
 

 

 ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ  

 

 

 

 

 

 

 

 

 

ʉʫʭʦʚʘ ɽʢʘʪʝʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ 

 

 

 

 

 

ʆʎɽʅʂɸ ʇʈʀʄɽʅʀʄʆʉʊʀ ʅʆʈʄɸʃʀɿʆɺɸʅʅʓʍ  

ʀʅɼɽʂʉʆɺ ʆʊʈɸɾɽʅʀʗ ɼʃʗ ɺʓʗɺʃɽʅʀʗ ʃʆʂɸʃʔʅʆɻʆ ʀ  

ʉʀʉʊɽʄʅʆɻʆ ɼɽʁʉʊɺʀʗ ʅɽɹʃɸɻʆʇʈʀʗʊʅʓʍ ɸɹʀʆʊʀʏɽʉʂʀʍ  

ʌɸʂʊʆʈʆɺ ʅɸ ɺʓʉʐʀɽ ʈɸʉʊɽʅʀʗ 

 

 

 

 

1.5.2 ð ʙʠʦʬʠʟʠʢʘ 

 

 

 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʙʠʦʬʠʟʠʢʠ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʳ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ  

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:            ʉʫʭʦʚ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ  

ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʙʠʦʬʠʟʠʢʠ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʳ ʌɻɸʆʋ 

ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʅʠʞʝʛʦʨʦʜʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè 
 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:        ʈʠʟʥʠʯʝʥʢʦ ɻʘʣʠʥʘ ʖʨʴʝʚʥʘ 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʙʠʦʬʠʟʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè  

 

ɹʦʨʠʩʦʚʘ ʄʘʨʠ̫ ʄʘʥʩʫʨʦʚʥʘ 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ; ʚʝʜʫʱʝʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦ-

ʨʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʠʩ-

ʧʦʣʥʝʥʠʝʤ ʦʙʷʟʘʥʥʦʩʪʝʡ ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʀʥʩʪʠʪʫʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʙʠʦʣʦʛʠʠ ʈʦʩ-

ʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʌʇɹ ʈɸʅ) ʆʙʦʩʦʙʣʝʥʥʦʛʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠ ̫ʌɻɹʋʅ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʡ ʮʝʥʪʨ çʇʫʱʠʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè  

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ:  

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʠʤ. ʂ.ɸ. ʊʠʤʠ-

ʨʷʟʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç16è ʬʝʚʨʘʣʷ 2023 ʛ. ʚ ______ ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʩʦʚʝʪʘ 24.2.340.06 ʧʨʠ ʅʠʞʝʛʦʨʦʜʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʅ.ʀ. 

ʃʦʙʘʯʝʚʩʢʦʛʦ ʧʦ ʘʜʨʝʩʫ: 603950, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʧʨʦʩʧʝʢʪ ɻʘʛʘʨʠʥʘ, ʜ. 23, ʢʦʨʧʫʩ 

1. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʅʠʞʝʛʦʨʦʜʩʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʠ ʥʘ ʩʘʡʪʝ  

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç___è ______________2022 ʛʦʜʘ. 

 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ, 

ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ                                       ɸʢʠʥʯʠʮ ɽʣʝʥʘ ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʈʘʩʪʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ɿʝʤʣʠ, ʷʚʣʷʷʩʴ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʷ ʩʨʝʜʦʦʙʨʘʟʫʶʱʫʶ ʠ ʢʣʠʤʘʪʦʦʙʨʘ-

ʟʫʶʱʫʶ ʨʦʣʴ (Makarieva, Gorshkov, 2007; Ellison et al., 2017). ʆʜʥʘʢʦ ʨʘʩʪʝʥʠʷ ʚʝʜʫʪ ʧʨʠ-

ʢʨʝʧʣʝʥʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ ʫʷʟʚʠʤʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢ-

ʪʦʨʦʚ. ɺʣʠʷʥʠʝ ʟʘʩʫʭʠ, ʠʟʙʳʪʦʯʥʦʛʦ ʩʚʝʪʘ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʝʪ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʠ ʤʦʞʝʪ ʫʭʫʜʰʘʪʴ ʢʘʯʝʩʪʚʦ ʫʨʦʞʘʷ (Fahad et al., 2017). ɼʠʩʪʘʥʮʠʦʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʟʘʱʠʪ-

ʥʳʭ ʤʝʨ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ (Berni et al., 2014; Sun et al., 2021).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʘʢ-

ʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ; ʦʜʥʦ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʘʢʦʛʦ ʨʘʟʚʠʪʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʳʷʚʣʝ-

ʥʠʠ ʩʚʷʟʝʡ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜ rʦʧʪʠ-

ʯʝʩʢʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʟʤʝʨʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦ-

ʬʠʣʣʘ, ʪʝʧʣʦʚʠʜʝʥʠʝ, RGB-ʠʤʠʜʞʠʥʛ ʠ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʨʘʞʝʥʥʦʛʦ 

ʨʘʩʪʝʥʠʷʤʠ ʩʚʝʪʘ (Jang et al., 2020). ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚ-

ʣʝʥʠʝʤ ʙʣʘʛʦʜʘʨʷ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʪʝʥʠʡ (Xue, Su, 2017).  

ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʧʦʣʥʳʭ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʫʜʦ-

ʸʤʢʠʤ ʠ ʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʙʳʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʢʠʭ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ (ʦʙʳʯʥʦ ʜʚʝ ʠʣʠ ʪʨʠ ʜʣʠʥʳ ʚʦʣʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʣʠ ʧʠʛʤʝʥʪʘʤʠ), ʫʧʨʦʱʘʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ (Jang et al., 2020). ʇʦʠʩʢ ʥʦʚʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʶ-

ʱʠʭ ʜʝʡʩʪʚʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ.  

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ; ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʘʢʪʠʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʦʪʨʘʞʝʥʠʷ (photochemical reflectance 

index, PRI), ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ 

ʩʚʝʪʘ ʧʨʠ 531 ʠ 570 ʥʤ (Gamon et al., 1992; Zhang et al., 2016). ʕʪʦʪ ʠʥʜʝʢʩ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʙʳʩʪʨʳʤ ʠʟʤʝʥʝʥʠʷʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʪʨʝʩ-

ʩʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ) ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; ʦʜ-

ʥʘʢʦ, ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ PRI ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʝʛʦ 

ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ (Zhang et al., 2016).  

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʤʦʞʝʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠʟʤʝʨʷʝ-

ʤʳʭ ʠʥʜʝʢʩʦʚ, ʥʦ ʪʘʢʞʝ ʥʘ ʦʮʝʥʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʠʥʜʝʢʩʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʭ ʦʧ-

ʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (Ollinger, 2011). ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʢʘʢ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʩʪʴʝʚ ʠ ʢʨʦʥʳ ʨʘʩʪʝʥʠʡ (Kattenborn et al., 2019; 

Knapp, Carter, 1998), ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʠʛʤʝʥʪʦʚ (Esteban et al., 2015). ʀʩ-

ʪʦʯʥʠʢʦʤ ʦʧʪʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʨʘʩʪʝʥʠʶ (Rascher, Nedbal, 2006; 

Tikkanen et al., 2012), ʪʘʢ ʢʘʢ ʪʘʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʦʪʨʘʞʝʥʠʝʤ ʩʚʝʪʘ 
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ʨʘʩʪʝʥʠʷʤʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (Kume et al., 2018). ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʪʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʪʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʤʝʨʝʥʠʷʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʦʩʪʘʝʪʩʷ ʚʘʞʥʦʡ 

ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʮʝʥʢʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪ-

ʨʘʞʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʠ ʩʠʩʪʝʤʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʙʠʦʪʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʳʩʰʠʝ ʨʘʩʪʝʥʠʷ (ʥʘ ʧʨʠʤʝʨʝ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ, ʧʦʯʚʝʥʥʦʡ ʟʘʩʫʭʠ, ʧʦ-

ʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʣʦʢʘʣʴʥʦʛʦ ʦʞʦʛʘ). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚ-

ʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɺʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪ-

ʨʘʞʝʥʠʷ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʠ ʩʠʩʪʝʤʥʦʤ ʜʝʡʩʪʚʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʨʘʩʪʝʥʠʷ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ 

ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ. 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʧʫʪʠ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʠʩʪʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʪʝʥʠʷ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʣʠʯʠʡ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝ-

ʥʠʷ ʣʠʩʪʴʝʚ ʚ ʦʧʳʪʝ ʠ ʢʦʥʪʨʦʣʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʠʥʜʝʢʩʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʚʳʩʦ-

ʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʧʨʠ ʟʘʩʫʭʝ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʦʞʦʛʠ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛ-

ʥʘʣʳ ʚʳʟʳʚʘʶʪ ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʨʘʩʪʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʠʟʤʝʥʝʥʠʷʭ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ. 

ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʩ ʙʳʩʪʨʦ-ʨʝʣʘʢʩʠʨʫʶ-

ʱʝʡ ʢʦʤʧʦʥʝʥʪʦʡ ʥʝʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʪʫʰʝʥʠʷ (NPQF) ʠ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʬʦʪʦʩʠ-

ʩʪʝʤʳ I (YI ).  

ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʞʝʣʪʦ-ʟʝʣʝʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʚʝʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠ-

ʟʠʪʴ ʚʣʠʷʥʠʝ ʬʦʥʦʚʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʥʜʝʢʩʘ. 

ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʪʠʤʫʣʷʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ʩʚʝ-

ʪʦʚʦʡ ʩʪʘʜʠʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʫ ʣʠʩʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʝʜʣʦʞʝʥ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢ-

ʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ PRI 

ʠ ʜʨ.) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦ-

ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʚʝʪʘ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 
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ʧʦʢʘʟʘʪʝʣʷ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʩʠʩʪʝʤʘ PRI-ʠʤʠʜʞʠʥʛʘ 

(ʩʦʚʤʝʩʪʥʦ ʩ ʀʇʌ ʈɸʅ), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʢʩʠ-

ʤʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ.  

ɺʳʷʚʣʝʥʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʦʪʚʝʪʘ ʠ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʠ-

ʪʝʨʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʪʝʥʠʷ ʧʨʠ ʠʭ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ. 

 

ʉʦʙʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʘʚʪʦʨ ʧʨʠʥʠʤʘʣ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚ ʝʸ ʧʨʦʚʝʜʝ-

ʥʠʠ, ʚʢʣʶʯʘʷ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʦʜʛʦʪʦʚʢʫ ʠ ʚʳʧʦʣʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ) ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɸʚʪʦʨ ʦʩʫʱʝʩʪʚʣʷʣ ʨʘʟʨʘʙʦʪʢʫ, ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʠ ʚʝʨʠʬʠ-

ʢʘʮʠ ʁʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʝʝ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ; ʨʘʟʨʘʙʦʪʘʥʥʘ ̫ʤʦʜʝʣ ɹʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʚʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʢʣʶʯʝʚʦʝ ʫʯʘʩʪʠʝ ʚ ʥʘʧʠʩʘ-

ʥʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʇʨʝʜʣʦʞʝʥʳ ʜʚʘ ʥʦʚʳʭ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʣʠʥ ʚʦʣʥ 613 ʠ 605 ʥʤ ʠ ʜʣʠʥ ʚʦʣʥ 670 ʠ 432 ʥʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʥʘ ʨʘʩʪʝʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ, ʧʦʯʚʝʥ-

ʥʦʡ ʟʘʩʫʭʠ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

2. ʃʦʢʘʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ (ʦʞʦʛ) ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʠʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʫ ʨʘʩʪʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ. 

3. ʌʦʪʦʭʠʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʦʪʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʨʘʟ-

ʚʠʪʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʪʚʝʪʦʚ ʨʘʩʪʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ; ʦʜʥʘʢʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʧʫʪʝʤ ʫʚʝʣʠʯʝ-

ʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʥʜʝʢʩʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʦʚ ʞʝʣʪʦ-ʟʝʣʝʥʦʛʦ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʛʦ ʩʚʝʪʘ), ʘʥʘʣʠʟʘ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ PRI ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʳʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʩ ʙʦʣʴʰʝʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 

(ʚ ʯʘʩʪʥʦʩʪʠ, 555 ʥʤ). 

4. ɺʦʟʨʘʩʪʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʡ ʩʪʘʜʠʠ ʬʦ-

ʪʦʩʠʥʪʝʟʘ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʦʤ ʥʘ 

ʜʝʡʩʪʚʠʝ ʟʘʩʫʭʠ ʠ ʩʠʣʴʥʳʡ ʩʚʝʪ. ʄʝʭʘʥʠʟʤʳ ʪʘʢʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʩʦʩʪʦʷʥʠʝʤ ʫʩʪʴʠʮ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙ-

ʩʫʞʜʝʥʳ ʥʘ ñ8th International Conference Photosynthesis and Hydrogen Energy Research for 

Sustainability-2017ò (ʀʥʜʠʷ, ʍʘʡʜʝʨʘʙʘʜ, 2017); ñVIII ʉʲʝʟʜʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʪʦʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʦʪʦʙʠʦʣʦʛʠʠò 

(ʐʝʧʩʠ, 2017); ñɺʪʦʨʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʤ ʬʦʨʫʤʝò (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2021); ñIX ʉʲʝʟʜʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʪʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥ-

ʮʠʷ ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʦʪʦʙʠʦʣʦʛʠʠò (ʐʝʧʩʠ, 2021). 
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 18 ʨʘʙʦʪ, ʚʢʣʶʯʘʷ 1 ʧʘʪʝʥʪ ʠ 14 ʩʪʘʪʝʡ 

ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ (Web of Science, Scopus), ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, ʚ 

ʪʦʤ ʯʠʩʣʝ 2 ʦʙʟʦʨʘ. 

 

ʂʦʥʢʫʨʩʥʘʷ ʧʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ 

ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʧʨʦʝʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʜʠʩʩʝʨʪʘʥʪ ʷʚʣʷʣʩʷ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ (ʧʨʦʝʢʪʳ 18ï34-00644-ʤʦʣ_ʘ, 20-016-00234 ɸ ʠ 20-316-80030 ʤʦʣ_ʵʚ_ʘ) ʠ 

ʠʩʧʦʣʥʠʪʝʣʝʤ (ʧʨʦʝʢʪʳ 20-34-90086 ɸʩʧʠʨʘʥʪʳ), ʘ ʪʘʢʞʝ ʛʨʘʥʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪʳ 14-26-00098 ʠ 17-76-20032, ʠʩʧʦʣʥʠʪʝʣʴ). 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 133 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʜʝʨʞʠʪ 46 ʨʠ-

ʩʫʥʢʦʚ, 4 ʪʘʙʣʠʮʳ, 36 ʫʨʘʚʥʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʪʝʤʘʪʠʢʝ, ʦʧʠʩʘʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ, ʠʟʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙ-

ʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 183 

ʠʩʪʦʯʥʠʢʘ, ʠʟ ʢʦʪʦʨʳʭ 179 ʠʥʦʩʪʨʘʥʥʳʝ. 

 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺ ʛʣʘʚʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʩ-

ʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦʬʠʣʣʘ ʘ, ʪʝʨʤʦʛʨʘʬʠʠ, RGB ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʦʪʨʘʞʸʥʥʦʛʦ ʩʚʝʪʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʦʚ 

ʦʪʨʘʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʝʛʝʪʘʮʠʦʥʥʳʡ, ʚʦʜʥʳʝ ʠ ʧʠʛʤʝʥʪʥʳʝ ʠʥʜʝʢʩʳ; ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤʫ ʠʥʜʝʢʩʫ ʦʪʨʘʞʝʥʠʷ. 

ɺ ʛʣʘʚʝ 2 ʧʝʨʝʯʠʩʣʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ï ʦʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ. 

ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 2-4-ʥʝʜʝʣʴʥʳʭ ʧʨʦʨʦʩʪʢʘʭ ʛʦ-

ʨʦʭʘ (Pisum sativum L.), ʧʰʝʥʠʮʳ (Triticum aestivum L.) ʠ/ʠʣʠ ʪʳʢʚʳ (Cucurbita pepo L.). 

ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠ ʚ ʫʩʣʦʚʠʷʭ 16/8 ʯ ʩʚʝʪʦʚʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24ęʉ.  

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʠʩʪʝʤʥʦʛʦ (ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ, 

ʜʣʠʪʝʣʴʥʘʷ ʧʦʯʚʝʥʥʘʷ ʟʘʩʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʰʦʢ) ʠ ʣʦʢʘʣʴʥʦʛʦ (ʣʦʢʘʣʴʥʳʡ ʦʞʦʛ, ʚʳ-

ʟʳʚʘʶʱʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʦ ʨʘʩʪʝʥʠʶ) ʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʦʨʦʚ 

ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʠ ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʩʠʥʪʝʟʘ ʫ ʨʘʩʪʝʥʠʡ. 

ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚ ʦʪʜʝʣʴʥʳʭ 

ʙʣʦʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ (ʫ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʝʩʯʘʥʦʤ ʩʫʙ-

ʩʪʨʘʪʝ) ʠ ʜʣʠʪʝʣʴʥʫʶ ʧʦʯʚʝʥʥʫʶ ʟʘʩʫʭʫ (ʫ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʯʚʝ) ʠʥʜʫʮʠʨʦ-

ʚʘʣʠ ʧʨʝʢʨʘʱʝʥʠʝʤ ʧʦʣʠʚʘ, ʢʦʥʪʨʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʧʨʦʜʦʣʞʘʣʠ ʧʦʣʠʚʘʪʴ ʢʘʞʜʳʝ 2 ʜʥʷ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʧʦʙʝʛʘʭ ʦʮʝʥʠʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʨʝʥʠʷ ʠʭ ʩʳʨʦʛʦ ʠ ʩʫʭʦʛʦ ʚʝʩʘ; ʩʫʭʦʡ ʚʝʩ ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝ ʜʚʫʭʯʘʩʦʚʦʛʦ ʧʨʦʛʨʝʚʘ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ 100ÁC. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʰʦʢ ʠʥʜʫʮʠʨʦʚʘʣʠ ʥʘʛʨʝʚʦʤ ʨʘʩʪʝʥʠʡ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 46.5ęʉ ʚ ʪʝʨʤʦʩʪʘʪʝ TV-20-PZ-ñKò (ʂʘʩʠʤʦʚʩʢʠʡ ʧʨʠʙʦʨʥʳʡ ʟʘʚʦʜ, ʂʘʩʠʤʦʚ, ʈʦʩ-

