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ɼʦʢʪʦʨʘʥʜ: ʤ-ʨ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʩʢʘ 

ʊʝʤʘ:  ʄʦʜʝʣʠʨʘˁʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʙʠʦʘʢʪʠʚʥʠ 

ʢʦʤʧʦʥʝʥʪʠ ʚʦ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʤʘʪʨʠʮʠ ʧʨʝʢʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʧʨʠʥʮʠʧʦʪ ʢʚʘʣʠʪʝʪ 

ʩʧʦʨʝʜ ʜʠʟʘʿʥ 

 

 

 

ʄʝʥʪʦʨ 

ʜ-ʨ ʂʠʨʠʣ ʃʠʩʠʯʢʦʚ, ʨʝʜ. ʧʨʦʬ. 

ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʠ ʬʘʢʫʣʪʝʪ,  

ʀʥʩʪʠʪʫʪ ʟʘ ʭʝʤʠʩʢʦ ʠ ʢʦʥʪʨʦʣʥʦ ʠʥʞʝʥʝʨʩʪʚʦ 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ  ʚʦ ʉʢʦʧʿʝ 

 

 

ʏʣʝʥʦʚʠ ʥʘ ʨʝʮʝʥʟʝʥʪʩʢʘʪʘ ʢʦʤʠʩʠʿʘ 

 

ʜ-ʨ ʂʘʪʝʨʠʥʘ ɸʪʢʦʚʩʢʘ, ʚʦʥʨ. ʧʨʦʬ. - ʧʨʝʪʩʝʜʘʪʝʣ  

ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʠ ʬʘʢʫʣʪʝʪ,  

ʀʥʩʪʠʪʫʪ ʟʘ ʥʝʦʨʛʘʥʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ  ʚʦ ʉʢʦʧʿʝ 

ʜ-ʨ ʂʠʨʠʣ ʃʠʩʠʯʢʦʚ, ʨʝʜ. ʧʨʦʬ. - ʯʣʝʥ 

ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʠ ʬʘʢʫʣʪʝʪ,  

ʀʥʩʪʠʪʫʪ ʟʘ ʭʝʤʠʩʢʦ ʠ ʢʦʥʪʨʦʣʥʦ ʠʥʞʝʥʝʨʩʪʚʦ 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ  ʚʦ ʉʢʦʧʿʝ  

 

ʜ-ʨ ʄʠʨʢʦ ʄʘʨʠʥʢʦʚʩʢʠ, ʨʝʜ. ʧʨʦʬ. - ʯʣʝʥ 

ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʠ ʬʘʢʫʣʪʝʪ,  

ʀʥʩʪʠʪʫʪ ʟʘ ʭʝʤʠʩʢʦ ʠ ʢʦʥʪʨʦʣʥʦ ʠʥʞʝʥʝʨʩʪʚʦ 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ  ʚʦ ʉʢʦʧʿʝ 

ʜ-ʨ ɼʘʨʢʦ ɼʠʤʠʪʨʦʚʩʢʠ, ʚʦʥʨ. ʧʨʦʬ. - ʯʣʝʥ 

ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʠ ʬʘʢʫʣʪʝʪ,  

ʀʥʩʪʠʪʫʪ ʟʘ ʦʨʛʘʥʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ  ʚʦ ʉʢʦʧʿʝ 

ʜ-ʨ ʉʥʝʞʘʥʘ ʌʠʣʠʧ, ʚʦʥʨ. ʧʨʦʬ. - ʯʣʝʥ 

ʊʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ Ăʄʠʭʘʿʣʦ ʇʫʧʠʥñ - ɿʨʝˁʘʥʠʥ 

ʂʘʪʝʜʨʘ ʟʘ ʦʩʥʦʚʥʠ ʠ ʧʨʠʤʝʥʝʪʠ ʥʘʫʢʠ 

ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ʅʦʚʠ ʉʘʜ, ʈ. ʉʨʙʠʿʘ 

 

 
 

 

ʅʘʫʯʥʦ-ʠʩʪʨʘʞʫʚʘʯʢʦ ʧʦʜʨʘʯʿʝ:  ʊʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʠ ʥʘʫʢʠ 

ʅʘʫʯʥʦ-ʠʩʪʨʘʞʫʚʘʯʢʦ ʧʦʣʝ:  ʍʝʤʠʩʢʦ ʠʥʞʝʥʝʨʩʪʚʦ 

ʅʘʫʯʥʦ-ʠʩʪʨʘʞʫʚʘʯʢʘ ʦʙʣʘʩʪ:  ʌʘʨʤʘʮʝʚʪʩʢʦ ʧʨʦʮʝʩʥʦ ʠʥʞʝʥʝʨʩʪʚʦ 

ɼʘʪʫʤ ʥʘ ʦʜʙʨʘʥʘ:  



 

iii  

 

ɸʇʉʊʈɸʂʊ 
 

 ʇʨʠʩʪʘʧʦʪ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ (QbD) ʝ ʛʣʦʙʘʣʥʦ-ʨʝʛʫʣʘʪʠʚʥʘ ʠʥʠʮʠʿʘʪʠʚʘ, ʢʦʿʘʰʪʦ 

ʜʦʙʠʚʘ ʥʘ ʟʥʘʯʝˁʝ ʚʦ ʧʦʩʣʝʜʥʘʪʘ ʜʝʢʘʜʘ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʬʘʨʤʘʮʝʚʪʩʢʠʦʪ ʨʘʟʚʦʿ ʥʘ ʝʜʝʥ 

ʣʝʢ ʧʨʝʢʫ ʧʨʦʘʢʪʠʚʥʦ ʤʦʜʝʣʠʨʘˁʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʬʘʨʤʘʮʝʚʪʩʢʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʦʪ ʧʨʦʮʝʩ ʠ 

ʢʦʥʪʨʦʣʠ ʟʘ ʜʘ ʩʝ ʜʦʙʠʚʘ ʣʝʢ ʢʦʥʪʠʥʫʠʨʘʥʦ ʩʦ ʧʦʩʘʢʫʚʘʥʠʦʪ ʢʚʘʣʠʪʝʪ, ʙʝʟʙʝʜʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ. 

ʀʩʪʨʘʞʫʚʘˁʘʪʘ ʠ ʬʘʨʤʘʮʝʚʪʩʢʠ ʨʘʟʚʦ ʿ ʩʦ ʧʨʠʤʝʥʘ ʥʘ QbD ʧʨʠʩʪʘʧʦʪ ʚʦ ʢʦʤʧʣʝʢʩʥʠ 

ʬʘʨʤʘʮʝʚʪʩʢʦ-ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩʠ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤʠ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ 

ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʦʙʣʘʩʪʘ ʥʘ ʬʘʨʤʘʮʝʚʪʩʢʘ ʠ ʬʘʨʤʘʥʫʪʨʠʪʠʚʥʘ ʠʥʜʫʩʪʨʠʿʘ ʩʝ 

ʦʛʨʘʥʠʯʝʥʠ.  

 ɿʘ ʪʘʘ ʮʝʣ, ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʜʠʟʘʿʥʠʨʘʥʠ ʜʚʘ ʬʘʨʤʘʮʝʚʪʩʢʦ-ʪʝʭʥʦʣʦʰʢʠ 

ʧʨʦʮʝʩʠ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ: ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ ʠ ʥʘʜʚʦʨʝʰʥʦ 

ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ ʟʘ ʜʘ ʩʝ ʝʥʢʘʧʩʫʣʠʨʘʘʪ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ (ʘʮʝʪʘʤʠʥʦʬʝʥ ʠ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ) ʩʦ ʩʣʠʯʥʠ ʬʘʨʤʘʢʦʣʦʰʢʠ ʩʚʦʿʩʪʚʘ, ʚʦ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʤʘʪʨʠʮʠ. ʅʘ 

ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʙʝʰʝ ʥʘʧʨʘʚʝʥʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ 

ʩʦ: ʦʧʪʠʯʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ, ʣʘʩʝʨʩʢʘ ʜʠʬʨʘʢʮʠʿʘ, FT-IR, TGA/DTG, DSC ʠ UV-Vis 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʘ. ʀʩʪʦ ʪʘʢʘ ʩʝ ʝʚʘʣʫʠʨʘʰʝ ʜʦʙʠʝʥʠʦʪ ʧʨʠʥʦʩ ʦʜ ʧʨʦʙʠʪʝ, in vitro 

ʢʫʤʫʣʘʪʠʚʝʥ ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʠ ʢʠʥʝʪʠʯʢʘ ʩʪʫʜʠʿʘ, ʚʦ ʢʦʿʘ ʙʝʘ ʧʨʠʤʝʥʝʪʠ h ʝʩʪ ʤʦʜʝʣʠ: 

ʥʫʣʪʠ ʨʝʜ, ʧʨʚ ʨʝʜ, Higuchi, Hixson-Crowell, Weibull ʠ Korsmeyer-Peppas.  

 ʄʦʜʝʣʠʨʘˁʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʦ ʧʦʩʘʢʫʚʘʥʠʦʪ 

ʮʝʣʝʥ ʧʨʦʬʠʣ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʙʝʰʝ ʥʘʧʨʘʚʝʥʘ ʩʦ D-ʦʧʪʠʤʘʣʝʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ 

ʜʠʟʘʿʥ. ʅʘ ʠʟʙʨʘʥʠʦʪ ʬʦʨʤʫʣʘʮʠʩʢʠ ʩʦʩʪʘʚ ʙʝʰʝ ʥʘʧʨʘʚʝʥʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʢʨʠʪʠʯʥʠʪʝ ʧʨʦʮʝʩʥʠ 

ʠ ʬʦʨʤʫʣʘʮʠʩʢʠ ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʝʜʥʘ ʜʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ, ʪʘʢʘ ʰʪʦ ʩʝ ʧʨʠʤʝʥʠ ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʝʥ 

ʧʨʠʩʪʘʧ ʚʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʠʟʘʿʥ. ʀʟʙʦʨʦʪ ʥʘ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʜʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ ʟʘ ʜʚʘʪʘ ʧʨʦʮʝʩʠ ʙʝʰʝ ʩʦʛʣʘʩʥʦ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠʪʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ, ʢʨʠʪʠʯʥʠ ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʨʠʟʠʢ ʘʥʘʣʠʟʘ. ʅʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʜʦʙʠʚʘˁʝ 

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʙʝʘ: ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ 

(ʧʨʦʮʝʩʥʘ ʧʨʦʤʝʥʣʠʚʘ) ʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʚʦ ʢʨʘʿʥʠʦʪ ʩʦʩʪʘʚ (ʬʦʨʤʫʣʘʮʠʩʢʘ ʧʨʦʤʝʥʣʠʚʘ). 

ʅʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʙʝʘ: ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʙʨʟʠʥʘ ʥʘ 

ʤʝʰʘˁʝ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ (ʧʨʦʮʝʩʥʠ ʧʨʦʤʝʥʣʠʚʠ) ʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ (ʬʦʨʤʫʣʘʮʠʩʢʠ ʧʨʦʤʝʥʣʠʚʠ).  

 ɼʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʩʬʝʨʠʯʥʘ ʠ ʥʝʧʨʘʚʠʣʥa 

ʤʦʨʬʦʣʦʛʠʿʘ ʠ ʧʩʝʚʜʦʩʬʝʨʠʯʥʘ  ʤʦʨʬʦʣʦʛʠʿʘ, ʩʦʦʜʚʝʪʥʦ, ʜʦʜʝʢʘ ʨʘʩʧʨʝʜʝʣʙʘʪa ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʯʝʩʪʠʯʢʠ ʝ ʚʦ ʦʧʩʝʛ ʦʜ 495 µm ʜʦ 760 µm ʠ ʦʜ 1135 Õm ʜʦ 1893 Õm (d50), ʩʦʦʜʚʝʪʥʦ. ɽʬʠʢʘʩʥʦʩʪʘ 

ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ ʧʦʩʪʘʧʢʘʪʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʚʦ ʪʝʢ ʥʘ 

ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʠ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʚʦ ʧʦʩʪʘʧʢʘʪʘ 

ʥʘʜʚʦʨʝʰʥʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ, ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʟʛʦʣʝʤʫʚʘ ʩʦ ʥʘʤʘʣʫʚʘˁʝ 

ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ. ʋʪʚʨʜʝʥʠʪʝ ʟʘʚʠʩʥʦʩʪʠ ʧʨʝʢʫ UV-Vis 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʩʢʘ ʘʥʘʣʠʪʠʯʢʘ ʧʦʩʪʘʧʢʘ ʩʝ ʧʦʪʚʨʜʠʿʘ ʠ ʩʦ FT-IR ʘʥʘʣʠʟʘʪʘ. ʊʝʨʤʠʯʢʘʪʘ 

ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʝ ʜʦ 200 °ʉ. DSC ʘʥʘʣʠʟʠʪʝ ʛʦ ʧʦʪʚʨʜʠʿʘ 

ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʫʜʝʣʦʪ ʥʘ ʝʢʩʮʠʧʠʝʥʩʠʪʝ ʚʦ ʬʦʨʤʫʣʘʮʠʿʘʪʘ. In vitro ʩʪʫʜʠʿʘʪʘ ʚʦ ʩʠʤʫʣʠʨʘʥʠ 

ʛʘʩʪʨʠʯʥʠ ʫʩʣʦʚʠ ʧʦʢʘʞʘ ʜʝʢʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʦʜ ʭʠʜʨʦʢʩʠʧʨʦʧʠʣʮʝʣʫʣʦʟʥʘʪʘ ʤʘʪʨʠʮʘ ʝ 

ʩʣʠʯʥʦ ʢʘʢʦ ʚʦ pH 6,8, ʜʦʜʝʢʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʦʜ ʘʣʛʠʥʘʪʩʢʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ ʝ ʦʛʨʘʥʠʯʝʥʦ 

(ʧʦʤʘʣʢʫ ʦʜ 10 % ʟʘ 2 ʯʘʩʘ). ʉʦ ʧʨʠʤʝʥʘ ʥʘ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʧʦʩʪʘʧʢʠ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ 

ʜʦʙʠʿʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥ ʤʝʭʘʥʠʟʘʤ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʙʠʦʘʢʪʠʚʥʠʪʝ ʩʫʧʩʪʘʥʮʠ ʚʦ pH 6,8 ʜʦ ʯʝʪʠʨʠ ʯʘʩʘ ʠ pH-ʩʨʝʜʠʥʘ 7,4 ʜʦ ʧʝʪ ʯʘʩʘ, ʩʦʦʜʚʝʪʥʦ. 

ʂʠʥʝʪʠʯʢʘʪʘ ʩʪʫʜʠʿʘ ʧʦʪʚʨʜʠ ʜʦʙʠʚʘˁʝ ʥʘ ʤʘʪʨʠʢʩ-ʩʪʨʫʢʪʫʨʥʠ ʩʠʩʪʝʤʠ, ʪʘʢʘ ʰʪʦ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʦ ʘʮʝʪʘʤʠʥʦʬʝʥ ʿʘ ʩʣʝʜʘʪ Qãt ʢʠʥʝʪʠʢʘ (ʤʦʜʝʣ ʥʘ Higuchi). ʄʝʭʘʥʠʟʤʦʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʦʜ ʭʠʜʨʦʢʩʠʧʨʦʧʠʣʮʝʣʫʣʦʟʘʪʘ ʿʘ ʩʣʝʜʠ ʌʠʢʦʚʘ 

ʜʠʬʫʟʠʿʘ, ʩʦ ʠʩʢʣʫʯʦʢ ʥʘ ʥʝʢʦʣʢʫ ʧʨʦʙʠ, ʢʦʠ ʩʣʝʜʘʪ ʘʥʦʤʘʣʝʥ ʪʨʘʥʩʧʦʨʪ. ʄʠʢʨʦʢʘʧʩʫʣʠʪʝ ʛʦ 

ʩʣʝʜʘʪ ʩʫʧʝʨ ʩʣʫʯʘʿ-II  ʥʘ ʪʨʘʥʩʧʦʨʪ, ʦʜʥʦʩʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʩʝ ʦʜʚʠʚʘ ʧʦ 

ʧʘʪ ʥʘ ʙʘʙʨʝˁʝ, ʨʝʣʘʢʩʘʮʠʿʘ ʠ ʝʨʦʟʠʿʘ ʥʘ ʙʠʦʧʦʣʠʤʝʨʦʪ. In vitro ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʙʝʰʝ ʩʧʦʨʝʜʝʥ ʩʦ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʥʠ ʧʨʝʧʘʨʘʪʠ. ɺʦ ʦʜʥʦʩ ʥʘ 



 

iv 

 

ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʝʥ ʧʨʝʧʘʨʘʪ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʝʥ ʤʝʭʘʥʠʟʘʤ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʩʝ ʧʦʢʘʞʘ ʜʝʢʘ 

ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠʤʘʘʪ ʤʦʜʠʬʠʮʠʨʘʥ ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʘ ʚʦ ʦʜʥʦʩ ʥʘ 

ʜʚʦʩʣʦʿʥʠ ʪʘʙʣʝʪʠ ʩʦ ʧʨʦʜʦʣʞʝʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʩʝ ʧʦʢʘʞʘ ʜʝʢʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʦʩʣʦʙʦʜʫʚʘʘʪ ʧʦʙʨʟʦ ʚʦ ʧʝʨʠʦʜ ʦʜ ʯʝʪʠʨʠ ʯʘʩʘ. ʆʧʪʠʤʠʟʘʮʠʿʘʪʘ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ 

ʥʘʧʨʘʚʠ ʧʨʝʢʫ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ. 

ʌʠʪʫʚʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʥʘʧʨʘʚʠ ʧʨʝʢʫ ʧʦʚʝ˃ʝʢʨʘʪʥʘ ʣʠʥʝʘʨʥʘ ʨʝʛʨʝʩʠʿʘ ʟʘ ʩʠʪʝ 

ʠʩʪʨʘʞʫʚʘʥʠ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʜʚʘʪʘ ʠʩʪʨʘʞʫʚʘʥʠ ʩʠʩʪʝʤʠ, ʘ ʜʦʙʠʝʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ 

ʨʝʛʨʝʩʠʿʘ ʩʝ ʧʨʠʬʘʪʣʠʚʦ ʚʠʩʦʢʠ. ʈʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʧʨʝʜʚʠʜʝʥʠʪʝ ʠ ʜʦʙʠʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʚʨʝʜʥʦʩʪʠ ʚʦ ʦʧʪʠʤʠʟʘʮʠʦʥʘʪʘ ʩʪʫʜʠʿʘ ʝ ʥʝʟʥʘʯʘʿʥʘ ʟʘ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ, ʰʪʦ 

ʿʘ ʧʦʪʚʨʜʫʚʘ ʨʦʙʫʩʪʥʦʩʪʘ ʥʘ ʤʘʪʝʤʘʪʠʯʢʠʪʝ ʤʦʜʝʣʠ. 

 ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʧʨʠʥʮʠʧʠʪʝ ʦʜ ʧʨʠʩʪʘʧʦʪ 

ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʩʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʪʠ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʢʦʤʧʣʝʢʩʝʥ 

ʬʘʨʤʘʮʝʚʪʩʢʦ-ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩ ʩʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ D-ʦʧʪʠʤʘʣʝʥ ʜʠʟʿʘʥ. 

ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘʪʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʧʦʢʘʞʘ ʜʝʢʘ ʙʠʦʘʢʪʠʚʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ ʩʝ ʫʩʧʝʰʥʦ ʝʥʢʘʧʩʫʣʠʨʘʥʠ ʚʦ ʧʦʣʠʩʘʭʘʨʠʜʥʠʪʝ ʤʘʪʨʠʮʠ. ʉʝʧʘʢ, ʧʦʪʨʝʙʥʠ ʩʝ 

ʜʦʧʦʣʥʠʪʝʣʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʨʘʩʧʨʝʜʝʣʙʘʪʘ 

ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ ʠ ʠʟʚʝʜʫʚʘˁʝ ʥʘ ʩʪʫʜʠʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʥʠ 

ʩʠʩʪʝʤʠ ʩʦ ʩʣʝʜʝˁʝ ʥʘ ʢʨʠʪʠʯʥʠʪʝ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ, ʩʦʛʣʘʩʥʦ ʜʝʬʠʥʠʨʘʥʠʦʪ ʮʝʣʝʥ ʧʨʦʬʠʣ 

ʥʘ ʧʨʦʠʟʚʦʜ ʠ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. ʇʦʪʨʝʙʥʘ ʝ 

ʠʟʚʝʜʙʘ ʠ ʥʘ ʪʦʢʩʠʢʦʣʦʰʢʠ ʠ ʢʣʠʥʠʯʢʠ ʩʪʫʜʠʠ ʟʘ ʝʚʘʣʫʠʨʘˁʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪʘ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʩʦ ʮʝʣ ʩʪʘʥʜʘʨʜʠʟʠʨʘˁʝ ʥʘ ʥʝʛʦʚʘʪʘ ʤʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ ʜʦʟʘ ʠ 

ʥʝʛʦʚʘ ʧʨʠʤʝʥʘ ʢʘʢʦ ʜʠʝʪʝʪʩʢʠ ʠʣʠ ʛʨʘʥʠʯʝʥ ʧʨʦʠʟʚʦʜ.  

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ, ʥʘʜʚʦʨʝʰʥʦ 

ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ, ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʤʘʪʨʠʮʠ, ʘʮʝʪʘʤʠʥʦʬʝʥ, ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ, 

ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʧʨʠʩʪʘʧ, D-ʦʧʪʠʤʘʣʝʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʜʠʟʘʿʥ, ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ, ʥʦʩʘʯʠ ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ   
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ABSTRACT 
  
 Quality by design approach (QbD) is a global regulatory initiative that has gained much 

attention in the last decade. The aim is to improve the pharmaceutical development of a drug product 

by proactive modelling and optimization of a pharmaceutical-manufacturing process and controls to 

constantly deliver a product with desired quality, safety and efficiency. Studies applying QbD approach 

and pharmaceutical development  involving complex pharmaceutical-technological processes to model 

systems with bioactive compound-controlled-release in pharmaceutical and pharma nutritive industry 

are limited.  

  For that purpose, two pharmaceutical-technological microencapsulation processes are 

designed in this doctoral dissertation: emulsion solvent evaporation (ESE) and ionotropic gelation (IG) 

to encapsulate bioactive compounds (acetaminophen and orange essential oil (EO)) with similar 

pharmacological properties in polysaccharide matrices.  

The obtained microparticles and microcapsules have been physico-chemically characterized by optical 

microscopy, laser diffraction, FT-IR, TGA/DTG, DSC and UV-Vis spectrophotometry. Evaluation was 

performed on yield, in vitro cumulative release profiles and kinetic study, in which six models were 

applied: zero order, first order Higuchi, Hixson-Crowell, Weibull and Korsmeyer-Peppas.  

 Modelling and optimization of the microparticles and microcapsules with desired QTPP was 

performed by D-optimal experimental design. The chosen formulation was evaluated for critical process 

and formulation variables in one design-matrix by using a non-conventional approach in the 

experimental design. The independent variables for establishing the design-matrix for both processes 

were chosen based on the identified critical quality attributes, critical process parameters and risk 

assessment. The independent variables chosen to obtain microparticles were emulsion solvent 

evaporation mixing speed (process variable) and polymer content in final composition (formulation 

variable), whereas independent variables to obtain microcapsules were cross-linking time and mixing 

speed during cross-linking (process variables) and polymer content and cross-linkerôs concentration 

(formulation variables). 

 The obtained microparticles and microcapsules exhibit spherical and irregular morphology and 

pseudospherical morphology with a particle size distribution in range 495 µm to 760 µm and range 

1135 µm to 1893 µm (d50), respectively. Encapsulation efficiency (EE) in ESE is increased as the 

emulsion solvent evaporation mixing speed and polymer content increase. On the other hand, in IG 

process the encapsulation efficiency is increased as the polymer content and cross-linking time 

decrease. The established dependences by UV-Vis-spectrophotometric-based-analytical procedure are 

confirmed by FT-IR analysis. The thermal stability of both microparticulate forms is up to 200 °C. DSC 

analysis confirmed the presence of the excipients content in the formulation. The in vitro study revealed 

the drug release from hydroxypropyl cellulose (HPC)-based-matrix in simulated gastric conditions is 

similar as the release in pH 6.8, whereas the release from the alginate-based-microcapsules is limited 

(less than 10 % in two hours). By applying both researched microencapsulation-techniques, 

microparticles and microcapsules have been obtained with a controlled release of bioactive compounds 

in pH 6.8 up to four hours and in pH 7.4 up to five hours, respectively. The kinetic study confirmed an 

obtained matrix-based-structure system, thereafter the acetaminophen-loaded-microparticles follow 

Qãt (Higuchi model). The release of bioactive compound from HPC-based-matrix followed Fickian 

diffusion, with exception of few trials that follow anomalous transport mechanism. On the other hand, 

the microcapsules follow super case II transport, i.e. the essential oil release mechanism is governed by 

swelling, relaxation, and erosion of the biopolymer. The microparticles in vitro comparative dissolution 

profile was compared with commercially available acetaminophen-based-drug products. Compared to 

the conventional release drug products, the obtained microparticles showed a modified release profile, 

whereas compared to the bilayered caplets with extended release, the obtained microparticle released 

the drug faster for a period of four hours.  

Optimization of the microencapsulation process is conducted by DoE that is based on methodology of 

surface responses. Data fitting was performed by MLR and the regression coefficients for all 

investigated dependent variables in both systems are acceptably high. The bias between predicted and 

obtained experimental values in the optimization study was close for the investigated responses, 

confirming the robustness of the mathematical models. 
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  Based on the obtained results, it can be concluded that the QbD principles are successfully 

implemented in modelling and optimization of a complex pharmaceutical-technological method by 

implementing a D-optimal design. Characterization of both obtained microparticulate-forms confirmed 

a successful bioactive compound encapsulation in polysaccharide matrices. Yet, further research in 

encapsulation efficiency and particle size distribution optimization is required, as well as conducting 

stability studies to follow-up the CQAs in accordance with the defined QTPP and to evaluate the quality 

of the microparticulate-dosage-forms. Execution of toxicological and clinical study is further needed to 

evaluate the safety and efficiency of orange essential oil in order to standardize the maximal daily dose 

and its application as dietary or marginal product. 

 

Key words: microencapsulation, emulsion solvent evaporation, external ionotropic gelation, 

polysaccharide matrices, acetaminophen, orange essential oil, quality-by-design, D-optimal 

experimental design, controlled release, bioactive compound carriers 
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ʇʦʩʚʝʪʝʥʦ ʥʘ ʤʦʠʪʝ ʨʦʜʠʪʝʣʠ  

 ʄʘʛʜʘʣʝʥʘ ʠ ɸʣʝʢʩʘʥʜʘʨ 

  

ʟʘ ʚʘʰʠʪʝ ʨʦʜʠʪʝʣʩʢʠ ʠ ʧʨʠʿʘʪʝʣʩʢʠ ʜʝʣʘ, ʢʦʠ ʧʦʩʪʦʿʘʥʦ ʠʩʢʨʝʥʦ 

ʧʦʢʘʞʫʚʘʘ ʢʦʠ ʩʪʝ, ʤʥʦʛʫ ʧʦʚʝ˃ʝ ʦʜ ʩʘʤʠʪʝ ʯʦʚʝʯʢʠ ʜʦʙʣʝʩʪʠ  

 

 



 

viii  

 

ɹ ʃ ɸ ɻ ʆ ɼ ɸ ʈ ʅ ʆ ʉ ʊ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ɺʦ ʦʚʘʘ ʧʨʠʣʠʢʘ ʙʠ ʩʘʢʘʣʘ ʜʘ ʩʝ 

ʟʘʙʣʘʛʦʜʘʨʘʤ ʥʘ ʤʦʿʦʪ ʤʝʥʪʦʨ ʧʨʦʬ. ʜ-ʨ ʂʠʨʠʣ 

ʃʠʩʠʯʢʦʚ ʟʘ ʧʦʩʚʝʪʝʥʘʪʘ ʧʦʜʜʨʰʢʘ ʚʦ ʣʠʯʥʦʪʦ 

ʥʘʜʛʨʘʜʫʚʘˁʝ ʢʘʢʦ ʠʥʞʝʥʝʨ ʧʨʝʢʫ ʜʦʢʪʦʨʩʢʠʪʝ 

ʩʪʫʜʠʠ ʠ ʚʦʣʿʘʪʘ ʟʘ ʧʨʝʥʝʩʫʚʘˁʝ ʥʘ ʠʩʢʫʩʪʚʦ.     

 ʉʝ ʟʘʙʣʘʛʦʜʘʨʫʚʘʤ ʥʘ ʧʨʦʬ. ʜ-ʨ ʂʘʪʝʨʠʥʘ 

ɸʪʢʦʚʩʢʘ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʩʦʚʝʪʠ ʠ ʥʘʩʦʢʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʪʨʫʜʦʪ. ɹʣʘʛʦʜʘʨʥʦʩʪ ʜʦ ʧʨʦʬ. 

ʜ-ʨ ʄʠʨʢʦ ʄʘʨʠʥʢʦʚʩʢʠ, ʧʨʦʬ. ʜ-ʨ ɼʘʨʢʦ 

ɼʠʤʠʪʨʦʚʩʢʠ ʠ ʧʨʦʬ. ʜ-ʨ ʉʥʝʞʘʥʘ ʌʠʣʠʧ ʟʘ 

ʧʨʝʛʣʝʜʦʪ ʠ ʩʫʛʝʩʪʠʠʪʝ ʢʦʥ ʜʦʦʬʦʨʤʫʚʘˁʝ ʥʘ 

ʜʦʢʪʦʨʩʢʘʪʘ ʜʠʩʝʨʪʘʮʠʿʘ.  

 ʇʦʩʝʙʥʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʜʦ ʤʦʠʪʝ 

ʧʨʠʿʘʪʝʣʠ ʠ ʢʦʣʝʛʠ ʢʦʠʰʪʦ ʤʠ ʧʦʤʦʛʥʘʘ ʠ ʤʝ 

ʧʦʜʜʨʞʘʘ ʟʘ ʜʘ ʛʦ ʜʦʩʪʠʛʥʘʤ ʠ ʦʚʘ ʣʠʯʥʦ 

ʞʠʚʦʪʥʦ ʧʦʛʣʘʚʿʝ ʧʨʝʢʫ ʥʠʚʥʘʪʘ ʩʪʨʫʯʥʦʩʪ, 

ʠʩʢʫʩʪʚʦ, ʪʨʧʝʥʠʝ ʠ ʙʨʦʿʥʠʪʝ ʨʘʟʚʠʝʥʠ ʜʠʩʢʫʩʠʠ.   

 ɼʝʣ ʦʜ ʜʦʢʪʦʨʩʢʠʦʪ ʪʨʫʜ ʧʨʝʪʩʪʘʚʫʚʘʰʝ 

ʧʘʪ, ʧʨʦʩʣʝʜʝʥ ʩʦ ʞʠʚʦʪʥʠ ʧʨʝʜʠʟʚʠʮʠ, ʧʦʨʘʜʠ 

ʢʦʠʰʪʦ ʥʝʤʠʥʦʚʥʦ ʦʚʦʿ ʪʨʫʜ ʠ ʚʣʦʛ ˃ʝ 

ʨʝʟʫʣʪʠʨʘʰʝ ʚʦ ʜʨʫʛʘ ʥʘʩʦʢʘ. ɺʠ ʙʣʘʛʦʜʘʨʘʤ 

ʄʘʛʜʝ, ɸʣʝʢ ʠ ʉʪʝʬʘʥ ʰʪʦ ʤʠ ʙʝʚʪʝ ʧʦʪʢʨʝʧʘ  ʚʦ 

ʪʠʝ ʤʦʤʝʥʪʠ ʟʘ ʜʘ ʛʦ ʨʝʘʣʠʟʠʨʘʤ ʚʦ ʮʝʣʦʩʪ 

ʪʨʘʩʠʨʘˁʝʪʦ ʥʘ ʦʚʦʿ ʘʢʘʜʝʤʩʢʠ ʧʘʪ.  

ʀʩʢʨʝʥʦ ʿʘ ʠʟʨʘʟʫʚʘʤ ʤʦʿʘʪʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʢʦʥ 

ʤʦʿʦʪ ʪʘʪʢʦ ʚʦ ʧʦʩʪʦʿʘʥʘʪʘ ʧʦʜʜʨʰʢʘ ʥʠʟ ʜʝʥʦ-

ʥʦ˃ʥʦ ʧʦʤʠʥʘʪʠʪʝ ʚʠʢʝʥʜʠ  ʚʦ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʝʣ ʠ ʥʘ ʤʦʿʘʪʘ ʤʘʿʢʘ ʟʘ 

ʜʚʠʛʘʪʝʣʥʘʪʘ ʩʠʣʘ ʥʠʟ ʦʚʦʿ ʘʢʘʜʝʤʩʢʦ-ʞʠʚʦʪʝʥ 

ʧʨʝʜʠʟʚʠʢ ʧʨʝʢʫ ʪʦʧʣʠ ʨʘʟʛʦʚʦʨʠ, ʩʦʚʝʪʠ ʠ 

ʩʧʦʜʝʣʝʥʦʪʦ ʞʠʚʦʪʥʦ ʠʩʢʫʩʪʚʦ, ʢʦʠ ʙʝʘ 

ʩʚʝʪʣʠʥʘʪʘ ʜʫʨʠ ʠ ʚʦ ʥʘʿʪʝʰʢʠʪʝ ʧʝʨʠʦʜʠ. 

ʉʪʝʬʘʥ, ʙʣʘʛʦʜʘʨʘʤ ʰʪʦ ʙʝʰʝ ʦʜʣʫʯʝʥ, ʪʨʧʝʣʠʚ 

ʠ ʠʩʪʨʘʝʥ ʩʦ ʤʝʥʝ, ʢʦʛʘ ʦʚʦʿ ʪʨʫʜ ʩʝ ʙʦʨʝʰʝ ʩʦ 

ʤʝʥʝ, ʰʪʦ ʙʝʰʝ ʢʣʫʯʥʦ ʟʘ ʜʘ ʿʘ ʨʘʟʙʠʨʘʤ 

ʩʤʠʩʣʘʪʘ ʥʘ ʥʝʧʨʝʜʚʠʜʣʠʚʦʩʪʘ ʠ ʟʘ ʜʘ ʿʘ ʦʩʦʟʥʘʤ 

ʤʦ˃ʪʘ ʥʘ ʙʘʣʘʥʩʦʪ. 
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ʅʦʤʝʥʢʣʘʪʫʨʘ 

 

API  Active pharmaceutical ingredient ʌʘʨʤʘʮʝʚʪʩʢʦ ʘʢʪʠʚʥʦ ʩʦʝʜʠʥʝʥʠʝ 

Ac N-acetyl-para-aminophenol 

(paracetamol) 

ʇʘʨʘʮʝʪʘʤʦʣ 

ATR Attenuated total reflectance ʇʨʠʜʫʰʝʥʘ ʪʦʪʘʣʥʘ ʨʝʬʣʝʢʩʠʿʘ 

AU Absorbance units ɽʜʠʥʠʮʠ ʥʘ ʘʧʩʦʨʙʘʥʮʘ 

BBD Box-Behken design ɹʦʢʩ-ɹʝʭʢʝʥ ʜʠʟʘʿʥ 

BCS Biopharmaceutical classification 

system 

ɹʠʦʬʘʨʤʘʮʝʚʪʩʢʠ ʩʠʩʪʝʤ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ 

BSA Bovine serum albumin ɻʦʚʝʜʩʢʠ ʘʣʙʫʤʠʥ ʩʝʨʫʤ 

CCD Central composite design ʎʝʥʪʨʘʣʝʥ ʢʦʤʧʦʟʠʪʝʥ ʜʠʟʘʿʥ 

CDSS Comparative dissolution ʂʦʤʧʘʨʘʪʠʚʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ  

CLT  Crosslinking time (Modde) ɺʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ  

CMA  Critical method parameters ʂʨʠʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʫʨʦʚʠʥʘ 

COX cyclooxygenase ʎʠʢʣʦʦʢʩʠʛʝʥʘʟʘ 

CPP Critical process parameter  ʂʨʠʪʠʯʝʥ ʧʨʦʮʝʩʝʥ ʧʘʨʘʤʝʪʘʨ 

CQA Critical quality attribute  ʂʨʠʪʠʯʝʥ ʘʪʨʠʙʫʪ ʥʘ ʢʚʘʣʠʪʝʪ 

DF Dilution factor ʌʘʢʪʦʨ ʥʘ ʨʘʟʨʝʜʫʚʘˁʝ 

DoE Design of Experiment  ɼʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪ 

DR Drug release ʆʩʣʦʙʦʜʝʥ ʣʝʢ 

DSC Differential scanning calorimetry ɼʠʬʝʨʝʥʮʠʿʘʣʥʦ ʩʢʝʥʠʨʘʯʢʘ ʢʘʣʦʨʠʤʝʪʨʠʿʘ 

DSS Dissolution ʈʘʩʪʚʦʨʣʠʚʦʩʪ 

DTG Derivative thermogravimetry ɼʝʨʠʚʘʪʠʚʥʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʿʘ 

EC Ethyl cellulose ɽʪʠʣ ʮʝʣʫʣʦʟʘ 

EDQM European Directorate for the 

Quality of Medicines and Health 

Care 

ɽʚʨʦʧʩʢʠ ʜʠʨʝʢʪʦʨʘʪ ʟʘ ʢʚʘʣʠʪʝʪ ʥʘ ʣʝʢʦʚʠ ʠ ʤʝʜʠʮʠʥʩʢʘ 

ʛʨʠʞʘ  

EMA  European medicines agency ɽʚʨʦʧʩʢʘ ʘʛʝʥʮʠʿʘ ʟʘ ʣʝʢʦʚʠ 

FDA Food and drug administration ɸʛʝʥʮʠʿʘ ʟʘ ʭʨʘʥʘ ʠ ʣʝʢʦʚʠ 

FT-IR Fourier-transform infrared 

spectroscopy 

ʌʫʨʠʝ-ʪʨʘʥʩʬʦʨʤʥʘ ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ 

H High ɺʠʩʦʢ 

HPC Hydroxypropyl cellulose  ʍʠʜʨʦʢʩʠʧʨʦʧʠʣ ʮʝʣʫʣʦʟʘ 

HPMC Hydroxypropyl methyl cellulose ʍʠʜʨʦʢʩʠʧʨʦʧʠʣ ʤʝʪʠʣ ʮʝʣʫʣʦʟʘ 

ICH  International council for 

harmonization of Technical 

Requirements for Pharmaceuticals 

for Human Use 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʝʥ ʩʦʚʝʪ ʟʘ ʭʘʨʤʦʥʠʟʘʮʠʿʘ ʥʘ ʪʝʭʥʠʯʢʠʪʝ 

ʙʘʨʘˁʘ ʟʘ ʣʝʢʦʚʠ ʟʘ ʭʫʤʘʥʘ ʫʧʦʪʨʝʙʘ 

L Low ʅʠʟʦʢ 

M Medium ʉʨʝʜʝʥ 

Mix  Mixing speed (Modde) ɹʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 

MLR  Multiple linear regression ʇʦʚʝ˃ʝʢʨʘʪʥʘ ʣʠʥʝʘʨʥʘ ʨʝʛʨʝʩʠʿʘ 

NaAlg Sodium alginate (Modde) ʅʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 

NIST National Institute of standards and 

technology 

ʅʘʮʠʦʥʘʣʝʥ ʠʥʩʪʠʪʫʪ ʥʘ ʩʪʘʥʜʘʨʜʠ ʠ ʪʝʭʥʦʣʦʛʠʿʘ 

NSAID Non-steroidal anti-inflammatory 

drugs 

ʅʝʩʪʝʨʦʠʜʥʠ ʘʥʪʠ-ʠʥʬʣʘʤʘʪʦʨʥʠ ʣʝʢʦʚʠ 

O/O  Oil-in-oil ʤʘʩʣʦ-ʚʦ-ʤʘʩʣʦ 

O/W Oil-in-water ʤʘʩʣʦ-ʚʦ-ʚʦʜʘ 

OFAT One factor at ʘ time ʌʘʢʪʦʨ-ʧʦ-ʬʘʢʪʦʨ  

OTC Over the counter ʃʝʢʦʚʠ ʙʝʟ ʨʝʮʝʧʪ 
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PA Polyacetal ʇʦʣʠʘʮʝʪʘʣ 

PAA Polyacrylamine ʇʦʣʠʘʢʨʠʣʘʤʠʥ 

PACA Poly(alkyl Cyanoacrylates) ʇʦʣʠ(ʘʣʢʠʣ ʮʠʘʥʦʘʢʨʠʣʘʪ) 

PCL Poly(Ů-caprolactone) ʇʦʣʠ(ʢʘʧʨʦʥʣʘʢʪʦʥ) 

PEG Poly(ethylene glycol) ʇʦʣʠ(ʝʪʠʣʝʥ ʛʣʠʢʦʣ) 

PGA Poly(glycolic acid) ʇʦʣʠ(ʛʣʠʢʦʣʥʘ ʢʠʩʝʣʠʥʘ) 

Ph.Eur. Pharmacopeia european ɽʚʨʦʧʩʢʘ ʌʘʨʤʘʢʦʧʝʿʘ 

PHA Preliminary Hazardous Analysis ʇʨʝʣʠʤʠʥʘʨʥʘ ʘʥʘʣʠʟʠʘ ʥʘ ʨʠʟʠʢ 

PHEMA  Polyhydroxyethylmethacrylate ʇʦʣʠʭʠʜʨʦʢʩʠʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

PLA Poly(lactic acid) ʇʦʣʠ(ʤʣʝʯʥʘ ʢʠʩʝʣʠʥʘ) 

PLGA Poly(lactic-co-glycolic acid) ʇʦʣʠ(ʣʘʢʪʘʪ-ʢʦ-ʢʣʠʢʦʣʥʘ ʢʠʩʝʣʠʥʘ) 

PLS Partial least squares ʇʘʨʮʠʿʘʣʥʠ ʥʘʿʤʘʣʠ ʢʚʘʜʨʘʪʠ 

PMMA  Poly(methyl methacrylate) ʇʦʣʠ(ʤʝʪʠʣ ʤʝʪʘʢʨʠʣʘʪ) 

POE Poly(ortho ester) ʇʦʣʠ(ʦʨʪʦ ʝʩʪʝʨ) 

Pol Polymer content (Modde) ʋʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 

PSD Particle size distribution ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ 

PVA Poly(vinyl alcohol) ʇʦʣʠ(ʚʠʥʠʣ ʘʣʢʦʭʦʣ) 

QbD Quality by design ʂʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ 

QbT Quality by testing ʂʚʘʣʠʪʝʪ ʧʨʝʢʫ ʠʩʧʠʪʫʚʘˁʘ  

QTPP Quality target product profile ʎʝʣʝʥ ʧʨʦʬʠʣ ʥ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ 

R2 R-squared ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʝʣʘʮʠʿʘ 

RSD Relative standard deviation ʈʝʣʘʪʠʚʥʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 

RSDs Responsive surface designs ɼʠʟʘʿʥʠ ʥʘ ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ 

RSM Responsive surface methodology ʄʝʪʦʜʣʦʛʠʿʘ ʥʘ ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ 

SP Stirring rate (Modde) ɹʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ  

TG Thermogravimetry ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʿʘ 

Tg Glass transition temperature ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʢʣʦʩʫʚʘˁʝ 

Tm Melting temperature ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʝˁʝ 

USP United States pharmacopeia ʌʘʨʤʘʢʦʧʝʿʘ ʥʘ ʉʦʝʜʠʥʝʪʠʪʝ ɸʤʝʨʠʢʘʥʩʢʠ ɼʨʞʘʚʠ 

UV-Vis Ultravioletïvisible  ʋʣʪʨʘʚʠʦʣʝʪʦʚʘ-ʚʠʜʣʠʚʘ  

W/O Water-in-oil ɺʦʜʘ-ʚʦ-ʤʘʩʣʦ  

W/W Water-in-water ɺʦʜʘ-ʚʦ-ʚʦʜʘ 

WHO World health organization ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ 

ʂʊ - ʂʦʥʪʨʦʣʝʥ ʪʝʩʪ 

ʇʂ - ʇʨʦʮʝʩʥʘ ʢʦʥʪʨʦʣʘ 

ʉɸɼ - ʉʦʝʜʠʥʝʪʠʪʝ ɸʤʝʨʠʢʘʥʩʢʠ ɼʨʞʘʚʠ 
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ʤ-ʨ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʩʢʘ                                                                    ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

1 

 

ɺʆɺɽɼ  

 

 ʊʝʭʥʠʢʘʪʘ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʦʧʬʘ˃ʘ ʙʨʦʿʥʠ ʪʝʭʥʦʣʦʰʢʠ ʧʦʩʪʘʧʢʠ, ʢʘʢʦ h ʪʦ 

ʩʝ: ʩʧʨʝʿ-ʩʫʰʝˁʝ, ʝʢʩʪʨʫʟʠʿʘ, ʢʦʘʮʝʨʚʘʮʠʿʘ, ʣʠʦʬʠʣʠʟʘʮʠʿʘ, ʤʠʢʨʦʬʣʫʠʜʠʟʘʮʠʿʘ, 

ʝʤʫʣʛʠʨʘˁʝ, ʠʩʧʘʨʫʚʘˁʝ/ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ, ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ 

ʠ ʜʨʫʛʠ ʪʝʭʥʦʣʦʰʢʠ ʧʦʩʪʘʧʢʠ. ʄʥʦʛʫ ʧʨʦʮʝʩʠ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʘ ʪʨʠ ʦʩʥʦʚʥʠ ʪʝʭʥʠʢʠ: ʠʩʧʘʨʫʚʘˁʝ/ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ 

ʝʤʫʣʟʠʿʘ, ʬʘʟʥʘ ʩʝʧʘʨʘʮʠʿʘ (ʢʦʘʮʝʨʚʘʮʠʿʘ) ʠ ʩʧʨʝʿ-ʩʫʰʝˁʝ (Freitas, Hans , & Gander, 

2005). ʉʦ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʜʦʙʠʚʘʘʪ ʤʠʢʨʦʯʝʩʪʠʯʢʠ, ʢʦʠ ʤʦʞʝ ʜʘ ʠʤʘʘʪ ʨʘʟʣʠʯʥʠ 

ʬʫʥʢʮʠʠ. ʊʝʭʥʦʣʦʛʠʿʘʪʘ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʧʨʠʤʝʥʫʚʘ ʚʦ: ʬʘʨʤʘʮʝʚʪʩʢʘ 

ʠʥʜʫʩʪʨʠʿʘ, ʘʛʨʦʭʝʤʠʩʢʘ ʠʥʜʫʩʪʨʠʿʘ, ʧʨʝʭʨʘʥʙʝʥʘ ʠʥʜʫʩʪʨʠʿʘ (Amaral, Andrade, & de 

Conto, 2019), ʠʥʜʫʩʪʨʠʿʘ ʟʘ ʘʜʭʝʟʠʚʠ, ʢʦʟʤʝʪʠʯʢʘ ʠʥʜʫʩʪʨʠʿʘ, ʙʠʦʪʝʭʥʦʣʦʛʠʿʘ, ʤʝʜʠʮʠʥʘ 

ʠ ʤʝʜʠʮʠʥʩʢʠ ʫʨʝʜʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʦʤʧʦʟʠʪʠ, ʙʦʠ ʠ ʧʨʝʚʣʘʢʠ, ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʥʘ 

ʥʘʬʪʘ ʠ ʛʘʩ (Lipovetskaya, 2010). ɿʝʤʘʿ˃ʠ ʿʘ ʧʨʝʜʚʠʜ ʰʠʨʦʢʘʪʘ ʧʨʠʤʝʥʘ ʥʘ 

ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘʪʘ, ʛʦʣʝʤ ʝ ʙʨʦʿʦʪ ʥʘ ʚʠʜʦʚʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ 

ʝʥʢʘʧʩʫʣʠʨʘʥʠ. ɺʦ ʦʚʘʘ ʛʨʫʧʘ ʩʝ ʚʙʨʦʿʫʚʘʘʪ: ʬʘʨʤʘʮʝʚʪʩʢʠ ʘʢʪʠʚʥʠ ʩʦʝʜʠʥʝʥʠʿʘ 

(Murtaza, Ahmad, & Akhtar, 2009; Park & Kim, 2004; Hayatunnufus, Wati, & Budianto, 

2019), ʢʣʝʪʢʠ (Batubara, Rahayu, Mohamad, & Prasetyaningtyas, 2012; Capretto, Mazzitelli, 

Luca, & Nastruzzi, 2010), ʧʨʝʭʨʘʥʙʝʥʠ ʤʘʪʝʨʠʿʘʣʠ (Fioramonti, Stepanic, Tibaldo, Pavón, 

& Santiago, 2019), ʝʪʝʨʠʯʥʠ ʤʘʩʣʘ (Ozcan & Kandirmaz, 2018; Aziz, Jai, Raslan, & Subuki, 

2016; Burhan, Abdel-Hamid, Soliman, & Sammour, 2019), ʛʝʥʠ ʠ ɼʅʂ (Zelikin, ʠ ʜʨ., 2007; 

Farris, Brown, Ramer-Tait, & Pannier, 2017), ʚʘʢʮʠʥʠ (Mazzara, ʠ ʜʨ., 2018), ʧʨʦʪʝʠʥʠ 

(Mutaliyeva, ʠ ʜʨ., 2017), ʧʝʩʪʠʮʠʜʠ (Pérez-Martínez, Morillo, Maqueda, & Ginés, 2001) ʠ 

ʭʝʨʙʠʮʠʜʠ (Lobo, ʠ ʜʨ., 2011). ʅʘʿʜʦʙʨʦ ʧʦʟʥʘʪʠ ʤʠʢʨʦʝʥʢʘʧʩʫʣʠʨʘʥʠ ʧʨʦʜʫʢʪʠ ʩʝ: 

ʭʘʨʪʠʿʘ ʟʘ ʬʦʪʦʢʦʧʠʨʘˁʝ ʙʝʟ ʿʘʛʣʝʨʦʜ, ʬʦʪʦʩʝʥʟʠʪʠʚʥʘ ʭʘʨʪʠʿʘ, ʤʠʢʨʦʝʥʢʘʧʩʫʣʠʨʘʥʠ 

ʤʠʨʠʩʠ (Ăʣʝʥʪʠ ʟʘ ʤʠʨʠʩñ) ʠ ʤʠʢʨʦʝʥʢʘʧʩʫʣʠʨʘʥʠ ʘʨʦʤʠ (Ăʠʟʛʨʝʙʠ ʠ ʧʦʤʠʨʠʩʘʿñ). 

ʅʘʿʯʝʩʪʦ, ʦʚʠʝ ʧʨʦʠʟʚʦʜʠ ʩʝ ʜʦʙʠʝʥʠ ʦʜ ʞʝʣʘʪʠʥ ï ʘʢʘʮʠʿʘ ʧʦ ʧʘʪ ʥʘ ʢʦʤʧʣʝʢʩʥʘ 

ʢʦʘʮʝʨʚʘʮʠʿʘ. ʇʨʦʜʫʢʪʦʪ Ăʠʟʛʨʝʙʠ ʠ ʧʦʤʠʨʠʩʘʿñ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʢʦʟʤʝʪʠʯʢʠ ʩʧʠʩʘʥʠʿʘ, 

ʤʘʨʢʝʪʠʥʛ ʧʨʦʜʫʢʪʠ ʚʦ ʧʨʝʭʨʘʥʙʝʥʘ ʠʥʜʫʩʪʨʠʿʘ ʟʘ ʘʨʦʤʠ ʠ ʚʦ ʜʝʪʩʢʠ ʢʥʠʛʠ (Burgess & 

Hickey, 2007).  

 ʌʦʨʤʫʣʘʮʠʠʪʝ ʢʦʠ ʩʝ ʟʘʩʥʦʚʘʘʪ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʢʘʢʦ ʪʝʭʥʦʣʦʰʢʘ 

ʧʦʩʪʘʧʢʘ ʩⱪ ʧʦʯʝʩʪʦ ʩʪʘʥʫʚʘʘʪ ʮʝʣ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ 21. ʚʝʢ ʚʦ ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ 

ʠʥʜʫʩʪʨʠʿʘ ʠ ʬʘʨʤʘʮʝʚʪʩʢʦʪʦ-ʧʨʦʮʝʩʥʦ ʠʥʞʝʥʝʨʩʪʚʦ. ʄʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʝ ʝʚʘʣʫʠʨʘʘʪ 

ʟʘ ʦʨʘʣʥʘ, ʧʘʨʝʥʪʝʨʘʣʥʘ, ʪʦʧʠʢʘʣʥʘ, ʥʘʟʘʣʥʘ ʠʣʠ ʠʥʭʘʣʘʪʦʨʥʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʘ. ʆʚʘ 

ʧʨʠʤʘʨʥʦ ʩʝ ʜʦʣʞʠ ʥʘ ʤʦʞʥʦʩʪʘ ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʠ ʧʨʦʜʦʣʞʝʥʦ ʜʝʿʩʪʚʦ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ API, ʜʦʜʝʢʘ ʥʝʦʩʣʦʙʦʜʝʥʠʦʪ ʣʝʢ ʤʦʞʝ ʜʘ ʙʠʜʝ ʟʘʰʪʠʪʝʥ 

ʦʜ ʬʠʟʠʦʣʦʰʢʘʪʘ ʩʨʝʜʠʥʘ ʠ ʜʝʛʨʘʜʘʮʠʿʘ. ʇʨʠʤʝʥʣʠʚʦʩʪʘ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ 

ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʥʫʜʠ ʥʝʢʦʣʢʫ ʩʫʧʝʨʠʦʨʥʠ ʧʨʝʜʥʦʩʪʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʬʘʨʤʘʮʝʚʪʩʢʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ. ʉʦ ʧʦʤʦʰ ʥʘ ʦʚʦʿ ʧʨʦʮʝʩ ʩʝ 

ʟʘʰʪʠʪʫʚʘ API ʦʜ ʜʝʛʨʘʜʘʮʠʿʘ (ʨʝʘʢʮʠʠ ʥʘ ʦʢʩʠʜʘʮʠʿʘ, ʪʦʧʣʠʥʘ, ʢʠʩʝʣʠʥʠ ʠ ʙʘʟʠ ʠ ʫʣʪʨʘ-

ʚʠʦʣʝʪʦʚʦ ʟʨʘʯʝˁʝ); ʩʝ ʜʦʙʠʚʘ ʧʦʜʦʙʨʝʥ ʢʚʘʣʠʪʝʪ ʚʦ ʨʘʤʢʠ ʥʘ ʨʦʢ ʥʘ ʫʧʦʪʨʝʙʘ ʠ ʤʦʞʝ 

ʜʘ ʩʝ ʤʘʩʢʠʨʘʘʪ ʦʨʛʘʥʦʣʝʧʪʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ API, ʢʘʢʦ ʚʢʫʩ, ʤʠʨʠʩ ʠʣʠ ʙʦʿʘ. ɺʦ 

ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʠ ʟʘ ʮʝʣʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʪʝ ʥʘʫʢʠ, ʤʠʢʨʦʩʬʝʨʠʪʝ ʠʤʘʘʪ 
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2 

 

ʧʨʠʚʣʝʯʝʥʦ ʟʥʘʯʘʿʥʦ ʚʥʠʤʘʥʠʝ ʢʘʢʦ ʜʠʟʘʿʥʠʨʘʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʦʩʘʯ ʥʘ ʣʝʢ ʩʦ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʥʦ ʠ ʟʘ ʮʝʣʥʦ ʥʦʩʝˁʝ ʥʘ ʮʠʪʦʩʪʘʪʠʮʠ ʚʦ ʤʝʩʪʘʪʘ ʟʘʙʦʣʝʥʠ 

ʩʦ ʪʫʤʦʨ. ʆʜ ʩʪʨʘʥʘ ʥʘ FDA ʩʝ ʦʜʦʙʨʝʥʠ ʟʘ ʫʧʦʪʨʝʙʘ ʥʝʢʦʣʢʫ API1 ʟʘ ʨʘʟʣʠʯʥʠ 

ʠʥʜʠʢʘʮʠʠ: VIVITROL ® (naltrexone, Alkermes, ʜʚʦʿʥʘ ʝʤʫʣʟʠʿʘ), TrelstarTM (triptorelin, 

Pfizer, ʬʘʟʥʘ ʩʝʧʘʨʘʮʠʿʘ), Parlodel LARTM (bromocriptine, Novartis, ʩʧʨʝʿ-ʩʫʰʝˁʝ), 

Nutropin® Depot (somatropin, Genntech/Alkermes, ʢʨʠʦʛʝʥʦ ʩʧʨʝʿ-ʩʫʰʝˁʝ),  Sandostatin 

(octreotide acetate, Novartis, ʬʘʟʥʘ ʩʝʧʘʨʘʮʠʿʘ) ʠ ʜʨʫʛʠ (FDA, 2023). ʆʚʘʘ ʢʘʪʝʛʦʨʠʿʘ ʥʘ 

ʢʦʤʝʨʮʠʿʘʣʠʟʠʨʘʥʠ ʣʝʢʦʚʠ ʩʝ ʚʦ ʬʦʨʤʘ ʥʘ ʤʠʢʨʦʩʬʝʨʠ, ʢʦʠ ʚʦ ʩʦʦʜʚʝʪʥʠʦʪ ʜʠʣʫʝʥʪ ʩʝ 

ʩʫʩʧʝʥʜʠʨʘʘʪ ʠ ʠʥʪʨʘʤʫʩʢʫʣʥʦ ʩʝ ʘʧʣʠʮʠʨʘʘʪ ʥʘ ʧʘʮʠʝʥʪʦʪ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, 

ʢʦʤʝʨʮʠʿʘʣʥʦ-ʜʦʩʪʘʧʥʠ ʜʠʝʪʝʪʩʢʠ ʩʫʧʣʝʤʝʥʪʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ ʧʨʘʰʢʘʩʪʘ ʬʦʨʤʘ 

ʩʝ: ʪʚʨʜʠ ʢʘʧʩʫʣʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʝʧʝʨʤʠʥʪ, Cinnamonum Camphora ʠ ʩʚʝʞ 

ʺʫʤʙʠʨ (Puressentiel, ʌʨʘʥʮʠʿʘ), ʪʚʨʜʠ ʢʘʧʩʫʣʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ: ʝʫʢʘʣʠʧʪʫʩ, ʩʤʠʣ, 

ʢʘʤʠʣʠʮʘ, ʣʘʚʘʥʜʘ, ʤʘʿʦʨʘʥ, ʣʠʤʦʥ ʠ ʜʨʫʛʠ (Sunday Natural Products GmbH, ɻʝʨʤʘʥʠʿʘ), 

ʤʝʢʠ ʢʘʧʩʫʣʠ ʦʜ ʩʤʝʩʘ ʥʘ ʝʪʝʨʠʯʥʠ ʤʘʩʣʘ ʥʘ ʘʿʦʚʘʥ, ʦʨʠʛʘʥʦ, ʮʠʤʝʪ, ʺʫʤʙʠʨ, 

ʢʘʨʘʥʬʠʣʯʝ, ʙʦʩʠʣʝʢ, Cinnamosma fragrans ʠ ʢʫʨʢʫʤʘ ʠ ʨʘʩʪʠʪʝʣʥʦ ʤʘʩʣʦ Perilla (Salvia 

Nutrition, ʌʨʘʥʮʠʿʘ) ʠ ʜʨʫʛʠ ʜʠʝʪʝʪʩʢʠ ʩʫʧʣʝʤʝʥʪʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ. 

 ʀʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʧʨʝʜʥʦʩʪʠʪʝ, ʰʪʦ ʛʠ ʥʫʜʘʪ ʤʠʢʨʦʩʬʝʨʠʪʝ ʚʦ ʦʜʥʦʩ ʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʬʘʨʤʘʮʝʚʪʩʢʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ ʠ ʥʘʜʤʠʥʫʚʘˁʝʪʦ ʥʘ ʧʨʝʜʠʟʚʠʢʘʥʠʪʝ 

ʥʫʩ-ʧʦʿʘʚʠ ʦʜ API-ʪʦ, ʨʝʟʫʣʪʠʨʘ ʩʦ ʝʢʦʥʦʤʩʢʠ ʨʘʩʪ ʥʘ ʢʦʤʝʨʮʠʿʘʣʠʟʠʨʘʥʠ ʬʘʨʤʘʮʝʚʪʩʢʠ 

ʧʨʝʧʘʨʘʪʠ ʩʦ ʤʠʢʨʦʩʬʝʨʠ. ʀʤʝʥʦ, ʚʨʝʜʥʦʩʪʘ ʥʘ ʛʣʦʙʘʣʥʠʦʪ ʧʘʟʘʨ ʥʘ ʤʠʢʨʦʩʬʝʨʠ ʚʦ 2021 

ʛʦʜʠʥʘ ʙʠʣʘ ʧʨʦʮʝʥʝʪʘ ʟʘ ʪʨʠʧʘʪʠ ʧʦʚʠʩʦʢʘ (6.150,92 ʤʠʣʠʦʥʠ ʜʦʣʘʨʠ) ʚʦ ʦʜʥʦʩ ʥʘ 2010 

ʛʦʜʠʥʘ (2 ʤʠʣʠʿʘʨʜʠ ʜʦʣʘʨʠ), ʘ ʩʝ ʧʨʦʝʢʪʠʨʘʣʦ ʜʝʢʘ ˃ʝ ʛʝʥʝʨʠʨʘ 13581,38 ʤʠʣʠʦʥʠ 

ʜʦʣʘʨʠ ʜʦ 2030 ʛʦʜʠʥʘ (Straits research, 2022), ʰʪʦ ʝ ʟʘ 3,9 ʧʘʪʠ ʧʦʚʠʩʦʢʘ ʚʦ ʦʜʥʦʩ ʥʘ 

ʧʨʦʝʢʮʠʿʘʪʘ ʟʘ 2015 ʛʦʜʠʥʘ (3,5 ʤʠʣʠʿʘʨʜʠ ʜʦʣʘʨʠ). ʉʧʦʨʝʜ ʠʟʚʝʰʪʘʿʦʪ Ăʄʠʢʨʦʩʬʝʨʠ: 

ʊʝʭʥʦʣʦʛʠʠ ʠ ʛʣʦʙʘʣʥʠ ʧʘʟʘʨʠñ ʦʙʿʘʚʝʥ ʦʜ ʩʪʨʘʥʘ ʥʘ BBC ʚʦ 2010 ʛʦʜʠʥʘ, ʥʦʚʠ 

ʠʥʜʫʩʪʨʠʠ ʢʦʠʰʪʦ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʧʨʦʝʢʪʠʨʘʥʠʦʪ ʝʢʦʥʦʤʩʢʠ ʨʘʩʪ ʙʠʣʝ ʤʝʜʠʮʠʥʩʢʠʪʝ 

ʠ ʧʨʠʨʦʜʥʠʪʝ ʥʘʫʢʠ (Lipovetskaya, 2010). ʈʘʩʪʝʯʢʘʪʘ ʧʨʝʚʘʣʝʥʮʘ ʥʘ ʭʨʦʥʠʯʥʠ 

ʟʘʙʦʣʫʚʘˁʘ ʿʘ ʬʘʚʦʨʠʟʠʨʘ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʭʝʨʙʘʣʥʠ ʤʝʜʠʮʠʥʩʢʠ ʧʨʝʧʘʨʘʪʠ. ɿʘ ʦʚʘ 

ʛʦʚʦʨʠ ʠ ʛʣʦʙʘʣʥʘʪʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘ WHO ʢʦʿʘʰʪʦ ʫʢʘʞʫʚʘ ʜʝʢʘ ʧʦʨʘʜʠ ʭʨʦʥʠʯʥʠ 

ʟʘʙʦʣʫʚʘˁʘ ʥʘ ʛʣʦʙʘʣʥʦ ʥʠʚʦ ʛʦʜʠʰʥʦ ʩʝ ʙʝʣʝʞʘʪ ʦʢʦʣʫ 41 ʤʠʣʠʦʥ ʩʤʨʪʥʠ ʩʣʫʯʘʠ. ɺʦ 

ʪʘʘ ʥʘʩʦʢʘ ʟʛʦʣʝʤʝʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ ʭʝʨʙʘʣʥʠ ʧʨʝʧʘʨʘʪʠ ʚʦ ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ 

ʩʝ ʦʯʝʢʫʚʘ ʜʘ ʙʠʜʝ ʜʚʠʛʘʪʝʣʥʘ ʩʠʣʘ ʟʘ ʧʘʟʘʨʦʪ ʥʘ ʦʚʦʿ ʚʠʜ ʩʫʧʣʝʤʝʥʪʠ. ʀʤʝʥʦ, ʩʝ ʦʯʝʢʫʚʘ 

ʨʘʩʪ ʦʜ 319,63 ʤʠʣʠʿʘʨʜʠ ʜʦʣʘʨʠ ʚʦ 2028 ʛʦʜʠʥʘ. ʆʯʝʢʫʚʘʥʠʦʪ ʨʘʩʪʝʯʢʠ ʪʨʝʥʜ ʩʝ 

ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ˃ʝ ʩʝ ʜʦʣʞʠ ʥʘ ʧʨʦʰʠʨʫʚʘˁʝ ʥʘ ʠʥʜʫʩʪʨʠʿʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʭʝʨʙʘʣʥʠ ʧʨʝʧʘʨʘʪʠ ʠ ʜʠʝʪʝʩʪʩʢʠ ʩʫʧʣʝʤʝʥʪʠ, ʟʛʦʣʝʤʝʥʪʠʦ ʘʢʮʝʥʪ ʥʘ ʦʜʨʞʣʠʚʦʩʪʘ ʥʘ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʧʦʨʘʩʪʦʪ ʥʘ ʭʨʦʥʠʯʥʠʪʝ ʟʜʨʘʚʩʪʚʝʥʠ ʩʦʩʪʦʿʙʠ (Reserach and 

Markets, 2024a). ʂʦʤʧʣʝʤʝʥʪʘʨʥʦ ʥʘ ʦʚʠʝ ʧʨʦʝʢʮʠʠ ʩʣʠʯʥʠ ʩʝ ʠ ʧʨʦʝʢʮʠʠʪʝ ʟʘ ʨʘʩʪ ʥʘ 

ʝʢʩʮʠʧʠʝʥʩʠ ʩʦ ʥʫʪʨʠʪʠʚʝʥ ʢʚʘʣʠʪʝʪ (Markets, 2024b). ʆʚʦʿ ʨʘʩʪʝʯʢʠ ʪʨʝʥʜ ʥʘ ʛʣʦʙʘʣʝʥ 

ʧʘʟʘʨ ʟʘ ʤʠʢʨʦʩʬʝʨʠ ʛʦ ʦʧʨʘʚʜʫʚʘ ʟʛʦʣʝʤʝʥʠʦʪ ʠʩʪʨʘʞʫʚʘʯʢʠ ʠʥʪʝʨʝʩ ʟʘ ʧʨʠʤʝʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʢʘʢʦ ʥʘʧʨʝʜʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʦʩʘʯʠ ʥʘ ʣʝʢʦʚʠ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ. 

 
1 ʂʦʤʝʨʮʠʿʘʣʠʟʠʨʘʥʠʪʝ ʧʨʝʧʘʨʘʪʠ ʩʝ ʜʘʜʝʥʠ ʩʦ ʩʣʝʜʥʠʦʚ ʦʙʣʠʢ ʥʘ ʧʦʜʘʪʦʮʠ Ăʧʨʦʜʘʞʥʦ ʠʤʝ (ʛʝʥʝʨʠʯʢʦ 

ʠʤʝ, ʧʨʦʠʟʚʦʜʠʪʝʣ, ʪʝʭʥʦʣʦʰʢʘ ʧʦʩʪʘʧʢʘ ʥʘ ʜʦʙʠʚʘˁʝ)ñ 
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 ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩ¯ ʫʰʪʝ ʣʠʜʝʨʠ ʥʘ ʧʘʟʘʨʦʪ ʩʝ ʮʚʨʩʪʠʪʝ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ, ʩʦ 

ʥʝʦʜʘʤʥʝʰʥʘ ʬʠʥʘʥʩʠʩʢʘ ʧʨʦʮʝʥʢʘ ʚʦ ʚʠʩʠʥʘ ʦʜ 957.55 ʤʠʣʠʿʘʨʜʠ ʜʦʣʘʨʠ ʟʘ ʧʝʨʠʦʜ ʦʜ 

2021 ʜʦ 2027 ʛʦʜʠʥʘ (Maximize Market Research, 2021). ʉʦʛʣʘʩʥʦ ʢʣʘʩʠʬʠʢʘʮʠʿʘʪʘ ʥʘ 

ʬʘʨʤʘʮʝʚʪʩʢʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ ʚʦ ʬʘʨʤʘʢʦʧʝʿʘʪʘ ʥʘ ʉɸɼ (USP-NF , Pharmaceutical 

Dosage form, 2022) ʚʦ ʮʚʨʩʪʠ ʬʘʨʤʘʮʝʚʪʩʢʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ ʩʝ ʚʙʨʦʿʫʚʘʘʪ ʠ ʛʨʘʥʫʣʠ. 

ɿʝʤʘʿ˃ʠ ʿʘ ʧʨʝʜʚʠʜ ʦʧʰʪʘʪʘ ʜʝʬʠʥʠʮʠʿʘ ʟʘ ʛʨʘʥʫʣʠ (British Pharmacopoeia, 2022) 

Ăʧʨʝʧʘʨʘʪʠ, ʢʦʠ ʩʝ ʩʦʯʠʥʝʪʠ ʦʜ ʮʚʨʩʪʠ, ʩʫʚʠ ʘʛʨʝʛʘʪʠ ʥʘ ʧʨʘʰʢʘʩʪʠ ʯʝʩʪʠʯʢʠ ʜʦʚʦʣʥʦ 

ʨʦʙʫʩʪʥʠ ʜʘ ʠʟʜʨʞʘʪ ʨʘʢʫʚʘˁʝñ, ʤʦʞʝʤʝ ʜʘ ʛʠ ʨʘʟʛʣʝʜʫʚʘʤʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʢʘʢʦ 

ʛʨʘʥʫʣʠ ʚʦ ʨʘʤʢʠ ʥʘ ʬʘʨʤʘʢʦʧʝʿʘʪʘ. ʉʫʰʪʠʥʩʢʠʪʝ ʨʘʟʣʠʢʠ ʧʦʤʝʺʫ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ 

ʜʨʫʛʠʪʝ ʛʨʘʥʫʣʠ ʩʝ: ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ (ʦʧʩʝʛ ʦʜ 1 ɛm  ʜʦ 

1000 ɛm) ʠ  ʪʝʭʥʦʣʦʰʢʘʪʘ ʧʦʩʪʘʧʢʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʪʪʫʢʘ, ʪʠʝ ʤʦʞʝ ʜʘ ʙʠʜʘʪ 

ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʚʦ ʨʘʟʣʠʯʥʠ ʬʘʨʤʘʮʝʚʪʩʢʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ (ʮʚʨʩʪʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ: 

ʢʘʧʩʫʣʠ, ʪʘʙʣʝʪʠ ʠʣʠ ʢʝʩʠʯʢʠ-ʧʨʘʰʦʮʠ ʟʘ ʨʘʩʪʚʦʨʘˁʝ; ʧʦʣʫʮʚʨʩʪʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ: 

ʛʝʣʦʚʠ, ʢʨʝʤʠ, ʤʘʩʪʠ ʠʣʠ ʧʘʩʪʠ; ʪʝʯʥʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ: ʨʘʩʪʚʦʨʠ, ʩʫʩʧʝʥʟʠʠ ʠ 

ʧʘʨʝʥʪʝʨʘʣʥʠ ʠʥʿʝʢʮʠʠ), ʢʦʠ ʩʝ ʫʩʚʦʝʥʠ ʢʘʢʦ ʦʬʠʮʠʿʘʣʥʠ ʪʝʨʤʠʥʠ ʚʦ Ph.Eur. 10. ʠ      

USP-NF 43. ʠʟʜʘʥʠʝ.  

 ʂʦʤʝʨʮʠʿʘʣʠʟʘʮʠʿʘʪʘ ʥʘ ʤʠʢʨʦʩʬʝʨʠ ʩʫʛʝʨʠʨʘ ʜʝʢʘ ʦʧʨʝʜʝʣʝʥʠ ʪʝʭʥʦʣʦʰʢʠ 

ʧʦʩʪʘʧʢʠ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʫʩʧʝʰʥʦ ʩʝ ʪʨʘʥʩʬʝʨʠʨʘʥʠ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠ ʫʩʣʦʚʠ. 

ʆʚʦʿ ʘʩʧʝʢʪ ʝ ʧʨʝʜʠʟʚʠʢ, ʢʦʿ ʜʠʨʝʢʪʥʦ ʝ ʧʦʚʨʟʘʥ ʩʦ ʠʩʢʦʨʠʩʪʝʥʦʩʪʘ ʥʘ ʨʝʩʫʨʩʠ 

(ʝʥʝʨʛʝʪʩʢʠ, ʜʦʩʪʘʧʥʘ ʦʧʨʝʤʘ, ʯʦʚʝʢʦʚʘ ʩʠʣʘ ʠ ʤʘʪʝʨʠʿʘʣʥʠ ʙʠʣʘʥʩʠ), ʦʜ ʢʦʠ ʝ ʧʨʝʩʫʜʥʘ 

ʠʟʚʦʜʣʠʚʦʩʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʟʛʦʣʝʤʫʚʘˁʝ. ɺʦ ʪʘʘ ʥʘʩʦʢʘ, ʟʛʦʣʝʤʝʥʠʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ 

ʧʨʦʮʝʩʠ ʪʨʝʙʘ ʜʘ ʩʝ: ʙʝʟʙʝʜʥʠ, ʝʬʠʢʘʩʥʠ, ʜʦʙʨʦ-ʢʦʥʪʨʦʣʠʨʘʥʠ, ʨʝʧʨʦʜʫʢʪʠʚʥʠ, 

ʝʢʦʥʦʤʠʯʥʠ ʠ ʨʦʙʫʩʪʥʠ. ʆʪʪʫʢʘ, ʝʢʦʥʦʤʩʢʘʪʘ ʠʩʧʣʘʪʣʠʚʦʩʪ ʥʘ ʦʚʠʝ ʢʦʤʧʣʝʢʩʥʠ ʧʨʦʮʝʩʠ 

ʝ ʧʨʝʜʤʝʪ ʥʘ ʜʠʩʢʫʩʠʿʘ, ʧʦʨʘʜʠ ʙʨʦʿʥʠʪʝ ʪʝʭʥʦʣʦʰʢʦ-ʠʥʞʝʥʝʨʩʢʠ ʧʨʝʜʠʟʚʠʮʠ ʟʘ 

ʧʨʦʮʝʩʦʪ ʥʘ ʟʛʦʣʝʤʫʚʘˁʝ ʦʜ ʣʘʙʦʨʘʪʦʨʠʩʢʦ ʥʘ ʠʥʜʫʩʪʨʠʩʢʦ ʥʠʚʦ. ʉʝʧʘʢ, 

ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘʪʘ ʢʘʢʦ ʩʧʝʮʠʿʘʣʠʟʠʨʘʥ ʧʨʦʮʝʩ (EMA, 2014) ʩʝ ʦʜʣʠʢʫʚʘ ʠ ʩʦ 

ʧʨʝʜʠʟʚʠʮʠ ʦʜ ʬʘʨʤʘʮʝʚʪʩʢʠ ʘʩʧʝʢʪ. ɺʦ ɺʦʜʠʯʦʪ ʟʘ ʚʘʣʠʜʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩ ʟʘ ʛʦʪʦʚʠ 

ʧʨʦʠʟʚʦʜʠ EMA/CHMP/CVMP/QWP/BWP/70278/2012-Rev1,Corr.1 (EMA, 2016) ʥʝ ʩʝ 

ʜʘʜʝʥʠ ʥʘʩʦʢʠ ʟʘ ʚʘʣʠʜʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʠ ʢʦʠ ʩʝ ʟʘʩʥʦʚʘʘʪ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʆʜ 

ʜʨʫʛʘ ʩʪʨʘʥʘ, ɸʥʝʢʩ II ʢʦʥ ɺʦʜʠʯʦʪ ʟʘ ʚʘʣʠʜʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩ ï ʥʝʩʪʘʥʜʘʨʜʥʠ ʧʨʦʮʝʩʠ 

CPMP/QWP/2054/03 ʠ EMEA/CVMP/395/03, ʧʦʿʘʩʥʫʚʘʘʪ ʜʝʢʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘʪʘ ʩʝ 

ʢʣʘʩʠʬʠʮʠʨʘ ʢʘʢʦ ʩʧʝʮʠʿʘʣʠʟʠʨʘʥ ʧʨʦʮʝʩ ʠʣʠ ʢʦʤʧʣʝʢʩʝʥ ʧʨʦʮʝʩ, ʢʦʿ ʦʧʬʘ˃ʘ ʢʨʠʪʠʯʥʠ 

ʯʝʢʦʨʠ (EMA, 2014). ʉʣʝʜʩʪʚʝʥʦ, ʟʘ ʬʘʨʤʘʮʝʚʪʩʢʠ ʧʨʦʮʝʩ ʩʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʯʝʢʦʨ 

ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʚʘʣʠʜʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ. ɺʘʣʠʜʘʮʠʦʥʘʪʘ 

ʩʪʨʘʪʝʛʠʿʘ ʠ ʩʪʫʜʠʿʘ ʪʨʝʙʘ ʜʘ ʛʠ ʚʘʣʠʜʠʨʘ ʠ ʠʩʧʠʪʘ ʩʠʪʝ ʢʨʠʪʠʯʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ 

ʯʝʢʦʨʠ, ʢʨʠʪʠʯʥʠ ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʜʘ ʚʦʩʧʦʩʪʘʚʠ ʨʦʙʫʩʪʝʥ ʧʨʦʮʝʩ. ɼʨʫʛ 

ʠʩʪʨʘʞʫʚʘʯʢʠ ʠʜʝʥʪʠʬʠʢʫʚʘʥ ʥʝʜʦʩʪʠʛ ʝ ʦʛʨʘʥʠʯʝʥʠʦʪ ʙʨʦʿ ʥʘ ʠʩʪʨʘʞʫʚʘʥʠ 

ʝʥʢʘʧʩʫʣʠʨʘʯʢʠ ʤʘʪʝʨʠʿʘʣʠ. ʅʘʿʯʝʩʪʦ ʩʝ ʠʩʪʨʘʞʫʚʘʥʠ: PLA ʠ PLGA (Mazzara, ʠ ʜʨ., 

2018; Park & Kim, 2004), ʭʠʪʦʟʘʥ ʠ ʩʤʝʩʘ ʥʘ ʭʠʪʦʟʘʥ ʩʦ ʜʨʫʛ ʤʘʪʝʨʠʿʘʣ (Aziz, Jai, Raslan, 

& Subuki, 2016; Batubara, Rahayu, Mohamad, & Prasetyaningtyas, 2012), ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 

(Celep, Demirkaya, & Solak, 2022; Chaturvedi, ʠ ʜʨ., 2019; Faidi, ʠ ʜʨ., 2019) ʠ ʜʨʫʛʠ. 

  ɺʦ ʦʚʦʿ ʜʦʢʪʦʨʩʢʠ ʪʨʫʜ ʙʝʘ ʠʩʪʨʘʞʫʚʘʥʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʜʦʙʠʝʥʠ ʧʦ ʧʘʪ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ ʠ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ, 

ʩʦʦʜʚʝʪʥʦ, ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʧʨʠʩʪʘʧʦʪ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ (QbD). ʉʝ ʧʨʠʤʝʥʠʿʘ ʪʨʠ 
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ʘʣʘʪʢʠ ʦʜ QbD ʧʨʠʩʪʘʧʦʪ. ʇʨʝʢʫ PHA ʩʝ ʧʨʦʮʝʥʠ ʨʠʟʠʢ ʟʘ ʝʥʘʢʧʩʫʣʠʨʘʥʠʪʝ ʙʠʦʘʢʪʠʚʥʠ 

ʩʫʧʩʪʘʥʮʠ, ʧʨʦʮʝʩʠʪʝ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʝʢʩʮʠʧʠʝʥʩʠ ʚʨʟ CQA ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ; ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪ (DoE) ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ 

ʧʦʚʨʟʘʥʦʩʪʘ ʧʦʤʝʺʫ ʟʘʚʠʩʥʠ ʠ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʠʩʪʨʘʞʫʚʘʥʠʦʪ ʩʠʩʪʝʤ. ʆʪʪʫʢʘ 

ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘ CPP ʚʦ ʢʦʨʝʣʘʮʠʿʘ ʩʦ CQA ʠ ʜʠʟʘʿʥʠ ʥʘ ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ (RSDs) 

ʩʦ ʰʪʦ ʩʝ ʥʘʧʨʘʚʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʥʘ 

ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ. ʉʠʩʪʝʤʠʪʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ 

ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ ʜʦʙʠʿʘ ʩʦ ʘʮʝʪʘʤʠʥʦʬʝʥ ʠ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʠ 

ʝʥʢʘʧʩʫʣʠʨʘʯʢʠ ʩʫʧʩʪʘʥʮʠ ʦʜ ʢʘʪʝʛʦʨʠʿʘʪʘ ʥʘ  ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʧʦʣʠʤʝʨʠ 

(ʭʠʜʨʦʢʩʠʧʨʦʧʠʣ ʮʝʣʫʣʦʟʘ ʠ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, ʩʦʦʜʚʝʪʥʦ). ɿʘ ʠʩʧʠʪʫʚʘˁʝ ʠ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ ʧʨʠʤʝʥʠʿʘ ʥʝʢʦʣʢʫ 

ʘʥʘʣʠʪʠʯʢʠ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʠ ʥʘ: ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ, ʤʠʢʨʦʩʢʦʧʠʿʘ, ʣʘʩʝʨʩʢʘ ʜʠʬʨʘʢʮʠʿʘ, 

ʪʝʨʤʦʘʥʘʣʠʪʠʯʢʘ ʧʦʩʪʘʧʢʘ ʠ ʛʨʘʚʠʤʝʪʨʠʿʘ.  
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1 ʊɽʆʈɽʊʉʂʀ ɼɽʃ ʀ ʃʀʊɽʈɸʊʋʈɸ 

1.1 ʄʠʢʨʦʯʝʩʪʠʯʢʠ  

 

 ʉʦ ʧʦʠʤʦʪ Ăʤʠʢʨʦʯʝʩʪʠʯʢʘñ ʥʘʿʯʝʩʪʦ ʩʝ ʦʧʠʰʫʚʘʘʪ ʩʬʝʨʠʯʥʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ, ʯʠʿ 

ʜʠʿʘʤʝʪʘʨ ʝ ʤʝʨʣʠʚ ʥʘ ʤʠʢʨʦʤʝʪʘʨʩʢʘ ʩʢʘʣʘ, ʘ ʥʘʿʯʝʩʪʦ ʝ ʚʦ ʦʧʩʝʛ ʦʜ 1 ɛm  ʜʦ 1000 ɛm. 

ʄʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʚʦ ʧʦʛʣʝʜ ʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʠ ʩʫʧʩʪʘʥʮʠ, ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʜʝʣʘʪ ʚʦ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʤʠʢʨʦʢʘʧʩʫʣʠ ʠ ʤʠʢʨʦʩʬʝʨʠ. ʈʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʜʚʘʪʘ ʚʠʜʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʝ ʧʨʠʢʘʞʘʥʘ ʠʣʫʩʪʨʘʪʠʚʥʦ ʥʘ ʩʣʠʢʘ 1-1.  

ʉʣʠʢʘ 1-1. ɺʠʜʦʚʠ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ (Coelho, et al., 2010) 

 ʆʜ ʛʨʘʬʠʯʢʘʪʘ ʠʣʫʩʪʨʘʮʠʿʘ (ʩʣʠʢʘ 1-1.) ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʧʦʜ ʧʦʠʤʦʪ 

Ăʤʠʢʨʦʢʘʧʩʫʣʘñ ʩʝ ʧʦʜʨʘʟʙʠʨʘ ʤʠʢʨʦʯʝʩʪʠʯʢʘ, ʚʦ ʯʠʝ ʿʘʜʨʦ ʝ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʩʫʧʩʪʘʥʮʘ, 

ʘ ʿʘʜʨʦʪʦ ʝ ʦʙʚʠʝʥʦ ʩʦ ʝʥʢʘʧʩʫʣʠʨʘʯʢʘ ʢʦʤʧʦʥʝʥʪʘ. ʆʜ ʩʣʠʢʘ 1-1., ʚʠʟʫʝʣʥʦ ʤʦʞʝ ʜʘ ʩʝ 

ʩʦʛʣʝʜʘ ʜʝʢʘ ʿʘʜʨʦʪʦ ʤʦʞʝ ʜʘ ʙʠʜʝ ʚʦ ʨʘʟʣʠʯʥʠ ʘʛʨʝʛʘʪʥʠ ʩʦʩʪʦʿʙʠ (ʮʚʨʩʪʘ, ʪʝʯʥʘ ʠ ʛʘʩ). 

