
ȺŪɁȽȾɃ ȾȷȽ ȾȷɄɃȹȽɆɇɅȽȷȾɃ ɄȷɁȺɄȽɆɇȼɀȽɃ ȷŪȼɁɋɁ 

ɇɀȼɀȷ ūȷɅɀȷȾȺɈɇȽȾȼɆ 

ɇɃɀȺȷɆ ūȷɅɀȷȾȺɈɇȽȾȼɆ ɉȼɀȺȽȷɆ 

ȺɅũȷɆɇȼɅȽɃ ūȷɅɀȷȾȺɈɇȽȾȼɆ ȷɁȷȿɈɆȼɆ 

ɀ.ȹ.Ⱥ.: ūȷɅɀȷȾȺɈɇȽȾȼ ȷɁȷȿɈɆȼ-ȺȿȺũɉɃɆ ɄɃȽɃɇȼɇȷɆ 

 

 

 

 

 

 

 

ȷɁȷɄɇɈɂȼ ȾȷȽ ȺɄȽȾɈɅɋɆȼ ɀȺŪɃȹɃɈ ȺȾɉɈȿȽɆȼɆ ɄɅɃɆɅɃūȼɆȼɆ ɆȺ 

ɈūȷɆɀȷɇȽɁɃ ɀȺɆɃ ɀȺ ɉɅȼɆȼ ɄȺȽɅȷɀȷɇȽȾɃɈ ɆɉȺȹȽȷɆɀɃɈ ũȽȷ ɇɃɁ 

ɄɃɆɃɇȽȾɃ ɄɅɃɆȹȽɃɅȽɆɀɃ PIOGLITAZONE, REPAGLINIDE KAI 

NATEGLINIDE ɆȺ ȷɁŪɅɋɄȽɁɃ ɄȿȷɆɀȷ ɀȺ ɇȼɁ ɇȺɉɁȽȾȼ HILIC-ESI/MS  

 

 

 

 

 

 

 

 

 

ɄŬɜŬɔɘɩŰɖɠ ɆŰɎɛɞɡ 

ūŬɟɛŬəɞˊɞɘɧɠ, ȺȾɄȷ 

 

 

 

 

ȺɅȺɈɁȼɇȽȾȼ ȺɅũȷɆȽȷ ȹȽɄȿɋɀȷɇɃɆ ȺȽȹȽȾȺɈɆȼɆ 

ȷɗɐɜŬ, 2022 



1 
 

ȺɅȺɈɁȼɇȽȾȼ ȺɅũȷɆȽȷ ȹȽɄȿɋɀȷɇɃɆ ȺȽȹȽȾȺɈɆȼɆ: 

 

 

ȷɁȷɄɇɈɂȼ ȾȷȽ ȺɄȽȾɈɅɋɆȼ ɀȺŪɃȹɃɈ ȺȾɉɈȿȽɆȼɆ ɄɅɃɆɅɃūȼɆȼɆ ɆȺ 

ɈūȷɆɀȷɇȽɁɃ ɀȺɆɃ ɀȺ ɉɅȼɆȼ ɄȺȽɅȷɀȷɇȽȾɃɈ ɆɉȺȹȽȷɆɀɃɈ ũȽȷ ɇɃɁ ɄɃɆɃɇȽȾɃ 

ɄɅɃɆȹȽɃɅȽɆɀɃ PIOGLITAZONE, REPAGLINIDE KAI NATEGLINIDE ɆȺ ȷɁŪɅɋɄȽɁɃ 

ɄȿȷɆɀȷ ɀȺ ɇȼɁ ɇȺɉɁȽȾȼ HILIC-ESI/MS 

ɄŬɜŬɔɘɩŰɖɠ ɆŰɎɛɞɡ 

 

ȺˊɘɓɚɏˊɞɡůŬ: Ⱥɘɟɐɜɖ ɄŬɜŰŮɟɐ, ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ūŬɟɛŬəŮɡŰɘəɐɠ, ȺȾɄȷ 

 

ɇɅȽɀȺȿȼɆ ȺɂȺɇȷɆɇȽȾȼ ȺɄȽɇɅɃɄȼ 

 

ɄȷɁɇȺɅȼ ȺȽɅȼɁȼ,  ȾȷŪȼũȼɇɅȽȷ, ɇɛɐɛŬ ūŬɟɛŬəŮɡŰɘəɐɠ, ȺȾɄȷ 

ȿɃɈȾȷɆ ȽɋȷɁɁȼɆ,  ȾȷŪȼũȼɇȼɆ, ɇɛɐɛŬ ūŬɟɛŬəŮɡŰɘəɐɠ, ȺȾɄȷ 

ȾɃɈɄɄȷɅȼɆ ɀȽɉȷȼȿ, Ƀɀ. ȾȷŪȼũȼɇȼɆ, ɇɛɐɛŬ ūŬɟɛŬəŮɡŰɘəɐɠ, ȺȾɄȷ 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

ȺɡɢŬɟɘůŰɑŮɠ 

 

Å ȺɡɢŬɟɘůŰɩ ŰŬ ɛɏɚɖ Űɖɠ ŰɟɘɛŮɚɞɨɠ ŮˊɘŰɟɞˊɐɠ, Űɞɜ ɞɛɧŰɘɛɞ əŬɗɖɔɖŰɐ ə. ɀɘɢŬɐɚ ȾɞɡˊˊɎɟɖ, 

Űɞɜ  ŬɜŬˊɚɖɟɤŰɐ əŬɗɖɔɖŰɐ ə. ȽɤɎɜɜɖ ȿɞɡəɎ əŬɘ Űɖɜ əŬɗɖɔɐŰɟɘŬ əŬ Ⱥɘɟɐɜɖ ɄŬɜŰŮɟɐ ɔɘŬ Űɞɜ 

ɢɟɧɜɞ ˊɞɡ ŬűɘɏɟɤůŬɜ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ əŬɗɩɠ əŬɘ 

ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ ɔɜɩůŮɘɠ ˊɞɡ ɛɞɡ ɛŮŰɏŭɤůŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ˊɟɞˊŰɡɢɘŬəɩɜ əŬɘ 

ɛŮŰŬˊŰɡɢɘŬəɩɜ ůˊɞɡŭɩɜ ɛɞɡ.  

Å ȺɡɢŬɟɘůŰɩ Űɖɜ əŬɗɖɔɐŰɟɘŬ əŬ Ⱥɘɟɐɜɖ ɄŬɜŰŮɟɐ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŬɡŰɞɨ 

ɗɏɛŬŰɞɠ, Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ Űɖɠ əŬɗɞŭɐɔɖůɖ əŬɘ Űɖɜ ɎɟɘůŰɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ ůŮ ɧɚɖ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ɛɞɡ Ɏůəɖůɖɠ. 

Å ȺɡɢŬɟɘůŰɩ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ Abuzar Kabir Kenneth G. Furton əŬɗɩɠ əŬɘ Űɖɜ əŬɗɖɔɐŰɟɘŬ əŬ 

ȸɘəŰɤɟɑŬ ɆŬɛŬɜɑŭɞɡ ɔɘŬ Űɖɜ ŮɡɔŮɜɘəɐ ˊɟɞůűɞɟɎ Űɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ FPSE. 

Å ȺɡɢŬɟɘůŰɩ Űɖɜ ɡˊɞɣɐűɘŬ ŭɘŭɎəŰɞɟŬ ȯɜɗɖ ɄŬɟɚɎ ɔɘŬ Űɖ ůŰɐɟɘɝɖ, Űɘɠ ůɡɛɓɞɡɚɏɠ Űɖɠ əŬɘ Űɞ 

ŮɡɢɎɟɘůŰɞ əɚɑɛŬ ˊɞɡ ŭɘŬŰɐɟɖůŮ ůŮ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ɛɞɡ Ɏůəɖůɖɠ.  

Å  ȺɡɢŬɟɘůŰɩ Űɞɡɠ űɑɚɞɡɠ ɛɞɡ əŬɘ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ɔɘŬ Űɖ ůŰɐɟɘɝɖ əŬɘ Űɖɜ ŬɔɎˊɖ Űɞɡɠ.  
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ɄŮɟɑɚɖɣɖ 
Ƀ ůŬəɢŬɟɩŭɖɠ ŭɘŬɓɐŰɖɠ Űɨˊɞɡ 2 ŬˊɞŰŮɚŮɑ ɛɘŬ ɢɟɧɜɘŬ ŭɘŬŰŬɟŬɢɐ Űɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɞŭŮɡŰɘəɐ Ŭˊɞɟɟɨɗɛɘůɖ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ɞɛɞɘɧůŰŬůɖɠ Űɤɜ Ůˊɘˊɏŭɤɜ 

ɔɚɡəɧɕɖɠ ŬɑɛŬŰɞɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ůəŭɐɚɤůɖ ɡˊŮɟɔɚɡəŬɘɛɑŬɠ. ɆŰŬ ˊɟɩɘɛŬ ůɡɛˊŰɩɛŬŰŬ  

ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ˊɞɚɡɞɡɟɑŬ əŬɘ ɖ ˊɞɚɡŭɘɣɑŬ, Ůɜɩ ůŰŬŭɘŬəɎ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɛŬəɟɞɢɟɧɜɘŮɠ 

Ůˊɘˊɚɞəɏɠ Űɖɠ ɜɧůɞɡ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ űŬɘɜɧɛŮɜŬ Ŭɗɖɟɞůəɚɐɟɤůɖɠ Űɤɜ ŬɔɔŮɑɤɜ ɛŮɔɎɚɖɠ əŬɘ 

ɛɘəɟɧŰŮɟɖɠ ŭɘŬɛɏŰɟɞɡ, ɞŭɖɔɩɜŰŬɠ ůŮ ŬɜŮˊŬɟəɐ ŬɘɛɎŰɤůɖ əŬɘ ŭɡůɚŮɘŰɞɡɟɔɑŬ Űɤɜ ˊŮɟɘűŮɟŮɘŬəɩɜ 

ɘůŰɩɜ əŬɘ Űɤɜ ɛŮɑɕɞɜɤɜ ɞɟɔɎɜɤɜ. ũɘŬ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ůŬəɢŬɟɩŭɞɡɠ ŭɘŬɓɐŰɖ ůɡůŰɐɜŮŰŬɘ ɖ 

ŮűŬɟɛɞɔɐ ɛɘŬɠ ɞɚɘůŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŬɚɚŬɔɐ ŭɘŬŰɟɞűɘəɩɜ ůɡɜɖɗŮɘɩɜ, 

ɛŮɑɤůɖ ůɤɛŬŰɘəɞɨ ɓɎɟɞɡɠ, Ŭɨɝɖůɖ ůɤɛŬŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ə.Ɏ. ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ əŬŰɎ 

ˊŮɟɑůŰŬůɖ ɢɞɟɐɔɖůɖ űŬɟɛŬəŮɡŰɘəɐɠ Ŭɔɤɔɐɠ. Ƀɘ ŭɟŬůŰɘəɏɠ ɞɡůɑŮɠ pioglitazone repaglinide əŬɘ 

nateglinide ŬˊɞŰŮɚɞɨɜ ŮɜŭŮɘəŰɘəɞɨɠ Ůəˊɟɞůɩˊɞɡɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ Űɤɜ ɢɞɟɖɔɞɨɛŮɜɤɜ Ŭˊɧ Űɞɡ 

ůŰɧɛŬŰɞɠ ɡˊɞɔɚɡəŬɘɛɘəɩɜ űŬɟɛɎəɤɜ əŬɘ ůɡɜŰŬɔɞɔɟŬűɞɨɜŰŬɘ ůɡůŰɖɛŬŰɘəɎ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ 

əɚɘɜɘəɐ ˊɟɎɝɖ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ɡˊŮɟɔɚɡəŬɘɛɑŬɠ.  

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŬɜŬˊŰɨɢɗɖəŮ ɛɘŬ ɓɘɞŬɜŬɚɡŰɘəɐ ɛɏɗɞŭɞ HILIC-

ESI/MS ɛŮ ůəɞˊɧ Űɞɜ ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ pioglitazone, repaglinide əŬɘ nateglinide ůŮ ŭŮɑɔɛŬŰŬ 

Ŭɜɗɟɩˊɘɜɞɡ ˊɚɎůɛŬŰɞɠ. ũɘŬ Űɖɜ ŬɜɎəŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ ŮűŬɟɛɧůŰɖəŮ ɖ ŰŮɢɜɘəɐ Ůəɢɨɚɘůɖɠ 

ˊɟɞůɟɧűɖůɖɠ ůŮ ɡűŬůɛɎŰɘɜɞ ɛɏůɞ (FPSE), əŬŰɎ Űɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɢɟɐůɖ ŮɨəŬɛˊŰɤɜ 

ɡűŬůɛɎŰɘɜɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ, ŬˊɞŰŮɚɞɨɛŮɜɤɜ Ŭˊɧ əɡŰŰŬɟɑɜɖ ɐ ɎɚɚŮɠ űɡůɘəɏɠ ɐ ůɡɜɗŮŰɘəɏɠ ɑɜŮɠ, 

ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŮˊɘəŬɚɡűɗŮɑ ɛɏůɤ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ɚɨɛŬŰɞɠ-ˊɖəŰɐɠ (sol-gel) ɛŮ ɏɜŬ ɡɓɟɘŭɘəɧ 

ˊɟɞůɟɞűɖŰɘəɧ ˊɞɚɡɛŮɟɏɠ ɡˊɧ Űɖ ɛɞɟűɐ ɚŮˊŰɐɠ ŮˊɑůŰɟɤůɖɠ. ȾŬŰɎ Űɞ ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ Űɖɠ 

ɛŮɗɧŭɞɡ ˊɟɞəŬŰŮɟɔŬůɑŬɠ ɏɔɘɜŮ ŮűŬɟɛɞɔɐ ŰŮɢɜɘəɩɜ ˊŮɘɟŬɛŬŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ ɛŮ ůəɞˊɧ Űɞɜ 

ŮɜŰɞˊɘůɛɧ Űɤɜ əɟɑůɘɛɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ ůŰŬŭɑɤɜ Ůəɢɨɚɘůɖɠ əŬɘ Ůəɟɧűɖůɖɠ əŬɘ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŬɜɎəŰɖůɖɠ. ȼ ɢɟɤɛŬŰɞɔɟŬűɘəɐ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖɜ ŰŮɢɜɘəɐ 

Űɖɠ ɡɔɟɞɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɡŭɟɧűɘɚɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ (HILIC) əŬɘ ɤɠ ŬɜɘɢɜŮɡŰɐɠ ůŰɞ 

ɢɟɤɛŬŰɞɔɟŬűɘəɧ ůɨůŰɖɛŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ űŬůɛŬŰɧɛŮŰɟɞ ɛŬɕɩɜ ɛŮ ŬɜɘɢɜŮɡŰɐ Ŭˊɚɞɨ ŰŮŰɟŬˊɚɞɨ 

əŬɘ ˊɖɔɐ ɘɞɜŰɘůɛɞɨ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ. Ƀ ɢɟɧɜɞɠ Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɘəɐɠ ŬɜɎɚɡůɖɠ ŭŮɜ ɡˊŮɟɓŬɑɜŮɘ 

ŰŬ 10 ɚŮˊŰɎ əŬɘ ɖ ˊŮɟɘɞɢɐ ɔɟŬɛɛɘəɧŰɖŰŬɠ Űɖɠ ɛŮɗɧŭɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 25-2000 ng mL-1  ɔɘŬ Űɞ 

pioglitazone, 6,25-500 ng mL-1 ɔɘŬ repaglinide əŬɘ 125-10000 ng mL-1 ɔɘŬ Űɞ nateglinide. ȼ  

ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞɠ ŬɝɘɞɚɞɔɐɗɖəŮ ɤɠ ˊɟɞɠ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɘɧŰɖŰŬɠ əŬɘ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Ůɜɧɠ ɛŮɔɎɚɞɡ űɎůɛŬŰɞɠ əɚɘɜɘəɩɜ ɛŮɚŮŰɩɜ ɛŮ ůəɞˊɧ  Űɞɜ 

ɏɚŮɔɢɞ Űɤɜ ɗŮɟŬˊŮɡŰɘəɩɜ Ůˊɘˊɏŭɤɜ Űɤɜ ŬɜɤŰɏɟɤ űŬɟɛɎəɤɜ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ůŬəɢŬɟɩŭɖɠ ŭɘŬɓɐŰɖɠ, HILIC, FPSE, ˊŮɘɟŬɛŬŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ,  
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 Abstract 

Type 2 diabetes mellitus is a chronic metabolic disorder characterized by the progressive 

dysregulation of the homeostasis mechanisms of blood glucose, resulting in the manifestation of 

hyperglycemia. Early symptoms include polyuria and polydipsia, while gradually the long-term 

complications of the disease occur due to atherosclerosis phenomena of large and small diameter 

vessels, leading to insufficient irrigation and dysfunction of peripheral tissues and major organs. 

Management of diabetes mellitus requires the application of a holistic approach, which includes 

appropriate lifestyle interventions (reduction of body weight, increased physical activity, etc.), in 

combination with the occasional administration of medication. Pioglitazone repaglinide and 

nateglinide constitute some indicative representatives in the group of orally administered 

hypoglycemic agents and are routinely prescribed in daily clinical practice to treat hyperglycemia. 

Thus, in the context of the present thesis, the development of a bioanalytical method for the 

quantitative determination of the hypoglycemic agents pioglitazone, repaglinide and nateglinide in 

human plasma samples is described. Recovery of target analytes from the biological matrix was 

achieved through the implementation of novel microextraction technique FPSE, which utilizes 

permeable fabric substrates made of cellulose or other natural or synthetic textiles, that have 

undergone chemical coating via sol-gel technology with a hybrid adsorptive polymeric material. A 

Design of Experiments approach was implemented during the development of the sample 

preparation method in order to assess the significance of various parameters on extraction and 

desorption efficiency and to optimize the recovery of the analytes. Chromatographic analysis of the 

compounds was performed by hydrophilic interaction liquid chromatography (HILIC) in combination 

with mass spectrometry. The mass detector of the chromatographic system was equipped with a 

single quadrupole mass analyzer and an electrospray interface. Total run time did not exceed 10 

min and the linearity range of the method is 25-2000 ng mL-1 for pioglitazone, 6.25-500 ng mL-1 for 

repaglinide and 125-10000 ng mL-1 for nateglinide. The proposed method was evaluated in terms 

of its main quality characteristics and may be used to support a wide range of clinical studies 

regarding the monitoring of therapeutic levels of the above drugs. 

 

 

 

 

Key-words: Diabetes mellitus, FPSE, HILIC, Design of Experiment 
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ȾŮűɎɚŬɘɞ 1: ūŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ (Mass spectrometry) 

1.1 ȺɘůŬɔɤɔɐ əŬɘ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ 

ȼ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɜɧɟɔŬɜɖ ŬɜŬɚɡŰɘəɐ ŰŮɢɜɘəɐ, ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɞɜ ˊɞɘɞŰɘəɧ əŬɘ 

ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ ɢɖɛɘəɩɜ ŮɜɩůŮɤɜ, ɛɏůɤ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ɘɧɜŰɤɜ ůŰɖɜ ŬɏɟɘŬ űɎůɖ əŬɘ 

Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɞɡɠ, ůɡɜŬɟŰɐůŮɘ Űɞɡ ɚɧɔɞɡ m/z (ɛɎɕŬ ˊɟɞɠ űɞɟŰɑɞ ɘɧɜŰɞɠ). ȼ ˊɟɩŰɖ ŮűŬɟɛɞɔɐ 

Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ ůɖɛŮɘɩɗɖəŮ Űɞ 1912 Ŭˊɧ Űɞɜ ŮɟŮɡɜɖŰɐ J.J. Thomson,  ɞ ɞˊɞɑɞɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ˊɟɩɘɛɖ Ůəŭɞɢɐ Űɞɡ űŬůɛŬŰɧɛŮŰɟɞɡ ɛŬɕɩɜ, ŮˊɞɜɞɛŬɕɧɛŮɜɞ ɤɠ 

ˊŬɟŬɓɞɚɘəɧɠ űŬůɛŬŰɞɔɟɎűɞɠ, ɏɚŬɓŮ ŰŬ űɎůɛŬŰŬ ɛŬɕɩɜ Űɤɜ ŮɜɩůŮɤɜ Ƀ2, Ɂ2 əŬɘ CO2  . ȼ ˊɟɩŰɖ 

ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɘəɐɠ ůŰɖ ɛŮɚɏŰɖ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ɏɔɘɜŮ Űɞ 1939 Ŭˊɧ Űɞɜ ŮɟŮɡɜɖŰɐ R. Conrad, 

Ůɜɩ ɛɏɢɟɘ ŰŬ ɛɏůŬ Űɞ 20ɞɡ ŬɘɩɜŬ ɞɘ əɨɟɘŮɠ  ŮűŬɟɛɞɔɏɠ Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ ŮɜŰɞˊɑɕɞɜŰŬɜ 

əɡɟɑɤɠ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ Űɞɡ Ŭɟɔɞɨ ˊŮŰɟŮɚŬɑɞɡ əŬɘ ŬűɞɟɞɨůŬɜ Űɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ ɛŮɘɔɛɎŰɤɜ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬɚɡŰɘəɐ ůɢɎůɖ [1].  

ɇɞ ɏɜŰɞɜɞ ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ ˊɞɡ ůɖɛŮɘɩɗɖəŮ əŬŰɎ Űɞɜ 20ɞ ŬɘɩɜŬ ůɢŮŰɘəɎ ɛŮ Űɖ 

űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ ůɡɜɏɓŬɚŮ əŬɗɞɟɘůŰɘəɎ ůŰɖɜ ŬɚɛŬŰɩŭɖ ˊɟɧɞŭɞ Űɖɠ ŰŮɢɜɘəɐɠ,  ɞŭɖɔɩɜŰŬɠ ůŮ 

ůɖɛŬɜŰɘəɏɠ ɓŮɚŰɘɩůŮɘɠ ůŰɖɜ ɡűɘůŰɎɛŮɜɖ ɞɟɔŬɜɞɚɞɔɑŬ əŬɘ Űɖɜ ŰŮɢɜɞɔɜɤůɑŬɠ Űɖɠ ɚɐɣɖɠ űŬůɛɎŰɤɜ 

ɛŬɕɩɜ. ɄŬɟɎɚɚɖɚŬ, ɖ ŬɜŬəɎɚɡɣɖ ɜɏɤɜ ůɡůŰɖɛɎŰɤɜ ɘɞɜŰɘůɛɞɨ əŬɘ ŬɜŬɚɡŰɩɜ ɛŬɕɩɜ, ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ  ŬɜɎˊŰɡɝɖ əŬŰɎɚɚɖɚɤɜ ŭɘŬŰɎɝŮɤɜ ɔɘŬ Űɖ ůɨɕŮɡɝɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

ŬŮɟɘɞɢɟɤɛŬŰɞɔɟŬűɑŬɠ əŬɘ ɡɔɟɞɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɛŮ Űɖ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ ŮɜɑůɢɡůŬɜ 

ůɖɛŬɜŰɘəɎ Űɖ ŭɡɜŬɛɘəɐ Űɖɠ ŰŮɢɜɘəɐɠ, ŭɘŮɡɟɨɜɞɜŰŬɠ ɗŮŬɛŬŰɘəɎ Űɞ ɡűɘůŰɎɛŮɜɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɩɜ [2].  