ʩʠʷ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 1 ʯ ʠ 1 ʩʫʪʢʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ.  
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ʃʦʢʘʣʴʥʳʡ ʦʞʦʛ ʥʘʥʦʩʠʣʠ ʦʪʢʨʳʪʳʤ ʧʣʘʤʝʥʝʤ (2-3 ʩ) ʥʘ ʣʠʩʪʦʚʫʶ ʧʣʘʩʪʠʥʢʫ ʧʝʨ-

ʚʦʛʦ ʟʨʝʣʦʛʦ ʣʠʩʪʘ ʧʨʦʨʦʩʪʢʦʚ ʛʦʨʦʭʘ (ʚʝʨʭʥʠʡ ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʣʠʩʪ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʦ ʨʘʩʪʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʀʟʤʝʨʝʥʠʝ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦ ʩ ʧʦʤʦʱʴʶ AgCl ʵʣʝʢʪʨʦʜʦʚ (ɻʦʤʝʣʴʩʢʠʡ ʧʨʠʙʦʨʥʳʡ ʟʘʚʦʜ, 

ɹʝʣʘʨʫʩʴ), ʚʳʩʦʢʦʠʤʧʝʜʘʥʩʥʦʛʦ ʫʩʠʣʠʪʝʣʷ (ʀʇʃ-113, ʉʝʤʠʢʦ) ʠ ʇʂ. ʕʣʝʢʪʨʦʜʳ ʨʘʩʧʦ-

ʣʘʛʘʣʠʩʴ ʥʘ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʝ ʚʪʦʨʦʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʟʨʝʣʦʛʦ ʣʠʩʪʘ ʠ ʥʘ ʩʪʝʙʣʝ ʚʙʣʠʟʠ 

ʠʭ ʯʝʨʝʰʢʦʚ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʛʝʣʴ ʋʥʠʘʛʝʣʴ (ɻʝʣʴʪʝʢ-ʄʝʜʠʢʘ, ʈʦʩʩʠʷ) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʠ ʨʘʩʪʝʥʠʷ ʚ ʝʜʠʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ. ʕʣʝʢʪʨʦʜ ʩʨʘʚʥʝ-

ʥʠʷ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʦʤʳʚʘʶʱʝʤ ʢʦʨʥʠ. 

ɺ ʧʝʨʚʦʤ ʙʣʦʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʝʪʦʚʦʡ ʩʪʘʜʠʠ ʬʦʪʦʩʠʥʪʝʟʘ (ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʩʠʩʪʝʤʳ I 

ʠ II  (YI  ʠ YII), ʥʝʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʪʫʰʝʥʠʝ (NPQ), ʥʝʮʠʢʣʠʯʝʩʢʠʡ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ (LEF) 

ʠ ʜʨʫʛʠʝ) ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʣʠ ʫ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈɸʄ ʬʣʫʦʨʠʤʝʪʨʘ Dual-PAM (Heinz Walz GmbH, ɻʝpʤʘʥʠʷ) ʠ ʩʧʝʢʪʨʦ-

ʤʝʪʨʘ S100 (SOLAR Laser Systems, ɹʝʣʘʨʫʩʴ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʙʱʫʶ ʠʟʤʝ-

ʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʢʪʠʥʠʯʥʦʛʦ ʩʚʝʪʘ ʚʳʩʪʫʧʘʣʘ ʛʘʣʦʛʝʥʦʚʘʷ 

ʣʘʤʧʘ (ʙʝʣʳʡ ʩʚʝʪ) ʠʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʢʨʘʩʥʳʡ ʘʢʪʠʥʠʯʥʳʡ ʩʚʝʪ ʬʣʫʦʨʠʤʝʪʨʘ Dual-PAM-

100. ʀʩʪʦʯʥʠʢ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʞʝʣʪʦ-ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʚʝʪʦ-

ʜʠʦʜʥʫʶ ʣʘʤʧʫ ʙʝʣʦʛʦ ʩʚʝʪʘ TDS-P003L4U14 LED (TDS Lighting Co., Ltd., ʂʠʪʘʡ), ʦʩʥʘ-

ʱʝʥʥʫʶ ʞʸʣʪʳʤ (Y-1,4x) ʠ ʞʸʣʪʦ-ʟʝʣʸʥʳʡ (YG-2x) ʩʚʝʪʦʬʠʣʴʪʨʘʤʠ. 18% ʩʝʨʳʡ ʩʪʘʥʜʘʨʪ 

(QPcard 101 Calibration Card ver. 3, Argraph Corp., ʉʐɸ) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʠ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʧʝʢʪʨʘ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʳ ʠʟ-

ʤʝʨʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ.  

ɺ ʩʣʝʜʫʶʱʝʤ ʙʣʦʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʥʘ ʫʨʦʚʥʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʤʠʪʠʨʦʚʘʥ ʥʘʙʦʨʦʤ ʚʝʛʝʪʘ-

ʮʠʦʥʥʳʭ ʩʦʩʫʜʦʚ ʩ ʨʘʩʪʝʥʠʷʤʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʝʨʝʥʦʩʥʘʷ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʘʷ ʢʘʤʝʨʘ Specim IQ (Specim, Spectral Imaging Ltd, ʌʠʥʣʷʥʜʠʷ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 

ʜʣʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʤʠʜʞʠʥʛʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʛʦ ʠ ʟʘʱʠʱʝʥʥʦʛʦ ʛʨʫʥʪʘ. ɼʣʷ 

ʢʘʣʠʙʨʦʚʢʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫʶ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʧʘʥʝʣʴ ʩʠ-

ʩʪʝʤʳ.  

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠ-

ʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʦʛʨʘʤʤʥr ʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ Python 3.8 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ spectral ʠ numpy. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʢʘʢ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʘʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʠʩʢʣʶʯʝʥʠʝ ʬʦʥʘ ʫ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ), ʪʘʢ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʨʘʩʯʝʪ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʥʦʨʤʘʣʠ-

ʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥ-

ʥʳʭ ʩʧʝʢʪʨʦʚ, ʦʮʝʥʢʫ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʜʝʡ-

ʩʪʚʠʠ ʩʪʨʝʩʩʦʨʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʪʘʢʠʭ ʠʥ-

ʜʝʢʩʦʚ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝ ʪʝʧʣʦʚʳʭ ʢʘʨʪ, ʠʩʩʣʝʜʦʚʘʥ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʣʠ ʪʘʢʞʝ ʠʩʩʣʝʜʦ-

ʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʠʥʜʝʢʩʳ ʦʪʨʘʞʝʥʠʷ. ʀʥʜʝʢʩʳ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʚʦʟʤʦʞʥʦʡ ʧʘʨʳ ʜʣʠʥ ʚʦʣʥ ɚ1 ʠ ɚ2 (RI(ɚ1,ɚ2)) ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ , ʛʜʝ Rɚ1 ʠ Rɚ2 ï 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥʘʭ ʚʦʣʥ ʧʨʠ ɚ2<ɚ1 (ʈʠʩ. 1). 

ɺ ʦʪʜʝʣʴʥʦʤ ʙʣʦʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠʤʠʜʞʠʥʛʘ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘ ̫

ʩʦʚʤʝʩʪʥʦ ʩ ʀʇʌ ʈɸʅ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʪʘʢʦʡ ʩʠʩʪʝʤʦʡ, ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ PRI ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʚʦʡ ʩʪʘʜʠʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ PAM ʠʤʠʜʞʠʥʛʘ Open FluorCam FC 800-O/1010 (Photon Systems 

Instruments, ʏʝʭʠʷ). 
 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʣʠʩʪʘ (ʥʘ ʧʨʠʤʝʨʝ ʛʦʨʦʭʘ) ʠ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʥʦʨʤʘʣʠʟʦ-

ʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ. 
 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ 

ʠ ʩʜʚʠʛʘʤʠ pH ʣʶʤʝʥʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ light scattering ʥʘ 535 ʥʤ (LS), ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʣʦʩɹ  ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʶ ʣʠʩʪʘ ʥʘ 535 ʥʤ; ʫʚʝʣʠʯʝʥʠʝ 

LS ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʢʠʩʣʝʥʠʷ ʣʶʤʝʥʘ ʭʣʦʨʦʧʣʘʩʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚ 

ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʩʧʝʢʪʨʦʤʝʪʨ S100 ʠ Dual-PAM-100, ʢʦʪʦʨʳʡ ʙʳʣ ʦʩʥʘ-

ʱʝʥ ʩʪʘʥʜʘʨʪʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʤʠʪʪʝʨ-ʜʝʪʝʢʪʦʨʥʳʤ ʤʦʜʫʣʝʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦ-

ʨʘʩʩʝʷʥʠʷ ʥʘ 535 ʥʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʙʣʦʢʦʚ Dual-EP515 ʠ Dual-DP515 (Walz Gmb, ɻʝʨʤʘ-

ʥʠʷ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ PRI ʠ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʚʳʧʦʣʥʷʣʠ ʚ ʫʩʣʦ-