ɱʘʜʨʦʪʦ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʘʪʘ, ʠʩʪʦ ʪʘʢʘ, ʤʦʞʝ ʜʘ ʙʠʜʝ ʩʦʩʪʘʚʝʥʦ ʦʜ ʝʜʝʥ, ʠʣʠ ʧʦʚʝ˃ʝ 

ʜʦʤʝʥʠ ʥʘ ʤʠʢʨʦ- ʠʣʠ ʥʘʥʦʥʠʚʦ, ʛʨʘʬʠʯʢʠ ʧʨʝʪʩʪʘʚʝʥʦ ʥʘ ʪʨʝʪʘ ʠ ʯʝʪʚʨʪʘ ʠʣʫʩʪʨʘʮʠʿʘ, 

ʦʜ ʣʝʚʦ ʢʦʥ ʜʝʩʥʦ. ʂʘʢʦ ʰʪʦ ʜʦʤʝʥʠʪʝ ʠ ʧʦʜʜʦʤʝʥʠʪʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ ʩʫʧʩʪʘʥʮʘ ʚʦ 

ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʪʘʥʫʚʘʘʪ ʧʨʦʛʨʝʩʠʚʥʦ ʧʦʤʘʣʠ, ʪʘʢʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʪʘʥʫʚʘʘʪ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ. ʇʦʪʢʘʪʝʛʦʨʠʿʘʪʘ Ăʤʠʢʨʦʩʬʝʨʠñ ʩʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ, ʢʦʠ ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ 

ʭʦʤʦʛʝʥʘ ʩʤʝʩʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʢʦʤʧʦʥʝʥʪʘ ʠ ʝʥʢʘʧʩʫʣʠʨʘʯʢʠ ʤʘʪʝʨʠʿʘʣ, ʘ 

ʤʦʨʬʦʣʦʰʢʠ ʩʝ ʩʬʝʨʠʯʥʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ (Birnbaum & Brannon-Peppas, 2004). ʀʘʢʦ 

ʟʥʘʯʝˁʝʪʦ ʥʘ ʧʦʪʢʘʪʝʛʦʨʠʠʪʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʝ ʿʘʩʥʠ, ʩʝʧʘʢ ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʠ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʠʩʪʨʘʞʫʚʘʯʠʪʝ, ʥʝʨʝʪʢʦ ʪʝʨʤʠʥʠʪʝ ʩʝ ʢʦʨʠʩʪʘʪ ʥʘʠʟʤʝʥʠʯʥʦ.   

 ʅʘʿʚʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʦ ʝʥʢʘʧʩʫʣʠʨʘʥʦ API ʝ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ, ʰʪʦ ʝ ʦʧʨʝʜʝʣʝʥʦ ʦʜ ʤʝʭʘʥʠʟʤʦʪ ʩʧʦʨʝʜ ʢʦʿ ʩʝ ʦʜʚʠʚʘ ʤʘʩʝʥʠʦʪ 

ʪʨʘʥʩʧʦʨʪ ʥʘ ʣʝʢʦʪ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʘʪʘ ʢʦʥ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ (ʚʦ ʩʠʤʫʣʠʨʘʥʠ           

in vitro ʠʣʠ in vivo ʫʩʣʦʚʠ). ʀʤʝʥʦ, ʠʟʙʦʨʦʪ ʠ ʩʦʩʪʘʚʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ, ʢʦʠ ʩʝ 

ʫʧʦʪʨʝʙʫʚʘʘʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʛʦ ʦʧʨʝʜʝʣʫʚʘ ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʠ 

ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ. ʇʦʣʠʤʝʨʠʪʝ, ʢʦʠ ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʚʦ ʜʚʝ ʛʦʣʝʤʠ ʛʨʫʧʠ:  

-  ʧʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʠ, ʢʦʠ ʦʧʬʘ˃ʘʘʪ ʛʨʫʧʘ ʥʘ ʧʨʦʪʝʠʥʠ (ʢʦʣʘʛʝʥ, ʘʣʙʫʤʠʥ, 

ʞʝʣʘʪʠʥ) ʠ ʧʦʣʠʩʘʭʘʨʠʜʠ (ʭʠʪʦʟʘʥ, ʘʣʛʠʥʘʪ, ʜʝʢʩʪʨʘʥ, ʮʝʣʫʣʦʟʠ)  

-  ʩʠʥʪʝʪʩʢʠ ʧʦʣʠʤʝʨʠ, ʢʦʠ ʩʝ ʜʝʣʘʪ ʚʦ ʜʚʝ ʧʦʜʛʨʫʧʠ: 

o ʙʠʦʨʘʟʛʨʘʜʣʠʚʠ (PLA, PCL, POE, PACA, PVA, PAA, PGA ʠ ʜʨʫʛʠ); 

o ʥʝʨʘʟʛʨʘʜʣʠʚʠ (PMMA, PHEMA, PA, ʠ ʜʨʫʛʠ).  

 ɺʦ ʢʘʪʝʛʦʨʠʿʘʪʘ ʥʘ ʧʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʠ ʩʝ ʚʙʨʦʿʫʚʘ ʠ ʧʦʪʢʘʪʝʛʦʨʠʿʘʪʘ ʥʘ 

ʤʦʜʠʬʠʮʠʨʘʥʠ ʧʨʠʨʦʜʥʠ ʤʘʪʝʨʠʿʘʣʠ (ʩʢʨʦʙ, ʤʦʜʠʬʠʮʠʨʘʥʠ ʜʝʨʠʚʘʪʠ ʥʘ ʮʝʣʫʣʦʟʘ, ʛʫʤʠ, 

ʧʨʦʪʝʠʥʠ, ʤʘʩʪʠ ʠ ʚʦʩʦʮʠ).  ʄʦʣʝʢʫʣʘʨʥʠ ʩʪʨʫʢʪʫʨʥʠ ʬʦʨʤʫʣʠ ʥʘ ʧʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʠ, 
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ʩʠʥʪʝʪʩʢʠ ʧʦʣʠʤʝʨʠ ʠ  ʤʦʜʠʬʠʮʠʨʘʥʠ ʧʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʠ, ʢʦʠ ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ 

ʥʦʩʘʯʠ ʥʘ ʣʝʢ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 1-2., 1-3. ʠ 1-4., ʩʦʦʜʚʝʪʥʦ. 

 

ʉʣʠʢʘ 1-2. ʉʪʨʫʢʪʫʨʥʠ ʬʦʨʤʫʣʠ ʥʘ ʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠ ʧʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʠ ʚʦ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʟʘ 

ʩʠʩʪʝʤʠ ʟʘ ʥʦʩʘʯʠ ʥʘ ʣʝʢ 

 

ʉʣʠʢʘ 1-3. ʉʪʨʫʢʪʫʨʥʠ ʬʦʨʤʫʣʠ ʥʘ ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠ ʩʠʥʪʝʪʩʢʠ ʧʦʣʠʤʝʨʠ ʚʦ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʟʘ 

ʩʠʩʪʝʤʠ ʟʘ ʥʦʩʘʯʠ ʥʘ ʣʝʢ 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 1-4. ʉʪʨʫʢʪʫʨʥʠ ʬʦʨʤʫʣʠ ʥʘ ʤʦʜʠʬʠʢʫʚʘʥʠ ʧʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʠ ʚʦ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ 

 ʟʘ ʩʠʩʪʝʤʠ ʟʘ ʥʦʩʘʯʠ ʥʘ ʣʝʢ 
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 ʉʠʥʪʝʪʩʢʠʪʝ ʧʦʣʠʤʝʨʠ ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʧʦʣʠʤʝʨʠ ʠʤʘʘʪ ʥʝʢʦʣʢʫ 

ʧʨʝʜʥʦʩʪʠ ʧʨʠ ʜʦʙʠʚʘˁʝ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʥʦʩʘʯʠ ʥʘ ʣʝʢ. ʂʘʿ ʩʠʥʪʝʪʩʢʠʪʝ ʧʦʣʠʤʝʨʠ ʤʦʞʝ 

ʧʦʣʝʩʥʦ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʥʠʚʥʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʩʝ ʩʠʥʪʝʪʠʟʠʨʘʘʪ 

ʤʘʪʝʨʠʿʘʣʠ ʢʦʠ ʩʝ ʧʨʦʠʟʚʝʜʝʥʠ ʩʧʦʨʝʜ ʙʘʨʘˁʘʪʘ ʠ ʩʦʦʜʚʝʪʥʠ ʟʘ ʧʦʩʘʢʫʚʘʥʘʪʘ ʙʠʦʣʦʰʢʘ 

ʧʨʠʤʝʥʘ (Kelner & Schacht, 2005). ʆʩʚʝʥ ʢʦʥʪʨʦʣʠʨʘˁʝ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʤʦʞʝ 

ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʠ ʭʝʤʠʩʢʠʦʪ ʩʦʩʪʘʚ ʟʘ ʜʘ ʩʝ ʧʨʠʣʘʛʦʜʘʪ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʢʨʘʿʥʠʦʪ 

ʤʘʪʝʨʠʿʘʣ ʠ ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʫʧʠ ʟʘ ʜʘ ʩʪʘʧʫʚʘʘʪ ʚʦ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ API.  

 ʇʦʪʝʥʮʠʿʘʣʥʘʪʘ ʧʨʠʤʝʥʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʚʦ ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʩʝ 

ʜʦʣʞʠ ʥʘ ʥʝʢʦʣʢʫ ʢʣʫʯʥʠ ʧʝʨʩʧʝʢʪʠʚʥʠ ʘʩʧʝʢʪʠ: ʤʘʩʢʠʨʘˁʝ ʥʘ ʚʢʫʩ ʠ ʤʠʨʠʩ ʥʘ API 

(ʧʨʠʤʝʨ, ʠʙʫʧʨʦʬʝʥ ʠʤʘ ʚʢʫʩ ʥʘ ʞʘʨʝˁʝ ʧʨʠ ʠʥʭʘʣʘʮʠʿʘ, ʠʣʠ ʚʢʫʩʫʚʘˁʝ); ʬʠʟʠʯʢʘ 

ʟʘʰʪʠʪʘ ʥʘ API ʦʜ ʫʩʣʦʚʠ ʥʘ ʦʧʢʨʫʞʫʚʘˁʝ (ʭʝʤʠʩʢʠ ʬʘʢʪʦʨʠ ʢʘʢʦ: pH, ʚʣʘʛʘ ʠ 

ʦʢʩʠʜʘʮʠʿʘ ʠ ʬʠʟʠʯʢʠ ʬʘʢʪʦʨʠ ʢʘʢʦ: ʩʚʝʪʣʠʥʘ ʠ ʪʦʧʣʠʥʘ); ʩʠʥʪʝʟʘ ʥʘ ʤʝʜʠʢʘʤʝʥʪʦʟʥʠ 

ʧʨʝʧʘʨʘʪʠ ʩʦ ʦʜʣʦʞʝʥʦ, ʤʦʜʠʬʠʮʠʨʘʥʦ ʠ ʮʝʣʥʦ ʜʝʿʩʪʚʦ; ʧʦʜʦʙʨʝʥʘ ʧʨʦʪʦʯʥʦʩʪ; 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʠʥʠʮʠʿʘʣʥʘ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʣʝʢ ʚʦ ʢʨʚʥʘ ʧʣʘʟʤʘ ʠ ʦʜʣʦʞʝʥʦ 

ʠʩʧʘʨʫʚʘˁʝ (Burgess & Hickey, 2007).   

 ʄʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘʪʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʢʘʢʦ ʧʨʦʮʝʩ ʟʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʥʘ 

ʙʠʦʘʢʪʠʚʥʠ ʩʫʧʩʪʘʥʮʠ. ʇʦʜ ʧʦʠʤʦʪ Ăʙʠʦʘʢʪʠʚʥʠ ʩʫʧʩʪʘʥʮʠñ ʩʝ ʧʦʜʨʘʟʙʠʨʘʘʪ ʤʦʣʝʢʫʣʠ, 

ʢʦʠ ʚʣʠʿʘʘʪ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʟʜʨʘʚʩʪʚʝʥʘʪʘ ʩʦʩʪʦʿʙʘ ʚʦ ʪʝʣʦʪʦ ʠʣʠ ʤʦʞʘʪ ʜʘ ʛʦ 

ʧʨʦʤʝʥʘʪ ʤʝʪʘʙʦʣʠʟʤʦʪ (NCI, ʥ.ʜ.). ɺʦ ʦʚʦʿ ʜʦʢʪʦʨʩʢʠ ʪʨʫʜ ʧʦʜ ʪʝʨʤʠʥʦʪ Ăʙʠʦʘʢʪʠʚʥʠ 

ʩʫʧʩʪʘʥʮʠñ ˃ʝ ʩʝ ʧʦʜʨʘʟʙʠʨʘʘʪ ʟʘʝʜʥʦ ʘʢʪʠʚʥʠ ʬʘʨʤʘʮʝʚʪʩʢʠ ʩʫʧʩʪʘʥʮʠ ʠ ʝʪʝʨʠʯʥʠ 

ʤʘʩʣʘ.  

 

1.2 ʇʦʩʪʘʧʢʠ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ 

1.2.1 ʇʦʩʪʘʧʢʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ/ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ 

 

 ʇʦʩʪʘʧʢʘʪʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ/ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʚʢʣʫʯʫʚʘ ʯʝʪʠʨʠ ʛʣʘʚʥʠ 

ʯʝʢʦʨʠ: (1) ʨʘʩʪʚʦʨʘˁʝ ʠʣʠ ʜʠʩʧʝʨʛʠʨʘˁʝ ʥʘ API, ʥʘʿʯʝʩʪʦ, ʚʦ ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ ʚʦ 

ʢʦʿ ʝ ʨʘʩʪʚʦʨʝʥ ʧʦʣʠʤʝʨʦʪ (ʬʘʟʘ ʩʦ ʣʝʢ); (2) ʝʤʫʣʛʠʨʘˁʝ ʥʘ ʬʘʟʘ ʦʜ ʯʝʢʦʨ (1) ʚʦ ʚʪʦʨʘ 

ʢʦʥʪʠʥʫʠʨʘʥʘ ʬʘʟʘ, ʢʦʿʘ ʥʝ ʝ ʤʝʰʣʠʚʘ ʩʦ ʧʨʚʘʪʘ ʠ ʬʦʨʤʠʨʘˁʝ ʥʘ ʧʦʣʠʤʝʨʝʥ ʩʣʦʿ ʦʢʦʣʫ 

ʯʝʩʪʠʯʢʠʪʝ ʥʘ API; (3) ʩʝʧʘʨʘʮʠʦʥʝʥ ʧʨʦʮʝʩ Ăʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯñ ʦʜ 

ʜʠʩʧʝʨʟʥʘʪʘ ʬʘʟʘ ʪʘʢʘ ʰʪʦ ʢʘʧʢʠʪʝ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘʘʪ ʚʦ ʮʚʨʩʪʠ ʤʠʢʨʦʩʬʝʨʠ; (4) 

ʬʠʣʪʨʠʨʘˁʝ, ʤʠʝˁʝ, ʩʦʙʠʨʘˁʝ ʠ ʩʫʰʝˁʝ ʥʘ ʤʠʢʨʦʩʬʝʨʠʪʝ. ɻʨʘʬʠʯʢʠ, ʧʨʦʮʝʩʦʪ ʥʘ 

ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʩʬʝʨʠ ʩʦ ʧʦʩʪʘʧʢʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ/ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʝ 

ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘ 1-5.  

 ʇʦʩʪʘʧʢʘʪʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ/ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʥʝ ʩʝ ʠʟʚʝʜʫʚʘ ʧʨʠ 

ʧʦʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠʣʠ ʧʘʢ ʩʦ ʘʛʝʥʩʠ ʟʘ ʬʘʟʥʘ ʩʝʧʘʨʘʮʠʿʘ, ʰʪʦ ʿʘ ʧʨʘʚʠ ʧʦʛʦʜʥʘ ʟʘ 

ʪʝʨʤʦʣʘʙʠʣʥʠ ʤʦʣʝʢʫʣʠ. ʉʦ ʦʚʘʘ ʧʦʩʪʘʧʢʘ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʩʧʨʝʿ-ʩʫʰʝˁʝ, ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʦʠʟʚʝʜʘʪ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥʘ ʛʦʣʝʤʠʥʘ (Freitas, Hans , & Gander, 2005). 

ʉʝʧʘʢ, ʚʣʝʟʥʠʪʝ ʩʫʨʦʚʠʥʠ ʠ ʫʩʣʦʚʠʪʝ ʟʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʠʟʙʝʨʘʪ ʚʥʠʤʘʪʝʣʥʦ 

ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʘ ʥʠʟʦʢ ʫʜʝʣ ʥʘ ʨʝʟʠʜʫʘʣʝʥ 

ʨʘʩʪʚʦʨʫʚʘʯ ʠ ʜʦʙʨʘ ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʤʘʩʣʝʥʘʪʘ ʬʘʟʘ ʦʜ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ.  
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 ʉʣʠʢʘ 1-5 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʥʘ ʧʦʩʪʘʧʢʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ 

  

  ʀʟʙʦʨʦʪ ʥʘ ʩʦʦʜʚʝʪʥʘ ʧʦʩʪʘʧʢʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ, ʧʨʠʤʘʨʥʦ, 

ʟʘʚʠʩʠ ʦʜ ʭʠʜʨʦʬʠʣʥʦʩʪʘ ʠʣʠ ʭʠʜʨʦʬʦʙʥʦʩʪʘ ʥʘ ʣʝʢʦʪ. ɿʘ API, ʢʦʠ ʩʝ ʥʝʨʘʩʪʚʦʨʣʠʚʠ ʠʣʠ 

ʩʣʘʙʦ-ʨʘʩʪʚʦʨʣʠʚʠ, ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʠ ʧʦʩʪʘʧʢʘʪʘ ʤʘʩʣʦ-ʚʦ-ʚʦʜʘ (o/w). ʀʤʝʥʦ, ʦʚʘʘ 

ʧʦʩʪʘʧʢʘ ʝ ʥʘʿʝʜʥʦʩʪʘʚʥʘ, ʘ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʧʦʩʪʘʧʢʠ ʚʦ ʢʘʪʝʛʦʨʠʿʘʪʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʨʘʩʪʚʦʨʫʚʘʯ ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʥʝʿʟʝ. ɺʦ ʤʝʪʦʜʦʪ o/w, ʭʠʜʨʦʬʦʙʝʥ ʣʝʢ ʩʝ ʨʘʩʪʚʦʨʘ ʚʦ 

ʨʘʩʪʚʦʨʫʚʘʯ ʚʦ ʢʦʿ ʝ ʜʦʜʘʜʝʥʘ ʠ ʤʘʪʨʠʮʘʪʘ. ʉʝʧʘʢ, ʦʚʘʘ ʧʦʩʪʘʧʢʘ ʥʝ ʝ ʩʦʦʜʚʝʪʥʘ ʟʘ ʚʠʩʦʢʦ 

ʭʠʜʨʦʬʠʣʥʠ ʣʝʢʦʚʠ, ʦʜ ʜʚʝ ʧʨʠʯʠʥʠ: (1) ʭʠʜʨʦʬʠʣʥʠʦʪ ʣʝʢ ʤʦʞʝ ʜʘ ʥʝ ʩʝ ʨʘʩʪʚʦʨʠ ʠ (2) 

ʣʝʢʦʪ ʤʦʞʝ ʜʘ ʜʠʬʫʥʜʠʨʘ ʚʦ ʢʦʥʪʠʥʫʠʨʘʥʘʪʘ ʬʘʟʘ ʟʘ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʝʤʫʣʛʠʨʘˁʝ, 

ʰʪʦ ʝ ʨʠʟʠʢ ʟʘ ʟʘʛʫʙʘ ʥʘ API, ʘ ʦʪʪʫʢʘ ʟʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ. ʇʦʜʦʙʝʥ ʨʘʩʪʚʦʨʫʚʘʯ ʟʘ ʪʝʭʥʠʢʘʪʘ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʦ 

ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʪʨʝʙʘ ʜʘ ʛʠ ʟʘʜʦʚʦʣʠ ʩʣʝʜʥʠʪʝ ʙʘʨʘˁʘ: ʜʘ ʛʦ ʨʘʩʪʚʦʨʠ 

ʠʟʙʨʘʥʠʦʪ ʧʦʣʠʤʝʨ, ʜʘ ʝ ʩʣʘʙʦ ʨʘʩʪʚʦʨʣʠʚ ʚʦ ʢʦʥʪʠʥʫʠʨʘʥʘʪʘ ʬʘʟʘ, ʜʘ ʙʠʜʝ ʚʠʩʦʢʦ 

ʠʩʧʘʨʣʠʚ ʩʦ ʥʠʩʢʘ ʪʦʯʢʘ ʥʘ ʚʨʠʝˁʝ ʠ ʜʘ ʠʤʘ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʥʠʩʢʘ ʪʦʢʩʠʯʥʦʩʪ. ʏʝʩʪʦ 

ʢʦʨʠʩʪʝʥʠ ʨʘʩʪʚʦʨʫʚʘʯʠ ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʩʝ: ʭʣʦʨʦʬʦʨʤ (Maia, Santana, & Re, 2004), 

ʤʝʪʠʣʝʥ ʭʣʦʨʠʜ (Berchane, Jebrail, Carson, Rice-Ficht, & Andrews, 2006), ʝʪʠʣ ʘʮʝʪʘʪ 

(Freytag , Dashevsky, Tillman, Hardee, & Bodmeier, 2000), ʝʪʠʣ ʬʦʨʤʘʪ (Sah, 2000) ʠ 

ʘʮʝʪʦʥ (Chikukwa, Walker, & Khamanga, 2020).  
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 ɺʦ ʢʦʥʪʠʥʫʠʨʘʥʘʪʘ ʬʘʟʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʘ ʩʪʘʙʠʣʥʘ ʝʤʫʣʟʠʿʘ ʩʝ ʜʦʜʘʚʘ 

ʧʦʚʨʰʠʥʩʢʠ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ. ʅʝʿʟʠʥʘʪʘ ʫʣʦʛʘ ʝ ʜʘ ʛʦ ʥʘʤʘʣʠ  ʧʦʚʨʰʠʥʩʢʠʦʪ ʥʘʧʦʥ ʥʘ 

ʢʦʥʪʠʥʫʠʨʘʥʘʪʘ ʬʘʟʘ, ʢʦʘʣʝʩʮʝʥʮʠʿʘ ʠ ʘʛʣʦʤʝʨʘʮʠʿʘ ʥʘ ʢʘʧʢʠʪʝ, ʠ ʩʦ ʪʦʘ ʜʘ ʦʚʦʟʤʦʞʠ 

ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʥʘ ʝʤʫʣʟʠʿʘʪʘ. ɺʠʜʦʪ ʥʘ ʧʦʚʨʰʠʥʩʢʦ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʠ ʥʝʿʟʠʥʘʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʝ ʠʟʙʠʨʘ ʟʝʤʘʿ˃ʠ ʿʘ ʧʨʝʜʚʠʜ ʧʦʣʘʨʥʦʩʪʘ ʥʘ ʜʚʝʪʝ ʥʝʤʝʰʣʠʚʠ ʬʘʟʠ, 

ʧʦʩʘʢʫʚʘʥʘʪʘ ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʥʠʚʥʘʪʘ ʩʬʝʨʠʯʥʦʩʪ. ʉʦ ʩʦʦʜʚʝʪʥʦ ʠʟʙʨʘʥʘ 

ʧʦʚʨʰʠʥʩʢʦ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʪʨʝʙʘ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʤʠʢʨʦʩʬʝʨʠ ʩʦ ʧʨʘʚʠʣʥʘ ʛʦʣʝʤʠʥʘ ʠ 

ʪʝʩʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ, ʰʪʦ ʙʠ ʦʚʦʟʤʦʞʠʣʦ ʧʨʝʜʚʠʜʣʠʚʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ (Li, Rouaud, & Poncelet, 2008). ʏʝʩʪʦ ʫʧʦʪʨʝʙʫʚʘʥʠ ʧʦʚʨʰʠʥʩʢʠ 

ʘʢʪʠʚʥʠ ʩʫʧʩʪʘʥʮʠ ʩʝ: span 80 (Chikukwa, Walker, & Khamanga, 2020; Patel & Patel, 2014), 

ʧʘʨʮʠʿʘʣʥʦ ʭʠʜʨʦʣʠʟʠʨʘʥ PVA (Hales, ʠ ʜʨ., 2017), Triton X-100 (Velmurugan, Ganeshan, 

Nishter, & Jonnalagadda, 2017) ʠ Tween 80 (Rawat, Saraf, & Saraf, 2007).  

 ʇʘʨʘʤʝʪʨʠ ʠ ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ ʢʦʠ ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʥʘʿʯʝʩʪʦ ʩʝ ʤʝʥʫʚʘʘʪ ʟʘ ʜʘ 

ʩʝ ʜʦʙʠʿʘʪ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʧʦʩʘʢʫʚʘʥʠ ʩʚʦʿʩʪʚʘ ʩʝ: ʚʠʩʢʦʟʥʦʩʪ ʥʘ ʜʠʩʧʝʨʟʥʘ ʬʘʟʘ, 

ʚʦʣʫʤʝʥʩʢʠ ʫʜʝʣ ʥʘ ʜʠʩʧʝʨʟʥʘ ʬʘʟʘ ʚʦ ʢʦʥʪʠʥʫʠʨʘʥʘ ʬʘʟʘ, ʢʦʣʠʯʠʥʘ ʥʘ ʣʝʢ ʚʦ ʜʠʩʧʝʨʟʥʘ 

ʬʘʟʘ, ʫʜʝʣ ʥʘ ʩʫʨʬʘʢʪʘʥʪ, ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʠʪʠʩʦʢ (Li, Rouaud, & 

Poncelet, 2008).  ɿʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠʣʠ ʥʝʛʦʚʘʪʘ ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ 

ʚʦ ʜʠʩʧʝʨʟʥʘʪʘ ʬʘʟʘ ʿʘ ʟʛʦʣʝʤʫʚʘ ʚʠʩʢʦʟʥʦʩʪʘ ʥʘ ʠʩʪʘʪʘ. ɻʦʣʝʤʠʥʘʪʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʝ ʟʛʦʣʝʤʫʚʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʠʩʢʦʟʥʦʩʪʘ. 

ʇʦʚʠʩʦʢʘ ʚʠʩʢʦʟʥʦʩʪ ʿʘ ʧʦʜʦʙʨʫʚʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʣʝʢ (Li, Rouaud, & 

Poncelet, 2008).  

 ʇʦʩʪʘʧʢʘʪʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʥʝ ʩʝ ʧʨʝʬʝʨʠʨʘ ʙʠʜʝʿ˃ʠ API ʩʝ ʛʫʙʠ 

ʟʘ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ. ʉʝʧʘʢ, ʜʦʢʦʣʢʫ ʫʜʝʣʦʪ ʥʘ 

ʧʦʣʠʤʝʨ ʝ ʚʠʩʦʢ, ʪʦʛʘʰ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ˃ʝ ʦʧʘʺʘ. ʆʙʨʘʟʣʦʞʝʥʠʝ ʥʘ ʦʚʦʿ 

ʬʝʥʦʤʝʥ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʩʣʝʜʥʠʚʝ ʬʘʢʪʦʨʠ: ʢʦʣʠʯʠʥʘʪʘ ʥʘ API ʚʦ ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʝ 

ʦʛʨʘʥʠʯʝʥʘ ʠ ʚʦ ʪʝʢ ʥʘ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʚʦ 

ʜʠʩʧʝʨʟʥʘʪʘ ʬʘʟʘ ʩʝ ʥʘʤʘʣʫʚʘ ʪʘʢʘ ʰʪʦ API-ʪʦ ʠʤʘ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʤʠʛʨʠʨʘ ʦʜ 

ʜʠʩʧʝʨʟʥʘʪʘ ʬʘʟʘ (Li, Rouaud, & Poncelet, 2008). ʇʦʩʣʝʜʥʘʪʘ ʧʨʠʯʠʥʘ ʩʝ ʜʦʣʞʠ ʥʘ 

ʝʤʫʣʛʠʨʘˁʝ ʚʦ ʚʦʜʥʘ ʬʘʟʘ, ʘ ʭʠʜʨʦʬʠʣʥʠʪʝ ʣʝʢʦʚʠ, ʨʝʣʘʪʠʚʥʦ ʙʨʟʦ ʩʝ ʜʝʣʘʪ ʦʜ ʤʥʦʛʫ 

ʭʠʜʨʦʬʦʙʝʥ ʧʦʣʠʤʝʨʝʥ ʨʘʩʪʚʦʨ ʚʦ ʚʦʜʥʘ ʩʨʝʜʠʥʘ.  

  ʆʪʢʘʢʦ API ˃ʝ ʩʝ ʜʠʩʧʝʨʛʠʨʘ ʚʦ ʧʦʣʠʤʝʨʝʥ ʨʘʩʪʚʦʨ ʥʘ ʦʨʛʘʥʩʢʠ ʠʩʧʘʨʣʠʚ 

ʨʘʩʪʚʦʨʫʚʘʯ, ʬʘʟʘʪʘ ʩʝ ʝʤʫʣʛʠʨʘ ʩʦ ʧʦʚʨʰʠʥʩʢʦ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʚʦ ʥʝʤʝʰʣʠʚ 

ʜʠʩʧʝʨʛʠʨʘʯʢʠ ʤʝʜʠʫʤ (ʚʦʜʘ ʠʣʠ ʤʠʥʝʨʘʣʥʦ ʤʘʩʣʦ). ʀʩʧʘʨʫʚʘˁʝʪʦ ʥʘ ʦʨʛʘʥʩʢʠʦʪ 

ʠʩʧʘʨʣʠʚ ʨʘʩʪʚʦʨʫʚʘʯ ʩʝ ʦʜʚʠʚʘ ʥʘʿʯʝʩʪʦ ʢʘʢʦ ʢʦʥʪʨʦʣʠʨʘʥ ʧʨʦʮʝʩ ʩʦ ʤʝʥʫʚʘˁʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʪʠʩʦʢ ʠ ʤʝʭʘʥʠʯʢʦ ʤʝʰʘˁʝ. ɹʨʟʠʥʘʪʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʦʨʛʘʥʩʢʠʦʪ 

ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʩʠʩʪʝʤʦʪ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʨʟʘ ʠʣʠ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 

(Miyazaki, Onuki, Yakou, & Takayama, 2006) ʚʦ ʢʦʥʪʠʥʫʠʨʘʥʘʪʘ ʬʘʟʘ, ʠʣʠ ʩʦ ʨʝʜʫʢʮʠʿʘ 

ʥʘ ʧʨʠʪʠʩʦʢʦʪ (Chung, Huang, & Liu, 2001; Chung T.-W. , Huang, Tsai, & Liu, 2002; Meng, 

Ma, Liu, Qiu, & Su, 2004). ʉʝʧʘʢ, ʧʨʦʮʝʩʦʪ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʩʦ ʧʨʠʤʝʥʘ 

ʥʘ ʧʦʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʘʤʘʣʝʥ ʧʨʠʥʦʩ ʠ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, 

ʧʦʰʠʨʦʢʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʯʝʩʪʠʯʢʠ ʠ ʜʦʙʠʚʘˁʝ ʥʘ ʯʝʩʪʠʯʢʠ 

ʩʦ ʥʝʧʨʘʚʠʣʥʘ ʤʦʨʬʦʣʦʛʠʿʘ (Freitas, Hans , & Gander, 2005).  

 ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Meng et al. (2004), ʚʨʝʤʝʪʦ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʙʠʣʦ ʩʢʨʘʪʝʥʦ ʦʜ 240 ʤʠʥʫʪʠ ʥʘ 40 ʤʠʥʫʪʠ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʥʘʤʘʣʝʥ 
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ʧʨʠʪʠʩʦʢ (30 kPa). ʈʝʜʫʮʠʨʘˁʝʪʦ ʥʘ ʧʨʠʪʠʩʦʢʦʪ ʦʩʚʝʥ ʰʪʦ ʨʝʟʫʣʪʠʨʘʣʦ ʩʦ ʥʘʤʘʣʝʥʦ 

ʚʨʝʤʝ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ, ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʟʛʦʣʝʤʠʣʘ. ʉʝʧʘʢ, ʚʦ 

ʣʠʪʝʨʘʪʫʨʘʪʘ ʩʝ ʜʦʩʪʘʧʥʠ ʢʦʥʪʨʘʜʠʢʪʦʨʥʠ ʨʝʟʫʣʪʘʪʠ. ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ 

ʣʠʜʦʢʘʠʥ (Chung, Huang, & Liu, 2001) ʠʣʠ ʘʣʙʫʤʠʥ (Chung T.-W. , Huang, Tsai, & Liu, 

2002) ʚʦ PLA ʤʠʢʨʦʩʬʝʨʠ ʩʝ ʥʘʤʘʣʫʚʘʣʘ ʚʦ ʧʨʦʮʝʩ ʩʦ ʥʘʤʘʣʝʥ ʧʨʠʪʠʩʦʢ. ʉʧʦʨʝʜ 

ʘʚʪʦʨʠʪʝ, ʦʚʠʝ ʨʘʟʣʠʢʠ ʚʦ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʜʦʣʞʘʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʥʘ ʢʘʧʢʠ ʠ ʥʠʚʥʘʪʘ ʛʦʣʝʤʠʥʘ. ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʨʝʜʫʮʠʨʘʥ ʧʨʠʪʠʩʦʢ ʚʨʟ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʥʝ ʝ ʿʘʩʥʦ, ʧʦʨʘʜʠ ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʜʦʚʦʣʥʦ ʧʦʜʘʪʦʮʠ. ɺʦ 

ʣʠʪʝʨʘʪʫʨʘʪʘ ʥʝ ʩʝ ʜʦʩʪʘʧʥʠ ʥʘʩʦʢʠ ʠ ʿʘʩʥʠ ʧʨʠʤʝʨʠ ʢʘʢʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʦʧʪʠʤʘʣʝʥ 

ʧʨʠʪʠʩʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʫʩʧʝʰʥʦ ʠ ʙʨʟʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ. ʉʝʧʘʢ, 

ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʧʨʠʪʠʩʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʧʨʚʠʯʥʦ ʜʘ ʩʝ ʧʨʦʮʝʥʘʪ ʧʨʝʢʫ ʨʘʚʝʥʢʘʪʘ 

ʥʘ Clausius-Clapeyron (1):  
 

     0 Å                      (1) 
 

ʢʘʜʝʰʪʦ Hvap ʝ ʝʥʪʘʣʧʠʿʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ [Jmol-1], ʊ ʝ ʪʝʤʧʝʨʘʪʫʨʘ [K], R ʝ ʫʥʠʚʝʨʟʘʣʥʘ 

ʛʘʩʥʘ ʢʦʥʩʪʘʥʪʘ [8,3145 Jmol-1K-1] ʠ Pvap ʝ ʧʨʠʪʠʩʦʢ ʥʘ ʛʘʩʥʘ ʬʘʟʘ. 
 

 ʇʨʦʮʝʩʦʪ ʥʘ ʤʝʰʘˁʝ ʝ ʥʘʿʚʘʞʥʠʦʪ ʧʘʨʘʤʝʪʘʨ ʟʘ ʢʦʥʪʨʦʣʠʨʘˁʝ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʤʠʢʨʦʩʬʝʨʠʪʝ, ʚʝʜʥʘʰ ʧʦ ʬʠʟʠʯʢʦ-ʭʝʤʠʩʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʿʜʦʚʥʠʪʝ 

ʤʘʪʝʨʠʿʘʣʠ. ɼʨʫʛʠ ʠʥʞʝʥʝʨʩʢʠ ʘʩʧʝʢʪʠ ʢʦʠ ʠʤʘʘʪ ʚʣʠʿʘʥʠʝ ʚʨʟ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʤʠʢʨʦʩʬʝʨʠʪʝ ʩʝ: ʛʝʦʤʝʪʨʠʿʘ ʥʘ ʨʝʘʢʪʦʨ, ʩʦʦʜʥʦʩʦʪ ʧʦʤʝʺʫ ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ ʠʤʧʝʣʝʨʦʪ ʠ 

ʨʝʘʢʪʦʨʦʪ ʠ ʙʨʦʿ ʥʘ ʠʤʧʝʣʝʨʠ ʠ ʥʠʚʥʘʪʘ ʧʦʩʪʘʚʝʥʦʩʪ ʚʦ ʩʠʩʪʝʤʦʪ (Maa & Hsu, 1996). 

 ʇʦʩʪʦʿʘʪ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʢʦʨʝʣʘʮʠʠ ʢʦʠ ʿʘ ʧʨʝʜʚʠʜʫʚʘʘʪ ʛʦʣʝʤʠʥʘʪʘ ʠ 

ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʢʘʧʢʠ ʚʦ ʝʤʫʣʟʠʿʘ ʩʦ ʜʚʝ ʥʝʤʝʰʣʠʚʠ ʪʝʯʥʦʩʪʠ (Kumar, 

Kumar, & Gandhi, 1993; Maa & Hsu, 1996). ʂʦʨʝʣʘʮʠʠʪʝ ʟʝʤʘʘʪ ʧʨʝʜʚʠʜ ʜʚʘ ʘʩʧʝʢʪʠ: 

ʬʠʟʠʯʢʠ ʘʩʧʝʢʪʠ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʢʘʢʦ ʛʫʩʪʠʥʘ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʘ ʬʘʟʘ ʠ 

ʠʥʪʝʨʧʦʚʨʰʠʥʩʢʠ ʥʘʧʦʥ ʠ ʬʘʢʪʦʨʠ ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʦʮʝʩ ʥʘ ʤʝʰʘˁʝ. ʅʘʿʝʜʥʦʩʪʘʚʥʘʪʘ ʠ 

ʥʝʨʝʪʢʦ ʢʦʨʠʩʪʝʥʘ ʢʦʨʝʣʘʮʠʿʘ ʩʝ ʪʝʤʝʣʠ ʥʘ ʪʝʦʨʠʿʘʪʘ ʥʘ Kolmogoroff ʠ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʩʦ 

ʨʘʚʝʥʢʘ (2):  
 

              Ã
Ⱦ

                 (2) 
 

ʢʘʜʝʰʪʦ dmax ʝ ʥʘʿʛʦʣʝʤʘʪʘ ʢʘʧʢʘ ʰʪʦ ʤʦʞʝ ʜʘ ʦʧʩʪʘʥʝ ʧʦʜ ʪʫʨʙʫʣʝʥʪʝʥ ʨʝʞʠʤ [m], D ʝ 

ʜʠʿʘʤʝʪʘʨ ʥʘ ʤʝʰʘʣʢʘ [m], ɟc ʝ ʛʫʩʪʠʥʘʪʘ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʘ ʬʘʟʘ [kgm-3], N ʝ ʙʨʟʠʥʘ ʥʘ 

ʤʝʰʘˁʝ [rpms-1], ů ʝ ʠʥʪʝʨʧʦʚʨʰʠʥʩʢʠ ʥʘʧʦʥ ʧʦʤʝʺʫ ʜʠʩʧʝʨʟʥʘ ʬʘʟʘ ʠ ʢʦʥʪʠʥʫʠʨʘʥʘ 

ʬʘʟʘ [Nm-1] ʠ c1 ʝ ʢʦʥʩʪʘʥʪʘ.  

ʇʨʦʩʝʯʥʘʪʘ ʛʦʣʝʤʠʥʘ, ʢʘʢʦ ʰʪʦ ʝ ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ Sauter (d32) ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʙʠʜʝʿ˃ʠ 

ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʦ ʤʘʢʩʠʤʘʣʥʠʦʪ ʜʠʿʘʤʝʪʘʨ ʥʘ ʢʘʧʢʘ dmax (Hinze, 1955). 
 

                   Ä ÃÄ                  (3) 
  

 ʆʜ ʨʘʚʝʥʢʠʪʝ (2) ʠ (3) ʿʘʩʥʦ ʝ ʜʝʢʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʩʝ ʥʘʤʘʣʫʚʘ 

ʧʨʦʩʝʯʥʘʪʘ ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʩʬʝʨʠʪʝ, ʰʪʦ ʝ ʧʦʪʚʨʜʝʥʦ ʠ ʥʠʟ ʨʘʟʣʠʯʥʠ ʠʩʪʨʘʞʫʚʘˁʘ 

(Yang, Chung, & Ng, 2001; Mateovic, Kriznar, Bogataj, & Mrhar, 2002). 
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 ʇʦ ʠʩʧʘʨʫʚʘˁʝ, ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʝ ʩʝʧʘʨʠʨʘʘʪ ʩʦ ʧʨʦʮʝʩ ʥʘ ʬʠʣʪʨʘʮʠʿʘ ʠʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʘˁʝ. ʇʨʝʜʥʦʩʪʘ ʥʘ ʦʚʘʘ ʧʦʩʪʘʧʢʘ ʝ ʰʪʦ ʝ ʝʜʥʦʩʪʘʚʥʘ, ʬʣʝʢʩʠʙʠʣʥʘ ʠ ʣʝʩʥʘ 

ʟʘ ʧʨʦʮʝʩ ʥʘ ʟʛʦʣʝʤʫʚʘˁʝ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠ ʛʦʣʝʤʠʥʠ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʧʦʩʪʘʧʢʠʪʝ ʥʘ ʬʘʟʥʘ 

ʩʝʧʘʨʘʮʠʿʘ ʠʣʠ ʢʦʘʮʝʨʚʘʮʠʿʘ. ʀʩʪʦ ʪʘʢʘ ʝ ʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʥʘʤʘʣʝʥʠ ʢʦʣʠʯʠʥʠ 

ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ. ʄʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʭʠʜʨʦʬʠʣʥʠ API ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʚʠʚʘ ʚʦ ʧʦʣʘʨʥʘ 

ʜʠʩʧʝʨʛʠʨʘʯʢʘ ʬʘʟʘ, ʢʘʢʦ ʰʪʦ ʝ ʤʠʥʝʨʘʣʥʦ ʤʘʩʣʦ. ʆʧʨʝʜʝʣʝʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʢʘʞʘʣʝ 

ʜʝʢʘ ʟʘ ʨʘʩʪʚʦʨʫʚʘʯ ʩʦ ʜʠʝʣʝʢʪʨʠʯʥʘ ʢʦʥʩʪʘʥʪʘ Ó10, ʢʘʢʦ ʰʪʦ ʩʝ ʘʮʝʪʦʥ ʠʣʠ ʤʝʪʘʥʦʣ, 

ʪʦʛʘʰ ʢʘʢʦ ʩʦʦʜʚʝʪʝʥ ʤʝʜʠʫʤ ʟʘ ʜʠʩʧʝʨʛʠʨʘˁʝ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʝ ʪʝʯʝʥ ʧʘʨʘʬʠʥ (Goto, 

Kawata, Nakamura, Maekawa, & Aoyama, 1986; Bogataj, Mrhar , Kristl, & Kozjek, 1991; 

Thies, 1992). ʅʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥ ʩʠʩʪʝʤ ʝ ʘʮʝʪʦʥ/ʧʘʨʘʬʠʥ. ʉʝʧʘʢ, ʢʦʤʧʦʥʝʥʪʠʪʝ ʩʝ 

ʨʘʩʪʚʦʨʘʘʪ ʧʨʝʪʭʦʜʥʦ ʚʦ ʩʤʝʩʘ ʥʘ ʘʮʝʪʦʥʠʪʨʠʣ/ʜʠʭʣʦʨʤʝʪʘʥ (Jelvehgari, Dastmalch, & 

Nazila, 2012), ʚʦʜʘ, ʯʠʩʪ ʘʮʝʪʦʥ (Chikukwa, Walker, & Khamanga, 2020) ʠʣʠ ʩʤʝʩʘ ʥʘ 

ʤʝʪʘʥʦʣ ʠ ʝʪʘʥʦʣ (Jelvehgari, Barar, Valizadeh, Shadrou, & Nokhodchi, 2011).  

 ɺʦ ʧʨʦʮʝʩʦʪ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʙʠʦʘʢʪʠʚʥʠʪʝ ʩʫʧʩʪʘʥʮʠ ʤʦʞʝ ʜʘ ʩʝ 

ʠʥʢʦʨʧʦʨʠʨʘʘʪ ʩʦ ʥʝʢʦʣʢʫ ʧʦʩʪʘʧʢʠ, ʟʝʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ ʬʘʟʘʪʘ ʩʦ ʣʝʢ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʨʘʩʪʚʦʨ, ʜʠʩʧʝʨʟʠʿʘ, ʩʫʩʧʝʥʟʠʿʘ ʠʣʠ ʝʤʫʣʟʠʿʘ (Jelvehgari & Montazam, 2012). ʉʣʝʜʩʪʚʝʥʦ 

ʩʦ ʜʠʩʧʝʨʟʝʥ ʤʝʪʦʜ ʩʝ ʬʦʨʤʠʨʘ ʮʚʨʩʪʘ ʜʠʩʧʝʨʟʠʿʘ ʥʘ ʬʠʥʦ-ʩʠʪʥʘ API, ʩʦ ʤʝʪʦʜ ʥʘ ʢʦ-

ʨʘʩʪʚʦʨʘˁʝ ʩʝ ʨʘʩʪʚʦʨʘ API ʩʦ ʢʦ-ʨʘʩʪʚʦʨʫʚʘʯ ʚʦ ʨʘʩʪʚʦʨ ʩʦ ʧʦʣʠʤʝʨʥʘ ʤʘʪʨʠʮʘ ʠʣʠ ʩʝ 

ʝʤʫʣʛʠʨʘ ʚʦʜʝʥ ʨʘʩʪʚʦʨ ʚʦ ʧʦʣʠʤʝʨʥʠʦʪ ʨʘʩʪʚʦʨ, ʧʨʝʜ ʜʘ ʩʝ ʝʤʫʣʛʠʨʘ ʚʦ ʥʘʜʚʦʨʝʰʥʘʪʘ 

ʚʦʜʝʥʘ ʬʘʟʘ (Hermann & Bodmeier, 1998). ʀʥʢʦʨʧʦʨʠʨʘˁʝʪʦ ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʩʫʧʩʪʘʥʮʠ 

ʚʦ ʨʘʩʪʚʦʨ ʥʘ ʧʦʣʠʤʝʨ (ʤʘʪʨʠʮʘ) ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʰʢʠ 

ʦʧʝʨʘʮʠʠ: ʫʣʪʨʘʩʦʥʠʬʠʢʘʮʠʿʘ (Hales, et al., 2017), ʤʠʢʨʦʬʣʫʠʜʠʟʘʮʠʿʘ (Maa & Hsu, 

1999), ʩʪʘʪʠʯʢʦ ʤʝʰʘˁʝ ʩʦ ʠʤʧʝʣʝʨ (Jelvehgari & Montazam, 2012), ʠʣʠ ʤʝʰʘˁʝ ʩʦ 

ʭʦʤʦʛʝʥʠʟʘʪʦʨ. ʅʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʘ ʧʦʩʪʘʧʢʘ ʝ ʩʪʘʪʠʯʢʦ ʤʝʰʘˁʝ ʩʦ ʠʤʧʝʣʝʨ ʠʣʠ ʤʘʛʥʝʪ.  

  

1.2.2 ʄʝʪʦʜ ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ 

 

 ɱʦʥʦʪʨʦʧʩʢʦʪʦ ʛʝʣʠʨʘˁʝ (ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 1-6.) ʝ ʬʝʥʦʤʝʥ ʩʦ ʢʦʿ ʩʝ 

ʠʩʢʦʨʠʩʪʫʚʘ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʧʦʣʠʝʣʝʢʪʨʦʣʠʪʠʪʝ (ʧʨ. ʧʦʣʠʩʘʭʘʨʠʜʠ) ʜʘ ʨʝʘʛʠʨʘʘʪ ʩʦ 

ʩʧʨʦʪʠʚʥʦ-ʥʘʝʣʝʢʪʨʠʟʠʨʘʥʠ ʤʦʣʝʢʫʣʠ (ʧʨ. ʢʘʪʿʦʥʠ) ʠ ʜʘ ʩʝ ʦʜʚʠʚʘ ʩʦʣ-ʛʝʣ ʪʨʘʥʟʠʮʠʿʘ, 

ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʬʦʨʤʠʨʘˁʝ ʥʘ ʩʪʨʫʢʪʫʨʠʨʘʥʠ ʬʠʟʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ (ʬʠʣʤ, ʭʠʜʨʦʛʝʣ, 

ʤʠʢʨʦʢʘʧʩʫʣʠ ʠʣʠ ʥʘʥʦʯʝʩʪʠʯʢʠ). ʇʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʟʠʨʘʥʠʪʝ ʧʦʣʠʤʝʨʥʠ ʚʝʨʠʛʠ 

ʨʝʘʛʠʨʘʘʪ ʩʦ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʟʠʨʘʥʠʪʝ ʜʚʦʚʘʣʝʥʪʥʠ ʠʣʠ ʧʦʚʝ˃ʝʚʘʣʝʥʪʥʠ ʿʦʥʠ. 

ɽʣʝʢʪʨʦʩʪʘʪʩʢʘʪʘ ʨʝʘʢʮʠʿʘ ʜʦʚʝʜʫʚʘ ʜʦ ʬʦʨʤʠʨʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʤʝʺʫʩʝʙʥʦ 

ʧʦʚʨʟʘʥʠ ʤʠʢʨʦ- ʠʣʠ ʥʘʥʦʤʨʝʞʠ. ʉʪʨʫʢʪʫʨʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʪʨʠ 

ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ: ʚʥʘʪʨʝʰʥʦ, ʥʘʜʚʦʨʝʰʥʦ ʠʣʠ ʠʥʚʝʨʟʥʦ ʛʝʣʠʨʘˁʝ (Auriemma, et al., 

2020). ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʭʝʤʠʩʢʘʪʘ ʨʝʘʢʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʬʦʨʤʠʨʘ ʧʦʣʫʮʚʨʩʪʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘ ʛʝʣ, ʢʦʿʘʰʪʦ ˃ʝ ʠʤʘ ʦʧʪʠʤʘʣʥʠ ʬʠʟʠʯʢʦ-ʭʝʤʠʩʢʠ ʠ ʬʘʨʤʘʢʦʣʦʰʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(Agnello, Palumbo, Pitarresi, Fiorica , & Giammona, 2018; Kulkarni, Nagathan, Biradar, & 

Naikawadi, 2013).  

 ɺʦ ʧʦʩʣʝʜʥʠʦʪ ʧʝʨʠʦʜ ʩʝ ʙʝʣʝʞʠ ʨʘʩʪʝʯʢʠ ʠʥʪʝʨʝʩ ʟʘ ʭʠʜʨʦʛʝʣʦʚʠ ʜʦʙʠʝʥʠ ʦʜ 

ʧʦʣʠʩʘʭʘʨʠʜʠ ʟʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ API. ʆʚʘʘ ʪʝʭʥʦʣʦʰʢʘ ʧʦʩʪʘʧʢʘ ʦʚʦʟʤʦʞʫʚʘ ʚʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʣʝʢ, ʜʦʙʣʠʞʫʚʘʿ˃ʠ ʩʝ ʜʦ 100 %, ʢʦʛʘ ʠʥʪʝʨʘʢʮʠʠʪʝ 

ʧʦʤʝʺʫ ʧʦʣʠʤʝʨʦʪ ʠ ʣʝʢʦʪ ʩʝ ʦʧʪʠʤʘʣʥʠ (Hoo, Starostin, Paul , & Mecartney, 2008). 
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ʊʝʭʥʦʣʦʰʢʘʪʘ ʧʦʩʪʘʧʢʘ ʝ ʝʢʦʥʦʤʩʢʠ ʧʨʠʬʘʪʣʠʚʘ ʙʠʜʝʿ˃ʠ ʥʝ ʩʝ ʧʦʪʨʝʙʥʠ ʩʢʘʧʠ ʨʝʘʛʝʥʩʠ 

ʠʣʠ ʦʧʨʝʤʘ ʟʘ ʠʟʚʝʜʫʚʘˁʝ ʠ ʧʨʦʮʝʩʦʪ ʝ ʢʨʘʪʢʦʪʨʘʝʥ. ʉʝʧʘʢ, ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʧʦʚʠʩʦʢ ʠʥʜʝʢʩ ʥʘ ʧʦʣʠʜʠʩʧʝʨʟʥʦʩʪ. ɺʨʝʜʥʦʩʪʠʪʝ ʩʝ ʜʚʠʞʘʪ ʧʦʤʝʺʫ 0,1 

ʠ 0,5 (Cánepa, et al., 2017; Masarudin, Cutts , Evison, Phillips, & Pigram , 2015). 

ʍʝʪʝʨʦʛʝʥʦʩʪʘ ʚʦ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʥʘ ʟʘʨʦʙʝʥʠʦʪ ʣʝʢ, ʥʦ 

ʤʦʞʝ ʠ ʜʘ ʛʠ ʦʛʨʘʥʠʯʠ ʠʥʪʝʨʘʢʮʠʠʪʝ ʧʦʤʝʺʫ ʬʦʨʤʫʣʘʮʠʿʘʪʘ ʠ ʙʠʦʣʦʰʢʠʪʝ ʩʪʨʫʢʪʫʨʠ. 

ɺʦ ʣʠʪʝʨʘʪʫʨʥʠʦʪ ʧʨʝʛʣʝʜ  ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʠʤʘ ʦʛʨʘʥʠʯʝʥ ʙʨʦʿ ʥʘ ʠʩʪʨʘʞʫʚʘʥʠ ʧʦʣʠʤʝʨʠ. 

ʆʜ ʪʝʭʥʦʣʦʰʢʠ ʘʩʧʝʢʪ, ʧʨʝʜʠʟʚʠʮʠ ʩʝ ʢʘʧʝˁʝʪʦ ʥʘ ʨʘʩʪʚʦʨʠʪʝ ʚʦ ʨʘʩʪʚʦʨʦʪ ʟʘ 

ʚʤʨʝʞʫʚʘˁʝ ʧʨʠ ʧʦʩʪʦʿʘʥʘ ʙʨʟʠʥʘ ʠ ʤʦʞʥʦʩʪʘ ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʤʝʰʘˁʝ (Pedroso-

Santana & Fleitas-Salazar, 2020).    

ʅʝʢʦʣʢʫ ʪʝʭʥʠʢʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʘ ʭʠʜʨʦʛʝʣʦʚʠ, ʢʦʠ ʠʤʝʥʦ ʩʝ 

ʪʝʤʝʣʘʪ ʥʘ ʬʦʨʤʠʨʘˁʝ ʥʘ ʩʬʝʨʠʯʥʠ ʠʣʠ ʦʚʘʣʥʠ ʢʘʧʩʫʣʠ ʩʦʩʪʘʚʝʥʠ ʦʜ API ʠ ʧʦʣʠʤʝʨʥʠ 

ʝʢʩʮʠʧʠʝʥʩʠ. ʂʨʠʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʩʦ ʢʦʠ ʩʝ ʦʧʨʝʜʝʣʫʚʘ ʛʦʣʝʤʠʥʘʪʘ ʠ ʬʦʨʤʘʪʘ ʥʘ 

ʢʘʧʢʠʪʝ ʩʝ: ʚʠʩʢʦʟʥʦʩʪʘ ʥʘ ʠʥʠʮʠʿʘʣʥʘʪʘ ʩʤʝʩʘ, ʧʦʚʨʰʠʥʩʢʠʦʪ ʥʘʧʦʥ, ʜʠʥʘʤʠʯʢʠʪʝ 

ʠʥʪʝʨʘʢʮʠʠ ʧʦʤʝʺʫ ʢʘʧʢʠʪʝ ʠ ʤʘʪʨʠʮʘʪʘ (ʣʘʤʠʥʘʨʝʥ ʠʣʠ ʪʫʨʙʫʣʝʥʪʝʥ ʧʨʦʪʦʢ), ʢʘʢʦ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ ʥʝʛʦʚʘʪʘ ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ (Gadzinski, et al., 2023).  

 ʅʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥ ʤʝʪʦʜ ʟʘ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ ʝ ʥʘʜʚʦʨʝʰʥʠʦʪ ʤʝʪʦʜ, ʢʦʿ ʝ 

ʧʦʟʥʘʪ ʢʘʢʦ ʢʦʥʪʨʦʣʠʨʘʥʘ ʜʠʬʫʟʠʿʘ. ʈʘʩʪʚʦʨʦʪ ʥʘ ʧʦʣʠʩʘʭʘʨʠʜʦʪ ʩʝ ʝʢʩʪʨʫʜʠʨʘ ʢʘʧʢʘ-

ʧʦ-ʢʘʧʢʘ ʚʦ ʨʘʩʪʚʦʨʦʪ ʟʘ ʚʤʨʝʞʫʚʘˁʝ. ʄʘʪʨʠʮʘʪʘ ʩʝ ʦʬʦʨʤʫʚʘ ʩʦ ʜʠʬʫʟʠʿʘ ʥʘ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʦʜ ʥʘʜʚʦʨʝʰʥʘʪʘ ʢʦʥʪʠʥʫʠʨʘʥʘ ʬʘʟʘ ʢʦʥ ʚʥʘʪʨʝʰʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʦʣʠʤʝʨʥʠʪʝ ʢʘʧʢʠ. ɺʦ ʥʘʜʚʦʨʝʰʥʠʦʪ ʦʬʦʨʤʝʥ ʩʣʦ ʿʥʘ ʭʠʜʨʦʛʝʣʥʘʪʘ 

ʢʘʧʩʫʣʘ, ʧʨʦʮʝʩʦʪ ʥʘ ʩʦʣ-ʛʝʣ ʪʨʘʥʟʠʮʠʿʘ ʝ ʤʥʦʛʫ ʙʨʟ, ʪʘʢʘ ʰʪʦ ʚʝʜʥʘʰ ʩʝ ʬʦʨʤʠʨʘ ʛʝʣʥʘ 

ʩʪʨʫʢʪʫʨʘ. ɺʦ ʩʣʝʜʥʠʪʝ ʯʝʢʦʨʠ, ʩʧʨʦʪʠʚʥʦ-ʥʘʝʣʝʢʪʨʠʟʠʨʘʥʠ ʿʦʥʠ ʟʘʧʦʯʥʫʚʘʘʪ ʜʘ 

ʥʘʚʣʝʛʫʚʘʘʪ ʥʠʟ ʩʣʝʜʥʠʪʝ ʩʣʦʝʚʠ ʢʦʥ ʩʨʝʜʠʥʘʪʘ ʥʘ ʯʝʩʪʠʯʢʘʪʘ, ʬʦʨʤʠʨʘʿ˃ʠ ʭʝʪʝʨʦʛʝʥ 

ʛʝʣʝʥ ʧʨʦʬʠʣ. ɺʦ ʥʝʛʦ, ʠʥʪʝʨʘʢʮʠʠʪʝ ʧʦʤʝʺʫ ʿʦʥʠʪʝ ʠ ʧʦʣʠʤʝʨʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʫʧʠ 

ʩʝ ʤʘʢʩʠʤʘʣʥʠ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʠ ʚʦʦʧʰʪʦ ʥʝ ʩʝ ʧʨʠʩʫʪʥʠ ʚʦ ʩʨʝʜʠʥʘʪʘ (Pavelková , et al., 

2017; Zhang, et al., 2006; Mikkelsen & Elgsaeter, 1995). ɺʥʘʪʨʝʰʥʦʪʦ ʛʝʣʠʨʘˁʝ ʝ ʧʦʟʥʘʪʦ 

ʠ ʢʘʢʦ in situ ʛʝʣʠʨʘˁʝ. ɺʦ ʦʚʘʘ ʧʦʩʪʘʧʢʘ, ʥʝʨʘʩʪʚʦʨʣʠʚʘ ʩʦʣ ʥʘ ʢʘʣʮʠʫʤ (ʧʨ. CaCO3; 

CaSO4) ʩʝ ʤʝʰʘ ʩʦ ʧʦʣʠʤʝʨʝʥ ʨʘʩʪʚʦʨ, ʘ ʜʦʙʠʝʥʘʪʘ ʩʤʝʩʘ ʩʝ ʝʢʩʪʨʫʜʠʨʘ ʚʦ ʙʘˁʘ ʩʦ 

ʢʠʩʝʣʠʥʘ ʟʘ ʚʤʨʝʞʫʚʘˁʝ. ʀʟʤʝʥʝʪʠʪʝ ʫʩʣʦʚʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʠʩʦʮʠʿʘʮʠʿʘ ʥʘ 

ʢʘʣʮʠʫʤʦʚʘʪʘ ʩʦʣ, ʘ ʩʦ ʪʦʘ ʠ ʬʦʨʤʠʨʘˁʝ ʥʘ ʛʝʣʥʘ ʤʨʝʞʘ ʥʘ ʧʦʣʠʩʘʭʘʨʠʜʦʪ. ʅʘ ʦʚʦʿ 

ʥʘʯʠʥ, ʤʝʭʘʥʠʟʤʦʪ ʟʘ ʛʝʣʠʨʘˁʝ ʝ ʢʦʥʪʨʦʣʠʨʘʥ, ʘ ʧʦʣʠʤʝʨʦʪ ʝ ʫʥʠʬʦʨʤʥʦ ʠʟʣʦʞʝʥ ʥʘ 

ʢʘʪʿʦʥʠ, ʪʘʢʘ ʰʪʦ ʩʝ ʬʦʨʤʠʨʘ ʫʥʠʬʦʨʤʥʘ ʤʨʝʞʘ. ʅʝʛʘʪʠʚʥʘ ʩʪʨʘʥʘ ʥʘ ʦʚʘʘ ʧʦʩʪʘʧʢʘ ʝ 

ʪʦʘ ʰʪʦ ʩʝ ʜʦʙʠʚʘʘʪ ʤʘʪʨʠʮʠ ʩʦ ʥʠʩʢʘ ʛʫʩʪʠʥʘ ʠ ʧʦʛʦʣʝʤʠ ʯʝʩʪʠʯʢʠ, ʧʦʨʘʜʠ ʰʪʦ ʩʝ 

ʧʦʚʝ˃ʝ ʧʝʨʤʝʘʙʠʣʥʠ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʥʘʜʚʦʨʝʰʥʦ ʛʝʣʠʨʘˁʝ. ʆʚʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʠʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʧʦʙʨʟ ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ 

ʩʫʧʩʪʘʥʮʘ. ʉʧʦʨʝʜ ʦʜʨʝʜʝʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʩʝ ʧʦʢʘʞʘʣʦ ʜʝʢʘ ʠʘʢʦ ʢʠʩʝʣʠʥʘʪʘ ʚʦ ʙʘˁʘʪʘ 

ʟʘ ʛʝʣʠʨʘˁʝ ʿʘ ʧʦʜʦʙʨʫʚʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʢʘʣʮʠʫʤʦʚʠʪʝ ʩʦʣʠ, ʪʘʘ ʩʪʘʧʫʚʘ ʚʦ 

ʠʥʪʝʨʘʢʮʠʿʘ ʠ ʩʦ ʧʦʣʠʤʝʨʦʪ. ʆʚʦʿ ʪʝʭʥʦʣʦʰʢʠ ʧʨʝʜʠʟʚʠʢ ʤʦʞʝ ʜʘ ʩʝ ʥʘʜʤʠʥʝ ʩʦ ʧʨʦʤʝʥʘ 

ʥʘ pH-ʩʨʝʜʠʥʘʪʘ ʚʦ ʛʝʣʠʨʘʯʢʠʦʪ ʤʝʜʠʫʤ ʠ ʢʦʣʠʯʠʥʘʪʘ ʥʘ Ca2+ ʚʦ ʫʣʦʛʘ ʥʘ ʜʦʥʦʨ (Pawar 

& Edgar, 2012; Mahmoud, El-Rasoul, Auda, & Ibrahim, 2013). ʅʘ ʩʣʠʢʘ 1-6. ʝ ʜʘʜʝʥ 

ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʥʘ ʥʘʜʚʦʨʝʰʝʥ ʠ ʠʥʚʝʨʟʝʥ ʤʝʪʦʜ ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ. 

 ɼʨʫʛ ʧʨʠʩʪʘʧ ʝ ʠʥʚʝʨʟʥʦ ʛʝʣʠʨʘˁʝ (ʩʣʠʢʘ 1-6,), ʰʪʦ ʩʝ ʪʝʤʝʣʠ ʥʘ ʜʦʜʘʚʘˁʝ ʢʘʧʢʘ-

ʧʦ-ʢʘʧʢʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʢʦʥ ʧʦʣʠʤʝʨʥʠʦʪ ʨʘʩʪʚʦʨ. ʊʘʢʦʚ ʧʨʠʩʪʘʧ, 
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ʥʘʿʯʝʩʪʦ, ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʩʣʫʯʘʿ ʢʘʿ ʝʤʫʣʟʠʠ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʟʘʨʦʙʝʥʦ 

ʤʘʩʣʦ ʠ ʧʦʣʠʤʝʨ ʩʦ ʤʝʢʘ ʦʙʚʠʚʢʘ. ʌʠʟʠʯʢʦ-ʭʝʤʠʩʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʜʦʙʠʝʥʠʪʝ 

ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʠ ʟʘʚʠʩʘʪ ʦʜ ʪʠʧʦʪ ʥʘ ʝʤʫʣʟʠʿʘ ʦʜ ʢʦʿʘ ʩʝ ʜʦʙʠʝʥʠ (w/o ʠʣʠ 

o/w)  (Abang , Chan, & Poncelet, 2012; Martins, Renard, Poncelet, Davy, & Marquis, 2015). 
 

ʉʣʠʢʘ 1-6 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ  

(Pedroso-Santana & Fleitas-Salazar, 2020) 

 

  ʆʩʥʦʚʥʘʪʘ ʧʦʩʪʘʧʢʘ ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ ʥʠʟ ʨʘʟʣʠʯʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʝ 

ʤʦʜʠʬʠʢʫʚʘʥʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ: ʧʦʣʠʝʣʝʢʪʨʦʣʠʪʥʘ ʢʦʤʧʣʝʢʩʠʨʘʯʢʘ ʪʝʭʥʠʢʘ (Patil, 

Kamalapur, Marapur, & Kadam, 2010), ʚʠʩʦʢʦ-ʥʘʧʦʥʩʢʦ ʝʣʝʢʪʨʦʩʪʘʪʩʢʦ ʧʦʣʝ (Ma & Liu, 

2010), ʚʥʘʪʨʝʰʥʦ-ʝʤʫʣʟʠʦʥʦ-ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ (Poncelet, Babak, Dulieu, & Picot, 

1999; Sullad, Manjeshwar, & Aminabhavi, 2011), ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ ʧʨʦʧʨʘʪʝʥʦ ʩʦ 

ʢʦʘʮʝʨʚʘʮʠʿʘ (Han, Guenier, & Salmier, 2008), ʭʠʙʨʠʜʥʠ ʛʝʣʩʬʝʨʠ ʘʣʛʠʥʘʪ-PEG (Mahou 

& Wandrey, 2010), ʧʦʚʝ˃ʝʢʦʤʧʦʥʝʥʪʥʠ ʧʦʣʠʝʣʝʢʪʨʦʣʠʪʥʠ ʛʝʣʩʬʝʨʠ (Pillay & 

Danckwerts, 2002) ʠ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ ʧʨʦʩʣʝʜʝʥʦ ʩʦ ʢʦʤʧʨʝʩʠʿʘ (Choonara, Pillay, 

Khan, Singh, & du Toit, 2009).        

 ɺʦ ʦʩʥʦʚʥʘʪʘ ʧʦʩʪʘʧʢa ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ, ʬʘʢʪʦʨʠ ʢʦʠ ʚʣʠʿʘʘʪ ʚʨʟ 

ʪʝʭʥʦʣʦʰʢʠʦʪ ʧʨʦʮʝʩ ʩʝ: ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʧʦʣʠʤʝʨ ʠ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ, pH ʥʘ ʨʘʩʪʚʦʨ ʟʘ ʚʤʨʝʞʫʚʘˁʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ API, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 

ʘʛʝʥʩʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʛʘʩ ʠ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ.  

 ʀʟʙʦʨʦʪ ʥʘ ʤʦʥʦʚʘʣʝʥʪʥʠ, ʜʚʦʚʘʣʝʥʪʥʠ ʠʣʠ ʪʨʦʚʘʣʝʥʪʥʠ ʢʘʪʿʦʥʠ, ʢʘʢʦ ʠ ʥʠʚʥʘʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʚʦ ʫʣʦʛʘ ʥʘ ʩʦʦʜʚʝʪʝʥ ʘʛʝʥʩ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʚʣʠʿʘʝ ʚʨʟ: ʙʨʟʠʥʘʪʘ ʥʘ 

ʛʝʣʠʨʘˁʝ (Bera , Mothe, Maiti, & Vanga, 2018), ʩʪʝʧʝʥʦʪ ʥʘ ʜʝʨʠʚʘʪʠʟʘʮʠʿʘ (Agnello, 

Palumbo, Pitarresi, Fiorica , & Giammona, 2018), ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʣʝʢʦʪ 

(Singh & Kim, 2005), ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʥʘ ʣʝʢ ( Babu, Sathigari, Kumar, & Pandit, 2010), 

ʩʬʝʨʠʯʥʘ ʤʦʨʬʦʣʦʛʠʿʘ (Boni, Prezotti, & Cury, 2016), ʤʫʢʦʘʜʭʝʟʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ (Narkar, 

Sher, & Pawar, 2010) ʠ ʩʧʦʩʦʙʥʦʩʪʘ ʟʘ ʙʘʙʨʝˁʝ ʚʦ ʚʦʜʥʠ ʩʨʝʜʠʥʠ (Adrover, et al., 2019). 

ʀʟʙʦʨʦʪ ʥʘ ʿʦʥʠ ʥʝ ʩʘʤʦ ʰʪʦ ʚʣʠʿʘʝ ʚʨʟ ʙʨʟʠʥʘʪʘ ʥʘ ʛʝʣʠʨʘˁʝ, ʪʫʢʫ ʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ 
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ʩʘʤʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ, ʰʪʦ ʝ ʧʦʪʚʨʜʝʥʦ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Kulkarni et al. (2011). ʉʦ 

ʫʧʦʪʨʝʙʘ ʥʘ ʢʘʣʮʠʫʤʦʚʠ ʿʦʥʠ, ʩʧʦʨʝʜʙʝʥʦ ʩʦ ʤʦʥʦʚʘʣʝʥʪʥʠ ʥʘʪʨʠʫʤʦʚʠ ʿʦʥʠ ʩʝ ʜʦʙʠʣ 

ʧʦʚʠʩʦʢ ʧʨʦʮʝʥʪ ʥʘ ʩʬʝʨʠʯʥʠ ʯʝʩʪʠʯʢʠ, ʘ ʿʦʥʩʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʦʪ ʟʘ 

ʚʤʨʝʞʫʚʘˁʝ ʙʠʣʘ ʠʩʪʘ (Vilela, Perrechil, Picone, Sato, & Cunha, 2015).  

 ɿʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʮʠʤʝʪ, ʢʘʨʘʥʬʠʣʯʝ ʠ ʤʘʿʯʠʥʘ ʜʫʰʠʮʘ, 

ʘʚʪʦʨʦʪ Soliman ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2013) ʤʝʥʫʚʘʣʝ ʪʨʠ ʧʨʦʤʝʥʣʠʚʠ: ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 

ʧʦʣʠʤʝʨ (ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ), ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʚʨʝʤʝ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝ. ʄʠʢʨʦʢʘʧʩʫʣʠʪʝ ʛʠ ʜʦʙʠʣʝ ʩʦ ʧʦʩʪʘʧʢʘ ʥʘ ʝʤʫʣʛʠʨʘˁʝ/ʝʢʩʪʨʫʟʠʿʘ ʠ 

ʥʘʜʚʦʨʝʰʥʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Noppakundilograt, Piboon, 

Graisuwan, Nuisin, & Kiatkamjornwong (2015) ʩʝ ʝʚʘʣʫʠʨʘʣʦ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, ʚʨʝʤʝʪʦ ʥʘ ʚʨʤʝʞʫʚʘˁʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʝʫʢʘʣʠʧʪʫʩ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ. ɿʘ 

ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʚʦ ʥʠʚʥʘʪʘ ʩʪʫʜʠʿʘ ʿʘ ʠʩʢʦʨʠʩʪʠʣʝ ʧʦʩʪʘʧʢʘʪʘ ʥʘ 

ʝʤʫʣʛʠʨʘˁʝ o/w ʠ ʚʤʨʝʞʫʚʘˁʝ (ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ) ʩʦ CaCl2. ɺʦ ʪʨʫʜʦʪ ʥʘ Faidi et al. 

(2019) ʦʧʠʰʘʥʘ ʝ ʠʟʤʝʥʝʪʘ ʧʦʩʪʘʧʢʘ ʥʘ in situ ʿ ʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ ʩʦ ʘʪʩʦʨʧʮʠʿʘ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʢʘʨʘʥʬʠʣʯʝ ʥʘ ʘʤʦʨʬʝʥ ʧʨʝʮʠʧʠʪʠʨʘʥ SiO2. ɺʦ ʥʠʚʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ 

ʥʝ ʩʝ ʤʝʥʫʚʘʥʠ  ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʧʦʚʝ˃ʝ ʥʠʚʦʘ.  ɸʚʪʦʨʠʪʝ Elkady, Tadros, & 

El-laithy (2020) ʧʨʠʤʝʥʠʣʝ QbD ʧʨʠʩʪʘʧ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʿʦʥʦʪʨʦʧʩʢʦ 

ʛʝʣʠʨʘˁʝ ʥʘ ʨʠʩʝʜʨʦʥʘʪ ʥʘʪʨʠʫʤ ʭʝʤʠ-ʧʝʥʪʘʭʠʜʨʘʪ. ʉʦ ʇʣʘʢʝʪ-ɹʫʨʤʘʥ ʜʠʟʘʿʥʦʪ ʛʦ 

ʠʩʪʨʘʞʠʣʝ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʩʣʝʜʥʠʚʝ ʧʝʪ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ: ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 

ʧʦʚʨʰʠʥʩʢʦ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ, ʙʨʟʠʥʘ, ʚʨʝʤʝʪʨʘʝˁʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʭʦʤʦʛʝʥʠʟʘʮʠʿʘ 

ʠ ʩʦʦʜʥʦʩ ʥʘ API:ʧʦʣʠʤʝʨ, ʚʨʟ ʜʚʝ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ: ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ 

ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ. 

 ʃʠʪʝʨʘʪʫʨʥʠʦʪ ʧʨʝʛʣʝʜ ʧʦʢʘʞʘ ʦʪʩʫʩʪʚʦ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʦ ʧʨʠʤʝʥʘ ʥʘ 

ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʧʨʠʩʪʘʧ ʠ ʠʩʧʠʪʫʚʘˁʝ ʥʘ ʤʝʺʫʩʝʙʥʘ ʧʦʚʨʟʘʥʦʩʪ 

ʥʘ ʧʦʚʝ˃ʝ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ. ɺʣʠʿʘʥʠʝʪʦ ʥʘ 

ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʚʨʟ ʧʨʦʮʝʩʦʪ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʝ 

ʝ ʠʩʪʨʘʞʫʚʘʥʦ, ʦʜʥʦʩʥʦ ʧʨʦʤʝʥʣʠʚʘʪʘ ʝ ʢʦʥʩʪʘʥʪʘ ʥʠʟ ʠʩʪʨʘʞʫʚʘˁʘʪʘ.  

  

1.3 ɽʥʢʘʧʩʫʣʠʨʘʯʢʠ ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʠ ʩʫʧʩʪʘʥʮʠ  

 

 ɸʥʘʣʠʟʘʪʘ ʥʘ ʦʙʿʘʚʝʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʢʘʞʘ ʜʝʢʘ ʘʚʪʦʨʠʪʝ ʢʦʨʠʩʪʝʣʝ ʨʘʟʣʠʯʥʠ 

ʧʦʣʠʤʝʨʠ ʚʦ ʫʣʦʛʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʯʢʠ ʤʘʪʝʨʠʿʘʣ. ɹʠʦʨʘʟʛʨʘʜʣʠʚʦʩʪʘ ʠʣʠ 

ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪʘ ʝ ʤʥʦʛʫ ʚʘʞʥʦ ʩʚʦʿʩʪʚʦ ʟʘ ʧʦʣʠʤʝʨʠʪʝ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʚʦ 

ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ʇʦʜ ʧʦʠʤʦʪ Ăʙʠʦʨʘʟʛʨʘʜʣʠʚʦʩʪñ ʩʝ ʧʦʜʨʘʟʙʠʨʘ ʜʝʢʘ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ˃ʝ ʜʝʛʨʘʜʠʨʘʘʪ ʚʦ ʙʝʟʙʝʜʥʠ ʢʦʤʧʦʥʝʥʪʠ ʢʦʠ ʠʣʠ ˃ʝ ʙʠʜʘʪ ʤʝʪʘʙʦʣʠʟʠʨʘʥʠ 

ʠ ʠʩʬʨʣʝʥʠ ʦʜ ʦʨʛʘʥʠʟʤʦʪ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʦʜ Ăʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪñ ʩʝ ʧʦʜʨʘʟʙʠʨʘ 

ʜʝʢʘ ʢʦʤʧʦʥʝʥʪʘʪʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʬʠʟʠʦʣʦʰʢʠ ʢʦʤʧʘʪʠʙʠʣʥʘ ʠ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ 

ʧʨʝʜʠʟʚʠʢʫʚʘ ʥʝʩʘʢʘʥʠ ʜʝʿʩʪʚʘ ʣʦʢʘʣʥʦ ʠʣʠ ʩʠʩʪʝʤʩʢʠ ʧʦ ʥʝʿʟʠʥʘʪʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʘ (Li, 

Rouaud, & Poncelet, 2008).  

 ʇʦʣʠʤʝʨʠʪʝ ʠ ʢʦʧʦʣʠʤʝʨʠʪʝ ʥʘ ʤʣʝʯʥʘ ʠ ʛʣʠʢʦʣʥʠ ʢʠʩʝʣʠʥʠ ʩʝ ʥʘʿʯʝʩʪʦ 

ʢʦʨʠʩʪʝʥʠ ʟʘ ʜʘ ʩʝ ʨʘʟʚʠʝ ʩʠʩʪʝʤ ʟʘ ʥʦʩʘʯ ʥʘ ʣʝʢ, ʙʠʜʝʿ˃ʠ ʩʝ ʦʮʝʥʝʪʠ ʢʘʢʦ ʙʝʟʙʝʜʥʠ ʠ 

ʦʜʦʙʨʝʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ FDA ʟʘ ʭʫʤʘʥʘ ʫʧʦʪʨʝʙʘ (Chulia, Deleuil, & Pourcelot, 1994). 
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ʅʘʿʯʝʩʪʦ ʧʦʣʠʤʝʨʠʪʝ PLA ʠ PLGA ʩʝ ʫʧʦʪʨʝʙʫʚʘʥʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʩʬʝʨʠ ʩʦ 

ʥʘʤʝʥʘ ʟʘ ʠʥʿʝʢʮʠʠ ʩʦ ʜʦʣʛʦʪʨʘʿʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʧʦʨʘʜʠ ʜʦʣʛʦʛʦʜʠʰʥʘʪʘ ʠʩʪʦʨʠʿʘ ʟʘ 

ʥʠʚʥʘ ʙʝʟʙʝʜʥʦʩʪ (Gómez-Gaete, ʠ ʜʨ., 2017; Noviendri, ʠ ʜʨ., 2016; Qi, ʠ ʜʨ., 2014). 

ʋʩʧʝʰʥʦʩʪʘ ʥʘ ʤʠʢʨʦʩʬʝʨʠ ʥʘ ʦʩʥʦʚʘ ʥʘ PLGA/PLA ʚʦ ʫʣʦʛʘ ʥʘ ʥʦʩʝˁʝ ʥʘ ʧʨʦʪʝʠʥʠ ʠ 

ʧʝʧʪʠʜʠ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʠ ʚʦ ʧʣʘʩʠʨʘʥʠʪʝ ʧʨʦʠʟʚʦʜʠ ʥʘ ʧʘʟʘʨʦʪ (Zhang, ʠ ʜʨ., 2020; 

FDA, 2023). ɹʠʦʥʝʨʘʟʛʨʘʜʣʠʚʠʪʝ ʧʦʣʠʤʝʨʠ ʩʦ ʜʦʙʨʘ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʩʝ ʢʦʨʠʩʪʝʥʠ 

ʢʘʢʦ ʥʦʩʘʯʠ ʥʘ ʣʝʢ. ɺʦ ʦʚʘʘ ʢʘʪʝʛʦʨʠʿʘ ʩʝ ʚʙʨʦʿʫʚʘʘʪ EC (ʨʘʟʛʨʘʜʣʠʚʘ, ʥʦ 

ʙʠʦʥʝʨʘʟʛʨʘʜʣʠʚʘ) ʠ PMMA (ʙʠʦʢʦʤʧʘʪʠʙʠʣʝʥ, ʥʦ ʥʝʨʘʟʛʨʘʜʣʠʚ ʧʦʣʠʤʝʨ). ɽʉ ʤʦʞʝ ʜʘ 

ʩʝ ʘʜʤʠʥʠʩʪʨʠʨʘ ʦʨʘʣʥʦ ʟʘ ʜʘ ʩʝ ʟʘʰʪʠʪʠ ʣʝʢʦʪ ʚʦ ʛʘʩʪʨʦ-ʠʥʪʝʩʪʠʥʘʣʝʥ ʪʨʘʢʪ (Fatome, 

Courteille, Laval, & Roman, 1987), ʠʣʠ ʜʘ ʩʝ ʘʜʤʠʥʠʩʪʨʠʨʘ ʠʥʪʨʘʜʫʦʜʝʥʦʤʩʢʠ ʟʘ 

ʦʜʣʦʞʝʥʘ ʠʥʪʝʩʪʠʥʘʣʥʘ ʘʧʩʦʨʧʮʠʿʘ (Takishima, Onishi, & Machida, 2002). Mʠʢʨʦʩʬʝʨʠʪʝ 

ʦʜ PMMA ʩʝ h ʠʨʦʢʦ ʠʩʢʦʨʠʩʪʝʥʠ ʢʘʢʦ ʮʝʤʝʥʪʝʥ ʤʘʪʝʨʠʿʘʣ ʟʘ ʢʦʩʢʠ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʘʥʪʠʙʠʦʪʠʮʠ ʟʘ ʢʦʩʢʝʥʘ ʠʥʬʝʢʮʠʿʘ (Stallmann et al., 2006) ʠ ʪʫʤʦʨʠ ʥʘ ʢʦʩʢʠ (Mestiri, 

Puisieux, & Benoit, 1993). ʆʜ ʩʧʨʦʚʝʜʝʥʠʦʪ ʣʠʪʝʨʘʪʫʨʝʥ ʧʨʝʛʣʝʜ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ 

ʝʥʢʘʧʩʫʣʠʨʘʯʢʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʠʟʙʠʨʘʘʪ ʚʦ ʜʠʨʝʢʪʥʘ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʠʩʪʨʘʞʫʚʘʥʠʦʪ 

ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩ.  

