
ʂɸɿɸʅʉʂʀʁ ʀʅʉʊʀʊʋʊ ɹʀʆʍʀʄʀʀ ʀ ɹʀʆʌʀɿʀʂʀ ï  

ʆɹʆʉʆɹʃɽʅʅʆɽ ʉʊʈʋʂʊʋʈʅʆɽ ʇʆɼʈɸɿɼɽʃɽʅʀɽ ʌɽɼɽʈɸʃʔʅʆɻʆ  

ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʆɻʆ ʎɽʅʊʈɸ çʂɸɿɸʅʉʂʀʁ ʅɸʋʏʅʓʁ ʎɽʅʊʈ  

ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂè 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ʄʘʢʘʨʦʚʘ ɸʥʘʩʪʘʩʠʷ ʆʣʝʛʦʚʥʘ 

 

ʉʊʈʋʂʊʋʈɸ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɹɽʃʆʂ-

ʇʆʃʀʉɸʍɸʈʀɼʅʓʍ ɻʀɼʈʆɻɽʃɽʁ, ɸʈʄʀʈʆɺɸʅʅʓʍ  

ʋɻʃɽʈʆɼʅʓʄʀ ʅɸʅʆʊʈʋɹʂɸʄʀ 

 

 

1.5.2 ï ʙʠʦʬʠʟʠʢʘ 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʧʨʦʬʝʩʩʦʨ ʖ.ʌ. ɿʫʝʚ 

 

 

ʂʘʟʘʥʴ ï 2022  
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ʉʇʀʉʆʂ ʇʈʀʅʗʊʓʍ ʉʆʂʈɸʑɽʅʀʁ 

ɸʉʄ ï ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ  

ɹɿ ï ʙʨʠʣʣʠʘʥʪʦʚʳʡ ʟʝʣʝʥʳʡ 

ʄʆ ï ʤʝʪʠʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ  

ʄʋʅʊ ï ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʄʋʈʈ ï ʤʘʣʦʫʛʣʦʚʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ 

ʆʋʅʊ ï ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ  

ʇʈɼ ï ʧʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ 

ʇʕʂ ï ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʡ ʢʦʤʧʣʝʢʩ 

ʉʕʄ ï ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʊʈʀʉ ï ʪʨʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʘʤʠʥʦʤʝʪʘʥ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʋʅʊ ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʌʀʊʎ ï ʬʣʫʦʨʝʩʮʝʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪ 
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ɺɺɽɼɽʅʀɽ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʠ ʝʝ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʚ 

ʈʌ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪ ʫʛʣʫʙʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʚ 

ʪʝʩʥʦʤ ʩʦʯʝʪʘʥʠʠ ʩ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ. ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʧʨʠʝʤʦʚ ʜʣʷ 

ʟʘʜʘʯ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʫʢʪʫʨʝ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʙʝʣʢʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʘʷ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ. 

ʇʦʤʠʤʦ ʩʚʦʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ 

ʙʝʣʢʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. ʉʨʝʜʠ ʵʪʠʭ 

ʢʣʶʯʝʚʳʭ ʬʫʥʢʮʠʡ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʢʘʩʥʳʭ ʩʪʨʫʢʪʫʨ (scaffolds), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʞʠʚʳʭ 

ʩʠʩʪʝʤ, ʙʘʨʴʝʨʦʚ, ʦʪʜʝʣʷʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠ 

ʩʣʫʞʘʱʠʭ çʰʣʶʟʘʤʠè ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʞʠʚʳʭ 

ʩʠʩʪʝʤ ʬʦʨʤʠʨʫʝʪ ʫʥʠʢʘʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʨʝʜʫ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ 

ʥʘ ʫʨʦʚʥʝ ʚʥʝʢʣʝʪʦʯʥʳʭ ʠ ʤʝʞʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʩʝʪʢʘ ʛʠʜʨʦʬʠʣʴʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ, ʩʧʦʩʦʙʥʘʷ ʫʜʝʨʞʠʚʘʪʴ ʚ ʩʚʦʝʤ ʦʙʲʝʤʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ 

ʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ çʛʠʜʨʦʛʝʣʠè (Chander et al., 

2021). 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʝʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ï ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʙʠʦʬʠʟʠʢʠ. 
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ʇʦʤʠʤʦ ʩʚʦʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʛʠʜʨʦʛʝʣʠ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʢʣʘʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʧʨʝʚʦʩʭʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʩʭʦʜʩʪʚʫ ʩ ʥʘʪʠʚʥʳʤ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ (Baranwal 

et al., 2022; Patra et al., 2018).  

ɹʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ çʬʠʟʠʯʝʩʢʠʝè ʛʠʜʨʦʛʝʣʠ, ʚ ʢʦʪʦʨʳʭ 

ʪʨʝʭʤʝʨʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʩʝʪʴ ʩʫʱʝʩʪʚʫʝʪ ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʧʝʨʝʧʣʝʪʝʥʠʶ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ/ʠʣʠ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʚʢʣʶʯʘʷ ʠʦʥʥʳʝ ʤʦʩʪʠʢʠ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʩʠʣʳ (Almawash et al., 

2022; Eslahi et al., 2016).  

ʇʦ ʤʥʦʛʦʦʙʨʘʟʠʶ ʨʝʛʫʣʠʨʫʝʤʳʭ ʩʚʦʡʩʪʚ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʤʝʶʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʬʠʟʠʯʝʩʢʠʝ, 

ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʛʠʜʨʦʛʝʣʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʤʝʜʠʮʠʥʝ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʠ (Parisiet et al., 2016). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʛʠʜʨʦʛʝʣʠ ʚʩʝ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʘʢ ʟʘʤʝʥʠʪʝʣʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ (Slaughter et. al., 2009; Wang 

et. al., 2007). ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ, ʚ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʯʝʪʢʘʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʚʦʟʤʫʱʘʶʱʠʭè 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʦʥʥʦʡ ʩʠʣʳ ʩʨʝʜʳ ʠʣʠ ʚʣʠʷʥʠʝ 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʬʘʢʪʦʨʘ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ). ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʛʠʙʢʦʩʪʠ, 

ʫʥʠʢʘʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʪʝʧʣʦʚʳʤ ʠ ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ ʋʅʊ 



7 
 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ 

(Zhang et al., 2009). ʇʨʠ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʋʅʊ, ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʩʫʙʢʣʝʪʦʯʥʳʝ ʠ ʢʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʦʤ ʥʘ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ (Hurt et al., 2006). 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʠʩʢ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʙʝʣʢʦʚ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ 

ʢʘʢ ʋʅʊ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ 

ʟʘʜʘʯʝʡ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʧʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, 

ʩʪʨʫʢʪʫʨʝ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʩʚʦʡʩʪʚʘʤ ʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ ʠ ʚʣʠʷʥʠʶ ʋʅʊ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ 

ʞʠʚʳʭ ʠ ʙʠʦʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʥʝʨʝʰʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʠ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ.  

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʦʣʶʙʠʣʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

2. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ.  

3. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʧʦ ʩʚʷʟʳʚʘʥʠʶ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠ-
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ʘʢʪʠʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ.  

4. ʇʦ ʜʘʥʥʳʤ ʪʨʠʧʪʦʬʘʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʚ ʛʠʜʨʦʛʝʣʝ. 

5. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ (ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ) 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ: HeLa 

(ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ) ʠ A549 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ).  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʋʅʊ ʧʨʠ ʢʦʥʪʨʦʣʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʤʝʪʦʜʦʚ ï 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʢʦʥʜʫʢʪʦʤʝʪʨʠʷ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʨʘʩʩʝʷʥʠʶ ʠ ʚ ʨʘʤʢʘʭ 

ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʚʝʜʝʥʘ ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ ʪʨʝʭʤʝʨʥʦʡ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʝ 

ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʋʅʊ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤ, ʚʷʟʢʦʫʧʨʫʛʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʙʳʣʠ ʣʘʙʦʨʘʪʦʨʥʦ ʠʩʧʳʪʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʜʣʷ ʠʥʢʘʧʩʫʣʷʮʠʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩʦ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʛʝʣʝʡ ʠ ʜʨʫʛʠʭ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ɼʘʥʥʳʝ ʧʦ ʨʝʛʫʣʷʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ 
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ʩʠʩʪʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʝʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʮʝʣʷʭ ï ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʪ.ʜ. ʇʨʦʚʝʜʝʥʳ ʫʩʧʝʰʥʳʝ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʝʚʳʭ ʩʠʩʪʝʤ. ɼʘʥʥʳʝ ʧʦ ʦʮʝʥʢʝ 

ʠʥʢʘʧʩʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʟʘʠʤʦʩʚʷʟʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʠʟʫʯʝʥʠʝʤ ʨʝʛʫʣʷʮʠʠ ʠʭ 

ʩʚʦʡʩʪʚ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʥʘʥʦʜʦʙʘʚʦʢ ʚ ʙʠʦʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʯʪʝʥʠʠ ʢʫʨʩʦʚ ʣʝʢʮʠʡ 

ʧʦ ʙʠʦʬʠʟʠʢʝ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ ʧʦ ʪʝʤʝ çɹʠʦʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠ 

ʙʠʦʨʝʛʫʣʷʪʦʨʳ: ʙʠʦʩʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʠʟʤʳ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ 

ʠ ʤʝʞʢʣʝʪʦʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɹʠʦʢʦʥʚʝʨʩʠʷ ʠ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷè (ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ˉ ɸɸɸɸ-ɸ18-118022790083-9). ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ 

ʛʨʘʥʪʘʤʠ ʈʌʌʀ ˉ 18-415-160011 ʠ ˉ 19-38-90085. ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʤʥʦʛʦʩʪʝʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʠ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʝʡ ʛʠʜʨʦʛʝʣʝʡ ʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʣʶʙʠʣʠʟʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʷʜʫ ʬʝʨʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ. 
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2. ɺ ʛʠʜʨʦʛʝʣʝ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʦʩʪʦʷʥʠʠ ʟʦʣʷ, ʩʦʭʨʘʥʷʷʩʴ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʝʨʝʭʦʜʝ ʚ ʛʝʣʝʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

3. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʝʥʷʶʪ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʠʜʨʦʛʝʣʷ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ, ʦʜʥʘʢʦ ʤʦʜʫʣʠʨʫʶʪ 

ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʳʚʘʥʠʝ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

4. ʊʝʩʪʳ ʥʘ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʛʠʜʨʦʛʝʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʧʦʢʘʟʘʣʠ ʠʭ ʫʤʝʨʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ: 

HeLa (ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ) ʠ A549 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ: ʄʦʣʦʜʝʞʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ çʃʆʄʆʅʆʉʆɺè (ʄʦʩʢʚʘ, 2018, 

2021); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çKazan Precision Medicineè (ʂʘʟʘʥʴ, 2018); III 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

(ʂʘʟʘʥʴ, 2018); ʈʦʩʩʠʡʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ çɹʝʣʢʠ ʠ ʧʝʧʪʠʜʳè (ɼʘʛʦʤʳʩ, 2019, 2021); 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʚ ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳè (ʂʘʟʘʥʴ, 2019, 2021); XV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠè (ʉʝʚʘʩʪʦʧʦʣʴ, 2020); IV 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ XXI  ʚʝʢʘ (ʂʘʟʘʥʴ, 2021); 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʶʙʠʣʝʡʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 100-ʣʝʪʠʶ ʦʩʥʦʚʘʥʠʷ 

ʢʘʬʝʜʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʚ ʂʘʟʘʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʂʘʟʘʥʴ, 2021). 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʚ 25 ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 6 ʩʪʘʪʝʡ ʚ ʙʘʟʘʭ Wed of Science ʠ Scopus ʠ 1 ʩʪʘʪʴʷ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʤ ɺɸʂ; 18 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʈʀʅʎ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 

151 ʩʪʨʘʥʠʮʝ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 
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ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 235 

ʠʩʪʦʯʥʠʢʦʚ, ʠʟ ʥʠʭ 220 ʟʘʨʫʙʝʞʥʳʭ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 6 ʪʘʙʣʠʮ ʠ 62 ʨʠʩʫʥʢʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠ ʛʣʫʙʦʢʫʶ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ, ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ 

ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ï ʜʦʢʪʦʨʫ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ɿʫʝʚʫ ʖʨʠʶ ʌʝʜʦʨʦʚʠʯʫ.  

ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʦʬʝʩʩʦʨʫ ʢʘʬʝʜʨʳ çʌʠʟʠʢʘè 

ʌɻɹʆʋ ɺʆ çʂɻʕʋè, ʢ.ʬ.-ʤ.ʥ. ɿʫʝʚʦʡ ʆʣʴʛʝ ʉʪʝʬʘʥʦʚʥʝ ʟʘ ʚʥʠʤʘʥʠʝ ʢ ʨʘʙʦʪʝ, 

ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʤʦʨʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ.  

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʩ.ʥ.ʩ., ʢ.ʙ.ʥ. ɹʦʛʜʘʥʦʚʫ ʃʠʣʠʶ ʈʫʩʪʝʤʦʚʥʫ (ʣʘʙʦʨʘʪʦʨʠʷ 

ʙʠʦʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʥʘʥʦʩʠʩʪʝʤ ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟʝ ʠ ʦʙʩʫʞʜʝʥʠʠ ʜʘʥʥʳʭ; ʚ.ʥ.ʩ., ʜ.ʭ.ʥ. ɻʫʙʘʡʜʫʣʣʠʥʘ ɸʡʜʘʨʘ 

ʊʠʤʝʨʛʘʣʠʝʚʠʯʘ (ʣʘʙʦʨʘʪʦʨʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʆʌʍ ʌʀʎ 

ʂʘʟʅʎ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; ʩ.ʥ.ʩ., ʢ.ʪ.ʥ. 

ʂʘʜʳʡʨʦʚʘ ɸʡʜʘʨʘ ʀʣʴʜʫʩʦʚʠʯʘ (ʣʘʙʦʨʘʪʦʨʠʷ ʪʝʧʣʦʬʠʟʠʢʠ ʠ ʚʦʣʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʀʕʇʊ ʌʀʎ ʂʘʟʅʎ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; ʚ.ʥ.ʩ., ʜ.ʙ.ʥ. ʉʘʣʴʥʠʢʦʚʘ ɺʘʜʠʤʘ ɺʣʘʜʠʤʠʨʦʚʠʯʘ (ʢʘʙʠʥʝʪ 

ʤʠʢʨʦʩʢʦʧʠʠ ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ; ʩ.ʥ.ʩ., ʢ.ʭ.ʥ. ɿʠʛʘʥʰʠʥʫ ʉʫʬʠʶ 

ɸʩʭʘʪʦʚʥʫ (ʣʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʂʌʊʀ ʌʀʎ ʂʘʟʅʎ ʈɸʅ) ʟʘ 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ; ʧʨʦʬʝʩʩʦʨʘ 

ʢʘʬʝʜʨʳ çʄʠʢʨʦʙʠʦʣʦʛʠʷè ʂ(ʇ)ʌʋ, ʜ.ʙ.ʥ., ʧʨʦʬ. ʀʣʴʠʥʩʢʫʶ ʆʣʴʛʫ ʅʠʢʦʣʘʝʚʥʫ ʠ 

ʢ.ʙ.ʥ., ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʳ çʄʠʢʨʦʙʠʦʣʦʛʠʷè ʂ(ʇ)ʌʋ ɿʝʣʝʥʠʭʠʥʘ ʇʘʚʣʘ ɺʘʣʝʨʴʝʚʠʯʘ 

ʟʘ ʧʦʤʦʱʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʛʠʜʨʦʛʝʣʝʚʳʭ ʩʠʩʪʝʤ.  

ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʧʨʠʟʥʘʪʝʣʝʥ ʚʩʝʤ ʩʦʘʚʪʦʨʘʤ ʩʚʦʠʭ ʧʫʙʣʠʢʘʮʠʡ. ɸ ʪʘʢʞʝ 

ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʥʘʥʦʩʠʩʪʝʤ ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ ʟʘ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʧʨʠ 

ʥʘʧʠʩʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʙʝʣʢʝ, ʧʦʣʠʩʘʭʘʨʠʜʘʭ ʠ ʠʭ ʢʦʤʧʣʝʢʩʘʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ 

ʇʦʤʠʤʦ ʩʚʦʠʭ ʧʨʷʤʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʙʝʣʢʠ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʳ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʉʨʝʜʠ ʵʪʠʭ ʢʣʶʯʝʚʳʭ ʬʫʥʢʮʠʡ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʢʘʩʥʳʭ ʩʪʨʫʢʪʫʨ (scaffolds), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʞʠʚʳʭ 

ʩʠʩʪʝʤ, ʙʘʨʴʝʨʦʚ, ʦʪʜʝʣʷʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠ 

ʩʣʫʞʘʱʠʭ çʰʣʶʟʘʤʠè ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʬʦʨʤʠʨʫʝʪ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤ 

ʫʥʠʢʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ. 

ɹʝʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʢʣʘʩʩʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚʦ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ 

ʦʨʛʘʥʠʟʤʝ. ʋʥʠʢʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʦʩʪʘʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪ - ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʚʝʥʴʝʚ ʙʝʣʢʦʚʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʥʘʜʝʣʷʶʪ ʙʝʣʦʢ 

ʪʘʢʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ, ʙʘʣʘʥʩ ʛʠʜʨʦʬʦʙʥʳʭ ʠ ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʝʛʦ ʤʦʣʝʢʫʣ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ.  

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʙʝʣʢʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʟʫʯʘʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʞʝʣʘʪʠʥ. ɾʝʣʘʪʠʥ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʦʢ, 

ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʥʘʪʫʨʘʮʠʠ ʬʠʙʨʠʣʣʷʨʥʦʛʦ ʙʝʣʢʘ ʢʦʣʣʘʛʝʥʘ, 

ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ - ʢʦʞʠ, ʢʦʩʪʝʡ, ʩʫʭʦʞʠʣʠʡ 

ʠ ʭʨʷʱʝʡ (ʨʠʩ. 1.1) (Ramachandran et al., 1967; Echave et al., 2017). ʍʘʨʘʢʪʝʨʥʦʡ 
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ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʣʣʘʛʝʥʘ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʪʨʠʘʜ ʘʤʠʥʦʢʠʩʣʦʪ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʪʴʷ ʘʤʠʥʦʢʠʩʣʦʪʘ ʚʩʝʛʜʘ ʛʣʠʮʠʥ, ʚʪʦʨʘʷ ð 

ʧʨʦʣʠʥ ʠʣʠ ʣʠʟʠʥ, ʘ ʧʝʨʚʘʷ ð ʣʶʙʘʷ ʜʨʫʛʘʷ ʘʤʠʥʦʢʠʩʣʦʪʘ, ʢʨʦʤʝ ʪʨʸʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ. ʆʢʦʣʦ 21 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʩʪʘʪʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 3-ʛʠʜʨʦʢʩʠʧʨʦʣʠʥ, 4-ʛʠʜʨʦʢʩʠʧʨʦʣʠʥ ʠ 5-

ʛʠʜʨʦʢʩʠʣʠʟʠʥ.  

ʕʪʠ ʧʦʣʠʧʝʧʪʠʜʥʳʝ ʮʝʧʠ ʦʙʨʘʟʫʶʪ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ʢʦʣʣʘʛʝʥʘ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ Ŭ-ʮʝʧʝʡ, ʟʘʢʨʫʯʝʥʥʳʭ ʚ ʣʝʚʦʩʪʦʨʦʥʥʶʶ ʩʧʠʨʘʣʴ (ʪʨʦʡʥʘʷ ʩʧʠʨʘʣʴ 

ʢʦʣʣʘʛʝʥʘ). ʆʜʠʥ ʚʠʪʦʢ ʢʘʞʜʦʡ ʮʝʧʠ ʩʦʜʝʨʞʠʪ ʪʨʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ʊʘʢʘʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʣʣʘʛʝʥʘ 

ʠ ʫʥʠʢʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʝʤʳʭ ʢʦʣʣʘʛʝʥʦʤ ʬʠʙʨʠʣʣ ʠ ʚʦʣʦʢʦʥ 

(Silva et al., 2014).  

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʜʝʥʘʪʫʨʘʮʠʠ ʢʦʣʣʘʛʝʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʘʪʠʥʘ 

(Marques et al., 2019). 

 

ɾʝʣʘʪʠʥ ʧʦʣʫʯʘʶʪ ʠʟ ʢʦʣʣʘʛʝʥʘ ʧʫʪʝʤ ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʨʝʤʷ Ŭ-ʮʝʧʷʤʠ 

(ʙʝʟ ʛʠʜʨʦʣʠʟʘ, ʪ.ʝ. ʙʝʟ ʨʘʟʨʳʚʘ ʧʝʧʪʠʜʥʳʭ ʩʚʷʟʝʡ ʚ ʩʘʤʦʡ Ŭ-ʮʝʧʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʟ ʦʜʥʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʢʦʣʣʘʛʝʥʘ (ʄʄ=300000) ʧʦʣʫʯʘʝʪʩʷ 3 Ŭ-ʮʝʧʠ, ʪ.ʝ. 3 
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ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʞʝʣʘʪʠʥʘ (ʄʄ=100000). ʇʨʠ 60 Áʉ > ʊ > 25 Áʉ ʞʝʣʘʪʠʥ ʠʤʝʝʪ 

ʢʦʥʬʦʨʤʘʮʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʣʫʙʢʘ, ʘ ʧʨʠ ʊ < 25 Áʉ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ Ŭ-ʮʝʧʠ 

ʞʝʣʘʪʠʥʳ ʥʘʯʠʥʘʶʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ çʪʨʦʡʥʫʶ ʢʦʣʣʘʛʝʥʦʧʦʜʦʙʥʫʶ ʩʧʠʨʘʣʴè. ʕʪʘ 

ʪʨʦʡʥʘʷ ʢʦʣʣʘʛʝʥʦʧʦʜʦʙʥʘʷ ʩʧʠʨʘʣʴ ʤʦʞʝʪ ʙʳʪʴ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʠʣʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘ ʦʜʥʦʡ Ŭ-ʮʝʧʠ 

ʩʧʠʨʘʣʠʟʫʶʪʩʷ ʚʤʝʩʪʝ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʪʨʠ ʩʝʛʤʝʥʪʘ ʪʨʝʭ ʨʘʟʥʳʭ ʤʦʣʝʢʫʣ 

ʞʝʣʘʪʠʥʘ ʩʧʠʨʘʣʠʟʫʶʪʩʷ ʚʤʝʩʪʝ (Lee et al., 2001).  

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʞʝʣʘʪʠʥʘ ï ʪʠʧ ɸ (ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʦʯʢʘ pI = 7-9) ʠ 

ʪʠʧ B (pI = 4.7-5.3), ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʢʠʩʣʦʪʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Lee et al., 2001). ʇʨʠ ʨʘʚʥʦʡ ʩ ʞʝʣʘʪʠʥʦʤ ʪʠʧʘ ɺ ʞʝʣʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʞʝʣʘʪʠʥ ʪʠʧʘ ɸ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʚʷʟʢʦʩʪʴ (Jones et al., 2004). 

ʋʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʞʝʣʘʪʠʥʦʚʳʭ ʛʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʪʝʨʤʦʦʙʨʘʪʠʤʦʩʪʴ. 

