůɡůŰŬŰɘəɩɜ C16 ɏɤɠ C26, ůŬɜ ɘŭɘɧŰɖŰŮɠ Űɞɡ əɚɎůɛŬŰɞɠ Űɞɡ C12+,  ɞɘ ɞˊɞɑŮɠ 

ɚɐűɗɖəŬɜ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ Űɞɡ Katz əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.2. 

 

C12+ Tc in K pc in atm ɤ MW  in gr/mole 

C16 740.0 16.6 0.582 222 

C17 755.6 15.9 0.638 237 

C18 766.7 15.3 0.638 251 

C19 777.8 14.8 0.662 263 

C20 789.4 14.3 0.900 275 

C21 801.1 13.8 0.717 291 

C22 811.7 13.3 0.743 300 

C23 822.2 13.0 0.768 312 

C24 831.7 12.6 0.793 324 

C25 841.7 12.2 0.819 337 

C26 850.6 11.9 0.844 349 

 

 ɄɑɜŬəŬɠ 7.2 : ɄɑɜŬəŬɠ əɟɑůɘɛɤɜ ɘŭɘɞŰɐŰɤɜ, ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ əŬɘ ɛɞɟɘŬəɞɨ 

ɓɎɟɞɡɠ Űɤɜ ɣŮɡŭɞůɡůŰŬŰɘəɩɜ C16 ɏɤɠ C26 əŬŰɎ Katz   

ȼ ůɨɔəɟɘůɖ Űɤɜ 11 ɣŮɡŭɞůɡůŰŬŰɘəɩɜ ůŰɖɟɑɢɗɖəŮ ůŰɞ ŮɚɎɢɘůŰɞ ůɢŮŰɘəɧ ůűɎɚɛŬ 

ˊɞɡ ŬˊɏűŮɟŬɜ ɞɘ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ 

(Pb) ůŮ ůɢɏůɖ ɛŮ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖɜ ŮɟɔŬůŰɖɟɘŬəɐ 

ɛŮɚɏŰɖ Űɖɠ Core Lab. Ⱥˊɑůɖɠ ůɨɔəɟɘůɖ ˊɟŬɔɛŬŰɞˊɞɑɖɗɖəŮ əŬɘ ɔɘŬ Űɞ ŮɚɎɢɘůŰɞ 

ůɢŮŰɘəɧ ůűɎɚɛŬ Űɤɜ ɞɔəɞɛŮŰɟɘəɩɜ ůɡɜŰŮɚŮůŰɩɜ Bo, Bg, Rs əŬɘ  doil ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ 

ɞɔəɞɛŮŰɟɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ əŬɘ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ Ŭˊɧ Űɖɜ 

ŮɟɔŬůŰɖɟɘŬəɐ ɛŮɚɏŰɖ Űɖɠ Corelab ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ.  

ɇɞ ůɢŮŰɘəɧ ůűɎɚɛŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ :  

100%
i ix x

r

x

Ø

Ø

-

=   (7.1) 

ɧˊɞɡ : 

ix
Ø

 : ɖ Űɘɛɐ əɎɗŮ ɘŭɘɧŰɖŰŬɠ (Pb, Bo, Rs əŬɘ doil) ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖɜ Core 

Lab ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ 
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ix  : ɖ Űɘɛɐ əɎɗŮ ɘŭɘɧŰɖŰŬɠ (Pb, Bo, Rs əŬɘ doil) ɡˊɞɚɞɔɘůɛɏɜɖ Ŭˊɧ Űɞɜ 

Interactive_Code ůŰɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ    

ɆŰɞɜ ɄɑɜŬəŬ 7.3, ŭɑɜɞɜŰŬɘ ŰŬ ůɢŮŰɘəɎ ůűɎɚɛŬŰŬ ŰŬ ɞˊɞɑŬ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ Űɞ 

əɎɗŮ ɏɜŬ ɣŮɡŭɞůɡůŰŬŰɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ˊɘɗŬɜɧ ɓŬɟɨ əɚɎůɛŬ. 