ɆɐɛŮɟŬ, ɖ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ ɗŮɤɟŮɑŰŬɘ ŰŮɢɜɘəɐ Ůəɚɞɔɐɠ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɓɘɞŬɜɎɚɡůɖɠ əŬɘ 

ŬɝɘɞˊɞɘŮɑŰŬɘ ůŮ ˊɚɐɗɞɠ ŭɘŬűɞɟŮŰɘəɩɜ ŮűŬɟɛɞɔɩɜ, ɞɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ ůŰɞɜ 

ˊɞɘɞŰɘəɧ əŬɘ ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ ŮɜɩůŮɤɜ űŬɟɛŬəɞɚɞɔɘəɞɨ əŬɘ Űɞɝɘəɞɚɞɔɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ 

ůŮ ɓɘɞɚɞɔɘəɎ ŭŮɑɔɛŬŰŬ , Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ ɢɖɛɘəɩɜ ŮɜɩůŮɤɜ əŬɗɩɠ əŬɘ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɖɠ 

əŬŰŬɜɞɛɐɠ ɓɘɞɛɞɟɑɤɜ ůŮ ɘůŰɞɨɠ (MS imaging). ɄŬɟɎɚɚɖɚŬ, ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ůɡɔəŮɜŰɟɩɜŮɘ ɖ 

Ŭɝɘɞˊɞɑɖůɖ Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ ůŰɞ ŮɟŮɡɜɖŰɘəɧ ˊŮŭɑɞ Űɖɠ ɛŮŰŬɓɞɚɞɛɘəɐɠ əŬɘ ˊɟɤŰŮɞɛɘəɐɠ, 

ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ŭɘŮɜɏɟɔŮɘŬ ɛɖ-ůŰɞɢŮɡɛɏɜɤɜ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɩɜ ŬɜŬɚɨůŮɤɜ, ɛŮ 

ůəɞˊɧ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ ɓɘɞŭŮɘəŰɩɜ əŬɘ Űɖɜ əŬŰŬɜɧɖůɖ ůɨɜɗŮŰɤɜ ɓɘɞɢɖɛɘəɩɜ ŭɘŮɟɔŬůɘɩɜ. Ƀɘ 

ˊŬɟŬˊɎɜɤ ŮűŬɟɛɞɔɏɠ Ŭˊɞɟɟɏɞɡɜ Ŭˊɧ ŰŬ ŮɔɔŮɜɐ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ŰŮɢɜɘəɐɠ əŬɘ ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ 

ůŰŬ Ůɝɐɠ ůɖɛŮɑŬ [3]: 

¶ Ɉɣɖɚɐ ŮəɚŮəŰɘəɧŰɖŰŬ, ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɝɘɧˊɘůŰɖ ŭɘɎəɟɘůɖ Űɤɜ ŬɜŬɚɡŰɩɜ Ŭˊɧ ŰŬ 

ůɡɜɡˊɎɟɢɞɜŰŬ ůɡůŰŬŰɘəɎ Űɞɡ ɡɚɘəɞɨ ɛɐŰɟŬɠ, ŬəɧɛŬ əŬɘ ůŮ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ 

ůɡɔəŮɜŰɟɩůŮɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ Ŭəɟɘɓɐ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɢŮŰɘəɩɜ 

ɛɞɟɘŬəɩɜ ɛŬɕɩɜ Űɤɜ ůɢɖɛŬŰɘɕɧɛŮɜɤɜ ɘɧɜŰɤɜ.  

¶  Ɉɣɖɚɐ ŮɡŬɘůɗɖůɑŬ, ɖ ɞˊɞɑŬ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘŰɟɏˊŮɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

ŮɜɩůŮɤɜ ŬəɧɛŬ əŬɘ ůŮ ŮˊɑˊŮŭŬ  femtomole (10-15 mole). 
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¶ ȾŬɗɞɚɘəɧŰɖŰŬ ŬɜɑɢɜŮɡůɖɠ, əŬɗɩɠ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ ɢɟɤɛɞűɧɟɤɜ ɐ Ɏɚɚɤɜ 

ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ ůŰɞ ɛɧɟɘɞ Űɞɡ ŬɜŬɚɨŰɖ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɐ Űɞɡ ɛŮ Űɖ ůɡɔəŮəɟɘɛɏɜɖ 

ŰŮɢɜɘəɐ. 

¶ ɄŬɟɞɢɐ ŭɞɛɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ, ɛɏůɤ Űɞɡ Ŭəɟɘɓɞɨɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ 

Űɤɜ ŬɜŬɚɡŰɩɜ, ɛŮ ɢɟɐůɖ ɞɟɔɎɜɤɜ ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ.   

 

 

ɆɢɐɛŬ 1.1 ȽůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ ůŰɖɜ Ůɝɏɚɘɝɖ Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ.  
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1.2 ɃɟɔŬɜɞɚɞɔɑŬ 

ɆŮ əɎɗŮ űŬůɛŬŰɧɛŮŰɟɞ ɛŬɕɩɜ ŮɜŰɞˊɑɕɞɜŰŬɘ ŰŬ Ůɝɐɠ ɓŬůɘəɎ ŰɛɐɛŬŰŬ (ůɢɐɛŬ 1.2): 

1. ɆɨůŰɖɛŬ ŮɘůŬɔɤɔɐɠ ŭŮɑɔɛŬŰɞɠ 

2. Ʉɖɔɐ ɘɞɜŰɘůɛɞɨ 

3. ȷɜŬɚɡŰɐɠ ɛŬɕɩɜ 

4. ȷɜɘɢɜŮɡŰɐɠ 

 

ɆɢɐɛŬ 1.2 ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ əɨɟɘɤɜ ŰɛɖɛɎŰɤɜ Ůɜɧɠ űŬůɛŬŰɞɛɏŰɟɞɡ ɛŬɕɩɜ. 

 

ɄŬɟɎɚɚɖɚŬ, ŮɜŰɞˊɑɕɞɜŰŬɘ ɛɘŬ ůŮɘɟɎ ůɡɜɞŭɩɜ ŭɘŬŰɎɝŮɤɜ, ɧˊɤɠ ŬɜŰɚɑŮɠ əŮɜɞɨ əŬɘ ɔŮɜɜɐŰɟɘŮɠ 

ŬɕɩŰɞɡ, ɞɘ ɞˊɞɑŮɠ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ůɡɜɗɖəɩɜ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔŮɑŬ 

Űɞɡ ɞɟɔɎɜɞɡ əŬɘ Űɖ ŭɘŮɡəɧɚɡɜůɖ Űɞɡ ɘɞɜŰɘůɛɞɨ Űɤɜ ŬɜŬɚɡŰɩɜ. ɇŬ Ůˊɘɛɏɟɞɡɠ ŰɛɐɛŬŰŬ Ůɜɧɠ 

űŬůɛŬŰɞɛɏŰɟɞɡ ɛŬɕɩɜ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ əŮɜŰɟɘəɧ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ, Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

Űɟɞˊɞˊɞɑɖůɖ Űɤɜ ůɢŮŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ŮəɎůŰɞŰŮ 

ŮűŬɟɛɞɔɐɠ, ɧˊɤɠ Ůˊɑůɖɠ Űɖɜ əŬŰŬɔɟŬűɐ əŬɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

Ɇəɞˊɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɘůŬɔɤɔɐɠ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ ɖ ɛŮŰŬűɞɟɎ ɛɘŬɠ ɛɘəɟɐɠ ˊɞůɧŰɖŰŬɠ ŭŮɑɔɛŬŰɞɠ 

ůŰɖɜ ˊɖɔɐ ɘɞɜŰɘůɛɞɨ ɢɤɟɑɠ ŭɘŬŰɎɟŬɝɖ Űɤɜ ůɡɜɗɖəɩɜ əŮɜɞɨ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŰɞ ɧɟɔŬɜɞ. ȼ 

Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ůɡůŰɐɛŬŰɞɠ ŮɘůŬɔɤɔɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ŰŬ 

űɡůɘəɞɢɖɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɜŬɚɡŰɩɜ (ˊɞɚɘəɧŰɖŰŬ, ŰɎůɖ ŬŰɛɩɜ ə.Ɏ.), ɞɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

Űɞɡ ɡɚɘəɞɨ ɛɐŰɟŬɠ əŬɘ ɞɘ Ŭɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɘɞɜŰɘůɛɞɨ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ůɡůŰɖɛɎŰɤɜ ɘɞɜŰɘůɛɞɨ ˊɞɡ ˊɟɞɦˊɞɗɏŰɞɡɜ Űɖ ɛŮŰɎɓŬůɖ Űɤɜ ŬɜŬɚɡŰɩɜ ůŰɖɜ Ŭɏɟɘɞ 

űɎůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮɝŬɏɟɤůɖ Űɤɜ ɡɔɟɩɜ əŬɘ ůŰŮɟŮɩɜ ŭŮɘɔɛɎŰɤɜ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ɘůɢɡɟɐɠ 

ɗɏɟɛŬɜůɖɠ, Ůɜɩ ŬɏɟɘŬ əŬɘ ˊŰɖŰɘəɎ ŭŮɑɔɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ŮɘůŬɢɗɞɨɜ ŬˊŮɡɗŮɑŬɠ ůŰɖɜ ˊɖɔɐ ɘɞɜŰɘůɛɞɨ, 
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ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŭɘŮɡəɞɚɨɜŮɘ ůɖɛŬɜŰɘəɎ Űɖ ůɨɕŮɡɝɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬŮɟɘɞɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɛŮ Űɖ 

űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ. ȷɜŰɘɗɏŰɤɠ, ɖ ůɨɕŮɡɝɖ Űɖɠ ɡɔɟɞɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ɛŮ Űɖ 

űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ ŬˊɞŰɏɚŮůŮ ɛɘŬ ɘŭɘŬɑŰŮɟɖ ŰŮɢɜɞɚɞɔɘəɐ ˊɟɧəɚɖůɖ əŬɗɩɠ ˊɟɞɦˊɏɗŮŰŮ Űɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɖ ɞɟɘůɛɏɜɤɜ ůɖɛŬɜŰɘəɩɜ ŬůɡɛɓŬůɘɩɜ ŬɜɎɛŮůŬ ůŰɘɠ ŭɡɞ ŰŮɢɜɘəɏɠ, ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

Űɖɜ ɡɣɖɚɐ ŰŬɢɨŰɖŰŬ ɟɞɐɠ Űɖɠ əɘɜɖŰɐɠ űɎůɖɠ, Űɖɜ ɡɣɖɚɐ əŬŰɎ ˊŮɟɑůŰŬůɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ 

ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ ŮəɚɞɡůɛɎŰɤɜ ůŮ ɜŮɟɧ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ ɡɣɖɚɞɨ əŮɜɞɨ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ɚŮɘŰɞɡɟɔŮɑŬ Űɞɡ űŬůɛŬŰɧɛŮŰɟɞɡ ɛŬɕɩɜ.  

ȼ əɨɟɘŬ ɚŮɘŰɞɡɟɔŮɑŬ Űɖɠ ˊɖɔɐɠ ɘɞɜŰɘůɛɞɨ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ Űɤɜ ɘɧɜŰɤɜ Űɞɡ ŬɜŬɚɨŰɖ əŬɘ ɖ 

ˊɟɞɩɗɖůɐ Űɞɡɠ ůŰɞɜ ŬɜŬɚɡŰɐ ɛŬɕɩɜ. ȷɜɎɚɞɔŬ ɛŮ ŰŬ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ,  Űɖ ɢɖɛɘəɐ 

ůŰŬɗŮɟɧŰɖŰŬ əŬɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ Ůɨɟɞɠ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ Űɤɜ ŬɜŬɚɡŰɩɜ ɞ ɘɞɜŰɘůɛɧɠ ɛˊɞɟŮɑ ɜŬ 

ɚɎɓŮɘ ɢɩɟŬ ůŮ ɡɔɟɐ, ůŰŮɟŮɐ ɐ ůŮ ŬɏɟɘŬ əŬŰɎůŰŬůɖ. ɀɘŬ ɘŭɘŬɘŰɏɟɤɠ ůɖɛŬɜŰɘəɐ ˊɟɞůɗɐəɖ, ůŰɞ 

ˊŮŭɑɞ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɘɞɜŰɘůɛɞɨ ŬˊɞŰɏɚŮůŮ ɖ ŬɜŬəɎɚɡɣɖ Űɤɜ ŰŮɢɜɘəɩɜ ɘɞɜŰɘůɛɞɨ ɡˊɧ ůɡɜɗɐəŮɠ 

ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ, əŬɗɩɠ əŬŰɏůŰɖůŬɜ ŮűɘəŰɐ Űɖɜ ɎɛŮůɖ ŮɘůŬɔɤɔɐ ŭŮɑɔɛŬŰɞɠ ůŰɖɜ ˊɖɔɐ 

ɘɞɜŰɘůɛɞɨ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ ůɖɛŬɜŰɘəɎ Űɖɜ ůɨɕŮɡɝɖ Űɖɠ ɡɔɟɞɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɛŮ Űɖ űŬůɛŬŰɞɛŮŰɟɑŬ 

ɛŬɕɩɜ. ȷɡŰɧ ůɡɜɐɗɤɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ŭɘŬɛŮůɞɚɎɓɖůɖ ɛɘŬɠ ůŮɘɟɎɠ ŮɜŭɘɎɛŮůɤɜ ɢɩɟɤɜ 

ůŰŬŭɘŬəɎ ŮɚŬŰŰɤɛɏɜɖɠ ˊɑŮůɖɠ, ɞɨŰɤɠ ɩůŰŮ ɜŬ ŬˊɞŰɟŬˊŮɑ ɖ ŭɘŬŰɎɟŬɝɖ Űɤɜ ůɡɜɗɖəɩɜ ɡɣɖɚɞɨ 

əŮɜɞɨ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŰɞɜ ŬɜŬɚɡŰɐ ɛŬɕɩɜ.  

Ƀ ŬɜŬɚɡŰɐɠ ɛŬɕɩɜ ŬˊɞŰŮɚŮɑ Űɞ ŰɛɐɛŬ Űɞɡ ɞɟɔɎɜɞɡ ůŰɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ 

Ŭɏɟɘɤɜ ɘɧɜŰɤɜ ɛŮ ɓɎůɖ Űɞɜ ɚɧɔɞ m/z. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ɞɘ ŬɜŬɚɡŰɏɠ 

ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ: 

1. ȷɜŬɚɡŰɏɠ ůɡɜŮɢɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɧˊɤɠ ɞɘ ŰŮŰɟŬˊɞɚɘəɞɑ ŬɜŬɚɡŰɏɠ (quadrupole, Q) əŬɘ ɞɘ 

ŬɜŬɚɡŰɏɠ ɛŬɔɜɖŰɘəɞɨ ŰɞɛɏŬ (magnetic sector). 

2. ȷɜŬɚɡŰɏɠ ˊŬɚɛɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ, ůŰɞɡɠ ɞˊɞɑɞɡɠ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ŰŮŰɟŬˊɞɚɘəɐ ˊŬɔɑŭŬ 

ɘɧɜŰɤɜ ( ion trap, IT), ɞɘ ŬɜŬɚɡŰɏɠ ɢɟɧɜɞɡ ˊŰɐůɖɠ (ɇime of Flight) əŬɗɩɠ əŬɘ ɞɘ ŬɜŬɚɡŰɏɠ 

əɡəɚɞŰɟɞɜɘŬəɞɨ ůɡɜŰɞɜɘůɛɞɨ ɛŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier (Fourier-Transform Ion Cyclotron 

Resonance, FTICR) 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɖ ŮˊɑŰŮɡɝɖ ůɡɜɗɖəɩɜ ɘůɢɡɟɞɨ əŮɜɞɨ, Űɖɠ ŰɎɝɖɠ Űɤɜ 10-5-

10-8 Torr ŬˊɞŰŮɚŮɑ ɓŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŬɜŬɚɡŰɩɜ ɛŬɕɩɜ əŬɗɩɠ ůŮ 

ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɞɘ ůɡɔəɟɞɨůŮɘɠ Űɤɜ ɘɧɜŰɤɜ ɛŮ ŰŬ ůɡůŰŬŰɘəɎ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ɗŬ 

ɞŭɖɔɞɨůŬɜ ůŮ ŬˊɞűɧɟŰɘůɐ Űɞɡɠ, əŬɗɘůŰɩɜŰŬɠ ŬŭɨɜŬŰɖ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɞɡɠ, ŬɚɚɎ əŬɘ Ŭˊɧəɚɘůɖ 

Ŭˊɧ Űɘɠ Űɟɞɢɘɏɠ Űɞɡɠ. ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ůŮ ůɡɜɗɐəŮɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ ɖ ɛɏůɖ 

ŬˊɧůŰŬůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬɜɨůŮɘ ɏɜŬ  ɘɧɜ ˊɟɘɜ ŮəŰɟŬˊŮɑ Ŭˊɧ Űɖɜ ˊɞɟŮɑŬ Űɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰŬ 

10-8 m, Ůɜɩ ůŮ ůɡɜɗɐəŮɠ ɘůɢɡɟɞɨ əŮɜɞɨ ɖ ŬɜŰɑůŰɞɘɢɖ ŬˊɧůŰŬůɖ ŬɜɏɟɢŮŰŬɘ ůŰŬ 10 m, 

ŬɡɝɎɜɞɜŰŬɠ ůɖɛŬɜŰɘəɎ Űɞ ˊɞůɞůŰɧ Űɤɜ ɘɧɜŰɤɜ ˊɞɡ űŰɎɜɞɡɜ ůŰɞɜ ŬɜɘɢɜŮɡŰɐ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ 

Űɖɜ ŮɡŬɘůɗɖůɑŬɠ Űɖɠ ŰŮɢɜɘəɐɠ. 
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Ƀ ŬɜɘɢɜŮɡŰɐɠ Űɞɡ űŬůɛŬŰɧɛŮŰɟɞɡ ɛŬɕɩɜ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɖɠ 

ˊɟɞůˊɑˊŰɞɡůŬɠ ŭɏůɛɖɠ ɘɧɜŰɤɜ ˊɞɡ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ŬɜŬɚɡŰɐ ůŮ ɏɜŬ ɛŮŰɟɐůɘɛɞ ɖɚŮəŰɟɘəɧ 

ůɐɛŬ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŬɜɎɚɞɔɞ Űɖɠ ůɢŮŰɘəɐɠ ŬűɗɞɜɑŬɠ Űɤɜ ɘɧɜŰɤɜ ůŰɞ ŭŮɑɔɛŬ. Ƀɘ ŭɘŬɗɏůɘɛɞɘ 

Űɨˊɞɘ ŬɜɘɢɜŮɡŰɩɜ ŭɘŬűɏɟɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ůŮ ɞɟɘůɛɏɜŬ əɟɑůɘɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɘɧŰɖŰŬɠ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ Ŭˊɧŭɞůɐ Űɞɡɠ, ɧˊɤɠ Űɞ ŭɡɜŬɛɘəɧ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɖ ŰŬɢɨŰɖŰŬ Ŭˊɧəɟɘůɖɠ, 

ŰŬ ŮˊɑˊŮŭŬ ɗɞɟɨɓɞɡ, Űɞ ɧɟɘɞ əɞɟŮůɛɞɨ Űɖɠ Ŭˊɧəɟɘůɖɠ əɞə. ɆɡɜŮˊɩɠ, ɖ Ůˊɘɚɞɔɐ Űɞɡ 

əŬŰɎɚɚɖɚɞɡ ŬɜɘɢɜŮɡŰɐ ůɢŮŰɑɕŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɛŮ Űɖɜ ɞɟɔŬɜɞɚɞɔɑŬ Űɞɡ űŬůɛŬŰɧɛŮŰɟɞɡ 

ɛŬɕɩɜ əŬɘ Űɞ ˊŮŭɑɞ Űɤɜ ŮűŬɟɛɞɔɩɜ ɔɘŬ Űɞ ɞˊɞɑɞ ŬɡŰɧ ˊɟɞɞɟɑɕŮŰŬɘ [4ï6].  

1.3ɇŮɢɜɘəɏɠ ɘɞɜŰɘůɛɞɨ 

1.3.1 ȽɞɜŰɘůɛɧɠ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ (Electron spray ionization-ESI) 

H ŰŮɢɜɘəɐ ɘɞɜŰɘůɛɞɨ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ ŬɜɐəŮɘ ůŰɘɠ ŰŮɢɜɘəɏɠ ɘɞɜŰɘůɛɞɨ ůŮ ůɡɜɗɐəŮɠ ŬŰɛɞůűŬɘɟɘəɐɠ 

ˊɑŮůɖɠ əŬɘ ŬɜŬəŬɚɨűɗɖəŮ Ŭˊɧ Űɞɜ ŮɟŮɡɜɖŰɐ J. Fenn Űɞ 1988 (ɓɟŬɓŮɑɞ Nobel 2002) [7]. ȼ 

ůɡɔəŮəɟɘɛɏɜɖ ŰŮɢɜɘəɐ ůɡɜɏɓŬɚŮ əŬɗɞɟɘůŰɘəɎ ůŰɖ ŭɘŮɨɟɡɜůɖ Űɞɡ ˊŮŭɑɞɡ ŮűŬɟɛɞɔɩɜ əŬɘ Űɖɜ Ŭɨɝɖůɖ 

Űɖɠ ŭɖɛɞŰɘəɧŰɖŰŬɠ Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ ůŰɖ ɓɘɞŬɜɎɚɡůɖ əŬɗɩɠ ůɡɔəŮɜŰɟɩɜŮɘ ɞɟɘůɛɏɜŬ 

ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ əŬɗɘůŰɞɨɜ Űɖɜ Ŭɝɘɞˊɞɑɖůɐ Űɖɠ ɘŭɘŬɑŰŮɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐ. ɆŮ ŬɡŰɎ 

ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ ˊɞɚɚŬˊɚɐɠ űɧɟŰɘůɖɠ Űɤɜ ŬɜŬɚɡŰɩɜ, ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɎɚɡůɖ 

ŮɜɩůŮɤɜ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ Ɏɜɤ Űɤɜ 20000 Dalton əŬɘ ɖ ůɡɛɓŬŰɧŰɖŰŬ ɛŮ ɡɣɖɚɧŰŮɟŮɠ ŰŬɢɨŰɖŰŬɠ 

ɟɞɐɠ, ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůɨəɞɚɖ ůɨɕŮɡɝɖ Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ ɛŮ ůɡůŰɐɛŬŰŬ LC əŬɘ 

ŰɟɘɢɞŮɘŭɞɨɠ ɖɚŮəŰɟɞűɧɟɖůɖɠ. ɄŬɟɎɚɚɖɚŬ, ɖ ŰŮɢɜɘəɐ ESI ŮɑɜŬɘ ɐˊɘŬ ŰŮɢɜɘəɐ ɘɞɜŰɘůɛɞɨ əŬɘ Ůˊɞɛɏɜɤɠ 

ŮɑɜŬɘ əŬŰɎɚɚɖɚɖ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ ɗŮɟɛɞŮɡŬɑůɗɖŰɤɜ ŬɜŬɚɡŰɩɜ ɛɏŰɟɘŬɠ əŬɘ ɡɣɖɚɐɠ ˊɞɚɘəɧŰɖŰŬɠ. [8ï

10].  

ɇŬ əɨɟɘŬ ůŰɎŭɘŬ Űɖɠ ŰŮɢɜɘəɐɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Ůɜ ůɡɜŰɞɛɑŬ Űɖɜ Ůəɜɏűɤůɖ Űɖɠ əɘɜɖŰɐɠ űɎůɖɠ ɛŮ 

ɢɟɐůɖ ˊɟɞɤɗɖŰɘəɞɨ ŬŮɟɘɞɨ ŮɜŰɧɠ ɘůɢɡɟɞɨ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ 

Ůɜɧɠ ŬŮɟɞɚɨɛŬŰɞɠ űɞɟŰɘůɛɏɜɤɜ ɜŬɜɞůŰŬɔɞɜɘŭɑɤɜ, Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ɞˊɞɑɤɜ ŰŬ ɘɧɜŰŬ Űɤɜ 

ŬɜŬɚɡŰɩɜ ɗŬ ɛŮŰŬɓɞɨɜ ůŰɖɜ Ŭɏɟɘɞ űɎůɖ.  

ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɖ ɓŬůɘəɐ ŭɘɎŰŬɝɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɘɞɜŰɘůɛɞɨ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ɏɜŬ ɛŮŰŬɚɚɘəɧ ŰɟɘɢɞŮɘŭɐ ůɤɚɐɜŬ (ɓŮɚɧɜŬ ɖɚŮəŰɟɞɣŮəŬůɛɞɨ), ůŰɖɜ Ɏəɟɖ Űɞɡ ɞˊɞɑɞɡ ŮűŬɟɛɧɕŮŰŬɘ 

ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ, Űɖɠ ŰɎɝɖɠ Űɤɜ 2-6 kV, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Ůɜɧɠ əŬŰɎɚɚɖɚɞɡ ŬɜŰɘɖɚŮəŰɟɞŭɑɞɡ 

(əɩɜɞɠ Ůɘůɧŭɞɡ). ȷɜɎɚɞɔŬ ɛŮ Űɞ ŮɎɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ ŬɜɎɚɡůɖ əŬŰɘɧɜŰɤɜ ɐ ŬɜɘɧɜŰɤɜ, 

ŮűŬɟɛɧɕŮŰŬɘ ŬɜŰɑůŰɞɘɢŬ ɗŮŰɘəɧ ɐ ŬɟɜɖŰɘəɧ ŭɡɜŬɛɘəɧ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɗŮŰɘəɞɨ ɘɞɜŰɘůɛɞɨ, əŬɗɩɠ 

Űɞ ɡɔɟɧ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ŰɟɘɢɞŮɘŭɏɠ, ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ɛŮŰŬűɞɟɎ ɖɚŮəŰɟɞɜɑɤɜ Ŭˊɧ Űɞɜ əɨɟɘɞ ɧɔəɞ 

Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ˊɟɞɠ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ, ɞŭɖɔɩɜŰŬɠ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ ɗŮŰɘəɎ 

űɞɟŰɘůɛɏɜɤɜ ɘɧɜŰɤɜ.  ȼ ɏəɗŮůɖ Űɞɡ ɡɔɟɞɨ ůŰɞ ɘůɢɡɟɧ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɛɘŬɠ ŭɞɛɐɠ əɤɜɞŮɘŭɞɨɠ ůɡɛɛŮŰɟɑŬɠ ůŰɖɜ Ɏəɟɖ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ 

(əɩɜɞɠ Taylor). ɇŬ ůɢɖɛŬŰɘɕɧɛŮɜŬ əŬŰɘɧɜŰŬ, ɤɗɞɨɛŮɜŬ Ŭˊɧ ŬˊɤůŰɘəɏɠ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ 
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ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ əŬŰŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ əɩɜɞɡ, ɞŭɖɔɩɜŰŬɠ ůŮ Ŭɨɝɖůɖ Űɖɠ 

ɖɚŮəŰɟɞɜɘŬəɐɠ Űɞɡ ˊɡəɜɧŰɖŰŬɠ. ȳŰŬɜ Űɞ ɛɏŰɟɞ Űɤɜ ŬˊɤůŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɡˊŮɟɓŮɑ ŬɡŰɧ 

Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ŰɎůɖɠ (ɧɟɘɞ Rayleigh) ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ Ŭˊɞəɞˊɐ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜɤɜ 

ůŰŬɔɞɜɘŭɑɤɜ, ŭɘŬɛɏŰɟɞɡ ɛŮɟɘəɩɜ ɛɘəɟɞɛɏŰɟɤɜ Ŭˊɧ Űɞ Ɏəɟɞ Űɞɡ əɩɜɞɡ, ŰŬ ɞˊɞɑŬ əŬŰŮɡɗɨɜɞɜŰŬɘ 

ˊɟɞɠ Űɞ ŬɜŰɘɖɚŮəŰɟɧŭɘɞ (ůɢɐɛŬ 1.3). ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɤɜ 

ɛɘəɟɞůŰŬɔɞɜɘŭɑɤɜ ŮɑɜŬɘ ɖ ɢɟɐůɖ ŬŮɟɑɞɡ Ůəɜɏűɤůɖɠ (ɎɕɤŰɞ), Űɞ ɞˊɞɑɞ ŮűŬɟɛɧɕŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞ 

ŰɟɘɢɞŮɘŭɏɠ ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ ůɢɎůɖ Űɞɡ əɩɜɞɡ. 

 

ɆɢɐɛŬ 1.3 ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɘɞɜŰɘůɛɞɨ ESI ůŮ ɚŮɘŰɞɡɟɔɑŬ ɗŮŰɘəɞɨ ɘɞɜŰɘůɛɞɨ[11]. 

ȾŬɗɩɠ ŰŬ ɛɘəɟɞůŰŬɔɞɜɑŭɘŬ əɘɜɞɨɜŰŬɘ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŰɘɖɚŮəŰɟɞŭɑɞɡ ɖ ŭɘɎɛŮŰɟɞɠ Űɞɡɠ  

ůŰŬŭɘŬəɎ ŮɚŬŰŰɩɜŮŰŬɘ ɚɧɔɤ ŮɝɎŰɛɘůɖɠ Űɤɜ ɛɞɟɑɤɜ Űɞɡ ŭɘŬɚɨŰɖ, ɖ ɞˊɞɑŬ ůɡɢɜɎ ɡˊɞɓɞɖɗŮɑŰŬɘ Ŭˊɧ 

Űɖɜ ŮűŬɟɛɞɔɐ ɗɏɟɛŬɜůɖɠ əŬɘ ɟŮɨɛŬŰɞɠ ŬɕɩŰɞɡ, ŮˊɘűɏɟɞɜŰŬɠ Ŭɨɝɖůɖ Űɖɠ ɖɚŮəŰɟɞɜɘŬəɐɠ 

ˊɡəɜɧŰɖŰŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ. ȾŬŰɎ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ, ɧŰŬɜ Űɞ ůɨůŰɖɛŬ ɝŮˊŮɟɎůŮɘ 

Űɞ ɧɟɘɞ Rayleigh  ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŭɘŬɑɟŮůɖ Űɤɜ ɛɘəɟɞůŰŬɔɞɜɘŭɑɤɜ ůŮ ɛɘəɟɧŰŮɟŬ ůŰŬɔɞɜɑŭɘŬ. 

ɆɨɛűɤɜŬ ɛŮ ůɢŮŰɘəɏɠ ɛŮɚɏŰŮɠ ŭɘŮɟŮɨɜɖůɖɠ Űɞɡ ɛɖɢŬɜɘůɛɞɨ Űɞɡ ɖɚŮəŰɟɞɣŮəŬůɛɞɨ, ŰŬ ɗɡɔŬŰɟɘəɎ 

ůŰŬɔɞɜɑŭɘŬ ŭŮɜ ˊŬɟɎɔɞɜŰŬɘ ɛɏůɤ ɛɖɢŬɜɘůɛɞɨ Űɨˊɞɡ çɏəɟɖɝɖɠè ŬɚɚɎ ŬˊɞəɧˊŰɞɜŰŬɘ əŬŰɎ ůɡɜŮɢɐ 

Űɟɧˊɞ Ŭˊɧ ŮˊɘɛɐəŮɘɠ ˊɟɞŮəɓɞɚɏɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰŬ ɛɘəɟɞůŰŬɔɞɜɑŭɘŬ ŮɝŬɘŰɑŬɠ Űɖɠ 

Ŭɜɞɛɞɘɧɛɞɟűɖɠ əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ. ȼ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ŭɘŬɟəɩɠ, ɞŭɖɔɩɜŰŬɠ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ŬŮɟɞɚɨɛŬŰɞɠ űɞɟŰɘůɛɏɜɤɜ 

ůŰŬɔɞɜɘŭɑɤɜ, ŭɘŬɛɏŰɟɞɡ ɛŮɟɘəɩɜ ɜŬɜɞɛɏŰɟɤɜ, Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ɞˊɞɑɤɜ ŰŬ ɘɧɜŰŬ Űɞɡ ŬɜŬɚɨŰɖ 

ɛŮŰŬɓŬɑɜɞɡɜ ůŰɖɜ ŬɏɟɘŬ űɎůɖ [11ï13]. 

1.4 ȷɜŬɚɡŰɏɠ ɛŬɕɩɜ 

1.4.1 ɇŮŰɟŬˊɞɚɘəɧɠ ŬɜŬɚɡŰɐɠ ɛŬɕɩɜ (Quadrupole analyzer) 

Ƀɘ ˊɟɩŰɞɘ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɞɘ ŰŮŰɟŬˊɞɚɘəɞɑ ŬɜŬɚɡŰɏɠ ɛŬɕɩɜ əɡəɚɞűɧɟɖůŬɜ ůŰŬ ɛɏůŬ Űɖɠ 

ŭŮəŬŮŰɑŬɠ Űɞɡ ô60 əŬɘ ůɨɜŰɞɛŬ ŮˊɘəɟɎŰɖůŬɜ ɏɜŬɜŰɘ Űɤɜ əŬɗɘŮɟɤɛɏɜɤɜ ŬɜŬɚɡŰɩɜ ɛŬɔɜɖŰɘəɞɨ ŰɞɛɏŬ 
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əŬɗɩɠ ůɡɔəɏɜŰɟɤɜŬɜ ɞɟɘůɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ɏəŬɜŬɜ Űɖɜ ɢɟɐůɖ Űɞɡɠ ɘŭɘŬɑŰŮɟŬ ɓɘɩůɘɛɖ əŬɘ 

ŬˊɞŭɞŰɘəɐ. ɆŮ ŬɡŰɎ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ Űɞ ɢŬɛɖɚɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬɠ, ɖ ůɡɛˊŬɔɐɠ 

ŭɞɛɐ Űɞɡɠ, ɖ ɡɣɖɚɐ ŰŬɢɨŰɖŰŬ ůɎɟɤůɖɠ əŬɘ ɞɘ ɛŮɘɤɛɏɜŮɠ ŬˊŬɘŰɐůŮɘɠ ůŮ əŮɜɧ, ˊɞɡ əŬɗɘůŰɞɨɜ 

ůɖɛŬɜŰɘəɎ ŮɡəɞɚɧŰŮɟɖ Űɖɜ ůɨɕŮɡɝɖ ɛŮ ɢɟɤɛŬŰɞɔɟŬűɘəɎ ůɡůŰɐɛŬŰŬ. ɋɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ 

ˊŬɟŬˊɎɜɤ, ɞɘ ŰŮŰɟŬˊɞɚɘəɞɑ ŬɜŬɚɡŰɏɠ ɛŬɕɩɜ ŬˊɞŰŮɚɞɨɜ ůɐɛŮɟŬ Űɖɜ ŮɡɟɨŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ 

əŬŰɖɔɞɟɑŬ ŬɜŬɚɡŰɩɜ ůŰŬ ůɨɔɢɟɞɜŬ űŬůɛŬŰɧɛŮŰɟŬ. 

ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŰŮŰɟŬˊɞɚɘəɞɨ ŬɜŬɚɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ɢɟɐůɖ ůɡɜŮɢɞɨɠ əŬɘ 

ŮɜŬɚɚŬůůɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ ɛŮ ůəɞɧ́ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŰŬɚŬɜŰɞɨɛŮɜɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, Űɞ 

ɞˊɞɑɞ ůŰŬɗŮɟɞˊɞɘŮɑ Űɘɠ Űɟɞɢɘɏɠ ɘɧɜŰɤɜ ɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ Űɘɛɏɠ m/z, ŮəŰɟɏˊɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ŰŬ 

ɡˊɧɚɞɘˊŬ ɘɧɜŰŬ Ŭˊɧ Űɖɜ ˊɞɟŮɑŬ Űɞɡɠ.  ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɖ ŭɘɎŰŬɝɖ Űɞɡ ŬɜŬɚɡŰɐ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 4 

ˊŬɟɎɚɚɖɚŮɠ ɛŮŰŬɚɚɘəɏɠ ɟɎɓŭɞɡɠ, əɡɚɘɜŭɟɘəɐɠ ɐ ɡˊŮɟɓɞɚɘəɐɠ ŭɘŬŰɞɛɐɠ, ɞɘ ɞˊɞɑŮɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ 

ɛɘŬ ŰŮŰɟŬɔɤɜɘəɐ ŭɘŮɡɗɏŰɖůɖ ˊŮɟɘɛŮŰɟɘəɎ Űɖɠ ŮɘůŮɟɢɧɛŮɜɖɠ ŭɏůɛɖɠ ɘɧɜŰɤɜ (ůɢɐɛŬ 1.4). ɇŬ 

ŬɜŰɘŭɘŬɛŮŰɟɘəɎ ɕŮɨɔɖ ɟɎɓŭɤɜ ůɡɜŭɏɞɜŰŬɘ ɖɚŮəŰɟɘəɎ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ůŮ əɎɗŮ ɖɚŮəŰɟɘəɧ ɕŮɨɔɞɠ 

ŮűŬɟɛɧɕŮŰŬɘ ŰɎůɖ, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ɛɘŬ ůɡɜŮɢɐ (Vdc) əŬɘ ɛɘŬ ŮɜŬɚɚŬůůɧɛŮɜɖ ɡɣɑůɡɢɜɖ 

ůɡɜɘůŰɩůŬ (ɟŬŭɘɞůɡɢɜɧŰɖŰŬ, Vrf) ŮɡɟɘůəɧɛŮɜɖ ůŮ ŭɘŬűɞɟɎ űɎůɖɠ 180ɞ ɛɞɘɟɩɜ.  

 

 

ɆɢɐɛŬ 1.4 ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Ůɜɧɠ ŰŮŰɟŬˊɞɚɘəɞɨ ŬɜŬɚɡŰɐ ɛŬɕɩɜ[14]. 

ɇŬ ɘɧɜŰŬ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŰɖɜ ˊɖɔɐ ɘɞɜŰɘůɛɞɨ ŮˊɘŰŬɢɨɜɞɜŰŬɘ əŬɘ ŮůŰɘɎɕɞɜŰŬɘ ůŮ ɛɘŬ ůŰŮɜɐ ŭɏůɛɖ 

ŭɘŮɟɢɧɛŮɜŬ ɛɏůŬ Ŭˊɧ ɏɜŬ ůɨůŰɖɛŬ ŮůŰɑŬůɖɠ ˊɞɡ ˊɟɞɖɔŮɑŰŬɘ Űɞɡ ŬɜŬɚɡŰɐ ɛŬɕɩɜ əŬɘ Ŭəɞɚɞɨɗɤɠ 

ŮɘůɎɔɞɜŰŬɘ ůŰɞɜ ŰŮŰɟŬˊɞɚɘəɧ ŬɜŬɚɡŰɐ əŬŰɎ Űɞɜ ɎɝɞɜŬ (z) Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɅɡɗɛɑɕɞɜŰŬɠ Űɖɜ Űɘɛɐ 

Űɖɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ Űɤɜ ůɡɜɘůŰɤůɩɜ Vdc ȾŬɘ Vrf ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ŰɟɞɢɘɎɠ 

ɘɧɜŰɤɜ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ m/z, Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ ɘɧɜŰŬ ŭɘŬɔɟɎűɞɡɜ ŬůŰŬɗŮɑɠ ˊɞɟŮɑŮɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊɟɧůəɟɞɡůɐ ůŰɘɠ ɟɎɓŭɞɡɠ Űɞɡ ŬɜŬɚɡŰɐ əŬɘ Űɖɜ ŬˊɞűɧɟŰɘůɐ Űɞɡɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ ŭɘŮɜɏɟɔŮɘŬ ůɎɟɤůɖɠ ɛŬɕɩɜ, ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 
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ɛŮŰŬɓɎɚɚɞɜŰŬɠ Űɖɜ Űɘɛɐ Űɤɜ ŭɡɜŬɛɘəɩɜ DC əŬɘ RF əŬŰɎ ŰɏŰɞɘɞɜ Űɟɧˊɞ ɩůŰŮ ɞ ɛŮŰŬɝɨ Űɞɡɠ ɚɧɔɞɠ 

ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧɠ. ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Ůɜɧɠ əɨəɚɞɡ ůɎɟɤůɖɠ ɧɚŬ ŰŬ ɘɧɜŰŬ ɗŬ ɏɢɞɡɜ ŭɘɏɚɗŮɘ 

Ŭˊɧ Űɞɜ ŬɜŬɚɡŰɐ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ [4,5,15,16].  
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ȾŮűɎɚŬɘɞ 2: Ⱥəɢɨɚɘůɖ ˊɟɞůɟɧűɖůɖɠ ůŮ ɡűŬůɛɎŰɘɜɞ ɛɏůɞ (FPSE) 
 

2.1 ȺɘůŬɔɤɔɐ 

ȼ ŰŮɢɜɘəɐ Űɖɠ Ůəɢɨɚɘůɖɠ ˊɟɞůɟɧűɖůɖɠ ůŮ ɡűŬůɛɎŰɘɜɞ ɛɏůɞ (Fabric Phase Sorptive Extraction) 

ŬɜŬˊŰɨɢɗɖəŮ Űɞ 2014 Ŭˊɧ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ Abuzar Kabir əŬɘ Kenneth G. Furton. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ 

əŬɘɜɞŰɧɛŬ ŰŮɢɜɘəɐ ˊɟɞəŬŰŮɟɔŬůɑŬɠ ŭŮɑɔɛŬŰɞɠ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŰŬ ɛɧɟɘŬ Űɤɜ ŬɜŬɚɡŰɩɜ 

ˊɟɞůɟɞűɩɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Ůɜɧɠ ɡűŬůɛɎŰɘɜɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ əɡŰŰŬɟɑɜɖɠ, ɐ əɎˊɞɘɞɡ Ɏɚɚɞɡ 

ůɡɜɗŮŰɘəɞɨ ɡɚɘəɞɨ (ˊɢ. ˊɞɚɡŮůŰɏɟŬ, ɡŬɚɞɓɎɛɓŬəŬ ə.Ɏ.), Űɞ ɞˊɞɑɞ ɏɢŮɘ ŮˊɘəŬɚɡűɗŮɑ ɛɏůɤ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ ɚɨɛŬŰɞɠ-ˊɖəŰɐɠ (sol-gel) ɛŮ ɛɘŬ ɚŮˊŰɐ ŮˊɑůŰɟɤůɖ Ůɜɧɠ ɡɓɟɘŭɘəɞɨ ɞɟɔŬɜɘəɞɨ-

ŬɜɧɟɔŬɜɞɡ ˊɞɚɡɛŮɟɞɨɠ [17].  

H FPSE ůɡɜɘůŰɎ ɛɘŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɓɘɩůɘɛɖ ŰŮɢɜɘəɐ ɛɘəɟɞŮəɢɨɚɘůɖɠ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɚɐɟɤɠ 

ŮɜŬɟɛɞɜɘůɛɏɜɖ ɛŮ Űɘɠ Ŭɟɢɏɠ Űɖɠ ˊɟɎůɘɜɖɠ ŬɜŬɚɡŰɘəɐɠ ɢɖɛŮɑŬɠ (Green Analytical Chemistry), əŬɗɩɠ 

ɖ Ŭɝɘɞˊɞɑɖůɐ Űɖɠ ɛˊɞɟŮɑ ɜŬ ́ŮɟɘɞɟɑůŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ əŬŰŬɜɎɚɤůɖ ɞɟɔŬɜɘəɩɜ ŭɘŬɚɡŰɩɜ əŬɘ 

ŮɜŮɟɔŮɘŬəɩɜ ˊɧɟɤɜ. ɄŬɟɎɚɚɖɚŬ, ŮˊɘŭŮɘəɜɨŮɘ ɞɟɘůɛɏɜŬ ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ˊɞɡ Ůɝɖɔɞɨɜ Űɞ 

ŬɡɝŬɜɧɛŮɜɞ ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ ůɢŮŰɘəɎ ɛŮ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɐ Űɖɠ. ɆŮ ŬɡŰɎ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ 

ɛŮɘɤɛɏɜŮɠ ŬˊŬɘŰɐůŮɘɠ ůŮ ŮɟɔŬůŰɖɟɘŬəɧ Ůɝɞˊɚɘůɛɧ, ɖ ŬˊɚɧŰɖŰŬ ŮűŬɟɛɞɔɐɠ Űɖɠ, ɖ ŭɡɜŬŰɧŰɖŰŬ 

ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ əŬɘ ɖ Ůɨəɞɚɖ ɟɨɗɛɘůɖ Űɖɠ ˊɟɞůɟɞűɖŰɘəɐɠ Űɞɡɠ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ, ɛɏůɤ Űɖɠ Űɟɞˊɞˊɞɑɖůɖɠ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ 

ɛŮɛɓɟŬɜɩɜ. ɇɞ ɡűɘůŰɎɛŮɜɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɩɜ Űɖɠ ˊŬɟɞɨůŬɠ ŰŮɢɜɘəɐɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ Ůɡɟɨ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɛŮŰŬɝɨ Ɏɚɚɤɜ Űɞɜ ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ űŬɟɛŬəŮɡŰɘəɩɜ ɞɡůɘɩɜ ůŮ ɓɘɞɚɞɔɘəɎ 

ŭŮɑɔɛŬŰŬ, ɧˊɤɠ ɞɚɘəɧ ŬɑɛŬ, ˊɚɎůɛŬ, ɛɖŰɟɘəɧ ɔɎɚŬ əŬɘ ɞɨɟŬ, Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ űɡŰɞűŬɟɛɎəɤɜ əŬɘ 

ɚɞɘˊɩɜ ɟɨˊɤɜ ůŮ ŬůŰɘəɎ ɚɨɛŬŰŬ, əŬɗɩɠ əŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ůɡůŰŬŰɘəɩɜ Űɤɜ Űɟɞűɑɛɤɜ [18ï

21].  

H ɘŭɘŬɘŰŮɟɧŰɖŰŬ Űɖɠ ŰŮɢɜɘəɐɠ FPSE ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŮˊɘŰɡɔɢɎɜŮɘ ɜŬ ůɡɜŭɡɎůŮɘ ůŮ ɛɑŬ ŮɜɘŬɑŬ 

ˊɚŬŰűɧɟɛŬ ɞɟɘůɛɏɜŬ ůɖɛŬɜŰɘəɎ ɔɜɤɟɑůɛŬŰŬ Ŭˊɧ Űɘɠ ŮˊɘəɟŬŰɏůŰŮɟŮɠ ŰŮɢɜɘəɏɠ ɛɘəɟɞŮəɢɨɚɘůɖɠ ůŰɞ 

ˊŮŭɑɞ Űɖɠ ɓɘɞŬɜɎɚɡůɖɠ, ɧˊɤɠ ɖ Ůəɢɨɚɘůɖ ůŰŮɟŮɎɠ űɎůɖɠ (Solid Phase Extraction) əŬɘ ɖ 

ɛɘəɟɞŮəɢɨɚɘůɖ ůŰŮɟŮɐɠ űɎůɖɠ (Solid Phase Micro Extraction). ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɖ ŮűŬɟɛɞɔɐ Űɖɠ 

ŰŮɢɜɘəɐɠ FPSE ˊɟɞůɞɛɞɘɎɕŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ ŰŮɢɜɘəɐ SPME ɎɛŮůɖɠ ŮɛɓɎˊŰɘůɖɠ (direct-

immersion SPE), əŬɗɩɠ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ɞɘ ůɡůəŮɡɏɠ ɛɘəɟɞŮəɢɨɚɘůɖɠ ˊŬɟŬɛɏɜɞɡɜ 

ɓɡɗɘůɛɏɜŮɠ ůŰɞ ŬɜŬɚɡɧɛŮɜɞ ŭŮɑɔɛŬ ůŮ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊɟɞəŬŰŮɟɔŬůɑŬɠ, ɛŮ ůəɞˊɧ Űɖɜ ŮˊɑŰŮɡɝɖ 

ɛɘŬɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ɘůɞɟɟɞˊɑŬɠ əŬŰŬɜɞɛɐɠ Űɤɜ ŬɜŬɚɡŰɩɜ ŬɜɎɛŮůŬ ůŰɖɜ ɡɔɟɐ űɎůɖ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ əŬɘ Űɖɜ ˊɟɞůɟɞűɖŰɘəɐ ŮˊɑůŰɟɤůɖ (equilibrium-based extraction). ɄŬɟɎɚɚɖɚŬ, ɖ 

ˊɞɟɩŭɖɠ ŭɞɛɐ Űɤɜ sol-gel ŮˊɘůŰɟɩůŮɤɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ˊɞɟɩŭɖ űɨůɖ Űɤɜ ɡűŬůɛɎŰɘɜɤɜ 
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ɡˊɞůŰɟɤɛɎŰɤɜ ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ ŮəŰŮŰŬɛɏɜɞ ŭɑəŰɡɞ ˊɧɟɤɜ ˊɞɘəɑɚɖɠ ŭɘŬɛɏŰɟɞɡ Űɞ ɞˊɞɑɞ ŭɘŬŰɟɏɢŮɘ 

ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ  əŬɘ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɟɞɐɠ 

ˊɞɡ ˊɟɞůɞɛɞɘɎɕŮɘ ŬɡŰɧ Űɖɠ ŰŮɢɜɘəɐɠ SPȺ, ɞŭɖɔɩɜŰŬɠ ůŰɖ ůɖɛŬɜŰɘəɐ Ůɜɑůɢɡůɖ Űɖɠ əɘɜɖŰɘəɐɠ Űɖɠ 

Ůəɢɨɚɘůɖɠ. Ƀ ůɡɜŭɡŬůɛɧɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɔɜɤɟɘůɛɎŰɤɜ ůɡɛˊɚɖɟɤɛŬŰɘəɎ ɛŮ Űɖɜ ɡɣɖɚɐ 

ˊɟɞůɟɞűɖŰɘəɐ ɢɤɟɖŰɘəɧŰɖŰŬ Űɤɜ sol-gel ŮˊɘůŰɟɩůŮɤɜ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ 

ɜɏŬɠ ŰŮɢɜɘəɐɠ ˊɟɞəŬŰŮɟɔŬůɑŬɠ ɡɣɖɚɐɠ ŮɡŮɚɘɝɑŬɠ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɘəŬɜɐ ɡˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ 

ˊɟɞɦˊɞɗɏůŮɘɠ ɜŬ ŮˊɘŰɨɢŮɘ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ Ůəɢɨɚɘůɖ ɡˊɧ ůɡɜɗɐəŮɠ ɘůɞɟɟɞˊɑŬɠ [22].   