ɾʝʣʘʪʠʥʦʚʳʡ ʛʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʢʫ ʠʟ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ ʩ ʟʦʥʘʤʠ 

ʩʮʝʧʣʝʥʠʷ (ʨʠʩ. 1.2). ɺ ʥʘʛʨʝʪʦʤ ʨʘʩʪʚʦʨʝ ʞʝʣʘʪʠʥʳ ʪʨʦʡʥʳʝ ʩʧʠʨʘʣʠ ʥʘʭʦʜʷʪʩʷ 

ʚ ʜʝʟʦʨʛʘʥʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʩʧʠʨʘʣʴʥʳʝ 

ʦʙʣʘʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. ʆʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʟʦʥʳ ʩʮʝʧʣʝʥʠʷ (ʪʨʦʡʥʳʝ 

ʩʧʠʨʘʣʠ) ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚʥʫʪʨʠʮʝʧʦʯʝʯʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʧʨʠʨʦʜʥʦʤ ʢʦʣʣʘʛʝʥʝ (Sato et al., 1984). 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʦʮʝʩʩ ʪʝʨʤʦʦʙʨʘʪʠʤʦʛʦ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʘʪʠʥʳ (Sato et al., 1984). 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʝʣʘʪʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ ʘʣʘʥʠʥʘ, ʘʨʛʠʥʠʥʘ, 

ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ/ʘʩʧʘʨʘʛʠʥʘ, ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ/ʛʣʫʪʘʤʠʥʘ, 
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ʛʠʩʪʠʜʠʥʘ, ʣʠʟʠʥʘ, ʛʠʜʨʦʢʩʠʣʠʟʠʥʘ ʠ ʛʠʜʨʦʢʩʠʧʨʦʣʠʥʘ. ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ 

ʧʨʦʬʠʣʴ ʦʧʨʝʜʝʣʷʝʪ ʤʝʩʪʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɾʝʣʘʪʠʥ ʪʠʧʘ ɸ 

ʠʤʝʝʪ ʩʭʦʜʥʳʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʩ ʢʦʣʣʘʛʝʥʦʤ, ʪʦʛʜʘ ʢʘʢ ʞʝʣʘʪʠʥ ʪʠʧʘ ɺ 

ʥʝ ʩʦʜʝʨʞʘʪ ʛʣʶʪʘʤʠʥ ʠ ʘʩʧʘʨʘʛʠʥ ʠʟ-ʟʘ ʱʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ (Sato et al., 1984). 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 14Áʉ ʢʦʥʬʦʨʤʘʮʠʷ ʞʝʣʘʪʠʥʘ ʤʝʥʷʝʪʩʷ, ʘ ʠʤʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʪʨʦʡʥʳʭ ʩʧʠʨʘʣʝʡ ʞʝʣʘʪʠʥʦʚʳʭ ʝʜʠʥʠʮ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʨʠʘʜ ʛʣʠʮʠʥ ï ʧʨʦʣʠʥ ï ʦʢʩʠʧʨʦʣʠʥ (ʨʠʩ. 1.3) ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Otterloo et al., 

2016). 

ʊʨʦʡʥʘʷ ʢʦʣʣʘʛʝʥʦʧʦʜʦʙʥʘʷ ʩʧʠʨʘʣʴ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʝʞʜʫ ʧʠʨʨʦʣʠʜʠʥʦʚʳʤʠ ʢʦʣʴʮʘʤʠ ʧʨʦʣʠʥʘ ʠ 

ʦʢʩʠʧʨʦʣʠʥʘ ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ NH-ʛʨʫʧʧ ʛʣʠʮʠʥʘ, ʆʅ-

ʛʨʫʧʧ ʦʢʩʠʧʨʦʣʠʥʘ ʠ ʢʠʩʣʦʨʦʜʦʤ ʛʨʫʧʧ ʉʆ. 

 

ʈʠʩʫʥʦʢ 1.3 ï ʌʦʨʤʫʣʘ ʪʨʠʧʝʧʪʠʜʘ ʛʣʠʮʠʥïʧʨʦʣʠʥïʦʢʩʠʧʨʦʣʠʥ. 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʝʣʘʪʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (Yang et al., 

2009). ʉʪʨʫʢʪʫʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠ ʛʝʣʝʡ ʞʝʣʘʪʠʥʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ (Al-Nimry et al., 2021), ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (Benmouna et al., 2004), ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (Cebi et al., 2016). ɸ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʧʨʦʯʥʦʩʪʴ 
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ʛʝʣʷ, ʚʷʟʢʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ) ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ (Ahmed et al., 2017). 

 

ʂʘʨʨʘʛʠʥʘʥʳ ʦʙʲʝʜʠʥʷʶʪ ʩʝʤʝʡʩʪʚʦ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʢʨʘʩʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʷʭ Chondrus Crispis, Eucheuma Species, Gigartina Species 

ʠ ʜʨ. ə-ʂʘʨʨʘʛʠʥʘʥ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʟʚʝʥʴʝʚ ɓïDïʛʘʣʘʢʪʦʟʳ ʠ 3,6ï

ʘʥʛʠʜʨʦïŬïDïʛʘʣʘʢʪʦʟʳ, ʩʚʷʟʘʥʥʳʭ Ŭï (1,3) ʠ ɓï (1,4) ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

(ʨʠʩ. 1.4) (ʀʟʤʘʡʣʦʚʘ ʠ ʜʨ., 1974). 

 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ əïʢʘʨʨʘʛʠʥʘʥʘ. 

 

ʊʝʨʤʦʦʙʨʘʪʠʤʦʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʨʘʛʠʥʘʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʟʘʚʠʩʷʱʝʤʫ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʛʝʥʪʦʚ, 

ʚʳʟʳʚʘʶʱʠʭ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ ʠʦʥʦʚ). ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʚʳʰʝ 75 ï 80 ÁC, ə-ʢʘʨʨʘʛʠʥʘʥ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʣʫʙʢʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʦʣʠʤʝʨʥʳʤʠ 

ʮʝʧʷʤʠ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʤʝʥʷʶʪ ʢʦʥʬʦʨʤʘʮʠʶ ʥʘ 

ʩʧʠʨʘʣʝʚʠʜʥʫʶ. ɼʘʣʴʥʝʡʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʠʦʥʦʚ (K+, Ca2+, Na+) 

ʧʨʠʚʦʜʠʪ ʢ ʘʛʨʝʛʘʮʠʠ ʩʧʠʨʘʣʴʥʳʭ ʜʠʤʝʨʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʮʝʧʷʤʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ (Gulrez et al., 2011). ɼʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ə-ʢʘʨʨʘʛʠʥʘʥʦʚʳʭ ʛʝʣʝʡ ʢʘʪʠʦʥʳ, ʦʙʳʯʥʦ ʂ+, ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʟʦʥʳ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʜʚʦʡʥʳʤʠ ʩʧʠʨʘʣʷʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʩʚʷʟʳʚʘʷ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʩʫʣʴʬʘʪʥʳʝ ʛʨʫʧʧʳ ʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʷ ʩʰʠʚʘʥʠʶ ʜʚʫʭ ʩʧʠʨʘʣʝʡ.  
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ɸʚʪʦʨʳ (Makshakova et al., 2020) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʫʩʪʘʥʦʚʠʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʩʚʷʟʳʚʘʥʠʝʤ ʠʦʥʦʚ ʠ ʧʝʨʝʭʦʜʘʤʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠ ʪʝʨʤʦʦʙʨʘʪʠʤʦʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʧʨʦʯʥʦʤ ʢʘʪʠʦʥ-ʩʫʣʴʬʘʪʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʚ ʩʠʩʪʝʤʝ ə-

ʢʘʨʨʘʛʠʥʘʥ-KCl, ʯʝʤ ʚ ʩʠʩʪʝʤʝ ə-ʢʘʨʨʘʛʠʥʘʥ-NaCI. ʂʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʜʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥ-ʩʚʷʟʘʥʥʳʝ 

ʢʦʥʬʦʨʤʘʮʠʠ ʥʝʦʢʘʨʨʘʙʠʦʟʥʦʛʦ ʟʚʝʥʘ (ʨʠʩ. 1.5).  

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʅʝʦʢʘʨʨʘʙʠʦʟʘ ʩʦ ʩʚʷʟʘʥʥʳʤ ʂ+ (ɸ ʠ ɹ) ʠ Na+ (ɺ ʠ ɻ)  

Makshakova et al., 2020). 

 

ʀʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʙʣʠʟʢʘ ʢ 

ʩʧʠʨʘʣʴʥʦʡ. ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ, ʧʦʤʠʤʦ ʵʬʬʝʢʪʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʨʷʜʘ, 

ʢʘʪʠʦʥ-ʩʚʷʟʘʥʥʳʡ ʥʝʦʢʘʨʨʘʙʠʦʟʘ ʧʨʠʥʠʤʘʝʪ ʢʦʥʬʦʨʤʘʮʠʶ, ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʘʣʠ. 

ɸʚʪʦʨʘʤʠ (Rhein-Knudsen et al., 2015) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ KCl ʠ NaCI, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʚʷʟʳʚʘʥʠʝ 
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ʠʦʥʦʚ ʠ ʧʝʨʝʭʦʜ ʦʪ ʢʣʫʙʢʘ ʢ ʩʧʠʨʘʣʠ ʚ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʠ ʥʝʘʛʨʝʛʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1.6). 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ʄʝʭʘʥʠʟʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʦʚ 

(Rhein-Knudsen et al., 2015). 

 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ, ʠʦʥʳ K+ ʜʝʡʩʪʚʫʶʪ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʩʰʠʪʴ ʜʚʝ ʩʧʠʨʘʣʠ ʯʝʨʝʟ ʩʦʣʝʚʳʝ ʤʦʩʪʠʢʠ. ɿʘʨʷʞʝʥʥʳʝ ʩʣʦʞʥʦʵʬʠʨʥʳʝ 

ʩʫʣʴʬʘʪʥʳʝ ʛʨʫʧʧʳ ʥʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʤʦʥʦʤʝʨʘ ɘ-ʢʘʨʨʘʛʠʥʘʥʘ ʩʪʠʤʫʣʠʨʫʶʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʲʝʤʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʦʪʪʘʣʢʠʚʘʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʛʨʫʧʧ SO3
ï ʠ ʠʥʛʠʙʠʨʫʶʪ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʚʳʰʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ (Montero et al., 2002). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʷ ʚ 

ʧʦʣʦʞʝʥʠʠ ʩʫʣʴʬʘʪʦʚ, ʠʭ ʧʨʦʧʦʨʮʠʠ ʠ ʥʘʣʠʯʠʝ ʘʥʛʠʜʨʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʧʨʠʜʘʶʪ 

ʢʘʨʨʘʛʠʥʘʥʘʤ ʭʘʨʘʢʪʝʨʥʳʝ ʛʝʣʝʚʳʝ ʩʚʦʡʩʪʚʘ: ə-ʢʘʨʨʘʛʠʥʘʥ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʝ ʠ 

çʞʝʩʪʢʠʝè ʛʝʣʠ, ɘ-ʢʘʨʨʘʛʠʥʘʥ, ʦʙʨʘʟʫʝʪ çʤʷʛʢʠʝè ʛʝʣʠ, ʠ ɚ-ʢʘʨʨʘʛʠʥʘʥ, ʢʦʪʦʨʳʡ 

ʥʝ ʦʙʨʘʟʫʝʪ ʛʝʣʴ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʠʟ-ʟʘ 

ʩʪʨʫʢʪʫʨʳ, ʥʝ ʜʦʧʫʩʢʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʘʣʠ. 

ɻʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ ʩʤʝʰʘʥʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ ʩ ʘʛʘʨʦʤ ʠ ʞʝʣʘʪʠʥʦʤ. ɼʦʙʘʚʣʝʥʠʝ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʫʣʫʯʰʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʞʝʣʘʪʠʥʦʚʦʛʦ ʛʝʣʷ (Bromberg et al., 1998). 
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ɸʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ï ʧʦʣʠʩʘʭʘʨʠʜ, ʠʟʚʣʝʢʘʝʤʳʡ ʠʟ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ 

Phaeophyceae (ʣʘʤʠʥʘʨʠʷ ʷʧʦʥʩʢʘʷ). ɸʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʠʥʝʡʥʳʡ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʡ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ (1-4)-ʩʚʷʟʘʥʥʳʭ D-ʤʘʥʥʫʨʦʥʘʪ (ʄ) ʠ 

L-ʛʫʣʫʨʦʥʘʪ (G) ʤʦʥʦʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʙʣʦʢʠ (ʪ.ʝ. ʩʦʜʝʨʞʘʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʄ)m, (G)n ʠ (ʄ, G)x ʚʜʦʣʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ (ʨʠʩ. 1.7)). 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʘʣʴʛʠʥʘʪʘ, 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʣʠ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʘʣʴʛʠʥʘʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʝʨʤʦʩʪʦʡʢʠʝ 

ʛʝʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ, ʦʩʦʙʝʥʥʦ 

Ca2+ (Draget et al., 2001).  

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʝʜʠʥʠʮ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʦʛʝʣʷ ʧʫʪʝʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʘʤʠ Ca2+ ʩʦʩʝʜʥʠʭ 

ʘʣʴʛʠʥʘʪʥʳʭ ʮʝʧʝʡ ʧʦ ʧʨʠʥʮʠʧʫ ʤʦʜʝʣʠ çʷʠʯʥʦʡ ʫʧʘʢʦʚʢʠè (K¿hbeck et al., 2015). 

ʏʪʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ Ca2 + ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ, ʘʣʴʛʠʥʘʪ ʜʦʣʞʝʥ 

ʩʦʜʝʨʞʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʦʣʶ ʛʫʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʤʦʥʦʤʝʨʳ ʛʫʣʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʙʣʦʢʘʤʠ. ɿʦʥʘ ʩʦʝʜʠʥʝʥʠʷ ʛʝʣʝʚʦʡ ʩʝʪʢʠ ʘʣʴʛʠʥʘʪʘ 
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ʦʙʨʘʟʫʝʪʩʷ, ʢʦʛʜʘ Gïʙʣʦʢ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʘʣʴʛʠʥʘʪʘ ʬʠʟʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ Gïʙʣʦʢʦʤ 

ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ ʧʦʣʠʩʘʭʘʨʠʜʘ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ca2 + ï ʤʦʜʝʣʴ çʷʠʯʥʦʡ 

ʫʧʘʢʦʚʢʠè (ʨʠʩ. 1.7) (Choi et al., 2002).  

ʄʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʛʠʜʨʦʛʝʣʝʡ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʥʦʤʝʨʦʚ ʚ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʳ (ʙʫʩʠʥʳ, ʪʨʫʙʢʠ, ʤʝʤʙʨʘʥʳ) (K¿hbeck et al., 2015). 

ɹʝʣʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ, 

ʠʦʥʥʳʝ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʠʩʘʭʘʨʠʜʳ, ʙʫʜʫʯʠ 

ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʦʙʳʯʥʦ ʦʩʪʘʶʪʩʷ ʚ ʚʦʜʥʦʡ ʬʘʟʝ, ʯʪʦ ʧʦʤʦʛʘʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʟʘʛʫʱʘʪʴ, ʞʝʣʠʨʦʚʘʪʴ ʠʣʠ 

ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʘʛʝʥʪʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ (ʨʅ, ʪʝʤʧʝʨʘʪʫʨʳ, 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ, ʠʦʥʥʦʡ ʩʠʣʳ ʠ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ 

ʙʠʦʧʦʣʠʤʝʨʦʚ) ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʇʕʂ) (Berger et al., 2004). ʇʕʂ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʤʝʰʝʥʠʠ ʜʚʫʭ ʙʠʦʧʦʣʠʤʝʨʦʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʘʨʷʜʘ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Hess et al., 

2006). 

ɹʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʇʕʂ ʚ ʦʩʥʦʚʥʦʤ ʩʬʝʨʦʠʜʘʣʴʥʳʝ ʠ ʩʦʩʪʦʷʪ ʠʟ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʷʜʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʫʶ ʩʤʝʩʴ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ, ʦʢʨʫʞʝʥʥʦʛʦ ʠʟʙʳʪʢʦʤ ʦʜʥʦʛʦ ʠʟ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʨʷʞʝʥʥʫʶ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʦʙʦʣʦʯʢʫ (Buschmann et al., 2013; 

Chen et al., 2016) (ʨʠʩ. .1.8).  

 
 

ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʇʕʂ (Serrano-Sevilla et al., 2019). 
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ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ʜʚʫʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʠ ʠʦʥʥʦʡ ʩʠʣʳ 

(ʨʠʩ. 1.9): ʩʝʛʨʝʛʘʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ (ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ) ʠ 

ʘʩʩʦʮʠʘʪʠʚʥʦʝ ʬʘʟʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ (ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ) (Kabir et 

al., 2018; Slaughter et al., 2009). ʈʘʟʜʝʣʝʥʠʝ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʦʜʠʥ ʠʣʠ ʦʙʘ 

ʙʠʦʧʦʣʠʤʝʨʘ ʥʝ ʟʘʨʷʞʝʥʳ ʠʣʠ ʦʙʘ ʙʠʦʧʦʣʠʤʝʨʘ ʠʤʝʶʪ ʦʜʥʦʠʤʝʥʥʳʡ ʟʘʨʷʜ. 

ʆʜʥʦʬʘʟʥʳʡ ʨʘʩʪʚʦʨ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʙʠʦʧʦʣʠʤʝʨʘ, ʪʦʛʜʘ ʢʘʢ ʜʚʫʭʬʘʟʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʨʘʟʜʝʣʴʥʳʝ ʬʘʟʳ ʙʝʣʢʘ 

ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʦʙʨʘʟʫʝʪʩʷ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʧʦʣʠʤʝʨʘ ʧʨʝʚʳʰʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ (Jones et al., 2004; Distantina et al., 2013). ʅʘʧʨʦʪʠʚ, 

ʘʩʩʦʮʠʘʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ ʚʳʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʣʴʥʳʤ ʧʨʠʪʷʞʝʥʠʝʤ 

ʤʝʞʜʫ ʜʚʫʤʷ ʙʠʦʧʦʣʠʤʝʨʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʦʩʷʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʜʘʚʣʷʶʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ. ʇʦʣʫʯʝʥʥʘʷ ʜʚʫʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʬʘʟ, 

ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʠ ʬʘʟ, ʥʘʩʳʱʝʥʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʤ. 
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ʈʠʩʫʥʦʢ 1.9 ï ɺʦʟʤʦʞʥʳʝ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʤʝʩʷʭ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜ ʠ 

ʩʣʝʜʩʪʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʛʝʣʝʡ (Ghosh et al., 2012). 

 

ʌʘʟʘ, ʥʘʩʳʱʝʥʥʘʷ ʙʠʦʧʦʣʠʤʝʨʦʤ, ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʣʠʙʦ ʢʦʘʮʝʨʚʘʪʳ, 

ʣʠʙʦ ʦʩʘʜʢʠ (ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ). ʂʦʘʮʝʨʚʘʪʳ ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ 

ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴ, ʪʦʛʜʘ ʢʘʢ ʦʩʘʜʢʠ ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʜʝʣʝʥʠʝʤ ʬʘʟ 

ʪʚʝʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ. ɼʚʝ ʩʪʨʫʢʪʫʨʳ ʩʣʝʜʫʶʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʜʚʘ ʙʠʦʧʦʣʠʤʝʨʘ ʦʙʨʘʟʫʶʪ ʧʝʨʚʠʯʥʳʝ ʨʘʩʪʚʦʨʠʤʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ pH (pHc), ʟʘʪʝʤ ʦʙʨʘʟʫʶʪʩʷ ʩʤʝʰʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʢʦʛʜʘ pH ʩʥʠʞʘʝʪʩʷ ʜʦ ʚʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ (pHű), ʠ, ʥʘʢʦʥʝʮ, 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʲʝʤʥʘʷ ʬʘʟʘ (Turgeon et al., 2009). ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʷʩʥʦ, 

ʧʦʯʝʤʫ ʥʝʢʦʪʦʨʳʝ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʷʪ ʢ ʧʨʝʮʠʧʠʪʘʮʠʠ, ʘ 

ʜʨʫʛʠʝ ʢ ʢʦʘʮʝʨʚʘʪʘʤ, ʥʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʛʠʙʢʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ 

ʤʦʣʝʢʫʣ (Turgeon et al., 2009). 
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ɹʝʣʢʠ ʠʣʠ ʧʦʣʠʩʘʭʘʨʠʜʳ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ ʠ/ʠʣʠ ʦʯʝʥʴ ʛʠʙʢʦʡ 

ʦʩʥʦʚʥʦʡ ʮʝʧʴʶ ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʘʮʝʨʚʘʪʦʚ, ʥʘʧʨʠʤʝʨ, ʞʝʣʘʪʠʥ, 

ʘʨʘʚʠʡʩʢʘʷ ʢʘʤʝʜʴ, ʩʫʣʴʬʘʪ ʜʝʢʩʪʨʘʥʘ; ʪʦʛʜʘ ʢʘʢ ʧʦʣʠʩʘʭʘʨʠʜʳ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ ʠ ʩ ʞʝʩʪʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ, 

ʥʘʧʨʠʤʝʨ, ɘ- ʠ ə-ʢʘʨʨʘʛʠʥʘʥ, ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʠ ʢʩʘʥʪʘʥʦʚʘʷ ʢʘʤʝʜʴ. ʂʨʦʤʝ ʪʦʛʦ, 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʘʬʬʠʥʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ. ɼʨʫʛʠʝ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢʞʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʜʫ ʙʝʣʢʘʤʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ (Turgeon et al., 2007). 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ, ʢʦʛʜʘ ʦʥʠ ʥʝʩʫʪ 

ʦʜʠʥʘʢʦʚʳʝ ʩʫʤʤʘʨʥʳʝ ʟʘʨʷʜʳ ʧʨʠ ʨʅ, ʙʣʠʟʢʦʤ ʢ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʦʯʢʝ ʙʝʣʢʘ, 

ʝʩʣʠ ʠʤʝʶʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʥʘ ʙʝʣʢʝ (Turgeon et al., 2007; 

Gupta et al., 2007). 

