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ɿʘʭʚʘʣʥʠʮʘ 

 

ʅʘʿʠʩʢʨʝʥʠʿʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʿʠʤ ʤʝʥʪʦʨʠʤʘ, ʜʨ ʄʘʿʠ ʄʠʣʦʿʝʚʠ˂ ʈʘʢʠ˂ ʠ ʜʨ ʀʨʝʥʠ 

ʂʘʩʘʛʠ˂ ɺʫʿʘʥʦʚʠ˂, ʥʘ ʥʝʩʝʙʠʯʥʦʿ ʧʦʜʨʰʮʠ, ʩʪʨʫʯʥʦʤ ʚʦʹʝˁʫ, ʢʦʨʠʩʥʠʤ ʩʘʚʝʪʠʤʘ ʠ 

ʨʘʟʫʤʝʚʘˁʫ ʪʦʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ɳʠʭʦʚʦ ʟʥʘˁʝ, ʠʩʢʫʩʪʚʦ ʠ ʧʦʩʚʝ˂ʝʥʦʩʪ 

ʙʠʣʠ ʩʫ ʦʜ ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ ʫ ʩʚʠʤ ʬʘʟʘʤʘ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ, ʦʜ ʦʙʣʠʢʦʚʘˁʘ ʥʘʫʯʥʝ ʠʜʝʿʝ 

ʜʦ ʢʦʥʘʯʥʝ ʠʟʨʘʜʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

ʇʦʩʝʙʥʫ ʠ ʠʩʢʨʝʥʫ ʟʘʭʚʘʣʥʦʩʪ ʫʧʫ˂ʫʿʝʤ ʜʨ ɸʥʠ ʇʦʧʦʚʠ˂ ɹʠʿʝʣʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ 

ʌʘʢʫʣʪʝʪʘ ʟʘ ʬʠʟʠʯʢʫ ʭʝʤʠʿʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʥʘ ʠʟʫʟʝʪʥʦʿ ʧʦʜʨʰʮʠ, ʨʘʟʫʤʝʚʘˁʫ ʠ 

ʩʧʨʝʤʥʦʩʪʠ ʜʘ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʧʦʤʦʛʥʝ ʫ ʧʨʝʚʘʟʠʣʘʞʝˁʫ ʩʚʠʭ ʠʟʘʟʦʚʘ ʢʦʿʠ ʩʫ ʩʝ 

ʧʦʿʘʚˀʠʚʘʣʠ ʪʦʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ɳʝʥʘ ʩʪʨʫʯʥʦʩʪ, ʧʦʩʚʝ˂ʝʥʦʩʪ, 

ʜʨʘʛʦʮʝʥʠ ʩʘʚʝʪʠ ʠ ˀʫʜʩʢʘ ʧʦʜʨʰʢʘ ʙʠʣʠ ʩʫ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʫʩʧʝʰʥʦ ʫʦʙʣʠʯʘʚʘˁʝ ʠ 

ʟʘʚʨʰʝʪʘʢ ʦʚʦʛ ʨʘʜʘ. 

 

ɿʘʭʚʘʣʥʦʩʪ ʫʧʫ˂ʫʿʝʤ ʠ ʦʩʪʘʣʠʤ ʯʣʘʥʦʚʠʤʘ ʢʦʤʠʩʠʿʝ, ʜʨ ʄʠʨʦʩʣʘʚʫ ʈʠʩʪʠ˂ʫ, ʜʨ ɺʝʩʥʠ 

ɸʥʪʫʥʦʚʠ˂ ʠ ʜʨ ɸʥʢʠ ɱʝʚʨʝʤʦʚʠ˂, ʥʘ ʧʘʞˀʠʚʦʤ ʨʘʟʤʘʪʨʘˁʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʩʫʛʝʩʪʠʿʘʤʘ ʠ ʜʦʧʨʠʥʦʩʫ ʫʥʘʧʨʝʹʝˁʫ ʢʚʘʣʠʪʝʪʘ ʦʚʦʛ ʨʘʜʘ. 

 

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʫʧʫ˂ʫʿʝʤ ʜʝʢʘʥʫ ʄʝʜʠʮʠʥʩʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʘˁʦʿ ʃʫʮʠ, 

ʧʨʦʬ. ʜʨ ʈʘʥʢʫ ʐʢʨʙʠ˂ʫ, ʥʘ ʫʢʘʟʘʥʦʤ ʧʦʚʝʨʝˁʫ, ʧʦʜʨʰʮʠ ʠ ʧʨʠʣʠʮʠ ʢʦʿʫ ʤʠ ʿʝ ʧʨʫʞʠʦ ʢʘʜʘ 

ʤʝ ʿʝ ʟʘʧʦʩʣʠʦ ʥʘ ʄʝʜʠʮʠʥʩʢʦʤ ʬʘʢʫʣʪʝʪʫ. ɳʝʛʦʚʘ ʚʝʨʘ ʫ ʤʦʿ ʧʦʪʝʥʮʠʿʘʣ ʦʤʦʛʫ˂ʠʣʘ ʤʠ ʿʝ ʜʘ 

ʟʘʢʦʨʘʯʠʤ ʫ ʩʚʝʪ ʥʘʫʢʝ, ʘʢʘʜʝʤʩʢʦʛ ʨʘʜʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ, ʰʪʦ ʿʝ ʧʨʝʜʩʪʘʚˀʘʣʦ ʿʝʜʘʥ ʦʜ 

ʢˀʫʯʥʠʭ ʪʨʝʥʫʪʘʢʘ ʫ ʤʦʤ ʧʨʦʬʝʩʠʦʥʘʣʥʦʤ ʨʘʟʚʦʿʫ ʠ ʥʘ ʧʫʪʫ ʠʟʨʘʜʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ. ɿʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʩʚʠʤ ʢʦʣʝʛʘʤʘ ʠ ʩʘʨʘʜʥʠʮʠʤʘ ʢʦʿʠ ʩʫ ʩʚʦʿʦʤ ʧʦʤʦ˂ʠ, 

ʩʘʚʝʪʠʤʘ ʠ ʧʦʜʨʰʢʦʤ ʜʦʧʨʠʥʝʣʠ ʨʝʘʣʠʟʘʮʠʿʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʜʝʣʘ ʦʚʦʛ 

ʨʘʜʘ. 

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ, ʘ ʧʦʩʝʙʥʦ ʩʚʦʿʦʿ ʤʘʤʠ ʥʘ ʙʝʟʫʩʣʦʚʥʦʿ ˀʫʙʘʚʠ, ʩʪʨʧˀʝˁʫ, 

ʨʘʟʫʤʝʚʘˁʫ ʠ ʧʦʜʨʰʮʠ ʪʦʢʦʤ ʩʚʠʭ ʛʦʜʠʥʘ ʰʢʦʣʦʚʘˁʘ ʠ ʥʘʫʯʥʦʛ ʫʩʘʚʨʰʘʚʘˁʘ. ɳʝʥʘ ʚʝʨʘ ʫ 

ʤʝʥʝ, ʦʭʨʘʙʨʝˁʝ ʠ ʧʨʠʩʫʩʪʚʦ ʙʠʣʠ ʩʫ ʤʦʿ ʥʘʿʚʝ˂ʠ ʦʩʣʦʥʘʮ ʫ ʪʨʝʥʫʮʠʤʘ ʠʟʘʟʦʚʘ ʠ ʧʦʜʩʪʠʮʘʿ ʜʘ 

ʠʩʪʨʘʿʝʤ ʜʦ ʢʨʘʿʘ. ʅʝʠʟʤʝʨʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʿʦʿ ʙʘʢʠ ʠ ʪʝʪʢʠ, ʢʦʿʝ ʩʫ ʤʝ ʧʨʠ ʩʚʘʢʦʤ 

ʜʦʣʘʩʢʫ ʫ ɹʝʦʛʨʘʜ ʜʦʯʝʢʠʚʘʣʝ ʩʘ ʦʩʤʝʭʦʤ, ʘ ʧʨʠ ʩʚʘʢʦʤ ʦʜʣʘʩʢʫ ʠʩʧʨʘ˂ʘʣʝ ʩʘ ʩʫʟʘʤʘ. ɳʠʭʦʚʘ 

ˀʫʙʘʚ, ʪʦʧʣʠʥʘ ʠ ʦʩʝ˂ʘʿ ʜʦʤʘ ʙʠʣʠ ʩʫ ʿʝʜʘʥ ʦʜ ʥʘʿʣʝʧʰʠʭ ʠ ʥʘʿʚʘʞʥʠʿʠʭ ʦʩʣʦʥʘʮʘ ʥʘ ʦʚʦʤ 

ʧʫʪʫ. 

 

ʆʚʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʩʚʝ˂ʫʿʝʤ ʩʚʦʿʦʿ ʩʫʧʨʫʟʠ ɹʠˀʘʥʠ, ʙʝʟ ʯʠʿʝ ˀʫʙʘʚʠ, ʧʦʜʨʰʢʝ, ʩʪʨʧˀʝˁʘ ʠ 

ʨʘʟʫʤʝʚʘˁʘ ʦʚʘʿ ʨʘʜ ʥʝ ʙʠ ʙʠʦ ʤʦʛʫ˂. ʇʦʩʚʝ˂ʫʿʝʤ ʿʝ ʠ ʩʚʦʿʦʿ ʢ˂ʝʨʢʠ ɸʣʠʥʠ, ʤʦʤ ʥʘʿʚʝ˂ʝʤ 

ʠʟʚʦʨʫ ʨʘʜʦʩʪʠ, ʩʥʘʛʝ ʠ ʤʦʪʠʚʘʮʠʿʝ, ʫʟ ʞʝˀʫ ʜʘ ʿʦʿ ʦʚʘʿ ʨʘʜ ʿʝʜʥʦʛ ʜʘʥʘ ʙʫʜʝ ʧʦʜʩʝʪʥʠʢ ʜʘ ʩʝ 

ʠʩʪʨʘʿʥʦʰ˂ʫ, ʪʨʫʜʦʤ ʠ ʚʝʨʦʤ ʤʦʛʫ ʦʩʪʚʘʨʠʪʠ ʠ ʥʘʿʚʝ˂ʠ ʮʠˀʝʚʠ, ʘ ʧʦʩʝʙʥʦ ʜʘ ʟʥʘ ʜʘ ʿʝ, ʢʘʜʘ 

ʠʤʘ ʪʘʢʚʫ ʤʘʤʫ ʥʘ ʩʚʦʿʦʿ ʩʪʨʘʥʠ, ʩʚʝ ʤʦʛʫ˂ʝ - ʠ ʜʘ ʪʘʪʘ ʩʘʜʘ ʤʦʞʝ ʢʫʧʠʪʠ ʿʦʰ ʚʠʰʝ ʧʦʢʣʦʥʘ. 

 

 

 

 

 

 

 

 

 

 



ʍʝʤʦʤʝʪʨʠʿʩʢʠ ʧʨʠʩʪʫʧ ʨʘʟʚʦʿʫ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʝ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʤʝʪʦʜʝ ʟʘ 

ʘʥʘʣʠʟʫ ʠ ʠʩʧʠʪʠʚʘˁʝ ʢʠʥʝʪʠʢʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʝʨʠʥʜʦʧʨʠʣʘ, 

ʘʤʣʦʜʠʧʠʥʘ ʠ ʠʥʜʘʧʘʤʠʜʘ 

 

ʉʘʞʝʪʘʢ 

 

ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʙʘʚʠ ʩʝ ʨʘʟʚʦʿʝʤ, ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʠ ʧʨʠʤʝʥʦʤ ʝʢʦʣʦʰʢʠ 

ʧʨʠʭʚʘʪˀʠʚʝ ʨʝʚʝʨʟʥʦ-ʬʘʟʥʝ ʚʠʩʦʢʦʝʬʠʢʘʩʥʝ ʪʝʯʥʝ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ (RP-HPLC) ʤʝʪʦʜʝ ʟʘ 

ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ-ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʫ 

ʬʠʢʩʥʦʿ ʢʦʤʙʠʥʘʮʠʿʠ ʜʦʟʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʠʥʪʝʛʨʘʮʠʿʠ ʧʨʠʥʮʠʧʘ ʘʥʘʣʠʪʠʯʢʦʛ 

ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ, ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʠ ʢʠʥʝʪʠʯʢʦ-ʪʝʨʤʦʜʠʥʘʤʠʯʢʦʛ ʠʩʧʠʪʠʚʘˁʘ 

ʩʪʘʙʠʣʥʦʩʪʠ. ʇʨʠʤʝʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ ʩʠʩʪʝʤʘʪʩʢʠ ʩʫ ʠʩʧʠʪʘʥʠ ʢʨʠʪʠʯʥʠ 

ʧʘʨʘʤʝʪʨʠ ʤʝʪʦʜʝ, ʜʝʬʠʥʠʩʘʥ ʿʝ ʧʨʦʩʪʦʨ ʜʠʟʘʿʥʘ ʠ ʠʟʘʙʨʘʥʠ ʩʫ ʦʧʪʠʤʘʣʥʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠ 

ʫʩʣʦʚʠ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʜʦʙʨʦ ʨʘʟʜʚʘʿʘˁʝ ʠʩʧʠʪʠʚʘʥʠʭ ʘʥʘʣʠʪʘ, ʢʨʘʪʢʦ ʚʨʝʤʝ ʘʥʘʣʠʟʝ ʠ 

ʧʦʫʟʜʘʥʝ ʘʥʘʣʠʪʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ. 

 

ʈʘʟʚʠʿʝʥʘ ʤʝʪʦʜʘ ʿʝ ʚʘʣʠʜʠʨʘʥʘ ʢʨʦʟ ʠʩʧʠʪʠʚʘˁʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʣʠʥʝʘʨʥʦʩʪʠ, ʪʘʯʥʦʩʪʠ, 

ʧʨʝʮʠʟʥʦʩʪʠ, ʦʩʝʪˀʠʚʦʩʪʠ ʠ ʨʦʙʫʩʥʦʩʪʠ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʨʜʠʣʠ ʩʫ ʜʘ ʿʝ ʤʝʪʦʜʘ 

ʧʦʛʦʜʥʘ ʟʘ ʨʫʪʠʥʩʢʫ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʠʩʧʠʪʠʚʘʥʝ ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʜʦʟʘ. ɽʢʦʣʦʰʢʘ 

ʧʨʠʭʚʘʪˀʠʚʦʩʪ ʤʝʪʦʜʝ ʧʨʦʮʝˁʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ NEMI (ʝʥʛ. National Environmental Methods 

Index), Analytical Eco-Scale, GAPI (ʝʥʛ. Green Analytical Procedure Index) ʠ AGP (ʝʥʛ. 

Assessment of Green Profile) ʧʨʠʩʪʫʧʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʦʧʪʠʤʠʟʦʚʘʥʘ ʤʝʪʦʜʘ ʠʤʘ 

ʧʦʚʦˀʘʥ ʟʝʣʝʥʠ ʧʨʦʬʠʣ, ʩʤʘˁʝʥʫ ʧʦʪʨʦʰˁʫ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ ʠ ʤʘˁʝ ʦʧʪʝʨʝ˂ʝˁʝ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ HPLC ʧʦʩʪʫʧʢʝ. 

 

ʋ ʜʨʫʛʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʠʩʧʠʪʘʥʘ ʿʝ ʩʪʘʙʠʣʥʦʩʪ ʧʝʨʠʥʜʦʧʨʠʣʘ, ʘʤʣʦʜʠʧʠʥʘ ʠ ʠʥʜʘʧʘʤʠʜʘ 

ʧʦʿʝʜʠʥʘʯʥʦ, ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ, ʧʦʜ ʢʠʩʝʣʠʤ, ʙʘʟʥʠʤ, ʥʝʫʪʨʘʣʥʠʤ, 

ʦʢʩʠʜʘʪʠʚʥʠʤ, ʪʝʨʤʠʯʢʠʤ ʠ ʬʦʪʦʣʠʪʠʯʢʠʤ ʫʩʣʦʚʠʤʘ. ʂʠʥʝʪʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʦʜʨʝʹʝʥʠ ʩʫ 

ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ, ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ, ʨʦʢʦʚʠ ʪʨʘʿʘˁʘ, ʝʥʝʨʛʠʿʝ 

ʘʢʪʠʚʘʮʠʿʝ ʠ ʧʨʠʚʠʜʥʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʘʮʠʿʝ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ 

ʩʪʘʙʠʣʥʦʩʪ ʠʩʧʠʪʠʚʘʥʠʭ ʣʝʢʦʚʘ ʟʘʚʠʩʠ ʦʜ ʧʨʠʨʦʜʝ ʧʨʠʤʝˁʝʥʦʛ ʜʝʛʨʘʜʘʮʠʦʥʦʛ ʬʘʢʪʦʨʘ ʠ 

ʩʘʩʪʘʚʘ ʩʤʝʰʝ. ʇʝʨʠʥʜʦʧʨʠʣ ʿʝ ʙʠʦ ʥʘʿʦʩʝʪˀʠʚʠʿʠ ʥʘ ʙʘʟʥʦ ʢʘʪʘʣʠʟʦʚʘʥʫ ʭʠʜʨʦʣʠʟʫ, 

ʘʤʣʦʜʠʧʠʥ ʥʘ ʙʘʟʥʝ ʠ ʦʢʩʠʜʘʪʠʚʥʝ ʫʩʣʦʚʝ, ʜʦʢ ʿʝ ʠʥʜʘʧʘʤʠʜ ʧʦʢʘʟʘʦ ʠʟʨʘʞʝʥʫ 

ʬʦʪʦʩʝʥʟʠʪʠʚʥʦʩʪ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʧʨʠʩʫʩʪʚʦ ʜʨʫʛʠʭ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʤʦʞʝ ʠʤʘʪʠ 

ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʠʣʠ ʜʝʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ, ʰʪʦ ʿʝ ʦʜ ʟʥʘʯʘʿʘ ʟʘ ʨʘʮʠʦʥʘʣʘʥ ʨʘʟʚʦʿ ʩʪʘʙʠʣʥʠʭ 

ʬʠʢʩʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʣʝʢʦʚʘ. 
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Chemometric approach to the development of an environmentally friendly chromatographic 

method for the analysis and investigation of the degradation kinetics and thermodynamics of 

perindopril, amlodipine, and indapamide 

 

 

Abstract 

 

This doctoral dissertation focuses on the development, optimization, and application of an 

environmentally friendly reversed-phase high-performance liquid chromatography (RP-HPLC) 

method for the simultaneous determination of perindopril tert-butylamine, amlodipine besylate, and 

indapamide in a fixed-dose combination. The research is based on the integration of the principles of 

Analytical Quality by Design, Green Analytical Chemistry, and kinetic-thermodynamic stability 

studies. Using an experimental design approach, critical method parameters were systematically 

investigated, the design space was defined, and optimal chromatographic conditions were selected to 

ensure good separation of the analytes, a short analysis time, and reliable analytical performance. 

 

The developed method was validated by evaluating specificity, linearity, accuracy, precision, 

sensitivity, and robustness. The obtained results confirmed that the method is suitable for the routine 

quality control of the fixed-dose combination under investigation. The environmental friendliness of 

the method was assessed using the NEMI (National Environmental Methods Index), Analytical Eco-

Scale, GAPI (Green Analytical Procedure Index), and AGP (Assessment of Green Profile) 

approaches; the results demonstrated that the optimized method possesses a favorable green profile, 

reduced organic solvent consumption, and a lower environmental impact compared to conventional 

HPLC procedures. 

 

The second part of the dissertation investigated the stability of perindopril, amlodipine, and 

indapamideðindividually and in binary and ternary mixturesðunder acidic, alkaline, neutral, 

oxidative, thermal, and photolytic conditions. Kinetic analysis was used to determine reaction orders, 

degradation rate constants, half-lives, shelf-lives, activation energies, and apparent thermodynamic 

activation functions. The results demonstrated that the stability of the investigated drugs depends on 

the nature of the applied degradation factor and the composition of the mixture. Perindopril was most 

susceptible to base-catalyzed hydrolysis, and amlodipine to both basic and oxidative conditions, 

whereas indapamide exhibited marked photosensitivity. It was found that the presence of other active 

substances can exert a stabilizing or destabilizing effect, a finding of significance for the rational 

development of stable fixed-dose drug combinations.  
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1 
 

1. ʋɺʆɼ 
1.1 ʃʝʯʝˁʝ ʭʠʧʝʨʪʝʥʟʠʿʝ: ʀʟʘʟʦʚʠ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʫ ʪʝʨʘʧʠʿʠ ʢʦʤʙʠʥʦʚʘʥʠʤ ʬʠʢʩʥʠʤ 
ʜʦʟʘʤʘ 

 

1.1.1 ɻʣʦʙʘʣʥʠ ʪʝʨʝʪ ʭʠʧʝʨʪʝʥʟʠʿʝ ʠ ʧʦʪʨʝʙʘ ʟʘ ʝʬʠʢʘʩʥʠʤ ʣʝʯʝˁʝʤ 
 

ʍʠʧʝʨʪʝʥʟʠʿʘ, ʧʦʟʥʘʪ ʚʠʩʦʢ ʢʨʚʥʠ ʧʨʠʪʠʩʘʢ, ʿʝʜʥʘ ʿʝ ʦʜ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʠʭ ʭʨʦʥʠʯʥʠʭ 

ʥʝʟʘʨʘʟʥʠʭ ʙʦʣʝʩʪʠ ʰʠʨʦʤ ʩʚʝʪʘ, ʧʦʛʘʹʘʿʫ˂ʠ ʧʨʦʮʝˁʝʥʠʭ 1,28 ʤʠʣʠʿʘʨʜʠ ʦʜʨʘʩʣʠʭ ʦʩʦʙʘ 

ʩʪʘʨʦʩʪʠ 30ï79 ʛʦʜʠʥʘ (1). ɳʝʥʘ ʧʦʜʤʫʢʣʘ ʧʨʠʨʦʜʘ, ʢʦʿʘ ʩʝ ʯʝʩʪʦ ʿʘʚˀʘ ʙʝʟ ʦʯʠʛʣʝʜʥʠʭ 

ʩʠʤʧʪʦʤʘ, ʜʦʥʝʣʘ ʿʦʿ ʿʝ ʥʘʜʠʤʘʢ Ăʪʠʭʠ ʫʙʠʮʘñ. ʅʝʢʦʥʪʨʦʣʠʩʘʥʘ ʭʠʧʝʨʪʝʥʟʠʿʘ ʿʝ ʛʣʘʚʥʠ ʬʘʢʪʦʨ 

ʨʠʟʠʢʘ ʟʘ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʝ ʙʦʣʝʩʪʠ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʨʦʤʝʥʠʪʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʩʨʯʘʥʠ ʫʜʘʨ, 

ʤʦʞʜʘʥʠ ʫʜʘʨ, ʩʨʯʘʥʫ ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʫ ʠ ʙʦʣʝʩʪʠ ʙʫʙʨʝʛʘ, ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʝ˂ʠ ʛʣʦʙʘʣʥʦʤ 

ʤʦʨʙʠʜʠʪʝʪʫ ʠ ʤʦʨʪʘʣʠʪʝʪʫ (2,3). ɽʢʦʥʦʤʩʢʠ ʪʝʨʝʪ ʧʦʚʝʟʘʥ ʩʘ ʭʠʧʝʨʪʝʥʟʠʿʦʤ, ʢʦʿʠ ʦʙʫʭʚʘʪʘ 

ʪʨʦʰʢʦʚʝ ʟʜʨʘʚʩʪʚʝʥʝ ʟʘʰʪʠʪʝ, ʛʫʙʠʪʘʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʨʝʚʨʝʤʝʥʫ ʩʤʨʪ, ʿʝ ʚʝʣʠʢʠ, ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ ʠʟʘʟʦʚ ʟʘ ʩʠʩʪʝʤʝ ʿʘʚʥʦʛ ʟʜʨʘʚˀʘ ʰʠʨʦʤ ʩʚʝʪʘ (1,3). 

ɽʬʠʢʘʩʥʦ ʣʝʯʝˁʝ ʭʠʧʝʨʪʝʥʟʠʿʝ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝ ʚʘʞʥʦʩʪʠ ʟʘ ʫʙʣʘʞʘʚʘˁʝ ˁʝʥʠʭ ʨʘʟʘʨʘʿʫ˂ʠʭ 

ʧʦʩʣʝʜʠʮʘ. ʀʘʢʦ ʧʨʦʤʝʥʝ ʥʘʯʠʥʘ ʞʠʚʦʪʘ ʯʠʥʝ ʪʝʤʝˀ ʧʨʝʚʝʥʮʠʿʝ ʠ ʢʦʥʪʨʦʣʝ ʭʠʧʝʨʪʝʥʟʠʿʝ, 

ʬʘʨʤʘʢʦʣʦʰʢʝ ʠʥʪʝʨʚʝʥʮʠʿʝ ʩʫ ʯʝʩʪʦ ʥʝʦʧʭʦʜʥʝ, ʧʦʩʝʙʥʦ ʟʘ ʦʩʦʙʝ ʩʘ ʫʤʝʨʝʥʦʤ ʜʦ ʪʝʰʢʦʤ 

ʭʠʧʝʨʪʝʥʟʠʿʦʤ ʠʣʠ ʦʥʝ ʩʘ ʚʠʩʦʢʠʤ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʤ ʨʠʟʠʢʦʤ. ʊʝʨʘʧʝʫʪʩʢʠ ʧʝʿʟʘʞ ʟʘ 

ʭʠʧʝʨʪʝʥʟʠʿʫ ʿʝ ʨʘʟʥʦʣʠʢ, ʥʫʜʝ˂ʠ ʥʠʟ ʢʣʘʩʘ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʠʥʭʠʙʠʪʦʨʝ ʝʥʟʠʤʘ ʢʦʿʠ ʢʦʥʚʝʨʪʫʿʝ ʘʥʛʠʦʪʝʥʟʠʥ (ɸʎɽ ʠʥʭʠʙʠʪʦʨʠ), ʙʣʦʢʘʪʦʨʝ ʨʝʮʝʧʪʦʨʘ 

ʘʥʛʠʦʪʝʥʟʠʥʘ (ɸʈɹ), ʙʣʦʢʘʪʦʨʝ ʢʘʣʮʠʿʫʤʦʚʠʭ ʢʘʥʘʣʘ (ɹʂʂ), ʜʠʫʨʝʪʠʢʝ ʠ ʙʝʪʘ-ʙʣʦʢʘʪʦʨʝ. 

ʀʩʪʦʨʠʿʩʢʠ ʛʣʝʜʘʥʦ, ʤʦʥʦʪʝʨʘʧʠʿʘ ʿʝ ʙʠʣʘ ʧʦʯʝʪʥʠ ʧʨʠʩʪʫʧ, ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʜʦʟʝ ʠʣʠ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ ʜʦʜʘʚʘˁʝʤ ʜʨʫʛʠʭ ʣʝʢʦʚʘ ʜʦʢ ʩʝ ʮʠˀʥʠ ʢʨʚʥʠ ʧʨʠʪʠʩʘʢ ʥʝ ʧʦʩʪʠʛʥʝ. 

ʄʝʹʫʪʠʤ, ʧʦʩʪʠʟʘˁʝ ʦʧʪʠʤʘʣʥʝ ʢʦʥʪʨʦʣʝ ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ ʯʝʩʪʦ ʟʘʭʪʝʚʘ ʫʧʦʪʨʝʙʫ ʚʠʰʝ 

ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʘʛʝʥʘʩʘ (4). 

 

1.1.2 ʇʨʝʜʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʿʘ ʬʠʢʩʥʠʭ ʜʦʟʘ (ʂʌɼ) ʫ ʣʝʯʝˁʫ ʭʠʧʝʨʪʝʥʟʠʿʝ 
 

ʋ ʧʦʩʣʝʜˁʠʤ ʜʝʮʝʥʠʿʘʤʘ, ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ, ʧʦʟʥʘʪʝ ʠ ʢʘʦ ʢʦʤʙʠʥʘʮʠʿʝ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʪʘʙʣʝʪʘ, ʧʦʿʘʚʠʣʝ ʩʫ ʩʝ ʢʘʦ ʢˀʫʯʥʘ ʩʪʨʘʪʝʛʠʿʘ ʫ ʣʝʯʝˁʫ ʭʠʧʝʨʪʝʥʟʠʿʝ, ʥʫʜʝ˂ʠ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝʥ ʠ ʯʝʩʪʦ ʝʬʠʢʘʩʥʠʿʠ ʧʨʠʩʪʫʧ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʠʤʝʥʦʤ ʧʦʿʝʜʠʥʘʯʥʠʭ ʣʝʢʦʚʘ 

ʦʜʚʦʿʝʥʦ (5). ʂʌɼ ʠʥʪʝʛʨʠʰʫ ʜʚʘ ʠʣʠ ʚʠʰʝ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʢʣʘʩʘ 

ʫ ʿʝʜʥʫ ʪʘʙʣʝʪʫ, ʯʠʤʝ ʩʝ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʨʝʞʠʤ ʣʝʯʝˁʘ. ʆʚʦ ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʝ ʩʝ ʜʠʨʝʢʪʥʦ 

ʧʨʝʚʦʜʠ ʫ ʥʝʢʦʣʠʢʦ ʟʥʘʯʘʿʥʠʭ ʧʨʝʜʥʦʩʪʠ: 

ʇʨʚʦ, ʠ ʤʦʞʜʘ ʥʘʿʢʨʠʪʠʯʥʠʿʝ, ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʣʝʢʦʚʘ ʧʦʙʦˀʰʘʚʘʿʫ ʘʜʭʝʨʝʥʮʫ ʧʘʮʠʿʝʥʘʪʘ, 

ʦʜʥʦʩʥʦ ˁʠʭʦʚʦ ʧʨʠʜʨʞʘʚʘˁʝ ʧʨʦʧʠʩʘʥʦʤ ʪʝʨʘʧʠʿʩʢʦʤ ʨʝʞʠʤʫ (6). ʉʣʦʞʝʥʦʩʪ ʨʝʞʠʤʘ ʩʘ 

ʚʠʰʝ ʣʝʢʦʚʘ, ʢʦʿʠ ʯʝʩʪʦ ʫʢˀʫʯʫʿʝ ʨʘʟʣʠʯʠʪʝ ʨʘʩʧʦʨʝʜʝ ʜʦʟʠʨʘˁʘ ʠ ʚʝ˂ʠ ʙʨʦʿ ʜʦʟʠʨʘʥʠʭ 

ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʦʙʣʠʢʘ ʤʦʞʝ ʙʠʪʠ ʟʥʘʯʘʿʥʘ ʧʨʝʧʨʝʢʘ ʟʘ ʜʦʩʣʝʜʘʥ ʫʥʦʩ ʣʝʢʦʚʘ. ʉʤʘˁʝˁʝʤ ʙʨʦʿʘ 

ʜʦʟʥʠʭ ʦʙʣʠʢʘ ʢʦʿʝ ʧʘʮʠʿʝʥʪ ʪʨʝʙʘ ʜʘ ʫʟʠʤʘ ʜʥʝʚʥʦ, ʂʌɼ ʫʙʣʘʞʘʚʘʿʫ ʦʚʘʿ ʪʝʨʝʪ, ʰʪʦ ʜʦʚʦʜʠ 

ʜʦ ʙʦˀʝʛ ʧʨʠʜʨʞʘʚʘˁʘ ʠ, ʧʦʩʣʝʜʠʯʥʦ, ʦʜʨʞʠʚʠʿʝ ʢʦʥʪʨʦʣʝ ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ. ɹʦˀʝ 

ʧʨʠʜʨʞʘʚʘˁʝ ʿʝ ʢˀʫʯʥʠ ʬʘʢʪʦʨ ʫʩʧʝʭʘ ʣʝʯʝˁʘ ʠ ʛʣʘʚʥʠ ʬʘʢʪʦʨ ʫ ʩʤʘˁʝˁʫ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ 

ʜʦʛʘʹʘʿʘ (7). 

ɼʨʫʛʦ, ʂʌɼ ʯʝʩʪʦ ʜʦʚʦʜʝ ʜʦ ʧʦʙʦˀʰʘʥʝ ʢʦʥʪʨʦʣʝ ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ ʠ ʤʦʛʫ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʩʤʘˁʠʪʠ ʥʝʞʝˀʝʥʝ ʝʬʝʢʪʝ. ʉʠʥʝʨʛʠʿʩʢʦ ʜʝʿʩʪʚʦ ʣʝʢʦʚʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʛʨʫʧʘ, ʦʜ ʢʦʿʠʭ ʩʚʘʢʠ 

ʮʠˀʘ ʧʦʩʝʙʘʥ ʬʠʟʠʦʣʦʰʢʠ ʧʫʪ ʫʢˀʫʯʝʥ ʫ ʨʝʛʫʣʘʮʠʿʫ ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ, ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʚʝ˂ʠ 
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ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠ ʝʬʝʢʘʪ ʥʝʛʦ ʧʦʚʝ˂ʘˁʝ ʜʦʟʝ ʿʝʜʥʦʛ ʣʝʢʘ (8). ʐʪʘʚʠʰʝ, ʢʦʤʙʠʥʦʚʘˁʝ ʣʝʢʦʚʘ 

ʩʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ ʜʝʣʦʚʘˁʘ ʯʝʩʪʦ ʤʦʞʝ ʥʝʫʪʨʘʣʠʩʘʪʠ ʥʝʞʝˀʝʥʝ ʝʬʝʢʪʝ 

ʧʦʚʝʟʘʥʝ ʩʘ ʧʦʿʝʜʠʥʘʯʥʠʤ ʣʝʢʦʚʠʤʘ. ʅʘ ʧʨʠʤʝʨ, ʜʠʫʨʝʪʠʢ ʤʦʞʝ ʫʙʣʘʞʠʪʠ ʝʜʝʤ ʩʢʦʯʥʦʛ ʟʛʣʦʙʘ 

ʠʟʘʟʚʘʥ ʙʣʦʢʘʪʦʨʦʤ ʢʘʣʮʠʿʫʤʦʚʠʭ ʢʘʥʘʣʘ, ʠʣʠ ɸʎɽ ʠʥʭʠʙʠʪʦʨ ʤʦʞʝ ʫʨʘʚʥʦʪʝʞʠʪʠ ʝʬʝʢʘʪ 

ʜʠʫʨʝʪʠʢʘ ʢʦʿʠ ʜʦʚʦʜʠ ʜʦ ʧʦʿʘʯʘʥʝ ʝʣʠʤʠʥʘʮʠʿʝ ʢʘʣʠʿʫʤʘ ʠʟ ʦʨʛʘʥʠʟʤʘ. ʆʚʘʿ ʫʨʘʚʥʦʪʝʞʝʥʠ 

ʬʘʨʤʘʢʦʣʦʰʢʠ ʧʨʦʬʠʣ ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ ʧʦʜʥʦʰˀʠʚʦʩʪ ʠ ʢʚʘʣʠʪʝʪ ʞʠʚʦʪʘ ʧʘʮʠʿʝʥʘʪʘ, 

ʜʦʜʘʪʥʦ ʜʦʧʨʠʥʦʩʝ˂ʠ ʧʨʠʜʨʞʘʚʘˁʫ ʪʝʨʘʧʠʿʝ. 

ʊʨʝ˂ʝ, ʫʣʦʛʘ ʬʠʢʩʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʣʝʢʦʚʘ ʫ ʢʣʠʥʠʯʢʠʤ ʩʤʝʨʥʠʮʘʤʘ ʠ ˁʠʭʦʚʦ ʫʢˀʫʯʠʚʘˁʝ ʥʘ 

ʣʠʩʪʝ ʝʩʝʥʮʠʿʘʣʥʠʭ ʣʝʢʦʚʘ ʧʦʜʚʣʘʯʠ ˁʠʭʦʚʫ ʧʨʝʧʦʟʥʘʪʫ ʚʨʝʜʥʦʩʪ. ɻʣʘʚʥʝ ʤʝʹʫʥʘʨʦʜʥʝ ʠ 

ʥʘʮʠʦʥʘʣʥʝ ʩʤʝʨʥʠʮʝ ʟʘ ʭʠʧʝʨʪʝʥʟʠʿʫ ʩʚʝ ʚʠʰʝ ʧʨʝʧʦʨʫʯʫʿʫ ʟʘʧʦʯʠˁʘˁʝ ʣʝʯʝˁʘ ʨʝʞʠʤʦʤ ʩʘ 

ʜʚʘ ʣʝʢʘ, ʧʦʞʝˀʥʦ ʫ ʬʠʢʩʥʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ (ʌʂ), ʟʘ ʟʥʘʯʘʿʘʥ ʜʝʦ ʧʘʮʠʿʝʥʘʪʘ, ʧʦʩʝʙʥʦ ʦʥʠʭ 

ʩʘ ʚʠʰʠʤ ʧʦʯʝʪʥʠʤ ʢʨʚʥʠʤ ʧʨʠʪʠʩʢʦʤ (9,10). ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ (ʉɿʆ) ʿʝ 

ʪʘʢʦʹʝ ʧʨʝʧʦʟʥʘʣʘ ʚʘʞʥʦʩʪ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ ʫ ʌʂ ʪʘʢʦ ʰʪʦ ʠʭ ʿʝ ʫʚʨʩʪʠʣʘ ʥʘ ʩʚʦʿʫ 

ʃʠʩʪʫ ʝʩʝʥʮʠʿʘʣʥʠʭ ʣʝʢʦʚʘ, ʠʩʪʠʯʫ˂ʠ ˁʠʭʦʚʫ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʛʣʦʙʘʣʥʠʤ ʟʜʨʘʚʩʪʚʝʥʠʤ 

ʩʪʨʘʪʝʛʠʿʘʤʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʥʝʟʘʨʘʟʥʠʤ ʙʦʣʝʩʪʠʤʘ (11). ʆʚʘ ʛʣʦʙʘʣʥʘ ʧʦʜʨʰʢʘ ʦʜʨʘʞʘʚʘ 

ʨʘʩʪʫ˂ʠ ʢʦʥʩʝʥʟʫʩ ʦ ʢʣʠʥʠʯʢʦʿ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʢʦʨʠʩʪʠʤʘ ʌʂ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ. 

ʄʝʹʫʪʠʤ, ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʨʘʟʚʦʿʘ, ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʦʩʝʙʘʥ ʠʟʘʟʦʚ ʟʘ ʩʪʘʙʠʣʥʦʩʪ. ʇʨʠʩʫʩʪʚʦ ʚʠʰʝ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʘʩʪʦʿʘʢʘ ʫ ʿʝʜʥʦʤ 

ʜʦʟʥʦʤ ʦʙʣʠʢʫ ʤʦʞʝ ʧʨʦʤʝʥʠʪʠ ʧʦʿʝʜʠʥʘʯʥʝ ʧʫʪʝʚʝ ʨʘʟʛʨʘʜˁʝ, ʤʦʜʠʬʠʢʦʚʘʪʠ ʙʨʟʠʥʫ 

ʨʘʟʛʨʘʜˁʝ ʠʣʠ ʧʨʦʤʦʚʠʩʘʪʠ ʥʦʚʝ ʤʝʭʘʥʠʟʤʝ ʨʘʟʛʨʘʜˁʝ ʠʟʘʟʚʘʥʝ ʠʥʪʝʨʘʢʮʠʿʘʤʘ. ʉʪʦʛʘ, ʧʦʨʝʜ 

ʩʚʦʿʠʭ ʢʣʠʥʠʯʢʠʭ ʧʨʝʜʥʦʩʪʠ, ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʜʦʟʘ ʟʘʭʪʝʚʘʿʫ ʨʠʛʦʨʦʟʥʫ ʥʘʫʯʥʫ ʧʨʦʮʝʥʫ 

ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʪʦʢʦʤ ʮʝʣʦʛ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʛʦʪʦʚʦʛ 

ʧʨʦʠʟʚʦʜʘ (ɻʇ). ʇʦʩʝʙʥʦ ʿʝ ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʤʦʛʫ 

ʜʦʚʝʩʪʠ ʜʦ ʧʨʦʤʝʥʘ ʫ ʢʠʥʝʪʠʮʠ ʨʘʟʛʨʘʜˁʝ, ʰʪʦ ʟʘʭʪʝʚʘ ʜʝʪʘˀʥʫ ʤʝʭʘʥʠʩʪʠʯʢʫ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʫ ʘʥʘʣʠʟʫ ʩʪʘʙʠʣʥʦʩʪʠ ʩʚʘʢʝ ʢʦʤʧʦʥʝʥʪʝ ʫʥʫʪʘʨ ʂʌɼ ʣʝʢʦʚʘ (12). 

 

1.2 ʀʟʘʟʦʚʠ ʫ ʨʘʟʚʦʿʫ ʠ ʢʦʥʪʨʦʣʠ ʢʚʘʣʠʪʝʪʘ ʂʌɼ 
 

ʋʧʨʢʦʩ ʥʝʦʩʧʦʨʥʠʤ ʧʨʝʜʥʦʩʪʠʤʘ, ʨʘʟʚʦʿ ʠ ʢʦʥʪʨʦʣʘ ʢʚʘʣʠʪʝʪʘ ʂʌɼ-ʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʿʝʜʠʥʩʪʚʝʥʝ ʠ ʯʝʩʪʦ ʩʣʦʞʝʥʝ ʠʟʘʟʦʚʝ. ʇʨʠʤʘʨʥʘ ʪʝʰʢʦ˂ʘ ʧʨʦʠʟʠʣʘʟʠ ʠʟ ʠʥʭʝʨʝʥʪʥʝ 

ʩʣʦʞʝʥʦʩʪʠ ʢʦʤʙʠʥʦʚʘˁʘ ʚʠʰʝ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʫʧʩʪʘʥʮʠ (ʝʥʛ. active pharmaceutical 

ingredient - ɸʇʀ) ʫʥʫʪʘʨ ʿʝʜʥʦʛ ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʜʦʟʠʨʘʥʦʛ ʦʙʣʠʢʘ. ʉʚʘʢʠ ɸʇʀ ʧʦʩʝʜʫʿʝ 

ʨʘʟʣʠʯʠʪʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʨʘʩʪʚʦʨˀʠʚʦʩʪ, ʩʪʘʙʠʣʥʦʩʪ ʠ 

ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʩʘ ʜʨʫʛʠʤ ʿʝʜʠˁʝˁʠʤʘ ʫ ʛʦʪʦʚʦʤ ʧʨʦʠʟʚʦʜʫ, ʰʪʦ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ 

ʮʝʣʦʢʫʧʥʫ ʬʦʨʤʫʣʘʮʠʿʫ ʠ ˁʝʥʝ ʧʝʨʬʦʨʤʘʥʩʝ. ʆʙʝʟʙʝʹʠʚʘˁʝ ʭʝʤʠʿʩʢʝ ʩʪʘʙʠʣʥʦʩʪʠ ʩʚʠʭ ɸʇʀ, 

ʢʘʢʦ ʧʦʿʝʜʠʥʘʯʥʦ, ʪʘʢʦ ʠ ʫ ʢʦʤʙʠʥʘʮʠʿʘʤʘ, ʪʦʢʦʤ ʨʦʢʘ ʪʨʘʿʘˁʘ ʧʨʦʠʟʚʦʜʘ ʿʝ ʠʟʫʟʝʪʥʦ ʪʝʞʘʢ 

ʟʘʜʘʪʘʢ. ʀʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ɸʇʀ ʫ ʛʦʪʦʚʦʤ ʧʨʦʠʟʚʦʜʫ ʠʣʠ ʠʟʤʝʹʫ ɸʇʀ ʠ ʧʦʤʦ˂ʥʠʭ 

ʩʫʧʩʪʘʥʮʠ, ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝʥʝ ʙʠʦʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʠʣʠ ʩʪʚʘʨʘˁʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʰʪʝʪʥʠʭ 

ʧʨʦʠʟʚʦʜʘ ʫʩʣʝʜ ˁʠʭʦʚʝ ʨʘʟʛʨʘʜˁʝ (13). 

ʐʪʘʚʠʰʝ, ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʧʦʪʨʝʙʥʝ ʟʘ ʠʩʪʦʚʨʝʤʝʥʫ ʢʚʘʣʠʪʘʪʠʚʥʫ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ 

ʚʝ˂ʝʛ ʙʨʦʿʘ ɸʇʀ ʫ ʬʠʢʩʥʦʿ ʢʦʤʙʠʥʘʮʠʿʠ ʜʦʟʘ ʤʦʨʘʿʫ ʙʠʪʠ ʩʧʝʮʠʬʠʯʥʝ, ʪʘʯʥʝ, ʧʨʝʮʠʟʥʝ ʠ 

ʦʩʝʪˀʠʚʝ ʟʘ ʩʚʘʢʫ ɸʇʀ ʠʩʧʠʪʠʚʘʥʦʛ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ, ʢʘʦ ʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʦʠʟʚʦʜʝ ˁʠʭʦʚʝ 

ʜʝʛʨʘʜʘʮʠʿʝ (ʥʝʯʠʩʪʦ˂ʝ). 

ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʨʘʟʚʦʿ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ (ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʩʘʤʦ ʿʝʜʥʦʛ ʬʘʢʪʦʨʘ ʥʘ 

ʦʜʘʙʨʘʥʝ ʦʜʛʦʚʦʨʝ ʩʠʩʪʝʤʘ) ʯʝʩʪʦ ʫʢˀʫʯʫʿʝ ʧʨʠʩʪʫʧ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʦʢʫʰʘʿʘ ʠ ʧʦʥʦʚˀʝʥʠʭ 

ʛʨʝʰʘʢʘ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʜʫʛʦʪʨʘʿʘʥ ʧʨʦʮʝʩ ʫ ʧʨʦʥʘʣʘʞʝˁʫ ʦʧʪʠʤʘʣʥʠʭ ʫʩʣʦʚʘ ʘʥʘʣʠʟʝ. ʊʦ 

ʟʘʭʪʝʚʘ ʤʥʦʛʦ ʨʝʩʫʨʩʘ, ʝʢʦʥʦʤʩʢʠ ʠ ʚʨʝʤʝʥʩʢʠ ʿʝ ʥʝʠʩʧʣʘʪʠʚʦ ʠ ʥʝ ʤʦʨʘ ʫʚʝʢ ʜʘʪʠ ʦʧʪʠʤʘʣʥʝ 

ʫʩʣʦʚʝ ʘʥʘʣʠʟʝ. ʇʦʪʨʝʙʘ ʟʘ ʝʬʠʢʘʩʥʠʤ ʠ ʧʦʫʟʜʘʥʠʤ ʘʥʘʣʠʪʠʯʢʠʤ ʪʝʭʥʠʢʘʤʘ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝ 
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ʚʘʞʥʦʩʪʠ ʟʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʢʚʘʣʠʪʝʪʘ, ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʂʌɼ-ʘ ʪʦʢʦʤ ˁʠʭʦʚʦʛ 

ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ, ʦʜ ʧʨʦʠʟʚʦʜˁʝ ʜʦ ʧʨʠʤʝʥʝ ʢʦʜ ʧʘʮʠʿʝʥʘʪʘ. ʆʚʠ ʠʟʘʟʦʚʠ ʟʘʭʪʝʚʘʿʫ 

ʩʠʩʪʝʤʘʪʩʢʠ ʠ ʥʘʫʯʥʦ ʫʪʝʤʝˀʝʥ ʧʨʠʩʪʫʧ ʨʘʟʚʦʿʫ ʂʌɼ ʠ ʢʦʥʪʨʦʣʠ ʢʚʘʣʠʪʝʪʘ, ʦʪʚʘʨʘʿʫ˂ʠ ʧʫʪ 

ʥʘʧʨʝʜʥʠʤ ʤʝʪʦʜʦʣʦʛʠʿʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʫʛʨʘʜˁʘ ʢʚʘʣʠʪʝʪʘ ʫ ʪʦʢʫ ʢʨʝʠʨʘˁʘ ʤʝʪʦʜʝ (ʝʥʛ. 

Quality by Design - QbD) ʠ ʟʝʣʝʥʘ ʘʥʘʣʠʪʠʯʢʘ ʭʝʤʠʿʘ (ʝʥʛ. Green Analytical Chemistry - GAC) 

(14). ʆʙʘ ʧʨʠʩʪʫʧʘ ʟʘʿʝʜʥʦ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʩʝ ʨʘʟʚʠʿʝ ʚʝ˂ ʨʦʙʫʩʥʘ ʤʝʪʦʜʘ, ʢʦʿʘ ʿʝ ʫʩʤʝʨʝʥʘ ʜʘ 

ʙʫʜʝ ʝʢʦʣʦʰʢʠ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʘ ʧʦʜ ʠʩʧʠʪʠʚʘʥʠʤ ʫʩʣʦʚʠʤʘ. ʇʦʨʝʜ ʪʦʛʘ, ʠʥʪʝʛʨʘʮʠʿʘ ʩʪʫʜʠʿʘ 

ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʠʩʧʠʪʠʚʘˁʝ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʩʠʩʪʝʤʘʪʩʢʦʛ ʦʢʚʠʨʘ ʦʤʦʛʫ˂ʘʚʘ 

ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʠ ʤʝʭʘʥʠʩʪʠʯʢʦ ʨʘʟʫʤʝʚʘˁʝ ʧʦʥʘʰʘˁʘ ʨʘʟʛʨʘʜˁʝ, ʧʨʫʞʘʿʫ˂ʠ ʥʘʫʯʥʫ ʦʩʥʦʚʫ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʬʦʨʤʫʣʘʮʠʿʝ ʠ ʧʨʝʜʚʠʹʘˁʝ ʨʦʢʘ ʪʨʘʿʘˁʘ ʣʝʢʘ. 

 

1.3 ɺʠʩʦʢʦʝʬʠʢʘʩʥʘ ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ (HPLC): ʢʘʤʝʥ ʪʝʤʝˀʘʮ ʬʘʨʤʘʮʝʫʪʩʢʝ ʘʥʘʣʠʟʝ 
 

1.3.1 ʇʨʠʥʮʠʧʠ ʪʝʯʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ 

 

ʍʨʦʤʘʪʦʛʨʘʬʠʿʘ ʿʝ, ʫ ʩʚʦʿʦʿ ʩʫʰʪʠʥʠ, ʤʦ˂ʥʘ ʘʥʘʣʠʪʠʯʢʘ ʤʝʪʦʜʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʘʟʜʚʘʿʘˁʝ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʦʜʨʝʹʠʚʘˁʝ ʩʘʜʨʞʘʿʘ ʿʝʜʠˁʝˁʘ ʫ ʠʩʧʠʪʠʚʘʥʦʿ ʩʤʝʰʠ. ʆʥʘ ʬʫʥʢʮʠʦʥʠʰʝ ʥʘ 

ʧʨʠʥʮʠʧʫ ʧʨʝʨʘʩʧʦʜʝʣʝ ʠʩʧʠʪʠʚʘʥʠʭ ʘʥʘʣʠʪʘ ʠʟʤʝʹʫ ʜʚʝ ʥʝʤʝʰˀʠʚʝ ʬʘʟʝ: ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ 

ʠ ʤʦʙʠʣʥʝ ʬʘʟʝ. ʉʪʘʮʠʦʥʘʨʥʘ ʬʘʟʘ ʿʝ ʬʠʢʩʥʠ ʩʣʦʿ ʤʘʪʝʨʠʿʘʣʘ, ʦʙʠʯʥʦ ʫʧʘʢʦʚʘʥ ʫ ʢʦʣʦʥʫ, ʜʦʢ 

ʿʝ ʤʦʙʠʣʥʘ ʬʘʟʘ ʬʣʫʠʜ (ʪʝʯʥʦʩʪ ʠʣʠ ʛʘʩ) ʢʦʿʠ ʧʨʝʥʦʩʠ ʠʩʧʠʪʠʚʘʥʫ ʩʤʝʰʫ/ʫʟʦʨʘʢ ʢʨʦʟ 

ʩʪʘʮʠʦʥʘʨʥʫ ʬʘʟʫ. ʂʦʤʧʦʥʝʥʪʝ ʩʤʝʰʝ ʨʘʟʣʠʯʠʪʦ ʠʥʪʝʨʘʛʫʿʫ ʩʘ ʦʚʝ ʜʚʝ ʬʘʟʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʠʭ 

ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ (ʥʧʨ. ʧʦʣʘʨʥʦʩʪ, ʚʝʣʠʯʠʥʘ, ʥʘʝʣʝʢʪʨʠʩʘˁʝ), ʰʪʦ ʜʦʚʦʜʠ ʜʦ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʝʤʝʥʘ ˁʠʭʦʚʦʛ ʟʘʜʨʞʘʚʘˁʘ ʠ ʩʘʤʠʤ ʪʠʤ ʨʘʟʜʚʘʿʘˁʘ ʿʝʜʠˁʝˁʘ ʠʟ ʠʩʧʠʪʠʚʘʥʝ 

ʩʤʝʰʝ. ɸʥʘʣʠʪʠ ʢʦʿʠ ʠʤʘʿʫ ʿʘʯʠ ʘʬʠʥʠʪʝʪ ʟʘ ʩʪʘʮʠʦʥʘʨʥʫ ʬʘʟʫ ʙʠ˂ʝ ʟʘʜʨʞʘʥʠ ʜʫʞʝ, ʜʦʢ ˂ʝ ʩʝ 

ʦʥʠ ʩʘ ʿʘʯʠʤ ʘʬʠʥʠʪʝʪʦʤ ʟʘ ʤʦʙʠʣʥʫ ʬʘʟʫ ʙʨʞʝ ʝʣʫʠʨʘʪʠ (15). 

ɺʠʩʦʢʦʝʬʠʢʘʩʥʘ ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ (ʊʍ) ʧʦʩʝʙʥʦ ʢʦʨʠʩʪʠ ʪʝʯʥʫ ʤʦʙʠʣʥʫ ʬʘʟʫ (ʩʤʝʰʘ 

ʧʦʣʘʨʥʠʭ ʠ ʥʝʧʦʣʘʨʥʠʭ ʨʘʩʪʚʘʨʘʯʘ). ʊʦ ʿʝ ʰʠʨʦʢʦ ʧʨʠʤʝˁʠʚʘ ʪʝʭʥʠʢʘ, ʧʦʩʝʙʥʦ ʧʦʛʦʜʥʘ ʟʘ 

ʘʥʘʣʠʟʫ ʥʝʠʩʧʘʨˀʠʚʠʭ ʠ ʪʝʨʤʠʯʢʠ ʣʘʙʠʣʥʠʭ ʿʝʜʠˁʝˁʘ, ʢʦʿʘ ʩʝ ʥʝ ʤʦʛʫ ʘʥʘʣʠʟʠʨʘʪʠ ʛʘʩʥʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ. ʊʍ ʦʙʫʭʚʘʪʘ ʨʘʟʣʠʯʠʪʝ ʨʝʞʠʤʝ, ʩʚʘʢʠ ʧʨʠʣʘʛʦʹʝʥ ʩʧʝʮʠʬʠʯʥʠʤ ʠʟʘʟʦʚʠʤʘ 

ʨʘʟʜʚʘʿʘˁʘ. ʆʚʠ ʨʝʞʠʤʠ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʨʘʟʣʠʢʫʿʫ ʧʦ ʧʨʠʨʦʜʠ ˁʠʭʦʚʝ ʩʪʘʮʠʦʥʘʨʥʝ ʠ ʤʦʙʠʣʥʝ 

ʬʘʟʝ ʠ ʦʩʥʦʚʥʦʤ ʤʝʭʘʥʠʟʤʫ ʨʘʟʜʚʘʿʘˁʘ: 

¶ ɸʜʩʦʨʧʮʠʦʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ: ʂʦʨʠʩʪʠ ʧʦʣʘʨʥʫ ʩʪʘʮʠʦʥʘʨʥʫ ʬʘʟʫ (ʥʧʨ. ʩʠʣʠʮʠʿʫʤ-

ʜʠʦʢʩʠʜ ʠ ˁʝʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ) ʠ ʥʝʧʦʣʘʨʥʫ ʤʦʙʠʣʥʫ ʬʘʟʫ. ʈʘʟʜʚʘʿʘˁʝ ʩʝ ʦʜʚʠʿʘ ʥʘ 

ʦʩʥʦʚʫ ʘʜʩʦʨʧʮʠʿʝ ʠ ʜʝʩʦʨʧʮʠʿʝ ʘʥʘʣʠʪʘ ʥʘ ʧʦʚʨʰʠʥʠ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ. ʆʚʘʿ ʨʝʞʠʤ ʩʝ 

ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʿʝʜʠˁʝˁʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʛʨʫʧʘʤʘ. 

¶ ʇʘʨʪʠʮʠʦʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ: ʋʢˀʫʯʫʿʝ ʪʝʯʥʫ ʩʪʘʮʠʦʥʘʨʥʫ ʬʘʟʫ ʥʘʥʝʩʝʥʫ ʥʘ ʯʚʨʩʪʠ 

ʥʦʩʘʯ. ɸʥʘʣʠʪʠ ʩʝ ʜʝʣʝ ʠʟʤʝʹʫ ʤʦʙʠʣʥʝ ʬʘʟʝ ʠ ʩʪʘʮʠʦʥʘʨʥʝ ʪʝʯʥʝ ʬʘʟʝ ʧʦ ʧʨʠʥʮʠʧʫ 

ʪʝʯʥʦ-ʪʝʯʥʝ ʨʘʩʧʦʜʝʣʝ. ʆʚʦ ʿʝ ʦʩʥʦʚʘ ʠ ʟʘ ʥʦʨʤʘʣʥʦ-ʬʘʟʥʫ (ʧʦʣʘʨʥʘ ʩʪʘʮʠʦʥʘʨʥʘ ʬʘʟʘ, 

ʥʝʧʦʣʘʨʥʘ ʤʦʙʠʣʥʘ ʬʘʟʘ) ʠ ʟʘ ʨʝʚʝʨʟʥʦ-ʬʘʟʥʫ (ʥʝʧʦʣʘʨʥʘ ʩʪʘʮʠʦʥʘʨʥʘ ʬʘʟʘ, ʧʦʣʘʨʥʘ 

ʤʦʙʠʣʥʘ ʬʘʟʘ) ʭʨʦʤʘʪʦʛʨʘʬʠʿʫ. 

¶ ɱʦʥʦʠʟʤʝˁʠʚʘʯʢʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ: ʂʦʨʠʩʪʠ ʩʪʘʮʠʦʥʘʨʥʫ ʬʘʟʫ ʩʘ ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ 
ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʛʨʫʧʘʤʘ ʢʦʿʝ ʤʦʛʫ ʜʘ ʠʥʪʝʨʘʛʫʿʫ ʩʘ ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ ʘʥʘʣʠʪʠʤʘ ʫ 

ʤʦʙʠʣʥʦʿ ʬʘʟʠ ʧʦ ʧʨʠʥʮʠʧʫ ʢʘʪʿʦʥ-ʘʥʿʦʥ ʠʥʪʝʨʘʢʮʠʿʝ. ʐʠʨʦʢʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʨʘʟʜʚʘʿʘˁʝ ʿʦʥʘ ʠ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʤʦʣʝʢʫʣʘ, ʧʦʧʫʪ ʧʨʦʪʝʠʥʘ ʠ ʘʤʠʥʦʢʠʩʝʣʠʥʘ. 

¶ ʍʨʦʤʘʪʦʛʨʘʬʠʿʘ ʤʦʣʝʢʫʣʘʨʥʦʛ ʧʨʦʩʝʿʘʚʘˁʘ/ɻʝʣ ʧʝʨʤʝʘʮʠʦʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ: ʈʘʟʜʚʘʿʘ 

ʤʦʣʝʢʫʣʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʝ ʚʝʣʠʯʠʥʝ. ʉʪʘʮʠʦʥʘʨʥʘ ʬʘʟʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʧʦʨʦʟʥʠʭ 

ʯʝʩʪʠʮʘ,  ʚʝ˂ʠ ʤʦʣʝʢʫʣʠ ʝʣʫʠʨʘʿʫ ʙʨʞʝ ʿʝʨ ʩʫ ʠʩʢˀʫʯʝʥʠ ʠʟ ʧʦʨʘ, ʜʦʢ ʤʘˁʠ ʤʦʣʝʢʫʣʠ 

ʧʨʦʜʠʨʫ ʫ ʧʦʨʝ ʠ ʜʫʞʝ ʩʝ ʟʘʜʨʞʘʚʘʿʫ. 



4 
 

¶ ɸʬʠʥʠʪʝʪʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ: ɺʠʩʦʢʦ ʩʧʝʮʠʬʠʯʥʘ ʪʝʭʥʠʢʘ ʨʘʟʜʚʘʿʘˁʘ ʛʜʝ ʩʪʘʮʠʦʥʘʨʥʘ 
ʬʘʟʘ ʩʘʜʨʞʠ ʣʠʛʘʥʜ ʢʦʿʠ ʩʝ ʩʧʝʮʠʬʠʯʥʦ ʚʝʟʫʿʝ ʟʘ ʮʠˀʥʠ ʘʥʘʣʠʪ (ʥʧʨ. ʠʥʪʝʨʘʢʮʠʿʘ 

ʘʥʪʠʪʝʣʦ-ʘʥʪʠʛʝʥ). ʆʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʯʠʰ˂ʘʚʘˁʝ ʙʠʦʤʦʣʝʢʫʣʘ ʠʣʠ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʣʝʢʦʚʘ ʧʦ ʧʨʠʥʮʠʧʫ ʠʥʪʝʨʘʢʮʠʿʝ ʣʝʢ-ʨʝʮʝʧʪʦʨ. 

ʄʝʹʫ ˁʠʤʘ, ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʩʘ ʦʙʨʥʫʪʦʤ ʬʘʟʦʤ (RP-LC) ʿʝ ʜʘʣʝʢʦ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ 

ʤʝʪʦʜ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ ʟʙʦʛ ʩʚʦʿʝ ʰʠʨʦʢʝ ʧʨʠʤʝʥʝ, ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʘʟʜʚʘʿʘˁʘ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʿʝʜʠˁʝˁʘ. ʋ RP-LC, ʩʪʘʮʠʦʥʘʨʥʘ ʬʘʟʘ ʿʝ ʥʝʧʦʣʘʨʥʘ (ʥʧʨ. C18, C8 

ʘʣʢʠʣ ʣʘʥʮʠ ʚʝʟʘʥʠ ʟʘ ʩʠʣʠʮʠʿʫʤ-ʜʠʦʢʩʠʜ), ʘ ʤʦʙʠʣʥʘ ʬʘʟʘ ʿʝ ʧʦʣʘʨʥʘ (ʩʤʝʰʘ ʚʦʜʝ ʠʣʠ 

ʚʦʜʝʥʦʛ ʨʘʩʪʚʦʨʘ ʧʫʬʝʨʘ ʠ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ ʧʦʧʫʪ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʧʨʦʧʘʥʦʣʘ, ʝʪʘʥʦʣʘ ʠʣʠ 

ʤʝʪʘʥʦʣʘ). ɸʥʘʣʠʪʠ ʩʝ ʨʘʟʜʚʘʿʘʿʫ ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʢʝ ʫ ʩʪʝʧʝʥʫ ʭʠʜʨʦʬʦʙʥʦʩʪʠ; ʿʝʜʠˁʝˁʘ ʩʘ 

ʚʝ˂ʠʤ ʩʪʝʧʝʥʦʤ ʭʠʜʨʦʬʦʙʥʦʩʪʠ ʩʝ ʟʘʜʨʞʘʚʘʿʫ ʜʫʞʝ ʥʘ ʥʝʧʦʣʘʨʥʦʿ ʩʪʘʮʠʦʥʘʨʥʦʿ ʬʘʟʠ (16). 

 

1.3.2 ʂʦʤʧʦʥʝʥʪʝ ʩʠʩʪʝʤʘ ʟʘ ʪʝʯʥʫ ʭʨʦʤʘʪʦʛʨʘʬʠʿʫ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ (HPLC) 

 

ʊʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ (HPLC) ʿʝ ʥʘʧʨʝʜʥʠ ʦʙʣʠʢ ʪʝʯʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ 

ʢʦʿʠ ʢʦʨʠʩʪʠ ʚʠʩʦʢ ʧʨʠʪʠʩʘʢ ʢʘʢʦ ʙʠ ʩʝ ʤʦʙʠʣʥʘ ʬʘʟʘ ʧʨʦʧʫʩʪʠʣʘ ʢʨʦʟ ʢʦʣʦʥʫ ʠʩʧʫˁʝʥʫ ʿʘʢʦ 

ʩʠʪʥʠʤ ʯʝʩʪʠʮʘʤʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠʭ ʠ ʙʨʟʠʭ ʨʘʟʜʚʘʿʘˁʘ. ʊʠʧʠʯʘʥ HPLC 

ʩʠʩʪʝʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʥʝʢʦʣʠʢʦ ʢʦʤʧʦʥʝʥʪʠ, ʦʜ ʢʦʿʠʭ ʩʚʘʢʘ ʠʛʨʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʘʥʘʣʠʪʠʯʢʦʤ 

ʧʨʦʮʝʩʫ (17): 

¶ ʈʝʟʝʨʚʦʘʨ ʨʘʩʪʚʘʨʘʯʘ (ʤʦʙʠʣʥʘ ʬʘʟʘ): ʉʘʜʨʞʠ ʤʦʙʠʣʥʫ ʬʘʟʫ, ʢʦʿʘ ʿʝ ʦʙʠʯʥʦ ʩʤʝʰʘ ʜʚʘ 
ʠʣʠ ʚʠʰʝ ʨʘʩʪʚʘʨʘʯʘ (ʥʧʨ. ʚʦʜʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣ). ʆʚʠ ʨʘʩʪʚʘʨʘʯʠ ʤʦʨʘʿʫ ʙʠʪʠ ʚʠʩʦʢʝ 

ʯʠʩʪʦ˂ʝ (HPLC ʢʚʘʣʠʪʝʪʘ) ʠ ʯʝʩʪʦ ʩʝ ʜʝʛʘʩʠʨʘʿʫ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʩʪʚʘʨʘˁʝ ʤʝʭʫʨʠ˂ʘ 

ʫ ʩʠʩʪʝʤʫ. 

¶ ʇʫʤʧʘ: ɼʦʚʦʜʠ ʤʦʙʠʣʥʫ ʬʘʟʫ ʠʟ ʨʝʟʝʨʚʦʘʨʘ ʢʨʦʟ ʢʦʣʦʥʫ ʧʨʝʮʠʟʥʦʤ ʠ ʢʦʥʩʪʘʥʪʥʦʤ 
ʙʨʟʠʥʦʤ ʧʨʦʪʦʢʘ ʠ ʚʠʩʦʢʠʤ ʧʨʠʪʠʩʢʦʤ (ʜʦ 600 ʙʘʨʘ ʠʣʠ ʚʠʰʝ). ʈʘʟʣʠʯʠʪʠ ʤʦʜʦʚʠ 

ʧʫʤʧʝ (ʥʧʨ. ʠʟʦʢʨʘʪʩʢʠ, ʛʨʘʜʠʿʝʥʪʥʠ) ʦʤʦʛʫ˂ʘʚʘʿʫ ʢʦʥʩʪʘʥʪʘʥ ʠʣʠ ʧʨʦʤʝʥ ʠˀʚ ʩʘʩʪʘʚ 

ʤʦʙʠʣʥʝ ʬʘʟʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʘʥʘʣʠʟʝ ʧʦ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʦʤ ʨʘʩʧʦʨʝʜʫ. 

¶ ʀʥʝʿʢʪʦʨ (ʘʫʪʦʤʘʪʩʢʠ ʫʟʦʨʢʠʚʘʯ): ʋʚʦʜʠ ʧʨʝʮʠʟʥʫ ʟʘʧʨʝʤʠʥʫ ʫʟʦʨʢʘ ʫ ʪʦʢ ʤʦʙʠʣʥʝ 

ʬʘʟʝ. ʄʦʜʝʨʥʠ HPLC ʩʠʩʪʝʤʠ ʦʙʠʯʥʦ ʢʦʨʠʩʪʝ ʘʫʪʦʤʘʪʩʢʝ ʩʝʤʧʣʝʨʝ ʟʘ ʘʫʪʦʤʘʪʠʟʦʚʘʥʝ, 

ʨʝʧʨʦʜʫʢʪʠʚʥʝ ʠʥʿʝʢʮʠʿʝ, ʢʦʿʠ ʤʦʛʫ ʜʘ ʧʦʜʥʝʩʫ ʚʝʣʠʢʠ ʙʨʦʿ ʫʟʦʨʘʢʘ. 

¶ ɸʥʘʣʠʪʠʯʢʘ ʢʦʣʦʥʘ: ʉʨʮʝ HPLC ʩʠʩʪʝʤʘ, ʛʜʝ ʩʝ ʦʜʚʠʿʘ ʨʘʟʜʚʘʿʘˁʝ. ʊʦ ʿʝ ʮʝʚ ʦʜ 
ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ ʥʘʧʫˁʝʥʘ ʯʝʩʪʠʮʘʤʘ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ (ʥʧʨ. ʩʠʣʠʮʠʿʫʤ ʜʠʦʢʩʠʜʦʤ 

ʤʦʜʠʬʠʢʦʚʘʥʠʤ ʩʘ C18 ʘʣʢʠʣʥʠʤ ʣʘʥʮʠʤʘ). ɼʠʤʝʥʟʠʿʝ ʢʦʣʦʥʝ (ʜʫʞʠʥʘ, ʫʥʫʪʨʘʰˁʠ 

ʧʨʝʯʥʠʢ ʠ ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʩʘ ʢʦʿʠʤʘ ʿʝ ʢʦʣʦʥʘ ʥʘʧʫˁʝʥʘ) ʩʫ ʢˁʫʯʥʝ ʟʘ ʝʬʠʢʘʩʥʦʩʪ 

ʨʘʟʜʚʘʿʘˁʘ. 

¶ ɼʝʪʝʢʪʦʨ: ʉʤʝʰʪʝʥ ʥʘ ʢʨʘʿʫ ʢʦʣʦʥʝ, ʜʝʪʝʢʪʫʿʝ ʦʜʚʦʿʝʥʝ ʘʥʘʣʠʪʝ ʜʦʢ ʩʝ ʝʣʫʠʨʘʿʫ ʠʟ 

ʢʦʣʦʥʝ. ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʜʝʪʝʢʪʦʨʘ, ʢʦʿʠ ʩʝ ʙʠʨʘʿʫ ʥʘ ʦʩʥʦʚʫ ʩʚʦʿʩʪʘʚʘ 

ʘʥʘʣʠʪʘ. ʋʦʙʠʯʘʿʝʥʠ HPLC ʜʝʪʝʢʪʦʨʠ ʩʫ: 

o ʋɺ/ɺʀʉ ʜʝʪʝʢʪʦʨ: ʄʝʨʠ ʘʧʩʦʨʧʮʠʿʫ ʫʣʪʨʘˀʫʙʠʯʘʩʪʝ ʠʣʠ ʚʠʜˀʠʚʝ ʩʚʝʪʣʦʩʪʠ 

ʘʥʘʣʠʪʘ. ɼʠʦʜʥʠ ʜʝʪʝʢʪʦʨʠ ʥʠʟʘ (ʝʥʛ. diode array detector-DAD) ʩʫ ʚʨʩʪʘ 

ʋɺ/ɺʀʉ ʜʝʪʝʢʪʦʨʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʤʦʛʫ ʜʝʪʝʢʪʦʚʘʪʠ ʢʦʤʧʣʝʪʥʠ 

ʋɺ ʩʧʝʢʪʨʠ ʫ ʥʠʟʫ ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ ʩʘ ʨʘʟʤʘʢʦʤ ʦʜ ʧʦ 2 nm, ʧʨʫʞʘʿʫ˂ʠ ʚʨʝʜʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʤʘʢʩʠʤʫʤʘ ʘʧʩʦʨʧʮʠʿʝ ʠ ʧʨʦʮʝʥʫ ʯʠʩʪʦ˂ʝ 

ʧʠʢʦʚʘ. 

o ɼʝʪʝʢʪʦʨ ʠʥʜʝʢʩʘ ʧʨʝʣʘʤʘˁʘ: ʄʝʨʠ ʧʨʦʤʝʥʝ ʠʥʜʝʢʩʘ ʧʨʝʣʘʤʘˁʘ ʤʦʙʠʣʥʝ ʬʘʟʝ 

ʪʦʢʦʤ ʝʣʫʠʨʘˁʘ ʘʥʘʣʠʪʘ ʠʟ ʢʦʣʦʥʝ. ʊʦ ʿʝ ʫʥʠʚʝʨʟʘʣʥʠ ʜʝʪʝʢʪʦʨ, ʘʣʠ ʿʝ ʤʘˁʝ 

ʦʩʝʪˀʠʚ ʠ ʥʝ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʧʨʠʣʠʢʦʤ ʛʨʘʜʠʿʝʥʪʥʦʛ ʝʣʫʠʨʘˁʘ. 



5 
 

o ɼʝʪʝʢʪʦʨ ʬʣʫʦʨʝʩʮʝʥʮʠʿʝ: ɼʝʪʝʢʪʫʿʝ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʧʨʠʨʦʜʥʦ ʬʣʫʦʨʝʩʮʠʨʘʿʫ 
ʠʣʠ ʩʝ ʤʦʛʫ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʪʠ ʜʘ ʬʣʫʦʨʝʩʮʠʨʘʿʫ. ɺʠʩʦʢʦ ʿʝ ʦʩʝʪˀʠʚ ʠ 

ʩʝʣʝʢʪʠʚʘʥ. 

o ɼʝʪʝʢʪʦʨ ʤʘʩʝʥʝ ʩʧʝʢʪʨʦʤʝʪʨʠʿʝ: ʇʨʫʞʘ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʤʦʣʝʢʫʣʩʢʦʿ ʤʘʩʠ ʠ 

ʩʪʨʫʢʪʫʨʠ ʘʥʘʣʠʪʘ, ʥʫʜʝ˂ʠ ʚʠʩʦʢʫ ʦʩʝʪˀʠʚʦʩʪ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪ. ʊʝʯʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ-ʤʘʩʝʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʿʘ (ʊʍ-ʄʉ) ʿʝ ʤʦ˂ʥʘ ʪʝʭʥʠʢʘ ʢʦʿʘ ʩʝ 

ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʟʘ ʘʥʘʣʠʟʫ ʩʣʦʞʝʥʠʭ ʩʤʝʰʘ ʠ ʧʨʝʮʠʟʥʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ 

ʜʝʛʨʘʜʘʮʠʦʥʠʭ ʧʨʦʠʟʚʦʜʘ ɸʇʀ. 

¶ ʉʠʩʪʝʤ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʧʦʜʘʪʘʢʘ: ʈʘʯʫʥʘʨʩʢʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʦʧʨʝʤˀʝʥʘ 

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʤ ʩʦʬʪʚʝʨʦʤ (ʥʧʨ. Agilent ChemStation) ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʝ HPLC 

ʩʠʩʪʝʤ, ʧʨʠʢʫʧˀʘ ʧʦʜʘʪʢʝ ʩʘ ʜʝʪʝʢʪʦʨʘ, ʦʙʨʘʹʫʿʝ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʩʠʛʥʘʣʝ ʠ ʦʤʦʛʫ˂ʘʚʘ 

ʩʪʘʪʠʩʪʠʯʢʫ ʧʦʜʨʰʢʫ ʟʘ ʘʥʘʣʠʟʫ ʩʚʘʢʦʛ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʧʠʢʘ (ʧʨʦʨʘʯʫʥ ʬʘʢʪʦʨʘ 

ʩʠʤʝʪʨʠʿʝ, ʚʠʩʠʥʘ ʠ ʰʠʨʠʥʘ ʧʠʢʘ, ʧʦʚʨʰʠʥʘ ʧʠʢʘ ʟʥʘʯʘʿʥʘ ʟʘ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʠ 

ʜʨ.). 

 

1.3.3 ʄʦʙʠʣʥʘ ʠ ʩʪʘʮʠʦʥʘʨʥʘ ʬʘʟʘ ʫ RP-HPLC 

 

ʂʘʢʦ ʿʝ ʧʨʝʢʦ 80% ʣʝʢʦʚʘ ʥʘ ʪʨʞʠʰʪʫ ʥʝʧʦʣʘʨʥʦʛ ʢʘʨʘʢʪʝʨʘ, RP-HPLC ʿʝ ʥʘʿʯʝʰ˂ʝ 

ʧʨʠʤʝˁʠʚʘʥʘ ʤʝʪʦʜʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʣʝʢʦʚʘ ʠ ˁʠʭʦʚʫ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ (18).  

ʄʦʙʠʣʥʘ ʬʘʟʘ ʫ RP-HPLC ʿʝ ʪʠʧʠʯʥʦ ʩʤʝʰʘ ʚʦʜʝ (ʠʣʠ ʚʦʜʝʥʦʛ ʨʘʩʪʚʦʨʘ ʧʫʬʝʨʘ) ʠ ʦʨʛʘʥʩʢʦʛ 

ʨʘʩʪʚʘʨʘʯʘ ʢʦʿʠ ʩʝ ʤʝʰʘ ʩʘ ʚʦʜʦʤ, ʥʘʿʯʝʰ˂ʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠʣʠ ʤʝʪʘʥʦʣʘ. ɺʦʜʝʥʘ ʬʘʟʘ ʯʝʩʪʦ 

ʩʘʜʨʞʠ ʦʜʨʝʹʝʥʝ ʧʫʬʝʨʝ (ʥʧʨ. ʬʦʩʬʘʪʥʠ ʠʣʠ ʘʮʝʪʘʪʥʠ) ʟʘ ʦʜʨʞʘʚʘˁʝ pH ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʞʝˀʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʰʪʦ ʿʝ ʢˀʫʯʥʦ ʟʘ ʢʦʥʪʨʦʣʫ ʩʪʘˁʘ ʿʦʥʠʟʘʮʠʿʝ ʿʦʥʠʟʘʙʠʣʥʠʭ ʘʥʘʣʠʪʘ ʠ 

ʩʘʤʠʤ ʪʠʤ ˁʠʭʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʜʨʞʘʚʘˁʘ. ʄʦʜʠʬʠʢʘʪʦʨʠ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʧʦʧʫʪ 

ʨʝʘʛʝʥʩʘ ʟʘ ʿʦʥʩʢʦ ʫʧʘʨʠʚʘˁʝ, ʪʘʢʦʹʝ ʩʝ ʤʦʛʫ ʜʦʜʘʪʠ ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʦ ʨʘʟʜʚʘʿʘˁʝ 

ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʿʝʜʠˁʝˁʘ. ʆʜʥʦʩ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ ʠ ʚʦʜʝʥʝ ʬʘʟʝ ʿʝ ʢˀʫʯʥʠ ʧʘʨʘʤʝʪʘʨ 

ʢʦʿʠ ʜʠʢʪʠʨʘ ʿʘʯʠʥʫ ʤʦʙʠʣʥʝ ʬʘʟʝ. ʇʦʚʝ˂ʘˁʝ ʩʘʜʨʞʘʿʘ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ (ʥʧʨ. 

ʘʮʝʪʦʥʠʪʨʠʣʘ) ʛʝʥʝʨʘʣʥʦ ʩʤʘˁʫʿʝ ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʘʥʘʣʠʪʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʿ ʬʘʟʠ ï ʤʦʙʠʣʥʦ ʿ

ʬʘʟʠ ʩʝ ʧʦʚʝ˂ʘʚʘ ʘʬʠʥʠʪʝʪ ʟʘ ʧʨʝʫʟʠʤʘˁʝ ʠʩʧʠʪʠʚʘʥʠʭ ʿʝʜʠˁʝˁʘ ʩʘ ʧʦʚʨʰʠʥʝ ʩʪʘʮʠʦʥʘʨʥʝ 

ʬʘʟʝ, ʯʠʥʠ ʿʝ ʤʘˁʝ ʧʦʣʘʨʥʦʤ, ʩʘ ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ  ˁʝʥʘ ʿʘʯʠʥʘ ʝʣʫʠʨʘˁʘ. ɻʨʘʜʠʿʝʥʪʥo 

ʝʣʫʠʨʘˁʝ, ʛʜʝ ʩʝ ʩʘʩʪʘʚ ʤʦʙʠʣʥʝ ʬʘʟʝ ʤʝˁʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, ʧʦ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʦʿ ʰʝʤʠ, ʯʝʩʪʦ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʩʣʦʞʝʥʠʭ ʩʤʝʰʘ ʩʘ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʣʘʨʥʦʩʪʠ (19). 

ʉʪʘʮʠʦʥʘʨʥʘ ʬʘʟʘ ʫ RP-HPLC ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʥʝʧʦʣʘʨʥʠʭ ʣʠʛʘʥʜʘ ʭʝʤʠʿʩʢʠ ʚʝʟʘʥʠʭ ʟʘ ʥʦʩʘʯ ʢʘʦ 

ʰʪʦ ʿʝ ʧʦʨʦʟʥʠ ʩʠʣʠʮʠʿʫʤ-ʜʠʦʢʩʠʜ. ʅʘʿʯʝʰ˂ʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ ʩʫ ʩʘ C18 

(ʦʢʪʘʜʝʮʠʣʩʠʣʘʥ) ʠ C8 (ʦʢʪʠʣʩʠʣʘʥ) ʣʘʥʮʠʤʘ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʩʪʝʧʝʥ ʥʝʧʦʣʘʨʥʦʩʪʠ 

ʢʦʿʘ ʩʝ ʞʝʣʠ ʧʦʩʪʠ˂ʠ ʥʘ ˁʝʥʦʿ ʧʦʚʨʰʠʥʠ. ʆʚʠ ʥʝʧʦʣʘʨʥʠ ʣʘʥʮʠ ʧʨʫʞʘʿʫ ʭʠʜʨʦʬʦʙʥʫ 

ʧʦʚʨʰʠʥʫ ʢʦʿʘ ʠʥʪʝʨʘʛʫʿʝ ʩʘ ʘʥʘʣʠʪʠʤʘ. ʏʝʩʪʠʮʝ ʩʠʣʠʮʠʿʫʤ-ʜʠʦʢʩʠʜʘ ʩʫ ʪʠʧʠʯʥʦ ʩʬʝʨʥʝ ʠ 

ʧʦʨʦʟʥʝ, ʩʘ ʢʦʥʪʨʦʣʠʩʘʥʦʤ ʚʝʣʠʯʠʥʦʤ ʧʦʨʘ ʠ ʧʦʚʨʰʠʥʦʤ ʢʘʢʦ ʙʠ ʩʝ ʤʘʢʩʠʤʠʟʦʚʘʣʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʿʝʜʠˁʝˁʠʤʘ. ɺʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ (ʥʧʨ. 5 ɛm, 3,5 ɛm, 1,8 ɛm) 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʣʦʥʝ ʠ ʧʦʚʨʘʪʥʠ ʧʨʠʪʠʩʘʢ; ʤʘˁʝ ʯʝʩʪʠʮʝ ʜʦʚʦʜʝ ʜʦ ʚʝ˂ʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʙʦˀʝ ʨʝʟʦʣʫʮʠʿʝ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʠʢʦʚʘ, ʘʣʠ ʟʘʭʪʝʚʘʿʫ ʚʝ˂ʝ ʨʘʜʥʝ ʧʨʠʪʠʩʢʝ. 

ʀʟʙʦʨ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ ʟʘʚʠʩʠ ʦʜ ʭʠʜʨʦʬʦʙʥʦʩʪʠ (ʧʘʨʪʠʮʠʦʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ, log P) ʠ 

ʭʝʤʠʿʩʢʝ ʧʨʠʨʦʜʝ ʘʥʘʣʠʪʘ ʢʦʿʠ ʩʝ ʨʘʟʜʚʘʿʘʿʫ (20). 

ʀʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʤʦʙʠʣʥʝ ʬʘʟʝ ʠ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ ʿʝ ʬʫʥʜʘʤʝʥʪʘʣʥʘ ʟʘ ʤʝʭʘʥʠʟʘʤ 

ʨʘʟʜʚʘʿʘˁʘ ʫ RP-HPLC. ɸʥʘʣʠʪʠ ʩʝ ʜʝʣʝ ʠʟʤʝʹʫ ʭʠʜʨʦʬʦʙʥʝ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ ʠ ʨʝʣʘʪʠʚʥʦ 

ʧʦʣʘʨʥʝ ʤʦʙʠʣʥʝ ʬʘʟʝ. ʍʠʜʨʦʬʦʙʥʠʿʠ ʘʥʘʣʠʪʠ ˂ʝ ʧʨʦʚʦʜʠʪʠ ʚʠʰʝ ʚʨʝʤʝʥʘ ʫ ʠʥʪʝʨʘʢʮʠʿʠ ʩʘ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʬʘʟʦʤ, ʰʪʦ ˂ʝ ʜʦʚʝʩʪʠ ʜʦ ʜʫʞʝʛ ʚʨʝʤʝʥʘ ʟʘʜʨʞʘʚʘˁʘ, ʜʦʢ ˂ʝ ʧʦʣʘʨʥʠʿʠ ʘʥʘʣʠʪʠ 

ʙʠʪʠ ʨʘʩʪʚʦʨˀʠʚʠʿʠ ʫ ʤʦʙʠʣʥʦʿ ʬʘʟʠ ʠ ʙʨʞʝ ʝʣʫʠʨʘʪʠ ï ʠʤʘʿʫ ʢʨʘ˂ʝ ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʥʘ 
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ʩʪʘʮʠʦʥʘʨʥʦʿ ʬʘʟʠ. ʇʘʞˀʠʚʠʤ ʢʦʥʪʨʦʣʠʩʘˁʝʤ ʩʘʩʪʘʚʘ ʤʦʙʠʣʥʝ ʬʘʟʝ (ʥʧʨ. ʧʨʦʮʝʥʪʘ ʦʨʛʘʥʩʢʦʛ 

ʨʘʩʪʚʘʨʘʯʘ, pH ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʫʬʝʨʘ) ʠ ʦʜʘʙʠʨʦʤ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ, ʤʦʛʫ ʩʝ ʧʦʩʪʠ˂ʠ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʘ ʠ ʩʝʣʝʢʪʠʚʥʘ ʨʘʟʜʚʘʿʘˁʘ ʟʘ 

ʰʠʨʦʢ ʩʧʝʢʪʘʨ ɸʇʀ (15). 

 

1.4 ʌʘʨʤʘʮʝʫʪʩʢʠ ʢʚʘʣʠʪʝʪ ʧʦ ʜʠʟʘʿʥʫ (QbD): ʇʨʦʤʝʥʘ ʧʘʨʘʜʠʛʤʝ ʫ ʨʘʟʚʦʿʫ ʣʝʢʦʚʘ 
 

1.4.1 ɽʚʦʣʫʮʠʿʘ ʢʦʥʪʨʦʣʝ ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʢʚʘʣʠʪʝʪʘ: ʦʜ ʢʚʘʣʠʪʝʪʘ ʪʝʩʪʠʨʘˁʝʤ ʜʦ 

ʢʚʘʣʠʪʝʪʘ ʜʠʟʘʿʥʦʤ 
 

ʌʘʨʤʘʮʝʫʪʩʢʘ ʠʥʜʫʩʪʨʠʿʘ ʩʝ ʠʩʪʦʨʠʿʩʢʠ ʦʩʣʘˁʘʣʘ ʥʘ ʧʨʠʩʪʫʧ Ăʂʚʘʣʠʪʝʪ ʪʝʩʪʠʨʘˁʝʤñ (QbT), 

ʛʜʝ ʿʝ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ ʧʨʚʝʥʩʪʚʝʥʦ ʦʩʠʛʫʨʘʚʘʥ ʢʨʦʟ ʦʧʩʝʞʥʦ ʪʝʩʪʠʨʘˁʝ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ. 

ʆʚʘ ʪʨʘʜʠʮʠʦʥʘʣʥʘ ʧʘʨʘʜʠʛʤʘ ʿʝ ʫʢˀʫʯʠʚʘʣʘ ʪʝʩʪʠʨʘˁʝ ʫʟʦʨʘʢʘ ʠʟ ʩʚʘʢʝ ʩʝʨʠʿʝ ʢʘʢʦ ʙʠ ʩʝ 

ʦʩʠʛʫʨʘʣʦ ʜʘ ʠʩʧʫˁʘʚʘʿʫ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ. ʀʘʢʦ ʥʘʠʟʛʣʝʜ ʿʝʜʥʦʩʪʘʚʘʥ, ʦʚʘʿ 

ʧʨʠʩʪʫʧ ʿʝ ʠʤʘʦ ʠʥʭʝʨʝʥʪʥʘ ʦʛʨʘʥʠʯʝˁʘ. ɹʠʦ ʿʝ ʨʝʘʢʪʠʚʘʥ, ʘ ʥʝ ʧʨʦʘʢʪʠʚʘʥ. ʏʝʩʪʦ ʿʝ 

ʠʜʝʥʪʠʬʠʢʦʚʘʦ ʧʨʦʙʣʝʤʝ ʩʘ ʢʚʘʣʠʪʝʪʦʤ ʪʝʢ ʥʘʢʦʥ ʰʪʦ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʟʘʚʨʰʝʥʘ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ 

ʜʦ ʩʢʫʧʠʭ ʦʜʙʠʿʘˁʘ ʩʝʨʠʿʘ, ʧʨʝʧʨʘʚʢʠ ʠ ʢʘʰˁʝˁʘ. ʐʪʘʚʠʰʝ, QbT ʿʝ ʧʨʫʞʠʦ ʦʛʨʘʥʠʯʝʥʦ 

ʨʘʟʫʤʝʚʘˁʝ ʩʘʤʦʛ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ, ʰʪʦ ʿʝ ʦʪʝʞʘʣʦ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʩʥʦʚʥʠʭ ʫʟʨʦʢʘ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠʣʠ ʩʧʨʦʚʦʹʝˁʝ ʢʦʥʪʠʥʫʠʨʘʥʠʭ ʧʦʙʦˀʰʘˁʘ (21). ʌʦʢʫʩ ʿʝ ʙʠʦ ʥʘ ʦʪʢʨʠʚʘˁʫ 

ʜʝʬʝʢʘʪʘ, ʘ ʥʝ ʥʘ ˁʠʭʦʚʦʤ ʩʧʨʝʯʘʚʘˁʫ. 

ʇʨʝʧʦʟʥʘʿʫ˂ʠ ʦʚʘ ʦʛʨʘʥʠʯʝˁʘ, ʨʝʛʫʣʘʪʦʨʥʘ ʪʝʣʘ ʰʠʨʦʤ ʩʚʝʪʘ, ʧʦʩʝʙʥʦ ʄʝʹʫʥʘʨʦʜʥʠ ʩʘʚʝʪ ʟʘ 

ʭʘʨʤʦʥʠʟʘʮʠʿʫ ʪʝʭʥʠʯʢʠʭ ʟʘʭʪʝʚʘ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʣʝʢʦʚʘ ʟʘ ʭʫʤʘʥʫ ʫʧʦʪʨʝʙʫ (ʝʥʛ. 
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Use - ICH), ʧʦʢʨʝʥʫʣʘ ʩʫ ʧʨʦʤʝʥʫ ʧʘʨʘʜʠʛʤʝ ʢʘ ʧʨʦʘʢʪʠʚʥʠʿʝʤ, ʥʘʫʯʥʦ ʠ ʨʠʟʠʯʥʦ ʟʘʩʥʦʚʘʥʦʤ 

ʧʨʠʩʪʫʧʫ ʬʘʨʤʘʮʝʫʪʩʢʦʤ ʨʘʟʚʦʿʫ: ʂʚʘʣʠʪʝʪ ʧʦ ʜʠʟʘʿʥʫ (QbD). QbD ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ 

ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʠʩʪʫʧ ʨʘʟʚʦʿʫ ʢʦʿʠ ʧʦʯʠˁʝ ʩʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʤ ʮʠˀʝʚʠʤʘ ʠ ʥʘʛʣʘʰʘʚʘ 

ʨʘʟʫʤʝʚʘˁʝ ʧʨʦʠʟʚʦʜʘ ʠ ʧʨʦʮʝʩʘ, ʢʘʦ  ʠ ʢʦʥʪʨʦʣʫ ʧʨʦʮʝʩʘ, ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʦʫʟʜʘʥʦʿ ʥʘʫʮʠ ʠ 

ʫʧʨʘʚˀʘˁʫ ʨʠʟʠʮʠʤʘ ʢʚʘʣʠʪʝʪʘ (22). ʆʚʘ ʧʨʦʤʝʥʘ ʿʝ ʩʘʜʨʞʘʥʘ ʫ ʩʤʝʨʥʠʮʘʤʘ ICH Q8 (R2) 

ʌʘʨʤʘʮʝʫʪʩʢʠ ʨʘʟʚʦʿ, ICH Q9 ʋʧʨʘʚˀʘˁʝ ʨʠʟʠʮʠʤʘ ʢʚʘʣʠʪʝʪʘ ʠ ICH Q10 ʉʠʩʪʝʤ 

ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʢʚʘʣʠʪʝʪʘ, ʢʦʿʝ ʩʝ ʟʘʿʝʜʥʦ ʟʘʣʘʞʫ ʟʘ ʩʚʝʦʙʫʭʚʘʪʥʠ ʩʠʩʪʝʤ ʫʧʨʘʚˀʘˁʘ 

ʢʚʘʣʠʪʝʪʦʤ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʧʨʦʠʟʚʦʜʘ (23ï25). ʆʩʥʦʚʥʘ ʥʘʯʝʣʘ QbD-ʘ ʿʝ ʜʘ ʩʝ 

ʢʚʘʣʠʪʝʪ ʥʝ ʤʦʞʝ ʪʝʩʪʠʨʘʪʠ ʫ ʧʨʦʠʟʚʦʜʠʤʘ; ʦʥ ʤʦʨʘ ʙʠʪʠ ʫʛʨʘʹʝʥ ʚʝ˂ ʫ ʜʠʟʘʿʥʫ. 