2.2 Ⱥˊɘůəɧˊɖůɖ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ FPSE 

ȼ ɓŬůɘəɐ ŭɞɛɐ Ůɜɧɠ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ FPSE ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ ɡűŬůɛɎŰɘɜɞ ɡˊɧůŰɟɤɛŬ əŬɘ 

Űɖɜ sol-gel ŮˊɑůŰɟɤůɖ, ɖ ɞˊɞɑŬ ůɡɜɘůŰɎ ɏɜŬ ɡɓɟɘŭɘəɧ ɞɟɔŬɜɘəɞ-ŬɜɧɟɔŬɜɞ ˊɟɞůɟɞűɖŰɘəɧ 

ˊɞɚɡɛŮɟɏɠ (ůɢɐɛŬ 2.1). 

 

ɆɢɐɛŬ 2.1 ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɞɛɐɠ Ůɜɧɠ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ FPSE ɛŮ ɡˊɧůŰɟɤɛŬ əɡŰŰŬɟɑɜɖɠ əŬɘ 
ŮˊɘəɎɚɡɣɖ ˊɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖɠ. ɇɞ ɞɟɔŬɜɘəɧ ˊɞɚɡɛŮɟɏɠ ɓɟɑůəŮŰŬɘ ŮɜůɤɛŬŰɤɛɏɜɞ ůŰɞ ŬɜɧɟɔŬɜɞ ˊɞɚɡɛŮɟɏɠ 
ŭɑəŰɡɞ[23] 

ɇɞ ŬɜɧɟɔŬɜɞ ŰɛɐɛŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ˊɞɚɡɛŮɟɘůɛɧ ˊɟɧŭɟɞɛɤɜ ɢɖɛɘəɩɜ 

ŮɜɩůŮɤɜ (precusors), ɨůŰŮɟŬ Ŭˊɧ ŮɜŮɟɔɞˊɞɑɖůɐ Űɞɡɠ ɛɏůɤ ɡŭɟɧɚɡůɖɠ ɛŮ ɏɜŬɜ ɧɝɘɜɞ ɐ ɓŬůɘəɧ 

əŬŰŬɚɨŰɖ. ɋɠ ˊɟɧŭɟɞɛŮɠ ŮɜɩůŮɘɠ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɜɧɟɔŬɜŬ ɐ ɞɟɔŬɜɘəɎ 

ŰɟɞˊɞˊɞɘɖɛɏɜŬ ŬɜɧɟɔŬɜŬ ɛɧɟɘŬ, ɧˊɤɠ ŰŬ ŬɚəɞɝŮɑŭɘŬ Űɞɡ ˊɡɟɘŰɑɞɡ (ˊɢ. methyltrimethoxysilane-

MTMS, phenyltriethoxysilane-PhTES), ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ əŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ŮɡɟɨŰŮɟŬ 
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ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ əŬŰɖɔɞɟɑŮɠ ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɤɜ ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ sol-gel. ȽŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ 

ɟɧɚɞ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɤɜ ŰŮɚɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ sol-gel ŮˊɑůŰɟɤůɖɠ ŭɘŬŭɟŬɛŬŰɑɕŮɘ Űɞ 

Ůɑŭɞɠ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ əŬŰŬɚɨŰɖ, əŬɗɩɠ ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɞɡ ˊɞɟɩŭɞɡɠ ůŰɞ ˊɞɚɡɛŮɟɏɠ ŭɑəŰɡɞ. ȼ ɢɟɐůɖ ɧɝɘɜɤɜ əŬŰŬɚɡŰɩɜ ɞŭɖɔŮɑ ůŰɞɜ 

ůɢɖɛŬŰɘůɛɧ ɔɟŬɛɛɘəɩɜ ˊɞɚɡɛŮɟɩɜ ɛŮ ˊŮɟɘɞɟɘůɛɏɜɞ ɓŬɗɛɧ ŭɘŬəɚɎŭɤůɖɠ, Ůɜɩ ɖ ɢɟɐůɖ 

əŬŰŬɚɡŰɩɜ ɛŮ ɓŬůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɞŭɖɔŮɑ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ɏɜŰɞɜŬ ŭɘŬəɚŬŭɘůɛɏɜŬ ˊɞɚɡɛŮɟɩɜ ɛŮ 

Ŭɡɝɖɛɏɜɞ ˊɞɟɩŭŮɠ [24]. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ˊɞɚɡůɡɛˊɨəɜɤůɖɠ, ŰŬ ɞɟɔŬɜɘəɎ 

ˊɞɚɡɛŮɟɐ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ɛŮ ŰɡɢŬɑɞ Űɟɧˊɞ ůŰɞ ŬɜŬˊŰɡůůɧɛŮɜɞ ŬɜɧɟɔŬɜɞ ŭɑəŰɡɞ, ɞŭɖɔɩɜŰŬɠ 

ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Ɏɛɞɟűɞɡ ɡɓɟɘŭɘəɞɨ ˊɞɚɡɛŮɟɞɨɠ. ȷɜŰɑůŰɞɘɢŬ, ɖ ˊɟɧůŭŮůɖ Űɖɠ sol-gel 

ŮˊɑůŰɟɤůɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ ŬɜŰɘŭɟɎůŮɤɜ ůɡɛˊɨəɜɤůɖɠ 

ŬɜɎɛŮůŬ ůŰɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ əŬɘ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, ɞŭɖɔɩɜŰŬɠ ůŰɖɜ 

ŬɜɎˊŰɡɝɖ Ůɜɧɠ ŮəŰŮŰŬɛɏɜɞɡ ŭɘəŰɨɞɡ ɞɛɞɘɞˊɞɚɘəɩɜ ŭŮůɛɩɜ. ɋɠ ɡˊɞůŰɟɩɛŬŰŬ ůŰɖ ŰŮɢɜɘəɐ FPSE 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɡűŬůɛɎŰɘɜŬ ɛɏůŬ, ŬˊɞŰŮɚɞɨɛŮɜŬ Ŭˊɧ űɡůɘəɏɠ ɑɜŮɠ (əɡŰŰŬɟɑɜɖ, əŮɟŬŰɑɜɖ) ɐ 

ůɡɜɗŮŰɘəɏɠ (ˊɞɚɡŮůŰɏɟŬɠ, ˊɞɚɡŬɛɑŭɘɞ, ɡŬɚɞɓɎɛɓŬəŬɠ əɞə), ɛŮ ŰŬ ɡˊɞůŰɟɩɛŬŰŬ əɡŰŰŬɟɑɜɖɠ ɜŬ 

ŬˊɞŰŮɚɞɨɜ Űɖ ůɡɜɖɗɏůŰŮɟɖ Ůˊɘɚɞɔɐ, əŬɗɩɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ůɨəɞɚɖ ˊɟɧůŭŮůɖ Űɖɠ sol-gel 

ŮˊɑůŰɟɤůɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ (ůɢɐɛŬ 2.2). 

 

ɆɢɐɛŬ 2.2 ɉɖɛɘəɐ ŭɞɛɐ Űɞɡ ɛɞɟɑɞɡ Űɖɠ əɡŰŰŬɟɑɜɖɠ əŬɘ ŮˊɘůɐɛŬɜůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɘɠ 
ŬɜŰɘŭɟɎůŮɘɠ ˊɞɚɡůɡɛˊɨəɜɤůɖɠ əŬŰɎ Űɖɜ ŮˊɘəɎɚɡɣɖ ɛɏůɤ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ sol-gel [23]. 

ȼ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ sol-gel ɔɘŬ Űɖɜ ŮˊɘəɎɚɡɣɖ Űɤɜ ɡűŬůɛɎŰɘɜɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ, 

ˊɟɞůŭɑŭŮɘ ůŰŬ ˊɟɞůɟɞűɖŰɘəɎ ɛɏůŬ FPSE ɞɟɘůɛɏɜŬ ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ 

Ŭˊɚɞˊɞɘɞɨɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɘəɐɠ əŬɘ ŮˊɘŰɟɏˊɞɡɜ Űɖ ŭɘŮɜɏɟɔŮɘŬ ŮəɢɡɚɑůŮɤɜ 

ɡɣɖɚɐɠ ŮəɚŮəŰɘəɧŰɖŰŬɠ. ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɑůɤɠ Ůɝ ŬɡŰɩɜ ɏɔəŮɘŰŬɘ ůŰɖɜ Ŭɡɝɖɛɏɜɖ ɢɖɛɘəɐ əŬɘ 

ɛɖɢŬɜɘəɐ ůŰŬɗŮɟɧŰɖŰŬ ˊɞɡ ˊɟɞůŭɑŭŮɘ ɖ ɞɛɞɘɞˊɞɚɘəɐ ůɨɜŭŮůɖ Űɤɜ sol-gel ŮˊɘůŰɟɩůŮɤɜ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ɡűŬůɛɎŰɘɜɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ əŬɗɘůŰɎ ŮűɘəŰɐ Űɧůɞ Űɖɜ ɎɛŮůɖ 

ŮɛɓɎˊŰɘůɖ Űɤɜ ůɡůəŮɡɩɜ FPSE ůŮ ŭŮɑɔɛŬŰŬ ˊɞɡ űɏɟɞɡɜ ŬəɟŬɑŮɠ Űɘɛɏɠ pH (Ůɨɟɞɠ 1-13), ɧůɞ əŬɘ 

Űɖɜ ɎɛŮůɖ ŮˊŬűɐ Űɞɡɠ ɛŮ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɞɟɔŬɜɘəɩɜ ŭɘŬɚɡŰɩɜ ˊɞɘəɑɚɖɠ ˊɞɚɘəɧŰɖŰŬɠ, ɢɤɟɑɠ Űɖɜ 

Ůəŭɐɚɤůɖ űŬɘɜɞɛɏɜɤɜ ɡŭɟɧɚɡůɖɠ ɐ ŭɘɧɔəɤůɖɠ Űɖɠ ˊɞɚɡɛŮɟɘəɐɠ ŮˊɑůŰɟɤůɖɠ.  ɄŬɟɎɚɚɖɚŬ, ɖ 
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ŰŮɢɜɞɚɞɔɑŬ sol-gel ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɡɣɖɚɐ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ŭɘŬůűŬɚɑɕŮɘ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ ůŰŬɗŮɟɧŰɖŰŬ ůŰɖɜ Ŭˊɧŭɞůɖ Űɖɠ Ůəɢɨɚɘůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊŬɟŰɑŭɤɜ 

ůɡůəŮɡɩɜ FPSE. ɇɏɚɞɠ, ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ Ůɨəɞɚɖ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ ɞɟɘůɛɏɜɤɜ əɟɑůɘɛɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ŭɘəŰɨɞɡ, ɧˊɤɠ Űɞ ˊɞɟɩŭŮɠ əŬɘ ɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ ŮˊŬűɐɠ, 

ɟɡɗɛɑɕɞɜŰŬɠ  ˊɟɞůŮəŰɘəɎ Űɖɜ ŬɜŬɚɞɔɑŬ əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ ůɢŮŰɘəɩɜ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ, əŬɗɩɠ Ůˊɑůɖɠ 

əŬɘ Űɘɠ ˊŮɘɟŬɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ əɎŰɤ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůɨɜɗŮůɖ Űɤɜ ɡɓɟɘŭɘəɩɜ 

ˊɞɚɡɛŮɟɘəɩɜ ŮˊɘůŰɟɩůŮɤɜ[23].  

2.3 ȺűŬɟɛɞɔɐ ŰŮɢɜɘəɐɠ FPSE 

ȼ FPSE ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɡɏɚɘəŰɖ ŰŮɢɜɘəɐ ˊɟɞəŬŰŮɟɔŬůɑŬɠ ŭŮɑɔɛŬŰɞɠ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ 

ɡɘɞɗɏŰɖůɖ ɛɘŬɠ ůŮɘɟɎɠ ŭɘŬűɞɟŮŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ 

ŬˊŬɘŰɐůŮɘɠ Űɖɠ ŮəɎůŰɞŰŮ ɛŮɗɧŭɞɡ. ɋůŰɧůɞ, ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŭɖɛɞůɘŮɡɛɏɜɤɜ ɛŮɗɧŭɤɜ 

ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɎɛŮůɖɠ ŮɛɓɎˊŰɘůɖɠ (direct immersion FPSE), ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ŰɏůůŮɟŬ ŭɘŬəɟɘŰɎ ůŰɎŭɘŬ, ŰŬ ɞˊɞɑŬ ůɡɜɞɣɑɕɞɜŰŬɘ ˊŮɟɘɚɖˊŰɘəɎ ůŰŬ ŬəɧɚɞɡɗŬ ůɖɛŮɑŬ: 

¶ ɆŰɎŭɘŬ 1ɞ-Ȱəˊɚɡůɖ ɛŮ ůɨůŰɖɛŬ ɞɟɔŬɜɘəɩɜ ŭɘŬɚɡŰɩɜ: ɇɞ ɡűŬůɛɎŰɘɜɞ ɛɏůɞ ŮɛɓŬˊŰɑɕŮŰŬɘ ůŮ 

ůɨůŰɖɛŬ ɞɟɔŬɜɘəɩɜ ŭɘŬɚɡŰɩɜ, ɛŮ ůəɞˊɧ Űɖɜ Ůɛɓɟɞɢɐ Űɖɠ sol-gel ŮˊɑůŰɟɤůɖɠ əŬɘ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ Űɡɢɧɜ ŮɜŬˊɞɛŮɘɜɎɜŰɤɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ˊɟɞůɟɞűɖɛɏɜɤɜ ɞɡůɘɩɜ. Ƀɘ 

ůɡɜɖɗɏůŰŮɟɞɘ ɞɟɔŬɜɘəɞɑ ŭɘŬɚɨŰŮɠ ɏəˊɚɡůɖɠ ŮɑɜŬɘ Űɞ ȷCN əŬɘ ɖ MeOH ůŮ ŬɜŬɚɞɔɑŬ ɧɔəɤɜ 

50/50 v/v. 

 

¶ ɆŰɎŭɘɞ 2ɞ -Ȱəˊɚɡůɖ ɛŮ H2O:  ɇɞ ɡűŬůɛɎŰɘɜɞ ɛɏůɞ ŮəˊɚɏɜŮŰŬɘ ɛŮ ɢɟɐůɖ ɡŭɟɞɓɞɚɏŬ əŬɘ 

Ŭəɞɚɞɨɗɤɠ ŮɛɓŬˊŰɑɕŮŰŬɘ ůŮ H2O əŬŰɎɚɚɖɚɖɠ əŬɗŬɟɧŰɖŰŬɠ (ˊɢ Type 1 H2O) ɛŮ ůəɞˊɧ Űɖɜ 

ˊɚɐɟɖ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ɞɟɔŬɜɘəɩɜ ŭɘŬɚɡŰɩɜ ˊɟɘɜ Űɞ ůŰɎŭɘɞ Űɖɠ 

əŬŰŮɟɔŬůɑŬɠ ŭŮɑɔɛŬŰɞɠ.  

 

¶ ɆŰɎŭɘɞ 3ɞ ï Ⱥəɢɨɚɘůɖ: ɇɞ ˊɟɞůɟɞűɖŰɘəɧ ɛɏůɞ ŮɘůɎɔŮŰŬɘ ɎɛŮůŬ ůŰɞɜ ˊŮɟɘɏəŰɖ ˊɞɡ űɏɟŮɘ Űɞ 

ŬɜŬɚɡɧɛŮɜɞ ŭŮɑɔɛŬ, ɢɤɟɑɠ Űɖ ŭɘŬɛŮůɞɚɎɓɖůɖ ŮɜŭɘɎɛŮůɤɜ ůŰŬŭɑɤɜ ˊɟɞəŬŰŮɟɔŬůɑŬɠ ɧˊɤɠ 

əŬŰŬəɟɐɛɜɘůɖ ˊɟɤŰŮɥɜɩɜ ɐ űɡɔɞəɏɜŰɟɖůɖɠ. ȽŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ ŬɜɎŭŮɡůɖ Űɞɡ 

ŬɜŬɚɡɧɛŮɜɞɡ ŭŮɑɔɛŬŰɞɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůəɢɨɚɘůɖɠ, əŬɗɩɠ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ˊɤɠ 

ŬɡɝɎɜŮɘ ůɖɛŬɜŰɘəɎ Űɞ ɟɡɗɛɧ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɤɜ ŬɜŬɚɡŰɩɜ ɛŮ Űɞ ˊɞɚɡɛŮɟɏɠ 

ˊɟɞůɟɞűɖŰɘəɧ ŭɑəŰɡɞ, ɛŮɘɩɜɞɜŰŬɠ əŬŰɎ ůɡɜɏˊŮɘŬ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɢɟɧɜɞ ɔɘŬ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɖɠ Ůəɢɨɚɘůɖɠ. 

¶ ɆŰɎŭɘɞ 4ɞ ï Ⱥəɟɧűɖůɖ: ȾŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ Ůəɟɧűɖůɖɠ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ŬɜɎəŰɖůɖ Űɤɜ 

ŬɜŬɚɡŰɩɜ Ŭˊɧ Űɞ ˊɟɞůɟɞűɖŰɘəɧ ɛɏůɞ ɛŮ əŬŰɎɚɚɖɚɞ ŭɘŬɚɨŰɖ, ɞ ɞˊɞɑɞɠ ŮɜŭɏɢŮŰŬɘ ɜŬ 

ˊɞɘəɑɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɞɚɘəɧŰɖŰŬ əŬɘ ŰŬ ɚɞɘˊɎ űɡůɘəɞɢɖɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ŬɜŬɚɡŰɩɜ. ɆŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɎɛŮůɖ ˊŬɟŬɚŬɓɐ Űɤɜ 

ŬɜŬɚɡŰɩɜ ůŰɞɜ ŭɘŬɚɨŰɖ ŮɟɔŬůɑŬɠ Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɘəɐɠ ɛŮɗɧŭɞɡ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ 
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ŬˊɚɞˊɞɘŮɑ Űɖ ɛɏɗɞŭɞ ˊɟɞəŬŰŮɟɔŬůɑŬɠ ůŮ ůɖɛŬɜŰɘəɧ ɓŬɗɛɧ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŬˊɞűŮɨɔŮŰŬɘ ɖ 

ŭɘŮɜɏɟɔŮɘŬ ˊɟɧůɗŮŰɤɜ ůŰŬŭɑɤɜ ůɡɛˊɨəɜɤůɖɠ əŬɘ ŬɜŬůɨůŰŬůɖɠ. 

 

ȾŬɗɏɜŬ Ŭˊɧ ŰŬ ˊɟɞŬɜŬűŮɟɧɛŮɜŬ ůŰɎŭɘŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ɝŮɢɤɟɘůŰɧ ɡɎɚɘɜɞ ˊŮɟɘɏəŰɖ əŬɘ  

ɞ ɢŮɘɟɘůɛɧɠ Űɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ ɛŮŰŬɝɨ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůŰŬŭɑɤɜ ůɡɜɘůŰɎŰŬɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ əŬŰɎɚɚɖɚɞ ŮɟɔŬůŰɖɟɘŬəɧ Ůɝɞˊɚɘůɛɧ Ŭˊɧ ŬŭɟŬɜɐ ɡɚɘəɎ (ˊɢ. 

ŮɟɔŬůŰɖɟɘŬəɏɠ ɚŬɓɑŭŮɠ), ɛŮ ůəɞˊɧ Űɖɜ Ŭˊɞűɡɔɐ Ůəŭɐɚɤůɖɠ űŬɘɜɞɛɏɜɤɜ Ůˊɘɛɧɚɡɜůɖɠ ůŰɞ 

ŬɜŬɚɡɧɛŮɜɞ ŭŮɑɔɛŬ.  

2.4 ȷɜɎˊŰɡɝɖ ɛŮɗɧŭɞɡ FPSE 

H Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ ŬˊɞŰŮɚŮɑ Űɞ ˊɟɩŰɞ əŬɘ əŬɗɞɟɘůŰɘəɧŰŮɟɞ ɓɐɛŬ 

ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ŬɜɎˊŰɡɝɖ ɛɘŬɠ ɛŮɗɧŭɞɡ FPSE.  ȽŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŭɞɗŮɑ ɛŮŰŬɝɨ Ɏɚɚɤɜ əŬɘ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡűŬůɛɎŰɘɜɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ, əŬɗɩɠ ɏɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ 

ˊɤɠ ˊɏɟŬɜ Űɖɠ sol-gel ŮˊɑůŰɟɤůɖɠ ůɡɛɛŮŰɏɢŮɘ əŬɘ ŬɡŰɧ ŮɜŮɟɔɎ ůŰɖɜ ˊɟɞůɟɧűɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ. 