 

1.2 ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʷʭ 

ɺ ʧʦʩʣʝʜʥʠʝ ʧʘʨʫ ʜʝʩʷʪʠʣʝʪʠʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʧʨʠʨʦʜʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʥʦʛʦʢʨʘʪʥʦ 

ʫʩʠʣʠʣʩʷ ʚ ʩʚʷʟʠ ʩ ʚʳʷʩʥʝʥʠʝʤ ʠʭ ʦʛʨʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʠʥʞʝʥʝʨʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʙʠʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ (Dave et al., 2018; Simson et al., 2015), 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ, 

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʠ ʩʝʥʩʦʨʦʚ (Bardajee et al., 2010; Safavi-Mirmahalleh et al., 

2019). ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʠʩʪʝʤ, ʚʦ ʤʥʦʛʦʤ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʠ ʩʚʦʡʩʪʚʘʤ ʢʦʧʠʨʫʶʱʝʡ ʚʥʫʪʨʠ- ʠ ʤʝʞʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ ʞʠʚʳʭ ʩʠʩʪʝʤ, 

ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʛʝʣʠ ï çʩʰʠʪʳʝè ʭʠʤʠʯʝʩʢʠ ʠʣʠ ʬʠʟʠʯʝʩʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʙʠʦʧʦʣʠʤʝʨʥʳʝ ʩʝʪʠ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʦʙʲʝʤʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. 
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ʀʥʪʝʨʝʩ ʫʯʝʥʥʳʭ ʢ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʤ ʛʠʜʨʦʛʝʣʷʤ ʣʘʚʠʥʦʦʙʨʘʟʥʦ 

ʨʘʩʪʝʪ, ʢʘʢ ʢ ʤʦʜʝʣʷʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʞʠʚʳʭ ʩʠʩʪʝʤ (Chirani et al., 2015; Le et al., 2017), ʫ ʙʠʦʪʝʭʥʦʣʦʛʦʚ ʠ ʚʨʘʯʝʡ, ʢʘʢ ʢ 

çʫʤʥʦʤʫè ʤʘʪʝʨʠʘʣʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ ʠ 

ʬʘʨʤʘʮʝʚʪʠʢʝ (Suntornnond et al., 2016; Balakrishnan et al., 2011). ʕʪʦʪ ʠʥʪʝʨʝʩ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʥʘ PubMed, 

ʧʦʢʘʟʳʚʘʶʱʝʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʧʫʙʣʠʢʘʮʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ (ʨʠʩ. 1.10).  
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ɿʘʧʨʦʩ ʚ PubMed: 

"ɹʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʛʠʜʨʦʛʝʣʠ"

 

ʈʠʩʫʥʦʢ 1.10 ï ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ çɹʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ 

ʛʠʜʨʦʛʝʣʠè ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ. 

 

ɻʠʜʨʦʛʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʪʠʤʦ ʥʘʙʫʭʘʪʴ ʚ ʚʦʜʝ ʠ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. ʅʘʣʠʯʠʝ ʪʨʸʭʤʝʨʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʢʘʨʢʘʩʘ (ʩʝʪʢʠ) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʛʠʜʨʦʛʝʣʷʤ ʪʘʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʸʨʜʳʭ ʪʝʣ, ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʪʝʢʫʯʝʩʪʠ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʬʦʨʤʫ, ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʫʧʨʫʛʦʩʪʴ (Gong et al., 

2006).  

ʈʘʟʣʠʯʘʶʪ ʬʠʟʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ ʩʰʠʪʳʝ ʛʠʜʨʦʛʝʣʠ (ʨʠʩ. 1.11). ɺ ʦʪʣʠʯʠʝ 

ʦʪ çʭʠʤʠʯʝʩʢʠʭè ʛʠʜʨʦʛʝʣʝʡ ʩ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʳʤʠ 

ʮʝʧʷʤʠ, ʚ çʬʠʟʠʯʝʩʢʠʭè ʛʠʜʨʦʛʝʣʷʭ ʧʦʜʜʝʨʞʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 
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ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʠʦʥʥʳʝ, ʛʠʜʨʦʬʦʙʥʳʤʠ ʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (Maitra et al., 2014).  

 

 

 

ʈʠʩʫʥʦʢ 1.11 ï ʇʨʠʤʝʨʳ ʬʠʟʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ ʩʰʠʪʳʭ ʛʠʜʨʦʛʝʣʝʡ (Ghobril et al., 2015). 

 

ɻʠʜʨʦʛʝʣʠ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ, ʰʠʨʦʢʦ ʠʟʫʯʝʥʥʳʤʠ, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʠ ʚʘʞʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʣʝʛʯʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʠʭ ʥʦʚʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʮʠʡ, ʥʘʯʠʥʘʷ ʦʪ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʚʦʜʳ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ, ʩʙʦʨʘ/ʥʘʢʦʧʣʝʥʠʷ/ʪʨʘʥʩʧʦʨʪʘ ʵʥʝʨʛʠʠ ʠ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʪʦʧʦʣʦʛʠʶ 

ʦʙʨʘʟʫʝʤʦʡ ʠʤʠ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʠ, ʪ.ʝ. ʛʝʦʤʝʪʨʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʢʦʥʪʘʢʪʦʚ 

ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʩʝʪʝʡ 

(ʥʘʧʨʠʤʝʨ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ ʠ ʥʘʙʫʭʘʝʤʦʩʪʴ) ʠʤʝʶʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʧʦʥʠʤʘʥʠʶ ʠ ʢʦʥʪʨʦʣʶ ʤʦʨʬʦʣʦʛʠʠ ʩʝʪʝʡ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʠʤʝʨʥʳʭ ʩʝʪʝʡ 

ʷʚʣʷʶʪʩʷ ʘʤʦʨʬʥʳʤʠ ʠʣʠ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ (ʪ.ʝ. ʠʤʝʶʪ ʘʤʦʨʬʥʳʝ ʠ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʦʤʝʥʳ) ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʛʘʪʳ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʤʝʨʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʦʪ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦ ʩʫʙʤʠʢʨʦʥʥʦʛʦ. ʅʘ ʨʠʩʫʥʢʝ 1.12 ʧʦʢʘʟʘʥʳ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ 

ʘʤʦʨʬʥʳʭ ʩʝʪʝʡ.  

 

 

 

ʈʠʩʫʥʦʢ 1.12 ï ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʳʭ ʩʝʪʝʡ ʥʘ ʨʘʟʥʳʭ 

ʨʘʟʤʝʨʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʊʦʧʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʤʦʨʬʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʝʪʝʡ 

ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘ: 10-100 ʥʤ (ʧʦʢʘʟʘʥʦ ʟʝʣʝʥʳʤ), 1-10 ʥʤ 

(ʧʦʢʘʟʘʥʦ ʢʨʘʩʥʳʤ) ʠ <1 ʥʤ (ʧʦʢʘʟʘʥʦ ʩʠʥʠʤ) (Yuwei et al., 2020). 

 

ɺ ʜʠʘʧʘʟʦʥʝ 10-100 ʥʤ ʪʦʧʦʣʦʛʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 1.12), ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʬʣʫʢʪʫʘʮʠʡ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʠ (Bastide et al., 1988). 

ʄʝʪʦʜ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʥʘ ʵʪʦʤ ʨʘʟʤʝʨʥʦʤ ʤʘʩʰʪʘʙʝ (Shibayama, 2011; Lorenzo et al., 2015). ʉʧʫʪʘʥʥʳʝ, 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʮʝʧʠ, ʧʝʨʝʧʣʝʪʝʥʠʷ ʠ ʧʝʪʣʠ ʨʘʟʣʠʯʥʦʛʦ ʧʦʨʷʜʢʘ ʩʦʩʪʘʚʣʷʶʪ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ, ʢʦʪʦʨʳʝ ʜʦʤʠʥʠʨʫʶʪ ʚ 

ʤʘʩʰʪʘʙʝ 1-10 ʥʤ (Yuwei et al., 2020). ʅʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʪʢʠ 
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ʚ ʦʩʥʦʚʥʦʤ ʜʠʢʪʫʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʮʝʧʷʤʠ, ʘ ʥʝ ʪʦʧʦʣʦʛʠʝʡ; ʭʠʤʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʮʝʧʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʩʰʪʘʙʘ 

ʩʝʪʢʠ, ʢʦʪʦʨʘʷ ʜʠʢʪʫʝʪ ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ ʠ ʩʚʦʡʩʪʚʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʨʠʩ. 

1.12). 

ɹʝʣʢʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʝʪʝʚʳʝ ʛʝʣʝʚʳʝ 

ʩʪʨʫʢʪʫʨʳ: ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ, ʩʚʷʟʘʥʥʳʝ ʠ ʨʘʟʜʝʣʝʥʥʳʝ ʧʦ ʬʘʟʘʤ ʩʝʪʠ (Stokes 

et al., 2012), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.13. 

 

 

 

ʈʠʩʫʥʦʢ 1.13 ï ʉʝʪʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʛʝʣʝʡ: (A) ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ʩʝʪʠ; (ɹ) 

ʩʚʷʟʘʥʥʳʝ ʩʝʪʠ ʠ (ɺ) ʩʝʪʠ ʩ ʬʘʟʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ (Norton et al., 2014). 

 

ɺʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ʩʝʪʠ ʚʢʣʶʯʘʶʪ ʜʚʘ ʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʝ çʩʧʫʪʘʥʳè 

ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠ (ʨʠʩ. 1.13ɸ). ʕʪʘ ʩʠʩʪʝʤʘ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʭʠʤʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʣʠʤʝʨʘʤʠ (Kasapis et al., 1993). ʇʨʠʤʝʨʦʤ 

ʷʚʣʷʶʪʩʷ ʩʤʝʩʠ ʘʣʴʛʠʥʘʪʘ ʢʘʣʴʮʠʷ ʠ ʞʝʣʘʪʠʥʘ, ʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʞʝʣʘʪʠʥʦʚʳʝ ʩʧʠʨʘʣʠ ʦʙʨʘʟʫʶʪʩʷ ʚʥʫʪʨʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʘʣʴʛʠʥʘʪʥʦʛʦ ʛʝʣʷ 

(Panouill® et al., 2009). 

ɺ ʩʣʫʯʘʝ ʩʚʷʟʘʥʥʳʭ ʩʝʪʝʡ ʩʫʱʝʩʪʚʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʣʠʤʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʝʜʠʥʦʡ ʩʝʪʠ (ʨʠʩ. 1.13ɹ). 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʨʦʚʥʠ ʜʣʷ ʩʚʷʟʘʥʥʦʡ ʩʝʪʠ ʩʚʷʟʘʥʳ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʟʦʥ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘ ʢʘʞʜʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʉʚʷʟʘʥʥʘʷ ʩʝʪʴ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʩʚʷʟʳʚʘʥʠʝ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʘʩʩʦʮʠʘʮʠʠ ʘʥʠʦʥʘ ʩ 

ʢʘʪʠʦʥʦʤ ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ (Kasapis et al., 1993). ʇʨʦʮʝʩʩ 
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ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʜʝʪ ʧʦ ʧʫʪʠ, ʘʥʘʣʦʛʠʯʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʘʮʝʨʚʘʪʦʚ, ʟʘʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʨʘʩʪʚʦʨʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʧʨʠʚʦʜʷ ʢ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʝ ʚʤʝʩʪʦ ʫʢʨʫʧʥʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʠ ʬʘʟʦʚʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʩʠʩʪʝʤʳ (Laneuville et al., 2006). ʉʚʷʟʘʥʥʳʝ ʩʝʪʠ ʛʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʨʘʟʦʚʘʥʳ ʤʥʦʛʠʤʠ ʙʝʣʢʦʚʦ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʘʪʠʥʘ, 

ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ, ʣʠʟʦʮʠʤʘ, ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ, ʢʘʨʨʘʛʠʥʘʥʘ ʠ 

ʜʨ. (Ballester et al., 2005).  

ɻʝʣʠ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ ʬʘʟʘʤʠ (ʨʠʩ. 1.13ɺ) ʚʢʣʶʯʘʶʪ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ, 

ʚ ʢʦʪʦʨʦʡ ʧʦʣʠʤʝʨʳ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʚ ʪʘʢʦʡ 

ʩʠʩʪʝʤʝ ʦʜʠʥ ʠʟ ʧʦʣʠʤʝʨʦʚ ʦʙʳʯʥʦ ʦʙʨʘʟʫʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʩʝʪʴ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʦʤʠʥʠʨʫʶʱʫʶ ʬʘʟʫ, ʘ ʚʪʦʨʦʡ ʧʦʣʠʤʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʥʦʡ 

ʬʘʟʳ ʠʣʠ ʬʘʟʳ çʥʘʧʦʣʥʠʪʝʣʷè (Norton et al., 2004). 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʚʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʢʦʪʦʨʳʭ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʝʣʝʡ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1.1. 

 

ʊʘʙʣʠʮʘ 1.1ï ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʷʭ 

ʄʦʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ɓ- ʣʘʢʪʦʛʣʦʙʫʣʠʥ - ə-

ʢʘʨʨʘʛʠʥʘʥ 

1. cʙʝʣ = 0.5, 5, 10 %; cʧʩ = 1 %; pH = 7.0 (Eleya et al., 

2000) 

2. cʙʝʣ = 10 %; cʧʩ = 1 %; pH = 5.0, 6.0, 7.0 (Eleya et 

al., 2000) 
 

ɓ- ʣʘʢʪʦʛʣʦʙʫʣʠʥ /ʥʠʟʢʦ- ʠ 

ʚʳʩʦʢʦʤʝʪʦʢʩʠʣʠʨʦʚʘʥʥʳʡ 

ʧʝʢʪʠʥ ï ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ 

1. cʙʝʣ/cʧʩ = 2, 5, 10 ʩ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ = 0.1 

%, 0.2 % ʠ 0.3 %; pH = 4.4 (Le et al., 2015) 

2. cʙʝʣ/cʧʩ = 2, 5, 15, 20 ʩ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ = 

0.1 %; pH å 4.5 (Laneuville et al., 2006) 

3. cʙʝʣ/cʧʩ = 2, 5, 10, 20; 1) ʩ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

= 0.3 %, 2) cʙʝʣ = 0.03 %, 3) cʧʩ = 0.3 %; pH = 4.4 

(Le et al., 2013)  

 

 

ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ 1. cʙʝʣ = 1.0 %; cʧʩ = 0.001-0.5%; pH = 5.2-5.6 

(Derkach et al., 2014) 

2. cʙʝʣ = 1-2%; cʧʩ = 0.05-1 % (Derkach et al., 2015) 
 

ʛʣʶʢʦʤʘʥʥʘʥ-ʞʝʣʘʪʠʥ cʙʝʣ = 4 %; cʧʩ = 0.1-0.5 % (Jin et al., 2015) 

 

ə-ʢʘʨʨʘʛʠʥʘʥ-ʠʟʦʣʷʪ 

ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʧʨʦʪʝʠʥʘ 

1. cʙʝʣ = 13 %; cʧʩ = 0-0.6 %; pH = 7.0, 50, 100, 250 ʤʄ 

NaCl (¢akēr et al., 2011) 

2. cʙʝʣ = 5 %; cʧʩ = 0-0.3 %; pH = 5.5, 6.0, 6.5; 100 ʤʄ 

NaCl (¢akēr et al., 2012) 

ɘ-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ cʙʝʣ = 8 %; cʧʩ = 2 %; pH = 7; 0.2 ʄ NaCl (Michon et al., 

1996) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.1 ï ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʷʭ 

 

ʘʣʴʛʠʥʘʪ-ʞʝʣʘʪʠʥ 

 

1. cʙʝʣ = 1-2 %; cʧʩ = 1-1.5 %; ʕɼʊɸ 180 ʤʄ, D-

ʛʣʶʢʘʥʦ-d-ʣʘʢʪʦʥ 180 ʤʄ (Panouill® et al., 2009) 

2. cʙʝʣ = 1.5, 5 %; cʧʩ = 1 %; ʩ ʕɼʊɸ ʠ ʘʣʴʛʠʥʘʪʥʦʡ 

ʣʠʘʟʦʡ (Doum̄ che et al., 2007) 

ʇʨʠʤʝʯʘʥʠʝ: cʙʝʣ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ; cʧʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʠʩʘʭʘʨʠʜʘ 

 

1.3 ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʝʣʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʠ ʤʝʜʠʮʠʥʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ʉʚʦʡʩʪʚʘ ʛʠʜʨʦʛʝʣʝʡ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʧʝʨʝʢʨʝʩʪʥʦ-ʩʰʠʪʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʉʪʝʧʝʥʴ ʩʰʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʤʝʞʜʫ ʩʰʠʚʢʘʤʠ. ʇʣʦʪʥʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʩʰʠʚʦʢ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʝʪ ʥʘ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʛʝʣʝʡ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ ʠ ʜʠʬʬʫʟʠʷ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʝʱʝʩʪʚ (Le et al., 2017). ʕʪʠ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʥʠʤʘʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʛʝʣʝʡ (Makshakova et al., 2022). 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʥʦ-

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʩʝʪʝʡ ʚ ʛʠʜʨʦʛʝʣʷʭ. ʆʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʨʷʤʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʥʪʛʝʥʦ-

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʭʠʪʦʟʘʥʘ, ʞʝʣʘʪʠʥʘ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ, ʢʦʪʦʨʳʝ 

ʚʳʷʚʠʣʠ ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ (Agarwal et al., 2016). ɼʠʬʨʘʢʮʠʦʥʥʘʷ 

ʢʘʨʪʠʥʘ ʭʠʪʦʟʘʥʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʦʪʯʝʪʣʠʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʠʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʫʨʦʚʥʝ 2ɗ ʧʨʠ 10 Ü ʠ 20Ü, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ 

ʞʝʣʘʪʠʥʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʙʦʣʴʰʫʶ ʘʤʦʨʬʥʦʩʪʴ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʰʠʨʦʢʠʤ ʛʘʣʦ ʚ 

ʜʠʘʧʘʟʦʥʝ 2ɗ = 15-30Ü. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʠʢʠ ʭʠʪʦʟʘʥʘ ʠʩʯʝʟʘʶʪ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʦʟʠʮʠʠ ʤʝʞʜʫ ʭʠʪʦʟʘʥʦʤ ʠ ʞʝʣʘʪʠʥʦʤ. ɾʝʣʘʪʠʥ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʠʢ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʧʨʠ 2ɗ = 20.9Ü, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʪʨʝʭʩʧʠʨʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
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ʩʪʨʫʢʪʫʨʦʡ ʢʦʣʣʘʛʝʥʘ (Pe Ӊna et al., 2010). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ə-ʢʘʨʨʘʛʠʥʘʥʘ 

ʧʦʢʘʟʘʥʘ ʧʨʠ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʠʢʝ ʧʨʠ 2ɗ ʦʢʦʣʦ 20Á ʠ 28Á (Rhim 

et al., 2013). 

ʉʪʨʫʢʪʫʨʘ ʛʠʜʨʦʛʝʣʝʡ ʠʟʫʯʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ (ʄʋʈʈ). ɼʣʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ 6 ʤʘʩ. % ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ Rg = 112 ¡ (Helminger et al., 2014). ɼʣʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʞʝʣʘʪʠʥʘ 3.75 ʤʘʩ. % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20 Áʉ ʠ 37 Áʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʨʘʜʠʫʩʘ ʠʥʝʨʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʘʛʨʝʛʘʪʦʚ Rg ʨʘʚʥʳʝ 114 ¡ ʠ 108 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(Gelli et al., 2017). ɺ ʩʦʩʪʦʷʥʠʠ ʟʦʣʷ ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʢʦʤʧʘʢʪʥʳʭ ʢʣʫʙʢʦʚ ʞʝʣʘʪʠʥʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ Rg = 150-280 ¡ (Levachev et al., 2004; Bohidar et al., 1998). 

ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʘʪʠʥʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʢʣʫʙʦʢ Ÿ ʩʧʠʨʘʣʴ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʠʧʝʧʪʠʜʥʳʝ 

ʮʝʧʠ ʞʝʣʘʪʠʥʘ ʧʨʠʦʙʨʝʪʘʶʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʩʚʦʨʘʯʠʚʘʷʩʴ ʚ 

ʪʨʦʡʥʫʶ ʢʦʣʣʘʛʝʥʦʧʦʜʦʙʥʫʶ ʩʧʠʨʘʣʴ. ɼʣʠʥʘ ʩʧʠʨʘʣʠ ʧʦʨʷʜʢʘ 220-300 ¡, ʘ ʝʝ 

ʪʦʣʱʠʥʘ ï 14-15 ¡ (Levachev et al., 2004). 

ʈʝʟʫʣʴʪʘʪʳ ʄʋʈʈ ʜʣʷ ʛʠʜʨʦʛʝʣʝʡ 1 ʤʘʩ. % ə-ʢʘʨʨʘʛʠʥʘʥʘ ʙʳʣʠ ʦʧʠʩʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ɻʘʫʩʩʘ-ʃʦʨʝʥʮʘ ʛʝʣʴ ʩʦ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ɂ ~ 80-100 ¡ 

(ʭʘʨʘʢʪʝʨʥʳʤ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ) ʠ ɝ ~ 30-40 ¡ 

(ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʜʣʠʥʘ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʤʝʞʜʫ ʬʣʫʢʪʫʠʨʫʶʱʠʤʠ ʮʝʧʷʤʠ ʧʦʣʠʤʝʨʘ) (Evmenenko et al., 2001). ɸʚʪʦʨʳ 

(Evmenenko et al., 2001) ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ə-ʢʘʨʨʘʛʠʥʘʥʘ 2 ʤʘʩ. % ʠʤʝʣʘ 

ʞʝʩʪʢʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʨʘʜʠʫʩ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (Rc) ʙʳʣ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ (L) ʩʦ ʟʥʘʯʝʥʠʷʤʠ Rc = 11.8 Ñ 0.03 ¡, ʘ L = 174 ¡. 

ʀʟʤʝʨʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ (df) ʩ ʧʦʤʦʱʴʶ 

ʄʋʈʈ ʧʦʟʚʦʣʠʣʦ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʚʦʟʥʠʢʘʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 1.14) (Girard et al., 2004). ɿʥʘʯʝʥʠʝ df ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʝʧʝʥʴ 

ʢʦʤʧʘʢʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ: ʝʩʣʠ ʯʘʩʪʠʮʳ ʘʛʨʝʛʠʨʫʶʪ ʚ ʣʠʥʝʡʥʳʝ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʪʦ ʟʥʘʯʝʥʠʝ df ʩʪʨʝʤʠʪʩʷ ʢ 1; ʝʩʣʠ ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʢʦʤʧʘʢʪʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ, ʪʦ df ʩʪʨʝʤʠʪʩʷ ʢ 3 (Bushell et al., 2002).  
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ʈʠʩʫʥʦʢ 1.14 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (df) 

ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ (Turgeon et al., 2009). 

 

ʀʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʞʝʣʘʪʠʥʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʀʟʦʙʨʘʞʝʥʠʝ ʉʕʄ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʥʘʪʠʚʥʦʛʦ ʞʝʣʘʪʠʥʘ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʪʨʦʡʥʳʤʠ ʢʦʣʣʘʛʝʥʦʧʦʜʦʙʥʤrʠ 

ʩʧʠʨʘʣʷʤʠ. ʇʦʣʠʩʘʭʘʨʠʜʥʳʝ ʜʦʙʘʚʢʠ ʚʳʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ. ə-ʂʘʨʨʘʛʠʥʘʥ ʠʥʠʮʠʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʪʨʝʭʩʧʠʨʘʣʴʥʳʤʠ ʟʦʥʘʤʠ ʚ ʞʝʣʘʪʠʥʝ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʇʕʂ (Derkach et al., 

2018). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ) ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʘʛʨʝʛʘʪʦʚ (Peak et al., 2013; Xuan et al., 2017). ɼʣʷ ə-

ʢʘʨʨʘʛʠʥʘʥʘ ʧʦ ʜʘʥʥʳʤ ʉʕʄ ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʘʷ ʠ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʧʫʩʪʦʪʘʤʠ ʤʝʞʜʫ ʥʠʤʠ (Yang et al., 2018). 