 

1.4.2 ʂˀʫʯʥʠ ʝʣʝʤʝʥʪʠ QbD-ʘ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʤ ʨʘʟʚʦʿʫ 

 

ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ QbD-ʘ ʦʙʫʭʚʘʪʘ ʥʝʢʦʣʠʢʦ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʚʦʜʝ ʧʨʦʮʝʩ 

ʨʘʟʚʦʿʘ ʦʜ ʠʜʝʿʝ ʜʦ ʢʦʤʝʨʮʠʿʘʣʠʟʘʮʠʿʝ: 

ʇʨʦʬʠʣ ʮʠˀʘʥʦʛ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ (ʝʥʛ. Quality Target Product Profile - QTPP) 

ʧʨʝʜʩʪʘʚˀʘ ʧʦʯʝʪʥʫ ʪʘʯʢʫ ʩʚʘʢʝ QbD ʠʥʠʮʠʿʘʪʠʚʝ. QTPP ʿʝ ʧʨʦʩʧʝʢʪʠʚʥʠ ʨʝʟʠʤʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʚʘʣʠʪʝʪʘ ʣʝʢʘ ʢʦʿʝ ˂ʝ ʠʜʝʘʣʥʦ ʙʠʪʠ ʧʦʩʪʠʛʥʫʪʝ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʦ ʞʝˀʝʥʠ 

ʢʚʘʣʠʪʝʪ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʙʝʟʙʝʜʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ (26). ʆʥ ʜʝʬʠʥʠʰʝ ʞʝˀʝʥʝ ʧʝʨʬʦʨʤʘʥʩʝ 

ʣʝʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ ˁʝʛʦʚʝ ʢʨʠʪʠʯʥʝ ʘʪʨʠʙʫʪʝ ʢʚʘʣʠʪʝʪʘ (ʝʥʛ. Critical Quality Attribute - CQA), 

ʦʙʣʠʢ ʜʦʟʠʨʘˁʘ, ʿʘʯʠʥʫ, ʥʘʯʠʥ ʧʨʠʤʝʥʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʪʘʙʠʣʥʦʩʪʠ. QTPP ʩʣʫʞʠ ʢʘʦ ʚʦʜʠʯ, 

ʦʩʠʛʫʨʘʚʘʿʫ˂ʠ ʜʘ ʩʫ ʩʚʝ ʨʘʟʚʦʿʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫʩʢʣʘʹʝʥʝ ʩʘ ʢʨʘʿˁʠʤ ʮʠˀʝʤ ʧʨʦʠʟʚʦʜˁʝ 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʦʛ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʟʘʜʦʚʦˀʘʚʘ ʧʦʪʨʝʙʝ ʧʘʮʠʿʝʥʘʪʘ. 
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ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʢʚʘʣʠʪʝʪʘ (CQA) ʧʨʝʜʩʪʘʚˀʘʿʫ ʬʠʟʠʯʢʘ, ʭʝʤʠʿʩʢʘ, ʙʠʦʣʦʰʢʘ ʠʣʠ 

ʤʠʢʨʦʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʫʥʫʪʘʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʛʨʘʥʠʮʝ, ʦʧʩʝʛʘ ʠʣʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ 

ʦʩʠʛʫʨʘʦ ʞʝˀʝʥʠ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ (27). CQA ʩʝ ʠʟʚʦʜʝ ʠʟ QTPP ʠ ʦʙʠʯʥʦ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ 

ʣʝʢʦʚʠʪʦʤ ʩʫʧʩʪʘʥʮʦʤ, ʧʦʤʦ˂ʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, ʤʝʹʫʧʨʦʠʟʚʦʜʠʤʘ ʠ ʣʝʢʦʤ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 

CQA ʿʝ ʢˀʫʯʥʘ, ʿ ʝʨ ʫʩʤʝʨʘʚʘ ʬʦʢʫʩ ʨʘʟʚʦʿʥʠʭ ʥʘʧʦʨʘ ʢʘ ʨʘʟʫʤʝʚʘˁʫ ʠ ʢʦʥʪʨʦʣʠ ʦʥʠʭ ʘʩʧʝʢʘʪʘ 

ʢʦʿʠ ʩʫ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʟʘ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ. 

ʋʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ ʢʚʘʣʠʪʝʪʘ (ICH Q9) ʧʨʝʜʩʪʘʚˀʘ ʩʘʩʪʘʚʥʠ ʜʝʦ QbD-ʘ. ʆʥʦ ʦʙʫʭʚʘʪʘ 

ʩʠʩʪʝʤʘʪʩʢʝ ʧʨʦʮʝʩʝ ʟʘ ʧʨʦʮʝʥʫ, ʢʦʥʪʨʦʣʫ, ʢʦʤʫʥʠʢʘʮʠʿʫ ʠ ʧʨʝʛʣʝʜ ʨʠʟʠʢʘ ʧʦ ʢʚʘʣʠʪʝʪ ʣʝʢʘ 

ʪʦʢʦʤ ˁʝʛʦʚʦʛ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ (23). ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʧʦʤʘʞʝ ʫ ʠʜʝʥʪʠʬʠʢʦʚʘˁʫ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʠʟʚʦʨʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ CQA. ɸʣʘʪʠ ʢʘʦ ʰʪʦ ʩʫ ɸʥʘʣʠʟʘ 

ʥʘʯʠʥʘ ʦʪʢʘʟʘ ʠ ʝʬʝʢʘʪʘ (FMEA) ʠʣʠ ɸʥʘʣʠʟʘ ʦʧʘʩʥʦʩʪʠ ʠ ʢʨʠʪʠʯʥʠʭ ʢʦʥʪʨʦʣʥʠʭ ʪʘʯʘʢʘ 

(HACCP) ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʠ ʦʜʨʝʹʠʚʘˁʝ ʧʨʠʦʨʠʪʝʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ 

ʨʘʜʘ, ʦʩʠʛʫʨʘʚʘʿʫ˂ʠ ʜʘ ʩʝ ʨʝʩʫʨʩʠ ʝʬʠʢʘʩʥʦ ʨʘʩʧʦʨʝʹʫʿʫ ʟʘ ʨʝʰʘʚʘˁʝ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʨʠʟʠʢʘ. 

ʇʨʦʩʪʦʨ ʜʠʟʘʿʥʘ (ʝʥʛ. Design Space ï DS) ʿʝ ʜʝʬʠʥʠʩʘʥ ʢʘʦ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʘ ʢʦʤʙʠʥʘʮʠʿʘ 

ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʫʣʘʟʥʠʭ ʚʘʨʠʿʘʙʣʠ (ʥʧʨ. ʘʪʨʠʙʫʪʠ ʤʘʪʝʨʠʿʘʣʘ) ʠ ʧʘʨʘʤʝʪʘʨʘ ʧʨʦʮʝʩʘ ʟʘ ʢʦʿʝ ʿʝ 

ʜʦʢʘʟʘʥʦ ʜʘ ʧʨʫʞʘʿʫ ʛʘʨʘʥʮʠʿʫ ʢʚʘʣʠʪʝʪʘ (24). ʆʥ ʧʨʝʜʩʪʘʚˀʘ ʨʦʙʫʩʥʠ ʨʝʛʠʦʥ ï ʨʝʛʠʦʥ (3ɼ 

ʧʨʦʩʪʦʨ) ʫ ʢʦʿʝʤ ʿʝ ʜʠʬʠʥʠʩʘʥ ʨʘʩʧʦʥ ʜʦʟʚʦˀʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʟʥʘʯʘʿʥʠʭ ʚʘʨʠʿʘʙʣʠ 

(ʢʨʠʪʠʯʥʠʭ ʬʘʢʪʦʨʘ) ʢʦʿʝ ˂ʝ ʛʘʨʘʥʪʦʚʘʪʠ ʜʦʙʠʿʘˁʝ ʪʘʯʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʧʨʘ˂ʝʝˁ ʦʜʛʦʚʦʨʘ 

ʩʠʩʪʝʤʘ. ʈʘʜ ʫ ʦʢʚʠʨʫ ʧʨʦʩʪʦʨʘ ʜʠʟʘʿʥʘ ʩʝ ʥʝ ʩʤʘʪʨʘ ʧʨʦʤʝʥʦʤ ʠ ʥʝ ʟʘʭʪʝʚʘ ʧʦʜʥʦʰʝˁʝ ʟʘʭʪʝʚʘ 

ʟʘ ʠʟʤʝʥʝ ʥʘʢʦʥ ʦʜʦʙʨʝˁʘ ʦʜ ʩʪʨʘʥʝ ʨʝʛʫʣʘʪʦʨʥʠʭ ʦʨʛʘʥʘ. ʇʨʦʩʪʦʨ ʜʠʟʘʿʥʘ ʩʝ ʦʙʠʯʥʦ 

ʫʩʧʦʩʪʘʚˀʘ ʢʨʦʟ ʩʚʝʦʙʫʭʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʧʨʦʮʝʩʘ, ʯʝʩʪʦ ʩʪʝʯʝʥʦ ʢʨʦʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʜʠʟʘʿʥ (ʝʥʛ. Design of Experiments - DoE) ʠ ʪʝʭʥʦʣʦʛʠʿʫ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʘ (ʝʥʛ. Process Analytical 

Technology - PAT). ʆʥ ʧʨʫʞʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʧʨʦʠʟʚʦʹʘʯʠʤʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʠʤ ʜʘ ʚʨʰʝ 

ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʫ ʦʢʚʠʨʫ ʜʝʬʠʥʠʩʘʥʦʛ ʧʨʦʩʪʦʨʘ ʙʝʟ ʧʨʝʪʭʦʜʥʦʛ ʦʜʦʙʨʝˁʘ ʨʝʛʫʣʘʪʦʨʥʠʭ 

ʦʨʛʘʥʘ, ʩʚʝ ʜʦʢ ʩʝ ʦʜʨʞʘʚʘ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ. 

ʉʪʨʘʪʝʛʠʿʘ ʢʦʥʪʨʦʣʝ (ʝʥʛ. Control strategy) ʿ ʝ ʧʣʘʥʠʨʘʥʠ ʩʢʫʧ ʢʦʥʪʨʦʣʘ, ʠʟʚʝʜʝʥ ʠʟ ʪʨʝʥʫʪʥʦʛ 

ʨʘʟʫʤʝʚʘˁʘ ʧʨʦʠʟʚʦʜʘ ʠ ʧʨʦʮʝʩʘ, ʢʦʿʠ ʦʩʠʛʫʨʘʚʘ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʦʮʝʩʘ ʠ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ 

(23). ʋʢˀʫʯʫʿʝ ʢʦʥʪʨʦʣʝ ʧʦʣʘʟʥʠʭ ʩʠʨʦʚʠʥʘ, ʤʘʪʝʨʠʿʘʣʘ ʫ ʪʦʢʫ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ ʠ 

ʬʠʥʘʣʥʦʛ ʣʝʢʘ, ʢʘʦ ʠ ʢʦʥʪʨʦʣʫ ʠ ʧʨʘ˂ʝˁʝ ʢʦʤʧʣʝʪʥʦʛ ʧʨʦʮʝʩʘ. ʉʪʨʘʪʝʛʠʿʘ ʢʦʥʪʨʦʣʝ ʦʩʠʛʫʨʘʚʘ 

ʜʘ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ ʜʦʩʣʝʜʥʦ ʬʫʥʢʮʠʦʥʠʰʝ ʫ ʦʢʚʠʨʫ ʧʨʦʩʪʦʨʘ ʜʠʟʘʿʥʘ ʠ ʜʘ ʩʝ ʢʨʠʪʠʯʢʠ 

ʘʪʨʠʙʫʪʠ ʢʚʘʣʠʪʝʪʘ ʜʦʩʣʝʜʥʦ ʠʩʧʫˁʘʚʘʿʫ. ʊʦ ʿʝ ʜʠʥʘʤʠʯʘʥ ʜʦʢʫʤʝʥʪ ʢʦʿʠ ʩʝ ʨʘʟʚʠʿʘ ʩʘ 

ʧʦʚʝ˂ʘʥʠʤ ʨʘʟʫʤʝʚʘˁʝʤ ʧʨʦʠʟʚʦʜʘ ʠ ʧʨʦʮʝʩʘ. 

QbD ʥʝʛʫʿʝ ʢʫʣʪʫʨʫ ʩʪʘʣʥʦʛ ʫʥʘʧʨʝʹʝˁʘ ʪʦʢʦʤ ʮʝʣʦʛ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʧʨʦʠʟʚʦʜʘ. ʊʦ 

ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʦʮʝʩʘ ʠ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ, 

ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʨʦʤʝʥʘ ʥʘ ʦʩʥʦʚʫ ʥʦʚʠʭ 

ʟʥʘˁʘ ʠ ʨʘʟʫʤʝʚʘˁʘ. ʆʚʘʿ ʠʥʪʝʨʘʢʪʠʚʥʠ ʧʨʠʩʪʫʧ ʦʩʠʛʫʨʘʚʘ ʜʘ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ ʦʩʪʘʥʝ 

ʨʦʙʫʩʪʘʥ ʠ ʩʧʦʩʦʙʘʥ ʜʘ ʢʦʥʩʪʘʥʪʥʦ ʠʩʧʦʨʫʯʫʿʝ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʝ ʧʨʦʠʟʚʦʜʝ. 

 

1.4.3 ɸʥʘʣʠʪʠʯʢʠ ʢʚʘʣʠʪʝʪ ʧʦ ʜʠʟʘʿʥʫ (AQbD): ʆʙʝʟʙʝʹʠʚʘˁʝ ʨʦʙʫʩʥʠʭ ʠ ʧʦʫʟʜʘʥʠʭ 
ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ 

 

ɹʘʰ ʢʘʦ ʰʪʦ ʿʝ QbD ʜʦʥʝʦ ʧʨʝʢʨʝʪʥʠʮʫ ʫ ʨʘʟʚʦʿ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʧʨʦʠʟʚʦʜʘ, ˁʝʛʦʚʠ ʧʨʠʥʮʠʧʠ 

ʩʫ ʧʨʦʰʠʨʝʥʠ ʥʘ ʨʘʟʚʦʿ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʢʦʥʮʝʧʪʘ AQbD. AQbD ʿʝ 

ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʠʩʪʫʧ ʨʘʟʚʦʿʫ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʢʦʿʠ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʫʛʨʘʜʠ ʢʚʘʣʠʪʝʪ ʫ ʤʝʪʦʜʫ 

ʦʜ ʩʘʤʦʛ ʧʦʯʝʪʢʘ ˁʝʥʦʛ ʨʘʟʚʦʿʘ ʢʨʦʟ ʧʨʦʮʝʩ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ, ʫʤʝʩʪʦ ʜʘ ʩʝ ʦʩʣʘˁʘ 

ʠʩʢˀʫʯʠʚʦ ʥʘ ʟʘʚʨʰʥʫ ʧʨʦʚʝʨʫ ʠ ʪʝʩʪʠʨʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʝ (27). 

ʎʠˀ AQbD-ʘ ʿʝ ʨʘʟʚʦʿ ʨʦʙʫʩʥʠʭ, ʧʦʫʟʜʘʥʠʭ ʠ ʥʘʤʝʥʩʢʠ ʧʨʠʢʣʘʜʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʢʦʿʝ 

ʜʦʩʣʝʜʥʦ ʧʨʫʞʘʿʫ ʪʘʯʥʝ, ʧʨʝʮʠʟʥʝ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʝ ʨʝʟʫʣʪʘʪʝ ʪʦʢʦʤ ʧʨʠʤʝʥʝ. 
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ʇʨʠʤʝʥʘ QbD ʧʨʠʥʮʠʧʘ ʥʘ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʧʦʜʨʘʟʫʤʝʚʘ ʜʝʬʠʥʠʩʘˁʝ ɸʥʘʣʠʪʠʯʢʦʛ ʮʠˀʥʦʛ 

ʧʨʦʬʠʣʘ (ʝʥʛ. Analytical Target Profile - ATP), ʢʦʿʠ ʿʝ ʘʥʘʣʦʛʘʥ QTPP-ʫ ʟʘ ʣʝʢʦʚʝ. ATP 

ʜʝʬʠʥʠʰʝ ʞʝˀʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʝʨʬʦʨʤʘʥʩʠ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ, ʢʘʦ ʰʪʦ ʩʫ: 

ʩʧʝʮʠʬʠʯʥʦʩʪ, ʣʠʥʝʘʨʥʦʩʪ, ʪʘʯʥʦʩʪ, ʧʨʝʮʠʟʥʦʩʪ ʠ ʦʩʝʪʠˀʚʦʩʪ (ʛʨʘʥʠʮʘ ʜʝʪʝʢʮʠʿʝ ʠ ʛʨʘʥʠʮʘ 

ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ). ɿʘʪʠʤ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ (ʧʘʨʘʤʝʪʨʠ) ʤʝʪʦʜʝ (ʝʥʛ. Critical 

Method Attributes - CMA), ʢʦʿʠ ʩʫ ʧʘʨʘʤʝʪʨʠ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ (ʢʨʠʪʠʯʥʠ ʬʘʢʪʦʨʠ) ʢʦʿʠ ʤʦʛʫ 

ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ˁʝʥʝ ʧʝʨʬʦʨʤʘʥʩʝ (ʦʜʛʦʚʦʨʝ ʩʠʩʪʝʤʘ). ʋ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʿ ʤʝʪʦʜʠ ʪʦ 

ʤʦʞʝ ʫʢˀʫʯʠʚʘʪʠ ʩʘʩʪʘʚ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʚʨʩʪʫ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʣʦʥʝ, ʙʨʟʠʥʫ 

ʧʨʦʪʦʢʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʠʩʧʠʪʠʚʘʥʦʛ ʫʟʦʨʢʘ ʠ ʚʦʣʫʤʝʥ ʠʥʝʿʢʪʦʚʘˁʘ, ʠʣʠ 

ʧʦʜʝʰʘʚʘˁʘ ʜʝʪʝʢʪʦʨʘ (ʥʧʨ. ʧʦʜʝʰʘʚʘˁʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʟʘ ʜʝʪʝʢʮʠʿʫ, ʠʣʠ ʦʜʘʙʠʨ ʚʠʰʝ 

ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ ʟʘ ʘʥʘʣʠʟʫ). 

DoE ʠʛʨʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ AQbD. ʋʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʧʨʠʩʪʫʧʘ Ăʆne factor at the timeñ  

(ʠʩʧʠʪʠʚʘˁʝ ʿʝʜʥʦʛ ʧʦ ʿʝʜʥʦʛ ʬʘʢʪʦʨʘ), DoE ʦʤʦʛʫ˂ʘʚʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʚʠʰʝ 

ʬʘʢʪʦʨʘ ʠ ˁʠʭʦʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ (ʥʧʨ. ʜʚʦʬʘʢʪʦʨʩʢʝ ʠʥʪʝʨʘʢʮʠʿʝ), ʧʨʫʞʘʿʫ˂ʠ ʩʚʝʦʙʫʭʚʘʪʥʦ 

ʨʘʟʫʤʝʚʘˁʝ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʝʪʦʜʝ ʠ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʤʝʪʦʜʝ (28). 

ʉʠʩʪʝʤʘʪʩʢʠʤ ʚʘʨʠʨʘˁʝʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ, DoE ʧʦʤʘʞʝ ʫ ʠʜʝʥʪʠʬʠʢʦʚʘˁʫ 

ʦʧʪʠʤʘʣʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʦʧʩʝʛʘ ʟʘ ʩʚʘʢʠ ʧʘʨʘʤʝʪʘʨ ʠ ʫʩʧʦʩʪʘʚˀʘˁʫ DS ʤʝʪʦʜʝ, ʫ ʦʢʚʠʨʫ ʢʦʿʝʛ 

ʤʝʪʦʜʘ ʦʩʪʘʿʝ ʨʦʙʫʩʥʘ ʠ ʧʦʫʟʜʘʥʘ. ʆʚʦ ʩʠʩʪʝʤʘʪʩʢʦ ʠʩʪʨʘʞʠʚʘˁʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ ʙʨʦʿ 

ʧʦʪʨʝʙʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʜʦ ʧʨʦʥʘʣʘʞʝˁʘ DS-ʘ, ʰʪʝʜʠ ʚʨʝʤʝ ʠ ʨʝʩʫʨʩʝ ʠ ʤʠʥʠʤʠʟʠʨʘ 

ʩʪʚʘʨʘˁʝ ʦʪʧʘʜʘ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʟʝʣʝʥʝ ʭʝʤʠʿʝ. 

ʇʨʝʜʥʦʩʪʠ AQbD ʩʫ ʚʠʰʝʩʪʨʫʢʝ. ɼʦʚʦʜʠ ʜʦ ʨʘʟʚʦʿʘ ʨʦʙʫʩʥʠʿʠʭ, ʧʦʫʟʜʘʥʠʿʠʭ ʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ, a oʚʘʢʚʝ ʤʝʪʦʜʝ ʦʙʝʟʙʝʹʫʿʫ ʩʠʛʫʨʘʥ ʢʚʘʣʠʪʝʪ ʧʦʜʘʪʘʢʘ, 

ʩʧʨʝʯʘʚʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʜʦʙʠʿʘˁʘ  ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʥʠʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʤʘ ʠ ʧʦʚʝ˂ʘʚʘʿʫ 

ʧʦʚʝʨʝˁʝ ʫ ʘʥʘʣʠʪʠʯʢʘ ʤʝʨʝˁʘ ʪʦʢʦʤ ʘʥʘʣʠʟʝ. ʐʪʘʚʠʰʝ, AQbD ʦʣʘʢʰʘʚʘ ʪʨʘʥʩʬʝʨ ʤʝʪʦʜʘ 

ʠʟʤʝʹʫ ʣʘʙʦʨʘʪʦʨʠʿʘ, ʿʝʨ ʩʫ DS ʠ ʢʨʠʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʤʝʪʦʜʝ ʿʘʩʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ, 

ʜʝʬʠʥʠʩʘʥʠ ʠ ʜʦʢʫʤʝʥʪʦʚʘʥʠ. ʆʚʘʿ ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʠʩʪʫʧ ʪʘʢʦʹʝ ʧʨʦʤʦʚʠʰʝ ʜʫʙˀʝ 

ʨʘʟʫʤʝʚʘˁʝ ʘʥʘʣʠʪʠʯʢʦʛ ʧʨʦʮʝʩʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʝʬʠʢʘʩʥʠʿʝ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʠ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʙʦˀʰʘˁʝ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʤʝʪʦʜʝ. ʋ ʢʨʘʿˁʦʿ ʣʠʥʠʿʠ, AQbD ʟʥʘʯʘʿʥʦ 

ʜʦʧʨʠʥʦʩʠ ʦʙʝʟʙʝʹʠʚʘˁʫ ʩʠʛʫʨʥʠʭ ʠ ʪʘʯʥʠʭ ʧʦʜʘʪʘʢʘ ʪʦʢʦʤ ʧʨʦʚʝʨʝ ʢʚʘʣʠʪʝʪʘ ʠ ʙʝʟʙʝʜʥʦʩʪʠ 

ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʧʨʦʠʟʚʦʜʘ (29). 

 

1.5 ɿʝʣʝʥʘ ʘʥʘʣʠʪʠʯʢʘ ʭʝʤʠʿʘ (GAC): ʂʘ ʦʜʨʞʠʚʦʿ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ 
 

1.5.1 ʋʪʠʮʘʿ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ 
 

ɸʥʘʣʠʪʠʯʢʘ ʭʝʤʠʿʘ, ʠʘʢʦ ʥʝʦʧʭʦʜʥʘ ʟʘ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ, ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʨʘʟʚʦʿ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʠʥʜʫʩʪʨʠʿʘʤʘ, ʠʩʪʦʨʠʿʩʢʠ ʿʝ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʠʣʘ ʟʘʛʘʹʝˁʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. 

ʊʨʘʜʠʮʠʦʥʘʣʥʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʯʝʩʪʦ ʩʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʩʣʘˁʘʿʫ ʥʘ ʫʧʦʪʨʝʙʫ ʧʦ ʦʢʦʣʠʥʫ 

ʰʪʝʪʥʠʭ ʭʝʤʠʢʘʣʠʿʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠʩʧʘʨˀʠʚʝ ʦʨʛʘʥʩʢʝ ʨʘʩʪʚʘʨʘʯʝ, ʿʘʢʝ ʢʠʩʝʣʠʥʝ ʠ ʙʘʟʝ ʠ 

ʪʦʢʩʠʯʥʝ ʨʝʘʛʝʥʩʝ. ʆʚʝ ʭʝʤʠʢʘʣʠʿʝ ʤʦʛʫ ʜʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠ ʟʥʘʯʘʿʘʥ ʨʠʟʠʢ ʧʦ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ 

ʠ ʙʝʟʙʝʜʥʦʩʪ (30). ʉʪʚʘʨʘˁʝ ʟʥʘʯʘʿʥʠʭ ʢʦʣʠʯʠʥʘ ʭʝʤʠʿʩʢʦʛ ʦʪʧʘʜʘ, ʰʪʦ ʯʝʩʪʦ ʟʘʭʪʝʚʘ 

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʠ ʩʢʫʧʝ ʧʦʩʪʫʧʢʝ ʦʜʣʘʛʘˁʘ, ʿʦʰ ʿʝ ʿʝʜʥʘ ʚʝʣʠʢʘ ʝʢʦʣʦʰʢʘ ʙʨʠʛʘ ʧʦʚʝʟʘʥʘ ʩʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʘʥʘʣʠʪʠʯʢʠʤ ʧʨʘʢʩʘʤʘ. ʅʘ ʧʨʠʤʝʨ, ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʪʝʭʥʠʢʝ, ʧʦʩʝʙʥʦ HPLC 

ʢʦʿʘ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ, ʦʙʠʯʥʦ ʪʨʦʰʝ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʦʨʛʘʥʩʢʠʭ 

ʨʘʩʪʚʘʨʘʯʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʟʥʘʯʘʿʥʠʭ ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ (31). 

ʇʦʨʝʜ ʭʝʤʠʿʩʢʦʛ ʦʪʧʘʜʘ, ʧʦʪʨʦʰˁʘ ʝʥʝʨʛʠʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʘʥʘʣʠʪʠʯʢʦʤ ʠʥʩʪʨʫʤʝʥʪʘʮʠʿʦʤ ʠ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʨʘʜʦʤ ʪʘʢʦʹʝ ʜʦʧʨʠʥʦʩʠ ʫʢʫʧʥʦʤ ʝʢʦʣʦʰʢʦʤ ʦʪʠʩʢʫ. ʄʥʦʛʠ ʘʥʘʣʠʪʠʯʢʠ 

ʧʦʩʪʫʧʮʠ ʩʫ ʝʥʝʨʛʝʪʩʢʠ ʠʥʪʝʥʟʠʚʥʠ, ʟʘʭʪʝʚʘʿʫ ʛʨʝʿʘˁʝ, ʭʣʘʹʝˁʝ ʠʣʠ ʢʦʥʪʠʥʫʠʨʘʥʠ ʨʘʜ 
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ʩʦʬʠʩʪʠʮʠʨʘʥʝ ʦʧʨʝʤʝ. ʂʫʤʫʣʘʪʠʚʥʠ ʫʪʠʮʘʿ ʦʚʠʭ ʧʨʘʢʩʠ ʫʢˀʫʯʫʿʝ ʟʘʛʘʹʝˁʝ ʚʘʟʜʫʭʘ ʠ ʚʦʜʝ, 

ʠʩʮʨʧˀʠʚʘˁʝ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʘ ʠ ʧʦʚʝ˂ʘˁʝ ʝʤʠʩʠʿʝ ʫʛˀʝʥ ʜʠʦʢʩʠʜʘ ʠ ʫʛˀʝʥ ʤʦʥʦʢʩʠʜʘ. 

ʂʘʢʦ ʛʣʦʙʘʣʥʘ ʝʢʦʣʦʰʢʘ ʩʚʝʩʪ ʨʘʩʪʝ ʠ ʨʝʛʫʣʘʪʦʨʥʠ ʧʨʠʪʠʩʮʠ ʩʝ ʠʥʪʝʥʟʠʚʠʨʘʿʫ, ʧʦʩʪʦʿʠ ʭʠʪʥʘ 

ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʘʥʘʣʠʪʠʯʢʘ ʭʝʤʠʿʘ ʨʘʟʚʠʿʘ ʢʘ ʦʜʨʞʠʚʠʿʠʤ ʠ ʝʢʦʣʦʰʢʠ ʦʜʛʦʚʦʨʥʠʿʠʤ ʧʨʘʢʩʘʤʘ. 

ʆʚʘʿ ʠʤʧʝʨʘʪʠʚ ʿʝ ʜʦʚʝʦ ʜʦ ʢʦʥʮʝʧʪʘ GAC. 

 

1.5.2 ʇʨʠʥʮʠʧʠ ʠ ʩʪʫʙʦʚʠ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ 

 

GAC ʿʝ ʬʠʣʦʟʦʬʠʿʘ ʠ ʩʢʫʧ ʧʨʠʥʮʠʧʘ ʫʩʤʝʨʝʥʠʭ ʥʘ ʤʠʥʠʤʠʟʠʨʘˁʝ ʫʪʠʮʘʿʘ ʘʥʘʣʠʪʠʯʢʠʭ 

ʧʦʩʪʫʧʘʢʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʫʟ ʦʜʨʞʘʚʘˁʝ ʠʣʠ ʧʦʙʦˀʰʘˁʝ ˁʠʭʦʚʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʫ 

ʧʦʛʣʝʜʫ ʰʪʦ ʙʦˀʝ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ. ʀʥʩʧʠʨʠʩʘʥʘ ʩʘ ʜʚʘʥʘʝʩʪ ʧʨʠʥʮʠʧʘ ʟʝʣʝʥʝ 

ʭʝʤʠʿʝ, GAC ʥʘʩʪʦʿʠ ʜʘ ʨʝʜʠʟʘʿʥʠʨʘ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʘʢʦ ʙʠ ʙʠʣʝ ʝʢʦʣʦʰʢʠ 

ʙʝʟʙʝʜʥʠʿʝ ʠ ʦʜʨʞʠʚʠʿʝ (32). ʆʩʥʦʚʥʘ ʥʘʯʝʣʘ GAC ʩʫ ʩʘʞʝʪʘ ʫ ʩʢʫʧ ʦʜ ʜʚʘʥʘʝʩʪ ʧʨʠʥʮʠʧʘ, 

ʢʦʿʠ ʚʦʜʝ ʨʘʟʚʦʿ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠʿʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ: 

1. ʉʧʨʝʯʘʚʘˁʝ ʦʪʧʘʜʘ: ʆʩʤʠʩʣʠʪʠ ʘʥʘʣʠʪʠʯʢʫ ʤʝʪʦʜʫ ʩ ʮʠʝˀʤ ʜʘ ʩʝ ʩʧʨʝʯʠ ʩʪʚʘʨʘˁʝ ʦʪʧʘʜʘ, 

ʫʤʝʩʪʦ ʜʘ ʙʫʜʝ ʪʨʝʪʠʨʘʥ ʠʣʠ ʜʘ ʩʝ ʯʠʩʪʠ ʥʘʢʥʘʜʥʦ. 

2. ʄʠʥʠʤʠʟʘʮʠʿʘ ʧʦʪʨʦʰˁʝ ʨʝʘʛʝʥʘʩʘ ʠ ʫʟʦʨʘʢʘ: ʄʝʪʦʜʫ ʪʨʝʙʘ ʨʘʟʚʠʿʘʪʠ ʪʘʢʦ ʜʘ ʩʝ ʢʦʨʠʩʪʝ 

ʰʪʦ ʤʘˁʝ ʢʦʣʠʯʠʥʝ ʫʟʦʨʢʘ, ʨʘʩʪʚʘʨʘʯʘ ʠ ʨʝʘʛʝʥʘʩʘ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʥʘʩʪʘʣʦʛ 

ʦʪʧʘʜʘ. 

3. ʄʘˁʝ ʦʧʘʩʥʝ ʭʝʤʠʿʩʢʝ ʩʠʥʪʝʟʝ: ɻʜʝ ʛʦʜ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, ʘʥʘʣʠʪʠʯʢʠ ʨʝʘʛʝʥʩʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ 

ʥʝʪʦʢʩʠʯʥʠ ʠ ʜʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʠʥʠʤʘʣʘʥ ʨʠʟʠʢ ʧʦ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

4. ʆʩʤʠʩʣʠʪʠ ʙʝʟʙʝʜʥʠʿʝ ʭʝʤʠʢʘʣʠʿʝ: ɸʥʘʣʠʪʠʯʢʠ ʨʝʘʛʝʥʩʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʜʠʟʘʿʥʠʨʘʥʠ ʜʘ ʙʫʜʫ 

ʝʬʠʢʘʩʥʠ, ʘ ʜʘ ʧʨʠʪʦʤ ʤʠʥʠʤʠʟʠʨʘʿʫ ʩʚʦʿʫ ʪʦʢʩʠʯʥʦʩʪ. 

5. ɹʝʟʙʝʜʥʠʿʠ ʨʘʩʪʚʘʨʘʯʠ ʠ ʧʦʤʦ˂ʥʘ ʩʨʝʜʩʪʚʘ: ʀʟʙʝʛʘʚʘʪʠ ʫʧʦʪʨʝʙʫ ʦʧʘʩʥʠʭ ʨʘʩʪʚʘʨʘʯʘ ʠ 

ʩʨʝʜʩʪʘʚʘ ʟʘ ʨʘʟʜʚʘʿʘˁʝ. ɸʢʦ ʩʫ ʨʘʩʪʚʘʨʘʯʠ ʥʝʦʧʭʦʜʥʠ, ʢʦʨʠʩʪʠʪʠ ʙʝʟʙʝʜʥʠʿʝ, ʤʘˁʝ ʪʦʢʩʠʯʥʝ 

ʠ ʦʙʥʦʚˀʠʚʝ ʘʣʪʝʨʥʘʪʠʚʝ. 

6. ʆʩʤʠʩʣʠʪʠ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ: ʄʠʥʠʤʠʟʠʨʘʪʠ ʝʥʝʨʛʝʪʩʢʝ ʧʦʪʨʝʙʝ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ. 

ʉʧʨʦʚʦʜʠʪʠ ʘʥʘʣʠʟʝ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʧʨʠʪʠʩʢʫ ʢʘʜ ʛʦʜ ʿʝ ʪʦ ʤʦʛʫ˂ʝ. 

7. ʋʧʦʪʨʝʙʘ ʦʙʥʦʚˀʠʚʠʭ ʩʠʨʦʚʠʥʘ: ʂʦʨʠʩʪʠʪʠ ʦʙʥʦʚˀʠʚʝ ʩʠʨʦʚʠʥʝ ʫʤʝʩʪʦ ʠʩʮʨʧˀʠʚʠʭ ʟʘ 

ʘʥʘʣʠʪʠʯʢʝ ʨʝʘʛʝʥʩʝ. 

8. ʉʤʘˁʠʪʠ ʜʝʨʠʚʘʪʝ: ʀʟʙʝʛʘʚʘʪʠ ʥʝʧʦʪʨʝʙʥʝ ʢʦʨʘʢʝ ʜʝʨʠʚʘʪʠʟʘʮʠʿʝ, ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʜʦʜʘʪʥʝ 

ʨʝʘʛʝʥʩʝ ʠ ʩʪʚʘʨʘʿʫ ʦʪʧʘʜ. 

9. ʂʘʪʘʣʠʟʘ: ʂʦʨʠʩʪʠʪʠ ʢʘʪʘʣʠʪʠʯʢʝ ʨʝʘʛʝʥʩʝ, ʢʦʿʠ ʩʫ ʚʠʩʦʢʦ ʩʝʣʝʢʪʠʚʥʠ ʠ ʝʬʠʢʘʩʥʠ, ʢʘʢʦ ʙʠ 

ʩʝ ʤʠʥʠʤʠʟʠʨʘʦ ʦʪʧʘʜ. 

10. ɼʠʟʘʿʥ ʟʘ ʨʘʟʛʨʘʜˁʫ: ɼʠʟʘʿʥʠʨʘʪʠ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʪʘʢʦ ʜʘ ʩʝ, ʥʘ ʢʨʘʿʫ ʩʚʦʿʝ ʬʫʥʢʮʠʿʝ, 

ʢʦʨʠʰ˂ʝʥʝ ʭʝʤʠʢʘʣʠʿʝ ʨʘʟʛʨʘʜʝ ʫ ʙʝʟʦʧʘʩʥʝ ʧʨʦʠʟʚʦʜʝ ʠ ʥʝ ʦʩʪʘʿʫ ʫ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ. 

11. ɸʥʘʣʠʟʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʟʘʛʘʹʝˁʘ: ʈʘʟʚʠʪʠ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʦʿʝ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘ˂ʝˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʩʪʚʘʨʘˁʝ ʦʧʘʩʥʠʭ 

ʩʫʧʩʪʘʥʮʠ. 

12. ʀʥʭʝʨʝʥʪʥʦ ʙʝʟʙʝʜʥʠʿʘ ʭʝʤʠʿʘ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʥʝʟʛʦʜʘ: ʀʟʘʙʨʘʪʠ ʩʫʧʩʪʘʥʮʝ ʠ ʦʙʣʠʢ 

ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʘʥʘʣʠʪʠʯʢʦʿ ʤʝʪʦʜʠ ʢʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʦ ʧʦʪʝʥʮʠʿʘʣ ʟʘ 

ʭʝʤʠʿʩʢʝ ʥʝʟʛʦʜʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʠʩʧʫʰʪʘˁʘ, ʝʢʩʧʣʦʟʠʿʝ ʠ ʧʦʞʘʨʝ. 
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ɼʘ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʘ ʝʢʦʣʦʰʢʘ ʧʨʠʭʚʘʪˀʠʚʦʩʪ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ, ʨʘʟʚʠʿʝʥʦ ʿʝ ʥʝʢʦʣʠʢʦ 

ʤʝʪʨʠʢʘ ʠ ʘʣʘʪʘ. ʊʦ ʫʢˀʫʯʫʿʝ ʅʘʮʠʦʥʘʣʥʠ ʠʥʜʝʢʩ ʤʝʪʦʜʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (ʝʥʛ. 

National Environmental Methods Index - NEMI), ʢʦʿʠ ʢʦʨʠʩʪʠ ʿʝʜʥʦʩʪʘʚʘʥ ʩʠʩʪʝʤ ʟʘʩʥʦʚʘʥ ʥʘ 

ʧʠʢʪʦʛʨʘʤʠʤʘ ʟʘ ʦʟʥʘʯʘʚʘˁʝ ʧʨʠʩʫʩʪʚʘ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ; ɸʥʘʣʠʪʠʯʢʫ ʝʢʦ-ʩʢʘʣʫ (ʝʥʛ. 

Analytical Eco-Scale), ʢʦʿʘ ʜʦʜʝˀʫʿʝ ʢʘʟʥʝʥʝ ʧʦʝʥʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʫʪʠʮʘʿʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ; 

ʀʥʜʝʢʩ ʟʝʣʝʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʧʨʦʮʝʜʫʨʘ (ʝʥʛ. Green Analytical Procedure Index - GAPI), 

ʩʚʝʦʙʫʭʚʘʪʥʠʿʠ ʘʣʘʪ ʢʦʿʠ ʧʨʦʮʝˁʫʿʝ ʮʝʦ ʘʥʘʣʠʪʠʯʢʠ ʧʨʦʮʝʩ, ʦʜ ʧʨʠʢʫʧˀʘˁʘ ʫʟʦʨʘʢʘ ʜʦ 

ʪʨʝʪʤʘʥʘ ʦʪʧʘʜʘ; ʠ ʇʨʦʮʝʥʫ ʟʝʣʝʥʦʛ ʧʨʦʬʠʣʘ (ʝʥʛ. Assessment of Green Profile - AGP), ʢʦʿʘ 

ʧʨʫʞʘ ʚʠʟʫʝʣʥʠ ʧʨʠʢʘʟ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʤʝʪʦʜʝ ʧʦ ʚʠʰʝ ʧʘʨʘʤʝʪʘʨʘ (33ï35). ʆʚʠ 

ʘʣʘʪʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʩʪʨʘʞʠʚʘʯʠʤʘ ʜʘ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʠ ʢʚʘʣʠʪʘʪʠʚʥʦ ʫʧʦʨʝʜʝ ʝʢʦʣʦʰʢʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʟʣʠʯʠʪʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʠ ʚʦʜʝ ʨʘʟʚʦʿ ʟʝʣʝʥʠʿʠʭ ʘʣʪʝʨʥʘʪʠʚʘ. 

 

1.5.3 ʀʥʪʝʛʨʘʮʠʿʘ GAC ʫ ʬʘʨʤʘʮʝʫʪʩʢʫ ʘʥʘʣʠʟʫ 
 

ʀʥʪʝʛʨʘʮʠʿʘ GAC ʧʨʠʥʮʠʧʘ ʫ ʬʘʨʤʘʮʝʫʪʩʢʫ ʘʥʘʣʠʟʫ ʥʠʿʝ ʩʘʤʦ ʝʢʦʣʦʰʢʠ ʠʤʧʝʨʘʪʠʚ, ʚʝ˂ ʥʫʜʠ 

ʠ ʟʥʘʯʘʿʥʝ ʧʨʘʢʪʠʯʥʝ ʠ ʝʢʦʥʦʤʩʢʝ ʢʦʨʠʩʪʠ. ʉʤʘˁʝˁʝʤ ʧʦʪʨʦʰˁʝ ʦʧʘʩʥʠʭ ʨʘʩʪʚʘʨʘʯʘ ʠ 

ʨʝʘʛʝʥʩʘ, GAC ʤʝʪʦʜʝ ʜʦʧʨʠʥʦʩʝ ʥʠʞʠʤ ʦʧʝʨʘʪʠʚʥʠʤ ʪʨʦʰʢʦʚʠʤʘ, ʩʤʘˁʝʥʠʤ ʪʨʦʰʢʦʚʠʤʘ 

ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʠ ʧʦʙʦˀʰʘʥʦʿ ʙʝʟʙʝʜʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʿʝ. ʈʘʟʚʦʿ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠʿʠʭ 

ʤʝʪʦʜʘ ʯʝʩʪʦ ʫʢˀʫʯʫʿʝ ʫʧʦʪʨʝʙʫ ʤʘˁʠʭ ʟʘʧʨʝʤʠʥʘ ʫʟʦʨʘʢʘ, ʤʘˁʝ ʝʥʝʨʛʝʪʩʢʠ ʠʥʪʝʥʟʠʚʥʝ 

ʧʨʦʮʝʜʫʨʝ ʠ ʫʩʚʘʿʘˁʝ ʤʠʥʠʿʘʪʫʨʠʩʘʥʠʭ ʠʣʠ ʘʫʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘ, ʰʪʦ ʩʚʝ ʧʦʚʝ˂ʘʚʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʩʤʘˁʫʿʝ ʫʢʫʧʥʠ ʘʥʘʣʠʪʠʯʢʠ ʦʪʠʩʘʢ (30). 

ʋ ʢʦʥʪʝʢʩʪʫ ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʨʘʟʚʦʿʘ ʠ ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ, ʫʩʚʘʿʘˁʝ GAC ʿʝ ʧʦʩʝʙʥʦ ʚʘʞʥʦ. 

ʌʘʨʤʘʮʝʫʪʩʢʘ ʠʥʜʫʩʪʨʠʿʘ ʿʝ ʚʠʩʦʢʦ ʨʝʛʫʣʠʩʘʥʘ, ʘ ʫʪʠʮʘʿ ˁʝʥʠʭ ʧʨʦʮʝʩʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ 

ʿʝ ʧʦʜ ʩʚʝ ʚʝ˂ʠʤ ʥʘʜʟʦʨʦʤ. ʇʨʠʭʚʘʪʘˁʝʤ GAC, ʬʘʨʤʘʮʝʫʪʩʢʝ ʢʦʤʧʘʥʠʿʝ ʤʦʛʫ ʧʦʢʘʟʘʪʠ ʩʚʦʿʫ 

ʧʦʩʚʝ˂ʝʥʦʩʪ ʦʜʨʞʠʚʦʩʪʠ, ʧʦʙʦˀʰʘʪʠ ʩʚʦʿʫ ʢʦʨʧʦʨʘʪʠʚʥʫ ʜʨʫʰʪʚʝʥʫ ʦʜʛʦʚʦʨʥʦʩʪ ʠ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʩʪʝ˂ʠ ʢʦʥʢʫʨʝʥʪʩʢʫ ʧʨʝʜʥʦʩʪ. ʐʪʘʚʠʰʝ, ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠʿʝ ʘʥʘʣʠʪʠʯʢʝ 

ʤʝʪʦʜʝ ʤʦʛʫ ʦʣʘʢʰʘʪʠ ʧʨʦʮʝʩʝ ʨʝʛʫʣʘʪʦʨʥʦʛ ʦʜʦʙʨʘʚʘˁʘ, ʿʝʨ ʩʝ ʫʩʢʣʘʹʫʿʫ ʩʘ ʛʣʦʙʘʣʥʠʤ 

ʥʘʧʦʨʠʤʘ ʟʘ ʧʨʦʤʦʮʠʿʫ ʦʜʨʞʠʚʠʭ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʘʢʩʠ. 

ʋʧʨʢʦʩ ʿʘʩʥʠʤ ʧʨʝʜʥʦʩʪʠʤʘ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ GAC ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ ʩʫʦʯʘʚʘ ʩʝ ʩʘ 

ʦʜʨʝʹʝʥʠʤ ʠʟʘʟʦʚʠʤʘ. ʊʦ ʫʢˀʫʯʫʿʝ ʧʦʪʨʝʙʫ ʟʘ ʨʘʟʚʦʿʝʤ ʠ ʚʘʣʠʜʘʮʠʿʦʤ ʥʦʚʠʭ ʤʝʪʦʜʘ, ʰʪʦ ʤʦʞʝ 

ʙʠʪʠ ʜʫʛʦʪʨʘʿʥʦ ʠ ʟʘʭʪʝʚʘʪʠ ʤʥʦʛʦ ʨʝʩʫʨʩʘ. ʊʘʢʦʹʝ ʤʦʞʝ ʧʦʩʪʦʿʘʪʠ ʧʝʨʮʝʧʮʠʿʘ ʜʘ ʝʢʦʣʦʰʢʠ 

ʧʨʠʭʚʘʪˀʠʚʠʿʝ ʤʝʪʦʜʝ ʫʛʨʦʞʘʚʘʿʫ ʘʥʘʣʠʪʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ, ʠʘʢʦ ʪʦ ʯʝʩʪʦ ʥʠʿʝ ʩʣʫʯʘʿ ʩʘ 

ʧʘʞˀʠʚʠʤ ʦʜʘʙʠʨʦʤ ʜʠʟʘʿʥʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʦʤ. ʄʝʹʫʪʠʤ, ʢʦʥʪʠʥʫʠʨʘʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ 

ʪʝʭʥʦʣʦʰʢʠ ʥʘʧʨʝʜʘʢ ʠʥʪʝʥʟʠʚʥʦ ʩʝ ʙʘʚʝ ʦʚʠʤ ʠʟʘʟʦʚʠʤʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʨʘʟʚʦʿʘ ʠʥʦʚʘʪʠʚʥʠʭ 

GAC ʧʨʠʩʪʫʧʘ ʢʦʿʠ ʩʫ ʠ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠ ʠ ʘʥʘʣʠʪʠʯʢʠ ʨʦʙʫʩʥʠ. ʉʠʥʝʨʛʠʿʘ ʠʟʤʝʹʫ 

GAC ʠ AQbD, ʛʜʝ ʩʝ ʩʠʩʪʝʤʘʪʩʢʠ ʨʘʟʚʦʿ ʤʝʪʦʜʘ ʢʦʤʙʠʥʫʿʝ ʩʘ ʝʢʦʣʦʰʢʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ, 

ʧʨʝʜʩʪʘʚˀʘ ʤʦ˂ʘʥ ʧʨʠʩʪʫʧ ʩʪʚʘʨʘˁʫ ʦʜʨʞʠʚʠʭ ʠ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ 

ʬʘʨʤʘʮʝʫʪʩʢʫ ʠʥʜʫʩʪʨʠʿʫ (31). 

 

1.6 ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʝ ʢˀʫʯʥʠʭ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ 

 

ʆʚʘʿ ʦʜʝˀʘʢ ʧʨʫʞʘ ʜʝʪʘˀʘʥ ʧʨʝʛʣʝʜ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʠ ʭʝʤʠʿʩʢʠʭ ʩʪʨʫʢʪʫʨʘ ʪʨʠ 

ɸʇʀ-ja ʢʦʿʠ ʩʫ ʢˀʫʯʥʠ ʟʘ ʦʚʫ ʪʝʟʫ: ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ ʠ 

ʠʥʜʘʧʘʤʠʜ. ʈʘʟʫʤʝʚʘˁʝ ʦʚʠʭ ʩʚʦʿʩʪʘʚʘ ʿʝ ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʟʘ ʩʭʚʘʪʘˁʝ ˁʠʭʦʚʠʭ 

ʬʘʨʤʘʢʦʣʦʰʢʠʭ ʜʝʿʩʪʘʚʘ, ʠʟʘʟʦʚʘ ʬʦʨʤʫʣʘʮʠʿʝ ʠ ʧʨʦʬʠʣʘ ʩʪʘʙʠʣʥʦʩʪʠ, ʧʦʩʝʙʥʦ ʫ ʢʦʥʪʝʢʩʪʫ 

ʨʘʟʚʦʿʘ ʬʠʢʩʥʠʭ ʜʦʟʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʠ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ. 
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1.6.1 ʇʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ (ʇɽʈ) 

 

ʇʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ ʿʝ ʠʥʭʠʙʠʪʦʨ ʘʥʛʠʦʪʝʥʟʠʥ ʢʦʥʚʝʨʪʫʿʫ˂ʝʛ ʝʥʟʠʤʘ (ɸʎɽ 

ʠʥʭʠʙʠʪʦʨ), ʢʦʿʠ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʫ ʣʝʯʝˁʫ ʭʠʧʝʨʪʝʥʟʠʿʝ, ʩʨʯʘʥʝ ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʝ ʠ 

ʩʪʘʙʠʣʥʝ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʩʢʝ ʙʦʣʝʩʪʠ. ʊʦ ʿʝ ʧʨʦʣʝʢ (ʝʥʛ. prodrug) ʢʦʿʠ ʩʝ in vivo ʭʠʜʨʦʣʠʟʫʿʝ 

ʫ ʩʚʦʿ ʘʢʪʠʚʥʠ ʤʝʪʘʙʦʣʠʪ ʧʝʨʠʥʜʦʧʨʠʣʘʪ, ʢʦʿʠ ʿʝ ʦʜʛʦʚʦʨʘʥ ʟʘ ˁʝʛʦʚʫ ʬʘʨʤʘʢʦʣʦʰʢʫ 

ʘʢʪʠʚʥʦʩʪ (36ï38). 

¶ ʍʝʤʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ: ʇʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ ʿʝ ʭʝʤʠʿʩʢʠ ʦʟʥʘʯʝʥ ʢʘʦ 

(2S,3aS,7aS)-1-[(2S)-2-[[(1S)-1-(ʝʪʦʢʩʠʢʘʨʙʦʥʠʣ)ʙʫʪʠʣ]ʘʤʠʥʦ]ʧʨʦʧʘʥʦʠʣ]ʦʢʪʘʭʠʜʨʦ-

1H-ʠʥʜʦʣ-2-ʢʘʨʙʦʢʩʠʣʥʘ ʢʠʩʝʣʠʥʘ, ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʩʢʘ ʩʦ (ʉʣʠʢʘ 1). ɳʝʛʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ʩʘʜʨʞʠ ʠʥʜʦʣʩʢʠ ʧʨʩʪʝʥʘʩʪʠ ʩʠʩʪʝʤ ʠ ʝʩʪʘʨʩʢʫ ʛʨʫʧʫ, ʰʪʦ ʿʝ ʢˀʫʯʥʦ ʟʘ ˁʝʛʦʚʫ 

ʧʨʠʨʦʜʫ ʧʨʦʣʝʢʘ. ʆʙʣʠʢ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʩʢʝ ʩʦʣʠ ʧʦʚʝ˂ʘʚʘ ˁʝʛʦʚʫ ʩʪʘʙʠʣʥʦʩʪ ʠ 

ʙʠʦʨʘʩʧʦʣʦʞʠʚʦʩʪ. 

 

ʉʣʠʢʘ 1. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʧʝʨʠʥʜʦʨʧʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ 

¶ ʄʦʣʝʢʫʣʘʨʥʘ ʬʦʨʤʫʣʘ: C19H32N2O5 ὼ C4H11N 

¶ ʄʦʣʝʢʫʣʩʢʘ ʤʘʩʘ: 368,47 g/mol (ʧʝʨʠʥʜʦʧʨʠʣ) + 73,14 g/mol (ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ) = 441,6 

g/mol (ʦʙʣʠʢ ʩʦʣʠ) 

¶ ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ: 

o ʇʝʨʠʥʜʦʧʨʠʣ ʠʤʘ ʥʝʢʦʣʠʢʦ ʿʦʥʠʟʘʙʠʣʥʠʭ ʛʨʫʧʘ. ʂʘʨʙʦʢʩʠʣʥʘ ʢʠʩʝʣʠʥʘ ʠʤʘ pKa 
ʚʨʝʜʥʦʩʪ 3,79, ʜʦʢ ʿʝ ʪʘ ʚʨʝʜʥʦʩʪ ʟʘ ʘʤʠʥʦ ʛʨʫʧʫ 8,85. ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʫʢʘʟʫʿʫ ʥʘ 

ʪʦ ʜʘ ʧʝʨʠʥʜʦʧʨʠʣ ʤʦʞʝ ʧʦʩʪʦʿʘʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʿʦʥʠʟʦʚʘʥʠʤ ʦʙʣʠʮʠʤʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ pH ʚʨʝʜʥʦʩʪʠ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ, ʰʪʦ ʫʪʠʯʝ ʥʘ ˁʝʛʦʚʫ 

ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʧʦʥʘʰʘˁʝ. 

o Log P ʚʨʝʜʥʦʩʪ ʟʘ ʧʝʨʠʥʜʦʧʨʠʣ ʿʝ 0,63, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ˁʝʛʦʚʫ ʚʠʩʦʢʫ 

ʭʠʜʨʦʬʠʣʥʦʩʪ. ʆʚʦ ʩʚʦʿʩʪʚʦ ʫʪʠʯʝ ʥʘ ˁʝʛʦʚʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʫ ʙʠʦʣʦʰʢʠʤ 

ʩʠʩʪʝʤʠʤʘ ʠ ˁʝʛʦʚʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʤ ʩʪʘʮʠʦʥʘʨʥʠʤ ʬʘʟʘʤʘ. 

o ɺʝʦʤʘ ʿʝ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ, ʰʪʦ ʿʝ ʧʦʚʦˀʥʦ ʟʘ ˁʝʛʦʚʫ ʘʧʩʦʨʧʮʠʿʫ, ʘʣʠ ʛʘ ʪʘʢʦʹʝ 

ʤʦʞʝ ʫʯʠʥʠʪʠ ʧʦʜʣʦʞʥʠʤ ʭʠʜʨʦʣʠʟʠ ʫ ʚʦʜʝʥʠʤ ʨʘʩʪʚʦʨʠʤʘ, ʧʦʩʝʙʥʦ ʧʨʠ 

ʝʢʩʪʨʝʤʥʠʤ pH ʚʨʝʜʥʦʩʪʠʤʘ. 

o ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʿʝ ʧʝʨʠʥʜʦʧʨʠʣ ʧʦʜʣʦʞʘʥ ʭʠʜʨʦʣʠʟʠ, ʧʦʩʝʙʥʦ ʫ ʧʨʠʩʫʩʪʚʫ ʚʣʘʛʝ ʠ 
ʧʨʠ ʙʘʟʥʦʤ pH. ɽʩʪʘʨʩʢʘ ʚʝʟʘ ʿʝ ʧʨʠʤʘʨʥʦ ʤʝʩʪʦ ʨʘʟʛʨʘʜˁʝ. ʆʚʘ ʧʦʜʣʦʞʥʦʩʪ 

ʟʘʭʪʝʚʘ ʧʘʞˀʠʚʫ ʬʦʨʤʫʣʘʮʠʿʫ ʠ ʫʩʣʦʚʝ ʩʢʣʘʜʠʰʪʝˁʘ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʞʘʣʘ ˁʝʛʦʚʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʩʪʘʙʠʣʥʦʩʪ ʫ ʧʨʝʜʚʠʹʝʥʦʤ ʨʦʢʫ ʪʨʘʿʘˁʘ. 
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1.6.2 ɸʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ (ɸʄʃ) 

 

ɸʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ ʿʝ ʜʫʛʦʜʝʣʫʿʫ˂ʠ ʙʣʦʢʘʪʦʨ ʢʘʣʮʠʿʫʤʦʚʠʭ ʢʘʥʘʣʘ ʠʟ ʢʣʘʩʝ 

ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʘ, ʢʦʿʠ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʟʘ ʣʝʯʝˁʝ ʭʠʧʝʨʪʝʥʟʠʿʝ ʠ ʘʥʛʠʥʝ ʧʝʢʪʦʨʠʩ. ɳʝʛʦʚ 

ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠ ʝʬʝʢʘʪ ʩʝ ʦʩʪʚʘʨʫʿʝ ʦʧʫʰʪʘˁʝʤ ʚʘʩʢʫʣʘʨʥʠʭ ʛʣʘʪʢʠʭ ʤʠʰʠ˂ʘ, ʰʪʦ ʜʦʚʦʜʠ 

ʜʦ ʚʘʟʦʜʠʣʘʪʘʮʠʿʝ ʠ ʩʤʘˁʝˁʘ ʧʝʨʠʬʝʨʥʦʛ ʚʘʩʢʫʣʘʨʥʦʛ ʦʪʧʦʨʘ (36ï38). 

¶ ʍʝʤʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ: ɸʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ ʿʝ ʭʝʤʠʿʩʢʠ ʦʧʠʩʘʥ ʢʘʦ 3-ʝʪʠʣ 5-ʤʝʪʠʣ (4RS)-

2 - [(2-ʘʤʠʥʦʝʪʦʢʩʠ)ʤʝʪʠʣ]- 4 - (2-ʭʣʦʨʦʬʝʥʠʣ) - 6 - ʤʝʪʠʣ - 1,4 - ʜʠʭʠʜʨʦʧʠʨʠʜʠʥ - 3,5 

ʜʠʢʘʨʙʦʢʩʠʣʘʪ, ʙʝʥʟʝʥʩʫʣʬʦʥʘʪ (ʉʣʠʢʘ 2). ɳʝʛʦʚʘ ʩʪʨʫʢʪʫʨʘ ʩʘʜʨʞʠ 

ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʧʨʩʪʝʥ, ʢʦʿʠ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʟʘ ʦʚʫ ʢʣʘʩʫ ɹʂʂ, ʠ ʝʩʪʘʨʩʢʫ 

ʛʨʫʧʫ. ʆʙʣʠʢ ʩʦʣʠ ʙʝʩʠʣʘʪʘ ʧʦʙʦˀʰʘʚʘ ˁʝʛʦʚʫ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʠ ʩʪʘʙʠʣʥʦʩʪ. 

 

ʉʣʠʢʘ 2. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ 

¶ ʄʦʣʝʢʫʣʘʨʥʘ ʬʦʨʤʫʣʘ: C20H25ClN2O5 ὼ C6H6O3S 

¶ ʄʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ: 408,88 g/mol (ʘʤʣʦʜʠʧʠʥ) + 158,17 g/mol (ʙʝʥʟʝʥʩʫʣʬʦʥʩʢʘ 

ʢʠʩʝʣʠʥʘ) = 567,06 g/mol (ʦʙʣʠʢ ʩʦʣʠ) 

¶ ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ: 

o ɸʤʣʦʜʠʧʠʥ ʿʝ ʩʣʘʙʘ ʙʘʟʘ ʩʘ pKa ʚʨʝʜʥʦʩʪʠ 8,60. ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʧʨʝʪʝʞʥʦ 

ʿʦʥʠʟʦʚʘʥ ʧʨʠ ʬʠʟʠʦʣʦʰʢʦʤ pH, ʰʪʦ ʫʪʠʯʝ ʥʘ ˁʝʛʦʚʫ ʘʧʩʦʨʧʮʠʿʫ ʠ 

ʜʠʩʪʨʠʙʫʮʠʿʫ. ɳʝʛʦʚʦ ʩʪʘˁʝ ʿʦʥʠʟʘʮʠʿʝ ʿʝ ʪʘʢʦʹʝ ʢʨʠʪʠʯʥʦ ʟʘ ˁʝʛʦʚʦ 

ʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʧʦʥʘʰʘˁʝ ʠ ʩʪʘʙʠʣʥʦʩʪ ʫ ʨʘʩʪʚʦʨʫ. 

o ɺʨʝʜʥʦʩʪ log P ʟʘ ʘʤʣʦʜʠʧʠʥ ʿʝ 0,65, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʨʝʣʘʪʠʚʥʦ ʭʠʜʨʦʬʠʣʘʥ, 
ʩʣʠʯʥʦ ʧʝʨʠʥʜʦʧʨʠʣʫ. ʆʚʦ ʩʚʦʿʩʪʚʦ ʿʝ ʚʘʞʥʦ ʟʘ ˁʝʛʦʚʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ 

ʙʠʦʣʦʰʢʠʤ ʤʝʤʙʨʘʥʘʤʘ ʠ ˁʝʛʦʚʫ ʧʘʨʪʠʮʠʿʫ ʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

o ɸʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ ʿʝ ʩʣʘʙʦ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ. ɳʝʛʦʚʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʩʝ ʤʦʞʝ 

ʧʦʙʦˀʰʘʪʠ ʧʨʦʤʝʥʦʤ pH ʚʨʝʜʥʦʩʪʠ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ (ʥʧʨ. ʢʠʩʝʣʠ 

ʚʦʜʝʥʠ ʨʘʩʪʚʦʨ ʧʫʬʝʨʘ). ʇʦʚʝ˂ʘʥʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʢʠʩʝʣʦ ʿʩʨʝʜʠʥʠ ʥʘʩʪʘʿʝ ʟʙʦʛ 

ʧʨʦʪʦʥʘʮʠʿʝ ʙʘʟʥʦʛ ʘʟʦʪʘ. 

o ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʿʝ ʘʤʣʦʜʠʧʠʥ ʧʦʜʣʦʞʘʥ ʦʢʩʠʜʘʪʠʚʥʦʿ ʨʘʟʛʨʘʜˁʠ, ʧʦʩʝʙʥʦ 
ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʦʛ ʧʨʩʪʝʥʘ, ʢʦʿʠ ʤʦʞʝ ʦʢʩʠʜʦʚʘʪʠ ʫ ʜʝʨʠʚʘʪ ʧʠʨʠʜʠʥʘ. 

ʊʘʢʦʹʝ ʤʦʞʝ ʧʦʜʣʝ˂ʠ ʭʠʜʨʦʣʠʟʠ ʩʚʦʿʠʭ ʝʩʪʘʨʩʢʠʭ ʛʨʫʧʘ, ʧʦʩʝʙʥʦ ʫ ʙʘʟʥʠʤ 

ʫʩʣʦʚʠʤʘ. 
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1.6.3 ʀʥʜʘʧʘʤʠʜ (ʀʅɼ) 

 

ʀʥʜʘʧʘʤʠʜ ʿʝ ʜʠʫʨʝʪʠʢ ʩʣʠʯʘʥ ʪʠʘʟʠʜʠʤʘ, ʢʦʿʠ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʢʦʨʠʩʪʠ ʫ ʣʝʯʝˁʫ ʭʠʧʝʨʪʝʥʟʠʿʝ 

ʠ ʝʜʝʤʘ. ɼʝʣʫʿʝ ʪʘʢʦ ʰʪʦ ʠʥʭʠʙʠʨʘ ʨʝʘʧʩʦʨʧʮʠʿʫ ʥʘʪʨʠʿʫʤʘ ʫ ʢʦʨʪʠʢʘʣʥʦʤ ʜʠʣʫʮʠʦʥʦʤ 

ʩʝʛʤʝʥʪʫ ʙʫʙʨʝʛʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘʥʦʛ ʠʟʣʫʯʠʚʘˁʘ ʥʘʪʨʠʿʫʤʘ, ʭʣʦʨʠʜʘ ʠ ʚʦʜʝ (36ï38). 

¶ ʍʝʤʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ: ʀʥʜʘʧʘʤʠʜ ʿʝ ʭʝʤʠʿʩʢʠ ʠʜʝʥʪʠʬʠʢʦʚʘʥ ʢʘʦ 4-ʭʣʦʨʦ-N-(2-ʤʝʪʠʣ-

2,3-ʜʠʭʠʜʨʦ-1H-ʠʥʜʦʣ-1-ʠʣ)-3-ʩʫʣʬʘʤʦʠʣʙʝʥʟʘʤʠʜ (ʉʣʠʢʘ 3). ɳʝʛʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ʩʘʜʨʞʠ ʩʫʣʬʘʤʦʠʣ ʛʨʫʧʫ ʠ ʠʥʜʦʣʩʢʠ ʧʨʩʪʝʥ, ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ˁʝʛʦʚʦʿ ʜʠʫʨʝʪʠʯʢʦʿ 

ʘʢʪʠʚʥʦʩʪʠ. 

 

ʉʣʠʢʘ 3. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʠʥʜʘʧʘʤʠʜʘ 

¶ ʄʦʣʝʢʫʣʘʨʥʘ ʬʦʨʤʫʣʘ: C16H16ClN3O3S 

¶ ʄʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ: 365,84 g/mol 

¶ ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ: 

o ʀʥʜʘʧʘʤʠʜ ʠʤʘ pKa ʚʨʝʜʥʦʩʪ 8,85, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʩʣʘʙʘ ʢʠʩʝʣʠʥʘ ʟʙʦʛ 

ʩʫʣʬʘʤʦʠʣ ʛʨʫʧʝ. ɳʝʛʦʚʦ ʩʪʘˁʝ ʿʦʥʠʟʘʮʠʿʝ ʟʘʚʠʩʠ ʦʜ pH ʚʨʝʜʥʦʩʪʠ, ʰʪʦ ʫʪʠʯʝ 

ʥʘ ˁʝʛʦʚʫ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʟʘʜʨʞʘʚʘˁʝ. 

o ɺʨʝʜʥʦʩʪ log P ʟʘ ʠʥʜʘʧʘʤʠʜ ʿʝ 2,60, ʰʪʦ ʛʘ ʯʠʥʠ ʥʘʿʭʠʜʨʦʬʦʙʥʠʿʠʤ 

(ʥʘʿʣʠʧʦʬʠʣʥʠʿʠʤ) ʦʜ ʩʚʘ ʪʨʠ ʥʘʚʝʜʝʥʘ ʣʝʢʘ. 

o ʆʚʘ ʚʝ˂ʘ ʣʠʧʦʬʠʣʥʦʩʪ ʜʦʧʨʠʥʦʩʠ ˁʝʛʦʚʦʤ ʜʫʞʝʤ ʪʨʘʿʘˁʫ ʜʝʣʦʚʘˁʘ ʠ 

ʜʠʩʪʨʠʙʫʮʠʿʠ ʫ ʪʢʠʚʠʤʘ. 

o ʀʥʜʘʧʘʤʠʜ ʿʝ ʧʨʘʢʪʠʯʥʦ ʥʝʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ, ʰʪʦ ʤʦʞʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʠʟʘʟʦʚ 

ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ. ɳʝʛʦʚʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʿʝ ʙʣʘʛʦ ʧʦʚʝ˂ʘʥʘ ʫ ʦʨʛʘʥʩʢʠʤ 

ʨʘʩʪʚʘʨʘʯʠʤʘ. 

o ʀʥʜʘʧʘʤʠʜ ʿʝ ʧʦʩʝʙʥʦ ʧʦʜʣʦʞʘʥ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʠ, ʰʪʦ ʯʠʥʠ ʟʘʰʪʠʪʫ ʦʜ 
ʩʚʝʪʣʦʩʪʠ ʢˀʫʯʥʦʤ ʪʦʢʦʤ ˁʝʛʦʚʦʛ ʨʫʢʦʚʘˁʘ ʠ ʩʢʣʘʜʠʰʪʝˁʘ. ɿʙʦʛ ʩʪʘʙʠʣʥʦʩʪʠ 

ˁʝʛʦʚʝ ʘʤʠʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʠʿʠ ʿʝ ʥʘ ʭʠʜʨʦʣʠʟʫ ʫ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ. 

ʇʨʠʩʫʩʪʚʦ ʭʠʜʨʦʣʠʪʠʯʢʠ ʣʘʙʠʣʥʝ ʝʩʪʘʨʩʢʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʛʨʫʧʝ ʫ ʧʝʨʠʥʜʦʧʨʠʣʫ, 

ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʦʛ ʧʨʩʪʝʥʘ ʩʢʣʦʥʦʛ ʦʢʩʠʜʘʮʠʿʠ ʫ ʘʤʣʦʜʠʧʠʥʫ ʠ ʬʦʪʦʣʘʙʠʣʥʝ ʩʪʨʫʢʪʫʨʝ ʢʦʿʘ 

ʩʘʜʨʞʠ ʩʫʣʬʦʥʘʤʠʜ ʫ ʠʥʜʘʧʘʤʠʜʫ ʫʢʘʟʫʿʝ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʨʘʟʣʠʯʠʪʝ ʜʦʤʠʥʘʥʪʥʝ 

ʤʝʭʘʥʠʟʤʝ ʨʘʟʛʨʘʜˁʝ ʟʘ ʩʚʘʢʦ ʿʝʜʠˁʝˁʝ. ʆʚʘ ʩʪʨʫʢʪʫʨʥʘ ʨʘʟʥʦʣʠʢʦʩʪ ʯʠʥʠ ʢʦʤʙʠʥʘʮʠʿʫ 

ʇɽʈ/ɸʄʃ/ʀʅɼ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʦʜʝʣ ʩʠʩʪʝʤʦʤ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʤʝʭʘʥʠʩʪʠʯʢʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʜ 

ʫʩʣʦʚʠʤʘ ʭʠʜʨʦʣʠʪʠʯʢʦʛ, ʦʢʩʠʜʘʪʠʚʥʦʛ ʠ ʬʦʪʦʣʠʪʠʯʢʦʛ ʩʪʨʝʩʘ, ʧʦʩʝʙʥʦ ʫ ʦʢʚʠʨʫ ʨʘʟʚʦʿʘ 

ʢʦʤʙʠʥʘʮʠʿʘ ʬʠʢʩʥʠʭ ʜʦʟʘ. 
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1.6.4 ʈʝʟʠʤʝ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ 
 

ʈʘʟʫʤʝʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝ 

ʚʘʞʥʦʩʪʠ ʟʘ ʨʘʮʠʦʥʘʣʥʦ ʜʠʟʘʿʥʠʨʘˁʝ ˁʠʭʦʚʝ ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ. ɳʠʭʦʚʝ ʨʘʟʣʠʯʠʪʝ 

pKa ʚʨʝʜʥʦʩʪʠ ʜʠʢʪʠʨʘʿʫ ˁʠʭʦʚʘ ʩʪʘˁʘ ʿʦʥʠʟʘʮʠʿʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ pH ʚʨʝʜʥʦʩʪʠʤʘ, ʰʪʦ 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ˁʠʭʦʚʫ ʨʘʩʪʚʦʨˀʠʚʦʩʪ, ʩʪʘʙʠʣʥʦʩʪ ʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʧʦʥʘʰʘˁʝ. ʈʘʟʣʠʢʝ 

ʫ log P ʚʨʝʜʥʦʩʪʠʤʘ ʫʪʠʯʫ ʥʘ ˁʠʭʦʚʫ ʨʘʩʧʦʜʝʣʫ ʠʟʤʝʹʫ ʤʦʙʠʣʥʝ ʠ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ ʫ HPLC 

ʩʠʩʪʝʤʫ, ʰʪʦ ʟʘʭʪʝʚʘ ʧʘʞˀʠʚʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʫʩʣʦʚʘ ʟʘ ˁʠʭʦʚʦ ʠʩʪʦʚʨʝʤʝʥʦ 

ʨʘʟʜʚʘʿʘˁʝ. ʐʪʘʚʠʰʝ, ˁʠʭʦʚʘ ʿʝʜʠʥʩʪʚʝʥʘ ʧʦʜʣʦʞʥʦʩʪ ʨʘʟʛʨʘʜˁʠ (ʭʠʜʨʦʣʠʟʘ ʟʘ ʇɽʈ ʠ ɸʄʃ, 

ʦʢʩʠʜʘʮʠʿʘ ʟʘ ɸʄʃ ʠ ʬʦʪʦʣʠʟʘ ʟʘ ʀʅɼ) ʠʩʪʠʯʝ ʩʣʦʞʝʥʝ ʠʟʘʟʦʚʝ ʩʪʘʙʠʣʥʦʩʪʠ ʢʦʿʠ ʩʝ ʤʦʨʘʿʫ 

ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʪʠ ʠ ʨʝʰʠʪʠ ʪʦʢʦʤ ʨʘʟʚʦʿʘ ʬʦʨʤʫʣʘʮʠʿʝ, ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʦ ʜʫʛʦʨʦʯʥʠ 

ʢʚʘʣʠʪʝʪ ʠ ʝʬʠʢʘʩʥʦʩʪ ʂʌɼ ʧʨʦʠʟʚʦʜʘ. ʄʝʹʫʩʦʙʥʦ ʜʝʿʩʪʚʦ ʦʚʠʭ ʩʚʦʿʩʪʘʚʘ ʯʠʥʠ ʦʩʥʦʚʫ ʟʘ 

ʘʥʘʣʠʪʠʯʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʦʚʦʿ ʪʝʟʠ. 

 

1.7 ʉʠʩʪʝʤʘʪʩʢʠ ʨʘʟʚʦʿ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʝ ʜʦʟʝ: ʧʨʠʩʪʫʧ 
ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ 

 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʭʠʧʦʪʝʟʠ ʜʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ɸʇʀ     

ʫʥʫʪʘʨ ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ ʤʦʛʫ ʤʦʜʠʬʠʢʦʚʘʪʠ ʧʦʿʝʜʠʥʘʯʥʝ ʧʫʪʝʚʝ ʨʘʟʛʨʘʜˁʝ ʠ 

ʢʠʥʝʪʠʯʢʦ ʧʦʥʘʰʘˁʝ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʧʝʮʠʬʠʯʥʦʛ ʧʨʦʬʠʣʘ ʩʪʘʙʠʣʥʦʩʪʠ ʢʦʿʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ 

ʦʥʠʭ ʢʦʜ ʿʝʜʥʦʢʦʤʧʦʥʝʥʪʥʠʭ ʬʦʨʤʫʣʘʮʠʿʘ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʩʧʠʪʠʚʘʥʘ ʿʝ 

ʬʠʢʩʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʜʦʟʘ ʪʨʠ ʰʠʨʦʢʦ ʢʦʨʠʰ˂ʝʥʘ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʘ ʣʝʢʘ: ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-

ʙʫʪʠʣʘʤʠʥ (ʇɽʈ), ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ (ɸʄʃ) ʠ ʠʥʜʘʧʘʤʠʜ (ʀʅɼ). ʆʚʠ ʣʝʢʦʚʠ ʧʨʠʧʘʜʘʿʫ 

ʨʘʟʣʠʯʠʪʠʤ ʬʘʨʤʘʢʦʣʦʰʢʠʤ ʢʣʘʩʘʤʘ ʠ ʦʩʪʚʘʨʫʿʫ ʩʚʦʿʝ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʝ ʝʬʝʢʪʝ ʧʫʪʝʤ 

ʨʘʟʣʠʯʠʪʠʭ ʤʝʭʘʥʠʟʘʤʘ, ʰʪʦ ˁʠʭʦʚʫ ʢʦʤʙʠʥʘʮʠʿʫ ʯʠʥʠ ʧʦʩʝʙʥʦ ʝʬʠʢʘʩʥʦʤ ʫ ʧʦʩʪʠʟʘˁʫ 

ʩʚʝʦʙʫʭʚʘʪʥʝ ʢʦʥʪʨʦʣʝ ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ (39). 

ʇʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ ʿʝ ɸʎɽ ʠʥʭʠʙʠʪʦʨ. ɸʎɽ ʠʥʭʠʙʠʪʦʨʠ ʙʣʦʢʠʨʘʿʫ ʢʦʥʚʝʨʟʠʿʫ 

ʘʥʛʠʦʪʝʥʟʠʥʘ I ʫ ʘʥʛʠʦʪʝʥʟʠʥ II, ʢʦʿʠ ʿʝ ʩʥʘʞʘʥ ʚʘʟʦʢʦʥʩʪʨʠʢʪʦʨ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ 

ʚʘʟʦʜʠʣʘʪʘʮʠʿʝ ʠ ʩʤʘˁʝˁʘ ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ. ʆʥʠ ʪʘʢʦʹʝ ʩʤʘˁʫʿʫ ʣʫʯʝˁʝ ʘʣʜʦʩʪʝʨʦʥʘ, ʰʪʦ 

ʩʤʘˁʫʿʝ ʟʘʜʨʞʘʚʘˁʝ ʥʘʪʨʠʿʫʤʘ ʠ ʚʦʜʝ ʫ ʦʨʛʘʥʠʟʤʫ ʧʘʮʠʿʝʥʪʘ. ʇɽʈ ʩʝ ʯʝʩʪʦ ʧʨʦʧʠʩʫʿʝ ʟʘ 

ʭʠʧʝʨʪʝʥʟʠʿʫ, ʩʨʯʘʥʫ ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʫ ʠ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ ʜʦʛʘʹʘʿʘ 

ʢʦʜ ʧʘʮʠʿʝʥʘʪʘ ʩʘ ʩʪʘʙʠʣʥʦʤ ʢʦʨʦʥʘʨʥʦʤ ʘʨʪʝʨʠʿʩʢʦʤ ʙʦʣʝʰ˂ʫ (40). 

ɸʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ ʿʝ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʙʣʦʢʘʪʦʨ ʢʘʣʮʠʿʫʤʦʚʠʭ ʢʘʥʘʣʘ. ɹʂʂ ʠʥʭʠʙʠʨʘʿʫ 

ʧʨʠʣʠʚ ʢʘʣʮʠʿʫʤʦʚʠʭ ʿʦʥʘ ʫ ˂ʝʣʠʿʝ ʛʣʘʪʢʠʭ ʤʠʰʠ˂ʘ ʢʨʚʥʠʭ ʩʫʜʦʚʘ ʠ ʤʠʦʢʘʨʜʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ 

ʚʘʟʦʜʠʣʘʪʘʮʠʿʝ ʠ ʩʤʘˁʝˁʘ ʧʝʨʠʬʝʨʥʦʛ ʚʘʩʢʫʣʘʨʥʦʛ ʦʪʧʦʨʘ. ɸʄʃ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʟʘ 

ʣʝʯʝˁʝ ʭʠʧʝʨʪʝʥʟʠʿʝ ʠ ʘʥʛʠʥʝ ʧʝʢʪʦʨʠʩ ʟʙʦʛ ʜʫʛʦʛ ʜʝʿʩʪʚʘ ʠ ʧʦʚʦˀʥʦʛ ʧʨʦʬʠʣʘ 

ʧʦʜʥʦʰˀʠʚʦʩʪʠ (40). 

ʀʥʜʘʧʘʤʠʜ ʿʝ ʜʠʫʨʝʪʠʢ ʩʣʠʯʘʥ ʪʠʘʟʠʜʠʤʘ. ɼʠʫʨʝʪʠʮʠ ʧʦʚʝ˂ʘʚʘʿʫ ʠʟʣʫʯʠʚʘˁʝ ʥʘʪʨʠʿʫʤʘ ʠ 

ʚʦʜʝ ʠʟ ʦʨʛʘʥʠʟʤʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʚʦʣʫʤʝʥʘ ʢʨʚʠ ʠ, ʧʦʩʣʝʜʠʯʥʦ, ʜʦ ʩʥʠʞʘʚʘˁʘ 

ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ. ʀʥʜʘʧʘʤʠʜ ʿʝ ʧʦʩʝʙʥʦ ʝʬʠʢʘʩʘʥ ʫ ʣʝʯʝˁʫ ʭʠʧʝʨʪʝʥʟʠʿʝ ʠ ʧʦʢʘʟʘʣʦ ʩʝ ʜʘ ʠʤʘ 

ʜʦʜʘʪʥʘ ʚʘʟʦʜʠʣʘʪʘʪʦʨʥʘ ʩʚʦʿʩʪʚʘ ʥʝʟʘʚʠʩʥʦ ʦʜ ʩʚʦʛ ʜʠʫʨʝʪʠʯʢʦʛ ʜʝʿʩʪʚʘ (40). 

ʀʘʢʦ ʢʦʤʙʠʥʘʮʠʿʘ ʦʚʘ ʪʨʠ ʣʝʢʘ ʥʫʜʠ ʟʥʘʯʘʿʥʝ ʪʝʨʘʧʝʫʪʩʢʝ ʧʨʝʜʥʦʩʪʠ, ˁʠʭʦʚʘ ʨʘʟʣʠʯʠʪʘ 

ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʥʝ ʠʟʘʟʦʚʝ ʟʘ ʩʪʘʙʠʣʥʫ ʬʘʨʤʘʮʝʫʪʩʢʫ 

ʬʦʨʤʫʣʘʮʠʿʫ ʠ ʢʚʘʣʠʪʘʪʠʚʥʫ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ. ʇɽʈ ʿʝ ʚʠʩʦʢʦ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ, 

ʦʩʝʪˀʠʚ ʥʘ ʪʦʧʣʦʪʫ, ʜʦʢ ʿʝ ɸʄʃ ʿʝʜʠˁʝˁʝ ʙʘʟʥʦʛ ʢʘʨʘʢʪʝʨʘ ʩʘ ʫʤʝʨʝʥʦʤ ʨʘʩʪʚʦʨˀʠʚʦʰ˂ʫ, ʘ 

ʀʅɼ ʿʝ ʩʣʘʙʦ ʢʠʩʝʣʦ ʿʝʜʠˁʝˁʝ ʩʘ ʥʠʩʢʦʤ ʨʘʩʪʚʦʨˀʠʚʦʰ˂ʫ. ʆʚʝ ʨʘʟʣʠʢʝ ʟʘʭʪʝʚʘʿʫ ʧʘʞˀʠʚʦ 

ʨʘʟʤʘʪʨʘˁʝ ʪʦʢʦʤ ʬʦʨʤʫʣʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʘ ʩʪʘʙʠʣʥʦʩʪ, ʙʠʦʨʘʩʧʦʣʦʞʠʚʦʩʪ ʠ 
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ʢʦʥʟʠʩʪʝʥʪʥʦ ʦʩʣʦʙʘʹʘˁʝ ʣʝʢʘ ʠʟ ʪʘʙʣʝʪʝ ʢʘʦ ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʦʚʘ ʪʨʠ ʣʝʢʘ. ʐʪʘʚʠʰʝ, 

ʨʘʟʚʦʿ ʿʝʜʠʥʩʪʚʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʢʦʿʘ ʤʦʞʝ ʠʩʪʦʚʨʝʤʝʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʠ ʦʜʨʝʜʠʪʠ ʩʚʝ 

ʪʨʠ ʿʝʜʠˁʝˁʘ, ʯʝʩʪʦ ʧʨʠʩʫʪʥʘ ʫ ʚʝʦʤʘ ʨʘʟʣʠʯʠʪʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʿʝ ʟʥʘʯʘʿʥʘ ʘʥʘʣʠʪʠʯʢʘ 

ʧʨʝʧʨʝʢʘ ʫ ʩʣʦʞʝʥʦʿ ʤʘʪʨʠʮʠ. 

 

1.7.1 ʆʙʨʘʟʣʦʞʝˁʝ ʟʘ ʨʘʟʚʦʿ ʥʦʚʝ HPLC ʤʝʪʦʜʝ ʟʘ ʪʨʦʩʪʨʫʢʫ ʢʦʤʙʠʥʘʮʠʿʫ 
 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʦʧʠʩʘʥʦ ʥʝʢʦʣʠʢʦ ʤʝʪʦʜʘ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʝʨʠʥʜʦʧʨʠʣʘ, 

ʘʤʣʦʜʠʧʠʥʘ ʠ ʠʥʜʘʧʘʤʠʜʘ, ʘʣʠ ˁʠʭʦʚʠʤ ʢʨʠʪʠʯʢʠʤ ʨʘʟʤʘʪʨʘˁʝʤ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʥʠʿʝʜʥʘ 

ʦʜ ˁʠʭ ʫ ʧʦʪʧʫʥʦʩʪʠ ʥʝ ʦʙʝʿʜʠˁʫʿʝ ʩʠʩʪʝʤʘʪʩʢʠ ʨʘʟʚʦʿ ʤʝʪʦʜʝ, ʧʨʦʮʝʥʫ ʨʦʙʫʩʥʦʩʪʠ ʫ ʬʘʟʠ 

ʦʧʪʠʤʠʟʘʮʠʿʝ, ʟʝʣʝʥʫ ʘʥʘʣʠʪʠʯʢʫ ʧʨʦʮʝʥʫ ʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʫ ʠʩʧʠʪʠʚʘˁʠʤʘ ʩʪʘʙʠʣʥʦʩʪʠ 

ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ. El-Bagary ʠ ʩʘʨʘʜʥʠʮʠ (41) ʩʫ ʨʘʟʚʠʣʠ ʚʘʣʠʜʠʨʘʥʫ HPLC ʤʝʪʦʜʫ 

ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʝʨʠʥʜʦʧʨʠʣ-ʘʨʛʠʥʠʥʘ, ʘʤʣʦʜʠʧʠʥʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʫ ʩʠʨʦʚʠʥʘʤʘ ʠ 

ʬʘʨʤʘʮʝʫʪʩʢʠʤ ʦʙʣʠʮʠʤʘ, ʢʦʨʠʩʪʝ˂ʠ C18 ʢʦʣʦʥʫ, ʤʦʙʠʣʥʫ ʬʘʟʫ ʬʦʩʬʘʪʥʠ ʧʫʬʝʨ pH 2,6ï

ʤʝʪʘʥʦʣ (50:50, v/v), ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʣʦʥʝ ʦʜ 50 ÁC ʠ UV ʜʝʪʝʢʮʠʿʫ ʥʘ 215 nm. ʀʘʢʦ ʿʝ ʤʝʪʦʜʘ 

ʿʝʜʥʦʩʪʘʚʥʘ, ʧʨʝʮʠʟʥʘ ʠ ʧʦʛʦʜʥʘ ʟʘ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ, ˁʝʥ ʨʘʟʚʦʿ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʢʣʘʩʠʯʥʦʿ 

ʦʧʪʠʤʠʟʘʮʠʿʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʫʩʣʦʚʘ, ʙʝʟ ʧʨʠʤʝʥʝ AQbD ʧʨʠʩʪʫʧʘ, ʜʝʬʠʥʠʩʘˁʘ ʜʠʟʘʿʥ-

ʧʨʦʩʪʦʨʘ ʠ ʩʠʩʪʝʤʘʪʩʢʝ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʝʪʦʜʝ. ʊʘʢʦʹʝ, ʝʢʦʣʦʰʢʠ 

ʧʨʦʬʠʣ ʤʝʪʦʜʝ ʥʠʿʝ ʧʨʦʮʝˁʝʥ ʧʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʠʭ ʘʣʘʪʘ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ (41). 

Patel ʠ ʩʘʨʘʜʥʠʮʠ (42) ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʫ ʪʘʥʢʦʩʣʦʿʥʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʫ ʤʝʪʦʜʫ 

(ʝʥʛ. High-Performance Thin-Layer Chromatography - HPTLC) ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ 

ʧʝʨʠʥʜʦʧʨʠʣ-ʝʨʙʫʤʠʥʘ, ʠʥʜʘʧʘʤʠʜʘ ʠ ʘʤʣʦʜʠʧʠʥ-ʙʝʩʠʣʘʪʘ ʫ Triplixam ʪʘʙʣʝʪʘʤʘ. ʆʚʘ ʤʝʪʦʜʘ 

ʠʤʘ ʧʨʝʜʥʦʩʪ ʫ ʧʦʛʣʝʜʫ ʤʦʛʫ˂ʥʦʩʪʠ ʘʥʘʣʠʟʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʫʟʦʨʘʢʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʤʘˁʝ 

ʧʦʪʨʦʰˁʝ ʤʦʙʠʣʥʝ ʬʘʟʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʥʝ HPLC ʧʦʩʪʫʧʢʝ. ʄʝʹʫʪʠʤ, ʢʘʦ ʤʦʙʠʣʥʘ ʬʘʟʘ 

ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʩʤʝʰʘ ʜʠʭʣʦʨʤʝʪʘʥʘ, ʤʝʪʘʥʦʣʘ, ʪʦʣʫʝʥʘ ʠ ʛʣʘʮʠʿʘʣʥʝ ʩʠʨ˂ʝʪʥʝ ʢʠʩʝʣʠʥʝ, ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʦ ʦʛʨʘʥʠʯʝˁʝ ʩʘ ʘʩʧʝʢʪʘ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʟʙʦʛ ʫʧʦʪʨʝʙʝ 

ʪʦʢʩʠʯʥʠʭ ʠ ʝʢʦʣʦʰʢʠ ʥʝʧʦʚʦˀʥʠʭ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ. ʇʦʨʝʜ ʪʦʛʘ, HPTLC ʧʨʠʩʪʫʧ, ʠʘʢʦ 

ʢʦʨʠʩʪʘʥ ʟʘ ʨʫʪʠʥʩʢʫ ʘʥʘʣʠʟʫ, ʠʤʘ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʦʛʣʝʜʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʨʝʟʦʣʫʮʠʿʝ, 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʠʨʝʢʪʥʝ ʫʧʦʨʝʜʠʚʦʩʪʠ ʩʘ HPLC ʤʝʪʦʜʘʤʘ ʢʦʿʝ ʩʝ ʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʫ 

ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʢʦʥʪʨʦʣʠ ʢʚʘʣʠʪʝʪʘ (42). 

ʋ ʜʨʫʛʦʤ ʨʘʜʫ, Patel ʠ ʩʘʨʘʜʥʠʮʠ (43) ʩʫ ʨʘʟʚʠʣʠ RP-HPLC ʤʝʪʦʜʫ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ 

ʧʝʨʠʥʜʦʧʨʠʣ-ʝʨʙʫʤʠʥʘ, ʠʥʜʘʧʘʤʠʜʘ ʠ ʘʤʣʦʜʠʧʠʥ-ʙʝʩʠʣʘʪʘ ʫ ʩʠʨʦʚʠʥʘʤʘ ʠ ʪʘʙʣʝʪʘʤʘ, 

ʢʦʨʠʩʪʝ˂ʠ C18 ʢʦʣʦʥʫ ʠ ʤʦʙʠʣʥʫ ʬʘʟʫ ʘʮʝʪʦʥʠʪʨʠʣ:ʤʝʪʘʥʦʣ:ʚʦʜʘ (30:20:50, v/v/v, pH=3,0). 

ʄʝʪʦʜʘ ʿʝ ʚʘʣʠʜʠʨʘʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ICH Q2(R1) ʩʤʝʨʥʠʮʘʤʘ ʠ ʧʦʢʘʟʘʣʘ ʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ 

ʪʘʯʥʦʩʪ, ʧʨʝʮʠʟʥʦʩʪ ʠ ʨʦʙʫʩʥʦʩʪ. ʀʧʘʢ, ʨʦʙʫʩʥʦʩʪ ʿʝ ʫ ʦʚʦʤ ʨʘʜʫ ʠʩʧʠʪʠʚʘʥʘ ʢʘʦ ʜʝʦ ʟʘʚʨʰʥʝ 

ʚʘʣʠʜʘʮʠʿʝ, ʘ ʥʝ ʢʘʦ ʨʝʟʫʣʪʘʪ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ. ɿʙʦʛ ʪʦʛʘ 

ʥʠʿʝ ʦʤʦʛʫ˂ʝʥʘ ʧʦʪʧʫʥʘ ʧʨʦʮʝʥʘ ʧʦʿʝʜʠʥʘʯʥʦʛ ʠ ʠʥʪʝʨʘʢʮʠʦʥʦʛ ʫʪʠʮʘʿʘ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʰʪʦ ʩʫ ʩʘʩʪʘʚ ʤʦʙʠʣʥʝ ʬʘʟʝ, pH, ʧʨʦʪʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʝ. ʊʘʢʦʹʝ, ʤʝʪʦʜʘ 

ʥʠʿʝ ʧʨʘ˂ʝʥʘ ʩʠʩʪʝʤʘʪʩʢʦʤ ʧʨʦʮʝʥʦʤ ʟʝʣʝʥʦʛ ʧʨʦʬʠʣʘ, ʥʠʪʠ ʿʝ ʨʘʟʚʦʿ ʤʝʪʦʜʝ ʧʦʩʪʘʚˀʝʥ ʫ 

ʦʢʚʠʨ ʘʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ (43). 

Saleh ʠ ʩʘʨʘʜʥʠʮʠ (44) ʩʫ ʥʘʧʨʘʚʠʣʠ ʟʥʘʯʘʿʘʥ ʠʩʢʦʨʘʢ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʤʝʪʦʜʝ ʿʝʨ ʩʫ 

ʨʘʟʚʠʣʠ ʙʨʟʫ RP-HPLC ʤʝʪʦʜʫ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʠʥʜʘʧʘʤʠʜʘ, ʧʝʨʠʥʜʦʧʨʠʣʘ ʠ ʘʤʣʦʜʠʧʠʥʘ ʠ 

ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʦʮʝʥʠʣʠ ˁʝʥ ʟʝʣʝʥʠ ʧʨʦʬʠʣ ʧʨʠʤʝʥʦʤ ʚʠʰʝ ʘʣʘʪʘ, ʫʢˀʫʯʫʿʫ˂ʠ NEMI, Eco-

Scale, AGP ʠ GAPI. ʆʚʘʿ ʨʘʜ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʘʥ ʿʝʨ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʝʬʠʢʘʩʥʦʩʪ 

ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʨʘʟʜʚʘʿʘˁʘ ʤʦʞʝ ʨʘʟʤʘʪʨʘʪʠ ʟʘʿʝʜʥʦ ʩʘ ʧʦʪʨʦʰˁʦʤ ʨʘʩʪʚʘʨʘʯʘ, ʢʦʣʠʯʠʥʦʤ 

ʦʪʧʘʜʘ ʠ ʝʢʦʣʦʰʢʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʤʝʪʦʜʝ. ʄʝʹʫʪʠʤ, ʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʟʝʣʝʥʘ ʧʨʦʮʝʥʘ ʿʝ 

ʧʨʠʤʘʨʥʦ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʚʨʝʜʥʦʚʘˁʝ ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ, ʜʦʢ ʩʠʩʪʝʤʘʪʩʢʠ AQbD ʧʨʠʩʪʫʧ, ʩʘ 
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ʜʝʬʠʥʠʩʘˁʝʤ ʢʨʠʪʠʯʥʠʭ ʤʝʪʦʜʘ ʧʘʨʘʤʝʪʘʨʘ, ʢʨʠʪʠʯʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʦʜʛʦʚʦʨʘ ʠ ʜʠʟʘʿʥ-

ʧʨʦʩʪʦʨʘ, ʥʠʿʝ ʙʠʦ ʮʝʥʪʨʘʣʥʠ ʜʠʦ ʨʘʟʚʦʿʘ ʤʝʪʦʜʝ (44). 