ʚʠʷʭ ʦʩʚʝʱʝʥʠʷ ʠʥʪʝʥʩʠʚʥʳʤ ʢʨʘʩʥʳʤ ʘʢʪʠʥʠʯʥʳʤ ʩʚʝʪʦʤ (1036 ɛʤʦʣʴ ʤ-2 ʩ-1) ʧʦʩʣʝ ʪʝʤ-

ʥʦʚʦʡ ʘʜʘʧʪʘʮʠʠ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʦʜʝʣʴ Farguhar-von Coermer-Berry. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʣ ʫʯʘʩʪʦʢ ʘʧʦʧʣʘʩʪʘ ʠ ʢʣʝʪʢʫ (ʚʢʣʶʯʘʷ ʦʧʠʩʘʥʠʝ ʧʣʘʟ-

ʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʮʠʪʦʧʣʘʟʤʳ ʠ ʭʣʦʨʦʧʣʘʩʪʘ). ɺ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʤʦʜʝʣʠ ʙʳʣʠ 

ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʫʩʪʴʠʮʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚʭʦʜ ʉʆ2 ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʦʤʠʤʦ ʧʦʩʪʫʧʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʤʦʜʝʣʴ ʪʘʢʞʝ ʦʧʠʩʳʚʘʣʘ 

ʣʘʪʝʨʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʉʆ2 ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʠ, ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʯʝʨʝʟ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʠ ʦʙʦʣʦʯʢʠ ʭʣʦʨʦʧʣʘʩʪʦʚ, 

ʧʦʛʣʦʱʝʥʠʝ ʉʆ2 ʚ ʭʦʜʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʩʩʠʤʠʣʷʮʠʠ ʠ ʝʛʦ ʚʳʜʝʣʝʥʠʝ ʚ ʭʦʜʝ ʜʳʭʘʥʠʷ. 

ʄʦʜʝʣʴ ʪʘʢʞʝ ʦʧʠʩʳʚʘʣʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʠ ʣʘʪʝʨʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʧʨʦʪʦʥʦʚ ʠ ʠʦʥʦʚ 

ʢʘʣʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʢʣʝʪʢʝ (Sukhov, 

Vodeneev, 2009; Sukhov et al., 2011; Sukhova et al., 2017). ʋʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʨʝʰʘʣʠʩʴ 

ʯʠʩʣʝʥʥʦ, ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ. ɼʣʷ ʠʭ ʨʝʰʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʥʘ ʷʟʳʢʝ ʉ++. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʠʤʝʪʨʘ Dual-PAM-100, ʩʠʩʪʝʤʳ ʈɸʄ-ʠʤʠ-

ʜʞʠʥʛʘ IMAGING-PAM M-Series MINI  Version (Heinz Walz GmbH, ɻʝpʤʘʥʠʷ) ʠ ʛʘʟʦʘʥʘ-

ʣʠʟʘʪʦʨʘ GFS-3000 (Heinz Walz GmbH, ɻʝpʤʘʥʠʷ). 

ɺ ʛʣʘʚʝ 3 ʦʧʠʩʘʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘ-

ʧʘʟʦʥʝ (400-700 ʥʤ), ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʦʮʝʥʠʚʘʣʠ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ 

ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʩʠʩʪʝʤʥʦʤ (ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ, ʟʘʩʫʭʘ, ʪʝʧʣʦʚʦʡ ʰʦʢ) ʠ ʣʦʢʘʣʴʥʦʤ (ʣʦʢʘʣʴ-

ʥʳʡ ʦʞʦʛ) ʜʝʡʩʪʚʠʠ ʥʘ ʨʘʩʪʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʠʥʜʝʢʩʘʤʠ ʦʪʨʘʞʝʥʠʷ ʫ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 
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ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ (ʦʧʳʪ) ʠ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʛʦ ʜʝʡʩʪʚʠʷ (ʢʦʥʪʨʦʣʴ) 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʪʝʧʣʦʚʳʭ ʢʘʨʪ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ ʚʳʟʳʚʘʣ 

ʜʦʩʪʦʚʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʫ ʣʠʩʪʴʝʚ ʧʨʦʨʦʩʪʢʦʚ 

ʛʦʨʦʭʘ. ʀʟʤʝʥʝʥʠʷ ʥʘʯʠʥʘʣʠ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʥʝʭʚʘʪʢʠ ʚʦʜʳ; ʫʩʠʣʝʥʠʝ ʪʘ-

ʢʦʡ ʥʝʭʚʘʪʢʠ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʚʦʜ-

ʥʦʤʫ ʜʝʬʠʮʠʪʫ (ʈʠʩ.2).  
 

 
ʈʠʩ. 2. ʊʝʧʣʦʚʳʝ ʢʘʨʪʳ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʠʥʜʝʢ-

ʩʦʚ ʦʪʨʘʞʝʥʠʷ ʚ ʦʧʳʪʝ (ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ) ʠ ʢʦʥʪʨʦʣʝ ʫ ʨʘʩʪʝʥʠʡ ʛʦʨʦʭʘ 

ʧʦʩʣʝ 1 (ʘ), 2 (ʙ), 3 (ʚ), 4 (ʛ), 5 (ʜ) ʩʫʪʦʢ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʠʚʘ. ʇʦ ʦʩʷʤ ʦʪʣʦʞʝʥʳ ʜʣʠʥʳ ʚʦʣʥ 

(ɚ1 ʠ ɚ2), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʥʜʝʢʩʳ ʦʪʨʘʞʝʥʠʷ (ʩʤ. ʈʠʩ. 1). ʉʠʥʠʤ ʦʪʤʝ-

ʯʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʩʥʠʞʝʥʠʷ ʠʥʜʝʢʩʦʚ ʚ ʦʧʳʪʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʢʨʘʩʥʳʤ ï ʜʦ-

ʩʪʦʚʝʨʥʳʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʚ ʦʧʳʪʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɼʦʩʪʦ-

ʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʄʘʥʥ-ʋʠʪʥʠ U-ʪʝʩʪʘ, n=6.  
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ʅʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʳʭ ʢʘʨʪ ʜʦʩʪʦʚʝʨʥʦʩʪʝʡ ʨʘʟʣʠʯʠʷ ʠʥʜʝʢʩʦʚ ʚ ʦʧʳʪʝ ʠ ʢʦʥʪʨʦʣʝ 

ʙʳʣʦ ʥʘʡʜʝʥʦ 46 ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ (ʩʤ. ʊʘʙʣʠʮʫ 3.2 ʚ ɼʠʩʩʝʨʪʘʮʠʠ), 

ʧʦʢʘʟʳʚʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʨʘʟʚʠʪʠʠ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ (ʥʘ ʧʝʨʚʳʡ 

ʠʣʠ ʚʪʦʨʦʡ ʜʝʥʴ). ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʠʣʴʥʫʶ ʣʠʥʝʡʥʫʶ ʩʚʷʟʴ ʪʘʢʠʭ ʠʥʜʝʢ-

ʩʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʬʦʪʦʩʠʩʪʝʤʳ II  ʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ ʚ ʧʦʙʝʛʘʭ ʨʘʩʪʝʥʠʡ.  

ɺʳʷʚʣʝʥʥʳʝ ʠʥʜʝʢʩʳ ʷʚʣʷʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʥʦʚʳʭ ʠʥ-

ʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʢ ʨʘʟ-

ʚʠʪʠʶ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ); ʦʜʥʘʢʦ, ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʨʝʙʦʚʘʣʘ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ, ʪʘʢ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʤ ʨʘʩʪʠʪʝʣʴʥʦʤ ʦʙʲʝʢʪʝ (ʛʦʨʦʭ), ʧʨʠ ʜʝʡ-

ʩʪʚʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʣʠʩʪʴʝʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʢ ʚʣʠʷʥʠʶ ʜʣʠʪʝʣʴʥʦʡ ʧʦʯʚʝʥʥʦʡ ʟʘʩʫʭʠ ʥʘ ʨʘʩʪʝʥʠʷ 

ʛʦʨʦʭʘ ʠ ʧʰʝʥʠʮʳ; ʧʨʠ ʵʪʦʤ, ʠʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʤʦʜʝʣʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ 

(ʣʠʩʪʴʷ ʠ ʨʘʩʪʝʥʠʷ ʥʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ).  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ (ʈʠʩ.3), ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ RI(613, 605) ʠ 

RI(670, 432) ʷʚʣʷʣʠʩʴ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʨʘʟʚʠʪʠʶ ʚʦʜʥʦʛʦ ʩʪʨʝʩʩʘ. ɺʦʟʨʘʩʪʘ-

ʥʠʝ RI(613, 605) ʠ RI(670, 432) ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢ ʫ ʧʰʝʥʠʮʳ, ʪʘʢ ʠ ʫ ʛʦʨʦʭʘ, ʠ ʥʘʯʠʥʘʣʦʩʴ 

ʥʘ 4-8-ʡ ʜʝʥʴ ʧʦʯʚʝʥʥʦʡ ʟʘʩʫʭʠ. 
 