ʉʦʯʝʪʘʥʠʝ ʞʝʣʘʪʠʥʘ ʩ ʘʥʠʦʥʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʦ-

ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʝʣʘʪʠʥʦʚʳʭ ʛʝʣʝʡ, ʚʢʣʶʯʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʠʜʨʦʛʝʣʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
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ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ (Higuchi et al., 2014), 

ʢʦʪʦʨʳʝ ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʚʷʟʠ ʩ ʠʭ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʙʠʦʤʘʪʝʨʠʘʣʘʭ, ʩʝʥʩʦʨʘʭ, ʜʠʩʧʣʝʷʭ ʠ ʪ.ʜ. (Jones et 

al., 2011; Dong et al., 2011).  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʦʚʳʭ 

ʛʝʣʝʡ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʘʥʘʣʠʟʦʤ ʩʪʨʫʢʪʫʨʳ ʇʕʂ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʦʥʝʥʪ (Derkach et al., 2018). ʇʨʠ ʥʠʟʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʤʝʞʜʫ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʠ ʙʝʣʢʦʤ (Z <0.1) ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʝʰʘʥʥʳʭ 

ʛʝʣʝʡ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʩʘʭʘʨʠʜʘ 

(Z>0.1) ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠ ʧʨʦʯʥʦʩʪʴ ʛʝʣʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʫʧʨʦʯʥʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʛʝʣʷ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʮʝʧʷʤʠ ʙʠʦʧʦʣʠʤʝʨʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʦʧʦʢ ʠʟ ʪʨʦʡʥʳʭ ʩʧʠʨʘʣʝʡ ʞʝʣʘʪʠʥʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʜʚʦʡʥʳʤʠ ʩʧʠʨʘʣʷʤʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʙʝʣʢʘʤʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (Grinberg et al., 1997). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʶ ʙʝʣʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ, ʪʘʢ ʢʘʢ ʦʥʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʩʪʘʙʠʣʴʥʦʩʪʴ, ʤʝʞʬʘʟʥʳʝ 

ʠ ʛʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʠʥʢʘʧʩʫʣʷʮʠʷ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʈʝʦʣʦʛʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʟʦʣʴ-ʛʝʣʴ ʧʝʨʝʭʦʜʦʚ, 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʜʨʦʛʝʣʝʡ ʠ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʣʷ. ʆʩʮʠʣʣʷʪʦʨʥʘʷ ʨʝʦʣʦʛʠʷ ʩ 

ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʷʟʢʦʫʧʨʫʛʠʡ ʦʪʢʣʠʢ ʛʝʣʝʡ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ. ʊʘʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ (Derkach et al., 2015) ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʦʛʦ ʛʝʣʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ Gǌ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʧʦʪʝʨʴ Gǋ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʪʚʝʨʜʦʧʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ, ʘ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʧʦʪʝʨʴ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʛʝʣʷ ʢʘʢ ʚ ʞʝʣʘʪʠʥʝ, ʪʘʢ ʠ ʚ ʩʤʝʩʷʭ 

ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʞʝʣʘʪʠʥʫ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ Gǌ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʝʣʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʇʕʂ, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʥʘʣʠʯʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʣʝʚʦʡ ʩʝʪʠ.  

ɼʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʭʦʜʫ ʟʦʣʴ-ʛʝʣʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʘ. ʕʪʘ 

ʢʨʠʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ ʨʳʙʥʦʛʦ ʞʝʣʘʪʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʘʩ. % ʠ ʧʝʨʝʭʦʜ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 10ÜC (Koğodziejska et al., 2008), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʨʠʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ ʞʝʣʘʪʠʥʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʙʣʠʟʢʘ ʢ 1 ʤʘʩ. % ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 15ÜC (Huang et al., 2019).  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʣʝʡ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʇʕʂ, ʚʢʣʶʯʘʶʱʠʤʠ ʨʳʙʠʡ ʞʝʣʘʪʠʥ ʠ ʘʣʴʛʠʥʘʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʤʘʩʩʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (Derkach et al., 2020). ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʝʭʦʜ ʟʦʣʴ-

ʛʝʣʴ ʷʚʣʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʭʦʪʷ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʣʴ-ʛʝʣʴ 

ʧʝʨʝʭʦʜʘ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ (ʚʷʟʢʦʫʧʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ) ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʣʝʡ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʭʘʨʘʢʪʝʨʥʦʤ ʤʘʩʩʦʚʦʤ ʦʪʥʦʰʝʥʠʠ 

ʘʣʴʛʠʥʘʪʘ ʢ ʨʳʙʴʝʤʫ ʞʝʣʘʪʠʥʫ Z* = 0.06 (0.07), ʠ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʥʳʭ ʛʨʫʧʧ ʚ ʢʦʤʧʣʝʢʩʘʭ. ɻʦʤʦʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʘʣʴʛʠʥʘʪ-ʞʝʣʘʪʠʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʧʨʠ Z<Z*, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʣʠʩʘʭʘʨʠʜʘ. ʅʘʧʨʦʪʠʚ, ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 

Z>Z*, ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʣʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʘ. ʀʟʤʝʨʝʥʠʝ ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʘʭ ʠ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʪʝʢʫʯʝʩʪʠ ʧʦʟʚʦʣʠʣʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ ʢʘʢ ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʝ ʚʝʱʝʩʪʚʘ (Derkach et al., 2020).  

ʀʟʫʯʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʞʝʣʘʪʠʥʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
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ʤʝʪʦʜʦʚ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʙʠʦʧʦʣʠʤʝʨʦʚ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ (Derkach et al., 2018). 

ʉʧʝʢʪʨʳ ʩʤʝʰʘʥʥʳʭ ʛʝʣʝʡ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ ʚʳʷʚʠʣʠ ʜʚʝ ʦʙʣʘʩʪʠ ʩ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʣʷ. ʇʦʛʣʦʱʝʥʠʝ ʙʝʣʢʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʚʫʭ ʠʥʪʝʥʩʠʚʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩ: ɸʤʠʜ I (1700-1600 

ʩʤ-1) ʠ ɸʤʠʜ II (1600-1500 ʩʤ-1), ʢʦʪʦʨʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʦʥʬʦʨʤʘʮʠʠ. ʉ 

ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʘʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʟʦʥ 

ʩʦʝʜʠʥʝʥʠʷ (Derkach et al., 2018) (ʨʠʩ. 1.15).  

ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʳʤʠ ʮʝʧʷʤʠ ʦʧʨʝʜʝʣʷʝʪ 

ʚʟʘʠʤʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʧʠʨʘʣʝʡ. ʇʨʠ ʥʘʣʠʯʠʠ ʦʪʜʝʣʴʥʳʭ 

ʢʦʥʪʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʜʦʣʴ ʮʝʧʠ, ʩʪʝʨʞʥʠ ʩʧʠʨʘʣʝʡ ʩʪʨʝʤʷʪʩʷ ʠʤʝʪʴ 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʭ ʫʟʣʦʚ ʩʨʝʜʠ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. ɼ). ʂʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʴ 

ʪʨʦʡʥʦʡ ʩʧʠʨʘʣʠ ʞʝʣʘʪʠʥʘ ʠ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʩʦʟʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʫʟʣʘ ʠʟ ʦʜʥʦʡ ʪʨʦʡʥʦʡ ʩʧʠʨʘʣʠ ʞʝʣʘʪʠʥʘ ʠ ʜʦ ʪʨʝʭ 

ʜʚʦʡʥʳʭ ʩʧʠʨʘʣʝʡ ə-ʢʘʨʨʘʛʠʥʘʥʘ. ɹʦʣʝʝ ʪʦʛʦ, ʦʜʥʘ ə-ʢʘʨʨʘʛʠʥʘʥʦʚʘʷ ʜʚʦʡʥʘʷ 

ʩʧʠʨʘʣʴ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʜʦ ʪʨʝʭ ʞʝʣʘʪʠʥʦʚʳʭ ʪʨʦʡʥʳʭ ʩʧʠʨʘʣʝʡ. ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʝʪʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʦʚʳʡ ʛʝʣʴ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʜʥʦʡ ʮʝʧʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʩ ʪʨʦʡʥʦʡ ʩʧʠʨʘʣʴʶ ʞʝʣʘʪʠʥʘ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʧʠʨʘʣʝʡ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʛʠʙʢʦʩʪʠ, ʦʜʠʥʦʯʥʘʷ 

ʧʦʣʠʩʘʭʘʨʠʜʥʘʷ ʮʝʧʴ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ɺʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʳʭ ʠ ʠʦʥʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʞʝʣʘʪʠʥʘ. ʉʪʝʨʞʥʝʧʦʜʦʙʥʘʷ 

ʜʚʦʡʥʘʷ ʩʧʠʨʘʣʴ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʦʙʨʘʟʫʝʪ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ 

ʢʦʥʪʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 
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ʈʠʩʫʥʦʢ 1.15 ï (ɸ) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʨʘʙʠʦʟʥʦʡ ʝʜʠʥʠʮʳ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʩ 

ʪʨʦʡʥʦʡ ʩʧʠʨʘʣʴʶ ʞʝʣʘʪʠʥʘ; (ɹ, ɺ, ɻ) ʢʦʥʪʘʢʪʳ ʦʣʠʛʦʩʘʭʘʨʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ə-

ʢʘʨʨʘʛʠʥʘʥʘ ʩ ʪʨʦʡʥʦʡ ʩʧʠʨʘʣʴʶ ʞʝʣʘʪʠʥʘ; (ɼ) ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʟʦʥʳ 

ʩʦʝʜʠʥʝʥʠʷ ʪʨʦʡʥʦʡ ʩʧʠʨʘʣʠ ʞʝʣʘʪʠʥʘ ʩ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʴʶ ə-ʢʘʨʨʘʛʠʥʘʥʘ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʣʷʭ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʘʟʘʥʘ 

ʧʨʦʟʨʘʯʥʦ-ʩʝʨʳʤ ʮʚʝʪʦʤ. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ 

(Derkach et al., 2018). 

 

ʇʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʩ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ ʚʳʩʚʦʙʦʞʜʝʥʠʷ. ʆʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ə-ʢʘʨʨʘʛʠʥʘʥ 

ʠ ʘʣʴʛʠʥʘʪ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʢʘʪʠʦʥʥʳʤʠ ʟʘʨʷʞʝʥʥʳʤʠ 

ʙʠʦʧʦʣʠʤʝʨʘʤʠ ʠʣʠ ʢʘʪʠʦʥʥʳʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʣʦʯʢʠ 

ʤʠʢʨʦʢʘʧʩʫʣ. ʂʦʤʙʠʥʘʮʠʷ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʞʝʣʘʪʠʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʦʢʘʟʘʣʘʩʴ ʧʦʣʝʟʥʦʡ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʧʨʦʬʠʣʝʡ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʘ. ɸʚʪʦʨʳ 

(Bonferoni et al., 2004) ʫʩʧʝʰʥʦ ʟʘʛʨʫʟʠʣʠ ʤʘʣʝʘʪ ʪʠʤʦʣʦʣʘ ʚ ə-ʢʘʨʨʘʛʠʥʘʥ-

ʞʝʣʘʪʠʥʦʚʳʤ ʩʬʝʨʳ ʜʣʷ ʦʬʪʘʣʴʤʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  
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ɼʦʙʘʚʣʝʥʠʝ 0.02 ʤʘʩ. % ə-ʢʘʨʨʘʛʠʥʘʥʘ ʚ ʘʛʘʨʦʟʥʳʝ ʛʝʣʠ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʛʝʣʷ ʠ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʤʦʜʝʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ (ʣʠʜʦʢʘʠʥ HCl, ʜʦʢʩʝʧʠʥ HCl, ʠʤʠʧʨʘʤʠʥ HCl) (Sjºberg et al., 1999). 

ɸʚʪʦʨʳ (Santo et al., 2009) ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ə-ʢʘʨʨʘʛʠʥʘʥ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʢʨʘʩʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ. ɸ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʛʝʣʝʡ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʧʫʪʝʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʨʨʘʛʠʥʘʥʦʚ ʠ ʧʫʪʝʤ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʙʠʦʧʦʣʠʤʝʨʘʤʠ. ʅʘʥʦʧʦʨʠʩʪʦʩʪʴ ʘʣʴʛʠʥʘʪʥʳʭ ʛʝʣʝʡ (ʨʘʟʤʝʨ ʧʦʨ Ḑ 5 ʥʤ) 

(Boontheekul et al., 2005), ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʡ ʜʠʬʬʫʟʠʠ ʤʘʣʳʭ 

ʤʦʣʝʢʫʣ ʯʝʨʝʟ ʛʝʣʴ. ʅʘʧʨʠʤʝʨ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʬʣʫʨʙʠʧʨʦʬʝʥʘ ʠʟ ʠʦʥʥʦ-ʩʰʠʪʳʭ, 

ʯʘʩʪʠʯʥʦ ʦʢʠʩʣʝʥʥʳʭ ʘʣʴʛʠʥʘʪʥʳʭ ʛʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ 1.5 ʯʘʩʘ. ɸʚʪʦʨʳ (Wells et al., 2007; Gao et al., 2009) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʦʥʥʦ-

ʩʰʠʪʳʝ ʘʣʴʛʠʥʘʪʥʳʝ ʤʠʢʨʦʩʬʝʨʳ ʵʬʬʝʢʪʠʚʥʦ ʠʥʢʘʧʩʫʣʠʨʫʶʪ ʙʝʣʢʠ ʩ ʚʳʩʦʢʦʡ pI, 

ʪʘʢʠʝ ʢʘʢ ʣʠʟʦʮʠʤ ʠ ʭʠʤʦʪʨʠʧʩʠʥ; ʵʪʠ ʙʝʣʢʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʬʠʟʠʯʝʩʢʠ ʩʰʠʚʘʶʪ 

ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ.  

ɹʝʣʢʦʚʦ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʦʪʢʨʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʪʢʘʥʝʡ ʜʣʷ 

ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʣʝʯʝʥʠʝ ʨʘʥ, ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ, ʦʩʥʦʚʘʥʳ ʥʘ ʙʝʣʢʦʚʦ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (Michel 

et al., 2020). ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʨʘʟʨʘʙʦʪʢʝ ʙʝʣʢʦʚʦ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʣʠ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ (Bealer et al., 2020). 

ɻʠʜʨʦʛʝʣʠ ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʪʢʘʥʷʤʠ (ʚ ʥʘʙʫʭʰʝʤ 

ʩʦʩʪʦʷʥʠʠ), ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʝʚʦʩʭʦʜʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ (Mohite et al., 2017). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʛʠʜʨʦʛʝʣʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʮʝʣʷʭ 

(Peppas et al., 1986; Rokhade et al., 2007; Das et al., 2012). ʆʥʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚʦʜʦʧʦʜʛʦʪʦʚʢʝ, ʢʦʩʤʝʪʠʢʝ ʠ ʪ.ʜ. (Maziad 

et al., 2004; Naziha et al., 2015).  
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ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʪʢʘʥʝʚʦʡ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʦʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʝʛʦ ʟʘʚʠʩʠʪ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ɻʠʜʨʦʛʝʣʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʬʦʨʤʳ, ʘ ʠʤʝʥʥʦ: ʪʚʝʨʜʦʝ 

ʣʠʪʴʝ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʷʛʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʟʘʭ), ʧʦʢʨʳʪʠʝ (ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʢʘʧʠʣʣʷʨʥʳʭ ʩʪʝʥʢʘʭ ʧʨʠ ʢʘʧʠʣʣʷʨʥʦʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʝ ʠ ʚ ʢʘʪʝʪʝʨʘʭ, ʠʤʧʣʘʥʪʘʪʘʭ, ʪʘʙʣʝʪʢʘʭ), ʧʨʝʩʩʦʚʘʥʥʳʝ ʘʢʪʠʚʥʳʝ 

ʤʘʪʨʠʮʳ (ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʧʩʫʣʘʭ ʠ ʧʠʣʶʣʷʭ ʜʣʷ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ), 

ʤʠʢʨʦʯʘʩʪʠʮʳ ʠ ʰʘʨʠʢʠ (ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʣʝʢʘʨʩʪʚ ʧʨʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʣʝʢʘʨʩʪʚ), ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʪʚʝʨʜʳʝ 

ʤʘʪʝʨʠʘʣʳ (ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʩʤʦʪʠʯʝʩʢʠʭ ʥʘʩʦʩʘʭ), ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʞʠʜʢʦʩʪʠ 

(ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʛʝʣʝʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠʣʠ ʥʘʛʨʝʚʘʥʠʠ), ʘʜʛʝʟʠʚʥʳʝ ʘʛʝʥʪʳ 

(ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʙʠʦʘʜʛʝʟʠʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠ ʧʝʨʝʚʷʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ) ʠ ʪ.ʜ. (Maziad et al., 2004; Rosiak et al., 1999; Kashyap et al., 2005). 

ɸʚʪʦʨʳ (Lim et al., 2010) ʩʦʦʙʱʠʣʠ ʦ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʢʘʨʢʘʩʦʚ ʜʣʷ ʪʢʘʥʝʚʦʡ 

ʠʥʞʝʥʝʨʠʠ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʞʝʣʘʪʠʥʘ. ʇʦʨʠʩʪʦʩʪʴ ʢʘʨʢʘʩʘ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ə-ʢʘʨʨʘʛʠʥʘʥʘ. ʀʤʧʣʘʥʪʘʮʠʷ ʢʘʨʢʘʩʘ ʚ 

ʧʦʜʢʦʞʥʫʶ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʪʢʘʥʴ ʢʨʳʩ ʧʦʜʪʚʝʨʜʠʣʘ, ʯʪʦ ʢʘʨʢʘʩ ʙʳʣ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ.  

ɸʥʘʣʠʟʳ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʠ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ in vitro ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʞʠʨʦʚʦʡ ʪʢʘʥʠ, ʧʦʩʝʷʥʥʳʭ ʥʘ ʛʠʜʨʦʛʝʣʝʚʦʡ ʩʤʝʩʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʛʠʜʨʦʛʝʣʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʤʝʩʠ ʞʝʣʘʪʠʥʘ 

ʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʷʚʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʛʠʜʨʦʛʝʣʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ (Tytgat et al., 2018).  

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʞʝʣʘʪʠʥʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʣʫʯʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʛʝʣʷ (Makshakova et al., 2022). ɺ ʙʝʣʢʦʚʳʭ ʛʝʣʷʭ ə-

ʢʘʨʨʘʛʠʥʘʥ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʫʝʪ ʥʝʟʘʚʠʩʠʤʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʦʩʥʦʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʙʝʣʢʘʤʠ ʚʦ ʚʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ (G·mezï

Guillen et al., 1996). 
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ɾʝʣʘʪʠʥʦʚʳʝ ʛʫʙʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʢʨʦʚʦʪʝʯʝʥʠʷ ʠʟ ʨʘʥ. 

ʂʦʤʧʦʟʠʪʥʘʷ ʤʘʪʨʠʮʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʘʣʴʛʠʥʘʪʘ ʠ ʞʝʣʘʪʠʥʘ, ʠʤʝʝʪ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʣʝʟʥʳʝ ʘʩʧʝʢʪʳ ʦʙʦʠʭ ʧʦʣʠʤʝʨʦʚ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʚʷʟʦʢ ʜʣʷ ʨʘʥ, ʪʘʢʠʤʠ ʢʘʢ ʭʦʨʦʰʘʷ ʚʦʜʦʧʦʛʣʦʱʘʝʤʦʩʪʴ, 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʤʷʛʢʠʝ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ (Kabiri et al., 2011). 

ʂʦʤʙʠʥʘʮʠʷ ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʞʝʣʘʪʠʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʦʢʘʟʘʣʘʩʴ 

ʧʦʣʝʟʥʦʡ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʧʨʦʬʠʣʝʡ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʠʭ ʤʫʢʦʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ 

(Li  et al., 2014). ʇʦʩʢʦʣʴʢʫ ʤʫʢʦʘʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʨʨʘʛʠʥʘʥʘ ʚʝʩʴʤʘ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʩʠʩʪʝʤʳ (Melchels et al., 2012), ʚ ʢʦʪʦʨʳʭ ʢʘʨʨʘʛʠʥʘʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʢʘʢ ʩ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʪʘʢ ʠ ʩ ʤʫʢʦʘʜʛʝʟʠʚʥʳʤ 

ʧʦʣʠʤʝʨʦʤ, ʪʘʢʠʤ ʢʘʢ ʞʝʣʘʪʠʥ, ʜʦʣʞʥʳ ʫʣʫʯʰʠʪʴ ʵʪʦʪ ʘʩʧʝʢʪ (Wust et al., 2011). 

ɸʚʪʦʨʳ (Sathuvan et al., 2017) ʠʩʩʣʝʜʦʚʘʣʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ə-

ʢʘʨʨʘʛʠʥʘʥʘ ʩ ʟʘʛʨʫʞʝʥʥʳʤ ʚ ʥʝʛʦ ʢʫʨʢʫʤʠʥʦʤ ʥʘ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ ʢʘʨʮʠʥʦʤʳ 

ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ ʣʠʥʠʠ ɸ549. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʦʟʦʚʦʛʦ ʦʪʚʝʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 50-500 ʛ/ʤʣ, 10-100 ʛ/ʤʣ ʠ 

10-100 ʛ/ʤʣ ʚ ʪʝʯʝʥʠʝ 24, 48 ʠ 72 ʯʘʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʢʫʨʢʫʤʠʥ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʧʦʩʣʝ ʢʦʥʲʶʛʘʮʠʠ ʩ ə-ʢʘʨʨʘʛʠʥʘʥʦʤ, ʧʦʩʢʦʣʴʢʫ ʢʫʨʢʫʤʠʥ 

ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʣʝʪʦʯʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʯʝʨʝʟ 24, 48, 72 

ʯʘʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʩʪʘʚʢʝ ʚ ʢʣʝʪʢʠ. 

ʂʘʨʨʘʛʠʥʘʥ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʰʝʡʢʠ ʤʘʪʢʠ ʣʠʥʠʠ 

HeLa ʥʝ ʪʦʣʴʢʦ ʧʫʪʝʤ ʦʩʪʘʥʦʚʢʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʟʘʭ, ʥʦ ʠ 

ʚʳʟʳʚʘʷ ʟʘʜʝʨʞʢʫ ʚ ʨʘʟʚʠʪʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. ə-ʂʘʨʨʘʛʠʥʘʥ ʟʘʜʝʨʞʠʚʘʝʪ 

ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʣʠʥʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʝʪʢʘʤʠ, ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ə-ʢʘʨʨʘʛʠʥʘʥʦʤ. ɸʚʪʦʨʳ (Prasedya 

et al., 2016) ʧʦʜʯʝʨʢʥʫʣʠ, ʯʪʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʳ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ in vivo ʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʜʨʫʛʠʭ ʣʠʥʠʷʭ ʨʘʢʦʚʳʭ ʠ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʯʝʣʦʚʝʢʘ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʛʦ ʘʛʝʥʪʘ. 