ʅʘ ʦʩʥʦʚʫ ʥʘʚʝʜʝʥʦʛ, ʨʘʟʚʦʿ ʥʦʚʝ RP-HPLC ʤʝʪʦʜʝ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʇɽʈ, ɸʄʃ ʠ 

ʀʅɼ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʬʠʢʩʥʠʭ ʜʦʟʘ ʿʝ ʦʧʨʘʚʜʘʥ ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʫʦʯʝʥʠʭ 

ʦʛʨʘʥʠʯʝˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʧʨʠʩʪʫʧʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʨʘʥʠʿʝ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʘ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

ʨʘʟʚʦʿ ʤʝʪʦʜʝ ʥʠʿʝ ʟʘʩʥʦʚʘʥ ʩʘʤʦ ʥʘ ʢʣʘʩʠʯʥʦʿ ʧʨʦʤʝʥʠ ʿʝʜʥʦʛ ʧʘʨʘʤʝʪʨʘ ʫ ʿʝʜʥʦʤ ʪʨʝʥʫʪʢʫ, 

ʚʝ˂ ʥʘ ʩʠʩʪʝʤʘʪʩʢʦʿ ʧʨʠʤʝʥʠ AQbD ʧʨʠʥʮʠʧʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʫʪʠʮʘʿʘ 

ʢʨʠʪʠʯʥʠʭ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʬʘʢʪʦʨʘ ʥʘ ʢʚʘʣʠʪʝʪ ʨʘʟʜʚʘʿʘˁʘ. ʀʩʪʦʚʨʝʤʝʥʦ, ʫʢˀʫʯʠʚʘˁʝ 

ʧʨʠʥʮʠʧʘ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʮʝʥʫ ʠ ʩʤʘˁʝˁʝ ʝʢʦʣʦʰʢʦʛ ʫʪʠʮʘʿʘ ʤʝʪʦʜʝ, 

ʜʦʢ ʠʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ˁʠʭʦʚʠʭ 

ʢʦʤʙʠʥʘʮʠʿʘ ʧʨʦʰʠʨʫʿʝ ʧʨʠʤʝʥʫ ʤʝʪʦʜʝ ʩʘ ʨʫʪʠʥʩʢʝ ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ ʥʘ ʤʝʪʦʜʫ ʧʦʛʦʜʥʫ 

ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʂʌɼ.  

 

1.8 ʀʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ ʫ ʬʠʢʩʥʠʤ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʣʝʢʦʚʘ 
 

1.8.1 ɿʥʘʯʘʿ ʩʪʫʜʠʿʘ ʩʪʘʙʠʣʥʦʩʪʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʤ ʨʘʟʚʦʿʫ 
 

ʀʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʿʝ ʦʩʥʦʚ ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʨʘʟʚʦʿʘ, ʧʨʫʞʘʿʫ˂ʠ ʢˀʫʯʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʪʦʤʝ ʢʘʢʦ ʩʝ ʢʚʘʣʠʪʝʪ ʣʝʢʘ ʠʣʠ ʧʨʦʠʟʚʦʜʘ ʤʝˁʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʧʦʜ ʫʪʠʮʘʿʝʤ ʨʘʟʣʠʯʠʪʠʭ 

ʬʘʢʪʦʨʘ ʦʢʦʣʠʥʝ ʢʘʦ ʰʪʦ ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ ʠ ʩʚʝʪʣʦʩʪ (45). ʆʚʝ ʩʪʫʜʠʿʝ ʥʠʩʫ ʩʘʤʦ 

ʨʝʛʫʣʘʪʦʨʥʘ ʬʦʨʤʘʣʥʦʩʪ, ʚʝ˂ ʩʫ ʬʫʥʜʘʤʝʥʪʘʣʥʝ ʟʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ, ʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʢʚʘʣʠʪʝʪʘ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ʪʦʢʦʤ ˁʠʭʦʚʦʛ ʧʨʝʜʚʠʹʝʥʦʛ ʨʦʢʘ ʪʨʘʿʘˁʘ. ʈʝʛʫʣʘʪʦʨʥʘ 

ʪʝʣʘ ʰʠʨʦʤ ʩʚʝʪʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʄʝʹʫʥʘʨʦʜʥʫ ʢʦʥʬʝʨʝʥʮʠʿʫ ʦ ʭʘʨʤʦʥʠʟʘʮʠʿʠ (ICH), 

ʫʩʧʦʩʪʘʚʠʣʘ ʩʫ ʩʚʝʦʙʫʭʚʘʪʥʝ ʩʤʝʨʥʠʮʝ (ʥʧʨ. ICH Q1A(R2) ʟʘ ʪʝʩʪʠʨʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʥʦʚʠʭ 

ʣʝʢʦʚʠʪʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʧʨʦʠʟʚʦʜʘ) ʢʦʿʝ ʥʘʣʘʞʫ ʩʧʨʦʚʦʹʝˁʝ ʨʠʛʦʨʦʟʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ 

ʧʨʦʮʝʜʫʨʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ (46). 

ɼʦʢ ʨʝʛʫʣʘʪʦʨʥʝ ʩʪʫʜʠʿʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʨʚʝʥʩʪʚʝʥʦ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʜʝʬʠʥʠʰʫ ʨʦʢ ʪʨʘʿʘˁʘ ʠ 

ʫʩʣʦʚʝ ʩʢʣʘʜʠʰʪʝˁʘ, ʜʝʪʘˀʥʘ ʢʠʥʝʪʠʯʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʦʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʘʢʪʠʚʘʮʠʿʝ 

ʧʨʫʞʘʿʫ ʜʝʪʘˀʥʠʿʠ ʫʚʠʜ ʫ ʧʫʪʝʚʝ ʨʘʟʛʨʘʜˁʝ ʠ ˁʠʭʦʚʝ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʊʘʢʚʦ ʤʝʭʘʥʠʩʪʠʯʢʦ ʨʘʟʫʤʝʚʘˁʝ ʥʫʜʠ ʿʘʯʫ ʥʘʫʯʥʫ ʦʩʥʦʚʫ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʜʫʛʦʨʦʯʥʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʬʦʨʤʫʣʘʮʠʿʝ. 

ʀʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʩʝʛʤʝʥʘʪʘ ʨʘʟʚʦʿʘ ʠ ʢʦʥʪʨʦʣʝ 

ʢʚʘʣʠʪʝʪʘ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʧʨʦʠʟʚʦʜʘ, ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʮʝʥʫ ʧʨʦʤʝʥʘ ʢʦʿʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʪʦʢʦʤ 

ʚʨʝʤʝʥʘ ʧʦʜ ʫʪʠʮʘʿʝʤ ʨʘʟʣʠʯʠʪʠʭ ʫʩʣʦʚʘ ʯʫʚʘˁʘ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʦʚʠʭ ʠʩʧʠʪʠʚʘˁʘ 

ʜʝʬʠʥʠʰʫ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʬʦʨʤʫʣʘʮʠʿʘ, ʠʟʙʦʨ ʘʤʙʘʣʘʞʝ, ʫʩʣʦʚʠ ʩʢʣʘʜʠʰʪʝˁʘ ʠ ʨʦʢ ʪʨʘʿʘˁʘ 

ʣʝʢʘ, ʢʘʢʦ ʙʠ ʧʨʦʠʟʚʦʜ ʪʦʢʦʤ ʮʝʣʦʛ ʧʝʨʠʦʜʘ ʫʧʦʪʨʝʙʝ ʦʩʪʘʦ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʦʧʠʩʘʥʠʤ ʟʘʭʪʝʚʠʤʘ 

ʫ ʧʦʛʣʝʜʫ ʠʜʝʥʪʠʪʝʪʘ, ʿʘʯʠʥʝ, ʢʚʘʣʠʪʝʪʘ ʠ ʯʠʩʪʦ˂ʝ. ʇʦʩʝʙʘʥ ʟʥʘʯʘʿ ʩʪʘʙʠʣʥʦʩʪʠ ʦʛʣʝʜʘ ʩʝ ʫ 

ʦʯʫʚʘˁʫ ʪʝʨʘʧʠʿʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ ʣʝʢʘ, ʿʝʨ ʨʘʟʛʨʘʜˁʘ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ 

ʩʘʩʪʦʿʘʢʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʩʘʜʨʞʘʿʘ ʘʢʪʠʚʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʘʣʠ ʠ ʜʦ ʥʘʩʪʘʥʢʘ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʰʪʝʪʥʠʭ ʧʨʦʠʟʚʦʜʘ ʨʘʟʛʨʘʜˁʝ. ʇʦʨʝʜ ʪʦʛʘ, ʧʦʜʘʮʠ ʦ ʩʪʘʙʠʣʥʦʩʪʠ ʠʤʘʿʫ ʚʘʞʥʫ 

ʫʣʦʛʫ ʫ ʨʘʟʚʦʿʫ ʬʦʨʤʫʣʘʮʠʿʝ, ʠʟʙʦʨʫ ʧʦʤʦ˂ʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʧʘʢʦʚʘˁʝ, ʢʘʦ ʠ ʫ 

ʠʩʧʫˁʘʚʘˁʫ ʨʝʛʫʣʘʪʦʨʥʠʭ ʟʘʭʪʝʚʘ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʩʪʘʚˀʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ ʬʘʨʤʘʮʝʫʪʩʢʦʛ 

ʧʨʦʠʟʚʦʜʘ ʫ ʧʨʦʤʝʪʫ. 

ʋ ʢʦʥʪʝʢʩʪʫ ʢʦʤʙʠʥʘʮʠʿʘ ʬʠʢʩʥʠʭ ʜʦʟʘ, ʠʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʩʪʘʿʝ ʿʦʰ ʢʨʠʪʠʯʥʠʿʝ ʠ 

ʩʣʦʞʝʥʠʿʝ. ʇʨʠʩʫʩʪʚʦ ʚʠʰʝ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʘʩʪʦʿʘʢʘ ʫʥʫʪʘʨ ʿʝʜʥʦʛ ʜʦʟʥʦʛ ʦʙʣʠʢʘ 

ʫʚʦʜʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʣʝʢʦʚʘ, ʰʪʦ ʤʦʞʝ ʫʙʨʟʘʪʠ ʨʘʟʛʨʘʜˁʫ ʠʣʠ ʜʦʚʝʩʪʠ ʜʦ 



17 
 

ʥʦʚʠʭ ʧʫʪʝʚʘ ʨʘʟʛʨʘʜˁʝ ʢʦʿʠ ʩʝ ʥʝ ʧʨʠʤʝ˂ʫʿʫ ʢʘʜʘ ʩʫ ʣʝʢʦʚʠ ʧʨʠʩʫʪʥʠ ʧʦʿʝʜʠʥʘʯʥʦ. ʉʪʦʛʘ ʿʝ 

ʨʘʟʫʤʝʚʘˁʝ ʧʦʥʘʰʘˁʘ ʨʘʟʛʨʘʜˁʝ ʠ/ʠʣʠ ʠʥʪʝʨʘʢʮʠʿʝ ʩʚʘʢʦʛ ʩʘʩʪʦʿʢʘ (ɸʇʀ ʠ ʧʦʤʦ˂ʥʠʭ 

ʩʫʧʩʪʘʥʮʠ), ʢʘʢʦ ʩʘʤʦʩʪʘʣʥʦ ʪʘʢʦ ʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʫ ɻʇ, ʦʜ ʥʘʿʚʝ˂ʝ ʚʘʞʥʦʩʪʠ ʟʘ ʫʩʧʝʰʘʥ 

ʨʘʟʚʦʿ ʠ ʢʦʤʝʨʮʠʿʘʣʠʟʘʮʠʿʫ ʂʌɼ. 

 

1.8.2 ʇʫʪʝʚʠ ʨʘʟʛʨʘʜˁʝ ʠ ʢʠʥʝʪʠʢʘ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʘʩʪʦʿʘʢʘ 

 

ɼʝʛʨʘʜʘʮʠʿʘ ʣʝʢʘ ʿʝ ʭʝʤʠʿʩʢʠ ʧʨʦʮʝʩ ʢʦʿʠ ʤʝˁʘ ʭʝʤʠʿʩʢʫ ʩʪʨʫʢʪʫʨʫ ɸʇʀ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ 

ʛʫʙʠʪʢʘ ʧʦʪʝʥʮʠʿʝ ʠ ʩʪʚʘʨʘˁʘ ʥʝʯʠʩʪʦ˂ʘ. ʈʘʟʫʤʝʚʘˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʧʫʪʝʚʘ ʜʝʛʨʘʜʘʮʠʿʝ ʠ 

ʢʠʥʝʪʠʢʝ ʢʦʿʘ ʫʧʨʘʚˀʘ ʦʚʠʤ ʧʨʦʮʝʩʠʤʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʣʝʢʘ ʠ 

ʜʠʟʘʿʥʠʨʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʪʨʘʪʝʛʠʿʘ ʩʪʘʙʠʣʠʟʘʮʠʿʝ. ʋʦʙʠʯʘʿʝʥʠ ʤʝʭʘʥʠʟʤʠ ʜʝʛʨʘʜʘʮʠʿʝ ʤʦʛʫ 

ʙʠʪʠ: 

¶ ʍʠʜʨʦʣʠʟʘ: ʆʚʦ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʧʫʪʝʚʘ ʜʝʛʨʘʜʘʮʠʿʝ ɸʇʀ, ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʨʝʘʢʮʠʿʫ 

ʣʝʢʘ ʩʘ ʚʦʜʦʤ. ʌʫʥʢʮʠʦʥʘʣʥʝ ʛʨʫʧʝ ʧʦʜʣʦʞʥʝ ʭʠʜʨʦʣʠʟʠ ʫʢˀʫʯʫʿʫ ʝʩʪʨʝ, ʘʤʠʜʝ, 

ʣʘʢʪʘʤʝ ʠ ʥʠʪʨʠʣʝ. ʌʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʭʠʜʨʦʣʠʟʫ ʫʢˀʫʯʫʿʫ ʫʪʠʮʘʿ pH ʚʨʝʜʥʦʩʪʠ 

ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ɸʇʀ ʥʘʣʘʟʠ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʨʠʩʫʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

¶ ʆʢʩʠʜʘʮʠʿʘ: ʆʢʩʠʜʘʮʠʿʘ ʫʢˀʫʯʫʿʝ ʛʫʙʠʪʘʢ ʝʣʝʢʪʨʦʥʘ ʠʟ ʤʦʣʝʢʫʣʘ, ʯʝʩʪʦ ʢʨʦʟ ʨʝʘʢʮʠʿʫ 

ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʠʣʠ ʜʨʫʛʠʤ ʦʢʩʠʜʘʮʠʦʥʠʤ ʩʨʝʜʩʪʚʠʤʘ. ʌʫʥʢʮʠʦʥʘʣʥʝ ʛʨʫʧʝ ʩʢʣʦʥʝ 

ʦʢʩʠʜʘʮʠʿʠ ʫʢˀʫʯʫʿʫ ʬʝʥʦʣʝ, ʘʤʠʥʝ, ʪʠʦʣʝ ʠ ʥʝʟʘʩʠ˂ʝʥʝ ʚʝʟʝ. ʌʘʢʪʦʨʠ ʧʦʧʫʪ ʣʘʢʠʭ ʠ 

ʪʝʰʢʠʭ ʤʝʪʘʣʥʠʭ ʿʦʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʠʩʝʦʥʠʢʘ ʤʦʛʫ ʫʙʨʟʘʪʠ ʦʢʩʠʜʘʮʠʿʫ. 

¶ ʌʦʪʦʣʠʟʘ: ʆʚʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʨʘʟʛʨʘʜˁʫ ʠʟʘʟʚʘʥʫ ʩʚʝʪʣʦʰ˂ʫ, ʧʦʩʝʙʥʦ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦʤ 
(UV) ʠʣʠ ʚʠʜˀʠʚʦʤ ʩʚʝʪʣʦʰ˂ʫ. ʄʥʦʛʠ ʤʦʣʝʢʫʣʠ ʣʝʢʦʚʘ ʩʘʜʨʞʝ ʭʨʦʤʦʬʦʨʝ ʢʦʿʠ 

ʘʧʩʦʨʙʫʿʫ ʩʚʝʪʣʦʩʥʫ ʝʥʝʨʛʠʿʫ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ ʠ ʥʘʢʥʘʜʥʠʭ ʭʝʤʠʿʩʢʠʭ 

ʨʝʘʢʮʠʿʘ. ʌʦʪʦʣʠʟʘ ʤʦʞʝ ʨʝʟʫʣʪʦʚʘʪʠ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʠʟʚʦʜʠʤʘ ʨʘʟʛʨʘʜˁʝ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʠʟʦʤʝʨʝ, ʧʦʣʠʤʝʨʝ ʠʣʠ ʧʨʦʠʟʚʦʜʝ ʨʘʟʣʘʛʘˁʘ. 

¶ ʀʟʦʤʝʨʠʟʘʮʠʿʘ: ʆʚʦ ʿʝ ʢʦʥʚʝʨʟʠʿʘ ʣʝʢʘ ʫ ʠʟʦʤʝʨʥʠ ʦʙʣʠʢ, ʢʦʿʠ ʤʦʞʝ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʫ 
ʬʘʨʤʘʢʦʣʦʰʢʫ ʘʢʪʠʚʥʦʩʪ ʠʣʠ ʩʪʘʙʠʣʥʦʩʪ. ʇʨʠʤʝʨʠ ʫʢˀʫʯʫʿʫ ʨʘʮʝʤʠʟʘʮʠʿʫ 

(ʢʦʥʚʝʨʟʠʿʫ ʝʥʘʥʪʠʦʤʝʨʘ ʫ ʨʘʮʝʤʩʢʫ ʩʤʝʰʫ) ʠʣʠ ʛʝʦʤʝʪʨʠʿʩʢʫ ʠʟʦʤʝʨʠʟʘʮʠʿʫ (ʮʠʩ-

ʪʨʘʥʩ ʠʥʪʝʨʢʦʥʚʝʨʟʠʿʘ). 

¶ ʇʦʣʠʤʝʨʠʟʘʮʠʿʘ: ʆʚʦ ʫʢˀʫʯʫʿʝ ʬʦʨʤʠʨʘˁʝ ʚʝ˂ʠʭ ʤʦʣʝʢʫʣʘ ʠʟ ʤʘˁʠʭ ʤʦʣʝʢʫʣʘ ʣʝʢʦʚʘ 

ʩʪʚʘʨʘˁʝʤ ʧʦʣʠʤʝʨʥʠʭ ʿʝʜʠˁʝˁʘ, ʰʪʦ ʯʝʩʪʦ ʜʦʚʦʜʠ ʜʦ ʛʫʙʠʪʢʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ʠʣʠ 

ʙʠʦʨʘʩʧʦʣʦʞʠʚʦʩʪʠ. 

ʂʠʥʝʪʠʢʘ ʨʘʟʛʨʘʜˁʝ ʦʜʥʦʩʠ ʩʝ ʥʘ ʧʨʦʫʯʘʚʘˁʝ ʙʨʟʠʥʝ ʢʦʿʦʤ ʩʝ ʣʝʢ ʨʘʟʛʨʘʹʫʿʝ. ʇʨʘ˂ʝˁʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʣʝʢʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʢʠʥʝʪʠʯʢʠ 

ʤʦʜʝʣʠ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʝʜʘ ʨʝʘʢʮʠʿʝ (ʥʫʣʪʦʛ ʨʝʜʘ, ʧʨʚʦʛ ʨʝʜʘ ʠʣʠ ʜʨʫʛʦʛ 

ʨʝʜʘ) ʠ ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ. ʆʚʝ ʠʥʬʦʨʤʘʮʠʿʝ ʩʫ ʢˀʫʯʥʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʨʦʢʘ ʪʨʘʿʘˁʘ ʠ 

ʨʘʟʫʤʝʚʘˁʝ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʨʘʟʛʨʘʜˁʝ ʣʝʢʘ (47). 

¶ ʂʠʥʝʪʠʢʘ ʥʫʣʪʦʛ ʨʝʜʘ: ɹʨʟʠʥʘ ʨʘʟʛʨʘʜˁʝ ʿʝ ʥʝʟʘʚʠʩʥʘ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʣʝʢʘ. ʆʚʦ ʩʝ 
ʦʙʠʯʥʦ ʜʝʰʘʚʘ ʢʘʜʘ ʿʝ ʣʝʢ ʫ ʟʘʩʠ˂ʝʥʦʤ ʨʘʩʪʚʦʨʫ ʠʣʠ ʢʘʜʘ ʿʝ ʫʢˀʫʯʝʥ ʢʦʨʘʢ ʢʦʿʠ 

ʦʛʨʘʥʠʯʘʚʘ ʙʨʟʠʥʫ (ʥʧʨ. ʨʘʩʪʚʘʨʘˁʝ). 

¶ ʂʠʥʝʪʠʢʘ ʧʨʚʦʛ ʨʝʜʘ: ɹʨʟʠʥʘ ʨʘʟʛʨʘʜˁʝ ʿʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 
ʣʝʢʘ. ʆʚʦ ʿʝ ʥʘʿʯʝʰ˂ʠ ʢʠʥʝʪʠʯʢʠ ʨʝʜ ʢʦʿʠ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʟʘ ʨʘʟʛʨʘʜˁʫ ʣʝʢʘ ʫ ʨʘʩʪʚʦʨʫ. 

¶ ʂʠʥʝʪʠʢʘ ʜʨʫʛʦʛ ʨʝʜʘ: ɹʨʟʠʥʘ ʨʘʟʛʨʘʜˁʝ ʟʘʚʠʩʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʜʚʘ ʨʝʘʢʪʘʥʘʪʘ ʠʣʠ 
ʢʚʘʜʨʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʿʝʜʥʦʛ ʨʝʘʢʪʘʥʪʘ. ʀʘʢʦ ʩʫ ʤʥʦʛʠ ʧʨʦʮʝʩʠ ʨʘʟʛʨʘʜˁʝ ʣʝʢʦʚʘ 

ʠʥʭʝʨʝʥʪʥʦ ʜʨʫʛʦʛ ʨʝʜʘ, ʦʥʠ ʩʝ ʯʝʩʪʦ ʿʘʚˀʘʿʫ ʢʘʦ ʧʩʝʫʜʦ-ʧʨʚʦʛ ʨʝʜʘ, ʘʢʦ ʿʝ ʿʝʜʘʥ 

ʨʝʘʢʪʘʥʪ ʫ ʚʝʣʠʢʦʤ ʚʠʰʢʫ (ʥʧʨ. ʚʦʜʘ ʫ ʚʦʜʝʥʦʤ ʨʘʩʪʚʦʨʫ ʧʫʬʝʨʘ). 
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ɸʥʘʣʠʟʝ ʫʙʨʟʘʥʝ ʧʨʝʜʠʢʪʠʚʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʩʝ ʩʚʝ ʚʠʰʝ ʢʦʨʠʩʪʝ ʟʘ ʙʨʟʫ ʧʨʦʮʝʥʫ ʩʪʘʙʠʣʥʦʩʪʠ 

ʢʘʥʜʠʜʘʪʘ ʟʘ ʣʝʢʦʚʝ ʠ ʬʦʨʤʫʣʘʮʠʿʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʩʪʫʜʠʿʘ ʫʙʨʟʘʥʝ 

ʩʪʘʙʠʣʥʦʩʪʠ, ʢʦʿʝ ʩʝ ʦʩʣʘˁʘʿʫ ʥʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʨʦʢʘ ʪʨʘʿʘˁʘ, 

ʧʨʝʜʠʢʪʠʚʥʝ ʩʪʫʜʠʿʝ ʢʦʨʠʩʪʝ ʘʛʨʝʩʠʚʥʠʿʝ ʫʩʣʦʚʝ ʩʪʨʝʩʘ (ʥʧʨ. ʝʢʩʪʨʝʤʥʘ pH ʚʨʝʜʥʦʩʪ, ʚʠʩʦʢʘ 

ʚʣʘʞʥʦʩʪ, ʠʥʪʝʥʟʠʚʥʘ ʩʚʝʪʣʦʩʪ) ʠ ʩʦʬʠʩʪʠʮʠʨʘʥʦ ʢʠʥʝʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ 

ʜʫʛʦʨʦʯʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʥʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʧʦʜʘʪʘʢʘ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ ʚʨʝʤʝ ʠ 

ʨʝʩʫʨʩʝ ʧʦʪʨʝʙʥʝ ʟʘ ʧʨʦʮʝʥʫ ʩʪʘʙʠʣʥʦʩʪʠ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʙʨʞʝ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʪʦʢʦʤ ʨʘʥʦʛ 

ʨʘʟʚʦʿʘ ʣʝʢʦʚʘ (47). 

 

1.8.3 ʇʦʥʘʰʘˁʝ ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ 

ʠʥʜʘʧʘʤʠʜʘ (ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʢʦʤʙʠʥʦʚʘʥʦ) 

 

ʋ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʙʠ˂ʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʩʚʝʦʙʫʭʚʘʪʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʢʠʥʝʪʠʢʝ 

ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ, ʢʘʢʦ 

ʧʦʿʝʜʠʥʘʯʥʦ, ʪʘʢʦ ʠ ʫ ˁʠʭʦʚʦʿ ʢʦʤʙʠʥʘʮʠʿʠ ʬʠʢʩʥʠʭ ʜʦʟʘ. 

ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʢˀʫʯʥʦ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʩʚʦʿʩʪʚʝʥʠʭ ʠʟʘʟʦʚʘ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʚʝʟʘʥʠʭ ʩʘ 

ʦʚʠʤ ʰʠʨʦʢʦ ʢʦʨʠʰ˂ʝʥʠʤ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʤ ʣʝʢʦʚʠʤʘ ʠ ˁʠʭʦʚʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ. 

ɹʠ˂ʝ ʩʠʩʪʝʤʘʪʩʢʠ ʠʟʣʦʞʝʥ ʩʚʘʢʠ ʣʝʢ, ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ, ʨʘʟʣʠʯʠʪʠʤ 

ʬʘʢʪʦʨʠʤʘ ʩʪʨʝʩʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʢʠʩʝʣʝ, ʙʘʟʥʝ ʠ ʥʝʫʪʨʘʣʥʝ pH ʫʩʣʦʚʝ, ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʫʪʠʮʘʿ ʩʚʝʪʣʦʩʪʠ ʠ ʦʢʩʠʜʘʪʠʚʥʦʛ ʦʢʨʫʞʝˁʘ. ʇʨʦʮʝʩʠ ʨʘʟʛʨʘʜˁʝ ʩʫ ʧʨʘ˂ʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ 

ʧʨʝʪʭʦʜʥʦ ʨʘʟʚʠʿʝʥʝ RP-HPLC ʤʝʪʦʜʝ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʦʜʨʝʹʠʚʘˁʝ ʠʥʪʘʢʪʥʠʭ ʣʝʢʦʚʘ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ˁʠʭʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʨʘʟʛʨʘʜˁʝ. ʂˀʫʯʥʠ ʥʘʣʘʟʠ ʦʚʝ ʩʪʫʜʠʿʝ ʫʢʘʟʫʿʫ ʥʘ 

ʨʘʟʣʠʯʠʪʘ ʧʦʥʘʰʘˁʘ ʨʘʟʛʨʘʜˁʝ ʟʘ ʩʚʘʢʠ ʣʝʢ ʠ ʥʘ ʧʦʩʪʦʿʘˁʝ ʟʥʘʯʘʿʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ 

ˁʠʭʦʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ. 

ʆʚʠ ʥʘʣʘʟʠ ʥʘʛʣʘʰʘʚʘʿʫ ʩʣʦʞʝʥʫ ʧʨʠʨʦʜʫ ʩʪʘʙʠʣʥʦʩʪʠ ʫ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʠʤ ʬʠʢʩʥʠʤ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʣʝʢʦʚʘ. ʈʘʟʛʨʘʜˁʘ ʿʝʜʥʦʛ ɸʇʀ ʤʦʞʝ ʙʠʪʠ ʟʥʘʯʘʿʥʦ ʧʦʜ ʫʪʠʮʘʿʝʤ ʧʨʠʩʫʩʪʚʘ 

ʜʨʫʛʦʛ, ʙʠʣʦ ʧʫʪʝʤ ʜʠʨʝʢʪʥʠʭ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ, ʢʘʪʘʣʠʪʠʯʢʠʭ ʝʬʝʢʘʪʘ ʠʣʠ ʧʨʦʤʝʥʦʤ 

ʤʠʢʨʦʦʢʨʫʞʝˁʘ (ʥʧʨ. ʧʨʦʤʝʥʝ pH ʚʨʝʜʥʦʩʪʠ ʫʥʫʪʘʨ ʜʦʟʥʦʛ ʦʙʣʠʢʘ). ʆʚʘ ʜʝʪʘˀʥʘ ʢʠʥʝʪʠʯʢʘ 

ʘʥʘʣʠʟʘ ʧʨʫʞʘ ʥʝʧʨʦʮʝˁʠʚʝ ʫʚʠʜʝ ʫ ʩʧʝʮʠʬʠʯʥʝ ʨʘˁʠʚʦʩʪʠ ʩʚʘʢʦʛ ʣʝʢʘ ʠ ʂʌɼ-ʘ ʫ ʮʝʣʠʥʠ. 
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2. ʎʀɲ ʀ ɿɸɼɸʎʀ ʈɸɼɸ 
 

ʎʠˀ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʨʘʟʚʦʿ ʠʥʪʝʛʨʠʩʘʥʦʛ, ʥʘʫʯʥʦ ʟʘʩʥʦʚʘʥʦʛ ʦʢʚʠʨʘ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʧʦʥʘʰʘˁʘ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, 

ʘʤʣʦʜʠʧʠʥ-ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʫ ʩʤʝʰʘʤʘ. ʉʪʫʜʠʿʘ ʿʝ ʦʩʤʠʰˀʝʥʘ ʜʘ 

ʦʙʫʭʚʘʪʠ ʨʘʟʚʦʿ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ RP-HPLC ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʠʩʧʠʪʠʚʘˁʫ ʫʪʠʮʘʿʘ ʩʘʩʪʘʚʘ ʠ 

pH ʚʨʝʜʥʦʩʪʠ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʣʦʥʝ ʠ ʙʨʟʠʥʝ ʧʨʦʪʦʢʘ ʥʘ ʨʝʪʝʥʮʠʦʥʝ ʧʘʨʘʤʝʪʨʝ, 

ʩʝʣʝʢʪʠʚʥʦʩʪ, ʨʝʟʦʣʫʮʠʿʫ ʠ ʝʬʠʢʘʩʥʦʩʪ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʩʠʩʪʝʤʘ. ʇʦʩʝʙʘʥ ʜʝʦ ʠʩʪʨʘʞʠʚʘˁʘ 

ʿʝ ʫʩʤʝʨʝʥ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʦʧʠʩʠʚʘˁʝ ʧʨʦʮʝʩʘ ʜʝʛʨʘʜʘʮʠʿʝ ʧʨʠʤʝʥʦʤ ʬʦʨʤʘʣʥʝ ʭʝʤʠʿʩʢʝ 

ʢʠʥʝʪʠʢʝ, ʦʜʨʝʹʠʚʘˁʝ ʨʝʜʘ ʨʝʘʢʮʠʿʝ ʠ ʢʦʥʩʪʘʥʪʠ ʙʨʟʠʥʝ, ʢʘʦ ʠ ʘʥʘʣʠʟʫ ʪʝʤʧʝʨʘʪʫʨʥʝ 

ʟʘʚʠʩʥʦʩʪʠ ʙʨʟʠʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʨʠʤʝʥʦʤ ɸʨʝʥʠʿʫʩʦʚʝ ʠ ɽʿʨʠʥʛʦʚʝ ʿʝʜʥʘʯʠʥʝ, ʦʜʨʝʹʠʚʘˁʝʤ 

ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʠ ʧʨʠʚʠʜʥʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʬʫʥʢʮʠʿʝ ʘʢʪʠʚʠʨʘʥʦʛ ʢʦʤʧʣʝʢʩʘ ð 

ʝʥʪʘʣʧʠʿʝ, ʝʥʪʨʦʧʠʿʝ ʠ ɻʠʙʩʦʚʝ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ð ʯʠʤʝ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʬʠʟʠʯʢʦʭʝʤʠʿʩʢʦ 

ʪʫʤʘʯʝˁʝ ʤʝʭʘʥʠʟʘʤʘ ʠ ʝʥʝʨʛʝʪʩʢʠʭ ʟʘʭʪʝʚʘ ʧʨʦʮʝʩʘ ʜʝʛʨʘʜʘʮʠʿʝ. ʇʨʠʥʮʠʧʠ ʢʚʘʣʠʪʝʪʘ ʧʦ 

ʜʠʟʘʿʥʫ (QbD) ʠ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ (GAC) ʧʨʠʤʝˁʝʥʠ ʩʫ ʢʘʦ ʦʢʚʠʨ ʟʘ ʩʠʩʪʝʤʘʪʠʯʥʫ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʤʝʪʦʜʝ ʠ ʧʨʦʮʝʥʫ ˁʝʥʝ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ. 

ɼʘ ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ ʦʚʘʿ ʮʠˀ, ʩʧʝʮʠʬʠʯʥʠ ʟʘʜʘʮʠ ʨʘʜʘ ʙʠʣʠ ʩʫ: 

1. ʈʘʟʚʦʿ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʦʚʝ ʠ ʧʦʫʟʜʘʥʝ RP-HPLC ʤʝʪʦʜʝ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ 

ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʫ ˁʠʭʦʚʦʿ 

ʢʦʤʙʠʥʘʮʠʿʠ ʬʠʢʩʥʠʭ ʜʦʟʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʠʩʪʫʧʘ ʘʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ. 

2. ɺʘʣʠʜʘʮʠʿʘ ʨʘʟʚʠʿʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʣʝʚʘʥʪʥʠʤ ʤʝʹʫʥʘʨʦʜʥʠʤ 
ʩʤʝʨʥʠʮʘʤʘ ʫ ʧʦʛʣʝʜʫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʣʠʥʝʘʨʥʦʩʪʠ, ʪʘʯʥʦʩʪʠ, ʧʨʝʮʠʟʥʦʩʪʠ, 

ʦʩʝʪˀʠʚʦʩʪʠ ʠ ʨʦʙʫʩʥʦʩʪʠ. 

3. ʇʨʦʮʝʥʘ ʝʢʦʣʦʰʢʦʛ ʧʨʦʬʠʣʘ ʨʘʟʚʠʿʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ ʢʦʨʠʩʪʝ˂ʠ ʫʪʚʨʹʝʥʝ 

ʘʣʘʪʝ ʟʘ ʧʨʦʮʝʥʫ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʠ ʜʘ ʩʝ ʜʦʢʘʞʝ ˁʝʥʘ ʙʦˀʘ ʝʢʦʣʦʰʢʘ 

ʧʨʠʭʚʘʪˀʠʚʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ. 

4. ʀʩʧʠʪʠʚʘˁʝ ʧʦʥʘʰʘˁʘ ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ 

ʠ ʠʥʜʘʧʘʤʠʜʘ ʧʦʜ ʢʠʩʝʣʠʤ, ʙʘʟʥʠʤ, ʥʝʫʪʨʘʣʥʠʤ, ʦʢʩʠʜʘʪʠʚʥʠʤ ʠ ʬʦʪʦʣʠʪʠʯʢʠʤ 

ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ, ʢʘʢʦ ʧʦʿʝʜʠʥʘʯʥʦ, ʪʘʢʦ ʠ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ. 

5. ʆʜʨʝʹʠʚʘˁʝ ʢʠʥʝʪʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʨʘʟʛʨʘʜˁʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʨʝʜʦʩʣʝʜ ʨʝʘʢʮʠʿʝ, 

ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ, ʚʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʚʨʝʜʥʦʩʪʠ ʨʦʢʘ ʪʨʘʿʘˁʘ, ʧʦʜ 

ʠʩʧʠʪʠʚʘʥʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ. 

6. ʇʨʦʮʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʟʘʚʠʩʥʦʩʪʠ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ ʢʨʦʟ ʫʙʨʟʘʥʝ ʩʪʫʜʠʿʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʜʘ ʩʝ ʠʟʨʘʯʫʥʘʿʫ ʘʢʪʠʚʘʮʠʦʥʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ɸʨʝʥʠʿʫʩʦʚʦʛ ʠ ɽʿʨʠʥʛʦʚʦʛ ʤʦʜʝʣʦʚʘˁʘ. 

7. ʈʘʟʿʘʰˁʝˁʝ ʫʪʠʮʘʿʘ ʠʥʪʝʨʘʢʮʠʿʘ ʣʝʢʦʚʘ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʠʩʧʠʪʠʚʘʥʠʭ ʘʢʪʠʚʥʠʭ 

ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʘʩʪʦʿʘʢʘ ʫʥʫʪʘʨ ʙʠʥʘʨʥʠʭ ʠ ʪʝʨʥʘʨʥʠʭ ʩʤʝʰʘ. 

8. ʇʨʫʞʘˁʝ ʤʝʭʘʥʠʩʪʠʯʢʦʛ ʠ ʧʨʘʢʪʠʯʥʦʛ ʫʚʠʜʘ ʨʝʣʝʚʘʥʪʥʦʛ ʟʘ ʜʠʟʘʿʥ ʬʦʨʤʫʣʘʮʠʿʝ, 

ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʬʠʢʩʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʜʦʟʘ ʢʦʿʝ ʩʘʜʨʞʝ ʦʚʝ 

ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʝ ʘʛʝʥʩʝ. 
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3. ʄɸʊɽʈʀɱɸʃʀ ʀ ʄɽʊʆɼɽ 
 

3.1 ʇʨʝʛʣʝʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ ʠ ʧʨʠʩʪʫʧʘ 

 

ʆʚʦ ʧʦʛʣʘʚˀʝ ʦʧʠʩʫʿʝ ʩʚʝʦʙʫʭʚʘʪʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ ʠ ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ 

ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ. ɻʣʘʚʥʠ ʮʠˀ ʦʚʦʛ ʨʘʜʘ ʿʝ ʨʘʟʚʦʿ ʠ ʚʘʣʠʜʘʮʠʿʘ ʠʥʪʝʛʨʠʩʘʥʦʛ ʦʢʚʠʨʘ 

ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ ʟʘ ʨʦʙʫʩʪʘʥ ʠ ʦʜʨʞʠʚ ʨʘʟʚʦʿ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ ʩʘ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʬʠʢʩʥʠʭ ʜʦʟʘ, ʧʦʩʝʙʥʦ ʩʝ ʬʦʢʫʩʠʨʘʿʫ˂ʠ ʥʘ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ, 

ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ ʠ ʠʥʜʘʧʘʤʠʜ. ɼʘ ʙʠ ʩʝ ʪʦ ʧʦʩʪʠʛʣʦ, ʠʩʪʨʘʞʠʚʘˁʝ ʠʥʪʝʛʨʠʰʝ ʧʨʠʥʮʠʧʝ 

ʘʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ ʟʘ ʨʘʟʚʦʿ ʤʝʪʦʜʘ ʠ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʟʘ ʝʢʦʣʦʰʢʫ 

ʦʜʨʞʠʚʦʩʪ, ʫʟ ʜʝʪʘˀʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʘʢʪʠʚʥʠʭ 

ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʘʩʪʦʿʘʢʘ ʢʘʢʦ ʧʦʿʝʜʠʥʘʯʥʦ ʪʘʢʦ ʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ. ʆʚʘ ʠʥʪʝʛʨʘʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ 

ʜʘ ʩʝ ʨʘʟʚʦʿ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ, ʚʘʣʠʜʘʮʠʿʘ ʤʝʪʦʜʘ ʠ ʧʨʦʮʝʥʘ ʩʪʘʙʠʣʥʦʩʪʠ ʩʤʘʪʨʘʿʫ 

ʿʝʜʠʥʩʪʚʝʥʠʤ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠʤ ʩʠʩʪʝʤʦʤ ʫ ʦʢʚʠʨʫ ʂʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʠʩʪʫʧ ʿʝ ʩʠʩʪʝʤʘʪʩʢʠ, ʟʘʩʥʦʚʘʥ ʥʘ ʧʦʜʘʮʠʤʘ, ʠ ʦʩʤʠʰˀʝʥ ʿʝ ʜʘ ʧʨʫʞʠ 

ʭʦʣʠʩʪʠʯʢʦ ʨʘʟʫʤʝʚʘˁʝ ʂʌɼ ʧʨʦʠʟʚʦʜʘ ʦʜ ʘʥʘʣʠʪʠʯʢʝ ʢʦʥʪʨʦʣʝ ʜʦ ʜʫʛʦʨʦʯʥʝ ʩʪʘʙʠʣʥʦʩʪʠ. 

ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʩʪʘʚˀʝʥ ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʢʠʥʝʪʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʜʫʛʦʨʦʯʥʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʥʘ ʦʩʥʦʚʫ ʢʨʘʪʢʦʨʦʯʥʠʭ ʫʙʨʟʘʥʠʭ ʩʪʫʜʠʿʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ ʿʝ 

ʩʪʨʫʢʪʫʨʠʨʘʥ ʪʘʢʦ ʜʘ ʦʩʠʛʫʨʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʧʦʫʟʜʘʥʦʩʪ ʠ ʛʝʥʝʨʠʩʘˁʝ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʭ 

ʧʦʜʘʪʘʢʘ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʨʦʙʫʩʥʝ ʥʘʫʯʥʝ ʟʘʢˀʫʯʢʝ. 

ʎʝʥʪʨʘʣʥʦ ʥʘʯʝʣʦ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʩʠʩʪʝʤʘʪʩʢʘ ʧʨʠʤʝʥʘ ʧʨʠʥʮʠʧʘ ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ 

ʪʦʢʦʤ ʮʝʣʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʨʦʮʝʩʘ. QbD ʿʝ ʧʨʦʘʢʪʠʚʘʥ, ʥʘ ʨʠʟʠʢʫ ʟʘʩʥʦʚʘʥ ʧʨʠʩʪʫʧ 

ʬʘʨʤʘʮʝʫʪʩʢʦʤ ʨʘʟʚʦʿʫ ʢʦʿʠ ʥʘʛʣʘʰʘʚʘ ʨʘʟʫʤʝʚʘˁʝ ʠ ʢʦʥʪʨʦʣʫ ʚʘʨʠʿʘʙʣʠ ʧʨʦʠʟʚʦʜʘ ʠ ʧʨʦʮʝʩʘ 

ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʦ ʢʦʥʟʠʩʪʝʥʪʘʥ ʢʚʘʣʠʪʝʪ (14). ʋ ʢʦʥʪʝʢʩʪʫ ʨʘʟʚʦʿʘ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ, ʦʚʦ 

ʩʝ ʧʨʝʚʦʜʠ ʥʘ ʘʥʘʣʠʪʠʯʢʠ ʢʚʘʣʠʪʝʪ ʧʦ ʜʠʟʘʿʥʫ, ʛʜʝ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʢʨʠʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 

ʤʝʪʦʜʝ ʠ ʢʨʠʪʠʯʥʠ ʘʥʘʣʠʪʠʯʢʠ ʘʪʨʠʙʫʪʠ, ʠ ʫʩʧʦʩʪʘʚˀʘ ʩʝ ʧʨʦʩʪʦʨ ʜʠʟʘʿʥʘ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʘ 

ʨʦʙʫʩʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ ʤʝʪʦʜʝ (27). ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ, ʧʦʩʝʙʥʦ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʤʝʪʦʜʝ, ʝʢʩʧʣʠʮʠʪʥʦ ʫʢˀʫʯʫʿʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʜʠʟʘʿʥʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʘʢʦ ʙʠ 

ʩʝ ʝʬʠʢʘʩʥʦ ʠʩʪʨʘʞʠʚʘʦ ʧʨʦʩʪʦʨ ʧʘʨʘʤʝʪʘʨʘ ʠ ʨʘʟʫʤʝʣʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʚʘʨʠʿʘʙʣʠ. 

ʅʘʜʘˀʝ, ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʚʦʹʝʥʦ ʧʨʠʥʮʠʧʠʤʘ GAC, ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʫʪʠʮʘʿ 

ʘʥʘʣʠʪʠʯʢʠʭ ʧʦʩʪʫʧʘʢʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ɿʝʣʝʥʘ ʘʥʘʣʠʪʠʯʢʘ ʭʝʤʠʿʘ ʥʘʛʣʘʰʘʚʘ ʩʧʨʝʯʘʚʘˁʝ 

ʦʪʧʘʜʘ, ʩʤʘˁʝˁʝ ʫʧʦʪʨʝʙʝ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ, ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʨʘʟʚʦʿ ʙʝʟʙʝʜʥʠʿʠʭ 

ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ (30). ʀʟʙʦʨ ʨʝʘʛʝʥʩʘ, ʨʘʩʪʚʘʨʘʯʘ ʠ ʘʥʘʣʠʪʠʯʢʠʭ ʪʝʭʥʠʢʘ, ʢʘʦ ʠ ʧʨʦʮʝʥʘ 

ʫʪʠʮʘʿʘ ʨʘʟʚʠʿʝʥʠʭ ʤʝʪʦʜʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʩʧʨʦʚʦʜʠ ʩʝ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʧʨʠʥʮʠʧʝ GAC. 

ʀʥʪʝʛʨʘʮʠʿʘ QbD ʠ GAC ʦʩʠʛʫʨʘʚʘ ʜʘ ʢʦʨʠʰ˂ʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʥʠʩʫ ʩʘʤʦ ʥʘʫʯʥʦ ʨʠʛʦʨʦʟʥʝ ʠ 

ʩʧʦʩʦʙʥʝ ʜʘ ʧʨʦʠʟʚʝʜʫ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʝ ʧʦʜʘʪʢʝ, ʚʝ˂ ʠ ʝʢʦʣʦʰʢʠ ʦʜʛʦʚʦʨʥʝ ʠ ʦʜʨʞʠʚʝ, ʫ 

ʩʢʣʘʜʫ ʩʘ ʩʘʚʨʝʤʝʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʨʘʟʚʦʿʘ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʧʨʦʠʟʚʦʜʘ. ʆʚʘʿ ʜʚʦʩʪʨʫʢʠ ʬʦʢʫʩ 

ʥʘʛʣʘʰʘʚʘ ʧʦʩʚʝ˂ʝʥʦʩʪ ʠ ʥʘʫʯʥʦʿ ʠʟʚʨʩʥʦʩʪʠ ʠ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʫ ʥʘʩʪʦʿʘˁʫ ʜʘ ʩʝ 

ʧʦʙʦˀʰʘ ʨʘʟʚʦʿ ʂʌɼ. 

 

3.2 ʍʝʤʠʢʘʣʠʿʝ ʠ ʨʝʘʛʝʥʩʠ 
 

ʉʚʝ ʭʝʤʠʢʘʣʠʿʝ ʠ ʨʝʘʛʝʥʩʠ ʢʦʨʠʰ˂ʝʥʠ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʙʠʣʠ ʩʫ ʘʥʘʣʠʪʠʯʢʦʛ ʠʣʠ HPLC 

ʢʚʘʣʠʪʝʪʘ. ʂʦʥʢʨʝʪʥʠ ʜʝʪʘˀʠ ʦ ˁʠʭʦʚʦʿ ʯʠʩʪʦ˂ʠ ʠ ʜʦʙʘʚˀʘʯʠʤʘ ʥʘʚʝʜʝʥʠ ʩʫ ʫ ʥʘʩʪʘʚʢʫ. 
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3.2.1 ɸʢʪʠʚʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ (ɸʇʀ) 
 

ʈʘʜʥʠ ʩʪʘʥʜʘʨʜʠ ʪʨʠ ʘʢʪʠʚʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʠ ʩʫ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ 

ʥʘʙʘʚˀʝʥʠ ʩʫ: 

¶ ʇʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ: ʟʘ ʨʘʟʚʦʿ ʤʝʪʦʜʝ; ʯʠʩʪʦ˂ʘ 99,3%., ʨʘʜʥʠ ʩʪʘʥʜʘʨʜ 

ʜʦʥʦʨʘʥ ʦʜ ʩʪʨʘʥʝ ɹʦʩʥʘʣʠʿʝʢ ʜ.ʦ.ʦ., ʉʘʨʘʿʝʚʦ, ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ. ɿʘ ʩʪʫʜʠʿʝ 

ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ, ʬʘʨʤʘʢʦʧʝʿʩʢʠ ʩʪʘʥʜʘʨʜʠ (Ph. Eur.) ʩʫ ʢʫʧˀʝʥʠ ʦʜ   Sigma-Aldrich, 

ʉʝʥʪ ʃʫʠʩ, ʄʠʩʫʨʠ, ʉɸɼ. 

¶ ɸʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ: ʟʘ ʨʘʟʚʦʿ ʤʝʪʦʜʝ; ʯʠʩʪʦ˂ʘ 99,7%., ʨʘʜʥʠ ʩʪʘʥʜʘʨʜ ʜʦʥʠʨʘʥ ʦʜ 

ʩʪʨʘʥʝ ɹʦʩʥʘʣʠʿʝʢ ʜ.ʦ.ʦ., ʉʘʨʘʿʝʚʦ, ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ. ɿʘ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ 

ʨʘʟʛʨʘʜˁʝ, ʬʘʨʤʘʢʦʧʝʿʩʢʠ ʩʪʘʥʜʘʨʜʠ (Ph. Eur.) ʩʫ ʢʫʧˀʝʥʠ ʦʜ Sigma-Aldrich, ʉʝʥʪ 

ʃʫʠʩ, ʄʠʩʫʨʠ, ʉɸɼ. 

¶ ʀʥʜʘʧʘʤʠʜ: ʟʘ ʨʘʟʚʦʿ ʤʝʪʦʜʝ; ʯʠʩʪʦ˂ʘ 100,0%., ʨʘʜʥʠ ʩʪʘʥʜʘʨʜ ʜʦʥʠʨʘʥ ʦʜ ʩʪʨʘʥʝ  

ɹʦʩʥʘʣʠʿʝʢ ʜ.ʦ.ʦ., ʉʘʨʘʿʝʚʦ, ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ. ɿʘ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ, 

ʬʘʨʤʘʢʦʧʝʿʩʢʠ ʩʪʘʥʜʘʨʜʠ (Ph. Eur.) ʩʫ ʢʫʧˀʝʥʠ ʦʜ Sigma-Aldrich, ʉʝʥʪ ʃʫʠʩ, ʄʠʩʫʨʠ, 

ʉɸɼ. 

ʆʚʠ ʩʪʘʥʜʘʨʜʠ ʚʠʩʦʢʝ ʯʠʩʪʦ˂ʝ ʙʠʣʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʟʘ ʧʨʝʮʠʟʥʫ ʧʨʠʧʨʝʤʫ ʦʩʥʦʚʥʠʭ ʠ ʨʘʜʥʠʭ 

ʨʘʩʪʚʦʨʘ, ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʢʨʠʚʠʭ ʠ ʟʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʨʝˁʘ, ʯʠʿʘ 

ʧʨʠʧʨʝʤʘ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥʘ ʫ ʥʘʩʪʘʚʢʫ. 

 

3.2.2 ʈʘʩʪʚʘʨʘʯʠ ʠ ʢʦʤʧʦʥʝʥʪʝ ʤʦʙʠʣʥʝ ʬʘʟʝ 

 

ʍʨʦʤʘʪʦʛʨʘʬʩʢʘ ʤʦʙʠʣʥʘ ʬʘʟʘ ʠ ʨʘʟʣʠʯʠʪʠ ʨʘʩʪʚʦʨʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʭ ʨʘʩʪʚʘʨʘʯʘ ʠ ʧʫʬʝʨʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ: 

¶ ɸʮʝʪʦʥʠʪʨʠʣ: HPLC ʢʚʘʣʠʪʝʪʘ. ʅʘʙʘʚˀʝʥʦ ʦʜ Fisher Scientific, ɽʥʛʣʝʩʢʘ, ʃʝʩʪʝʨʰʠʨ, 
ɺʝʣʠʢʘ ɹʨʠʪʘʥʠʿʘ. ʂʦʨʠʩʪʠ ʩʝ ʢʘʦ ʧʨʠʤʘʨʥʠ ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯ ʫ ʤʦʙʠʣʥʦʿ ʬʘʟʠ ʠ ʟʘ 

ʧʨʠʧʨʝʤʫ ʦʩʥʦʚʥʠʭ ʨʘʩʪʚʦʨʘ. 

¶ ɺʦʜʘ: HPLC ʢʚʘʣʠʪʝʪʘ. ɼʦʙʠʿʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ Thermo ScientificÊ BarnsteadÊ 

LabTowerÊ EDI ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʯʠʰ˂ʘʚʘˁʝ ʚʦʜʝ. ʆʚʘʿ ʩʠʩʪʝʤ ʦʙʝʟʙʝʹʫʿʝ ʢʦʥʩʪʘʥʪʥʦ 

ʩʥʘʙʜʝʚʘˁʝ ʚʠʩʦʢʦʧʨʝʯʠʰ˂ʝʥʦʤ ʚʦʜʦʤ, ʰʪʦ ʿʝ ʢˀʫʯʥʦ ʟʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʧʨʠʤʝʥʝ ʠ 

ʩʪʫʜʠʿʝ ʩʪʘʙʠʣʥʦʩʪʠ. 

¶ ʂʘʣʠʿʫʤ-ʜʠʭʠʜʨʦʛʝʥʬʦʩʬʘʪ (KH2PO4): ɸʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ. ʅʘʙʘʚˀʝʥʦ ʦʜ Lachner, 

ʏʝʰʢʘ ʈʝʧʫʙʣʠʢʘ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʠʧʨʝʤʫ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ. 

¶ ʂʘʣʠʿʫʤ-ʭʠʜʨʦʛʝʥʬʦʩʬʘʪ (K2HPO4): ɸʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ. ʅʘʙʘʚˀʝʥʦ ʦʜ Lachner, 

ʏʝʰʢʘ ʈʝʧʫʙʣʠʢʘ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʠʧʨʝʤʫ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ. 

¶ o-ʌʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (85% w/w): ɸʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ. ʅʘʙʘʚˀʝʥʦ ʦʜ Lachner, 

ʏʝʰʢʘ ʈʝʧʫʙʣʠʢʘ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʧʦʜʝʰʘʚʘˁʝ pH ʚʨʝʜʥʦʩʪʠ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ. 

 

3.2.3 ʉʪʨʝʩ ʨʝʘʛʝʥʩʠ ʟʘ ʩʪʫʜʠʿʝ ʜʝʛʨʘʜʘʮʠʿʝ 
 

ɿʘ ʩʚʝʦʙʫʭʚʘʪʥʝ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʧʝʮʠʬʠʯʥʠ ʨʝʘʛʝʥʩʠ ʟʘ ʩʪʨʝʩ ʢʘʢʦ 

ʙʠ ʩʝ ʩʠʤʫʣʠʨʘʣʠ ʨʘʟʣʠʯʠʪʠ ʧʫʪʝʚʠ ʨʘʟʛʨʘʜˁʝ: 

¶ ʍʣʦʨʦʚʦʜʦʥʠʯʥʘ ʢʠʩʝʣʠʥʘ (HCl): 37% (w/w). ɸʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ. ʅʘʙʘʚˀʝʥʦ ʦʜ  

Lachner, ʏʝʰʢʘ ʈʝʧʫʙʣʠʢʘ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʩʪʫʜʠʿʝ ʢʠʩʝʣʝ ʭʠʜʨʦʣʠʟʝ. 
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¶ ʅʘʪʨʠʿʫʤ ʭʠʜʨʦʢʩʠʜ (NaOH): ɸʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ. ʅʘʙʘʚˀʝʥʦ ʦʜ Lachner, ʏʝʰʢʘ 

ʈʝʧʫʙʣʠʢʘ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʩʪʫʜʠʿʝ ʙʘʟʥʝ ʭʠʜʨʦʣʠʟʝ. 

¶ ɺʦʜʦʥʠʢ-ʧʝʨʦʢʩʠʜ (H2O2): 30% (w/w). ɸʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ. ʅʘʙʘʚˀʝʥʦ ʦʜ Sigma-

Aldrich, ʉɸɼ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʩʪʫʜʠʿʝ ʦʢʩʠʜʘʪʠʚʥʝ ʨʘʟʛʨʘʜˁʝ. 

 

3.2.4 ʇʦʤʦ˂ʥʝ ʩʫʧʩʪʘʥʮʝ ʠ ʧʣʘʮʝʙʦ ʩʤʝʰʘ 

 

ɿʘ ʧʨʦʮʝʥʫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʪʘʯʥʦʩʪʠ ʪʦʢʦʤ ʚʘʣʠʜʘʮʠʿʝ ʤʝʪʦʜʝ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʧʣʘʮʝʙʦ ʩʤʝʰʘ. 

ʆʚʫ ʩʤʝʰʫ ʿʝ ʜʦʥʠʨʘʦ ʍʝʤʦʬʘʨʤ ʜ.ʦ.ʦ., ɹʘˁʘ ʃʫʢʘ, ʈʝʧʫʙʣʠʢʘ ʉʨʧʩʢʘ, ʠ ʩʘʜʨʞʘʣʘ ʿʝ 

ʫʦʙʠʯʘʿʝʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʧʦʤʦ˂ʥʝ ʤʘʪʝʨʠʿʝ: 

¶ ʄʠʢʨʦʢʨʠʩʪʘʣʥʘ ʮʝʣʫʣʦʟʘ 

¶ ʇʨʝʞʝʣʘʪʠʥʠʟʦʚʘʥʠ ʩʢʨʦʙ 

¶ ʅʘʪʨʠʿʫʤ-ʩʢʨʦʙ ʛʣʠʢʦʣʘʪ 

¶ ʂʘʣʮʠʿʫʤ-ʭʣʦʨʠʜ ʭʝʢʩʘʭʠʜʨʘʪ 

¶ ʅʘʪʨʠʿʫʤ-ʭʠʜʨʦʛʝʥʢʘʨʙʦʥʘʪ 

¶ ʉʠʣʠʮʠʿʫʤ-ʜʠʦʢʩʠʜ, ʢʦʣʦʠʜʥʠ, ʙʝʟʚʦʜʥʠ 

¶ ʄʘʛʥʝʟʠʿʫʤ-ʩʪʝʘʨʘʪ 

ʆʚʘ ʧʣʘʮʝʙʦ ʩʤʝʰʘ ʙʠʣʘ ʿʝ ʢˀʫʯʥʘ ʟʘ ʧʨʦʮʝʥʫ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʦʜʝ ʜʘ ʩʝʣʝʢʪʠʚʥʦ 

ʢʚʘʥʪʠʬʠʢʫʿʝ ʘʢʪʠʚʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ ʫ ʧʨʠʩʫʩʪʚʫ ʪʠʧʠʯʥʠʭ ʧʦʤʦ˂ʥʠʭ ʤʘʪʝʨʠʿʘ 

ʪʘʙʣʝʪʘ, ʦʩʠʛʫʨʘʚʘʿʫ˂ʠ ʜʘ ʥʝʤʘ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʦʜ ʢʦʤʧʦʥʝʥʪʠ ʬʦʨʤʫʣʘʮʠʿʝ. 

 

3.3 ɸʧʘʨʘʪʠ ʠ ʦʧʨʝʤʘ 
 

3.3.1 ʉʠʩʪʝʤ ʚʠʩʦʢʦʝʬʠʢʘʩʥʝ ʪʝʯʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ 

 

ʉʚʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʠʟʚʝʜʝʥʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ Agilent 

ʩʠʩʪʝʤʘ ʩʝʨʠʿʝ 1200. ʆʚʘʿ ʠʥʪʝʛʨʠʩʘʥʠ ʩʠʩʪʝʤ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʩʣʝʜʝ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ:  

¶ Kʚʘʪʝʨʥʘʨʥʘ HPLC ʧʫʤʧʘ (G1311A) ʟʘ ʧʨʦʪʦʢ ʤʦʙʠʣʥʝ ʬʘʟʝ ʧʨʝʮʠʟʥʦʤ ʠ ʢʦʥʩʪʘʥʪʥʦʤ 

ʙʨʟʠʥʦʤ ʧʨʦʪʦʢʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʤʝʰʘˁʝ ʜʦ ʯʝʪʠʨʠ ʨʘʟʣʠʯʠʪʘ ʨʘʩʪʚʘʨʘʯʘ, ʰʪʦ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʟʘ ʨʘʟʚʦʿ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʤʝʪʦʜʘ. 

¶ ɸʫʪʦʤʘʪʠʟʦʚʘʥʠ ʪʝʯʥʠ ʫʟʦʨʢʠʚʘʯ (ALS G1329A) ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʚʠʩʦʢʫ ʧʨʝʮʠʟʥʦʩʪ ʠ 

ʪʘʯʥʦʩʪ ʫ ʫʙʨʠʟʛʘʚʘˁʫ ʟʘʧʨʝʤʠʥʘ ʫʟʦʨʢʘ, ʤʠʥʠʤʠʟʠʨʘʿʫ˂ʠ ˀʫʜʩʢʝ ʛʨʝʰʢʝ ʠ 

ʧʦʚʝ˂ʘʚʘʿʫ˂ʠ ʧʨʦʪʦʢ ʘʥʘʣʠʟʘ. 

¶ ʋɺ/ɺʀʉ ʜʠʦʜʥʠ ʜʝʪʝʢʪʦʨ (DAD G1315D) ʟʘ ʜʝʪʝʢʮʠʿʫ ʘʥʘʣʠʪʘ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʠʭ 

ʋɺ/ɺʀʉ ʘʧʩʦʨʧʮʠʦʥʠʭ ʩʚʦʿʩʪʘʚʘ. DAD ʦʤʦʛʫ˂ʘʚʘ ʠʩʪʦʚʨʝʤʝʥʫ ʜʝʪʝʢʮʠʿʫ ʫ ʰʠʨʦʢʦʤ 

ʦʧʩʝʛʫ ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ, ʧʨʫʞʘʿʫ˂ʠ ʩʧʝʢʪʨʘʣʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʧʦʤʘʞʫ ʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʚʨʭʦʚʘ ʠ ʧʨʦʮʝʥʠ ʯʠʩʪʦ˂ʝ. ɼʝʪʝʢʮʠʿʘ ʟʘ ʨʘʟʚʠʿʝʥʫ ʤʝʪʦʜʫ ʿʝ ʠʟʚʨʰʝʥʘ 

ʥʘ ʪʘʣʘʩʥʦʿ ʜʫʞʠʥʠ ʦʜ 210 nm. 

¶ ʊʝʨʤʦʩʪʘʪ (TCC G1316A) ʟʘ ʧʦʩʪʠʟʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫʟʦʨʢʘ ʠ ʢʦʣʦʥʝ. 

¶ Agilent ChemStation ʩʦʬʪʚʝʨ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʢʦʥʪʨʦʣʫ ʠʥʩʪʨʫʤʝʥʘʪʘ, ʧʨʠʢʫʧˀʘˁʝ 

ʧʦʜʘʪʘʢʘ, ʦʙʨʘʜʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ. ʆʥ ʧʨʫʞʘ 

ʩʚʝʦʙʫʭʚʘʪʥʝ ʘʣʘʪʝ ʟʘ ʨʘʟʚʦʿ ʤʝʪʦʜʘ, ʚʘʣʠʜʘʮʠʿʫ ʠ ʠʟʚʝʰʪʘʚʘˁʝ. 

ʉʪʘʮʠʦʥʘʨʥʘ ʬʘʟʘ ʟʘ HPLC ʘʥʘʣʠʟʫ ʙʠʣʘ ʿʝ ZORBAX Eclipse XDB-C18 ʢʦʣʦʥʘ (Agilent 

Technologies, ʉɸɼ). ʆʚʘ ʢʦʣʦʥʘ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ ʟʙʦʛ ʩʚʦʛ 

ʦʜʣʠʯʥʦʛ ʦʙʣʠʢʘ ʧʠʢʘ, ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʫ ʰʠʨʦʢʦʤ pH ʦʧʩʝʛʫ. ʉʧʝʮʠʬʠʯʥʝ 
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ʜʠʤʝʥʟʠʿʝ ʢʦʨʠʰ˂ʝʥʝ ʢʦʣʦʥʝ ʙʠʣʝ ʩʫ 150 mm ʜʫʞʠʥʝ, 4,6 mm ʫʥʫʪʨʘʰˁʝʛ ʧʨʝʯʥʠʢʘ, ʥʘʧʫˁʝʥʘ 

ʯʝʩʪʠʮʘʤʘ ʚʝʣʠʯʠʥʝ 5 ɛm. ʀʟʙʦʨ ʦʚʝ ʢʦʣʦʥʝ ʙʠʦ ʿʝ ʢˀʫʯʘʥ ʟʘ ʧʦʩʪʠʟʘˁʝ ʦʧʪʠʤʘʣʥʦʛ 

ʨʘʟʜʚʘʿʘˁʘ ʪʨʠ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʘ ʣʝʢʘ ʠ ˁʠʭʦʚʠʭ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʨʘʟʛʨʘʜˁʝ. 

ʇʦʨʝʜ ʦʩʥʦʚʥʦʛ HPLC ʩʠʩʪʝʤʘ, ʥʝʢʦʣʠʢʦ ʜʨʫʛʠʭ ʜʝʣʦʚʘ ʦʧʨʝʤʝ ʙʠʣʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʟʘ 

ʧʨʠʧʨʝʤʫ ʫʟʦʨʘʢʘ, ʨʫʢʦʚʘˁʝ ʨʘʩʪʚʦʨʠʤʘ ʠ ʩʧʨʦʚʦʹʝˁʝ ʩʪʫʜʠʿʘ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʜ ʩʪʨʝʩʦʤ: 

¶ pH ʤʝʪʘʨ ProfiLine pH 3110, Xylem, ɺʘʰʠʥʛʪʦʥ, ʉɸɼ ʠ Ciberscan pH 11, Eutech, Thermo 

Fisher Scientific, ɺʦʣʪʘʤ, ʄʘʩʘʯʫʩʝʪʩ, ʉɸɼ; ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʝʮʠʟʥʦ ʧʦʜʝʰʘʚʘˁʝ ʠ 

ʤʝʨʝˁʝ pH ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʫʬʝʨʩʢʝ ʨʘʩʪʚʦʨʝ ʠ ʩʪʨʝʩ ʤʝʜʠʿʫʤʝ.  

¶ ʋʣʪʨʘʟʚʫʯʥʦ ʢʫʧʘʪʠʣʦ Bandelin Sonorex Digitec, Bandelin electronic, ɹʝʨʣʠʥ, ɳʝʤʘʯʢʘ; 

ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʜʝʛʘʟʘʮʠʿʫ ʤʦʙʠʣʥʝ ʬʘʟʝ ʠ ʟʘ ʨʘʩʪʚʘʨʘˁʝ ʫʟʦʨʘʢʘ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ 

ʭʦʤʦʛʝʥʦʩʪ ʠ ʩʧʨʝʯʘʚʘʿʫ˂ʠ ʩʪʚʘʨʘˁʝ ʤʝʭʫʨʠ˂ʘ ʚʘʟʜʫʭʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʜʘ ʦʤʝʪʘʿʫ 

ʭʨʦʤʘʪʦʛʨʘʬʩʢʫ ʘʥʘʣʠʟʫ. 

¶ ʉʠʩʪʝʤ ʬʠʣʪʨʘʮʠʿʝ - Whatman 47 mm glass/mesh ʤʝʤʙʨʘʥʩʢʠ ʥʦʩʘʯ, Whatman, ʄʝʿʜʩʪʦʥ, 

ɺʝʣʠʢʘ ɹʨʠʪʘʥʠʿʘ; ɿʘ ʬʠʣʪʨʠʨʘˁʝ ʤʦʙʠʣʥʝ ʬʘʟʝ ʠ ʨʘʩʪʚʦʨʘ ʫʟʦʨʢʘ ʧʨʝ ʫʙʨʠʟʛʘʚʘˁʘ ʫ 

HPLC ʩʠʩʪʝʤ ʢʦʨʠʰ˂ʝʥ ʿʝ Chromafil ʥʘʿʣʦʥʩʢʠ PTFE ʬʠʣʪʝʨ ʩʘ ʚʝʣʠʯʠʥʦʤ ʧʦʨʘ ʦʜ 0,45 

ɛm (Merck, ɼʘʨʤʰʪʘʜ, ʅʝʤʘʯʢʘ).  

¶ ʂʦʤʦʨʝ/ʧʝ˂ʠ ʟʘ ʛʨʝʿʘˁʝ Memmert UN30, Memmert GmbH + Co.KG, ʐʚʘʙʘʭ, ʅʝʤʘʯʢʘ; 

ʂʦʨʠʩʪʝ ʩʝ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʩʪʫʜʠʿʘ ʪʝʨʤʠʯʢʝ ʨʘʟʛʨʘʜˁʝ ʥʘ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʧʦʚʠʰʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ (ʥʧʨ. 45 ÁC ʠ 65 ÁC) ʨʘʜʠ ʫʙʨʟʘʚʘˁʘ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ ʠ ʜʦʙʠʿʘˁʘ 

ʢʠʥʝʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ. 

¶ ʂʦʤʦʨʘ ʟʘ ʬʦʪʦʩʪʘʙʠʣʥʦʩʪ ʟʘ ʩʪʫʜʠʿʝ ʬʦʪʦʣʠʪʠʯʢʝ ʨʘʟʛʨʘʜˁʝ - Memmert ICH 110L 

(Memmert GmbH + Co.KG, ʐʚʘʙʘʭ, ʅʝʤʘʯʢʘ). ʆʚʘ ʢʦʤʦʨʘ ʿʝ ʦʧʨʝʤˀʝʥʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʤ ʣʘʤʧʘʤʘ ʢʦʿʝ ʧʨʫʞʘʿʫ ʭʣʘʜʥʫ ʙʝʣʫ ʩʚʝʪʣʦʩʪ (ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʜʥʝʚʥʦʿ 

ʩʚʝʪʣʦʩʪʠ) ʠ ʋɺ ʟʨʘʯʝˁʝ ʫ ʩʧʝʢʪʨʘʣʥʦʤ ʦʧʩʝʛʫ ʦʜ 320ï400 nm, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ 

ʢʦʥʪʨʦʣʠʩʘʥʦ ʠʟʣʘʛʘˁʝ ʩʚʝʪʣʦʩʪʠ ʧʨʝʤʘ ICH ʩʤʝʨʥʠʮʘʤʘ. 

¶ ɽʣʝʢʪʨʦʥʩʢʘ ʘʥʘʣʠʪʠʯʢʘ ʚʘʛʘ Mettler Toledo, ʂʦʣʫʤʙʫʩ, ʆʭʘʿʦ, ʉɸɼ. 

 

3.4 ʇʨʠʧʨʝʤʘ ʨʘʩʪʚʦʨʘ 

 

ʇʦʩʪʫʧʮʠ ʟʘ ʧʨʠʧʨʝʤʫ ʦʩʥʦʚʥʠʭ ʠ ʨʘʜʥʠʭ ʩʪʘʥʜʘʨʜʥʠʭ ʨʘʩʪʚʦʨʘ, ʢʘʦ ʠ ʨʘʩʪʚʦʨʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ 

ʤʝʪʦʜʘ ʠ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ, ʜʘʪʠ ʩʫ ʫ ʥʘʩʪʘʚʢʫ. 

 

3.4.1 ʆʩʥʦʚʥʠ ʨʘʩʪʚʦʨʠ ʩʪʘʥʜʘʨʜʘ 
 

ʇʦʿʝʜʠʥʘʯʥʠ ʦʩʥʦʚʥʠ ʨʘʩʪʚʦʨʠ ʩʪʘʥʜʘʨʜʘ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ 

ʠ ʠʥʜʘʧʘʤʠʜʘ ʧʨʠʧʨʝʤˀʝʥʠ ʩʫ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ 1 mg mL-1. ʉʚʘʢʠ ʦʩʥʦʚʥʠ ʨʘʩʪʚʦʨ ʿʝ 

ʧʨʠʧʨʝʤˀʝʥ ʫ ʧʦʩʝʙʥʦʤ ʦʜʤʝʨʥʦʤ ʩʫʜʫ ʠ ʜʦʙʨʦ ʧʦʤʝʰʘʥ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʧʦʪʧʫʥʦ 

ʨʘʩʪʚʘʨʘˁʝ ʧʨʝ ʜʘˀʝʛ ʨʘʟʙʣʘʞʠʚʘˁʘ. ɿʘ ʨʘʟʚʦʿ ʤʝʪʦʜʝ ʠ ʚʘʣʠʜʘʮʠʿʫ, ʢʦʨʠʰ˂ʝʥʠ ʨʘʩʪʚʘʨʘʯ ʿʝ 

ʙʠʣʘ ʩʤʝʰʘ ʘʮʝʪʦʥʠʪʨʠʣ/ʚʦʜʘ HPLC ʢʚʘʣʠʪʝʪʘ (40:60, v/v). ɿʘ ʢʠʥʝʪʠʯʢʝ ʩʪʫʜʠʿʝ ʨʘʟʛʨʘʜˁʝ, 

ʦʩʥʦʚʥʠ ʨʘʩʪʚʦʨʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʫ ʩʤʝʰʠ ʘʮʝʪʦʥʠʪʨʠʣ/HPLC ʚʦʜʝ (50:50, v/v). ʇʨʝʮʠʟʥʦ 

ʤʝʨʝˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʢʦʨʠʰ˂ʝˁʝʤ ʘʥʘʣʠʪʠʯʢʝ ʚʘʛʝ ʩʘ ʦʯʠʪʘʚʘˁʝʤ ʦʜ 0,01 mg. 
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3.4.2 ʈʘʜʥʠ ʨʘʩʪʚʦʨʠ ʩʪʘʥʜʘʨʜʘ ʟʘ ʨʘʟʚʦʿ ʤʝʪʦʜʝ ʠ ʚʘʣʠʜʘʮʠʿʫ 
 

ʈʘʜʥʠ ʨʘʩʪʚʦʨʠ ʩʪʘʥʜʘʨʜʘ ʟʘ ʨʘʟʚʦʿ ʠ ʚʘʣʠʜʘʮʠʿʫ HPLC ʤʝʪʦʜʝ ʧʨʠʧʨʝʤˀʝʥʠ ʩʫ 

ʨʘʟʙʣʘʞʠʚʘˁʝʤ ʦʩʥʦʚʥʠʭ ʨʘʩʪʚʦʨʘ ʜʦ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʩʪʚʘʨʘʯʘ 

ʘʮʝʪʦʥʠʪʨʠʣ/ʚʦʜʝ HPLC ʢʚʘʣʠʪʝʪʘ (40:60, v/v). ʆʚʠ ʨʘʩʪʚʦʨʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ: 

¶ ʇʨʦʮʝʥʫ ʣʠʥʝʘʨʥʦʩʪʠ: ʇʝʪ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʿʝ ʧʨʠʧʨʝʤˀʝʥʦ ʟʘ ʩʚʘʢʠ ʣʝʢ: 
ʇɽʈ (10ï200 µg mL ĭ), ɸʄʃ (20ï200 µg mL ĭ) ʠ ʀʅɼ (5ï100 µg mL ĭ). ʆʚʠ ʨʘʩʪʚʦʨʠ ʩʫ 

ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʢʦʥʩʪʨʫʠʩʘˁʝ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʢʨʠʚʠʭ ʠ ʧʨʦʮʝʥʫ ʣʠʥʝʘʨʥʦʩʪʠ ʘʥʘʣʠʪʠʯʢʝ 

ʤʝʪʦʜʝ ʫ ʥʘʚʝʜʝʥʠʤ ʦʧʩʝʟʠʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ. 

¶ ʇʨʦʮʝʥʘ ʪʘʯʥʦʩʪʠ: ʇʨʠʧʨʝʤˀʝʥʝ ʩʫ ʪʨʠ ʩʝʨʠʿʝ ʦʜ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘ ʩʚʘʢʠ 
ʣʝʢ: ʇɽʈ (128, 160 ʠ 192 µg mL ĭ), ɸʄʃ (111,2, 139 ʠ 166,8 µg mL ĭ) ʠ ʀʅɼ (40, 50 ʠ 60 

µg mL ĭ). ʆʚʠ ʨʘʩʪʚʦʨʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʘʯʥʦʩʪʠ ʤʝʪʦʜʝ ʢʨʦʟ ʘʥʘʣʠʪʠʯʢʠ 

ʧʨʠʥʦʩ. 

¶ ʇʨʦʮʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ ï ʛʨʘʥʠʮʝ ʜʝʪʝʢʮʠʿʝ (LOD) ʠ ʛʨʘʥʠʮʝ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ (LOQ): 

ʈʘʜʥʠ ʨʘʩʪʚʦʨʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʟʘ ʩʚʘʢʠ ʣʝʢ ʧʦʩʝʙʥʦ ʧʨʠ ʥʠʞʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ (1,0; 

0,5; 0,25; 0,10; 0,05 ʠ 0,025 µg mL ĭ) ʫ ʨʘʩʪʚʘʨʘʯʫ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʝ ʛʨʘʥʠʮʝ ʜʝʪʝʢʮʠʿʝ 

ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ ʤʝʪʦʜʝ. 

ʉʚʠ ʨʘʜʥʠ ʨʘʩʪʚʦʨʠ ʩʫ ʯʫʚʘʥʠ ʫ ʤʨʘʢʫ ʥʘ 4 ÁC ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʘ ʜʝʛʨʘʜʘʮʠʿʘ ʠ ʦʜʨʞʘʣʘ 

ˁʠʭʦʚʘ ʩʪʘʙʠʣʥʦʩʪ ʧʨʝ ʘʥʘʣʠʟʝ, ʘ ʧʨʝ ʠʥʿʝʢʪʦʚʘˁʘ ʩʫ ʦʩʪʘʚˀʝʥʠ ʜʘ ʩʝ ʠʟʿʝʜʥʘʯʝ ʩʘ ʩʦʙʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ. 

 

3.4.3 ʇʨʠʧʨʝʤʘ ʫʟʦʨʘʢʘ ʟʘ ʘʥʘʣʠʟʫ ʪʘʙʣʝʪʘ 
 

ɿʘ ʚʘʣʠʜʘʮʠʿʫ ʨʘʟʚʠʿʝʥʝ HPLC ʤʝʪʦʜʝ ʥʘ ʩʪʚʘʨʥʠʤ ʫʟʦʨʮʠʤʘ, ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʢʦʤʝʨʮʠʿʘʣʥʦ 

ʜʦʩʪʫʧʥʝ ʪʘʙʣʝʪʝ ʩʘ ʬʠʢʩʥʦʤ ʢʦʤʙʠʥʘʮʠʿʦʤ ʜʦʟʘ, Amlewel® (ʂʨʢʘ, ʉʣʦʚʝʥʠʿʘ). 

ʆʚʝ ʪʘʙʣʝʪʝ ʩʫ ʩʘʜʨʞʘʣʝ 8,0 mg ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ (ʰʪʦ ʦʜʛʦʚʘʨʘ 6,68 mg 

ʧʝʨʠʥʜʦʧʨʠʣʘ), 5 mg ʘʤʣʦʜʠʧʠʥʘ (ʫ ʦʙʣʠʢʫ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ 6,95 mg) ʠ 2,5 mg ʠʥʜʘʧʘʤʠʜʘ 

ʧʦ ʪʘʙʣʝʪʠ. ʇʨʝ ʧʨʠʧʨʝʤʝ ʫʟʦʨʢʘ, ʪʘʙʣʝʪʝ ʩʫ ʬʠʥʦ ʫʩʠʪˁʝʥʝ ʠ ʧʨʝʮʠʟʥʦ ʿʝ ʠʟʤʝʨʝʥ ʜʝʦ ʢʦʿʠ 

ʦʜʛʦʚʘʨʘ ʮʠˀʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʘʥʘʣʠʪʘ, ʢʦʿʠ ʿʝ ʧʦʪʦʤ ʨʘʩʪʚʦʨʝʥ ʠ ʨʘʟʙʣʘʞʝʥ. 

ʇʨʠʧʨʝʤˀʝʥʦ ʿʝ ʰʝʩʪ ʫʟʦʨʘʢʘ, ʛʜʝ ʿʝ ʩʚʘʢʠ ʩʘʜʨʞʘʦ 160 µg mL ¹ ʇɽʈ, 139 µg mL ¹ ɸʄʃ ʠ 50 

µg mL ¹ ʀʅɼ, ʧʨʝʮʠʟʥʠʤ ʤʝʨʝˁʝʤ ʤʘʩʝ ʪʘʙʣʝʪʘ ʠ ʨʘʩʪʚʘʨʘˁʝʤ ʩʘʜʨʞʘʿʘ ʪʘʙʣʝʪʝ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʨʘʩʪʚʘʨʘʯʫ, ʥʘʢʦʥ ʯʝʛʘ ʩʫ ʩʣʝʜʠʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʨʘʟʙʣʘʞʝˁʘ ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʝ 

ʞʝˀʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘ ʘʥʘʣʠʟʫ. 

 

3.4.4 ʇʨʠʧʨʝʤʘ ʫʟʦʨʘʢʘ ʟʘ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ4 
 

ɿʘ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ, ʨʘʜʥʠ ʨʘʩʪʚʦʨʠ ʩʚʘ ʪʨʠ ʣʝʢʘ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʫ 

ʙʠʥʘʨʥʠʤ ʠʣʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ ʩʘ ʢʦʥʘʯʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʦʜ 100 ɛg mL ĭ ʟʘ ʩʚʘʢʠ ʣʝʢ. 

ʆʚʠ ʨʘʩʪʚʦʨʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʨʘʟʙʣʘʞʠʚʘˁʝʤ 1 mL ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʦʩʥʦʚʥʦʛ ʨʘʩʪʚʦʨʘ ʩʘ 

ʦʜʘʙʨʘʥʠʤ ʨʝʘʛʝʥʩʦʤ ʟʘ ʩʪʨʝʩ. ʂʦʥʘʯʥʘ ʟʘʧʨʝʤʠʥʘ ʩʚʘʢʦʛ ʫʟʦʨʢʘ ʨʘʟʛʨʘʜˁʝ ʿʝ ʧʦʜʝʰʝʥʘ ʥʘ 

ʜʝʬʠʥʠʩʘʥʫ ʟʘʧʨʝʤʠʥʫ ʫ ʥʦʨʤʘʣʥʦʤ ʩʫʜʫ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʘ ʪʘʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʥʘʣʠʪʘ ʫ 

ʩʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ. ʂʦʨʠʰ˂ʝʥʠ ʨʝʘʛʝʥʩʠ ʟʘ ʩʪʨʝʩ ʩʫ ʙʠʣʠ: 

¶ ʈʘʩʪʚʦʨ ʥʘʪʨʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ (NaOH) ʟʘ ʩʪʫʜʠʿʝ ʙʘʟʥʝ ʭʠʜʨʦʣʠʟʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

0,001ʄ, 0,01ʄ, ʠ 0,1ʄ. 
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¶ ʈʘʩʪʚʦʨ ʭʣʦʨʦʚʦʜʦʥʠʯʥʝ ʢʠʩʝʣʠʥʝ (HCl) ʟʘ ʩʪʫʜʠʿʝ ʢʠʩʝʣʝ ʭʠʜʨʦʣʠʟʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜ 

0,01ʄ, 0,1ʄ ʠ 1ʄ. 

¶ ɺʠʩʦʢʦʧʨʝʯʠʰ˂ʝʥʘ ʚʦʜʘ (HPLC ʢʚʘʣʠʪʝʪ) ʟʘ ʩʪʫʜʠʿʝ ʥʝʫʪʨʘʣʥʝ ʭʠʜʨʦʣʠʟʝ (pH 6,98). 

¶ ʈʘʩʪʚʦʨʠ ʚʦʜʦʥʠʢ-ʧʝʨʦʢʩʠʜʘ (H2O2) ʟʘ ʩʪʫʜʠʿʝ ʦʢʩʠʜʘʪʠʚʥʝ ʨʘʟʛʨʘʜˁʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʦʜ 3%, 15% ʠ 30%. 

ɿʘ ʩʪʫʜʠʿʝ ʬʦʪʦʣʠʪʠʯʢʝ ʨʘʟʛʨʘʜˁʝ, ʧʨʠʧʨʝʤˀʝʥʠ ʩʫ ʨʘʜʥʠ ʨʘʩʪʚʦʨʠ ʦʜ 100 ɛg mL ĭ ʩʚʘʢʦʛ ʣʝʢʘ 

ʢʦʨʠʩʪʝ˂ʠ ʤʦʙʠʣʥʫ ʬʘʟʫ ʢʘʦ ʨʘʩʪʚʘʨʘʯ. ʉʚʠ ʫʟʦʨʮʠ ʟʘ ʩʪʫʜʠʿʝ ʨʘʟʛʨʘʜˁʝ ʯʫʚʘʥʠ ʩʫ ʥʘ ʩʦʙʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʫ ʤʨʘʢʫ, ʦʩʠʤ ʟʘ ʬʦʪʦʣʠʪʠʯʢʦ ʪʝʩʪʠʨʘˁʝ ʨʘʟʛʨʘʜˁʝ, ʠ ʫʟʦʨʢʦʚʘʥʠ ʩʫ ʫ 

ʦʜʘʙʨʘʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ʨʘʜʠ ʧʨʘ˂ʝˁʘ ʧʨʝʦʩʪʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʣʝʢʘ. ʇʨʠ ʩʚʘʢʦʤ 

ʫʟʦʨʢʦʚʘˁʫ, ʘʣʠʢʚʦʪʠ ʩʫ ʫʟʝʪʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʧʦʜ ʠʜʝʥʪʠʯʥʠʤ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʤ ʫʩʣʦʚʠʤʘ. 

ʈʘʩʪʚʦʨʠ ʩʣʝʧʠʭ ʧʨʦʙʘ ʢʦʿʠ ʩʘʜʨʞʝ ʩʘʤʦ ʤʦʙʠʣʥʫ ʬʘʟʫ ʠ ʩʪʨʝʩ ʘʛʝʥʩ (ʨʝʘʛʝʥʩʠ ʟʘ ʫʙʨʟʘʥʫ 

ʩʪʫʜʠʿʫ ʩʪʘʙʠʣʥʦʩʪʠ) ʩʫ ʪʘʢʦʹʝ ʧʨʠʧʨʝʤˀʝʥʠ ʠ ʫʟʦʨʢʦʚʘʥʠ ʫ ʠʩʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʪʘʯʢʘʤʘ ʢʘʢʦ 

ʙʠ ʩʝ ʦʜʫʟʝʣʝ ʩʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʦʟʘʜʠʥʩʢʝ ʩʤʝʪˁʝ. 

 

3.5 ʍʨʦʤʘʪʦʛʨʘʬʩʢʠ ʫʩʣʦʚʠ ʠ ʨʘʟʚʦʿ ʤʝʪʦʜʝ 
 

ʍʨʦʤʘʪʦʛʨʘʬʩʢʘ ʤʝʪʦʜʘ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, 

ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʠ ʦʧʪʠʤʠʟʦʚʘʥʘ ʧʨʘʪʝ˂ʠ ʧʨʠʥʮʠʧʝ ʘʥʘʣʠʪʠʯʢʦʛ 

ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ.  

ʄʦʙʠʣʥʘ ʬʘʟʘ ʩʝ ʩʘʩʪʦʿʘʣʘ ʦʜ ʩʤʝʰʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ. ʇʨʦʮʝʩ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʿʝ ʫʢˀʫʯʠʚʘʦ ʚʘʨʠʨʘˁʝ ʩʘʜʨʞʘʿʘ ʘʮʝʪʦʥʠʪʨʠʣʘ, pH ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʦʛ ʨʘʩʪʚʦʨʘ ʧʫʬʝʨʘ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʫʬʝʨʘ, ʧʨʘʪʝ˂ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʣʘʥ ʛʝʥʝʨʠʩʘʥ ʢʨʦʟ ʜʠʟʘʿʥ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. 

¶ ʆʧʪʠʤʘʣʥʠ ʩʘʩʪʘʚ ʤʦʙʠʣʥʝ ʬʘʟʝ ʿʝ ʦʜʨʝʹʝʥ ʜʘ ʙʫʜʝ ʦʜʥʦʩ (66:34, v/v) ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ 

ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ. 

¶ ʌʦʩʬʘʪʥʠ ʧʫʬʝʨ ʿʝ ʧʨʠʧʨʝʤˀʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ 30 mM. ʆʚʦ ʿʝ ʧʦʩʪʠʛʥʫʪʦ 
ʨʘʩʪʚʘʨʘˁʝʤ 0,305 g KH2PO4 ʠ 3,844 g K2HPO4 ʫ 1000 mL HPLC ʚʦʜʝ. pH ʚʨʝʜʥʦʩʪ 

ʧʫʬʝʨʘ ʿʝ ʧʦʜʝʰʝʥʘ ʥʘ 2,7 ʢʦʨʠʰ˂ʝˁʝʤ 1% ʨʘʩʪʚʦʨʘ ʬʦʩʬʦʨʥʝ ʢʠʩʝʣʠʥʝ. 

¶ ʄʦʙʠʣʥʘ ʬʘʟʘ ʿʝ ʧʘʞˀʠʚʦ ʧʨʠʧʨʝʤˀʝʥʘ ʬʠʣʪʨʠʨʘˁʝʤ ʢʨʦʟ Chromafil ʥʘʿʣʦʥʩʢʠ PTFE 

ʬʠʣʪʝʨ ʩʘ ʚʝʣʠʯʠʥʦʤ ʧʦʨʘ ʦʜ 0,45 ɛm, ʘ ʧʦʪʦʤ ʜʝʛʘʟʠʨʘʥʘ ʫ ʫʣʪʨʘʟʚʫʯʥʦʿ ʢʘʜʠ ʧʨʝ 

ʩʚʘʢʦʛ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʧʫʰʪʘˁʘ. ʆʚʘʿ ʢʦʨʘʢ ʿʝ ʢˀʫʯʘʥ ʟʘ ʫʢʣʘˁʘˁʝ ʨʘʩʪʚʦʨʝʥʠʭ 

ʛʘʩʦʚʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʜʘ ʦʤʝʪʘʿʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʨʘʟʜʚʘʿʘˁʝ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ʜʝʪʝʢʪʦʨʘ. 

ɹʨʟʠʥʘ ʧʨʦʪʦʢʘ ʤʦʙʠʣʥʝ ʬʘʟʝ ʦʜʨʞʘʚʘʥʘ ʿʝ ʥʘ ʢʦʥʩʪʘʥʪʥʠʭ 1 mL min ĭ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. 

ʆʚʘ ʙʨʟʠʥʘ ʧʨʦʪʦʢʘ ʿʝ ʦʧʪʠʤʠʟʦʚʘʥʘ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʝʬʠʢʘʩʥʦ ʨʘʟʜʚʘʿʘˁʝ ʠ ʨʘʟʫʤʥʦ 

ʚʨʝʤʝ ʘʥʘʣʠʟʝ. ɿʘʧʨʝʤʠʥʘ ʫʙʨʠʟʛʘʚʘˁʘ ʟʘ ʩʚʝ ʫʟʦʨʢʝ ʧʦʜʝʰʝʥʘ ʿʝ ʥʘ 10 ɛL, ʰʪʦ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ 

ʦʙʝʟʙʝʹʫʿʝ ʘʜʝʢʚʘʪʥʫ ʦʩʝʪˀʠʚʦʩʪ ʠ ʨʝʟʦʣʫʮʠʿʫ ʧʠʢʦʚʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʝ ʿʝ ʦʜʨʞʘʚʘʥʘ ʥʘ ʢʦʥʩʪʘʥʪʥʠʭ 50 ÁC. ʂʦʥʪʨʦʣʠʩʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʣʦʥʝ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʟʘ ʦʜʨʞʘʚʘˁʝ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʿʝʨ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʟʥʘʯʘʿʥʦ 

ʫʪʠʮʘʪʠ ʥʘ ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ, ʦʙʣʠʢʝ ʧʠʢʦʚʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʨʘʟʜʚʘʿʘˁʘ. 

ʋɺ ʜʝʪʝʢʮʠʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʥʘ ʪʘʣʘʩʥʦʿ ʜʫʞʠʥʠ ʦʜ 210 nm. ʆʚʘ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʿʝ ʠʟʘʙʨʘʥʘ ʥʘ 

ʦʩʥʦʚʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʋɺ ʘʧʩʦʨʧʮʠʿʝ ʪʨʠ ʘʥʘʣʠʪʘ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʦʧʪʠʤʘʣʥʫ ʦʩʝʪˀʠʚʦʩʪ ʟʘ 

ˁʠʭʦʚʫ ʠʩʪʦʚʨʝʤʝʥʫ ʜʝʪʝʢʮʠʿʫ. 