 
ʈʠʩ.3. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʚʳʷʚʣʝʥʥʳʭ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʫ 

ʛʦʨʦʭʘ ʠ ʧʰʝʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʧʦʯʚʝʥʥʦʡ ʟʘʩʫʭʠ (n=45). ʘ ï ʜʠʥʘʤʠʢʘ RI(613, 

605), ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ 613 ʠ 605 ʥʤ, ʫ 

ʛʦʨʦʭʘ, ʙ ï ʜʠʥʘʤʠʢʘ RI(670, 432), ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥ-

ʥʦʛʦ ʩʚʝʪʘ ʥʘ 670 ʠ 432 ʥʤ, ʫ ʛʦʨʦʭʘ, ʚ ï ʜʠʥʘʤʠʢʘ RI(613, 605) ʫ ʧʰʝʥʠʮʳ, ʛ ï ʜʠʥʘʤʠʢʘ 

RI(670, 432) ʫ ʧʰʝʥʠʮʳ. 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʠʥʜʝʢʩʳ ʪʘʢʞʝ ʙʳʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʝʡʩʪʚʠʶ ʥʘ ʨʘʩʪʝ-

ʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ (ʧʨʦʠʩʭʦʜʠʣʦ ʠʭ ʚʦʟʨʘʩʪʘʥʠʝ). ʋʯʠʪʳʚʘʷ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ (Kume et al., 2018), ʙʳʣʦ ʧʨʝʜʧʦʣʦ-

ʞʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ RI(613, 605) ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʦʪʥʦʰʝʥʠʷ ʭʣʦ-

ʨʦʬʠʣʣʦʚ a ʠ b, ʘ ʠʟʤʝʥʝʥʠʷ RI(670, 432) ï ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʦʪʥʦʰʝʥʠʡ ʭʣʦʨʦʬʠʣʣʦʚ ʠ 

ʢʘʨʦʪʠʥʦʠʜʦʚ. ʀʟʚʝʩʪʥʦ (Liu et al., 2011; Batra et al., 2014), ʯʪʦ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʪʠʧʠʯʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʜʝʡʩʪʚʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ.  

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘ-

ʞʝʥʠʷ ʚ ʠʥʪʘʢʪʥʳʭ ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʷ (ʛʦʨʦʭ) ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʦʞʦʛʝ ʧʝʨʚʦʛʦ ʟʨʝʣʦʛʦ ʣʠʩʪʘ 

(ʈʠʩ.4).  
 

 
ʈʠʩ.4. ɼʠʥʘʤʠʢʘ ʪʝʧʣʦʚʳʭ ʢʘʨʪ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʚʦ 

ʚʪʦʨʦʤ ʣʠʩʪʝ ʛʦʨʦʭʘ ʧʨʠ ʠʥʜʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʞʦʛʦʤ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ 

ʧʝʨʚʦʛʦ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʣʠʩʪʘ. ʇʦ ʦʩʷʤ ʦʪʣʦʞʝʥʳ ʜʣʠʥʳ ʚʦʣʥ (ɚ1 ʠ ɚ2), ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʥʜʝʢʩʳ ʦʪʨʘʞʝʥʠʷ (ʩʤ. ʈʠʩ. 1 ʠ 2). ʉʠʥʠʤ ʦʪʤʝʯʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ 

ʩʥʠʞʝʥʠʷ ʠʥʜʝʢʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʢʨʘʩʥʳʤ ï ʜʦʩʪʦʚʝʨʥʳʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠʥ-

ʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ; ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʟʘ 5 ʤʠʥʫʪ ʜʦ 

ʠʥʜʫʢʮʠʠ ɺʇ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʄʘʥʥ-ʋʠʪʥʠ U-ʪʝʩʪʘ, n=13. 
 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʞʦʛ ʠʥʜʫʮʠʨʦʚʘʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, 

ʧʨʦʭʦʜʷʱʠʝ ʚ ʥʝʧʦʚʨʝʞʜʝʥʥʳʝ ʟʦʥʳ ʨʘʩʪʝʥʠʷ. ʊʘʢʠʝ ʩʠʛʥʘʣʳ ʤʦʛʣʠ ʚʳʟʳʚʘʪʴ ʢʘʢ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʝ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ɚ1 ~ 540ï625 ʥʤ ʠ ɚ2 ~ 520ï560 ʥʤ), ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 
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(ʥʘʧʨʠʤʝʨ, ʧʨʠ ɚ1 ~ 510ï560 ʥʤ ʠ ɚ2 ~ 450ï520 ʥʤ) ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʚʦ 

ʚʪʦʨʦʤ ʟʨʝʣʦʤ ʣʠʩʪʝ ʛʦʨʦʭʘ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʩʠʣʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 5-

25 ʤʠʥ ʧʦʩʣʝ ʠʥʜʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʣʠʩʴ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦ-

ʮʝʩʩʳ (Gall® et al., 2015; Sukhov, 2016) ʠ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʝʢ-

ʩʦʚ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ ʠʥʜʝʢʩʳ ʦʪʨʘʞʝʥʠʷ RI(613, 605) ʠ RI(670, 

432), ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʦʮʝʥʢʠ ʩʪʨʝʩʩʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʫ ʨʘʩʪʝʥʠʡ (ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚʦʜʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ) ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʠʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʪʘʢʞʝ ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʦʢʘʟʘʥʳ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ PRI. PRI ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨ-

ʤʫʣʝ (ʈʠʩ. 1) ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥ r531 ʥʤ, ʥʘ 

ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʢʩʘʥʪʦʬʠʣʣʘʤʠ, ʠ ʜʣʠʥʝ ʚʦʣʥʳ 570 ʥʤ, 

ʥʘ ʢʦʪʦʨʦʡ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʢʩʘʥʪʦʬʠʣʣʘʤʠ ʤʠʥʠʤʘʣʴʥʦ (Zhang et al., 2016). PRI ʷʚʣʷ-

ʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʙʳʩʪʨʳʤ ʠʟʤʝʥʝʥʠʷʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (Gamon et al., 1992, 1997; Evain et al., 2004; Garbulsky et al., 2011; Zhang et al., 

2016); ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʡ PRI ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʩʣʦʚʠʡ ʠʟʤʝ-

ʨʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʷ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʧʦʜʭʦʜʦʚ ʢ ʝʛʦ ʧʨʠʤʝʥʝʥʠʶ ʜʣʷ ʦʮʝʥʢʠ ʩʦ-

ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʘʥʘʣʠʟʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ. 

ɺ ʛʣʘʚʝ 4 ʦʧʠʩʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ PRI ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʄʝʪʘ-ʘʥʘʣʠʟ ʣʠʪʝ-

ʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʣʘ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ PRI ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʪʦʩʠʥ-

ʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʝʥʠʡ (ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢ-

ʮʠʡ ʬʦʪʦʩʠʩʪʝʤʳ II, ʥʝʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦʬʠʣʣʘ (NPQ), ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʩʩʠʤʠ-

ʣʷʮʠʠ ʉʆ2) ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʝʥʠʷ (ʩʤ. ʊʘʙ-

ʣʠʮʫ 4.1 ʚ ɼʠʩʩʝʨʪʘʮʠʠ). ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʇʠʨʩʦʥʘ ʤʝʞʜʫ PRI ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ PRI ʥʘ ʫʨʦʚʥʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳ ʜʣʷ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠ NPQ; ʥʘʧʨʦʪʠʚ, ʠʟʤʝʨʝʥʠʷ ʬʦ-

ʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʣʠʩʪʴʷʭ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠ-

ʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ PRI. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʬʦʥʦʚʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

PRI, ʢʦʪʦʨʳʡ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʧʫʣʴʩʦʚ ʞʝʣʪʦ-ʟʝʣʝʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʩʚʝʪʘ (GYL). ʇʨʠ ʵʪʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ, ʢʦʪʦʨʫʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʨʘʩ-

ʯʝʪʘ PRI, ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʨʘʟʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʬʦʥʝ ʚʩʧʳʰʢʠ 

GYL ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʙʝʟ ʪʘʢʦʡ ʚʩʧʳʰʢʠ (ʈʠʩ. 5ʘ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʧʳʰʝʢ GYL ʫʩʪʨʘʥʷʣʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʦʥʦʚʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ 

ʠʟʤʝʨʝʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʘʩʥʦʛʦ ʘʢʪʠʥʠʯʥʦʛʦ 

ʩʚʝʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʦʙʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 570 ʥʤ; ʚ ʪʦ ʞʝ ʚʨʝʤʷ, 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʚ ʭʦʜʝ ʚʩʧʳʰʢʠ GYL ʠ ʙʝʟ 

ʥʝʝ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʣʦ ʪʘʢʦʝ ʚʣʠʷʥʠʝ (ʈʠʩ.5ʙ).  
 