ɻʝʣʝʚʳʝ ʩʠʩʪʝʤʳ ʩ ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ ʙʳʣʠ ʚʳʩʦʢʦ ʦʮʝʥʝʥʳ ʢʘʢ ʩʠʩʪʝʤʳ 

ʧʝʨʦʨʘʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʩ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ. ɹʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʩʪʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ, ʬʦʩʬʘʪ ʢʘʣʴʮʠʷ, ʙʠʢʘʨʙʦʥʘʪ 

ʥʘʪʨʠʷ, ʣʘʢʪʦʟʫ ʠ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ (ʭʣʦʨʬʝʥʠʨʘʤʠʥ, ʩʘʣʠʮʠʣʘʪ ʥʘʪʨʠʷ ʠ 

ʢʦʬʝʠʥ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʣʝʢʘʨʩʪʚʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʠ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʶ ʘʣʴʛʠʥʘʪʘ. ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʪʘʢʞʝ 

ʟʘʚʠʩʝʣʦ ʦʪ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʨʠʯʝʤ ʢʘʪʠʦʥʥʦʝ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ 

ʭʣʦʨʬʝʥʠʨʘʤʠʥ ʠʤʝʝʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ, ʯʝʤ ʘʥʠʦʥʥʦʝ 

ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ï ʩʘʣʠʮʠʣʘʪ ʥʘʪʨʠʷ. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʢʘʪʠʦʥʥʳʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʘʣʴʛʠʥʘʪʦʤ (Stockwell et al., 1986).  

ɸʚʪʦʨʳ (Thomas et al., 2000; Bouhadir et al., 2001) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʧʦʪʝʥʮʠʘʣ ʘʣʴʛʠʥʘʪʘ ʠ ʞʝʣʘʪʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʲʝʮʠʨʫʝʤʳʭ ʢʘʨʢʘʩʦʚ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ in situ ʜʣʷ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ. ɸ ʘʚʪʦʨʳ 

(Wells et al., 2007) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʦʪʨʝʢʩʘʪ (ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ 

ʘʣʴʛʠʥʘʪʦʤ) ʙʳʩʪʨʦ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʦʢʩʦʨʫʙʠʮʠʥ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʘʣʴʛʠʥʘʪʦʤ, ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ 

ʛʠʜʨʦʣʠʟʦʤ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ. 

ɻʝʣʝʚʳʝ ʤʠʢʨʦʩʬʝʨʳ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʚʳʢʘʧʳʚʘʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʘʣʴʛʠʥʘʪʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠʮ ʜʣʷ 

ʧʝʨʦʨʘʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʙʝʣʢʦʚ. ɻʝʣʠ ʟʘʱʠʱʘʶʪ ʙʝʣʢʠ, ʥʝʫʩʪʦʡʯʠʚʳʝ ʢ ʜʝʡʩʪʚʠʶ 

ʢʠʩʣʦʪ, ʪʘʢʠʝ ʢʘʢ ʠʥʩʫʣʠʥ, ʦʪ ʜʝʥʘʪʫʨʘʮʠʠ ʚ ʞʝʣʫʜʦʯʥʦʡ ʩʨʝʜʝ (Chan et al., 2010).  

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʠʣʠ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ (Petka et al., 1998). ɼʣʠʪʝʣʴʥʦʝ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʪʝʦʬʠʣʣʠʥʘ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʠʟ ʤʠʢʨʦʩʬʝʨ ʘʣʴʛʠʥʘʪʘ ʟʘ ʩʯʝʪ 

ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ). ɼʦʙʘʚʣʝʥʠʝ ʋʅʊ ʫʩʠʣʠʚʘʣʦ 
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ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʣʝʡ, ʚʣʠʷʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʨʬʦʣʦʛʠʶ ʤʠʢʨʦʩʬʝʨ. 

ɺ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʛʠʜʨʦʛʝʣʝʚʳʭ ʤʠʢʨʦʩʬʝʨ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʋʅʊ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʨʝʧʘʨʘʪʦʚ ʚ ʢʠʰʝʯʥʠʢ ʠ 

ʪʦʣʩʪʫʶ ʢʠʰʢʫ (Zhang et al., 2010). 

ɹʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʛʠʜʨʦʛʝʣʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʦʪ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʜʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ. ʆʩʦʙʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʦʜʫʣʠʨʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʜʦʙʘʚʦʢ (Petka et al., 1998). ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ). 

 

1.4 ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʢʘʢ ʤʦʜʠʬʠʢʘʪʦʨ ʩʚʦʡʩʪʚ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ 

ʇʦʧʫʣʷʨʥʦʩʪʴ ʛʠʜʨʦʛʝʣʝʡ ʠ ʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʥʘʥʦʤʝʜʠʮʠʥʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʫʱʠʤ ʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ (Zhao, et al., 2015). ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʘʙʦʨ ʠ ʜʠʘʧʘʟʦʥ ʵʪʠʭ ʩʚʦʡʩʪʚ ʚʩʝ ʨʘʚʥʦ ʥʝ ʤʦʞʝʪ ʦʭʚʘʪʠʪʴ ʚʩʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʠʬʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʤʝʶʪ ʪʝ ʞʝ ʥʘʥʦʤʝʪʨʦʚʳʝ 

ʨʘʟʤʝʨʳ, ʯʪʦ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚʳʩʪʫʧʘʝʪ ʛʨʘʬʠʪʦʚʳʡ ʥʘʥʦʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ, ʦʧʪʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʘʢʦʛʦ 

ʛʨʘʬʠʪʦʚʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʷʚʣʷʶʪʩʷ ʦʜʥʦʩʪʝʥʥʳʝ ʠ ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ). ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʋʅʊ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʙʠʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, 
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ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʨʚʥʳʭ ʪʢʘʥʝʡ ʥʘ ʦʩʥʦʚʝ 

ʛʠʜʨʦʛʝʣʝʡ (Simon et al., 2019). ʂʨʦʤʝ ʪʦʛʦ, ʋʅʊ ʤʦʛʫʪ ʜʘʞʝ ʫʩʪʨʘʥʷʪʴ ʪʦʢʩʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ʚ ʛʠʜʨʦʛʝʣʷʭ (Cirillo et al., 2014). 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʪʷʞʝʥʥʳʝ ʧʦʣʳʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʫʛʣʝʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʚʝʨʥʫʪʳʤ ʚ ʮʠʣʠʥʜʨ 

ʛʨʘʬʝʥʦʚʳʤ ʣʠʩʪʦʤ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʩʚʝʨʥʫʪʳʭ ʚ ʪʨʫʙʢʫ ʛʨʘʬʝʥʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ 

ʋʅʊ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʆʋʅʊ) ʠ 

ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʄʋʅʊ) (ʨʠʩ. 1.16) (Li et al., 2005). 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʋʅʊ ʧʦʢʘʟʳʚʘʶʪ ʜʠʬʨʘʢʮʠʦʥʥʳʡ 2ɗ = 25.5Á ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʜʝʢʩʠʨʦʚʘʥ ʢʘʢ ʦʪʨʘʞʝʥʠʝ C(002) ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʨʫʛʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʛʨʘʬʠʪʘ ʧʨʠ 2ɗ ʦʢʦʣʦ 43Á, 53Á ʠ 77Á 

ʩʚʷʟʘʥʳ ʩ ʜʠʬʨʘʢʮʠʝʡ C(100), C(004) ʠ C(110) ʛʨʘʬʠʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Tawfik et 

al., 2013) 

 

 

ʈʠʩʫʥʦʢ 1.16 ï (ɸ) ʆʜʥʦʩʪʝʥʥʳʝ ʠ (ɹ) ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ. 

 

ʆʋʅʊ ʠ ʄʋʅʊ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʬʠʟʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʠʟ-ʟʘ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʨʘʟʣʠʯʠʡ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, 

ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪ ʆʋʅʊ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʆʋʅʊ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʣʠʩʪʳ ʛʨʘʬʝʥʘ, 

ʩʚʝʨʥʫʪʳʝ ʚ ʧʦʣʳʝ ʮʠʣʠʥʜʨʳ, ʧʦʵʪʦʤʫ ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʛʨʘʬʝʥʦʚʳʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʆʋʅʊ, ʄʋʅʊ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʛʨʘʬʝʥʘ, ʩʚʝʨʥʫʪʳʭ ʚ ʪʨʫʙʢʫ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʞʜʳʤ ʩʣʦʝʤ 

ʙʣʠʟʢʠ ʢ ʤʝʞʩʣʦʝʚʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʚ ʛʨʘʬʠʪʝ (0.34 ʥʤ). ʕʪʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʆʋʅʊ 

ʠ ʄʋʅʊ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 



42 
 

ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʤʘʪʝʨʠʘʣʳ ʧʦʩʣʝ ʠʭ ʚʚʝʜʝʥʠʷ. 

ʇʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʋʅʊ ʧʨʝʚʦʩʭʦʜʷʪ ʙʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʠʟʛʠʙʘʥʠʠ ʋʅʊ ʧʨʦʷʚʣʷʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ, 

ʦʙʨʘʟʫʶʪ ʩʚʦʝʦʙʨʘʟʥʳʝ ʫʟʣʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʘʩʧʨʷʤʣʷʪʴʩʷ. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʦʪʣʠʯʘʝʪ ʋʅʊ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʩʦʧʦʩʪʘʚʠʤʫʶ 

ʧʨʦʯʥʦʩʪʴ, ʥʦ ʷʚʣʷʶʱʠʭʩʷ ʚʝʩʴʤʘ ʭʨʫʧʢʠʤʠ. ʇʦ ʫʜʝʣʴʥʦʡ, ʦʪʥʝʩʝʥʥʦʡ ʢ 

ʧʣʦʪʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʋʅʊ ʟʘʤʝʪʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʋʅʊ ʦʯʝʥʴ 

ʚʳʩʦʢʘ. ɺʚʝʜʝʥʠʝ ʋʅʊ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʢʩʳ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ.  

ɺʢʣʶʯʝʥʠʝ ʋʅʊ ʚ ʩʦʩʪʘʚ ʙʠʦʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʪʨʝʙʫʝʪ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ (Basavegowda et 

al., 2021). ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ɻʬʬʝʢʪʠʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʋʅʊ ʚ ʦʙʨʘʟʮʝ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 0.001 ʜʦ 0.1 ʤʘʩ. %, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʨʦʛʘ 

ʧʝʨʢʦʣʷʮʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʤ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ 

ʥʝʧʨʝʨʳʚʥʦʡ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʋʅʊ (ʉʳʨʘʯʝʚ ʠ ʜʨ., 2011).  

ɺ ʩrʦʢʘʷ ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʋʅʊ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʦʡʢʠʭ 

ʦʜʥʦʨʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʠ ʧʨʦʷʚʣʝʥʠʶ ʠʭ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʂ ʤʝʪʦʜʘʤ, ʦʙʣʝʛʯʘʶʱʠʤ ʧʨʦʮʝʩʩ ʜʝʟʘʛʨʝʛʘʮʠʠ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʋʅʊ, ʦʪʥʦʩʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠ ̫ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ, ʢʦʪʦʨʘʷ ʥʝ 

ʚʳʟʳʚʘʝʪ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʣʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʋʅʊ (Nan et al., 2016). 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʋʅʊ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʣʷʮʠʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʦʡ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʨʘʬʠʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʋʅʊ ʠ 

ʩʦʧʨʷʞʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʇɸɺ ʠʣʠ ʙʠʦʧʦʣʠʤʝʨʳ. ɼʣʷ ʚʢʣʶʯʝʥʠʷ 

ʋʅʊ ʚ ʞʠʚʳʝ ʩʠʩʪʝʤʳ, ʙʝʟʫʩʣʦʚʥʦ, ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ 

ʋʅʊ ʩ ʙʠʦʧʦʣʠʤʝʨʘʤʠ (Mahajan et al., 2018), ʥʘʧʨʠʤʝʨ, ʩ ʞʝʣʘʪʠʥʦʤ (Li  et al., 

2004). ɾʝʣʘʪʠʥ ʦʢʘʟʳʚʘʝʪ ʞʝʣʘʝʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʋʅʊ, ʫʣʫʯʰʘʷ ʠʭ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ 
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ʩʪʘʙʠʣʴʥʦʩʪʠ ʋʅʊ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (Venkatesan et al., 2012). ʅʘ ʨʠʩʫʥʢʝ 1.17 

ʧʦʢʘʟʘʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʫʧʘʢʦʚʢʠ ʋʅʊ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʦʙʝʨʥʫʪʳ ʞʝʣʘʪʠʥʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʙʦʪʢʦʡ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ.  

 

 

 

ʈʠʩʫʥʦʢ 1.17 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʫʧʘʢʦʚʢʠ ʋʅʊ ʩ 

ʧʦʤʦʱʴʶ ʞʝʣʘʪʠʥʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʋʅʊ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʘʭ (Yang et al., 

2004), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʘʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʠʤʝʨʘ: ʭʦʨʦʰʘʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʋʅʊ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ (Lillehei et al., 

2009), ʧʨʦʯʥʘʷ ʤʝʞʬʘʟʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʋʅʊ ʠ ʧʦʣʠʤʝʨʦʤ (Xu et al., 2002) ʠ 

ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʋʅʊ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ (Xie et al., 2005). 

ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʋʅʊ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ, ʫʚʝʣʠʯʝʥʠʷ ʠʥʢʘʧʩʫʣʷʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ. ʌʫʥʢʮʠʦʣʠʟʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ ʩʥʠʞʘʝʪ ʪʦʢʩʠʯʥʦʩʪʴ ʋʅʊ (Liu et al., 2014).  

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʋʅʊ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʥʦʩʫ ʚ ʪʢʘʥʠ 

ʦʨʛʘʥʠʟʤʘ ʙʦʣʴʰʠʭ ʜʦʟ ʘʛʝʥʪʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʋʅʊ ʚ ʤʝʜʠʮʠʥʝ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʪʦʨʤʦʟʠʪʩʷ ʠʟ-ʟʘ ʠʤʝʶʱʠʭʩʷ ʚʦʧʨʦʩʦʚ ʦʙ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘ 

ʢʣʝʪʦʯʥʦʤ ʠ ʦʨʛʘʥʠʟʤʝʥʥʦʤ ʫʨʦʚʥʷʭ. ɺʚʝʜʝʥʠʝ ʋʅʊ ʚ ʦʨʛʘʥʠʟʤ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʠ ʜʦʟʳ ʥʘʥʦʤʘʪʝʨʠʘʣʘ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʬʬʝʢʪʦʚ: ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʜʦ ʨʝʟʢʦ 

ʥʝʛʘʪʠʚʥʳʭ (Dong et al., 2015). 

ʕʬʬʝʢʪʳ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʋʅʊ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʜʣʠʥʘ, ʜʠʘʤʝʪʨ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʘʛʣʦʤʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʠ ʧʨʠʨʦʜ rʦʩʪʘʪʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʋʅʊ (Lanone et al., 2013). ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.18. 

 

ʈʠʩʫʥʦʢ 1.18 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʝ ʪʦʢʩʠʯʥʦʩʪʴ 

ʋʅʊ (Lanone et al., 2013). 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʪʠʧʘ ʋʅʊ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʨʠʟʥʘʥʦ, ʯʪʦ ʆʋʅʊ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʠ ʪʦʢʩʠʯʥʳʤʠ ʜʣʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʋʅʊ (Jackson et al., 2013). 

ɺ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ (Popov et al., 2007; ɿʝʛʨʷ ʠ ʜʨ., 2009) ʛʦʚʦʨʠʪʩʷ ʦ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʋʅʊ ʚ ʦʨʛʘʥʠʟʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʪʢʘʥʠ, ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ ʠ ʜʨ. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʭʦʨʦʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʋʅʊ, 
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ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʠʙʨʦʙʣʘʩʪʦʚ, ʦʩʪʝʦʙʣʘʩʪʦʚ ʠ ʦʩʪʝʦʢʘʣʴʮʠʥʘ ʩ 

ʦʯʠʱʝʥʥʳʤʠ ʋʅʊ ʩ ʦʩʪʘʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ.  

ʋʅʊ ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʭʦʨʦʰʠʤʠ ʘʙʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʛʠʜʨʦʬʦʙʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʪʨʠʢʣʦʢʘʨʙʘʥʘ, ʠʟʚʝʩʪʥʦʛʦ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ, 

ʙʠʦʘʢʢʫʤʫʣʷʮʠʝʡ ʠ ʩʪʦʡʢʦʩʪʴʶ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʄʋʅʊ 

ʩʧʦʩʦʙʥʳ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʘʙʣʷʪʴ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʪʨʝʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ (ʢʣʝʪʦʢ ʧʝʯʝʥʠ ʨʘʜʫʞʥʦʡ ʬʦʨʝʣʠ 

(RTLïW1), ʢʣʝʪʦʢ ʢʘʨʮʠʥʦʤʳ ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʯʝʣʦʚʝʢʘ (T47 Dluc), ʠ ʢʣʝʪʦʢ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ (H295R)) (Simon et al., 2014). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʬʬʝʢʪʳ ʚʣʠʷʥʠʷ ʋʅʊ 

ʥʘ ʢʣʝʪʢʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴʩʷ, ʦʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʧʦʢʘ ʜʦ ʢʦʥʮʘ 

ʥʝ ʠʟʫʯʝʥʳ (Firme et al., 2010). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʟ-ʟʘ ʩʚʦʠʭ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ, 

ʋʅʊ ʩʦʟʜʘʶʪ ʙʦʣʴʰʠʝ ʘʛʣʦʤʝʨʘʪʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʦʮʝʥʢʝ ʠʭ 

ʪʦʢʩʠʯʥʦʩʪʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ (Warheit et al., 2004), ʯʪʦ ʧʨʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦʤ 

ʚʚʝʜʝʥʠʠ 5 ʤʛ/ʢʛ ʆʋʅʊ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʤʝʨʪʥʦʩʪʴ ʢʨʳʩ (15%), ʦʜʥʘʢʦ ʵʪʘ ʩʤʝʨʪʥʦʩʪʴ ʙʳʣʘ ʚʳʟʚʘʥʘ ʥʝ ʪʦʢʩʠʯʥʦʩʪʴʶ 

ʆʋʅʊ, ʘ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʣʦʤʝʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʟʘʩʪʨʝʚʘʣʠ ʚ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʷʭ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ (Matsumoto et al., 2012) ʫʢʘʟʳʚʘʶ ʥʘ ʪʦ, 

ʯʪʦ ʪʦʢʩʠʯʥʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʠ ʦʪ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʝʛʦ 

ʚ ʦʨʛʘʥʠʟʤ. ɽʞʝʜʥʝʚʥʦʝ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʝ ʚʚʝʜʝʥʠʝ ʢʨʳʩʘʤ ʆʋʅʊ ʚ ʜʦʟʘʭ 0.125ï

1.25 ʤʛ/ʢʛ ʠ ʄʋʅʊ ï 0.5ï50 ʤʛ/ʢʛ ʚ ʪʝʯʝʥʠʝ 28 ʜʥʝʡ ʥʝ ʦʢʘʟʳʚʘʝʪ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʥʘ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ. ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʧʨʦʭʦʜʠʣʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ 

ʪʨʘʢʪ ʠ ʚʳʚʝʜʠʣʠʩʴ ʠʟ ʦʨʛʘʥʠʟʤʘ ʩ ʬʝʢʘʣʠʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʚʣʠʷʥʠʷ ʋʅʊ ʥʘ ʦʨʛʘʥʠʟʤ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʦʜʥʘʢʦ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘ 

ʨʘʟʨʦʟʥʝʥʥʳ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳ (Hougaard et al., 2013). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʘʚʪʦʨʦʚ (Kumarathasan et al., 2014) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʋʅʊ ʟʘʚʠʩʠʪ 

ʦʪ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʘʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʘʥʘʣʠʟʦʚ ʢʣʝʪʦʯʥʦʡ 
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ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʪʠʧʦʚ ʢʣʝʪʦʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʥʘʜʣʝʞʘʱʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ.  

ʕʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʣʝʛʢʠʭ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʤʠʰʝʥʷʤʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʋʅʊ, ʪʘʢ ʢʘʢ ʥʘʥʦʯʘʩʪʠʮʳ ʫʯʘʩʪʚʫʶʪ ʚ ʬʠʙʨʦʟʝ ʣʝʛʢʠʭ, ʨʝʛʫʣʠʨʫʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʬʠʙʨʦʙʣʘʩʪʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʤʠʛʨʘʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʧʨʦʬʠʙʨʦʛʝʥʥʳʭ ʤʝʜʠʘʪʦʨʦʚ (Mishra et al., 2012).  