 

C12+ r  Pb % r Bo % r Rs % r doil % Total r error  

% 

C16 21.608 4.1912 10.5723 12.9451 49.317 

C17 19.527 0.2318 1.5516 11.749 33.0594 

C18 20.914 0.6854 1.6994 11.0799 34.3793 

C19 20.220 2.7063 7.0079 10.5197 40.4547 

C20 19.527 3.9644 10.1469 10.131 43.7693 

C21 19.527 5.1612 13.3304 9.1252 47.1438 

C22 19.527 6.3401 16.6629 9.7244 52.2544 

C23 18.833 6.8204 17.7513 8.9651 52.3699 

C24 18.833 7.8088 20.5519 8.785 55.9788 

C25 18.833 8.7946 23.3581 8.5985 59.5843 

C26 18.139 9.1286 24.1912 8.2048 59.6639 

 

 ɄɑɜŬəŬɠ 7.3 : ɄɑɜŬəŬɠ ůɢŮŰɘəɩɜ ůűŬɚɛɎŰɤɜ Űɤɜ Pb, Bo, Rs, doil əŬɘ ůɡɜɞɚɘəɞɨ 

ůɢŮŰɘəɞɨ ůűɎɚɛŬŰɞɠ ɔɘŬ ŰŬ ɣŮɡŭɞůɡůŰŬŰɘəɎ C16 ɏɤɠ C26 

ɀŮ ɓɎůɖ Űɞ ůɡɜɞɚɘəɧ ŮɚɎɢɘůŰɞ ůűɎɚɛŬ (Total error) ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ɔɘŬ 

əɎɗŮ ɣŮɡŭɞůɡůŰŬŰɘəɧ, ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ Űɞ ɣŮɡŭɞůɡůŰŬŰɘəɧ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ 

ůɡɜɞɚɘəɧ ůűɎɚɛŬ ŮɑɜŬɘ Űɞ C17 (Total error = 33.0594%). Ⱥˊɑůɖɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ Űɞ 

ŮɚɎɢɘůŰɞ ůɢŮŰɘəɧ ůűɎɚɛŬ Űɞɡ  C17, ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ůɡɜɞɚɘəɩɜ ůɢŮŰɘəɩɜ 

ůűŬɚɛɎŰɤɜ Űɞɡ C16 əŬɘ C18. Ⱥˊɑůɖɠ, ɞɘ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɞ ŬəŮɜŰɟɘəɧɠ 

ˊŬɟɎɔɞɜŰŬɠ Űɞɡ C17, ɓɟɑůəɞɜŰŬɘ ŮɜŭɘɎɛŮůŬ Űɤɜ əɟɑůɘɛɤɜ ɘŭɘɞŰɐŰɤɜ əŬɘ Űɞɡ 

ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ Űɤɜ C16 əŬɘ C18. ȯɟŬ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ, ˊɤɠ ɛˊɞɟŮɑ ɜŬ 

ɡˊɎɟɢɞɡɜ əŬɘ ɎɚɚŮɠ əɟɑůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŬəŮɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ŮɜŭɘɎɛŮůŬ Űɤɜ C16 

əŬɘ C18, ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŭɩůɞɡɜ ɛŮɔŬɚɨŰŮɟɞ ɐ ɛɘəɟɧŰŮɟɞ ůɡɜɞɚɘəɧ ůɢŮŰɘəɧ 

ůűɎɚɛŬ. 

ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ çŭŮɡŰŮɟɞɔŮɜɐɠè ɟɨɗɛɘůɖ Űɤɜ 

əɟɑůɘɛɤɜ ɘŭɘɞŰɐŰɤɜ əŬɘ Űɞɡ ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ, ɛŮŰŬɓɎɚɚɞɜŰŬɠ əɎɗŮ űɞɟɎ ŰŬ pc 

ɇc əŬɘ ɤ Űɞɡ C17, ŮɜŭɘɎɛŮůŬ ůŰɞ ɧɟɘɞ Űɘɛɩɜ Űɤɜ pc ɇc əŬɘ ɤ ˊɞɡ ŭɑɜɞɡɜ ŰŬ 

ɣŮɡŭɞůɡůŰŬŰɘəɎ C16 əŬɘ C18. Ƀɘ Űɘɛɏɠ Űɤɜ ɜɏɤɜ ɟɡɗɛɘɕɧɛŮɜɤɜ əɟɘůɑɛɤɜ ɘŭɘɞŰɐŰɤɜ 

əŬɘ ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ ˊɞɡ ɚɐűɗɖəŬɜ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.4. 