 
ʈʠʩ.5. (ʘ) ʉʭʝʤʘ ʦʩʚʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʠʤʧʫʣʴʩʘʤʠ ʞʝʣʪʦ-ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ (GYL). ʀʤ-

ʧʫʣʴʩʳ GYL ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʯʝʨʝʟ 20 ʩ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʢʨʘʩʥʦʛʦ ʘʢʪʠʥʠʯʥʦʛʦ ʩʚʝʪʘ. AL 

ï ʢʨʘʩʥʳʡ ʘʢʪʠʥʠʯʥʳʡ ʩʚʝʪ (ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ), ML ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʚʝʪ, 

SP ï ʥʘʩʳʱʘʶʱʠʝ ʚʩʧʳʰʢʠ; RL ï ʦʪʨʘʞʝʥʥʳʡ ʩʚʝʪ; R570 ʠ R531 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥ-

ʥʦʛʦ ʩʚʝʪʘ ʨʘʩʪʝʥʠʷʤʠ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 570 ʠ 531 ʥʤ. (ʙ) ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ 

ʥʘ 570 ʠ 531 ʥʤ ʚ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʢʨʘʩʥʳʤ ʘʢʪʠʥʠʯʥʳʤ ʩʚʝʪʦʤ (PAR) ʫ 

ʛʦʨʦʭʘ (n=6). ɿʘ 100% ʧʨʠʥʠʤʘʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʢʨʘʩʥʦʛʦ ʘʢʪʠʥʠʯʥʦʛʦ 

ʩʚʝʪʘ. ȹR570 ʠ ȹR531 ï ʨʘʟʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ 570 ʠ 531 ʥʤ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʚʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ GYL ʠ ʙʝʟ ʥʝʛʦ. *, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ R570 (R531) ʠ ȹR570 

(ȹR531) ʜʦʩʪʦʚʝʨʥʳ (p < 0.05). 
 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ ʥʘ PRI ʠ ʝʛʦ ʩʚʷʟʴ ʩ ʙʳʩʪʨʦ-ʨʝʣʘʢʩʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʦʡ ʥʝʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ 

ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦʬʠʣʣʘ (NPQF). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʥʘ ʨʘʩʪʝʥʠʷ ʢʨʘʩʥʦʛʦ ʘʢʪʠʥʠʯʥʦʛʦ ʩʚʝʪʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ 

ʚʦʟʨʘʩʪʘʥʠʶ NPQF ʠ ʩʥʠʞʝʥʠʶ PRI ʠ ʚʝʣʠʯʠʥʳ ʝʛʦ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

(ȹPRI) (ʈʠʩ.6ʘ). ʇʨʠ ʵʪʦʤ ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ PRI ʠ ȹPRI, ʠʟʤʝ-

ʥʝʥʠʷ ʧʦʩʣʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʠʤʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ. ɸʥʘʣʠʟ ʜʠʘ-

ʛʨʘʤʤ ʨʘʩʩʝʷʥʠʷ ʤʝʞʜʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘ-

ʞʝʥʠʷ ʠ NPQF, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʩʪʝʥʠʷ, ʚʳʷʚʠʣ ʩʠʣʴʥʫʶ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʫʶ ʣʠʥʝʡʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ȹPRI ʠ NPQF, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 
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PRI ʠ NPQF ʙʳʣʘ ʩʣʘʙʦʡ ʠ ʥʝ ʠʤʝʣʘ ʜʦʩʪʦʚʝʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʈʠʩ.6ʙ). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʭʦ-

ʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ȹPRI ʦʙʳʯʥʦ ʠʤʝʝʪ 

ʙʦʣʝʝ ʩʠʣʴʥʫʶ ʩʚʷʟʴ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʩʪʝʤʳ II, ʯʝʤ ʝʛʦ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘ-

ʯʝʥʠʝ (Soudani et al., 2014). 
 

 
 

ʈʠʩ.6. ʉʚʝʪʦʚʳʝ ʢʨʠʚʳʝ ʜʣʷ ʙʳʩʪʨʦ-ʨʝʣʘʢʩʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʦʪʦʭʠʤʠʯʝ-

ʩʢʦʛʦ ʪʫʰʝʥʠʷ (NPQF), ʜʣʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ (PRI) ʠ ʝʛʦ ʩʚʝʪʦʠʥʜʫ-

ʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ (ȹPRI) ʫ ʛʦʨʦʭʘ (n=6) (ʘ), ʘ ʪʘʢʞʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʤʝʞʜʫ 

NPQF ʠ PRI (ʩʣʝʚʘ) ʠ ʤʝʞʜʫ NPQF ʠ ȹPRI (ʩʧʨʘʚʘ) ʫ ʛʦʨʦʭʘ (n=30) (ʙ). ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʜʠʘʛʨʘʤʤ ʨʘʩʩʝʷʥʠʷ ʢʘʞʜʘʷ ʪʦʯʢʘ ʧʦʢʘʟʳʚʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʨʘʩʪʝʥʠʝ.  
 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ PRI ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʧʳʰʝʢ GYL ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʠʤʠʜʞʠʥʛʘ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ 

ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘ ʢʦʨʦʪʢʠʝ (ʦʪ 18 ʤʩ) ʠʤʧʫʣʴʩʳ GYL ʜʣʷ ʠʟʤʝ-

ʨʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ (ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ.4.4 

ʚ ɼʠʩʩʝʨʪʘʮʠʠ). ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩ-

ʪʝʥʠʷ ʘʢʪʠʥʠʯʥʦʛʦ ʩʚʝʪʘ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ; ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʨʝʟʫʣʴ-

ʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʠ ʧʦʜʪʚʝʨʞʜʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ PRI (ʩʤ. ʨʠʩ. ʈʠʩ.4.7 ʠ 4.8 ʚ ɼʠʩʩʝʨʪʘʮʠʠ).  

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ ʠʟʤʝʥʝʥʠʡ PRI ʚ ʫʩʣʦʚʠʷʭ ʦʩʚʝ-

ʱʝʥʠʷ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʠʟʤʝʥʝʥʠʷ PRI ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʘʮʠʝʡ ʮʠʢʣʘ 

ʢʩʘʥʪʦʬʠʣʣʦʚ (Gamon et al., 1992, 1997; Garbulsky et al., 2011; Zhang et al., 2016), ʢʦʪʦʨʳʡ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʳʩʪʨʦ-ʨʝʣʘʢʩʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʦʪʦʭʠʤʠ-

ʯʝʩʢʦʛʦ ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦʬʠʣʣʘ ʘ (NPQF) (Ruban, 2016). ʉʠʣʴʥʘʷ ʣʠʥʝʡʥʘʷ 
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ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʷʚʣʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ȹPRI ʠ NPQF (ʈʠʩ.5ʙ) ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʘʢʫʶ ʚʦʟ-

ʤʦʞʥʦʩʪʴ. ʆʜʥʘʢʦ, ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʩʚʷʟʠ ʠʟʤʝʥʝʥʠʡ ȹPRI ʠ LS, ʷʚʣʷʶʱʝʛʦʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʨʅ ʣʶʤʝʥʘ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʚʳʷʚʠʣ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ: ʫʩʠʣʝʥʠʝ LS 

(ʈʠʩ.7ʘ), ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʣʦ ʚʦʟʨʘʩʪʘʥʠʝ ʟʘʢʠʩʣʝʥʠʷ ʣʶʤʝʥʘ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʠ ʫʤʝʥʴʰʝʥʠʝ 

ȹPRI (ʈʠʩ.7ʙ) ʠʤʝʣʠ ʩʠʣʴʥʫʶ ʣʠʥʝʡʥʫʶ ʩʚʷʟʴ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʳʭ ʜʚʫʭ ʤʠʥʫʪ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʦʩʚʝʱʝʥʠʷ (ʈʠʩ.7ʚ); ʦʜʥʘʢʦ, ʥʘ ʜʘʣʴʥʝʡʰʝʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʘʢʘʷ ʩʚʷʟʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣʘ (ʈʠʩ.7ʛ).  
 

 
ʈʠʩ.7. ɼʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ LS (ʘ) ʠ ȹPRI (ʙ) ʫ ʛʦʨʦʭʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʩʚʝʪʘ (0 ʩ). 

(n=11) ʠ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʤʝʞʜʫ ȹPRI ʠ ʚʝʣʠʯʠʥʦʡ LS ʥʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʩ 

0-ʡ ʧʦ 2-  ʁʤʠʥʫʪʫ (n=33) (ʚ) ʠ ʩ 3-ʡ ʧʦ 10-  ʁʤʠʥʫʪʫ ʦʩʚʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ (n=108) (ʛ). 
 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ pH ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ PRI ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʧʝʨʚʳʝ ʜʚʝ ʤʠʥʫʪʳ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʨʝʤʝʥʘ ʨʘʟʚʠ-

ʪʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʮʠʢʣʝ ʢʩʘʥʪʦʬʠʣʣʦʚ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 10 ʤʠʥ (Bilger et al., 1989; Jahns, 

1995; Kress, Jahns, 2017); ʪ.ʝ. ʧʨʝʚʨʘʱʝʥʠʝ ʚʠʦʣʦʢʩʘʥʪʠʥʘ ʚ ʟʝʘʢʩʘʥʪʠʥ ʥʝ ʷʚʣʷʝʪʩʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʡ PRI ʚ ʵʪʦʤ ʙʣʦʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ (ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʮʠʢʣʦʤ ʢʩʘʥ-

ʪʦʬʠʣʣʦʚ) ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʠʧʦʪʝʟʦʡ ʦʙ ʫʯʘʩʪʠʠ pH-ʟʘʚʠʩʠʤʦʛʦ ʩʞʘʪʠʷ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ (Evain et al., 2004); ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʩʚʷʟʘʥʳ 
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ʩ pH-ʟʘʚʠʩʠʤʦʡ ʘʛʨʝʛʘʮʠʝʡ ʩʚʝʪʦʩʦʙʠʨʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝ-

ʥʠʷʤ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 535 ʥʤ (Ruban, 2016).  