ɸʥʘʣʠʪʠʯʢʠ ʮʠˀʥʠ ʧʨʦʬʠʣ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʥʘ ʧʦʯʝʪʢʫ ʨʘʟʚʦʿʘ ʤʝʪʦʜʝ, ʜʝʬʠʥʠʰʫ˂ʠ ʞʝˀʝʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʝʨʬʦʨʤʘʥʩʠ HPLC ʤʝʪʦʜʝ: ʚʘʣʠʜʠʨʘʥʘ, ʨʦʙʫʩʥʘ ʠ ʩʝʣʝʢʪʠʚʥʘ ʤʝʪʦʜʘ 

ʩʧʦʩʦʙʥʘ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʪʨʠ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʘ ʣʝʢʘ. ʂʨʦʟ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʢʚʘʣʠʪʝʪʘ ʠ 

ʧʨʝʣʠʤʠʥʘʨʥʝ ʩʪʫʜʠʿʝ, ʢʨʠʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʤʝʪʦʜʝ ʩʫ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʢʘʦ ʬʘʢʪʦʨʠ ʢʦʿʠ ʤʦʛʫ 

ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ATP. ʊʦ ʿʝ ʫʢˀʫʯʠʚʘʣʦ ʦʜʥʦʩ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ ʠ ʚʦʜʝʥʝ ʬʘʟʝ, 
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ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʧʫʬʝʨʘ ʠ pH ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ. ʆʩʪʘʣʠ ʧʘʨʘʤʝʪʨʠ ʢʘʦ ʰʪʦ 

ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʝ, ʙʨʟʠʥʘ ʧʨʦʪʦʢʘ, ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʜʝʪʝʢʮʠʿʝ ʠ ʟʘʧʨʝʤʠʥʘ ʫʙʨʠʟʛʘʚʘˁʘ 

ʦʧʪʠʤʠʟʦʚʘʥʠ ʩʫ ʪʦʢʦʤ ʧʨʝʣʠʤʠʥʘʨʥʝ ʬʘʟʝ ʠ ʦʜʨʞʘʚʘʥʠ ʩʫ ʢʦʥʩʪʘʥʪʥʠʤ ʪʦʢʦʤ ʛʣʘʚʥʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ. 

 

3.5.1 ɼʠʟʘʿʥ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʤʝʪʦʜʘ 

 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʤʝʪʦʜʘ ʿʝ ʩʠʩʪʝʤʘʪʩʢʠ ʩʧʨʦʚʝʜʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʎʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ 

ʜʠʟʘʿʥʘ (ʝʥʛ. Central Composite Design - CCD) ʛʝʥʝʨʠʩʘʥʦʛ ʧʦʤʦ˂ʫ ʩʦʬʪʚʝʨʘ Design Expert 

11.0.0 (Stat Ease Inc., ʄʠʥʝʘʧʦʣʠʩ, ʄʠʥʝʩʦʪʘ, ʉɸɼ). CCD ʿʝ ʦʙʫʭʚʘʪʘʦ ʩʢʫʧ ʦʜ 17 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʪʨʠ ʧʦʥʘʚˀʘˁʘ ʮʝʥʪʨʘʣʥʠʭ ʪʘʯʘʢʘ, ʰʪʦ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥʠʭ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʝʪʦʜʝ ʥʘ ʢʨʠʪʠʯʥʝ ʘʥʘʣʠʪʠʯʢʝ ʘʪʨʠʙʫʪʝ (ʝʥʛ. 

Critical Analytical Attributes - CAA). ʇʨʘ˂ʝʥʠ CAA ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʧʦʩʪʠʟʘˁʝ ATP-ʘ 

ʫʢˀʫʯʠʚʘʣʠ ʩʫ: 

¶ ʈʝʟʦʣʫʮʠʿʫ ʠʟʤʝʹʫ ʇɽʈ ʠ ɸʄʃ (RsPER,AML) 

¶ ʈʝʟʦʣʫʮʠʿʫ ʠʟʤʝʹʫ ɸʄʃ ʠ ʀʅɼ (RsAML,IND ) 

¶ ɺʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʀʅɼ (tR IND) 

¶ ʐʠʨʠʥʫ ʧʠʢʘ ʇɽʈ (WPER) 

¶ ʌʘʢʪʦʨ ʟʘʜʨʞʘʚʘˁʘ ʇɽʈ (kPER) 

ʆʜʥʦʩʠ ʠʟʤʝʹʫ CMP ʠ CAA ʤʦʜʝʣʠʨʘʥʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʣʠʥʦʤʩʢʝ ʿʝʜʥʘʯʠʥʝ ʜʨʫʛʦʛ ʨʝʜʘ, ʘ 

ʤʦʜʝʣʠ ʩʫ ʚʘʣʠʜʠʨʘʥʠ ʧʫʪʝʤ ANOVA ʪʝʩʪʠʨʘˁʘ, ʧʨʠʣʘʛʦʹʝʥʠʭ RĮ ʠ ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ 

RĮ, ʦʩʠʛʫʨʘʚʘʿʫ˂ʠ ˁʠʭʦʚʫ ʩʪʘʪʠʩʪʠʯʢʫ ʘʜʝʢʚʘʪʥʦʩʪ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʫʪʠʮʘʿʘ ʂʇʄ ʥʘ ʂɸɸ. 

ɼʠʿʘʛʨʘʤʠ ʧʦʚʨʰʠʥʝ ʦʜʟʠʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʞʝˀʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʧʝʨʘʪʠʚʥʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʠʩʪʦʚʨʝʤʝʥʦ ʟʘʜʦʚʦˀʘʚʘʿʫ ʩʚʝ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʝ 

ʢʨʠʪʝʨʠʿʫʤʝ ʘʥʘʣʠʪʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ.  

 

3.6 ɺʘʣʠʜʘʮʠʿʘ ʤʝʪʦʜʝ 

 

ʈʘʟʚʠʿʝʥʘ HPLC ʤʝʪʦʜʘ ʿʝ ʧʨʦʰʣʘ ʚʘʣʠʜʘʮʠʿʫ ʢʘʢʦ ʙʠ ʩʝ ʧʦʪʚʨʜʠʣʘ ʧʦʛʦʜʥʦʩʪ ʟʘ ˁʝʥʫ ʥʘʤʝʥʫ, 

ʫ ʩʢʣʘʜʫ ʩʘ ʤʝʹʫʥʘʨʦʜʥʠʤ ʩʤʝʨʥʠʮʘʤʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ. ʇʨʦʮʝˁʝʥʠ 

ʧʘʨʘʤʝʪʨʠ ʚʘʣʠʜʘʮʠʿʝ ʦʙʫʭʚʘʪʘʣʠ ʩʫ ʩʧʝʮʠʬʠʯʥʦʩʪ, ʣʠʥʝʘʨʥʦʩʪ, ʪʘʯʥʦʩʪ, ʧʨʝʮʠʟʥʦʩʪ, 

ʦʩʝʪˀʠʚʦʩʪ (ʛʨʘʥʠʮʫ ʜʝʪʝʢʮʠʿʝ (LOD), ʛʨʘʥʠʮʫ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ (LOQ)) ʠ ʨʦʙʫʩʥʦʩʪ. 

 

3.6.1 ʉʧʝʮʠʬʠʯʥʦʩʪ/ʉʝʣʝʢʪʠʚʥʦʩʪ 

 

ʉʧʝʮʠʬʠʯʥʦʩʪ, ʜʝʬʠʥʠʩʘʥʘ ʢʘʦ ʩʧʦʩʦʙʥʦʩʪ ʤʝʪʦʜʝ ʜʘ ʥʝʜʚʦʩʤʠʩʣʝʥʦ ʧʨʦʮʝʥʠ ʠʩʧʠʪʠʚʘʥʠ 

ʘʥʘʣʠʪ ʫ ʧʨʠʩʫʩʪʚʫ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʢʦʿʝ ʩʝ ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ ʜʘ ʧʦʢʘʞʫ ʠʥʪʝʨʬʝʨʝʥʮʠʿʫ 

(ʢʦʤʧʦʥʝʥʪʝ ʤʘʪʨʠʢʩʘ). ʆʚʦ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʘʥʘʣʠʟʠʨʘˁʝʤ ʧʣʘʮʝʙʦ ʩʤʝʰʝ (ʢʦʿʘ ʿʝ ʩʘʜʨʞʘʚʘʣʘ 

ʩʚʝ ʝʢʩʮʠʧʠʿʝʥʩʝ ʢʘʦ ʫ GP: ʤʠʢʨʦʢʨʠʩʪʘʣʥʫ ʮʝʣʫʣʦʟʫ, ʧʨʝʞʝʣʘʪʠʥʠʟʦʚʘʥʠ ʩʢʨʦʙ, ʥʘʪʨʠʿʫʤ-

ʩʢʨʦʙ ʛʣʠʢʦʣʘʪ, ʢʘʣʮʠʿʫʤ-ʭʣʦʨʠʜ ʭʝʢʩʘʭʠʜʨʘʪ, ʥʘʪʨʠʿʫʤ-ʭʠʜʨʦʛʝʥʢʘʨʙʦʥʘʪ, ʢʦʣʦʠʜʥʠ, 

ʙʝʟʚʦʜʥʠ ʩʠʣʠʮʠʿʫʤ-ʜʠʦʢʩʠʜ ʠ ʤʘʛʥʝʟʠʿʫʤ-ʩʪʝʘʨʘʪ) ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʜʘ ʥʝʤʘ ʧʦʿʘʚʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʥʘ ʨʝʪʝʥʮʠʦʥʠʤ ʚʨʝʤʝʥʠʤʘ ʘʥʘʣʠʟʠʨʘʥʠʭ ʣʝʢʦʚʘ. 

ʍʨʦʤʘʪʦʛʨʘʤʩʢʠ ʧʠʢʦʚʠ ʩʚʝ ʪʨʠ API ʩʫ ʫʧʦʨʝʹʝʥʠ ʩʘ ʭʨʦʤʘʪʦʛʨʘʤʩʢʠʤ ʧʠʢʦʚʠʤʘ ʠʩʧʠʪʠʚʘʥʠʭ 

ʝʢʩʮʠʧʠʿʝʥʘʩʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʪʚʨʜʠʣʦ ʦʜʩʫʩʪʚʦ ʢʦʝʣʫʠʨʘʿʫ˂ʠʭ ʧʠʢʦʚʘ (ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ). 
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3.6.2 ʃʠʥʝʘʨʥʦʩʪ 

 

ʃʠʥʝʘʨʥʦʩʪ ʿʝ ʧʦʪʚʨʜʘ ʜʘ ʫ ʜʝʬʠʥʠʩʘʥʦʤ ʦʧʩʝʛʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ɸʇʀ ʧʦʩʪʦʿʠ  ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ 

ʣʠʥʝʘʨʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʤʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʧʦʚʨʰʠʥʝ ʧʠʢʘ ʠ ʜʘ ʫ ʪʦʤ ʦʧʩʝʛʫ ʫ ʢʦʿʝʤ ʿʝ 

ʠʟʚʨʰʝʥʘ ʧʨʦʮʝʥʘ ʣʠʥʝʘʨʥʦʩʪʠ ˂ʝ ʩʝ ʫʚʝʢ ʜʦʙʠʪʠ ʪʘʯʥʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦʿ 

ʘʥʘʣʠʟʠ. ʆʚʘ ʪʘʯʥʦʩʪ ʫ ʦʯʠʪʘʚʘˁʫ ʩʝ ʦʩʪʚʘʨʫʿʝ ʜʦʙʠʿʘˁʝʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (RĮ) 

ʚʝ˂ʠ ʦʜ 0,9980. ʃʠʥʝʘʨʥʦʩʪ ʿʝ ʧʨʦʮʝˁʝʥʘ ʧʨʠʧʨʝʤʦʤ ʠ ʘʥʘʣʠʟʦʤ ʧʝʪ ʨʘʟʣʠʯʠʪʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘ ʩʚʘʢʠ ʣʝʢ: ʇɽʈ (10ï200 µg mL ĭ), ɸʄʃ (20ï200 µg mL ĭ) ʠ ʀʅɼ (5ï100 µg 

mL ĭ). ʂʘʣʠʙʨʘʮʠʦʥʝ ʢʨʠʚʝ ʩʫ ʢʦʥʩʪʨʫʠʩʘʥʝ ʮʨʪʘˁʝʤ ʧʦʚʨʰʠʥʘ ʧʠʢʦʚʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʩʚʘʢʦʛ ʘʥʘʣʠʪʘ. ʃʠʥʝʘʨʥʦʩʪ ʿʝ ʧʨʦʮʝˁʝʥʘ ʠʟʨʘʯʫʥʘʚʘˁʝʤ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (RĮ) ʠ ʧʨʦʮʝʥʦʤ ʿʝʜʥʘʯʠʥʝ ʨʝʛʨʝʩʠʿʝ. 

 

3.6.3 ʊʘʯʥʦʩʪ 

 

ʇʨʦʮʝʥʘ ʪʘʯʥʦʩʪʠ ʤʝʪʦʜʝ ʤʝʨʠ ʙʣʠʩʢʦʩʪ ʩʣʘʛʘˁʘ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʿʝ ʧʨʠʭʚʘ˂ʝʥʘ ʢʘʦ 

ʨʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ ʠ ʧʨʦʥʘʹʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʊʘʯʥʦʩʪ ʤʝʪʦʜʝ ʿʝ ʧʨʦʮʝˁʝʥʘ ʦʜʨʝʹʠʚʘˁʝʤ 

Recovery ʚʨʝʜʥʦʩʪʠ. ʊʨʠ ʩʝʨʠʿʝ ʨʘʩʪʚʦʨʘ ʦʜ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (80, 100 ʠ 120 % ʦʜ 

ʜʝʢʣʘʨʠʩʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʣʠʿʝʢʘ ʫ GP, ʪʿ ʘʥʘʣʠʟʠʨʘʥʦʤ ʫʟʦʨʢʫ) ʟʘ ʩʚʘʢʠ ʦʜ ʪʨʠ ʣʝʢʘ: ʇɽʈ 

(128, 160 ʠ 192 µg mL ĭ), ɸʄʃ (111,2, 139 ʠ 166,8 µg mL ĭ) ʠ ʀʅɼ (40, 50 ʠ 60 µg mL ĭ). ɿʘ 

ʩʚʘʢʠ ʥʠʚʦ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʿʝ ʠʟʨʘʯʫʥʘʪʘ Recovery ʚʨʝʜʥʦʩʪʠ, ʠʥʿʝʢʪʦʚʘˁʝʤ ʧʦ ʪʨʠ ʨʘʩʪʚʦʨʘ ʦʜ 

ʩʚʝ ʪʨʠ ʥʘʚʝʜʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ. ʆʜ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʧʨʦʮʝˁʝʥ ʿʝ 

ʢʦʝʬʠʮʠʿʝʥʪ ʚʘʨʠʿʘʮʠʿʝ (ʦʜʥʦʩʥʦ RSD%), ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʧʦʪʚʨʜʠ ʪʘʯʥʦʩʪ ʤʝʪʦʜʝ ʫ ʥʘʚʝʜʝʥʦʤ 

ʦʧʩʝʛʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ˁʝʥʫ ʧʨʦʤeʥʫ ʦʜ ±20%. 

 

3.6.4 ʇʨʝʮʠʟʥʦʩʪ 

 

ʇʨʝʮʠʟʥʦʩʪ ʠʟʨʘʞʘʚʘ ʙʣʠʩʢʦʩʪ ʩʣʘʛʘˁʘ ʠʟʤʝʹʫ ʥʠʟʘ ʤʝʨʝˁʘ ʜʦʙʠʿʝʥʠʭ ʚʠʰʝʩʪʨʫʢʠʤ 

ʫʟʦʨʢʦʚʘˁʝʤ ʠʩʪʦʛ ʭʦʤʦʛʝʥʦʛ ʫʟʦʨʢʘ ʧʦʜ ʧʨʦʧʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ. ʇʨʝʮʠʟʥʦʩʪ ʿʝ ʧʨʦʮʝˁʝʥʘ ʥʘ 

ʜʚʘ ʥʠʚʦʘ: 

¶ ʇʦʥʦʚˀʠʚʦʩʪ (ʧʨʝʮʠʟʥʦʩʪ ʪʦʢʦʤ ʜʘʥʘ): ʇʨʦʮʝˁʝʥʘ ʘʥʘʣʠʟʦʤ ʰʝʩʪ ʧʦʥʦʚˀʝʥʠʭ 
ʧʨʠʧʨʝʤʘ ʩʪʚʘʨʥʠʭ ʫʟʦʨʘʢʘ (AmlewelÈ ʪʘʙʣʝʪʝ) ʢʦʿʠ ʩʘʜʨʞʝ 160 µg mL ĭ ʇɽʈ, 139 µg 

mL ĭ ɸʄʃ ʠ 50 µg mL ĭ ʀʅɼ ʧʦʜ ʦʧʪʠʤʘʣʥʠʤ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʀʟʨʘʯʫʥʘʪʘ 

ʿʝ ʨʝʣʘʪʠʚʥʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ (RSD) ʨʝʟʫʣʪʘʪʘ. 

¶ ʀʥʪʝʨʧʨʝʮʠʟʥʦʩʪ ʿʝ ʧʨʦʮʝˁʝʥʘ ʧʦʥʘʚˀʘˁʝʤ ʘʥʘʣʠʟʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʘʥʠʤʘ ʧʦʜ ʠʩʪʠʤ 
ʥʦʤʠʥʘʣʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʫʟʦʨʢʘ, ʘ ʨʝʟʫʣʪʘʪʠ ʩʫ ʠʟʨʘʞʝʥʠ ʢʘʦ %RSD ʢʘʢʦ ʙʠ ʩʝ 

ʧʦʪʚʨʜʠʣʘ ʜʦʩʣʝʜʥʦʩʪ ʠ ʧʨʝʮʠʟʥʦʩʪ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʧʦʥʦʚˀʝʥʠʤ ʘʥʘʣʠʟʘʤʘ. 

 

3.6.5 ʆʩʝʪˀʠʚʦʩʪ ʤʝʪʦʜʝ: ɻʨʘʥʠʮʘ ʜʝʪʝʢʮʠʿʝ (LOD) ʠ ʛʨʘʥʠʮʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ (LOQ) 

 

LOD ʿʝ ʥʘʿʥʠʞʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʥʘʣʠʪʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʦʫʟʜʘʥʦ ʜʝʪʝʢʪʦʚʘʪʠ, ʘ LOQ ʿʝ ʥʘʿʥʠʞʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʥʘʣʠʪʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʩʘ ʧʨʠʭʚʘʪˀʠʚʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ ʠ ʪʘʯʥʦʰ˂ʫ. ʆʚʝ 

ʛʨʘʥʠʮʝ ʩʫ ʧʨʦʮʝˁʝʥʝ ʧʨʠʧʨʝʤʦʤ ʠ ʘʥʘʣʠʟʦʤ ʨʘʜʥʠʭ ʨʘʩʪʚʦʨʘ ʟʘ ʩʚʘ ʪʨʠ ʣʝʢʘ ʦʜʚʦʿʝʥʦ ʧʨʠ 

ʚʝʦʤʘ ʥʠʩʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ (1,0; 0,5; 0,25; 0,10; 0,05 ʠ 0,025 µg mL ĭ) ʫ ʨʘʩʪʚʘʨʘʯʫ 

(ʘʮʝʪʦʥʠʪʨʠʣ/ʚʦʜʘ HPLC ʢʚʘʣʠʪʝʪʘ 40:60, v/v). LOD ʠ LOQ ʩʫ ʦʜʨʝʹʝʥʠ ʥʘ ʦʩʥʦʚʫ ʦʜʥʦʩʘ 
ʩʠʛʥʘʣ/ʰʫʤ ʠʣʠ ʠʟʨʘʯʫʥʘʪʠ ʠʟ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ ʦʜʟʠʚʘ ʠ ʥʘʛʠʙʘ ʢʘʣʠʙʨʘʮʠʦʥʝ ʢʨʠʚʝ. 
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3.6.6 ʈʦʙʫʩʥʦʩʪ 

 

ʈʦʙʫʩʥʦʩʪ ʿʝ ʤʝʨʘ ʢʘʧʘʮʠʪʝʪʘ ʤʝʪʦʜʝ ʜʘ ʦʩʪʘʥʝ ʨʝʧʨʦʜʫʢʪʠʚʥʘ ʫ ʧʦʛʣʝʜʫ ʜʦʙʠʿʘˁʘ ʧʦʫʟʜʘʥʠʭ 

ʨʝʟʫʣʪʘʪʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʤʘʣʝ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥe ʤʝʪʦʜʝ, ʢʦʿʝ ʩʝ ʜʝʰʘʚʘʿʫ ʢʘʦ ʛʨʝʰʢʘ ʢʦʨʠʰʝ˂ʥʝ 

ʘʧʘʨʘʪʫʨʝ ʠʣʠ ʘʥʘʣʠʪʠʯʘʨʘ. ʈʦʙʫʩʥʦʩʪ ʨʘʟʚʠʿʝʥʝ HPLC ʤʝʪʦʜʝ ʿʝ ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʦʮʝˁʝʥʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʬʨʘʢʮʠʦʥʦʛ ʬʘʢʪʦʨʠʿʘʣʥʦʛ ʜʠʟʘʿʥʘ (FFD 2 ĭ). ʆʚʘʿ DoE ʧʨʠʩʪʫʧ ʿʝ ʦʤʦʛʫ˂ʠʦ 

ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʤʘˁʠʭ ʚʘʨʠʿʘʮʠʿʘ ʫ ʢʨʠʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʤʝʪʦʜʝ (ʥʧʨ. ʩʘʩʪʘʚ ʤʦʙʠʣʥʝ 

ʬʘʟʝ, pH ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʙʨʟʠʥʘ ʧʨʦʪʦʢʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʣʦʥʝ) ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʤʝʪʦʜʝ. ʋʪʚʨʹʝʥʠ ʨʦʙʫʩʥʠ ʨʝʛʠʦʥ (DS) ʠʟ ʬʘʟʝ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʦʙʝʟʙʝʜʠʦ ʿʝ ʛʨʘʥʠʮʝ ʫʥʫʪʘʨ ʢʦʿʠʭ ʿʝ ʧʦʪʚʨʹʝʥʦ ʜʘ ʿʝ ʤʝʪʦʜʘ ʨʦʙʫʩʥʘ, ʦʩʠʛʫʨʘʚʘʿʫ˂ʠ ˁʝʥʫ 

ʧʦʫʟʜʘʥʦʩʪ ʠ ʧʨʝʥʦʩʠʚʦʩʪ ʫ ʨʘʟʣʠʯʠʪʠʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʦʢʨʫʞʝˁʠʤʘ. 

 

3.7 ʇʨʦʮʝʥʘ ʫʪʠʮʘʿʘ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ 

 

ʋ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ (GAC), ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ 

ʨʘʟʚʠʿʝʥʝ HPLC ʤʝʪʦʜʝ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʿʝ ʩʚʝʦʙʫʭʚʘʪʥʦ 

ʧʨʦʮʝˁʝʥ. ʏʝʪʠʨʠ ʨʘʟʣʠʯʠʪʘ ʘʥʘʣʠʪʠʯʢʘ ʘʣʘʪʘ ʩʫ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʨʦʮʝʥʫ ʠ ʫʧʦʨʝʹʠʚʘˁʝ 

ʟʝʣʝʥʦʛ ʧʨʦʬʠʣʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʤʝʪʦʜʘʤʘ ʟʘ ʪʝʨʥʘʨʥʝ ʩʤʝʰʝ ʣʝʢʦʚʘ ʇɽʈ, 

ɸʄʃ ʠ ʀʅɼ. ʋʧʦʪʨʝʙʘ ʚʠʰʝ ʘʣʘʪʘ ʧʨʫʞʘ ʨʦʙʫʩʥʠʿʫ ʠ ʚʠʰʝʩʣʦʿʥʫ ʧʨʦʮʝʥʫ, ʦʙʨʘ˂ʘʿʫ˂ʠ ʩʝ 

ʨʘʟʣʠʯʠʪʠʤ ʘʩʧʝʢʪʠʤʘ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ: 

¶ ʅʘʮʠʦʥʘʣʥʠ ʠʥʜʝʢʩ ʤʝʪʦʜʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (NEMI): ʆʚʦ ʿʝ ʿʝʜʘʥ ʦʜ 
ʥʘʿʩʪʘʨʠʿʠʭ ʠ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠʭ ʘʣʘʪʘ ʟʘ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʤʝʪʦʜʝ. NEMI ʧʨʠʢʘʟʫʿʝ 

ʧʠʢʪʦʛʨʘʤ ʧʦʜʝˀʝʥ ʫ ʯʝʪʠʨʠ ʢʚʘʜʨʘʥʪʘ. ʉʚʘʢʠ ʢʚʘʜʨʘʥʪ ʫʢʘʟʫʿʝ ʥʘ ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ 

ʩʧʝʮʠʬʠʯʥʠʤ ʟʝʣʝʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ: ʦʜʩʫʩʪʚʦ ʧʝʨʟʠʩʪʝʥʪʥʠʭ, ʙʠʦʘʢʫʤʫʣʘʪʠʚʥʠʭ ʠ 

ʪʦʢʩʠʯʥʠʭ (PBT) ʨʝʘʛʝʥʩʘ; ʦʜʩʫʩʪʚʦ ʭʝʤʠʢʘʣʠʿʘ ʥʘʚʝʜʝʥʠʭ ʥʘ ʣʠʩʪʘʤʘ ʦʧʘʩʥʦʛ ʦʪʧʘʜʘ 

ɼ, ʌ, ʀ ʠʣʠ ʎ; pH ʚʨʝʜʥʦʩʪ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʜʠʿʘ ʫ ʦʧʩʝʛʫ ʦʜ 2 ʜʦ 12; ʠ ʧʨʦʠʟʚʦʜˁʘ 

ʦʪʧʘʜʘ ʤʘˁʘ ʦʜ 50 g (48). 

¶ ɸʥʘʣʠʪʠʯʢʘ ʝʢʦ-ʩʢʘʣʘ: ʆʚʘʿ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʘʣʘʪ ʧʨʫʞʘ ʥʫʤʝʨʠʯʢʠ ʨʝʟʫʣʪʘʪ (ʦʜ 0 ʜʦ 

100) ʟʘ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʈʝʟʫʣʪʘʪ ʩʝ ʠʟʨʘʯʫʥʘʚʘ 

ʦʜʫʟʠʤʘˁʝʤ ʢʘʟʥʝʥʠʭ ʧʦʝʥʘ ʜʦʜʝˀʝʥʠʭ ʟʘ ʨʘʟʣʠʯʠʪʝ ʝʢʦʣʦʰʢʝ ʥʝʜʦʩʪʘʪʢʝ (ʥʧʨ. 

ʪʦʢʩʠʯʥʦʩʪ ʨʝʘʛʝʥʩʘ, ʧʦʪʨʦʰˁʘ ʝʥʝʨʛʠʿʝ, ʩʪʚʘʨʘˁʝ ʦʪʧʘʜʘ) ʦʜ ʚʨʝʜʥʦʩʪʠ 100 

(ʝʢʦʣʦʰʢʠ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʘ ʚʨʝʜʥʦʩʪ). ʈʝʟʫʣʪʘʪ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ 100 ʫʢʘʟʫʿʝ ʥʘ 

ʘʧʩʦʣʫʪʥʦ ʟʝʣʝʥʫ ʘʥʘʣʠʟʫ, ʜʦʢ ʩʫ ʨʝʟʫʣʪʘʪʠ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟʥʘʜ 75 ʩʤʘʪʨʘʿʫ 

ʦʜʣʠʯʥʠʤ. ʈʝʟʫʣʪʘʪʠ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟʤʝʹʫ 50ï75 ʩʫ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠ, ʜʦʢ ʩʫ 

ʦʥʠ ʠʩʧʦʜ 50 ʘʧʩʦʣʫʪʥʦ ʝʢʦʣʦʰʢʠ ʥʝʧʨʠʭʚʘʪˀʠʚʠ (35). 

¶ ʀʥʜʝʢʩ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ (GAPI): ʋʚʝʜʝʥ ʥʝʜʘʚʥʦ, GAPI ʿʝ 

ʧʦʣʫʢʚʘʥʪʠʪʘʪʠʚʥʠ ʘʣʘʪ ʢʦʿʠ ʧʨʫʞʘ ʚʠʟʫʝʣʥʠ ʧʨʠʢʘʟ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ. 

ʇʨʝʜʩʪʘʚˀʝʥ ʿʝ ʫ ʚʠʜʫ ʧʝʪ ʧʝʥʪʘʛʨʘʤʘ, ʩʚʘʢʠ ʧʦʜʝˀʝʥ ʥʘ ʥʝʢʦʣʠʢʦ ʜʝʣʦʚʘ, ʢʦʿʠ ʩʫ 

ʦʙʦʿʝʥʠ ʟʝʣʝʥʦʤ, ʞʫʪʦʤ ʠʣʠ ʮʨʚʝʥʦʤ ʙʦʿʦʤ ʥʘ ʦʩʥʦʚʫ ʧʨʠʤʝ˂ʝʥʦʛ ʝʬʝʢʪʘ (ʥʠʟʘʢ, 

ʩʨʝʜˁʠ ʠʣʠ ʚʠʩʦʢ ʫʪʠʮʘʿ, ʨʝʩʧʝʢʪʠʚʥʦ) ʨʘʟʣʠʯʠʪʠʭ ʘʩʧʝʢʘʪʘ ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ. 

GAPI ʥʫʜʠ ʩʚʝʦʙʫʭʚʘʪʘʥ ʧʨʝʛʣʝʜ ʦʜ ʧʨʠʢʫʧˀʘˁʘ ʫʟʦʨʘʢʘ ʜʦ ʪʨʝʪʤʘʥʘ ʦʪʧʘʜʘ (49). 

¶ ʇʨʦʮʝʥʘ ʟʝʣʝʥʦʛ ʧʨʦʬʠʣʘ (AGP): ʈʘʟʚʠʿʝʥ ʦʜ ʩʪʨʘʥʝ ɼʨʘʿʚʝʨʘ ʠ ʈʝʿʥʠʿʘ, AGP ʿʝ ʿʦʰ 
ʿʝʜʘʥ ʚʠʟʫʝʣʥʠ ʘʣʘʪ ʧʨʝʜʩʪʘʚˀʝʥ ʢʘʦ ʧʝʥʪʘʛʨʘʤ ʧʦʜʝˀʝʥ ʫ ʧʝʪ ʛʨʫʧʘ ʨʠʟʠʢʘ ʠ ʪʦ ʨʠʟʠʮʠ 

ʧʦ: ʟʜʨʘʚˀʝ, ʙʝʟʙʝʜʥʦʩʪ, ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʦʪʧʘʜ ʠ ʝʥʝʨʛʠʿʫ. ʉʚʘʢʠ ʜʝʦ ʿʝ ʦʙʦʿʝʥ 

ʟʝʣʝʥʦʤ, ʞʫʪʦʤ ʠʣʠ ʮʨʚʝʥʦʤ ʙʦʿʦʤ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʣʘʚʠʭ ʠ ʮʨʚʝʥʠʭ ʦʮʝʥʘ ʥʘ ʦʩʥʦʚʫ 

ʩʪʘʥʜʘʨʜʘ ʠ ʧʨʦʧʠʩʘ ʅʘʮʠʦʥʘʣʥʦʛ ʫʜʨʫʞʝˁʘ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʧʦʞʘʨʘ (ʝʥʛ. The National 

Fire Protection Association-NFPA). AGP ʧʨʫʞʘ ʙʨʟ ʚʠʟʫʝʣʥʠ ʨʝʟʠʤʝ ʫʢʫʧʥʦʛ ʟʝʣʝʥʦʛ 

ʧʨʦʬʠʣʘ ʤʝʪʦʜʝ (48). 
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3.7.1 ʇʨʦʮʝˁʝʥʠ ʧʘʨʘʤʝʪʨʠ 

 

ʇʨʦʮʝʥʘ ʟʝʣʝʥʠʣʘ ʧʦʤʦ˂ʫ ʦʚʠʭ ʘʣʘʪʘ ʬʦʢʫʩʠʨʘʣʘ ʩʝ ʥʘ ʥʝʢʦʣʠʢʦ ʢˀʫʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ 

ʜʦʧʨʠʥʦʩʝ ʝʢʦʣʦʰʢʦʤ ʦʪʠʩʢʫ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ: 

¶ ʇʦʪʨʦʰˁʘ ʝʥʝʨʛʠʿʝ: ʇʨʦʮʝʥʘ ʝʥʝʨʛʠʿʝ ʧʦʪʨʝʙʥʝ ʟʘ ʨʘʜ ʠʥʩʪʨʫʤʝʥʪʘ, ʛʨʝʿʘˁʝ, ʭʣʘʹʝˁʝ 
ʠ ʜʨʫʛʝ ʧʨʦʮʝʩʝ. 

¶ ʆʧʘʩʥʦʩʪʠ ʥʘ ʨʘʜʫ: ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʟʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦ ʦʩʦʙˀʝ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʫʢʦʚʘˁʝʤ 
ʭʝʤʠʢʘʣʠʿʘʤʘ. 

¶ ʍʝʤʠʿʩʢʝ ʦʧʘʩʥʦʩʪʠ: ʂʘʪʝʛʦʨʠʟʘʮʠʿʘ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʘ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʦʧʘʩʥʝ ʧʨʠʨʦʜʝ 

ʩʚʠʭ ʢʦʨʠʰ˂ʝʥʠʭ ʨʝʘʛʝʥaʩʘ ʠ ʨʘʩʪʚʘʨʘʯʘ. 

¶ ʉʪʚʘʨʘˁʝ ʦʪʧʘʜʘ: ʄʝʨʝˁʝ ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʟʘʧʨʝʤʠʥʝ ʠ ʚʨʩʪʝ 

ʦʪʧʘʜʘ ʧʨʦʠʟʚʝʜʝʥʦʛ ʪʦʢʦʤ ʘʥʘʣʠʪʠʯʢʦʛ ʧʦʩʪʫʧʢʘ. 

ʉʠʩʪʝʤʘʪʩʢʠʤ ʧʨʦʮʝˁʠʚʘˁʝʤ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʚʠʰʝʩʪʨʫʢʠʭ ʘʣʘʪʘ ʟʘ ʧʨʦʮʝʥʫ 

ʟʝʣʝʥʠʣʘ, ʩʪʫʜʠʿʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʨʘʟʚʠʿʝʥʘ HPLC ʤʝʪʦʜʘ ʟʥʘʯʘʿʥʦ ʟʝʣʝʥʠʿʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʚˀʝʥʠʤ ʤʝʪʦʜʘʤʘ ʟʘ ʩʣʠʯʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʣʝʢʦʚʘ. ʆʚʘ ʩʚʝʦʙʫʭʚʘʪʥʘ ʧʨʦʮʝʥʘ 

ʠʩʪʠʯʝ ʫʩʧʝʰʥʫ ʠʥʪʝʛʨʘʮʠʿʫ ʝʢʦʣʦʰʢʠʭ ʨʘʟʤʘʪʨʘˁʘ ʫ ʧʨʦʮʝʩ ʨʘʟʚʦʿʘ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ, 

ʜʦʧʨʠʥʦʩʝ˂ʠ ʦʜʨʞʠʚʠʿʦʿ ʧʨʘʢʩʠ ʢʦʥʪʨʦʣʝ ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʢʚʘʣʠʪʝʪʘ. 

 

3.8 ʂʠʥʝʪʠʯʢʝ ʩʪʫʜʠʿʝ ʨʘʟʛʨʘʜˁʝ 

 

ʇʦʥʘʰʘˁʝ ʠ ʢʠʥʝʪʠʢʘ ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ 

ʠʥʜʘʧʘʤʠʜʘ, ʢʘʢʦ ʧʦʿʝʜʠʥʘʯʥʦ ʪʘʢʦ ʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ, ʩʚʝʦʙʫʭʚʘʪʥʦ ʩʫ ʠʩʧʠʪʘʥʠ ʧʦʜ 

ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʝʩʥʠʤ ʫʩʣʦʚʠʤʘ. ʆʚʝ ʩʪʫʜʠʿʝ ʩʫ ʦʩʤʠʰˀʝʥʝ ʜʘ ʩʠʤʫʣʠʨʘʿʫ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʧʫʪʝʚʝ ʨʘʟʛʨʘʜˁʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ ʧʨʦʠʟʚʦʜˁʝ, ʩʢʣʘʜʠʰʪʝˁʘ ʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʧʨʦʠʟʚʦʜʘ 

ʩʘ ʬʠʢʩʥʦʤ ʢʦʤʙʠʥʘʮʠʿʦʤ ʜʦʟʘ. 

ʈʘʩʪʚʦʨʠ ʩʚʘ ʪʨʠ ɸʇʀ ʩʫ ʧʦʜʚʨʛʥʫʪʠ ʥʠʟʫ ʫʩʣʦʚʘ ʧʨʠʩʠʣʥʝ ʨʘʟʛʨʘʜˁʝ ʢʘʢʦ ʙʠ ʩʝ 

ʠʩʧʨʦʚʦʮʠʨʘʣʘ ʭʝʤʠʿʩʢʘ ʥʝʩʪʘʙʠʣʥʦʩʪ. ʌʘʢʪʦʨʠ ʩʪʨʝʩʘ ʩʫ ʫʢˀʫʯʠʚʘʣʠ ʭʠʜʨʦʣʠʪʠʯʢʫ (ʢʠʩʝʣʘ, 

ʙʘʟʥʘ, ʥʝʫʪʨʘʣʥʘ pH ʚʨʝʜʥʦʩʪ), ʬʦʪʦʣʠʪʠʯʢʫ (ʩʚʝʪʣʦʩʪ) ʠ ʦʢʩʠʜʘʪʠʚʥʫ ʜʝʛʨʘʜʘʮʠʿʫ. ɿʘ ʩʚʝ 

ʩʪʫʜʠʿʝ, ʨʘʩʪʚʦʨʠ ʣʝʢʦʚʘ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ 100 ɛg mL ĭ ʟʘ ʩʚʘʢʠ ʣʝʢ, 

ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʫ ʙʠʥʘʨʥʠʤ ʠʣʠ/ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ. 

¶ ʍʠʜʨʦʣʠʪʠʯʢʘ ʨʘʟʛʨʘʜˁʘ: 

o ʂʠʩʝʣʘ ʭʠʜʨʦʣʠʟʘ: ʋʟʦʨʮʠ ʩʫ ʠʟʣʦʞʝʥʠ 1M ʨʘʩʪʚʦʨʫ ʭʣʦʨʦʚʦʜʦʥʠʯʥʝ ʢʠʩʝʣʠʥʝ 
(HCl) (pH 0,52). ʆʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʿʝ ʠʟʘʙʨʘʥʘ ʥʘʢʦʥ ʧʨʝʣʠʤʠʥʘʨʥʠʭ ʩʪʫʜʠʿʘ 

ʢʦʿʝ ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (0,1 M ʠ 0,01 M) ʥʠʩʫ ʫʩʧʝʣʝ ʜʘ ʠʟʘʟʦʚʫ 

ʟʥʘʯʘʿʥʫ ʜʝʛʨʘʜʘʮʠʿʫ ʣʝʢʦʚʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 72 ʩʘʪʘ. 

o ɹʘʟʥʘ ʭʠʜʨʦʣʠʟʘ: ʋʟʦʨʮʠ ʩʫ ʧʦʜʚʨʛʥʫʪʠ 0,001M ʨʘʩʪʚʦʨʫ ʥʘʪʨʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ 

(NaOH) (pH 11,01). ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʟʘ 

ʠʟʘʟʠʚʘˁʝ ʨʘʟʛʨʘʜˁʝ ʥʘʢʦʥ ʧʨʝʣʠʤʠʥʘʨʥʠʭ ʩʪʫʜʠʿʘ ʩʘ 0,01ʄ ʠ 0,1ʄ 

ʨʘʩʪʚʦʨʠʤʘ. 

o ʅʝʫʪʨʘʣʥʘ ʭʠʜʨʦʣʠʟʘ: ʋʟʦʨʮʠ ʩʫ ʠʟʣʦʞʝʥʠ ʚʦʜʠ HPLC ʯʠʩʪʦ˂ʝ (pH 6,98) ʨʘʜʠ 

ʧʨʦʮʝʥʝ ʨʘʟʛʨʘʜˁʝ ʫ ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ. 

o ʊʝʤʧʝʨʘʪʫʨʥʠ ʫʩʣʦʚʠ: ʉʪʫʜʠʿʝ ʭʠʜʨʦʣʠʪʠʯʢʝ ʨʘʟʛʨʘʜˁʝ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʥʘ ʩʦʙʥʦʿ 
ʪʝʤʧʝʨʘʪʫʨʠ (ʦʢʦ 25 ÁC), ʢʘʦ ʠ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 45 ÁC ʠ 65 ÁC, ʨʘʜʠ 

ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʙʨʟʠʥʫ ʨʘʟʛʨʘʜˁʝ ʠ ʦʤʦʛʫ˂ʘʚʘˁʘ 

ʢʠʥʝʪʠʯʢʠʭ ʧʨʦʨʘʯʫʥʘ. 
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o ɺʨʝʤʝ ʠʟʣʘʛʘˁʘ: ʋʟʦʨʮʠ ʩʫ ʙʠʣʠ ʠʟʣʦʞʝʥʠ ʭʠʜʨʦʣʠʪʠʯʢʦʤ ʩʪʨʝʩʫ ʪʦʢʦʤ 

ʧʝʨʠʦʜʘ ʦʜ 72 ʩʘʪʘ. 

¶ ʌʦʪʦʣʠʪʠʯʢʘ ʨʘʟʛʨʘʜˁʘ: 

o ʋʟʦʨʮʠ ʩʫ ʙʠʣʠ ʠʟʣʦʞʝʥʠ ʩʚʝʪʣʦʩʪʠ ʫ Memmert ICH 110L ʢʦʤʦʨʠ ʦʧʨʝʤˀʝʥʦʿ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʤ ʣʘʤʧʘʤʘ ʢʦʿʝ ʧʨʫʞʘʿʫ ʭʣʘʜʥʫ ʙʝʣʫ ʩʚʝʪʣʦʩʪ (ʢʦʿʘ ʦʜʛʦʚʘʨʘ 

ʜʥʝʚʥʦʿ ʩʚʝʪʣʦʩʪʠ) ʠ ʋɺ ʟʨʘʯʝˁʝ ʫ ʩʧʝʢʪʨʘʣʥʦʤ ʦʧʩʝʛʫ ʦʜ 320ï400 nm. 

o ʊʨʘʿʘˁʝ ʠʟʣʘʛʘˁʘ ʿʝ ʦʜʨʝʹʝʥʦ ʥʘ ʦʩʥʦʚʫ ʩʪʝʧʝʥʘ ʧʨʠʤʝ˂ʝʥʝ ʨʘʟʛʨʘʜˁʝ, ʫʟ 
ʫʟʦʨʢʦʚʘˁʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʪʘʯʢʘʤʘ (0-72 h). 

¶ ʆʢʩʠʜʘʪʠʚʥʘ ʨʘʟʛʨʘʜˁʘ: 

o ɽʬʝʢʘʪ ʦʢʩʠʜʘʮʠʿʝ ʿʝ ʠʩʧʠʪʘʥ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʩʪʚʦʨʘ ʚʦʜʦʥʠʢ-ʧʝʨʦʢʩʠʜʘ. 

ʇʨʝʣʠʤʠʥʘʨʥʝ ʩʪʫʜʠʿʝ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʩʘ 3%, 15% ʠ 30% ʨʘʩʪʚʦʨʠʤʘ H2O2 ʢʘʢʦ 

ʙʠ ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘ ʠʟʘʟʠʚʘˁʝ ʤʝʨˀʠʚʝ 

ʦʢʩʠʜʘʪʠʚʥʝ ʨʘʟʛʨʘʜˁʝ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜʘʙʨʘʥʘ ʟʘ ʥʘʢʥʘʜʥʫ ʢʠʥʝʪʠʯʢʫ ʘʥʘʣʠʟʫ 
ʿʝ ʟʘʪʠʤ ʜʦʩʣʝʜʥʦ ʧʨʠʤʝˁʠʚʘʥʘ ʫ ʩʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʦʚʝ ʨʘʟʛʨʘʜˁʝ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʩʧʠʪʠʚʘʥʦʛ ʣʝʢʘ. 

o ʊʨʘʿʘˁʝ ʠʟʣʘʛʘˁʘ ʿʝ ʧʨʘ˂ʝʥʦ, ʫʟ ʫʟʦʨʢʦʚʘˁʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʪʘʯʢʘʤʘ 
(0-72 h). 

 

3.8.1 ʋʟʦʨʢʦʚʘˁʝ ʠ ʘʥʘʣʠʟʘ 

 

ʊʦʢʦʤ ʩʪʫʜʠʿʘ ʨʘʟʛʨʘʜˁʝ, ʫʟʦʨʮʠ ʩʫ ʩʘʢʫʧˀʘʥʠ ʫ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ 

(0, 15, 30 ʠ 60 ʤʠʥʫʪʘ; 24, 48 ʠ 72 ʩʘʪʘ). ʉʚʠ ʫʟʦʨʮʠ, ʦʩʠʤ ʦʥʠʭ ʢʦʿʠ ʩʫ ʧʦʜʚʨʛʥʫʪʠ 

ʬʦʪʦʣʠʪʠʯʢʦʿ ʨʘʟʛʨʘʜˁʠ, ʯʫʚʘʥʠ ʩʫ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʫ ʤʨʘʢʫ ʧʨʝ ʘʥʘʣʠʟʝ ʢʘʢʦ ʙʠ ʩʝ 

ʩʧʨʝʯʠʣʘ ʜʘˀʘ ʨʘʟʛʨʘʜˁʘ. ʇʨʝʦʩʪʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʚʘʢʦʛ ʣʝʢʘ ʫ ʪʨʝʪʠʨʘʥʠʤ ʫʟʦʨʮʠʤʘ 

ʦʜʨʝʹʝʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʪʭʦʜʥʦ ʨʘʟʚʠʿʝʥʝ ʠ ʚʘʣʠʜʠʨʘʥʝ ʤʝʪʦʜʝ ʚʠʩʦʢʦʝʬʠʢʘʩʥʝ ʪʝʯʥʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ ʩʘ ʦʙʨʥʫʪʦʤ ʬʘʟʦʤ (RP-HPLC). 

ɼʘ ʙʠ ʩʝ ʫʟʝʣʦ ʫ ʦʙʟʠʨ ʩʚʘʢʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʦʟʘʜʠʥʩʢʦ ʩʤʝʪaˁʝ ʦʜ ʩʪʨʝʩʥʠʭ ʘʛʝʥʘʩʘ ʠʣʠ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʧʨʠʧʨʝʤˀʝʥʠ ʩʫ ʠ ʫʟʦʨʢʦʚʘʥʠ ʨʘʩʪʚʦʨʠ ʩʣʝʧʠʭ ʧʨʦʙʘ, ʢʦʿʠ ʩʫ 

ʩʘʜʨʞʘʚʘʣʠ ʩʘʤʦ ʤʦʙʠʣʥʫ ʬʘʟʫ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʪʨʝʩʥʠ ʘʛʝʥʩ, ʫ ʠʩʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʪʘʯʢʘʤʘ. 

ɸʥʘʣʠʪʠʯʢʠ ʨʝʟʫʣʪʘʪʠ ʠʟ ʦʚʠʭ blank ʨʘʩʪʚʦʨʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʟʘ ʦʜʫʟʠʤʘˁʝ ʧʦʟʘʜʠʥʩʢʠʭ 

ʩʤʝʪˁʠ, ʦʩʠʛʫʨʘʚʘʿʫ˂ʠ ʜʘ ʠʟʤʝʨʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʣʝʢʦʚʘ ʪʘʯʥʦ ʦʜʨʘʞʘʚʘʿʫ ʨʘʟʛʨʘʜˁʫ ʪʨʠ 

ʣʝʢʘ, ʪʝ ʜʘ ʥʝʤʘ ʧʦʿʘʚʝ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ. 

 

3.8.2 ʂʠʥʝʪʠʯʢʠ ʧʨʦʨʘʯʫʥʠ 

 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʩʚʘ ʪʨʠ ʣʝʢʘ ʦʜʨʝʹʝʥʝ ʠʟ ʪʨʝʪʠʨʘʥʠʭ ʫʟʦʨʘʢʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʟʘ ʢʦʥʩʪʨʫʠʩʘˁʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʨʘʬʠʢʘ ʟʘ ʢʠʥʝʪʠʯʢʫ ʘʥʘʣʠʟʫ. ʈʝʜ ʨʝʘʢʮʠʿʝ ʨʘʟʛʨʘʜˁʝ (ʥʫʣʪʦʛ ʨʝʜʘ, ʧʨʚʦʛ ʨʝʜʘ 

ʠʣʠ ʜʨʫʛʦʛ ʨʝʜʘ) ʦʜʨʝʹʝʥ ʿʝ ʢʦʥʩʪʨʫʠʩʘˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʨʘʬʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (ʟʘ ʥʫʣʪʠ 

ʨʝʜ), ʧʨʠʨʦʜʥʦʛ ʣʦʛʘʨʠʪʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (ʟʘ ʧʨʚʠ ʨʝʜ)  ʠʣʠ ʠʥʚʝʨʟʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (ʟʘ ʜʨʫʛʠ 

ʨʝʜ) ʢʘʦ ʬʫʥʢʮʠʿʝ ʚʨʝʤʝʥʘ. ʈʝʜ ʨʝʘʢʮʠʿʝ ʿʝ ʜʦʜʝˀʝʥ ʥʘ ʦʩʥʦʚʫ ʥʘʿʚʠʰʝʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʿʝ (RĮ) ʜʦʙʠʿʝʥʦʛ ʠʟ ʦʚʠʭ ʛʨʘʬʠʢʘ. 

ʀʟ ʥʘʛʠʙʘ ʣʠʥʝʘʨʥʠʭ ʛʨʘʬʠʢʘ ʦʜʨʝʹʝʥʝ ʩʫ ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ (k). ʆʚʝ ʢʦʥʩʪʘʥʪʝ 

ʙʨʟʠʥʝ, ʟʘʿʝʜʥʦ ʩʘ ʦʜʨʝʹʝʥʠʤ ʨʝʜʦʚʠʤʘ ʨʝʘʢʮʠʿʘ, ʩʫ ʟʘʪʠʤ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʧʨʦʨʘʯʫʥ ʢˀʫʯʥʠʭ 

ʢʠʥʝʪʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ: 

¶ ʇʦʣʫʚʨʝʤʝʥʘ ʨʘʟʛʨʘʜˁʝ (t1/2): ɺʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʣʝʢʘ ʩʤʘˁʠ ʟʘ 

ʧʦʣʦʚʠʥʫ. 



31 
 

¶ ʈʦʢ ʪʨʘʿʘˁʘ (t90): ɺʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʣʝʢʘ ʩʤʘˁʠ ʥʘ 90% ʦʜ ˁʝʥʝ 

ʧʦʯʝʪʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. 

ɺʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ ʨʘʟʛʨʘʜˁʝ ʠ ʨʦʢ ʪʨʘʿʘˁʘ ʩʫ ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʩʪʝ˂ʠ ʿʝʜʥʘʯʠʥʫ (1), (2) ʠʣʠ 

(3). 

̎̔̌̓̉ ̑̆ ̅ ὸȾ Ö
ȟὸ

Ö
    (1) 

̐̑̃ ̉̑̆ ̅  ὸȾ ȟὸ
Ȣ

    (2) 

̅̑̔̄̉ ̑̆ ̅ ὸȾ Ö
ȟὸ

Ȣ

Ö
    (3) 

ʛʜʝ ʿʝ A0 ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʣʝʢʘ ʥʘ ʧʦʯʝʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʘ k ʿʝ ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ (50ï

52). ʂʦʨʠʩʪʝ˂ʠ ɸʨʝʥʠʿʫʩʦʚʫ ʿʝʜʥʘʯʠʥʫ (4): 

Ὧ ὃÖὩ        (4) 

 

ʛʜʝ ʿʝ Ea ɸʨʝʥʠʿʫʩʦʚʘ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ, R ʿʝ ʫʥʠʚʝʨʟʘʣʥʘ ʛʘʩʥʘ ʢʦʥʩʪʘʥʪʘ 8,314 J mol
-1K-1, T 

ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʫ K ʠ A ʿʝ ʧʨʝʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ ʬʘʢʪʦʨ (51); 

 

ʠ ɽʿʨʠʥʛʦʚʫ ʿʝʜʥʘʯʠʥʫ (5) (53ï55): 

Ὧ
Ö
Ö Ὡ

ɗ

      (5) 

ʛʜʝ ʿʝ kB ɹʦʣʮʤʘʥʦʚʘ ʢʦʥʩʪʘʥʪʘ (1,381x10-23 J K-1), h ʿʝ ʇʣʘʥʢʦʚʘ ʢʦʥʩʪʘʥʪʘ (6,626Ĭ10ī34 J s) ʠ 

ȹGÿ ʿʝ ʩʣʦʙʦʜʥʘ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ, ʜʝʬʠʥʠʩʘʥʘ ʿʝʜʥʘʯʠʥʘʤʘ (6) ʠ (7) (50ï52): 

 

 ῳὋɗ ῳὌɗ 4ɝ3ɗ      (6) 

ῳὌɗ Ὁ ὙὝ      (7) 

ʦʜʨʝʜʠʣʘ ʩʝ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ (Ea), ʪʝ ʧʨʠʚʠʜʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʘʮʠʿʝ ʢʘʦ 

ʰʪʦ ʩʫ ʩʣʦʙʦʜʥʘ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ (ȹGÿ), ʝʥʪʘʣʧʠʿʘ ʘʢʪʠʚʘʮʠʿʝ (ȹHÿ) ʠ ʝʥʪʨʦʧʠʿʘ 

ʘʢʪʠʚʘʮʠʿʝ (ȹSÿ). ʇʦʰʪʦ ʨʘʟʛʨʘʜˁʘ ʠʩʧʠʪʠʚʘʥʠʭ ʣʝʢʦʚʘ ʤʦʞʝ ʫʢˀʫʯʠʚʘʪʠ ʚʠʰʝ 

ʠʩʪʦʚʨʝʤʝʥʠʭ ʠʣʠ ʫʟʘʩʪʦʧʥʠʭ ʨʝʘʢʮʠʦʥʠʭ ʧʫʪʝʚʘ, ʠʟʨʘʯʫʥʘʪʠ ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʘʮʠʿʝ 

ʪʨʝʪʠʨʘʥʠ ʩʫ ʢʘʦ ʧʨʠʚʠʜʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʘʮʠʿʝ, ʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ 

ʠʟ ʫʢʫʧʥʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʩʤʘʪʨʘʥʝ ʜʝʛʨʘʜʘʮʠʿʝ, ʧʘ ʦʥʝ ʦʧʠʩʫʿʫ ñʝʬʝʢʪʠʚʥʦò ʧʦʥʘʰʘˁʝ 

ʩʠʩʪʝʤʘ, ʘ ʥʝ ʥʫʞʥʦ ʪʘʯʥʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʧʘʨʘʤʝʪʨʝ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘʨʥʦʛ ʤʝʭʘʥʠʩʪʠʯʢʦʛ 

ʢʦʨʘʢʘ. ʆʚʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʧʨʫʞʘʿʫ ʜʫʙˀʠ ʫʚʠʜ ʫ ʤʝʭʘʥʠʟʘʤ ʠ ʝʥʝʨʛʝʪʩʢʝ 

ʧʦʪʨʝʙʝ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ. ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʧʨʦʨʘʯʫʥʠ ʠ ʩʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʩʫ ʠʟʚʨʰʝʥʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ ʥʘʚʝʜʝʥʠʭ ʫ ʥʘʩʪʘʚʢʫ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʩʣʝʜˀʠʚʦʩʪ ʠ 

ʧʦʥʦʚˀʠʚʦʩʪ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ. 

 

 

 

3.9 ɸʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʠ ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ 
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ʉʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʛʝʥʝʨʠʩʘʥʠ ʨʘʟʚʦʿʝʤ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʤʝʪʦʜʝ, ʚʘʣʠʜʘʮʠʿʦʤ ʠ 

ʩʪʫʜʠʿʘʤʘ ʢʠʥʝʪʠʢʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʜʚʨʛʥʫʪʠ ʩʫ ʨʠʛʦʨʦʟʥʦʿ ʩʪʘʪʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ ʢʘʢʦ ʙʠ ʩʝ 

ʦʩʠʛʫʨʘʣʘ ʧʦʫʟʜʘʥʦʩʪ, ʚʘʣʠʜʥʦʩʪ ʠ ʥʘʫʯʥʠ ʠʥʪʝʛʨʠʪʝʪ ʨʝʟʫʣʪʘʪʘ. 

ɿʘ ʦʙʨʘʜʫ, ʤʦʜʝʣʦʚʘˁʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʦʬʪʚʝʨ ʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʪʝʩʪʦʚʠ. 

3.9.1 ʉʦʬʪʚʝʨ ʟʘ ʘʥʘʣʠʟʫ ʧʦʜʘʪʘʢʘ 

 

¶ Design Expert 11.0.0 (Stat Ease Inc., ʄʠʥʝʘʧʦʣʠʩ, ʄʠʥʝʩʦʪʘ, ʉɸɼ): ʆʚʘʿ ʩʦʬʪʚʝʨ ʿʝ 
ʰʠʨʦʢʦ ʢʦʨʠʰ˂ʝʥ ʟʘ ʜʠʟʘʿʥ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (DoE), ʫʢˀʫʯʫʿʫ˂ʠ ʎʝʥʪʨʘʣʥʠ ʢʦʤʧʦʟʠʪʥʠ 

ʜʠʟʘʿʥ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʤʝʪʦʜʘ ʠ ʌʨʘʢʮʠʦʥʠ ʬʘʢʪʦʨʠʿʘʣʥʠ ʜʠʟʘʿʥ ʟʘ ʪʝʩʪʠʨʘˁʝ 

ʨʦʙʫʩʥʦʩʪʠ. ʊʘʢʦʹʝ ʿʝ ʦʣʘʢʰʘʦ ʘʥʘʣʠʟʫ ʧʦʜʘʪʘʢʘ ʟʘ DoE ʩʪʫʜʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʪʝʩʪʠʨʘˁʝ 

ʘʥʘʣʠʟʝ ʚʘʨʠʿʘʥʩʝ (ANOVA), ɼʝʨʠʥʛʝʨʦʚʫ ʬʫʥʢʮʠʿʫ ʧʦʞʝˀʥʦʩʪʠ ʠ ʦʜʨʝʹʠʚʘˁʝ 

ʛʣʦʙʘʣʥʠʭ ʦʧʪʠʤʘʣʥʠʭ ʫʩʣʦʚʘ. ʉʦʬʪʚʝʨ ʿʝ ʙʠʦ ʢˀʫʯʘʥ ʫ ʨʘʟʚʦʿʫ ʠ ʚʘʣʠʜʘʮʠʿʠ 

ʢʚʘʜʨʘʪʥʠʭ ʤʦʜʝʣʘ ʦʜʛʦʚʦʨʘ ʟʘ ʢʨʠʪʠʯʥʝ ʘʥʘʣʠʪʠʯʢʝ ʘʪʨʠʙʫʪʝ. 

¶ Agilent ChemStation ʩʦʬʪʚʝʨ: ʆʚʘʿ ʩʦʬʪʚʝʨ, ʠʥʪʝʛʨʠʩʘʥ ʩʘ Agilent 1200 ʩʝʨʠʿʦʤ HPLC 
ʩʠʩʪʝʤʘ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʟʘ ʢʦʥʪʨʦʣʫ ʠʥʩʪʨʫʤʝʥʘʪʘ, ʧʨʠʢʫʧˀʘˁʝ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ, 

ʠʥʪʝʛʨʘʮʠʿʫ ʧʠʢʦʚʘ ʠ ʧʦʯʝʪʥʫ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʮʠʢʣʫʩʘ. 

¶ Microsoft Excel/ʆʩʪʘʣʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʘʢʝʪʠ: ɿʘ ʦʧʰʪʫ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ, ʧʨʦʨʘʯʫʥʝ ʠ 

ʛʨʘʬʠʯʢʫ ʧʨʝʟʝʥʪʘʮʠʿʫ ʢʦʨʠʰ˂ʝʥʠ ʩʫ Microsoft Excel ʠ ʜʨʫʛʠ ʩʪʘʪʠʩʪʠʯʢʠ ʩʦʬʪʚʝʨʩʢʠ 

ʧʘʢʝʪʠ. ɿʘ ʩʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʢʦʿʝ ʧʨʝʚʘʟʠʣʘʟʝ ʤʦʛʫ˂ʥʦʩʪʠ Design Expert-ʘ, ʢʦʨʠʰ˂ʝʥ 

ʿʝ, ʧʦ ʧʦʪʨʝʙʠ, ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠ ʩʦʬʪʚʝʨ (SPSS ʠ GraphPad Prism) ʟʘ ʢʠʥʝʪʠʯʢʝ 

ʧʨʦʨʘʯʫʥʝ, ʨʝʛʨʝʩʠʦʥʫ ʘʥʘʣʠʟʫ ʠ ʪʝʩʪʠʨʘˁʝ ʭʠʧʦʪʝʟʘ. 

 

3.9.2 ʉʪʘʪʠʩʪʠʯʢʠ ʪʝʩʪʦʚʠ 

 

¶ ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ: ANOVA ʿʝ ʙʠʣʘ ʧʨʠʤʘʨʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʘʣʘʪ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠʦ ʟʘ 

ʧʨʦʮʝʥʫ ʟʥʘʯʘʿʘ ʬʘʢʪʦʨʘ ʠ ˁʠʭʦʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ ʢʨʠʪʠʯʥʝ ʘʥʘʣʠʪʠʯʢʝ ʘʪʨʠʙʫʪʝ 

ʪʦʢʦʤ ʦʧʪʠʤʠʟʘʮʠʿʝ ʤʝʪʦʜʝ ʠ ʪʝʩʪʠʨʘˁʘ ʨʦʙʫʩʥʦʩʪʠ. ʇʦʤʦʛʣʘ ʿʝ ʫ ʦʜʨʝʹʠʚʘˁʫ ʢʦʿʠ 

ʧʘʨʘʤʝʪʨʠ ʠʤʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʤʝʪʦʜʝ ʠ ʫ ʚʘʣʠʜʘʮʠʿʠ 

ʨʘʟʚʠʿʝʥʠʭ ʤʦʜʝʣʘ ʢʚʘʜʨʘʪʥʦʛ ʦʜʛʦʚʦʨʘ. ɼʦʙʠʿʝʥʝ p-ʚʨʝʜʥʦʩʪʠ ʠʟ ANOVA ʙʠʣʝ ʩʫ 

ʢˀʫʯʥʝ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʟʥʘʯʘʿʥʠʭ ʯʣʘʥʦʚʘ ʫ ʨʝʛʨʝʩʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʢʦʿʠ ʩʫ ʙʠʣʠ 

ʥʝʦʧʭʦʜʥʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʫʪʠʮʘʿʘ ʢʨʠʪʠʯʥʠʭ ʬʘʢʪʦʨʘ ʠ ˁʠʭʦʚʠʭ ʜʚʦʬʘʢʪʦʨʩʢʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ ʧʨʘ˂ʝʥʝ ʦʜʛʦʚʦʨʝ ʩʠʩʪʝʤʘ ï ʧʨʦʮʝʥʘ ʿʝ ʚʨʰʝʥʘ ʢʨʦʟ ʩʪʘʪʠʩʪʠʯʢʝ ʠ 

ʛʨʘʬʠʯʢʝ ʘʥʘʣʠʟʝ (3D ʠ 2D ʜʠʿʘʛʨʘʤʠ).  

¶ ʈʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ: ɺʠʰʝʩʪʨʫʢʘ ʣʠʥʝʘʨʥʘ ʨʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʟʘ 

ʤʦʜʝʣʠʨʘˁʝ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʝʪʦʜʝ ʠ ʢʨʠʪʠʯʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ 

ʘʪʨʠʙʫʪʘ. ɸʜʝʢʚʘʪʥʦʩʪ ʤʦʜʝʣʘ ʿʝ ʧʨʦʮʝˁʝʥʘ ʥʘ ʦʩʥʦʚʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ 

(RĮ), ʧʨʠʣʘʛʦʹʝʥʦʛ adj.R² ʠ ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ pred.R², ʢʘʦ ʠ ʪʝʩʪʘ ʥʝʜʦʩʪʘʪʢʘ 

ʧʦʜʫʜʘʨʘˁʘ. ɺʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ RĮ ʫʢʘʟʫʿʫ ʥʘ ʜʦʙʘʨ ʦʜʘʙʠʨ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ï 

ʧʦʩʪʦʿʠ ʜʦʙʨʘ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʠ ʠʟʨʘʯʫʥʘʪʠʭ ʨʝʟʫʣʪʘʪʘ 

ʘʥʘʣʠʟʝ. ʉʚʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʩʫ ʠʤʘʣʠ p-ʚʨʝʜʥʦʩʪ < 0,05, ʩʤʘʪʨʘʿʫ ʩʝ ʟʥʘʯʘʿʥʠʤ, ʪʝ ʩʫ ʩʝ 

ʤʦʨʘʣʠ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʪʠ (ʦʧʩʝʛ ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʫ ʢʦʿʠʤʘ ˂ʝ ʩʝ ʦʯʫʚʘʪʠ ʨʦʙʫʩʥʦʩʪ 

ʤʝʪʦʜʝ). 

¶ ʂʦʨʝʣʘʮʠʦʥʘ ʘʥʘʣʠʟʘ: ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʦʮʝʥʫ ʿʘʯʠʥʝ ʠ ʧʨʘʚʮʘ ʣʠʥʝʘʨʥʠʭ ʦʜʥʦʩʘ ʠʟʤʝʹʫ 

ʚʘʨʠʿʘʙʣʠ, ʧʦʩʝʙʥʦ ʫ ʢʠʥʝʪʠʯʢʠʤ ʩʪʫʜʠʿʘʤʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʝʜa ʨʝʘʢʮʠʿʘ ʨʘʟʛʨʘʜˁʝ ʥʘ 

ʦʩʥʦʚʫ ʥʘʿʚʠʰʝʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ. 

¶ ʀʟʨʘʯʫʥʘʚʘˁʝ ʢʠʥʝʪʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ: ʂʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ, ʚʨʝʤʝ 

ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʨʦʢ ʪʨʘʿʘˁʘ ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʫʪʚʨʹʝʥʠʭ ʢʠʥʝʪʠʯʢʠʭ 
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ʿʝʜʥʘʯʠʥʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʫʪʚʨʹʝʥʦʤ ʨʝʜʫ ʨʝʘʢʮʠʿʘ. ɽʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ (ʩʣʦʙʦʜʥʘ ʝʥʝʨʛʠʿʘ, ʝʥʪʘʣʧʠʿʘ ʠ ʝʥʪʨʦʧʠʿʘ ʘʢʪʠʚʘʮʠʿʝ) 

ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ɸʨʝʥʠʿʫʩʦʚʝ ʠ ɽʿʨʠʥʛʦʚʝ ʿʝʜʥʘʯʠʥʝ, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʆʚʘʢʘʚ ʨʠʛʦʨʦʟʘʥ ʧʨʠʩʪʫʧ ʘʥʘʣʠʟʠ ʧʦʜʘʪʘʢʘ ʠ ʧʨʠʤʝʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ 

ʦʩʠʛʫʨʘʣʠ ʩʫ ʜʘ ʩʫ ʟʘʢˀʫʯʮʠ ʠʟʚʝʜʝʥʠ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʨʘʜʘ ʥʘʫʯʥʦ ʫʪʝʤʝˀʝʥʠ ʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʚʘʣʠʜʥʠ. 
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4. ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀɱɸ 
 

ʆʚʦ ʧʦʛʣʘʚˀʝ ʧʨʝʜʩʪʘʚˀʘ ʩʚʝʦʙʫʭʚʘʪʘʥ ʧʨʠʢʘʟ ʠ ʜʠʩʢʫʩʠʿʫ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʩʧʨʦʚʝʜʝʥʠʤ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʈʝʟʫʣʪʘʪʠ ʩʫ ʩʠʩʪʝʤʘʪʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʠ ʪʘʢʦ ʜʘ ʦʜʨʘʞʘʚʘʿʫ ʚʠʰʝʩʪʝʧʝʥʠ ʧʨʠʩʪʫʧ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʨʘʟʚʦʿ ʠ ʚʘʣʠʜʘʮʠʿʫ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ, ʧʨʦʮʝʥʫ ˁʝʥʝ ʝʢʦʣʦʰʢʝ 

ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ, ʢʘʦ ʠ ʜʝʪʘˀʥʦ ʠʩʧʠʪʠʚʘˁʝ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ 

ʩʫʧʩʪʘʥʮʠ, ʢʘʢʦ ʧʦʿʝʜʠʥʘʯʥʦ ʪʘʢʦ ʠ ʫ ʙʠʥʘʨʥʠʤ, ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ ʠ ʬʠʢʩʥʦʿ ʢʦʤʙʠʥʘʮʠʿʠ 

ʜʦʟʘ. ʇʦʨʝʜ ʧʨʠʢʘʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪʘ ʿʝ ʠ ˁʠʭʦʚʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʫ ʢʦʥʪʝʢʩʪʫ ʩʪʘʙʠʣʥʦʩʪʠ ʠʩʧʠʪʠʚʘʥʠʭ ʣʝʢʦʚʠʪʠʭ ʩʫʧʩʪʘʥʮʠ, ʤʦʛʫ˂ʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʢʦʤʙʠʥʦʚʘʥʠʤ ʩʠʩʪʝʤʠʤʘ ʠ ʟʥʘʯʘʿʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʟʘ ʨʘʟʚʦʿ ʨʦʙʫʩʥʠʭ, 

ʧʦʫʟʜʘʥʠʭ ʠ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʧʦʩʪʫʧʘʢʘ. 

ʇʨʚʠ ʜʝʦ ʧʦʛʣʘʚˀʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʨʘʟʚʦʿ ʠ ʚʘʣʠʜʘʮʠʿʫ ʤʝʪʦʜʝ ʚʠʩʦʢʦʝʬʠʢʘʩʥʝ ʪʝʯʥʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ-

ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ. ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʜʝʣʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʝʣʠʤʠʥʘʨʥʠʭ 

ʠʩʧʠʪʠʚʘˁʘ, ʧʨʠʤʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ ʫ ʦʧʪʠʤʠʟʘʮʠʿʠ ʤʝʪʦʜʝ, ʢʘʦ ʠ ʧʨʦʮʝʥʘ 

ʨʦʙʫʩʥʦʩʪʠ ʠ ʚʘʣʠʜʘʮʠʦʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʣʝʚʘʥʪʥʠʤ ʤʝʹʫʥʘʨʦʜʥʠʤ ʩʤʝʨʥʠʮʘʤʘ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʩʘ ʘʩʧʝʢʪʘ ʘʥʘʣʠʪʠʯʢʝ ʧʦʫʟʜʘʥʦʩʪʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ 

ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʤʝʪʦʜʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ. 

ʅʘʢʦʥ ʪʦʛʘ, ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʧʨʦʮʝʥʘ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ ʧʨʠʤʝʥʦʤ 

ʨʘʟʣʠʯʠʪʠʭ ʘʣʘʪʘ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ, ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʩʘʛʣʝʜʘ ʫʢʫʧʘʥ ʫʪʠʮʘʿ 

ʧʨʝʜʣʦʞʝʥʦʛ ʘʥʘʣʠʪʠʯʢʦʛ ʧʦʩʪʫʧʢʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʟʜʨʘʚˀʝ ʘʥʘʣʠʪʠʯʘʨʘ ʠ ʧʦʪʨʦʰˁʫ 

ʨʝʩʫʨʩʘ. 

ʇʦʩʣʝʜˁʠ ʜʝʦ ʧʦʛʣʘʚˀʘ ʧʦʩʚʝ˂ʝʥ ʿʝ ʧʨʠʢʘʟʫ ʠ ʜʠʩʢʫʩʠʿʠ ʨʝʟʫʣʪʘʪʘ ʩʪʫʜʠʿʘ ʬʦʨʩʠʨʘʥʝ 

ʨʘʟʛʨʘʜˁʝ, ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʧʨʦʬʠʣʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʢʠʥʝʪʠʢʫ ʨʘʟʛʨʘʜˁʝ ʇɽʈ, ɸʄʃ ʠ 

ʀʅɼ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʝʩʥʠʤ ʫʩʣʦʚʠʤʘ. ʋ ʦʚʦʤ ʜʝʣʫ ʘʥʘʣʠʟʠʨʘʥʦ ʿʝ ʧʦʥʘʰʘˁʝ ʠʩʧʠʪʠʚʘʥʠʭ 

ʩʫʧʩʪʘʥʮʠ ʧʦʿʝʜʠʥʘʯʥʦ, ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ, ʢʘʦ ʠ ʫ ʦʢʚʠʨʫ ʬʦʨʤʫʣʠʩʘʥʝ 

ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʜʦʟʘ. ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʝʥʘ ʿʝ ʧʦʨʝʹʝˁʫ ʢʠʥʝʪʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ, 

ʫʪʠʮʘʿʫ ʩʘʩʪʘʚʘ ʩʠʩʪʝʤʘ ʥʘ ʙʨʟʠʥʫ ʨʘʟʛʨʘʜˁʝ, ʢʘʦ ʠ ʪʫʤʘʯʝˁʫ ʧʨʠʚʠʜʥʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ 

ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʜʦʙʠʿʝʥʠʭ ʧʨʠʤʝʥʦʤ ɸʨʝʥʠʿʫʩʦʚʝ ʠ ɽʠʨʠʥʛʦʚʝ ʿʝʜʥʘʯʠʥʝ. 

ʈʝʟʫʣʪʘʪʠ ʠ ˁʠʭʦʚʘ ʜʠʩʢʫʩʠʿʘ ʜʠʨʝʢʪʥʦ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ ʮʠˀʝʚʠʤʘ ʜʝʬʠʥʠʩʘʥʠʤ 

ʫ ʫʚʦʜʥʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʦʚʝʨʫ ʧʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ ʜʘ ʧʨʠʩʫʩʪʚʦ ʚʠʰʝ 

ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʬʠʢʩʥʦʿ ʢʦʤʙʠʥʘʮʠʿʠ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʧʫʪʝʚʝ 

ʨʘʟʛʨʘʜˁʝ, ʩʪʘʙʠʣʥʦʩʪ ʠ ʢʠʥʝʪʠʯʢʦ ʧʦʥʘʰʘˁʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ. ʋʩʧʝʰʘʥ ʨʘʟʚʦʿ ʠ 

ʚʘʣʠʜʘʮʠʿʘ HPLC ʤʝʪʦʜʝ ʜʦʧʨʠʥʦʩʝ ʫʥʘʧʨʝʹʝˁʫ ʘʥʘʣʠʪʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʬʠʢʩʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʜʦʟʘ ʧʨʠʤʝʥʦʤ ʧʨʠʥʮʠʧʘ ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ. ʀʩʪʦʚʨʝʤʝʥʦ, ʧʨʦʮʝʥʘ 

ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʤʝʪʦʜʝ ʧʨʫʞʘ ʦʩʥʦʚʫ ʟʘ ʩʘʛʣʝʜʘʚʘˁʝ ˁʝʥʝ ʦʜʨʞʠʚʦʩʪʠ, ʜʦʢ ʩʪʫʜʠʿʝ 

ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ ʜʘʿʫ ʟʥʘʯʘʿʘʥ ʫʚʠʜ ʫ ʩʪʘʙʠʣʥʦʩʪ ʠʩʧʠʪʠʚʘʥʦʛ ʩʠʩʪʝʤʘ ʠ ʤʦʛʫ˂ʝ ʧʨʘʚʮʝ 

ʜʘˀʝʛ ʨʘʟʚʦʿʘ ʬʦʨʤʫʣʘʮʠʿʝ. ɿʘʿʝʜʥʦ, ʦʚʠ ʨʝʟʫʣʪʘʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʦʩʥʦʚʫ ʟʘ 

ʠʥʪʝʛʨʠʩʘʥʠ QbD ʧʨʠʩʪʫʧ ʫ ʨʘʟʚʦʿʫ ʨʦʙʫʩʥʠʭ, ʩʪʘʙʠʣʥʠʭ ʠ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠʭ 

ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ. 
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4.1 ʈʝʟʫʣʪʘʪʠ ʨʘʟʚʦʿʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʤʝʪʦʜʝ 
 

4.1.1 ʇʨʝʣʠʤʠʥʘʨʥʝ ʩʪʫʜʠʿʝ ʠ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ 
 

ʇʦʯʝʪʥʝ ʧʨʝʣʠʤʠʥʘʨʥʝ ʩʪʫʜʠʿʝ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʢʨʠʪʠʯʥʠ 

ʧʘʨʘʤʝʪʨʠ ʤʝʪʦʜʝ  ʢʦʿʠ ʟʥʘʯʘʿʥʦ ʫʪʠʯʫ ʥʘ ʘʥʘʣʠʪʠʯʢʠ ʮʠˀʥʠ ʧʨʦʬʠʣ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ 

ʦʜʨʝʹʠʚʘˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ. ʅʘ ʦʩʥʦʚʫ 

ʧʨʝʣʠʤʠʥʘʨʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʦʿʘ ʩʫ ʩʝ ʟʘʩʥʠʚʘʣʘ ʥʘ ʩʪʘʪʠʩʪʠʯʢʦʿ ʦʙʨʘʜʠ ʧʦʜʘʪʘʢʘ ʦ 

ʧʘʨʪʠʮʠʦʥʦʿ ʚʨʝʜʥʦʩʪʠ ʠ ʜʠʩʪʨʠʙʫʮʠʦʥʦʤ ʢʦʝʬʠʮʠʿʝʥʪʫ (logP ʠ pKa-ʚʨʝʜʥʦʩʪʠ), ʢʦʨʠʩʪʝ˂ʠ 

ʄʘʨʚʠʥ ʉʢʝʯ ʧʨʦʛʨʘʤ, ʢʘʦ ʠ ʥʘ ʦʩʥʦʚʫ ʩʧʨʦʚʝʜʝʥʠʭ ʧʨʝʣʠʤʠʥʘʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʿʠ ʩʫ 

ʧʦʜʨʘʟʫʤʝʚʘʣʠ ʚʘʨʠʨʘˁʘ ʢʦʣʦʥʘ ʠ ʩʘʩʪʘʚʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʤʦʛʣʦ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʟʘ ʠʩʧʠʪʠʚʘʥʝ 

ʩʫʧʩʪʘʥʮʝ ʥʘʿʚʠʰʝ ʦʜʛʦʚʘʨʘʿʫ ʩʪʘʮʠʦʥʘʨʥʝ ʬʘʟʝ ʥʝʧʦʣʘʨʥʦʛ ʢʘʨʘʢʪʝʨʘ (C18 ʢʦʣʦʥʝ) ʜʘ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʦ ʜʦʚʦˀʥʦ ʟʘʜʨʞʘʚʘˁʝ ʘʥʘʣʠʪʘ. ɿʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʙʠ ʥʘʿʙʦˀʝ 

ʦʜʛʦʚʘʨʘʣʘ ʢʦʤʙʠʥʘʮʠʿʘ ʩʤʝʰʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʚʦʜʝʥʦʛ ʨʘʩʪʚʦʨʘ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ, ʿʝʨ ʩʝ ʥʘ 

ʪʘʿ ʥʘʯʠʥ ʤʝʪʦʜʘ ʩʢʨʘʪʠʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʨʠʰʪʝˁʝ ʤʝʪʘʥʦʣʘ, ʦʜʥʦʩʥʦ ʘʮʝʪʘʪʥʦʛ ʧʫʬʝʨʘ, ʪʝ ʩʫ 

ʩʝ ʧʦʙʦˀʰʘʣʠ ʧʨʦʬʠʣʠ ʧʠʢʦʚʘ ʠ ʨʝʟʦʣʫʮʠʿʘ.  

ʂʦʥʩʪʨʫʢʮʠʿʦʤ Ishikawa ʜʠʿʘʛʨʘʤa ʫʟʨʦʢʘ/ʧʦʩʣʝʜʠʮʝ (ʉʣʠʢʘ 4) ʚʠʟʫʝʣʥʦ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʬʘʢʪʦʨʠ (ʚʘʨʠʿʘʙʣʝ) ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʟʥʘʯʘʿʥʝ ʦʜʛʦʚʦʨʝ ʩʠʩʪʝʤʘ ʢʦʿʠ ˂ʝ ʩʝ ʧʨʘʪʠʪʠ 

ʫ ʦʚʦʿ ʘʥʘʣʠʪʠʯʢʦ ʿʤʝʪʦʜʠ. ʆʚʘʿ ʘʣʘʪ ʿʝ ʦʤʦʛʫ˂ʠʦ ʩʠʩʪʝʤʘʪʩʢʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʨʠʟʠʢʘ ʠ 

ʦʜʨʝʹʠʚʘˁʝ ʧʨʠʦʨʠʪʝʪʘ ʚʘʨʠʿʘʙʣʠ ʢʦʿʝ ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʤʝʪʦʜʝ. 

 

ʉʣʠʢʘ 4: Ishikawa ʜʠʿʘʛʨʘʤ ʫʟʨʦʢʘ/ʧʦʩʣʝʜʠʮʝ 
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ʆʚʘʿ ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʠʩʪʫʧ ʜʦʚʝʦ ʿʝ ʜʦ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʢˀʫʯʥʠʭ CMP ʟʘ ʜʘˀʫ ʦʧʪʠʤʠʟʘʮʠʿʫ. 

ɼʦʢ ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʝ, ʙʨʟʠʥʘ ʧʨʦʪʦʢʘ, ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʜʝʪʝʢʮʠʿʝ ʠ ʟʘʧʨʝʤʠʥʘ 

ʫʙʨʠʟʛʘʚʘˁʘ ʦʧʪʠʤʠʟʦʚʘʥʝ ʪʦʢʦʤ ʦʚʝ ʧʨʝʣʠʤʠʥʘʨʥʝ ʬʘʟʝ ʠ ʦʜʨʞʘʚʘʥʝ ʢʦʥʩʪʘʥʪʥʠʤ (50 ÁC, 1 

mL min ĭ, 210 nm ʠ 10 ɛL, ʨʝʩʧʝʢʪʠʚʥʦ), ʦʜʥʦʩ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ (ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ), 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʫʬʝʨʘ ʠ pH ʚʦʜʝʥʝ ʬʘʟʝ ʩʫ ʦʜʘʙʨʘʥʠ ʢʘʦ ʧʨʠʤʘʨʥʝ ʚʘʨʠʿʘʙʣʝ ʟʘ ʩʠʩʪʝʤʘʪʩʢʫ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʢʦʨʠʰ˂ʝˁʝʤ DoE. ɺʘʨʠʨʘˁʝʤ pH ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʪʝ 

ʧʨʦʮʝʥʪʘ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʢʘʦ ʠ ʿʘʯʠʥʝ ʧʫʬʝʨʘ ʜʦʰʣʦ ʩʝ ʜʦ ʮʝʥʪʨʘʣʥʝ ʪʘʯʢʝ ʜʠʟʘʿʥʘ ʟʘ ʜʘˀʫ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʤʝʪʦʜʝ (35% ʘʮʝʪʦʥʠʪʨʠʣʘ, 20 mM ʧʫʬʝʨ ʠ pH 2,7). 

ʂʨʠʪʠʯʥʠ ʘʥʘʣʠʪʠʯʢʠ ʘʪʨʠʙʫʪʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʢʘʦ ʦʜʛʦʚʦʨʠ ʤʝʪʦʜʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ 

ʢʦʥʪʨʦʣʠʩʘʪʠ ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ ATP. ʊʦ ʿʝ ʫʢˀʫʯʠʚʘʣʦ: ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʇɽʈ ʠ ɸʄʃ 

(RsPER,AML), ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ɸʄʃ ʠ ʀʅɼ (RsAML,IND), ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʀʅɼ (tRIND), 

ʰʠʨʠʥʫ ʧʠʢʘ ʇɽʈ (WPER) ʠ ʬʘʢʪʦʨ ʟʘʜʨʞʘʚʘˁʘ ʇɽʈ (kPER). ʀʟʙʦʨ ʦʚʠʭ CAA ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ˁʠʭʦʚʦʿ ʜʠʨʝʢʪʥʦʿ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʟʘ ʧʝʨʬʦʨʤʘʥʩʝ ʤʝʪʦʜʝ, ʧʦʩʝʙʥʦ ʝʬʠʢʘʩʥʦʩʪ ʨʘʟʜʚʘʿʘˁʘ, 

ʚʨʝʤʝ ʘʥʘʣʠʟʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʬ ʧʠʢʘ ʠʩʧʠʪʠʚʘʥʠʭ ʿʝʜʠˁʝˁʘ (ʥʧʨ. ʬʘʢʪʦʨ 

ʘʩʠʤʝʪʨʠʿʝ ʧʠʢʘ, ʰʠʨʠʥʘ ʠ ʚʠʩʠʥʘ ʧʠʢʘ, ʠ ʜʨ). 

 

4.1.2 ʆʧʪʠʤʠʟʘʮʠʿʘ ʤʝʪʦʜʝ ʢʦʨʠʰ˂ʝˁʝʤ ʎʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ 
 

ʎʝʥʪʨʘʣʥʠ ʢʦʤʧʦʟʠʪʥʠ ʜʠʟʘʿʥ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʩʠʩʪʝʤʘʪʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʦʜʘʙʨʘʥʠʭ 

CMP (ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʫʬʝʨʘ ʠ pH ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ) ʥʘ 

ʜʝʬʠʥʠʩʘʥʝ CAA. ʇʦʤʦ˂ʫ DoE ʛʝʥʝʨʠʩʘʥ ʿʝ ʠ ʠʟʚʨʰʝʥ ʩʝʪ ʦʜ 17 ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʪʨʠ ʧʦʥʘʚˀʘˁʘ ʫ ʮʝʥʪʨʘʣʥʠʤ ʪʘʯʢʘʤʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ ʠ ʜʦʙʠʿʝʥʠ ʦʜʛʦʚʦʨʠ ʟʘ ʩʚʘʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪ ʩʫʤʠʨʘʥʠ ʩʫ ʫ ʊʘʙʝʣʠ 1.  

ʊʘʙʝʣʘ 1. ɼʠʟʘʿʥ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʨʝʠʨʘʥʠʭ ʮʝʥʪʨʘʣʥʠʤ ʢʦʤʧʦʟʠʪʥʠʤ ʜʠʟʘʿʥʦʤ ʠ ʜʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ 

 

ɹʨʦʿ 

ʌʘʢʪʦʨʠ ʆʜʛʦʚʦʨʠ 

ɸʮʝʪʦʥʠʪʨʠʣ 

(%) 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ 

ʧʫʬʝʨʘ (mM) 
pH kPER RsAML,IND 

tRIND 

(min) 
WPER RsPER,AML 

1 30 10 2,2 1,58 0,10 8,334 0,1230 30,47 

2 40 10 2,2 0,45 13,97 3,807 0,0667 9,60 

3 30 30 2,2 1,68 1,47 8,468 0,1099 27,60 

4 40 30 2,2 0,51 13,49 3,800 0,0603 10,56 

5 30 10 3,2 2,87 0,83 8,308 0,5602 7,81 

6 40 10 3,2 1,08 10,94 3,824 0,1252 0,58 

7 30 30 3,2 2,83 2,53 8,708 0,5609 8,76 

8 40 30 3,2 1,12 11,07 3,788 0,1079 0,82 

9 30 20 2,7 2,47 2,43 8,831 0,3986 12,47 

10 40 20 2,7 0,91 12,44 3,822 0,1903 2,05 

11 35 10 2,7 1,25 8,51 5,381 0,2036 7,17 

12 35 30 2,7 1,20 7,09 5,792 0,1016 16,63 

13 35 20 2,2 0,85 9,17 5,366 0,0817 16,93 
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14 35 20 3,2 1,76 8,07 5,298 0,3979 2,61 

15 35 20 2,7 1,41 7,91 5,358 0,2624 6,01 

16 35 20 2,7 1,41 8,00 5,362 0,2651 6,02 

17 35 20 2,7 1,41 8,02 5,362 0,2622 6,05 

kPER ï ʨʝʪʝʥʮʠʦʥʠ ʬʘʢʪʦʨ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ; RsAML,IND  - ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ 

ʠʟʤʝʹʫ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ; tR IND ï ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠʥʜʘʧʘʤʠʜʘ; WPER - 

ʰʠʨʠʥʘ ʧʠʢʘ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ; Rs PER,AML ï ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ 

ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ ʠ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʠʟ ʪʘʙʝʣʝ 1 ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ kPER ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘʣʝ (0,45 ʜʦ 

2,87), ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ˁʝʛʦʚʫ ʚʠʩʦʢʫ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʧʨʦʤʝʥʝ ʧʨʘ˂ʝʥʠʭ ʬʘʢʪʦʨʘ. ʉʣʠʯʥʦ ʪʦʤʝ, 

WPER ʩʝ ʢʨʝʪʘʦ ʦʜ 0,0667 ʜʦ 0,5609. ʆʙʘ ʬʘʢʪʦʨʘ ʨʝʟʦʣʫʮʠʿʝ, RsAML,IND  ʠ RsPER,AML, ʧʦʢʘʟʘʣʠ ʩʫ 

ʰʠʨʦʢ ʨʘʩʧʦʥ ʚʨʝʜʥʦʩʪʠ (RsAML,IND: 0,10ï13,97; RsPER,AML: 0,58ï30,47), ʰʪʦ ʫʢʘʟʫʿʝ ʪʘʢʦʹʝ ʥʘ 

ˁʠʭʦʚʫ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʧʨʦʤʝʥʝ ʠʩʧʠʪʠʚʘʥʠʭ ʬʘʢʪʦʨʘ ʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʦʩʪʠʟʘˁʝ ʧʦʪʧʫʥʦʛ 

ʨʘʟʜʚʘʿʘˁʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʠʢʦʚʘ ʠʩʧʠʪʠʚʘʥʠʭ ʿʝʜʠˁʝˁʘ. ɺʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ IND (tRIND) 

ʚʘʨʠʨʘʣʦ ʿʝ ʦʜ 3,788 ʜʦ 8,831 ʤʠʥʫʪʘ, ʰʪʦ ʦʜʨʘʞʘʚʘ ʫʪʠʮʘʿ CMP ʥʘ ʪʨʘʿʘˁʝ ʤʝʪʦʜʝ, ʢʘʦ ʠ ʥʘ 

ʰʪʦ ʙʦˀʫ ʝʢʦʣʦʰʢʫ ʧʨʠʭʚʘʪˀʠʚʦʩʪ. 

ʆʜʥʦʩʠ ʠʟʤʝʹʫ CMP ʠ CAA ʤʦʜʝʣʠʨʘʥʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʣʠʥʦʤʩʢʝ ʿʝʜʥʘʯʠʥʝ ʜʨʫʛʦʛ ʨʝʜʘ, 

ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʜʝʪʘˀʥʫ ʘʥʘʣʠʟʫ ʟʘ ʣʠʥʝʘʨʥʝ, ʠʥʪʝʨʘʢʮʠʿʩʢʝ ʠ ʢʚʘʜʨʘʪʥʝ ʝʬʝʢʪʝ. ʂʦʝʬʠʮʠʿʝʥʪʠ 

ʦʚʠʭ ʢʚʘʜʨʘʪʥʠʭ ʤʦʜʝʣʘ ʦʜʛʦʚʦʨʘ ʠ ˁʠʭʦʚʘ ʩʪʘʪʠʩʪʠʯʢʘ ʟʥʘʯʘʿʥʦʩʪ (p-ʚʨʝʜʥʦʩʪʠ) ʧʨʠʢʘʟʘʥʠ 

ʩʫ ʫ ʊʘʙʝʣʠ 2. 
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ʊʘʙʝʣʘ 2. ʂʦʝʬʠʮʠʿʝʥʪʠ ʢʚʘʜʨʘʪʥʠʭ ʤʦʜʝʣʘ ʦʜʛʦʚʦʨʘ. 

kPER ïʨʝʪʝʥʮʠʦʥʠ ʬʘʢʪʦʨ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ; RsAML,IND  - ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ; tR IND ï 

ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠʥʜʘʧʘʤʠʜʘ; WPER - ʰʠʨʠʥʘ ʧʠʢʘ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ; Rs PER,AML ï ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-

ʙʫʪʠʣʘʤʠʥʘ ʠ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ;  b1,2,3 ï ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʣʠʥʝʘʨʥʠʤ ʯʣʘʥʦʚʠʤʘ, b12,13,23 ï ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʠʥʪʝʨʘʢʮʠʿʩʢʠʤ ʯʣʘʥʦʚʠʤʘ ʠ b11,22,33 ï ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʢʚʘʜʨʘʪʥʠʤ ʯʣʘʥʦʚʠʤʘ; adj. R2 - ʧʨʠʣʘʛʦʹʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ; 

pred. R² - ʧʨʝʜʚʠʹʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ; (*) ï ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ ʬʘʢʪʦʨʠ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʟʘ p-ʚʨʝʜʥʦʩʪ < 0,05 

 kPER RsAML,IND tRIND WPER RsPER,AML 

ʂʦʝʬ, p-ʚʨʝʜʥʦʩʪ ʂʦʝʬ, p-ʚʨʝʜʥʦʩʪ ʂʦʝʬ, p-ʚʨʝʜʥʦʩʪ ʂʦʝʬ, p-ʚʨʝʜʥʦʩʪ ʂʦʝʬ, p-ʚʨʝʜʥʦʩʪ 

b0 1,3800 <0,0001* 8,2200 <0,0001* 5,4500 <0,0001* 0,2511 <0,0001* 7,1200 0,0006* 

b1 -0,7360 <0,0001* 5,4600 <0,0001* -2,3600 <0,0001* -0,1202 <0,0001* -6,3500 0,0001* 

b2 0,0110 0,4680 0,1300 0,5300 0,0902 0,0961 -0,0138 0,2096 0,8740 0,3407 

b3 0,4590 <0,0001* -0,4760 0,0462* 0,0151 0,7571 0,1310 <0,0001* -7,4600 < 0,0001* 

b12 0,0050 0,7642 -0,4275 0,0931 -0,0721 0,2118 -0,0014 0,9030 0,3900 0,6955 

b13 -0,1500 <0,0001* -0,9050 0,0045* -0,0261 0,6339 -0,0978 <0,0001* 2,8400 0,0207* 

b23 -0,0200 0,2523 0,1175 0,6098 0,0296 0,5901 0,0004 0,9750 0,3875 0,6973 

b11 0,3254 <0,0001* -0,9761 0,0371* 0,8104 <0,0001* 0,0525 0,0299* -0,6800 0,6929 

b22 -0,1396 0,0015* -0,6111 0,1520 0,0704 0,4628 -0,0894 0,0024* 3,9600 0,0477* 

b33 -0,0596 0,0683 0,2089 0,5998 -0,1841 0,0820 -0,0022 0,9131 1,8300 0,3045 

R² 0,9982 0,9915 0,9974 0,9836 0,9853 

adj, R² 0,9959 0,9805 0,9940 0,9625 0,9664 

pred, R² 0,9843 0,9356 0,9795 0,8735 0,8957 

ʅʝʜʦʩʪʘʪʘʢ 

ʧʦʜʫʜʘʨʘˁʘ  

(p-ʚʨʝʜʥʦʩʪ) 

0,2900 0,4772 0,5779 0,5344 0,2560 
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ɼʦʙʠʿʝʥʠ ʤʦʜʝʣʠ ʠʟ ʪʘʙʝʣʝ 2 ʩʫ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʩʪʘʪʠʩʪʠʯʢʫ ʘʜʝʢʚʘʪʥʦʩʪ, ʩʘ RĮ ʚʨʝʜʥʦʩʪʠʤʘ 

ʫ ʨʘʩʧʦʥʫ ʦʜ 0,9836 ʜʦ 0,9982, ʧʨʠʣʘʛʦʹʝʥʠʤ RĮ ʚʨʝʜʥʦʩʪʠʤʘ ʦʜ 0,9625 ʜʦ 0,9959 ʠ 

ʧʨʝʜʚʠʹʝʥʠʤ RĮ ʚʨʝʜʥʦʩʪʠʤʘ ʦʜ 0,8735 ʜʦ 0,9843. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʧʨʠʣʘʛʦʹʝʥʦʛ ʠ ʧʨʝʜʚʠʹʝʥʦʛ 

RĮ ʙʠʣʘ ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʤʘˁʘ ʦʜ 0,2 ʟʘ ʩʚʝ CAA, ʰʪʦ ʧʦʪʚʨʹʫʿʝ ʧʨʝʜʠʢʪʠʚʥʫ ʩʧʦʩʦʙʥʦʩʪ ʤʦʜʝʣʘ. 