 

ʊʘʙʝʣʘ 1.1. ʄʠʢʨʦʯʝʩʪʠʯʥʠ ʩʠʩʪʝʤʠ ʠ ʧʦʩʪʘʧʢʠ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ 

ɹʠʦʘʢʪʠʚʥʘ 

ʢʦʤʧʦʥʝʥʪʘ 
ʇʦʣʠʤʝʨ ʇʦʩʪʘʧʢʘ ʈʝʬʝʨʝʥʮʘ 

Natrexone PLA ɼʚʦʿʥʘ ʝʤʫʣʟʠʿʘ (Sheikhlou, ʠ ʜʨ., 2023) 

Leuprolide acetate PLGA/PLA 
ɽʤʫʣʛʠʨʘˁʝ /ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ 
(Zhang, et al., 2020) 

Lanreotide acetate PLGA ʉʧʨʝʿ-ʩʫʰʝˁʝ (Zhang, et al., 2020) 

Exenatide PLGA/ʩʫʢʨʦʟʘ ʂʦʘʮʝʨʚʘʮʠʿʘ (Zhang, et al., 2020) 

Pasireotide pamoate PLGA 
ɽʤʫʣʟʠʿʘ/ ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ 
(Zhang, et al., 2020) 

Cisplatin PLGA 

ɽʤʫʣʛʠʨʘˁʝ (ʦ/w) 

/ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʦʨʛʘʥʩʢʠ 

ʨʘʩʪʚʦʨʫʚʘʯ 

(Garcia-Contreras, Abu-

Izza, & Lu, 1997) 

Lidocaine 
PDLLA 

PLLA 

ɽʤʫʣʛʠʨʘˁʝ (ʦ/w) 

/ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʦʨʛʘʥʩʢʠ 

ʨʘʩʪʚʦʨʫʚʘʯ 

(Chung, Huang, & Liu, 

2001) 

ɸmoxicillin 

trihydrate 

HPMC, HEC ʠ 

HPMC 

ɽʤʫʣʟʠʿʘ/ ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ 

(Prasad, Patel, & 

Gothoskar, 2018) 

Captopril Eudragit® E100 
ɽʤʫʣʛʠʨʘˁʝ/ ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ 

(Chikukwa, Walker, & 

Khamanga, 2020) 

Hydrochlorothiazide ɽʉ 
ɽʤʫʣʛʠʨʘˁʝ/ ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ 

(Chikukwa, Walker, & 

Khamanga, 2020) 

Nicorandil ʍʠʪʦʟʘʥ ɺʤʨʝʞʫʚʘˁʝ ʚʦ ʝʤʫʣʟʠʿʘ (Patel & Patel, 2014) 

ʇʦʣʠʬʝʥʦʣʠ ʦʜ 

Thymus serpyllum L. 

ʚʦʜʝʥ ʝʢʩʪʨʘʢʪ 

ʍʠʪʦʟʘʥ ɺʤʨʝʞʫʚʘˁʝ ʚʦ ʝʤʫʣʟʠʿʘ (Trifkoviĺ , ʠ ʜʨ., 2015) 

Enoxaparin sodium 
Eudragit® FS 30D ʠ 

Eudragit® RS-PO 

w/o/w ʜʚʦʿʥʘ 

ʝʤʫʣʟʠʿʘ/ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ 

(Hales, ʠ ʜʨ., 2017) 
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ʊʘʙʝʣʘ 1.1. ʄʠʢʨʦʯʝʩʪʠʯʥʠ ʩʠʩʪʝʤʠ ʠ ʧʦʩʪʘʧʢʠ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ   (ʧʨʦʜʦʣʞʫʚʘ) 

ɹʠʦʘʢʪʠʚʥʘ 

ʢʦʤʧʦʥʝʥʪʘ 
ʇʦʣʠʤʝʨ ʇʦʩʪʘʧʢʘ ʈʝʬʝʨʝʥʮʘ 

ɻʦʚʝʜʩʢʠ ʘʣʙʫʤʠʥ 

ʩʝʨʫʤ (BSA) 

PDLLA 

PDLLGA 

PDDLGA+PEG 

w/o/w ʜʚʦʿʥʘ 

ʝʤʫʣʟʠʿʘ/ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯ 

(Yang, Chung, Bai, & 

Chan, 2000) 

ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ 

ʩʣʘʜʦʢ ʧʦʨʪʦʢʘʣ 

ʩʤʝʩʠ ʦʜ ʘʨʘʧʩʢʘ 

ʛʫʤʘ, 

ʤʘʣʪʦʜʝʢʩʪʨʠʥ ʠ 

ʮʝʣʫʣʦʟʥʠ 

ʥʘʥʦʚʣʘʢʥʘ 

ʉʧʨʝʿ-ʩʫʰʝˁʝ (de Souza, ʠ ʜʨ., 2018) 

ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ 

ʣʘʚʘʥʜʘ ʠ ʧʦʨʪʦʢʘʣ 
ʍʠʪʦʟʘʥ ɽʤʫʣʟʠʦʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʿʘ 

(Velmurugan, 

Ganeshan, Nishter, & 

Jonnalagadda, 2017) 

ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ: 

ʣʘʚʘʥʜʘ, ʢʘʨʘʥʬʠʣʯʝ ʠ 

ʤʘʿʯʠʥʘ ʜʫʰʠʮʘ 

ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ 

ʭʠʜʨʘʪ 
ɽʤʫʣʛʠʨʘˁʝ 

(El-Molla & El-

Ghorab, 2022) 

ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ 

ʣʠʤʦʥʩʢʘ ʪʨʝʚʘ 
ʄʘʣʪʦʜʝʢʩʪʨʠʥ ʉʫʰʝˁʝ ʩʦ ʟʘʤʨʟʥʫʚʘˁʝ 

(Wanderson da Silva, ʠ 

ʜʨ., 2021) 

ʄʘʩʣʠʥʦʚʦ ʤʘʩʣʦ 
ʀʟʦʣʘʪ ʥʘ ʩʦʠʥ 

ʧʨʦʪʝʠʥ 

ʉʧʨʝʿ-ʩʫʰʝˁʝ ʩʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʝʤʫʣʟʠʿʘ 
(Zhao & Tang, 2016) 

ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ: 

ʢʘʨʘʥʬʠʣʯʝ, ʮʠʤʝʪ ʠ 

ʤʘʿʯʠʥʘ ʜʫʰʠʮʘ 

ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ 

ʢʘʨʘʥʬʠʣʯʝ 

ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ 

ʝʫʢʘʣʠʧʪʫʩ 

ʅʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 

ɽʤʫʣʟʠʿʘ-ʝʢʩʪʨʫʟʠʿʘ 

 

ʄʦʜʠʬʠʮʠʨʘʥ ʤʝʪʦʜ ʥʘ 

ʝʤʫʣʟʠʿʘ 

 

ɱʦʥʦʪʨʦʧʩʢʘ ʠʟʤʝʥʘ 

(Soliman E. , El-

Moghazy, El-Din, & 

Massoud, 2013) 

(Faidi, ʠ ʜʨ., 2019) 

(Noppakundilograt , 

Piboon, Graisuwan, 

Nuisin, & 

Kiatkamjornwong, 

2015) 

ʈʠʙʠʥʦ ʤʘʩʣʦ 

ɾʝʣʘʪʠʥʘ 

ʍʠʪʦʟʘʥ + 

ʤʘʣʪʦʜʝʢʩʪʨʠʥ 

ʉʧʨʝʿ-ʩʫʰʝˁʝ ʩʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʝʤʫʣʟʠʿʘ 

(Pourashouri, 

Shabanpour, Razavi, 

Shabani, & Aubourg , 

2014) 

 

 ʆʜ ʦʙʿʘʚʝʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʤʠʢʨʦʯʝʩʪʠʯʥʠʪʝ ʩʠʩʪʝʤʠ 

ʤʦʞʝ ʜʘ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʟʘ ʨʘʟʣʠʯʥʠ ʪʝʨʘʧʝʚʪʩʢʠ ʠʥʜʠʢʘʮʠʠ. ʇʦʤʝʺʫ ʥʠʚ ʩʝ ʚʙʨʦʿʫʚʘʘʪ 

ʣʝʢʦʚʠ ʟʘ: ʪʨʝʪʤʘʥ ʥʘ ʟʘʚʠʩʥʦʩʪ ʦʜ ʘʣʢʦʭʦʣ ʠʣʠ ʦʧʦʠʜʠ (naltrexone), ʘʥʝʩʪʝʪʠʢ 

(lidocaine), ʭʝʤʦʪʝʨʘʧʝʚʪʠʢ (cisplatin), ʘʥʪʠʢʦʘʛʫʣʘʥʩ (enoxaparin sodium), ʘʥʪʠʙʠʦʪʠʮʠ 

(amoxicillin trihydrate, ciprofloxacine), ʜʠʫʨʝʪʠʢ (hydrochlorothiazide), ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚ 

(captopril) ʠ ʜʨʫʛʠ ʢʘʪʝʛʦʨʠʠ ʥʘ ʣʝʢʦʚʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʟʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʘ, ʦʩʚʝʥ ʚʦ ʧʨʝʭʨʘʥʙʝʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ, ʩʝ ʠʩʪʨʘʞʫʚʘʥʠ ʠ 

ʧʦʨʘʜʠ ʥʠʚʥʠʪʝ ʪʝʨʘʧʝʚʪʩʢʠ ʩʚʦʿʩʪʚʘ. ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʢʘʨʘʥʬʠʣʯʝ, ʮʠʤʝʪ ʠ ʤʘʿʯʠʥʘ 

ʜʫʰʠʮʘ ʩʝ ʠʩʪʨʘʞʫʚʘʥʠ ʧʦʨʘʜʠ ʥʠʚʥʠʪʝ ʘʥʪʠʬʫʥʛʘʣʥʠ ʠ ʘʥʪʠʤʠʢʨʦʙʥʠ ʩʚʦʿʩʪʚʘ; 

ʣʠʤʦʥʩʢʘʪʘ ʪʨʝʚʘ ʧʦʨʘʜʠ ʥʝʿʟʠʥʠʪʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ; eʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ 

ʝʫʢʘʣʠʧʪʫʩ ʧʦʨʘʜʠ ʩʚʦʠʪʝ ʘʥʪʠʙʘʢʪʝʨʠʩʢʠ ʩʚʦʿʩʪʚʘ ʠ ʦʣʝʩʥʫʚʘˁʝ ʥʘ ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ. ʀʩʪʨʘʞʫʚʘˁʘʪʘ ʫʢʘʞʫʚʘʘ ʜʝʢʘ ʤʠʢʨʦʯʝʩʪʠʯʥʠʪʝ ʬʦʨʤʠ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ  

ʩʦ ʨʘʟʣʠʯʥʠ ʪʝʨʘʧʝʚʪʩʢʠ ʩʚʦʿʩʪʚʘ, ʧʦʪʝʥʮʠʨʘʿ˃ʠ ʛʦ ʥʠʚʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ.  
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1.3.1 ʌʠʟʠʯʢʦ-ʭʝʤʠʩʢʠ ʩʚʦʿʩʪʚʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʯʢʠ ʩʫʧʩʪʘʥʮʠ 

 

 ɽʥʢʘʧʩʫʣʠʨʘʯʢʠʦʪ ʤʘʪʝʨʠʿʘʣ ʩʝ ʠʟʙʠʨʘ ʚʦ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʪʝʭʥʦʣʦʰʢʘʪʘ ʧʦʩʪʘʧʢʘ 

ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ. ɺʦ ʧʦʩʣʝʜʥʘʪʘ ʜʝʢʘʜʘ ʜʦʤʠʥʘʥʪʥʦ ʩʝ ʧʨʝʬʝʨʠʨʘʘʪ 

ʙʠʦʨʘʟʛʨʘʜʣʠʚʠʪʝ ʧʦʣʠʤʝʨʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʯʝʩʪʠʯʢʠ ʦʜ ʥʘʥʦ- ʜʦ ʤʠʢʨʦʛʦʣʝʤʠʥʘ. ɺʦ 

ʥʘʰʝʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʠʟʙʨʘʘ ʜʚʘ ʪʠʧʘ ʧʦʣʠʤʝʨʠ ʦʜ ʛʨʫʧʘʪʘ ʥʘ ʧʦʣʠʩʘʭʘʨʠʜʠ: 

ʭʠʜʨʦʢʩʠʧʨʦʧʠʣ ʮʝʣʫʣʦʟʘ ʠ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʠʨʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ 

ʠ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ, ʩʦʦʜʚʝʪʥʦ.  

 ʍʠʜʨʦʢʩʠʧʨʦʧʠʣ ʮʝʣʫʣʦʟʘʪʘ ʝ ʥʝʿʦʥʩʢʠ ʝʪʝʨ ʥʘ ʮʝʣʫʣʦʟʘ. ʆʚʦʿ ʜʝʨʠʚʘʪ ʥʘ 

ʮʝʣʫʣʦʟʘ ʩʝ ʜʦʙʠʚʘ ʩʦ ʨʝʘʢʮʠʿʘ ʥʘ ʘʣʢʘʣʥʘ ʮʝʣʫʣʦʟʘ ʩʦ ʧʨʦʧʠʣʝʥ ʦʢʩʠʜ ʥʘ ʟʛʦʣʝʤʝʥ 

ʧʨʠʪʠʩʦʢ ʠ ʧʦʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ (Ashland, 2017). ʇʨʦʧʠʣʝʥ ʦʢʩʠʜʦʪ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʩʫʧʩʪʠʪʫʠʨʘʥ ʚʦ ʮʝʣʫʣʦʟʘʪʘ ʧʨʝʢʫ ʝʪʝʨʩʢʘ ʚʨʩʢʘ ʥʘ ʪʨʠʪʝ ʨʝʘʢʪʠʚʥʠ ʭʠʜʨʦʢʩʠʣʥʠ ʛʨʫʧʠ, 

ʰʪʦ ʩʝ ʧʨʠʩʫʪʥʠ ʥʘ ʩʝʢʦʿʘ ʘʥʭʠʜʨʦʛʣʫʢʦʟʥʘ ʤʦʥʦʤʝʨʥʘ ʝʜʠʥʠʮʘ ʥʘ ʮʝʣʫʣʦʟʥʘʪʘ ʚʝʨʠʛʘ 

ʬʦʨʤʠʨʘʿ˃ʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʫʧʠ -OCH2CH(OH)CH3. ʉʧʦʨʝʜ Ph.Eur. 0337, HPC ʩʝ 

ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʧʘʨʮʠʿʘʣʥʘ ʆ-(2-ʭʠʜʨʦʢʩʠʧʨʦʧʠʣʠʨʘʥʘ) ʮʝʣʫʣʦʟʘ ʩʦ ʩʦʜʨʞʠʥʘ                  

53,4 % ʜʦ 80,5 % ʥʘ ʭʠʜʨʦʢʩʠʧʨʦʧʠʣ ʛʨʫʧʠ (ʩʫʚʘ ʤʘʪʝʨʠʿʘ). ʇʦʨʘʜʠ ʚʠʩʦʢʘʪʘ 

ʭʠʜʨʦʢʩʠʧʨʦʧʠʣʘʮʠʿʘ (~70 %), HPC ʝ ʧʦʚʝ˃ʝ ʧʣʘʩʪʠʯʝʥ ʠ ʨʝʣʘʪʠʚʥʦ ʭʠʜʨʦʬʦʙʝʥ ʚʦ 

ʩʧʦʨʝʜʙʘ ʩʦ ʜʨʫʛʠ ʚʦʜʦʨʘʩʪʚʦʨʣʠʚʠ ʮʝʣʫʣʦʟʥʠ ʝʪʝʨʠ. ʅʘ ʩʣʠʢʘ 1-7. ʝ ʧʨʠʢʘʞʘʥʘ ʭʝʤʠʩʢʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʠʜʨʦʢʩʠʧʨʦʧʠʣ ʮʝʣʫʣʦʟʘ. ʊʘʘ ʝ ʮʝʣʦʩʥʦ ʨʘʩʪʚʦʨʣʠʚʘ ʚʦ ʚʦʜʘ ʠ ʧʦʣʘʨʥʠ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯʠ ʢʘʢʦ ʤʝʪʘʥʦʣ, ʝʪʘʥʦʣ, ʠʟʦʧʨʦʧʠʣ ʘʣʢʦʭʦʣ ʠ ʘʮʝʪʦʥ. ʆʜ ʜʨʫʛʘ 

ʩʪʨʘʥʘ, ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ HPC ʚʦ ʚʦʜʘ ʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʥʘ, ʦʜʥʦʩʥʦ ʝ ʨʘʩʪʚʦʨʣʠʚʘ 

ʧʦʜ Ăcloud-pointñ2  (ʦʢʦʣʫ 45 °ʉ).  

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 1-7 ʍʝʤʠʩʢʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʥʘ HPC (DS=2,5) 

  HPC ʝ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʥʘ ʩʦ ʨʘʟʣʠʯʥʠ ʢʚʘʣʠʪʝʪʠ ʥʘ ʚʠʩʢʦʟʥʦʩʪ ʩʦ ʧʨʦʩʝʯʥʘ 

ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ ʚʦ ʦʧʩʝʛ ʦʜ 20 kDa ʜʦ 1500 kDa. ɺʦ ʬʘʨʤʘʮʝʚʪʩʢʘ ʠʥʜʫʩʪʨʠʿʘ, HPC 

ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʩʣʝʜʥʠʚʝ ʬʘʨʤʘʮʝʚʪʩʢʦ-ʪʝʭʥʦʣʦʰʢʠ ʦʧʝʨʘʮʠʠ:  ʚʣʘʞʥʘ 

ʛʨʘʥʫʣʘʮʠʿʘ (ʩʨʝʜʩʪʚʦ ʟʘ ʚʨʟʫʚʘˁʝ), ʬʠʣʤ-ʦʙʣʦʞʫʚʘˁʝ, ʢʦʥʪʨʦʣʠʨʘʥʦ-ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʣʝʢ (ʧʦʣʠʤʝʨʥʘ ʤʘʪʨʠʮʘ ʩʦ ʧʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ) ʠ ʝʢʩʪʨʫʟʠʿʘ ʦʜ 

ʨʘʩʪʦʧ. ʅʘʧʨʘʚʝʥʠ ʩʝ ʦʙʠʜʠ ʟʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʧʦʜʦʙʥʦʩʪʘ ʥʘ HPC ʚʦ 

ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʥʦ ʠʩʪʨʘʞʫʚʘʥʠ ʩʝ ʧʦʣʠʤʝʨʥʠ ʩʤʝʩʠ. ʇʦʨʘʜʠ ʪʦʘ, ʚʦ ʥʘʰʝʪʦ 

ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʠʟʙʨʘ ʩʘʤʦʩʪʦʿʥʘ ʫʧʦʪʨʝʙʘ ʥʘ HPC ʚʦ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ.  

 
2 ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜ ʢʦʿʘ ʧʦʣʠʤʝʨʦʪ ʧʦʯʥʫʚʘ ʬʘʟʥʦ ʜʘ ʩʝ ʩʝʧʘʨʠʨʘ, ʦʜʥʦʩʥʦ ʩʝ ʬʦʨʤʠʨʘʘʪ ʜʚʝ ʬʘʟʠ ʠ ʩʪʘʥʫʚʘ 

ʟʘʤʘʪʝʥ (ʦʧʘʣʝʩʮʝʥʪʝʥ) 
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 ɺʦ Ph.Eur. 0337 ʩʝ ʧʨʝʜʚʠʜʝʥʠ ʥʝʢʦʣʢʫ ʬʫʥʢʮʠʦʥʘʣʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ HPC ʚʦ 

ʫʣʦʛʘ ʥʘ ʤʘʪʨʠʮʘ ʟʘ ʪʘʙʣʝʪʠ ʩʦ ʧʨʦʜʦʣʞʝʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ: ʚʠʩʢʦʟʥʦʩʪ, ʩʪʝʧʝʥ ʥʘ 

ʩʫʧʩʪʠʪʫʮʠʿʘ, ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ ʠ ʙʨʟʠʥʘ ʥʘ ʧʨʦʪʦʢ ʥʘ ʧʨʘʰʦʢ.  

 ʅʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʝ ʝʜʝʥ ʦʜ ʧʦʯʝʩʪʦ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʧʦʣʠʤʝʨʥʠ ʤʘʪʨʠʮʠ ʢʘʢʦ 

ʥʦʩʘʯ ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ. ɸʣʛʠʥʘʪʦʪ ʝ ʠʥʪʝʨʝʩʝʥ ʠʟʙʦʨ ʟʘ ʥʦʩʘʯ ʥʘ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ ʧʦʨʘʜʠ ʥʝʛʦʚʠʦʪ ʢʘʧʘʮʠʪʝʪ ʟʘ ʛʝʣʠʨʘˁʝ, ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʠ ʥʠʩʢʘ ʪʦʢʩʠʯʥʦʩʪ. 

ɼʦʩʪʘʧʥʠ ʩʝ ʙʨʦʿʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʘʣʛʠʥʘʪʦʪ ʠ ʥʝʛʦʚʠʪʝ ʩʚʦʿʩʪʚʘ, ʘ 

ʠ ʧʦʣʠʤʝʨʦʪ ʝ ʣʝʩʥʦ ʜʦʩʪʘʧʝʥ ʩʦ ʧʨʠʬʘʪʣʠʚʘ ʮʝʥʘ (Lee & Mooney, 2012). 

 ʅʘʪʨʠʫʤ ʘʣʛʠʥʘʪʦʪ ʝ ʧʨʠʨʦʜʝʥ ʧʦʣʠʩʘʭʘʨʠʜ, ʧʦʣʠʘʥʿʦʥʩʢʠ ʢʦʧʦʣʠʤʝʨ, ʢʦʿ 

ʩʪʨʫʢʪʫʨʥʦ ʝ ʥʘʪʨʠʫʤʦʚʘ ʩʦʣ ʥʘ ʘʣʛʠʥʩʢʘ ʢʠʩʝʣʠʥʘ. ʂʠʩʝʣʠʥʘʪʘ ʝ ʠʟʛʨʘʜʝʥʘ ʦʜ ʥʝʢʦʣʢʫ 

ʩʫʢʮʝʩʠʚʥʠ ʛʨʫʧʠ ʥʘ ʜʚʝ ʫʨʦʥʩʢʠ ʢʠʩʝʣʠʥʠ: ɓ-D-ʤʘʥʫʨʦʥʩʢʘ ʢʠʩʝʣʠʥʘ (ʄ) ʠ Ŭ-L-

ʛʣʫʢʦʨʦʥʩʢʘ ʢʠʩʝʣʠʥʘ (G), ʢʦʠ ʩʝ ʣʠʥʝʘʨʥʦ ʧʦʚʨʟʘʥʠ ʝʜʥʠ ʩʦ ʜʨʫʛʠ ʧʨʝʢʫ 1-4 ʛʣʠʢʦʟʠʜʥʠ 

ʚʨʩʢʠ (Goh, Heng, & Chan, 2012; Sellime, et al., 2015; Sachen, Pushkar, Jha, & Bhattcharya, 

2009; Ph.Eur. 0625, 2017). ʇʦʣʠʩʘʭʘʨʠʜʦʪ ʥʝ ʝ ʨʘʩʪʚʦʨʣʠʚ ʚʦ ʘʣʢʦʭʦʣ, ʭʠʜʨʦʘʣʢʦʭʦʣʥʠ 

ʨʘʩʪʚʦʨʠ ʩʦ ʫʜʝʣ ʥʘ ʘʣʢʦʭʦʣ ʥʘʜ 30 %, ʭʣʦʨʦʬʦʨʤ ʠ ʝʪʝʨ (Sachen, Pushkar, Jha, & 

Bhattcharya, 2009). ʆʧʨʝʜʝʣʝʥʠ ʩʪʫʜʠʠ ʧʦʢʘʞʘʣʝ ʜʝʢʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʤʫ ʝ ʟʘʚʠʩʥʘ ʦʜ: 

pH ʥʘ ʩʨʝʜʠʥʘʪʘ, ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ, ʿʦʥʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʦʣʠ ʚʦ ʤʝʜʠʫʤʦʪ ʠ 

ʧʨʠʨʦʜʘʪʘ ʥʘ ʿʦʥʠʪʝ ʧʨʠʩʫʪʥʠ ʚʦ ʩʪʨʫʢʪʫʨʘʪʘ (Batista, de Morais, Pintado, & de Morais, 

2019). ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʢʘʣʮʠʫʤ ʘʣʛʠʥʘʪ ʥʝ ʝ ʨʘʩʪʚʦʨʣʠʚ ʚʦ ʚʦʜʘ ʠ ʦʨʛʘʥʩʢʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ, ʥʦ ʝ ʨʘʩʪʚʦʨʣʠʚ ʚʦ ʥʘʪʨʠʫʤ ʮʠʪʨʘʪ (Chaturvedi, ʠ ʜʨ., 2019).   

ʅʘ ʩʣʠʢʘ 1-8. ʝ ʧʨʠʢʘʞʘʥʘ ʭʝʤʠʩʢʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ. 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 1-8. ʍʝʤʠʩʢʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 

 

 ʇʨʠʩʫʩʪʚʦʪʦ ʿʦʥʠ ʥʘ Na+ ʣʝʩʥʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʤʝʥʘʪ ʩʦ ʜʚʦʚʘʣʝʥʪʠ ʿʦʥʠ ʦʜ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ (ʧʨ. Ca2+) ʩʦ ʰʪʦ ʩʝ ʬʦʨʤʠʨʘʘʪ ʛʝʣʥʠ ʩʪʨʫʢʪʫʨʠ. ʌʠʟʠʯʢʦ-

ʭʝʤʠʩʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʟʘʚʠʩʘʪ ʦʜ ʥʝʢʦʣʢʫ ʬʘʢʪʦʨʠ: ʩʦʩʪʘʚ ʠ 

ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʜʚʝʪʝ ʛʨʫʧʠ ʥʘ ʫʨʦʥʩʢʘ ʢʠʩʝʣʠʥʘ ʚʦ ʩʪʨʫʢʪʫʨʘʪʘ, ʤʦʣʝʢʫʣʘʨʥʘʪʘ ʤʘʩʘ ʥʘ 

ʧʦʣʠʤʝʨʦʪ, ʪʠʧʦʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʫʧʠ ʚʦ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʨʝʪʠʢʫʣʘʨʥʠʦʪ ʘʛʝʥʩ (Simó, 

Fernández-Fernández, Vila-Crespo, Ruipérez, & Rodríguez-Nogales, 2017; Goh, Heng, & 

Chan, 2012). ʂʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʥʠʦʪ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʦʣʝʢʫʣʘʨʥʘ 

ʤʘʩʘ ʚʦ ʨʘʥʛ ʦʜ 32 000 Da ʜʦ 400 000 Da ʠ ʠʥʜʝʢʩ ʥʘ ʧʦʣʠʜʠʩʧʝʨʟʥʦʩʪ 1,5-3 (Mw/Mn).  

 ɸʣʛʠʥʘʪʠʪʝ ʧʨʝʢʫ ʿʦʥʩʢʘ ʨʝʪʠʢʫʣʘʮʠʿʘ ʩʦ ʧʦʣʠʚʘʣʝʥʪʥʠ ʢʘʪʿʦʥʠ ʤʦʞʝ ʜʘ ʦʬʦʨʤʘʪ 

ʪʨʠ-ʜʠʤʝʥʟʠʦʥʘʣʥʠ ʛʝʣʦʚʠ, ʢʦʠ ʠʤʘʘʪ ʢʨʫʪʘ, ʦʨʠʝʥʪʠʨʘʥʘ ʠ ʮʚʨʩʪʘ ʩʪʨʫʢʪʫʨʘ. ɸʚʪʦʨʦʪ 
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Agulhon, P. (2012) ʧʦʢʘʞʘʣ ʜʝʢʘ ʨʝʪʠʢʫʣʘʮʠʿʘʪʘ, ʢʦʿʘ ʝ ʬʦʨʤʠʨʘʥʘ ʦʜ ʘʣʛʠʥʘʪʠ ʠ ʢʘʪʿʦʥʠ 

ʥʘ ʟʝʤʥʦʘʣʢʘʣʥʠ ʤʝʪʘʣʠ ʝ ʦʜ ʝʣʝʢʪʨʦʩʪʘʪʩʢʘ ʧʨʠʨʦʜʘ, ʘ ʦʜ ʘʣʛʠʥʘʪ ʠ ʢʘʪʿʦʥʠ ʦʜ ʧʨʝʦʜʥʠ 

ʤʝʪʘʣʠ ʝ ʢʦʚʘʣʝʥʪʥʘ. ʆʚʘ ʩʝ ʜʦʣʞʠ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʩʣʦʙʦʜʥʠ ʢʘʨʙʦʢʩʠʣʥʠ ʠʣʠ 

ʭʠʜʨʦʢʩʠʣʥʠ ʛʨʫʧʠ ʥʘ G-ʬʨʘʢʮʠʠʪʝ ʚʦ ʘʣʛʠʥʘʪʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ ʩʦ 

ʜʚʦʚʘʣʝʥʪʥʠ/ʧʦʣʠʚʘʣʝʥʪʥʠ ʢʘʪʿʦʥʠ ʧʦʜ ʢʦʥʪʨʦʣʠʨʘʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʫʩʣʦʚʠ (Agüero, 

Zaldivar-Silva , Peña, & Dias, 2017; Agulhon, Markova, Robitzer, Quignard, & Mineva, 2012). 

ɸʬʠʥʠʪʝʪʦʪ ʥʘ ʧʦʣʠʚʘʣʝʥʪʥʠ ʿʦʥʠ ʢʦʥ ʘʣʛʠʥʘʪ ʝ ʨʘʟʣʠʯʝʥ ʠ ʛʦ ʩʣʝʜʠ ʩʣʝʜʥʠʦʚ ʨʝʜʦʩʣʝʜ: 

ʪʨʦʚʘʣʝʥʪʥʠ ʢʘʪʿʦʥʠ > Pb2+ > Cu2+ > Cd2+ > Ba2+ > Sr2+ > Ca2+. ʀʤʝʥʦ, Ca2+ ʿʦʥʠʪʝ ʩʝ 

ʧʨʝʬʝʨʠʨʘʘʪ ʟʘ ʨʘʟʚʦʿ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʠʘʢʦ ʿʘ ʥʝʤʘʘʪ ʥʘʿʚʠʩʦʢʘʪʘ ʤʦ˃ ʟʘ 

ʠʥʪʝʨʘʢʮʠʿʘ. ʊʠʝ ʩʝ ʥʘʿʙʝʟʙʝʜʥʠ ʟʘ ʭʫʤʘʥʘ ʫʧʦʪʨʝʙʘ, ʘ ʧʦ ʧʘʪ ʥʘ ʨʝʪʠʢʫʣʘʮʠʿʘ 

ʦʬʦʨʤʫʚʘʘʪ ʩʦʦʜʚʝʪʥʘ ʛʝʣʥʘ ʤʨʝʞʘ ʥʘ Ca-ʘʣʛʠʥʘʪ (Uyen, Hamid , Tram, & Ahmad , 2020; 

Agüero, Zaldivar-Silva , Peña, & Dias, 2017). ɺʦ ʣʠʪʝʨʘʪʫʨʘʪʘ, ʛʝʣʠʨʘˁʝʪʦ ʝ ʧʦʟʥʘʪʦ ʠ 

ʢʘʢʦ Ăʦʬʦʨʤʝʥa egg-boxñ ʤʨʝʞʘ, ʰʪʦ ʩʝ ʬʦʨʤʠʨʘ ʢʦʛʘ Ca2+ ʿʦʥʠʪʝ ʛʠ ʟʘʤʝʥʫʚʘʘʪ Na+ 

ʿʦʥʠʪʝ ʚʦ ʘʣʛʠʥʘʪʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ. ʊʘʢʘ ʥʘʩʪʘʥʫʚʘ ʚʤʨʝʞʫʚʘˁʝ ʧʨʠ ʰʪʦ ʧʦʩʪʘʚʝʥʦʩʪʘ ʥʘ 

ʜʚʝ ʘʣʛʠʥʘʪʩʢʠ ʤʦʣʝʢʫʣʠ ʝ ʘʥʪʠʧʘʨʘʣʝʣʥʘ (Bennacef, Desobry-Banon , Probst, & Desobry, 

2021), ʢʘʢʦ ʰʪʦ ʝ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘ 1-9.  

 

 

  

 

 

 
 

ʉʣʠʢʘ 1-9. ʌʦʨʤʠʨʘˁʝ ʥʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʤʨʝʞʘ ʥʘ Ăegg-boxñ ʤʨʝʞʘ ʩʦ ʨʝʪʠʢʫʣʘʮʠʿʘ  

ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʩʦ Ca2+ ʿʦʥʠ 

 

1.3.2 ʌʠʟʠʯʢʦ-ʭʝʤʠʩʢʠ ʩʚʦʿʩʪʚʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʠ ʩʫʧʩʪʘʥʮʠ 

 

 ɿʘ ʨʝʘʣʠʟʠʨʘˁʝ ʥʘ ʧʦʩʪʘʚʝʥʠʪʝ ʮʝʣʠ ʚʦ ʦʚʦʿ ʜʦʢʪʦʨʩʢʠ ʪʨʫʜ ʩʝ ʠʟʙʨʘʘ ʜʚʘ ʤʦʜʝʣʠ 

ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʝʜʥʘ ʚʦ ʮʚʨʩʪʘ ʘʛʨʝʛʘʪʥʘ ʩʦʩʪʦʿʙʘ (ʘʮʝʪʘʤʠʥʦʬʝʥ) ʠ ʝʜʥʘ ʚʦ 

ʪʝʯʥʘ ʘʛʨʝʛʘʪʥʘ ʩʦʩʪʦʿʙʘ (ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ).  

 ɸʮʝʪʘʤʠʥʦʬʝʥ ʠʣʠ ʧʘʨʘʮʝʪʘʤʦʣ ʝ ʝʜʝʥ ʦʜ ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠʪʝ OTC ʣʝʢʦʚʠ ʩʦ  

ʘʥʘʣʛʝʪʩʢʠ ʠ ʘʥʪʠʧʠʨʝʪʩʢʠ ʩʚʦʿʩʪʚʘ (Bunchorntavakul & Reddy, 2013). ɸʮʝʪʘʤʠʥʦʬʝʥ 

ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ ʩʦ ʨʝʜʫʢʮʠʿʘ ʥʘ p-ʥʠʪʨʦʬʝʥʦʣ ʩʦ ʘʥʭʠʜʨʠʯʥʘ ʦʮʝʪʥʘ ʢʠʩʝʣʠʥʘ, 

ʘʮʝʪʠʣʘʮʠʿʘ ʥʘ p-ʘʤʠʥʦʬʝʥʦʣ ʩʦ ʘʥʭʠʜʨʠʜ ʥʘ ʦʮʝʪʥʘ ʢʠʩʝʣʠʥʘ ʠ ʢʝʪʝʥ ʠʣʠ ʦʜ p-ʭʠʜʨʦʢʩʠ 

ʘʮʝʪʦʬʝʥʦʥ ʭʠʜʨʘʟʦʥ (Willette, 2004). ʅʘ ʩʣʠʢʘ 1-10. ʝ ʧʨʠʢʘʞʘʥʘ ʭʝʤʠʩʢʘʪʘ ʩʪʨʫʢʪʫʨʥʘ 

ʬʦʨʤʫʣʘ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ.  

 

 

 

 

 

ʉʣʠʢʘ 1-10. ʍʝʤʠʩʢʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ 
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 ʊʦʿ ʝ ʨʘʩʪʚʦʨʣʠʚ ʚʦ 96 % ʝʪʘʥʦʣ, ʤʥʦʛʫ ʤʘʣʢʫ ʨʘʩʪʚʦʨʣʠʚ ʚʦ ʤʝʪʠʣʝʥ ʭʣʦʨʠʜ ʠ 

ʫʤʝʨʝʥʦ ʨʘʩʪʚʦʨʣʠʚ ʚʦ ʚʦʜʘ. ʀʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʝˁʝ ʚʦ ʨʘʥʛ 168-172 °ʉ ʠ ʤʦʣaʨʥʘ 

ʤʘʩʘ 151,17 gmol-1 (Ph.Eur. 0049, 2022).  

 ʀʘʢʦ ʥʝʛʦʚʠʦʪ ʪʦʯʝʥ ʤʝʭʘʥʠʟʘʤ ʥʘ ʜʝʿʩʪʚʦ ʝ ʩⱪ ʫʰʪʝ ʥʝʿʘʩʝʥ, ʠʩʪʦʨʠʩʢʠ ʝ 

ʢʘʪʝʛʦʨʠʟʠʨʘʥ ʚʦ ʛʨʫʧʘʪʘ ʥʘ NSAID ʙʠʜʝʿ˃ʠ ʛʠ ʠʥʭʠʙʠʨʘ ʧʘʪʠʰʪʘʪʘ ʥʘ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʘ 

(COX) (Ghanem , Pérez, Manautou, & Mottino, 2016). ʆʜʨʝʜʝʥʠ ʩʪʫʜʠʠ ʠʤʘʘʪ ʧʦʢʘʞʘʥʦ 

ʜʝʢʘ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ ʤʫ ʥʝʜʦʩʪʘʩʫʚʘʘʪ ʧʝʨʠʬʝʨʥʠ ʘʥʪʠ-ʠʥʬʣʘʤʘʪʦʨʥʠ ʩʚʦʿʩʪʚʘ. 

ɸʮʝʪʘʤʠʥʦʬʝʥʦʪ ʤʦʞʝ ʜʘ ʛʦ ʠʥʭʠʙʠʨʘ COX ʧʘʪʦʪ ʚʦ ʮʝʥʪʨʘʣʥʠʦʪ ʥʝʨʚʝʥ ʩʠʩʪʝʤ, ʥʦ ʥʝ 

ʠ ʧʝʨʠʬʝʨʥʠʪʝ ʪʢʠʚʘ. ʀʩʪʦ ʪʘʢʘ, ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ ʥʘʿʚʝʨʦʿʘʪʥʦ ʥʝ ʩʝ ʚʨʟʫʚʘ ʟʘ ʘʢʪʠʚʥʘʪʘ 

ʩʪʨʘʥʘ ʥʘ ʝʥʟʠʤʠʪʝ COX-1 ʠ COX-2, ʪʫʢʫ ʿʘ ʥʘʤʘʣʫʚʘ ʘʢʪʠʚʥʦʩʪʘ ʥʘ COX ʩʦ ʨʘʟʣʠʯʥʠ 

ʤʝʭʘʥʠʟʤʠ. ʅʝʟʘʚʠʩʥʦ, ʨʝʜʫʢʮʠʿʘʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʘ ʥʘ ʉʆʍ ʧʘʪʦʪ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʝ ʧʨʝʢʫ 

ʠʥʭʠʙʠʮʠʿʘ ʥʘ ʩʠʥʪʝʟʘ ʥʘ ʧʨʦʩʪʘʛʣʘʥʜʠʪʝ ʚʦ ʮʝʥʪʨʘʣʥʠʦʪ ʥʝʨʚʝʥ ʩʠʩʪʝʤ, ʰʪʦ ʜʦʚʝʜʫʚʘ 

ʜʦ ʘʥʘʣʛʝʪʩʢʠ ʠ ʘʥʪʠʧʠʨʝʪʩʢʠ ʩʚʦʿʩʪʚʘ. ɸʥʘʣʛʝʪʩʢʠʪʝ ʩʚʦʿʩʪʚʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʣʞʘʪ ʥʘ 

ʩʪʠʤʫʣʠʨʘʯʢʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʦʧʘʺʘʯʢʠʪʝ ʩʝʨʦʪʦʥʝʨʛʠʩʢʠ ʧʘʪʠʰʪʘ ʚʦ ʮʝʥʪʨʘʣʥʠʦʪ ʥʝʨʚʝʥ 

ʩʠʩʪʝʤ (Chandrasekharan, et al., 2002; Willette, 2004). 

 ʂʦʨʠʩʪʝˁʝʪʦ ʥʘ ʜʦʟʠ ʥʘ ʧʘʨʘʮʝʪʘʤʦʣ ʥʘʜ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʥʝʚʥʘ ʧʨʝʧʦʨʘʯʘʥʘ ʜʦʟʘ 

ʝ ʧʦʚʨʟʘʥʦ ʠ ʩʦ ʦʪʢʘʞʫʚʘˁʝ ʥʘ ʮʨʥʠʦʪ ʜʨʦʙ, ʘ ʧʦʥʝʢʦʛʘʰ ʨʝʟʫʣʪʠʨʘʣʦ ʠ ʩʦ 

ʪʨʘʥʩʧʣʘʪʘʮʠʿʘ ʥʘ ʮʨʥ ʜʨʦʙ ʠʣʠ ʩʤʨʪ ʢʘʿ ʧʘʮʠʝʥʪʠʪʝ (Chiew & Buckley , 2021). 

ʄʝʭʘʥʠʟʘʤʦʪ ʥʘ ʦʰʪʝʪʫʚʘˁʝ ʥʘ ʮʨʥʠʦʪ ʜʨʦʙ ʝ ʧʦʨʘʜʠ ʤʝʪʘʙʦʣʠʪʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ 

ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ (Wang, et al., 2017). ʆʢʦʣʫ 60 % ʜʦ 90 % ʦʜ ʣʝʢʦʪ ʤʝʪʘʙʦʣʠʟʠʨʘ ʚʦ 

ʮʨʥʠʦʪ ʜʨʦʙ ʚʦ ʛʣʫʢʫʨʦʥʩʢʘ ʢʠʩʝʣʠʥʘ ʠ ʩʫʣʬʘʪ-ʢʦʥʿʫʛʠʨʘʥʠ ʤʝʪʘʙʦʣʠʪʠ.  

 ɽʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʩʝ ʜʦʙʠʚʘ ʙʝʟ ʟʘʛʨʝʚʘˁʝ ʧʨʝʢʫ ʩʦʦʜʚʝʪʝʥ 

ʤʝʭʘʥʠʯʢʠ ʪʨʝʪʤʘʥ ʦʜ ʩʚʝʞʘ ʢʦʨʘ ʥʘ ʦʚʦʰʿʝ ʦʜ Citrus x sinensis (L.) Osbeck. ɽʪʝʨʠʯʥʦʪʦ 

ʤʘʩʣʦ ʝ ʪʨʘʥʩʧʘʨʝʥʪʥʦ, ʩʚʝʪʣʦ ʞʦʣʪʦ ʠʣʠ ʧʦʨʪʦʢʘʣʦʚʦ, ʢʦʝ ʤʦʞʝ ʜʘ ʩʝ ʟʘʤʘʪʠ ʧʨʠ 

ʣʘʜʝˁʝ. ʉʝ ʦʜʣʠʢʫʚʘ ʩʦ ʩʣʝʜʥʠʚʝ ʬʠʟʠʯʢʠ ʩʚʦʿʩʪʚʘ: ʨʝʣʘʪʠʚʥʘ ʛʫʩʪʠʥʘ (0,842-0,850), 

ʠʥʜʝʢʩ ʥʘ ʨʝʬʨʘʢʮʠʿʘ (1,470-1,476), ʦʧʪʠʯʢʘ ʨʦʪʘʮʠʿʘ (ʦʜ +9,4 Á ʜʦ +9,9 °) ʠ ʧʝʨʦʢʩʠʜʥʘ 

ʚʨʝʜʥʦʩʪ (max. 20) (Ph.Eur. 1811, 2022). 

 ɽʪʝʨʠʯʥʠʪʝ ʤʘʩʣʘ ʩʝ ʥʘʿʚʘʞʥʠʦʪ ʘʨʦʤʘʪʩʢʠ ʜʝʣ ʦʜ ʨʘʩʪʝʥʠʝʪʦ ʠ ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ 

ʤʥʦʛʫ ʢʦʤʧʣʝʢʩʥʘ ʩʤʝʩʘ ʥʘ ʩʦʝʜʠʥʝʥʠʿʘ (ʪʝʨʧʝʥʠ, ʘʣʢʦʭʦʣʠ, ʢʝʪʦʥʠ, ʬʝʥʦʣʠ, ʢʠʩʝʣʠʥʠ, 

ʘʣʜʝʭʠʜʠ ʠ ʝʩʪʝʨʠ). ʄʦʥʦʪʝʨʧʝʥʠʪʝ ʧʠʥʝʥ, ʢʘʨʚʦʥ, ʣʠʤʦʥʝʥ, ʣʠʥʘʣʦʣ ʠ ʤʠʨʮʝʥ ʩʝ 

ʪʠʧʠʯʥʠ ʠʩʧʘʨʣʠʚʠ ʩʦʝʜʠʥʝʥʠʿʘ ʚʦ ʧʦʨʪʦʢʘʣʦʪ. ɿʝʤʘʿ˃ʠ ʿʘ ʧʨʝʜʚʠʜ ʥʠʚʥʘʪʘ ʭʝʤʠʩʢʘ 

ʩʪʨʫʢʪʫʨʘ, ʦʜʨʝʜʝʥʠ ʩʦʝʜʠʥʝʥʠʿʘ ʠʤʘʘʪ ʘʩʠʤʝʪʨʠʯʥʠ ʿʘʛʣʝʨʦʜʥʠ ʘʪʦʤʠ, ʪʘʢʘ ʰʪʦ 

ʧʦʢʘʞʫʚʘʘʪ ʦʧʪʠʯʢʘ ʠʟʦʤʝʨʠʿʘ. D-ʣʠʤʦʥʝʥ ʝ ʥʘʿʯʝʩʪʦ ʧʨʠʩʫʪʝʥ ʿʘʛʣʝʚʦʜʦʨʦʜ ʚʦ 

ʧʦʨʪʦʢʘʣʦʪ ʠ ʮʠʪʨʫʩʠʪʝ (>90 %). ʅʘ ʩʣʠʢʘ 1-11. ʝ ʧʨʠʢʘʞʘʥʘ ʥʝʛʦʚʘʪʘ ʭʝʤʠʩʢʘ 

ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ.  
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 ɽʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʧʨʝʭʨʘʥʙʝʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ 

ʠ ʘʨʦʤʘʪʝʨʘʧʠʿʘʪʘ. ɺʦ ʩʪʫʜʠʠ ʥʘ ʢʣʠʥʠʯʢʠ ʠʩʧʠʪʫʚʘˁʘ ʩʝ ʧʦʢʘʞʘʣʦ ʜʝʢʘ 

ʘʨʦʤʘʪʝʨʘʧʠʿʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʪʝʨʘʧʠʿʘ ʢʘʿ ʧʘʮʠʝʥʪʠ ʩʦ 

ʙʦʣʢʠ (Hekmatpou, Pourandish, Farahani, & Parvizrad, 2017). 

 

1.4 ʂʠʥʝʪʠʯʢʠ ʤʦʜʝʣʠ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʠ ʩʫʧʩʪʘʥʮʠ 

 

 ʆʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʣʝʢ ʝ ʤʥʦʛʫ ʚʘʞʥʦ ʩʚʦʿʩʪʚʦ ʥʘ ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʜʦʟʠʨʘʥʘ 

ʬʦʨʤʘ, ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʙʠʦʬʘʨʤʘʮʠʿʘʪʘ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘʪʘ. 

ʈʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʣʝʢʦʪ ʝ CQA, ʢʘʢʦ ʧʨʝʜʫʩʣʦʚ ʟʘ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʪʝʨʘʧʝʚʪʩʢʠʦʪ ʘʛʝʥʩ, 

ʰʪʦ ʚʣʠʿʘʝ ʚʨʟ ʙʨʟʠʥʘʪʘ ʠ ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʥʘ ʙʠʦʨʘʩʧʦʣʦʞʣʠʚʦʩʪʘ ʥʘ ʣʝʢʦʪ ʚʦ 

ʯʦʚʝʢʦʚʠʦʪ ʦʨʛʘʥʠʟʘʤ. ʅʘʿʯʝʩʪʦ, ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʣʝʢʦʪ ʛʦ ʩʣʝʜʠ ʢʠʥʝʪʠʯʢʠʦʪ ʤʦʜʝʣ 

ʦʜ ʥʫʣʪʠ ʠ ʧʨʚ ʨʝʜ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩʠʩʪʝʤʠʪʝ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʠʤ ʦʚʦʟʤʦʞʫʚʘʘʪ ʥʘ ʬʘʨʤʘʮʝʚʪʠʪʝ ʠ ʠʥʞʝʥʝʨʠʪʝ ʜʘ ʨʘʙʦʪʘʪ ʚʦ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʝʥ ʪʠʤ 

ʟʘ ʜʘ ʜʠʟʘʿʥʠʨʘʘʪ ʩʠʩʪʝʤ ʟʘ ʥʦʩʘʯ ʥʘ ʣʝʢ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ. ʀʤʝʥʦ, ʟʘ ʜʘ ʩʝ 

ʜʠʟʘʿʥʠʨʘʘʪ ʩʠʩʪʝʤʠ ʩʦ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʨʘʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʝʦʧʭʦʜʥʦ ʝ 

ʪʦʯʥʦ ʜʘ ʩʝ ʟʥʘʝ  ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʤʘʩʝʥ ʪʨʘʥʩʧʦʨʪ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ, ʘ 

ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʢʠʥʝʪʠʢʘʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ. ɺʦ ʧʨʘʢʩʘ ʤʦʞʝ ʜʘ 

ʩʝ ʧʦʩʪʠʛʥʘʪ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ, ʢʦʠ ʿʘ ʦʧʠʰʫʚʘʘʪ ʟʘʚʠʩʥʦʩʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʣʝʢʦʪ ʚʦ ʬʫʥʢʮʠʿʘ ʦʜ ʚʨʝʤʝ. ʉʦ ʧʦʤʦʰ ʥʘ ʚʘʢʚʘ ʨʘʟʚʠʝʥʘ ʘʣʘʪʢʘ ʤʦʞʝ ʜʘ ʩʝ ʦʣʝʩʥʠ 

ʧʨʝʜʚʠʜʫʚʘˁʝʪʦ ʥʘ ʢʠʥʝʪʠʢʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʧʨʝʜ ʩʘʤʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʥʦʩʘʯ ʥʘ ʣʝʢ ʜʘ 

ʙʠʜʘʪ ʨʘʟʚʠʝʥʠ.  

 ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʩʝ ʚʘʞʥʠ ʟʘ ʜʘ ʩʝ ʜʠʟʘʿʥʠʨʘʘʪ ʬʘʨʤʘʮʝʚʪʩʢʠ ʬʦʨʤʫʣʘʮʠʠ, 

ʜʘ ʩʝ ʝʚʘʣʫʠʨʘʘʪ ʧʨʦʮʝʩʠʪʝ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʚʦ in vitro ʠ in vivo ʫʩʣʦʚʠ, ʥʦ ʠ ʜʘ ʩʝ 

ʨʘʟʚʠʝ ʦʧʪʠʤʘʣʝʥ ʜʠʟʘʿʥ ʟʘ ʥʦʚʠ ʩʠʩʪʝʤʠ (Peppas & Narasimhan, 2014). ʆʜ 

ʤʘʪʝʤʘʪʠʯʢʠʪʝ ʤʦʜʝʣʠ ʤʦʞʝ ʜʘ ʩʝ ʩʪʝʢʥʘʪ ʩʦʟʥʘʥʠʿʘ ʟʘ ʜʘʜʝʥʠ ʬʠʟʠʯʢʠ ʦʜʣʠʢʠ ʥʘ 

ʠʩʪʨʘʞʫʚʘʥʠʦʪ ʩʠʩʪʝʤ, ʥʘ ʧʨʠʤʝʨ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʠʬʫʟʠʿʘ. ʂʦʨʠʩʪʝˁʝʪʦ ʥʘ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʝ ʦʜ ʦʩʦʙʝʥʦ ʟʥʘʯʝˁʝ ʟʘ ʜʘ ʩʝ ʨʘʟʙʝʨʘʪ ʨʘʟʣʠʯʥʠ ʬʘʢʪʦʨʠ, ʰʪʦ 

ʚʣʠʿʘʘʪ ʚʨʟ ʙʨʟʠʥʘʪʘ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʠ ʢʘʢʦ ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʠʣʠ 

ʪʝʨʘʧʝʚʪʩʢʠʦʪ ʨʝʞʠʤ ʥʘ ʧʘʮʠʝʥʪʠ. ʆʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʣʝʢʦʪ ʦʜ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ ʩʦ 

ʤʦʜʠʬʠʢʫʚʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʤʦʞʝ ʜʘ ʙʠʜʝ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʜ ʥʝʢʦʣʢʫ ʤʝʭʘʥʠʟʤʠ 

ʥʘ ʤʘʩʝʥ ʪʨʘʥʩʧʦʨʪ: ʨʘʩʪʚʦʨʣʠʚʦʩʪ, ʜʠʬʫʟʠʿʘ, ʦʩʤʦʟʘ, ʙʘʙʨʝˁʝ ʠ ʝʨʦʟʠʿʘ. ɼʠʬʫʟʠʿʘʪʘ ʥʘ 

ʤʦʣʝʢʫʣʠ ʥʘ ʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʝ ʧʦʚʨʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ 

ʧʦʣʠʤʝʨʠʪʝ (Langer & Peppas, 1983).  

 ʂʣʫʯʥʠ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣʠ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʦʩʣʦʙʦʜʝʥʠʦʪ ʣʝʢ ʩʝ: ʢʠʥʝʪʠʯʢʠ 

ʤʦʜʝʣ ʦʜ ʥʫʣʪʠ ʠ ʦʜ ʧʨʚ ʨʝʜ, Higuchi, Hixson-Crowell, Korsmeyer-Peppas, Baker-Lonsdale, 

Weibull, Hopfenberg ʠ Gompertz (Bruschi, 2015). ʆʪʪʫʢʘ, ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʟʘ ʩʣʝʜʝˁʝ ʥʘ ʢʠʥʝʪʠʢʘʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ 

ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʝ ʠʟʙʨʘʘ ʩʣʝʜʥʠʚʝ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣʠ: ʥʫʣʪʠ ʨʝʜ, ʧʨʚ ʨʝʜ, Higuchi, 

Hixson-Crowell, Korsmeyer-Peppas ʠ Weibull.  

 ʂʠʥʝʪʠʢʘ ʧʦ ʥʫʣʪʠ ʨʝʜ ʛʦ ʦʧʠʰʫʚʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ API ʦʜ ʪʝʨʘʧʝʚʪʩʢʠ 

ʩʠʩʪʝʤ ʧʨʠ ʧʦʩʪʦʿʘʥʘ ʙʨʟʠʥʘ ʚʦ ʦʧʨʝʜʝʣʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʢʘʢʦ ʬʫʥʢʮʠʿʘ ʦʜ ʚʨʝʤʝ. 
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24 

 

ɹʨʟʠʥʘʪʘ ʥʘ ʨʘʩʪʚʦʨʘˁʝ ʥʘ API ʦʜ ʪʝʨʘʧʝʚʪʩʢʠ ʩʠʩʪʝʤ ʚʦ ʜʘʜʝʥ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʚʦ 

ʤʝʜʠʫʤ ʟʘ ʨʘʩʪʚʦʨʘˁʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʠʰʝ ʩʦ ʨʘʚʝʥʢʘ (4):  
 

     # #                 (4) 
 

ʢʘʜʝ ʄ [mg] ʝ ʤʘʩʘ ʥʘ ʨʘʩʪʚʦʨʝʥʘ API ʟʘ ʚʨʝʤʝ t [min], dM/dt [mgmin-1] ʝ ʙʨʟʠʥʘ ʥʘ 

ʨʘʩʪʚʦʨʝʥʘ ʤʘʩʘ, D [cm2s-1] ʝ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʠʬʫʟʠʿʘ ʥʘ ʨʘʩʪʚʦʨʝʥʘ ʩʫʧʩʪʘʥʮʘ ʚʦ 

ʨʘʩʪʚʦʨ, S [cm2] ʝ ʧʦʚʨʰʠʥʘ ʥʘ ʢʦʿʘ ʝ ʠʟʣʦʞʝʥ ʪʝʨʘʧʝʚʪʩʢʠʦʪ ʩʠʩʪʝʤ, l [cm] ʝ ʜʝʙʝʣʠʥʘ 

ʥʘ ʜʠʬʫʟʠʚʝʥ ʩʣʦʿ, Cs [mgmL-1] ʝ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʥʘ ʮʚʨʩʪʘ ʩʫʧʩʪʘʥʮʘ, ʠ C [mgmL-1] ʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʮʚʨʩʪʘ ʩʫʧʩʪʘʥʮʘ ʚʦ ʨʘʩʪʚʦʨ ʧʨʠ ʚʨʝʤʝ t.  

 ʇʨʠ ʨʘʩʪʚʦʨʘˁʝ ʥʘ ʘʢʪʠʚʥʠ ʩʫʧʩʪʘʥʮʠ ʦʜ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ, ʢʦʠ ʦʛʨʘʥʠʯʝʥʦ ʩʝ 

ʨʘʩʧʘʺʘʘʪ, ʦʜʥʦʩʥʦ, ʦʜ ʘʩʧʝʢʪ ʥʘ ʬʝʥʦʤʝʥʠ ʥʘ ʧʨʝʥʦʩ, ʥʝʤʘ ʧʨʦʤʝʥʠ ʚʦ ʫʩʣʦʚʠʪʝ ʥʘ 

ʨʘʤʥʦʪʝʞʘ, ʪʦʛʘʰ ʨʘʚʝʥʢʘʪʘ (4) ʤʦʞʝ ʜʘ ʛʦ ʧʨʝʟʝʤʝ ʦʙʣʠʢʦʪ ʥʘ ʨʘʚʝʥʢʘ (5):  
 

      Æ +Ô      (5) 
  

ʢʘʜʝ f i ʝ ʫʜʝʣ ʥʘ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʨʘʩʪʚʦʨʝʥʘ ʟʘ ʚʨʝʤʝ t ʠ ʂ0 ʝ ʢʦʥʩʪʘʥʪʘ ʥʘ ʚʠʩʪʠʥʩʢʘ 

ʚʠʩʢʦʟʥʦʩʪ ʚʦ ʪʝʢ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ. ʆʜ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʨʘʚʝʥʢʘ (2), ʢʦʝʬʠʮʠʝʥʪʦʪ 

ʥʘ ʘʛʦʣʦʪ ʩʦʦʜʚʝʪʩʪʚʫʚʘ ʥʘ K0. ʆʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ API, ʰʪʦ ʛʦ ʩʣʝʜʠ ʢʠʥʝʪʠʯʢʠʦʪ ʤʦʜʝʣ 

ʦʜ ʥʫʣʪʠ ʨʝʜ ʝ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʠ ʝ ʥʝʟʘʚʠʩʥʦ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ 

ʥʘ API. ʇʦʩʪʦʿʘʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʩʝ ʜʦʣʞʠ ʥʘ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ 

ʩʪʘʮʠʦʥʘʨʝʥ ʢʦʥʮʝʥʪʨʘʮʠʩʢʠ ʛʨʘʜʠʝʥʪ ʥʠʟ ʤʝʤʙʨʘʥʘʪʘ.   

 ʂʠʥʝʪʠʯʢʠʦʪ ʤʦʜʝʣ ʦʜ ʧʨʚ ʨʝʜ ʿʘ ʦʧʠʰʫʚʘ ʘʧʩʦʨʧʮʠʿʘʪʘ, ʠ/ʠʣʠ ʝʣʠʤʠʥʘʮʠʿʘʪʘ ʥʘ 

ʨʘʟʣʠʯʥʠ ʘʢʪʠʚʥʠ ʩʫʧʩʪʘʥʮʠ. ʆʚʦʿ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣ ʛʠ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʦʤʝʥʠʪʝ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʚʦ ʦʜʥʦʩ ʥʘ ʚʨʝʤʝ. ʉʧʦʨʝʜ Noyes ʠ Whitney (1897), ʬʝʥʦʤʝʥʦʪ ʥʘ 

ʨʘʩʪʚʦʨʘˁʝ ʥʘ ʮʚʨʩʪʘ ʯʝʩʪʠʯʢʘ ʚʦ ʪʝʯʝʥ ʬʣʫʠʜ ʫʢʘʞʫʚʘ ʥʘ ʧʦʚʨʰʠʥʩʢʘ ʘʢʪʠʚʥʦʩʪ, ʪʘʢʘ 

ʰʪʦ ʨʘʚʝʥʢʘʪʘ ʟʘ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣ ʦʜ ʧʨʚ ʨʝʜ ʩʧʦʨʝʜ ʥʠʚ ʛʦ ʠʤʘ ʩʣʝʜʥʠʦʪ ʦʙʣʠʢ:  
 

     ˗# #      (6) 
 

ʢʘʜʝhʪʦ, ʉ [mgmL-1] ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʝʥʘ ʩʫʧʩʪʘʥʮʘ ʚʦ ʚʨʝʤʝ t [min],                     

Cs [mgmL-1] ʝ ʨʘʤʥʦʪʝʞʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʥʘ ʨʘʙʦʪʥʘ ʧʨʦʮʝʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʂ ʝ 

ʢʦʥʩʪʘʥʪʘ ʦʜ ʧʨʚ-ʨʝʜ.  

 ʈʘʚʝʥʢʘʪʘ (6) ʤʦʞʝ ʜʘ ʩʝ ʜʦʧʦʣʥʠ ʩʦ ʥʦʚʘ ʢʦʥʩʪʘʥʪʘ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪ ï ʂ1, ʘ 

ʢʦʿʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʧʨʚʠʦʪ ʌʠʢʦʚ ʟʘʢʦʥ ʤʦʞʝ ʜʘ ʫʢʘʞʝ ʥʘ ʧʨʘʚʦʧʨʦʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ 

ʩʦ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʜʠʬʫʟʠʿʘ ʚʦ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʘˁʝ ʠ ʦʙʨʘʪʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʜʠʬʫʟʠʚʝʥ ʩʣʦʿ ʠ ʚʦʣʫʤʝʥʦʪ ʥʘ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʘˁʝ. 

ʈʘʚʝʥʢʘʪʘ (6), ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦʛ ʥʘ Hixson-Crowell ʛʦ ʧʨʝʟʝʤʘʣʘ ʦʙʣʠʢʦʪ (7):  
 

     +3# #                  (7) 
 

ʢʘʜʝ, W [mg] ʝ ʢʦʣʠʯʠʥʘ ʨʘʩʪʚʦʨʝʥʘ API ʚʦ ʚʨʝʤʝ t [min], dW/dt [mgmin-1] ʝ ʩʦʦʜʥʦʩ ʥʘ 

ʢʦʣʠʯʠʥʘ ʥʘ ʨʘʩʪʚʦʨʝʥʘ API ʢʦʿʘ ʧʦʤʠʥʫʚʘ ʚʦ ʨʘʩʪʚʦʨ ʚʦ ʚʨʝʤʝ t, S [cm2] ʝ ʧʦʚʨʰʠʥʘ ʥʘ 

ʨʘʩʪʚʦʨʣʠʚʦʩʪ, ʘ ʂ ʝ ʢʦʥʩʪʘʥʪʘ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪ.  

 ʉʦ ʩʦʦʜʚʝʪʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʦʧʝʨʘʮʠʠ, ʧʦʜʨʦʙʥʦ ʦʧʠʰʘʥʠ ʚʦ ʢʥʠʛʘʪʘ Strategies to 

Modify the Drug Release from Pharmaceutical Systems (Bruschi, 2015), ʢʨʘʿʥʘʪʘ ʨʘʚʝʥʢʘ ʛʦ 

ʜʦʙʠʚʘ ʦʙʣʠʢʦʪ (8):  
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    ÌÏÇὗ ÌÏÇὗ
ȟ

                 (8) 

 

ʢʘʜʝ Q1 [mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ ʦʩʣʦʙʦʜʝʥʘ API ʚʦ ʚʨʝʤʝ t [min], Q0 [mg] ʝ ʠʥʠʮʠʿʘʣʥʘ 

ʢʦʣʠʯʠʥʘ ʥʘ ʦʩʣʦʙʦʜʝʥʘ API ʚʦ ʚʨʝʤʝ t ʠ k1 ʝ ʢʦʥʩʪʘʥʪʘ ʦʜ ʧʨʚ-ʨʝʜ. 

 ʆʚʘʘ ʨʘʚʝʥʢʘ ʠʤʘ ʣʠʥʝʘʨʥʘ ʬʫʥʢʮʠʿʘ, ʘ ʛʨʘʬʠʯʢʠʦʪ ʧʨʠʢʘʟ ʥʘ ʜʝʮʠʤʘʣʝʥ 

ʣʦʛʘʨʠʪʘʤ ʥʘ ʦʩʣʦʙʦʜʝʥʘ ʤʘʩʘ ʥʘ ʣʝʢ ʝ ʧʨʘʚʘ ʩʦ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʘʛʦʣ 
ȟ

 ʠ ʣʠʥʝʘʨʝʥ 

ʢʦʝʬʠʮʠʝʥʪ ÌÏÇὗ . 

 ʊʨʝʪ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣ ʝ ʥʘ Higuchi, ʢʦʿ ʿʘ ʦʧʠʰʫʚʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ API ʦʜ 

ʩʠʩʪʝʤ ʩʦ ʤʘʪʨʠʢʩ. ʆʜ ʪʨʠʪʝ ʨʘʙʦʪʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʥʘ Higuchi (1961; 1962; 1963) ʩʝ 

ʧʦʩʪʘʚʠʣʝ ʦʩʥʦʚʠʪʝ ʟʘ ʤʥʦʛʫ ʪʝʦʨʝʪʩʢʠ ʤʦʜʝʣʠ ʟʘ ʜʘ ʩʝ ʦʧʠʰʝ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ 

ʘʢʪʠʚʥʠ ʬʘʨʤʘʮʝʚʪʩʢʠ ʢʦʤʧʦʥʝʥʪʠ ʢʦʠ ʩʝ ʠʣʠ ʩʣʘʙʦʨʘʩʪʚʦʨʣʠʚʠ ʠʣʠ ʤʥʦʛʫʨʘʩʪʚʦʨʣʠʚʠ, 

ʘ ʩʝ ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʚʦ ʮʚʨʩʪʠ ʠ ʧʦʣʫʮʚʨʩʪʠ ʤʘʪʨʠʮʠ (Higuchi T., 1961; Higuchi W., 1962; 

Higuchi T., 1963). ʂʠʥʝʪʠʯʢʠʦʪ ʤʦʜʝʣ ʥʘ Higuchi ʝ ʧʦʚʨʟʘʥ ʩʦ ʯʝʩʪʠʯʢʠ ʥʘ ʜʠʩʧʝʨʛʠʨʘʥʘ 

API ʚʦ ʭʦʤʦʛʝʥʠ ʤʘʪʨʠʮʠ, ʢʦʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʤʝʜʠʫʤ ʟʘ ʨʘʩʪʚʦʨʘˁʝ. ɿʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʥʘ  

ʢʦʤʧʦʥʝʥʪʠ ʩʦ ʣʠʧʦʬʠʣʥʘ, ʭʦʤʦʛʝʥʘ ʠ ʧʣʘʥʘʨʥʘ ʤʘʪʨʠʮʘ, ʧʨʚʠʯʥʦ, Higuchi ʿʘ 

ʧʨʝʜʣʦʞʠʣ ʢʦʨʝʣʘʮʠʿʘʪʘ ʩʦ ʦʙʣʠʢʦʪ ʥʘ ʨʘʚʝʥʢʘ (9):  
 

     Æ 1 $ς# # #Ô            (9) 
 

ʢʘʜʝʰʪʦ Q [mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʚʦ ʚʨʝʤʝ t [min] ʥʘ ʝʜʠʥʠʮʘ ʧʦʚʨʰʠʥʘ,                  

ʉ [mg] ʝ ʠʥʠʮʠʿʘʣʥʘ ʢʦʣʠʯʠʥʘ ʥʘ ʣʝʢ ʚʦ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ, Cs [mgmL-1] ʝ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʥʘ 

API ʚʦ ʤʝʜʠʫʤ ʟʘ ʨʘʩʪʚʦʨʘˁʝ, ʘ D [cm2s-1] ʝ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʠʬʫʟʠʿʘ ʚʦ ʤʘʪʨʠʢʩʦʪ.  

 ɺʦ ʦʜʥʦʩ ʥʘ ʭʦʤʦʛʝʥʠ ʠ ʩʬʝʨʠʯʥʠ; ʭʝʪʝʨʦʛʝʥʠ ʠ ʧʣʘʥʘʨʥʠ; ʭʝʪʝʨʦʛʝʥʠ ʠ 

ʩʬʝʨʠʯʥʠ ʩʠʩʪʝʤʠ, Higuchi ʧʨʝʜʣʦʞʠʣ ʜʨʫʛ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ (10), ʰʪʦ ʩʝ ʪʝʤʝʣʠ ʥʘ 

ʧʨʝʪʧʦʩʪʘʚʢʘʪʘ ʜʝʢʘ ʥʝʤʘ ʚʘʞʥʠ ʧʨʦʤʝʥʠ ʚʦ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʤʘʪʨʠʮʘʪʘ ʟʘ ʚʨʝʤʝ ʥʘ 

ʢʦʥʪʘʢʪʦʪ ʩʦ ʚʦʜʘ. ʄʦʜʝʣʦʪ ʝ ʧʨʠʤʝʥʣʠʚ ʧʨʠ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ API ʚʦ ʤʘʪʨʠʮʘʪʘ, 

ʢʘʜʝ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʠ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʣʝʢ ʩʝ ʦʜʚʠʚʘʘʪ ʧʨʝʢʫ ʧʦʨʦʟʥʘʪʘ ʤʘʪʨʠʮʘ: 
 

    Æ 1 ς# ʀ# #Ô               (10) 

 

ʢʘʜʝʰʪʦ Q [mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʚʦ ʚʨʝʤʝ t [min] ʥʘ ʝʜʠʥʠʮʘ ʧʦʚʨʰʠʥʘ,                  

Ů ʝ ʧʦʨʦʟʥʦʩʪ ʥʘ ʤʘʪʨʠʮʘʪʘ, Ű ʝ ʬʘʢʪʦʨ ʥʘ ʢʘʧʠʣʘʨʥʘ  ʠʟʚʠʪʣʠʚʦʩʪ, C [mg]  ʝ ʠʥʠʮʠʿʘʣʥʘ 

ʢʦʣʠʯʠʥʘ ʥʘ ʣʝʢ ʚʦ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ, Cs  [mgmL-1] ʝ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʥʘ API ʚʦ ʤʝʜʠʫʤ ʟʘ 

ʨʘʩʪʚʦʨʘˁʝ, ʘ D [cm2s-1] ʝ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʠʬʫʟʠʿʘ ʚʦ ʤʘʪʨʠʢʩʦʪ. 

 ʉʝʧʘʢ ʩʦ ʤʘʪʝʤʘʪʠʯʢʠ ʦʧʝʨʘʮʠʠ, ʨʘʚʝʥʢʘʪʘ (10) ʤʦʞʝ ʜʘ ʩʝ ʧʦʝʜʥʦʩʪʘʚʠ ʚʦ ʤʦʜʝʣ 

ʥʘ Higuchi ʧʨʝʪʩʪʘʚʝʥ ʩʦ ʨʘʚʝʥʢʘ (11), ʦʜ ʢʦʿʘ ʩʝ ʫʪʚʨʜʫʚʘ ʜʝʢʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʦʩʣʦʙʦʜʝʥ 

ʣʝʢ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʢʚʘʜʨʘʪʦʪ ʦʜ ʚʨʝʤʝʪʦ ʠ ʝ ʣʠʥʝʘʨʥʘ ʬʫʥʢʮʠʿʘ:  
 

     Æ 1 +ЍÔ               (11)
  

ʢʘʜʝ KH e ʢʦʥʩʪʘʥʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʩʧʦʨʝʜ Higuchi. 

 ɿʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʦʜʝʣʦʪ ʥʘ Higuchi, ʪʨʝʙʘ ʜʘ ʩʝ ʩʣʝʜʘʪ ʥʝʢʦʣʢʫ ʧʨʝʪʧʦʩʪʘʚʢʠ 

(Siepmann & Peppas, 2012; Park & Omidian, 2010): ʠʥʠʮʠʿʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ API ʚʦ 

ʤʘʪʨʠʮʘʪʘ ʜʘ ʝ ʤʥʦʛʫ ʧʦʚʠʩʦʢʘ ʦʪʢʦʣʢʫ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ API; ʜʠʬʫʟʠʿʘʪʘ ʝ ʚʦ ʝʜʥʘ 

ʥʘʩʦʢʘ; ʚʠʩʠʥʘʪʘ ʥʘ ʜʦʟʠʨʘʥʘʪʘ ʬʦʨʤʘ ʝ ʤʥʦʛʫ ʧʦʛʦʣʝʤʘ ʚʦ ʦʜʥʦʩ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ API; 
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ʜʠʬʫʟʠʚʥʦʩʪʘ ʥʘ API ʝ ʢʦʥʩʪʘʥʪʥʘ, ʰʪʦ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʧʦʣʠʤʝʨʠ, ʢʦʠ ʥʝ ʙʘʙʨʘʪ 

ʟʥʘʯʘʿʥʦ ʧʨʠ ʢʦʥʪʘʢʪ ʩʦ ʚʦʜʘ (ʧʨ. ʝʪʠʣ ʮʝʣʫʣʦʟʘ) ʠ ʩʝ ʧʦʩʪʠʛʥʘʪʠ sink ʫʩʣʦʚʠ ʚʦ 

ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʘˁʝ ʠ ʙʘʙʨʝˁʝ ʠʣʠ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʤʘʪʨʠʮʘʪʘ ʩʝ ʟʘʥʝʤʘʨʣʠʚʠ.  

 ʄʦʜʝʣʦʪ ʥʘ Hixson-Crowell ʩʝ ʪʝʤʝʣʠ ʥʘ ʥʘʦʜʦʪ ʜʝʢʘ ʧʨʘʚʠʣʥʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ 

ʛʨʫʧʘ ʯʝʩʪʠʯʢʠ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʢʫʙʝʥ ʢʦʨʝʥ ʦʜ ʚʦʣʫʤʝʥʦʪ ʥʘ ʯʝʩʪʠʯʢʠʪʝ. ʆʚʘʘ 

ʟʘʚʠʩʥʦʩʪ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʩʦ ʨʘʚʝʥʢʘʪʘ (12):  
 

     7 7 + Ô                (12) 
 

ʢʘʜʝʰʪʦ W0 [mg] ʝ ʧʦʯʝʪʥʘ ʢʦʣʠʯʠʥʘ ʥʘ API ʚʦ ʩʠʩʪʝʤ, Wi [mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ API ʚʦ 

ʩʠʩʪʝʤ ʚʦ ʚʨʝʤʝ t [min], ʘ KHC  ʝ ʢʦʥʩʪʘʥʪʘ ʥʘ ʠʥʢʦʨʧʦʨʘʮʠʿʘ, ʰʪʦ ʛʠ ʧʦʚʨʟʫʚʘ 

ʧʦʚʨʰʠʥʘʪʘ ʠ ʚʦʣʫʤʝʥʦʪ.  

 ʆʚʦʿ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣ ʝ ʧʨʠʤʝʥʣʠʚ ʟʘ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ ʢʘʢʦ ʪʘʙʣʝʪʠ, ʚʦ ʢʦʠ 

ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʩʝ ʦʜʚʠʚʘ ʚʦ ʨʘʤʥʠʥʠ ʧʘʨʘʣʝʣʥʠ ʩʦ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʜʦʟʠʨʘʥʘʪʘ ʬʦʨʤʘ. 

ʇʦʚʨʰʠʥʘʪʘ ʦʜ ʜʦʟʠʨʘʥʘʪʘ ʬʦʨʤʘ ʩʝ ʥʘʤʘʣʫʚʘ ʩʦ ʪʝʢ ʥʘ ʚʨʝʤʝ, ʘ ʛʝʦʤʝʪʨʠʩʢʠʦʪ ʦʙʣʠʢ 

ʦʩʪʘʥʫʚʘ ʢʦʥʩʪʘʥʪʝʥ. ɺʦ ʩʣʫʯʘʿ ʢʦʛʘ ʯʝʩʪʠʯʢʠʪʝ ʩʝ ʩʦ ʥʝʧʨʘʚʠʣʥʘ ʤʦʨʬʦʣʦʛʠʿʘ, ʪʦʛʘʰ 

ʥʠʚʥʦʪʦ ʦʜʥʝʩʫʚʘˁʝ ʝ ʨʘʟʣʠʯʥʦ, ʘ ʨʘʚʝʥʢʘ (12) ʛʦ ʜʦʙʠʚʘ ʦʙʣʠʢʦʪ ʥʘ ʨʘʚʝʥʢʘ (13):  
 

     ρ Æ ρ +Ô               (13) 
 

ʂʘʜʝʰʪʦ f i=1-(Wi/W0) ʠ ʛʦ ʧʨʝʪʩʪʘʚʫʚʘ ʫʜʝʣʦʪ ʥʘ ʨʘʩʪʚʦʨʝʥʘ API ʟʘ ʚʨʝʤʝ t ʠ Kɓ ʝ 

ʢʦʥʩʪʘʥʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API. ʆʚʦʿ ʤʦʜʝʣ ʝ ʧʨʠʤʝʥʣʠʚ ʢʦʛʘ ʫʩʣʦʚʠʪʝ ʥʘ ʨʘʤʥʦʪʝʞʘ 

ʥʝ ʩʝ ʤʝʥʫʚʘʘʪ, ʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʯʝʩʪʠʯʢʘʪʘ ʩʝ ʥʘʤʘʣʫʚʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʦ ʪʝʢ ʥʘ 

ʚʨʝʤʝ. ʂʦʛʘ ʦʚʦʿ ʤʦʜʝʣ ʝ ʧʨʠʤʝʥʣʠʚ, ʪʦʛʘʰ ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ 

ʣʝʢʦʪ ʝ ʦʛʨʘʥʠʯʝʥʦ ʩʦ ʙʨʟʠʥʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʘ ʥʝ ʧʨʝʢʫ ʜʠʬʫʟʠʿʘ, ʰʪʦ ʝ 

ʥʘʿʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʤʘʩʝʥ ʪʨʘʥʩʧʦʨʪ ʥʠʟ ʧʦʣʠʤʝʨʥʘ ʤʘʪʨʠʮʘ.  

 ʄʦʜʝʣʦʪ ʥʘ Korsmeyer-Peppas (ʟʘʢʦʥ ʥʘ ʤʦ˃) ʝ ʩʝʦʧʬʘʪʥʘ ʨʘʚʝʥʢʘ ʟʘ ʜʘ ʩʝ 

ʦʧʠʰʝ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʦʜ ʧʦʣʠʤʝʨʥʠ ʩʠʩʪʝʤʠ. ʈʘʚʝʥʢʘʪʘ (14) ʙʠʣʘ ʨʘʟʚʠʝʥʘ ʢʘʢʦ 

ʩʝʤʠ-ʝʤʧʠʨʠʩʢʠ ʤʦʜʝʣ ʰʪʦ ʚʦʩʧʦʩʪʘʚʫʚʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʢʦʨʝʣʘʮʠʿʘ ʧʦʤʝʺʫ 

ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ API ʠ ʚʨʝʤʝʪʦ (Korsmeyer, Gurny, Doelker, Buri, & Peppas, 1983; 

Ritger & Peppas, 1987): 
 

         Æ +Ô               (14) 

 

ʢʘʜʝ f1[mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ, MÐ [mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ API ʚʦ ʨʘʤʥʦʪʝʞʥʘ 

ʩʦʩʪʦʿʙʘ (ʧʦʥʝʢʦʛʘʰ ʝ ʤʥʦʛʫ ʙʣʠʩʢʘ ʜʦ ʢʦʣʠʯʠʥʘʪʘ ʥʘ API ʩʦʜʨʞʘʥʘ ʚʦ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ 

ʥʘ ʧʦʯʝʪʦʢʦʪ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ), Mi [mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ ʦʩʣʦʙʦʜʝʥʘ API ʩʦ 

ʪʝʢ ʥʘ ʚʨʝʤʝ t [min], K ʝ ʢʦʥʩʪʘʥʪʘ ʥʘ ʠʥʢʦʨʧʦʨʠʨʘˁʝ ʥʘ ʩʪʨʫʢʪʫʨʥʠ ʧʨʦʤʝʥʠ ʠ 

ʛʝʦʤʝʪʨʠʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʠʩʪʝʤ, ʘ n ʝ ʝʢʩʧʦʥʝʥʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ (ʢʦʨʝʣʠʨʘ ʩʦ 

ʤʝʭʘʥʠʟʘʤ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API) ʢʘʢʦ ʬʫʥʢʮʠʿʘ ʦʜ ʚʨʝʤʝ t.  

 ʆʚʦʿ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʙʠʣ ʨʘʟʚʠʝʥ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʦʜ ʧʦʣʠʤʝʨʥʘ 

ʤʘʪʨʠʮʘ, ʢʘʢʦ ʰʪʦ ʝ ʭʠʜʨʦʛʝʣ. ʆʜʨʝʜʝʥʠ ʤʦʜʠʬʠʢʘʮʠʠ ʙʠʣʝ ʥʘʧʨʘʚʝʥʠ ʚʦ ʦʩʥʦʚʥʠʦʪ 

ʤʦʜʝʣ (14), ʪʘʢʘ ʰʪʦ ʪʦʿ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʫʚʘ ʠ ʟʘ ʥʘʛʣʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʠʥʠʮʠʿʘʣʥʘ 

ʢʦʣʠʯʠʥʘ ʥʘ API (ʘʥʛ. burst effect) (Kim & Fassihi, 1997), ʧʨʝʪʩʪʘʚʝʥʦ ʩʦ ʨʘʚʝʥʢʘ (15) ʠ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʩʦ ʣʘʪʝʥʪʥʦ ʚʨʝʤʝ (Kim & Fassihi, 1997; Pillay & Fassihi, 1999), ʢʦʝ 

ʛʦ ʦʟʥʘʯʫʚʘ ʧʦʯʝʪʦʢʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʦʜ ʩʠʩʪʝʤʦʪ (16): 
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     +Ô Ì                (15) 

 

ʢʘʜʝ MÐ [mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ API ʚʦ ʨʘʤʥʦʪʝʞʥʘ ʩʦʩʪʦʿʙʘ, Mi [mg] ʝ ʢʦʣʠʯʠʥʘ ʥʘ 

ʦʩʣʦʙʦʜʝʥʘ API ʚʦ ʚʨʝʤʝ t [min], K ʝ ʢʦʥʩʪʘʥʪʘ ʥʘ ʠʥʢʦʨʧʦʨʠʨʘˁʝ ʥʘ ʩʪʨʫʢʪʫʨʥʠ 

ʧʨʦʤʝʥʠ ʠ ʛʝʦʤʝʪʨʠʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʠʩʪʝʤ (ʢʦʥʩʪʘʥʪʘ ʥʘ ʙʨʟʠʥʘ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ), n ʝ ʝʢʩʧʦʥʝʥʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ (ʢʦʨʝʣʠʨʘ ʩʦ ʤʝʭʘʥʠʟʘʤ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ 

ʥʘ API) ʢʘʢʦ ʬʫʥʢʮʠʿʘ ʦʜ ʚʨʝʤʝ t ʠ l ʝ ʣʘʪʝʥʪʥʦ ʚʨʝʤʝ.  
 

         +Ô Â               (16) 

 

ʢʘʜʝ b ʝ ʥʘʛʣʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API (burst effect). 

 ʄʦʜʝʣʦʪ ʥʘ ʤʦ˃ ʝ ʢʦʨʠʩʥʘ ʘʣʘʪʢʘ ʟʘ ʧʨʦʫʯʫʚʘˁʝ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʦʜ 

ʧʦʣʠʤʝʨʥʠ ʩʠʩʪʝʤʠ, ʢʦʛʘ ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʝ ʝ ʧʦʟʥʘʪ ʠʣʠ ʢʦʛʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ API  ʥʝ ʝ ʚʦʜʝʥʦ ʦʜ ʝʜʝʥ ʤʘʩʝʥ ʬʝʥʦʤʝʥ (Peppas & Narasimhan, 2014). 

ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ n ʝʢʩʧʦʥʝʥʪʦʪ, ʦʜʥʦʩʥʦ ʧʦʜʦʙʨʦ ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʥʘ ʧʨʦʬʠʣʦʪ 

ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʚʦ ʤʘʪʨʠʢʩʦʪ, ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʚʦ ʜʚʝ ʛʨʫʧʠ, 

ʰʪʦ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʥʘʙˀʫʜʫʚʘʥʦʪʦ ʦʜʥʝʩʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ:  

-  ʌʠʢʦʚ ʤʦʜʝʣ (ʩʣʫʯʘʿ I) 

-  ʅʝ-ʌʠʢʦʚʠ ʤʦʜʝʣʠ (ʩʣʫʯʘʿ II, ʩʫʧʝʨ ʩʣʫʯʘʿ II ʠ ʘʥʦʤʘʣʝʥ ʩʣʫʯʘʿ)  

ɺʦ ʪʘʙʝʣʘ 1  ʩʝ ʧʨʠʢʘʞʘʥʠ ʩʫʤʘʨʥʦ ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʝʢʩʧʦʥʝʥʪʠʪʝ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ 

ʚʠʜʦʪ ʥʘ ʤʦʜʝʣ. ɿʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʚʨʝʜʥʦʩʪʘ ʥʘ ʝʢʩʧʦʥʝʥʪʦʪ n, ʩʝ ʧʨʝʧʦʨʘʯʫʚʘ ʜʘ ʩʝ 

ʢʦʨʠʩʪʠ ʜʝʣ ʦʜ ʢʨʠʚʘʪʘ ʥʘ ʦʩʣʦʙʦʜʝʥʘ API ʜʦ ʪʦʯʢʘ ʢʘʜʝ ʰʪʦ πȟφπȢ 

 

ʊʘʙʝʣʘ 1.2 ʀʥʪʝʨʧʨʝʪʘʮʠʿʘ ʥʘ ʤʦʜʝʣʠ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʦʜ ʧʦʣʠʤʝʨʥʠ ʤʘʪʨʠʮʠ 

ʩʦ ʨʘʟʣʠʯʥʘ ʛʝʦʤʝʪʨʠʿʘ (Bruschi, 2015) 

ʄʦʜʝʣ ʥʘ ʤʝʭʘʥʠʟʘʤ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ 
ɻʝʦʤʝʪʨʠʿʘ 

ɽʢʩʧʦʥʝʥʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ 

ɺʨʝʤʝ ʚʦ 

ʬʫʥʮʢʠʿʘ ʦʜ n 

ʌʠʢʦʚʘ ʜʠʬʫʟʠʿʘ 

ʇʣʘʥʘʨʥʘ (ʪʝʥʦʢ ʬʠʣʤ) 0,50 t0,50 

ʎʠʣʠʥʜʨʠ 0,45 t0,45 

ʉʬʝʨʠ 0,43 t0,43 

ɸʥʦʤʘʣʝʥ ʪʨʘʥʩʧʦʨʪ 

ʇʣʘʥʘʨʥʘ (ʪʝʥʦʢ ʬʠʣʤ) 0,50<n<1,0 t0,50<n<1,0 

ʎʠʣʠʥʜʨʠ 0,45<n<0,89 t0,45<n<0,89 

ʉʬʝʨʠ 0,43<n<0,85 t0,43<n<0,85 

ʉʣʫʯʘʿ I ʥʘ ʪʨʘʥʩʧʦʨʪ 

ʇʣʘʥʘʨʥʘ (ʪʝʥʦʢ ʬʠʣʤ) 1,0 ta 

ʎʠʣʠʥʜʨʠ 0,89 t0,89 

ʉʬʝʨʠ 0,85 t0,85 

ʉʫʧʝʨ-ʩʣʫʯʘʿ II ʥʘ ʪʨʘʥʩʧʦʨʪ 

ʇʣʘʥʘʨʥʘ (ʪʝʥʦʢ ʬʠʣʤ) n>1 tn>1 

ʎʠʣʠʥʜʨʠ n>0,89 tn>0,89 

ʉʬʝʨʠ n>0,85 tn>0,85 
a ï ʥʫʣʪʠ-ʨʝʜ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ 

  

 ʄʦʜʝʣʦʪ ʥʘ Weibull  ʛʦ ʦʧʠʰʫʚʘ ʬʝʥʦʤʝʥʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʠ ʝ 

ʧʨʠʜʨʫʞʝʥ ʩʦ ʢʦʥʝʯʥʦ ʚʨʝʤʝ. ʉʝ ʪʝʤʝʣʠ ʥʘ ʬʫʥʢʮʠʿʘ, ʰʪʦ ʝ ʧʨʝʜʣʦʞʝʥʘ ʦʜ Weibull 

(1951) ʠ Langenbucher (1972). ʄʦʜʝʣʦʪ ʥʘ Weibull ʝ ʧʨʠʢʘʞʘʥ ʩʦ ʨʘʚʝʥʢʘʪʘ (17) ʠ ʝ 

ʠʩʢʘʞʘʥʘ ʚʦ ʫʩʣʦʚʠ ʥʘ ʫʜʝʣ ʥʘ API (m) ʚʦ ʨʘʩʪʚʦʨ ʟʘ ʚʨʝʤʝ t: 
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     Í ρ ÅØÐ                (17) 
 

ʢʘʜʝʰʪʦ, ʧʘʨʘʤʝʪʘʨʦʪ ʥʘ ʩʢʘʣʘ (ʘ) ʿʘ ʜʝʬʠʥʠʨʘ ʚʨʝʤʝʥʩʢʘʪʘ ʩʢʘʣʘ ʥʘ ʧʨʦʮʝʩʦʪ, Ti [min] 

ʝ ʣʦʢʘʣʠʟʠʨʘʯʢʠ ʧʘʨʘʤʝʪʘʨ, ʰʪʦ ʛʦ ʧʨʝʪʩʪʘʚʫʚʘ ʣʘʪʝʥʪʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ (ʥʘʿʯʝʩʪʦ ʝ ʥʫʣʘ), ʘ ʧʘʨʘʤʝʪʘʨʦʪ (b) ʥʘ ʦʙʣʠʢ ʛʦ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʚʠʜʦʪ ʥʘ 

ʢʨʠʚʘ: b=1 (ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ), b>1 (ʩʠʛʤʦʠʜʥʘ, ʩʦ ʚʣʝʟʥʘ ʢʨʠʚʠʥʘ ʦʛʨʘʥʠʯʝʥʘ ʩʦ ʪʦʯʢʘ 

ʥʘ ʬʣʝʢʩʠʿʘ) ʠ b<1 (ʧʘʨʘʙʦʣʠʯʥʘ, ʧʨʠʢʘʞʫʚʘ ʚʠʩʦʢ ʧʦʯʝʪʝʥ ʥʘʢʣʦʥ ʠ ʢʦʥʟʠʩʪʝʥʪʝʥ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʝʥ ʢʘʨʘʢʪʝʨ). ʆʚʦʿ ʤʦʜʝʣ ʝ ʢʦʨʠʩʝʥ ʟʘ ʩʧʦʨʝʜʫʚʘˁʝ ʥʘ ʧʨʦʬʠʣʠ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ API ʦʜ ʤʘʪʨʠʮʠ. ʄʦʜʝʣʦʪ ʥʝʤʘ ʢʠʥʝʪʠʯʢʘ ʦʩʥʦʚʘ, ʦʜʥʦʩʥʦ ʝ ʝʤʧʠʨʠʩʢʠ 

ʠ ʜʝʩʢʨʠʧʪʠʚʝʥ ʤʦʜʝʣ, ʢʦʿʰʪʦ ʥʝ ʦʚʦʟʤʦʞʫʚʘ ʩʦʟʥʘʥʠʿʘ ʟʘ ʠʥʪʝʨʬʝʨʝʥʮʠʿʘ ʧʦʤʝʺʫ 

ʩʚʦʿʩʪʚʘʪʘ ʟʘ ʢʠʥʝʪʠʢʘʪʘ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʥʘ API.   

 

1.5 ʇʨʠʩʪʘʧ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʜʠʟʘʿʥ  

 

 ɺʦ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ, ʠʥʪʝʨʝʩʦʪ ʟʘ ʢʦʥʮʝʧʪʦʪ ʥʘ QbD ʠ ʥʝʛʦʚʘ ʧʨʠʤʝʥʘ ʚʦ 

ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʨʘʩʪʝ, ʙʠʜʝʿ˃ʠ ʩʝ ʩʤʝʪʘ ʢʘʢʦ ʚʝʪʫʚʘʯʢʘ ʘʣʘʪʢʘ ʟʘ ʜʘ ʩʝ 

ʨʘʟʙʝʨʘʪ ʠʟʚʦʨʠʪʝ ʥʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʚʦ ʝʜʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʟʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʠ ʜʘ ʩʝ 

ʨʘʟʚʠʝ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʩʦ ʧʦʜʦʙʨʝʥʠ ʩʚʦʿʩʪʚʘ ʢʦʨʠʩʪʝʿ˃ʠ ʛʠ ʪʝʭʥʠʢʠʪʝ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʨʠʟʠʢ (Kan, Lu, Liu, Wang, & Zhao, 2014; Marto, et al., 2016; Shah, Khunt, Bhatt, Misra, & 

Padh, 2016). ɺʣʝʟʥʠʪʝ ʩʫʨʦʚʠʥʠ ʚʦ ʬʦʨʤʫʣʘʮʠʿʘʪʘ ʥʘ ʛʦʪʦʚʠʦʪ ʧʨʦʠʟʚʦʜ ʤʦʞʝ ʜʘ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʠʟʚʦʨ ʥʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʚʦ ʞʠʚʦʪʥʠʦʪ-ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʠ ʥʝʛʦʚʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘʢʦ ʥʝ ʩʝ ʢʦʥʪʨʦʣʠʨʘʥʠ (Korakianiti, 2009). ʀʩʭʦʜʦʪ ʦʜ ʥʝʚʦʩʧʦʩʪʘʚʝʥʘ 

ʢʦʥʪʨʦʣʘ ʚʨʟ ʧʨʦʮʝʩʦʪ ʙʠ ʨʝʟʫʣʪʠʨʘʣ ʩʦ ʦʪʩʪʘʧʫʚʘˁʝ ʥʘ ʛʦʪʦʚʠʦʪ ʧʨʦʠʟʚʦʜ ʦʜ ʥʝʛʦʚʠʦʪ 

ʢʚʘʣʠʪʝʪ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʠʤʧʣʠʮʠʨʘ ʥʘ ʤʦʞʥʦ ʥʝʧʦʩʘʢʫʚʘʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ 

ʧʘʮʠʝʥʪʦʪ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʩʘʤʠʦʪ ʣʝʢ. ʉʦ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ QbD ʢʦʥʮʝʧʪʦʪ, ʩʝ 

ʦʯʝʢʫʚʘ ʧʦʟʠʪʠʚʥʘ ʧʨʦʤʝʥʘ ʚʦ ʪʨʦʰʦʮʠʪʝ, ʢʦʥʪʨʦʣʠʨʘʥ ʧʨʦʮʝʩ ʠ ʢʦʥʪʨʦʣʘ ʚʨʟ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʠʪʝ, ʩʦ ʰʪʦ ʙʠ ʩʝ ʜʦʙʠʚʘʣ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʩʦ ʧʦʩʪʦʿʘʥ ʢʚʘʣʠʪʝʪ ʠ ʙʠ ʩʝ 

ʢʦʥʪʨʦʣʠʨʘʣ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʢʦʥʪʨʦʣʥʘʪʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʞʠʚʦʪʥʠʦʪ-ʮʠʢʣʫʩ ʥʘ ʣʝʢʦʪ.   

 ʂʦʥʮʝʧʪʦʪ ʥʘ QbD ʛʠ ʟʘʤʝʥʫʚʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʝʤʧʠʨʠʩʢʠ ʧʨʠʩʪʘʧʠ ʚʦ 

ʬʘʨʤʘʮʝʚʪʩʢʠ ʨʘʟʚʦʿ ʩʦ ʧʨʠʩʪʘʧ ʢʦʿ ʩʝ ʟʘʩʥʦʚʘ ʥʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʨʠʟʠʢ. ʉʦ ʦʚʦʿ ʢʦʥʮʝʧʪ 

ʩʝ ʧʦʢʨʠʚʘʘʪ ʨʘʟʣʠʯʥʠ ʯʝʢʦʨʠ: (1) ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʧʨʦʬʠʣ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʮʝʣʝʥ ʧʨʦʠʟʚʦʜ 

(QTPP), (2) ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ (CQA), (3) ʝʚʘʣʫʘʮʠʿʘ ʥʘ 

ʨʠʟʠʢ, (4) ʨʘʟʚʦʿ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʦ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʧʨʦʤʝʥʣʠʚʠ ʢʦʨʠʩʪʝʿ˃ʠ ʜʠʟʘʿʥ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪ (DoE) ʩʦ ʮʝʣ ʜʘ ʩʝ ʫʪʚʨʜʠ ʢʦʨʝʣʘʮʠʿʘ ʥʘ CQA ʩʦ CPP ʠ ʜʘ ʩʝ ʫʪʚʨʜʠ ʧʨʦʩʪʦʨ 

ʥʘ ʜʠʟʘʿʥʦʪ, (5) ʜʠʟʘʿʥʠʨʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʢʦʥʪʨʦʣʥʘ ʩʪʨʘʪʝʛʠʿʘ ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʦʩʠʛʫʨʘ ʢʦʥʪʠʥʫʠʨʘʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʥʝʛʦʚʦ ʧʦʜʦʙʨʫʚʘˁʝ 

(Kan, Lu, Liu, Wang, & Zhao, 2014). ʂʦʥʮʝʧʪʦʪ ʥʘ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʠ ʙʘʨʘˁʘʪʘ ʦʜ 

ʨʝʣʝʚʘʥʪʥʠʪʝ ʚʦʜʠʯʠ ʩʝ ʦʙʿʘʩʥʝʪʠ ʚʦ ʩʣʝʜʥʠʚʝ ʜʦʢʫʤʝʥʪʠ: ICH Q8 (R2) - ɺʦʜʠʯ ʟʘ 

ʬʘʨʤʘʮʝʚʪʩʢʠ ʨʘʟʚʦʿ (ICH Q8 (R2), 2009), ICH Q9 - ɺʦʜʠʯ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʨʠʟʠʢ ʚʦ 

ʦʜʥʦʩ ʥʘ ʢʚʘʣʠʪʝʪ, (ICH Q9, 2015), ICH Q10 - ɺʦʜʠʯ ʟʘ ʬʘʨʤʘʮʝʚʪʩʢʠ ʩʠʩʪʝʤ ʟʘ ʢʚʘʣʠʪʝʪ 

(ICH Q10, 2008) ʠ ICH Q11 - ɺʦʜʠʯ ʟʘ ʨʘʟʚʦʿ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʣʝʢʦʚʠʪʠ ʩʫʧʩʪʘʥʮʠ (ICH 

Q11, 2011).  

 ʇʨʦʬʠʣʦʪ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʮʝʣʝʥ ʧʨʦʠʟʚʦʜ ʝ ʧʨʚʠʦʪ ʯʝʢʦʨ ʚʦ ʧʨʠʤʝʥʘ ʥʘ QbD. ʉʦ 

ʥʝʛʦ ʩʝ ʚʦʩʧʦʩʪʘʚʫʚʘʘʪ ʧʦʩʘʢʫʚʘʥʠʪʝ ʩʚʦʿʩʪʚʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʦʠʟʚʦʜʦʪ. 
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ʇʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ QTPP ʛʠ ʦʧʬʘ˃ʘ ʝʣʝʤʝʥʪʠʪʝ: ʚʠʜ ʥʘ ʬʘʨʤʘʮʝʚʪʩʢʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ, 

ʿʘʯʠʥʘ, ʜʠʟʘʿʥ ʥʘ ʬʘʨʤʘʮʝʚʪʩʢʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ, ʥʘʯʠʥ ʥʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʘ, 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ, ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ (ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ API, ʩʦʜʨʞʠʥʘ ʥʘ 

API ʚʦ ʬʘʨʤʘʮʝʚʪʩʢʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ, ʨʘʩʪʚʦʨʣʠʚʦʩʪ, ʩʦʜʨʞʠʥʘ ʥʘ ʢʦʥʟʝʨʚʘʥʩ, 

ʨʝʟʠʜʫʘʣʥʠ ʨʘʩʪʚʦʨʫʚʘʯʠ, ʩʨʦʜʥʠ ʩʫʧʩʪʘʥʮʠ, ʤʠʢʨʦʙʠʦʣʦʰʢʠ ʢʚʘʣʠʪʝʪ, ʫʥʠʬʦʨʤʥʦʩʪ 

ʥʘ ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ, ʩʦʜʨʞʠʥʘ ʥʘ ʚʦʜʘ), ʩʪʘʙʠʣʥʦʩʪ, ʪʠʧ ʥʘ ʧʨʠʤʘʨʥʦ ʧʘʢʫʚʘˁʝ, ʫʩʣʦʚʠ 

ʥʘ ʩʢʣʘʜʠʨʘˁʝ ʠ ʧʨʠʬʘʪʣʠʚʦʩʪ ʦʜ ʧʘʮʠʝʥʪ. ɺʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʧʦʚʨʟʘʥʦʩʪʘ ʧʦʤʝʺʫ 

CMA ʠ CQA ʝ ʦʜ ʢʨʫʮʠʿʘʣʥʦ ʟʥʘʯʝˁʝ ʟʘ ʬʦʨʤʫʣʘʮʠʿʘʪʘ. ʉʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʦʚʘʘ 

ʢʦʨʝʣʘʮʠʿʘ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʩʝ ʧʨʝʧʦʟʥʘʝ ʜʘʣʠ ʚʣʠʿʘʥʠʝʪʦ ʚʨʟ ʛʦʪʦʚʠʦʪ ʧʨʦʠʟʚʦʜ 

ʧʦʪʝʢʥʫʚʘ ʦʜ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʩʫʨʦʚʠʥʠʪʝ ʠʣʠ ʧʘʢ ʦʜ ʬʦʨʤʫʣʘʮʠʿʘʪʘ. ʀʜʝʥʪʠʬʠʢʫʚʘˁʝʪʦ 

ʥʘ ʉʄɸ ʤʦʞʝ ʜʘ ʛʠ ʦʧʬʘʪʠ ʩʣʝʜʥʠʪʝ ʩʚʦʿʩʪʚʘ: ʤʦʨʬʦʣʦʛʠʿʘ ʠ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʯʝʩʪʠʯʢʠ, ʧʦʣʠʬʦʨʤʠʟʘʤ, ʨʘʩʪʚʦʨʣʠʚʦʩʪ, ʭʠʛʨʦʩʢʦʧʥʦʩʪ, ʩʪʘʙʠʣʥʦʩʪ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ 

ʥʘʜʚʦʨʝʰʥʠ ʫʩʣʦʚʠ (ʩʚʝʪʣʠʥʘ, ʚʣʘʛʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʠʩʣʦʨʦʜ), ʢʦʥʩʪʘʥʪʘ ʥʘ 

ʜʠʩʦʮʠʿʘʮʠʿʘ, ʤʝʤʙʨʘʥʩʢʘ ʧʝʨʤʝʘʙʠʣʥʦʩʪ, ʚʠʩʢʦʟʥʦʩʪ ʠ ʜʨʫʛʠ ʬʫʥʢʮʠʦʥʘʣʥʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʠ ʩʝ ʦʧʠʰʘʥʠ ʚʦ ʩʦʦʜʚʝʪʥʠʪʝ ʤʦʥʦʛʨʘʬʠʠ ʦʜ Ph.Eur.  

 ʇʨʦʮʝʩʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʚʦ ʩʝʢʦʿʘ ʦʜ ʪʝʭʥʦʣʦʰʢʠʪʝ ʦʧʝʨʘʮʠʠ, ʦʜ ʢʦʠ ʝ ʩʦʯʠʥʝʪ 

ʬʘʨʤʘʮʝʚʪʩʢʦ-ʪʝʭʥʦʣʦʰʢʠʦʪ ʧʨʦʮʝʩ, ʩʝ ʧʘʨʘʤʝʪʨʠ, ʯʠʿʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʤʦʞʝ ʜʘ ʠʤʘ 

ʩʫʰʪʠʥʩʢʦ ʚʣʠʿʘʥʠʝ ʚʨʟ CQA, ʘ ʦʪʪʫʢʘ ʠ ʚʨʟ ʢʚʘʣʠʪʝʪʦʪ, ʙʝʟʙʝʜʥʦʩʪʘ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʦʪ. ɽʚʘʣʫʘʮʠʿʘ ʥʘ ʢʦʨʝʣʘʮʠʿʘʪʘ ʧʦʤʝʺʫ CPP ʠ CQA ʦʧʬʘ˃ʘ DoE ʩʦ ʮʝʣ 

ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʜʠʟʘʿʥʠʨʘʥ ʧʨʦʩʪʦʨ ʚʦ ʢʦʿ ˃ʝ ʤʦʞʝ ʜʘ ʩʝ ʚʘʨʠʨʘʘʪ ʧʘʨʘʤʝʪʨʠʪʝ. ʉʧʦʨʝʜ 

ICH Q8 (R2) (2009), ʜʠʟʘʿʥʠʨʘʥʠʦʪ ʧʨʦʩʪʦʨ ʝ ʤʫʣʪʠʜʠʤʝʥʟʠʦʥʘʣʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʠ 

ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ ʘʪʨʠʙʫʪʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ/ʠʣʠ ʧʨʦʮʝʩʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʩʦ ʢʦʠ ʩʝ 

ʦʙʝʟʙʝʜʫʚʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʛʦʪʦʚʠʦʪ ʧʨʦʠʟʚʦʜ. ɼʠʟʘʿʥʠʨʘʥʠʦʪ ʧʨʦʩʪʦʨ ʩʝ ʜʦʙʠʚʘ ʩʦ 

ʤʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʩʦ ʢʦʝ ʩʝ ʚʦʩʧʦʩʪʘʚʫʚʘʘʪ ʛʨʘʥʠʮʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʣʝʢ ʩʦ 

ʜʝʬʠʥʠʨʘʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʢʚʘʣʠʪʝʪ.  ɺʦʩʧʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ ʜʠʟʘʿʥʠʨʘʥʠʦʪ ʧʨʦʩʪʦʨ 

ʤʦʞʝ ʜʘ ʙʠʜʝ ʥʘ ʣʘʙʦʨʘʪʦʨʠʩʢʠ ʧʨʦʙʠ, ʥʦ ʠ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠ ʨʘʟʚʦʿʥʠ ʩʝʨʠʠ. ɼʦʢʦʣʢʫ 

ʜʠʟʘʿʥʠʨʘʥʠʦʪ ʧʨʦʩʪʦʨ ʩʝ ʚʦʩʧʦʩʪʘʚʠ ʥʘ ʣʘʙʦʨʘʪʦʨʠʩʢʦ ʥʠʚʦ, ʪʦʛʘʰ ʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ 

ʥʘʧʨʘʚʠ ʚʝʨʠʬʠʢʘʮʠʿʘ ʥʘ ʠʥʜʫʩʪʨʠʩʢʦ ʥʠʚʦ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʠʟʘʿʥ 

(DoE) ʩʝ ʚʦʩʧʦʩʪʘʚʫʚʘ ʜʠʟʘʿʥʠʨʘʥʠʦʪ ʧʨʦʩʪʦʨ ʠ ʢʦʨʝʣʘʮʠʠʪʝ ʥʘ CMA, CPP ʠ CQA. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʠʟʘʿʥ ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʩʝ ʛʝʥʝʨʠʨʘ ʤʘʪʨʠʮʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʦ 

ʥʘʿʤʘʣ ʤʦʞʝʥ ʙʨʦʿ. ʌʠʪʫʚʘˁʝʪʦ ʥʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʧʨʘʚʠ ʩʦ ʩʦʦʜʚʝʪʝʥ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʜʘ ʩʝ ʩʦʛʣʝʜʘʘʪ  ʟʘʚʠʩʥʦʩʪʠʪʝ ʧʦʤʝʺʫ ʚʣʝʟʥʠʪʝ ʠ ʠʟʣʝʟʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ. DoE ʟʘ ʨʘʟʣʠʢʘ ʦʜ OFAT ʧʨʠʩʪʘʧʦʪ ʦʚʦʟʤʦʞʫʚʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʧʦʚʝ˃ʝ 

ʬʘʢʪʦʨʠ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʘʥʘʣʠʟʘ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʧʦʤʝʺʫ ʥʝʟʘʚʠʩʥʠʪʝ ʠ ʟʘʚʠʩʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ. ɺʦ ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ, DoE ʩʝ ʫʧʦʪʨʝʙʫʚʘ ʥʠʟ ʬʘʨʤʘʮʝʚʪʩʢʠʦʪ 

ʨʘʟʚʦʿ. ʆʚʘ ʝ ʧʦʩʝʙʥʦ ʦʜ ʙʝʥʝʬʠʪ ʟʘ ʥʝʛʝʥʝʨʠʯʢʠ ʧʨʦʠʟʚʦʜʠ; ʚʦ ʪʝʢ ʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ 

ʬʦʨʤʫʣʘʮʠʿʘ ʠʣʠ ʧʨʦʮʝʩ ʥʘ ʣʘʙʦʨʘʪʦʨʠʩʢʦ ʠʣʠ ʠʥʜʫʩʪʨʠʩʢʦ ʥʠʚʦ; ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʧʨʦʮʝʩ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠ ʛʦʣʝʤʠʥʠ.  

 ʉʠʩʪʝʤʠʪʝ ʟʘ ʥʦʩʘʯʠ ʥʘ ʣʝʢ ʚʦ ʩʚʦʿʘʪʘ ʬʦʨʤʫʣʘʮʠʿʘ ʠʤʘʘʪ ʨʘʟʣʠʯʥʠ ʧʦʣʠʤʝʨʠ, 

ʝʢʩʮʠʧʠʝʥʩʠ ʠʣʠ ʧʘʢ ʥʝʢʦʣʢʫ ʢʨʠʪʠʯʥʠ ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ 

ʪʝʭʥʦʣʦʰʢʠʦʪ ʧʨʦʮʝʩ ʠ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʩʠʩʪʝʤʠʪʝ. ɺʦ ʪʘʢʦʚ ʩʣʫʯʘʿ, ʨʘʮʠʦʥʘʣʥʦ ʝ 

ʧʨʠʤʝʥʘ ʥʘ ʤʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʠ ʢʨʝʠʨʘˁʝ ʥʘ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪ. ʉʦ DoE ʩʝ 

ʦʚʦʟʤʦʞʫʚʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ. ɺʦ ʣʠʪʝʨʘʪʫʨʘ ʩʝ 

ʧʨʠʿʘʚʝʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʥʝʢʦʣʢʫ ʤʝʪʦʜʦʣʦʛʠʠ: ʬʘʢʪʦʨʩʢʠ ʜʠʟʘʿʥ (Patel & 
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Patel, 2014), BBD (Prasad, Patel, & Gothoskar, 2018; Chikukwa, Walker, & Khamanga, 2020; 

Sutthapitaksakul , Thanawuth, Dass, & Sriamornsak, 2021), CCD (Hales, et al., 2017; 

Chikukwa, Walker, & Khamanga, 2020), D-ʦʧʪʠʤʘʣʝʥ ʜʠʟʘʿʥ (Palazzo, et al., 2013), 

Plackett-Burman (Li , et al., 2009; Deshmukh & Naik, 2016) ʠ ʤʝʰʘʥʠ ʜʠʟʘʿʥʠ.  

 ʉʪʫʜʠʿʘʪʘ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʭʠʪʦʟʘʥʩʢʠ ʤʠʢʨʦʩʬʝʨʠ ʩʦ ʥʠʢʦʨʘʥʜʠʣ ʝ ʜʠʟʘʿʥʠʨʘʥʘ 

ʩʦ 32 ʬʘʢʪʦʨʩʢʠ ʜʠʟʘʿʥ. ɺʦ ʜʠʟʘʿʥʦʪ ʩʝ ʝʚʘʣʫʠʨʘʥʠ ʜʚʘ ʬʘʢʪʦʨʠ (ʩʦʦʜʥʦʩ API:ʧʦʣʠʤʝʨ ʠ 

ʚʦʣʫʤʝʥ ʥʘ ʛʣʫʪʘʨʘʣʜʝʭʠʜ) ʥʘ ʪʨʠ ʥʠʚʦʘ, ʘ ʟʘ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʝ ʠʟʙʨʘʣʝ: 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʠ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ (Patel & Patel, 2014). ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʦʜʛʦʚʦʨʠʪʝ, ʘʚʪʦʨʠʪʝ Patel & Patel 

(2014) ʛʦ ʫʧʦʪʨʝʙʠʣʝ ʩʪʘʪʠʩʪʠʯʢʠʦʪ ʤʦʜʝʣ ʦʧʬʘ˃ʘʿ˃ʠ ʛʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʠʪʝ ʠ 

ʧʦʣʠʥʦʤʥʠʪʝ ʯʣʝʥʦʚʠ. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Hales et al. (2017) ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ 

ʤʠʢʨʦʩʬʝʨʠ ʩʦ ʝʥʦʢʩʧʘʨʠʥ ʥʘʪʨʠʫʤ ʩʝ ʫʧʦʪʨʝʙʠʣ CCD ʩʦ ʪʨʠ ʬʘʢʪʦʨʠ (ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʥʘ NaCl, ʩʦʦʜʥʦʩ ʥʘ Eudragit® FS-30D/Eudragit® RS-PO ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ PVA ʚʦ 

ʥʘʜʚʦʨʝʰʥʘ ʬʘʟʘ) ʠ ʪʨʠ ʥʠʚʦʘ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʨʠʟʠʢ-ʬʘʢʪʦʨʠʪʝ ʚʨʟ 

ʤʠʢʨʦʩʬʝʨʠʪʝ ʩʦ ʮʝʣʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ ʚʦ ʜʝʙʝʣʦ ʮʨʝʚʦ. ʈʘʟʚʦʿ ʥʘ ʤʦʜʝʣʠʪʝ ʟʘ 

ʧʨʝʜʚʠʜʫʚʘˁʝ ʩʝ ʥʘʧʨʘʚʠʣ ʩʦ ʨʝʛʨʝʩʠʦʥʠʦʪ ʤʝʪʦʜ PLS.  

 BBD ʜʠʟʘʿʥʦʪ ʝ ʥʘʿʯʝʩʪʦ ʧʨʠʬʘʪʝʥ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʠ ʬʦʨʤʫʣʘʮʠʩʢʠ ʨʘʟʚʦʿ ʥʘ 

ʤʠʨʢʦʩʬʝʨʠ, ʙʠʜʝʿ˃ʠ ʠʟʚʝʜʫʚʘˁʝʪʦ ʥʘ ʜʠʟʘʿʥʦʪ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʝ 

ʧʦʣʝʩʥʘ ʚʦ ʦʜʥʦʩ ʥʘ ʜʨʫʛʠʪʝ ʜʠʟʘʿʥʠ. ʆʚʦʿ ʜʠʟʘʿʥ ʜʦʟʚʦʣʫʚʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʪʨʠ ʠʣʠ ʧʦʚʝ˃ʝ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʩʣʝʜʝʥʠ ʩʦ ʦʧʪʠʤʠʟʘʮʠʿʘ ʟʘ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʨʦʙʫʩʪʥʠ ʬʦʨʤʫʣʘʮʠʠ ʩʦ 

ʧʦʩʘʢʫʚʘʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ (Prasad, Patel, & Gothoskar, 2018). ʄʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ 

ʭʠʜʨʦʭʣʦʨʦʪʠʘʟʠʜ, ʘʚʪʦʨʠʪʝ Chikukwa, Walker, & Khamanga (2020) ʚʦ ʩʚʦʿʘʪʘ ʩʪʫʜʠʿʘ ʛʠ 

ʜʦʙʠʣʝ ʩʦ ʧʨʠʤʝʥʘ ʥʘ BBD, ʪʘʢʘ ʰʪʦ ʪʨʠ ʬʘʢʪʦʨʠ (ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ SSG, ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʥʘ Eudragit® E100 ʠ ʙʨʟʠʥʘ ʥʘ ʭʦʤʦʛʝʥʠʟʘʮʠʿʘ) ʩʝ ʠʩʪʨʘʞʫʚʘʥʠ ʥʘ ʪʨʠ ʥʠʚʦʘ. ɺʪʦʨʠʦʪ 

ʠʩʪʨʘʞʫʚʘʥ ʩʠʩʪʝʤ ʩʦ ʢʘʧʪʦʧʨʠʣ ʙʠʣ ʜʠʟʘʿʥʠʨʘʥ ʩʦ CCD ʩʦ ʜʚʘ ʬʘʢʪʦʨʠ (ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʥʘ EC ʠ ʙʨʟʠʥʘ ʥʘ ʭʦʤʦʛʝʥʠʟʘʮʠʿʘ). ʌʠʪʫʚʘˁʝʪʦ ʥʘ ʤʦʜʝʣʠʪʝ ʜʦʤʠʥʘʥʪʥʦ ʙʠʣʦ ʩʦ 

ʢʚʘʜʨʘʪʝʥ ʠ 2FI ʤʦʜʝʣʠ, ʘ ʘʥʘʣʠʟʘʪʘ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʥʝʟʘʚʠʩʥʠʪʝ ʚʨʟ ʟʘʚʠʩʥʠʪʝ ʬʘʢʪʦʨʠ 

ʙʠʣʘ ʥʘʧʨʘʚʝʥʘ ʩʦ RSM. ɿʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʫʢʦʘʜʭʝʟʠʚʥʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʘʤʦʢʩʠʮʠʣʠʥ 

ʙʠʣ ʠʩʢʦʨʠʩʪʝʥ, ʠʩʪʦ ʪʘʢʘ, BBD ʩʦ ʪʨʠ ʬʘʢʪʦʨʠ (ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ Eudragit® L100, ɽʉ, ʠ 

HPMC) ʥʘ ʜʚʝ ʥʠʚʦʘ, ʜʦʜʝʢʘ ʟʘ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʝ ʠʟʙʨʘʣʝ: ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʠ ʤʫʢʦʘʜʭʝʟʠʿʘ (Prasad, Patel, & Gothoskar, 2018). 

ɸʚʪʦʨʠʪʝ Prasad, Patel, & Gothoskar (2018) ʩʦ RSM ʛʦ ʘʥʘʣʠʟʠʨʘʣʝ ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʬʘʢʪʦʨʠʪʝ ʚʨʟ ʠʟʣʝʟʥʠʪʝ ʦʜʛʦʚʦʨʠ. ʆʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʜʦʥʝʧʝʟʠʣ 

ʭʠʜʨʦʭʣʦʨʠʜ ʟʘ ʦʨʘʣʥʦ-ʜʝʟʠʥʪʝʛʨʠʨʘʯʢʠ ʪʘʙʣʝʪʠ ʙʠʣʘ ʥʘʧʨʘʚʝʥʘ ʩʦ BBD 

(Sutthapitaksakul , Thanawuth, Dass, & Sriamornsak, 2021). ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʠʟʘʿʥ 

ʚʢʣʫʯʠʣ ʪʨʠ ʬʘʢʪʦʨʠ (ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʧʦʣʠʤʝʨ, ʚʨʝʤʝ ʥʘ ʤʝʰʘˁʝ ʠ ʚʦʣʫʤʝʥ ʥʘ 

ʥʘʜʚʦʨʝʰʥʘ ʚʦʜʥʘ ʬʘʟʘ) ʥʘ ʪʨʠ ʥʠʚʦʘ ʚʦ ʦʜʥʦʩ ʥʘ ʪʨʠ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ (ʛʦʣʝʤʠʥʘ ʥʘ 

ʯʝʩʪʠʯʢʠ, ʧʨʦʩʝʯʥʦ ʚʨʝʤʝ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʠ CDSS ʚʦ 5 ʤʠʥʫʪʘ). ʄʠʢʨʦʢʘʧʩʫʣʠ ʩʦ 

ʩʤʝʩʘ ʥʘ ʨʘʩʪʠʪʝʣʥʠ ʝʪʝʨʠʯʥʠ ʤʘʩʣʘ ʩʝ ʜʦʙʠʝʥʠ ʩʦ ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʦ BBD 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʜʠʟʘʿʥ ʚʢʣʫʯʫʚʘʿ˃ʠ ʯʝʪʠʨʠ ʬʘʢʪʦʨʠ (pH-ʚʨʝʜʥʦʩʪ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 

CaCl2, ʚʦʣʫʤʝʥ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʭʠʪʦʟʘʥ) ʠ ʪʨʠ ʥʠʚʦʘ (Zhao, Gao, 

Jin, & Zhu, 2022). ʌʠʪʫʚʘˁʝʪʦ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʝ ʥʘʧʨʘʚʝʥʦ ʩʦ ʢʚʘʜʨʘʪʝʥ ʤʦʜʝʣ, ʜʦʜʝʢʘ ʟʘ 

ʧʦʚʝ˃ʝʢʨʘʪʥʘ ʨʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ ʧʨʠʤʝʥʠʣ ʤʝʪʦʜʦʪ ʥʘ 

ʧʘʨʮʠʿʘʣʥʠ ʥʘʿʤʘʣʠ ʢʚʘʜʨʘʪʠ.  
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31 

 

 ʇʨʠʤʝʥʘʪʘ ʥʘ Plackett-Burman ʜʠʟʘʿʥʦʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʝ 

ʧʦʦʛʨʘʥʠʯʝʥʘ, ʙʠʜʝʿ˃ʠ ʩʦ ʦʚʦʿ ʜʠʟʘʿʥ ʩʝ ʧʨʘʚʠ ʩʢʨʠʥʠʥʛ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʥʝʟʘʚʠʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ, ʢʦʠ ʠʤʘʘʪ ʥʘʿʠʟʨʘʟʝʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʬʦʨʤʫʣʘʮʠʿʘʪʘ, ʘ ʧʦʪʦʘ ʠʩʪʠʪʝ ʩʝ 

ʠʩʪʨʘʞʫʚʘʘʪ ʧʦʜʝʪʘʣʥʦ. Li ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2009) ʛʦ ʧʨʠʤʝʥʠʣʝ ʦʚʦʿ ʜʠʟʘʿʥ ʟʘ ʜʦʙʠʚʘˁʝ 

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʦʜ ʩʢʨʦʙ ʩʦ w/w ʤʝʪʦʜ ʥʘ ʝʤʫʣʛʠʨʘˁʝ ʠ ʚʤʨʝʞʫʚʘˁʝ ʢʘʢʦ ʥʦʩʘʯ ʥʘ 

ʧʨʝʭʨʘʥʙʝʥʠ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ. ɺʦ ʩʪʫʜʠʿʘʪʘ ʠʩʪʨʘʞʠʣʝ ʩʝʜʫʤ ʬʘʢʪʦʨʠ ʥʘ ʜʚʝ 

ʥʠʚʦʘ, ʘ ʟʘʢʣʫʯʠʣʝ ʜʝʢʘ ʯʝʪʠʨʠ ʦʜ ʥʠʚ ʠʤʘʣʝ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ. Deshmukh ʠ Naik (2016) ʠʩʪʦ ʪʘʢʘ ʛʦ ʧʨʠʤʝʥʠʣʝ ʦʚʦʿ ʜʠʟʘʿʥ ʟʘ 

ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʦʩʫʤ ʧʨʦʮʝʩʥʠ ʠ ʬʦʨʤʫʣʘʮʠʩʢʠ ʬʘʢʪʦʨʠ, ʢʦʠ ʠʤʘʘʪ ʥʘʿʩʫʰʪʠʥʩʢʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ɸʥʘʣʠʟʘʪʘ ʥʘ ʜʠʟʘʿʥʦʪ ʿʘ ʩʧʨʦʚʝʣʝ ʩʦ RSM 

ʠ ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨʠ. Palazzo ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2013) ʧʨʠʤʝʥʠʣʝ D-ʦʧʪʠʤʘʣʝʥ 

ʜʠʟʘʿʥ ʟʘ ʨʘʟʚʦʿ ʥʘ ʧʦʩʪʘʧʢʘ ʥʘ ʩʧʨʝʿ-ʩʫʰʝˁʝ ʟʘ ʜʘ ʜʦʙʠʿʘʪ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʢʦʤʧʣʝʢʩ 

ʥʘ ʦʬʣʦʢʩʘʮʠʥ-ʧʘʣʘʜʠʫʤ. ɽʚʘʣʫʠʨʘʣʝ ʧʝʪ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʜʚʝ ʥʠʚʦʘ (ʚʠʩʦʢʦ ʠ 

ʥʠʩʢʦ) ʩʦ ʪʨʠ ʠʟʣʝʟʥʠ ʦʜʛʦʚʦʨʠ (ʩʦʜʨʞʠʥʘ ʥʘ ʣʝʢ, ʘʝʨʦʜʠʥʘʤʠʯʝʥ ʜʠʿʘʤʝʪʘʨ ʠ 

ʜʠʩʧʝʨʟʥʦʩʪ ʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ), ʘ ʬʠʪʫʚʘˁʝʪʦ ʛʦ ʥʘʧʨʘʚʠʣʝ ʩʦ 

ʦʧʰʪ ʢʚʘʜʨʘʪʝʥ ʧʦʣʠʥʦʤʝʥ ʤʦʜʝʣ. ɿʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʫʩʣʦʚʠʪʝ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ 

ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʮʠʤʝʪ ʘʚʪʦʨʠʪʝ Noghabi & Molaveisi (2019) ʛʦ ʫʧʦʪʨʝʙʠʣʝ 

ʩʠʤʧʣʝʢʩ-ʮʝʥʪʨʦʠʜʥʠʦʪ ʤʝʰʘʥ ʜʠʟʘʿʥ ʩʦ 16 ʪʦʯʢʠ. ɿʘ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʙʠʣʝ 

ʠʟʙʨʘʥʠ: ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʮʠʥʘʤʘʣʜʝʭʠʜ, ʧʨʠʥʦʩʦʪ ʥʘ 

ʧʨʘʰʦʢ ʠ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʮʠʥʘʤʘʣʜʝʭʠʜ. ɿʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʧʦʚʝ˃ʝʢʨʘʪʥo-ʨʝʛʨʝʩʠʦʥʠ 

ʢʦʝʬʠʮʠʝʥʪʠ ʠʩʢʦʨʠʩʪʠʣʝ ʢʫʙʥʠ ʤʦʜʝʣʠ.  

 D-ʦʧʪʠʤʘʣʝʥ ʜʠʟʘʿʥ-ʤʘʪʨʠʮʠʪʝ ʚʦʦʙʠʯʘʝʥʦ ʥʝ ʩʝ ʦʨʪʦʛʦʥʘʣʥʠ ʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʝʬʝʢʪʦʪ ʝ ʢʦʨʝʣʠʨʘʥ. ʆʚʦʿ ʪʠʧ ʥʘ ʢʦʤʧʿʫʪʝʨʩʢʠ-ʧʦʤʦʛʥʘʪʠ ʜʠʟʘʿʥʠ ʩʝ ʧʨʘʢʪʠʯʥʦ 

ʢʦʨʠʩʥʠ, ʚʦ ʩʣʫʯʘʿ ʢʦʛʘ ʢʣʘʩʠʯʥʠʪʝ ʜʠʟʘʿʥʠ (ʬʘʢʪʦʨʠʝʣʥʠ ʠ ʬʨʘʢʮʠʦʥʠ) ʥʝ ʩʝ 

ʧʨʠʤʝʥʣʠʚʠ. ʂʨʠʪʝʨʠʫʤʦʪ ʟʘ ʦʧʪʠʤʘʣʥʦʩʪ, ʢʦʿʰʪʦ ˃ʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʛʝʥʝʨʠʨʘˁʝ ʥʘ                

D-ʦʧʪʠʤʘʣʥʠ ʜʠʟʘʿʥʠ ʝ ʜʝʪʝʨʤʠʥʪʘʪʘ ʥʘ ʤʘʪʨʠʮʘʪʘ ʟʘ ʤʘʢʩʠʤʠʟʠʨʘˁʝ |XôX|. ʆʚʦʿ 

ʢʨʠʪʝʨʠʫʤ ʨʝʟʫʣʪʠʨʘ ʚʦ ʤʠʥʠʤʠʟʠʨʘˁʝ ʥʘ ʛʝʥʝʨʘʣʥʘʪʘ ʚʘʨʠʿʘʥʩʘ ʥʘ ʧʘʨʘʤʝʪʘʨʦʪ ʟʘ 

ʧʨʦʮʝʩʦʪ, ʟʘ ʧʨʝʪʭʦʜʥʦ ʩʧʝʮʠʬʠʮʠʨʘʥ ʤʦʜʝʣ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ, ʦʧʪʠʤʘʣʥʦʩʪʘ ʥʘ ʜʘʜʝʥ       

D-ʦʧʪʠʤʘʣʝʥ ʜʠʟʘʿʥ ʝ ʟʘʚʠʩʝʥ ʤʦʜʝʣ. ʆʜʥʦʩʥʦ, ʝʢʩʧʝʨʠʤʝʥʪʦʪ ʤʦʨʘ ʜʘ ʩʧʝʮʠʬʠʮʠʨʘ 

ʤʦʜʝʣ ʟʘ ʜʠʟʘʿʥʦʪ, ʧʨʝʜ ʩʦʬʪʚʝʨʦʪ ʜʘ ʛʝʥʝʨʠʨʘ ʩʧʝʮʠʬʠʯʝʥ ʙʨʦʿ ʥʘ ʢʦʤʙʠʥʘʮʠʠ. 

ʂʦʤʧʿʫʪʝʨʩʢʠʦʪ ʘʣʛʦʨʠʪʘʤ ʠʟʙʠʨʘ ʦʧʪʠʤʘʣʝʥ ʩʝʪ ʥʘ ʙʨʦʿ ʥʘ ʜʠʟʘʿʥʠ ʟʘ ʝʜʝʥ ʝʢʩʧʝʨʠʤʝʥʪ 

ʠ ʩʧʝʮʠʬʠʯʝʥ ʤʦʜʝʣ. ʅʘʿʯʝʩʪʦ ʠʟʙʨʘʥʠʦʪ ʦʧʪʠʤʘʣʝʥ ʩʝʪ ʝ ʩʦʯʠʥʝʪ ʦʜ ʩʠʪʝ ʤʦʞʥʠ 

ʢʦʤʙʠʥʘʮʠʠ ʦʜ ʨʘʟʣʠʯʥʠ ʥʠʚʦʘ ʥʘ ʬʘʢʪʦʨʠ, ʢʦʠ ʩʝ ʚʥʝʩʝʥʠ ʢʘʢʦ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ. 

ʉʦʬʪʚʝʨʦʪ ʛʝʥʝʨʠʨʘ D-ʦʧʪʠʤʘʣʝʥ ʜʠʟʘʿʥ ʥʘʤʝʩʪʦ ʩʪʘʥʜʘʨʜʝʥ ʢʣʘʩʠʯʝʥ ʜʠʟʘʿʥ ʧʦʨʘʜʠ 

ʜʚʝ ʢʣʫʯʥʠ ʧʨʠʯʠʥʠ: 1) ʩʪʘʥʜʘʨʜʥʠʪʝ ʬʘʢʪʦʨʠʝʣʥʠ ʠʣʠ ʬʨʘʢʮʠʦʥʠ ʜʠʟʘʿʥʠ ʙʘʨʘʘʪ ʛʦʣʝʤ 

ʙʨʦʿ ʥʘ ʧʨʦʙʠ ʚʦ ʦʜʥʦʩ ʥʘ ʨʘʩʧʦʣʦʞʣʠʚʠʪʝ ʨʝʩʫʨʩʠ; 2) ʚʦ ʧʨʦʮʝʩʥʠʦʪ ʧʨʦʩʪʦʨ ʠʤʘ 

ʬʘʢʪʦʨʠ ʢʦʠ ʥʝ ʩʝ ʠʟʚʦʜʣʠʚʠ, ʠʣʠ ʩʝ ʥʝʚʦʟʤʦʞʥʠ ʜʘ ʩʝ ʩʧʨʦʚʝʜʘʪ (NIST, ʥ.ʜ.; de Aguir, 

Bourguignon, Khots, Massart, & Phan-Than-Luu, 1995).  

 ɿʘ ʠʟʚʝʜʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʘʪʩʢʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʜʠʟʘʿʥʠ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ, 

ʠʩʪʨʘʞʫʚʘʯʠʪʝ ʥʘʿʯʝʩʪʦ ʛʠ ʢʦʨʠʩʪʝʣʝ ʩʣʝʜʥʠʚʝ ʜʚʘ ʩʦʬʪʚʝʨʠ: Design-Expert (Stat-Ease 

Inc., MN) (Prasad, Patel, & Gothoskar, 2018; Chikukwa, Walker, & Khamanga, 2020; 

Sutthapitaksakul , Thanawuth, Dass, & Sriamornsak, 2021; Deshmukh & Naik, 2016; Palazzo, 

et al., 2013; Zhao, Gao, Jin, & Zhu, 2022) ʠ Modde 10 (Umetrics, Sweden) (Hales, et al., 2017).  
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 ʇʦʩʣʝʜʥʘʪʘ ʬʘʟʘ ʦʜ ʬʘʨʤʘʮʝʚʪʩʢʠʦʪ ʨʘʟʚʦʿ ʩʦ ʧʨʠʤʝʥʘ ʥʘ QbD ʧʨʠʥʮʠʧʠ ʝ 

ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʢʦʥʪʨʦʣʥʘʪʘ ʩʪʨʘʪʝʛʠʿʘ. ʊʘʘ ʛʠ ʚʢʣʫʯʫʚʘ: CMA ʥʘ API ʠ ʝʢʩʮʠʧʠʝʥʩʠ, 

ʦʜʥʦʩʥʦ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʥʘ ʩʫʨʦʚʠʥʘ, ʧʨʦʮʝʩʥʠ ʢʦʥʪʨʦʣʠ ʚʦ ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʩʣʝʜʝˁʝ ʥʘ ʠʥʩʪʨʫʢʮʠʠ ʚʦ ʤʘʩʪʝʨ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʧʨʦʪʦʢʦʣ, ʭʝʤʠʩʢʘ ʘʥʘʣʠʟʘ ʧʦ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʟʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʠ ʬʨʝʢʚʝʥʮʠʿʘ ʥʘ ʩʣʝʜʝˁʝ (Pogány, 2008). ʉʦ ʩʣʝʜʝˁʝ 

ʥʘ ʢʦʥʪʨʦʣʥʘʪʘ ʩʪʨʘʪʝʛʠʿʘ ʚʦ ʞʠʚʦʪʥʠʦʪ-ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʩʝ ʦʯʝʢʫʚʘ ʧʨʦʮʝʩʦʪ ʟʘ 

ʜʦʙʠʚʘˁʝ ʥʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʜʘ ʙʠʜʝ ʚʦ ʢʦʥʪʨʦʣʘ, ʠʟʚʦʨʠʪʝ ʥʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʜʘ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʧʦʣʝʩʥʦ, ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʥʝʧʣʘʥʠʨʘʥʠʪʝ ʪʨʦʰʦʮʠ (ʧʨ. ʨʝʘʥʘʣʠʟʠ, ʦʜʙʠʝʥʘ 

ʠʥʜʫʩʪʨʠʩʢʘ ʩʝʨʠʿʘ), ʘ ʦʪʪʫʢʘ ʠ ʜʘ ʠʤʘ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʢʦʣʦʰʢʠʦʪ ʘʩʧʝʢʪ ʟʘ 

ʛʝʥʝʨʠʨʘˁʝ ʬʘʨʤʘʮʝʚʪʩʢʠ ʦʪʧʘʜ.  
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2 ɽʂʉʇɽʈʀʄɽʅʊɸʃɽʅ ɼɽʃ 

2.1 ʎʝʣ, ʧʨʝʜʤʝʪ ʠ ʭʠʧʦʪʝʟʠ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ  

 

 ɿʝʤʘʿ˃ʠ ʛʠ ʧʨʝʜʚʠʜ ʫʪʚʨʜʝʥʠʪʝ ʠʩʪʨʘʞʫʚʘʯʢʠ ʧʨʘʟʥʠʥʠ ʠ ʜʦʙʠʝʥʠʪʝ ʥʘʦʜʠ ʦʜ 

ʜʨʫʛʠ ʠʩʪʨʘʞʫʚʘˁʘ, ʢʦʠ ʩʝ ʠʟʣʦʞʝʥʠ ʚʦ ʧʦʛʣʘʚʿʝ 1 ʦʜ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʩʝ 

ʧʦʩʪʘʚʠʿʘ ʧʦʜʦʣʫ ʥʘʚʝʜʝʥʠʪʝ ʮʝʣ, ʧʨʝʜʤʝʪ ʠ ʭʠʧʦʪʝʟʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ.  

 ʆʩʥʦʚʥʘ ʮʝʣ ʥʘ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʝ ʜʘ ʩʝ ʜʠʟʘʿʥʠʨʘʘʪ ʬʘʨʤʘʮʝʚʪʩʢʦ-

ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩʠ ʟʘ ʜʦʙʠʚʘˁʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʦʜ ʧʦʣʠʩʘʭʘʨʠʜʥʠ 

ʤʘʪʨʠʮʠ ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʠ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʚʦ ʪʝʯʥʘ ʠ ʮʚʨʩʪʘ ʘʛʨʝʛʘʪʥʘ ʩʦʩʪʦʿʙʘ, 

ʧʨʦʩʣʝʜʝʥʦ ʩʦ ʥʠʚʥʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʩʢʘ ʠ ʙʠʦʬʘʨʤʘʮʝʚʪʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ. ɺʦ ʪʘʘ 

ʥʘʩʦʢʘ, ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʠʩʪʨʘʞʝʥʠ ʩʝ ʪʝʭʥʦʣʦʰʢʠʪʝ 

ʧʨʦʮʝʩʠ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ ʠ ʥʘʜʚʦʨʝʰʥʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ 

ʟʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ  ʠ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ, ʩʦʦʜʚʝʪʥʦ.  

 ɿʘ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʦʩʥʦʚʥʘʪʘ ʮʝʣ, ʧʨʝʜʤʝʪ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʝ:  

i. ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʮʝʣʝʥ ʧʨʦʬʠʣ ʥʘ ʢʚʘʣʠʪʝʪ ʠ ʢʨʠʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʢʚʘʣʠʪʝʪ 

(QTPP) ʥʘ  ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ; 

ii.  ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ 

ʤʠʢʨʦʢʘʧʩʫʣʠ;  

iii.  ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʢʨʠʪʠʯʥʠ ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʚʦ ʧʨʦʮʝʩ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʧʨʝʢʫ ʨʠʟʠʢ 

ʘʥʘʣʠʟʘ;  

iv. ɽʚʘʣʫʘʮʠʿʘ ʥʘ ʚʣʠʿʘʥʠʝ ʥʘ CMA ʚʨʟ CQA ʥʘ ʮʝʣʥʠʦʪ ʧʨʦʠʟʚʦʜ ʧʨʝʢʫ ʨʠʟʠʢ 

ʘʥʘʣʠʟʘ;  

v. ɺʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʧʦʚʨʟʘʥʦʩʪ ʧʦʤʝʺʫ ʉʈʈ ʠ CQA ʥʘ ʜʦʙʠʝʥʠʪʝ ʩʠʩʪʝʤʠ; 

vi. ʀʟʙʦʨ ʥʘ ʩʦʦʜʚʝʪʝʥ ʧʦʣʠʤʝʨ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʝʥ ʧʨʠʩʪʘʧ ʧʨʝʢʫ one 

factor at a time (OFAT) ʝʢʩʧʝʨʠʤʝʥʪʠ;  

vii.  ɼʠʟʘʿʥ ʥʘ ʧʨʦʮʝʩ ʧʨʝʢʫ ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʝʥ ʧʨʠʩʪʘʧ ʠʥʪʝʛʨʠʨʘʿ˃ʠ ʬʦʨʤʫʣʘʮʠʩʢʠ 

ʠ ʧʨʦʮʝʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʠʩʪʘ ʜʠʟʘʿʥ-ʤʘʪʨʠʮʘ;  

viii.  ʌʠʟʠʯʢʦ-ʭʝʤʠʩʢʘ ʠ ʙʠʦʬʘʨʤʘʮʝʚʪʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʩʠʩʪʝʤʠ; 

ix. ʂʠʥʝʪʠʯʢʘ ʩʪʫʜʠʿʘ ʥʘ in vitro ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʩʫʧʩʪʘʥʮʘ; 

x. ʆʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʧʨʝʢʫ ʩʪʫʜʠʿʘ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʜʠʟʘʿʥ; 

  

 ɺʦ ʥʘʩʦʢʘ ʥʘ ʦʩʪʚʘʨʫʚʘˁʝ ʥʘ ʨʘʙʦʪʥʠʪʝ ʟʘʜʘʯʠ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ, ʩʝ ʧʦʩʪʘʚʠ 

ʩʣʝʜʥʘʚʘ ʭʠʧʦʪʝʪʩʢʘ ʨʘʤʢʘ:  

ɻʣʘʚʥʘ ʭʠʧʦʪʝʟʘ: ʇʨʠʤʝʥʘʪʘ ʥʘ QbD ʧʨʠʩʪʘʧʦʪ ˃ʝ ʦʚʦʟʤʦʞʠ ʠʥʠʮʠʿʘʣʝʥ ʨʘʟʚʦʿ, ʜʠʟʘʿʥ 

ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʪʝʭʥʦʣʦʰʢʠʪʝ ʧʨʦʮʝʩʠ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʟʘ ʜʘ ʩʝ ʜʦʙʠʿʘʪ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʮʝʣʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʧʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ. 

ʇʦʤʦʰʥʠ ʭʠʧʦʪʝʟʠ:  

1. ʇʦʩʪʦʠ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʠ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ (ʚʦ ʜʚʘʪʘ ʠʩʪʨʘʞʫʚʘʥʠ ʧʨʦʮʝʩʠ); 
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2. ʇʦʚʠʩʦʢ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ˃ʝ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʙʘʚʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ ʩʫʧʩʪʘʥʮʘ (ʚʦ ʜʚʘʪʘ ʠʩʪʨʘʞʫʚʘʥʠ ʧʨʦʮʝʩʠ); 

3. ʇʦʩʪʦʠ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ; 

4. ʇʦʩʪʦʠ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘ 

ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ 

ʝʤʫʣʟʠʿʘ; 

5. ʇʦʥʠʟʦʢ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʠ ʧʦʠʥʪʝʥʟʠʚʥʦ ʤʝʰʘˁʝ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ ˃ʝ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʪʝʩʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʯʝʩʪʠʯʢʠ; 

6. ʇʦʩʪʦʠ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ 

ʛʝʣʠʨʘˁʝ; 

7. ʇʦʩʪʦʠ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠ  

ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʙʠʦʘʢʪʠʚʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ 

ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ; 

8. ʇʦʩʪʦʠ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ 

ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ 

ʛʝʣʠʨʘˁʝ; 

9. ʇʦʩʪʦʠ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ 

ʩʫʧʩʪʘʥʮʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ; 

 

 ʆʜ ʢʦʥʮʝʧʪʦʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʩʦ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʘʮʝʪʘʤʠʥʦʬʝʥ, 

ʦʯʝʢʫʚʘʥ  ʥʘʫʯʝʥ ʠ ʧʨʘʢʪʠʯʝʥ ʧʨʠʜʦʥʝʩ ʝ ʚʦ ʦʙʣʘʩʪʘ ʥʘ ʥʘʧʨʝʜʥʘ ʬʘʨʤʘʮʝʚʪʩʢʦ-

ʧʨʦʮʝʩʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʧʨʠʩʪʘʧʦʪ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʟʘ ʨʘʟʚʦʿ ʠ ʜʠʟʘʿʥ ʥʘ ʧʨʦʮʝʩ 

ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʟʘ ʜʦʙʠʚʘˁʝ ʥʦʩʘʯʠ ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥ 

ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʩʦʦʜʚʝʪʥʦ. ʆʪʪʫʢʘ, ʘʧʣʠʢʘʪʠʚʥʠʦʪ ʧʨʠʜʦʥʝʩ ʩʝ ʦʯʝʢʫʚʘ ʚʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ: ʦʨʛʘʥʦʣʝʧʪʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ API ʩʦ ʛʦʨʯʣʠʚ ʠʣʠ ʠʨʠʪʠʨʘʯʢʠ ʚʢʫʩ 

ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ APIs ʚʛʨʘʜʝʥʠ ʚʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʮʚʨʩʪʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ. ʆʜ 

ʧʨʘʢʪʠʯʝʥ ʧʨʠʜʦʥʝʩ, ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʪʨʝʪʠʨʘʘʪ ʢʘʢʦ ʠʥʪʝʨʤʝʜʠʝʨʥʠ 

ʬʦʨʤʠ, ʢʦʠ ʙʠ ʩʝ ʚʛʨʘʜʠʣʝ ʚʦ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ 

ʬʘʨʤʘʮʝʚʪʩʢʦ-ʧʨʦʮʝʩʥʠ ʧʦʩʪʘʧʢʠ (ʧʨ.: ʩʫʚʦ ʤʝʰʘˁʝ ʠ ʢʘʧʩʫʣʠʨʘˁʝ, ʧʦʜʛʦʪʦʚʢʘ ʥʘ 

ʦʨʘʣʥʠ ʩʫʩʧʝʥʟʠʠ ʠ ʩʣʠʯʥʦ).  

 ʆʜ ʢʦʥʮʝʧʪʦʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʩʦ ʙʠʦʘʢʪʠʚʥʘʪʘ ʩʫʧʩʪʘʥʮʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ 

ʧʦʨʪʦʢʘʣ ʦʯʝʢʫʚʘʥ ʝ ʥʘʫʯʝʥ ʧʨʠʜʦʥʝʩ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ ʟʘ ʬʘʨʤʘʮʝʚʪʩʢʦ-ʥʫʪʨʠʪʠʚʥʠ  

ʧʨʝʧʘʨʘʪʠ ʠ ʧʨʘʢʪʠʯʝʥ ʧʨʠʜʦʥʝʩ ʚʦ ʦʙʣʘʩʪʘ ʥʘ ʧʨʠʩʪʘʧʦʪ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʟʘ 

ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʝʪʝʨʠʯʥʠ ʤʘʩʣʘ ʧʨʝʢʫ ʧʨʦʮʝʩʦʪ ʥʘ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ. 

ʇʨʠʤʝʥʘʪʘ ʥʘ ʦʚʘʘ ʪʝʭʥʦʣʦʰʢʘ ʧʦʩʪʘʧʢʘ ʤʦʞʝ ʜʘ ʦʚʦʟʤʦʞʠ ʥʘʤʘʣʝʥʘ ʠʩʧʘʨʣʠʚʦʩʪ ʥʘ 

ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ, ʢʘʢʦ ʠ ʤʘʩʢʠʨʘˁʝ ʥʘ ʥʝʛʦʚʠʦʪ ʠʥʪʝʥʟʠʚʝʥ ʤʠʨʠʩ ʠ ʛʦʨʯʣʠʚ ʚʢʫʩ ʚʦ 

ʦʜʥʦʩ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ. ʀʩʪʦ ʪʘʢʘ, ʧʨʠʤʝʥʘʪʘ ʥʘ ʦʚʘʘ ʧʦʩʪʘʧʢʘ ʤʦʞʝ ʜʘ 

ʧʨʠʜʦʥʝʩʝ ʢʦʥ ʧʦʜʦʙʨʝʥʘ ʦʢʩʠʜʘʪʠʚʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ.  

 ɽʥʢʘʧʩʫʣʠʨʘˁʝʪʦ ʥʘ ʤʘʩʣʦʪʦ ʚʦ ʙʠʦʧʦʣʠʤʝʨʥʘʪʘ ʦʙʚʠʚʢʘ ʙʠ ʦʚʦʟʤʦʞʠʣʦ 

ʜʦʙʠʚʘˁʝ ʥʘ ʜʠʝʪʝʪʩʢʠ ʩʫʧʣʝʤʝʥʪ ʩʦ ʜʦʜʘʜʝʥʘ ʚʨʝʜʥʦʩʪ. ʂʦʤʝʨʮʠʿʘʣʠʟʘʮʠʿʘʪʘ ʥʘ 
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ʦʧʨʝʜʝʣʝʥʠ ʧʨʝʧʘʨʘʪʠ ʢʘʢʦ ʜʠʝʪʝʪʩʢʠ ʩʫʧʣʝʤʝʥʪʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ ʧʨʘʰʢʘʩʪʘ 

ʬʦʨʤʘ ʙʠ ʿʘ ʦʭʨʘʙʨʠʣʝ ʦʚʘʘ ʥʘʩʦʢʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ. ʀʩʪʦ ʪʘʢʘ, ʚʦ ʧʦʜʝʤ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ 

ʝ ʠ ʜʠʟʘʿʥ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘˁʝ ʥʘ ʪʝʢʩʪʠʣ ʩʦ ʪʝʨʘʧʝʚʪʩʢʠ ʩʚʦʿʩʪʚʘ ʠ ʜʦʙʠʚʘˁʝ ʥʘ 

ʩʧʝʮʠʿʘʣʥʠ ʪʝʢʩʪʠʣʠ. ʄʝʜʠʮʠʥʩʢʠʦʪ ʪʝʢʩʪʠʣ ʩʦ ʠʤʧʨʝʛʥʠʨʘʥʠ ʠ ʠʤʦʙʠʣʠʟʠʨʘʥʠ 

ʤʠʢʨʦʢʘʧʩʫʣʠ ʙʠ ʠʤʘʣ ʬʫʥʢʮʠʦʥʘʣʥʠ ʩʚʦʿʩʪʚʘ ʩʦ ʣʦʢʘʣʥʦ ʪʝʨʘʧʝʚʪʩʢʦ ʜʝʿʩʪʚʦ, ʚʦ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ʝʥʢʘʧʩʫʣʠʨʘʥʦʪʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ (ʧʨ. ʝʫʢʘʣʠʧʪʫʩ ʩʦ ʘʥʘʣʛʝʪʩʢʦ, 

ʘʥʪʠʙʘʢʪʝʨʠʩʢʦ, ʘʥʪʠʚʠʨʫʩʥʦ, ʘʥʪʠʬʫʥʛʘʣʥʦ ʜʝʿʩʪʚʦ; ʧʦʨʪʦʢʘʣ ʧʦʪʧʦʤʦʛʘ ʚʦ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʦʩʧʘʣʝʥʠʝ, ʧʨʦʤʦʚʠʨʘ ʨʝʣʘʢʩʘʮʠʿʘ ʠ ʿʘ ʧʦʜʦʙʨʫʚʘ ʮʠʨʢʫʣʘʮʠʿʘʪʘ; 

ʦʨʠʛʘʥʦ ʩʦ ʘʥʪʠʙʘʢʪʝʨʠʩʢʦ, ʘʥʪʠʚʠʨʫʩʥʦ ʠ ʘʥʪʠʬʫʥʛʘʣʥʦ ʜʝʿʩʪʚʦ, ʢʘʢʦ ʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦ, ʘʥʪʠʠʥʬʣʘʤʘʪʦʨʥʦ, ʘʥʪʠʜʠʘʿʙʝʪʠʯʥʦ ʠ ʢʘʢʦ ʩʫʧʨʝʩʦʨ ʥʘ ʢʘʥʮʝʨʦʛʝʥʠ 

ʘʛʝʥʩʠ). 

 ʇʨʘʢʪʠʯʥʠʦʪ ʧʨʠʜʦʥʝʩ ʟʘ ʧʨʠʤʝʥʘ ʥʘ QbD ʧʨʠʩʪʘʧ ʚʦ ʦʙʣʘʩʪʘ ʥʘ 

ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʧʨʝʜ ʩ¯, ʤʦʞʝ ʜʘ ʛʦ ʟʘʙʨʟʘ ʬʘʨʤʘʮʝʚʪʩʢʠʦʪ ʨʘʟʚʦʿ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʤʠʨʢʦʢʘʧʩʫʣʠʪʝ ʢʘʢʦ ʠʥʪʝʨʤʝʜʠʝʨʥʠ ʬʦʨʤʠ (ʧʦʣʫʧʨʦʠʟʚʦʜ), ʚʦ 

ʥʘʩʦʢʘ ʥʘ ʨʘʟʚʦʿ ʥʘ ʛʦʪʦʚ ʬʘʨʤʘʮʝʚʪʩʢʠ ʧʨʦʠʟʚʦʜ ʧʨʝʢʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʬʘʨʤʘʮʝʚʪʩʢʠ ʧʨʦʮʝʩʠ. ʉʝʧʘʢ, ʢʘʢʦ ʧʨʝʜʠʟʚʠʢ ʦʩʪʘʥʫʚʘʘʪ ʝʢʦʥʦʤʩʢʘʪʘ 

ʠʩʧʣʘʪʣʠʚʦʩʪ ʥʘ ʧʨʦʮʝʩʠʪʝ, ʪʝʭʥʦʣʦʰʢʠʦʪ ʪʨʘʥʩʬʝʨ ʦʜ ʣʘʙʦʨʘʪʦʨʠʩʢʠ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠ 

ʫʩʣʦʚʠ, ʩʪʘʙʠʣʥʦʩʪa ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʠ ʧʨʝʜʠʟʚʠʮʠʪʝ ʦʜ 

ʈʝʛʫʣʘʪʦʨʥʠʪʝ ɸʛʝʥʮʠʠ ʟʘ ʨʝʛʠʩʪʨʠʨʘˁʝ ʥʘ ʣʝʢʦʚʠ, ʢʦʠ ʩʝ ʜʦʙʠʝʥʠ ʩʦ ʢʦʤʧʣʝʢʩʥʘ 

ʬʘʨʤʘʮʝʚʪʩʢʦ-ʪʝʭʥʦʣʦʰʢʘ (ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ).   

 

2.2 ʇʨʠʤʝʥʘ ʥʘ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʧʨʠʩʪʘʧ ʚʦ ʨʘʟʚʦʿ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 ʈʘʟʚʦʿʦʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ ʦʜʚʠʚʘʰʝ ʚʦ ʥʝʢʦʣʢʫ ʬʘʟʠ, ʟʘ ʢʦʠ 

ʩʝ ʠʩʢʦʨʠʩʪʠʿʘ ʩʣʝʜʥʠʚʝ ʘʣʘʪʢʠ ʦʜ QbD ʧʨʠʩʪʘʧʦʪ: ʨʠʟʠʢ ʘʥʘʣʠʟʘ, ʜʠʟʘʿʥ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʤʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ: 

¶ ɼʝʬʠʥʠʨʘˁʝ ʥʘ QTPP ʚʨʟ ʦʩʥʦʚʘ ʘʥʘʣʠʟʘ ʥʘ ʦʙʿʘʚʝʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʦʙʣʘʩʪʘ ʠ 

ʧʦʩʘʢʫʚʘʥʠ ʩʚʦʿʩʪʚʘ ʥʘ ʢʨʘʝʥ ʤʠʢʨʦʯʝʩʪʠʯʝʥ ʧʨʦʠʟʚʦʜ; 

¶ ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʠ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʚʣʠʿʘʥʠʝ ʥʘ CMAs ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ 

ʠ ʧʦʣʠʤʝʨʠ ʚʨʟ CQAs ʥʘ ʮʝʣʥʠʦʪ ʧʨʦʠʟʚʦʜ ʠ ʚʣʠʿʘʥʠʝ ʥʘ ʉʈʈs ʚʨʟ CQAs ʥʘ 

ʮʝʣʥʠʦʪ ʧʨʦʠʟʚʦʜ ʧʨʝʢʫ PHA ʨʠʟʠʢ ʘʥʘʣʠʟʠ; 

¶ ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ CQAs ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ; 

¶ ʆʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʧʨʝʢʫ 

ʩʪʫʜʠʿʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʜʠʟʘʿʥ ʠ ʤʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ; 

¶ ɸʥʘʣʠʟʘ ʥʘ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʦʮʝʩʥʠ ʠ ʬʦʨʤʫʣʘʮʠʩʢʠ ʧʨʦʤʝʥʣʠʚʠ ʚʨʟ CQAs; 

 

 ɺʦ ʪʝʢ ʥʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʨʠʟʠʮʠʪʝ ʠ  ʟʘ ʢʚʘʣʠʪʝʪ ʩʧʦʨʝʜ ʜʠʟʘʿʥ ʧʨʠʩʪʘʧ ʩʝ 

ʧʨʠʤʝʥʠʿʘ ʧʨʝʧʦʨʘʢʠ ʦʜ ICH Q9 (2015) ʠ ICH Q8 (R2) (2009) ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʨʠʟʠʢ ʟʘ 

ʢʚʘʣʠʪʝʪ ʠ ʬʘʨʤʘʮʝʚʪʩʢʠʦʪ ʨʘʟʚʦʿ, ʩʦʦʜʚʝʪʥʦ.     
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2.2.1 ɼʝʬʠʥʠʨʘˁʝ ʥʘ QTPP ʠ CQAs ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 ɺʦ ʪʘʙʝʣʘ 2.1 ʠ 2.2 e ʧʨʠʢʘʞʘʥ QTPP ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ, 

ʩʦʦʜʚʝʪʥʦ.  

  

ʊʘʙʝʣʘ 2.1. ʎʝʣʝʥ ʧʨʦʬʠʣ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʘʮʝʪʘʤʠʥʦʬʝʥ 

QTPP ʝʣʝʤʝʥʪʠ ʎʝʣ ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʊʝʨʘʧʝʚʪʩʢʘ 

ʠʥʜʠʢʘʮʠʿʘ 

ɸʥʘʣʛʝʪʩʢʦ, ʘʥʪʠʧʠʨʝʪʩʢʦ ʠ  

ʩʠʩʪʝʤʩʢʦ ʜʝʿʩʪʚʦ 

ʋʙʣʘʞʫʚʘˁʝ ʥʘ ʙʣʘʛʠ ʠʣʠ ʫʤʝʨʝʥʠ 

ʙʦʣʢʠ, ʭʨʦʥʠʯʥʘ ʪʝʨʘʧʠʿʘ ʟʘ ʘʨʪʨʠʪʠʩ, 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʪʝʣʝʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʜʠʟʚʠʢʘʥʘ ʦʜ ʥʘʩʪʠʥʢʘ, ʛʨʠʧ ʠ ʩʣ.  

ɼʦʟʠʨʘʥʘ ʬʦʨʤʘ 
ʄʠʢʨʦʯʝʩʪʠʯʢʠ ʚʦ  

ʛʘʩʪʨʦʨʝʟʠʩʪʝʥʪʥʘ ʢʘʧʩʫʣʘ  

ɺʦ ʩʦʛʣʘʩʥʦ ʩʦ Ph.Eur.  

ʤʦʥʦʛʨʘʬʠʿʘ ʟʘ ʛʨʘʥʫʣʠ ʠ ʢʘʧʩʫʣʠ 

ʅʘʯʠʥ ʥʘ 

ʘʜʤʠʥʠʩʪʨʠʨʘˁʝ 
ʇʝʨʦʨʘʣʥʦ 

ʌʘʨʤʘʮʝʚʪʩʢʠ ʙʘʨʘˁʝ ʟʘ 

ʬʘʨʤʘʮʝʚʪʩʢʘ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ ʩʦ 

ʧʝʨʦʨʘʣʝʥ ʧʘʪ ʥʘ ʘʜʤʠʥʠʩʪʨʠʨʘˁʝ ʩʦ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ɱʘʯʠʥʘ ʥʘ 

ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ 
4 000 mg/ʥʘ ʜʝʥ ʟʘ ʚʦʟʨʘʩʝʥ 

ɽʢʚʠʚʘʣʝʥʪʥʦ ʧʨʝʪʩʪʘʚʫʚʘˁʝ ʢʘʢʦ 

ʨʝʛʠʩʪʨʠʨʘʥ ʣʝʢ ʟʘ ʧʨʦʜʘʞʙʘ ʩʦ ʠʩʪʘ 

API ʚʦ ʮʚʨʩʪʘ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ 

ʌʘʨʤʘʢʦʢʠʥʝʪʠʢʘ 

ʇʦ ʦʨʘʣʥʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʘ, ʩʝ ʘʧʩʦʨʙʠʨʘ 

ʚʦ ʪʝʥʢʦʪʦ ʮʨʝʚʦ ʧʨʝʢʫ ʧʘʩʠʚʥʘ ʜʠʬʫʟʠʿʘ. 

ʇʦʣʫʚʨʝʤʝ ʚʦ ʢʨʚʥʘ ʧʣʘʟʤʘ ʝ 1.5-2.5 ʯʘʩʘ 

ʧʨʠ ʧʨʝʧʦʨʘʯʘʥʠ ʜʦʟʠ. 

In vitro ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʩʠʩʪʝʤ ʥʘ 

ʢʣʝʪʦʯʥʠ ʢʫʣʪʫʨʠ, ʠʣʠ  

In vivo ʙʠʦʩʪʫʜʠʿʘ ʥʘ ʞʠʚʦʪʥʠ ʠ/ʠʣʠ 

ʣʫʺʝ 

ɸʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ  

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʀʟʛʣʝʜ 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ  

ɽʥʢʘʧʩʫʣʠʨʘʥ ʘʮʝʪʘʤʠʥʦʬʝʥ 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ 

Kʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ  

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ*  

ʈʝʟʠʜʫʘʣʥʠ ʨʘʩʪʚʦʨʫʚʘʯʠ*  

ʄʠʢʨʦʙʠʦʣʦʰʢʠ ʢʚʘʣʠʪʝʪ*  

ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʜʦʩʪʘʧʥʠ ʣʠʪʝʨʘʪʫʨʥʠ 

ʦʙʿʘʚʝʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ Ph.Eur. ʤʦʥʦʛʨʘʬʠʿʘ 

ʟʘ ʮʚʨʩʪʠ ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ. 

ʇʨʠʤʘʨʥʦ 

ʧʘʢʫʚʘˁʝ 

ʀʟʙʨʘʥʘ ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʝʢ ʥʘ ʨʘʟʚʦʿ  

ʠ ʩʪʫʜʠʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 

ɼʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʩʘʢʫʚʘʥ ʨʦʢ ʥʘ 

ʫʧʦʪʨʝʙʘ, ʜʘ ʩʝ ʦʜʨʞʠ ʠʥʪʝʛʨʠʪʝʪ ʥʘ 

ʧʨʦʜʫʢʪʦʪ ʚʦ ʪʝʢ ʥʘ ʪʨʘʥʩʧʦʨʪ ʠ ʚʦ 

ʪʝʢ ʥʘ ʨʫʪʠʥʩʢʦ ʘʜʤʠʥʠʩʪʨʠʨʘˁʝ 

ʉʪʘʙʠʣʥʦʩʪ 
ʉʪʘʙʠʣʝʥ ʧʨʦʜʫʢʪ ʚʦ ʨʦʢ ʥʘ ʫʧʦʪʨʝʙʘ ʧʨʠ 

ʧʨʝʧʦʨʘʯʘʥʠ ʫʩʣʦʚʠ ʥʘ ʯʫʚʘˁʝ 

ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ICH 2001 ï Q1 A 

(R2) ʪʝʩʪʠʨʘˁʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʥʦʚʠ 

ʣʝʢʦʚʠʪʠ ʩʫʧʩʪʘʥʮʠ ʠ ʧʨʦʜʫʢʪʠ 

CPMP/ICH/2736/99 

ʋʩʣʦʚʠ ʥʘ 

ʩʢʣʘʜʠʨʘˁʝ 

ʋʩʣʦʚʠ ʥʘ ʩʢʣʘʜʠʨʘˁʝ ʜʦʢʘʞʘʥʠ  

ʩʦ ʩʪʫʜʠʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 

ʇʦʪʢʨʝʧʝʥʠ ʩʦ ʨʝʟʫʣʪʘʪʠ ʦʜ  

ʩʪʫʜʠʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 
*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʝʤʘ ʜʘ ʙʠʜʘʪ ʝʚʘʣʫʠʨʘʥʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ, ʥʦ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP ʠ ʩʝ ʝʚʘʣʫʠʨʘʥʠ ʚʦ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ  
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ʊʘʙʝʣʘ 2.2. ʎʝʣʝʥ ʧʨʦʬʠʣ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ ʟʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

QTPP ʝʣʝʤʝʥʪʠ ʎʝʣ ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʊʝʨʘʧʝʚʪʩʢʘ 

ʠʥʜʠʢʘʮʠʿʘ 

ɸʥʘʣʛʝʪʩʢʦ, ʘʥʢʩʠʦʣʠʪʠʯʢʦ ʠ 

ʩʠʩʪʝʤʩʢʦ ʜʝʿʩʪʚʦ 

ʋʙʣʘʞʫʚʘˁʝ ʥʘ ʙʦʣʢʠ, 

ʈʝʣʘʢʩʠʨʘʯʢʠ ʠ ʨʝʜʫʮʠʨʘˁʝ ʥʘ 

ʚʦʟʥʝʤʠʨʝʥʦʩʪ  

ɼʦʟʠʨʘʥʘ ʬʦʨʤʘ Mʠʢʨʦʢʘʧʩʫʣʠ ʚʦ ʢʘʧʩʫʣʘ  

ɺʦ ʩʦʛʣʘʩʥʦ ʩʦ Ph.Eur.  

ʤʦʥʦʛʨʘʬʠʿʘ ʟʘ ʛʨʘʥʫʣʠ ʠ ʢʘʧʩʫʣʠ ʠ 

USP ʤʦʥʦʛʨʘʬʠʿʘ ʟʘ ʜʠʝʪʝʪʩʢʠ 

ʩʫʧʣʝʤʝʥʪʠ 

ʅʘʯʠʥ ʥʘ 

ʘʜʤʠʥʠʩʪʨʠʨʘˁʝ 
ʇʝʨʦʨʘʣʥʦ 

ʌʘʨʤʘʮʝʚʪʩʢʠ ʙʘʨʘˁʝ ʟʘ 

ʬʘʨʤʘʮʝʚʪʩʢʘ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ ʩʦ 

ʧʝʨʦʨʘʣʝʥ ʧʘʪ ʥʘ ʘʜʤʠʥʠʩʪʨʠʨʘˁʝ. ʉʦ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

ʌʘʨʤʘʢʦʢʠʥʝʪʠʢʘ - 

In vitro ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʩʠʩʪʝʤ ʥʘ 

ʢʣʝʪʦʯʥʠ ʢʫʣʪʫʨʠ, ʠʣʠ  

In vivo ʙʠʦʩʪʫʜʠʿʘ ʥʘ ʞʠʚʦʪʥʠ ʠ/ʠʣʠ 

ʣʫʺʝ 

ɱʘʯʠʥʘ ʥʘ  

ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ 
80 mg 

ʇʨʝʪʩʪʘʚʫʚʘˁʝ ʢʘʢʦ ʨʝʛʠʩʪʨʠʨʘʥ 

ʛʨʘʥʠʯʝʥ ʧʨʝʧʘʨʘʪ ʟʘ ʧʨʦʜʘʞʙʘ ʩʦ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ ʮʚʨʩʪʘ ʜʦʟʠʨʘʥʘ 

ʬʦʨʤʘ 

ɸʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ  

ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʀʟʛʣʝʜ 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ  

ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ  

ʉʦʜʨʞʠʥʘ ʥʘ d-ʣʠʤʦʥʝʥ*  

ʈʘʩʧʘʜʣʠʚʦʩʪ 

ʇʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ  

ʆʢʩʠʜʘʪʠʚʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ*  

ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ* 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ ʢʚʘʣʠʪʝʪ*  

ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʜʦʩʪʘʧʥʠ ʣʠʪʝʨʘʪʫʨʥʠ 

ʦʙʿʘʚʝʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ, 

Ph.Eur. ʤʦʥʦʛʨʘʬʠʿʘ ʟʘ ʮʚʨʩʪʠ 

ʜʦʟʠʨʘʥʠ ʬʦʨʤʠ ʠ USP ʤʦʥʦʛʨʘʬʠʿʘ 

ʟʘ ʜʠʝʪʝʪʩʢʠ ʩʫʧʣʝʤʝʥʪʠ 

ʇʨʠʤʘʨʥʦ ʧʘʢʫʚʘˁʝ 
ʀʟʙʨʘʥʘ ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʝʢ ʥʘ 

ʨʘʟʚʦʿ ʠ ʩʪʫʜʠʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 

ɼʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʩʘʢʫʚʘʥ ʨʦʢ ʥʘ 

ʫʧʦʪʨʝʙʘ, ʜʘ ʩʝ ʦʜʨʞʠ ʠʥʪʝʛʨʠʪʝʪ ʥʘ 

ʧʨʦʜʫʢʪʦʪ ʚʦ ʪʝʢ ʥʘ ʪʨʘʥʩʧʦʨʪ ʠ ʚʦ 

ʪʝʢ ʥʘ ʨʫʪʠʥʩʢʦ ʘʜʤʠʥʠʩʪʨʠʨʘˁʝ 

ʉʪʘʙʠʣʥʦʩʪ 

ʉʪʘʙʠʣʝʥ ʧʨʦʜʫʢʪ ʚʦ ʨʦʢ ʥʘ 

ʫʧʦʪʨʝʙʘ ʧʨʠ ʧʨʝʧʦʨʘʯʘʥʠ 

ʫʩʣʦʚʠ ʥʘ ʯʫʚʘˁʝ 

ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ICH 2001 ï Q1 A 

(R2) ʪʝʩʪʠʨʘˁʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʥʦʚʠ 

ʣʝʢʦʚʠʪʠ ʩʫʧʩʪʘʥʮʠ ʠ ʧʨʦʜʫʢʪʠ 

CPMP/ICH/2736/99 

ʋʩʣʦʚʠ ʥʘ ʩʢʣʘʜʠʨʘˁʝ 

ʋʩʣʦʚʠ ʥʘ ʩʢʣʘʜʠʨʘˁʝ 

ʜʦʢʘʞʘʥʠ  

ʩʦ ʩʪʫʜʠʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 

ʇʦʪʢʨʝʧʝʥʠ ʩʦ ʨʝʟʫʣʪʘʪʠ ʦʜ  

ʩʪʫʜʠʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 

*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʝʤʘ ʜʘ ʙʠʜʘʪ ʝʚʘʣʫʠʨʘʥʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ, ʥʦ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP ʠ ʩʝ ʝʚʘʣʫʠʨʘʥʠ ʚʦ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ  

 

 ʆʜ ʥʘʧʨʘʚʝʥʠʦʪ QTPP ʧʨʦʬʠʣ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ 

ʜʠʩʝʨʪʘʮʠʿʘ, ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʝ ʮʝʣʥʦ ʥʘʩʦʯʝʥʦ ʢʦʥ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ 
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ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ: ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʤʠʥʠʤʫʤ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ (Ò10 % ʚʦ ʧʝʨʠʦʜ ʦʜ ʜʚʘ ʯʘʩʘ) ʚʦ ʩʠʤʫʣʠʨʘʥʠ ʩʨʝʜʠʥʠ ʥʘ 

ʞʝʣʫʜʥʠʢ (pH 1,2) ʠ ʜʚʘʥʘʝʩʝʪʧʘʣʘʯʥʦ ʮʨʝʚʦ (pH 4,5) ʠ ʤʘʢʩʠʤʘʣʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʣʝʢ ʚʦ ʩʠʤʫʣʠʨʘʥʘ ʩʨʝʜʠʥʘ ʥʘ ʪʝʥʢʦ ʮʨʝʚʦ (pH 6,8 ï 7,4), ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ ʩʦ 

d50Ò1000 ɛm ʠ ʧʦʪʝʩʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ.  