ɆɡɜŮˊɩɠ, ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ Ůəŭɐɚɤůɖ ůɖɛŬɜŰɘəɩɜ ŭɘŬűɞɟɩɜ ɤɠ ˊɟɞɠ Űɖɜ ŮəɚŮəŰɘəɧŰɖŰŬ əŬɘ Űɖɜ 

Ŭˊɧŭɞůɖ Űɖɠ Ůəɢɨɚɘůɖɠ ɛŮŰŬɝɨ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ ˊɞɡ űɏɟɞɡɜ ɧɛɞɘŮɠ sol-gel ŮˊɘůŰɟɩůŮɘɠ 

ŬɚɚɎ ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɖɜ ˊɞɚɘəɧŰɖŰŬ əŬɘ Űɘɠ ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ 

ɡˊɞůŰɟɩɛŬŰɞɠ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŭɘŬűɞɟɞˊɞɘŮɑ ɞɡůɘɤŭɩɠ Űɖɜ ŰŮɢɜɘəɐ FPSE Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ 

ŰŮɢɜɘəɏɠ ɛɘəɟɞŮəɢɨɚɘůɖɠ əŬɘ ˊŮɟɘˊɚɏəŮɘ ůɖɛŬɜŰɘəɎ Űɖ ŭɘŬŭɘəŬůɑŬ Ůˊɘɚɞɔɐɠ Űɞɡ ɓɏɚŰɘůŰɞɡ ɛɏůɞɡ ɔɘŬ 

Űɖɜ ŬɜɎəŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ɢɟɐůɖ ɡˊɞůŰɟɤɛɎŰɤɜ əɡŰŰŬɟɑɜɖɠ ŬɡɝɎɜŮɘ Űɖɜ 

ˊɞɚɘəɧŰɖŰŬ Űɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ əŬɘ ŮɜɘůɢɨŮɘ Űɖ ůɡɔəɟɎŰɖůɖ ˊɞɚɘəɩɜ ŬɜŬɚɡŰɩɜ ɛɏůɤ Űɖɠ 

ŬɜɎˊŰɡɝɖɠ ˊɟɧůɗŮŰɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɟɞůɟɧűɖůɖɠ ŬɜɎɛŮůŬ ůŰɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ Űɤɜ 

ŬɜŬɚɡŰɩɜ əŬɘ Űɘɠ ɡˊɞɚŮɘˊɧɛŮɜŮɠ ɛɖ-ŰɟɞˊɞˊɞɘɖɛɏɜŮɠ ɞɛɎŭŮɠ ɡŭɟɞɝɡɚɑɞɡ Űɞɡ ɛɞɟɑɞɡ Űɖɠ 

əɡŰŰŬɟɑɜɖɠ. ȷɜŰɑɗŮŰŬ, ɖ ɢɟɐůɖ ɡˊɞůŰɟɤɛɎŰɤɜ ˊɞɚɡŮůŰɏɟŬ ˊɟɞůŭɑŭŮɘ ɛŮɘɤɛɏɜɖ ˊɞɚɘəɧŰɖŰŬ ůŰŬ 

ˊɟɞůɟɞűɖŰɘəɎ ɛɏůŬ əŬɘ ůɡɜɘůŰɎŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ ŬɜɎəŰɖůɖ ɚɘˊɧűɘɚɤɜ 

ŮɜɩůŮɤɜ. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɏɢɞɡɜ ŭɖɛɞůɘŮɡɗŮɑ ɞɟɘůɛɏɜŮɠ ŮɟŮɡɜɖŰɘəɏɠ ŮɟɔŬůɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬɜɧɖůɖ 

əŬɘ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ŮəɚŮəŰɘəɧŰɖŰŬɠ Űɤɜ ŮɡɟɨŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ, 

ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ŬɜɎəŰɖůɖ ɢɟɐůɘɛɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ, ŰŬ ɞˊɞɑŬ ŮˊɘŰɟɏˊɞɡɜ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɤɟɖŰɘəɐɠ ŬɜɎəŰɖůɖɠ Űɤɜ ŬɜŬɚɡŰɩɜ ůɡɜŬɟŰɐůŮɘ Űɖɠ ˊɞɚɘəɧŰɖŰɎɠ Űɞɡɠ (ůɢɐɛŬ 

2.3). H Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ůɢŮŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŬɢɨɜŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ˊɞɟŮɑŬ ŬɜɎˊŰɡɝɖɠ 

ɜɏɤɜ ɛŮɗɧŭɤɜ FPSE əŬɗɩɠ əŬɘ ɜŬ ůɡɛɓɎɚɚŮɘ ůŰɖɜ Ůɝɞɘəɞɜɧɛɖůɖ ŮɟɔŬůŰɖɟɘŬəɩɜ ˊɧɟɤɜ, ɛɏůɤ 

Űɞɡ ˊŮɟɘɞɟɘůɛɞɨ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɞəɘɛɩɜ ˊɞɡ ŭɘŮɜŮɟɔɞɨɜŰŬɘ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɤɜ 

ˊɟɞəŬŰŬɟəŰɘəɩɜ ˊŮɘɟŬɛɎŰɤɜ ɛŮ ůəɞˊɧ Űɖɜ ŮɨɟŮůɖ Űɞɡ ɓɏɚŰɘůŰɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ əŬɘ Űɖɠ 

ŮɜŭŮɘəɜɡɧɛŮɜɖɠ sol-gel ŮˊɑůŰɟɤůɖɠ ɔɘŬ Űɖ ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ. Ⱥűɧůɞɜ ŮˊɘɚŮɢɗŮɑ Űɞ 

ɓɏɚŰɘůŰɞ ˊɟɞůɟɞűɖŰɘəɧ ɛɏůɞ ůŰɖ ůɡɜɏɢŮɘŬ ůɡɜɘůŰɎŰŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ ɛɘŬɠ ůŮɘɟɎɠ 

ˊŮɘɟŬɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ ůŰɖɜ Ŭˊɧŭɞůɖ Űɖɠ Ůəɢɨɚɘůɖɠ, ɛŮ ůəɞˊɧ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ɓɏɚŰɘůŰɤɜ 
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Űɘɛɩɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɗŬ ŮˊɘŰɟɏɣɞɡɜ Űɖ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ŬɜɎəŰɖůɖɠ. 

ɃɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ ůɡɜɖɗɏůŰŮɟŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ əŬŰɎ Űɞ ůŰɎŭɘɞ ŬɡŰɧ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɜ ɢɟɧɜɞ Ůəɢɨɚɘůɖɠ, Űɖ ůɡɔəɏɜŰɟɤůɖ ɎɚŬŰɞɠ, Űɞɜ ɟɡɗɛɧ ŬɜɎŭŮɡůɖɠ ŭŮɑɔɛŬŰɞɠ, 

Űɞɜ ɢɟɧɜɞ Ůəɟɧűɖůɖɠ, Űɞ Ůɑŭɞɠ Űɞɡ ŭɘŬɚɨŰɖ ˊŬɟŬɚŬɓɐɠ, əŬɗɩɠ əŬɘ Űɞ pH Űɞɡ ɛɏůɞɡ Ůəɢɨɚɘůɖɠ.  

ɆɡɜɞɚɘəɎ, ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɛɏŰɟɤɜ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůɨɛűɤɜŬ ɛŮ Űɖɜ əŬɗɘŮɟɤɛɏɜɖ ɛɞɜɞˊŬɟŬɛŮŰɟɘəɐ ˊɟɞůɏɔɔɘůɖ ɛŮŰŬɓɞɚɐɠ əŬŰɎ 

ɏɜŬɜ ˊŬɟɎɔɞɜŰŬ (OFAT) , əŬɗɩɠ əŬɘ ɛɏůɤ Űɖɠ Ŭɝɘɞˊɞɑɖůɖɠ ŰŮɢɜɘəɩɜ ˊŮɘɟŬɛŬŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ 

(Design of Experiments). H ŰŮɚŮɡŰŬɑŬ ˊɟɞůɏɔɔɘůɖ ɡˊŮɟŰŮɟŮɑ ůɖɛŬɜŰɘəɎ ɏɜŬɜŰɘ Űɖɠ ˊɟɩŰɖɠ əŬɗɩɠ 

ůɡɜɎŭŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɛŮ Űɘɠ Ŭɟɢɏɠ Űɖɠ ˊɟɎůɘɜɖɠ ŬɜŬɚɡŰɘəɐɠ ɢɖɛŮɑŬɠ əŬɘ ˊŬɟɎɚɚɖɚŬ ˊŬɟɏɢŮɘ 

ɛɘŬ ˊɘɞ ɞɚɞəɚɖɟɤɛɏɜɖ ɗŮɩɟɖůɖ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ůɡůŰɐɛŬŰɞɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŬɜɑɢɜŮɡůɖ 

űŬɘɜɞɛɏɜɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ, ŰŬ ɞˊɞɑŬ ŮɜŭɏɢŮŰŬɘ ɜŬ 

ŮˊɖɟŮɎůɞɡɜ Űɖɜ ŮɔəɡɟɧŰɖŰŬ Űɤɜ ŮɝŬɔɧɛŮɜɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ əŬɘ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ŬɜŮˊŬɟəɩɠ 

ŬɜŮˊŰɡɔɛɏɜŮɠ ɛŮɗɧŭɞɡɠ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮ ɔɑɜɞɡɜ ŬɜŰɘɚɖˊŰɎ Ŭˊɧ Űɞɜ ŮɟŮɡɜɖŰɐ. 

 

ɆɢɐɛŬ 2.3 A) ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɗŮɤɟɖŰɘəɐɠ ŬɜɎəŰɖůɖɠ ůŮ ˊɟɞůɟɞűɖŰɘəɎ 
ɛɏůŬ ɛŮ ɡˊɞůŰɟɩɛŬŰŬ əɡŰŰŬɟɑɜɖɠ əŬ ŭɘŬűɞɟŮŰɘəɏɠ sol-gel ŮˊɘůŰɟɩůŮɘɠ. ȸ) ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ 
ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɗŮɤɟɖŰɘəɐɠ ŬɜɎəŰɖůɖɠ 
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ȾŮűɎɚŬɘɞ 3ɞ ɈɔɟɞɔɟɤɛŬŰɞɔɟŬűɑŬ Ɉŭɟɧűɘɚɤɜ ȷɚɚɖɚŮˊɘŭɟɎůŮɤɜ (HILIC)  
 

3.1 ȺɘůŬɔɤɔɐ  

Ƀ ɢɟɤɛŬŰɞɔɟŬűɘəɧɠ ŭɘŬɢɤɟɘůɛɧɠ ˊɞɚɘəɩɜ ůɡůŰŬŰɘəɩɜ ŬˊɞŰŮɚŮɑ ůɡɢɜɎ ɛɘŬ ŬˊŬɘŰɖŰɘəɐ ŭɘŬŭɘəŬůɑŬ, 

əŬɗɩɠ ɖ ɛŮɘɤɛɏɜɖ ůɡɔəɟɎŰɖůɖ ˊɞɡ ŮˊɘŭŮɘəɜɨɞɡɜ ŰŬ ɡŭɟɧűɘɚŬ ɛɧɟɘŬ ůŰɖɜ ŰŮɢɜɘəɐ Űɖɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ŬɜŰɑůŰɟɞűɖɠ űɎůɖɠ (RP-LC) əŬɗɘůŰɎ ŮˊɘɓŮɓɚɖɛɏɜɖ Űɖɜ ɡɘɞɗɏŰɖůɖ ŮɜŬɚɚŬəŰɘəɩɜ 

ˊɟɞůŮɔɔɑůŮɤɜ ɔɘŬ Űɖɜ ŬɜɎɚɡůɐ Űɞɡɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ŬɜɎɚɡůɖ ŮɜɩůŮɤɜ ˊɞɡ űɏɟɞɡɜ ɘɞɜŰɑůɘɛŮɠ 

ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɖɠ ɘɞɜŰɘəɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ (IC) 

ɐ Űɖɜ ŰŮɢɜɘəɐ ɕŮɨɔɞɡɠ ɘɧɜŰɤɜ (IP),  ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɎɚɡůɐ Űɞɡɠ ůŮ ůɡůŰɐɛŬŰŬ ŬɜŰɘůŰɟɧűɞɡ 

űɎůɖɠ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ əŬŰɎɚɚɖɚɤɜ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ. ȷɟəŮŰɎ ˊɘɞ ŬˊŬɘŰɖŰɘəɐ 

əŬɘ ůɡɢɜɎ ˊɟɞɓɚɖɛŬŰɘəɐ ŮɑɜŬɘ ɖ ŬɜɎɚɡůɖ ˊɞɚɘəɩɜ ɞɡŭɏŰŮɟɤɜ ŮɜɩůŮɤɜ, əŬɗɩɠ ɖ ŬˊɞɡůɑŬ 

ɘɞɜŰɘəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ ŭŮɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ˊŬɟŬˊɎɜɤ ŰŮɢɜɘəɩɜ. ɀɏɢɟɘ əŬɘ ŰŬ 

ɛɏůŬ Űɞɡ 20ɞɡ ŬɘɩɜŬ ɞɘ əɨɟɘŮɠ ˊɟɞůŮɔɔɑůŮɘɠ ˊɞɡ ɡɘɞɗŮŰɐɗɖəŬɜ ɔɘŬ Űɞɜ ɢɟɤɛŬŰɞɔɟŬűɘəɧ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ŬɜŬɚɡŰɩɜ ˊŮɟɘɚɎɛɓŬɜŬɜ Űɖɜ ŰŮɢɜɘəɐ Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ 

əŬɜɞɜɘəɐɠ űɎůɖɠ (NP-LC) əŬɘ Űɖɜ ŮűŬɟɛɞɔɐ ŰŮɢɜɘəɩɜ ˊŬɟŬɔɤɔɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɞɡɠ 

ůŮ ɎˊɞɚŬ ˊɟɞɥɧɜŰŬ. ɋůŰɧůɞ, ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ ˊɟɞůŮɔɔɑůŮɘɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɞɜɞɓɧɟŮɠ əŬɘ 

ŮɛűŬɜɑɕɞɡɜ ůɖɛŬɜŰɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ, ɧˊɤɠ ɖ ɛŮɘɤɛɏɜɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɤɜ ŬɜŬɚɡŰɩɜ ůŰɘɠ ɛɖ-

ɡŭŬŰɘəɏɠ əɘɜɖŰɏɠ űɎůŮɘɠ Űɖɠ NP-LC,  ˊɞɡ ŭɡůɢŮɟŬɑɜɞɡɜ Űɖɜ Ŭɝɘɞˊɞɑɖůɐ Űɞɡɠ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ[25].  

ɇɞ əŮɜɧ ŬɡŰɧ ɛŮŰŬɝɨ Űɤɜ ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ ŰŮɢɜɘəɩɜ ůɡɛˊɚɖɟɩɜŮɘ ɖ ŰŮɢɜɘəɐ Űɖɠ 

ɡɔɟɞɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɡŭɟɧűɘɚɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ (HILIC), ɖ ɞˊɞɑŬ ŮˊɘŭŮɘəɜɨŮɘ ůɡɛˊɚɖɟɤɛŬŰɘəɐ 

ŮəɚŮəŰɘəɧŰɖŰŬ ɤɠ ˊɟɞɠ Űɖɜ ɡɔɟɞɢɟɤɛŬŰɞɔɟŬűɑŬ ŬɜŰɑůŰɟɞűɖɠ űɎůɖɠ əŬɘ ŮɜŭŮɑəɜɡŰŬɘ ɔɘŬ Űɖɜ 

ŬɜɎɚɡůɖ ŮɜɩůŮɤɜ ɛɏŰɟɘŬɠ əŬɘ ɡɣɖɚɐɠ ˊɞɚɘəɧŰɖŰŬɠ. ɆŰɖɜ ŰŮɢɜɘəɐ HILIC ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɚɘəɎ 

ɡˊɞůŰɟɩɛŬŰŬ ɔɘŬ Űɖ ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ, əŬŰɎ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖɜ ŰŮɢɜɘəɐ NP-LC, Ůɜɩ ɞɘ 

əɘɜɖŰɏɠ űɎůŮɘɠ ˊɟɞůɞɛɞɘɎɕɞɡɜ ŬɡŰɏɠ Űɖɠ ŰŮɢɜɘəɐɠ ŬɜŰɑůŰɟɞűɖɠ űɎůɖɠ əŬɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ɡŭŬŰɞ-ɞɟɔŬɜɘəɎ ɛŮɑɔɛŬŰŬ ŭɘŬɚɡŰɩɜ ɛŮ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɞɟɔŬɜɘəɧ ŰɟɞˊɞˊɞɘɖŰɐ. 

ɄŬɟɎɚɚɖɚŬ, ɖ ŰŮɢɜɘəɐ HILIC ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɎɚɡůɖ ɘɞɜŰɘəɩɜ ŮɜɩůŮɤɜ, ŮɛűŬɜɑɕɞɜŰŬɠ ůɖɛŬɜŰɘəɏɠ 

ɞɛɞɘɧŰɖŰŮɠ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɖɠ ɘɞɜŰɘəɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɤɠ ˊɟɞɠ Űɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɩɜ (ůɢɐɛŬ 3.1) 

[26].  
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ɆɢɐɛŬ 3.1 ȼ ɢɟɤɛŬŰɞɔɟŬűɑŬ HILIC ůɡɛˊɚɖɟɩɜŮɘ Űɞ əŮɜɧ ɛŮŰŬɝɨ Űɤɜ əɨɟɘɤɜ ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ ŰŮɢɜɘəɩɜ, Ůɜɩ 
ˊŬɟɎɚɚɖɚŬ ŮɛűŬɜɑɕŮɘ əɞɘɜɎ ůŰɞɘɢŮɑŬ ɛŮ əŬɗŮɛɘɎ Ŭˊɧ ŬɡŰɏɠ [26]. 

Ƀɘ ˊɟɩŰŮɠ ŮűŬɟɛɞɔɏɠ Űɖɠ HILIC ɐŰŬɜ ˊŮɟɘɞɟɘůɛɏɜŮɠ əŬɘ ŬűɞɟɞɨůŬɜ əɡɟɑɤɠ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

ɡŭŬŰŬɜɗɟɎəɤɜ, Ŭɛɘɜɞɝɏɤɜ əŬɘ ˊŮˊŰɘŭɑɤɜ ůŮ űɡůɘəɎ ˊɟɞɥɧɜŰŬ əŬɘ ɓɘɞɚɞɔɘəɎ ŭŮɑɔɛŬŰŬ. ɋůŰɧůɞ, 

Ŭˊɧ Űɞ 2003 əŬɘ ɛŮŰɎ ůɖɛŮɘɩɗɖəŮ ɟŬɔŭŬɑŬ Ŭɨɝɖůɖ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɢŮŰɘəɩɜ ŮűŬɟɛɞɔɩɜ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ˊɚɏɞɜ ɖ ɢɟɤɛŬŰɞɔɟŬűɑŬ HILIIC ɜŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ůɡɢɜɎ ɤɠ ŰŮɢɜɘəɐ Ůəɚɞɔɐɠ ɔɘŬ Űɖɜ 

ŬɜɎɚɡůɖ ˊɞɚɘəɩɜ ŮɜɩůŮɤɜ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ůŮ ɞɟɘůɛɏɜŬ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ Űɖ ɢŬɟŬəŰɖɟɑɕɞɡɜ, ɧˊɤɠ ɖ ŭɡɜŬŰɧŰɖŰŬ ŰŬɡŰɧɢɟɞɜɖɠ ŬɜɎɚɡůɖɠ ɞɡŭɏŰŮɟɤɜ əŬɘ 

ɘɞɜŰɘəɩɜ ŮɜɩůŮɤɜ, əŬɗɩɠ əŬɘ ɖ ɡɣɖɚɐ ůɡɛɓŬŰɧŰɖŰŬ Űɤɜ əɘɜɖŰɩɜ űɎůŮɩɜ Űɖɠ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɖɠ 

űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ. ɆɐɛŮɟŬ, Űɞ ɡűɘůŰɎɛŮɜɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɩɜ Űɖɠ HILIC ˊŮɟɘɚŬɛɓɎɜŮɘ ɛŮŰŬɝɨ 

Ɏɚɚɤɜ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ŮɜɩůŮɤɜ ɛŮ űŬɟɛŬəŮɡŰɘəɐ ŭɟɎůɖ ůŮ ɓɘɞɚɞɔɘəɎ ŭŮɑɔɛŬŰŬ əŬɘ ůŮ 

űŬɟɛŬəŮɡŰɘəɎ ˊɟɞɥɧɜŰŬ, Űɖɜ ŬɜɎɚɡůɖ ŮɜɩůŮɤɜ Űɞɝɘəɞɚɞɔɘəɞɨ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ 

ůŮ ŭɘɎűɞɟŬ ɡɚɘəɎ ɛɐŰɟŬɠ, Ůɜɩ ŬɟəŮŰɏɠ ŮűŬɟɛɞɔɏɠ ŮɜŰɞˊɑɕɞɜŰŬɘ əŬɘ ůŰɞ ˊŮŭɑɞ Űɖɠ ɢɖɛŮɑŬɠ 

Űɟɞűɑɛɤɜ. ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ůɡɔəŮɜŰɟɩɜŮɘ ɖ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ HILIC ůŰɖ ɛŮŰŬɓɞɚɞɛɘəɐ, əŬɗɩɠ ɖ 

ɞɟɗɞɔɤɜɘɧŰɖŰŬ ˊɞɡ ŮɛűŬɜɑɕŮɘ ɛŮ Űɖɜ RP-HPLC ŮˊɘŰɟɏˊŮɘ ŭɘůŭɘɎůŰŬŰɞɡɠ ŭɘŬɢɤɟɘůɛɞɨɠ ɛɏůɤ Űɖɠ 

ůɡɜŭɡŬůŰɘəɐɠ ɢɟɐůɖɠ Űɤɜ ŭɨɞ ŰŮɢɜɘəɩɜ, ˊŬɟɏɢɞɜŰŬɠ ɏŰůɘ ˊɞɚɨŰɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ 

ŬɜŬɚɡɧɛŮɜŬ ŭŮɑɔɛŬŰŬ [26,27].  

3.2 ɀɖɢŬɜɘůɛɧɠ  

ȼ ɢɟɤɛŬŰɞɔɟŬűɑŬ HILIC ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ůɡɢɜɎ, ɔɘŬ ɘůŰɞɟɘəɞɨɠ əɡɟɑɤɠ ɚɧɔɞɡɠ, ɤɠ ɛɘŬ ˊŬɟŬɚɚŬɔɐ 

Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ əŬɜɞɜɘəɐɠ űɎůɖɠ (NP-HPLC), ɚɧɔɤ Űɤɜ əɞɘɜɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ 

ɤɠ ˊɟɞɠ Űɖ ɢɟɐůɖ ˊɞɚɘəɩɜ ůŰŬŰɘəɩɜ űɎůŮɤɜ. ɋůŰɧůɞ, ɞɘ ŭɨɞ ŰŮɢɜɘəɏɠ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ůɡɔɢɏɞɜŰŬɘ, 

əŬɗɩɠ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɞ ɛɖɢŬɜɘůɛɧɠ ůɡɔəɟɎŰɖůɖɠ Űɖɠ HILIC ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ˊɘɞ ˊŮɟɑˊɚɞəɞɠ 

əŬɘ ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɞɜ ɛɖɢŬɜɘůɛɧ ůɡɔəɟɎŰɖůɖɠ Űɖɠ NP-HPLC ɧˊɞɡ ɖ ůɡɔəɟɎŰɖůɖ Űɤɜ 

ŬɜŬɚɡŰɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ ɛɏůɤ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ˊɟɞůɟɧűɖůɖɠ [26]. 
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ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɞɘ ˊɞɚɘəɏɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ HILIC ˊɟɞůɟɞűɞɨɜ ɛɧɟɘŬ 

ɜŮɟɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ əŬɘ ɏŰůɘ ůɢɖɛŬŰɑɕŮŰŬɘ ɛɑŬ ɡŭŬŰɘəɐ ɣŮɡŭɞůŰɞɘɓɎŭŬ, ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ 

ɎɛŮůɖ ŮˊŬűɐ ɛŮ Űɖɜ ˊɚɞɨůɘŬ ůŮ ɞɟɔŬɜɘəɧ ŰɟɞˊɞˊɞɘɖŰɐ əɘɜɖŰɐ űɎůɖ (ůɢɐɛŬ 3.2). ȾŬŰɎ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ ůɡɜŰŮɚŮɑŰŬɘ ɖ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɡɔɟɩɜ űɎůŮɤɜ ŭɘŬűɞɟŮŰɘəɐɠ ˊɞɚɘəɧŰɖŰŬɠ, ˊɞɡ 

ŮˊɘŰɟɏˊŮɘ Űɖ ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ ɛɏůɤ Űɖɠ ŬˊɞəŬŰɎůŰŬůɖɠ ɛɘŬɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ 

ɘůɞɟɟɞˊɑŬɠ əŬŰŬɜɞɛɐɠ ŬɜɎɛŮůŬ  ůŰɞɜ əɨɟɘɞ ɧɔəɞ Űɖɠ əɘɜɖŰɐɠ űɎůɖɠ əŬɘ Űɖɜ  ɖɛɘ-ŬəɘɜɖŰɞˊɞɘɖɛɏɜɖ 

ɡŭŬŰɘəɐ ɣŮɡŭɞůŰɞɘɓɎŭŬ, ɖ ɞˊɞɑŬ ŭɟŬ ɤɠ ŬɜŬˊɧůˊŬůŰɞ ɛɏɟɞɠ Űɖɠ ůŰŬŰɘəɐɠ űɎůɖɠ [28,29]. ȼ 

ɗŮɤɟɑŬ Űɖɠ ɡŭŬŰɘəɐɠ ɣŮɡŭɞůŰɞɘɓɎŭŬɠ əŬŰɏɢŮɘ ɗŮɛŮɚɘɩŭɖ ɟɧɚɞ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɞɡ ɛɖɢŬɜɘůɛɞɨ 

ůɡɔəɟɎŰɖůɖɠ ˊɞɡ ŭɘɏˊŮɘ Űɖ HILIC əŬɘ ŭɘŬŰɡˊɩɗɖəŮ Ŭˊɧ Űɞɜ ŮɟŮɡɜɖŰɐ Alpert Űɞ 1990 [30]. ȼ 

ˊŮɘɟŬɛŬŰɘəɐ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ůɢŮŰɘəɐɠ ɗŮɤɟɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ 2011 Ŭˊɧ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ 

Irgum K. əŬɘ Wikberg E., ɞɘ ɞˊɞɑɞɘ ŬɜɏŭŮɘɝŬɜ ɛɏůɤ Űɖɠ ŭɘŮɝŬɔɤɔɐɠ ˊŮɘɟŬɛɎŰɤɜ ˊɡɟɖɜɘəɞɨ 

ɛŬɔɜɖŰɘəɞɨ ůɡɜŰɞɜɘůɛɞɨ ŭŮɡŰŮɟɑɞɡ (2ȼ-NMR) Űɖɜ ɨˊŬɟɝɖ ɛɘŬɠ ɞɛɎŭŬɠ ɛɞɟɑɤɜ ɜŮɟɞɨ ŰŬ ɞˊɞɑŬ 

ŮɛűɎɜɘɕŬɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɤɠ ˊɟɞɠ Űɘɠ űɡůɘəɞɢɖɛɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ Ŭˊɧ ŰŬ ɛɧɟɘŬ ɜŮɟɞɨ Űɖɠ 

əɘɜɖŰɐɠ űɎůɖɠ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɘůɢɡɟɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɐɠ Űɞɡɠ ɛŮ Űɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ Űɞɡ 

ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ [31]. 