ʐʪʘʚʠʰʝ, p-ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʝʜʦʩʪʘʪʘʢ ʧʦʜʫʜʘʨʘˁʘ ʟʘ ʩʚʝ ʤʦʜʝʣʝ ʦʜʛʦʚʦʨʘ ʙʠʣʝ ʩʫ ʚʝ˂ʝ ʦʜ 0,05, 

ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʦʜʣʠʯʘʥ ʦʜʘʙʠʨ ʤʘʪʝʤʘʪʠʯʢʦʤ ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʚʠʹʘˀʝ, ʢʘʦ ʠ ʥʘ ʪʦ ʜʘ ʥʝʤʘ 

ʟʥʘʯʘʿʥʝ ʛʨʝʰʢʝ ʫ ʤʘʪʝʪʘʤʠʯʢʠ ʠʟʨʘʯʫʥʘʪʠʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʠʙʠʿʝʥʠʤ ʧʦʜʘʮʠʤʘ ï 

ʧʨʠʩʫʪʥʦ ʿʝ ʦʜʣʠʯʥʦ ʧʦʜʫʜʘʨʘˁʝ. 

ʂʦʥʢʨʝʪʥʠ ʫʚʠʜʠ ʫ ʫʪʠʮʘʿ CMP ʥʘ CAA ʠʟʚʝʜʝʥʠ ʩʫ ʠʟ ʿʝʜʥʘʯʠʥʘ ʤʦʜʝʣʘ (ʢʦʿʝ ʩʘʜʨʞʝ ʩʘʤʦ 

ʚʨʝʜʥʦʩʪʠ ʟʘ CMP ʠ ˁʠʭʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʿʝ ʩʫ ʩʝ ʧʦʢʘʟʘʣʝ ʟʥʘʯʘʿʥʠʤ p-ʚʨʝʜʥʦʩʪ < 0,05): 

 

Ὧ ρȟσψπȟχσφὃ πȟτυωπὅ πȟρυππὃὅ πȟσςυτὃ πȟρσωφὄ                                      (8) 

Ὑί ȟ ψȟςς υȟτυὃ πȟτχφπὅ πȟωπυπὃὅ πȟωχφρὃ                                                       (9) 

ὸὙ υȟτυςȟσφὃ πȟψρπτὃ                                                                                                         (10) 

ὡ πȟςυρρπȟρςπςὃ πȟρσρπὅ πȟπωχψὃὅ πȟπυςυὃ πȟπψωτὄ                            (11) 

Ὑί ȟ χȟρς φȟσυὃ χȟτφὅ ςȟψτὃὅ σȟωφὄ                                                                        (12) 

ɸï ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ (%); B ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʫʬʝʨʘ (mmol L-1); C ï pH ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʦʛ 

ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ 

¶ kPER: ʀʟ ʿʝʜʥʘʯʠʥʝ (8) ʩʝ ʚʠʜʠ ʜʘ ʬʘʢʪʦʨʠ ɸ ʠ C ʠʤʘʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʨʝʪʝʥʮʠʦʥʠ 

ʬʘʢʪʦʨ ʇɽʈ ʫʟ ʜʦʜʘʪʘʢ ʥʝʣʠʥʝʘʨʥʠʭ ʝʬʝʢʘʪʘ ʬʘʢʪʦʨʘ B; ʩʘ ʩʤʘˁʝˁʝʤ ʩʘʜʨʞʘʿʘ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʧʦʚʝ˂ʘˁʝʤ pH ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʝ ʬʘʟʝ, ʚʨʝʜʥʦʩʪ kPER ʩʝ ʧʦʚʝ˂ʘʚʘ ʜʦ 

ʦʜʨʝʹʝʥʝ ʪʘʯʢʝ, ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ɸ ʠ C, ʢʘʦ ʠ 

ʥʝʣʠʥʝʘʨʥʝ ʝʬʝʢʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʫʬʝʨʘ. 

¶ RsAML,IND : ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ɸʄʃ ʠ 

ʀʅɼ ˂ʝ ʩʝ ʧʦʚʝ˂ʘʚʘʪʠ ʜʦ ʦʜʨʝʹʝʥʝ ʪʘʯʢʝ, ʢʘʜʘ ˂ʝ ʚʨʝʜʥʦʩʪ RsAML,IND  ʧʦʯʝʪʠ ʜʘ ʩʝ 

ʩʤʘˁʫʿʝ ʟʙʦʛ ʥʝʛʘʪʠʚʥʦʛ ʟʥʘʢʘ ʠʩʧʨʝʜ ʥʝʣʠʥʝʘʨʥʦʛ ʢʚʘʜʨʘʪʥʦʛ ʯʣʘʥʘ A2 (ʿʝʜʥʘʯʠʥʘ 9). 

ʉʘ ʧʦʚʝ˂ʘˁʝʤ pH ʚʦʜʝʥʝ ʬʘʟʝ, RsAML,IND  ʩʝ ʩʤʘˁʫʿʝ, ʤʝʹʫʪʠʤ, ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʦʙʘ 

ʬʘʢʪʦʨʘ, A ʠ C, ʚʨʝʜʥʦʩʪ RsAML,IND ʩʝ ʩʤʘˁʫʿʝ. 

¶ tRIND: ɺʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ IND ʟʥʘʯʘʿʥʦ ʿʝ ʧʦʜ ʫʪʠʮʘʿʝʤ ʩʘʜʨʞʘʿʘ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʛʜʝ ʿʝ 

ʤʝʪʦʜʘ ʢʨʘ˂ʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʦ ʦʜʨʝʹʝʥʝ ʪʘʯʢʝ, ʢʘʜʘ ʜʘˀʝ 

ʧʦʚʝ˂ʘˁʝ ʜʦʚʦʜʠ ʜʦ ʜʫʞʝʛ ʝʣʫʠʨʘˁʘ (ʿʝʜʥʘʯʠʥʘ 10). 

¶ WPER: ʐʠʨʠʥʘ ʧʠʢʘ ʧʝʨʠʥʜʦʧʨʠʣʘ ʩʝ ʩʤʘˁʫʿʝ ʩʘ ʚʠʰʠʤ ʩʘʜʨʞʘʿʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 

ʩʤʘˁʝʥʦʤ pH ʚʨʝʜʥʦʰ˂ʫ ʚʦʜʝʥʝ ʬʘʟʝ, ʩʘ ʟʥʘʯʘʿʥʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ 

ʬʘʢʪʦʨʘ ʠ ʥʝʣʠʥʝʘʨʥʦʤ ʟʘʚʠʩʥʦʰ˂ʫ ʩʘʜʨʞʘʿʘ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʰʪʦ ʠʤʧʣʠʮʠʨʘ ʜʘ ˂ʝ 

ʧʦʚʝ˂ʘˁʝ ʩʘʜʨʞʘʿʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘʢʦʥ ʦʜʨʝʹʝʥʝ ʪʘʯʢʝ ʨʝʟʫʣʪʠʨʘʪʠ ʧʦʚʝ˂ʘˁʝʤ ʰʠʨʠʥʝ 

ʧʠʢʘ (ʿʝʜʥʘʯʠʥʘ 11). 

¶ RsPER,AML: ʅʘ ʦʚʘʿ CAA ʫʪʠʯʝ ʧʨʦʤʝʥʘ ʩʘʜʨʞʘʿʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ pH ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʝ 

ʬʘʟʝ, ʩʘ ʟʥʘʯʘʿʥʠʤ ʫʪʠʮʘʿʝʤ ʠʥʪʝʨʘʢʮʠʿʘ ʦʚʠʭ ʬʘʢʪʦʨʘ; ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ pH ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʝ ʬʘʟʝ, ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ PER ʠ AML ʩʝ 

ʩʤʘˁʫʿʝ (ʿʝʜʥʘʯʠʥʘ 12). 

ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟʠ, ʢʘʦ ʰʪʦ ʩʫ 3ɼ ʧʦʚʨʰʠʥʩʢʠ ʜʠʿʘʛʨʘʤʠ (ʉʣʠʢʘ 5) ʠ ʧʨʝʢʣʘʧʘʿʫ˂ʠ ʜʠʿʘʛʨʘʤ 

(ʉʣʠʢʘ 6), ʚʠʟʫʝʣʥʦ ʩʫ ʧʨʠʢʘʟʘʣʠ ʩʣʦʞʝʥʝ ʦʜʥʦʩʝ ʠʟʤʝʹʫ ʜʚʘ ʢʨʠʪʠʯʥʘ ʧʘʨʘʤʝʪʨʘ ʠ ʦʜʛʦʚʦʨʘ, 

ʧʦʤʘʞʫ˂ʠ ʫ ʨʘʟʫʤʝʚʘˁʫ ʜʠʟʘʿʥ ʧʨʦʩʪʦʨʘ. 
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ʉʣʠʢʘ 5. 3ɼ ʛʨʘʬʠʢʦʥʠ ʟʘ ʢʨʠʪʠʯʥʝ ʦʜʛʦʚʦʨʝ ʫ ʬʫʥʢʮʠʿʠ ʜʚʘ ʢʨʠʪʠʯʥʘ ʧʘʨʘʤʝʪʨʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʩʠʩʪʝʤʘ (ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣa (%) ʠ pH 

ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʝ ʬʘʟʝ): ʘ) kPER ï ʨʝʪʝʥʮʠʦʥʠ ʬʘʢʪʦʨ  ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ; ʙ) RsAML,IND - ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʘʤʣʦʜʠʧʠʥ 

ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ; ʮ) tRIND ï ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠʥʜʘʧʘʤʠʜʘ; ʜ) WPER - ʰʠʨʠʥʘ ʧʠʢʘ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ ʠ ʝ) RsPER,AML - ʬʘʢʪʦʨ 

ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ ʠ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ.
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ʉʣʠʢʘ 6. ʇʨʝʢʣʘʧʘʿʫ˂ʠ ʛʨʘʬʠʢʦʥ ï ʦʧʪʠʤʘʣʥʘ ʦʙʣʘʩʪ (ʛʜʝ ʩʫ ʠʩʧʫˁʝʥʠ ʩʚʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ 

ʧʦʩʪʠʟʘˁʝ ATP-ʘ) ʿʝ ʞʫʪʘ, ʜʦʢ ʩʫ ʩʫʙʦʧʪʠʤʘʣʥʘ ʨʝʰʝˁʘ ʦʩʝʥʯʝʥʘ, ʠʟ Design Expert ʧʨʦʛʨʘʤʘ. 

 

ʆʧʪʠʤʘʣʥʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠ ʫʩʣʦʚʠ ʩʫ, ʥʘʢʦʤ ʧʨʝʣʠʤʠʥʘʨʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʪʝ ʩʧʨʦʚʝʜʝʥʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʠʤʝʥʦʤ CCD ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ɼʝʨʠʥʛʝʨʦʚʝ ʬʫʥʢʮʠʿʝ ʧʦʞʝˀʥʠʭ 

ʦʜʛʦʚʦʨʘ, ʧʨʦʥʘʣʘʞʝˁʝʤ ʦʧʪʠʤʘʣʥʠʭ ʫʩʣʦʚʘ ʘʥʘʣʠʟʝ ʩʘ ʚʨʝʜʥʦʩʪʠ ʧʦʞʝˀʥʦʩʪʠ ʦʜ 1,0 (ʩʚʠ 

ʧʦʩʪʘʚˀʝʥʠ ʫʩʣʦʚʠ ʠʟʤʝʹʫ ʠʩʧʠʪʠʚʘʥʠʭ ʬʘʢʪʦʨʘ ʠ ʞʝˀʝʥʠʭ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ ʩʫ ʠʩʧʦʰʪʦʚʘʥʠ 

ï ʧʦʩʪʠʛʥʫʪ ʿʝ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ - ʉʣʠʢʘ 7). 

 

 

 



42 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 7. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʨʝʟʫʣʪʘʪʘ ɼʝʨʠʥʛʝʨ-ʦʚʝ ʬʫʥʢʮʠʿʝ ʧʦʞʝˀʥʦʩʪʠ ʟʘ CMP ʠ ʧʨʝʜʚʠʹʝʥʝ ʚʨʝʜʥʦʩʪʠ CAA 
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ʇʨʝʧʦʨʫʯʝʥʠ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʩʫ ʙʠʣʠ: ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʜ 34%, pH ʚʦʜʝʥʝ ʬʘʟʝ 2,7 ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ ʦʜ 30 mmol L ĭ. ʍʨʦʤʘʪʦʛʨʘʤ ʜʦʙʠʿʝʥ ʧʦʜ ʦʚʠʤ ʦʧʪʠʤʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ (ʉʣʠʢʘ 8) ʧʦʢʘʟʘʦ ʿʝ ʦʜʣʠʯʥʦ ʨʘʟʜʚʘʿʘˁʝ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ, ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʦʙʣʠʢ 

ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʠʢʦʚʘ, ʢʘʦ ʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʢʨʘʪʢʦ ʪʨʘʿʘˁʝ ʘʥʘʣʠʟʝ, ʰʪʦ ʧʦʪʚʨʹʫʿʫ˂ʝ 

ʫʩʧʝʰʥʦ ʧʨʦʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʠʭ ʫʩʣʦʚʘ ʤʝʪʦʜʝ.  

 

 

ʉʣʠʢʘ 8. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥ ʭʨʦʤʘʪʦʛʨʘʤ ʧʦʜ ʦʧʪʠʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (ʩʘʜʨʞʘʿ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʜ 34%, pH ʚʦʜʝʥʝ ʬʘʟʝ 2,7 ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʘʣʠʿʫʤ-ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ ʦʜ 30 

mmol L-1). 

 

ɹʣʠʩʢʦ ʩʣʘʛʘˁʝ ʠʟʤʝʹʫ ʧʨʝʜʚʠʹʝʥʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʚʨʝʜʥʦʩʪʠ CAA ʧʦʪʚʨʹʫʿʝ 

ʘʜʝʢʚʘʪʥʦʩʪ ʤʦʜʝʣʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʧʦʜʨʞʘʚʘ ʨʦʙʫʩʥʦʩʪ ʦʜʘʙʨʘʥʠʭ ʫʩʣʦʚʘ ʨʘʜʘ (ʊʘʙʝʣʘ 3), 

ʰʪʦ ˂ʝ ʩʝ ʧʦʪʚʨʜʠʪʠ ʫ ʥʘʨʝʜʥʦʿ ʬʘʟʠ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

ʊʘʙʝʣʘ 3. ɼʦˁʘ ʠ ʛʦʨˁʘ ʛʨʘʥʠʮʘ CAA ʠ ʧʦʨʝʹʝˁʝ ʧʨʝʜʚʠʹʝʥʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ CAA. 

CAA ʎʠ  ˀ ɼʦˁʘ 

ʛʨʘʥʠʮʘ 

ɻʦʨˁʘ 

ʛʨʘʥʠʮʘ 

ʈʝʣʘʪʠʚʥʘ 

ʟʥʘʯʘʿʥʦʩʪ 

ʇʨʝʜʚʠʹʝʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ 

kPER in range 1 2,87 5 1,25 1,20 

RsAML,IND in range 1,2 13,97 5 7,09 7,14 

tRIND in range 5,35 8,83 4 5,81 5,77 

WPER in range 0,10 0,15 3 0,10 0,10 

RsPER,AML in range 1,20 30,47 5 16,11 16,72 
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kPER ï ʨʝʪʝʥʮʠʦʥʠ ʬʘʢʪʦʨ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ; RsAML,IND  - ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ 

ʠʟʤʝʹʫ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ; tR IND ï ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠʥʜʘʧʘʤʠʜʘ; WPER - 

ʰʠʨʠʥʘ ʧʠʢʘ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ; Rs PER,AML - ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ 

ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ ʠ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ. 

 

4.2 ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ ʚʘʣʠʜʘʮʠʿʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ 
 

ʆʧʪʠʤʠʟʦʚʘʥʘ HPLC ʤʝʪʦʜʘ ʿʝ ʧʨʦʰʣʘ ʩʚʝʦʙʫʭʚʘʪʥʫ ʚʘʣʠʜʘʮʠʿʫ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʘ ˁʝʥʘ 

ʧʦʫʟʜʘʥʦʩʪ, ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʧʦʛʦʜʥʦʩʪ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʫ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʬʠʢʩʥʠʭ ʜʦʟʘ. ʇʘʨʘʤʝʪʨʠ ʚʘʣʠʜʘʮʠʿʝ ʢʦʿʠ ʩʫ ʩʝ ʫ ʧʨʦʮʝʩʫ ʚʘʣʠʜʘʮʠʿʝ 

ʠʩʧʠʪʠʚʘʣʠ, ʙʠʣʠ ʩʫ: ʨʦʙʫʩʥʦʩʪ, ʘ ʟʘʪʠʤ ʩʧʝʮʠʬʠʯʥʦʩʪ, ʣʠʥʝʘʨʥʦʩʪ, ʪʘʯʥʦʩʪ, ʧʨʝʮʠʟʥʦʩʪ ʠ 

ʦʩʝʪˀʠʚʦʩʪ ï ʛʨʘʥʠʮʘ ʜʝʪʝʢʮʠʿʝ (LOD) ʠ ʛʨʘʥʠʮʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ (LOQ). ʉʚʠ ʧʘʨʘʤʝʪʨʠ 

ʚʘʣʠʜʘʮʠʿʝ ʧʨʦʮʝˁʝʥʠ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ICH Q2(R1) ʩʤʝʨʥʠʮʦʤ ʠ ʧʦʢʘʟʘʣʠ ʩʫ ʧʦʪʧʫʥʫ 

ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ ʧʨʠʭʚʘ˂ʝʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʚʘʣʠʜʘʮʠʿʝ (46). 

 

4.2.1 ʉʧʝʮʠʬʠʯʥʦʩʪ 
 

ʉʧʝʮʠʬʠʯʥʦʩʪ ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ ʧʦʪʚʨʹʝʥʘ ʿʝ ʧʦʨʝʹʝˁʝʤ ʭʨʦʤʘʪʦʛʨʘʤʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʩʤʝʰʝ 

ʩʪʘʥʜʘʨʜʥʠʭ ʨʘʩʪʚʦʨʘ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʩʘ ʭʨʦʤʘʪʦʛʨʘʤʠʤʘ ʩʤʝʰʝ ʧʣʘʮʝʙʘ, ʦʜʥʦʩʥʦ ʩʤʝʰʝ 

ʝʢʩʮʠʧʠʿʝʥʘʩʘ ʧʨʠʩʫʪʥʠʭ ʫ ʪʘʙʣʝʪʥʦʿ ʬʦʨʤʫʣʘʮʠʿʠ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʢʘʤʘ 8 ʠ 9, 

ʥʠʩʫ ʫʦʯʝʥʠ ʠʥʪʝʨʬʝʨʠʨʘʿʫ˂ʠ ʧʠʢʦʚʠ ʠʟ ʩʤʝʰʝ ʧʣʘʮʝʙʘ ʧʨʠ ʚʨʝʤʝʥʠʤʘ ʟʘʜʨʞʘʚʘˁʘ (tR) ʇɽʈ, 

ɸʄʃ ʠ ʀʅɼ, ʰʪʦ ʧʦʪʚʨʹʫʿʝ ʩʧʦʩʦʙʥʦʩʪ ʤʝʪʦʜʝ ʜʘ ʧʦʫʟʜʘʥʦ ʠʜʝʥʪʠʬʠʢʫʿʝ ʠ ʢʚʘʥʪʠʬʠʢʫʿʝ 

ʠʩʧʠʪʠʚʘʥʝ ʘʢʪʠʚʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ ʫ ʧʨʠʩʫʩʪʚʫ ʩʣʦʞʝʥʝ ʤʘʪʨʠʮʝ. ʉʧʝʮʠʬʠʯʥʦʩʪ 

ʤʝʪʦʜʝ ʜʦʜʘʪʥʦ ʿʝ ʧʨʦʮʝˁʝʥʘ ʢʨʦʟ ʩʪʫʜʠʿʝ ʧʨʠʩʠʣʥʝ ʨʘʟʛʨʘʜˁʝ ʠ ʧʨʦʮʝʥʫ ʯʠʩʪʦ˂ʝ ʧʠʢʦʚʘ 

ʧʨʠʤʝʥʦʤ ʜʝʪʝʢʮʠʿʝ ʜʠʦʜʥʠʤ ʥʠʟʦʤ, ʯʠʤʝ ʿʝ ʧʦʪʚʨʹʝʥʦ ʜʘ ʧʠʢʦʚʠ ʠʩʧʠʪʠʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ 

ʥʠʩʫ ʙʠʣʠ ʥʘʨʫʰʝʥʠ ʧʨʠʩʫʩʪʚʦʤ ʧʨʦʜʫʢʘʪʘ ʨʘʟʛʨʘʜˁʝ ʠʣʠ ʧʦʤʦ˂ʥʠʭ ʩʫʧʩʪʘʥʮʠ. 

ɿʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʠʢʦʚʘ (Rs 

> 2,0) ʟʘ ʦʙʘ ʧʘʨʘ ʘʥʘʣʠʪʘ ʦʙʝʟʙʝʜʠʣʝ ʩʫ ʘʜʝʢʚʘʪʥʦ ʨʘʟʜʚʘʿʘˁʝ ʠ ʠʩʢˀʫʯʠʣʝ ʤʦʛʫ˂ʥʦʩʪ 

ʢʦʝʣʫʘʮʠʿʝ ʢʦʿʘ ʙʠ ʤʦʛʣʘ ʜʘ ʫʛʨʦʟʠ ʪʘʯʥʦʩʪ ʠ ʧʨʝʮʠʟʥʦʩʪ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʘʥʘʣʠʟʝ (56).
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ʉʣʠʢʘ 9. ʍʨʦʤʘʪʦʛʨʘʤ ʢʦʿʠ ʧʦʪʚʨʹʫʿʝ ʩʧʝʮʠʬʠʯʥʦʩʪ ʤʝʪʦʜʝ (ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʜ 34%, pH ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ 2,7 ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʫʬʝʨʘ (ʢʘʣʠʿʫʤ-ʬʦʩʬʘʪ) ʫ ʚʦʜʝʥʦʤ ʜʝʣʫ ʤʦʙʠʣʥʝ ʬʘʟʝ 30 mmol L-1) ï ʭʨʦʤʘʪʦʛʨʘʤ ʦʟʥʘʯʝʥ ʩʘ ʧʣʘʚʦʤ ʙʦʿʦʤ = ʘʥʘʣʠʟʘ ʩʤʝʰʝ 

ʧʣʘʮʝʙʘ, ʭʨʦʤʘʪʦʛʨʘʤ ʦʟʥʘʯʝʥ ʩʘ ʮʨʚʝʥʦʤ ʙʦʿʦʤ = ʘʥʘʣʠʟʘ ʩʤʝʰʝ ʣʝʢʦʚʘ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ. 
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4.2.2 ʃʠʥʝʘʨʥʦʩʪ 
 

ʃʠʥʝʘʨʥʦʩʪ ʤʝʪʦʜʝ ʿʝ ʧʨʦʮʝˁʝʥʘ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʨʝʣʝʚʘʥʪʥʦʤ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʠ ʚʘʣʠʜʘʮʠʿʫ ʤʝʪʦʜʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʊʘʙʝʣʠ 4. ʂʘʣʠʙʨʘʮʠʦʥʝ ʢʨʠʚʝ ʩʫ ʢʦʥʩʪʨʫʠʩʘʥʝ 

ʥʘ ʦʩʥʦʚʫ ʟʘʚʠʩʥʦʩʪʠ ʧʦʚʨʰʠʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʠʢʦʚʘ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʩʚʘʢʝ ʧʦʿʝʜʠʥʘʯʥʝ ʘʢʪʠʚʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ. ʃʠʥʝʘʨʥʦʩʪ ʿʝ ʧʦʪʚʨʹʝʥʘ ʫ ʦʧʩʝʛʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ 10,0ï200,0 Õg mL ĭ ʟʘ ʇɽʈ, 20,0ï200,0 Õg mL ĭ ʟʘ ɸʄʃ ʠ 5,0ï100,0 Õg mL ĭ ʟʘ 

ʀʅɼ. ɼʦʙʠʿʝʥʝ ʩʫ ʨʝʛʨʝʩʠʦʥʝ ʿʝʜʥʘʯʠʥʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʫ ʩʝ ʠʟʨʘʯʫʥʘʣʝ ʧʦʪʨʝʙʥʝ ʩʪʘʪʠʩʪʠʯʢʝ 

ʚʨʝʜʥʦʩʪʠ (ʊʘʙʝʣʘ 4): 

¶ y=9,5827x+12,0055 ʟʘ ʇɽʈ, 

¶ y=13,9771xī0,6198 ʟʘ ɸʄʃ ʠ 

¶ y=73,8153x+40,8393 ʟʘ ʀʅɼ.  

ɺʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʨʝʣʘʮʠʿʝ (r > 0,9980), ʦʜʥʦʩʥʦ ʢʦʝʬʠʮʠʿʝʥʘʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʿʝ (R2 > 0,9990), ʫʢʘʟʫʿʫ ʥʘ ʠʟʨʘʞʝʥʫ ʣʠʥʝʘʨʥʦʩʪ ʤʝʪʦʜʝ ʫ ʠʩʧʠʪʠʚʘʥʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʠʤ ʦʧʩʝʟʠʤʘ ʟʘ ʩʚʘ ʪʨʠ ʘʥʘʣʠʪʘ. ʆʚʘʢʦ ʰʠʨʦʢʠ ʣʠʥʝʘʨʥʠ ʦʧʩʝʟʠ ʦʙʝʟʙʝʹʫʿʫ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʫ ʘʥʘʣʠʟʠ ʫʟʦʨʘʢʘ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʠʤʝʥʫ ʤʝʪʦʜʝ ʟʘ 

ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ˁʠʭʦʚʝ ʨʘʟʣʠʯʠʪʝ ʩʘʜʨʞʘʿʝ ʫ 

ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʬʦʨʤʫʣʘʮʠʿʘʤʘ ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʜʦʟʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ 

ʟʘʭʪʝʚʠʤʘ ʚʘʣʠʜʘʮʠʿʝ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʠ ʧʦʪʚʨʹʫʿʫ ʜʘ ʿʝ ʦʜʛʦʚʦʨ ʜʝʪʝʢʪʦʨʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʘʥʘʣʠʪʘ ʫ ʜʝʬʠʥʠʩʘʥʠʤ ʨʘʜʥʠʤ ʦʧʩʝʟʠʤʘ (57). 

ʊʘʙʝʣʘ 4. ʇʘʨʘʤʝʪʨʠ ʚʘʣʠʜʘʮʠʿʝ ʟʘ ʨʘʟʚʠʿʝʥʫ ʤʝʪʦʜʫ. 

 ʇɽʈ ɸʄʃ ʀʅɼ 

LOD (S/N=3) 

µg mL-1 

0,025 0,01 0,01 

LOQ (S/N=10) 

µg mL-1 

0,05 0,05 0,025 

ʃʠʥʝʘʨʥʦʩʪ  

 
 

  

 

 
ʂʦʥʮʝʥʪʨʘʮʠʿʝ (µg mL-1) 

 

10,0-200,0 20,0 ï 200,0 

 

5,0-100,0 

y = ax + b 

 

y = 9,5827x+12,0055 y = 13,9771x-0,6198 

 

y = 73,8153x+40,8393 

Sa 

 

0,0705 0,0844 

 

0,5837 
Sb 

 

8,6449 10,3704 

 

30,0495 

tb 

 

1,3887 -0,0598 

 

1,3591 

r 0,9999 0,9999 0,9999 

ʊʘʯʥʦʩʪ 

80%        

Recovery (%) 

RSD (%)a 

100%  

Recovery (%) 

RSD (%)a 

120%  

Recovery (%) 

RSD (%)a 

 

 

(128,0 µg mL -1) 

103,07 ± 0,55 

0,41 

(160,0 µg mL -1) 

100,89 ± 1,14 

0,71 

(192,0 µg mL -1) 

103,84 ± 1,01 

0,51 

 

(111,2 µg mL -1) 

102,42 ± 0,64 

0,79 

(139,0 µg mL -1) 

101,58 ± 0,78 

0,27 

(166,8 µg mL -1) 

102,66 ± 1,24 

0,72 

 

(40,0 µg mL -1) 

103,17 ± 0,28 

0,67 

(50,0 µg mL -1) 

103,19 ± 0,10 

0,20 

(60,0 µg mL -1) 

103,45 ± 0,44 

0,71 

ʇʨʝʮʠʟʥʦʩʪ 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ (µg mL-1) 

RSD (%)b 

 

160,0 

0,79 

 

139,0 

0,77 

 

50,0 

0,82 
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ʇʘʨʘʤʝʪʨʠ ʧʦʛʦʜʥʦʩʪʠ ʩʠʩʪʝʤʘ 

ʈʝʟʦʣʫʮʠʿʘ 

k  

T 

N 

 

 

 

1,20 

0,981 

12677,76 

 

16,72 

2,81 

0,871 

21030,43 

 

7,14 

3,54 

1,094 

35730,60 

ʏʠʩʪʦ˂ʘ ʧʠʢʘ 

ʬʘʢʪʦʨ ʯʠʩʪʦ˂ʝ/ʠʟʨʘʯʫʥʘʪʠ 

ʧʨʘʛ 

 

999,978 /  999,958 

 

999,972 / 999,955 

 

999,910 / 999,988 

AML ï ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ; IND ï ʠʥʜʘʧʘʤʠʜ; PER ï ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ; LOD ï 

ʛʨʘʥʠʮʘ ʜʝʪʝʢʮʠʿʝ, ʧʨʝʤʘ ICH ʩʤʝʨʥʠʮʘʤʘ ʧʨʠʭʚʘ˂ʝʥ ʿʝ ʦʜʥʦʩ ʩʠʛʥʘʣ/ʰʫʤ ʦʜ 3; LOQ ï ʛʨʘʥʠʮʘ 

ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ, ʧʨʝʤʘ ICH ʩʤʝʨʥʠʮʘʤʘ ʧʨʠʭʚʘ˂ʝʥ ʿʝ ʦʜʥʦʩ ʩʠʛʥʘʣ/ʰʫʤ ʦʜ 10; Sa ï ʩʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ ʥʘʛʠʙʘ; Sb ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʧʨʝʩʝʢʘ ʥʘ ʧʨʘʚʦʿ ʣʠʥʠʿʠ; tb ï ʚʨʝʜʥʦʩʪ ʧʨʝʩʝʢʘ ʥʘ 

ʧʨʘʚʦʿ ʣʠʥʠʿʠ; r ï ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ (> 0,9990 ʟʘ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ (58)); a RSD ï 

ʨʝʣʘʪʠʚʥʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʪʘʯʥʦʩʪ (ʢʨʠʪʝʨʠʿʫʤʠ ʧʨʠʭʚʘʪʘˁʘ < 2% ʟʘ ʘʢʪʠʚʥʝ 

ʩʫʧʩʪʘʥʮʝ); b RSD ï ʨʝʣʘʪʠʚʥʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʧʨʝʮʠʟʥʦʩʪ (ʢʨʠʪʝʨʠʿʫʤʠ ʧʨʠʭʚʘʪʘˁʘ 

Ò 1,0% ʟʘ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ) (58); k ï ʨʝʪʝʥʮʠʦʥʠ ʬʘʢʪʦʨ (USP ʨʝʬʝʨʝʥʮʘ 1-10 ʧʨʠʭʚʘʪˀʠʚʘ); 

T ï ʬʘʢʪʦʨ ʘʩʠʤʝʪʨʠʿʝ ʧʠʢʘ (USP ʨʝʬʝʨʝʥʮʘ T Ò 2, T=1 ʟʘ ʩʠʤʝʪʨʠʯʥʠ ʧʠʢ); N ï ʙʨʦʿ ʪʝʦʨʠʿʩʢʠʭ 

ʧʣʘʪʦʘ (USP ʨʝʬʝʨʝʥʮʘ N > 2000) 

 

4.2.3 ʊʘʯʥʦʩʪ 

 

ʊʘʯʥʦʩʪ ʤʝʪʦʜʝ ʿʝ ʧʨʦʮʝˁʝʥʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʩʪʘʥʜʘʨʜʥʦʛ ʜʦʜʘʚʘˁʘ ʥʘ ʪʨʠ ʥʠʚʦʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʥʘ 80%, 100% ʠ 120% ʮʠˀʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘ ʩʚʘʢʠ ʠʩʧʠʪʠʚʘʥʠ 

ʘʥʘʣʠʪ. ʈʝʟʫʣʪʘʪʠ, ʧʨʠʢʘʟʘʥʠ ʫ ʊʘʙʝʣʠ 4, ʧʦʢʘʟʘʣʠ ʩʫ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ Recovery ʚʨʝʜʥʦʩʪʠ ʫ 

ʨʘʩʧʦʥʫ ʦʜ 100,89% ʜʦ 103,84% ʟʘ ʇɽʈ, ʦʜ 101,58% ʜʦ 102,66% ʟʘ ɸʄʃ ʠ ʦʜ 103,17% ʜʦ 

103,45% ʟʘ ʀʅɼ. ʈʝʣʘʪʠʚʥʝ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ (RSD%) ʟʘ ʧʨʦʮʝʥʫ ʪʘʯʥʦʩʪʠ ʙʠʣʝ ʩʫ ʥʠʩʢʝ 

ʠ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʫ ʦʧʩʝʛʫ ʦʜ 0,20% ʜʦ 0,79%, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʭʚʘʪˀʠʚʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ 

ʟʘ ʘʥʘʣʠʟʫ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʫʧʩʪʘʥʮʠ. ʂʦʥʟʠʩʪʝʥʪʥʦʩʪ ʜʦʙʠʿʝʥʠʭ Recovery 

ʚʨʝʜʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʘʟʫʿʝ ʥʘ ʦʜʩʫʩʪʚʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʝ 

ʧʨʠʩʪʨʘʩʥʦʩʪʠ ʠ ʧʦʪʚʨʹʫʿʝ ʜʘ ʤʝʪʦʜʘ ʦʤʦʛʫ˂ʘʚʘ ʪʘʯʥʦ ʦʜʨʝʹʠʚʘˁʝ ʩʘʜʨʞʘʿʘ ʩʚʝ ʪʨʠ ʘʢʪʠʚʥʝ 

ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ ʫ ʧʨʝʜʚʠʹʝʥʦʤ ʦʧʩʝʛʫ ʧʨʠʤʝʥʝ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʨʹʫʿʫ ʧʦʛʦʜʥʦʩʪ 

ʤʝʪʦʜʝ ʟʘ ʘʥʘʣʠʟʫ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ, ʥʝʟʘʚʠʩʥʦ ʦʜ ʤʦʛʫ˂ʠʭ ʚʘʨʠʿʘʮʠʿʘ ˁʠʭʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʢʦʿʝ ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ ʪʦʢʦʤ ʧʨʦʠʟʚʦʜˁʝ, ʯʫʚʘˁʘ ʠʣʠ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ ʣʝʢʦʚʘ (59). 

 

4.2.4 ʇʨʝʮʠʟʥʦʩʪ 
 

ʇʨʝʮʠʟʥʦʩʪ ʤʝʪʦʜʝ ʿʝ ʧʨʦʮʝˁʝʥʘ ʢʨʦʟ ʠʩʧʠʪʠʚʘˁʝ ʧʦʥʦʚˀʠʚʦʩʪʠ, ʦʜʥʦʩʥʦ ʧʨʝʮʠʟʥʦʩʪʠ ʫ ʪʦʢʫ 

ʜʘʥʘ, ʘʥʘʣʠʟʦʤ ʰʝʩʪ ʠʜʝʥʪʠʯʥʦ ʧʨʠʧʨʝʤˀʝʥʠʭ ʨʘʩʪʚʦʨʘ ʩʪʚʘʨʥʠʭ ʫʟʦʨʘʢʘ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ 

AmlewelÈ ʪʘʙʣʝʪʘ. ʀʩʧʠʪʠʚʘˁʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʢʦʿʘ ʦʜʛʦʚʘʨʘ 100% 

ʜʝʢʣʘʨʠʩʘʥʦʛ ʩʘʜʨʞʘʿʘ ʣʝʢʦʚʘ ʫ ʪʘʙʣʝʪʘʤʘ, ʦʜʥʦʩʥʦ 160 Õg mL ĭ ʟʘ ʇɽʈ, 139 Õg mL ĭ ʟʘ ɸʄʃ 

ʠ 50 Õg mL ĭ ʟʘ ʀʅɼ. ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʨʝʣʘʪʠʚʥʝ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ (RSD%) ʠʟʥʦʩʠʣʝ 

ʩʫ 0,79% ʟʘ ʇɽʈ, 0,77% ʟʘ ɸʄʃ ʠ 0,82% ʟʘ ʀʅɼ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʊʘʙʝʣʠ 4. ʅʠʩʢʝ 

ʚʨʝʜʥʦʩʪʠ RSD%, ʢʦʿʝ ʩʫ ʟʘ ʩʚʘ ʪʨʠ ʘʥʘʣʠʪʘ ʙʠʣʝ ʠʩʧʦʜ 1,0%, ʧʦʪʚʨʹʫʿʫ ʦʜʣʠʯʥʫ ʧʦʥʦʚˀʠʚʦʩʪ 

ʤʝʪʦʜʝ ʠ ʫʢʘʟʫʿʫ ʥʘ ˁʝʥʫ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʦʙʝʟʙʝʜʠ ʢʦʥʟʠʩʪʝʥʪʥʝ ʨʝʟʫʣʪʘʪʝ ʢʚʘʥʪʠʪʘʪʠʚʥʝ 

ʘʥʘʣʠʟʝ ʧʦʜ ʫʦʙʠʯʘʿʝʥʠʤ ʨʘʜʥʠʤ ʫʩʣʦʚʠʤʘ. ʆʚʘʿ ʥʠʚʦ ʧʨʝʮʠʟʥʦʩʪʠ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʘʥ ʟʘ 

ʘʥʘʣʠʟʫ ʬʠʢʩʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʜʦʟʘ, ʛʜʝ ʯʘʢ ʠ ʤʘˁʝ ʚʘʨʠʿʘʮʠʿʝ ʫ ʘʥʘʣʠʪʠʯʢʠʤ ʨʝʟʫʣʪʘʪʠʤʘ 
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ʤʦʛʫ ʠʤʘʪʠ ʚʘʞʥʝ ʠʤʧʣʠʢʘʮʠʿʝ ʥʘ ʧʨʦʮʝʥʫ ʫʥʠʬʦʨʤʥʦʩʪʠ ʜʦʟʝ, ʧʦʫʟʜʘʥʦʩʪ ʢʦʥʪʨʦʣʝ 

ʢʚʘʣʠʪʝʪʘ ʠ ʫʢʫʧʥʠ ʢʚʘʣʠʪʝʪ ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʧʨʦʠʟʚʦʜʘ (59). 

 

4.2.5 ɻʨʘʥʠʮʘ ʜʝʪʝʢʮʠʿʝ (LOD) ʠ ʛʨʘʥʠʮʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ (LOQ) 
 

ʆʩʝʪˀʠʚʦʩʪ ʤʝʪʦʜʝ ʧʨʦʮʝˁʝʥʘ ʿʝ ʦʜʨʝʹʠʚʘˁʝʤ ʛʨʘʥʠʮʝ ʜʝʪʝʢʮʠʿʝ ʠ ʛʨʘʥʠʮʝ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ 

ʟʘ ʩʚʝ ʪʨʠ ʠʩʧʠʪʠʚʘʥʝ ʘʢʪʠʚʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʊʘʙʝʣʠ 4. 

ɺʨʝʜʥʦʩʪʠ LOD ʠ LOQ ʦʜʨʝʹʝʥʝ ʩʫ ʥʘ ʦʩʥʦʚʫ ʦʜʥʦʩʘ ʩʠʛʥʘʣ/ʰʫʤ ʦʜ 3:1 ʟʘ LOD ʠ 10:1 ʟʘ LOQ, 

ʧʨʠ ʯʝʤʫ ʩʫ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʝʪʦʜʝ ʫʩʚʦʿʝʥʝ ʢʦʥʟʝʨʚʘʪʠʚʥʠʿʝ ʚʨʝʜʥʦʩʪʠ. ɼʦʙʠʿʝʥʝ LOD 

ʚʨʝʜʥʦʩʪʠ ʠʟʥʦʩʠʣʝ ʩʫ 0,025 Õg mL ĭ ʟʘ ʇɽʈ, 0,01 Õg mL ĭ ʟʘ ɸʄʃ ʠ 0,01 Õg mL ĭ ʟʘ ʀʅɼ, ʜʦʢ 

ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ LOQ ʚʨʝʜʥʦʩʪʠ ʠʟʥʦʩʠʣʝ 0,05 Õg mL ĭ ʟʘ ʇɽʈ, 0,05 Õg mL ĭ ʟʘ ɸʄʃ ʠ 0,025 

Õg mL ĭ ʟʘ ʀʅɼ. ʅʠʩʢʝ ʚʨʝʜʥʦʩʪʠ LOD ʠ LOQ ʧʦʪʚʨʹʫʿʫ ʜʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʤʝʪʦʜʘ ʜʦʚʦˀʥʦ 

ʦʩʝʪˀʠʚʘ ʟʘ ʧʦʫʟʜʘʥʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʩʚʝ ʪʨʠ ɸʇʀ, ʯʘʢ ʠ ʧʨʠ ʥʠʩʢʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʠʤ ʥʠʚʦʠʤʘ. ʆʚʘ ʦʩʝʪˀʠʚʦʩʪ ʿʝ ʦʜ ʧʦʩʝʙʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʥʘʣʠʪʘ ʪʦʢʦʤ ʩʪʫʜʠʿʘ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʜʝʛʨʘʜʘʮʠʿʝ, ʢʘʜʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ 

ʧʦʩʪʝʧʝʥʦʛ ʩʤʘˁʝˁʘ ʩʘʜʨʞʘʿʘ ʠʩʧʠʪʠʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠʣʠ ʧʦʿʘʚʝ ʥʠʩʢʠʭ ʧʨʝʦʩʪʘʣʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ. ʇʦʩʪʠʛʥʫʪʘ ʦʩʝʪˀʠʚʦʩʪ ʿʝ ʥʘʨʦʯʠʪʦ ʚʘʞʥʘ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʠʩʪʦʚʨʝʤʝʥʫ 

ʘʥʘʣʠʟʫ ʪʨʠ ʿʝʜʠˁʝˁʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʭʨʦʤʦʬʦʨʥʠʤ ʩʚʦʿʩʪʚʠʤʘ. ʀʟʙʦʨ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ 

ʜʝʪʝʢʮʠʿʝ ʦʜ 210 nm ʧʨʝʜʩʪʘʚˀʘ ʘʥʘʣʠʪʠʯʢʠ ʢʦʤʧʨʦʤʠʩ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʘʜʝʢʚʘʪʥʫ ʦʩʝʪˀʠʚʦʩʪ 

ʟʘ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ, ʫʟ ʦʯʫʚʘˁʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʝ. ɼʦʜʘʪʥʦ, ʧʨʠʤʝʥʘ ʜʝʪʝʢʮʠʿʝ ʜʠʦʜʥʠʤ 

ʥʠʟʦʤ ʦʤʦʛʫ˂ʠʣʘ ʿʝ ʧʨʦʮʝʥʫ ʯʠʩʪʦ˂ʝ ʧʠʢʦʚʘ ʠ ʧʨʫʞʠʣʘ ʜʦʜʘʪʥʫ ʩʠʛʫʨʥʦʩʪ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ 

ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʠ ʠʩʧʠʪʠʚʘʥʠʭ ʘʥʘʣʠʪʘ (ʊʘʙʝʣʘ 4) (60). 

 

4.2.6 ʈʦʙʫʩʥʦʩʪ 
 

ʀʩʧʠʪʠʚʘˁʝ ʨʦʙʫʩʥʦʩʪʠ ʤʝʪʦʜʝ ʩʧʨʦʚʝʜʝʥʦ ʿʝ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʩʧʦʩʦʙʥʦʩʪ ʨʘʟʚʠʿʝʥʝ 

ʤʝʪʦʜʝ ʜʘ ʦʩʪʘʥʝ ʨʝʧʨʦʜʫʢʪʠʚʥʘ, ʧʦʫʟʜʘʥʘ ʠ ʫ ʦʢʚʠʨʫ ʧʨʠʭʚʘʪˀʠʚʠʭ ʢʨʠʪʝʨʠʿʫʤʘ 

ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʠ ʤʘʣʠʤ, ʥʘʤʝʨʥʠʤ ʧʨʦʤʝʥʘʤʘ ʢʨʠʪʠʯʥʠʭ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ʋʪʠʮʘʿ ʚʘʨʠʿʘʮʠʿʘ ʢʨʠʪʠʯʥʠʭ ʬʘʢʪʦʨʘ ʤʝʪʦʜʝ ʥʘ ʟʥʘʯʘʿʥʝ ʦʜʛʦʚʦʨʝ ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʬʘʢʪʦʨ 

ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʠʢʦʚʘ, ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠ ʰʠʨʠʥʘ ʧʠʢʘ, ʧʨʦʮʝˁʝʥ ʿʝ 

ʧʨʠʤʝʥʦʤ ʬʨʘʢʮʠʦʥʦʛ ʬʘʢʪʦʨʠʿʘʣʥʦʛ ʜʠʟʘʿʥʘ (FFD 24ī1). ʀʩʧʠʪʠʚʘʥʠ ʬʘʢʪʦʨʠ ʦʙʫʭʚʘʪʘʣʠ ʩʫ 

ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ ʫ ʤʦʙʠʣʥʦʿ ʬʘʟʠ, ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʧʫʬʝʨʘ ʫ ʚʦʜʝʥʦʤ ʜʝʣʫ ʤʦʙʠʣʥʝ ʬʘʟʝ, 

pH ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʣʦʥʝ. ɺʘʨʠʿʘʮʠʿʝ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʠʟʥʦʩʠʣʝ ʩʫ Ñ2% ʟʘ ʩʘʩʪʘʚ ʤʦʙʠʣʥʝ ʬʘʟʝ, Ñ2,0 mM ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʧʫʬʝʨʘ, Ñ0,2 pH ʿʝʜʠʥʠʮʝ 

ʟʘ pH ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ ʠ Ñ2 ÁC ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʣʦʥʝ. 

ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ FFD 24ī1 ʜʠʟʘʿʥʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊʘʙʝʣʠ 5. ʉʪʘʪʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ 

ʝʬʝʢʘʪʘ ʬʘʢʪʦʨʘ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʢʘʦ ʬʘʢʪʦʨ ɸ, ʠʤʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ 

ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ɸʄʃ ʠ ʀʅɼ (RsAML,IND), ʢʘʦ ʠ ʥʘ ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʀʅɼ (tRIND). 

ʆʚʘʿ ʨʝʟʫʣʪʘʪ ʿʝ ʦʯʝʢʠʚʘʥ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʫʜʝʣʘ ʦʨʛʘʥʩʢʦʛ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ 

ʨʝʪʝʥʮʠʦʥʦ ʧʦʥʘʰʘˁʝ ʘʥʘʣʠʪʘ ʫ RP-HPLC ʩʠʩʪʝʤʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, pH ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʦʛ ʜʝʣʘ 

ʤʦʙʠʣʥʝ ʬʘʟʝ, ʢʘʦ ʬʘʢʪʦʨ ʎ, ʟʥʘʯʘʿʥʦ ʿʝ ʫʪʠʮʘʣʘ ʥʘ ʰʠʨʠʥʫ ʧʠʢʘ ʇɽʈ (WPER), ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʦʩʝʪˀʠʚʦʩʪ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʧʦʥʘʰʘˁʘ ʧʝʨʠʥʜʦʧʨʠʣʘ ʥʘ ʿʦʥʠʟʘʮʠʦʥʦ ʩʪʘˁʝ ʠ ʫʩʣʦʚʝ ʫ 

ʤʦʙʠʣʥʦʿ ʬʘʟʠ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʫʬʝʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʝ ʧʦʢʘʟʘʣʝ ʩʫ 

ʨʝʣʘʪʠʚʥʦ ʦʛʨʘʥʠʯʝʥ ʫʪʠʮʘʿ ʥʘ ʠʩʧʠʪʠʚʘʥʝ ʦʜʛʦʚʦʨʝ, ʰʪʦ ʜʦʜʘʪʥʦ ʧʦʪʚʨʹʫʿʝ ʧʨʘʢʪʠʯʥʫ 

ʨʦʙʫʩʥʦʩʪ ʤʝʪʦʜʝ. 

 

 



49 
 

ʊʘʙʝʣʘ 5. ʊʝʩʪʠʨʘˁʝ ʨʦʙʫʩʥʦʩʪʠ ï ʨʝʟʫʣʪʘʪʠ ʜʠʟʘʿʥʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʨʝʤʘ ʬʨʘʢʮʠʦʥʦʤ 

ʬʘʢʪʦʨʠʿʘʣʥʦʤ ʜʠʟʘʿʥʫ 24-1 ʠ ʢʦʨʠʰ˂ʝˁʝʤ ɼʦʥʛʦʚʦʛ ʘʣʛʦʨʠʪʤʘ. 

ɹʨʦʿ 

ʌʘʢʪʦʨʠ ʆʜʛʦʚʦʨʠ 

A B C D kPER RsAML,IND  tRIND(min) WPER RsPER,AML 

1 32 28 2,5 48 1,39 3,68 7,025 0,1109 22,15 

2 36 28 2,5 52 0,89 9,62 4,892 0,0810 14,44 

3 32 32 2,5 52 1,39 3,07 6,627 0,1040 21,66 

4 36 32 2,5 48 0,86 11,04 5,071 0,0824 15,20 

5 32 28 2,9 52 1,89 2,67 6,615 0,283 10,37 

6 36 28 2,9 48 1,19 10,49 5,057 0,2382 5,98 

7 32 32 2,9 48 1,69 3,83 6,913 0,2754 12,21 

8 36 32 2,9 52 1,16 9,88 4,771 0,1817 6,55 

9 34 30 2,7 50 1,20 7,09 5,792 0,1016 17,39 

10 34 30 2,7 50 1,19 7,15 5,780 0,1080 16,10 

11 34 30 2,7 50 1,20 7,17 5,770 0,0994 16,68 

F
a

c
to

r 
e
ff

e
c
ts A 0,565 6,945* 1,847* 0,0475 6,055 

B 0,065 0,340 0,052 0,0174 0,670 

C 0,350 0,135 0,065 0,1500

* 

9,585 

D 0,050 0,950 0,290 0,0143 0,630 

Ecritical (Ŭ = 0,05) 0,929 1,870 0,554 0,097 15,788 

A ï ʩʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ (%); B ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʫʬʝʨʘ (mmol L-1); C ï pH ʚʦʜʝʥʦʛ ʜʝʣʘ 

ʤʦʙʠʣʥʝ ʬʘʟʝ; D - ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʝ (°C);  kPER ï ʨʝʪʝʥʮʠʦʥʠ ʬʘʢʪʦʨ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-

ʙʫʪʠʣʘʤʠʥʘ; RsAML,IND  - ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ; tR IND ï 

ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠʥʜʘʧʘʤʠʜʘ; WPER - ʰʠʨʠʥʘ ʧʠʢʘ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ; Rs PER,AML 

- ʬʘʢʪʦʨ ʨʝʟʦʣʫʮʠʿʝ ʠʟʤʝʹʫ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ ʠ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ 

ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʠʥʪʝʨʚʘʣʠ ʨʦʙʫʩʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʦʧʩʝʟʠ ʫʥʫʪʘʨ 

ʢʦʿʠʭ ʚʘʨʠʿʘʮʠʿʝ ʢʨʠʪʠʯʥʠʭ ʬʘʢʪʦʨʘ ʥʝ ʜʦʚʦʜʝ ʜʦ ʟʥʘʯʘʿʥʠʭ ʧʨʦʤʝʥʘ ʫ ʦʜʛʦʚʦʨʠʤʘ ʤʝʪʦʜʝ. 

ʉʘʜʨʞʘʿ ʘʮʝʪʦʥʠʪʨʠʣʘ ʪʨʝʙʘ ʦʜʨʞʘʚʘʪʠ ʫ ʦʧʩʝʛʫ ʦʜ 33,4% ʜʦ 34,6%, ʜʦʢ pH ʚʨʝʜʥʦʩʪ ʚʦʜʝʥʦʛ 

ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʫ ʦʧʩʝʛʫ ʦʜ 2,57 ʜʦ 2,82. ʉʚʠ ʠʟʨʘʯʫʥʘʪʠ ʦʧʩʝʟʠ ʙʠʣʠ ʩʫ ʫ 

ʩʢʣʘʜʫ ʩʘ DS ʨʝʛʠʦʥʦʤ, ʦʜʥʦʩʥʦ ʨʦʙʫʩʥʠʤ ʨʝʛʠʦʥʦʤ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʠʤ ʜʠʿʘʛʨʘʤʦʤ 

ʧʨʝʢʣʘʧʘˁʘ, ʧʨʠʢʘʟʘʥʠʤ ʥʘ ʩʣʠʮʠ 6. ʆʚʦ ʧʦʪʚʨʹʫʿʝ ʜʘ ʚʘʨʠʿʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ ʫʥʫʪʘʨ 

ʜʝʬʠʥʠʩʘʥʠʭ ʦʧʩʝʛʘ ʥʝ ʜʦʚʦʜʝ ʜʦ ʟʥʘʯʘʿʥʦʛ ʥʘʨʫʰʘʚʘˁʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ 

ʤʝʪʦʜʝ. 

ʀʘʢʦ ʿʝ ʩʪʫʜʠʿʘ ʨʦʙʫʩʥʦʩʪʠ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʤʝʪʦʜʘ ʧʦʩʝʙʥʦ ʦʩʝʪˀʠʚʘ ʥʘ ʧʨʦʤʝʥʝ ʫ ʩʘʜʨʞʘʿʫ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ pH ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʦʛ ʜʝʣʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʧʝʨʬʦʨʤʘʥʩʝ ʤʝʪʦʜʝ ʩʫ ʦʩʪʘʣʝ ʫ 

ʦʢʚʠʨʫ ʧʨʠʭʚʘʪˀʠʚʠʭ ʛʨʘʥʠʮʘ ʧʨʠ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʤʠʥʠʤʘʣʥʠʤ ʚʘʨʠʿʘʮʠʿʘʤʘ. ʏʘʢ ʠ ʧʨʠ 

ʚʘʨʠʿʘʮʠʿʘʤʘ pH ʚʨʝʜʥʦʩʪʠ ʦʜ Ñ0,2 ʿʝʜʠʥʠʮʝ, ʦʜʛʦʚʦʨʠ ʤʝʪʦʜʝ ʦʩʪʘʣʠ ʩʫ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ, ʰʪʦ 

ʫʢʘʟʫʿʝ ʜʘ ʫʦʙʠʯʘʿʝʥʠ ʧʦʩʪʫʧʮʠ ʧʨʠʧʨʝʤʝ ʧʫʬʝʨʘ ʦʙʝʟʙʝʹʫʿʫ ʘʜʝʢʚʘʪʥʫ ʢʦʥʪʨʦʣʫ ʦʚʦʛ 

ʧʘʨʘʤʝʪʨʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʨʹʫʿʫ ʜʘ ʿʝ ʤʝʪʦʜʘ ʨʦʙʫʩʥʘ ʠ ʧʦʛʦʜʥʘ ʟʘ ʨʫʪʠʥʩʢʫ ʧʨʠʤʝʥʫ, 

ʢʘʦ ʠ ʟʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʪʨʘʥʩʬʝʨ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʣʘʙʦʨʘʪʦʨʠʿʘ ʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʭ ʩʠʩʪʝʤʘ, 



50 
 

ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ ʩʝ ʢʨʠʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʦʜʨʞʘʚʘʿʫ ʫʥʫʪʘʨ ʜʝʬʠʥʠʩʘʥʠʭ ʠʥʪʝʨʚʘʣʘ ʨʦʙʫʩʥʦʩʪʠ 

(61). 

 

4.2.7 ʇʨʝʜʥʦʩʪʠ ʠ ʠʥʦʚʘʮʠʿʝ ʫ ʘʥʘʣʠʟʠ ʂʌɼ 

 

ʈʘʟʚʠʿʝʥʘ RP-HPLC ʤʝʪʦʜʘ ʥʫʜʠ ʥʝʢʦʣʠʢʦ ʟʥʘʯʘʿʥʠʭ ʧʨʝʜʥʦʩʪʠ ʟʘ ʘʥʘʣʠʟʫ ʇɽʈ/ɸʄʃ/ʀʅɼ 

ʂʌɼ ʢʦʿʝ ʿʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʧʦʩʪʦʿʝ˂ʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʧʨʠʩʪʫʧʘ. ʀʩʪʦʚʨʝʤʝʥʘ ʘʥʘʣʠʟʘ ʩʚʘ ʪʨʠ ɸʇʀ 

ʫ ʿʝʜʥʦʤ ʘʥʘʣʠʪʠʯʢʦʤ ʮʠʢʣʫʩʫ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘˁʝ ʘʥʘʣʠʪʠʯʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʤʝʪʦʜʘʤʘ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʦʜʚʦʿʝʥʝ ʘʥʘʣʠʟʝ ʟʘ ʩʚʘʢʫ ʢʦʤʧʦʥʝʥʪʫ ʠʣʠ ʝʚʝʥʪʫʘʣʥʦ 

ˁʠʭʦʚʝ ʜʚʦʿʥʝ ʢʦʤʙʠʥʘʮʠʿʝ. ʆʚʦ ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʿʝ ʧʦʩʝʙʥʦ ʚʨʝʜʥʦ ʫ ʦʢʨʫʞʝˁʠʤʘ 

ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ ʩʘ ʚʠʩʦʢʠʤ ʧʨʦʪʦʢʦʤ ʛʜʝ ʚʝʣʠʢʠ ʙʨʦʿ ʫʟʦʨʘʢʘ ʤʦʨʘ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥ ʫ 

ʢʨʘʪʢʠʤ ʚʨʝʤʝʥʩʢʠʤ ʦʢʚʠʨʠʤʘ, ʥʧʨ. in process-ʥʘ ʠ ʟʘʚʨʰʥʘ ʢʦʥʪʨʦʣʘ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ ʫ 

ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ (62). 

ʉʧʦʩʦʙʥʦʩʪ ʤʝʪʦʜʝ ʜʘ ʙʨʟʦ ʠ ʝʬʠʢʘʩʥʦ ʨʘʟʜʚʦʿʠ, ʠʜʝʥʪʠʬʠʢʫʿʝ ʠ ʦʜʨʝʜʠ ʩʚʘʢʠ ɸʇʀ ʫ 

ʧʨʠʩʫʩʪʚʫ ʧʦʤʦ˂ʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʜʝʛʨʘʜʘʮʠʿʝ ɸʇʀ, ʜʠʨʝʢʪʥʦ ʩʝ 

ʙʘʚʠ ʿʝʜʥʠʤ ʦʜ ʧʨʠʤʘʨʥʠʭ ʠʟʘʟʦʚʘ ʫ ʘʥʘʣʠʟʠ ʂʌɼ. ʉʣʦʞʝʥʠ ʤʘʪʨʠʯʥʠ ʝʬʝʢʪʠ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʿʘʚʠʪʠ ʫ ʬʦʨʤʫʣʘʮʠʿʘʤʘ ʩʘ ʚʠʰʝ ʣʝʢʦʚʘ ʫʩʧʝʰʥʦ ʩʝ ʧʨʝʚʘʟʠʣʘʟʝ ʦʧʪʠʤʠʟʠʨʘʥʠʤ ʠ 

ʚʘʣʠʜʠʨʘʥʠʤ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʪʘʯʥʫ ʧʨʦʮʝʥʫ ʩʘʜʨʞʘʿʘ ʠ ʯʠʩʪʦ˂ʝ 

ʩʚʘʢʝ ɸʇʀ. ʆʚʘ ʤʦʛʫ˂ʥʦʩʪ ʿʝ ʥʝʦʧʭʦʜʥʘ ʟʘ ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ ʧʨʦʧʠʩʠʤʘ ʠ ʦʩʠʛʫʨʘˁʝ ʢʚʘʣʠʪʝʪʘ 

ʂʌɼ ʧʨʦʠʟʚʦʜʘ (63). 

ʀʥʪʝʛʨʘʮʠʿʘ ʧʨʠʥʮʠʧʘ ʟʝʣʝʥʝ ʭʝʤʠʿʝ ʫ ʧʨʦʮʝʩ ʨʘʟʚʦʿʘ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚˀʘ ʠʥʦʚʘʪʠʚʘʥ ʧʨʠʩʪʫʧ 

ʢʦʿʠ ʩʝ ʙʘʚʠ ʨʘʩʪʫ˂ʠʤ ʝʢʦʣʦʰʢʠʤ ʧʨʦʙʣʝʤʠʤʘ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ. ʉʤʘˁʝʥʘ ʧʦʪʨʦʰˁʘ 

ʨʘʩʪʚʘʨʘʯʘ, ʝʣʠʤʠʥʘʮʠʿʘ ʦʧʘʩʥʠʭ ʨʝʘʛʝʥʘʩʘ ʠ ʤʠʥʠʤʠʟʠʨʘʥʦ ʩʪʚʘʨʘˁʝ ʦʪʧʘʜʘ ʜʦʧʨʠʥʦʩʝ 

ʦʜʨʞʠʚʠʿʠʤ ʘʥʘʣʠʪʠʯʢʠʤ ʧʨʘʢʩʘʤʘ ʙʝʟ ʫʛʨʦʞʘʚʘˁʘ ʘʥʘʣʠʪʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ʆʚʘ ʝʢʦʣʦʰʢʘ 

ʩʚʝʩʪ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʪʨʝʥʫʪʥʠʤ ʪʨʝʥʜʦʚʠʤʘ ʫ ʠʥʜʫʩʪʨʠʿʠ ʢʘ ʦʜʛʦʚʦʨʥʠʿʦʿ ʧʨʦʠʟʚʦʜˁʠ ʠ ʘʥʘʣʠʟʠ 

ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʧʨʦʠʟʚʦʜʘ (64). 

ʇʨʠʨʦʜʘ ʤʝʪʦʜʝ ʢʦʿʘ ʩʝ ʢʨʦʟ ʧʨʦʚʝʨʫ ʥʠʟʘ ʧʘʨʘʤʝʪʘʨʘ ʧʦʢʘʟʘʣʘ ʢʘʦ ʧʦʫʟʜʘʥʘ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʘ 

ʦʤʦʛʫ˂ʘʚʘ ˁʝʥʫ ʫʧʦʪʨʝʙʫ ʠ ʫ ʘʥʘʣʠʟʠ ʇɽʈ/ɸʄʃ/ʀʅɼ, ʙʠʣʦ ʫ ʩʤʝʰʠ ʠʣʠ ʧʦʿʝʜʠʥʘʯʥʦ, ʢʘʦ 

ɸʇʀ ʠʣʠ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜ, ʘʣʠ ʠ ʟʘ ʪʝʩʪʠʨʘˁʝ ˁʠʭʦʚʝ ʩʪʘʙʠʣʥʦʩʪʠ. ʆʚʘ ʜʚʦʩʪʨʫʢʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʝʣʠʤʠʥʠʰʝ ʧʦʪʨʝʙʫ ʟʘ ʦʜʚʦʿʝʥʠʤ ʘʥʘʣʠʪʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʚʨʭʝ, 

ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʫ˂ʠ ʘʥʘʣʠʪʠʯʢʝ ʦʧʝʨʘʮʠʿʝ ʠ ʩʤʘˁʫʿʫ˂ʠ ʜʫʛʦʪʨʘʿʥʝ ʧʨʦʮʝʜʫʨʝ ʫ ʢʦʤʧʣʝʢʩʥʠʿʠʤ 

ʟʘʭʪʝʚʠʤʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʘʥʘʣʠʪʠʯʢʠʭ ʧʦʩʪʫʧʘʢʘ. ʄʦʛʫ˂ʥʦʩʪ ʧʨʘ˂ʝˁʘ ʧʨʦʠʟʚʦʜʘ ʜʝʛʨʘʜʘʮʠʿʝ 

ʢʦʿʠ ʩʝ ʬʦʨʤʠʨʘʿʫ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʝʩʥʠʤ ʫʩʣʦʚʠʤʘ ʦʤʦʛʫ˂ʠʣʘ ʿʝ ʜʦʙʠʿʘˁʝ ʚʨʝʜʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʣʝʢʦʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʬʦʨʤʫʣʘʮʠʿʝ (56). 

 

4.3 ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʤʝʪʦʜʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ 
 

ʋ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ, ʫʪʠʮʘʿ ʨʘʟʚʠʿʝʥʝ RP-HPLC ʤʝʪʦʜʝ ʥʘ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʧʨʦʮʝˁʝʥ ʿʝ ʧʨʠʤʝʥʦʤ ʚʠʰʝ ʫʪʚʨʹʝʥʠʭ ʘʣʘʪʘ ʟʘ ʧʨʦʮʝʥʫ ʝʢʦʣʦʰʢʝ 

ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʠʤʝˁʝʥʠ ʩʫ NEMI, Analytical 

Eco-Scale, GAPI ʠ AGP ʧʨʠʩʪʫʧʠ, ʰʪʦ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʩʚʝʦʙʫʭʚʘʪʥʫ ʠ ʚʠʰʝʩʪʨʘʥʫ ʧʨʦʮʝʥʫ 

ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ. ʆʚʘʢʘʚ ʢʦʤʙʠʥʦʚʘʥʠ ʧʨʠʩʪʫʧ ʦʙʝʟʙʝʹʫʿʝ 

ʨʦʙʫʩʪʘʥ ʦʢʚʠʨ ʟʘ ʩʘʛʣʝʜʘʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʘʩʧʝʢʘʪʘ ʘʥʘʣʠʪʠʯʢʝ ʦʜʨʞʠʚʦʩʪʠ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʠʟʙʦʨ ʠ ʢʦʣʠʯʠʥʫ ʫʧʦʪʨʝʙˀʝʥʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʧʦʪʨʦʰˁʫ ʝʥʝʨʛʠʿʝ, ʙʝʟʙʝʜʥʦʩʪ ʨʝʘʛʝʥʘʩʘ, 

ʢʦʣʠʯʠʥʫ ʛʝʥʝʨʠʩʘʥʦʛ ʦʪʧʘʜʘ ʠ ʫʢʫʧʘʥ ʫʪʠʮʘʿ ʘʥʘʣʠʪʠʯʢʦʛ ʧʦʩʪʫʧʢʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʅʘ 

ʪʘʿ ʥʘʯʠʥ, ʧʨʦʮʝʥʘ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʥʠʿʝ ʦʛʨʘʥʠʯʝʥʘ ʩʘʤʦ ʥʘ ʿʝʜʘʥ ʧʘʨʘʤʝʪʘʨ, ʚʝ˂ 
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ʧʨʫʞʘ ʢʚʘʥʪʠʪʘʪʠʚʘʥ ʠ ʢʚʘʣʠʪʘʪʠʚʘʥ ʫʚʠʜ ʫ ʝʢʦʣʦʰʢʫ ʧʨʠʭʚʘʪˀʠʚʦʩʪ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʫ 

ʢʦʥʪʝʢʩʪʫ ʩʘʚʨʝʤʝʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʘʥʘʣʠʟʝ (66). 

 

4.3.1 ɽʚʘʣʫʘʮʠʿʘ ʅʘʮʠʦʥʘʣʥʦʛ ʠʥʜʝʢʩʘ ʤʝʪʦʜʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (NEMI) 
 

NEMI ʧʠʢʪʦʛʨʘʤ (ʉʣʠʢʘ 10) ʟʘ ʨʘʟʚʠʿʝʥʫ HPLC ʤʝʪʦʜʫ ʫʢʘʟʠʚʘʦ ʿʝ ʥʘ ʚʠʩʦʢ ʟʝʣʝʥʠ ʩʪʝʧʝʥ. 

ʊʨʠ ʦʜ ʯʝʪʠʨʠ ʢʚʘʜʨʘʥʪʘ NEMI ʧʠʢʪʦʛʨʘʤʘ ʩʫ ʦʙʦʿʝʥʘ ʟʝʣʝʥʦʤ ʙʦʿʦʤ, ʰʪʦ ʟʥʘʯʠ ʜʘ: 

¶ ʢʦʨʠʰ˂ʝʥʠ ʨʝʘʛʝʥʩʠ ʥʠʩʫ ʦʟʥʘʯʝʥʠ ʢʘʦ ʧʝʨʟʠʩʪʝʥʪʥʠ, ʙʠʦʘʢʫʤʫʣʘʪʠʚʥʠ ʠʣʠ ʪʦʢʩʠʯʥʠ 
(PBT) ʦʜ ʩʪʨʘʥʝ ʀʥʚʝʥʪʘʨʘ ʪʦʢʩʠʯʥʦʛ ʠʩʧʫʰʪʘˁʘ ɸʛʝʥʮʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ; 

¶ pH ʚʨʝʜʥʦʩʪ ʢʦʨʠʰ˂ʝʥʦʛ ʤʝʜʠʿʫʤʘ (2,7) ʿʝ ʫ ʧʨʠʭʚʘʪˀʠʚʦʤ ʦʧʩʝʛʫ ʦʜ 2ï12; 

¶ ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʧʨʦʠʟʚʝʜʝʥʦʛ ʪʦʢʦʤ ʤʝʪʦʜʝ ʿʝ ʤʘˁʘ ʦʜ 50 g. 

 

ʉʣʠʢʘ 10. NEMI ʧʠʢʪʦʛʨʘʤ ʟʘ ʪʨʠ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ (ʘ, ʙ ʠ ʮ) (41,43,44) ʠ ʧʨʝʜʣʦʞʝʥʫ ʤʝʪʦʜʫ 

(ʜ) 

ɽʚʘʣʫʘʮʠʿʘ NEMI ʧʠʢʪʦʛʨʘʤʘ ʿʝ ʨʝʟʫʣʪʠʨʘʣʘ ʪʠʤʝ ʜʘ ʩʫ ʪʨʠ ʦʜ ʯʝʪʠʨʠ ʢʚʘʜʨʘʥʪʘ ʦʙʦʿʝʥʘ 

ʟʝʣʝʥʦʤ ʙʦʿʦʤ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʚʦˀʥʝ ʝʢʦʣʦʰʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʚʝ˂ʠʥʠ ʧʨʦʮʝˁʝʥʠʭ 

ʢʨʠʪʝʨʠʿʫʤʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (ʉʣʠʢʘ 10). ʆʚʘʿ ʨʝʟʫʣʪʘʪ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʘʥ ʿʝʨ 

ʧʦʢʘʟʫʿʝ ʜʘ ʤʝʪʦʜʘ ʠʟʙʝʛʘʚʘ ʫʧʦʪʨʝʙʫ ʧʝʨʟʠʩʪʝʥʪʥʠʭ, ʙʠʦʘʢʫʤʫʣʘʪʠʚʥʠʭ ʠ ʪʦʢʩʠʯʥʠʭ (PBT) 

ʨʝʘʛʝʥʩʘ ʢʘʢʦ ʿʝ ʦʜʨʝʹʝʥʦ ʫ ʀʥʚʝʥʪʘʨʫ ʪʦʢʩʠʯʥʦʛ ʠʩʧʫʰʪʘˁʘ ɸʛʝʥʮʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ. ʇʨʝʦʩʪʘʣʠ ʜʝʦ, ʦʟʥʘʯʝʥ ʙʝʣʦʤ ʙʦʿʦʤ, ʦʜʨʘʞʘʚʘ ʝʢʦʣʦʰʢʠ ʰʪʝʪʥʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ 

ʧʦʚʝʟʘʥʫ ʩʘ ʫʧʦʪʨʝʙʦʤ ʰʪʝʪʥʠʭ ʨʝʘʛʝʥʘʩʘ, ʥʧʨ. ʘʮʝʪʦʥʠʪʨʠʣʘ, ʫʧʨʢʦʩ ʧʦʚʦˀʥʦʤ ʝʢʦʣʦʰʢʦʤ 

ʧʨʦʬʠʣʫ ʦʚʝ ʤʝʪʦʜʝ ʫ ʩʚʠʤ ʦʩʪʘʣʠʤ ʬʘʟʘʤʘ (ʦʜ ʧʨʠʧʨʝʤʝ ʫʟʦʨʘʢʘ ʜʦ ʘʥʘʣʠʟʝ ʟʘʚʨʰʥʠʭ 

ʧʦʜʘʪʘʢʘ). 

ɽʚʘʣʫʘʮʠʿʘ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ pH ʚʨʝʜʥʦʩʪ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʩʚʠ ʨʘʩʪʚʦʨʠ ʢʦʨʠʰ˂ʝʥʠ ʫ ʤʝʪʦʜʠ 

ʩʧʘʜʘʿʫ ʫ ʧʨʠʭʚʘʪˀʠʚ ʦʧʩʝʛ pH ʚʨʝʜʥʦʩʪ (2-12), ʠʟʙʝʛʘʚʘʿʫ˂ʠ ʫʧʦʪʨʝʙʫ ʿʘʢʦ ʢʠʩʝʣʠʭ ʠʣʠ ʿʘʢʦ 

ʙʘʟʥʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʧʨʝʜʩʪʘʚˀʘʪʠ ʦʧʘʩʥʦʩʪ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʇʨʦʮʝʥʘ ʩʪʚʘʨʘˁʘ 

ʦʪʧʘʜʘ ʧʦʪʚʨʜʠʣʘ ʿʝ ʜʘ ʿʝ ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʧʨʦʠʟʚʝʜʝʥʦʛ ʦʪʧʘʜʘ ʧʦ ʘʥʘʣʠʟʠ ʤʘˁʘ ʦʜ 50 g, ʰʪʦ 

ʠʩʧʫˁʘʚʘ NEMI ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʤʠʥʠʤʘʣʥʫ ʧʨʦʠʟʚʦʜˁʫ ʦʪʧʘʜʘ (65).ʆʚʘʿ ʨʝʟʫʣʪʘʪ ʧʦʢʘʟʫʿʝ ʜʘ 
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ʤʝʪʦʜʘ ʫʤʘˁʫʿʝ ʫʧʦʪʨʝʙʫ ʦʧʘʩʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʛʝʥʝʨʠʰʝ ʤʘʣʫ ʢʦʣʠʯʠʥʫ ʦʪʧʘʜʘ, ʰʪʦ ʿʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʮʠˀʝʚʠʤʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. 

 

4.3.2 ɸʥʘʣʠʪʠʯʢʘ ʝʢʦ-ʩʢʘʣʘ 
 

ʇʨʦʮʝʥʘ ʘʥʘʣʠʪʠʯʢʦʤ ʝʢʦ-ʩʢʘʣʦʤ ʿʝ ʧʨʫʞʠʣʘ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʤʝʨʫ ʫʪʠʮʘʿʘ ʤʝʪʦʜʝ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ, ʩʘ ʨʝʟʫʣʪʘʪʦʤ ʦʜ 85 ʧʦʝʥʘ ʢʦʿʠ ʢʣʘʩʠʬʠʢʫʿʫ ʤʝʪʦʜʫ ʢʘʦ Ăʦʜʣʠʯʥʫñ (ʝʢʦʣʦʰʢʠ ʜʦʙʨʦ 

ʧʨʠʭʚʘʪˀʠʚʫ) ʩʘ ʝʢʦʣʦʰʢʝ ʧʝʨʩʧʝʢʪʠʚʝ (ʊʘʙʝʣʘ 6). ʆʚʘʿ ʩʠʩʪʝʤ ʙʦʜʦʚʘˁʘ, ʢʦʿʠ ʧʦʯʠˁʝ ʩʘ 

ʩʘʚʨʰʝʥʠʤ ʨʝʟʫʣʪʘʪʦʤ ʦʜ 100 (ʘʧʩʦʣʫʪʥʘ ʙʝʟʙʝʜʥʦʩʪ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ) ʠ ʦʜʫʟʠʤʘˁʝʤ 

ʢʘʟʥʝʥʠʭ ʧʦʝʥʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʦʧʘʩʥʦʩʪʠ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʧʨʫʞʘ ʥʫʤʝʨʠʯʢʫ ʦʩʥʦʚʫ ʟʘ 

ʧʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ (35). 

ʂʘʟʥʝʥʠ ʧʦʝʥʠ ʜʦʜʝˀʝʥʠ ʫ ʦʚʦʿ ʝʚʘʣʫʘʮʠʿʠ ʧʨʚʝʥʩʪʚʝʥʦ ʩʫ ʩʝ ʦʜʥʦʩʠʣʠ ʥʘ ʫʧʦʪʨʝʙʫ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʢʘʦ ʦʨʛʘʥʩʢʦʛ ʤʦʜʠʬʠʢʘʪʦʨʘ ʫ ʤʦʙʠʣʥʦʿ ʬʘʟʠ, ʢʦʿʠ, ʠʘʢʦ ʤʘˁʝ ʪʦʢʩʠʯʘʥ ʦʜ 

ʤʥʦʛʠʭ ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʠ ʜʘˀʝ ʥʦʩʠ ʦʜʨʝʹʝʥʦ ʦʧʪʝʨʝ˂ʝˁʝ/ʰʪʝʪʥʦʩʪ ʧʦ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʄʝʹʫʪʠʤ, ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ ʢʘʟʥʘ ʟʘ ʫʧʦʪʨʝʙʫ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʠʤ ʢʘʟʥʝʥʠʤ ʙʦʜʦʚʠʤʘ ʠʟ ʜʨʫʛʠʭ ʘʩʧʝʢʘʪʘ ʢʘʦ ʰʪʦ ʩʫ ʝʥʝʨʛʠʿʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠ ʩʪʚʘʨʘˁʝ ʦʪʧʘʜʘ, ʨʝʟʫʣʪʠʨʘʣʘ ʿʝ ʦʜʣʠʯʥʦʤ ʫʢʫʧʥʦʤ ʦʮʝʥʦʤ ʟʘ ʝʢʦʣʦʰʢʫ ʧʨʠʭʚʘʪˀʠʚʦʩʪ. 

ɽʢʦ-ʩʢʘʣʘ ʿʝ ʪʘʢʦʹʝ ʫʟʝʣʘ ʫ ʦʙʟʠʨ ʝʥʝʨʛʝʪʩʢʝ ʟʘʭʪʝʚʝ ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʚʨʝʤʝ 

ʨʘʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʝʥʝʨʛʝʪʩʢʝ ʧʦʪʨʝʙʝ ʟʘ ʧʨʠʧʨʝʤʫ ʫʟʦʨʢʘ. ʆʧʪʠʤʠʟʦʚʘʥʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠ 

ʫʩʣʦʚʠ, ʩʘ ʫʢʫʧʥʠʤ ʚʨʝʤʝʥʦʤ ʨʘʜʘ ʤʘˁʠʤ ʦʜ 15 ʤʠʥʫʪʘ ʠ ʤʠʥʠʤʘʣʥʠʤ ʟʘʭʪʝʚʠʤʘ ʟʘ ʧʨʠʧʨʝʤʫ 

ʫʟʦʨʢʘ, ʜʦʧʨʠʥʦʩʝ ʩʤʘˁʝʥʦʿ ʧʦʪʨʦʰˁʠ ʝʥʝʨʛʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʫʞʠʤ ʘʥʘʣʠʪʠʯʢʠʤ 

ʧʦʩʪʫʧʮʠʤʘ. ʆʚʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʦʛʣʝʜʫ ʚʨʝʤʝʥʘ ʠ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʘʥ ʘʩʧʝʢʪ ʟʝʣʝʥʝ 

ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʟʘʥʝʤʘʨʫʿʝ ʫ ʨʘʟʚʦʿʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ (66).  

ʊʘʙʝʣʘ 6. ʇʦʨʝʹʝˁʝ ʝʢʦ-ʩʢʘʣʝ ʨʝʟʫʣʪʘʪʘ ʟʘ ʧʨʝʜʣʦʞʝʥʫ ʤʝʪʦʜʫ ʠ ʦʙʿʘʚˀʝʥʝ ʤʝʪʦʜʝ (41ï44) 

 

ʂʘʟʥʝʥʠ ʧʦʝʥʠ  

ʈʘʟʚʠʿʝʥʘ 

ʤʝʪʦʜʘ  

ʆʙʿʘʚˀʝʥʘ 

ʤʝʪʦʜʘ (41) 

ʆʙʿʘʚˀʝʥʘ 

ʤʝʪʦʜʘ (42) 

ʆʙʿʘʚˀʝʥʘ 

ʤʝʪʦʜʘ (43) 

ʆʙʿʘʚˀʝʥʘ 

ʤʝʪʦʜʘ (44) 

ʈʝʘʛʝʥʩʠ      

ʂʘʣʠʿʫʤ ʭʠʜʨʦʛʝʥ 

ʬʦʩʬʘʪ 
0 - - - - 

ʂʘʣʠʿʫʤ 

ʜʠʭʠʜʨʦʛʝʥ ʬʦʩʬʘʪ 
0 0 0 0 - 

ʌʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ 1 2 1 1 - 

ʄʝʪʘʥʦʣ - 6 18 12 12 

ɸʮʝʪʦʥʠʪʨʠʣ 8 8 - 8 - 

ɼʠʭʣʦʨʤʝʪʘʥ - - - - 4 

ʊʦʣʫʝʥ - - - - 6 

ʉʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ - - - - 4 

ɽʥʝʨʛʠʿʘ 

ʠʥʩʪʨʫʤʝʥʪʘ 
1 1 1 1 1 

ʆʧʘʩʥʦʩʪ ʦʜ 

ʨʫʢʦʚʘˁʘ 
0 0 0 0 0 

ʆʪʧʘʜ 5 5 5 5 5 

ʋʢʫʧʥʦ ʢʘʟʥʝʥʠʭ 

ʧʦʝʥʘ 
15 22 25 27 32 

ʋʢʫʧʥʘ ʦʮʿʝʥʘ 

ʘʥʘʣʠʪʠʯʢʝ ɽʢʦ 

ʩʢʘʣʝ 

85 78 75 73 68 

 



53 
 

4.3.3 ʇʨʦʮʝʥʘ ʠʥʜʝʢʩʘ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ (GAPI) 
 

ɼʦʜʘʪʥʘ ʧʨʦʮʝʥʘ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ GAPI 

ʧʨʠʩʪʫʧʘ, ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʚʠʟʫʝʣʥʫ ʠ ʧʦʣʫʢʚʘʥʪʠʪʘʪʠʚʥʫ ʧʨʦʮʝʥʫ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ 

ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ ʢʨʦʟ ʧʨʠʢʘʟ ʫ ʦʙʣʠʢʫ ʧʝʥʪʘʛʨʘʤʘ. ʇʦʿʝʜʠʥʘʯʥʠ ʩʝʛʤʝʥʪʠ GAPI 

ʧʝʥʪʘʛʨʘʤʘ ʦʟʥʘʯʝʥʠ ʩʫ ʙʦʿʘʤʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʝʧʝʥʘ ʝʢʦʣʦʰʢʦʛ ʨʠʟʠʢʘ, ʧʨʠ ʯʝʤʫ ʟʝʣʝʥʘ 

ʙʦʿʘ ʫʢʘʟʫʿʝ ʥʘ ʥʘʿʧʦʚʦˀʥʠʿʠ, ʞʫʪʘ ʥʘ ʫʤʝʨʝʥʠ, ʘ ʮʨʚʝʥʘ ʥʘ ʥʘʿʥʝʧʦʚʦˀʥʠʿʠ ʝʢʦʣʦʰʢʠ ʧʨʦʬʠʣ. 

GAPI ʧʨʦʮʝʥʘ ʿʝ ʦʙʫʭʚʘʪʠʣʘ ʚʠʰʝ ʢˀʫʯʥʠʭ ʘʩʧʝʢʘʪʘ ʘʥʘʣʠʪʠʯʢʦʛ ʧʦʩʪʫʧʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʧʨʠʧʨʝʤʫ ʫʟʦʨʢʘ, ʫʧʦʪʨʝʙʫ ʭʝʤʠʿʩʢʠʭ ʨʝʘʛʝʥʘʩʘ, ʠʥʩʪʨʫʤʝʥʪʘʣʥʫ ʘʥʘʣʠʟʫ, ʙʝʟʙʝʜʥʦʩʪ 

ʘʥʘʣʠʪʠʯʘʨʘ ʠ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ. 

 

 

ʉʣʠʢʘ 11. ʇʝʪʦʜʝʣʥʠ GAPI ʧʝʥʪʘʛʨʘʤʠ ʟʘ ʪʨʠ ʦʙʿʘʚˀʝʥʝ ʤʝʪʦʜʝ (ʘ, ʙ ʠ ʮ) (41,43,44)  ʠ 

ʧʨʝʜʣʦʞʝʥʫ ʤʝʪʦʜʫ (ʜ). 

ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 11, ʚʝ˂ʠʥʘ ʩʝʛʤʝʥʘʪʘ ʫʥʫʪʘʨ GAPI ʧʝʥʪʘʛʨʘʤʘ ʦʙʦʿʝʥʘ ʿʝ 

ʟʝʣʝʥʦʤ ʙʦʿʦʤ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʚʦˀʘʥ ʝʢʦʣʦʰʢʠ ʧʨʦʬʠʣ ʨʘʟʚʠʿʝʥʝ RP-HPLC ʤʝʪʦʜʝ. ʇʦʩʝʙʥʦ 

ʧʦʚʦˀʥʘ ʦʮʝʥʘ ʜʦʙʠʿʝʥʘ ʿʝ ʟʘ ʧʨʠʧʨʝʤʫ ʫʟʦʨʢʘ, ʿʝʨ ʿʝ ʧʦʩʪʫʧʘʢ ʟʘʩʥʦʚʘʥ ʥʘ ʿʝʜʥʦʩʪʘʚʥʦʤ 

ʨʘʩʪʚʘʨʘˁʫ ʠ ʨʘʟʙʣʘʞʠʚʘˁʫ, ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʩʣʦʞʝʥʠʤ ʝʢʩʪʨʘʢʮʠʦʥʠʤ ʪʝʭʥʠʢʘʤʘ, 

ʜʝʨʠʚʘʪʠʟʘʮʠʿʦʤ ʠʣʠ ʫʧʦʪʨʝʙʦʤ ʚʝ˂ʝʛ ʙʨʦʿʘ ʜʦʜʘʪʥʠʭ ʨʝʘʛʝʥʘʩʘ. ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʩʤʘˁʫʿʝ 

ʧʦʪʨʦʰˁʫ ʭʝʤʠʢʘʣʠʿʘ, ʩʢʨʘ˂ʫʿʝ ʚʨʝʤʝ ʘʥʘʣʠʟʝ, ʩʤʘˁʫʿʝ ʢʦʣʠʯʠʥʫ ʦʪʧʘʜʘ ʠ ʠʩʪʦʚʨʝʤʝʥʦ 

ʫʤʘˁʫʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʦʿʘʚʝ ʘʥʘʣʠʪʠʯʢʠʭ ʛʨʝʰʘʢʘ. 

ʇʨʦʮʝʥʘ ʭʝʤʠʿʩʢʠʭ ʨʝʘʛʝʥʘʩʘ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʫʧʦʪʨʝʙʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ ʫ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ ʢʦʣʠʯʠʥʘʤʘ ʜʦʧʨʠʥʦʩʠ ʧʨʠʭʚʘʪˀʠʚʦʤ ʝʢʦʣʦʰʢʦʤ ʧʨʦʬʠʣʫ ʤʝʪʦʜʝ, 

ʥʘʨʦʯʠʪʦ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʧʦʩʪʫʧʘʢ ʥʝ ʟʘʭʪʝʚʘ ʧʨʠʤʝʥʫ ʚʠʩʦʢʦ ʪʦʢʩʠʯʥʠʭ ʨʝʘʛʝʥʘʩʘ. ʀʧʘʢ, 

ʧʨʠʩʫʩʪʚʦ ʞʫʪʠʭ ʠ ʮʨʚʝʥʠʭ ʩʝʛʤʝʥʘʪʘ ʫ GAPI ʧʝʥʪʘʛʨʘʤʫ ʫʛʣʘʚʥʦʤ ʿʝ ʧʦʚʝʟʘʥʦ ʩʘ ʫʧʦʪʨʝʙʦʤ 

ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ, ʦʜʥʦʩʥʦ ʘʮʝʪʦʥʠʪʨʠʣʘ ʫ ʤʦʙʠʣʥʦʿ ʬʘʟʠ, ʢʘʦ ʠ ʩʘ ʥʘʩʪʘʥʢʦʤ ʪʝʯʥʦʛ 

ʭʝʤʠʿʩʢʦʛ ʦʪʧʘʜʘ. ʆʚʠ ʝʣʝʤʝʥʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʯʝʢʠʚʘʥʝ ʠ ʪʝʰʢʦ ʧʦʪʧʫʥʦ ʠʟʙʝʛˀʠʚʝ 

ʢʦʤʧʨʦʤʠʩʝ ʢʦʜ HPLC ʤʝʪʦʜʘ, ʘʣʠ ʩʫ ʫ ʨʘʟʚʠʿʝʥʦʿ ʤʝʪʦʜʠ ʩʚʝʜʝʥʠ ʥʘ ʥʘʿʤʘˁʫ ʤʦʛʫ˂ʫ ʤʝʨʫ ʫ 

ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʘʥʘʣʠʪʠʯʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 
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ʇʨʦʮʝʥʘ ʠʥʩʪʨʫʤʝʥʪʘʮʠʿʝ ʫʢʘʟʘʣʘ ʿʝ ʥʘ ʧʨʠʭʚʘʪˀʠʚʫ ʝʥʝʨʛʝʪʩʢʫ ʧʦʪʨʦʰˁʫ HPLC ʩʠʩʪʝʤʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʝʥʝʨʛʝʪʩʢʠ ʟʘʭʪʝʚʥʠʿʠʤ ʘʥʘʣʠʪʠʯʢʠʤ ʪʝʭʥʠʢʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʛʘʩʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʠʣʠ ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʩʧʨʝʛʥʫʪʘ ʩʘ ʤʘʩʝʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʿʦʤ. 

ʀʩʪʦʚʨʝʤʝʥʦ, ʧʨʦʮʝʥʘ ʙʝʟʙʝʜʥʦʩʪʠ ʘʥʘʣʠʪʠʯʘʨʘ ʧʦʪʚʨʜʠʣʘ ʿʝ ʜʘ ʿʝ ʨʠʟʠʢ ʦʜ ʠʟʣʦʞʝʥʦʩʪʠ 

ʰʪʝʪʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʦʛʨʘʥʠʯʝʥ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʿʝʜʥʦʩʪʘʚʥʦʿ ʧʨʠʧʨʝʤʠ ʫʟʦʨʘʢʘ, ʫʤʝʨʝʥʦʿ 

ʫʧʦʪʨʝʙʠ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ ʠ ʦʜʩʫʩʪʚʫ ʚʠʩʦʢʦ ʦʧʘʩʥʠʭ ʨʝʘʛʝʥʘʩʘ. ʋ ʮʝʣʠʥʠ, GAPI 

ʝʚʘʣʫʘʮʠʿʘ ʿʝ ʧʦʪʚʨʜʠʣʘ ʜʘ ʨʘʟʚʠʿʝʥʘ ʤʝʪʦʜʘ ʠʤʘ ʧʦʚʦˀʘʥ ʝʢʦʣʦʰʢʠ ʧʨʦʬʠʣ ʠ ʜʘ ʧʨʝʜʩʪʘʚˀʘ 

ʧʨʠʭʚʘʪˀʠʚ ʘʥʘʣʠʪʠʯʢʠ ʧʨʠʩʪʫʧ ʫ ʧʦʛʣʝʜʫ ʦʜʨʞʠʚʦʩʪʠ, ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʥʝ 

ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ (33). 