 ʉʧʝʮʠʬʠʢʘʮʠʩʢʠʪʝ ʪʦʯʢʠ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʩʝ ʧʦʩʪʘʚʠʿʘ ʟʝʤʘʿ˃ʠ 

ja ʧʨʝʜʚʠʜ USP ʤʦʥʦʛʨʘʬʠʿʘʪʘ ʟʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʪʘʙʣʝʪʠ ʠ ʢʘʧʩʫʣʠ ʩʦ ʧʨʦʜʦʣʞʝʥʦ 

ʜʝʿʩʪʚʦ ʥʘ ʜʝʣʫʚʘˁʝ (USP, 2022).  

 ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʥʝ ʩʝ ʠʩʧʠʪʫʚʘʥʠ ʦʨʛʘʥʩʢʠʪʝ 

ʦʥʝʯʠʩʪʫʚʘˁʘ ʠ ʨʝʟʠʜʫʘʣʥʠʪʝ ʨʘʩʪʚʦʨʫʚʘʯʠ ʦʜ API ʠ ʚʦ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʢʘʢʦ 

CQA, ʩʦʛʣʘʩʥʦ ʫʪʚʨʜʝʥʠʦʪ QTPP, ʧʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʦʩʪ ʥʘ ʨʘʩʧʦʣʦʞʣʠʚʠ ʨʝʩʫʨʩʠ. 

ɼʠʟʘʿʥ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʬʦʨʤʫʣʘʮʠʿʘʪʘ ʠ ʧʨʦʮʝʩʠʪʝ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʙʝʘ 

ʥʘʧʨʘʚʝʥʠ ʧʨʝʢʫ DoE ʠ ʨʠʟʠʢ ʘʥʘʣʠʟʘ, ʚʦ ʢʦʠ ʙʝʘ ʝʚʘʣʫʠʨʘʥʠ ʪʨʠ ʢʣʫʯʥʠ CQAs: 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʧʨʦʮʝʥʪ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʠ 

ʥʝʿʟʠʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ. 

 

2.2.2 ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘ 

 

 ʉʦʛʣʘʩʥʦ ICH Q9 (2015), ʩʝ ʥʘʧʨʘʚʠ ʧʨʦʮʝʥʢʘ ʥʘ ʨʠʟʠʢʦʪ. ʈʠʟʠʢ ʘʥʘʣʠʟʘʪʘ ʩʝ 

ʩʧʨʦʚʝʜʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ CQAs, ʢʦʠ ʙʠ ʠʤʘʣʝ ʥʘʿʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʢʨʘʿʥʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʜʫʢʪʦʪ, ʠʣʠ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘ ʧʨʠʯʠʥʘ ʟʘ ʥʝʜʦʩʪʘʪʦʢ ʥʘ 

ʧʨʦʜʫʢʪʦʪ. ɺʦ ʦʚʘʘ ʥʘʩʦʢʘ ʩʝ ʠʟʨʘʙʦʪʠ ʘʥʘʣʠʟʘ ʧʨʝʢʫ PHA ʟʘ ʙʠʦʘʢʪʠʚʥʘʪʘ ʩʫʧʩʪʘʥʮʘ, 

ʬʦʨʤʫʣʘʮʠʿʘʪʘ (ʧʦʣʠʤʝʨʠʪʝ) ʠ ʧʨʦʮʝʩʠʪʝ.  

  

2.2.3 ɼʠʟʘʿʥ ʥʘ ʧʨʦʮʝʩʠ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʩʫʧʩʪʘʥʮʠ 

 

 ɺʦ ʪʘʙʝʣʘ 2.3 ʠ 2.4 ʩʝ ʧʨʠʢʘʞʘʥʠ ʟʘʚʠʩʥʠʪʝ ʠ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʨʝʢʫ DoE ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ, ʩʦʦʜʚʝʪʥʦ. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝ 

ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʠʩʢʦʨʠʩʪʠ 

ʤʘʪʝʤʘʪʠʯʢʠʦʪ ʤʦʜʝʣ D-ʦʧʪʠʤʘʣʝʥ ʜʠʟʘʿʥ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʩʦʬʪʚʝʨʦʪ Modde Pro 12.1. 

ɼʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʦʧʬʘʪʠ ʚʢʫʧʥʦ 17 ʧʨʦʙʠ, ʦʜ ʢʦʠ 11 ʩʝ ʝʜʠʥʝʯʥʠ 

ʧʨʦʙʠ, 1 ʝ ʮʝʥʪʨʘʣʥʘ ʧʨʦʙʘ ʠ 3 ʩʝ ʨʝʧʣʠʢʘʪʠ.  

 

ʊʘʙʝʣʘ 2.3  ɿʘʚʠʩʥʠ ʠ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʅʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ (ʬʘʢʪʦʨʠ) 
ʈʘʥʛ 

ʅʠʩʢʦ ɺʠʩʦʢʦ ʅʠʚʦʘ ʥʘ ʤʝʥʫʚʘˁʝ 

ʋʜʝʣ ʥʘ ʧʦʣʠʤʝʨ [w/w] 1:1 1:4 3 

ɹʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ [rpm] 700 1100 3 

ɿʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ (ʦʜʛʦʚʦʨʠ) ʅʠʩʢʦ ɺʠʩʦʢʦ ʎʝʣ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ [%] 50 100 ʤʘʢʩʠʤʠʟʠʨʘˁʝ 

ʆʩʣʦʙʦʜʝʥ ʣʝʢ ʚʦ 15 ʤʠʥʫʪʘ [%] 45 65 ʚʦ ʦʧʩʝʛ 

ʆʩʣʦʙʦʜeʥ ʣʝʢ ʚʦ 240 ʤʠʥʫʪʘ [%] 85 - ʤʘʢʩʠʤʠʟʠʨʘˁʝ 

ɽʥʢʘʧʩʫʣʠʨʘʥ ʣʝʢ [%] 15 - ʤʘʢʩʠʤʠʟʠʨʘˁʝ 
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 ɼʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ ʟʘ ʤʠʨʢʦʢʘʧʩʫʣʠʪʝ ʦʧʬʘʪʠ ʚʢʫʧʥʦ 23 ʧʨʦʙʠ, ʦʜ ʢʦʠ 18 ʩʝ 

ʝʜʠʥʝʯʥʠ ʧʨʦʙʠ, 3 ʩʝ ʮʝʥʪʨʘʣʥʠ ʧʨʦʙʠ ʠ 2 ʩʝ ʨʝʧʣʠʢʘʪʠ. 

  

ʊʘʙʝʣʘ 2.4 ɿʘʚʠʩʥʠ ʠ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʅʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ (ʬʘʢʪʦʨʠ) 
ʈʘʥʛ 

ʅʠʩʢʦ ɺʠʩʦʢʦ ʅʠʚʦʘ ʥʘ ʤʝʥʫʚʘˁʝ 

ʋʜʝʣ ʥʘ ʧʦʣʠʤʝʨ [w/v] 1,5 2 2 

ɹʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ [rpm] 300 600 2 

ɺʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ [min] 10 60 3 

ʋʜʝʣ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ [w/v] 1 2 2 

ɿʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ (ʦʜʛʦʚʦʨʠ) ʅʠʩʢʦ ɺʠʩʦʢʦ ʎʝʣ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ [%] 75 115 ʤʘʢʩʠʤʠʟʠʨʘˁʝ 

ɽʥʢʘʧʩʫʣʠʨʘʥʦ ʤʘʩʣʦ [%] 60 - ʤʘʢʩʠʤʠʟʠʨʘˁʝ 

ʆʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 90 

ʤʠʥʫʪʘ [%] 

80 - 
ʤʘʢʩʠʤʠʟʠʨʘˁʝ 

ʆʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 30 

ʤʠʥʫʪʘ [%] 

30 50 
ʚʦ ʦʧʩʝʛ 

 

2.3 ʄʘʪʝʨʠʿʘʣʠ ʠ ʤʝʪʦʜʠ 

2.3.1 ʄʘʪʝʨʠʿʘʣʠ  

 

 ɿʘ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʠʩʢʦʨʠʩʪʠʿʘ 

ʩʣʝʜʥʠʪʝ ʙʠʦʘʢʪʠʚʥʠ ʩʫʧʩʪʘʥʮʠ: ʘʮʝʪʘʤʠʥʦʬʝʥ ʠ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ. 

ʇʦʣʠʤʝʨʠʪʝ ʭʠʜʨʦʢʩʠʧʨʦʧʠʣ ʮʝʣʫʣʦʟʘ ʠ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ (Sigma Aldrich, ɻʝʨʤʘʥʠʿʘ) ʩʝ 

ʧʨʠʤʝʥʠʿʘ ʩʦʦʜʚʝʪʥʦ ʟʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ ʠ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ. ɺʦ 

ʧʦʩʪʘʧʢʘʪʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ ʩʝ ʫʧʦʪʨʝʙʠ ʣʝʩʝʥ ʪʝʯʝʥ ʧʘʨʘʬʠʥ 

(ɸʣʢʘʣʦʠʜ ɸɼ, ʉʢʦʧʿʝ) ʠ ʧʦʚʨʰʠʥʩʢʦ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʧʦʣʠʩʦʨʙʘʪ 80 (Sigma Aldrich, 

ɻʝʨʤʘʥʠʿʘ). ʂʘʢʦ ʨʘʩʪʚʦʨʫʚʘʯ ʩʝ ʫʧʦʪʨʝʙʠ ʘʮʝʪʦʥ (ɸʣʢʘʣʦʠʜ ɸɼ, ʉʢʦʧʿʝ), ʘ ʢʘʢʦ 

ʥʝʧʦʣʘʨʝʥ ʨʘʩʪʚʦʨʫʚʘʯ ʩʝ ʫʧʦʪʨʝʙʠ n-ʭʝʢʩʘʥ (ɸʣʢʘʣʦʠʜ ɸɼ, ʉʢʦʧʿʝ). ɺʦ ʧʦʩʪʘʧʢʘʪʘ ʥʘ 

ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ ʢʘʢʦ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʩʝ ʫʧʦʪʨʝʙʠ ʚʦʜʝʥ ʨʘʩʪʚʦʨ ʥʘ 

CaCl2 H2O (ɸʣʢʘʣʦʠʜ ɸɼ, ʉʢʦʧʿʝ). ʆʩʪʘʥʘʪʠʪʝ ʭʝʤʠʢʘʣʠʠ ʠ ʨʝʘʛʝʥʩʠ ʢʘʢʦ: ʥʘʪʨʠʫʤ 

ʭʠʜʨʦʢʩʠʜ, ʢʘʣʠʫʤ ʜʠʭʠʜʨʦʛʝʥ ʬʦʩʬʘʪ, ʤʝʪʘʥʦʣ, 96 % ʝʪʘʥʦʣ ʠ ʥʘʪʨʠʫʤ ʮʠʪʨʘʪ 

(ɸʣʢʘʣʦʠʜ ɸɼ, ʉʢʦʧʿʝ) ʩʝ ʩʦ pro analysis ʢʚʘʣʠʪʝʪ. ʉʝ ʠʩʢʦʨʠʩʪʠʿʘ ʩʣʝʜʥʠʪʝ 

ʢʦʤʝʨʮʠʿʘʣʥʠ ʧʨʝʧʘʨʘʪʠ: Paracetamol 500 mg ʪʘʙʣʝʪʠ (KRKA, ʉʣʦʚʝʥʠʿʘ), 

Acetaminophen 650 mg ʜʚʦʩʣʦʿʥʠ ʪʘʙʣʝʪʠ ʩʦ ʧʨʦʜʦʣʞʝʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ 

(Johnson&Johnson Consumer Inc, USA) ʠ Acetaminophen 500 mg ʬʠʣʤ-ʦʙʣʦʞʝʥʠ ʪʘʙʣʝʪʠ 

(Walgreens, USA). ʇʨʝʯʠʩʪʝʥʘ ʚʦʜʘ ʩʝ ʢʦʨʠʩʪʝʰʝ ʦʜ ʩʦʧʩʪʚʝʥ ʩʠʩʪʝʤ ʟʘ ʤʝʤʙʨʘʥʩʢʦ 

ʧʨʝʯʠʩʪʫʚʘˁʝ ʥʘ ʚʦʜʘ ʧʨʠ ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʠ ʬʘʢʫʣʪʝʪ ʚʦ ʉʢʦʧʿʝ. 

 

2.3.2 ʄʝʪʦʜʠ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

2.3.2.1 ʄʝʪʦʜ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ 

 

 ʄʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʝ ʜʦʙʠʿʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʝʪʦʜʦʪ Ăʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ 

ʦʜ ʝʤʫʣʟʠʿʘñ, ʘ ʟʘ ʪʘʘ ʮʝʣ ʩʝ ʧʦʜʛʦʪʚʠ o1/o2 ʝʤʫʣʟʠʿʘ. ʇʦʩʪʘʧʢʘʪʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ 

ʧʨʦʮʝʩʥʘʪʘ ʰʝʤʘ ʧʦʜ ʩʣʠʢʘ 2-1. ɺʦ ʘʮʝʪʦʥ ʩʝ ʨʘʩʪʚʦʨʠ API, ʘ ʢʦʥ ʠʩʪʠʦʪ ʨʘʩʪʚʦʨ 
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ʧʦʩʪʝʧʝʥʦ ʩʝ ʜʦʜʘʚʘʰʝ ʠ ʨʘʩʪʚʦʨʘʰʝ ʧʦʣʠʤʝʨʦʪ. ʍʠʜʨʠʨʘˁʝʪʦ ʥʘ ʧʦʣʠʤʝʨʦʪ ʩʝ 

ʦʜʚʠʚʘʰʝ ʜʦ ʜʦʙʠʚʘˁʝ ʥʘ ʪʨʘʥʩʧʘʨʝʥʪʝʥ ʧʦʣʠʤʝʨʝʥ ʨʘʩʪʚʦʨ ʧʦʜ ʢʦʥʪʠʥʫʠʨʘʥ ʨʝʞʠʤ ʥʘ 

ʤʝʰʘˁʝ. ʂʦʥ ʪʝʯʥʠʦʪ ʣʝʩʝʥ ʧʘʨʘʬʠʥ (ʩʩʘ. 100 mL) ʩʝ ʜʦʜʘʜʝ ʧʦʚʨʰʠʥʩʢʦ ʘʢʪʠʚʥʘ 

ʩʫʧʩʪʘʥʮʘ.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2-1. ʇʨʦʮʝʩʥʘ ʰʝʤʘ ʥʘ ʧʦʩʪʘʧʢʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ  

 

 ʇʦʣʠʤʝʨ-API ʨʘʩʪʚʦʨʦʪ ʩʝ ʝʢʩʪʨʫʜʠʨʘʰʝ ʙʘʚʥʦ ʩʦ ʚʨʦʥʝʪʘ ʠʛʣʘ ʚʦ ʤʘʩʣʝʥʘ ʬʘʟʘ, 

ʚʦ ʚʨʝʤʝʪʨʘʝˁʝ 10-20 ʤʠʥʫʪʠ ʧʦʜ ʢʦʥʪʠʥʫʠʨʘʥ ʨʝʞʠʤ ʥʘ ʤʝʰʘˁʝ.  ʇʦ ʜʚʘ ʯʘʩʘ ʤʝʰʘˁʝ 

ʥʘ ʝʤʫʣʟʠʿʘʪʘ, ʩʝ ʜʦʜʘʜʝ ʩʩʘ. 15 mL n-ʭʝʢʩʘʥ ʟʘ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ ʧʦʣʠʤʝʨʥʠʪʝ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ. ʄʝʰʘˁʝʪʦ ʙʝʰʝ ʧʨʦʜʦʣʞʝʥʦ ʟʘ ʧʝʨʠʦʜ ʦʜ ʫʰʪʝ ʜʚʘ ʯʘʩʘ ʧʦʜ ʠʩʪʠʪʝ 

ʫʩʣʦʚʠ. ɼʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʝ ʩʝʧʘʨʠʨʘʘ ʩʦ ʜʝʢʘʥʪʠʨʘˁʝ ʠ ʚʘʢʫʫʤ-ʬʠʣʪʨʘʮʠʿʘ. 

ʉʝʧʘʨʠʨʘʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʝ ʧʣʘʢʥʝʘ ʧʦʚʝ˃ʝʢʨʘʪʥʦ ʩʦ n-ʭʝʢʩʘʥ ʟʘ ʜʘ ʩʝ ʦʪʩʪʨʘʥʠ 

ʧʘʨʘʬʠʥʩʢʦʪʦ ʤʘʩʣʦ ʦʜ ʥʠʚʥʘʪʘ ʧʦʚʨʰʠʥʘ. ɼʦʙʠʝʥʠʪʝ ʠʩʧʣʘʢʥʘʪʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʝ 

ʩʫʰʝʘ ʥʘ ʘʤʙʠʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʚʦ ʧʝʨʠʦʜ ʦʜ 24 ʯʘʩʘ. ɼʚʝʪʝ ʧʨʝʜʚʠʜʝʥʠ ʧʨʦʮʝʩʥʠ 

ʢʦʥʪʨʦʣʠ ʇʂ1 ʠ ʇʂ2 (ʧʨʦʮʝʥʘ ʢʦʥʪʨʦʣʘ 1 ʠ 2) ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʦʩʪʦʨʥʦ-

ʪʝʤʧʝʨʘʪʫʨʥʠʪʝ ʫʩʣʦʚʠ (23Ñ2 ÁC) ʚʦ ʬʘʟʘʪʘ ʥʘ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ 

ʬʘʟʘʪʘ ʩʫʰʝˁʝ. ʀʩʫʰʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʙʝʘ ʩʢʣʘʜʠʨʘʥʠ ʥʘ ʫʩʣʦʚʠ ʩʦ ʥʦʨʤʘʣʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʠʪʠʩʦʢ ʠ ʟʘʰʪʠʪʝʥʠ ʦʜ ʚʣʘʛʘ ʜʦ ʧʦʥʘʪʘʤʦʰʥʘ ʫʧʦʪʨʝʙʘ. ʂʊ1 

(ʢʦʥʪʨʦʣʝʥ ʪʝʩʪ 1) ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʩʢʠ ʪʝʩʪʦʚʠ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ 

ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʜʝʬʠʥʠʨʘʥ ʩʦ QTPP (ʊʘʙʝʣʘ 2.1). 
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ʇʨʦʮʝʥʪʦʪ ʥʘ ʧʨʠʥʦʩ ʥʘ ʜʦʙʠʝʥʠ ʯʝʩʪʠʯʢʠ ʩʝ ʦʧʨʝʜʝʣʠ ʧʨʝʢʫ ʨʘʚʝʥʢʘ (18): 
 

̐̑̉̎̏̒ Ϸ  ὼ ρππϷ              (18) 

 

Wp ï ʧʨʘʢʪʠʯʥʦ ʠʟʤʝʨʝʥʘ ʤʘʩʘ ʥʘ ʩʫʚʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ [g],  

Wt ï ʧʨʘʢʪʠʯʥʦ ʠʟʤʝʨʝʥʘ ʟʙʠʨʥʘ ʤʘʩʘ ʥʘ ʩʠʪʝ ʚʣʝʟʥʠ ʩʫʨʦʚʠʥʠ [g] 

 ʇʨʦʙʠʪʝ ʩʝ ʧʦʜʛʦʪʚʠʿʘ ʩʦʛʣʘʩʥʦ ʜʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ (ʪʘʙʝʣʘ 2.5) ʚʦ ʦʜʥʦʩ ʥʘ ʫʜʝʣ 

ʥʘ ʧʦʣʠʤʝʨ ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘ.    
 

ʊʘʙʝʣʘ 2.5  ɼʠʟʘʿʥ-ʤʘʪʨʠʮʘ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʘʮʝʪʘʤʠʥʦʬʝʥ 

ʇʨʦʙʘ Ac-12 Ac-11 Ac-10 Ac-14 Ac-21 Ac-15 Ac-20 Ac-19 Ac-18 Ac-16 Ac-17 

ʉʦʦʜʥʦʩ 

API:Pol  
1:1 1:2 1:3 1:4 1:1 1:3 1:4 1:1 1:2 1:3 1:4 

ɹʨʟʠʥʘ 

[rpm]  
1100 1100 1100 1100 900 900 900 700 700 700 700 

 

2.3.2.2 ʄʝʪʦʜ ʥʘ ʥʘʜʚʦʨʝʰʥʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ 

 

 ʄʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʝ ʜʦʙʠʿʘ ʩʦ ʧʦʩʪʘʧʢʘ ʥʘ ʥʘʜʚʦʨʝʰʥʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ. 

ʇʦʩʪʘʧʢʘʪʘ ʝ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʞʘʥʘ ʥʘ ʧʨʦʮʝʩʥʘʪʘ ʰʝʤʘ ʧʦʜ ʩʣʠʢʘ 2-2.  

ʉʣʠʢʘ 2-2. ʇʨʦʮʝʩʥʘ ʰʝʤʘ ʥʘ ʧʦʩʪʘʧʢʘ ʥʘ ʥʘʜʚʦʨʝʰʥʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ  
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 ʅʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʙʝʰʝ ʨʘʩʪʚʦʨʝʥ ʚʦ ʧʨeʯʠʩʪʝʥʘ ʚʦʜʘ ʪʘʢʘ ʰʪʦ ʩʝ ʜʦʙʠʚʘʘ 

ʧʦʣʠʤʝʨʥʠ ʚʦʜʥʠ ʨʘʩʪʚʦʨʠ ʩʦ ʩʦʦʜʚʝʪʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ. ʇʦʣʠʤʝʨʥʠʪʝ ʨʘʩʪʚʦʨʠ ʩʝ 

ʦʩʪʘʚʠʿʘ ʜʘ ʜʝʘʝʨʠʨʘʘʪ ʥʘ ʘʤʙʠʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʚʦ ʧʝʨʠʦʜ ʦʜ ʜʚʘ ʯʘʩʘ. ʇʦʪʦʘ, 

ʧʦʣʠʤʝʨʥʠʦʪ ʨʘʩʪʚʦʨ ʠ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʩʦ ʢʦʥʩʪʘʥʪʝʥ ʚʦʣʫʤʝʥ (2,5 mL) 

ʙʝʘ ʠʟʤʝʰʝʥʠ ʩʦ ʙʨʟʠʥʘ ʦʜ 300 rpm ʚʦ ʧʝʨʠʦʜ ʦʜ 15 ʤʠʥʫʪʠ ʥʘ ʤʘʛʥʝʪʥʘ ʤʝʰʘʣʢʘ. ʇʦ 

ʧʨʠʥʮʠʧ ʥʘ ʢʘʧʝˁʝ, ʦʬʦʨʤʝʥʘʪʘ ʝʤʫʣʟʠʿʘ  ʧʦʩʪʝʧʝʥʦ ʩʝ ʝʢʩʪʨʫʜʠʨʘʰʝ ʩʦ ʰʧʨʠʮ ʠ ʠʛʣʘ 

(26G) ʥʘ ʚʠʩʠʥʘ ʦʜ ʩʩʘ. 10-15 cm ʢʦʥ ʨʘʩʪʚʦʨ ʟʘ ʚʤʨʝʞʫʚʘˁʝ CaCl2 2H2O(aq). ʈʝʘʢʮʠʿʘʪʘ 

ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʥʘ ʧʦʣʠʤʝʨʥʠʪʝ ʢʘʧʢʠ ʥʘʩʪʘʥʫʚʘʰʝ ʚʝʜʥʘʰ, ʪʘʢʘ ʰʪʦ ʩʝ ʦʬʦʨʤʫʚʘʘ 

ʛʝʣʥʠ Ăegg-boxñ ʤʠʢʨʦʢʘʧʩʫʣʠ. ʇʦ ʟʘʚʨʰʝʥʦ ʚʤʨʝʞʫʚʘˁʝ, ʛʝʣʥʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ 

ʩʝʧʘʨʠʨʘʘ ʩʦ ʧʦʩʪʘʧʢʠ ʥʘ ʜʝʢʘʥʪʠʨʘˁʝ ʠ ʬʠʣʪʨʘʮʠʿʘ. ʇʣʘʢʥʝˁʝʪʦ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʝ 

ʥʘʧʨʘʚʠ ʩʦ ʧʨʝʯʠʩʪʝʥʘ ʚʦʜʘ. ʉʫʰʝˁʝʪʦ ʩʝ ʦʜʚʠʚʘʰʝ ʥʘ ʘʤʙʠʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʚʦ ʧʝʨʠʦʜ 

ʦʜ 48 ʯʘʩʘ. ʇʂ1 (ʧʨʦʮʝʥʘ ʢʦʥʪʨʦʣʘ 1) ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʦʩʪʦʨʥʦ-

ʪʝʤʧʝʨʘʪʫʨʥʠʪʝ ʫʩʣʦʚʠ (23Ñ2 ÁC) ʚʦ ʬʘʟʘʪʘ ʥʘ ʩʫʰʝˁʝ. ʇʨʠʥʦʩʦʪ ʥʘ ʜʦʙʠʝʥʠ ʩʫʚʠ 

ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ ʧʨʝʩʤʝʪʘ ʩʦʛʣʘʩʥʦ ʨʘʚʝʥʢʘ (18). ʂʊ1 (ʢʦʥʪʨʦʣʝʥ ʪʝʩʪ 1) ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ 

ʬʠʟʠʯʢʦ-ʭʝʤʠʩʢʠ ʪʝʩʪʦʚʠ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʜʝʬʠʥʠʨʘʥ ʩʦ QTPP (ʊʘʙʝʣʘ 2.2). ʇʨʦʙʠʪʝ ʩʝ ʧʦʜʛʦʪʚʠʿʘ ʩʦʛʣʘʩʥʦ ʜʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ 

(ʪʘʙʝʣʘ 2.6) ʚʦ ʦʜʥʦʩ ʥʘ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ.  

  

ʊʘʙʝʣʘ 2.6  ɼʠʟʘʿʥ-ʤʘʪʨʠʮʘ ʟʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

ʇʨʦʙʘ X1 X2 X3 X4 ʇʨʦʙʘ X1 X2 X3 X4 

OL-16 1.5 10 1 300 OL-20 2 10 1 600 

OL-1 2 10 1 300 OL-8 1.5 60 1 600 

OL-17 1.5 60 1 300 OL-22 2 60 1 600 

OL-2 2 60 1 300 OL-9 2 30 1 600 

OL-3 1.5 30 1 300 OL-10 1.5 10 2 600 

OL-4 1.5 10 2 300 OL-11 2 10 2 600 

OL-19 2 10 2 300 OL-12 1.5 60 2 600 

OL-5 1.5 60 2 300 OL-23 2 60 2 600 

OL-21 2 60 2 300 OL-18 1.5 30 2 600 

OL-6 2 30 2 300 OL-13 2 30 2 600 

OL-7 1.5 10 1 600 OL-14 2 30 2 600 

   X1 ï ʫʜʝʣ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ; X2 ï ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ; X3 ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ CaCl2 2H2O(aq);  

   X4 ï ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 

 

2.3.3 ʄʝʪʦʜʠ ʥʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

2.3.3.1 ʄʦʨʬʦʣʦʰʢʘ ʘʥʘʣʠʟʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʦʧʪʠʯʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ 

 

 ʄʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ ʝʚʘʣʫʠʨʘʰʝ ʩʦ 

ʧʦʣʘʨʠʟʠʨʘʯʢʠ ʤʠʢʨʦʩʢʦʧ Zeiss Axioscope 5 ʦʧʨʝʤʝʥ ʩʦ ʢʘʤʝʨʘ Zeiss Axiocam 208 ʚʦ 

ʙʦʿʘ ʩʦ ʠʟʚʦʨ ʥʘ ʨʝʬʣʝʢʪʠʨʘʯʢʘ ʩʚʝʪʣʠʥʘ ʩʦ ʦʧʪʠʯʢʦ ʟʛʦʣʝʤʫʚʘˁʝ 2.5ʭ-50ʭ.  

 

2.3.3.2 ʆʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ 

 

 ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʝ ʠʟʤʝʨʠ ʩʦ ʣʘʩʝʨʩʢʘ 

ʜʠʬʨʘʢʮʠʿʘ (Mastersizer 3000) ʩʦ Hydro MV ʝʜʠʥʠʮʘ. ʄʝʨʝˁʘʪʘ ʩʝ ʥʘʧʨʘʚʝʥʠ ʚʦ 
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ʨʘʟʨʝʜʝʥʘ ʤʘʩʣʝʥʘ ʩʫʩʧʝʥʟʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʚʦ ʪʨʠʧʣʠʢʘʪ ʠ ʠʟʨʘʟʝʥʠ ʢʘʢʦ d0.9, d0.5 ʠ 

d0.1
3.ʈʘʩʧʦʥ ʝ ʤʝʨʢʘ ʟʘ ʰʠʨʠʥʘ ʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ ʚʦ ʜʠʩʧʝʨʟʠʿʘ, 

ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʩʦʛʣʘʩʥʦ ʨʘʚʝʥʢʘʪʘ (19) (Elversson, Millqvist-Fureby, Alderborn, 

& Elofsson, 2003):        
 

    ˝́̒̐̏ ̎ Ȣ Ȣ

Ȣ
                      (19) 

2.3.3.3 ʌʫʨʠeʦʚʘ ʪʨʘʥʩʬʦʨʤʥʘ ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ (FT-IR) 

 

 FT-IR ʩʧʝʢʪʨʠʪʝ ʥʘ ʧʨʠʤʝʨʦʮʠʪʝ ʩʝ ʩʥʠʤʠʿʘ ʚʦ ʧʦʜʨʘʯʿʝ 4000 ï 550 cm-1 

ʢʦʨʠʩʪʝʿ˃ʠ ATR ʤʦʜʫʣ ʩʦ ZnSe ʢʨʠʩʪʘʣ (Varian 660 FT-IR ʩʧʝʢʪʨʦʤʝʪʘʨ, Varian Inc). 

ʉʧʝʢʪʨʠʪʝ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʢʘʢʦ ʧʨʦʩʝʢ ʦʜ 16 ʩʢʝʥʦʚʠ ʥʘ ʩʧʝʢʪʘʨ ʠ ʨʝʟʦʣʫʮʠʿʘ ʦʜ 4 cm-1.   

 

2.3.3.4 ɼʠʬʝʨʝʥʮʠʿʘʣʥʦ ʩʢʝʥʠʨʘʯʢʘ ʢʘʣʦʨʠʤʝʪʨʠʿʘ (DSC)  

 

 ʄʝʨʝˁʘʪʘ ʩʝ ʥʘʧʨʘʚʠʿʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪ Netzsch DSC 204 F1 Phoenix ʚʦ 

ʘʣʫʤʠʥʠʫʤʩʢʠ ʤʘʣʠ ʩʘʜʦʚʠ ʩʦ ʧʝʨʬʦʨʠʨʘʥ ʢʘʧʘʢ (ʤʘʩʘ ʥʘ ʧʨʠʤʝʨʦʢ 2-5 mg). ʄʝʨʝˁʘʪʘ 

ʩʝ ʠʟʚʝʜʦʘ ʚʦ ʩʫʚʘ ʘʟʦʪʥʘ ʩʨʝʜʠʥʘ ʩʦ ʙʨʟʠʥʘ ʥʘ ʟʘʛʨʝʚʘˁʝ 10 Kmin-1.  ʄʠʢʨʦʯʝʩʪʠʯʢʠʪʝ 

ʠ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʝ ʘʥʘʣʠʟʠʨʘʘ ʚʦ ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ ʦʜ ʩʦʙʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ          

200 °ʉ ʠ ʠʥʪʝʨʚʘʣ ʦʜ -50 °ʉ ʜʦ 230 °ʉ, ʩʦʦʜʚʝʪʥʦ. 

 

2.3.3.5 ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʩʢʘ ʘʥʘʣʠʟʘ (TG/DTG) 

 

 TG/DTG ʢʨʠʚʠʪʝ ʩʝ ʩʥʠʤʠʿʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪ Netzsch TG 209 F1 Iris ʚʦ 

ʪʝʤʧʝʨʘʪʫʨʝʥ ʨʘʥʛ 25-400 °C ʚʦ ʦʪʚʦʨʝʥʠ ʢʝʨʘʤʠʯʢʦ-ʘʣʫʤʠʥʠʫʤʩʢʠ ʤʘʣʠ ʩʘʜʦʚʠ (ʤʘʩʘ 

ʥʘ ʧʨʠʤʝʨʦʢ ~4 mg) ʧʦʜ ʜʠʥʘʤʠʯʥʘ ʘʟʦʪʥʘ ʘʪʤʦʩʬʝʨʘ (30 mLmin-1) ʠ ʙʨʟʠʥʘ ʥʘ ʟʘʛʨʝʚʘˁʝ 

ʦʜ 10 Kmin-1. 

  

2.3.3.6 ʋʣʪʨʘ-ʚʠʦʣʝʪʦʚʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʘ (UV-Vis) 

 

 UV-Vis ʩʧʝʢʪʨʦʩʢʦʧʠʿʘʪʘ ʩʝ ʧʨʠʤʝʥʠ ʟʘ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʩʫʧʩʪʘʥʮʘ. ʉʧʝʢʪʨʠʪʝ ʩʝ ʩʥʠʤʠʿʘ ʩʦ         

UV-Vis ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʘʨ (Pharos 600, Merck) ʚʦ ʧʦʜʨʘʯʿʝʪʦ 200-400 nm. ɸʥʘʣʠʪʠʯʢʠʪʝ 

ʧʦʩʪʘʧʢʠ ʩʝ ʦʙʿʘʩʥʝʪʠ ʚʦ ʧʦʛʣʘʚʿʘ 2.3.3.7 ʠ 2.3.3.8.  

 

2.3.3.7 ʆʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ  

 

 ʉʦʛʣʘʩʥʦ ʦʧʠʰʘʥʠʪʝ ʨʘʙʦʪʥʠ ʠʥʩʪʨʫʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʚʦ ʧʦʛʣʘʚʿʝ 2.3.3.6., ʩʝ 

ʦʧʨʝʜʝʣʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʟʘ ʜʚʘʪʘ ʤʠʢʨʦʯʝʩʪʠʯʥʠ ʩʠʩʪʝʤʠ.  

 ʄʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʦ ʘʮʝʪʘʤʠʥʦʬʝʥ ʙʝʘ ʨʘʩʪʚʦʨʝʥʠ ʚʦ ʩʤʝʩʘ ʥʘ ʤʝʪʘʥʦʣ ʠ ʚʦʜʘ ʩʦ 

ʩʦʦʜʥʦʩ 45:55 (v/v) ʠ ʬʠʥʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 0,02 mgmL-1. ʀʟʙʦʨʦʪ ʥʘ 

 
3 10%, 50% ʠ 90% ʦʜ ʯʝʩʪʠʯʢʠʪʝ ʚʦ ʠʩʧʠʪʫʚʘʥʠʦʪ ʧʨʠʤʝʨʦʢ ʠʤʘʘʪ ʜʠʿʘʤʝʪʘʨ ʧʦʤʘʣ ʦʜ ʙʨʦʿʥʘʪʘ ʚʨʝʜʥʦʩʪ 

ʟʘ Dv(10), Dv(50) ʠ Dv(90) 
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ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʩʝ ʥʘʧʨʘʚʠ ʧʨʝʢʫ ʤʦʥʦʛʨʘʬʠʠʪʝ ʟʘ ʧʘʨʘʮʝʪʘʤʦʣ ʛʦʪʦʚ-ʧʨʦʠʟʚʦʜ (USP, 

2022; USP-NF, Acetaminophen Tablets, 2021) ʠ ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʘ ʩʦʦʜʥʦʩʦʪ ʥʘ ʜʚʘʪʘ 

ʨʘʩʪʚʦʨʫʚʘʯʠ. ʇʨʦʙʥʠʪʝ ʨʘʩʪʚʦʨʠ ʩʝ ʠʟʤʝʨʠʿʘ ʚʦ ʪʨʠʧʣʠʢʘʪ ʥʘ ɚmax= 245±2 nm. 

 ʇʫʙʣʠʢʫʚʘʥʘʪʘ ʧʦʩʪʘʧʢʘ ʦʜ ʘʚʪʦʨʠʪʝ Soliman, El-Moghazy, El-Din, & Massoud 

(2013) ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʤʦʜʠʬʠʮʠʨʘ ʚʦ ʥʘʰʝʪʦ 

ʠʩʪʨʘʞʫʚʘˁʝ. ʄʠʢʨʦʢʘʧʩʫʣʠʪʝ ʙʝʘ ʨʘʩʪʚʦʨʝʥʠ ʚʦ 48 mL ʨʘʩʪʚʦʨ ʥʘ 5,5 mM ʥʘʪʨʠʤ 

ʮʠʪʨʘʪ + 0,5 % (w/v) Tween 80. ʆʪʢʘʢʦ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʧʦʪʧʦʣʥʦ ʩʝ ʨʘʩʪʚʦʨʠʿʘ, ʩʝ ʜʦʜʘʜʝ 

2 mL 96 % ʝʪʘʥʦʣ. ʇʨʦʙʥʠʪʝ ʨʘʩʪʚʦʨʠ ʩʝ ʠʟʤʝʨʠʿʘ ʚʦ ʪʨʠʧʣʠʢʘʪ ʥʘ ɚmax=327±2 nm.  

 ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʩʝ ʧʨʝʩʤʝʪʘ 

ʩʦʛʣʘʩʥʦ ʨʘʚʝʥʢʘ (20) ʠ (21), ʩʦʦʜʚʝʪʥʦ. 
 

   ˒̉̋́̒̎̏̒̓̕ ̎  ̗̪́̆̎̋́̐̒̔̌́̉́  Ϸ               (20) 

  

ʢʘʜʝʰʪʦ, W1 e ʧʨʘʢʪʠʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʤʘʩʘ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʚʦ ʘʥʘʣʠʪ [mg], ʘ W2 

e ʪʝʦʨʝʪʩʢʠ ʦʧʨʝʜʝʣʝʥʘ ʤʘʩʘ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʚʦ ʘʥʘʣʠʪ [mg]. 
 

  ˒̎̋́̐̒̔̌̉̑́̎́ ̂̉̏́̋̓̉̃̎́ ̗̒̔̐̒̓́̎́Ϸ               (21)  

 

ʢʘʜʝʰʪʦ, W1 e ʧʨʘʢʪʠʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʤʘʩʘ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʚʦ ʘʥʘʣʠʪ [mg], ʘ W3 

e ʤʘʩʘ ʥʘ ʧʨʠʤʝʨʦʢ ʚʦ ʧʨʦʙʘ [mg].  

   

2.3.3.8 In  vitro ʤʝʪʦʜ ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ 

 

 ʉʦ ʦʚʘʘ ʩʪʫʜʠʿʘ ʩʝ ʠʩʪʨʘʞʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʤʘʪʨʠʮʠ ʚʨʟ ʢʠʥʝʪʠʢʘʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʙʠʦʘʢʪʠʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. 

ʆʧʨʝʜʝʣʫʚʘˁʝʪʦ ʥʘ ʦʩʣʦʙʦʜʝʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʝ ʥʘʧʨʘʚʠ ʩʦ ʧʨʠʤʝʥʘ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʩʢʠ ʤʝʪʦʜ.  

 In vitro ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʠʪʝ ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʩʝ ʠʟʚʝʜʝ ʩʦ 

ʫʧʦʪʨʝʙʘ ʥʘ ʤʘʛʥʝʪʥʘ ʤʝʰʘʣʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ 37Ñ0,5 °ʉ ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 50 rpm, 

ʩʦʛʣʘʩʥʦ ʬʘʨʤʘʢʦʧʝʿʩʢʠ ʙʘʨʘˁʘ (Ph.Eur. 2.9.3). ʆʩʣʦʙʦʜʝʥʘʪʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʚʦ 

ʜʘʜʝʥʘʪʘ ʚʨʝʤʝʥʩʢʘ ʪʦʯʢʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩʦʛʣʘʩʥʦ ʨʘʚʝʥʢʘ (22):  
 

         ̨ ̒̌̏̂̏̅̆̎ ̌̆ ̋Ϸ ὧϽὠ ϽὈὊ                 (22) 
 

ʢʘʜʝʰʪʦ ʩ ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ [mgmL-1], Vm ʝ ʚʦʣʫʤʝʥ ʥʘ ʤʝʜʠʫʤ [mL], DF ʝ ʬʘʢʪʦʨ ʥʘ 

ʨʘʟʨʝʜʫʚʘˁʝ. 

 ʂʘʢʦ ʤʝʜʠʫʤ ʟʘ ʪʝʩʪʠʨʘˁʝ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʝ ʠʟʙʨʘ 

ʬʦʩʬʘʪʝʥ ʧʫʬʝʨʩʢʠ ʤʝʜʠʫʤ pH 6,8 (Ph.Eur. 5.17.1), ʩʦ ʧʦʯʝʪʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 0,2 mgmL-1. ɺʦʣʫʤʝʥ ʦʜ 2 mL ʦʜ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʘˁʝ ʩʝ ʧʠʧʝʪʠʨʘʰʝ 

ʥʘ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʨʘʥʠ ʚʨʝʤʝʥʩʢʠ ʪʦʯʢʠ ʠ ʟʘʤʝʥʝʪ ʩʦ ʩʚʝʞ ʤʝʜʠʫʤ. ʇʨʠʤʝʨʦʮʠʪʝ ʩʝ 

ʤʝʨʝʘ ʚʦ ʪʨʠʧʣʠʢʘʪ ʥʘ ɚmax=243±2 nm.  

 ʂʘʢʦ ʤʝʜʠʫʤ ʪʝʩʪʠʨʘˁʝ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

ʦʜ ʧʦʨʪʦʢʘʣ ʩʝ ʠʟʙʨʘ ʩʤʝʩʘ ʥʘ ʬʦʩʬʘʪʝʥ ʧʫʬʝʨʩʢʠ ʤʝʜʠʫʤ pH  7,4 ʠ 96 % ʝʪʘʥʦʣ  ʚʦ 

ʩʦʦʜʥʦʩ 9:1 (v/v). ʆʚʦʿ ʤʝʜʠʫʤ ʟʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʝ ʧʨʝʪʭʦʜʥʦ ʠʩʪʨʘʞʝʥ (Faidi, ʠ ʜʨ., 

2019). ʀʥʠʮʠʿʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʙʝʰʝ 0,2 mgmL-1. ɺʦʣʫʤʝʥ ʦʜ       

5 mL ʦʜ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʘˁʝ ʩʝ ʧʠʧʝʪʠʨʘʰʝ ʥʘ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʨʘʥʠ ʚʨʝʤʝʥʩʢʠ 
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ʪʦʯʢʠ ʠ ʟʘʤʝʥʝʪ ʩʦ ʩʚʝʞ ʤʝʜʠʫʤ. ʇʨʠʤʝʨʦʮʠʪʝ ʩʝ ʠʟʤʝʨʠʿʘ ʚʦ ʪʨʠʧʣʠʢʘʪ ʥʘ                      

ɚmax= 327±2 nm.  

 ʂʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʥʠ ʧʨʝʧʘʨʘʪʠ ʩʦ ʧʘʨʘʮʝʪʘʤʦʣ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʠ 

ʧʨʦʜʦʣʞʝʥʦ ʜʝʿʩʪʚʦ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʙʝʘ ʠʩʧʠʪʫʚʘʥʠ ʚʦ ʤʝʜʠʫʤ ʟʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ - 

ʬʦʩʬʘʪʝʥ ʧʫʬʝʨʩʢʠ ʤʝʜʠʫʤ pH 6,8 ʠ ʤʝʜʠʫʤ pH 1,2, ʩʦʛʣʘʩʥʦ Ph.Eur. 5.17.1.  
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3 ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀɱɸ 

3.1 ɼʝʬʠʥʠʨʘˁʝ CQAs ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ  

 

 ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʜʝʬʠʥʠʨʘʥʠʦʪ QTPP ʩʝ ʝʚʘʣʫʠʨʘʥʠ ʧʘʨʘʤʝʪʨʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ ʩʦ 

ʦʩʦʙʝʥ ʦʩʚʨʪ ʢʦʥ ʧʝʨʩʧʝʢʪʠʚʥʠʪʝ CQAs, ʢʦʠ ʙʠ ʙʠʣʝ ʧʦʜ ʥʘʿʠʟʨʘʟʝʥʦ ʚʣʠʿʘʥʠʝ ʦʜ 

ʬʦʨʤʫʣʘʮʠʩʢʠʪʝ ʠ ʧʨʦʮʝʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ (ʪʘʙʝʣʘ 3.1) ʠ ʙʠ ʠʤʘʣʝ ʤʦʞʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʢʚʘʣʠʪʝʪʦʪ, ʝʬʠʢʘʩʥʦʩʪʘ ʠ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ ʚʨʟ 

ʧʘʮʠʝʥʪʦʪ.   

 

ʊʘʙʝʣʘ 3.1. ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ɸʪʨʠʙʫʪ ʥʘ 

ʢʚʘʣʠʪʝʪ 
ʎʝʣ 

ɼʘʣʠ ʝ  

CQA? 
ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʀʟʛʣʝʜ, ʙʦʿʘ ʠ 

ʤʠʨʠʩ 

ɹʝʣʠ ʜʦ ʩʢʦʨʦ ʙʝʣʠ 

ʧʦʣʠʤʝʨʥʠ ʛʨʘʥʫʣʠ ʙʝʟ 

ʤʠʨʠʩ  

ʅʝ 

ʌʠʟʠʯʢʠʪʝ ʘʪʨʠʙʫʪʠ ʥʝ ʩʝ ʜʠʨʝʢʪʥʦ 

ʧʦʚʨʟʘʥʠ ʩʦ ʙʝʟʙʝʜʥʦʩʪʘ ʚʨʟ ʧʘʮʠʝʥʪʦʪ, ʘ 

ʧʨʠʬʘʪʣʠʚʦʩʪʘ ʦʜ ʩʪʨʘʥʘ ʧʘʮʠʝʥʪʦʪ ʝ 

ʦʙʝʟʙʝʜʝʥʘ ʧʨʝʢʫ ʢʨʘʿʥʠʦʪ ʛʦʪʦʚ 

ʬʘʨʤʘʮʝʚʪʩʢʠ ʧʨʝʧʘʨʘʪ 

(ʛʘʩʪʨʦʨʝʟʠʩʪʝʥʪʥʘ ʢʘʧʩʫʣʘ ʥʘʧʦʣʥʝʪʘ ʩʦ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ). ʇʨʦʠʟʚʦʜʩʪʚʝʥʠʦʪ 

ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʠʟʛʣʝʜʦʪ 

(ʘʛʣʦʤʝʨʘʮʠʿʘ) ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʢʘʢʦ 

ʠʥʪʝʨʤʝʜʠʝʨʥʘ ʬʦʨʤʘ.  

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ  

ɺʦ ʨʘʥʛ Ò 1000 Õm ʠ  

ʪʝʩʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʢʠʪʝ  

ɼʘ 

ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʝ ʚʘʞʥʘ 

ʟʘ ʜʦʟʠʨʘˁʝʪʦ (ʢʘʧʩʫʣʠʨʘˁʝ) ʠ ʚʘʨʠʿʘʮʠʿʘ 

ʥʘ ʤʘʩʘ ʥʘ ʧʦʣʥʘ ʢʘʧʩʫʣʘ. ʅʠʩʢʘʪʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʨʘʩʧʦʥ ʫʢʘʞʫʚʘ ʥʘ ʪʝʩʥʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʯʝʩʪʠʯʢʠ, ʦʜ ʰʪʦ ʩʝ 

ʦʯʝʢʫʚʘ ʧʦʜʦʙʨa ʧʨʦʪʦʯʥʦʩʪ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 
ʇʦʟʠʪʠʚʥʘ ʟʘ 

ʘʮʝʪʘʤʠʥʦʬʝʥ 
ɼʘ 

ʀʘʢʦ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘʪʘ ʥʘ API ʝ ʢʨʠʪʠʯʥʘ 

ʟʘ ʝʬʠʢʘʩʥʦʩʪʘ ʠ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ 

ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʬʦʨʤʘ, ʦʚʦʿ CQA ʙʠ ʩʝ 

ʢʦʥʪʨʦʣʠʨʘʣ ʧʨʝʢʫ ʬʘʨʤʘʮʝʚʪʩʢʠʦʪ 

ʩʠʩʪʝʤ ʟʘ ʢʚʘʣʠʪʝʪ. 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
ʄʠʥʠʤʫʤ 75 % ɼʘ 

ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʝ ʜʠʨʝʢʪʥʦ 

ʧʦʚʨʟʘʥʘ ʩʦ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ API ʚʦ 

ʤʘʪʨʠʮʘʪʘ, ʪ.ʝ. ʩʦ ʩʦʜʨʞʠʥʘʪʘ ʥʘ API.  

ʋʥʠʬʦʨʤʥʦʩʪ  

ʥʘ ʜʦʟʠʨʘʥʠ 

ʝʜʠʥʠʮʠ 

AVÒ15,0 % He 

ʋʥʠʬʦʨʤʥʦʩʪʘ ʥʘ ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ ʥʝ ʝ 

CQA ʟʘ ʚʠʩʦʢʦʜʦʟʠʨʘʥʠ ʧʨʝʧʘʨʘʪʠ. ʊʨʝʙʘ 

ʜʘ ʩʝ ʩʣʝʜʠ ʚʦ ʪʝʢ ʥʘ ʨʘʟʚʦʿʦʪ, ʙʠʜʝʿ˃ʠ 

ʟʘʚʠʩʠ ʦʜ ʫʥʠʬʦʨʤʥʦʩʪʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ ʧʦʣʠʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ʠ 

ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ.   

ʈʘʩʪʚʦʨʣʠʚʦʩʪ 

45-65 % ʟʘ 15 ʤʠʥʫʪʠ 

60-85 % ʟʘ 60 ʤʠʥʫʪʠ 

Ó 85 % ʟʘ 240 ʤʠʥʫʪʠ 

ɼʘ 

ɹʠʦʨʘʩʧʦʣʦʞʣʠʚʦʩʪʘ ʥʘ ʣʝʢʦʪ ʝ 

ʦʧʨʝʜʝʣʝʥʘ ʦʜ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ 

ʥʘ ʣʝʢʦʪ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ.  
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ʊʘʙʝʣʘ 3.1. ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ (ʧʨʦʜʦʣʞʫʚʘ) 

ɸʪʨʠʙʫʪ ʥʘ 

ʢʚʘʣʠʪʝʪ 
ʎʝʣ 

ɼʘʣʠ ʝ  

CQA? 
ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʆʥʝʯʠʩʪʫʚʘˁʘ 

4-Aminophenol 

0,15 % 

ɹʠʣʦ ʢʦʝ ʦʥʝʯʠʩʪʫʚʘˁʝ: 

0,15 % 

ɺʢʫʧʥʦ ʦʥʝʯʠʩʪʫʚʘˁʘ:  

0,60 % 

ɼʘ 

ʀʘʢʦ ʜʝʛʨʘʜʘʮʠʦʠʪʝ ʧʨʦʜʫʢʪʠ ʩʝ 

ʢʦʥʪʨʦʣʠʨʘʥʠ ʧʨʝʢʫ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʥʘ 

API, ʩʝʧʘʢ ʬʦʨʤʫʣʘʮʠʿʘʪʘ ʠ ʪʝʭʥʦʣʦʰʢʠʦʪ 

ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ ʥʠʚʥʠʦʪ 

ʧʨʦʬʠʣʦʪ, ʩʣʝʜʩʪʚʝʥʦ ʠ ʚʨʟ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ 

ʧʘʮʠʝʥʪʦʪ. ʃʠʤʠʪʠʪʝ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ 

ʩʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ ʪʨʝʙʘ ʜʘ 

ʩʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ICH Q3B.  

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ 

ɸʮʝʪʦʥ Ò 5000 ppm 

ʍʝʢʩʘʥ Ò 290 ppm 
ɼʘ 

ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ICH Q3C-R8 ʙʠʜʝʿ˃ʠ 

ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ 

ʧʘʮʠʝʥʪʦʪ ʧʦʨʘʜʠ ʜʦʟʚʦʣʝʥʠʪʝ ʜʥʝʚʥʠ 

ʠʟʣʦʞʫʚʘˁʘ.  

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ 

ɺʢʫʧʝʥ ʙʨʦʿ ʘʝʨʦʙʥʠ 

ʤʠʢʨʦʙʠ 

ʅʝ ʧʦʚʝ˃ʝ ʦʜ 102 CFUmL-1 

ɺʢʫʧʝʥ ʙʨʦʿ ʢʚʘʩʮʠ/ʤʫʚʣʠ 

ʅʝ ʧʦʚʝ˃ʝ ʦʜ 101 CFUmL-1 

Escherichia Coli 

ʆʪʩʫʩʪʚʦ/mL 

ɼʘ ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ Ph.Eur. 2.6.12 ʠ 2.6.13 

 

 

ʊʘʙʝʣʘ 3.2. ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ɸʪʨʠʙʫʪ ʥʘ 

ʢʚʘʣʠʪʝʪ 
ʎʝʣ 

ɼʘʣʠ ʝ  

CQA? 
ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʀʟʛʣʝʜ, ʙʦʿʘ ʠ 

ʤʠʨʠʩ 

ɹʣʝʜʦ-ʞʦʣʪʝʥʠʢʘʚʠ 

ʧʦʣʠʤʝʨʥʠ 

ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ 

ʥʝʠʟʨʘʟʝʥ ʤʠʨʠʩ ʥʘ 

ʧʦʨʪʦʢʘʣ  

ʅʝ 

ʌʠʟʠʯʢʠʪʝ ʘʪʨʠʙʫʪʠ ʥʝ ʩʝ ʜʠʨʝʢʪʥʦ 

ʧʦʚʨʟʘʥʠ ʩʦ ʙʝʟʙʝʜʥʦʩʪʘ ʚʨʟ ʧʘʮʠʝʥʪʦʪ, ʘ 

ʧʨʠʬʘʪʣʠʚʦʩʪʘ ʦʜ ʩʪʨʘʥʘ ʧʘʮʠʝʥʪʦʪ ʝ 

ʦʙʝʟʙʝʜʝʥʘ ʧʨʝʢʫ ʢʨʘʿʥʠʦʪ ʛʦʪʦʚ 

ʬʘʨʤʘʮʝʚʪʩʢʠ ʧʨʝʧʘʨʘʪ (ʢʘʧʩʫʣʘ ʥʘʧʦʣʥʝʪʘ 

ʩʦ ʤʠʢʨʦʢʘʧʩʫʣʠ). ʇʨʦʠʟʚʦʜʩʪʚʝʥʠʦʪ 

ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʠʟʛʣʝʜʦʪ 

ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʢʘʢʦ ʠʥʪʝʨʤʝʜʠʝʨʥʘ 

ʬʦʨʤʘ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʯʝʩʪʠʯʢʠ  

ɺʦ ʨʘʥʛ Ò 1000 Õm ʠ 

ʪʝʩʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ  

ɼʘ 

ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʝ ʚʘʞʥʘ ʟʘ 

ʜʦʟʠʨʘˁʝʪʦ (ʢʘʧʩʫʣʠʨʘˁʝ) ʠ ʚʘʨʠʿʘʮʠʿʘ ʥʘ 

ʤʘʩʘ ʥʘ ʧʦʣʥʘ ʢʘʧʩʫʣʘ. ʅʠʩʢʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ 

ʨʘʩʧʦʥ ʫʢʘʞʫʚʘ ʥʘ ʪʝʩʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ, ʦʜ ʰʪʦ ʩʝ ʦʯʝʢʫʚʘ 

ʧʦʜʦʙʨa ʧʨʦʪʦʯʥʦʩʪ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʇʦʟʠʪʠʚʥʘ ʟʘ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ 

 

ɼʘ 

ʀʘʢʦ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ  

ʝ ʢʨʠʪʠʯʥʘ ʟʘ ʝʬʠʢʘʩʥʦʩʪʘ ʠ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ 

ʭʝʨʙʘʣʝʥ ʜʠʝʪʝʪʩʢʠ ʩʫʧʣʝʤʝʥʪ, ʧʦʨʘʜʠ 

ʨʠʟʠʢ ʦʜ ʪʦʢʩʠʯʥʦʩʪ ʢʦʿʰʪʦ ʤʦʞʝ ʜʘ 

ʧʨʦʠʟʣʝʟʝ ʦʜ ʥʝʧʨʘʚʠʣʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

(ʠʣʠ ʥʝʧʨʘʚʠʣʥʦ ʝʪʠʢʝʪʠʨʘˁʝ) ʥʘ ʚʠʜʦʪ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ.  
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ʊʘʙʝʣʘ 3.2. ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ (ʧʨʦʜʦʣʞʫʚʘ) 

ɸʪʨʠʙʫʪ ʥʘ 

ʢʚʘʣʠʪʝʪ 
ʎʝʣ 

ɼʘʣʠ ʝ  

CQA? 
ʆʙʨʘʟʣʦʞʝʥʠʝ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
ʄʠʥʠʤʫʤ 85% ɼʘ 

ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʝ ʜʠʨʝʢʪʥʦ 

ʧʦʚʨʟʘʥʘ ʩʦ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ ʚʦ ʤʘʪʨʠʮʘʪʘ, ʪ.ʝ. ʩʦ ʩʦʜʨʞʠʥʘʪʘ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ.  

ʈʘʩʧʘʜʣʠʚʦʩʪ 

ʆʪʩʫʩʪʚʦ ʥʘ ʚʠʜʣʠʚʦ 

ʨʘʩʧʘʺʘˁʝ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʚʦ pH 1,2 

ʠ pH 4,5 ʚʦ ʨʦʢ ʦʜ 60 ʠ 30 

ʤʠʥʫʪʠ ʩʦʦʜʚʝʪʥʦ  

ɼʘ 

ɸʪʨʠʙʫʪʦʪ ʚʣʠʿʘʝ ʚʨʟ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ 

ʝʪʝʨʠʯʥʦʩʪʦ ʤʘʩʣʦ ʠ ʩʧʝʮʠʬʠʯʥʦ 

ʣʦʢʘʮʠʩʢʦ ʨʘʩʪʚʦʨʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦʪʦ 

ʤʘʩʣʦ ʚʦ ʪʝʥʢʦʪʦ ʮʨʝʚʦ.   

ʈʘʩʪʚʦʨʣʠʚʦʩʪ 
30-50 % ʟʘ 30 ʤʠʥʫʪʠ 

Ó 80 % ʟʘ 90 ʤʠʥʫʪʠ 
ɼʘ 

ɹʠʦʨʘʩʧʦʣʦʞʣʠʚʦʩʪʘ ʥʘ ʙʠʦʘʢʪʠʚʥʘʪʘ 

ʢʦʤʧʦʥʝʥʪʘ ʝ ʦʧʨʝʜʝʣʝʥʘ ʦʜ ʧʨʦʬʠʣʦʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ.  

ʉʦʜʨʞʠʥʘ  

ʥʘ ʚʦʜʘ 

ʅʘʜʚʦʨʝʰʥʦ ʿʦʥʦʪʨʦʧʩʢʦ 

ʛʝʣʠʨʘˁʝ ʚʦ ʚʦʜʝʥ ʨʘʩʪʚʦʨ 
ʅʝ 

ɺʦʜʘʪʘ ʝ ʫʧʦʪʨʝʙʝʥʘ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ 

ʚʦʜʝʥ ʨʘʩʪʚʦʨ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʚʦ ʪʝʢ ʥʘ 

ʪʝʭʥʦʣʦʰʢʠʦʪ ʧʨʦʮʝʩ.  

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ 

ɺʢʫʧʝʥ ʙʨʦʿ ʘʝʨʦʙʥʠ 

ʤʠʢʨʦʙʠ 

ʅʝ ʧʦʚʝ˃ʝ ʦʜ 102 CFUmL-1 

ɺʢʫʧʝʥ ʙʨʦʿ ʢʚʘʩʮʠ/ʤʫʚʣʠ 

ʅʝ ʧʦʚʝ˃ʝ ʦʜ 101 CFUmL-1 

Clostridium ʆʪʩʫʩʪʚʦ/ mL 

Salmonella ʆʪʩʫʩʪʚʦ/ mL 

Staphylococcus aureus 

ʆʪʩʫʩʪʚʦ/ mL  

Escherichia Coli  

ʆʪʩʫʩʪʚʦ/ mL 

ɼʘ ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ Ph.Eur. 2.6.12 ʠ 2.6.13 

 

 

3.2 ʈʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʚʣʠʿʘʥʠʝ ʥʘ CMA ʠ CQAs ʚʨʟ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ 

 

 ɺʦ ʥʘʩʦʢʘ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʢʨʠʪʠʯʥʠʪʝ ʘʪʨʠʙʫʪʠ ʥʘ 

ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ (ʊʘʙʝʣʠ 3.3 ʠ 3.4) ʚʨʟ ʢʨʠʪʠʯʥʠʪʝ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ, ʢʨʠʪʠʯʥʠʪʝ ʘʪʨʠʙʫʪʠ ʥʘ ʧʦʣʠʤʝʨʠ ʚʦ ʬʦʨʤʫʣʘʮʠʿʘ 

(ʊʘʙʝʣʠ 3.5 ʠ 3.6) ʢʘʢʦ ʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʧʨʦʮʝʩʥʠʪʝ ʬʘʟʠ ʚʨʟ ʢʨʠʪʠʯʥʠʪʝ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ (ʪʘʙʝʣʘ 3.7 ʠ 3.8) ʩʝ ʥʘʧʨʘʚʠʿʘ ʨʠʟʠʢ ʘʥʘʣʠʟʠ. ʀʥʠʮʠʿʘʣʥʘʪʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʩʝ 

ʠʟʚʝʜʝ ʥʘ ʪʨʠ ʥʠʚʦʘ (ʚʠʩʦʢ, ʩʨʝʜʝʥ ʠ ʥʠʟʦʢ ʨʠʟʠʢ).  

 

ʅʠʟʦʢ ʆʧʰʪʦ ʧʨʠʬʘʪʣʠʚ ʨʠʟʠʢ. ʅʝʤʘ ʧʦʪʨʝʙʘ ʦʜ ʧʦʥʘʪʘʤʦʰʥʘ ʠʩʪʨʘʛʘ. 

ʉʨʝʜʝʥ 
ʈʠʟʠʢʦʪ ʝ ʧʨʠʬʘʪʣʠʚ. ɹʠ ʩʝ ʨʘʙʦʪʝʣʦ ʩʦ ʧʦʥʘʪʘʤʦʰʥʘ ʠʩʪʨʘʛʘ ʠʣʠ 

ʦʙʨʘʟʣʦʞʝʥʠʝ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʨʠʟʠʢʦʪ. 

ɺʠʩʦʢ 
ʈʠʟʠʢʦʪ ʝ ʥʝʧʨʠʬʘʪʣʠʚ. ɵʝ ʩʝ ʥʘʧʨʘʚʠ ʧʦʥʘʪʘʤʦʰʥʘ ʠʩʪʨʘʛʘ ʟʘ ʜʘ ʩʝ 

ʥʘʤʘʣʠ ʨʠʟʠʢʦʪ.  
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ʊʘʙʝʣʘ 3.3 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʘʮʝʪʘʤʥʦʬʝʥ 

ɸʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ 

API  

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʈʘʩʪʚʦʨʣʠʚʦʩʪ  

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ʈʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʘʢʪʠʚʥʘʪʘ ʩʫʧʩʪʘʥʮʘ ʥʝʤʘ 

ʚʣʠʿʘʥʠʝ ʚʨʟ: ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʫʥʠʬʦʨʤʥʦʩʪʘ ʥʘ ʜʦʟʠʨʘʥʠ 

ʝʜʠʥʠʮʠ, ʩʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ. 

ʆʪʪʫʢʘ, ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ 

ʨʠʟʠʢ.  

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ 

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
M 

ʀʟʚʨʰʝʥʘ ʝ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʘʢʪʠʚʥʘʪʘ 

ʩʫʧʩʪʘʥʮʘ ʢʦʨʠʩʪʝʿ˃ʠ ʿʘ ʪʝʭʥʦʣʦʰʢʘʪʘ 

ʧʦʩʪʘʧʢʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ 

ʝʤʫʣʟʠʿʘ. ʀʟʙʦʨʦʪ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ, ʢʘʢʦ ʠ 

ʩʦʦʜʥʦʩʦʪ ʧʦʤʝʺʫ ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʠ API ʠʤʘʘʪ 

ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʆʜ ʪʘʘ ʧʨʠʯʠʥʘ ʨʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.   

ʇʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 
M 

ɸʮʝʪʘʤʠʥʦʬʝʥʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ BCS 

ʢʣʘʩʘ III ï ʥʠʩʢʦ ʧʝʨʤʝʘʙʠʣʝʥ ʠ ʚʠʩʦʢʦ 

ʨʘʩʪʚʦʨʣʠʚ. ʈʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ 

ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ ʚʣʠʿʘʝ ʚʨʟ ʪʦʘ ʢʦʣʢʫ ʙʨʟʦ ˃ʝ 

ʩʝ ʦʩʣʦʙʦʜʠ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ. ʇʦʨʘʜʠ ʪʦʘ 

ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.  

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
L 

ʈʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ API ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʠʟʙʦʨʦʪ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ, ʥʦ ʢʦʥʢʨʝʪʥʦ 

ʘʮʝʪʦʥʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʨʘʩʪʚʦʨʫʚʘʯ ʩʦ 

ʥʠʟʦʢ ʪʦʢʩʠʯʝʥ ʧʦʪʝʥʮʠʿʘʣ. ʈʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ.  

ʇʦʣʠʤʦʨʬʠʟʘʤ 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ʉʧʦʨʝʜ ʜʦʩʪʘʧʥʠʪʝ ʥʘʫʯʥʠ ʪʨʫʜʦʚʠ, 

ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ ʠʤʘ ʪʨʠ ʧʦʣʠʤʦʨʬʥʠ ʬʦʨʤʠ 

ʦʜ ʢʦʠ: ʝʜʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʩʪʘʙʠʣʥʘ 

ʧʦʣʠʤʦʨʬʥʘ ʬʦʨʤʘ (ʤʦʥʦʢʣʠʥʠʯʥʘ ʬʦʨʤʘ, 

ʦʟʥʘʯʝʥʘ ʢʘʢʦ ʌʦʨʤʘ I), ʝʜʥʘ ʤʝʪʘʩʪʘʙʠʣʥʘ 

ʬʦʨʤʘ (ʌʦʨʤʘ II) ʠ ʥʝʩʪʘʙʠʣʥʘ ʬʦʨʤʘ (ʌʦʨʤʘ 

III). ʌʦʨʤʘʪʘ I ʝ ʝʜʠʥʩʪʚʝʥʘʪʘ ʢʦʤʝʨʮʠʿʘʣʥʦ 

ʜʦʩʪʘʧʥʘ ʧʦʣʠʤʦʨʬʥʘ ʬʦʨʤʘ ʥʘ 

ʘʮʝʪʘʤʠʥʦʬʝʥ, ʦʪʪʫʢʘ ʧʦʣʠʤʦʨʬʠʟʤʦʪ ʥʘ API 

ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ CQAôs ʠ ʨʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ.  

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ  

ʇʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
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ʊʘʙʝʣʘ 3.3 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʘʮʝʪʘʤʥʦʬʝʥ (ʧʨʦʜʦʣʞʫʚʘ) 

ɸʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ 

API  

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʇʨʦʬʠʣ ʥʘ 

ʦʥʝʯʠʩʪʫʚʘˁʘ 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

 

4-ɸʤʠʥʦʬʝʥʦʣʦʪ ʢʘʢʦ ʧʨʠʤʘʨʥʦ 

ʦʥʝʯʠʩʪʫʚʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ ʥʝʤʘ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʫʥʠʬʦʨʤʥʦʩʪʘ ʥʘ ʜʦʟʠʨʘʥʠ 

ʝʜʠʥʠʮʠ, ʧʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʠ ʨʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ 

ʥʠʟʦʢ ʨʠʟʠʢ. 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 

ʇʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 
M 

4-ɸʤʠʥʦʬʝʥʦʣʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʠʤʘʨʥʦ 

ʦʥʝʯʠʩʪʫʚʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ ʠ ʠʤʘ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʩʨʦʜʥʠʪʝ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠʪʝ 

ʧʨʦʜʫʢʪʠ ʥʘ API. ʆʜ ʪʘʘ ʧʨʠʯʠʥʘ ʨʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.  

ʈʘʩʧʨʝʜʝʣʙʘ 

ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʯʝʩʪʠʯʢʠ ʥʘ 

ʘʮʝʪʘʤʠʥʦʬʝʥ  

 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 
ʄ 

ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʯʝʩʪʠʯʢʠʪʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ 

ʤʦʞʝ ʜʘ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ 

ʥʘ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʦʪʪʫʢʘ 

ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ. 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 

L 

ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʯʝʩʪʠʯʢʠʪʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ 

ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ: ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʫʥʠʬʦʨʤʥʦʩʪʘ ʥʘ ʜʦʟʠʨʘʥʠ 

ʝʜʠʥʠʮʠ, ʧʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ, ʩʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ ʠ ʨʝʟʠʜʫʘʣʥʠ ʨʘʩʪʚʦʨʫʚʘʯʠ. ʈʠʟʠʢʦʪ 

ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ  

ʇʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʚʦ ʨʘʤʢʠ ʥʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ, ʙʠʜʝʿ˃ʠ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP, ʥʦ ʥʝ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ  
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ʊʘʙʝʣʘ 3.4 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ 

ɸʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ 

ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ 

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ɻʫʩʪʠʥʘ 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 
L 

 

ɻʫʩʪʠʥʘʪʘ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʥʝʤʘ 

ʚʣʠʿʘʥʠʝ ʚʨʟ: ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʨʘʩʧʘʜʣʠʚʦʩʪʘ, ʧʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ. 

ʆʪʪʫʢʘ, ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ 

ʨʠʟʠʢ.   

ʈʘʩʧʘʜʣʠʚʦʩʪ 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
M 

ɻʫʩʪʠʥʘʪʘ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʩʦʦʜʥʦʩʦʪ ʧʦʤʝʺʫ ʤʘʩʣʦʪʦ ʠ ʧʦʣʠʤʝʨʦʪ, ʧʦʨʘʜʠ 

ʪʦʘ ʠ ʚʨʟ ʩʪʝʧʝʥʦʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʈʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.   

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ɻʫʩʪʠʥʘʪʘ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʥʝʤʘ ʚʣʠʿʘʥʠʝ 

ʚʨʟ ʤʠʢʨʦʙʠʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ 

ʥʠʟʦʢ ʨʠʟʠʢ.   

ɺʠʩʢʦʟʥʦʩʪ 

 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ  
ʄ 

ɺʠʩʢʦʟʥʦʩʪʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʤʘʩʣʦʪʦ ʚʦ 

ʧʦʣʠʤʝʨʥʠʦʪ ʤʘʪʨʠʢʩ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ 

ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.  

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ɺʠʩʢʦʟʥʦʩʪʘ ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ: ʨʘʩʧʘʜʣʠʚʦʩʪʘ, 

ʧʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ, ʩʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ ʠ ʨʝʟʠʜʫʘʣʥʠ ʨʘʩʪʚʦʨʫʚʘʯʠ. ʈʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʈʘʩʧʘʜʣʠʚʦʩʪ 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ɺʠʩʢʦʟʥʦʩʪʘ ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʤʠʢʨʦʙʠʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. 

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ.   

ʍʝʤʠʩʢʠ 

ʩʦʩʪʘʚ 

 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 

L 

ʍʝʤʠʩʢʠʦʪ ʩʦʩʪʘʚ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʝʤʘ 

ʚʣʠʿʘʥʠʝ ʚʨʟ: ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ, ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, 

ʨʘʩʧʘʜʣʠʚʦʩʪ, ʧʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʠ ʤʠʢʨʦʙʠʦʣʦʰʢʠ ʢʚʘʣʠʪʝʪ.  

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 

ʈʘʩʧʘʜʣʠʚʦʩʪ 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʚʦ ʨʘʤʢʠ ʥʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ, ʙʠʜʝʿ˃ʠ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP, ʥʦ ʥʝ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ  
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ʊʘʙʝʣʘ 3.5 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʝʢʩʮʠʧʠʝʥʩʠ ʚʦ ʬʦʨʤʫʣʘʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ɽʢʩʮʠʧʠʝʥʪ 
ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʍʠʜʨʦʢʩʠ-

ʧʨʦʧʠʣ 

ʮʝʣʫʣʦʟʘ  

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ʂʦʨʠʩʪʝʥʠʦʪ ʝʢʩʮʠʧʠʝʥʪ ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʯʝʩʪʠʯʢʠʪʝ, 

ʠʟʛʣʝʜʦʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ 

ʨʝʟʠʜʫʘʣʥʠ ʨʘʩʪʚʦʨʫʚʘʯʠ ʠ ʫʥʠʬʦʨʤʥʦʩʪʘ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ. ʇʦʨʘʜʠ ʪʦʘ ʨʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
M 

ɽʢʩʮʠʧʠʝʥʪʦʪ HPC ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʧʦʣʠʤʝʨʝʥ ʤʘʪʨʠʢʩ, ʘ ʩʦ ʪʦʘ ʠ 

ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ API ʚʦ 

ʤʘʪʨʠʢʩʦʪ. ʈʠʟʠʢʦʪ ʝ ʩʨʝʜʝʥ.  

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

M 

ʇʦʣʠʤʝʨʥʠʦʪ ʤʘʪʨʠʢʩ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʩʪʝʧʝʥʦʪ 

ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ API, ʦʪʪʫʢʘ HPC ʠʤʘ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʠ 

ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.  

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 
M 

ʇʦʩʪʦʠ ʤʦʞʥʦʩʪ HPC ʜʘ ʩʪʘʧʠ ʚʦ ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ 

API ʠ ʜʘ ʥʘʩʪʘʥʘʪ ʜʝʛʨʘʜʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ, 

ʧʦʨʘʜʠ ʪʦʘ ʨʠʟʠʢʦʪ ʝ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.  

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ʂʦʨʠʩʪʝʥʠʦʪ ʝʢʩʮʠʧʠʝʥʪ ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʤʠʢʨʦʙʠʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ. 

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

 

ʊʘʙʝʣʘ 3.6 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʝʢʩʮʠʧʠʝʥʩʠ ʚʦ ʬʦʨʤʫʣʘʮʠʿʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ɽʢʩʮʠʧʠʝʥʪ 
ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʅʘʪʨʠʫʤ 

ʘʣʛʠʥʘʪ  

ʀʟʛʣʝʜ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

L 

 

ʂʦʨʠʩʪʝʥʠʦʪ ʝʢʩʮʠʧʠʝʥʪ ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʠʟʛʣʝʜ ʠ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʯʝʩʪʠʯʢʠʪʝ. ʆʜ ʦʚʘʘ ʧʨʠʯʠʥʘ ʨʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
M 

ɽʢʩʮʠʧʠʝʥʪʦʪ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʧʦʣʠʤʝʨʝʥ ʤʘʪʨʠʢʩ, ʘ ʩʦ ʪʦʘ ʠ 

ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ ʚʦ ʤʘʪʨʠʢʩʦʪ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ 

ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.  

ʈʘʩʧʘʜʣʠʚʦʩʪ 

M 

ʇʦʣʠʤʝʨʥʠʦʪ ʤʘʪʨʠʢʩ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʨʘʩʧʘʜʣʠʚʦʩʪʘ ʠ ʩʪʝʧʝʥʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ, ʦʜʥʦʩʥʦ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ.  

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ.  

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ʇʦʣʠʤʝʨʥʠʦʪ ʤʘʪʨʠʢʩ ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ 

ʚʨʟ ʤʠʢʨʦʙʠʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ.  

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ.  
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ʊʘʙʝʣʘ 3.7 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʯʝʢʦʨʠ ʚʨʟ CQAs ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʇʨʦʠʟʚʦʜʩʪʚʝʥ 

ʯʝʢʦʨ 

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ 

ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ 

ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʈʘʩʪʚʦʨʘˁʝ ʥʘ 

ʙʠʦʘʢʪʠʚʥʘ 

ʩʫʧʩʪʘʥʮʘ 

ʀʟʛʣʝʜ L ʈʘʩʪʚʦʨʘˁʝʪʦ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ï API 

ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʠʟʛʣʝʜʦʪ ʠ 

ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ. 

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
M 

ʅʝʩʦʦʜʚʝʪʝʥ ʨʝʞʠʤ ʥʘ ʤʝʰʘˁʝ ʠ ʚʨʝʤʝ ʤʦʞʝ 

ʜʘ ʨʝʟʫʣʪʠʨʘʘʪ ʩʦ ʥʝʨʘʩʪʚʦʨʝʥʘ API ʥʘ ʜʥʦʪʦ ʦʜ 

ʩʘʜʦʪ ʟʘ ʧʦʜʛʦʪʦʚʢʘ, ʰʪʦ ʧʦʥʘʪʘʤʫ ʤʦʞʝ ʜʘ ʠʤʘ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʩʦʜʨʞʠʥʘʪʘ ʥʘ API ʠ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʈʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ. 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ 
ʄ 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙoʜʫʚʘˁʝ ʥʘ ʣʝʢ 

L 
 

ʈʘʩʪʚʦʨʘˁʝʪʦ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ï API 

ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʦʬʠʣʦʪ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʩʨʦʜʥʠ ʠ 

ʜʝʛʨʘʜʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ, ʨʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ ʠ ʤʠʢʨʦʙʠʦʣʦʰʢʠ ʢʚʘʣʠʪʝʪ. 

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ. 

ʉʨʦʜʥʠ ʠ 

ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 

L 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ɼʠʩʧʝʨʛʠʨʘˁʝ 

ʥʘ ʧʦʣʠʤʝʨ ʚʦ 

ʨʘʩʪʚʦʨ ʥʘ 

ʙʠʦʘʢʪʠʚʥʘ 

ʢʦʤʧʦʥʝʥʪʘ 

ʀʟʛʣʝʜ L ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʝ ʩʝ 

ʜʠʨʝʢʪʥʦ ʟʘʩʝʛʥʘʪʠ ʦʜ ʧʨʦʮʝʩʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 

ʚʦ ʦʚʦʿ ʧʨʦʮʝʩʝʥ ʯʝʢʦʨ. ʈʠʟʠʢʦʪ ʝ ʧʨʦʮʝʥʝʪ 

ʥʠʟʦʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
ʄ 

ʅʝʩʦʦʜʚʝʪʥʘ ʙʨʟʠʥʘ ʠ ʚʨʝʤʝ ʥʘ ʤʝʰʘˁʝ ʤʦʞʝ 

ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʝʮʝʣʦʩʥʘ ʭʠʜʨʘʪʘʮʠʿʘ ʥʘ 

ʧʦʣʠʤʝʨʦʪ. ɼʦʢʦʣʢʫ ʨʝʞʠʤʦʪ ʥʘ ʤʝʰʘˁʝ ʥʝ ʝ 

ʜʦʚʦʣʥʦ ʪʫʨʙʫʣʝʥʪʝʥ ʟʘ ʜʘ ʛʠ ʜʝʘʛʣʦʤʝʨʠʨʘ 

ʬʦʨʤʠʨʘʥʠʪʝ ʧʦʣʠʤʝʨʥʠ ʥʝʭʠʜʨʠʨʘʥʠ ʛʨʫʪʢʠ, 

ʪʦʛʘʰ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ ʚʠʩʢʦʟʥʦʩʪʘ ʥʘ 

ʧʦʣʠʤʝʨʝʥ ʨʘʩʪʚʦʨ, ʥʝʛʦʚʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠ 

ʢʘʧʘʮʠʪʝʪ ʟʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ.  

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ.  

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ 
ʄ 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʄ 

ʉʨʦʜʥʠ ʠ 

ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 

L 
ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʝ ʩʝ 

ʜʠʨʝʢʪʥʦ ʟʘʩʝʛʥʘʪʠ ʦʜ ʧʨʦʮʝʩʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 

ʚʦ ʦʚʦʿ ʧʨʦʮʝʩʝʥ ʯʝʢʦʨ. ʈʠʟʠʢʦʪ ʝ ʧʨʦʮʝʥʝʪ 

ʥʠʟʦʢ. 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʚʦ ʨʘʤʢʠ ʥʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ, ʙʠʜʝʿ˃ʠ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP, ʥʦ ʥʝ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ  
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ʊʘʙʝʣʘ 3.7 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʯʝʢʦʨʠ ʚʨʟ CQAs ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

(ʧʨʦʜʦʣʞʫʚʘ) 

ʇʨʦʠʟʚʦʜʩʪʚʝʥ 

ʯʝʢʦʨ 

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʇʦʜʛʦʪʦʚʢʘ ʥʘ 

ʤʘʩʣʝʥʘ ʬʘʟʘ 

ʀʟʛʣʝʜ L 

ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʥʝ ʩʝ 

ʟʘʩʝʛʥʘʪʠ ʦʜ ʧʨʦʮʝʩʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʚʦ ʦʚʦʿ 

ʧʨʦʮʝʩʝʥ ʯʝʢʦʨ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ 

ʥʠʟʦʢ.  

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
L 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ* 
L 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

L 

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 
L 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ɽʢʩʪʨʫʜʠʨʘˁʝ 

ʥʘ ʝʤʫʣʟʠʿʘ ʠ 

ʬʦʨʤʠʨʘˁʝ ʥʘ 

ʝʤʫʣʟʠʿʘ 

ʀʟʛʣʝʜ ʄ ɹʨʟʠʥʘʪʘ ʥʘ ʝʢʩʪʨʫʜʠʨʘˁʝ, ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ 

ʧʦʤʦʰʥʘʪʘ ʦʧʨʝʤʘ ʟʘ ʝʢʩʪʨʫʜʠʨʘˁʝ ʚʣʠʿʘʘʪ 

ʚʨʟ ʤʝʢʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʚʦ ʥʠʚʥʠʦʪ ʠʟʛʣʝʜ 

ʠ ʛʦʣʝʤʠʥʘ. ʇʨʝʛʦʣʝʤʘ ʙʨʟʠʥʘ ʥʘ 

ʝʢʩʪʨʫʜʠʨʘˁʝ ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ 

ʘʛʣʦʤʝʨʘʮʠʿʘ ʥʘ ʤʝʢʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ 

ʥʝʧʨʘʚʠʣʥʘ ʛʝʦʤʝʪʨʠʿʘ ʠ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ 

ʰʠʨʦʢʘ ʜʠʩʪʠʨʙʫʮʠʿʘ ʥʘ ʛʦʣʝʤʠʥʘ. ʈʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ.   

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʄ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
L 

ɹʨʟʠʥʘʪʘ ʥʘ ʝʢʩʪʨʫʜʠʨʘˁʝ ʠ ʜʠʿʘʤʝʪʘʨ ʥʘ 

ʦʧʨʝʤʘʪʘ ʟʘ ʝʢʩʪʨʫʜʠʨʘˁʝ ʥʘ ʤʘʩʣʝʥʘ ʬʘʟʘ 1 

ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʈʠʟʠʢʦʪ ʝ ʥʠʟʦʢ.  

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ* 
M 

ʅʝʚʦʝʜʥʘʯʝʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʝʢʩʪʨʫʜʠʨʘˁʝ 

ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʬʦʨʤʠʨʘˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʰʠʨʦʢʘ ʜʠʩʪʨʠʙʫʮʠʿʘ, ʰʪʦ 

ʤʦʞʝ ʜʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʫʥʠʬʦʨʤʥʦʩʪʘ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ ʜʘ ʙʠʜʝ ʧʦʚʠʩʦʢʘ.  

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ.  