ɸʚʪʦʨʳ (Manna et al., 2005) ʩ ʧʦʤʦʱʴʶ ʄʊʊ-ʘʥʘʣʠʟʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʩʥʠʞʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʝʛʢʠʭ 

ʯʝʣʦʚʝʢʘ A549 ʠ H1299 ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʆʋʅʊ (0.1-10 ʤʢʛ/ʤʣ). ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʩʥʠʞʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʨʷʜʘ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʣʝʛʢʠʭ, ʚʢʣʶʯʘʷ ʢʣʝʪʢʠ H596, H446 ʠ Calu-1 ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʄʋʅʊ (0.002-0.2 ʤʢʛ/ʤʣ) ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ (Manna et al., 2006). 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʛʨʝʛʘʮʠʷ ʋʅʊ ʦʧʨʝʜʝʣʷʝʪ ʠʭ 

ʢʣʝʪʦʯʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʣʝʛʢʠʭ A549 (Davoren et al., 2007; 

Wick et al., 2007). ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʘʚʪʦʨʳ (Pulskamp et al., 2007) ʩʦʦʙʱʠʣʠ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʘʣʴʚʝʦʣʷʨʥʳʭ ʤʘʢʨʦʬʘʛʘʭ ʢʨʳʩʳ NR8383 ʠ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʣʝʛʢʠʭ A459 ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʆʋʅʊ ʠʣʠ ʄʋʅʊ (5-100 

ʤʢʛ/ʤʣ) ʚ ʪʝʯʝʥʠʝ 24 ʯ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʤʝʶʱʠʝʩʷ ʧʫʙʣʠʢʘʮʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʠʥʛʘʣʷʮʠʦʥʥʦʤ ʧʫʪʠ ʚʚʝʜʝʥʠʷ, ʘ 

ʧʝʨʦʨʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʥʳʤ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʦʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʩʮʝʥʘʨʠʝʚ ʧʦʩʪʫʧʣʝʥʠʷ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʦʨʛʘʥʠʟʤ (Lan et al., 2012). ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʋʅʊ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʜʫʤʯʠʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʦʩʦʙʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

1.5 ʌʦʨʤʫʣʠʨʦʚʢʘ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʠ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ 

ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʜʦʩʪʘʪʦʯʥʦ ʬʨʘʛʤʝʥʪʘʨʥʳ ʠ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ɼʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʬʠʟʠʯʝʩʢʠʭ ʛʠʜʨʦʛʝʣʝʡ, ʚʣʠʷʥʠʶ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʟʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʚʦʡʩʪʚʘʤ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʣʘʥʦʤʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʛʠʜʨʦʛʝʣʝʡ ʠ ʠʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʧʦʪʝʥʮʠʘʣʘ ʵʪʠʭ ʩʠʩʪʝʤ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʚʦʟʤʦʞʥʳʭ 

ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʦʥʢʨʝʪʥʳʭ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ, 

ʧʦʠʩʢʫ ʚʟʘʠʤʦʩʚʷʟʝʡ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʵʬʬʝʢʪʦʚ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʯʝʤʫ ʠ ʧʦʩʚʷʱʘʝʪʩʷ ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1 ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ: 

ï ʙʝʣʦʢ ʞʝʣʘʪʠʥ ʪʠʧ A, ʧʦʣʫʯʝʥʥʳʡ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʚʠʥʳʭ ʰʢʫʨ, ʩ 

ʪʚʝʨʜʦʩʪʴʶ ʧʦ ɹʣʫʤʫ 300 ʧʨʦʠʟʚʦʜʩʪʚʘ çSigma-Aldrichè (ʉʐɸ, ʘʨʪʠʢʫʣ G2500). 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʞʝʣʘʪʠʥʘ Ḑ100 ʢɼʘ; 

ï ʘʥʠʦʥʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ: 

1. əïʢʘʨʨʘʛʠʥʘʥ ʪʠʧʘ I ʬʠʨʤʳ ʧʨʦʠʟʚʦʜʠʪʝʣʷ çSigma-Aldrichè (ʉʐɸ, 

ʘʨʪʠʢʫʣ 22048); ʧʦʨʦʰʦʢ ʦʪ ʙʝʣʦʛʦ ʜʦ ʩʚʝʪʣʦʛʦ ʙʝʞʝʚʦʛʦ ʮʚʝʪʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ 

(K+) <11 %, ʢʘʣʴʮʠʷ (Ca2+) <3.5 %, ʥʘʪʨʠʷ (Na+) <2.0 %. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 430 

ʢɼʘ; ʚʷʟʢʦʩʪʴ 5ï25 ʤʇʘĿʩ (0.3 % ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʠ 25ÁC); 

2. ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʠʟ ʙʫʨʳʭ ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ çSigma-

Aldrichè (ʉʐɸ, ʘʨʪʠʢʫʣ 180947) ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 120-190 ʢɼʘ, ʚʷʟʢʦʩʪʴ 15-

25 ʤʇʘĿʩ (1 ʤʘʩ. % ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ). 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʥʦʛʦʩʪʝʥʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ çʊʘʫʥʠʪè (ʨʠʩ. 2.1, ʪʘʙʣ. 2.1) 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʅʘʥʦʊʝʭʎʝʥʪʨè (ʛ. ʊʘʤʙʦʚ), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʛʘʟʦʬʘʟʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (CVD) ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʠʨʦʣʠʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  

 

ʊʘʙʣʠʮʘ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ çʊʘʫʥʠʪè  

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ, ʥʤ 20-50 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ, ʥʤ 10-20 

ɼʣʠʥʘ, ʤʢʤ >2 

ʆʙʱʠʡ ʦʙʲʸʤ ʧʨʠʤʝʩʝʡ (%) <1 

ʚ ʪ.ʯ. ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ 0.3ï0.5 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 0.4ï0.5 

ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʤ2/ʛ >120 

ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʦʉ <700 

ʉʨʝʜʥʠʡ ʦʙʲʸʤ ʧʦʨ, ʩʤ3/ʛ 0.22 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨ, ɸ 70 
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ʈʠʩʫʥʦʢ 2.1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʋʅʊ çʊʘʫʥʠʪè, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʊʢʘʯʝʚ, 2007). 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʫʶ ʤʘʪʨʠʮʫ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ:  

ɹʨʠʣʣʠʘʥʪʦʚʳʡ ʟʝʣʝʥʳʡ (ɹɿ) (ʪʝʪʨʘʵʪʠʣï4,4ïʜʠʘʤʠʥʦʪʨʠʬʝʥʠʣʤʝʪʘʥʘ ʦʢʩʘʣʘʪ, 

C27H34N2O4S) ï ʢʘʪʠʦʥʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʢʨʘʩʠʪʝʣʴ ʪʨʠʬʝʥʠʣʤʝʪʘʥʦʚʦʛʦ ʨʷʜʘ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 475.6 ɼʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ɹɿ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ 

çʗʨʦʩʣʘʚʩʢʘʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʬʘʙʨʠʢʘè (ʈʦʩʩʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ɹɿ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ 95% ʵʪʘʥʦʣ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʛ/ʤʣ. 

ʌʣʫʦʨʝʩʮʝʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪ (ʌʀʊʎ) (ʜʠʦʢʩʠʬʣʫʦʨʘʥ, C20H12O5) ï 

ʥʝʡʪʨʘʣʴʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʛʨʫʧʧʝ ʢʩʘʥʪʝʥʦʚʳʭ 

ʢʨʘʩʠʪʝʣʝʡ, ʚʭʦʜʷʱʝʡ ʚ ʢʣʘʩʩ ʪʨʠʬʝʥʠʣʤʝʪʘʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ. ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ 389.4 ɼʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʌʀʊʎ ʬʠʨʤʳ çSigma-Aldrichè (ʉʐɸ). ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʌʀʊʎ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 95% ʵʪʘʥʦʣ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 4 ʤʛ/ʤʣ. 

ʄʝʪʠʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ (ʄʆ) (4ï(4ïʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣʘʟʦ) 

ʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ, C14H14N3O3SNa) ï ʘʥʠʦʥʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʢʨʘʩʠʪʝʣʴ ʠʟ ʛʨʫʧʧʳ ʘʟʦʢʨʘʩʠʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʩʦʣʴʶ ʥʘʪʨʠʷ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

327.33 ɼʘ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʩʷ ʄʆ ʧʨʦʠʟʚʦʜʩʪʚʘ çʐʦʩʪʢʠʥʩʢʠʡ ʟʘʚʦʜ 

ʭʠʤʨʝʘʢʪʠʚʦʚè (ʈʦʩʩʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʌʀʊʎ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 95% 

ʵʪʘʥʦʣ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 0.1 ʤʛ/ʤʣ. 

ʈʠʙʦʬʣʘʚʠʥ (ʚʠʪʘʤʠʥ ɺ2, C17H20N4O6) ï 6,7ïɼʠʤʝʪʠʣï9ï (Dï1ïʨʠʙʠʪʠʣ) ï

ʠʟʦʘʣʣʦʢʩʘʟʠʥ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʠʙʦʬʣʘʚʠʥ ʬʠʨʤʳ çSigma-Aldrichè 
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(ʉʐɸ). ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 376.36 ɼʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʚʠʪʘʤʠʥʘ ɺ2 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʠʩïHCl ʙʫʬʝʨ çHeliconè (ʈʦʩʩʠʷ), pH=7.4.  

ʌʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ (ʚʠʪʘʤʠʥ B9, C19H19N7O6) ï Nï4ï2ïʘʤʠʥʦï1,4ïʜʠʛʠʜʨʦï4ï

ʦʢʩʦï6ïʧʪʝʨʠʜʠʣ) ʤʝʪʠʣʘʤʠʥʦʙʝʥʟʦʠʣïL (+) ïʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ ʬʠʨʤʳ çSigma-Aldrichè (ʉʐɸ). ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 441.4 ɼʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʚʠʪʘʤʠʥʘ ɺ9 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʠʩïHCl ʙʫʬʝʨ çHeliconè 

(ʈʦʩʩʠʷ), pH=7.4.  

ʃʠʧʘʟʘ (ʂʌ 3.1.1.3) ï ʬʝʨʤʝʥʪ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʡ ʛʠʜʨʦʣʠʟ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʜʦ 

ʛʣʠʮʝʨʠʥʘ ʠ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʧʘʟʫ Candida 

rugosa ʧʨʦʠʟʚʦʜʩʪʚʘ çSigma-Aldrichè (ʉʐɸ). ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 57 ʢɼʘ, pI=5.3-

5.7. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʠʩïHCl ʙʫʬʝʨ (çHeliconè ʈʦʩʩʠʷ), 

pH=7.4. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 1.2 ʤʛ/ʤʣ. 

ɹʠʥʘʟʘ (ʂʌ 3.1.27.3) ï ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʈʅʂʘʟʘ Bacillus intermedius 7ʈ ʜʠʢʦʛʦ 

ʪʠʧʘ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 12.3 ʢɼʘ, pI=9.5 (Schulga et al., 1998). ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʠʩïHCl ʙʫʬʝʨ (çHeliconè, ʈʦʩʩʠʷ), pH=7.4. ɹʠʥʘʟʘ 

ʧʨʦʷʚʣʷʝʪ ʠʤʤʫʥʦʩʪʠʤʫʣʠʨʫʶʱʝʝ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʝ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ 

ʜʝʡʩʪʚʠʝ (Kurinenko et al., 1988). ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 1.8 

ʤʛ/ʤʣ. ɹʠʥʘʟʘ ʙʳʣʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʠ 

ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʎʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʞʝʣʘʪʠʥʘ, ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ 

ʘʣʴʛʠʥʘʪʘ ʥʘʙʣʶʜʘʣʠ ʥʘ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ ʰʝʡʢʠ ʤʘʪʢʠ HeLa (ʈʦʩʩʠʡʩʢʘʷ 

ʢʦʣʣʝʢʮʠʷ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʦʟʚʦʥʦʯʥʳʭ, ʈʦʩʩʠʷ) ʠ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ ɸ549 (ɸʤʝʨʠʢʘʥʩʢʘʷ ʢʦʣʣʝʢʮʠʷ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, 

ʈʦʢʚʠʣʣ, ʉʐɸ). 

ɺʩʝ ʦʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʚ ʫʣʴʪʨʘʯʠʩʪʦʡ ʚʦʜʝ, ʦʯʠʱʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʦʯʠʩʪʢʠ ʚʦʜʳ çArium Miniè (çSartoriusè, ɻʝʨʤʘʥʠʷ). 
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2.1.1 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʝʣʢʘ, ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ 

ɺʦʜʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʘʪʠʥʘ ʩ ə-ʢʘʨʨʘʛʠʥʘʥʦʤ ʠ ʞʝʣʘʪʠʥʘ ʩ ʘʣʴʛʠʥʘʪʦʤ 

ʥʘʪʨʠʷ ʧʦʣʫʯʘʣʠ ʩʤʝʰʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ, ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ 

ʘʣɹʛʠʥʘʪʘ ʥʘʪʨʠʷ.  

ʈʘʩʪʚʦʨ ʞʝʣʘʪʠʥʘ ʛʦʪʦʚʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʥʘʙʫʭʘʥʠʝʤ ʚ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʧʨʠ 

50ÁC (ʀʟʤʘʡʣʦʚʘ, 2000). 

ɺʦʜʥʳʝ ʩʤʝʩʠ ʞʝʣʘʪʠʥʘ ʩ ʋʅʊ ʠ ʙʝʟ ʥʠʭ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʙʦʪʢʝ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʩ ʯʘʩʪʦʪʦʡ 35 ʢɻʮ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50Áʉ ʚ 

ʚʦʜʷʥʦʡ ʙʘʥʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ çBandelin SONOREX TK52è 

(ɻʝʨʤʘʥʠʷ). ʆʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʋʅʊ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 ʤʠʥ ʧʨʠ 10000 g ʥʘ 

ʮʝʥʪʨʠʬʫʛʝ çCM 50V Elmiè (ʃʘʪʚʠʷ) ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ. ɼʘʣʝʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʘʣ ʋʅʊ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʡ ʚ 

ʨʘʩʪʚʦʨʝ ʞʝʣʘʪʠʥʳ. pH 1%-ʛʦ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ 5.2. ɼʦʙʘʚʣʝʥʠʝ ʋʅʊ ʥʝ ʚʣʠʷʝʪ 

ʥʘ pH ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ.  

ʈʘʩʪʚʦʨʳ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ 70ÁC ʧʦʩʣʝ ʝʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʙʫʭʘʥʠʷ ʚ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. pH 1%-ʦʛʦ 

ʨʘʩʪʚʦʨʘ ə-ʢʘʨʨʘʛʠʥʘʥʘ 8.2, ʘ pH 1%-ʦʛʦ ʨʘʩʪʚʦʨʘ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ 8. 

ʈʘʩʪʚʦʨʳ ʞʝʣʘʪʠʥʘ ʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ, ʘ ʪʘʢʞʝ ʞʝʣʘʪʠʥʘ ʠ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ 

ʩʤʝʰʠʚʘʣʠ ʚ ʪʨʝʙʫʝʤʦʤ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠ 50ʦʉ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʠʩʧʝʨʛʘʪʦʨ ʥʘ 60 ʤʠʥʫʪ. pH ʩʤʝʩʠ ʧʦʣʠʤʝʨʦʚ ʩʦʩʪʘʚʣʷʣʘ 5.5 (Cao 

et al., 2015).  

ʄʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʙʝʣʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʚ ʩʤʝʩʷʭ Z (ʛ ʧʦʣʠʩʘʭʘʨʠʜ/ ʛ 

ʙʝʣʦʢ), ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ (2.1) (ʛ ʧʦʣʠʩʘʭʘʨʠʜ/ ʛ ʙʝʣʦʢ). 

 

ὤ
̖̐̏̌̉̒́́̑̉̅́

̂̆̌̏̋́
ȟ
 ̄̐ ̖̏̌̉̒́́̑̉̅́

 ̄̂̆̌̋́
.     (2.1) 
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2.2 ʄʝʪʦʜ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ɺʦʜʥʳʝ ʩʤʝʩʠ ʞʝʣʘʪʠʥʘ ʩ ʠʦʥʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʇʕʂ) (Zyoud et al., 2015). ʇʕʂ 

ʞʝʣʘʪʠʥʘ ʩ ʧʦʣʠʩʘʭʘʨʠʜʦʤ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ (Michon et al., 

1995; Marrs et al., 1997), ʩʧʦʩʦʙʥʳ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (Kabanov et al., 2005).  

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʜʣʷ ʚʦʜʥʳʭ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʶʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ʈʘʩʪʚʦʨ ʞʝʣʘʪʠʥʘ ʪʠʪʨʦʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʠʟʤʝʨʷʷ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʩʤʝʩʠ.  

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çLambda 

25è (çPerkin Elmerè, ʉʐɸ) ʩ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʤ ʢʶʚʝʪʥʳʤ ʦʪʜʝʣʝʥʠʝʤ. ɺʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ (T=23Áʉ) ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=400 ʥʤ. 

 

2.3 ʇʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ (ʇʈɼ) 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʤʦʨʬʥʦʡ/ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʦʚ. ʌʘʟʦʚʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʢʘʞʜʘʷ 

ʬʘʟʘ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʩʚʦʷ ʩʠʩʪʝʤʘ ʣʠʥʠʡ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʘʥʘʣʠʟʝ ʚʝʱʝʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʤʝʩʴ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ, ʧʦʣʫʯʘʝʪʩʷ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʥʠʠ ʚʩʝʭ ʬʘʟ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʦʙʨʘʟʮʘ. ʇʨʦʚʦʜʷ ʨʘʩʯʝʪ ʠ ʠʥʜʠʮʠʨʦʚʘʥʠʝ ʣʠʥʠʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʨʠʤʝʥʷʷ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʢʘʯʝʩʪʚʝʥʥʳʡ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ (ɹʦʢʠʡ ʠ ʜʨ., 1964). ɽʩʣʠ 

ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ ʥʝʩʢʦʣʴʢʠʭ ʚʝʱʝʩʪʚ (ʬʘʟ), ʝʛʦ 
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ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʙʫʜʝʪ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʣʦʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʢʘʞʜʦʡ 

ʬʘʟʳ. ɿʘʜʘʯʘ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʬʘʟʳ ʠ ʚ 

ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʭʦʜʷʪ ʚ ʦʙʨʘʟʝʮ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʬʘʟʘʤ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ.  

ʇʨʠ ʨʘʩʰʠʬʨʦʚʢʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ɺʫʣʴʬʘ-ɹʨʵʛʘ: 

ὲ‗  ς  Ὠ  ίὭὲ q     (2.2) 

ʛʜʝ n ïʧʦʨʷʜʦʢ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ, d ï ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʪʨʘʞʘʶʱʠʤʠ ʧʣʦʩʢʦʩʪʷʤʠ, ɗ ï ʫʛʦʣ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 

ʧʘʜʘʶʱʠʡ ʠʣʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʡ ʣʫʯ ʩ ʦʪʨʘʞʘʶʱʝʡ ʧʣʦʩʢʦʩʪʴʶ. 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʆʪʜʝʣʝʥʠʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʎʂʇ ʉɸʎ 

ʥʘ ʙʘʟʝ ʃʘʙʦʨʘʪʦʨʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʆʌʍ ʠʤ. ɸ.ɽ. 

ɸʨʙʫʟʦʚʘ ʂʘʟʅʎ ʈɸʅ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ çD8 Advance (çBrukerè, 

ʉʐɸ), ʦʩʥʘʱʝʥʥʦʤ ʧʨʠʩʪʘʚʢʦʡ çVarioè ʠ ʣʠʥʝʡʥʳʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

çVantecè. ʀʩʧʦʣʴʟʦʚʘʥʦ Cu-KŬ1 ʠʟʣʫʯʝʥʠʝ (ɚ=1.54063 ¡), ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʠʟʦʛʥʫʪʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʁʦʭʘʥʩʦʥʘ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ 40 

ʢɺ, 40 ʤA. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʛʝʦʤʝʪʨʠʠ 

ɹʨʵʛʛ-ɹʨʝʥʪʘʥʦ ʩ ʧʣʦʩʢʠʤ ʦʙʨʘʟʮʦʤ.  

ʆʙʨʘʟʮʳ ʚ ʛʝʣʝʦʙʨʘʟʥʦʤ ʚʠʜʝ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʦʙʣʘʜʘʶʱʝʡ ʤʠʥʠʤʘʣʴʥʳʤ ʬʦʥʦʚʳʤ ʨʘʩʩʝʷʥʠʝʤ. 

ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʟʘʧʠʩʘʥʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʜʠʘʧʘʟʦʥʝ 

2ɗ ʦʪ 3 ʜʦ 60Ü, ʩ ʰʘʛʦʤ 0.008Ü ʠ ʚʨʝʤʝʥʝʤ ʥʘʙʦʨʘ 0.1 ʩʝʢ ʚ ʪʦʯʢʝ, ʚʨʝʤʷ ʩʲʝʤʢʠ 

ʦʜʥʦʛʦ ʩʢʘʥʘ ʨʘʚʥʷʣʦʩʴ 14 ʤʠʥʫʪʘʤ. ʇʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʦʙʨʘʟʮʳ ʪʘʢ ʞʝ ʙʝʟ 

ʜʘʚʣʝʥʠʷ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʡ ʧʣʘʩʪʠʥʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 2ɗ ʦʪ 3 ʜʦ 

70Ü, ʩ ʰʘʛʦʤ 0.008Ü ʠ ʚʨʝʤʝʥʝʤ ʥʘʙʦʨʘ 0.1-1 ʩʝʢ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çEVAè (DIFFRAC Plus, 2005). ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ çPDF-2è (ICDD PDF-2, Release 2005-2009). 
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2.4 ʄʘʣʦʫʛʣʦʚʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʨʘʩʩʝʠʚʘʥʠʝ 

ʄʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ (ʄʋʈʈ) ï ʤʝʪʦʜ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ (ʥʤ). ʕʪʦʪ ʤʝʪʦʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ ʦʙʱʝʡ ʢʦʥʬʦʨʤʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ 

ʨʘʩʪʚʦʨʝ (Feigin et al., 1987). ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʥʦʜʠʩʧʝʨʩʥʦʩʪʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʦʪ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ (2.3): 

Ὅί τ“᷿ ὴὶ
 
Ὠὶ    (2.3) 

ʛʜʝ  

ὴὶ  ᷿ ίὍί
 
Ὠί     (2.4) 

 

ʬʫʥʢʮʠʷ ʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʳʤ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ I(s), ʛʜʝ s ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʨʘʩʩʝʠʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʧʦ ʬʦʨʫʤʝ ί τ“Ⱦ‗ϽÓÉÎ —Ⱦς. ʌʠʟʠʯʝʩʢʠ ʬʫʥʢʮʠʷ ʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

ʦʧʠʩʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʚʦʟʤʦʞʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʚ ʯʘʩʪʠʮʝ 

ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ r ʜʦ r+dr. ʕʪʘ ʬʫʥʢʮʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʘʢʞʝ ʥʘ ʠʥʪʝʨʚʘʣ (0, Dmax), 

ʛʜʝ Dmax ï ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ, ʪ.ʝ. ʚ 

ʩʣʫʯʘʝ ʛʦʤʦʛʝʥʥʦʡ ʯʘʩʪʠʮʳ ï ʝʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʠʜ ʢʨʠʚʦʡ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʯʘʩʪʠʮ (ʤʘʢʨʦʤʦʣʝʢʫʣ), ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ ʪʘʢ ʞʝ ʙʫʜʝʪ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʠ 

ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ (ʨʠʩ. 2.2) (Svergun et al., 2003). 
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ʈʠʩʫʥʦʢ 2.2 ï ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʠ ʚʠʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʣ (Svergun et al., 2003). 

 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʧʘʨʘʤʝʪʨ ï ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ 

ʯʘʩʪʠʮ Rg, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʘʯʘʣʴʥʦʤʫ ʫʯʘʩʪʢʫ ʢʨʠʚʦʡ ʨʘʩʩʝʠʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ s ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ɻʠʥʴʝ (2.5) (Glatter et al., 1982): 

)Î )ί )Î Ὅπ
Ͻ

     (2.5) 

ɼʣʷ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳʭ ʘʥʠʟʦʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ ʧʦ ʛʨʘʬʠʢʫ ɻʠʥʴʝ ʫʜʘʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ Rc: 

)Î ί)ί )Î Ὅπ
Ͻ

    (2.6) 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ Rg ʠʟ ʛʨʘʬʠʢʘ ɻʠʥʴʝ (ln(s) ʦʪ s2) ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʥʘʯʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʢʨʠʚʦʡ ʨʘʩʩʝʷʥʠʷ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʤʦʛʫʪ 

ʠʛʨʘʪʴ ʵʬʬʝʢʪʳ ʤʝʞʯʘʩʪʠʯʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ 

ʚʳʧʦʣʥʷʶʪ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʢ ʙʝʩʢʦʥʝʯʥʦʤʫ ʨʘʟʚʝʜʝʥʠʶ: ʧʨʦʚʦʜʷʪ ʠʟʤʝʨʝʥʠʷ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʙʨʘʟʮʘ ʠ ʧʨʠʚʦʜʷʪ ʜʘʥʥʳʝ ʢ 

çʥʫʣʝʚʦʡè ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʯʠʪʘʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ 
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ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɼʨʫʛʠʤ ʠʩʪʦʯʥʠʢʦʤ ʠʩʢʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ I(s) ʜʣʷ ʩʘʤʳʭ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ (ʉʚʝʨʛʫʥ ʠ ʜʨ., 1986). Rg ʜʣʷ 

ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ Ὑ  Ὑ, ʘ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ (r-ʨʘʜʠʫʩ 

ʮʠʣʠʥʜʨʘ, h-ʚʳʩʦʪʘ ʮʠʣʠʥʜʨʘ): Ὑ  .  