ɄɏɟŬɜ ɧɛɤɠ Ŭˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ űŬɘɜɞɛɏɜɤɜ əŬŰŬɜɞɛɐɠ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ůŰɖ HILIC ŮˊɘəɟŬŰŮɑ 

ɛŮɘəŰɧɠ ɛɖɢŬɜɘůɛɧɠ ůɡɔəɟɎŰɖůɖɠ ɞ ɞˊɞɑɞɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛŮŰŬɝɨ Ɏɚɚɤɜ əŬɘ ɛɘŬ ůŮɘɟɎ ůɖɛŬɜŰɘəɩɜ 

ŭŮɡŰŮɟŮɡɞɡůɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ ŬɜɎɛŮůŬ ůŰɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ 

ɞɛɎŭŮɠ Űɖɠ ůŰŬŰɘəɐɠ űɎůŮɘɠ əŬɘ ŰŬ ɛɧɟɘŬ Űɤɜ ŬɜŬɚɡŰɩɜ. ɆŮ ŬɡŰɏɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ˊɟɞůɟɧűɖůɖɠ, ɧˊɤɠ ŭŮůɛɞɑ ɡŭɟɞɔɧɜɞɡ əŬɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŭɘˊɧɚɞɡ-ŭɘˊɧɚɞɡ, 

əŬŰɎ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖ ɢɟɤɛŬŰɞɔɟŬűɑŬ əŬɜɞɜɘəɐɠ űɎůɖɠ, Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ 

ɘɞɜŰɑůɘɛŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŬɜɎˊŰɡɝɖ ŮɚəŰɘəɩɜ ɐ ŬˊɤůŰɘəɩɜ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ. ȼ ůɡɜŮɘůűɞɟɎ Űɖɠ əɎɗŮ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ůŰɞ ɛɖɢŬɜɘůɛɧ ůɡɔəɟɎŰɖůɖɠ Űɖɠ 

HILIC ŭŮɜ ŮɑɜŬɘ ůŰŬɗŮɟɐ ŬɚɚɎ əŬɗɞɟɑɕŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɘɠ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ 

ŬɜŬɚɡŰɩɜ, Űɖ ůɨůŰŬůɖ Űɖɠ əɘɜɖŰɐɠ űɎůɖɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ůŰŬŰɘəɐɠ űɎůɖɠ, ɔŮɔɞɜɧɠ Űɞ 

ɞˊɞɑɞ ŮɝɖɔŮɑ Űɘɠ ůɖɛŬɜŰɘəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɞɜ ɛɖɢŬɜɘůɛɧ ůɡɔəɟɎŰɖůɖɠ əŬɘ ůŰɖɜ ŮəɚŮəŰɘəɧŰɖŰŬ Űɞɡ 

ɢɟɤɛŬŰɞɔɟŬűɘəɞɨ ŭɘŬɢɤɟɘůɛɞɨ ˊɞɡ ́ŬɟŬŰɖɟɞɨɜŰŬɘ ɧŰŬɜ ɛŮŰŬɓɎɚɚŮŰŬɘ əɎˊɞɘɞɠ Ŭˊɧ Űɞɡɠ 

ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŮɠ [32].  
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ɆɢɐɛŬ 3.2 ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ɡŭŬŰɘəɐɠ ɣŮɡŭɞůŰɞɘɓɎŭŬɠ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛɘŬɠ ˊɞɚɘəɐɠ ůŰŬŰɘəɐɠ 
űɎůɖɠ [33]. 

3.3 ȾɘɜɖŰɏɠ űɎůŮɘɠ 

Ƀɘ əɘɜɖŰɏɠ űɎůŮɘɠ ůŰɖ HILIC ŬˊɞŰŮɚɞɨɜ, ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ, ŭɡŬŭɘəɎ ɨŭŬŰɞ-

ɞɟɔŬɜɘəɎ ɛŮɑɔɛŬŰŬ ŭɘŬɚɡŰɩɜ ɛŮ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɞɟɔŬɜɘəɧ ŰɟɞˊɞˊɞɘɖŰɐ. Ƀɘ ůɢŮŰɘəɏɠ 

əɘɜɖŰɏɠ űɎůŮɘɠ ˊɟɞůɞɛɞɘɎɕɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɘɠ əɘɜɖŰɏɠ űɎůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ ŬɜŰɑůŰɟɞűɖɠ űɎůɖɠ, ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ ɖ ŮəɚɞɡůŰɘəɐ ɘůɢɨɠ Űɤɜ ŭɘŬɚɡŰɩɜ ŮɑɜŬɘ 

ŬɜŮůŰɟŬɛɛɏɜɖ əŬɘ ŬəɞɚɞɡɗŮɑ Űɖɜ Ůɝɐɠ ůŮɘɟɎ: 

ȷəŮŰɧɜɖ < ȷəŮŰɞɜɘŰɟɑɚɘɞ < TŮŰɟŬɦŭɟoűɞɡɟɎɜɘɞ < ȽůɞˊɟoˊŬɜɧɚɖ < ȷɘɗŬɜɧɚɖ < ɀŮɗŬɜɧɚɖ < ɁŮɟɧ 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ, Űɞ ɜŮɟɧ ŬˊɞŰŮɚŮɑ Űɞɜ ɘůɢɡɟɧŰŮɟɞ ŭɘŬɚɨŰɖ ůŰɖ HILIC, ɛŮ Űɖɜ 

ˊŮɟɘŮəŰɘəɧŰɖŰɎ Űɞɡ ůŰɖɜ əɘɜɖŰɐ űɎůɖ (űH2O) ɜŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 5 ɏɤɠ 40%, Ůɜɩ ůŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ ůɡɜɘůŰɎŰŬɘ ɖ ŭɘŬŰɐɟɖůɖ Ůɜɧɠ ˊɞůɞůŰɞɨ 2-3% ɛŮ ůəɞˊɧ Űɖɜ ŮˊŬɟəɐ ŮɜɡŭɎŰɤůɖ 

Űɖɠ ůŰŬŰɘəɐɠ űɎůɖɠ əŬɘ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɛɘŬɠ ɡŭŬŰɘəɐɠ ɣŮɡŭɞůŰɞɘɓɎŭŬɠ ŮˊŬɟəɞɨɠ ˊɎɢɞɡɠ ɔɘŬ 

Űɖ ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ. ɀŮŰŬɓɞɚɏɠ ůŰɖɜ Űɘɛɐ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ ȼ2Ƀ ŮˊɖɟŮɎɕɞɡɜ 

ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɧůɞ Űɖɜ ŮəɚɞɡůŰɘəɐ ɘůɢɨ Űɖɠ əɘɜɖŰɐɠ űɎůɖɠ, ɧůɞ əŬɘ Űɞ ˊɎɢɞɠ Űɖɠ 

ůɢɖɛŬŰɘɕɧɛŮɜɖɠ ɡŭŬŰɘəɐɠ ůŰɞɘɓɎŭŬɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɛˊɞɟŮɑ ɜŬ Ůˊɘűɏɟɞɡɜ ůɖɛŬɜŰɘəɏɠ 

ŬɚɚŬɔɏɠ əŬɘ ůŰɞɜ ɛɖɢŬɜɘůɛɧ ůɡɔəɟɎŰɖůɖɠ Űɤɜ ŬɜŬɚɡŰɩɜ. ɆŮ ɢŬɛɖɚɎ ˊɞůɞůŰɎ űH2O 

ŮɡɜɞŮɑŰŬɘ ɖ ŬɜɎˊŰɡɝɖ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɟɞůɟɧűɖůɖɠ, ɚɧɔɤ Űɞɡ ɛŮɘɤɛɏɜɞɡ ˊɎɢɞɡɠ Űɖɠ 

ɡŭŬŰɘəɐɠ ɣŮɡŭɞůŰɞɘɓɎŭŬɠ əŬɘ Űɖɠ ŮɔɔɨŰɖŰŬɠ Űɤɜ ŬɜŬɚɡŰɩɜ ůŰɖ ůŰŬŰɘəɐ űɎůɖ, Ůɜɩ ɔɘŬ ɡɣɖɚɎ 

ˊɞůɞůŰɎ űH2O, ɖ ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɛɏůɤ Űɖɠ ŬɜɎˊŰɡɝɖɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ əŬŰŬɜɞɛɐɠ.  
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ȷˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭɘŬɚɡŰɩɜ, Űɞ ŬəŮŰɞɜɘŰɟɑɚɘɞ (ACN) ŬˊɞŰŮɚŮɑ Űɞɜ ŮɡɟɨŰŮɟŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ɞɟɔŬɜɘəɧ ŰɟɞˊɞˊɞɘɖŰɐ ůŰɖ HILIC əŬɗɩɠ ŮˊɘŭŮɘəɜɨŮɘ ɞɟɘůɛɏɜŬ 

ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ  ɛŮɘɤɛɏɜɖ ŮəɚɞɡůŰɘəɐ ɘůɢɨ əŬɘ ɎɟɘůŰɖ ŭɘŬɚɡŰɧŰɖŰŬ ɛŮ Űɞ 

ɜŮɟɧ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ŬɜŬɚɞɔɑŬ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ůŰŮɟŮɑŰŬɘ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ŬɜɎˊŰɡɝɖɠ 

ŭŮůɛɩɜ ɡŭɟɞɔɧɜɞɡ, ŮɡɜɞɩɜŰŬɠ əŬŰɎ ůɡɜɏˊŮɘŬ Űɖɜ ɘůɢɡɟɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ɛɞɟɑɤɜ 

ɜŮɟɞɨ ɛŮ Űɖ ůŰŬŰɘəɐ űɎůɖ. ȼ ɢɟɐůɖ ˊɟɤŰɘəɩɜ ŭɘŬɚɡŰɩɜ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ ŬɚəɞɧɚŮɠ, ŮɑɜŬɘ 

ˊŮɟɘɞɟɘůɛɏɜɖ əŬɘ ůɡɜɐɗɤɠ ŬˊɞűŮɨɔŮŰŬɘ, əŬɗɩɠ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ ŭŮůɛɩɜ 

ɡŭɟɞɔɧɜɞɡ ɛŮ ŰŬ ɛɧɟɘŬ H2O ɞŭɖɔŮɑ ůŮ ŭɘŬŰɎɟŬɝɖ Űɖɠ ɡŭŬŰɘəɐɠ ɣŮɡŭɞůŰɞɘɓɎŭŬɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɘɤɛɏɜɖ ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ əŬɘ Űɖɜ Ŭɚɚɞɑɤůɖ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůɡɛɛŮŰɟɑŬɠ Űɤɜ ɢɟɤɛɞɔɟŬűɘəɩɜ əɞɟɡűɩɜ [27]. ȼ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 

Űɤɜ əɘɜɖŰɩɜ űɎůŮɤɜ ůŮ ɞɟɔŬɜɘəɧ ŰɟɞˊɞˊɞɘɖŰɐ ˊɟɞůŭɑŭŮɘ ůŰɖ HILIC Ŭɡɝɖɛɏɜɖ ůɡɛɓŬŰɧŰɖŰŬ ɛŮ 

Űɖ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ əŬɘ ɘŭɘŬɑŰŮɟŬ ɛŮ Űɖɜ ŰŮɢɜɘəɐ ESI, əŬɗɩɠ ɖ ɡɣɖɚɐ ˊŰɖŰɘəɧŰɖŰŬ Űɤɜ 

ůɢŮŰɘəɩɜ əɘɜɖŰɩɜ űɎůŮɤɜ ŭɘŮɡəɞɚɨɜŮɘ Űɖ ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ Űɤɜ űɞɟŰɘůɛɏɜɤɜ 

ůŰŬɔɞɜɘŭɑɤɜ əŬɘ ŬɡɝɎɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ɘɞɜŰɘůɛɞɨ. ɄŬɟɎɚɚɖɚŬ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɎ 

ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ˊɑŮůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ɢɟɤɛŬŰɞɔɟŬűɑŬ ŬɜŰɑůŰɟɞűɖɠ űɎůɖɠ, ɚɧɔɤ Űɞɡ 

ɢŬɛɖɚɧŰŮɟɞɡ ɘɝɩŭɞɡɠ Űɤɜ əɘɜɖŰɩɜ űɎůŮɤɜ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŮűŬɟɛɞɔɐ ɛŮɔŬɚɨŰŮɟɞɡ ɟɡɗɛɞɨ 

ɟɞɐɠ ůŰɖɜ əɘɜɖŰɐ űɎůɖ [34]. 

ȼ ˊɟɞůɗɐəɖ ŬɚɎŰɤɜ ůŰɖɜ əɘɜɖŰɐ űɎůɖ ŮɑɜŬɘ ŮˊɘɓŮɓɚɖɛɏɜɖ ůŰɖ HILIC əŬɘ ůɡůŰɐɜŮŰŬɘ Ŭˊɧ Űɞɡɠ 

əŬŰŬůəŮɡŬůŰɏɠ ůŰŬŰɘəɩɜ űɎůŮɤɜ, əŬɗɩɠ ůɡɛɓɎɚŮɘ  ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ ɏɜŰŬůɖɠ Űɤɜ 

ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ, ɛŮ ůəɞˊɧ Űɖɜ Ŭˊɞűɡɔɐ űŬɘɜɞɛɏɜɤɜ ŬɜŮˊŬɟəɞɨɠ 

ůɡɔəɟɎŰɖůɖɠ ɐ əŬɗɡůŰŮɟɖɛɏɜɖɠ ɏəɚɞɡůɖɠ Űɤɜ ŬɜŬɚɡŰɩɜ əŬɘ ɓŮɚŰɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɖ 

ůɡɛɛŮŰɟɑŬ Űɤɜ ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ əɞɟɡűɩɜ. ɄɏɟŬɜ Ŭˊɧ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ, ɖ ɢɟɐůɖ ŬɚɎŰɤɜ ůŰɖɜ əɘɜɖŰɐ űɎůɖ ŮˊɘűɏɟŮɘ Ŭɨɝɖůɖ Űɞɡ ˊɎɢɞɡɠ Űɖɠ 

ɡŭŬŰɘəɐɠ ůŰɞɘɓɎŭŬɠ, ɚɧɔɤ Űɖɠ ŮɜůɤɛɎŰɤůɖɠ ŮűɡŭŬŰɞɛɏɜɤɜ ɘɧɜŰɤɜ ůŮ ŬɡŰɐ, ŮˊɖɟŮɎɕɞɜŰŬɠ 

ɗŮŰɘəɎ Űɖ ůɡɔəɟɎŰɖůɖ ɞɡŭɏŰŮɟɤɜ ˊɞɚɘəɩɜ ŬɜŬɚɡŰɩɜ. Ƀɘ Űɡˊɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ 

ɟɡɗɛɘůŰɘəɩɜ ŭɘŬɚɡɛɎŰɤɜ ůŰɖɜ əɘɜɖŰɐ űɎůɖ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 5 ɏɤɠ 100 mM əŬɘ əŬɗɞɟɑɕɞɜŰŬɘ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ůŰŬŰɘəɐɠ űɎůɖɠ. ɇɞ ɛɡɟɛɖəɘəɧ Ŭɛɛɩɜɘɞ (AMF), Űɞ ɞɝɘəɧ 

Ŭɛɛɩɜɘɞ (AMA) əŬɘ Űɞ ɧɝɘɜɞ ŬɜɗɟŬəɘəɧ Ŭɛɛɩɜɘɞ (AMBC) ŬˊɞŰŮɚɞɨɜ ŰŬ ŮɡɟɨŰŮɟŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ɎɚŬŰŬ ůŮ ŮűŬɟɛɞɔɏɠ HILIC, ɚɧɔɤ Űɖɠ ŮˊŬɟəɞɨɠ ŭɘŬɚɡŰɧŰɖŰŬɠ Űɞɡɠ  ůŮ 

əɘɜɖŰɏɠ űɎůŮɘɠ ɛŮ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɞɟɔŬɜɘəɧ ŰɟɞˊɞˊɞɘɖŰɐ əŬɘ Űɖɠ ůɡɛɓŬŰɧŰɖŰɎɠ ˊɞɡ 

ŮˊɘŭŮɘəɜɨɞɡɜ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ. ȼ ɢɟɐůɖ űɤůűɞɟɘəɩɜ ŬɚɎŰɤɜ 

ůɡɜɐɗɤɠ ŬˊɞűŮɨɔŮŰŬɘ ɚɧɔɤ Űɖɠ ɛŮɘɤɛɏɜɖɠ ŭɘŬɚɡŰɧŰɖŰŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ůŰɘɠ ůɡɜɐɗŮɘɠ 

əɘɜɖŰɏɠ űɎůŮɘɠ, ɤůŰɧůɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊŮɟɘůŰŬůɘŬəɎ ůŮ ŮűŬɟɛɞɔɏɠ HILIC ɛŮ ŬɜɘɢɜŮɡŰɐ 

ɡˊŮɟɘɩŭɞɡɠ-ɞɟŬŰɞɨ (UV-VIS) ůŰɘɠ ɞˊɞɑŮɠ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ ŬɜɑɢɜŮɡůɖ Űɤɜ ŬɜŬɚɡŰɩɜ ůŮ 

ɢŬɛɖɚɏɠ Űɘɛɏɠ ɛɐəɞɡɠ əɨɛŬŰɞɠ.  
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3.4 ɆŰŬŰɘəɏɠ űɎůŮɘɠ 

ɇŬ ˊɟɩŰŬ ɢɟɧɜɘŬ Ŭˊɧ Űɖɜ ŬɜŬəɎɚɡɣɖ Űɖɠ HILIC ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɤɜ ůŰŬŰɘəɩɜ 

űɎůŮɤɜ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ˊŮɟɘɞɟɘůɛɏɜɞɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŭɘŮɜŮɟɔɞɨɛŮɜɤɜ 

ŭɘŬɢɤɟɘůɛɩɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ŬɜŬɚɡŰɘəɏɠ ůŰɐɚŮɠ əŬɜɞɜɘəɐɠ űɎůɖɠ. ɋůŰɧůɞ, Ŭˊɧ Űɘɠ 

Ŭɟɢɏɠ Űɞɡ 21ɞɡ ŬɘɩɜŬ əŬɘ Ůɝɐɠ ůɖɛŮɘɩɗɖəŮ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ 

ŬɜŬɚɡŰɘəɩɜ ůŰɖɚɩɜ ɔɘŬ ŮűŬɟɛɞɔɏɠ HILIC, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ůŰɖɜ ŮəɗŮŰɘəɐ Ŭɨɝɖůɖ 

Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɔɨɟɤ Ŭˊɧ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ŰŮɢɜɘəɐ əŬɘ Űɖɜ ŬɜŬɔɤɔɐ Űɖɠ ůŮ 

ɛɏɗɞŭɞ Ůəɚɞɔɐɠ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ ˊɞɚɘəɩɜ ŮɜɩůŮɤɜ. ɋɠ ŬˊɞŰɏɚŮůŬ, ůɐɛŮɟŬ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ 

Ŭɟɘɗɛɧɠ  əŬŰɎɚɚɖɚɤɜ ůŰŬŰɘəɩɜ űɎůŮɤɜ ŮɑɜŬɘ ˊɚɏɞɜ ŭɘŬɗɏůɘɛɞɠ, əŬɗɘůŰɩɜŰŬɠ ŮűɘəŰɐ Űɖɜ 

ŭɘŮɜɏɟɔŮɘŬ ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ ŭɘŬɢɤɟɘůɛɩɜ ɡɣɖɚɐɠ ŮəɚŮəŰɘəɧŰɖŰŬɠ. ȷɜɎɚɞɔŬ ɛŮ Űɞ űɞɟŰɑɞ Űɤɜ 

ŮɜůɤɛŬŰɤɛɏɜɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ Űɞɡɠ ɞɛɎŭɤɜ, ɞɘ ůŰŬŰɘəɏɠ űɎůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ HILIC ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŰɘɠ ŬəɧɚɞɡɗŮɠ əŬŰɖɔɞɟɑŮɠ [35,36]: 

1. ɃɡŭɏŰŮɟŮɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ: Ƀɘ ůŰŬŰɘəɏɠ űɎůŮɘɠ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ űɏɟɞɡɜ 

ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɛɖ-űɞɟŰɘůɛɏɜŮɠ ůŰɞ Űɡˊɘəɧ Ůɨɟɞɠ pH 3-8 Űɤɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ əɘɜɖŰɩɜ űɎůŮɤɜ. Ƀɘ ɞɡŭɏŰŮɟŮɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ ůɡɜɘůŰɞɨɜ Űɖɜ 

ɛŮɔŬɚɨŰŮɟɖ ɞɜŰɧŰɖŰŬ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ Ůˊɘɛɏɟɞɡɠ əŬŰɖɔɞɟɘɩɜ əŬɘ ŮɛűŬɜɑɕɞɡɜ 

ůɖɛŬɜŰɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ ɤɠ ˊɟɞɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ Űɞɡɠ ɞɛɎŭɤɜ. ɆŮ 

ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ŮɜŰɎůůɞɜŰŬɘ ɞɟɘůɛɏɜŮɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ ɡɣɖɚɐɠ ŭɖɛɞŰɘəɧŰɖŰŬɠ, 

ɧˊɤɠ ɞɘ ůŰŬŰɘəɏɠ űɎůŮɘɠ ɛŮ ɞɛɎŭŮɠ Ŭɛɘŭɑɞɡ, ɞɘ ůŰŬŰɘəɏɠ űɎůŮɘɠ ɛŮ ɞɛɎŭŮɠ ŭɘɧɚɖɠ 

əŬɘ ɞɘ ůŰŬŰɘəɏɠ űɎůŮɘɠ ɛŮ ŮɜůɤɛŬŰɤɛɏɜŮɠ ɞɛɎŭŮɠ əɡəɚɞŭŮɝŰɟɘɜɩɜ, ɛŮ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ 

ɜŬ ɓɟɑůəɞɡɜ ɘŭɘŬɑŰŮɟɖ ŮűŬɟɛɞɔɐ ůŰɞɜ ŭɘŬɢɤɟɘůɛɧ ŮɜŬɜŰɘɞɛŮɟɩɜ ŮɜɩůŮɤɜ. ȼ 

ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɛɏůɤ Űɖɠ ŬɜɎˊŰɡɝɖɠ 

űŬɘɜɞɛɏɜɤɜ əŬŰŬɜɞɛɐɠ əŬɘ ŭŮůɛɩɜ ɡŭɟɞɔɧɜɞɡ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ Ůɜ ɚɧɔɤ ůŰŬŰɘəɏɠ 

űɎůŮɘɠ ɜŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɐ ŮəɚŮəŰɘəɧŰɖŰŬ. 