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

L 
ʇʨʦʮʝʩʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʦʜ ʦʚʦʿ ʧʨʦʮʝʩʝʥ 

ʯʝʢʦʨ (ʙʨʟʠʥʘ ʥʘ ʝʢʩʪʨʫʜʠʨʘˁʝ) ʠ ʜʠʟʘʿʥ ʥʘ 

ʩʠʩʪʝʤʦʪ (ʜʠʿʘʤʝʪʘʨ ʥʘ ʧʦʤʦʰʥʘ ʦʧʨʝʤʘ ʟʘ 

ʝʢʩʪʨʫʜʠʨʘˁʝ) ʥʝʤʘʘʪ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʦʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ.  

ʈʠʟʠʢʦʪ ʝ ʥʠʟʦʢ.  

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 
L 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 
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ʊʘʙʝʣʘ 3.7 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʯʝʢʦʨʠ ʚʨʟ CQAs ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

(ʧʨʦʜʦʣʞʫʚʘ) 

ʇʨʦʠʟʚʦʜʩʪʚʝʥ 

ʯʝʢʦʨ 

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʆʮʚʨʩʥʫʚʘˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʀʟʛʣʝʜ M ʅʝʩʦʦʜʚʝʪʝʥ ʨʝʞʠʤ ʥʘ ʤʝʰʘˁʝ ʠ ʜʠʟʘʿʥ ʥʘ 

ʩʠʩʪʝʤ ʟʘ ʤʝʰʘˁʝ ʤʦʞʝ ʜʘ ʠʤʘʘʪ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʠʟʛʣʝʜʦʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ, ʘʛʣʦʤʝʨʘʮʠʿʘ 

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʥʘ ʼʠʜʦʪ ʦʜ ʩʘʜʦʪ ʟʘ 

ʧʨʠʧʨʝʤʘ ʠʣʠ ʧʨʦʧʝʣʝʨʩʢʘʪʘ ʤʝʰʘʣʢʘ. 

ʐʠʨʦʢʘʪʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ 

ʧʦʨʘʜʠ ʥʝʩʦʦʜʚʝʪʝʥ ʠ ʥʝʦʧʪʠʤʠʟʠʨʘʥ ʨʝʞʠʤ 

ʥʘ ʤʝʰʘˁʝ ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ ʫʥʠʬʦʨʤʥʦʩʪʘ 

ʥʘ ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ. ʈʝʞʠʤʦʪ ʥʘ ʤʝʰʘˁʝ  

ʚʣʠʿʘʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʪʘʢʘ 

ʰʪʦ ʪʫʨʙʫʣʝʥʪʥʠʦʪ ʨʝʞʠʤ ʦʚʦʟʤʦʞʫʚʘ ʧʦʙʨʟʦ 

ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʘʮʝʪʦʥʦʪ ʠ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ. ʈʠʟʠʢʦʪ ʝ ʩʨʝʜʝʥ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

M 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
M 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ* 
M 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

L 
ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʤʝʰʘˁʝ 

(ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʘʮʝʪʦʥ), ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʠ 

ʜʠʟʘʿʥʦʪ ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ ʤʝʰʘˁʝ ʥʝʤʘʘʪ 

ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʦʚʠʝ ʢʨʠʪʠʯʥʠ 

ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ.  

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ.  

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 
L 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ʉʝʧʘʨʠʨʘˁʝ ʠ 

ʧʣʘʢʥʝˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʀʟʛʣʝʜ L 

ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʧʨʦʮʝʩʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʚʘʢʫʫʤ 

ʥʘ ʬʠʣʪʨʘʮʠʿʘ, ʚʨʝʤʝ ʥʘ ʧʣʘʢʥʝˁʝ ʠ ʢʦʣʠʯʠʥʘ 

ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʧʣʘʢʥʝˁʝ (ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ 

ʪʨʘʛʠ ʦʜ ʪʝʯʝʥ ʧʘʨʘʬʠʥ) ʥʝʤʘʘʪ ʜʠʨʝʢʪʥʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʦʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ  ʢʘʢʦ 

ʥʠʟʦʢ.  

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
L 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ* 
L 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

L 

ʉʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 
L 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
M 

ʅʝʩʦʦʜʚʝʪʥʦ ʦʧʪʠʤʠʟʠʨʘʥʘ ʢʦʣʠʯʠʥʘ ʥʘ 

ʩʨʝʜʩʪʚʦ ʟʘ ʧʣʘʢʥʝˁʝ ʥʘ ʜʦʙʠʝʥʠʪʝ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʦʜ ʪʨʘʛʠ ʦʜ ʪʝʯʝʥ ʧʘʨʘʬʠʥ 

ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʭʝʢʩʘʥ ʢʘʢʦ ʨʝʟʠʜʫʘʣʝʥ 

ʨʘʩʪʚʦʨʫʚʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʩʢʠ 

ʛʨʘʥʠʮʠ. ʈʠʟʠʢʦʪ ʝ ʩʨʝʜʝʥ.  

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ʇʣʘʢʥʝˁʝʪʦ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʦ ʭʝʢʩʘʥ ʠ 

ʩʝʧʘʨʠʨʘˁʝʪʦ ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʤʠʢʨʦʙʠʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ. ʈʠʟʠʢʦʪ ʝ ʥʠʟʦʢ. 
*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʚʦ ʨʘʤʢʠ ʥʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ, ʙʠʜʝʿ˃ʠ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP, ʥʦ ʥʝ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ  
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ʊʘʙʝʣʘ 3.7 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʯʝʢʦʨʠ ʚʨʟ CQAs ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

(ʧʨʦʜʦʣʞʫʚʘ) 

ʇʨʦʠʟʚʦʜʩʪʚʝʥ 

ʯʝʢʦʨ 

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʉʫʰʝˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʀʟʛʣʝʜ L ʆʚʘʘ ʧʨʦʮʝʩʥʘ ʬʘʟʘ ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ 

ʚʨʟ ʠʟʛʣʝʜʦʪ ʠ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ.  

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

L 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
L 

ɸʮʝʪʘʤʠʥʦʬʝʥʦʪ ʥʝ ʝ ʩʢʣʦʥ ʢʦʥ ʠʩʧʘʨʫʚʘˁʝ, 

ʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʝ ʚʦ ʮʚʨʩʪʘ 

ʘʛʨʝʛʘʪʥʘ ʩʦʩʪʦʿʙʘ, ʪʘʢʘ ʰʪʦ ʦʚʘʘ ʧʨʦʮʝʩʥʘ 

ʬʘʟʘ ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ 

ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʫʥʠʬʦʨʤʥʦʩʪ ʥʘ ʜʦʟʠʨʘʥʠ 

ʝʜʠʥʠʮʠ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ. 

ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ 

ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ* 
L 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙoʜʫʚʘˁʝ ʥʘ ʣʝʢ 

L 
ʆʚʘʘ ʧʨʦʮʝʩʥʘ ʬʘʟʘ ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ 

ʚʨʟ ʧʨʦʬʠʣʦʪ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ 

ʥʘ ʣʝʢ ʠ ʩʨʦʜʥʠ ʠ ʜʝʛʨʘʜʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ 

ʢʘʢʦ ʥʠʟʦʢ. 

ʉʨʦʜʥʠ ʠ  

ʜʝʛʨʘʜʘʮʠʦʥʠ 

ʧʨʦʜʫʢʪʠ* 

L 

ʈʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ* 
M 

ʆʚʘʘ ʬʘʟʘ ʠʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʨʝʟʠʜʫʘʣʝʥ ʭʝʢʩʘʥ, ʢʦʿʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʚʦ 

ʧʦʩʣʝʜʥʘʪʘ ʬʘʟʘ ʟʘ ʧʣʘʢʥʝˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʦʩʪʘʪʦʮʠ 

ʦʜ ʪʝʯʝʥ ʧʘʨʘʬʠʥ. ʅʝʩʦʦʜʚʝʪʥʦ ʩʫʰʝˁʝ ʤʦʞʝ 

ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʦʪʩʪʘʧʫʚʘˁʝ ʥʘ ʨʝʟʠʜʫaʣʝʥ 

ʭʝʢʩʘʥ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʩʢʠʪʝ ʣʠʤʠʪʠ. ʆʪʪʫʢʘ 

ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ. 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
ʄ 

ʀʩʧʣʘʢʥʘʪʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʪʨʝʙʘ ʜʘ ʩʝ 

ʜʦʙʨʦ ʠʩʫʰʝʥʠ ʟʘ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʨʠʟʠʢʦʪ 

ʦʜ ʤʠʢʨʦʙʠʦʣʦʰʢʠ ʨʘʩʪ (ʢʦʥʪʘʤʠʥʘʮʠʿʘ). 

ʆʪʪʫʢʘ ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ 

ʨʠʟʠʢ. 
*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʚʦ ʨʘʤʢʠ ʥʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ, ʙʠʜʝʿ˃ʠ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP, ʥʦ ʥʝ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ  
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ʇʨʦʠʟʚʦʜʩʪʚʝʥ 

ʯʝʢʦʨ 

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ɼʠʩʧʝʨʛʠʨʘˁʝ 

ʥʘ ʧʦʣʠʤʝʨ 

 

ʀʟʛʣʝʜ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 
L ʀʟʛʣʝʜ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʠ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʥʝ ʩʝ ʜʠʨʝʢʪʥʦ 

ʚʨʟʘʥʠ ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ ʭʠʜʨʠʨʘˁʝ ʥʘ ʧʦʣʠʤʝʨ. 

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 

L 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
M 

ʆʚʦʿ ʯʝʢʦʨ ʤʦʞʝ ʜʘ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʧʨʦʮʝʥʪʦʪ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʧʘʩʫʣʘʮʠʿʘ, 

ʙʠʜʝʿ˃ʠ ʥʝʜʦʚʦʣʥʦ ʠʟʭʠʜʨʠʨʘʥʘ ʢʦʣʠʯʠʥʘ 

ʧʦʣʠʤʝʨ ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʥʠʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʙʠʜʝʿ˃ʠ ʥʝ ʩʝ 

ʭʠʜʨʠʨʘʥʠ ʧʦʣʠʤʝʨʥʠʪʝ ʯʝʩʪʠʯʢʠ ʧʦʨʘʜʠ 

ʥʝʩʦʜʦʚʝʪʝʥ ʨʝʞʠʤ ʥʘ ʤʝʰʘˁʝ ʟʘ ʩʦʦʜʚʝʪʥʦ 

ʜʠʩʧʝʨʛʠʨʘˁʝ. ʆʚʦʿ ʧʨʦʮʝʩʝʥ ʯʝʢʦʨ ʤʦʞʝ ʜʘ 

ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ  ʨʘʩʧʘʜʣʠʚʦʩʪʘ ʠ ʧʨʦʬʠʣʦʪ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ, ʙʠʜʝʿ˃ʠ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ 

ʩʦʦʜʚʝʪʥʦ ʥʝʛʦʚʘʪʘ ʠʟʭʠʜʨʠʨʘʥʦʩʪ ʚʣʠʿʘʘʪ ʚʨʟ 

ʜʦʩʪʘʧʥʦʩʪʘ ʥʘ ʢʘʪʿʦʥʩʢʠ ʣʦʢʘʮʠʠ ʟʘ 

ʦʬʦʨʤʫʚʘˁʝ ʥʘ ʘʣʛʠʥʘʪʩʢʠ ʤʘʪʨʠʢʩ, ʘ ʦʪʪʫʢʘ ʠ 

ʚʨʟ ʥʝʛʦʚʘʪʘ ʮʚʨʩʪʠʥʘ ʠ ʧʝʨʤʝʘʙʠʣʥʦʩʪ ʚʦ 

ʤʝʜʠʫʤʠ. ʈʠʟʠʢʦʪ ʝ ʩʨʝʜʝʥ.  

ʈʘʩʧʘʜʣʠʚʦʩʪ* M 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

M 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʥʝ ʝ ʜʠʨʝʢʪʥʦ ʚʨʟʘʥ ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ ʭʠʜʨʠʨʘˁʝ 

ʥʘ ʧʦʣʠʤʝʨ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ 

ʥʠʟʦʢ ʨʠʟʠʢ. 

ʌʦʨʤʠʨʘˁʝ ʥʘ 

ʝʤʫʣʟʠʿʘ 

ʀʟʛʣʝʜ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 
L ʀʟʛʣʝʜ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʠ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʝ ʜʠʨʝʢʪʥʦ ʚʨʟʘʥʠ 

ʩʦ ʦʚʦʿ ʧʨʦʮʝʩʝʥ ʯʝʢʦʨ. ʈʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 

L 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
M 

ʅʝʩʦʦʜʚʝʪʝʥ ʨʝʞʠʤ ʥʘ ʤʝʰʘˁʝ ʤʦʞʝ ʜʘ 

ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʝʭʦʤʦʛʝʥʦ ʜʠʩʧʝʨʛʠʨʘˁʝ ʠ 

ʝʤʫʣʛʠʨʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ, ʦʜʥʦʩʥʦ ʥʝʛʦʚʦ 

ʩʝʛʨʝʛʠʨʘˁʝ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʦʜ ʧʦʣʠʤʝʨʥʠʦʪ 

ʨʘʩʪʚʦʨ. Kʦʛʘ ʥʝ ʝ ʩʦʦʜʚʝʪʥʦ ʜʠʩʧʝʨʛʠʨʘʥʦ 

ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʚʦ ʧʦʣʠʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ, 

ʧʦʩʪʦʠ ʨʠʟʠʢ ʟʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʠ ʧʦʥʠʩʢʠ 

ʚʨʝʜʥʦʩʪʠ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʩʢʠ ʚʦʩʧʦʩʪʘʚʝʥʠʪʝ. 

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ. 

ʈʘʩʧʘʜʣʠʚʦʩʪ* L 

ʈʘʩʧʘʜʣʠʚʦʩʪ, ʧʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ 

ʤʠʢʨʦʙʠʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʥʝ ʩʝ ʜʠʨʝʢʪʥʦ ʚʨʟʘʥʠ ʩʦ ʦʚʦʿ ʧʨʦʮʝʩʝʥ ʯʝʢʦʨ. 

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ 
L 
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ʊʘʙʝʣʘ 3.8 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʯʝʢʦʨʠ ʚʨʟ CQAs ʟʘ  

ʤʠʢʨʦʢʘʧʩʫʣʠ (ʧʨʦʜʦʣʞʫʚʘ) 

ʇʨʦʠʟʚʦʜʩʪʚʝʥ 

ʯʝʢʦʨ 

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ɽʢʩʪʨʫʟʠʿʘ ʥʘ 

ʝʤʫʣʟʠʿʘ 

ʀʟʛʣʝʜ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 
M 

ɽʢʩʪʨʫʜʠʨʘˁʝʪʦ ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʚʣʠʿʘʝ ʜʠʨʝʢʪʥʦ 

ʚʨʟ ʠʟʛʣʝʜʦʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʠ ʥʠʚʥʘʪʘ 

ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ. ɹʨʟʠʥʘʪʘ ʠ ʚʠʩʠʥʘʪʘ 

ʥʘ ʝʢʩʪʨʫʜʠʨʘˁʝ ʠ ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ ʧʦʤʦʰʥʘʪʘ 

ʦʧʨʝʤʘ ʟʘ ʝʢʩʪʨʫʜʠʨʘˁʝ ʚʣʠʿʘʘʪ ʜʠʨʝʢʪʥʦ ʚʨʟ 

ʠʟʛʣʝʜʦʪ ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ ʢʘʢʦ ʠ 

ʥʠʚʥʘʪʘ ʛʦʣʝʤʠʥʘ. ʈʠʟʠʢʦʪ ʝ ʩʨʝʜʝʥ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 

M 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
L 

ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʨʘʩʧʘʜʣʠʚʦʩʪʘ, 

ʧʨʦʬʠʣʦʪ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ ʤʠʢʨʦʙʠʦʣʦʰʢʠ ʢʚʘʣʠʪʝʪ ʥʝ 

ʩʝ ʜʠʨʝʢʪʥʦ ʚʨʟʘʥʠ ʩʦ ʧʨʦʮʝʩʦʪ ʝʢʩʪʨʫʟʠʿʘ ʥʘ 

ʝʤʫʣʟʠʿʘ.  ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ 

ʨʠʟʠʢ. 

ʈʘʩʧʘʜʣʠʚʦʩʪ* L 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ 
L 

ɺʤʨʝʞʫʚʘˁʝ  

ʀʟʛʣʝʜ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 
L 

ʀʟʛʣʝʜʦʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʥʝ ʝ ʜʠʨʝʢʪʥʦ ʚʨʟʘʥ 

ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ ʚʤʨʝʞʫʚʘˁʝ. ʈʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʄ 

ʂʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 

ʚʣʠʿʘʝ ʚʨʟ ʙʨʦʿʥʦʩʪʘ ʥʘ ʩʣʦʙʦʜʥʦ ʢʘʪʿʦʥʠ ʢʦʠ 

ʤʦʞʝ ʜʘ ʬʦʨʤʠʨʘʘʪ ʧʦʨʘʟʛʨʘʥʝʪʘ ʤʨʝʞʘ, ʘ 

ʦʪʪʫʢʘ ʜʘ ʢʦʨʝʣʠʨʘ ʩʦ ʟʛʦʣʝʤʝʥʘ ʛʦʣʝʤʠʥʘ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. ʈʠʟʠʢʦʪ ʝ ʩʨʝʜʝʥ. 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
ʄ 

ʀʟʙʦʨʦʪ ʥʘ ʩʦʦʜʚʝʪʝʥ ʛʝʣʠʨʘʯʢʠ ʘʛʝʥʩ (ʜʚʦ- 

ʠʣʠ ʪʨʠʚʘʣʝʥʪʝʥ ʢʘʪʿʦʥ) ʚʣʠʿʘʝ ʚʨʟ ʝʬʠʢʘʥʦʩʪʘ 

ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʨʝʘʢʮʠʿʘʪʘ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝ. ɽʣʝʢʪʨʦʧʦʟʠʪʠʚʥʦʩʪʘ ʥʘ ʢʘʪʿʦʥʠ 

ʠʤʘ ʩʫʰʪʠʥʩʢʘ ʫʣʦʛʘ ʚʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ. 

ɺʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ 

ʛʝʣʠʨʘʯʢʠʦʪ ʘʛʝʥʩ ʠʤʘʘʪ ʩʫʰʪʠʥʩʢʦ ʚʣʠʿʘʥʠʝ 

ʚʨʟ ʧʦʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. 

ɹʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 

ʥʝʤʘ ʩʫʰʪʠʥʩʢʘ ʫʣʦʛʘ.  ʈʠʟʠʢʦʪ ʝ  ʩʨʝʜʝʥ. 

ʈʘʩʧʘʜʣʠʚʦʩʪ* ʄ 
ʂʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ, 

ʠʟʙʨʘʥʠʦʪ ʘʛʝʥʩ ʟʘ ʚʤʨʝʞʫʚʘˁʝ, ʚʘʣʝʥʪʥʦʩʪʘ 

ʥʘ ʛʝʣʠʨʘʯʢʠʦʪ ʘʛʝʥʩ ʠ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 

ʚʣʠʿʘʘʪ ʚʨʟ ʛʫʩʪʠʥʘʪʘ ʥʘ ʦʬʦʨʤʝʥʠʦʪ 

ʘʣʛʠʥʘʪʩʢʠ ʤʘʪʨʠʢʩ, ʦʪʪʫʢʘ ʠ ʚʨʟ ʮʚʨʩʪʠʥʘʪʘ ʠ 

ʧʝʨʤʝʘʙʠʣʥʦʩʪʘ ʚʦ ʤʝʜʠʫʤʠ ʠ ʨʘʩʧʘʜʣʠʚʦʩʪʘ 

ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. ʈʠʟʠʢʦʪ ʝ ʩʨʝʜʝʥ. 

ʇʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʄ 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʥʝ ʝ ʜʠʨʝʢʪʥʦ ʚʨʟʘʥ ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝ. ʈʠʟʠʢʦʪ ʝ ʥʠʟʦʢ. 

*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʚʦ ʨʘʤʢʠ ʥʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ, ʙʠʜʝʿ˃ʠ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP, ʥʦ ʥʝ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ  
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ʊʘʙʝʣʘ 3.8 PHA ʨʠʟʠʢ ʘʥʘʣʠʟʘ ʟʘ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʯʝʢʦʨʠ ʚʨʟ CQAs ʟʘ  

ʤʠʢʨʦʢʘʧʩʫʣʠ (ʧʨʦʜʦʣʞʫʚʘ) 

ʇʨʦʠʟʚʦʜʩʪʚʝʥ 

ʯʝʢʦʨ 

ʂʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜ 

ʅʠʚʦ 

ʥʘ 

ʨʠʟʠʢ 

ʆʙʨʘʟʣʦʞʝʥʠʝ 

ʉʝʧʘʨʠʨʘˁʝ ʠ 

ʧʣʘʢʥʝˁʝ ʥʘ 

ʜʦʙʠʝʥʠ 

ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʀʟʛʣʝʜ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ L ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ, ʠʟʛʣʝʜ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʠ 

ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʥʝ 

ʩʝ ʜʠʨʝʢʪʥʦ ʚʨʟʘʥʠ ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ 

ʩʝʧʘʨʠʨʘˁʝ ʠ ʧʣʘʢʥʝˁʝ ʥʘ ʜʦʙʠʝʥʠʪʝ 

ʤʠʢʨʦʢʘʧʩʫʣʠ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ 

ʥʠʟʦʢ ʨʠʟʠʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 
L 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
ʄ 

ʇʣʘʢʥʝˁʝʪʦ ʥʘ ʭʠʜʨʠʨʘʥʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʤʦʞʝ ʜʘ ʠʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʥʝʮʝʣʦʩʥʦ 

ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʧʦʚʨʰʠʥʩʢʠ ʨʝʟʠʜʫʠ ʥʘ 

ʥʝʚʨʟʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ. ʆʪʪʫʢʘ ʨʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ. 

ʈʘʩʧʘʜʣʠʚʦʩʪ* L ʈʘʩʧʘʜʣʠʚʦʩʪ ʠ ʧʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʝ ʩʝ 

ʜʠʨʝʢʪʥʦ ʚʨʟʘʥʠ ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ ʩʝʧʘʨʠʨʘˁʝ ʠ 

ʧʣʘʢʥʝˁʝ ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ. 

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ ʨʠʟʠʢ. 

ʇʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
ʄ 

ʈʝʟʠʜʫʠʪʝ ʦʜ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʩʝ 

ʧʦʪʝʥʮʠʿʘʣʥʦ-ʩʢʣʦʥʠ ʟʘ ʘʝʨʦʙʝʥ ʠ/ʠʣʠ 

ʘʥʝʨʦʙʝʥ ʤʠʢʨʦʙʠʦʣʦʰʢʠ ʨʘʩʪ. ʆʪʪʫʢʘ 

ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ. 

ʉʫʰʝˁʝ 

ʀʟʛʣʝʜ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʄ 

ʇʨʦʮʝʩʦʪ ʥʘ ʩʫʰʝˁʝ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ 

ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʯʝʩʪʠʯʢʠ, 

ʧʦʚʨʰʠʥʩʢʘʪʘ ʨʘʧʘʚʦʩʪ ʠ ʠʟʛʣʝʜʦʪ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. ʆʪʪʫʢʘ ʨʠʟʠʢʦʪ ʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ. 

ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ 
ʄ 

ʇʨʦʮʝʩʦʪ ʥʘ ʩʫʰʝˁʝ ʩʝ ʦʜʚʠʚʘ ʥʘ 

ʘʤʙʠʝʥʪʘʣʥʠ ʫʩʣʦʚʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʧʨʠʪʠʩʦʢ). ɽʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʝ ʩʢʣʦʥʦ ʥʘ 

ʠʩʧʘʨʫʚʘˁʝ, ʧʦʨʘʜʠ ʪʦʘ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʠʟʙʝʨʘʪ 

ʠ ʦʜʨʞʘʪ ʢʦʥʪʨʦʣʠʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ ʪʝʢ ʥʘ 

ʩʫʰʝˁʝ ʟʘ ʜʘ ʥʝʤʘ ʪʝʭʥʦʣʦʰʢʘ ʟʘʛʫʙʘ ʥʘ 

ʙʠʦʘʢʪʠʚʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ.  

ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ ʨʠʟʠʢ. 

ʈʘʩʧʘʜʣʠʚʦʩʪ* L ʋʥʠʬʦʨʤʥʦʩʪ ʥʘ ʜʦʟʠʨʘʥʠ ʝʜʠʥʠʮʠ, ʩʨʦʜʥʠ ʠ 

ʜʝʛʨʘʜʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ ʠ ʧʨʦʬʠʣ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ ʥʝ ʩʝ ʜʠʨʝʢʪʥʦ ʚʨʟʘʥʠ ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ 

ʩʫʰʝˁʝ. ʈʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʥʠʟʦʢ 

ʨʠʟʠʢ. 

ʇʨʦʬʠʣ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 
L 

ʄʠʢʨʦʙʠʦʣʦʰʢʠ 

ʢʚʘʣʠʪʝʪ* 
ʄ 

ʍʠʜʨʠʨʘʥʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ ʪʨʝʙʘ ʜʘ ʩʝ ʜʦʙʨʦ 

ʠʩʫʰʝʥʠ ʟʘ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʨʠʟʠʢʦʪ ʟʘ 

ʤʠʢʨʦʙʠʦʣʦʰʢʠ ʨʘʩʪ (ʢʦʥʪʘʤʠʥʘʮʠʿʘ). 

ʆʪʪʫʢʘ ʨʠʟʠʢʦʪ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʩʨʝʜʝʥ 

ʨʠʟʠʢ. 
*ʆʚʠʝ ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʚʦ ʨʘʤʢʠ ʥʘ ʨʠʟʠʢ ʘʥʘʣʠʟʘʪʘ, ʙʠʜʝʿ˃ʠ ʩʝ ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʦʜ QTPP, ʥʦ ʥʝ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ  
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3.3 ʇʨʠʥʦʩ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ  

 

 ʇʦʜʦʙʥʦʩʪʘ ʥʘ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʪʝʭʥʦʣʦʰʢʠ ʧʦʩʪʘʧʢʠ ʧʨʚʠʯʥʦ ʩʝ ʧʨʦʮʝʥʝʥʠ 

ʧʨʝʢʫ ʪʝʭʥʦʣʦʰʢʠʪʝ ʧʨʠʥʦʩʠ, ʢʦʠ ʛʨʘʚʠʤʝʪʨʠʩʢʠ ʩʝ ʧʨʝʩʤʝʪʘʘ, ʟʘ ʜʚʘʪʘ ʠʩʪʨʘʞʫʚʘʥʠ 

ʩʠʩʪʝʤʠ, ʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʪʘʙʝʣʘ 3.9 ʠ 3.10.  

 

ʊʘʙʝʣʘ 3.9 ʇʨʠʥʦʩ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʇʨʦʙʘ 
Ac-

10 

Ac-

11 

Ac-

12 

Ac-

14 

Ac-

15 

Ac-

16 

Ac-

17 

Ac-

18 

Ac-

19 

Ac-

20 

Ac-

21 

ʇʨʠʥʦʩ 

[%] 
67,3 91,9 89,8 87,3 77,3 70,8 83,1 85,8 97,7 70,4 51,9 

 

 ʇʨʠʥʦʩʦʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʜʦʙʠʝʥʠ ʩʦ ʧʦʩʪʘʧʢʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ 

ʦʜ ʝʤʫʣʟʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʩʝ ʚʦ ʨʘʥʛ ʦʜ 51,9 % ʜʦ 97,7 %. ʅʝ ʤʦʞʝ ʜʘ ʩʝ 

ʫʪʚʨʜʠ ʢʦʨʝʣʘʮʠʿʘ ʧʦʤʝʺʫ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʚʦ ʬʦʨʤʫʣʘʮʠʿʘʪʘ ʠ 

ʧʨʠʥʦʩʦʪ. ɻʝʦʤʝʪʨʠʩʢʠʦʪ ʩʦʦʜʥʦʩ ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ ʤʝʰʘˁʝ ʙʝʰʝ ʢʦʥʩʪʘʥʪʝʥ. ɿʘʙʝʣʝʞʘʥʘ 

ʙʝʰʝ ʪʝʭʥʦʣʦʰʢʘ ʟʘʛʫʙʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʚʦ ʬʘʟʘʪʘ ʦʮʚʨʩʥʫʚʘˁʝ, ʚʦ ʢʦʿʘ ʤʝʢʠʪʝ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʘʛʣʦʤʝʨʠʨʘʘʪ ʥʘ ʨʘʙʦʚʠʪʝ ʦʜ ʩʪʘʪʠʯʢʘʪʘ ʤʝʰʘʣʢʘ. ʆʚʘ ʩʝ ʜʦʣʞʠ ʥʘ 

ʜʠʟʘʿʥʦʪ, ʠʟʨʘʙʦʪʢʘʪʘ ʠ ʧʦʚʨʰʠʥʩʢʘʪʘ ʨʘʧʘʚʦʩʪ ʥʘ ʯʝʣʠʢʦʪ ʦʜ ʢʦʿ ʝ ʠʟʨʘʙʦʪʝʥʘ 

ʫʧʦʪʨʝʙʝʥʘʪʘ ʤʝʰʘʣʢʘ. ʇʨʠ ʟʛʦʣʝʤʝʥʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʩʝ ʟʘʙʝʣʝʞʘ ʥʘʣʝʧʫʚʘˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʥʘ ʚʥʘʪʨʝʰʥʠʦʪ ʼʠʜ ʦʜ ʩʘʜʦʪ ʟʘ ʤʝʰʘˁʝ. ʆʚʘ ʩʝ ʜʦʣʞʠ ʥʘ ʪʫʨʙʫʣʝʥʪʝʥ 

ʨʝʞʠʤ ʥʘ ʤʝʰʘˁʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʠ ʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʩʠʩʪʝʤʦʪ. 

ɽʢʩʪʨʫʜʠʨʘʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠʥʠʮʠʿʘʣʥʦ ʩʝ ʤʝʢʠ ʠ ʧʦʜ ʪʫʨʙʫʣʝʥʪʝʥ ʨʝʞʠʤ ʥʘ 

ʤʝʰʘˁʝ ʩʝ ʥʘʩʦʯʫʚʘʘʪ ʢʦʥ ʼʠʜʦʪ ʥʘ ʩʘʜʦʪ ʢʘʜʝ ʩʦ ʪʝʢ ʥʘ ʚʨʝʤʝ ʩʝ ʦʜʚʠʚʘ ʦʪʧʘʨʫʚʘˁʝ ʥʘ 

ʘʮʝʪʦʥʦʪ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʘʪʘ ʠ ʠʩʪʘʪʘ ʤʦʞʝ ʜʘ ʦʮʚʨʩʥʝ ʥʘ ʼʠʜʦʪ ʦʜ ʩʘʜʦʪ ʟʘ ʤʝʰʘˁʝ.  

ʊʨʝʪ ʬʘʢʪʦʨ ʥʘ ʟʘʛʫʙʘ ʝ ʦʩʪʘʪʦʢ ʥʘ ʧʦʣʠʤʝʨ-ʣʝʢ ʨʘʩʪʚʦʨ ʚʦ ʩʘʜʦʪ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʠ 

ʧʦʤʦʰʥʘʪʘ ʦʧʨʝʤʘ ʟʘ ʝʢʩʪʨʫʜʠʨʘˁʝ ʚʦ ʚʪʦʨʘʪʘ ʤʘʩʣʝʥʘ ʬʘʟʘ. 

 

ʊʘʙʝʣʘ 3.10 ʇʨʠʥʦʩ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʇʨʦʙʘ OL-1 OL-2 OL-3 OL-4 OL-5 OL-6 OL-7 OL-8 

ʇʨʠʥʦʩ  [%] 68,2 78,5 79,1 76,5 65,5 72,3 72,8 78,2 

ʇʨʦʙʘ OL-9 OL-10 OL-11 OL-12 OL-13 OL-14 OL-15 OL-16 

ʇʨʠʥʦʩ [%] 71,9 70,7 69,5 70,5 73,2 74,4 76,3 83,7 

ʇʨʦʙʘ OL-17 OL-18 OL-19 OL-20 OL-21 OL-22 OL-23  

ʇʨʠʥʦʩ [%] 79,6 77,4 82,5 77,5 81,2 69,4 70,3  

 

 ʆʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʧʨʠʥʦʩʠʪʝ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʜʦʙʠʝʥʠ ʩʦ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ ʩʝ ʚʦ ʨʘʥʛ ʦʜ 65,5 % ʜʦ 83,7 %. ɺʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʧʨʝʪʭʦʜʥʦ ʠʩʪʨʘʞʝʥʠʦʪ ʧʨʦʮʝʩ, ʦʩʥʦʚʝʥ ʠʟʚʦʨ ʟʘ ʪʝʭʥʦʣʦʰʢʘ ʟʘʛʫʙʘ ʝ ʚʦ ʬʘʟʘʪʘ 

ʝʢʩʪʨʫʜʠʨʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʚʦ ʚʦʜʝʥʠʦʪ ʨʘʩʪʚʦʨ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ. 

ɽʤʫʣʟʠʿʘʪʘ ʟʘʦʩʪʘʥʫʚʘ ʥʘ ʼʠʜʦʚʠʪʝ ʦʜ ʩʘʜʦʪ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʠ ʥʘ ʧʦʤʦʰʥʠʦʪ ʧʨʠʙʦʨ.  

 ʇʨʠʥʦʩʦʪ ʝ ʝʢʦʥʦʤʩʢʠ ʠ ʝʢʦʣʦʰʢʠ ʚʘʞʝʥ ʬʘʢʪʦʨ ʚʦ ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʠ 

ʜʠʝʪʝʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ʇʦʨʘʜʠ ʪʦʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʠʟʚʦʨʠʪʝ ʟʘ ʥʘʤʘʣʝʥ ʠʣʠ 

ʥʝʧʦʩʘʢʫʚʘʥ ʧʨʠʥʦʩ ʝ ʩʫʰʪʠʥʩʢʠ. ʇʦʤʝʺʫ ʜʚaʪʘ ʠʩʪʨʘʞʫʚʘʥʠ ʧʨʦʮʝʩʠ, ʤʦʞʝ ʜʘ ʩʝ 
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ʟʘʢʣʫʯʠ ʜʝʢʘ ʧʨʚʠʯʝʥ ʠʟʙʦʨ ʙʠ ʙʠʣ ʿʦʥʦʪʨʦʧʩʢʦ ʛʝʣʠʨʘˁʝ. ɺʦ ʧʦʛʣʝʜ ʥʘ ʧʦʩʪʘʧʢʘʪʘ ʟʘ 

ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ ʝʤʫʣʟʠʿʘ, ʧʨʠʥʦʩʦʪ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʩʦ ʧʨʘʚʠʣʥʦ 

ʜʠʟʘʿʥʠʨʘʥʘ ʤʝʰʘʣʢʘ, ʢʘʢʦ ʠ ʩʦʦʜʚʝʪʝʥ ʚʦʣʫʤʝʥ ʥʘ ʧʦʤʦʰʥʘʪʘ ʦʧʨʝʤʘ ʟʘ ʝʢʩʪʨʫʜʠʨʘˁʝ.  

  

3.4 ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ  

3.4.1 ʄʦʨʬʦʣʦʰʢʘ ʘʥʘʣʠʟʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 ʄʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʧʦʣʠʤʝʨʠ ʠ API ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘ 3-1. 

ʄʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʧʦʯʝʪʥʠʪʝ ʩʫʨʦʚʠʥʠ ʝ ʜʦʤʠʥʘʥʪʥʦ ʩʪʘʧʯʝʩʪʦ-

ʠʛʣʠʯʝʩʪʘ ʩʦ ʨʘʧʘʚʘ ʧʦʚʨʰʠʥʘ, ʘ ʩʫʨʦʚʠʥʠʪʝ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʧʦʣʠʜʠʩʧʝʨʟʥʦʩʪ. ʅʘ 

ʩʣʠʢʘ 3-2. ʝ ʧʨʠʢʘʞʘʥʘ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ.  

 

  
ʉʣʠʢʘ 3-1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʜ ʦʧʪʠʯʢʘ ʤʠʨʢʦʩʢʦʧʠʿʘ ɸ) ʭʠʜʨʦʢʩʠʧʨʦʧʠʣ ʮʝʣʫʣʦʟʘ ʩʦ ʧʦʥʠʩʢʘ Mr (5x); 

 ɹ) ʭʠʜʨʦʢʩʠʧʨʦʧʠʣ ʮʝʣʫʣʦʟʘ ʩʦ ʧʦʚʠʩʦʢʘ Mr (5x); ɺ) ʘʮʝʪʘʤʠʥʦʬʝʥ (5x); ɻ) ʘʮʝʪʘʤʠʥʦʬʝʥ (50x) 

  

 ʉʬʝʨʠʯʥʘ ʤʦʨʬʦʣʦʛʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʝ ʟʘʙʝʣʝʞʣʠʚʘ ʧʨʠ ʥʘʿʛʦʣʝʤ ʫʜʝʣ ʥʘ 

ʧʦʣʠʤʝʨ ʠ ʥʘʿʚʠʩʦʢʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʦʜ 

ʝʤʫʣʟʠʿʘʪʘ ʠ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʥʝʧʨʘʚʠʣʥʘ 

ʤʦʨʬʦʣʦʛʠʿʘ ʝ ʟʘʙʝʣʝʞʣʠʚʘ ʧʨʠ ʥʘʿʥʠʩʢʘʪʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʠ ʧʦʥʠʩʢʠ ʫʜʝʣʠ ʥʘ ʧʦʣʠʤʝʨ. ʆʜ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠʪʝ ʥʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʪʝ ʧʨʦʙʠ  ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʧʨʠʩʫʩʪʚʦ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʨʘʟʣʠʯʥʘ 

ʛʦʣʝʤʠʥʘ ʠ ʥʠʚʥʘ ʘʛʣʦʤʝʨʘʮʠʿʘ. ʅʝ ʝ ʩʦʛʣʝʜʘʥʘ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʚʦ ʧʦʚʨʰʠʥʩʢʘʪʘ 

ʧʦʨʦʟʥʦʩʪ ʠ ʨʘʧʘʚʦʩʪʘ ʥʘ ʧʦʚʨʰʠʥʩʢʘʪʘ ʤʦʨʬʦʣʦʛʠʿʘ.  ɺʦ ʦʜʥʦʩ ʥʘ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ 

ʧʦʯʝʪʥʠʪʝ ʩʫʨʦʚʠʥʠ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʝ ʟʥʘʯʠʪʝʣʥʦ ʠʟʤʝʥʝʪʘ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʩʦ 

ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ. ʆʜ ʩʪʘʧʯʝʩʪʦ-ʠʛʣʠʯʝʩʪʘ ʤʦʨʬʦʣʦʛʠʿʘ ʠ ʪʨʘʥʩʧʘʨʝʥʪʥʠ 

ʯʝʩʪʠʯʢʠ ʩʝ ʜʦʙʠʝʥʠ ʩʢʦʨʦ ʙʝʣʠ ʜʦ ʙʝʣʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʩʬʝʨʠʯʥʘ ʠʣʠ ʢʚʘʟʠ-

ʩʬʝʨʠʯʥʘ ʤʦʨʬʦʣʦʛʠʿʘ ʩʦ ʧʦʣʠʤʝʨʝʥ ʠʟʛʣʝʜ.  



ʤ-ʨ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʩʢʘ                                                                    ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

 

67 

 

  

ʉʣʠʢʘ 3-2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʜ ʦʧʪʠʯʢʘ ʤʠʨʢʦʩʢʦʧʠʿʘ (5x) ɸ) Ac-21 ʩʦ ʫʜʝʣ ʥʘ API: ʧʦʣʠʤʝʨ=1:1 ʠ 

ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ 900 rpm; ɹ) Ac-18 ʩʦ ʫʜʝʣ ʥʘ API: ʧʦʣʠʤʝʨ=1:2 

ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ 900 rpm; ɺ) Ac-16 ʩʦ ʫʜʝʣ ʥʘ API: 

ʧʦʣʠʤʝʨ=1:3 ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ 700 rpm; ɻ) Ac-14 ʩʦ ʫʜʝʣ ʥʘ  

API: ʧʦʣʠʤʝʨ=1:4 ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ 700 rpm 

  

  ʄʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ ʠʩʢʦʨʠʩʪʝʥʠʦʪ ʧʦʣʠʤʝʨ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ 

ʩʣʠʢʘ 3-3. ʄʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʝ ʥʝʧʨʘʚʠʣʥʘ, ʩʦ 

ʠʟʨʘʟʝʥʘ ʨʝʣʿʝʬʥʘ ʧʦʚʨʰʠʥʩʢʘ ʩʪʨʫʢʪʫʨʘ.  

 

 
 

ʉʣʠʢʘ 3-3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʜ ʦʧʪʠʯʢʘ ʤʠʨʢʦʩʢʦʧʠʿʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ (ʣʝʚʦ) ʠ                    

ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪʩʢʠ ʯʝʩʪʠʯʢʠ (ʜʝʩʥʦ) (5x) 

 

 ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʜ ʘʣʛʠʥʘʪʩʢʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ 

ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 3-4. ʄʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʝ ʢʨʫʧʥʠ, ʩʦ ʦʚʘʣʥʦ-ʥʝʧʨʘʚʠʣʥʘ 

ʤʦʨʬʦʣʦʛʠʿʘ (ʉʣʠʢʘ 3-4. ɸ ʠ ɹ) ʠ ʧʦʨʦʟʥʦ-ʨʘʧʘʚʘ ʧʦʚʨʰʠʥʘ (ʉʣʠʢʘ 3-4. ɻ), ʰʪʦ ʝ 

ʧʦʠʟʨʘʟʝʥʦ ʢʘʿ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ (ʉʣʠʢʘ 3-4 ɹ) ʜʦʙʠʝʥʠ ʧʨʠ ʧʦʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 

CaCl2. ʉʣʠʯʥʠ ʥʘʦʜʠ ʩʝ ʫʪʚʨʜʝʥʠ ʦʜ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠʪʝ ʥʘ ʘʣʛʠʥʘʪʩʢʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ 

ʩʦ ʝʫʢʘʣʠʧʪʫʩ (Noppakundilograt , Piboon, Graisuwan, Nuisin, & Kiatkamjornwong, 2015). 

ɸʚʪʦʨʠʪʝ ʛʦ ʦʙʿʘʩʥʠʣʝ ʦʚʦʿ ʬʝʥʦʤʝʥ ʢʘʢʦ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ 
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ʫʜʝʣʦʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ CaCl2 ʠ ʛʫʩʪʠʥʘʪʘ ʥʘ ʚʤʨʝʞʫʚʘˁʝ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ 

ʧʫʢʘˁʝ ʥʘ ʼʠʜʦʪ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʠ ʜʠʬʫʥʜʠʨʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʦʪʦ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ. ɺʦ ʜʨʫʛʠ ʠʩʪʨʘʞʫʚʘˁʘ ʝ ʧʨʠʿʘʚʝʥʦ ʜʝʢʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʦ ʧʦʤʘʣʘ ʜʠʤʝʥʟʠʿʘ ʩʝ 

ʧʦʩʬʝʨʠʯʥʠ, ʧʦʤʘʟʥʠ ʠ ʧʦʤʘʣʢʫ ʧʦʨʦʟʥʠ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʧʦʢʨʫʧʥʠ ʤʠʢʨʦʢʘʧʩʫʣʠ. 

ʇʦʨʦʟʥʘʪʘ ʧʦʚʨʰʠʥʘ ʤʦʞʝ ʜʘ ʜʦʜʚʝʜʝ ʜʦ ʤʘʩʝʥ ʪʨʘʥʩʧʦʨʪ ʧʦ ʧʘʪ ʥʘ ʜʠʬʫʟʠʿʘ ʥʘ 

ʜʠʩʧʝʨʛʠʨʘʥʘʪʘ ʬʘʟʘ ʢʦʥ ʢʦʥʪʠʥʫʠʨʘʥʘʪʘ ʬʘʟʘ (ʧʨ. ʚʦ ʪʝʢ ʥʘ ʬʘʟʘʪʘ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠʣʠ 

ʧʣʘʢʥʝˁʝʪʦ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ) ʠ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ (El-Kamel, Al-Gohary, & Hosny, 2003; Liu, ʠ ʜʨ., 2010).  

 

 

ʉʣʠʢʘ 3-4. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ɸ) OL-3 ʧʨʠ 1,5 % ʫʜʝʣ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, 30 ʤʠʥʫʪʠ 

ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʧʨʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʦʜ 300 rpm ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʦʜ 1 % 

(5x); ɹ) OL-11 ʧʨʠ 2 % ʫʜʝʣ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, 10 ʤʠʥʫʪʠ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʧʨʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʦʜ 

600 rpm ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʦʜ 2 % (5x);  ɺ)OL-5 ʧʨʠ 2 % ʫʜʝʣ ʥʘ ʥʘʪʨʠʫʤ 

ʘʣʛʠʥʘʪ, 45 ʤʠʥʫʪʠ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʧʨʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʦʜ 600 rpm ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ 

ʚʤʨʝʞʫʚʘˁʝ ʦʜ 1,85 % (5x);  ɻ) ʇʦʚʨʰʠʥʩʢʘ ʤʦʨʬʦʣʦʛʠʿʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ, ʧʨʦʙʘ OL-3 (50x) 

  

3.4.2 ʈʘʩʧʨʝʜʝʣʙʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 ʈʝʟʫʣʪʘʪʠʪʝ ʦʜ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ  ʠ ʤʠʨʢʦʢʘʧʩʫʣʠ 

ʩʝ ʩʫʤʠʨʘʥʠ ʚʦ ʪʘʙʝʣʘ 3.11. ʠ 3.12., ʩʦʦʜʚʝʪʥʦ. ʉʣʠʯʥʦʩʪʘ ʚʦ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʨʘʩʧʦʥʦʪ  

ʫʢʘʞʫʚʘ ʜʝʢʘ ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʥʝ ʩʝ 

ʤʝʥʫʚʘ ʩʦ ʧʨʦʤʝʥʘ ʥʘ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ. 

 

ʊʘʙʝʣʘ 3.11. ɻʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 Ac-14 Ac-16 Ac-18 Ac-21 

D50 [µm] 495 528 596 760 

ʈʘʩʧʦʥ 1,3 1,0 1,3 1,0 
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 ʅʝ ʝ ʟʘʙʝʣʝʞʣʠʚʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʚʦ ʪʝʢ ʥʘ 

ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ (Ac-18 vs. Ac-16). ɺʨʟ 

ʦʩʥʦʚʘ ʥʘ ʚʨʝʜʥʦʩʪʘ ʟʘ d50 ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʝ 

ʥʘʤʘʣʫʚʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ (Ac-14 > Ac-16 > Ac-18 > Ac-21).  

   

ʊʘʙʝʣʘ 3.12. ɻʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 OL-3 OL-4 OL-9 OL-11 OL-15 

D50 [µm] 1893 1135 1168 1443 1270 

ʈʘʩʧʦʥ 0.7 0.8 0.6 1.2 1.1 

 

 ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʚʨʝʜʥʦʩʪʘ ʟʘ d50 ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʩʦ ʧʦʤʘʣ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 

ʩʝ ʜʦʙʠʝʥʠ ʧʦʤʘʣʠ ʤʠʢʨʦʢʘʧʩʫʣʠ (OL-4 vs. OL-11). ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʨʠ ʩʧʦʨʝʜʙʘ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ d50 ʢʘʿ ʧʨʦʙʠʪʝ OL-3 vs. OL-9 ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ. ʉʦʛʣʝʜʘʥʘʪʘ 

ʟʘʚʠʩʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʜʦʣʞʠ ʠ ʥʘ ʧʦʜʦʣʛʦ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʧʨʠ ʧʦʤʘʣʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ CaCl2 ʚʦ ʦʜʥʦʩ ʥʘ ʩʦʛʣʝʜʥʘʪʘ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʢʘʿ 

ʧʨʦʙʠʪʝ OL-4 vs. OL-11. ʇʨʠ ʧʦʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʧʦʣʠʤʝʨ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ 

ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʨʝʥʜ ʧʦʤʝʺʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʠ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ.   

 

3.4.3 ʌʫʨʠeʦʚʘ ʪʨʘʥʩʬʦʨʤʥʘ ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʩʢʘ ʘʥʘʣʠʟʘ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 FT-IR ʘʥʘʣʠʟʘʪʘ ʩʝ ʠʟʚʝʜʝ ʟʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʘʪ ʠʥʪʝʨʘʢʮʠʠʪʝ ʧʦʤʝʺʫ ʙʠʦʘʢʪʠʚʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ ʠ ʝʥʢʘʧʩʫʣʠʨʘʯʢʠʪʝ ʩʫʧʩʪʘʥʮʠ. FT-IR ʩʧʝʢʪʘʨʦʪ ʥʘ HPC, ʘʮʝʪʘʤʠʥʦʬʝʥ ʠ 

ʜʨʫʛʠʪʝ ʫʧʦʪʨʝʙʝʥʠ ʝʢʩʮʠʧʠʝʥʩʠ ʚʦ ʪʝʭʥʦʣʦʰʢʘʪʘ ʧʦʩʪʘʧʢʘ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 3-5ʘ ʠ 

3.5ʙ. ʂʣʫʯʥʠʪʝ ʣʝʥʪʠ ʚʦ ʩʦʦʜʚʝʪʥʠʪʝ ʩʣʠʢʠ ʩʝ ʘʩʠʛʥʠʨʘʥʠ.   

 ʅʘ FT-IR ʩʧʝʢʪʘʨʦʪ ʥʘ ʣʝʩʝʥ ʪʝʯʝʥ ʧʘʨʘʬʠʥ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʧʦʟʥʘʘʪ ʣʝʥʪʠʪʝ ʥʘ 

ʘʩʠʤʝʪʨʠʯʥʦ ʠ ʩʠʤʝʪʨʠʯʥʦ ʚʘʣʝʥʪʥʠ C-H ʚʨʩʢʠ ʦʜ CH2 ʛʨʫʧʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʘ C-H ʚʨʩʢʘ 

ʥʘ ʩʚʠʪʢʫʚʘˁʝ ʦʜ CH2 ʛʨʫʧʘ ʥʘ 2920 cm-1, 2851 cm-1 ʠ 1459 cm-1, ʩʦʦʜʚʝʪʥʦ. 

ɸʧʩʦʨʧʮʠʦʥʠʪʝ ʣʝʥʪʠ, ʢʦʠ ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʩʠʤʝʪʨʠʯʥʦʪʦ ʜʝʬʦʨʤʘʮʠʦʥʦ ʚʠʪʢʘˁʝ ʥʘ      

C-H ʚʨʩʢʘ ʦʜ CH3 ʛʨʫʧʘ ʠ ʦʜ ʜʝʬʦʨʤʘʮʠʦʥʘ CH2 ʥʘ ʢʣʘʮʢʘˁʝ ʥʘ 1376 cm-1 ʠ ʥʘ 722 cm-1, 

ʩʦʦʜʚʝʪʥʦ, ʿʘ ʧʦʪʚʨʜʫʚʘʘʪ ʣʠʥʝʘʨʥʘʪʘ ʟʘʩʠʪʝʥʘ ʘʣʠʬʘʪʩʢʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʣʝʩʝʥ ʪʝʯʝʥ 

ʧʘʨʘʬʠʥ (Pouchert , 1981).   

 ʆʜ FT-IR ʩʧʝʢʪʘʨʦʪ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘʪʘ 

ʣʝʥʪʘ ʥʘ ʬʝʥʦʣʝʥ ʘʣʢʦʭʦʣ ʥʘ 3321 cm-1, C=O h ʪʦ ʧʨʠʧʘʺʘ ʥʘ ʘʤʠʜʥʘ ʛʨʫʧʘ ʥʘ 1651 cm-1, 

ʩʢʝʣʝʪʥʠ ʚʠʙʨʘʮʠʠ ʥʘ C=C ʚʨʩʢʘ ʦʜ ʙʝʥʟʝʥʦʚ ʧʨʩʪʝʥ ʥʘ 1609 cm-1 ʠ NïH (ʘʤʠʜ) ʥʘ        

1561 cm-1 (Zapata, ʠ ʜʨ., 2021).  

 ʅʘ Fʊ-IR ʩʧʝʢʪʘʨʦʪ ʥʘ HPC, ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʰʠʨʦʢʘ ʣʝʥʪʘ ʥʘ 3411 cm-1, ʰʪʦ ʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ O-H ʛʨʫʧʘ ʚʦ ʧʠʨʘʥʦʟʥʘʪʘ ʝʜʠʥʠʮʘ ʦʜ HPC. ʇʠʢoʚʠʪʝ ʥʘ 2970 cm-1, 

2926 cm-1 ʠ 2874 cm-1 ʛʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʘʩʠʤʝʪʨʠʯʥʦ ʚʘʣʝʥʪʥʠʪʝ C-H ʚʨʩʢʠ ʦʜ CH3 

ʛʨʫʧʘʪʘ ʠ CH2 ʚʨʩʢʘ, ʩʦʦʜʚʝʪʥʦ ʠ ʩʠʤʝʪʨʠʯʥʦ ʚʘʣʝʥʪʥʠ C-H ʚʨʩʢʠ ʦʜ CH3 ʛʨʫʧʘʪʘ. 

ʆʩʪʨʠʪʝ ʧʠʢʦʚʠ ʥʘ 1373 cm-1 ʠ 1069 cm-1 ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʩʠʤʝʪʨʠʯʥʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʩʚʠʪʢʫʚʘˁʝ ʥʘ C-H ʚʨʩʢʘ ʦʜ CH3 ʛʨʫʧʘʪʘ  ʠ C-O-C ʠʩʪʝʛʥʫʚʘˁʝ, ʩʦʦʜʚʝʪʥʦ. ʇʠʢʦʪ ʥʘ 
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1644 cm-1 ʠ 1643 cm-1 ʦʜ HPC ʠ ʦʜ Tween 80 ʩʧʝʢʪʘʨ, ʩʦʦʜʚʝʪʥʦ, ʝ ʘʩʦʮʠʨʘʥ ʩʦ 

ʘʪʩʦʨʙʠʨʘʥʘ ʚʦʜʘ (Alemdar & Mohini, 2008). ɿʘʙʝʣʝʞʣʠʚʦ ʝ ʦʪʩʫʩʪʚʦ ʥʘ ʦʚʦʿ ʧʠʢ ʚʦ 

ʩʧʝʢʪʘʨʦʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ.  

 FT-IR ʩʧʝʢʪʘʨʦʪ ʥʘ Tween 80 ʧʦʢʘʞʫʚʘ ʰʠʨʦʢ ʠ ʩʠʣʝʥ OïH ʧʠʢ ʥʘ 3486 cm-1, 

ʣʝʥʪʠʪʝ ʥʘ 2920 cm-1 ʠ 2858 cm-1 ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʘʩʠʤʝʪʨʠʯʥʠ ʠ ʩʠʤʝʪʨʠʯʥʠ ʚʘʣʝʪʥʠ       

CïH2, ʜʦʜʝʢʘ ʥʘ 1734 cm-1, 1458 cm-1 ʠ 1093 cm-1 ʦʜ C=O ʠʩʪʝʛʥʫʚʘˁʝ, ʦʜ CïH ʚʠʪʢʘˁʝ 

ʦʜ CïH2 ʚʨʩʢʘ ʠ ʉïʆïʉ ʘʩʠʤʝʪʨʠʯʥʠ (Bide, Fashapoyeh, & Shokrollahzadeh, 2021).  
 

 

ʉʣʠʢʘ 3-5ʘ. FT-IR ʩʧʝʢʪʘʨ ʥʘ API, HPC, ʝʢʩʮʠʧʠʝʥʩʠ ʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 ʉʣʠʢʘ 3-5ʙ. FT-IR ʩʧʝʢʪʘʨ ʥʘ ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʦʨʫʚʘʯʠ ʢʦʨʠʩʪʝʥʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 
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ʂʘʿ ʩʧʝʢʪʘʨʦʪ ʦʜ ʥʝʧʦʣʘʨʥʠʦʪ ʨʘʩʪʚʦʨʫʚʘʯ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʧʦʟʥʘʘʪ ʣʝʥʪʠʪʝ 

ʢʦʠʰʪʦ ʩʝ ʩʣʠʯʥʠ ʩʦ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠʪʝ ʘʧʩʦʨʧʮʠʦʥʠ ʣʝʥʪʠ ʚʦ FT-IR ʩʧʝʢʪʘʨʦʪ ʦʜ 

ʣʝʩʥʠʦʪ ʪʝʯʝʥ ʧʘʨʘʬʠʥ. ʇʠʢʦʚʠʪʝ ʥʘ 2958 cm-1, 2923 cm-1 ʠ 2851 cm-1, ʛʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʣʝʥʪʠʪʝ ʦʜ ʘʩʠʤʝʪʨʠʯʥʦ ʚʘʣʝʥʪʥʠʪʝ C-H ʚʨʩʢʠ ʦʜ CH3 ʛʨʫʧʘʪʘ ʠ CH2 ʚʨʩʢʘ, ʩʠʤʝʪʨʠʯʥʦ 

ʚʘʣʝʪʥʠ C-H ʚʨʩʢʠ ʦʜ CH2 ʛʨʫʧʘ, ʩʦʦʜʚʝʪʥʦ. ʃʝʥʪʘʪʘ ʥʘ 1461 cm
-1 ʧʦʪʝʢʥʫʚʘ ʦʜ 

ʜʝʬʦʨʤʘʮʠʦʥʘ C-H ʚʨʩʢʘ ʥʘ ʩʚʠʪʢʫʚʘˁʝ ʦʜ CH2 ʛʨʫʧʘ. ɸʧʩʦʨʧʮʠʦʥʠʪʝ ʣʝʥʪʠ, ʢʦʠ 

ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʩʠʤʝʪʨʠʯʥʦʪʦ ʜʝʬʦʨʤʘʮʠʦʥʦ ʚʠʪʢʘˁʝ ʥʘ C-H ʚʨʩʢʘ ʦʜ CH3 ʛʨʫʧʘ ʠ ʦʜ 

ʜʝʬʦʨʤʘʮʠʦʥʘ CH2 ʥʘ ʢʣʘʮʢʘˁʝ ʥʘ 1379 cm
-1 ʠ ʥʘ 724 cm-1, ʩʦʦʜʚʝʪʥʦ, ʿʘ ʧʦʪʚʨʜʫʚʘʘʪ 

ʣʠʥʝʘʨʥʘʪʘ ʟʘʩʠʪʝʥʘ ʘʣʠʬʘʪʩʢʘ ʩʪʨʫʢʪʫʨʘ ʥʘ n-ʭʝʢʩʘʥ.  ʆʜ ʩʧʝʢʪʘʨʦʪ ʥʘ ʧʦʣʘʨʥʠʦʪ 

ʨʘʩʪʚʦʨʫʚʘʯ ʩʝ ʧʨʝʧʦʟʥʘʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘʪʘ ʦʩʪʨʘ ʣʝʥʪʘ ʥʘ ʢʘʨʙʦʥʠʣʥʘʪʘ ʛʨʫʧa C=O 

ʥʘ 1711 cm-1. ɼʦʜʝʢʘ ʣʝʥʪʠʪʝ ʥʘ 1359 cm-1 ʠ ʥʘ 1220 cm-1 ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʩʠʤʝʪʨʠʯʥʦʪʦ 

ʜʝʬʦʨʤʘʮʠʦʥʦ ʚʠʪʢʘˁʝ ʥʘ C-H ʚʨʩʢʘ ʦʜ CH3 ʛʨʫʧʘ. 

  ʆʜ FT-IR ʩʧʝʢʪʨʠʪʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ (ʩʣʠʢʘ 3-6) ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʥʝʤʘ 

ʟʥʘʯʠʪʝʣʥʠ ʧʦʤʝʩʪʫʚʘˁʘ ʚʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʪʝ ʣʝʥʪʠ ʟʘ ʘʮʝʪʘʤʠʥʦʬʝʥ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ 

ʢʦʤʧʘʪʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʢʦʤʧʦʥʝʥʪʠʪʝ. ʅʦʚʘ ʘʧʩʦʨʧʮʠʦʥʘ ʣʝʥʪʘ ʥʘ 1735 cm-1 (C=O 

ʠʩʪʝʛʥʫʚʘˁʝ) ʚʦ FT-IR ʩʧʝʢʪʘʨʦʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʧʦʪʝʢʥʫʚʘ ʦʜ ʦʩʪʘʪʦʮʠ ʦʜ 

ʫʧʦʪʨʝʙʝʥʠʦʪ ʝʤʫʣʛʘʪʦʨ. ɿʘʙʝʣʝʞʣʠʚʦ ʝ ʛʨʘʜʠʝʥʪʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʠʥʪʝʥʟʠʪʝʪʦʪ ʚʦ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʪʝ ʣʝʥʪʠ ʟʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ (Ac-14 > Ac-16 > Ac-18 

> Ac-21) ʥʘ: 1735 cm-1, 1651 cm-1 ʠ 1560 cm-1, ʢʦʠ ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʢʘʨʙʦʥʠʣʥʘ ʚʘʣʝʥʪʥʘ 

ʛʨʫʧʘ,  ʢʘʨʙʦʥʠʣʥʘ ʛʨʫʧʘ ʥʘ ʘʤʠʜʥʘ ʚʨʩʢʘ ʠ  NïH (ʘʤʠʜ), ʩʦʦʜʚʝʪʥʦ. ʉʦʛʣʝʜʘʥʠʦʪ ʪʨʝʥʜ 

ʦʜ FT-IR ʩʧʝʢʪʘʨʦʪ ʢʦʨʝʣʠʨʘ ʩʦ ʪʨʝʥʜʦʪ ʥʘ ʜʦʙʠʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʛʦ ʧʦʪʚʨʜʫʚʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝʪʦ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʧʦʣʠʤʝʨʥʘʪʘ 

ʤʘʪʨʠʮʘ. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-6. FT-IR ʩʧʝʢʪʘʨ ʥʘ API, ʧʦʣʠʤʝʨ ʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 

 FT-IR ʩʧʝʢʪʘʨʦʪ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ (ʩʣʠʢʘ 3-7.) ʧʦʢʘʞʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʰʠʨʦʢ 

ʧʠʢ ʚʦ ʨʝʛʠʦʥ 3650 ï 3000 cm-1 ʧʦʨʘʜʠ ʆ-ʅ ʚʘʣʝʥʪʥʘ ʚʨʩʢʘ. ɸʧʩʦʨʧʮʠʦʥʠʪʝ ʣʝʥʪʠ ʥʘ:  
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2929 cm-1, 1592 cm-1, 1406 cm-1, 1297 cm-1, 1081 cm-1 ʠ 1026 cm-1 ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ 

ʘʩʠʤʝʪʨʠʯʥʦ ʚʘʣʝʥʪʥʠ C-H ʚʨʩʢʠ ʦʜ CH2 ʛʨʫʧʘʪʘ, ʩʠʤʝʪʨʠʯʥʦ ʠʩʪʝʛʥʫʚʘˁʝ ʥʘ ʉ-ʆ ʚʨʩʢʘ 

ʦʜ ʢʘʨʙʦʢʩʠʣʘʪʝʥ ʿʦʥ, ʩʠʤʝʪʨʠʯʥʦ ʠʩʪʝʛʥʫʚʘˁʝ ʥʘ -ʉʆʆ ʚʨʩʢʘ, ʆ-ʉ-ʉ ʚʨʩʢʘ, ʚʘʣʝʥʪʥʦ 

ʠʩʪʝʛʥʫʚʘˁʝ ʥʘ ʝʪʝʨʩʢʘ ʚʨʩʢʘ ʠ ʦʜ ʉ-ʆ ʚʨʩʢʘ, ʩʦʦʜʚʝʪʥʦ. ʆʚʠʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʣʝʥʪʠ 

ʟʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʩʝ ʧʫʙʣʠʢʫʚʘʥʠ ʠ ʦʜ ʜʨʫʛʠ ʘʚʪʦʨʠ (Faidi, ʠ ʜʨ., 2019; Hosseini, ʠ ʜʨ., 

2013; Celep, Demirkaya, & Solak, 2022). ʉʧʝʢʪʘʨʦʪ ʥʘ ʯʠʩʪʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ 

ʧʦʢʘʞʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʘʧʩʦʨʧʮʠʦʥʠ ʣʝʥʪʠ ʥʘ 2965 cm-1 ʠ 2918 cm-1 ʢʦʠ ʧʦʪʝʢʥʫʚʘʘʪ 

ʦʜ ʩʠʤʝʪʨʠʯʥʦ ʠ ʘʩʠʤʝʪʨʠʯʥʦ ʚʘʣʝʥʪʥʠ  C-H ʚʨʩʢʠ ʦʜ CH3 ʠ CH2 ʛʨʫʧʘ. ʉʦ ʘʥʘʣʠʟʘ ʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʪʝ ʣʝʥʪʠ ʥʘ ʣʠʤʦʥʝʥ, ʢʦʿʰʪʦ ʝ ʛʣʘʚʝʥ ʢʦʥʩʪʠʪʫʝʥʪ ʥʘ ʤʘʩʣʦʪʦ, ʩʝ ʫʪʚʨʜʠ 

ʠʟʨʘʟʝʥʦ ʠʥʪʝʥʟʠʚʥʘ ʣʝʥʪʘ ʥʘ 1645 cm-1, ʢʦʿʘʰʪʦ ʧʦʪʝʢʥʫʚʘ ʦʜ ʠʩʪʝʛʥʫʚʘˁʝ ʥʘ ʚʘʣʝʥʪʥʘ 

ʣʝʥʪʘ ʥʘ ʉ=ʉ ʦʜ ʝʥʜʦʮʠʢʣʠʯʥʘ ʠ ʝʛʟʦʮʠʢʣʠʯʥʘ ʧʦʟʠʮʠʿʘ ʥʘ ʣʠʤʦʥʝʥ (de Oliveira & Vieira, 

2020). ʃʝʥʪʠʪʝ ʥʘ ʘʩʠʤʝʪʨʠʯʥʘ ʠ ʩʠʤʝʪʨʠʯʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʥʘ ʩʚʠʪʢʫʚʘˁʝ ʥʘ CH3 ʩʝ ʥʘ 

1437 cm-1 ʠ 1376 cm-1, ʩʦʦʜʚʝʪʥʦ, ʜʦʜʝʢʘ ʥʘ 759 cm-1 ʧʦʪʝʢʥʫʚʘ ʦʜ ʜʝʬʦʨʤʘʮʠʿʘʪʘ ʥʘ 

ʢʣʘʮʢʘˁʝ ʥʘ CH2 ʛʨʫʧʘʪʘ. ʃʝʥʪʠʪʝ ʥʘ 957 cm-1,  914 cm-1 ʠ 886 cm-1 ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʉ=ʉ 

ʚʦ ʣʠʤʦʥʝʥʦʪ. ɺʦ ʩʧʝʢʪʘʨʦʪ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʩʝ ʟʘʙʝʣʝʞʣʠʚʠ ʠ ʝʩʪʝʨʩʢʠ 

ʣʝʥʪʠ ʥʘ 1155 cm-1 ʠ 1117 cm-1, ʢʦʠ ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʜʨʫʛʠ ʢʦʥʩʪʠʪʫʝʥʪʠ. 

  

 

ʉʣʠʢʘ 3-7. FT-IR ʩʧʝʢʪʘʨ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

    

ʅʘ FT-IR ʩʧʝʢʪʘʨʦʪ ʥʘ ʘʣʛʠʥʘʪʩʢʘʪʘ ʤʠʢʨʦʢʘʧʩʫʣʘ ʩe ʟʘʙʝʣʝʞʫʚʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʩʫʧʝʨʧʦʟʠʮʠʿʘ ʥʘ ʣʝʥʪʠʪʝ ʦʜ ʚʠʙʨʘʮʠʦʥʠʪʝ ʤʦʜʦʚʠ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 
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ʠ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ. ʀʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʣʝʥʪʠʪʝ ʝ ʟʘʚʠʩʝʥ ʦʜ ʫʜʝʣʦʪ ʥʘ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʚʦ ʩʘʤʘʪʘ ʤʠʢʨʦʢʘʧʩʫʣʘ ʠ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʝ ʥʘʤʘʣʝʥ ʚʦ ʦʜʥʦʩ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ FT-IR ʩʧʝʢʪʨʠ. ʅʝ ʝ ʟʘʙʝʣʝʞʣʠʚʦ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʣʝʥʪʠʪʝ, ʰʪʦ ʫʢʘʞʫʚʘ 

ʥʘ ʢʦʤʧʘʪʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʜʚʝʪʝ ʢʦʤʧʦʥʝʥʪʠ. 

 

3.4.4 ʊʝʨʤʠʯʢʠ ʩʚʦʿʩʪʚʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 ʀʩʧʠʪʫʚʘˁʘʪʘ ʥʘ ʪʝʨʤʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ, ʧʦʣʠʤʝʨʠ ʠ 

ʠʟʙʨʘʥʠ ʧʨʦʙʠ ʩʝ ʥʘʧʨʘʚʠʿʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ DSC ʠ TGA ʪʝʭʥʠʢʠʪʝ. ɼʦʙʠʝʥʠʪʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʦʜʘʪʦʮʠ ʩʝ ʩʫʤʠʨʘʥʠ ʚʦ ʪʘʙʝʣʘ 3.13.  

  

ʊʘʙʝʣʘ 3.13. ʇʘʨʘʤʝʪʨʠ ʜʦʙʠʝʥʠ ʦʜ TGA ʠ DSC ʘʥʘʣʠʟʘ ʟʘ ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ, ʧʦʣʠʤʝʨ ʠ ʧʨʦʙʠ 

ʀʤʝ ʥʘ ʧʨʦʙʘ 
ʇʦʣʠʤʝʨ  

[w/w] 

ɹʨʟʠʥʘ ʥʘ 

ʤʝʰʘˁʝ 

[rpm]  

Td ; ɿʘʛʫʙʘ ʥʘ ʤʘʩʘ  

[°C ; %]  

ʄʘʢʩʠʤʫʤ  

ʥʘ ʧʠʢ [°C] 

ɸʮʝʪʘʤʠʥʦʬʝʥ - - 
110 °C; 0,13 % 

310 °C; 100 % 
171,3 

HPC 1 
- - 400 °C; 94,13 % 

68,0 

HPC 2 74,9 

Ac-14 1:4 1100 
110 °C; 2,92 % 

400 °C; 91,67 % 

85,1 

138,5 

Ac-16 1:3 700 
110 °C; 2,62 % 

400 °C; 89,92 % 

66,1 

130,5 

Ac-18 1:2 700 
110 °C; 2,35 % 

400 °C; 87,01 % 

71,1 

134,7 

Ac-21 1:1 900 
110 °C; 3,03 % 

400 °C; 87,49 % 

72,9 

142,1 

  

 ʅʘ ʩʣʠʢʘ 3-8. ʝ ʧʨʠʢʘʞʘʥ DSC ʪʝʨʤʦʛʨʘʤ ʟʘ ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ, ʜʦʜʝʢʘ ʥʘ  ʩʣʠʢʘ 

3-9. ʥʘ TGA/DTG ʪʝʨʤʦʛʨʘʤʦʪ ʢʦʤʧʘʨʘʪʠʚʥʦ ʩʝ ʧʨʠʢʘʞʘʥʠ: ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ, 

ʫʧʦʪʨʝʙʝʥʠʪʝ ʧʦʣʠʤʝʨʠ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʪʝ ʧʨʦʙʠ.  

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-8. DSC ʪʝʨʤʦʛʨʘʤ ʥʘ ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ 

Created with NETZSCH Proteus software

Project :
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Date/time :

Laboratory :

Operator :

TamaraD

Paracetamol

6/21/2023 10:12:54 AM

SE

DS

Sample :

Reference :

Material :

Corr./temp.cal :

Sens.file :

Paracetamol, 2.87 mg

-- / 19-12-2019 09:20

09-03-2022 08:58

Range :

Sample car./TC :

Mode/type of meas. :

Segments :

Crucible :

25°C/10.0(K/min)/200°C

DSC 204F1 t-sensor / E

DSC / Sample

1/1

Standard Al 25 µl, pierced lid

Atmosphere :

Corr/m. range :

N2, 30.0ml/min / N2, 50.0ml/min

0:0:0/5000 µV

Instrument : NETZSCH DSC 204F1 File : C:\NETZSCH\Proteus80\data\Tamara G\Paracetamol API_25-200C_10K-min.ngb-sd3
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[9]

Ź exo



ʤ-ʨ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʩʢʘ                                                                    ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

 

74 

 

 

ʉʣʠʢʘ 3-9. TGA/DTG ʪʝʨʤʦʛʨʘʤ ʥʘ ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ, ʧʦʣʠʤʝʨ ʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʘʮʝʪʘʤʠʥʦʬʝʥ 

 

 DSC ʘʥʘʣʠʟʘʪʘ ʥʘ ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ ʧʦʢʘʞʫʚʘ ʝʥʜʦʪʝʨʤʝʥ ʧʠʢ, ʰʪʦ ʩʝ ʜʦʣʞʠ 

ʥʘ ʪʦʧʝˁʝ ʥʘ ʩʘʤʘʪʘ ʩʫʧʩʪʘʥʮʘ ʥʘ 171 °ʉ (æH=213,7 Jg-1). ʆʧʨʝʜʝʣʝʥʘʪʘ ʪʦʯʢʘ ʥʘ ʪʦʧʝˁʝ 

ʥʘ 171 °ʉ ʝ ʢʦʥʟʠʩʪʝʥʪʥʘ ʩʦ ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʧʦʜʘʪʦʮʠ (168-172 °ʉ) (National Center for 

Biotechnology Information, 2023; Ph.Eur. 0049, 2022; Klimová & Leitner, 2012). ɺʦ 

ʣʠʪʝʨʘʪʫʨʘʪʘ, ʚʦ ʢʦʿʘ ʪʝʨʤʠʯʢʘʪʘ ʘʥʘʣʠʟʘ ʝ ʥʘʧʨʘʚʝʥʘ ʜʦ 400 °ʉ, ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʠ ʚʪʦʨ 

ʝʥʜʦʪʝʨʤʝʥ ʧʠʢ, ʢʦʿ ʩʝ ʜʦʣʞʠ ʥʘ ʪʝʨʤʠʯʢʘ ʨʘʟʛʨʘʜʙʘ ʥʘ ~364 °ʉ (æH=465,4 Jg-1) 

(Jendrzejewska, Goryczka, Pietrasik, Klimontko, & Jampilek, 2020).  

  TGA/DTG ʢʨʠʚʘʪʘ ʥʘ ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ ʧʦʢʘʞʫʚʘ ʩʪʘʙʠʣʥʦʩʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʜ 172 °ʉ, ʰʪʦ ʝ ʢʦʥʟʠʩʪʝʥʪʝʥ ʥʘʦʜ ʩʦ ʠʩʪʨʘʞʫʚʘˁʘʪʦ ʥʘ (Jendrzejewska, Goryczka, 

Pietrasik, Klimontko, & Jampilek, 2020). ʅʝ ʝ ʟʘʙʝʣʝʞʣʠʚʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ, ʰʪʦ ʿʘ 

ʧʦʪʚʨʜʫʚʘ ʙʝʟʚʦʜʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʠ ʜʦʧʦʣʥʠʪʝʣʥʦ ʿʘ ʧʦʪʚʨʜʫʚʘ 

ʪʝʨʤʠʯʢʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʜʦ ʦʚʘʘ ʪʝʤʧʝʨʘʪʫʨʘ.  ʇʠʢʦʪ ʥʘ 172 °ʉ ʩʝ ʜʦʣʞʠ 

ʥʘ ʪʦʧʝˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ. ʅʘ ~365 °ʉ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ ʧʦʨʘʜʠ 

ʨʘʩʧʘʺʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ. ʅʘ ʦʚʘʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʬʦʨʤʝʥʘʪʘ ʿʘʛʣʝʨʦʜʥʘ ʤʘʪʝʨʠʿʘ ʚʦ 

ʛʣʘʚʥʘʪʘ ʬʘʟʘ ʥʘ ʨʘʩʧʘʺʘˁʝ (172 °ʉ) ʧʦʜʣʝʛʥʫʚʘ ʥʘ ʜʦʧʦʣʥʠʪʝʣʥʦ ʨʘʩʧʘʺʘˁʝ ʥʘ ʛʘʩʦʚʠʪʠ 

ʧʨʦʜʫʢʪʠ. ʏʠʩʪʦʪʘʪʘ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʩʝ ʧʨʝʩʤʝʪʘ ʧʨʝʢʫ van`t Hoff-ʦʚʘ ʨʘʚʝʥʢʘ (23):  
 

     4 4
Ў

               (23) 

 

ʢʘʜʝʰʪʦ Tm ʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʨʠʤʝʨʦʢ [K], ʊ0 ʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʝˁʝ ʥʘ ʯʠʩʪ 

ʘʮʝʪʘʤʠʥʦʬʝʥ [K],  R ʝ ʫʥʠʚʝʨʟʘʣʥʘ ʛʘʩʥʘ ʢʦʥʩʪʘʥʪʘ [Jmol-1K-1], æHf  e ʪʦʧʣʠʥʘ ʥʘ ʬʫʟʠʿʘ 

[ɱmol-1], ʍ ʝ ʤʦʣʘʨʝʥ ʫʜʝʣ ʥʘ ʦʥʝʯʠʩʪʫʚʘˁʘ.  

 ʇʦʜʘʪʦʮʠʪʝ ʜʦʩʪʘʧʥʠ ʦʜ NIST ʙʘʟʘʪʘ ʥʘ ʧʦʜʘʪʦʮʠ ʩʝ ʠʩʢʦʨʠʩʪʠʿʘ ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ 

ʯʠʩʪʦʪʘʪʘ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ (NIST WebBook Chemie SRD 69, 2023). ʆʧʨʝʜʝʣʝʥʠʦʪ 

ʤʦʣʘʨʝʥ ʫʜʝʣ ʥʘ ʦʥʝʯʠʩʪʫʚʘˁʘ ʚʦ ʤʝʨʝˁʘʪʘ ʥʘ ʠʩʪʨʘʞʫʚʘʥʘʪʘ API ʠʟʥʝʩʫʚʘ 0,065 ʠ ʩʝ 

ʦʜʣʠʢʫʚʘ ʩʦ ʧʦʚʠʩʦʢʘ ʯʠʩʪʦʪʘ (0,085 vs. 0,065) ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʠʩʪʨʘʞʫʚʘˁʘʪʦ ʥʘ ʘʚʪʦʨʦʪ 
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Jendrzejewska et al. (2020). ʉʪʝʧʝʥʦʪ ʥʘ ʢʨʠʩʪʘʣʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʨʘʚʝʥʢʘʪʘ 

(24) (Crompton, 1993; Giordano, et al., 2002) ʠ ʟʘ ʠʩʪʨʘʞʫʚʘʥʘʪʘ API ʠʟʥʝʩʫʚʘ 97 %. 
 

      ʖ
Ў

Ў Ј                (24) 

 

ʢʘʜʝʰʪʦ æHf ʪʦʧʣʠʥʘ ʥʘ ʬʫʟʠʿʘ ʥʘ ʪʝʩʪʠʨʘʥʘ ʩʫʧʩʪʘʥʮʘ [ɱmol-1], Ў(Ј ʪʦʧʣʠʥʘ ʥʘ ʬʫʟʠʿʘ 

ʥʘ ʮʝʣʦʩʥʘ ʢʨʠʩʪʘʣʥʘ ʩʫʧʩʪʘʥʮʘ (ɤc = 100 %) [ɱmol-1].  

 ʆʜ TGA/DTG ʪʝʨʤʦʛʨʘʤʦʪ (ʩʣʠʢʘ 3-9.), ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʘʮʝʪʘʤʠʥʦʬʝʥʦʪ 

ʠ ʧʦʣʠʤʝʨʦʪ ʠʤʘʘʪ ʝʜʝʥ ʛʣʘʚʝʥ ʨʝʛʠʦʥ ʥʘ ʜʝʛʨʘʜʘʮʠʿʘ. ʂʘʿ API ʟʘʧʦʯʥʫʚʘ ʦʜ 171 °ʉ ʜʦ 

310 °ʉ, ʜʦʜʝʢʘ ʢʘʿ ʧʦʣʠʤʝʨʦʪ ʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ ʦʢʦʣʫ 300 °ʉ.  DSC ʘʥʘʣʠʟʘʪʘ ʥʘ ʯʠʩʪʠ 

ʧʦʣʠʤʝʨʠ ʦʜ ʩʣʠʢʘ 3-10. ʧʦʢʘʞʫʚʘ ʧʨʠʩʫʩʪʚʦ ʥʘ ʰʠʨʦʢ ʝʥʜʦʪʝʨʤʝʥ ʧʠʢ. ʇʦʣʠʤʝʨʦʪ ʩʦ 

ʧʦʚʠʩʦʢʘ ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ ʩʝ ʦʜʣʠʢʫʚʘ ʩʦ ʝʥʜʦʪʝʨʤʝʥ ʧʠʢ ʥʘ ʧʦʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ     

~68 °ʉ ʚʦ ʦʜʥʦʩ ʥʘ ʧʦʣʠʤʝʨʦʪ ʩʦ ʧʦʥʠʩʢʘ ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ. ʉʦʛʣʘʩʥʦ ʜʦʩʪʘʧʥʘʪʘ 

ʣʠʪʝʨʘʪʫʨʘ, HPC ʦʤʝʢʥʫʚʘ ʚʦ ʪʝʤʧʝʨʘʪʫʨʥʠʦʪ ʨʘʥʛ 100-150 °ʉ, ʜʦʜʝʢʘ Tg ʝ ʚʦ ʨʘʥʛ            

0-120 °ʉ, ʥʦ ʤʦʞʝ ʜʘ ʧʦʢʘʞʝ ʜʫʘʣʥʘ Tg ʧʦʨʘʜʠ ɓ-ʪʨʘʥʟʠʮʠʿʘ (Ashland, 2023).   

 

 

  

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-10. DSC ʪʝʨʤʦʛʨʘʤ ʥʘ HPC ʩʦ ʧʦʥʠʩʢʘ Mr (ʩʠʥʘ ʣʠʥʠʿʘ) ʠ HPC ʩʦ ʧʦʚʠʩʦʢʘ Mr (ʮʨʚʝʥʘ ʣʠʥʠʿʘ) 

   

 

ʉʣʠʢʘ 3-11. DSC ʪʝʨʤʦʛʨʘʤ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʘʮʝʪʘʤʠʥʦʬʝʥ 
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 ʆʜ DSC ʪʝʨʤʦʛʨʘʤʦʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ (ʩʣʠʢʘ 3-11) ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʜʚʝ ʰʠʨʦʢʠ 

ʝʥʜʦʪʝʨʤʠ ʩʦ ʧʦʩʣʘʙ ʠʥʪʝʥʟʠʪʝʪ. ʇʨʚʠʦʪ ʝʥʜʦʪʝʨʤ, ʢʦʿ ʩʝ ʿʘʚʫʚʘ ʥʘ ʧʦʥʠʩʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʩʝ ʜʝʪʝʢʪʠʨʘ ʚʦ ʪʝʤʧʝʨʘʪʫʨʝʥ ʨʘʥʛ 66-85 °ʉ. ʆʚʦʿ ʧʠʢ ʧʦʪʝʢʥʫʚʘ ʦʜ 

ʧʦʣʠʤʝʨʦʪ HPC, ʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʣʞʠ ʠ ʥʘ ʦʩʪʘʪʦʮʠ ʦʜ ʨʝʟʠʜʫʘʣʥʠ ʨʘʩʪʚʦʨʫʚʘʯʠ 

ʫʧʦʪʨʝʙʝʥʠ ʚʦ ʧʨʦʮʝʩʦʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ.  

 ɺʪʦʨʠʦʪ ʝʥʜʦʪʝʨʤʝʥ ʧʠʢ ʢʦʿ ʩʝ ʿʘʚʫʚʘ ʥʘ ʧʦʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʜʦʣʞʠ ʥʘ 

ʪʦʧʝˁʝ ʥʘ API ʠ ʩʝ ʩʣʫʯʫʚʘ ʚʦ ʪʝʤʧʝʨʘʪʫʨʝʥ ʨʘʥʛ 131-146 °ʉ. ɼʦʙʠʝʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʥʠ 

ʚʨʝʜʥʦʩʪʠ ʥʝ ʩʝ ʢʦʥʟʠʩʪʝʥʪʥʠ ʩʦ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʯʠʩʪʘ API. ɿʘʙʝʣʝʞʠʪʝʣʥʠʪʝ 

ʧʦʤʝʩʪʫʚʘˁʘ ʥʘ ʝʥʜʦʪʝʨʤʥʠʦʪ ʧʠʢ ʚʦ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʯʠʩʪ ʘʮʝʪʘʤʠʥʦʬʝʥ (171 °ʉ) ʩʝ 

ʦʯʝʢʫʚʘʥʠ ʠ ʛʦ ʧʦʪʚʨʜʫʚʘʘʪ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʧʦʛʦʣʝʤ ʫʜʝʣ ʥʘ ʝʢʩʮʠʧʠʝʥʩʠ. 

 ɿʝʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ ʪʝʤʧʝʨʘʪʫʨʥʠʦʪ ʨʘʥʛ ʚʦ ʢʦʿ ʦʤʝʢʥʫʚʘ HPC ʝ 100-150 °ʉ, ʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʝˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʝ ʢʦʥʟʠʩʪʝʥʪʥʘ ʩʦ 

ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʧʦʜʘʪʦʮʠ, ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ (0,2-0,5 %) ʠʤʘ 

ʜʦʤʠʥʘʥʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʦʤʝʩʪʫʚʘˁʝʪʦ ʥʘ ʝʥʜʦʪʝʨʤʥʠʦʪ ʧʠʢ ʢʦʥ ʧʦʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ. 

ʊʝʨʤʠʯʢʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʝ ʜʦ 200 °ʉ. 

 ɽʥʜʦʪʝʨʤʥʠʦʪ ʧʠʢ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʠʟʦʢ 

ʚʦ ʦʜʥʦʩ ʥʘ ʯʠʩʪʘ API. ʆʚʘ ʙʠ ʤʦʞʝʣʦ ʜʘ ʩʫʛʝʨʠʨʘ ʥʘ ʧʘʨʮʠʿʘʣʥʘ ʩʦʣʫʙʠʣʠʟʘʮʠʿʘ ʥʘ API 

ʠ HPC ʚʦ ʯʝʢʦʨʦʪ ʟʘʛʨʝʚʘˁʝ (Palmieri, Cantalamessa, Di Martino , Nasuti , & Martelli, 2002; 

Kanaujia, et al., 2011). ɿʘʙʝʣʝʞʘʥʦʪʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ Tm, ʠʩʪʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʚʨʟʝ ʩʦ 

ʠʥʪʝʨʢʘʮʠʿʘʪʘ ʣʝʢ-ʧʦʣʠʤʝʨ (Mididoddi & Repka , 2007). ʀʤʝʥʦ, ʦʪʩʫʩʪʚʦʪʦ ʥʘ ʦʩʪʘʨ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʝʥʜʦʪʝʨʤʝʥ ʧʠʢ ʥʘ ʪʦʧʝˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʪʝʨʤʦʛʨʘʤʠʪʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʫʢʘʞʫʚʘ ʜʝʢʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘʪʘ ʥʘ API ʚʦ ʧʦʣʠʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ʝ 

ʧʦʩʪʠʛʥʘʪʘ (Chikukwa, Walker, & Khamanga, 2020). ʇʦʚʠʩʦʢʘʪʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ 

ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʦʜ ʝʤʫʣʟʠʿʘʪʘ ʫʢʘʞʫʚʘ ʜʝʢʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʩʝ ʧʦʚʠʩʦʢʠ 

ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʦʙʠʪʝ ʢʦʠ ʩʝ ʜʦʙʠʝʥʠ ʧʨʠ ʧʦʥʠʩʢʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ (ɸc-14 vs. Ac-16 ʠ 

Ac-18). ʇʦʥʠʟʦʢ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʚʦ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʩʠʩʪʝʤʠ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʢʦʨʝʣʠʨʘ 

ʩʦ ʧʦʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʪʦʧʝˁʝ ʚʦ ʦʜʥʦʩ ʥʘ ʧʦʚʠʩʦʢ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ.  

 ʆʜ TGA/DTG ʢʨʠʚʠʪʝ (ʩʣʠʢʘ 3-9.) ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʢʘʿ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ 

ʩʝ ʟʘʙʝʣʝʞʣʠʚʠ ʪʨʠ ʯʝʢʦʨʠ ʥʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ. ʇʨʚʠʦʪ ʯʝʢʦʨ ʥʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ ʝ ʜʦ            

110 °ʉ, ʰʪʦ ʩʝ ʜʦʣʞʠ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʚʨʟʘʥʘʪʘ ʚʣʘʛʘ ʠ ʧʨʠʩʫʩʪʚʦ ʥʘ ʨʝʟʠʜʫʘʣʥʠ 

ʨʘʩʪʚʦʨʫʚʘʯʠ ʠ ʦʜʣʠʯʥʦ ʢʦʨʝʣʠʨʘ ʩʦ ʧʨʚʠʦʪ ʝʥʜʦʪʝʨʤ ʜʝʪʝʢʪʠʨʘʥ ʥʘ DSC ʢʨʠʚʠʪʝ ʦʜ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ. ʉʣʝʜʥʠʪʝ ʜʚʘ ʯʝʢʦʨʠ ʛʦ ʦʪʩʣʠʢʫʚʘʘʪ ʛʣʘʚʥʠʦʪ ʨʝʛʠʦʥ ʥʘ ʪʝʨʤʠʯʢʘ 

ʜʝʛʨʘʜʘʮʠʿʘ; ʧʨʚʠʦʪ ʯʝʢʦʨ ʝ ʧʨʠʙʣʠʞʥʦ ʚʦ ʨʘʥʛ 210 °ʉ ʜʦ 310 °ʉ, ʜʦʜʝʢʘ ʚʪʦʨʠʦʪ ʯʝʢʦʨ 

ʥʘ ʪʝʨʤʠʯʢʘ ʜʝʛʨʘʜʘʮʠʿʘ ʝ ʚʦ ʨʘʥʛ ʦʜ 325 °ʉ ʜʦ 400 °ʉ. ʆʜ ʠʥʪʝʥʟʠʪʝʪʠʪʝ ʥʘ ʪʝʨʤʠʯʢʘ 

ʨʘʟʛʨʘʜʙʘ ʥʘ ʧʨʠʙʣʠʞʥʦ 365 °ʉ ʤʦʞʝ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʢʦʨʝʣʠʨʘʘʪ ʩʦ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʧʦʣʠʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ.  

 ɿʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ, ʜʦʙʠʝʥʠʪʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʧʦʜʘʪʦʮʠ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ 

ʪʘʙʝʣʘ 3.14. ʅʘ ʩʣʠʢʘ 3-12. ʠ 3-13. ʩʝ ʧʨʠʢʘʞʘʥʠ DSC ʠ TGA/DTG ʪʝʨʤʦʛʨʘʤʠʪʝ ʟʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, ʩʦʦʜʚʝʪʥʦ. TGA/DTG ʪʝʨʤʦʛʨʘʤʦʪ ʟʘ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʝ ʪʠʧʠʯʥʦ ʝʜʥʦʩʪʝʧʝʥ ʧʨʦʮʝʩ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʠ ʙʨʟʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ ʚʦ 

ʬʫʥʢʮʠʿʘ ʦʜ ʚʨʝʤʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʅʝ ʝ ʟʘʙʝʣʝʞʣʠʚʦ ʧʣʘʪʦ, ʢʦʝ ʙʠ ʫʢʘʞʫʚʘʣʦ ʥʘ 

ʪʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ, ʪʘʢʘ ʰʪʦ ʟʘʛʫʙʘʪʘ ʥʘ ʤʘʩʘ ʟʘʧʦʯʥʫʚʘ ʥʘ ʧʨʠʙʣʠʞʥʘ ʘʤʙʠʝʥʪʘʣʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩⱪ ʜʦ 154 °ʉ. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Martins, Sbaiete, Benitʝs & Maciel (2011), 

ʟʘʛʫʙʘʪʘ ʥʘ ʤʘʩʘ ʢʘʿ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʩʝ ʦʜʚʠʚʘʣʘ ʜʦ 118 °ʉ. 
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ʊʘʙʝʣʘ 3.14. ʇʘʨʘʤʝʪʨʠ ʜʦʙʠʝʥʠ ʦʜ TGA ʠ DSC ʘʥʘʣʠʟʘ ʟʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ, ʧʦʣʠʤʝʨ ʠ ʧʨʦʙʠ 

ʀʤʝ ʥʘ ʧʨʦʙʘ 
Td ; ɿʘʛʫʙʘ ʥʘ ʤʘʩʘ  

[°C ; %]  

ʄʘʢʩʠʤʫʤ  

ʥʘ ʧʠʢ [°C] 

Eʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ 

ʧʦʨʪʦʢʘʣ 
135 °C; 94,50 % 154,1 

ʅʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 
135 °C; 16,05 % 

290 °C; 37,13 % 
86,2 

OL-3 
110 °C; 10,85 % 

290 °C; 74,18 % 
82,2 

OL-11 
110 °C; 10,10 % 

290 °C; 73,05 % 
78,3 

OL-15 
110 °C; 9,45 % 

290 °C; 72,94 % 
76,5 

 

   ɿʘ ʨʝʘʢʮʠʿʘʪʘ ʜʘ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʝ ʧʨʦʮʝʩ ʥʘ ʠʩʧʘʨʫʚʘˁʝ, ʚʘʞʥʦ ʝ ʜʝʢʘ ʟʘʛʫʙʘʪʘ ʥʘ 

ʤʘʩʘ ʚʦ ʬʫʥʢʮʠʿʘ ʦʜ ʚʨʝʤʝ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʧʨʦʮʝʩ ʦʜ ʥʫʣʪʠ ʨʝʜ. DTG ʢʨʠʚʘʪʘ ʝ ʚʘʞʝʥ 

ʠʥʜʠʢʘʪʦʨ ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʨʝʜ ʥʘ ʨʝʘʢʮʠʿʘ. ʉʧʦʨʝʜ ʘʚʪʦʨʦʪ Hazra et al. (2002), ʝʜʥʘ 

DTG ʢʨʠʚʘ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʜʝʢʘ ʝ ʦʜ ʥʫʣʪʠ ʢʠʥʝʪʠʯʢʠ ʨʝʜ, ʪʘʢʘ ʰʪʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘ 

ʥʘʛʣʦ ʚʨʘ˃ʘˁʝ ʥʘ ʢʨʠʚʘʪʘ ʦʜ ʤʘʢʩʠʤʘʣʥʘʪʘ ʪʦʯʢʘ ʜʦ ʦʩʥʦʚʥʘʪʘ ʣʠʥʠʿʘ. ɽʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ 

ʦʜ ʧʦʨʪʦʢʘʣ ʛʦ ʩʣʝʜʠ ʦʚʘ ʦʜʥʝʩʫʚʘˁʝ, ʪ.ʝ. ʥʫʣʪʠ-ʢʠʥʝʪʠʯʢʠ ʨʝʜ (ʩʣʠʢʘ 3-12). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʉʣʠʢʘ 3-12. TGA/DTG ʪʝʨʤʦʛʨʘʤ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ (ʮʨʚʝʥʘ ʣʠʥʠʿʘ) ʠ  

ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ (ʟʝʣʝʥʘ ʣʠʥʠʿʘ) 

   

 TGA ʧʨʦʬʠʣʦʪ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʧʦʢʘʞʫʚʘ ʜʚʦʩʪʝʧʝʥʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ. 

ʀʥʠʮʠʿʘʣʥʪʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ ʝ 16,05 % ʚʦ ʨʘʥʛ 30-135 °ʉ, ʰʪʦ ʩʝ ʜʦʣʞʠ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ 

ʚʣʘʛʘ, ʠ ʝ ʢʦʥʟʠʩʪʝʥʪʥʦ ʩʦ ʜʨʫʛʠ ʠʩʪʨʘʞʫʚʘˁʘ. ɺʪʦʨʘʪʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ ʝ 37,13 % ʚʦ ʨʘʥʛ 

220-290 °ʉ, ʰʪʦ ʩʝ ʜʦʣʞʠ ʥʘ ʢʦʤʧʣʝʢʩʥʦʩʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʜʦʚʝʜʫʚʘ ʜʦ ʨʘʩʧʘʜ ʥʘ 

ʧʨʦʙʘʪʘ, ʨʝʟʫʣʪʠʨʘʿ˃ʠ ʩʦ ʬʦʨʤʠʨʘˁʝ ʥʘ H2O, CH4 ʠ CO2. ʉʣʠʯʥʠ ʥʘʦʜʠ ʩʝ ʜʦʙʠʝʥʠ ʠ ʚʦ 

ʜʨʫʛʠ ʠʩʪʨʘʞʫʚʘˁʘ (Salisu, et al., 2016).  

 DSC ʧʨʦʬʠʣʦʪ (ʩʣʠʢʘ 3-13.) ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʠ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪʦʪ ʧʦʢʘʞʘʘ 

ʝʥʜʦʪʝʨʤʥʠ ʧʠʢʦʚʠ ʥʘ 154,1 °ʉ ʠ 86,2 °ʉ. ɼʚʘʪʘ ʝʥʜʦʪʝʨʤʥʠ ʧʠʢʦʚʠ ʩʝ ʜʦʣʞʘʪ ʥʘ 

[#] Instrumen
[1] TG 20F1
[2] TG 209F1

File
Na alinate_25-400C_10K-min.ngb-st3
Orange oil_25-400C_10K-min.ngb-st3

Date
2023-12-07
2023-12-07

Identity
Na alginate
orange oil

Sample
Na alginate
orange oil

Mass/mg
6.25
6.26

Segment
1/1
1/1

Range
25°C/10.0(K/min)/400°C
25°C/10.0(K/min)/400°C

Atmosphere
N2, 30.0ml/min / N2, 50.0ml/min
N2, 30.0ml/min / N2, 50.0ml/min

Corr.
DTG:7
DTG:7

50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0
Temperature /°C

0.00

20.00

40.00

60.00

80.00

100.00

TG /%

-40.00

-30.00

-20.00

-10.00

0.00

DTG /(%/min)
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ʨʝʘʢʮʠʿʘ ʥʘ ʠʩʧʘʨʫʚʘˁʝ, ʩʦ ʪʦʘ ʰʪʦ ʥʘ 154,1 °ʉ ʠʩʧʘʨʫʚʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ, ʘ ʢʘʿ ʥʘʪʨʠʫʤ 

ʘʣʛʠʥʘʪ ʠʩʧʘʨʫʚʘ ʘʧʩʦʨʙʠʨʘʥʘʪʘ ʚʣʘʛʘ.   

 

 

 

 

  

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-13. DSC ʪʝʨʤʦʛʨʘʤ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ (ʟʝʣʝʥʘ ʣʠʥʠʿʘ) ʠ  

ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ (ʮʨʚʝʥʘ ʣʠʥʠʿʘ) 

 

 ʅʘ ʩʣʠʢʠʪʝ 3-14. ʠ 3-15. ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ DSC ʠ TGA/DTG ʪʝʨʤʦʛʨʘʤʠʪʝ ʦʜ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʪʝ ʧʨʦʙʠ, ʩʦʦʜʚʝʪʥʦ. ʆʜ DSC ʪʝʨʤʦʛʨʘʤʦʪ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʝʜʝʥ 

ʝʥʜʦʪʝʨʤʝʥ ʧʠʢ, ʢʦʿʰʪʦ ʢʦʨʝʣʠʨʘ ʩʦ ʟʘʛʫʙʘʪʘ ʥʘ ʚʣʘʛʘ ʦʜ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ. ʂʨʠʚʠʪʝ ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ Ăʥʘʟʘʙʝʥñ ʦʙʣʠʢ ʢʦʿʰʪʦ ʥʘʿʚʝʨʦʿʘʪʥʦ ʩʝ ʜʦʣʞʠ ʥʘ ʧʦʩʪʝʧʝʥʦʪʦ 

ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ.  
 

ʉʣʠʢʘ 3-14. DSC ʪʝʨʤʦʛʨʘʤ ʥʘ ʧʨʦʙʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʠ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 

 

 ʆʜ TGA/DTG ʢʨʠʚʠʪʝ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘʘʪ ʜʚʘ ʨʝʛʠʦʥʠ ʥʘ 

ʪʝʨʤʠʯʢʘ ʜʝʩʪʨʫʢʮʠʿʘ. ʇʨʚʠʦʪ ʯʝʢʦʨ ʥʘ ʟʘʛʫʙʘ ʥʘ ʤʘʩʘ ʝ ʜʦ 110 °ʉ, ʰʪʦ ʩʝ ʜʦʣʞʠ ʥʘ 

ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʚʨʟʘʥʘʪʘ ʚʣʘʛʘ. ɺʪʦʨʠʦʪ ʯʝʢʦʨ ʛʦ ʦʪʩʣʠʢʫʚʘ ʛʣʘʚʥʠʦʪ ʨʝʛʠʦʥ ʥʘ ʪʝʨʤʠʯʢʘ 

ʜʝʛʨʘʜʘʮʠʿʘ, ʢʦʿʰʪʦ ʝ ʚʦ ʨʘʥʛ 110-400 °ʉ ʠ ʦʜʣʠʯʥʦ ʢʦʨʝʣʠʨʘ ʩʦ DSC ʝʥʜʦʪʝʨʤʥʠʦʪ ʧʠʢ 

ʦʜ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ.  

  

 

[#] Instrument

[1] DSC 204F1

[2] DSC 204F1

[3] DSC 204F1

[4] DSC 204F1

[5] DSC 204F1

File

Orange oil RX-1_-50-230C_10K-min.ngb-sd3

Poly mer 2 - Sodium alginate_-50-230C_10K-min.ngb-sd3

Pr.3_-50-230C_10K-min.ngb-sd3

Pr.11_-50-230C_10K-min_1.ngb-sd3

Pr.15_-50-230C_10K-min_1.ngb-sd3

Date

2023-06-22

2023-06-22

2023-06-22

2023-06-30

2023-09-12

Identity

Orange oil RX-1

Poly mer 2

Pr. 3

Pr. 11

Pr. 15

Sample

Orange oil

Sodium alginate

Pr. 3

Pr. 11

Pr. 15

Mass/mg

2.32

2.80

4.59

4.52

3.21

Segment

1/1

1/1

1/1

1/1

1/1

Range

-50°C/10.0(K/min)/230°C

-50°C/10.0(K/min)/230°C

-50°C/10.0(K/min)/230°C

-50°C/10.0(K/min)/230°C

-50°C/10.0(K/min)/230°C

Atmosphere

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

Corr.

---

---

---

---

---

-50.0 0.0 50.0 100.0 150.0 200.0
Temperature /°C

1

2

3

4

5

6

7

8

DSC /(µV/mg)

Peak: 154.1 °C

Peak: 86.2 °C

Ź exo

[#] Instrument

[1] DSC 204F1

[2] DSC 204F1

[3] DSC 204F1

[4] DSC 204F1

[5] DSC 204F1

File

Orange oil RX-1_-50-230C_10K-min.ngb-sd3

Poly mer 2 - Sodium alginate_-50-230C_10K-min.ngb-sd3

Pr.3_-50-230C_10K-min.ngb-sd3

Pr.11_-50-230C_10K-min_1.ngb-sd3

Pr.15_-50-230C_10K-min_1.ngb-sd3

Date

2023-06-22

2023-06-22

2023-06-22

2023-06-30

2023-09-12

Identity

Orange oil RX-1

Poly mer 2

Pr. 3

Pr. 11

Pr. 15

Sample

Orange oil

Sodium alginate

Pr. 3

Pr. 11

Pr. 15

Mass/mg

2.32

2.80

4.59

4.52

3.21

Segment

1/1

1/1

1/1

1/1

1/1

Range

-50°C/10.0(K/min)/230°C

-50°C/10.0(K/min)/230°C

-50°C/10.0(K/min)/230°C

-50°C/10.0(K/min)/230°C

-50°C/10.0(K/min)/230°C

Atmosphere

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

Corr.

---

---

---

---

---

-50.0 0.0 50.0 100.0 150.0 200.0
Temperature /°C

1

2

3

4

5

6

DSC /(µV/mg)

Peak: 82.2 °C

Peak: 78.3 °C

Peak: 76.5 °C

Ź exo

OL-3

OL-11

OL-15
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ʉʣʠʢʘ 3-15. TGA/DTG ʪʝʨʤʦʛʨʘʤ ʥʘ ʧʨʦʙʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ ʠ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 

 

3.4.5 ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 ʂʚʘʥʪʠʬʠʢʫʚʘˁʝʪʦ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʠʟʚʝʜʝ ʩʦ ʢʘʣʠʙʨʘʮʠʦʥʘ 

ʢʨʠʚʘ (ʩʣʠʢʘ 3-16.). ɿʘ ʪʘʘ ʮʝʣ ʩʝ ʠʟʨʘʙʦʪʠ ʩʝʨʠʿʘ ʥʘ ʩʪʘʥʜʘʨʜʥʠ ʨʘʩʪʚʦʨʠ ʚʦ 

ʢʦʥʮʝʥʪʨʘʮʠʩʢʠ ʨʘʥʛ 0,0003 ï 0,0133 mgmL-1 ʦʜ ʦʩʥʦʚʝʥ ʩʪʘʥʜʘʨʜʝʥ ʨʘʩʪʚʦʨ ʚʦ 

ʨʘʩʪʚʦʨʫʚʘʯ ʤʝʪʘʥʦʣ ʠ ʧʨʝʯʠʩʪʝʥʘ ʚʦʜʘ (45:55, v/v) ʩʦ ʢʦʥʮʝʥʪʨʘʮʠʿʘ c=1,620 mgmL-1.  

  

 

 

 

 

 

 

 

 

 

 

 

 
 

ʉʣʠʢʘ 3-16. ʂʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʚʦ 

ʨʘʩʪʚʦʨʫʚʘʯ ʤʝʪʘʥʦʣ ʠ ʧʨʝʯʠʩʪʝʥʘ ʚʦʜʘ (45:55,v/v) 

 ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, eʥʢʘʧʩʫʣʫʨʘʥ ʣʝʢ ʠ ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ  

ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʝ ʩʫʤʠʨʘʥʠ ʚʦ ʛʨʘʬʠʢʦʥ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 3-17.  
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ɸʧʩʦʨʙʘʥʮʘ[AU]

ɸʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʤʝʪʘʥʦʣ ʠ ʚʦʜʘ

[#] Instrument

[3] TG 209F1

[4] TG 209F1

[5] TG 209F1

File

Proba 11_25-400C_10K-min.ngb-st3

Proba 13_25-400C_10K-min.ngb-st3

Proba 15_25-400C_10K-min.ngb-st3

Date

2023-10-06

2023-10-12

2023-10-06
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Proba 11

Proba 3

Proba 15
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Proba 11

Proba 3

Proba 15

Mass/mg

7.63

10.23

8.77

Segment

1/1

1/1

1/1

Range

25°C/10.0(K/min)/400°C

25°C/10.0(K/min)/400°C

25°C/10.0(K/min)/400°C

Atmosphere

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

N2, 30.0ml/min / N2, 50.0ml/min

Corr.

DTG:7

DTG:7

DTG:7
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20.00

40.00

60.00

80.00

100.00

TG /%

-40.00

-30.00

-20.00

-10.00

0.00

DTG /(%/min)

OL-11

OL-3

OL-15



ʤ-ʨ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʩʢʘ                                                                    ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

 

80 

 

 

ʉʣʠʢʘ 3-17. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʟʘ ʜʦʙʠʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʝʥʢʘʧʩʫʣʠʨʘʥ 

ʣʝʢ ʠ ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʢʘʿ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʘʮʝʪʘʤʠʥʦʬʝʥ 

 ʅʘʩʠʧʥʘʪʘ ʛʫʩʪʠʥʘ ʚʘʨʠʨʘʰʝ ʚʦ ʨʘʥʛ ʦʜ 0,400 gmL-1 ʜʦ 0,599 gmL-1. ʅʘʿʥʠʩʢʘ 

ʚʨʝʜʥʦʩʪ  (0,349 gmL-1) ʩʝ ʟʘʙʝʣʝʞʘ ʟʘ ʧʨʦʙʘ Ac-20, ʘ ʥʘʿʚʠʩʦʢʘ ʚʨʝʜʥʦʩʪ (0,599 gmL-1) 

ʟʘ ʧʨʦʙʘ Ac-19. ʅʝ ʩʝ ʫʪʚʨʜʠ ʢʦʨʝʣʘʮʠʿʘ ʧʦʤʝʺʫ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ 

ʤʘʪʨʠʮʘ ʠ ʥʘʩʠʧʥʘʪʘ ʛʫʩʪʠʥʘ. 

 ʄʘʢʩʠʤʘʣʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ (73,15 %) ʝ ʜʦʙʠʝʥʘ ʟʘ ʧʨʦʙʘ Ac-14, 

ʜʦʜʝʢʘ ʥʘʿʥʠʩʢʘ ʚʨʝʜʥʦʩʪ (50,85 %) ʝ ʜʦʙʠʝʥʘ ʟʘ ʧʨʦʙʘ ɸʩ-19. ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʫʢʘʞʫʚʘʘʪ ʥʘ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ 

ʧʦʣʠʤʝʨʦʪ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʘ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʩʦ 

ʝʥʢʘʧʩʫʣʠʨʘʥʠʦʪ ʣʝʢ. ɺʨʝʜʥʦʩʪʠʪʝ ʟʘ ʝʥʢʘʧʩʫʣʠʨʘʥ ʣʝʢ ʩʝ ʜʚʠʞʘʪ ʚʦ ʛʨʘʥʠʮʠ ʦʜ         

12,90 % ʟʘ ʧʨʦʙʘ ɸc-17 ʜʦ 27,50 % ʟʘ ʧʨʦʙʘ Ac-12.   

 ʆʚʦʿ ʥʘʦʜ ʝ ʢʦʥʟʠʩʪʝʥʪʝʥ ʩʦ ʥʘʦʜʦʪ ʦʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Przybyslawska, Amelian, 

& Winnicka (2013). ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Yang, Tsay, & Tsiang (2000), ʧʦʚʠʩʦʢ ʫʜʝʣ ʥʘ 

ɽʉ ʨʝʟʫʣʪʠʨʘʣ ʩʦ ʧʦʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʘʩʧʠʨʠʥ. ʀʩʪ ʥʘʦʜ ʠʤʘʘʪ 

ʜʦʙʠʝʥʦ (Patel & Patel, 2014) ʚʦ ʢʦʿ ʥʠʢʦʨʘʥʜʠʣ ʙʠʣ ʝʥʢʘʧʩʫʣʠʨʘʥ ʚʦ ʭʠʪʦʟʘʥʩʢʘ 

ʧʦʣʠʤʝʨʥʘ ʦʙʚʠʚʢʘ. ʂʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʧʦʣʠʤʝʨʦʪ ʝ ʢʣʫʯʝʥ ʬʘʢʪʦʨ, ʢʦʿ ʚʣʠʿʘʝ ʚʨʟ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʦʜ ʤʠʢʨʦʩʬʝʨʠʪʝ. ɺʠʩʢʦʟʝʥ 

ʧʦʣʠʤʝʨʝʥ ʨʘʩʪʚʦʨ ʝ ʤʥʦʛʫ ʧʦʪʝʰʢʦ ʜʘ ʙʠʜʝ ʨʘʩʢʠʥʘʪ ʚʦ ʧʦʤʘʣʠ ʢʘʧʢʠ ʧʨʠ ʠʩʪʘ ʙʨʟʠʥʘ 

ʥʘ ʤʝʰʘˁʝ. ʆʮʚʨʩʥʫʚʘˁʝʪʦ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʧʨʠ ʧʦʚʠʩʦʢ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʝ ʧʦʙʨʟʦ, 

ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʚʠʩʢʦʟʝʥ ʧʦʣʠʤʝʨʝʥ ʩʣʦʿ ʥʘ ʢʘʧʢʘʪʘ ʥʘ ʤʠʢʨʦʩʬʝʨʘʪʘ ʪʘʢʘ ʰʪʦ ʘʿ 

ʠʥʭʠʙʠʨʘ ʜʠʬʫʟʠʿʘʪʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ ʩʫʧʩʪʘʥʮʘ ʢʦʥ ʥʘʜʚʦʨʝʰʥʘʪʘ ʚʦʜʥʘ ʬʘʟʘ. ʂʘʢʦ 

ʧʦʩʣʝʜʠʮʘ, ʧʦʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʧʦʣʠʤʝʨ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ.  
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  ɸʚʪʦʨʦʪ Mateovic ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2002) ʫʪʚʨʜʠʣʝ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʬʨʘʢʮʠʿʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʦ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʠ 

ʧʨʦʩʝʯʝʥ ʫʜʝʣ ʥʘ ʤʦʜʝʣ-ʣʝʢ (ʧʠʧʝʤʠʜʠʥʩʢʘ ʢʠʩʝʣʠʥʘ). ʉʦ ANOVA ʪʝʩʪ ʫʪʚʨʜʠʣʝ 

ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʧʦʤʝʺʫ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʠ ʩʦʜʨʞʠʥʘʪʘ ʥʘ ʤʦʜʝʣ-ʣʝʢ. ʆʜ ʜʨʫʛʘ 

ʩʪʨʘʥʘ, ʠʥʚʝʨʟʥʘ ʟʘʚʠʩʥʦʩʪ ʝ ʩʦʛʣʝʜʘʥʘ ʚʦ ʤʠʢʨʦʩʬʝʨʠ ʩʦ ʝʥʢʘʧʩʫʣʠʨʘʥ ʩʠʤʚʘʩʪʘʪʠʥ ʚʦ 

ʩʤʝʩʘ ʥʘ PLA ʠ PCL ʜʦʙʠʝʥʠ ʩʦ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯ ʦʜ o/w ʝʤʫʣʟʠʿʘ 

(Hayatunnufus, Wati, & Budianto, 2019).  

 ɿʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ 

ʚʦ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʩʝ ʧʨʠʩʪʘʧʠ ʢʦʥ ʠʟʙʦʨ ʥʘ ʧʦʜʦʙʝʥ ʨʘʩʪʚʦʨʫʚʘʯ. ʉʧʦʨʝʜ Ph.Eur. 

ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪʦʪ ʝ ʙʘʚʥʦ-ʨʘʩʪʚʦʨʣʠʚ ʚʦ ʚʦʜʘ, ʘ ʥʝʨʘʩʪʚʦʨʣʠʚ ʚʦ 96 % ʝʪʘʥʦʣ (Ph.Eur. 

11.2, 0625 (01/2017), 2017), ʥʦ ʘʚʪʦʨʠʪʝ Faidi et al. (2019) ʫʩʧʝʘʣʝ ʜʘ ʛʦ ʨʘʩʪʚʦʨʘʪ 

ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪʦʪ ʚʦ 96 % ʝʪʘʥʦʣ ʚʦ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 1 mgmL-1. ʆʜ ʘʚʪʦʨʦʪ Paris ʠ 

ʩʦʨʘʙʦʪʥʠʮʠ (2020) ʧʨʠʿʘʚʝʥʘ ʝ ʧʦʩʪʘʧʢʘ ʟʘ ʨʘʩʪʚʦʨʘˁʝ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʚʦ 0,055ʄ 

ʥʘʪʨʠʫʤ ʮʠʪʨʘʪ. ʇʦ ʥʠʚʥʦ ʨʘʩʪʚʦʨʘˁʝ ʝ ʜʦʜʘʜʝʥ ʝʪʠʣ ʘʮʝʪʘʪ ʩʦ ʮʝʣ ʝʢʩʪʨʘʭʠʨʘˁʝ ʥʘ 

ʦʩʣʦʙʦʜʝʥʦʪʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Nayak et al. (2015) ʙʠʣ ʠʩʢʦʨʠʩʪʝʥ 

ʬʦʩʬʘʪʝʥ ʧʫʬʝʨ ʩʦ pH 7,4, ʜʦʜʝʢʘ ʦʜ Bannikova ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2018) ʝ ʧʨʠʿʘʚʝʥʘ 

ʛʨʘʚʠʤʝʪʨʠʩʢʘ ʧʦʩʪʘʧʢʘ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʜʦʩʪʘʧʥʠ ʧʦʜʘʪʦʮʠ, ʟʘ ʦʚʘ 

ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʠʟʙʨʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ 5,5 mM ʥʘʪʨʠʫʤ ʮʠʪʨʘʪ, ʘ ʯʠʿ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʨʘʩʪʚʦʨʘˁʝ ʩʝ ʧʦʜʦʙʨʠ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ  ʧʦʚʨʰʠʥʩʢʦ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ                                   

0,5 w/v % Tween 80. ɿʘ ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʧʨʦʙʥʠʦʪ ʨʘʩʪʚʦʨ ʩʝ ʜʦʜʘʜʝ 

96 % ʝʪʘʥʦʣ. ʂʨʘʿʥʠʦʪ ʧʦʜʦʙʝʥ ʨʘʩʪʚʦʨʫʚʘʯ ʙʝʰʝ ʩʤʝʩʘ ʥʘ 5,5 mM ʥʘʪʨʠʫʤ ʮʠʪʨʘʪ ʩʦ 

0,5 (w/v %) Tween 80:96 % ʝʪʘʥʦʣ = 24:1 (v/v).  

 ʆʧʨʝʜʝʣʫʚʘˁʝʪʦ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʠʟʚʝʜʝ ʧʨʝʢʫ ʢʘʣʠʙʨʘʮʠʦʥʘ 

ʢʨʠʚʘ ʟʘ ʯʠʿʘ ʮʝʣ ʩʝ ʠʟʨʘʙʦʪʠ ʩʝʨʠʿʘ ʥʘ ʩʪʘʥʜʘʨʜʥʠ ʨʘʩʪʚʦʨʠ ʚʦ ʢʦʥʮʝʥʪʨʘʮʠʩʢʠ ʨʘʥʛ 

0,016-1,618  mgmL-1 ʦʜ ʦʩʥʦʚʝʥ ʩʪʘʥʜʘʨʜʝʥ ʨʘʩʪʚʦʨ ʚʦ 96 % ʝʪʘʥʦʣ ʩʦ c=1,618 mgmL-1. 

ʅʘ ʩʣʠʢʘ 3-18. ʝ ʧʨʠʢʘʞʘʥʘ ʢʘʣʠʙʨʘʮʠʦʥʘʪʘ ʢʨʠʚʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ 96 % ʝʪʘʥʦʣ, 

ʢʦʿʘʰʪʦ ʝ ʧʨʠʤʝʥʣʠʚʘ ʠ ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ in vitro 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʩʫʧʩʪʘʥʮʘ. 

 
 

 

 

 

 

  

 

 

 

 

 

 
 

ʉʣʠʢʘ 3-18 ʂʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ 

 ʠ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ ʨʘʩʪʚʦʨʫʚʘʯ 96 % ʝʪʘʥʦʣ 

y = 0.3155x + 0.0014

R² = 0.9999
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ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ 96 % ʝʪʘʥʦʣ 
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 ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ, 

ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʤʘʩʣʦ ʠ ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʛʨʘʬʠʯʢʠ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ 

ʩʣʠʢʘ 3-19. 
 

 

ʉʣʠʢʘ 3-19 ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʟʘ ʜʦʙʠʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʝʥʢʘʧʩʫʣʠʨʘʥʦ 

ʤʘʩʣʦ ʠ ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʢʘʿ ʤʠʢʨʦʢʘʧʩʫʣʠ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʨʪʦʢʘʣ  

 

 ʅʘʩʠʧʥʘʪʘ ʛʫʩʪʠʥʘ ʚʘʨʠʨʘʰʝ ʚʦ ʨʘʥʛ ʦʜ 0,415 gmL-1 ʜʦ 0,501 gmL-1. ʅʘʿʥʠʩʢʘ 

ʚʨʝʜʥʦʩʪ  (0,415 gmL-1) ʩʝ ʟʘʙʝʣʝʞʘ ʟʘ ʧʨʦʙʘ OL-1, ʘ ʥʘʿʚʠʩʦʢʘ ʚʨʝʜʥʦʩʪ (0,501 gmL-1) ʟʘ 

ʧʨʦʙʘ OL-4. ʄʘʢʩʠʤʘʣʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ (100,30 %) ʝ ʜʦʙʠʝʥʘ ʟʘ ʧʨʦʙʘ 

OL-7, ʜʦʜʝʢʘ ʥʘʿʥʠʩʢʘ ʚʨʝʜʥʦʩʪ (75,10 %) ʝ ʜʦʙʠʝʥʘ ʟʘ ʧʨʦʙʘ OL-8. ɺʨʝʜʥʦʩʪʠʪʝ ʟʘ 

ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʤʘʩʣʦ ʩʝ ʜʚʠʞʘʪ ʚʦ ʛʨʘʥʠʮʠ ʦʜ 63,60 % ʟʘ ʧʨʦʙʘ OL-2 ʜʦ 85,20 % ʟʘ ʧʨʦʙʘ 

OL-7. ɺʦ ʦʜʥʦʩ ʥʘ ʧʘʨʘʤʝʪʘʨʦʪ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ 

ʠʥʚʝʨʟʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ ʝʬʠʢʘʩʥʦʩʪʘ. ʀʤʝʥʦ, ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ 

ʥʘ ʫʜʝʣʦʪ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʙʝʣʝʞʠ ʧʦʥʠʩʢʘ ʧʨʦʩʝʯʥʘ 

ʚʨʝʜʥʦʩʪ (89,29 % ʟʘ 1,5 % w/v ʠ 84,41 % ʟʘ 2 % w/v). ʂʘʧʘʮʠʪʝʪʦʪ ʥʘ ʟʘʨʦʙʫʚʘˁʝ ʝ ʤʝʨʢʘ 

ʟʘ ʤʘʩʘʪʘ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʰʪʦ ʝ ʩʧʦʩʦʙʥʦ ʜʘ ʙʠʜʝ ʟʘʨʦʙʝʥʦ ʚʦ ʤʠʢʨʦʩʬʝʨʘ ʠ ʩʝ ʪʝʤʝʣʠ 

ʥʘ ʫʜʝʣʦʪ ʥʘ ʫʧʦʪʨʝʙʝʥ ʧʦʣʠʤʝʨ. ɺʦ ʦʚʘʘ ʩʪʫʜʠʿʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʧʦʣʠʤʝʨʦʪ ʩʝ 

ʤʝʥʫʚʘʰʝ ʥʘ ʜʚʝ ʥʠʚʦʘ 1,5 % w/v ʠ 2 % w/v, ʜʦʜʝʢʘ ʫʜʝʣʦʪ ʥʘ ʤʘʩʣʦʪʦ ʙʝʰʝ ʢʦʥʩʪʘʥʪʝʥ. 

ʈʝʟʫʣʪʘʪʠʪʝ (74,76 % ʟʘ 1,5% w/v ʠ 68,59 % ʟʘ 2 % w/v) ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʧʦʩʪʦʠ ʠʥʚʝʨʟʥʘ 

ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ. ʉʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʩʝ ʥʘʤʘʣʫʚʘ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʥʘ 

ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ. ʆʚʘ ʩʦʛʣʝʜʘʥʦ ʦʜʥʝʩʫʚʘˁʝ ʫʢʘʞʫʚʘ ʜʝʢʘ 1,5 % w/v ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 

ʤʦʞʝ ʜʘ ʟʘʨʦʙʫʚʘ ʧʦʚʝ˃ʝ ʦʜ 75 % ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ (ʤʘʩʝʥʦ). ɺʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ, 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʟʘʨʦʙʫʚʘˁʝ ʩʝ ʚʠʩʦʢʠ. ɹʨʦʿʥʠ ʬʘʢʪʦʨʠ 

ʤʦʞʝ ʜʘ ʛʠ ʦʙʿʘʩʥʘʪ ʜʦʙʠʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ. ʅʝʢʦʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʩʚʦʿʩʪʚʘʪʘ ʥʘ 

ʙʠʦʧʦʣʠʤʝʨʠʪʝ (ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʚʦ ʜʠʩʧʝʨʟʥʘ ʬʘʟʘ ʠ 

ʜʨʫʛʦ). ʇʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʧʦʩʪʠʛʥʘʣʝ ʧʨʠ ʧʦʚʠʩʦʢʠ 

ʫʜʝʣʠ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʠʣʠ ʙʠʦʧʦʣʠʤʝʨ ʩʦ ʚʠʩʦʢʘ ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʙʠʦʧʦʣʠʤʝʨ ʩʦ ʩʨʝʜʥʘ ʠʣʠ ʥʠʩʢʘ ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ. ɼʨʫʛʠ ʬʘʢʪʦʨʠ ʩʝ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 
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ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘɽʥʢʘʧʩʫʣʠʨʘʥʦ ʤʘʩʣʦʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ
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ʤʠʢʨʦʩʬʝʨʠʪʝ ʠ ʥʠʚʥʘʪʘ ʤʦʨʬʦʣʦʛʠʿʘ. ʄʠʢʨʦʩʬʝʨʠʪʝ ʩʦ ʤʘʣʘ ʜʠʤʝʥʟʠʿʘ ʩʝ ʦʯʝʢʫʚʘ ʜʘ 

ʙʠʜʘʪ ʩʬʝʨʠʯʥʠ, ʤʘʟʥʠ ʠ ʧʦʤʘʣʢʫ ʧʦʨʦʟʥʠ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʧʦʢʨʫʧʥʠ ʤʠʢʨʦʯʝʩʪʠʯʢʠ. 

ʆʧʘʺʘʯʢʠʦʪ ʪʨʝʥʜ ʥʘ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʟʘʨʦʙʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʤʦʞʝ ʜʘ ʩʝ ʦʙʿʘʩʥʠ ʧʨʝʢʫ 

ʤʘʩʝʥʠ ʬʝʥʦʤʝʥʠ ʠ ʤʦʨʬʦʣʦʰʢʦ-ʩʪʨʫʢʪʫʨʥʠ ʦʜʣʠʢʠ ʥʘ ʤʠʢʨʦʩʬʝʨʠʪʝ. ʀʤʝʥʦ, 

ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʫʜʝʣʦʪ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʛʫʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʰʪʦ ʛʠ 

ʥʘʤʘʣʫʚʘ ʜʠʤʝʥʟʠʠʪʝ ʥʘ ʧʦʨʠʪʝ ʚʦ ʤʠʢʨʦʩʬʝʨʠʪʝ. ʆʚʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʟʛʦʣʝʤʝʥ ʦʪʧʦʨ ʢʦʥ 

ʤʘʩʝʥ ʪʨʘʥʩʬʝʨ ʠ ʥʘʤʘʣʝʥʘ ʝʬʝʢʪʠʚʥʘ ʜʠʬʫʟʠʿʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʩʫʧʩʪʘʥʮʘ (Sevda & 

Rodrigues, 2011; Soliman E. , El-Moghazy, El-Din, & Massoud, 2013). ɺʦ ʧʨʝʪʭʦʜʥʦ 

ʦʙʿʘʚʝʥʠ ʩʪʫʜʠʠ, ʚʦ ʢʦʠ ʝ ʫʧʦʪʨʝʙʝʥ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʢʘʢʦ ʙʠʦʧʦʣʠʤʝʨ, ʩʝ ʧʨʠʿʘʚʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʩʦ ʨʘʟʣʠʯʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʘʮʠʿʘ. ʅʘ ʧʨʠʤʝʨ, 4 %, 25 %, 

32 %, 67 %, 85 %, 88-91 % ʠ >90 % ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʧʦʩʪʠʛʥʘʪʠ ʟʘ 

ʥʠʪʨʦʬʫʨʘʥʪʦʠʥ (Hari, Chandy, & Sharma, 1996), ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʢʘʨʘʥʬʠʣʯʝ (Faidi, 

ʠ ʜʨ., 2019), ʠʥʜʦʤʝʪʘʢʠʥ (Shiraishi, Imai, & Otagiri, 1993), ʜʠʣʪʠʘʟʝʤ (El-Kamel, Al-

Gohary, & Hosny, 2003), ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʮʠʤʝʪ (Paris, Ramirez-Corona, Palou, & Lopez-

Malo, 2020), ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʝʫʢʘʣʠʧʪʫʩ (Noppakundilograt , Piboon, Graisuwan, Nuisin, 

& Kiatkamjornwong, 2015), ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʮʠʤʝʪ, ʢʘʨʘʥʬʠʣʯʝ ʠ ʤʘʿʯʠʥʘ ʜʫʰʠʮʘ 

(Soliman E. , El-Moghazy, El-Din, & Massoud, 2013), ʩʦʦʜʚʝʪʥʦ.  

 ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ 

ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʠʩʪʦ ʪʘʢʘ ʩʝ ʝʚʘʣʫʠʨʘʰʝ. ʆʜ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ 

ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʩʠʩʪʝʤʠ ʝ ʩʦʛʣʝʜʘʥʘ ʠʥʚʝʨʟʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʥʘʪʨʠʫʤ 

ʘʣʛʠʥʘʪ ʠ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ 

ʟʘʨʦʙʫʚʘˁʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʧʦʚʠʩʦʢ ʪʨʝʥʜ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ 

ʠ ʢʘʧʘʮʠʪʝʪ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʝ ʟʘʙʝʣʝʞʘʥ ʧʨʠ ʧʦʥʠʟʦʢ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ. ʇʨʠ 1,5 % w/v 

ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʧʦʩʪʠʛʥʘʪʘ ʝ ʥʘʿʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ (100,30 % ʟʘ ʧʨʦʙʘ 

OL-7) ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʤʘʩʣʦ (85,20 % ʟʘ ʧʨʦʙʘ OL-7) ʟʘ ʥʘʿʢʨʘʪʢʦ ʚʨʝʤʝ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝ, ʦʜʥʦʩʥʦ 10 ʤʠʥʫʪʠ, ʜʦʜʝʢʘ ʥʘʿʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (75,10 %) ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʦ 

ʤʘʩʣʦ (63,80 %) ʝ ʟʘʙʝʣʝʞʘʥ ʧʦʩʣʝ ʥʘʿʜʦʣʛʦ ʚʨʝʤʝ (60 ʤʠʥʫʪʠ) ʥʘ ʚʤʨʝʞʫʚʘˁʝ. ʇʨʠ 2 % 

w/v ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, ʜʚʘʪʘ ʧʘʨʘʤʝʪʨʠ ʙʝʣʝʞʘʪ ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ. 

ʅʘʿʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ (89,30 % ʟʘ ʧʨʦʙʘ OL-21) ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʤʘʩʣʦ 

(70,20 % ʟʘ ʧʨʦʙʘ OL-21), ʜʦʜʝʢʘ ʥʘʿʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (78,20 %) ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʤʘʩʣʦ 

(65,30 %) ʩʝ ʟʘʙʝʣʝʞʘʥʠ ʟʘ ʧʨʦʙʘ OL-22. ɺʦ ʦʜʥʦʩ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ, 

ʧʨʦʩʝʯʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʝ ʧʦʥʠʩʢʘ (85,20 %) ʥʘ ʥʘʿʢʫʩʦ ʚʨʝʤʝ                   

(10 ʤʠʥʫʪʠ) ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʚʦ ʦʜʥʦʩ ʥʘ ʥʘʿʜʦʣʛʦ ʚʨʝʤʝ (60 ʤʠʥʫʪʠ), ʢʘʜʝʰʪʦ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʝ 83,85 %. ʉʦ ʧʦʜʦʣʛʦ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʩʝ ʧʦʩʪʠʛʥʫʚʘ 

ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʩʦ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʜʦ ʦʜʨʝʜʝʥʘ 

ʪʦʯʢʘ, ʘ ʧʦʪʦʘ ʩʝ ʙʝʣʝʞʠ ʦʧʘʺʘʯʢʠ ʪʨʝʥʜ. ʆʚʦʿ ʬʝʥʦʤʝʥ, ʩʧʦʨʝʜ ʥʝʢʦʣʢʫ ʘʚʪʦʨʠ, ʩʝ ʜʦʣʞʠ 

ʥʘ ʧʘʨʪʠʮʠʦʥʠʨʘˁʝ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʪʘ ʩʫʧʩʪʘʥʮʘ ʚʦ ʬʦʨʤʠʨʘʯʢʠʪʝ ʤʠʢʨʦʩʬʝʨʠ ʠ ʨʘʩʪʚʦʨ 

ʟʘ ʚʤʨʝʞʫʚʘˁʝ. ɸʢʦ ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ ʩʫʧʩʪʘʥʮʘ ʝ ʨʘʩʪʚʦʨʣʠʚʘ ʚʦ ʩʨʝʜʩʪʚʦʪʦ ʟʘ 

ʚʤʨʝʞʫʚʘˁʝ, ʪʦʛʘʰ ʧʦʜʦʣʛʦ ʠʟʣʦʞʫʚʘˁʝ ˃ʝ ʧʨʝʜʠʟʚʠʢʘ ʧʦʛʦʣʝʤʘ ʟʘʛʫʙʘ ʥʘ 

ʙʠʦʘʢʪʠʚʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʦʜ ʤʠʢʨʦʩʬʝʨʠʪʝ ʧʦ ʧʘʪ ʥʘ ʜʠʬʫʟʠʿʘ (Manjanna, Shivakumar, 

& Pramod-kumar, 2009; Mandal, Kumar, Krishnamoorthy, & Basu, 2010; Soliman E. , El-

Moghazy, El-Din, & Massoud, 2013).  
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 ʂʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢʦʪ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝʪʦ ʩʝ ʝʚʘʣʫʠʨʘʥʠ ʟʘ ʜʚʘʪʘ ʫʜʝʣʠ ʥʘ ʧʦʣʠʤʝʨ. ʆʜ ʨʝʟʫʣʪʘʪʠʪʝ ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʥʝʤʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʦʪʦ ʤʘʩʣʦ. 

ʉʣʠʯʥʦ ʦʜʥʝʩʫʚʘˁʝ ʝ ʟʘʙʝʣʝʞʣʠʚʦ ʠ ʟʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʚʤʨʝʞʫʚʘˁʝʪʦ. ɺʦ 

ʦʜʨʝʜʝʥʠ ʨʘʟʛʣʝʜʘʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʝ ʫʪʚʨʜʝʥʦ ʚʣʠʿʘʥʠʝ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 

(CaCl2) ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʀʤʝʥʦ, ʫʪʚʨʜʝʥʘ ʝ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʟʘʚʠʩʥʦʩʪ, ʜʦ ʦʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʮʘ, ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ (CaCl2) 

ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʆʚʘʘ ʟʘʚʠʩʥʦʩʪ ʩʝ ʜʦʣʞʠ ʥʘ ʟʛʦʣʝʤʝʥʦʪʦ ʚʤʨʝʞʫʚʘˁʝ 

ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ ʢʦʤʧʘʢʪʥʦʩʪʘ ʥʘ ʬʦʨʤʠʨʘʥʠʪʝ ʥʝʨʘʩʪʚʦʨʣʠʚʠ ʛʫʩʪʠ ʤʘʪʨʠʮʠ ʰʪʦ 

ʨʝʟʫʣʪʠʨʘ ʚʦ ʧʦʛʦʣʝʤ ʢʘʧʘʮʠʪʝʪ ʟʘ ʜʘ ʩʝ ʝʥʢʘʧʩʫʣʠʨʘ ʧʦʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʙʠʦʘʢʪʠʚʥʘ 

ʢʦʤʧʦʥʝʥʪʘ. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Manjanna, Shivakumar, & Pramod-kumar (2009), 

ʧʦʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ (83,3 % vs. 93,3 %) ʩʝ ʜʦʙʠʣʘ ʧʨʠ ʧʦʚʠʩʦʢ ʫʜʝʣ 

ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ (1 % vs. 5 %, w/v). ʉʝʧʘʢ, ʧʦʥʘʪʘʤʦʰʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʫʜʝʣʦʪ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʥʝ ʨʝʟʫʣʪʠʨʘʣʦ ʩʦ ʧʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʆʚʦʿ ʥʘʦʜ, ʘʚʪʦʨʠʪʝ Manjanna, Shivakumar, & Pramod-

kumar (2009) ʛʦ ʦʙʿʘʩʥʠʣʝ ʜʝʢʘ ʩʝ ʜʦʣʞʠ ʥʘ ʤʦʞʥʘ ʩʘʪʫʨʘʮʠʿʘ ʥʘ ʤʝʩʪʘʪʘ ʟʘ ʚʨʟʫʚʘˁʝ ʥʘ 

Ca2+ ʚʦ ʧʦʣʠʤʝʨʥʠʪʝ ʚʝʨʠʛʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʘʚʪʦʨʠʪʝ Soliman E., El-Moghazy, El-Din, 

& Massoud (2013) ʩʪʫʜʠʨʘʿ˃ʠ ʛʦ ʛʨʘʜʠʝʥʪʥʦʪʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʫʪʚʨʜʠʣʝ ʦʧʘʺʘʯʢʠ ʪʨʝʥʜ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ 

ʟʘʨʦʙʝʥʘʪʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ. ʉʧʦʨʝʜ ʥʠʚ, ʦʚʦʿ ʬʝʥʦʤʝʥ ʩʝ ʜʦʣʞʠ ʥʘ ʥʘʤʘʣʝʥʘʪʘ 

ʛʦʣʝʤʠʥʘ ʥʘ ʧʦʨʠ ʚʦ ʘʣʛʠʥʘʪʩʢʠʪʝ ʤʠʢʨʦʩʬʝʨʠ ʧʨʠ ʧʦʚʠʩʦʢ ʫʜʝʣ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ 

ʚʤʨʝʞʫʚʘˁʝ, ʰʪʦ ʜʦʚʝʜʫʚʘ ʜʦ ʦʧʘʺʘʯʢʠ ʪʨʝʥʜ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ 

ʙʠʦʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ.   

 ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ (>85 %) ʝ ʧʦʩʪʠʛʥʘʪʘ ʢʘʿ 

ʧʦʛʦʣʝʤʠʦʪ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʪʠ ʦʜ ʜʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ, ʜʦʜʝʢʘ ʥʘʿʚʠʩʦʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʝ 

ʧʦʩʪʠʛʥʘʪʘ ʧʨʠ 1,5 % w/v ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, 1 % w/v CaCl2, ʙʨʟʠʥʘ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʦʜ      

600 rpm ʠ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʦʜ 10 ʤʠʥʫʪʠ. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Baimarka ʠ Srisuwan 

(2014) ʝ ʦʧʨʝʜʝʣʝʥʦ ʜʝʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ Ó80 % ʝ ʧʦʩʪʠʛʥʘʪʦ ʧʨʠ ʥʠʟʦʢ 

ʫʜʝʣ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ, ʢʦʠ ʩʦʦʜʚʝʪʩʪʚʫʚʘʘʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜ 10 % ʚʦ ʦʜʥʦʩ ʥʘ 

ʝʥʢʘʧʩʫʣʠʨʘʯʢʠʦʪ ʧʦʣʠʤʝʨ. Banerjee ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2013) ʧʦʩʪʠʛʥʘʣʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʦʜ 83,8 %, ʥʦ ʚʦ ʥʠʚʥʘʪʘ ʧʦʩʪʘʧʢʘ ʧʨʠʤʝʥʠʣʝ ʝʤʫʣʛʘʪʦʨ (Tween 80) ʟʘ ʜʘ 

ʛʦ ʧʦʜʦʙʨʘʪ ʝʥʢʘʧʩʫʣʠʨʘˁʝʪʦ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ. Benavides ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ ʜʦʙʠʣʝ 

ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ (> 85 %) ʧʨʠ 2 % v/v ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ 1 % w/v ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ.   

 

3.4.6 In  vitro ʦʩʣʦʙʦʜʫʚʘˁʝ ʠ ʢʠʥʝʪʠʯʢʘ ʩʪʫʜʠʿʘ  

 

 ʂʨʠʪʠʯʥʠʦʪ ʘʪʨʠʙʫʪ ʥʘ ʢʚʘʣʠʪʝʪ Ăʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘñ, ʢʘʢʦ 

ʟʘʚʠʩʥʘ ʧʨʦʤʝʥʣʠʚʘ ʦʜ ʜʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ ʩʝ ʩʣʝʜʝʰʝ ʚʦ ʧʦʚʝ˃ʝ ʚʨʝʤʝʥʩʢʠ ʪʦʯʢʠ. 

ʂʚʘʥʪʠʬʠʢʫʚʘˁʝʪʦ ʥʘ ʦʩʣʦʙʦʜʝʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʩʝ 

ʥʘʧʨʘʚʠ ʧʨʝʢʫ ʢʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ. ɿʘ ʪʘʘ ʮʝʣ ʩʝ ʠʟʨʘʙʦʪʠʿʘ  ʩʝʨʠʿʘ ʥʘ ʩʪʘʥʜʘʨʜʥʠ 

ʨʘʩʪʚʦʨʠ ʚʦ ʢʦʥʮʝʥʪʨʘʮʠʩʢʠ ʨʘʥʛ 0,0003 ï 0,0133 mgmL-1 ʦʜ ʦʩʥʦʚʝʥ ʩʪʘʥʜʘʨʜʝʥ ʨʘʩʪʚʦʨ 

ʚʦ ʬʦʩʬʘʪʝʥ ʧʫʬʝʨ pH 6,8 ʠ pH 1,2, ʩʦʦʜʚʝʪʥʦ. ʅʘ ʩʣʠʢʘ 3-20 ʠ 3-21. ʩʝ ʧʨʠʢʘʞʘʥʠ 

ʩʦʦʜʚʝʪʥʠʪʝ ʢʘʣʠʙʨʘʮʠʦʥʠ ʢʨʠʚʠ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ.  
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ʉʣʠʢʘ 3-20 ʂʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ            ʉʣʠʢʘ 3-21 ʂʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ 

  ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʬʦʩʬʘʪʝʥ ʧʫʬʝʨ pH 6,8                                  ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ pH 1,2  

 

 ʂʫʤʫʣʘʪʠʚʥʠʪʝ ʢʨʠʚʠ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʩʝ 

ʧʨʠʢʘʞʘʥʠ ʥʘ ʛʨʘʬʠʢʦʥʦʪ 3-22. ʀʥʠʮʠʿʘʣʝʥ ñburst effectò4 ʚʦ 5 ʤʠʥʫʪʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʢʘʿ 

ʩʠʪʝ ʧʨʦʙʠ. ʅʘʿʥʠʟʦʢ ñburst effectò ʙʝʣʝʞʘʪ ʧʨʦʙʠʪʝ ɸʩ-21 ʠ ɸʩ-10, ʜʦʜʝʢʘ ʥʘʿʚʠʩʦʢ 

ñburst effectò ʙʝʣʝʞʠ ʧʨʦʙʘʪʘ ɸʩ-16.  

 ʆʜ ʢʫʤʫʣʘʪʠʚʥʠʪʝ ʢʨʠʚʠ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʥʘʿʙʘʚʝʥ ʧʨʦʬʠʣ 

ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʧʦʢʘʞʫʚʘ ʧʨʦʙʘʪʘ ɸʩ-10, ʩʦ ʥʘʿʥʠʩʢʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ 

(43,17 %) ʚʦ 15 ʤʠʥʫʪʘ. ʅʘʿʙʨʟ ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʙʝʣʝʞʠ ʧʨʦʙʘʪʘ ɸʩ-17 ʩʦ 

ʥʘʿʚʠʩʦʢʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ (71,05 %) ʚʦ 15 ʤʠʥʫʪʘ. ɺʦ 15 ʤʠʥʫʪʘ ʤʦʞʝ ʜʘ ʩʝ 

ʫʪʚʨʜʠ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʧʨʦʮʝʥʪʦʪ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʦʜ 

ʧʦʣʠʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ʠ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʧʨʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘ ʥʘ        

900 rpm ʠ 700 rpm. ɺʦ 240 ʤʠʥʫʪʘ, ʥʘʿʤʘʣʢʫ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʝ ʟʘʙʝʣʝʞʣʠʚ ʢʘʿ ʧʨʦʙʘʪʘ     

ɸʩ-18, ʜʦʜʝʢʘ ʥʘʿʤʥʦʛʫ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʙʝʣʝʞʠ ʧʨʦʙʘʪʘ ɸʩ-20. 
 

 

ʉʣʠʢʘ 3-22. ʉʧʦʨʝʜʙʝʥʠ ʢʫʤʫʣʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʚʦ pH 6,8 

 
4  ñburst effectò ʝ ʬʝʥʦʤʝʥ ʢʦʿ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʟʘ ʬʦʨʤʫʣʘʮʠʠ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥʦ ʜʝʿʩʪʚʦ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ 

ʠ ʜʦʚʝʜʫʚʘ ʜʦ ʧʦʚʠʩʦʢʦ ʠʥʠʮʠʿʘʣʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ, ʧʨʝʜ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʜʘ ʩʪʘʥʝ 

ʩʪʘʙʠʣʝʥ, ʚʝʜʥʘʰ ʦʪʢʘʢʦ ˃ʝ ʙʠʜʝ ʩʪʘʚʝʥ ʚʦ ʤʝʜʠʫʤʦʪ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ  
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 ɺʦ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ pH 1,2 ʩʝ ʩʦʛʣʝʜʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʘʮʝʪʘʤʠʥʦʬʝʥ ʩʦ 

ʩʣʠʯʝʥ ʧʨʦʬʠʣ ʢʘʢʦ ʠ ʚʦ pH 6,8 (ʩʣʠʢʘ 3-23.), ʰʪʦ ʫʢʘʞʘ ʥʘ ʥʝʧʦʜʦʙʥʦʩʪ ʥʘ ʥʦʩʘʯʦʪ ʥʘ 

ʣʝʢ ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʚʦ ʜʝʙʝʣʦʪʦ ʮʨʝʚʦ.  
 

 
 

ʉʣʠʢʘ 3-23. ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʦʜ ʧʨʦʙʘ Ac-14  

ʚʦ ʤʝʜʠʫʤ pH 1,2 ʠ pH 6,8 

  

 ʉʣʝʜʩʪʚʝʥʦ ʩʝ ʧʨʦʮʝʥʠ ʟʘ ʧʦʪʨʝʙʘ ʦʜ ʧʨʠʤʝʥʘ ʥʘ ʛʘʩʪʨʦʨʝʟʠʩʪʝʥʪʥʦ ʢʘʧʩʫʣʥʦ ʪʝʣʦ 

ʚʦ ʩʣʝʜʥʠʪʝ ʨʘʟʚʦʿʥʠ ʬʘʟʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʬʘʨʤʘʮʝʚʪʩʢʘ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ, ʟʘ 

ʠʩʧʦʣʥʫʚʘˁʝ ʥʘ ʙʘʨʘˁʘʪʘ ʥʘ ɽʄɸ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʚʦ ʜʝʙʝʣʦʪʦ ʮʨʝʚʦ. 

 ɿʘ ʩʧʦʨʝʜʙʝʥʘ ʘʥʘʣʠʟʘ ʝ ʟʝʤʝʥʘ ʥʘʿʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘʪʘ ʧʨʦʙʘ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠ       

(Ac-10) ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʢʘʢʦ ʧʨʦʙʘ ʩʦ ʥʘʿʙʘʚʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ 

ʥʘ ʣʝʢ ʠ ʝ ʢʦʤʧʘʨʠʨʘʥʘ ʩʦ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʥʠ ʧʨʝʧʘʨʘʪʠ. ʅʘ ʩʣʠʢʘ 3-24 ʩʝ 

ʧʨʠʢʘʞʘʥʠ ʢʦʤʧʘʨʘʪʠʚʥʠʪʝ ʧʨʦʬʠʣʠ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʚʦ ʤʝʜʠʫʤ pH 6,8.  
 

 
ʉʣʠʢʘ 3-24. ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʤʝʜʠʫʤ pH 6,8 
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ʊʘʙʣʝʪʠ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ

ɼʚʦʩʣʦʿʥʠ ʪʘʙʣʝʪʠ ʩʦ ʧʨʦʜʦʣʞʝʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ

ʊʘʙʣʝʪʠ ʩʦ ʧʨʦʜʦʣʞʝʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ
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 ʉʝ ʪʝʩʪʠʨʘʘ ʪʘʙʣʝʪʠ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʬʠʣʤ-ʦʙʣʦʞʝʥʠ ʪʘʙʣʝʪʠ ʠ 

ʜʚʦʩʣʦʿʥʠ ʪʘʙʣʝʪʠ ʩʦ ʧʨʦʜʦʣʞʝʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ. ʆʜ ʜʦʙʠʝʥʠʪʝ ʢʨʠʚʠ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ, 

ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʧʨʦʙʘʪʘ (ɸʩ-10) ʧʦʢʘʞʫʚʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʚʦ ʦʜʥʦʩ 

ʥʘ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʥʠʦʪ ʧʨʝʧʘʨʘʪ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ. ʆʚʦʿ ʥʘʦʜ ʿʘ 

ʧʦʪʚʨʜʫʚʘ ʦʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʦʚʦʿ ʜʦʢʪʦʨʩʢʠ ʪʨʫʜ. ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ, ʩʝ 

ʥʘʧʨʘʚʠ ʩʧʦʨʝʜʙʘ ʩʦ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʘʧʥʠʪʝ ʜʚʦʩʣʦʿʥʠ ʪʘʙʣʝʪʠ ʠ ʬʠʣʤ-ʦʙʣʦʞʝʥʠ 

ʪʘʙʣʝʪʠ ʩʦ ʧʨʦʜʦʣʞʝʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ. ʄʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʝʚʘʣʫʠʨʘʥʘʪʘ ʧʨʦʙʘ 

Ac-10 ʠʤʘ ʧʦʙʨʟ ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʚʦ ʦʜʥʦʩ ʥʘ ʜʚʦʩʣʦʿʥʠʪʝ ʪʘʙʣʝʪʠ ʩʦ 

ʧʨʦʜʦʣʞʝʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ, ʘ ʩʣʠʯʝʥ ʧʨʦʬʠʣ ʩʦ ʬʠʣʤ-ʦʙʣʦʞʝʥʠʪʝ ʪʘʙʣʝʪʠ. ʅʘʦʜʦʪ 

ʫʢʘʞʫʚʘ ʜʝʢʘ ʚʦ ʩʣʝʜʥʘʪʘ ʠʩʪʨʘʞʫʚʘʯʢʘ ʬʘʟʘ ʝ ʧʦʪʨʝʙʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ 

ʬʦʨʤʫʣʘʮʠʩʢʠʪʝ ʧʨʦʤʝʥʣʠʚʠ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʜʦʧʦʣʥʠʪʝʣʥʦ ʧʦʙʘʚʝʥ ʧʨʦʬʠʣ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ. ʅʘ ʯʝʪʚʨʪʠʦʪ ʯʘʩ, ʪʨʠʪʝ ʠʩʪʨʘʞʫʚʘʥʠ ʩʠʩʪʝʤʠ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥʦ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʜʦʩʪʠʛʥʫʚʘʘʪ ʩʣʠʯʥʘ ʢʨʘʿʥʘ ʪʦʯʢʘ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ. 

   ʂʠʥʝʪʠʯʢʘʪʘ ʩʪʫʜʠʿʘ ʟʘ ʦʩʣʦʙʦʜʝʥʠʦʪ ʣʝʢ ʧʨʝʢʫ in vitro ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʩʝ 

ʥʘʧʨʘʚʠ ʩʦ ʣʠʥʝʘʨʥʦ ʬʠʪʫʚʘˁʝ ʩʦ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ, ʢʦʠ ʩʝ ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠ ʚʦ 

ʬʘʨʤʘʮʝʚʪʩʢʘʪʘ ʘʥʘʣʠʪʠʢʘ ʥʘ ʣʝʢʦʚʠ. ʈʘʟʣʠʯʥʠʪʝ ʠʩʪʨʘʞʫʚʘʥʠ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣʠ ʩʝ 

ʝʚʘʣʫʠʨʘʘ ʧʨʝʢʫ ʥʘʿʚʠʩʦʢʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ R2, ʪʘʢʘ ʰʪʦ ʩʝ ʦʧʨʝʜʝʣʠ ʥʘʿʩʦʦʜʚʝʪʥʠʦʪ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ, ʢʦʿ ʿʘ ʩʣʝʜʠ ʢʠʥʝʪʠʢʘʪʘ ʠ ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ. 

ʉʪʘʪʠʩʪʠʯʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʦʜ ʨʝʛʨʝʩʠʦʥʘʪʘ ʘʥʘʣʠʟʘ ʟʘ ʢʠʥʝʪʠʯʢʘʪʘ ʩʪʫʜʠʿʘ ʩʝ ʩʫʤʠʨʘʥʠ 

ʚʦ ʊʘʙʝʣʘ 3.15. 

 

ʊʘʙʝʣʘ 3.15. ʇʘʨʘʤʝʪʨʠ ʦʜ ʨʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʧʦʜʘʪʦʮʠ ʦʜ ʦʩʣʦʙʦʜʝʥ ʣʝʢ 

ʇʨʦʙʠ 
ʅʫʣʪʠ ʨʝʜ ʇʨʚ ʨʝʜ ʄʦʜʝʣ ʥʘ Higuchi 

ʄʦʜʝʣ ʥʘ  

Hixson-Crowell 

D R2 K  R2 K H R2 K HC R2 

Ac-12 0,0006 0,247 -2 10-6 0,247 0,012 0,397 -9 10-6 0,247 

Ac-21 0,377 0,614 0,0028 0,606 7,03 0,730 0,008 0,609 

Ac-19 0,0016 0,444 -7 10-6 0,444 0,033 0,627 -2 10-5 0,444 

Ac-11 0,0002 0,275 -7 10-7 0,275 0,0034 0,453 -2 10-6 0,275 

Ac-18 0,0004 0,731 -2 10-6 0,731 0,039 0,913 -6 10-6 0,731 

Ac-10 0,0017 0,539 -7 10-6 0,539 0,034 0,732 -3 10-5 0,539 

Ac-15 0,001 0,428 -4 10-6 0,428 0,021 0,617 -2 10-5 0,428 

Ac-16 10-6 -2 10-5 0,004 0,181 0,003 0,696 0,010 0,181 

Ac-14 0,0014 0,470 -6 10-6 0,470 0,028 0,664 -2 10-5 0,470 

Ac-20 0,0015 0,466 -7 10-6 0,467 0,030 0,659 -2 10-5 0,466 

ɸʩ-17 0,001 0,289 -5 10-6 0,286 0,027 0,459 -2 10-5 0,286 

 

 ɽʚʘʣʫʘʮʠʿʘʪʘ ʥʘ ʢʠʥʝʪʠʢʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʧʦʢʘʞʘ ʜʝʢʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ 

ʘʮʝʪʘʤʠʥʦʬʝʥ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʛʦ ʩʣʝʜʠ ʤʦʜʝʣʦʪ ʥʘ Higuchi. ʉʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʩʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʧʦʜʦʙʨʘ ʢʦʤʧʘʪʘʙʠʣʥʦʩʪ ʩʦ Qãt 

ʢʠʥʝʪʠʢʘʪʘ ʧʨʠ ʩʦʦʜʥʦʩ ʥʘ API:ʧʦʣʠʤʝʨ=1:4. ʊʝʦʨʝʪʩʢʠ ʙʝʰʝ ʦʯʝʢʫʚʘʥʦ ʜʝʢʘ ʜʦʙʠʝʥʠʪʝ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠ ˃ʝ ʙʠʜʘʪ ʢʦʤʧʘʪʘʙʠʣʥʠ ʩʦ Qãt ʢʠʥʝʪʠʢʘʪʘ, ʙʠʜʝʿ˃ʠ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ 

ʤʘʪʨʠʢʩ-ʩʪʨʫʢʪʫʨʘ (Bruschi, 2015). ʆʚʘʘ ʢʦʤʧʘʪʘʙʠʣʥʦʩʪ ʝ ʠʥʜʠʢʘʪʦʨ ʜʝʢʘ ʤʘʪʨʠʢʩ-

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʥʘʪʘ ʬʦʨʤʘ ʝ ʧʦʩʪʠʛʥʘʪʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʜʦʟʠʨʘʥʘ ʬʦʨʤʘ ʩʦ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʧʨʝʢʫ ʨʘʩʪʚʦʨʣʠʚʦʩʪ. ɼʦʙʠʝʥʠʪʝ ʥʘʦʜʠ ʩʝ ʢʦʥʟʠʩʪʝʥʪʥʠ ʩʦ 
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ʜʨʫʛʠ ʠʩʪʨʘʞʫʚʘˁʘ (Jelvehgari & Montazam, 2012; Bruschi, 2015; Patel & Patel, 2014; 

Przybyslawska, Amelian, & Winnicka, 2013; Özdemir & Tilkan, 2017). 

  ɿʘ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ, ʧʦʜʘʪʦʮʠʪʝ ʦʜ 

ʢʫʤʫʣʘʪʠʚʥʦʪʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ ʩʝ ʬʠʪʫʚʘʥʠ ʩʦ ʨʘʚʝʥʢʘʪʘ ʥʘ Korsmeyer-Peppas ʠ 

Weibull. ʉʪʘʪʠʩʪʠʯʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʦʜ ʨʝʛʨʝʩʠʦʥʘʪʘ ʘʥʘʣʠʟʘ ʟʘ ʢʠʥʝʪʠʯʢʘʪʘ ʩʪʫʜʠʿʘ ʩʝ 

ʩʫʤʠʨʘʥʠ ʚʦ ʊʘʙʝʣʘ 3.16. 

  

 ʊʘʙʝʣʘ 3.16. ʇʘʨʘʤʝʪʨʠ ʦʜ ʨʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʧʦʜʘʪʦʮʠ ʦʜ ʦʩʣʦʙʦʜʝʥ ʣʝʢ  

ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʤʝʭʘʥʠʟʘʤ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ 

ʇʨʦʙʠ 
Weibull  

Korsmeyer-Peppas 

60% 

b R2 n R2 

Ac-12 0.089 0.611 0.22 0.870 

Ac-21 2.471 0.779 0.46 0.996 

Ac-19 0.187 0.773 0.22 0.613 

Ac-11 0.021 0.678 0.04 0.901 

Ac-18 0.039 0.913 0.04 0.791 

Ac-10 0.272 0.879 0.43 0.997 

Ac-15 0.153 0.805 0.30 0.985 

Ac-16 0.015 0.638 0.02 0.941 

Ac-14 0.194 0.846 0.33 0.999 

Ac-20 0.175 0.832 0.36 1.0 

ɸʩ-17 0.185 0.672 0.56 1.0 

  

 ʉʧʦʨʝʜ ʝʢʩʧʦʥʝʥʪʦʪ n ʦʜ ʨʘʚʝʥʢʘʪʘ ʥʘ Korsmeyer-Peppas ʧʨʠ 60 %, ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʢʣʫʯʠ ʜʝʢʘ ʠʩʪʠʦʪ ʛʦ ʠʩʧʦʣʥʫʚʘ ʫʩʣʦʚʦʪ n<0,43 ʚʦ ʥʘʿʛʦʣʝʤ ʙʨʦʿ ʩʣʫʯʘʠ, ʩʦ ʠʩʢʣʫʯʦʢ 

ʥʘ ʧʨʦʙʠʪʝ Ac-21 ʠ ɸʩ-17, ʢʘʜʝʰʪʦ ʝ ʟʘʜʦʚʦʣʝʥ ʫʩʣʦʚʦʪ 0,43<n<0,85. ʆʪʪʫʢʘ ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʢʣʫʯʠ ʜʝʢʘ ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ ʝ ʢʦʥʪʨʦʣʠʨʘʥ ʧʨʝʢʫ ʌʠʢʦʚʘ 

ʜʠʬʫʟʠʿʘ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʘʥʦʤʘʣʝʥ ʪʨʘʥʩʧʦʨʪ (ʜʠʬʫʟʠʿʘ ʠ ʨʝʣʘʢʩʘʮʠʿʘ, ʝʨʦʟʠʿʘ) ʝ 

ʩʦʛʣʝʜʘʥ ʟʘ ʧʨʦʙʠʪʝ ɸʩ-21 ʠ ɸʩ-17. 

 ʂʦʝʬʠʮʠʝʥʪʦʪ b ʚʦ ʤʦʜʝʣʦʪ ʥʘ Weibull ʛʦ ʦʧʠʰʫʚʘ ʦʙʣʠʢʦʪ ʥʘ ʢʨʠʚʘʪʘ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʢʘʢʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ (b=1), ʩʠʛʤʦʜʦʚʘ ʠʣʠ ɮ-ʦʙʣʠʢ ʩʦ ʥʘʛʦʨʝʥ ʪʨʝʥʜ ʠ 

ʪʦʯʢʘ ʥʘ ʧʨʝʩʚʨʪ (b>1), ʠʣʠ ʧʘʨʘʙʦʣʠʯʥʘ ʩʦ ʧʦʚʠʩʦʢ ʠʥʠʮʠʿʘʣʝʥ ʥʘʛʠʙ ʠ ʧʦʪʦʘ 

ʢʦʥʟʠʩʪʝʥʪʝʥ ʪʝʢ ʢʘʢʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʿʘ (b<1) (D'Souza, Faraj, & DeLuca, 2005). 

ʉʣʝʜʝʿ˃ʠ ʿʘ ʪʝʦʨʠʿʘʪʘ, ʌʠʢʦʚʘʪʘ ʜʠʬʫʟʠʿʘ ʙʠ ʙʠʣʘ ʧʨʠʩʫʪʥʘ, ʘʢʦ bÒ0,75, ʘʥʦʤʘʣʝʥ 

ʪʨʘʥʩʧʦʨʪ (ʌʠʢʦʚʘ ʜʠʬʫʟʠʿʘ ʠ ʙʘʙʨʝˁʝ, ʦʜʥʦʩʥʦ ʩʫʧʝʨ II  ʪʨʘʥʩʧʦʨʪ) ʧʨʠ 0,75<b<1 ʠ ʪʠʧ 

II ʥʘ ʪʨʘʥʩʧʦʨʪ b>1, ʰʪʦ ʝ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʬʝʥʦʤʝʥʠʪʝ: ʜʠʬʫʟʠʿʘ, ʝʨʦʟʠʿʘ ʠ ʙʘʙʨʝˁʝ 

(Papadopoulou, Kosmidis, Vlachou, & Macheras, 2006; Carbinatto, de Castro, Evangelista, & 

Cury, 2014). ʆʚʘʘ ʘʥʘʣʠʟʘ, ʧʦʪʢʨʝʧʝʥʘ ʠ ʩʦ ʧʘʨʘʤʝʪʘʨʦʪ n ʦʜ Korsmeyer-Peppas ʛʦ 

ʪʝʩʪʠʨʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʌʠʢʦʚʘ ʜʠʬʫʟʠʿʘ ʚʨʟ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠ.  

  ʆʧʨʝʜʝʣʫʚʘˁʝʪʦ ʥʘ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʩʝ ʠʟʚʝʜʝ ʩʦ ʢʘʣʠʙʨʘʮʠʦʥʘ ʢʨʠʚʘ 

ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘ 3-18, ʢʦʿʘʰʪʦ ʩʝ ʧʨʠʤʝʥʠ ʟʘ pH 7,4, pH 6,8 ʠ pH 1,2, ʩʦʦʜʚʝʪʥʦ.   

 ɿʝʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ ʚʦ ʧʨʝʧʦʨʘʯʘʥʠʦʪ ʬʘʨʤʘʢʦʧʝʿʩʢʠ ʤʝʜʠʫʤ pH 6,8 ʩʝ ʟʘʙʝʣʝʞʘ 

ʧʦʙʘʚʝʥ ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ  (ʩʣʠʢʘ 3-25.),  ʢʦʿʰʪʦ ʩʝ ʜʦʣʞʠ ʥʘ pH-ʦʛʨʘʥʠʯʝʥʘʪʘ 

ʨʘʩʪʦʨʣʠʚʦʩʪ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪʦʪ ʠ ʠʩʪʠʦʪ ʥʝ ʝ ʚʦ ʩʦʦʙʨʘʟʥʦʩʪ ʩʦ ʙʘʨʘˁʘʪʘ ʟʘ 
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ʬʘʨʤʘʮʝʚʪʩʢʠ ʬʦʨʤʠ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ. ʆʪʪʫʢʘ ʟʘ ʧʦʥʘʪʘʤʦʰʥʦ 

ʝʚʘʣʫʠʨʘˁʝ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʝ ʠʟʙʨʘ ʤʝʜʠʫʤ pH 7,4 ʚʦ ʩʤʝʩʘ ʩʦ 

96 % ʝʪʘʥʦʣ (9:1, v/v).  

 

 

   

 

 

 

 

 

 

 

 

 
 

 

 

ʉʣʠʢʘ 3-25. ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ  

ʚʦ ʤʝʜʠʫʤʠ pH 6,8 ʠ pH 7,4 

 

 In vitro ʩʪʫʜʠʠʪʝ ʥʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʩʝ ʥʘʧʨʘʚʠʿʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʩʦʛʣʝʜʘʘʪ ʨʘʟʣʠʢʠʪʝ ʚʦ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʠ ʤʦʞʥʠʪʝ ʧʨʦʮʝʩʥʦ-ʬʦʨʤʫʣʘʮʠʩʢʠ 

ʬʘʢʪʦʨʠ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʠʩʪʦʪʦ. ʅʘ ʛʨʘʬʠʢʦʥʠʪʝ ʚʦ ʧʨʦʜʦʣʞʝʥʠʝ, ʦʜ ʩʣʠʢʘ 3-26 ʜʦ ʩʣʠʢʘ 

3-31 ʩʝ ʧʨʠʢʘʞʘʥʠʪʝ ʢʨʠʚʠʪʝ ʥʘ ʨʘʩʪʚʦʨʣʚʠʦʩʪ ʥʘ ʤʠʨʢʦʢʘʧʩʫʣʠʪʝ, ʛʨʫʧʠʨʘʥʠ ʩʧʦʨʝʜ 

ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʉʣʠʢʘ 3-26 ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ ʚʦ ʤʝʜʠʫʤ pH 7,4  

(ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 10 ʤʠʥʫʪʠ; ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 1 %) 
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ʉʣʠʢʘ 3-27 ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ ʚʦ ʤʝʜʠʫʤ pH 7,4  

(ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 10 ʤʠʥʫʪʠ; ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 2 %) 

 

 ʆʜ ʧʨʦʬʠʣʠʪʝ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘʘʪ ʜʚʝ ʬʘʟʠ: 

ʠʥʠʮʠʿʘʣʥʘ ʨʘʩʪʝʯʢʘ ʬʘʟʘ (ʥʘʛʣʦ ʦʩʣʦʙʦʜʫʚʘˁʝ) ʠ ʚʪʦʨʘ ʬʘʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʧʣʘʪʦ-

ʝʬʝʢʪ. ʀʥʠʮʠʿʘʣʥʦʪʦ ʥʘʛʣʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʧʝʪʪʘ ʤʠʥʫʪʘ ʝ ʛʝʥʝʨʘʣʥʦ ʟʘʙʝʣʝʞʣʠʚʦ ʢʘʿ 

ʨʝʯʠʩʠ ʩʠʪʝ ʧʨʦʙʠ. ɿʘʢʣʫʯʦʢ ʝ ʜʝʢʘ ʧʦʚʠʩʦʢʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʧʝʪʪʘ ʤʠʥʫʪʘ ʠʤʘ ʢʘʿ 

ʧʨʦʙʠʪʝ ʩʦ ʧʦʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ (CaCl2). 

 ɺʦ ʦʜʥʦʩ ʥʘ ʦʩʪʘʥʘʪʠʪʝ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʝʜʝ ʮʝʣʦʩʥʦ ʿʘʩʝʥ 

ʟʘʢʣʫʯʦʢ ʟʘ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ. ʀʥʠʮʠʿʘʣʥʦʪʦ ʥʘʛʣʦ ʦʩʣʦʙʦʜʫʚʘˁʝ  ʝ ʢʦʨʝʣʠʨʘʥʦ ʩʦ 

ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʤʠʢʨʦʩʬʝʨʠ ʠʣʠ ʙʣʠʟʫ ʩʘʤʘʪʘ 

ʧʦʚʨʰʠʥʘ. ɺʦʣʫʤʝʥʦʪ ʥʘ ʝʢʩʧʘʥʟʠʿʘ (ʠʥʜʝʢʩ ʥʘ ʙʘʙʨʝˁʝ) ʥʘ ʧʦʣʠʤʝʨʦʪ ʠʤʘ ʩʫʰʪʠʥʩʢʘ 

ʫʣʦʛʘ ʚʦ ʠʥʠʮʠʿʘʣʥʦʪʦ ʥʘʛʣʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʘʣʛʠʥʘʪʩʢʘʪʘ ʤʘʪʨʠʮʘ 

(Beirão-da-Costa, et al., 2013) ʚʦ ʥʝʫʪʨʘʣʥʘ ʜʦ ʩʣʘʙʦ-ʘʣʢʘʣʥʘ ʩʨʝʜʠʥʘ.  