ɼʦʜʘʪʥʘ ʧʨʦʮʝʥʘ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʚʨʰʝʥʘ ʿʝ GAPI ʧʨʠʩʪʫʧʦʤ, ʪʿ. ʢʦʥʩʪʨʫʢʮʠʿʦʤ 

ʩʝʪʘ ʦʜ ʧʝʪ ʩʧʝʮʠʬʠʯʥʠʭ ʧʝʥʪʦʛʨʘʤʘ, ʢʦʿʠ ʩʫ ʥʘ ʦʩʥʦʚʫ ʩʪʝʧʝʥʘ ʝʢʦ-ʨʠʟʠʢʘ ʦʟʥʘʯʝʥʠ 

ʦʜʨʝʹʝʥʠʤ ʙʦʿʘʤʘ (ʟʝʣʝʥʘ ï ʝʢʦʣʦʰʢʠ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʘ, ʜʦ ʮʨʚʝʥʝ ï ʝʢʦʣʦʰʢʠ 

ʥʘʿʥʝʧʨʠʭʚʘʪˀʠʚʠʿʘ). ɺʠʟʫʝʣʥʘ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʧʝʥʪʘʛʨʘʤʘ, ʧʨʫʞʠʣʘ ʿʝ ʜʝʪʘˀʥʫ, 

ʧʦʣʫʢʚʘʥʪʠʪʘʪʠʚʥʫ ʧʨʦʮʝʥʫ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʤʝʪʦʜʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʘʟʘʤʘ 

ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ. ʀʟ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ (ʉʣʠʢʘ 11) ʩʝ ʚʠʜʠ ʜʘ ʿʝ ʚʝ˂ʠʥʘ ʜʝʣʦʚʘ ʫʥʫʪʘʨ 

GAPI ʧʝʥʪʘʛʨʘʤʘ ʦʙʦʿʝʥʘ ʟʝʣʝʥʦʤ ʙʦʿʦʤ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʥʘʿʤʘˁʠ ʰʪʝʪʥʠ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ. ʇʨʝʦʩʪʘʣʠ ʞʫʪʠ/ʮʨʚʝʥʠ ʩʝʛʤʝʥʪʠ ʫʛʣʘʚʥʦʤ ʦʜʨʘʞʘʚʘʿʫ ʰʪʝʪʥʠ ʫʪʠʮʘʿ ʦʨʛʘʥʩʢʠʭ 

ʨʘʩʪʚʘʨʘʯʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʦʜʨʝʹʝʥʠʤ ʢʦʨʘʮʠʤʘ ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ (ʫʧʦʪʨʝʙʘ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʟʘ ʧʨʠʧʨʝʤʫ ʤʦʙʠʣʥʝ ʬʘʟʝ) ʠ ʧʦʚʝʟʘʥʦ ʩʪʚʘʨʘˁʝ ʦʪʧʘʜʘ, ʰʪʦ ʩʫ ʥʝʠʟʙʝʞʥʠ 

ʢʦʤʧʨʦʤʠʩʠ ʢʦʜ HPLC ʤʝʪʦʜʘ. ʆʚʦ ʿʝ ʫʢˀʫʯʠʚʘʣʦ ʘʩʧʝʢʪʝ ʚʝʟʘʥʝ ʟʘ ʧʨʠʧʨʝʤʫ ʫʟʦʨʢʘ, 

ʧʦʪʨʦʰˁʫ ʨʝʘʛʝʥʩʘ, ʠʥʩʪʨʫʤʝʥʪʘʮʠʿʫ ʠ ʪʨʝʪʤʘʥ ʦʪʧʘʜʘ. GAPI ʧʨʦʮʝʥʘ ʿʝ ʠʩʪʘʢʣʘ ʫʩʧʝʭ ʤʝʪʦʜʝ 

ʫ ʩʤʘˁʝˁʫ ʫʢʫʧʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʧʦʚʝʟʘʥʦʛ ʩʘ ʘʥʘʣʠʪʠʯʢʠʤ ʧʨʦʮʝʩʦʤ, ʦʜ 

ʨʫʢʦʚʘˁʘ ʫʟʦʨʮʠʤʘ ʜʦ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ. 

 

4.3.4 ʇʨʦʮʝʥʘ ʟʝʣʝʥʦʛ ʧʨʦʬʠʣʘ (AGP) 
 

ɽʚʘʣʫʘʮʠʿʘ ʧʨʠʤʝʥʦʤ AGP ʧʨʠʩʪʫʧʘ, ʧʨʠʢʘʟʘʥʘ ʫ ʦʙʣʠʢʫ ʧʝʥʪʘʛʨʘʤʘ, ʦʤʦʛʫ˂ʠʣʘ ʿʝ 

ʩʚʝʦʙʫʭʚʘʪʥʫ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʘʟʚʠʿʝʥʦʤ ʘʥʘʣʠʪʠʯʢʦʤ ʤʝʪʦʜʦʤ ʫ ʧʝʪ ʢˀʫʯʥʠʭ 

ʢʘʪʝʛʦʨʠʿʘ: ʟʜʨʘʚˀʝ, ʙʝʟʙʝʜʥʦʩʪ, ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ, ʦʪʧʘʜ ʠ ʝʥʝʨʛʠʿʘ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʩʣʠʮʠ 12, ʧʝʥʪʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʦʢʘʟʘʦ ʿʝ ʧʨʝʪʝʞʥʦ ʟʝʣʝʥ ʧʨʦʬʠʣ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʥʠʟʘʢ ʨʠʟʠʢ 

ʫ ʚʝ˂ʠʥʠ ʧʨʦʮʝˁʠʚʘʥʠʭ ʢʘʪʝʛʦʨʠʿʘ. ʆʚʘʢʘʚ ʨʝʟʫʣʪʘʪ ʧʦʪʚʨʹʫʿʝ ʜʘ ʨʘʟʚʠʿʝʥʘ RP-HPLC ʤʝʪʦʜʘ 

ʠʤʘ ʧʦʚʦˀʘʥ ʝʢʦʣʦʰʢʠ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʧʨʦʬʠʣ, ʢʘʦ ʠ ʜʘ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʫʢʫʧʥʦʛ 

ʝʢʦʣʦʰʢʦʛ ʦʪʠʩʢʘ ʘʥʘʣʠʪʠʯʢʝ ʧʨʦʮʝʜʫʨʝ. 

 

ʉʣʠʢʘ 12. AGP ʧʝʥʪʘʛʨʘʤʠ ʟʘ ʪʨʠ ʦʙʿʘʚˀʝʥʝ ʤʝʪʦʜʝ (ʘ, ʙ ʠ ʮ) (41,43,44) ʠ ʧʨʝʜʣʦʞʝʥʫ ʤʝʪʦʜʫ 

(ʜ). 
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ʇʨʦʮʝʥʘ ʟʜʨʘʚʩʪʚʝʥʦʛ ʨʠʟʠʢʘ ʦʙʫʭʚʘʪʠʣʘ ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʘʢʫʪʥʝ ʠ ʭʨʦʥʠʯʥʝ ʝʬʝʢʪʝ 

ʠʟʣʦʞʝʥʦʩʪʠ ʘʥʘʣʠʪʠʯʢʠʤ ʨʝʘʛʝʥʩʠʤʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʨʝʣʘʪʠʚʥʦ ʧʦʚʦˀʘʥ ʪʦʢʩʠʢʦʣʦʰʢʠ ʧʨʦʬʠʣ 

ʫʧʦʪʨʝʙˀʝʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʤʦʙʠʣʥʝ ʬʘʟʝ ʜʦʧʨʠʥʝʦ ʟʝʣʝʥʦʿ ʦʮʝʥʠ. ʋ ʦʢʚʠʨʫ ʧʨʦʮʝʥʝ 

ʙʝʟʙʝʜʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥʠ ʩʫ ʨʠʟʠʮʠ ʧʦʚʝʟʘʥʠ ʩʘ ʟʘʧʘˀʠʚʦʰ˂ʫ ʠ ʤʦʛʫ˂ʦʤ ʠʟʣʦʞʝʥʦʰ˂ʫ 

ʘʮʝʪʦʥʠʪʨʠʣʫ. ʀʘʢʦ ʘʮʝʪʦʥʠʪʨʠʣ ʧʨʝʜʩʪʘʚˀʘ ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯ ʩʘ ʦʜʨʝʹʝʥʠʤ ʙʝʟʙʝʜʥʦʩʥʠʤ 

ʨʠʟʠʮʠʤʘ, ˁʝʛʦʚʘ ʫʧʦʪʨʝʙʘ ʫ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ ʢʦʣʠʯʠʥʘʤʘ ʜʦʧʨʠʥʝʣʘ ʿʝ ʧʨʠʭʚʘʪˀʠʚʦʤ 

ʫʢʫʧʥʦʤ ʧʨʦʬʠʣʫ ʤʝʪʦʜʝ. ʇʨʦʮʝʥʘ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʫʟʝʣʘ ʿʝ ʫ ʦʙʟʠʨ ʧʦʪʝʥʮʠʿʘʣʥʫ 

ʧʦʩʪʦʿʘʥʦʩʪ ʠ ʙʠʦʘʢʫʤʫʣʘʮʠʿʫ ʧʨʠʤʝˁʝʥʠʭ ʨʝʘʛʝʥʘʩʘ, ʧʨʠ ʯʝʤʫ ʫʧʦʪʨʝʙʘ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ ʠ 

ʦʛʨʘʥʠʯʝʥʝ ʢʦʣʠʯʠʥʝ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ ʧʦʜʨʞʘʚʘʿʫ ʧʦʚʦˀʥʫ ʦʮʝʥʫ ʤʝʪʦʜʝ. 

AGP ʧʨʦʮʝʥʘ ʿʝ ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʘ ʜʘ ʩʫ ʨʠʟʠʮʠ ʧʦʚʝʟʘʥʠ ʩʘ ʥʘʩʪʘʥʢʦʤ ʦʪʧʘʜʘ ʠ ʧʦʪʨʦʰˁʦʤ 

ʝʥʝʨʛʠʿʝ ʩʚʝʜʝʥʠ ʥʘ ʧʨʠʭʚʘʪˀʠʚ ʥʠʚʦ. ʀʘʢʦ ʩʝ ʪʦʢʦʤ HPLC ʘʥʘʣʠʟʝ ʥʝʠʟʙʝʞʥʦ ʛʝʥʝʨʠʰʝ 

ʪʝʯʥʠ ʭʝʤʠʿʩʢʠ ʦʪʧʘʜ, ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʩʘʩʪʘʚʦʤ ʤʦʙʠʣʥʝ ʬʘʟʝ 

ʠ ʨʘʮʠʦʥʘʣʥʦʤ ʧʦʪʨʦʰˁʦʤ ʨʘʩʪʚʘʨʘʯʘ. ʉʘ ʘʩʧʝʢʪʘ ʝʥʝʨʛʝʪʩʢʝ ʧʦʪʨʦʰˁʝ, ʤʝʪʦʜʘ ʿʝ ʦʮʝˁʝʥʘ 

ʢʘʦ ʧʨʠʭʚʘʪˀʠʚʘ ʟʘ ʨʫʪʠʥʩʢʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʫ ʧʨʠʤʝʥʫ, ʧʦʩʝʙʥʦ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʣʦʞʝʥʠʿʠʤ ʠ 

ʝʥʝʨʛʝʪʩʢʠ ʟʘʭʪʝʚʥʠʿʠʤ ʘʥʘʣʠʪʠʯʢʠʤ ʪʝʭʥʠʢʘʤʘ. ʋ ʮʝʣʠʥʠ, ʧʦʚʦˀʥʘ AGP ʦʮʝʥʘ ʧʦʪʚʨʹʫʿʝ ʜʘ 

ʨʘʟʚʠʿʝʥʘ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚˀʘ ʙʝʟʙʝʜʥʠʿʠ ʠ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠʿʠ ʘʥʘʣʠʪʠʯʢʠ ʧʨʠʩʪʫʧ, ʫ 

ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʠ ʦʜʨʞʠʚʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʘʥʘʣʠʟʝ (48). 

 

4.3.5 ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʤʝʪʦʜʝ 
 

ʉʚʝʦʙʫʭʚʘʪʥʘ ʧʨʦʮʝʥʘ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʨʘʟʚʠʿʝʥʝ RP-HPLC ʤʝʪʦʜʝ, ʩʧʨʦʚʝʜʝʥʘ 

ʧʨʠʤʝʥʦʤ NEMI, Analytical Eco-Scale, GAPI ʠ AGP ʧʨʠʩʪʫʧʘ, ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʥʦʚʦʨʘʟʚʠʿʝʥʘ 

ʤʝʪʦʜʘ ʠʤʘ ʧʦʚʦˀʥʠʿʠ ʝʢʦʣʦʰʢʠ ʧʨʦʬʠʣ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʚˀʝʥʝ ʤʝʪʦʜʝ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʩʣʠʯʥʠʭ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ ʠ ˁʠʭʦʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ. ʆʚʘ ʧʨʝʜʥʦʩʪ 

ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʘʞˀʠʚʠʤ ʠʟʙʦʨʦʤ ʢʦʤʧʦʥʝʥʪʠ ʤʦʙʠʣʥʝ ʬʘʟʝ, ʩʤʘˁʝˁʝʤ ʫʜʝʣʘ ʦʨʛʘʥʩʢʦʛ 

ʨʘʩʪʚʘʨʘʯʘ, ʨʘʮʠʦʥʘʣʠʟʘʮʠʿʦʤ ʧʦʪʨʦʰˁʝ ʨʝʘʛʝʥʘʩʘ, ʩʢʨʘ˂ʝˁʝʤ ʚʨʝʤʝʥʘ ʘʥʘʣʠʟʝ ʠ 

ʩʠʩʪʝʤʘʪʩʢʠʤ ʧʨʠʩʪʫʧʦʤ ʨʘʟʚʦʿʫ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʠʤ ʥʘ AQbD ʧʨʠʥʮʠʧʠʤʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʿʝ 

ʜʦʙʠʿʝʥʘ ʤʝʪʦʜʘ ʢʦʿʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠʩʧʫˁʘʚʘ ʟʘʭʪʝʚʝ ʘʥʘʣʠʪʠʯʢʝ ʧʦʫʟʜʘʥʦʩʪʠ, ʨʦʙʫʩʥʦʩʪʠ, 

ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʝʢʦʣʦʰʢʝ ʦʜʛʦʚʦʨʥʦʩʪʠ. 

ʋʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʩʘ ʣʠʪʝʨʘʪʫʨʥʦ ʜʦʩʪʫʧʥʠʤ ʧʦʜʘʮʠʤʘ ʟʘ HPLC ʤʝʪʦʜʝ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʩʝ ʢʦʜ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʧʦʩʪʫʧʘʢʘ ʟʘ ʘʥʘʣʠʟʫ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʠʭ ʣʝʢʦʚʘ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʚʝ˂ʠ ʫʜʝʣʠ 

ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʥʘʿʯʝʰ˂ʝ ʫ ʦʧʩʝʛʫ ʦʜ 50% ʜʦ 70% ʘʮʝʪʦʥʠʪʨʠʣʘ ʠʣʠ ʤʝʪʘʥʦʣʘ. ʅʘʩʫʧʨʦʪ 

ʪʦʤʝ, ʦʧʪʠʤʠʟʦʚʘʥʘ ʤʝʪʦʜʘ ʨʘʟʚʠʿʝʥʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʢʦʨʠʩʪʠ 34% ʘʮʝʪʦʥʠʪʨʠʣʘ, ʫʟ 

ʧʦʚʝ˂ʘʥ ʫʜʝʦ ʚʦʜʝʥʝ ʬʘʟʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ. 

ʆʚʦ ʩʤʘˁʝˁʝ ʠʤʘ ʚʘʞʘʥ ʝʢʦʣʦʰʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʟʥʘʯʘʿ, ʧʦʩʝʙʥʦ ʫ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʫ ʢʦʿʠʤʘ ʩʝ 

ʩʚʘʢʦʜʥʝʚʥʦ ʠʟʚʦʜʠ ʚʝʣʠʢʠ ʙʨʦʿ ʘʥʘʣʠʟʘ. ʄʘˁʘ ʧʦʪʨʦʰˁʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʠʨʝʢʪʥʦ ʜʦʚʦʜʠ ʜʦ 

ʩʤʘˁʝˁʘ ʢʦʣʠʯʠʥʝ ʦʨʛʘʥʩʢʦʛ ʦʪʧʘʜʘ ʢʦʿʠ ʟʘʭʪʝʚʘ ʧʦʩʝʙʥʝ ʧʦʩʪʫʧʢʝ ʩʘʢʫʧˀʘˁʘ, ʩʢʣʘʜʠʰʪʝˁʘ 

ʠ ʦʜʣʘʛʘˁʘ, ʢʘʦ ʠ ʜʦ ʩʤʘˁʝˁʘ ʫʢʫʧʥʦʛ ʫʪʠʮʘʿʘ ʧʨʦʠʟʚʦʜˁʝ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʪʨʝʪʤʘʥʘ ʨʘʩʪʚʘʨʘʯʘ 

ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ (30,67,68). 

ʇʦʨʝʜ ʩʤʘˁʝʥʝ ʧʦʪʨʦʰˁʝ ʦʨʛʘʥʩʢʦʛ ʨʘʩʪʚʘʨʘʯʘ, ʨʘʟʚʠʿʝʥʘ ʤʝʪʦʜʘ ʠʟʙʝʛʘʚʘ ʧʨʠʤʝʥʫ 

ʧʨʦʙʣʝʤʘʪʠʯʥʠʭ ʨʝʘʛʝʥʘʩʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʩʨʝʩʪʠ ʫ ʧʦʿʝʜʠʥʠʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ HPLC 

ʤʝʪʦʜʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʩʨʝʜʩʪʚʘ ʟʘ ʿʦʥʩʢʦ ʫʧʘʨʠʚʘˁʝ, ʭʘʣʦʛʝʥʦʚʘʥʠ ʨʘʩʪʚʘʨʘʯʠ, ʠʩʧʘʨˀʠʚʘ 

ʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ ʠʣʠ ʩʣʦʞʝʥʠ ʧʫʬʝʨʩʢʠ ʩʠʩʪʝʤʠ. ʋʤʝʩʪʦ ʪʦʛʘ, ʤʝʪʦʜʘ ʢʦʨʠʩʪʠ ʿʝʜʥʦʩʪʘʚʘʥ 

ʬʦʩʬʘʪʥʠ ʧʫʬʝʨ ʠ ʤʠʥʠʤʘʣʥʦ ʧʦʪʨʝʙʥʫ ʢʦʣʠʯʠʥʫ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ 

ʪʦʢʩʠʢʦʣʦʰʢʠ ʨʠʟʠʮʠ, ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʪʨʦʰʢʦʚʠ ʘʥʘʣʠʪʠʯʢʦʛ ʧʦʩʪʫʧʢʘ. 

ɽʣʠʤʠʥʘʮʠʿʘ ʩʨʝʜʩʪʘʚʘ ʟʘ ʿʦʥʩʢʦ ʫʧʘʨʠʚʘˁʝ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʘ, ʿʝʨ ʦʚʘ ʿʝʜʠˁʝˁʘ ʤʦʛʫ 
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ʦʪʝʞʘʪʠ ʪʨʝʪʤʘʥ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʠ ʧʨʝʜʩʪʘʚˀʘʪʠ ʜʦʜʘʪʥʦ ʝʢʦʣʦʰʢʦ ʦʧʪʝʨʝ˂ʝˁʝ. ʀʩʪʦʚʨʝʤʝʥʦ, 

ʫʧʦʪʨʝʙʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝʛ ʧʫʬʝʨʩʢʦʛ ʩʠʩʪʝʤʘ ʥʠʿʝ ʥʘʨʫʰʠʣʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʧʝʨʬʦʨʤʘʥʩʝ 

ʤʝʪʦʜʝ, ʚʝ˂ ʿʝ ʦʤʦʛʫ˂ʠʣʘ ʘʜʝʢʚʘʪʥʦ ʨʘʟʜʚʘʿʘˁʝ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ ʿʝʜʠˁʝˁʘ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʫ 

ʘʥʘʣʠʟʝ (69). 

ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʤʝʪʦʜʝ ʪʘʢʦʹʝ ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʘʥ ʘʩʧʝʢʪ ˁʝʥʝ ʝʢʦʣʦʰʢʝ 

ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ. ʆʧʪʠʤʠʟʦʚʘʥʠ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠ ʫʩʣʦʚʠ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʢʨʘ˂ʝ ʚʨʝʤʝ ʘʥʘʣʠʟʝ, 

ʰʪʦ ʜʠʨʝʢʪʥʦ ʩʤʘˁʫʿʝ ʧʦʪʨʦʰˁʫ ʝʥʝʨʛʠʿʝ ʪʦʢʦʤ ʨʘʜʘ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʦʨʝʜ ʪʦʛʘ, ʜʦʢʘʟʘʥʘ 

ʨʦʙʫʩʥʦʩʪ ʤʝʪʦʜʝ ʜʦʧʨʠʥʦʩʠ ʝʥʝʨʛʝʪʩʢʦʿ ʠ ʨʝʩʫʨʩʥʦʿ ʝʬʠʢʘʩʥʦʩʪʠ, ʿʝʨ ʩʤʘˁʫʿʝ ʚʝʨʦʚʘʪʥʦ˂ʫ 

ʧʦʥʘʚˀʘˁʘ ʘʥʘʣʠʟʘ ʫʩʣʝʜ ʥʝʠʩʧʫˁʘʚʘˁʘ ʢʨʠʪʝʨʠʿʫʤʘ ʩʠʩʪʝʤʩʢʝ ʧʦʛʦʜʥʦʩʪʠ ʠʣʠ ʜʦʙʠʿʘˁʘ 

ʨʝʟʫʣʪʘʪʘ ʚʘʥ ʩʧʝʮʠʬʠʢʘʮʠʿʝ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʠʟʙʝʛʘʚʘ ʥʝʧʦʪʨʝʙʥʘ ʧʦʪʨʦʰˁʘ ʤʦʙʠʣʥʝ ʬʘʟʝ, 

ʫʟʦʨʘʢʘ, ʚʨʝʤʝʥʘ ʨʘʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʝʥʝʨʛʠʿʝ (70). 

ʋ ʮʝʣʠʥʠ, ʨʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʧʦʪʚʨʹʫʿʫ ʜʘ ʿʝ ʠʥʪʝʛʨʘʮʠʿʘ ʧʨʠʥʮʠʧʘ 

ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʚʝ˂ ʫ ʨʘʥʠʤ ʬʘʟʘʤʘ ʨʘʟʚʦʿʘ ʤʝʪʦʜʝ ʦʤʦʛʫ˂ʠʣʘ ʜʦʙʠʿʘˁʝ ʘʥʘʣʠʪʠʯʢʦʛ 

ʧʦʩʪʫʧʢʘ ʢʦʿʠ ʿʝ ʥʝ ʩʘʤʦ ʨʦʙʫʩʪʘʥ, ʩʝʣʝʢʪʠʚʘʥ ʠ ʝʬʠʢʘʩʘʥ, ʚʝ˂ ʠ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠʿʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʘ. ʈʘʟʚʠʿʝʥʘ RP-HPLC ʤʝʪʦʜʘ ʩʪʦʛʘ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʤʝʨ ʦʜʨʞʠʚʠʿʝʛ ʧʨʠʩʪʫʧʘ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ ʬʠʢʩʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʜʦʟʘ, 

ʿʝʨ ʫʩʧʝʰʥʦ ʧʦʚʝʟʫʿʝ ʟʘʭʪʝʚʝ ʩʘʚʨʝʤʝʥʝ ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʩʤʘˁʝˁʘ 

ʧʦʪʨʦʰˁʝ ʨʘʩʪʚʘʨʘʯʘ, ʛʝʥʝʨʠʩʘˁʘ ʦʪʧʘʜʘ, ʪʦʢʩʠʯʥʦʩʪʠ ʨʝʘʛʝʥʘʩʘ ʠ ʝʥʝʨʛʝʪʩʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʘʥʘʣʠʪʠʯʢʦʛ ʧʨʦʮʝʩʘ. 

 

4.3.6 ɼʦʧʨʠʥʦʩ ʦʜʨʞʠʚʦʿ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ 
 

ʋʩʧʝʰʘʥ ʨʘʟʚʦʿ ʦʚʝ ʟʝʣʝʥʝ RP-HPLC ʤʝʪʦʜʝ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ ʦʙʣʘʩʪʠ ʦʜʨʞʠʚʝ 

ʬʘʨʤʘʮʝʫʪʩʢʝ ʘʥʘʣʠʟʝ, ʜʝʤʦʥʩʪʨʠʨʘʿʫ˂ʠ ʜʘ ʩʝ ʝʢʦʣʦʰʢa ʨʘʟʤʘʪʨʘˁʘ ʤʦʛʫ ʫʩʧʝʰʥʦ 

ʠʥʪʝʛʨʠʩʘʪʠ ʫ ʨʘʟʚʦʿ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʙʝʟ ʫʛʨʦʞʘʚʘˁʘ ʘʥʘʣʠʪʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ʆʚʦ 

ʜʦʩʪʠʛʥʫ˂ʝ ʧʨʫʞʘ ʧʨʘʢʪʠʯʘʥ ʧʨʠʤʝʨ ʟʘ ʰʠʨʝ ʫʩʚʘʿʘˁʝ GAC ʧʨʠʥʮʠʧʘ ʫ ʬʘʨʤʘʮʝʫʪʩʢʠʤ 

ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʰʠʨʦʤ ʩʚʝʪʘ. ʆʜʣʠʯʥʝ ʘʥʘʣʠʪʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʤʝʪʦʜʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ˁʝʥʠʤ ʩʫʧʝʨʠʦʨʥʠʤ ʝʢʦʣʦʰʢʠʤ ʧʨʦʬʠʣʦʤ ʯʠʥʝ ʿʝ ʧʨʘʢʪʠʯʥʦʤ ʦʧʮʠʿʦʤ ʟʘ ʬʘʨʤʘʮʝʫʪʩʢʝ 
ʣʘʙʦʨʘʪʦʨʠʿʝ ʢʦʿʝ ʞʝʣʝ ʜʘ ʧʦʙʦˀʰʘʿʫ ʝʢʦʣʦʰʢʫ ʦʜʨʞʠʚʦʩʪ, ʫʟ ʦʜʨʞʘʚʘˁʝ ʘʥʘʣʠʪʠʯʢʠʭ 

ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ ʧʨʦʧʠʩʠʤʘ. ʉʚʝʦʙʫʭʚʘʪʥʠ ʧʦʜʘʮʠ ʦ ʚʘʣʠʜʘʮʠʿʠ ʠ ʧʨʦʮʝʥʘ 

ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʧʨʫʞʘʿʫ ʜʦʢʫʤʝʥʪʘʮʠʿʫ ʥʝʦʧʭʦʜʥʫ ʟʘ ʨʝʛʫʣʘʪʦʨʥʦ ʧʦʜʥʦʰʝˁʝ ʠ  

ʪʨʘʥʩʬʝʨ ʤʝʪʦʜʘ ʫ ʫʛʦʚʦʨʥʝ ʣʘʙʦʨʘʪʦʨʠʿʝ. 

ɽʢʦʥʦʤʩʢʝ ʢʦʨʠʩʪʠ ʧʦʚʝʟʘʥʝ ʩʘ ʩʤʘˁʝʥʦʤ ʧʦʪʨʦʰˁʦʤ ʨʘʩʪʚʘʨʘʯʘ ʠ ʩʪʚʘʨʘˁʝʤ ʦʪʧʘʜʘ ʧʨʫʞʘʿʫ 

ʜʦʜʘʪʥʝ ʧʦʜʩʪʠʮʘʿʝ ʟʘ ʫʩʚʘʿʘˁʝ ʤʝʪʦʜʝ. ʋʰʪʝʜʝ ʪʨʦʰʢʦʚʘ ʦʜ ʩʤʘˁʝʥʝ ʢʫʧʦʚʠʥʝ ʨʝʘʛʝʥʩʘ ʠ 

ʥʘʢʥʘʜʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʤʦʛʫ ʙʠʪʠ ʟʥʘʯʘʿʥʝ, ʧʦʩʝʙʥʦ ʟʘ ʣʘʙʦʨʘʪʦʨʠʿʝ ʢʦʿʝ ʦʙʘʚˀʘʿʫ ʚʝʣʠʢʠ 

ʙʨʦʿ ʘʥʘʣʠʟʘ. ʆʚʝ ʝʢʦʥʦʤʩʢʝ ʢʦʨʠʩʪʠ, ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʝʢʦʣʦʰʢʠʤ ʧʨʝʜʥʦʩʪʠʤʘ, ʩʪʚʘʨʘʿʫ 

ʫʙʝʜˀʠʚ ʧʦʩʣʦʚʥʠ ʩʣʫʯʘʿ ʟʘ ʫʩʚʘʿʘˁʝ ʟʝʣʝʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ. 

ʈʘʩʪʫ˂ʠ ʬʦʢʫʩ ʥʘ ʝʢʦʣʦʰʢʫ ʦʜʨʞʠʚʦʩʪ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʧʨʦʠʟʚʦʜˁʠ ʠ ʢʦʥʪʨʦʣʠ ʢʚʘʣʠʪʝʪʘ 

ʦʛʣʝʜʘ ʩʝ ʫ ʝʚʦʣʫʠʨʘʿʫ˂ʠʤ ʨʝʛʫʣʘʪʦʨʥʠʤ ʦʯʝʢʠʚʘˁʠʤʘ. ɽʢʦʣʦʰʢʘ ʦʜʨʞʠʚʦʩʪ ʧʦʩʪʘʿʝ ʩʚʝ 

ʨʝʣʝʚʘʥʪʥʠʿʘ ʫ ʨʝʛʫʣʘʪʦʨʥʠʤ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʜʠʩʢʫʩʠʿʘʤʘ ʢʦʿʝ ʩʝ ʪʠʯʫ ʬʘʨʤʘʮʝʫʪʩʢʦʛ ʨʘʟʚʦʿʘ 

ʠ ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ, ʯʠʥʝ˂ʠ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʩʚʝ ʚʘʞʥʠʿʠʤ ʟʘ ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ 

ʧʨʦʧʠʩʠʤʘ. ʉʚʝʦʙʫʭʚʘʪʥʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ ʦ ʢʦʨʠʩʪʠʤʘ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʢʦʿʘ ʿʝ ʜʘʪʘ ʫ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʧʦʜʨʞʘʚʘ ʨʝʛʫʣʘʪʦʨʥʝ ʧʦʜʥʝʩʢʝ ʠ ʜʝʤʦʥʩʪʨʠʨʘ ʢʦʨʧʦʨʘʪʠʚʥʫ ʝʢʦʣʦʰʢʫ 

ʦʜʛʦʚʦʨʥʦʩʪ. 

ʋʩʢʣʘʹʝʥʦʩʪ ʤʝʪʦʜʝ ʩʘ ICH ʩʤʝʨʥʠʮʘʤʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʦʩʠʛʫʨʘʚʘ ʜʘ ˁʝʥʦ 

ʫʩʚʘʿʘˁʝ ʥʝ˂ʝ ʫʛʨʦʟʠʪʠ ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ ʧʨʦʧʠʩʠʤʘ ʠʣʠ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ. ʆʚʘ ʢʦʤʙʠʥʘʮʠʿʘ 
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ʫʩʢʣʘʹʝʥʦʩʪʠ ʩʘ ʧʨʦʧʠʩʠʤʘ ʠ ʝʢʦʣʦʰʢʝ ʦʜʨʞʠʚʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʘʣʘʥ ʠʩʭʦʜ ʟʘ ʤʦʜʝʨʥʫ 

ʬʘʨʤʘʮʝʫʪʩʢʫ ʘʥʘʣʠʟʫ, ʠʩʪʦʚʨʝʤʝʥʦ ʩʝ ʙʘʚʝ˂ʠ ʠ ʢʚʘʣʠʪʝʪʦʤ ʠ ʝʢʦʣʦʰʢʠʤ ʧʨʦʙʣʝʤʠʤʘ. 

 

4.4 ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ ʜʝʛʨʘʜʘʮʠʿʝ 
 

ʉʚʝʦʙʫʭʚʘʪʥʝ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ 

ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ, ʢʘʢʦ ʧʦʿʝʜʠʥʘʯʥʦ, ʪʘʢʦ ʠ ʫ ʛʦʪʦʚʦʤ ʧʨʦʠʟʚʦʜʫ, ʧʨʫʞʠʣʝ ʩʫ ʢˀʫʯʥʝ 

ʫʚʠʜʝ ʫ ˁʠʭʦʚʝ ʧʨʦʬʠʣʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ, ʢʦʨʠʩʪʝ˂ʠ ʨʘʟʥʝ ʘʛʝʥʩʝ 

ʩʪʨʝʩʘ. ʆʚʠ ʥʘʣʘʟʠ, ʢˀʫʯʥʠ ʩʫ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʠʟʘʟʦʚʘ ʫ ʬʦʨʤʫʣʠʩʘˁʫ ʩʪʘʙʠʣʥʠʭ ʂʌɼ 

ʧʨʦʠʟʚʦʜʘ. 

 

4.4.1 ʀʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʣʝʢʘ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʝʩʥʠʤ ʫʩʣʦʚʠʤʘ 
 

ʍʠʜʨʦʣʠʪʠʯʢʘ ʜʝʛʨʘʜʘʮʠʿʘ: 

¶ ʂʠʩʝʣʘ ʭʠʜʨʦʣʠʟʘ: ʉʪʫʜʠʿʝ ʢʠʩʝʣʝ ʭʠʜʨʦʣʠʟʝ, ʩʧʨʦʚʝʜʝʥʝ ʫ 1M HCl (pH 0,52), ʧʦʢʘʟʘʣʝ 
ʩʫ ʜʘ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʠʩʝʣʠʥʝ (0,1M ʠ 0,01M) ʥʠʩʫ ʫʩʧʝʣʝ ʜʘ ʠʟʘʟʦʚʫ ʟʥʘʯʘʿʥʫ 

ʜʝʛʨʘʜʘʮʠʿʫ ʇɽʈ ʠ ʀʅɼ ʫ ʨʦʢʫ ʦʜ 72 ʩʘʪʘ. ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʫ ʩʪʘʙʠʣʥʦʩʪ 

ʦʚʠʭ ʣʝʢʦʚʘ ʧʦʜ ʫʤʝʨʝʥʦ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ. ɸʄʃ ʿʝ, ʤʝʹʫʪʠʤ, ʧʦʢʘʟʘʦ ʦʩʝʪˀʠʚʦʩʪ ʥʘ 

ʢʠʩʝʣʫ ʭʠʜʨʦʣʠʟʫ ʩʘ ʟʥʘʯʘʿʥʠʤ ʧʨʦʮʝʥʪʦʤ ʜʝʛʨʘʜʘʮʠʿʝ (27,32 Ñ 0,97 % ʥʘʢʦʥ 72 ʩʘʪʘ, 

ʊʘʙʝʣʘ 7), ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʧʦʚʝʟʘʥʦ ʩʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘʤʘ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ 

ʧʨʠʩʫʪʥʠʭ ʫ ɸʄʃ ʢʘʪʘʣʠʟʦʚʘʥʠʤ ʢʠʩʝʣʠʥʦʤ. 

ʂʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʧʨʠʢʘʟʘʥʝ ʫ ʊʘʙʝʣʠ 7, 8, 9, 10 ʠ 11 ʜʦʙʠʿʝʥʝ ʩʫ ʠʟ ʥʘʛʠʙʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʠʥʝʪʠʯʢʠʭ ʛʨʘʬʠʢʘ. ɿʘ ʩʚʘʢʠ ʫʩʣʦʚ ʨʘʟʛʨʘʜˁʝ, ʧʨʦʮʝˁʝʥʠ ʩʫ ʢʠʥʝʪʠʯʢʠ 

ʤʦʜʝʣʠ ʥʫʣʪʦʛ, ʧʨʚʦʛ ʠ ʜʨʫʛʦʛ ʨʝʜʘ, ʘ ʠʟʘʙʨʘʥ ʿʝ ʤʦʜʝʣ ʩʘ ʥʘʿʚʝ˂ʦʤ ʚʨʝʜʥʦʰ˂ʫ RĮ ʠ ʥʘʿʙʦˀʠʤ 

ʣʠʥʝʘʨʥʠʤ ʧʦʢʣʘʧʘˁʝʤ. ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, 

ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ ʟʘ ʢʠʩʝʣʫ ʭʠʜʨʦʣʠʟʫ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 1 ʉʣʠʢʘ ʇ1-ʇ7. 

ʊʘʙʝʣʘ 7. ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ (ʨʝʜ ʨʝʘʢʮʠʿʝ (n), 

ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ (k), ʚʨʝʤʝ ʧʦʣʫʨʘʟʛʨʘʜˁʝ (t1/2) ʠ ʨʦʢ ʪʨʘʿʘˁʘ (t90)) ʟʘ ʇɽʈ, ɸʄʃ ʠ 

ʀʅɼ (ʧʦʿʝʜʠʥʘʯʥʦ, ʠ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ) ʧʦʜ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ (1M HCl). 

 ʇɽʈʀʅɼʆʇʈʀʃ ʊɽʈʎ-ɹʋʊʀʃɸʄʀʅ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 
ʇɽʈ ʇɽʈ+ɸʄʃ ʇɽʈ+ʀʅɼ ʇɽʈ+ɸʄʃ+ʀʅɼ 

0 0 0 0 0 

0,5 0,01 ± 0,007* 0,74 ± 0,12 0,24 ± 0,08 0,46 ± 0,10 

1 0,18 ± 0,06 1,17 ± 0,16 0,54 ± 0,04 1,32 ± 0,03 

24 0,37 ± 0,03 1,31 ± 0,13 0,76 ± 0,23 1,86 ± 0,14 

48 0,87 ± 0,07 10,80 ± 0,20 0,86 ± 0,02 3,00 ± 0,05 

72 0,93 ± 0,09 14,53 ± 0,48 1,30 ± 0,15 3,16 ± 0,10 

n II  II  II  II  

k (mM -1h-1) 0,0006 0,0098 0,0007 0,0019 

t1/2 (h) 7572,10 434,38 6945,15 2394,29 

t90 (h) 840,50 48,22 770,91 265,77 

 ɸʄʃʆɼʀʇʀʅ ɹɽʉʀʃɸʊ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 
ɸʄʃ ɸʄʃ+ʇɽʈ ɸʄʃ+ʀʅɼ ɸʄʃ+ʇɽʈ+ʀʅɼ 
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0 0 0 0 0 

0,5 2,54 ± 0,16 2,80 ± 0,19 0,72 ± 0,11 2,09 ± 0,08 

1 2,76 ± 0,09 3,25 ± 0,20 3,13 ± 0,03 2,96 ± 0,14 

24 11,85 ± 0,30 11,93 ± 0,62 14,34 ± 0,89 31,31 ± 1,18 

48 20,78 ± 0,81 23,05 ± 1,51 27,66 ± 1,11 48,35 ± 2,18 

72 27,32 ± 0,97 28,75 ± 1,26 39,77 ± 1,10 57,18 ± 0,21 

n II  II  II  II  

k (mM -1h-1) 0,0295 0,0301 0,0501 0,1055 

t1/2 (h) 196,80 193,15 117,39 53,92 

t90 (h) 21,84 20,41 13,03 5,99 

 ʀʅɼɸʇɸʄʀɼ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 
ʀʅɼ ʀʅɼ+ʇɽʈ ʀʅɼ+ɸʄʃ ʀʅɼ+ʇɽʈ+ɸʄʃ 

0 0 0 0 0 

0,5 0,10 ± 0,03 0,04 ± 0,03 0,01 ± 0,005 0,09 ± 0,02 

1 0,13 ± 0,04 0,12 ± 0,03 0,04 ± 0,03 0,14 ± 0,03 

24 0,28 ± 0,06 0,15 ± 0,06 0,10 ± 0,03 7,19 ± 0,75 

48 0,54 ± 0,03 0,18 ± 0,07 1,49 ± 0,06 12,60 ± 0,42 

72 0,82 ± 0,06 0,21 ± 0,04 1,86 ± 0,08 15,48 ± 0,55 

n II  II  II  II  

k (mM -1h-1) 0,0002 0,00009 0,001 0,0097 

t1/2 (h) 17844,12 43047,10 3779,39 376,70 

t90 (h) 1980,70 4778,23 419,51 41.81 

* ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʿʝ ʜʘʪ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Ñ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʠʭ 

ʫ ʪʨʠʧʣʠʢʘʪʫ 

¶ ɹʘʟʥʘ ʭʠʜʨʦʣʠʟʘ: ʋ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 M NaOH; pH 11,01), ɸʄʃ ʿʝ ʙʠʦ ʧʦʜʣʦʞʘʥ 

ʥʘʿʚʝ˂ʝʤ ʩʪʝʧʝʥʫ ʜʝʛʨʘʜʘʮʠʿʝ, ʢʘʦ ʥʘʿʦʩʿʝʪˀʠʚʠʿʝ ʿʝʜʠʝˁˁʝ ʥʘ ʦʚʘʿ ʩʪʨʝʩʥʠ ʘʛʝʥʩ, ʜʦʢ 

ʿʝ ʇɽʈ ʧʦʢʘʟʘʦ ʫʤʝʨʝʥʫ ʨʘʟʛʨʘʜˁʫ, ʘ ʀʅɼ ʿʝ ʦʩʪʘʦ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʘʥ (ʊʘʙʝʣʘ 8). 

ʅʘʢʦʥ 72 ʩʘʪʘ, ʇɽʈ ʿʝ ʧʦʢʘʟʘʦ 11,37 ± 0,08 % ʜʝʛʨʘʜʘʮʠʿʝ, ʜʦʢ ʩʝ ɸʄʃ ʥʘʿʚʠʰʝ 

ʜʝʛʨʘʜʠʨʘʦ 35,72 ± 0,18 %, ʘ ʀʅɼ ʿʝ ʧʦʢʘʟʘʦ ʤʠʥʠʤʘʣʥʫ ʜʝʛʨʘʜʘʮʠʿʫ 2,34 ± 0,20 % ʫ 

ʦʚʠʤ ʫʩʣʦʚʠʤʘ. ʆʚʦ ʠʩʪʠʯʝ ʧʦʩʝʙʥʫ ʦʩʝʪˀʠʚʦʩʪ ʇɽʈ ʠ ɸʄʃ ʥʘ ʙʘʟʥʫ ʩʨʝʜʠʥʫ. 

ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ 

ʨʘʟʛʨʘʜˁʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ ʟʘ ʙʘʟʥʫ ʭʠʜʨʦʣʠʟʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 

1 ʉʣʠʢʘ ʇ8-ʇ14. 

ʊʘʙʝʣʘ 8. ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ (ʨʝʜ ʨʝʘʢʮʠʿʝ (n), 

ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ (k), ʚʨʝʤʝ ʧʦʣʫʨʘʟʛʨʘʜˁʝ (t1/2) ʠ ʨʦʢ ʪʨʘʿʘˁʘ (t90)) ʟʘ ʇɽʈ, ɸʄʃ ʠ 

ʀʅɼ (ʧʦʿʝʜʠʥʘʯʥʦ, ʠ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ) ʧʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 M 

NaOH). 

 ʇɽʈʀʅɼʆʇʈʀʃ ʊɽʈʎ-ɹʋʊʀʃɸʄʀʅ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 
ʇɽʈ ʇɽʈ+ɸʄʃ ʇɽʈ+ʀʅɼ ʇɽʈ+ɸʄʃ+ʀʅɼ 

0 0 0 0 0 

0,5 0,12 ± 0,01 0,07 ± 0,02 0,02 ± 0,01 0,22 ± 0,10 

1 1,04 ± 0,01 0,22 ± 0,07 0,06 ± 0,03 0,26 ± 0,07 

24 5,17 ± 0,02 2,96 ± 0,01 1,15 ± 0,14 1,44 ± 0,08 

48 8,93 ± 0,02 6,89 ± 0,11 3,46 ± 0,09 2,53 ± 0,13 

72 11,37 ± 0,08 10,41 ± 0,09 4,58 ± 0,08 4,03 ± 0,05 

n II  II  II  II  

k (mM -1h-1) 0,0078 0,0065 0,0027 0,0023 

t1/2 (h) 561,91 630,44 1460,85 1803,46 
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t90 (h) 62,37 69,98 162,15 200,18 

 ɸʄʃʆɼʀʇʀʅ ɹɽʉʀʃɸʊ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 
ɸʄʃ ɸʄʃ+ʇɽʈ ɸʄʃ+ʀʅɼ ɸʄʃ+ʇɽʈ+ʀʅɼ 

0 0 0 0 0 

0,5 1,69 ±0,07 0,76 ± 0,05 0,65 ± 0,11 0,83 ± 0,05 

1 3,27 ± 0,03 1,49 ± 0,06 2,42 ± 0,14 1,64 ± 0,05 

24 17,36 ± 0,64 12,37 ± 0,65 11,29 ± 0,15 9,50 ± 0,51 

48 27,60 ± 0,51 19,58 ± 0,43 19,59 ± 0,50 14,69 ± 0,35 

72 35,72 ± 0,18 26,94 ± 0,95 26,82 ± 0,39 20,53 ± 0,66 

n II  II  II  II  

k (mM -1h-1) 0,043 0,0286 0,0275 0,019 

t1/2 (h) 131,89 198,87 200,94 282,25 

t90 (h) 14,64 22,07 22,30 31,33 

 ʀʅɼɸʇɸʄʀɼ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 
ʀʅɼ ʀʅɼ+ʇɽʈ ʀʅɼ+ɸʄʃ ʀʅɼ+ʇɽʈ+ɸʄʃ 

0 0 0 0 0 

0,5 0,28 ± 0,05 0,16 ± 0,05 0,03 ± 0,01 0,46 ± 0,09 

1 0,32 ± 0,03 0,24 ± 0,04 0,14 ± 0,08 0,60 ± 0,04 

24 0,85 ± 0,07 0,93 ± 0,16 0,26 ± 0,04 1,21 ± 0,12 

48 1,52 ± 0,03 1,28 ± 0,04 1,05 ± 0,24 1,51 ± 0,05 

72 2,34 ± 0,20 1,70 ± 0,16 1,43 ± 0,14 1,53 ± 0,03 

n II  II  II  II  

k (mM -1h-1) 0,0012 0,0009 0,0008 0,0008 

t1/2 (h) 3243,23 4343,95 4879,55 4854,71 

t90 (h) 92,50 482,18 541,63 538,88 

* ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʿʝ ʜʘʪ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Ñ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʠʭ 

ʫ ʪʨʠʧʣʠʢʘʪʫ 

¶ ʅʝʫʪʨʘʣʥʘ ʭʠʜʨʦʣʠʟʘ: ʅʝʫʪʨʘʣʥʘ ʭʠʜʨʦʣʠʟʘ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ ʫʟʦʨʘʢʘ ʿʝ ʙʠʣʘ 

ʛʝʥʝʨʘʣʥʦ ʤʘˁʝ ʠʟʨʘʞʝʥʘ ʦʜ ʢʠʩʝʣʝ ʠʣʠ ʙʘʟʥʝ ʭʠʜʨʦʣʠʟʝ; ʤʝʹʫʪʠʤ, ʫ ʥʝʢʠʤ ʩʤʝʰʘʤʘ 

(ʥʧʨ. ʀʅɼ + ɸʄʃ), ʨʘʟʛʨʘʜˁʘ ʩʝ ʧʦʚʝ˂ʘʣʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʝʬʝʢʪʝ ʟʘʚʠʩʥʝ ʦʜ 

ʠʥʪʝʨʘʢʮʠʿʝ ʯʘʢ ʠ ʧʨʠ ʩʢʦʨʦ ʥʝʫʪʨʘʣʥʦ ʿpH ʚʨʝʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ (ʊʘʙʝʣʘ 9), ʰʪʦ ʫʢʘʟʫʿʝ 

ʜʘ ʩʫ ʝʢʩʪʨʝʤʥʝ pH ʚʨʝʜʥʦʩʪʠ ʧʨʠʤʘʨʥʠ ʧʦʢʨʝʪʘʯʠ ʭʠʜʨʦʣʠʪʠʯʢʝ ʜʝʛʨʘʜʘʮʠʿʝ ʦʚʠʭ 

ʿʝʜʠˁʝˁʘ. 

ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ 

ʨʘʟʛʨʘʜˁʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ ʟʘ ʥʝʫʪʨʘʣʥʫ ʭʠʜʨʦʣʠʟʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ 

ʇʨʠʣʦʛʫ 1 ʉʣʠʢʘ ʇ15-ʇ21. 

ʊʘʙʝʣʘ 9. ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ (ʨʝʜ ʨʝʘʢʮʠʿʝ (n), 

ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ (k), ʚʨʝʤʝ ʧʦʣʫʨʘʟʛʨʘʜˁʝ (t1/2) ʠ ʨʦʢ ʪʨʘʿʘˁʘ (t90)) ʟʘ ʇɽʈ, ɸʄʃ ʠ 

ʀʅɼ (ʧʦʿʝʜʠʥʘʯʥʦ, ʠ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ) ʧʦʜ ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ. 

 ʇɽʈʀʅɼʆʇʈʀʃ ʊɽʈʎ-ɹʋʊʀʃɸʄʀʅ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 

ʇɽʈ ʇɽʈ+ɸʄʃ ʇɽʈ+ʀʅɼ ʇɽʈ+ɸʄʃ+ʀʅɼ 

0 0 0 0,00 0 

0,5 0,01 ± 0,006 0,12 ± 0,03 0,14 ± 0,05 0,28 ± 0,03 

1 0,13 ± 0,05 0,15 ± 0,06 0,17 ± 0,07 0,55 ± 0,03 

24 0,39 ± 0,10 0,21 ± 0,06 0,30 ± 0,05 0,82 ± 0,09 

48 0,52 ± 0,12 7,41 ± 0,41 0,41 ± 0,08 1,05 ± 0,07 

72 0,72 ± 0,12 7,64 ± 0,31 0,72 ± 0,03 1,13 ± 0,09 
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n II  II  II  II  

k (mM -1h-1) 0,0004 0,0055 0,0002 0,0004 

t1/2 (h) 10786,97 788,54 21131,51 10950,41 

t90 (h) 1197,35 87,33 2345,60 1215,50 

 ɸʄʃʆɼʀʇʀʅ ɹɽʉʀʃɸʊ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 

ɸʄʃ ɸʄʃ+ʇɽʈ ɸʄʃ+ʀʅɼ ɸʄʃ+ʇɽʈ+ʀʅɼ 

0 0 0 0 0 

0,5 1,05 ± 0,06 0,30 ± 0,05 0,45 ± 0,13 0,74 ± 0,08 

1 1,15 ± 0,07 0,36 ± 0,08 0,65 ± 0,02 1,29 ± 0,06 

24 1,42 ± 0,15 0,75 ± 0,09 1,66 ± 0,11 7,67 ± 0,39 

48 1,49 ± 0,21 7,17 ± 0,70 12,21 ± 0,12 11,20 ± 0,81 

72 1,91 ± 0,12 9,81 ± 0,24 13,09 ± 0,36 14,68 ± 0,36 

n 0 0 0 0 

k (mM h -1) 0,00002 0,0002 0,0002 0,0003 

t1/2 (h) 4393,31 445,02 238,62 286,11 

t90 (h) 878,62 89,00 47,72 57,22 

 ʀʅɼɸʇɸʄʀɼ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 

ʀʅɼ ʀʅɼ+ʇɽʈ ʀʅɼ+ɸʄʃ ʀʅɼ+ʇɽʈ+ɸʄʃ 

0 0 0 0 0 

0,5 0,01 ± 0,001 0,07 ± 0,01 0,03 ± 0,01 0,18 ± 0,09 

1 0,06 ± 0,03 0,15 ± 0,06 0,10 ± 0,01 0,20 ± 0,05 

24 0,12 ± 0,02 0,25 ± 0,02 0,12 ± 0,03 0,50 ± 0,10 

48 0,16 ± 0,05 0,35 ± 0,02 2,38 ± 0,40 1,23 ± 0,70 

72 0,25 ± 0,06 0,42 ± 0,01 2,51 ± 0,48 2,86 ± 0,12 

n II  II  II  II  

k 0,0001 mM-1h-1 0,0002 mM-1h-1 0,0014 mM-1h-1 0,0013 mM-1h-1 

t1/2 (h) 36043,88 17307,17 2550,09 2867,59 

t90 (h) 4000,87 1921,10 283,06 318,30 

* ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʿʝ ʜʘʪ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Ñ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʠʭ 

ʫ ʪʨʠʧʣʠʢʘʪʫ 

ʌʦʪʦʣʠʪʠʯʢʘ ʜʝʛʨʘʜʘʮʠʿʘ (ʊʘʙʝʣʘ 10): 

¶ ʀʥʜʘʧʘʤʠʜ ʿʝ ʧʦʢʘʟʘʦ ʝʢʩʪʨʝʤʥʫ ʬʦʪʦʣʠʟʫ, ʩʘ ʜʝʛʨʘʜʘʮʠʿʦʤ ʦʜ 26,18% ʥʘʢʦʥ 72 ʩʘʪʘ ʠ 

ʥʘʿʢʨʘ˂ʠ ʨʦʢ ʪʨʘʿʘˁʘ ʧʦʜ ʠʟʣʘʛʘˁʝʤ ʩʚʝʪʣʦʩʪʠ (t90 = 34,96 ʩʘʪʠ; ʊʘʙʝʣʘ 10), ʰʪʦ ʟʥʘʯʠ 

ʜʘ ʿʝ ʙʠʦ ʚʝʦʤʘ ʧʦʜʣʦʞʘʥ ʜʝʛʨʘʜʘʮʠʿʠ ʢʘʜʘ ʿʝ ʠʟʣʦʞʝʥ ʩʚʝʪʣʦʩʪʠ (ʜʥʝʚʥʦʿ ʩʚʝʪʣʦʩʪʠ ʠ 

ʋɺ ʟʨʘʯʝˁʫ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ 320-400 nm). ʆʚʦ ʦʪʢʨʠ˂ʝ ʥʘʛʣʘʰʘʚʘ ʢʨʠʪʠʯʥʫ ʧʦʪʨʝʙʫ ʟʘ 

ʟʘʰʪʠʪʦʤ ʠʥʜʘʧʘʤʠʜʘ ʦʜ ʩʚʝʪʣʦʩʪʠ ʪʦʢʦʤ ʬʦʨʤʫʣʘʮʠʿʝ, ʧʘʢʦʚʘˁʘ ʠ ʩʢʣʘʜʠʰʪʝˁʘ 

ʧʨʦʠʟʚʦʜʘ. 

ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ 

ʨʘʟʛʨʘʜˁʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ ʟʘ ʨʝʢʘʮʠʿʝ ʬʦʪʦʣʠʟʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 

1 ʉʣʠʢʘ ʇ22-ʇ28. 

ʊʘʙʝʣʘ 10. ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ (ʨʝʜ ʨʝʘʢʮʠʿʝ (n), 

ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ (k), ʚʨʝʤʝ ʧʦʣʫʨʘʟʛʨʘʜˁʝ (t1/2) ʠ ʨʦʢ ʪʨʘʿʘˁʘ (t90)) ʟʘ ʇɽʈ, ɸʄʃ ʠ 

ʀʅɼ (ʧʦʿʝʜʠʥʘʯʥʦ, ʠ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ) ʠʟʘʟʚʘʥʠ ʚʠʜˀʠʚʦʤ ʠ UV ʩʚʝʪʣʦʰ˂ʫ. 

 ʇɽʈʀʅɼʆʇʈʀʃ ʊɽʈʎ-ɹʋʊʀʃɸʄʀʅ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 

ʇɽʈ ʇɽʈ+ɸʄʃ ʇɽʈ+ʀʅɼ ʇɽʈ+ɸʄʃ+ʀʅɼ 

0 0 0 0 0 
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0,5 0,01 ± 0,005 0,14 ± 0,05 0,01 ± 0,005 0,02 ± 0,006 

1 0,09 ± 0,04 0,16 ± 0,04 0,06 ± 0,03 0,11 ± 0,03 

24 0,32 ± 0,08 0,23 ± 0,06 0,54 ± 0,16 0,70 ± 0,0,08 

48 0,42 ± 0,08 0,32 ± 0,07 0,81 ± 0,04 1,39 ± 0,05 

72 0,58 ± 0,12 0,81 ± 0,19 1,68 ±0,21 6,83 ± 0,10 

n 0 0 0 0 

k (mM h -1) 0,00002 0,00002 0,00005 0,0002 

t1/2 (h) 6275,00 6240,07 2473,44 634,15 

t90 (h) 1207,30 1248,01 494,69 126,83 

 ɸʄʃʆɼʀʇʀʅ ɹɽʉʀʃɸʊ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 

ɸʄʃ ɸʄʃ+ʇɽʈ ɸʄʃ+ʀʅɼ ɸʄʃ+ʇɽʈ+ʀʅɼ 

0 0 0 0 0 

0,5 0,10 ± 0,02 0,18 ± 0,03 0,02 ± 0,015 0,01 ± 0,003 

1 0,12 ± 0,03 0,21 ± 0,04 0,03 ± 0,015 0,07 ± 0,02 

24 0,19 ± 0,05 0,25 ± 0,08 1,54 ± 0,19 2,23 ± 0,09 

48 0,42 ± 0,02 0,42 ± 0,04 3,76 ± 0,25 7,55 ± 0,40 

72 0,50 ± 0,11 0,52 ± 0,05 7,90 ± 0,14 13,84 ± 0,16 

n 0 0 0 0 

k (mM h -1) 0,00001 0,000009 0,0002 0,0003 

t1/2 (h) 8360,54 9180,00 418,46 287,62 

t90 (h) 1672,11 1836,00 83,69 57,52 

 ʀʅɼɸʇɸʄʀɼ*  

ɺʨʝʤʝ 

ʫʟʦʨʢʦʚʘˁʘ (h) 

ʀʅɼ ʀʅɼ+ʇɽʈ ʀʅɼ+ɸʄʃ ʀʅɼ+ʇɽʈ+ɸʄʃ 

0 0 0 0 0 

0,5 0,07 ± 0,02 0,03 ± 0,02 0,01 ± 0,003 0,02 ± 0,01 

1 0,39 ± 0,17 0,05 ± 0,03 0,10 ± 0,04 0,05 ± 0,02 

24 0,50 ± 0,05 0,39 ± 0,05 1,05 ± 0,09 0,37 ± 0,20 

48 7,14 ± 0,43 7,94 ± 0,39 1,69 ± 0,10 0,76 ± 0,22 

72 26,18 ± 0,40 27,54 ± 0,59 4,45 ± 0,34 1,50 ± 0,15 

n 0 0 0 0 

k (mM h -1) 0,0008 0,0009 0,0001 0,00005 

t1/2 (h) 174,79 144,10 1315,21 2717,94 

t90 (h) 34,96 28,82 263,04 543,59 

* ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʿʝ ʜʘʪ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Ñ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʠʭ 

ʫ ʪʨʠʧʣʠʢʘʪʫ 

ʆʢʩʠʜʘʪʠʚʥʘ ʜʝʛʨʘʜʘʮʠʿʘ (ʊʘʙʝʣʘ 11): 

¶ ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʘʤʣʦʜʠʧʠʥ ʥʘʿʚʠʰʝ ʧʦʛʦʹʝʥ ʦʢʩʠʜʘʪʠʚʥʠʤ ʫʩʣʦʚʠʤʘ (ʨʘʩʪʚʦʨ 

ʚʦʜʦʥʠʢ-ʧʝʨʦʢʩʠʜʘ). ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʿʝ ˁʝʛʦʚ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʧʨʩʪʝʥ ʩʢʣʦʥ 

ʦʢʩʠʜʘʮʠʿʠ. ʆʚʦ ʠʩʪʠʯʝ ʚʘʞʥʦʩʪ ʩʤʘˁʝˁʘ ʠʟʣʦʞʝʥʦʩʪʠ ʢʠʩʝʦʥʠʢʫ (ʥʧʨ. ʧʘʢʦʚʘˁʝ 

ʥʝʧʨʦʧʫʩʥʦ ʟʘ ʢʠʩʝʦʥʠʢ, ʠʥʝʨʪʥʠ ʧʨʦʩʪʦʨ ʠʟʥʘʜ ʪʝʯʥʦʩʪʠ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʩʪʨʘʪʝʛʠʿʝ) 

ʪʦʢʦʤ ʧʨʦʠʟʚʦʜˁʝ ʠ ʩʢʣʘʜʠʰʪʝˁʘ. 

ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ 

ʨʘʟʛʨʘʜˁʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ ʟʘ ʢʠʩʝʣʫ ʭʠʜʨʦʣʠʟʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 

1 ʉʣʠʢʘ ʇ29-ʇ35. 

ʊʘʙʝʣʘ 11. ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ (ʨʝʜ ʨʝʘʢʮʠʿʝ (n), 

ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ (k), ʚʨʝʤʝ ʧʦʣʫʨʘʟʛʨʘʜˁʝ (t1/2) ʠ ʨʦʢ ʪʨʘʿʘˁʘ (t90)) ʟʘ ʇɽʈ, ɸʄʃ ʠ 

ʀʅɼ (ʧʦʿʝʜʠʥʘʯʥʦ, ʠ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ) ʠʟʘʟʚʘʥʠ ʦʢʩʠʜʘʮʠʿʦʤ 3% ʨʘʩʪʚʦʨʦʤ 

ʚʦʜʦʥʠʢ-ʧʝʨʦʢʩʠʜʘ. 
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 ʇɽʈʀʅɼʆʇʈʀʃ ʊɽʈʎ-ɹʋʊʀʃɸʄʀʅ*  

ɺʨʝʤʝ ʫʟʦʨʢʦʚʘˁʘ 

(h) 

ʇɽʈ ʇɽʈ+ɸʄʃ ʇɽʈ+ʀʅɼ ʇɽʈ+ɸʄʃ+ʀʅɼ 

0 0 0 0 0 

0,5 0,15 ± 0,04 2,92 ± 0,13 0,56 ± 0,04 0,39 ± 0,01 

1 0,20 ± 0,04 2,96 ± 0,19 0,59 ± 0,20 0,65 ± 0,02 

24 0,74 ± 0,16 3,50 ± 0,25 1,87 ± 0,13 0,69 ± 0,06 

48 1,27 ± 0,12 8,20 ± 0,30 3,23 ± 0,16 1,59 ± 0,12 

72 2,86 ± 0,14 9,78 ± 008 3,87 ± 0,14 2,65 ± 0,13 

n 0 0 0 0 

k (mM h -1) 0,00008 0,0003 0,0001 0,00007 

t1/2 (h) 1451,27 402,87 1268,95 1689,27 

t90 (h) 290,25 80,57 253,79 337,85 

 ɸʄʃʆɼʀʇʀʅ ɹɽʉʀʃɸʊ*  

ɺʨʝʤʝ ʫʟʦʨʢʦʚʘˁʘ 

(h) 

ɸʄʃ ɸʄʃ+ʇɽʈ ɸʄʃ+ʀʅɼ ɸʄʃ+ʇɽʈ+ʀʅɼ 

0 0 0 0 0 

0,5 0,40 ± 0,09 1,250,09 0,05 ± 0,03 0,05 ± 0,02 

1 0,59 ± 0,01 1,60 ± 0,17 0,85 ± 0,15 0,33 ± 0,07 

24 8,97 ± 0,58 7,05 ± 0,50 9,20 ± 0,52 4,80 ± 0,41 

48 16,75 ± 0,27 14,04 ± 0,03 14,13 ± 0,24 10,20 ± 1,58 

72 23,33 ± 2,20 19,81 ± 0,72 20,27 ± 1,20 14,72 ± 0,60 

n II  II  II  II  

k (mM -1h-1) 0,0238 0,0186 0,0386 0,0137 

t1/2 (h) 238,03 302,56 290,79 424,32 

t90 (h) 26,42 33,58 32,28 47,10 

 ʀʅɼɸʇɸʄʀɼ*  

ɺʨʝʤʝ ʫʟʦʨʢʦʚʘˁʘ 

(h) 

ʀʅɼ ʀʅɼ+ʇɽʈ ʀʅɼ+ɸʄʃ ʀʅɼ+ʇɽʈ+ɸʄʃ 

0 0 0 0 0 

0,5 0 0,30 ± 0,03 0,13 ± 0,02 0,05 ± 0,02 

1 0,16 ± 0,02 0,31 ± 0,08 0,18 ± 0,03 0,32 ± 0,11 

24 1,05 ± 0,06 1,49 ± 0,10 0,78 ± 0,05 1,27 ± 0,09 

48 1,85 ± 0,10 7,46 ± 0,11 1,27 ± 0,21 2,44 ± 0,44 

72 2,38 ± 0,05 9,40 ± 0,05 1,49 ± 0,04 3,52 ± 0,49 

n II  II  II  II  

k (mM -1h-1) 0,0013 0,0065 0,0008 0,0018 

t1/2 (h) 2777,76 554,54 4748,47 2095,57 

t90 (h) 308,33 61,55 527,08 232,61 

* ʇʨʦʮʝʥʘʪ ʨʘʟʛʨʘʜˁʝ ʿʝ ʜʘʪ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Ñ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʠʭ 

ʫ ʪʨʠʧʣʠʢʘʪʫ 

 

4.4.2 ʇʨʦʬʠʣ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ 

 

ʇʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ ʿʝ ʧʦʢʘʟʘʦ ʥʘʿʚʝ˂ʫ ʦʩʝʪˀʠʚʦʩʪ ʫ ʙʘʟʥʠʤ ʭʠʜʨʦʣʠʟʥʠʤ ʫʩʣʦʚʠʤʘ 

(0,001 ʄ NaOH, pH 11,01), ʧʦʪʚʨʹʫʿʫ˂ʠ ʙʘʟʥʫ ʭʠʜʨʦʣʠʟʫ ʢʘʦ ˁʝʛʦʚ ʜʦʤʠʥʘʥʪʥʠ ʧʫʪ ʨʘʟʛʨʘʜˁʝ 

ʫ ʪʝʩʪʠʨʘʥʠʤ ʩʪʨʝʩʥʠʤ ʫʩʣʦʚʠʤʘ. ʆʚʦ ʧʦʥʘʰʘˁʝ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʭʝʤʠʿʩʢʦʤ ʩʪʨʫʢʪʫʨʦʤ 

ʧʝʨʠʥʜʦʧʨʠʣʘ, ʢʦʿʠ ʩʘʜʨʞʠ ʝʩʪʘʨʩʢʝ ʚʝʟʝ ʢʦʿʝ ʩʫ ʧʦʩʝʙʥʦ ʦʩʝʪˀʠʚʝ ʥʘ ʥʫʢʣʝʦʬʠʣʥʠ ʥʘʧʘʜ 

ʭʠʜʨʦʢʩʠʣʥʠʭ ʿʦʥʘ. ʇʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ, ʨʘʟʛʨʘʜˁʘ ʇɽʈ ʿʝ ʧʨʘʪʠʣʘ ʢʠʥʝʪʠʢʫ ʜʨʫʛʦʛ ʨʝʜʘ, ʩʘ 
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ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʦʜ 0,0078 mM ĭ h ĭ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (ʦʢʦ 25 ʉ̄), ʰʪʦ ʦʜʛʦʚʘʨʘ 

ʚʨʝʤʝʥʫ ʧʦʣʫʨʘʩʧʘʜʘ ʦʜ 561,91h ʠ ʨʦʢʫ ʪʨʘʿʘˁʘ ʦʜ 62,37 h (ʊʘʙʝʣʘ 8). 

ʄʝʭʘʥʠʟʘʤ ʙʘʟʥʝ ʭʠʜʨʦʣʠʟʝ ʫʢˀʫʯʫʿʝ ʥʫʢʣʝʦʬʠʣʥʠ ʥʘʧʘʜ ʭʠʜʨʦʢʩʠʜʥʠʭ ʿʦʥʘ ʥʘ ʝʩʪʘʨʩʢʠ 

ʢʘʨʙʦʥʠʣʥʠ ʫʛˀʝʥʠʢ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʠ ʘʣʢʦʭʦʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. ʆʚʘʿ 

ʧʫʪ ʨʘʟʛʨʘʜˁʝ ʿʝ ʜʦʙʨʦ ʜʦʢʫʤʝʥʪʦʚʘʥ ʟʘ ɸʎɽ ʠʥʭʠʙʠʪʦʨʝ ʢʦʿʠ ʩʘʜʨʞʝ ʝʩʪʨʝ ʠ ʧʨʝʜʩʪʘʚˀʘ 

ʚʘʞʥʦ ʧʠʪʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʬʦʨʤʫʣʘʮʠʿʘ ʠʟʣʦʞʝʥʠʭ ʘʣʢʘʣʥʠʤ ʩʨʝʜʠʥʘʤʘ. ɿʘʚʠʩʥʦʩʪ 

ʨʘʟʛʨʘʜˁʝ ʇɽʈ-ʘ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ ʧʨʘʪʠʣʘ ʿʝ ɸʨʝʥʠʿʫʩʦʚʦ ʧʦʥʘʰʘˁʝ, ʩʘ 

ʝʥʝʨʛʠʿʦʤ ʘʢʪʠʚʘʮʠʿʝ ʦʜ 50,33 kJ mol ĭ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʤʝʨˀʠʚʫ ʟʘʚʠʩʥʦʩʪ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ 

ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ (71). ʆʚʦ ʪʫʤʘʯʝˁʝ ʿʝ ʧʦʪʢʨʝʧˀʝʥʦ ʧʦʚʝ˂ʘˁʝʤ ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʩʘ 

0,0071 (ʥʘ 45 ÁC) ʥʘ 0,0219 (ʥʘ 65 ÁC), ʟʘʿʝʜʥʦ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʤʘˁʝˁʝʤ t1/2 ʠ t90. ʇʦʟʠʪʠʚʥʝ 

ʚʨʝʜʥʦʩʪʠ ȹHÿ ʠ ȹGÿ ʜʦʙʠʿʝʥʝ ʟʘ ʇɽʈ ʧʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ ʫʢʘʟʫʿʫ ʥʘ ʧʨʠʩʫʩʪʚʦ ʘʢʪʠʚʘʮʠʦʥʝ 

ʙʘʨʠʿʝʨʝ ʟʘ ʨʘʟʛʨʘʜˁʫ, ʜʦʢ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ȹSÿ ʩʫʛʝʨʠʰʫ ʬʦʨʤʠʨʘˁʝ ʫʨʝʹʝʥʠʿʝʛ 

ʧʨʝʣʘʟʥʦʛ ʩʪʘˁʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ (ʊʘʙʝʣʘ 12). 

ʋ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ (1 M HCl, pH 0,52), ʧʝʨʠʥʜʦʧʨʠʣ ʿʝ ʧʦʢʘʟʘʦ ʟʥʘʪʥʦ ʚʝ˂ʫ ʩʪʘʙʠʣʥʦʩʪ, ʩʘ 

ʩʘʤʦ 0,93% ʨʘʟʛʨʘʜˁʝ ʥʘʢʦʥ 72 ʩʘʪʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (ʊʘʙʝʣʘ 7). ʆʚʘ ʧʦʙʦˀʰʘʥʘ 

ʩʪʘʙʠʣʥʦʩʪ ʫ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ ʧʨʠʧʠʩʫʿʝ ʩʝ ʧʨʦʪʦʥʘʮʠʿʠ ʝʩʪʘʨʩʢʦʛ ʢʠʩʝʦʥʠʢʘ, ʰʪʦ ʩʤʘˁʫʿʝ 

ˁʝʛʦʚʫ ʧʦʜʣʦʞʥʦʩʪ ʥʫʢʣʝʦʬʠʣʥʦʤ ʥʘʧʘʜʫ. ʄʝʹʫʪʠʤ, ʥʘ ʧʦʚʠʰʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (65 ÁC), 

ʨʘʟʛʨʘʜˁʘ ʢʘʪʘʣʠʟʦʚʘʥʘ ʢʠʩʝʣʠʥʦʤ ʧʦʩʪʘʣʘ ʿʝ ʠʟʨʘʞʝʥʠʿʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʥʘʯʘʿʥʦ ʫʙʨʟʘʚʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʇɽʈ ʯʘʢ ʠ ʫ ʢʠʩʝʣʦʿ ʩʨʝʜʠʥʠ. ʆʚʘʿ ʪʨʝʥʜ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ k ʦʜ 0,0035 (ʥʘ 45 ÁC) ʜʦ 0,0119 (ʥʘ 65 ÁC) ʟʘ ʇɽʈ ʫ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ (ʊʘʙʝʣʘ 13). 

ʆʢʩʠʜʘʪʠʚʥʦ ʪʝʩʪʠʨʘˁʝ ʧʦʜ ʧʨʠʿʘʚˀʝʥʠʤ ʫʩʣʦʚʠʤʘ ʦʜ 3% H2O2 ʧʦʢʘʟʘʣʦ ʿʝ ʫʤʝʨʝʥʫ 

ʦʩʝʪˀʠʚʦʩʪ ʇɽʈ-ʘ, ʩʘ ʜʝʛʨʘʜʘʮʠʿʦʤ ʦʜ 2,86% ʥʘʢʦʥ 72 ʩʘʪʘ (ʊʘʙʝʣʘ 11). ʆʢʩʠʜʘʪʠʚʥʘ 

ʜʝʛʨʘʜʘʮʠʿʘ ʧʝʨʠʥʜʦʧʨʠʣʘ ʚʝʨʦʚʘʪʥʦ ʫʢˀʫʯʫʿʝ ʩʝʢʫʥʜʘʨʥʫ ʘʤʠʥʦ ʛʨʫʧʫ ʠ ʩʠʩʪʝʤ ʠʥʜʦʣʥʦʛ 

ʧʨʩʪʝʥʘ, ʢʦʿʠ ʩʫ ʧʦʜʣʦʞʥʠ ʦʢʩʠʜʘʪʠʚʥʦʤ ʥʘʧʘʜʫ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʢʠʩʝʦʥʠʢʘ. ʉʝʢʫʥʜʘʨʥʠ 

ʘʤʠʥ ʤʦʞʝ ʧʦʜʣʝ˂ʠ N-ʦʢʩʠʜʘʮʠʿʠ ʠʣʠ ʦʢʩʠʜʘʪʠʚʥʦʿ ʜʝʘʣʢʠʣʘʮʠʿʠ, ʜʦʢ ʿʝ ʠʥʜʦʣʥʠ ʧʨʩʪʝʥ 

ʩʢʣʦʥ ʦʢʩʠʜʘʪʠʚʥʦʤ ʮʝʧʘˁʫ ʠʣʠ ʭʠʜʨʦʢʩʠʣʘʮʠʿʠ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʦʠʟʚʦʜʘ ʜʝʛʨʘʜʘʮʠʿʝ (72). 

ʉʪʫʜʠʿʝ ʬʦʪʦʩʪʘʙʠʣʥʦʩʪʠ ʧʦʢʘʟʘʣʝ ʩʫ ʜʘ ʿʝ ʇɽʈ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʘʥ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ 

ʫʩʣʦʚʠʤʘ ʠʟʣʘʛʘˁʘ ʩʚʝʪʣʦʩʪʠ, ʩʘ ʩʘʤʦ 0,58% ʜʝʛʨʘʜʘʮʠʿʝ ʥʘʢʦʥ 72 ʩʘʪʘ (ʊʘʙʝʣʘ 10). ʆʚʘ 

ʩʪʘʙʠʣʥʦʩʪ ʩʝ ʧʨʠʧʠʩʫʿʝ ʦʜʩʫʩʪʚʫ ʧʨʦʰʠʨʝʥʠʭ ʢʦˁʫʛʦʚʘʥʠʭ ʩʠʩʪʝʤʘ ʠʣʠ ʬʦʪʦʣʘʙʠʣʥʠʭ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʫ ʩʪʨʫʢʪʫʨʠ ʧʝʨʠʥʜʦʧʨʠʣʘ. ʄʝʹʫʪʠʤ, ʧʨʠʩʫʩʪʚʦ ʠʥʜʦʣʩʢʦʛ ʧʨʩʪʝʥʘʩʪʦʛ 

ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʠʟʚʝʩʥʦʿ ʬʦʪʦʩʝʥʟʠʪʠʚʥʦʩʪʠ ʧʦʜ ʝʢʩʪʨʝʤʥʠʤ ʫʩʣʦʚʠʤʘ (73). 

 

4.4.3 ʇʨʦʬʠʣ ʩʪʘʙʠʣʥʦʩʪʠ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ 

 

ɸʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ ʿʝ ʧʦʢʘʟʘʦ ʟʥʘʯʘʿʥʫ ʧʦʜʣʦʞʥʦʩʪ ʠ ʙʘʟʥʦʿ ʭʠʜʨʦʣʠʟʠ ʠ ʦʢʩʠʜʘʪʠʚʥʦʿ 

ʜʝʛʨʘʜʘʮʠʿʠ, ʰʪʦ ʦʜʨʘʞʘʚʘ ʠʥʭʝʨʝʥʪʥʫ ʥʝʩʪʘʙʠʣʥʦʩʪ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʦʛ ʧʨʩʪʝʥʘʩʪʦʛ 

ʩʠʩʪʝʤʘ ʧʦʜ ʦʚʠʤ ʫʩʣʦʚʠʤʘ. ʇʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 ʄ NaOH), ɸʄʃ ʿʝ ʧʦʢʘʟʘʦ ʙʨʟʫ 

ʨʘʟʛʨʘʜˁʫ ʧʨʘʪʝ˂ʠ ʢʠʥʝʪʠʢʫ ʜʨʫʛʦʛ ʨʝʜʘ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʦʜ 0,0430 mM-1h-1 ʥʘ ʩʦʙʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʰʪʦ ʦʜʛʦʚʘʨʘ ʧʦʣʫʞʠʚʦʪʫ ʦʜ 131,89 h ʠ ʨʦʢʫ ʪʨʘʿʘˁʘ ʦʜ 14,64 h (ʊʘʙʝʣʘ 8). 

ɼʝʛʨʘʜʘʮʠʿʘ ɸʄʃ ʠʟʘʟʚʘʥʘ ʙʘʟʘʤʘ ʚʝʨʦʚʘʪʥʦ ʫʢˀʫʯʫʿʝ ʚʠʰʝʩʪʨʫʢʝ ʧʫʪʝʚʝ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʭʠʜʨʦʣʠʟʫ ʝʩʪʨʘ ʠ ʦʢʩʠʜʘʮʠʿʫ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʦʛ ʧʨʩʪʝʥʘ ʜʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʜʝʨʠʚʘʪʘ 

ʧʠʨʠʜʠʥʘ. ɼʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʧʨʩʪʝʥ ʿʝ ʧʦʩʝʙʥʦ ʧʦʜʣʦʞʘʥ ʦʢʩʠʜʘʮʠʿʠ ʫ ʘʣʢʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, 

ʛʜʝ ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ʙʦʛʘʪʝ ʝʣʝʢʪʨʦʥʠʤʘ ʤʦʛʫ ʙʠʪʠ ʣʘʢʦ ʥʘʧʘʜʥʫʪʝ ʥʫʢʣʝʦʬʠʣʠʤʘ ʠ 

ʦʢʩʠʜʠʨʘʿʫ˂ʠʤ ʚʨʩʪʘʤʘ. ʆʚʘʿ ʧʫʪ ʨʘʟʛʨʘʜˁʝ ʿʝ ʜʦʙʨʦ ʜʦʢʫʤʝʥʪʦʚʘʥ ʟʘ ʙʣʦʢʘʪʦʨʝ ʢʘʣʮʠʿʫʤʦʚʠʭ 

ʢʘʥʘʣʘ ʢʣʘʩʝ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʢʠ ʠʟʘʟʦʚ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ (74). 
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ʆʢʩʠʜʘʪʠʚʥʦ ʪʝʩʪʠʨʘˁʝ ʧʦʜ ʫʩʣʦʚʠʤʘ ʦʜ 3% H2O2 ʧʦʢʘʟʘʣʦ ʿʝ ʜʘ ʿʝ ɸʄʃ ʙʠʦ ʥʘʿʦʩʝʪˀʠʚʠʿʠ 

ʥʘ ʦʢʩʠʜʘʮʠʿʫ ʦʜ ʩʚʘ ʪʨʠ Aʌʉ-ʘ, ʩʘ ʜʝʛʨʘʜʘʮʠʿʦʤ ʦʜ 23,33% ʥʘʢʦʥ 72 ʩʘʪʘ (ʊʘʙʝʣʘ 11). 

ʇʨʠʤʘʨʥʦ ʤʝʩʪʦ ʦʢʩʠʜʘʮʠʿʝ ʿʝ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʧʨʩʪʝʥ, ʢʦʿʠ ʣʘʢʦ ʧʦʜʣʝʞʝ ʦʢʩʠʜʘʮʠʿʠ ʠ 

ʬʦʨʤʠʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʜʝʨʠʚʘʪ ʧʠʨʠʜʠʥʘ. ʆʚʘ ʦʢʩʠʜʘʮʠʿʘ ʿʝ ʧʨʘ˂ʝʥʘ ʧʨʦʤʝʥʘʤʘ ʫ 

ʬʘʨʤʘʢʦʣʦʰʢʦʿ ʘʢʪʠʚʥʦʩʪʠ, ʿʝʨ ʿʝ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʘ ʩʪʨʫʢʪʫʨʘ ʥʝʦʧʭʦʜʥʘ ʟʘ ʙʣʦʢʠʨʘˁʝ 

ʢʘʣʮʠʿʫʤʦʚʠʭ ʢʘʥʘʣʘ (75). ʆʢʩʠʜʘʪʠʚʥʘ ʜʝʛʨʘʜʘʮʠʿʘ ɸʄʃ ʚʝʨʦʚʘʪʥʦ ʩʝ ʦʜʚʠʿʘ ʢʨʦʟ ʚʠʰʝ 

ʧʫʪʝʚʘ ʫʩʤʝʨʝʥʠʭ ʥʘ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʧʨʩʪʝʥ. 

ʋ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ, ɸʄʃ ʿʝ ʧʦʢʘʟʘʦ ʟʥʘʯʘʿʥʫ ʨʘʟʛʨʘʜˁʫ, ʩʘ 27,32% ʨʘʟʛʨʘʜˁʝ ʥʘʢʦʥ 72 ʩʘʪʘ 

ʫ 1ʄ HCl ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (ʊʘʙʝʣʘ 7). ʈʘʟʛʨʘʜˁʘ ʢʘʪʘʣʠʟʦʚʘʥʘ ʢʠʩʝʣʠʥʦʤ ʚʝʨʦʚʘʪʥʦ 

ʫʢˀʫʯʫʿʝ ʧʨʦʪʦʥʘʮʠʿʫ ʘʤʠʥʦ ʛʨʫʧʝ ʥʘʢʦʥ ʯʝʛʘ ʩʣʝʜʝ ʠʥʪʨʘʤʦʣʝʢʫʣʘʨʥʝ ʨʝʘʢʮʠʿʝ ʮʠʢʣʠʟʘʮʠʿʝ 

ʢʦʿʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʩʪʚʘʨʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʜʘ ʨʘʟʛʨʘʜˁʝ. ɿʘʚʠʩʥʦʩʪ ʨʘʟʛʨʘʜˁʝ 

ʢʠʩʝʣʠʥʦʤ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʘʪʠ ɸʨʝʥʠʿʫʩʦʚʫ ʢʠʥʝʪʠʢʫ ʩʘ ʝʥʝʨʛʠʿʦʤ ʘʢʪʠʚʘʮʠʿʝ ʦʜ 28,93 

kJ/mol (76). ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʇɽʈ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ȹHÿ ʠ ȹGÿ ʜʦʙʠʿʝʥʝ ʟʘ ɸʄʃ ʫʢʘʟʫʿʫ ʥʘ 

ʧʨʠʩʫʩʪʚʦ ʘʢʪʠʚʘʮʠʦʥʝ ʙʘʨʠʿʝʨʝ ʟʘ ʨʘʟʛʨʘʜˁʫ, ʜʦʢ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ȹSÿ ʩʫʛʝʨʠʰʫ 

ʬʦʨʤʠʨʘˁʝ ʫʨʝʹʝʥʠʿʝʛ ʧʨʝʣʘʟʥʦʛ ʩʪʘˁʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ (ʊʘʙʝʣʘ 13). 

ʉʪʫʜʠʿʝ ʬʦʪʦʩʪʘʙʠʣʥʦʩʪʠ ʧʦʢʘʟʘʣʝ ʩʫ ʜʘ ʿʝ ɸʄʃ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʘʥ ʢʘʜʘ ʩʝ ʪʝʩʪʠʨʘ 

ʧʦʿʝʜʠʥʘʯʥʦ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ ʫʩʣʦʚʠʤʘ ʠʟʣʘʛʘˁʘ ʩʚʝʪʣʦʩʪʠ, ʩʘ ʩʘʤʦ 0,50% ʜʝʛʨʘʜʘʮʠʿʝ ʥʘʢʦʥ 

72 ʩʘʪʘ (ʊʘʙʝʣʘ 10). ʌʦʪʦʜʝʛʨʘʜʘʮʠʿʘ ʩʝ ʧʨʠʧʠʩʫʿʝ ʧʨʠʩʫʩʪʚʫ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʦʛ 

ʭʨʦʤʦʬʦʨʘ, ʢʦʿʠ ʤʦʞʝ ʜʘ ʘʧʩʦʨʙʫʿʝ ʋɺ ʩʚʝʪʣʦʩʪ ʠ ʜʘ ʧʦʜʣʝʞʝ ʬʦʪʦʭʝʤʠʿʩʢʠʤ ʨʝʘʢʮʠʿʘʤʘ ʢʦʿʝ 

ʜʦʚʦʜʝ ʜʦ ʦʪʚʘʨʘˁʘ ʧʨʩʪʝʥʘ ʠ ʧʦʿʘʚʝ ʥʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʨʘʟʛʨʘʜˁʝ (74). 

 

4.4.4 ʇʨʦʬʠʣ ʩʪʘʙʠʣʥʦʩʪʠ ʠʥʜʘʧʘʤʠʜʘ 

 

ʀʅɼ ʿʝ ʧʦʢʘʟʘʦ ʿʝʜʠʥʩʪʚʝʥ ʧʨʦʬʠʣ ʩʪʘʙʠʣʥʦʩʪʠ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʥʘʿʚʝ˂ʘ ʬʦʪʦʩʝʥʟʠʪʠʚʥʦʩʪ 

ʤʝʹʫ ʪʨʠ Aʌʉ-ʘ, ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʨʝʣʘʪʠʚʥʦ ʜʦʙʨʦʤ ʩʪʘʙʠʣʥʦʰ˂ʫ ʧʦʜ ʚʝ˂ʠʥʦʤ ʦʩʪʘʣʠʭ 

ʪʝʩʪʠʨʘʥʠʭ ʫʩʣʦʚʘ ʩʪʨʝʩʘ. ʌʦʪʦʜʝʛʨʘʜʘʮʠʿʘ ʀʅɼ-ʘ ʙʠʣʘ ʿʝ ʥʘʿʠʟʨʘʞʝʥʠʿʘ ʤʝʹʫ ʪʨʠ Aʌʉ-ʘ, ʩʘ 

26,18% ʜʝʛʨʘʜʘʮʠʿʝ ʧʨʠʤʝ˂ʝʥʝ ʥʘʢʦʥ 72 ʩʘʪʘ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ ʫʩʣʦʚʠʤʘ ʠʟʣʘʛʘˁʘ ʩʚʝʪʣʦʩʪʠ. 

ʆʚʘ ʝʢʩʪʨʝʤʥʘ ʬʦʪʦʩʝʥʟʠʪʠʚʥʦʩʪ ʩʝ ʧʨʠʧʠʩʫʿʝ ʧʨʠʩʫʩʪʚʫ ʠʥʜʦʣʩʢʦʛ ʧʨʩʪʝʥʘʩʪʦʛ ʩʠʩʪʝʤʘ, ʢʦʿʠ 

ʩʘʜʨʞʠ ʭʨʦʤʦʬʦʨʥʝ ʛʨʫʧʝ ʢʦʿʝ ʣʘʢʦ ʘʧʩʦʨʙʫʿʫ ʋɺ ʩʚʝʪʣʦʩʪ (77). 

ʄʝʭʘʥʠʟʘʤ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʝ ʠʥʜʘʧʘʤʠʜʘ ʫʢˀʫʯʫʿʝ ʘʧʩʦʨʧʮʠʿʫ ʋɺ ʩʚʝʪʣʦʩʪʠ ʦʜ ʩʪʨʘʥʝ 

ʠʥʜʦʣʩʢʦʛ ʭʨʦʤʦʬʦʨʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘˁʘ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʤʦʛʫ ʜʘ ʧʨʦʹʫ ʢʨʦʟ 

ʨʘʟʣʠʯʠʪʝ ʬʦʪʦʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ. ʆʚʝ ʨʝʘʢʮʠʿʝ ʫʢˀʫʯʫʿʫ ʦʪʚʘʨʘˁʝ ʧʨʩʪʝʥʘ, ʧʨʝʫʨʝʹʝˁʝ ʠ 

ʧʨʦʮʝʩʝ ʦʢʩʠʜʘʮʠʿʝ ʢʦʿʠ ʨʝʟʫʣʪʠʨʘʿʫ ʬʦʨʤʠʨʘˁʝʤ ʚʠʰʝʩʪʨʫʢʠʭ ʧʨʦʠʟʚʦʜʘ ʨʘʟʛʨʘʜˁʝ. 

ʌʦʪʦʜʝʛʨʘʜʘʮʠʿʘ ʧʨʘʪʠ ʢʠʥʝʪʠʢʫ ʥʫʣʪʦʛ ʨʝʜʘ ʧʦʜ ʢʦʥʩʪʘʥʪʥʦʤ ʠʟʣʦʞʝʥʦʰ˂ʫ ʩʚʝʪʣʦʩʪʠ, ʰʪʦ 

ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʙʨʟʠʥʘ ʨʝʘʢʮʠʿʝ ʦʛʨʘʥʠʯʝʥʘ ʠʥʪʝʥʟʠʪʝʪʦʤ ʩʚʝʪʣʦʩʪʠ, ʘ ʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʣʝʢʘ 

(78). 

ʋ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 ʄ NaOH), ʀʅɼ ʿʝ ʧʦʢʘʟʘʦ ʥʘʿʚʝ˂ʫ ʩʪʘʙʠʣʥʦʩʪ ʤʝʹʫ ʪʨʠ Aʌʉ-ʘ, ʩʘ 

ʩʘʤʦ 2,34% ʨʘʟʛʨʘʜˁʝ ʥʘʢʦʥ 72 ʩʘʪʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ɹʘʟʥʘ ʨʘʟʛʨʘʜˁʘ ʫʢˀʫʯʫʿʝ 

ʭʠʜʨʦʣʠʟʫ ʩʫʣʬʦʥʘʤʠʜʥʝ ʛʨʫʧʝ ʠ ʤʦʛʫ˂ʝ ʨʝʘʢʮʠʿʝ ʦʪʚʘʨʘˁʘ ʧʨʩʪʝʥʘ. ʈʘʟʛʨʘʜˁʘ ʀʅɼ ʿʝ 

ʧʨʘʪʠʣʘ ʢʠʥʝʪʠʢʫ ʜʨʫʛʦʛ ʨʝʜʘ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʦʜ 0,0012 mM-1h-1, ʚʨʝʤʝʥʦʤ ʧʦʣʫʨʘʩʧʘʜʘ 

(t1/2) ʦʜ 3243,23 h ʠ ʨʦʢʦʤ ʪʨʘʿʘˁʘ (t90) ʦʜ 92,50 h (77). 

ʉʪʫʜʠʿʝ ʢʠʩʝʣʠʥʩʢʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʢʘʟʘʣʝ ʩʫ ʜʘ ʿʝ ʀʅɼ ʦʩʪʘʦ ʚʝʦʤʘ ʩʪʘʙʠʣʘʥ ʫ 1 ʄ HCl, ʩʘ 

ʩʘʤʦ 0,82% ʨʘʟʛʨʘʜˁʝ ʥʘʢʦʥ 72 ʩʘʪʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʚʘ ʩʪʘʙʠʣʥʦʩʪ ʩʝ ʧʨʠʧʠʩʫʿʝ 

ʧʨʦʪʦʥʘʮʠʿʠ ʙʘʟʥʠʭ ʘʪʦʤʘ ʘʟʦʪʘ ʫ ʤʦʣʝʢʫʣʫ, ʰʪʦ ʩʪʘʙʠʣʠʟʫʿʝ ʩʪʨʫʢʪʫʨʫ ʦʜ ʭʠʜʨʦʣʠʪʠʯʢʦʛ 

ʥʘʧʘʜʘ. ʄʝʹʫʪʠʤ, ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʨʘʟʛʨʘʜˁʘ ʢʘʪʘʣʠʟʦʚʘʥʘ ʢʠʩʝʣʠʥʦʤ ʧʦʩʪʘʿʝ 

ʟʥʘʯʘʿʥʠʿʘ (77,78). 