ʀʟʤʝʥʝʥʠʷ ʨʅ ʣʶʤʝʥʘ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʬʦʪʦʩʠʥʪʝ-

ʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (M¿ller et al., 2001; ɹʫʭʦʚ, 2004; Ruban, 2016); ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʦʪ-

ʚʝʪʦʤ ʨʘʩʪʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʠʣʠ ʜʝʡʩʪʚʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦ-

ʨʦʚ; ʦʜʥʘʢʦ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʡ 

PRI ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʤʦʞʥʦ ʣʠ ʧʦʚʣʠʷʪʴ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʦʚʳ-

ʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ? ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʣʠʪʝʨʘʪʫʨʳ (Gamon et al., 1997), ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʟʤʝʥʝʥʠʡ ʦʪʨʘʞʝ-

ʥʠʷ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʚʝʪʘ; ʪ.ʝ. ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʥʳʝ PRI, ʫ ʢʦʪʦʨʳʝ ʪʘʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʩʜʚʠʥʫʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʜʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ 

ʠʥʜʝʢʩʦʚ, ʫ ʢʦʪʦʨʳʭ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ (531 ʥʤ) ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ 515, 525, 535, 

545 ʠ 555 ʥʤ; ʨʝʬʝʨʝʥʩʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʥʝ ʤʝʥʷʣʘʩʴ (570 ʥʤ). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʩʣʦ-

ʚʠʷʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ (ʢʨʘʩʥʳʡ ʘʢʪʠʥʠʯʥʳʡ ʩʚʝʪ). ɹʳʣʦ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʙʦʣʝʝ çʢʦʨʦʪʢʦʚʦʣʥʦʚʳʝè ʠʥʜʝʢʩʳ PRI(515, 570) ʠ PRI(525, 570) ʙʳʣʠ ʩʣʘʙʦ 

ʩʚʷʟʘʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ çʜʣʠʥʥʦʚʦʣʥʦʚʳʝè ʠʥʜʝʢʩʳ 

PRI(535, 570), PRI(545, 570) ʠ PRI(555, 570)) ʠʤʝʣʠ ʩʠʣʴʥʫʶ ʩʚʷʟʴ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʧʘʨʘ-

ʤʝʪʨʦʚ ʬʦʪʦʩʠʩʪʝʤʳ I ʠ II  (ʈʠʩ.8ʘ, ʙ; ʈʠʩ.4.15 ʚ ɼʠʩʩʝʨʪʘʮʠʠ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʷʟʴ 

ʤʝʞʜʫ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʧʦʪʝʨʴ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʘʢʮʝʧʪʦʨʥʦʡ ʩʪʦʨʦ-

ʥʦʡ ʬʦʪʦʩʠʩʪʝʤʳ I (YNA), ʠ ʚʩʝʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ PRI ʙʳʣʘ ʥʠʟ-

ʢʦʡ; ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʠʥʘʢʪʠʚʘʮʠʝʡ ʬʝʨʨʝʜʦʢʩʠʥ-ʅɸɼʌ ʨʝʜʫʢʪʘʟʳ ʚ ʪʝʤʥʦʪʝ 

ʠ ʝʝ ʤʝʜʣʝʥʥʦʡ ʨʝʘʢʪʠʚʘʮʠʝʡ ʥʘ ʩʚʝʪʫ (Benz et al., 2010; Mulo, 2011).  
 

 
ʈʠʩ.8. ʂʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʡ ʜʝʪʝʨʤʠʥʘʮʠʠ R2 ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʘʢʪʠʚʥʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʠʥʜʝʢʩʘʤ ʦʪʨʘʞʝʥʠʷ ȹPRI(515, 570) (ʘ) ʠ ȹPRI(555, 570) (ʙ); ʟʘʚʠʩʠʤʦʩʪʴ 

ʙʳʩʪʨʦ- (ʢʨʘʩʥʳʤ) ʠ ʤʝʜʣʝʥʥʦ-ʨʝʣʘʢʩʠʨʫʶʱʝʡ (ʩʠʥʠʤ) ʢʦʤʧʦʥʝʥʪ ʦʪ ʦʩʥʦʚʥʦʡ ʜʣʠʥʳ 

ʚʦʣʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʛʦʨʦʭʘ ʢʨʘʩʥʳʤ ʘʢʪʠʥʠʯ-

ʥʳʤ ʩʚʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 1599 ɛʤʦʣʴ ʤ-2 ʩ-1 (ʚ) (n=6). YI  ï ʵʬʬʝʢʪʠʚʥʳʡ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʬʦʪʦʩʠʩʪʝʤʳ I; YII  ï ɻ ʬʬʝʢʪʠʚʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʩʠʩʪʝʤʳ II ; YND ï ʬʨʘʢ-

ʮʠʷ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ I, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʦʢʠʩʣʝʥʳ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʦʥʦʨʥʦʡ 

ʩʪʦʨʦʥʝ; YNA ï ʬʨʘʢʮʠʷ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ I, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʦʢʠʩʣʝʥʳ ʠʟ-ʟʘ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʥʘ ʘʢʮʝʧʪʦʨʥʦʡ ʩʪʦʨʦʥʝ; NPQ ï ʥʝʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦ-

ʨʦʬʠʣʣʘ ʘ; qPï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʪʫʰʝʥʠʷ. *, ʣʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʘʤʠ ʠʤʝʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʭʘʨʘʢʪʝʨ (p<0.05). 
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ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ (Gamon et al., 1997; Evain et al., 2004), ʤʦʞʥʦ ʧʨʝʜ-

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ çʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭè PRI ʩʢʦʨʝʝ ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤʠ ʧʝ-

ʨʝʭʦʜʘʤʠ ʚ ʮʠʢʣʝ ʢʩʘʥʪʦʬʠʣʣʦʚ, ʘ ʠʟʤʝʥʝʥʠʷ çʜʣʠʥʥʦʚʦʣʥʦʚʳʭè PRI ï ʩ ʙʳʩʪʨʳʤ ʩʞʘ-

ʪʠʝʤ ʭʣʦʨʦʧʣʘʩʪʦʚ. ʇʦʵʪʦʤʫ, ʜʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ PRI, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ PRI(535, 570), PRI(545, 570) ʠ PRI(555, 570) ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʙʳʩʪʨʦ-ʨʝʣʘʢʩʠʨʫʶʱʫ  ʁʢʦʤʧʦʥʝʥʪʫ ʠʟʤʝʥʝʥʠʡ (ʨʝʣʘʢʩʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʤʠʥʫʪ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʦʩʚʝʱʝʥʠʷ) (ʈʠʩ.8ʚ). ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ çʜʣʠʥʥʦʚʦʣʥʦʚʳʭè ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ PRI ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʫʩʣʦʚ-

ʣʝʥʳ ʩʞʘʪʠʝʤ ʭʣʦʨʦʧʣʘʩʪʦʚ ʧʨʠ ʟʘʢʠʩʣʝʥʠʠ ʠʭ ʣʶʤʝʥʘ. ʀʟʤʝʥʝʥʠʷ PRI(515, 570) ʠ 

PRI(525, 570) ʙʳʣʠ ʩʚʷʟʘʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʤʝʜʣʝʥʥʦ-ʨʝʣʘʢʩʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʦʡ (ʨʝ-

ʣʘʢʩʘʮʠʷ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʤʠʥʫʪ ʦʪʩʫʪʩʪʚʦʚʘʣʘ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʯʘʩʪʠʝ ʧʝʨʝʭʦʜʘ ʚʠʦ-

ʣʦʢʩʘʥʪʠʥʘ ʚ ʟʝʘʢʩʘʥʪʠʥ ʚ ʮʠʢʣʝ ʢʩʘʥʪʦʬʠʣʣʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʇʨʠ 

ʵʪʦʤ, ʠʟʤʝʥʝʥʠʷ ʪʠʧʠʯʥʦʛʦ PRI ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʦʙʝʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 

ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ.  

ɺʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚʢʣʘʜʘ ʙʳʩʪʨʦ- ʠ ʤʝʜʣʝʥʥʦ-ʨʝʣʘʢʩʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪ rʠʟ-

ʤʝʥʝʥʠʡ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʩʦ ʩʜʚʠʥʫʪʳʤʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ (ʠ ʨʘʟʣʠʯʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ) ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ PRI ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʪʝʥʠʷ. 

ʆʧʠʩʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝ-

ʥʠʷ ʨʘʩʪʝʥʠʡ; ʦʜʥʘʢʦ, ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ PRI ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʜʨʫʛʠʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ, ʜʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦ ʩʚʝ-

ʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ȹPRI ʧʨʠ ʩʠʩʪʝʤʥʦʤ (ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ ʠ ʥʘʛʨʝʚʘʥʠʝ ʨʘʩʪʝʥʠʷ) ʠ ʣʦ-

ʢʘʣʴʥʦʤ (ʦʞʦʛ ʣʠʩʪʘ) ʜʝʡʩʪʚʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ NPQF ʚʦʟʨʘʩʪʘʣʦ, ʘ ȹPRI ʩʥʠ-

ʞʘʣʩʷ; ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘʙʣʶʜʘʣʘʩʴ ʩʠʣʴʥʘʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʣʠʥʝʡ-

ʥʘʷ ʩʚʷʟʴ (ʈʠʩ.9), ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʚʘʨʴʠʨʦʚʘ-

ʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ. ʇʦʪʝʥʮʠʘʣʴʥʦ, ʚʦʟʨʘʩʪʘʥʠʝ NPQF, ʧʦʚʣʝʢʰʝʝ ʩʥʠʞʝʥʠʝ 

ȹPRI, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʟʘʢʨʳʪʠʝʤ ʫʩʪʴʠʮ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ 

ʠ ʩʥʠʞʝʥʠʝʤ ʘʩʩʠʤʠʣʷʮʠʠ ʉʆ2. ʉʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩ-

ʪʝʥʠʡ (ʩʤ. ʈʠʩ.4.19 ʠ 4.20 ʚ ɼʠʩʩʝʨʪʘʮʠʠ).  

ʃʦʢʘʣʴʥʳʡ ʦʞʦʛ ʧʝʨʚʦʛʦ ʟʨʝʣʦʛʦ ʣʠʩʪʘ ʛʦʨʦʭʘ ʠʥʜʫʮʠʨʦʚʘʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʚʳʟʳʚʘʣ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

PRI ʚ ʠʥʪʘʢʪʥʳʭ ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʷ; ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʠʟʤʝʥʝʥʠʡ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʟʦʥʳ ʦʞʦʛʘ (ʈʠʩ.10ʘ-

ʚ). ʇʨʠ ʵʪʦʤ, ʤʝʞʜʫ ȹPRI ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘʙʣʶʜʘʣʘʩʴ ʩʠʣʴʥʘʷ ʣʠʥʝʡʥʘʷ 

ʩʚʷʟʴ (ʈʠʩ.10ʛ-ʝ), ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʩʠʩʪʝʤʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʥʦʝ ʠ ʣʦʢʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʳ-

ʟʳʚʘʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʳʟʳʚʘʝʪ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠ-

ʪʫʜʳ ȹPRI, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ȹPRI ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʚʝ-

ʪʦʚ ʨʘʩʪʝʥʠʷ ʧʨʠ ʪʘʢʦʤ ʜʝʡʩʪʚʠʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʡʩʪʚʠʝʤ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʩʜʚʠʛʠ ʨʅ ʣʶʤʝʥʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʢʘʢ 

ʠʟʤʝʥʝʥʠʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʡ PRI.  
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ʈʠʩ.9. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʪʫ-

ʰʝʥʠʷ (NPQF) (ʘ) ʠ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝ-

ʥʠʷ (ȹPRI) (ʙ) ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʫ ʛʦʨʦʭʘ (n=12), ʘ ʪʘʢʞʝ 

ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʤʝʞʜʫ NPQF ʠ ȹPRI (n=8) (ʚ). *, p < 0.05. 
 

ɺ ʛʣʘʚʝ 5 ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʦʪʦʭʠʤʠʯʝ-

ʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʣʠʩʪʘ ʨʘʩʪʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʦʡʩʪʚ 

ʨʘʩʪʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʦʨʛʘʥʠʟʤ, ʘ ʪʘʢʞʝ ï ʨʝʛʫʣʷʨʥʳʤʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʘʢʪʠʚ-

ʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ, ʘʟʦʪʘ ʠ ʜʨ. ʤʝʞʜʫ ʨʘʟʣʠʯ-

ʥʳʤʠ ʯʘʩʪʷʤʠ ʨʘʩʪʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʝʥʠʡ, ʚʢʣʶʯʘʷ PRI. 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ PRI 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʪʝʨʝʩʥʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʪʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʝʡʩʪʚʠʷ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʡ ʦʨʛʘʥʠʟʤ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ, ʢʦ-

ʪʦʨʫʶ ʦʮʝʥʠʚʘʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠʥʜʝʢʩʘ (SD(PRI)), ʫʩʠʣʠʚʘʣʦʩʴ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ (ʈʠʩ.11ʘ). ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʦ ʚʦʟʨʘʩʪʘʣʘ ʥʘ ʚʪʦʨʦʡ ʜʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ; ʚ ʜʘʣʴʥʝʡʰʝʤ, ʚʦʟʨʘʩʪʘʥʠʝ 

SD(PRI) ʫʚʝʣʠʯʠʚʘʣʦʩʴ. ɹʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʜʥʳʤ ʜʝʬʠʮʠʪʦʤ 

ʫʚʝʣʠʯʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ PRI ʚ ʣʠʩʪʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʮʠʢʣʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʵʣʝʢ-

ʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʫʶ ʮʝʧʴ, ʢʦʪʦʨʦʝ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʚʘʨʠʘʮʠʠ LEF (CV(LEF)); 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ 

ʠ ʨʘʟʤʝʨʥʦʩʪʠ LEF ʥʘ ʨʝʟʫʣʴʪʘʪ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ (ʈʠʩ.11ʙ), ʯʪʦ CV(LEF) ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʣ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʠʟʤʝʥʝʥʠʷʤ SD(PRI).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʨʝʩʩʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʳʡ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ) ʚʳʟʳʚʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ PRI; ʧʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʠ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʪʝʥʠʡ. 



19 

 

 
ʈʠʩ. 10. ɸʤʧʣʠʪʫʜʳ ʠʟʤʝʥʝʥʠʡ ʥʝʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʪʫʰʝʥʠʷ (NPQ) (ʘ), ʢʚʘʥʪʦʚʦʛʦ 

ʚʳʭʦʜʘ ʬʦʪʦʩʠʩʪʝʤ I ʠ II  (YI  ʠ YII) (ʙ), ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʦʪʨʘʞʝʥʠʷ (ʚ) ʚʦ 2-ʤ ʠ 

4-ʤ ʣʠʩʪʴʷʭ ʛʦʨʦʭʘ, ʚʳʟʚʘʥʥʳʝ ʠʥʜʫʢʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (n=5); ʜʠʘʛʨʘʤʤʳ ʨʘʩ-

ʩʝʷʥʠʷ ʤʝʞʜʫ ȹPRI ʠ ȹNPQ (ʛ); ȹPRI ʠ ȹYI  (ʜ); ȹPRI ʠ ȹYII  (ʝ) (n=10).*, p < 0.05  
 

 
ʈʠʩ.11. ɼʠʥʘʤʠʢʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ PRI (SD(PRI)) (n=50) (ʘ) ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʚʘʨʠʘʮʠʠ ʥʝʮʠʢʣʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ (CV(LEF)) (n=6) (ʙ) ʧʨʠ ʨʘʟʚʠʪʠʠ ʟʘ-

ʩʫʭʠ ʥʘ ʧʨʠʤʝʨʝ ʛʦʨʦʭʘ. *, p < 0.05; **, p < 0.01; ***, p < 0.001. ʇʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʘʥʳ 

ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 
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ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʜʦʩʪʫʧʥʦʩʪʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʣʦʪʥʦʩʪʴʶ ʠ ʦʪʢʨʳʪʦʩʪʴʶ ʫʩʪʴʠʮ ʣʠʩʪʘ. ʋʯʠʪʳʚʘʷ ʟʘʢʨʳʪʠʝ 

ʫʩʪʴʠʮ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʷʜʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʩʫʭʠ) (Kim et al., 

2009; Christmann et al., 2013), ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʫʩʪʴʠʮ ʤʦʞʝʪ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʚʫʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʦʧʠʩʘʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦ ʣʠʩʪʫ, ʨʝʛʫʣʷʮʠʶ ʪʘʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʘʩʩʠʤʠʣʷʮʠʶ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʝʛʦ ʚʳʜʝʣʝʥʠʝ ʚ 

ʭʦʜʝ ʜʳʭʘʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ (ʈʠʩ.12). ɺʝʨʠʬʠ-

ʢʘʮʠʷ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʘ ʝʝ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʩʤ. 

ʈʠʩ.5.3 ʠ 5.4 ʚ ɼʠʩʩʝʨʪʘʮʠʠ).  
 

 
ʈʠʩ.12. ʉʭʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʘʷ (a) ʜʚʫʤʝʨʥʳʡ ʧʣʦʩʢʠʡ ʣʠʩʪ, 

(ʙ) ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦ ʢʦʤʧʘʨʪʤʝʥʪʘʤ, (ʚ) ʤʦʜʝʣʴ ʘʩʩʠʤʠʣʷʮʠʠ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ Farquhar ï von Caemmerer ï Berry (Farquhar et al., 1980; von 

Caemmerer et al., 2009) ʠ (ʛ) ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʚʘʨʠʘʥʪʳ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʪʴʠʮ ʧʦ ʣʠʩʪʫ. 
 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʠʪʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʴʶ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ 

ʘʩʩʠʤʠʣʷʮʠʠ CV(Ahv) ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʠʤʝʣʠ ʚʠʜ ʢʨʠʚʦʡ ʥʘʩʳʱʝʥʠʷ (ʈʠʩ.12ʘ). 

ʇʨʠ ʵʪʦʤ, ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʩ ʩʨʝʜʥʠʤʠ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ ʣʠʩʪʘ ʜʣʷ ʉʆ2 ʨʘʚʥʳʤʠ 0.064 ʠ 