2. ūɞɟŰɘůɛɏɜŮɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ: ɆŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ Ŭɜɐəɞɡɜ ůŰŬŰɘəɏɠ űɎůŮɘɠ 

ˊɞɡ űɏɟɞɡɜ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ɘɞɜŰɘůŰɞɨɜ ůŮ 

ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ Űɘɛɩɜ pH. ɋɠ Ůə ŰɞɨŰɞɡ,  ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŬɜɎˊŰɡɝɖ ɘůɢɡɟɩɜ 

əŬŰɎ ˊŮɟɑůŰŬůɖ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ, ˊɞɡ ˊɟɞůŭɑŭɞɡɜ ůŰɘɠ 

ůɡɔəŮəɟɘɛɏɜŮɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ Ŭɡɝɖɛɏɜɖ ŮəɚŮəŰɘəɧŰɖŰŬ. Ƀɘ ůŰŬŰɘəɏɠ űɎůŮɘɠ ŬɡŰɐɠ 

Űɖɠ əŬŰɖɔɞɟɑŬɠ ŭɘŬɘɟɞɨɜŰŬɘ ˊŮɟŮŰŬɑɟɤ ŬɜɎɚɞɔŬ ɛŮ Űɞ űɞɟŰɑɞ Űɞɡɠ ůŮ ŬɟɜɖŰɘəɎ əŬɘ 

ɗŮŰɘəɎ űɞɟŰɘůɛɏɜŮɠ. ȼ ɛɖ Űɟɞˊɞˊɞɘɖɛɏɜɖ ˊɖəŰɐ ˊɡɟɘŰɑŬɠ ŬˊɞŰŮɚŮɑ Űɞɜ əɨɟɘɞ 

Ůəˊɟɧůɤˊɞ Űɖɠ ˊɟɩŰɖɠ əŬŰɖɔɞɟɑŬɠ, əŬɗɩɠ ɞɘ ŮɚŮɨɗŮɟŮɠ ɞɛɎŭŮɠ ůɘɚŬɜɧɚɖɠ (Si-

OH) ŭɘŬɗɏŰɞɡɜ ɧɝɘɜŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɘɞɜŰɑɕɞɜŰŬɘ ˊɚɐɟɤɠ ůŮ Űɘɛɏɠ 5<pH. ȷɜŰɑɗŮŰŬ ɞɘ 

ůŰŬŰɘəɏɠ űɎůŮɘɠ ɛŮ ŮɜůɤɛŬŰɤɛɏɜŮɠ ɞɛɎŭŮɠ Ŭɛɘɜɩɜ (ˊɢ ˊɟɞˊɡɚŬɛɑɜɖɠ, ɘɛɘŭŬɕɞɚɑɞɡ, 

ŰɟɘŬɕɞɚɑɞɡ) ŬˊɞŰŮɚɞɨɜ ŰɡˊɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜɤɜ ůŰŬŰɘəɩɜ 

űɎůŮɤɜ. 
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3. ȺˊŬɛűɞŰŮɟɑɕɞɡůŮɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ: Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ űɏɟɞɡɜ 

ɞɛɎŭŮɠ ŬɛűɞɚɡŰɘəɩɜ ɘɧɜŰɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ, ůŰŬ ɛɧɟɘŬ Űɤɜ ɞˊɞɑɤɜ 

ůɡɜɡˊɎɟɢŮɘ ɛɘŬ ŬɜɘɞɜŰɘəɐ əŬɘ ɛɘŬ əŬŰɘɞɜŰɘəɐ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ 

űɞɟŰɘůɛɏɜŮɠ ůŮ ɧɚɞ Űɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ pH. ȼ ůŰŮɜɐ ɔŮɘŰɜɑŬůɖ Űɤɜ ŮŰŮɟɩɜɡɛŬ 

űɞɟŰɘůɛɏɜɤɜ ɞɛɎŭɤɜ ůŰɞ ɛɧɟɘɞ Űɞɡ ŬɛűɞɚɨŰɖ ˊŮɟɘɞɟɑɕŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ɘůɢɨ Űɤɜ 

ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɜŬ əŬɗɑůŰŬɜŰŬɘ ůɖɛŬɜŰɘəɎ ŬůɗŮɜɏůŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ Űɤɜ űɞɟŰɘůɛɏɜɤɜ ůŰŬŰɘəɩɜ 

űɎůŮɤɜ. Ⱥˊɘˊɚɏɞɜ, ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ ŬɛűɞɚɡŰɘəɩɜ ɞɛɎŭɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

Űɤɜ ůɤɛŬŰɘŭɑɤɜ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ əŬɗɞɟɑɕŮɘ Űɖɜ ˊɟɞůɓŬůɘɛɧŰɖŰŬ Űɤɜ 

ɘɞɜŰɘəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ Ŭˊɧ ŰŬ ɛɧɟɘŬ Űɤɜ ŬɜŬɚɡŰɩɜ, ˊɟɞůŭɑŭɞɜŰŬɠ 

ŮəɚŮəŰɘəɧŰɖŰŬ ůŰɘɠ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ. ɇɏɚɞɠ, ɞɘ ŮˊŬɛűɞŰŮɟɑɕɞɡůŮɠ 

ůŰŬŰɘəɏɠ űɎůŮɘɠ ˊɟɞůɟɞűɞɨɜ ɘůɢɡɟɎ ŰŬ ɛɧɟɘŬ ɜŮɟɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɡŭŬŰɘəɩɜ ůŰɞɘɓɎŭɤɜ Ŭɡɝɖɛɏɜɞɡ ˊɎɢɞɡɠ. ɆŮ ŬɡŰɎ ŰŬ 

ůɡůŰɐɛŬŰŬ ɖ ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɜŬɚɡŰɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɛɏůɤ 

űŬɘɜɞɛɏɜɤɜ əŬŰŬɜɞɛɐɠ əŬɘ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ, ɞɘ ɞˊɞɑŮɠ Ŭɜ əŬɘ 

ŬůɗŮɜŮɑɠ, əŬɗɞɟɑɕɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ ŮəɚŮəŰɘəɧŰɖŰŬ ˊɞɡ ɞɘ Ůɜ ɚɧɔɤ ůŰŬŰɘəɏɠ 

űɎůŮɘɠ ŮˊɘŭŮɘəɜɨɞɡɜ. 

ɋɠ ˊɚɖɟɤŰɘəɎ ɡɚɘəɎ ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ůŰɖɚɩɜ HILIC  

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɟɩŭɖ əŬɘ ɡɛŮɜɞŮɘŭɐ ůɤɛŬŰɑŭɘŬ ŬˊɞŰŮɚɞɨɛŮɜŬ Ŭˊɧ ˊɖəŰɐ ˊɡɟɘŰɑŬɠ 

əŬŰɎɚɚɖɚɖɠ əŬɗŬɟɧŰɖŰŬɠ, ɛŮ ɛŮɘɤɛɏɜɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɛŮŰŬɚɚɘəɏɠ ˊɟɞůɛɑɝŮɘɠ. 

ȷəɧɛŬ, ůŮ ɞɟɘůɛɏɜŮɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɤɛŬŰɑŭɘŬ ˊɖəŰɐɠ ˊɡɟɘŰɑŬɠ 

ɡɓɟɘŭɘəɐɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ˊɞɚɡɛŮɟɐ ůɤɛŬŰɑŭɘŬ ɛŮ ůəɞˊɧ Űɞɜ ˊŮɟɘɞɟɘůɛɧ ɐ Űɖɜ ˊɚɐɟɖ 

ŮɝɎɚŮɘɣɖ Űɤɜ ŭŮɡŰŮɟŮɡɞɡůɩɜ ůɘɚŬɜɧűɘɚɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ əŬɘ Űɖ ŭɘŬůűɎɚɘůɖ 

ɡɣɖɚɐɠ ŬɜɗŮəŰɘəɧŰɖŰŬɠ ůŮ ŬəɟŬɑŮɠ Űɘɛɏɠ pH. TŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ 

ůɡɔəŮɜŰɟɩɜŮɘ ɖ ˊŬɟŬɔɤɔɐ ɛɞɜɞɚɘɗɘəɩɜ ůŰɖɚɩɜ HILIC, ɞɘ ɞˊɞɑŮɠ ŭŮɜ ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ůűŬɘɟɘəɎ ůɤɛŬŰɑŭɘŬ, ŬɚɚɎ ůɡɜɘůŰɞɨɜ ɏɜŬ ˊɞɚɡɛŮɟɘůɛɏɜɞ ŰŮɛɎɢɘɞ ˊɡɟɘŰɑŬɠ, ůŰɞ 

ɞˊɞɑɞ ŮɜŰɞˊɑɕŮŰŬɘ ɏɜŬ ŮəŰŮŰŬɛɏɜɞ ˊɞɟɩŭŮɠ ŭɑəŰɡɞ [37]. 
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ȾŮűɎɚŬɘɞ 4ɞ ɄŮɘɟŬɛŬŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ (Design of Experiments-DOE) 
 

4.1 ȺɘůŬɔɤɔɐ 

ȾŬŰɎ Űɞ ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ ɛɘŬɠ ŬɜŬɚɡŰɘəɐɠ ɛŮɗɧŭɞɡ ůɡɜɘůŰɎŰŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Ůɜɧɠ 

Ŭɟɘɗɛɞɨ ˊŮɘɟŬɛŬŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ůŮ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ŬˊɞəɟɑůŮɘɠ ɛŮ ůəɞˊɧ Űɤɜ 

əŬɗɞɟɘůɛɧ Űɤɜ ɓɏɚŰɘůŰɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ ˊɞɡ ɗŬ ŮɝŬůűŬɚɑůɞɡɜ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ 

ŮˊɘɗɡɛɖŰɞɨ ůŰɧɢɞɡ (ˊɢ. Ŭɨɝɖůɖ ŬɜŬɚɡŰɘəɞɨ ůɐɛŬŰɞɠ, ɛŮɔɘůŰɞˊɞɑɖůɖ ŭɘŬɢɤɟɘůŰɘəɧŰɖŰŬɠ 

ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ əɞɟɡűɩɜ, ɛŮɑɤůɖ ɢɟɧɜɞɡ ɏəɚɞɡůɖɠ ə.Ɏ.). ȳ́ ɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ 

ŬɜŬůəɧˊɖůɖ Űɖɠ ůɢŮŰɘəɐɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ ŬɜŬˊŰɨůůŮŰŬɘ 

ŬəɞɚɞɡɗɩɜŰŬɠ Űɖ ɛɞɜɞˊŬɟŬɛŮŰɟɘəɐ ɛɏɗɞŭɞ ɛŮŰŬɓɞɚɐɠ əŬŰɎ ɏɜŬɜ ˊŬɟɎɔɞɜŰŬ (OFAT), ůɨɛűɤɜŬ 

ɛŮ Űɖɜ ɞˊɞɑŬ ɞɘ ŮɝŮŰŬɕɧɛŮɜŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ (ˊŬɟɎɔɞɜŰŮɠ) ɓŮɚŰɘůŰɞˊɞɘɞɨɜŰŬɘ ɝŮɢɤɟɘůŰɎ, 

ŭɘŬŰɖɟɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ůŰŬɗŮɟɏɠ Űɘɠ Űɘɛɏɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ [38,39]. ȼ 

ˊŬɟŬˊɎɜɤ ˊɟɞůɏɔɔɘůɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Ŭɡɝɖɛɏɜɖ ŬˊɚɧŰɖŰŬ ɤɠ ˊɟɞɠ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ, 

ɤůŰɧůɞ ˊŬɟɞɡůɘɎɕŮɘ ɞɟɘůɛɏɜŬ ůɖɛŬɜŰɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬŭɡɜŬɛɑŬ 

ŮəŰɑɛɖůɖɠ Űɤɜ ˊɘɗŬɜɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ Űɖɜ ɘůɢɡɟɐ 

ŮɝɎɟŰɖůɖ Űɤɜ ŰŮɚɘəɩɜ ɓɏɚŰɘůŰɤɜ ůɡɜɗɖəɩɜ Ŭˊɧ Űɘɠ Ŭɟɢɘəɏɠ ˊŮɘɟŬɛŬŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ, ɞɘ ɞˊɞɑŮɠ 

ŮˊɘɚɏɔɞɜŰŬɘ ŬɡɗŬɑɟŮŰŬ Ŭˊɧ Űɞɜ ŮɟŮɡɜɖŰɐ. ɄŬɟɎɚɚɖɚŬ, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭɘŮɜŮɟɔɞɨɛŮɜɤɜ ˊŮɘɟŬɛɎŰɤɜ 

ŬɡɝɎɜŮŰŬɘ ůɖɛŬɜŰɘəɎ əŬɗɩɠ ŬɡɝɎɜɞɜŰŬɘ ɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ, ɞŭɖɔɩɜŰŬɠ ůŮ 

ůɖɛŬɜŰɘəɐ əŬŰŬɜɎɚɤůɖ ŮɟɔŬůŰɖɟɘŬəɩɜ əŬɘ ɞɘəɞɜɞɛɘəɩɜ ˊɧɟɤɜ [40].  

ȼ Ůˊɑɚɡůɖ Űɤɜ ˊɟɞŬɜŬűŮɟɧɛŮɜɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ɡɘɞɗɏŰɖůɖ ɛɘŬɠ ɞɟɗɞɚɞɔɘəɐɠ 

ˊɟɞůɏɔɔɘůɖɠ ŭɘŮɝŬɔɤɔɐɠ ˊŮɘɟŬɛɎŰɤɜ əŬɘ ŮɟɛɖɜŮɑŬɠ Űɤɜ ůɢŮŰɘəɩɜ ɚŬɛɓŬɜɧɛŮɜɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬůŰŮɑ ŮűɘəŰɐ ɖ ŭɘŬŰɨˊɤůɖ ɏɔəɡɟɤɜ əŬɘ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ 

ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ŮɝŮŰŬɕɧɛŮɜɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŮɟɔŬůɑŬɠ. ɋɠ ŭɘŮɟɔŬůɑŬ ɜɞŮɑŰŬɘ ɖ 

óɟŮɑŬ ɛɏůɤ Űɖɠ oˊɞɑŬɠ ŰŬ ŮɘůŮɟɢɧɛŮɜŬ ŭŮŭɞɛɏɜŬ (inputs) Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬŰɟɏˊoɜŰŬɘ ůŮ 

ŮɝŮɟɢɧɛŮɜŬ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Ůɜɧɠ ůɡɜɧɚɞɡ ŮɚŮɔɢɧɛŮɜɤɜ (controllable) əŬɘ ɛɖ-ŮɚŮɔɢɧɛŮɜɤɜ 

(uncontrollable) ˊŬɟŬɔɧɜŰɤɜ (ůɢɐɛŬ 4.1). 
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ɆɢɐɛŬ 4.1 ũŮɜɘəɧ ɛɞɜŰɏɚɞ ůɢɖɛŬŰɘəɐɠ ŬɜŬˊŬɟɎůŰŬůɖɠ ŭɘŮɟɔŬůɑŬɠ 

O ˊŮɘɟŬɛŬŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ (Design Of Experiments-DOE) ŬˊɞŰŮɚŮɑ ɛɘŬ ůŰɟŬŰɖɔɘəɐ ˊɟɞůɏɔɔɘůɖ 

ŭɘŮɝŬɔɤɔɐɠ ˊŮɘɟŬɛɎŰɤɜ, ɖ ɞˊɞɑŬ ɓɟɑůəŮɘ ŮűŬɟɛɞɔɐ ůŮ ŭɘɎűɞɟɞɡɠ ŮˊɘůŰɖɛɞɜɘəɞɨɠ əŬɘ 

ɓɘɞɛɖɢŬɜɘəɞɨɠ ŰɞɛŮɑɠ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ, Űɖɠ ŬɜɎˊŰɡɝɖɠ əŬɘ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

ɜɏɤɜ ˊɟɞɥɧɜŰɤɜ, ɛŮɗɧŭɤɜ əŬɘ ŭɘŬŭɘəŬůɘɩɜ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ Ŭɝɘɞˊɞɑɖůɖɠ Ůɜɧɠ 

ůɡɜɧɚɞɡ ůŰŬŰɘůŰɘəɩɜ ŮɟɔŬɚŮɑɤɜ, ŰŬ ɧˊɞɘŬ ŮˊɘŰɟɏˊɞɡɜ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ əŬɘ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ 

Űɤɜ ůɢɏůŮɤɜ ŬɘŰɑɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ŬɜɎɛŮůŬ ůŰɘɠ  ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ (ˊŬɟɎɔɞɜŰŮɠ) əŬɘ Űɘɠ 

ŮɝŬɟŰɩɛŮɜŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ŬˊɞəɟɑůŮɘɠ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ůɡůŰɐɛŬŰɞɠ, ɛɏůɤ Űɖɠ ŮŭɟŬɑɤůɖɠ 

əŬŰɎɚɚɖɚɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ [41]. 

Ⱥɜ ŬɜŰɘɗɏůŮɘ ɛŮ Űɖ ɛɞɜɞˊŬɟŬɛŮŰɟɘəɐ ˊɟɞůɏɔɔɘůɖ, ɞ ˊŮɘɟŬɛŬŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ ŮˊɘŰɟɏˊŮɘ Űɖ 

ůɡůŰɖɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ əŬɘ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ŭɘŮɟɔŬůɘɩɜ ůŮ 

ɛɑŬ ŭŮŭɞɛɏɜɖ ˊŮɟɘɞɢɐ Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ ɢɩɟɞɡ (experimental domain), ɛŮŰŬɓɎɚɚɞɜŰŬɠ əŬŰɎ 

ůɡůŰɖɛŬŰɘəɧ Űɟɧˊɞ ŰŬ ŮˊɑˊŮŭŬ Űɤɜ ŮɚŮɔɢɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ, ůɨɛűɤɜŬ ɛŮ ɏɜŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ 

ˊɚɎɜɞ ˊŮɘɟŬɛɎŰɤɜ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɨˊŬɟɝɖɠ ˊɘɗŬɜɩɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ, əŬɗɩɠ Ůˊɑůɖɠ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɛŮɔɏɗɞɡɠ əŬɘ Űɖɠ 

əŬŰŮɨɗɡɜůɖɠ Űɤɜ ŮˊɘŭɟɎůŮɤɜ Űɞɡɠ ůŰɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ŬˊɞəɟɑůŮɘɠ. H Ŭɝɘɞˊɞɑɖůɖ 

əŬŰɎɚɚɖɚɤɜ ůŰŬŰɘůŰɘəɩɜ ŮɟɔŬɚŮɑɤɜ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɚŬɛɓŬɜɧɛŮɜɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ŮˊɘŰɟɏˊŮɘ Űɞɜ ɎɛŮůɞ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ Űɡˊɘəɞɨ ůűɎɚɛŬŰɞɠ ŮəŰɑɛɖůɖɠ ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ 

ŭɘŮɜɏɟɔŮɘŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɤɜ ˊŮɘɟŬɛɎŰɤɜ ůŮ əɎɗŮ ůɖɛŮɑɞ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ˊŮɟɘɞɢɐɠ, 

ˊŮɟɘɞɟɑɕɞɜŰŬɠ ůɖɛŬɜŰɘəɎ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɢɟɧɜɞ əŬɘ Űɖɜ əŬŰŬɜɎɚɤůɖ ŮɟɔŬůŰɖɟɘŬəɩɜ ˊɧɟɤɜ.   

[42] 

O ůɢŮŭɘŬůɛɧɠ Ůɜɧɠ ŬˊɞŰŮɚŮůɛŬŰɘəɞɨ ˊŮɘɟŬɛŬŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ŮűŬɟɛɞɔɐ ɛɘŬɠ 

ůŮɘɟɎɠ ŭɘŬəɟɘŰɩɜ, ŬɚɚɖɚɞůɡɜŭŮɧɛŮɜɤɜ ŮɜŮɟɔŮɘɩɜ, ɞɘ ɞˊɞɑŮɠ ůɡɜɞɣɑɕɞɜŰŬɘ ˊŮɟɘɚɖˊŰɘəɎ ůŰŬ 

ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ [43]. 
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1. ȾŬɗɞɟɘůɛɧɠ ˊɟɞɓɚɐɛŬŰɞɠ-ůŰɧɢɞɡ 

2. ȾŬɗɞɟɘůɛɧɠ Űɤɜ ŮɝŬɟŰɩɛŮɜɤɜ ɛŮŰŬɓɚɖŰɩɜ -ȷˊɞəɟɑůŮɤɜ ˊɞɡ ɗŬ ɛŮŰɟɖɗɞɨɜ 

3. ȾŬɗɞɟɘůɛɧɠ Űɞɡ Ŭɟɘɗɛɞɨ əŬɘ Űɤɜ Ůˊɘˊɏŭɤɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ 

4. Ⱥˊɘɚɞɔɐ əŬŰɎɚɚɖɚɞɡ ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

5. ȹɘŮɜɏɟɔŮɘŬ ˊŮɘɟŬɛɎŰɤɜ 

6. ɆŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

4.2 ɄŬɟŬɔɞɜŰɘəɞɑ ůɢŮŭɘŬůɛɞɑ (factorial designs) 

ɋɠ ˊŬɟŬɔɞɜŰɘəɞɑ ɜɞɞɨɜŰŬɘ ůɢŮŭɘŬůɛɞɑ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŮɝŮŰɎɕŮŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ɖ ŮˊɑŭɟŬůɖ 

ˊŮɟɘůůɞŰɏɟɤɜ Űɞɡ Ůɜɧɠ ˊŬɟŬɔɧɜŰɤɜ (factors), ɞɘ ɞˊɞɑɞɘ ɡˊŮɘůɏɟɢɞɜŰŬɘ ůŰɞ ˊŮɑɟŬɛŬ ůŮ 

ŰɞɡɚɎɢɘůŰɞɜ 2 ŮˊɑˊŮŭŬ (levels). ȺɜŬɚɚŬəŰɘəɎ, ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɧŰɘ ŰŬ ˊŮɘɟɎɛŬŰŬ Ůɜɧɠ 

ůɢŮŭɘŬůɛɞɨ ŮˊɘŭŮɘəɜɨɞɡɜ ˊŬɟŬɔɞɜŰɘəɐ ŭɞɛɐ (factorial structure), ɧŰŬɜ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ɞɟɑɕŮɘ 

ɏɜŬɜ ɛɞɜŬŭɘəɧ ůɡɜŭɡŬůɛɧ Ůˊɘˊɏŭɤɜ 2 ɐ ˊŮɟɘůůɞŰɏɟɤɜ ˊŬɟŬɔɧɜŰɤɜ [44]. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ˊɚɎɜɞ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ (ˊŮɘɟŬɛŬŰɘəɐ ɛɐŰɟŬ) ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ůɨɜɞɚɞ Űɤɜ 

ŭɡɜŬŰɩɜ ůɡɜŭɡŬůɛɩɜ ɛŮŰŬɝɨ Űɤɜ Ůˊɘˊɏŭɤɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ, ɞ ůɢŮŭɘŬůɛɧɠ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɚɐɟɖɠ ˊŬɟŬɔɞɜŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ (full factorial design). ũɘŬ Űɖ ŭɘŮɜɏɟɔŮɘŬ Ůɜɧɠ 

ˊɚɐɟɞɡɠ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ (k) ˊŬɟŬɔɧɜŰɤɜ əŬɘ (p) Ůˊɘˊɏŭɤɜ ŬɜɎ ˊŬɟɎɔɞɜŰŬ, ɞ 

ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ˊŮɘɟŬɛɎŰɤɜ (N) ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ:  

´ ὴ  

H ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ 2 ˊŬɟŬɔɧɜŰɤɜ, ɏůŰɤ ȷ əŬɘ ȸ, əŬŰɎ Űɖɜ ɞˊɞɑŬ əɎɗŮ ˊŬɟɎɔɞɜŰŬɠ ŮɝŮŰɎɕŮŰŬɘ 

ůŮ 2 ŮˊɑˊŮŭŬ, ɏɜŬ ɢŬɛɖɚɧ əŬɘ ɏɜŬ ɡɣɖɚɧ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜŰŬɘ ɤɠ -1 əŬɘ+1 ŬɜŰɑůŰɞɘɢŬ, ůɡɜɘůŰɎ Űɖɜ 

ŬˊɚɞɨůŰŮɟɖ ˊŮɟɑˊŰɤůɖ ŮűŬɟɛɞɔɐɠ Ůɜɧɠ ˊɚɐɟɞɡɠ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ, Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ ɛŮŰŬɝɨ Űɤɜ Ůˊɘˊɏŭɤɜ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ˊɟɞəɨˊŰɞɡɜ 4 ˊŮɘɟɎɛŬŰŬ, ŰŬ 

ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɘůɎɟɘɗɛŬ ůɖɛŮɑŬ ůŰɞɜ ŭɘůŭɘɎůŰŬŰɞ ˊŮɘɟŬɛŬŰɘəɧ ɢɩɟɞ ˊɞɡ ɞɟɑɕɞɡɜ ŰŬ 

ŮˊɑˊŮŭŬ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɘɠ əɞɟɡűɏɠ Ůɜɧɠ ŰŮŰɟŬɔɩɜɞɡ, ɧˊɤɠ ŮɑɜŬɘ ŮɛűŬɜɏɠ 

əŬɘ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ (ŭɘɎɔɟŬɛɛŬ ȷ) ˊɞɡ ˊŬɟŬŰɑɗŮŰŬɘ ůŰɞ ůɢɐɛŬ 4.2. ȷˊɧ Űɘɠ Űɘɛɏɠ Űɖɠ 

Ů́ɘɟŬɛŬŰɘəɐɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɨůŰŮɟŬ Ŭˊɧ Űɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ 

ŮəŰɘɛɖɗŮɑ Űɞ ɛɏɔŮɗɞɠ Űɖɠ əɨɟɘŬɠ ŮˊɑŭɟŬůɖɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ ȷ əŬɘ ȸ Ůˊɑ Űɖɠ 

ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ. ɋɠ əɨɟɘŬ ŮˊɑŭɟŬůɖ (main effect) ɜɞŮɑŰŬɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɛŮŰŬɓɞɚɐɠ ůŰɖɜ 

Űɘɛɐ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ əŬŰɎ Űɖ ɛŮŰŬɓɞɚɐ Űɞɡ Ůˊɘˊɏŭɞɡ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ 

ˊŬɟɎɔɞɜŰŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ 2 Ůˊɘˊɏŭɤɜ ɛˊɞɟŮɑ ɜŬ ŮəŰɘɛɖɗŮɑ 

ŮɨəɞɚŬ ɛɏůɤ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŭɘŬűɞɟɎɠ ŬɜɎɛŮůŬ ůŰɖ ɛɏůɖ Űɘɛɐ Űɖɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ ɧŰŬɜ ɞ ŮɝŮŰŬɕɧɛŮɜɞɠ ˊŬɟɎɔɞɜŰŬɠ ŰɑɗŮŰŬɘ ůŰɞ ɡɣɖɚɧ Űɞɡ ŮˊɑˊŮŭɞ ( ŮˊɑˊŮŭɞ +1) əŬɘ Űɖ 

ɛɏůɖ Űɘɛɐ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɧŰŬɜ ɞ ɑŭɘɞɠ ˊŬɟɎɔɞɜŰŬɠ ɓɟɑůəŮŰŬɘ ůŰɞ ɢŬɛɖɚɧ Űɞɡ ŮˊɑˊŮŭɞ (ŮˊɑˊŮŭɞ -

1). ɆɡɜŮˊɩɠ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ ˊŬɟɎɔɞɜŰŬ ȷ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɤɠ Ůɝɐɠ: 
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ɆɢɐɛŬ 4.2 ȷˊŮɘəɧɜɘůɖ Űɤɜ Űɘɛɩɜ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ Ŭˊɧəɟɘůɖɠ əŬɘ Űɤɜ Ůˊɘˊɏŭɤɜ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ Ůɜɧɠ ɡˊɞɗŮŰɘəɞɨ 
ˊɚɐɟɞɡɠ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ 2 ˊŬɟŬɔɧɜŰɤɜ ɢɤɟɑɠ ŬɚɚɖɚŮˊɑŭɟŬůɖ (ȷ) əŬɘ ɛŮ ŬɚɚɖɚŮˊɑŭɟŬůɖ (ȸ). 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɖ ŮűŬɟɛɞɔɐ ˊŬɟŬɔɞɜŰɘəɩɜ ůɢŮŭɘŬůɛɩɜ ɡˊŮɟŰŮɟŮɑ ɏɜŬɜŰɘ Űɖɠ 

ɛɞɜɞˊŬɟŬɛŮŰɟɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ɛŮŰŬɓɞɚɐɠ əŬŰɎ ɏɜŬɜ ˊŬɟɎɔɞɜŰŬ əŬɗɩɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɑɢɜŮɡůɖ 

űŬɘɜɞɛɏɜɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ, ŰŬ ɞˊɞɑŬ Ůűɧůɞɜ ŭŮɜ ɔɑɜɞɡɜ ŬɜŰɘɚɖˊŰɎ Ŭˊɧ Űɞɜ ŮɟŮɡɜɖŰɐ, ŮɜŭɏɢŮŰŬɘ 

ɜŬ ɡˊɞɓŬɗɛɑůɞɡɜ Űɖɜ ŮɔəɡɟɧŰɖŰŬ Űɤɜ ŮɝŬɔɧɛŮɜɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ əŬɘ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ 

ŮůűŬɚɛɏɜŮɠ ɡˊɞɗɏůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ 

ˊŬɟŬɔɧɜŰɤɜ. ɇɞ ŭɘɎɔɟŬɛɛŬ ȸ (ůɢɐɛŬ 4.2) ůɡɜɘůŰɎ ɏɜŬ ŮɜŭŮɘəŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ůɡůŰɐɛŬŰɞɠ ŭɨɞ 

ˊŬɟŬɔɧɜŰɤɜ ɛŮ ŬɚɚɖɚŮˊɑŭɟŬůɖ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ȷ əŬɘ ȸ  ŭŮɜ ŮɑɜŬɘ 

ůŰŬɗŮɟɐ, ŬɚɚɎ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ ůŰɞ ɞˊɞɑɞ ŰɑɗŮŰŬɘ ɞ Ɏɚɚɞɠ ˊŬɟɎɔɞɜŰŬɠ əɎɗŮ űɞɟɎ. ȺɎɜ 

ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɡˊɞɚɞɔɘůŰŮɑ ɖ əɨɟɘŬ ŮˊɑŭɟŬůɖ Űɞɡ ˊŬɟɎɔɞɜŰŬ ȷ ɧˊɤɠ ˊŮɟɘŮɔɟɎűɖəŮ 

ˊɟɞɖɔɞɡɛɏɜɤɠ ˊɟɞəɨˊŰŮɘ ɧŰɘ:   ΅ ρ, Űɞ ɞˊɞɑɞ ɡˊɞŭɖɚɩɜŮɘ ˊɤɠ ɞ ˊŬɟɎɔɞɜŰŬɠ ȷ 

ŭŮɜ ŬůəŮɑ ˊɟŬəŰɘəɎ əŬɛɑŬ ŮˊɑŭɟŬůɖ ůŰɖɜ ˊŮɘɟŬɛŬŰɘəɐ Ŭˊɧəɟɘůɖ. ɋůŰɧůɞ, ŮɎɜ ŮəŰɘɛɖɗŮɑ ɖ 

ŮˊɑŭɟŬůɖ Űɞɡ ˊŬɟɎɔɞɜŰŬ ȷ ɔɘŬ əɎɗŮ ŮˊɑˊŮŭɞ Űɞɡ ˊŬɟɎɔɞɜŰŬ ȸ ɝŮɢɤɟɘůŰɎ ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ Űɞ 

ˊŬɟŬˊɎɜɤ ůɡɛˊɏɟŬůɛŬ ŭŮɜ ŮɡůŰŬɗŮɑ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŬˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɛɘŬ ůɖɛŬɜŰɘəɐ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ ɞŭɖɔɐůŮɘ ůŮ űŬɘɜɧɛŮɜŬ əɎɚɡɣɖɠ (masking) Űɖɠ ůɖɛŬɜŰɘəɧŰɖŰŬɠ 

Űɤɜ ŮˊɘŭɟɎůŮɤɜ Űɤɜ ŮɛˊɚŮəɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ. ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ űŬɜŮɟɧ ɧŰɘ ɖ ɔɜɩůɖ 

Űɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ  ŮɑɜŬɘ ůɡɢɜɎ ˊɘɞ ɢɟɐůɘɛɖ Ŭˊɧ 

Űɖɜ ŬˊɞəɚŮɘůŰɘəɐ ɔɜɩůɖ Űɤɜ əɨɟɘɤɜ ŮˊɘŭɟɎůŮɤɜ əŬɘ ɎɟŬ ɖ ŮəŰɑɛɖůɐ Űɞɡɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ 

ɔɘŬ Űɖɜ ɞɡůɘŬůŰɘəɐ əŬŰŬɜɧɖůɖ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɡůŰɖɛɎŰɤɜ.  

H ɏɜɜɞɘŬ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬůŰŬɗŮɑ ɔɟŬűɘəɎ ɛɏůɤ Űɤɜ ŮɜŭŮɘəŰɘəɩɜ 

ŭɘŬɔɟŬɛɛɎŰɤɜ ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ ůɢɐɛŬ 4.3, ŰŬ ɞˊɞɑŬ ŬɜŬˊŬɟɘůŰɞɨɜ Űɖɜ Űɘɛɐ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ 
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Ŭˊɧəɟɘůɖɠ ůɡɜŬɟŰɐůŮɘ Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ ˊŬɟɎɔɞɜŰŬ ȷ əŬɘ ɔɘŬ əɎɗŮ ŮˊɑˊŮŭɞ Űɞɡ ˊŬɟɎɔɞɜŰŬ ȸ, 

ɏŰůɘ ɩůŰŮ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɜŬ ́ŮɟɘɔɟɎűŮɘ ɏɜŬɜ Ŭˊɧ Űɞɡɠ 4 ˊɟɞŬɜŬűŮɟɧɛŮɜɞɡɠ 

ůɡɜŭɡŬůɛɞɨɠ Ůˊɘˊɏŭɤɜ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ȷ əŬɘ ȸ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŮəŮɑɜɖ ˊɞɡ ŭŮɜ 

ˊŬɟŬŰɖɟŮɑŰŬɘ əɎˊɞɘŬ ůɖɛŬɜŰɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ, Ŭˊɧ Űɖɜ 

ɏɜɤůɖ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ ɧɛɞɘŬ ŮˊɑˊŮŭŬ Űɞɡ ˊŬɟɎɔɞɜŰŬ ȸ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ˊɟɞəɨɣɞɡɜ 2 əŬŰɎ ˊɟɞůɏɔɔɘůɖ ˊŬɟɎɚɚɖɚŮɠ ŮɡɗŮɑŮɠ (ŭɘɎɔɟŬɛɛŬ ȷ), Ůɜɩ ŬɜŰɘɗɏŰɤɠ, ɧŰŬɜ ɞɘ 

ŮɝŮŰŬɕɧɛŮɜɞɘ ˊŬɟɎɔɞɜŰŮɠ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɘůɢɡɟɎ ɛŮŰŬɝɨ Űɞɡɠ, ɞɘ ˊɟɞəɨˊŰɞɡůŮɠ ŮɡɗŮɑɠ ȸ- əŬɘ ȸ+ 

ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɛűŬɜɑɕɞɡɜ ůɖɛŬɜŰɘəɏɠ ŬˊɞəɚɑůŮɘɠ Ŭˊɧ Űɖɜ ˊŬɟŬɚɚɖɚɑŬ (ŭɘɎɔɟŬɛɛŬ ȸ).  

 

ɆɢɐɛŬ 4.3 ȹɘŬɔɟɎɛɛŬŰŬ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Ůɜɧɠ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ 2 ˊŬɟŬɔɧɜŰɤɜ ɢɤɟɑɠ ŬɚɚɖɚŮˊɑŭɟŬůɖ (ȷ) əŬɘ 
ɛŮ ŬɚɚɖɚŮˊɑŭɟŬůɖ (ȸ). 

ɇŬ ́ŬɟŬˊɎɜɤ ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ Űɤɜ 

ɛŮŰŬɝɨ Űɞɡɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ ŮɝŬɢɗɞɨɜ ŮɜŬɚɚŬəŰɘəɎ ɛɏůɤ Űɖɠ əŬŰŬůəŮɡɐɠ Ůɜɧɠ 

ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ Ŭˊɧəɟɘůɖɠ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ Űɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ɔɘŬ ɏɜŬɜ ˊɚɐɟɖ ˊŬɟŬɔɞɜŰɘəɧ ůɢŮŭɘŬůɛɧ Űɖɠ ɛɞɟűɐɠ 22 ɛˊɞɟŮɑ 

ɜŬ ɔɟŬűŰŮɑ ɤɠ Ůɝɐɠ: 

    … …   … … ‐  

ɆŰɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɞ ɧɟɞɠ Ɉ ŮɑɜŬɘ ɖ ˊŮɘɟŬɛŬŰɘəɐ Ŭˊɧəɟɘůɖ,  ɖ ɛŮŰŬɓɚɖŰɐ ɢ1 ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

Űɞɜ ˊŬɟɎɔɞɜŰŬ ȷ əŬɘ ɖ ɛŮŰŬɓɚɖŰɐ ɢ2 Űɞɜ ˊŬɟɎɔɞɜŰŬ ȸ ŬɜŰɑůŰɞɘɢŬ, Ůɜɩ ɖ ɛŮŰŬɓɚɖŰɐ ɢ1ɢ2 

ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ȷ-ȸ əŬɘ ɞ ɧɟɞɠ Ů ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ 

ŰɡɢŬɑɞ ůűɎɚɛŬ. Ⱥűɧůɞɜ ɞɘ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɘɠ 

əɤŭɘəɞˊɞɘɖɛɏɜŮɠ Űɘɛɏɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ, ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɓ1 , ɓ2 əŬɘ ɓ12 ɗŬ ŮɑɜŬɘ 

ŮɜŭŮɘəŰɘəɞɑ Űɖɠ ůɡɜŮɘůűɞɟɎɠ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ˊŬɟŬɛɏŰɟɤɜ ůŰɖɜ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ. Ⱥˊɞɛɏɜɤɠ 

ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ŮəŰɘɛɖɗŮɑ Űɞ ɛɏɔŮɗɞɠ əŬɘ ɖ əŬŰŮɨɗɡɜůɖ Űɤɜ əɨɟɘɤɜ ŮˊɘŭɟɎůŮɤɜ əŬɘ Űɤɜ 
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ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ Ůˊɑ Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŮɝŬɔɤɔɐ 

ɢɟɐůɘɛɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ɔɘŬ Űɞ ŮɝŮŰŬɕɧɛŮɜɞ ůɨůŰɖɛŬ [43ï45].  

4.3 ȾɚŬůɛŬŰɘəɞɑ ˊŬɟŬɔɞɜŰɘəɞɑ ůɢŮŭɘŬůɛɞɑ 

H ŬɜɎɚɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ůɜɧɠ ˊɚɐɟɞɡɠ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ ˊŬɟɏɢŮɘ ůɖɛŬɜŰɘəɏɠ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ əɨɟɘŮɠ ŮˊɘŭɟɎůŮɘɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɧɚɤɜ Űɤɜ ŰɎɝŮɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ ŮɝŮŰŬɕɧɛŮɜɞ ůɨůŰɖɛŬ. ɋůŰɧůɞ, ɖ 

ŭɘŮɝŬɔɤɔɐ Ůɜɧɠ ˊɚɐɟɞɡɠ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ ůɡɢɜɎ ůɡɜɘůŰɎ ɛɘŬ ɛɖ-ɓɘɩůɘɛɖ ˊɟɞůɏɔɔɘůɖ, 

əŬɗɩɠ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ˊŮɘɟŬɛɎŰɤɜ ŬɡɝɎɜŮŰŬɘ ŭɟŬɛŬŰɘəɎ, ŬɡɝŬɜɞɛɏɜɞɡ Űɞɡ Ŭɟɘɗɛɞɨ 

Űɤɜ ́ŬɟŬɔɧɜŰɤɜ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ŭɘŮɜɏɟɔŮɘŬ Ůɜɧɠ ˊɚɐɟɞɡɠ ˊŬɟŬɔɞɜŰɘəɞɨ 

ůɢŮŭɘŬůɛɞɨ 2 Ůˊɘˊɏŭɤɜ ɔɘŬ Űɖ ɛŮɚɏŰɖ 7 ˊŬɟŬɔɧɜŰɤɜ ɗŬ ŬˊŬɘŰɞɨůŮ Űɖɜ ŭɘŮɝŬɔɤɔɐ ůɡɜɞɚɘəɎ 27 = 

128 ˊŮɘɟŬɛɎŰɤɜ, ɞŭɖɔɩɜŰŬɠ ůŰɖɜ əŬŰŬɜɎɚɤůɖ Ůɜɧɠ ůɖɛŬɜŰɘəɞɨ ɛɏɟɞɡɠ ŮɟɔŬůŰɖɟɘŬəɩɜ əŬɘ 

ɞɘəɞɜɞɛɘəɩɜ ˊɧɟɤɜ. ɄŬɟɎɚɚɖɚŬ, ɖ ɔɜɩůɖ Űɤɜ əɨɟɘɤɜ ŮˊɘŭɟɎůŮɤɜ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ Űɤɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ŮˊŬɟəŮɑ ɔɘŬ Űɞɜ 

ɘəŬɜɞˊɞɘɖŰɘəɧ ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ůɡůŰɐɛŬŰɞɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

ɡɣɖɚɧŰŮɟɖɠ ŰɎɝɖɠ ůɡɜɐɗɤɠ ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ əŬɘ ɏŰůɘ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɚɖűɗɞɨɜ ɢɤɟɑɠ ůɖɛŬɜŰɘəɧ 

ůűɎɚɛŬ [44]. Ƀɘ ˊŬɟŬˊɎɜɤ ˊɚɖɟɞűɞɟɑŮɠ ɛˊɞɟŮɑ ɜŬ ŮɝŬɢɗɞɨɜ ɛɏůɤ Űɖɠ ŭɘŮɝŬɔɤɔɐɠ Ůɜɧɠ 

ůŰɟŬŰɖɔɘəɎ ŮˊɘɚŮɔɛɏɜɞɡ ɡˊɞůɡɜɧɚɞɡ (əɚɎůɛŬŰɞɠ) Ŭˊɧ Űɖɜ ˊŮɘɟŬɛŬŰɘəɐ ɛɐŰɟŬ Űɞɡ ˊɚɐɟɞɡɠ 

ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ. Ƀɘ Ůɜ ɚɧɔɤ ůɢŮŭɘŬůɛɞɑ əŬɚɞɨɜŰŬɘ əɚŬůɛŬŰɘəɞɑ ˊŬɟŬɔɞɜŰɘəɞɑ 

ůɢŮŭɘŬůɛɞɑ (fractional factorial design) əŬɘ ŭɘŬŰɖɟɞɨɜ ɏɜŬ ɘəŬɜɧ ůɨɜɞɚɞ ˊɚɖɟɞűɞɟɘɩɜ ɔɘŬ Űɞɜ 

ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ůɡůŰɐɛŬŰɞɠ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ əŬŰɎ Űɞ ɐɛɘůɡ, ɐ əŬɘ 

ˊŬɟŬˊɎɜɤ, Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ˊŮɘɟŬɛɎŰɤɜ (ůɢɐɛŬ 4.4). ȰɜŬɠ əɚŬůɛŬŰɘəɧɠ 

ˊŬɟŬɔɞɜŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ 2 ŮˊɑˊŮŭɤɜ əŬɘ p ˊŬɟŬɔɧɜŰɤɜ ɛˊɞɟŮɑ ɜŬ ŬɜŬɔɟŬűŮɑ ɡˊɧ Űɖ ɛɞɟűɐ 2p-k, 

ɧˊɞɡ ɞ ɧɟɞɠ k ŬɜŬűɏɟŮŰŬɘ ůŰɞ əɚɎůɛŬ Űɞɡ ˊɚɐɟɞɡɠ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ ˊɞɡ ŮəŰŮɚŮɑŰŬɘ əŬɘ 

ɘůɞɨŰŬɘ ɛŮ 1/2k.  
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ɆɢɐɛŬ 4.4 ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɨɞ əɚŬůɛɎŰɤɜ Ůɜɧɠ 23-1 əɚŬůɛŬŰɘəɞɨ ˊŬɟŬɔɞɜŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ. 

Ƀɘ əɚŬůɛŬŰɘəɞɑ ˊŬɟŬɔɞɜŰɘəɞɑ ůɢŮŭɘŬůɛɞɑ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůŮ ɞɛɎŭŮɠ ɛŮ ɓɎůɖ Űɞ əɟɘŰɐɟɘɞ Űɖɠ 

ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ (Resolution), Űɞ ɞˊɞɑɞ ˊŬɟɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞ ŮɎɜ ɚŬɛɓɎɜɞɡɜ 

ɢɩɟŬ űŬɘɜɧɛŮɜŬ ŰŬɨŰɘůɖɠ (confounding) Űɤɜ əɨɟɘɤɜ ŮˊɘŭɟɎůŮɤɜ əŬɘ Űɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ 

ɢŬɛɖɚɧŰŮɟɖɠ ŰɎɝɖɠ Ŭˊɧ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɧɛɞɘŬɠ ɐ ɡɣɖɚɧŰŮɟɤɜ ŰɎɝŮɤɜ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɏɜŬɠ 

əɚŬůɛŬŰɘəɧɠ ˊŬɟŬɔɞɜŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ R ɧŰŬɜ əŬɛɑŬ 

ŮˊɑŭɟŬůɖ p ˊŬɟŬɔɧɜŰɤɜ ŭŮɜ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Ɏɚɚɖ ŮˊɑŭɟŬůɖ  óɡ ˊŮɟɘɏɢŮɘ ɚɘɔɧŰŮɟɞɡɠ Ŭˊɧ R-p 

ˊŬɟɎɔɞɜŰŮɠ. H ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŮəɎůŰɞŰŮ ůɢŮŭɘŬůɛɞɨ ŬɜŬɔɟɎűŮŰŬɘ ɤɠ ŭŮɑəŰɖɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɚŬŰɘɜɘəɞɨɠ Ŭɟɘɗɛɞɨɠ (ˊɢ ς ). ɆɡɜɞɚɘəɎ, ɞɘ ůɢŮŭɘŬůɛɞɑ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ 

III, IV əŬɘ V ůɡɜɘůŰɞɨɜ Űɘɠ ŮɡɟɨŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɞɛɎŭŮɠ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ əɚŬůɛŬŰɘəɩɜ 

ˊŬɟŬɔɞɜŰɘəɩɜ ůɢŮŭɘŬůɛɩɜ əŬɘ ɞɟɑɕɞɜŰŬɘ ɤɠ Ŭəɞɚɞɨɗɤɠ: 

¶ ɆɢŮŭɘŬůɛoɑ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ III: ɄɟɧəŮɘŰŬɘ ɔɘŬ ůɢŮŭɘŬůɛɞɨɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ əŬɛɑŬ 

əɨɟɘŬ ŮˊɑŭɟŬůɖ (p=1)  ŭŮɜ ŬɚɚɖɚɞŮˊɘŭɟɎ ɛŮ Ɏɚɚɖ əɨɟɘŬ ŮˊɑŭɟŬůɖ, ŬɚɚɎ ɞɘ əɨɟɘŮɠ 

ŮˊɘŭɟɎůŮɘɠ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ (3-1) əŬɘ ɞɟɘůɛɏɜŮɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ. 

¶ ɆɢŮŭɘŬůɛoɑ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ IV:  ɄɟɧəŮɘŰŬɘ ɔɘŬ ůɢŮŭɘŬůɛɞɨɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ əŬɛɑŬ 

əɨɟɘŬ Ů́ ɑŭɟŬůɖ ŭŮɜ ŬɚɚɖɚɞŮˊɘŭɟɎ ɛŮ Ɏɚɚɖ əɨɟɘŬ ŮˊɑŭɟŬůɖ ɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŭŮɨŰŮɟɖɠ 

ŰɎɝɖɠ, ŬɚɚɎ ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ. 

¶ ɆɢŮŭɘŬůɛoɑ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ V: ɄɟɧəŮɘŰŬɘ ɔɘŬ ůɢŮŭɘŬůɛɞɨɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ əŬɛɑŬ 

əɨɟɘŬ ŮˊɑŭɟŬůɖ ɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ ŭŮɜ ŬɚɚɖɚɞŮˊɘŭɟɎ ɛŮ əŬɛɑŬ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ, ɤůŰɧůɞ ɞɘ ŰŮɚŮɡŰŬɑŮɠ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

Űɟɘɩɜ ˊŬɟŬɔɧɜŰɤɜ.  

 

 
















































































































































