 

 

 

 



ȾŮűɎɚŬɘɞ 7 

 

118 

 

Tc in  K Pc in atm ɤ 

740 1,63 0.587 

750 1.61 0.600 

755 1.59 0.613 

758 1.57 0.620 

761 1.55 0.627 

  

ɄɑɜŬəŬɠ 7.4 : ɄɑɜŬəŬɠ Űɘɛɩɜ Űɤɜ ɜɏɤɜ ɟɡɗɛɘɕɧɛŮɜɤɜ əɟɘůɑɛɤɜ ɘŭɘɞŰɐŰɤɜ əŬɘ 

ŬəŮɜŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɞ ɣŮɡŭɞůɡůŰŬŰɘəɧ C17 

Ƀ ůɡɜŭɡŬůɛɧɠ Űɤɜ pc ɇc əŬɘ ɤ ŭɑɜŮŰŬɘ ɡˊɧ ɛɞɟűɐ ˊɚɏɔɛŬŰɞɠ ůŰɞɜ ɄɑɜŬəŬ 7.5 

ɛŮɔɏɗɞɡɠ 5x5. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŬɟɎɔɞɜŰŬɘ 25 ŭɘŬűɞɟŮŰɘəɞɑ ůɡɜŭɡŬůɛɞɑ, 

əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɜɏɞɡ ɞɚɘəɞɨ ůɢŮŰɘəɞɨ ůűɎɚɛŬŰɞɠ ɛŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ 

çŭŮɡŰŮɟɞɔŮɜɐɠè ɟɨɗɛɘůɖɠ, ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.5. Ƀɘ ůɡɜŭɡŬůɛɞɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ŰŬɝɘɜɞɛɞɨɜŰŬɘ Ŭˊɧ Űɞ A ɏɤɠ Űɞ Ɉ. 

 ɤ 

  0.0627 0.620 0.613 0.600 0.587 

 740 A B C D E 

ɇc 750 F G H I J 

 755 K L M N O 

 758 P Q R S T 

 761 U V W X Y 

  1.55 1.57 1.59 1.61 1.63 

 pc 

ɄɑɜŬəŬɠ 7.5 : ɄɚɏɔɛŬ 25 ŭɘŬűɞɟŮŰɘəɩɜ ůɡɜŭɡŬůɛɩɜ Űɖɠ ŭŮɡŰŮɟɞɔŮɜɐɠ ɟɨɗɛɘůɖɠ ɔɘŬ Űɞ 

C17 

ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɄɑɜŬəŬ 7.6, ŮˊɘɚɏɢɗɖəŮ ɞ ůɡɜŭɡŬůɛɧɠ, Űɞɡ 

ɞˊɞɑɞɡ ɖ çŭŮɡŰŮɟɞɔŮɜɐɠè ɟɨɗɛɘůɖ Űɤɜ  pc ɇc əŬɘ ɤ, ŮˊɘűɏɟŮɘ ɛɘəɟɧŰŮɟɞ ůɡɜɞɚɘəɧ 

ůɢŮŰɘəɧ ůűɎɚɛŬ Ŭˊɧ Űɞ ůɡɜɞɚɘəɧ ůɢŮŰɘəɧ ůűɎɚɛŬ Űɞɡ C17 ůŰɞɜ ɄɑɜŬəŬ 7.3. Ƀ 

ůɡɜŭɡŬůɛɧɠ Űɞɡ W ŭɑɜŮɘ Űɞ ɛɘəɟɧŰŮɟɞ ůɡɜɞɚɘəɧ ůɢŮŰɘəɧ ůűɎɚɛŬ 32.8949% ůŮ ůɢɏůɖ 

ɛŮ Űɞ Ŭɟɢɘəɧ ůɡɜɞɚɘəɧ ůɢŮŰɘəɧ ůűɎɚɛŬ Űɞɡ ɣŮɡŭɞůɡůŰŬŰɘəɞɨ C17, 33.0594% .  

 

 

 

 

 

 

 




