65 
 

ʊʝʩʪʠʨʘˁʝ ʦʩʢʠʜʘʪʠʚʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʜ ʫʩʣʦʚʠʤʘ ʦʜ 3% H2O2 ʧʦʢʘʟʘʣʦ ʿʝ ʜʘ ʀʅɼ ʠʤʘ 

ʨʝʣʘʪʠʚʥʦ ʜʦʙʨʫ ʦʢʩʠʜʘʪʠʚʥʫ ʩʪʘʙʠʣʥʦʩʪ, ʩʘ ʨʘʟʛʨʘʜˁʦʤ ʦʜ 2,38% ʥʘʢʦʥ 72 ʩʘʪʘ. ʆʢʩʠʜʘʮʠʿʘ 

ʚʝʨʦʚʘʪʥʦ ʫʢˀʫʯʫʿʝ ʘʪʦʤ ʩʫʤʧʦʨʘ ʫ ʩʫʣʬʦʥʘʤʠʜʥʦʿ ʛʨʫʧʠ ʠ ʤʦʛʫ˂ʝ ʘʪʦʤʝ ʘʟʦʪʘ ʫ ʩʠʩʪʝʤʫ 

ʠʥʜʦʣʩʢʦʛ ʧʨʩʪʝʥʘ. ʆʢʩʠʜʘʪʠʚʥʘ ʨʘʟʛʨʘʜˁʘ ʧʨʘʪʠ ʢʠʥʝʪʠʢʫ ʜʨʫʛʦʛ ʨʝʜʘ. 

 

4.4.5 ʋʪʠʮʘʿ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʣʝʢʦʚʘ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 
 

ɱʝʜʘʥ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʜʦʧʨʠʥʦʩʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʜʝʪʘˀʥʦ ʠʩʧʠʪʠʚʘˁʝ 

ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʣʝʢʦʚʘ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʧʦʜ 

ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʫ ʦʜʥʦʩʠ ʩʪʘʙʠʣʥʦʩʪʠ ʫ ʦʚʠʤ 

ʩʠʩʪʝʤʠʤʘ ʩʣʦʞʝʥʠ ʠ ʠʟʨʘʟʠʪʦ ʟʘʚʠʩʥʠ ʦʜ ʧʨʠʨʦʜʝ ʩʪʨʝʩʥʦʛ ʫʩʣʦʚʘ, ʧʨʠ ʯʝʤʫ ʢʦʬʦʨʤʫʣʠʩʘʥʝ 

ʘʢʪʠʚʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ ʤʦʛʫ ʠʩʧʦˀʠʪʠ ʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʠʣʠ ʜʝʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʝʬʝʢʪʝ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ʦʜʚʠʿʘ ʨʘʟʛʨʘʜˁʘ. ʇʦʩʝʙʥʦ ʿʝ ʚʘʞʥʦ ʠʩʪʘ˂ʠ ʜʘ ʫʦʯʝʥʠ ʝʬʝʢʪʠ 

ʥʠʩʫ ʙʠʣʠ ʿʝʜʥʦʟʥʘʯʥʦ ʟʘʰʪʠʪʥʠ ʠʣʠ ʜʝʩʪʘʙʠʣʠʟʫʿʫ˂ʠ, ʚʝ˂ ʩʫ ʩʝ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ pH ʚʨʝʜʥʦʩʪʠ, ʠʟʣʦʞʝʥʦʩʪʠ ʩʚʝʪʣʦʩʪʠ, ʦʢʩʠʜʘʪʠʚʥʠʭ ʫʩʣʦʚʘ ʠ ʩʧʝʮʠʬʠʯʥʦʛ 

ʩʘʩʪʘʚʘ ʙʠʥʘʨʥʝ ʠʣʠ ʪʝʨʥʘʨʥʝ ʩʤʝʰʝ. ʆʚʘʢʚʠ ʨʝʟʫʣʪʘʪʠ ʠʤʘʿʫ ʟʥʘʯʘʿʥʝ ʠʤʧʣʠʢʘʮʠʿʝ ʟʘ ʨʘʟʚʦʿ 

ʠ ʜʠʟʘʿʥ ʬʦʨʤʫʣʘʮʠʿʘ ʬʠʢʩʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʜʦʟʘ, ʿʝʨ ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʧʨʠʩʫʩʪʚʦ ʿʝʜʥʝ ʘʢʪʠʚʥʝ 

ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʫʧʩʪʘʥʮʝ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʜʨʫʛʝ, ʙʠʣʦ ʢʨʦʟ ʧʨʦʤʝʥʫ ʢʠʥʝʪʠʢʝ 

ʨʘʟʛʨʘʜˁʝ, ʤʦʜʠʬʠʢʘʮʠʿʫ ʜʝʛʨʘʜʘʮʠʦʥʦʛ ʧʫʪʘ ʠʣʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʤʝʹʫʩʦʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫ 

ʩʠʩʪʝʤʫ (79). 

 

4.4.5.1 ʇɽʈ-ɸʄʃ ʙʠʥʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ 

 

ɹʠʥʘʨʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ (ʇɽʈ) ʠ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ 

(ɸʄʃ) ʿʝ ʚʝʦʤʘ ʜʠʥʘʤʠʯʥʘ, ʧʨʠ ʯʝʤʫ ʜʚʘ ʣʝʢʘ ʠʤʘʿʫ ʠ ʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʠ ʜʝʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʝʬʝʢʪʝ 

ʿʝʜʘʥ ʥʘ ʜʨʫʛʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʝʩʦʨʘ ʠʟ ʦʢʦʣʠʥʝ. 

ʋ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 M NaOH), ʧʝʨʠʥʜʦʧʨʠʣ ʠ ʘʤʣʦʜʠʧʠʥ ʧʦʢʘʟʫʿʫ ʢʦʨʠʩʥʫ 

ʩʠʥʝʨʛʠʩʪʠʯʢʫ ʠʥʪʝʨʘʢʮʠʿʫ (ʊʘʙʝʣʝ 8,12). ʇʨʠʩʫʩʪʚʦ ʘʤʣʦʜʠʧʠʥʘ ʟʥʘʯʘʿʥʦ ʫʩʧʦʨʘʚʘ 

ʨʘʟʛʨʘʜˁʫ ʧʝʨʠʥʜʦʧʨʠʣʘ. ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʜʨʫʛʦʛ ʨʝʜʘ ʩʝ ʩʤʘˁʫʿʝ ʩʘ 0,0078 mM-1h-

1(ʠʥʜʠʚʠʜʫʘʣʥʘ) ʥʘ 0,0065 mM-1h-1 (ʙʠʥʘʨʥʘ), ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʤʘˁʝˁʝʤ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʟʘ 

16,7% ʠ ʧʨʦʜʫʞʘʚʘˁʝʤ ʨʦʢʘ ʪʨʘʿʘˁʘ ʩʘ 62,37 h ʥʘ 69,98 h. ʇʝʨʠʥʜʦʧʨʠʣ ʧʨʫʞʘ ʿʦʰ ʿʘʯʠ 

ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ ʥʘ ʘʤʣʦʜʠʧʠʥ. ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʟʘ ʘʤʣʦʜʠʧʠʥ ʧʘʜʘ ʩʘ 0,043 mM-1h-1 ʥʘ 

0,0286 mM-1h-1, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʩʤʘˁʝˁʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʟʘ 33,5% ʠ ʧʦʚʝ˂ʘˁʝ ʨʦʢʘ ʪʨʘʿʘˁʘ 

ʩʘ 14,64 h ʥʘ 22,07 h. ʆʚʘ ʨʝʮʠʧʨʦʯʥʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʩʫʛʝʨʠʰʝ ʜʘ, ʫ ʙʘʟʥʦʤ ʦʢʨʫʞʝˁʫ, ʣʝʢʦʚʠ 

ʤʦʛʫ ʜʘ ʩʝ ʪʘʢʤʠʯʝ ʟʘ ʜʦʩʪʫʧʥʝ ʭʠʜʨʦʢʩʠʜʥʝ ʿʦʥʝ ʠʣʠ ʜʘ ʬʦʨʤʠʨʘʿʫ ʤʦʣʝʢʫʣʘʨʥʠ ʢʦʤʧʣʝʢʩ 

ʢʦʿʠ ʰʪʠʪʠ ˁʠʭʦʚʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʣʘʙʠʣʥʝ ʝʩʪʘʨʩʢʝ ʛʨʫʧʝ ʦʜ ʥʫʢʣʝʦʬʠʣʥʦʛ ʥʘʧʘʜʘ (77). 

ʄʝʭʘʥʠʟʘʤ ʦʚʝ ʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʠʥʪʝʨʘʢʮʠʿʝ ʚʝʨʦʚʘʪʥʦ ʫʢˀʫʯʫʿʝ ʧʨʦʤʝʥʝ ʫ ʣʦʢʘʣʥʦʤ 

ʨʝʘʢʮʠʦʥʦʤ ʦʢʨʫʞʝˁʫ ʠʣʠ ʧʨʦʣʘʟʥʝ ʠʥʪʝʨʤʦʣʝʢʫʣʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʿʝ ʩʤʘˁʫʿʫ ʜʦʩʪʫʧʥʦʩʪ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʩʢʣʦʥʠʭ ʭʠʜʨʦʣʠʟʠ. ʊʘʢʚʠ ʠʥʪʝʨʘʢʮʠʿʩʢʠ ʝʬʝʢʪʠ ʩʫ ʨʝʣʝʚʘʥʪʥʠ ʟʘ 

ʬʦʨʤʫʣʘʮʠʿʫ ʿʝʨ ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʩʪʘʙʠʣʥʦʩʪ ʿʝʜʥʦʛ ɸʇʀ ʥʝ ʤʦʞʝ ʧʨʝʜʚʠʜʝʪʠ ʥʝʟʘʚʠʩʥʦ ʦʜ 

ʦʩʪʘʣʠʭ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʩʫʪʥʠʭ ʫ ʩʠʩʪʝʤʫ (80). 

ʋ ʢʠʩʝʣʦʿ ʩʨʝʜʠʥʠ (1 M HCl), ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʩʪʘʿʝ ʘʥʪʘʛʦʥʠʩʪʠʯʢʘ, ʧʨʠ ʯʝʤʫ ʦʙʘ ʣʝʢʘ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʤʝʹʫʩʦʙʥʫ ʩʪʘʙʠʣʥʦʩʪ (ʊʘʙʝʣʝ 7,13). ɸʤʣʦʜʠʧʠʥ ʜʨʘʤʘʪʠʯʥʦ ʫʙʨʟʘʚʘ 

ʢʠʩʝʣʠʥʦʤ ʢʘʪʘʣʠʟʦʚʘʥʫ ʨʘʟʛʨʘʜˁʫ ʧʝʨʠʥʜʦʧʨʠʣʘ. ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʦʜ 0,0006 

mM-1h-1 ʜʦ 0,0098 mM-1h-1, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʧʦʚʝ˂ʘˁʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʦʜ 16,3 ʧʫʪʘ. ʆʚʦ 

ʜʦʚʦʜʠ ʜʦ ʦʟʙʠˀʥʦʛ ʩʤʘˁʝˁʘ ʨʦʢʘ ʪʨʘʿʘˁʘ ʧʝʨʠʥʜʦʧʨʠʣʘ ʩʘ 840,50 ʩʘʪʠ ʥʘ ʩʘʤʦ 48,22 ʩʘʪʘ. 

ɽʬʝʢʘʪ ʧʝʨʠʥʜʦʧʨʠʣʘ ʥʘ ʘʤʣʦʜʠʧʠʥ ʿʝ ʪʘʢʦʹʝ ʥʝʛʘʪʠʚʘʥ, ʤʘʜʘ ʤʘˁʝ ʠʟʨʘʞʝʥ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ 
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ʙʨʟʠʥʝ ʢʦʿʘ ʩʝ ʙʣʘʛʦ ʧʦʚʝ˂ʘʚʘ ʦʜ 0,0295 mM-1h-1 ʜʦ 0,0301 mM-1h-1. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ 

ʩʫ ʢʠʩʝʣʝ ʩʨʝʜʠʥʝ, ʠʣʠ ʯʘʢ ʫʧʦʪʨʝʙʘ ʝʢʩʮʠʧʠʿʝʥʘʩʘ ʢʦʿʠ ʤʦʛʫ ʜʘ ʫʪʠʯʫ ʥʘ ʩʥʠʞʝˁʝ pH 

ʚʨʝʜʥʦʩʪʠ, ʧʦʩʝʙʥʦ ʥʝʧʦʚʦˀʥʝ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʇɽʈ-ɸʄʃ ʠ ʜʘ ʠʭ ʪʨʝʙʘ ʠʟʙʝʛʘʚʘʪʠ ʪʦʢʦʤ 

ʬʦʨʤʫʣʘʮʠʿʝ ʠ ʩʢʣʘʜʠʰʪʝˁʘ ʢʘʜ ʛʦʜ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, ʠʣʠ ʥʘ˂ʠ ʨʿʝʰʝˁʝ ʫ ʧʦʛʣʝʜʫ ʥʘʿʘʜʝʢʚʘʪʥʠʿʝ 

ʬʦʨʤʫʣʘʮʠʿʝ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ (ʚʠʰʝʩʣʦʿʥʦ ʦʙʣʘʛʘˁʝ ʩʚʘʢʝ ɸʇʀ ʠʣʠ ʠʟʨʘʜʘ ʥʧʨ. ʜʚʦʩʣʦʿʥʠʭ 

ʪʘʙʣʝʪʘ ʛʜʿʝ ʩʝ ʫ ʿʝʜʥʦʤ ʩʣʦʿʫ ʥʘʣʘʟʠ ʇɽʈ, ʘ ʫ ʜʨʫʛʦʤ ɸʄʃ).  

ʀʟʨʘʞʝʥʘ ʘʥʪʘʛʦʥʠʩʪʠʯʢʘ ʠʥʪʝʨʘʢʮʠʿʘ ʧʨʠʤʝ˂ʝʥʘ ʠʟʤʝʹʫ ʧʝʨʠʥʜʦʧʨʠʣʘ ʠ ʘʤʣʦʜʠʧʠʥʘ ʫ 

ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ (1 ʄ HCl), ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʝ 16,30 ʧʫʪʘ ʚʝ˂ʝ ʫʙʨʟʘˁʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ 

ʧʝʨʠʥʜʦʧʨʠʣʘ, ʤʦʞʝ ʩʝ ʤʝʭʘʥʠʩʪʠʯʢʠ ʧʨʠʧʠʩʘʪʠ ʢʘʪʘʣʠʪʠʯʢʦʤ ʫʪʠʮʘʿʫ ʩʦʧʩʪʚʝʥʠʭ ʧʨʦʠʟʚʦʜʘ 

ʨʘʟʛʨʘʜˁʝ ʘʤʣʦʜʠʧʠʥʘ ʠ ʩʧʝʮʠʬʠʯʥʦʤ ʭʝʤʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ ʢʦʿʝ ʩʪʚʘʨʘ ˁʝʛʦʚʘ ʧʨʦʪʦʥʠʨʘʥʘ 

ʩʪʨʫʢʪʫʨʘ. ʂʘʢʦ ʘʤʣʦʜʠʧʠʥ ʧʦʜʣʝʞʝ ʢʠʩʝʣʠʥʩʢʠ ʢʘʪʘʣʠʟʦʚʘʥʦʿ ʭʠʜʨʦʣʠʟʠ ʩʚʦʿʠʭ ʝʩʪʘʨʩʢʠʭ 

ʛʨʫʧʘ, ʦʥ ʛʝʥʝʨʠʰʝ ʜʝʨʠʚʘʪʝ ʢʘʨʙʦʢʩʠʣʥʝ ʢʠʩʝʣʠʥʝ ʠ ʥʝʯʠʩʪʦ˂ʝ ʥʘ ʙʘʟʠ ʧʠʨʠʜʠʥʘ ʢʦʿʝ ʤʦʛʫ 

ʜʝʣʦʚʘʪʠ ʢʘʦ ʩʝʢʫʥʜʘʨʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ, ʦʣʘʢʰʘʚʘʿʫ˂ʠ ʧʨʦʪʦʥʘʮʠʿʫ ʝʩʪʘʨʩʢʦʛ ʢʘʨʙʦʥʠʣʘ 

ʧʝʨʠʥʜʦʧʨʠʣʘ ʠ ʩʤʘˁʫʿʫ˂ʠ ʝʥʝʨʛʠʿʫ ʘʢʪʠʚʘʮʠʿʝ ʟʘ ˁʝʛʦʚʫ ʭʠʜʨʦʣʠʟʫ. ʆʚʘ ʩʠʥʝʨʛʠʩʪʠʯʢʘ 

ʢʦʤʙʠʥʘʮʠʿʘ ʢʦ-ʢʘʪʘʣʠʟʝ ʧʫʪʝʤ ʤʝʹʫʧʨʦʠʟʚʦʜʘ ʨʘʟʛʨʘʜˁʝ ʠ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʧʨʝʣʘʟʥʦʛ ʩʪʘˁʘ 

ʧʨʦʪʦʥʦʚʘʥʠʤ ʘʤʠʥʦʤ, ʝʬʠʢʘʩʥʦ ʧʨʝʥʦʩʠ ʧʨʦʪʦʥʝ ʢʘ ʣʘʙʠʣʥʦʿ ʝʩʪʘʨʩʢʦʿ ʚʝʟʠ ʧʝʨʠʥʜʦʧʨʠʣʘ 

ʝʬʠʢʘʩʥʠʿʝ ʥʝʛʦ ʢʦʜ ʦʙʠʯʥʦʛ ʨʘʩʪʚʘʨʘʯʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʜʨʘʩʪʠʯʥʦʛ ʩʤʘˁʝˁʘ ˁʝʛʦʚʦʛ ʨʦʢʘ 

ʪʨʘʿʘˁʘ ʫ ʙʠʥʘʨʥʦʿ ʩʤʝʰʠ. 

ʋ ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (ʚʦʜʘ HPLC ʢʚʘʣʠʪʝʪʘ), ʠʥʪʝʨʘʢʮʠʿʘ ʦʩʪʘʿʝ ʥʝʛʘʪʠʚʥʘ ʟʘ ʦʙʘ ʣʝʢʘ.  

ɸʤʣʦʜʠʧʠʥ ʠʤʘ ʟʥʘʯʘʿʘʥ ʥʝʛʘʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʧʝʨʠʥʜʦʧʨʠʣʘ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ 

ʢʦʿʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʦʜ 0,0004 mM-1h-1 ʜʦ 0,0055 mM-1h-1, ʩʤʘˁʫʿʫ˂ʠ ʨʦʢ ʪʨʘʿʘˁʘ ʩʘ 1197,35 h ʥʘ 

87,33 h (ʊʘʙʝʣʝ 9,14). ʉʣʠʯʥʦ ʪʦʤʝ, ʧʝʨʠʥʜʦʧʨʠʣ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʘʤʣʦʜʠʧʠʥ, ʩʘ 

ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʥʫʣʪʦʛ ʨʝʜʘ ʢʦʿʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʦʜ 0,00002 mMh-1 ʜʦ 0,0002 mMh-1, ʰʪʦ ʜʦʚʦʜʠ 

ʜʦ 10 ʧʫʪʘ ʤʘˁʝʛ ʨʦʢʘ ʪʨʘʿʘˁʘ (ʩʘ 878,62 h ʥʘ 89,00 h). 

ʇʦʜ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ (3% H O ), ʣʝʢʦʚʠ ʧʦʢʘʟʫʿʫ ʨʘʟʣʠʯʠʪʝ ʝʬʝʢʪʝ. ɸʤʣʦʜʠʧʠʥ ʠʤʘ 

ʥʝʛʘʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ ʧʝʨʠʥʜʦʧʨʠʣ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʥʫʣʪʦʛ ʨʝʜʘ ʢʦʿʘ ʨʘʩʪʝ ʦʜ 0,00008 

mMh-1 ʜʦ 0,0003 mMh-1 , ʩʤʘˁʫʿʫ˂ʠ ʨʦʢ ʪʨʘʿʘˁʘ ʩʘ 290,25 h ʥʘ 80,57 h (ʊʘʙʝʣʘ 11). 

ʇʝʨʠʥʜʦʧʨʠʣ ʧʨʫʞʘ ʧʦʟʠʪʠʚʘʥ, ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ ʥʘ ʘʤʣʦʜʠʧʠʥ. ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʜʨʫʛʦʛ 

ʨʝʜʘ ʩʝ ʩʤʘˁʫʿʝ ʦʜ 0,0238 mMh-1 ʜʦ 0,0186 mMh-1, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʩʤʘˁʝˁʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ 

ʦʜ 21,9%. ʆʚʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʧʝʨʠʥʜʦʧʨʠʣʘ, 

ʢʦʿʠ ʤʦʞʝ ʨʝʘʛʦʚʘʪʠ ʩʘ ʦʢʩʠʜʫʿʫ˂ʠʤ ʚʨʩʪʘʤʘ, ʯʠʤʝ ʰʪʠʪʠ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʧʨʩʪʝʥ 

ʘʤʣʦʜʠʧʠʥʘ. 

ʇʨʠ ʠʟʣʘʛʘˁʫ ʚʠʜˀʠʚʦʤ ʠ ʋɺ ʩʚʝʪʣʫ, ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʧʦʤʝʰʘʥʘ (ʊʘʙʝʣʘ 10). ɸʤʣʦʜʠʧʠʥ ʥʝʤʘ 

ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʬʦʪʦʩʪʘʙʠʣʥʦʩʪ ʧʝʨʠʥʜʦʧʨʠʣʘ, ʜʦʢ ʧʝʨʠʥʜʦʧʨʠʣ ʧʨʫʞʘ ʙʣʘʛʠ 

ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ ʥʘ ʘʤʣʦʜʠʧʠʥ, ʧʨʠ ʯʝʤʫ ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʥʫʣʪʦʛ ʨʝʜʘ ʦʧʘʜʘ ʩʘ 0,00001 

mMh-1 ʥʘ 0,000009 mMh-1, ʧʨʦʜʫʞʘʚʘʿʫ˂ʠ ʨʦʢ ʪʨʘʿʘˁʘ ʩʘ 1672,11 h ʥʘ 1836,00 h. 

ɿʙʠʨʥʦ ʛʣʝʜʘʿʫ˂ʠ, ʦʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʠʥʪʝʨʘʢʮʠʿʘ ʩʥʘʞʥʦ ʟʘʚʠʩʥʘ ʦʜ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ 

ʩʝ ʠʩʧʠʪʠʚʘʥʠ ʣʝʢʦʚʠ ʥʘʣʘʟʝ: ʩʪʘʙʠʣʠʟʫʿʝ ʩʝ ʫ ʘʣʢʘʣʥʠʤ ʠ ʜʝʣʠʤʠʯʥʦ, ʦʢʩʠʜʘʪʠʚʥʠʤ 

ʫʩʣʦʚʠʤʘ, ʘʣʠ ʩʝ ʿʘʩʥʦ ʜʝʩʪʘʙʠʣʠʟʫʿʝ ʫ ʢʠʩʝʣʠʤ ʠ ʥʝʫʪʨʘʣʥʠʤ ʩʨʝʜʠʥʘʤʘ. 

 

4.4.5.2 ʇɽʈ-ʀʅɼ ʙʠʥʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ 

 

ʂʦʤʙʠʥʘʮʠʿʘ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʧʦʢʘʟʘʣʘ ʿʝ ʚʝʦʤʘ ʢʦʨʠʩʥʫ 

ʩʠʥʝʨʛʠʩʪʠʯʢʫ ʠʥʪʝʨʘʢʮʠʿʫ ʧʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 ʄ NaOH), ʛʜʝ je ʠʥʜʘʧʘʤʠʜ ʦʙʝʟʙʝʜʠʦ 

ʟʥʘʯʘʿʥʫ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʤʦʣʝʢʫʣʘ ʧʝʨʠʥʜʦʧʨʠʣʘ (ʊʘʙʝʣʝ 8,12). ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʢʦʥʩʪʘʥʪʘ 

ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʜʨʫʛʦʛ ʨʝʜʘ ʟʘ ʧʝʨʠʥʜʦʧʨʠʣ ʫ ʙʠʥʘʨʥʦʿ ʩʤʝʰʠ ʠʟʥʦʩʠʣʘ 0,0027 mMī1hī1 , 

ʰʪʦ ʿʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʫ ʦʜʥʦʩʫ ʥʘ 0,0078 mMī1hī1 ʧʨʠʤʝ˂ʝʥʦ ʟʘ ʧʝʨʠʥʜʦʧʨʠʣ ʧʦʿʝʜʠʥʘʯʥʦ. 
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ʆʚʦ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʩʪʦʧʝ ʨʘʟʛʨʘʜˁʝ ʦʜ 65,4%, ʰʪʦ ʠʩʪʠʯʝ ʩʥʘʞʘʥ ʟʘʰʪʠʪʥʠ 

ʫʪʠʮʘʿ ʠʥʜʘʧʘʤʠʜʘ. ʆʚʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʿʝ ʜʦʜʘʪʥʦ ʧʦʪʚʨʹʝʥʘ ʧʦʚʝ˂ʘˁʝʤ ʠʟʨʘʯʫʥʘʪʦʛ ʨʦʢʘ 

ʪʨʘʿʘˁʘ ʦʜ 2,6 ʧʫʪʘ, ʢʦʿʠ ʿʝ ʧʦʨʘʩʪʘʦ ʩʘ 62,37 ʩʘʪʠ ʥʘ 162,15 ʩʘʪʠ ʫ ʧʨʠʩʫʩʪʚʫ ʠʥʜʘʧʘʤʠʜʘ. 

ʊʘʢʘʚ ʠʟʨʘʞʝʥ ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ ʩʫʛʝʨʠʰʝ ʜʘ ʀʅɼ ʤʦʜʠʬʠʢʫʿʝ ʣʦʢʘʣʥʦ ʦʢʨʫʞʝˁʝ ʟʘ 

ʨʘʟʛʨʘʜˁʫ ʇɽʈ ʧʦʜ ʘʣʢʘʣʥʠʤ ʫʩʣʦʚʠʤʘ. ʆʚʠ ʥʘʣʘʟʠ ʥʘʛʣʘʰʘʚʘʿʫ ʧʨʝʜʥʦʩʪʠ ʩʪʘʙʠʣʥʦʩʪʠ 

ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ, ʧʦʩʝʙʥʦ ʫ ʩʨʝʜʠʥʘʤʘ ʛʜʝ ʿʝ ʢʦʥʪʨʦʣʘ pH ʚʨʝʜʥʦʩʪʠ ʩʨʝʜʠʥʝ 

ʠʟʘʟʦʚʥʘ. ʀʥʜʘʧʘʤʠʜ ʪʘʢʦʹʝ ʠʤʘ ʢʦʨʠʩʪʠ ʦʜ ʧʨʠʩʫʩʪʚʘ ʧʝʨʠʥʜʦʧʨʠʣʘ. ɳʝʛʦʚʘ ʢʦʥʩʪʘʥʪʘ 
ʙʨʟʠʥʝ ʩʝ ʩʤʘˁʫʿʝ ʩʘ 0,0012 mM-1h-1 ʥʘ 0,0009 mM-1h-1, ʰʪʦ ʨʝʟʫʣʪʫʿʝ ʩʤʘˁʝˁʝʤ ʙʨʟʠʥʝ 

ʨʘʟʛʨʘʜˁʝ ʟʘ 25% ʠ ʧʦʚʝ˂ʘˁʝʤ ʨʦʢʘ ʪʨʘʿʘˁʘ ʩʘ 92,50 ʩʘʪʠ ʥʘ 482,18 ʩʘʪʠ. 

ʄʝʭʘʥʠʟʘʤ ʦʚʝ ʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʠʥʪʝʨʘʢʮʠʿʝ ʤʦʞʝ ʫʢˀʫʯʠʚʘʪʠ ʬʦʨʤʠʨʘˁʝ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ 

ʠʟʤʝʹʫ ʩʫʣʬʦʥʘʤʠʜʥʝ ʛʨʫʧʝ ʠʥʜʘʧʘʤʠʜʘ ʠ ʝʩʪʘʨʩʢʠʭ ʛʨʫʧʘ ʧʝʨʠʥʜʦʧʨʠʣʘ. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ 

ʩʤʘˁʫʿʫ ʜʦʩʪʫʧʥʦʩʪ ʝʩʪʘʨʩʢʠʭ ʛʨʫʧʘ ʥʫʢʣʝʦʬʠʣʥʦʤ ʥʘʧʘʜʫ, ʯʠʤʝ ʩʝ ʫʩʧʦʨʘʚʘ ʨʝʘʢʮʠʿʘ 

ʭʠʜʨʦʣʠʟʝ. ʇʦʨʝʜ ʪʦʛʘ, ʠʥʜʘʧʘʤʠʜ ʤʦʞʝ ʜʝʣʦʚʘʪʠ ʢʘʦ ʭʚʘʪʘʯ ʨʘʜʠʢʘʣʘ, ʩʤʘˁʫʿʫ˂ʠ ʬʦʨʤʠʨʘˁʝ 

ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʢʦʿʝ ʙʠ ʤʦʛʣʝ ʫʙʨʟʘʪʠ ʨʘʟʛʨʘʜˁʫ ʧʝʨʠʥʜʦʧʨʠʣʘ (81). 

ʋ ʢʠʩʝʣʦʿ ʩʨʝʜʠʥʠ (1 M HCl), ʠʥʪʝʨʘʢʮʠʿʘ ʦʩʪʘʿʝ ʧʦʟʠʪʠʚʥʘ, ʧʦʩʝʙʥʦ ʟʘ ʠʥʜʘʧʘʤʠʜ (ʊʘʙʝʣʝ 7 

ʠ 13). ʀʥʜʘʧʘʤʠʜ ʠʤʘ ʟʘʥʝʤʘʨˀʠʚ ʫʪʠʮʘʿ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʧʝʨʠʥʜʦʧʨʠʣʘ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ 

ʢʦʿʘ ʩʝ ʙʣʘʛʦ ʧʦʚʝ˂ʘʚʘ ʦʜ 0,0006 mM-1h-1 ʜʦ 0,0007 mM-1h-1. ʇʝʨʠʥʜʦʧʨʠʣ ʧʨʫʞʘ ʟʥʘʯʘʿʘʥ 

ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ ʥʘ ʠʥʜʘʧʘʤʠʜ; ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʩʝ ʩʤʘˁʫʿʝ ʦʜ 0,0002 mM-1h-1 ʜʦ 0,00009 

mM-1h-1, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʩʤʘˁʝˁʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʟʘ 55% ʠ ʚʠʰʝ ʥʝʛʦ ʫʜʚʦʩʪʨʫʯʫʿʝ ˁʝʛʦʚ 

ʨʦʢ ʪʨʘʿʘˁʘ ʦʜ 1980,70 h ʜʦ 4778,23 h. 

ʋ ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʠʥʜʘʧʘʤʠʜ ʧʨʫʞʘ ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ ʥʘ ʧʝʨʠʥʜʦʧʨʠʣ, ʩʘ 

ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʢʦʿʘ ʩʝ ʩʤʘˁʫʿʝ ʩʘ 0,0004 mM-1h-1  ʥʘ 0,0002 mM-1h-1, ʫʜʚʦʩʪʨʫʯʫʿʫ˂ʠ  ˁʝʛʦʚ 

ʨʦʢ ʪʨʘʿʘˁʘ ʩʘ 1197,35 h ʥʘ 2345,60 h (ʊʘʙʝʣʝ 9,14). ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʧʝʨʠʥʜʦʧʨʠʣ ʠʤʘ 

ʥʝʛʘʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ ʠʥʜʘʧʘʤʠʜ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʢʦʿʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ 0,0001 mM-1h-1 ʥʘ 

0,0002 mM-1h-1, ʩʤʘˁʫʿʫ˂ʠ ʟʘ 50% ˁʝʛʦʚ ʨʦʢ ʪʨʘʿʘˁʘ ʩʘ 4000,87 h ʥʘ 1921,10 h. 

ʇʦʜ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ (3% H O ), ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʘʥʪʘʛʦʥʠʩʪʠʯʢʘ ʟʘ ʦʙʘ ʣʝʢʘ. ʀʥʜʘʧʘʤʠʜ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʧʝʨʠʥʜʦʧʨʠʣ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʥʫʣʪʦʛ ʨʝʜʘ ʢʦʿʘ ʨʘʩʪʝ ʦʜ 0,00008 

mMh-1 ʜʦ 0,0001 mMh-1 (ʊʘʙʝʣʘ 11). ʇʝʨʠʥʜʦʧʨʠʣ ʠʤʘ ʠʟʨʘʞʝʥ ʜʝʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ ʥʘ 

ʩʪʘʙʠʣʥʦʩʪ ʠʥʜʘʧʘʤʠʜʘ. ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʘʩʪʝ ʦʜ 0,0013 mM-1h-1 ʜʦ 0,0065 mM-1h-1, ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʧʝʪʦʩʪʨʫʢʦ ʧʦʚʝ˂ʘˁʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʠ ʩʤʘˁʝˁʝ ʨʦʢʘ ʪʨʘʿʘˁʘ ʩʘ 308,33 h ʥʘ 

61,55 h. 

ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʠʥʜʘʧʘʤʠʜ ʙʣʘʛʦ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʬʦʪʦʩʪʘʙʠʣʥʦʩʪ ʧʝʨʠʥʜʦʧʨʠʣʘ, 

ʜʦʢ ʬʦʪʦʩʪʘʙʠʣʥʦʩʪ ʠʥʜʘʧʘʤʠʜʘ ʩʝ ʥʝ ʤʝˁʘ ʫ ʧʨʠʩʫʩʪʚʫ ʧʝʨʠʥʜʦʧʨʠʣʘ (ʊʘʙʝʣʘ 10). ʆʚʦ 

ʫʢʘʟʫʿʝ ʜʘ ʇɽʈ ʥʝ ʧʨʫʞʘ ʟʥʘʯʘʿʥʫ ʬʦʪʦʟʘʰʪʠʪʫ ʟʘ ʀʅɼ, ʢʦʿʠ ʦʩʪʘʿʝ ʥʘʿʬʦʪʦʩʝʥʟʠʪʠʚʥʠʿʠ ʦʜ 

ʪʨʠ Aʌʉ-ʘ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ ʫʩʣʦʚʠʤʘ ʠʟʣʘʛʘˁʘ ʩʚʝʪʣʦʩʪʠ. 

ɻʝʥʝʨʘʣʥʦ, ʙʠʥʘʨʥʠ ʩʠʩʪʝʤ ʇɽʈ-ʀʅɼ ʧʦʢʘʟʘʦ ʿʝ ʧʨʝʪʝʞʥʦ ʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʧʦʥʘʰʘˁʝ ʧʦʜ 

ʭʠʜʨʦʣʠʪʠʯʢʠʤ ʩʪʨʝʩʦʤ, ʘʣʠ ʿʝ ʦʚʘ ʢʦʨʠʩʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʛʫʙˀʝʥʘ ʧʦʜ ʦʢʩʠʜʘʪʠʚʥʠʤ ʠ 

ʬʦʪʦʣʠʪʠʯʢʠʤ ʫʩʣʦʚʠʤʘ. 

 

4.4.5.3 ɸʄʃ-ʀʅɼ ʙʠʥʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ 

 

ɹʠʥʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʦʪʢʨʠʣʘ ʿʝ ʩʣʦʞʝʥ ʠ ʦʜ ʦʢʦʣʠʥʝ 

ʟʘʚʠʩʘʥ ʧʨʦʬʠʣ ʩʪʘʙʠʣʥʦʩʪʠ, ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʠ ʩʠʥʝʨʛʠʩʪʠʯʢʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʠ 

ʘʥʪʘʛʦʥʠʩʪʠʯʢʦ ʫʙʨʟʘˁʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ. 

ʇʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 M NaOH), ʧʨʠʤʝ˂ʝʥʘ ʿʝ ʟʥʘʯʘʿʥʘ ʨʝʮʠʧʨʦʯʥʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ, ʧʨʠ 

ʯʝʤʫ ʩʝ ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʜʨʫʛʦʛ ʨʝʜʘ ʘʤʣʦʜʠʧʠʥʘ ʩʤʘˁʠʣʘ ʟʘ 36,0 % (ʩʘ 0,043 ʥʘ 
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0,0275 mM-1h-1 ) ʠ ʢʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʠʥʜʘʧʘʤʠʜʘ ʩʝ ʩʤʘˁʠʣʘ ʟʘ 33,3 % (ʩʘ 0,0012 ʥʘ 

0,0008 mM-1h-1) (ʊʘʙʝʣʝ 8 ʠ 12). ʆʚʘ ʩʠʥʝʨʛʠʿʘ ʩʝ ʚʝʨʦʚʘʪʥʦ ʧʨʠʧʠʩʫʿʝ ʧʫʬʝʨʩʢʦʤ ʢʘʧʘʮʠʪʝʪʫ 

ʩʫʣʬʦʥʘʤʠʜʥʝ ʛʨʫʧʝ ʠʥʜʘʧʘʤʠʜʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʤ ʠʥʪʝʨʤʦʣʝʢʫʣʘʨʥʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʢʦʿʝ 

ʰʪʠʪʝ ʣʘʙʠʣʥʝ ʝʩʪʘʨʩʢʝ ʛʨʫʧʝ ʘʤʣʦʜʠʧʠʥʘ ʦʜ ʥʫʢʣʝʦʬʠʣʥʦʛ ʥʘʧʘʜʘ (82). 

ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʢʠʩʝʣʠ (1 ʄ HCl) ʠ ʥʝʫʪʨʘʣʥʠ ʫʩʣʦʚʠ ʩʫ ʩʝ ʧʦʢʘʟʘʣʠ ʚʝʦʤʘ ʘʥʪʘʛʦʥʠʩʪʠʯʢʠʤ, 

ʧʨʠ ʯʝʤʫ ʿʝ ʘʤʣʦʜʠʧʠʥ ʫʙʨʟʘʦ ʨʘʟʛʨʘʜˁʫ ʠʥʜʘʧʘʤʠʜʘ ʟʘ 5 ʠ 14 ʧʫʪʘ, ʨʝʩʧʝʢʪʠʚʥʦ, ʜʦʢ ʿʝ 

ʠʥʜʘʧʘʤʠʜ ʧʦʚʝ˂ʘʦ ʙʨʟʠʥʫ ʢʠʩʝʣʝ ʨʘʟʛʨʘʜˁʝ ʘʤʣʦʜʠʧʠʥʘ ʟʘ 69,8% (ʊʘʙʝʣʝ 7 ʠ 13). ʆʚʠ 

ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʥʘ ʿʘʢʫ ʤʝʹʫʩʦʙʥʫ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʫ ʫ ʢʠʩʝʣʠʤ ʠ ʥʝʫʪʨʘʣʥʠʤ ʩʨʝʜʠʥʘʤʘ, ʰʪʦ 

ʩʫʛʝʨʠʰʝ ʜʘ ʩʚʘʢʠ ɸʇʀ ʤʝˁʘ ʣʦʢʘʣʥʦ ʭʝʤʠʿʩʢʦ ʦʢʨʫʞʝˁʝ ʥʘ ʥʘʯʠʥ ʢʦʿʠ ʧʦʜʩʪʠʯʝ ʨʘʟʛʨʘʜˁʫ 

ʜʨʫʛʦʛ. 

ʇʦʜ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ (3% H2O2), ʘʤʣʦʜʠʧʠʥ ʿʝ ʧʨʫʞʠʦ ʢʦʨʠʩʪʘʥ ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ 

ʥʘ ʠʥʜʘʧʘʤʠʜ, ʩʤʘˁʫʿʫ˂ʠ ˁʝʛʦʚʫ ʙʨʟʠʥʫ ʨʘʟʛʨʘʜˁʝ ʟʘ 38,5% (ʩʘ 0,0013 ʥʘ 0,0008 mM-1h-1), 

ʚʝʨʦʚʘʪʥʦ ʜʝʣʫʿʫ˂ʠ ʢʘʦ ʞʨʪʚʝʥʘ ʤʝʪʘ ʟʘ ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʢʠʩʝʦʥʠʢʘ (ʊʘʙʝʣʘ 11) (82). 

ʅʘʿʟʥʘʯʘʿʥʠʿʝ ʿʝ ʜʘ ʿʝ ʘʤʣʦʜʠʧʠʥ ʧʨʫʞʠʦ ʠʟʫʟʝʪʥʫ ʟʘʰʪʠʪʫ ʠʥʜʘʧʘʤʠʜʫ ʧʦʜ ʬʦʪʦʣʠʪʠʯʢʠʤ 

ʫʩʣʦʚʠʤʘ, ʧʦʩʪʠʞʫ˂ʠ ʩʤʘˁʝˁʝ ʩʪʦʧʝ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʝ ʟʘ 87,5% (ʩʘ 0,0008 ʥʘ 0,0001 mMh-1) 

ʢʨʦʟ ʟʥʘʯʘʿʘʥ ʝʬʝʢʘʪ ʟʘʰʪʠʪʝ ʦʜ ʩʚʝʪʣʦʩʪʠ, ʛʜʝ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥ ʭʨʦʤʦʬʦʨ ʘʤʣʦʜʠʧʠʥʘ ʜʝʣʫʿʝ 

ʢʘʦ ʫʥʫʪʨʘʰˁʠ ʋɺ ʬʠʣʪʝʨ (ʊʘʙʝʣʘ 10). ʆʚʘʿ ʝʬʝʢʘʪ ʩʝ ʪʘʢʦʹʝ ʦʜʨʘʟʠʦ ʫ ʠʟʨʘʞʝʥʦʤ ʧʦʚʝ˂ʘˁʫ 

ʀʅɼ t90 ʧʦʜ ʬʦʪʦʣʠʪʠʯʢʠʤ ʩʪʨʝʩʦʤ, ʩʘ 34,96 h ʥʘ 263,04 h ʫ ʧʨʠʩʫʩʪʚʫ ɸʄʃ. 

ʆʚʠ ʥʘʣʘʟʠ ʧʦʢʘʟʫʿʫ ʜʘ, ʠʘʢʦ ʢʦʤʙʠʥʘʮʠʿʘ ɸʄʃ-ʀʅɼ ʥʫʜʠ ʟʥʘʯʘʿʥʝ ʧʨʝʜʥʦʩʪʠ ʩʪʘʙʠʣʥʦʩʪʠ ʫ 

ʙʘʟʥʠʤ ʠ ʬʦʪʦʣʠʪʠʯʢʠʤ ʩʨʝʜʠʥʘʤʘ, ʩʫʦʯʘʚʘ ʩʝ ʩʘ ʟʥʘʯʘʿʥʠʤ ʠʟʘʟʦʚʠʤʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʫ 

ʢʠʩʝʣʠʤ ʠ ʥʝʫʪʨʘʣʥʠʤ ʩʨʝʜʠʥʘʤʘ ʢʦʿʠ ʩʝ ʤʦʨʘʿʫ ʨʝʰʠʪʠ ʨʘʮʠʦʥʘʣʥʠʤ ʩʪʨʘʪʝʛʠʿʘʤʘ 

ʬʦʨʤʫʣʘʮʠʿʝ. 

 

4.4.5.4 ʇɽʈ-ɸʄʃ-ʀʅɼ ʪʝʨʥʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ 

 

ʊʝʨʥʘʨʥʘ ʩʤʝʰʘ ʿʝ ʦʪʢʨʠʣʘ ʚʝʦʤʘ ʩʣʦʞʝʥʫ ʨʘʚʥʦʪʝʞʫ ʩʪʘʙʠʣʠʟʫʿʫ˂ʠʭ ʠ ʜʝʩʪʘʙʠʣʠʟʫʿʫ˂ʠʭ 

ʝʬʝʢʘʪʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʫʢʫʧʥʠ ʠʩʭʦʜ ʩʥʘʞʥʦ ʟʘʚʠʩʠʦ ʦʜ ʧʨʠʤʝˁʝʥʠʭ ʫʩʣʦʚʘ ʩʪʨʝʩʘ. ʆʚʘ ʩʣʦʞʝʥʘ 

ʨʘʚʥʦʪʝʞʘ ʥʘʛʣʘʰʘʚʘ ʚʘʞʥʦʩʪ ʩʪʫʜʠʿʘ ʩʪʘʙʠʣʥʦʩʪʠ ʤʫʣʪʠʢʦʤʧʦʥʝʥʪʥʠʭ ʩʤʝʰʘ ʣʝʢʦʚʘ ʟʘ 

ʨʘʮʠʦʥʘʣʘʥ ʜʠʟʘʿʥ ʬʦʨʤʫʣʘʮʠʿʝ. 

ʇʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 M NaOH), ʪʝʨʥʘʨʥʘ ʩʤʝʰʘ ʿʝ ʧʦʢʘʟʘʣʘ ʠʟʫʟʝʪʥʫ ʩʠʥʝʨʛʠʩʪʠʯʢʫ 

ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʟʘ ʩʚʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ, ʧʨʝʚʘʟʠʣʘʟʝ˂ʠ ʤʥʦʛʝ ʙʠʥʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ (ʊʘʙʝʣʝ 8,12). 

ʇʝʨʠʥʜʦʧʨʠʣ ʿʝ ʧʦʢʘʟʘʦ ʩʤʘˁʝˁʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʦʜ 70,5% (ʩʘ 0,0078 ʥʘ  0,0023 mM-1h-1), 

ʘʤʣʦʜʠʧʠʥ ʿʝ ʜʦʞʠʚʝʦ ʩʤʘˁʝˁʝ ʦʜ 55,8% (ʩʘ 0,043 ʥʘ 0,019 mM-1h-1), ʘ ʠʥʜʘʧʘʤʠʜ ʿʝ ʧʦʢʘʟʘʦ 

ʩʤʘˁʝˁʝ ʦʜ 33,3% (ʩʘ 0,0012 ʥʘ 0,0008 mM-1h-1). ʆʚʘ ʧʦʙʦˀʰʘʥʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʫʢʘʟʫʿʝ ʥʘ 

ʢʦʤʙʠʥʦʚʘʥʠ ʧʫʬʝʨʩʢʠ ʢʘʧʘʮʠʪʝʪ ʠ ʬʦʨʤʠʨʘˁʝ ʩʪʘʙʠʣʥʠʿʠʭ ʠʥʪʝʨʤʦʣʝʢʫʣʘʨʥʠʭ ʢʦʤʧʣʝʢʩʘ 

ʢʦʿʠ ʩʪʝʨʥʦ ʦʤʝʪʘʿʫ ʥʫʢʣʝʦʬʠʣʥʠ ʥʘʧʘʜ. 

ʋ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ (1 M HCl), ʪʝʨʥʘʨʥʘ ʩʤʝʰʘ ʿʝ ʜʝʣʠʤʠʯʥʦ ʫʙʣʘʞʠʣʘ ʥʝʢʝ ʙʠʥʘʨʥʝ 

ʜʝʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʝʬʝʢʪʝ, ʧʦʩʝʙʥʦ ʟʘ ʇɽʈ ʫ ʦʜʥʦʩʫ ʥʘ ʢʠʩʝʣʠ ʧʘʨ ʇɽʈ+ɸʄʃ, ʘʣʠ ʿʝ ʫʢʫʧʥʘ 

ʜʝʛʨʘʜʘʮʠʿʘ ʦʩʪʘʣʘ ʟʥʘʯʘʿʥʘ (ʊʘʙʝʣʝ 7,13). ʉʪʦʧʘ ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʧʨʠʣʘ ʩʝ ʧʦʚʝ˂ʘʣʘ 3,17 

ʧʫʪʘ (ʩʘ 0,0006 ʥʘ 0,0019 mM-1h-1), ʘʤʣʦʜʠʧʠʥʘ 3,58 ʧʫʪʘ (ʩʘ 0,0295 ʥʘ 0,1055 mM-1h-1), ʘ 

ʠʥʜʘʧʘʤʠʜʘ 48,5 ʧʫʪʘ (ʩʘ 0,0002 ʥʘ 0,0098 mM-1h-1). ʂʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʫʛʝʨʠʰʝ ʜʘ, 

ʠʘʢʦ ʧʨʦʠʟʚʦʜʠ ʨʘʟʛʨʘʜˁʝ ʘʤʣʦʜʠʧʠʥʘ ʠ ʜʘˀʝ ʢʘʪʘʣʠʟʫʿʫ ʭʠʜʨʦʣʠʟʫ ʧʝʨʠʥʜʦʧʨʠʣʘ, ʧʨʠʩʫʩʪʚʦ 

ʠʥʜʘʧʘʤʠʜʘ ʤʦʞʝ ʜʝʣʠʤʠʯʥʦ ʦʤʝʪʘʪʠ ʦʚʝ ʢʘʪʘʣʠʪʠʯʢʝ ʧʫʪʝʚʝ, ʘʣʠ ʿʝ ʫʢʫʧʥʠ ʝʬʝʢʘʪ ʠ ʜʘˀʝ 

ʰʪʝʪʘʥ, ʧʦʩʝʙʥʦ ʟʘ ʠʥʜʘʧʘʤʠʜ. 

ʇʦʜ ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʪʝʨʥʘʨʥʘ ʩʤʝʰʘ ʿʝ ʧʦʜʩʪʘʢʣʘ ʨʘʟʛʨʘʜˁʫ ɸʄʃ ʠ ʀʅɼ, ʜʦʢ ʿʝ ʇɽʈ 

ʧʦʢʘʟʘʦ ʤʘʣʫ ʫʢʫʧʥʫ ʧʨʦʤʝʥʫ (ʊʘʙʝʣʝ 9,14). ʇʝʨʠʥʜʦʧʨʠʣ ʥʠʿʝ ʧʦʢʘʟʘʦ ʧʨʦʤʝʥʫ ʫ ʙʨʟʠʥʠ 
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ʨʘʟʛʨʘʜˁʝ, ʜʦʢ ʿʝ ɸʄʃ ʙʠʦ ʩʥʘʞʥʦ ʜʝʩʪʘʙʠʣʠʟʦʚʘʥ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ 15 ʧʫʪʘ 

(ʩʘ 0,00002 ʥʘ 0,0003 mMh-1 ), ʘ ʀʅɼ ʿʝ ʪʘʢʦʹʝ ʧʦʢʘʟʘʦ ʧʦʚʝ˂ʘʥʫ ʨʘʟʛʨʘʜˁʫ, ʩʘ ʢʦʥʩʪʘʥʪʦʤ 

ʙʨʟʠʥʝ ʢʦʿʘ ʿʝ ʧʦʨʘʩʣʘ ʩʘ 0,0001 ʥʘ 0,0013 mMĭ h ĭ. ɼʝʩʪʘʙʠʣʠʟʘʮʠʿʘ, ʧʦʩʝʙʥʦ ʟʘ ʘʤʣʦʜʠʧʠʥ, 

ʤʦʛʣʘ ʙʠ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʩʪʚʘʨʘˁʘ ʨʝʘʢʪʠʚʥʠʭ ʠʥʪʝʨʤʝʜʠʿʝʨʘ ʠʟ ʩʧʦʨʝ ʨʘʟʛʨʘʜˁʝ ʇɽʈ ʠʣʠ 

ʀʅɼ, ʢʦʿʠ ʟʘʪʠʤ ʥʘʧʘʜʘʿʫ ɸʄʃ. 

ʇʦʜ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ (3% H2O2), ʪʝʨʥʘʨʥʘ ʩʤʝʰʘ ʿʝ ʧʦʢʘʟʘʣʘ ʤʝʰʦʚʠʪʝ ʝʬʝʢʪʝ, ʩʘ 

ʟʥʘʯʘʿʥʦʤ ʩʪʘʙʠʣʠʟʘʮʠʿʦʤ ʘʤʣʦʜʠʧʠʥʘ (ʊʘʙʝʣʘ 11). ɹʨʟʠʥʘ ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʧʨʠʣʘ ʿʝ 

ʩʤʘˁʝʥʘ ʟʘ 12,5% (ʩʘ 0,00008 ʥʘ 0,00007 mMh-1), ʘʤʣʦʜʠʧʠʥ ʿʝ ʧʦʢʘʟʘʦ ʟʥʘʯʘʿʥʫ ʩʪʘʙʠʣʠʟʘʮʠʿʫ 

ʩʘ ʩʤʘˁʝˁʝʤ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʦʜ 42,5% (ʩʘ 0,0238 ʥʘ 0,0137 mM-1h-1), ʜʦʢ ʿʝ ʙʨʟʠʥʘ ʨʘʟʛʨʘʜˁʝ 

ʠʥʜʘʧʘʤʠʜʘ ʧʦʚʝ˂ʘʥʘ ʟʘ 38,5% (ʩʘ 0,0013 ʥʘ 0,0018 mM-1h-1 ). ɱʘʢʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʘʤʣʦʜʠʧʠʥʘ 

ʩʫʛʝʨʠʰʝ ʜʘ ʠ ʧʝʨʠʥʜʦʧʨʠʣ ʠ ʠʥʜʘʧʘʤʠʜ ʜʦʧʨʠʥʦʩʝ ˁʝʛʦʚʦʿ ʟʘʰʪʠʪʠ ʢʨʦʟ ʢʦʤʙʠʥʦʚʘʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʝʬʝʢʘʪ, ʚʝʨʦʚʘʪʥʦ ʥʘ ʰʪʝʪʫ ʩʪʘʙʠʣʥʦʩʪʠ ʠʥʜʘʧʘʤʠʜʘ. 

ʇʨʠ ʠʟʣʘʛʘˁʫ ʚʠʜˀʠʚʦʤ ʠ ʋɺ ʩʚʝʪʣʫ, ʪʝʨʥʘʨʥʘ ʩʤʝʰʘ ʿʝ ʧʨʫʞʠʣʘ ʟʥʘʯʘʿʥʫ ʟʘʰʪʠʪʫ 

ʠʥʜʘʧʘʤʠʜʫ (ʊʘʙʝʣʘ 10). ɹʨʟʠʥʘ ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʧʨʠʣʘ ʧʦʚʝ˂ʘʣʘ ʩʝ 10 ʧʫʪʘ (ʩʘ 0,00002 ʥʘ 

0,0002 mMh-1), ʘʤʣʦʜʠʧʠʥʘ 30 ʧʫʪʘ (ʩʘ 0,00001 ʥʘ 0,0003 mMh-1), ʜʦʢ ʿʝ ʠʥʜʘʧʘʤʠʜ ʧʦʢʘʟʘʦ 

ʠʟʫʟʝʪʥʫ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʩʘ ʩʤʘˁʝˁʝʤ ʩʪʦʧʝ ʬʦʪʦʨʘʟʛʨʘʜˁʝ ʦʜ 93,75% (ʩʘ 0,0008 ʥʘ 0,00005 

mMh-1). ʆʚʘʿ ʟʘʰʪʠʪʥʠ ʝʬʝʢʘʪ ʩʝ ʪʘʢʦʹʝ ʦʛʣʝʜʘʦ ʫ ʟʥʘʯʘʿʥʦʤ ʧʦʚʝ˂ʘˁʫ ʀʅɼ t90 ʧʦʜ 

ʬʦʪʦʣʠʪʠʯʢʠʤ ʩʪʨʝʩʦʤ, ʦʜ 34,96 h ʟʘ ʩʘʤ ʀʅɼ ʜʦ 543,59 h ʫ ʪʝʨʥʘʨʥʦʿ ʩʤʝʰʠ. ʀʟʫʟʝʪʥʘ 

ʬʦʪʦʩʪʘʙʠʣʠʟʘʮʠʿʘ ʠʥʜʘʧʘʤʠʜʘ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʧʨʠʧʠʩʫʿʝ ʢʦʤʙʠʥʦʚʘʥʠʤ ʝʬʝʢʪʠʤʘ 

ʩʚʝʪʣʦʩʥʠʭ ʟʘʰʪʠʪʥʠʢʘ ʠ ʧʝʨʠʥʜʦʧʨʠʣʘ ʠ ʘʤʣʦʜʠʧʠʥʘ, ʢʦʿʠ ʜʝʣʫʿʫ ʢʘʦ ʞʨʪʚʝʥʠ 

ʬʦʪʦʩʪʘʙʠʣʠʟʘʪʦʨʠ. 

ʊʝʨʥʘʨʥʘ ʩʤʝʰʘ ʧʦʢʘʟʫʿʝ ʩʣʦʞʝʥ ʠ ʩʥʘʞʥʦ ʟʘʚʠʩʘʥ ʦʜ ʩʪʘˁʘ ʧʨʦʬʠʣ ʩʪʘʙʠʣʥʦʩʪʠ, ʩʘ ʿʘʩʥʠʤ 

ʧʨʝʜʥʦʩʪʠʤʘ ʫ ʥʝʢʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ, ʘʣʠ ʚʘʞʥʠʤ ʤʘʥʘʤʘ ʫ ʜʨʫʛʠʤ. ʀʘʢʦ ʥʝʢʝ 

ʘʥʪʘʛʦʥʠʩʪʠʯʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠ ʜʘˀʝ ʧʦʩʪʦʿʝ, ʧʦʩʝʙʥʦ ʫ ʢʠʩʝʣʠʤ ʠ ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʟʘ 

ʦʜʨʝʹʝʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʫʢʫʧʥʠ ʝʬʝʢʘʪ ʫ ʙʘʟʥʠʤ, ʦʢʩʠʜʘʪʠʚʥʠʤ (ʟʘ ɸʄʃ) ʠ ʧʦʩʝʙʥʦ 

ʬʦʪʦʣʠʪʠʯʢʠʤ ʫʩʣʦʚʠʤʘ (ʟʘ ʀʅɼ) ʧʦʢʘʟʫʿʝ ʩʥʘʞʥʫ ʩʠʥʝʨʛʠʩʪʠʯʢʫ ʩʪʘʙʠʣʠʟʘʮʠʿʫ. ʆʚʦ ʠʩʪʠʯʝ 

ʧʦʪʝʥʮʠʿʘʣ ʬʦʨʤʫʣʘʮʠʿʘ ʩʘ ʚʠʰʝ ʣʝʢʦʚʘ ʜʘ ʧʦʩʪʠʛʥʫ ʩʫʧʝʨʠʦʨʥʝ ʧʨʦʬʠʣʝ ʩʪʘʙʠʣʥʦʩʪʠ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʿʝʜʠʥʘʯʥʠʤ ʣʝʢʦʚʠʤʘ, ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ ʩʝ ʩʧʝʮʠʬʠʯʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʧʦʜ 

ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ ʪʝʤʝˀʥʦ ʨʘʟʫʤʝʿʫ ʠ ʫʙʣʘʞʝ ʢʨʦʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʪʨʘʪʝʛʠʿʝ 

ʬʦʨʤʫʣʘʮʠʿʝ (83). 

 

4.4.6 ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ, ʤʦʜʝʣʦʚʘˁʝ ʜʝʛʨʘʜʘʮʠʿʝ ʠ ʤʝʭʘʥʠʩʪʠʯʢʠ ʫʚʠʜʠ  
 

ʇʨʦʮʝʩʠ ʨʘʟʛʨʘʜˁʝ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʢʠʥʝʪʠʯʢʠ, ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʦʜʨʝʜʠ ʨʝʜ ʨʝʘʢʮʠʿʝ, ʢʦʥʩʪʘʥʪʘ 

ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ ʠ ʜʨʫʛʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʩʚʘʢʦʛ ʣʝʢʘ ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʫ ˁʠʭʦʚʠʤ 

ʩʤʝʰʘʤʘ (ʊʘʙʝʣʝ 12-14). ʈʝʜ ʨʝʘʢʮʠʿʝ ʨʘʟʛʨʘʜˁʝ (ʥʫʣʪʠ, ʧʨʚʠ ʠʣʠ ʜʨʫʛʠ ʨʝʜ) ʿʝ ʜʦʜʝˀʝʥ ʥʘ 

ʦʩʥʦʚʫ ʥʘʿʙʦˀʝʛ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ ʜʦʙʠʿʝʥʦʛ ʠʟ ʛʨʘʬʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ-ʚʨʝʤʝ, 

ln(ʢʦʥʮʝʥʪʨʘʮʠʿʘ)-ʚʨʝʤʝ ʠʣʠ ʨʝʮʠʧʨʦʯʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ-ʚʨʝʤʝ, ʧʨʠ ʯʝʤʫ ʥʘʿʚʝ˂ʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʢʦʨʝʣʘʮʠʿʝ ʫʢʘʟʫʿʝ ʥʘ ʥʘʿʧʨʠʢʣʘʜʥʠʿʠ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʜʘʪʠ ʩʠʩʪʝʤ. 

¶ ʈʝʜ ʨʝʘʢʮʠʿʝ: ʈʘʟʛʨʘʜˁʘ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʥʠʿʝ ʧʨʘʪʠʣʘ ʿʝʜʘʥ ʫʥʠʚʝʨʟʘʣʥʠ ʢʠʥʝʪʠʯʢʠ 

ʤʦʜʝʣ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʣʝʢʘ, ʩʪʨʝʩ ʘʛʝʥʩʘ ʠ ʩʘʩʪʘʚʘ ʩʤʝʰʝ, ʧʨʠʤʝ˂ʝʥʝ ʩʫ ʧʦʿʘʚʝ 

ʢʠʥʝʪʠʢʝ ʧʨʚʦʛ, ʜʨʫʛʦʛ ʠ ʥʫʣʪʦʛ ʨʝʜʘ (ʊʘʙʝʣʝ 12ï14), ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʥʘʰʘˁʝ 

ʨʘʟʛʨʘʜˁʝ ʩʥʘʞʥʦ ʟʘʚʠʩʥʦ ʦʜ ʩʪʨʝʩ ʫʩʣʦʚʘ. 

¶ ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ (k): ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʿʝ ʦʜʨʝʹʝʥʘ ʠʟ ʥʘʛʠʙʘ ʣʠʥʝʘʨʥʠʭ 

ʛʨʘʬʠʢʘ ʟʘ ʩʚʘʢʠ ʠ ʧʫʪ ʠ ʫʩʣʦʚ ʨʘʟʛʨʘʜˁʝ (ʇʨʠʣʦʛ 1). ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʦʜʨʝʹʫʿʫ ʙʨʟʠʥʫ 

ʨʘʟʛʨʘʜˁʝ ʧʦʜ ʩʧʝʮʠʬʠʯʥʠʤ ʬʘʢʪʦʨʠʤʘ ʩʪʨʝʩʘ. 

¶ ɺʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ (t1/2) ʠ ʨʦʢ ʪʨʘʿʘˁʘ (t90): ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʯʫʥʘʪʠʭ ʢʦʥʩʪʘʥʪʠ ʙʨʟʠʥʝ 

ʨʝʘʢʮʠʿʝ ʠ ʨʝʜʘ ʨʝʘʢʮʠʿʝ, ʦʜʨʝʹʝʥʘ ʩʫ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʨʦʢʦʚʠ ʪʨʘʿʘˁʘ ʣʝʢʦʚʘ. 
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ɺʨʝʜʥʦʩʪʠ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ (t1/2) ʠ ʨʦʢʘ ʪʨʘʿʘˁʘ (t90) ʟʥʘʯʘʿʥʦ ʩʫ ʚʘʨʠʨʘʣʝ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʝʩ ʫʩʣʦʚʘ ʠ ʩʘʩʪʘʚʘ ʩʤʝʰʝ. ʋ ʥʝʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʧʦʩʝʙʥʦ ʫ ʙʘʟʥʠʤ 

ʫʩʣʦʚʠʤʘ, ʢʦʬʦʨʤʫʣʘʮʠʿʘ ʿʝ ʧʦʚʝ˂ʘʣʘ t1/2 ʠ t90 ʟʘ ʦʜʘʙʨʘʥʝ ʘʢʪʠʚʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ 

ʩʫʧʩʪʘʥʮʝ, ʜʦʢ ʩʫ ʫ ʢʠʩʝʣʠʤ ʠʣʠ ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʦʜʨʝʹʝʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʩʤʘˁʠʣʝ 

ʢʠʥʝʪʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ. 

¶ ɽʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ (Ea): ɸʨʝʥʠʿʫʩʦʚʘ ʿʝʜʥʘʯʠʥʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʥʘ ʧʦʜʘʪʢʝ ʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦ ʟʘʚʠʩʥʦʿ ʨʘʟʛʨʘʜˁʠ ʢʘʢʦ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʣʘ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ (Ea) ʟʘ 

ʩʚʘʢʠ ʣʝʢ ʠ ˁʠʭʦʚʫ ʢʦʤʙʠʥʘʮʠʿʫ. ɼʦʙʠʿʝʥʘ ɽʘ ʚʨʝʜʥʦʩʪ ʧʨʫʞʘ ʫʚʠʜ ʫ ʝʥʝʨʛʝʪʩʢʫ 

ʙʘʨʠʿʝʨʫ ʢʦʿʘ ʩʝ ʤʦʨʘ ʧʨʝʚʘʟʠ˂ʠ ʜʘ ʙʠ ʜʦʰʣʦ ʜʦ ʨʘʟʛʨʘʜˁʝ; ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ɽʘ ʫʢʘʟʫʿʫ 

ʥʘ ʚʝ˂ʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʦʩʝʪˀʠʚʦʩʪ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ. 

¶ ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ (ȹGÿ, ȹHÿ, ȹSÿ): ɽʿ ʨʠʥʛʦʚʘ ʿʝʜʥʘʯʠʥʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʣʦʙʦʜʥʝ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ (ȹGÿ), ʝʥʪʘʣʧʠʿʝ ʘʢʪʠʚʘʮʠʿʝ (ȹHÿ) ʠ 

ʝʥʪʨʦʧʠʿʝ ʘʢʪʠʚʘʮʠʿʝ (ȹSÿ). ʆʚʠ ʧʘʨʘʤʝʪʨʠ ʥʫʜʝ ʜʫʙˀʝ ʨʘʟʫʤʝʚʘˁʝ ʧʨʝʣʘʟʥʦʛ ʩʪʘˁʘ ʠ 

ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʢʦʿʠ ʣʝʞʝ ʫ ʦʩʥʦʚʠ ʧʨʦʮʝʩʘ ʨʘʟʛʨʘʜˁʝ. ʇʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ 

ȹGÿ ʫʢʘʟʫʿʫ ʥʘ ʧʦʩʪʦʿʘˁʝ ʩʣʦʙʦʜʥʦʝʥʝʨʛʝʪʩʢʝ ʙʘʨʠʿʝʨʝ ʧʦʚʝʟʘʥʝ ʩʘ ʬʦʨʤʠʨʘˁʝʤ 

ʘʢʪʠʚʠʨʘʥʦʛ ʢʦʤʧʣʝʢʩʘ, ʜʦʢ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ȹHÿ ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʿʝ ʟʘ ʜʦʩʪʠʟʘˁʝ 

ʘʢʪʠʚʠʨʘʥʦʛ ʢʦʤʧʣʝʢʩʘ ʙʠʦ ʧʦʪʨʝʙʘʥ ʝʥʪʘʣʧʠʿʩʢʠ ʜʦʧʨʠʥʦʩ, ʜʦʢ ʧʨʝʪʝʞʥʦ ʥʝʛʘʪʠʚʥʝ 

ʚʨʝʜʥʦʩʪʠ ȹSÿ ʫʢʘʟʫʿʫ ʥʘ ʬʦʨʤʠʨʘˁʝ ʫʨʝʹʝʥʠʿʝʛ ʘʢʪʠʚʠʨʘʥʦʛ ʢʦʤʧʣʝʢʩʘ ʪʦʢʦʤ 

ʨʘʟʛʨʘʜˁʝ. 

ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ 

ʨʘʟʛʨʘʜˁʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ, ʪʝ ʧʨʠʚʠʜʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʟʘ 

ʙʘʟʥʫ ʭʠʜʨʦʣʠʟʫ ʥʘ 45C̄ ʠ 65C̄ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 1 ʉʣʠʢʘ ʇ36-ʇ46. 

ʊʘʙʝʣʘ 12. ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʠ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʨʘʟʛʨʘʜˁʝ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʧʦʜ ʙʘʟʥʠʤ 

ʫʩʣʦʚʠʤʘ (0,001M NaOH), ʜʦʙʠʿʝʥʠ ʥʘ 45 ʠ 65 ÁC. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ 

ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜ ʨʝʘʢʮʠʿʝ ʠ ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 1. 

  ʇɽʈʀʅɼʆʇʈʀʃ ʊɽʈʎ-ɹʋʊʀʃɸʄʀʅ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʇɽʈ ʇɽʈ+ɸʄʃ ʇɽʈ+ʀʅɼ ʇɽʈ+ɸʄʃ+ʀʅɼ 

Ea (kJ mol-1) 50,33 57,88 64,56 78,16 

ȹHÿ (kJ mol-1) 
45 °C 47,69 55,23 61,91 75,51 

65 °C 47,52 55,07 61,75 75,35 

ȹGÿ (kJ mol-1) 
45 °C 91,13 92,28 87,52 94,48 

65 °C 93,87 94,62 89,14 95,68 

ȹSÿ (kJ mol-1 K -1) 
45 °C -0,137 -0,117 -0,081 -0,060 

65 °C -0,137 -0,117 -0,081 -0,060 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ  

k*  
45 °C 0,0071 0,0046 0,0278 0,002 

65 °C 0,0219 0,0168 0,1179 0,0115 

n 
45 °C I I II  I 

65 °C I I II  I 

t1/2 (h) 
45 °C 97,61 150,65 148,69 319,5 

65 °C 31,64 41,25 34,89 55,56 

t90 (h) 
45 °C 14,79 22,83 16,50 52,50 

65 °C 4,79 6,25 3,87 9,13 

  ɸʄʃʆɼʀʇʀʅ ɹɽʉʀʃɸʊ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ɸʄʃ ɸʄʃ+ʇɽʈ ɸʄʃ+ʀʅɼ ɸʄʃ+ʇɽʈ+ʀʅɼ 

Ea (kJ mol-1) 22,77 3,80 16,25 5,57 

ȹHÿ (kJ mol-1) 
45 °C 20,13 1,16 13,61 2,92 

65 °C 19,96 0,993 13,44 2,76 

ȹGÿ (kJ mol-1) 
45 °C 85,03 85,22 84,99 85,79 

65 °C 89,12 90,51 89,48 91,01 

ȹSÿ (kJ mol-1 K -1) 45 °C -0,204 -0,264 -0,224 -0,261 
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65 °C -0,205 -0,265 -0,225 -0,261 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ     

k*  
45 °C 0,0713 0,0664 0,0725 0,0535 

65 °C 0,1187 0,0723 0,1043 0,0606 

n 
45 °C II  II  II  II  

65 °C II  II  II  II  

t1/2 (h) 
45 °C 80,48 85,91 77,44 105,13 

65 °C 49,44 77,12 54,82 90,97 

t90 (h) 
45 °C 8,93 9,54 8,59 11,67 

65 °C 5,49 8,56 6,08 10,10 

  ʀʅɼɸʇɸʄʀɼ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʀʅɼ ʀʅɼ+ʇɽʈ ʀʅɼ+ɸʄʃ ʀʅɼ+ʇɽʈ+ɸʄʃ 

Ea (kJ mol-1) 44,75 65,94 54,45 17,82 

ȹHÿ (kJ mol-1) 
45 °C 42,11 63,30 51,83 15,17 

65 °C 41,94 63,13 51,67 15,01 

ȹGÿ (kJ mol-1) 
45 °C 90,20 90,12 93,79 89,17 

65 °C 93,23 91,82 96,43 93,83 

ȹSÿ (kJ mol-1 K -1) 
45 °C -0,151 -0,084 -0,132 -0,233 

65 °C -0,152 -0,085 -0,132 -0,233 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ      

k*  
45 °C 0,0101 0,0104 0,0026 0,0149 

65 °C 0,0275 0,0455 0,0088 0,0222 

n 
45 °C II   II  II  II  

65 °C II  II  II  II  

t1/2 (h) 
45 °C 348,52 346,10 1391,95 243,73 

65 °C 130,45 78,70 409,36 160,49 

t90 (h) 
45 °C 38,69 38,42 154,51 27,05 

65 °C 14,48 8,74 45,44 17,81 

*ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ (k) ʿʝ ʠʟʨʘʞʝʥʘ ʫ ʿʝʜʠʥʠʮʘʤʘ [h-1] ʟʘ ʨʝʘʢʮʠʿʫ ʧʨʚʦʛ ʨʝʜʘ ʠ [mM-1 h-1] ʟʘ 

ʨʝʘʢʮʠʿʫ ʜʨʫʛʦʛ ʨʝʜʘ.  

ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ 

ʨʘʟʛʨʘʜˁʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ, ʪʝ ʧʨʠʚʠʜʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʟʘ 

ʢʠʩʝʣʫ ʭʠʜʨʦʣʠʟʫ ʥʘ 45C̄ ʠ 65C̄ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 1 ʉʣʠʢʘ ʇ47-ʇ57. 

ʊʘʙʝʣʘ 13. ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʠ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʨʘʟʛʨʘʜˁʝ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʧʦʜ ʢʠʩʝʣʠʤ 

ʫʩʣʦʚʠʤʘ (1M HCl), ʜʦʙʠʿʝʥʠ ʥʘ 45 ʠ 65 ÁC. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ 

ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜ ʨʝʘʢʮʠʿʝ ʠ ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 1. 

  ʇɽʈʀʅɼʆʇʈʀʃ ʊɽʈʎ-ɹʋʊʀʃɸʄʀʅ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʇɽʈ ʇɽʈ+ɸʄʃ ʇɽʈ+ʀʅɼ ʇɽʈ+ɸʄʃ+ʀʅɼ 

Ea (kJ mol-1) 54,68 34,68 46,00 28,15 

ȹHÿ (kJ mol-1) 
45 °C 52,04 32,04 43,36 25,51 

65 °C 51,87 31,87 43,19 25,34 

ȹGÿ (kJ mol-1) 
45 °C 93,00 88,29 93,41 87,52 

65 °C 95,42 91,83 96,56 91,43 

ȹSÿ (kJ mol-1 K -1) 
45 °C -0,129 -0,177 -0,157 -0,195 

65 °C -0,129 -0,177 -0,158 -0,196 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ   

k *  
45 °C 0,0035 0,0208 0,003 0,0278 

65 °C 0,0119 0,0452 0,0084 0,0522 

n 
45 °C I II  I II  

65 °C I II  I II  

t1/2 (h) 
45 °C 198 197,83 231,00 146,37 

65 °C 58,23 79,86 82,50 80,73 
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t90 (h) 
45 °C 30,00 21,96 35,00 16,25 

65 °C 8,82 8,86 12,50 8,96 

  ɸʄʃʆɼʀʇʀʅ ɹɽʉʀʃɸʊ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ɸʄʃ ɸʄʃ+ʇɽʈ ɸʄʃ+ʀʅ

ɼ 

ɸʄʃ+ʇɽʈ+ʀʅɼ 

Ea (kJ mol-1) 28,93 41,85 66,17 68,07 

ȹHÿ (kJ mol-1) 
45 °C 26,29 39,21 63,53 65,42 

65 °C 26,12 39,04 63,36 65,26 

ȹGÿ (kJ mol-1) 
45 °C 72,79 85,20 74,08 75,01 

65 °C 75,72 88,10 74,75 75,62 

ȹSÿ (kJ mol-1 K -1) 
45 °C -0,146 -0,145 -0,033 -0,030 

65 °C -0,147 -0,145 -0,034 -0,031 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ      

k *  
45 °C 7,3077 0,0669 4,4853 3,1626 

65 °C 13,963 0,1707 19,723 14,509 

n 
45 °C II  I II  II  

65 °C II  I II  II  

t1/2 (h) 
45 °C 0,75 10,36 1,26 1,78 

65 °C 0,41 4,06 0,29 0,38 

t90 (h) 
45 °C 0,08 1,57 0,14 0,20 

65 °C 0,05 0,61 0,03 0,04 

  ʀʅɼɸʇɸʄʀɼ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʀʅɼ ʀʅɼ+ʇɽʈ ʀʅɼ+ɸʄ

ʃ 

ʀʅɼ+ʇɽʈ+ɸʄʃ 

Ea (kJ mol-1) 62,24 11,92 52,75 65,82 

ȹHÿ (kJ mol-1) 
45 °C 59,60 9,28 50,11 63,18 

65 °C 59,43 9,11 49,94 63,01 

ȹGÿ (kJ mol-1) 
45 °C 92,86 89,72 92,72 89,23 

65 °C 94,95 94,79 95,40 90,87 

ȹSÿ (kJ mol-1 K -1) 
45 °C -0,105 -0,253 -0,134 -0,082 

65 °C -0,105 -0,253 -0,134 -0,082 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ      

k *  
45 °C 0,0037 0,0121 0,0037 0,0146 

65 °C 0,0149 0,0158 0,0127 0,0637 

n 
45 °C I I I II  

65 °C I I I II  

t1/2 (h) 
45 °C 187,30 57,27 177,69 237,76 

65 °C 46,51 43,86 54,57 56,19 

t90 (h) 
45 °C 28,38 8,68 26,92 26,39 

65 °C 7,05 6,65 8,27 6,24 

*ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ (k) ʿʝ ʠʟʨʘʞʝʥʘ ʫ ʿʝʜʠʥʠʮʘʤʘ [h-1] ʟʘ ʨʝʘʢʮʠʿʫ ʧʨʚʦʛ ʨʝʜʘ ʠ [mM-1 h-1] ʟʘ 

ʨʝʘʢʮʠʿʫ ʜʨʫʛʦʛ ʨʝʜʘ. 

ʉʚʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜʦʚʠ ʨʝʘʢʮʠʿʘ, ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ 

ʨʘʟʛʨʘʜˁʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʦʛ ʧʦʢʣʘʧʘˁʘ, ʪʝ ʧʨʠʚʠʜʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʟʘ 

ʥʝʫʪʨʘʣʥʫ ʭʠʜʨʦʣʠʟʫ ʥʘ 45C̄ ʠ 65C̄ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 1 ʉʣʠʢʘ ʇ58-ʇ68. 

ʊʘʙʝʣʘ 14. ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʠ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʨʘʟʛʨʘʜˁʝ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ ʧʦʜ 

ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (H2O), ʜʦʙʠʿʝʥʠ ʥʘ 45 ʠ 65 ÁC. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʢʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʜ ʨʝʘʢʮʠʿʝ ʠ ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 1. 

  ʇɽʈʀʅɼʆʇʈʀʃ ʊɽʈʎ-ɹʋʊʀʃɸʄʀʅ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʇɽʈ ʇɽʈ+ɸʄʃ ʇɽʈ+ʀʅɼ ʇɽʈ+ɸʄʃ+ʀʅɼ 

Ea (kJ mol-1) 45,92 40,17 30,97 49,09 

ȹHÿ (kJ mol-1) 45 °C 43,28 37,52 28,33 46,44 
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65 °C 43,11 37,36 28,16 46,28 

ȹGÿ (kJ mol-1) 
45 °C 92,72 93,00 96,90 98,15 

65 °C 95,83 96,50 101,22 101,40 

ȹSÿ (kJ mol-1 K -1) 
45 °C -0,155 -0,174 -0,216 -0,163 

65 °C -0,156 -0,175 -0,216 -0,163 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ   

k *  
45 °C 0,0039 0,0035 0,0008 0,0005 

65 °C 0,0109 0,0086 0,0016 0,0015 

n 
45 °C I I 0 0 

65 °C I I 0 0 

t1/2 (h) 
45 °C 177,69 198,00 165,79 238,78 

65 °C 63,58 80,58 74,22 77,81 

t90 (h) 
45 °C 26,92 30,00 33,16 47,76 

65 °C 9,63 12,21 14,84 15,56 

  ɸʄʃʆɼʀʇʀʅ ɹɽʉʀʃɸʊ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ɸʄʃ ɸʄʃ+ʇɽʈ ɸʄʃ+ʀʅ

ɼ 

ɸʄʃ+ʇɽʈ+ʀʅɼ 

Ea (kJ mol-1) 57,91 34,05 76,62 71,91 

ȹHÿ (kJ mol-1) 
45 °C 55,27 31,41 73,98 69,27 

65 °C 55,10 31,24 73,81 69,10 

ȹGÿ (kJ mol-1) 
45 °C 93,50 95,43 102,68 102,40 

65 °C 95,91 99,46 104,49 104,49 

ȹSÿ (kJ mol-1 K -1) 
45 °C -0,120 -0,201 -0,090 -0,104 

65 °C -0,121 -0,202 -0,091 -0,105 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ      

k *  
45 °C 0,0029 0,0014 0,00009 0,0001 

65 °C 0,0106 0,003 0,0005 0,0005 

n 
45 °C I I 0 0 

65 °C I I 0 0 

t1/2 (h) 
45 °C 238,97 495,00 982,54 855,78 

65 °C 65,38 231,00 170,54 170,16 

t90 (h) 
45 °C 36,21 75,08 196,51 171,16 

65 °C 9,91 32,84 34,11 34,03 

  ʀʅɼɸʇɸʄʀɼ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʀʅɼ ʀʅɼ+ʇɽʈ ʀʅɼ+ɸʄ

ʃ 

ʀʅɼ+ʇɽʈ+ɸʄʃ 

Ea (kJ mol-1) 35,68 71,91 54,68 102,88 

ȹHÿ (kJ mol-1) 
45 °C 33,03 69,27 52,04 100,24 

65 °C 32,87 69,10 51,87 100,07 

ȹGÿ (kJ mol-1) 
45 °C 102,68 102,40 98,15 106,66 

65 °C 107,07 104,50 101,05 107,07 

ȹSÿ (kJ mol-1 K -1) 
45 °C -0,219 -0,104 -0,145 -0,020 

65 °C -0,220 -0,105 -0,146 -0,021 

ʂʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ      

k *  
45 °C 0,00005 0,0001 0,0005 0,00002 

65 °C 0,0002 0,0005 0,0017 0,0002 

n 
45 °C 0 0 II  0 

65 °C 0 0 II  0 

t1/2 (h) 
45 °C 2734,72 2713,21 7004,85 6896,66 

65 °C 697,00 553,58 2152,00 687,57 

t90 (h) 
45 °C 546,94 271,32 777,54 1379,33 

65 °C 139,40 55,36 238,87 137,51 

*ʂʦʥʩʪʘʥʪʘ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ (k) ʿʝ ʠʟʨʘʞʝʥʘ ʫ ʿʝʜʠʥʠʮʘʤʘ [mM h-1] ʟʘ ʨʝʘʢʮʠʿʫ ʥʫʣʪʦʛ ʨʝʜʘ, [h-

1] ʟʘ ʨʝʘʢʮʠʿʫ ʧʨʚʦʛ ʨʝʜʘ ʠ [mM-1 h-1] ʟʘ ʨʝʘʢʮʠʿʫ ʜʨʫʛʦʛ ʨʝʜʘ. 
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ʂʠʥʝʪʠʯʢʘ ʠʩʧʠʪʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʘ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ ʠʥʪʝʛʨʠʰʫ ʝʢʩʧʝʨʠʤʝʥʪʝ ʨʘʟʛʨʘʜˁʝ ʫ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʩʧʨʦʚʝʜʝʥʝ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (ʦʢʦ 25 ÁC) ʠ ʩʘ ʫʙʨʟʘʥʠʤ ʩʪʫʜʠʿʘʤʘ ʥʘ 

ʧʦʚʠʰʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (45 ÁC ʠ 65 ÁC), ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʩʚʝʦʙʫʭʚʘʪʥʫ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ ʨʝʜʘ 

ʨʝʘʢʮʠʿʝ, ʢʦʥʩʪʘʥʪʠ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ, ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʘʢʪʠʚʘʮʠʿʝ. ʆʚʘʿ ʢʦʤʙʠʥʦʚʘʥʠ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʤʝʭʘʥʠʩʪʠʯʢʦ ʪʫʤʘʯʝˁʝ ʧʫʪʝʚʘ ʜʝʛʨʘʜʘʮʠʿʝ 

ʠ ʧʦʜʨʞʘʚʘ ʥʘʫʯʥʦ ʫʪʝʤʝˀʝʥʫ ʧʨʦʮʝʥʫ ʧʦʥʘʰʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʜ ʠʩʧʠʪʠʚʘʥʠʤ ʫʩʣʦʚʠʤʘ 

ʩʪʨʝʩʘ (84). 

ʇʦʜ ʭʠʜʨʦʣʠʪʠʯʢʠʤ ʠ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ, ʨʘʟʛʨʘʜˁʘ ʿʝ ʧʦʢʘʟʘʣʘ ʤʝʰʦʚʠʪʦ ʢʠʥʝʪʠʯʢʦ 

ʧʦʥʘʰʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ɸʇʀ, ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʝ, ʘʣʠ ʠ ʩʘʩʪʘʚʘ ʩʤʝʰʝ ʣʝʢʦʚʘ 

(ʙʠʥʘʨʥʝ ʠ ʪʝʨʥʘʨʥʝ), ʩʘ ʧʨʠʤʝ˂ʝʥʦʤ ʢʠʥʝʪʠʢʦʤ ʧʨʚʦʛ ʨʝʜʘ, ʜʨʫʛʦʛ ʨʝʜʘ, ʘ ʫ ʥʝʢʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʠ ʥʫʣʪʦʛ ʨʝʜʘ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʬʦʪʦʨʘʟʛʨʘʜˁʘ ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʧʨʘʪʠʣʘ ʢʠʥʝʪʠʢʫ 

ʥʫʣʪʦʛ ʨʝʜʘ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ ʫʩʣʦʚʠʤʘ ʟʨʘʯʝˁʘ. ʆʚʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʫʢʘʟʫʿʝ ʜʘ ʩʝ ʥʝ ʤʦʞʝ ʩʘ 

ʿʝʜʥʠʤ ʢʠʥʝʪʠʯʢʠʤ ʤʦʜʝʣʦʤ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʠ ʩʚʘʢʠ ʧʫʪ ʨʘʟʛʨʘʜˁʝ ʠ ʜʘ ʩʫ ʠ ʩʪʨʝʩʥʠ ʤʝʜʠʿʫʤ 

ʠ ʩʘʩʪʘʚ ʩʤʝʰʝ ʣʝʢʦʚʘ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʠ ʥʘ ʧʨʠʚʠʜʥʠ ʨʝʜ ʨʝʘʢʮʠʿʝ. 

ʇʦʥʘʰʘˁʝ ʜʨʫʛʦʛ ʨʝʜʘ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʦʮʝʩʠʤʘ ʨʘʟʛʨʘʜˁʝ ʫ ʢʦʿʠʤʘ ʙʨʟʠʥʘ ʨʝʘʢʮʠʿʝ ʟʘʚʠʩʠ ʠ 

ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʣʝʢʘ ʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʝʘʛʫʿʫ˂ʠʭ ʚʨʩʪʘ, ʢʘʦ ʰʪʦ ʩʫ ʭʠʜʨʦʢʩʠʜʥʠ ʿʦʥʠ ʠʣʠ 

ʦʢʩʠʜʘʪʠʚʥʝ ʚʨʩʪʝ. ʀʘʢʦ ʩʝ ʬʘʨʤʘʮʝʫʪʩʢʘ ʨʘʟʛʨʘʜˁʘ ʯʝʩʪʦ ʘʧʨʦʢʩʠʤʠʨʘ ʤʦʜʝʣʠʤʘ ʧʨʚʦʛ ʨʝʜʘ, 

ʩʘʜʘʰˁʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʢʠʥʝʪʠʯʢʦ ʧʦʥʘʰʘˁʝ ʫ ʦʚʠʤ ʩʠʩʪʝʤʠʤʘ ʟʘʚʠʩʥʦ ʦʜ ʫʩʣʦʚʘ ʠ 

ʜʘ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʪʨʝʩ ʘʛʝʥʘʩʘ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʣʘ ʙʨʟʠʥʠ ʨʘʟʛʨʘʜˁʝ ʫ ʤʥʦʛʠʤ 

ʠʩʧʠʪʠʚʘʥʠʤ ʤʝʜʠʿʫʤʠʤʘ. 

ʌʦʪʦʜʝʛʨʘʜʘʮʠʿʘ ʥʫʣʪʦʛ ʨʝʜʘ ʦʜʨʘʞʘʚʘ ʢʠʥʝʪʠʢʫ ʟʘʩʠ˂ʝˁʘ ʫ ʢʦʿʦʿ ʬʣʫʢʩ ʬʦʪʦʥʘ, ʘ ʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʣʝʢʘ, ʫʧʨʘʚˀʘ ʙʨʟʠʥʦʤ ʨʘʟʛʨʘʜˁʝ. ʇʦʜ ʢʦʥʩʪʘʥʪʥʠʤ ʠʥʪʝʥʟʠʪʝʪʦʤ ʟʨʘʯʝˁʘ, 

ʙʨʦʿ ʬʦʪʦʥʘ ʘʧʩʦʨʙʦʚʘʥʠʭ ʧʦ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʦʩʪʘʿʝ ʢʦʥʩʪʘʥʪʘʥ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʨʘʟʛʨʘʜˁʝ 

ʥʝʟʘʚʠʩʥʝ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. 

ʂʠʥʝʪʠʯʢʘ ʘʥʘʣʠʟʘ ʿʝ ʧʨʫʞʠʣʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʦʢʚʠʨ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʧʦʥʘʰʘˁʘ ʨʘʟʛʨʘʜˁʝ ʇɽʈ, 

ɸʄʃ ʠ ʀʅɼ, ʢʘʢʦ ʧʦʿʝʜʠʥʘʯʥʦ, ʪʘʢʦ ʠ ʫ ˁʠʭʦʚʠʤ ʩʤʝʰʘʤʘ. ʈʝʟʫʣʪʘʪʠ ʥʘʛʣʘʰʘʚʘʿʫ ʜʘ ʥʘ 

ʩʪʘʙʠʣʥʦʩʪ ʩʚʘ ʪʨʠ ʣʝʢʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ pH ʚʨʝʜʥʦʩʪ ʩʨʝʜʠʥʝ, ʩʚʝʪʣʦʩʪ ʠ ʬʘʢʪʦʨʠ 

ʦʢʩʠʜʘʮʠʿʝ, ʢʘʦ ʠ ˁʠʭʦʚʝ ʩʣʦʞʝʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʰʪʦ ʟʘʭʪʝʚʘ ʧʘʞˀʠʚʦ ʨʘʟʤʘʪʨʘˁʝ ʪʦʢʦʤ 

ʨʘʟʚʦʿʘ ʬʦʨʤʫʣʘʮʠʿʝ. 

 

4.4.6.1 ʇʝʨʠʥʜʦʧʨʠʣ - ʥʝʩʪʘʙʠʣʥʦʩʪ ʠʟʘʟʚʘʥʘ ʭʠʜʨʦʣʠʟʦʤ ʝʩʪʨʘ 

 

ʇɽʈ ʩʘʜʨʞʠ ʝʩʪʘʨʩʢʠ ʜʝʦ ʢʦʿʠ ʿʝ ʠʥʭʝʨʝʥʪʥʦ ʧʦʜʣʦʞʘʥ ʭʠʜʨʦʣʠʟʠ ʢʘʪʘʣʠʟʦʚʘʥʦʿ ʙʘʟʘʤʘ (85). 

ʅʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (ʦʢʦ 25 ÁC) ʧʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ (0,001 M NaOH), ʇɽʈ ʩʝ ʨʘʟʛʨʘʹʫʿʝ 

ʧʨʝʤʘ ʢʠʥʝʪʠʮʠ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ ʦʜ 0,0078 mM ĭh ĭ ʠ t90 ʦʜ 62,37 h 

(ʊʘʙʝʣʘ 8). ʆʚʦ ʧʦʪʚʨʹʫʿʝ ʥʫʢʣʝʦʬʠʣʥʠ ʥʘʧʘʜ ʭʠʜʨʦʢʩʠʜʥʠʭ ʿʦʥʘ ʥʘ ʝʩʪʘʨʩʢʠ ʢʘʨʙʦʥʠʣ ʢʘʦ 

ʜʦʤʠʥʘʥʪʘʥ ʧʫʪ ʨʘʟʛʨʘʜˁʝ. 

ʂʠʩʝʣʘ ʠ ʥʝʫʪʨʘʣʥʘ ʭʠʜʨʦʣʠʟʘ ʧʦʢʘʟʘʣʝ ʩʫ ʟʥʘʪʥʦ ʥʠʞʝ ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ (0,0006 

mM ĭh ĭ ʠ 0,0004 mM ĭh ĭ, ʨʝʩʧʝʢʪʠʚʥʦ), ʰʪʦ ʜʘʿʝ ʟʥʘʪʥʦ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ t90 ʦʜ 840,50 h ʠ 

1197,35 h (ʊʘʙʝʣe 7 ʠ 9). ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʭʠʜʨʦʣʠʟʘ ʇɽʈ ʩʥʘʞʥʦ ʢʘʪʘʣʠʟʦʚʘʥʘ 

ʙʘʟʘʤʘ ʠ ʨʝʣʘʪʠʚʥʦ ʩʫʟʙʠʿʝʥʘ ʫ ʢʠʩʝʣʠʤ ʠʣʠ ʥʝʫʪʨʘʣʥʠʤ ʩʨʝʜʠʥʘʤʘ. 

ʋʙʨʟʘʥʝ ʩʪʫʜʠʿʝ ʩʫ ʦʪʢʨʠʣʝ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʟʘ ʙʘʟʥʫ ʭʠʜʨʦʣʠʟʫ ʇɽʈ ʫ ʨʘʩʧʦʥʫ ʦʜ 50,33 ʜʦ 

78,16 kJ/mol ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʤʙʠʥʘʮʠʿʝ ʣʝʢʦʚʘ (ʊʘʙʝʣʘ 12). ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʦʮʝʩʦʤ ʭʠʜʨʦʣʠʪʠʯʢʝ ʨʘʟʛʨʘʜˁʝ ʟʘʚʠʩʥʠʤ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʫʢʘʟʫʿʫ ʥʘ ʫʤʝʨʝʥʫ ʜʦ 

ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʫ ʦʩʝʪˀʠʚʦʩʪ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ. ɺʨʝʜʥʦʩʪʠ ʥʝʛʘʪʠʚʥʝ 

ʝʥʪʨʦʧʠʿʝ ʘʢʪʠʚʘʮʠʿʝ (ȹSÿ) ʫʢʘʟʫʿʫ ʥʘ ʬʦʨʤʠʨʘˁʝ ʫʨʝʹʝʥʦʛ ʧʨʝʣʘʟʥʦʛ ʩʪʘˁʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ʙʠʤʦʣʝʢʫʣʘʨʥʦʤ ʥʫʢʣʝʦʬʠʣʥʦʤ ʩʫʧʩʪʠʪʫʮʠʿʦʤ. 
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ʄʝʭʘʥʠʩʪʠʯʢʠ, ʧʦʚʝ˂ʘʥʘ ʩʪʘʙʠʣʥʦʩʪ ʇɽʈ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ ʤʦʞʝ ʩʝ 

ʧʨʠʧʠʩʘʪʠ ʜʝʣʠʤʠʯʥʦʤ ʰʪʠ˂ʝˁʫ ʝʩʪʘʨʩʢʝ ʛʨʫʧʝ ʠʣʠ ʤʦʜʫʣʘʮʠʿʠ pH ʤʠʢʨʦʦʢʨʫʞʝˁʘ 

ʢʦʬʦʨʤʫʣʠʩʘʥʠʤ ʣʝʢʦʚʠʤʘ. 