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʄʋʈʈ ʩʦʩʪʦʠʪ ʚ ʨʷʜʝ ʦʧʝʨʘʮʠʡ ʩ ʥʘʙʦʨʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʱʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ çSASViewè 

(SASView 3.0.0, 2009-2013) ʠ çPRIMUSè (Konarev et al., 2003), ʧʦʟʚʦʣʷʶʱʠʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʚʳʧʦʣʥʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʄʋʈʈ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʜʦʩʪʘʪʦʯʥʳʡ ʙʘʟʠʩ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʦʮʝʩʩ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʙʦʨʘ ʢʨʠʚʳʭ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʟʘ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʷ, ʠʭ ʫʩʨʝʜʥʝʥʠʝ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ʉ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʙʣʦʢʘ çPRIMUSè ʧʨʦʚʦʜʠʪʩʷ ʢʘʣʠʙʨʦʚʢʘ ʠ ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ, 

ʚʳʯʠʪʘʥʠʝ ʨʘʩʩʝʷʥʠʷ ʬʦʥʦʤ (ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʤʘʪʨʠʮʝʡ), ʩʰʠʚʢʘ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ, 

ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʫʛʣʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, 

ʚʳʯʠʩʣʝʥʠʝ ʠʥʚʘʨʠʘʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʢʦʚ ɻʠʥʴʝ ʠ ʇʦʨʦʜʘ ʜʣʷ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠʣʠ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʝʷʥʠʝʤ ʦʪ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʣ, ʘʥʘʣʠʟ 

ʩʤʝʩʝʡ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʄʋʈʈ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʝʟʘʚʠʩʷʱʠʝ ʦʪ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ Rg ʯʘʩʪʠʮ (ʠʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ɻʠʥʴʝ) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠʭ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ ʜʣʷ ʪʦʣʱʠʥʳ ʠʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʩʠʣʴʥʦ ʘʥʠʟʦʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ Rc ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʢʦʚ ɻʠʥʴʝ (ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ), ʘ ʘʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʂʨʘʪʢʠ 
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(I(s)Ās2 ʦʪ s) (Svergun et al., 2003) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʩʪʝʧʝʥʠ ʩʚʝʨʥʫʪʦʩʪʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʦʯʝʢ. 

ʌʫʥʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʠʚʘʥʠʷ ʜʣʷ ʩʣʫʯʘʡʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὖί ᷿ Ὂ ίȟ‌ίὭὲ‌Ὠ‌̏̕ ̎
Ⱦ

     (2.7) 

ʛʜʝ  

Ὂίȟ‌ ςЎ”Ͻὠ
 ϽϽ

ϽϽ
Ͻ
 ϽϽ

ϽϽ
   (2.8) 

ʛʜʝ Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ ʮʠʣʠʥʜʨʘ ʠ s; V=ˊR2L ʦʙʲʝʤ ʮʠʣʠʥʜʨʘ; L ï ʜʣʠʥʘ ʮʠʣʠʥʜʨʘ; 

Rï ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʘ ʠ æɟï ʨʘʟʥʠʮʘ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʤʝʞʜʫ ʨʘʩʩʝʠʚʘʪʝʣʝʤ 

ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʛʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʛʝʣʝʚʦʡ ʤʦʜʝʣʠ ɻʘʫʩʩʘ-ʃʦʨʝʥʮʘ (Evmenenko et al., 2001) ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

(McAulay et al., 2020), ʢʦʪʦʨʘʷ ʚ ʨʷʜʝ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʨʦʝʥʠʷ 

ʛʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʩʦʩʪʘʚʘ (Shibayama et al., 2011). ɻʝʣʝʚʘʷ ʤʦʜʝʣʴ ɻʘʫʩʩ-

ʃʦʨʝʥʮ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʩʝʷʥʠʝ ʦʪ ʩʪʨʫʢʪʫʨʳ ʬʠʟʠʯʝʩʢʠʭ ʛʝʣʝʡ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʫʤʤʦʡ ʩʣʘʛʘʝʤʳʭ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʚʠʜʘ, ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ s (ʠ ʢʦʪʦʨʦʝ 

ʩʭʦʞʝ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʩʩʝʷʥʠʶ ɻʠʥʴʝ), ʘ ʚ ʦʙʣʘʩʪʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ s ʠʩʧʦʣʴʟʦʚʘʥʦ ʣʦʨʝʥʮʝʚʦ ʧʨʠʙʣʠʞʝʥʠʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʘʩʩʝʠʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ: 

Ὅή ὍπϽÅØÐ  (ɂ >> ɝ)  (2.9) 

ɂ - ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʨʨʝʣʷʮʠʡ ʚ ʛʝʣʝ; ɝ ï ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʜʣʠʥʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʦʣʝʙʘʥʠʷʤ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ 

ʤʝʞʜʫ ʩʰʠʚʢʘʤʠ. LG(0) ʠ LL(0) - ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʵʪʠʭ ʩʪʨʫʢʪʫʨ.  
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʤʘʣʦʫʛʣʦʚʦʤʫ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʨʘʩʩʝʠʚʘʥʠʶ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʚ ʆʪʜʝʣʝʥʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʎʂʇ ʉɸʎ ʥʘ ʙʘʟʝ ʃʘʙʦʨʘʪʦʨʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʂʘʟʅʎ ʈɸʅ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

çNanostarè (çBrukerè, ʉʐɸ) (ʠʟʣʫʯʝʥʠʝ Cu-KŬ, ɚ = 1.5418 ¡, ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ 40 ʢɺ, 35 ʤɸ), ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʜʚʫʤʝʨʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

HiStar. ʄʦʥʦʭʨʦʤʘʪʠʟʘʮʠʷ ʠ ʢʦʣʣʠʤʘʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʘʨʦʡ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʟʝʨʢʘʣ ɻʝʙʙʝʣʷ ʠ ʪʨʝʭʪʦʯʝʯʥʳʭ ʢʦʣʣʠʤʘʪʦʨʦʚ 

ʜʠʘʤʝʪʨʦʤ 1000, 400 ʠ 750 ʤʢʤ. ʈʘʩʩʪʦʷʥʠʝ ʦʙʨʘʟʝʮ-ʜʝʪʝʢʪʦʨ ʨʘʚʥʦ 63.5 ʩʤ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʦʙʨʘʟʮʘ AgBh. ɸʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʬʦʥʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʢʘʧʠʣʣʷʨʘ ʩ ʚʦʜʦʡ ʠ ʢʘʣʠʙʨʦʚʢʠ ʢʨʠʚʳʭ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʵʪʘʣʦʥʦʤ 

(ʘʤʦʨʬʥʳʡ ʛʨʘʬʠʪ).  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

14ÁC (ʩʦʩʪʦʷʥʠʝ ʛʝʣʷ) ʠ 35ÁC (ʩʦʩʪʦʷʥʠʝ ʟʦʣʷ) ʩ ʦʙʨʘʟʮʘʤʠ çʥʘ ʧʨʦʩʚʝʪè, 

ʧʦʤʝʱʝʥʥʳʤʠ ʚ ʩʪʝʢʣʷʥʥʳʝ ʢʘʧʠʣʣʷʨʳ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʨʞʘʪʝʣʷʭ ʚ ʚʘʢʫʫʤʠʨʫʝʤʫʶ 

ʢʘʤʝʨʫ ʜʠʬʨʘʢʪʦʤʝʪʨʘ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ ʢʘʨʪʠʥ ʨʘʩʩʝʷʥʠʷ 

ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çSAXSè (SAXS Version 4.0 et al., 2000), 

ʨʘʩʯʝʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ çSASViewè 

(SASView 3.0.0, 2009-2013) ʠ çPRIMUSè (Konarev et al., 2003). 

 

2.5 ʄʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʛʠʜʨʦʛʝʣʝʡ ʞʝʣʘʪʠʥʘ, ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʘʣʴʛʠʥʘʪʘ, ʘ ʪʘʢʞʝ 

ʛʝʣʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʇʕʂ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʘ ʚ çʯʠʩʪʦʤè ʚʠʜʝ ʠ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʋʅʊ.  

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ ʤʝʪʦʜʦʤ 
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ʉʕʄ ʷʚʣʷʝʪʩʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʉʕʄ ʛʠʜʨʦʛʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʞʝʣʘʪʠʥʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʋʅʊ, 

ʬʠʢʩʠʨʦʚʘʣʠ 2%-ʥʳʤ ʛʣʫʪʘʨʘʣʴʜʝʛʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʠ ʦʙʝʟʚʦʞʠʚʘʣʠ ʚ 

ʚʦʟʨʘʩʪʘʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʪʘʥʦʣʘ. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʧʦʛʨʫʞʘʣʠ ʥʘ 3 ʤʠʥʫʪʳ ʚ 

100 % ʛʝʢʩʘʤʝʪʠʣʜʠʩʠʣʘʟʘʥ, ʘ ʠʟʙʳʪʦʢ ʛʝʢʩʘʤʝʪʠʣʜʠʩʠʣʘʟʘʥʘ ʫʜʘʣʷʣʠ 

ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʧʝʨʝʥʦʩʠʣʠ ʚ ʵʢʩʠʢʘʪʦʨ ʥʘ 25 ʤʠʥʫʪ. 

ʇʦʩʣʝ ʩʫʰʢʠ ʦʙʨʘʟʮʳ ʤʦʥʪʠʨʦʚʘʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʩʪʦʣʙʠʢʠ ʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʧʳʣʷʣʠ ʧʣʘʪʠʥʫ. ʇʝʨʝʜ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʬʝʨʳ ʘʣʴʛʠʥʘʪ-

ʞʝʣʘʪʠʥ ʩʫʰʠʣʠʩʴ ʚ ʣʠʦʬʠʣʴʥʦʡ ʩʫʰʢʝ Martin Christ ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʩʫʰʢʠ ʦʙʨʘʟʮʳ ʨʘʟʨʝʟʘʣʠ ʧʦʧʝʨʝʢ ʩʢʘʣʴʧʝʣʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ. ʃʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʘʭ çMerlinè (çCarl Zeissè, ɻʝʨʤʘʥʠʷ) ʚ 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʮʝʥʪʨʝ çɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷè ʂʘʟʘʥʩʢʦʛʦ 

(ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʥʘ çAURIGA CrossBeamè (çCarl 

Zeissè, ɻʝʨʤʘʥʠʷ) ʚ ʅʘʥʦ-ʮʝʥʪʨʝ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ.  

 

2.6 ʄʝʪʦʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ) ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʩʝʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʞʝʣʘʪʠʥʘ, ə-

ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʇʕʂ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʋʅʊ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çTITANIUMè 

(çNTïMDTè, ʈʦʩʩʠʷ) ʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʍʠʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. 

ɸ.ʄ. ɹʫʪʣʝʨʦʚʘ ʂʌʋ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ 

ʨʝʞʠʤʝ. 2 ʤʢʣ ʦʙʨʘʟʮʘ ʥʘʥʦʩʠʣʠ ʥʘ ʩʚʝʞʝʩʢʦʣʦʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ ʠ ʩʫʰʠʣʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʢʨʝʤʥʠʝʚʳʝ 

ʢʘʥʪʠʣʝʚʝʨʳ çNSGï10è (çNTïMDTè, ʈʦʩʩʠʷ) ʩ ʩʠʣʦʚʦʡ ʢʦʥʩʪʘʥʪʦʡ 3.1-37.6 ʅĀʤï1 

ʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ 140-390 ʢɻʮ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʩʢʦʧʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʨʦʛʨʘʤʤʘ çNova PXè (çNTïMDTè, ʈʦʩʩʠʷ). ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ɸʉʄ ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çImage Analysisè (çNTïMDTè, ʈʦʩʩʠʷ).  

 

2.7 ʈʝʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʞʝʣʘʪʠʥʘ ʠ əïʢʘʨʨʘʛʠʥʘʥ-

ʞʝʣʘʪʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʋʅʊ, ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʦʤʝʪʨʘ 

çPhysica MCR102è (çAnton Paarè, ɸʚʩʪʨʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ çʧʣʠʪʘ-ʧʣʠʪʘè (ʨʠʩ. 2.4) (ʜʠʘʤʝʪʨʳ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʣʠʪ 

50 ʤʤ, ʟʘʟʦʨ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʩʦʩʪʘʚʣʷʣ 0.5 ʤʤ) ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʧʣʦʬʠʟʠʢʠ ʠ 

ʚʦʣʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʀʕʇʊ ʌʀʎ ʂʘʟʅʎ ʈɸʅ. ʆʙʲʝʤ ʦʙʨʘʟʮʘ ʚ ʷʯʝʡʢʝ çʧʣʠʪʘï

ʧʣʠʪʘè ʩʦʩʪʘʚʣʷʣ å 1 ʤʣ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʥʠʞʥʝʡ ʩʠʩʪʝʤʦʡ ʥʘʛʨʝʚʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʇʝʣʴʪʴʝ P-PTD200 ʠ ʘʢʪʠʚʥʦʛʦ 

ʢʦʞʫʭʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʇʝʣʴʪʴʝ H-PTD200 (ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

0.01 K). 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʠʩʪʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ çʧʣʠʪʘ-ʧʣʠʪʘè. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ (ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ (Gǋ) ʠ ʧʦʪʝʨʴ (Gǌ)) 

ʦʪ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ (ɤ) ʠʣʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʜʝʬʦʨʤʘʮʠʡ (ɔ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʚʳʧʦʣʥʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʩʜʚʠʛʘ, ʪ.ʝ. ʦʙʨʘʟʝʮ ʧʦʜʚʝʨʛʘʣʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʀʩʧʳʪʘʥʠʷ ʥʘ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʩʜʚʠʛ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʨʝʞʠʤʘ. ʆʜʠʥ ʨʝʞʠʤ ʢʘʩʘʝʪʩʷ 
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ʣʠʥʝʡʥʦʛʦ ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʦʪʢʣʠʢʘ (ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʩʜʚʠʛ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ), ʘ 

ʜʨʫʛʦʡ ʨʝʞʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ ʤʘʪʝʨʠʘʣʘ 

(ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʩʜʚʠʛ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ) (Hyun et al., 2011). 

ʈʝʦʣʦʛʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʩʜʚʠʛʘ ʩ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʨʘʟʨʫʰʘʶʱʝʝ ʠʟʤʝʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʚʨʝʤʝʥʥʫʶ ʵʚʦʣʶʮʠʶ 

ʫʧʨʫʛʦʩʪʠ ʛʠʜʨʦʛʝʣʝʚʳʭ ʩʝʪʝʡ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʚʝʨʪʢʦʡ ʧʦ ʯʘʩʪʦʪʝ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʚʷʟʢʦʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ ʛʠʜʨʦʛʝʣʝʚʳʭ ʩʝʪʝʡ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʫʧʨʫʛʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʧʨʠʣʦʞʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

(ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ) ʢ ʦʙʨʘʟʮʫ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ʀʟʤʝʥʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʷ ʠ ʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ (ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʚʦʣʥ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ) ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ, ʯʪʦʙʳ ʨʘʟʣʠʯʘʪʴ ʫʧʨʫʛʠʝ, ʚʷʟʢʠʝ ʠ ʚʷʟʢʦʫʧʨʫʛʠʝ ʨʝʘʢʮʠʠ (Tadros et 

al., 2010). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ, ʧʦʤʠʤʦ 

ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʪ.ʝ. ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ ʪʝʯʝʥʠʷ 

(ʂʫʣʝʟʥʝʚ ʠ ʜʨ., 1988). ɺ ʩʠʣʫ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʛʝʣʠ ʠʤʝʶʪ ʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʵʪʦʤʫ ʧʦʩʪʨʦʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʠʚʳʭ 

ʪʝʯʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʳʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʆʜʥʘʢʦ, ʜʣʷ ʪʘʢʠʭ ʩʨʝʜ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʚʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʚʷʟʢʦʩʪʠ ʚ 

ʨʝʞʠʤʝ ʦʩʮʠʣʣʷʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʠʜʨʦʛʝʣʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ: 14ÁC (ʩʦʩʪʦʷʥʠʝ ʛʝʣʷ) ʠ 35ÁC (ʩʦʩʪʦʷʥʠʝ ʟʦʣʷ), ʥʘ ʨʝʦʤʝʪʨʝ 

ʚ ʦʩʮʠʣʣʷʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʚ ʦʙʣʘʩʪʠ ʣʠʥʝʡʥʦʡ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ. ʀʥʪʝʨʚʘʣʳ ʧʘʨʘʤʝʪʨʦʚ (ʚʝʣʠʯʠʥʘ ʫʛʣʦʚʦʡ 

ʯʘʩʪʦʪʳ (ɤ=0.0628é24 ʩ-1) ʠ ʨʘʟʤʝʨ ʘʤʧʣʠʪʫʜʳ (ɔ=1é508 %) ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʣʠʥʝʡʥʦʡ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ. 
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2.8 ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʇʕʂ 

ʥʘ ʦʩʥʦʚʝ ə-ʢʘʨʨʘʛʠʥʘʥʘ-ʞʝʣʘʪʠʥʘ ʠʟʫʯʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʜʫʢʪʦʤʝʪʨʘ çInoLab 

Cond 7310 SET1è (çWTWè, ɺʝʥʛʨʠʷ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʦʙʨʘʟʮʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 50-10Áʉ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʩʦʩʪʘʚʣʷʣʘ 0.012ÁʉĿʩï1. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ɢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʠʤʝʶʱʠʤʠ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 1 ʩʤ2 ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʩʤ 

(ʫʨʘʚʥʝʥʠʝ (2.10)): 

ɢ = 
 

            (2.10) 

 ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʉʤ; L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʩʤ; q ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, ʩʤ2. 

 

2.9 ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʛʠʜʨʦʛʝʣʝʚʦʡ 

ʤʘʪʨʠʮʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ɹɸɺ) ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ: ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ɺ (ʨʠʙʦʬʣʘʚʠʥ (ɺ2) ʠ ʬʦʣʠʝʚʘʷ 

ʢʠʩʣʦʪʘ (ɺ9); ʬʝʨʤʝʥʪʳ ʣʠʧʘʟʘ Candida rugose ʠ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʈʅʂʘʟʘ ʙʠʥʘʟʘ 

Bacillus pumilus; ʢʨʘʩʠʪʝʣʠ: ʙʨʠʣʣʠʘʥʪʦʚʳʡ ʟʝʣʝʥʳʡ (ɹɿ), ʤʝʪʠʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ 

(ʄʆ) ʠ ʬʣʫʦʨʝʩʮʝʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪ (ʌʀʊʎ). 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʛʠʜʨʦʛʝʣʠʝʚʳʭ ʩʬʝʨ. ɺʚʝʜʝʥʠʝ ʠʥʢʘʧʩʫʣʠʨʫʝʤʳʭ ɹɸɺ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʢʘʧʝʣʴʥʦʡ ʧʦʜʘʯʠ ʚ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʜʚʫʭʚʘʣʝʥʪʥʳʝ 

ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʩ ʤʛʥʦʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʩ 

ʚʢʣʶʯʝʥʥʳʤ ʠʥʢʘʧʩʫʣʠʨʫʝʤʳʤ ʚʝʱʝʩʪʚʦʤ (ʨʠʩ. 2.5).  
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ʈʠʩʫʥʦʢ 2.5 ï ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʬʝʨ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʛʠʜʨʦʛʝʣʷ ʩ 

ʠʥʢʘʧʩʫʣʠʨʫʝʤʳʤ ʚʝʱʝʩʪʚʦʤ ʚ ʨʘʩʪʚʦʨ ʩʦʣʝʡ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ 

(ɹʦʛʜʘʥʦʚʘ ʠ ʜʨ., 2019). 

 

ʂ 400 ʤʢʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʜʦʙʘʚʣʷʣʠ 50 ʤʢʣ ʨʘʩʪʚʦʨʘ 

ʞʝʣʘʪʠʥʘ ʠʣʠ ʞʝʣʘʪʠʥʘ-ʋʅʊ ʠ ʨʘʩʪʚʦʨʘ ʢʨʘʩʠʪʝʣʷ ʚ ʵʪʘʥʦʣʝ (ʚ ʩʣʫʯʘʝ ɹɿ ï 40 ʤʢʣ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 ʤʛ/ʤʣ, ʜʣʷ ʄʆ ï 25 ʤʢʣ 0.1 ʤʛ/ʤʣ, ʜʣʷ ʌʀʊʎ ï 25 ʤʢʣ 4 ʤʛ/ʤʣ). 

ɺ ʢʘʞʜʫʶ ʩʠʩʪʝʤʫ ʜʦʙʘʚʣʷʣʠ ʪʘʢʞʝ ʯʠʩʪʳʡ ʵʪʘʥʦʣ ʪʘʢ, ʯʪʦʙʳ ʩʫʤʤʘʨʥʳʡ ʝʛʦ 

ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʣ 50 ʤʢʣ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʠ 35 

ʢɻʮ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʙʘʥʝ çBandelin SONOREX TK52è (ɻʝʨʤʘʥʠʷ, 100 ɺʪ) ʚ 

ʪʝʯʝʥʠʝ 60 ʤʠʥ ʧʨʠ 70ÁC. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʩʦʩʪʘʚʣʷʣʘ 0.7 ʠ 2 ʤʘʩ. %.  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʠʜʨʦʛʝʣʝʚʳʭ ʩʬʝʨ ʢ 1.5 ʤʣ ʨʘʩʪʚʦʨʘ CaCl2 (1 ʄ) (çʭ.ʯ.è, 

çʊʘʪʭʠʤʧʨʦʜʫʢʪè, ʈʦʩʩʠʷ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟ ʤʝʜʠʮʠʥʩʢʦʛʦ ʰʧʨʠʮʘ 

(ʜʠʘʤʝʪʨ ʠʛʣʳ 0.63 ʤʤ) ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (500 ʦʙ/ʤʠʥ) 

ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʦʥʜʦʤ. ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ 

ʩʬʝʨʳ ʦʩʪʘʚʣʷʣʠ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʠ ʥʘ 20 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ 

ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ. ɸʣʴʛʠʥʘʪʥʳʝ ʩʬʝʨʳ ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ: ʮʠʥʢʘ, ʙʘʨʠʷ, ʤʘʨʛʘʥʮʘ, ʤʝʜʠ, ʥʠʢʝʣʷ ʠ ʩʪʨʦʥʮʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1 ʄ ʨʘʩʪʚʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ (ʚ ʩʣʫʯʘʝ ʙʘʨʠʷ ï 0.3 ʄ). 