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-28 ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ ʚʦ ʤʝʜʠʫʤ pH 7,4  

(ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 30 ʤʠʥʫʪʠ; ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 2 %) 
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ɽʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ pH 7,4
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ʉʣʠʢʘ 3-29 ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ ʚʦ ʤʝʜʠʫʤ pH 7,4  

(ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 30 ʤʠʥʫʪʠ; ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 1 %) 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-30 ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ ʚʦ ʤʝʜʠʫʤ pH 7,4  

(ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 60 ʤʠʥʫʪʠ; ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 2 %) 

 

 ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʙʘʚʥʦʪʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʚʦ ʚʪʦʨʘʪʘ ʬʘʟʘ ʤʦʞʝ 

ʜʘ ʩʝ ʜʦʣʞʠ ʥʘ ʜʠʬʫʟʠʿʘʪʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʦʪʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ ʘʣʛʠʥʘʪʩʢʠʪʝ 

ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʪʝʢ ʥʘ ʚʨʝʤʝ (Hosseini , Zandi, Rezaei, & Farahmandghavi, 2013). ʆʜ 

ʢʫʤʫʣʘʪʠʚʥʠʪʝ ʢʨʠʚʠ ʥʘ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʧʦʙʘʚʝʥ 

ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʛʝʥʝʨʘʣʥʦ ʝ ʧʨʠʩʫʪʝʥ ʢʘʿ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʜʦʙʠʝʥʠ ʧʨʠ 

ʧʦʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ CaCl2. ʀʩʪʦ ʪʘʢʘ, ʧʦʙʘʚʝʥ ʧʨʦʬʠʣ 

ʩʝ ʩʦʛʣʝʜʘ ʢʘʿ ʧʨʦʙʠʪʝ ʢʦʠ ʩʝ ʜʦʙʠʝʥʠ ʩʦ ʧʦʢʨʘʪʢʦ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ (10 ʤʠʥʫʪʠ) ʚʦ 

ʦʜʥʦʩ ʥʘ ʧʨʦʙʠʪʝ ʜʦʙʠʝʥʠ ʩʦ ʥʘʿʜʦʣʛʦ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ (60 ʤʠʥʫʪʠ). ʇʦʙʨʟ ʧʨʦʬʠʣ 

ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʩʝ ʟʘʙʝʣʝʞʘ ʢʘʿ ʧʨʦʙʠʪʝ ʩʦ ʧʦʚʠʩʦʢ ʫʜʝʣ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ, ʦʜʥʦʩʥʦ 

ʧʦʤʘʣ ʫʜʝʣ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ. ʆʚʦʿ ʥʘʦʜ ʥʝ ʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ 
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Hosseini ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2013). ɺʦ ʜʨʫʛʠ ʨʝʣʝʚʘʥʪʥʠ ʧʫʙʣʠʢʘʮʠʠ ʝ ʦʙʿʘʚʝʥʦ ʜʝʢʘ 

ʬʝʥʦʤʝʥʦʪ ʥʘ ʙʘʚʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʚʨʟʝ ʩʦ ʬʦʨʤʠʨʘˁʝ 

ʥʘ ʜʝʙʝʣ ʛʝʣ-ʩʣʦʿ ʧʦ ʭʠʜʨʘʪʘʮʠʿʘ ʥʘ ʙʠʦʧʦʣʠʤʝʨʦʪ ʚʦ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ, 

ʧʦʨʘʜʠ ʥʝʛʦʚʘʪʘ ʚʠʩʦʢʘ ʤʦʣʝʢʫʣʘʨʥʘ ʤʘʩʘ (Subedi, Shrestha, & Shakya, 2016). ʆʚʦʿ ʩʣʦʿ 

ʜʝʣʫʚʘ ʢʘʢʦ ʙʘʨʠʝʨʘ, ʰʪʦ ʧʨʝʜʠʟʚʠʢʫʚʘ ʤʦʜʠʬʠʢʫʚʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ Mw ʥʘ ʧʦʣʠʤʝʨʦʪ ʜʦʚʝʜʫʚʘ ʜʦ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ ʧʦʨʦʟʥʦʩʪ, ʰʪʦ ʿʘ ʦʪʝʞʥʫʚʘ ʜʠʬʫʟʠʿʘʪʘ ʥʘ ʙʠʦʘʢʪʠʚʥʘʪʘ 

ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʩʫʧʩʪʘʥʮʘ ʥʘʜʚʦʨ ʦʜ ʤʘʪʨʠʮʘʪʘ ʠ ʧʨʠʜʦʥʝʩʫʚʘ ʜʦ ʧʨʦʜʦʣʞʝʥʦ  

ʦʩʣʦʙʦʜʫʚʘˁʝ.  

 

ʉʣʠʢʘ 3-31 ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ ʚʦ ʤʝʜʠʫʤ pH 7,4  

(ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 60 ʤʠʥʫʪʠ; ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 1 %) 

 

   ɺʦ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ pH 1,2 ʚʦ ʩʤʝʩʘ ʩʦ 96 % ʝʪʘʥʦʣ (9:1, v/v), 

ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘ 3-32 ʥʝ ʩʝ ʟʘʙʝʣʝʞʘ ʙʘʙʨʝˁʝ ʥʘ ʘʣʛʠʥʘʪʩʢʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ, ʰʪʦ 

ʨʝʟʫʣʪʠʨʘʰʝ ʩʦ ʥʠʩʢʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ.  
 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-32 ʂʦʤʧʘʨʘʪʠʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ ʚʦ ʤʝʜʠʫʤ pH 1,2 
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EO-1 ʩʦ 2% w/v ʧʦʣʠʤʝʨ

EO-11 ʩʦ 1.5% w/v ʧʦʣʠʤʝʨ
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 ʇʨʠʜʦʥʝʩ ʢʦʥ ʦʚʦʿ ʬʝʥʦʤʝʥ ʠʤʘ ʦʛʨʘʥʠʯʝʥʘʪʘ ʨʘʩʪʚʦʨʣʚʠʦʩʪ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʚʦ 

ʢʠʩʝʣʘ ʩʨʝʜʠʥʘ. ʆʚʦʿ ʥʘʦʜ ʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʙʘʨʘˁʘʪʘ ʥʘ ɽʄɸ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢ 

ʚʦ ʜʝʙʝʣʦ ʮʨʝʚʦ.   

 ʂʠʥʝʪʠʯʢʘʪʘ ʩʪʫʜʠʿʘ (ʪʘʙʝʣʘ 3.17 ʠ 3.18) ʟʘ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʧʨʝʢʫ in vitro 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʩʝ ʥʘʧʨʘʚʠ ʩʦ ʣʠʥʝʘʨʥʦ ʬʠʪʫʚʘˁʝ ʩʦ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ, ʢʦʠ ʩʝ 

ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠ ʚʦ ʬʘʨʤʘʮʝʚʪʩʢʘ ʘʥʘʣʠʪʠʢʘ ʥʘ ʣʝʢʦʚʠ. ʈʘʟʣʠʯʥʠʪʝ ʠʩʪʨʘʞʫʚʘʥʠ 

ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣʠ ʩʝ ʝʚʘʣʫʠʨʘʘ ʧʨʝʢʫ ʥʘʿʚʠʩʦʢʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ R2, ʪʘʢʘ ʰʪʦ ʩʝ ʦʧʨʝʜʝʣʠ 

ʥʘʿʩʦʦʜʚʝʪʥʠʦʪ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ, ʢʦʿ ʿʘ ʩʣʝʜʠ ʢʠʥʝʪʠʢʘʪʘ ʠ ʤʝʭʘʥʠʟʤʦʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ.  

  

ʊʘʙʝʣʘ 3.17. ʇʘʨʘʤʝʪʨʠ ʦʜ ʨʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʧʦʜʘʪʦʮʠ 

 ʦʜ ʦʩʣʦʙʦʜʝʥo ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

ʇʨʦʙʠ 
ʅʫʣʪʠ ʨʝʜ ʇʨʚ ʨʝʜ ʄʦʜʝʣ ʥʘ Higuchi 

ʄʦʜʝʣ ʥʘ  

Hixson-Crowell 

D R2 K  R2 K H R2 K HC R2 

OL-1 0,002 0,503 -10-5 0,503 0,053 0,672 -4 10-5 0,503 

OL-2 0,003 0,535 -10-5 0,535 0,062 0,713 -4 10-5 0,535 

OL-3 0,003 0,640 -10-5 0,640 0,057 0,801 -4 10-5 0,640 

OL-4 0,003 0,580 -10-5 0,558 0,065 0,758 -4 10-5 0,580 

OL-5 0,003 0,578 -10-5 0,579 0,061 0,757 -4 10-5 0,579 

OL-6 0,003 0,518 -10-5 0,518 0,072 0,697 -5 10-5 0,518 

OL-7 0,003 0,484 -10-5 0,484 0,061 0,644 -4 10-5 0,484 

OL-8 0,003 0,576 -10-5 0,576 0,061 0,737 -4 10-5 0,576 

OL-9 0,002 0,360 -8 10-6 0,360 0,043 0,520 -3 10-5 0,360 

OL-10 0,003 0,696 -10-5 0,697 0,071 0,858 -5 10-5 0,697 

OL-11 0,002 0,399 -10-5 0,399 0,060 0,593 -4 10-5 0,399 

OL-12 0,002 0,642 -10-5 0,643 0,054 0,790 -4 10-5 0,642 

OL-13 0,003 0,611 -10-5 0,612 0,058 0,787 -4 10-5 0,612 

OL-14 0,002 0,284 -7 10-6 0,284 0,041 0,466 -3 10-5 0,284 

OL-15 0,004 0,747 -2 10-5 0,747 0,085 0,851 -6 10-5 0,747 

OL-16 0,003 0,683 -10-5 0,684 0,061 0,850 -4 10-5 0,684 

OL-17 0,003 0,595 -10-5 0,595 0,056 0,772 -4 10-5 0,595 

OL-18 0,003 0,624 -10-5 0,625 0,061 0,797 -4 10-5 0,625 

OL-19 0,003 0,591 -10-5 0,592 0,063 0,772 -4 10-5 0,592 

OL-20 0,003 0,603 -10-5 0,603 0,056 0,783 -4 10-5 0,603 

OL-21 0,003 0,731 -10-5 0,731 0,062 0,864 -4 10-5 0,731 

OL-22 0,002 0,674 -10-5 0,675 0,051 0,842 -4 10-5 0,675 

OL-23 0,002 0,576 -9 10-6 0,577 0,050 0,761 -3 10-5 0,577 

 

 ɽʚʘʣʫʘʮʠʿʘʪʘ ʥʘ ʢʠʥʝʪʠʢʘʪʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʧʦʢʘʞʘ ʜʝʢʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ 

ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʛʦ ʩʣʝʜʠ ʤʦʜʝʣʦʪ ʥʘ Higuchi, ʠʩʪʦ ʢʘʢʦ ʩʦ ʩʠʩʪʝʤʦʪ 

ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ. ɻʝʥʝʨʘʣʥʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʧʦʜʦʙʨʘ ʢʦʤʧʘʪʘʙʠʣʥʦʩʪ ʩʦ Qãt 

ʢʠʥʝʪʠʢʘʪʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʧʨʠ ʧʦʚʠʩʦʢ ʫʜʝʣ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ. ʊʝʦʨʝʪʩʢʠ ʙʝʰʝ 

ʦʯʝʢʫʚʘʥʦ ʜʝʢʘ ʜʦʙʠʝʥʠʪʝ ʤʠʢʨʦʢʘʧʩʫʣʠ ˃ʝ ʙʠʜʘʪ ʢʦʤʧʘʪʘʙʠʣʥʠ ʩʦ Qãt ʢʠʥʝʪʠʢʘʪʘ, 

ʙʠʜʝʿ˃ʠ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʤʘʪʨʠʢʩ-ʩʪʨʫʢʪʫʨʘ (Bruschi, 2015). ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Faidi ʠ 

ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2019) ʩʝ ʧʨʠʤʝʥʝʪʠ ʠʩʪʠʪʝ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʦʪ ʥʘ Higuchi 
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ʧʦʢʘʞʘʣ ʥʘʿʜʦʙʨʦ ʬʠʪʫʚʘˁʝ, ʧʦʢʨʘʿ ʤʦʜʝʣʠʪʝ ʥʘ Weibull ʠ Korsmeyer-Peppas. ɺʦ ʜʨʫʛʠ 

ʠʩʪʨʘʞʫʚʘˁʘ, ʥʘʿʯʝʩʪʦ ʝ ʠʩʪʨʘʞʫʚʘʥʘ ʢʠʥʝʪʠʢʘʪʘ ʚʦ ʥʘʩʦʢʘ ʥʘ ʧʨʠʤʝʥʣʠʚʦʩʪ ʥʘ 

ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʚʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʿʘ ʥʘ ʤʝʜʠʮʠʥʩʢʠ ʪʝʢʩʪʠʣ. ɿʘ ʪʘʘ ʮʝʣ ʝ ʥʝʨʝʪʢʦ 

ʢʦʨʠʩʪʝʥʘ ʤʦʜʝʣ ʨʘʚʝʥʢʘʪʘ ʥʘ Ritger-Peppas, ʘ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʠ ʜʨʫʛʠ ʘʥʘʣʠʪʠʯʢʠ 

ʧʦʩʪʘʧʢʠ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʧʦʣʠʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ.  

ʆʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʩʫʧʩʪʘʥʮʘ (ʣʝʢ ʠʣʠ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ) 

ʥʠʟ ʙʘʙʨʝʯʢʠ ʙʠʦʧʦʣʠʤʝʨ ʝ ʢʦʤʧʣʝʢʩʝʥ ʬʝʥʦʤʝʥ, ʢʦʿʰʪʦ ʤʦʞʝ ʜʘ ʙʠʜʝ ʌʠʢʦʚʘ ʜʠʬʫʟʠʿʘ, 

ʝʨʦʟʠʿʘ ʠ/ʠʣʠ ʜʝʛʨʘʜʘʮʠʿʘ, ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʦʚʠʝ ʤʝʭʘʥʠʟʤʠ. ɽʢʩʧʦʥʝʥʪʦʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ (n) ʦʜ ʤʦʜʝʣʦʪ ʥʘ Korsmeyer-Peppas ʢʦʨʝʣʠʨʘ ʩʦ ʤʝʭʘʥʠʟʤʦʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ.  

 

ʊʘʙʝʣʘ 3.18. ʇʘʨʘʤʝʪʨʠ ʦʜ ʨʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʧʦʜʘʪʦʮʠ ʦʜ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʟʘ 

 ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʤʝʭʘʥʠʟʘʤ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ 

ʇʨʦʙʠ 
ʄʦʜʝʣ ʥʘ Weibull  ʄʦʜʝʣ ʥʘ Korsmeyer-Peppas 60 %  

b R2 n R2 

OL-1 0,626 0,827 1,65 0,973 

OL-2 0,699 0,865 2,01 0,998 

OL-3 0,648 0,870 1,83 0,911 

OL-4 0,851 0,815 1,49 0,932 

OL-5 0,445 0,885 1,06 0,945 

OL-6 0,727 0,722 3,09 0,993 

OL-7 0,596 0,811 1,43 0,668 

OL-8 0,431 0,794 1,01 0,543 

OL-9 0,568 0,824 1,62 0,937 

OL-10 0,848 0,787 2,73 0,912 

OL-11 0,476 0,649 2,21 0,957 

OL-12 0,349 0,816 0,90 0,740 

OL-13 0,649 0,855 1,94 0,934 

OL-14 0,353 0,703 1,23 0,972 

OL-15 0,840 0,943 1,86 0,977 

OL-16 0,623 0,869 1,87 0,968 

OL-17 0,461 0,887 1,15 0,915 

OL-18 0,633 0,883 1,83 0,982 

OL-19 0,504 0,764 2,19 0,996 

OL-20 0,620 0,833 2,03 0,994 

OL-21 0,620 0,932 1,57 0,941 

OL-22 0,388 0,923 1,05 0,982 

OL-23 0,406 0,870 1,22 0,999 

 

  ɺʦ ʩʠʪʝ ʠʩʪʨʘʞʫʚʘʥʠ ʧʨʦʙʠ, n-ʚʨʝʜʥʦʩʪʠʪʝ ʩʝ ʥʘʜ 0,85 ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʩʫʧʝʨ-

ʩʣʫʯʘʿ II ʥʘ ʪʨʘʥʩʧʦʨʪ, ʦʜʥʦʩʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʤʘʪʨʠʮʘʪʘ ʩʝ ʦʜʚʠʚʘ 

ʧʦ ʧʘʪ ʥʘ ʙʘʙʨʝˁʝ, ʤʘʢʨʦʤʦʣʝʢʫʣʘʨʥʘ ʨʝʣʘʢʩʘʮʠʿʘ ʥʘ ʧʦʣʠʤʝʨʥʠʪʝ ʚʝʨʠʛʠ ʠ ʝʨʦʟʠʿʘ ʥʘ 

ʙʠʦʧʦʣʠʤʝʨʦʪ. b-ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʩʝ ʜʦʤʠʥʘʥʪʥʦ ʧʦʤʘʣʠ ʦʜ 0,75, ʩʦ ʠʩʢʣʫʯʦʢ ʥʘ ʪʨʠ 

ʧʨʦʙʠ, ʰʪʦ ʫʢʘʞʫʚʘ ʜʝʢʘ ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ 

ʙʠʦʧʦʣʠʤʝʨʦʪ, ʜʦʤʠʥʘʥʪʥʦ, ʝ ʩʧʦʨʝʜ ʌʠʢʦʚʘ ʜʠʬʫʟʠʿʘ. ʂʘʿ ʪʨʠʪʝ ʧʨʦʙʠ, ʧʨʝʥʦʩʦʪ ʥʘ 

ʣʝʢʦʪ ʝ ʢʦʤʙʠʥʠʨʘʥ ʌʠʢʦʚʘ ʜʠʬʫʟʠʿʘ ʠ ʙʘʙʨʝˁʝ (ʩʫʧʝʨ II ʪʨʘʥʩʧʦʨʪ). ʉʝʧʘʢ, 

ʤʝʭʘʥʠʟʤʠʪʝ ʥʘ ʝʨʦʟʠʿʘ/ʜʝʛʨʘʜʘʮʠʿʘ ʤʦʞʝ ʜʘ ʜʦʧʨʠʥʝʩʘʪ ʢʦʥ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ 
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ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. ʌʝʥʦʤʝʥʠʪʝ ʥʘ  ʝʨʦʟʠʿʘ/ʜʝʛʨʘʜʘʮʠʿʘ, ʦʜ Faidi ʠ 

ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2019) ʩʝ ʦʙʿʘʩʥʝʪʠ ʜʝʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʣʞʘʪ ʥʘ ʦʪʩʪʨʘʥʫʚʘˁʝʪʦ ʥʘ ʉʘ2+ ʦʜ 

ʤʠʢʨʦʩʬʝʨʠʪʝ, ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʥʘʚʣʝʛʫʚʘˁʝ ʥʘ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ ʠ ʧʦ ʧʘʪ 

ʥʘ ʭʝʣʠʨʘˁʝ ʥʘ ʤʝʜʠʫʤʦʪ ʟʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ, ʧʦʨʘʜʠ ʬʦʩʬʘʪʥʠʪʝ ʘʥʿʦʥʠ, ʢʦʠ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʢʦʥ ʜʠʩʪʦʨʟʠʿʘ ʥʘ ʤʘʪʨʠʮʘʪʘ. ɹʘʙʨʝʯʢʠʦʪ ʙʠʦʧʦʣʠʤʝʨ ʿʘ ʟʛʦʣʝʤʫʚʘ 

ʧʦʨʦʟʥʦʩʪʘ ʥʘ ʤʠʢʨʦʩʬʝʨʠʪʝ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʠ ʬʘʚʦʨʠʟʠʨʘˁʝ ʥʘ ʬʝʥʦʤʝʥʠʪʝ ʥʘ 

ʜʠʬʫʟʠʿʘ ʠ ʝʨʦʟʠʿʘ. ʉʣʠʯʥʦ ʦʙʿʘʩʥʫʚʘˁʝ ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʦʜ Al-Kassas ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ 

(2007). ɹʘʙʨʝˁʝʪʦ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ʝ ʠʥʜʫʮʠʨʘʥʦ ʦʜ ʟʛʦʣʝʤʝʥ ʦʩʤʦʪʩʢʠ 

ʧʨʠʪʠʩʦʢ ʚʦ ʩʘʤʠʦʪ ʛʝʣ, ʰʪʦ ʝ ʧʦʩʣʝʜʠʮʘ ʦʜ ʨʘʟʤʝʥʘ ʥʘ ʉʘ2+ ʧʨʝʢʫ ʝʣʝʢʪʨʦʩʪʘʪʩʢʠ ʩʠʣʠ 

ʧʦʤʝʺʫ ʨʘʟʣʠʯʥʠ ʢʘʨʙʦʢʩʠʣʘʪʥʠ ʝʜʠʥʠʮʠ ʥʘ ʘʣʛʠʥʘʪʩʢʘʪʘ ʚʝʨʠʛʘ ʩʦ Na+ (Al -Kassas, Al-

Gohary, & Al-Faadhel, 2007). ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Hosseini ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2013) 

ʬʝʥʦʤʝʥʦʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ ʢʘʨʘʥʬʠʣʯʝ ʙʠʣʦ ʧʦ ʧʘʪ ʥʘ ʌʠʢʦʚʘ ʜʠʬʫʟʠʿʘ. 

 

3.5 Oʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩ ʟʘ ʜʦʙʠʚʘˁʝ ʤʠʢʨʦʯʝʩʪʠʯʢʠ  

 

 ʆʧʪʠʤʠʟʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʝ ʥʘʧʨʘʚʝʥʦ ʩʦ 

ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʝʥ ʧʨʠʩʪʘʧ ʧʨʝʢʫ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʬʦʨʤʫʣʘʮʠʩʢʠ ʠ ʧʨʦʮʝʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʝʜʥʘ ʜʠʟʘʿʥ ʤʘʪʨʠʮʘ (ʪʘʙʝʣʘ 2.3). ɿʘ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ 

ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʤʝʥʫʚʘˁʝ ʥʘ ʥʝʟʘʚʠʩʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ, ʠ ʜʘ ʩʝ ʫʪʚʨʜʠ ʟʘʚʠʩʥʦʩʪʘ ʧʦʤʝʺʫ ʟʘʚʠʩʥʠʪʝ ʠ ʜʚe, ʠʣʠ ʧʦʚʝ˃ʝ ʥʝʟʘʚʠʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ, ʩʝ ʥʘʧʨʘʚʠ ʬʠʪʫʚʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʦ MLR. ʈʝʟʠʤʝ ʦʜ ʬʠʪʫʚʘˁʝʪʦ ʝ 

ʧʨʠʢʘʞʘʥʦ ʥʘ ʛʨʘʬʠʢʦʥʦʪ ʥʘ ʩʣʠʢʘ 3-33.  
 

ʉʣʠʢʘ 3-33. ʈʝʟʠʤʝ ʦʜ ʬʠʪʫʚʘˁʝʪʦ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 

 ɻʨʘʬʠʢʦʥʦʪ ʧʨʠʢʘʞʫʚʘ ʩʫʤʘʨʥʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʯʝʪʠʨʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ: R2, 

Q2 (ʧʨʦʮʝʥʢʘ ʥʘ ʠʜʥʠ ʧʨʝʜʚʠʜʫʚʘˁʘ ʟʘ ʧʨʝʮʠʟʥʦʩʪ), ʚʘʣʠʜʥʦʩʪ ʥʘ ʤʦʜʝʣ ʠ 

ʨʝʧʨʦʜʫʮʠʙʠʣʥʦʩʪ. ʌʘʢʪʦʨʦʪ ʥʘ ʢʦʨʝʣʘʮʠʿʘ (R2) ʠ ʬʘʢʪʦʨʦʪ ʥʘ ʠʜʥʠ ʧʨʝʜʚʠʜʫʚʘˁʘ (Q2) 

ʪʨʝʙʘ ʜʘ ʠʤʘʘʪ ʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ, ʘ ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʥʠʚ ʥʝ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʧʦʚʠʩʦʢʘ ʦʜ 
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0,2-0,3, ʜʦʜʝʢʘ ʧʦʚʠʩʦʢʘ ʨʘʟʣʠʢʘ ʙʠ ʫʢʘʞʘʣʘ ʥʘ ʥʝʩʦʦʜʚʝʪʥʦ ʠʟʙʨʘʥ ʤʦʜʝʣ. ʀʟʙʨʘʥʠʪʝ 

ʣʠʥʝʘʨʥʠ ʤʦʜʝʣʠ ʧʦʢʘʞʫʚʘʘʪ ʜʦʙʘʨ ʢʚʘʣʠʪʝʪ, ʩʦ ʚʨʝʜʥʦʩʪʠ ʧʦʚʠʩʦʢʠ ʦʜ 0,9, ʩʦ ʠʩʢʣʫʯʦʢ 

ʥʘ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʥʘ 15 ʤʠʥʫʪʘ, ʢʦʿʰʪʦ ʠʤʘ ʚʨʝʜʥʦʩʪ 0,89 ʠ 

ʚʨʝʜʥʦʩʪʠ ʟʘ Q2 ʢʦʠʰʪʦ ʩʝ ʚʦ ʦʧʩʝʛ 0,84-0,88, ʩʦ ʠʩʢʣʫʯʦʢ ʚʨʝʜʥʦʩʪʘ 0,79 ʢʦʿʘʰʪʦ ʝ 

ʘʩʦʮʠʨʘʥʘ ʩʦ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʥʘ 15 ʤʠʥʫʪʘ. ʅʠʪʫ ʝʜʝʥ ʦʜ ʤʦʜʝʣʠʪʝ 

ʥʝʤʘ ʚʨʝʜʥʦʩʪ ʧʦʥʠʩʢʘ ʦʜ 0,25 ʟʘ ʧʘʨʘʤʝʪʘʨʦʪ ʚʘʣʠʜʥʦʩʪʘ ʥʘ ʤʦʜʝʣʦʪ, ʰʪʦ ʫʢʘʞʫʚʘ ʜʝʢʘ 

ʤʦʜʝʣʦʪ ʝ ʚʘʣʠʜʝʥ. ʅʝʟʥʘʯʘʿʥʦ ʧʦʥʠʩʢʘ ʚʨʝʜʥʦʩʪ ʚʦ ʦʜʥʦʩ ʥʘ ʜʨʫʛʠʪʝ, ʦʜ 0,48, ʝ ʜʦʙʠʝʥʦ 

ʟʘ ʦʜʛʦʚʦʨʦʪ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʚʦ 240 ʤʠʥʫʪʘ, ʥʦ ʩʝʧʘʢ ʝ ʚʘʣʠʜʝʥ ʤʦʜʝʣ. ɺʨʝʜʥʦʩʪʠʪʝ ʥʘ 

ʧʘʨʘʤʝʪʘʨʦʪ ʨʝʧʨʦʜʫʮʠʙʠʣʥʦʩʪ ʩʝ ʚʦ ʦʧʩʝʛ 0,85-0,95. ɻʝʥʝʨʘʣʥʦ, ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ 

ʨʝʧʨʦʜʫʮʠʙʠʣʥʦʩʪ ʧʦʥʠʩʢʘ ʦʜ 0,5 ʫʢʘʞʫʚʘ ʥʘ ʣʦʰʘ ʠʣʠ ʥʝʩʦʦʜʚʝʪʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʢʦʥʪʨʦʣʘ ʠ ʛʦʣʝʤʘ ʯʠʩʪʘ ʛʨʝʰʢʘ.  

 ʉʦ ʜʦʢʘʞʘʥʘʪʘ ʤʦ˃ ʟʘ ʧʨʝʜʚʠʜʫʚʘˁʝ, ʥʘ ʚʝ˃ʝ ʨʘʟʚʠʝʥʘ ʠ ʦʧʪʠʤʠʟʠʨʘʥʘ 

ʬʦʨʤʫʣʘʮʠʿʘ, ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʮʝʥʫʚʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʝʚʘʣʫʠʨʘʥʠʪʝ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ʚʨʟ 

ʢʨʠʪʠʯʥʠ ʘʪʨʠʙʫʪʠ ʥʘ ʢʚʘʣʠʪʝʪ. ʇʨʦʤʝʥʘʪʘ ʚʦ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ 

ʩʪʝʧʝʥʦʪ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʜʝʛʨʘʜʘʮʠʦʥʠʪʝ ʧʨʦʜʫʢʪʠ ʠ ʧʨʦʬʠʣʦʪ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ. ɹʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʯʝʩʪʠʯʢʠʪʝ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʥʘ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʣʝʢʦʪ.   

  ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʩʫʤʘʨʥʠʦʪ ʟʘʢʣʫʯʦʢ ʦʜ ʬʠʪʫʚʘˁʝʪʦ, ʩʝ ʝʚʘʣʫʠʨʘʰʝ ʝʬʝʢʪʦʪ 

ʥʘ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʠ ʠʥʪʝʨʢʘʮʠʿʘʪʘ ʧʦʤʝʺʫ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚʨʟ ʩʝʢʦʿʘ 

ʟʘʚʠʩʥʘ ʧʨʦʤʝʥʣʠʚʘ ʧʨʝʢʫ ʛʨʘʬʠʢʦʥ ʥʘ ʝʬʝʢʪʠ (ʩʣʠʢʘ 3-34.) ʠ ʛʨʘʬʠʢʦʥ ʥʘ ʛʣʘʚʥʠ 

ʝʬʝʢʪʠ (ʩʣʠʢʘ 3-35. ʠ 3-36).  
 

 

ʉʣʠʢʘ 3-34. ɻʨʘʬʠʢʦʥ ʥʘ ʝʬʝʢʪʠ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʝ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʟʘʚʠʩʥʘ ʦʜ ʫʜʝʣʦʪ ʥʘ 

ʧʦʣʠʤʝʨʦʪ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʚʦ ʪʝʢ ʥʘ ʦʮʚʨʩʥʫʚʘˁʝ, ʢʘʢʦ ʠ ʦʜ 
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ʙʠʥʘʨʥʠʦʪ ʝʜʠʥʝʯʝʥ ʬʘʢʪʦʨ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ. ʉʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ 

ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʧʦʙʨʟʦ 

ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ, ʪʘʢʘ ʰʪʦ ʜʠʬʫʥʜʠʨʘˁʝʪʦ ʥʘ ʨʘʩʪʚʦʨʝʥʘʪʘ API ʢʦʥ 

ʪʝʯʥʠʦʪ ʧʘʨʘʬʠʥ ʩʝ ʨʝʜʫʮʠʨʘ. ɿʛʦʣʝʤʝʥʠʦʪ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʦʚʦʟʤʦʞʫʚʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ 

ʥʘ ʧʦʚʠʩʦʢ ʧʨʦʮʝʥʪ ʥʘ API ʚʦ ʤʘʪʨʠʢʩʦʪ.  

 ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʟʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ 

ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʩʦ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ ʙʠʥʘʨʥʠʦʪ ʝʜʠʥʝʯʝʥ ʯʣʝʥ 

ʥʘ ʧʦʣʠʤʝʨ, ʘ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʦ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ. ɹʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʛʦ 

ʟʛʦʣʝʤʫʚʘ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʧʦʣʠʤʝʨʥʠʦʪ 

ʤʘʪʨʠʢʩ, ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʜʦʣʞʠ ʥʘ ʪʫʨʙʫʣʝʥʪʥʦʪʦ ʤʝʰʘˁʝ ʢʦʝ ʚʣʠʿʘʝ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʬʠʟʠʯʢʘʪʘ ʠʥʪʝʨʢʘʮʠʿʘ ʣʝʢ-ʧʦʣʠʤʝʨ.  

 ɺʦ ʦʜʥʦʩ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʥʘ 15 ʠ 240 ʤʠʥʫʪʘ, ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ 

ʝ ʫʪʚʨʜʝʥʘ ʩʦ ʙʠʥʘʨʥʠʦʪ ʝʜʠʥʝʯʝʥ ʯʣʝʥ ʥʘ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ, ʢʦʿʘʰʪʦ ʝ ʠ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʘ. ʇʦʟʥʘʪʦ ʝ ʜʝʢʘ ʧʦʣʠʤʝʨʥʠʦʪ ʤʘʪʨʠʢʩ ʛʦ ʢʦʥʪʨʦʣʠʨʘ ʧʨʦʬʠʣʦʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ, ʦʜʥʦʩʥʦ ʧʦʛʦʣʝʤ ʫʜʝʣ ʥʘ ʧʦʣʤʝʨ ʛʦ ʟʘʙʘʚʫʚʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʣʝʢʦʪ. 

ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʛʦ ʟʘʙʨʟʫʚʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ 

ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʠ ʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʯʘʿʥʘ. ʆʜ ʝʬʝʢʪʦʪ ʥʘ 

ʙʠʥʘʨʥʠʦʪ ʝʜʠʥʠʯʝʥ ʯʣʝʥ ʥʘ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʛʦ ʟʘʙʨʟʫʚʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ 15 ʤʠʥʫʪʘ ʚʦ ʦʜʥʦʩ ʥʘ 

ʦʩʣʦʙʦʜʝʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʯʝʪʚʨʪʠʦʪ ʯʘʩ.  

 ɺʦ ʜʦʙʠʝʥʠʦʪ ʤʦʜʝʣ, ʛʣʘʚʥʠʪʝ ʝʬʝʢʪʠ ʥʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ 

ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ ʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʚʨʟ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʟʘʚʠʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 3-35. ʠ 3-36. ʇʨʝʜʚʠʜʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ 

ʩʦ ʧʦʣʥʘ ʮʨʥʘ ʣʠʥʠʿʘ, ʜʦʜʝʢʘ ʜʦʣʝʥ ʠ ʛʦʨʝʥ ʣʠʤʠʪ ʥʘ ʠʥʪʝʨʚʘʣ ʥʘ ʜʦʚʝʨʙʘ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ 

ʩʦ ʠʩʧʨʝʢʠʥʘʪʠ ʣʠʥʠʠ.  
 

 

ʉʣʠʢʘ 3-35. ɻʨʘʬʠʢʦʥ ʥʘ ʛʣʘʚʥʠ ʝʬʝʢʪʠ ʟʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʚʦ ʪʝʢ ʥʘ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 
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 ʉʦ ʤʝʥʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʚʦ ʪʝʢ ʥʘ ʦʮʚʨʩʥʫʚʘˁʝ ʥʘ 

ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʠ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʚʦ ʠʩʪʨʘʞʫʚʘʥʠʦʪ ʦʧʩʝʛ, ʠʩʪʨʘʞʫʚʘʥʠʪʝ 

ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʦʩʪʘʥʫʚʘʘʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʢʨʠʪʝʨʠʫʤʦʪ ʥʘ ʧʨʠʬʘʪʣʠʚʦʩʪ. ʀʩʢʣʫʯʦʢ 

ʝ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʥʘ 240 ʤʠʥʫʪʘ, ʢʦʿʘʰʪʦ ʝ ʧʦʜ ʢʨʠʪʝʨʠʫʤʦʪ ʥʘ 

ʧʨʠʬʘʪʣʠʚʦʩʪ. ɹʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʠʤʘ ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʚʦ ʢʦʥʪʨʦʣʠʨʘˁʝ ʥʘ ʝʬʠʢʘʥʦʩʪʘ 

ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʧʨʠ ʥʝʿʟʠʥʦ ʤʝʥʫʚʘˁʝ ʚʦ ʠʩʪʨʘʞʫʚʘʥʠʦʪ ʦʧʩʝʛ (700-1100 rpm), 

ʜʦʜʝʢʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʝ ʦʧʪʠʤʘʣʝʥ, ʪʦʛʘʰ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʝ ʚʦ 

ʦʯʝʢʫʚʘʥʠʦʪ ʨʘʥʛ, ʥʦ ʝ ʧʦʜ ʮʝʣʥʘʪʘ ʚʨʝʜʥʦʩʪ. ʆʩʣʦʙʦʜʫʚʘˁʝʪʦ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʠʦʪ 

ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ ʯʝʪʚʨʪʠʦʪ ʯʘʩ ʝ ʧʦʜ ʧʦʩʘʢʫʚʘʥʠʦʪ ʢʨʠʪʝʨʠʫʤ ʥʘ ʧʨʠʬʘʪʣʠʚʦʩʪ, 

ʫʢʘʞʫʚʘʿ˃ʠ ʥʘ ʧʦʥʘʪʘʤʦʰʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʬʦʨʤʫʣʘʮʠʿʘʪʘ.  
 

 

ʉʣʠʢʘ 3-36. ɻʨʘʬʠʢʦʥ ʥʘ ʛʣʘʚʥʠ ʝʬʝʢʪʠ ʟʘ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

   

 ʋʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ, ʠʩʪʦ ʪʘʢʘ, ʠʤʘ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʟʘʚʠʩʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ. ʉʦ ʤʝʥʫʚʘˁʝ ʥʘ ʥʝʛʦʚʠʦʪ ʫʜʝʣ ʚʦ ʬʦʨʤʫʣʘʮʠʿʘʪʘ ʚʦ ʠʩʪʨʘʞʫʚʘʥʠʦʪ ʨʘʥʛ 

(0,5-0,8 w/w) ʧʨʠ ʦʧʪʠʤʘʣʥʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ, ʩʠʪʝ ʠʩʪʨʘʞʫʚʘʥʠ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ 

ʩʝ ʚʦ ʛʨʘʥʠʮʠ ʥʘ ʧʨʠʬʘʪʣʠʚʦʩʪ, ʦʩʚʝʥ ʦʩʣʦʙʦʜʝʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʯʝʪʚʨʪʠʦʪ 

ʯʘʩ, ʢʦʿʰʪʦ ʝ ʧʦʜ ʮʝʣʥʠʦʪ ʤʠʥʠʤʫʤ (85 %). ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʝ ʧʦʜ ʮʝʣʥʘʪʘ 

ʚʨʝʜʥʦʩʪ, ʜʦʜʝʢʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʧʨʠ ʥʘʿʚʠʩʦʢ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 

(0,8 w/w) ʙʝʣʝʞʠ ʧʦʥʠʩʢʘ ʚʨʝʜʥʦʩʪ ʦʜ ʜʦʣʥʘʪʘ ʮʝʣʥʘ ʛʨʘʥʠʮʘ.  

 ʅʘ ʩʣʠʢʘ 3-37. ʝ ʧʨʠʢʘʞʘʥʦ ʩʪʘʪʠʩʪʠʯʢʦʪʦ ʟʥʘʯʝˁʝ ʥʘ ʜʝʩʝʪʪʝ ʥʘʿʛʦʣʝʤʠ 

ʠʥʪʝʨʘʢʮʠʠ ʧʦʤʝʺʫ ʟʘʚʠʩʥʠʪʝ ʠ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ. ʆʜ ʛʨʘʬʠʢʦʥʦʪ ʤʦʞʝ ʜʘ ʩʝ 

ʫʪʚʨʜʠ ʜʝʢʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʠʤʘ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʚʦ ʬʦʨʤʫʣʘʮʠʿʘʪʘ ˃ʝ ʩʝ 

ʟʛʦʣʝʤʫʚʘ ʠ ʧʨʦʮʝʥʪʦʪ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʉʝʧʘʢ, ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʧʦʣʠʤʝʨʦʪ ʚʨʟ ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʠʤʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ. ʉʦ 



ʤ-ʨ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʩʢʘ                                                                    ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

 

99 

 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʩʝ ʥʘʤʘʣʫʚʘ ʢʘʧʘʮʠʪʝʪ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘˁʝ 

ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ. ɿʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʧʪʠʤʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʚʘʪʘ ʢʨʠʪʠʯʥʠ 

ʧʘʨʘʤʝʪʨʠ ʧʦʪʨʝʙʥʘ ʝ ʜʦʧʦʣʥʠʪʝʣʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ. ʉʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ˃ʝ ʩʝ ʥʘʤʘʣʫʚʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘʪʘ 

ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʠ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ 15 ʤʠʥʫʪʠ. ɺʣʠʿʘʥʠʝʪʦ ʥʘ 

ʙʠʥʘʨʥʠʦʪ ʝʜʠʥʝʯʝʥ ʯʣʝʥ ʥʘ ʧʦʣʠʤʝʨ ʚʨʟ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ ʯʝʪʚʨʪʠʦʪ ʯʘʩ ʠ 

15 ʤʠʥʫʪʘ ʝ ʥʝʛʘʪʠʚʝʥ, ʦʜʥʦʩʥʦ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʦʣʠʤʝʨʦʪ ʩʝ ʟʘʙʘʚʫʚʘ ʧʨʦʬʠʣʦʪ ʥʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ.  
 

  

ʉʣʠʢʘ 3-37. ɻʨʘʬʠʢʦʥ ʥʘ ʥʘʿʟʥʘʯʘʿʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʚʣʠʿʘʥʠʿʘ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 

 ɿʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʚʦ ʮʚʨʩʪʘ ʘʛʨʝʛʘʪʥʘ ʩʦʩʪʦʿʙʘ ʩʝ ʧʨʠʤʝʥʠ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʥʘ 2D ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ. ʉʦ 

ʦʚʦʿ ʤʝʪʦʜ ʩʝ ʧʨʝʪʩʪʘʚʫʚʘ ʬʫʥʢʮʠʦʥʘʣʥʘʪʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʟʘʚʠʩʥʠʪʝ ʠ ʥʝʟʘʚʠʩʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ, ʰʪʦ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ. ɼʦʙʠʝʥʠʪʝ ʢʦʥʝʯʥʠ ʤʦʜʝʣʥʠ ʨʘʚʥʢʠ ʟʘ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʯʝʪʠʨʠʪʝ 

ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ, ʩʦʛʣʘʩʥʦ ʢʦʠ ʩʦʬʪʚʝʨʦʪ ʛʠ ʧʨʘʚʠ ʧʨʝʩʤʝʪʢʠʪʝ, ʩʝ ʧʨʠʢʘʞʘʥʠ ʩʦ 

ʤʦʜʝʣʥʠʪʝ ʨʘʚʝʥʢʠ5, ʚʦ ʧʨʦʜʦʣʞʝʥʠʝ: 
 
 

Y1 = 47,9153X1 - 0,0695 X2 + 5,14·105 X2
2+ 50,4896 

Y2 = 49,7982 X1 - 0,0046 X2 - 69,5371 X1
2 + 14,11 

Y3 = -544,786 X1 + 0,0430 X2 + 475,642 X1
2- 0,095 X1·X2 + 221,254 

Y4 = -1450,08 X1 - 0,131 X2 + 1011,94 X1
2 + 0,156 X1·X2 + 593,897 

 

 
5Y1-ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ; Y2-ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ; Y3-ʦʩʣʦʙʦʜʝʥ 

ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ 15 ʤʠʥʫʪʘ; Y4-ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ 240 ʤʠʥʫʪʘ;  X1-ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ; X2- ʙʨʟʠʥʘ 

ʥʘ ʤʝʰʘˁʝ 
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 ʋʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ (X1) ʧʦʢʘʞʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʝʥ ʥʝʛʘʪʠʚʝʥ ʝʬʝʢʪ ʥʘ 

ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʚʦ 15 ʤʠʥʫʪʘ ʠ ʯʝʪʚʨʪʠʦʪ ʯʘʩ.  ɿʛʦʣʝʤʝʥ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʚʣʠʿʘʝ ʚʨʟ 

ʜʦʙʠʚʘˁʝ ʦʧʪʠʤʘʣʥʦ-ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ. ɺʦ ʦʜʥʦʩ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʧʦʢʘʞʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʝʥ 

ʧʦʟʠʪʠʚʝʥ ʝʬʝʢʪ, ʦʜʥʦʩʥʦ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʦʧʪʠʤʘʣʥʦ-ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʚʣʠʿʘʝ 

ʧʦʚʠʩʦʢ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ, ʢʦʿʰʪʦ ˃ʝ ʤʦʞʝ ʜʘ ʝʥʢʘʧʩʫʣʠʨʘ ʙʠʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʚʦ 

ʧʦʣʠʤʝʨʥʠʦʪ ʤʘʪʨʠʢʩ. ɹʠʥʘʨʥʠʦʪ ʝʜʠʥʝʯʝʥ ʯʣʝʥ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʧʦʢʘʞʘ 

ʧʦʟʠʪʠʚʥʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʝʥ ʝʬʝʢʪ, ʦʜʥʦʩʥʦ ʩʦ ʤʦʜʝʣʠʨʘˁʝʪʦ ˃ʝ ʩʝ ʙʘʨʘ ʦʧʪʠʤʘʣʝʥ 

ʤʘʢʩʠʤʫʤ. ɹʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ (X2) ʧʦʢʘʞʘ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʩʠʪʝ 

ʠʩʪʨʘʞʫʚʘʥʠ ʧʨʦʤʝʥʣʠʚʠ. ɹʠʥʘʨʥʠʦʪ ʝʜʠʥʝʯʝʥ ʯʣʝʥ ʥʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʧʦʢʘʞʘ 

ʜʦʧʦʣʥʠʪʝʣʥʦ ʧʦʥʠʩʢʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ. ʏʣʝʥʦʪ ʥʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʯʝʥ ʟʘ 

ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ 15 ʤʠʥʫʪʘ ʠ ʯʝʪʚʨʪʠʦʪ ʯʘʩ. ɿʥʘʯʘʿʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʫʜʝʣʦʪ 

ʥʘ ʧʦʣʠʤʝʨʦʪ ʝ ʨʝʜʫʮʠʨʘʥʦ ʧʦʨʘʜʠ ʠʟʨʘʟʝʥʦ ʥʠʩʢʦʪʦ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ 

ʥʘ ʝʤʫʣʟʠʿʘʪʘ ʚʦ ʪʝʢ ʥʘ ʠʩʧʘʨʫʚʘˁʝ ʥʘ ʨʘʩʪʚʦʨʫʚʘʯʦʪ.  

  

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-38. ɻʨʘʬʠʢʦʥ ʥʘ ʠʥʪʝʨʘʢʮʠʠ ʟʘ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ 15 ʤʠʥʫʪʘ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 

 

 

 

 

 

 

   

 

 

 

 

 
 

ʉʣʠʢʘ 3-39. ɻʨʘʬʠʢʦʥ ʥʘ ʠʥʪʝʨʘʢʮʠʠ ʟʘ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ 240 ʤʠʥʫʪʘ ʟʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 
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ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʯʣʝʥʦʚʠʪʝ ʥʘ ʠʥʪʝʨʘʢʮʠʠ (ʩʣʠʢʘ 3-38) 

ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʦʜ 700 ʢʦʥ 1100 rpm, ʥʘʿʙʘʚʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ 

ʥʘ 15 ʤʠʥʫʪʘ ʧʦʢʘʞʫʚʘ ʩʨʝʜʥʠʦʪ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ (0,75 w/w). ʀʩʪʠʦʪ ʪʨʝʥʜ ʝ ʟʘʙʝʣʝʞʣʠʚ 

ʠ ʟʘ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ 240 ʤʠʥʫʪʘ (ʩʣʠʢʘ 3-39). 

 ʇʦ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʛʣʘʚʥʠʪʝ ʝʬʝʢʪʠ, ʢʦʨʝʣʘʮʠʠ ʠ ʠʥʪʝʨʘʢʮʠʠ ʥʘ ʟʘʚʠʩʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ, ʥʘʧʨʘʚʝʥʘ ʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʧʦʩʪʘʚʝʥʠʪʝ ʢʨʠʪʝʨʠʫʤʠ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʦʩʪʘʚʝʥʠ ʚʦ ʪʘʙʝʣʘ 2.3. ɻʨʘʬʠʢʦʥʠʪʝ ʥʘ ʧʦʚʨʰʠʥʠʪʝ ʥʘ ʦʜʛʦʚʦʨ ʛʠ 

ʧʨʠʢʘʞʫʚʘʘʪ ʧʨʝʜʚʠʜʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ (ʮʨʚʝʥʘ ʙʦʿʘ-ʤʘʢʩʠʤʫʤ, ʩʠʥʘ ʙʦʿʘ-ʤʠʥʠʤʫʤ) ʟʘ 

ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ. ʅʘ ʩʣʠʢʠʪʝ 3-40. ʠ 3-41. ʩʝ ʧʨʠʢʘʞʘʥʠ ʛʨʫʧʠʨʘʥʠ 

2D ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʝʥʢʘʧʩʫʣʠʨʘʥ ʣʝʢ ʠ ʦʩʣʦʙʦʜʝʥ 

ʣʝʢ ʥʘ 15 ʠ 240 ʤʠʥʫʪʘ, ʩʦʦʜʚʝʪʥʦ.  

 

 ʉʣʠʢʘ 3-40. 2D ʦʧʪʠʤʠʟʘʮʠʦʥʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʝʥʢʘʧʩʫʣʠʨʘʥ 

ʘʮʝʪʘʤʠʥʦʬʝʥ ʚʦ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 

ʆʜʼʠʚʥʠʪʝ ʧʦʚʨʰʠʥʠ ʛʠ ʧʦʪʚʨʜʫʚʘʘʪ ʧʨʝʪʭʦʜʥʦ ʩʦʛʣʝʜʘʥʠʪʝ ʠʥʪʝʨʘʢʮʠʠ ʧʦʤʝʺʫ 

ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ, ʛʣʘʚʥʠʪʝ ʝʬʝʢʪʠ ʠ ʢʦʨʝʣʘʮʠʠʪʝ ʧʦʤʝʺʫ ʥʝʟʘʚʠʩʥʠʪʝ ʠ 

ʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ. ʆʧʪʠʤʠʟʘʮʠʦʥʠʦʪ ʜʠʿʘʛʨʘʤ (ʉʣʠʢʘ 3-40.) ʧʦʢʘʞʫʚʘ ʜʝʢʘ 

ʥʘʿʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʧʨʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʚʦ ʨʘʥʛ 

0,725-0,8 (w/w) ʠ ʨʘʥʛ ʥʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 950-1100 rpm. ʅʘʿʥʠʩʢʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʝ ʧʦʩʪʠʛʥʘʪʠ ʧʨʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 0,5-0,588 (w/w) ʠ 

ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 700-965 rpm. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʤʘʢʩʠʤʘʣʝʥ ʝʥʢʘʧʩʫʣʠʨʘʥ ʣʝʢ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʧʨʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 0,5-0,525 (w/w) ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 960-1100 rpm. ʆʜ 

ʦʧʪʠʤʠʟʘʮʠʦʥʠʦʪ ʜʠʿʘʛʨʘʤ (ʩʣʠʢʘ 3-40) ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʥʘʿʥʠʟʦʢ ʝʥʢʘʧʩʫʣʠʨʘʥ 

ʘʮʝʪʘʤʠʥʦʬʝʥ ʝ ʧʦʩʪʠʛʥʘʪ ʧʨʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʦʜ 0,775-0,8 (w/w)  ʧʨʠ ʤʘʢʩʠʤʘʣʥʘ 

ʙʨʟʠʥʘ ʦʜ 1000 rpm.  ʆʩʣʦʙʦʜʝʥ ʣʝʢ ʥʘ 15 ʤʠʥʫʪʘ ʩʦ ʥʘʿʙʘʚʝʥ ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ 

(ʥʘʿʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ) ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʧʨʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 0,630-0,725 (w/w) ʠ ʙʨʟʠʥʘ ʥʘ 
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ʤʝʰʘˁʝ 1050-1100 rpm (ʩʣʠʢʘ 3-41), ʜʦʜʝʢʘ ʥʘʿʚʠʩʦʢ ʧʨʦʮʝʥʪ ʥʘ ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʩʝ 

ʦʯʝʢʫʚʘ ʧʨʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 0,775-0,8 (w/w) ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 700-770 rpm. ʅʘʿʤʘʣʢʫ 

ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʥʘ 240 ʤʠʥʫʪʘ, ʦʜ ʦʧʪʠʤʠʟʘʮʠʦʥʠʦʪ ʜʠʿʘʛʨʘʤ (ʉʣʠʢʘ 3-41.) ʩʝ ʩʦʛʣʝʜʘ ʧʨʠ 

ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʚʦ ʨʘʥʛ 0,575-0,688 (w/w) ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 985-1100 rpm. ʅʘʿʙʨʟʦ 

ʦʩʣʦʙʦʜʝʥ ʣʝʢ ʥʘ 240 ʤʠʥʫʪʘ, ʩʝ ʧʦʩʪʠʛʥʘ ʧʨʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 0,5-0,525 (w/w) ʠ ʙʨʟʠʥʘ 

ʥʘ ʤʝʰʘˁʝ 700-790 rpm. 

 
 

ʉʣʠʢʘ 3-41. 2D ʦʧʪʠʤʠʟʘʮʠʦʥʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʦʩʣʦʙʦʜʝʥ ʘʮʝʪʘʤʠʥʦʬʝʥ ʥʘ 15 ʠ 240 ʤʠʥʫʪʘ   

ʦʜ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

 

3.6 Oʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩ ʟʘ ʜʦʙʠʚʘˁʝ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 ʆʧʪʠʤʠʟʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠ ʝ ʥʘʧʨʘʚʝʥʦ ʩʦ 

ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʝʥ ʧʨʠʩʪʘʧ ʧʨʝʢʫ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʬʦʨʤʫʣʘʮʠʩʢʠ ʠ ʧʨʦʮʝʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʝʜʥʘ ʜʠʟʘʿʥ ʤʘʪʨʠʮʘ (ʪʘʙʝʣʘ 2.4). ɿʘ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ 

ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʤʝʥʫʚʘˁʝ ʥʘ ʥʝʟʘʚʠʩʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ, ʠ ʜʘ ʩʝ ʫʪʚʨʜʠ ʟʘʚʠʩʥʦʩʪʘ ʧʦʤʝʺʫ ʟʘʚʠʩʥʠʪʝ ʠ ʜʚe, ʠʣʠ ʧʦʚʝ˃ʝ ʥʝʟʘʚʠʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ, ʩʝ ʥʘʧʨʘʚʠ ʬʠʪʫʚʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʦ MLR. ʈʝʟʠʤʝ ʦʜ ʬʠʪʫʚʘˁʝʪʦ ʝ 

ʧʨʠʢʘʞʘʥʦ ʥʘ ʛʨʘʬʠʢʦʥʦʪ ʥʘ ʩʣʠʢʘ 3-42.  

 ʌʘʢʪʦʨʦʪ ʥʘ ʢʦʨʝʣʘʮʠʿʘ (R2) ʠ ʬʘʢʪʦʨʦʪ ʥʘ ʠʜʥʠ ʧʨʝʜʚʠʜʫʚʘˁʘ (Q2) ʪʨʝʙʘ ʜʘ 

ʠʤʘʘʪ ʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ, ʘ ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʥʠʚ ʥʝ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʧʦʚʠʩʦʢʘ ʦʜ 0,2-0,3, 

ʜʦʜʝʢʘ ʧʦʚʠʩʦʢʘ ʨʘʟʣʠʢʘ ʙʠ ʫʢʘʞʘʣʘ ʥʘ ʥʝʩʦʦʜʚʝʪʥʦ ʠʟʙʨʘʥ ʤʦʜʝʣ. ʀʟʙʨʘʥʠʪʝ ʣʠʥʝʘʨʥʠ 

ʤʦʜʝʣʠ ʧʦʢʘʞʫʚʘʘʪ ʜʦʙʘʨ ʢʚʘʣʠʪʝʪ, ʩʦ ʚʨʝʜʥʦʩʪʠ ʧʦʚʠʩʦʢʠ ʦʜ 0,9, ʩʦ ʠʩʢʣʫʯʦʢ ʥʘ 

ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʦʩʣʦʙʦʜʝʥʦ ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ, ʢʦʿʰʪʦ ʠʤʘ ʚʨʝʜʥʦʩʪ 0,83 ʠ 

ʚʨʝʜʥʦʩʪʠ ʟʘ Q2 ʢʦʠʰʪʦ ʩʝ ʚʦ ʦʧʩʝʛ 0,81-0,91, ʩʦ ʠʩʢʣʫʯʦʢ ʥʘ ʚʨʝʜʥʦʩʪʘ 0,66 ʢʦʿʘʰʪʦ ʝ 

ʘʩʦʮʠʨʘʥʘ ʩʦ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʦʩʣʦʙʦʜʝʥʦ ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ. ʅʠʪʫ ʝʜʝʥ ʦʜ 

ʤʦʜʝʣʠʪʝ ʥʝʤʘ ʚʨʝʜʥʦʩʪ ʧʦʥʠʩʢʘ ʦʜ 0,25 ʟʘ ʧʘʨʘʤʝʪʘʨʦʪ ʚʘʣʠʜʥʦʩʪʘ ʥʘ ʤʦʜʝʣʦʪ, ʰʪʦ 
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ʫʢʘʞʫʚʘ ʜʝʢʘ ʤʦʜʝʣʦʪ ʝ ʚʘʣʠʜʝʥ. ʅʝʟʥʘʯʘʿʥʦ ʥʠʩʢʘ ʚʨʝʜʥʦʩʪ ʚʦ ʦʜʥʦʩ ʥʘ ʜʨʫʛʠʪʝ, ʦʜ 

0,49, ʠʤʘ ʦʩʣʦʙʦʜʝʥʦ ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ, ʥʦ ʩʝʧʘʢ ʝ ʚʘʣʠʜʝʥ ʤʦʜʝʣ. ɺʨʝʜʥʦʩʪʠʪʝ ʥʘ 

ʧʘʨʘʤʝʪʘʨʦʪ ʨʝʧʨʦʜʫʮʠʙʠʣʥʦʩʪ ʩʝ ʚʦ ʦʧʩʝʛ 0,90-0,98. ɻʝʥʝʨʘʣʥʦ, ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ 

ʨʝʧʨʦʜʫʮʠʙʠʣʥʦʩʪ ʧʦʥʠʩʢʘ ʦʜ 0,5 ʫʢʘʞʫʚʘ ʥʘ ʣʦʰʘ ʠʣʠ ʥʝʩʦʦʜʚʝʪʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʢʦʥʪʨʦʣʘ ʠ ʛʦʣʝʤʘ ʯʠʩʪʘ ʛʨʝʰʢʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3-42. ʈʝʟʠʤʝ ʦʜ ʬʠʪʫʚʘˁʝʪʦ ʟʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

 ʉʦ ʜʦʢʘʞʘʥʘʪʘ ʤʦ˃ ʟʘ ʧʨʝʜʚʠʜʫʚʘˁʝ, ʥʘ ʚʝ˃ʝ ʨʘʟʚʠʝʥʘ ʠ ʦʧʪʠʤʠʟʠʨʘʥʘ 

ʬʦʨʤʫʣʘʮʠʿʘ, ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʮʝʥʫʚʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʝʚʘʣʫʠʨʘʥʠʪʝ ʯʝʪʠʨʠ ʧʘʨʘʤʝʪʨʠ ʚʨʟ 

CQAs. ʇʨʦʤʝʥʘʪʘ ʚʦ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ ʩʪʝʧʝʥʦʪ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ 

ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʧʨʦʬʠʣʦʪ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ. 

ʉʦʦʜʥʦʩʦʪ ʧʦʤʝʺʫ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʠ ʧʦʣʠʤʝʨʦʪ, ʢʘʢʦ ʠ ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ ʠʛʣʘʪʘ ʟʘ 

ʝʢʩʪʨʫʜʠʨʘˁʝ ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʥʘ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ. ʋʜʝʣʦʪ ʥʘ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ ʮʚʨʩʪʠʥʘʪʘ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ ʘʣʛʠʥʘʪʩʢʘ 

ʤʘʪʨʠʮʘ, ʦʪʪʫʢʘ ʠ ʚʨʟ ʧʨʦʬʠʣʦʪ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʠʣʠ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ. 

ɺʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠʪʝ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ, ʘ ʦʪʪʫʢʘ ʠ ʚʨʟ 

ʩʝʚʢʫʧʥʠʦʪ ʢʚʘʣʠʪʝʪ ʥʘ ʢʨʘʿʥʠʦʪ ʧʨʦʜʫʢʪ - ʤʠʢʨʦʢʘʧʩʫʣʠʪʝ.   

 ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʩʫʤʘʨʥʠʦʪ ʟʘʢʣʫʯʦʢ ʦʜ ʬʠʪʫʚʘˁʝʪʦ, ʩʝ ʝʚʘʣʫʠʨʘʰʝ ʝʬʝʢʪʦʪ 

ʥʘ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚʨʟ ʩʝʢʦʿʘ ʟʘʚʠʩʥʘ ʧʨʦʤʝʥʣʠʚʘ ʧʨʝʢʫ ʛʨʘʬʠʢʦʥ ʥʘ ʝʬʝʢʪʠ 

(ʩʣʠʢʘ 3-43.).  ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʝ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʟʘʚʠʩʥʘ ʦʜ 

ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʥʘ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʩʦ ʫʜʝʣ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʫʜʝʣ ʥʘ 

ʧʦʣʠʤʝʨ ʩʦ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ, ʢʦʠʰʪʦ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ. 

ʆʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʝ ʫʪʚʨʜʝʥʘ ʩʦ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ, ʫʜʝʣ ʥʘ 

ʙʠʦʧʦʣʠʤʝʨ ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ, ʢʦʠʰʪʦ ʩʝ ʠʩʪʦ ʪʘʢʘ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ. ʆʩʪʘʥʘʪʠʪʝ ʝʬʝʢʪʠ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʯʘʿʥʠ.  
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 ʇʨʦʮʝʥʪʦʪ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʤʘʩʣʦ ʩʪʘʪʠʩʪʠʯʢʠ ʥʘʿʤʥʦʛʫ ʟʘʚʠʩʠ ʦʜ ʚʨʝʤʝ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝ ʠ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ, ʢʘʜʝ ʟʘʚʠʩʥʦʩʪʘ ʝ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ, ʜʦʜʝʢʘ 

ʧʨʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʩʝ ʙʝʣʝʞʠ ʩʦ ʯʣʝʥʦʚʠʪʝ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʫʜʝʣ ʥʘ 

ʧʦʣʠʤʝʨ ʠ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʩʦ ʩʨʝʜʩʪʚʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ.  

 ɿʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 30 ʤʠʥʫʪʘ, ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ ʩʝ ʩʠʪʝ 

ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ, ʯʣʝʥʦʚʠ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ, ʢʘʢʦ ʠ ʙʠʥʘʨʝʥ ʝʜʠʥʝʯʝʥ ʯʣʝʥ ʦʜ 

ʛʨʘʬʠʢʦʥʦʪ (ʩʣʠʢʘ 3-43), ʪʘʢʘ ʰʪʦ ʙʠʥʘʨʥʠʦʪ ʝʜʠʥʝʯʝʥ ʯʣʝʥ ʥʘ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʧʦʢʘʞʫʚʘʘʪ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʟʘʚʠʩʥʦʩʪ, ʜʦʜʝʢʘ ʦʩʪʘʥʘʪʠʪʝ ʯʣʝʥʦʚʠ ʙʝʣʝʞʘʪ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ. 

ʀʩʢʣʫʯʦʢ ʝ ʧʨʦʤʝʥʣʠʚʘʪʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʢʦʿʘʰʪʦ ʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʯʘʿʥʘ. 

 ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦʪʦ ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ, ʩʪʘʪʠʩʪʠʯʢʠ 

ʥʘʿʟʥʘʯʘʝʥ ʝ ʯʣʝʥʦʪ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ, ʢʦʿ ʙʝʣʝʞʠ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ. ʆʩʪʘʥʘʪʠʪʝ 

ʯʣʝʥʦʚʠ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʯʘʿʥʠ. 
 

 

ʉʣʠʢʘ 3-43. ɻʨʘʬʠʢʦʥ ʥʘ ʝʬʝʢʪʠ ʟʘ ʤʠʢʨʦʢʘʧʩʫʣʠ 

 

  ɺʦ ʜʦʙʠʝʥʠʦʪ ʤʦʜʝʣ, ʛʣʘʚʥʠʪʝ ʝʬʝʢʪʠ ʥʘ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚʨʟ 

ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʠʟ ʩʣʠʢʘ 3-44 ʜʦ 3-47. ʇʨʝʜʚʠʜʝʥʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʩʦ ʧʦʣʥʘ ʮʨʥʘ ʣʠʥʠʿʘ, ʜʦʜʝʢʘ ʜʦʣʝʥ ʠ ʛʦʨʝʥ ʣʠʤʠʪ ʥʘ ʠʥʪʝʨʚʘʣ 

ʥʘ ʜʦʚʝʨʙʘ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʩʦ ʠʩʧʨʝʢʠʥʘʪʠ ʣʠʥʠʠ.  

 ʉʦ ʤʝʥʫʚʘˁʝ ʥʘ ʠʟʙʨʘʥʠʪʝ ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʨʘʥʛʦʚʠ, 

ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʦʩʪʘʥʫʚʘʘʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʢʨʠʪʝʨʠʫʤʦʪ ʥʘ 

ʧʨʠʬʘʪʣʠʚʦʩʪ. ʆʜ ʩʣʠʢʘ 3-44 ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʠʩʢʣʫʯʦʢ ʝ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 30 ʤʠʥʫʪʘ, ʢʦʝʰʪʦ ʝ ʧʦʜ ʤʠʥʠʤʘʣʥʠʦʪ ʢʨʠʪʝʨʠʫʤ 
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ʥʘ ʧʨʠʬʘʪʣʠʚʦʩʪ. ʆʚʦʿ ʥʘʦʜ ʫʢʘʞʫʚʘ ʥʘ ʜʦʙʠʝʥʠ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʦʜ 

ʧʦʨʪʦʢʘʣ ʩʦ ʢʦʥʪʨʦʣʠʨʘʥ ʧʨʦʬʠʣ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝ.  

   

ʉʣʠʢʘ 3-44. ɻʨʘʬʠʢʦʥ ʥʘ ʛʣʘʚʥʠ ʝʬʝʢʪʠ ʟʘ ʫʜʝʣ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ ʟʘ ʤʠʨʢʦʢʘʧʩʫʣʠ 
  

 

ʉʣʠʢʘ 3-45. ɻʨʘʬʠʢʦʥ ʥʘ ʛʣʘʚʥʠ ʝʬʝʢʪʠ ʟʘ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʟʘ ʤʠʨʢʦʢʘʧʩʫʣʠ 

 

 ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʩʠʪʝ ʯʝʪʠʨʠ ʠʩʪʨʘʞʫʚʘʥʠ 

ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʦʩʪʘʥʫʚʘʘʪ ʚʦ ʢʨʠʪʝʨʠʫʤʠʪʝ ʥʘ ʧʨʠʬʘʪʣʠʚʦʩʪ. ʆʜ ʛʨʘʬʠʢʦʥʦʪ ʟʘ 
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ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʧʨʠ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ ʦʜ 10 

ʜʦ 27 ʤʠʥʫʪʠ ʨʝʟʫʣʪʠʨʘ ʩʦ ʜʦʙʠʚʘˁʝ ʤʠʢʨʦʢʘʧʩʫʣʠ ʩʦ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ 

ʥʘʜ ʧʦʩʘʢʫʚʘʥʘʪʘ ʚʦʩʧʦʩʪʘʚʝʥʘ ʛʨʘʥʠʮʘ (75 %), ʜʦʜʝʢʘ ʤʠʥʠʤʘʣʥʘʪʘ ʩʧʝʮʠʬʠʢʘʮʠʩʢʘ 

ʛʨʘʥʠʮʘ ʝ ʧʦʩʪʘʚʝʥʘ ʥʘ 60 %.  
 

 

ʉʣʠʢʘ 3-46. ɻʨʘʬʠʢʦʥ ʥʘ ʛʣʘʚʥʠ ʝʬʝʢʪʠ ʟʘ ʫʜʝʣ ʥʘ ʩʨʝʜʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʟʘ ʤʠʨʢʦʢʘʧʩʫʣʠ 

 

 ʆʜ ʩʣʠʢʘ 3-46. ʩʝ ʩʦʛʣʝʜʘʥʠ ʩʣʠʯʥʠ ʥʘʦʜʠ ʠ ʟʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʚʨʟ ʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ, ʦʜʥʦʩʥʦ ʦʩʪʘʥʫʚʘʘʪ ʚʦ 

ʢʨʠʪʝʨʠʫʤʠʪʝ ʥʘ ʧʨʠʬʘʪʣʠʚʦʩʪ ʚʦʧʦʩʪʘʚʝʥʠ ʚʦ ʜʠʟʘʿʥ-ʤʘʪʨʠʮʘʪʘ. ʆʜ ʧʦʩʪʘʚʝʥʦʩʪʘ ʥʘ 

ʣʠʥʠʿʘʪʘ ʥʘ ʧʨʝʜʚʠʜʝʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʥʢʘʧʫʩʣʠʨʘʥʦ ʤʘʩʣʦ, ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘʘʪ ʧʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘʜ ʮʝʣʥʦ-ʧʦʩʪʘʚʝʥʘʪʘ ʛʨʘʥʠʮʘ (75 %) ʧʨʠ ʧʦʚʠʩʦʢ 

ʫʜʝʣ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ. ʆʚʦʿ ʥʘʦʜ ʦʩʪʘʚʘ ʧʨʦʩʪʦʨ ʟʘ ʧʦʥʘʪʘʤʦʰʥʠ 

ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ, ʢʦʝ ˃ʝ 

ʙʠʜʝ ʥʘʜ ʩʝʛʘʰʥʦ ʠʩʪʨʘʞʝʥʘʪʘ ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ (2 %).  

 ɺʦ ʦʜʥʦʩ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ (ʩʣʠʢʘ 3-47), ʠʩʪʦ ʪʘʢʘ, ʩʝ 

ʩʦʛʣʝʜʘʥʠ ʢʦʥʟʠʩʪʝʥʪʥʠ ʥʘʦʜʠ, ʦʜʥʦʩʥʦ ʩʝ ʚʦ ʛʨʘʥʠʮʠʪʝ ʥʘ ʧʨʠʬʘʣʪʠʚʦʩʪ, ʟʘ ʩʠʪʝ 

ʝʚʘʣʫʠʨʘʥʠ ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ. ɿʥʘʯʘʿʥʦ ʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʧʨʠ ʟʛʦʣʝʤʝʥʠ ʙʨʟʠʥʠ ʥʘ 

ʤʝʰʘˁʝ 450-600 rpm, ʧʨʦʮʝʥʪʦʪ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʝ ʥʘʜ ʮʝʣʥʘʪʘ 

ʚʨʝʜʥʦʩʪ (75 %). ɹʨʟʠʥʘʪʘ ʥʘ ʤʝʰʘˁʝ ʩʝ ʧʦʢʘʞʘ ʜʝʢʘ ʥʝʤʘ ʥʠʢʘʢʦʚ ʝʬʝʢʪ ʚʨʟ 

ʦʩʣʦʙʦʜʝʥʦʪʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ, ʧʦʨʘʜʠ ʰʪʦ ʩʦʬʪʚʝʨʦʪ Modde ʘʚʪʦʤʘʪʩʢʠ 

ʛʦ ʠʩʢʣʫʯʫʚʘ ʦʜ ʝʚʘʣʫʘʮʠʿʘ ʟʘ ʛʣʘʚʥʠ ʝʬʝʢʪʠ. 
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ʉʣʠʢʘ 3-47. ɻʨʘʬʠʢʦʥ ʥʘ ʛʣʘʚʥʠ ʝʬʝʢʪʠ ʟʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʟʘ ʤʠʨʢʦʢʘʧʩʫʣʠ 

  

 ʅʘ ʩʣʠʢʘ 3-48. ʝ ʧʨʠʢʘʞʘʥʦ ʩʪʘʪʠʩʪʠʯʢʦʪʦ ʟʥʘʯʝˁʝ ʥʘ ʜʝʩʝʪʪʝ ʥʘʿʛʦʣʝʤʠ 

ʠʥʪʝʨʘʢʮʠʠ ʧʦʤʝʺʫ ʟʘʚʠʩʥʠʪʝ ʠ ʥʝʟʘʚʠʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ. ʆʜ ʛʨʘʬʠʢʦʥʦʪ ʥʘ ʢʦʨʝʣʘʮʠʠ 

ʤʦʞʝ ʜʘ ʩʝ ʧʦʪʚʨʜʘʪ ʛʣʘʚʥʠʪʝ ʢʦʨʝʣʘʮʠʠ ʧʦʤʝʺʫ ʠʩʪʨʘʞʫʚʘʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ. 
 

  

ʉʣʠʢʘ 3-48. ɻʨʘʬʠʢʦʥ ʥʘ ʥʘʿʟʥʘʯʘʿʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʚʣʠʿʘʥʠʿʘ ʟʘ ʤʠʢʨʦʢʘʧʩʫʣʠ  

 



ʤ-ʨ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʩʢʘ                                                                    ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

 

108 

 

 ʆʜ ʛʨʘʬʠʢʦʥʦʪ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ ʚʨʝʤʝʪʦ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝ ʠʤʘʘʪ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʩʠʪʝ ʯʝʪʠʨʠ ʠʩʪʨʘʞʫʚʘʥʠ 

ʧʨʦʤʝʥʣʠʚʠ.  ʇʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʚʣʠʿʘʥʠʝ ʠʤʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʩʦ 

ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ. ʏʣʝʥʦʪ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘʘʪ ʠʤʘ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ ʦʩʣʦʙʦʜʫʚʘˁʝ ʚʦ 30 

ʤʠʥʫʪʘ. ɺʦ ʦʜʥʦʩ ʥʘ ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ʚʦ 90 ʤʠʥʫʪʘ, ʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʠʤʘ ʯʣʝʥʦʪ ʥʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ, 

ʢʘʜʝ ʟʘʚʠʩʥʦʩʪʘ ʝ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ. ʆʜʥʦʩʥʦ, ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʜʚʝʪʝ 

ʩʫʧʩʪʘʥʮʠ, ʦʩʣʦʙʦʜʫʚʘˁʝʪʦ ˃ʝ ʙʠʜʝ ʧʦʙʨʟʦ ʥʘ 90 ʤʠʥʫʪʘ.  

 ɿʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ ʟʘ ʤʠʢʨʦʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʚʦ ʪʝʯʥʘ ʘʛʨʝʛʘʪʥʘ ʩʦʩʪʦʿʙʘ ʩʝ ʧʨʠʤʝʥʠ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʥʘ 2D ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ. ʉʦ 

ʦʚʦʿ ʤʝʪʦʜ ʩʝ ʧʨʝʪʩʪʘʚʫʚʘ ʬʫʥʢʮʠʦʥʘʣʥʘʪʘ ʟʘʚʠʩʥʦʩʪ ʧʦʤʝʺʫ ʟʘʚʠʩʥʠ ʠ ʥʝʟʘʚʠʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ, ʰʪʦ ʩʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ. ɼʦʙʠʝʥʠʪʝ ʢʦʥʝʯʥʠ ʤʦʜʝʣʥʠ ʨʘʚʥʢʠ ʟʘ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʯʝʪʠʨʠʪʝ 

ʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ, ʩʦʛʣʘʩʥʦ ʢʦʠ ʩʦʬʪʚʝʨʦʪ ʛʠ ʧʨʘʚʠ ʧʨʝʩʤʝʪʢʠʪʝ, ʩʝ ʧʨʠʢʘʞʘʥʠ ʩʦ 

ʤʦʜʝʣʥʠʪʝ ʨʘʚʝʥʢʠ6, ʧʨʠʢʘʞʘʥʠ ʚʦ ʧʨʦʜʦʣʞʝʥʠʝ.  
 

Y1 = -25,981X1 -1,182X3 - 8,143X4 + 0,015X2 + 0,471X1X3 - 0,286X3X4 - 0,0005X3X2+ 

+142,425 

Y2= -26,722 X1 - 1,023X3- 4,584X4 + 0,013X2+ 0,412X1X3+ 0,200X3X4 - 0,0003X3X2+ 

+123,54 

Y5=-0,177 X1 - 0,0019X3 + 0,473X4 + 0,0007X2 + 9,810-5X3
2 - 0,005X3X4 -                          

-0,0005X3X2+ 1,313 

Y6= -54,159 X1 + 0,684X3- 73,160 X4 - 0,399X1X3+ 44,39X1X4 + 180,585 

 

 ʋʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨ (X1) ʧʦʢʘʞʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʝʥ ʥʝʛʘʪʠʚʝʥ ʝʬʝʢʪ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ, ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʠ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ. ʉʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʯʝʥ ʝʬʝʢʪ ʠʤʘ ʚʨʟ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 

30 ʤʠʥʫʪʘ. ɿʛʦʣʝʤʝʥ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʚʣʠʿʘʝ ʚʨʟ ʜʦʙʠʚʘˁʝ ʥʘ ʦʧʪʠʤʘʣʥʦ-ʤʠʥʠʤʘʣʥʠ 

ʚʨʝʜʥʦʩʪʠ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ, ʢʦʠʰʪʦ ʩʝ 

ʥʝʧʦʩʘʢʫʚʘʥʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʚʣʠʿʘʝ ʠʩʪʦ ʪʘʢʘ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʧʪʠʤʘʣʥʦ-

ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ.  

 ʏʣʝʥʦʪ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ 

ʚʤʨʝʞʫʚʘˁʝ ʧʦʢʘʞʫʚʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʝʥ ʝʬʝʢʪ ʚʨʟ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 90 

ʤʠʥʫʪʘ (Y6). ɿʥʘʯʘʿʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ ʝ 

ʨʝʜʫʮʠʨʘʥʦ ʧʦʨʘʜʠ ʧʦʥʠʩʢʦʪʦ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ. ʉʠʥʛʝʨʛʠʩʪʠʯʢʠʦʪ 

ʝʬʝʢʪ ʥʘ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʧʪʠʤʘʣʥʦ-ʤʘʢʩʠʤʘʣʥʘ 

ʚʨʝʜʥʦʩʪ, ʦʜʥʦʩʥʦ ʧʦʙʨʟʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ, ʟʘ ʨʘʟʣʠʢʘ ʦʜ 

ʥʠʚʥʦʪʦ ʠʥʜʠʚʠʜʫʘʣʥʦ ʚʣʠʿʘʥʠʝ, ʢʦʝʰʪʦ ʝ ʚʦ ʥʘʩʦʢʘ ʥʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʧʪʠʤʘʣʝʥ-

ʤʠʥʠʤʫʤ. ʏʣʝʥʦʪ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ ʠ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 

 
6 Y1-ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ; Y2-ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʙʠʦʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ; Y5-ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ 

ʤʘʩʣʦ ʥʘ 30 ʤʠʥʫʪʘ; Y6-ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ;  X1-ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ; X2- ʙʨʟʠʥʘ ʥʘ 

ʤʝʰʘˁʝ; X3-ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ; X4 -ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ 
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ʠʤʘʘʪ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 90 ʤʠʥʫʪʘ. 

ɿʥʘʯʘʿʥʦʪʦ ʩʪʘʪʠʩʪʠʯʢʦ ʚʣʠʿʘʥʠʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʦʧʪʠʤʘʣʝʥ-ʤʠʥʠʤʫʤ ʝ ʨʝʜʫʮʠʨʘʥʦ ʧʦʨʘʜʠ ʠʟʨʘʟʝʥʦʪʦ ʥʠʩʢʦ ʚʣʠʿʘʥʠʝ ʥʘ ʚʨʝʤʝʪʦ ʥʘ 

ʚʤʨʝʞʫʚʘˁʝ. ʇʨʝʜʟʥʘʢʦʪ ʧʨʝʜ ʯʣʝʥʦʪ ʥʘ ʠʥʪʝʨʢʘʮʠʿʘ ʫʢʘʞʫʚʘ ʜʝʢʘ ʚʣʠʿʘʥʠʝʪʦ ʝ ʚʦ 

ʥʘʩʦʢʘ ʥʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʧʪʠʤʘʣʝʥ-ʤʠʥʠʤʫʤ, ʦʜʥʦʩʥʦ ʠʩʪʦ ʢʘʢʦ ʠʥʜʠʚʠʜʫʘʣʥʦʪʦ 

ʚʣʠʿʘʥʠʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ.  

 ɺʨʟ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 30 ʤʠʥʫʪʘ (Y5), ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ 

(Y1) ʠ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ (Y2) ʥʠʪʫ ʝʜʝʥ ʦʜ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʥʝʟʘʚʠʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ (ʩʦ ʠʩʢʣʫʯʦʢ ʥʘ X1), ʯʣʝʥʦʚʠ ʥʘ ʠʥʪʝʨʢʘʮʠʿʘ ʠ ʙʠʥʘʨʝʥ ʝʜʠʥʝʯʝʥ ʯʣʝʥ 

ʥʝʤʘʘʪ ʩʪʘʪʠʩʪʠʯʢʦ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ.  

 ʅʘ ʩʣʠʢʠʪʝ ʦʜ 3-49. ʜʦ 3-52. ʩʝ ʧʨʠʢʘʞʘʥʠ 4D ʦʜʼʠʚʥʠ ʧʦʚʨʰʠʥʠ. ʅʘ ʭ-ʦʩʢʘʪʘ ʝ 

ʧʨʝʪʩʪʘʚʝʥ ʫʜʝʣʦʪ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ, ʥʘ y-ʦʩʢʘʪʘ ʚʨʝʤʝʪʦ ʥʘ ʚʤʨʝʞʫʚʘˁʝ, ʥʘ 

ʩʝʢʫʥʜʘʨʥʘʪʘ ʭ-ʦʩʢʘ ʙʨʟʠʥʘʪʘ ʤʝʰʘˁʝ ʠ ʥʘ ʩʝʢʫʥʜʘʨʥʘʪʘ y-ʦʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ 

ʩʨʝʜʩʪʚʦʪʦ ʟʘ ʚʤʨʝʞʫʚʘˁʝ.  
 

 

ʉʣʠʢʘ 3-49. 4D ʦʧʪʠʤʠʟʘʮʠʦʥʝʥ ʛʨʘʬʠʢʦʥ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʚʦ ʤʠʢʨʦʢʘʧʩʫʣʠ  

 

 ʆʜ ʩʣʠʢʘ 3-49. ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʝʥʢʘʧʩʫʣʘʮʠʿʘ (ʮʨʚʝʥʘ ʙʦʿʘ) ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʧʨʝʢʫ ʥʝʢʦʣʢʫ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʥʝʟʘʚʠʩʥʠ 

ʧʨʦʤʝʥʣʠʚʠ. ʅʘʿʦʧʪʠʤʘʣʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʙʠ ʤʦʞʝʣʦ ʜʘ ʩʝ ʩʤʝʪʘ ʦʥʘʘ ʢʦʿʘ ʝ ʚʦʝʜʥʦ ʠ 

ʝʢʦʥʦʤʩʢʠ ʥʘʠʿʩʧʣʘʪʣʠʚʘ (ʥʘʿʥʠʩʢʦ ʤʦʞʥʘ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ ʠ ʥʘʿʢʨʘʪʢʦ ʦʧʪʠʤʘʣʥʦ 

ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ) ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʥʘʿʥʠʟʦʢ ʤʦʞʝʥ ʫʜʝʣ ʥʘ ʝʢʩʮʠʧʠʝʥʩʠ. ʆʪʪʫʢʘ 

ʤʦʞʝ ʜʘ ʩʝ ʩʦʛʣʝʜʘ ʜʝʢʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʝʥʢʘʧʩʫʣʘʮʠʿʘ ʥʘʜ ʮʝʣʥʠʪʝ ʣʠʤʠʪʠ 

ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʠ ʧʨʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 450 rpm, ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 11-19 

ʤʠʥʫʪʠ, ʫʜʝʣ ʥʘ ʥʘʪʨʠʫʤ ʘʣʛʠʥʘʪ 1,5-1,65 % (w/v) ʠ 1 % (w/v) ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ CaCl2. 
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ʉʣʠʢʘ 3-50. 4D ʦʧʪʠʤʠʟʘʮʠʦʥʝʥ ʛʨʘʬʠʢʦʥ ʟʘ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʚʦ ʤʠʢʨʦʢʘʧʩʫʣʠ  

 

 ʆʜ ʩʣʠʢʘ 3-50 ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʥʘʿʦʧʪʠʤʘʣʥʦ ʧʦʜʨʘʯʿʝ ʟʘ ʜʦʙʠʚʘˁʝ 

ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʝʥʢʘʧʩʫʣʠʨʘʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʝ ʧʨʠ ʫʩʣʦʚʠʪʝ: ʫʜʝʣ ʥʘ ʧʦʣʠʤʝʨ 

1,5-1,54 % (w/v) ʠ ʚʨʝʤʝ ʥʘ ʚʤʨʝʞʫʚʘˁʝ 10-13 ʤʠʥʫʪʠ, ʢʦʥʩʪʘʥʪʝʥ ʫʜʝʣ ʥʘ CaCl2 (2 % 

(w/v)) ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʰʘˁʝ 600 rpm. 
 

 

ʉʣʠʢʘ 3-51. 4D ʦʧʪʠʤʠʟʘʮʠʦʥʝʥ ʛʨʘʬʠʢʦʥ ʟʘ ʦʩʣʦʙʦʜʝʥʦ ʝʪʝʨʠʯʥʦ ʤʘʩʣʦ ʥʘ 30 ʤʠʥʫʪʠ  

ʦʜ ʤʠʢʨʦʢʘʧʩʫʣʠ  












