 

4.4.6.2 ɸʤʣʦʜʠʧʠʥ -  ʆʢʩʠʜʘʪʠʚʥʦ-ʦʩʝʪˀʠʚ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʩʠʩʪʝʤ 

 

ɸʄʃ ʿʝ ʧʦʢʘʟʘʦ ʥʘʿʚʝ˂ʫ ʥʝʩʪʘʙʠʣʥʦʩʪ ʧʦʜ ʙʘʟʥʠʤ ʠ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ. ʅʘ 25 ÁC ʫ ʙʘʟʠ, 

ɸʄʃ ʿʝ ʧʦʢʘʟʘʦ ʢʦʥʩʪʘʥʪʫ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ ʜʨʫʛʦʛ ʨʝʜʘ ʦʜ 0,043 mM ĭh ĭ ʩʘ t90 ʦʜ 14,64 h 

(ʊʘʙʝʣʘ 8). ʆʢʩʠʜʘʪʠʚʥʘ ʨʘʟʛʨʘʜˁʘ ʧʦʜ ʜʝʿʩʪʚʦʤ 3% H2O2 ʦʜʚʠʿʘʣʘ ʩʝ ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ 

ʨʝʘʢʮʠʿʝ ʦʜ 0,0238 mM ĭh ĭ ʠ t90 ʦʜ 26,42 h (ʊʘʙʝʣʘ 11). 

ɼʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʠ ʧʨʩʪʝʥ ʫ ɸʄʃ ʩʝ ʣʘʢʦ ʦʢʩʠʜʫʿʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʜʝʨʠʚʘʪ ʧʠʨʠʜʠʥʘ ʠ ʦʚʘ 
ʩʪʨʫʢʪʫʨʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʦʹʝ ʧʦʤʘʞʝ ʫ ʦʙʿʘʰˁʝˁʫ ʠʟʨʘʞʝʥʝ ʦʩʝʪˀʠʚʦʩʪʠ ɸʄʃ ʥʘ 

ʦʢʩʠʜʘʮʠʿʫ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʠʟʨʘʞʝʥʦʤ ʦʢʩʠʜʘʪʠʚʥʦʤ ʦʩʝʪˀʠʚʦʰ˂ʫ ʧʨʠʤʝ˂ʝʥʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ (86). 

ʋ ʢʠʩʝʣʠʤ, ʘ ʧʦʩʝʙʥʦ ʥʝʫʪʨʘʣʥʠʤ ʤʝʜʠʿʫʤʠʤʘ, ɸʄʃ ʿʝ ʧʦʢʘʟʘʦ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ t90 (21,84 h ʫ 

ʢʠʩʝʣʠʤ ʠ 878,62 h ʫ ʥʝʫʪʨʘʣʥʠʤ ʤʝʜʠʿʫʤʠʤʘ), ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ˁʝʛʦʚʘ ʨʘʟʛʨʘʜˁʘ ʧʦʜ ʦʚʠʤ 

ʫʩʣʦʚʠʤʘ ʙʠʣʘ ʤʘˁʝ ʠʟʨʘʞʝʥʘ, ʥʝʛʦ ʧʦʜ ʙʘʟʥʠʤ ʠʣʠ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ (ʊʘʙʝʣʝ 7 ʠ 9). 

ʌʦʪʦʜʝʛʨʘʜʘʮʠʿʘ ʿʝ ʧʨʘʪʠʣʘ ʢʠʥʝʪʠʢʫ ʥʫʣʪʦʛ ʨʝʜʘ ʩʘ ʚʝʦʤʘ ʥʠʩʢʠʤ ʢʦʥʩʪʘʥʪʘʤʘ ʙʨʟʠʥʝ 

ʨʝʘʢʮʠʿʝ (0,00001 mMh ĭ), ʧʦʪʚʨʹʫʿʫ˂ʠ ʜʘ ʿʝ ɸʄʃ ʨʝʣʘʪʠʚʥʦ ʬʦʪʦʩʪʘʙʠʣʘʥ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ 

ʫʩʣʦʚʠʤʘ ʠʟʣʘʛʘˁʘ ʩʚʝʪʣʦʩʥʦʤ ʩʪʨʝʩ ʘʛʝʥʩʫ (ʊʘʙʝʣʘ 10). 

 

4.4.6.3 ʀʥʜʘʧʘʤʠʜ - ʇʨʝʪʝʞʥʘ ʬʦʪʦʭʝʤʠʿʩʢʘ ʜʝʛʨʘʜʘʮʠʿʘ 

 

ʀʅɼ ʿʝ ʧʦʢʘʟʘʦ ʥʘʿʚʝ˂ʫ ʬʦʪʦʩʝʥʟʠʪʠʚʥʦʩʪ ʤʝʹʫ ʪʨʠ ɸʇʀ, ʩʘ ʨʘʟʛʨʘʜˁʦʤ ʦʜ 26,18% ʥʘʢʦʥ 72 

ʩʘʪʘ ʥʘ 25 ÁC, ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ ʥʫʣʪʦʛ ʨʝʜʘ ʦʜ 0,0008 mM h ĭ ʠ t90 ʦʜ 34,96 ʩʘʪʠ 

(ʊʘʙʝʣʘ 10). ʆʚʦ ʧʦʥʘʰʘˁʝ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʬʦʪʦʘʢʪʠʚʘʮʠʿʦʤ ʭʨʦʤʦʬʦʨʥʠʭ ʩʪʨʫʢʪʫʨʘ ʫ 

ʤʦʣʝʢʫʣʫ ʀʅɼ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʬʦʪʦʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʨʘʟʛʨʘʜˁʝ. 

ʇʦʜ ʭʠʜʨʦʣʠʪʠʯʢʠʤ ʫʩʣʦʚʠʤʘ, ʀʅɼ ʿʝ ʦʩʪʘʦ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʘʥ. ɹʘʟʥʘ ʭʠʜʨʦʣʠʟʘ ʿʝ ʧʦʢʘʟʘʣʘ 

ʢʠʥʝʪʠʢʫ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʙʨʟʠʥʝ ʨʝʘʢʮʠʿʝ ʦʜ 0,0012 mM ĭh ĭ ʠ t90 ʦʜ 92,50 h (ʊʘʙʝʣʘ 

8), ʜʦʢ ʩʫ ʢʠʩʝʣʝ ʠ ʥʝʫʪʨʘʣʥʝ ʩʨʝʜʠʥʝ ʜʘʣʝ ʤʥʦʛʦ ʜʫʞʝ ʚʨʝʜʥʦʩʪʠ t90 ʦʜ 1980,70 h ʠ 4000,87 h, 

ʨʝʩʧʝʢʪʠʚʥʦ (ʊʘʙʝʣʝ 7 ʠ 9). 

ɿʘ ʩʘʤ ʀʅɼ, ʫʙʨʟʘʥʝ ʩʪʫʜʠʿʝ ʜʝʛʨʘʜʘʮʠʿʝ ʩʫ ʜʘʣʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʦʜ 44,75 kJ 

mol ĭ ʧʦʜ ʙʘʟʥʠʤ ʫʩʣʦʚʠʤʘ, 62,24 kJ mol ĭ ʧʦʜ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ ʠ 35,68 kJ mol ĭ ʧʦʜ 

ʥʝʫʪʨʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (ʊʘʙʝʣʝ 12ï14), ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʫʤʝʨʝʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʚʠʩʥʦʩʪ 

ʭʠʜʨʦʣʠʪʠʯʢʝ ʨʘʟʛʨʘʜˁʝ (87). 

 

4.4.6.4 ɸʨʝʥʠʿʫʩ/ɽʿʨʠʥʛ ʤʦʜʝʣʦʚʘˁʝ ʠ ʠʤʧʣʠʢʘʮʠʿʝ ʥʘ ʠʥʪʝʛʨʠʩʘʥʫ ʩʪʘʙʠʣʥʦʩʪ 

 

ʉʪʫʜʠʿʝ ʫʙʨʟʘʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʩʧʨʦʚʝʜʝʥʝ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (45 ÁC ʠ 65 ÁC) 

ʦʤʦʛʫ˂ʠʣʝ ʩʫ ʢʦʥʩʪʨʫʠʩʘˁʝ ɸʨʝʥʠʿʫʩʦʚʠʭ ʛʨʘʬʠʢʘ, ʢʦʿʠ ʩʫ ʧʦʢʘʟʘʣʠ ʿʘʢʫ ʣʠʥʝʘʨʥʫ ʟʘʚʠʩʥʦʩʪ 

(RĮ > 0,98), ʰʪʦ ʧʦʜʨʞʘʚʘ ʫʧʦʪʨʝʙʫ ʪʝʤʧʝʨʘʪʫʨʥʦ ʟʘʚʠʩʥʦʛ ʢʠʥʝʪʠʯʢʦʛ ʤʦʜʝʣʠʨʘˁʘ ʫʥʫʪʘʨ 

ʠʩʧʠʪʠʚʘʥʦʛ ʦʧʩʝʛʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ. ʀʟʨʘʯʫʥʘʪʝ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʧʦʢʨʠʚʘʣʝ ʩʫ ʰʠʨʦʢ ʦʧʩʝʛ 

ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ɸʇʀ, ʩʪʨʝʩʥʦʛ ʤʝʜʠʿʫʤʘ ʠ ʩʘʩʪʘʚʘ ʩʤʝʰʝ: 28,15ï78,16 kJ mol ĭ ʟʘ ʩʠʩʪʝʤʝ ʢʦʿʠ 
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ʩʘʜʨʞʝ ʇɽʈ; 3,80ï76,62 kJ mol ĭ ʟʘ ʩʠʩʪʝʤʝ ʢʦʿʠ ʩʘʜʨʞʝ ɸʄʃ ʠ 11,92ï102,88 kJ mol ĭ ʟʘ 

ʩʠʩʪʝʤʝ ʢʦʿʠ ʩʘʜʨʞʝ ʀʅɼ. ʐʠʨʦʢ ʨʘʩʧʦʥ ʧʘʨʘʤʝʪʘʨʘ ʘʢʪʠʚʘʮʠʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʝʩ 

ʤʝʜʠʿʫʤʠʤʘ ʠ ʩʘʩʪʘʚʠʤʘ ʩʤʝʰʘ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʩʠ ʨʘʟʛʨʘʜˁʝ ʥʠʩʫ ʙʠʣʠ 

ʠʥʪʨʠʥʟʠʯʥʘ ʢʦʥʩʪʘʥʪʘ ʩʘʤʦ ɸʇʀ, ʚʝ˂ ʩʫ ʙʠʣʠ ʩʥʘʞʥʦ ʤʦʜʫʣʠʨʘʥʠ ʦʢʦʣʥʠʤ ʭʝʤʠʿʩʢʠʤ 

ʦʢʨʫʞʝˁʝʤ. 

ɺʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʚʝ˂ʘ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʦʜʛʦʚʘʨʘ ʚʝ˂ʦʿ ʪʝʤʧʝʨʘʪʫʨʩʢʦʿ ʟʘʚʠʩʥʦʩʪʠ 

ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʠʩʧʠʪʠʚʘʥʠʭ ʣʝʢʦʚʘ. ʋ ʩʢʣʘʜʫ ʩʘ ɸʨʝʥʠʿʫʩʦʚʦʤ ʢʠʥʝʪʠʢʦʤ, ʨʝʘʢʮʠʿʝ 

ʢʘʨʘʢʪʝʨʠʩʘʥʝ ʚʠʰʠʤ E  ʚʨʝʜʥʦʩʪʠʤʘ ʧʦʢʘʟʫʿʫ ʠʟʨʘʞʝʥʠʿʝ ʧʦʚʝ˂ʘˁʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʭʦʜʥʦ ʪʦʤʝ, ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ Ea ʫʥʫʪʘʨ ʜʘʪʦʛ ʧʫʪʘ ʨʘʟʛʨʘʜˁʝ ʫʢʘʟʫʿʫ 

ʥʘ ʚʝ˂ʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʦʩʝʪˀʠʚʦʩʪ ʪʦʛ ʩʧʝʮʠʬʠʯʥʦʛ ʧʨʦʮʝʩʘ. ʄʝʹʫʪʠʤ, ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʥʦʩʪ ʿʝ ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘʣʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ɸʇʀ, ʩʪʨʝʩʥʦʛ ʤʝʜʠʿʫʤʘ ʠ 

ʩʘʩʪʘʚʘ ʩʤʝʰʝ.  

ʇʦʨʝʜ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ, ʧʨʦʮʝʥʘ ʝʥʪʘʣʧʠʿʝ ʘʢʪʠʚʘʮʠʿʝ (ȹHÿ) ʠ ʝʥʪʨʦʧʠʿʝ ʘʢʪʠʚʘʮʠʿʝ (ȹSÿ) 

ʧʨʫʞʘ ʜʫʙˀʠ ʫʚʠʜ ʫ ʤʦʣʝʢʫʣʘʨʥʫ ʧʨʠʨʦʜʫ ʧʨʝʣʘʟʥʠʭ ʩʪʘˁʘ ʢʦʿʘ ʫʧʨʘʚˀʘʿʫ ʨʝʘʢʮʠʿʘʤʘ 

ʨʘʟʛʨʘʜˁʝ. ɽʥʪʘʣʧʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʦʜʨʘʞʘʚʘ ʝʥʝʨʛʝʪʩʢʫ ʙʘʨʠʿʝʨʫ ʧʦʚʝʟʘʥʫ ʩʘ ʮʝʧʘˁʝʤ ʠ 

ʬʦʨʤʠʨʘˁʝʤ ʚʝʟʘ (ʩʪʝʧʝʥʦʤ ʨʠʛʠʜʥʦʩʪʠ ʠʥʪʨʘʤʦʣʝʢʫʣʘʨʥʠʭ ʚʝʟʘ), ʜʦʢ ʝʥʪʨʦʧʠʿʘ ʘʢʪʠʚʘʮʠʿʝ 

ʦʧʠʩʫʿʝ ʧʨʦʤʝʥʝ ʫ ʤʦʣʝʢʫʣʘʨʥʦʤ ʨʝʜʫ ʢʘʢʦ ʨʝʘʢʪʘʥʪʠ ʥʘʧʨʝʜʫʿʫ ʢʘ ʘʢʪʠʚʠʨʘʥʦʤ ʢʦʤʧʣʝʢʩʫ 

(ʩʪʘʙʠʣʥʦʩʪ ʠ ʫʨʝʹʝʥʦʩʪ ʠʥʪʨʘʤʦʣʝʢʫʣʘʨʥʦʛ ʩʠʩʪʝʤʘ). 

ɿʘ ʧʝʨʠʥʜʦʧʨʠʣ, ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ȹHÿ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʥʝʛʘʪʠʚʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ȹSÿ 

ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʩʝ ʨʘʟʛʨʘʜˁʘ ʦʜʚʠʿʘ ʢʨʦʟ ʝʥʝʨʛʝʪʩʢʠ ʟʘʭʪʝʚʥʦ ʠ ʫʨʝʹʝʥʠʿʝ ʧʨʝʣʘʟʥʦ ʩʪʘˁʝ, ʰʪʦ 

ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʤʝʭʘʥʠʟʤʦʤ ʙʠʤʦʣʝʢʫʣʘʨʥʝ ʥʫʢʣʝʦʬʠʣʥʝ ʩʫʧʩʪʠʪʫʮʠʿʝ ʪʦʢʦʤ ʭʠʜʨʦʣʠʟʝ ʝʩʪʨʘ 

ʢʘʪʘʣʠʟʦʚʘʥʝ ʙʘʟʘʤʘ. ʅʝʛʘʪʠʚʥʦ ȹSÿ ʩʫʛʝʨʠʰʝ ʩʤʘˁʝˁʝ ʩʪʝʧʝʥʘ ʩʣʦʙʦʜʝ ʢʘʢʦ ʩʝ ʭʠʜʨʦʢʩʠʜʥʠ 

ʿʦʥʠ ʧʨʠʙʣʠʞʘʚʘʿʫ ʠ ʦʨʠʿʝʥʪʠʰʫ ʢʘ ʢʘʨʙʦʥʠʣʥʦʿ ʛʨʫʧʠ ʝʩʪʨʘ, ʬʦʨʤʠʨʘʿʫ˂ʠ ʢʦʤʧʘʢʪʥʠ 

ʘʢʪʠʚʠʨʘʥʠ ʢʦʤʧʣʝʢʩ. 

ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʟʘ ʩʠʩʪʝʤʝ ʢʦʿʠ ʩʘʜʨʞʝ ʧʝʨʠʥʜʦʧʨʠʣ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʙʠʣʝ ʩʫ ʫ ʦʧʩʝʛʫ ʦʜ 28,15 ʜʦ 78,16 kJ mol ĭ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʨʝʩʥʦʛ ʤʝʜʠʿʫʤʘ ʠ 

ʩʘʩʪʘʚʘ ʩʤʝʰʝ. ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʫʧʦʨʝʜʠʚʝ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ ʟʘ ʪʝʨʤʠʯʢʫ ʨʘʟʛʨʘʜˁʫ 

ʧʝʨʠʥʜʦʧʨʠʣʘ, ʛʜʝ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʛʣʘʚʥʠ ʢʦʨʘʢ ʪʝʨʤʠʯʢʝ ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʧʨʠʣ-ʝʨʙʫʤʠʥʘ 

ʠʤʘ ʝʥʝʨʛʠʿʫ ʘʢʪʠʚʘʮʠʿʝ ʧʨʠʙʣʠʞʥʦ 59ï69 kJ molĭ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʤʝˁʝʥʦʛ ʢʠʥʝʪʠʯʢʦʛ 

ʤʦʜʝʣʘ. ʀʩʪʦʚʨʝʤʝʥʦ, ʫ ʠʩʪʦʿ ʩʪʫʜʠʿʠ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʬʦʨʤʫʣʘʮʠʿʘ ʫ ʦʙʣʠʢʫ ʪʘʙʣʝʪʝ ʤʦʞʝ ʠʤʘʪʠ 

ʟʥʘʪʥʦ ʚʠʰʫ ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ, ʦʢʦ 170 kJ mol ĭ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ 

ʝʢʩʮʠʧʠʿʝʥʘʩʘ ʠ ʯʚʨʩʪʦʛ ʩʪʘˁʘ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ (88). ʆʚʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʿʝʨ ʩʫ ʚʨʝʜʥʦʩʪʠ Ea ʟʘ ʇɽʈ ʚʘʨʠʨʘʣʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʩʫʩʪʚʘ 

ɸʄʃ ʠ/ʠʣʠ ʀʅɼ, ʰʪʦ ʧʦʪʚʨʹʫʿʝ ʜʘ ʢʦʬʦʨʤʫʣʘʮʠʿʘ ʤʦʞʝ ʧʨʦʤʝʥʠʪʠ ʝʥʝʨʛʝʪʩʢʫ ʙʘʨʠʿʝʨʫ 

ʨʘʟʛʨʘʜˁʝ ʠ ʤʦʜʠʬʠʢʦʚʘʪʠ ʩʪʘʙʠʣʥʦʩʪ ʧʦʿʝʜʠʥʘʯʥʝ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ. 

ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ɸʄʃ ʿʝ ʯʝʩʪʦ ʧʦʢʘʟʠʚʘʦ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ȹHÿ ʠ ʤʘˁʝ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ȹSÿ 

ʥʝʛʦ ʇɽʈ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʥʠʞʫ ʝʥʝʨʛʝʪʩʢʫ ʙʘʨʠʿʝʨʫ (ʚʝ˂ʠ ʩʪʝʧʝʥ ʥʝʩʪʘʙʠʣʥʦʩʪʠ) ʠ ʤʘˁʝ ʩʪʨʦʛʝ 

ʦʨʠʿʝʥʪʘʮʠʦʥʝ ʟʘʭʪʝʚʝ ʟʘ ʨʘʟʛʨʘʜˁʫ ʫ ʥʝʢʦʣʠʢʦ ʠʩʧʠʪʠʚʘʥʠʭ ʩʠʩʪʝʤʘ. ʆʚʦ ʪʫʤʘʯʝˁʝ ʿʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʨʠʤʝ˂ʝʥʦʤ ʚʠʩʦʢʦʤ ʦʩʝʪˀʠʚʦʰ˂ʫ ɸʄʃ ʥʘ ʙʘʟʥʠ ʠ ʦʢʩʠʜʘʪʠʚʥʠ 

ʩʪʨʝʩ. 

ɿʘ ʘʤʣʦʜʠʧʠʥ ʩʫ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ, 

ʦʜ 3,80 ʜʦ 76,62 kJ mol ĭ, h ʪʦ ʫʢʘʟʫʿʝ ʥʘ ʠʟʨʘʞʝʥʫ ʟʘʚʠʩʥʦʩʪ ʢʠʥʝʪʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʦʜ ʩʪʨʝʩʥʦʛ 

ʫʩʣʦʚʘ ʠ ʩʘʩʪʘʚʘ ʩʤʝʰʝ. ʃʠʪʝʨʘʪʫʨʥʠ ʧʦʜʘʮʠ ʪʘʢʦʹʝ ʧʦʪʚʨʹʫʿʫ ʜʘ ʿʝ ʘʤʣʦʜʠʧʠʥ ʦʩʝʪˀʠʚ ʥʘ 

ʫʩʣʦʚʝ ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʦʢʩʠʜʘʪʠʚʥʝ ʠ ʨʘʜʠʢʘʣʩʢʝ ʧʨʦʮʝʩʝ. ʋ ʩʪʫʜʠʿʠ ʨʘʟʛʨʘʜˁʝ ʘʤʣʦʜʠʧʠʥʘ 

ʋɺ/ʭʣʦʨ ʧʨʦʮʝʩʦʤ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ˁʝʛʦʚʘ ʨʘʟʛʨʘʜˁʘ ʜʦʙʨʦ ʦʧʠʩʫʿʝ ʧʩʝʫʜʦ-ʧʨʚʠʤ ʨʝʜʦʤ, ʧʨʠ 

ʯʝʤʫ ʩʫ ʙʨʟʠʥʘ ʠ ʩʪʝʧʝʥ ʨʘʟʛʨʘʜˁʝ ʟʘʚʠʩʠʣʠ ʦʜ ʜʦʟʝ ʭʣʦʨʘ, ʠʥʪʝʥʟʠʪʝʪʘ ʋɺ ʟʨʘʯʝˁʘ, pH 

ʚʨʝʜʥʦʩʪʠ ʠ ʧʨʠʩʫʩʪʚʘ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʚʦʜʝʥʦʿ ʩʨʝʜʠʥʠ. ʋ ʠʩʪʦʿ ʩʪʫʜʠʿʠ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ 

ʋɺ ʟʨʘʯʝˁʝ ʩʘʤʦ ʧʦ ʩʝʙʠ ʠʤʘ ʦʛʨʘʥʠʯʝʥ ʝʬʝʢʘʪ, ʜʦʢ ʧʨʠʩʫʩʪʚʦ ʨʝʘʢʪʠʚʥʠʭ ʨʘʜʠʢʘʣʩʢʠʭ ʚʨʩʪʘ, 
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ʧʦʩʝʙʥʦ OHÅ ʠ ClÅ, ʟʥʘʯʘʿʥʦ ʫʙʨʟʘʚʘ ʨʘʟʛʨʘʜˁʫ ʘʤʣʦʜʠʧʠʥʘ (89). ʆʚʠ ʧʦʜʘʮʠ ʩʫ ʩʘʛʣʘʩʥʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʫ ʢʦʿʦʿ ʿʝ ɸʄʃ ʧʦʢʘʟʘʦ ʠʟʨʘʞʝʥʫ ʥʝʩʪʘʙʠʣʥʦʩʪ ʫ ʙʘʟʥʠʤ ʠ 

ʦʢʩʠʜʘʪʠʚʥʠʤ ʫʩʣʦʚʠʤʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʧʦʚʝʟʘʪʠ ʩʘ ʦʩʝʪˀʠʚʦʰ˂ʫ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʦʛ ʩʠʩʪʝʤʘ 

ʥʘ ʦʢʩʠʜʘʮʠʿʫ. 

ʀʅɼ ʿʝ ʧʦʢʘʟʘʦ ʫʤʝʨʝʥʝ ʜʦ ʧʨʦʤʝʥˀʠʚʝ ʚʨʝʜʥʦʩʪʠ ȹHÿ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʘʩʪʘʚʘ ʘʥʘʣʠʟʠʨʘʥʦʛ 

ʤʝʜʠʿʫʤʘ ʠ ʩʤʝʰʝ ʣʝʢʦʚʘ, ʜʦʢ ʩʫ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ȹSÿ ʛʝʥʝʨʘʣʥʦ ʫʢʘʟʠʚʘʣʝ ʥʘ ʬʦʨʤʠʨʘˁʝ 

ʫʨʝʹʝʥʠʿʝʛ ʧʨʝʣʘʟʥʦʛ ʩʪʘˁʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʭʠʜʨʦʣʠʪʠʯʢʝ ʨʘʟʛʨʘʜˁʝ ʠʩʧʠʪʠʚʘʥʠʭ ʫ ʫʙʨʟʘʥʠʤ 

ʩʪʫʜʠʿʘʤʘ. ʄʝʹʫʪʠʤ, ʜʦʤʠʥʘʮʠʿʘ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʝ ʥʫʣʪʦʛ ʨʝʜʘ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ, ʧʦʜ 

ʠʟʣʘʛʘˁʝʤ ʩʚʝʪʣʦʩʪʠ, ʙʨʟʠʥʘ ʨʝʘʢʮʠʿʝ ʧʨʚʝʥʩʪʚʝʥʦ ʦʜʨʝʹʝʥʘ ʘʧʩʦʨʧʮʠʿʦʤ ʬʦʪʦʥʘ, ʘ ʥʝ 

ʢʣʘʩʠʯʥʠʤ ʪʝʨʤʠʯʢʠ ʘʢʪʠʚʠʨʘʥʠʤ ʭʝʤʠʿʩʢʠʤ ʢʦʨʘʮʠʤʘ. 

ʃʠʪʝʨʘʪʫʨʥʠ ʧʦʜʘʮʠ ʟʘ ʠʥʜʘʧʘʤʠʜ ʧʦʢʘʟʫʿʫ ʜʘ ˁʝʛʦʚʘ ʩʪʘʙʠʣʥʦʩʪ ʟʥʘʯʘʿʥʦ ʟʘʚʠʩʠ ʦʜ ʬʠʟʠʯʢʦʛ 

ʩʪʘˁʘ ʫʟʦʨʢʘ, ʨʘʩʪʚʘʨʘʯʘ ʠ ʧʨʠʩʫʩʪʚʘ ʜʨʫʛʝ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ. ʋ ʩʪʫʜʠʿʠ ʢʦʿʘ ʿʝ ʠʩʧʠʪʠʚʘʣʘ 

ʩʪʘʙʠʣʥʦʩʪ ʩʤʝʰʝ ʠʥʜʘʧʘʤʠʜʘ ʠ ʜʠʭʠʜʨʘʣʘʟʠʥʘ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʠʥʜʘʧʘʤʠʜ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ 

ʧʦʢʘʟʫʿʝ ʨʝʣʘʪʠʚʥʦ ʦʛʨʘʥʠʯʝʥʫ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʫ, ʜʦʢ ʫ ʤʝʪʘʥʦʣʥʦʤ ʨʘʩʪʚʦʨʫ ʜʦʣʘʟʠ ʜʦ ʤʥʦʛʦ 

ʠʟʨʘʞʝʥʠʿʝ ʨʘʟʛʨʘʜˁʝ ʧʨʠ ʠʟʣʘʛʘˁʫ ʩʚʝʪʣʦʩʪʠ. ʊʘʢʦʹʝ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʧʨʠʩʫʩʪʚʦ ʜʨʫʛʦʛ ʣʝʢʘ 

ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʥʝʩʪʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ ʠ ʜʘ ʢʦʤʙʠʥʦʚʘʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʟʘʭʪʝʚʘʿʫ ʟʘʰʪʠʪʫ ʦʜ ʋɺ-

ɺʀʉ ʩʚʝʪʣʦʩʪʠ (90). ʆʚʠ ʥʘʣʘʟʠ ʩʫ ʫ ʜʦʙʨʦʿ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʫ 

ʢʦʿʦʿ ʿʝ ʀʅɼ ʧʦʢʘʟʘʦ ʠʟʨʘʞʝʥʫ ʬʦʪʦʩʝʥʟʠʪʠʚʥʦʩʪ, ʘ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʘ ʿʝ ʧʨʘʪʠʣʘ ʢʠʥʝʪʠʢʫ 

ʥʫʣʪʦʛ ʨʝʜʘ. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʣʠʪʝʨʘʪʫʨʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʨʝʟʫʣʪʘʪʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʤʦʞʝ ʩʝ 

ʦʙʿʘʩʥʠʪʠ ʨʘʟʣʠʯʠʪʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʯʠˁʝʥʠʮʦʤ ʜʘ ʬʦʪʦʩʪʘʙʠʣʥʦʩʪ 

ʟʥʘʯʘʿʥʦ ʟʘʚʠʩʠ ʦʜ ʨʘʩʪʚʘʨʘʯʘ, ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ, ʠʥʪʝʥʟʠʪʝʪʘ ʩʚʝʪʣʦʩʪʠ, ʚʨʝʤʝʥʘ ʠʟʣʘʛʘˁʘ ʠ 

ʧʨʠʩʫʩʪʚʘ ʢʦʬʦʨʤʫʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ. 

ʉʣʠʯʘʥ ʪʨʝʥʜ ʫʪʠʮʘʿʘ ʬʦʨʤʫʣʘʮʠʦʥʦʛ ʦʢʨʫʞʝˁʘ ʥʘ ʢʠʥʝʪʠʢʫ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʨʘʟʛʨʘʜˁʝ 

ʦʧʠʩʘʥ ʿʝ ʠ ʢʦʜ ʜʨʫʛʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʫʧʩʪʘʥʮʠ. ʅʘ ʧʨʠʤʝʨ, ʫ ʩʪʫʜʠʿʠ ʪʝʨʤʠʯʢʝ ʨʘʟʛʨʘʜˁʝ 

ʬʣʫʨʙʠʧʨʦʬʝʥʘ ʠ ˁʝʛʦʚʦʛ ʧʦʣʠʤʝʨʥʦʛ ʢʦˁʫʛʘʪʘ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʢʠʥʝʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ, 

ʫʢˀʫʯʫʿʫ˂ʠ Eʘ, ȹH, ȹS ʠ ȹG, ʟʥʘʯʘʿʥʦ ʤʝˁʘʿʫ ʥʘʢʦʥ ʚʝʟʠʚʘˁʘ ʣʝʢʘ ʟʘ ʧʦʣʠʤʝʨʥʠ ʥʦʩʘʯ. ɿʘ ʩʘʤ 

ʬʣʫʨʙʠʧʨʦʬʝʥ ʜʦʙʠʿʝʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ Ea ʧʨʠʙʣʠʞʥʦ 98,70ï104,75 kJ mol-1, ʜʦʢ ʩʫ ʟʘ ʢʦˁʫʛʘʪ 

ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʦʢʦ 111,90ï112,59 kJ mol-1, ʰʪʦ ʿʝ ʪʫʤʘʯʝʥʦ ʢʘʦ ʧʦʚʝ˂ʘˁʝ ʪʝʨʤʠʯʢʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʥʘʢʦʥ ʤʦʜʠʬʠʢʘʮʠʿʝ ʬʦʨʤʫʣʘʮʠʦʥʦʛ ʦʢʨʫʞʝˁʘ (91). ʆʚʦ ʧʦʪʚʨʹʫʿʝ ʦʧʰʪʠ 

ʧʨʠʥʮʠʧ ʢʦʿʠ ʿʝ ʫʦʯʝʥ ʠ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ: ʧʨʦʤʝʥʘ ʭʝʤʠʿʩʢʦʛ ʠʣʠ ʬʦʨʤʫʣʘʮʠʦʥʦʛ ʦʢʨʫʞʝˁʘ 

ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʙʘʨʠʿʝʨʫ ʨʘʟʛʨʘʜˁʝ ʠ ʥʘ ʚʨʝʜʥʦʩʪʠ ʧʨʠʚʠʜʥʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʬʫʥʢʮʠʿʘ ʘʢʪʠʚʘʮʠʿʝ. 

ʋ ʮʝʣʠʥʠ, ʧʦʨʝʹʝˁʝ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ ʧʦʪʚʨʹʫʿʝ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʠʥʝʪʠʯʢʠʭ ʠ 

ʧʨʠʚʠʜʥʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʜʦʙʠʿʝʥʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʫ ʩʢʣʘʜʫ ʩʘ ʦʧʩʝʟʠʤʘ 

ʢʦʿʠ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʥʘʣʘʟʝ ʫ ʩʪʫʜʠʿʘʤʘ ʨʘʟʛʨʘʜˁʝ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʫʧʩʪʘʥʮʠ. ʀʩʪʦʚʨʝʤʝʥʦ, 

ʨʝʟʫʣʪʘʪʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʦʰʠʨʫʿʫ ʧʦʩʪʦʿʝ˂ʘ ʩʘʟʥʘˁʘ ʿʝʨ ʥʝ ʨʘʟʤʘʪʨʘʿʫ ʩʘʤʦ ʧʦʥʘʰʘˁʝ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʚʝ˂ ʩʠʩʪʝʤʘʪʩʢʠ ʠʩʧʠʪʫʿʫ ˁʠʭʦʚʦ ʧʦʥʘʰʘˁʝ ʫ ʙʠʥʘʨʥʠʤ ʠ 

ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ. ʇʦʩʝʙʘʥ ʜʦʧʨʠʥʦʩ ʦʚʝ ʩʪʫʜʠʿʝ ʦʛʣʝʜʘ ʩʝ ʫ ʪʦʤʝ ʰʪʦ ʧʦʢʘʟʫʿʝ ʜʘ 

ʩʪʘʙʠʣʥʦʩʪ ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʜʦʟʘ ʥʠʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʟʙʠʨ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ, ʚʝ˂ ʨʝʟʫʣʪʘʪ ʩʣʦʞʝʥʠʭ ʤʝʹʫʩʦʙʥʠʭ ʫʪʠʮʘʿʘ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʩʪʨʝʩʥʦʛ 

ʤʝʜʠʿʫʤʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ Ea, ȹHapp
ÿ, ȹGapp

ÿ ʠ ȹSapp
ÿ ʤʦʛʫ 

ʪʫʤʘʯʠʪʠ ʢʘʦ ʧʨʠʚʠʜʥʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʫʢʫʧʥʦ ʢʠʥʝʪʠʯʢʦ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ, ʘ ʥʝ 

ʠʩʢˀʫʯʠʚʦ ʿʝʜʘʥ ʠʟʦʣʦʚʘʥ ʝʣʝʤʝʥʪʘʨʥʠ ʨʝʘʢʮʠʦʥʠ ʢʦʨʘʢ. 

ʋʟʝʪʠ ʟʘʿʝʜʥʦ, ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʘʮʠʿʝ ʩʫʛʝʨʠʰʫ ʜʘ ʜʝʛʨʘʜʘʮʠʿʘ ʇɽʈ ʫʢˀʫʯʫʿʝ ʠ ʟʥʘʯʘʿʥʘ 

ʝʥʝʨʛʝʪʩʢʘ ʠ ʦʨʠʿʝʥʪʘʮʠʦʥʘ ʦʛʨʘʥʠʯʝˁʘ, ʜʝʛʨʘʜʘʮʠʿʘ ɸʄʃ ʯʝʩʪʦ ʩʝ ʦʜʚʠʿʘ ʩʘ ʨʝʣʘʪʠʚʥʦ ʥʠʞʦʤ 

ʘʢʪʠʚʘʮʠʦʥʦʤ ʙʘʨʠʿʝʨʦʤ ʠ ʤʘˁʝ ʥʝʛʘʪʠʚʥʠʤ ʝʥʪʨʦʧʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʘ ʩʪʘʙʠʣʥʦʩʪ ʀʅɼ-ʘ 

ʦʜʨʘʞʘʚʘ ʢʦʤʙʠʥʦʚʘʥʠ ʫʪʠʮʘʿ ʭʠʜʨʦʣʠʪʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʠ ʠʟʨʘʞʝʥʝ ʬʦʪʦʭʝʤʠʿʩʢʝ 

ʦʩʝʪˀʠʚʦʩʪʠ. ʆʚʝ ʨʘʟʣʠʢʝ ʧʨʫʞʘʿʫ ʤʝʭʘʥʠʩʪʠʯʢʫ ʦʩʥʦʚʫ ʟʘ ʫʦʯʝʥʝ ʨʘʟʣʠʢʝ ʫ ʩʪʘʙʠʣʥʦʩʪʠ ʠ 

ʚʦʜʝ ʩʪʨʘʪʝʛʠʿʝ ʬʦʨʤʫʣʘʮʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʢʦʥʪʨʦʣʫ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʟʚʦʜˁʝ, ʪʨʘʥʩʧʦʨʪʘ ʠ 
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ʯʫʚʘˁʘ ʟʘ ʧʝʨʠʥʜʦʧʨʠʣ, ʟʘʪʠʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʫ ʟʘʰʪʠʪʫ ʟʘ ʘʤʣʦʜʠʧʠʥ, ʢʘʦ ʠ ʧʘʢʦʚʘˁʝ ʢʦʿʝ 

˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʟʘʰʪʠʪʫ ʦʜ ʫʪʠʮʘʿʘ ʩʚʝʪʣʦʩʪʠ ʟʘ ʠʥʜʘʧʘʤʠʜ. 

ʄʝʭʘʥʠʩʪʠʯʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʠʭ ʢʠʥʝʪʠʯʢʠʭ ʨʝʜʦʚʘ, ʟʘʿʝʜʥʦ ʩʘ 

ɸʨʝʥʠʿʫʩʦʚʠʤ ʠ ɽʿʨʠʥʛʦʚʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʘʢʪʠʚʘʮʠʿʝ, ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʩʪʘʙʠʣʥʦʩʪ ʩʚʘʢʦʛ ɸʇʀ 

ʫʥʫʪʘʨ ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʠʩʧʠʪʠʚʘʥʠʭ ʣʝʢʦʚʘ ʦʜʨʝʹʝʥʘ ʧʦʩʝʙʥʠʤ ʜʦʤʠʥʘʥʪʥʠʤ ʧʦʢʨʝʪʘʯʝʤ 

ʨʘʟʛʨʘʜˁʝ. ʅʘ ʩʪʘʙʠʣʥʦʩʪ ʧʝʨʠʥʜʦʧʨʠʣʘ ʧʨʚʝʥʩʪʚʝʥʦ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʠʤʘ pH ʚʨʝʜʥʦʩʪ 

ʦʢʨʫʞʝˁʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ, ʰʪʦ ʦʜʨʘʞʘʚʘ ʭʠʜʨʦʣʠʟʫ ʝʩʪʨʘ ʜʨʫʛʦʛ ʨʝʜʘ, 

ʢʘʪʘʣʠʟʦʚʘʥʫ ʙʘʟʘʤʘ, ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʝ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʘ ʝʥʪʘʣʧʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʠ ʥʝʛʘʪʠʚʥʘ 

ʝʥʪʨʦʧʠʿʘ ʘʢʪʠʚʘʮʠʿʝ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʬʦʨʤʠʨʘˁʝʤ ʫʨʝʹʝʥʦʛ ʙʠʤʦʣʝʢʫʣʘʨʥʦʛ ʧʨʝʣʘʟʥʦʛ 

ʩʪʘˁʘ. ʉʪʘʙʠʣʥʦʩʪ ɸʄʃ ʿʝ ʙʠʣʘ ʧʦʜ ʩʥʘʞʥʠʤ ʫʪʠʮʘʿʝʤ ʦʢʩʠʜʘʪʠʚʥʠʭ ʫʩʣʦʚʘ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ 

ʩʘ ˁʝʥʦʤ ʠʟʨʘʞʝʥʦʤ ʧʦʜʣʦʞʥʦʰ˂ʫ ʦʢʩʠʜʘʪʠʚʥʦʿ ʜʝʛʨʘʜʘʮʠʿʠ ʠ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʠʤ 

ʘʢʪʠʚʘʮʠʦʥʠʤ ʙʘʨʠʿʝʨʘʤʘ ʫ ʥʝʢʦʣʠʢʦ ʠʩʧʠʪʠʚʘʥʠʭ ʩʠʩʪʝʤʘ. ʉʪʘʙʠʣʥʦʩʪ ʠʥʜʘʧʘʤʠʜʘ ʿʝ 

ʢʦʥʪʨʦʣʠʩʘʥʘ ʫʛʣʘʚʥʦʤ ʠʟʣʘʛʘˁʝʤ ʩʚʝʪʣʦʩʪʠ, ʰʪʦ ʜʦʢʘʟʫʿʝ ʢʠʥʝʪʠʢʘ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʝ ʥʫʣʪʦʛ 

ʨʝʜʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʨʦʮʝʩ ʦʛʨʘʥʠʯʝʥ ʬʦʪʦʥʠʤʘ, ʘ ʥʝ ʥʘ ʭʝʤʠʿʩʢʫ ʨʝʘʢʮʠʿʫ ʟʘʚʠʩʥʫ ʦʜ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ. 

ʂʦʤʧʣʝʤʝʥʪʘʨʥʘ ʧʨʠʨʦʜʘ ʦʚʠʭ ʧʫʪʝʚʘ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʤʘʞʝ ʫ ʦʙʿʘʰˁʝˁʫ ʟʘʰʪʦ ʙʠʥʘʨʥʝ ʠ 

ʪʝʨʥʘʨʥʝ ʩʤʝʰʝ ʤʦʛʫ ʧʦʢʘʟʘʪʠ ʧʦʙʦˀʰʘʥʫ ʩʪʘʙʠʣʥʦʩʪ ʧʦʜ ʦʜʘʙʨʘʥʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ, ʜʦʢ 

ʧʦʜ ʜʨʫʛʠʤ ʫʩʣʦʚʠʤʘ ʤʦʛʫ ʫʤʝʩʪʦ ʪʦʛʘ ʧʦʜʩʪʘ˂ʠ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʫ. ʆʚʠ ʥʘʣʘʟʠ ʧʨʫʞʘʿʫ 

ʤʝʭʘʥʠʩʪʠʯʢʫ ʦʩʥʦʚʫ ʟʘ ʨʘʮʠʦʥʘʣʘʥ ʜʠʟʘʿʥ ʬʠʢʩʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʣʝʢʦʚʘ ʢʦʿʠ ʫʢˀʫʯʫʿʝ 

ʢʦʥʪʨʦʣʫ pH ʚʨʝʜʥʦʩʪʠ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʝ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʫ ʟʘʰʪʠʪʫ, ʢʦʥʪʨʦʣʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʘʢʦʚʘˁʝ ʢʦʿʝ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʟʘʰʪʠʪʫ ʦʜ ʩʚʝʪʣʦʩʪʠ, ʯʠʤʝ ʩʝ ʧʦʜʨʞʘʚʘ 

ʧʦʙʦˀʰʘʥʘ ʜʫʛʦʨʦʯʥʘ ʩʪʘʙʠʣʥʦʩʪ ʢʦʤʙʠʥʦʚʘʥʦʛ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ. 

 

4.5 ʈʝʛʫʣʘʪʦʨʥʝ ʠ ʧʨʘʢʪʠʯʥʝ ʠʤʧʣʠʢʘʮʠʿʝ 

 

ʄʝʭʘʥʠʩʪʠʯʢʦ ʨʘʟʫʤʝʚʘˁʝ ʧʫʪʝʚʘ ʨʘʟʛʨʘʜˁʝ ʠ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʙʠʿʝʥʦ ʫ ʦʚʦʿ 

ʩʪʫʜʠʿʠ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʢʦʿʠ ʣʝʞʝ ʫ ʦʩʥʦʚʠ ICH Q1A(R2) ʪʝʩʪʠʨʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʟʘ 

ʥʦʚʝ ʣʝʢʦʚʝ ʠ ʧʨʦʠʟʚʦʜʝ. ʂʦʤʙʠʥʦʚʘʥʘ ʫʧʦʪʨʝʙʘ ʫʙʨʟʘʥʠʭ ʫʩʣʦʚʘ ʠʩʧʠʪʠʚʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ 

ʣʝʢʦʚʘ (45 ÁC ʠ 65 ÁC) ʟʘʿʝʜʥʦ ʩʘ ʩʪʫʜʠʿʘʤʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʥʘ 25 ÁC ʧʦʜʨʞʘʚʘ ʥʘʫʯʥʦ 

ʫʪʝʤʝˀʝʥʫ ʧʨʦʮʝʥʫ ʩʪʘʙʠʣʥʦʩʪʠ ɸʇʀ ʠ ʛʦʪʦʚʠʭ ʧʨʦʠʟʚʦʜʘ, ʪʝ ʧʦʤʘʞʝ ʫ ʠʥʬʦʨʤʠʩʘˁʫ ʦ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʝʧʦʨʫʢʘʤʘ ʟʘ ˁʠʭʦʚʦ ʩʢʣʘʜʠʰʪʝˁʝ. 

ʐʪʘʚʠʰʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʜʦʤʠʥʘʥʪʥʠʭ ʧʦʢʨʝʪʘʯʘ ʨʘʟʛʨʘʜˁʝ ʟʘ ʩʚʘʢʫ ʢʦʤʧʦʥʝʥʪʫ ʦʤʦʛʫ˂ʘʚʘ 

ʩʪʨʘʪʝʛʠʿʫ ʬʦʨʤʫʣʘʮʠʿʝ ʟʘʩʥʦʚʘʥʫ ʥʘ ʨʠʟʠʢʫ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ 

(QbD). ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʫʦʯʝʥʠ ʝʬʝʢʪʠ ʙʠʥʘʨʥʝ ʠ ʪʝʨʥʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʜʦʜʘʪʥʦ 

ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʦʜʣʫʢʝ ʦ ʬʦʨʤʫʣʘʮʠʿʠ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʩʘʤʦ ʥʘ ʧʦʥʘʰʘˁʫ 

ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʿʝʜʠʥʘʯʥʠʭ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʘʩʪʦʿʘʢʘ, ʚʝ˂ ʠ ʥʘ ˁʠʭʦʚʦʤ ʤʝʹʫʩʦʙʥʦʤ 

ʫʪʠʮʘʿʫ, ʫʥʫʪʘʨ ʢʦʤʙʠʥʦʚʘʥʦʛ ʩʠʩʪʝʤʘ. ʂʦʥʢʨʝʪʥʦ, ʢʦʥʪʨʦʣʘ pH ʚʨʝʜʥʦʩʪʠ ʬʦʨʤʫʣʘʮʠʿʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʢʣʘʜʠʰʪʝˁʘ ʤʦʞʝ ʫʙʣʘʞʠʪʠ ʭʠʜʨʦʣʠʟʫ ʧʝʨʠʥʜʦʧʨʠʣʘ, ʫʛʨʘʜˁʘ ʘʥʪʠʦʢʩʠʜʘʥʘʪʘ 

ʠ ʧʘʢʦʚʘˁʘ ʥʝʧʨʦʧʫʩʥʦʛ ʟʘ ʢʠʩʝʦʥʠʢ ʤʦʞʝ ʩʤʘˁʠʪʠ ʦʢʩʠʜʘʮʠʿʫ ʘʤʣʦʜʠʧʠʥʘ, ʘ ʧʨʠʤʘʨʥʦ 

ʧʘʢʦʚʘˁʝ ʢʦʿʝ ʰʪʠʪʠ ʦʜ ʩʚʝʪʣʦʩʪʠ ʿʝ ʥʝʦʧʭʦʜʥʦ ʟʘ ʤʠʥʠʤʠʟʠʨʘˁʝ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʝ 

ʠʥʜʘʧʘʤʠʜʘ. 

ʋʟʝʪʠ ʟʘʿʝʜʥʦ, ʦʚʠ ʥʘʣʘʟʠ ʧʦʢʘʟʫʿʫ ʜʘ ʠʥʪʝʛʨʘʮʠʿʘ ʢʠʥʝʪʠʯʢʦʛ ʤʦʜʝʣʠʨʘˁʘ, ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ 

ʘʥʘʣʠʟʝ ʠ ʨʝʛʫʣʘʪʦʨʥʠʭ ʧʨʠʥʮʠʧʘ ʧʨʫʞʘ ʨʦʙʫʩʪʘʥ ʦʢʚʠʨ ʟʘ ʨʘʮʠʦʥʘʣʘʥ ʨʘʟʚʦʿ ʩʪʘʙʠʣʥʠʭ 

ʢʦʤʙʠʥʘʮʠʿʘ ʬʠʢʩʥʠʭ ʜʦʟʘ ʣʝʢʦʚʘ ʠ ʧʦʜʨʞʘʚʘ ʧʦʙʦˀʰʘʥʠ ʬʘʨʤʘʮʝʫʪʩʢʠ ʢʚʘʣʠʪʝʪ ʢʨʦʟ ʥʘʫʯʥʦ 

ʟʘʩʥʦʚʘʥʝ ʩʪʨʘʪʝʛʠʿʝ ʬʦʨʤʫʣʘʮʠʿʝ ʠ ʩʢʣʘʜʠʰʪʝˁʘ. 
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4.6 ʀʥʪʝʛʨʘʮʠʿʘ QbD, GAC ʠ ʩʪʫʜʠʿʘ ʩʪʘʙʠʣʥʦʩʪʠ 

 

ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʜʦʧʨʠʥʦʩʠ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʥʘʫʮʠ ʢʨʦʟ ʫʩʧʝʰʥʫ ʠʥʪʝʛʨʘʮʠʿʫ ʪʨʠ ʚʘʞʥʝ 

ʩʘʚʨʝʤʝʥʝ ʧʘʨʘʜʠʛʤʝ: ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ ʠ ʂʚʘʣʠʪʝʪ ʧʦ ʜʠʟʘʿʥʫ, ɿʝʣʝʥʘ ʘʥʘʣʠʪʠʯʢʘ 

ʭʝʤʠʿʘ ʠ ʩʚʝʦʙʫʭʚʘʪʥʝ ʩʪʫʜʠʿʝ ʩʪʘʙʠʣʥʦʩʪʠ ʣʝʢʦʚʘ ʢʦʨʠʰʪʝˁʝʤ ʢʠʥʝʪʠʯʢʠʭ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʘʥʘʣʠʟʝ. ʋʩʚʘʿʘˁʝʤ QbD ʧʨʠʩʪʫʧʘ, ʨʘʟʚʦʿ HPLC ʤʝʪʦʜʝ ʿʝ 

ʪʨʘʥʩʬʦʨʤʠʩʘʥ ʠʟ ʧʨʦʮʝʩʘ ʧʦʢʫʰʘʿʘ ʠ ʛʨʝʰʘʢʘ ʫ ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʠʩʪʫʧ ʟʘʩʥʦʚʘʥ ʥʘ ʩʘʚʨʝʤʝʥʦʿ 

ʠʥʪʝʨʘʢʮʠʿʠ ʥʘʫʢʝ ʠ ʩʦʬʪʚʝʨʘ ʢʦʿʠ ʠʜʝʥʪʠʬʠʢʫʿʫ ʠ ʦʪʢʣʘˁʘʿʫ ʬʘʢʪʦʨʝ ʨʠʟʠʢʘ ʫ ʩʚʠʤ ʬʘʟʘʤʘ 

ʠʩʪʨʘʞʠʚʘˁʘ. ʆʚʦ ʥʝ ʩʘʤʦ ʜʘ ʿʝ ʜʘʣʦ ʨʦʙʫʩʥʫ ʠ ʧʦʫʟʜʘʥʫ ʤʝʪʦʜʫ, ʚʝ˂ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʠ ʜʫʙˀʝ 

ʨʘʟʫʤʝʚʘˁʝ ˁʝʥʠʭ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʧʨʘ˂ʝʥʝ ʦʜʛʦʚʦʨʝ ʩʠʩʪʝʤʘ, 

ʯʠʤʝ ʿʝ ʧʦʜʨʞʘʥʦ ʢʦʥʟʠʩʪʝʥʪʥʦ ʘʥʘʣʠʪʠʯʢʦ ʜʝʣʦʚʘˁʝ ʪʦʢʦʤ ʧʨʠʤʝʥʝ ʤʝʪʦʜʝ. ʇʨʦʘʢʪʠʚʥʘ 

ʧʨʠʤʝʥʘ QbD ʧʨʠʥʮʠʧʘ, ʧʦʩʝʙʥʦ ɸʥʘʣʠʪʠʯʢʦʛ ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ, ʧʨʫʞʘ ʩʥʘʞʘʥ ʦʢʚʠʨ ʟʘ 

ʜʠʨʝʢʪʥʦ ʫʛʨʘʹʠʚʘˁʝ ʢʚʘʣʠʪʝʪʘ ʫ ʪʦʢʫ ʨʘʟʚʦʿʘ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʫ ʢʦʥʪʝʢʩʪʫ ʩʣʦʞʝʥʠʭ 

ʢʦʤʙʠʥʘʮʠʿʘ ʬʠʢʩʥʠʭ ʜʦʟʘ (92). ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʠʥʪʝʛʨʘʮʠʿʘ ʦʚʘ ʪʨʠ ʧʨʠʩʪʫʧʘ 

ʦʤʦʛʫ˂ʠʣʘ ʧʨʦʮʝʥʫ ʘʥʘʣʠʪʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ, ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʧʦʥʘʰʘˁʘ 

ʩʪʘʙʠʣʥʦʩʪʠ ʨʝʣʝʚʘʥʪʥʦʛ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʫ ʦʢʚʠʨʫ ʿʝʜʠʥʩʪʚʝʥʦʛ ʢʦʭʝʨʝʥʪʥʦʛ ʨʘʟʚʦʿʥʦʛ 

ʦʢʚʠʨʘ. 

ʐʪʘʚʠʰʝ, ʝʢʩʧʣʠʮʠʪʥʦ ʫʢˀʫʯʠʚʘˁʝ GAC ʧʨʠʥʮʠʧʘ ʢʨʦʟ ʠʩʪʨʘʞʠʚʘˁʝ ʥʘʛʣʘʰʘʚʘ 

ʧʦʩʚʝ˂ʝʥʦʩʪ ʝʢʦʣʦʰʢʦʿ ʦʜʨʞʠʚʦʩʪʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʘʥʘʣʠʟʠ. ɼʝʪʘˀʥʘ ʧʨʦʮʝʥʘ ,,ʟʝʣʝʥʠʣʘò 

ʢʦʨʠʰ˂ʝˁʝʤ ʚʠʰʝʩʪʨʫʢʠʭ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʭ ʘʣʘʪʘ, ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʩʝ ʚʠʩʦʢʝ ʘʥʘʣʠʪʠʯʢʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʫʟ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝʥ ʝʢʦʣʦʰʢʠ ʦʪʠʩʘʢ. ʆʚʦ ʧʦʜʨʞʘʚʘ ʰʠʨʝ ʫʩʚʘʿʘˁʝ 

ʟʝʣʝʥʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʠ ʜʦʧʨʠʥʦʩʠ ʦʜʨʞʠʚʠʿʠʤ ʠ ʦʜʛʦʚʦʨʥʠʿʠʤ ʬʘʨʤʘʮʝʫʪʩʢʠʤ 

ʘʥʘʣʠʟʘʤʘ. ʋʩʧʝʰʥʘ ʠʥʪʝʛʨʘʮʠʿʘ QbD ʠ GAC ʧʦʢʘʟʫʿʝ ʜʘ ʘʥʘʣʠʪʠʯʢʠ ʢʚʘʣʠʪʝʪ ʠ ʝʢʦʣʦʰʢʘ 

ʦʜʛʦʚʦʨʥʦʩʪ ʥʠʩʫ ʤʝʹʫʩʦʙʥʦ ʠʩʢˀʫʯʠʚʠ, ʚʝ˂ ʩʝ ʤʦʛʫ ʩʧʨʦʚʦʜʠʪʠ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʩʠʥʝʨʛʠʿʩʢʠ 

(93). 

ʉʚʝʦʙʫʭʚʘʪʥʝ ʩʪʫʜʠʿʝ ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ, ʩʧʨʦʚʝʜʝʥʝ ʥʘ ʧʦʿʝʜʠʥʘʯʥʠʤ ʣʝʢʦʚʠʤʘ ʠ ˁʠʭʦʚʠʤ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʝʪʘˀʥʫ ʘʥʘʣʠʟʫ ʩʪʘʙʠʣʥʦʩʪʠ ʧʨʦʠʟʚʦʜʘ ʫʟ ʜʦʙʠʿʘˁʝ ʩʚʠʭ 

ʧʦʪʨʝʙʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʥʘʿʩʪʘʙʠʣʥʠʿʝʛ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ ʣʝʢ ʪʨʝʙʘ 

ʥʘʣʘʟʠʪʠ, ʢʘʦ ʠ ʜʝʬʠʥʠʩʘˁʝ ʨʦʢʘ ˁʝʛʦʚʝ ʫʧʦʪʨʝʙʝ. ʈʘʟʿʘʰˁʘʚʘˁʝʤ ʩʧʝʮʠʬʠʯʥʠʭ ʧʫʪʝʚʘ 

ʨʘʟʛʨʘʜˁʝ, ʢʚʘʥʪʠʬʠʢʘʮʠʿʦʤ ʢʠʥʝʪʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝʤ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ 

ʣʝʢʦʚʘ, ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʫʞʘ ʜʨʘʛʦʮʝʥʝ ʫʚʠʜʝ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʠ ʧʦʙʦˀʰʘˁʝ ʜʫʛʦʨʦʯʥʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʬʠʢʩʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʣʝʢʦʚʘ. ʆʚʘʿ ʭʦʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ, ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʨʦʙʫʩʥʝ 

ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʝ ʩʘ ʜʫʙˀʠʤ ʨʘʟʫʤʝʚʘˁʝʤ ʩʪʘʙʠʣʥʦʩʪʠ 

ʣʝʢʦʚʘ, ʚʝʦʤʘ ʿʝ ʚʘʞʘʥ ʟʘ ʧʦʜʨʰʢʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʫ ʧʦʛʣʝʜʫ ʦʙʝʟʙʝʹʠʚʘˁʘ 

ʢʚʘʣʠʪʝʪʘ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʪʦʢʦʤ ʮʝʣʦʛ ʨʦʢʘ ʪʨʘʿʘˁʘ ʧʨʦʠʟʚʦʜʘ (94). 

 

4.7 ʋʪʠʮʘʿ ʥʘ ʨʘʟʚʦʿ ʣʝʢʦʚʘ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʬʠʢʩʥʠʭ ʜʦʟʘ 
 

ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʤʘʿʫ ʚʘʞʥʝ ʠʤʧʣʠʢʘʮʠʿʝ ʟʘ ʨʘʟʚʦʿ ʣʝʢʦʚʘ ʩʘ ʂʌɼ, 

ʧʦʩʝʙʥʦ ʫ ʢʦʥʪʝʢʩʪʫ ʩʣʦʞʝʥʠʭ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʠʭ ʬʦʨʤʫʣʘʮʠʿʘ. ʂʌɼ ʥʫʜʝ ʟʥʘʯʘʿʥʝ 

ʧʨʝʜʥʦʩʪʠ ʫ ʧʦʛʣʝʜʫ ʧʨʠʜʨʞʘʚʘˁʘ ʧʘʮʠʿʝʥʘʪʘ ʠ ʧʦʙʦˀʰʘʥʠʭ ʪʝʨʘʧʠʿʩʢʠʭ ʠʩʭʦʜʘ, ʘʣʠ ˁʠʭʦʚ 

ʨʘʟʚʦʿ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʠʥʩʪʚʝʥʝ ʠʟʘʟʦʚʝ ʚʝʟʘʥʝ ʟʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʠ ʩʪʘʙʠʣʥʦʩʪ ʚʠʰʝ ʘʢʪʠʚʥʠʭ 

ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʘʩʪʦʿʘʢʘ (12). ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʫʞʘ ʧʨʘʢʪʠʯʘʥ ʦʢʚʠʨ ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʠʭ 

ʠʟʘʟʦʚʘ: 

¶ ʆʤʦʛʫ˂ʘʚʘˁʝʤ ʨʘʮʠʦʥʘʣʥʦʛ ʜʠʟʘʿʥʘ ʬʦʨʤʫʣʘʮʠʿʝ: ɼʝʪʘˀʥʦ ʨʘʟʫʤʝʚʘˁʝ ʧʨʦʬʠʣʘ 
ʨʘʟʛʨʘʜˁʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʣʝʢʦʚʘ ʠ, ʰʪʦ ʿʝ ʿʦʰ ʚʘʞʥʠʿʝ, ʩʣʦʞʝʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ 

ʣʝʢʦʚʘ ʫʥʫʪʘʨ ʂʌɼ, ʦʤʦʛʫ˂ʘʚʘ ʨʘʮʠʦʥʘʣʥʠʿʠ ʠ ʥʘʫʯʥʦ ʟʘʩʥʦʚʘʥ ʧʨʠʩʪʫʧ ʜʠʟʘʿʥʫ 

ʬʦʨʤʫʣʘʮʠʿʝ. ʀʩʪʨʘʞʠʚʘʯʢʠ ʪʠʤ ʦʜʛʦʚʦʨʘʥ ʟʘ ʦʜʘʙʠʨ ʥʘʿʦʧʪʠʤʘʣʥʠʿʝ ʬʦʨʤʫʣʘʮʠʿʝ 
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ʣʝʢʘ ʤʦʞʝ ʜʦʥʦʩʠʪʠ ʧʨʘʚʠʣʥʝ ʦʜʣʫʢʝ ʫ ʚʝʟʠ ʩʘ ʠʟʙʦʨʦʤ ʧʦʤʦ˂ʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʫʩʣʦʚʠʤʘ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʥʘʯʠʥʫ ʠ ʚʨʩʪʠ ʧʘʢʦʚʘˁʘ, ʢʘʢʦ ʙʠ ʫʙʣʘʞʠʣʠ ʧʫʪʝʚʝ ʨʘʟʛʨʘʜˁʝ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥʝ ʦʚʠʤ ʥʘʯʠʥʦʤ ʘʥʘʣʠʟʝ (95). ʋʦʯʝʥʠ ʝʬʝʢʪʠ  ʠʥʪʝʨʘʢʮʠʿʘ ʟʥʘʯʘʿʥʠʭ 

ʬʘʢʪʦʨʘ ʫ ʙʠʥʘʨʥʠʤ ʠ ʪʝʨʥʘʨʥʠʤ ʩʤʝʰʘʤʘ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʝ ʩʪʘʙʠʣʥʦʩʪ ʂʌɼ ʥʝ ʤʦʞʝ 

ʧʦʫʟʜʘʥʦ ʟʘʢˀʫʯʠʪʠ ʩʘʤʦ ʠʟ ʫʪʠʮʘʿʘ one factor at the time ʠ ʠʟ ʧʦʥʘʰʘˁʘ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ɸʇʀ ʫ ʛʦʪʦʚʠʤ ʧʨʦʠʟʚʦʜʠʤʘ. ʅʝʦʧʭʦʜʥʘ ʿʝ ʜʝʪʘˀʥʘ ʧʨʦʮʝʥʘ ʦʚʦʛ ʚʨʣʦ ʢʦʤʧʣʝʩʥʦʛ 

ʩʠʩʪʝʤʘ ï ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʪʠ ʢʦʤʧʣʝʪʘʥ ʫʪʠʮʘʿ ʩʚʠʭ ʬʘʢʪʦʨʘ ʨʠʟʠʢʘ ʫ ʩʪʚʘʨʥʦʤ 

ʢʦʤʙʠʥʦʚʘʥʦʤ ʩʠʩʪʝʤʫ ʧʦʜ ʨʝʣʝʚʘʥʪʥʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ. 

¶ ʇʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʠ ʙʝʟʙʝʜʥʦʩʪʠ: ʆʙʝʟʙʝʹʠʚʘˁʝʤ ʚʘʣʠʜʠʨʘʥʝ, ʨʦʙʫʩʥʝ ʠ ʟʝʣʝʥʝ 
ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ, ʩʪʫʜʠʿʘ ʧʦʜʨʞʘʚʘ ʜʦʩʣʝʜʥʦ ʧʨʘ˂ʝˁʝ ʢʚʘʣʠʪʝʪʘ ʠ ʯʠʩʪʦ˂ʝ ʂʌɼ-ʘ 

ʪʦʢʦʤ ʧʨʦʠʟʚʦʜˁʝ ʠ ʩʢʣʘʜʠʰʪʝˁʘ. ʋʚʠʜʠ ʫ ʧʦʥʘʰʘˁʝ ʠ ʢʠʥʝʪʠʢʫ ʨʘʟʛʨʘʜˁʝ ʜʦʧʨʠʥʦʩʝ 

ʧʨʦʮʝʥʠ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝʤ ʫʩʣʦʚʘ ʧʦʚʝʟʘʥʠʭ ʩʘ ʧʦʚʝ˂ʘʥʦʤ 

ʥʝʩʪʘʙʠʣʥʦʰ˂ʫ ʠ ʠʥʬʦʨʤʠʩʘˁʝʤ ʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ ʨʦʢʘ ʪʨʘʿʘˁʘ ʠ 

ʩʢʣʘʜʠʰʪʝˁʘ (96). 

¶ ʇʨʦʤʦʚʠʩʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʦʜʨʞʠʚʦʩʪʠ: ʈʘʟʚʦʿ ʨʦʙʫʩʥʝ ʤʝʪʦʜʘ ʚʦʹʝʥ DoE ʠ QbD-ʦʤ 

ʤʦʞʝ ʩʤʘˁʠʪʠ ʚʨʝʤʝ ʠ ʨʝʩʫʨʩʝ ʢʦʿʠ ʩʝ ʦʙʠʯʥʦ ʧʦʚʝʟʫʿʫ ʩʘ ʨʘʟʚʦʿʝʤ ʠ ʚʘʣʠʜʘʮʠʿʦʤ 

ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ. ɿʘʿʝʜʥʦ ʩʘ ʧʨʦʮʝʥʦʤ ʟʝʣʝʥʠʣʘ, ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʦʤʦʚʠʰʝ 

ʝʬʠʢʘʩʥʠʿʠ ʠ ʝʢʦʣʦʰʢʠ ʦʜʨʞʠʚʠʿʠ ʧʨʠʩʪʫʧ ʨʘʟʚʦʿʫ ʂʌɼ, ʫʩʢʣʘʹʫʿʫ˂ʠ ʩʝ ʩʘ ʟʘʭʪʝʚʠʤʘ 

ʩʘʚʨʝʤʝʥʝ ʬʘʨʤʘʮʝʫʪʩʢʝ ʠʥʜʫʩʪʨʠʿʝ ʟʘ ʢʚʘʣʠʪʝʪ ʠ ʜʨʫʰʪʚʝʥʫ ʦʜʛʦʚʦʨʥʦʩʪ ʧʨʝʜʫʟʝ˂ʘ. 

ʆʚʠʤ ʠʩʪʨʘʞʠʚʘˁʝʤ ʥʘʩʪʦʿʠ ʩʝ ʜʘ ʩʝ ʧʦʧʫʥʠ ʥʝʢʦʣʠʢʦ ʧʦʩʪʦʿʝ˂ʠʭ ʧʨʘʟʥʠʥʘ ʫ ʜʦʩʘʜʘʰˁʠʤ 

ʩʘʟʥʘˁʠʤʘ ʫ ʦʙʣʘʩʪʠ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʀʘʢʦ ʧʦʩʪʦʿʝ ʧʦʿʝʜʠʥʘʯʥʝ ʩʪʫʜʠʿʝ ʦ 

ʩʪʘʙʠʣʥʦʩʪʠ ʇɽʈ, ɸʄʃ ʠ ʀʅɼ, ʫʚʝʢ ʿʝ ʥʝʜʦʩʪʘʿʘʣʦ ʩʚʝʦʙʫʭʚʘʪʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ˁʠʭʦʚʝ 

ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ ʫʥʫʪʘʨ ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ, ʧʦʩʝʙʥʦ ʬʦʢʫʩʠʨʘʿʫ˂ʠ ʩʝ ʥʘ 

ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʣʝʢʦʚʘ. ʆʚʘ ʪʝʟʘ ʧʦʧʫˁʘʚʘ ʪʫ ʧʨʘʟʥʠʥʫ ʧʨʫʞʘˁʝʤ ʜʝʪʘˀʥʠʭ ʢʠʥʝʪʠʯʢʠʭ 

ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʤʝʭʘʥʠʩʪʠʯʢʠʭ ʫʚʠʜʘ ʫ ʪʦ ʢʘʢʦ ʩʝ ʦʚʠ ʣʝʢʦʚʠ ʧʦʥʘʰʘʿʫ ʢʘʜʘ ʩʝ 

ʢʦʬʦʨʤʫʣʠʨʘʿʫ. ʐʪʘʚʠʰʝ, ʩʠʩʪʝʤʘʪʩʢʘ ʠʥʪʝʛʨʘʮʠʿʘ AQbD ʠ GAC ʧʨʠʥʮʠʧʘ ʫ ʨʘʟʚʦʿ 

ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘ ʦʚʫ ʩʧʝʮʠʬʠʯʥʫ ʂʌɼ ʧʨʫʞʘ ʚʨʝʜʥʫ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ ʢʦʿʘ ʜʝʤʦʥʩʪʨʠʨʘ 

ʧʨʘʢʪʠʯʥʝ ʢʦʨʠʩʪʠ ʦʜ ʦʚʠʭ ʤʦʜʝʨʥʠʭ ʧʨʠʩʪʫʧʘ ʫ ʩʪʚʘʨʥʦʤ ʬʘʨʤʘʮʝʫʪʩʢʦʤ ʢʦʥʪʝʢʩʪʫ. ʅʘʣʘʟʠ 

ʜʦʧʨʠʥʦʩʝ ʨʘʩʪʫ˂ʝʤ ʟʥʘˁʫ ʦ ʨʘʟʚʦʿʫ ʂʌɼ, ʥʫʜʝ˂ʠ ʧʨʘʢʪʠʯʥʝ ʩʤʝʨʥʠʮʝ ʟʘ ʜʠʟʘʿʥ ʠ ʢʦʥʪʨʦʣʫ 

ʢʚʘʣʠʪʝʪʘ ʙʫʜʫ˂ʠʭ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʠʭ ʣʝʢʦʚʘ. 
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5. ɿɸʂɲʋʏʎʀ 
 

ʂʦʤʙʠʥʦʚʘˁʝʤ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʦʛ ʠʩʧʠʪʠʚʘˁʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʧʦʥʘʰʘˁʘ ʩʘ ʢʠʥʝʪʠʯʢʦʤ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʧʨʦʮʝʩʘ ʜʝʛʨʘʜʘʮʠʿʝ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʨʘʟʚʠʿʝʥ ʠʥʪʝʛʨʠʩʘʥʠ 

ʧʨʠʩʪʫʧ ʟʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ 

ʠʥʜʘʧʘʤʠʜʘ, ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʫ ʩʤʝʰʘʤʘ. ʆʜʨʝʹʠʚʘˁʝʤ ʨʝʪʝʥʮʠʦʥʠʭ ʠ ʩʝʧʘʨʘʮʠʦʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ, ʨʝʜʘ ʨʝʘʢʮʠʿʝ, ʢʦʥʩʪʘʥʪʠ ʙʨʟʠʥʝ, ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʠ ʧʨʠʚʠʜʥʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʬʫʥʢʮʠʿʘ ʜʦʙʠʿʝʥʘ ʿʝ ʥʘʫʯʥʦ ʟʘʩʥʦʚʘʥʘ ʩʣʠʢʘ ʦ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʤ 

ʩʚʦʿʩʪʚʠʤʘ, ʪʝʤʧʝʨʘʪʫʨʥʦʿ ʟʘʚʠʩʥʦʩʪʠ ʠ ʝʥʝʨʛʝʪʩʢʠʤ ʟʘʭʪʝʚʠʤʘ ˁʠʭʦʚʝ ʜʝʛʨʘʜʘʮʠʿʝ. 

ʇʨʠʥʮʠʧʠ ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ ʠ ʟʝʣʝʥʝ ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ ʧʨʠʤʝˁʝʥʠ ʩʫ ʢʘʦ ʤʝʪʦʜʦʣʦʰʢʠ 

ʦʢʚʠʨ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦʛ ʩʠʩʪʝʤʘ ʠ ʧʨʦʮʝʥʫ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ 

ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ. 

ʈʦʙʫʩʥʘ RP-HPLC ʤʝʪʦʜʘ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, 

ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʫʩʧʝʰʥʦ ʿʝ ʨʘʟʚʠʿʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʠʩʪʫʧʘ ʘʥʘʣʠʪʠʯʢʦʛ 

ʢʚʘʣʠʪʝʪʘ ʧʦ ʜʠʟʘʿʥʫ. ʇʨʠʤʝʥʘ ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ ʦʤʦʛʫ˂ʠʣʘ ʿʝ ʩʠʩʪʝʤʘʪʩʢʫ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʝʪʦʜʝ ʠ ʜʝʬʠʥʠʩʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʦʩʪʦʨʘ ʜʠʟʘʿʥʘ, 

ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʤʝʪʦʜʦʤ ʩʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʦʤ ʩʝʣʝʢʪʠʚʥʦʰ˂ʫ, ʣʠʥʝʘʨʥʦʰ˂ʫ, ʪʘʯʥʦʰ˂ʫ, 

ʧʨʝʮʠʟʥʦʰ˂ʫ, ʦʩʝʪˀʠʚʦʰ˂ʫ ʠ ʨʦʙʫʩʥʦʰ˂ʫ. ʇʦʢʘʟʘʣʦ ʩʝ ʜʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʤʝʪʦʜʘ ʧʦʛʦʜʥʘ ʟʘ 

ʨʫʪʠʥʩʢʫ ʘʥʘʣʠʟʫ (ʢʚʘʣʠʪʘʪʠʚʫ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʫ), ʢʘʦ ʠ ʟʘ ʜʝʪʘˀʥʫ ʩʪʫʜʠʿʫ ʩʪʘʙʠʣʥʦʩʪʠ 

ʠʩʧʠʪʠʚʘʥʠʭ ʣʝʢʦʚʘ ʠ ˁʠʭʦʚʠʭ ʩʤʝʰʘ. 

ɽʢʦʣʦʰʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʩʫ ʪʘʢʦʹʝ ʫʩʧʝʰʥʦ ʧʨʦʮʝˁʝʥʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʥʝʢʦʣʠʢʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʭ ʘʣʘʪʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʤʝʪʦʜʘ ʧʦʩʪʠʛʣʘ ʧʦʚʦˀʘʥ 

ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʘʥʘʣʠʪʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʝʢʦʣʦʰʢʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ. ʆʚʦ ʿʝ ʧʦʪʚʨʜʠʣʦ ʜʘ ʩʝ 

ʨʦʙʫʩʥʘ ʬʘʨʤʘʮʝʫʪʩʢʘ ʘʥʘʣʠʟʘ ʠ ʝʢʦʣʦʰʢʘ ʦʜʛʦʚʦʨʥʦʩʪ ʤʦʛʫ ʠʩʪʦʚʨʝʤʝʥʦ ʩʧʨʦʚʦʜʠʪʠ ʠ ʜʘ ʩʝ 

ʟʝʣʝʥʠ ʧʨʠʥʮʠʧʠ ʤʦʛʫ ʩʤʠʩʣʝʥʦ ʠʥʪʝʛʨʠʩʘʪʠ ʫ ʨʘʟʚʦʿ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʝ 

ʬʠʢʩʥʠʭ ʜʦʟʘ. 

ʉʪʫʜʠʿʝ ʬʦʨʩʠʨʘʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʢʘʟʘʣʝ ʩʫ ʜʘ ʪʨʠ ʠʩʧʠʪʠʚʘʥʘ ɸʇʀ ʧʦʩʝʜʫʿʫ ʿʘʩʥʦ 

ʜʠʬʝʨʝʥʮʠʨʘʥʝ ʧʨʦʬʠʣʝ ʩʪʘʙʠʣʥʦʩʪʠ. ʇʝʨʠʥʜʦʧʨʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥ ʿʝ ʙʠʦ ʥʘʿʦʩʝʪˀʠʚʠʿʠ ʥʘ 

ʘʣʢʘʣʥʫ ʭʠʜʨʦʣʠʟʫ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʩʫʩʪʚʦʤ ʝʩʪʘʨʩʢʝ ʛʨʫʧʝ ʩʢʣʦʥʝ ʭʠʜʨʦʣʠʟʠ. 

ɸʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪ ʿʝ ʧʦʢʘʟʘʦ ʥʘʿʚʝ˂ʫ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʙʘʟʥʠ ʠ ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ, ʰʪʦ ʿʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʧʦʟʥʘʪʦʤ ʥʝʩʪʘʙʠʣʥʦʰ˂ʫ ʜʠʭʠʜʨʦʧʠʨʠʜʠʥʩʢʦʛ ʧʨʩʪʝʥʘʩʪʦʛ ʩʠʩʪʝʤʘ. ʀʥʜʘʧʘʤʠʜ ʿʝ 

ʧʦʢʘʟʘʦ ʥʘʿʚʝ˂ʫ ʬʦʪʦʩʝʥʟʠʪʠʚʥʦʩʪ, ʧʦʪʚʨʹʫʿʫ˂ʠ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʫ ʢʘʦ ˁʝʛʦʚʫ ʜʦʤʠʥʘʥʪʥʫ 

ʩʢʣʦʥʦʩʪ ʢʘ ʜʝʛʨʘʜʘʮʠʿʠ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ. ʆʚʠ ʥʘʣʘʟʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ 

ʩʪʘʙʠʣʥʦʩʪ ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ ʥʝ ʤʦʞʝ ʨʘʟʫʤʝʪʠ ʧʦʩʤʘʪʨʘˁʝʤ ʪʨʠ ʿʝʜʠˁʝˁʘ ʢʘʦ 

ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʠʭ, ʚʝ˂ ʿʝ ʧʦʪʨʝʙʥʘ ʧʨʦʮʝʥʘ ʜʦʤʠʥʘʥʪʥʠʭ ʧʫʪʝʚʘ ʜʝʛʨʘʜʘʮʠʿʝ 

ʩʧʝʮʠʬʠʯʥʘ ʟʘ ʩʚʘʢʫ ʢʦʤʧʦʥʝʥʪʫ ʧʦʿʝʜʠʥʘʯʥʦ, ʘʣʠ ʠ ʫ ˁʠʭʦʚʦʿ ʩʤʝʰʠ. 

ʂʠʥʝʪʠʯʢʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʘ ʘʥʘʣʠʟʘ ʿʝ ʧʨʫʞʠʣʘ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ ʧʨʦʮʝʩʘ 

ʜʝʛʨʘʜʘʮʠʿʝ ʢʨʦʟ ʦʜʨʝʹʠʚʘˁʝ ʨʝʜʘ ʨʝʘʢʮʠʿʝ, ʢʦʥʩʪʘʥʪʠ ʙʨʟʠʥʝ ʜʝʛʨʘʜʘʮʠʿʝ, ʚʨʝʤʝʥʘ 

ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʚʨʝʜʥʦʩʪʠ ʨʦʢʘ ʪʨʘʿʘˁʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʧʦʥʘʰʘˁʝ ʜʝʛʨʘʜʘʮʠʿʝ 

ʩʥʘʞʥʦ ʟʘʚʠʩʠ ʦʜ ɸʇʀ, ʩʪʨʝʩʥʦʛ ʘʛʝʥʩʘ (ʤʝʜʠʿʫʤʘ) ʠ ʩʘʩʪʘʚʘ ʠʩʧʠʪʠʚʘʥʝ ʩʤʝʰʝ. ɼʦʢ ʩʫ ʤʥʦʛʠ 

ʭʠʜʨʦʣʠʪʠʯʢʠ ʠ ʦʢʩʠʜʘʪʠʚʥʠ ʧʨʦʮʝʩʠ ʧʨʘʪʠʣʠ ʢʠʥʝʪʠʢʫ ʜʨʫʛʦʛ ʨʝʜʘ, ʧʦʥʘʰʘˁʝ ʥʫʣʪʦʛ ʨʝʜʘ 

ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʧʨʠʤʝ˂ʝʥʦ ʟʘ ʬʦʪʦʜʝʛʨʘʜʘʮʠʿʫ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ ʫʩʣʦʚʠʤʘ ʟʨʘʯʝˁʘ. ʆʚʠ ʥʘʣʘʟʠ 

ʩʫ ʧʦʪʚʨʜʠʣʠ ʜʘ ʿʝʜʘʥ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣ ʥʠʿʝ ʜʦʚʦˀʘʥ ʜʘ ʦʧʠʰʝ ʩʚʝ ʧʫʪʝʚʝ ʨʘʟʛʨʘʜˁʝ ʠ ʜʘ ʿʝ 

ʧʦʥʘʰʘˁʝ ʨʘʟʛʨʘʜˁʝ ʫ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʠʤ ʩʠʩʪʝʤʠʤʘ ʩʥʘʞʥʦ ʟʘʚʠʩʥʦ ʦʜ ʫʩʣʦʚʘ. 

ʋʙʨʟʘʥʝ (ʬʦʨʩʠʨʘʥʝ) ʩʪʫʜʠʿʝ ʩʪʘʙʠʣʥʦʩʪʠ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʤʦʛʫ˂ʠʣʝ ʩʫ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʨʝʣʘʟʥʦʛ ʩʪʘˁʘ, 

ʧʨʫʞʘʿʫ˂ʠ ʜʫʙˀʠ ʫʚʠʜ ʫ ʝʥʝʨʛʝʪʠʢʫ ʨʘʟʛʨʘʜˁʝ. ɼʦʙʠʿʝʥʠ ɸʨʝʥʠʿʫʩʦʚʠ ʠ ɽʿʨʠʥʛʦʚʠ ʧʘʨʘʤʝʪʨʠ 

ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʫ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʧʦʜ ʩʥʘʞʥʠʤ ʫʪʠʮʘʿʝʤ ʪʝʤʧʝʨʘʪʫʨʝ, ʘʣʠ ʜʘ ʩʝ ʚʝʣʠʯʠʥʘ 
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ʦʚʦʛ ʝʬʝʢʪʘ ʨʘʟʣʠʢʫʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ɸʇʀ, ʤʝʜʠʿʫʤʘ ʠ ʩʘʩʪʘʚʘ ʩʤʝʰʝ. ʇʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ 

ʝʥʪʘʣʧʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʠ ɻʠʙʩʦʚʝ ʩʣʦʙʦʜʥʝ ʝʥʝʨʛʠʿʝ ʧʦʪʚʨʜʠʣʝ ʩʫ ʧʦʩʪʦʿʘˁʝ ʘʢʪʠʚʘʮʠʦʥʠʭ 

ʙʘʨʠʿʝʨʘ ʟʘ ʨʘʟʛʨʘʜˁʫ, ʜʦʢ ʩʫ ʧʨʝʪʝʞʥʦ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʝʥʪʨʦʧʠʿʝ ʫʢʘʟʠʚʘʣʝ ʥʘ 

ʬʦʨʤʠʨʘˁʝ ʫʨʝʹʝʥʠʿʠʭ ʧʨʝʣʘʟʥʠʭ ʩʪʘˁʘ ʫ ʤʥʦʛʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʧʨʦʮʝʩʠʤʘ. ʆʚʠ ʥʘʣʘʟʠ 

ʧʦʜʨʞʘʣʠ ʩʫ ʤʝʭʘʥʠʩʪʠʯʢʦ ʪʫʤʘʯʝˁʝ ʧʦʥʘʰʘˁʘ ʨʘʟʛʨʘʜˁʝ ʠ ʦʿʘʯʘʣʠ ʦʩʥʦʚʫ ʟʘ ʧʨʦʮʝʥʫ 

ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʜ ʜʝʬʠʥʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ. 

ɱʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʜʦʧʨʠʥʦʩʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʣʦ ʿʝ ʜʝʪʘˀʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʙʠʥʘʨʥʠʭ ʠ 

ʪʝʨʥʘʨʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʣʝʢʦʚʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʝʬʝʢʪʠ ʢʦʬʦʨʤʫʣʘʮʠʿʝ ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʟʘʚʠʩʥʠ ʦʜ ʩʪʨʝʩʥʦʛ ʦʢʨʫʞʝˁʘ. ʇʦʜ ʥʝʢʠʤ ʫʩʣʦʚʠʤʘ, ʧʦʩʝʙʥʦ ʧʦʜ ʘʣʢʘʣʥʠʤ ʩʪʨʝʩʦʤ ʠ ʫ 

ʦʜʘʙʨʘʥʠʤ ʦʢʩʠʜʘʪʠʚʥʠʤ ʠʣʠ ʬʦʪʦʣʠʪʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʙʠʥʘʨʥʝ ʠ ʪʝʨʥʘʨʥʝ ʩʤʝʰʝ ʧʦʢʘʟʘʣʝ 

ʩʫ ʩʪʘʙʠʣʠʟʫʿʫ˂ʝ ʝʬʝʢʪʝ ʠ ʩʤʘˁʝʥʝ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ. ʇʦʜ ʜʨʫʛʠʤ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ, ʧʦʩʝʙʥʦ ʫ 

ʢʠʩʝʣʠʤ ʠ ʥʝʫʪʨʘʣʥʠʤ ʤʝʜʠʿʫʤʠʤʘ, ʢʦʤʙʠʥʘʮʠʿʝ ʙʠ ʫʤʝʩʪʦ ʪʦʛʘ ʤʦʛʣʝ ʜʘ ʧʦʜʩʪʘʢʥʫ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʫ. ʆʚʝ ʘʥʘʣʠʟʝ ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʩʝ ʩʪʘʙʠʣʥʦʩʪ ʢʦʤʙʠʥʘʮʠʿʝ ʬʠʢʩʥʠʭ ʜʦʟʘ ʥʝ ʤʦʞʝ 

ʧʦʫʟʜʘʥʦ ʧʨʝʜʚʠʜʝʪʠ ʩʘʤʦ ʥʘ ʦʩʥʦʚʫ ʧʦʥʘʰʘˁʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ 

ʩʘʩʪʦʿʘʢʘ, ʚʝ˂ ʩʝ ʦʥʘ ʤʦʨʘ ʧʨʦʮʝʥʠʪʠ ʫ ʩʪʚʘʨʥʦʤ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʦʤ ʩʠʩʪʝʤʫ ʦʙʫʭʚʘʪʘʿʫ˂ʠ 

ʟʘʿʝʜʥʠʯʢʠ ʫʪʠʮʘʿ ʠ ɸʇʀ ʠ ʩʪʨʝʩ ʘʛʝʥʩʘ. 

ʉʘ ʧʨʘʢʪʠʯʥʝ ʧʝʨʩʧʝʢʪʠʚʝ, ʜʠʩʝʨʪʘʮʠʿʘ ʧʨʫʞʘ ʢʦʨʠʩʪʘʥ ʦʢʚʠʨ ʟʘ ʨʘʮʠʦʥʘʣʥʦ ʜʠʟʘʿʥʠʨʘˁʝ 

ʬʦʨʤʫʣʘʮʠʿʘ ʢʦʤʙʠʥʘʮʠʿʘ ʬʠʢʩʥʠʭ ʜʦʟʘ ʢʦʿʝ ʩʘʜʨʞʝ ʦʚʝ ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʝ ʘʛʝʥʩʝ. ʈʝʟʫʣʪʘʪʠ 

ʫʢʘʟʫʿʫ ʜʘ ʩʫ ʢʦʥʪʨʦʣʘ pH ʚʨʝʜʥʦʩʪʠ ʠ ʫʧʨʘʚˀʘˁʝ ʪʝʤʧʝʨʘʪʫʨʦʤ ʧʦʩʝʙʥʦ ʚʘʞʥʠ ʟʘ ʩʠʩʪʝʤʝ 

ʢʦʿʠ ʩʘʜʨʞʝ ʧʝʨʠʥʜʦʧʨʠʣ, ʜʘ ʩʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʟʘʰʪʠʪʘ ʠ ʩʪʨʘʪʝʛʠʿʝ ʦʛʨʘʥʠʯʘʚʘˁʘ 

ʢʠʩʝʦʥʠʢʘ ʨʝʣʝʚʘʥʪʥʝ ʟʘ ʬʦʨʤʫʣʘʮʠʿʝ ʢʦʿʝ ʩʘʜʨʞʝ ʘʤʣʦʜʠʧʠʥ, ʠ ʜʘ ʿʝ ʧʘʢʦʚʘˁʝ ʢʦʿʝ ʫʩʧʝʰʥʦ 

ʰʪʠʪʠ ʦʜ ʩʚʝʪʣʦʩʪʠ ʥʝʦʧʭʦʜʥʦ ʟʘ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʩʘʜʨʞʝ ʠʥʜʘʧʘʤʠʜ. ʋ ʰʠʨʝʤ ʩʤʠʩʣʫ, ʩʪʫʜʠʿʘ 

ʧʦʢʘʟʫʿʝ ʜʘ ʩʪʨʘʪʝʛʠʿʝ ʬʦʨʤʫʣʘʮʠʿʝ ʠ ʩʢʣʘʜʠʰʪʝˁʘ ʟʘ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʝ ʧʨʦʠʟʚʦʜʝ ʪʨʝʙʘ ʜʘ 

ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʠʥʪʝʛʨʠʩʘʥʦʿ ʝʚʘʣʫʘʮʠʿʠ ʘʥʘʣʠʪʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ, ʢʠʥʝʪʠʢʝ ʨʘʟʛʨʘʜˁʝ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʠ ʝʬʝʢʘʪʘ ʠʥʪʝʨʘʢʮʠʿʝ. 

ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʠʥʪʝʛʨʘʮʠʿʘ ʨʘʟʚʦʿʘ ʤʝʪʦʜʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ DoE ʠ 

AQbD (ʟʘ ʨʘʟʚʦʿ ʥʦʚʝ ʨʦʙʫʩʥʝ ʤʝʪʦʜʝ), GAC ʧʨʠʥʮʠʧʘ (ʟʘ ʟʝʣʝʥʫ ʘʥʘʣʠʪʠʯʢʫ ʧʨʦʮʝʥʫ) ʠ 

ʩʚʝʦʙʫʭʚʘʪʥʠʭ ʩʪʫʜʠʿʘ ʩʪʘʙʠʣʥʦʩʪʠ, ʧʨʫʞʘ ʩʥʘʞʥʫ ʥʘʫʯʥʫ ʦʩʥʦʚʫ ʟʘ ʫʩʧʝʰʘʥ ʨʘʟʚʦʿ ʿʝʜʥʝ 

ʙʨʟʝ, ʢʚʘʣʠʪʝʪʥʝ ʠ ʧʦʫʟʜʘʥʝ, ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʝ ʤʝʪʦʜʝ ʟʘ ʬʘʨʤʘʮʝʫʪʩʢʫ ʘʥʘʣʠʟʫ ɸʄʃ, 

ʇɽʈ ʠ ʀʅɼ ʫ ʛʦʪʦʚʦʤ ʧʨʦʠʟʚʦʜʫ ʢʘʦ ʬʠʢʩʥʦʿ ʢʦʤʙʠʥʘʮʠʿʠ. ʈʝʟʫʣʪʘʪʠ ʜʦʧʨʠʥʦʩʝ ʙʦˀʝʤ 

ʨʘʟʫʤʝʚʘˁʫ ʩʪʘʙʠʣʥʦʩʪʠ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʠʭ ʣʝʢʦʚʘ ʠ ʧʨʫʞʘʿʫ ʧʨʘʢʪʠʯʥʝ ʩʤʝʨʥʠʮʝ ʟʘ ʙʫʜʫ˂ʠ 

ʨʘʟʚʦʿ ʬʦʨʤʫʣʘʮʠʿʘ, ʬʘʨʤʘʮʝʫʪʩʢʫ ʘʥʘʣʠʟʫ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʢʣʘʜʠʰʪʝˁʘ ʩʣʦʞʝʥʠʭ 

ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʧʨʦʠʟʚʦʜʘ. 
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7. ʇʈʀʃʆɿʀ 
 

ʇʨʠʣʦʛ 1. ʂʠʥʝʪʠʯʢʠ ʛʨʘʬʠʮʠ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʝʜʘ ʨʝʘʢʮʠʿʝ ʠ ʢʦʥʩʪʘʥʪʠ ʙʨʟʠʥʝ ʨʘʟʛʨʘʜˁʝ ʧʝʨʠʥʜʦʨʧʠʣ ʪʝʨʮ-ʙʫʪʠʣʘʤʠʥʘ, 

ʘʤʣʦʜʠʧʠʥ ʙʝʩʠʣʘʪʘ ʠ ʠʥʜʘʧʘʤʠʜʘ ʧʦʿʝʜʠʥʘʯʥʦ ʠ ʫ ʙʠʥʘʨʥʠʤ (ʇɽʈ+ɸʄʃ; ʇɽʈ+ʀʅɼ; ɸʄʃ+ʀʅɼ) ʠ ʪʝʨʥʘʨʥʠʤ (ʇɽʈ+ɸʄʃ+ʀʅɼ) ʩʤʝʰʘʤʘ 

ʧʦʜ ʫʪʠʮʘʿʝʤ 1ʄ HCL, 0,001M NaOH, 3% H2O2, H2O ʠ ʋɺ/ɺʀʉ ʩʚʝʪʣʦʩʪʠ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʥʘ 45C̄ ʠ 65C̄. 
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