ʉʦʜʝʨʞʘʥʠʝ ʟʦʥʜʘ ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʩʘʭʘʨʠʜʘ ʩʦʩʪʘʚʣʷʣʦ 0.6 ʤʛ ʜʣʷ ʚʠʪʘʤʠʥʦʚ 
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ɺ2 ʠ B9, 0.4 ʤʛ ʜʣʷ ɹɿ, 0.0025 ʤʛ ʜʣʷ ʄʆ ʠ 0.1 ʤʛ ʜʣʷ ʌʀʊʎ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʤʠʢʨʦʧʨʦʙʠʨʢʠ ʪʠʧʘ çʕʧʧʝʥʜʦʨʬè (çAxygnè, ʉʐɸ) ʧʦʤʝʱʘʣʠ ʧʦ 5 ʩʬʝʨ ʠ 

ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʚʦʜr. ʏʝʨʝʟ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪʙʠʨʘʣʠʩʴ ʘʣʠʢʚʦʪʳ 

ʨʘʩʪʚʦʨʘ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʥʜʘ, 

ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʬʝʨ ʚ ʨʘʩʪʚʦʨ.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛʦ ʛʠʜʨʦʛʝʣʷ. ʏʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩ ʛʠʜʨʦʛʝʣʝʤ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʬʝʨ). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʢ 1 ʤʣ 2 ʤʘʩ. % ʨʘʩʪʚʦʨʘ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠʣʠ 1.6 ʤʘʩ. % ə-

ʢʘʨʨʘʛʠʥʘʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʦʥʜ (ʢʨʘʩʠʪʝʣʴ, ʚʠʪʘʤʠʥ ʠʣʠ 

ʬʝʨʤʝʥʪ), ʜʦʙʘʚʣʷʣʠ 0.5 ʤʣ 1M ʨʘʩʪʚʦʨʘ CaCl2, ʥʝ ʜʦʧʫʩʢʘʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʦʩʪʘʚʣʷʣʠ ʥʘ 10 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʘʢʢʫʨʘʪʥʦ ʩʣʠʚʘʣʠ 

ʦʩʪʘʚʰʠʡʩʷ ʥʘʜ ʛʠʜʨʦʛʝʣʷʤʠ ʨʘʩʪʚʦʨ ʩʦʣʠ. ʀʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ 

ʘʣʴʛʠʥʘʪʥʳʡ ʛʠʜʨʦʛʝʣʴ ʛʦʪʦʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ə-ʢʘʨʨʘʛʠʥʘʥʦʚʳʡ 

ï ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʘ ʣʴʜʫ. ʉʦʜʝʨʞʘʥʠʝ ʟʦʥʜʘ ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

ʩʦʩʪʘʚʣʷʣʦ: 1 ʤʛ ʜʣʷ ʣʠʧʘʟʳ, 2 ʤʛ ʜʣʷ ʙʠʥʘʟʳ, 1 ʤʛ ʜʣʷ ʚʠʪʘʤʠʥʘ B9, 0.5 ʤʛ ʜʣʷ ɹɿ.  

ɼʣʷ ʦʮʝʥʢʠ ʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʨʦʛʝʣʷ ʢ ʦʙʲʝʤʫ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʛʠʜʨʦʛʝʣʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʦʥʜ, ʜʦʙʘʚʣʷʣʠ 4 

ʤʣ ʙʫʬʝʨʘ. ɺ ʟʘʜʘʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʦʥʜʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʚʳʰʝʜʰʝʛʦ ʟʦʥʜʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ 23Áʉ ʧʦ ʧʦʛʣʦʱʝʥʠʶ: 

ɚ=623 ʥʤ (ɹɿ), ɚ=463 ʥʤ (ʄʆ), ɚ=488 ʥʤ (ʌʀʊʎ), ɚ= 280 ʥʤ (ʣʠʧʘʟʘ), ɚ= 280 ʥʤ 

(ʙʠʥʘʟʘ), ɚ= 349 ʥʤ (B9) ʠ ɚ=446 ʥʤ (ɺ2).  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ ʟʦʥʜʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ ʥʝʟʘʚʠʩʠʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ: 

65000 Mï1ʩʤï1 (ɹɿ), 25000 Mï1ʩʤï1 (ʄʆ), 75000 Mï1ʩʤï1 (ʌʀʊʎ) 26930 Mï1ʩʤï1 

(ʙʠʥʘʟʘ), 37000 Mï1ʩʤï1 (ʣʠʧʘʟʘ), 6550 Mï1ʩʤï1 (ɺ9) ʠ 11970 M
ï1ʩʤï1 (ɺ2). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʟʦʥʜʦʚ (Y) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ (2.11): 

ὣ ϽρππϷ ,     (2.11) 

ʛʜʝ mt ï ʤʘʩʩʘ ʟʦʥʜʘ ʚ ʨʘʩʪʚʦʨʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; m0 ï ʤʘʩʩʘ ʟʦʥʜʘ, ʦʩʪʘʚʰʝʛʦʩʷ 
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ʥʝʠʥʘʧʩʫʣʠʨʦʚʘʥʥʳʤ; ʛʜʝ m ï ʤʘʩʩʘ ʟʦʥʜʘ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʨʝʭ ʠʟʤʝʨʝʥʠʡ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çLambda 25è (çPerkin 

Elmerè, ʉʐɸ) ʩ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʤ ʢʶʚʝʪʥʳʤ ʦʪʜʝʣʝʥʠʝʤ.  

 

2.10 ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʨʠʧʪʦʬʘʥʦʚʳʭ ʦʩʪʘʪʢʦʚ ʚ ʤʦʣʝʢʫʣʘʭ 

ʣʠʧʘʟʳ ʠ ʙʠʥʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨ çʌʣʶʦʨʘʪ-02-ʇʘʥʦʨʘʤʘè 

(çʃʖʄɽʂʉè, ʈʦʩʩʠʷ). ʈʝʛʠʩʪʨʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ɚ=310-400 ʥʤ (ʯʝʨʝʟ 1 

ʥʤ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ɚ=295 ʥʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʚ ʦʙʨʘʟʮʘʭ 

ʩʦʩʪʘʚʠʣʘ 0.5 ʤʛ/ʤʣ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʦʙʨʘʟʮʳ ʚ ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ (ʦʧʪʠʯʝʩʢʠʡ 

ʧʫʪʴ 1 ʩʤ) ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. 

 

2.11 ʄʊʊ-ʪʝʩʪ 

ɼʣʷ ʦʮʝʥʢʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʣʝʪʦʢ-

ʤʠʰʝʥʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʣʝʪʢʠ ʨʘʢʦʚʦʡ ʦʧʫʭʦʣʠ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ HeLa 

(çBiolotè, ʈʦʩʩʠʷ) ʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ ɸ549 ʠʟ ʢʦʣʣʝʢʮʠʠ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʉʐɸ (ɸʉʉʉ, CCL-185). ʂʣʝʪʢʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʨʠ 37Áʉ ʚ 

ʩʨʝʜʝ DMEM (çInvitrogenè, ʉʐɸ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʝʥʠʮʠʣʣʠʥʘ/ʩʪʨʝʧʪʦʤʠʮʠʥʘ (ʧʦ 

100 ʝʜ/ʤʣ) ʠ 10% ʪʝʣʷʯʴʝʡ ʩʳʚʦʨʦʪʢʠ ʚ ʘʪʤʦʩʬʝʨʝ 5% ʉʆ2. ʂʣʝʪʢʠ ʟʘʩʝʚʘʣʠ ʩ 

ʧʣʦʪʥʦʩʪʴʶ 5ï10 ʪʳʩ./ʤʣ, ʚʳʨʘʱʠʚʘʣʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʠ ʟʘʤʝʥʷʣʠ ʩʨʝʜʫ 

ʥʘ ʘʥʘʣʦʛʠʯʥʫʶ, ʩʦʜʝʨʞʘʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʥʘʟʳ ʜʦ 300 ʤʢʛ/ʤʣ. ʉʧʫʩʪʷ 24 ʯ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ, ʚ ʣʫʥʢʠ ʚʥʦʩʠʣʠ ʧʦ 10 ʤʢʣ ʄʊʊ (çSigma-Aldrichè, ʉʐɸ, 

5 ʤʛ/ʤʣ) ʠ 90 ʤʢʣ ʧʦʣʥʦʡ ʩʨʝʜʳ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2-3 ʯ ʧʨʠ 37ÁC ʚ 

ʘʪʤʦʩʬʝʨʝ 5% ʉʆ2. ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʆʇ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ ɚ=570 ʥʤ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʧʣʘʥʰʝʪʥʦʛʦ ʬʦʪʦʤʝʪʨʘ çInfinite 50è 

(çTecanè, ɸʚʩʪʨʠʷ). ɿʘ 100% ʧʨʠʥʠʤʘʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʚ ʥʝʛʘʪʠʚʥʦʤ 

ʢʦʥʪʨʦʣʝ. ʇʨʦʮʝʥʪ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.12): 
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˓̝̉̈̎̆̒̐̏̒̏̂̎̏̒̓Ϸ
˛  ̃̏̂̑́̂̏̓́̎̎̏̊ ̜̄̑̔̐̐

˛  ̝̃̋̏̎̓̑̏̌̎̏̊ ̄̑̔̐̐
Ͻ̜ρππϷȢ   (2.12) 

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʠʩʪʝʤ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʥʘ ʢʘʬʝʜʨʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʂ(ʇ)ʌʋ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ ʠʟʤʝʥʝʥʠʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠʩʴ ʪʨʝʤʷ 

ʩʝʨʠʷʤʠ ʩ ʧʷʪʴʶ ʧʨʦʚʦʨʥʦʩʪʷʤʠ ʜʣʷ ʪʝʩʪʠʨʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʚ ʢʘʞʜʦʡ.  

 

2.12 ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʨʘʩʯʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, t-ʢʨʠʪʝʨʠʡ 

ʉʪʴʶʜʝʥʪʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Origin Pro. ʂʨʠʪʝʨʠʡ 

ʚʝʨʦʷʪʥʦʩʪʠ P Ò 0.05 ʧʨʠʥʠʤʘʣʠ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʟʥʠʮʳ ʦʧʳʪʥʦʡ ʠ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧ ʜʘʥʥʳʭ. 
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ɻʣʘʚʘ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʰʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʞʝʣʘʪʠʥʘ ʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ. ʕʪʘ ʩʠʩʪʝʤʘ ʙʳʣʘ ʚʩʝʩʪʦʨʦʥʥʝ 

ʠʟʫʯʝʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʝʜʤʝʪ ʩʪʨʫʢʪʫʨʳ, ʤʦʨʬʦʣʦʛʠʠ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ 

ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʥʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʦ ʚʩʝʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʪʝʩʪʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʡ ʦʢʘʟʘʣʘʩʴ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ. ʅʘ ʥʝʡ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʋʅʊ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ, ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʷ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʘ ʪʘʢʞʝ, ʢʘʢ ʠ ʜʣʷ ʧʝʨʚʦʡ ʩʠʩʪʝʤʳ, ʦʥʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. 

 

3.1. ʉʦʩʪʘʚ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘʤʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʛʦ ʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ (ɿʝʟʠʥ ʠ ʜʨ., 1982). 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʞʝʣʘʪʠʥʘ ʘʥʠʦʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ï ə-

ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʇʕʂ), ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʙʠʦʧʦʣʠʤʝʨʘʤʠ. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʙʠʦʧʦʣʠʤʝʨʘʤʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Z ʦʪ 0 ʜʦ 1 (ə-

ʢʘʨʨʘʛʠʥʘʥ/ʞʝʣʘʪʠʥ) ʠ ʦʪ 0 ʜʦ 1.2 (ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ/ʞʝʣʘʪʠʥ), ὤ ̖̐̏̌̉̒́

˞̂ ̆̌̏̋
.  

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʩʚʦʙʦʜʥʳʤʠ ʠ ʩʚʷʟʘʥʥʳʤʠ ʚ ʢʦʤʧʣʝʢʩ ʙʝʣʢʦʤ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʤ (Voronôko 

et al., 2016). ʅʘ ʨʠʩʫʥʢʘʭ 3.1ɸ ʠ 3.1ɹ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʝʛʦ ʨʘʩʪʚʦʨʘʤʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ʅʘ 
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ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʝʩʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʙʠʦʧʦʣʠʤʝʨʦʚ (Z) ʚ 

ʩʠʩʪʝʤʝ ʨʘʩʪʝʪ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ (ɸ), ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 1.33, 

ʧʨʠ Z = 0.8 ʜʣʷ ə-ʢʘʨʨʘʛʠʥʘʥʘ (ʨʠʩ. 3.1ɸ) ʠ 1.22 ʧʨʠ Z = 0.9 ʜʣʷ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ 

(ʨʠʩ. 3.1ɹ). ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʤʘʢʩʠʤʫʤʫ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʇʕʂ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʈʦʩʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʇʕʂ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ Z (ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʘʪʠʥʳ) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʩʤʝʩʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʇʕʂ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʘʪʠʥʘ ʚ ʢʦʤʧʣʝʢʩʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʧʦʣʠʩʘʭʘʨʠʜʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 3.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʝʡ ʦʪ ʤʘʩʩʦʚʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʙʠʦʧʦʣʠʤʝʨʦʚ Z ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ (Cʞʝʣ = 

0.5 %, V = 10 ʤʣ) ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ (ɸ) ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ (ɹ) ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ 

ʧʨʠ T=23 Áʉ, ɚ = 400 ʥʤ. 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʪʦʜʦʤ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ Zå0.8 (ə-

ʢʘʨʨʘʛʠʥʘʥ/ʞʝʣʘʪʠʥ) ʠ Zå0.9 (ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ/ʞʝʣʘʪʠʥ), ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨʳ 
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ʙʠʦʧʦʣʠʤʝʨʦʚ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʇʕʂ, ʘ ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʩʚʷʟʘʥʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʩʠʩʪʝʤʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʝ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ.  

 

3.2 ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʄʋʈʈ) ʠ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʇʈɼ), ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʜʦʧʦʣʥʷʶʪʩʷ 

ʜʘʥʥʳʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ (Cʕʄ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ (ɸʉʄ) 

ʤʠʢʨʦʩʢʦʧʠʠ (Petoukhov et al., 2012; Bordas et al., 1983; Koch et al., 1989). 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥ ʠʟʫʯʝʥʠʶ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʥʘ 

ʦʩʥʦʚʝ ʞʝʣʘʪʠʥʘ ʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ: ʟʦʣʷ (T=35 Áʉ) ʠ ʛʝʣʷ (T=14 

Áʉ), ʘ ʪʘʢʞʝ ʚʘʨʠʘʥʪʳ ʵʪʠʭ ʩʠʩʪʝʤ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʋʅʊ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʛʝʣʷ ʚ ʜʚʫʭ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʛʝʣʴ ʠ ʟʦʣʴ), ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

 

3.2.1 ɸʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʤʝʪʦʜʦʤ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʇʈɼ) 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʤʦʨʬʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʦʚ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ ʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʛʠʜʨʦʛʝʣʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʋʅʊ 

ʠʟʫʯʘʣʠʩʴ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʩʳʭʘʥʠʷ 

ʛʝʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʢʠ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩʠʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʋʯʠʪʳʚʘʷ ʞʝ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʦʙʨʘʟʮʦʚ 
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ʭʘʨʘʢʪʝʨʥʳ ʙʣʠʟʢʠʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʣʠʥʳ ʩʚʷʟʝʡ), ʚ ʩʣʫʯʘʝ ʠʭ ʘʤʦʨʬʥʦʡ 

ʧʨʠʨʦʜʳ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʇʈɼ, ʋʅʊ ʠ ʞʝʣʘʪʠʥ ʷʚʣʷʶʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ 

ʦʙʨʘʟʮʘʤʠ, ʘ ʢ-ʢʘʨʨʘʛʠʥʘʥ ʦʙʨʘʟʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ 

(ʨʠʩ. 3.2ɸ). 

ʐʠʨʦʢʠʡ ʧʠʢ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʞʝʣʘʪʠʥʘ ʧʨʠ ʟʥʘʯʝʥʠʠ 2ɗ = 20Á 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʘʤʦʨʬʥʦʝ ʛʘʣʦè ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʦʨʬʥʦʡ ʧʨʠʨʦʜʝ ʞʝʣʘʪʠʥʘ 

(ʨʠʩ. 3.2ɸ) (Zhuang et al., 2015; Padhi et al., 2016). ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ə-ʢʘʨʨʘʛʠʥʘʥʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʦʪʯʝʪʣʠʚʳʝ ʧʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2ɗ = 15Á-25Á, 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ (ʨʠʩ. 3.2ɸ), ʘ ʭʘʨʘʢʪʝʨʥʳʡ ʧʠʢ 2ɗ = 20Á ʪʘʢ 

ʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʦʨʬʥʦʡ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʙʠʦʧʦʣʠʤʝʨʘ 

(Agarwal et al., 2016). 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠ ʪʠʧʠʯʥʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʋʅʊ. ʉʘʤʳʡ 

ʩʠʣʴʥʳʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʠʢ 2ɗ = 27Á ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʦʪʨʘʞʝʥʠʝ (002) 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʠʪʘ (Xie et al., 2010; Saleh et al., 2011). ɼʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʛʨʘʬʠʪʘ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʜʠʬʨʘʢʮʠʠ 2ɗ ʨʘʚʥʳʭ 

44Á, 53Á ʠ 78Á ʩʚʷʟʘʥʳ ʩ ʜʠʬʨʘʢʮʠʝʡ ʦʪ ʩʝʤʝʡʩʪʚ ʧʣʦʩʢʦʩʪʝʡ (100), (004) ʠ (110) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Saleh, 2013). 
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ʈʠʩʫʥʦʢ 3.2 ï ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ (ɸ) ʩʫʭʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʛʝʣʝʡ: ʞʝʣʘʪʠʥʘ, ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʋʅʊ; (ɹ) ʛʝʣʝʡ ʠʩʭʦʜʥʦʛʦ ʞʝʣʘʪʠʥʘ ʠ ʞʝʣʘʪʠʥ-

ʋʅʊ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʩʳʭʘʥʠʷ. 
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ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʞʠʜʢʦʤ ʠ ʛʝʣʝʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʭʘʨʘʢʪʝʨʥʘ ʦʜʥʦʪʠʧʥʘʷ ʢʘʨʪʠʥʘ ʜʠʬʨʘʢʮʠʠ ʚ ʚʠʜʝ ʜʚʫʭ ʩʠʣʴʥʦ ʫʰʠʨʝʥʥʳʭ 

ʘʤʦʨʬʥʳʭ ʛʘʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʥʠʤ ʤʝʞʘʪʦʤʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤ ʚ ʥʠʭ. 

ʇʦʭʦʞʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʨʫʛʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʩʤʝʩʷʭ ə-ʢʘʨʨʘʛʠʥʘʥ-ʘʛʘʨ (Rhim et al., 2013) ʠ ɘ-

ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ (Padhi et al., 2016). 

ʇʦ ʤʝʨʝ ʚʳʩʳʭʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʛʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʦʞʜʝʥʠʝ ʵʪʠʭ ʧʠʢʦʚ ʚ 

ʥʝʙʦʣʴʰʦʡ ʫʰʠʨʝʥʥʳʡ ʧʠʢ ʚ ʦʙʣʘʩʪʠ 2ɗ = 10-15Ü. ʅʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 

ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ 

ʛʝʣʝʡ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʥʝʙʦʣʴʰʠʝ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʘʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʢʦʤʧʦʥʝʥʪʝ. ʊʘʢ, ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʞʝʣʘʪʠʥʘ 

(ʨʠʩ. 3.2ɹ) ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ 2ɗ = 17Ü ʠ 35Ü. ɺ ʚʠʜʫ 

ʤʘʣʦʛʦ ʠʭ ʯʠʩʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʳʣʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ ʠ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. 

ɼʦʙʘʚʣʝʥʠʝ ʋʅʊ ʚ ʞʝʣʘʪʠʥ ʥʝ ʤʝʥʷʝʪ ʠʩʭʦʜʥʫʶ ʘʤʦʨʬʥʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ 

ʢʘʨʪʠʥʫ (ʨʠʩ. 3.2ɹ). ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʳʭʘʥʠʷ ʦʙʨʘʟʮʘ (ʛʝʣʷ) ʧʠʢʦʚ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ, ʘ ʥʘ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʥʠ 

ʠʩʯʝʟʘʶʪ ʚʦʚʩʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʝʛʨʝʛʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʋʅʊ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʠ ʩ 

ʘʜʩʦʨʙʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʋʅʊ ʚ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ. ʊʘʢ ʠ ʠʣʠ ʠʥʘʯʝ, ʥʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʢʦʤʧʦʥʝʥʪ, ʢʘʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʪʘʢ ʠ ʚ ʜʚʫʭ 

ʩʣʝʜʫʶʱʠʭ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʩ ʢ-

ʢʘʨʨʘʛʠʥʘʥʦʚʳʤ ʛʝʣʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʬʠʥʘʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʨʘʟʨʫʰʝʥʠʷ ʛʝʣʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʥʘ 

ʬʦʥʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʜʳʜʫʱʝʤʫ ʠʟʤʝʥʝʥʠʡ ʢʘʨʪʠʥʳ ʘʤʦʨʬʥʳʭ ʧʠʢʦʚ, 

ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʜʥʦʡ ʠʟ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ (ʨʠʩ. 3.3ɸ). 

ʇʦʠʩʢ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ PDF-2 (ICDD PDF-2, Release 

2005-2009) ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʷʚʣʷʝʪʩʷ ʭʣʦʨʠʜ 
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ʢʘʣʠʷ ʚ ʬʦʨʤʝ ʩʠʣʴʚʠʪʘ (Sylvite, KCl, syn, Ref.code 01-073-0380), ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʣʝʡ ʠ ʩʪʘʥʜʘʨʪʥʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ 

ʦʙʨʘʟʮʘ. ʅʘ ʨʠʩʫʥʢʝ 3.3ɸ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʡ ʬʘʟʝ, ʧʦʢʘʟʘʥʳ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ʦʪʤʝʪʠʤ, ʯʪʦ ʦʜʥʘ ʠʟ ʣʠʥʠʡ ʥʘ 2ɗ = 40.5Á 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝʤ ʦʙʨʘʟʮʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʳʭʘʥʠʷ ʛʝʣʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ). 

ɼʦʙʘʚʣʝʥʠʝ ʋʅʊ ʪʘʢʞʝ ʧʦʜʘʚʣʷʝʪ ʚ ʟʘʤʝʪʥʦʡ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʠʢʦʚ ʚ ʩʤʝʰʘʥʥʦʤ ʦʙʨʘʟʮʝ (ʨʠʩ. 3.3ɸ) (Abdulrazzak et al., 

2019). 

ʉʠʩʪʝʤʳ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ ʠ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ-ʋʅʊ ʚ ʩʦʩʪʦʷʥʠʠ 

ʛʝʣʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʪʠʧʦʤ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʚ ʚʠʜʝ ʜʚʫʭ 

ʩʠʣʴʥʦ ʫʰʠʨʝʥʥʳʭ ʘʤʦʨʬʥʳʭ ʛʘʣʦ (ʨʠʩ. 3.3ɹ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʥʠʤ 

ʤʝʞʘʪʦʤʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤ. ɺ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʦʙʨʘʟʮʘ ʧʠʢʠ ʚʳʨʦʞʜʘʶʪʩʷ ʚ ʦʜʠʥ 

ʥʝʙʦʣʴʰʦʡ ʫʰʠʨʝʥʥʳʡ ʧʠʢ ʚ ʠʥʪʝʨʚʘʣʝ 2ɗ = 10-15Á. ɽʛʦ ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʷʟʘʥʘ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ 

ʩʫʰʢʠ ʛʝʣʷ. ɼʦʙʘʚʣʝʥʠʝ ʋʅʊ ʚ ʛʠʜʨʦʛʝʣʴ ʥʝ ʠʟʤʝʥʷʝʪ ʠʩʭʦʜʥʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ 

ʢʘʨʪʠʥʫ ʘʤʦʨʬʥʦʛʦ ʦʙʨʘʟʮʘ. 

  

ʈʠʩʫʥʦʢ 3.3 ï ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʛʝʣʷ ʥʘ ʦʩʥʦʚʝ (ɸ) ə-

ʢʘʨʨʘʛʠʥʘʥʘ ʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ-ʋʅʊ; (ɹ) ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʘ (Z=0.8) ʠ Z=0.8-ʋʅʊ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʦʙʨʘʟʮʦʚ. 
















































































































